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BBEJ(EHHE 

Yxy,D,rneHHe KaqecTBa )KHJHH, HaMeTHBrneec.H B paJBHTbiX CTpaHax 

B KOHIJ,e Harnero CTOJieTH.H BCJie,D,CTBHe 060CTPeHH.H 3KOJIOfHqecKOR 

o6cTaHOBKH, BblJBaHO BOJ,lJ,eRCTBHeM Ha 6Hoc¢>epy Bee yBeJIHqH

BaiOIIJ,HXC.H H no 06'beMy, H no accopTHMeHTY npOMbllillleHHblX OTXO

,lJ,OB. PoccH.H He .HBJI.HeTc.H HCKJIIOqeHHeM HJ nepeqH.H cTpaH c 

yxy.D.rnaiOIIJ,eRc.H 3KOJiomqecKOR o6cTaHOBKOR. O.uHaKo B OTJIHqHe 

oT .D.pymx CTPaH, HeMano c,D,eJiaBrnHx B 70-80-e ro,D,bi M.H paJBHTH.H 

MaJIOOTXO,lJ,HbiX TeXHOJIOfHR, YTHJIHJaiJ,HH o6pa3yiOIIJ,HXC.H OTXO,D,OB H 

pau,HOHaJibHOro OTHOllleHH.H K npHpO.D.HbiM pecypcaM, B PoccHH 

npO,D,OJDKaeTC.H pacToqHTeJlbHOe HCnOJib30BaHHe 6oraTCTB HarneR JeMJIH 

H yxy,D,rneHHe KaqecTBa cpe,D,bl o6HTaHH.H. 

B JHaqHTeJibHOR Mepe 3TO cB.HJaHo c HHJKOR 3KOJIOrHqecKoR 

rpaMOTHOCTblO HaceJieHH.H, C Hey,D,OBJieTBOpHTeJibHblM 3KOHOMHqecKHM 

nOJIO)I(eHHeM CTpaHbi, 060CTpHBrnHMC.H B peJyJibTaTe CJIO)I(HOCTeR 

nepeXO.UHOfO nepHO,D,a B XOJ.HRCTBeHHOR H nOJIHTHqecKOR )I(HJHH. 

BIDKHeiirnHM JJieMeHTOM sceii ,D,ej!TeJibHOCTH no HJMeHemno 3KO-

JIOfH'IecKoH o6cTaHOBKH B ClpaHe ji8JijieTCji KOpeHHoe ynyqrneHHe 3KO

J10fH'IeCKOfO o6paJOBaHHji. 

OcHOBononaraiOIIJ,ee JHaqeHHe .D.JI.H npHpo,D,ooxpaHHOR .ue.H

TeJibHOCTH B HarneR CTPaHe HMeeT "3aKOH PoccHRCKOR <l>e,D,epaU,HH 

o6 oxpaHe oKp~aiOIIJ,eR npHpO.D.HOR cpe.n;bi" OT 19 ,D,eKa6p.H 1991 r., a 

TaK)I(e YKaJ IlpeJH,D,eHTa PoccHRCKOR <l>e,D,epau,HH OT 4 <t>espan.H 

1994 r., N2 236 "0 rocy,D,apCTBeHHOR CTpaTefHH PoccHRCKOR <l>e,D,epau,HH 

no oxpaHe OKp~IOIIJ,eR cpe,D,bl H o6ecneqeHHIO yCTOH'iHBOro paJBHTH.H". 

CornacHo 3THM .D.OKyMeHTaM pau,HOHaJibHOe HcnoJibJOBaHHe npH

pO.UHbiX pecypcOB OTHOCHTC.H K OCHOBHblM npHHIJ,HnaM OXpaHbl 

OKpy)l(aiOIIJ,eR cpe,D,bl. 3aKOH ycTaHaBJIHBaeT BCe06IIJ,HOCTb H He

npepbffiHOCTb 3KOJIOfH'IeCKOfO BOCnHTaHH.H H o6pa30BaHH.H, B TOM qHCJle 

npeno,D,aBaHHe B BbiCrnHX yqe6HbiX JaBe,D,eHH.HX cneu,HaJibHblX KYPCOB 

no oxpaHe OKpy)l(aiOIIJ,eR npHpO,D,HOR cpe,D,bl H pau,HOHaJibHOMY 

npHpo,D,onoJibJOBaHHIO. B paJBHTHe 3Toro JaKoHa H YKaJa IlpeJH,D,eHTa 
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llepepa6omKa npoMWIUIIeHHWC omxoiJoB 

npHIDITO nocTaHOBJieHHe OpaBHTeJibCTBa PoccHiicKOH <l>e.uepauHH OT 

03.11.94 r. M 1208 "0 Mepax no ynyqrneHHIO 3KOJiomqecKoro 

o6p3.30BaHIDI HaceJieHIDI" . 

.LJ:o 1993 f. BblCll1a51 npo¢>ecCHOHaJibHa51 lliKOJia 'fOTOBHJia 

cneUHaJIHCTOB-3KOJIOfOB B OCHOBHOM no cneuHaJibHOCTH 320700 
"OxpaHa OKpy)KaJOIUeH cpe,Ubl H paUHOHaJibHOe HCTIOJib30BaHHe 

npHpO.UHbiX pecypcos". C YTBep)l{.ll;eHHeM OpasHTeJibCTBOM PoccHH 

focy.uapcTBeHHoro o6pa3osaTeJibHoro cTaH,UapTa Bbicrnero npo¢>ec

CHOHaJibHoro o6pa30BaHIDI (floCTaHOBJieHHe OT 12.08.94 f .NQ 940) B 

CTpyKType BblCWero 3KOJIOfHqecKOf0 o6pa30BaHH51 npOH30ll1JIH 

cyruecTBeHHble H3MeHeHH51, KOTOpbiM He BnOJIHe COOTBeTCTByeT 

HMeiOIUa51C51 yqe6HO-MeTO.UHqecKa51 6a3a. 

ABTopoM npe.unpHH51Ta nonbiTKa socnoJIHHTb npo6en s o6nacTH 

yJiyqrneHIDI 3KOJIOrHqecKOfO o6pa30BaHH51, CB513aHHbiH C OTCYTCTBHeM 

B CTpaHe yqe6HHKa ,UJI51 CTy,UeHTOB TeXHHqecKHX BY30B no Kypcy 

"flepepa60TKa npOMbiiiiJieHHbiX OTXO,UOB". 

Yqe6HHK HanHcaH Ha ocHose Kypca, qHTaeMoro asTopoM B 

MocKOBCKOM rocy.uapCTBeHHOM HH.uYCTpHaJibHOM YHHBepcineTe. B HeM 

0606IUeH HaKOnJieHHbiH B pa3JIHqHbiX OTpaCJI51X npOMbiillJieHHOCTH 

onbiT paUHOHaJibHOro HcnOJib3osaHH51 npoMbiWJieHHbiX oTxo.uos. B 
pa6oTe Ha,U yqe6HHKOM HCnOJib30BaH p51,U HCTOqHHKOB, B KOTOpbiX 

paCCMOTpeHbi OT,UeJibHbie TeXHOJIOfHH yTHJIH3aUHH OTXO.UOB B 

pa3JIHqHbiX OTpaCJI51X npOMbiWJieHHOCTH. 
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FJIABA I 
3KOJIOFJP/ECKHE ACHEKThl PECYPCOllOJih30BAHHH 

fpaHJI.H03Hbie Macuna6bi Hay•mo-TexHH'IecKoro nporpecca npH

se;m K C03,UaHHIO MOIIIHOfO npOMbiiillleHHOfO H ceJibCKOX03.HifcTBeH

HOfO llOTeHUHaJia, HHTeHCHBHOMy pa3BHTHIO Bcex BH,UOB TpaHCllOpTa, 

CTpOHTeJibCTBY rH,UpOTeXHH'IeCKHX COOpy;KeHHH, a TaiOKe C03,UaHHIO 

cHcTeM HcKycCTBeHHoro KJIHMaTa. K CO)((aJieHHIO, pa3BHTHe uHBH

JIH3aUHH conpOBO)((,UaeTC.H HapyiiieHHeM 3KOJIOrH'IeCKOfO paBHOBeCH.H B 

pe3yJibTaTe B03,UeHCTBH.H 'IeJIOBeKa Ha npHpO,UHble ofioeKTbl. 0,UHHM 

H3 ¢>aKTOpOB 3TOfO B03,UeHCTBH.H .HBJI.HeTC.H 3arp.H3HeHHe 3KOc¢>epbi 

TBep,UbiMH, )((H,UKHMH H ra3006pa3HbiMH OTXO,UaMH, KOTOpoe BO MHOrHX 

pemoHax .uocTHraeT yrpo)((aiOIIIHX pa3Mepos. )laJibHeifrnee yxy.urneHHe 

ee COCTO.HHH.H CTaHOBHTC.H onaCHbiM ,UJI.H lJeJIOBe'IeCTBa. flpe,UBapH

TeJibHble OUeHKH llOKa3biBaiOT, 'ITO CTOHMOCTb pa6oT no BOCCTaHOBJie

HHIO OKpy;KaiOIIIeH cpe,Ubl, H3MeHHBIIIeHC.H B pe3yJibTaTe X03.HHCTBeH

HOH ,Ue.fiTeJibHOCTH lJeJIOBeKa, npeBOCXO.UHT pbiHO'IHYIO CTOHMOCTb 

BbinYCKaeMOH npO.UYKUHH B COTHH pa3. 

O.uHaKo TaK 6biJIO He scer.ua. 

1.1. HcmopUR 6031lUKH06eHUR omxoooe 
u xapaKmepucmuKa coepeMeHHoii 

3KOJlOcU"teCKOU o6cmaH06KU 

Ha paHHHX 3Tanax pa3BHTH.H 'IeJioBe'IecKoro o6mecTBa aHTpO

uoreHHoe B03,UeHCTBHe Ha npHpO.UY 6biJIO He3Ha'IHTeJibHbiM. 

3arp.H3HeHHe OKpy;KaiOIIIeH cpe,Ubl Bbl3biBaJIOCb B 60JibiiieH CTeneHH 

CCTeCTBeHHbiMH llpHpO,UHbiMH npoueccaMH: H3Bep)((eHHeM ByJIKaHOB, 

'leMJieTp.HCeHH.HMH, JieCHbiMH llO)((apaMH H .UPYfHMH npHpO,UHbiMH 

KaTaKJIH3MaMH. 11o.uo6Hble .HBJieHH.H HOCHJIH o6paTHMbiH xapaKTep H 

llpOXO,UHJIH 6e3 KaKHX-JIH60 cepbe3HbiX nocJie,UCTBHH ,UJI.H pa3BHTH.H 

lKH3HH Ha 3eMJie. 
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Jlepepa6omKa npOMbliU/IeHHblX OTnX0006 

C IIOHBneHHeM rrpOMbiiiiJieHHOfO rrpOH3BO.llCTBa MeTaJinOB, fOH

qapHbiX H CTeKOnbHbiX H3.llenHH, CO.llbl, Mbilla, KpacHTeneH, TeK

CTHnbHbiX MaTepHaJIOB, IIOpOXa KOnHqecTBO o6pa3yiOI.U;HXCH rrpo

MbiiiiJieHHbiX OTXO.llOB pe3KO 803pOcno, T.K. C03.llaBaBIIIHeC.SI TeXHOnOfHH 

6billH paccqHTaHbl Ha MaKCHMaJibHOe rronyqeHHe TOBapHOfO IIPO.llYKTa 

rrpH MHHHMaJibHOH ero CTOHMOCTH. 

3KOHOMWieCKOe HeCOBeprneHCTBO 3THX TeXHOnOfHH OKa3aJIOCb 

yHacne.uosaHHbiM cospeMeHHhlM rrpoH3BO.llCTBOM. HarrpHMep, 6e3 

IIpHHUHIIHaJibHbiX H3MeHeHHH 6onee 80 neT COXpaH.SieTC.SI TeXHOnOfH.SI 

rronyqeHH.SI a30THOH KHCnOTbl, 90 neT - aMMHaKa, 100 neT - COLJ;bl, 

115 neT - cynb<l>aTHOH uenniOn03bl, 130 neT - MapTeHOBCKOH H 

6ecceMepoBcKOH CTaJIH. HeKoTopbie rrpHMeH.SieMbie .uo CHX rrop 

TeXHOnOfHH (BbiiinaBKa qyryHa, BbiLJ:enKa KOlKH, CTeKJIOBapeHHe) 

H3BeCTHbl .UaBHO, HO 8 CYI.U;HOCTH He rrpeTeprrenH 3HaqHTenbHbiX 

H3MeHeHHH. 

Pa3BHTHe KarrHTaJIH3Ma crroco6cTBosano rro.s~sneHHIO HOBbiX 

OTpacneti: IlpOMbiiiiJieHHOCTH IlpH OLJ;HOBpeMeHHOH KOHIIeHTpaiiHH YlKe 

cyi.U;eCTBYIOI.U;HX rrpOH3BOLJ;CTB. npoMbiiiiJieHHbie MOHOIIOnHH B IIOfOHe 

3a rrpH6binbiO HHTeHcH<I>HUHpOBanH rrpOH3BO.llCTBO pa3nHqHQH 

rrpO.llYKUHH, He 3a.UyMbiBaHCb 0 BpeLJ;HOM 803.UeHCTBHH OTXO.llOB 

rrpOH3BO.llCTBa Ha OKpYlKaiOI.IJ;yiO cpe.uy. 

Eonbrnoe KOnHqecTBO OTXO.llOB rrpOMbiillneHHoro, cenbcKoxo-

3HHCTBeHHoro H 6biTOBOf0 rrpOHCXO)I{)l;eHH.SI, o6pa3yiOI.U;HXC.SI B Harne 

BpeMH, HapyillHnO paBHOBeCHe, rrpH KOTOpOM rrpHpO.Ua ycrreillHO 

crrpaBJIHJiacb C rrepepa60TKOH OTXO.llOB c IIOMOIIIbiO 6aKTepHH, BO.llbi, 

B03LJ;yxa H COnHeqHQfO CBeTa. 

HaqHHM c .upesHeti:rnHx UHBHJIH3aUHH, c rro.SIBJieHHeM KpyrrHbiX 

rroceneHHH H ropo.uos qenoseK yLJ;eJIHJI BHHMaHHe o6pa6oTKe TBep.UbiX 

OTXO.llOB. 

EIIIe B .upesHHe speMeHa Ha KpHTe (oT 3000 .uo 1000 r . .uo H.3.) 

TBepLJ;bie OTXOLJ;bl IIOMei.U;aJIH B 6onbillHe .SIMbl H rrepecbiiiaJIH qepe3 

orrpe.ueneHHbie rrpoMelKYTKH cno.SIMH 3eMJm. C6op H y.uaneHHe OTXOLJ:OB 

Ha cBaJIKH B OCHOBHbiX qepmx rrpocyi.IJ;ecTBOBaJIH AO XIX B. KoHeqHo, 

Bbi6pacbiBaJIOCb Ha CBaJIKY TOnbKO TO, qTQ HeB03MOlKHO 6bill0 HC

IIOJib30BaTb. B Esporre OTXO.llbi rrpHMeH.SIIOTC.SI B reqeHHe HeCKOJibKHX seKoB. 

B PoccHH TeKCTHJibHbie OTXO.llbi Hcrronb3yiOTc.SI c Haqana XVIII s.: 

B 1714 r. neTp I H3.llaJI YKa3 0 c6ope H .llOCTaBKe B CaHKT-neTep6ypr 

XOni.U;eBOfO BTOpHqHQfO Cblpb.SI.llJIH rrpOH3BO.llCTBa 6YMarn. 
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FA a 6 a }, :iJKOAOZU'IeCKUe acneKmbl pecypconOAb306GHUR 

B 1874 r. B AHrJIHH rroHBHJiaeb rrepBaH rreqb )J)UI elKHraHHH MY
eopa. 3TO 6bVIO eBH3aHO e rroeJie.UeTBHHMH rrpOMbiiiiJieHHOH peBO

JIIOUHH H IIOHBJieHHeM OTXO.llOB e BbieOKOH TeiiJIOTBOpHOH erro

C06HOCTbiO. B 1914 r. B ::noM: eTpaHe 6bVIO rroeTpoeHo }')Ke 200 rreqeM: )J)UI 

C)I(MfaHHH OTXO.llOB, 113 HHX 65 6biJIH CHa6)1(eHbl rrapOreHepaTopaMH .llJIH 

IIOJiy4eHHH 3Hepfl111, T. e. }')Ke TOf.lla TeiiJIO, BbUJ:eAAIOil(eeeH rrpH e)I(HfaHHH 

OTXO.UOB, YTHJIH3HpOBaJIOeb. 

BrrepBbie eopTHpOBKa OTXO.UOB, HX o6pa60TKa H MaKeHMaJibHOe 

H3BJie4eHHe H3 HHX IIOJie3HbiX MaTepHaJIOB 6bVII1 opraHH30BaHbl B 

CiliA B 1898 r. OTXO.llbi HaL[aJIH KJiaeeH<PHUHPOBaTb, eo6HpaTb H 

eKJia.llHpOBaTb pa3.lleJibHO IIO BH.llaM. 

Ha rropore TpeTbero TbieHqeJieTHH HayqHo-rexHHqeeKaH peso

JIIOUHH orrpe.ueJII1Jia rHfaHTeKHH poeT MaTepHaJibHbiX H .llYXOBHbiX 

B03MO)I(HOeTeH qeJIOBeKa, KaqeeTBeHHbiH eKaL[OK B pa3BHTHH rrpo

H3BO.llHTeJibHbiX e11JI, HO OHa )l(e "Ha.ueJIHJia" qeJIOBeqeeTBO rrpo6-

JieMaMH, OT perneHHH KOTOpb!X 3aBI1eHT eyrn;eeTBOBaHHe qeJIOBeKa, 

Bbi)I(HBaHHe ero KaK 6HoJiorHqeeKoro BH.Ua. Pa3BHTHe HayKH H 

TeXHHKH, TpaHerropTa H eeJibeKOfO X03HHeTBa IIp11BeJIO K TOMy, L[TO 

3KOJI0fHL[eeKHe KaTaeTpO<I>bi e03.UaiOT KpH3HeHbie ei1TyaUHH .llJIH seero 

qeJIOBe4eeTBa. npOTI1BOpe'111H Me)l(.lly pa3B11THeM 4eJIOBelJ:eeKOf0 

o6rn;eCTBa 11 OrpaHI1lJ:eHHbiMI1 peeypeaMI1 epe.Ubi, ee B03MO)I(HOeTHMH 

eaMOpereHepaU1111 eTaHOBHTeH Bee 6oJiee eyrn;eeTBeHHbiMH, 

.ll0JlfOBpeMeHHbiMI1 11 TpY.llHOIIpeO.UOJII1MbiMI1. 

B HaeToHw;ee speMH Heo6xo.uHM rrepexo.u K Ka4eeTBeHHO 

HOBOMy perneHHIO BOIIpOeOB, eBH3aHHbiX e OXpaHOH rrpHpO.llbi H 

paUHOHaJihHhiM HerroJib30BaHI1eM rrpHpO.llHhiX peeypeos. 3To Tpe6yeT 

KOpeHHOH rrepeeTpOHK11 rrpaKTI1KH rrpHpO.llOIIOJib30BaHHH H yrrpaB

JieHHH pa3BHTHeM IIOTpe6HOeTeH B He3arpH3HeHHOH. epe.ue. 

[Jio6aJibHhiH xapaKTep .uerpa.uaUHH OKpy)l(aiOw;eM: epe.Ubi rro3-

BOJIHeT paeeMaTpHBaTb 3TOT rrpoueee KaK pe3yJibTaT .ueiieTBI1H 06'beK

THBHbiX 3aKOHOB B3aHMO.UeiieTBHH rrpHpO.Uhi H o6w;ecrsa. 

PeryJIHposaHHe HerroJib30BaHHH rrpHpO.UHhlX peeypeos 

OeJIO)I(HHeTeH ew;e H rrpOTHBOpeqHeM Me)l(.lly eerO.llHHlliHHMH 3a.llalJ:aMH 

11 rrpo6JieMaMH 6y.uyw;ero pa3BHTHH. 

PernaH eero.uHHlliHHe 3a.llal.J:H, lJ:eJioBeK HerroJih3yeT rrpHpO.UHbie 

peeypebl Ha 6Jiaro eOBpeMeHHOMy o6rn;eeTBy HeH36e)I(H0 B yw;ep6 

6y.uyw;eMy pa3BHTHIO. Pa3BHTHe eospeMeHHoro o6w;eeTBa BXO.llHT B 

rrpOTHBOpelJ:He e Bbi)I(HBaHHeM 6y.uyrn;HX IIOKOJieHHH. 0e03HaHHe 

IlpOTHBOpe'IHH eeTb He06XO.llHMOe yeJIOBHe 11X pa3perneHHH. 

1 1 



flepepa6omKa npOMbtWAeHHbiX OTnX0006 

npeJI,CTaBJieHI1H 06 3KCTeHCI1BHOM 11 11HTeHCI1BHOM xapaKTepax 

pa3BI1TIDI 3KOHOM11KI1 11 rrp0113BOJI,I1TeJibHbiX CI1JI, 06 3KOJIOfl1'lecKOH 

6e30IIaCHOCTI1, 0 CBH311 rrpo6JieM OKpy;KaiOI.IJ;eH cpeJI,bl C 3KOHOM11-

'leCK11M pa3BI1T11eM MO)I(}{O paccMaTpi1BaTb KaK Ba::l!CHeti:ume IIp113Ha

KH 3Toro oco3HaHIDI. Ho OJI.HOro oc03HaHIDI rrpo6JieM HeJI,OcTaTO'IHO JI.JIH 
HX perneHIDI. 

CeroJI,HH rrp0113BOJI.CTBeHHaH JI,eHTeJibHOCTb 'leJioBeKa cBH3aHa c 

11CIIOJib30BaHI1eM pa3H006pa3HbiX IIp11pOJI,HbiX pecypcOB, KOTOpOe 

COIIpOBO.)I(JI.aeTCH 113MeHeH11eM 11X COCTOHHI1H 11 o6beMOB. CHlf)((eHI1e 11X 

Ka'leCTBa 11 (HJI11) yMeHbllieH11e 11X KOJII1'leCTBa 03Ha'laeT yxyJI,llieHI1e 

COCTOHHIDI pecypcOB. 

noJI,C'li1TaHo, 'ITO Ha rrp0113BOJI,CTB0 rrpOMbilllJieHHOH IIPOJI.YKU1111 

pacxoJI,yeTcH scero 1/3 rroTpe6JIHeMbiX cbipbeBbiX pecypcos, a 2/3 
yTpa'li1BaeTcH B BHJI.e rro60'IHbiX rrpoJI,yKTOB 11 OTXOJI.OB. Ha TeXHI1'lecKI1e 

Hy.)I(JI.bl e)l(efOJI,HO pacXOJI,yeTCH J.13 3TMOc¢>epbi 6 MJipJI,. TOHH KHCJIOpOJI,a, 

'ITO COCTaBJIHeT 12 % OT Bbipa6aTbiB3eMOf0 6110c¢>epoti: IIJiaHeTbi. 

YcHJieHI1e TexHoreHHOro B03JI.eti:cTBI1H Ha npl1pOJI.HYIO cpeJI,y y)l(e 

II0p0JI,I1JIO PM 3KOJIOfl1'leCKI1X Ilp06JieM, CBH3aHHbiX C C0CTOHH11eM 

aTMoc¢>epbi, rHJI,poc¢>epbi 11 JII1roc¢>epbr. 

E)l(efOJI.HO rrpOMbilliJieHHbie rrpeJI,rrp11HTI1H scex cTpaH M11pa 

Bbi6pacbiBaiOT B aTMOc¢>epy: yrJieKI1CJIOf0 ra3a - 20 MllpJI,. T; OKCH.ll:a 

yrJiepOJI,a - 200 MJIH. T; JI,I10KCHJI,a cepbl - 200 MJIH. T; OKCHJI,OB a30Ta -

50 MJIH. T; ¢>peOHOB- 1 MJIH. T; CB11HUa- 0,4 MJIH. T; IlbiJI11 - 250 MJIH. 

T; 30Jlbl - 200 MJIH. T. 

B o6I.IJ;eM BHJI.e B03JI,eti:cTBI1e 'leJioseKa Ha 611oc¢>epy orrpeJI,eJIHeTcH 

CJieJI,yiOlli11MI1 ¢>aKTOpaMI1: 

1. CI1HTe30M MHO)I(eCTBa (6oJiee 10 MJIH.) BellleCTB, OTCYTCTBy

IOllii1X B IIp11pOJI,e 11 06JiaJI,aiOllii1X Ka'leCTBaM11, He CBOHCTBeHHbiM11 

IIpl1poJI,HbiM COeJI,I1HeHHHM. 

2. CTpOI1TeJibCTBOM rn11poKoti: ceTI1 ra3o- 11 He¢>TerrpoBOJI.OB, 

JI,pymx TpaHcrrOpTHbiX apTep11H 11 MaccOBbiM TpaHCII0pT11pOBaHI1eM 

pa3H006pa3H0f0 CblpbH 113 pati:OHOB JI,06bi'll1 B pati:OHbl rrepepa60TKI1, 

COIIpOBO.)I(JI.aiOllii1MCH ero paccei1BaH11eM J.1 pacrn11peHI1eM peri10HOB 

3arp513HeHIDI. 

3. l1HTeHCI1BHbiM pa3BI1TI1eM 3HepreTI1KI1, 11CII0Jlb3YIOI.IJ;eti: MH 

Bblpa60TKI1 3Hepr1111 yrJieBOJI,OpOJI,HOe Cbipbe, rrp11 C)l(l1faHI111 KOTOpOrO 

BbiJI,eJIHIOTCH B 60JiblliOM KOJII1'leCTBe 3arpH3HHIOllll1e 6110c¢>epy 

BelllecTBa. 

12 



r !I a 6 a 1. 3Ko!lozu~tecKue acneKmbl pecypcono!lb306aHUR 

4. OcsoeHHeM MeTo,n:os npose.n:eHHH ynpasJIHeMbiX H,n:epHbiX 

peaKIIHH, npHBe,n:IIIHM K IIIHpOKOMY HCnOJib30BaHHIO pa,n:HOaKTHBHblX 

MaTepHaJIOB H 3arpH3HeHHIO HMH 6Hoc<t>epbl. 

5. Pa3BHTHeM TpaHcnopTa, npH 3KCIIJIYaTaiiHH KOTOporo Bbi.n:eJIHeT

cH 60JibiiiOe KOJIHtieCTBO TOKCH'IHblX OTXOJl:OB. 

6. 11HTeHcH<I>HK3IIHei.f ceJibCKOX03HHCTBeHHOfO npOH3BOJl:CTBa, 

COnpOBO)I(Jl:aiOI..lleHCH HCnOJib30BaHHeM Ha nOJHIX y,n:o6peHHH, 

rep6HIIH.ll:OB H neCTHIIHJl:OB. 

7. PaciiiHpeHHeM MeTaJIJiyprwieCKOH, IIeJIJIIOJI03Ho-6yMa)I(HOH, 

He<I>Tenepepa6aTbiB3IOI..lleH H ,n:pyrHX OTpacJiei.f IlpOMbiiiiJieHHOCTH, 

IlpOH3BO.ll:H1..IIHX B M3CCOBOM KOJIHtleCTBe XHMH'IeCKH 3KTHBHbie OTXOJl:bl 

npOH3BOJl:CTBa. 

no MHeHHIO cneiiHaJIHCTOB npOHCXOJl:HI..llee aHTponoreHHOe 

3arpH3HeHHe aTMOc<l>epbi B 0603pHMOM 6y,n:YIIIeM OKIDKeT 60JibWOe 

BJIHHHHe Ha reHeTH'IeCKHe npoiieccbr MHOrHx BHJl:OB. Ho y)l(e cetfqac 

OHO HBJIHeTCH npH'IHHOH TaKHX 3a6oJieBaHHH 'leJIOBeKa, KaK 6pOHXHT, 

3CTMa, 3JIJiepfHH, paK H ,n:p. 

0,n:HOH H3 OCHOBHbiX fJI06aJibHbiX npo6JieM CTaJia yrp03a B03-

HHKHOBeHHH napHHKOBOfO 3<P<I>eKTa BCJie,n:cTBHe 3arpH3HeHHH aTMOC

<I>epbi Jl:HOKCH.n:OM yrJiepo,n:a, o6pa3YIOI..IIHMCH B npoiiecce C)I(HfaHHH 

yrJiepo.n:co.n:ep)l(amero TOIIJIHsa: ymH, 6eH3HHa, npupo,n:Horo ra3a, .n:pos 

H T.Jl:. no pa3JIH'IHblM OIIeHKaM cneiiHaJIHCTOB, onacHbiH nopor 

co,n:ep)l(aHHH Jl:HOKCH,n:a yrJiepo,n:a B aTMoc<l>epe (0,045 %) 6y.n:eT 

Jl:OCTHfHYT K 2030 JIH60 K 2050 f.J 'ITO npHBe,n:eT K B03HHKHOBeHHIO 

napHHKOBOfO 3<P<I>eKTa B 2050 HJIH B 2090 ro,n:y COOTBeTCTBeHHO. B 
H3'laJie XX B. co.n:ep)I(3HHe ,n:HOKCH.n;a ymepo.n:a B aTMoc<l>epe cocTaBJIHJIO 

0,03 %. npu YJl:BOeHHH ero co.n:ep)I(3HHH TeMnepaTypa arMOC

<I>epbi no,n:HHMeTCH Ha 2-4 °C B cpe,n:HeM, HO CO 3Ha'IHTeJibHbiMH 

OTKJIOHeHHHMH, 'ITO npHBe,n:eT K nO,n:'beMy ypOBHH MHpOBOfO OKeaHa 

Ha 1M. 
PoccHH He HBJIHeTcH JIH,n:epoM no noTpe6JieHHIO 3HeprHH B 

nepecqeTe Ha o,n:Horo 'leJioseKa. BoJibiiie scex 3HeprHH noTpe6JIHeT 

KaHa,n:a: 14 T ycJIOBHoro TonJIHBa Ha qeJioBeKa B ro.n: . .Uanee co 

:JHa'IHTeJibHbiM oTpbiBOM H.n:YT CiliA - 11 T. PoccHH )l(e noTpe6JIHeT 

TOJibKO 6,5 T ycJIOBHOfO TOIIJIHBa Ha Jl:YIIlY HaceJieHHH B ro,n:, 'ITO COCTaBJIHeT 

Bcero 40 % OT Heo6xo,n:HMoro eti KOJIH'IeCTBa c yqeTOM 6oJiee cesepHoro 

IIOJIO)I(eHHH 60JibiiiHHCTBa ee TeppHTOpHH no cpaBHeHHIO C ,n:pyrHMH 

cTpaHaMH . .1l:AA Toro, 'IT06bi coxpaHHTh pOJib seJIHKOH .n:ep)l(aBbi, PoccHH 

JtOJI)I(Ha HapamusaTb 3Heprosoop~eHHOCTh. 
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llepepa6omKa npoMbliWieHHbiX omxoiJoB 

3arpH3HeHI1H, nocTynaiOr:u;l1e B aTMoc<t>epy, B03Bpar:u;aiOTCH Ha 

3eMJIIO c oca.nKaMI1 11 nona.naiOT B so.uoeMbi 11 noqsy. HapMy c 3TI1M 

peKH, 03epa 11 MOpH 3arpH3HHIOTCH cTOqHblMI1 BO.llaMI1 npOMbiiiiJieHHblX 

11 ceJibCKOXOOHHcrBeHHblX n:pe.unprnrrilli. 
Bo.ua - caMbiti: BaJKHbiti: CTpOI1TeJibHbiti: MaTep11aJI JII06oro )IGfBOro 

opraHI13Ma, OHa Heo6xO.ll11Ma Be3.ue, r.ue cyr:u;ecTByiOT 3eMHbie <PopMbi 

)1(113HI1. BMecTe c TeM so.ua - He3aMeHI1Mbiti: TexHOJIOrl1qecKI1ti: 

MaTep11aJI .llJIH npOMbiiiiJieHHOfO np0113BO.llCTBa, Hanp11Mep, .llJIH Bbin

JiaBKH 1 T CTaJII1 Tpe6yeTCH 60Jiee 100 T BO.llbl. qeJIOBeqecTBO e)l(efO.llHO 

pacxo.uyeT 7-8 MJip.ll. T MI1HepaJibHblX pecypCOB 11 TaKOe )l(e KOJII1qecTBO 

BO.llbl e)l(e.llHeBHO. 

Yqi1TbiBaH, qTo o6oeMbi HeKOHTpOJI11pyeMoro c6poca 3arpH3-

HeHHbiX npOMbiiiiJieHHbiMI1 CTOKaMI1 BO.ll B peKI1 11 3aKpbiTbie BO.llOeMbl 

COCTaBJIHIOT 600 - 700 MJip.ll. M3 B fO.ll, MO)I(HO llOHHTb, qTo BO.llHbie 

pecypcbl BO MHOfi1X CTpaHaX CTaJII1 OCTpO.Ue<i>HIJ:I1THblMI1. A Be.llb er:u;e 

He TaK .UaBHO qeJIOBeqeCTBO paccMaTp11BaJIO f11.llpOc<t>epy KaK 

Hel1cqepnaeMbiH 11CTOqHI1K pecypcOB. 

0.UH11MI1 113 fJiaBHbiX 3arpH3HHTeJieti: rn.upoc<l>epbl CTIUII1 He<i>renpo

.llYKTbi. 3arpH3HeHI1e M11pOBOfO OKeaHa He<i>TbiO 11 He<!>Tenpo.UyKTaMI1 

.uocTI1rJio ~e 1/5 ero o6r:u;eti: nosepxHOCTI1. B pe3yJihTaTe asap11ti: cy.uos, 

npoMbiBKI1 pe3epsyapos TaHKepos, YTeqeK He<bTI1 np11 .uo6brqe ee B 

rneJib<l>osoti: 30He e)Kero.uHo B BO.llhi oKeaHa nona,naeT 12-15 MJIH. T 

He<l>T11. 

He<i>THHaH nJieHKa npi1BO.ll11T K moeJII1 OnJIO.llOTBopeHHoti: 11Kpbi, 

HapyrnaeT npOIJ;eCCbi <i>OTOCI1HTe3a 11 Bbi.lleJieHI1H KI1CJIOpO.Ua, ocy

r:u;ecTBJIHeMOfO <i>I1TOllJiaHKTOHOM, B pe3yJibTaTe qero np011CXO.ll11T 

HapyrneHI1e ra3o- 11 BJiaroo6MeHa Me)l(.lly aTMoc<t>epoti: 11 f11.llPO

c<t>epoti:. 

OrpoMHyiO Harpy3KY B pe3yJihTaTe .ueHTeJibHOCTI1 qeJioBeKa 

11CllbiTbiBaeT 11 JII1TOc<!>epa. npaKTI1qecKI1 BCe llOJie3Hbie 11CKOnaeMbie 

BMeCTe C CO.llep)l(ali.(I1MI1 11X nopO.llaMI1 113BJieKaiOTCH 113 He.Up 3eMJII1. 

KpoMe Toro, no.U3eMHaH cpe.ua 11CnOJib3yeTcH .llJIH cTp011TeJibCTBa 

(pa3Mer:u;eHI1e np0113BO.llCTB, npoKJia.uKa KOMMYHI1KaiJ;I1H, C03.llaHI1e 

xpaHI1JII1II.( 11 T . .ll.). nosepXHOCTHbie HaKOlli1TeJII1 npOMbiUlJieHHblX 

OTXO.llOB 11 CTOqHbiX BO.ll B pe3yJibTaTe Hec06JIIO.lleHI1H npaBI1JI CKJia.zJ:I1-

pOBaH11H 11 3aXOpOHeHI1H OTXO.llOB HaHOCHT 60JiblliOH yr:u;ep6 <!>Jiope 11 

<t>ayHe 3TI1X peri10HOB, BJII1HH Ha .ll11HaMI1qecKOe paBHOBeCI1e 

611oc<t>epbi. 
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r !I a 6 a 1. 3Ko!lozu~tecKue acneKmbl pecypcono!lb306aHUR 

HepauuoHa.JibHoe ucnoJib30BaHHe yJI,o6peHHti: (oco6eHHO a3oT

Il b!X) H neCTHUHJI,OB B HeKOTOpb!X perHOHaX npHBOJI,HT K He06paTHMbiM 

H3MeHeHHHM BCeti: 6uoc<t>epbl. 

B no'IBY, caMooquw;eHue KOTopoti: npoucxOJI.HT MeJI,JieHHO, 

IIOnaJI,aeT OrpOMHOe KOJIH'!eCTBO OTXOJI,OB. HaKanJIHBaHHe TOKCH'!HbiX 

Bern;eCTB npHBOJI,HT K nocreneHHOMY H3MeHeHHIO XHMH'IeCKOfO COCTasa 

IIO'IB, HapyllieHHIO eJI,HHCTBa reOXHMH'!eCKOH CpeJI,bl H )J(HBbiX 

OpraHH3MOB. 

Jl1060e 3arpH3HeHHe JIHTOC<!>epbl TBepJI,biMH OTXOJI,aMH MO)J(eT 

Bbi3BaTb 3arpH3HeHHe nOJI,3eMHbiX BOJI,. 

AHTponoreHHbie <PaKTOpbi ycKopHIOT npoTeKaHue MHOrHx 

6uoc<t>epHbiX npoueccos B oKpy)J(aJOw;eti: cpeJI,e no cpasHeHHIO c ux 

XOJI,OM B ecTeCTBeHHbiX npHpOJI,HbiX yCJIOBHHX. 

06o6rn;aH BblllieH3)10)J(eHHOe, CJieJI,yeT OTMeTHTb, 'ITO aHTpOnO

reHHOe B03JI,eti:CTBHe Ha npHpOJI.Y Bbl3biBaeT CJieJI,YJOil(He npo6JieMbl, 

CBH3aHHbie C 3arpH3HeHHeM OKp~aiOrn;eti: cpeJI,bi: 

1. Bo3MO)J(HOe H3MeHeHue KJIHMaTa BCJieJI,CTBHe nOCTYnJieHHH B 

aTMoc<t>epy rexHoreHHOro TenJia, yrJieKHCJIOro ra3a H a3p030Jieti:. 

2. HapyrneHue 030HOBoro CJIOH 3eMJIH 3a c'!eT nocTYnJieHHH B aT

Moc<Pepy <!>peOHOB, OKCHJI,OB a30Ta H JI.PYrHX COeJI,HHeHHH. 

3. EuoJiorw-IeCKHe nocJieJI,CTBHH 3arpH3HeHHH 6uoc<Pepbi PaJI.HOaK

THBHbiMH sern;eCTBaMH, TH)!(eJibiMH MeTa.JIJiaMH H JI.PYfHMH BpeJI,HbiMH 

sew;ecTBaMH. 

4. EuoJioru'!eCKHe nocJieJI,CTBHH, CBH3aHHbie c 3arpH3HeHHeM 

MHpOBOfO OKeaHa pe'!HbiMH CTOKaMH, MOpCKHM TpaHCnOpTOM, 

npoJI,yKTaMH TeXHOreHHOfO npOHCXO)J(JI.eHHH, COJI,ep)J(all(HMHCH B 

3TMOC<i>epHbiX OCaJI,Kax. 

Mbi CTOHM Ha nopore oqepeJI,Horo Ba)J(Horo 3BOJIIOUHOHHOro 

C06biTHH, KOTOpoe onpeJI,eJIHT pa3BHTHe )J(H3HH Ha 3eMJie: JIH60 

npOH30HJI,eT JI,a.JlbHeti:rnee yxyJI,llieHHe cyrn;eCTByiOrn;ero COCTOHHHH 

6uoc<t>epbl, CJieJI,CTBHeM KOTOpOrO 6yJI,eT BbiMHpaHHe 60JiblliHHCTBa 

BHJI,OB, JIH60 Mbl Hayt{HMCH KOHTpOJIHpOBaTb CBOH noTpe6HOCTH H 

COXpaHHM cyrn;eCTBYJOil(yiO 3KOJIOrH'IeCKYJO CHCTeMY, B KOTOpoti: 6yJI,eT 

C06JIIOJI,aTbCH paBHOBeCHe Me)J(JI.y BCeMH 06HTaiOil(HMH Ha 3eMJie 

BHJI,aMH, H nOHJI,eM no nyrH COBepllieHCTBOBaHHH CBOHX JI.YXOBHbiX H 

HHTeJIJieKzya.JibHbiX cnoco6HOCTeti:. 

Co6biTHH, H3MeHHIOrn;ue XOJI. 3BOJIIOUHH Ha 3eMJie, npoucxoJI,HT 

B cpeJI,HeM pa3 B 100 MJIH. JieT. Mbi )J(HBeM HMeHHO B TaKyiO 

nepeJIOMHYIO 3noxy, H 3eMJIHHe JI,OJI)J(Hbl CJI,eJiaTb Bbi6op: JIH60 C03JI,aTb 
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Jlepepa6om1Ca npoMblUJJleHHbiX omxoiJos 

ycJIOBIUI .lVHI COXpaHeHIUI 3KOJIOfHqecKOH CHCTeMbl, JUt:6o B 6JIH

::lKaHIIIHe 50 JieT CTaTb oqeBH,li;UaMH H yqaCTHHKaMH KaTacrpo<l>bi. 

3KOJIOfl{qecKHti: KpH3HC, rrepe::lKHBaeMbiH qeJioseqecTBOM B KOHUe 

XX B., Tpe6yeT KpHTHqecKoro rrepecMoTpa ueHHocreti: HayqHo-TeXHH

qecKoti: peBOJIIOUHH H OIIpeLJ;eJieHIDI IIpHOpHreTHbiX 3aLJ;aq IlpeLJ;CTOHW:ero 

rrepHOLJ;a o6rn:ecTBeHHOfO pa3BHTHH C UeJibiO 6oJiee paUHOHaJibHOfO 

IIpHpoLJ;OIIOJib30BaHIDI. 

HacToHrn:Hti: rrepHoA soti:LJ;eT B HcTopHIO KaK 3rroxa rrepeJioMa B 

o6w:ecTBeHHOM C03HaHHH, 3aKJIIQqaiOw:erocH B OC03HaHHH <PaKTa 

orpaHHqeHHOCTH rrpHpOLJ:HbiX pecypcos H YH3BHMOCTH oKpY::lKaiOw:eti: 

cpeLJ;bl. PeaJibHaH yrp03a HCTOW:eHIDI MaTepHaJibHOH OCHOBbl X03HHCTBa 

H pa3pyrneHHH 6Hoc<t>epbl LJ;OJI)I(Ha orrpeLJ;eJIHTb HailiH LJ;eHCTBHH H Ha 

MeCTHOM, H Ha MHpOBOM ypoBHHX. 

Heo6xoLJ;HMo, qTo6bi rrpHpoLJ;ooxpaHHaH LJ;eHTeJibHOCTb cTOHJia 

HapHLJ;y co 3LJ;pasooxpaHeHHeM Ha rrepsoM Mecre B PMY rrpHopHTeTos 

IIOJIHTHKH rocyLJ;apcTBa. 3TO ITO cyTH LJ;eJia 03HaqaeT c<t>opMyJIH

poBaHHbiH aKaLJ;. H.H.MoHceeBbiM "3KOJiorHqecKHti: HMrrepaTHB" 

o6mecTBeHHoro pa3BHTHH. Ero BbiiiOJIHeHHe Heo6XOLJ:HMO B IIJiaHe KaK 

Bbl::lKHBaHIDI HaUHH, TaK H peaJIH3aUHH CTpaTerHH ycKopeHHH HayqHO

TeXHHqecKOfO rrporpecca. He pernaH 3<P<PeKTHBHo 3KoJiorHqecKHe 

rrpo6JieMbi, Mbi pa3pyrnaeM rrpHpOLJ:Hbiti:, a 3HaqHT, rrpoLJ;oBoJibcT

seHHbiti:, CblpbeBOH H B006rn:e 3KOHOMHqecKHH IIOTeHUHaJI o6mecTBa. 

noHHMaHHe 803HHKaiOW:HX IIpOTHBOpeqHti: Me)I(LJ:y IIpOH3BOLJ;H

TeJibHbiMH CHJiaMH H IlpOH3BOLJ;CTBeHHbiMH OTHOilieHHHMH HBJIHeTCH 

OCHOBOH ycToti:qHBOfO pa3BHTHH qeJioseqecKOfO o6mecTBa H C03LJ;aHHH 

COBMeCTHMOH C pa3BHTHeM OKpy)l(aiOw:eti: cpeLJ;bl MaTepHaJibHO

TeXHH:qeCKOH 6a3bl o6mecTBa. 

UeHTpMbHoti: rrpo6JieMoti: TaKoti: cTpaTerHH ocTaeTcH poJib 

qeJioBeKa so B3aHMOOTHorneHHHX o6w:ecTsa H rrpHpOLJ:bl. Heo6XOLJ:HMO 

OC060 BbiLJ:eJIHTb B KaqecTBe OLJ;HOfO H3 IlpHOpHTeTOB CTpeMJieHHe K 

LJ:OCTH::lKeHHIO KaqecTBeHHO HOBoti: 3KoJiorHqecKoti: KYJibTypbi qeJio

seqecTBa, aLJ;eKBaTHOH COBpeMeHHOH CHTyaUHH H HarrpasJieHHOH Ha 

rrepepacTaHHe ee B ycToti:qHBbie HOpMbl o6mecTBeHHOfO, KOJIJieKTHB

HOfO H HHLJ;HBH,ll;yaJibHOfO IIOBeLJ;eHHH. 

B Harneti: CTpaHe 3KOJIOfHqecKaH CHTyaUHH MO)I(eT cqHTaTbCH 

OLJ:HOH H3 caMbiX He6JiarorroJiyqHbiX 8 3KOHOMHqecKH pa3BHTOH qacTH 

IIJiaHeTbi. .LJ:ocTaToqHo OTMeTHTb, qTo 16 % TeppHTOpHH, 3aHHTOH 

HaceJieHHeM 50-70 MJIH. qeJIOBeK, IIpH3HaHO 30HOH 3KOJIOfHqecKOf0 

6eLJ;cTBHH. Ka)I(LJ:biti: LJ;ecHTbiti: ropoLJ: HMeeT BbicoKHti: yposeHb Jar-
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r !I a 6 a 1. 3KO!IOZUitecKue acneKmbl pecypcono!lb306aHUR 

pH3HeHI1H OeHOBHbiX np11p0JlHbiX epe)l, npwieM epe)ll1 HI1X see ropona, 

BKJIIO'laH MoeKBY 11 CaHKT-neTep6ypr, e HaeeJieHI1eM 6oJibllle 

1 MJIH. 'leJioseK. B Poee1111 e)l(eronHo o6pa3yeTeH 270 MJIH. T 

f33006pa3HbiX OTXO)lOB, 6oJiee 60 MJip)l. T eTO'lHbiX BQJl, 113 KOTOpbiX 

OKOJIO 41 % OTHOeHTeH K K3TerOp1111 33fpH3HeHHbiX, 11 7 MJip)l. T 

TBep)lbiX OTXO)lOB. TOJibKO 6biTOBbiX TBep)lbiX OTXO)lOB e)l(efO)lHO 

BbiB0311TeH H3 eB3JIKI1 11 nOJII1fOHbi 6oJiee 130 MJIH. T, nO)l 

eKJia)l11pOB3HI1e KOTOpbiX 33HHTO 250 Tbie. reKTapOB 3eMeJibHbiX Yf0)ll1ii:. 

A Beero Ha yqTeHHbiX eBaJIKax H3KOnJieHO 65 MJip)l. T TBep)lbiX OTXO)lOB. 

KaK 113BeeTHO, B noeJie)lHI1e ronhr np01130llleJI 3H3'li1TeJibHhiti: 

ena)l 06'beMOB np0113BO)leTB3 11 B npOMbllllJieHHOeTI1, 11 B eeJibeKOM 

xo3Hti:eTse. HeeMOTpH Ha 3TO, Ka'leeTBeHHoro 113MeHeHI1H 3KO

JIOfl1'leeKoti: o6cTaHOBKI1 B eTpaHe He np01130lllJIO, a no PHJlY 

noKa3aTeJieti: oHa npOJlOJI)l(aeT YXYJllll3TbeH. B qaeTHOeTI1, see 6oJiee 

OeTpOH eT3HOBI1TeH npo6JieMa YTI1JII133~1111 11 o6e3Bpe)l(I1B3HI1H 

TOKel1'lHbiX OTXO)lOB: 60Jiee nOJIOBI1Hbi 113 HI1X BbiB0311TeH B 

Heo6pa60T3HHOM Bl1)le Ha eB3JIKI1, KOTOpbie 33'l3eTyiO )lJIH 3TOfO He 

np11enoeo6JieHbi 11 He OTBe'laiOT np11ponooxpaHHbiM Tpe6osaHI1HM. 

0KoJio noJIOBI1Hbi HaeeJieHI1H Poee1111 11enoJib3YIOT JlJIH ni1TbH 

BO)ly, He eOOTBeTeTByiOrn;yiO eaHI1T3pHbiM HOpM3M. KoH~eHTp3~1111 

TOKel1'lHbiX Bern;eeTB B 3TMOe<!>epHOM B03)lyXe 208 ropO)lOB eTp3Hbi, B 

KOTOpbiX npO)l(I1B3eT 43 % HaeeJieHI1H, npeBbllll3IOT npe)leJibHO 

)lOnyeTI1Mbie HOpMbi. 

Ha1160Jihllmti: BKJI3Jl B 3arpH3HeHI1e epenhr o611TaHI1H BHOeHT 

npennp11HTI1H qepHOH 11 ~BeTHOH MeTaJIJiypf1111, XI1MI1'leeKOH 11 

He<i>TeXI1MI1'leeKOH npOMbilllJieHHOeTI1, eTpOHI1H)lyeTp1111, ~eJIJIIOJI03-
H0-6yM3)l(HOH npOMbilllJieHHOeTI1 11 T.Jl. 

np11 6e3JlYMHOM paex11rn;eH1111 llOTeH~I1aJI3, )l3pOB3HHOfO H3M 

llp11pO)lOH, Mbl H3XO)li1MeH B eoeTOHHI111 XpOHI1'leeKOf0 ebipbeBOfO 11 

TOilJII1BH0-3HepreTI1'leeKOfO ne<l>11~11T3, oeo6eHHO 060eTp11BllieroeH B 

IIOeJie)lHee BpeMH 113-33 33MeTHOfO eOKparn;eH11H )l06bi'l11 He<i>TI1 11 

nepepaexona MaTep11aJibHbiX peeypeos Ha en11H11~y KOHe'lHoro 

o6rn;eeTBeHHOfO npOJlYKT3. 

AHM113 noKa3biBaeT, 'lTO B Poee1111 11MeiOTeH r11raHTCK11e pe3epBbi 

pceypeoe6epe)l(eHI1H: H311I3 eTp3H3 llOTpe6JIHeT Ha e)li1HI1~Y BaJIOBOfO 

IHtyTpeHHero npOJlYKTa (BBn) He<i>TI1 Ha 36 %, yfJIH - Ha 56 %, 
IU33 - H3 42 %, eT3JII1 - Ha 138 % 60Jibllle, 'leM CiliA. 

PeeypeoeMKOeTb e)li1HI1~hr BBn B Poee1111 no'lTI1 B nsa pa3a Bhillle, 

•tcM B CiliA, 11 npi1MepHo B 'leTbrpe pa3a Bhillie, 'leM B 3ananHoti: 
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Espone. 3To 03HaqaeT, qTo B o6w;ee 3arpH3HeHI1e oKp}')Karow;eti: cpeLJ;bi 

PoccHH BHOCI1T np11MepHo TaKoti: )l(e BKJHlA, KaK CiliA 11 3ana,nHaH 

Espona, 3Haqi1TeJibHO ycTYJiaH 11M no o6neMY BBn. 0TCIOLJ;a cnpa

BeM11BOe 6ecnOKOHCTBO M11pOBOrO coo6w;ecTBa no nOBOLJ:Y 3KOJIO

rJ1qeCKOH c11-ryau1111 B Pocc1111. 

3a nocJie)J;HI1e 15 JieT B 11HAYCTpl1aJibHO pa3BI1TOM M11pe COBepllm

JiaCb HaCTOHil(aH peBOJIIOU11H B pecypcoc6epe)l(eHI111 11 6biJII1 )J;OC

TI1rHyTbi 3Haqi1TeJibHbie ycnex11 B CHI1)1(eHI111 ypOBHH 3arpH3HeH11H 

oKp}')KaiOw;eti: cpeLJ;bi. B Pocc1111, K CO)I(aJieHI1IO, noJIO)I(eHI1e B o6JiaCTI1 

pecypcoc6epe)l(eHI1H npaKTI1qecKI1 He 113MeHI1JIOCb, a 3KOJIOrl1qecKaH 

c11-ryauHH 3aMeTHO yxyLJ;UIIDiacb. CJieLJ;yeT np113HaTb, ~o onpeLJ;eJieHHyiO 

pOJib B pecypcopacTOqi1TeJibHOCTI1 HaUiero X03HHCTBa B KaKOH-TO Mepe 

11rpaeT 6oraTcTBO np11pOLJ:HbiX HeLJ;p cTpaHbi, MaJiaH 3aBI1C11MOCTb 

Pocc1111 OT 11MnopTa cbipbH 11 3HeproHOCI1TeJieti:. 

Heo6xOLJ:I1MO HaBeLJ;eHI1e 3JieMeHTapHoro nopH,I:(Ka B xpaHeHI111, 

nepeMern;eHI111 11 11CnOJib30BaH1111 CblpbH 11 3Hepr1111, a TaK)I(e 

CT11MYJI11posaH11e co3LJ;aHHH HOBOti: pecypcoc6eperaiOw;eti: TeXHI1KI1 11 

TeXHOJIOml1. Ba)I(HyiO pOJib LJ:OJI)I(Hbl CbirpaTb CTpYKTYPHbie CLJ:BI1m B 

3KOHOM11Ke 11 lll11pOKOe peU11KJmpOBaH11e 60Jiblli11HCTBa npOMbilliJieH

HbiX MaTep11aJIOB. 

Oco6o TH)I(eJiaH 3KOJIOrl1qecKaH o6cTaHOBKa CJIO)l(HJiacb B MocKBe. 

K HacToHrn;eMy speMeHI1 MocKOBCKI1H per110H cTaJI OLJ:H11M 113 

KpynHeHlli11X yp6aH11311pOBaHHbiX pemOHOB M11pa. 3LJ;eCb Ha 0,3 % 
Teppi1TOPI111 Pocc1111 npO)I(I1BaeT 10 % HaceJieHI1H. PoeT MocKBbi KaK 

KpynHeti:Uiero npOMbllliJieHHOrO UeHTpa o6ycJIOBI1JI B03HI1KHOBeHI1e 

CJIO)I(HbiX 3KOJIOrl1qecK11X np06JieM. AliaJII13 BCeX acneKTOB 3KO

JIOrl1qecKOrO COCTOHHI1H ropOLJ;CKOH cpeLJ;bl noKa3biBaeT, qTo ropOLJ: 

HaXOLJ;I1TCH B Kp11TI1qecKOH 3KOJIOrl1qecKOH CI1TyaU1111. 3a nocJie)J;H11e 

roLJ;bi 3a6oJiesaeMocTb opraHoB LJ:bixaH11H y LJ;eTeti: yseJII1qi1Jiacb Ha 

20 %, rOpMOHaJibHbiX 11 11MYHHbiX paccTpOHCTB - Ha 24 %, 
nOCTOHHHO pacTeT q11CJIO BpO)I(LJ;eHHbiX ypOLJ;CTB, no KOTOpbiM 

MocKBa LJ;ep)I(I1T nepsoe MecTo B cTpaHe. 

Ha116oJiee He6Jiaronp11HTHbiM 3KOJIOrl1qecKI1M <PaKTopoM B 

MocKBe HB.illleTcH 3arpH3HeHI1e B03LJ;yxa. Ee3 YMeHbllleHI1H 3arpH3HeHHH 

B03LJ;yxa, B nepsyiO oqepeLJ:b OT cTpeM11TeJibHO HapacTaiOw;ero 

KOJII1qeCTBa aBTOTpaHcnopTa, HeB03MO)I(H0 yJiyqllii1Tb 3KOJIOrl1qecKyiO 

o6cTaHOBKY B ropOLJ;e. 

MocKBa c6pacbiBaeT 10 % scex cToqHbiX BOA Pocc1111. BoLJ;o

noTpe6JieHI1e B ropoLJ;e Ha AYlliY HaceJieHHH - caMoe 6oJiblliOe B M11pe. 
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0LJ;Ha 113 caMbiX 3Jio6oLJ;HeBHbiX rrpo6JieM ropoLJ;a- rrpoMbilli

JieHHbie 11 6biTOBbie OTXOLJ:bl. B ropoLJ;e oTcyTcTByeT 11HLJ:YCTp11H 

rrepepa6oTKI1 IlpOMbilliJieHHbiX 11 6biTOBbiX OTXOLJ;OB. nJIOI.UaLJ;b, 3aHI1-

MaeMaH B qepTe ropOLJ;a HeCaHKU110H11pOBaHHbiM11 CBaJIKaMI1, oue

HI1BaeTCH B 900 ra, B 6JII1::lKati:llieM noLJ;MOCKOBbe - HeCKOJibKO TbiCH'I 

reKTapoB. Oco6eHHO ocTpoti: rrpo6JieMoti: HBJUieTCH OTCYTCTBI1e B ropoLJ;e 

rrpeLJ;IIp11HT11H ITO c6opy 11 o6e3Bpe::lKI1BaHI110 TOKCI1'1HbiX IlpOMbllli

JieHHbiX oTXOLJ:OB. CeroLJ;HH, KaK 6bi Hl1 6bma JaKoHorrocJiylliHa aLJ;MI1-

HI1CTpaui1H MOCKOBCKOfO IIpeLJ;IIp11HT11H, KaK 6bi OHa Hl1 XOTeJia C)J;aTb 

Ha rrepepa6oTKY TOKC11'1Hble OTXOLJ;bl, CLJ;eJiaTb 3TOf0 OHa He MO::lKeT. 

no3TOMY COTHI1 TOHH paCTBOpOB, ::lKI1LJ;KOCTeH, OTpa6oTaHHbiX MaceJI, 

JI3KOB 11 Kp3COK 11 T. II., BKJIIOlJ:aH CI1JlbHO LJ;eti:CTBYIOI.U11e HLJ;OBI1Tble 

Bern:ecTB3, B KOHUe KOHUOB IIOIIaLJ;aiOT B rpyHTOBbie BOLJ;bl 11 K3Ha

JII133U1110. 

npaBI1TeJibCTBOM MOCKBbl rrpoBOLJ;I1TCH 3Ha'II1TeJibHaH pa6oTa ITO 

yJiyqrneHI1IO 3KOJIOfi1'IecKoti: o6cTaHOBKI1 B ropoLJ;e. B MocKBe 

LJ;eHCTByeT HeCKOJibKO <t>eLJ;epaJibHbiX, OTpacJieBbiX 11 ropOLJ;CK11X 3KO

JIOfl1lJ:eCK11X rrporpaMM, 11MeiOTCH 3KOJIOfl1lJ:eCKI1e pa3LJ;eJibl BO BCeX 

HayqHo-TeXH11lJ:eCK11X rrporpaMMaX, Ilp11HHTbiX ropOLJ;OM. 

MOCKOBCKMM ropOLJ;CKMM KOMI1TeTOM OXpaHbl 0KpY::lK3IOI.Ueti: cpeLJ;bl 

cosMecTHO c APYfi1MI1 LJ;errapTaMeHTaMI1 rrpaBI1TeJibCTBa, crre

U11aJII1cTaMI1 aKaLJ;eMI1lJ:eCKI1X 11 OTpacJieBbiX 11HCTI1TYTOB rrpoaHaJI11-

311pOBaHbl pa3JII1'1Hble acrreKTbl 3KOJIOfl1lJ:eCK11X Ilpo6JieM ropoLJ;a 11 

IIOLJ:fOTOBJieHa KoMIIJieKcHaH 3KOJIOfi1'IecKaH rrporpaMMa, YTBep)KLJ:eH

HaH rrocTaHoBJieH11eM rrpaBI1TeJibCTBa MocKBbi. HaqaJiocb cTp011-

TeJibCTBo coBpeMeHHoro JaBoLJ;a rro o6e3Bpe::lKI1BaHI1IO 11 YTI1JII13aU1111 

TOKCI1'1HbiX IIpOMbilliJieHHbiX OTXOLJ;OB, 3aiiJiaH11pOBaHO CTp011TeJibCTBO 

ern:e HeCKOJibKI1X TaKI1X 3aBOLJ;OB, MHOfO BH11MaHI1H yLJ;eJIHeTCH yJiyq

WeHI110 LJ;OpO::lKHOfO CTp011TeJibCTBa 11 IIpaBI1JlbHOH opraHI13aU1111 LJ;O

pO::lKHOfO LJ;BI1::lKeHI1H. 

Ba::lKHeti:rneti: 3aLJ;a'Ieti: rocyLJ;apcTBa HBJIHeTcH co3LJ:aH11e HOPM3TI1B

Ho-rrpasosoro, 3KOHOMI1lJ:eCKOf0 11 o6rn:ecTBeHHO-IIOJII1TI1lJ:eCKOfO 

MexaH113MOB yrrpaBJieHHH rrp11poLJ;oiioJib3oBaH11eM. 

HopMamu6Ho-npa6o6ou MexaHU3M LJ:OJI::lKeH o6ecrre'II1Tb pa3BI1TI1e 

ncex c<t>ep o6rn:ecTBeHHOfO rrp0113BOLJ;CTBa B COOTBeTCTBI111 C peaJibHbiM 

COCTOHH11eM pecypcoB 11 ycJIOBI1H OKpy::lKaiOrn:eti: cpeLJ;bl. 0cHOBHbiMI1 

cpeLJ;CTBaMI1 ero peaJII13aUI111 HBJIHIOTCH CI1CTeMa HOPM COCTOHHI1H 11 

J(OIIYCTI1MbiX B03LJ;eti:CTBI1H Ha OKpy::lKaiOrn:YIO cpeLJ;y, CI1CTeMa HOpM 

H CT3HLJ;3pTOB 11CIIOJib30BaHI1H pecypcOB, 3KOJIOfl1lJ:eCKaH 3KC-
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rrepnna, CHCTeMa 3aKOHO.D:aTeJibHbiX aKTOB, orrpe.D:ellillOIUHX rrpaBOBYJO 

OTBeTCTBeHHOCTb pecypCOITOJlb30BaTeJUI. 

CoBpeMeHHbiH ypoBeHb HopMHpoBaHHf! H KOHTPOJifl 3a coc

TOf!HHeM rrpHpOJJ:HOH cpeJJ:bi He3<P<PeKTHBeH. KoHTpOJibHbie opraHbi H 

rrpe.D:ITPHf!THfl He o6ecrreqeHbl COBpeMeHHbiMH HOpMaMH, rrpH6opaMH 

H cpeJJ:CTBaMH KOHTpOJifl, qTO pe3KO CHH:>KaeT ero HaJJ:e)I(HOCTb H 

JJ:OCTOBepHOCTb. CymecTBYJOm»e cTaH.D:apTbi, orrpeJJ:eAAIOIUHe KOHTpOJib 

3a COCTOf!HHeM rrpHpOJJ:HOH cpe.D:bl H .li:OITYCTHMbie B03JJ:eHCTBHf! Ha 

Hee, He HMelOT JJ:OCTaToqHOfO COIJ;HaJibH0-3KOHOMHqecKOfO o6oc

HOBaHHfl, a JJ:Jif! MHOfHX rrpe.D:ITPHf!THH H BHJJ:OB B03JJ:eHCTBHH 

HOpMaTHBbl H CTaHJJ:apTbl He ycTaHOBJieHbl Boo6me. ll03TOMY Heo6-

XO.D:HMO C03JJ:aHHe CHCTeMbl COBpeMeHHbiX CTaHJJ:apTOB KaqeCTBa 

rrpHpOJJ:HOH cpeJJ:bi H rrpeJJ:eJibHO .D:orrycTHMbiX B03JJ:ei1cTBHH Ha Hee, a 

Tal()l(e CeTH CTaiJ;HOHapHbiX H rrepe.D:BH)I(HbiX ITOCTOB 3KOJIOfHqeCKOfO 

MOHHTOpHHra, OCHameHHbiX rrpH6opaMH H CHCTeMaMH aBTOMa

TI13HpOBaHHOfO KOHTPOJif! 3a pacxo.D:oBaHHeM rrpHpOJJ:HbiX pecypcoB, 

Bbi6pocaMH H c6pocaMH Bpe.D:Hb!X BeiUeCTB, HX COJJ:ep)l(aHHeM B 

aTMoc<Pepe, BO.li:HbiX HCTOqHHKaX, rroqse, pacTeHHf!X H ITPO.D:YKTaX 

rrHTaHHf!. OpraHH3aiJ;HOHHOH ocHoBotf HopMaTHBHo-rrpaBoBoro 

MeXaHH3Ma JJ:OJI)I(Ha CTaTb e.D:HHaf! fOCYJJ:apCTBeHHafl CHCTeMa HOp

MHpOBaHHfl, KOHTpOJifl H yrrpaBJieHHf! rrpHpoJJ:orroJib30BaHHeM. 

3KoHoMulleCJcuu MexaHu3M pau;HoHaJibHoro rrpHpOJJ:OITOJib30BaHHf! 

H oxpaHbi oKpy)l(aiOmetf cpeJJ:bi JJ:OJI)I(eH o6ecrreqHTb rrporpecCHBHoe 

pa3BHTHe H BHeJJ:peHHe pecypcoc6eperalOIUHX, MaJIOOTXOJJ:HbiX TeX

HOJIOfHqeCKHX rrpou;ecCOB, KOMITJieKCHbiX 6e30TXOJJ:HbiX rrpOH3BOJJ:CTB. 

OH .D:OJI)I(eH crroco6cTBoBaTb C03JJ:aHHIO H BHeJJ:peHHIO 3KOJiorHqHoi1 

TeXHHKH, 3KOJIOfHqeCKH o60CHOBaHHOMY pa3MemeHHIO rrpOH3BOJJ:H

TeJlbHbiX CHJI, rrepepacrrpeJJ:eJieHHIO MaTepHaJibHO-TeXHHqeCKHX H 

TPY.D:OBbiX pecypcoB B rrpHopHTeTHbie c<Pepbi pau;HoHaJibHoro rrpH

POJJ:OITOJib30BaHHfl, pa3BHTHIO a.D:eKBaTHbiX HayqHbiX 3HaHHH H o6pa-

30BaHHf!. OcHoBHbiMH cpeJJ:CTBaMH peaJIH3aiJ;HH TaKoro MexaHH3Ma 

JJ:OJI)I(Hbl CTaTb: ITOJIHTHKa B 06JiaCTH IJ;eHoo6pa30BaHHfl, ITJiaTa 3a 

rroJib30BaHHe rrpHpOJJ:HbiMH pecypcaMH, 3KOHOMHqecKoe CTHMYJIH

poBaHHe rrpe.D:ITPHflTHH qepe3 CHCTeMy HaJIOf006JIO)I(eHHf! H rocy

.D:apCTBeHHbiX JJ:OTaiJ;HH H HHBeCTHIJ;HH. 

06w,ecmeeHHO-nOAUmU'leCKUU MeXOHU3M .D:OJI)I(eH o6ecrreqHTb 

peweHHe BorrpocoB pau;HOHaJibHoro rrpHpo.D:OITOJib30BaHHf! H oxpaHbi 

OKpy)l(alOIUeH cpe.D:bl rryTeM BOCITHTaHHf! H 3KOJIOfHqecKOfO o6pa-
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30BaHIU! HaCeJieHIU! crpaHbl, IIOBbiiiiemrn JIHqHoif OTBeTCTBeHHOCTH 

KIDK,llOfO rpiDK,llaHHHa 3a COCTOf!HHe OKpy;KaiOmeif cpe.ll;bl. 

B KaqecTBe o6o6meHHbiX u;eJieBbiX 3KOJioro-3KOHOMHqecKHX 

IIOKa3aTeJieif nporpaMMbl BOCCTaHoBJieHHfl OTeqeCTBeHHOH npHpO.ll;HOH 

cpe.ll;bl Moryr 6biTb npHHf!Tbi: noBCeMeCTHOe .ll;OCTH)I(eHHe, a 3aTeM H 

y)l(eCToqeHHe HOpMaTHBHbiX ypoBHeif qHCTOTbl OKpy)l(alOmeif Cpe.ll;bl 

no BCeM c<PepaM (aTMoc<Pepa, rH.ll;poc<Pepa, JIHTOc<Pepa); cTa6IDIH3au;Hfl 

3a6opa BO.ll;bl H3 IlpHpO.ll;HbiX HCTOqHHKOB no crpaHe B u;eJIOM Ha ypoBHe 

320-340 KY6. KM B ro.n:, qTo o6ecneqHBaeTcf! rrpHMepHo .n:ByxKpaTHbiM 

CHH)I(eHHeM BO,!J;OeMKOCTH o6meCTBeHHOfO IlpOH3BO.ll;CTBa; CHH)I(eHHe 

noTepb noqB oT aHTponoreHHoif 3po3HH Ha Bceif nJioma.n:» rocy

.n:apcTBeHHoro 3eMeJibHoro <PoH.n:a .n:o ypoBHfl, cooTBeTCTByiDmero 

MaCIIITa6aM eCTeCTBeHHOfO COCTOf!HHf! noqB (0,5-3,0 T/ra B fO.ll; B 

3aBHCHMOCTH OT THnoB noqB); COKpameHHe IIJIOIUa.ll;H naiiiHH B 

paifoHaX HHTeHCHBHOH pacnaiiiKH .ll;O 3KOJIOfHqeCKH .ll;OIIYCTHMbiX 

npe,!J;eJioB (40-60 % BCeif TeppHTOpHH); CHH)I(eHHe nJioma.D:H 

HapyiiieHHbiX 3eMeJib .ll;O TeXHOJIOfHqeCKH .ll;OIIYCTHMOfO MHHHMyMa 

(1,5-2 MJIH. ra, BKJIIOqaf! Top<Popa3pa60TKH); C03.ll;aHHe OKOJIO 

8 MJIH. ra noJie3aiUHTHbiX H npoTHB03p03HOHHbiX H 8 MJIH. ra 

nacT6Hme-3aiUHTHbiX H MeJIHopaTHBHO-KOpMOBbiX HaCa)I(,!J;eHHH; 

KOMnJieKCHoe, MaJIOOTXO,!J;HOe H 6e30TXO.ll;HOe HCnOJib30BaHHe 

MHHepaJibHo-cbipbeBbiX pecypcoB, o6ecneqHBaiOmee pa3Mep noTepb 

llpH .ll;06biJie H IIepepa6oTKe He 6oJiee 2-25 % (B 3aBHCHMOCTH 

OT BH.ll;a pecypca); .ll;OBe,!J;eHHe nJIOIUa.li;H IlpHpO.ll;HbiX oxpaHf!eMbiX 

TeppHTOpHH BCeX BH.ll;OB ,!J;O 10-15 % (B TOM qHcJie 6 % CTporo 

oxpaHf!eMbiX) Bceif 3eMeJibHoif nJioma.n:» PocCHH c co3.ll;aHHeM 

"JKOJIOfHqecKH o6ocHoBaHHOH CHCTeMbl TaKHX TeppHTOpHH BO BCeX 

perHoHax crpaHbi; yBeJIHqeHHe H yJiyqiiieHHe pecypcoB .D:HKoif <PJiopbi 

11 <PayHbi H .n:pyrHx 6HoJiorHqecKHX pecypcoB Ha TeppHTopHH PocCHH, 

IIKJIIOqaf! noBbiiiieHHe JieCHCTOCTH B MaJioJieCHbiX paifoHaX, 

lloBbiiiieHHe .n:oJIH XBoHHbiX H .n:pyrHx u;eHHbiX JieCHbiX nopo.n: H 

pa3Mepa cpe.n:Hero 3anaca Jieca Ha JieconoKpbiTbiX rrJioma.n:flx, 

yReJIHqeHHe BH.ll;OBOfO pa3Hoo6pa3Hf! )I(HBOTHOfO H paCTHTeJibHOfO 

MHpa, o6ecneqeHHe ycJioBHH .D:Jifl ecTeCTBeHHoro BocrrpoH3BO.ll;CTBa 

pC.ll;KHX H HCqe3alOIUHX 6HOJIOfHqecKHX BH.ll;OB H .ll;pyrHX .ll;HKO

paCTYIUHX pacTeHHH, Ha3eMHbiX II03BOHoqHbiX H 6ecno3BOHoqHbiX, 

il TaK)I(e pbi6 H .ll;pyrHX 6HOJIOfHqeCKHX o6beKTOB B ecTeCTBeHHbiX 

no.n:oeMax H Bo.n:oxpaHHJI»max; ocymecTBJieHHe KoMrrJieKca Mepo

llpHf!THH no pe3KOMY CHH)I(eHHIO pHCKa H ymep6a OT KaTaCTpo-
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qmqecKHX COU:HaJlbH0-3KOJIOfHqecKHX CHTyaU:HH (aBapHH Ha 3KO
JIOfHqecKH onacHbiX o6'beKTaX, CTHXHHHbiX 6e.n;cTBHH H T.JJ:.). 

LJ:ocTH:>KeHHe yKa3aHHbiX u;eJieH MOfJIO 6bi CTa6HJIH3HpoBaTb 
COCTOHHHe oKpy)l(aiOmeif cpe.n;bl H ee CaHHTapHO-fHfHeHHqecKHe 
noKa:JaTeJIH. EcTeCTBeHHo, qTo ocymecTBJieHHe 3THX u:eneif norpe6yer 

yseJIHqeHIDI KanHTaJioBJio)l(eHHH Ha oxpaHY oKpy*aromeif cpe.n;hi H pa
U:HOHaJibHoe npHpo.n;onoJih3oBaHHe. 

lloJIHoMaClliTa6HaH nporpaMMa BOCCTaHOBJieHHH npHpo.n;HoH 
cpe.n;bi H BHe.n;peHHH npHpo.n;ooxpaHHhiX, pecypco- H 3Heproc6epe
raiOm»x TexHoJiorHif B PoccHH Tpe6yeT coTHH TPHJIJIHoHoB py6Jieif. 

llpoeKT o.n;o6peHHoif npaBHTeJihCTBoM PocCHH <j>e.n;epaJihHoif 

u:eJieBoif nporpaMMbi "Orxo.n;hl" Hau;eJieH noKa ToJihKo Ha To, qTo6hi 
xoT11 6hi c.n;ep)l(aTh .n;aJihH:eifrnee yxy.n;rneHHe 3KoJiorHqecKoif o6cTa
HoBKH. 

UeJib nporpaMMhi - npoBe.n;eHHe e.n;HHoif rocy.n;apcTBeHHoif 
noJIHTHKH B c<Pepe KOMnJieKCHOH nepepa6oTKH, TpaHcnopTHpOBKH, 
YTHJIH3aU:HH, 6e3onacHoro xpaHeHHH H o6e3Bpe)I(HBaHHH npoH3Bo.n;cT
BeHHbiX H 6biTOBhiX OTXOJJ:OB. 

llporpaMMa noKa KacaeTCH TBep.n;biX OTXOJJ:OB, a Tal()l(e OTXOJJ:OB, 
yJiaBJIHBaeMbiX 3aiUHTHbiMH Coopy)l(eHHHMH. llpH ee BbinOJIHeHHH 
JJ:OJI)I(Hbl 6biTb pa3pa6oTaHbl npaBOBble, 3KOHOMHqecKHe, MeTOJJ:H
qecKHe, HayqHo-TeXHHqeCKHe H opraHH3aU:HOHHo-ynpaBJieHqecKHe 
ocHoBbi CHCTeMbi o6pameHHH c oTxo.n;aMH. B paMKax llporpaMMhi 
HaMeqeHo BbinOJIHHTb 156 nHJIOTHbiX npoeKTOB MaJIOOTXOJJ:HbiX Tex
HOJIOfHH, a Tal()l(e npoH3BOJJ:CTB no o6e3Bpe)I(HBaHHIO, BTOpHqHoMy 
HcnoJib3oBaHHIO H 3axopoHeHHIO oTxo.n;oB. B cpe.n;HeM npoeKTbi MofYT 
oKynHTbCH 3a TPH ro.n;a. PeaJIH3aU:HH 3Toif nporpaMMbi H 3<P<PeKTHB
HOCTh KOpeHHOH nepecTpOHKH B .n;eJie oxpaHbl npHpo.D:bl H pau;Ho
HaJlbHOfO npHpo.n;onoJih30BaHHH BO MHOfOM 3aBHCHT OT noJIHTHKH 
pacnpe.n;eJieHHH rocy.n;apcTBeHHbiX KanHTaJIOBJIO)I(eHHH. 

1.2. 3KoJlozur.tecKuu nacnopm npeiJnpURmUR 

B cooTBeTCTBHH c .n;eifcTBYIOIUHM 3aKoHo.n;aTeJibCTBoM npe.n;
npHHTHe B CBoeif .n;eHTeJibHOCTH no HCnoJib30BaHHIO npHpOJJ:HbiX 
pecypcoB H Bo3.n;eifcTBHIO Ha oKpy)l(aiOmyiO cpe.n;y, nJiaHHpoBaHHIO H 
npoBe.n;eHHIO npHpo.n;ooxpaHHbiX MeponpHHTHH no.n;KOHTpOJibHO 
MeCTHOH a.n;MHHHCTpaU:HH H opraHaM focy.n;apCTBeHHOfO KOMHTeTa 
PoccHifcKoif <l>e.n;epau;HH no oxpaHe oKpy)l(aiOmeif cpe.n;hi (focKoM-
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3KOJIOriH!). C QeJiblO CHCTeMannaQHH HH<PopMaU:HH 0 8JIHf!HHH 

npe.n;npHfiTHfl Ha OKpy)l(aiOIUYIO Cpe.n;y H KOHTpOJif! 3a C06JIIOJJ:eHHeM 

HM npHpo.n;ooxpaHHTeJibHbiX HOpM H npa8HJI 8 npou:ecce X03f!HCT

BeHHOH .n;ef!TeJibHOCTH 8 Harneti: CTpaHe pa3pa6oTaH H 88e.n;eH 8 .n;eHCT

BHe 8 f!H8ape 1990 r. fQCT 17.0.0.04-90 "3KOJIOfHqecKHH nacnopT 

npoMbilliJieHHoro npe.n;npHf!THfl". 

3KoJiorHqecKHH nacnopT npoMbilliJieHHoro npe.n;npHfiTHfl -

HOpMaTH8HO-TeXHHqeCKHH JJ:OKyMeHT, 8KJIIOqaiOIUHH .n;aHHbie no 

HCnOJib308aHHIO npe.n;npHfiTHeM pecypC08 (npHpOJJ:HbiX, 8TOpHqHbiX 

H .n;p.) H onpe.n;eJieHHIO 8JIHf!HHf! ero npOH380JJ:CT8a Ha OKpy)l(aiOIUYIO 

cpe.n;y. 

3TOT JJ:OKyMeHT pa3pa6aTbi8aeTCf! 3a cqeT Cpe.n;CT8 npe.n;npHfiTHfl 

H YT8ep)I(JJ:aeTCf! ero pyK080JJ:HTeJieM nocJie comaco8aHHfl c MeCTHbiMH 

opraHaMH BJiaCTH H TeppHTOPHaJibHbiM opraHoM focKOM3KOJiorHH P<l>, 
r.n;e OH perHCTpHpyeTCf!. 

0CH080H JJ:llf! pa3pa60TKH 3KOJIOfHqeCKOfO nacnopTa f!8Jif!IOTCf! 

Ba)I(Heti:rnHe noKa3aTeJIH npo H380JJ:CT8a, HopMbi co.n;ep)l(aHHf! 8 

aTMoc<Pepe 8pe.n;HbiX 8emeCT8, pa3perneHHe Ha npHpo.n;onoJib308aHHe, 

nacnopTa ra3o- H 8o.n;ooqHCTHbiX coopy)l(eHHH H ycTaHo8oK no 

YTHJIH3aQHH H HCnOJib308aHHIO OTXOJJ:08, <PopMbi rocy.n;apCT8eHHOH 

CTaTHCTHqeCKOH OTqeTHOCTH H .n;pyrHe HOpMaTH8Hbie H HOpMaTH8HO

TeXHHqeCKHe JJ:OKyMeHTbi. 

3KOJIOfHqeCKHH nacnopT .n;onOJIHf!IOT npH H3MeHeHHH TeXHO

JIOfHH npOH380JJ:CT8a, 3aMeHe o6opy.n;o8aHHf! H T. n. 8 TeqeHHe MeCf!U:a 

CO JJ:Hf! H3MeHeHHH, OH xpaHHTCf! Ha npe.n;npHfiTHH H 8 TeppHTO

pHaJibHOM opraHe focKOM3KOJiorHH P<l> 
B 3KOA02Ut{eCKOM nacnopme oTpa)KaiOTCf! 3KOJIOrHqecKHe H 

TexHoJiomqecKHe xapaKTepHCTHKH npe.n;npHf!THfl. OH cocTOHT H3: 

• 06IUHX C8e.n;eHHH 0 npe.n;npHfiTHH H ero peKBH3HT08; 

• KpaTKOH npHpOJJ:HO-KJIHMaTHqecKOH xapaKTepHCTHKH pati:oHa 

pacnoJIO)I(eHHf! npe.n;np~; 

• KpaTKOfO onHCaHHfl TeXHOJIOfHH npOH380JJ:CT8a H C8e.n;eHHH 0 

npOJJ:YKQHH H 6aJiaHC080H CXeMbi MaTepHaJibHbiX nOTOK08; 

• C8e.n;eHHH o6 HCnoJib308aHHH 3eMeJibHbiX pecypco8; 

• xapaKTepHCTHK Cblpbfl, a TaK)I(e HCnOJib3yeMbiX MaTepHaJibHbiX H 

3HepreTifqeCKHX pecypco8; 

• xapaKTepHCTHK 8bi6poco8 8 aTMoc<Pepy; 

• xapaKTepHCTHK 80JJ:OnOTpe6JieHHf! H 80JJ:OOT8e.n;eHHf!; 

• xapaKTepHCTHK OTXO.li:08; 
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• CBe.D:eHHH 0 peicyJibTHBaU:HH HapyrneHHbiX 3eMeJib; 

• cBe.D:eHHH o TpaHcnopTe npe.D:npiDITIDI; 

• CBe.D:eHHH 06 3KOJIOro-3KOHOMWieCKOH JJ:eHTeJibHOCTH npeJJ:llpiDI-

TIDI. 

KpamJWR npupoiJno-KAUMamullecJcaR xapaKmepucmuKa paiiona 
pacnoAoJICeHUR npeiJnpURmUR 6/CiliO'laem: 

~ xapaKTepHCTHKY KJIHMaTWiecKHx ycJIOBHif; 

~ xapaKTepHCTHKY COCTOHHIDl B03JJ:YlliHOfO 6acceifHa, BKJIJOqaH 

<PoHOBble KOHU:eHTpaU:HH B aTMoc<Pepe; 

~ xapaKTepHCTHKy HCToqHHKOB BOJJ:03a6opa H npHeMHHKOB 

CTOqHbiX BOJJ:, <PoHOBbiH XHMHqeCKHH COCTaB BOJJ: BO.li:HbiX 06beKTOB. 

llpHpOJJ:HO-KJIHMaTHqecKaH xapaKTepHCTHKa COCTaBJIHeTCH Ha 

OCHOBe .D:aHHbiX focy.D:apCTBeHHbiX KaJJ:aCTpOB H e)l(ero.D:HHKOB KaqecTBa 

aTMoc<PepHOfO B03JJ:yxa H llOBepXHOCTHblX BOJJ: cyiiiH, a TaK)I(e 6a30BOH 

HH<PopMaU:HH 0 COOTBeTCTBYIOIUeM 6HoreOXHMHqeCKOM perHOHe. 

KpaTKYJO xapaKrepHCTHKY npoH3BOJJ:CTBa, cBe.D:eHHH o npOJJ:YKU:HH 

HJIJIIOCTpHpy!OT 6aJiaHCOBOH CXeMoif, qTO ll03BOJIHeT OU:eHHTb no

TeHU:HaJibHbie HCTOqHHKH norepb, HellOJIHOfO HCllOJib30BaHIDI CblpbH H 

3arpH3HeHIDI OKp~aJOmeif cpeJJ:bi. 

EanaHcoBaH cxeMa npoH3BOJJ:CTBa- 3TO CTPYKTypHoe OTo6pa

)l(eHHe llOCJie.D:OBaTeJibHblX CTaJJ:HH npOH3BO.li:CTBa C npHBe.D:eHHbiMH 

KaqeCTBeHHblMH H KOJIHqeCTBeHHbiMH xapaKTepHCTHKaMH llOTOKOB. 

B onHcaHHe 3eMeJibHbiX pecypcoB HapMy c 3eMJIHMH, OTBe.D:eH

HbiMH llOJJ: 3JJ:aHIDI H COOp~eHIDI, BKJIJOqaJOT 3eMeJibHbiH OTBOJJ: llOJJ: 

llOJIHfOHbl MH OTXOJJ:OB, HaKOllHTeJIH croqHbiX BOJJ:, a TaK)I(e pa3Mep 

CaHHTapH0-3aiUHTHOH 30Hbl H 03eJieHeHHbiX yqaCTKOB. 

XapaKTepHCTHKH CbipbH, a TaK)I(e HcnoJib3yeMbiX MaTepHaJibHbiX 

H 3HepreTHqeCKHX pecypcoB BKJIJOqaJOT CBe.D:eHHH 0 XHMHqeCKOM 

COCTaBe CblpbH, 06 HCTOqHHKaX 3HeprHH H HX paCXOJJ:e - fOJJ:OBOM H 

Ha eJJ:HHHU:Y npOH3BOJJ:HMOH npO.D:YKU:HH, qro ll03BOJIHeT OU:eHHTb 

3Hepro- H MaTepHaJIOeMKOCTb npOH3BO.li:CTBa. 

XaKTepHCTHKa Bbi6pOCOB B aTMoc<Pepy OTpa)l(aeT COCTaB, KaqecT

BeHHOe H KOJIHqecTBeHHOe CO.D:ep)l(aHHe 3arpH3HHIOIUHX aTMoc<Pepy 

BemecTB, coJJ:ep)l(aiUHxcH B Bbi6pocax npe.D:npHHTIDI. 

0T.D:eJibHO B BHJJ:e cnpaBKH C yKa3aHHeM BpeMeHH, o6beMOB H 

COCTaBa npHBOJJ:HT JJ:aHHbie 0 3aJillOBblX Bbl6pocax B aTMoc<Pepy 3arpH3-

HHIOIUHX BemeCTB. 

3roT pa3JJ:eJI npeJJ:cTaBJUieT co6oif 6a3y JJ:aHHbiX .D:JIH pacqeTa BeJIH

qHHbl ymep6a OT 3arpH3HeHHH aTMoc<Pepbl H nJiaTe)l(eH 3a HOpMa-
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THBHhie, csepxHopManfBHhie H 3aJinoBbie Bhi6pocbi. KpoMe Toro, 

HH<PopMai.(Hf! pa3}leJia yqHTbiBaeTCf! npH pa3pa60TKe JIOKaJihHbiX 

nporpaMM onepaTHBHoro MOHHTopHHra aTMoc<PepHoro Bo3nyxa. 

XapaKTepHCTHKa sononoTpe6JieHHfl, sonooTseneHHfl, cocTOf!HHf! 

sonooqHcTHhiX coopyxeHHH OTpaJKaeT o6beMhi, yneJibHbie HopMaTHBhi, 

COCTaB, KaqeCTBeHHbie H KOJIHqeCTBeHHbie xapaKTepHCTHKH CO}lep

)l{aHHf! 3arpf!3Hf!IOillHX semecTB B cToqHhiX sonax npennpHf!THf!. 

0T}leJibHO B BH}le cnpaBKH C yKa3aHHeM BpeMeHH, 06beMOB H COCTaBa 

npHBOJlf!T naHHbie 0 3aJillOBbiX H asapHHHbiX c6pocax (CJIHBax) 3a

rpfi3Hf!IOillHX BellleCTB, B TOM qifCJie B noqsy, BOJlHbie o6beKTbl, KaHa

JJH3ai.(HOHHble CeTH, Ha oqHCTHble coopy)l(eHHfl, OTCTOHHHKH, OT}leJib

Hbie eMKOCTH H T. Jl. 

Ha ocHosaHHH naHHhiX 3Toro pa3neJia paccqHThiBaiOT seJIHqHHhi 

ymep6a oT 3arpfi3HeHHfl rH}lpoc<Pephi H pa3Mep nJiaTe)l(et\: 3a c6pochi 

croqHbiX BOJl. 

KpoMe xapaKTepHCTHKH oTxonos, BKJIIOqaiOmeif HX <PH3HKO

XHMHqecKHe CBOHCTBa H KJiaCCbl onaCHOCTH, B nacnopTe npHBOJlf!T 

nepeqeHb llOJIHfOHOB H HaKOllHTeJieH, npenHa3HaqeHHbiX Jlll51 HX 

"laXopoHeHHH H CKJia}lHpoBaHHH, a TaK)I(e naHHble 0 TeXHOJJOfHqeCKOM 

llpOU:eCce, B KOTOpOM o6pa3yiOTCH OTXOJlbl, cnoco6ax HX o6e3Bpe

)1{11BaHHH H HCllOJib30BaHHf! Ha npennpHHTHH. 

B npHJio)l(eHHH K 3KOJiomqecKoMy nacnopzy npHBO.llHT cseneHHf! o 

peKyJibTHBai.(HH HapyrneHHbiX 3eMeJib. 

CseneHHf! o TpaHcnopTe npHBOJlf!T c yqeToM xapaKTepHCTHKH 

nepenBH)I(HhiX cpencTB, cpenHeronosoro npo6era, yneJibHhiX H ronoshiX 

Bhi6pocos (BKJIIOqaf! OKCHJlhi ymepona H a3oTa, ymesonoponhl, na

pbi TOllJIHBa, TeTpa3THJICBHHel.(, llOJIHI.(HKJIHqeCKHe ymeBOJlOPOJlbl, 

Ca)l(y H T. Jl.). 

Ou:eHKa Bo3neifcTBHf! Ha oKpy)l(aiOmyiO cpeny ocymecTBJif!eTcf! 

llpennpHHTHeM Ha OCHOBaHHH neifCTByiOII.(HX HOpMaTHBHO-TeX

IfHqeCKHX JlOKyMeHTOB. 

CseneHHH o6 3KOJioro-3KOHOMHqecKoif nef!TeJibHOCTH npen

npHf!THf! BKJIIOqaiOT naHHbie o 3aTpaTax Ha npHponooxpaHHhie Mepo

IIPHf!THH 11 o6 HX 3<P<PeKTHBHOCTH . 

.UaHHbie o nJiaTe)l(ax npennpHf!THH 3a 3arpf!3HeHHe oKpyxaiOmeif 

cpeJlbl, llOpH}lOK onpeneJieHHH H npHMeHeHHf! HOpMaTHBOB llJiaTbl 3a 

Bhi6pochl (c6pochi) npHBOJlHTCf! s cneu:HaJJbHOM pa3neJie. 

CocTaBJieHHe 3KOJiomqecKoro nacnopTa Tpe6yeT nposeneHHf! HH

BeHTapH3aU:HH HCTOqHHKOB B03}leHCTBHf! Ha OKpy)l(aiOillYIO cpeny H 
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pa3pa6oTKH Mep KOHTpOJU! H ll03TanHoro CHH)I(eHHf! 3TOfO 803-

.n;eiicT8Hf!. 

K co)l(aJieHHIO, MecTHble opraHbi focKoM3KoJiorHH P<l> He 

pacnoJiaraiOT, KaK npa8HJio, KoppeKTHbiMH, conocTa8HMbiMH H noJI

HbiMH .n;aHHbiMH, xapaKTepH3YlOIUHMH COCTOf!HHe HCllOJlb308aHHf! 

npHpo.n;HbiX pecypco8 H pa3MemeHHf! oTxo.n;o8 8 oKp}')KaiOmeif cpe.n;e. 

O.n;HHM H3 3<P<PeKTH8HbiX cnoco6o8 noJiyqeHHfl .n;ocTo8epHoH HH

<PopMaUHH fi8JifleTCf! 3KOJIOfHqecKoe ay.n;Hpo8aHHe npe.n;npHfiTHH, 

npe.n;cTaBJif!IOIUee co6oif c8oeo6pa3HYIO npHpo.n;ooxpaHHYIO pe8H3Hl0, 

npo80JJ:HMYJO C UeJiblO o6beKTH8Horo aHaJIH3a CJIO)I(H8UieHCf! CHTyaUHH 

H ycTaHoBJieHHfl Hanpa8JieHHH pa38HTHfl .n;ef!TeJibHOCTH paccMaT

pH8aeMoro o6beKTa. 

1.3. 3azpR3HeHue OKpy:»earow,eu cpedbt u ezo BflURHue 
Ha Kattecmeo :»eU3HU tteflOBeKa 

3acpll3Henue oKpyJICa10w,eu cpeiJbt - 3To TaKoe H3MeHeHHe ee 

KaqecT8a, KoTopoe cnoco6Ho 8bl38aTb oTpHuaTeJibHbie nocJie.n;cT8Hf! 

.li:Jlfl qeJio8eKa, )I(H80THOfO H paCTHTeJibHOfO MHpa. 

3arpf!3HeHHe 8bi3bl8aeTcf! 8emecT8aMH, nocTynaiOm»MH 8 

oKpy)l(aiOmYID cpe.u;y 8 npouecce npoH38o.n;cT8a OT npoMbiUIJieHHoro 

o6opy.n;o8aHHfl, oqHCTHbiX coopy)l(eHHH, TpaHcnopTHbiX ycTpOHCT8, a 

TaK)I(e H3 MeCT HaKonJieHHfl H xpaHeHHf! OTXOJJ:08. 

3arpf!3HeHHe oKp}')KaiOmeif cpe.n;bi Mo)l(eT 6biTb: Mexanu~-tecKUM, 

XUMU"teCKUM, cjJU3U"teCKUM, paiJuaU,UOHHblM U 6UOA02U"teCKUM. 
B c8ol0 oqepe.n;b <P»3HqecKHe 3arpf!3HeHHf! no.n;pa3.n;eJifllOTCf!: Ha 

TenJio8oe, C8eT08oe, UIYM08oe H 3JieKTpoMarHHTHoe, a 6HOJIOfHqecKHe 

3arpf!3HeHHf! - Ha 6HOTHqecKoe H MHKpo6HOJlOfHqecKoe (6HOTHqecKoe 

3arpf!3HeHHe c8f!3aHo c pacnpocTpaHeHHeM 6HoreHHbiX 8emecT8 -

8biJJ:eJieHHH, MepT8biX TeJI H T.n.). Bee 8HJJ:bl 3arpfi3HeHHH 83aHMO

C8f!3aHbl H MoryT aKTH8H3Hpo8aTb .n;pyr .n;pyra. 

OnTHMaJibHble .D:Jif! )I(H3HH qeJioseKa ycJio8Hf! oKp}')KaiOmeif cpe.n;bi 

HaXOJJ:f!TCfl 8 OTHOCHTeJibHO Y3KHX npe.n;eJiaX. llepexo.n; TeX HJIH HHbiX 

napaMeTpo8 3a rpaHHUbi 3THX npe.n;eJio8 8bi3bi8aeT yxy.n;UieHHe KaqecT8a 

)I(H3HH qeJio8eKa. CymecT8YIDT 8epxHf!f! H HH)I(Hf!f! KPHTHqecKHe rpa

HHUbi napaMeTpo8 oKpy)l(aiOmeif cpe.n;bi, nepexo.n; qepe3 KoTopbie 

yrpo)l(aeT Heo6paTHMbiMH H3MeHeHHf!MH 8 6HOJIOfHqecKOH CHCTeMe 
H ee 38eHMIX. TaK, HeKoTophie XHMHqecKHe 3JieMeHTbi 8 MaJibiX 

JJ:03aX Heo6xo.n;HMbl ,WHI HopMaJibHoro pa38HTIDI )I(H8biX opraHH3M08, 
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a B 60JiblliHX Jl03aX OHH f!BJifllOTCf! CHJibHO}leRCTBYIOIUHMH f!JlaMH. 

')TO OTHOCHTCfl H K JlPYfHM BH}laM B03}leRCTBHf!: 3BYKOBOMY, panHaU:H

OHHOMY H T. n. 

B CBfi3H c 6oJibiiiHM 3arpf!3HeHHeM 6Hoc<Pepbi so MHorHx CTpaHax 

llpHHf!Tbl orpaHHqeHHf! Ha Bbi6poc Bpe}lHbiX semeCTB npOMbiiiiJieH

IIbiMH npennpHfiTHf!MH, B qacTHOCTH llYTeM ycTaHOBJieHHf! npeneJibHO 

JIOllYCTHMbiX KOHU:eHTpau:HR (llLJ:K) 3THX BeiUeCTB B B03JlyXe. llon 

n.n;K llOHHMalOT TaKylO KOHU:eHTpaQHIO XHMHqeCKOfO COeJlHHeHHfl, 

KOTopafl npH e~enHeBHOM B03JleHCTBHH Ha qeJIOBeKa B TeqeHHe 

)IJIHTeJibHOfO BpeMeHH He Bbl3biBaeT B ero opraHH3Me KaKHX-JIH60 

llaToJiorHqecKHX H3MeHeHHH HJIH 3a6oJiesaHHH. Tpe6osaHHfl, 

llpe}lbf!BJifleMbie K llLJ:K B HaiiieH CTpaHe, f!BJifllOTCf! 6oJiee ~eCTKHMH, 
•1eM B pflne npyrHx cTpaH. 

B pe3yJibTaTe X03f!HCTBeHHOH nef!TeJibHOCTH qeJioBeKa npoHc

xon»T yxyniiieHHe KaqeCTBa ero ~H3HH, yCHJIHBaeTCf! onaCHOCTb Jlllfl 

"IJlOPOBbf! H ~H3HH. 

I13MeHeHHe cpenbi o6HTaHHfl B pe3yJibTaTe ee 3arpf!3HeHHf! npHBo

JIHT K pocry 3a6oJieBaeMOCTH HaCeJieHHf!. llpH 3TOM CTpyKrypa 3a6oJie

naeMOCTH 3aBHCHT OT KOJIHqeCTBa H KaqeCTBa Bbi6poCOB. llo naHHbiM 

BceMHpHoi1: opraHH3aUHH 3JlpasooxpaHeHHfl, Bo3nei1:cTBHe XHMHqeCKHX 

nemeCTB MO~eT CTaTb maBHbiM <PaKTopoM pa3BHTHfl MHOfHX 6oJie3HeH 

'leJioBeKa. 

TaK, Bbi6pocbi npennpHfiTHH useTHOH MeTaJIJiyprm-t noBbiiiialOT 

·1a6oJiesaeMOCTb cepneqHo-cocyn»cToH CHCTeMbi, a 3arpfi3HeHHf! OT 

llpennpHfiTHH qepHOH MeTaJIJiypfHH H 3HepreTHKH npHBOJlf!T K pocTy 

3a6oJieBaHHR JiefKHX. llpennpHfiTHf! XHMHqeCKHX KOMllJieKCOB 

CllOC06CTByiOT pa3BHTHIO aJIJieprHqecKHX 3a60JieBaHHH. 

Bpo~eHHbie nopoKH y neTei1:, poJlHBIIIHXCf! B ropone c KpynHoH 

llpOMbiiiiJieHHOCTblO, BCTpeqalOTCf! B 3-5 pa3 qame, qeM y neTeH, po

JU-iBIIIHXCf! B CeJibCKOH MeCTHOCTH. 

3arpfi3HeHHe OKp~aiOmeH cpe}lbl y HaC B CTpaHe TaKOBO, qTO 

OKOJIO 60 MJIH. qeJIOBeK npo~HBalOT B yCJIOBHf!X llOCTOf!HHOfO 

llpeBbiiiieHHf! B aTMOC<Pepe npeneJibHO JlOllYCTHMbiX KOHUeHTpaUHH 

llpeJlHbiX Jlllfl 3JlOPOBbf! lllOJleH BemeCTB. 

BoJibiiioe BJIHf!HHe Ha 3JlOPOBbe JIIOJleH oKa3biBaeT H KaqecTBo 

BOJlhi. B perHoHax c HH3KHM KaqecTBOM BOJlbi pacnpocTpaHeHbi 

KHrneqHbie »H<PeKU:HH 6aKTepHaJibHoi1: H BHpycHoi1: npHponhL 

B Ta6JI. 1.1 npHseneHbi cseneHHfl o nponoJI~TeJibHOCTH ~H3HH 
JIIOJleH B HeKOTOpbiX CTpaHax. 
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KaK BH.l1JlM, B PoccRR npo.D:oJDIGITeJihHOCTh :>KH3HR ee rpa>K,AaH B 

1992 r. 6hma 3Ha'IRTeJihHO HIDKe, qeM B .D:PYrHX pa3BRThlx c-rpaHax. B 

1994 r. oHa cocTasmrna Y*e 57,3 ro,lJ;a .l1:JI" MY*'IRH R 71,1 ro,lJ;a .ll)UI 

*eHmRH. CymecTByeT CRJihHa.JI 3aBRCHMOCTh o6meii cMePTHocm Hace

neHf[jl R TaKHMR ee npR'IRHaMR, KaK 6oJie3HR KpOBR R KpOBeTBOpHhiX 

opraHOB, ncRXR'I:eCKHe paCCTpOHCTBa, 6oJie3HR opraHOB nRmesapeHf[jl, 

c KOMDJieKCHhiM 3arp"3HeHReM OKPY*ruomeii cpe.D:hi. Cnel.UianRCThi 

C'IRTalOT, lffO He MeHee 'leM Ha 30% Harne 3.l1;0p0Bhe 3aBRCRT OT 3KOJIO

nm, eme Ha 15-20 % - oT reHeTHKH, HO reHem'lecKRe 3a6onesaHf[jl 

TO)I(e O'leHh C8jl3aHhl C 3KOJIOrR'IeCKHMR npH'IHHaMR. 

Ta6nHIU 1.1 
Cpe,nmm npoAOJDKKI"ellbHOCTb ')IQIJHH B 1992 r. 
Crpam.x TipOAOJI>KHTeJihHOCTh >KH3HI1, neT 

0611.1WI )liUI MY)I('IHH )liUI )I(CHII.IHH 

ClllA 75 72 79 
<l>paHUIDI 76 72 80 
lllBeiUIJI 77 74 80 
..sJ:nOHIDI 78 75 80 
Pocc"" 69 64 73 

T a 6 n 11 ~ a 1.2 
.ll:eTCKaSI CMepTHOCTb B pal

BHTbiX crpauax 

CTPam.x 1970 r. 1988 r. 
ClllA 20 10 
<l>paniUIJI 18 8 
lllBeiUIJI 11 6 
..sJ:nOHUjl 13 5 
Pocc"" 24,7 25,4 

Oco6eHHO cRJihHoe BJif[jiHfle 3arpji3HeHRe oKpY*ruomeH: cpe.lJ;hi 

OKa3hiBaeT Ha 3.l1;0p0Bhe .lJ;eTeH, 'ITO Bhlpa)l(aeTCjl .lJ;OCTOBepHblMH ,lJ;aHHhl

MR 06 yMeHbiiieHRR 'IRCJia 3.li.OpOBhiX .lJ;eTeH 3a nocJie,lJ;HRe ,lJ;eCUh JieT, R 

nO.lJ;TBep)l(.lJ;aeTCjl .D.aHHhlMR Ta6JI. 1.2, r,lJ;e npRBe,lJ;eHhl CBe,lJ;eHf[jl 0 ,lJ;eT

CKOH cMepTHOCTR B pa3HhiX c-rpaHax. ,[(eTCKM cMepTHOCTh onpe.D:eJieHa 

KaK 'IRCJIO .lJ;eTeH, yMepiiiRX B B03pacre .lJ;O O.li.HOro ro,lJ;a R3 1000 pO.l1;RB

liiRXCjl. 

IJOKa3aTeJibHO, 'ITO eCJIR B OCTaJihHhiX paCCMO'rpeHHhlX C'rpaHax 

c 1970 r. no 1988 r • .D:eTCKa.JI cMeprnocTh ynana B.lJ:BOe R 6onee, TO B 

HallleH c-rpaHe oHa HeCKOJihKO B03pocna. Bee 3TO cne,lJ;CTBf[jl pa3nH'IHhiX 

acneKTOB HaiiieH :>KH3HR, B TOM 'IRCJie yxy.lJ;lllalOIUeHCjl 3KOJIOrR'IeCKOH 

CflTYa~RR B c-rpaHe. Y*e .lJ:OKa3aHo, 'ITO B ropo.D.ax c BhiCOKRM ypoBHeM 

3arpji3HeHf[jl aTMOC<j>epbl .lJ;eTCKa.JI CMepTHOCTh Bhiine, 'leM B OCTaJihHhlX 

ropo.D:ax R B ~enoM no c-rpaHe. 
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CJie.D:yeT 3aMeTHTb, qTo CYJlleCTByeT H rrpoTHBorroJimiGHill 3aBHCH

MOCTb o6beMa rrepepa6aTbiBaeMbiX o6mecTBOM OTXOJJ:OB OT KaqecTBa 

)I{H3HH. 

TaK, HarrpHMep, B CiliA rrpH HeyKJioHHoM rroJJ:beMe KaqecTBa 

)I{H3HH B TeqeHHe scero XX cToJieTHf! rrpoHCXOJJ:HJio rrocTof!HHoe 

CHH)I(eHHe JJ:OJIH rrepepa6aTbiBaeMbiX OTXOJJ:OB, T.e. C IIOBbiiiieHHeM 

ypoBHf! )I{H3HH o6mecTBO BCe MeHbiiie Hy)I(JJ:aJioCb B HCIIOJlb3oBaHHH 

OTXOJJ:OB, TaK KaK .li:Jlfl Hero CTaHOBHJIOCb 3KOHOMH'ieCKH UeJiecoo6-

pa3Hee npHMeHf!Tb nepBH'!Hbie MaTepHaJibHbie pecypcbi. JlHIIIb 

nepHOJJ:bl rrepBOH H BTopoif MHpOBbiX BOHH, KOTOpb!e npHBOJJ:HJIH K 

pe3KOMY yxy.D:IIIeHHIO Ka'!eCTBa )I{H3HH, B TOM \{IfCJie H3-3a HeJJ:OCTaTKOB 

MaTepHaJibHbiX pecypcoB, 3aCTaBJif!JIH 06JlleCTBO aKTHBHee HC

IIOJlb3oBaTb BTopHqHbie MaTepHaJibi. Ho c oKoHqaHHeM BoHH )I(H3Hb 

CTa6HJIH3HpOBaJiaCb, H 06JlleCTBO BHOBb B03BpaJllaJIOCb K IIOTpe6H

TeJibCKOH IICHXoJiorHH. HaMeTHBIIIeecf! B KoHue XX CToJieTHf! 

yxyJJ:IIIeHHe KaqecTBa )I{H3HH, CBf!3aHHOe C 3arpf!3HeHHeM OKp~aiOJlleH 

cpeJJ:bl, IlOJJ:TaJIKHBaeT qeJioBeqecTBO K pa3pa6oTKe TeXHOJIOfHqeCKHX 

npoueccoB C o6f!3aTeJibHOH YTHJIH3auHeH OTXOJJ:OB, KOTOpb!e II03BOJlf!IOT 

yJiyqiiiHTb 3KOJIOfHqeCKYIO o6cTaHoBKY H, CJie.D:oBaTeJibHO, IIOBbiCHTb 

KaqecTBO )I(H3HH. 

1.4. AemoMo6Wlb u oKpy:>~Carozu,aR cpeoa 

0JJ:HH H3 caMbiX KPYIIHbiX 3arpfi3HHTeJieif oKpy)l(aiOmeif cpeJJ:bi, 

oco6eHHO B 6oJibiiiHX ropoJJ:aX, - aBTOM06HJibHbiH TpaHCIIopT, KOTO

pb!H f!BJif!eTCf! HCTO\{HHKOM OTXOJJ:OB He TOJlbKO B npouecce ero 

"Japo)I(JJ:eHHfl, HO H BO BpeMf! BCeif aKTHBHOH )I(H3HH H IIOCJie CMepTH, 

T.e. KOf.D:a OH YXOJJ:HT Ha CBaJIKy, HCqepnaB CBOH pecypc. 

0.D:HlfM H3 rJiaBHbiX HH.D:HKaTopoB pa3BHTHfl qeJioseqecKOH 

LJ,HBHJIH3au»» f!BJif!eTcfl yseJIHqeHHe Pa.D:Hyca .D:eifcTBHf! HaceJieHHfl, 

Bbipa)l(aiOmerocf! pacCTOf!HHeM, rrpeo.D:oJiesaeMbiM qeJioBeKoM 3a KaKoif

;m6o cpaBHHMbiH oTpe3oK speMeHH. CTaTHCTHKa coo6maeT, qTo 3a 

noCJie.D:HHe 30 JieT e)l(efOJJ:Hoe paccTOf!HHe, rrpeo.D:oJiesaeMoe qeJioBeKoM 

B pa3BHTbiX CTpaHax, yseJIHqHJiocb B 2,5 pa3a. TaKoBa )l{e .D:HHaMHKa 

pacTa rpy3orrepeBo3oK: TpaHcrropT JJ:OJI)I{eH o6ecrreqHBaTb rrepeso3KY 

nee yseJIHqHBaiOmerocf! KoJIHqecTBa rpy3oB Ha yseJIHqHBaiOmeecf! 

paccTof!HHe B caMbie pa3JIH\{Hbie yroJIKH rrJiaHeTbi. PoeT rro.D:BH)I(HOCTH 

HaceJieHHf! H rpy3oo6opoTa JJ:OJiro paccMaTpHBaJICfl KaK npH3HaK pacTa 
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6JiafOCOCTOHHIUI, IIOKa JIIO.li;H He IIOHHJIH, l[TO BMecTe C 3THM a.LJ;eKBaTHO 

Bo3pacraiOT H Macurra6bi He6narorro.rryqHH. 

B OTHOIIIeHHH rrpHqHH H rrocne.n;cTBHH pa3BHTHH TpaHcrropTa 

pa3HbiMH CIIeU:HaJIHCTaMH BbiCKa3biBaiOTCH caMble pa3JIHl[Hbie MHeHHH 

B 3aBHCHMOCTH OT JIHl[HbiX HHTepecOB, Be.LJ;OMCTBeHHOH IlpHHa.LJ;Jie

)l(HOCTH H T.II. llpH 3TOM IIOJIHpH3aU:HIO MHeHHH MO)l(HO Bbipa3HTb 

.n;ByMH KpaiiHHMH ToqKaMH 3peHHH. O.n;Ha 3aKJIIO'IaeTcH B TOM, qTo 

pa3BHTHe TpaHCIIOpTa - KJIIOl[eBOH <PaKTOp pocTa 3KOHOMHKH. 3TO 

MHeHHe rrpoMbiiiiJieHHHKoB; .n;pyraH, rrpHHa.n;Jie)l(aru:aH 3KonoraM, 

3aKJIIO'IaeTCH B TOM, l[TO TpaHCIIOpT, OC06eHHO aBTOM06HJibHbiH, 

HBJIHeTCH rJiaBHbiM pa3pyiiiHTeJieM IIpHpO.ll;bl. 

llpH paCCMOTpeHHH 3aBHCHMOCTH Me)l(.ll;y pOCTOM 3KOHOMHKH H 

TpaHcrropTa qacTo YKa3biBaiOT Ha KoppeJIHU:HIO Me)l(.ll;y 3KOHOMHl[ecKHM 

pOCTOM H IIOKa3aTeJIHMH pa3BHTHH TpaHCIIOpTHOH HH<!>paCTpYKTypbl. 

3Ta 3aBHCHMOCTb HaXO.li;HTCH B c<Pepe HHTepeCOB pH.n;a BJIHHTeJibHbiX 

CHJI o6w;eCTBa. llpecJie.LJ;yH CBOH KOprropaTHBHble HHTepeCbl, 3TH CHJibl, 

IIO.ll; IlpHKpbiTHeM CCbiJIOK Ha HayqHOCTb .n;eJiaeMOfO HMH aHaJIH3a, 

IIpHXOJJ;HT K HY)l(HbiM HM BbiBOJJ;aM JIH60 0 Heo6XO.li;HMOCTH pa3BHTHH 

TpaHCIIOpTa, JIH60 0 U:eJiecoo6pa3HOCTH ero orpaHHl[eHHH. 

llOJJ;JIHHHaH )l(e IIp06JieMa COBpeMeHHOH U:HBHJIH3aU:HH 3a

KJIIO'IaeTCH He B pa3BHTHH HJIH orpaHHqeHHH TpaHcrropTa. 0Ha cKpbi

BaeTcH B IIOCTOHHHOM pocTe HaiiiHX IIOTpe6HOCTeH B )l(HJIHIUe, pa6oTe, 

o6pa30BaHHH, MaTepHaJibHOM o6ecrreqeHHH, HCIIOJib30BaHHH 

CB060JJ;HOf0 BpeMeHH H T. II. 

TpaHcrropT ecTb JIHIIIb HeH36e)l(HOe cpe.n;cTBo JJ;JIH peaJIH3aU:HH 

3THX IIOTpe6HOCTeH, KOTOpbie CTaHOBHTCH BCe 6oJiee 3KCTeHCHBHbiMH 

B OTHOIIIeHHH HCIIOJib30BaHHH pa3JIHl[HbiX TeppHTOpHH. TaKHM 

o6pa30M, YJJ;OBJieTBOpeHHe IIOCTOHHHO paCTYIUHX H HH'IeM He orpa

HH'IHBaeMbiX IIOTpe6HOCTeH o6w;ecTBa, B TOM l[HCJie B TpaHCIIOpTe, 

H ecTb Herrocpe.n;cTBeHHaH yrpo3a oKpy)l(aiOw;eii cpe.n;e. 

Haiiia )l(H3Hb 6e3 aBToMo6HJibHoro TpaHcrropTa, no-BHJJ;HMOMY, 

HeB03MO)l(Ha, TaK KaK o6w;eH3BeCTHbl Te BblfO.ll;bl, KOTOpbie OH .n;aeT 

H o6w;ecTBY B U:eJioM, H HH.li;HBHJJ;YaJibHOMY BJia.LJ;eJibU:Y aBTOM06HJIH. 

Cne.n;cTBHeM H3BecTHbiX .n;ocTOHHCTB aBTOMo6HJIH HBJIHeTcH HHTeH

CHBHbiH pOCT KOJIHl[eCTBa TpaHCIIOpTHbiX cpe.n;CTB, HaXOJJ;HIUHXCH B 

3KCIIJiyaTaU:HH. 0)l(HJJ;aiOT, 'ITO K 2000 r. MHpOBOH rrapK aBTOM06HJieH 

rrpeBbiCHT 600 MJIH. e.n;HHHU:. Ho c pocToM 'IHcna aBToMo6Hneii 

B03pacTaiOT MaCIIITafibi ero HeraTHBHOfO B03.ll;eHCTBHH Ha OKp~aiOIIIYIO 

cpe.n;y H qenoBeKa. 
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ABTOM06HJibHaH 11pOMbiiiiJieHHOCTb, XOTH H He HBJIHeTCH Kpy11-

HeHIIIHM 110CTaBIII;HKOM OTXOJJ;OB, 11pOH3BOJJ;HT HX B O'leHb 60JibliiOM 

accopTHMeHTe, 'ITO He 1103BOJIHeT opraHH30BaTb Ha caMHX 11pe.n;

npHHTHHX 11epepa60TKy 60JibliiHHCTBa o6pa3yiOIII;HXCH BTOpH'IHbiX 

pecypcoB. OTxo.n;bi o6pa3YIQTCH Ha Bcex cTa.D;HHX cOJ.n;aHHH aBTOMo6HJIH: 

OT ero 11pOeKTHpOBaHHH H HCI1biTaHHH 011biTHbiX o6pa3U:OB )1;0 ce

pHHHOfO 11pOH3Bo.n;cTBa Ha c6opo'IHOM KOHBeH:epe. B Ta6n. 1.3 
npHBeJJ;eHbl o6'beMbl o6pa3yiOIII;HXCH B aBTOM06HJibHOH 11pOMbllll

JieHHOCTH PoccHH HaH6onee Kpyi1HOTOHHa:)I(HbiX BHJJ;OB oTxo.n;oB. 

T a 6 JI H u: a 1.3 
06p830BaHHe BTOpH'IIILIX MaTepHaJILIILIX pecypcOB B aBTOM0611JlbHOH 

npOMbiUIJieuuocTH Poccuu 

N2 rr. rr. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

HaHMeHoBaHHe oTXo.UoB 

0TxO,!l;bl 'lepHblX MeTaJIJIOB 

fopemUI cl>OpMOBO'IHlUI JeMJHI 

IIIJia.KH IlpOH3BO,!I;CTBa U:BeTHblX MeTaliJIOB 

0rXO,!I;bl U:BeTHblX MeTallJIOB 

0TXOJJ;bl .nepeBoo6pa6oTKH 

3ona H lllJla.KH T3U: H KOTeJibHblX 

IIIJia.KH IlpOH3BO,!I;CTBa qepHblX MeTaJIJIOB 

0TXO,!I;bl JiaKOKpaCO'IHblX MarepHaJIOB 

TeKcTHJibHble OTXO,!I;bl 

0TXO,!I;bl 6YMarH H KapTOHa 

OTxo,!l;bl rmacTMacc 

0TXO,!I;bl peJHHbl 

0TXO,!I;bl HCicyCCTBeHHblX KO)l{ 

06beMbl OTXO.UOB, 

TbiC. T 

4100,0 
2000,0 

202,1 
164,1 
117,0 
100,2 
61,0 

8,4 
7,1 
4,2 
3,5 
2,0 
1,3 

llpH 3TOM HY)I(HO HMeTb B BHJJ;y, 'ITO MHorue BHJJ;bl OTXOJJ;OB 

o6pa3yiOTCH B pa3JIH'IHbiX 11poH3BO,llCTBax, 1103TOMY Tpe6yeTCH HX c6op 

H3 pa3HbiX HCTO'IHHKOB H o6III;ee CKJia,llHpoBaHHe. KpoMe Taro, He

KOTOpble o6o6III;eHHble BHJJ;bl OTXOJJ;OB COCTOHT H3 pa3JIH'IHbiX MaTe

pHaJIOB, KOTOpble He06XOJJ;HMO )"'HTbiBaTb, C06HpaTb H 11epepa6aTbiBaTb 

pa3.n;eJibHO. TaK, 11JiacTMaccbl Tpe6yiOT pa3.n;eJibHoro c6opa He TOJibKO 

no TH11Y 110JIHMepa, HO H 110 u:BeTy. UBeTHbie MeTaJIJibi cne.n;yeT 

co6HpaTb pa3.n;eJibHO 110 BMY cllJiaBoB H T . .n;. Bee 3TO yCJio)I(HHeT c6op, 

3 1 



flepepa6omKa npoMbl/WleHHblX omxoiJoB 

xpaHemre 11 rrepepa6oTK)' oTxo.uos. Ho 6e3 3Toro 11x Yfi1JII13auiDI 6y.ueT 

3Ha'II1TeJihHO yCJio:>KHeHa 11 3KOHOMH'IecKH Heu:enecoo6pa3Ha. 

OcHoBHoe KOJII1'1ecTBo oTXo.uos o6pa3yeTcR rrp11 3KCIIJIYaTaU:1111 

aBTOMOfiHJIR. 3'fo 11CTO'IHI1KI1 ero :>K113He,ll,eRTeJibHOCTI1: TOIIJII1BO (6eH-

311H, ,ll,H3eJibHOe TOIIJIHBO, fa3 H ,ll,p.), MaCJia, cepHaR KHCJIOTa H ,ll,pyrHe 

pa6o'IHe :>KH.UKOCTH. Mcxo.uHhle MaTepHaJibi rrorra.uruoT B oKpY:>KaiOnzyiO 

cpe;zy BCJie,ll,CTBHe He,ll,oCTaTO'IHOH repMeT}fl[HOCTH 3aiipaBO'IHbiX eMKO

CTeH H arperaTOB aBTOM0611JIR, He6pe:>KHOfO o6paw;eHHR C HHMH IIpH 

JarrpaBKe. 

Ho caMbie 6oJiblliHe o6'heMbi Bew;ecTB, 3arpR3HRIOIUHX oKpy

:>Kaww;yw cpe;zy, o6pa3yiOTCR B rrpou:ecce pa6oTbi aBTOMo611JIR. 3To 

IIpO):cyKTbl cropaHHR TOIIJIHBa, KOTOpbie TOKC}fl[Hbl, BeUJ,eCTBa, o6pa-

3YIOIUHeCR BCJie,ll,CTBHe 113HOCa <l>PHKUHOHHbiX Ha.KJia,ll,OK H lliHH, OTJ>a-

6oTaHHbie MaCJia, HCIIOJib30BaHHbie aKKYMYJIRTOpbl H IIOKpbllliKH, a 

TaK:>Ke BCeB03MO:>KHbie ,ll,eTaJIH H arperaTbi, CIDITbie C aBTOM0611JIR BCJie,ll,

CTBHe <l>H3H'IeCKOfO 113HOCa HJIH aBapHH. 

0Tpa6oTaHHbie pa60'II1e )1(11,ll,KOCTI1, Bbiiiie,ll,IIIHe 113 CTpOH KOM

IIJieKTYIOIU11e H3,ll,eJII1H RBJIHIOTCR ueHHbiM CblpbeM ,ll,JIH IIOJiy'leHI1H 

BTOp11'1HbiX MaTep11aJIOB. 0HH MOryr 6biTb Y'fHJIH3HpOBaHbi H IIO,ll,Jie)J(aT 

c6opy, cKJia.u11posaHI1IO 11 rrepe.uaqe 3ai1HTepecoBaHHbiM opraHI1-

3aU:11HM. 

OcHoBHaH Macca oTe'leCTBeHHbiX 6eH311HOB - 3THJI11posaHHbie, 

B cocTaB KoTopbiX BXO.UHT aHTI1.UeToHaTopbi. Ha116onee 3<P<PeKTI1BHbiM 

aHT11,ll,eToHaTopOM ,ll,JIH 6eH3HHa HBJIHeTCH TeTpa3TI1JICBHHeu;. llp11 

pa6oTe .UB11raTeJieu B oTpa6oTaBlli11X raJax co.uep)J(aTcH coe.ui1HeHI1H 

CBI1HU:a, RBJUIIOIU11eCH BbiCOKOTOKCH'IHbiMH Beil.(eCTBaMH. llpOBO,ll,HTCH 

pa6oTa ITO 3aMeHe 3THJI11pOBaHHbiX 6eH311HOB He3THJI11pOBaHHbiMI1, 

'ITO CBH3aHO C ~eCTO'IeHI1eM HOpM Ha Bbi6pOCbl Bpe,ll,HbiX Bew;ecTB C 

OTpa6oTaBllii1MH ra3aMH 11 He06XO,ll,I1MOCTbiO 11CIIOJib30BaHIDI ,lJ,JUI 3TOfO 

CIIeuHaJibHbiX KaTaJII1TH'IeCK11X HeHTpaJI113aTOpOB, pa60TOCIIOC06HbiX 

TOJibKO B OTCY'fCTBHe COe,ll,I1HeHHH CBHHua. 0,ll,HaKO 3Ta pa6oTa B Haiiieu 

CTpaHe TOJibKO Ha'II1HaeTCH, 11, IIO-BI1,ll,I1MOMY, ew;e ,ll,OJifOe BpeMH 

Mhi 6y.ueM rroJib3oBaThCH 3THJI11posaHHbiMI1 6eH311HaMI1. Cne.uyeT 

3aMeTI1Th, 'ITO B cTpaHax E3C, 51rroHI1H 11 CiliA rrp11MeHeHI1e 

3TI1JI11pOBaHHbiX 6eH311HOB 3arrpew;eHO 3aKOHO,ll,aTeJibHO. 

B rrocne.uHI1e ro.Ubi paciii11pHeTcH rrp11MeHeHI1e aJibTepHaTI1BHbiX 

TOIIJII1B: IIp11pO,ll,HOfO 11 CI1HTeTH'IeCKOfO ra30B, CIIHpTOB, BO,ll,Opo.ua 11 

.up. 
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Coo6w;a.Jioch o roToBHocTH Illseu;HH JaKYJIHTh y HcrraHHH BHHo, 

cnpoc Ha Kompoe rra.naeT, H nonyqeHHhiH rrocne ero rreperoHKH crrHpT 

HCilOJibJOBaTh B Ka'leCTBe aBTOM06HJibHOfO TOilJIHBa. 

B Ta6JI. 1.4 npHse.ueHhi cse.ueHHH o Bbl.ll,eJieHHH 3arpHJHHIOW:HX 

seru;ecTB COBpeMeHHhiM aBTOTpaHCilOpTOM. 

B u:enoM no PoccHH e)l(ero.uHo asToMo6HJihHhiH TpaHcrropT 

Bbl.ll,eJIHeT yrapHoro raJa 10 MJIH. T, .ll,HOKCH.ll,a aJOTa 1,4 MJIH. T, 

yrJieBO.ll,OpO.ll,OB 1,8 MJIH. T, .ll,HOKCH.ll,a cepbl 55 TbiC T, CBHHU:a 5 TbiC. T. 

ABToTpaHcrropT, HcrroJihJYIOW:HH B Ka'lecTBe ropiO'Iero yme

so.uopo.uHoe TOilJIHBO (6eHJHH, .ll,HJeJibHOe TOilJIHBO, CllHpT H .Up.), 

HBJIHeTCH O.ll,HHM HJ rJiaBHbiX IlOCTaBUJ;HKOB yrJieKHCJIOrO raJa B 

aTMoc<Pepy. Ero BJIHHHHe Ha coJ.UaHHe rrapHHKosoro 3<P<PeKTa 6hiJio 

paccMoTpeHo paHee. 

NQ Il.Il. 

I 
2 
3 
4 
5 

Ta6nHu:a 1.4 
3MHCCIIJI 3arpS13HSIIODUIX BeiQeCTB OT 8BTOTp8HCDOpTa 

3arpH3WIJOIUee aewecTBO 

0KCI1.IJ.hl a30Ta 
YrapHbiH ra3 
)l,HOKCH,ll cepbl 
Yrneso.n;opO.IJ.hi 

Coe,!I;HHeHHSI cBHHU:a 

}];OJUI aBTOTPaHCITOpTa B o6meM 06beMe 
3arpH3HHJOIUero aemecTBa, Bbl.lleJilleMoro 

BCeMH BH.UaMH TPaHCITOpTa, % 

83,0 
84,4 
64,5 
72,5 

100,0 

0.UHHM H3 HaHfioJiee TOKCH'IHbiX 11pO.LzyKTOB, CO.ll,ep)f(aUJ;HXCSI B 

llhiXJIOilHhiX raJax asToMo6HJIH, pa6oTaiOru;ero Ha ymeso.uopo.UHOM 

rouJIHBe, HBJIHeTcH oKcH.U ymepo.ua (HJIH yrapHbiH raJ). XoTH caM oH 

II 11e OTHOCHTCH K seru;ecTBaM, BbiJbiBaiOUJ;HM rrapHHKOBbiH 3<P<I>eKT, 

110 JierKO BCTynaeT B peaKU:HIO C KHCJIOpO.ll,OM BOJ.ll,yXa, C rH.ll,pO

KCHJibHbiMH pa.LlHKa.JiaMH, o6paJyH yrJieKHCJibiH raJ. 

3arpHJHeHHe BOJ.ll,yXa OKCH.ll,aMH aJOTa H KHCJIOTHbie .ll,O)l(.ll,H IlpH

IIOCHT orpOMHbiH Bpe.ll, J.ll,OpOBbiO JIIO.ll,eH, a TaK)l(e pacTHTeJibHOMY 

MHpy. Coe.UHHeHHH CBHHu:a BhiJhiBaiOT paccTpoHcTBo HepBHOH cHc

H'Mhi, rumeprHIO, HeKoTop_bie ymeso.uopo.Uhi H TBep.Ubie qacTHU:hi 

l"lloco6cTBYIOT paJBHTHIO KaHu:eporeHHhiX Ja6onesaHHH. Co.uep)l(aHHe 

IOKCH'IHbiX sew;ecTB B BbiXJIOilHbiX raJaX JaBHCHT OT pe)l(HMa pafiOTbl 

JUIHfaTeJIH (Ta6JI. 1.5). 
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T a 6 n H u a 1.5 
Co,ll,epJKaHHe ape,li,B.ix aemecTB a BJ.IXJIODHbiX ra3aX 

Co.nepxaHHe ape.nHhiX aewecTB (%) Ha pexHMax pa6oTbi 

Bpe.nHhle XOJIOCTOH nOCTOliHHWI ycKopeHHe 3aMe.nneHHe 
aewecTBa xo.n CKOpOCTb OT 0 .no OT 40 .no 

40 KM/'1 0 KM/'1 

0KcH,!I.bi yrnepo.na 0,5- 8,5 0,3- 3,5 2,5- 5,0 1,8-4,5 
YrneBo.nopo.zu,I 0,03-0,12 0,0 2- 0,6 0,12-0,17 0,23-0,44 
0KCH,!I.bl aJOTa 0,005- 0,01 0,10- 0,20 0,12- 0,19 0,003- 0,005 

0pH6JIH3HTeJihHO o6mee KOJIH'IeCTBO TOKCH'IHbiX ra30B, 

Bbi6poweHHbiX B aTMoc¢epy aBTOM06HJieM, MO)f(HO IlOC'IHTaTb, 

HCI10Jih3Y51 ypaBHeHHe 

N = (n • A)/100, ( 1.1) 

r.D;e N- o6mee KOJIWiecrso TOKCH'IHom semecrsa B 01pa6oTasw11X ra3ax, 

Kr, A - pacxo.D; TOniiHBa, Kr, n - yJJ;eJihHhiH Bbi6poc TOKCH'IHOfO 

semecTsa, %(no Macce). 

3Ha'!emrn n npHBeJJ;eHhi B Ta6n. 1.6. 

T a 6 n H u a 1.6 
Y.11.em.aMii BM6poc TOKCH'IHOro aemecTaa [n, % (no Macce)] 

Bpe.nHhle 
aeweCTBa 

0KcH.n yrnepo.na 

YrneBo.nopo.zu,I 

0KCH.ll:bl aJOTa 

3Ha'leHHll n .nJill 

6eH3HHa 

0,6 
0,1 
0,04 

,UH3eJibHOrD TOnJIHBa 

0, I 
0,03 
0,04 

00H51THO, 'ITO 3TH OTXOJJ;hi, npe.D;CTaBJI5110IUHe 6oJihiiiYIO yrpo3y 

oKp~aiOmew cpe.D;e, c6opy H YTHJIH3au:uu He noJJ;Jie)f(aT. EJJ;HHCTBeHHa51 

Mepa 6opb6bi C HHMH - 3TO COKpameHHe HX o6'beMa, KOTOpoe 

JJ;OCTHraeTC51 TeXHH'IeCKHMH H 3KCI1JiyaTaU:HOHHhiMH cnoco6aMH. 

OcHoBHhiMH HarrpaBJieHIDIMH coKpameHHH spe.D;HhiX Bhr6pocos oT 

aBTOTpaHcnopTa 51BJI5110TC51: Kap.D;HHaJibHOe yBeJIH'!eHHe JJ;OpO)f(HO-
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FA a 6 a J. 3KOAOZUII€CKU€ acneKmbl pecypconOAb306aHUR 

rpaHCilOpTHOfO CTp011TeJibCTBa; yJiyqrneHI1e Ka'leCTBa 11CI10Jib3YeMOfO 

I'OI1JII1Ba 3a C'leT Jl06aBOK 11 0'111CTK11; MaKCI1MaJibHOe 11CI10Jib30BaHI1e 

<UihTepHaTI1BHhiX BHJlOB TOnJII1Ba, s rrepsyro oqepenh raJa; BHenpeHI1e 

OOJiee )l(eCTKI1X a)lMI1H11CTpaTI1BHhiX Mep KOHTpOJIH 3a TeXHI1'1eCKI1M 

COCTOHH11eM aBTOTpaHCI10pTa; YJIY'IllieHI1e pa60Tbi 11 paClli11peHI1e 

o6weCTBeHHOfO TpaHCI10pTa; BBe)leHI1e Jll1¢¢epeHI.1;11pOBaHHbiX 11 

pacrn11pHIOllii1XCH HaJIOfOB Ha IlOJih30BaHI1e 11H.ll11BI1JlYaJihHbiM aBTO

rpaHCI10pTOM; aBTOMaTI1'1eCKaH 3JieKTpOHHaH peryJI11pOBKa 3a)l(l1faHI1H 

II 'laBI1CI1MOCTI1 OT pe)l(I1Ma pa60Tbi JlBI1raTeJIH, I103BOJIHIOlliM CHI1311Tb 

o6pa30BaHI1e OKCI1)l0B a30Ta 6e3 yseJII1'1eHI1H paCXO)la TOI1JII1Ba. 

Heo6xoni1Mhi cTpomw KOH'fPOJih Ja peryn11posKoi1: cyme

cTBYIOllii1X )lB11raTeJieJ1 11 pa3pa6oTKa )lBI1raTeJieH C 6oJiee BhiCOKOH 

c-reneHhiO c:>KaTI1R, cnoco6Hhix pa6oTaTh Ha 6eJlHhix cMecRx, 

l' 3JieKTJ>OHHOH CI1CTeMOH peryJI11poBaHI1R COCTaBa CMeCI1 11 3a:>KI1-

IliHI1R. 
,llJIH HhiHelliHero IlOKOJieHI1H aBTOM0611JieJ1 He06XO)li1MO CHI1-

iKCHI1e y)leJibHOfO paCXO)la TOI1JII1Ba 11 orpaHI1'1eHI1e KOJII1'1eCTBa 

IIPC.IlHhix Bhr6pocos. CosepweHcTsosaHI1e asTOM0611JIH B03MO)l(HO s 

pnyJihTaTe ynyqweHI1H KOHCTPYKUI111 JlBI1raTeJIH 11 TpaHCMI1CCI111, 

I '1111)KeHI1H MaCChi, yJiyqWeHI1H a3pO)li1HaMI1'1eCKI1X xapaKTep11CTI1K 11 

t HlJJee w11poKoro 11CnOJih30BaHI1H asT03JieKTpOHI1KI1. Monen11, ocHa

lllCHHhie KOMilhiOTepaMI1, 11MeiOT BJlBOe MeHbllii1H paCXOJl TOI1JII1Ba, 

'ITO o6ecne'II1BaeTCH C03)laHI1eM C IlOMOllibiO aBTOMaTI1l[eCKOH KOpo6rrn: 

11cpenaq onTI1MaJihHoro '111cJia o6opoTos JlBI1raTeJIH. TaKM CI1CTeMa 

'lflccne'II1BaeT 3KOHOMI1'1Hyro pa6oTy JlBI1raTeJIH rrp11 nro6ow cKopocTI1. 

,UJIH Maccosoro BHenpeHI1H pecypcoc6eperaromero (s naHHOM 

,.,,y•1ae - c TO'IKI1 3peHI1H 3KOHOMI111 roproqero) asToMo611JIH 

lll'06XO)li1M lli11pOKI1H Ha6op a)lMI1HI1CTpaTI1BHhiX Mep, KOTOpbie 

lliCTaBJIHJII1 6hi 11 I1p0113BO)li1TeJIH, 11 I10Jib30BaTeJIH aBTOM0611JieM 

,·rpCMI1ThCH K 3KOHOMHOMY pacxony roproqero 11 rroJih30BaHI1IO asTo

Mo611JieM. HanorosaH noJII1TI1Ka JlOJI)l(Ha crroco6cTsosaTh BhmycKy 

IIWII0MI1l[HbiX MO)leJieH 11 IlperrHTCTBOBaTb Ilp0113BO)lCTBY aBTOM06illleH 

,. llhiCOK11M pacxonoM roproqero 11 BhiCOKI1M Bhl)leJieHI1eM speJlHhix 

"''lllCCTB. Hanor11 rrp11 3TOM MoryT 6biTh Jll1¢¢epeHu;11posaHHhiMI1: 

IIIIIIOf Ha TOI1JII1BO; HaJIOf Ha paCXOJl TOI1JII1Ba; C60pbi 3a napKOBKY C 

l''ll'TOM paCXO)la TOI1JII1Ba aBTOM0611JieM. 

KpoMe Toro, Heo6xOJli1Mhi TexHI1'1eCKI1e peweHI1H no 0'111CTKe 

llloiXJIOilHhiX ra30B c I1p11MeHeHI1eM pa3JII1'1HhiX no KOHCTPYKUI111 (11 

11t'IIOJib3YeMbiM MaTep11aJiaM) KaTaJII13aTOpOB )l0)1(11faHI1H. 
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C 1993 r. see CTPaHhi E3C shrrrycKaiOT asTOMo6rnur, ocHameHHhre 

TaKHMH KaTll.JIH3aTOpaMH, a rrpasHTeJibCTO fepMaHHH SbiilJia<msaeT 6e3-

S03Me3.UHbie cy6CH.U1111 S pa3Mepe 100 Map OK SJia,ueJibiJ;aM CTapbiX 

asToMo6HJiei1 Ha nor<yrrKY 11 ycTaHOSKY KaTaJIH3aTopos. OpHMeHeHHe 

KaTaJIH3aTOpOS HOSOfO IlOKOJieHHH CHH)l(aeT co.uep)l(aHHe MOSHTbiX 

sew:ecTs s ShiXJIOITHhiX ra3ax Ha 90 %. 
KaTaJIH3aTophr .UO)l(HraHHH rrpe.ucTasJIHIOT co6ot1 nopHcTyiO 

KepaMH'IeCKyiO SCTasKy C SbiCOKOpa3SHTOH IlOSepXHOCThiO, Ha 

KOTOpyiO TOH'IaHIIIHM CJIOeM HaHeCeHO IlOKpbiTHe 113 .uparou;eHHhlX 

MeTaJIJios - rrnaTHHhi 11 po.uHH. KoJIH'IecTso MeTanJios 3aSHCHT oT 

KOHCTPYKUHH KaTaJIH3aTopa 11 .UOCTHraeT 9 r, OHH HailbiJieHhi Ha 

rrosepxHOCTh oKoJio 15000 M 2. Ha116onee cospeMeHHhiMH HSJIHIOTCH 

TaK Ha3biBaeMbie "lpeXXO.UOSbie KaTaJIH3aTOpbl, ycTOH'IHSO pa60TaiOru:He 

IlpH TeMilepaType SbiXJIOilHhiX ra30S .UO 255 °C. 3TH KaTaJIH3aTOpbi 

pa60TaiOT TOJihKO npH HCI10Jib30SaHHH He3THJIHpOSaHH0fO 6eH3HHa 11 

CI10C06CTSYIOT 3<l><l>eKTHSHOMy .LJ:O)l(HfaHHIO TOKCH'IHhiX KOMilOHeHTOS 

ShiXJIOilHhiX ra3os. OpHMeHeHHe TaKHx KaTaJIH3aTopos S03MO)l(HO KaK 

IlpH 113fOTOSJieHHH HOSbiX aSTOM06HJieH, TaK 11 IlyTeM OCHaru:eHHH 

HMH CTaphiX .USHraTeJieH. 

HecMOTpH Ha TO, 'ITO asToMo6HJihHaH rrpoMhilliJieHHOCTh 3aHH

MaeT .UaJieKO He rrepsoe MeCTO S KOJIH'IeCTSe o6pa3yiOW:HXCH OTXO.LJ:OS, 

ShlnycKaeMaH eiO IlpO.UYKUHH IlOTeHIJ;HaJihHO HSJIHeTCH KpynHOTOH

Ha)l(HbiM, MHOfOHOMeHI(JiaTypHblM no COCTasy SH.UOM OTXO.UOS. 

A8TOM0611Jlb, XOTH 11 HBllileTCH npe.uMeTOM li,JIHTeJibHOfO I10Jib30Sa

HHH, see )l(e HMeeT KOHe'IHhlH CpOK )l(J13HH. Cne.uosaTeJihHO, IlOCJie 

OKOH'IaHHH ero 3KCI1JiyaTaiJ;HH He06XO.UHMO IlpHHHTb Mepbi K ero 

YTHJIH3au;HH. 

B H3HOllieHHOM 11 shr6porneHHOM Ha csanKy asToMo6HJie co.uep

)l(aTcH see Te MaTepHaJibi, KOTOpbie 6hiJIH HCI10Jib30SaHbi IlpH ero 

113fOTOSJieHHH: 'lepHbie 11 u;seTHbie MeTaJIJibi, IlJiaCTMaCCbi 11 pe3HHO

TeXHH'IeCKHe 113.UeJIHH, CTeKJIO 11 KepaMHKa, .uepeso 11 KapTOH, 

TeKCTHJihHhie 11 6HTYMHbie MaTepHaJibi 11 MHO roe .upyroe (Ta6JI. 1. 7). 
E:>Kero.uHo np11 aMopTH3au;HH asTOM0611Jlei1 y Hac s cTpaHe o6pa-

3yeTCSI JIOMa 11 OTXO.LJ:OS 'lepHbiX MeT<UTJIOS 1,2 MJIH. T, JIOMa 11 OTXO.LJ:OS 

l.I,BeTHhiX MeTa.JIJIOB 68 ThiC. T, OTpa60TaHHhiX He<t>rerrpo.LJ:YKTOB 268 ThlC. T, 

113HOllieHHhiX lliHH 11 pe3HHO-TeXHH'IeCKHX 113.UeJIHH 612 TbiC. T 11 T . .LJ:. 

0 03TOMy Sbillie.UlliHH 113 3KCI1JiyaTau;HH aSTOM06HJib MO)I(eT 11 

.UOJI)l(eH CTaTh HCTO'IHHKOM STOpH'IHbiX MaTepHaJibHbiX pecypcos. 

O.uHaKo, ecn11 copTHposKa .ueTaneti, H3rOTOSJieHHhiX 113 pa3HhiX 
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Ta6JIHI.U 1. 7 
CocTaB ycpe,!Uieaaoro aBTOM06HJUI cpe,!Uiero KJiacca 

HaHMeHoBaHHe MarepHana 

qepHbJ.e MeTaJIJibi 

IInacTMaccbJ. 

QBeTHbie MeTaJIJibl 

CreKJJ.o 
PeJHHa 

,[J.pynte MaTepHaJibi 

KonwiecTBO, %(no Macce) 

69,0 
10,0 
6,5 
3,5 
9,0 
2,0 

MeTa.JIJIOB, )lOCTaTO'lHO IlpOcTa 11 )laBHO 113BeCTHa, a OTXO)lhl qepHbiX 

H LJ;BeTHhiX MeTa.JIJIOB IIIHpOKO np11MeHHIOTCH 11 Ha aBT03aBO)laX, 11 B 

MeTa.JIJiypr11'lecKOH npOMhiiiiJieHHOCTI1, TO C 113)leJII1HMI1 113 nOJII1-

MepHbiX MaTep11a.JIOB neno o6cTOI1T cJIO)I(Hee. Mx nepepa6oTKa so 

IITOp11'lHble MaTep11a.Jibl 11 11CnOJih30BaHI1e C MaKCI1Ma.JihHOH 3¢¢eK

rHBHOCTbiO B03M0)1(Hbl TOJibKO nocne paCCOpT11pOBK11 no B11)laM 

IIOJII1MepOB 11 no KOHKpeTHbiM MapKaM nnacTMaCc. J1HbiMI1 CJIOBa

MH, '!eM TO'!Hee npoBe)leHa 11)leHTI1¢11KaLJ;I1H HeMeTaJIJII1'leCKI1X 

M<ITep11a.JIOB, TeM C 60JibiiieH 3KOHOMI1'lecKOH u;enecoo6pa3HOCTbiO 

II03MO)I(Ha 11x yTI1JI113au;I1H. HeKoTopbie ¢11pMbi Ha 3anane ssen11 c 

TfOH u;eJibiO CTaH)lapT11311pOBaHHYIO MapK11pOBKy )leTa.JieH 113 pe311Hhl 

II nJiacTMacc, n03BOJIHIOIII:YIO 'leTKO onpe)leJII1Tb MapKy MaTep11a.Jia. 

3apy6e)I(Hble ¢11pMbl, B TOM 'li1CJie np0113BO)lHII.{I1e aBTOM0611JII1, 

ll:tKOni1JII1 60JiblliOH OnbiT YTI1JII13aLJ;I111 113HOIIIeHHblX aBTOM0611JieH. 

l":tK, qmpMa "Mepce)lec-l>eHU" (repMaH11.1I) III11pOKO HcnOJih3yeT )leTa-

1111, H3ffiTOBJieHHbie 113 BTOp11'lHbiX MaTep11aJIOB: KOBpHKI1 113 OTXO)lOB 

IIJIUCTMacc 11 pe311Hhi, IIIyMonornoma10m11e neTanl1 11 MaTep11aJibi 113 

llpeccOJ;JaHHbiX 11 npOni1TaHHbiX CMOJIOH BOJIOKOH, Hll.{I1KM )lJIH rrep'laTOK 

11'1 BTOp11'IHOrO KapTOHa, pa3JII1'lHbie )leTa.JII1 113 TepMOnJiaCTI1'lHhiX 

IIOJ111MepOB C 11CnOJib30BaHI1eM OTXO)lOB (B TOM 'li1CJ1e 6aMnep, naHeJlb 

11p1160p0B 11 B03JlYXOBO)lbi), pereHep11pOBaHHbie MaCJla, TOpM03HYIO 11 

l lXJl(l)i(JlaiOmyiO )1(11JlKOCTI1, KaTa.JII13aTOpbl )l0)1(11raHM BbiXJlOnHbiX ra30B, 

IIKKYMYJUITOPHhie 6aTape11. B 'laCTHOCTI1, YCTaHarumsaeMbie Ha aBTOM06HJII1 

iiKKYMYJIHTOpbl, 113ffiTOBJieHbl C 11CnOJlb30BaHI1eM BTOp11'IHhiX MaTep11a.JIOB. 

Ike )leTa.JII1, KOTOpbie )l0JI)I(Hbl 6biTb nOBTOpHO nepepa60TaHbl nocJle 

l'IIHTI1H C aBTOM0611JlH, 11MeiOT cneu;l1aJlbHhiH 3HaK, 03Ha'laiOII.{I1H 

llpHrO)lHOCTb K peu;11KJII13al..l;l111, a TaK)I(e KO)lOBhiH HOMep, yKa3biBaiOII.{I1H 

I Ill BH)l11CnOJib30BaHHOrO CblpbH. 
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1.5. Hoebte noiJxoiJbt K npo6AeMe 
ycmouztueozo pa3eumUR o6w,ecmea 

PaccMaTpHBCUI nary6Hoe BJIHHHHe cospeMeHHoro aBTOTpaHcnopTa 

Ha OKpy)KaiOmyiO cpe.ny, Mhl npHIIIJIH K BhiBOJJ:Y 0 He06XOJJ:HMOCTH 

orpaHJ1lleHHH CTpeMJieHHH K YJJ:OBJieTBOpeHHIO HaiiiHX BCe B03pac

TaiOW.I1X IIOTpe6HOCTeH. 3TO OTHOCHTCH He TOJibKO K TpaHCIIOpTy. 

llp11 peiiieHHH MHOfHX KpynHhiX IIp06JieM B HaCTOHmee BpeMH 

no.nxo.n K ou;eHKe HX u;eJiecoo6pa3Horo pa3peiiieHHH y)Ke He MO)KeT 

6hiTb paCCMOTpeH JIHlllb C II0311IJ;I111 3KOHOMHKH, OH JJ:OJI)KeH 6biTh 

npoaHaJIH311pOBaH C TOqKJ1 3peHHH ycToifqHBOfO pa3BHTHH 

qeJioseqecKoro o6w.ecTBa. O.nHHM 113 ycnosm1 ycToJ1qHsoro pa3BHTH.II 

06UJ,eCTBa .IIBJI.IIeTC.II HenpeBbiiiieHHe 11M B03Mo:>KHOCTeH 0Kpy)l(aiOmeJ1 

cpe.nhi nornow.aTh 3arp.II3H.IIIOUJ,He sew.ecTsa aHTporroreHHoro npoHc

xo)I(JleHH.II. 

KoMHCCHH OOH no oKp~aiOmew cpe.ne 11 pa3BHTHIO onpe.neJIHeT 

ycToifqHsoe o6w.ecTBO KaK o6mecTBO, y.nosJieTBOpHIOUJ,ee HY)(():(hi 

CefOJJ:HHIIIHero noKOJieHHH, He JIHIIICUI 6y.nyw.He noKOJieHHH B03MO)K

HOCTH YJJ:OBJieTBOpHTb HX C06CTBeHHhie H~hl. 

B TeqeHHe .noJiroro speMeHH cqHTaJIOCh, qTo .nocTaToqHo npH.ny

MaTh 3¢¢eKTHBHhiH cnoco6 oqHCTKH, nepepa60TKI1 HJIH 6e3onaCHO 

3axopOHHTh OTXOJJ:hi 11 npo6JieMa 3allJ.HThi oKp~aiOmew cpe.nhr peiiieHa. 

TaKaH HJJ:eOJIOfHH noJiyqHJia Ha3BaHHe .nei1:CTBHH "Ha KOHu;e Tpy6bi", 

T. e. IIOnhiTKH peiiiHTb npo6JieMbi ~e IIOCJie TOfO, KaK 3arpH3HHIOmee 

BemeCTBO o6pa30BaJIOCb. 0.nHaKO onhiT pa3BI1ThiX CTpaH noKa3biBaeT, 

qTo nocTyiiaTb TaKHM o6pa30M- 3HaqJ1T nepeMemaTh 3arpH3HHTeJih 

113 OJJ:HOH cpe.nhi B .npyryiO (HanpHMep, 113 B03JJ:yXa HJIH BOJJ:hl - B 

rroqsy) HJIH soo6me nepeKnaJJ:hiBaTh peiiieHHe sorrpoca Ha nJieqH 

CJie.nyiOW.HX noKOJieHHH (HanpHMep, paJJ:HOaKTHBHhie OTXOJJ:bl). 

CTaJIO a6coJIIOTHO oqeBHJJ:HhiM, qTo .nnH Toro, qTo6hr coxpaHHTh 

OKpy)KaiOmyiO cpe.ny, OTXOJJ:bl He HMO np0113BOJJ:I1Tb. 3TO - Ba)K

HeHIIIee ycJIOBHe ycToifqHBOfO pa3BHTHH o6meCTBa. 

,llJIH ycToifqHBOfO pa3BHTHH o6meCTBa He06XOJJ:HMa pa3yMHaH 

IIOJIHTHKa B o6JiaCTH .no6hrqH 11 3KcrropTa npHpo.nHhiX pecypcos. 

Haiiia CTPaHa 3aHHMaJia nepsoe MecTo B MHpe no .no6hrqe He<t>TH,. 

ra.Ja, )l(eJie3HOH py.nhi, no npoH3BOJJ:CTBY KOKca, cTaJIH, u;eMeHTa, MHHe

paiihHhiX y.no6peHHH, ,ll.eJlOBOH .npeBeCHHhi, no IIJIOW.a.D:H o6pa6aTbi

BaeMbiX 3eMeJih, no o6oeMy so.nonoTpe6JieHHH 11 T.JJ:. TeMnhr .no6hrqH 

npHpOJJ:HhiX pecypCOB, a TaiOKe npOI13BOJJ:CTBa MHOrHX npoMe~oqHhiX 
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npo.D;yKTOB Ha HX 6a3e JJ;O rrocJieJJ;Hero speMeHH 6biJIH cyw:ecTBeHHo 

Bbiiiie, 'leM B JJ;pymx cTpaHax. B rrepHoJJ; c 1950 JJ;O 1990 r. JJ;06bl'la H 

npOH3BOJJ;CTBO BaXHeHIIIHX BHJJ;OB CblpbH, TOIIJIHBa H rrepBH'IHOH 

npOJJ;YKU:HH (yJJ;o6peHHH, u;eMeHTa H T. II.) yBeJIH'IHJIHCb C 600 MJIH. T 

JJ;O 3000 MJIH. T. 

3Ha'IHTeJibHaH 'laCTb IIpHpOJJ;HbiX pecypCOB y HaC JJ;06biBaeTCH He 

"JJ;JIH BHyTpeHHero IIOJib30BaHHH", a Ha 3KCIIOpT. 

CHJibHaH 3aBHCHMOCTb 3KOHOMHKH PoccHH oT 3KcrropTa OJJ;Horo

JlBYX rrpo.D;yKTOB (He¢Tb H ra3 JJ;aiOT 80 % IIOCTYIIJieHHH BaJIIOTbi OT 

:JKCIIOpTa) JJ;eJiaeT ee KpaHHe He3aW:HW:eHHOH OT CTHXHH MHpOBOfO 

pbiHKa, IIOJJ;pbiBaeT 6e30IIaCHOCTb CTpaHbi. 

B To xe speMH, 3KcrropTHpyiOTCH HesocrroJIHHeMbie trpHpOJJ;Hbie 

pecypcbr CTpaHbl, T. e. ceroJJ;HHIIIHee o6mecrso 6epeT B JJ;oJir y rpHJJ;yiiiHX 

IIOKoJieHHH, HapyiiiaH TeM caMbiM ycToH'IHBOCTb csoero pa3BHTHH. 

npH 3TOM He06XOJJ;HMO HMeTb BBHJJ;y, 'ITO 3KCIIOpT IlpHpOJJ;HbiX 

pecypcos B 3Ha'IHTeJibHOH Mepe HarrpasneH Ha JJ;aJibHeHIIIee 

llapaW:HBaHHe MOW:HOCTeH ITO JJ;06bi'Ie H 3KCIIOpTy 3HeprOHOCHTeJieH 

H npo.D;YKTOB HX rrepBH'IHOH rrepepa6oTKH. BoJibiiiHHCTBo rrpe.D;rrpHHTHH 

C HHOCTpaHHbiM KaiiHTaJIOM, C03JJ;aHHbiX B IIOCJieJJ;HHe fOJJ;bi, HMeiOT 

CBOeH u;eJibiO JJ;06bi'IY HaiiiHX IIOJie3HbiX HCKOIIaeMbiX, HX rrepBH'IHYIO 

llepepa60TKY (oco6eHHO B o6JiaCTH XHMH'IeCKOfO CblpbH H MaTepHaJIOB) 

H H3BJie'leHHe H3 3Toro csepxrrpH6bmeH:. HHocTpaHHbie rrapTHepbi He 

CKpbiBaiOT, 'ITO OHH rrpecJieJJ;yiOT JJ;Be U:eJIH: IlpOHHKHOBeHHe Ha 

poccHHCKHH pbiHOK H rrepepa6oTKY HMeiOW:HXCH y Hac IlpHpOJJ;HbiX 

pccypcos c rrocJieJJ;yroru:HM 3KcrropToM. Hx HHBeCTHU:HOHHaH JJ;eH

rcJibHOCTb B 3Ha'IHTeJibHO MeHbiiieH Mepe KacaeTCH o6pa6aTbiBaiOll.{eH 

llpOMbiiiiJieHHOCTH, OC06eHHO B HayKoeMKHX OTpaCJIHX. 

lle'laJibHbiH OilbiT pa3BHBaiOW:HXCH CTpaH IIOKa3biBaeT, 'ITO 6eCCHC

TCMHOe HapaW:HBaHHe JJ;06bi'IH H 3KCIIOpTa CbipbeBbiX pecypCOB BeJJ;eT 

K HX HC'IeprraHHIO H rrpeBparu:eHHIO perHOHOB HX JJ;06bi'IH B 

fiC3)1(H3HeHHble IIpOCTpaHCTBa C MaCCOH 3KOJIOfH'IeCKHX rrpo6JieM H C 

JIH3KHM Ka'leCTBOM )I(H3HH. 

CJieJJ;yeT OTMeTHTb, 'ITO paHbiiie BCeX IIOHHJIH OIIaCHOCTb, rpo

IIIIUYIO 'leJIOBe'leCTBY OT 3arpH3HeHHH OKpyXaiOW:eH cpe.D;bi, y'leHbie 

11 KpyiiHbie opraHH3aTopbi rrpoMbiiiiJieHHOCTH. TaK, rpyrrrra yqeHbiX H 

llpOMbiiiiJieHHHKOB H3 30 qeJioBeK, co6paBIIIaHCH B 1968 r. B PHMe rro 

111111U:HaTHBe HTaJibHHCKOfO CileU:HaJIHCTa B o6JiaCTH yrrpaBJieHHH 

IIPOMhliiiJieHHOCTbiO AypeJIHo lle'l'leH, rroJJ;roToBHJia B 1972 r. rrepBbiH 

llOKJIM "llpe.D;eJibi pocTa" H3 cepHH ",lJ;oKJia.D;oB PHMcKoMy KJiy6y" 
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no.u: o6nm:M Ha3BaHHeM "3aTpy.u;HeHHH qeJioBeqecTBa". B sToM .u;oKJia.u;e 
ocy)l()laeTc.H o6mecTBeHHa.H MaHHH pocTa, npH KoTopoti: ueJibiO Ha 
Bcex ypoBHHX o6mecTBa (ceMeti:HoM, HH.U:HBH.U:YMbHOM, HauHo
HMbHoM) HBJI.HeTc.H cTpeMJieHHe cTaTb 6oraqe H MorymecTBeHHee 6e3 
yqeTa oKoHqaTeJibHoti: nnaTbi 3a 3TOT poeT. B caMoM ueHTpe sKo
JiorHqecKoro KpH3Hca, Bbi3BaHHOfO 3THM CTpeMJieHHeM, HaXO.U:.HTC.H 
.u:se nocTo.HHHo pacnmpHIOillHec.H nponacTH: sTo nponacTH Me)l()ly 
qeJioBeKoM H npHpo.u;oti:, a TaiOKe Me)l()ly 6oraTbiMH H 6e.u;HbiMH 
CTpaHaMH. EcJIH Mbl XOTHM H36e)l(aTb rJI06a.TibHOM KaTacTpo<l>bi, TO 
3TH nponacTH .U:OJI)I(Hbi 6biTb yHHqTo)l(eHbi, o.u;HaKo .u;ocTHrHyTb 3Toro 
MO)I(HO, TOJibKO o6ecneqHB HeKoe e.u;Hl;lCTBO Bcero MHpa, npH KOTOpOM 
Hapo,u;hi scex cTpaH qeTKo npe.u;cTaBHJIH 6bi ce6e, qTo npHpo,u;Hbie pe
cypcbi 3eMJIH He 6ecKoHeqHhi. 

O.u;HaKo B .u;oKJia.u;e "UeJIH .u;JI.H rJio6aJibHoro o6mecTBa", no.u:
roToBJieHHOM ,u;JI.H PHMCKoro KJiy6a B 1977 ro.ny npo<l>eccopoM <l>HJIO
co<l>HH 3pBHHOM JlacJio, oTMeqaeTc.H my6oKoe pacxo)l()leHHe ueJieti: B 
pa3HbiX cTpaHax. MHorHe BbiCOKopa3BHTbie, 6oraTbie cTpaHbi coc
pe.u;oToqHJIH CBOH ycHJIH.H HCKJIIOqHTeJibHO Ha 6JIH)I(aMIIIHX Hai..(HO
HaJibHbiX HHTepecax H o3a6oqeHbi 6oJibiiie scero .u;aJibHeti:IIIHM 
yBeJIHqeHHeM noTpe6JieHH.H. 

no MHeHHIO p.H.IJ:a yqeHbiX, COBpeMeHHbie "nOCTHH.u;yCTpHa.TlbHbie 
o6mecTsa" HBJIHIOTCH napa3HTapHoti: <l>opMoti: cymecTBoBaHHH 
"6oraTbiX rocy.u;apcTB" 3a cqeT HH.u;ycTpHMH3aUHH H pecypcHoro 
HCTOilleHH.H 3KOHOMHqecKH 3aBHCHMbiX CTpaH. no .u;aHHbiM IOHEn 
(nporpaMMa oxpaHbi oKpy)l(aiOmeti: cpe.u;bi OOH), "nocTHH.u;ycT
pHMbHbie o6mecTBa" .U:06HJIHCb TpoeKpaTHOfO yBeJIHqeHH.H 3KCn
JiyaTai..(HH npHpo,u;HbiX pecypcoB MHpa no cpasHeHHIO c 70-MH ro.u;aMH 
TeKymero CTOJieTH.H. 

Ba:>ICHeuwOJl pollb 6 no6btUleHuu ycmou~u6ocmu pa36UmUR o6w,ecm6a 
npuHaiJfle:JICum opzaHaM zocyiJapcm6eHHOU 6Jlacmu. focy.u;apcTBO .IJ:OJI)I(HO 
no6y)l()laTb npe,u;npmiTH.H BCeMH .U:OCTYnHbiMH eMy MeTo,u;aMH (3aKO
Ho,u;aTeJibHbiMH H 3KOHOMHqecKHMH) pa6oTaTb no nepe,u;OBbiM TeX
HOJIOfH.HM. npe.u;npHHTHe o6.H3aHo ocymecTBJIHTb Heo6xo.u;HMbie 
npHpO.U:OOXpaHHbie Mepbl, B TOM qHcJie IIJiaTHTb 3a nOJib30BaHHe npH
po.u;HbiMH pecypcaMH, KOMneHCHpOBaTb OTpHUaTeJibHOe B03,ll;eMCTBHe Ha 
OKpy)l(aiOillYIO cpe,u;y, COOpy)l(aTb H s<l><l>eKTHBHO 3KCnJiyaTHpoBaTb 
npHpo.nooxpaHHbie ycTaHoBKH. B npoTHBHOM cnyqae p:e.HTeJibHOCTb 
npe.u;npHHTHH .noJI)I(Ha 6biTb ocTaHoBJieHa. npe.u;npHHTHH .U:OJI)I(Hbl 6biTb 
3aHHTepecoBaHbl B TOM, qTo6bi He no.u;BepraTbC.H yiiJiaTe 3HaqHTeJibHblX 
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FA a 6 a ]. 3KOAOZU'IeCKUe acneKmbl pecypconOAb306aHUR 

cyMM urrpa<f>oB HJIH, TeM 6oJiee, OCTaHOBKe, 'ITO Henocpe.u;cTBeHHO 
cKIDKeTcH Ha npH6biJIH H, cne.u;osaTeJibHO, 3apa6oTKe nepcoHana. 

KoHetiHo, rocy.u;apcTso He ,u;oiDKHo orpaHH'IHBaTbCR TOJibKO Ka-

paiOII(HMH cpe,u;cTBaMH. 3cpcpeKTHBHOC'I,'b 3KOJIOTH'IeCKOH llOJIHTHKH BO 

MHOTOM 3aBHCHT OT npaBHJibHOTO pacnpe,u;eJieHHH rocy,u;apCTBeHHbiX 
KanHTaJIOBJIO)I(eHHH. 0HH .U:OJI)I(Hbi 6hiTb HanpaBJieHbi Ha: C03.U:aHHe 

3<f><f>eKTHBHOH CHCTeMbi HOpMHpoBaHHH H KOHTpOJIR; ocyll(eCTBJieHHe 
npHOpHTeTHbiX MeponpHHTHH no JIHKBH,u;ai.J,HH H npe,u;ynpe)I(.IJ:eHHIO 

KPH3HCHoti: 3KOJIOTHtiecKoti: o6cTaHoBKH; npose.u;eHHe cnei.J,HaJIH-
3HposaHHbiX npHpo,u;ooxpaHHbiX MeponpHHTHH; C03,u;aHHe 3KOJIO
mqecKH COBepweHHhiX TeXHOJIOTHH H TeXHHKH. 

llpaBHJibHoe cotieTaHHe scex <f>opM Bo3.u;eti:cTBHH rocy.u;apcT
seHHOH BJiacTH Ha 06Il(eCTBO C03,u;aeT npe,u;nOCbiJIKH .U:JIH ero ycTOH

'IHBOTO pa3BHTHH. 

KoHmpOllbHble Bonpocbt 

1. llpHBe.U:HTe npHMephr YTHJIH3ai.J,HH oTXo.u;oB B .U:OHH.IJ:YCTpHaJibHYIO 
3noxy. 

2. OxapaKTepH3yHTe BJIHHHHe HayqHo-TeXHHtiecKoti: pesoJIIOI.J,HH Ha 

3KOJIOTH'IeCKYIO o6cTaHOBKY B MHpe H B Harneti: CTpaHe. 
3. B tieM cocTOHT npoTHBOpetiHe cospeMeHHoro pa3BHTHH qenoseqec

Koro o6Il(ecTBa? 

4. OxapaKTepH3yti:Te rJiaBHhre HCTO'IHHKH H npH'IHHhr HeraTHBHoro 
B03,u;eti:CTBHH tieJIOBeKa Ha OKpy)l(aiOII(YIO cpe,u;y. 

5. qTo TaKoe napHHKOBhiH 3<f><l>eKT? KaKoBhi ero B03MO)I(Hbre noc
ne.u;cTBHH? 

6. KaKoBbi npo6JieMhi, cBH3aHHhre c aHTponoreHHbiM BoJ.Ueti:cTBHeM 
Ha oKpy)l(aiOII(YIO cpe.u;y? 

7. KaKoBhi MexaHH3Mhi rocy.u;apcTBeHHoro ynpaBJieHHH npHpo.no

noJib3oBaHHeM? 
8. qTo TaKoe ~KoJiomqecKHti: nacnoPT npe.u;npHHTHH, KaKOBbi ero oc

HOBHhie tiacTH? 

9. Ha3oBHTe BH.IJ:bi 3arpH3HeHHH oKpy)l(aiOII(eti: cpe.u;br. 
10. qTO TaKoe fi,[(K? 
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Ilepepa6omKa npOMblUJ/IeHHblX omxoiJoa 

11. KaK H3MemieTcH B rrocne.u;HHe ro.u;bi rrpo.ttomKHTeJibHOCTh )I(H3HH 

H .u;eTcKaH CMepTHOCTb B pa3BHTbiX CTpaHax? 

12. KaKoBo BJIHHHHe KatiecTBa )I(H3HH Ha MacuiTa6bi rrepepa6oTKH 

OTXO.IJ:OB B XX B.? 

13. KaKoBa poJib TpaHcrropTa B cospeMeHHOM o6mecTBe H ero B03-

.u;eikTBHe Ha OKp)')KaiOIIIYIO cpe.u;y? 

14. KaKoBbl oTXO.U:hi, o6pa3YIOIIIHecH rrpH rrpoH3Bo.u;cTBe H 3KciiJiy

aTai.J,HH aBTOM06HJibHOfO TpaHCIIOpTa? 

15. KaKOBbi IIYTH yMeHbiiieHHH HeraTHBHoro BQ3.u;eikTBHH TpaHcrropTa 

Ha OKp)')KaiOIIIYIO cpe.u;y? 

16. qTO TaKoe ycTOH'IHBOe o6mecTBO H KaKOBbl ycJIOBHH ero pa3BHTHH? 
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TJIABA 2 
OTXOJ(hl- HCTOlJHHK BTOPHlJHhlX 

MATEPHAJlhHhlX PECYPCOB 

JiTaK, Mbl BI1.neJIH, 'ITO OTXO.U:bl IlpOH3BO.IJ:CTBa SIBJISIIOTCSI MOI.J.J;HbiM 

lpaKTopoM, B03,u;ei1:cTBYIOI.J.J;HM Ha oKp}')KaiOmYIO rrpHpo,u;HyiO cpe.u;y H 

II KOHetiHOM HTOre OTpHI.J,aTeJibHO BJIHSIIOI.J.J;HM Ha KatieCTBO )I(H3HH 

•JeJioBeKa. 

0,u;HaKO OTXO.IJ:bl, 3arp513HSIIOI.J.J;He OKp}')KaiOI.J.J;YIQ cpe,u;y, BO MHOfHX 

CJiyqa51X He TOJibKO MOryT 6biTb HCilOJib30BaHbl, HO HX IIpHMeHeHHe 

BblfO.U:HO C 3KOHOMH'IeCKOH TO'IKH 3peHH51. 

KapJI MapKc B TpeTbeM TOMe "KarrHTaJia" rrwcaJI, 'ITO rrpw 

KpyiiHOMaCUITa6HOM IlpOH3BO.IJ:CTBe "oTXO.U:bl IlOJiy'IaiOTCSI B CTOJib 

'HiatiHTeJibHbiX Maccax, 'ITO OHH caMH CTaHOBSITCSI rrpe.u;MeTaMH TOp

J'OBJIH, a CJie,u;oBaTeJibHO, HOBbiMH 3JieMeHTaMH IlpOH3BO.IJ:CTBa". 

OH paccMaTpHBaJI OTXO.U:bi B KatiecTse HOBoro CbipbSI Tow )l(e caMow 

HJIH ,u;pyrow OTpaCJIH IIpOMbillJJieHHOCTH. J1x IIpHMeHeHHe Il03BOJI51eT 

J~OCTH'Ib .U:OIIOJIHHTeJibHOH 3KOHOMHH B IlpOH3BO.IJ:CTBe, IlOCKOJibKY 

yMeHblllaeT 3aTpaTbl Ha CblpOH MaTepHaJI H 3KOHOMHT o6mecTBeHHO 

IIOJie3HbiH Tpy.u;. 

J1ciiOJib30BaHHe OTXO.U:OB B KatieCTBe BTOpH'IHbiX MaTepHaJibHbiX 

pecypcos pernaeT p5I.u; Ba)I(HbiX X0351HCTBeHHbiX Ja.u;aq, TaKHX KaK 

')KOHOMHSI OCHOBHOfO Cblpb51, rrpe,u;oTBpameHHe 3arp513HeHH51 BO.U:O

CMOB, IlO'IBbl H B03.U:YlllHOfO 6acceifHa, pacrnwpeHHe I1pOH3BO.IJ:CTBa 

HCTaJieH H H3.U:eJIHH H3 HCKYCCTBeHHbiX MaTepHaJIOB, I1pOH3BO.IJ:CTBO 

IIOBbiX BH.U:OB TOBapoB Hapo,u;Horo IlOTpe6JieHH51. 

HecMOTpSI Ha 3TO, B CHJIY pa31IH'IHbiX, KaK rrpaBHJio, opraHH3ai.J,H

oJJHbiX H 3KOHOMH'!eCKHX IlpH'IHH B IlpOMbillJJieHHOCTH IlpOHCXO.IJ:HT 

JlaKOIIJieHHe 3HatiHTeJibHbiX Mace OTXO.U:OB, rrpe)I(.IJ:e Bcero TBep,u;biX, 

IJOCKOJibKY ra3006pa3Hble H )I(H.IJ:KHe Bbi6pacbiBaiOTC51 B OKpy)l{aiOI.J.J;YIO 

t•pe,u;y H paCIIbiJISIIOTCSI B HeW. 

l.J:TO )l(e TaKOe OTXO.U:bl, KaKHe OHH 6biBaiOT H KaK o6paTHTb HX Ha 

I'Jiy)l(6y tieJIOBeKY? 
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llepepa6omKa. npOMblll1/leHHbiX omxoiJoa 

2.1. KAaccurjJuKau,uR omxoiJoe 

OmxoiJbl npoU36oiJcm6a (mexHozeHHble omxoiJbl) - 3TO ocTaTirn: 

cbiph51, MaTepuarros H noJiycl>a6puKaToB, o6pa3yromuec51 B npouecce 

npOH3BO.U:CTBa npO.U:YKUHH, KOTOpbie tiaCTH'IHO HJIH llOJIHOCTbiO 

YTPaTI-UIH CBOH KatiecTBa H He COOTBeTCTByiDT CTaH,u;apTaM. 3TH OCTaTirn: 

noc11e npe.u;sapuTeJibHOti: o6pa6oTKH, a HHor.u:a H 6e3 Hee, MOryT 6biTh 

HCllOJib30BaHbl B ccl>epe npOH3BO.IJ:CTBa HJIH noTpe6JieHH51, B 'IaCTHOCTH 

M51 npOH3BO.IJ:CTBa no60l!HbiX npO.IJ:YKTOB. 

Jlo60ttHble npoiJyKmbl o6pa3yiOTC51 npH cPH3HKO-XHMH'!eCKOH 

nepepa6oTKe Cblpb51 HapMy C OCHOBHbiMH npo,u;yKTaMH npOH3BO.U:CTBa, 

HO He 51BJI5110TC51 UeJibiO npOH3BO.IJ:CTBeHHOfO npouecca. 0HH B 

60JiblllHHCTBe CJiyqaeB 6biBaiOT TOBapHbiMH, Ha HHX HMeiOTC51 fOCTbi, 

TY, ux npoH3BO.IJ:CTBo nJiaHupyeTc51 npe.u;npH51THeM. 

JlpOU360dCm6eHHbte OmXOdbl 51BJI5110TC51 CJie.U:CTBHeM HeCOBep

WeHHbiX TeXHOJIOfH'IeCKHX npoueccOB, B 60JibWeti: tiaCTH Hey.u;oBJie

TBOpHTeJibHO opraHH30BaHHOfO npOH3BO.U:CTBa, a TaiOKe HeCoBep

WeHHOfO 3KOHOMH'!eCKOfO MexaHH3Ma. K HHM OTHOC51T: OTXO.U:hl, 

o6pa3yiOI.I.J;Hec51 npH MexaHH'!eCKOH H cPH3HKO-XHMH'!eCKOH nepepa-

60TKe Cblpb51 H MaTepHaJIOB; OTXO.IJ:bl, o6pa3yiOI.I.J;HeC51 npH .U:06bi'!e H 

o6orameHHH noJie3Hhix HcKonaeMhix; semecTBa, yJiaBJIHBaeMbie npu 

O'IHCTKe OTXO.IJ:51I.I.J;HX TeXHOJIOfH'IeCKHX ra30B H CTO'IHbiX BO.IJ:. 

OmxoiJbl nompe6JleHUR ( aHmponozeHHble omxoiJbl) - pa31IH'IHbie, 

6biBWHe B ynoTpe6JieHHH H3,u;eJIH51 H semecTBa, BOCCTaHOBJieHHe 

KoTophix 3KOHOMHtiecKH HeueJiecoo6pa3Ho. HanpuMep, H3HorneHHbie 

HJIH MOpaJibHO ycTapeBWHe MaWHHbl, H3,u;eJIH51 npOH3BO.U:CTBeHHOfO 

Ha3HatieHH51 (OTXO.IJ:bl npOH3BO.IJ:CTBeHHOfO noTpe6JieHH51), a TaiOKe 

npuwe.u;wue B Hero.u;HocTb HJIH ycTapeswue H3.U:eJIH51 .u;oMawHero 

o6uxo.u:a H JIH'!Horo noTpe6JieHH51 (oTXO.U:hi 6biToBoro noTpe6JieHH51). 

CoBOKYllHOCTb OTXO.U:OB npOH3BO.U:CTBa (TeXHOreHHbie OTXO.IJ:bl) H 

noTpe6JieHH51 (aHTponoreHHbie OTXO.IJ:bl), KOTOpbie MOfYT 6biTb HC

nOJib30BaHbl B KatieCTBe Cblpb51 M51 BhmycKa noJie3HOH npO.U:YKUHH, 

Ha3hiBaeTc51 BmoputtHbiMU MamepuMbHbiMU pecypcaMu ( BMP). 
Mcxo.u;5I H3 B03MO)I(HOCTeti: ucnoJih3oBaHH51 BMP, ux MO)I(HO 

no.u;paJ.u;eJIHTh Ha peaJibHbie H noTeHUHaJihHbie pecypcbi. K pearrbHhiM 

cJie.u;yeT oTHecTH BMP, .U:JI51 ucnoJih3oBaHH51 KoTophix co3.u;aHbi 

3cPcPeKTHBHbie MeTO.IJ:bl H MOI.I.J;HOCTH .IJ:JI51 nepepa60TKH, a TaK)I(e 

o6ecnetieH pbiHOK c6hiTa; K noTeHUHaJihHhiM - see BH.u;hi BMP, He 

BXO.IJ:51I.I.J;He B rpynny pearrbHhiX. K noTeHUHaJihHhiM BMP oTHOC51TC51 
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r Jl a 6 a 2. OmxOObl - ucmO'tHU/C 6mOpU'tHbiX MamepU(JJlbHbiX pecypc06 

TaiOKe no60l!Hbie npo.u;yKThi, KOTOpbie B HaCT05II.J.J;ee BpeM5I HCnOJib

'3YJOTC5I He.u;ocTaTO'IHO noJIHO H npe.u;cTaBJI5IIOT C060H pe3epB MaTe

pHaJibHblX pecypCOB .u;JI5I npOMbillJJieHHOCTH. 

Pecypcbl Bmopu•mozo Cblpb.R - KOJIHtiecTBeHHoe Bbipa)KeHHe 

o6beMoB KOHKpeTHbiX BH.U:OB BTopHl!Horo Cbipb5I. B 3TH o6beMbi He 

BXOMT Te OTXO.IJ:bl npOH3BO.U:CTBa, KOTOpbie HCnOJib3YIOT 6e3 .u;opa6oTKH 

ll HCTO'IHHKax HX 06pa30BaHH5I H BKJIIO'!eHbi BO BHyrpHnpOH3BO.U:

CTBeHHbiH 6aJiaHc Cblpb5I. 

3azomo6Ka Bmopu•moco Cblpbfl- ocymecTBJieHHe c6opa, JaKYnKH, 

llpe.u;BapHTeJibHOH o6pa6oTKH H KOHIJ,eHTpau,HH BTOpH'IHOfO Cblpb5I 

Cl1eiJ,HaJIH3HpOBaHHbiMH 3aroTOBHTeJibHbiMH opraHH3aiJ,H5IMH HJIH no 

HX nopyqeHHIO .u;pyrHMH opraHH3aiJ,IDIMH HJIH rp<DI<LJ:aHaMH. 

06pa6omKa 6mOpU1-tHOcO Cblpbfl - COBOKYIJHOCTb TeXHOJIOfH'!eCKHX 

o11epau,Hif 110 no.nroToBKe BTopHtiHoro Cbiph5I M5I ero nocne.u;yiOmero 

1-1 C 11 OJI b30 BaHH5I. 

Copmupo6Ka Bmopurmoco Cblpbfl - pa3.u;eJieHHe BTopHtiHoro Cbipb5I 

110 onpe.u;eJieHHhiM npH3HaKaM Ha KJiaccbi, rpynnhi, BH.IJ:hi. 

llepepa6omKa omxoiJo6 - ocymecTBJieHHe KaKHX-JIH6o rexHo

JioruqecKHx onepau,HH, KOTOpbie Be.u;yr K H3MeHeHHIO <f>H3Hl!eCKOfO, 

XHMH'!eCKOfO HJIH 6HOJIOfH'!eCKOfO xapaKTepa HJIH COCTaBa OTXO.U:OB C 

l~eJibiO HX HCnOJib30BaHIDI KaK MaTepHaJibHO-CblpbeBbiX pecypcOB HJIH 

c u,eJibiO o6e3Bpe)KHBaHIDI H 6eJonacHoro y.u;aneHH5I. 

06e36pe:>ICU6QHUe OmXOd06 - XHMH'!eCKa51, <f>H3H'IeCKa5I HJIH 

OHOJIOfH'IeCKa51 nepepa6oTKa OTXO.U:OB C u,eJibiO JIHKBH.u;au,HH HJIH 

yMeHbllleHH5I HX onaCHOCTH. M5I JIIO.u;eif H OKp~aiOmeif npHpO.U:HOH 

cpe.u;bi. 

YiJMeHue omxoiJo6- ocymecTBJieHHe rexHoJioruqecKHX onepau,uu, 

II TOM 'IHCJie C H3MeHeHHeM COCT05IHH5I, no CKJia.u;HpoBaHHIO H 

xpaHeHHIO OTXO.U:OB C yqeTOM npe.u;ynpe.U:HTeJibHbiX Mep no orpa-

11 Hl!eHHIO HX nona.u;aHH5I B OKp~aiOI.J.J;YIO cpe.u;y. 

BoJibWa51 HOMeHKJiarypa oTxo.u;os, o6pa3yiOI.J.J;HXC5I Ha npe.u;npH5I

TH5Ix pa31IH'IHbiX OTpacJieH 3KOHOMHKH, 3aTpy.IJ:H5IeT HX KJiaCCH<f>HKa-

1~1-110, yqeT, c6op H nepepa6oTKY. 

BcJie.u;CTBHe MHOfHX npH'IHH B HaCT05II.J.J;ee BpeM5I H y HaC B CTpaHe, 

II 3a py6e)KOM OTCYTCTByeT o6menpHH5ITa51 HayqHa51 KJiaCcH<f>HKaiJ,H5I 

l"llep.u;biX OTXO.IJ:OB npOMbillJJieHHOCTH, OXBaTbiBaiOI.J.J;a51 BCe HX MHOfO

o6pa3He. Haqaswa5Ic5I y Hac B cTpaHe B cepe.u;uHe 80-x ro.u;os pa6oTa no 

COCTaBJieHHIO Ka.IJ:aCTpOB OTXO.IJ:OB no npe.u;npH5ITH5IM, no.u;oTpaCJI5IM, 

OTpaCAAM H MHHHCTepcTBaM OCTaJiaCb He3aKOH'IeHHOH. CymeCTByiOI.J.J;He 

45 



llepepa6omKa npOMbiUJJieHHbiX omxoiJoB 

KJiaCCH<j:mKai]JUI Tsep,UbiX OTXO,UOS SeCbMa MHOf006pa3Hbl H O,UHOCTO

pOHHH. 

Pa3JIH'IHbie no.uxo.uhr K KJiaccH<pHKaiiHH oTxo.uos 6a3Hpy!OTC.H Ha 

CJie,Uy!OIIIHX KJiaCCHQ>HKaiiHOHHbiX npH3HaKax: MeCTO o6pa3oSaHH.H 

OTXO,UOS (oTpaCJib npOMbiWJieHHOCTH); CTa,UH.H npOH3SO,UCTSeHHOfO 

IIHKJia; SHU oTxo.ua; creneHb ymep6a oKp}')KaJOmetl: cpe.ue H J,aoposbJO 

qeJioseKa; HanpasJieHHe HCnOIIb30SaHH.H; 3Q>Q>eKTHSHOCTb HCnOJib-

30SaHH.H; seJIH'IHHa Janaca H o6beMbi o6paJosaHH.H; cTeneHb 

HJyqeHHOCTH H pa3pa6oTaHHOCTH TexHoJiorHtl: YTHIIHJaiiHH. 

TaK, Tsep,abre oTXO.Uhi KJiaccHQ>HIIHPYIOT no oTpacJI.HM npoMbiW

JieHHOCTH (OTXO,Ubi XHMH'IeCKOH, MeTaJIJiyprH'IeCKOH, 3JieKTpoTeX

HH'IeCKOH H ,apyrHX OTpacJietf:) H no SH,UaM npOH3SO,UCTS (OTXO,Ubi 

cepHOKHCJIOTHOfO npOH3SO,UCTSa, aSTOC60pO'IHOfO npOH3SO,UCTSa, 

no,UWHnHHKOSOfO npOH3SO,UCTSa H ,Up.). 

Bee mBepabte npoMbllUAeHHbte oTXO.Ubi MO)I(HO paJ,UeJIHTb Ha .usa 

SH,Ua: HemOKCU'IHble H mOKCU'IHbte. B CSOetf: OCHOSHOH Macce TSep,Ubie 

OTXO,Ubi HeTOKCH'IHbi. npHMepaMH TOKCH'IHbiX OTXO,UOS MOfYT CJI~Tb 
lliJiaMbi raJibSaHH'IeCKHX IIeXOS H TpaSHJibHbiX SaHH. 

Omxoabl MO)I(HO TaK)I(e KJiaccHQ>HIIHposaTb Ha MemOJIJluttecKue H 

HeMemOJIJIUtteCKUe, a TaK)I(e KOM6UHUp060HHble. 

HeMemOAAUtteCKUe omxoabt no.upa3,UeJI.HIOTC.H Ha XHMH'IeCKH 

HHepTHbie (OTSaJibi nopO,Ubi, 30Jia H T.,U.) H XHMH'IeCKH aKTHSHbie 

(pe3HHa, niiaCTMaccbr H T . .u.). K 'IHCIIY KO.M6HHHposaHHbiX oTxo.uos 

OTHOCHTC.H SCeS03MO)I(HbiH npOMbiWJieHHblH H CTpOHTeJibHbiH Mycop. 

0TXO,Ubl MO)I(HO pa36HTb Ha ,USe rpynnbi - OCH06Hbte H no60ttHbte. 

0CH06HblMU .HSJI.HIOTC.H OTXO,Ubl TSep,UbiX MaTepHaJIOS, HCnOJib30-

SaHHbiX Henocpe,UCTSeHHO M.H H3fOTOSJieHH.H TosapHOH npO,UYKIIHH. 

3TO MeTaJIJIH'IeCKHe, MeTaJIJIOCO,Uep)l(alliHe ( OKaJIHHa, WJiaMbi, WJiaKH 

H np.) H HeMeTaJIJIH'IeCKHe (,UpeseCHHa, nJiaCTMaCCbi, pe3HHa, TeKC

THJib, CTeKJIO H ,Up.) OTXO,Ubi. 

K no6ottHblM OTHOC.HTC.H OTXO,Ubl TeXHOJIOfH'IeCKHX MaTepHaJIOS H 

semecTS, HCnOJib30SaHHbiX HJIH o6pa3YIOIIIHXC.H npH npose,UeHHH 

TeXHOJIOfH'IeCKHX npOIIeCCOS. nofiO'IHbie OTXO,Ubl MOfYT fibiTb 

mBepabtMu (3oJia, a6pa3HSbi, orHeynopbr), :JK:uaKuMu (cMaJo'IHO

oXIIa)I(,UaJOmHe )I(H,UKOCTH, MHHepaJibHbie MaCJia H ,UpyrHe HeQ>Tenpo

.UYKTbi, OTXO,Ubi raJibSaHonpOH3SO,UCTSa) H i!Q3006pa3HblMU 

( OTXO.U.HIIIHe ra3bi). 

lliHpOKO HCnOJibJyeTC.H KJiaCCHQ>HKaiiH.H OTXO,UOS no CTeneHH HX 

onacHoro soJ,Uetl:cTSH.H Ha qeJioseKa H oKp}')KaJOIIIYJO cpe.uy. TaK, s 
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r A a 6 a 2. OmxoiJbl - ucmoltHUK BmopUitHbiX MamepUGAbHbiX pecypC06 

cTpaHax E3C ycTaHoBIIeHo 14 KaTeropHti orracHoCTH oTxo.uos M51 

'I.UOpOBb51 'IeJIOBeKa H pHCKa ,UJI51 OKpy)l(aJOIUeH Cpe,Ubl: 1 -
113pbiBOOITaCHbie; 2 - OKCH,UaHTbi; 3A - OTXO,Ubl C BbiCOKOH CTeiTeHbiO 

IIOCITJiaMeH51eMOCTH; 3B - BOCITJiaMeH51eMbie; 4 - pa3,Upa)l(aiOIUHe; 5 
·- Bpe,UHbie; 6 - TOKCH'IHbie; 7 - KaHIJ:eporeHHbie; 8 - Kopp03HOHHO

aKTHBHbie; 9- HHQ>eKIJ:HOHHbie; 10- TepaToreHHble (rroBpe)I(,UaiOIUHe 

·1apo.UbiWH- 3M6pHoHoToKClfqHbie); 11 - MYTareHHbie (Bbi3biBaJOruHe 

llaCJie,UCTBeHHbie H3MeHeHH5I; 12 - Bbi.Ueii5110IUHe rrpH KOHTaKTe C 

IIO,UOH TOKCH'IHble ra3bi; 13- Bbi,UeJI5110IUHe orraCHble Bell{eCTBa; 14-
. IKOTOKCH'IHble. 

Co macHo OTe'IeCTBeHHOMY CTaH,aapTy fOCT 12.1.007-76 
"Bpe.UHbie seruecTBa. KJiacc«Q>HKaUH51 H o6ruHe Tpe6oBaHH51 

ficJorracHocTH", see rrpoMbiWJieHHbie oTXO.Ubi ,UeJI51TC51 Ha qeTbipe KJiacca 

onaCHOCTH: rrepBbiH - 'Ipe3Bbi'IaHHO orraCHble, BTOpOH - BbiCOKO 

onacHbie, TpeTHH - yMepeHHO orracHbie, 'IeTBepTbiH - MaJioorraCHbie. 

HanH'IHe B oTxo.uax PTYTH, xpoMOBOKHCJioro KaJI1151, TpeXXIIo

JH'ICToti CypbMbl, OKCH,Ua Mblllib51Ka H ,UpyrHX BbiCOKOTOKCH'IHbiX Bell{eCTB 

rpe6yeT OTHeCeH1151 HX K rrepBOMY KJiaccy orraCHOCTH. 

HaJIH'IHe B oTxo.uax XIIopHcToti Me.UH, XIIopHCToro HHKeii51, Tpex

oKH:cHoti cypbMbl, a30THOKHCJI0f0 CBHHua H ,Up. OTHOCHT 11X KO BTOPOMY 

1\Jiaccy orraCHOCTH. 

HaiiH'IHe B oTxo.uax cepHOKHcJioti Me.UH, OKCH.Ua CBHHua, 

ll(aBeJieBOKHCJIOH Me,UH, 'IeTbipeXXJiopHCTOfO yriiepo,Ua OTHOCHT HX K 

lpeTbeMY KJiaccy orracHoCTH. 

npHHa,UJie)I(HOCTb K TOMY HJIH HHOMY KJiaccy orraCHOCTH orrpe

I(CJI51eTC51 pac'IeTHbiM rryTeM rro MeTo.UHKe, paHee yTBep)I(,UeHHOH 

MI1H3,UpaBoM CCCP. 

no Q>H3H'IeCKOMY COCT051HHIO OTXO,Ubl ,UeJI51TC51 Ha TBep,Ubie, 

IKI1.UKHe H ra3oo6pa3Hble. no HCTO'IHHKy B03HHKHOBeHH51 OTXO,Ubl 

IIOJ(pa3,UeJI5IIOTC51 Ha 6biTOBbie, rrpOMbiWJieHHbie H ceJibCKOX0351HCT

IIl'IIHbie. no COCTaBy MO)I(HO pa3,UeJIHTb omxoabt Ha OpcGHUtteCKUe H 

III'OfJcGHUtteCKUe. Oco6yl0 rpyrrrry COCTaBJI5IIOT 3HepcemutteCKUe omxoabt: 
II'IIJIO, rnyM, pa.uHauH51, 3JieKTpoMarHHTHoe, yiibTpaQ>HoiieToBoe H3IIY

'11'1111e H T.rr. 

11HTepeCHa51 CHCTeMaTH'IeCKa51 KJiaCcHQ>HKaUH51 rrpOMbiWJieHHbiX 

o1 Ko,aoB rrpe,UJio)l(eHa HMM feHITJiaHa r. MocKBbi, corJiacHo KoTopoti 

lll'l' BH,Ubl OTXO.UOB ,UeJI51TC51 Ha 13 rpyrrrr: 

l. faJibBaHlfqeCKHe H .UpyrHe WJiaMhi, co.uep)l(aruHe oTXo.Ubi peareH-

1 Oil 11 XHMpeaKTHBOB, XpOM, HHKeJib, K06aJibT, UHHK, CBHHeU, KHCJible 
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Jlepepa6om/Ca npOMbiUJJieHHbiX omxoiJoB 

H ll{eJIO'IHbie OTXO,Ubl XHMH'IeCKHX npOH3BO,UCTB, Bell{eCTBa HeOp

raHH'IeCKOfO xapaKTepa. 

2. KaHaJIH3aU:HOHHbre, Bo.uonpoBO.UHbie H Heqneco.uep)l(aruHe 

OCa,uKH npOMbilllJieHHbiX CTO'IHbiX BO,U, o6pa3yiOll{HeC51 Ha O'IHCTHbiX 

COOp~eHH51X npOH3BO,UCTBeHHbiX 30H. 

3. Heq>TeOTXO.Uhi, nerKoBocnnaMeH5IIOIUHec51 )l(lf)];KOCTH (JIB)I(), 
CMa30'IHO-OXJia)I(,UaiOIUHe )l(lf)];KOCTH (CQ)I(), KY60Bbie OCTaTKH, OTXO,Ubl 

JiaKOKpaCO'IHOH npOMbilllJieHHOCTH. 

4. 0TXO,Ubl nJiaCTMacc, noiiHMepoB, CHHTeTH'IeCKHX BOJIOKOH, He-

TKaHbiX CHHTeTH'IeCKHX MaTepHaJIOB H KOMn03HU:HH Ha HX OCHOBe. 

5. OTXO,Ubl pe3HHOTeXHH'IeCKHX H3,UeJIHH, WHH H T.n. 

6. )l,peBeCHbie OTXO,Ubl. 

7. 0TXO,Ubl 6YMarH. 

8. OTxo,Ubi qepHbiX H u:BeTHbiX MeTaJIJIOB H nerHpoBaHHbiX cTaneii. 

9. lliJiaKH, 30Jia, nbiJib (KpoMe MeTaJIJIH'IeCKOH). 

10. IIwrueBbre OTXO.Ubi (oTXO.Ubi nHrueBoii, M5ICO-MOIIO'IHOH H 

,Upymx OTpaCJieH npOMbilllJieHHOCTH). 

11. OTXO.Ubi nerKoii: npOMbilllJieHHOCTH. 

12. CTeKJIOOTXO.Ubi. 

13. 0TXO,Ubl CTpOitHH,UyCTpHH. 

KIIaccwQ>HKaU:H51 npoMbilllJieHHbiX OTXO.UOB no BH,UaM npe.ucTaB

JieHa Ha pH C. 2.1. 

Oca.aKI1 O'II1CTHbiX coopyJKeHI1R 11 lliJiaMbi 

HHIOIU11eCH 

:lKHJlKOCTH 
Marepl1aJibi 

Pe311Ha 11 pe311HO

TeXHI1'!ecKHe 113lleJII1H 

illlaCTMaCCbl 

Kli:CJIOThl 

3ona, lliJiaKI1, 

ropemm JeMmi 

.[ijleBeCHbie 

OTXOllbl 
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r /1 a 6 a 2. OmxoiJbl - ucmO'tHUK 6mOpU'tHbiX MamepUMbHbiX pecypco6 

Krraccw<PwKauw.H no3BOJI.HeT onpe.ueiiHTb nyTH .uaiibHetiwero 

.UBH)I(eHH.H OTXO.UOB (YTHIIH3aUH.H Ha MecTaX o6pa30BaHH.H, nepe.n;aqa 

.n;pyrHM npe.n;npH.HTH.HM, BbiB03 Ha CBaJIKY, c6poc B KaHaJIH3aUHIO, 

C)I(HraHwe H T.n.). Ha ocHoBe 3TOH KJiaccw<PwKauww pa3pa6oTaHa 

reHepaJibHa.H cxeMa ueHTpaJIH30BaHHoro c6opa, BbiBo3a H nepepa6oTKH 

npOMbilliJieHHbiX OTXO,UOB ,UJI.H HcnOJib30BaHH.H B Ka'IeCTBe BTOpH'IHOfO 

Cblpb.H H ,UJI.H npe,UOTBparueHH.H HX OTpHUaTeJibHOfO B03,UeHCTBH.H Ha 

OKp~aiOruyro cpe.uy. 

BmopwtHbte MamepuaJlbHbte pecypcbt y.uo6Ho KJiaccw<PwuwposaTb no 

HCTO'IHHKY o6pa30BaHH.H H HanpaBIIeHHIO HCnOJib30BaHH.H. 

Bo3MO)I(Hbi H .upyrwe npHHUHnbi KJiaccw<PwKauww oTxo.uos. 

HanpHMep, npH pa3pa6oTKe H npoeKTHpoBaHHH TeXHOIIOrH'IecKHx cxeM 

YTHJIH3aUHH npOMbiWJieHHbiX OTXO,UOB Y.U06HO nOJib30BaTbC.H 

KJiaCcH<i>HKauHeH, B OCHOBy KOTOpOH nOJIO)I(eHa TeXHOJIOfH.H HX 

nepepa60TKH. 

2. 2. 06oeMbt o6pa3oeaHUR omxoiJoe e npoMbtUIJleHHocmu 

IJOCJie,UOBaTeJibHOCTb o6pa30BaHH.H H B03MO)I(Hble nyTH yTH

JIH3aUHH OTXO,UOB B npOMbilliJieHHOCTH MO)I(HO npOCJie,UHTb no CXeMe, 

11pHBe.n;eHHOH Ha pHC. 2.2. 

I nPOH3BO.UCTBO I 
j. .. + 

ITEXHOJIOfH'IECKHE 
noTEPH 

I oTXO.Ubl nPo-1 
H3BOj;{CTBA 

1 OTXO.Uhi nPOH3BO.UCT- J 
BEHHOfO nOTPEBJIEHH.H 

• ~ rl OTXO.Ubl J HEHCnOJib3YEMbiE 
I oTXO.Uhi. wcnoiib3YEMbiE I 

(BTOPH'IHOE CbiPbE) 

.1. ... ~ • ~ 

C,UA 'I A 3Ar0TO- nEPEPABOTKA nEPEPABOTKA nEPEPABOTKA 
BHTEJibHbiM HA nPE,UnPH.H- HA nPE,UnPH.H- HA nPE,UnPH.H-

OPr AHH3AUH.HM THH - nPOH3BO- TH.HX CBOEH TH.HX .UPYfHX 
.UHTEJIE OTPACJIH OTPACJIEH 

3AXOPOHEHHE I 

PHc. 2.2. llpHHUHllHa.JibHaR cxeMa o6pa3oBaHHSI H )'THJIH3auHH oTxo.uoB 
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Jlepepa6om/Ca npOMbiUJJieHHbiX omxoiJo6 

06pa30BaHHe OTXOllOB npOH3BOllCTBa npOHCXOllHT Ha BCeX 

CTa,uH51X llBH)I(eHH51 Cblpb51: OT MOMeHTa ero U06biqH, KOflla OHO erue 

51BJI51eTC51 npHpOUHbiM pecypCOM, llO 3aBepilieHH51 3KCnJiyaTaiJ,HH 

H3fOTOBJieHHOfO H3 Hero H3UeJIH51. 

YueJibHOe o6pa30BaHHe TBepUbiX OTXOUOB B pa3JIH'IHbiX OTpaCJI51X 

npOMbiiliJieHHOCTH xapaKTepH3yeTC51 06'beMaMH, npHBelleHHbiMH B 

Ta6JI. 2.1. 
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T a 6 JI H u a 2.1 
06pa3osaHHe OTXO.li.OB B pll3JIH'IHLIX oTpacm1x npoMhlmJieuuocTH 

(T/pa6oqero · ro,ZJ,) 

OrpacJib IIpOMbllliJleHHOCTH 

XHMHlJeCKa51 

TeKcTHJibHa51 

lliBeHHa51 

Me6enbHa51 

3JieKTpOTeXHHlJeCKa51 

Xrre6oneKapHa51 

CTaHKOHHCTp)'MeHTaJibHa51 

E)'MIDKHa51 

llaKoKpacolJHa51 

MawHHocTpoHTeJibHa51 

CreKoJibHa51 

I1oJIHrpa<lJHlJeCKa51 

MeTannyprHlJeCKa51 

I1mueBa51 

)J;epesoo6pa6aTbiBaJOlUa51 

I1pOH3BO,li,CTBO nJiacTMacc 

Pe3HHo-TeXHmecKa51 

Ta6alJHa51 

CTpoHTeJibHa51 (BKJIIO'Ia51 cHoc 3,ll,aHHH) 

KoJIH'IecTBo oTXo.lloB 

0,9 

2,2 

2,2 

2,8 

2,9 

3,0 

3,2 

4,0 
4,0 
4,0 
5,0 

5,8 

6,8 

8,0 

8,5 

9,8 

9,8 

11,0 

400,0 



r II a 8 a 2. OmxoiJw - ucmoltHUIC Bmopurmwx MamepuCJIIbHblX pecypcoB 

B o61.1\eM o6beMe Bbi6pocos 3arpJI3IDIJOitiHX semecTB B aTMoc<t>e

PY no .naHHbiM 3a 1997 r. mmHpye-r :mepreTHKa- 27,2 %. Cne.nyiOI.l\He 

MeCTa 3aHHMaJOT UBeTHaJI H qepHM MeTannyprHJI - COOTBeTCTBeHHO 

22,8 H 15 %, 3aTeM He<fne.no6biBaiOI.l\aJI H He<fnenepepa6aTbiBaiOI.l\aJI 

npoMbiiiiJieHHOCTb- cooTBeTCTBeHHO 8,4 u 5,2 %. HaH6onee KpynHbi

MH 3arpJI3HHTeJIJIMH rHJJ.poc$epbi JIBJUIIOTCJI :mepreTHKa, .uepesoo6pa6a

TbiBaiOI.l\M H XHMH'IeCKaJI npOMbiiiineHHOCTb- 18,07; 18,04 H 18,02 o/o" 
COOTBeTCTBeHHO, MeTannyprHJI - 15,23 o/o, MaiiiHHOCTPOeHHe - 8,45 o/o, 
yroJibHaJI npOMbiiiineHHOCTb - 8,51 o/o. 

B 1997 r. OObeM o6pa30BaBIIIHXCJI TOKCH'IHbiX OTXO,UOB COCTaBHn 

89,4 MJIH. T, 'ITO no'ITH s.nsoe npeBbiCHno o6beM YTHnH3HposaHHbiX H 

o6e3Bpe:>KeHHbiX OTXO,UOB. 0CHOBHbiMH OTpaCJIJIMH npOMbiiiineHHOCTH, 

npOH3BOJJ.JII.l\HMH TOKCH'IHbie OTXOJJ.bl, JIBnJIIOTCJI MeTannyprHJI, 3Hepre

THKa, XHMHJI H He$TeXHMHJI. fu CYMMapHbiH BKna)J. B 061.1\HH o6beM 

OTXOJJ.OB COCTaBnJieT no'ITH 80 o/o. HoMeHKnaTYpa OTXO,UOB HaCTOJibKO 

senHKa, 'ITO noJIHbiH HX nepe'leHb nopow H3BecTeH TOJibKo y3KOMY 

Kpyry cneuHanHCTOB npe.unpHJITHJI. 

MawuHocmpoume!lbHblu KOM1l.lleKc .HBJUieTC.H KpynHeHIIIHM npo

MbiiiineHHbiM o6pa3oBaHHeM, BKJIJO'IaiOI.l\HM B. ce6.H TIDKeJioe, 3Hep

reTH'IeCKoe, aBTOM06HnbHOe, TpaKTOpHoe, CeJibCKOX03.HHCTBeHHOe, 

XHMH'IeCKOe, He<PT.HHOe, CTpOHTeJibHOe,, ,UOpO)I(HOe, KOMM}'HaJibHOe 

MaiiiHHOCTpOeHHe .H ,apyrHe OTpaCJIH npOMbiiiineHHOCTH. 

Ilpe.unpiDITIDI MaiiiHHOCTpoeHIDI pacnonaraJOTC.H qame scero B 

KpyrrHbiX ropo,aax, H HX Bpe,UHbie Bbi6pOCbl B OKp)')Ka!OmyJO Cpe,ay 

OC06eHHO He6JiaronpiDITHO BJIIDIIOT Ha 3,UOpOBbe HaCeJieHIDI. 

MaiiiHHOCTpOeHHe 3arpJI3H.HeT BO.UHbiH 6accei::i:H CTO'IHbiMH so.ua

MH TpaBHnbHbiX H ranbBaHH'IeCKHX uexos. Co CTO'IHbiMH so.uaMH 

c6paCbiBaeTC.H 3Ha'IHTeJibHOe KOJIH'IeCTBO 3arp.H3H.HIOI.l\HX BemeCTB: 

He<PTenpo,UyKTOB, CYIIb<PaTOB, XIIOpH)J.OB, QHaHH)J.OB, COe,UHHeHHH 

a30Ta, COJieH XeJie3a, Me,UH, QHHKa, HHKeJI.H, XpOMa, MOJIH6,UeHa, 

<Poc<Popa, Ka.nMIDI u .upymx coe,aHHeHHi::i:. 

HaH6oJibiiiHe o6beMbi 3arpJI3HeHHbiX cTO'IHbiX so.u B 1997 r. 

npHIIIJIHCb Ha ,UOJIIO CJieJJ.YIOI.l\HX rHraHTOB OTe'leCTBeHHOrO aBTOM06H

JieCTPOeHHJI, MJIH. M
3
/ro.u: 35,6- KaMA3; 43,0- 3.HJI; 26,8- BA3; 

21,6- AMO 3.HJI. 

MaiiiHHOCTPOHTeJibHbie npe.unpHJITHJI B 1997 r. Bbi6pocHJIH B aT

Moc$epy 6onee 600 TbiC. T 3arpJI3IDIIOI.l\HX semecTB. Ynos 3arpJI3IDIIO

mux Bel.l\eCTB no MaiiiHHOCTPOHTeJibHOMY KOMnJieKCY (45,8 %) 3Ha'IH

TeJibHO HH:>Ke cpe.uHero no npoMbiiiiJieHHOCTH PoccHH (80,2 % ). 
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Jlepepa6om/Ca npOMbiUJJieHHblX omxoiJoB 

OcHOBHbiMH wcToqHwKaMH 3arp.H3HeHIDI aTMoc<J:>epbi Ha Maww

HOCTpOHTeJibHbiX npe,UnpH.HTH.HX .HBJI.HIOTC.H JIHTdiHoe npOH3BO,UCTBO, 

uexa MexaHwqecKot:i o6pa6oTKH, csapbqHbie H oKpacoqHbie uexa. 

Bbifipocbi npe.unpH.HTHH KOMniieKca B aTMoc<J:>epy xapaKTepw-

3YJOTC.H npHCYTCTBHeM B HHX OKCI1!I:a ymepo,aa, cepHHCTOfO aHfl1!1:Pl1!1:a, 

pa3IIM:qHbiX Bl1!1:0B nbiJIH If B3BeWeHHbiX BeiUeCTB, OKCH,UOB a30Ta, 

KCHJIOJia, TOJiyOJia, aueTOHa, fieH3HHa, fiyTHJiaueTaTa, aMMHaKa, 

3THJiaueTaTa, cepHOH KHCJIOTbl, fieH30Jia, COe,UHHeHHH MapraHl(a, 

xpoMa, cswHua w .up. 

3HaqwTeJibHa .UOII.H KOMniieKca B Bbifipoce B aTMoc<j:>epy wecTHBa

JieHTHoro XpOMa, O,UHOfO H3 HaHfiOJiee onaCHbiX 3arpSI3HSIIOIUHX 

BeiUeCTB, - 137,9 T, HJII1 43 % OT Bblfipoca BCeH npOMbllliJieHHOCTbiO. 

TaKHe ropo.ua, KaK Toiib.HTIH, qeiiSifiHHCK, EKaTepHHfiypr H .up., 

r,Ue ,UOJISI npe,Unp11.HTHH KOMnJieKca .HBJI.HeTC.H onpen;eJI.HIOIUeH, BXO,U.HT 

B cn11coK ropo.uos Poccww c Haw6oJibWHM ypoBHeM 3arp.H3HeHH.H 

aTMoc<j:>epHoro B03,Uyxa. 

0,UHHM H3 HaHfiOJiee MHOfOTOHHa)I(HbiX OTXO,UOB MaW!1HO

CTpOHTeJibHbiX npe,anpH.HTHH SIBJI.HeTC.H MeTaJIJIOJIOM (75 % OT Bcero 

KOJIM:qecTBa o6pa3y!OJUHXC.H OTXO,UOB). 3To fOTOBOe BTOpHqHoe Cbipbe, 

nepepafioTKa KOToporo HaJI~eHa JIH6o Ha 3THX )l(e 3aso.uax, ecJIH 

OHM: OfiJia,UaiOT CBOHM JIHTeHHbiM np0113BO,UCTBOM, JIHfiO Ha 

MeTaJIIIypr!1qeCKHX 11Jil1 COCe,UHI1X MaWHHOCTpOHTeJibHbiX npe,UnpH.H

Tl1SIX. KpoMe MeTaJIJioiioMa, B 3THX oTpacii.HX o6pa3yJOTC.H OTXO.Ubi 

6yMarw, .upesecHHbi, MHHepaJibHbiX MaceJI, pe3HHhi, niiacTMacc, a 

TaK)I(e wiiaM. 

BKJIJOqa.H B cefi.H 6oJiee 700 npoMbiWJieHHbiX npe.unpH.HTHH c 

,UOBOJibHO pa3BHTbiMH If pa3HOOfipa3HbiMH TeXHOJIOfH.HMH npOH3BO.U

CTBa, MaWHHOCTpOeHHe OKa3biBaeT CyiUeCTBeHHOe BJIH.HHHe Ha COCTO

.HHHe OKp~aiOIUeH npHpO,UHOH cpe,Ubl. 

3Haq!1TeJibHbie ofibeMbi npoH3BO.UCTBa H onpe,aeJI.HJOIUee noJIO)I(e

Hl1e B COUHaJibHOH )KH3Hl1 ropO,UOB CTaB.HT npe,UnpH.HTHSI MaWHHO

CTpOHTeJibHOfO KOMnJieKca B pa3p.H.LJ: npHOpHTeTHbiX B qacTH KOMn

JieKCHOfO peweHH.H npwpo.uooxpaHHbiX npo6JieM. 

XUMuttecKaR npoMbtUtAennocmb Bciie,UcTBHe wwpoKoro pa3Hoo6-

pa3IDI TeXHOJIOflfqecKHX npouecCOB .HBJI.HeTC.H O,UHOH H3 CaMbiX TpY.UHbiX 

M.H 6opbfibi c o6pa3YIOJUHMHC.H oTxo.uaMH. HcToqHHKaMH Bpe,UHbiX 

BblfipOCOB .HBJI.HIOTC.H npe,UnpH.HTH.H, Ha KOTOpbiX npOH3BO,U.HTC.H KHCJIO

Tbl; WHHbl If pe3HHO-TeXHifqecKM:e H3,UeJIH.H, <j:>oc<j:>op, nJiaCTHqecKM:e 

MaCChi, KpaCHTeJIH, MOIOJUHe Cpe,UCTBa, MHHepaJibHbie y,aofipeHH.H, a 
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TaJOKe ocy~eCTBJIReTCR KpeKHHf He<l>TH. Ilpe.unpHRTHJIMH OT}JaCJIH e)l(e

rO,UHO TOJibKO B aTMoc<t>epy Bbi6paCbJBaeTCR 6oJiee 456 Tb!C. T 3arpR3-

HHIO~HX se~ecTB. B npwpo.UHbie so.uoeMbi c6pachmaeTcR 6onee 1 ,3 
MJip,U. M

3 
3arpR3HeHHbJX CTOLJHbiX BO.U, CO.Uep)l(a~HX He<l>TenpO,UyKThl, 

IIHT}JaTbi, XJIOpH.Uhi, cyJih<PaThl, <t>oc<Pop, QHaHH.Uhi, Ka,UMHH, K06aJibT, 

MapraHeu;, Me.Uh, HHKeJih, PTYTh, CBHHeu;, xpoM, QHHK H T . .u. E)l(ero.uHoe 

o6pa30BaHHe TBep,UbJX OTXO.UOB COCTaBJIReT OKOJIO 70 Tb!C. T, H3 KOTO

pb!X HCnOJih3yeTCR He 6oJiee 30 %. 
0CHOBHbJe TBep.UbJe OTXO.Ubl Ha npe.unpH51TH51X XHMH'IeCKOH 

llpOMbiWJieHHOCTH - 30Jia, WJiaM, fiyMara, MeTaJIJI, nOJIHMepHbJe 

MaTepHaJibJ. 0rxO.Ubl 3TOH OTpaCJIH '!aCTO npe,UCTaBJI5110T onacHOCTb npH 

HX nepepafiOTKe, TaK KaK Q>H3H'IeCKH H XHMH'IeCKH He BCer.ua CTa-

6HJibHbi, a MHOfHe H3 HHX H TOKCHLJHbJ. l.fx nepepafiOTKa TpefiyeT 

cneu;HaJibHbiX TeXHonorntl:. Ha cBaJIKM BhiB03HTC51 60JihWOe KOJIH'IecTBO 

!pocQ>omnca, H3BecTKOBhiX, mncoBhiX H .upyrHX TBep.UbiX OTXO.UOB. B 
IIOCJie,UHHe fO,Ubl npOHCXO,UHT HeKOTOpOe CHH)J(eHHe OfibeMOB Bpe.UHbiX 

llb!fipOCOB, a.ueKBaTHOe cna.uy npOH3BO,UCTBa. 

fluw,eBaR npoMbtUtAeHHocmb 3arp513H51eT so.uoeMbi opraHH'IeCKHMH 

ne~eCTBaMH, CYJibQ>aTaMH, Q>ocQ>aTaMH, HHTpaTaMH, ~eJIO'IaMH H 

KHCJIOTaMH. 

0KOJIO 60% OTXO.UOB npe,UnpH51THH nw~eBOH npOMbJWJieHHOCTH 

COCTaBJIRIOT fiyMara, ,UepeBO, MeTaJIJibl, CTeKJIO H COfiCTBeHHO nH~eBbJe 

OTXO.Ubl. 0CHOBHbiMH HCTO'IHHKaMH o6pa30BaHHR Bpe,UHhJX Be~eCTB, 

BblfipaCbJBaeMbiX B aTMOCQ>epy, B OTpaCJIH RBJI5IIOTC51: WeJiyWHTeJIH, 

rreHTpaJIH3aTOpbl, cenapaTOpbi, MYLJHbJe CHJIOCbi, TeXHOJIOfH'IeCKHe 

rre'IH, Q>aCOBO'IHbie aBTOMaTbl, TafiaKope3aTeJibHbie MaWHHbi, JIHHHH 

110 npOH3BO.UCTBY napQ>IOMepHbJX H3.UeJIHH, M51COnepepa6aTbiBaiO~He 
'laBO.Ubi, 3aBO.Ubi paCTBOpHMOfO KOQ>e H QHKOpH51, npe,UnpH51TH51 no 

IIPOH3BO.UCTBY M51COKOCTHOH MYKH H KJieeB Ha opraHH'IeCKOH OCHOBe. 

Ilpe.unpHRTHRMH nH~eBOH npOMbJWJieHHOCTH Bbi6paChJBaeTCR B 

aTMoc<Pepy 6onee 224 ThiC. T spe.UHbiX se~ecTB, a c6poc 3arpR3HeHHbiX 

CTO'IHbiX BO.U no OT}JaCJIH COCTaBJIReT OKOJIO 116 MJIH.M
3

. 

CocTaB OTXO.UOB H3Meli51eTCR B 3aBHCHMOCTH OT BH.Ua BhJnYC

KaeMOH npO.UYKQHH, TeXHOJIOfHH ofipafiOTKH nw~eBbJX npO.UYKTOB. 

06beMbl. Ofipa3yiO~HXC51 OTXO,UOB HenOCT051HHbl H 3aBHCRT OT Ce30H

IIbiX o6beMOB nepepa6onrn npo.uyKToB. OpraHH'IeCKa51 npwpo.ua nH~e

BbiX npO.UYKTOB, nO.UBep)J(eHHhJX fHHeHHIO, npe.UCTaBJI51eT onaCHOCTb 

pa3MHO)J(eHH51 HaceKOMbiX H fiOJie3HeTBOpHbJX MHKpOfiOB, n03TOMY 

TpefiyeT cneQHaJibHbiX Mep 3a~HTbl OT HHX. 
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IJpeJJ.npiDITIDI JierKOH npOMbiiiiJieHHOCTH c6paCbl8aJOT 8 OTKpbiTbie 8Q

)J.OeMbl 6onee 13 8 MJIH. M
3 

3arpJI3HeHHbiX CTQqHbiX 80)1., KOTOpbie CO

J].ep)KaT 838erneHHbie 8emeCTBa, cynb$aTbi, xnopHJJ.bi, coeJJ.HHeHHJI 

<Poc<Popa H a30Ta, HHTPaTbi, no8epXHOCTHO-aKTH8Hbie 8emecTBa, )KeJie-

30, Me)J.b, I.UfHK, HHKeJib, XpOM; C8HHeu:, $Top H JJ.pyrHe 8emeCT8a. 

Ilpe)J.npHJITIDI JierKOH npOMbiiiiJieHHOCTH 8bi6paCbl8aJOT 8 aTMO

c$epy C8biiiie 56 TbiC. T 8peJJ.HbiX 8emecT8. 

OcJ;I08HbiMH HCTOqHHKaMH 3arpJI3HeHHJI aTMoc$epbi 8 mpacnH 

JI8JUIIOTCJI 3JieKTPOJIH3Hbie 8aHHbi, MeCTa 3arpy3KH, norpy3KH H nepe

CbinKH CbipbJI, JJ.p06HJibHQ-MeJibHHqHoe o6opyJJ.08aHHe, CMeCHTeJIH, cy

IIIHJibHble 6apa6aHbi, TPenanbHbie arperaTbi, IIIJIH$08aJibHbie CTaHKH, 

npJIJJ.HJibHbie H qecanbHbie MaiiiHHbi, o6opyJJ.o8aHHe JJ.JIJI oKpacKH H3JJ.e

JIHH, 6apa6aHbl )J.JIJI cneU:HaJibHOH o6pa6oTKH nyiiiHO-MeX08biX 3arOT0-

80K H H3)J.eJIHH. 

B 8biOpocax npeJJ.npiDITHH nencoH npOMbiiiiJieHHOCTH npHCYTCT-

8YIOT cepHHCTbiH aHrHJJ.pHJJ., OKCH.)J. yrnepOJJ.a, TBep)J.bie 8emeCTBa, OKCH

LJ;bl a30Ta, 6eH3HH, 3THJiaU:eTaT, 6YTHJiaU:eTaT, aMMHaK, au:eToH, 6eH30JI, 

TOJIYOJI, cep080JJ.OpOJJ., OKCH.)J. (V) 8aHaLJ;HJI H JJ.pyrHe 8emecTBa. 

J(epeBoo6pa6ambl6010UfaJI u qe!lll10fl03Ho-6yMa:»cHaJl ompaCllu 
npoMblUUleHHocmu JI8JIJIIOTCJI OJJ.HHMH H3 caMbix 80JJ.OeMKHX OTPacneu 

3KOHOMHKH. C6poc 3arpJI3HeHHbiX CTOqHbiX 80JJ. 3TOH mpaCJibiO COCTaBHJI 

8 1997 r. 6onee I ,3 MllpJJ.. M
3 

8 roJJ.. HaH6onee KpynHbiMH 3arpJI3HHTe

JIJIMH no8epXHoCTHbiX 80JJ.OeM08 JI8HJIHCb KOTnaccKHH l(EK (203,3 MJIH. 

M
3
), BpaTCKHH JIIIK (151,5 MJIH. M\ ApxaHreJibCKHH l(EK (116 MJIH. 

M
3
). 3arpJI3HeHHbie CTOqHbie 80)J.bl npe)J.npiDITHH OTpaCJIH xapaKTepH-

3YfOTCJI HaJinqHeM 8 HHX TaKHX 8peJJ.HbiX 8emeCTB, KaK CYJib$aTbi, XJIO

pHJJ.bl, He$TenpOJJ.YKTbi, $eHOJibi, $opMaJib)J.erH.)J., MeTaHOJI, $yp$ypoJI, 

JJ.HMeTHJICYJib$HJJ., CKHnHJJ.ap. 

IlpeJJ.nPHJITHJIMH 3TOH OTPaCJIH 8bi6porneHo 8 aTMoc$epy 8 1997 r. 
6onee 383 TbiC. T 8peJJ.HbiX 8emecT8. HaH6onee xapaKTepHbiMH 3arpJI3-

HJIIOmHMH 8emecTBaMH, 8bi6paCbi8aeMbiMH 8 aTMOC$epy npeJJ.npH

JITHJIMH )J.aHHOH OTpaCJIH, JIBJUIIOTCJI OKCH.)J. yrnepOJJ.a, cepHHCTbiH aH

rHJJ.pHJJ., OKCH)J.bla30Ta,TOJIYOJI,Cep080JJ.OpOJJ.,aQeTOH, KCHJIOJI, 6YTHJia

U:eTaT, 3THJiaU:eTaT, MeTHJIMepKamaH, $opMaJibJJ.erHJJ. H JJ.p. 

B 6yMa)KHOH npOMbiiiiJieHHOCTH o6pa3YfOTCJI OTXOJJ.bl CaMOH 6y

MarH; IIIJiaM, nbiJib, MeTaJIJibi H JJ.pyrHe 8emecTBa. 

54 



r A a 6 a 2. OmxoiJbl - ucmoltHUK BmopultHbiX MamepuaAbHbiX pecypC06 

2.3. llacnopmU30U,UR U 1lflOHUp060HUe c6opa OfnX0006 
Ha npeonptmmuu 

B u:eilliX noBbiiiieHIDI 3Q>Q>eKTHBHOCTH wcnoJib30BaHIDI BTOpWIHbiX 

MaTepHaJibHbiX pecypCOB Ha Ka)I(.UOM npe,UnpHSITHH ,UOJI.X<Ha fibiTb 

pa3pafioTaHa CHCTeMa Mep, OCHOBHbie npHHU:Hnbi KOTOpOH 3aKJIIO

'IaiOTCSI: 

t B BbiSIBJieHHH pecypCOB H nacnopTH3aU:HH BTOpH'IHOfO CblpbSI B 

COOTBeTCTBHH C npHHSITOH KJiaccHQ>HKau:weif; 

t B nnaHHpOBaHHH cfiopa H HCnOJib30BaHHSI BTOpH'IHOfO CblpbH; 

t B cfiope, y<teTe H nO,UfOTOBKe OTXO,UOB K YTHJIH3aU:HH; 

t B pa3pafiOTKe H OpfaHH3aiJ:HH B COOTBeTCTBHH C COBpeMeHHbiMH 

TeXHOJIOfiDIMH npou:ecCOB nepepafioTKH OTXO,UOB; 

t B peaJIH3aU:HH HeHCnOJib3yeMbiX y cefiH BTOpH'IHbiX MaTe

pHaJibHbiX pecypCOB ,UpyrHM nepepafiaTbiBa!OIIJ:HM HJIH 3afOTOBH

TeJibHbiM opraHH3aU:IDIM. 

IlpH nacnopTH3aU:HH OTXO,UOB HeofiXO.UHMO OTpruKaTb noKa3aTeJIH, 

KapaKTepH3YIOiu:He OfibeMbl OTXO.UOB, HX Q>H3H'IeCKOe COCTOSIHHe, 

TOKCH'IHOCTb, no)l(apoonacHOCTb, TeXHOJIOfH'IeCKYIO onepau:HIO, npH 

llbinOJIHeHHH KOTOpOH OHH o6pa3y!OTCSI, B03MO)I(HOe HanpaBJieHHe 

YTIUIH3au:ww w T . .u. 

B ocHoBe nnaHwpoBaHIDI c6opa H wcnoJib3oBaHHH BMP Jie)l(JfT 

nopMupoBaHue. OcHOBHbiM MeTO.UOM pa3pa6oTKH HOpMaTHBOB HBJIHeTcH 

paC<JeTHO-aHaJIHTH'IeCKHH MeTO.U, KOTOpbiH npe,aycMaTpHBaeT pac<JeT 

llOpMaTHBOB B COOTBeTCTBHH C HOpMaMH TeXHOJIOfH'IeCKHX noTepb, 

ycTaHosneHHbiMH TexHonorw<teCKHM pernaMeHTOM. HopMaTHB c6opa 

II'I'OpH'IHOfO MaTepHaJibHOfO pecypca (fico) onpe,UeJISIIOT KaK <JaCTb OT 

ncero o6beMa nepepa6aTbiBaeMoro cbipba HJIH MaTepwanos: 

Hc6 = (PBl + ps2)/IJI' (2.1) 
I'J(C P81 - KOJIH'IeCTBO BTOpH<tHoro CbipbH, o6pa3oBaBIIIerocH npw 

11pOH3BO,UCTBe ,UaHHOfO BH,Ua npO.UYKU:HH, nO,UJie)l(amee HCnOJib30-

IUIIIHIO Ha csoeM npe.unpHHTHH (6e3 .uenoBhiX oTxo.uos); P82 - KOJIH

'ICCTBO BTOpH'IHOfO CblpbSI, nepe,aasaeMOfO B ,UpyrHe opraHH3aU:HH 

ilJHI ero HCnOJib30BaHHH; Jl1 - KOJIH'IeCTBO CblpbSI, npH nepepafiOTKe 

1\0TOporo o6pa3y!OTCSI OTXO,Ubl ,UaHHOfO BH,Ua. 

Ecnw KOJIH'IeCTBO nepepafioTaHHoro CbipbH Il1 onpe.uenHTb KaK 

II 'i · H ~, r.ue II ~ - o6beM npo,ayKU:HH, npw npoH3BO.UCTBe 
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KOTOpOH o6pa3ylOTCH OTXOAbi AaHHoro BM.ll.a; H n - HOpMa paCXOAa 
p 

nepBlfqHoro CblpbH Ha eAHHHU:Y npOAYKI.t:HH, TO ypaBHeHHe .li,JUI pacqeTa 

Hc6 6yAeT HMeTb BM.ll.: 

Hc6 = (P.1 + P.2)/(Il ~ · H; ) (2.2) 
HopMaTHB c6opa .li,JUI OTXOAOB norpe6JieHHH onpeAeJIHeTcH c HC

noJib30BaHHeM ypaBHeHHH (2.3): 

H = P /II (2.3) c6 83 nor 

rAe P., - KOJIHqecTBO BTOpHqHoro CblpbH, no.ll.Jie)!(amero c6opy npH 

aMopTH3aU:HH HCllOJib30BaHHbiX H3AeJIHif; IJnoT - KOJIHqecTBO 

MaTepHaJIOB B COCTaBe H3AeJIHH, BbiiiieAIIIHX 113 3KCllJiyaTar.t:HH. 

HopMaTHB HCnoJib3oBaHHH BTopHqHoro CblpbH (HH) onpeAeJIHIOT 

KaK KOJIJfqecTBO BTOplfqHoro CblpbH, KOTOpbiM MO)!(HO 3aMeHHTb qacTb 

nepBHqHoro CblpbH npH H3rOTOBJieHHH onpeAeJieHHoro o6"beMa KOHK

peTHOro BM.ll.a npOAyKU:HH: 

(2.4) 

rAe H" 1P - HopMa pacxoAa nepBHqHoro CbipbH, HcnoJib3yeMoro 

COBMeCTHO C BTOplfqHbiM CblpbeM; paw - o6oeM BTOplfqHoro CblpbH, 

nocTynHBIIIero Ha npeAnpHHTHe H no.ll.Jie)!(amero HcnoJib30BaHHIO npH 

npOH3BOACTBe AaHHoro BM.ll.a npOAYKI.t:HH; IJn - o6"beM AaHHoro BM.ll.a 

npOAyKU:HH, npH npOH3BOACTBe KOTOpOH HCllOJib3yeTCH BTOplfqHoe 

Cblpbe AaHHoro BM.ll.a; H• - HOpMa paCXOAa BTOplfqHoro CblpbH, HC-
P 

llOJib3yeMoro COBMeCTHO C nepBHqHbiM CblpbeM, B npOH3BOACTBe AaH-

Horo BM.ll.a npOAYKI.t:HH; A, - Ko3<f><f>Hr.t:HeHT B3aHMo3aMeHHeMocTH, 

xapaKTepH3ylOI.U;HH KOJIJfqecTBeHHOe COOTHOIIIeHHe ll0Tpe6HOCTH B 

nepBHqHOM If BTOplfqHOM Cblpbe npH npOH3BOACTBe eAHHHU:bi OAHOH 

H Tow )!(e npOAYKU:HH. 

Ko3<f><f>Hr.t:HeHTbi B3aHM03aMeHHeMocTH paccqHTbiBaiOT npHMe

HHTeJibHo K oco6eHHOCTHM npoH3BOACTBa Ha AaHHOM npeAnpHHTHH 

no <f>opMYJie: 

(2.5) 

rAe 3n - HOpMa paCXOAa nepBHqHoro CblpbH Ha npOH3BOACTBO eAHHHU:bi 

AaHHoro BM.ll.a llPOAYKU:HH; 3
0 

- HOpMa paCXOAa BTOplfqHoro CbipMI Ha 

npOH3BOACTBO eAHHHU:bi AaHHOro BM.ll.a npOAYKU:HH. 

flpaBHJibHbiH yqeT H HOpMHpOBaHHe o6pa30BaHHH, a TaK)!(e c6opa 

OTXOAOB Ha npeAnpHHTHH cnoco6CTBYIOT par.t:HOHaJibHOMY HCllOJib-
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30BaHIUO MaTepl-la.JibHbiX pecypCOB, YfH.1Uf3a.IJ;:I-Uf o6pa3YJOI.I.J;HXCH OTXO.lJ.OB 

11 CHIDKaiOT ce6ecToHMOCTb npo.ll.)'KI..I:HH. 

2. 4. Pecypcoc6epezarol,l{ue mexnoAozultecKue npol{eccbt 

HecMoTp51 Ha KoJiocca.JibHbie 3aTpaTbi, nporpeccHBHoe 3aKoHO.ll.a

TeJibCTBO 1-f 6oJiblliYIO BOCnHTaTeJibHYIO pa6oTy cpe.lJ.l-1 HaCeJieHl-151, 

HanpaBJieHHble Ha 3am;HTy OKpyxaiOm;eif Cpe.lJ.bl OT Bpe.lJ.HbiX Bbi6pOCOB 

11 OTXO.lJ.OB npOH3BO.ll.CTBa 1-f noTpe6JieHH51, l-f3MeHHTb CHTyaU:l-110 B MHpe, 

COXpaH5151 npe)!(Hl-fe npHHU:l-fnbi X0351HCTBOBaHH51 1-f noCTpoeHl-151 

TexHoJiorHqecKHx npou:eccoB, He Y.ll.aeTC51. Cpe.ll.Hero.ll.OBOH ym;ep6 B 

PoccHH oT 3arp513HeHH51 oKpy)!(aiOm;eif cpe.ll.bl ou:eHHBaeTC51 cne-

111-fa.JIHCTaMH B CYMMY 150 TpJIH. py6. B CiliA oH cocraBJI51eT 3-5 % 
Ba.JioBoro HaU:HOHa.JibHoro npO.lJ.YKTa. BMecTe c TeM 1-1 oTeqecTBeHHbiH, 

11 3apy6e)!(HbiH onbiT y6e)!(.lJ.aiOT: CBOeBpeMeHHbie 1-fHBeCTI-fU:l-fl-f B 

npHpo.ll.ooxpaHHyiO .ll.e51TeJI&HoCTb oKa3biBaiOTC51 B HecKoJI&Ko pa3 

MeHbllle TeX cpe.ll.CTB, KOTOpbie TpaTHT o6m;eCTBO Ha BOCnOJIHeHHe 

l!aHeCeHHOro ym;ep6a (eCJII-f OH B006m;e MO)!(eT 6biTb BOCnOJIHeH). 

KanHTa.JibHbie BJIO)!(eHl-151 Ha 3TH u:enH, no HeKoTopbiM ou:eHKaM, 

OKYnaiOTC51 B 1,3 pa3a 6biCTpee, qeM B u:eJIOM no HapO.lJ.HOMY X0351HCTBy. 

CpoK OKYnaeMOCTH Ma.JIOOTXO.lJ.HbiX pecypcoc6eperaiOm;Hx TexHoJiorHif 

B CiliA cocTaBJI51eT OT ro.ll.a .lJ.O 5 neT. 

Hapo.ll.HOe X0351HCTBO PoccHH e)!(ecyToqHo noTpe6JI51eT MaTe

p11a.JibHbiX pecypCOB npHMepHO Ha 5 TpJIH. py6. B CTOHMOCTI-f Ba.JIOBoro 

o6m;eCTBeHHoro npO.ll.YKTa MaTepHa.JibHbie 3aTpaTbl COCTaBJI5110T OKOJIO 

60 %, a B o6m;HX 3aTpaTaX npOMbllliJieHHOCTI-f Cblpbe, MaTepHa.Jibl, 

TOnJIHBO 1-f 3HeprH51 - 75 %. 
J1cqepnaHHe 1-1 HCTom;eHHe npe)!(Heif pecypcHoif 6a3bi BbiH~aiOT 

yBeJIHql-fBaTb 3aTpaTbi Ha .ll.06&Iqy nepBHqHoro Cbipb51. EcJIH B 60-x 

ro.ll.ax npHMeHMH PY.ll.bl c CO.lJ.ep)!(aHHeM )!(eJie3a 55-58 %, TO B 

nacTo51m;ee BpeM51 HcnoJib3YIOT PY.ll.hi c CO.lJ.ep)!(aHHeM )!(eJie3a 30 %. 
Cpe.ll.HAA 30JibHOCTb yrneif, .ll.06biBaBIIIHXC51 B 70-x ro.ll.ax, cocTaBJI51Jia 

22 %, a ceifqac npH6JIH)!(aeTC51 K 30 %. Ha 3KH6acTy3cKoif fP3C 

HcnoJib3YIOT yron& c 30JibHOCTblO .ll.O 55 %. YBeJII-fqeHHe o6'beMoB .ll.06bNH 

IIOJie3HbiX 1-fCKonaeMbiX 1-f CMem;eHHe CblpbeBOH 6a3bl rop

IIO.ll.06biBaiOm;HX npoH3BO.ll.CTB B Y.ll.a.JieHH&Ie paifoHbi c 3KCTpe

MaJI&HbiMH KJIHMaTHqecKHMH ycnoBH51MH BbiHy)!(.lJ.aiOT ocym;ecTBAATb 

JI06biqy C 6oJibllll-fX rny6HH 1-f 1-13 MeHee 6oraTbiX MeCTOpO)!(.lJ.eHHH 1-f 

Ha>Ke 1-13 OTBa.JIOB npe)!(HHX neT. BoBJieqeHHe B nepepa6oTKy "Tom;Hx" 
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PY.ll. 11 MI1Heparroa yaeJiwmaaeT KOJIH'ieCTBo o6pa3YJOW:11XCH oTXO.lJ.OB. 

Ilo3TOMY COKpaw:eH11e paCXO.ll.a pecypCOB .ll.aeT 3KOHOMI1'leCK11H 

11 3KOJIOfl1'leCKI1H 3<P<PeKTbi. 3Ha'li1TeJibHbi pe3epBbi pecyp

coc6epe)!(eH11H Tip11 KOMTIJieKCHOH nepepa60TKe CbipbH 11 11CTIOJib30-

BaH1111 OTXO.ll.OB. 3HeproeMKOCTb TipOI13BO.lJ.CTBa a.JIIOMI1HI1H 113 BTO

p11'lHOfO Cbiphll B 20 pa3 Hl1)!(e, 'leM 113 nepBI1'1HOfO, a CTa.JII1 - B 10 
pa3. B He<PTenepepa6oTKe Bbi6pocbi H113KonoTeHI.J;I1a.JibHoro TenJia 

COCTaBJIHIOT .lJ.O 80 % paCXO.lJ.yeMOH 3Heprl111, a B TeTIJI03HepreT11Ke -

.ll.O 50-70 %. Cyw:ecTsyeT TecHM B3ai1MOCBH3b Me)!(.lJ.y 3KOHOMI1eif 

3Heprl111 11 3arpH3HeH11eM OKp~aiOw:eif cpe.lJ.bi, TI03TOMY CHI1)!(eH11e 

3HeproeMKOCTI1, TaK )!(e KaK 11 MaTep11a.JIOeMKOCTI1 TipO.ll.YKU:1111, .ll.aeT 

OW:YT11MbiH 3KOJIOrH'leCKI1H 3<P<PeKT. 

B X03HHCTBeHHOM u;m<Jie ".ll.o6&rqa-o6pa6oTKa-noTpe6JieHI1e

YTI1JII13au;11H" BOCTIOJIHeHI1e TIOTepb 113 Hero B OCHOBHOM ocyru;eCTBJIH

eTCH 3a C'leT B3HTbiX y Tip11pO.lJ.bi nepB11'1HbiX MaTep11aJibHbiX 

pecypcos, T. e . .lJ.06biTbiX BHOBb. B HacToHru;ee speMH np11 npo113BO.lJ.CTBe 

CTa.JII1 BTOp11'1Hbie MaTep11a.JibHbie pecypcbi COCTaBJIHIOT 30 %, a Tip11 

npo113BO.lJ.CTBe 6yMarl1- 25 %, u;seTHbiX MeTa.JIJIOB- 20 %. B To )!(e 

BpeMH KaTII1Ta.JlbHbie BJIO)!(eH11H, Heo6XO.lJ.I1Mbie .lJ.JIH nepepa60TKI1 

BTOp11'1HOfO CbipbH, Tip11MepHO B 4 pa3a MeHbiiie, 'leM .ll.JIH TIOJiyqeH11H 

nepB11'1Horo c&rpbH. 

QqeBH.ll.HO, 'ITO Heo6XO.lJ.I1MO BKJia.lJ.biBaTb Cpe.lJ.CTBa B TeXHOJIOfl1-

qecKHe npou;ecc&r, c6epera10ru;11e c&rp&es&re 11 3HepreTH'iecKHe pecypc&r 

11 BMeCTe C TeM o6ecne'li1Ba10W:11e BbiCOKOe Ka'leCTBO TipO.ll.YKI.J;I111. 

Pecypcoc6epezmout,OJl mexHoJloZUR - TaKM opraHI13au;HH npo113BO.ll.

CTBa, np11 KOTOpOH OTXO.lJ.bi CBe.lJ.eHbi K MI1H11MYMY 11 nepepa6aTbiBalOTCH 

s pearr&H&re BTop11'1Hbre MaTep11a.JibH&re pecypc&r. Ilp11 pecypcoc6e

peraiOw:eif TeXHOJIOfl111 npe.ll.TIOJiaraeTCH C03.lJ.aHI1e OTITI1Ma.JlbHbiX 

TeXHOJIOfl1'leCKHX CXeM C 3aMKHYTbiM MaTep11a.JibHbiM 11 3HepreTI1'leC

KI1M noToKaMI1. O.ll.HaKo ew:e He .ll.JIH scex npo113BO.ll.CTB pa3pa6oTaHbi 

TipOMbilliJieHHbie TeXHOJIOfl111 pai.J;I10Ha.JlbHOfO 11CTIOJib30BaHI1H pecyp

COB, He C03.lJ.aHbi 3KOHOMI1'leCKI1e 11 10p11.lJ.I1'leCKI1e Tipe.ll.TIOCbiJIKI1 

.ll.JIH 3Toro. TaKaH 3a.lJ.aqa .ll.OJI)!(Ha 11 6y.ll.eT perrreHa TeM noKoJieHI1eM, 

KOTopoe cefO.lJ.HH BCTynaeT B pea.JibHYIO X03HHCTBeHHYIO .ll.eHTeJib

HOCTb. A.irbTepHaTI1Bbi TaKoMy TIO.lJ.XO.lJ.Y, KaK Mbi Bl1.lJ.eJII1, cefO.lJ.HH 

y)!(e HeT. 

Pecypcoc6epezmow,ue mexHoJlozuu no360ILRJOm: 
1. CH11311Tb 11JII1 npe.lJ.OTBpaTI1Tb pa3Mep yw:ep6a, HaHoCI1Moro 

oKpy)!(aiOw:eif cpe.ll.e B&r6pocoM OTXO.lJ.OB. Hanp11Mep, yTI1JII13ai.J;I1H 
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)KI1.lJ.K11X 11 T8ep.lJ.biX XJIOpCO.lJ.ep)!(aW:11X OTXO.lJ.08 MeTa.JIJiyprl1qecKOH 

11Cpepa60TK11 TI1TaHCO.lJ.ep)!(aW:I1X KOHUeHTpaT08 ll0380JIHeT Ha 45 % 
CIIH311Tb 8bi6poc XJIOpa 8 OKp~alOW:YIO cpe.lJ.y. 

2. YMeHbiiii1Tb TIJIOW:a.ll.11 JeMeJib, JaHHTbiX OT8a.JiaMI1, HaKoni1-

TeJIHMI1, C8a.JIKaMI1 OTXO.lJ.08. 

3. YMeHbiiii1Tb 3arpmHeHI1e oKp~aiOmeif cpe.lJ.bi oT nepepa6oTKI1 

11ep811qHoro CblpbH, "KoMneHCI1pYIOW:ero" Hei1CllOJib308aHI1e 8TO

pHqHbiX MaTep11a.JibHbiX pecypC08, CO.lJ.ep)!GlW:I1XCH 8 OTXO.lJ.aX, a TaK)!(e 

TCnJia, CO.lJ.ep)!Glw:erocH 8o 8Topl1qHbiX 3HeprernqecKMx pecypcax (B3P). 
TaK, yJia8JII18aH11e 11 yTI1JII1Jau11H .ll.I10KCI1.ll.a cepbi Ha pa3JII1qHbiX 

MeTa.JIJiyprnqecKMX 11 X11MM'IeCKMX npe.lJ.llpiDITHHX He TOJibKO YMeHbiiiaeT 

'1UrpH3HeHI1e OKp~aiOrn:eif cpe.lJ.bl cepoCO.lJ.ep)!(aW:I1MI1 ra3aMI1, HO np11 

'lTOM ll0380JIHeT COKpaTI1Tb .lJ.06bi'IY cepbi. 

QqeHb 8a)!(Ha MaKc11Ma.JibHo noJIHaH YT11JII1JauiDI noJII1MepHbiX 

OTXO.lJ.08, llOCKOJibKY OHa .ll.aeT 803MO)!(HOCTb He TOJibKO yMeHbllii1Tb 

paCXO.lJ. He«i>TI1 11 raJa Ha HX C11HTe3, HO 11 CHI1)!(aeT HarpyJKy Ha 

OKp~aiOW:YIO cpe.ll.y, TaK KaK 8 aTMoc«t>epHbiX YCJI0811HX llOJII1Mepbi 

p<13JiaraiOTCH oqeHb Me.ll.JieHHO. 

4. CH11311Tb TepMI1qecKoe 3arpH3HeHI1e oKp~aiOmeif cpe.ll.bi (8 

cJiyqae 11CnoJib3o8aH11H B3P). 
5. CoKpaTHTb 8hi6pocbi 8 oKp~aiOW:YIO cpe.ll.y np11 npoi1380.lJ.CT8e 

llpO.lJ.yKUI111 113 8TOpl1qHbiX pecypC08 no cpa8HeHI110 C nep811qHbiM 

l.'.l.lpbeM (3a cqeT 11CKJIIOqeHIDI 113 TeXHOJIOfl1qecKOH uenoqKI1 pMa 

IIICHbe8). flp11 nepeTIJiase 1 T MeTa.JIJIOJIOMa 3arpH3HeHI1e aTMoc«t>epHoro 

1103.lJ.yxa YMeHbiiiaeTCH Ha 86 %, 11CllOJib308aH11e 80.lJ.bl - Ha 76 %, 
o6beM T8ep.lJ.biX OTXO.lJ.08 COKparn:aeTCH Ha 57 %; np11 npOI1380.lJ.CT8e 

1\llpTOHa 11JII1 6yMar11 113 MaKyJiaTypbi 3arpH3HeHI1e aTMoc«t>epbi 

VMeHbiiiaeTCH Ha 37 %, 80.lJ.bl - Ha 25-44 %. 
6. CoKparnTh KOJII1qecT80 TOTIJII18a, C)!(l1raeMoro Ha 3JieKTpo

l"I'HHUHHX, 8 KOTeJibHbiX, 8 npOMbiiiiJieHHbiX neqax, 11 COOT8eTCT8eHHO 

VMeHbllii1Tb o6beMbi 3arpH3HeHI1H, C8H3aHHbiX KaK C npO.lJ.YKTaMI1 

I"I'OpaHIDI C3KOHOMJieHHOfO 3KBI18a.JieHTHOfO KOJII1qeCT8a TOllJII18a, TaK 

II C ero .lJ.06bNeif, llO.lJ.fOT08KOH 11 TpaHCllOpTI1p08KOH. 

llil1pOKOe npi1MeHeHI1e 80 8CeX OTpaCJIHX HapO.lJ.HOfO X03HHCT8a 

pt~Cypcoc6eperalOW:I1X TeXHOJIOf11H .lJ.OJI)!(HO CTaTb peiiiaiOW:11M «i>aK

ItlpOM yJiyqiiieH11H npl1pO.lJ.OOXpaHHOH .lJ.eHTeJibHOCTI1, o6ecneq118aH 

MIIKCHMa.JlbHO 803MO)!(HOe npe.lJ.OT8parn:eHI1e 3KOJIOfl1qecKOfO yw:ep6a. 

J'c•cypcoc6eperaiOW:I1e TeXHOJIOfl111, oKynaHCb 8 KOpOTK11H CpOK, 

t IC)ccneql18aiOT Ha116oJibiiii1H 8biXO.lJ. KoHeqHoro npo.lJ.yKTa 8 pacqeTe 

59 



llepepa6omKa npoMbiUIAeHHblX omxoiJoB 

Ha e.lJ.HHHI.JS HCXO.lJ.HOfO CblpbH, a yqHTbiBaH BbiCOKylO CTeneHb 

aBTOMaTH3aiiHH TaKHX TeXHOJIOfHqeCKHX npOIIeCCOB, - If B pacqeTe Ha 

e.ll.HHHIIY TpY.lJ.03aTpaT. 

HecMoTpH Ha To, qTo HaH6oJiee npO.lJ.YKTHBHbiM cnoco6oM 

3aLII.HTbl OKpy)!(aiOLII.eH cpe.lJ.bl HBJIHeTCH C03.lJ.aHHe HOBbiX pecypco

c6eperalOLII.HX TeXHOJIOfHH, CTapbie TeXHOJIOrHH TaK)!(e HMelOT 3Ha

qHTeJibHble pe3epBbl 3KOHOMHH npHpO.lJ.HbiX pecypCOB, KOTOpbie 

3aKJIIOqalOTCH: 

• B 3aMeHe HCXO.lJ.HOfO CblpbH Ha 6oJiee COBeprueHHOe, KOTOpoe 

.ll.aeT MeHbllie OTXO.lJ.OB, He H3MeHAA KaqecTBO KOHeqHoro npO.lJ.YKTa. 

HanpHMep, npHMeHeHHe s oKpacoqHoM npoH3BO.lJ.CTBe BO.lJ.Opa36as

JIHeMbiX KpaCOK B3aMeH KpacOK Ha OCHOBe opraHHqeCKHX paCTBO

pHTeJieti:; 

• B H3MeHeHHH KOHeqHoro npO.lJ.YKTa 6e3 yxy.ll.rneHHH ero 

norpe6HTeJibCKHX csoti:CTB. HanpHMep, npHMeHeHHe .ll.JIH H3roToBJieHHH 

JIHllKHX annJIHKaiiHH 6YMa)!(HOH OCHOBbl BMeCTO llOJIHMepHOH, CO

.ll.ep)!(aLII.eH B CBOeM COCTaBe TOKCHqHble npO.lJ.YKTbi; 

• B H3MeHeHHH TeXHOJIOflfqecKOfO npoiieCca H3fOTOBJieHHH 

npo.lJ.YKTa.TaK, opraHHJaiiHH HenpepbiBHoti: pa6oTbi o6opy.lJ.OBaHHH BJaMeH 

nepHO.lJ.lfqecKOH pe3KO COKpamaeT OTXO.lJ.bl H Bbi6poCbl B aTMOC«i>epy 

B npo11ecce nepe3arpy3KH o6opy.lJ.OBaHHH H TpaHcnopTHposKH 

npoMe~oqHbiX npO.ll.YKTOB; 

• B ycosepllieHCTBOBaHHH o6opy.lJ.OBaHHH, HanpHMep npHMeHeHHH 

6oJiee coseprneHHbiX cHcTeM c6opa H oqHcTKH cMa3biBaiOme

OXJia)!(.ll.aiOLII.HX )!(lf.lJ.KOCTeH, npHMeHeHHH 3BM, ll03BOJIHIOLII.HX HaH-

6oJiee paiiHOHaJibHO paCKpaHBaTb H Bbipy6aTb .ll.eTaJIH 113 JIHCTOBbiX H 

pyJIOHHbiX MaTepHaJIOB; 

• B ycoseprueHCTBOBaHHH 3KCllJiyaTalllflf If o6cJiy)!(HBaHHH o6o

PY.ll.OBaHHH, o6ecneqHsaiOmeM yMeHbllieHHe KOJIHqecTBa OTXO.lJ.OB, 

B T. q_ 6paKa, HanpHMep csoespeMeHHoti: JaToqKe HHCTpyMeHTa, opra

HH3aiiHH llJiaHOBO- npe.ll.ynpe.lJ.HTeJibHOfO peMOHTa, HCKJIIOqalOLII.ero 

llOJIOMKY o6opy.ll.OBaHHH If asapHHHbie Bbi6poCbl pa6oqHX Cpe.lJ.. 

Bo scex cJiyqaHx TaKoti: llO.lJ.XO.lJ., npH KOTopoM HCKJIIOqaiOTCH 

HJIH yMeHbllialOTCH OTXO.lJ.bl npoH3BO.lJ.CTBa, .lJ.OJI)!(eH 6biTb npH

opHTeTHbiM no cpasHeHHIO C TeXHHqecKOH llOJIHTHKOH, HanpaB

JieHHOH Ha nepepa6oTKy, o6e3Bpe)!(HBaHHe HJIH JaxopoHeHHe 

OTXO.lJ.OB. fosopH 0 npHOpHTeTaX B .lJ.eJie oxpaHbl OKpy)!(alOLII.eH cpe.ll.bl 

OT OTXO.lJ.OB, CJie.ll.yeT pacnoJIO)!(lfTb pa3JilfqHbie CllOC06bi HX 

JIHKBH.lJ.aiiHH B CJie.ll.YIOLII.HH pH.lJ.: 
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--} npe.UOTBpar_u:eHHe IUIH COKpar_u:eHHe 3arpH3HeHHH B HCTOqHHKe 

HX o6pa3oB.<lHHH; ' 

--} HCnOJib30BaHHe OTXO.UOB npOH3BO.UCTBa; 

--} nepeso.u oTXo.uos s 6e3onacHoe .llJIH qeJioBeKa 11 npHpo.Ubi cocTo-

SJHHe; 

--} 3aXopoHeHHe OTXO.UOB B noJIHOCTblO 6e3onaCHbiX KOHTeifHepaX. 

KaK H3BeCTHO, Ba)I<Heifume HayqHo-TeXHHqecKHe perneHHSJ 

HaXO.USJTCSJ Ha CTbiKe HayK. Pa3pa6oTKa pecypcoc6eperaiOmHX TexHo

JIOfHH He SJBJISJeTCSJ s 3TOM CMbrCJie HCKJIIOqeHHeM. OoJimKHTeJibHbre 

pe3yJibTaTbl ( COKpar_u:eHHe o6'beMOB noTpe6JIHeMOfO CblpbH, KOMn

JleKCHOCTb ero nepepa60TKH, MaJIOOTXO.UHOCTb, 3KOJIQfHqHOCTb) JiefKO 

npocJie)I(HBaiOTCH Ha npHMepe pa3pa60TKH HOBeHWHX TeXHOJIOfHH .llJISI 

ropHO-XHMHqeCKOfO npOH3BO.UCTBa, OCHOBaHHbiX Ha XHMHqecKOH H 

XHMHK0-6HOJIOfHqeCKOH «i>opMaX .UBH)I(eHHSJ MaTepHH. 

OpHMepaMH HcnoJib30BaHHH XHMHqecKoif «t>opMbl MOryT cJiyxHTb 

MeTO.llbl o6orar_u:eHHSJ yrJISJ nHpOJIH30M (ClllA), XHMHqecKHe MeTO.llbl 

.U06brqH Me.UHbiX py.u, XHMHqecKHe MeTO.Ubl o6orar_u:eHHSJ, OCHOBaHHble 

Ha CHHTe3e KOHeqHoro npo.uyKTa (PoCCHSI); MeTO.U r_u:eJioqHoH o6pa-

6oTKH Top«t>os H 6ypbiX ymei.f C noJiyqeHHeM ryMaTa HaTpHSJ - «i>H3HO

JIOfHqecKH aKTHBHOfO CTHMyJISJTOpa pOCTa CeJibCKOX03HHCTBeHHbiX 

paCTeHHH (PoCCHH); MeTO.Ubl KHCJIOTHOH 3KCTpaKUHH 113 yrJIH «i>YJib

BOKHCJIOT (KHTaif). 3TH npHMepbl CBH.lleTeJibCTBYIOT 0 B03MO)I(HOCTH 

o6ecneqeHHSJ HOBbiX o6JiaCTeif npHMeHeHHSJ ropHOH npo.uyKUHH, qTo 

npe.UCTaBJISJeT co6oi.f O.UHO 113 3«l>«i>eKTHBHbiX HanpaBJieHHH HayqHO

TeXHHqecKOfO nporpecca. XHMHqecKHe TeXHOJIOfHH co3.uaiOT ocHosy 

JlJISI 6oJiee my6oKoro npeo6pa3oBaHHSJ ropHoro npOH3BO.UCTBa, qTo 

llpHBO.UHT K BOBJieqeHHIO B TeXHOJIOfHqeCKHe npoueCCbl, OCHOBaHHble 

11a XHMHqeCKOH «i>opMe, BCe HOBbiX, He CBH3aHHbiX C HHM paHee 

oTpaCJiei.f. 3Ta oco6eHHOCTb er.u:e Hpqe npoHBJIHeTCH no Mepe nepexo.ua 

K 6oJiee CJIO)I(HOH XHMHKo-6HOJIOfHqeCKOH «i>opMe, HBJIHIOr_u:ei.fCH 

ocHosoi.f er.u:e 6oJiee BbiCOKHX TexHoJiorHif. Bo3.lleifcTBHe npH 3TOM 

ocyr_u:eCTBJIHeTCH y)l(e He Ha MOJieKyJIHpHOM, KaK npH XHMHqeCKHX 

TeXHOJIOfHHX, a Ha cy6aTOMHOM yposHe. OpHMepaMH XHMHKo-

6HoJiomqecKHX TeXHOJIOfHH MOryT CJiyxHTb: 6aKTepHaJibHOe Bblme

JiaqHBaHHe MeTaJIJIOB 113 py.u C noJiyqeHHeM Me.UH, CBHHUa, UHHKa 

(ClllA); 6aKTepHaJibHOe H3BJieqeHHe ueHHbiX MeTaJIJIOB 113 CTOqHbiX 

BOA c noJiyqeHHeM ypaHa, xpoMa, ceJieHa, saHa.UHH, BOJib«l>paMa, 

MOJIH6.UeHa (ClllA); 6aKTepHaJibHOe BblmeJiaqHBaHHe opraHHqeCKOH 

11 HeopraHHqecKoif cepbr H3 KaMeHHoro ymH; 6HoJiorHqecKoe no-
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JiyqeHI1e ryMycoco.ll.ep)!(aW:11X cycneH311H 113 6yporo yrJIH nyTeM 

803.lJ.eHCTBI1H nOJII1KyJihTypoi.f (aCCOU:11aU:I1eH M11KpoopraHI13MOB), 

npe.lJ.CTaBJIHIOW:ee co6oi.f C03.lJ.aHI1e 11CKYCCTBeHHOH noqsbl (PoCCIDI); 

MeTO.lJ.bi 6aKTep11aJibHOH oqi1CTKI1 BO.ll. 11 noqs OT 3afpH3HeHI1H 

He<t>TenpO.ll.YKTaMI1 (BeJII1Ko6p11TaHIDI, PocciDI). 

flocJie.ll.OBaTeJibHOe BOBJieqeHI1e HOBbiX TeXHOJIOfi1H B ropHoe 

npo113BO.ll.CTBO noKa3biBaeT, qTo nepeXO.ll. OT O.ll.HOH <t>opMbi .lJ.BH)!(eHIDI 

MaTep1111, Jie)!(aW:eif B OCHOBe TeXHOJIOfl111, K .ll.pyroi.f u:eJiecoo6pa3eH 

s cJiyqae ee ycJIO)!(HeHI1H, qTo YKa3biBaeT Ha HanpasJieHIDI nol1cKa 

np11 nporH0311pOBaHI111. J1HTepeCHO TaK)!(e 11CnOJib30BaHI1e KOM-

611HaU:11H HeCKOJibKI1X <t>opM .ll.BI1)!(eHIDI MaTep1111 B O.lJ.HOH TeXHOJIOfl111. 

2. 5. KoMMeKcHoe ucnoAb30BaHue cblpbR u MamepuaJZoB 

8 yCJZ06WlX meppumopUGJlbHO-npOMbtUlJleHHbiX KOMn.fleKCOB 

J13 CaMOH np11pO.lJ.bi MI1HepaJibHOfO CbipbH 803HI1KaeT Heo6-

XO.lJ.I1MOCTb KOMnJieKCHOH ero nepepa6oTI<M. flo3TOMY MaKCI1MaJibHO 

noJIHOe 11CnOJib30BaHI1e CbipbH B03MO)!(HO TOJibKO np11 o6"be.lJ.I1HeHI111 B 

e.ll.I1Hyl0 CTpyKTypy HeCKOJibKMX nepepa6aTbiBalOW:I1X npe.ll.np11HT11H. 

CJie.lJ.oBaTeJihHo, .ll.Jl.SI pau:l1oHaJibHoro 11CnoJib3oBaHM.SI CbipheBhiX pecypcos 

HeOOXO.lJ.I1MO C03.lJ.aHI1e reppMTop11aJibHbiX Me)J<OTpaCJieBbiX np0113BO.lJ.CT

BeHHbiX o6oe.lJ.I1HeH11H, COCTO.SIW:MX H3 npe.ll.npM.SITI1H pa3HbiX OTpaCJieif. 

flp11 3TOM np011CXO.lJ.I1T COe.lJ.I1HeHI1e B e.lJ.I1HbiH KOMnJieKC npo

I13BO.lJ.CTB pa3HbiX OTpaCJiei.f npOMbilliJieHHOCTI1, npe.lJ.CTaBJIHIOW:I1X COOOH 

JII16o nocJie.ll.oBaTeJibHbie CTyneHI1 o6pa6oTKI1 CbipbH (Hanp11Mep, 

BblnJiaBKa qyryHa 113 PY.ll.hi 11 nepe.ll.eJIKa qyryHa B CTaJih, a .ll.aJiee, MO)!(eT 

6biTb, npOI13BO.lJ.CTBO TeX MJII1 11HbiX fOTOBbiX npO.lJ.YKTOB 113 CTaJI11), 

JII16o 11rpaiOW:I1X scnoMoraTeJibHYIO poJib no OTHOIIIeHI110 .ll.PYf K .lJ.pyry 

(Hanp11Mep, o6pa60TKa no6oqHbiX npO.lJ.YKTOB, np0113BO.ll.CTBO 

npe.ll.MeTOB ynaKOBKI1 11 T . .lJ..). 

Bonpoc o Heo6XO.ll.I1MOCTI1 KoM611H11posaHI1H s paMKax rpynnhr 

npe.lJ.np11HTI1if no.ll.HI1MaJII1 MHome 11CCJie.ll.OBaTeJII1. B 40-50-e ro.ll.bi 

H.H.KoJiocoBCKI1ii, pa6oTaH Ha.lJ. npo6JieMoif <t>opM11posaHI1H llp11-

6aifKaJibCKoro KOMnJieKCa, C.lJ.eJiaJI pH.ll. BbiBO.lJ.OB 11 npe.ll.JIO)!(eHI1H no 

11CnOJib30BaHI110 np11pO.lJ.HbiX pecypCOB, KOTOpbie CBH3aHbi C KOM-

611H11pOBaHI1eM npoi13BO.ll.CTB. KpaTKO 11x MO)!(HO oxapaKTepl13oBaTb 

CJie.ll.yiOW:I1M o6pa30M. 

1. feorpa4>11qecKaH rpynn11posKa npe.ll.npMHT11H B pO.lJ.CTBeHHbie 

TeXHOJiomqecme coqeTa.HMSI B npe.lJ.eJiax reppMTOpMH npoMbilliJieHHOH 30Hbi. 
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2. PacrroJio)J(eHHe rrpoMbilllJieHHbiX rrpe.LI.rrpmiTHH c yqeToM 

uarrpaBJieHHH .li.BH)J(eHHj( Cblpbj(, OTXO.li.OB H rro6oqHbiX IIpO.LI.YKTOB 

11pOH3BO.li.CTBa. 

3. TexHoJiorHqecKoe KoM6HHHposaHHe rrpoH3BO.li.CTBeHHbiX 

upou:eccos (3HepreTHqecKoe, Cblp&esoe 11 .LI.p.). 

4. 3KOHOMJ1qecKoe coqeTaHHe IIpOH3BO.li.CTB rryreM B3aHMHOfO 

JJ.OIIOJIHemrn rrpo.LI.YKTOB rrpoH3BO.li.CTBa. 

5. OpraHH3aU:IDI s Heo6xo.LI.HMbiX cJiyq<UIX o6umx 3HepreTHqecKMx, 

TpaHCIIOpTHbiX, COpTHpOBOqHbiX H pacrrpe.LI.eJIHTeJibHbiX CTaHU:HH. 

6. Co3.LI.aHHe o6mett .li.JUI scex rrpoH3BO.LI.CTB HH«l>pacTpyKTyp&I. 

KoMrrJieKcHoe HcrroJib30BaHHe HMeiOIUHXCH pecypcos rryTeM 

KOM6HHHpOBaHIDI pa3JIJ1qHbiX IIpOH3BO.li.CTB Il03BOJIHeT HCIIOJib30BaTb 

OTXO.ll.bl O.li.HOfO IIpOH3BO.li.CTBa B KaqecTBe HCXO.LI.HOfO CblpbH .LI.JIH 

;~pyroro. 

PemoHaJibHbiH IIO.li.XO.ll. K rrepepa6oTKe MaTepHaJibHbiX 11 3HepreTH

••ecKMx pecypcos crroco6cTsyeT coKpameHHIO rroTepb CbipbH, MaTe

pHanos, 3HeprHH, CHIDKaeT TpaHCIIOpTHbie paCXO.LI.bl H TpY.li.03aTpaTbl, 

paClllHpHeT accopTHMeHT IIpO.LI.YKU:HH, H3fOTaBJIHBaeMOH 113 HCIIOJib

'JyeMoro CbipbH. 

Co3.LI.aHHe s pemoHe KoM6HHHposaHHhiX rrpoH3BO.li.CTBeHHo

X03HHCTBeHHbiX CHCTeM, BKJIIOqaiOll.I,HX B ce6H rpyrrrry rrpe.LI.IIpHHTHH 

pa3JIHqHbiX OTpaCJieH IIpOMbill.I.JieHHOCTH, Bb13biBaeT Heo6XO.li.HMOCTb 

(lwpMHposaHHH o6mett TexHoJiorHqecKott u:errH. B 3TOM cJiyqae 

1103MO)I<Ha pa3pa60TKa perHOHaJibHOH TeXHOJIOrHH, KOTOpaH rrpe.LI.

<..:TaBJIHeT co6ott COBOKYIIHOCTb TeXHOJIOrHH OT.LI.eJibHbiX IIpOH3BO.li.CTB, 

pa3Mell.l,eHHbiX Ha .LI.aHHOH TeppHTOpHH H CBH3aHHbiX Me)I(J:{y co6ott 

'la,LI,aqetl MaKCHMaJibHOfO HCIIOJib30BaHIDI HCXO.li.HOfO CblpbH C HaH

MeHblllHMH 3aTpaTaMH. 

CospeMeHHaH rroJIHTHqecKaH CHTyaU:HH, rrpH KoTopott pemoHaM 

llpe.li.OCTaBJieHa 6oJiblllaH CaMOCTOHTeJibHOCTb, C03.LI.aeT 6JiaroiipHHTHbie 

llpe.LI.IIOCbiJIKM .li.JlH peaJIH3aiJ:HH TaKOH TeXHHqecKOH IIOJIHTHKH. 

2. 6. 3apy6e:JK:HblU onbtm pal{UOHa.JlbHOZO ucnOAb306GHWl 
emopultHbLX Mamepua.JlbHbLX pecypcoe 

TioHHMaH rpo3HUJ.YIO qeJioseqecKoMy coo6mecTBY orracHoCTb oT 

IIHKOIIJieHIDI OTXO.li.OB H HepaiJ:HOHaJibHOfO HCIIOJib30BaHHH CblpbeBbiX 

pccypcos, MHorHe CTpaHbi y.LI.eJIHIOT 3TOH rrpo6JieMe 3HaqHTeJI&Hoe 

IIIIHMaHHe, HCIIOJib3YH BCe 803MO)I(Hble cpe.LI.CTBa - 3KOHOMJ1qecKHe, 
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IOpH.LU:IqecKMe, BOCm:ITaTeJibHbie. 3TO ll03BOJII1JIO MHOrHM CTpaHaM }')Ke 

K cepe.U11He 80-x ro.uos .uocTI1qb 3Haqi1TeJihHbiX ycnexos B .ueJie 

nepepa60TKI1 OCHOBHbiX BH.llOB OTXO.UOB. B Ta6JI. 2.2 llOKa3aHbi ypoBHI1 

YT11JII13aU:1111 HeKOTOpbiX OTXO.UOB B pHJJ:e 3KOHOMI1qeCKI1 pa3BI1TbiX 

CTpaH. 

T a 6 JI H u a 2.2 
Ypo&em. yrHJIH3aiJ,IIH aJIIOMHHHH, creiUia H 6)'MaJ'II B ueKoropwx cTpauax, % 

CrpaHa MIOMHHHH 6}'Mara CTeKJio 

HH)lepnaH.ll.hi 40 46 53 
11TaJIH51 36 30 25 
fepMaHH51 34 40 39 
CiliA 28 27 10 
<l>paHUH51 25 34 26 
BenHK06pHTaHH51 23 29 12 
llise:HuapHH 21 43 46 
lllseum1 18 42 20 

B CiliA rocy.uapCTBeHHoe peryJI11posaHI1e KaK Ha <Pe.uepa.TibHOM, 

TaK H Ha WTaTHOM ypoBHHX HfpaeT BCe 6oJiee 3aMeTHYIO pOJib B 

CTI1MYJI11poBaHI111 llp0113BO.llCTBa BTOp11qHOfO Cblpb51 113 OTXO.UOB. 

E)l(ero.UHhie pacxo.ubi npaBI1TeJibCTBa 11 npe.unpH51TI1i1 CiliA Ha oqi1CTKY 

OT 3arpH3HeHI151 }')Ke npeBbiCI1JII1 90 MJip.U . .UOJIJiapoB, np11qeM 60 % 
3TOH CyMMbi pacxo.uyeTCH CaMI1MI1 npe.unp11HI1MaTeJIHMI1. 3TO 

06'bHCHHeTCH He CTOJibKO 11X BbiCOKI1M qyBCTBOM .UOJifa nepe.u o6-

u.t:eCTBOM 11 rpH.UYu.t:11MI1 llOKOJieHI1HMI1, CKOJibKO pea.TibHOH Heo6-

XO.UI1MOCTbiO, BbiTeKaiOu.t:ei1: 113 .uei:icTBYIOu.t:ero B CTpaHe 3aKOHO

.UaTeJibCTBa. llp11HHTbii1: B CiliA B 1976 r. 3aKoH o 6opb6e c TBep.ubiMI1 

OTXO.UaMI1 (C nonpaBKaMI1 1980 11 1984 rr.) op11eHT11pyeT Ha 

npo113BO.UCTBo 113 HI1X sn)p11qHbiX MaTep11arros. B CTpaHe .uei1:CTBYIOT 

CTaH.uapTbi no o6H3aTeJibHOMY MI1HI1Ma.JibHOMY CO.Uep)l(aHI110 BTO

p11qHoro CbipbH B ToBapHoi1: npo.uyKI..t:l111. B HaCToHmee speMH 113yqaeTCH 

pbiHOqHaH KOH'biOHKTYpa BTOp11qHbiX MaTep11a.TIOB, 3KOHOMI1qeCKI1e 11 

TeXHOJIOfHqecKMe 6apbepbi, npenHTCTBYIOu.t:11e 11X np11MeHeHI110, HOBbie 

o6JiaCTI1 11X 11CllOJib30BaHI1H 11 T.Jl. <l>e.uepaJibHOe npaBI1TeJibCTBO 

OTMeHI1JIO paHee cymeCTBOBaBWI1e .UI1CKp11MI1HaU:I10HHbie Tap11<PHbie 

CTaBKI1 Ha TpaHcnopT11pOBKY BTOpl1qHOfO·CbipbH, 113MeHI1JIO CI1CTeMy 

COpTHOCTI1 MaTep11a.TIOB, qTo6bi llOOu.t:pHTb 11Cll0Jib30BaHI1e BTOp11qHbiX 
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pccypco8, npHHIDIO perneHHe o6 onpe.ll.eJieHHOH .lJ.OJie 8TOpHqHoro 

~hlpbH npH JaKYITKe Menumo8 8 rocy.ll.apcT8eHHble Janacbl, npHHIDIO 

"I!IKOH 0 JanpeTe Ha JaXOpOHeHHe OTXO.lJ.08, npOH38e.ll.eHHbiX He Ha 

l"eppHTOpHH .lJ.aHHOfO lliTaTa. 

Erue 6oJiee aKTH8HO .ll.eHcT8YIOT npa8HTeJibCT8a HeKoTop&rx 

urraT08. B pH.ll.e rnTaT08 ycTaHo8JieHa nJiaTa Ja JaxopoHeHHe oTXO.lJ.08, 

11 peJyJI&TaTe qero y8eJIHqlfJIOCb noTpe6JieHHe 8TOpHqHoro c&rpbH. B 
IIITaTe H&IO-,U)!(epcH npHHHT JaKoHonpoeKT o 50%-Hoif HaJioro8oi:f 

1"K11.ll.Ke Ha npOH380.lJ.CT8eHHOe o6opy.lJ.08aHHe, Ha KOTOpOM npOH3-

IIOJ1.HTCH npO.ll.YKLI,HH, CO.ll.ep)!(aiUaH He MeHee 50 % 8TOplfqHbiX Ma-

1CpHaJI08. 

HaH6oJiee 8a)!(HbiM 3KOHOMHqecKHM CTHMYJIOM nepepa6oKH 

CITXO.ll.08 80 .8TOplfqHoe Cblpbe H8JIHeTCH TO 06CTOHTeJibCT80, qTO 

VT11JIH3aU,HH CTaH08HTCH 8 aMepHKaHCKHX ropO.ll.aX CaMbiM .ll.ellie8blM 

l"lloco6oM 6op&6br c OTXO.lJ.aMH. B CiliA JanperueHa opraHHJaU,HH 

IIOUbiX OTKpblTbiX C8aJIOK, a JaXOpOHeHHe If C)!(lffaHHe OTXO.ll.08 C 

V'ICTOM C06JIIO.lJ.eHHH 8CeX 3KOJIOflfqecKHX HOpM OKa3bi8aeTCH 8 3 pa3a 

I(OpO)!(e, qeM nepepa60TKa 3THX OTXO.lJ.08 80 8TOplfqHoe Cblpbe. 

EoJI&rnoe 8HHMaHHe Y.ll.eJIHeTCH npo6JieMe OTXO.lJ.08 8 CTpaHax E3C. 

< 'TpaTerHH CTpaH E3C JaKJIIOqaeTcH: 

0 8 npe.lJ.OT8parueHHH o6pa308aHHH OTXO.lJ.08; 

0 8 peU,HKJIHp08aHHH OTXO.ll.08 If 8TOplfqHOM HCll0Jib308aHHH 

MiiTepHaJI08; 

0 8 OllTHMH3aU,HH KOHeqHOH o6pa6oTKH OTXO.lJ.08; 

0 8 perJiaMeHTaU,HH TpaHcnopTHp08KH OTXO.lJ.08; 

0 8 npo8e.lJ.eHHH MeponpHHTHH no pea6HJIHTaU,HH OKpyxaiOrueif 

qlC.lJ.bl. 

3Ta CTpaTerHH HalliJia OTp<UKeHHe 8 pH.ll.e .ll.HpeKTH8 Co8eTa Co.ll.

py)l(eCT8a, npHHHTbiX 8 HaqaJie 90-X fO.lJ.08. 

Oco6oe 8HHMaHHe 8 cTpaHax E8poneifcKoro CO.lJ.pyxecT8a 8 caMoe 

llllt:Jie.ll.Hee 8peMH y.ll.eJIHeTCH cJie.ll.YIOIUHM MeponpHHTHHM: 

• nepeCMOTpy HOMeHKJiaTypbl CblpbH If MaTepHaJI08, HCllOJib

lyeMbiX 8 npoH380.lJ.CT8e Toi:f HJIH HHOH npO.lJ.YKU,HH, c npe.ll.noqTeHHeM 

11\0JIOflfqecKH 6eJonacHbiX JaMeHHTeJieif; 

• nepecMoTpy TeXHOJiorHqecKHx npou,ecco8 8 u,eJIHX pa3pa6oTKH 

OoJice 6eJonacHbiX .ll.JIH oKpyxaiOrueif cpe.lJ.&I; 

• 80CllHTaHHIO HaCeJieHHH 8 .ll.yxe paU,HOHaJibHOfO llOTpe6JieHHH; 

• pa3pa60TKe H08biX TeXHOJIOflfqeCKHX npou,eCC08, ll0380JIHIOIUHX 
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nOBTOpHO BKJIIO'-IaTb MaTepMaJibl B npOM3BO.ll:CTBeHHbiM UMKJI nocJie MX 

nepBM'IHOfO MCnOJib30Bamffi; 

• BKJIIO'IeHMIO 3KOJIOfM'!eCKMX napaMeTpOB B CTaH,n:apTbl Ka'!eCTBa 

npo.n:yKUMM. 

B 3ana.n:Hou EBpone nepepa6oTKou oTXo,n:oB 3aHMMaiOTc.H rJiaBHbiM 

o6pa3oM MaJibie u cpe,n:Hue npe.n:npumu.H. OHM YTMJIM3MpyiOT 37 % 
TBep,n:biX OTXO.ll:OB, Ha HMX pa6oTaiOT 3,5 MJIH. qeJIOBeK. B nocJie,n:HMe 

HeCKOJibKO JieT HaMeTMJiaCb TeH,n:eHUM.H K yKpynHeHMIO TaKMX 

npe,n:npM.HTMM. 

B 6JIM)I(aurnee .n:ec.HTMJieTMe B CTpaHax 3ana,n:Hou EBponhi 

O)I(M.ll:aeTC.H 6ypHoe pa3BMTMe OTpaCJIM no nepepa60TKe OTXO.ll:OB M 

COOTBeTCTBYIOIUMH pOCT 3aHSITOCTM, 'ITO OKa)l(eT 6JiaronpMHTHOe 

B03,n:eHCTBMe Ha 3KOHOMMKY B ueJIOM. B CTpaHaX E3C CTOMMOCTb 

pa6oT no nepepa6oTKe oTxo.n:oB oueHMBaeTCH B 9 % BBIT, o,n:HaKo 

TeMnbl paCTa COCTaBJIHIOT 20 % B ro,n:. 3TO no3BOJIMT K KOHUY CTOJieTMH 

y,n:BOMTb 'IMCJio pa6oTaiOmux Ha npe.n:npMHTMHX no peuuKJIMHry 

OTXO.ll:OB. 

EoJihlliMX ycnexoB B ,n:eJie pauuoHaJibHoro npupo.n:onoJib3oBaHM.H 

,n:o6MJiaCb 5JnOHM.H. J13BeCTHO, 'ITO 3Ta CTpaHa no 60JiblliMHCTBY BM.ll:OB 

CblpbH M TOnJIMBa CMJibHO 3aBMCMT OT MMnopTa. 11MeHHO n03TOMY B 

5JnOHMM y,n:eJIHIOT npo6JieMe nepepa60TKM OTXO.ll:OB 'Ipe3Bbl'!aHHOe 

BHMMaHue. Y)l(e K 1985 r. B HnOHCKOH npoMbilliJieHHOCTM YTMJIM-

3MpoBaJIOCb ,n:o 60 % OTXO.ll:OB. 

Ha'!aJibHbiM TOJI'IKOM K 6oJiee rnupoKoi1 YTMJIM3aUMM oTxo,n:oB B 

5JnoHMM HBMJiaCb Heo6XO.ll:MMOCTb npMH.HTMH 6e30TJiaraTeJibHbiX Mep 

,n:JI.H pellieHMH npo6JieMbl 3arpH3HeHMH OKp~aiOw;eH cpe,n:bl, KOTOpaH 

CO BCeH OCTpOTOH BCTaJia Ha py6e)l(e 60-70-x fO.ll:OB. IloJIO)I(eHMe 

ycyry6JI.HJIOCb TeM, 'ITO HaKOTIJieHMe OTXO.ll:OB B OfPOMHblX KOJIM'IeCTBaX 

,n:eJiaJIO Henpuro,n:HblMM ,n:JIH )I(M3HM M X03HHCTBeHHOH ,n:eHTeJibHOCTM 

o6rnupHbie 3eMeJibHbie yqaCTKM, KOTOPbie B ycJioBMHX Kpai1He orpa

HM'!eHHOH TeppMTOpMM 5JnOHMM HBJIHIOTCH OCTpO,n:eqmUMTHbiMM. 

)lJIH yJiyqllieHM.H 3KOJIOfM'IeCKOH cuzyaUMM rocy,n:apCTBOM 6biJIM 

npe,n:npMHHTbi orpoMHbie ycuJIMH: B aBrycTe 1967 r. 6biJI YTBep)l(.ll:eH 

0CHOBHOH 3aKOH 06 OXpaHe OKp~aiOw;ei1 cpe,n:bl, B 1971 r. 6biJIO 

coJ,n:aHo YnpaBJieHMe no oKp~aiOw;ei1 cpe.n:e, B HOH6pe 1973 r.

cneuuaJibHbiH npaBMTeJibCTBeHHbiH UeHTp "3a 'IMCTYIO 51nOHMIO", BC.H 

,n:eHTeJibHOCTb KOTOpOfO HanpaBJieHa Ha noBblllieHMe 3<P<PeKTMBHOCTM 

YTMJIM3auuu oTxo,n:oB. 
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Pacum:peHMIO 11CnoJih30BaHIUI BTOp11'1HhiX CblpbeBbiX pecyp

ws B CTpaHe CO;::J:eHCTBYIOT TaK:>Ke TaKMe npoMhllllJieHHhle aCCOQI1a-

1l1111, KaK BceRnoHcKaR ¢e;::J:epaQI1R npoMhllllJieHHhiX OTXO.li:OB ( co3-

Jl8Ha B 1978 r.), 5.lnoHCKaR aCCOQMaQMR no OCBOeHMIO Hei1CnOJib

'lyeMbiX pecypcos (coJ;::J:aHa s 1980 r.) 11 .li:P· 

nJIH CTMMYJIMposaHMH pa6oT no nepepa6oTKe OTXO;::J:OB rocy

)lapCTBO MCnOJih3yeT <PuHaHCOBbie, 3aKOHO;::J:aTeJibHbie M a;::J:MMHMCT

paTMBHbie Mepbl. HeManoe 3Ha'leHMe npM;::J:aeTCH u nponaraH;::J:e 

lle06XO.li:MMOCTM peQMKJIMpOBaHMH pecypCOB KaK Cpe;::J:M npe;::J:npM-

1111MaTeJieM, TaK M cpe;::J:M HaCeJieHMH. 

llo;::J: npoMbllliJieHHbiMM OTXO;::J:aMM, COrJiaCHO HnOHCKOMY 3aKO

IIO;::J:aTeJibCTBy, nOHMMaiOTCH OTXO;::J:bl, B03HMKaiOIIIMe B npoQeCCe 

llpOM3BO.li:CTBeHHOM ;::J:eHTeJibHOCTM, B TOM 'IMCJie 30Jia, lliJiaKH, OTCTOM-

11 ble semeCTBa, oTpa6oTaHHbie MaCJia, KMCJIOTHbie, IIIeJIO'IHbie OTXO.ll:bl, 

tiJiaC'FMaCCbl M ;::J:p. llp11 3TOM OC060 Bbl.ll:eJIHIOTCH OTXO;::J:bl, o6pa3yiO

IIll1eCH B o6pa6aTbiBaiOIIIeM npOMbllliJieHHOCTU: 6yMIUKHble, TeKCTMJib

llble, pe3MHOBble, ;::J:peBeCHble, MeTaJIJII1'1eCKMe, CTeKJIHHHble, .li:OMeH

IIblM lliJiaK, JIOM 6eToHa M .li:P· 

B 1976 r. K 3aKoHy 6biJI npMHHT PM nonpasoK. B Ka'leCTBe ocHo

nonoJiaraiOmero npMHQMna Ja<PuKcuposaHo, 'ITO nepepa6oTKa oTXO.li:OB 

JlOJDKHa ocYIIIeCTBJUIThCH npe;::J:npMHTMHMM-npoM3BO.li:MTeJUIMM OTXO.li:OB, 

11 nepenopyqeHMe ee cneQMaJIM3MposaHHbiM npe;::J:npMHTMHM MMeeT 

1111lllb BCnoMoraTeJibHOe 3Ha'leHMe. llo 3aKoHy npOM3BO.li:MTeJIM HeCYT 

IITBeTCTBeHHOCTb 3a nepepa6oTKY OTXO;::J:OB, B03HMK1IIMX B pe3yJibTaTe 

IIX X03HMCTBeHHOM ;::J:eHTeJibHOCTM. llpM 3TOM yKa3biBaeTCH, l{TO 

IICpenopyqaTb nepepa60TKY OTXO;::J:OB MO)I(HO TOJibKO cneQMaJIM3M

JIOBaHHOMY npe;::J:npMHTMIO, o6Jia;::J:aiOIIIeMY COOTBeTCTByiOIIIeM TeXHO

IIOrMeM. 

B .HnoHMM cymeCTByiOT cTaH.ll:apTbi nepepa6oTKM u JIMKBM.ll:aQMM 

npe;::J:HhiX npoMbllliJieHHhiX oTXO;::J:OB. HanpuMep, B QeJIHX n;pe;::J:oTspa

lllCHMH 3arpH3HeHMH Mopeu M OKeaHOB CTaH.ll:apTbi 3anpemaiOT 3aTOTIJie-

1111e TaKMX OTXO.li:OB. B CJiyqae MX 3axopoHeHMH Tpe6yeTCH, l{T06bl OHM 

llt.IJIM M30JIMpoBaHbl OT BO;::J:HbiX pecypCOB, nocrynaiOIIII1X B o6meCTBeH

IIIIC noTpe6JieHMe, 11 OT nO;::J:3eMHbiX BO;::J:. 

B c<Pepe nepepa6oTKM OTXO.li:OB s .HnoHMM CJIO)I(MJiacb secbMa 

IIKT11BHO ;::J:eMCTBYIOIIIaH opraHM3aQMOHHaH CMCTeMa. )leHTeJibHOCTb 

ITOH: CMCTeMbi onupaeTCH Ha <PuHaHCOBYIO nOMOIIIh rocy;::J:apCTBa, 

("J'11MYJIMpyiOIIIyiO pa3BMTMe OTpaCJieu no nepepa6oTKe OTXO.li:OB. 
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EJiaro;:J:apH nocJie;:J:oBaTeJibHoMy npose;:J:eHMIO 3KOJiorwieCKOH 

noJIMTMKM B HaCTOHIUee BpeMH KpM3MCHOe COCTOHHMe OKp)')KaiOmei1 

cpe;:J:bi B .HnoHMM npeo;:J:oJieHo. Ycnexu B o6JiaCTM peQMKJIMposaHMH 

pecypCOB, ;:J:OCTMfHYTbie 5JnoHMeH 3a cpaBHMTeJibHO KOpOTKMH CpOK 

(K cepe;:J:MHe 80-x ro;:J:oB), HafJIH.ll:HO BM.ll:Hbi M3 ;:J:aHHbiX Ta6JI. 2.3. Cpe;:J:M 

OTpaCJieH npOMbiiiiJieHHOCTM HaM60JibllieH CTeneHbiO MCnOJib30BaHMH 

OTXO;:J:OB OTJIM'IaiOTCH ;:J:epesoo6pa6aTbiBaiOmaH, TpaHCnOpTHOe Ma

IIIMHOCTpOeHMe, '!epHaH MeTaJIJiyprMH, Me6eJibHaH npOMbiiiiJieHHOCTb, 

B KOTOpbiX YTMJIM3MpyeTCH OT 70 .ll:O 95 % BCeX OTXO;:J:OB, noJIMrpa<t>MH 

(OKOJIO 60 %) M 3JieKTp03HepreTI4:Ka (CBbiiiie 50 %). 

T a 6 JI H u a 2.3 
CTeneHh yrHJIH3au,HH ( Y) npoMhiiiiJieHHhiX OTXO.li.OB B JlnOHHH 

Y, %, Ja ro.llbi 

BH.Il OTXO)lOB 1973 1976 1979 1983 

MenumwiecKHe 97,4 97,0 98,7 97,5 
,lJ.oMeHHblM UIJiaK 29,6 60,3 81,4 75,1 
TeKCTHIIbHbie 15,4 53,8 40,2 50,6 
MaeyJia'fYpa 21,7 49,2 35,6 43,8 
0Tpa6oTaHHbie Macna 25,7 43,0 24,8 24,6 
,ll.pesecHhre 32,1 38,3 22,3 95,1 
llnacTMaccoBbie 27,0 38,1 25,8 24,4 
3ona 34,0 32,4 23,3 42,9 
Pe3HHOBhle 0,3 30,8 19,3 25,9 
CTeKJI51HHhre H KepaMH'!ecKHe 26,1 30,7 36,5 37,9 
CTpOHTeJibHhre 0,6 6,4 1,6 10,0 
llbiJib - - 75,1 64,7 
Bcero 16,2 49,5 54,6 58,5 

B QeJioM no o6pa6aTbiBaiOmei1 npoMbiiiiJieHHOCTM .HnoHMM 

o6pa60TKe no;:J:BepraeTCH 6oJiee noJIOBMHbi BCeX o6pa3yiOIUMXCH OTXO;:J:OB 

(52,3 %). 
0 TOM, KaKyiO 3KOHOMMIO CbipbH ;:J:aeT YTMJIM3aQMH OTXO;:J:OB B 

.HnoHMM, MO)I(HO cy;:J:MTb no cJie;:J:yiOmMM ;:J:aHHbiM. 11cnoJib3osaHue 

KIDK.li:OH TOHHbi BTOpM'IHOfO aJIIOMMHMH 3aMeHHeT 6oJiee 5 T OCHOBHOfO 

CbipbH M BCnOMOfaTeJibHbiX MaTepMaJIOB. llpOM3BO.ll:CTBO 1 T 6yMarM H 

KapTOHa M3 MaeyJia'fYPbi BbiCB060)K)laeT 4,7-5,6 M 3 ;:J:peBeCMHbi M 165-

200 M 3 BO;:J:bi. llpoM~BO;:J:CTBO aJIIOMMHMH, CTaJIM M 6yMarM M3 BTO-
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pHqHOfO CblpbH n03BOJUieT 3KOHOMHTb COOTBeTCTBeHHO 96, 74 H 70 % 
:mepmH no CpaBHeHHIO C npOH3BOJJ;CTBOM H3 nepBHqHOfO CblpbH. 3a 

cqeT 3TOfO COKpamaeTCH HMnOpT 60KCHTOB, JieCOMaTepmUIOB, MeTaJI

JJHqecKHX PYA, He<I>TH H raJa. 

B .HnoHHH cqHTaiOT, qTo ocHoBHbre HanpaBJieHHH peiiHKJIH

posaHHH OTXOJJ;OB CBOMTCH: 

~ K C03JJ;aHHIO CHCTeM 3aMKHYTOfO IIHKJia npOH3BOJJ;CTBa; 

~ K nOBTOpHOMY HCnOJib30BaHHIO OTXOJJ;OB no nepBOHaqaJibHOMY 

lla3HaqeHHIO 6e3 JJ;OnOJIHHTeJibHOH nepepa60TKH; 

~ K YTHJIH3aiiHH OTXOJJ;OB B KaqeCTBe CblpbH .li;JIH H3fOTOBJieHHH 

HCXOJJ;HOfO npoJJ;yKTa (MaK)'Jiazypbl JJ;JIH Bbipa60TKH 6yMam, MeTaJI

JIOJIOMa JJ;.1UI Bblpa60TKM CTaJIH); 

~ K HCnOJib30BaHHIO OTXOJJ;OB JJ;JIH noJiyqeHIDI KaKOH-JIH60 TO

napHOH npOJJ:YKIIHH (c:>r<HraHHe JJ;JIH noJiyqeHHH 3HepmH, KOMnOCTH

posaHHe JJ;JUI noJiyqeHHH yJJ;o6peHHi1); 

~ K HCnOJib30BaHHIO OTXOJJ;OB .li;JIH noJiyqeHHH HaCblTIHbiX Tep

pHTOpHtl:, JJ;aM6, JJ;Opor H T.n. 

OpraHH3aiiHH pa6oT no peiiHKJIHposaHHIO OTXOJJ;OB KaK OTpaCJIH 

X03HHCTBa conpOBO)l{)laJiaCb B 5JnOHHH peiiieHHeM opraHaMH rocy

;~apCTBeHHOH BJiaCTH CJieJJ;yiOIIIHX npo6JieM: 

1. llpHBJieqeHHe pa6oqetf: CJUibi JJ;JUI npeJJ;npHHTHi1 no c6opy H 

TpaHcnopTHpOBKe OTXOJJ;OB ocymeCTBlliiJIOCb C nOMOIIIbiO rocyJJ;apCTBa 

H opraHOB MeCTHOfO CaMoynpaBJieHIDI. 

2. 06ecneqeHHe CTa6HJibHOCTH cnpoca JJ;OCTHfaJIOCb ycTaHOB

IICHHeM HOpMbl JJ;06aBOK BTOpHqHOfO CblpbH K nepBHqHoMy, KOTOpyiO 

llpOH3BO.li;HTeJIH npoJJ;yKTa o6H3aHbl HCnOJib30BaTb npH ero H3fOTOB

IICHHH. 

3. 06ecneqeHHe CTa6HJibHOCTH IIeH H npH6biJIH MeJIKHX npeJJ;

IIPIDITHH, JaiDITbiX nepepa60TKoi1 OTXOJJ;OB, JJ;OCTHfaJIOCb ycraHoBJieHHeM 

H noJJ;JJ;ep)l(l(OH cpeJJ;HHX, HO CTa6HJibHblX IIeH Ha OTXOJJ;bl. 

4. OpraHH3aiiiDI xpaHeHIDI co6paHHbiX OTXOJJ;OB H noJiyqeHHoro 

II pe3yJibTaTe HX nepepa60TKH BTOpHqHOfO CblpbH o6ecneqHBaJiaCb 

oKa3aHHeM npeJJ;npiDITIDIM (KaK npaBJUIO, He HMeiOIIIHM B Haqane CBDeH 

I(CHTeJibHOCTH 60JiblliHX cpeJJ;CTB) nOMOIIIH B noKynKe 3eMeJibHbiX 

Y'laCTKOB. 

5. lloJJ;JJ;ep:>r<aHHe KaqeCTBeHHblX noKa3aTeJiei1: JJ;OCTHfaJIOCb BBe

J(CHHeM fOCyJJ;apCTBeHHbiX CTaHJJ;apTOB KaK Ha CaMH OTXOJJ;bl, TaK H Ha 

llpOJJ;YKTbl HX nepepa6oTKH, qro 06JierqJUio c6op, nepepa60TK)' OTXOJJ;OB 

II peaJIH3aiiHIO npOJJ;YKTOB HX peiiHKJIHHra. 
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6. Y ;:J:ellleBJieHJte TpaHCllOpTMpOBKM OTXO.ll:OB o6ecne'IMBaJIOCb 

pa3pa6oTKOH cneQMaJibHoro, 8 TOM, 'IMCJie Tpy6onpoBo;:J:Horo, TpaHc

nopTa M .ll:PYrMX paQMOHaJibHbiX MeTO.ll:OB nepeMeW:eHMH pa3JIM'IHbiX 

OTXO;:J:OB. . 

PerneHMe scex 3TMX npo6JieM Ha rocy;:J:apcTBeHHOM ypoBHe 

ll03BOJIMJIO 5JnOHMM pe3KO CHM3MTb 3arpH3HeHMe OKp}')KaiOW:eH Cpe;:J:bl, 

yMeHblllMTb paCXO.ll: nepBM'IHbiX MaTepMaJibHbiX M 3HepreTM'IeCKMX 

pecypCOB M o6ecne'IMTb ;:J:OllOJIHMTeJibHYIO 3aHHTOCTb HaCeJieHMH. 

TaKMM o6pa3oM, Ha npuMepe .HnoHMM u pMa ;:J:pymx pa3BMTbiX 

CTpaH Mbl BM.ll:MM, 'ITO pecypcoc6epe)l(eHMe M YTMJIM3aQMH OTXO.ll:OB, a 

B M.ll:ea.JibHOM CJiyqae opraHM3aQMH 3KOHOMMKM Ha llpMHQMllax peQMK

JIMpoBaHMH - pearrbHbiH waHc qeJioseqecTsa B coxpaHeHMM npu

PO.ll:HOH cpe;:J:bi M ee pecypcos, a CJie;:J:oBaTeJibHO, M BhDKMBaHMH. 

2. 7. Bo3MO:JICHOCmu u npeaeJlbl ymUJlU3G~UU omxoaoe 

J1CllOJib30BaHMe BTOpM'IHbiX pecypcoB BMeCTe C llOJIO)I(MTeJibHbiMM 

MMeeT M oTpMQaTeJibHbie CTopoHbl. HeraTMBHbie nocJie;:J:CTBMH yBe

JIM'IeHMH .ll:OJIM BTOpM'IHOfO CblpbH M 3aMeHbl nepBM'IHOrO CblpbH OTXO

;:J:aMM, npoHBMBwuecH B pMe oTpaCJieH:, CBM.ll:eTeJibCTBYIOT o TOM, 'ITO 

MX llpMMeHeHMe ;:J:OJI)I(HO 6b1Tb OllTMMa.JlbHbiM. C 3TMM CTOJIKHYJIMCb 

npM nepeXO;:J:e Ha 3aMKHYTbiH napoBO;:J:HHOH QMKJI B TellJI03HepreTMKe, 

B CMCTeMaX o6opOTHOrO BO;:J:OCHa6)1(eHMH, B llpOM3BO;:J:CTBe KapTOHa M 

;:J:pyrux. 

CTpeMJieHMe MaKCMMa.JibHO 3aMKHYTh napoBOMHOH QMKJI Ha T3C 

noTpe6osarro rJiy6oKoro o6eccoJIMBaHMH BO.ll:hi, o6e3)1(eJie3MBaHMH 

KOH;:J:eHCaTa M ;:J:06aBJieHMH B llMTaTeJibHYIO BO.ll:Y <Poc<PaTOB, aMMHOB, 

rM;:J:pa3MHa M .ll:PYrMX llpMCa;:J:OK, OT KOTOpbiX B ;:J:a.JlbHeii:WeM Tpe6yeTCH 

oqurn:aTb npo;:J:yBo'!HYIO BO.ll:Y naporeHepaTopos. llepexo;:J: oT ucna

pMTeJieH: K MOHOOOMeHHbiM ycTaHOBKaM .ll:JlH 0'-IMCTKM TeXHOJIOrM'!eCKOH 

BO;:J:bl C03;:J:a.JI npo6JieMy o6e3Bpe)I(MBaHMH llpOMe~O'!HbiX npO;:J:YKTOB, 

o6pa3y10W:MXCH B npoQecce XMMM'!eCKOH 0'-IMCTKM BO.ll:bl T3C, pe

waeMyiO pa3JIM'!HbiMM MeTO;:J:aMM BllJIOTb .ll:O B03BpaTa K MCnapMTeJIHM. 

B CMCTeMax o6opoTHoro BO;:J:OCHa6)1(eHMH noBbiCMJiaCb TeMne

paTypa BO;:J:bl, yseJIM'!MJiaCb BJia)I(HOCTb B llpOM3BO;:J:CTBeHHbiX llOMern:e

HMHX, M3-3a qero ycMJIMJiacb Koppo3MH o6opy;:J:oBaHMH u noTpe6osarrach 

repMeTM3aQMH 3JieKTpoo6opy;:J:oBaHMH. lloBbillleHMe TeMnepaTyphi 

OOOpOTHOH BO;:J:bl Bbi3Ba.JIO Heo6XO;:J:MMOCTb XJIOpMpoBaHMH M Kyno

pocosaHMH .ll:JIH 6opb6bl C 6uoo6pacTaHMHMM, a llOBbiWeHMe COJie-
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conep~aHMH B o6opoTHOH sone ycununo HaKuneo6pa3osaHue. B 
pe3YllbTaTe llOHBMnaCb He06XonMMOCTb o6e3Bpe)I(HBaHMH M 0'-IMCTKM 
nponyBO'IHOH BOnbl OT BBeneHHbiX B Hee peareHTOB. 

B npouJsoncTse KapTOHa 3aMbiKaHue UMKna sonocHa6~eHMH 
yxynrnuno Ka'!eCTBO nponYKUMM - Ha KapTOHe CTMM llOHMHTbCH 
"BbiCOllbl" - IDITHa OT HaKOllJieHMH B 6YM~OH Macce COlleR, 'ITO 
11CKniO'!MllO ero llpMMeHeHMe B Tape nnH llMllJ.eBbiX nponyKTOB, 
yMeHblliMnO llpO'IHOCTb KOp060K M T.n. 

11cnonh30BaHue OTXonos B numesou npoMbiiiiJieHHOCTM npuseno 
K pe3KOMY CH~eHMIO BKYCOBbiX Ka'!eCTB nponYKUMM. 

llpMMeHeHMe ocanKOB CTO'IHbiX BOn B KaqeCTBe yno6peHMH 
Bbi3BMO HaKOllJieHMe <PMTOTOKCM'!HbiX T~ellbiX MeTanllOB B llO'!Be, 
ycununo HaKonneHMe KanMMH s pacTeHMHX. BcnencTsue 3Toro 
BHeCeHMe TaKMX ocanKOB B llO'IBY peKOMeHnOBaHO nenaTb He '!allJ.e 
onHoro pa3a B 5 neT u npuMeHHTb ux numb .lLIUl yno6peHMH nyros. 

HeKOTOpble sunbl oTxonos, conep~amux PTYTb, MbillibHK u 
Jlpyrue TOKCM'IHbie KOMllOHeHTbl, He llOMe~aT MCllOllb30BaHMIO 6e3 
IIpensapMTenbHoro o6e3spe~usaHMH. 

He peKoMeHnosaHo ucnonb30BaHue KMCnhiX rynpoHOB B ac
<I)MbTOBbiX llOKpbiTMHX B qepTe HaCeneHHbiX llYHKTOB BCnenCTBMe 
"larpH3HeHMH soJnyxa apoMaTM'IeCKMMM yrnesonoponaMM. 11cnonh3o
BaHMIO OTxona <PnoTauuu yrnH .lLIUl Menuopauuu noqs no~Ha npen
llleCTBOBaTb nposepKa ero KaHueporeHHbiX CBOHCTB. 

llo Mepe }'BellW-JeHMH nonM BTOpM'IHOfO CblpbH B MaTepMMbHbiX 
llHKnaX uneT HaKOllJieHMe llpMMeCHOfO BellJ.eCTBa, HallpMMep, B CTMM, 
nhmnasneHHOH M3 MeTannonoMa, HaKannusaiOTCH Menb, UMHK, 
KOOMbT-60. B ueMIOll03HOH Macce 3a C'IeT MaKYnaTYPbl yMeHblliaeTCH 
llOllH MMHHOfO BOllOKHa, 'ITO llOCTelleHHO llpMBOnMT K CH~eHMIO 
llpO'IHOCTHbiX CBOHCTB 6yMarM. ll03TOMY CTaHOBHTCH Heo6xonMMbiMM, 
KaK M B CMCTeMe 060pOTHOf0 MCllOllb30BaHMH BOnbl, "npon}'BKa" M 
"nonllMTKa" UMKna. llOCTYllJieHMe llpMMeCHbiX BellJ.eCTB B UMKn MO~eT 
flhiTb orpaHM'IeHO llYTeM pa<PMHMpoBaHMH BTOpM'IHOfO CblpbH. 

KpoMe Toro, Heo6xonuMo yqMTbiBaTb pacxonhl 3Hepruu Ha 
VTHllMJauuiO MaTepuanos. BnMHHMe creneHM YTMnMJauuu semeCTBa Ha 
pacxon 3Hepruu noKa3aHo Ha puc. 2.3. Ecnu ysenu'!eHMe creneHM 
VTHJIMJauuu oTxonos B 2 pa3a (c 25 no 50 %) Tpe6yeT pocTa JaTpaT 
llleprMM B 2,5 pa3a, TO nnH TaKOfO ~e ysenM'IeHMH CTelleHM 
VTHJIH3auuu, HO c 50 no 75 % Heo6xonuMo ~e JaTpaTMTb 3Hepruu B 
\ pa3 6onbllie. ,LI;anbHeurnee ysenuqeHMe CTeneHM yTMnMJauuu 
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25 50 75 100 
CTeneHb yrnJIH3aUHH, % 

P11c. 2.3. BJII151HI1e cTeneHH )'THJII13aUHH 

OTXO.llOB Ha pacxo.u :mepm11 

o6XO.ll:HTCH HeH3MepHMO ,n:opo)l(e, TIOCKOJibK)' 3aTpaTbi 3HeprHH yseJIH

'-IHBaiOTCH 3KCTIOHeHUHaJibHO. 

J.b 3TOH 3aKOHOMepHOCTH cJie,n:yeT BbiBO.ll: 0 npHHUHTIHaJibHOH 

He.n:ocTH)I(HMOCTH 100 %-Hot!: YTHJIH3aUHH OTXO.ll:OB. Pe'-Ib MO)I(eT H.ll:TH 

06 OTITHMaJibHOH, 3KOHOMH'-IeCKH UeJiecoo6pa3HOH B ,n:aHHbiH MOMeHT 

TeXHH'-IeCKOfO pa3BHTHH 06IUeCTBa CTeneHH YTHJIH3aUHH OTXO.ll:OB 

TipOH3BO.ll:CTBa H TIOTpe6JieHHH. 

llpe,n:eJibi B03MO)I(HOfO HCTIOJib30BaHHH BTOpH'-IHbiX MaTepHaJIOB 

onpe,n:eJUIIOTCH <PaKTOpaMH CHH)I(eHHH Ka'-!eCTBa BbiTIYCKaeMOH npo

.ll:YKUHH H 3<P<PeKTHBHOCTbiO npOH3BO.ll:CTBa. 

0KOH'-IaTeJibHOe peiiieHHe 0 UeJiecoo6pa3HOCTH H 06beMaX HC

TIOJib30BaHHH OTXO.ll:OB CJie,n:yeT TipHHHMaTb Ha OCHOBe aHaJIH3a CJie

.ll:YIOIUHX ,n:aHHbiX: 

• 6aJiaHca MaTepHaJIOB C yqeTOM KaK TipHMOfO, TaK H KOCBeHHOfO 

pacxo.n:a MaTepHaJios; 

• 6aJiaHca 3HepfHH C yqeTOM KaK TipHMOfO, TaK H KOCBeHHOfO 

pacxo.n:a 3HepmH; 

• 6aJiaHca BJIHHHHH Ha OKp~aiOIUYIO cpe,n:y C yqeTOM <PaKTOpOB 

TipHMOfO H KOCBeHHOfO B03.ll:eHCTBHH; 

• KaTIHTaJIOBJIO)I(eHHH Ha peaJIH3aUHIO npHMeHHeMOfO CTIOC06a; 

• TipOH3BO.ll:CTBeHHbiX paCXO.ll:OB Ha 3KCTIJiyaTaUHIO. 

TOJibKO Ha OCHOBe yKa3aHHbiX ,n:aHHbiX MO)I(HO TIOJiyqHTb o6beK

THBHYIO OUeHK)' npeHMYIUeCTB H He,n:ocTaTKOB pa3JIH'-IHbiX CTIOC060B 

YTHJIH3aUHH OTXO.ll:OB H onpe,n:eJIHTb npe,n:eJibi HX YTHJIH3aUHH. 

TaKHM o6pa3oM, Ha cospeMeHHOM 3Tane pa3BHTHH qeJioseqecTBa 

oco6eHHo Heo6xo,n:HMO pecypcoc6epera10ruee OTHoiiieHHe K np11po,n:e. 
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B 3Toi1 CB51.3M BIDKHei1rnee 3Ha'!eHMe MH pauuomUihHoro pecypco

IIOJib30BaHMH MMeeT YTMliM3aUMH OTXOJlOB, o6pa3YIOlli.MXCH B c<Pepe 

llpOM3BOJlCTBa M noTpe6JieHMH M HBJIHIOllJ.MXCH BO MHOfMX CJiyqaHX 

I(CHHbiM CblpbeM JlliH M3fOTOBJieHMH TOBapHOH npo.nyKUMM. llepe

pa6oTKa OTXOJlOB npOM3BOJlCTBa M KOMnJieKCHOe MCnOJib30BaHMe 

llpMpOJlHOfO CbipbH HaM60Jiee nOJIHO MOfYT 6biTb peaJIM30BaHbi B paM

KaX TeppMTOpMaJibHO-npoMbilllJieHHbiX KOMTIJieKCOB, 0 '!eM CBM.[leTeJib

CTByeT M OTe'-IeCTBeHHbiH, M 3apy6eXHbiH OTibiT opraHM3aUMM pa6oT 

110 YTMJIH3aUMH oTxo.nos. 

llOJIMTMKa oxpaHbl OKpyxaiOlll.eH cpe.[lbi OT 3arpH3HeHIDI, OCHO

BaHHaH Ha o6e3BpeXMBaHMM OTXO.[lOB, JlOJI)I(Ha ycrynMTb MeCTO TIOJIMTM

KC pecypcoc6epeXeHMH, OCHOBaHHOH Ha KOMnJieKCHOM MCTIOJib30Ba

IIHH CblpbH, MaKCMMaJibHOM BOBJie'-IeHHM B X03HHCTBeHHbiH o6opoT 

IITOpM'-IHbiX pecypCOB, ycKopeHHOM BHe.npeHMM MaJIOOTXOJlHbiX 

I"CXHOJIOrHH M YTMJIM3aUHH OTXOJlOB npOM3BOJlCTBa M noTpe6JieHMH. 

TexHonomu 6y.nymero, ocHosaHHbie Ha npuHuunax pecypcoc6e

pcxeHMH, JlOJIXHbl CBO.[lHTb K MMHMMYMY o6pa3oBaHMe M Bbi6poc B 

OKpyxaiOlli.YIO cpe.ny ra3oo6pa3HbiX, XM,ll,KHX M TBep.[lblX npOM3BOJlCT

IICHHbiX OTXO.[lOB. 

OnbiT npupo.nooxpaHHoi1 .neHTeJihHOCTM noKa3biBaeT, lfTO 3KOJIO

IWiecKHe npo6JieMbl JlOCTaTOlfHO CJIO)I(Hbl H He MOfYT 6b!Tb pellleHbl 

11 OJlHH npHeM. OrpaHHlfHBaiOIUHM <PaKTopoM HBJIHIOTC51. npe)I(Jle scero 

"IKOHOMH'-IeCKHe B03MOXHOCTM 06lll.eCTBa. llo3TOMY rJiaBHeHlllaH 3a.[la

'l<l HaylfHO-TeXHHlfecKoro nporpecca - no3TanHoe coJ.naHMe pecyp

coc6eperaiOlli.MX TeXHOJIOrHH, o6ecne'-IMBaiOlli.MX He TOJibKO CHMXeHMe 

KOJIMlfeCTBa OTXOJlOB, HO M 3KOHOMMIO MaTepMaJibH0-3HepreTMlfeCKMX 

pccypcos. 3To TeXHonomu 6nuxaH:rnero 6y.nymero, 6e3 KoTopbiX 

OIITMMaJibHOe pellleHMe 3KOJIOrH'-IeCKMX npo6JieM HeB03MOXHO. 

KoHmpoAbHble Bonpocbl 

I . PaccKaxHTe o KJiaccu<PuKauuu oTxo.nos no BMJJ.aM M no MCTOlfHMKaM 

o6pa3oBaHMH . 

.?. npMBe.[lHTe CXeMY o6pa30BaHIDI M HanpaBJieHMH YTMJIM3aUMM OTXOJlOB. 

PaccKaxHTe o6 o6beMax o6pa3oBaHIDI u BMJJ.ax oTxo.nos B paJJIM'-IHbiX 

OTpaCJIHX npOMbilllJieHHOCTM. 

l. qTO TaKOe nacnopTM3aUMH H nnaHMpoBaHHe c6opa OTXOJlOB Ha 

npe.nnpHHTMM? 

·I lJTO TaKoe OTXOJlbl npOH3BOJlCTBa H noTpe6JieHH51.? 
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5. ,lJ;aHTe XapaKTepMCTMK)' BTOpM'IHbiX MaTepMaJibHbiX pecypCOB. 

6. qTO TaKoe TeXHOfeHHble M aHTpOnoreHHble OTXO.ll:bl? 

7. PaccKIDKHre o KoM6MHMposaHMM npoM3Bo,n:CTB B paMKax peruoHoB. 

8. qTo TaKoe pecypcoc6eperaiOIII<UI TeXHoJioriDI? 

9. llepe'IMCJIMTe OCHOBHble HanpaBJieHMH CHMXeHMH o6pa3oBaHMH 

oTxo,n:os u YJIY'IIIIeHIDI 3KoJiorM'!ecKoH: o6cTaHoBKM B CTpaHax E3C. 
10. PaccKaxMTe o6 on biTe .HnoHMM s o6JiaCTM nepepa6oTKH oTxo.n:os u 

poJIM rocy,n:apCTBa M o6IUeCTBeHHbiX opraHM3aUMH B nOBbiiiieHMM 

3KOJIOfM'IeCKOH K)'JibTypbl 06IUeCTBa. 

11. KaKOBbl <PaKTOpbi, BJIMHIOIUMe Ha npe,n:eJibl YTMJIM3aUMM OTXO.ll:OB? 
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IJIABA 3 
TPAHCHOPTHPOBAHHE HPOMhimJIEHHhiX OTXOJ!OB 

llpoMhili1JieHHa.H nepepa6oTKa oTXonos, oco6eHHo npe.nycMaT

pHBaiOili.M Bblpa60TKY H TIOCTaBKY TIOTpe6HTeJI.HM TOBapHoif npo.nyK

UHH, npennonaraeT HaJIH'me perJiaMeHTHposaHHoif cHcTeMbi c6opa H 

JJ,OCTaBKH OTXOJ{OB K Meczy nepepa60TKH. 0praHH3aiJ,H.H c6opa H BbiB03a 

llpOMblli1JieHHbiX OTXOJlOB npe.nycMaTpHBaeT CJie.[lyiOili.He TeXHOJIOrH

'IecKHe onepaiJ,HH: 

• HaKOTIJieHHe OTXOJlOB B KOHTeifHepax (IJ,HCTepHax); 

• TpaHCTIOpTHpOBaHHe KOHTeifHepoB C OTXOJ{aMH; 

• pa3rpY3KY KOHTeifHepos; 

• 0'-IHCTKY KOHTeifHepos; 

• JlOCTaBKY 'IHCTbiX KOHTeifHepoB K Meczy o6pa3oBaHH.H OTXOJlOB. 

Y Hac B CTpaHe TpaHCTIOpTHpOBKa TipOMblli1JieHHbiX OTXOJlOB per-

JtaMeHTHpyeTC.H HopMaTHBHbiM JlOKYMeHTOM, YTBep)l{,lleHHbiM fnaBHbiM 

caHHTapHbiM spa'IoM P<l>, "llopMoK HaKoTIJieHIDI, TpaHcnopTHposKH, 

o6e3Bpe)I{HBaHIDI H 3aXopoHeHIDI TOKCH'IHbiX TipOMblli1JieHHbiX OTXO

J~OB. CaHHTapHbie npasHJia". 

TpaHcnopTHposaHHe npoMhili1JieHHhlX oTxonos .HBJI.HeTc.H cocTaB

IIOif '!aCTbiO nepeMelll.eHH.H rpy30B B c<Pepe TipOH3BOJlCTBa, T.e. qaCTbiO 

11pOMblli1JieHHOrO TpaHCTIOpTa. ,[I;JI.H 3THX IJ,eJieif HCTIOJib3YIOT Tpy6o

llpOBOJlHblif, KOHBeifepHbiif, KaHaTHO-TIOJ{BeCHOif, aBTOM06HJibHbiif, 

'IJieKTpH'IecKHif, )J(eJie3HOJlOPO:XUiblif H BOJ{Hblif TpaHCTIOpT. 

Pacxo.nhl Ha TpaHcnopTHposaHHe oTxonos cocTaBJI.HIOT 3Ha

'IHTeJibHyiO '!aCTb HX CTOHMOCTH, TI03TOMY Ba)J(HeifiiiHM <PaKTOpOM, 

Ollpe.[leJI.HIOili.HM Bbi6op THTia TpaHCTIOpTa J{JI.H nepeMelll.eHIDI OTXOJlOB, 

II BJUieTC.H 3KOHOMH'IeCKHif. 

Ha Bhl6op THna H rpy3ono.n'beMHOCTH TpaHcnopTHbiX cpe.ncTB JlJI.H 
c6opa OTXOJlOB BJIH.HeT CXeMa MapiiiPYffi TpaHCTIOpTHpoBKH H YJlaJieHHOCTb 

IIYHKTa c6opa OT MeCTa o6pa3oBaHIDI OTXOJlOB. 

B pMe cnyqaes OTXOJlbl TpaHcnopTHpyiOTC.H K Meczy HX nepepa-
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6onrn: He cpa3y, a qepe3 rrpoMe)I(}'TO'IHbie cTaHUJHf, r,ne rrpoHcxo,nHT 

HX HaKoruieHHe H rrepBH'IHrul o6pa60TKa. 

UeJib rrpoMexyro'IHhiX cTaHI.J:HH - cHH3HTh TpaHcrropTHbie pac

xo,nhr Ha rrepeB03KY OTXO.ll:OB, TaK KaK Ha HHX ocymecTBJI$1eTC$1 COp

T11pOBKa, yiiJIOTHeHI1e H 6p11KeT11pOBaHI1e OTXO.ll:OB. 

3.1. Tpy6onpoeoiJHbtii mpaHcnopm npoMblUI./leHHblX omxoiJoe 

TpaHcrropTHpOBaHHe )l(lf.ll:KHX, ra3oo6pa3HhiX HJIH TBep,nhrx MaTe

pHaJioB ITO Tpy6orrpOBO,naM OTJIH'IaeTC$:1 CJie,nyiOIUI1MI1 rrpe11My

mecTBaMH: 

• OTCYTCTBHeM IIOTepb Ilp11 TpaHCIIOpT11pOBKe OTXO.ll:OB; 

• OTCYTCTBI1eM Bbl.ll:eJieHI1$1 TOKCH'IHbiX Bell..J,eCTB; 

• HI13KI1MI1 Kaiii1TaJibHbiMI1 3aTpaTaM11; 

• HI13KI1MI1 3KCIIJiyaTaUI10HHbiMI1 3aTpaTaM11; 

• B03MO)I(HOCTbiO IIpOCTpaHCTBeHHOfO pa3Mell.(eHI1$1 TpaHCIIOpT

HbiX ceTeM:; 

• B03MO)I(HOCThlO aBTOMaTHJaUHH rrpouecca TpaHCIIOpnipOBKH OTXO.ll:OB. 

Tpy6orrpoBo,nHhiH TpaHcrropT 3a rrpe,neJiaM11 rrpe,nrrpH$1TI1H .ll:JI$:1 

TpaHCIIOpT11pOBaHH$1 TBep,nbiX OTXO.ll:OB IIp11MeH$1eTC$1 pe,nKO, TaK KaK 

HeKOHKYPeHTeH C ,npyrMMI1 BH.ll:aM11 TpaHCIIOpTa. 

Tpy6onpo600Hblu mpaHcnopm 6 cucmeMax KaHan.U306aHUR npo
MbllU/leHHblX npeiJnpwzmuu. 0H 06bi'IHO COCT011T 113 HeCKOJibKI1X CI1CTeM. 

0cHOBHbie 3JieMeHTbl 3TI1X CI1CTeM (a TaK)I(e CI1CTeM Hapy)I(HOH 

KaHaJI113aU1111) - ac6ecTOUeMeHTHbie, 6eTOHHbie, )l(eJie3o6eTOHHbie, 

IIJiaCTMaCCOBbie, qyryHHbie, CTaJibHbie, CTeKJI$1HHbie HJII1 KepaMHtleCKI1e 

Tpy6hr 11 KaHarrbr. MaTep11arr .ll:Jl$:1 113fOTOBJieHH$1 Tpy6 Bh1611paiOT, 11CXOM 

113 CBOMCTB TpaHCIIOpT11pyeMOM cpe,nbi 11 ycJIOBI1M ee rrepeMemeHH$:1 c 

yqeToM crreu11.P11KH yKJia.D;K11 Tpy6orrpoBo,na (Harrp11Mep, B rpyHTe). 

Tip11 Bhr6ope MaTep11arra oco6oe BHMMaHI1e y,neJI$1IOT rH.L~:paBJII1'1ecKoMy 
COIIpOTI1BJieHI110 Tpy6orrpOBO.ll:a Ilp11 3a,naHHOH rrporrycKHOH CIIO

C06HOCTI1. Bhr6op TOJIIUI1Hhi cTeHKI1 KaHaJII13aU110HHhiX Tpy6 orrpe

,neJI$1eTc$1 IIpO'IHOCTblO KOHCTpYKUI10HHbiX MaTep11aJIOB. 

<l>opMbi cetJeHI1H Tpy6 11 KaHaJIOB ( oco6eHHO .ll:Jl$:1 ceTeH Hap~HOH 
KaHaJI113aU1111 CTO'IHbiX BO.ll: 11 TpaHCIIOpT11pOBaHH$1 ra30B) BeCbMa pa3-

H006pa3Hbl, 'ITO o6ycJIOBJieHO co,nep)l(aHI1eM B3BeiiieHHbiX BemecTB B 

ra30BOM HJII1 )I(H.ll:KOCTHOM IIOTOKe, a TaK)I(e BH.ll:OM KOHCTpYKUI10HHOf0 

MaTep11arra, CIIOC06aMI1 3all.(I1Tbl OT KOpp031111 11 TepMOI130JI$1UI111. 
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OcHOBHbie ,neTaJUI (rrp»Mhie yqacTKH, OTBO.Uhi, TpOHHHKH, KpecTOBHHhi 

11 ,np.) MeTaJIJIHqecKHX M HeMeTaJIJIHqecKHX raJOIIpOBO.ll:OB, BeH

TI1JIHUHOHHbiX CHCTeM, a TaiOKe JaiiOpHbie YCTpOHCTBa K HHM HOp

MaJIH30BaHbl. Crroco6bi coe,nHHeHHH Tpy6 JaBHC»T oT MaTepHaJIOB, HJ 

KOTOpbiX OHH H3fOTOBJieHbl. Coe,nHHeHHH CTaJibHbiX Tpy6 MOryT 6biTb, 

uarrpHMep, CBapHbiMH, li>JiaHU:eBbiMH H pe3b60BbiMM; OHH MOryT 6biTb 

$aCOHHbiMH - B BH.ll:e KOJieH, OTBO.ll:OB, yrOJibHMKOB, TpOHHHKOB, 

KpecToB. ToHKOcTeHHbie MeTaJIJIHqecKHe BeHTHJIHUHOHHbie TpY6bi 

MOryT HMeTb li>aJibU:eBbie coe,nHHeHHH. 

TipH Bbi6ope Tpy6orrpOBO.UHOH apMaTypbl pyKOBO.ll:CTBYIOTCH 

ycJIOBHbiM ,naBJieHHeM PY H ycJioBHbiM ,nHaMeTpOM DY (HOMHHaJihHbiH 

J(MaMeTp OTBepcTHH .ll:JIH rrpoxo,na cpe,nbi). Jli06bie ,neTaJIH Tpy6orrpo

BO.UOB H apMarypbi c o,nHHM H TeM )l(e ycJIOBHhiM ,nwaMeTpoM DY rrpH 

O.UHOM H TOM )l(e 3HaqeHHH py HMeiOT O.UHHaKOBbie IlpHCOe,nHHH

TeJibHbie paJMepbi. 

,[lml peryJIHpOBaHHH pacxo,na )I(H.ll:KHX H raJOBbiX cpe,n HCIIOJib3YIQT 

pa3JIHqHbie BH.ll:bl JaiiOpHOH apMarypbi: KpaHbl, BeHTHJIH H 3a.ll:BH)I(KH. 

KpaHbi rrpMMeHHIOT .ll:JIH )l(lf.ll:KOcTeM: co BJBerneHHbiMH BemecTBaMM H 

KPMCTaJIJiaMM. OHM 6biCTpo oTKpbiBaiOTC» H JaKphiBaiOTc», Ho MaJio

llpHro.uHhi .UJI» peryJIMpoBaHMH o6beMa rro.uaqH oTxo,noB. BeHTMJIM 

He IlpHfO.ll:Hbl MH 3arpH3HeHHbiX )l(lf.ll:KOCTeH, HO MX ueJiecoo6pa3HO 

11CIIOJib30BaTb .ll:JIH peryJIMpOBaHHH pacxo,na IIOTOKa. 3a,nBH)I(KH ycTa

llaBJIMBaiOT Ha Tpy6orrpOBO.ll:aX 60JibiiiHX ,nHaMeTpOB, HX rH,npaB

JiwqecKOe COIIpOTHBJieHHe HeBeJIHKO, MMH TaiOKe y,no6HO peryJIHpOBaTb 

noToK. O,nHaKo Ja.ll:BH)I(KH ,noporH, HMeiOT 6oJihrnyiO BbiCOTY H MaJio

llpMro,nHhi ,nJI» )I(H,nKocTeM: co BJBerneHHbiMH qacTwuaMH. BMecTo 

·sa,u:BH)I(eK .UJIH peryJIMpOBaHHH rrepeMemeHHH CTOqHbiX BO.ll:, co.uep

>KaiUHX TBep,nbie qacTMU:hl, CJie,nyeT IlpHMeHHTb IIOBOpOTHbie .ll:MCKOBbie 

·saTBOpbi c yiiJIOTHeHHeM peJHHOBbiM KOJihUOM. 

FuiJpo- u nHe6MompaHcnopm npoMbll.U/leHHbiX omxoiJo6. fH.L~:po- H 

IIHeBMOTpaHCIIOpTOM (fTIT) Ha3biBaiOT rrepeMemeHHe pa3JIHqHbiX 

CbiiiytiHX MaTepHaJIOB H TBep,nbiX Tell IIOTOKaMH )I(H.ll:KOCTH HJIH raJa 

·sa cqeT rrepe,naqH HM 3HeprHH HecymeM: cpe,nhi. B KaqecTBe )I(H.ll:KOH 

11ecymeM: cpe,nbi, KaK rrpaBHJIO, MCIIOJib3YIOT BO.ll:Y, a B KaqecTBe 

raJoo6pa:moM: - Bo:myx. Bo11ee 30 % o6mero KoJiwqeCTBa rrepeMemaeMbiX 

lla rrpe,nrrpHHTMHX CbiiiytiHX MaTepMaJIOB TpaHCIIOpTMpyeTCH TaKHM 

l'IIOC060M, IlpH 3TOM o6ecrreqHBaeTCH HerrpepbiBHaH IIO.Uaqa MaTepHaJIOB 

11a 3HaqHTeJibHbie paCCTOHHHH ITO CJIO)I(HOH IlpOCTpaHCTBeHHOH CXeMe. 
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Tpy,noeMKHe BcnoMoraTeJibHbie rrpoueccbi rrpH TaKoM rrepeMemeHHH 

OTXO.ll:OB MexaHH3HpOBaHbl. qaCTO TpaHCIIOpTHpoBaHHe 3KOHOMH'IeCKH 

UeJiecoo6pa3HO CO'IeTaTb C TeXHOJIOrH'IeCKHMH onepaUIDIMH (3aTBep

,UeBaHHeM, rpaHylliiU:HeH, BbiiUeJia'IHBaHHeM, yBJiaJKHeHHeM, cyiiiKOH, 

cop6u:HeM: H ,np.). 

Y CTaHOBKH fiJT COCTOHT H3 CJie,nyiOIUHX OCHOBHbiX 3JieMeHTOB: 

yCTpOHCTBa MH BBO,na B TpaHCIIOpTHpyiOIUHH IIOTOK ChiiiyqHX Ma

TepHaJIOB HJIH TBep,nbiX TeJI (HanpHMep, KOHTeHHepOB C CbiiiY'!HM 

MaTepHaJIOM), Tpy60npOBO.Ua C apMarypoH HJIH )l(eJio6a, ycTpOHCTBa 

M» OT,neneuH» TBep,nbiX qacTHU oT H~cymeM: cpe,nbi. OcuoBHhiMH 

TpaHCIIOpTHPYJOIUHMH MaiiiHHaMH HBJUIIOTCH HaCOCbl, KOMnpeccopbl, 

raJo,nyBKH (BeHTHJUITOpbi). YcTaHOBKH m.upoTpaucrropTa ,neJUITCH ua 

caMoTe'IHbie (6eJuarropHbie), c ecTeCTBeHHhiM uarropoM H c HCKYC

CTBeHHO COJ,naBaeMbiM HanopOM, COOTBeTCTBYIOIUHM neperra,ny ,naBJie

HHH B rrpe,nenax 0,05-7 Mila. no HaJHa'leHHIO paJJIIfqaJOT M06HJibHbie 

H cTau:HouapHbie ycrauoBKH, a TaiOKe crau:Houapuble c MamcTpaJihHhiM 

Tpy6onpOBO.ll:OM MHHOH HHOr,na .ll:O HeCKOJibKHX ,necHTKOB H ,naxe COTeH 

KHJIOMeTpOB (o6bNHO )l(e He 6oJiee 2-2,5 KM). . 

Ha pHc. 3.1 rrpe,ncTaBJieua o6ma» cxeMa m.upoTpaucnopTa. 

C IIOMOll.(blO rH.npOTpaHCIIOpTa OTXO,Ubl '!aCTO "HaMbiBaiOT" Ha 

OTKpbiTbie OTBaJihi, cKJia,nhi, rrpy,nhi. Huor.na ua BhirpyJKe ycTauaB

JIHBaiOT OTCTOM:uoe o6opy,noBaHHe M» paJ,neneHH» m.upocMecH. Bo.uy 

IIOCJie paJ,neneHIDI rH.ll:POCMeCH HCIIOJih3yiOT B JaMKHYTOM UHKJie. 
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Pwc. 3.2. CxeMa acacbiBaJOme:ii nHeBMaTw-IecKo:ii ycTaHOBKH (a) H ycrpo:iicrao 
acacbiBaiOmero nepeHocHoro conna (6): 

I ~ conno; 2 - TPY6onpoao.u a3pocMecH; 3 - 3arpy3o'IHbiH 6YHKep; 
4- Bo3.uyxoo'IHCTHTeJibHoe YCTPOHcTBo; 5- 3a'I'Bopbr; 6- aaicyyM-Hacoc 

Y cTaHoBKH nHeBMoTpaHcnopTa o6bi'IHo pa6oTaiOT no .nsyM cxe
MaM. ITo O.ll:HOH H3 HHX (pHc. 3.2) aaKYYMHbiM HacocoM HJIH seH
THJHITopoM co:maeTcH pa3pe)l(emle B ycTaHoBKe, MaTepwa.n: c BoJ,nyxoM 
"JacacbiBaeTcH B Tpy6onposo.n M TpaHcnopTMpyeTcH B BH.ll:e a3pocMecw. 
no ,npyroti: cXeMe (pMc. 3.3) BOJ.ll:yx KOMnpeccOpOM HarHeTaeTCH B 
IIHTaTeJib, a3pMpyeT CbinyqMH MaTepMaJI H TpaHcUOpTMpyeT ero B 
CHcTeMy pa3rp~eHMH, cOcTaBJieHHYIO M3 annapaTOB, aHa.n:orM'IHbiX 
IIOKaJaHHbiM Ha pMc. 3.2 (U03HUHH J, 4). 

He.nocTaTKH rH,npo- M nHeBMoTpaHcnopTa: JHa'IMTeJibHbiH pacxo.n 
·meprMH, a TaK)I(e so.ubr, so:myxa; noHBJieHMe B pMe cJiyqaes spe,nHbiX 

PHc. 3.3. llHTaTeJib c a3pHpoBaHHeM 
cblnyqero MaTepHana .llJIH HarHe
TaTeJibHOH ycTaHOBKH nHeBMO
TPaHcnopTa: I - JIHHHH no.ua'IH 
c)l(aToro Bo3.uyxa; 2 - TpaHc
nopTHbiH TPY6onpoao.u a3pocMecH 
B CHCTeMY pa3rp~eHHSI H O'IHCTKH 
Bo3.uyxa; 3 - nopHcTaH nepero-

po.IJ:Ka 

z 
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ITpMMeceti: B CTO'IHOH Bo,ne M OT6pOCHOM B03,nyxe; a6pa3MBHbiH M 

KOpp03MOHHbiH M3HOC Tpy6, HaCOCOB, BeHTMJUITOpOB, rM.LJ;p03JieBaTopoB 

ITpM rpaHciTopTe rpy3oB. 3arpaTbi 3HepmM ITpM ITHeBMOTpaHCITOpTe B 

10-15 pa3 ITpeBbiiiiaiOT JaTpaTbi Ha MexaHHtJecKoe TpaHciTopTM

posaHMe. Y,neJibHbiH pacxo.n so,nhi WUI rM.LJ;poTpaHciTopTa 30Jibi coc

TasmieT 8 M 3/T, ITMpMTHOfO orapKa 7 M 3/T, IIIJiaMa CO.LJ;OBbiX 3aBO.LJ;OB 

8 M 3/T. flpM ITHeBMOTpaHCITOpTe, HaiTpMMep, ITO CXeMe, rlOKa3aHHOH Ha 

pMC. 3.3, O.LJ;HOH MaCCOBOH e,nMHMUeH B03,nyxa TpaHCITOpTMpyeTCH 

11,0-24,5 MaCCOBbiX e,nMHMU ITMpMTHOfO orapKa, 20- KOCTHOH MYKH, 

12 - yrOJibHOH ITbiJIM M T . .LJ;. 

)lJIH TpaHCITOpTMpoBaHMH CTO'IHbiX BO.LJ; K O'IMCTHbiM COOp~e
HMHM, eCJIM OHM He ITOCTyiTaiOT caMoTeKOM, MCITOJib3yiOT ueHTpo6e:>K

Hbie Hacocbi MapoK <1>, <l>B, <l>f, H<l>, H<l>B (H - Hacoc, <I> -
.PeKaJibHbiH, B - BepTMKaJibHbiH, r - ropM30HTaJibHbiH). B CMCTeMax 

rw.nporpaHciTopTa ITpMMemnoT TaiOKe Hacocbi MapoK HIT, KHII, 
KIDll, fp, P H .np. (IT - ITecKoBhiH, K - KMCJIOTHbiH, Ill - IIIJia

MOBbiH, fp - rpyHTOBbiH, p - ycJIOBHOe o603Ha'leHMe 3eMJie

COCOB). 

)lJIH ITHeBMOTpaHCITOpTMpoBaHHH TeXHOJIOfM'IeCKMX, OT6pOCHbiX 

M BeHTMJIHUMOHHbiX ra30B IIIMpOKO ITpMMeHHIOT ueHTpo6e:>KHbie BeH

TMJIHTOpbl, ra3o,nyBKM M KOMITpeccopbl. )lJIH C03,LJ;aHMH He60JiblliOfO 

M36biTO'IHOfO ,naBJieHMH MJIM BaKyyMa o6bi'IHO ITpMMeHHIOT BOLJ:O

KOJibUeBbie saKYYM-Hacocbi. 

3.2. IIoaoeMHo-mpaHcnopmHoe o6opyao6aHue 
aJIJl nepeMeUJ,eHUR m6epabtx npOMblUI./leHHblX omxoao6 

Fpy3onoikRMHbte MawuHbt. OcHoBHbiM y:moM JII06oi1 rpYJO-ITO,ll';beMHOH 

MaiiiMHbi sm.rrneTCH MexaHM3M WU~ ITO,ll';beMa M orryc.KaHHH rpYJa. HeKoropbie 

rpy30ITO,ll';beMHble MaiiiMHbl MOryT ITepeMeiUaTb rpYJ M B ropM30HTaJibHOM 

HaiTpaBJieHHM. 

IlpOU3600UmeAbHOCmb cpy3onoiJoe~tHOU MQUJUHbt - 3TO KOJIM

qecTBo rpy3a, KoTopoe MO:>KeT 6biTb ITepepa6oTaHo Ja 1 q HeiTpepbiBHoti: 

pa6oTbl ITpM HaM6oJiee 3-l>.PeKTMBHOM ee MCITOJib30BaHMM. ,l.(JIH MaiiiMH 

ITepMo)J.MtJecKoro .neti:cTBMH (KpaHoB, asToiTorpy3'1MKOB, saroHo

oiTpoKM.LJ;biBaTeJieti:) ee oiTpe,neJIHIOT ITo .popMYJie 

Q = 3600 q /t' u u 
(3.1) 
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r.ne qu - cpe,niDIJ~ Macca rpy3a, rrepeMe~aeMoro 3a I U.MKJI, T; lu -
npo,noJDKMTeJihHOCTh o,nHoro U.MKJia pa6oThi, c. 

TpeucjJepbz rrpe,nCTaB.JUDOT co6oi1: caM03aqepiibiBaJOI..U,Me KOBnrn. Ilo 
qwCJIY pa6o"'MX. opraHoB - qemocrei1: oHM ,nerurrcJ~ Ha ,nByxqe.JIIOCTHbie 
(pwc. 3.4) M MHoroqemoCTHbie. IlOCJie.L~:HMe rrpMMeiDIIOT .li:JI}I rrepeMe~eHMjl 
IcyCKOBbiX, IIOpMCThiX M BOJIOKHMCThiX MarepMaJIOB. Ilo qwcny ,neMCTB)'IO~HX 

KaHaTOB pa3JIMqaJOT O.ll:HO- M .ll:ByxKaHaTHble rpeti:<!>epbl. )lJIJI 3anOJI
HeHMjl rpeti:<t>epa BKJIJOqaeTc» 6apa6aH 2 ne6e,nKH, M Ha Hero HaMa
ThiBaeTc» KaHaT J. IlpM 3TOM TpaBepca 3 rrepeMemaeTCJI BBepx, a 
rnapHMpHO CBH3aHHble C HeM CTaJibHhie qeJIIOCTM 4 CMbiKaiOTCH M 
Ha6wpaiOT MaTepwan. 3aTeM BKJIJOqaeTc» 6apa6aH 5, M rpeti:<l>ep rro.n
HMMaeTc». IJpM IIO,n'beMe o6a 6apa6aHa 2 M 5 pa6oTaiOT CMHXpOHHO. 
IlpM pa3rpy3Ke KaHaT 1 cMaTbmaeTcJ~ c 6apa6aHa 2, TpaBepca 3 
nepeMeruaeTCH BHM3, M qeJIIOCTM paCXO.ll:HTCJI. 

-- PHc. 3.4. )l,ByxKaHaTHbiM .IlByx'leJIIOCTHOM 
rpei1<Pep: 

1, 7- KaHaThi; 2, ~ 6apa6aHbi; 3, 6--Tpa
aepchi; 4- t.IeJIIOcrn 

PHc. 3.5. CKMIIOBhrn no.zn,eMHHK---

)lJIH pa60Tbi C KpyiiHOKyCKOBbiMM M CJie)I<:MBaiOIUMMMCJI MaTe
pMaJiaMM pe:xcyruMe KpOMKM qeJIIOCTeM BbiiiOJIHJIIOT B BM.ll:e C'beMHbiX 
·1y6beB. EMKOCTb rpeti:<!>epOB COCTaBJIHeT 0,3-15 M3. 

qT06hr MCKJIIOqMTh noBpe)l()l;eHMe M3,nenwi1: (HanpMMep, pynoHoB 
6yMarw) rrpM rrorpy3oqHo-pa3rpy3oqHhiX orrepau.wJ~x, pa3pa6oTaHbi 
1\RKYYMHbie rpei1:<Pepbl, npMHU.MII ,neMCTBMJI KOTOpbiX OCHOBaH Ha 
''npwcaCbiBRHMM" cneQMaJibHhiX rpy3o3aXBaTbiBRIOIUMX YCTpOMCTB 
(Tpy6) K rrepeMewaeMhiM M3,neJIMJIM. 
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J(A.R mpaHcnopmup060HUJl CbiiiY'IHX H KYCKOBbiX MaTepHa.JIOB 

npHMeHHIOT CKHUOBbie UO,lJ.'beMHHKH (pHC. 3.5). 
IlpH npOH3BO.ll:CTBe norpy30'IHO-pa3rpYJO'IHbiX pa6oT HCUOJib3YIQT 

TaiOKe MOCm06bl€ H n006€CHbl€ KpOHbl, K03JIOBbie H neperpy30'IHbie 

MOCThi, Ka6eJib-KpaHbi, a TaiOKe nepe,n:BIDKHbie nosopoTHbie KpaHbi 

Ha ryceHifqHOM, aBTOM06HJibHOM HJIH )l(eJie3HO,n:OpO:>KHOM Xo,n:y. 

TpaHcnopTifPYIOmMe MarnHHhi (KOHseM:epbi) npe,n:HaJHa'leHbi .ll:liH 
TpaHcnopTHpoBaHHH MaTepHa.JIOB HenpepbiBHbiM DOTOKOM 6e3 OCTa

HOBOK ,n:JIH 3arpy3KH M pa3rpy3KH. TpaHcnopTHpYlQil..I,He MalllHHbl MOryT 

6biTb C THfOBbiM opraHOM (JieHTa, uenb, KaHaT) H 6e3 Hero. 

JleHTO'IHbie KOHBeHepbl HMeiOT (pMC. 3.6) THfOBbiH opraH B BH,n:e 

6eCKOHe'IHOH JieHTbl (TeKCTHJibHOH, npope3HHeHHOH 113 XJIOo'laTo6y

Ma:>KHOH HJIM CHHTeTH'IeCKOH TKaHH, H3 CTa.JIH, npoBOJIOKH H ,n:p.), 

HBJIHIOil..J,eMCH O.ll:HOBpeMeHHO M rpy30HeCyll..I,HM 3JieMeHTOM. 

Pwc. 3.6. JleHTO'IHhiH KOHBei1ep: 

I, 4- pa3rpy30'IHoe H 3arpy30'IHoe yc'TpOHCTBa; 2, 5- npHBO.IJ.Hrui H HaTIDKHrui 

CTaHUHH; 3- no.n.nep)I(HBaJOIUHe pOJIHKH; 6- npH)I{HMHrui JieHTa 

CKopocTM ,n:BH)I(eHHH TpaHcnopTepHoM: JieHThi ycTaHaBJIHBaiOT c 

yqeTOM CBOMCTB TpaHcnopTHpyeMbiX MaTepHa.JIOB (HaCbinHOH MaCChi, 

yma ecTeCTBeHHoro OTKoca MaTepHa.Jia npw ero ,n:BM)I(eHHH M ,n:p.). B 
Ta6JI. 3.1 npMBe,n:eHbl CKOpOCTM TpaHCUOpTMpOBKM pa31IM'IHbiX OTXO.ll:OB 

Ha JieHTO'IHOM TpaHCnOpTepe C lllMpMHOH JieHTbl 0,5-0,65 M. 

YroJI HaKJioHa KOHBeiiepa ~He ,n:omKeH noeBhirnaTh 20°. HHor,n:a 

He06XO.ll:MMO TpaHCUOpTMpoBaTb OTXO,n:bl C 6oJiee BbiCOKMM yrJIOM 

HaKJioHa K ropHJOHTy (.n:o 45-60.). B 3TOM cJiyqae no 6oKaM 

KOHBeM:epa ycTaHaBJIHBaiOT npH)I(HMHbie JieHTbl, ,n:BM)I(yll..J,HeCH CO 

CKOpOCTblO OCHOBHOM KOHBetf:epHOH JieHTbl. 
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Ta6nHua 3.1 
PeKoMelf.nYeMble cKopoCTH TtJaHCDOPTJipoBDI OTXO.li.OB 

JieBTO'IIIhiM KOHBeiiepOM (v~- CKOpOCTit ,lJ.BIDKeBHSI JieBThl) 

Bll.ll OTXOllOB 

Cyxru~ 30Jia, nHpHTHhiH orapoK 
IlecoK 
lllnaK 
KycKoBhie OTXO.!lhl pa3MepoM .LIO 200 MM 

CHJibHO nbiJUII.UHe OTXO.!lbi 

v., M/c 

0,75 
1,25 

1,0-1,6 
< 1,5 

0,8-1,25 

06myiO MOll.(HOCTb IIpMBO.!la KOHBeti:epa N (KBT) MO)I(HO 

orrpe,neJIMTb H3 Bblpa)l(eHIDI! 

(3.2) 

r.ne NnoJJ. - MOil..I,HOCTh, Heo6xo,nMM<UI .!lJIH no,n'beMa rpy3a; Nrop -

MOil..I,HOCTb, He06XO.!lHM<UI .!lJIH fOpM30HTaJibHOfO nepeMemeHMH rpy3a; 

QK - rrpoM3BO.!lMTeJibHOCTh KOHBeti:epa, Tjq; H M L - cooTBeTcTBeHHO 

BbiCOTa H ,nJIMHa KOHBeti:epa, M; C
0 

- y,neJibHbiH npMBe,neHHbiH 

K03Ii>li>MuMeHT COIIpOTMBJieHIDI ( C0 = 1 ,2-1 ,25). 
IJpOM3BO.!lMTeJibHOCTb QK (Tjq) JieHTOqHOfO KOHBeti:epa 

Onpe,neJIHeTCH H3 Bblpa)l(eHMH: 

QK =3600S·W·y, (3.3) 

r,ne S - IIJIOIUa.LJ:b ceqeHMH IIOTOKa MaTepMaJia, M2; W - CKOpOCTb ne

peMell..J,CHHJI JICHTbl, Mfc; y- HaCbinH<UI Macca MaTCpMaJia, T/M3
. 

HachiiiH<UI Macca HeKOTOpbiX OTXO.!lOB npwse,neHa B Ta6JI. 3.2. 

T a 6 JI H u a 3.2 
HacldiiiWI Macca (m) pll3JIII'IHbiX OTXO.li.OB 

Bll.ll OTXOllOB 

III.JiaK 

30Jia cyxru~ 

30JiaBJIIDKHrui 

CTp)')KKa cTaJihHrui 

0,6-1,0 

0,4-0,6 

0,9-1,4 

1,5-2,0 
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qacTO (HanpMMep, ,ll)Hl y,na.n:eHMH oca,nKa 113 OTCTOHHMKOB) 

MCnOJib3yiOT CKpe6K06bl€ KOH6eiiepbl, B KOTOpbiX. MaTepMaJI nepeMe

maeTCH no HenO.ll:BIDKHOMY )l(eJio6y CKpe6KaMM, coe,nMHeHHbiMM .ll:BM

~meHCH uenbiO (pwc. 3.7). 

PHc. 3.7. U:enHoii cKpe6KOBhiM KoHBeiiep 

flpOM3BO.ll:MTeJibHOCTb CKpe6KOBOfO KOHBeti:epa QK (T/'1) onpe,ne

JIHeTCH no .PopMYJie: 

QK = 36oo B · h ·"'. w. r, (3.4) 

r.ne B, h - umpwHa M BbicoTa )l(eJio6a KOHBeti:epa, M; ljl - ycpe,nHeHHbiH 

3MnMpM'IeCKMH K03Ii>li>MU:MeHT 3anOJIHeHMH )l(eJio6a OTXo,naMM; 1j1 = 
0,5-0,6; W, y - TO )l(e, 'ITO M B Bblpa)l(eHMM (3.3). 

TpaHcnopTMpyiOmMe T»rOBbie ycTpoti:cTsa, nepeMemaiOmMe 

MaTepMaJibl B BepTMKaJibHOM (MJIM 6JIM3KOM K HeMY) HanpaBJieHMM, 

Ha3biBaiOTc» 3Ae6amopOMu. T»rOBbiM opraHoM 3JiesaTopa (pwc. 3.8) 
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CJiy)I(MT uenb npM CKOpOCTM .ll:O 1,25 M/c MJIM 

KOHBeti:epHaH JieHTa - npM CKOpOCTM He 6oJiee 

2,5 M/c. flepeMemeHMe cbmyqero rpy3a ocymecT

BJIHeTc» B rJiy60KMX (.ll:JIH HeCJie)I(MBaiOIUMXCH 

JierKOCbiiiYtJMX MaTepMaJIOB) MJIM B MeJIKMX KOB

IUaX. 

flpOM3BO,nMTeJibHOCTb 3JieBaTopa Q, (T/'1) 

onpe,neJIHIOT, MCnOJib3yH Bblpa)l(eHMe: 

Q, = 3,6 G wjt, (3.5) 

r,ne G- Macca MaTepMaJia B O.ll:HOM KOBIUe, Kr; W -

PHc. 3.8. KoBlllOBhiM 3JieBaTop 



r A a 6 a 3. TpaHcnopmupoBaHue npoMbllUIIeHHbiX omxoiJoB 

CKOpOCTb rrepeMell..J,eHIDI KOBIIIa, M/c; t - paccTOHHHe Me::>K,LJ;y KOB

lliaMH, M. 

flpH pacqere Macchi MaTepHarra B O.ll:HOM KOBIIIe CJie.n:yeT YtJHTbiBaTb 

K03<l><l>HUHeHT 3aiiOJIHeHIDI, KOTOpbiH 06bi'IHO COCTaBJmeT 0,6-0,9. 
PaccTOHHHe Me::>K.LJ;y KOBIIIaMH COCTaBJIHeT 2-3 ero BbiCOTbi, KOTO

pa» B 3aBHCHMOCTH OT THIIOpa3Mepa 3JieBaTOpa paBHa 0,16-0,63 M. 

B HeKoTopbiX CJiyqaHX, HarrpHMep rrpH peMOHTHhiX orrepauH»X, 

ripHMeHHIOT rpaBHTaUHOHHbie (6e3 THfOBbiX OpraHOB) ycTpOHCTBa -

:>KeJio6a, Tpy6bi, BHHTOBbie crrycKH, pOJibraHm (MH IIITyqHbiX rpy30B), 

rro KOTOpbiM MaTepHarr rrepeMemaeTc» csepxy BHH3. 

BuHmo6ou (IIIHeKOBhiH) KOHBeti:ep rrpe,n:cTaBJmeT co6oi1: Tpy6y (HJIH 

:>KeJio6), ITO KOTOpOH MaTepHaJI rrepeMemaeTCH rrpH IIOMOil..J,H Bpall..l,aiO

merOCH BHHTa. illHeKOBbie KOHBeti:epbl JierKO rro.n:,n:aiOTCH repMeTH3a

UHH, 'ITO II03BOJIHeT HCIIOJib30BaTb HX .ll:JIH TpaHCIIOpTHpOBaHHH 

llbiJIHil..I,HX H ropH'IHX rpy30B, Bbi,n:eJIHIOil..I,HX Bpe,n:Hbie HcrrapeHIDI. 

3eMAepoiiHble MawuHbl rrpe,n:cTaBJIHIOT oco6y10 rpyrrrry TpaH

crropTHhiX ycTpOHCTB ,n:JIH pa3pa60TKH rpyHTOB, 3aJie:>Kei1: IIOJie3HbiX 

HCKOrraeMbiX, OTBaJIOB, .ll:JIH <t>opMHpOBaHHH IIOJIHfOHOB H IIIJiaMO

HaKOIIHTeJieH TBep,n:bi.X OTXO,n:OB. CIO,n:a BXO,n:HT H 3eMJiepOHHO-TpaH

CIIOpTHbie MaiiiHHbl: CKperrepbl, 3KCKaBaTOpbi, 6yJih.ll:03epbi, KaTKH. 

flpH <t>opMHpOBaHHH IIOJIHfOHOB TBep,n:biX OTXO.ll:OB TaKHe MaiiiHHbi 

HBJIHIOTCH OCHOBHbiM TeXHOJIOfH'IeCKHM o6opy,n:osaHHeM. 

flpH Bbi6ope 3eMJiepOHHOH MalUHHbl pyKOBO.ll:CTByiOTCH 3a,n:aHHOH 

ripOH3BO.ll:HTeJibHOCTbiO. 3Ta IIpOH3BO.ll:HTeJibHOCTb MO:>KeT 6biTb 

o6ecrretJeHa rrpHMeHeHHeM cpaBHHTeJibHO He60JiblliOH 6biCTpO.ll:eHCT

ByiOil..J,eH MaiiiHHbl HJIH, Ha060pOT, HCIIOJib30BaHHeM KpyiiHOH TH:>KeJIOH 

MaiiiHHbi, OTJIH'IaiOil..J,eHCH MaJIOH CKOpOCTbiO HCIIOJIHeHIDI OT,n:eJibHbiX 

orrepauHH, HO II03BOJIHIOil..J,eH o6pa6aTbiBaTb 60JibiiiHe 06'beMbl MaTe

pHarra. 0KOH'IaTeJibHO MaiiiHHbl Bbi6HpaiOT Ha OCHOBe pe3yJibTaTOB 

cpaBHHTeJibHOfO TeXHHK0-3KOHOMH'IeCKOfO aHaJIH3a. 

3.3. HcnoAb306aHue aBmoMo6WlbHozo, ;»CeAe3Hoaopo;»CHozo 

u BoaHozo mpaHcnopma. 

KoHmei:mepHble nepe603KU npoMblUlAeHHblX omxoao(J 

L(mi rrepeB030K IIpOMbiiiiJieHHbiX OTXO.ll:OB BHe IIpOH3BO.ll:CTBeHHbiX 

rrpe,n:rrpiDITHH HCIIOJib3yiOTCH aBTOM06HJibHbiH, :>KeJie3HO,n:OpO:>KHbiH H 

BO.ll:HbiH TpaHcrropT. 
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llepepafiomKa npOMblUJIIeHHbiX omxoiJoB 

fipeHMYIUeCTBO aBTOM06HJibHOfO TpaHCnopTa COCTOHT B TOM, 'ITO 

OH JlOCTaBJIHeT OTXOJlbl Henocpe,llCTBeHHO Ha MeCTO HX nepepa60TKH 

HJIH Ha npoMexyro'IHLie cTaHIJ;HH. TpaHcnopTHpoBKa OTXOJlOB oT 

npoMe:xcyTO'IHbiX CTaHIJ;Hii npOH3BO,IlHTC.si CaMbiMH KpynHLIMH TpaHC

nopTHbiMH Cpe,llCTBaMH: XeJie3HO,IlOpO)I{HbiMH H BOJlHbiMH, a TaKXe 

60Jibiiierpy3HbiMH aBTOM06Hmi:MH. 

CTOHMOCTb aBTOM06HJibHbiX nepeB030K OTXOJlOB MaJIO 3aBHCHT OT 

paCCTO.siHHR, HO BCe Xe HaH6oJiee paiJ;HOHaJibHO ero HCnOJib30BaHHe 

npH JlaJibHOCTH nepeB030K JlO 50 KM (pHC. 3.9). 

g 

{, 

I i,~ 
10 

• 4 

1 

PACCI'WIHHE. IN 

PHc. 3.9. BnHHHHe paccro.HHH.H 

Ha ce6eCTOHMOCTb nepeBo3oK: 

J - XeJIC3HO,llOp0)1CHhiM "l"paHC

nopToM; 2 - aBTOM06HJibHhiM 

TPaHcnopToM 

fipH nepeB03Ke OTXOJlOB Ha 6oJiee )laJibHee paCCTO.siHHe CTaHO

BHTC.si n;eJiecoo6pa3HbiM HCnOJib30BaTb XeJie3HOJlOp0)1{Hblit H BOJlHbiH 

TpaHcnopT. ,lVul nepeBo3KH rpy3oB no xeJie3Hoit JlOpore HcnoJIL3YJOT 

xeJie3HO,IlOpO)I{Hble BafOHbl H nonysaroHbl, IJ;HCTepHbl H OTKpbiTble 

nnaT«PopMLI. Ha OTKpbiTbiX nnaT«PopMax no xeJie3Hoii ,llopore n;eJie

coo6pa3Ho nepeBo3HTb JIOM qepHLIX H n;BeTHLIX MeTaJIJIOB. MeTaJI

JIH'IeCKyiO CTp}')KKY Jiyqiiie nepeBo3HTL Ha 3aKpLITLIX nnaT«PopMax, 

pa3rpyxaeMLIX CHH3Y Ha KOHBeitep, no,llaiOIIJ;Hit CTpYXKY cpa3y B 

nepennaB. 

Bo Bcex CJiyqa.siX, Kor,lla 3To B03MO)I{Ho, cneeyeT HCnoJIL3oBaTL 

KOHTeiiHepHLie nepeBo3KH OTXOJlOB. TpaHcnopTHpoBaHHe OTXOJlOB B 

KoHTeiiHepax - HaH6onee 3KOHOMH'IHLiii BH.Il HX nepeBo3KH. Xopoiiio 

H3BeCTHbl, HanpHMep, KOHTeii:Hepbl, npe,llHa3Ha'leHHbie .li)UI nepeB03KH 

6biTOBbiX OTXOJlOB. 

KoHTeiiHepHLie nepeBo3KH oTXo.llOB MoryT BLmonHRTbc.si aBTo

Mo6HJILHLIM, XeJie3HO,IlOpO)I{HbiM H BOJlHbiM TpaHCnOpTOM C HCnOJib30-

BaHHeM C'beMHbiX, .npHCnoco6JieHHbiX .li)UI MeXaHH3HpOBaHHOit nepe

rpy3KH KOHTeiiHepoB. 
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KoHTe:l.:tHepbi wur nepesoJKH TBep.llbiX H nacToo6pa3HhiX npo

MbiiiiJieHHhiX OTXO.IlOB npe,llCTaBJUIIOT CBapHyiO KOHCTpyKUHIO, ycH

JieHHYIO pe6paMH )l(eCTKOCTH. B sepxHe:l.:t qacTH KOHTe:l.:tHepa pacno

JIO)I(eHbi JarpyJoqHbie JIIOKH, KOTOpbie HMeiOT KpbiiiiKH. Ha nepe,llHe:l.:t 

CTeHKe KOHTe:l.fHepa HMeeTC.SI aBT03aXBaTHOe ycTpOHCTBO. CHCTeMa 

repMeTH3aUHH KOHTe:l.fHepa HCKJIIQqaeT B03MO)I(HOCTb CaMonpOH3-

BOJibHOfO OTKpbiBaHH.SI KpblliiKH JIIOKa. 

ABTOUHCTepHa JlJI.SI nepeB03KH )I(U,IlKHX OTXO.IlOB TaK)I(e npe,ll

CTaBJI.SieT co6o:l.f CBapHyiO KOHCTpYKUHIO, COCTO.SIIUYIO H3 .llByx JlHMIU H 

o6eqati:KH. B sepxHeti: qacTH UHCTepHbi HMeeTc.SI JarpyJoqHbiti: JIIOK c 

repMeTHqHo 3aKpbiBaiOmeti:c.SI KpbiiiiKoti:. Onopo)I(HeHHe UHCTepHbi 

IIpOH3BOJlHTC.SI qepe3 JIIQqOK, pacnOJIO)I(eHHt>IH B HH)I(He:l.{ qacTH 3a,n:Hero 

JI;HHIUa, KOTOpbiH OTKpbiBaeTC.SI aBTOMaTHqecKH H3 Ka6HHbl BOJlHTeJI.SI. 

fipe,llCTaBJUieT 3HaqHTeJibHbiH HHTepec pa3pa6oTaHHbiH B noc

Jie,llHHe fOJlbl B .sJ:noHHH BaKYYMHbiH C60pHHK OTXOJlOB Ha KOJieCHOM 

XOJly, HMeiOIUHH npMeMHYIO UHCTepHy, CHCTeMy Tpy6onpOBOJlOB, 

KOMnpeccop, MOKpbiH CKpy66ep H 3)1(eKTHpyiOIUHH UHJIHH,Ilp. 

HeKoTopbie pa6oqHe xapaKTepHCTHKH TaKoro BaKYYMHoro c6opHHKa: 

06'beM npHeMHOH eMKOCTH 14M3; CKOpOCTb TpaHcnopTHpOBKH BHYTpH 

C60pHHKa 20 Mjc; CKOpOCTb KOMnpeccopHoro B03JlyXa 30 Mjc; 

MaKCMMaJibHa.SI MOIUHOCTb JlBHraTeJI.SI CHCTeMbl OTCOCa 130 KBT. 

06cJiy)I(HBaeT TaKyiO ycTaHOBKy O.llHH qeJIOBeK. fipe,llBapHTeJibHO 

H3MeJibqeHHbie OTXO.Ilbl, C06HpaeMbie B repMeTHqHbiX MeiiiKax, fiO)la

IOTC.SI B npHeMHOe OTBepCTHe IIIJII030BOH KaMepbi. YcTaHOBKa CHa6-

)l(eHa cneuHaJibHbiMH JanopHbiMH ycTpOHCTBaMH, CHCTeMOH aBTO

MaTHKH, KOHTpOJibHO-peryJIHPYIOIUe:l.f annapaTypO:l.f. 

Oco6bie Tpe6osaHH.SI npH npoeKTHposaHHH H H3rOTOBJieHHH 

rrpe,ll'b.SIBJI.SIIOTC.SI K cneUHaJibHbiM KOHTeti:HepaM JlJI.SI nepeB03KH OTXO.IlOB 

MaTepHaJIOB, onacHbiX wur JIIO.Ile:l.:t H oKp~aiOmeti: cpeJlbi. 

0)lHOH H3 pa3HOBH.IlHOCTeti: KOHTeti:HepOB MO)I(HO cqHTaTb 

cMeHHbiti: KYJOB aBTOM06HJI.SI. OnbiT ·3KcnnyaTauHH aBTOTpaHcnopTa 

co cMeHHhiMH KYJOBaMH wur TpaHcnopTHpOBKH OTXOJlOB noKaJan, qTo 

H3 OTeqecTBeHHbiX aBTOM06HJieti: JiyqiiiHM .SIBJI.SieTC.SI KaMA3-5513 C 

norpyJoqHo-pa3rpyJoqHhiM MexaHHJMOM "no,ll'beMHhiti: KPIOK". 

Bo.llHbiti: TpaHcnopT B cHJiy csoeti: ceJoHHOCTH, a so MHOrHX cnyqa

SIX H Y.llaJieHHOCTH OT MeCTa o6pa30BaHH.SI HJIH HCfiOJib30BaHH.SI OTXOJlOB 

rrpHMeH.SieTc.SI pe)l(e. Ero HcnoJib30BaHHe, KaK npasHJio, Tpe6yeT nepe

rpyJoK, qTo JHaqHTeJibHO Y.llOPO)I(aeT CTOHMOCTb nepesoJoK. HaH6onee 
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IlepepafiomKa npOMbliUIIeHHblX omxoiJos 

pauwoHaJihHo ero wcnoJibJoBaHwe npw nepeMerueHww oTXO.IlOB Ha 
3HaqwTeJibHbie paCCT0$1HIDI (HeCKOJlbKO COT KHJIOMeTpoB li 6oJiee). 

BoJlHbiit TpaHcnopT npe,llycMaTpwBaeT wcnoJibJOBaHwe 6ap)l( H 
Jlpyrwx cy,lloB JlJI$1 nepeBoJKM OTXOJlOB. Oco6eHHo umpoKo ero 
MCnOJib3YIDT .llJl$1 TpaHcnopTMpoBaHM$1 rpyHTOB npli npOli3BOJlCTBe 
JlHOyrJiy6MTeJlbHbiX pa6oT Ha BOJlHbiX nYT$IX. 

KoHmpoAbHble eonpocbl 

1. KaKwe BMJlhi TpaHcnopTa wcnoJihJYIDT JlJI$1 nepeMerueHM$1 oTXo
JlOB? 

2. KaK HCIIOJihJYIDT Tpy6orrpoBOJlHbiti: TpaHcrropT JlJI$1 nepeMerue
HM$1 OTXO,IlOB? KaKMe BHJlbl TpaHCIIOpTMpyiDIUHX MaWMH npHMe
H$1IDT B ycTaHOBKax Tpy6orrpOBOJlHOrO TpaHcnopTa OTXOJlOB? 

3. KaKwe Bli:Jlhl no,lloeMHo-TpaHcnopTHbiX MawwH wcrroJibJYIDT JlJI$1 
no)l'beMa w nepeMerueHH$1 OTXOJlOB? 

4. KaKoe o6opy,lloBaHwe wcrroJibJYIDT rrpw pa3pa6oTKe oTBaJioB 
OTXO)lOB, WJiaMoHaKonMTeJieti: li npli <l>opMlipOBaHHli nOJllifOHOB 
OTXO.IlOB? 

5. KaK wcrroJibJYIDT aBToMo6wJihHblti:, )l(eJieJHOJlOpO)I(Hbiti: w BO.Il
Hhiti: TpaHcnopT JlJI$1 nepeBoJKM OTXOJlOB? KaKoBo BJIM$1HMe pac

CT0$1HM$1 Ha ce6eCTOli:MOCTb nepeB03Kli OTXOJlOB paJJIMqHbiMli Bl{Jla
Mli TpaHcrropTa? KoHreti:HepHbie nepeBoJKM OTXOJlOB. 
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TJIABA 4 

OCHOBhl TEXHOJIOTJP/ECKHX llPO/tECCOB 
HEPEPAEOTKH llPOMhllliJIEHHhiX OTXOJ(OB 

TexHoJionui: nepepa6oTKM sceso3MO)I(HbiX sw,n:os oTxo,n:os 

OCHOBbiBaiOTC$1 Ha MexaHMlJeCKMX, fli:,UpO,UMHaMMlJeCKMX, TellJIOBblX, 

,n:mp<pYJMOHHhiX, XJiMl{qecKMX, 6woXMMwqecKMX npoiieccax. KaK npaBl{JIO, 

B peaJibHOH TeXHOJIOfHli: Yfli:JIH3aiiMH OTXO,UOB COlJeTaiOTC$1 pa3Jili:lJHbie 

MeTO.Ubl B03.LJ:eHCTBH$1 Ha HHX. 

MexauwqecKHe MeTo.n:hi wHpoKo npHMeH$1IOTc$1 npw no,n:roTOBKe 

OTXO.UOB: H3MeJiblJeHHH, arpempoBaHHM, cenapaiiHH H T.,U. 

fl{.ll:pO,Uli:HaMMlJecKMe MeTO,Ubl HCllOJib3yrDT .ll:Jl$1 pa3,n:eJieHli:$1 CMeceH 

oTXo.n:os w nepeMemeHli:$1 wx s pa3JIH'IHhiX annapaTax. 3Tw Mero.n:hi qacTo 

COlJeTaiOTC$1 C TellJIOBblMM, MeXaHMlJeCKli:Mli: li: <l:>M3li:KO-Xli:MlilJeCKli:Mli: 

npoiieccaMM. 

TenJioBhie npoiieCChi $1BJI$1IOTC$1 ueoTbeMJieMoti: qacTbiO MHorwx 

CllOC060B nepepa60TKM OTXO,UOB li: li:Cll0Jib3YIOTC$1 npw li:X C)l(l{faHMli H 

nwpoJiw3e, a TaK)I(e npw pa3JIM'IHhiX npoiieccax, B pe3yJihTaTe KOTOpbiX 

HMeeT MeCTO BbWeJieHMe li: Yfli:JIM3allli:$1 TenJia l{Jil{ Heo6XO,Uli:MOCTb 

OXJia)I(.IJ:eHli:$1 OTXO,UOB li: npo,n:yKTOB li:X nepepa60TKM . 

.Uw<P<PY3MOHHbie npoiieccbr Jie)l(aT B ocuose cnoco6os yrl{JIM3aiiMM 

OTXO,UOB, npw KOTOpbiX OCYllleCTBJI$1eTC$1 nepeHOC MaCChi semeCTBa nyreM 

,UHCTl{JIJI$Illli:M, cop6IIMM, CyuiKM, Kpli:CTaJIJIH3aiiMM li: ,n:pyrMX npoiieCCOB. 

Ouw, KaK npaBl{JIO, colJeTaiOTC$1 c TenJioBhiMM w MexauwqecKMMM, a 

HHor,n:a w c xwMwqecKMMM npoiieccaMw. 

XwMwqecKMe MeTo,n:hr o6pa6oTKM wcnoJih3YIOT npw oKMcJieuww w 

BOCCTaHOBJieHMli: OTXO,UOB, nepeso,n:e MaTepMaJia li:3 O,UHOfO <l:>M3li:

lJeCKOro COCT0$1Hli:$1 B ,n:pyroe, ,UJI$1 li:3MeHeHM$1 KaKMX-JIH6o xapaKTe

pHCTli:K semecTB li: T.,U. 0HH TaK)I(e, KaK npaBMJIO, COlJeTaiOTC$1 C 

TellJIOBbiMH, rli:,UpO,UMHaMMlJeCKHMH, ,n:H<i><l:>Y3MOHHblMli: li: MeXaHMlJeC

KHMli: npoiieccaMw. 
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llepepa6omKa npOMbliU/IeHHblX omxoiJoB 

M, HaKoHeu, 6woxwMwqecKwe MeTo,n:bi wcrroJib3YIOT ,n:JIH yTw

JIW3auww OTXO,UOB C IIOMOIUbiO Mli:KpoopraHW3MOB. 3TO Haw6oJiee 

CJIO)I(Hble npouecCbl, M Ilpli MX peaJIW3aUMM MCIIOJib3yiOTCH M ,n:pyme 

paccMoTpeHHbie Bhiiiie cnoco6bi o6pa6oTKM oTxo,n:os. 0Hw coqeTaiOTCH 

C XMMWqeCKHMM, TenJIOBbiMM, fli,UpO,n:li:HaMWqeCKMMM M MeXaHwqec

KHMM npoueccaMw. 

YTl{Jili:3aUMH TBep,UblX OTXO,UOB B 60JiblliMHCTBe CJiyqaeB CBH3aHa 

C He06XO,UMMOCTbiO JIW60 MX pa3,n:eJieHMH Ha KOMIIOHeHTbl (B IIpouecce 

oqli:CTKH, o6oraiUeHMH, M3BJieqeHMH ueHHbiX COCTaBJIHIOIUWX) C 110-

CJie,UyiOIUeif rrepepa6oTKOit cerrapwposaHHbiX MarepwMoB pa3JIWqHhiMM 

MeTo,n:aMw, Jiw6o rrpli,UaHMH WM orrpe,n:eJieHHoro Bli.ll:a, o6ecneqwsaiO

IUero caMy B03MO)I(HOCTh YTWJIW3auww oTxo,n:os. Ha npoW3Bo,n:cTBe 

OTXO,Ubl, o6pa3yiOIUMeCH Ha O,UHOif ycTaHOBKe (Jili:TbeBaH MaiiiWHa, 

IIITaMIIOBOqHblif npecc, TOKapHblif CTaHOK M T.n.), He 6biBaiOT O,UHO

pO,UHbiMM. QqeHb qacTO B KOHTeitHep C OTXO,n:aMM IIJiaCTMaCCbl IIOIIa

,n:aiOT MeTaJIJiwqecKwe npe,n:MeTbi, a B KOHTeitHep c MeTaJIJiwqecKoit 

CTp~Oit - ,n:epeBHHHaH IIaJIKa l{Jil{ IIpOMaCJieHHaH BeTOlllb. fiepeqeHb 

rrpwMepos MO)I(HO rrpo,n:oJI)I(li:Tb. B TO )l(e speMH Haw6oJiee pauwo

HaJibHoe MCIIOJib30BaHwe BTOpliqHbiX MaTepli:aJibHbiX pecypCOB rrpe

,n:ycMaTpwBaeT wx noJIHoe pa3,n:eJieHwe. ITo3TOMY B TexHoJiorww nepe

pa6oTKH OTXO,UOB Ba)I(Heifiiiee MeCTO 3aHWMaeT MX IIO,UfOTOBKa. 

fJiaBHbiMM <l>W3WqeCKMMM CBOitCTBaMM, 110 pa3Jil{ql{IQ B KOTOpbiX 

MOfYT paccOpTiipOBbiBaTbCH TBep,n:hie OTXO,Ubl, HBJIHIOTCH IIJIOTHOCTb, 

I 
MeTo.zu,I 

<...:.:=;:;.;.;='-==~ . COJ!!:!!rBKH 

~po6neHHe fpoxoqeHHe 

fH.LJ:paru:mqe-
TioMon CKCUI KnaCCH-

¢>HKauHH 

Bo3.LJ:YIIIHaH 
KnaccH¢>HKa-

UHH 

Ta6neru:poBaHHe 

EpHKeru:poBaHHe 

BbiCoKoreMne-
paT)'pHCUI 
arnoMepauHH 

HCUI CenapauHH qHBaHHe 

TieHHCUI PacTBope-
cenapauHH HHe 

MarHHTHCUI KpHCTan-
cenapauHH RH3aUHH 

3neKTpHqec-
KCUI cenapaUHH 

PHc. 4.1. HaH6onee pacnpocTpaHeHHbie MeTo,lJ,bl no.n:roToBKH TBep.zu,xx oTXo.noB 
K nepepa6oTKe 
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I A a 6 a 4. 0CH06bl mexHOAOZU'teCJCUX npot4ecC06 nepepa6omKU npoMbiUJ/IeHHb/X OmxD006 

UBeT, 6JieCK1 p3.3Mep, cPOpMa, BHJKOCTb, XPYJIKOCTh, IIOBepXHOCTHbie 

OIITlt:qecKHe xapaKTepHCTHKH, Mai'HHTHaH BOCIIpHH~HBOCTb, 3JieKT

porrpoBO,llHOCTb, xaporrpoqHOCTb H HeKOTOpbie .npyrn:e. 

<l>HJHqecKHe CBOi:tCTBa MaTepHaJIOB MO}I(HO HarrpaBJieHHO HJ

MeHHTb. TaK, HarrpHMep, Ha rroBepXHoCTH&Ie xapaKTepHCTHKH MO}I(HO 

BOJ,llei:tCTBOBaTb XHMHqecKHM CIIOC060M, a 3JieKTpOIIpOBO,llHOCTb 

MO}I(HO HJMeHHTh rryreM cyrnKH HJIH oKHCJieHHH. MamHTHbie cBoi:tcTBa 

MaTepHaJIOB HJMeHHIOTCH TaKXe IlpH OKHCJieHHH, a pa3Mepb1 H cPOpMa 

- rrpH BaKY}'MHpoBaHHH. CoBOKYJIHOCTb HaH6oJiee pacrrpocTpaHeHHbiX 

MeTO,llOB IIO,llfOTOBKH TBep,llbiX OTXO,llOB K IIepepa60TKe IIpe,llCTaBJieHa 

Ha pHC. 4.1. 

4. 1. H3MeJlbzteHue u pmiJe.tleHue omxoiJoe no KpynHocmu 

IJpouecCbl HJMeJI&qeHIDI IIIHpOKO pacrrpOCTpaHeHbi B TeXHOJIOfHH 

peicyiiepaLUIH TBep,llbiX OTXO,llOB, IIpH rrepepa60TKe OTBaJIOB BCKpbiiiiHbiX 

H IIOn:yTHO HJBJieKaeMbiX IIOpO.Il OTKpbiTbiX H IIIaxTHbiX pa3pa60TOK IIO

JieJHbiX HCKOIIaeMbiX, Bbiiiie,lliiiHX HJ CTpOR CTpOHTeJibHbiX KOHCT

pyKUHH H HJ,lleJIHH, HeKOTOpbiX BH,llOB CMeliiaHHOfO JIOMa HJ,lleJIHH H3 

qepHbiX H UBeTHbiX Mtmi.IIJIOB, TOIIJIHBHbiX H Mtmi.IIJIYPfHqecKHX. liiJiaKOB, 

OTXO,llOB yrJieo6oraii.(eHIDI1 HeKOTOpbiX IIpOHJBO,llCTBeHHbiX IIIJiaMOB1 

OTXO,llOB IIJiaCTMaCC H pe3HHbl, ,llpeBecHbiX OTXO,llOB, IIHpHTHbiX orapKOB1 

«Poc«Pomrrca H p11.na .npyrHX BMP. 

J(po6/leHUe. l1HTeHCHBHOCTb H 3cPcPeKTHBHOCTb 6oJibliiHHCTBa 

XHMHqecKHX, cPHJHKO-XHMHqecKHX H 6HOXHMHqecKHX IIpOUeCCOB 

soJpacTaeT c yMeH&IIIeHHeM paJMepoB KYCKOB (JepeH) rrepepa6a

TbiBaeM&IX MaTepHaJIOB. B 3TOi:t CBHJH co6cTBeHHo TeXHoJiorHqecKHM 

OIIepaUHHM rrepepa6oTKH TBep,llbiX OTXO,llOB o6bJqHO IIpe,lliiieCTByeT 

OIIepauHH YMeHbllleHHH pa3MepoB HX KYCKOB, KOTOpaH B coqeTaHHH C 

KJiaCCHcPHKaUHei:t H COpTHpOBKOi:t HMeeT Ba}I(HO~ caMOCTOHTeJibHOe 

JHaqeHHe B TeXHOJIOfHH peKyrrepaUHH TBep,llbiX OTXO,llOB. 

B KaqecTBe OCHOBHbiX TeXHOJIOrHqecKHX IIOKaJaTeJiei:t .npo6JieHHH 

paccMaTpHBaiOT cTerreH& H 3HeproeMKocT& rrpouecca. 

CTerreH& .npo6JieHHH i orrpe.neJIHeTcH oTHorneHHeM paJMepoB 

KYCKOB ,llO HJMeJI&qeHHH K paJMepaM KYCKOB pa3,llp06JieHHOfO 

MaTepHana: 

i= D /d = D ld max max cpl cp' (4.1) 
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Ilepepa6omKa npoMblUJJJeHHbiX omxoiJo6 

r.ne Dmax H dmax - ,llHaMeTp MaKCHMaJibHOfO KYCKa MaTepHan:a 

cooTBeTCTBeHHO .no H rroCJie .npo6JieHIDI; D H d - cpe.nHeBJBe-. ~ ~ 

llieHHbli:t ,llHaMeTp KYCKOB COOTBeTCTBeHHO HCXO,llHOfO MaTepHan:a H 

rrpo.nyKTa .npo6Jieflwr. 

B JaBHCHMOCTII oT pa3MepoB KYCKOB OTXO.IlOB paJJIH':IaiOT KpyrrHoe, 

Cpe,llHee H MeJIKOe ,llp06JieHHe, XapaKTepH3YIQJ..UHeCH CJie,llyiOJ..UHMH 

pa3MepaMH KYCKOB: 

KpynHoe 

1200- 350 
350- 100 

Cpe.nHee 

350- 100 
100- 40 

MenKoe 

100-40 
30-5 

CrerreHb ,llp06JieHIDI B JaBHCHMOCTH OT CTa,llHH ,llp06JieHIDI COCTaB

JIHeT 5-10. 
Y.neJibHbie JaTpaTbi 3JieKTpo3HeprnH (B KBT • q Ha 1 T rrepepa6aTbi

BaeMoro MaTepHan:a) onpe.neJIHIOT 3HeproeMKOCTb .npo6JieHIDI E: 
E = N/Q, (4.2) 

r.ne N- MOJ..UHOCTb, noTpe6JIHeMaH .IlBHraTeJieM .npo6HJIKH, ~BT; Q
IIpOH3BO,llHTeJibHOCTb ,llp06HJIKH, Tjq. 3HeproeMKOCTb IIpouecca 3aBH

CHT OT He06XO,llHMOi:t CTeiieHH ,llp06JieHIDI H cPH3HKO-MeXaHHqecKHX 

CBOHCTB H3MeJibqaeMbiX OTXO,llOB . 

.l(mi H3MeJibqeHIDI OTXO,llOB HCIIOJib3YIQT pa3,llaBJIHBaHHe, pacKa

JibiBaHHe, pa3MaJlbiBaHHe, pe3aHHe, pacnHJIHBaHHe, HCTHpaHHe H pa3-

JIH':1Hble KOM6HHaUHH 3THX CIIOC060B. 

B ocHoBe KJiaccHcPHKaUHH o6opy.noBaHIDI .IlJIH .npo6JieHIDI TBep,llbiX 

oTxo.noB Jie)I(HT crroco6 H3MeJibqeHIDI. PaJJIHqaiOT cJie.IlYIOI..UHe BH.Ilbl 

o6opy,lloBaHIDI ,llJIH H3MeJibqeHIDI: 

• HJMeJibqHTeJIH pacKaJibiBaiOmero H paJJiaMbiBaiOmero .nei:tcTBIDI 

- meKOBble, KOHYCHble, 3y60BaJIKOBble H ,llpyrne ,llp06HJIKH; 

• H3MeJibqHTeJIH pa3,llaBJIHBaiOmero ,lleHCTBIDI - fJia,llKOBaJIKOBble 

,llp06HJIKH, pOJIHKO-KOJibUeBble, BepTHKaJlbHble, ropH30HTaJibHble H 

,llpyrne MeJibHHUbi; 

• H3MeJibqHTeJIH HCTHpaiOme-pa3,llaBJIHBaiOmero ,lleHCTBHH -

6eryHbl, KaTKOBO-TapeJibqaTble, rnapO-KOJibUeBble, 6HcepHble H ,llpyrHe 

MeJibHHUbi; 

• H3MeJibqHTeJIH y.napHOfO ,llei:tCTBIDI - MOJIOTKOBble H3MeJib

qHTeJIH, 6HJibHble, rnaxTHble MeJibllHUbl, ,lle3HHTerpaTOpbi, UeHTp0-

6e)l(f[ble, 6apa6aHHble H raJOCTpyi:tHble MeJibHHUbi; 
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r A a 6 a 4. 0cH06bl mexxoAozu~tec~eux npo14eccoB nepepa6om1Cu n]ioMblUUieHHblX omxoiJoB 

• y.n;apHO-HCTHpaiOJ..UHe· H KOJIIOJ..UHe 113MeJibqHTeJIH - BH6pa-

1~110HHbie, IIJiaHeTapHbie, BH6poKaBHTllUHOHHble H IIpoqHe MeJibHHUbl, 

peaicrpOHbi; 

• IIpoqHe H3MeJibqHTeJIH (rryaHCOHbl, IIHJibl H T . .n;.) . 

.[(mi .n;po6JieHIDI 6oJibliiHHCTBa BH,UOB TBepJJ;biX OTXOJJ;OB HCIIOJib-

3YJOT J..UeKOBbie, KOHYCHbie, BaJIKOBbie H poTOpHble .n;po6HJIKH pa3JIHq

HbiX THIIOB. J1:JIH pa3JJ;eJIKH oqeHb KpyrrHbiX arJioMepaTOB OTXOJJ;OB 

ripHMeHHIOT KOIIpOBbie MeXaHH3Mbl, MeXaHI{qeCKHe HOXHHUbl, JJ;HC

KOBble IIHJibl, JieHTOqHo-IIHJibHble CTaHKH H HeKOTOpbie .n;pyrHe MeXa

HI13Mbl H IIpHeMbl (HarrpHMep, B3pbiB). IlpH Bbi6ope H3MeJibqHTeJIH 

Heo6xo.n;HMo yqHTbiBaTb pH.n <PaKTopoB, rnaBHbiMH H3 KoTopbiX HBJIH

IOTCH BH,U H xapaKTep OTXOJJ;OB, HX pa3Mepbl H KOJIHqecTBO, Heo6-

XOJJ;HMaH CTeiieHb H3MeJibqeHHH1 KOHeqHbJi:i pa3Mep .n;po6JieHOfO 

MarepHana, oco6bie cBoikTBa H3MeJibqaeMbiX oTXo.n;oB. EcnH Tpe6yeTCH 

113MeJibqHTb oqeHb KpyrrHble OTXOJJ;bl, HX IIpe.n;BapHTeJibHO pe:>IcyT Ha 

KYCKH, HCIIOJib3YH JieHTOqHble IIHJibl H JieHTOqHo-IIHJibHble CTaHKH. 

2 

PHc. 4.2. CXeMa waxmo:A MOJIOTKOBo:A lq>06HJIKH MMA 1500/1670/735 M: 
1 - no,naqa OTXO,nos; 2 - Bblxo.n lq>06JieHoro MarepHana 
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Ilepepa6om~ea npoMbliUIIeHHwx omxooo6 

fionyqeHHble K}'CKH nefKO H3Menb'laiOTCH Ha CTaH,!J:apTHOM o6opy

.ll;OBaHHH. 

B 'laCTHOCTH, rrpH .n;po6neHHH nerKosecHoro MeTannHqecKoro 

noMa Hcrron&JyroT MonoTKOBbie IIHlXTHbie .n;po6HnKH (pHc. 4.2). Koprryc 

TaKOH .n;po6HnKH MOHTHpyeTCH Ha OT.ll;MbHOM cPYHJI:clMeHTe H coe.n;HHeH 

c .n;sHraTeneM yrrpyroM: MYcPToM:. PoTop spamaeTcH B orropHo

yrropHbiX rro.n;IIIH~HHKaX. Ha poTope wapHHpHo JaKpermeHbi 6Hno

.n;epxaTenH H 6Hnbl. J1.3HyrpH K Koprrycy KpeiTHTCH C'beMHble 6po

HeimHTbl. 0rxO.ll;bl BMeCTe C 'laCTbiO B03JlYXa ITOCTyrraiOT B .n;po6Hnicy 

'lepe3 6yHkep, a rrocne H3MenblleHHH BbiHOCHTCH H3 .ll;po6HnKH 

BOCXOMJ..UHM ITOTOKOM B03.n;yxa, KOTOpbiH .ll;OITOnHHTenbHO rro.n;aeTCSI 

qepe3 rraTpy6KH B.ll;on& ee ocH. 

TexHonorHH .n;po6neHHH MOXeT 6b1Tb opraHH3osaHa c Hcrron&

JoBaHHeM nH6o OTKpbiTbiX UHKnOB pa60Tbl .ll;p06HnOK, Kor.n;a rrepe

pa6aTbiBaeMbiH MaTepHan ITpOXO.ll;HT 'lepe3 .ll;po6Hnicy TOnbKO O.ll;HH 

pa3, nH6o JaMKHYTbiX UHKnOB C rpoXOTOM, Ha.ll;peiiieTHbiH rrpo.tiYKT 

KoToporo B03BpamaiOT· B .n;po6Hnicy. HeKoTop&Ie pacrrpoCTpaHeHHbie 

sapHaHTbl CXeM .ll;po6neHHH TBep.ll;biX OTXO.ll;OB rrpe.n;CTaBneHbl Ha 

pHC. 4.3. 
IT pH Heo6xo.n;HMOCTH rronyqeHHH H3 IcyCKOBbiX oTXo.n;os MMKo.n;Hc

rrepCHbiX cPpaKUHH KpyiTHOCTbiO MeHee 5. MM HCITOnb3YIOT noMOil. 

CTerreHb H3MMb1JeHHH rrpH rroMone .n;oCTHraeT 100 H 6onee. 

Ha116onee pacrrpocTpaHeHHbiMH arperaTaMH .n;nH rpy6oro H 

TOHKOfO ITOMona, HCITOnbJyeMbiMH ITpH rrepepa6oTKe TBep.n;biX OTXO.ll;OB, 

HBnHIOTCH CTepXHeBbie, IIIapOBble H HOXeBble MenbHHUbl, XOTH B 

OT.n;enbHbiX cnyqaHX ITpHMeHHIOT H .n;pyrne MeXaHH3Mbl (.n;e3HHTer

paTOpbi, .ll;HCKOBbie H K<?nhUeBble MenbHHUbl, 6eryHbl, ITHeBMOITYIIIKH 

a - O.ll;HOCTa,zJ;Hi:tHWI C OTI<pbiTbiM UHKJIOM; 6 - O.ll;HOCTa,nHi:t,HaH c rrpo
Bep01JHbiM fPOXO'IeHHeM; 6- O.ll;HOCTa.n;Hi:tHWI C OTI<pbiTbiM IIHKJIOM H rrpe.n;
sapHTenbHbiM rpOXO'IeHHeM; 2 - O.ll;HOCTa.n;Hi:tHWI C rrpe,nBapHTenbHbiM H 
rrposep01JHbiM rpoxo'leHHeM; iJ- ,nByxc1'8,ZJ;i.ti:tHru~ c OTKpbiTbiM UHKJioM; e
.nByxcTa.n;Hi:tHaH c rrpe.nBapHTeJibHbiM H rrposepo1JHbiM rpoxo'leHHeM so BTopoi:t 
CTa.n;HH; :>IC - TpeXCTa.n;Hi:tHrui C rrpe,nBapHTeJibHbiM rpOXO'IeHHeM BO BTopoi:t 

CTa.n;HH H C rrpe,nBapJITe.llbHbiM H ITpOBepO'IHbiM fPOXO'IeHHeM B TpeTbei:t CTII,llHH; 

3 - B OTKpbiTOM IIHKJie; U - B 3aMKH}ITOM IIHKJie C rH.npaBJIH'IecKOi:t KJiac
CH<l>HKaJ.J:Hei:t; IC - B 3aMKH}ITOM IIHKJie C COBMemeHHeM rrpe,nBapHTeni.Hoi:t H 

KOHTpOnbHOi:t rH.ll;paBJIH'IecKOi:t KJiaccH<l>HKaJ.lHH; A - B 3aMKH}ITOM IIHKJie C 

B03,nywHoi:t cerrapaUHei:t 
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,4pD~IIIN61U 
npo~gKm 

4 

/lpD~IItN61U 
npolgKm 

/lPD~IItNUU 
npD~IJKm 

/lpo611tN61U. 
npDOIJKm 

pm:uht 

II 

,4 pDIIIINUU 
npo~gKm 

Omxolu 

H3Htii6¥1NN61il. 
npo~gKm · , 

Omxal61 

H 3Htll6'1tNNllri. 
noohtem 

PHc. 4.3. CxeMbl opraHH33llHH H3MeJib'leHIDI H KJiaccH<l>HKailHH OTXo.noa: -- 95 



llepepa6omKa npoMblUJJJeHIIWC omxoiJoB 

H T. 11.). l13MeJib'IeHHe HeKOTOpbiX OTXO,llOB IIJiacTMacc H 'pe3HHOBbiX 

TeXHH'IeCKHX. H3,lleJIHi:i llpOBO,llSIT 11pH HH3KHX TeMI1epaT)'pax (KpHO

reHHoe H3MeJib'IeHHe). 

Eapa6aHH&Ie cTep)I(f[eB&Ie H rnapoB&Ie MeJI&HHUbi HCI10Jib3YIOT 

KaK ,llJUI cyxoro, TaK 11· ,llJUI MoKporo 11oMona. T1111 H pa3Mep&I 3THX 

MeJibHHU XapaKTepH3yiOT ycrpoi:iCTBOM ,llJIH 3BaKyaUHH 11pO,llyKTa 

(pa3rpy3Ka qepe3 pernerKY HJIH CHTO JIH6o ueHTpaJibHaH pa3rpy3Ka 

qepe3 11onyro uampy), BHYTpeHHHM ,llHaMeTpoM D 6apa6aHa 6e3 

<PYTepoBKH H pa6oqei:i ,llJIHHoi:i L. Pa3JIH'IaiOT KopoTKHe (L<D) 11 

.IlJIHHHbie (L> D) MeJibHHUbi. CrepXI:reB&Ie MeJihHHUbi o6&NHo 11pH

MeHHIOT ,llJUI rpy6oro H3MeJib'IeHHH OTXO,llOB B OTKpbiTOM HJIH 3aM

KHYTOM UHKJie c KJiaccH<PHKaTopoM. ITo cpaBHeHHIO c rnapoBbiMI1 

MeJibHHUaMH OHH o6ecl1e'IHBaiOT 6onee paBHOMepHhli:i 110 KpyrrHOCTI1 

11po,llyKT. IllapoBbie MeJibHHUbi TaiOKe HCI10Jib3YIOT B OTKphiTOM 11 

3aMKHytOM UHKJie C KJiaccH<PHKaTopaMH, 11pH'IeM MeJibHI1Ubi C pewer

Koi:i 11pHMelUIIOT B OCHOBHOM ,llJUI cpaBHHTeJibHO KpyrrHOfO H3MeJib'Ie

HHH, a MeJibHHUbl C ueHTpaJibHOi:i pa3rpy3KOii: 'Iai..Ue 11pHMeHHIOT 

,llJIH TOHKOfO H oco6o TOHKOfO H3MeJib'IeHHH. IlpHMepbl pa3JIH'I

Hoi:i opraHH3aUHH H3MeJib'IeHHH B CO'IeTaHHH C rpoXo'IeHHeM 

rrpe,llCTaBJieHbi Ha pHC. 4.4. 

1 Huol1111i 1 Hrxol11ui ,......... . .... fi::n' 
~mul ,,,., 

UIIU 

~ ~ ~ ~ 
Ht.rUJI IPIUI(IU tP , • , " • ll 

a 6 

PHc. 4.4. CxeMbi Bbl,!leJieHHH MarepHan:OB pa3.hH'IHhiX KJiaccoB npH rpoxoqe

HHH: 
a - OT KpyrrHOfO K MeJIKOM}'; 6 - OT MeJIKOfO K KPYIIHOM}'; 8 - KOM6HHH

pOBaHHhiM cnoco6oM 

MeniOI..UHMH TeJiaMH B crep)I(f[eBbiX H rnapoBbiX MeJI&HHUax HB

JIHIOTCH COOTBeTCTBeHHO CTaJibHble CTep)I(f[H ,llHaMeTpoM 25-100 MM 

H ,llJIHHOii: 1,2-1,6 ,llHaMerpa MeJibHHUbl H CTaJibHbie HJIH qyryHHbie 

rnap&I ,llHaMeTpoM 30-125 MM. B MeJibHHUax HoxeBoro TH11a H3-

MeJib'IeHHe H,lleT B YJKOM 3a30pe (0, 1-0,5 MM) Me)KJI;y 3aKpeiiJieHHbiMH 

BHyTpH CTaropa Hei10,llBIDKHhiMH HOXaMH H HOXaMH, <PHKCHpoBaH

HbiMH Ha BpamaromeMCH porope. 
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.[VulnpH6JIIDKeHHOi:i OUeHKH Heo6XOllHMOfO ,llHaMeTpa MeJIIOil{HX 

TeJI Dw ( MM) MO)I(}{O HCnOJib30BaTb BblpiDKeHHe: 

Dw = 6 *f lg d.,_, (4.3) 
r,lle dH - MaKCHMaJibHbli:i ,llHaMeTp no,llJieXai.UHX H3MeJibqeHHIO IcyCKOB, 

MM; d.,_ - pa3Mep 3epeH npo.nyKTa H3MeJibqeHIDI, MKM. 

CTeneHb 3anoJIHeHIDI 6apa6aHa MeJibHHUbi MeJIIOIUHMH TeJiaMH 

BblpiDKaiOT K03<PqmuHeHTOM 3anoJIHeHIDI: 

(4.4) 

r,lle V H Vw - COOTBeTCTBeHHO 06Il{Hi:i H 3aiDITbii:i MeJIIOil{HMH TeJiaMH 

o6'beMbi 6apa6aHa MeJibHHUbl, M3; Gw - Macca 3arpy3KH MeJIIOIUHX 

TeJI, T; Yw - Macca MeJIIOil{HX TeJI B e,llHHHUe o6'beMa, T/M3 (.IlJIH 

npH6JIIDKeHHbiX pacqeToB npHHHMaiOT Yw = 4,6-4,8 T/M3 .IlJIH UiapoB H 

6,6 T/M3 ,llJIH CTepXHei:i); D - BHyTpeHHHH ,llHaMeTp 6apa6aHa 

MeJibHHUbi, M; L - .IlJIHHa 6apa6aHa MeJibHHUbi, M. 

3HaqeHHe <pw npH pa6ore UiapoBbiX MeJibHHU HaxO,llHTCH B npe,lleJiax 

45-48 %, HO MOXeT 6biTb H 3HaqHTeJibHO MeHbUie; ,llJIH CTep)l(}{eBbiX 

MeJibHHU oHo npHMepHo paBHo 35 %. Ha npaKTHKe 3TY BeJIHqHHY 

oueHHBaiOT no <PopMYJie: 

<i>w = 50 - 127(2/- D)j2D 1 .(4.5) 

rue I - paccToHHHe oT BepUIHHbi 6apa6aHa ,llHaMeTpoM D .no 

IIOBepXHOCTH MeJIIOil{HX TeJI. 

Macey 3arpY3KH MeJIIOIUHX TeJI Gw onpe.neJIHIOT no <PopMYJie: 

Gw =7r:IJ2 /4(L·rpw ·rw>· (4.6) 
KpHTHqecKoe qHcJio o6opoToB B MHHYTY n.,_P, npH KoTopoM 

MeJIIOil{He TeJia HaqHHaiOT Bpall{aTbCH BMeCTe C 6apa6aHOM MeJibHHUbl 

uHaMeTpoM D (M), oueHH~aiOT no <PoPMYJie: 

nrcp = 42,3/F. (4.7) 
OrHorneHHe pa6oqeH qacToTbi BpameHHH n K KpwmqecKoi:i Ha3bi-

naiOT OTHOCHTeJibHOH qacTOTOi:i Bpall{eHIDI H BblpiDKaiOT B npoueHTax 

1-!JIH ,llOJIHX e,llHHHUbl: 

w = n/nKP. (4.8) 
B npaKTHKe H3MeJibqeHIDI 'I' o6bNHo cocTaBJIHeT 0,72-0,85. 
IlpOH3BO,llHTeJibHOCTb MeJibHHU, Q (Tjq) OUeHHBaiOT no 

KOJII{qeCTBY nepepa6aTbiBaeMOfO B e,llHHHUY BpeMeHH MaTepHaJia: 

4 -672 
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llepepa6omKa npoMbiWileHHbiX omxoiJo6 

(4.9) 

H no co.n;epXaHHIO B H3Menb'leHHOM npOJJ;y:KTe BHOBb o6pa3oBaHHOro 
.n;aHHoro KJiacca Q1 (T/'1): 

(4.10) 

r.n;e q1 - y.n;enbHrui npOH3BOJJ;HTenbHOCTb no BHOBb o6pa3oBaHHOMY 
pac'!eTHOMy KJiaccy, T/(M3

" '1); ~K' ~Kcx - BbiXOJJ; .n;aHHOrO KJiacca 
COOTBeTCTBeHHO B H3Menb'!eHHOM npo.IzyKie H B HCXO.n;HOM MaTepHane, %. 

Y.nenbHrui npoH3Bo.n;HTenbHOCTb q, r/(M 3 • q) no nepepa6aTbiBae
MOMY MaTepHany COCTaBIDleT: 

q = Q/V. (4.11) 

(4.12) 

,lJ,ml pa3.n;eneHIDI TBep.n;biX OTXOJJ;OB Ha <!>paKUHH no pa3MepaM HC
nonb3YIOT Mero.n;br rpoxo'!eHHH (pacceBa) '!aCTHU nepepa6aTbiBaeMoro 
MaTepHana H HX pa3.n;eneHHe no.n; .n;eikTBHeM rpaBHTaUHOHHO-HHep
UHOHHbiX H rpaBHTai.J;HOHHO-I.J;eHTp06eXHbiX CHn. 3TH MeTOJJ;bi lliHpOKO 
npHMeHHIOT B Ka'!eCTBe caMOCTOHTenbHbiX H BcnoMorarenbHbiX npH 
YTHnH3au;HH H nepepa6orKe no.n;aBIDIIOru;ero 6onblliHHCTBa TBep.n;biX 
oTXo.n;oB. B rex cnyqaHX, Kor.n;a KJiaccH<l>HKau;IDI HMeer caMocroHTenbHoe 
3Ha'!eHHe, r.e. npecne.n;yer uenb nonyqeHIDI roM: HnH HHOH <t>paKUHH 
MarepHana B KaqecrBe roroBoro npo.n;yKTa, ee '!aero Ha3biBaiOT 
copmupo6KOU. 

FpoxotteHUe.M Ha3biBaercH npouecc pa3.n;eneHHH Ha KJiaccbi no pa3-
MepaM KYCKOB (3epeH) MarepHana npH ero nepeMeru;eHHH Ha H'!eHCTbiX 
noBepxHOCTHX. B Ka'!ecrBe nocne.n;HHX Hcnonh3yiOT KonocHHKOBbre 
peUieTKH, UITaMnoBaHHbie peUiera, npoBono'IHbie ceTKH H 
ru;eneBH.n;Hbie CHTa, BbinOnHeHHbie H3 pa3nH'IHbiX MeTannOB, pe3HHbi, 
nonHMepHbiX MarepHanOB H xapaKTepH3YIQiu;HeCH <t>opMOH H pa3MepaMH 
H'!eeK. 

IJocne.n;oBarenbHbiH PM pa3MepoB OTBepcTHH CHT, npHMelUleMb!X 
MH rpoxo'!eHHH, Ha3hiBaercH W.KaJlOU KJlaccu<JmKa7JUU. OrHollieHHe 
pa3MepoB OTBepcTHH CMeXHbiX CHT B 3aKOHOMepHOH UIKane Ha3bi
BaeTCH MOdyAeM UJKOJlbl. ,lJ,nH CHT KpynHoro H cpe.n;Hero rpoXO'IeHH51 
MOJJ;ynb '!aru;e paBeH 2, npH 3TOM UIKana KJiaCCH<!>HKaUHH paBHa, 
HanpHMep, 50, 25, 12, 6, 3 MM. B cHrax MenKoro rpoxo'!eHIDI npHMelUliOT 
Mo.n;ynh ...J2 :e£ 1 ,41. 
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Ilpo.n;y:KT, npowe.n;umM: qepe3 orBepcnrn .n;aHHoro CHTa, Ho ocraB
lliHHcH Ha cneJJ;}'IOW:eM CHTe lliKaJibl, Ha3biBaiOT K./lOCCOM KpynHocmu 

HnH ppaK7Jueu. B rexHHKe npHMelUIIOT .n;Ba cnoco6a o6o3HaqeHIDI 
KJiaccoB: "or - .no" H "MHHyc - nn10c". Eonee lliHpoKoe pac
npocrpaHeHHe nonyqHJI BTopoM: cnoco6. HanpHMep, Knacc KpynHoCTH 
-40+20 MM 03HaqaeT, qro KpynHOCTb MaTepHana >20, HO <40 MM. 

IJpH rpOXO'!eHHH HCTIOnb3YIOT Heno.n;BH)J(Hble KOnOCHHKOBbie, 
BaJIKOBbre, 6apa6aHHbre Bpaw:aiOrn:Hecs:r, .nyroBble, ynapHbre, nnocKHe 
Ka'!aiOW:Hecs:r, nonyBH6pauHOHHble (rHpauHOHHbie), BHfipauHOHHbie 
C npHMOnHHeHHbiMH BHfipauHHMH (pe3oHaHCHbie, caMofianaHCHbie, C 
caMOCHHXpOHH3HpyiOW:HMHCH BHfipaTopaMH) H C KpyrOBbiMH HnH 
3MHTITHqecKMMH BHfipauiDIMH (HHepuHOHHble C .n;efianaHCHbiM BHfi
paTopoM, caMoueHTpHPYJOW:Hecs:r, 3neKTpOBHfipauHOHHble) rpOXOTbi. 
npH rpoxoqeHHH KOMKYIOW:HXCH MaTepHaJIOB HeKOTOpbie THTibi 3THX 
MexaHH3MoB cHafi)J(aiOT .n;ononHHTenbHbiMH ycrpoM:crBaMH, o6ec
neqHBaiOW:HMH 3¢>¢>eKTHBHOe npoBe.n;eHHe COOTBeTCTBYIOW:HX one
pauHH. 

IlpH Bb!AeneHHH rpex H 6onee KnaccoB nepepa6aTbiBaeMoro Mare
pHana B03MO)J(HO paJnHqHoe rexHonorHqecKoe o¢>opMneHHe npouecca 
rpoxoqeHHH (eM. pHc. 4.4). Ka)J(JJ:as:r H3 3THX cxeM HMeer cBOH 
npeHMyW:eCTBa H HeJJ;OCTaTKM, KacaiOW:HeCH HHTeHCHBHOCTH H3HOCa 
Sl'!eHCTbiX TIOBepXHOCTeH, y.n;ofiCTBa peMOHTa H HafiniOJJ;eHHH 3a HX 
COCTOHHHeM, 3¢>¢>eKTHBHOCTH npouecca H KOMnaKTHOCTH ycTaHOBKH. 

OcHoBHbiM noKa3aTeneM rpoxo'!eHHH s:rsns:rercs:r 3¢>¢>eKTHBHOCTb 
npouecca E, onpe.n;eAAeMaH oTHorneHHeM KonHqecrBa no.n;peweTHoro 
llpOJJ;y:KTa K ero ofirn:eMy KOnH'!eCTBY B HCXOJJ;HOM MaTepHane, %: 

E= 104(a- v)/a(lOO- v), (4.13) 

rne a H V- co.n;ep)J(aHHe HH)J(Hero Knacca COOTBeTCTBeHHO B HCXOJJ;HOM 
MarepHane H no.n;peweTHOM npo.n;yKTe, %. 

~ns:r Heno.n;BH)J(HbiX KOnOCHHKOBbiX rpOXOTOB ofibeMHYIO 
11pOH3BOJJ;HTenbHOCTb Q (M3 jq) Bbipa)J(aiOT npoH3Be.n;eHHeM y.n;enbHOH 
OfibeMHOH npoH3BOJJ;HTenbHOCTH no TIHTaHHIO q (M3 /(M2 • q)) Ha 
nnow:a.n;h pewerrrn: F (M2): 

Q=q·F. (4.14) 

4. 2. AzpezupoBaHUe omxoao6 

HapH.n;y c Mero.n;aMH yMeHbllieHHH pa3MepoB KycKOBhlX Mare
pHanoB H HX pa3.n;eneHHH Ha Knaccbl KpynHocrH npH nepepa6orKe 
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llepepa6omKa npoMbllWieHHbiX omxoiJoe 

TBep.n;biX OTXO.ll;OB 6onblliOe pacrrpocTpaHeHHe HMeiOT MeTO.ll;bl, CBH-
3aHHbie C yKpyrrHeHHeM MenKO.ll;HCIIepcHbiX qacTHU, HMeiOIUHe KaK 
caMOCTOHTenbHOe, TaK H BCIIOMOfaTenbHOe 3HaqeHHe H o6'be.n;HHHIOIUHe 
pa3nHqHble IIpHeMbl rpaHynHpoBaHHH, Ta6neTHpoBaHHH, 6pHKeTH
poBaHHH H BbiCOKoTeMrrepaTYPHOH arnoMepaUHH. Hx Hcrronh3YIOT rrpH 
rrepepa6oTKe KOMIIOHeHTOB OTBMbHblX IIOpO.ll; .ll;06bNH rrone3HbiX 
HCKOrraeMbiX, XBOCTOB o6orarueHHH yrneM: H 30nbl - yHoca T3C, B 
rrpoueccax YTHnH3aUHH <t>oc<t>omrrca, B cenbcKoM xoJHHCTBe H ueMeHT
HOH rrpoMbilllneHHOCTH, rrpH rro.n;roTOBKe K rreperrnasy MenKOKYCKOBbiX 
H .ll;HCIIepcHbiX OTXO.ll;OB qepHblX H UBeTHbiX MeTannOB, B rrpoueccax 
yTHnHJaUHH rrnacTMacc, ca)J(, rrhmeii H .n;pesecHoM: MenoqH, rrpH 
o6pa6oTKe lllnaKOBbiX pacrrnaBOB B MeTannyprHqecKHX 1IpOH3BO.ll;CTBaX 
H ::meKTpOTepMo¢>oc¢>opHOM 1IpOH3BO.ll;CTBe H BO MHOfHX .n;pyrHX 
rrpoueccax YTHnHJaUHH H rrepepa6oTKH BMP. 

FpaHyAupo6aHue. MeTo.n;hi rpaHynHposaHHH oxsaTbiBaiOT 6onh
lliYIO rpyrrrry rrpoueccos ¢>opMHposaHHH arperaToB o6biqHo c¢>epH
qecKoM: HnH UHnHH.n;pHqecKoM: ¢>opMbi H3 rropolliKOB, rracT, pacrrnasos 
HnH pacTBopoB rrepepa6aTbiBaeMbiX MaTepHanos. 3TH rrpoueccbi 
OCHOBaHbi Ha paJnHqHbiX IIpHeMaX o6pa6oTKH MaTepHMOB. 

fpaHynHpoBaHHe IIOpOlliK006pa3HblX MaTepHMOB OKaTbiBaHHeM 
HaH6onee qacTo rrposo.n;HT B pomau,uoHHbiX (6apa6aHHbiX, TapenbqaTbiX, 
ueHTpo6e)J(HbiX, norracTHbiX) H 6u6pau,uoHHbiX rpaHynHTopax pa3nHqHbiX 
KOHCTPYKUHH. llpoH3BO.ll;HTenbHOcTb 3THX arrrrapaToB H xapaKTepHc
THKH rronyqaeMbiX rpaHyn 3aBHCHT OT CBOHCTB HCXO.ll;HbiX MaTepHMOB, 
a TaK)J(e oT TexHonorHqecKHX rrapaMeTpos (pacxo.n;a rropolliKOB H 
CBH3YIOIUHX, COOTHOllleHHH pezypa - 3aTpaBKH H IIOPOlliKa, TeMrre
paTypHOfO pe)J(HMa, qacTOTbi BparueHHH, K03¢>¢>HUHeHTa 3arronHeHHH 
arrrrapaTa) H KOHCTpYKTHBHbiX ¢>aKTOpOB (reoMeTpHqeCKHX pa3MepoB 
arrrrapaTa, yrna HaKJioHa H .n;p.). 

llonyqHBlliHe 6onbllloe pacrrpOCTpaHeHHe Ha rrpaKTHKe 6apa-
6aHHbie rpaHyAATOpbi qaCTO CHa6)J(aiOT paJnHqHbiMH ycTpOHCTBaMH M51 

HHTeHcH<t>HKaUHH rrpoueccos, rrpe.n;OTsparueHHH rrpHJmrraHHH rropolliKOB 
K pa6oqei:f: rrosepxHocTH, copTHpoBKH rpaHyn rro paJMepaM. 0HI1 

xapaKTepH3yiOTCH 6onblliOH IIpOH3BO.ll;HTenbHOCTblO (AO 70 Tjq), 
OTHOCHTenbHOH IIpOCTOTOH KOHCTpYKUHH, Ha.ll;e)J(HOCTblO B pa6oTe H 
cpaBHHTenbHO HeBbicoKHMH y.n;enbHbiMH 3Hepro3aTpaTaMH. O.n;HaKo 
6apa6aHHbie rpaHynHTopbi He rroJBonHIOT rronyqHTb rpaHynHT Y3Koro 
¢>paKUHOHHOfO COCTaBa, a TaK)J(e ocyrueCTBHTb KOHTpOnb H yrrpasneHHe 
rrpoueccoM. 
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,U.JUI noJiyqemur rpaHyAATa, 6JIH3KOfO no COCTaBy K MOHOJJ:HCnepc

IJOMy, HCnOJib3YIOT TapeJib'iaTbie (JJ:HCKOBbie) rpaHyJI~TOpbi OKaTbi

uaH~, o6ecne'iHBa!Or.u;He B03MO)!(HOCTb JJ:OCTaTO'iHO JierKOfO ynpaB

JJeH~ npoueccoM. 

Cyw:ecTByeT MHoro KOHCTPYKUHH TapeJib'iaTbiX rpaHyJI~TopoB, 
pa3JIH'ia!OW:HXC~ pa3MepaMH, HaJIH'iHeM HJIH OTCYTCTBHeM, a TaK)!(e 

l~OpMOH H pacnoJIO)!(eHHeM OTJJ:eJibHbiX KOHCTpYKTHBHbiX 3JieMeHTOB. 

06bi'iHO npHMeH~IOT TapeJIH ( 1IalliH, JJ:HCKH) JJ:HaMeTpOM 1-6 M, C 

HbiCOTOH 6opTa JJ:O 0,6 M. 

CB~3b npoH3BOJJ:HTeJibHOCTH TapeJib'iaToro rpaHyJI~Topa Q (T/'i) 

c JJ:HaMeTpoM D TapeJIH (M) B o6r.u:eM BHJJ:e Bbipa)!(aeTc~ JaBHCHMOCTbiO: 

( 4.15) 

rJJ:e K- Ko3¢>¢>HuHeHT rpaHYAAUHH, 3Ha'ieHHe KoToporo MO)!(eT 6biTb 

uaHJJ:eHo B crreuHaJibHOH JIHTepaTYpe (M~ JieTyqeii 30Jibi, HanpHMep, 

K = 0,4-0,55). 
Heo6xoJJ:HMbiH pa3Mep TapeJIH rpaHyJI~Topa oueHHBaJOT no yJJ:eJib

IIOH npOH3BOJJ:HTeJibHOCTH q, KOTopa~ HaXOJJ:HTC~ B npeJJ:eJiaX 0,77-
0,91 T/(M2 ' q): 

D= .JQ/(0,785q). (4.16) 

TapeJib'iaTbre rpaHyAATopbr 3KOHOMH•mee 6apa6aHHbiX, OHH 6oJiee 

KOMnaKTHbi H Tpe6y!OT MeHblliHX KanHTaJibHbiX BJIO)!(eHHH. J1x He

J~OCTaTKOM ~B.JUIIOTC~ BbiCOKM 'iYBCTBHTeJibHOCTb K COJJ:ep)!(aHHIO )I(H)(

KOH ¢>a3bi B o6pa6aTbrBaeMoM MaTepHane H, KaK cJieJJ:cTBHe, Y3KHe 

npeJJ:eJibi pa6o'iHX pe)!(HMOB. Ha npaKTHKe HcnoJib3YIOT rpaHyJI~Topbr 
llpOH3BOJJ:HTeJibHOCTbiO JJ:O 125 Tj'i. 

fpaHyJIHpoBaHHe nopoiiiKOB npeccoBaHHeM xapaKTepH3yeTc~ 
llpOMe)!(YTO'iHOH CTaJJ:HeH yrrpyronJiaCTH'ieCKOfO C)!(aT~ HX 'iaCTHU, 

llpOHCXOJJ:~W:ero nOJJ: JJ:eHCTBHeM JJ:aBJieHH~ H HarpeBa (HHOfJJ:a npH 

11epeMeUIHBaHHH) c o6pa3oBaHHeM KoaryJI~UHOHHOH cTpyKTypbr. 

~aBJieHHe Haqana npouecca npeccoBoro rpaHyJIHpoBaHH~ onpeJJ:e

JJHeTc~ npeJJ:eJioM Ter<yqecTH HaHMeHee npo'iHoro KoMnoHeHTa nepe

pa6aTbiBaeMoro nopoiiiKa. TipeccoBoe rpaHyJIHpoBaHHe npoBOMT B 

IIHJIKOBbiX H Ta6JieToqHbiX MaiiiHHaX pa3JIH'iHOH KOHCTpYKUHH, qep

IIH'iHbiX H JieHTO'iHbiX npeccax, JJ:HCKOBbiX 3KcTpyJJ:epax H HeKOTOpbiX 

i~pyrHX MeXaHH3MaX C noJiyqeHHeM arJIOMepaTOB pa3JIH'iHOH ¢>opMbi 

11 pa3MepoB. 

BaJIKOBbre rpaHyJI~Topbr cHa6)!(aJOT npeccyJOW:HMH 3JieMeHTaMH 

101 



Ilepepa6om1Ca npoMbiUJAeHHbiX omxoiJoB 

C pa6oqeif noBepXHOCTbiO pa3JIM:'iHOfO npo¢>HJHI, qTO no3BOJHIC''I 

noJiyqaTb cnpeCCOBaHHbiH MaTepHaJI B BM,I:J:e OTJJ:eJibHbiX r<yCKOB ( 06bl'l 

HO nonepe'iHOe ce'ieHHe JJ:O 30 MM), npyrKOB, IIJIHTOK H noJIOC. 3'1'11 

MeXaHH3Mbi 'iaCTO COBMell.{aiOT C JJ:po6HJIKaMH ( o6bi'iHO TaiOKe BaJI 

KoBoro THna), o6ecne'iHBaJOW:HMH nonyqeHHe H3 cnpeccoBaHHbiH 

nonynpOJJ:YKTOB rpaHyJI 3a,u;aHHblX pa3MepoB. 

ITpoH3BOJJ:HTeJibHOCTb BaJIKOBbiX rpaHymnopoB o6bi'iHo coc 

TaBAAeT 5-100 T/'i. OpHeHTHpoBo'iHo ee MO)!(HO oueHHTb no <t>oPMYJH': 

(4.17) 

rJJ:e b - umpHHa 3a3opa Me)!(JJ:y BaJIKaMH, M; L - MHHa BaJIKa, M; D -
JJ:HaMeTp BaJIKa, M; pH - HacbiiiHa~ nnoTHOCTb HCXOJJ:Horo MaTc

pHana, Kr/M3
; n - qacToTa BpameHH~ BaJIKOB, 1/c; IJI = 0,5-0,6. 

ITpHHUHnbi npeccosoro rpaHyJIHpoBaHH~ nopourKoB H nacT 

peaJIH3YIOT TaiOKe B qepB~'iHbiX rrpeccax (3KCTpyJJ:epax) pa3JIH'iHOI-I 

KOHCTpYKUHH, pa60'iHMH 3JieMeHTaMH KOTOpbiX ~BJI~IOTC~ qepB~KH 
(urHeKH), IIJiaCTHUHPYIOW:He nepepa6aTbiBaeMbiH MaTepHaJI H 

npoJJ:aBJIHBaJOru:He ero qepe3 nep¢>opHposaHHYIO peureTr<y ( ¢>HJibepHyiO 

fOJIOBr<y), no BblXOJJ:e H3 KOTOpOH c¢>opMOBaHHbie )!(fYTbi JIH60 JIO

Ma!OTC~ nOJJ: JJ:eHCTBHeM C06CTBeHHOH T~eCTH, JIH6o HX pe)i(Yf JJ:O 

HJIH nocne OXJia)!(JJ:eHH~ JJ:HCKOBbiM HJIH fHJibOTHHHbiM HO)!(OM Ha 

qacTHUbi 3a,u;aHHOH MHHbi. 

0TJJ:eJibHYIO rpyrrrry rpaHyJI~Topos rrpeJJ:cTaBJI~IOT anrrapaTbl 

rpaHyJIHposaHH~ nopourKoB B JJ:HcrrepcHbiX rroToKaX. ITpouecc B TaKHX 

rpaHyJI~Topax OCHOBaH Ha CTOJIKHOBeHH~X 'iaCTHU IlOpOUIKa HJIH 

rropourKa H )!(HJJ:Koii ¢>a3bi B Typ6yJIH3oBaHHOM rroToKe UHPKYJIH

PY!Omero B arrnapaTe HJIH rrpoXoJJ:~mero qepe3 Hero B03JJ:yxa HJIH raJa. 

Typ6yJieHTHbiH KOHTaKT 'iaCTHU rpaHyJIHpyeMbiX MaTepHaJIOB B nOTOKe 

CIIJIOUIHOH ¢>a3bi MO)!(eT o6ecne'iHBaTbC~ B CTpyHHbiX rpaHyJI~Topax 
HJIH B rpaHyJI~Topax KHn~mero CJIO~ JIH60 rrocpeJJ:CTBOM B03JJ:eHCTBHSI 

Ha 'iaCTHUbi BH6paUHOHHbiX (rpaHyJI~TOpbi BH6poKI·III~ll.{ero CJIO~) HJIH 

JJ:pyrHX MeXaHH'ieCKHX B03Myll.{eHHH. 

IT pH nepepa6oTKe MeTamryprH'iecKHX H TOIIJIHBHbiX UIJiaKOB urnpoKo 

HCIIOJib3YIOTC~ crreuHaJibHbie MeTOJJ:bl rpaHyJIHpoBaHH~ CHJIH

KaTHbiX pacruraBOB, KOTOpbie paccMOTpeHbi B fJI. 8. 
Ta6Aemupo6aHue. ITpH rrpoH3BOJJ:CTBe H3 npoMbiUIJieHHbiX OTXOJJ:OB 

(HJIH HX KOMnoHeHTOB) HeKOTOpbiX a,u;cop6eHTOB, KaTaJIH3aTopoB, BH

TaMHHHbiX, neqe6HbiX H pMa APYfHX nperrapaToB H H3JJ:eJIHH rro

pourKoBbie MaTepHaJibi rpaHyJIHPYIOT C HCIIOJib30BaHHeM Ta6JieTO'iHbiX 
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MIIIIIHH pa3JIM:qHbiX THUOB, npHHUHU ,lleHCTBHH 6oJiblliHHCTBa H3 

~II ropblX OCHOBaH Ha npeCCOBaHHH nyaHCOHaMH ,ll03HpyeMbiX B MaT.

i'll'lllbie KaHaJibi nopoiiiKoB. 1-hroTaBJIHBaeMbie Ta6neTKH xapaKTepH

•vloTcSI pa3Hoo6pa3HOH ¢>opMoii (uHJIHH,llpbi, c¢>epbl, nonyc¢>epbi, 

tiiii'KH, KOJibua H T. n.) c .llHaMeTpoM nonepeqHoro ceqeHHH 6-12 MM. 

llpoH3BO,llHTeJibHOCTb HaH6oJiee pacnpocTpaHeHHbiX Ta6JieToqHbiX 

MIIIIIHH COCTaBJIHeT OT 3 .llO 96 TbiC. Ta6JieTOK B qac. 

EpwcemupoeaHue. TipH YTHJIH3aUHH TBep,llbiX OTXO.llOB c ueJibiO 

11pi1JJ.aHHH HM KOMnaKTHOCTH, o6ecneqHBaiOIUeH JiyqiiiHe YCJIOBHH 

I piiiiCUOpTHpoBaHHH, xpaHeHHH, a qacTO H caMy B03MO)[(HOCTb 

IWpCpa6oTirn:, a TaK)[(e C ueJibiO H3fOTOBJieHHH TOBapHOH npO.llYKUHH 

IIIII pOKO HCUOJib3yiOT 6pHKeTHpoBaHHe. 

EpHKeTHpoBaHHe JlHCnepCHhlX MaTepHaJioB npoBOJlHT 6e3 

' runyiOmero npH JJ.aBneHHH npeccoBaHHH, npeBbiiiiaiOmeM 80 MTia, 

II C JJ.06aBKaMH CBH3YIOIUHX npH ,llaBJieHHH, o6bJqHO orpaHHqeHHOM 

I 'I -25 MTia. Ha npouecc 6pHKeTHpoBaHHH .llHcnepcHbiX MaTepHaJioB 

I'YII~eCTBeHHO BJIHHIOT COCTaB, BJia)[(HOCTb H KpynHOCTb MaTepHaJia, 

lrMnepaTYPa, y,lleJibHoe ,llaBJieHHe H npo,lloJDKHTeJibHOCTb npeccoBaHHH. 

I ko6xo,llHMoe y,lleJibHoe ,llaBJieHHe npeccoBaHHH o6b[qHO Haxo,llHTCH B 

ohpaTHOH 3aBHCHMOCTH OT BJia)[(HOCTH MaTepHaJia. flepe,ll 6pH

I\l'THpOBaHHeM MaTepHaJI o6biqHo no,llBepraiOT rpoxoqeHHIO, ,llpo6-

'lt'IIHIO, cyiiiKe, OXJia)[(,lleHHIO H ~pyrHM UO,llfOTOBHTeJibHhiM one

piiHHSIM. 

B npaKTHKe 6pHKeTHpOBaHHH TBep,llbiX OTXO,llOB HCUOJib3YIOT 

pll'lJIJ.iqHble npecCOBble MexaHH3Mbl. flpH 6pHKeTHpoBaHHH ,llHC

IIl~pCHbiX MaTepHaJIOB HaH60Jibiiiee pacnpocTpaHeHHe UOJiyqHJIH 

mreMneJibHbie (.llaBJieHHe npeccoBaHHH 100-120 MTia), BaJibUOBbie 

11 KOJibUeBbie (oKoJio 200 MTia) npeccbi pa3JIHqHbiX KOHCTpYKUHH. 

Bblcmwme.MnepamypHOR a2JloMepal{Wl. 3To.ll MeTO.ll HcnoJib3yiOT npH 

of1pa6oTKe nbmeii, oKaJIHHbi, lilllaMoB H MeJioqH PY.llHoro CbipbH B 

MeTaJIJiyprHqecKHX npOH3BO,llCTBaX, nHpHTHbiX orapKOB H ,llpyrHX 

llHCnepCHhiX )[(eJie30CO,llep)[(aiUHX OTXO,llOB. L(JIH ripoBe,lleHHSI 

III'JioMepauHH Ha ocHoBe TaKHX BMP npHroToBJIHIOT IIIHXTY, 

IIKJIIOqaiOJUYIO TBep,lloe TOIIJIHBO (KOKCOByiO MeJIOqb B KOJIJ.iqecTBe 6-
7 % no Macce), H ,llpyrHe KOMnoHeHTbl (KoHueHTpaT, PY.llY, ¢>JIIOCbl). 

Ill HXTY ycpe,llHHIOT H YBJia)[(HHIOT .llO 5-8 %. 3aTeM ee no,llaiOT Ha 

pcmeTKH ,llBH)[(YIUHXCH 06)[(HfOBbiX TeJie)[(eK) arJIOMepaUHOHHOH 

MUWHHbl. BbiCoTa cnoH IIIHXTbi JlOJI)[(Ha o6ecneqHBaTb e:H onTHMaJibHYIO 

r·•nonpoHHuaeMOCTb. HarpeB H BociiJiaMeHeHHe IIIHXThi o6ecneqHBaiOT 
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rrpocacbrBamreM qepe3 Hee rrpo.uyKTOB c)!(liraHIUI ra3oo6pa3Horo HJIH 

)I(H,l(KOfO TOIIJIHBa. llpouecc crreKaHJ.UI MHHepa.JibHbiX KOMilOHeHTOB 

J.IIHXTbi rrporeKaeT rrpH ropeHHH TBep.uoro rorunma (rrpH 1100-1600 ·q, 
co.uep)!(arueroc~ B Heii. ArJioMepauHoHHbie ra3bi y.u~IOT rro.u pa3-

pe)!(eHHeM 7-10 Klla. 

CrreqeHHbiH amoMepaT .upo6~T .uo KpyrrHocTH 100-150 MM B 

Ba.JIKOBbiX 3y6qaTbiX ,n:po6HJIKaX, IlpO.UYKT ,n:po6JieHH~ IlO,UBepraiOT 

rpoxoqetJ:HIO H rrocJie.uyiOrueMY oXJia)!(.LJ:eHHIO. llpoceB rpoxoqeH~ -

¢>paKUHIO C pa3MepoM qacTHU MeHee 8 MM, BbiXO.U KOTOpOH COCTaB.rni:eT 

30-35 %, B03BparuaiOT Ha amoMepauHIO. 

llpHMeH~IOIUHec~ .UJI~ BbiCOKOTeMrrepaTypHOH arJioMepaUHH 

KOHBeiiepHbie MaWHHbi C BepXHHM 3a)!(HfaHHeM WHXTbi rrpOH3BO,UH

TeJibHOCTbiO 400-500 Tjq OTJIJ.iqaiQTC~ Bbi,UeJieHHeM 60JibWHX 06'beMOB 

pa36aBJieHHbiX no 3arp~3H~IOIUHM KOMilOHeHTaM (CO, so2, N02) 
arJioMepaUHOHHbiX fa30B. ArJIOMaWHHbi C HH)!(HHM 3a)!(HfaHHeM B 

3HaqHTeJibHOH CTerreHH JIHWeHbi 3TOfO He,UOCTaTKa. 

CMeuteHue MamepuaJZo6 . .ll:JI~ ycpe.n:HeHH~ ,n:HcrrepcHbiX OTXO.UOB, 

IlpHfOTOBJieHH~ Ha HX OCHOBe MHOfOKOMilOHeHTHbiX CMeceif, B 

qacTHOCTH IlpH rpaHyJIHpOBaHHH, Ta6JieTHpOBaHHH, 6pHKeTHpoBaHHH 

H .upyrHX rrpoueccax, o6ecrreqHnaiOIUHX B03MO)!(HocTb rrepepa6oTKH 

BMP B ToBapHbre rrpo.uyKTbi, wHpoKo HcrroJib3YIOT cMeweHHe rro

powKoo6pa3HbiX H rracToo6pa3HbiX MaTepHa.JioB. 

CyruecTByiOIUHe cMecHTeJibHbie MeXaHH3Mbi rrepHo,n:HqecKoro 11 

HerrpepbiBHOfO ,n:eHCTB~ OCHOBaHbl Ha HCI10Jlb30BaHHH MeXaHJ.iqeCKHX, 

rpaBHTaUHOHHbiX H IlHeBMaTHqecKHX crroco6oB B3aHMHOfO rrepe

MerueHH~ qacTHU o6pa6aTbiBaeMbiX MaTepHa.JIOB H XapaKTepH3YIOTCSI 

60JibWHM pa3Hoo6pa3HeM KOHCTpYKUHH. 

Cpe.uH cMecHTeJieii rrepHo,n:HqecKoro .ueiicTBH~ HaH6oJiee pac

rrpocTpaHeHHbiMH ~~IOTC~ 6apa6aHHbie, 6eryHKOBbie, IlHeBMaTHqec

KHe, UHPKYAAUHOHHbre H qepB~Ho-JiorracTHbie. K qJ.icJiy arrrrapaToB 

HerrpepbiBHOfO ,n:eHCTB~ rrpHHa,wle)!(aT 6apa6aHHbie, BH6paUHOHHbie, 

rpaBHTauHoHHbre, JiorracTHbre, ueHTpo6e)!(Hbie H qepB~Ho-JiorracTHbre 

cMecHTeJIH. 

llpoueccbi cMeweHH~ MOryT 6biTb oxapaKTepH3oBaHbi cTerreHbiO 

O.UHOPO.UHOCTH (Ko3¢>¢>HUHeHTOM HeO,UHOpO.UHOCTH), HHTeHCHBHOCTbiO 

H 3¢>¢>eKTHBHOCTbiO rrepeMeWHBaH~. 
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4. 3. (/Ju3uttecKue MemoiJ&t cenapau,uu omxoiJoe 

llpH nepepa6oTKe TBepJJ:biX npOMbiiiiJieHHbiX OTXOJJ:OB ( oco6eHHO 

Ml·iHepa.TibHbiX, COJJ:ep)!(all.{HX 'lepHbie 11 UBeTHhle MeTa.riJibi, BhlllieJJ:IIIe~ 

113 CTpOH PaJJ:H03JieKTpoHHo~ annapaTypbi H APYfHX H3JJ:eJIH~ Ha ocHoBe 

MeTa.riJIOB 11 cnJiaBOB, HeKOTOpbiX TOnJIHBHbiX 30JI, CMece~ nJiaCTMaCC, 

umaKoB uBeTHo~ MeTa.rrJiyprHH H pMa APYfHX BMP) HcnoJib3YIOT 
pa3JII1'1Hbie <tJH3H'IeCKHe MeTOJJ:hl cenapaUHI1, B OCHOBe KOTOpbiX Jie)l(aT 

pa3JII1'111R s MarH11THbiX, 3JieKTPH'IecKHX, 3JieKTpoMarHHTHbiX H APYfHX 

<j>I13H'IeCKHX CBOHCTBaX OTXOJJ:OB. 

MamumHble MemoiJbl HcnoJib3yJOT MH OTJJ:eJieHHH napaMarHHTHbiX 

(CJia6oMarHHTHhlX) H ¢>eppoMarHHTHhlX (CHJibHOMarHHTHbiX) KOM

IlOHeHTOB CMece~ TBepJJ:biX MaTepHaJIOB OT HX JJ:HaMarHHTHbiX (He

MafHHTHhlX) cocTaBJIHIOW:HX. MarHHTHo~ cenapauHe~ MO)!(HO Bhl

J\eJIHTb BemecTBa c YJJ:eJibHO~ MarHHTHo~ BocnpHHM'IHBOCTbiO Bbiiiie 

I 0 M 3 /Kr. CHJibHoMarHHTHbiMH cBo~cTBaMH o6JiaJJ:aJOT MarHeTHT 

(Fe0 • Fe20 3), MarreJIHT (Fe20 3), nHppoTHH, THTaHoMarHeTHT, ¢>ep

poCHJIHUH~, ¢>paHKJIHHHT, CHJJ:epHT, CJia6oMarHHTHbie OKCHJJ:bi )!(eJie3a 

nocJie HX o6)!(Hra H HeKoTopbie APYrHe BemecTBa. PHJJ: OKCHJJ:OB, 

ri1JJ:POKCHJJ:OB H Kap6oHaTOB )!(eJie3a, MapraHua, XpoMa H peJJ:KHX 

MeTa.riJIOB OTHOCHTCH K MaTepHaJiaM CO CJia6oMarHHTHbiMH CBO~CTBaMH. 

Pa3JII1'1Hbie nopoJJ:oo6pa3yJOru:He M11Hepa.rrhl (Ksapu, noJieBbie IIInaTbi, 

KaJibUHT 11 T. n.) OTHOCHTCH K HeMafH11THbiM MaTepl1aJiaM. 

YJJ:eJibHO~ MarHI1THoif Bocnpi111M'II1BOCTbiO xYJl (M3/Kr) Ha3biBaiOT 

06'beMHYIO MarHHTHYIO BOCnpHHM'IHBOCTb Bell.{eCTBa X00 , OTHeceHHyJO 

K ero nJIOTHOCTH o: 
(4.18) 

Y JJ:eJibHYIO MafHI1THYIO BOCnp11HM'II1BOCTb onpeJJ:eJIRIOT H3 ypaBHeHHR 

(4.19) 

rJJ:e I - HaMarHI1'1eHHOCTb (MarHHTHbi~ MoMeHT) BemecTBa; llo
MarHHTHaH nocToHHHM; H- HanpiDKeHHOCTb MarHHTHoro noAA B 3TOM 

semecrse. 

CJia6oMarHHTHhle MarepHa.rrhl o6oraw:a10T B cliJibHbiX MarHHTHbiX 

noAAX (HanpiDKeHHOCTbiO H= 800-1600 KA/M), CHJibHoMarHHTHhle

s cJia6biX noJIHX (H = 70-160 KA/M). MamHTHbie noJIH npo

MbiiiiJieHHbiX cenapaTOpOB 6biBaiOT B OCHOBHOM nOCTOHHHhlMH HJIH 

nepeMeHHbiMH; KOM6HHHpoBaHHbie MarHHTHbie noAA npHMeHHIOT pe)!(e. 
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flo,LVIe)!(ali.{He MarHIITHOH cenapaUHH MaTepH<l.Jibi, KaK npaBWIO, 

UOJJ:Bepra!OT npeJJ:BapiiTeJibHOH oopaOOTKe (JJ:po6JieHHIO, H3MeJib'ieHHIO, 

rpoXo'ieHHIO, o6eclliJiaMJIHBaHHIO, MarHeTH3HPYIOW:eMy 06)!(Hry H JJ:p.). 
MarniiTHoe o6orameHHe MaTepHaJIOB KpynHoCTbiO 3-50 MM npo

BOAAT cyXHM cnoco6oM, MaTepHaJIOB MeJib'ie 3 MM - MOKpbiM. 

TeXHOJIOfiDf MarHIITHOH cenapaUHH 3aBHCHT npe)!(JJ:e Bcero OT COCTaBa 

no.rwe)!(amero nepepa6oTKe MaTepHaJia H onpeJJ:eJI~eTc~ THnoM HC

noJibJyeMbiX cenapaTopoB. TiocJieJJ:HHe o6bi'iHo cHa6)!(eHbi MHorono

JIIOCHbiMH OTKpbiTbiMH HJIH 3aKpblTbiMH MarHHTHbiMH CHCTeMaMH, 

C03JJ:a!Oli.{HMH pa3JIH'iHbie THUbl MarHHTHblX noJieH. 0HH pa3JIH'ia!OTC~ 
cnoco6aMH nHTaHH~ (BepxH~~ HJIH HH)!(H~~ noJJ:aqa MaTepHana), 

nepeMemeHH~ npoJJ:yKToB o6orameHH~ (6apa6aHHbre, BaJIKOBbre, JJ:HC

KOBbre, JieHTO'iHbie, pOJIHKOBbie, WKHBHbie cenapaTOpbl), xapaKTepoM 

JJ:BH)!(eHIDr o6pa6aTbiBaeMOfO UOTOKa H 3Bar<yaUHH MarHHTHbiX KOMUO

HeHTOB (np~MOTO'iHbie, npoTHBOTO'iHbre, noJiyrrpoTHBOTO'iHbre) H APY

rnMH OcOOeHHOCT~MH. 

OueHKa npoHJBOJJ:HTeJibHOCTH MarHHTHbiX cenapaTopoB Ja

TpYJJ:HeHa BJIH~HHeM Ha Hee MHOfHX ¢>aKTopoB. J1Me!Oli.{HHC~ OllblT 

3KCUJiyaTaUHH 3THX annapaTOB U03BOJI~eT B p~e CJiyqaeB paCC'iH

TbiBaTb HX npOH3BOJJ:HTeJibHOCTb, OCHOBbl~Cb Ha HOpMax yJJ:eJibHblX 

Harpy30K Ha 1 M WHpHHbl UHTaHH~, C HCUOJib30BaHHeM Bbipa)!(eHH~ 

(4.20) 

rJJ:e Q- npOH3BOJJ:HTeJibHOCTb cenapaTopa no cyxoMy HCXOJJ:HOMY nHTa

HHIO, T/q; q - yJJ:eJibH~ npoHJBOJJ:HTeJibHOCTb, T/(M • q); n - 'iHCJIO 

roJioBHbiX 6apa6aHoB, BaJIKOB WIH poJIHKOB B cenapaTope; LP - pa6oq~ 

,LVIHHa 6apa6aHa, BaJIKa HJIH pOJIHKa, M. 

3Bar<yHpyeMbie H3 MarHHTHOfO UOJI~ 3epHa CHJibHOMarHHTHblX 

MaTepHaJIOB BCJieJJ:CTBHe OCTaTO'iHOH HaMarHH'ieHHOCTH MOryT arJIO

MepHpoBaTbC~ B arperaTbi pa3Horo BHJJ:a. C ueJibiO ycTpaHeHH~ no

CJieJJ:CTBHii 3Toro ~B.IIeHH~, Ha3biBaeMoro Macnumnoii rjJAoKy.llRu,ueii, 
HCUOJib3YIOT MHOfOKpaTHOe nepeMarHH'iHBaHHe TaKHX MaTepHaJIOB B 

nepeMeHHOM MarHHTHOM noJie pa3MarHH'iHBalOli.{HX annapaTOB. 

3JieKTpOMarHHTHbie )!(eJie300TJJ:eJIHTeJIH (WKHBHbie, UOJJ:BeCHbie, 

caMopa3rp~aJOru:Hec~ cenapaTopbr), npeJJ:HaJHa'ieHHbre JJ:JI~ HJBJie

qeHH~ )!(eJie3HbiX H JJ:pymx ¢>eppoMarHHTHbiX npeJJ:MeToB 113 pa3pbrx

JieHHbiX HeMarHHTHbiX MaTepHaJIOB HalliJIH WHpOKOe npHMeHeHHe npH 

nepepa60TKe TBepJJ:blX OTXOJJ:OB. 
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3AeKmpur.tecKue Memoobl o6ozaw,eHUR ocHoBaHbi Ha pa3JIHqHH 

:meKTpo¢>H3HqeCKHX CBOlfcTB pa3JJ:eJUieMbiX MaTepHaJIOB H BKJIIOqaiOT 

cerrapaUHIO B 3JieKTpOCTaTHqeCKOM IlOJie, IlOJie KOpOHHOfO pa3pH,LJ;a, 

KOpOHH03JieKTpOCTaTHqeCKOM IlOJie H TpH6oan;re3HOHH}'IO cerrapaUHIO. 

C HX IlOMOll.{biO pewaiOT 38,l:{aqH o6oraw:eHH~, KJiaCCH¢>HKaUHH H 

o6ecrrbiJIHBaH~ KaK PYJJ:Horo Cbipb~ H HeKOHJJ:HUHOHHbiX rrpoJJ:y:KTOB 

II MeTaJIJiyprHH qepHbiX, UBeTHbiX H peJJ:KHX MeTaJIJIOB, TaK H MHOfHX 

HeMeTaJIJIHqeCKHX MaTepHaJIOB (TOHKOJJ:HCrrepCHOfO KBapua, ¢>op

MOBOqHbiX rreCKOB, H3BeCTMKa, rrecKa JJ:JI~ CTeKOJibHOH IlpOMbiW

JieHHOCTH H JJ:p.). 

B OJJ:HOPOJJ:HOM 3JieKTpHqecKoM none Ha JapiDKeHHYIO qacTHUY 

JJ:eHCTByeT 3JieKTpHqecKa~ (KYJIOHOBCKa~) CHJia F, o6ycnoBJieHH~ 
uanmHeM JapH,LJ;a Ha qacTHue: 

F =Eq, (4.21) 

I'Jle E - HarrpiDKeHHOCTb 3JieKTpHqecKoro non~, B/M; q - JapHJJ: 

'laCTHUbl, KJI. 
B HeOJJ:HOPOJJ:HOM 3JieKTpHqecKoM none B03JJ:eHCTBHe Ha TaKYIO 

•raCTHUY 6oJiee CJIO)I(HO. 

3JieKTpocTaTHqec~ cerrapau~ ocHoBaHa Ha pa3J1HqHH 3JieKTpo

upoBOJJ:HOCTH H CI10C06HOCTH K 3JieKTpH3aUHH TpeHHeM (TpH603JieKT

pl1qeCKHH 3¢>¢>eKT) MHHepaJibHbiX qaCTHU pa3JJ:eJUieMOH CMeCH. llo 

')JleKTporrpoBOJJ:HOCTH BCe MHHepaJibHbie qacTHUbl JJ:eJI~TC~ Ha 

npo«oiJHuKu, noAynpo«oiJHuKu H OU3/leKmpuKu. llpH KOHTaKTe qacTHU 

ccnapHpyeMbiX MaTep11aJIOB C IlOBepXHOCTbiO 3apiDKeHHOfO MeTaJI

JIHqeCKOfO 3JieKTpOJJ:a 3JieKTpOilpOBOJJ:Hbie qaCTHUbl IlpH06peTaiOT 

·1apHJJ: 11 oTTaJIKHBaiOTC~ oT Hero. BenHqHHa Jap~JJ:a JaBHCHT oT 

. lJ1eKTpollpOBOJJ:HOCTH qaCTHU. 

llpH He60JibWOH pa3HOCTH B 3JieKTporrpOBOJJ:HOCTH qacTHU 

HCI10Jib3YIOT 3JieKTpH3aUHIO HX TpeHHeM (rryTeM HHTeHCHBHOfO 

IICpeMeWHBaHH~ HJIH TpaHCilOpTHpoBaHH~ ITO IlOBepXHOCTH BH6-

pOJIOTKa). Ha3JieKTpH3oBaHHbie qacTHUbi HarrpaBJI~IOT B 3JieKTpH

'ICCKoe IlOJie, fJJ:e IlpOHCXOJJ:HT HX cerrapaUH~. 

CerrapauH~ B none KopoHHoro pa3pMa, C03JJ:aBaeMoro Me)I(JJ:y 

KopoHI1PYIOW:I1M (3ap~)!(eHHbiM JJ:O 20-50 KB) 11 OCMHTeJibHhlM 

("1:13eMJieHHbiM) 3JieKTpoJJ:aMH, OCHOBaHa Ha HOHH3aUHH rrepeceKaiO

II~HX 3TO IlOJie MHHepaJibHbiX qacTHU OCeJJ:aiOll.{HMH Ha HHX HOHaMH 

II03JJ:yxa H Ha pa3J1HqHJ.i B HHTeHCHBHOCTH rrepeJJ:aqH 3THMH qacTHUaMH 

npl1o6peTeHHoro TaKHM o6pa3oM Jap~JJ:a Ha rroBepXHOCTb oca-
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llepepa6om1ea npoMbiUJJieHHbiX omxoiJoB 

JJJ.fTeJibHOfO 3JieKTpOJJ:a. 3TH pa3JIHqH~ BblpruKaiOTC~ B BeJIJ.iqHHaX 

TpaeKTopHH JJ:BIDKeH~ qaCTHU. 

TpH6oaJJ:re3HOHH~ cenapau~ ocHoBaHa Ha pa3JIHqHH B aJJ:re3HH 

(npHJIHnaHHH) K noBepXHOCTH Ha3JieKTpH30BaHHhiX TpeHHeM qaCTHU 

pa3JJ:eJI~eMoro MaTepHaJia. TeMnepaTypa npouecca cenapaUHH cy

w:ecTBeHHO BJIH~eT Ha CHJIY aJJ:fe3HH, KOTopa~ yBeJIHqHBaeTC~ HJIH 

yMeHbiiiaeTC~ 3JieKTpHqeCKHMH CHJiaMH, Bhl3hiBaeMbiMH TpH6o-

3JieKTpHqeCKHMH 3apMaMH. floMHMO 3Toro, Ha qacTHUhl JJ:eHCTBYIOT 

CHJibl TIDKeCTH H UeHTp06e)I(Hble CHJihl, ~0 B COBOKYnHOCTH npHBOJJ:HT 

K pa3JJ:eJieHHIO qaCTHU no Bew:ecTBeHHOMY COCTaBy H KpynHOCTH. 

3JieKTpHqecKHe cenapaTopbi KJiaccH<l>HUHPYIOT no xapaKTepy 

3JieKTpmeCKOfO noAA (3JieKTpOCTaTHqecKHe H C KOpOHHhiM pa3pMOM), 

cnoco6y 3JieKTpH3aUHH ( C 3JieKTpH3aUHeH KOHTaKTHhiM cnoco6oM, B 

noJie KOpOHHOfO pa3p~JJ:a, TpH603JieKTpH3aUHei:f H JJ:p.) H no 

KOHCTpYKUHH pa6oqHX opraHOB (6apa6aHHbie, KaMepHble, JieHTOqHbie, 

JIOTKOBbie, nJiaCTHHqaTbie, noJioqHble H JJ:p.). 

TioJJ:Jie)!(aw:He 3JieKTpHqecKoi1 cenapaUHH MaTepHaJihi o6biqHo 

nOJJ:BepraiOT nOJJ:fOTOBHTeJibHhlM onepaUH~M (copTHpOBKe no pa3-

MepaM, OTJJ:eJieHHIO OT IIIJiaMOB, CYIIIKe, TepMoo6pa6oTKe npH TeM

nepaTypax JJ:O 300 "C). Tipouecc cenapaUHH HaH6oJiee 3¢>¢>eKTHBeH, 

eCJIH pa3Mepbl qaCTHU He npeBbiiiiaiOT 5 MM. 

HapMy c paccMoTpeHHhiMH npoueccaMH cenapaUHH npH nepe

pa6oTKe TBepJJ:biX OTXOJJ:OB B p~JJ:e CJiyqaeB HCnOJib3YIOT H JJ:pyrHe 

¢>H3mecKHe MeToJJ:hi ( cenapau~ no Ko3¢>¢>HUHeHTY TpeH~ H no ¢>opMe, 

paJJ:HOMeTpHqecK~ H T.JJ:.). 

4. 4. FuiJpoiJuHGMuttecKue npou,eccbt, 
ucnoAb3YeMbte npu nepepa6omKe omxoiJoe 

fHJJ:pOJJ:HHaMHqecKHe MeTOJJ:hl, HCnOJih3yeMble npH nepepa60TKe 

npOMhiiiiJieHHhiX OTXOJJ:OB, BKJIJOqaJOT: rpaBHTaUHOHHOe OTCTaHBaHHe 

noJJ: JJ:eHCTBHeM CHJihl T~)!(eCTH B OTCTOHHHKaX H ¢>JioTaTopax, 

pa3JJ:eJieHHe nOJJ: JJ:ei:fCTBHeM UeHTpo6e)!(HOH CHJihl B UeHTpH¢>yrax H 

UHKJIOHaX, ¢>HJibTpaUHIO nOJJ: JJ:eHCTBHeM pa3HOCTH JJ:aBJieHHH qepe3 

¢>HJihTPYJOw:yJO neperopOJJ:KY B pa3JIHqHhiX ¢>HJibTpax, 3JieKTpo¢>HJibT

pauHIO noJJ: JJ:eiicTBHeM 3JieKTpHqecKoro noJI~ B 3JieKTpo¢>HJihTpax. 

FpaBumau,uoHHoe omcmau6aHue ocHoBaHo Ha pa3JIHqHH cKopocTei:f 

naJJ:eH~ B )!(HJJ:KOH HJIH B03JJ:YliiHOH cpeJJ:e qacTHU pa3JIHqHoro pa3Mepa 

H nJIOTHOCTH. LJ:Byx¢>a3Hhle CMeCH, KOMnOHeHTbl KOTOpbiX pa3JIHqaJOTCSI 
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110 IUIOTHOCTH, .UOBOJibHO JierKO pa3,n:emnoTCSI B YC'fPOHCTBaX, OCH0-

113HHhrX Ha HcnoJib30BaHHH cHJI rpaBHTaUHH. B npocTeM:weM cnyqae 

l'eJlHMeHTaUI-110 MO)!(HO OnHCaTb KaK ycTaHOBHBWeeCSI .UBH)!(eHHe 

rJJ.I1HH'iHOH c¢epH'IeCKOH 'iaCTHUbl B 6e3rpaHH'iHOM o6beMe )!(H.LJ:KOCTH 

(raJa). CKopocTh TaKoro .UBH)!(eHHSI(v.) npH JiaMHHapHOM pe)!(HMe 

o6reKaHHSJ: qacTHUhi onpe,n:eJISieTCSI ¢oPMYJIOH CToKca: 

v .. =?: g · rJ (_&_ -IJ, 
9 v"' p"' 

(4.22) 

I"Jle g- ycKopeHHe ,UeHCTBYJOlllero Ha 'iaCTHuy rpaBHTaUHOHHOfO noJISI; 

1',
1 

- pa.QHYC 'iaCTHUbi; V"' - KHHeMaTH'ieCKaSI BSI3KOCTb )!(H,UKOCTH; 

P,,, p"'- COOTBeTCTBeHHO IIJIOTHOCTH 'iaCTHUbl H )!(H.LJ:KOCTH. 

Bbi,UeJieHHe H3 BO.Uhi TOHYlllHX HJIH scnJibiBaiOlllHX npHMecetl: 

OTCTaHBaHHeM SIBJUieTCSI HaH6oJiee npocTbiM H 3KOHOMH'IHbiM npoUeCCOM, 

H CBSI3H C 'ieM OTCTOHHHKH pa3JIH'iHbiX THnOB nOJI}"'HJIH lliHpOKOe 

pacnpOC'fPaHeHHe B npOMbilllJieHHOCTH. 

fpaBHTaUHOHHble MeTO,Ubl 06'be,UHHSIIOT o6orallleHHe OTCa.QKOH, 

11 TSI)!(eJibiX cycneH3HSIX, B nepeMelllalOlllHXCSI no HaKJIOHHhiM nosepx

IIOCTSIM nOTOKaX, a TaJOKe npOMbiBKy. 

0Tca.nKa npencTaBJISieT co6oi1: npouecc pa3,n:eneHI1SI MHHepanbHhiX 

1epeH no nJIOTHOCTH non JleHCTBHeM nepeMeHHbiX no HanpaBJieHHlO 

uepTHKaJihHhiX CTPYH BOJlhi (B03,n:yxa), npoxonSilllHX qepe3 perneTo 

OTCa.QO'iHOH MaWHHbl. 

OTca.nKe o6hNHO no.usepraiOT npe.usapHTeJibHO o6eclllJiaMJieHHbie 

umpoKo- HJIH Y3KOKJiaccH¢HUHposaHHhie MaTepHaJihi onTHMaJihHOH 

KpynHOCTH 0,5-100 MM .!UISI Hepy.UHhiX H 0,2-40 MM .n.n:SI PY.UHhiX 

MaTepHaJIOB. f1pH OTCa.QKe KpyrrHom MaTepHaJia HaxO,USilllHHCSI Ha perneTe 

Cl'O CJIOH TOJllllHHOH B 5-10 ,UHaMe'fPOB HaH60JiblliHX 'iaCTHU Ha3biBalOT 

IIOCmeAbiO. f1pH OTCa.QKe MeJIKOfO MaTepHaJia (.UO 3-5 MM) Ha peWeTe 

YKJia.QbiBalOT HCKYCCTBeHHYJO nocTeJib H3 KpyrrHhrX TSI)!(eJihrX 'iaCTHU 

MaTepHana, pa3Mep KOTOphrx B 3-4 pa3a npeBhirnaeT pa3Mep HaH6onee 

KpyrrHhiX qacTHU nHTaHHSJ:. B npouecce oTca.nKH MaTepHaJI paccnaHsaeTcSI: 

II HH)!(HeM CJIOe KOHUeH'fPHpYJOTCSI TSI)!(eJihle 'iaCTHUbi, B CaMOM BepXHeM 

- nerKHe MeJIKHe. ITonyqaeMhie cnoH pa3rp~aiOT pa3,lleJihHO. 

OTca.no'iHbie MaWHHhi pa3JIH'iaiOTCSI cnoco6oM coJ.naHHSI nyJih

cauHH (.UBH)!(eHHeM .UHa¢parMbi, noplliHSI, perneTa, nyJihCHPYlOllleH 

IIOJla'ieH C)!(aTOfO B03JlyXa), nmopa3MepaMH, 'iHCJIOM ¢paKUHH 

llhiJleJUieMbiX npOJl)'KTOB, ,n:pyrHMH KOHC'fP)'KTI1BHbiMI1 oco6eHHOCTSIMH. 
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IJepepa6omiW npOMbiUJJieHHbiX omxoao8 

l1X npOH3BO.l:U1TeJibHOCTb ( Q, T/'i) KaK TpaHcnopTHbiX MeXa

HH3MOB MO)!(eT 6biTb onpeJJ:eJieHa no ¢>opM)'ne: 

Q = 3600y • B · H · v 
cp t' 

(4.23) 

rJJ:e Yep - cpeJJ:IDUI HaCbinHCUI nJIOTHOCTb MarepHarra nocreJIH, T/M3; 

B - lliHPHHa oTCaJJ:O'iHoro OTJJ:enemur, M; H - BbiCOTa oTCaJJ:O'iHOH 

nocTeJIH, M; V
1 

- cpeJJ:WHI CKOpOCTb npOJJ:OJibHOfO nepeMell{eHHSI 

MaTepHa.Jia B MalliHHe, M/C. 

CBSI3b npoH3BOJJ:HTeJibHOCTH ( T/'i) OTCaJJ:O'iHOH MalliHHbi c 

KaqeCTBOM npOJJ:YKTOB OTCaJJ:KH Bb!pa)!(aeTCSI ypaBHeHHeM: 

Q = 3600ycp • B · H · L · K/rt, (4.24) 

rJJ:e L - JJ:JIHHa oTCaJJ:O'iHOH MalliHHbi, M; K - Ko3¢>¢>HUHeHT 

nponopuHo~aJibHOCTH, xapaKTepH3YIOIUHH YJJ:eJibHYIO cKopocTb 

pa3;:1:eJieHHSI, 1/c (o6bl'iHO B npeJJ:eJiax 0,01-0,05 1/c); rt- KpHTepHH: 

TO'iHOCTH pa3JJ:eJieHHSI. 

THnH'iHaSI cxeMa TexHonorHqecKoro KoMnJieKca oTCaJJ:KH npeJJ:C

TaBJieHa Ha pHc. 4.5. 

PHc. 4.5. TexHonorH'ieCKHt!: KoMnJieKc 
OTC3,llKH: 

] - OTCa.D:O'iHaSI MaiiiHHa; 2- 3JieBaTopbi; 
J- 6aK o6opOTHOtf BO.llbi; 4- B03.llYXO
.llYBKa; 5- eMKOCTb C o6opOTHOtf Bo_notf; 

6- Hacoc 

06ozaw,eHue 6 mR;J~CeAblX cpeiJax 3aKJIJOqaeTcSI B pa3JJ:eJieHHH 

MaTepHa.JIOB no nJIOTHOCTH B rpaBHTaUHOHHOM HJIH ueHTpo6e)!(HOM 

none B cycneH3HH HJIH )!(HJJ:KOCTH, nJIOTHOCTb KOTOpOH SIBJISieTCSI 

npoMe)!(yTO'iHOH Me)!(JJ:y nJIOTHOCTSIMH pa3JJ:eJISieMbiX qaCTHU. 

TSI)!(eJibie cycneH3HH npeJJ:CTaBJISIIOT co6oH: B3BellleHHbie B BOJJ:e 

TOHKOJJ:HCnepCHbie qaCTHUbl TSI)!(eJibiX MHHepa.JIOB HJIH MarHHTHbiX 

cnJiaBOB-yTSJ)!(eJIHTeJieH, B KaqeCTBe KOTOpbiX HCnOJib3YIOT ¢>ep

poCHJIHUHH, nHpHT, nHppoTHH, MarHeTHTOBbiH H reMaTHTOBbiH KOH-
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neHTpaTbi H ,llpyrHe MaTepHa.Jihi KpYJIHOCThiO .llO 0,16 MM. B KaqecTBe 

I"IDKeJibiX )I(J.{.llKOCTeM HC110Jlb3YIOT paCTBOpbl XJIOpH.llOB KaJibUHSI H 

llHHKa (11JIOTHOCTb COOTBeTCTBeHHO 1654 H 2070 Kr/M3
), TeTpaXJIOpH.ll 

yrJiepO,lla (llJIOTHOCTb 1600 Kf/M 3), TeTpa6pOM3TaH (llJIOTHOCTb 

lH10 Kr/M3), paCTBOp HO.llH.lla Ka.JIHSI (11JIOTHOCTb 3196 Kr/M3
) H .npyrHe 

coe):(HHCHHSI. 

llJIOTHOCTh cycneH3HH (r/CM3
) onpe,lle.TISIIOT no ¢x>pMyJie; 

oc = C(oy - 1) + 1, (4.25) 

I Jle C - o6'beMHaH KOHI.leHTpaUHH YTSI)I(eJIHTeJISI, 

t\ - llJIOTHOCTb YTSI)I(eJIHTeAA, r/cM3
• 

Macca YTSI)I(eJIHTeJISI (Kr) B ,llaHHOM o6oeMe 

11\BJISICT; 
I 

m = V · 8 (8 - 1)/(8 - 1), y y c y 

JlOJIH e,llHHHUhi; 

cycrreHJHH coc-

(4.26) 

l")le V - 06oeM cycneH3HH, ,llM3; 0 H 0 - nJIOTHOCTb COOTBeTCT-
y c 

IICHHO YTSI)I(eJIHTeJISI H cycneHJHH, Kr/.llM3• 

)lJISI no.ll):(ep)l(aHHSI ycToif:qJ.IBOCTH cycneH3HH B Hee ):(06aBJISIIOT 

I"JIHHy (.llO 3 % OT MaCChi YTSI)I(eJIHTeJISI) HJIH npHMeHSIIOT CMeCb 

IIOpOIIIKOB YTSI)I(eJIHTeJieif: pa3JIJ.IqHOM nJIOTHOCTH. 

HaH6oJiee pacnpocTpaHeHHhiMH annapaTaMH o6orarueHHSI B 

IJDKeJibiX cpe,llaX SIBJISIIOTCSI 6apa6aHHbie, KOHyCHbie, KOJieCHbie H 

I"H.llPOUHKJIOHHbie cenapaTOpbi. 

llpOH3BO.llHTeJibHOCTb 6apa6aHHOfO H KOJieCHOfO cenapaTO

pOB onpe,lleJISIIOT no BCllJibiBaiOIUeMy JierKOMy npOJlYKTY. llpOH3BO,llH

I"CJibHOCTb KOHyCHOfO H fH.llPOUHKJIOHHOfO cenapaTOpOB paccqJ.ITbi-

1\!IIOT no nHTaHHIO. 

CenapauHSI Ha KoHueHTpauHoHHbiX CTOJiax xapaKTepH3yeTcSI 

pU3,lleJieHHeM MHHepa.JibHbiX qacTHU no llJIOTHOCTH B TOHKOM CJIOe 

IIO):(bl, TeKYrueif: no HaKJIOHHOM nJIOCKOM ,lleKe CTOJia, COBepiiiaiOrueif: 

IIO:lBpaTHO-nOCTYnaTeJibHOe ropH30HTa.JibHOe .llBJ.I)I(eHHe nepneH):(HKY

IIIIpHO HanpaBJieHHIO .llBJ.I)I(CHHSI BO):(bl. 

)leKH 6biBaiOT TpaneuHeBH.llHOH H npSIMoyroJibHOH <t>opMbi. Ha 

'IIICTH noBepXHOCTH ,lleK B npO,llOJibHOM HanpaBJICHHH 3aKpenJISIIOT 

rrapanJieJibHO pacnoJiaraeMble pH<!>JIH (11JiaHKH nepeMeHHOH BhiCOTbl 

II JI.JIHHbi), .llJIHHa KOTOpbiX yBeJIJ.IqJ.IBaeTCSI OT BepXHero K HJ.I)I(HeMy 

KpaiO CTOJia, r,lle H npOHCXOJlSIT c6op H BblfPY3Ka JierKHX npo,llyKTOB. 

llyJihny pa3,llCJISieMoro MaTepHa.Jia no,llaiOT B BepXHHH yroJI no

lll~pXHOCTH CTOJia (.lleKH). llHTaHHe ,lleKH CMbiBHOH BOJlOH Be.llYT C ee 

ncpxHero KpM, HJ.I)I(e MecTa BBO.lla nyJihnhi. qaCTHUhi pa3,lleJISieMoro 
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llepepa6omKa npOMbiUI.IIeHHb/X omxoiJoB 

MaTepH<Uia 60JibllleH nJIOTHOCTH OCe,llalOT B Me)!(pH<!>JieHbiX npo

CTpaHCTBaX H no.n ,lleHCTBHeM KOJie6aHHH HaKJIOHHOH ,lleKH npo

.llBHraJOTCSI B,llOJib pH<!>JieH:, ,llOCTHrM HepH<!>JieHOH '!aCTH ,lleKH, r.nc 

o6pa3y:JOT seep qacTHU paJJIH'IHOH TIJIOTHOCTH, Y.llaJISieMbiX pa3.lleJih

HO. Heoce.naJOruHe qacTHUhi MeHbllleH: nJIOTHOCTH nepeHOCSITC}I 

CMbiBHbiM nOTOKOM '!epe3 pH<!>JIH H OTBO,llSITCSI C nosepXHOCTH 

KOHueHTpauHOHHOro CTOJia. 

EoJiee 3<P<PeKTHBHO paJ.neJieHHe npe.nsapHTeJibHO KJiaccH<I>H

uHposaHHhiX MaTepHMOB. OnTHMaJibHOe OTHOllleHHe .llJIHHhi .neKH L 
K ee lliHpHHe S onpe,lleJISieTCSI KpynHOCTblO o6oraruaeMbiX MaTepHMOB. 

KoHueHTpauHOHHbie CTOJihi HJroTaBJIHBaJOT B O.llHO- H MHoroSipycHoM 

BapHaHTaX C ,lleKaMH TpeX BH,llOB: neCKOBbiMH (Lj S = 2,5 .llJl$1 qaCTHU 

,llHaMeTpOM d > 1 MM), MeJIKOnecKOBbiMH (Lj S = 1 ,8, d = 0,2-1 MM), 

rllrraMOBbiMH (LjS < 1,5, d < 0,2 MM). 

K ocHOBHhiM peryJIHpyeMbiM TeXHOJiorHqecKHM napaMeTpaM 

cenapauHH Ha CTOJiax OTHOCSIT qii[CJIO n XO,llOB ,lleKH CTOJia B 1 MHH H 

OnTHMaJibHYIO ,llJIHHY O,llHOrO XO,lla (MM), onpe.neJISieMble no Bbipa-

5_ 

n = 250j'>/d , max 
4_ 

/= 18'>/d , max 

(4.27) 

(4.28) 

r.ne dmax - pa3Mep qaCTHU, paBHbiH pa3~epy SiqeeK CHTa, Ha KOTOpOM 

OCTaTOK MaTepHaJia COCTaBJISieT 5 %. 
llpOH3BO.llHTeJibHOCTb ( Q, Tjq) KOHueHTpauHOHHOro CTOJia MO)!(eT 

6biTh onpe.neJieHa no q,opMYJie: 

(4.29) 

r.ne K- K03<l><I>HuHeHT ( o6bl'IHO K = 0,1 ); 8 - TIJIOTHOCTh nHTaHHSI 

CTOJia, rjcMJ; F - nJIOIUa.llb .neKH CTOJia, M 2; d - cpe,llHHH cp 

apH<!>MeTHqecKHH: .nHaMeTp qacTHU, MM; 8T, 8)( - TIJIOTHOCTh cooT-

BeTCTBeHHO TSI)!(eJIOH H JierKOH <!>paKUHH, rjcM 3; ~- TIJIOTHOCTb cpe,llbl 

(.llJISI BO.llbl ~ = 1), r/CM3
• 

CenapauiDI OTXO,llOB C paJJIHqHOH TIJIOTHOCTblO C nOMOIUblO KOH

ueHTpaUHH Ha CTOJiaX nocJie H3MeJibqeHHSI B lllapOBOH MeJibHHUe, 

OTMbiBKH Ha ,lleKe KOHueHTpauHOHHOrO CTOJia H MarHHTHOH .llOOqHCTKH 

o6ecneqHsaeT BbiCOKYIO CTeneHb HX pa3,lleJieHHSI. 

06orarueHHe B BHHTOBbiX cenapaTOpaX H lliJII03aX npOHCXO.llHT, 

KaK H Ha CTOJiaX, B nOTOKe nyJihnbi pa3,lleJISieMbiX MaTepHaJIOB, 

no.nasaeMoH: B sepXHJOJO qacTb HaKJIOHHoro )!(eJio6a ( co.nep)!(aHHe 
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l"llep,llOfO BemeCTBa B TIYJibTie 6-40 %, BbiCOTa TIOTOKa 6-15 MM). 

BHHTOBbie cenapaTopbi npe.ncmBJISIJOT co6oit Heno.nsmKHbie 

IICpTHKaJibHbie BHHT006pa3Hble )!(eJio6a (qHCJIO BHTKOB 4-6) C 

IIOBepXHOCThlO cneu;HMbHoro npo<!>HJISI. TSI)!(eJibie qacTHUhi nyJihTihi 

t'Ocpe,llOTOqJ.IBaJOTCSI B )!(eJio6e 6JIJ.I)!(e K BepTHKaJibHOH OCH ero BHTKOB 

II pa3rpy)!(alOTCSI TIOcpe):(CTBOM OTCeKaTeJieH B COOTBeTCTByJOmHe 

llpl1eMHHKH. JlerKHe qacTHI..J;bl KOHI..J;eHTPHpylOTCSI B nepH<!>epHHHOH 

'ltiCTH )!(eJio6a H pa3rp~aJOTCSI B HH)!(Hei{ qacTH cenapaTopa. )l(eno6 

ltMeeT yroJI HaKJIOHa K f0pH30HTy, XapaKTepH3yeMbiH BeJIJ.IqJ.IHOH 

tiTHOCHTeJibHOfO rnara BHHTa (OTHOllieHHeM rnara K ,llHaMeTPy), HaXO

/(HW,eHCSI B npe.nenax 0,4-0,6. 
llpH MaKCHMaJibHOH KpynHOCTH qaCTHU o6oramaeMbiX MaTepHa-

1108 0,2-8 MM H TIJIOTHOCTH H3BJieKaeMbiX MaTepHaJIOB 6-7,5 rjcM3 

q>e,llHSISI TipOH3BO,llHTeJibHOCTb BHHTOBbiX cenapaTOpOB ,llHaMeTpOM 

0,5-1,2 M Haxo.nHTcSI B npe.nenax 0,3-12 Tjq. 06orameHHe npe.n

napHTeJibHO KJiaCCH<!>Hu;HpOBaHHbiX H o6eClliJiaMJieHHbiX MaTepHaJIOB 

XllpaKTepH3yeTCSI JiyqlliHMH TIOKa3aTeJISIMH. 

Pa3HOBJ.{.llHOCTblO BHHTOBbiX cenapaTOpOB SIBJISIIOTCSI BHHTOBbie 

111Jil03bl, XapaKTepH3YJOmHeCSI 6oJiee lliHpOKHMH )!(eJio6aMH H MeHb

IIIHMH HaKJIOHaMH ):(HHm )!(eJI060B. 

CTPYHHbie cenapaTOpbi CHa6)!(eHbi c~saJOmHMCSI K HH)!(HeMy 

1\0HUY H yCTaHaBJIHBaeMbiM TIO.ll YfJIOM 15-20" )!(eJI060M HJIH KOHyCOM. 

llynhny npH co.nep)!(aHHH TBep.noro semecTsa 50-60 % 3arp~aiOT B 

nepxHIOIO qacTb )!(eJio6a. CoKpameHHe paccTOSIHHSI Me)!(.lly cTeHKaMH 

!KeJI06a OT 3arpy30qHOfO KOHI..J;a K pa3rpy30qHOMy npHBO,llHT K yBe

IIWieHHIO BbiCOTbl TIOTOKa OT 1,5-2 ,llO 7-12 MM. qaCTHI..J;bl 60JibllieH 

IIJIOTHOCTH KOHI..J;~HTPHPYIOTCSI B HJ.I)!(HJ.IX CJIOSIX TIOTOKa, a MeHbllieH 

IIJIOTHOCTH cocpe.noToqHsaJOTCSI B sepXHHX ero cnoSIX. Pa3.neneHHhie 

IIOTOKH qacTHU TIOCTYTiaiOT B OT,lleJibHble TipHeMHHKH. llpOH3BO,llH

Il~JibHOCTb 3TlfX annapaTOB OTipe,lleJISieTCSI KpynHOCTblO H MHHepaJibHbiM 

l"llCTaBOM CMeCH H 06biqHO COCTaBJISieT 0,9-5,5 Tjq Ha 1 M 2 pa6oqei{ 

IIJIOUJ.a,llH )!(eJio6a. Hx MO)!(HO HCTIOJih30BaTb H .llJISI KJiaccH<!>HKau;HH 

rTpOHTeJibHOfO necKa. 

lliJI103bl xapaKTepH3ylOTCSI HaJIJ.IqJ.IeM HaKJIOHHbiX (3-15") JIOT-

1\1111 c YKpeTIJieHHhiMH Ha HX .nHe TPa<PapeTaMH (6pycKH, yroJIKH, npo

ti>HJIHposaHHbie KOBpHKH, naHu;HpHbie CeTKH, TKaHb) .llJISI 3a,llep)!(aHHSI 

llllKeJibiX qaCTHU no.nasaeMOH B BepXHIOIO qacTb JIOTKa nyJihTibl 

IICpepa6aTbiBaeMbiX OTXO,llOB. 3TH annapaTbl MOryT 6biTb HeTIO,llBIDK

IIhiMH H TIO.llBJ.I)!(HbiMH, fJiy60KOfO (BbiCOTa TIOTOKa ,llO 0,4 M ,llJISI 
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Ilepepa6omKa npoMblWAeHHblX omxoiJoB 

nepepa60TKM MaTepHa.Jia KpynHOCTblO OT 20 .llO 100 MM H 6oJiee) H 

MeJIKOfO (BbiCOTa noTOKa .llO 0,05 M .llllil MaTepHa.JIOB KpynHOCTblO .llO 

20 MM) JanOJIHeHHR. AnnapaTbi MeJIKOfO JanOJIHeHHR Ha3biBalOT 

noiJUJJli03KOMU. JlerKMe qaCTHI..J;bi nyJihnhi yHOCRTCR noTOKOM qepe3 

Tpaq,apeTbi, qaCTHI..J;bi 60Jibllleif nJIOTHOCTH OCe,llalOT B Me)I(Tpa

q,apeTHbiX npOCTPaHCTBaX, nocJie JanOJIHeHHR KOTOpbiX npH npe

KpameHHH no.naqH nyJihnbi HX CMbiBalOT BO.llOH B npHeMHHK. 

Heo6xo.nHMyJO .llllil Ja,u:aHHoit o6beMHOit npoHJBO.llHTeJibHOCTH 

lliHpHHy lliJIJ03a (B, M) onpe,lleJIRIOT no !Jbipa)l(eHHIO; 

B= Q/(vh), (4.30) 

r.ne Q - paCXO.ll nyJihnhi, M 3 jc; V - CKOpOCTb nOTOKa nyJihnhi, M/c; 

h - BbiCOTa nOTOKa, M. 

Pacxo.n nyJibnhi onpe.neJIRIOT no ypaBHeHHJO: 

Q = q(1/8 + R), (4.31) 

r.ne q- paCXO.ll TBep,llOfO BemeCTBa nHTaHHR, T/C; 8 - nJIOTHOCTb TBep

.llOfO semecTsa, T/M3; R - pa3)1(Ji[)l(eHHe nyJihnhi (oTHOllleHHe Macchi 

)I(M,llKOCTH K Macce TBep.noro reJia). 

lliHpHHa lliJII030B 06bJqHO COCTaBJIReT 0,5-1,5 M, .llJIHHa 6-20 M. 

llpHMep TeXHoJiorHqecKoro KOMTIJieKca o6orameHHR Ha lliJIJOJax npe.n

CTaBJieH Ha pHC. 4.6. 

Bo8« 

7 

PHc. 4.6. TexHonorH'IeCKHH KOMn-

JieKC o6orameHHH Ha IIJJIJ03ax: 

] - IIJJIJ03; 2 - npHBO.ll:; 3 - 6aK 

TIHTaHHH; 4, 7- HaCOCbi; 5- 6yHKep 

C KOHI.lCHTpaToM; 6 - CMKOCTb C 

KOHI.lCHTpaTOM; 8- CMKOCTb C BO.ll:OH 

,[J:JIR pa3pyllleHHR H y.nan:eHHR fJIHHHCTbiX, necqaHbiX H ,llpyrHX 

MHHepa.JibHbiX, a TaK)I(e opraHHqecKMX npHMeceif TBep,llbiX OTXO.llOB 

qacTO HCnOJib3YJOT npou;eCCbi HX npOMbiBKH (OTMbiBKM), KOTOpbie npo

BO.llRT B npOMbiBOqHbiX MalliHHaX pa3H006pa3HOH KOHCTpyKIJ;HH 

(rH.llpOMOHHTOpbi, 6apa6aHHbie fPOXOTbl, BpamaJOmHeCR CKpy66epbl, 
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r A a B a 4. OcnoBbl mexnOAozu~teCKux npoqeccoB nepepa6omKu npoMbiUJ/leHHbiX omxoiJoB 

KOpbiTH&Ie MOHKH, arrrrapaTbi aBTOKJiaBHoro H .Apyrux THIIOB). B Ka'lecT

Be npOMbiBO"'HOrO areHTa HaH6onee "'aCTO HCIIOJib3YIOT BO,Ay (B pS!,lle 

cnyqaeB C ,A06aBKaMH IIOBepXHOCTHO-aKTHBHbiX Bei.QeCTB ), HHOr,lla IIpH

MeHSIIOT oc-rp&IH nap H p83JIH"'H&Ie pacTBopHTeJIH. 

IJOMHMO OIIHCaHHbiX rpaBHTai..J;HOHHbiX MeTO.llOB cerrapau;HH B 

npaKTHKe rrepepa6oTKH TBep,AbiX OTXO,AOB HCII0Jib3YJOT H ,ApyrHe, 'faCTO 

Ha3biBaeM&Ie HHepu;HOHHbiMH, KOTOpbie OCHOBaH"bl Ha pa3JIHlfHH 

IIJIOTHOCTeH KOMIIOHeHTOB o6pa6aTbiBaeMbiX OTXO.llOB, a TaiOKe HX 

ynpyrocTeH H K034>qmu;HeHTOB TpeHIDI. HeKOTop&Ie H3 TaKHX MeTo.nos 

npe.ncmBJieH&I Ha pHc. 4. 7. 

~t 
4-

~ ~ .fR v ~ ~ ~ 
IIH T!l v J l/IH 

T!l~ ~11H 
T!l~ a 

6 6 

PHc. 4.7. HeKoTOpbie npHeMbi pa.J.n:eneHHR cMeceii rnep.ll:biX oTXo.n:oa: 

a, 6- 6aJUIHCTH'leCKlUI cenapauHR; 6- cenapauHR, OCHOBaHHlUI Ha pa.3nH'Ufl.f 

Ko3«lJ«PHI.meHTOB TpeHHR; I - neHTO'IHble TpaHCIIOpTepbi; 2 - pOTopbi; 3 -
nnaCTHH'IaTbiH TpaHCIIOpTep; 4 - OTpa)l(aTenb; JIH- «lJpaKUHR- JierKHX 

HeynpyrHx MaTepHanos; TY- «PPaKI.lHR TR)I(enhiX ynpyrHx MaTepHaJIOB 

fleHHaR cenapal{UR (flC) - cPH3HKO-XHMHlfeCKHH rrpou;ecc, 

JaKJIIOlfaiOmHHCSI B H36HpaTeJibHOH a.ncop6uHH IIOBepXHOCTHO

aKTHBHbiX KOMIIOHeHTOB )I(H,llKHX CHCTeM Ha IIOBepXHOCTH IIO.ll

HHMaiOmHXCSI IIY3blpbKOB B03,llyxa. 

KoHu;eH-rpHposaHHe cycneH3HH Ji[JIH pacTBopoB 3THM MeTO.llOM 

OCHOBaHO Ha HCIIOJib30BaHHH ny3blpbKOB raJa )J)ISI yBeJIHlfeHHR IIO,llbeM

HOH CJi[Jibi, .neHCTBYIOtQeH Ha oT.nenReM&Ie qacTHUhi. faJoB&Ie ny3hipbKH 

IIpii[JIHIIaiOT K "'aCTHI..J;aM, IIOHIDKaSI npH 3TOM HX 3Q>Q>eKTHBHYIO IIJIOT

HOCTb .llO BeJIHlfHHbl MeHbl.lleH, lfeM IIJIOTHOCTb BO.llbl. 

faJOBbie ny3blpbKH. MOryT o6pa30BbiBaTbCR HeCKOJibKHMH MeTO

,IJ.aMH. 0,llHH H3 HHX COCTOHT B CJie,AyiOI.QeM. 

IIepsoHa"'an&Hoe o6pa3oBaHHe ny3&IpeH rrpoHCXO.AHT rrpH rrpo

xo~eHHH B03,AyXa qepe3 pacrrpe.nenHTeJI&Hoe yc-rpoHCTBO HJIH 
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Ilepepa6omKa npoMblWAeHHbiX omxoiJoB 

MexaHH'IeCKHMH crroco6aMH. O.llHaKo o6pa30BaBIImecJI rry3&IpbKH 

HMeiOT CJIHIIIKOM 6on&IIIHe pa3Mepbi .llJIJI rrpou;ecca cerrapawm. Ilo3To

MY B03.ll)'X pacTBOpJieTCJI B )I(H,llKocm rrpH rroBbiiiieHHOM .llaBJieHHH, 

a rry3bipH Bbi,lleJIJIIOTCJI IIpH ero CHIDKeHHH B CHCTeMe ,llO aTMOC

<t>epHoro, TaK KaK CHIDKeHHe ,llaBJieHIDI rrpHBO,llii[T K yMeH&IIIeHmo 

pacTBopHMOCTH so3.zzyxa. 3To HaH6onee qacTo Hcrronb3yeMbiH crroco6 

o6pa30BaHIDI rry3bipbKOB, TaK KaK OH II03BOJIJieT IIOJIYllaTh 60JibiiiOe 

'IHCJIO rry3bipbKOB MaJIOfO pa3Mepa (30-120 MKM) 

B TeXHonorH'IeCKYJO JIHHHIO ,llJIJI ocymecTBneHIDI rrpou;ecca 

rreHHoii. cerrapau;HH BXO.llJIT HarHeTaTeJibHbiH Hacoc, yc-rpoiicTBo 

,llJIJI IIO,lla'IH B03.nyxa, arrrrapaT ,llJIJI HaCbii.I.leHIDI )f<H,llKOCTH B03.ll)'XOM H 

<t>noTaTop. Hcxo,llHoe Chipbe H B03.ll)'X rrocryrraJOT B arrrrapaT, r,lle 

IIpOHCXO,llHT HaCbii.I.leHHe cycrreH3HH B03.ll)'XOM: H 3aTeM BO <l>JIOTaTOp. 

TBep):(ble qaCTI-U.J;hl BCIIJibiBaiOT, o6pa3ySI CJIOH Ha. IIOBepXHOCTH 

)I(HJ(KOCTH, H Y.llaJISIIOTCSI cKpe6KaMH. OcsemeHHM )i(Ji.):(KOCTb rrpoTeKaeT 

IIO,ll rreperopO,llKOH H OTBO,llHTCSI H3 arrrrapaTa C IIOMOI.I.lblO 

peryJIHpyeMOfO BO,llOCJIHBa. 

IlporryCKHaSI CIIOC06HOCTb <!>JIOTai..J;HOHHbiX KOHI..J;eHTpaTOpOB ITO 

)I(H,llKOCTH, KaK rrpaBHJIO, 60Jibiiie, 'leM rpaBHTau;HOHHhiX, TaK KaK 

CKOpOCTb IIO,llbeMa qaCTHU aKTHBHpoBaHHOfO HJia IIpH <!>JIOTau;HH 

06hf'IHO rrpeBbiiiiaeT CKOpOCTb liX OCe,llaHIDI B rpaBHTai..J;HOHHOM IIOJie. 

IlpeHM)'I.I.leCTBa <t>noTau;HOHHbiX KOHu;eHTpaTOpOB rrepe,ll rpaBH

Tau;HOHHbiMH IIpH KOHI..J;eHTJ>HpoBaHHH aKTHBHpoBaHHOfO HJia 3aKJIIO

qaiOTCJI B 6onee BbiCOKOH KOHu;eH-rpau;HH TBep,llOH <l>a3bl B BhiXO,llJI

I.I.leM IIOTOKe, JIY'IIIIeM ynaBJIHBaHHH TBep,llbiX qaCTHI..J;, 6onee BbiCOKOH 

rrporrycKHOH crroco6HOCTH H 6onee HH3KHX KarrHTaJibHhiX 3a-rpaTax. 

3KCIIJiyaTai..J;HOHHbie 3aTpaTbl Ha <t>noTau;HIO o6bi'IHO Bbiiiie, TaK KaK 

BKJIIO'IaiOT CTOHMOCTb BCIIOMOfaTeJibHbiX XHMH'IeCKHX areHTOB H 

3HeprHH Ha rro.nroTOBKY H no,llaqy B03,llyxa H BO.llhi B arrrrapaT ,llJIJI 

HaCbii.I.leHHJI, 

IleHHM CerrapaUIDI IIO,llpa3,lleJISieTCSI Ha rreHHOe <!>paKu;HOHH

posaHHe (IT<l>p) H neHHyro cl>noTau;HIO (Il<l>n). 

fleHHbiM t/JpaKl{UOHUp060HUeM Ha3biBaeTCSI Bbi,lleJieHHe H3 paCT

BOpOB paCTBOpeHHbiX B HHX Beii.J;eCTB. fleHHOU tPAOmOl{UeU Ha3biBaeTCSI 

Bbi,lleJieHHe HepaCTBOpHMbiX semecTB H3 ,llHCIIepCHbiX CHCTeM. IJpH rreH

HOM <l>paKUHOHHpoBaHHH (pHC. 4.8) rH,llpo<l>o6HaJI qaCTb IIOBepXHOCTHO

aKTHBHbiX MOJieKYJI Bei.I.leCTBa rrepeMemaeTCJI K IIOBepXHOCTH pa3,lleJia 

fa3a H )f<H,llKOCTH, H MOJieKYJibl rrpHHHMaiOT ycTOH'IHBOe IIOJIO)I(eHHe 
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fA a 6 a 4. 0CH06bl mexHOA02UIIeCKUX npoqeCC06 nepepa6omKU npOMbiUIAeHHbiX omxoao6 

OTHOCHTeJibHO rry3blpbKa B03.zcyxa. [l:f,ll;pO<!>HJibHble KOHI..J;bl MOJieicyJI 

OCTaiOTCR B BO.UHOM <!>a3e, a rn,n;po<!>o6Hble llpOHHKaiOT B ra30BYJO <!>a3y. 

OpH HerrpephlBHOM rrpou;ecce rry3hlpbKH BCITJihlBaiOT Ha rro

nepXHoCTb :lKH.llKOCTH H o6pa3YJOT cJioif: rreHbl. ECJIH o6pa3YJOI.UaRCR rreHa 

ycTotl:qHBa, llOBepXHOCTHO-aKTHBHOe BemecTBO 6y,neT HaKarr

nJ.IBaTbCR B rreHHOM cJioe. Y.na.n:eHHeM c rrosepXHOCTH CJIOR rreHbl 

nosepXHOCTHO-aKTHBHbie BemeCTBa OT,neJIRIOTCR OT paCTBOpRIOIUeH 

11x )I(J1)J;KOCTH. PacrnopeHHbie BemecTBa c HH3Koif: crroco6HoCTbiO K 

o6pa30BaHHIO rreHbl MOryT 6biTb llO.UBeprHyrbi q,paKI..J;HOHHpOBaHHIO 

<l>JioTau;Heif: rryreM .no6aBJiemrn B )I(J1)J;KOCTb rreHoo6pa3yromero areHTa. 

,[(;rn 3THX u;eJieif: Heo6xo.nHMbi rreHoo6pa3YJOmHe BemecrBa, co3,naiOmHe 

c pacTBopeHHbiM BemecTBOM 3JieKTPHqecKHe HJIH xeJiaTHble CBR3H. B 
KaqecTBe rreHoo6pa3yiOIUHX BemeCTB HC110Jib3YJOT MaCJia, :>KHpHbie 

KHCJIOTbl H HX COJIH, .UHTHOKap6oHaTbl, a.JIKHJICYJibcPaTbi, aMHHbl H 

HpyrHe coe.nHHeHHR. 

oq- 0 -

or~-

PHc. 4.8. MexaHHJM neHHOro «<JpaKUKOHKpOBaHIDI: 

I - ao,n:HM 4Ja3a; 2 - noaepxHOCTL pa3,n:ena; 3 - ny3blpeK Bo3.zzyxa; 4 - rH.n:

po«<JHJII>m.ril: KOHel( MoneKYni>I; 5- rH.D:PO«<J06m.ril: KOHel( MOJieKYnbi 

PHc. 4.9. MexaHHJM neHHOil: «<JnoTaUKH: 

I - cMecb *H.ll:KOCTH u TBep.zn,rx 'laCTHU; 2 - B03.zzywm.ril: ny3I>rpeK; 3 - rH.n:

po«<Jo6HMe 'laCTHIJPI; 4 - rH.D:PO«<JHJibHhie 'laCTHIJPI 

Y ,na.n:eHHe HepaCTBOpeHHOfO B3BellieHHOf0 BemeCTBa MeTO.UOM 

lleHHD_U pAOmOl{UU llpOHCXO.UHT CJie,nyiOIIJ;HM o6pa30M (pHC. 4.9). 
MeJibqaif:rnHe rry3blpbKH B03,nyxa, o6pa3YJOIUHeCR rrpH ero rro,naqe B 

)1(11.UKOCTb B C)l(aTOM COCTORHHH, CKallJIHBaiOT BOKpyr ce6R fl:f,/l;p0-
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llepepa6omKa npOMbiUJ/IeHHbiX omxoaoB 

<Po6Hbie B3BerneHHbie qacnn..J;bi. EJiaro.llap.s~ pa3HHue ruiornocTeH, 3TII 

arperaul{jl qacTHU H nyJbipbKa ycTpeMJIJieTC.si K rroBepxHoCTH )I{H)l· 

KOCTH, H B3BellieHHOe Bei.I.J;eCTBO KOHI.J;eHTpHpyeTC.siB CJIOe rreHbl. 3aTeM 

rreHa BMeCTe c B3BerneHHbiMH qacrnuaMH Y.llaJUieTC.si. 

3<t><t>eKTHBHOCTb lleHHOH cerrapauHH 3aBHCHT OT yCTOWIHBOCTl-1 

H .llpeHIDKHOH Cl10C06HOCTH rreHbl (T. e. Cl10C06HOCTH K BJiarOOT.llaqe). 

Ha ycToifqHBOCTh. rreHbi BJIHHIOT KoHueHTpaumi BO.llOPO.llHhiX 

HOHOB (pH), TeMrrepaTYPa, pa3Mep 11Y3blpbKOB, o6'beMHa.si KOH

ueHTpauH.si paCTBopeHHoro Bei.I.J;eCTBa. TexHoJIOrHqecKHA pe)I(HM 

rrpouecca <t>noTauHH .llOJI)I(eH 6biTb opraHH3oBaH TaKHM o6pa30M, 

qTo6bi KOHI.J;eHTpai.J;H.sl B llOBepXHOCTHOH llJieHKe OTJIJ.IqaJiaCb 01' 

KOHI.J;eHTpaUHH B )I(HJlKOCTH H Ja cqeT 3TOro C03JlaBaJiaCb BbiCOKIDI 

B.si3KOCTb rroBepxHocrnoro cno.s~. Ha .llpeHIDKHYJO crroco6HOCTh BJIJ.{jiiOT 

COJlep)l(aHHe )I(J.I.llKOCTH BHyTpH CJIOSI, pa3Mep 11Y3blpbKOB, B.si3KOCTb 1-1 

rroBepxHoCTHoe HaTIDKeHHe CTeHoK rryJhipbKa. BIDKHoe BJIIDIHHe Ha 

CTerreHb OTJleJieHH.sl OKa3biBaiOT COOTHOllieHHe )I(HJlKOCTH H raJa, 

llJIOI.I.J;aJlb llOBepXHOCTH lly3blpbKa, BbiCOTa CJIOSI )I(J.I.llKOCTH, BbiCOTII 

CJIOSI lleHbl H ee JlOJirOBeqHOCTb. 

liMelOTCSIJlBa OCHOBHbiX BH.lla rreHHOro cerrapaTopa: KOJIOHqaToro 

THlla (pH C. 4.1 0, a) H )l(eJI060BOI'O (pH C. 4.10, 6). ,lJ;ml MaJIOMaClliTa6HbiX 

11pOH3BOJlCTBeHHbiX yCTaHOBOK HaH60Jiee qaCTo HC110Jib3YJOT cerrapaTOJl 

KOJIOHqaToro THlla. llCXOJlHaSI )l(l{!lKOCTb llO.llaeTC.si qepe3 6oKOByiO 

CTeHKY KOJIOHHbl B6JIH3H llOBepXHOCTH pa3.lleJia lleHbl H )I(J.I.llKOCTH, II 

B HJ.{)I(HeH qaCTH KOJIOHHbl llOMei.I.J;aiOTCSillOpHCTble pa36pb13rHBaTeJIJ1, 

pacceHBaJOI.I.J;He raJ. HaKaruiHBaJOI.I.J;MC.si rreHa Y.llaJI.sleTC.si H3 KOJIOHHhl 

CBepxy. 

)l(eno6oBM ycTaHOBKa 6onee Y.ll06Ha .llJISillpOMbilliJieHHbiX ueneii, 

TaK KaK rroJBOJISieT rrpoBOJlHTb rrpouecc HerrpepbiBHO. llo.llaqa pa3-
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PHc. 4.10. lleHHbrll: ce-
napaTop: 
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fA a 8 a 4. 0CH08bl mexHOAOZU'IeCKUX npoqeccoB nepepa6omKU npOMbiUIAeHHbiX OtnXOOOB 

lleJI51eMOH CHCTeMbl ocymeCTBJI51eTC51 qepe3 O.llHH KoHeu; KpbiTOro 

)((eJio6a, a BbiXO.ll BemeCTB - B6JIH3H IIpOTHBOIIOJIO)I(HOrO KOHI..J;a. 

YcTpotlcTBa, rro.nmomHe HJMeJibqeHHbie rry3hiphKH, rroMemeHbi B .nHe, 

a rreHa HaKaiUIHBaeTC51 B IIpOCTpaHCTBe Me:>K,lly CBO.l(OM )l(eJio6a H 

>KH.llKOCTblO. BepTHKaJibHM rreperopo.nKa y.nep)I(HBaeT )f(H.llKOCTh B 

>KeJio6e, II03BOJI5151 rreHe rrepeTeKaTb B CJIHBHYIO KaMepy. ileHHM 

4JnoTau;H51 ocymecTBJI51eTC51, KaK rrpasruw, B cerrapaTopax )l(eJio6osoro 

mrra. 

<l>paKu;HOHHpOBaHHe rreHOH HCIIOJib3yeTC51 .llJl5l Y.llaJieHH51 a6cop-

611:pYJOmHX oqHmaJOmHX cpe.l(CTB H .npyrHX IIOBepXHOCTHO-aKTHBHbiX 

paCTBOpeHHbiX semecTB B KaHaJIH3au;HOHHOH CHCTeMe. 0Ha HaxO.l(HT 

npHMeHeHHe H IIpH o6pa60TKe IIpOMbiiJJJieHHbiX OTXO.llOB .llJl5l y.naneHH51 

HeKoTopbiX IlAB. MeTO.ll MO)I(eT 6biTh HcrroJib30BaH rrpH oqHCTKe 

OTXO.llOB IIHmeBbiX H TeKCTHJlbHbiX rrpe.nrrpH51THH, a TaiOKe CTOqHbiX 

BO.ll u;eJIJIJOJI03H0-6YMIDKHOro rrpoH3BO.llCTBa. 

lleHHa51 ~JIOTaUI151 IIpHMeH51eTC51 .llJI51 o6pa60TK11 3arp513HeH

IIbiX MeTaJIJIOM CToqHbiX ao.n ( oqi1CTKa CO )I(), ynaaJII1:BaHH51 Mac en 

H3 OTXO.l(OB He~Terrepepa60TKH H IIpH oqHCTKe BO.llbl, HCOOJib3ye

MOH .llJI51 MOHKH aaToMo611:neii. 

JleHHGJl CenapGlfUJl HaiiiJia IIpHMeHeHHe cpaBHHTeJibHO He-

1\aBHO, Ho rronyqaeT see 6onhmee pacrrpocTpaHeHHe. 3To o6y

cnosneHo TeM, qTO IIpH OTHOCHTeJibHO He6oJibiiiHX KaiiHTaJibHbiX 11 

'lKCIIJiyaTau;HOHHbiX 3aTpaTaX, IIpOCTOM arrrrapaTypHOM O~OpMJie-

1111H OHa II03BOJI51eT pemaTb BeCbMa IIIHpOKHH Kpyr 3a.l(aq, CB513aH

IIblX C oqHCTKOH BO.l(bi OT .l(HCIIeprHpOBaHHbiX HJIH paCTBOpeHHbiX 

11p11Meceii. 

aeHmpo6e:JICHOU cenapau,ueii Ha3biBalOT rrpou;eCCbi pa3.l(eJieHH51 

lleO.l(HOpO.l(HbiX <!>a3 B u;eHTpH<!>yrax H rH.l(pOI..J;HKJIOHaX, B OCHOBe 

KOTOpbiX Jie)I(HT .neiicTBHe u;eHTpo6e)I(HbiX CHJI. HaH6onee qacTo 

llpHMeH51eTC51 u;eHTpH<!>yra CO CIIJIOIIIHbiM 6apa6aHoM, KOTOpa51 

llhirlOJIH51eT .llBOHHylO <I>YHKUHIO - OCBeTJieHHe 11CXO.llHOH cycrreH3HI1 

11 TpaHcrropTHpoBaHHe o6pa3osasmeroc51 oca.nKa Ja rrpe.nenbl arrrrapaTa. 

PacqeT rrpou;ecca u;eHTpH<!>yrHposaHH51 ocHoBaH Ha rrpHse.neHHOM 

llbiiiie 3aKoHe .llBIDKeHH51 O.llHHOqHOH qaCTHI..J;bi B IIOJie u;eHTp06e)l(HOH 

1:11Jibi ( <t>opMYJia CToKca) . .[VI51 yrrpomeHH51 Ja.naqH paccMaTpHBaJOT 

pn36aBJieHHbie .llHCIIepCHbie CHCTeMbi. 0CHOBHOH .neHCTBYJOmetl CHJIOH 

t11\Jl51eTC51 u;eHTpo6e)I(Ha51 CHJia, orrpe.nen51eMa51 u;eHTpo6e)I(HbiM 

VCKOpeHHeM a, KOTOpoe MO)l(HO paccqHTaTb ITO ypaBHeHHIO 

(4.12) 
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flepepa6omKa npOMbiUIJleHHbLX omxoao6 

r.ne w - ymosaR cKopocTh BpameHHR 6apa6aHa; R - TeKymcl' 

3HaqeHHe pa,llHyca, Ha KOTOpOM HaXO,llHTCR qaCTHI..J;a. 

IlpH u;eHTpH<!>yrHpOBaHHH OT,lleJieHHe TBep,llOH <Pa3bl OT )l(M.llKOCTH 

npOHCXO,llHT JIHllib B TOM CJiyqae, KOf,lla BpeMR npe6biBaHHR cycneH311H 

B 6apa6aHe ,llOCTaToqHo, qTOfihi TBep,llaR qaCTHI..J;a ,llOCTHrJia ero CTeHKH. 

BpeMR npe6biBaHHR )l(M.llKOCTH B annapaTe: 

t" = V/Q, (4.33) 

r.ne V- o6beM annapam; Q- o6beMHaR CKopocTh )I(H,llKOCTH, npoxo 

.llRmeit qepe3 annapaT. 

IlOBhillieHHe npOH3BO,llHTeJibHOCTH H 3<l><!>eKTHBHOCTH ,lleHCTBHSI 

u;eHTpH<!>yr B03MO)I(HO npH nepexo.ne K TOHKOCJIOHHOH cenapal{U/1. 
3JieMeHTbi TOHKOCJIOHHOH cenapau;HH (TapeJIKH) BbiTIOJIHRIOT KOHH

qeCKHMH C HanpaBJieHHeM noTOKa pa3,lleJIReMOH cycneH3HH K OCH 

pOTOpa, C60pOM OCa,llKa no ero nepH<!>epHH H Bbirpy3KOH OCa,llKa qepe·1 

cneu;HanbHbie conJia. TaKoe HanpaBJieHHe noToKa B u;eHTpH<Pyrax l' 

3JieMeHTaMH TOHKOCJIOHHOH cenapau;HH onpe,lleJIReTCR yMeHbllieHHeM 

noTpe6Hoit .llJIHHhi KaHana. O.nHaKo B CBR3H c TeM, qro npoxo.nHoc 

Ce'IeHHe KaHanOB Me)l():(y TapeJIKaMH no Mepe npH6JIH)I(eHHR K OCH 

pOTOpa yMeHbrnaeTCR, CKOpOCTb nOTOKa B03paCTaeT, H Ha HeKOTOpOM 

pa,llHyce pOTOpa CTaHOBHTCR B03MO)I(HbiM nepeXO.ll OT JiaMHHapHOfO 

pe)I(HMa TeqeHHR K zyp6yJieHTHOMY, BCJie,llCTBHe qero npOHCXO,llH'I' 

yxy.nrneHHe 3<l><!>eKTHBHOCTH cenapau;HH TBep,llbiX qacTHU OT )I(H):(

KOCTH. 

Cpe.llHRR cKopoCTh B Me)I(TapeJioqHoM KaHane cymecTBeHHO BJIH

ReT Ha 3<!><!>eKTHBHOCTb cenapau;HH H pa3Mep cenapHpyeMbiX qaCTHU. 

0Ha onpe,lleJIReTCR COOTHOllieHHeM 

v = Q !(21rRh), (4.34) 

r.ne h - paCCTORHHe Me)l():(y TapeJIKaMH (TOJimHHa nOTOKa). 

C yBeJIHqeHHeM CKOpOCTH nOTOKa O,llHOBpeMeHHO yMeHbrnaeTCSI 

u;eHTp06e)I(HaR Cii[Jia, B CBR3H C 'IeM HaH60Jiee 6JiaronpHRTHbie YCJIOBHSI 

.llJIR cenapau;HH qacTHU o6ecne'mBaJOTCR Ha nepH<!>epHH mpeJIOK. 
·Bee 6oJiee rnHpoKoe npHMeHeHHe .llJIH Bbr,neJieHHH H3 )I(H,llKOCTdl 

qacnnJ. pa3MepoM oT 0,2 .no 0,5 MM (HHor.na .no I MM) Haxo,nHT cenapau;HH 

B m,npOli,HKJIOHaX. fH,llpOUHKJIOHbi, no.no6HO u;eHTpH<i>yraM, pa6oTalOT no 

npHHI..J;Hny u;eHTp06e)I(HOH cenapau;HH. 

KoHCTpYKUHR rH,llpou;HKJIOHa noKa3aHa Ha pHc. 4.11. OH cocTOHT 

H3 UHJIHH.llpHqecKoit H KOHHqecKoit qacTeit. BpameHHe )I(H.llKOCTH n 
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j 

I IIV!IollA 

UHKITOHe ocyruecTBnReTCR B pe3ynhTaTe ~BH

)I(eHHR cycneH3HH qepe3 TaHreHuHanhHhiH 

naTpy6oK, pacnono)l(eHHbiH BBepxy UHnHMpH

qecKOH qacTH 2. KoHHqecKaR qacTb UHKITOHa 1 
OKaHqHBaeTCR IIIJlaMOBOH HaCMKOH 5, qepe3 

KOTOPYIO OTBO~HTCR OCMOK, BbmeneHHblH H3 

o6pa6aThiBaeMoti: cycneH3HH. OcBeTneHHaR 

)I(~KOCTb BbiTeKaeT qepe3 cnHBHOH naTpy6oK 

J, pacnonO)I(eHHbiH no OCH UHKITOHa. 

Oca~eHHe qacTHU B3BecH B none ~e:H

crBHR ueHTpo6e)I(HOH CHnhi, pa3BHBaiOrueti:CR 

npH pa6oTe r~pOUHKITOHa, BO MHOfO pa3 HH

TeHCHBHee OCa)l(~eHHR HX B none BepTH-

PHc. 4.11. 06IIlHH BH.U rn.upoUHJ<JIOHa: 
] - KOHHtJeCKaH tJaCTb UHKJIOHa; 2- UHJIHH,UpH
qecKaH tJaCTb UHKJIOHa; J - CJIHBHOH naTpy6oK; 
4- TaHreHUHaJibHbiH naTpy6oK; 5- IIIJiaMOBaH 

Haca,UKa 

KaJibHblX CM, B03HHKaiOIUHX no~ ~eti:cTimeM CHnhi TR)I(eCTH. <l>aKTOp 

pa3~eneHHR K, noKa3biBaiOIUHti:, BO cKOnhKO pa3 cKopocTb nepeMe

JI.(eHHR qacTHUbl no~ ~eti:CTBHeM ueHTpofie)I(HOH CHnhi 6onbllle 

CKOpOCTH ee OC~eHHR no~ ~eHCTBHeM CHnbi TR)I(eCTH, onpe~enReTCR 

(4.35) 

r.ue vT - TaHreHUHMhHaR cKopocTb oc~eHHR qacTHUhi Ha PMHyce 

11parueHHR; g - ycKopeHHe cHnhi TR)I(eCTH; r - PMHYc BparueHHR 

'JaCTHUbl. 

3HaqeHHR <t>aKTopa pa3~eneHHR K Kone6niOTCR B npe~enax OT 

500 ~0 2000. 
B r~pOUHKITOHax, KaK H B ueHTpH<l>yrax, pa3~eneHHe cycneH3Hti: 

llpOHCXO~HT no~ ~eti:CTBHeM ueHTp06e)I(HOH CHnhi, HO no cnoco6y 

J~eti:cTBHR OHM 3HaqHTenhHO pa3nHqaiOTCR. B ueHTpH<l>yre cycneH3HR 

nparuaeTCR BMeCTe C 6apa6aHOM H npH nOCTORHHOH YfnOBOH CKOpOCTH 

upaKTHtiecKH He nepeMeiUaeTCH no ero noBepXHOCTH. llpH TIOM Ha 

•JacrHIJ.bi He ~eifcTB)'IOT HHKaKHe KacareJibHhie CHJihL B r~pOUHKJIOHe )Ke 
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flepepa6omKa npOMbiUJJleHHblX omxoao6 

qacTJfUbl cycrreH3HH ,neHCTBYIOT 60JibiiiHe TaHreHUHaJibHble CHJihl, 

IIOMep)I(HBaiOI.UHe I1X B HerrpepbiBHOM OTHOCHTeJibHOM ,ll;BH)I(eHH H 

Me)l()l;y cJIORMH B03HHKaeT Harrp5[)1(eHHe c,nsHra, .neM:cTBYIOmee 1111 

TBep,nyiO qacTHUY KaK IIOIIepeqHa5J: CHJia. ,llJIR yJiyqrneHH5l OT,ll;eJieHHII 

qacTHU B3BeCH OT )((l{)J;KOCTH B ueHTpH<l>yrax IIpH IIOCT05IHHOH qacTOT!' 

spameHHR 6apa6aHa Heo6xo,n:HMO yseJIHqHTh ero ,n:HaMeTp. B fHJI 

pouHKJIOHax, Hao6opoT, 3TO rrpRMO rrporropuHoHaJihHO cBR3aHo r 
yMeHbrneHHeM ,n:HaMeTpa arrrrapaTa. YMeHbllieHHe ,n:HaMei:pa rHJI 

pouHKJIOHa rrpHBO.D:HT K cHH)I(eHHIO ero rrpoHJBO.D:HTeJibHOcTH. B TCK 

cnyqaRx, Kor,na Tpe6yeTcR 6onee TOHKaR oq:HcTKa rrpo,nyKTa rrp11 

3Haq:HTeJibHOM ero KOJIJfqecTBe, HCIIOJib3YIOT 6aTapeHHbie fH,npo 

UHKJIOHbl (MYJibTHfH,ll;pOUHKJIOHbi), rrpe,ncTaBJIRIOI.UHe co6otl: Hee 

KOJibKO rrapaJIJieJibHO BKJIIOqeHHbiX 3JieMeHTapHbiX fH,ll;POUHKJIOHOII 

TeopH5I H pacqeT rH,ll;pouHKJIOHOB pa3JIHqHoro THrra ,nocTaToqHo rroJIHo 

H3JIO)I(eHbl B crreuHaJibHOH JIHTepaType. 

B rH,ll;pouHKJIOHe spamaTeJibHoe .D:BH)I(eHHe paJ,nenReMoM: eye 

rreHJHH orrpe.nenReTcR rrpe)l()l;e scero JaKoHoM coxpaHeHHR MOMeHTa 

KOJIJfqecTBa ,ll;Blf)l(eHH5l 

p c • u • R = canst, (4.36) 

r,ne U - OKp~aR CKOpOCTb IIOTOKa cyciieH3HH IIJIOTHOCTbiO Pc Hll 

paccTORHHH R oT ocH spameHH5l. 

,[LJIR pacqeTa cerrapauHH B fH.D:POUHKJIOHax Ba)I(HO JHaTb xapaKTep 

pacrrpe,neJieHH5I pa,n:HaJibHbiX H OCeBbiX CKOpOCTeH )l(lf,ll;KOCTH H 

COOTBeTCTBYIOI.UHe KOMIIOHeHTbl CKOpOCTH qacTHU. 06blqHQ B 30HC 

Me)l()l;y UHJlHH,ll;p:HqecKOH qacTbiO KOpiiyca H rraTpy6KOM MR BbiXO)l)l 

OCBeTJieHHOH )I(H,ll;KOCTH 3HaqeHHe oceBOH CKOpOCTH IIpHHHMaiOT 

paBHhiM cpe,n:Hetl: pacxo,n:Hotl:. 

C/)ullbmpal{UIO lliHpOKO HCIIOJib3YIOT B pa3JIHqHbiX TeXHOJIO

flfqecKHX rrpoueccax rrepepa6oTKH BTOpHqHhiX MaTep:Hanos. <l>HJihT

pauHR rrpe,ncTaBJUieT co6oM: rrpouecc OT,neneHHR TBep,nblx semecTB oT 

)l(lf.D:KOCTH, rrpoHcxo.n:RmHM: rrpH pa3HOCTH ,nasneHHH Ha,n <l>HJibT

PYIOI.UeM: cpe,noM: H rro.n HeM:. Oq:HI.UaeMYIO )I(H,ll;KOcTb MR rrepsoHa

qaJibHOro y,naneHH5I TBep,ll;biX qacTHU o6pa6aTbiBaiOT Ha MeXaH:HqecKOM 

<l>HJibTpe C HaCbiiiHbiM HJIH HaMbiBHbiM CJIOeM <l>HJihTpyiOI.UeH MaCChi, 

a TaK)I(e Ha HarropHOM <l>HJibTpe c IIJiasaiOmeM: <l>HJihTpOBaJibHOM: MaccoH. 

B KaqecTBe <l>HJihTPYIOI.Uero MaTep:HaJia B HacbiiiHbiX <l>HJibTpax 

HCIIOJib3YIQT rrecoK, aHTpaUHT, ,npo6JieHbiH MpaMOp, KepaM3HT, rrepJIHT, 
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11 .lliDI HaMLmHoro CJI0$1 - rrepJIHT, 8 <l>HJILTpax c IIJia8aromei1: 3arpYJKOH 

- BCIIeHeHHbie MaTepHaJibl: IIeHOIIOJIHCTHpoJI H IIeHOIIOJIHYPeTaH. 

,lVIJI o6e3BO)KH8aHHJI OC3J{K08 H IIIJiaM08 o6bl'IHO HCIIOJib3}'10T 

naJ<YYM-cflHJibTpbi H cflHJILTp-rrpeccbi. <l>HJILTp)'IOI.UeH cpeJJ:OH ua 

ljJioi:JibTpax SIBJUieTCSI He TOJibKO <l>HJibTp08aJibHaSI TKa:Hb, HO H CJIOR 

oca,o;Ka, IlpKliHIIaiOil{HH K TKaHH H o6pa3YIOI.UHH 8 rrpou;ecce <l>HJibT

posaHHSI 8CIIOMOraTeJibHbiH <l>HJibTpYIOI.UHH CJIOH, KOTOpbiH, co6cT

neHHO, H o6ecrre'IH8aeT 33JJ;epxaHHe MeJIL'Iaii:umx qaCTHu; cycrreH3HH. 

no Mepe yseJIH'IeHHSI TOJIIl{HHbl CJIOSI pOJIL <l>HJibTpYIOI.UeH rrepero

pO,ll;KH (TKaHH) C80.D:HTCSI JIHillb K y.nepXaHHIO H TpaHCIIOpTHpOBKe 

ll>liJibTpYIOillefO 8CIIOMOraTeJibHOfO CJIOSI. Y8eJIH'IeHHe TOJIIllHHbl CJIOSI 

o6ecrre'IH8aeT yJiyqllleHHe Ka'lecTsa <l>HJILTpaU:HH, HO yMeHblllaeT 

llpOH3BO,ll;HTeJibHOCTh <l>KIIbTpa. 

<l>HJibTpyeMOCTb cycrreHJHH xapaKTepH3yeTCSI y.neJibHbiM COII

pOTHBJieHHeM OC3J{Ka. B .naHHOM CJiyqae rro.n oc3J{KOM HMeeTcSI 8 8H.llY 

CJIOH T8ep,ll;b1X qacTHU:, OTJiaraiOil{HHCSI Ha <l>HJibTp08aJibHOH rrepe

ropO,ll;Ke. 

YiJeJlbHbiM COnpomUBAeHUeM OCOOICO HaJbiBaeTCSI COIIpOTH8JieHHe 

C,ll;HHHUbi MaCChi TBep,ll;OH <l>a3bl, OTJiararoll{eHCSI Ha e,ll;HHHII;e IIJIOilllU(H 

~lKJibTpa rrpH <l>KIIbTpOBaHHH IIO,ll; IIOCTOSIHHbiM ,ll;aBJieHHeM cycrreHJHH, 

IIHJKOCTb }l{lf.llKOH <t>aJbi KOTOpo:H pasHa e.nHHHu;e. Y.neJibHOe corr

poTHBJieHHe OC3J{Ka i, xapaKTepH3YIOillee COIIpOTHBJieHHe <l>KIIbTpaUHH 

H <l>KIIbTpyeMOCTb (80,ll;OOT,ll;a'ly) OCll,l(KOB, OIIpe,ll;eJISIIOT IIO <t>opMyJie: 

i = (2PF 2/TJ • c)b, (4.37) 

r.ne p- ,ll;aBJieHHe (BaKyyM), IlpH KOTOpOM IlpOHCXO,ll;HT <l>HJibTpOBaHHe; 

F- IIJioma.nL <l>HJILTPYIDI.Ue:H rrosepxHoCTH; TJ - 8SI3KOCTh <l>HJILTpaTa; 

c - Macca T8ep.noi1: <Pa3LI KeKa, OTJiararomerocSI Ha <l>HJILTpOBaJILHo:H 

neperopo.nKe rrpH rronyqeHHH e.nHHHU:bi o6"beMa <l>HJILTpaTa; b = t/V 2 

...:... rrapaMeTp, rroJiyqaeMLIH 3MIIHpH'IecKHM IIYTeM; t - rrpo.noJI

JKHTeJILHOCTb <l>HJibTpaii;HH; V- 06"beM BbiJJ:eJISieMOI'O <l>HJibTpaTa. 

Cpe.nH <l>HJILTpYIOillHX arrrrapaTOB HaH60Jiee pacrrpocTpaHeHbi 

6apa6aHHbie 8aKYYM-<l>HJibTpbl CO CXOMIUHM <l>KIIbTpYIOIUHM IIOJIOTHOM 

H 6e3 Hero. HaH6oJiee co8epllleHHbl arrrrapaTLI rrepsoro THrra. 0HH 

ll0380JISIIOT OT,ll;eJISITb .D:OCTaTO'IHO TOHKHe CJIOH OCa.D:Ka ( 1-3 MM), 'ITO 

YBeJIH'IHsaeT rrpoH380JJ:HTeJILHOCTb yCTaHoBKH. 

oapa6aHHbiH 8aKYYM-<l>HJibTp CO CXOMillHM IIOJIOTHOM (pHc. 4.12) 
COCTOHT H3 ropH30HTaJibHO paciiOJIO}l{eHHOI'O UHJIHH,ll;pH'IeCKOI'O IIOJIOI'O 

6apa6aHa 9, qacTH'IHO (Ha 35-40 %) rrorpyXeHHOfO 8 KOpbiTO 
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lJepepa60mKa npOMbiUl!leHHbiX omxoao6 

PHc. 4.12. Eapa6aHHbiH BaJ<YYM-<l>HJib'I'Jl 

CO CXO.li.HIUHM TIOJIOTHOM: 

1 - <l>HJibTpOBa.JibHaH TKaHb; 2 -
B03BpaTHb!H pOJIHK; 3 - HaTH)I(HOII 

pOJIHK; 4 - pa3rpy30l!Hb!H pOJIHK, 

5 - HO)I( )l)IH CbeMa KeKa; 6 - )l(eJiofi 

npOMbiBHOH BO.llbi; 7 - OTBO.ll npo 

Mb!BHOH BO.llbl; 8- KOJibUO <l>HJibTpa; 

9 - 6apa6aH <l>HJibTpa; 10 - pac

npe.neJIHTeJibHaH roJIOBKa; 11 - Tpy6t.J 

C Haca.nKaMH )l)IH npOMbiBKH TKaHH 

8 c <l>HJihTpyeMoM: cycneH3Hei1. PaJ.neJieHHhiH BHY'fPH Ha H30JIHpo

BaHHhie CeKUHH 6apa6aH BpamaeTC5I Ha BaJiy, O,li;HH KOHeu KOTOporo 

coe.nHHeH c 3JieKTponpHso.noM, a .npyroi1: HMeeT pacnpe.neJIHTeJibHYK> 

roJIOBKY 10. Ha3Hal!eHHe nocJie.nHetl JaKJIIOl!aeTcH a nool!epe.nHoM 

coo6meHHH OT,neJibHbiX ceKuHH 6apa6aHa C BaKYYMHOH 11 HanopHoH 

JIHHHHMH. <l>HJibTpaT no.n ,neHCTBHeM BaKyyMa npoXO,li;HT l!epe·J 

<l>HJibTpOBaJihHYIO TKaHh B COOTBeTCTBYIOmYIO ceKUHIO 6apa6aHa 11 

OTBO,li;HTCH Hapyxy, a KeK, 3a;:J;ep)l(aHHblH Ha <l>IDihTpoBaJibHOH JieH

Te, no.ncylliHBaeTC5I npH UOMOmH BaKYYMa H OT,nysaeTCH C)l(aTblM B03.li:Y

XOM. 

<l>HJibTpOBaJibHaR TKaHh 1 npH BpameHHH 6apa6aHa CXO,li;HT HCI 

pOJIHKH 2, J H 4. flpH npOXO)I(,ll;eHHH ee l!epe3 pa3rpYJOl!HbiH pOJIHK 4 
KeK CHHMaeTCH C TKaHH HO)I(OM 5. 

OpeHMymecTBOM JieHTOliHOro BaKyyM-<l>HJihTpa HBJIHeTcH To, liTo 

HanpaBJieHHe ,li;BH)I(eHHH UOTOKa npH <l>HJibTpOBaHHH COBna,n;aeT C 

HanpaBJieHHeM ,netfCTBHH CHJibl T5[)1(eCTH. flpH <l>IDibTpOBaHHH cyc

neH3HH cHallaJia oca)l(,ll;aiOTCH rpy6bie llacTHubi, o6pa3yH .nonoJI

HHTeJibHhiH <l>IDihTpYIOmHH CJIOH, l!epe3 KOTOpblH H.neT ,ll;aJihHetlrnee 

<l>HJihTpOBaHHe, liTO j:;OJ,naeT onTHMMbHhre ycJIOBHH MH npouecca. K 
He,li;OCTaTKaM JieHTOl!HbiX BaKyyM-<l>HJibTpOB CJie,nyeT OTHeCTH HX 

cpaBHHTeJibHO 60JibiliHe ra6apHTbl. 

,ll,pymM pacnpocTpaHeHHbiM o6opy.nosaHHeM MH o6e3BO)I(HBa

HHH OCa;:J;KOB HBJI5IeTCH <l>HJibTp-npecc. <l>HJibTp-npeccbi ,naiOT HaH6o

Jiee UOJIHOe o6e380)1(HBaHHe <l>HJibTpyeMblX cycneH3HH, HO HMeiOT 

HeCKOJihKO MeHblliYIO npOH3BO,li;HTeJibHOCTb, lJeM BaKyyM-clHUibTpbt. 

06bNHbrH paMHbrH <l>H.1IbTp-npecc COCTOHT H3 llepe.nyiOm:HXCH I1JillT C o6meti 

n.JIOma;:J;blO <l>IDibTpaUHH, ,li;OXOMmetl: ,li;O 1000 M2, H paM O,li;HHaKOBO

fO pa3Mepa, onHpaiOmHXCH Ha .nse napanJieJihHhie sepTHKaJibHhie 

124 



{II a 6 a 4. 0cH06bl meXHOIIOZU'IeCKUX npol(eCC06 nepepa6omKU npoMbi/UileHHbiX omxoao6 

uanpaBmiiOll.IJfe. Me.)I(.Uy conp11KacaiOll.IJfMI1CR noBepxHOCTRM11 IIJII1T 11 

paM 11MeiOTC5I TKaHeBbie <!>HJibTpOBa.JlbHbie neperopO,UKH. 

PaMbi 11 nJII1Tbi MoryT BbiiiOJIHRThCR 113 nJiacTMaccbr (noJII1-

11ponHJieHa, nOJII1BI1HIUIHLJ:eH<!>TOpHLJ:a) 11JII1 MeTaJIJia ( ceporo llyryHa, 

r-ran11 IUII1 aJIIOMI1HI1eBoro ciiJiaBa). YIIJIOTHeHI1e paM 11 IIJII1T ocy

llleCTBJIReTCR KpOMKaMI1 <l>11JihTPOBa.JibHhiX neperopo.uoK. PaMbi 11 

IIJIHTbi B npouecce <!>HJibTpaUI111 C.UB11raiOTC5I no BePTI1Ka.JII1 B O.UHO 

l(eJIOe np11 nOMOIU11 3anopHOH IIJII1Tbl no HanpaBJieHI1IO K Heno.u-

111-DKHOH nJII1Te. <1>11JibTpyeMa5I cycneH3115I no.uaeTC5I, a <!>11JibTpaT 

OTBO,UI1TC5I B HanpaBJieHH5IX, yKa3aHHbiX Ha p11C. 4.13 CTpeJIKaMI1. flo 

OKOHl!aHI111 <l>1UibTpaUI111 paMbl aBTOMaTI1l!eCKI1 pa3,UBI1raiOTC5I, KeK 

lla,UaeT BHI13 11 OTBO,UI1TC5I OT <!>HJibTpa TpaHcnopTepOM. 

6 • 

P11c. 4.13. CxeMa <l>JUihTp-npec-

ca: 

1 - <l>JUihTpYJOIUHe WII1Thi; 2 -
CTH.lKKa; J - BepXHHH ynopHaH 

WII1Ta; 4 - KOJI.JieKTOp OTBO.Ua; 

5 - KOJIJieKrop no.ua•m; 6 -
HaTH)I(HOe ycTpOHCTBO; 7 -
<l>11JihTpOBaJihHaH TKaHh; 8 -
npi1BO.U nepe,UBI1)1(eHI1H TKaHI1; 

9 - KaMepa pereHepaul111; 10 -
JIOTOK; 11 - HI1)1(HHH onopHaH 

nJIHTa; 12 - 3JieKTPOMexaHI1-
l!ecKHH 3a)I(HM; J3- Ha)I(HMHaH 

nJIHTa; 14- pOJII1KH; 15- HO)I( 

ti.JIH cbeMa oca,uKa 

flpOI13BO.UI1TeJibHOCTb <!>HJibTp-npeccoB (L<I>, Kr/(M2 • ll)) onpe.ue

JI5IeTC5I no <PopMyne: 

(4.38) 

r.ue wK - KoHeqHaH BJIIDKHOCTb KeKa, %; pTB - nJIOTHOCTb oca.uKa, 

r/cM
3
; h- ,UaBJieHI1e, M; t41 - BpeMH tPHJibTpaU1111, C. 

<l>11JibTp-npecc <l>flAKM (p11c. 4.13) COCTOI1T 113 ropi130H

·raJibHO pacnOJIO)I(eHHbiX <!>11JibTPYIOIUI1X nJII1T J, KOTOpble nepe

J(BI1raiOTC5I BBepX 11 BHI13 B,UOJib nJIOCKI1X CT5I)I(eK 2. flp11 orrycKaHI111 

IIJII1T Me.)I(,Uy HI1MI1 o6pa3yeTC5I 3a30p 45 MM. flepe,UBlf)l(eHI1e 11 C)l(a

THe <!>HJihTpYIOIU11X nJII1T ocymecTBJI5IIOT Ha)I(I1MHOH nJII1TOH ]J 11 
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IIepepa6omKa npoMblUl!leHHbiX omxoiJoB 

3JieKTpOMeXaH:HqecKHM Ja)I(HMOM ]2. 3aKpbiTHe H pacKpbiTHt' 

<l>HJibTp-npecca JaHHMaeT 50-70 c. 

KoHCTIJYKUHH 6apa6aHHoro saKyyM-<l>HJibTPa H <l>HJibTIJ-npecca 

xoporno pa3pa6oTaHbi, HX pacqeT no.npo6Ho paccMoTpeH B cnc

UHaJibHOH JIHTepaTYPe. <l>HJibTIJbl C HaCbinHbiM 3epHHCTbiM <i>HJibT

PYJOIUHM MaTep:HaJIOM OTJIJfqaiOTC5I IIpOCTOTOH KOHCTIJYKUHH, O,ll;HaKo 

CJIO)I(HOCTb H HeHJyqeHHOCTb MexaHH3MOB H3BJieqeHH5I IIpHMecej.j 

,neJiaeT 3aTpy,n:HHTeJibHbiM <i>HJ:HqecKOe H MaTeMaT:HqecKOe MO,ll;C· 

JIHpOBaHHe HX pa60Tbl. 

06mM Ja,naqa B HH)I(eHepHbiX pacqeTax rrpoueccos <l>HJibTPaum-1 

CBO,ll;HTC5I K orrpe,neJieHHIO OIITHMaJibHbiX YCJIOBHH pa60Tbi, IIpM 

KOTOpbiX <!>HJibTpbl 06Jia,ll;aiOT HaH60JibllleH IIpOH3BO,ll;HTeJibHOCTbiO. 

Pa6oTa <l>HJibTPa B onTHMaJibHOM pe)l(lfMe MO)I(eT xapaKTepH30BaTbCH 

TaK)I(e YCJIOBH5IMH, IIpH KOTOpbiX Ja HeKOTOpoe BpeMR Ha HeM 

,noCTHraeTCR ,norrycTHMbiH neperra,n ,naBJieHHR. B 3TOM cJiyqae rrpouecc 

<i>HllbTIJaUHH IIPH IIOCT05IHHOH CKOpOCTH OIIHCbiBaeTC5I ypaBHeHHeM: 

(4.39) 

r,ne !!.P- nepena,n ,naBJieHH5l, Tia; 1.1 - ,ll;HHaM:HqecKM B5I3KOCTb <!>HJibT

paTa, Tia·c; ro - y,neJibHOC COIIpOTHBJieHHe OCa,ll;Ka, 1/M2; V- 06bCM 

<i>HJibTpaTa Ja BpeMR t, M 3; t- IIpO,ll;OJI)I(lfTeJibHOCTb <i>HJibTIJOBaHHR, c; 

F - nosepxHoCTb <l>HJibTposaHHR, M 2; Xo - OTHorneHHe o6beMa 

oca,n:Ka K o6beMY <l>HllbTIJaTa; R<t>.n - corrpoTHBJieHHe <l>HJibTIJOBaJibHOti 

neperopo,n:KH, 1/M. 

Hepe,n:Ko Ja,naqy orrpe,neJieHHR speMeHH MaKCHMaJibHOro 

JaiUHTHOfO ,neHCTBH5I <i>HJibTIJa IIpH QqlfCTKe CTQqHbiX BOA MO)I(HO 

CBeCTH K OIIpe,neJieHHIO BpeMeHH II05IBJieHH5I IIOPUHH )I(H,ll;KOCTH C 

Ja,naHHoM: KOHueHTPauHeM: y,nanReMoM: rrpHMecH. 

3<i><i>eKTHBHOCTb pa60Tbl <i>HllbTIJOB IIpH y,naJieHHH qaCTHU pa3HbiX 

pa3MepOB 113 raJOB H )I(H,ll;KOCTeH B cpaBHeHHH C ,npymMH arrrrapaTaMH 

rrpHse,neHa B Ta6JI. 4.1. 

4. 5. TeMoo6MeHHbte npou,eccbt, ucnOAb3Ye.Mble 
npu nepepa6omKe omxoiJoe 

TeiiJioo6MeHHbie rrpoueccbi, rnHpOKO HCIIOJibJYeMbie rrpH pa3-

JIHqHbiX CIIOC06ax YTHJIH3aUHH OTXO,ll;OB, peaJIH3YIOTC5I C IIOMOIUblO 

anrrapaTOB, BbiiiOJIHRIOIUHX <i>YHKUHH HarpeBaTeJieH, OXJia,ll;HTeJieH, 

KHII5ITHJibHHKOB, HcrrapHTeJieM:, KOH.D:eHcaTopos H T.II. TeiiJioo6MeHHbie 
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r A a 6 a 4. 0cHo6bl meJCHoAoZU'IeCKUX npol(eccoo nepepa6omKu npoMbiiUJieHHbiX omxoiJoo 

T a 6 n H u a 4.1 
Ko3ciHI»HIUieHT uone3aoro ~eiiCTBHH (KII,Z:O auuaparoa ~ y~eHHH 

TBep,li,WX DpHMeceii 

AnrrapaT 

HKJIOHhl 

HKJIOHhl IIOBhillleHHOH 3<P<PeKTHBHOCTH 
ll 
ll 
M 
K 

yJihTHUHKJIOHhl 

apKaCHbie <l>HJihTphl 
'•) JieKTpOCTaTH'lecKHe OCa,llHTeJIH 

KTI.IJ., %, JliDI Y.llMeHH.Il 
'13CTHU pa3MepoM, MM 

5 2 1 

27,0 14,0 8,0 
73,0 46,0 27,0 
89,0 77,0 40,0 
99,9 99,9 99,0 
99,8 99,0 98,4 

llpoueccbl Jie)l(aT B OcHOBe pa60Tbl peKTH(pHKaUHOHHbiX, cop6uHOHHO

J~ecop6uHOHHbiX, BbinapHbiX, 3KcTpaKUH0HHbiX H .UpyrHX ycTaHOBOK. 

YTHJIHJaumi BTOpH'IHhiX 3HepropecypcoB, o6pa3YIOIUHXc~ rrpH 

ocymecTBJieHHH TeXHOJIOrH'lecKHX npoueccoB, HMeeT Ba)I(HOe 3Ha

•leHHe. PauHOWl.llhHOe HCIIOJih30BaHHe BTOpHqHhiX 3HepropecypcoB 

CHH)I(aeT 3KCIIJiyaTauHOHHbie 3aTpaTbl Ha TOIIJIHBO H yMeHbiiiaeT 3a

rp~3HeHHe oKp~aiOme:H cpe.Ubi. 

Orrpe.ueJieHHe cTpYKTYPhi B3aHMOcB~3e:H TexHoJiomqecKHX no

TOKOB Hepa3pbiBHO cB~3aHO C pacnpe,UeJieHHeM TeiiJIOBOH Harpy3KH B 

CHcTeMe IIO TeiiJI006MeHHHKaM. 

3a,Ua'la C03,UaHH~ TeiiJI006MeHHOH CHCTeMhl (TC) CBO,UHTC~ K 

onpe,UeJieHHIO cTpyKTypbl TeXHOJIOr:HqecKHX cB~3eH Me)I(LJ:y TeiiJIO

o6MeHHbiMH annapaTaMH, a TaK)I(e K onpe.ueJieHHIO pa3MepoB rro

HepxHocTeti: TeiiJioo6MeHa Ka)I(LJ:oro annapaTa pa3pa6aTbiBaeMoi1: cHc

TeMbi, KOTOpbie o6ecrreq:HBaiOT peKYIIepaTHBHbiH TeiiJI006MeH Me)I(LJ:y 

HcXO,UHbiMH m rop~qlfMH H n XOJIO,UHhiMH TeXHOJIOr:HqecKHMH 

noToKaMH rrpH MHHHMa.JihHOM KpHTepHH 3cPcPeKTHBHOcTH. B KaqecTBe 

KpHTepH~ 3cPcPeKTHBHOcTH MOryT 6b1Tb HCIIOJib30BaHhl IIpHBe,UeHHhie 

'laTpaThl Ha c03,UaHHe H 3KCIIJiyaTaUMIO TeiiJI006MeHHOH CHCTeMbl. 

'3a,uaqa onTHMHJauHH TenJioBoro npouecca cBO.UHTc~ K o6ecneqeHHIO 

MHHHMa.JihHbiX 3aTpaT (KaiiHTa.JihHhiX H 3KciiJiyaTauHOHHbiX) Ha IIpO

He,UeHHe npouecca. KpHTepH:H onTHMa.JihHOCTH (ll, py6.) .UJI~ Ten

JI006MeHHHKOB OIIpe,UeJI~eTc~: 
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!Iepepa6omJCa npOMbiUJJleHHblX omxoao6 

ll= 3jTH + P, =min, (4.40) 

r.ne JK - Karnna.JihHbie JaTpaTbi, py6.; TH - HopManmHbiti: cpoK 

OKYnaeMoCTH, ro.n; P, - 3KCIIJiyaTauHoHHbie pacxo,nbi, py6jro,n. 

PacqeT TenJioo6MeHHoti: arrrraparypbi rrposo.D:HTC~ no3TanHo. 

Ha rrepBOM 3Tane COCTaBJI~eTC~ TeiiJIOBOH 6aJiaHC IIOTOKOII, 

IlpHHOC~IUHX H OTBOMIUHX TeiiJIO: 

QnpHx = Qpacx 

(4.41) 
0.. = Gcp(8 1 - 8J 

3aTeM onpe,neJI~eTc~ Heo6xo,n:HMM nosepxHoCTb (F, M 2) Ten

Jioo6MeHHHKa: 

F = QT /(k. !!.B cp" t)' (4.42) 

r.ne QT - KOJIHqecTBo TeiiJia; G - KoJIHqecTBo TeiiJioHoCHTeJI~; cP -
TeiiJioeMKOCTh TeiiJIOHOCHTe.JUI; 8

1 
H 82 - Haqa.JibHM H KOHeqHM TeM

rrepaTypa TeiiJioHocHre.JUI; k- Ko3<l><lmuHeHT TeiiJionepe,naqH; !!..8cp -
cpe,n:H~~ pa3HOCTb TeMrrepaTyp; t - IlpO,ll;OJI)I<HTeJibHOCTb TeiiJIO

o6MeHa. 

3a,naqa CHHTe3a TeiiJI006MeHHbiX CHCTeM pernaeTC~ nyreM <l>op

MHpoBaHH~ MHO)I(eCTB B03MO)I(HbiX KOM6HHaUHH rop~qlfX H XOJIO,ll;Hb!X 

IIOTOKOB. Pe3yJibTHpyiOIUHe IIOTOKH, KOTOpbie MOfYT 6biTb IIOJiyqeHbl 

B npouecce IIOCJie,ll;OBaTeJibHOfO TeiiJI006MeHa HCXO,ll;HbiX IIOTOKOB, 

MOfYT o6MeHHBaTbC~ TeiiJIOM C ,npyrHMH pe3yJibTHpyiOIUHMH 11 

HCXO,ll;HbiMH IIOTOKaMH. flpH Heo6XO,ll;HMOCTH ,ll;JI~ ,ll;OCTH)I(eHH51 

3a,ll;aHHbiX KOHeqHbiX TeMIIeparyp B TeiiJI006MeHHbiX CHCTeMaX MOIYI' 

6biTb HCIIOJib30BaHbl BCIIOMoraTeJibHbie TeiiJIO- H XJia,ll;OareHTbl. 

B o6rueM CJiyqae TeiiJI006MeHHM CHCTeMa MO)I(eT COCTO~Tb 113 

coBOKYIIHOCTH BHYTPeHHeti: H BHernHeM: rro,ncHcTeM. BHyTpeHHIOIO 

IIO,ll;CHCTeMy o6pa3YIQT peKYIIepaTHBHbie TeiiJI006MeHHHKH, B KOTOpbiX 

IlpOHCXO,ll;HT B3aHMHbiH TeiiJI006MeH Me)l(,ll;y HCXO,ll;HbiMH H npo

Me)l(yroqHbiMH IIOTOKaMH. BHeWHIOIO IIO,ll;CHCTeMy o6pa3yiOT BCIIO

MOfaTeJibHbie TeiiJI006MeHHHKH, B KOTOpbiX H,ll;eT TeiiJI006MeH HC

XO,ll;HbiX H pe3yJibTHPYIOIUHX IIOTOKOB C IIOTOKaMH XJia,ll;OareHTOB. 
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/'A a 6 a 4. 0cH06bl meXHOAOZU'IeCKUX npol(eccoo nepepa6omKU npoMblUl!leHHblX omxoiJoo 

4. 6. ,l(ufjJfjJy3uoHHbte npou,eccbt 

MHorHe npoueccbi paJ,neJieHHR ,n:Byx<t>aJHbiX cHcTeM c ueJibiO 

YTI1JIH3aUHH HX KOMnOHeHTOB OCHOBaHbl Ha .D:H<i><l>Y3HOHHbiX npo

l(eccax. 

Onpe,neJIRIOIUeii xapaKTepHcTHKoM: TaKHX npoueccoB, npoTe-

1\IIIOIUHX B ,ll;Byx<!>a3HhiX nOTOKaX, 5IBJI5IeTC5I B3aHMO,ll;eHCTBHe <Pa3, OT 

KOTOporo 3aBHCHT BeJIH'IHHa Me)J(<l>a3HOH noBepXHOCTH. TI03TOMY 

:umapaThi, B KOTophiX npoxoMT npoueccbi Macconepe,na•m, ,n:OJI)J(Hhi 

1\0HCTpyHpOBaTbCR TaK, 'IT06bi noBepXHOCTb KOHTaKTa B HHX 6biJia 

MaKcHMaJibHOM:. B cooTBeTcTBHH c 3THM B ocHoBy KJiaccH<l>HKauHH 

/t11<l><l>Y3HOHHOH annaparypbi noJIO)J(eH npHHUHn o6pa30BaHH5I Me)J(

Ijla3HOH noBepXHOCTH. 

B pecypcoc6eperaiOIUHX npoH3BO.D:CTBax .D:JI5l O'IHCTKH raJOB HaH

rioJiee IIIMpOKOe pacnpocrpaHeHHe noJiyqHJIH Haca,ll;O'IHbie KOJIOHHbl 

(onTHMaJihHhiH Bap:HaHT- 3MYJihraUHOHHbie KOJIOHHbi) H B MeHbllleH 

rTeneHH TapeJib'IaTbie KOJIOHHhl ( onTHMaJihHhiH Bap:HaHT MR 0'-IHCTKH 

- raK Ha3biBaeMbie neHHbie annapaThi). 

,UAA HaCa,ll;O'IHhiX KOJIOHH MaKCHMaJibHa5l npoH3BO,ll;HTeJibHOCTb 

/(OCTHraeTC5I npH TaKOM pe)J(HMe 3MYJihfHpOBaHH5I, KOr,na ,ll;OCTHraeTC5I 

MaKCHMaJibHa5I pa3,neJIHTeJibHa5I cnoc06HOCTb KOJIOHH npH MaKCH

MaJibHOH nponycKHOH cnoco6HOCTH. 

B peaJihHhiX ycJIOBHRX Maccoo6MeH oqeHh qacTo HOCHT Hepa

IIIIOBeCHhiH xapaKTep, 'ITO 5IBJI5IeTC5I CJie,ll;CTBHeM HepaBHOMepHOCTH 

pacnpe,neJieHHR qacTHU no BpeMeHM npe6hiBaHHR B noToKe, o6paTHoro 

ta6poca <Pa3 B pe3yJibTaTe MexaHH'IeCKoro yHoca, He,nocTaTo'IHOH 

llpO,ll;OJI)J(HTeJibHOCTH KOHTaKTa <!>a3 HJIH He,ll;OCTaTO'IHOfO pa3Mepa 

Me)J(<Pa3HOH noBepxHocTH KOHTaKTa. CTeneHh ,nocTH)J(eHHR paB

IIOBecH5l npH pa3,neJieHHH onpe,neJI5IeTC5I fH,ll;pO,n:HHaMHKOH noTOKOB 

lKI1,ll;KOCTH H napa, HX B3aHMO,ll;eHCTBHeM, a CJie,ll;OBaTeJibHO, BpeMeHeM 

upe6biBaHHR B annapaTe. 

Cop6u,uoHHble Memoobl oltucmKu npHMeHRIOT ,n:JIR y,naJieHHR 

IICTHHHO paCTBOpHMhiX opraHH'IeCKHX Coe,n:HHeHHH 113 CTO'IHbiX BO,ll;. 

IIJ11pOKOe npHMeHeHHe HaiiieJI cop6UHOHHhiH MeTO,ll; 0'-IHCTKH C 

HCnOJih30BaH:HeM aKTHBHbiX ymeil: H HeKOTOpbiX ,npymx COp6eHrn06, B 

'HlCTHOCTH CHHTeTH'IeCKHX BhiCOKOnOpHCThiX nOJIHMepHbiX aOCOp
t1t•Hm06. AKTHBHbie ymH - 3TO BbiCOKonopHcThie a,ncop6eHTbi c 

YI(CJibHOH noBepXHOCTbiO OT 800 ,no 1500 M 2jr. Cop6UHOHHOe no-

1'/IOIUeH:He pacTBOpHMhiX opraHH'IeCKHX 3arp5I3HeHHH aKTHBHbiMH 
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Ilepepa6omKa npoMblUJJleHHbiX omxoiJoe 

yrJHIMI1 npoi1CXOAI1T B pe3yJibTaTe AI1CnepCI10HHbiX B3ai1MOAeHCTB11H 

Me)I(,!J;y HI1MI1 11 MOJieK)'JiaMI1 opraHWieCKI1X BeiL(eCTB. 0HI1 ~BJI~IOTCSI 

zuoporjJo6HbtMU 6ew,ecm6aMu, T. e. o6JiaAaiOT cpoACTBOM K fi1APO

<Po6HhiM MOJieK)'JiaM opraHWieCKI1X BeiL(eCTB. qeM Bbillle 3HeprHSI 

fH,ll;paTaUI111 a,ncop6aTa, TeM X}')Ke OH 113BJieKaeTC~ 113 BOAbl a,!J;COp-

6eHTOM. AKT11BHbie yrJII1 xopolllo cop611py10T TaKI1e rH.D:po¢>o6HhJe 

coeAI1Hemrn, KaK aJII1¢>aTI1lfecKHe 11 apoMaTI1lfecKHe yrJieBOAOPOAhi, 

11X faJIOfeH- 11 HI1Tp03aMelll;eHHble COeAI1HeHIDI 11 3Halfi1TeJibHO X}')KC 

- fH,ll;po¢>KJibHbie COeAI1HeHIDI, Hanp11Mep Hl13llll1e CTI11pTbl, fJII1KOJII1, 

fJII1Uep11H, aueTOH, Hl13lll11e Kap60HOBbie KI1CJIOTbl 11 HeKOTOpbiC 

APYf11e BemecTBa. 

Cop6ul1oHHbiti: MeToA olfi1CTKI1 np11MeH~eTc~ np11 o6pa6oTKC 

CTOlfHbiX BOA XI1MI1lfeCKI1X, He<t>TeXI1M11lfeCKI1X 11 He¢>Tenepepa-

6aTbiBaiOIL(I1X npeATIPIDIT11H, a TaiOKe np11 Olfi1CTKe X03~HCTBeHH0-

6hiTOBbiX CTO"lJ:HbiX BOA. TaK, :na TeXHOJIOf~ 11CTIOJib3YeTC}I ,!J;JI}I Olf11CTKH 

CTOlfHbiX BOA np11 np0113BOACTBe opraHWieCKHX TIPOAYKTOB, TIJiaCTMacc, 

rep611UH.D:OB 11 ~oXI1MI1KaToB, cyJih¢>aTHo:ti: ueJIJIIOJI03bi 11 T. n. C¢>epa 

np11MeHeHI1~ cop6UI10HHoro MeToAa nocTo~HHO pacllll1p~eTc~. B 
HaCTO~IL(ee Bpe~ Hai160Jiee lll11pOKO 11CTIOJib3YIOTC~ ABa OCHOBHbiX 

pe:>ImMa cop6UI10HHOH o6pa60TK11 CTO'IHbiX BOA: aocop6U,Ufl 6 Heno-
06UJICHOM CJlOe 11 aocop6U,Wl 6 06UJICyW,eMCJl CJlOe cop6eHTa. Bbi6op TOt! 

11JII1 11HOH CXeMbl Olfi1CTK11 CTOlfHbiX BOA C np11MeHeHI1eM aKT11BHOf0 

ym~ 3aBI1CI1T OT KOHKpeTHbiX ycJIOBI1H. 

Cop6UI10HHbiti: MeTOA Olfi1CTK11 CTOlfHhiX BOA 11MeeT P~A cy

mecTBeHHhiX npe11MymecTB nepeA APYfi1MI1 MeToAaMI1. OH o6ec

nelfi1BaeT BhiCOKYIO rny611HY Olfi1CTK11. Cop6UI10HHbie ycTaHOBKH 

3aHI1MaiOT He6oJiblliYIO TIJIOIL(a,ll;b, HaAe)J(Hbl B pa6oTe, npOCTbl IJ 

3KCTIJIYaTaUI111, ycTOHlfHBbl K KOHUeHTpaUI10HHbiM 11 fH,ll;paBJII1lfeCKI1M 

cllJIYKTYaU~M, He TIOABep)KeHbl B03AeHCTBHIO TOKCI1lfHbiX 11 .npyrHX 

BpeAHhiX BemecTB, coAep)Kamwxcg B cTolfHbiX BOAax. l1x pa6oTa no)lJJ.a

eTC}I TIOJIHOH aBToMaTI13aul111. 

Cop6ul1oHHbiti: MeTOA olfi1CTK11 ~BJIReTc~ OAHI1M 113 Ba)J(HbiX 

3JieMeHTOB CI1CTeM fJiy6oKOH O'tUCmKU CmO'IHbiX 600. 
3KOHOMI1Ka npouecca cop6UI10HHOH Olfi1CTKH CTOlfHbiX BOA II 

3Halfi1TeJibHOH CTeTieHI1 onpeAeJI~eTC~ CTOI1MOCTblO cop6eHTa, TI03TOMY 

OAHI1M 113 rJiaBHbiX HanpaBJieHI1H 11CCJieAOBaHI1H 11 pa3pa60TOK II 

o6JiaCTI1 cop6UI10HHOH Olfi1CTKI1 ~BJI~eTC~ TIOI1CK HOBbiX, 60JICl' 

AellleBbiX cop6eHTOB TIO cpaBHeHI110 C TipOMbilliJieHHbiMI1 aKT11BHbiMH 

yrJI~MI1, TIOJiylfaeMbiMI1 113 pa3JII1'-!HbiX BI1AOB Tip11pOAHOfO opra 
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IIH'IecKoro cbrpo.sr (Top<t>a, 6yporo H KaMeHHoro yriDI, .n:epeBa, .n:pe

necHoro yrJUI, OIIIDIOK, KOCTeH H .n:p.), a TaiOKe H3 IWiaMa, o6pa

'IYIOI..Ueroc;:.sr B pe3yJibTaTe caMoro rrpou;ecca O'IHCTKH cTO'IHbiX Bo.n:. 

Eonhume B03MO)I(HocTH IIOBbiiiieHwr cop6u;HoHHoi1: crroco6HocTH 

IIKTHBHbiX yrJieH KpOIOTC.si B MO.D:H<l>HUHpOBaHHH HX IIOBepXHOCTH. TaK, 

llpe.n:sapHTeJibHa.sr o6pa6oTKa o6brqHoro aKTHBHoro yriDI meJIO'IHbiM 

paCTBOpOM CYJib<l>H.n:a HaTpH.si II03BOJUleT IIpH.n:aTb eMy CIIOC06HOCTb 

IIOrJIOI..UaTb HOHbi PTYTH H3 CTO'IHbiX BOJl:. 

IIepcrreKTHBHOCTb HCIIOJib30BaHH.si cunmemu'lecKux cop6enmo8 .n:IDI 
OlJ.HCTKH CTO'IHbiX BO.ll: o6ycJIOBJieHa p.si.D:OM HX cymeCTBeHHbiX 

llpCHMYJ..UeCTB rrepe,n aKTHBHbiMH yriDIMH, a HMeHHO: 

1. IJpoCTOTOH pereHepau;HH C IIOMOJ..UbiO HeKOTOpbiX IIOIDlpHbiX 

opraHI{qeCKHX paCTBOpHTeJieH THIIa MeTaHOJia, au;eToHa H ,npyrnx HH3-

KOMOJieKyiDlpHbiX CIIHpTOB H KeTOHOB, IIpH'IeM pereHepau;HIO MO)I(HO 

IIPOBOJl:HTb Herrocpe,ncTBeHHO B a,ncop6epe. IlpH 3TOM OTIIa,naeT 

IIeo6xo.n:HMOCTb B .n:oporocTo.srmeM o6opy.n:oBaHHH .n:n.sr pereHepa

lti1H, rrpaKTH'IeCKH HCKJIIO'IaiOTC.si IIOTepH cop6eHTa IIpH pereHepa-

1{1111 11 CHIDKaiOTC.si 3KCIIJiyaTaiJ;HOHHbie 3aTpaTbi, OC06eHHO IIpH OT

I!OCHTeJibHO BbiCOKHX KOHIJ;eHTpaiJ;H51X opraHH'IeCKHX 3arp.si3HeHHH 

II CTO'IHbiX BO,nax. 

2. Bo3MO)I(HOCTbiO H3BJie'leHH.si u;eHHbiX semecTB, co.n:ep)l(amHXc.sr 

II CTO'IHbiX BO.D:aJ<, C IJ;eJibiO HX .D:aJibHeHIIIero 11CIIOJib30BaHH.si. IlpH 

'!'epMH'IeCKOH pereHepau;HH aKTHBHbiX yrJieH TaKOH B03MO)I(HOCTH 

ue cymecrnyeT. 

3. BbrcoKoM: MexaHH'IecKoM: rrpo'IHOCTbiO, HeHcTHpaeMocTbiO H 

I!CHa6yxaeMOCTbiO B BO.D:e H opraHH'IeCKHX pacTBOpHTeJI.siX. 

4. OrrTHMaJibHbiMH c TO'IKH 3peHH.sr KHHeTHKH a.n:cop6u;HH 11 

l'li.D:POJJ:HHaMHKH <l>HJibTpa pa3MepaMH 'laCTHIJ; c<t>epH'IeCKOH <l>opMbi 

Y:JKOfO <l>paKIJ;HOHHOfO COCTaBa (0,5-0,6 MM). 

5. Eonee BbiCOKOH cKopocTbiO a.n:cop6u;HH. 

3TH IIpeHMYJ..UeCTBa CHHTeTH'IeCKHX cop6eHTOB, HeCMOTp.sl Ha HX 

llb!COKYIO CTOHMOCTb (B cpe,nHeM OHH B 5 pa3 .Jl:OpO)I(e rpa

IIYJIHpoBaHHbiX aKTHBHbiX yrJieH), KaK rrpaBHJIO, CHH)I(aiOT IIpH

IIC.D;eHHbie 3aTpaTbi Ha O'IHCTKy CTO'IHbiX BO.D: B cpaBHeHHH C IIpH

MCHCHHeM aKTHBHbiX yrJieH. 

CHHTeTH'IeCKHe cop6eHTbi HaH6onee Bbiro.n:Ho HCIIOJib30BaTb .li)l.si 

ll1!11CTKH BbiCOKOKOHIJ;eHTpHpOBaHHbiX IIpOMbiiWieHHbiX CTO'IHbiX BO.D:, 

!I TO speM.si KaK .n:IDI O'IHCTKH ropOJl:CKHX H HH3KOKOHIJ;eHTpl1pOBaHHbiX 

IIJX>MbiiiiJieHHbiX CTO'IHbiX BO.ll: JIY'IIIIe HCIIOJib30BaTb aKTHBHpOBaHHbie yrJIH. ,. 
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Cop6u;HoHHa.sJ: oqHcTKa Tpa.n;Hu;HoHHo HcrroJib3yeTcH rrp11 o6pa-

6oTKe 6HOXHMHqeci<H ·oqHlllCHHbiX cToqHbiX oo.n:. B rrocne.n:Hee spew:~ 

IlpC.n:JIOiKCHO IIpH oqJ1CTKC CTOqHbiX BO.D:, COJl:CpiKall.lHX TpYJl:HOOKHC

JIHCMbiC opraHJ1qeCKI1C 3arpH3Hl1TCJII1 (KpaCHTCJIH, HHTpo<PeHOJibl, 

XJIOpopraHJ1qecKHC BCll.lCCTBa H·Jl:p.), IIpOBOJl:HTb COp6uHOHHYJO o6pa-

6oTKy rrepe,n 6HOXI1Ml1qecKOH oqHCTKOH. 3TO II03BOJIHT 1136eiKaTb 

pa3Bl1THH 6HOMaCCbl Ha yrJie 11 3HaqJ1TCJibHO IIOBbiCHTb 3<P<PeKTHBHOCTb 

a,n:cop6I.J;HOHHOfO 113BJieqeHHH opraHJ1qeCKI1X 3arpH3HCHI1H 113 CTOqHbiX 

BO,n:, TaK KaK HX KOHU:CHTpauHH CTaHeT 6oJiee BbiCOKOH. 

A,n:cop6u;HH ll111pOKO IIpHMCHHCTCH 11 IIpH peKyrrepau;HH paCT

BOpHTCJICH. 

YJiaBJIHBaHHe rrapoB B03MOiKHO mo6biMH MeJIKorropHCTbiMH 

a,n:cop6eHTaMH: aKTHBHbiMH yrJIHMH, Cl1JIHKareJIHMI1, aJIIOMOreJIHMH, 

u:eoJIHTaMH, rropHCTbiMH cTeKJiaMH 11 T.rr. O.n:HaKo HaH6onee u:ene

coo6pa3HO 11CIIOJib30BaTb aKTHBHbiC yrJIH, HBJIHIOll.lHCCH fH.D:po<l>o6-

HbiMlf a,n:cop6eHTaMH: Ilp11 OTHOCHTCJibHOH BJiaiKHOCTH oqHll.laCMbiX 

rrapoB03.D:YillHbiX HJIH rrapora3oBbiX rroTOKOB .n:o 50 % Mara rrpaK

THqecKH HC BJIHHCT Ha COp6HpyeMOCTb rrapOB opraHH:qecKHX pacT

BOpHTCJICH. 

Cop6u;HOHHbiC 11 XCMOCOp6I.J;HOHHbiC MCTO.D:bi HalllJIH Illl1pOKOC 

rrpHMeHeHHe ·11 MH oqHcTKH oTxo.n:HlllHX ra3oB. TaK, c u;eJibiO ynao

JIHBaHHH OKCH.D:OB a3oTa pa3pa6oTaH MCTOJl: HX a,n:cop6u;1111 Top<Po

ll.lCJIOqHbiMH cop6eHTaMH B arrrrapaTax c "KHIIHlllHM" cnoeM. B 
IIpOMbllllJICHHOCTH Ilpl1MCHHIOTCH pa3JIJ1qHbiC MCTOJJ:bl oqHCTKH ra30B 

OT Jl:HOKCH.D:a CCpbl C IIOMOll.lbiO XCMOCOp6CHTOB, yrJiepOJl:HbiX a,n:

cop6CHTOB, CHJIHKareJICH, KHCJIOTOCTOHKHX I.J;COJIHTOB. IJpou;eCCbl 

XCMOCOp6U:l111 JICiKaT B OCHOBC MCTO.D:OB oqJ1CTKI1 ra30B OT <l>TopHCTOfO 

BO,n:Opo,na. QqHCTKa ra30B OT XJIOpa 11 XJIOpHCTOfO BOJl:Opo,n:a ocy

ll.lCCTBJIHCTCH MCTO.D:aMH a,ncop6u;1111 C IIpHMCHCHHCM B KaqecTBC 

IIOfJIOTHTCJICH JJ:CillCBbiX MaTCpl1aJIOB: JIHfHHHa 11 JJ:OMCHHbiX IllJiaKOII 

COOTBCTCTBCHHO. IlpHMCHHIOT 3TH MCTOJl:bl 11 MH oqHCTKH OT napOli 

PTYTH ra3oB, Bbi6pacbiBaeMbiX rrpe.n:rrpHHTHHMH u:oeTHOH MeTaJIJiypmH, 

a TaKiKC B pH.D:C ,n:pyrHX Ilp0113BOJJ:CTB. 

AiJcop6u,uoHHble ycmaH08KU. Ilpou:ecc a,n:cop6u;HOHHOH oqHcTKH 

CTOqHOH BO.D:bl BC.D:YT rrp11 HHTCHCHBHOM rrepeMCWHBaHHH a,n:cop6CHTa 

C BOJJ:OH, Ilpl1 <l>l1JlbTpOBaHI111 BO.D:bi qepe3 CJIOH a,n:cop6CHTa HJIH II 

IICCBJJ:OOiKHiKCHHOM CJIOC Ha ycTaHOBKax IICpHOJJ:HqCCKOfO 11 HCIIp<: 

pbiBHOfO JJ:CHCTBHH. Ilp11 CMCillHBaHHH a,n:cop6eHTa C BOJJ:OH HC· 

IIOJib3YIOT aKTHBHbiH yroJib B BH.D:C qacTHU: pa3MCpOM 0,1 MM 11 MCHbllil'. 
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CTanrqecKa.sJ: O.llHOC'fYIIeH'l'aTa.sr a.u:cop6u;IDI Halillla npi1MeHemre 

K TeX CJI)"'a.sJ:X, KOr,lla a,u:cop6eHT OlJeHb ,llellieB 11Jll1 HBJIHeTCH OTXO.llOM 

llp0113BO.llCTBa. 

Pacxo.n a.u:cop6eHTa .llJIH O.llHOCT)'rreHlJaToro rrpouecca orrpe.uenHIOT 

H3 ypasHeHI1H MaTep11aJibHOro 6anaHca: 

m = Q(CK- C)/a, (4.43) 

rLJ.e m - pacxo.n a.u:cop6eHTa; Q - o6neM CTO'IHbiX so.n; CK 11 CK -
naqaJibHa.sl 11 KOHelJHa.sl KOHIJ;eHTpaiJ;I111 3arpH3HeHHOH CTOlJHOH BO.llbi; 

tl - K03<l><l>11IJ;11eHT a,u:cop6IJ;I111. 

B .lli1HaMI1lJeCKI1X ycnoBI1HX rrpou;ecc OlJI1CTK11 rrpoBO.llHT rrp11 

1~11JibTposaHI111 CTO'IHOH BO.llbi qepe3 cnoM: a.u:cop6eHTa. CKopocTb 

llll1JlbTpOBaHI1H 3aBI1CI1T OT KOHUeHTpaUI111 paCTBOpeHHbiX BellieCTB 11 

KOJie6JieTCR OT 2 .UO 6 M
3
/(M

2
·lJ). Bo.ua B KOJIOHHe .UBIDKeTC$1 CHI13Y 

11nepx, JarroJIHAA see celJeHI1e. Au.cop6eHT npi1MeHHIOT B B11.Qe qacTI1U 

pa3MepoM 1,5-5 MM. llp11 6onee MeJIKI1X 3epHax B03pacTaeT 

COllpOTI1BJieHI1e <l>l1JlbTpOBaHI110 iKI1.[{KOCTI1. 

B O.llHOH KOJIOHHe rrp11 HerrO.llBHiKHOM cnoe yrnH rrpou;ecc O'li1CTKI1 

IIC.llYT rrep110.ll11lJeCKI1 .llO rrpOCKOKa, a 3aTeM a,u:cop6eHT BbirpyxaiOT 11 

pereHep11py10T. 

llp11MeHHIOT aocop6epbt pa3JII1lJHbiX TI1ITOB. B O.llHOHPYCHOM 

I~HJI11H,Up11'1eCKOM a,u:cop6epe aKTI1BHbiH yrOJib HerrpepbiBHO ITOCTyrraeT 

IIO.ll pacrrpe,neJII1TeJibHYIO perneTey, .UI1aMeTp OTBepCTI1H KOTOpOH paseH 

~ -I 0 MM. CTOlJHa.sJ: so.na JaxsaTbrsaeT 3epHa a.u:cop6eHTa 11 npoxo.n11T 

nMecre c HI1MI1 qepe3 OTBepcTI1H peweTKI1. Ha.u: peweTKOH o6pa3yeTcH 

IICCB.llOOiKHiKeHHbiH CJIOH, B KOTOpOM 11,lleT rrpouecc OlJI1CTKI1. l136biTOK 

VI"JI$1 ITOCTyrraeT B C60pH11K, a OTTy,na Ha pereHepau;1110. 0lJ11I.UeHHYIO 

IIOJ(y OTBOMT qepe3 iKeno6a B BepxHeH qaCTI1 KOJIOHHbi. YHOCI1Mbie 

'lllCTI1IJ;bi yrJIH rrona,u:aiOT B TOT iKe c6opH11K. 

B Q[(H<»q>yCHOM a.n;c;op6epe c BbiHOCHbiM CMeciiTe.JieM yronh rrocT)'ITaeT 

II CMeCI1TeJib, CHa6iKeHHbiH JIOrracTHOH MelliaJIKOH, spar.uaiOI.UeHCH CO 

1 KopocTbiO 40-60 o6/MI1H. Ty.na iKe rro.naiOT CTO'IHYIO so.ny. I13 

1 MCCI1TeJIH cycrreH31110 yrJIH C BO.llOH rrepeKalJI1BaiOT rreCKOBbiM HaCOCOM 

II ll)(COp6IJ;I10HHYIO KOJIOHHy. 

Aocop6ep MOiKeT rrpe.ncTaBJIHTb co6oM: 6aK, BHyTpl1 KOToporo 11Me

r• rnr yceqeHHa.sJ: rr11paM11.Qa KBa,u:paTHoro ceqeHI1H. CycrreH311IO yrnH c 

IICIJ~OH ITO,llaiOT BHyTpb ITI1paMI1,Ubi, r.ne B03HI1KaeT rrceB,ll00iKI1iKeHHbiH 

r11oi1. I136biTOK yrnH oce.naeT B npocTpaHCTBe MeiK.lly CTeHKaMI1 6aKa. 

fiOJiee CJIOiKHYJO KOHCTpYKIJ;I110 rrpe,ncTaBJIHeT COOOH TpeXDHpyCHbiH 
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a.n.cop6ep c nepemmHhiMI1 Tpy6KaMI1. I1ces.uoo)l(l1)1(eHHbiti: CJioti: 
B03HI1KaeT Ha.z:t: TapeJIKaMI1 (T11na KOJina'IKOBhiX). 51pyChi COeL(I1HeHbl 
Me)I(L(y co6oti: KOHI1'1eCKI1MI1 Tpy6KaMI1. ill11pOKa~ 'laCTb Tpy6oK 
BbiCTynaeT Ha.z:t: TapeJIKOH Ha BbiCOTy, COOTBeTCTBYIOW:YIO BepXHeti: 
rpaH11u;e nces.uoo)l(l1)l(eHHoro CJIO~, a Y3KHti: KOHeu Tpy6oK norpy;~<eH 
B HIDKHI1ti: nces.uoo)l(l1)l(eHHbiti: cJioti:. Csepxy B KOJIOHHY no.uaiOT 15-
20 %-HyiO yroJibHyiO cycneH311IO, a CHI13Y - CTO'IHyiO so.uy. I136hiTOK 
yriDI OTBOMT B C60pH11K. 

Ba)I(Heti:rueti: CTa.z:t:l1eti: npouecca a.u:cop6u11oHHoti O'II1CTKI1 ~B
mleTCR pereHepau;H$1 aKT11BHoro yrJI~. A.ucop611posaHHhre sew:ecTsa 113 
yrJI~ 113BJieKaiOT uecop6u11eti: Hacblrn:eHHhiM 11 neperpeTbiM BOMHhiM 
napoM JII16o HarpeThiM 11HepTHhiM ra3oM. TeMnepaTypa neperpeToro 
napa (np11 1136biTO'IHOM L(aBJieHI111 0,3-0,6 Mila) COCTaBJI~eT 200-
300 ·c, a 11HepTHhiX ra3oB 120-140 ·c. Pacxo.u napa np11 oTroHKe 
JierKoJie'fY'II1X sern:ecTB paseH 2,5-3 Kr Ha 1 Kr oTro~eMoro sern:ecTBa, 
L(JUl BhiCOKOKHIDIW:I1X B 5-10 pa3 6oJihllie. IIocJie .uecop6u1111 napbr 
KOHL(eHC11pyiOT 11 sern:eCTBO 113BJieKaiOT 113 KOHL(eHCaTa . 

.ll,mi pereHepaU1111 ymeti: MO)I(eT 6biTb 11CnOJib30BaHa 11 3KCTpaKIJ;H$1 
()1(11L(KO!l>a3HM .uecop6IJ;M) opraHI1'1eCKHMI1 HI13KOKI1n~IUI1MI1 11 JierKO 
neperoH~IOIUI1MI1C~ C BOL(~HbiM napOM paCTBOp11TeJI~MI1. Ilp11 
pereHepaUI111 opraH11'1eCKI1MI1 paCTBOp11TeJI~MI1 (MeTaHOJIOM, 6eH-
30JIOM, TOJIYOJIOM, L(I1XJIOp3TaHOM 11 .Up.) npouecc npOBOL(~T np11 
HarpesaHI111 l11II1 6e3 HarpesaHM. ITo OKOH'IaHI111 .uecop6u;1111 ocTaTKI1 
pacTsop11TeJieti: 113 yriDI Y.UaJUIIOT ocTpbiM nap oM l11II1 11HepTHhiM ra3oM. 
L(JI~ .uecop6IJ;I111 a,n.cop611pOBaHHbiX CJia6biX opraHI1'1eCKI1X 3JieK
TpOJII1TOB l1X nepeBOMT B L(I1CCOIJ;1111pOBaHHYIO !l>OPMY· Ilp11 3TOM 110Hbl 
nepeXOMT B paCTBOp, 3aKJIIO'IeHHbiH B nopax yrJI~, OTeyL(a 11X BhiMbl
BaiOT rop~qeti: BOL(OH, paCTBOpOM KI1CJIOT (M~ Y.UaJieHI1~ OCHOBaH11ti:) 
11JII1 paCTBOpOM rueJIO'Ieti: (M~ Y.UaJieHI1~ KI1CJIOT). 

B HeKoTophrx CJiyqMx nepe.u pereHepau;11eti: a.ucop611posaHHoe 
BerueCTBO C nOMOIUbiO XI1MI1'1eCKI1X peareHTOB npesparuaiOT B .Upyroe 
sern:ecTBo, KOTopoe Jier'le 113BJieKaeTC~ 113 a,u:cop6eHTa. B ToM cJiyqae, 
Kor.ua a.u:cop611posaHHhre seruecTsa He npe.ucTaBJI~IOT ueHHOCTI1, 
npOBOMT .uecTpyKTI1BHYIO pereHepaUI110 X11MI1'1eCKI1MI1 peareHTaMH 
( OKI1CJieH11eM XJiopoM, o3oHoM) 11JII1 TepM11'1eCKI1M nyTeM. Tep
MI1'1eceyiO pereHepaiJ;I110 npOBOL(~T B neqax pa31II1'1HOH KOHCTpYKIJ;I111 
np11 TeMnepazype 700-800 ·c B 6ecKI1CJiopo.uHoti: cpe.ue. PereHepau;mo 
Be.UyT CMeCbiO npo.UyKTOB ropeHI1~ ra3a 11JII1 )1(11L(K0f0 TOnJII1Ba H 
BOMHoro napa. I1p11 3TOM Tep~eTc~ .no 20 % (no Macce) a.ucop6eHTa. 
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Pa3pa6arbrBarorcH 6wonorwqecKHe Mero.ubr pereHepau;I1H yrnei1:, Koro

pbre no3Bo.mrr 3Ha'II1TeJibHo YMHHI1Tb cpoK 3KCTIJiyarau;HH a.ucop6eHra. 

llpH HenpepbiBHOM npou;ecce l1CllOJlb3YfOT HeCKOJlbKO KOJIOHH. 

Oo TaKOH CXeMe .UBe KOJIOHHbl pa6oTaiOT llOCJie,UoBaTeJibHO, a TpeTbH 

OTKJIIO'IeHa Ha pereHepau;11IO. llpH npoCKOKe B cpe.uHeH KOJIOHHe Ha 

pereHepau;11IO OTKJIIO'IaiOT nepByro KOJIOHHy. 

,[(JIST o6ecne'leHHH HenpepbiBHOCTI1 peKYnepau;1111 JieTyqHX paCT

UOpHTeJieH ycraHOBKa yJiaBJIHBaHI1H HX napoB .UOJDKHa BKJIIO'IaTb KaK 

MI1HHMYM .UBa a.ucop6epa nepHO.UH'IeCKOfO .uei1:CTBHH (o6bNHO HX '111CJIO 

COCTaBJIHeT OT 3 .UO 6 l1 6oJiee). 

B nocne.uHee BpeMH 6oJibllloe BHHMaHHe y.ueAAercH HenpepbiBHo 

l(eHCTBYIOI..UHM ycraHOBKaM C .UBHiKYI..UHMCH llJIOTHbiM l1 nceB.UO

OXmiKeHHbiM CJIOeM a.QCOp6eHTa, KOTOpble OTJll1'1aiOTCH BbiCOKOH 

CKOpOCTbiO o6pa6aTbiBaeMbiX llOTOKOB, KOMllaKTHOCTbiO o6opy.uo

uaHI1Sl, BbiCOKI1M K03!l>!l>11U:I1eHTOM 11CllOJib30BaHI1Sl a.ucop6eHTOB, 

OTCYTCTBI1eM 3Hepro3arpar Ha nep110.UI1'1eCKOe HarpeBaHI1e 11 OX

Jiaii(JJ:eHI1e O.UHOfO 11 TOfO iKe annapara, B03MOiKHOCTbiO CpaBHI1TeJlbHO 

llpOCTOH 11 llOJIHOH aBTOMaTI13ai.J;I111 11 llpOCTOTOH 06CJIYiK11BaHHSl. 

B npoMbilillleHHOCTH B Ka'lecrBe a.ucop6eHra npwMeHSIIOT raKiKe 

pa3JIH'IHble TKaHble 11 HeTKaHble MaTepHaJibi Ha OCHOBe yrJiepO.UHbiX 

IIKTHBHbiX BOJIOKOH, Hanp11Mep ycraHOBKI1 C !l>11JibTpaMI1, OCHOBY 

KOTOpbiX COCTaBJIHeT aKTHBHOe yroJibHOe BOJIOKHO, llOJiyqaeMoe Ha 6a3e 

l{eJIJIIOJl03HbiX BOJIOKOH. 

llpeHMYllleCTBa l1CllOJlb30BaHHSl aKTHBHbiX yrJiepOJlHbiX BOJIOKOH 

11epe.u rpaHyJIHpoBaHHbiMH aKTHBHbiMI1 yrJIHMI1: 

• B03MOiKHOCTb o6ecne'leHI1H llOBblllleHHOH CTeneHH peKy

llepau;HH paCTBOpHTeJieH (o6bi'IHO Bblllle 99 %); 
• cymecrBeHHoe CHHiKeHHe norepb pacrBopwreneH: or rep

MH'IecKoro pa3JIOiKeHHH llOCJie.UHHX B npHCYTCTBI1l1 yroJibHbiX a.u

cop6eHTOB; 

• npHMeHHMOCTb .[{.TIH peKynepau;HH llOJIHMepH3YIOI..Ul1XCH MO

IIOMepoB l1 paCTBOpl1TeJiei1: C BbiCOKOH TeMneparypoi1: Kl1lleH11H; 

• llOHHiKeHHaH llO)I(apo- l1 B3pbiBOOllaCHOCTb; 

• KOMnaKTHOCTb a.ucop6u;I10HHOH annapaTypbi }la)l(e C He

IIO.UBI1iKHbiM CJIOeM aKTI1BHbiX yrJiepO,UHbiX BOJIOKOH. 
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4. 7. XUMuJ.teCTcue npou,eccbt nepepa6omKu omxoiJoe 

XHMI1qecKHe npou:eccbi B pecypcoc6eperaiOW:11X npo113BOJlCTBax 

11MeiOT KaK CaMOCTOHTeJibHOe 3HaqeHI1e JlJIH llOJiyqeHI1H u;eJieBbiX 

npO.UYKTOB OCHOBHOfO XI1MI1qecKoro llp0113BOL(CTBa, TaK 11 BCllO

MOraTeJibHOe - JlJIH oqi1CTKI1 ra30BbiX Bbi6pOCOB, CTOqHbiX BOJl H 

TBep}lbiX OTXOJlOB. 

TaK, MHOrl1e npou;eCCbl YTI1JII13ai.J;I111 TBepJlbiX OTXOJlOB OCHOBaHbl 

Ha 11Cll0Jlb30BaHI111 MeTOL(OB BbiW:eJiaqi1BaHI1H (3KCTpar11pOBaH11H), 

pacTBOpeHI1H 11 Kp11CTaJIJII13ai.J;I111 nepepa6aTbiBaeMbiX MaTep11aJIOB, B 

OCHOBe KOTOpbiX Jie)l(aT <l>11311KO-XI1MI1qecKI1e npou;eCCbl. 

Pacm8opeHue 3aKJIIOqaeTcH B peaJII13aU:1111 reTeporeHHoro B3ai1-

MOJleifcTBI1H Me)I(Jl;y )I(HL(KOCTbiO 11 TBepJlbiM oern:ecTBOM, COllpOBO)[(

L(aeMOfO nepeXOL(OM llOCJleL(Hero B paCTBOp, 11 ll111pOKO 11Cll0Jlb3yeTC51 

B npaKTI1Ke nepepa60TKI1 MHOfi1X TBep.UbiX OTXOJlOB. 

Bo3MO)[(HOCTb pacTBopeHI1H TBepJloro oern:ecTBa MO)[(eT 6biTh 

OI.J;eHeHa 3HaqeHI1eM BeJII1qi1Hbl tlG (113MeHeHI1$1 3Hepr1111 r1166ca), 

onpe}leJIHeMOH COOTHOWeHI1eM 

!:iG=!:iH- T·!:iS 
p ' 

(4.44) 

r}le l':iHP - 113MeHeHI1e 3HTaJibll1111; !:iS- 113MeHeHI1e 3HTpOll1111; T
a6coJIIOTHaH TeMnepaTypa. 

llp11 !:iG < 0 B03MO)I(HO paCTBOpeHI1e, np11 !:iG = 0 CI1CTeMa 

HaXOJl11TCH B paBHOBeCI111, np11 !:iG > 0 BepOHTeH npou;ecc Kp11CTaJI

Jll13aU:I111. PacTBOp11MOCTb TBepJlbiX oern:ecTB B )[(HL(KOCTHX o6biqHo 

OrpaHI1qeHa KOHueHTpau;11eH HaCbiW:eHI1H C. 
llpou;eCCbl paCTBOpeHI1H ocyrn:ecTBJIHIOT B annapaTaX nep110JlH

qeCKOfO }leHCTBI1H pa3H006pa3HbiX KOHCTpYKU:I1H (np11 He60JibWOH 

llp0113BOJl11TeJibHOCTI1- B CTaui10HapHOM CJIOe TBepJlbiX qacTI1U: 11Jll1 C 

nepeMeWI1BaHI1eM) 11 HenpepbiBHOfO (BO B3BeWeHHOM CJIOe 11Jll1 C 

nepeMeWI1BaHI1eM). ,[J;JIH 11HTeHC11<l>11Kaul111 paCTBOpeH11H B pHL(e 

CJiyqaeB 11Cll0Jlb3YIOT HaJIO)I(eHI1e pa3JII1qHbiX CI1JIOBbiX llOJieif. 

Bbtut,eJW'lU8aHue (3Kcmpazupo8aHue) W11pOKO 11CllOJlb3yeTCH npl-1 

nepepa60TKe OTBaJIOB ropHOJl06biBaiOW:eif llpOMbiWJieHHOCTI1, HeKO

TOpbiX MeTaJIJiypmqecKI1X 11 TOllJII1BHbiX WJiaKOB, lll1p11THbiX orapKOB, 

.upeoecHbiX 11 MHor11x .n:pymx BMP. MeTOJl ocHoBaH Ha 113BJieqeHI1H 

OJlHOfO 11Jll1 HeCKOJlbKHX KOMllOHeHTOB 113 KOMllJieKCHOfO TBep}loro 

MaTep11aJia nyTeM 113611paTeJibHOf0 paCTBOpeHI1H B )[(11L(KOCTI1-· 

3KcmpazeHme. 
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B 3aBI1CI1MOCTI1 OT xapaKTepa <PI1311KO-XI1Ml1'IecKI1X npoueccoo, 

nporeKa10ru11x np11 BhiiUeJia•moaHI111, pa3JII1'IaiOT npocToe pacToopeHI1e 

11 Bbill{eJia•mBaHI1e C XI1Ml1'IeCKOH peaKUI1eH. 

B nepooM cJiyqae ueJieooH: KOMnoHeHT nepeBO.D:I1TCH B pacTBOp B 

I!H.D:e np11CYfCTBYJOll{ero B 11CXO.D:HOM MaTep11aJie COe.D:I1HeHI1H. 

Bo BTOpOM CJiyqae ueJieBOH KOMnOHeHT, HaxO.D:HIUI1HCH B 11CXO.D:HOM 

MaTep11aJie B BH.D:e MaJIOpaCTBOp11MOro coe,n:I1HeHHH, npe,n:Bapi1TeJibHO 

nepeBO,n:HT B XOpOlllO paCTBOp11MOe COe.D:I1HeHI1e. 

llp11 Bbi6ope 3KCTPareHTa (paCTBOpi1TeAA) K HeMY npe,n:bHBAAIOT 

PM TPe6ooaHI1H B OTHOllleHI111 ceJieKTI1BHOCTI1, BeJIH'IHHhi Ko3<P

cp11U11eHTOB pacnpe,n:eJieHI1H 11 .D:11<l><l>Y31111, nJIOTHOCTI1, ropiO'IeCTI1, 

Kopp03110HHOH aKTI1BHOCTI1, TOKCI1'IHOCTI1 11 pH,n:a ,n:pyrn:x noKa3aTeJieH. 

Ha CKopoCTh BbiW:eJia'II1BaHHH BJII1HIOT KOHUeHTPaU11H 3KCTPareHTa, 

pa3Mep 11 nOpi1CTOCTb 'IaCT11U OTXO.D:OB, 11HTeHCI1BHOCTb nepeMellli1BaHHH, 

TeMneparypa, HaJIOiKeHI1e pa3JIR'!HbiX Cl1JIOBbiX noJieH (yJibTPa3B)'KOBbiX, 

JJOCTOHHHbiX 3JieKTPR'!eCKHX, 3JieKTPOMarHI1THbiX, BbiCOKO'IaCTOTHbiX, 

neHTpo6eiKHbiX 11 ,n:pyrHX) 11 B HeKOTOpbiX CJiy'IaHX np11CYTCTBI1e 

paJJIR'!HbiX Ml1:KpoopraHI13MOB (6aKTep11aJibHOe BbiW:eJia'II1BaH11e). 

3KCTPar11pOBaHI1e MOiKeT 6biTb nep110.D:I1'IeCKI1M 11 HenpepbiBHbiM. 

nep110.D:I1'IeCKI1H npouecc npOBOJJ:HT HaCTai1BaHI1eM, T. e. o6pa60TKOH 

laJII1TOfO 3KCTPareHTOM MaTep11aJia B Te'IeHI1e onpe,n:eJieHHOfO BpeMeHI1 

c nocJie,n:yiOW:I1M CJII1BOM 3KCTPareHTa 11 JaMeHoM: ero coeiKI1M. EoJiee 

11pOrpeCCI1BHOe HenpepbiBHOe 3KCTpar11pOBaHI1e npOBO.D:HT nyTeM 

MHOfOCTyneH'!aTOfO KOHTaKTa npHMOTO'IHbiM, npOTI1BOTO'IHbiM 11 

KOM611H11pOBaHHbiM cnoco6aMI1 . 

.HcnoJih3yeMbie .D:AA peaJII13aU1111 npouecca 3KCTPaKUI111 annapaTbi 

KapaKTepi13YJOTCH 6oJiblll11M pa3Hoo6pa311eM KOHCTPYKU11H. 3KCTPaK

JOpbi KJiaCc11<l>11U11pyiOT no cnoco6y ,n:eHCTBHH (nepi10JJ:I1'IeCKHe 11 He

llpepbiBHO ,n:eHCTBYIOW:11e), no HanpaBJieHI110 .D:BI1iKeHHH paCTBOp11TeJIH 

H TBep,n:OH <Pa3bi (npOTI1BO- 11 npHMOTO'IHbie, C npouecCOM nOJIHOfO 

rMellleHI1H, c npoueccoM B cJioe 11 KOM611H11pooaHHbie), no xapaKTepy 

lll1pKyJIHUI111 paCTBOp11TeJIH ( C OJJ:HOKpaTHbiM npOXOiK,n:eHI1eM, C 

pcui1PKYAAUI1eM: 11 opoci1TeJibHbie) 11 no PH.ll:Y .n:pymx np11HUI1noo. 

YoeJII1'IeHI1H npoi13BOJJ:I1TeJibHOCTI1 HenpepbiBHo,n:eM:cTByiOW:I1X 

peaKTOpOB JJ:OCTI1raiOT, 06be,n:I1HAA 11X B npHMOTO'IHbiH KaCKa.z:t:, 'ITO 

t 16ecne'-111BaeT CHHiKeHHe BbiXO,n:a TBep,n:biX 'IaCTHU C MaJibiM BpeMeHeM 

II pe6biBaHHH. 

Kpucmall!lU3au,uR - 3TO Bbi.D:eJieHI1e TBep.n:oM: <Pa3bi B Bl1,n:e 

J-.p11CTaJIJIOB 113 HaCbiW:eHHbiX paCTBOpOB, pacruiaBOB 11JII1 napOB. 3TO.D: 

137 



Ilepepa6omKa npoMbiUI./IeHHbiX omxoiJoa 

MeToJl RMeeT 6oJibiiioe pacnpocTpaHeHRe npR nepepa6oTKe paJJIWIHhJX 

liGIJlKRX R TBep}lbiX OTXOJlOB. llpR RCllOJib30BaHRR KpRCTa.JlJIR3aUI-tH 

Jl)UI nepepa6oTKR TBep}lbiX OTXOJlOB RX CHaqarra nepeBO}lHT B paCTBOp, 

L(IDI oueHKR noBe}leHIDI pacTBopoB npR 11x KPRCTaJIJIR3aURI1 ~~ 

Bbi6opa pauRoHa.JibHoro cnoco6a npoBe}leHRH 3Toro npouecca HC

noJib3YIOT }lRarpaMMbl COCTOHHRH paCTBOpOB, BbipiDKaiOJ..URe 3aBH 

CI1MOCTb paCTBOpRMOCTI1 COOTBeTCTBYIOJ..URX COJieH OT TeMnepaTYPbl. 

CKopocTb npouecca Kp11CTa.JIJII13aUR11 3aBRCRT oT MHorRx cl>aKTopou 

(CTeneHR nepeCbiJ..UeHI1H paCTBopa, TeMnepaTypbi, 11HTeHCI1BHOCTU 

nepeMeiiiRBaHRH, CO}lep)!(aHRH np11MeceM: R Jl:p.) 11 113MeHHeTCH DO 

BpeMeHR, npoXoJlH qepe3 MaKCRMyM. CooTHoiiieHI1e cKopocTdi 

OCHOBHbiX naparrneJibHbiX npoueCCOB B03HI1KHOBeHRH 3apOJlbiiiieti 

KpRCTa.JIJIOB R RX pocTa onpe}leJIHeT BeJII1'111HY CYMMapHOH no

BepXHOCTR 3epeH o6pa3yiOJ..UeHCH TBep}lOH cl>a3bl. 

Co3JlaHI1e Heo6XoJlRMoro JlJIH Kp11CTaJIJII13aU1111 nepecbri..UeHH~J 
paCTBOpa o6ecne'II1BaiOT JlBYMH OCHOBHbiMI1 np11eMaMI1 - OX

Jia)!(Jl:eHReM ropH'IRX HaCbiJ..UeHHbiX paCTBOpOB (1130r11Jlp11'1eCKa~J 

Kp11CTa.JIJ1113aURH) R yJla.JieHReM 'laCTR paCTBOp11TeJIH nyTeM Bbl

nap11BaHRH (R30TepMR'IeCKaH Kp11CTa.JlJII13aUIDI) 11JII1 11X KOM611HauReti 

(BaKyyMKp11CTaJIJII13aURH, cl>paKUROH11pOBaHHaH KpRCTa.JIJIR3aUml, 

Kp11CTa.JlJIR3aUIDI C RcnapeHI1eM paCTBOpRTeJUI B TOKe B03JlyXa RJIH 

Jlpyroro raJa-HocRTeiDI). HapH.Ily c HRMI1 11HOfJla 11cnoJib3YIOT Kp11c

TaJIJIR3aURIO BbiCaJIRBaHReM (BBe}leHRe B paCTBOp BeJ..UeCTB, no

HI1)!(a10J..URX paCTBOp11MOCTb COJIR), BbiMOpiDKHBaHI1eM (OXJia)!(Jl:eHReM 

paCTBOpOB JlO OTpRUaTeJibHbiX TeMnepaTyp C Bbl.ll:eJieHI1eM Kp11CTaJIJIOJI 

conR 11JII1 11x KOHUeHTpRpoBaHReM c Y.ll:a.JieHI1eM qacTI1 pacTBOpRTenH 

B Bl1.ll:e Jlb.ll:a) 11JII1 3a C'IeT X11MI1'1eCKOH peaKU1111, o6ecne'II1BaiOI..Ueti 

nepeCbiJ..UeHI1e paCTBOpa, a TaK)!(e BbiCOKOTeMnepaTypHyiO (aBTO

KJiaBHYIO) KpRCTaJIJII13aU1110, o6ecne'II1BaiOI..UYIO B03MO)!(HOCTb no

nyqeHIDI KpRCTaJIJIOfl1.ll:paTOB C MI1HI1Ma.JibHbiM COJl:ep)!(aHI1eM Kp11C

TaJIJIR3aU110HHOH BJiarR. 

XRMR'IeCKRe npoueccbr IIIRpoKo RcnoJib3YIOTCH np11 o'IRCTKC 

CTO'IHbiX BOJl. 

MeTOJl XRMR'IecKoro ocBeTneHRH CTO'IHbiX BOJl ocHoBaH Ha ToM, 

'ITO npR }lo6aBJieHRR K HI1M HeopraHI1'1eCK11X R (11JI11) opraHR'IeCKHX 

KoaryJIHHTOB (cPJIOKYJIHHTOB) npR COOTBeTCTBYIOJ..UeM pH cpeJl:bl 

llpOHCXOJl11T RHTeHCRBHOe XJIOnbeo6pa30BaHRe, COllpOBO)!(Jl:aeMOC 

YJla.JieHReM 113 CTO'IHbiX BOJl cPOCcPOpa B Bl1.ll:e HepaCTBOpRMbiX COJieH -

cPOCcPaTOB R TH)!(eJibiX MeTa.JIJIOB (HepaCTBOpRMbie fRJlpOOKI1C11), 
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II p11CYTCTBYIOIIUI:e so B3BeweHHOM 11 KOJIJIOH.UHOM cocTOHH11HX 

UlrpH3HeHI1H a,ucop611py10TCH Ha o6pa3yiOWI1XCH XJIOnhHX 11 TaiOKe· 

VJ~aJIHIOTCH. 3cl>cl>eKTI1BHOCTb X11Ml1'IeCKOH 0'111CTKI1 BOL(bl 3aBI1CI1T OT 

MIIOf11X cl>aKTOpOB, B 'laCTHOCTI1 OT COOTHOWeH11H KOHueHTpaul1ti: 

KOafyJIHHTa, cPJIOKYJIHHTa 11 3afpH3HeHI1H, OT 11HTeHCI1BHOCTI1 11 

llpeMeH11 nepeMelll11BaH11H o6pa6aTbiBaeMbiX CTO'IHbiX BOL( np11 

KOHTaKTe 11X C XI1M11Ka.JII1HMI1, OT pH cpe,ubl 11 TeMnepaTypol, OT 

l·o.uep)l(aHIDI coneti:, BeJII1'111Hhi 11 3HaKa 3apMa qacTI1u 11 ,up. 06oi'IHO 

Xl-1M11'1eCKYIQ o6pa60TKY CTO'IHbiX BOL( npOBOL(HT B peaKTOpaX-CMe

l:HTeJIHX. B ycJIOBI1HX 11HTeHCI1BHoro nepeMeWI1BaHI1H X11MI1Ka.JII111 

KOHTaKTI1pyiOT CO CTO'IHbiMI1 BOL(aMI1 np11 OnTI1Ma.JibHOH BeJII1'111He pH, 
KOTOpyiO ycTaHaBJII1BaiOT B XOL(e npe,usapi1TeJibHhiX Jia6opaTOpHbiX 

HJII1 nl1JIOTHhiX 11CnbiTaHI1H. 

06oi'IHhiti: 11 Ha116onee pacnpocTpaHeHHhiti: so scex CTpaHax MeTo.u 

Jle311HcPeKU1111 CTO'IHbiX BOL( - X!ZOpUp06aHUe, fJiaBHhiMI1 HeL(OCTaTKaMI1 

KOTOpOfO HBJIHIOTCH TOKCI1'1HOCTb c6paCbiBaeMbiX CTO'IHbiX BOL( 113-3a 

IIOBbiWeHHOfO B pHL(e CJiyqaeB OCTaTO'IHOfO co,uep)l(aHI1H B H11X XJIOpa, 

II TaiOKe BbiCOKI1e ::mepreTI1'1eCKI1e 3aTpaTbl Ha npOI13BOL(CTBO XJIOpa. 

Eonee nepcneKTI1BHbiti: MeTo.u o6e33apa)I(I1BaHI1H CTO'IHhiX so.u 

- 030HUpo6aHUe. 3TOT MeTOL( 11CnOJih3yeTCH He TOJlbKO L(JIH ,Ue3-

IIHcPeKul111 CTO'IHhiX BOL(, HO TaiOKe L(JIH OKI1CJieH11H co,uep)l(aW:11XCH B 

ttHX 3arpH3HeHI1ti:. ITo cpaBHeHI1IO c XJIOpHoti: 113BeCThiO, rl1nOXJIOPI1TOM 

H )1(11L(KI1M XJIOpOM 030H 06Jia,uaeT TeM npei1Myr.u;eCTBOM, 'ITO B 

I'IOJibllli1HCTBe CJiyqaeB He yxy,uwaeT 110HHOfO COCTaBa CTO'IHbiX BOL(, 

KOTOpbie MOryT 6biTb 11CnOJih30BaHbl np11 o6opOTHOM BOL(OCHa6)1(eH1111. 

030HI1POBaH11e ew:e 6onee .uoporoti: MeTO.U o6pa6oTKI1, 'leM XJIO

pHposaHI1e, OL(HaKO 6onee BbiCOKI1e fl1f11eHI1'1eCK11e CBOHCTBa BOL(hl, 

o6ecne..:msaeMoie 030HI1posaHI1eM 11 Tpe6yeMnie coBpeMeHHhiMI1 

cTaH,uapTaMI1, cnoco6cTByiOT .Ua.JinHeti:weMy pacw11peH1110 npi1MeHeHIDI 

l~flHHOfO MeTOL(a. 

L(JIH 113BJie'leHIDI MeL(I1 113 CJIO)I(HblX no COCTaBy CTO'IHblX BOL(, B 

KOTOpbiX OTCYTCTByiOT KOMTIJieKC006pa30BaTeJII1, MO)I(HO 11CnOJih30BaTb 

l'JJeL(yiOW:11e 110H006MeHHbie CMOJibl (no y6oiBaHI110 06MeHHOH eM

K<lCT11): aMcPOJII1Thl, cpe,uHer.u;eJIO'IHble aH110H11Thl 11 Kap60KCI1JlbHbie 

KllT110HI1Thi. U11HK cop611pyeTCH nyqwe scero aMI1HOKap6oKCIDihHhiMI1 

IIMcPOTepHbiM11 110H006MeHHbiMI1 CMOJiaMI1 11 CYJihcPOKaTI10HI1TaMI1. 

( 'pe,uHerueJIO'IHbie aHI10HI1Tbl npaKTI1'1eCKI1 He cop611py10T 110HOB 

lll-1HKa. I1p11 COBMeCTHOH cop6u;1111 L(Byx 11 6onee MeTa.JIJIOB 06MeHHM 

t'MKOCTb 110H006MeHHhiX CMOJI no Ka)I(L(OMY 110HY COOTBeTCTBeHHO 

139 



Ilepepa6omJCa npoMbiUI./IeHHblX omxoiJoB 

CHIDKaeTCH, O}lHaKo CYMMapHM 06MeHHM eMKOCTb OCTaeTCH npaK

TJfqecKH HeH3MeHHOH Jl)UI KIDK,lJ;Oro 33,llaHHoro 3HaqeHHH pH cpe}lbl. 

llpH onTHMa.JibHbiX ycJIOBIDIX CTeneHb H3BJieqeHHH Me}lH If UHHKa 113 

CToqHbiX BOJl JlOCTHraeT 95 % npH OCTaToqHoM CO}lep)l(aHHH HX B 

CToqHbiX BO}laX 5 MrjJI. l1oH006MeHHbie CMOJlbl pereHepHpyiOT OT Me}lH 

If UHHKa paCTBopaMH MHHepaJibHbiX KHCJIOT, HX COJIHMH JIH6o 

CHJibHbiMH XeJiaToo6pa3yiOlUHMH Bell.leCTBaMH, KOTOpbie }laiOT C 

HOHaMH npoqHble Hecop6HpyeMbie KOMIIJieKCbl. 

Hcnollb306aHue peu,upKyllflu,uu OAR noebtULeHUR 3ppeKmueHocmu 
XUMU'lecKux npou,eccoe. l1HTeHci1<PI1Kaul111 X11MI1qecKoro npouecca 

cnoco6CTByeT 11CnOJib30BaHI1e peu11pKYJIHUI1H, T.e. B03BpaTa qacTI1 

noToKa o6paTHo B npouecc, TaK KaK np11 3ToM 6onee noJIHo 11C

noJib3YIQTCH 11CXOJlHbie npOJlYKTbl 11 3HeprHH, yJiyqlllaiOTCH ycJIOBHH 

ero npoBe}leHHH. 

C BBe}leHI1eM peU11KJIOB B TexHoJiomqecKYID cxeMy pewaeTcH PHil 

Ba)l(HbiX TeXHOJIOfl1qecKI1X 3a,uaq: 

~ Hal16oJiee noJIHO 11CnOJib3YIOTCH 11CXOJlHbie KOMnoHeHTbl (JlJUI 
peaKTOpOB C HenoJIHbiM npeBpameHI1eM); 

~ 11CKJIIOqaiOTCH Bpe}lHbie Bbi6poCbl B OKp~aiOI.UYIO cpe}ly; 

~ peKYnepl1pyeTCH 3HeprHH CI1CTeMbl (Hanp11Mep, 11CnOJib3yeTCH 

TeiiJio peaKU1111 MH no}lorpeBa 11CXOJlHbiX peareHTOB); 

~ C03}laiOTCH onTI1Ma.JibHbie TeXHOJIOrl1qecKI1e pe)l(I1Mbl (11H

TeHC11<l>11U11PYIOTCH Haqa.JibHbie CT3,lll111 aBTOKaTa.JII1TI1qecK11X peaKUI1H, 

C03}laeTCH 1136biTOK OJlHOfO 113 peareHTOB }lJIH CJlBI1ra paBHOBeCI1H 

X11MI1qecKotl: peaKU1111 B HanpaBJieHI111 o6pa3oBaH11H ueneBoro 

npo}lyKTa; no}laBJIHIOTCH no6oqHbie 11 11HTeHci1<PI1UI1PYIOTCH OCHOBHbie 

X11MI1qecKI1e peaKU1111; C03}laeTCH onTI1MaJibHbiH TeMnepaTypHbiH 

pe)l(HM); 

~ Hal16oJiee noJIHO 11CnOJib3YIOTCH KaTa.JII13aTopbl 11 11HepTHbie 

paCTBOp11TeJII1, B np11CYTCTBI111 KOTOpbiX npoTeKaeT X11MI1qecKoe npe

Bpall.leHI1e. 

Cne}lyeT oTMeTHTb, qTo c noMoll.lbiO peuHKJioB MO)l(HO noBbiCI1Tb 

a6coJIIOTHbiH BbiXOJl JII06oro npOJlYKTa CJIO)l(HOH X11MI1qecKOH peaKUI111. 

0co6eHHO Ba)l(HO TO, qTo 3TOfO He MO)l(eT }laTh Hl1 0Jli1H 113 TaKI1X 

Tp3.lli1UI10HHbiX cnoco6oB ynpaBJieHI1H X11MI1qecKOH peaKu11eH, KaK 

113MeHeHI1e }laBJieHHH, TeMnepaTYPbi 11 Jlpyrnx napaMeTpoB, TaK KaK 

OHI1 B TOH HJII1 11HOH CTeneHI1 }leHCTBYIQT Ha Bee peaKU1111, a peUI1KJibl, 

CB060}lHO onep11pyH CO CKOpOCTbiO 11 COCTaBOM noToKa, HanpaBJIHIOT 

peaKUI110 B )l(eJiaeMYIQ CTOpOHY B MaKCI1Ma.JibHO B03MO)l(HOH CTeneHI1. 
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TaKI1M o6pa3oM, BBeJJ:eHI1e peQ11KJia Mo)!(eT 6biTb 11CIIOJib3oBaHo 

KaK MSI QeJieti: 11HTeHC11<l>11Kal.l1111 TeXHOJIOfl1qecKOfO pe)!(HMa BHyrpl1 

peaKTopa, TaK 11 MSI C03.lJ:aHHSI CXeM C Hal16oJiee IIOJIHbiM 11CIIOJib-

30BaHI1eM CblpbSI 11 3Hepr1111. 

C:JICUZQHUe omxoaoe - 3TO pa3HOBH.lJ:HOCTb XI1MI1qecKHX MeTOJJ:OB 

nepepa60TKI1 OTXOJJ:OB, IIOCKOJibKY OHO SIBJISieTCSI OKI1CJII1TeJibHO

BOCCTaHOBI1TeJibHbiM IIpOQeCCOM. 

C:»mraH11e HBmleTcH OJJ:HI1M 113 Hal16onee pacnpocTpaHeHHhiX 

H 3cpcpeKTI1BHbiX MeTOJJ:OB rrepepa6oTKI1 OTXOJJ:OB. 0HO COIIpOBo:>K

.[IaeTCH o6pa3oBaHI1eM JJ:I10KCI1JJ:a yrJI~pOJJ:a, BOJJ:bl 11 30Jibl, a TaK:>Ke 

TOKCI1qflbiX Bell(eCTB - JJ:I10KCI1HOB, OKCI1JJ:OB cepbl, a3oTa, TH:>Ke

JibiX MeTaJIJioB 11 AP· Ec1111 ra3oo6pa3Hhre npOJJ:YKThi rrpoQecca 

C:>KI1raHI1H OTXOJJ:OB COJJ:ep:>KaT IIOBbiiiieHHbie KOHQeHTpaQ1111 BpeJJ:

HbiX IIpHMeceif:, TO JJ:JIH CHH:>KeH11H 11X Bbi6poCOB B aTMOCcpepy JJ:O 

Tpe6yeMbiX CTaHJJ:apTaMI1 HOpM Heo6XOJJ:HMa BTOp11qHaH o6pa6oT

Ka, BKJIIOqaiomaH .lJ:O:>KI1raH11e, npoMbiBKY 111111 cp111IbTpaQI110 npo

LIYKTOB cropaHI1H. 

CTeneHb IIOJIHOTbl OKI1CJieHI1SI OTXOJJ:OB 3aBI1CI1T B OCHOBHOM OT 

BOCIIJiaMeHSieMOCTI1 OTXOJJ:OB, BpeMeHI1 HaXO)!(JJ:eHI1SI 11X B neq11, 

TeMrrepaTypbi IIJiaMeHI1 11 Typ6yJieHTHOCTI1 B peaKI.l110HHOH 30He. 

llpoQeCC C)!(HfaHI1SI npi1MeHI1M B OCHOBHOM K opraHI1qeCKI1M OTXOJJ:aM, 

HO ero MO)!(HO 11CIIOJib30BaTb 11 MSI pa3JIO)!(eHI1SI HeKOTOpbiX Heop

raHI1qecKHX OTXOJJ:OB. BocrrJiaMeHSieMOCTb OTXOJJ:OB xapaKTep113yeTCSI 

npeJJ:eJiaMI1 BOCIIJiaMeHSieMOCTI1, TeMrrepaTypot\: BCIIbllliKI1 11 

TeMIIepazypaMI1 BOCIIJiaMeHeHI1SI 11 CaMOBOCIIJiaMeHeHI1SI. qeM Hl1)!(e 

3TH seJII1qi1Hhi, TeM MeHbllle Tpe6yeMbre TeMrrepaTypa npoQecca 

C)!(l1faHHSI H 1136biTOK KHCJIOpOJJ:a. 

llpeHMyll(eCTBOM JII06oro BHJJ:a C)!(l1faHI1SI SIBJISieTCSI 803-

MO)KHOCTb YJJ:aJieHI1SI BCeX opraHI1qeCKI1X COeJJ:I1HeHI1H 11 BO MHOfHX 

CJiyqaSIX 113BJieqeHHSI 113 TOKCI1qHblX XI1MI1qeCKI1X Bell(eCTB OTJJ:eJibHbiX 

KOMIIOHeHTOB C QeJibiO 11X BTOpl1qHQfO HCIIOJib30BaHI1SI 111111 

oKoHqaTeJibHoro c6poca B oTBaJI. OcHoBHoti: HeJJ:OCTaToK 3Toro 

MeTOJJ:a 3aKJIIOqaeTCSI B JJ:OIIOJIHI1TeJibHOM paCXOJJ:e TOIIJII1Ba, 

CTOI1MOCTb KOTOporo COCTaBJISieT 3Haqi1TeJibHYIO qacTb paCXOJJ:OB Ha 

YTHJII13al.ll110. llo3TOMY opraH11qeCKI1e OTXO.ll:bl JJ:eJISIT Ha ABe 

ocHoBHbre rpynrrhr: zop10ttue (noMep)!(11BaiOml1e ycToti:q11soe ropeHI1e 

6e3 JJ:06aBOK TOIIJIHBa) 11 HeZOpiOttUe (MSI IIOMep)!(aHI1SI ropeHI1SI 

KOTOpbiX Tpe6yeTCSI JJ:OIIOJIHHTeJibHOe TOIIJII1BO). 
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BoJiee IIOJJ:po6uo rrpoQeCCbi TepMHqecKoti: yrHJIH3aQHH oTXOJJ:OB 

H3JIO)!(eHbl B fJI. 5. 

4. 8. EuoxUMuttecKue npou,eccbr 

EuoxUMu'lecKue rrpoQeccbi ua116onee CJIO)!(Hbi, rrocKOJibi<y rroJJ:

qHHSIIOTCSI 3aKoHaM 6HOJIOfH'IeCKOH KHHeTHKH, T.e. BpeMeHHblM 

3aKOHOMepHOCTSIM, IIpoTeKaiOll.lHM B )!(HBOH IIpHpOJJ:e. 

llpH paCCMOTpeHHH 6HOKHHeTHKH MO)!(HO Bbl.ll:eJIHTb qeTbipe 

IIOJJ:CHCTeMbl: 6HOXHMH'IeCI<yiO, 6HO<l>H3H'IeCI<yiO, MHKp06HOJIOfH'IeC

KyiO H IIOIIYJISII.lHOHHyro. 

EuoxuMU'IecKaR IIOJJ:CHcTeMa xapaKTepH3yeTCSI cKopocTSIMH 

6HOXHMH'IeCKHX peaKQHH; 6uofjJU3U'IeCKOJl - OIIHCbiBaeTCSI 3aKOHO

MepHOCTSIMH rrporeKaHHSI <l>H3HqecKHX SIBJieHHH B )!(HBbiX opraHH3Max 

(uarrpHMep, AH<l><l>Y3HSI MaKpOMOJieKyJI qepe3 IIOJiyiipOHHQaeMyiO 

MeM6pauy, MeXaHH3M <t>oTOCHHTe3a, 3JieKTpOKHHeTH'IeCKHe SIBJieHHSI); 

MHKp06HOJIOfH'IeCKaSI - paCCMaTpHBaeT KOJIH'IeCTBeHHble 3aKO

HOMepHOCTH pOCTa 6aKTepHti:; IIOIIYJISII.lHOHHaSI - OIIHCbiBaeT KOJIH'IeCT

BeHHbie 3aKoHoMepuoCTH H3MeueuHti: 'IHCJia oco6eti: B rrorryJISIQHSIX. 

BHOXHM~eCKHH IlpOQeCC OKHCJieHHSI KHCJIOpOJJ:OM opraHH'IeCKHX 

semecTB ocymecTBJISieTcSI coo6mecTBoM MHKpoopraHH3MoB 

(6HOQeH030M), BKJIIOqaiOll.lHM MHO)!(eCTBO pa3JIH'IHblX 6aKTepHH, 

CBSI3aHHblX Me)I(JI:y co6ot\: B eJJ:HHbiH KOMIIJieKC CJIO)!(Hb!MH B3aH

MOOTHOIIIeHHSIMH (MeTa6Ho3a, CHM6H03a H aHTOfOHH3Ma). 

B OCHOBe 6HOXHMH'IeCKHX IIpOI.leCCOB Jie)!(aT CJIO)!(Hble XHMH

qeCKHe peaKQHH pa3JIH'IHOfO THIIa B 3aBHCI1MOCTH OT COJJ:ep)!(all.lHXCSI 

B BoJJ:e semecTB 11 BH.lJ:OB 6aKTepHti:. B rrpoQecce 6HoXHMHqecKHX 

peaKQHH IlpOHCXOJJ:HT Tpauc<t>opMaQHSI COJJ:ep)!(all.lHXCSI B BOJJ:e op

ranHqecKHX semecTB. 

HarrpaBJieHHe H CKOpOCTb Tpauc<t>opMaQHH 3aBHCSIT OT TeM

rrepaTypbi, rrosepxuocTeti: pa3JJ:eJia, 6HoJiorHqecKHX 11 XHMHqecKHX 

KaTaJIH3aTopoB H HHrH6HTOpOB, pH cpeJJ:bl H ee ra30BOfO COCTaBa, 

COCTaBa H COCTOSIHHSI MHKpo6HOJIOfH'IeCKOfO C006ll.leCTBa H JJ:p. 

Tpauc<t>opMHPYIOll.lHecSI oprauHqecKHe semecTBa Moryr uaxoJJ:HTbCSI 

B BH.ll:e HCTHHHO paCTBopeHHblX qacTHI.l (MoJiei<yJI, HOHOB, CB060JJ:Hb!X 

paJJ:HKaJioB) HJIH B BHJJ:e KOJIJIOH.ll:HblX H B3BeiiieHHblX qaCTHI.l. 

KoJIHqecTBo rrpoMe)!(yroqnhiX rrpoJJ:YKTOB 11 qHcJio 3JieMenTapHbiX 

CTaJJ:Hti: Tpanc<t>opMaQHH Ka)!(JJ:oro H3 semecTB HC'IHCJISieTcSI JJ:eCSIT

KaMH H COTHSIMH. 

142 



[ 11 a B a 4. 0cHOBbl meXHOIIOZU'IecKux npoqeccoB nepepa6omKu npoMbiUJAeHHblX omxoiJoo 

oHoXHMH'!ecKHe MeToAbi uaxoASIT ITpHMeneuHe B pH,Ue pei<y

nepauHoHHbiX ITpoueCCOB H, B 'laCTHOCTH, .D:JUi O'IHCTKH CTO'IHbiX BOA, 

.lJ,JUI O'IHCTKH ITO'!Bbl OT ueq>TH H B pH,Ue APYfHX CJiyqaeB. 

BbrcoKaH KouuenTpaumi 3arpsnueuHti B ITpoMbrlliJieuubrx croq

HbiX BOAax, HaJIH'!He TpYAHOOKHCJUieMbiX, a B pH,Ue CJiyqaeB H TOK

CH'IHbiX COeAHHeHHH, uecTa6IDibHOCTb HX o6'beMa o6yCJIOBIDIH ITpH

MeHeHHe MHOfOCTyrreuqaTbiX CHCTeM 6HOJIOfH'!eCKOH O'IHCTKH, OC

HOBHbiM 3JieMeHTOM KOTOpbiX SIBJUieTCSI a3pOTeHK (pHC. 4.14). 

PHc. 4.14. CxeMa ,llByxcTyneu'!aTOH O'IHCTKH 

CTO'IHOH BO,llbl: 

A - a3poTeuK; E - BTopH'IHbiM OTCTOHHHK; 

] - nocrynaiOlllrui CTO'!Hrul BO,lla; 2 - HJIOBrui 

CMecb; 3 - B03BpaTHbiH HJI; 4 - c6poc CTO'IHOH 

BO,llbl 

B CBSI3H c ueo6xoAHMOCTbiO HHTeucmpHKauHH ITpoueccoB 

O'!HCTKH CTO'IHbiX BOA IIIHpOKOe ITpHMeHeuHe ITOJiyqiDI CITOC06 6HO

XHMH'!eCKOH O'IHCTKH C HCITOJib30BaHHeM TeXHH'!eCKOfO KHCJIOpOAa 

HJIH o6orar.ueuuoro KHCJIOPOAOM B03Ayxa. 0'!HCTHbie COOp~eHHSI, B 

KOTOpblX ITpHMeHSieTCSI 3TOT CITOC06, ITOJiyqHJIH Ha3BaHHe OKCUmeHK06. 

,[(JISI o6eciTe'!eHHSI 3<f><f>eKTHBHOH pa60Tbl OKCHTeHKOB Tpe6yeTCSI 

UBTOMaTH'!eCKOe yiTpaBJieHHe TeXHOJIOfH'!eCKHM ITpouecCOM. 3KC

IlepHMeHTaJibHbie HCCJieAOBaHHSI H AaHHbie ITO 3KCrmyaTaUHH yCTaHOBOK 

noKa3biBaiOT, 'ITo ITpHMeuenHe KHcnopoAa o6eciTe'!HBaeT: 

• 3Ha'!HTeJibHYIQ 3KOHOMHIO 3JieKTp03HeprHH; 

• ITOBbiiiieHHe CKOpOCTH HaCbii.UeHHSI CTO'IHblX BOA KHCJIOPOAOM 

11.0 6onee BbiCOKHX KOHUeHTpaUHH (OKOJIO 10 MfjJI) AIDKe ITpH aTMOC

(~epHOM AaBJieHHH; 

• rH6KoCTb 11 ycToti'!HBoCTb pa6oTbi ycTanoBoK ITPH H3MeueuHH 

narpy3KH; 

• yBeJIH'IeHHe (ITpHMepHO Ha 30 %) CKOpOCTH OTCTaHBaHHSI 

CTO'IHbiX BOA ITOCJie 6HOJIOfH'!eCKOH O'IHCTKH. 

KoucTpyKTHBHO oKCHTeHKH MoryT 6biTb omKpbtmblMU HJIH 

'laKpbtmbiMU. 3aKpbiTbie OKCHTeHKH BbiiiOJIHSIIOTCSI B BH.D:e OAHOH IDIH 

lleCKOJibKHX (AO '!eTblpex) ITOCJieAOBaTeJibHO COeAHHeHHbiX ITO ra30BOH 

H XCHAKOH $a3aM repMeTH3HpoBaHHbiX KaMep. B ITepByiO KaMepy 

IIBOAHTCSI CTO'IHaH BOAa H TeXHH'!eCKHH KHCJIOPOA, o6eciTe'!HBaiOLUHH 

11e6oJibiiioe H36biTO'!Hoe AaBJieHHe B ra3oBoti <f>a3e (oT 0,25 AO 1 Mila). 
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ilO Mepe rrpOXO)I(JI:eHI-HI qepeJ KaMepbi BOJJ:a oq11IUaeTCSI, a KOH

QeH'rpau;HSI KHCJIOpOJJ:a B raJOBOH <t>aJe CHI1)!(aeTCSI. J.f3 ITOCJieJJ:HeH 

KaMepbi raJ BbiXOJJ:I1T B aTMoc<t>epy, a oqi11UeHHaSI BOJJ:a ITOCTyrraeT BO 

BTopoH: OTCTOHHI1K. Peu;11pKyJISIQI10HHbiH rroToK aKT11BHoro 11na 11J 

BTOporo OTCTOHHI1Ka BOJBpamaeTCSI B rrepByro KaMepy, a 11J6biTOqHbiH 

aKTI1BHbiH IDI BbiBOJJ:I1TCSI 11J CI1CTeMbi. 

Eonee BbiCOKI1e TeXHI1K0-3KOHOMI1qecKI1e rroKaJaTeJII1 oKCI1-

TeHKOB ITO cpaBHeHI110 C a3pOTeHKaMI1 o6yCJIOBJieHbi TeM, qTo ITp11 11X 

11CITOJibJOBaHI111 JHaqi1TeJibHO COKpamaeTCSI BpeMSI oqi1CTKI1, a CJie

.ll:OBaTeJibHO, o6'beM oKCI1TeHKOB Mo)!(eT 6biTb yMeHbiiieH. KpoMe Toro, 

COKpamaeTCSI rrp11pOCT 11J6biTOqHoro aKTI1BHOfO 11Jia 11 yJiyqiiiaiOTCSI 

xapaKTep11CTI1KI1 ero COeJJ:I1HeHHSI 11 o6eJBO)!(HBaHHSI, qTo CITOC06CTByeT 

CHH)!(eHI110 paCXOJJ:OB Ha o6pa6oTKy OCaJJ:KOB. 

J1CITOJibJOBaHI1e OKCI1TeHKOB ITOJBOJISieT COKpaTI1Tb ITJIOlUaJJ:11, 

OTBOJJ:I1Mbie ITOJJ: oqi1CTHbie COOp~eHHSI. ilpo11JBO.ll:I1TeJibHOCTb JJ:eHC

TBYIOlUI1X oqi1CTHbiX coop~eHI1H rrp11 rrepeo6opyJJ:oBaHI111 a3poTeHKOB 

B OKCI1TeHKI1 MO)!(eT 6biTb yBeJII1qeHa 6eJ paCIIII1peHI1SI Tepp11TOp1111 

oqi1CTHbiX COOp~eHI1H. 

llp11 oqi1CTKe He<t>TeCoJJ:ep)!(aiU11X 11 HeKoTopbrx JJ:pyrl1x BI1JJ:OB 

CTO'IHbiX BOA B JaKpbiTbiX OKCI1TeHKaX BbUJ:eJISIIOlUHeCSI B rrpou;ecce 

OKHCJieHI1SI yrJieBOJJ:OPO.ll:bl MOryT HaKaiTJII1BaTbCSI BO BJpbiBOOITaCHbiX 

KOHQeH'Ipau;HSIX. Bo 11J6e)!(aHI1e He)!(eJiaTeJibHbiX ITOCJieJJ:CTBI1H ITO.ll:

JJ:ep)!(aHI1e orrpeJJ:eJieHHoro raJoBoro pe)!(I1Ma JJ:OJI)!(Ho 6biTb aBTo

MaTI1J11poBaHo. 

B JaKPhiTbiX oKCI1TeHKaX 3To JJ:OCTI1raeTcSI rroJJ:aqeH: orrpeJJ:eJieHHoro 

KOJII1qecTBa KI1CJIOpOJJ:a 11 COOTBeTCTBYJOlUI1M OTBO.ll:OM O'Ipa6oTaHHOrO 

raJa. 

B OTKpbiTbiX OKCI1TeHKax yrrpaB.JieHI1e raJOBbiM pe)!(HMOM CBOJJ:I1TCSI 

K JJ:OJI1poBaHHOH ITOJJ:aqe KI1CJIOpOJJ:a, o6ecrreqi1BaiOIUeH ero OITTI1MaJib

HYIO KOHQeH'IpaQI110 B )!(HJJ:KOCTI1. 

Heo6XOJJ:I1MbiM ycnos11eM o6ecrreqeHI1SI 6eJorracHOCTI1 11 3<l><l>eK

TI1BHOCTI1 SIBJISieTCSI KOH'IpOJib Ja JaJJ:aHHbiM TeXHOJIOrl1qeCKI1M pe)!(H

MOM. 0CHOBHbiM11 rrapaMe'IpaMI1 peryJII1pOBaHHSI, 11CITOJibJyeMbiM11 MSI 

ITOC'IpOeHHSI CI1CTeM aBTOMaTI1qeCKOfO yrrpaBJieHI1SI ITpOQeCCOM, SIB

JISIIOTCSI KOHQeH'IpaQI1SI KI1CJIOpOJJ:a B raJOBOH 11JII1 )K11JJ:KOH <t>aJaX, 

JJ:aBJieHI1e raJa, KOHQeH'IpaQI1SI BJpbiBOOITaCHbiX raJOB 11 COJJ:ep)!(aHI1e 

aKTI1BHOro 11Jia. 
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KoHmpOilbHble eonpocbl 

l. llepeqHCJIHTe THITOBbie rrpoueccbr, Jie)!(amHe B ocuoBe rrepepa6oTKH 

OTXOAOB. 
2. KaKHe cymecTBYIOT crroco6br H3MeJibqemrn oTXOAOB? PaccKa)!(HTe 

06 OCHOBHbiX THITax ripOMbiiiVIeHHbiX H3MeJibqHTeJieH. 
3. KaKHe Cylll,eCTBYIOT CXeMbi AP06JieHH~ H H3MeJibqeu~ OTXOAOB? 
4. KaKHe c~eCTByiOT crroco6br copTHpoBKH OTXOAOB c HcrroJib3oBa

HHeM rpaBHTaQHOHHbiX CHJI? 
5. PaccKa)!(l.fre o MeTOAax arperHposau~ rropolllKoo6pa3HbiX, rracroo6-

pa3HbiX 11 APYrHx oTXOAOB. 
6. KaKHe MeTOAbi o6orameu~ rrpHMe~IOT rrpH nepepa6oTKe oTXOAOB? 
7. PaccKa)!(HTe o6 oco6euuocT~ rpaB11TaQHOHHbiX, MarHHTHbiX 11 3JieK

Tpl.f'IeCKHX MeTOAOB. 
8. KaKHe fH.ll:POAHHaMWieCKHe rrpou;eCCbl HCfiOJib3YIOT npH rrepepa6oT

Ke OTXOAOB? 
9. KaKHe rpaBHTau;HoHHbie MeTOAhi HcrroJib3YIOT rrpH rrepepa6oTKe 

OTXOAOB? 
10. B qeM oTJII.fql.fe rpaBHTau;HoHHbiX MeTOAOB pa3AeJieHH~ oT uenT-

po6e)!(Hbix? KaKoBo ycTpotiCTBO fH.ll:POUHKJioua? 
II. liTo TaKoe <t>noTau;HoHHbie MeTOAbi cerrapau;HH oTXOAoB? 
12. lim TaKoe uenTpo6e)KHM cerrapau;H51? 
13. lim TaKoe <l>HJibTpau;H~? KaKHe BH.ll:bi o6opyAoBamm rrpHMeH~IOT 

M51 <l>HJibTpaQHH? 
14. KaKyiO poJib HrpaiOT Terrnoo6MeHHbie rrpou;eccbr rrpH rrepepa6oTKe 

OTXOAOB? 
15. liTo TaKoe cop6u;HoHHbie MeTOAbi oql.fcTKH cToqHbiX BoA? KaK 
ocymecTBJI~eTc~ aAcop6u;H~ rrapoB neTyqHx pacTBopHTeneti? 
OrrHIIIHTe cxeMy pa6oTbi aJJ:cop6epoB. 

16. KaKHe BaM H3BecTHbi rrpHpOAHbie H cHHTeTWiecKHe cop6eHTbi? B 
'-leM cocTo51T rrpeHMymecTBa cHHTeTH'-lecKHX cop6euToB? KaK 
ocymecTBJI~eTc~ pereuepau;H~ aJJ:cop6euToB? 

(7. llpHBeAHTe ripHMepbi HCfiOJib30BaHH~ 3KCTparHpOBaHH~, paCTBO
peHH~ H KpHCTaJIJIH3aQHH rrpH cerrapau;HH OTXOAOB. 

18. KaKHe HcrroJib3YIOTC~ XHMHqecKHe 11 <l>HJHKo-XHMHqecKHe MeTOAbi 
npH oql.fCTKe CTOqHbiX BOA? 

19. KaKHe XHMI.fqecKHe rrpou;eCCbi ripOHCXO.ll:51T rrpH C)!(HfaHHH OTXOAOB? 
20. liTo TaKoe 6HoXHMHqecKHe MeTOAbi rrepepa6oTKH OTXOAOB? KaK 

ocylll,eCTBJI~eTC~ 6HOXHMI.fqecKM oql.fCTKa CTOqHbiX BOA C HCfiOJib-
30BaHHeM a3pOTeHKOB H OKCHTeHKOB? 
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FJIABA 5 
TEPMJP/ECKHE CHOCOEhl HEPEPADOTKH OTXOJ(OB 

O.n:HHMH H3 Haw6oJiee rrmpoKo pacrrpocTpaHeHHbiX crroco6on 

B03.lJ:eHCTBH$1 Ha OTXO.ll:bl $1BJI$1IOTC$1 TepMHqecKHe, IIpH KOTOpbiX B 

3aBHCHMOCTH OT YCJIOBHH rrpose.n:eHH$1 rrpouecca IIpOHCXO.lJ:$1T OKHC

JieHHe, pa3JIO)!(eHHe H BOCCTaHOBJieHHe XHMHqecKHX COe.lJ:HHeHHH, 

COCTaBJI$1IOIUHX OTXO.lJ:bl. QqeHb qacTO BCe 3TH rrpoueccbl IIpH Ha

rpeBaHHH OTXO.lJ:OB IIpOHCXO.ll:$1T O.lJ:HOBpeMeHHO. fJiaBHOH ueJiblO TaKOM 

o6pa60TKH $1BJI$1eTC$1 o6e3Bpe)!(HBaHHe OTXO.lJ:OB H yMeHbllleHHe HX 

o6'beMOB, HO HapMy C 3THM PM crroco6oB TepMHqecKoro B03.ll:eHCTBH51 

II03BOJUieT IIO.JiyqaTb 113 OTXO.ll:OB ueHHble TOBapHble rrpo.n:yKTbl. 

K TepMHqeCKHM MeTo.n:aM OTHOC$1T )!(H.lJ:KO<l>a3HOe OKHCJieHHe, 

reTeporeHHbiH KaTaJIH3, ra3H<l>HKaUHlO H IIHpOJIH3 OTXO.lJ:OB, IIJia3-

MeHHbiH H orHeBOH MeTO.lJ:bl. 

5.1. EecMGMeHHbLe mepMu!lecKue cnoco6bL 
ymUAu3au,uu omxoiJoB 

Memoa :HCuaKopa3Hozo OKUc!leHUR ("MoKpoe" C)!(HraHwe) wc

rroJib3YJOT .ll:JUI o6e3Bpe)!(HBaHH$1 )!(H.lJ:KHX OTXO.lJ:OB H OCa,rr,KOB CTQqHb!X 

BO.lJ:. CYTb MeTo.n:a COCTOHT B OKHCJieHHH KHCJIOpO.lJ:OM B03.lJ:yXa op

raHHqeCKHX H 3JieMeHTOOpraHHqecKHX IIpHMeCeH CTQqHQH BO.lJ:bl IIpH 

TeMrrepaTYPe 150-350 "C 11 .n:aBJieHHH 2-28 Mila. 

3<P<l>eKTHBHOCTb MeTo.n:a oueHHBaeTC$1 rJiy6HHOH OKHCJieHH51 

opraHHqecKOH qacTH oca,rr,Ka. 3Ta BeJIHqHHa 3aBHCHT B OCHOBHOM OT 

TeMrrepaTYpbi o6pa6oTKH. 0KHCJieHHe oca,n:Ka corrposo)!(.lJ:aeTC$1 Bhme

JieHHeM TeiiJia. ilpH BJia)!(HOCTH OKOJIO 96 % 3T0f0 TeiiJia .lJ:OCTaToqHo 

.LI.JI$1 rro.n:.n:ep)!(aHH$1 TeMrrepaTYpHoro pe)!(HMa, a 3Hepm$1 3aTpaqwsaeTC51 

B OCHOBHOM Ha IIO.lJ:aqy C)!(aToro B03.lJ:yxa. J1HTeHCHBHOe OKHCJieHHe 

opraHHqeCKOro BeiUeCTBa oca,rr,Ka KHCJIOpO.lJ:OM B03.ll:yxa IIpOHCXO.lJ:HT B 

TeqeHHe 30-40 MHH. 
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TexuonorHqecKa~ cxeMa rrpouecca )!(H,ll;Ko<t>aJuoro oKHCJieHH~ 
npe,n:cTaBJieua ua p11c. 5.1. CMeCb oca,n:Ka rrepBHqHbiX oTCToti:HHKoB 11 
H36biTOquoro aKTHBHOfO HJia IIOCTyrraeT ITO Tpy6e 1 B IIpHeMHbiH 
peJepByap 2, r,n:e rrpe,n:BapHTeJibHO uarpeBaeTc~ ,n:o 40-50 ·c. HarpeTbiH 
oca,n:oK IIHTaTeJibHbiM uacocoM 3 rro,n:aeTC~ B uacoc BbiCoKoro ,n:aBJieH~ 
4, KOTOpbiH rrepeKaqHBaeT ero qepe3 IIOCJie,n:oBaTeJibHO ycTaHoBJieHHbie 
reiiJioo6MeHHHKH 511 6 B peaKTop 7. B uarropHbiH Tpy6orrpoBo,n: uacoca 
IIO,n:aeTC~ C)!(aTbiH BOJ,n:yx OT KOMIIpeccopa 10. Ha BXO,n:e B peaKTOp 
TeMrrepa'fYPa rrapoB03.lJYIIIHOH CMeCH COCTa~eT OKOJIO 240 "C. 

PHc. 5.1. TeXHoJiorwiecKasi cxeMa npouecca )!Qi.lli<O<Pa3uoro oKHCJieHIDI: 
/ - no.uaqa HCXO.llHOfO OCa,llKa; 2- npHeMHbiH pe3epsyap; 3- IIHTaTeJibHbiH 
liacoc; 4- uacoc BbiCoKoro .UaBJieHH~; 5, 6- reiiJioo6MennHKH; 7- peaKTop; 

8- cenapaTop; 9- ryp6Hua; 10- KoMnpeccop 

,li,Jui omCJie~ ua 50% ueo6xo.D:HMa reMIIepazypa- 200 ·c, ua 70% 
H 6oJiee - OKOJIO 250-300 "C . .[(Be TpeTH ,n:eti:CTBYIOJUHX ycTaHOBOK 
pa6oTaiOT rrpH TeMrrepa'fYPe 300 ·c 11 ,n:aBJieHHH 21 Mila, o,n:ua TpeTb -
npH 100-200 ·c 11 ,n:aBJienHH 1,8-2,4 Mila. 

OcuoBuoe rrpeHMymecTBo MeTo,n:a )!(H,ll;Ko<t>aJuoro oKHCJieuH~ 
COCTOHT B He60JibiUHX JaTpaTaX :omeprHH Ha rrpouecc, TaK KaK CTO'IHM 
no.ua rro,n:BepraeTC~ JIHIUb HeJHa'IHTeJibHOMY HcrrapeHHIO. O,n:uaKo y 3TOro 
Cl10Co6a eCTb H cepbe3Hble He,n:OCTaTKH - BbiCOKM CTOHMOCTb H CHJibHM 
Koppo3H~ o6opy,n:oBanH~, o6pa3oBaHHe naKHIIH ua rroBepxuoCTH 
TeiiJI006MeHHHKOB, HeiiOJIHOe OKHCJieHHe OTXOJJ:OB H ,n:p. J.f3-3a 3THX 
ne,n:ocTaTKoB crroco6 )KH,ll;Kocj:>a:moro OKHCJieu~ rrpHMemeTc~ BeCbMa 
orpauHqeuuo. 

Memoa zemepozeHHozo Kama.JlU3a rrpHMe~IOT ~ o6e3Bpe)!(HBaH~ 
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f3.3006pa3HbiX H )l(lf):(KHX OTXO.D:OB C HH3KOH KOHUeHTpauHeH rop10q11x 

IIpHMeCeH, KOr,n:a rrpHMeHeHHe ,n:pyrHX MeTO.D:OB CBSI3aHO C 60Jibllli1M 

pacxo,n:oM TOIIJIHBa. Tipouecc OKHCJieHHSI Ha KaTaJIHJampax ocyr.ueCTBJISIJOT 

rrp11 TeMIIepaType HH)I(e TeMIIepaTypbl CaMOBOCIIJiaMeHeHI1SI ropiOqi1X 

COCTaBJISIIOlUHX OTXO.D:OB. llpouecc rrpoTeKaeT rrp11 TeMrrepaType 200-
300 oC, ~0 3HaqHTeJibHO HH)I(e TeMrrepaTypbl, Tpe6yeMOH MSI IIOJIHOro 

o6e3Bpe)I(HBaHHSI f3.30o6pa3HbiX OTXO.lJ:OB rrpH IIpSIMOM C)I(HfaHHH B rreqax 

(950-11 00 °C). Ha116onee 3<l><l>eKTHBHbiMH KaTaJIH3ampaMH SIBJUIIOTCsJ 

MeTa.JIJibl IIJiaTHHOBOH rpyiiiibl, MeHee 3<l><l>eKTHBHbl KaTaJIH3aTOpbi, 

H3fOTOBJieHHble 113 OKCH.D:OB MeTaJIJIOB (aJIIOMHHHSI, Me,n:H, XpOMa, 

Ko6aJibTa, MapraHua 11 ,n:p.). HcrroJib30BaHI1e IIJiaTI1Hbi, po,n:HSII1 ,n:pyr11x 

MeTaJIJIOB IIJiaTHHOBOH rpyiiiibl II03BOJISieT MaKCHMaJibHO CHH3HTb 

TeMrrepawpy Haqana rrpouecca oKI1cJieHHSI. B TepMoKaTaJIHTHqecKI1X 

peaKTOpaX ycrrelliHO OKHCJISIIOTCSI OKCH.ll: yrnepo,n:a, BO,n:opo,n:, 

yrneBo,n:opo,n:bi, aMMHaK, <t>eHoJibi, aJih,n:erl1,n:hi, KeToHbi 11 ,n:pyr11e 

coe,n:HHeHHSI. TipH 3THX peaKuHSix o6pa3yiOTCSI C02, H 20, N 2• CTerreHh 

OKHCJieHHSI.D:OCTHraeT 99,9 %. L(mi yBeJIHqeHHSI y,n:eJibHOH IIOBepXHOCTH 

KaTaJIH3aTopoB H 3KOHOMHH ,n:oporOCTOSili..I,HX MeTa.JIJIOB IIPHMeHSIIOT 

KepaMwqecKHe rrop11CTbie HOCHTeJIH. Ha pwc. 5.2 rrpe,n:cTaBJieHbi cxeMhJ 

TepMOKaTaJII1THqeCKHX peaKTOpOB. 

CoBpeMeHHbie rrpOMbiiliJieHHbie KaTaJIH3aTopbi rny6oKoro OKHc

JieHI1SI (aJIIOMOOKCH.D:HOMe.D:Hbie, aJilOMOMe,n:HOXpOMOBbie, aJilOMOMe,n:

HOOKCH.D:Hbie) ycmifqHBbl rrpH TeMrrepaTypax .lJ:O 600-800 oC. llpH 6oJiee 

BbiCOKHX TeMIIepaTypax KaTaJII13aTOpbl ,n:eJaKTHBHpYIQTCSII1 MeXaHwqecKH 

pa3pyr.uaiOTCSI. TI03TOMY rrpHMeHeHHe TepMOKaTaJIHTHqeCKOro MeTo,n:a ,UJUI 

o6e3Bpe)I(HBaHHSI ra3oo6pa3HbiX OTXO.lJ:OB C BbiCOKOH KOHUeHTpaul1eH 

ropiOqwx KOMrroHeHTOB Heuenecoo6pa3HO. Pa36aBJieHHe ra3oo6pa3HbiX 

OTXO.D:OB B03.D:YXOM HJIH .lJ:biMOBbiMH ra3aMH C ueJiblO CHH)I(eHHSI 

a,n:wa6aTHqecKoro pa3orpeBa rrpHBO.lJ:HT K yBenwqeHHIO pacxo,n:a 

KaTaJIH3aTopoB 11 APYfHX JaTpaT Ha o6e3BPe)I(HBaHHe. OToo.n: H36brroqHoro 

TerrJia 113 CJIOSI KaTaJIH3aTopa cymeCTBeHHO ycJIO)I(H5feT KOHCTpYKUI1lO 11 

3KCIIJIYaTaUHlO TepMOKaTaJIHTHqeCKHX peaKTOpOB. 

TepMoKaTaJIHTI1qecKHe peaKTOPbi He cne,n:yeT rrpHMeHSITb rrp11 

6oJiblliOM co,n:ep)l(aHHH IIbiJIH H BOMHbiX rrapoB B ra3oo6pa3HbiX OT

Xo,n:ax BBH.D:Y ,n:e3aKTHBaUHH KaTaJIH3aTopoB. KaTaJIHTwqecKoe OKHCJieHHe 

HerrpHMeHHMO TaK)I(e MSI o6e3Bpe)I(HBaHHSI OTXO.D:OB, CO,n:ep)l(ali..I,HX 

BbiCOKOKHIISilUHe HJIH BbiCOKOMOJieKyJISipHbie Coe,n:I1HeHI1SI, BCJie,n:CTBHe 

HeiiOJIHOfO HX OKHCJieHHSI H 3a6HBaHHSI. IIOBepXHOCTH KaTaJIH3aTopa. 

MHorHe XHMHqecKHe 3JieMeHTbi (P, Pb, As, Hg, s, ranoreHbi 11 HX 
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PHc. 5.2. CxeMbi TepMoKaTaJIHTH"!ecKHX peaKTOpos: 

a - 6e3 TenJioOOMeHHHKa (J!,Jui OOe3Bpe:>KHBa.HIDI BeHTHJUillHOHHbiX Bbl6pocos): 

6- C peKYTiepaTHBHbiM TenJioOOMeHHHKOM (J!,Jui OOeJBpe:>KHBa.HIDI HHepTHbiX ra.JOB); 
6 - C pereHepaTHBHbiM TenJI006MeHHHKOM); ] - CJIOH KaTaJIH3aTopa; 2-
ropeJIO"'HOe yC'rpoiicTBo; J - peicyiiepaTHBHbiH TenJI006MeHHHK; 4 - CJIOH 

1rnepnmro MarepHana; 5- nepeKH,ZI;Hoii KJianaH; T- ronJIHBO; B - BOOLJ.YX 

coe)J;I-IHeHIDI H .lJ:p.) .lJ:CDKe B O"!eHb Ma.TibiX KOHUeHTpaUIDIX MOryi' Bbl3biBaTb 

OTpaBJieHHe KaTaJIH3aTOpOB, ll03TOM)' KaTaJIHTH'!eCKOe OKHcJieHHe HeJib3SI 

l1pHMeHSITb npH o6e3Bpe)!(HBaHHH ra3oo6pa3HbiX OTXO.lJ:OB, B KOTOpbiX 

OHH co.n:ep)!(aTCSI. 

Pa3HOBH.D:HOCThiD TepMoKaTaJIHTH"'eCKoro OKHCJieHHSI SIBJISieTcSI 

napo<f>a3HOe KaTaJIHTH"!eCKOe OKHCJieHHe, KOTOpOe COCTOHT H3 .D:Byx 

npoueccos: nepeso.n:a opraHH"'eCKHX oTXo.n:os, co.n:ep)!(aiUHXCSI B CTO"'HOH 

OO.D:e, B napora30B)'IO <f>aJY H fiOCJie.ll:)'IOIUero KaTa.TIHTH'IeCKOro OKHCJieHIDI 

H:X B KaTaJIHTH"!eCKOM peaKTope. ):LJ:rn nepeBo.n:a JieTy"!HX opraHH"!eCKHX 

BemecTB, co.n:ep)!(aiUHXCSI B CTO"'HOH so.n:e, B napora3oByiD ¢>a3y 

npHMeHSIIDT BhmapHhie annapaThi, cKpy66ephr-HcnapHTeJIH, pa6oTaiDIUHe 

Ha no.n:orpeToM B03.n:yxe HJIH Tono"!Hhix ra3ax. MeTo.n: napo<f>a3Horo 

KaTaJIHTH"!eCKOfO OKHCJieHHSI xapaKTepH3yeTCSI BhiCOKOH llOJIHOTOH 

OKHCJieHHSI JieTy"'HX opraHH"!eCKHX OTXO.lJ:OB (99,8 %) H 60JihlliOH 

IIPOH3BO.D:HTeJihHOCThiD o6opy.n:oBaHIDI. 

MemoiJ Za3ufj:Jwcaquu npHMeHSieTCSI .D:JIS1 nepepa6oTKH oTxo.n:os c 

IIOJiy"!eHHeM ropiD"'ero ra3a, CMOJihl H IIIJiaKa. faJH<f>HKaUHSI SIBJISieTCSI 

TepMOXHMWieCKHM BhiCOKOTeMTiepaTYPHhiM npoueCCOM B3aHMO.lJ:eHCTBIDI 

opraHH"!eCKOH MaCChi C ra3H<f>HUHPYIDIUHMH areHTaMH, B pe3yJihTaTe 

•rero opraHWiecKHe rrpo.lJ:YKTbi npespamaiDTcSI B ropiD"!He raJhi. B Ka"!ecrne 
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ra3H<f>HUHpYJOIIJ;HX areHTOB MOryT 6biTb HCIIOJib30BaHbl B03)zyX, KHCJIOpo.U, 

BO,USIHOH rrap, ,UHOKCH.ll: yrnepo,n;a H HX CMeCH. 

fa3H<f>HKaQIDI ocymeCTBJISieTCSI B MeXaHH3HpoBaHHbiX rnaXTHbiX 

ra3oreHepaTopax c rrpHMeHeHHeM Bo3,UyrnHoro, rrapoBo3.n;yrnHoro 11 

rrapOKHCJIOpO,UHOfO .UYTbSI. llo cpaBHeHHIO C C)!(HfaHHeM MeTOJI 

ra3H<f>HKaQHH OTXO,UOB HMeeT CJie,UYJOIQHe rrpeHMymeCTBa: 

• rro.rryqaeMbie ropiOqwe ra3bi MOJYI' 6biTb wcrroJib3oBaHbi B Kaqecr

Be TOIIJIHBa; 

t IIOJiyqaeMaSI CMOJia MO)!(eT 6biTb HCIIOJib30BaHa KaK TOIIJIHBO 

HJIH XHM»:qecKoe Cblpbe; 

t yMeHblliaiOTCSI Bbi6poCbl 30Jlbl H cepHHCTbiX COe,UHHeHHH B 

aTMoc<f>epy. 

llpH ra3H<f>HKaQHH C HCIIOJib30BaHHeM B03.UYWHOfO H rrapo

B03,UYWHOro .UYTbSI IIOJiyqaiOT reHepaTOpHbiH ra3 C HH3KOH TeiiJIOTOti 

cropaHHSI 3,5-6 M,ll;)!(/M3• TaKoi.f: ra3 Herrpwro,n;eH ,n;JISI TpaHcrrop

THpoBKH H MO)!(eT 6biTb HCIIOJib30BaH TOJibKO Ha MeCTe IIpOH3BO,UCTBa. 

llpH rrapoKHCJIOpO,UHOH ra3H<f>HKaQHH IIOJiyqaiOT ra3 C TeiiJIOTOti 

cropaHHSI .uo 16 M,ll;)!(/M 3• Ero MO)!(HO TpaHcrropTHpoBaTb Ha 

3HaqHTeJibHbie paCCTOSIHIDI. 

Tipouecc ra3H<f>HKau;HH rrpwro.n;eH MSI rrepepa6oTKH .upo6JieHbiX 

CbiiiyqHX ra30IIpOHHQaeMbiX OTXO,UOB. llaCT006pa3Hbie KpyrrHora-

6apHTHbie OTXO,Ubl He MOJYf rrepepa6aTbiBaTbCSI 3THM CIIOC060M. 

IlupOIZU3 Omx0006 (HJIH cyxaSI rreperOHKa) 3aKJIIOqaeTCSI B TepMH

qeCKOM pa3Jio)!(eHHH oTxo,n;oB 6e3 .uocTYIIa B03,Uyxa. B pe3yJihTaTe rrwpo

JIH3a o6pa3yiOTCSI IIHpOJIH3HbiH ra3 C BbiCOKOH TeiiJIOTOH cropaHHSI, 

)!(H,ll;KHe IIPO.UYKTbl H TBep,UbiH ymepO,UHCTbiH OCTaTOK. 

llpH IIHpOJIH3e opraHHqeCKOfO BeiQeCTBa IIpOHCXO,UHT He TOJibKO 

ero pacrra,U, HO H CHHTe3 HOBbiX rrpo,n;yKTOB. 3TH CTa,UHH rrpou;ecca 

B3aHMOCBSI3aHbl H rrpoTeKaiOT O,UHOBpeMeHHO C TeM JIHWb pa3JIHqHeM, 

qTo Ka)!(,n;aSI 113 HHX rrpeo6na.uaeT B orrpe.ueneHHOM HHTepBaJie 

TeMrrepazyp. 06myiO CXeMY IIHpOJIH3a MO)!(HO rrpe,UCTaBHTb CJie,UYJOIQHM 

o6pll3oM: 

TB. OTXO,Ubl + Q _... TB. OCTaTOK + )i(H.ll:K. rrpo,n;yKTbl + ra3bl + Ql' 

r,n;e Q H Q1 - ,UOIIOJIHHTeJibHOe H BTOpHqHoe TeiiJIO. 

TIHpOJIH30M rrepepa6aTbiBaiOTCSI TBep,Ubie OTXO,Ubl, B TOM qHCJie 

OTXO.Ubi IIJiaCTMacc, pe3HHbi 11 .up. HarpYJKa Ha oKp~aiOIUYIO cpe.uy rrpH 

IIHpOJIH3e MeHbllie, qeM IIpH C)!(HraHHH OTXO,UOB. 
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B ocHcmy KJiaccH<}>HKal.(HH rmpoJIHJHhiX ycTaHOBOK rroJioxeHa 

TeMrrepaTypa rrpol.(ecca, TaK KaK oHa orrpe.nem1eT KOJIHlfeCTBO 11 

KaqecTBo o6paJyiOII.(HXCH rrpo.nyKTOB. B JaBHCHMOCTH oT TeMrrepaTYphr 

pa31IHlfaiOT TpH BH.LI:a IIHpOJIHJa: 

. HHJKOTeMnepaTYPHhiH IIHpOJIHJ, HJIH IIOJIYKOKCOBaHHe. IJpol.(eCC 

llpOBO.Jl:HT IlpH 450-550 oC C o6paJOBaHI1eM MaKCI1MaJibHbiX 

KOJIHlfeCTB XH.Jl:KOrO IIpO.LI:YKTa H TBep,noro OCTaTKa (IIOJIYKOKCa) 

H MHHHMaJibHbiM BbiXO.LI:OM IIHpOJII1JHOro raJa. faJ, o6paJyiOII.(I1HCH 

npH HHJKOTeMnepaTypHOM IIHpOJIHJe, o6Jia,naeT MaKCI1MaJibHOH 

TeiiJIOTOH cropaHHH; 

cpe,nHeTeMnepaTYPHhiH III1pOJIHJ, I1JII1 cpe,nHeTeMnepaTYPHOe KOK

COBaHHe. IJpol.(eCC IlpOBOMT IIpH TeMrrepaTYPe ,no 800 oc_ I1pi1 3TI1X 

yCJIOBI1HX yBeJII1'-II1BaeTCH BbiXO.LI: raJa, HO CHHXaeTCH ero TeiiJIOTa 

cropaHHH, O.LI:HOBpeMeHHO CHHXaeTCH BbiXO.Jl: )I(I1.Jl:KOrO I1 TBep,noro 

IIPO.LI:YKTOB; 

BbiCOKOTeMIIepaTypHbiH III1pOJII1J, I1JII1 KOKCOBaHHe. IJpol.(eCC 

llpOBO.Jl:HT Ilpl1 900-1050 °C. I1pl1 3TOH TeMnepaType BbiXO.LI: 

lKI1.LI:KOrO I1 TBep,noro npo,nyKTa MI1HI1MaJieH, a BbiXO.LI: III1pOJII1JHOrO 

raJa MaKCHMaJieH, HO TaKOH raJ HMeeT caMyiO HI1JKYIO Te IIJIOTY 

cropaHHH. 

IJpHMepoM HI1JKOTeMIIepaTypHoro III1pOJII1Ja MOXeT CJIYXI1Tb 

paJpa60TaHHbiH <}>HpMOH "MoHCaHTo" (CiliA) MeTO.Jl: TepMHlfeCKOH 

o6pa6oTKI1 Mycopa "JlaHJJ:rap.n" (pHc. 5.3). MeTo,n ocymecTBJIHeTcH 

110 Bpall.(aiOII.(eHCH ne'-IH Ilpi1 HeJJ:OCTaTO'-IHOM .Jl:OCTYfie KI1CJIOpo,na. 

0Txo.n&r HJ 6yHKepa 1 no .LI:BYM BI16poxeJio6aM HarrpaBJIHIOTCH B 

Hp06I1JIKY 2, a JaTeM - B 6yHKep MH ,npo6JieHbiX OTXO.Jl:OB J, OTKY.LI:a 

HX HenpepbiBHO rro,naiOT BO Bpall.(aiOII.(YIOCH nelfb 4. I1elfb I1JHyTpi1 

- TBEPJlLIE MA TEPiiA.Jibl 

=rAl 
= BO,II,A 

PHc. 5.3. TexHonorHlfecKrui cxeMa "JlaH.urapT" 

" 
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<f>yrepoBaHa orHeCTOHK11M MaTep11a.JIOM 11 ycTaHOBJieHa C He6oJiblliHM 

HaKJIOHOM, 6JiafO.LJ:apH qeMy 113MeJI&qeHHbie OTXO.LJ:bl B Heif JierKO 

nepeMell.l,aiOTCH, np11 3TOM qacTb ropiOqwx cocTaBJIHIOll.I,HX cropaeT. 

OTXO.LJ:hi, no,lLIIe)l(all.l,l1e n11pOJII13Y, .LJ:BI1)1()'TCH npoTI1BOTOKOM no 

OTHOllleH11IO K o6orpeBaiOll.I,I1M ra3aM. IJpouecc 3H.LJ:OTepM11qeH, 11 .LJ:]I}I 

ero ocymeCTBJieHHH IIO.LJ:BO.LJ:I1TCH .LJ:OnOJIH11TeJibHOe TOIIJII1BO. 

0cTaTOK TBep.LJ:b~ OTXO.LJ:OB nocJie n11pOJII13a IIOna.LJ:aeT B Haxo

.LJ:Hll.J,YIOCH B KOHUe neq11 lliJiaKOBYIO BaHHy 5, ni1TaeMyiO BO.LJ:OH, 

IIOCTYfiaiOll.l,eH 113 CKpy66epa 9, CJI~amero .LJ:J1H oqi1CTKH OTXO.LJ:Hll.J,HX 

ra3oB. lllnaK HanpaBJIHeTCH Ha MarH11THbiH cenapaTop 6. Ocso-

6o)I(.LJ:eHHhiH OT )l(eJie3a OCTaTOK IIpe.LJ:CTaBJIHeT co6oif CTeKJIOCO

.LJ:ep)l(all.l,ee TeMHoe semecTBo. I111pOJI113HhiH ra3 noJIHOCThiO cropaer 

B KaMepe C orHeynopHOH <f>yrepOBKOH 7, B KOTOpyiO no.LJ:aeTCH B03.LJ:yx. 

Tenno 11CnoJI&3yeTCH .LJ:JIH npo113BO.LJ:CTBa napa c noMOll.l,hiO napo

reHepampa 8. 0TXOMll.I,11H ra3, IIpoifM CKpy66ep, C noMOll.l,blO .LJ:bi

MOCOCa 10 qepe3 .LJ:biMOBYIQ Tpy6y 11 Bhi6paCbiBaeTCH B aTMoc<f>epy. 

Bo.LJ:a, 11CnOJih3yeMaH B CKpy66epe 11 lliJiaKOBOH BaHHe, oq11ll.l,aeTCH Ha 

ycTaHOBKe J2. 
YcTaHoBKa npo113BO.LJ:I1TeJI&HoCThiO 35 Tjcyr, pa6oTaiOll.l,aH no 3Toi1 

TexHoJiori1H, nocTpoeHa B EarrTI1Mope (CiliA). 
B&ICoKoTeMrrepazypHbiH n11pon113 11MeeT PM rrpe11MymecTB. B 

qacTHOCTI1, OH II03BOAAeT 6onee 11HTeHC11BHO H my6oKO npeo6pa3oBaTb 

HCXO.LJ:HbiH IIpO.LJ:YKT, TaK KaK np11 yBeJII1qeH1111 TeMnepaTypbl CKOpOCTb 

peaKU1111 B03pacTaeT 6biCTpee, qeM paCT}'T TeiiJionoTep11, npoHCXO.LJ:I1T 

6onee noJIHOe Bbi.LJ:eJieH11e Jie~HX npO.LJ:YKTOB, a KOJII1qecTBO TBep.LJ:OfO 

OCTaTKa COKpall.l,aeTCH. 

Ba)I(Heifrneif qacTbiO n11pOJII1TI1qecKoif ycTaHoBKI1 HBJIHeTCH 

peaKTOp, O.LJ:I1H 113 TI1IIOB KOToporo HaiiOM11HaeT lllaXTHYIO neqb (p11C. 

5.4). BbiCOTa TaKOfO peaKTopa COCTaBJIHeT 15M, BHyTpeHH11H .LJ:I1aMeTp 

3 M. PeaKTOp cnoco6eH nepepa6oTaTb B TeqeHI1e C}'TOK 300 T OTXO.LJ:OB. 

OTXO.LJ:hl nepi10.LJ:I1qecKI1 3arp~aiOTCH B sepxHIOIO qacTb peaKTopa H 

IIO.LJ: C06CTBeHHbiM BeCOM npOXOMT BH113 qepe3 Tpl1 30Hbi: CYlliK11, 

n11poJI113a, cropaHHH 11 IIJiaBJieH11H. fop10q11e ra3bi 113 30Hhi cropaH11H 

npoXOMT BBepx CKB03b CJIOH OTXO.LJ:OB 11 OT.LJ:aiOT TeiiJIO B 30Hax CYlllKkl H 

n11poJI113a. B 3oHe cylliK11 npo11CXO.LJ:HT 11cnapeH11e snar11, co

.LJ:ep)l(ameifcH B OTXO.LJ:aX. I1oczynaiOll.l,l1e CBepxy OTXO.LJ:bl npeiiHTCTBYIOT 

nO.LJ:COCY B03.LJ:yxa qepe3 3arpy3oqHoe OTBepCTI1e. I1o.LJ: 30HOH CYlllKH 

paCIIOJIO)I(eHa 30Ha n11pOJII13a, f.LJ:e BbiCyllleHHbie OTXO.LJ:bl 6e3 .LJ:OCzyna 

B03.LJ:yxa pa3JiaraiOTCH c o6pa3oBaH11eM ropiOqero ra3a, yrnepo.LJ:a H 
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l1HepTHoro MaTepwaJia. fopiOqwe ra3hi 

IIO.UHHMaiOTCH BBepX H IIOIIa,UaiOT B 

KOJibUeo6pa3HhlH KaHaJI, OTKy.ua OHH 

BMecre C rrapoM (o6pa30BaBIIlliMCH B 30He 

CyuiKH) OTCaCbiBaiOTCH BeHTHJIHTOpOM. 

OcHoBHhiMH KoMrroHeHTaMH rrw

poJIH3Horo ra3a HBJIHIOTCH so.uopo.u, 

oKCHLJ: yrnepo.ua, MeTaH. TerrJioTa cro

paHHH 3TOH CMeCH B 3aBHCHMOCTH OT 

COCTaBa OTXO,UOB H opraHH3aUHH rrpo

I.(ecca cocraBJIHeT 6680-10450 i<,[()l(jM3• 

4acTh 3Heprww rronyqaeMoro ra3a 

11CIIOJih3yeTCH .UJIH rro.uorpesa Bo3.uyxa, 

no.uasaeMoro B 30HY cropaHHH peaKTopa. 

OcTaJihHaH 3HeprHH rrepe.uaeTCH 5 

PHc. 5.4. Peaicrop BhiCOKOTeMnepa"fYpHoro 
IIHpOJIH3a: 

I - JarpyJKa OTXo.uoa; 2 - KOJibUeo6-
pa3HbiH KaHan; J - y.uaneHHe H OXJIIDK
)leHHe umaKa; 4 - JoHa c:lKHraHHJI 11 nnaB
JieHHJI; 5- no.uaqa ropJiqero am.uyxa B JOHY 
ropeHHJI; 6- 30Ha nHpOJIHJa; 7- JoHa 

CyniKH; 8- OTXO,Ubl 

IIOTpe6wTeJIIO B BH,Ue ra3006pa3HOro TOIIJIHBa HJIH B BH,Ue TeiiJIO

HOCHTeJieif. 

I1wpoJIH3HhiH ra3 HMeeT rrpewMyruecTso rrepe.u rrpwpo.uHhiM, TaK 

KaK He co.uep:XGiT coe.uwHeHHH cepbl H a3oTa. 0.uHaKO B CBH3H C HH3KOH 

TeiiJIOTBOpHOH CIIOC06HOCThlO, Tpy,UHOCTHMH aKKYMYAAUHH H xpaHeHHH 

I!HpOJIH3HOfO ra3a OH He MO)I(eT co6wpaTbCH H TpaHCIIOpTHpOBaTbCH 

Ha 3HaqwTeJibHOe paCCTOHHHe, BCJie,UCTBHe qero I10Tpe6HTeJih ra3a 

,UOJI)I(eH HaXO,UHThCH He ,UaJiee 3 KM OT I1HpOJIH3HOH ycTaHOBKH. 

KoKc, rronyqaeMhiH rrpw rrwpoJIH3e oTxo.uos, MO.)I(HO HCIIOJih30BaTh 

B pa3JIHqHhiX ueJIHX, B 3aBHCHMOCTH OT ero COCTaBa H <f>H3HqeCKHX 

CBOHCTB. I1pH I1HpOJIH3e TBep,UblX OTXO,UOB He<f>Terrepepa6aTbiBaiOll.I,HX 

llpOH3BO,UCTB KOKC C 30JibHOCTblO ,UO 50 % IIOCJie He60JihlllOH ,UO

IIOJIHHTeJibHOH o6pa60TKH MO)I(eT 6biTh IIpHMeHeH B KaqecTBe 

3aMeHHTeJIH IIpHpO,UHhiX H CHHTeTwqeCKHX yrJiepo.uco.uep)l(all.I,HX 

MarepwaJioB. KoKCOBhiH oCTaTOK, o6pa30BaBlllHHCH rrpw rrwpoJIH3e oca,UKOB 
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CTOlfHhiX BO.U, MO)l(HO I1CIIOJib30BaTb B KalfeCTBe cop6eHTa Ha CTaHUHll~ 

BO,UOI10,UfOTOBKI1 I1 Olfl1CTKI1 CTOlfHhiX BO,U. I1pl1 III1pOJII13e I13HOilleHHiol~ 

aBTOM06I1JlbHhiX IIOKpbillleK IIOJiytiaiOT ra30BYJO CaJKy, I1CIIOJih3yeMyK1 II 

I1pOI13BO,UCTBe pe3I1HOBbiX TeXHI1lfeCKI1X I13,UeJIHH, IIJiaCTMacc, 1'11 

rrorpa<l>cKHx KpacoK, rrHrMeHTOB. Bo3MO)l(Hhi I1 .upyrHe HarrpaBJieHI111 

HcrroJib3oBaHHH TBep.uoro yrJiepo.uHcToro ocTaTKa. 

I1HpOJII13 OTXO,UOB MO)l(HO OCYllleCTBJIHTb B peaKTopax C BHelliHI1M U 

BHYTPeHHHM o6orpesoM. BHelliHHH o6orpes rrpHMeHHJOT B peaKTopax 11 

BI1,Ue BepTI1KaJibHhiX peTOpT I1JII1 BO BpalllaJOlliHXCH 6apa6aHHhiX peaKTOpaX. 
B 3TI1X arrrrapaTax rrHpoJII13Hhre ra3hi He rro.usepraJOTCH KaKoMy-JIH6o 

pa36aBJieHI110 ra30BhiMI1 TeiiJIOHOCI1TeAAMI1, I103TOMY xapaKTepi13YIOTCII 

BhiCOKoti TeiiJiorotl: cropaHHH. KpoMe Taro, ra3, rronyqaeMhiH B peaKTopax 

C BHelliHI1M o6orpeBOM, CO,Uep)l(I1T MI1HI1MaJihHOe KOJIHlfeCTBO Ilb1JII1, 

TaK KaK He rrepeMelliHBaeTCH C ra30BhiM TeiiJIOHOCHTeJieM, o6bilfHO 

rrporrycKaeMbiM lfepe3 CJIOH OTXO,UOB, CO,Uep)l(allll1X MeJIKO,UI1CIIepcHbll' 

lfaCTI1Uhl. 

B peaKTopax c BHYTPeHHHM o6orpesoM (sepTHKaJihHhre lllaxTHhie, l' 

IICeB,UOO)l(H)l(eHHhiM CJIOeM, BpamaJOlliHeCSI 6apa6aHHbie) B KalfeCTBl' 

TeiiJIOHOCHTeJIH I1CI10Jlh3YIOT ra3bl, HarpeTbie ,UO 600-900 "C I1 XI1MI1-

lfeCKI1 He pearHpYIOlliHe C OTXO,UaMH (I1HepTHbie I1 rop10lfl1e ra3bl, Hl' 

co.ue{JI)KamHe KHcnopo.ua). Ha116onee ueJiecoo6pa3Ho B KalfecTBl' 

TeiiJIOHOCI1TeAA I1CIIOJib30BaTb peuHpr<yJII1pYJOllii1H III1pOJII13HhiH ra3. I1p11 

3TOM I1CKJIIOlfaeTCH pa36aBJieHI1e IlpOLJ:YKTOB III1pOJII13HOfO ra3a 11 

yxy.ullleHHe ero KalfecTBa. 

B peaKTopax c BHYTPeHHHM o6orpesoM B cBH3I1 c rrpHMeHeHHeM 

ra3006pa3HbiX TeiiJIOHOCHTeJieH IIOBhilllaeTCH 3aiibiJieHHOCTh I1H

pOJII13HOro ra3a. B To )l(e speMH BHYTPeHHHti o6orpes KoHBeKuHeH 

I103BOJISieT cymecTBeHHO I1HTeHcH<I>I1UI1pOBaTb rrpouecc III1pOJII13a 11 

COKpaTHTh ra6api1Thl peaKTOpOB IIO cpaBHeHHIO C ycTaHOBKaMH C 

BHelliHI1M o6orpeBOM. 

5.2. IIAa3MeHHblU cnoco6 ymwzu3au,uu omxoaoe 

I1Jia3MOXI1MI1lfecr<yiO TeXHOJIOrHIO I1CIIOJibJYIOT MH rrepepa6oTK11 

BhiCOKOTOKCI1lfHhiX )l(I1,UKI1X I1 ra3oo6pa3HhiX OTXO,UOB. I1pi1 3TOM 

IlpOI1CXO,UI1T He TOJibKO o6e3Bpe)l(I1BaHHe OIIaCHblX OTXO,UOB, HO 11 

I1pOI13BO,UCTBO UeHHhiX TOBapHblX rrpo,UyKTOB. IJpouecc ocymecTBAAeTCll 

B IIJia3MOTpOHe 3a ClfeT 3Hepri1I1 3JieKTpi1lfeCKOH ,UyrH I1pi1 TeMrrepaTypC 

Bhillle 4000 ·c. I1p11 TaKoti TeMrreparype KHcJiopo.u 11 JIJ06hre oTXO.UhJ 
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pucw:enmriOTCH .LJ:O 3JieKTpoHoB, woHoB w pa.LJ:HKaJios. CTeheHh 

pU:lJIO)I(eHHH TOKCH'.J:HbiX OTXO.LJ:OB .LJ:OCTHraeT 99,9998 %, a B OT.LJ:eJibHhiX 

I"IIY'IaHX 99,99995 %. 
BhlcoKHe JaTpaThi 3Heprww H CJIO)I(HOCTh npo6JieM, CBH3aHHhiX c 

11Jia3MOXHMH'IecKoif TeXHoJiorweif, npe.LJ:onpe.LJ:eAAIOT ee npHMeHeHwe .LJ:JI5I 
IIHKBH.LJ:aUHH TOJibKO TeX OTXO.LJ:OB, orHesoe o6e3Bpe)I(HBaHHe KOTOpbiX 

uc Y.LJ:OBJieTsopHeT 3KOJiorH'IeCKHM Tpe6osaHHHM. 

ITepcneKTHBHo npHMeHeHwe nJia3MeHHoro MeTO.LJ:a .LJ:JIH nepe

pu6oTKH OTXO.LJ:OB B BOCCTaHOBHTeJibHOH cpe.LJ:e C ueJiblO noJiy'leHHH 

I(CHHhiX TosapHhiX npO.LJ:YKTOB. B Haweif cTpaHe, HanpwMep, pa3-

pu6oTaHa TeXHOJIOfHH nHpOJIH3a )I(H.LJ:KHX XJIOpopraHH'IeCKHX OTXO.LJ:OB 

II lfH3KOTeMnepaTypHOH BOCCTaHOBHTeJibHOH nJia3Me, n03BOJI51lOW:a51 

IIOJIYlJaTb aueTHJieH, 3THJieH, XJIOpHCThiH BO.LJ:OPO.LJ: H npO.LJ:YKThi Ha HX 

IICHOBe. 

CxeMa nJia3MeHHoro arperaTa MH nepepa6oTKH )l(lf.LJ:KHX XJIO

popraHH'!ecKHX ·oTXO.LJ:OB npe.LJ:CTaBJieHa Ha pwc. 5.5. llJia3Moo6pa3YIQW:HH 

I 113 (BO.LJ:OPO.LJ:, a30TOBO.LJ:OPO.LJ:Ha51 CMeCb H .LJ:p.) HarpesaeTCH 3Jie

KTpH'IeCKOH .LJ:YfOH B nJia3-

MOTpOHe ] .LJ:O 4000-5000 oC. 

06pa3YIOW:a51C51 HH3KOTeM

IICpaTypHa51 nJiaJMa H3 conJia 

11Jia3MOTpoHa nocTynaeT B 

IIJia3MOXHMH'IeCKHH peaKTOp 2, 
1\y.LJ:a <f>opcyHKaMH BnphiCKH

UIIIOTCH XJIOpopraHH'IeCKHe OT

~O.ll:hl. ITpw CMeumsaHHH oTXo-

PHc. 5.5. CxeMa TIJia3MeHHoro ar-
peraTa: 

I - nnaJMOTpoH; 2 - nnaJMO
~HMH'IeCKHH peaKTop; 3 - 3aKa-
111111HOe ycTpOHCTBO; 4- HCTO'IHHK 

3JieKTpOTII1TaHI151 

nnaJHoo5paJy· 
IO~UU ~OJ 1 

3 

TexHulfe
CKalf 8oiJa '--------'flupOIIUJH61U 

eaJ 

HOB C IIJia3MOH npoHCXO.LJ:HT HX HCnapeHHe, TepMH'IeCKOe pa3JIO)I(eHHe 

(11HpOJIH3) C noJiyqeHHeM OJie<f>HHOBhiX ymeBO.LJ:OpO.LJ:OB, XJIOpHCTOro 

IIOJ~opo.LJ:a H TexHH'IeCKoro ymepo.LJ:a (ca)I(H). ITwpoJIH3HhiH raJ 

IIO~sepraiOT CKOpOCTHOH 3aKaJIKe B 3aKaJIO'IHOM yCTpOHCTBe J, a 3aTeM 
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OXJIIDK,ll;aiOT H oqHil(aiOT OT CIDKH. Qqwll(eHHbiH ra3 HCnOJib3yeTCH npH 

cwHreJe XJiopopraHwqecKHX npo.LJYKToB. I1pou:ecc HBJIHeTcH JaMKJIYTbiM, 

6e3oTXO.JlHbiM H peHTa6eJibHhlM. Ce6ecrowMocTh nonyqaeMbiX npo.JlYKTOII 

HBJIHeTCH cpaBHHTeJibHO HH3KOH 3a cqeT HCnOJib30BaHHH HeyTHJIH-

3HpyeMbiX OTXO)lOB. 

IJpe)lCTaBJIHeT 11HTepec 11CnOJib30BaHI1e nJia3MeHHOH TeXHOJIOrHH 

)lJIH YTI1JI113aU:1111 <l>peoHoB, HBJIHIOIUI1XCH o3oHopa3pyrnaiOil(I1MH 

semecTBaMI1 11 npe,llcTaBJIHIOil(HX cepbe3HYIO onacHoCTb .llJlH 030Hosoro 

CJIOH 3eMJIH. 

,ll.AA IIJia3MOXlfM11qecKoro pa3pyrneHI1H <l>peoHoB u:enecoo6pa3Ho n 
KaqecTse IIJia3Moo6pa3YIQIUero raJa wcnoJib3oBaTb BO)lopo)l. B 3TOM 

CJiyqae B pe3yJibTaTe B3aHMO)leHCTBHH nJia3Mbl C <l>peoHaMH 6y)lyT 

o6pa3oBbiBaTbCH K11CJibre ra3bi HCl 11 HF, a TaiOKe XJiop, <I>Top H 

)li10KCH.ll yrnepo)la. A6cop6u:HIO KHCJibiX raJas Heo6XO)lHMo npoBO)li1Tb 

B CKpy66epe C noJiy'IeH11eM ToBapHbiX npo)lyKTOB - COJIHHOH H 

IIJiaBHKosoif K11cJioT. Y.llaneHI1e ranoreHoB MO)((eT 6biTb ocymecTBJieHo 

c noMOIUbiO menoqw. 

5.3. C:»euzanue omxoaoe 

OrHesoif cnoco6 o6e3spe)((I1BaHHH 11 nepepa6oTK11 oTXO)lOB HB

JIHeTcH Ha116onee yHI1BepcanbHbiM, Ha)le)((HbiM 11 3<P<I>eKT11BHbiM no 

cpasHeHI1IO c .llPYfi1MI1. Bo MHor11x cnyqaHx oH HBJIHeTcH e)lHHCTBeHHo 

B03MO)((HbiM cnoco6oM o6e3Bpe)((11BaHHH npoMbllliJieHHhiX 11 6biTOBhiX 

OTXO)lOB. Cnoco6 np11MeHHeTcH MH yTI1JII13aU:I111 OTXO)lOB B JII06oM 

<I>11311'IeCKOM COCTOHH1111: )((H)lKI1X, TBep)lbiX, ra3oo6pa3HbiX 11 nac

T006pa3HbiX. HapH.llY c C)((l1raHI1eM ropiO'II1X OTXO)lOB orHesyro 

o6pa6oTKY 11CnoJib3YIOT 11 )lJIH yTI1JI113aU:I111 HeropiO'II1X OTXO)lOB. B 

3TOM CJiyqae OTXO)lbl no)lBepraiOT B03)leHCTBI1lO BbiCOKOTeMnepaTypHbiX 

(6onee 1000 "C) npo)lyKTOB cropaHHH TOnJII1Ba. 

CJICucaHueM Ha3biBaeTcH KOHTpOJI11pyeMbiH npou:ecc oKI1cJieHI1H 

TBep)lbiX, )((H)lKHX 11JIH ra3oo6pa3HbiX ropiO'II1X OTXO)lOB. I1p11 ropeHI111 

o6pa3yiOTCH )li10KCI1.Jl yrnepo)la, Bo)la 11 3oJia. Cepa 11 a3oT, co

)lep)((aml1ecH B OTXO)laX, o6pa3yiOT np11 C)((HfaHHH pa3JII1qHbie OKCH)lhl, 

a XJiop soccraHaBJiwsaeTcH )lO HCl. I1oMI1MO ynoMHHyTbiX ra3oo6pa3HbiX 

npo)lyKTOB np11 C)((HfaHI111 OTXO)lOB o6pa3yiOTCH 11 TBep)lbie '!aCTI1U:bl 

- MeTaJIJihl, CTeKJIO, IIIJiaKI1 11 ,llp., KOTOpbie Tpe6yiOT )laJibHeurneu YT11-

JII13aU:I111 HJII1 3axopoHeHI1H. 
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3ToT crroco6 xapaKTep113yeTCH BhiCoKotl: caHI1TapHo-rl1r11e

IIHqecKotl: 3<f><l>eKTI1BHOCThiO. 06JiaCTh rrp11MeHeHI1H omesoro crroco6a 

11 HOMeHKJiazypa OTXO.ll:OB, IIOMe)!(aW:I1X orHeBOMY o6e3Bpe)!(I1BaH11IO, 

IIOCTOHHHO paCUIHpHIOTCH. K HI1M OTHOCHTCH OTXO.ll:hl XJIOpopra

I!HqeCKI1X IIp0113BO.ll:CTB, OCHOBHOfO opraHI1qeCKOfO CI1HTe3a, IIpO

H3BO.ll:CTBa IIJiaCTI1qeCKHX MaCe, pe311Hbl 11 CI1HTeTI1qeCKI1X BOJIOKOH, 

He<f>Terrepepa6aTbiBaiOrn;etl: IIpOMhiillJieHHOCTI1, JieCOXI1MI111, XI1MI1KO

c~apMaUeBT11qecKoti: 11 M11Kp06110JIOfl1qeCKOU IIpOMhiillJieHHOCTI1, 

Mailli1HOCTpOeHI1H, pa.ll:I10TeXHI1qeCKOti: 11 IIp1160pOCTp011TeJibHOU 

npOMbllllJieHHOCTI1, UeJIJIIOJI03H0-6yMa)!(HOfO IIp0113BO.ll:CTBa 11 MHOfi1X 

JJ.pymx OTpaCJieti: IIpOMbiillJieHHOCTI1. 

Crroco6oM C)!(lfraHHH MO)!(HO o6e3Bpe)!(I1BaTh 11 TaKI1e CJIO)!(Hbie 

c TOqKH 3peHI151 yTHJII13aU1111 OTXO.ll:hl, KaK CMeCb opraHI1qeCKI1X 11 

ueopraHwqecKHX rrpoAYKTOB, a TaK)!(e ranoreHopraHwqecKHe oTXOAhl. 

CMeCb opraHI1qecK11X 11 HeopraHI1qeCKI1X conetl: - Ha116onee 

TPY.ll:HhiH MaTep11aJI MH C)!(lfraHHH, TaK KaK, KaK rrpasHJio, co.L~:ep)!(11T 

BOAY· I1p11 C)!(l1raHI111 TaKoro MaTep11ana MOJieKYJihi opraHI1qecKI1X 

coe.L~:I1HeHI1U pa3pyrnaiOTCH, a HeopraHI1qeCKI1e COe.L1:11HeHI151 rrpe

Bparn;aiOTCH B OKCI1.ll:hl 11 Kap6oHaTbi, KOTOpbie BhiBOMTCH 113 30Hbl 

c)!(l1raHI1H BMeCTe co IllJiaKaMI1 11 3oJiotl:. MeJIKO.ll:I1CrrepcHbie qaCT11Uhi 

OKCH.Li:OB 11 Kap6oHaTOB, CO.ll:ep)!(arn;l1eCH B TOIIOqHbiX ra3aX, yJiaB

JII1BaiOTCH B MOKpbiX CKpy66epax. 

0.ll:H11M 113 Hai160Jiee OIIaCHhiX OTXO.ll:OB, OCHOBHhiM MeTO.ll:OM 

nepepa6oTKI1 KOTOpbiX CJIY)!(I1T C)!(l1faHI1e, HBJIHIOTCH raJioreHO

opraHI1qeCKI1e OTXO.Li:hl. <I>TOp11CTbie 11 6pOMI1CTbie OTXO.Li:hl MeHee 

pacrrpocTpaHeHhi, Ho 11x o6pa6aTbiBaiOT TeM )!(e crroco6oM, qTo 11 

XJiopco.ll:ep)!(aw:l1e MaTep11aJihi. Xrrop11posaHHhie opraHI1qeCKI1e Ma

rep11aJihi MOryT CO.ll:ep)!(aTb BO.Li:HYIO <f>a3y HJII1 OIIpe.L~:eJieHHOe KOJII1-

l(eCTBO BO.ll:hl. 0TXO.ll:hl C BhiCOKI1M CO.ll:ep)!(aHI1eM XJiopa 11MeiOT HI13KYIO 

TeiiJIOTY cropaHI1H, TaK KaK XJIOp, aHaJIOfl1qHO 6poMy 11 <f>Topy, 

npeiiHTCTsyeT rrpoueccy ropeHHH. 

0rrTI1MaJihHoe rrpose.ll:eH11e rrpouecca C)!(l1raHI1H 3as11c11T oT 

co6JIIO.Li:eHHH TexHoJiomqecKHx rrapaMeTpos: TeMrrepaTyphi B orHeBoM 

peaKTope, YAeJibHotl: Harpy3KI1,. pa6oqero o6'beMa peaKTopa, .ll:I1C

nepcHocT11 paCIIbiJieHI1H, a3pO.L1:11HaMM:qecKOH CTpYKTyphl 11 CTeiieHI1 

Typ6yJieHTHOCTI1 ra30BOfO IIOTOKa B peaKTope 11 AP· 

C)!(11raH11e rrpoi13BO.ll:HT B rreqax pa3JII1qHotl: KOHCTPYKU1111, 

OCHOBHhiM 3JieMeHTOM KOTOpbiX HBJIHeTCH KOJIOCHI1KOBaH perneTKa, 

ua KoTopotl: co6cTBeHHO 11 rrpoTeKaeT rrpouecc. I1pocTpaHCTBO BHyTpl1 
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!Iepepa6om~ea npoMbiUI/IeHHbiX omxoiJo6 

rreqw paJ.ueJieHo Ha HecKOJibKO 30H, r.ue rrocJie.uosaTeJibHo rrpoTeKaJOI 

rrpouecCbl, B pe3yJibTaTe KOTOpbiX IlpOHCXO,UHT C)IUifaHHe OTXO,UOB. 

IJpouecc C)l(HraHIDI COCTOHT 113 IDITH CTa,UHH, KOTOpbie, KaK rrpaBH 

JIO, rrpoTeKaJOT IIOCJie,UOBaTeJibHO, HO MOfYT IIpOXO,UHTb H O,UHO 

BpeMeHHO. 3TO - CyniKa, ra3H<I>HKaUmi, BOCIIJiaMeHeHHe, ropeHHe II 

,UO)(<:HfaHHe. 

B 30He cywKu BJiara, co.uep)((all.l,aJJ.CH B oTxo.uax, rrpesparuaeTC}! 11 

rrap. 06ll.l,aJl. I10Tpe6HOCTb B 3HeprHH Ha 3TOH CTa,UHH COCTOHT H'l 

.UBYX COCTaBJIHIOllJ,HX: 3HeprHH, Heo6XO,UHMOH ,UJIH IIOBbillleHHII 

TeMrrepazypbl ,UO 100 oC IIpH aTMoc<t>epHOM ,UaBJieHHH (LJ:JI5I IIO,U'beMU 

TeMrrepazypbl BO,Ubl C 20 LJ:O 100 oC Heo6XO,UHMO 334 K,[()(<:jKr), H 3HeprnH, 

Heo6XO,UHMOH ,UJIH rrpespall.l,eHHH BO,Ubl B rrap (2260 K.L()((jKr). 

TeMrrepazypa .upyrHX KOMIIOHeHTOB OTXO,UOB He MO)((eT rrpeBbilllaTh 

100 OC .uo Tex rrop, rroKa so.ua He rrpespaTHTCH B rrap. 

Ha cJie.uyJOrueif CTa,UHH B 30He ca3urjJuKau,uu rrpowcxo.uHT rrpe· 

Bpall.l,eHHe ropJOqlfx Bell.l,eCTB B Jie~He KOMIIOHeHTbl. 

JleTyqHe faJbl, I1pOXO,U51 IIO TOIIKe, IIOIIa,UaJOT B 30HY 80CnJIOMeHeHUH 

H 3aropa.IOTCH rrpw 250 oc. PacrrpocTpaHeHHe ropeHIDI yseJiwqwsaeTC)I 

IIpH pOCTe IIJIOTHOCTH H 06'beMa ra30B0f0 IIOTOKa. IJocne 

BOCIIJiaMeHeHHH JieTyqHe KOMIIOHeHTbl cropaiOT, IIpHqeM ,UOIIOR

HHTeJibHbiH IIO,UBO.U TeiiJia ~e He Tpe6yeTCH. BIDKHo, qTo6bi "rrocTeJib" 

(CJIOH) C)((HfaeMoro MaTepHaJia 6bma paBHOMepHOH H HMeJia Hy)((HYIO 

BhicoTy. YqHTbiBaJJ., qTo OTXOLJ:bl o6bJqHo JacbmaJOT B ycTpoifcTBO .um1 

C)((lffaHHH CJIOHMH BbiCOTOH 100-120 CM H qTO HX 06'beM cpa3y )I(C 

yMeHblllaeTCH, Hy)((HO TaK IIpOBO,UHTb 3aCbiiiKy, '-IT06bl Bcer.ua 

o6ecrreqHBaJiaCb paBHOMepHaJJ. IIJIOTHOCTb H Heo6XO,UHMaJl. BbiCOTa CJIOSI 

OTXO,UOB, rrpe,UHaJHaqeHHbiX ,UJIH C)((HraHHH. 

B 30He ccopaHUR IIOBbilllaeTCH TeMrrepaTypa OTXO,UOB . .L(JIH IIOJIHOfO 

HX cropaHHH H OXJIIDK,UeHHH KOJIOCHHKOB B 3TOH 30He Heo6XO,UHM 

IIO,UBO,U ,UOCTaToqHoro KOJIHqecTBa B03,UyXa, IIpH'-IeM He06XO,UHMO, 

qTo6bi OTXO.Ubi .uoJiro Haxo.uHJIHCb B 30He BblcoKHx TeMrrepazyp. EcnH 

YTHJIH3Hpy10TCH Cblpbie Heo6pa6oTaHHble OTXO,Ubl, TO rrepHO.U HX 

IIOJIHOfO cropaHIDI COCTaBJIHeT He MeHee 3 q_ 

B 30He ooJICucaHUR rrpowcxo.uHT OXJIIDKLJ:eHHe pacKaneHHoro lllJiaKa 

B03,UyxOM HJIH BO,UOH ,UO 250-350 oC. 
B rrpouecce cropaHIDI 1 T Tsep.uhiX oTxo.uos s cpe.uHe·M o6pa

JyeTcH LJ:O 4000 M3 ra3oo6pa3HbiX IIpOLJ:YKTOB (B rrepecqeTe Ha 0 oC), II 

KOTOpbiX CO,Uep)l(HTCH OT 20 ,UO 100 Kf JieTyqeif 30Jlbl. 
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fA a 6 a 5. TepMulleCKue cnoco6bl nepepa6omKu om:xoiJo6 

Cooii:CTBa TBeP.JlhiX rrpoMbiiiDieHHbiX OTXO.JlOB, npe,llHa:maqeHHhiX )liD! 

t'lKl1faHIDI, CIUibHO OTJil1qaiOTCH OT CBOWCTB 6biTOBbiX OTXO)lOB CBOI1M 

cocTaBoM. E&ITOB&Ie oTXO)lhi npe)lcTaBJIHIOT co6oi1: cMec& pa3Jll1qH&IX 

IITXO)lOB B TOM BH)le, B Kai<:oM 0Hl1 HaKarui!1~aiOTCH B M)'COpoc6opH11KaX. 

llpoMhiiiiJieHHhie OTXO)lbi, KaK npaBIUIO, npe,llCTaBJIHIOT co6oif O)lHOpO)l

llhiM MaTep11aJI, COCTaB KOToporo 3aBHCHT OT BH)la npoMbiWJieHHOfO 

1tpoH3BO.JlCTBa. KaK npasiUio, Ha c:>KuraHue )lOJI)I(Hbi noczynaTh TOJI&Ko 

Ill npoMbiiiiJieHHble OTX.O)lbi, KOTOpbie He MOryT 6biTb )'TIUIH3HpOBaHbi 

11pyrHMH cnoco6aMu. CsoifcTsa u cocTaB npoNibiiiiJieHHbiX oTX.o)loB Mo

IYT KoJie6aTbcH B IIIHpoKHX npe,llenax: 

~ CO)lep)((aHHe BO)lbi - OT 5 )lO 70 %; 
~ 30JibHOCTb - OT 10 )lO 95 %; 
~ TeruiOTBOpHM CllOC06HOCTb- OT 0 )lO 41800 K,l()((jKr. 

B o6meM BH)le, Kor)la He H3BeCTHa npupo)la npoMbilliJieHHhiX 

IITXO)lOB, MO)((HO cquTaTb, qTo OHM COCTOHT U3: 

• TBep)lbiX Bell.l,eCTB CO cpe)lHeif TeruiOTBOpHOW· CllOC06HOCTblO 

I 0800 K,l()((/Kr, 

• no.rryrsep)lbiX semecrs co cpe,llHeif TeruioTsopHoif cnoco6HoCTbiO 

14600 K.ll:)((/1,(1'' 
• )((H,llKHX Bell.l,eCTB CO cpe)lHeif TenJIOTBOpHOW cnoco6HOCTblO 

.~5000 K,l()((/Kr. 

OpoM&IIIIJieHH&Ie oTXO)lhi nepe)l C)((HraHHeM )lOJI)((Hbi npoii:Tu PM 

IIO)lroToBHTeJihHhiX onepauuii:: )lpo6JieHue, roMoreHHJau,uiO, )lerH,llpa

rau,uiO u ,llp. 

CymecTsyeT 6oJI&IIIoe pa3Hoo6pa3ue ycTaHosoK MH C)((HraHHH 

orxo)loB. TunuqHM TexHoJioruqecKaH cxeMa C)((HraHHH oTXO.JlOB c 

11cnoJI&3osaHueM rpy6qaToi1: nequ npe)lCTaBJieHa Ha puc. 5.6. 

8 'mNOCqltPIJ i 

PHc. 5.6. CxeMa ycnumBKH repMH'IeCKoro o6e3Bpe)((HBaHHH TBep)lhiX OTXO)lOB 
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llepepa6omKa npoMbiUJAeHHbiX omxoiJoB 

0rXO)lbi I13 6YJIKepa-HaKoiii1TeJUI 1 rpei:J:<f>epHbiM JaXBaTOM 2'-lept' I 

3arpy3olfHYI0 BOpOHKY 3 I1 6YJIKep 4 rro)laJOT BO Bpall(aJOIUYIOCH rrelfb (J 

IJycK rreqH B pa60TY I1pOI13BO)lHT I1pi1 IIOMOil(I1 3aiia.JibHOf0 YCTpOWCTIIII 

5. IlpO)lYKTbi C)I(I1faHHH I13 ycTaHOBJieHHOti: C YKJIOHOM 2-5 rpa,llyColl 

IIelfH IIOCTYTiaJOT B KaMepy )lO)I<:I1raHI1H 9, f)le o6e3Bpe)(<:I1BaJOTCH IIpH 

TeMrrepaTYPe Bbillle 800 •c B IIJiaMeHH ropeJIKI1 10. ,LJ;biMOCOCOM 12 HX 

3aTeM TpaHCIIOpTI1pyJOT qepe3 OXJia)lHTeJibHOe YCTpOWCTBO 11 (KOTeJI 

yTI1JII13aTop, BO)lOIIorpeBaTeJib I1 T. II.) I1 Bbi6paCbiBaiOT lfepe3 )lbiMOBYIII 

Tpy6y 13 B aTMOC<f>epy. 06pa3yJOIUYJOCH 30JIY (4-6% OT MaCChi OTXO.JlOII) 

I13 c6opHHKa 7TpaHcrropTepoM 8 rrepe)laJOT Ha cKJia)l 14. 3oJiy MO)!(IIo 

I1CIIOJib30BaTb B KalfeCTBe HaiiOJIHI1Te.1UI I1pi1 I1pOI13BO)lCTBe CTpOHTeJibHbiX 

MaTepi1a.JIOB. 

B Ta6JI. 5.1 rrpHBe)leHbi rrapaMeTpbi rrpouecca C)!(HraHHH oTxo.uos 11 

HeKoTOpbiX rrelfax. 

Ta6n11ua 5.1 
fiapaMeTpbl DpOU.eCCOB ClKHfBHHJI OTXO,IJ;OB B YCTBHOBKBX 

pll3JIH'IHOfO THDB 

THn ycTaHOBKH TeMnepaTYpa, °C BpeMSI npe6biBaHHSI 

OTXO,li.OB B neqH 

MHoronO.Il:OBaSI ne'lb 315-538 *1 0,25-1,5 q 

760-980 *2 

fie'lb C TOIIKOH 760-980 (/) *3 
c 

KHmmrero CJIOH 

fie'lb MJI C:lKHfaHHll 650-1650 0,1-2,0 c 

:lKHAKHX OTXO.Il:OB 

<l>aKeJibHaSI ne'lb 538-815 0,3-0,5 c 

KaranHTH'IeCKaSI 1,0 c 

KaMepa cropaHHJI <815 
BpanraK>IllaSICH neqb 815-1650 (/) *3 

c 
Y CTaHOBKa C )l(}f)li(O- 150-290 "4 10-30MHH 
cpa3HblM OKHCJieHHeM 

fieqb C:lKHraHI1H B 815-980 0,75 c 

pacnnaae conetl: 

MHoroKaMepHaSI 815-980 HecKoJibKo 

ne'lb ceJ<YH,n (AJIJI fa30 B) 

HecKOJILKo MHHY'f 

(Mll TBep.ll:b!X OTXOAOB) 

fiHpOJil13HaSI yCTaHOBKa 480-815 12-15 MHH 

*1 3oHa cyrnKH, *2 3oHa cropaHHR, *3 f/Jc - speMSI onpe,lleJIS!eTcSI <l>aJOBbiM 

COCTOSIHHeM, *4 J-b6biTOqHoe ,llaBJieHHe lOMITa 
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r 11 a 8 a 5. TepMU'4ecJCue cnoco6bl nepepa6omJCu omxoiJo8 

YcTaHoBKH .wrn c:JKHraHWI oTXo.nos MoryT 6biTb CHCTeMaTH

mpoBaHbi no npoH3BO,nHTeJibHOCTH, no KOHCTpYJCI..{HH perueTKH, no 

KapaKTepy HcnoJib3oBaHWI npo.nyKTOB cropaHWI, no THny npHMe

IIHeMoro TOITJIHBa, no BH,ny C:lKHraeMbiX OTXO.ll:OB. 

KoHCTpYJCI..{WI KoJIOCHHKoBoH pemeTKH HrpaeT oqeHb B<UKHYJO 

pOJib, IIOCKOJibKY OHa ,noJDKHa o6ecneqHBaTb: TpaHcnopTHpOBKY TOII

JII.iBa K IIOTOKY; paBHOMepHoe ropeHHe H MaKCHMaJibHOe HCIIOJib30-

UaHHe BCeH IIOBepXHOCTH pemeTKH; IIO.ll:BO.ll: B03,nyxa WUI ropeHHH; 

IIOMep)KI()' H nepeMew;eHHe ropHWHX OTXO.ll:OB. 

a 6 

"~-
2 

8 

PHc. 5.7. CxeMbi HaKJIOHHbiX KOJIOCHHKOBbiX peweroK: 

11 - HaKJIOHHO-nepeTaJIKHBalOm;aH; 6 - o6paTHO-nepeTaJIKHBalOIUaH; 

8- OOpOKH.ZU>IBalOIUaH; Z - )KeJI060BaH; a - BaJIKOBaH 
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J/epepa6omKa npOMbl!WieHHblX omxoiJoB 

PemeTKH AJU1 C)l(l{raHWI pa3JmqaiOTC.H no cnoco6y nepeMerueHJUI 

TBep)J;biX OTXO)J;OB: C Heno)J;BIDKHbiM CJIOeM (Heno)J;BIDKHbie pemeTKH), 

C HenpepbiBHO )J;BMraiOruHMC.Sl CJIOeM (u;enHble pellieTKH) M C npe

pbiBHCTbiM nepeMerueHHeM cJio.H ( o6paTHo-nepeTaJIKHBaiOmHe pemeT

KH). Ha pHC. 5.7 npeJJ:CTaBJieHbi cxeMbi HaKJioHHbiX KOJIOCHHKOBhiX 

pemeToK. 

CymecTBYIOT TaiOKe poTaiJ;HOHHbie TonKH, KOTOpbie npHroJJ:Hhl 

AJU1 c:xmraHWI He TOJibKO TBep)J;biX, HO H )I(HJJ:KHX OTXO)J;OB, .HpyCHbiC 

TOnKM (TonKM IJ;MJIMHJJ:pMqecKOH Q>opMbl, pa3J];eJieHHble Ha PM 3TCUKeM 

H 3arp~aeMble CBepxy) H TOnKM C KMII.HW:MM CJIOeM. 

JII06a.H TOOKa )J;OJDKHa 6biTb OCHaW:eHa YCTpOHCTBOM )J;JI.Sl CTa-

6MJIH3aiJ;MM ropeHM.H. CTa6HJIM3au;WI ropeHH.H JJ:OCTMraeTc.H C)ICMraHMeM 

CTa6MJIH3aiJ;HOHHOfO TODJIHBa AJU1 nporpeBa TOnKH, BOCOJiaMeHeHIDI 

OTXO)J;OB H npH Heo6XOJJ:MMOCTM KOMneHCaiJ;HM He)J;OCTaToqHOM 

TenJIOTBOpHOH cnoco6HOCTH OTXO)J;OB. HaH60Jiee ODTHMaJibHO 

npHMeHeHMe AJU1 3THX u;eJieH ra3oo6pa3HOfO TODJIHBa (npHpOJ];HOfO 

raJa MJIH nponaH-6YTaHOBOH CMeCH), noCKOJiblcy ra3 MeHbllie JJ:PYniX 

TOnJIHB 3arp.H3H.HeT aTMocQ>epy M 003BOJI.SleT JiefKO peryJIHpoBaTb 

npou;ecc ropeHM.H. 

OX!la:>K:oeHue npooyKmo6 czopaHUR. TeMnepaTypa B TonKe JJ:OJI)I{Ha 

6biTb B HHTepBane 800-1000 ·c. HM)I{HAA rpaHHu;a onpeJJ:eJI.HeTcSI 

He06XOJJ:HMOCTbiO HaH60Jiee nOJIHOfO cropaHWI OTXO)J;OB, a BepXH.SlSI 

- TeMnepazypoti: DJiaBJieHWilliJiaKa (850-1450 T). llpM noBbillieHMH 

TeMnepazypbl B neqH )J;O 3TMX 3HaqeHHH npoHCXO)J;HT DJiaBJieHHe lliJiaKa 

H 3alliJiaKOBbiBaHHe KOJIOCHHKOBOH perueTKM. 

OttucmJCa npooyJCmo6 czopaHuR. C u;eJibiO npeJJ:OTBpaw:eHIHI 

3arp.Sl3HeHM.Sl OKp~W:eH Cpe)J;bl TOOOqHble ra3bl Heo6XOJJ:HMO no,ll.BepraTb 

oqMCTKe, KOTOpa.H MO)I{eT ocyw:ecTBJIHTbCH cyXHM, MOKpbiM 11 

3JieKTpOCTaTHqeCKMM cnoco6aMM MJIM MX KOM6HHaiJ;Meti:. 

llepe)J; oqHCTKOH TonoqHbie ra3bl noJ];BepraiOTC.Sl OXJia)I{JJ:eHHIO. 

3TO npOH3BO)J;HTC.Sl O)J;HMM H3 CJie)J;yiOW:HX cnoco6oB: noJ];MelliHBaHMeM 

XOJIO)J;HOfO B03J];yxa, BnpbiCKOM BO)J;bl, TeDJI006MeHOM C noJiyqeHMeM 

rop.Hqero B03JJ:yxa, BOJJ:bi MJIH napa. 

OcHOBHbiM yJJioM ycTpoti:cTBa M.H cyxoti: oqHcTKM HBJI.HeTcH BMX

peBoti: 3JieMeHT, KOTOpbiH o6pa3oBaH O)J;HMM HJIM HeCKOJibKMMH 

IJ;HKJIOHaMM. 

MoKpa.Sl oqHCTKa ra30B HCnOJib3yeTC.Sl B OCHOBHOM npH C)l(l{faHMH 

XHMHqecKMX OTXO)J;OB, KOf)J;a B npou;ecce C)l(l{faHWI o6pa3yiOTC.Sl Be

rueCTBa, KOTOpble H~O CB.Sl3aTb BO)J;OH. 
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3JieKTpOCTaTHqecKWI oqHCTKa )J;biMOBbiX ra30B OCHOBaHa Ha TOM, 

'ITO ripOTHBOITOJIO)I(HO 3apiDKeHHbie qaCTHUbi ripHTIIfHBaiOTCH. C 3TOH 

L{eJibiO KOpOHHbiM pa3pj1JJ:OM, KOTOpbiH C03)J;aeTCH ITOCTOHHHbiM TOKOM 

BbiCOKOro HaripiDKeHHH Ha O)J;HOM 3JieiqpOJ];e, JapiDKaiOTCH qacTHUbi 

nbillH HJIH ryMaHa, HaxOMIUHeCH B )J;biMOBbiX raJax, qTo JaCTaBJUieT 

1-t:X JJ:BHraTbCH K ripOTHBOllOJIOXHOMY 3JieKTpOJJ:Y (oC!l,ll;HTeJibHOMy). 

3<l><l>eKTHBHOCTb cerrapaUHH orrpe)J;eJIHeTCH HaripiDKeHHOCTbiO 3JieKT

pHqecKoro ITOJIH . .[l.1ui )J;OCTH)l(eHHH MaKCHMaJibHOH 3<l><l>eKTHBHOCTH 

He06XO)J;HMO ITOMepXHBaTb HaripHXeHHe B6JIH3H rpaHHUbi rrpo-

6HBHOfO HaripiDKeHHH, HH B KOeM CJiyqae He )J;OCTHfaH ero, TaK KaK 

npH 3TOM 6y)J;eT rrpo6oii: ITOJIH. 

,lJ,oCTOHHCTBaMH 3JieKTpHqecKHX <l>HJibTpOB HBJIHIOTCH: BbiCOKaH 

lla,IJ.e)I(HOCTb H 3<l><l>eKTHBHOCTb (JJ:O 99,98 % ); IIpOCTOTa perynHpOBaHHH 

npouecca <l>HJibTpaUHH H YHHBepCaJibHOCTb IIO OTHOIIIeHHIO K pa3-

JII1qHbiM MarepHaJiaM. 

KpoMe Toro, cKopocTb <l>HJibTpauHH JaBHCHT oT 3JieKTporrpo

BOJJ:HOCTH rrhmH. ITpH BbrcoKo:H 3JieKTporrposo.n:HoCTH <l>lfJibTpauHH 

:mTpy.n:HeHa, 

ITocne c:XrnraHHH oTXoJJ:oB ocTaiOTCH TBep.n:bie qacTHUbi, o6oeM 

KOTOpbiX COCTaBJUieT OT 6 JJ:O 11 % OT HCXOJJ:HOfO o6oeMa OTXO)J;OB. 

3TH qacTHUbi COCTOHT H3 30Jibi, MeTaJIJia, OCKOJIKOB CTeKJia, KepaMHKH 

11 IIIJiaKa. C rHrHeHHqecKoii ToqKH JpeHHH TBep.n:bre ocTaTKH rrocne 

C:>KHraHHH a6COJIIOTHO 6e3BpeJ];Hbi H eCJIH He MOryT ITO KaKHM-JIH60 

llpHqHHaM 6biTb YTHJIH3HpOBaHbi, TO IIOJ];JieXaT JaXopoHeHHIO. 

5. 4. IIpoMbtUJ./leHHble ycmanoeKu i:JA.R CJICUZaHUR omxoi:Joe 

B HaCTOHIUee speMH cyiUeCTByeT 6oJibiiioe pa3Hoo6pa3He yc

TaHoBoK MH CXHraHHH OTXOJJ:OB. Yxe OCBOeHbi ycTaHOBKH TpeTbero 

IIOKOJieHHH, KOTOpbie OTJIHqaiOT: 

• HaJIHqHe IIpOMbiBKH JJ:biMOBbiX ra30B C UeJibiO CHHXeHHH TOK

l:H'IHbiX raJoo6pa3HbiX Bbr6pocoB, oco6eHHO Koma B rrpouecce cxH

I"aHHH o6pa3yiOTCH HCl H HF; 
• ueneHarrpaBJieHHaH YTHJIHJaUHH reiiJia; 

• KOHCTpYKTHBHbie peiiieHHH TOITKH, IT03BOJIHIOIUHe CXHfaTb 

llTXOJJ:bl C BbiCOKOH TeiiJIOTBOpHOH CIIOC06HOCTbiO, qTo )J;OCTHraeTCH 

1103JJ:YIIIHbiM oXJia)l(JJ:eHHeM 60KOBbiX CTeHOK, HHTeHcH<l>HKauHeH 

1103JJ:YIIIHOfO ITOTOKa (BropHqHoro, a HHOf)J;a H TpeTHqHoro), qro IT03-

IIOJIHeT H36eXaTb IIIJiaKoo6pa3oBaHHH; 
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Ilepepa6omKa npoMbllWieHHblX omxoiJoB 

• llnJ:pOKCUI aBTOMaTH3aiJ;I-UI H u;eHTpa.JIH3aiJ;IDI KOHTpOJHl BCero 
rrpou;ecca, BKmoqCUI yriDIH3au;mo TeiiJia; 

• 6oJiee BbrcoK<UI crerreHb Jaw;HTbi oKp~a10w;eu cpeJJ:bi. 
CospeMeHHbre 3aBoJJ:bi rro C)ICHraHHIO oTXOJJ:OB rrpoH3BOJJ:.HT 

HeMeuKMe qmpMbi "KpeQ>eJib.ll:", "ByrrepTarrb", "BpeMepxaQ>eJib" H JJ:p. 
B Ta6JI. 5.2 rrpwseJJ:eHbr ocHoBHbre xapaKTepHCTHKM JaBoJJ:a Q>wpMhi 
"KpeQ>eJib.ll:". 

3KoJiorwqecKMe rroKa3aTeJIH pa6oTbi TaKoro JaBOJJ:a rrpwBe)J;eHbi B 
Ta6JI. 5.3. 

BoJibiiJou onbiT KOHCTpywpoBaHIDI, H3roToBJieHH.H H 3KCIIJiyaTa
UHH ycTaHOBOK ,lLJUl C)I(MfaHIDI OTXO)J;OB HMeeTC.Sl B qeXHH, rJ];e OHM 
BbiiiYCKaiOTC.Sl rrpennpH.SlTHeM "qK,JJ, ,lJ,yKJia". 3TO rrpe)J;IIpH.SlTl1C 

T a 6 n 11 u a 5. 2 
X3p3tcrepacTHKH p36oTbl MYCopoclKHraiOUJero 33BO.ll.3 

cJ»apMbl "KpecJ»eJJb)J." (fepM3HHH) 

XapaKrepHCTHKa 

KonwiecTBo cMeH 
Kon11<JeCTBO arperaros 
YCTaHOBJICHHaJJ MOIUHOCTb no C)I(HraH1110, T/Cyr 

T11n perneTKH 
Cnoco6 yr11n113au1111 renna 
Cnoco6 O<J11CTK11 .ll.biMOBbiX raJoB 

C)I(HraeMbie OTXO)lbi 

LJ.onyCT11MbiH 11HTepBaJJ TeiinOTBOpHOH 
cnoco6Hocrn OTXO.li.OB, ~/Kr 
06'beM JlbiMOBbiX raJOB Ha Bb!XO]le, M3 /<J 
IJp0113BO)J.11TenbHOCTb KOTflOB, T/<J 
MomHoCTb ryp611H, MBT 
IlapaMeTPbi napa Ha BbiXo.n.e 113 KOTna: 

reMneparypa, "C 
.n.aBJieH11e, Mila 

TeMneparypa n11rnrenbHOH BO)lbi, ·c 
Tennonpo113BO,llHTenbHOCTb pacTono<JHOH 11 
.n.o6aao<JHOH ropenoK, f,i:{)I(/<J 
IJone3HbiH 06'beM np11CMHbiX 6YHKCpOB, M3 

Ilnoma,!lb 3aCTPOHKl1, BKJIIO<JaH BCnOMoraTenb
Hbie o6'beKTbi, M2 
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3 
2 

2x240 

BaJJKOBaH 
IJp0113BO]lCTBO napa 

3neKTP11<JCCKl1H 

<l>HnbTP 
EbiTOBbie 11 

npOMblllinCHHbie 
3760-10500 

85500 
2x24 
2x1,4 

375 
2,3 
140 

12,6 
6000 
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r 11 a s a 5. TepMurtecKue cnoco6bl nepepa6omJCu omxoiJos 

Ta6n HU a 5.3 
3KOJIOI'JIIIeCIDie DOKa3aTeJIH pa60TLI M)'COpoCJKHraTeJThHOfO 

3aBo,u,a cJ»npMW "KpecJ»em..z." (fepMamur) 

IlapaMe-rpbl 

Co.nep.:llaume 30Jihl H IWiaKa, % 
Co.nepxrume B OTXOJlSIIUHX ra3ax: 

IlhiJIH, r/M3 

OKCH,nOB cephl, M3 jq 
xnopHCToro so.nopo.na, % 
OKCH,nOB a30Ta, % 

CTO'IHhle BOJU>I 

YposeHb I.IIYMa 

::::;1 

::::;0,03 
:$3,0 

< 0,00001 
~0,000015 

OrcyrcTByxrr 

He npesbiWaeT cpoHa 

nocTasiDio B CCCP B nepsoif noJioBHHe 80-x ro.n:oB 55 3aBo.n:os no 

C)IQ{raHHIO MYCopa npoH3BOJJ:HTeJibHoCTbiO 60 T oTXoJJ:oB B 1 q_ 

0reqecTBeHHCUI npoMbiiiiJieHHOCTb OCBOHJia npoH3BO)J;CTBO HeC

KOJibKHX sH,UoB 6aTapeHHbiX neqeif M.H cxHraHH.H Mycopa. HaH

GoJibiiieif 3<l><l>eKTHBHoCTbiO o6na.n:aeT neqb MapKH C<l>-369.01, 

llpOH3BO)J;CTBO KOTopoif OCBoeHo 3aBO)J;OM "YpaJIXHMMaiii". llpo-

113BO)l;HTeJibHOCTb 3TOH neqH no C:lKHraeMbiM OTXO)J;aM COCTaBJI.HeT 

90 T/cyr, BHyrpeHHHH J];HaMeTp 6apa6aHa 3,5 M, MHHa 16 M. Bee 

ueqH OCHaiiiaiOTC.H Heo6XOJJ:HMbiM o6opy)J;oBaHHeM: 3arpy3o'{HbiM 

yCTpoHCTBOM, KaMepoif )J;O)I{HraHH.H, KOTJIOM-yrHJIH3aTopoM, CHC

TeMaMH nbme-, faJOO'{HCTKH. 
B MocKse s HaCTmnn.ee speMg nocTpoeHo TpH cospeMeHHblX My

l'llpOC)l(HraTeJibHbiX Jaso.n:a, KOTOpbie nepepa6aTbiBaiOT He6oJibiiioe Ko-

1111LJeCTBO o6paJyiOIIIHXCj{ TBepJ];blX 6blTOBblX H HeKOTOpbiX IIpOMbllli

IICHHbiX oTXo.n:os. Hapg.n:y c yHw-ITo)l(eHHeM oTXo.n:os JasoJJ:bi rrpoHJBO

'liiT TOBapH)'IO npoJJ:yKI.J.HIO. 

Me)I(JJ:y TeM B PoccHHCKoH <l>e.n:epau;HH exero.n:Ho o6paJyeTC.H 

l'ioJiee 20 MJIH. T HeyrHiiH3HpyeMbiX TBep)J;blX npoMbiiiiJieHHblX OTXO)J;OB, 

KoTopbie JIH6o CKJiaJ];HpYIQTC.H Ha TeppHTopiDIX npe.n:npiDfrHH, JIH6o 

6CCKOHTpOJibHO c6paCbiBaiOTC.H B KaHaJIH3aiJ;HOHHble . CeTH, oBparH, 

11a IIOJIHfOHbl 6biTOBblX OTXO)l;OB H T. JJ:. 

3HepzomexHoAozu&~ecJCoe ucnollb30BaHue menAombl omxoiJJuqux 
l'a3oB. 3<P<l>eKTHBHOCTb pa6oTbi TepMH'IeCKHX ycrnHosoK no C)I{HraHHIO 
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J/epepa6omKa npoMbl!WieHHblX omxoiJoB 

OTXO,UOB 3aBHCHT OT THIIa IIpHMeiDieMOfO peaKTopa H OT IIpHIDITOH 

3HeproTexHoJiorwqecKot1: cxeMbi. 

CHIDKeHHe CTOHMOCTH pa60Tbl TaKHX ycTaHOBOK ,UOCTHraeTC.Sl IIpH 

rJiy6oKOM HCIIOJib30BaHHH TeiiJIOTbl OTXO,U.SI:W:HX ra30B, KOTOpoe II03BO

AAeT COKpaTHTb paCXO,Ubl Ha TOIIJIHBO, a B HeKOTOpbiX CJiyqa.HX H OTKa-

3aTbC.Sl oT Hero (rrpw c03,n:aHHH aBToTepMwqecKoro rrpou:ecca). TeiiJio 

OTXO.U.HW:HX ra30B MO)I{HO HCIIOJib30BaTb ,UJI.Sl IIO,UorpeBa .UYTbeBoro 

B03,Uyxa, ,UJI.Sl IIO,UOrpeBa H rrpe,n:BapHTeJibHOti CYlliKH OTXO,UOB, ,UJI~ 

HCIIapeHH.H HeKOTOpbiX )I{I{,UKHX <PpaKUHH, co,n:ep)l{arn;HXC.Sl B OTXO,Uax. 

O,n:HaKo my6oKoe wcrroJib3oBaHwe reiiJioTbi OTXOMW:HX ra3oB orpa

HwqeHo pR,UoM rrpwqwH. ITpw rro,n:orpese .UYTbeBoro BoJ,n:yxa y,n:aeTc~ 
wcrroJib3oBaTb JIHlllb He6oJiblliYIO qacTb TerrJia ra3oB. ITpw cylliKe 

OTXO,UOB B03MO)I{HO TepMHqeCKOe pa31IO)I{eHHe HeKOTOpbiX Bern;eCTB, 

co,n:ep)l{arn;Hxc.H B HHX. ITpe,n:sapwTeJibHoe yrrapwBaHHe )I{I{,UKHX oTxo.uos 

TaK)I{e B03MO)I{HO .n:aneKo He scer.ua no PMY TeXHHqecKHX rrpwqHH. 

f1o3TOMY u:eJiecoo6pa3HO BHelliHee HCIIOJib30BaHHe TeiiJIOTbi OTXO

,U.SlW:HX ra30B ~ IIOJiyqeHH.H rop.Hqet;i BO,Ubl, TeXHOJIOfHqecKOfO HJIH 

3HepreTwqecKoro napa, a TaK)I{e B KaqecTBe TeiiJioHOCHTeJI.H ,UJI.H,UpyrHx 

TexHoJiorwqecKHx rrpou:eccos. 

f1pH OCHarn;eHHH ycTaHOBOK ~ C)I{HfaHH.H OTXO,UOB KOTJiaMH

YTHJ!H3aTopaMH cyrn;ecTBeHHo yseJiwqwsaiOTC.H KaiiHTaJIOBJIO)I(eHH.H 11 

3KCIIJiyaTau:HoHHbie pacxo,n:br. ITo3ToMy wx rrpwMeHeHwe u:eJieco

o6pa3HO TOJibKO B ycTaHOBKaX C 6oJiblliOH TeiiJIOIIpOH3BO,UHTeJib

HOCTbiO, nopR,n:Ka 8-10 MBT. B ycTaHoBKax c MeHbllleH TeiiJioBotl 

MOW:HOCTbiO npHMeHeHHe KOTJIOB-yTHJIH3aTOpOB 3KOHOMHqecKH 

Heu:eJiecoo6pa3Ho. 

Haw6oJiee ycrrelliH~ 3KciiJiyaTaU:H.Sl KOTJioB-YTHJIH3aTopoB B03-

MO)I{Ha TOJibKO Ha OTXO,U.Slrn;HX ra3ax, He CO,Uep)l{arn;HX IIbiJib H KOp

p03HOHHO-aKTHBHbie Bern;ecTsa. ITpw 3TOM ,n:ellleBbre KOTJibi-YTHJIH

JaTopbi KOHBeKTHBHOfO THIIa C rraponeperpeBaTeJI.HMH ycTaHaBJIH

BaiOTC.Sl 3a orHeBbiMH peaKTopaMH. 3a HHMH MOryT 6biTb YCTaHOBJieHbl 

KOHBeKTHBHbie B03,UyxoHarpeBaTeJIH H ,UaJiee - KOHBeKTHBHbie Teii

JI006MeHHHKH ~ noJiyqeHH.H rop.Hqe:H: BO.Ubi (pwc. 5.8). 
B ycTaHoBKax c BHelliHHM 3HepreTwqecKHM TerrJiowcrroJib-

3oBaHHeM rrpw TeMnepaType 180-200 ·c o6ecrreqHsaeTc.H BbiCoK~ 

cTerreHb wcrroJib30BaHH.H TeiiJioTbi cropaHH.H TOIIJIHBa H oTxo,n:oB. KIT)], 

TaKHX ycTaHOBOK ,UOCTHraeT 85-90 %. 3HeproTeXHOJIOfHqecKHC 

ycTaHOBKH C KOTJiaMH-YTHJIH3aTopaMH H B03,Uyxorro,n:orpeBaTeJI.HMH 

lliHpOKO IIpHMeiDIIOTC.Sl IIpH C)I{HfaHHH IIpOMbilliJieHHbiX OTXO,UOB. 
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r A a 6 a 5. TepMurtec~eue cnoco6bl nepepa6om~eu omxoiJoB 

PHc. 5.8. CxeMa ycTaHOBKH ,!I.JUI c:lKHraHHH oTxo,noB c YTHJIHJauHeii Tenna 
OTXO,nHII.(HX faJOB: 

f - peaKTop; 2 - KOHBeKTHBHbiH KOTeJI-yrHJIH3aTop; 3 - BOJ,nyXO.nyBKa; 
4 ·- KOHBeKTHBHbiH BOJ.nyxono,norpeBaTeJih; 5- KOHTaKTHbiH TellJI006MeHHHK; 

6- ,nbiMOCOC; 7- ,nbiMOBaH Tpy6a 

KoHmpOAbHble Bonpocbl 

I. Ka101e CYIUeCTBYJOT TepMwqecKHe MeTo.Ubi yrHJIH3au:ww oTxo,n:oB? 

2. ITpwBe.n:wTe TexHoJiorwqecicyiO cxeMy )I{H,UKoQ>a3Horo oKHcJieHIDI. 

3. KaK npOH3BOMT KaTaJIHTHqeCKOe OKHCJieHwe OTXO,noB? 

4. KaK nepepa6aTbiBaiOT TBep,n:bre OTXO,nbi MeTo.noM ra3HQlHKau:ww? 

qTO TaKoe reHepaTOpHbie ra3bl H KaK HX HCllOJib3YIOT? 

5. KaKwe H3BeCTHbi BH.Ubi nwpoJIH3a? ITpwBe,n:wTe TexHoJiorwqecicyiO 

CXeMY llHpOJIHTHqeCKOH ycTaHOBKli OTXO,UOB. 

6. qTO TaKOe IUia3MeHHaH TeXHOJIOfiDI o6e3Bpe::lKHBaHIDI BbiCOKOTOK

CHqHbiX oTXo,n:oB? KaK pa6oTaeT rma3MeHHbiH arperaT? 

7. B qeM coCToHT npeHMYIUeCTBa orneBoro Mero.ua YfHJIH3aU:HH OTXo

.n:oB? KaKHe napaMeTpbi BJIIDIIOT Ha 3Q>Q>eKTHBHOCTb c::lKHraHIDI oTXo

.n:oB? 

H. KaK npoH3BO.UHTC.H no.uroTOBKa oTXo.n:oB K c::lKHraHwiO? 

9. KaKHe CYIUeCTBYIOT CTa,UHH npou:ecca C::lKHraHIDI OTXO,UOB? 

10. Ka101e Bbi 3HaeTe BH,Ubi KoJioCHHKOBbiX peiiieToK? KaKwe neqw 

HCllOJib3YJOT ,UJI.H ClKHfaHIDI OTXO,UOB? 

II. KaKwe Mepbr 3ar.u;wTbi oKpy)l{aiOru:ew cpe,n:bi wcnoJib3YIOT npw 

C::lKHraHHH OTXO,UOB? . 

12. KaK pa6oTaeT 3JieKTpOQlHJibTp? 

ll ,JJ,aifTe xapaKTepHCTHicy llpOMbiiiiJieHHbiX ycTaHOBOK ,UJI.H C::lKHraHIDI 

OTXO,UOB. 

14. KaK HCllOJib3YIOT TellJio OTXOMIUHX ra30B llpH C)I{HfaHHH OTXO,UOB? 
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TJIABA 6 
3AXOPOHEHHE OTXOJ(OB 

0JJ:HHM H3 Haw6onee pacrrpocTpaHeHHhiX crroco6os y.n:aneHml 

oTxo.n:os .smmleTc.H wx JaxopoHeHwe. B rrpHHu:wrre, JaxopoHeHHIO 

)J;OJI)l{Ha IIO)J;BepraTbC.Sl TOJlbKO Ta qaCTb OTXO)J;OB, KOTOpa.Sl OCTaeTCH 

IIOCJie HX rrepepa60TKH TeM HJIH HHbiM CIIOC060M, a TaK)l{e Te OTXOJJ:bl, 

KOTOpbie CefO)J;H.Sl HeB03MO)l{HO HJIH 3KOHOMHqecKH Heu:eJiecoo6pa3HO 

YTHJIH3HpoBaTh. O.n:HaKo B .n:eucTBHTeJihHOCTH JaxopoH.HeTCH 3HaqwTeJib

Ha.H qaCTb OTXO)J;OB, KOTOpbie MO)l{HO 6biJIO 6bi IIpH JJ:OCTHfHYTOM 

ypOBHe TeXHOJIOfHH rrepepa6oTaTb C 60JibliiOH IIOJih30i1: JJ:JI.Sl o6mecTBa. 

6.J. ilOAUZOHbl aAJl 3QXOpOHeHWl omxoaoe 

3axopoHeHHe OTXO)J;OB )J;OJI)KHO IIpOHCXO)J;HTb Ha CIIeU:HaJibHO 

opraHH30BaHHbiX IIOJIHfOHax. 

lloJIHfOHbi )J;ml 3aXopoHeHIDI OTXOJJ:OB HBJIHIOTCH IIpHpO,l(O· 

oxpaHHbiMH coopy)l{eHHHMH, rrpe)J;Ha3HaqeHHbiMH AJIH peryJIHpHOfO 

u:eHTpaJIH30BaHHOfO c6opa, y )J;aJieHHH, o6e3Bpe)I{HBaHHH H XpaHeHHH 

HeyTHJIH3HpyeMbiX OTXO)J;OB. KoJIHqecTBO H MOIUHOCTb IIOJIHfOHOII 

AJIH Ka)KJJ:OfO perHoHa o6oCHOBbiBaeTCH TeXHHK0-3KOHOMHqecKHMH 

pacqeTaMH. 

B cTpaHax E3C rroJIHroHbi JJ:JI.Sl JaxopoHeHH.H oTxo.n:os rro.u· 

pa3)J;eJI.HIOTC.Sl Ha IIOJIHfOHbi )J;JI.Sl OIIaCHbiX OTXO)J;OB, IIOJIHfOHbi )J;JIH 

6biTOBbiX OTXO)J;OB H IIOJIHfOHbl )J;JI.Sl HHepTHb!X OTXOJ];OB. ,ll,aHHaH 

KJiaccH<l>HKaU:H.Sl .SlBJI.SleTC.Sl B 3HaqHTeJibHOH Mepe ycJIOBHOH, TaK KaK 

He BCer)J;a MO)l{HO rrpoBeCTH qeTKYIO rpaHb Me)KJJ:Y orraCHb!MH, 

HeorraCHb!MH H HHepTHb!MH OTXOJ];aMH, IIOCKOJibKY 3Ta rpaHb MO)l{CT 

H3MeH.HTbC.Sl BO BpeMeHH IIO)J; B03J];eHCTBHeM pa3JIHqHbiX <l>aKTOpOB. 

B COOTBeTCTBHH C J];eHCTBYIOIUHMH y HaC B CTpaHe CTpOHTeJih 

Hb!MH HOpMaMH (CHwll 2.01.28-85) B COCTaBe IIOJIHfOHOB )J;OJI)KHO 
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F II a 6 a 6. 3axopoHeHUe OmJC0006 

6biTb TpH o6'beKTa, KOTOpbie MOryq' HaXO,UHTbCH Ha pa3HbiX ITJIOI.I.J;a,UKaX: 

l) u;ex ,UJIH o6e33apa)ICHBaHH51 H ITepBOHa'Ia.TibHOH o6pa6oTKH OTXO,UOB 

C II;eJibiO HX ITOJIHoro o6e3Bpe)I{HBaHH51 HJIH CHH)I{eHHH KJiacca 

OITaCHOCTH, a TaK)I{e COKparn;eHHH o6'beMOB OTXO,UOB, ITO,UJie)l(ai.I.J;HX 

3axopoHeHHIO; 2) yqacToK 3axopoHeHHH oTXo.n:os; 3) rapa)l{ 

CITeii;Ha.TIH3HpoBaHHOH aBTOTeXHHKH, ITpe,n:Ha3Ha'IeHHOH ,UJI5I ITepeB03KH 

I1 3aXopoHeHH51 OTXO,UOB. 

llpH opraHH3aii;HH ITOJIHrOHOB ,UJIH 3aXopoHeHH51 OTXO,UOB 

Ba)I{HOe 3Ha'IeHHe HMeiOT: 

• ITpaBHJibHbiH Bbi6op ITJIOI.I.J;a,UKH; 

• C03,UaHHe Heo6XO,UI1MbiX HH)I{eHepHbiX coop~eHHH; 

• ITOpH,UOK 3aiTOJIHeHH51 ITOJIHroHa OTXO,UaMH; 

• my6wHa ITpe.usapHTeJibHOH o6pa6oTKH oTXo.n:os; 

• ITpose.n:eHHe MOHHTopHHra oKp~aiOrn;eu cpe.Uhi; 

• KOHTpOJib 3a o6pa3oBaHHeM, c6opoM I1 TpaHCITOpTHpOBKOH 

6Hora3a; 

• KOHTpOJib 3a o6pa30BaHHeM, c6opoM I1 y,n:aJieHHeM QlHJibTpaTa. 

B cooTBeTCTBHH c cospeMeHHhiMH Tpe6osaHHHMH 3axopoHeHHe 

OTXO,UOB ,UOJI)I{HO 6biTb o6opy,n:oBaHO CJie,UyiOI.I.J;HMH OT,UeJibHbiMH HH

JKeHepHbiMH coop~eHMMH: 

• YITJIOTHeHHbiM OCHOBaHHeM I13 MHHepaJibHbiX CJIOeB B KOM6H-

1-Iaii;HI1 C HCKYCCTBeHHbiMH MaTepHarraMH; 

• ITpoe3,UaMw; 

• coop~eHHHMH ITo c6opy ITpoca'IHBaiOrn;eucH BO.Uhi H ee O'IHCTKe; 

• coop~eHHHMH ITO c6opy H yrHJIH3aii;HH Bbi,UeJIHIOrn;erocH ra3a; 

• coop~eHHHMH ITO 3ai.I.J;HTe JiaH,UruaQ>Ta C ITOMOI.I.J;biO peKYJib

THBaii;HH 3eMeJib. 

lloJIHroHbl pa3Mern;aiOT B CB060,UHbiX OT 3aCTpOHKH, OTKpbiTbiX, 

XOpOWO ITpoBeTpHBaeMbiX He3aTOITJI5IeMbiX MeCTaX, Ha KOTOpbiX 

U03MO)I{HO BhiiTOJIHeHwe Heo6xo,n:HMhiX HH)I{eHepHbiX pa6oT. BoKpyr 

IIOJIHroHa Ha paCCTOHHHH He MeHee 3QQQ M ,UOJI)I{Ha 6biTb C03,UaHa 

CaHHTapH0-3ai.I.J;HTHa51 30Ha. 

lloJIHroH Mo)l{eT ·paciToJiaraTbCH Ha paccTOHHHH He MeHee 200 M 

OT ceJibCKOX035IHCTBeHHbiX yro,UHH I1 TpaH3HTHbiX MarHCTpa.TibHbiX 

J\Opor I1 He MeHee 50 M OT JieCHbiX MaCCHBOB. 

MecTo 3axopoHeHHH .UOJI)I{HO paciTonaraTbCH Ha He3Ha'IHTeJibHOM 

Y/~aJieHHH OT rJiaBHbiX TpaHCITOpTHbiX MarHCTpaJieU I1 6biTb CB513aHO C 

IIHMH,n:oporou xopowero KaqecTsa. 
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J/epepa6omKa npoMblUJJleHHbiX omxoiJoB 

LJ:eQHHJ:HT IIJIOIU!l,ll;H .LLJU1 3aXopoHeHIDI OTXO)J;OB B6JIH3H KpynHhiX 

ropo.n:os Mo:lKHo YMeHblliHTh rryreM opraHH3auww ceTH rreperpy3oqHbiX 

CTaHUHH, r)J;e OTXO)J;bl )J;OJI)I{Hbi COpTHpOBaTbCH, H3MeJibqaTbCH 11 

HaKaiTJIHBaTbCH ITO BHJ];aM. 3TO I103BOJIHeT COKpaTHTb HX 06beM 11 

HCITOJib30BaTb .LLJU1 3axopoHeHIDI 6oJiee YJJ:aJieHHbie ITOJIHfOHbi. 

lloJIHfOHbi pa3MemaiOTCH Ha yqacTKaX CO CJia6o Q>HJibTpYIOIUHM11 

rpyHTaMH (rJIHHa, cyrJIHHOK, cJiaHUbi H T. JJ:.), HMeiOIUHMH K03Q>

Q>HUHeHT Q>HJibTpauww He 6oJiee 0,00001 eM/c. YposeHb rpyHTOBhiX 

BOJJ: rrpH HX HaH60JibllleM ITOJ];beMe )J;OJI)I(eH COCTaBJIHTb He MeHee 2 M 

OT HH)I{Hero ypoBHH 3aXOpOHHeMbiX OTXO)J;OB (KaK rrpaBHJIO, 3a

rJiy6JieHHOfO Ha 7-15 M). 

fJiaBHbiMH KOHCTpYKTHBHbiMH 3JieMeHTaMH yqacTKa 3aXopoHeHH51 

OTXO)J;OB HBJIHIOTCH repMeTH3HpYIQIUCUI o6JIHUOBKa, 3aiUHTHbiH o6-

JIHUOBoqHbiH CJIOH, J];peHa)I{HbiH CJIOH .LLJU1 Q>HJibTpaTa H BepxHee rro

KpbiTHe. LJ:JIH o6ecrreqeHHH repMeTHqHOCTH rrpHMeHHIOT MHHepaJibHbiC 

(rJIHHHHbie) ITOKpbiTIDI, ITOJIHMepHbie ITJieHOqHbie MaTepHaJibi (Ha

rrpHMep, ITOJIH3THJieH BblCOKOfO )J;aBJieHIDI), ITOKpbiTIDI H3 acQ>aJibT0-

6eTOHa, a TaK)I{e ycHJieHHe rroqBbi 6eHTOHHTOM. 

3axopoHeHHe )J;OJI)I(HO 6biTb o6opy)J;oBaHO H!l,ll;e)I{HOH CHCTeMOH 

c6opa H y.n:aneHHH Q>HJibTpaTa . .UJIH o6ecrreqeHHH xopolllero .n:peHa)l{a 

Ha see ocHoBaHwe xpaHHJIHIUa rrosepx repMeTH3HpyiOmero rroKpbiTH5J 

YKJI!l,ll;biBaiOT Bb!COKOIIOpHCTbiH CJIOH KaKorO-JIH60 MaTepHaJia, Ha

rrpHMep me6IDI. 

LJ:JIH o6ecrreqeHHH Ha)J;e)I{HOfO KOHTpOJIH, peryJIHpoBaHHH 11 

orpaHI1qeHIDI BbiJieJieHIDI H3 XpaHHJIHIUa Q>HJibTpaTa Ba:lKHOe 3HaqeHI1C 

HMeeT BepxHee ITOKpbiTHe, KOTOpoe TaK)I{e BbiiTOJIHHeTCH 113 MI1He

paJibHOfO CbipbH (rJIHHbi) HJIH 113 ITOJIHMepHOH ITJieHKH. LJ:peHa:lKHbiC 

Tpy6hi pa3MemaiOT Ha paccToHHHH He 6oJiee 20 M .n:pyr oT .n:pyra. 

llepe.n: opraH113auwew rroJII1roHa cJie.n:yeT orrpe.n:eJIHTh cocTaB 6y

JJ:YIU11X OTXO)J;OB, TaK KaK OH BJII1HeT Ha o6beM 11H)I{eHepHbiX 

MeporrpHHTI1H, KOTOpbie Heo6XO)J;I1MO BbiiTOJIHHTb rrpH C03)J;aHI111 

ynopHJJ:oqeHHoro 3axopoHeHHH, oTseqaiOmero Tpe6osaHHHM oxpaHbi 

oKp~aiOmett cpeJJ:bi. 

CymecTByiOT .n:sa ocHoBHhiX THrra 3axopoHeHwH: Ha3eMnoe 11 

nod3eMHOe. 

JIOd3eMHbl€ 3axOpOH€HUR - lllaXTbi, ITYCTOTbi, CKBa)I{HHbi, CTapb!C 

HeQ>THHbie ITOJIH H JJ:pyrHe Bbipa60TKH - HCI10Jlb3YIOTCH B OCHOBHOM 

.LLJU1 pa3MeiUeHIDI orraCHbiX 11 paJ];HoaKTHBHbiX OTXO)J;OB. 
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r A a 6 a 6. 3axopoHeHue omxoiJo6 

H03eM.Hble 3axopoHeHUR pa3JUPIHbiX BHli:OB (pH c. 6.1) HCIIOJib3YIOT 

MH pa3Mern;eHIDI 6biTosoro H C'fPOHTeJibHoro MYCOpa, a TaiOKe rrpo

MhiiiiJieHHbiX OTXO)J;OB C TO'IHO yqTeHHbiM He60JibiiiHM COJ];ep)({aHHeM 

TOKCH'IHbiX KOMIIOHeHTOB. 

A 
l 

5 
r 

1 

3 

PHc. 6.1. BH.llbl Ha3eMHbiX 3axopoHeHHH OTXO.UOB: 

A - OTBaJibHbiH THII 3axopoHeHHH; E - 3axopoHeHHe Ha cKJIOHax; B -
33XOpOHeHHe B KOTJIOBaHax; F - 33XOpOHeHHe B IIO,U3eMHOM 6yHKepe; ] -

OTXO.Ubl; 2- rH,llpOH30JIHUHH; 3- 6eTOH 

3axopoHeHUR omBOJZbHozo muna HMeiOT cneAyJOrn;He npeHMymecTsa: 

~ OCHOBaHHe 3aXOpOHeHHSI paciiOJIO)({eHO Ha 3eMHOH IIOBepx

HOCTH; 

~ HMeeTCSI XOpOIIIaSI B03MO)({HOCTb KOHTpOJISI 3a yiiJIOTHeHHeM 

pa3Mern;aeMoro MarepHana; 

~ OTBO)]; 80)1; IIpOHCXOJ];HT 6e3 HCIIOJib30BaHIUI HacocoB; 

~ HMeeTCSI XOpOIIIHH KOHTpOJib 3a COCTOSIHHeM J];peHa)({HbiX CHC-

'l'eM. 

He)];OCTaTKH 3aXOpOHeHHH OTBaJibHOfO THIIa COCTOSIT B: 

o CJIO)({HOCTH OU:eHKH ycTOH'IHBOCTH OTKOCOB, OC06eHHO IIpH 

GoJibiiiOH Bbicore 3axopoHeHIDI; 

o BbiCOKHX CJ];BHfOBbiX HaiipSI)({eHIDIX Ha OCHOBaHHH OTKOCOB; 
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Ilepepa6omKa npOMblUJJleHHbiX omxoiJo6 

D He06XOJ];HMOCTH HCIIOJib30BaHIUI CIIeiJ;HaJibHbiX CTpOHTeJibHbiX 

KOHCTp)'Kli:HH ,li,.IDI IIOBbiiiieHIUI ycTOWIHBOCTH 3axOpOHeHIDI; 

D C03)1;aHHH 3CTeTHqecKOH HarpyJKH Ha JiaHJ];IIIa<t>T. 

JaxopoHeHUR HQ CK.IlOHQX B OTJIH<JHe OT paCCMOTpeHHbiX 3aXOpOHC

HHH OTBaJibHOfO THIIa Tpe6yJOT )];OIIOJIHHTCJibHOH 3aiUHTbl TCJia 

3axOpOHeHHH OT CIIOJI3aHIDI H OT CMbiBa BO)];OH, CTCKalOIUeH IIO CKJIOHy. 

3aiUHTa ocymecTBJIHeTCH C IIOMOJUblO CTPOHTeJibHbiX KOHCTp)'Kli:HH. 

JaxopoHeHUe 8 K011VI08QHQX B MeHbiiieH CTeiieHH BJIHHeT Ha JiaH,li,

IIIa<i>T H He C03J];aeT OIIaCHOCTH, CBH3aHHOH C ycTOH'IHBOCTblO. 0)1;HaKO 

OHO Tpe6yeT OTBOJ];a 80)1; C IIOMOIUblO HaCOCOB, TaK KaK OCHOBaHHC 

pacrroJio)l{eHo HH)I{e rrosepxHocTH 3eMJIH. TaKoe 3axopoHeHHe c03)1;aeT 

AOIIOJIHHTeJibHbie TPYAHOCTH AJIH rHApOH30JIHUHH 6oKOBbiX cKJIOHOB 

H OCHOBaHHH 3aXOpOHeHHH OTXOJ];OB, a TaK)I{e TpefiyeT IIOCTOHHHOfO 

KOHTpOAA 3a J];peHa)I{HblM11 CHCTeMaMH. 

3axopoHeHUR 8 noiJ3eMHbiX 6yHKepax rro seeM rrapaMeTpaM 6onee 

YA06Hbl 11 3KOJiomqecKI1 'II1CThi, OJ];HaKo 113-3a 6oJibWI1X KaiiHTaJibHhiX 

3aTpaT Ha HX COOpy)l{eHHC OHH MOryT HCIIOJib30BaTbCH TOJibKO AJI}I 

YAaJieHI151 He6oJibwHx KOJIH<JecTB oTXOAOB. 

YKJiaAKa oTXOAOB AOJI)I{Ha ocymecTBJIHTbCH cJIOHMH TOJIIUHHOH 

He 6oJiee 2 M IIpH 06H3aTeJibHOM yiiJIOTHeHHH, o6eciiC'IHBaiOIUeM 

HaHfiOJiblliYlO KOMIIaKTHOCTb H OTCYTCTBHe rrycTOT, 'ITO oco6eHHO 

Ba)I{HO IIpH 3axOpOHeHHH KpynHora6apHTHbiX OTXOJ];OB. 

YIIJIOTHCHHe OTXOJ];OB IIpH 3aXOpOHeHHH He06XOJ];HMO HC TOJibKO 

MH MaKCHMaJibHOfO HCIIOJib30BaHHH CB060)];HOfO IIpOCTpaHCTBa, HO 

H MH HCKJIIO<JeHHH npo6JieM, CBH3aHHbiX C IIOCJie)];yiOIUHM OCeJ];aHHeM 

TCJia 3aXOpOHeHHH. KpoMe TOfO, pbiXJIOe TeJIO 3aXOpOHeHHH, HMCIOIUCC 

IIJIOTHOCTb HH)I{e 0,6 T/M3, YCJIO)I{HHeT KOHTpOJib 3a <l>HJibTpaTOM, TaK 

KaK B TeJie HeH36e)I{HO B03HHKaeT MHO)I{CCTBO KaHaJIOB, 3aTpy)];HHlOIU11X 

ero c6op 11 YAaJieHHe. 

CTeneHb KOMII3KTHpOBaHHH OTXOJ];OB 3aBHCHT OT HCIIOJib3yeMoro 

o6opy)];OBaHHH, IIpHpOJ];bl OTXOJ];OB 11 CIIOC06a HX pa3MeiUCHI1H. ,1J,m1 
KOMIIaKTHpOBaHHH OTXOJ];OB IIp11MeHHlOT Ofibi'IHbie J];OpO)I{Hbie M3-

lUHHbl, TaKHe KaK 6yJibA03epbi Ha ryceHH'IHOM XOAY, a TaK)I{e cne

U:HaJibHbie TH)I(eJibiC KOMIIaKTOpbl CO CTaJibHbiMH 3yfiqaTbiMH KOJiecaMH. 

11ciiOJib30BaHHe KOMIIaKTOpOB II03BOJIHeT YIIJIOTHHTb TeJIO 3aXOpO

HeHHH )1;0 0,7-0,8 T/M3. 

IlocJIOHHOe nepeKpbiTHC Bcero OCHOBaHHH HC60JibliiHMH CJIOHMH 

OTXO)];OB paBHOMepHOH TOJIIUHHbl 6oJiee u;enecoo6pa3HO, '!eM yKJia)];K<l 

OTXOJ];OB Ha BCIO BbiCOTY 3aXOpOHeHHH, HO Ha OTJ];CJibHbiX yqacTKaX. 
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fA a 6 a 6. 3axopoHeHUe OTnXOd06 

O.n:HaKo HHor.n:a, npe)!()].e Bcero no 3KOHOMWiecKHM coo6pa)({e

HHHM, 3ano;meHHe xpaHHJmma npOH3BO.LJ:HT noceKUHOHHO. OcHOB

HbiMH npWIHHaMH CeKUHOHHOrO 3anOJIHeHHH HBJIHIOTCH: He06XO.LJ:H

MOCTb pa3,n:eJieHHH pa3JIWIHbiX THnOB OTXO.LJ:OB B npe,n:eJiaX O.LJ:HOfO 

nOJIHfOHa, a TaJOKe CTpeMJieHHe K yMeHbiiieHHlO nnoma,n:eti:, Ha KO

TOpbiX o6pa3yeTCH <f>HJibTpaT. 

IlpH oueHKe ycroiftmBocTH TeJia 3axopoHeHHH cne.n:yeT pa3JIWiaTb 

BHeiiiHIOlO H BHyTpeHHlOlO ycTOH'-IHBOCTb. flo,n: BHyTpeHHeH yc

TOH'-IHBOCTblO nOHHMalOT COCTOHHHe caMOfO TeJia 3aXOpOHeHHH 

(ycTOH'-IHBOCTb 6opTOB, ycroti:'-!HBOCTb K BcnyqHBaHHIO); no.n: BHeiiiHeti: 

ycTOH'-IHBOCTblO nOHHMalOT ycTOH'-IHBOCTb OCHOBaHHH 3aXOpOHeHHH 

(oce,n:aHHe, pa3,n:aBJIHBaHHe ). He.n:ocTaTO'-!HaH ycTOH'-IHBOCTb MO)({eT 

noBpe,n:HTb ,n:peH(l)K}{yJO CHCTeMY H m,n:pOH30JIHUHIO. 

Oce.n:aHHe MO)({eT HBHTbCH cne,n:cTBHeM cne.LJ:yJOmHx npWIHH: 

• BbiTeCHeHHH BO.LJ:bl 113 BJirut<.HbiX OTXO.LJ:OB; 

• yseJIH'-IeHHH 06'beMa nycTOT BCJie,n:CTBHe HCTe'-!eHHH 6Hora30B, 

o6pa3yJOIUHXCH B pe3yJibTaTe MMKpo6wonomqeciGiX npoueccoB; 

• ,n:p06JieHHH OTXO.LJ:OB 3a C'-leT MeXaHH'-!eCKHX Harpy30K. 

HeKOTOpbie cneuwaJIHCTbi C'-IHTaJOT, '-ITO yJio)({eHHbiH cnoti: 

OTXO.LJ:OB nocJie KOMnaKTHpOBaHHH .LJ:OJI)({eH e)({e,n:HeBHO nepeCbinaTbCH 

rpyHTOM, '-ITO n03BOJIHeT CHH3HTb onacHOCTb nepeHOCa HH<f>eKUHH 

rpb13yHaMH H nTHUaMH, a TaJOKe HCKJilO'-IHTb 3arpH3HeHHe MeCTHOCTH 

IlpH BeTpeHOH noro,n:e. flpH 60JibliiHX nJioma,n:HX nOJIHfOHa 3TO He 

Bcer,n:a BblfiOJIHHeTCH H3-3a TeXHH'-!eCKHX H 3KOHOMH'-!eCKHX Tpy,n:

HOCTeH. DOJiee BblfO.LJ:HbiM HBJIHeTCH HCnOJib30BaHHe .LJ:JIH BpeMeHHOfO 

yKpbiTHH TeJia 3aXOpOHeHHH nOJIHMepHbiX nJieHOK, CHHTeTH'-!eCKHX 

pa3pyrnaiOIUHXCH neH H ,n:pymx MaTepHaJIOB. 

Ilocne 3aBepiiieHHH 3axopoHeHHH ero Heo6xo,n:HMO rw.n:poH-

30JIHpoBaTb CBepxy H npoBeCTH peKyJibTHBaUHIO 3eMeJib.TaKHe 

3axOpOHeHHH .LJ:OJI)((Hbl fibiTb 3aiUHIUeHbl OT .LJ:aJibHeti:rnero npOHHKHO

BeHHH OCa.LJ:KOB H BO.LJ: npoca'-!HBaHHH. ,lJ,eJiaeTCH 3TO He cpa3y nocJie 

3aBepiiieHHH 3aXOpOHeHHH, a nOCJie OKOH'-!aHHH fiHOJIOfH'-!eCKHX npo

UeCCOB B TeJie 3aXOpOHeHHH H nOJIHOfO npeKpameHHH Bbi.LJ:eJieHHH 

ra30B. B npoTHBHOM cnyqae 3aKpbiTOe 3axopoHeHHe MO)({eT npeB

paTHTbCH B 60M6y 3aMe.LJ:JieHHOf0 ,n:eHCTBHH. 

ITocKOJibKY npH 3axopoHeHHH OTXO.LJ:OB Ha HeopraHH30BaHHbiX 

CBaJIKax He BblfiOJIHHlOTCH COBpeMeHHbie TPefiOBaHHH no fH.LJ:pOH30-

JlHUHH, TO 3TH CBaJIKH HBJIHIOTCH HCTO'-IHHKOM 3arpH3HeHHH rpyHTOBbiX 

BO.LJ: H nO'-IBbl. 
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,lJ,JUI nt:J];pOH30JUIJ..(HH cymecTBYlOJllHX CBa.JIOK pa3pa6oTaHa TeX

HOJIOfHH COJJ];aHHH 60KOBbiX H ropH30HTa.JibHbiX 6apbepoB BOKpyr 

cTapoH cBaJIKH. BoKoBaH HJOJIHJ..(HH coJ)];aeTcH rryTeM 6ypeHHH 

BepTHKa.JibHbiX CKBa)({HH, B KOTOpbie HarHeTalOTCH crrel.(Ha.JibHble 

MaTepHa.Jibl, fiJIOKHpylOJllHe 60KOBYIO MHrpal.(HlO BpeJ];HbiX BeJlleCTB 

113 TeJia xpaHHJIHJlla OTXOJ];OB. 

EcJIH JarpH3HeHHbie BOAhi coe)];HHHJOTCH c rJiy6oKoJie)({aJllHMH 

BOAOHOCHbiMH ITJiacTaMH, To TPe6yeTcH AOITOJIHHTeJibHaH HJOJIHJ..(HH 

OCHOBaHHH CBaJIKH C ITOMOillblO ropH30HTaJibHbiX CKBa)({HH, KOTOpaH 

ocymecTBJIHeTCH 6ypeHHeM C OTKpbiTOH CTOpOHbl ( eCJIH OHa HMeeTCH) 

KOTJIOBaHa JIH6o 6ypeHHeM HaKJIOHHbiX cKBa)({HH. B KaqecTBe 

fH)];pOH30JIHpylOJllHX MaTepHaJIOB rrpHMeHHJOTCH 030KepHT (rrpOAYKT 

3KC'fPaKJ..(HH 6yporo yrJIH) JIH60 )((HJ1:KOe CTeKJIO H J];pyme CHJIHKaTHbie 

MarepHaJibi. 

Ba)({HbiM 3JieMeHTOM yrrpaBJieHHH rroJIHrOHOM JaxopoHeHHH 

OTXOJ];OB HBJIHeTCH MOHHTOpHHf OKp~aJOJlleH cpe)];bl, l.(eJiblO KOTOporo 

HBJIHeTCH orrpeJ];eJieHHe JIJOfihiX He)({eJiaTeJibHbiX BHJ];OB BOJ)];eHCTBHH 

Ha Hee )];JIH llpHHHTHH Heo6XO)];HMbiX KOppeKTHpylOJllHX J];eHCTBHH. 

06oeKTaMH MOHHTOpHHra HBJIHIOTCH 803J1:YX H 6Hora3, rpyHTOBbie 

BO)];bl H <f>HJibTpaT, noqBa H TeJIO JaXOpOHeHHH. 06oeM MOHHTOpHHra 

JaBHCHT OT BH)];a OTXOJ];OB H ycTpOHCTBa ITOJIHfOHa. 

B CBR3H C KaTac-rpoqmqecKOH HeXBaTKOH B HaiiieH c-rpaHe ITOJIH

rOHOB llpOMbiiiiJieHHbiX OTXOJ];OB, o6opy)];OBaHHbiX C yqeTOM He06XOJ];H

MbiX npaBHJI, npaKTHKyeTCR JaXopoHeHHe llpOMbiiiiJieHHbiX OTXOJ];OB 

COBMeCTHO C TBep)];biMH fihiTOBbiMH OTXOJ];aMH. flpeJ];eJibHOe KOJIHqecTBO 

llpOMbiiiiJieHHbiX OTXOJ];OB, )];OITYCKaeMOe J];JIH CKJiaJ];HpOBaHHH Ha 

ITOJIHfOHaX fihiTOBbiX OTXO)];OB, HOpMHpyeTCH )];OKyMeHTOM, yTBep

)((J1:eHHbiM fJiaBHbiM caHHTapHbiM BpaqoM. 

OcHOBHoe ycJIOBHe npHeMa rrpoMbiiiiJieHHbiX OTXOAOB Ha 3TH 

rroJIHrOHbi- co6JIJOJ];eHHe caHHTapHo-rwmeHHqecKHx TPe6oBaHHH no 

OXpaHe aTMoc<f>epHOfO BOJ)];yxa, noqBbl, rpYHTOBbiX H ITOBepXHOCTHbiX 

80)1;. fJiaBHbiM KpHTepHeM rrpHeMa rrpoMbiiiiJieHHbiX OTXO)];OB HBJIHIOTCH 

COCTaB <f>HJibTpaTa rrpH pH = 5-l 0 H TeMrrepaType 10-40 oC, 
HecrrocofiHOCTb OTXO)];OB K 83pbiBy, caMOB03fOpaHHlO, BbiAeJieHHlO 

MOBHTbiX raJOB, HHTeHCHBHOMY llbiJieHHlO. 11x BJia)({HOCTb )];OJI)({Ha 

6b1Tb He 6oJiee 85 %. He )];orrycKaJOTCH K JaxopoHeHHJO Ha rroJiwroHax 

fibiTOBbiX OTXOJ];OB TaKHe llpOMbiiiiJieHHbie OTXO)];bl, KOTOpbie CITOC06Hbl 

K caMOB03fOpaHHlO Ja cqeT XHMHqecKHX peaKJ..(HH B TOJIJlle CKJia-
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I .II a B a 6. 3axopoHeHUe omxoiJOB 

~HpyeMoit Macc:&I HJIH B:&J.D;erunoT rrap:&I H ra3:&I, o6pa3}'IOIUHe c B03-

,eyxoM HJIH ra3aMH IIOJIHI'OHa B3p:&moorraCH:&Ie HJIH JU{OBH'I':&Ie CMeCH. 
O~HHM H3 caM:&IX coopeMeHH:&IX y Hac B CTpaHe rronHrolioo .lVDI 

3aXOpoHeHIDI H o6pa6on<:H IlpoM:&IIWielnlbiX OTXO~OB HBmleTC.>l OII:&ITH:&Jit 

IIOJIHI'OH "KpacH:&rn Bop" 110~ Camcr-IJerep6yproM. IlOJIHI'OH OKpyxeH 

KOJib~eB:&IM KaHaJIOM, OTBO.AHillHM 110~3eMH:&Ie H IIOBepXHOCTH:&Ie 80~1 

c oKpyxaiOmeA reppHTOPHH B pe~cy BoJI:&WM lbcopa. Ha rroJiHI'OH 

IIpHHHMaiOTC.R OC~KH oqHCTH:&IX coopyxeHHit H Bee IIpOM:&IWJieHH:&Ie 

OTXo~:&l, 3a HCKJIJOqeHHeM p~HoaKTHBH:&IX H rro.zr.nexaiUHX pereHep~HH-: 

Bee oTxo~:&l, npHHHMaeM:&Ie K 3axopoHeHHIO Ha rroJIHroHe, 

HMeiOT nacrropT C TeXHHqecKoit xapaKTepHCTHKOit OTXOJl.OB, KpaTKHM 

OIIHCaHHeM Mep 6e3orracHoro o6pameHHH C HHMH IlpH C:>ICHraHHH H 

3axopoHeHHH. 

fopiOqHe OTXO~:&I C:>KHraiOTC.R Ha IIOJIHI'OHe B cne~HaJI:&H:&IX rreqax 

npH TeMnepaType oKoJio 1000 ·c. CxeMa rroJIHroHa rroKa3aHa Ha 

pHC. 6.2. 
· B HacTOJIIUee opeMH Ha noJIHroHe "KpacHLIH Eop" }?ICe 3axopo-

HeHo 1,5 MJIH, T TOKCH'IHLIX OTXO~OB, 'ITO IIpHBeJIO K ero rrepenOJIHe

HHIO H TIDKeJioif 3KOJIOrH'IeCKOH Clfi'Y~H BOKpyr Hero. 

Bonee ycooepweHCTBoBaHHLie rroJIHroH:&I ~JIH o6pa6oTKH H 

3axopoHeHHH npoM:&IWJieHH:&Ix oTxo~oB rrJiaHHpooanocL rrocTPOHT:& 

Bo ocex KpyrrH:&IX rrpoM:&IWJieHH:&IX pemoHax CTpaH:&I B Haqane 90-x 

ro~oB. 

3axopoHeHHe OTXO~OB B MocKBe CBH3aHO c oqeHL 6oJI:&WHMH 

He~OCTaTKaMH H Tpy~HOCTHMH. 0CHOBHL1e H3 HHX: OTCYTCTBHe B6JIH3H 

ropo~a CB060~H:&IX JeMeJILH:&IX yqaCTKOB, IIOCTOHHHOe yBeJIHqeHHe 

~aJILHOCTH B:&IB03a OTXO~OB, He~OCTaTOK TpaHCIIOpTa, TeXHHKH H 

TOIIJIHBa Ha 8:&1803 H o6pa60TK)' OTXO~OB, a TaiOKe Ha no~rOTOBK)' 
IIOJIHroHa H KOHTpOJIL 3a HHM. Cpe~HH.R ~aJI:&HOCTh B:&IB03a OTXO~OB 
H3 MocKB:&I K MecTaM 3axopoHeHIDI cocTaBJUieT 80 KM, a H3 ropo~oB 
MocKoocKoit o6JiaCTH - 40 KM. 

TaKM ~aJILHOCTh MeeT 3axopoHeH:HH OTXo~oB oT HcToqHHKOB HX 

o6pa3oBaHHJI IIpHBO~HT K MHOrOtmCJieHHLIM HeopraHHJOBaHHLIM CBaJI

KaM MYCOpa H IIpOMLIWJieHH:&IX OTXO~OB, KOTOp:&le He HMeiOT HHKaKOH 

no~rOTOBKH H IIOCJie.zzyiOIUero KOHrpOJIJI. ToJILKO B 1997 r. B CTpaHe Ha 

HeCaHKLUfOHHpoBaHH:&IX CBaJIKax 6:&IJIO 38XOpOHeHO 140,5 ThiC. T TOK

CH'IH:&IX OTXO~OB, a H3 Y'l'feHH:&IX MeCT opraHH30BaHHOI'O 38XOpoHeHHJI 

OTXO~OB o6meif IIJIOIU~IO 14 ThiC. ra 15 % He OTBetJ:aJIH ~eHCTB)'IO
IUHM TPe6oBaHHJIM K IIOJIHrOHaM. 
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/Jepepa60mKQ npOMbiUJJleHHbiX omxoao6 

P11c. 6.2. CxeMa nmmroHa "KpacHbiH Eop" J1)HI o6pa6oTKI111 JaxopoHeHHR 
npOMbiiiiJieHHhiX OTXOJJ:OB: 

I- yqacTOK o6e3Bpe:xmBaHI1R HeopraHJ1qecKI1X OTXOJJ:OB; II- yqacTOK 
JaxopoHeHI1R HeropJOqHx opraHJ1qecKHx OTXOJJ:OB; III- yqacroK JaxopoHeHI15I 
oco6o BpeJJ:HbiX OTXOJJ:OB; IV- yqacToK TepMJ1qecKoro o6e3Bpe:xmBaHI1H 
OTXOJJ:oB; V- a.JJ:MI1HI1cTpaTI1BHbiH yqacToK; VI- rapa)!(; 1 - Knn 11 Be
coBaR; 2 - X11MJ1t{eCKa51 Jia6opaTOpl151; 3 - a)J;MI1HI1CTpaTJ1BHOe 3JJ:aHJ1e; 

4 - KOTeJibHaR 

6.2. HcnOAb3060HUe 6uoca3a U3 30XOpOHeHUR omxoaoe 

3axopoHeHHe no.n:Bep:>KeHHbiX rHHeHrno OTX.O.LJ:OB B nosepxHo

CTHbiX xpaHHJIH~ax HeH36e:>KHO Be.LJ:eT K o6pa30BaHHIO 6HOra3a, RB
JIRIO~erOCR npo.n:yKTOM npol.{ecca aHa3po6Horo pa3JIO:>KeHHR, npoTe
KaiO~ero BH)'TPH MaCChi 3axopoHeHHbiX OTXO.LJ:OB. 

06bNHO 3TOT ra3 co.n:ep)({HT 60 % MeTaHa, a TaiOKe a30T H ymeKMc
JibiH ra3. KpoMe Toro, B HeM MoryT co.n:ep)({aTbC51 H .n:pyrHe Bew:ecTBa, 
HaHOC51W:He ypoH oKpy)({arow:eii: cpe.n:e: cepoBo.n:opo.n: H raJioreH
co.n:ep)({aw:He ymeBo.n:opo.n:br. 3HepreTHqecKHH noTeHL{HaJI 6Hora3a 
cocTaBJI51eT 21 M,[()({/M3• IlpH HaJIHqHH HenpoHHL{aeMoro BepxHero 
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f II a 6 a 6. 3axopoHeHUe omxoiJ06 

CJIOH IIOBbllllaeTCH B03MO:>KHOCTb rop1130HTaJlbHOH MlUpaUI111 fa3a 113 30Hbl 

'JaxopoHeHHH. 

B11ora3 Heo6xo.LI.11MO OTBO.LJ.I1Tb .LI.JIH Toro, qTo6bi rrpe.LJ.OTBpaTI1Tb 

CI'O Ml1rpaUI110 C IIOJII1fOHa, TaK KaK OH TOKCI1qeH 11 83pbiBOOIIaceH. 

Ero orracHOCTb pacrrpocTpaHHeTcH He TOJibKO Ha Teppi1TOp1110 

IIOJII1fOHa, HO 11 3a ee IIpe.LJ.eJibl B CBH311 CO 3Haqi1TeJibHbiM Ofi'beMOM 

o6pa3oBaHI1H. 

MeTO.LJ.bl KOHTpOJIH 11 OTBO.LI.a 611ora3a B HaCTOHllJ.ee BpeMH 

llOCTaToqHo pa3pa6oTaHbl 11 3a py6e)l{OM lliHpOKO 11CIIOJib3yJOTCH. fa3 

OfiblqHo OTBO.LJ.I1TCH IIyTeM OTCOCa 11 HanpaBJIHeTCH Ha C)l{l1faHI1e B 

OTKpbiTOM <f>aKeJie 11JII1 Ilp11 3Haqi1TeJibHbiX KOJII1qecTBaX 11 CO

OTBeTCTBYJOlll.eM KaqecTBe YTI1JII1311pyeTcH. C6op 611ora3a ocymecT

IIJIHeTcH 113 BepTI1KaJlbHbiX CKBa)l{I1H, npo6ypeHHbiX Ha MeCTe y)l{e 

'laiiOJIHeHHbiX xpaHI1JII1lll., 11JII1 ropi130HTaJlbHbiX CKBa)l{I1H-KOJIJieK

'I'OpOB, coopy)l{eHHbiX B IIpouecce CKJia.LI.11pOBaHI1H OTXO.LJ.OB. 

B npo6ypeHHbiH CTBOJI CKBa)l{I1Hbi Ha rJiy611HY He MeHee 10 M 

(Jiyqrne 20-30 M) IIOMemaeTCH rrep<f>opl1pOBaHHaH B Hl1)l{Hei1: qacTI1 

CTaJlbHaH Tpy6a. 3aTpy6HOe IIpOCTpaHCTBO xpaHI1JII1lll.a 3aiiOJIHHeTCH 

rpaHyJI11posaHHbiM MaTep11aJIOM. BepxHHH qacTb 3aTpy6Horo rrpocT

paHcTBa 6eTOHI1pyeTCH .LI.JIH IIpe.LJ.OTBpameHHH IIOCTYIIJieHI1H B CKB3)l{HHY 

uo3.LI.YXa. T11n11qHoe o6opy.LI.oBaHI1e .LI.JIH c6opa 611ora3a cocTOI1T 113 

COe.LJ.I1HeHI1H C BCaCbiBalOllJ.I1M TpyfioiipOBO.LJ.OM, .LJ.I13<f>parMeHHOfO 

pacXO.LJ.OMepa 11 3a.LJ.BI1)l{KI1 .LI.JIH peryJI11pOBaHI1H IIOTOKa. 

Ha KOJII1qecTBO o6pa3yJOllJ.erocH 611ora3a BJIHHJOT: 

• COCTaB, 803pacT, IIJIOTHOCTb, TeMIIepaTypa 11 BJia)l{HOCTb OTXO-

/lOB; 

• IIJIOllJ.a.LJ.b, rJiy611Ha, CIIOC06bl 3KCIIJiyaTaUI111 11 peKYJibTI1BaUI111 

Kpamumma OTXO.LJ.OB; 

• BO.LJ.HbiH 6anaHc XpaHI1JII1llJ.a. 

B Hal16oJiee npocTOM cJiyqae ra3bl MOryT co611paTbCH 11 HanpaB

!ISJTbCH IIO Tpy6onpOBO.LI.aM IIOTpe611TeJIIO B KaqecTBe TOIIJII1Ba BMeCTO 

Jlpyrnx 11CTOqHI1KOB 3HeprHI1. 

)J,pymM IIpOCTbiM Bap11aHTOM 11CIIOJib30BaHI1H 611ora3a HBJIHeTCH 

C)l(l1faHI1e ero B CIIeUI1aJlbHbiX ycTaHOBKaX .LJ.JIH IIOJiyqeHI1H 3JieKT

p03Heprl111. 3TO MoryT fibiTb ra30Bble .LI.BI1raTeJII1 C 11CKpOBbiM 3a

)KI1faHI1eM, ra30Bble Typ611Hbl. fa30Bble .LJ.BI1raTeJII1 II03BOJIHIOT C03-

Il3BaTb MaJIOMOllJ.Hble ycTaHOBKI1. Ha116oJiee ueJiecoo6pa3HO IIpi1-

MeHeHI1e .LI.BYXTaKTHbiX ra30BbiX .LI.B11raTeJiei1: 6e3 BIIYCKalOlll.I1X 11 

llbiiiYCKa!OllJ.I1X KJiaiiaHOB. 
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Ilepepa6omKa npoMbiUJJleHHbiX omxoiJo6 

faJOBbie Typ6HHbi 3<f><f>eKTHBHbi rrpH MOIUHOCTH 6onee 2 MBT 

KIT.U raJOBbiX Typ6HH cocTaBmieT 32 %. Bonee J1:0porocTOHIU11M 

HBJIHeTCH IIOJIY'IeHHe BbiCOKOKa'-!eCTBeHHOro raJa. 3To Tpe6yeT YAa.JieHI111 

HeMeTaHOBbiX KOMIIOHeHTOB, '-ITO )];OCTHraeTCH XHMH'-IeCKHMH 111111 

<f>HJH'-!eCKHMH MeTO)];aMH cerrapau;HH. . 

ITocKOJibKY 6HoraJ MoxeT co)];epxaTb cepoBOJ1:0POA 11 

raJioreHIIpOHJBOJ];Hble yrJieBOJ];OpOJ];bl, TO J];JIH HCIIOJibJOBaHHH II 

Ka'-!eCTBe TOIIJIHBa MH raJOBbiX J];BHraTeJieH He06XOJ];HMa ero 0'-IHCTKII 

ITo MeTOJ1:Y <f>HpMbi "Kap6o-Tex" (fepMaHHH) O'-IHCTKa 6Hora:~n 
rrpoHJBOJ1:HTCH B )];Be cTa)];HH. Ha rrepso:H cTaJ];HH HJBJieKaeTcu 

cepOBOJ];OpOJ];, a Ha BTOpOH IlpOHJBOJ];HTCH y)];aJieHHe ra.n:oreHCO 

J];ep)({arn;HX yrJieBOJ];OpOJ];OB. 

B o6e11x CTa)];HHX B Ka'-!eCTBe O'-!HIUaiOrn;ero sern;eCTBa 11c 

IIOJihJyeTcH aKTHBHposaHHbiH yroJib. B rrepso:H - OH HrpaeT poJJJ, 

KaTa.n:HJaTopa rrpesparn;eHHH cepoBOJ];opo)];a B 3JieMeHTapHyiO cepy 

ITpouecc rrpoTeKaeT rro peaKUHH: 

2H2S + 0 2 ~ 2Hp + 2S. 

OcraTO'-!HOe co)];epxaHHe cepoBOAOPOAa rroCJie rrpoxo)((J1:eHHH raJOM 

rrepBOH CTa)];HH 0'-IHCTKH paBHO 5 Mr/M3• 

AKTHBHposaHHbiH yroJib, Ha KOTOPOM oca)((J1:aeTCH 3JieMeHTapmuJ 

cepa, rrepHOJ];H'-IeCKH JaMeHHeTCH Ha CBeXHH. 

Ha sropo:H CTa)];HH aKTHBHposaHHbiH yroJib HrpaeT poJib a)];COp· 

6ema. 
ITo J1:0CTHXeHHH eMKOCTH HaCbirn;eHHH aKTHBHposaHHbiH yroJJit 

CO BTOpOH CTa)];HH BOCCTaHaBJIHBaeTCH IIyTeM )];eCop6UHH a)];COp· 

6HposaHHbiX ranoreHCOJ1:epxarn;Hx yrneBOAOPOAOB. ,Uecop6U1111 

IlpOHJBOJ];HTCH C IIOMOIUbiO napa, HarpeToro )1;0 TeMrrepaTypbl 130•(', 
rrapo-raJOBaH CMeCb KOH)];eHcHpyeTCH, a KOH)];eHCaT YTHJIHJHpyeTC~I. 

,UJIH Bbipa6oTKH 1 MBT 3HepmH Heo6xo)];HMa rro)];aqa 6HoraJa 11 

KOJIH'-!eCTBe 525 M 3/'-l. C'-!HTaiOT, '-ITO OJ];Ha CKBa)({HHa )];aeT 80 M 3/•l 
raJa. 

BbiCOKaH IIJIOTHOCTh MYCopa IIOJBOJIHeT HJBJieKaTb raJ c 6oJibiiioll 

CKOpOCTbiO. 06bi'-!HaH CBa.JIKa MOXeT BbiAaBaTb raJ B Te'-!eHHe 10-ll 
neT. MaKCHMYM rrpoHJBOJ1:HTeJibHOCTH rrpHXOJ1:HTCH Ha '-!eTBepTbiH roJt, 

JaTeM IlpOHCXOJ];HT MeAJieHHOe ee IIOHH)({eHHe. 

ITocJie OKOH'-!aHHH 3KCIIJiyaTaUHH CKBaXHHbl, T. e. KOr)];a c6op 

o6paJOBaBIIIerOCH 6HoraJa CTaHOBHTCH 3KOHOMH'-!eCKH He3<f><f>eK 

THBHbiM (TaK KaK KOHIJ;eHTpau;HH MeTaHa CTaHOBHTCH CJIHIIIKOM 
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fA a 6 a 6. 3axopOH€HUe omxoiJ06 

IIH3KOH), Heo6XO.ll;HM KOH'IpOJib 3a ero o6pa3oBaHHeM H o6e3Bpe

IKHBaHHeM. O.n;HH H3 cnoco6oB o6e3Bpe)({HBaHHH 3aKJIIOqaeTCH B 

OKHCJieHHH MeTaHa 803.ll;YXOM B noBepXHOCTHbiX CJIOHX noqBbi B 

IIPHCYTCTBHH 6aKTepHi1. B pe3yJibTaTe o6pa3yeTCH yrneKHCJibiH ra3, 

KOTOpbiH .!J;H<f><f>yH.ll;HpyeT H3 noqBbi B aTMoc<f>epy. 

O.n;Ho H3 nepBbiX B CiliA 3axopoHeHHH oTxo.n;oB c Bbipa6oTKoi1 

~Hora3a nnow:a.n;hiO 14 ra <f>yHKUHOHHposano c 1978 no 1985 r. B 

lleM HaXO.ll;HJIHCb BnepeMeiiiKY 1 MJIH. T Mycopa H 0,5 MJIH. T npo

MbiiiiJieHHbiX OTXO.ll;OB. CBaJIKa .n;aBaJia 60 MJIH. M 3 ra3a B fO.ll;, HJIH 

!1868 M 3jq. fiOJIHbiH pecypc MOW:HOCTH TaKOH CBaJIKH COCTaBHJI 

13,1 MBT. 

C 1983 r. <f>HpMa "Bn10 CepKJI" (CiliA) npHMeH.HeT ra3 H3 

KpaHHJIHW: OTXO.ll;OB .lJ;JIH Ofi)({Hra u;eMeHTa. 

,Upyroe xpaHHJIHW:e, "CToyH" (CiliA), HMeeT nJIOW:a.ll;b 40 ra, 

o6beM nOJIOCTH 10 MJIH. M3, rny6HHY OT 25 .ll;O 45 M. fipO.ll;YKTHBHOCTb 

Kpaml:JIHW:a 7500 M 3 ra3a B 1 q npH co.n;ep)({aHHH MeTaHa 50 %, qTo 

llo3BOJIHeT nonyqHTb 3JieKTpo::meprmo B KOJIHqeCTBe 5-7 MBT c 

IIPHMeHeHHeM .ll;BHrarenei1: 3JieKTPOHCKpoBoro 3a)({HraHHH H ra3oBhiX 

1yp6HH, a TaK)({e TeiiJIOBYJO 3HeprHIO oT OTPa6oTaHHbiX ra3oB. 

YcTaHoBKa cocToHT H3 20 CKBa)({HH, coe.n;HHeHHbiX TPY6onpo

no.n;oM .ll;JIHHOH 2200 M, ra30KOMnpeccopHOH CTaHIJ;HH, BKJIIOqaiOW:eH 

lpH nopiiiHeBbiX KOMnpeccopa, BO.ll;HHOfO XOJIO.ll;HJibHHKa, rpa.n;HpHH 

H KI1IT. 
fa3 TpaHcnopTHpyeTCH noTpefiHTeJIIO no Tpy6onpoBo.ll;y Ha 

paCCTOHHHe 5000 M. 

B 1985 r. B CiliA pa6oTano 6onee 30 ycTaHoBoK, HcnoJib3oBaBIIIHX 

1\HOfaJ, Bbipa6aTbiBaeMbiH Ha noJIHfOHax OTXO.ll;OB. 

B fepMaHHH HMeeTCH B qacTHOH KOMMepqecKoi1 3KCIIJiyaTau;HH 

j)H.ll; ycTaHOBOK MaJIOH MOW:HOCTH, Bbipa6aTbiBaiOW:HX 3JieKrp03HeprHIO 

llyreM C)({HraHHH 6Hora3a H3 xpaHHJIHW: OTXO.ll;OB. 

B BeJIHKo6pM:TaHHH HMeiOTCH ycTaHoBKH no o6)({Hry ueMeHTa H 

KlipnHqa, HCnOJib3YJOW:He 6Hora3 H3 xpaHHJIHW: Mycopa. 

TaKHM o6pa3oM, K HaCTOHW:eMy speMeHH HaKonneH 3HaqH

I'C!JibHbiH npaKTHqeCKHH onhiT no HCnOJib30BaHHIO 6Hora3a H3 

KpaHHJIHW: Mycopa H oTXo.n;oB. B Haiiiei1: CTPaHe TaKHX ycTaHoBoK 

IICT, qTo noMHMO yrrycKaeMOH 3KOHOMHqeCKOH BbifO.ll;bi npHBO.ll;HT K 

mrpH3HeHHIO ra3oM oKp~aiOw:ei1: cpe.n;bi. 
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Ilepepa6omKa npoMbiULAeHHblx omxoiJo6 

6. J. JaxopOHeHUe omxoaoe 6 MOpe 

0)1;HHM 113 MeTO)];OB 3aXOpOHeHHH npOMbiiiiJieHHbiX OTXOll,OII 

HBJIHeTCH c6poc HX B MOpe. CJie)];yeT cpa3y OTMeTHTb, qTO TaKoMy 

3aXopOHeHHIO fiOJ];Jie)({aT TOJibKO TBepJ];bie HHepTHbie OTXO)];bi, KOTOpbll" 

He MOfYT HaHeCTH yrn;ep6 OKpy)({aiOrn;eH cpe)];e. 3axopoHeHHe TaKHX 

OTXO)];OB npOH3BOJ];HTCH pa3JIHqHbiMH CfiOC06aMH: nyTeM c6poca 11'1 

pe3epByapOB 6ap)({, nepeB03HMbiX fiyKCHpaMH, C fiOMOII.J;biO Tpy 

6onpoBOAOB, YAaJieHHhiX B Mope Ha AecHTKH KHJIOMeTpoB HJIH )({e r 

fiOMOII.J;biO ynaKOBKH H c6poca OTXO)];OB B repMeTHqHbiX KOHTeHHepaX 

CTOHMOCTb Ha3BaHHbiX cnoco60B JaxopoHeHHH OTJIHqaeTCH B J];eCHTKII 

pa3. HaH60Jiee BbiCOKaH CTOHMOCTb y Tpy6onpOBO)];HOH TeXHOJIOrHII 

c6poca OTXO)];OB B MOpe, HO )];a)({e OHa B)];BOe HH)({e CTOHMOCTII 

YTHJIH3aUHH OTXO)];OB nyTeM C)({HraHHH. 

KoHeqHo, JaxopoHeHHe OTXOAOB B Mope HBJIHeTCH 3KOHOMHqecK~I 
Heuenecoo6pa3HbiM B cnyqae 3HaqHTeJibHOro ynaneHIDI (6onee 1000 KM) 

l1CToqHl1K3 o6pa30BaHIDI OTXO)];OB OT MOpCKOfO no6epe)({bH. 

0KHCJIHIOII.J;aH H ll,l1H3Ml1qecKaH CfiOC06HOCTb BOll, MHpOBOfO OKea 

Ha no3BOJIHeT paccewBaTb H nepepa6aTbiBaTb 6oJibWoe KOJIHqecTBo 

opraH!1qecKHX H MHHepaJibHbiX OTXO)];OB. 

0J];HaKO CfiOC06HOCTb OKeaHa K nepepa60TKe OTXO)];OB He 6ec

KOHeqHa, a fiOTOMY Tpe6yeT orpaHHqeHHOfO npHMeHeHHH TaKoro 

33XOpOHeHHH OTXO)];OB. 

C6pacbiBaeMbie B MOpe MaTepHaJibi MO)({HO noJ];pa3J];eJIHTb Ha TpH 

OCHOBHbie rpynnhi: 1) npOMbiiiiJieHHbie OTXOJ];bi; 2) fihiTOBbie OTXOll,hl 

(BKJIIQqaH OCa)];KH CTOqHbiX BOA) H 3) rpyHT, BbiHYTbiH npH )];Hoyr

JiyfiHTeJibHbiX pa6oTaX, KOTOpbiH MO)({eT COJ];ep)({aTb pa3JIHqHbie npo· 

MbiiiiJieHHbie OTXO)];bi, c6pacbiBaeMbie BMeCTe CO CTOqHbiMH BOJ];aMH. B 
MHpOBOH npaKTHKe 06"beM c6paCbiBaeMbiX rpyHTOB COCTaBJIHeT 80% 0"1' 

Bcex JaxopoHeHHH B MOpe. 

OcHOBHOH onacHOCTbiO, Bbi3biBaeMoi1: c6pocaMH OTXOAOB B Mope, 

HBJIHeTCH YXYJ];IIIeHHe KaqeCTBa MOpCKOH BOJ];bi, B03MO)({HOl' 

HeraTHBHoe B03J];ei1:cTBHe Ha )({H3Hb B Mope. Haw6onee He)({eJiaTeJib

HhiM cf>aKTOpOM 3aXOpOHeHHH OTXO)];OB B MOpe HBJIHeTCH HX TOK 

CHqecKOe BJIHHHHe Ha MOpCKHe OpraHH3Mbi H HaKonJieHHe B HHX. 

Haw6onee 6e3onacHo c6pacbiBaTb OTXOAhi B rny6oKoBOJ1:Hhil' 

MOpCKHe Bfia)];HHbi, KOTOpbie MO)({HO paccMaTpHBaTb KaK C03J];aHHbll' 

npHpOJ];OH reocf>H3HqecKHe MecTa CBaJIKH. 
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BpeM51 IlpOXO)I{):{eHH51 qepe3 TOJIIUY BOllbl qacTHU OTXO.UOB Ha 

r.ll)'6HHY llO 1000 M oqeHb MaJIO (OT HeCKOJibKHX MHHYT .UO HeCKOJibKHX 

.ll,eC5ITKOB MHHyT), TaK qTO BJIH5IHHe TeqeHH5l Ha rrepeHOC c6pa

CbiBaeMblX B MOpe OTXO.UOB HeBeJIHKO. 0.UHaKO oqeHb MeJIKHe qacTHU:bi 

(.UHaMeTpOM 0,001 MM) MOfYT HaXO.UHTbC5l BO B3BeWeHHOM COCT05IHHH 

6eCKOHeqHO .UOJifO, qTO 06b5ICH5leTC5l IIO.UH5ITHeM rJiy6HHHblX BOll Ha 

rrosepXHOCTb co CKOpOCTbiO 1 CM B .ueHb. EcJIH .ua)!(e c6pacbiBaeMbre 

OTXOllbl HHepTHbl, TO c6pOC TaKHX MeJIKHX qacTHU MO)!(eT IlpHBeCTH 

K IlOMYTHeHHIO MOpCKOH BOllbl Ha 60JibWHX IIJIOIUa.U5IX. 

CorJiacHo pa3pa6oTaHHbiM y Hac B cTpaHe rrpaswJiaM JarrpemeH 

c6poc B Mope cJie.UyiOIUHX semecTB H MaTepwaJios: raJioreHop

raHwqecKHX semecTB, pTyTH H ee coe.uwHeHHti, Ka.UMH5l H ero 

COe.ll,HHeHHH, IIJiaCTMacc, pbi60JIOBHbiX CeTeti, TpOCOB, CblpOH He<f>TH 

H IIpO.UYKTOB ee OqHCTKH, TOKCHqHbiX H rraTOfeHHblX MaTepHaJIOB. 

fipaBHJiaMH TaK)!(e ycTaHOBJieHO, qTo 3aXOpOHeHHe MbiWb5IKa, CBHHU:a, 

Me.UH, UHHKa H HX COe.UHHeHHH, KpeMHHHOpraHHqecKHX COe.UHHeHHH, 

L(HaHH.UOB, <f>TOpH.UOB H HeKOTOpblX llPYfHX Tpe6yeT crreu:HaJibHOfO 

pa3peweHH51 caHHTapHbiX opraHoB. 

KoHmpoJZbHble eonpocbt 

1. KaKHe OCHOBHbie HH)!(eHepHbie COOp~eHH5l BXO.U5IT B IlOJIHfOH 

.UJI5l 3aXopoHeHH5l OTXO.UOB? 

2. KaKOBbi OTJIHqwTeJibHbre oco6eHHOCTH Ha3eMHbiX JaxopoHeHwti 

OTXO.ll,OB? 

3. qTO TaKOe ycTotiqHBOCTb TeJia 3aXOpOHeHH5l H KaKOBbl IIpHqHHbl 

oce.uaHH51 ero ocHoBaHH51? 

4. qTo TaKoe 6wora3? 1'13 qero OH cocTOHT, KaK ocymecTBJI51eTc5l ero 

c6op? KaKOBbi HarrpaBJieHH51 ero HCIIOJib30BaHH51? 

5. KaKHe <f>aKTopbi BJIH51IOT Ha reHepwposaHHe 6wora3a H3 oTXo.uos? 

6. KaK rrpOH3BO.UHTC5l oqHCTKa 6Hora3a OT TOKCHqHbiX COCTaBJI51IOIUHX? 

7. KaKOBbi oco6eHHOCTH 3axopoHeHH51 OTXO.UOB B Mope? 
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TJIABA 7 
HEPEPAEOTKA OTXOJ(OB MET.AJIJIOB 

MeTaJIJI 5IBJI5leTC5l BIDKHeihiiHM KOHCTIJYKIIHOHHbiM MaTepHaJIOM. 

HecMoTp5I Ha pacwHpeHHe HcrroJib30BaHH5l HOBbiX MaTepHaJIOB 

(rrOJIHMepOB, KepaMHKH H .Up.), MeTaJIJI OCTaeTC5l BemeCTBeHHOM 

OCHOBOH BCeX cpe.UCTB Tpy.Ua - MalliHH, HHCTpyMeHTOB, rrpH60pOB 11 

.up. Co speMeHeM opy.UH5I Tpy.Ua, MaWHHbi rrpHXOMT B Hero.uHoCTb H He 

MOI)'T 6biTb HCITOJib30BaHbi ITO rrp5IMOMY HaJHaqeHHIO. llocJie OKO~aHIDI 
CpOKa CJI~fibi B KaqecTBe KOHCTpyKI.J:HOHHOfO MaTepHaJia pa3JIHqHhiX 

06beKTOB, CTapbiH MeTaJIJI HCITOJib3YlOT ~e B HOBOM KaqeCTBe B BH.ue 

BTOpHqHoro MeTaJIJiypmqecKoro Cbipb5I, rro.usepraeMoro pereHepaiiHI1. 

PereHepaiii15l MeTaJIJia, JaKoHql1swero cpoK CJI~6br, 5IBJI5leTC5l Ha

qaJibHbiM MOMeHTOM HOBOfO UHKJia ero Kpyroo6opoTa. 

7. J. 06pa306GHUe Mema/l.JlOJlOMG U 3HG'IeHUe UCnOJlb306GHUR 

6mOpU'IHblX Mema/l.Jl06 

HcrroJib30BaHI1e BTOp11qHbiX MeTaJIJIOB 11MeeT B<iJKHeifwee 3Ha

qeHI1e, ITOCKOJibKY o6ecrreqHsaeT 60JibrnyiO 3KOHOMI1l0 o6meCTBeHHOfO 

Tpy.Ua. 3TO CB5l3aHO C TeM, qTO JaTpaTbi Ha BOBJieqeHHe MeTaJIJIOOTXO.UOB 

B 060pOT 3Haqi1TeJibHO MeHbWe, qeM Ha BbiiTJiaBey rrepB11qHOfO MeTaJIJia 

113 PYllbi. HcrroJib30BaHI1e 1 T rro.uroTOBJieHHoro JIOMa qepHbiX MeTaJIJIOB 

rro3BOJI5leT 3KOHOMI1Tb csbrwe 1,8 T PYllhi, arJioMepaTa H oKaTbrweif, 

0,5 T KOKCa, 45 Kf <l>JIIOCOB, OKOJIO 100M3 raJa. llpH 3TOM 3KOHOMHTC5l 

60Jiee ITOJIOBHHbi 3HeprHH, He06XOll11MOH Ha BbiiTJiaBey MeTaJIJIOB 113 

PYllbi (Ta6JI. 7.1). 
llpH HCITOJib30BaHHH MeTaJIJIOJIOMa llJI5I BbiiTJiaBKI1 MeTaJIJIOB 

3Haqi1TeJibHO CHH)I(aeTC5l Harpy3Ka Ha OKp~alOIIIYlO cpe.uy (Ta6JI. 7. 2). 
llOCKOJibKY MeTaJIJibi 5IBJI5llOTC5l Ba)I(HeifWHM KOHCTpyKI.J:HOHHbiM 

MaTepHaJIOM 11 rrpHMeH5llOTC5l 80 BCeX OTpaCJI5IX rrpOMbiWJieHHOCTI1, 

182 
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Ta6n11ua 7.1 
3KOHOMHSI 3HepmH UpH HCUOJlb30BamtH MeTIUIJJOJIOMa BMeCTO 

BhmJJaBKH MeTIUIJJa H3 PY.IIJ>I 

MeTaJI.JI 

A.rriOMHHHH 

Mellb 
CTanh 

CBHHeu 

UHHK 

3KOHOMIDI :meprHH, % 

95 

83 
74 
64 
60 

T a 6 n 11 u a 7.2 
CpaBHHTeJJhHOe B03.ll.eitcTBne ua oKp)'liOlJOmyJO cpe,~~.y npoH3BO.li.CTBa 

1000 T CTaJJH 

<l>aKTOpbl, BJIHHIOWHe Ha BhlnJiaBKa cTaJIH H3 3KOHOMHH, 

oKpy)l(aJOwYJO cpel!y PYllbl OTXOl!OB % 

11cnoJib3oaaHI1e nepBM'IHoro 2278 250 90 
CblpbH, T 
Pacxo.11. BO.ll.bi, M3 62750 32600 40 
KorrwiecTBo semecTB, 3arpH3HH- 121 17 86 
IOIUI1X aTMOC¢lepy, T 
0TXO,ll.bl ropHonpoMbiiUJieHHbiX 2828 63 97 
pa3pa60TOK, T 

CTp011TeJibCTBe, CeJibCKOM X0351HCTBe 11 Ha TpaHCnOpTe, TO 11 npo-

11CXO)I{,[{eHI1e 11X OTXO.UOB MO)I(eT 6biTb CaMbiM pa3JII1lJHbiM. 

B o6w.eM B11.Ue MemOJUloJZOM - 3TO MeTa.rrJmqecKI1e 113.UeJII151, 

o6opy.uosaHI1e, Maiii11Hhi, 3.UaHrur 11 coop~eHrur HJII1 11x MeTa.JIJII1-

qecKI1e qacTI1, Henp11rO.UHbie .UJI51 .uanhHei1:IIIei1: 3KCnJiyaTaU:1111. 

MeTaJIJIOJIOM MO)I(eT 6biTb soeHHhiM, cy.uoBbiM, 6biTOBbiM 11 6ecxo3HbiM. 

BoeHHbiH MeTaJIJIOJIOM COCT011T 113 npe.UMeTOB BOeHHOH TeXHI1KI1, 

soeHHO-TeXHI1lJecKoro 11MYmecTBa 11 6oenp11nacos. 

Cy.UOBOH MeTaJIJIOJIOM COCTOI1T 113 nJiaByqi1X cpe.UCTB 11 11X o6opy

,li.OBaHI151. 

EbiTOBoi1: MeTaJIJIOJIOM cocTOI1T 113 npe.uMeTOB 11 .ueTa.rrei1: 6biTOBoi1: 

TeXHI1Kll 11 6biTOBbiX Malll11H. 

MeTaJIJIWieCKM crp~a - OTXO.Uhi, o6pa3yiOw.l1ec51 np11 pe3aH1111 

MeTaJIJia (KpOMe KYCKOBbiX OTXO.UOB). 
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CKpan - 3aumaKOBaHHhie OTXO.Uhi qepHhiX MeraJUios. CKpan MO)I(eT 

6hiTb CTaJihHhiM H 'I)TYHHhiM. CTaJihHOH cKpan - Memrne CTaJihHhie qac

THIU>I, o6pa3YJOtnHecR npH pa36phi3rHBaHHH cTaJIH so speMR ee TPaHcnop

THposKH H pa3.l1HBKH B H3JIO)I(HHI.U>I, a TaK)I(e OCTbiBlliM CTaJib Ha CTeHKa.X H 

.n:He pa3.l1HBOqHoro KOBllla. MaKCHMaJibHO BOOMO)I(HOe HCUOJib30BaHHC 

CKpana npH BbinJiaBKe CTaJIH 3aBHCHT OT cnoco6a npOH3BO.UCTBa CTaJIH 

(Ta6n. 7.3). 

T a 6 II H u a 7.3 
06'beM UpHMeHeHHSI CKpana npH BbiUJiaBKe CTIUIH 

Cnoco6 npoHJBOllCTBa CTaTIH 

~apTeHOBCKaH lle4b 

EecceMepoBcKHtl: KOHBepTep 

KMciiopo,llHbiM KOHBepTep 

3IIeKTpone4b 

06beM npHMeHeHHH CKpana, % 

70-80 
20 

50-60 
98 

0CHOBHOe KOJIHqecTBO BTOpHqHbiX qepHbiX MeTa.JIJIOB 06pa3yeTC51 

npH HX npOH3BOllCTBe, a TaiOKe npH aMOpTH3aUHH o6opy.UOBaHH51 

(Ta6JI. 7.4). 
AMopTH3aUHOHHbiH IIOM o6pa3yeTC5l OT JIHKBHllaUHH OCHOBHbiX 

cpe.UCTB, npH KanHTaJibHOM H TeKYtneM peMOHTe o6opy.uoBaHH5l, npH 

peMOHTe H 3aMeHe TeXHOJIOfHqecKOH OCHaCTKH H HHCTpyMeHTa, a TaiOKe 

npH peMOHTe H 3aMeHe MaJIOUeHHOfO HHBeHTap5I. 

KoJIHqecTBO o6pa3YJOJ:.nHXC5l B npOMhilliJieHHOcTH OTXO.UOB qepHbiX 

MeTa.JIJIOB 3aBHCHT OT OTpaCJIH npOMbilliJieHHOCTH: HaH60JiblliHH 06beM 

OTXO.UOB o6pa3yeTC5l B TpaHCOOpTHOM MaiiiHHOCTpoeHHH, 3aTeM B 

CYllOCTpOeHHH, CTaHKOCTpOeHHH, npH60pOCTpOeHHH H .UpyrHX OTpaC.JI5lX 

3KOHOMHKH. 

T a 6 II H u a 7.4 
UcTO'IHHKH o6pa3oBaHHSI OTXO,llOB u JIOMa qepHbiX MeTil.JIJIOB 

J1CT04HI1 Kl1 

IJpoH3BO,llCTBO MeTaJIIIa 

AMopn13aUHH o6opy,lloBaHHH 

~eTaJIIIoo6pa6oTKa 

lliiiaKOBbie OTXO bl 
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F Jl a 6 a 7. llepepa6omKa omxoOOfJ MemGJIJIOfJ 

CTerreHb HCIIOJib30BaHIDI MeTaJIJia rrpH H3rOTOBJieHHH H3D:eJIHti, 

B03Ben:eHHH COOpy)l(eHHH H D:PYfHX 06beKTOB Ha3biBaeTC5l K03<l>

<l>HUHeHTOM HCIIOJib30BaHH5l MeTanJia (KHM). KHM (K) orrpen:eJI5IIOT 

ITO ypaBHeHHIO: 

K = Q1 I Q, (7.1) 

rn:e Q - KOJIHqecTBO HCIIOJib30BaHHOf0 MeTaJIJia; Q1 - KOJIHqecTBO 

MeTma, rrepewen:wero B cocTaB Hosoro H3D:eJIIDI. 

Cpen:HHti Ko::~<t><t>HuHeHT HCIIOJib30BaHH5l MeTma B poccHticKoti 
3KOHOMHKe COCTaBJI5leT 0, 7. 

CaMbiti BbiCOKHti KHM - B CTpOHTeJibCTBe, qTo o6b5ICH5leTc5l 

HCilOJib30BaHHeM IlOJ(aBJI5IIOIUeti qacTH MeTaJIJia B 3TOH OTpaCJIH 6e3 

o6pa6oTKH (apMaTypa, 6aJIKH, wseJIJiepbi H T.rr.). 0Txon:bi B cTpo

HTeJibCTBe o6pa3YJOTC5l B OCHOBHOM IlpH paCKpOe MeTaJIJia. 

CaMbiti HH3KHH KHM- B asHaUHH, qTo CB5l3aHo c Manoti cepHti

HOCTbiO IlpOH3BOJ(CTBa B 3TOH OTpaCJIH. 

B oTn:eJibHbiX rrpoH3BOD:CTBax B OTXOD:bi yxon:HT n:o 70-80 % 
MeTanJia. 

)l.o Hen:asHero speMeHH 3HaqeHH5l KHM )l(eCTKO perJiaMeH

THpOBaJIHCb H crrycKaJIHCb csepxy focrrJiaHOM CCCP, rrocKOJibKy oT 

ero BeJIHqHHbi 3aBHCeJIH <t>oHD:bi Ha MeTaJIJI, BbiJ(eJI5IBWHeC5l TOM HJIH 

HHoti oTpacJIH (rrpen:rrpH5ITHIO ). B HaCT05IIUee speM5l cHa6)1(eHHe 

rrpen:rrpiDITHti HJ(eT rro rrp5IMbiM rrocTaBKaM, seJIHqHHa KHM HHKeM He 

ycTaHaBJIHBaeTC5l, XOT5l caMO rrpen:rrpH5ITHe 3aHHTepeCOBaHO B ero 

CHH)I(eHHH, TaK KaK OT 3T0f0 3aBHCHT ero IlpH6biJib. 

Oco6yiO ueHHOCTb rrpen:cTaBAAIOT OTXOD:bi 11 JIOM useTHbiX MeTaJI

JIOB, K KOTOpbiM OTHOC5ITC5l BCe MeTaJIJibi H HX CIIJiaBbi, 3a HCKJIIOqeHHeM 

)l(eJie3a H ero CIIJiaBOB. 0HH 06Jial(alOT BeCbMa ueHHbiMH 3KCIIJiya

TaUHOHHbiMH CBOHCTBaMH H lllHpOKO IlpHMeH5IlOTC5l B COBpeMeHHOH 

rrpoMbiWJieHHOCTH. B TeXHHKe rrpHH5ITO rron:pa3n:eJI5ITb useTHbie Me

TaJIJibi Ha JierKHe, TIDKeJibie, 6Jiaropon:Hbie, ryroiiJiaBKHe, pacce5IHHbie, 

pen:Ko3eMeJibHbie, pan:HoaKTHBHbie. HaH6oJiee 3HaqHTeJibHbi o6beMbi 

o6pa30BaHH5l JIOMa H OTXOJ(OB CJieJ(yiOIUHX UBeTHbiX MeTaJIJIOB H 

CIIJiaBOB Ha HX OCHOBe: aJIIOMHHH5l, Mel(H, CBHHUa, UHHKa, HHKeJI5l, 

THTaHa, OJIOBa, BOJib<l>paMa, MOJIH61(eHa, Kal(MIDI, K06aJibTa, MarHH5l, 

PTYTH. 

JlOM H OTXOJ(bl UBeTHbiX MeTaJIJIOB 06pa3yiOTC5l Ha MHOroqHC

JieHHbiX rrpen:rrpH5ITH5IX rrpaKTHqecKH scex oTpacJieti Hapon:Horo 
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X03HHCTBa, KOTOpbie 11CIIOJib3YJOT rrepBK'IHble I..(BeTHble MeTaJI.Jibl 11 CIUiaBbl. 

06mee q11cno opra.H113aUHM, c.uasasurnx noM I.J:BeTHbiX MeTIUJJios B CCCP, 

.UOCTI1faJIO 130 TbiCH'I, a Hai160Jiee KpYJIHbiX, IlOCTaBJIHBllii1X CBblllle 

200 T oTxo.uos 11 noMa useTHbiX MeTaJIJIOB B ro.u, - 1500. Ha116onec 

KpYJIHbie IlOCTaBIU11KH JIOMa 11 OTXO.UOB U:BeTHbiX MeTaJIJIOB- rrpe.urrpHH

TI1H 3JieKTpOTeXH11qecKOH, MeTaJIJiypfl1qecKOH, aBTOM0611JibHOH 11 cy.uo

CTp011TeJibHOH OTpaCJieH IlpOMbllliJieHHOCTH . 

Bbipa6oTKa useTHbiX MeTaJIJIOB 113 oTxo.uos HBJIHeTcH BIDKHeHllli1M 

11CTOqHI1KOM 11X Ilp0113BO.UCTBa. 0.uHaKO y HaC B CTpaHe llOllil BTOp11qHbiX 

U:BeTHbiX MeTIUJJIOB B o6meM o6beMe HX Ilp0113BOllCTBa 3HaqHTeJibHO HIDKe, 

qeM B TeXHI-fqeCKH pa3BI1TbiX CTpaHax (Ta6JI. 7 .5). 06'bHCHHeTCH 3TO TeM, 

qro 6oJibllloe KonwqeCTBO OTXo.uos useTHbiX MeTIUJJios, oco6eHHo co.uep)!(a

IUHXCH B 6biTOBbiX OTXO.Uax, TepHeTCH Ha MeCTax HX o6pa30BaHHH, 3aCOpiDI 

oKp~aiOIUYIO cpe.uy. Me)!(lly TeM useTHhie MeTaJIJibi, co.uep)!(am11ecH B 

6biTOBbiX OTXO.Uax, HBllillOTCH ueHHeHllli1M Cb!pbeM, 11 HaceJieHI1e .UOJDKHO 

yqacTsosaTb B ero c6ope. 

MeTaJIJI 

AIIIOMHHHil 

Me,Ub 
CBHHeu 

lJ.HHK 

T a 6 n H u a 7.5 
)l.oJIJI BTOpH'IHbiX D.BeTHbiX MeTaJJJIOB B o6aneM 6aJiauce 

Poccm1 

20 
30 
23 
18 

CrpaHbl E3C 

35 
35 
50 
37 

TaK, Ba)!(HeHllli1MI1 pecypcaMI1 CBI1HI..(a HBllillOTCH ero OTXOllbi, 

o6pa3YJOIUI1ecH B pe3yJibTaTe aMopT113aUI111 aKicyMyJIHTopos. AKKY
MylliiTOpHbiH CBI1HU0BbiH JIOM COCTaBJIHeT .UO 80% OT o6mero KO

JII1qecTBa CBI1HI..(OBbiX OTXO.UOB. 

Cyx11e 6aTapetl:KI1 co.uep)!(aT 3Haqi1TeJibHoe KOJII1qecTBO useTHbiX 

MeTaJIJIOB, B T. q_ .uo 50 % oTxo.uos PTYTI1, co.uep)!(am11xcH so scex 

6biTOBbiX 11 rrpoMbilliJieHHhiX oTXo.uax. B cTpaHax E3C, CIIIA, 51rroHI111 

11 pMe .upyr11x pa3pa6oTaHbi CI1CTeMhi c6opa OTpa6oTaHHhiX 6aTapeeK 

(s ABcTp1111, Harrp11Mep, co611paeTcH .uo 80% oT rrpo.uaHHhiX 6aTapeeK. 

B 51rroHI111 ycTaHOBJieHo rro scetl: cTpaHe 6onee 200 TbiCH'I KOHTetl:Hepos 

llllil c6opa OTpa60TaHHbiX faJibBaHI1qeCKI1X 3JieMeHTOB). 

AHanorl1qHo o6cTOI1T .ueno co c6opoM aJIIOMI1H11eBbiX 6aHOK 113-

rro.u pa3JII1qHbiX Haiii1TKOB, B pe3yJibTaTe qero 6aHoqHbiH aJilOMI1-
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Hl1eBbiH JIOM COCTaBJUieT .UO 40 % 11CnOJib3yeMOfO JIOMa 3TOfO MeTaJIJia. 

B CIIIA pa6oTaeT 6oJiee 10000 rryHKTOB c6opa 6aHOK, B 3000 KpynHhiX 

Mafa311HOB 11 Ka<t>e YCTaHOBJieHbl aBTOMaTbl no c6opy 11 nepB11qHOH 

o6pa60TKe 6aHoK. B AHrJII111 exero.uHo co6wpaiOT OKOJIO 2 Mllp.U. 

KOHcepBHbiX 6aHOK. 3KcrmyaTal..l;li.H .uetl:CTBYlQII.lHX CI1CTeM c6opa OTXO.UOB 

B cTpaHax EBponbl, CIIIA 11 51noHI111 noKa3biBaeT BbiCOKYlQ roTOBHOCTb 

HaceJieHIDI 3THX CTpaH npoBO.U11Tb pa3.UeJibHblli c6op 6biTOBbiX OTXO.UOB, 

T. e. ero BbiCOKYIO 3KOJiomqecKYIO KYJib'fYPY· 

llpe11MYIUeCTBa noJiyqeH11H UBeTHbiX MeTaJIJIOB 113 OTXOllOB no 

cpaBHeHI1IO c 11x noJiyqeHI1eM 113 py.uHoro CblpbH xapaKTep113YIOTCH 

JJ.aHHbiMI1, np11Be.UeHHbiM11 B Ta6JI. 7.6. 

T a 6 JI 11 u a 7.6 
CpaBHeHHe OCHOBIIhiX DOKa3aTeJieil DpOH3BO,!J;CTBa IJ.BeTIIhiX MeTIUIJIOB 

H3 py,li;HOI'O ('IHCJIHTeJIIt) H BTOpH'IHOI'O (3HaMeHaTeJ11t) CblpbSI 

MeTa11Jlbi 

TioK33aTeJIH A.iJJOMHHHti. Me.n& CBHHeU 

Cpe,II,Hee coJJ;ep:JKaHHe B c&Ip&e, % 39,6/80 0,76/75 1,39/50 
1·-hBJie'leHHe B fOTOBYJO IIPO.llYKUHJO, % 87/92,4 80/90 80/95 
PacXO,!J; ycJIOBHoro TOII.JIHBa Ha 1 T 9/0,27 1,3/0,2 0,7/0,5 
fOTOBOH IIPO.llYKUHH, T 

KoJIH'IecTBo OTXO,nHIUHX ra3oB Ha 1 T 30/5 40/4 20/5 
I"OTOBOti. npo.nyKUHH, TbiC. M3/T 

7.2. K.naccurjJuKaf1UJl Mema.Jl.Jlur.tecKux omxoiJoB 

EoJibiiiOe KOJII1qecTBO BHllOB OTXO.UOB MeTaJIJIOB 11 pa3Hoo6pa311e 

TeXHOJIOfHH 11X nepepa60TKI1 KaK BTOp11qHOfO Cblpb5I onpe.UeJIHIOT 

He06XOll11MOCTb qeTKOH 11X KJiaCc11<l>11KaUI111. 

K.JiaccW<l>11KaiJ;I1H OTXO.UOB qepHbiX MeTaJIJIOB B03MO:>KHa no 

CJie.UYIOIU11M np113HaKaM: 

• c<t>epaM o6pa3oBaHI1H JIOMa B npouecce Kpyroo6opora MeTaJIJia 

B 3KOHOM11Ke; 

• XapaKTep11CTI1KaM JIOMa C TOqKH 3peHIDI He06XOll11MOCTI1 ero 

no.uroTOBKH; 

• HanpaBJieHIDIM 11CnOJib30BaHIDI JIOMa B MeTaJIJiypf11qecKOM npo

l13BOllCTBe. 
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Haw6oJibiiiee paciTpocTpaHeHHe IToJiyqHJia KJiaccw<t>wKau:H51 11 

3aBHCHMOCTH OT xapaKTepHCTHK JIOMa, OITpe.[(eAAIOW.HX B03MO)I(HOCTI-1 

H HaiTpaBJieHH51 ero ITO,[(fOTOBKH K ITepepa60TKe (HCXO,[(HOe COCT051HHC, 

CTeiTeHb O,[(HOpO.[(HOCTH, Bew.eCTBeHHbiH H XHMJ1qecKHH COCTaB, 

pa3Mepbi, Macca H <t>opMa KYCKa HAp.). 

llOCKOJibKy KOJIHqecTBO MapOK MeTaTIJIOB C pa3JIHqHblM XI-1-

MHqecKHM COCTaBOM ITOCT051HHO paCTeT, TO IT051BJI51eTC51 He06XO.[(HMOCTI> 

BCe 6oJiee rJiy60KOH KJiaCCH<l>HKai.J:HH OTXO.[(OB, KOTOpa51 IT03BOJI51eT 

paccopTHpOBbiBaTb HX, ,[(OCTHfa51 HaH60Jiee ITOJIHOU:eHHOfO HCITOJib-

30BaHH51. 

I<JiaCCH<l>HKaUH51 OTXO.[(OB qepHbiX MeTaTIJIOB B Harneif CTpaHC 

ITpOH3BOAHTC51 cornacHo Tpe6osaHH51M fOCT 278-86. B cooTBeTCTBHH c 

HeH OTXO.[(bl qepHbiX MeTaJIJIOB B 3aBHCHMOCTH OT CO.[(ep)l(aHH51 yrnepo.ua 

ITO.[(pa3,[(eJI51lOTC51 Ha ,[(Ba KJiacca: CTa.JlbHOH JIOM H OTXO.[(bl CTaTIH, a 

TaK)I(e qyryHHbiH JIOM H OTXO.[(bl qyryHa. CTaTibHbie OTXO.[(bl conep)l(aT 

MeHee 2 % yrnepo.[(a, a qyryHHbie - 6onee 2 % yrnepona. KpoMe TOro, 

cyw.ecTBYIOT BHeKJiaCCOBbie OTXO.[(bl C HeOITpeneJieHHbiM CO.[(ep)l(aHHeM 

yrnepona. 

BHyTpH 3THx KJiaccoB OTXOAbi B JaBHCHMOCTH oT Ha.JIHqH51 nem

PYIOIUHX 3JieMeHTOB ITonpa3neAAIOTC51 Ha ycAepoiJucmble H JZecupo6aHHbte. 
)l,a.Jiee ITO ITOKa3aTeJI51M KaqeCTBa OTXO,[(bl qepHbiX MeTaTIJIOB ITO,[(

pa3,[(eJI51lOTC51 Ha 25 BH.[(OB. HaKoHell, ITo conep)l(aHHIO nerwpyiOw.Hx 

3JieMeHTOB OTXO,[(bl ,[(eJI51TC51 Ha 67 rpyiTIT, B TOM 'IHCJie 61 rPYITITa JIOMa 

H oTxonos nempoBaHHbiX CTaJieti (rpyiTIThi El-E61) H 6 rpyiTIT JIOMa H 

OTxonos nempoBaHHblX qyryHoB (rpyiTIThi E62-E67). lloMHMO 3Toro 

ecTb rpyiTITa JierHpOBaHHbiX CTaTieH, KOTOpbie ITO CBOeMy XHMCOCTaBy He 

OTHOC51TC51 HH K O,[(HOH 113 yiTOM5IHYTbiX 67 rpyiTIT. 

CTaH.[(apToM pemaMeHTHpyiOTC51 TOBapHbiH BHA OTXOAOB (6pwKe

Tbi, ITaKeTbl, lliHXTOBbie CJIHTKH, CTpy)I(Ka, JIOM H T . .[(.), MaKCHMaJib

HO ,[(OITyCTHMbie ra6apHTbl H Macca KyCKOB, 6pHKeTOB H ITaKeTOB, 

a TaK)I(e orpaHHqHBaeTC51 CO.[(ep)l(aHHe ITOCTOpOHHHX 6e3Bpen

HblX ITpHMeceif (AJI51 pa3Hb1X BH.[(OB- pa3JIHqHoe, HO He 6oJiee 5 %). 
K Ka':leCTBY noMa ITpe.[('b51BJI51IOTC51 BbiCOKHe Tpe6oBaHH51, 

o6ycnosneHHbie CIToco6oM ITOCJie.[(yiOw.ero ITepeiTJiaBa MeTa.JIJia. llp1-1 

BbiiiJiaBKe CTaTIH B MapTeHOBCKHX ITeqax HaHfiOJiee Ba)I(Ha <l>H3H':IeCKa51 

xapaKTepHCTHKa JIOMa, T. K. ITpO.[(OJI)I(HTeJibHOCTb 3arpy3KH H IIJiaBJieHH51, 

OT KOTOpblX 3aBHCHT ITpOH3BO.[(HTeJibHOCTb MapTeHOBCKHX ITe':leti, 

OITpe,[(eJI51eTC51 pa3MepaMH H HaCblilHOH IIJIOTHOCTblO MeTaJIJIOJIOMa. 
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llpH nepeiUiaBe JIOMa B KHCJIOpO.ll,HbiX KOHBepTepax H .UYfOBbiX 

lle'!ax 3TH xapaKTepHCTHKH JioMa He HMeiOT cyrn:ecTBeHHoro 3Haqemrn, 

1". K. neqH 6oJiee Y.UOOHbl .Il.illl 3arpy3KH. llpOH3BO.ll,HTeJibHOCTb TaKHX neqet\: 

(lOJibllle 3aBHCHT OT ero XHMHqeCKOW O.ll,HOpO.ll,HOCTH H 6JIH30CTH no 

COCTaBy K BbiiiJiaBJUieMbiM MapKaM CTaJIH. 

JlHTeti:Hoe npOH3BO.ll,CTBO npe.ll,b51BJUieT BbiCOKHe Tpe6oBaHIDI H K 

m6apHTaM H K XHMHqecKOMY COCTaBy JIOMa. HH3KOKaqeCTBeHHbiW JIOM 

11CnOJib3yeTCH TOJibKO B .UOMeHHOM npOH3BO.ll,CTBe. 

MeTaJIJIOJIOM .Il.IDI cTaJieiiJiaBHJibHoro npoH3BO.UCTBa .uoiDKeH HMeTb 

nacbmHyiO IIJIOTHOCTb He MeHee 1300-1500 Kr/M3. TIDKeJioBecHbitl: 

MCTaJIJIOJIOM B 3aBHCHMOCTH OT HHTeHCHBHOCTH npO.UYBKH neqH 

/lOJI)!(eH HMeTb TOJIW:HHY KYCKOB He 6oJiee 250-350 MM, pa3Mepbl 

llaKeTOB He .UOJI)!(Hbi npeBbilllaTb 1050x750x2000 MM, a Macca naKeToB 

11e .uoJI)!(Ha 6biTb MeHee 40 Kf. KoHBePTepHbitl: cnoco6 He .uonycKaeT 

11epeiiJiaBa CTp~ H3-3a ee BbiCOKoro yrapa. 

B .uyroBhrx 3JieKTponeqax MO)!(eT nepenJiaBJUITbCH MeTaJIJioJioM B 

IIH.ll,e naKeTOB C pa3MepaMH He 6oJiee 500x500x600 MM C HaCbinHOW 

IIJIOTHOCTblO He MeHee 2500 Kf/M 3. LJ:po6JieHbiW JIOM .ll,OJI)!(eH HMeTb 

llaCbinHYIO IIJIOTHOCTb He MeHee 800-900 Kf/M 3. 

He3aBHCHMo OT cnoco6a nepenJiasa JioM qepHbiX MeTaJIJioB He .uoJI)!(eH 

co.uep)!(aTb uBeTHbiX MeTaJIJIOB . .Ua)!(e He6oJihllloe KOJIHqecTBo npHMecetl: 

MO)!(eT C.ll,eJiaTb MeTaJIJIOJIOM HenpHfO.ll,HbiM .ll,JIH .ll,aJibHetl:lllero 

HcnoJih3oBaHHH. TaK, npH co.uep)!(aHHH Me.UH 0,02 % ueHHOCTb 

CTaJibHoro JIOMa B CiliA HIDKe CTOHMOCTH TpaHcnopTHpOBKH 

(pH C. 7.1 ), pOCT ueHbl Ha MeTaJIJIOJIOM npH yBeJIH'-IeHHH co.uep)l(aHHR 

Me.uH 6onee 9 % CBR3aH y)l(e c 6oJiee BbiCoKotl: ueHotl: Ha Me.ub no cpaB

IICHHIO C )l(eJie30M H 3KOHOMH'-IeCKOW uenecoo6pa3HOCTbiO ee H3BJieqe-

1111H npH TaKOM CO.ll,ep)l(aHHH. 

KJiaccH<f>HKaUHH OTXO.ll,OB UBeTHbiX MeTaJIJIOB npOH3BO.UHTCH no 

lll113HqecKHM, XHMHqeCKHM CBOWCTBaM H KaqeCTBy. 0TXO.ll,bl UBeTHbiX 

MCTaJIJIOB H CnJiaBOB .ueJIHT Ha KJiaCCbi, rpynnbi H COpTa. B COOT

IICTCTBHH C fOCT 1639-78 "JloM H OTXO.Ubl UBeTHbiX MeTaJIJIOB H 

l'IIJiaBOB. 06rn:He TeXHHqecKHe yCJIOBHH" OTXO.ll,bl. UBeTHbiX MeTaJIJIOB 

IIO.ll,pa3.ll,eJIHIOTCH Ha 15 KJiaCCOB. KJiacc 06be.ll,HHHeT OTXO.ll,bl no 

lll113HqecKHM npH3HaKaM. B 3aBHCHMOCTH OT XHMHqeCKOfO COCTaBa 

1\JiaCCbl .ueJIHTCH Ha rpynnbl. fpynna 06be.ll,HHHeT OTXO.ll,bl no XHMH

'Il'CKHX npH3HaKaM. LJ:JUI pa3JIHqHbiX BH.ll,OB MeTaJIJia KOJIHqeCTBO rpynn 

pa3JIHqHo; Ka)!()],aH nepBaH rpynna npe.ucTaBJIHeT co6otl: TeXHHqecKH 

'IHCTbiW MeTaJIJI, a Ka)!()],aH nOCJie.ll,HAA- HH3KOKaqecTBeHHbie OTXO.ll,bl. 
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fpynrrhi rro.upaJ.uemuoT Ha copTa, 

xapaKTepH3YJOIUHe KatiecrseHHbll' 

IlpH3HaKH JIOMa H OTXOllOII' 

co.uep:>KaHHe MeTaJIJia, CTerrellh 

paJ.UeJIKH, ra6apHTbi, Jacopeu 

HOCTb. 

Macca rraKeTos, rratieK HJHI 

CTOIIOK OTXO.UOB UBeTHbiX MeTa.JI· 

JIOB He llOJDKHa rrpeBbiiiiaTb: .!1)111 

aJIIOMHHH51 H aJIIOMHHHeBbiX 

CIIJiaBOB 150 Kr, )J.JUI MeTaJIJIOB 11 

PH c. 7 .1. BliiDIHHe Me)lH Ha ueHHocn. 
OTXO,li;OB qepHbiX MeTaJIJIOB 

ciiJiasos .upyrwx BHllOB 250 Kr. Macca OT.UeJibHbiX KYCKOB )J.JUI scex 

MeTaJIJIOB H CIIJiaBOB llOJDKHa 6biTb He 6oJiee 100 Kf, pa3Mepbl - HC 

6oJiee 600x600x 1500 MM. 

OTXOllbi uaeTHbiX MeTaJIJIOB, He OTBetiaiOIUHe Tpe6osaHH51M K 

COpTaM OCHOBHbiX rpyrrrr, HO HarrpaBJUieMbie Ha rrepepa60Ticy, OTHO

C5ITC51 K HHJKOKatieCTBeHHbiM. MaKCHMaJibHbie pa3Mepbi OT.UeJibHbiX 

KyCKOB HH3KOKa'IeCTBeHHbiX OTXO.UOB He .UOJI:>KHbl rrpeBbiiiiaTh 

1000x 1000x2000 MM. 

B HaCT051IUee speM51 95 % JaroTarumsaeMbiX oTxo.uos useTHbiX 

MeTaJIJIOB COCTaBJUIIOT aJIIOMHHHit, Me.Ub, CBHHeu;, UHHK H HX CIIJiaBbl. 

0CTaJibHa51 'IaCTb 3afOTaBJIHBaeMbiX JIOMa H OTXOllOB rrpe.UCTaBJieHa 

THTaHOM, HHKeJieM, MarHHeM, OJIOBOM, BOJib<t>paMOM, Ka.UMHeM, 

Ko6aJibTOM, MOJIH6.UeHoM, PTYThiO HJIH wx crrJiaBaMH. 

3<P<t>eKTHBHOCTb HCIIOJib30BaHH51 BTOpH'IHbiX MeTaJIJIOB CB513aHa 

C HX IlO.UfOTOBKOit H rrepepa60TKOit. ,[J,Ju:I IlOJiyqeHH51 Ka'IeCTBeHHbiX 

MeTaJIJIOB H CIIJiaBOB OHH llOJDKHbl 6b1Tb IlO.UBepfHYTbl rrepBH'IHOit 06pa-

6oTKe, IlOll KOTOpOit IlOHHMaeTC51 COBOKYIIHOCTb rrpou;eCCOB COpTHpOBIGI, 

pa3.UeJIKH, IlHpOTeXHH'IeCKOro KOHTpOJUI (.li.Jffi JIOMa u;BeTHbiX MeTaJIJIOB) 

H IlpHBe.UeHH51 JIOMa H OTXOllOB K COOTBeTCTB)'lOIUHM Macce H pa3MepaM. 

K coxaneHHIO, yposeHb rro.uroTOBKH c.uasaeMoro MeTaJIJIOJioMa .uaneK 

OT Tpe6osaHHit, B peJyJibTaTe qero, HarrpHMep, CBbiiiie 60 % JaroTaB

JIHBaeMbiX JIOMa H OTXO.UOB IJ;BeTHbiX MeTaJIJIOB c.uaeTC51 KaK HH3KOKa

qeCTBeHHOe Cblpbe. 
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F II a 6 a Z Jlepepa6omJCa OmJC0006 Mema/1/106 

7.3. TexnoAOZUR u o6opyiJoaanue 
iJJIJl noiJzomooKu MemQJlfloJloMa K neperL!laoy 

)])UI HCnOJib30BaHIDI B pa3JIHqHbiX MeTaJIJiyprwqecKHX arperaTaX 

MeTaJIJIOJIOM Heo6xo,n:wMo nepepa6oTaTb. 

Tio,n: nepepa6oTKOH OTXO.Il:OB MeTaJIJIOB no,n:pa3yMeBaeTCH TeX

IIOJIOflfqecKHH npouecc, B pe3yJibTaTe KOTOporo OHH npHBOMTCH B 

WCTOHHHe, npHro,n:Hoe ,n:JIH HCnOJib30BaHIDI B MeTaJIJiyprwqecKOM H 

JIHTeHHOM npOH3BO.Il:CTBaX. 

B 3aBHCHMOCTH OT npoHCXO)I(}];eHHH H COCTOHHIDI MeTaJIJIOJIOMa 

11pw ero no.n:roTOBKe K nepenJiaBy wcnoJih3YJOT CJie,n:yiOIUHe cnoco6bi: 

IIHpOTeXHHqecKHH KOHTpOJib; COpTHpOBKy; naKeTHpOBaHHe; Mexa

IIHqecKYIO pe3KY; ,n:po6JieHwe CTPyxKH; nepenJiaB; KonpoBoe H B3pbiB

IIoe ,n:po6JieHwe; TepMwqecKoe H3MeJibqeHHe H ,n:p. 

J1upomeXHU'·teCKUU KOHmpOllb np0600UfflCJl npH nepepa60TKe JIOMa 

I(BeTHbiX MeTaJIJIOB, nocKOJibKY OHH lliHpOKO HCnOJib3YIOTCH ,n:JIH npo

H3BO.Il:CTBa 6oenpwnacoB, aBHaU:HOHHOH H paKeTHOH TeXHHKH H HX 

OTXO.Il:bl npe,n:cTaBJIHIOT noTeHU:HaJibHYIO B3pbiBOOnacHOCTb. TipoBepKa 

IIPOH3BOAHTCH ,n:Ba)l()J;bi: npe,n:npHHTHeM-c,n:aTqwKoM npw c,n:aqe 

MeTaJIJIOJIOMa H npe,n:npHHTHeM-3afOTOBHTeJieM npH ero npHeMKe. 

KpoMe Toro, MeTaJIJIOJIOM npoBepHeTcH Henocpe,n:cTBeHHO nepe.n: 

mrpy3Koif B nJiaBl1JlbHbie arperaTbi. 

Pa6oTbi no npoBe,n:eHHIO KOHTpOJIH, TpaHcnopTwpoBaHHIO H 

o6e3Bpe)I<HBaHHIO B3pbiBOOnaCHbiX npe,n:MeTOB BblllOJIHHIOTCH cne

I(HaJibHO o6yqeHHbiMH pa6oqwMH no.n: PYKOBo,n:cTBOM. nwpoTexHHKa. Ha 

llpose,n:eHwe pa6oT no pa3,n:eJIKe B3pbiBoonacHbiX npe,n:MeToB, 

t:aMOJieTHOfO JIOMa H OTXO.Il:OB BOeHHOH TeXHHKH aAMHHHCTpauHH 

11pe,n:npHHTHH .n:omKHa Bbl.Il:aBaTb cneuHaJibHbie HapH,ll;bi-,n:onycKH. 

TiocKOJibKy cnJiaBbi U:BeTHOH MeTaJIJiyprHH xapaKTepH3YIOTCH 

tlOJiblliHM pa3H006pa3HeM MapOK H CJIO)l(HOCTbiO XHMHqecKOfO COCTaBa, 

1'0 BOnpOCbi COpTHpOBKH HX OTXO.Il:OB npwo6peTaiOT nepBOCTeneHHOe 

IHaqeHHe. TI03TOMY npH nepepa60TKe OTXO.Il:OB U:BeTHbiX MeTaJIJIOB 

llpoH3Bo,n:HTCH 6U006aR copmupo6Ka. CBe,n:eHHH o XHMwqecKoM cocTaBe 

OTXO.Il:OB, HX H,n:eHTH<I>HKaU:HH n03BOJIHIOT BblllYCKaTb BbiCOKOKa

'ICCTBeHHbie BTOpHqHbie cnJiaBbi C MHHHMaJibHbiMH 3aTPaTaMH. 

Bw.n:osaH copTwpoBKa oTxo,n:oB uBeTHbiX MeTaJIJioB npoBo,n:wTcH 

110 <I>H3HqecKHM H XHMHqecKHM npH3HaKaM: no BHeUIHHM xapaK

I'CpHbiM npH3HaKaM (uBeT, xapaKTep H3JIOMa H ,n:p.); npe,n:MeTHbiM 
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npH3HaKaM (HaHMeHOBaHHe .neTaJieti:); no KJieHMaM MapKHpOBKII 

.neTaneti: H H3.nenHi1 no fOCT, TY HJIH 3aso.ncKoi1 MapKe; pe3yJibTaTaM 

XHMW!eCKOfO, cneKTpaJibHOfO, peHTfeHOBCKOfO, pa.nHaU:HOHHOJ'O 

aHaJIH3a. 

CopTHposKa oTxo.nos u:seTHhiX MeTannos B u:exax, Ha 6a3ax 11 

llJIOll(aAKaX npOH3BO.ll:HTCH Ha COpTHpOBOqHblX CTOJiaX, KOHBeti:epax 

HJIH KOHBeti:epHbiX JIHHHHX, r.ne coqeTaiOTCH pyqHaH H MeXaHH 

3HpOBaHHaH COpTHpOBKH. TipH pyqHOH copTHpOBKe MeXaHH3Hpy!O'I 

scnoMoraTeJibHbie onepau:HH: TPaHcnopTHposaHHe, KJiaccH<l>HKau:HJo 

AJIH BhmeneHHH npHMeceti: H .npyrHe. 

,ll.JIH H.neHTH<l>HKaU:HH BH.na OTXO.ll:OB COpTHpOBll(HK HCnOJih3Yl''l 

npH6opbi HJIH BH3YaJibHbiH KOH'fPOJlb. 

HaH6onee. qacTo npHMeHHIOT CTHJIOCKonbi CJI-IIA, CJI-12 

"CneKTP" H .npyrHe npH6opbr cneK'fPaJibHoro aHaJIH3a. KpoMe Toro, 

Hcnonb3YIOT peHTreHoscKHe aHaJIH3aTopbi KPAE-3YM H EAPC-3. 

TipH MeXaHH3HpoBaHHOH COpTHpOBKe npHMeHHIOTCH Mexamt-

3HpoBaHHbie CTOJibl, COpTHpOBOqHbie KOHBeti:epbl, COpTHpOBOqHbll' 

JIHHHH. 

MexaHH3HposaHHbiH CTOJI (pHc. 7.2) npHMeHHeTCH AJIH cop

THpOBKM JIOMa H OTXO.ll:OB KpyriHOCTbiO.ll:O 250 MM. 11.CXO.ll:HbiH MaTepHCUI 

KpaHOM 3arpy)l(aeTCH B npHeMHbiH 6yHKep 1 CTOJia H u:enHMH, 

yKpenJieHHbiMH B HH)I(HeH qacTH 6yHKepa, paBHOMepHO Bblrp~aeTCll 

Ha Bpall(aiOll(HHCH Ha onopHblX pOJIHKaX 2 CTOJI 3. Tio OKp~HOCTH 
CTOJia )'KpenJieHbl JIOTKH 5, B KOTOpbie c6paCbiBaeTCH pacCOPTHPOBaHHbiH 

MaTepHan. MaTepHan ABH)I(eTcH H3-3a .naBJieHHH noMa, HaxoMmerocH 11 

6YHKepe, H Bpall(eHHH CTOJia. TipH nona.naHHH KpyriHOra6apHTHOfO JIOM<I 

6yHKep nOAHHMaeTCH BHHTOM, npHBO.ll:HMbiM BO Bpall(eHHC 

::meKTIJOnpHBO.ll:OM 4. 
06pa60TKa KpynHOKYCKOBOfO JIOMa U:BeTHbiX MeTaJIJIOB C Bbi

AeJieHHeM )l(eJie3HbiX BKJIIOqeHHH npOH3BO.ll:l1TCH Ha COpTHposoqHOH 

JIHHHH, H3o6pa)l(eHHoi1 Ha pHc. 7.3. 

11.CXO.ll:Hble MeTaJIJIOOTXO.ll:bl H3 6yHKepa 1 nJiaCTHHqaTbiM nH

TaTeJibHbiM KOHBeti:epoM 2 no.naiOTCH Ha COpTHpOBoqHbiH KOHBeti:ep 4. 
TipH 3TOM OHH npoXOAHT qepe3 3JieKTpOMarHHTHbiH )l(eJie30-

0TAeJIHTeJib 3, KOTOpbiH OTAeJIHeT )l(eJie3Hbie BKJIIOqeHHH H c6pacbiBaeT 

HX B Kopo6 5. TIHTaTeJibHbiH H COpTHpOBOqHbiH KOHBeti:epbl HMeiOT 

aBTOHOMHbie npHBO.ll:bl 6. 
llaKemupo6aHue - OAHH H3 HaH6onee pacnpocTIJaHeHHbiX cno

co6os no.nroTOBKH MeTannonoMa. Ero npHMeHHIOT MH nepepa6oTKH 
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ltl50 

Puc. 7.2. MexaHH3HpoBaHHbiH cToJI .li.JIH copTupoBirn noMa H OTXO,!lOB 
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llepepa6omKa npoMbiUJAeHHbiX omxoiJo6 

Puc. 7. 3. CoprnpoBO'IHaH JIHHHH noMa H OTXO,!lOB 

JIHCTOBOH o6pe3H, BbiiiiTaMllOBKH, llpOBOJIOKH, 6biTOBOfO JIOMa, MeTa.TI
JIOKOHCTpYKI.J:HH H T.n. 

LI,JIH naKeTHpoBaHM:H MeT<lJIJIOJIOMa HCllOJib3YJOT naKeTHpOBOqHbiC 
npeccbi oTeqecTBeHHoro npoH3BO.LI:CTBa. Oco6eHHOCTb wx pa6oTbi n 
TOM, 'ITO npeccoBaHHe O.LI:HOBpeMeHHO ocyruecTBJIHeTCH B Tpex 
llJIOCKOCTHX, B pe3yJibTaTe qero llOJiyqaiOT npoqHbie KOMllaKTHbiC 
naKeTbi. Ilpecc uMeeT KaMepy npeccoBaHM:H c HecKoJibKHMH nnyH
)I(epaMH, rH.LI:paBJiwqecKYJO annapaTypy c 6aKoM .LI:JIH Macna, MexaHH3M 
3arpy3KH KaMepbi. IJpeccoBaHHe H naKeTHpOBaHHe MeTaJIJIOJIOMH 
npHBO.LI:HT K cHH)I(eHHIO noTepb MeTanna Ha yrap B npou:ecce no-· 
cne.nyiOrueti: nnaBKH. 

Mo.nenb npecca H ero pa6oqwe xapaKTepwcTHKH onpe.nenHIOT 
.li:OllYCTHMYIO TOJIIUHHY JIHCTa MeTaJIJIOJIOMa H napaMeTpbl naKeToll 
cnpeccosaHHoro noMa. Ilpou:ecc BKJIIOqaeT cne.nyiOruwe onepau:m-1: 
Jarpy3KY noMa B npecc; npeccoBaHwe B paJnlfqHbiX HanpaBJieHuHx; 

cKJia.nuposaHwe nony$a6pwKaToB (naKeTos). Ilpecc o6CJI)':>KHBaiOT Kpu 
HaMH, rpy30llO.LI:'beMHbiMH 3JieKTpOMarHHTaMH H .npyroH MeXaHI--1· 
3HpOBaHHOH TeXHHKOH. OreqecTBeHHaH npoMbllliJieHHOCTb BblnyCKaC'I 
rH.LI:pasnuqecKwe npeccbi MOlUHOCTbiO oT 1 .no 31,5 MH. XapaK 
TepHCTHKH HeKOTOpblX H3 HHX npHBe.LI:eHbl B Ta6JI. 7.7. 
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T a 6 JI H u a 7.7 
TeXHH'IeCKHe xapmcrepHCTHKH ueKoropLIX MO,!J;enei 

DaKeTHpOBO'IHLIX npeCCOB 

XapaKTepucTHKa Mo.neJib npecca 

E 1642 E 1638 E 1334 

MaKCHMaJibHaH TOJIIl.IHHa npeccyeMoro 12 8 4 
MeTaJIJIOJioMa (cTaJib c cr8 = 450 Mila), MM 
YcHJIHe npeccoBaHHH, MH 16 6,3 2,5 
fa6apumbl naKema (He 6o11ee), M: 

,UJIHHa 2 I 0,5 
umpHHa I 0,5 0,36 
Bb!COTa 0,71 0,5 0,36 

fipOH3BO.UHTeJibHOCTb, naKeTOBjq 20 36 35 
Ll,aaJieHHe pa6oqeu }l(lf.UKOCTH, Mila 32 32 20 
MomHocTb 3JieKTpo.uauraTeJIH, KBT 750 250 133 
fa6apumbl npecca, MM." 

,UJIHHa 18700 15100 9000 
lliHpHHa 18600 11930 5350 
BbiCOTa 5870 4675 2780 

Macca npecca T 598 230 71,5 

Ha pwc. 7.4 rroKa3aHa cxeMa rrpecca E 1642, rrpwMeHHeMoro MH 
naKeTHpoBaHHH MeT1UIJIOJIOMa. 

Tipouecc rrpeccoBaHHH ocymecTBJIHeTcH cJie.n:YJOIIlHM o6pa3oM. 
MeTaJIJIOJIOM KpaHoM 3arp)')KaeTcH B 3arpyJoqHyro KaMepy 6 rrpecca, 
OTKy,n:a rrocTyrraeT B rrpecc-KaMepy 2. KpbiiiiKa 3 JaKpbiBaeTcH c 
IIOMOU!biO MeXaHH3Ma, IIpH)KHMa 4, H JIOM rrpeccyeTCH. TipH 3TOM 
<popMHpyeTCH OKOHqaTeJibHaH BbiCOTa IIaKeTa. 3aTeM C IIOMOU!biO 
MexaHH3Ma rrorrepeqHoro rrpeccoBaHHH 1 <PopMwpyeTCH IIIHpHHa rraKeTa. 
J.1, HaKoHeu, MexaHH3M rrpo,n:oJihHoro rrpeccoBaHHH 7<l>opMwpyeT MHHY 
uaKeTa. B 3TO BpeMH ,n:aBJieHwe B flf.Il:POCHCTeMe MaKCHMaJibHO. no 
OKOHqaHHH rrpeccoBaHHH BKJIIOqaeTCH MeXaHH3M 3arpyJoqHOfO 
YCTpOHCTBa 8 H IIaKeT C IIOMOIIlbiO MeXaHH3Ma 5 BbiTaJIKHBaeTCH H3 
KaMepbi. TiocJie 3TOro OKHO Bbl,n:aqw rraKeTa 3aKpbiBaeTcH, H rrpecc roToB 
K oqepe,n:HOMY UHKJIY pa6oTbl. 

LJ:JIH YIIJIOTHeHHH KpyrrHora6apHTHOfO MeTaJIJIOJIOMa UIHpOKO 
11pHMeHHIOTCH m,n:paBJIHqecKHe rrpecC-HOXHHI..J;bl (pHC. 7.5). Tipecc
IIO)!(HHI..J;bl MoryT pa6oTaTb KaK B pe)!(M:Me rrpeccoBaHHH, TaK H 
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PHc. 7.4. llaKernpoBoq
HhiH fH,!lpaBJIHqecKHH 

npecc 6 1642 

PHc. 7.5. llpecc-HoxrnHUbi rn,!lpaBJiuqecme: 
] - 3arpyJoqHasJ KaMepa; 2 - yJeJI llO,!laqH MaTepHaJia; 3 - MaCJIOCTilHUHH.; 

4- HO)K; 5- rH,!lpOUHJIHH,!lpbi 
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II pe:xrn:Me pe3KH. IlpH naKeTHpOBaHHH JIOM C noMOW:biO MexaHH3Ma 
11o.uaqw 2 no.uaeTcH B 3arpy3oqHyiO KaMepy J, r.ue naKeT <PopMwpyeT

cH no umpHHe. 3aTeM MeTaJIJioJioM npeccyeTcH no sepTHKaJIH. IlocJie 
(jJOpMHpoBaHHH naKeT C nOMOW:biO MeXaHH3Ma. OKOHqaTeJibHOfO 

llpeCCOBaHHH BbiTaJIKHBaeTCH H3 KaMepbi UITeMneJieM. 

Ilpw pa6oTe npecc-HO)I(}{HU: B pe:xrn:Me pe3KH nonepeqHaJI cTeHKa 

KaMepbi, HBJIHIOW:aJICH HO)I(eBOH 6aJIKOH, no,UHHMaeTCH, MeTaJIJIOJIOM 

c noMOW:hiO MexaHH3Ma no.uaqw nepeMew:aeTcH no.u HO)I(H, npw
>IU!MaeTcH BepTHKaJibHO nepeMeW:aiOW:HMCH UITeMneJieM MeXaHH3-

T a 6 JI H u a 7.8 
XapaKTepHCTHKH npeCC-HO:lKHHU. AIIH nepepa60TKH MeTaJL1JOJIOM8 

XapaKTepHCTHKa Mo.uenh 

H0838 K10.3.36.01 
.VcUAue, MH: 

OKOHqareJibHOrO npeccOBaHHH 6,3 4,0 
pe3aHHH 6,3 4,0 

Pa3Mepb1 3azpy30'IHOii KaMepbl, MM: 

,llJIHHa 6000 4800 
lUHpHHa 3650 2500 
BbiCOTa 1800 1300 

loJJIUHHa naKeTHpyeMOrO JIOMa, MM < 8 <6 
l'mMepbl naKema (He 6o11ee) MM: 

,llJIHHa 1000 760 
lUHpHHa 500 500 
Bb!COTa 500 500 

Macca naKeTa, Kr <625 <600 
MaKCUMG/lbHOe ce'leHue llOMa, pa3pe3aeMozo 

111 I xoo HoJICa (npu.a8 450 Mila), MM: 

.UHaMeTp Kpyra 150 110 
JJHCT 70xl300 55x750 

VnaHOBJieHHaH MOIUHOCTh 3JieKTpO,!lBHra- 405 189 
ICJieii, KBT 

Mncca npecc-HO)I(HHU, T 345 136 
/(J6apUmHble pa3Mepb1 npeCC-HOJICHUU,, MM." 

,llJIHHa 17800 12600 
lUHpHHa 13000 3200 
BbiCOTa 7800 4700 
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flepepa6omKa npoMblW/IeHHbDC omxoiJo6 

Ma npe.usapHTeJibHoro npeccosaHIDJ: 5. Pe3Ka ocymecTBmleTcH MexaHWI 

MOM pe3a 7, pa6oTaioruero OT rH,UponpHso.ua 8. 
B Ta6n. 7.8 npHse.ueHbi xapaKTepHcTHKH HeKOTOpbiX THnoB npecc 

HO)l(HHU . 

.UnH OKYCKOBaHHH MeTaJIJIHqecKoif cTpy)I(KH npHMeHHeTCII 

6puKemup06QHUe C llOMOIUbiO 6pHKeTHpOBQqHbiX npeCCOB, xapaKTepHC 

THKl-1 KOTOpbiX npHBe,UeHbl B Ta6JI. 7.9 . 
.UnH nonyqeHIDJ: KaqecTBeHHbiX 6pHKeTOB CTPY~ nepe.u 6pHKe 

THpOBaHHeM He06XO.UHMO QqlfCTHTb OT llOCTOpOHHHX npHMeceif H K)'C 

KOB MeTaJIJia, a TaK)I(e npOMbiTb OT MaCJia H CMaJoqHQ-OXJia)l(.[{aiOIUCtl 

)I(H.[{KOCTH. CTp~ BhiCOKOJiernposaHHbiX cTaneif Heo6xo.uHMO OT)I(e'llo 

MH CHH)I(eHIDJ: npoqHQCTH. 

T a 6 JI " u a 7. 11 
XapaKTepHCTHKa 6pHKentpOBO'IHhlX npeCCOB 

XapaKTepHCTHKa Mo.ueJib npecca 

6 6241 6 6238 6 653 6 234 

YcHJIHe npecca, MH 12,5 6,3 4,0 2,5 

MaKCUMaAbHble pa3Mepbl 6puKema, MM: 
.uuaMeTp 230 170 120 120 
BbiCOTa 150 120 70 60 

MaKcHMaJibHM Macca 6pHKeTa, Kr 31 13 5,0 2,5 
YcTaHoBJieHHlUI MOUIHOCTb 3JieKTpo- 285 120 110 30,8 
.UBHrareJIH, KBT 
Macca npecca, t 93,5 28 27,3 8,7 
fa6apHTbi npecca, MM: 

JlJIHHa 12500 5150 6260 3780 
UIHpHHa 3500 3300 3640 1720 
BbiCOTa 4000 2800 3113 1930 

Ilpecc Mo.uenH E 6238 MH 6pHKeTHposaHIDJ: cTp~KH noKa3all 

Ha pHc. 7.6. 
Pe3Ka MeTaJIJIOJIOMa npHMeHHeTcH MH yMeHbiUeHIDJ: ra6apuTon 

MeTaJIJIOJIOMa. Ilpouecc pe3KH ycJIOBHO MO)I(HO pa3,UeJIHTb Ha Tpll 

CTa,UHH: ynpyrM, a 3aTeM llJiaCTHqecKM .ue<t>opMaUHH; Ha,Upe3 ( C.[{B~II 
" o6pa3oBaHHe TpeiUHHbi); nonHoe pa3pyweHHe MaTepHana. 

3TH CTa,UHH COllpOBO)I(.[{aiOTCH H3MeHeHHeM xapaKTepa ycHJiml II 

npouecce pe3aHHH, a TaiOKe H3MeHeHHeM nosepxHOCTH paJ.ueJIII 
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-10 
10 

P11c. 7.6. Tipecc MOLJ.eJIH E 6238 .u.mi 6pHKernpoBaHHH crpy)J(J(J1: 1- CTaHHHa; 2- rJHlBHhiH UI1JIHHL\p; 3- noprneHh; 

4 - lliTeMneJJh; 5 - KOHTeHHep; 6 - TpaM60BKa; 7 - MaTpHUa; 8 - CTH:lKHbJe llinHJJhKH; 9 - MaCJJHHbiH 

Hacoc; J0- BcnoMoraTeJJbHbiH UHJJHHLJ.p; 11 - MaCJIHHb!H 6aK 



IIepepa6omKa npoMbiUJ./IeHHblX omxoiJoB 

(y nnacnt:qHbiX MaTepwanoB pa3.neneHHe npowcxo.nHT 6e3 o6pa3oBaHml 

TpeiUHHbi, TOJibKO 3a cqeT-C.ll:BHra CJIOeB). 

Haw6oJiblllee BJIHHHHe Ha npouecc pe3KH oKa3biBaiOT: npo•I

HOCTHbie CBOHCTBa MaTepHana; reoMeTpHH, TeMnepaTypa H pac

llOJIO)!(eHHe pa3pe3aeMOf0 H3AeJIHH llO OTHOllleHHIO K pe)!(yiUeMy 

HHCTpyMeHzy; <t>opMa H COCTOHHHe pe~ruero HHCTpyMeHTa; BeJilfqlfHll 

3a3opa Me)!(.ll:y HO)!(aMH; CKOpOCTb npHJIO)!(eHHH Harpy3KH ( CKOpOCTb 

pe3aHHH); KOHCTpYKUHH pe~ero o6opy.noBaHHH ()!(eCTKOCTb CTa

HHHbi, ToqHOCTb HanpaBJIHIOIUHX, HaJIHqHe onopbi H T. A.); BeJIHqHI-HI 

TpeHHH Me)!(.ll:y MeTaJIJIOM H pe~IUHM HHCTpyMeHTOM. 

LJ:JIH pe3KH CTa.JibHOfO npoKaTa, Tpy6, apMHpOBaHHbiX CTaJibiO 

Ka6eneM: H .npyroro aHanorwqHoro MeTannonoMa npwMeHHIOTC}I 

aJIJIHraTopHbie (pbiqa)!(Hbie) HO)!(HlfUbi C ycHJIHeM pe3aHHH OT 3,15 .UO 

10 MH. B Ta6n. 7.10 npHBe.neHbi xapaKTepHCTHKH HeKoTopbiX 

aJIJIHraTopHbiX HO)!(HlfU. 

T a 6 n " u a 7.10 
XapaKTepHCTHKH 8JIJIHr&TOpHLIX HOlKIIIIIJ, 

Mo.neJib HO}I(HHU 

XapaKTepHCTHKa 

H2228 H2230 H2231 

MaKcuMa/lbHOe ce'leHue pa3pe3aeMozo 
/IOMa 30 ] XOO 

KBa,UpaT (cTOpOHa), MM 56 90 110 
Kpyr (.UHaMeTp), MM 63 100 125 
IIIBeJIJiep (HOMep) 24 40 40 
6aJIKa (HOMep) 22 40 50 

)lJIHHa HO}I(eH, MM 630 800 800 
MaKcHMaJibHbiH 3eB HO}I(HHU, MM 200 250 300 
Fa6apumbl HOJICHUl(, MM: 

,UJIHHa 4680 4000 4985 
umpuHa 3525 4600 2325 
BbiCOTa 1645 2000 2425 

Macca HO}I(HHU, T 8,9 17 24,8 

Pe3Ka MeTaJIJIOJIOMa Ha mwraTopHbiX HO)!(HHUax npoH3BOAHTC}I 

nolllTyqHO, a noToMy oHH ManonpoH3BOAHTeJibHbi. CxeMaTwqecKot• 

ycTpOHCTBO aJIJIHraTOpHbiX HO)!(HlfU H3o6pa)!(eHO Ha pH C. 7. 7 
AJIJIHraTopHbie HO)!(HlfUbi COCTOHT H3 llO.ll:Blf)!(HOH H HellO.ll:Bl·DK 
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F II a 8 a 7. IJepepa6omKa omxoiJ08 Meffl0/11108 

Pwc. 7. 7. CxeMaTWiecKoe ycrpoikTBo 

<UIJIHraTOpHhiX (phi'IIDKHhiX) Ho:>K

HHU Mo.neJIH H2230: 
I - cTaHHHa; 2 - 'IemocTh; 3 
poJIHK; 4 - OTIOpa; 5 - TipHBOJJ:; 6 -

npe.noxpaHHTeJihHOe ycTpo"ticTBo 

HOH qemocTeH, Ha KOTOpbiX KPe

mncH HO)I{H, MeXaHH3Ma pery

!IHpOBaHHH 3a3opa, onopbi, KpH

BOIIIHnHo-IIIaTyHHOfO MeXaHH3Ma, 

llpH)I{HMHOfO ycTpOHCTBa, npHBO.D;a 

11 npe.D;OXpaHHTeJibHOfO ycTpOHCTBa. 

~exaHH'IeCKHH npHBO.D; CO

CTOHT H3 MaXOBHKa, KJIHHOpe

MeHHOH H 3Y6'IaTOH nepe.D;a'I. 

KpHBOIIIHnHo-IIIaTyHHhiH MexaHH3M npeo6pa3yeT BpamaTeJihHoe ABH

lKeHHe KOJieHBaJia B Ka'IaTeJibHOe ,D;BH)I{eHHe IIO.D;BH)I{HOH qeJIIOCTH. 

OpH)I{HMHoe ycTpOHCTBO rrpe.D;Ha3Ha'IeHo MH y.D;ep)l{aHHH pa3pe3ae

Moro MeTaJIJIOJIOMa B npouecce pe3KH. PoJIHK cJI~T AJIH no.D;a'IH 

MeTaJIJIOJIOMa Ha pe3KY IIO.D; HO)I{. 

Ilpe,D;CTaBJIHIOT HHTepec nepe,D;BH)I{Hble (Ha KOJieCHOM IIIaccH) 

aJIJIHfaTOpHbie HO)I{HHU:bl C rH.D;paBJIH'IeCKHM npHBO.D;OM. 

Bonee cosepllleHHhi rH.D;paBJIH'IecKHe (rHIIhOTHHHbie) HO)I{HHU:hl. 

B pa3.JIWIHbiX KOHCTpYKUHHX mJibOTHHHbiX HO)I{HHU: npHMeHHIOTcH cxeMhi 

pe~mett qacTH, H3o6pa)l{eHHbie Ha pHc. 7.8. 

P11c. 7.8. KoHcTpYKTHBHhle 

cxeMhi pe:lKyme"ti 'IacTH 

fHJihOTHHHhiX HO:lKHHU: 

II - C OJJ:HHM cpe3oM; 6- C 

JUIYM.II cpe3aMH; 1 - no.n

IIHlKHhi"ti HO:lK; 2 - HeJIOJJ:-

BH:lKHhiH HO:lK 
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Ilepepa6omKa npoMbiUJ/leHHbiX omxoiJoB 

Ilp11 11CnOJib30BaH1111 KOHCTp)'Kl.J:1111 C OJJ:H11M pe~11M HO)I(OM 

(a) B npouecce pe3KH B03H11KaeT KpyrSIIU11H MoMeHT, cTpeMSiru11tlc11 

pa3BepHyTh 113.uen11e. IloBopoT pa3pe3aeMoro 113JJ:eJI11SI MO)I(!Io 

npe.uoTBpaT11Tb nyreM ero np11)1(MMa K CTaH11He (K Heno.n:B11)1(HOMY 

HO~ 2). Ilp11 KOHCTpYKTHBHOM perneH1111 no THny (6) 3a OJJ:HO .UBIDKeHI1r 

nOJJ:Bl1)1(HOfO HO)I(a 1 no.rryqaiOTCSI JJ:Ba cpe3a, a HeOOXOJJ:HMOCTb B llpl1)1(aHIIt 

pa3pe3aeMoro noMa K cTaH11He oTna.uaeT. 

f11.upaBn11qecK11e HO)I(H11Uhl (p11c. 7. 9) npe.ucTaBJISIIOT co6oH 

arperaT, cocTOSIIU11H 113 cTaH11Hhi, 3arpy3oqHoro 11 no.uaiOruel'o 

ycTpOHCTB, MeXaH113MOB npiDK11Ma 11 pe3a, fHJJ:pO- 11 3JieKTponp11BOJJ:il 

KoHCTPYKU11SI HO)I(H11U no3BOJISieT pe3aTb MeTannonoM nopu11HM 11, 

o6beM KOTOpbiX onpe.ueJISieTCSI eMKOCTbiO 3arpy3oqHoro ycTpOHCTBil 

IJpouecc nepepa60TK11 MeTaJIJIOJIOMa Ha fHJJ:paBJI11qecK11X HO)I(H11U(IX 

COCT011T 113 CJie.UyiOIU11X onepau11tl:: nOJJ:fOTOBK11 JIOMa ( OT60pll 

KYCKOB, He no.n:Jie)l(aiU11X pe3Ke); 3arpy3K11 JIOMa B HO)I(H11Uhi; pe3KI1 

noMa; copT11pOBK11 Hape3aHHhiX KYCKOB no ra6ap11TaM. Ho)I(H11Uhl 

pa6oTaiOT COBMeCTHO C MOCTOBbiM KpaHOM, o6opy.uoBaHHbiM nOJI1111 

rpetl:<PepoM 11JI11 3JieKTpOMarH11TOM. 

P11c. 7.9. fHJJ:paBJIWiecKHe (rnJibOTIIHHbie) HO)I(H11Uhl MO.UeJI11 

H0340 

Ilp11HU11n pa6oTbl HO)I(H11U COCT011T B cne.uyiOIUeM. JloM 3<1 

rpy)l(aeTCSI B 3arpy3oqHbiH KOpo6 1, KOTOpbiH nocJie 3anoJIHeHI111 

noBopaq11BaeTcSI c noMOIUhiO rHJJ:ponp11Bo.ua. I-13 Hero noM BbichmaeTcll 

B 3arpy3oqHbiH )l(eJio6 2. 3aTeM MeXaH113MOM no.uaq11 J MeTaJIJIOJIOM 
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F R a 8 a 7. llf¥Jepa6omKa omxoiJ08 MemOM08 

IICpe.n:BHraeTCSI ITO )l{eJio6y B HO)I{HHUbl. BeJIHqHHa xo.ua IIOJI3yHa 

MCXaHH3Ma IIOJJ:aqH peryJIHpyeTCSI C IIyJibTa yrrpaBJieHHSI. ilepeJi. 

rpa6aTbiBaHHeM pe)l{yiUHX HO)I{HHU JIOM yiiJIOTHSieTCSI C IIOMOIUbiO 

MCXaHH3Ma IIpH)I{aTHSI 4, KOTOpbiH y.uep)I{HBaeT JIOM 80 BpeMSI pe3KH. 

llocne cpa6aTbiBaHHSI MeXaHH3Ma pe3KH 5 Hape3aHHbiH MeTaJIJIOJIOM 

lliiJ~aeT B rrpHeMHbitl: 6yHKep, OTKY.ua y6HpaeTcSI KpaHoM. B 3To speMSI 

111rpy30qHbiH KOpo6 3aiiOJIHSieTCSI CJie.UYIQIUeH rropuHeH MeTaJIJIOJIOMa. 

Hmr o6nerqeHHSI rrpouecca pe3KH 3arpy3oqHhiH )l{eJio6 rHJJ:pasnHqecKHX 

llll)I(}{HU o6opy.uosaH KPhiiiiKotl:, KPOMe Toro, HO)I{HHUhi cHa6)1{eHbi 

MCXaHH3MOM rrpe.usapHTeJibHOfO CMSITHSI MeTaJIJIOJIOMa 6. 
TexHHqecKHe xapaKTepHCTHKH HeKoTopbiX pa3JIHqHbiX Mo.uenetl: 

lll.ll,paBJIHqecKHX (rHJibOTHHHbiX) HO)I{HHU rrpe.n:cTaBJieHbl B Ta6JI. 7 .11. 
KpoMe HO)I{HHU pa3JIHqHoro THrra .LLIDI MexaHHqecKotl: pe3KH noMa 

IIIICTHbiX MeTaJIJIOB IIpHMeHSIIOT IIHJibi. 

B 3aBHCHMOCTH OT BHJJ:a pe~mero HHcTpyMema pa3JIHqaiOT rrHJihi 

ii.I1CKOBbie H HO)I{OBOqHbie. LJ:HCKOBbie IIHJibl IIPHMeHSIIOTCSI C 

IIO.UBH)I{HbiM (caJia3KOBbie H MaSITHHKOBbie) H CTaUHOHapHO ycTa

IIOBJieHHbiM BpamaiOIUHMCSI JJ:HCKOM (pHC. 7.10). 
Y CaJia3KOBbiX IIHJI IIpHBO.U JJ:HCKa paciiOJIO)I{eH Ha IIO.UBH)I{HOH 

paMe C HarrpaBJUIIOIUHMH (caJia3KaMH). )l(ecTKOCTb HarrpaBJISIIOIUHX 

I"TUHHHbl H caMHX CaJia30K HCKJIIOqaeT 60KOBOe 6HeHHe JJ:HCKa, qTo 

UIIJIHeTCSI OCHOBHbiM .UOCTOHHCTBOM 3THX IIHJI. 

a 

l'uc. 7.10. )];HCKOBbie llHJibl: a- CaJia3-

k01lble; 6- MaHlHHKOBble; 6 - CTal.lHO

HapHbie 

tf 
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Ilepepa6omKa npoMbiUIAeHHbiX omxoiJoB 

T a 6 JI H u a 7.11 
TeXHH'IeCKaJJ xapaKTepHCTHKa neKOTOPLIX m.zqutiiJIH'IeCKHX HOlKIIIIU. 

Mo.n;eJib Ho:lKHHU 
XapaKTepHCTHKa 

HE0340 H0340 H2335 

MaKCUMaJlbHoe ce<teHue pa3pe3aeMozo 
AoMa 3a 1 xoiJ (cmaJlb c a8 = 450 Mila): 

KBa.n;paT (cTOpOHa), MM 160 160 80 
Kpyr (.n;HaMeTP), MM 180 180 90 
JIHCT, MM 90xl300 70xl850 50x750 
6aJIKa, lllBeJIJiep (HOMep) 30 40 27 

YcUAue, MH: 
pe3aHHH 10 10 3,15 
npiDKHMa 2,5 4,01 I ,2 
no.n;npeCCOBKH 2,4 2,0 -

,ll,JIHHa HO)I{e"ti, MM 1540 2100 800 
qHCJIO pa60'IHX XO.ll:OB, l/MHH 2 2 5 
Pa3MepbL JICeJZo6a, MM.' 

,nnHHa 8060 12000 4800 
lliHPHHa 3650 2000 750 
BbiCOTa 1000 1000 500 

,[J;aBJieHHe pa6o'!eH )I{H.ll:KOCTH, Mlla 32 32 32 

YcTaHOBJieHHaH MOIUHOCTb 3JieKTPO-
.n;BHraTeJie"ti, KBT 998 670 166 
Fa6apumbl HOJICHUII,, MM.' 

,nnHHa 23150 34800 13000 
lliHpHHa 12000 8600 3300 
BbiCOTa 8800 13000 5810 

Macca HO)I{HHU, T 400 459 80 

Y Ma51THHKOBbiX ,UHCKOBbiX niUI npHBO,U ,UHCKa pacnoJIO)I{eH 1111 

paMe-Ma51THHKe, COBeprnaiOrn;eH B03BpaTHO-Ka'!aTeJibHbie ,UBH)I{eHI-111 

B carra3KOBbiX H Ma51THHKOBbiX mmax oTXo,n:bi Heno,n:BH)I{Ho KPenHTl'll 

Ha cTone, a Bparn;aiOrn;a51c51 mma no.uaeTcH Ha pa3pe3aeMbie OTXO.Uhl. 

Ha mmax co cTa:o:HoHapHo ycTaHoBJieHHbiM .UHCKOM oTXO.Uhi np11 

pe3Ke no,n:aiOTCH no,n: Bparn;aiOrn;HHCH .UHCK. 

,4po6AeH.Ue BbiOH006pa3HOH CTa.JlbHOH CTp)')KKH ocyrn;ecTBJIHen·u 

Ha cTpyxi<o,n:po6HJibHOM arperaTe (pH c. 7.11). CTpyxi<a 3arp~aeTcH '· 

llOMOrn;biO KpaHa nop:O:HHMH no 200-300 KI' B pa3pbiBHOe YCTpOHCTIIO, 

r,n:e npOHCXO,UHT ee pa3pbiXJieHHe H npe,n:BapHTeJibHOe ,n:po6JieHI11' 
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F R a 8 a 7. IJepepa6omKa omxoiJOB MemaJIJIOB 

PHc. 7.11. Crp)')KI<o.npo6HJibHhB1 arperaT MOJJ:eJIH C)l,A-7: 
I - JieHTO'IHbi'ti Tpa.HcnopTep; 2 - MOJIOTKOBrui .npo6HJIKa; 3 - MOJIOToK; 

4- JIOB)'l.l.IKa 

ilocJie 3TOfO CTp}')KKa C JIOMOIUbiO JieHTO'IHOfO TpaHCTIOpTepa J 
110.11:aeTCSI B MOJIOTKOBYJO ,a;po6HJII<Y 2, a orry,a;a ,a;po6JieHaSI CTp}')KKa C 

IIOMOIUbiO ,a;pyroro TpaHcnopTepa no,a;aeTCSI B c6opO'IHbiH KOHTeHHep. 

liHor,a;a C qeJibiO JIO.ll:fOTOBKI1 K )'TI1JII13a:O:I111 CTpy;KKI1 113 Jie-

1 HpOBaHHOH BbiCOKOIIpO'IHOH CTaJII1 11CJIOJib3YJOT nepeJIJiaB. ilpoqecc 

ocyw:ecTBJISieTCSI B ,a;yroBbiX neqax He6oJibiiiOH eMKOCTI1 OT 1,5 .11:0 5,0 T 

B pe3yJihTaTe nepennaBa nonyqaiOT cJII1TKM ycpe.a;HeHHoro cocTaBa. 

LJ:JISI ,a;po6JieHI1SI OTXO,a;OB U:BeTHbiX MeTaJIJIOB JIOJIY'II1JII1 pac

llpOCTpaHeHI1e MOJIOTKOBbie, pOTOpHbie, HO)I{eBbie, rn;eKOBbie 11 BI16-

JIOW:eKOBbie, KOHYCHbie 11 KOHYCH0-11Hepqi10HHbie, BaJIKOBbie 11 ,a;pyrne 

11p06MJIKM, a TaK)I{e MeJibHI1U:bl. 

qaCTO OTXO.ll:bl ( oco6eHHO B BM.a;e KOHKpeTHbiX 113,a;eJI11H) 11MeiOT 

1'./IO)I(HOe KOHCTp)'KTI1BHOe 11CJIOJIHeHI1e, KOr,a;a coe.a;I1HeHbl B e.a;I1HOe 

IICJJOe .a;eTaJII1 113 pa3JII1'IHbiX MaTep11aJIOB: JIOJII1MepoB, MeTaJIJIOB, 

I'TCKJia 11 ,a;p.). 

LJ:JISI pa3,a;eJIKI1 TaKI1X OTXO.ll:OB qeJiecoo6pa3HO np11MeHSITb 

hfi/J02eHHYJO TeXHOJIOfl110, JIOCKOJibKY pa3JII1'IHbie MaTep11aJibl JIO

Jiil'lHOMY pear11py10T Ha OXJI<UK,ll;eHI1e 11 nocne.a;yiOrn;ee Harpy;KeHI1e. 

CTaJII1 11 noJII1Mepbi np11 noHM)I{eHI111 TeMnepaTYPbi B ycnoBI1SIX 

V)lllpHOfO Harpy)l(eHI1SI npoSIBJISIIOT CKJIOHHOCTb K xpynKOMY pa3-

pyllleHI110, a aJIIOMMHI1H, Me,a;b, CBI1Heq coxpaHSIIOT JIJiaCTI1'IHOCTb 11 

IIII'IKOCTb. ilo3TOMY np11 113MeJib'IeHI111 3TI1X MaTep11aJIOB B ycJIOBI1SIX 

111y60KOfO OXIIaJ191:eHI1SI JIOBe,a;eHI1e 11X pa3III1'IHO: CTaJII1, JIOJII1Mepb1, 
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Jlepepa6omKa npoMbiUJJleHHbiX omxoiJo6 

pe3HHbl - l13MeJib'-laiOTCSI, a U:BeTHbie MeTCUIJlbl - He H3MeJib'-laiOTC!I 

ilocJie .upo6JieHHSI CMeCb pa3.n:eJISieTCSI C JIOMOIUbiO KJiaccw<PwKaU:HII 

wnw cenapau:ww. TaKHM cnoco6oM MO)I{HO nepepa6aTbiBaTb cMc 

rnaHHbiH JIOM qepHbiX l1 U:BeTHbiX MeTaJIJIOB, a TaK)I{e 'JIOM Ka6eJibHhiX 

H3.n:enwi1: . 

.[(JISI OXJia)I(JJ:eHHSI OTXOJJ:OB l1CJ10Jib3YIOT Typ60XOJIOJJ:l1JibH hi\' 

MailiHHbl (TXM), KOTOpbie o6ecne'-IHBaiOT TeMnepaTypy pa6o'-!cll 

cpe.n:hi (BoJ.uyxa) ( -1 00)-( -120) ·c . .[(nSI 6onee HH3Koro (KpHo 

reHHOro) OXJia)I(JJ:eHHSI OTXOJJ:OB HCJIOJib3YIOT )l{li.llKHH a30T. 

Y.n:eJihHaSI ce6ecTOHMOCTb nonyqeHHSI xono.ua .uocTaTo'-!Ho Bhl 

COKa, OC06eHHO npH HCJIOJib30BaHHl1 )l{li.llKOro a3oTa. ,[(JISI CHH)I{eHHII 

3aTpaT Ha OXJia)I(JJ:eHHe OTXOJJ:OB HCJIOJib3YIOT JIOCJie.UOBaTeJibHOl' 

npwMeHeHwe TXM w )l{lUlKoro a3oTa. 

BpeMSI oxna)I(JJ:eHwSI oTxo.uoB JaBwcwT oT nnoTHocTw wx yKJiaJJ:KII 

B KaMepe, ycJIOBHH o6.uysa, Ha'-!aJibHOH TeMnepaTypbl MeTaJIJia II 

TeMnepaTypbi oXJia)I(JJ:aiOru;ero BoJ.uyxa. 

ilpOH3BOJJ:HTeJibHOCTb TeXHOJIOfH'-!eCKOH JIHHHH OXJia)I(JJ:eHH!I 

OTXOJJ:OB onpe.uenSieTCSI B OCHOBHOM XOJIOJJ:l1JlbHOH ycTaHOBKOH. 

Konpo6oe iJpo6AeHue npwMeHSieTcSI MSI nepepa6oTKH KpynHora6a, 

pHTHOro MaCCHBHOfO CTaJibHOro l1Jll1 qyryHHOro JIOMa l1 CKpana. ilpu 

3TOM cnoco6e HCJIOJib3YIOTCSI MOIUHbie KOJipOBbie ycTaHOBKH, xa

paKTepHCTHKH KoTopbiX npwBe.ueHbi B Ta6n. 7.12. CxeMaTw'-leCKH 

KOJipOBbie ycTaHOBKH pa3JIH'-!HbiX THJIOB JIOKa3aHbl Ha pwc. 7.12, 7.13. 

Ta6JIHUa 7.12 
XapaKTepHCTHKH KonpoBLIX ycTaHOBOK .llJIJI .n:po6JJeHHH CTaJILuoro JJOMa 

THn ycTaHOBKH 
XapaKTepHCTHKa 3CTaKa.n:Hbi'ti 6ameHHbiH 

CTaUHOHapHbi'ti nepe)lBmKHoil 

Macca KonpoBo'ti 6a6bi, T 15 10 0,75-1,0 
llpOH3BOJJ:HTeJibHOCTb, Tj'-1 3-8 2-5 2-3 
BbiCOTa no.n;'beMa KonpoBo'ti 33,5 17 7,7 
6a6hi, M 

CKopocTh nepe.n;BH)I(eHHH 43 35 14 
KOTipa,M/MHH 
CKopocTb TIO.n:'beMa KonpoBou 36,6 22,9 21,0 
6a6bi, M/MHH 
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P11c. 7 .12. 3cTaKa,uHbiH 
Konep: 

I - KonpoBrui 6a6a; 2 -
1 py3ono.n;neMHbiH 3JieK
rpoMarmn; 3 - KpaHo
mtH TeJie)l(l(a; 4 - 6oi1-

""'" MOCTOBOH KpaH; 5-
MOCTOBOH KpaH .1I:J1S1 no.n;a-
'111 11 y6opKH JIOMa; 6 -
111a6oT; 7 - Q:>yH.n;aMem; 
S- )l(eJie3o6eTOHHrui 3a
llli1THrui CTeHKa; 9 - 3a
rpy30'lHOe OKHO; 10 -

CTeHKa 

F R a 6 a 7. Jlepepa6omKa omxoao6 MemOM06 

I J 
I .,--4 ... ________ J 

PRe. 7.13. CTill.I,HOHapHbiH 6ameHHbiH Konep: 
I KOllpOBrui 6a6a; 2 - 3axBaT .li:JISI KOllpOBOH 6a6bi; 3 - MOCTOBOH KpaH; 
-/ · llO.Jn>eMHbiH MeXaHH3M; 5 - rna60T; 6 - Q:>YH.n:aMeHT; 7 - 3aiiiHTHOe 

orp~eHHe 
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Ilepepa6omKa npoMblutAeHHbiX omxoiJoB 

3cTaK3,UHbie KonpoBbie ycTaHOBKH HMeiOT 3arpy30'-IHYIO 3CTaKailY, 
no KOTOpOH nepeMeruaeTCSI MOCTOBOH KpaH, 6oi1:Hoe MeCTO l1 BTOpotl 
Sipyc c nepeMeruaiOIUHMCSI no HeM)' 6oi1:HhiM KpaHoM. Ilo.uaqa noMa 11 
y.uaneHwe roToBoi1: npo.uyKuww c 6oi1:Horo MecTa ocyruecTBJISieTcll 
MOCTOBbiM KpaHOM. IJo.n:beM l1 c6pacbiBaHHe KonpoBOH 6a6bi npo 
H3Bo.n:wTcSI6oi1:HbiM KpaHoM. YcmHoBKa MOHTwpyeTcSI Ha cneuwanhHOM 
<PYHLJ:aMeHTe l1 HMeeT o6IIIHBK)', orpaHH'-IHBaiOIUYIO pa3JieT OCKOJIKOII, 
o6pa3yiOIUHXCSI npw .upo6JieHHH. 

B 3aBwcwMocTw oT BHJJ:a H3MeJib'-!aeMoro noMa 3arpy3Ka 6oi1:Horo 
MeCTa npol13BO.UHTCSI noiiiTyqHO (KpynHbie l13JIO)I{Hl1Ubl) HJIH nop 
UHSIMH (TOHKOCTeHHOe JIHTbe). 

3Heprl1SI, pacxo.uyeMaSI Ha .upo6neHwe Ha KonpoBoi1: ycTaHoBKl', 
3aBHCHT OT MaCChi l1 <PopMbi KonpOBOH 6a6bi, a TaK)I{e BbiCOTbi Ct' 

naueHHSI. CyruecTBeHHoe BJIHSIHHe Ha 3<P<PeKTHBHocTb H3MeJib'-lemw 
oKa3biBaeT <PopMa 6a6bi. Haw6onee onTHMaJibHa rpyiiieBw.uHaSI KOII 
poBaSI 6a6a C nJIOCKHM JJ:HOM. 

KonpoBbie 6a6bi H3roTaBJIHBaiOT H3 cTanw, co.uep)l{arueiil 0,1-
0,2 % yrnepo.n:a, l1 TepMH'-IeCKH 3aKaJIHBaiOT.ll,OJifOBe'-IHOCTb KonpOBbiX 
6a6 HeBeJiwKa (.uo 6000-7000 T H3MeJih'-leHHoro MeTanJioJioMa). EoJict• 
.UOJifOBe'-IHbi KOnpoBhie 6a6bi, l13fOTOBJieHHbie l13 CTaJIH, co.uep)l{arueH 
12-18 % MapraHua. 

IlOMHMO KOnpOBbiX ycTaHOBOK JJ:JISI .upo6JieHHSI '-IYfYHHOfO JIOMa 
wcnoJih3YIOTCSI rw.upaBnwqecKwe npeccbi (YPH CK), cHa6)1{eHHhH' 
MaHHnyJISITOpoM (pwc. 7.14). 

MaHwnyJISITop nepeMeruaeTcSI no peJihCOBbiM nyTSIM w ocy
ruecTBJISieT 3aXBaT l13JIO)I{HHUbl, TpaHcnopTHpOBKy ee K npeccy, 
ycTaHoBr<y w <PwKcauwiO H3JIO)I(HHUhi B pa6o'-leM noJio)l{eHww, Bpa
rueHwe ee BoKpyr BepTHKaJihHoi1: ocw w nepeMerueHwe ee B.UOJih 11 
nonepeK npo.uoJibHoi1: ocw npecca. J13JIO)I{HHUa ycTaHaBJiwBaeTcH c 
noMOIUblO rpy3ono.n:beMHOfO MeXaHH3Ma B 30HY .uei1:CTBHSI Ma
HHnyJISITOpa 4 l1 3aXBaTbiBaeTCSI HM. IJocJie 3TOfO MaHwnyJISITOp, 
ycTaHoBJieHHbiH Ha rpy30BOH TeJie)I{Ke 6, 3aXBaTbiBaeT l13JIO)I{HHUY H 
nepeMeruaeT ee K npeccy 1. Ilo.n:BIDKHbiH KJIHH 2 nepeMeruaeTcSI no 
HanpaBJieHHIO K l13JIO)I{Hl1Ue, .UBH)I{eHHe KOTOpOH orpaHH'-IHBaeTCII 
ynopoM 3. B pe3yJibTaTe oT H3JIO)l(Hl1Uhi oTKaJibiBaeTcSI rcycoK cTeHKH. 
MaHwnyJISITop noBopa'-lwBaeT H3JIO)l(HHUY w no.n:Bo.n:wT K ynopy .upyry1o 
ee CTeHKY. IlOJJ:BH)I{HbiH KJIHH BHOBb nepeMeruaeTCSI JJ:O ynopa II 
l13JIO)I{HHUY l1 OTJiaMbiBaeT OT Hee K)'COK .upyroi1: CTeHKH. Ilpouecc 
noBTopSieTcSI HecKoJihKO pa3. OcTaBIIIaSicSI Hepa3JioMaHHoi1 '-!acn. 
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F R a 8 a 7. Jiepepa6omKa OTnXOiJOB MemaJIJI08 

I'HC. 7 .14. Y CTaHOBKa .D:JUI paJ,n:eJIKH H3JIO:lKHHIJ, COOCHbiMH KJIHHMIMH 

(YPHCK): 
I- npecc no 138; 2- no.n:BH:lKHhiH KJIHH; 3- ynop; 4- MaHHnymiTop; 5-
kllpeTKa; 6 - rpyJoBaH TeJie:lKKa; 7 - TpaBepca; 8 - MexaHHJM ne

pe,n:BH:lKeHHH MaHHnyJIHTOpa 

lt'IJIO)I(HHUhl TpaHCllOpTHpyeTCSI Ha pa3JlaMbiBaHHe Ha KOnpoByiO yc

I'IIHOBKY. 

HcnoJih3oBaHHe ran:paBJIH'IeCKMX npeccoB )1)ISI pa:menKH qyryHHhiX 

lfJJIO)I(HHU ll03BOJISieT HCKJIIOqHTh TSI)I(eJibiH pyqHOH Tpy.D: H llOBhiCHTh 

II pOH3BO.D:HTeJihHOCTh o6opy,n:oBaHHSI. 

ll.JISI nepepa6oTKH KpynHhiX CTaJihHhiX H qyryHHhiX MaCCHBOB 

tH:noJih3yiOT 83pbl8HOe iJpo6AeHUe, KOTOpoe ocyiUeCTBJISIIOT BO B3ph1BHOH 

liMe. 3TOT CllOC06 Tpe6yeT cneuHaJihHhiX HaBbiKOB, T. K. HCllOJih3yeT 

Mi\TepHaJihl H TeXHOJIOfHIO llOBhiiiieHHOH onacHOCTH. 

B3phiBHa51 SIMa npe,n:cTaBJISieT co6oi1: 6poHHpoBaHHoe coop~eHHe 
1' Morn,How KphiiiiKow. B MeTaJIJIHqecKHX MaccHBax BhicBepJIHBaiOT 

umyphi (oTBepcTHSI), B KoTophie 3aKJia.D:hiBaiOT 3apSI.D:hi. H3MeJihqeHHe 

MCTaJIJia npOHCXO.D:HT 3a cqeT 3HeprHH B3pbiBa 3apSI.D:a. 

B3phiBoM ocyruecTBJISieTcSI npe,n:BapHTeJihHa51 pa3,n:enKa noMa.ll.JISI 

IUIJlhHeHIIIero H3MeJibqeHHSI npHMeHSIIOT KOllpOBbie yCTaHOBKH. 
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Ilepepa6omKa npoMbiUllleHHbiX omxoiJo6 

IlpH npoBe.n:eHHH 83pbiBHbiX pa6oT He06XOJJ:l1Mbi: TIIJ;aTeJibiHH' 

co6mo.ueHwe TeXHonomw npose.ueHIDI pa6oT; npaBHJihHbiH Bhi6op 11 

pacqeT MOIUHOCTH 3apsmos; o6ecneqeHwe Mep 6e3onacHocTw; npa 

BHJibHoe TpaHcnopTwpoBaHwe w xpaHeHwe B3pbiBqaTbiX semecTB. 

Pa6oTbi .uomKHbi ocymecTBJISIThCSI cneu;wanbHo o6yqeHHhl M 11 

JIIO.UbMH, HMeiOIIJ;HMH JJ:OK)'MeHTbl Ha npaBO Be.n:eHIDI 83pbiBHbiX pa6(l'J 

LJ:JISI B3pbiBaHHSI MeTaJIJIOJIOMa l1Cll0Jlb3YIQT 6pH3aHTHble 83phlll 

qaTbie semecTBa (TpHHHTpOTonyon, T3H, reKcoreH, wx cMecw w HeKo 

Topbie .upyme). 

Pa3Hoo6pa3we <PopM noMa, noJJ:Jie)l(amero H3MeJibqeHHIO, npn 

BeJIO K pa3pa60TKe pa3JiwqHbiX MeTOJJ:OB Be.n:eHHSI 83pbiBHbiX pa60'1 

MaccwBHbiH noM, HanpwMep BaJIKH, B3pbiBaiOT umypoBbiMH 3apsmaMu 

0THOCHTeJibHO TOHKOCTeHHbiH JIOM (MaxOBHKH, CTaHHHbl) B3pbiBaJO'I 

HaKJiaJJ:HbiMH 3apsmaMH. 

IlycTOTeJibiH JIOM (I13JIO)I{HHIJ;bl) B3pbiBaiOT BJIO)I{eHHbiMH HJIII 

no.usecHbiMH 3apSI.uaMw c wcnoJib3oBaHweM BOJJ:bl (rw.upoB3pb111) 

LJ:aHHbiH cnoco6 ocymecTBJISieTcSI cne.uyiOIIJ;HM o6pa3oM. OTXOJ\Itl 

H3JIO)I{HHU noMeiiJ;aiOT BHYTPH cneuwanbHoro MeTannwqecKoro pe 

3epsyapa, KOTOpbiH 3anoJIHSieTcSI so.uoi1:. TaKHM o6pa3oM, BOJ\11 

HaXOJJ:HTCSI He TOJibKO BHyTpH l13JIO)I(Hl1Ubl, HO l1 CHap~H ee; llpll 

3TOM so.ua B pe3epsyape cJI~HT ynpyroi1: cpe.uoi1:, socnpwHwMaiOmdl 

.n:aBJieHHe y.uapHOH BOJIHbl. 3TO ll03BOJISieT: yseJIHqHTb BbiXOJJ: ra6a 

pwTHbiX J<YCKOB oTxo.uos; YMeHhiiiHTh pacxo.u B3pblsqaTbiX semecTu: 

CHI13l1Tb CeHCMHqHOCTb npouecca; ycTpaHHTb onaCHbiH pa3JieT J<YCKOII 

OTXOJJ:OB. 

Cnoco6 <PparMeHTwposaHwSI c npwMeHeHweM 3Hepmw B3pbiBa 11 

BO.UHOH cpe.ue l1CllOJib3YIOT Tal{)l{e JJ:JIS1 nepepa60TKH OTXOJJ:OB C pe3KO 

OTJIHqaiOIIJ;HMHCSI nJiaCTwqecKHMH l1 npoqHOCTHbiMH CBOHCTBaMH 

KOMnOHeHTOB, HanpHMep CpOCTKOB MeTaJIJI-CTeKJIO. 

Ha pwc. 7.15 noKa3aHa cxeMa ycTpOHCTBa B3pbiBHoi1: SIMbi .UJIII 

llOJJ:pbiBa l13JIO)I(HHU B BOJJ:e. 

CTeHhi w ocHosaHwe 1 B3pbiBHoi1: SIMhi H3fOTOBJieHhi H3 )l{eJil' 

3o6eToHa w HMeiOT TOJIIUHHY 0,8-1,4 M. CTMbHbie niiHTbi (3, 5, 6). 
wMeiOmwe TonmwHy 10-30 eM, KpeiDITCSI 6onTaMw 4. faiiieHwe y.uap· 

HOH BOJIHbl ocymecTBJISieTCSI .uepeBSIHHbiMH 6anKaMH 2, BMeCTO KO 

TOpbiX B03MO)I(H0 npHMeHeHHe pe3HHOBbiX npOKJiaJJ:OK (pe3HHOBOH 

KpOIIIKH) HJIH necqaHOH 3aCbinKl1. LJ:JISI OTKaqKH BO.Ubl no Tpy6e f(} 
npe.uHa3HaqeH Hacoc 9. 3apsm no.useiiieH B H3JIO)I(HHue 11. 
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FA a 6 a 7. flepepa6omKa om:x:oiJ06 MemaAA06 

6 7 I 

1'11c. 7.15. CxeMa ycTpOHCTBa B3pbiBHOH HMbi .D.JIH no,upb!Ba H3JIO)J(HHU B so,ue: 

f- OCHOBaHHe H CTeHbl; 2- ,uepeBHHHble 6a.JIKH; 3, 5, 6- CTaJibHbie nJIHTbi; 

4 - 60JITbi; 7- HeCYIUaH 6aJIKa; 8 - Kpb!UIKa; 9 - BO,llHHOH Hacoc; J0 -
Tpy6a ,UJIH CTOKa BO,Ubl; 11 - H3MeJib1::JaeMaH H3JIO)J(HHUa 

TepMur.tecKoe U3MeJlbr.teHue MeTaJI.JIOJIOMa JaKmoqaeTcH B MecTHOM 

pacrrnasJieHin1 KYCKOB noMa. PaJJIHqHbie TepMHqecKHe MeTO.Ubl 

l1"3MeJibqeHHH .neJIHTCH Ha: KHCJIOPO.UHYIO peJKy; ITJiaJMeHHyiO; 

l\11CJIOpO.UH0-.UYfOBYIO H lliiTypeHHe C fiOMOIUbiO KHCJIOpO.IJ:HOfO KOflbH. 

HaH60JibUiee pacrrpocTpaHeHHe rronyqHJia raJoBaH peJKa, KOTOpaH 

liCIIOJibJyeTCH .UJIH paJ.neJIKH JIOMa H3 HeJierHpOBaHHbiX H 

lli13KOJierHpoBaHHbiX CTaJieif, HMeiOruero TOJIIUHHY .UO 500 MM. B 
'laCTHOCTH, lliHpOKO IlpHMeHHIOT raJOBYIO peJKY .UJlH paJ.UeJIKH 

HIITOM06HJieif, cy.nos, saroHoB, KOHTeifHepoB, peJibCOB 11 .npyroro 

KpynHora6apHTHOfO JIOMa. IJpou;ecc raJOBOH pe3KH COCTOHT H3 TpeX 

I"T(l.IJ:HH: fiO.UOrpeBa MeTaJIJia B raJOBOM IIJiaMeHH .UO TeMrrepaTypbi 

liOCIIJiaMeHeHHH, OKHCJieHHH (cropaHHH) MeTaJI.Jia B KHCJIOpO.UHOH CTpye 

II Bbi.IJ:yBaHHH KHCJIOPO.UHOH CTpyeif )I(H.IJ:KHX IIpO.UYJ<TOB H3 30Hbl pe3KH. 

~JIH paJorpesa MeTanna au;eTHJieHO-KHcnopo.nHoe rrnaMH Ha

llpaBJIHIOT Ha rrosepXHocTb MeTaJI.Jia, a rrocne paJorpesa .no TeMrrepaTYPbi 

tlKOJio 1150 oc qepeJ MYH.IJ:lliTYK ropeJIKH rro.naiOT KH:cnopo.n, B peJyJibTa

lC lJ:ero MeTa.JIJI HalJ:HHaeT HHTeHCHBHO OKHCJIHTbCH. IJpo.ny:KThl XHMH'leCKOH 

pCaKI.J;HH OKHCJieHHH paciTJiaBJIHIOTCH, a HH)I(eJie)l(aiUHe CJIOH MeTaJI.Jia 

llarpeBaiOTCH .UO TeMIIepaTYPbi BOCITJiaMeHeHHH. 
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llepepa6omKa npoMbiUJJleHHbiX omxoiJo6 

IJpH 60JihlllHX TOJIIJJ;HHaX MeTaJIJia paCXO,U KHCJIOpo,na BeJHf k. 

TaK KaK OH Heo6XO,UHM He TOJihKO ,UJIH OKHCJieHHH MeTaJIJia, 110 II 

,UJIH Bhl,ll,yBaHHH rrpo,nyKTOB ropeHHH H paciTJiaBJieHHOfO MeTaJIJia Ill 

pa3pe3a. 

fa30BYIO pe3KY HeJih3H ITpHMeHHTh ,UJIH pa3,neJIKH BhlCOKOJII' 

rMpoBaHHhiX CTaJihHhiX H3,UeJIHM, TaK KaK ITpMcyTCTBYIOIJJ;He B Ill 

COCTaBe JierHpyiOIJJ;He 3JieMeHThl o6pa3yiOT B pe3yJihTaTe OKMCJiellllll 

TyrorrJiaBKHe OKCH,Uhl, KOTOphle He fiO,U,UaiOTCH ITJiaBJieHMIO lljlll 

TeMrrepaTypax, ,UOCTHraeMhlX ITPH ra30BOM pe3Ke ( OKOJIO 1600 •( 'I 
L(JIH H3MeJihqeHHH JIOMa H3 JierHpoBaHHhiX CTaJieM ITpHMeWJIOI 

ITJia3MeHHYIO pe3KY, KOTOpaH fi03BOJIHeT H3MeJihqaTh JIOM C TOJIIJJ;HIIOII 

CTeHOK ,UO 150 MM. 

IJJia3MeHHM CTpyH o6pa3yeTCH 3a cqeT B03HHKHOBeHMH 3JieKTpll 

<J:eCKOM ,nyrH B ra30BOM fiOTOKe. fa3 fiO,UOrpesaeTCH ,nyrotf: ,UO TaKOIII 

COCTOHHMH, qTo ero MOJieKYJihl qacTHqHO HOHH3Hpy10TCH. 3Hepl'll11 

o6pa3yiOIJJ;eMCH ITJia3MeHHOM CTpYH CKJia,UhiBaeTCH H3 3HepmM ,nynt II 

3HeprHH, HaKOITJieHHOM ITJia3MOM. 
6 

+ 

P11c. 7.16. CxeMa ycTaHOBKH AJIH ruJa3MeHHOH pe3KH oTXo,uoB nerMpoBall 

HbiX CTlUieH: 

1 - 3JieKTpO,U; 2 - HCTO'IHHK fiOCTOHHHOro TOKa; J - M)'H.lUIITYK; 4 - noM, 

5 - BbicoKoKa'IecTBeHHbiH reHepaTop; 6 - mryuep AJIH no,ua'IH ra:111. 

7 - 3JieKTpH'IecKoe conpoTHBJieHHe; 8 - IIITYUep ,unH no,ualJ:H oXJI8)I()J.aJil 

IIIeH BO,llbi; 9 - illla3MeHHaH CTpyH; 10 - CTpYH raJa C pacnnaBJieHHbiMII 

KannHMH MeTlUina 
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FA a 6 a 7. flepepa6omKa om:x:oiJ06 MemaAJI06 

TeMrrepaTypa B 51,Ll;pe rrna3Mbi .uocTHraeT 30000 oc, qTo rrpHBO.UHT 

K MfHOBeHHOMy pacumpeHHIO ra3a, BbiXO.UHIJJ;ero BCJie.UCTBHe 3TOfO 

113 MYH.UillTyKa ITJia3MeHHOfO pe3aKa C oqeHb BbiCOKOH CKOpOCTbiO. 

CxeMa ycTaHOBKH .rom ITJia3MeHHoi1 pe3KH rroKa3aHa Ha pHc. 7.16. 
BoJib$paMoBhlli 3JieKTpo.n 1 rrpHcoe;:umeH K oTpm.~;areJibHOMY rroJIIO

cy HCTOqHHKa ITOCTOHHHOfO TOKa 2, Me.UHbiH KOprryc MYH.ll.IllTYKa J 
llpHcoe.nHHeH K rrono.xuneJibHOMY rron10cy. K HeMy )l(e rrpHcoe.nHHeH 

H3MeJibqaeMbii1: KYCOK noMa 4. 3neKTpJ1qecKaH .uyra co3.uaeTcH reHepaTo

poM 5 BCJie.UCTBHe BbiCOKOfO HaiTpH)I(eHHH Me)I()Jy KaTO.UOM H MYHJUIITYKOM. 

'la cqeT B03HHKHOBeHHH 3JieKTpHqecKOH .uyrH B ra30BOM ITOTOKe o6pa

lyeTCH ITJia3MeHHaH CTpyH 9. L(yra HOHH3HpyeT BbiXO.ll.HIJJ;H:H H3 Mj'H.ll.nrryKa 

raJ 10 , rro.uaHHbi:i1: qepe3 IllTYllep 6. 
MyH.ll.IllTYK rrpe.uoxpaHHeTcH oT paciTJiaBJieHHH OXJia)l(.ll.aiOIJJ;e:i1: so

I(OH, rro.uasaeMoif qepe3 lli'fYlJ;ep 8. II pH c6JIH)J(eHHH ITJia3MeHHoro pe3aKa 

c KYCKOM noMa .uyra rrepexo.nHT Ha rrocne.nHHH 3a cqeT co3.naHHH c 

IIOMOIJJ;biO COITpOTHBJieHHH 7 6oJiee BbiCOKOfO HaiTpH)I(eHHH Me)l(.ll.y 

·meKTpO.UOM H JIOMOM. 

KHcnopo.uHo-.uyrosyiO pe3KY rrpHMeHHIOT pe)l(e, Ho oHa TaK)I(e 

II03BOJIHeT H3MeJibqaTb JIOM H3 JierHpOBaHHbiX CTaJieif. IJpas.ua, 

TOJIIJJ;HHa CTeHOK TaKOfO JIOMa He .UOJI)I(Ha rrpeBbiillaTb 80 MM. L(JIH 

C03.UaHHH .UYfH HCITOJib3yeTCH ITOCTOHHHO ITJiaBHIJJ;aHCH ITpOBOJIOKa, 

CJI~aiJJ;aH B KaqecTBe OTpHIJ;aTeJibHOfO 3JieKTpO.Ua, a ITOJIO)I(HTeJibHbiM 

:meKTpO.UOM HBJIHeTCH MeTaJIJIOJIOM. 

CyiJJ;HOCTb rrpoiJ;ecca rnrrypeHHH KHcnopo.nHhiM KOITbeM 

(pHC. 7.17) COCTOHT B ITOCTOHHHOM C)I(HfaHHH B KHCJIOPO.UHOM ITJia

MeHH CTaJibHOH Tpy6hi, ITO KOTOpoif rro.uaeTCH ra3 (KOITbe). L(JIH 

C03.UaHHH KHCJIOPO.UHOfO KOITbH HCITOJib3YIOT CTaJibHbie Tpy6bi C 

BHyTpeHHHM .UHaMeTpOM 3 H 6 MM. 

PHc. 7.17. CxeMa ycTaHOBKH ,D.JHillinypeHIDI c KHCJiopoJUibiM KonbeM: 

f - KOnbe; 2 - BeHTI1Jib peryJIHpOBKH no,uaqH KHCJIOpo,ua; 3- KHCJIOpO,[UibiH 

lliJiaHr; 4- pe.uyKTop; 5- KHCJIOpO):U{aH ycTaHOBKa 
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llepepa6omKa npoMblUJJleHHblX omxoiJo6 

PeJKa u;semoro MenumonoMa omesbiMH MeTO,naMH corrposmK,naen.·u 

60JiblliHMH ITOTepHMH MeTaJIJia, HMeeT HH3K)'IO ITpOH3BO,UHTeJibHOCTh U 

OTHOCHTCH K pa6oTaM ITOBbiiiieHHOH orracHOCTH. 0Ha ITpHMeHHeTC$1 II 

OCHOBHOM ,UJIH $parMeHTHpOBaHHH KpyrrHora6apHTHbiX OTXO,UOII 

(caMoJieTHbiH JIOM, rpe6Hble BHHTbl H T.ITo) ITpH TaKHX o6'beMaX 

rrepepa6oTKH, Kor,na ITpHMeHeHHe ,npyrHX MeTO,UOB 3KOHOMHqeCKII 

Heu;enecoo6pa3HOo 

7 4. Cenapaf1UR flOMa u omxoiJ.oB f16emHbtx MemGJlfl06 

IlpH rrepepa6oTKe JIOMa H OTXO,UOB IJ;BeTHbiX MeTaJIJIOB oco6or 

3HaqeHHe ,UJIH HX paiJ;HOHaJibHOfO HCITOJib30BaHHH HMeeT rrpou;ecc 

cerrapau;HH, KOTOpbiH MO)I(eT ocyiiJ;eCTBJIHTbCH B BOJ,UyiiiHOH cpeJit' 

(cyxoH MeTo,n) HJIH B paJJIHqHbiX )I(Jf)J;KOCTHX (MOKpbiH MeTO,U)o 

K cyxHM MeTo,naM cerrapau;HH oTHOCHTcH: MarHHTHbie, ::~neKT 
po,nHHaMHqecKHe, ::~neKTpHqecKHe H rrHesMaTHqecKHeo 

K MOKpbiM MeTo,naM cerrapau;HH OTHOCHTCH: TH)I(eJiocpe,nHblC, 

MarHHTorH,UpocTaTHqecKHe H rH,UpaBJIHqecKHeo 

MamumHG.R cenapau,URo B MamHTHbiX cerrapaTopax Heo.nHopo.nHocTt. 

MarHHTHOfO ITOJIH COJ,naeTCH ITOJIIOCHbiMH HaKoHeqHHKaMH paJJIHqHot-1 

<PopMbi. 

LJ:nH rronyqeHHH MarHHTHbiX rroneH: c MaJioH seJIHqHHOH grad II 
ITpHMeHHIOT ecTeCTBeHHbie HJIH HCKYCCTBeHHbie MarHHTbl WI 

crreu;HaJibHbiX CITJiaBOB C ITOCTOHHHbiM MafHHTHbiM ITOJieMo CHJibHbiC 

MarHHTHbie ITOJIH C BbiCOKHM rpa,UHeHTOM HaiTpH)I(eHHOCTH COJ,UaiOTC~I 

KaTyiiiKaMH, ITHTaeMbiMH ITOCTOHHHbiM TOKOM H CHa6)1(eHHbiMH 

CTaJibHbiM cep,neqHHKOMo IlpH 3TOM qeM 60Jibiiie BeJIHqHHH 

HaMarHHqHBaiOIIJ;ero TOKa H KOJIHqecTBO BHTKOB B KaTYIIIKe, TeM BbiUJC 

HarrpH)I(eHHocTb MarHHTHoro noAA B pa6oqeM JaJope cerrapaTopao 

MarHHTHaJI cHJia FMarn, .neH:cTBYIOIIJ;aJI Ha qacTHU:Y MaTepHana, 

orrpe,neJIHeTcH rro <PoPMYJie: 

F = V 0 

'" 

0 H 0 grad H 
MarH 't' ~ 

(702) 

r.ne V- o6'beM qacTHIJ;hi; 'I' - o6'beMHaJI MarHHTHaJI socrrpHHMqHBOCTh; 

H- HarrpH)I(eHHOCTb MarHHTHoro rroAAo 
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FA a 6 a 7. fiepepa6omKa om:x:oiJ06 MemaAA06 

Y,neJihHoe JHaqeHHe MarHHTHoH cHJihi paBHo 

f = FMarH = VI{/ H · gradH = . H· adH 
MarH Q V 0 X gr ·' 

(7.3) 

me Q- Macca qacTIUJ:hi; 8- IDIOTHOCTb semecrna qacTHU:hi; X- y,neJihHaJI 

MarHHTHaJI BOCITpHH~HBOCTh qacTHU:hi. 

llpHHU:HIT pa6oThi MarnHTHoro cerrapaTopa cxeMaTHqecKH rroKa

laH Ha pHC. 7.18. 

a 

PHc. 7.18. ITpHHuHn pa6oTbi MarHHrnoro cenapaTopa: 
tl - BepXHHH 30Ha; 6 - HH:lKHHH 30Ha; 8 - BepTHKaJibHaH 30Ha; I- HCXO,ll

HOe cblpbe; II- MarHHTHhiH npo.uyr<T; III- HeMarHHTHhiH npo.uyKT 

KpoMe MarHHTHoH cHJihi, Ha qacTHU)', Haxo,nHmyJOcH B pa6oqei1: 

·1oHe cerrapaTopa, ,neiicTBYJOT CHJihi TH)l(eCTH P, TPeHHH FT, u:eHTPo6e)l(

uaSI Fu H corrpoTHBJieHHH cpe,nhi Fe 
.LI.m1 ycrreumoro paJ,neJieHHH MarHHTHhiX H HeMarHHTHhix qacTHU: 

II MarHHTHOM ITOJie cerrapaTopa MarHHTHaJI CHJia, ,neHCTBYJOW:aJI Ha 

MarHHTHhie qacTHU:hi, ,UOJI)I<Ha rrpeBhiillaTh paBHO,UeHCTBYJOW:YJO BCex 

MexaHHqecKHx CHJI. BJaHMo.neiicTBHe Me)l()l;y CHJiaMH FMarH' P H Fu 
1aBHCHT oT crroco6a rro,naqH ChiphH B pa6oqyJO JOHY cerrapaTopa, 

1\0HCTpYKTHBHhiX oco6eHHOCTeH arrrrapaTa, pe)KHMa ero pa60Tbi. 
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Ilepepa6omKa npoMbiiU/leHHbiX omxoiJo6 

.Ll.JIH y,naJieHJ.UI MarHHTHbiX MaTepHariOB H3 ITpO.UYKTOB ,npo6JieHHII 

JIOMa H OTXO,UOB U:BeTHbiX MeTaJIJIOB (6pOHHpoBaHHOfO Ka6eJIH, CTU 

neaJifOMHHHeBoro rrposo.na, rropumeH:, aBTOMOOHJibHoro noMa) rrp11 

MeHHfOT lliKHBHble 3JieKTPOMarHHTHble cerrapaTOpbl ()l(eJie300'I' 

,neJIHTeJIH) THITa ill, KOTOpble rrpe,nCTaBJUifOT C060H JieHTOqHbiH KOII 

seH:ep, B se.nyllleM 6apa6aHe KOToporo cMoHTHposaHa MHoro- HJIIt 

,UByxiTOJifOCHaH 3JieKTpOMafHHTHaH CHCTeMa. 

3JieKTpOMarHHTHbiH cerrapaTOp COCTOHT H3 3JieKTpoMarHHTHOU 

CHCTeMbl, yKpeiTJieHHOH Ha BaJiy, ITO,UlliHITHHKOB H TOKOC'beMHOH KO 

po6KH. CeKUHH ::~neKTpoMamHTHOH cHcTeMbi Herro,nBH)I(HO 3aKPeiTJiettt.t 

Ha BaJIY, KOTOpbiH qepe3 pe.nyKTOp BpalllaeTCH MOTOpOM. 3$¢x!KTHBHOCTio 

pa60Tbl 3JieKTpOMarHHTHOfO lliKHBa 3aBHCHT OT MaCChi, reoMeTpHH II 

MarHHTHOH BOCITpHH~HBOCTH H3BJieKaeMbiX MarHHTHbiX MaTepHariOII, 

a TaK)I(e ITJIOTHOCTH TpaHCITOpTHpyeMOfO MaTepHaJia H CKOpOCTII 

,UBH)I(eHHH JieHTbl KOHBeii:epa . 

.Ll.pyroH pa3HOBH,UHOCTbfO cerrapaTopOB HBJIHfOTCH )l(eJie3o 

OT,neJIHTeJIH ITO,UBeCHbie caMopa3rp~afOil.{HeCH THITa llC, rrpe,nHa3Hll 

lJ:eHHbie ,UJU1 H3BJieqeHHH H y,naJieHHH $eppOMarHHTHbiX rrpe,nMeTOB 11'1 

CbiiTyqHX HeMafHHTHbiX MaTepHariOB, B TOM qHCJie H3 JIOMa H OTXO,UOII 

U:BeTHbiX MeTaJIJIOB. 

CerrapaTOpbl THrra nc MO)I(HO ycTaHaBJIHBaTb B ,nByx BapHaHTax' 

Ha,U JieHTOH TpaHCITOPTHPYfOlllero KOHBeHepa rreprreH,UHKYJUIPHO ero 

ITpO,UOJibHOH OCH (pHC. 7.19) H ITO.U YrJIOM Ha,U 6apa6aHQM TpaHc 

ITOpTHPYfOlllero KOHBeii:epa~ ITpH 3TOM ITpO,UOJibHbie OCH KOHBeii:epa 1·1 

cerrapaTopa cosrra.naroT (pHc. 7.20). 

PHc. 7.19. CxeMa yCTa.HOBKH )!(eJie3o
oT,ueJIHTeJIH (I) C pa3rpy3KOH B CTO 

pOHy OT KOHBeHepa (/[) 

Ha116onee rrpe.nrroqTHTeJibHOH HBJIHeTcH ycTaHOBKa cerrapaTopa 

Ha,U 6apa6aHOM B 30He pa3rpy3KH MaTepHaria, TaK KaK MaTepHari TaM 

HaXO,UHTCH B pa3pbiXJieHHOM COCTOHHHH, KaK 6bl rrceB,UOO)I(H)I(eH . 

.l1.JIH o6e3)1(eJie3HBaHHH CbiiTyqHX MaTepHariOB, B TOM qHc.ue CTp~H 
u:seTHbiX MeTaJIJioB, pa3pa6oTaHbi 6apa6aHHbie cerrapaTopbi cepHu 

llECU (pHc. 7.21). 
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PH c. 7 .20. CxeMa ycTaHoBKM )!(e.Jie3o

oT)lenHTenH (J) Ha)l 6apa6aHoM 

KOHBeH:epa (II) B 30He ero pa3-

rpy3KM; Bh!XO)l UBeTHOrO MeTanna 

(//1) H Q:>eppoMarHHTHOro MaTe-

pHana (IV) 

FA a 6 a 7. flepepa6omKa omxoiJ06 MemaAA06 

' 

PHc. 7.21. CxeMa cenapaTOpa 6apa-

6aHHoro THna TIECI.J,: 

]- 6YHKep; 2- llHTaTenh; 3- BH-

6paTop; 4 - 6apa6aH; 5 - MarHHT

HaH CHCTeMa; 6 - OTCOC llhillH; 7 -
Bh!XO)l MarHHTHOH Q:>paKUHH; 8 -
Bh!XO)l HeMarHHTHOH QJPaKUHH 

Cyi..QecTsyiOT H .n.pyrHe oTeqecTseHHhie H HMnopTHhie MarHHTHhie 

cenapaTophi. TaK, .LI,JUI pa3.D.eJieHIHI cna6oMarHHTHbiX 11 HeMarHHTHhiX 

OTXO)].OB U:BeTHhlX MeTMJIOB pa3MepoM qaCTHU MeHee 20 MM (HanpHMep, 

CMeliiaHHOH CTpy)l(KH CnJiaBOB Ha Me,D.HOH OCHOBe) HCllOJlh3YIOT cenapa

TOpbi :meKTIJoMarHHTHbie THna C3-3 11 C3-4 (p11c. 7.22). 
3AeKmpoouHOMU'lecKG.R cenapau,UR. MeTo.n. ::meKTpO.D.HHaMHqecKoH 

(3.11.) cenapal.{HH OCHOBhiBaeTCjl Ha CHJIOBOM B3aHMO,lleHCTBHH 

HepeMeHHOfO ::meKTpOMafHHTHOfO llOJljl C TBep,llblMH 3JieKTpO

IlpOBO,liHhiMH TeJiaMH C pa3JIHqHbiMH 3HaqeHHHMH 3JieKTponpo

BO,liHOCTH. 

B 3aBHCHMOCTH OT ycnosHH B3aHMO.Liei1cTBHH 11 xapaKTepa 

:meKTpoMarHHTHoro noJIH Bbl.lleJIHIOT qeTbipe KJiacca 3.11. cenapaTopos: 

C spai..QaiOI..QHMCH MafHHTHblM llOJieM, C 6eryi..QHM MafHHTHbiM llOJieM 

JJHHeHHOfO aCHHXpOHHOro ,liBHraTeJIH, C HeO,liHOpO,liHbiM nepeMeHHbiM 

MafHHTHbiM llOJieM, a TaiOKe YCTpOHCTBa, B KOTOpbiX CHJia B3a

HMO,lleHCTBHjl B03HHKaeT npH nepeMei..QeHHH 3JieKTpOllpOBO,liHbiX 
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4 

PHc. 7.22. CenapaTop BhmeneHHH cna6oMarHHTHhiX MaTepHanOB: 
1 - 6YHKep; 2 - nHTaTenh; 3 - rpOXOT; 4 - KOHBeifep; 5 -co6cTBeHHo 

cenapaTop C3-3; 6- ycTpoifcTBO )JJIH y,uaneHHH )l(ene3a 

qacnU.{ OTHOCHTenhHO HeO,UHOpO,l).HOfO MarHHTHOfO nonH nocTOHHHhlX 

MarHHTOB. 

O,nHHM H3 BHLJ:OB 3.11. cenapaTopoB c BparuatoruHMCH MarHHTHhiM 

noneM HBJI5110TCH o.nHopOTopHhre cenapaTophi (pHc. 7.23). Bparua10rueecH 

MarHHTHOe none cenapaTopa C03,UaeTCH MHOrononiOCHhiM pOTOpOM C 

He3aBHCHMhiM npHBO.UOM sparueHHH. MarHHTHoe none poTopa 

B036y)!(,UaeTCH 06MOTKOH, nHTaeMOH nocTOHHHhiM TOKOM. 

HCKflQHfl4 Clll/161 

l 
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PHc. 7.23. 3neKTpO,UHHaMwJeCKHH cena 
paTOp O,UHOpOTOpHhiH: 

1 - MHOrononiOCHhiH pOTOp; 2 - 6apa 
6aH; 3 - npHBO,U; 4 - npHeMHHK HC 
3neKTponpoBO,UHoro MaTepHana; 5 -
npHeMHHK 3neKTpOnpOBO,UHOfO MaTe 

pH ana 



FA a 6 a 7. lJepepa6omKa omxoiJo6 MemGAA06 

PoTop Haxo,uHTCH BHYTPH 6apa6aHa H3 Hep)l(aseromeH: cTa.rm, 

en~amero JI.JUI TpaHcrropTHpoBaHHH pa3,ueJIHeMoro MaTepHa.rra B 30He 

JLeHCTBHH BpaiJJ;afOIJJ;erocH MarHHTHOfO ITOJUI. qaCTOTa BpaiJJ;eHHH pOTopa 
17 c-

1
. Eapa6a.H spamaereJ~ rro.u BJIHjiHHeM 3JieKipO,uHHaMI-fqecKHX cHJI 

n'laHMo,ueHCTBHjl c rroneM pOTopa. qaCToTa ero BpaiJJ;eHHjl ITo.ll.ll.ep:oomaeT

Cll Ha ypoBHe 0,11 c-
1 

crrei.J,HaJibHbiM ,ueMrr<PHpYfOIJJ;HM yCTpoHcTBoM. 

PaJ,lJ.eJIHeMbiH MarepHan pasHoMepHo rro.uaeTcH Ha 6apa6aH cerrapaTopa, 

OTK)',Ua 3JieKTpOITpOBO,UHbie qaCTHI.J;bl OT6paCbiBafOTCH ITOJieM poTopa B 

llaJibHHH ITpHeMHbrH 6YHKep, a He3JieKTpoiTpOBO,UHbie qaCTHI.J;bl CB060,UHO 

eKaTbiBafOTCH C 6apa6aHa B 6JIH)I(HHH 6yHKep. 

3JieKTpO,UHHaMHqecKHH cerrapaTop AeHmO'lHOZO muna (pHC. 7.24) 
llpe,ucTaBJIHeT KOMITJieKC MexaHH3MOB, BKJifOqafOIJJ;HH JieHTOqHbiH 

rpaHCITOPTep, ITpHBO,UHOH 6apa6aH KOTOporo BbiiTOJIHHeT pOJib cerrapa

ropa. BpamaromeecH MarHHTHoe none co3,ll;aeTCH o6MOTKOH Tpex<f>a3Horo 

llepeMeHHoro ToKa, rroMeiJJ;eHHOH B rra3bi poTopa. 

PHc. 7.24. 3nei<TpO,UHHaMWI,ecKHM: cenapaTOp JieHTO'!Horo THna: 
/- JieHTO'IHbiH KOHBeM:ep; 2- 6apa6aHHhiH rpex¢la3HhiH poTop; 3 -npHeM-
1111K He::meKrponpoBo,uHoro MaTepHana; 4 - npHeMHHK 3JieKTponposo,u

Horo MaTepHana; 5- npHBo,u 

3AeKmpu!leCKa.H cenapaU,Ufl ITpHMeHHeTCH JI,JUI o6pa6oTKH CbiiTyqHX 

MaTepHa.TIOB KpyiTHOCTbfO OT 0,05 ,UO 5 MM, rrepepa6oTKa KOTOpbiX 

JlPYrHMH MeTo,uaMH Ma.TI03<f><f>eKTHBHa HJIH He,uoiTyCTHMa C 3KO

JIOfHqecKOH TOqKH 3peHIDL 

IlpH 3JieKTpHqecKOH cerrapau;HH ,upo6JieHbiX OTXO,UOB I.J;BeTHbiX 

MeTa.TIJIOB HCITOJlb3YfOTCH pa3JIHqHH B 3<f><f>eKTax B3aHMO,UeHCTBHH 

lllpSOKeHHbiX qaCTHU: pa3,UeJIHeMbiX KOMITOHeHTOB C 3JieKTpHqecKHM 

219 
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rroneM. B 3JieKTpHqecKOM none H npH KOHTaKTe c 3JieKTpo.naMII 

orrpe.neneHHoro rroreHIJ;HaJia qacTHU:bi U:BeTHbiX MeTaJIJIOB npHo6peTaJul 

H OT.UaiOT 3apH,l1;bl CB060.UHO IIpM COIIpHKOCHOBeHHH C 3JieKTpo.naMU 

.npyrotf: IIOJIHpHOCTH, a .UH3JieKTpHKH IIOJIHpH3yiOTCH H3-:1a 

paBHOBeCHOfO IIpOTHBOIIOJIO)I(HOfO CMell.{eHHH IIOBepXHOCTHbiX 

3apMOB pa3JIHqHoro 3HaKa. 

ilo KOHCTpyKTHBHOMy HCIIOJIHeHHIO OCHOBHOfO 3JieMeHTil 

(3JieKTpo.na) 3JieKTpHqecKHe cerrapaTopbi pa3.neJIHIOT Ha 6apa6aHHbJc, 

KaMepHbie, IIJiaCTHHqaTbie. 

B oTeqecTBeHHOH H 3apy6e)I(HOH rrpaKTHKe .UJIH o6orameHHH 

.npo6JieHbiX OTXO.UOB l.{BeTHbiX MeTaJIJIOB npaKTHqecKOe IIpHMeHeHJ1t' 

HaXO.UHT 6apa6aHHbie KOpOHH0-3JieKTpOCTaTHqecKMe cenapaTOpbi. 

Ha pHc. 7.25 noKa3aHa npHHU:HIIHaJibHaH cxeMa 6apa6aHHoro 

3JieKTpHqecKoro cerrapaTopa .nJIH pa3.neneHMH cMecH MaTepHanos no 

3JieKTpOIIpOBO.IJ:HOCTH. l1CXO.UHbiH MaTepHaJI H3 6yHKepa ] MOHOCJIOeM 

no.naeTcH Ha 3apH)I(eHHbiH 6apa6aH 2. B pe3yJibTaTe 3apMKM qacTHU 

LJ,BeTHbiX MeTaJIJIOB O.UHOHMeHHbiM 3apH,l1;0M IIpH KOHTaKTe C 6apa6aHOM 

OHH OTiaJIKHBaiOTCH OT 6apa6aHa H, .UBHfaHCb ITO KpHBOJIHHeHHbiM 

TpaeKTOpHHM, IIOna.naiOT B IIpHeMHHK .UJIH 3JieKTpOIIpOBO.IJ:HbiX 

<l>paKU:HH 7. Pery;mposaHHe KaqecTBa 3TMX <PpaKU:HH ocyll.{eCTBJI.SieTcH 

~I 

~ .. 

7 

IIOBOpOTOM .neJIHTeJibHOH neperopO.UKI1 

6. He3JieKTPonposo.nHbie qacTHU:bi, 

3ap.SI:>Ka.Sicb Me.nneHHee, na.naiDT 6e3 

OTKJIOHeHH.SI HJIH qacTHqHO y.nep:>KMBa

IOTC.SI Ha 6apa6aHe H rrona.naiDT B npH

eMHHK 4 B pe3yJibTaTe oqHCTKI1 

IIOBepXHOCTH 6apa6aHa U.{eTKOH 3. 
CMecb qacTHU: MaTepHanos pa3JIHqHoll: 

3JieKTponposo.nHOCTH i<oHu;eHTpHpyeT

c.SI B cpe.nHeM IIpHeMHHKe 5. 

PHc. 7.25. Eapa6aHHbitl: 3JieKTpH'JecKHi1 

cenaparop 

llHe6Mamur.tecKOR cenapa£4UR. MeTo.n nHeBMaTHqecKOH cerrapau;HH 

OCHOBaH Ha pa3JIHqHH B CKOpOCTHX na.neHHH qacTHU: pa3JIHqHOrO 

.UHaMeTpa H IIJIOTHOCTH B B03.UYlllHOH cpe.ne. ila.neHHe MO)I(eT 6biTb 

CB060.UHbiM HJIH CTeCHeHHbiM. 
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CBo6o.n:HbiM Ha3biBaeTcH ITa,ueHMe O.IJ:MHoqHoro rena B B03.IJ:yuiHOM 
qJe.n:e, Kor.n:a pa3Mepbi IToiTepeqHoro ceqeHMH arperaTa, B KOTopoM 
IJpoMcxo.n:MT ITa,ueHMe, BeJIMKI-1 ITo cpaBHeHMJO c pa3MepaMM ITa,uaJOmero 
rl'Jia. EcJII-1 ceqeHMe KaHana arperaTa coM3MepMMo c pa3MepaMI.f 
IIU,ll,aJOmero Tena I-IJII-1 B KaHane Haxo.IJ:HTCH .n:pyrMe Tena pa3JII-fqHotl: 
1l1opMbl I-1 IIJIOTHOCTI-1, TO TaKoe ITa,ueHMe Ha3biBaeTCH CTecHeHHbiM. 

CBotl:cTBa BTopi-fqHoro CbipbH KaK o6oeKTa ITHeBMaTI-fqecKotl: 
ccrrapalll-II-1 I-13ytleHbl He.IJ:OCTaToqHo, IT03TOMY ITpMMeHeHMe ITHeB
MaTI-fqecKH:X ceiTapaTopoB B ITPOIIecce ITepepa60TKI-I OTXO.IJ:OB IIBeTHbiX 
MeTaJIJIOB Tpe6yeT I-IX I-IH.IJ:I-IBI-~.IJ:YanbHOM HaCTpOMKI-1. 

3Mr3aroo6pa3HbiM ITHeBMaTI-fqecKMM ceiTaparop (pi-le. 7.26) ITpi-1-
MeHHeTcH .IJ:JIH y.n:aneHMH I-13 .n:po6JieHoro ITpo.n:yKTa HeMeTanJII-fqecKMX 
llpi-IMecetl:: KpaCKI-1, TeKCTI-IJIH, .n:epeBa I-1 .n:pyrMX OTXO.IJ:OB. )J,po6JieHbiM 
MaTepMan I-13 ITpMeMHoro 6yHKepa 1 qepe3 um6epHyJO 3acJioHKy 2 
poTopHbiM 3arpy3qi-fKOM 3 ITo.n:aeTcH B pa6oqyJO 3oHy ceiTapaTopa. 
llaBcTpeqy ITOTOKY .n:po6JieHoro MaTepMana ITo.n:aeTCH B03.IJ:yx, KOTOpbiM 
oT6MpaeT JierKMe KOMITOHeHTbl MaTepMaJia I-1 qepe3 ITaTpy6oK 7 
IJaiTpaBJIHeTCH Ha oql-ICTKY B III-IKJIOHbl I-1 ¢I-IJibTpbl. }J,JIH peryJII-IpOBaHIDI 
pe:>ImMa ceiTapaiiMI-1 ITpe.n:ycMoTpeH um6ep 4 .IJ:JIH ITo.n:cacbiBaHMH 
1103.IJ:yxa C lleJibiO CHI-f)l(eHI-IH CKOpOCTI-1 ITOTOKa B03.IJ:yxa. TH)I(eJiaH 
<ppaKIII-IH HaKaiTJIMBaeTcH Ha HI-f)I(HeM um6epe 5 I-1 ITepMO.IJ:MqecKI-1 
pa3rpy)l(aeTcH B Kopo6 6. KoHcTpyKTMBHbie ITapaMeTpbi 3Mr3aro
o6pa3Horo ceiTapaTopa: qMcno KoJieH, ceqeHMe, BbiCOTa ceKIII-II-1 
KOJieHa, ceqeHMe cBo6o.n:Horo ITponeTa - oiTpe.n:enHJOTCH xapaKTe
pH:cTMKaMI-1 ceiTapMpyeMoro MaTepMana. 

IloiTepeqHo-IToToqHbiM ITHeBMoceiTapaTop (pMc. 7.27) pa6oTaeT 
cJie.n:yJOIUI-IM o6pa30M. MaTepMaJI ITocTyiTaeT I-13 6yHKepa 1 B 
p~eJIMTeJibHYJO KaMepy 2. HaKJioHHbie ITOJIKH: 3 ceiTaparopa o6eciTeqi-IBaJOT 
IJepece"'eHMe IToToKa MaTepMana c ceiTapaiiMOHHbiMI-1 KaHanaMI-1 4. qepe3 
IJH:X OTCaCbiBaeTCH JierKaH ¢paKIIIDI pa3.L{eJIHeMbiX MaTepManOB, KOTOpaH 
oca)l()l:aeTCH B III-IKJIOHe, a TH)I(eJiaH ¢paKIIIDI CaMOTeKOM pa3rp~aeTCH B 
crre11ManbHbiM ITpMeMHI-IK 5. OcHOBHbiMI-1 ¢aKTopaMM, BJII-IHJOIUI-IMI-1 Ha 
KaqecTBo pa3.n:eneHMH B ITOITepeqHo-IToToqHbiX ITHeBMoceiTapaTopax, 
IIBJijJ:JOTCjJ: umpMHa llleJII-1 ceiTapaiii-IOHHbiX KaHaJIOB I-1 KOHIIeHTpaiii-fjJ: 
MarepMana B pa6oqeM o6oeMe ceiTaparopa. 

Cenapau,UH 6 m.RJICeJlbtx cycneH3URX ocHoBaHa Ha pa3.n:eneHMI-I Mexa
JmqecKotl: CMeCI-1 MaTepManOB ITO I-IX IIJIOTHOCTI-1 B rpaBMTaiii-IOHHOM 
Hone. Pa3.n:enMTeJibHaH cpe.n:a - cyciTeH3IDI MMeeT ITpoMe~oqHyJO 
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flepepa6omKO npOMblUJJieHHbiX omxoaoe 

I 2 7 

' I 

--
~ -
Qlr i---. 

PMc. 7.26. 3Hr3llro06p33Hb1H IllieBMa- PHc. 7.27. nonepe'IHO-ITOTO'IHbiH 
TH'IecKHH cenapaTop nHeBMocenaparop 

ITJIOTHOCTb Me)l().(y IlJIOTHOCT51MM JierKOM M T51)1(eJIOM ¢paKIJ;MM H 

rrpe.UCTaBJI51eT C060M Mexani-fqecKYJO B3BeCb TOHKO.UMCITepCHbiX '!aCTHil 

nDKeJibiX MeTaJIJIOB HJIH .UPYfMX ynDKeJIMTeJieM 8 BO.LJ:e. ,[{lUI C03.UaHJ.HI 

80 BCefl CMCTeMe O.LJ:MHaKOBOM ITJIOTHOCTM cycrreH3MM )IGf.LJ:KOCTb ITOCTOIDIHO 

rrepeMelliMBaJOT MelllaJIKaMM MJIM C03.LJ:a!OT IJ;MPKYIDIIJ;MOHHbie ITOTOKM C 

ITOMOill;biO lliJiaMOBbiX HaCOCOB. 

B Kaqecrne ~eJIMTeiDI cycrreH3MM MCITOJib3yJOT MarHeTMT, ¢eppo

CMJIMIJ;MM MJIM MX cMecb. )I(H,llKotl: ¢a3otl: o6bNHo 51BJI51eTc51so.ua. HaMJIY'I

IllMM yT51)1(eJIMTeJieM 51BJI51JOTC51 rpanyJIMposannhiM ¢eppocMJIMIJ;MH 

(ciTJias: 85 % Fe - 15 % Si) ITJIOTHOCThJO 6900 Kr/M3• MaKcMMaJib

no 803MO)I(Ha51 IlJIOTHOCTb cycrreH3MM 3500-3800 Kr/M3. 
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FA a 8 a 7. flepepa6omKa omxoao8 MemOAA08 

Cenapamp CBC-5 (Ta6JI. 7.13) pa3pa6oTaH cneu;HCUibHo .lliDI rex
IIOJioruqecKHX JIHHHM no nepepa6oTKe amoMHHHeBoro noMa H 
11pe,n:Ha3Ha1.feH .li.JISI pa3,n:eJieHHSI CMelliaHHbiX OTXO.li.OB Ha <l>paKIJ;HH C Bbi
COKHM co,n:ep)l(aHHeM MarHHSI (iiJioTHOCTb < 2650 KrfM\ C BbiCOKHM CO
IIep)l(aHHeM IJ;HHKa (nJIOTHOCTb > 2850 Kr/M3

) H Me,n:Ho-KpeMHHeBble 
IIJIIOMHHHeBhle CllJlaBbl npoMe)l(yTO'IHOH llJIOTHOCTH. 

Ta6n11ua 7.13 
Texnu'leCKaJI X!lPilKTepucmKa cenaparopa CBC-5 

llapaMeTphl 

npoi13BO.II.I1TeJibHOCTb 110 11CXO,lUIOMY llpO.II.YJ<TY, T/'1 
KpynHocTh Hcxo.nHoro npo.II.YKTa, MM 

nnoTHOCTb COpTI1pyeMOfO MaTepHana, KrjM3 

MomHoCTh npHBo.na, KBT 

fa6api1THble pa3Mepbl cenapaTopa, M 

Macca cenapaTopa, T 

3Ha'!eHI1e 

10 
10-100 

2550-3100 
2,2 

3,36x 1 ,8x2,05 

3,47 

CycneH3HH no,n:aeTCH B cenapamp BMecre c ucxo,n:HhiM nuTaHneM 
110 3arpy3o1.fHoMy )l(eJio6y. BcnJihiBlliHM B o6oraTHTeJibHOM BaHHe 
6apa6aHa npo,n:yKT TpaHcnopTupyeTcSI B.li.OJib 6apa6aHa noToKoM 
cycneH3HH u 3areM Bblrp~aeTcH BMecre c cycneH3Hetl: H3 cenapaTopa 
•1epe3 llO.li.BH)I(HbiM pa3rpy301.fHbiM nopor. IloTOHYBlliHM npo,n:yKT 
onycKaeTcH Ha ,n:Ho 6apa6aHa u npu ero Bpamemm M3BJieKaeTCH H3 
cycneH3MH JionaTKaMM, pacnOJIO)I(eHHbiMH Ha BHyTpeHHeH llO
nepXHOCTH u;HJIHH,n:pa 6apa6aHa, a 3areM nocrynaeT B )l(eJio6 Bbirpy3KH. 

PaccMOTpeHHble CllOC06bi cenapau;uu OTHOCHTCH K CMJIOBblM. 0HH 
11MeJOT cymecTBeHHble He,n:ocTaTKH: HH3KYIO 3¢¢eKTHBHOCTb 
11pou;eccoB, 6oJiblliOM pacxo.n: 3Hepruu H BbicoKue KanuTaJibHbie 
"JaTpaThi. B nocne,n:Hee BpeMH pa3pa6aTbiBaJOTCH u BHe,n:pHJOTCH 6onee 
"><l><t>eKTHBHbie, TaK Ha3biBaeMble UH{jJOpMaU,UOHHble cnoco6bl ce
napaU,UU, ll03BOJIHIOIUHe noJiy1.fHTb Ha KOHe1.fHOM CTa,n:uH cepTH
clmKaiJ;HOHHYIO rnuxry. O,n:HHM H3 nepcneKTHBHbiX HH¢opMau;HoHHhix 
cnoco6oB cenapau;uu HBJIHeTCH pa.n:uoMeTpH1.fecKHtl:. 

Pa.n:uoMeTpuqecKaH cenapau;uH noMa u oTXo,n:oB u;BeTHbiX Me
TaJIJioB OCHOBaHa Ha 3¢¢eKTax B3aHMO,n:eMCTBHH H3JIY1.feHHM C qac
TMIJ;aMH ucxo,n:Horo cbipbH. CymHocTh npou;ecca 3aKJIJ01.faeTcH B 
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llepepa6omKa npoMbliU/IeHHblX omxoiJoB 

cne.n:yroiiJ;eM. Ecm1 Ha K}'COK HJIH ITOPU:HIO Hcxo.n;Horo cOIJTHPYeMolo 

MaTepHCl.Jia HaiTpa8HTh ITOTOK H3JI)"'eHH51, TO 8eiiJ;eCT80, H3 KOTOpOIII 

COCTOHT aHa.JIH3HpyeMhiH KyCOK HJIH ITOpiJ;H51 MaTepHa.Jia, 83aHMO 

.n;eMCT8Y51 C H3JiyqeHHeM, 6y.n;eT MeH51Th HHTeHCH8HO'CTh HJIH COCTHII 

H3JiyqeHH51. PerHcTpHpy51 ITapaMeTphi 3Toro H3JiyqeHH51 c ITOMOlUJ.Io 

ITpHeMHHKa, ITOJiyqaiOT HH¢0pMaiJ;HIO 0 C80MCT8ax aHa.JIH3HpyeMOI'II 

chiph51. ,lVr51 cornaco8aHH51 ITpHeMHHKa H3JiyqeHHM c ycTpotl:cTBoM, 

KOTOpOe OCyiiJ;eCTBJI51eT 8hi80J1: IcyCKa HJIH ITOpiJ;HH MaTepHa.Jia H3 ITOTOI\11 

ceiTapHpyeMoro oTxo.n:a, 8 ycTaH08KY BKJIIOqaiOT y3eJI ITepepa6oTKII 

HH¢opMau;HH (6noK-aHa.JIH3arop). Me)l()l:y 8ceMH ocHo8HhiMH 6JIOKaMII 

ceiTapau;HOHHOH ycTaH08KH M51 COpTHp08KH JIOMa H OTXOJ1:08 IJ;8eTHJ.IX 

MeTa.JIJI08 MOryT ycTaHa8JIH8aThC51 ¢HJihTpyiOIIJ;He 3JieMeHThl, yMelllo 

WaiOlUHe norpeWHOCTH H3MepeHH51 C80MCTBa KycKa HJIH ITOpUHII 

Hcxo.n;Horo MarepHana. 

IlpH a8TOMaTHqecKOM COpTHp08Ke 3JieKTpOHHa51 CXeMa Ocy 

mecTBJI51eT ITpHeM HH¢opMaiJ;HH, o6pa60TKY ee ITO 3apaHee 3a,uaHHOMY 

a.JirOpHTMy H 8hipa60Ticy yiTpaBJI51IOlUero CHrHa.Jia Ha y.n;aneHHe K}'CKOII 

HJIH ITOpiJ;HH COpTHpyeMOro MaTepHa.Jia C 3a,uaHHhiMH C80MCT8aMII 

(3JieMeHTapHhiM cocTa8oM). YcnoxmeHHe cxeM o6pa6oTKH HH¢op 

MaiJ;HH CB513aHO C yqeTOM pa3Mepa H MaCChi IcyCKa HJIH ITOpiJ;HH, yc 

JIO)I(HeHHeM KpHTepHeB (HaiTpHMep, MHOr03JieMeHTHhiM aHa.JIH3) ,LI.Jlll 

OTHeceHH51 HX K OITpe.n;eJieHHOMy COPTY. 

)J.JI51 o6orameHH51 H COpTHp08KH JIOMa H OTXOJ1:08 IJ;8eTHbiX 

MeTa.JIJI08 HaH60Jiee ITepciTeKTH8HhiMH 518JI51IOTC51 peHTreHopa,uHo 

MeTpHqecKHM, pa,uHope3oHaHCHhiM, ¢oToMeTpHqecKHM H HeMTpOHHO 

aKTHBaiJ;HOHHhiM MeTO.ll:hl. 

K ocH08HhiM KoHcTpyKTH8HhiM y3JiaM pauHoMeTpHqecKHX cc

ITapaTopo8 OTHOC51TC51: MeXaHH3M, ITo.n;aiOIIJ;HM K}'CKH IJ;BeTHoro MeTa.JIJIH 

HJIH ITOpiJ;HH HCXOJ1:HOro Chlph51 8 30HY aHa.JIH3a; 6JIOK-aHa.JIH3aTop II 

HCITOJIHHTeJihHhie MexaHH3Mhi. B ceiTapaTopax, paccqHTaHHhiX 1111 

COpTHpOBKY JIOMa H" OTXOJ1:08 IJ;8eTHhiX MeTa.JIJI08 ITO HeCKOJihKH M 

KJiaccaM KpyiTHOCTH, HMeiOTC51 ITpHciToco6JieHH51, o6eciTeqH8aiOlUHl' 

yqeT Macchi. 

IlHTaiOIIJ;ee ycTpOMCT80 ITpe.n;Ha3HaqeHO M51 ITo.n;aqH HCXOJ1:HOI'II 

Chlph51 Ha ceiTapau;HIO. B KaqecTBe ITHTaiOIIJ;ero ycTpOMCT8a HCITOJih3YIO'I' 

3JieKTp08H6pau;HoHHhie, KOHYCHhie H TapenhqaThie ITHTaTeJIH. TpaHc 

ITOIJTHPYIOIIJ;He ycTpOMCT8a ceiTapaTopo8 ITpe.n;Ha3HaqeHhl M51 ITO,lla'lll 

o6pa6aThiBaeMoro Chlph51 B y3Jihi o6cJiy)I(H8aHH51, perHcTpau;HH H 

pa3.n;eJieHH51, a TaK)I(e, KaK ITpa8HJIO, J1:JI51 C03J1:aHH51 ITOKYCKOBOI'II 
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FA a 6 a 7. Jlepepa6omKa omxoao6 MemOAA06 

pe)I(I1Ma III1TaHI1H. ITo T11IIY TpaHcrropT11PYJOutero ycTpoM:cTBa 

l'CilapaTopbi MOryT 6biTb pa3611Tbl Ha JICHTO'lHbiC, B116pa1..1,110HHbiC, 

KOBlllOBbiC 11 KapyceJibHbiC. Y CTpOHCTBa B116pai..J,I10HHOro TI1IIa 

o6ecrre'li1BaJOT cKopocTb rrepeMemeHHH MaTep11ana .no 0,8-1,2 Mjc, 

IICHTO'IHOro TI1IIa - ,UO 2-4 Mjc 11 6oJiee. TpaHcrropT11py!Outee 

vnpoM:cTBo MO)I(CT 6hiTb o.nHo- 11JII1 MHoroKaHaJibHbiM. CKopocTb 

1UHf)I(CHI1H MaTep11aJia Ha HCM o6bi'IHO BbllllC, 'ICM Ha II11TaTCJIC, 

II03ToMy rrp11 cxo.ue c III1TaTeJIH eycoK OTpbiBaeTcH oT 11.Uymero 3a 

IIHM CJIC,UOM, qro II03BOJIHCT IIOJiyqi1Tb ~biH Me)I(,Uy HI1MI111HTCpBaJI. 

Y3eJI rrepB11'IHoro 113JIY'ICHI1H 11 ,neTCKTOpHbie CI1CTCMbi, 

1 lCrl1cTp11py!Outl1e BTop11'IHoe 113JiyqeHI1e, o6ecrre'li1BaJOT rrpaKTI1-

'ICcKyJO peaJII13ai..J,I110 copT11poBKI1 noMa 11 oTxo.uos. B KaqecTBe 

IICTO'IHI1KOB IICpBJ1qHOro 113JiyqCHHH B pa,UI10MCTp11'ICCKOM cerrapaTope 

11 p11MCHHJOTCH aMrryJihHbie pa,U110I130TOIIHbie 11CTO'IHI1KI1: Fe5) Co 57, 

< 'd 109 , Am241 11 peHTreHoBCKI1e Tpy6KI1. Y3eJI 113JiyqeHHH 11JII1 BCH 3oHa 

llUMepa CHa6)1(aJOTCH 3aut11THbiMI1 3KpaHaMI1, o6CCIIC'li1Ba!Outi1MI1 

I IC30IIaCHOCTb 06CJIY)KMBaJOutero IICpCOHaJia . 

.[(eTCKTOpHbiC CI1CTCMbl cerrapaTopoB COCTOHT 113 113MCp11TCJIH 

l'IICKTpaJibHOro COCTaBa 11 11HTCHCI1BHOCTI;f BTOp11'IHOro 113JiyqCHI1H 

KyCKOB 11CXO,UHOro CblpbH 11 6JIOKa OI..I,CHKI1 11X reOMCTp11'ICCKI1X 

!H13MepoB 11JII1 MaCChi. .[(JIH per11cTpa1..1,1111 BTOp11'IHOro xapaKTC

jlHCTI1'ICCKOro 113JiyqCHI1H IIp11MCHHIOT CI..I,I1HTI1JIJIHUI10HHbiC, rrpo-

110p1..1,110HaJibHbiC C'ICT'li1KH 11 IIOJIYIIpOBO,UHI1KOBbiC .UCTCKTOpbi. 

11CIIOJIHI1TCJibHbiC MCXaHI13Mbl IIO KOMaH,Ue 6JIOKa-aHaJII13aTopa 

ocyutCCTBJIHIOT BbiBC,UCHI1C 113 IIOTOKa 11CXO,UHOro CblpbH TCX 11JII1 11HbiX 

KyCKOB UBCTHbiX MCTaJIJIOB B COOTBCTCTBY!Outi1C Ilp11CMHbiC 6yHKCpbi. 

II pa,nl1oMeTp11'ICCKI1X cerrapaTopax qame rrp11MCHHJOT 3JieKTpo

lllleBMaT11'lecKI1e 11 llli16CpHbiC 11CIIOJIHI1TCJibHbiC MCXaHI13Mbl C 

llp11BO,UOM OT THrOBbiX 3JICKTpOMarHI1TOB. 

Ha p11c. 7.28 rrp11se.neHa cxeMa pa6oTbi pa,n11oMeTp11'lecKoro 

C'CilapaTopa C 3JICKTpO,UI1HaMI1'ICCKHMI1 c6pacbiBaTCJIHM11. 3JICKTpO

/lHHaMI1'ICCKI1H c6paCbiBaTCJib C03,naeT 6erymee 3JICKTpOMarH11THOC 

IIOJIC, o6CCIIC'li1Ba!Outee CI1JIOBOC B03,UCHCTBI1C Ha HeMarHI1THbiC 

1/ICKTpOIIpOBO.UHuti1C TCJia (KYCKH I..J,BCTHbiX MCTaJIJIOB 1111X CIIJiaBoB) . 

.[(JIH peaJII13aUI111 rrpouecca pa,n11oMeTp11'lecKoi1 cerrapau1111 B 

ll'XHOJIOri1'ICCKI1X CXCMaX rrepepa60TKI1 JIOMa 11 OTXO,UOB I..J,BCTHbiX 

MCTaJIJIOB C03,UaH PM KOHCTpYKUI1H cerrapaTopoB, pa3JII1'la!Outi1XCH 

IIIHIMCHHCMbiMI1 11CTO'IHI1KaMI1 rrepB11'IHoro 113JiyqeHI1H, ,neTeKTop-

11 hiMI1 cl1cTeMaMI1, 11crroJIH11TCJibHbiMI1 MexaHI13MaMI1, KOJII1'ICCTBOM 

C"t'llapai..J,I10HHbiX KaHaJIOB 11 'li1CJIOM IIOJIY'laCMbiX IIpD.uyKTOB. 225 
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llepepa6omKa npoMbllWieHHbiX omxoiJoB 

P11c. 7.28. CxeMa peHTreHopa,nHoMeTpH'IecKoro cenapaTopa c 3JieKTpo
.llHHaMwiecKHMH c6pacbiBaTemiMH: 

I - ycTpoiicTBo <PopMHpoBaHmi noKYcKoBoii no.na•m; 2 - KOHBeiiep; 3 -
,lleTeKTop; 4- fiJIOK-aHaJIJ13aTOp; 5- 6JIOK ynpaBJieHH~ 11CfiOJIHJ1TeJibHbiMH 

MexaHH3MaMH; 6- 3.[(-c6pacbiBaTeJib; 7- Kopo6a 

Ha pMc. 7.29 rroKa3aHa JIMHI-151 rrepepa6oTKM HM3KoKaqecTBeHHhiX 

OTXO.II:OB IJ;BeTHbiX MeTaJIJIOB C MCIIOJib30BaHMeM KOMIIJieKca pa

.li:HOMeTpl{'IecKOM COpTHpOBKI-1 . 

.Hcxo.n:Hoe cbipbe rpeti<f>epoM 1 rro.n:aJOT Ha <f>parMeHTaTop 2, 
OTIC)'.II:a <f>parMeHTMpOBaHHbiM JIOM IIOCT)'IIaeT B MOJIOTKOBYJO .n:po6l{JIJcy J 
J13 .n:po6JieHoro rrpo.n:yKTa B03.II:YlllHbiM IIOTOKOM OT BeHTI{J151TOpa 7 
Y.II:a.JUieTC51 IIbiJieBM.II:H8.51 <f>paKI..I;I:UI (IIbiJib, 6YMara, TeKCTI{Jib, MeJIKHl' 

qaCTMIJ;bi MeTaJIJia I-1 .n:p.), KOTOp8.51 HaKaiiJIMBaeTC51 B IJ;MKJIOHe 5 II 

PYKaBHoM <l>l{JibTpe 6. KycKM MeTaJIJia IIJiaCTMHqaTbiM IIMTaTeJieM 4 
rro.n:aJOTc~ Ha cerrapaTop-rryqKoBbi.II:eJIMTeJib 8, c rroMouthJO KoToporo 

I-13 .n:po6JieHOfO JIOMa Bbi.II:eJI5110TC51 IIY'JKI-1 IIpOBOJIOKI-1, TeKCTMJI51 11 

T. II. ,ll.anee Cbipbe IIOCTyrraeT Ha JieHTOqHbiM KOHBetfep 9, Ha.II: KOTOpblM 

226 



FA a 8 a 7. flepepa6om/Ca OfnX0008 MemOJIII08 

I'll C. 7 .29. JlHHHH nepepa60TKI1 H113KOKa'!eCTBeHHbiX OTXO.li.OB LJ,BeTtibiX 

MeTaJIJIOB 

\'~TaHOBJieHbl .li:Ba no.n;BeCHbiX CaMOpa3rpy)l(aiOutHXCjJ: MafHHTHbiX cena

jiiiTOpa 10 H 11. IlepBbiH cenapaTop CO CJia6hiM MafHHTHbiM noJieM 

IIJil')\Ha3HaqeH .li:JI51 BbiJ1:eJieHH51 H3 CMeCH TOJibKO KYCKOB CB060J1:HOfO 

~ll'IIC3a, BTOpOH cenapaTOp C CHJibHbiM MafHHTHbiM noJieM - J1:JI51 

lllol)lCJICHH51 MeXaHHqecKHX CpOCTKOB ¢eppoMafHHTHbiX MaTepHaJIOB H 

lllll'THbiX MeTaJIJIOB . .[(JI51 BbiJ1:eJieHH51 3THX CpOCTKOB HCnOJib3yeTC51 

IIIIOKC 3JieKTpOMarHHTHbiM IIIKHB 12 C CHJibHbiM MarHHTHbiM noJieM. 

I h'raBIIIHMC51 Ha JieHTOqHOM KOHBetl:epe HeMafHHTHbiM npo.n;yKT 

I111JlliCTC51 B 6apa6aHHhiM rpoxoT 13. 3.n;ech .n;po6JieHbiM npo.n;yKT 
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flepepa6omKO npOMbliU/IeHHbiX omxoao8 

pa3.IJ:eJUieTcH rro KJiaccaM KpyrrHocne -10, +10-40 M +40-150 MM. 

<l>paKIJ;I-II-1 KpyiiHOCThiO +10-40 I-1 +40-150 MM IIO.IJ:aiOTCH COOT

BeTCTBeHHO Ha BM6pau;MOHHhiU 14 I-1 JieHTO'IHhiU 15 3JieKTJJO.IJ:MHaMH

qecKMe cerrapaTopbi. Ha 3,1l,-cerrapaTopax rronyqaJOT .IJ:Ba rrpo.IJ:yKTa: 

rrepBbiU - KOHIJ;eHTpaT IJ;BeTHhiX MeTaJIJIOB, KOTOpbiU rrpeMMy

mecTBeHHO CO.IJ:ep)I(I-IT .KyCKI-1 aJIIOMMHMeBbiX CIIJiaBOB, BTOpOU -

HeMeTaJIJII{t{eCKMe MarepMaJihl, Hep)l(aBeJOmyJO CTaJih, TMTaH. 

KoHu;eHTpaThi u;seTHhiX MeTanJioB rrocne .IJ:po6neHIDI, MarHMTHotl 

I-1 3JieKTpO.IJ:MHaMM'IeCKOU cerrapau;MM IIOCTYflaiOT Ha KOMIIJieKC aBTO

MaTM3MpOBaHHOU COpTIIpOBKI-116 OTXO.IJ:OB IJ;BeTHbiX MeTaJIJIOB IIO rpyrrrraM 

I-1 MapKaM CIIJiaBOB. 

KoMIIJieKc cocTOMT l-13 6yHKepa-HaKorrMTeJUI, ycTpOUCTBa ¢op

MMpoBaHMH IIOKYCKOBOU IIO.IJ:a'II-1 MCXO.IJ:HOfO CblphH, TpaHCIIOpTH

py!OIIJ;I-IX ycTpoucTB, Y3Jia o6nyqeHMH eycKosoro Chiph51, 6noKa .IJ:e

TeKTopoB ,a, 6JioKa-aHaJIM3aTopa EA, 6noKa yrrpaBJieHIDI McrroJIHH

TeJihHhiMM MexaHM3MaMM EYHM, cMcTeMhi McrroJIHMTeJihHhiX MexaHI-13-

MoB HM, rrpMeMHMKOB rrpo.IJ:YKTOB cerrapau;MM. 

KoMrrneKc pa6oTaeT cJie.IJ:YIOiu;MM o6pa3oM. 11cxo.IJ:HOe Chlpbc 

IIOCTyrraeT qepe3 6YHKep-HaKOIIMTeJib Ha BM6pOIIMTaTeJib I-1 .IJ:aJiee HCI 

ycTpOUCTBa IIOKYCKOBOU IIO.IJ:a'II-1 .IJ:p06JieHOf0 MaTepMaJia, f.IJ:C 

o6ecrre'IMBaeTCH 3a.IJ:aHHrui CKOpOCTb TpaHCIIOpTMpOBKI-1 I-1 He06XO.IJ:H

Mh!U MHTepBaJI Me)I(.IJ:y KYCKaMM .IJ:p06JieHOro JIOMa, KOTOpb!e IIO.IJ:aJOTC}I 

B 30HY o6Jiy'leHMH, C03.IJ:aBaeMyJO peHTreHOBCKI-IMI-1 Tpy6KaMH. 

PerMcTpau;IDI BTopM'IHOro xapaKTepMcTM'IecKoro M3JlyqeHMH Ka)I(.IJ:oro 

cerrapMpyeMoro KycKa ocymecTBJIHeTcH c rroMOIIJ;hJO crreKTpOMeT

pMqecKoro .IJ:eTeKTopa. CMrHan c .IJ:eTeKTopa rrocTyrraeT B 6JioK-

Ta6nwua 7.14 
TeXHH'IecKHe xapaKTepHCTHKH KOMDJieKca a&roMaTH3HpOBIUIIIOH 

COpTHpOBKH OTXO)J.OB UBeTIIbiX MeTaJIJIOB 

Ilpou36oaumellbHocmb npu copmupoBKe, m/~t: 

HH3KOKa'leCTBeHHOfO aJIIOMHHHeBOfO JIOMa 

CIIJiaBOB Me,UHO:lt rpyiiiihi 

KpynHOCmb ucxoaHozo CblpbR npu copmupo61Ce, MM." 
HH3KOKa'leCTBeHHOfO ,upo6JieHOfO aJIIOMHHHeBOfO JIOMa 

cnnaBoB Me.uHoi1 rpynnhi 

YcTaHoBJieHHaH MOIUHOCTh 3JieKTpoo6opy,uoBaHHH, KBT 
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F II a 8 a 7. flepepa6om/Ca omxoao8 MemlJJl./108 

IIIIIUII13aTop, KOTOpbiH orrpe,nemleT 3JieMeHTHhiH COCTaB K)'CKOB. Bb1,ne

IICHI1e KYCKOB B COOTBeTCTBYIOuti1H KOpo6 ocymecTBJISieTCSI 11CIIOJIHI1-

IOJlhHhiMI1 MexaHI13MaMI1 6noKa yrrpasneHI1SI. TexHI1'1ecKHe xapaKTep11-

l"THKI1 KOMIIJieKCa rrpe,ncTaBJieHbl B Ta6JI. 7 .14. 

7. 5. TexHoJlozur.tecKue cxeMbl nepepa6omKu JlOMa u 
omxo006 MemGJlJl06 

llepepa6omKa cmapbiX a6moMo6wzei1. O,nHou 113 cJIO)I(HhiX rrpo6JieM 

11p11 rrepepa60TKe BTOp11'1HhiX MeTaJIJIOB 51BJI51eTC51 rrepepa6oTKa 

IICrKOBeCHOfO, B qacTHOCTI1 aBTOM0611JlbHOro, JIOMa, IIOCKOJibicy TaKOH 

110M CO,Uep)I(J1T 60JibiiiOe KOJII1'1eCTBO HeMeTaJIJII1'1eCKI1X MaTep11aJIOB, a 

IIIIOKe IJ;BeTH.hiX MeTaJIJIOB. fip11HIJ;I1III1aJibHa51 CXeMa yTI1Jll13aiJ;I111 

II"IIIOIIIeHHhiX aBTOM0611JleH IIOKa3aHa Ha p11c. 7.30. 
):Vul .upo6JieHI1SI 11 COpTI1pDBKI1 JiefKOBeCHOro MeTIUIJIOJIOMa rrpHMe

IIIIIOT KOMIIJieKCHhie ycTaHoBKH. B Ta6JI. 7.15 rrp11se,neHhi xapaKTe

PI1CTI1KI1 HeKOTOpbiX KOMIIJieKCHhiX ycTaHOBOK ,UJ151 ,npo6JieHI151 

'll'I'KOBecHoro MeTaJIJioJioMa, BhmycKaeMhiX qmpMou "Lindemann" 

( repMaHI151). 

T a 6 JI 11 u a 7.15 
Xaprul:'repHCTIIKll YCTIUIOBOK ~ )J.p06JieHHJI JierKOBeCHOI'O MeTaJIJIOJIOMa 

XapaKTepl1cTHKa 

OIUHOCTb )J.BHraTeJIH, KBT M 
I lpOH3BO)lHTeJibHOCTb, T/'1 
IHcJio o6opoTOB poTopa, o6/MI1H 
lnchlnHaH IIJIOTHOCTh .upo6JieHoro 
H~TaJIJIOJIOMa, T/M3 
111:1Mep KYCKOB MM 

Mo.uenb ycTaHOBKH 

K175-1 00 Nanur Nabri Nadus 

370 1200 3000 
5-10 19-25 40-65 
600 - -

0,9-1,1 1,0-1,3 1,0-1,3 
- 50-150 50-150 

CxeMa pa6oThi o.nHou 113 H11X rroKa3aHa H:a p11c. 7.31. YcTaHoBKa 

o llCTOI1T 113: 3arpy30'IHOfO ycTpOHCTBa; ,npo611TeJI51; KOMIIJieKca 

oltopy,noBaH1151 ,UJI51 COpTI1pOBK11; CI1CTeMbl KOHBeifepoB; 3JieKTpo-

11pHBO,Ua 11 T11,UpOIIpi1BO,Ua; CI1CTeMbl IIbiJieyJiaBJII1BaH1151; IIYJibTa 

V11paBJieHI151. 
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!Iepepa6omKa npoMblUJAeHHblX omxoiJOB 

ABTOMOBHJih 

Puc. 7.30. llpmn.unma.JihHaJI 
HeMeTaJIJIH'IecKHe cxeMa yrHJIH3aUHH H3HO 

'----...,.~-___.-+-----+ MaTepHaJibl llieHHbiX aBTOM06HJieH 

qepHbie MeTaJIJibi 

ll,BeTHbie 

MeTaJIJibi 

TexHoJiorwqecKMM rrpo~ecc rrepepa6oTKM JierKoBecHoro MeTan

JioJioMa Ha ycTaHoBKe cocrowT H3 cne.n:yrow;wx orrepa~wi:f: rro.n;roToBKH 

MeTaJIJioJIOMa (copTHpOBKH); 3arpy3KH MeT<UIJioJioMa B .n;po6wTeJib; 

.n;po6JieHHH MeTaJIJIOJIOMa; oqwcTKH H copTHpOBKH .n;po6JieHOfO 

MeTaJIJIOJIOMa; y.n;aJieHHH H cKJia.n;HpoBaHHH rDTOBOH ITpo.li:~HH. 

3arpy3oqHoe ycTpOMCTBO COCTOHT H3 OITpOKH.n;biBaJOru;erocH JIOTKil 

H .n;Byx rro.n;aJOru;HX pOJIHKOB. 

Pacxo.n: 3Heprww rrpw .n:po6JieHHH KY30BOB 3aBwcHT, KaK 3TO BH.n;HO 

H3 .n;aHHbiX Ta6JI. 7.16, OT KOMITJieKTHOCTH aBTOM06HJUI, B qacTHOCTH 

HaJIHqiDI IIIHH, .li:BHraTeJUI H .n;p. 

,lLrnl M3MeJibqeHIDJ aBTOMOOHJibHbiX KYJOBOB rrpHMeHIDOT B ocHoBHOM 

.n;po6HTeJIH MOJIOTKOBOro THITa, COCTOHru;H:e H3 pa3'beMHoro CTaJibHOfO 

Koprryca, 06JIH~OBaHHOro H3HOCOYCTOM'IHBbiMH ITJIHTaMH, .li:HCKOBOfO 

poropa H .n:po6Hru;ei:f ITJIHTbi. 

MoJioTKOBbie .n:po6HJ1KM J1:JIH H3MeJib'leHHH aBToMo6Hl1bHbiX KY30Bon 

MOryT pa3JIHqaTbCH paciTOJIO)I(eHHeM pOTOpa H KOJIOCHHKOBOM peiiieTKH 

.n:nH y.n:aneHHH H3MeJibqeHHoro rrpo.n:yKTa. ITo 3TOMY rrpw3HaKy 

T a 6 JI H u a 7.16 
Pacxo)J. 3Hepmu npu .n:po6neHHH llBTOM06HJieit 

COCTOHHHe aBTOM06HJIH 

BMecTe c .zumraTeJieM, lliHHaMH, cH)J.eHbHMH 

.6e3 .zumrareJUI, IIIHH H Clf.lleHHH 

CmnomeHHbiH K)'JoB 
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Pnc. 7.31.. YcTaHOBKa .lliDI .npo6JieHHJI nerKoBecHoro MeTaJIJioJioMa: "' 

1 - OIIpoKH.llbJ]la]OllUflkSI JIOIOK; 2- .npo6HTeJih; 3- IIPHBO.ll.llpOOHTeilll; 4- nyJibT ynpaBJieHIDI; 5- OOeciTblJIHBaiOIUaSI ~ 
~ YCTaHOBKa; 6 - BH6poKOHBeHep; 7- KOHBeHep; 8 - OOeciibiJIHBalOIUHH 6apa6aH; 9 - MarHHTHa.A: cenapaUHOHHaSI ~ 
..._. ycTaHOBKa; J0- KOHBeiiep .D.JIJI UBeTHbiX MeTilJIJIOB; 11 - COpTHpOBO'IHbiH KOHBeHep; 12- yOOpo'IHbiH KOHBeHep ~ 



llepepa6om1w npoMbl/WieHHbiX omxoiJos 

pa3JIH'IaiOT .l(p06HJIKH C BepTHKa.TihHhiM H ropH30HTa.TihHhiM pac

TIOJIO)I(eHHeM pOTOpa. IJocJie.l(HHe 6biBaiOT C BepXHHM H HH)I(HHM 

pacnoJIO)I(eHHeM poTopa. KoJIOCHHKOBhie perneTKH y TaKHX .n;po6HJIOK 

paCTIOJIO)I(eHbl CBepxy. IJpeHMYIUeCTBa .l(p06HJIOK C BepXHHM 

paCTIOJIO)I(eHHeM pellieTKH - B cpaBHHTeJibHO He60JibiJlOM paCXO.li,C 

3JieKTp03HeprHH H 6oJiee BbiCOKOH ycTOH'IHBOCTH TipH TI.OTia.LJ.aHHH 

HeH3MeJibtiaeMbiX npe.LJ.MeToB. 

IlpOH3BO.l(HTeJibHOCTb MOJIOTKOBOH .l(pOOHJIKH 3aBHCHT OT MOIUHOCTH 

npHBO.l(HOro .l(BHrnTellil, pa3MepoB poTOpa, Cnoco6a 3aipY3KH MeTil.IIJIOJIOMa, 

COCTOHHIDI JIOMa, KOHq>HrypaU:HH KOJIOCHHKOBOH perneTKH (pa3Mepa 

OTBepCTHH) H .li,OCTHraeT 300 ThiC. aBTOM06HJieH B fO.ll,. 

C aBTOM06HJUI nepe.ll, .l(p06JieHHeM CHHMaiOTCH IJlHHhl, TOTIJIHBHbltl 

6aK, aKKYMYJIHTop, pa.D.HaTop. IlocJie .n:po6JieHHH aBTOM06HJUI no;:ryq:aiOT 

TPH <l>paKu;HH: MafHHTHYIO (qepHbie MeTaJIJibl), B03.LJ.YlliHYIO (HeMe

Ta.TIJIH'IeCKHe MaTepHa.Tibl C HH3KOH TIJIOTHOCTbiO) H U:BeTHyiO, H 

KOTOpyiO BXO.l(HT BCe U:BeTHble MeTa.TIJibl - a.TIIOMHHHH, U:HHK, Me.ll,b, 

a TaK)I(e Hep)l(aBeiOIUaH CTaJih. 

IlpH H3MeJib'leHHH aBTOM06HJUI o6pa3yeTCH TIO)I(apoonaCHaH TihiJih 

TIOJIHMepHbiX H TeKCTHJihHbiX MaTepHaJIOB, npHCYTCTBYIOIUHX Il 

aBTOM06HJie, a TaK)I(e B3pbiBOOTiaCHbie CMeCH pacnbiJieHHhiX MaCeJI H 

OCTaTKOB TOTIJIHBa, HMeiOIUHXCH B aBTOM06HJie .l(a)l(e TIOCJie HX 

Y.LJ.a.TieHHH npH no.n:roTOBKe Ky3osa K yTHJIH3aU:HH. TaKHe TIO)I(apo- H 

B3pbiBOOTiaCHble CMeCH He06XO.l(HMO y.l(a.TIHTb H3 .ll,p06HJIKH KaK MO)!(HO 

TIOJIHee H CKOpee. l.JT06bi yMeHbiJlHTb onaCHOCTb, npHMeHHIOT 

CJie.ll,yiOIUHe 3aiUHTHbie Mepbi: CMHTHe H YTIJIOTHeHHe aBTOM06HJI5J; 

TIO.ll,atiy HHepTHbiX ra30B B .l(p06HJIKy; npe.l(BapHTeJibHOe OXJia)!(.ll,eHHC 

JIOMa; BTipbiCKHBaHHe BO.l(bl B pa6oqee TipOCTpaHCTBO .ll,p06HJIKH; 

C03.ll,aHHe B .l(p06HJIKe npe.n;oxpaHHTeJibHbiX KJianaHOB H OTCaCbiBaiOIUHX 

YCTPOHCTB. 

JJ:JIH O'IHCTKH CTa.TibHOro JIOMa OT HeMeTa.TIJIH'IeCKHX TipHMeCeH H 

He60JihiJlHX 'laCTHU: U:BeTHhiX MeTa.TIJIOB npe.li,Ha3HatieH 6apa6aHHbltl 

cenapaTop. Cenapau:HH npoH3BO.LJ.HTCH c noMOIUhiO B03.l(yniHOro noToKa. 

KpoMe Toro, HCTIOJib3yeTcH MarHHTHaH cenapau:HH H pyqHaH 

copTHpOBKa .l(JIH oT6opa u:seTHhiX MeTa.TIJIOB. MarHHTHaH cenapau:m1 

o6opy.li,OBaHa CTieU:Ha.TibHbiM KOHBei.f:epOM. 

CHCTeMa KOHBei.f:epOB BKJIIOtiaeT KOHBei.f:ep .li,JIH nepe.ll,a'l H 

.ll,p06JieHOfO JIOMa Ha COpTHpOBKy, KOHBei.f:ep .l(JIH y6opKH TihlJIH, 

KOHBei.f:ep .li,JIH y6opKH fOTOBOH TipO.l(YKU:HH, COpTHpOBO'IHhlC 

KOHBei.f:epbl. 
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F A a 8 a 7. flepepa6omKa omxoiJ08 Mematl./108 

0tiHCTKa B03.l(yXa TipOH3BO.l(HTCH C TIOMOW:h!O U:HKJIOHOB H 

MYJihTHU:HKJIOHOB CO CTIHpaJibflhiMH OTBO.l(aMH B03.l(yxa. 

llepBH'IHaH O'IHCTKa MeTaJIJIOJIOMa OT TihUIH H 60JibWeH qaCTH 

IICMeTaJIJIHtieCKHX 3aiJ)H3HeHHH (CM. pHC. 7.31) OCyu.r:eCTBJIHeTCH B npou:ecce 

H3MeJibtieHHH B.l(p06HTeJie 2c TIOMOW:b!O OTCaCbiBa!Ou.r:ero yCTpOHCTBa 5. 
)laJihHeHWaH OtiHCTKa TipOHCXO.l(HT B 6apa6aHHOM cenapaTOpe 8, rn:e 

lleMeTaJIJIHtieCKHe qaCTHU:hi OT.l(eJIHIOTCH OT MeTaJIJia 3a C'leT TpeHHH 

KyCO'IKOB JIOMa .n;pyr 0 .n;pyra TipH HX .l(BH)KeHHH TIO 6apa6aHy. 

Oro6paHHhie HeMeTaJIJIH'IeCKHe MaTepHaJihr H u:seTHhre MeTaJIJihi 

CKJia,uHpYJOTCH pa3.l(eJibHO H BhiB03HTCH H3 u:exa Ha .n;pyrHe yqaCTKH JIH60 

JlJIH .n;aJihHetl:wetl: yTHJIH3aU:HH Ha 3aso.n;e, JIH6o .l(JIH npo.n:a)I<H 

cneU:HaJIH3HpOBaHHhiM npe.n;npHHTHHM. 

fOTOBaH TipO.l(YKU:HH, npe.l(CTaBJIHIOW:aH C060H Chiny'IHH npO.l(yKT 

r BhiCOKOH CTeTieHbiO 'IHCTOThi, C COpTHpOBO'IHOfO KOHBeHepa TIOCTYTiaeT 

11a y6opO'IHhiH KOHBeHep, C KOTOporo OTIJ)y)l(aeTCH Ha CKJia,u. 

JluHUJl nepepa6omKu MomopHoco flOMa (puc. 7.32). Hcxo.n;HhiM Chip heM 

MOTOpHOfO JIOMa HBJIHIOTCH OTXO.l(hi JIHTeHHhiX aJIIOMHHHeBbiX CTIJiaBOB B 

1111,LJ,e .l(BHraTeJieii BHYTpeHHero cropaHHH, Kap610paTopos H Kopnycos 

Kopo6oK nepe.n;aq c co.n;ep)l(aHHeM )l(eJie3HhiX BKJIIO'IeHHH .n:o 20 %, MacJia 

11 BJiam .n:o I 0 %. MaKCHMaJihHhre pa3Mephr JioMa npH nepepa6oTKe He 

/lOJI)I(Hhl npeBbiWaTb 300x 150x50 MM. llJIOTHOCTh JIOMa MO)I(eT 6biTh OT 

100 .l(O 3500 Kf/M3 . 

0TX01lhl JII1TeHHOfO JIOMa nt.n;paBJll.ttieCKHM MHOfO'leJIIOCTHhiM 

lpetl:<lJepOM ] (CM. pHC. 7.32) 3arpy)l(aJOTCH B TipHeMHhiH 6yHKep 

IIJiaCTHHtiaToro TIHTaTeJIH 2. B poTopHotl: .n;po6HJIKe 3 JIOM nona,uaeT no.n: 

y)J,apbi 6HJI H OT6paCbiBaeTCH Ha OWOHHhie TIJIHThi. )l.po6JieHhiH npo.n;yKT 

'lepe3 u.r:eJIH Me)l(.l(y pOTOpOM H OT60HHhiMH TIJIHTaMH pa3rp~aeTCH Ha 

/leHTO'IHhiH TpaHcnopTep 4 H 3aTeM nona,uaeT B cenapaTop 5. 3.n:ecb OH 

IIO.l(BepraeTCH MarHHTHOH cenapaU:HH. 

B pe3yJihTaTe nepepa6oTKH noJiyqaJOT .n:sa npo.n;yKTa: HeMar

IIHTHhiH C pa3MepOM KYCKOB MeHee 150 MM, COCTOHW:HH H3 aJIIO

MHHHeBhiX CTIJiaBOB" C CO.l(ep)l(aHHeM )l(eJie3a .l(O 0,2 % (BbiXO.l( COCTaB

IIHeT 83-90 %, TIJIOTHOCTh TipO.l(YKTa OT 650 .l(O 750 Kf/M 3), H 

MarHHTHhiH KpyTIHOCThiO +3-100 MM C CO.l(ep)l(aHHeM aJIIOMHHHH 

/lO 2 %. B 3aBHCHMOCTH oT BH.l(a Hcxo.n;Horo ChiphH npoH3BO.l(HTeJihHOCTh 

IIHHHH COCTaBJIHeT 3-5 Tj'l. 
JluHUJl nepepa6omKu omxoiJon iJepopMupyeMbtx u AumeuHbtx u,nemHblX 

r"I/Aanon. Hcxo.n;HhiM ChipbeM HBJIHIOTCH OTXO.l(hi aJIIOMHHHeBhiX cnJiasos 
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Ilepepa6omKa npoMbiUJAeHHbiX omxoiJoB 

5 

Ht:t1alHIJmHbiU 
npotlf!Km 

J 

PHc. 7.32. JlHHH.II nepepa6oTKH MOTOpHoro noMa 

c con:epxaHHeM BKJIIOtieHHH xeJie3a n:o 30 %, MacJia H BJiaru n:o 5 %. 
MaKcuMaJibHbie pa3Mepbi nepepa6aTbiBaeMoro CbipbH He n:omKHbl 

npeBbrwaTb: D:JIH JIHCToBoro MaTepuaJia - 1400x 1400x 10 MM 

(MaKCHMaJibHaH D:OJIH JIHCTOBbiX OTXOD:OB TOJIIUHHOH D:O 10 MM MO)!(CT 

COCTaBJIHTb 10 % OT o6mero KOJIHtieCTBa HCXOD:HOfO CblpbH); D:JBI 

caMOJieTHoro JIOMa - 1000x 1100x500 MM; D:JIH naKeTHpOBaHHbiX 

OTXOD:OB- 4QQx5QQx6QQ MM (nJIOTHOCTb naKeTa- He HIDKe 800 Krj M 3); 

D:JIH MOTOpHOfO JIOMa- 600X 110Qx600 MM (MaKCHMaJibHaH TOJIIUHHll 

CTeHKH - 50 MM). 

OTXOD:bi aJIIOMHHHeBbiX cnJiasos run:paBJIHtieCKHM rpeM:<f>epoM I 
(pHC. 7.33) non:aiOT B 3arpy30'IHOfO yCTpOHCTBO 2. Oon: D:eHCTBHCM 

rpaBHTaUHOHHbiX CHJI OTXOD:bi CK0Jib3HT no D:HHIUY K npHBOD:HbiM 

BaJIKaM, KOTOpbie ycTaHOBJieHbl Ha HHXHeM KOHUe TetiKH nepeJl 

3arpy30tiHbiM OTBepcTueM n:po6uJIKH 3. BaJIKH 3axsaTbiBaiOT Cbipbe, 

CMHHaiOT ero H C KOHTpOJIHpyeMOH CKOpOCTbiO non:aiOT B n:po6HJIKY. 

,[(Jrn o6ecneqeHHH paBHOMepHOH Harpy3KH 3JieKTpOD:BHrareJIH n:po-

6HJIKH npen:yCMOTpeHO aBTOMaTuqeCKOe H pytiHOe BKJIIOtieHHC 

npuson:os saJIKOB. EcJIH co6cTBeHHOH MaCChi sepxHero saJIKa 
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F A a 8 a 7. lJepepa6omKa OfnXOiJOB MefflGAA08 

- Ha no4mopHOf 
tJpOO/IfHUt 

I'HC. 7.33. JlHHIUI nepepa60TKH OTXO)lOB .ue<tJopMHpyeMbiX H JIHTeHHbiX 

cnnaBoB 

uen:ocTaTO'IHO D:IDI cxanrn ChiphH, onepaTop yseJU1'111BaeT ycmme np11 

IIOMOW:11 D:Byx nmpaBJIHtieCKMX U:WI11HD:pOB. 

B MOJIOTKOBOH n:po6wrKe non:npeccosaHHhie OTXOD:bi, on11pa.K>w:11ecH 

11a OT60HHhiH 6pyc, pa3pylllalOTCH qacThiM11 yn:apaMH MOJIOTKOB. 

Jlpo6JieHbiH TipOD:YKT pa3IJ))')KaeTCH Ha BH6paU:HOHHhiH KOHBei:f:ep qepe3 

II H)I(HfOIO TIOD: pOTOpOM H BepXHIOIO HaD: pO'rOpOM perneTKM IJ)OXOTa 4. lb 
1(p06JieHOH CMeCI1 B03D:YlllHhiM TIOTOKOM OT BeHTWIHTOpa 8 YD:aJIHeTCH 

IICfKaH <lJpaKIJ;HH, KOTOpaH npen:sap11TeJibHO 0'111u.r:aeTCH B U:I1KJIOHe 6 H 

1I1HJihTPe 7. JlerKaH <lJpaKU:I1H con:epx11T TihiJih, 6yMary, TeKCTHJih u 

IIJJaCTMaccy. THXeJiaH <lJpaKUHH paJD:eJIHeTCH c noMOW:hlO MarHI1THhiX 

ccrrapaTOpOB 5 Ha MarHI1THble 11 HeMarHI1THble npOD:YKThl. 

Ilepepa6omKa /lOMa paouamopoe. Ilp11MeHHeMhre B HaCTOHw:ee speMH 

nmhr u KOHCTPYKU1111 pa,u11aTopos MOXHO pa311:eJI11Th Ha qeThrpe IPYTITihi 

110 BI1D:aM OCHOBHhiX KOHCTpYKU:I10HHhiX MaTep11aJIOB: a) MeD:Hbie, 

II) aJIIOMI1HI1eBbie, B) CTaJibHble 11 r) KOM611H11pOBaHHbie. 

JlOM pa,u11aTOpOB TIOD:Bepra.K>T paJD:eJIKe D:JIH OTD:eJieH11H CTaJihHhiX 

I(CTaJieH OT U:BeTHhiX MeTaJIJIOB pyqHhiM, MeXaHI1'1eCK11M WI11 OrHeBbiM 

t'IIOco6aM11. Pa3n:eJIKY pa,u11aTopos pyqHhiM cnoco6oM npo113BOD:HT 
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flepepa6omKa npOMbiUJAeHHbiX omxoiJoB 

11HCTpyMeHTOM, OTD:eJHHI )l{eJie3HbiH KO)I{YX OT Koprryca pan:11aTopa, 

3aTeM OTD:eJIHIOT ITaTpy6KI1 11 MeJIKI1e )l{eJie3Hbie D:eTaJII1 OT 6a'IKOII 

0TD:eJieHHbie KyCKI1 C OCTaTKaM11 JiaTyHI1 11 ITp11ITOH COpT11pyiOT I' 

rrpen:sap11TeJibHOH BI13YaJibHOH OU:eHKOH OCTaTKOB U:BeTHbiX MeTaJIJIOII 

Ha KycKax )l{eJie3a Ha n:se rpyrrrrhi: 

~ HI13KOKa'IeCTBeHHbie OTXOD:bl JIOMa Me11:11; 

~ JIOM 'IepHbiX MeTaJIJIOB C BI1D:11MbiMI1 He3Ha'II1TeJibHbiMH 

OCTaTKaM11 ITp11ITOH, JiaTyHI1 11JII1 6e3 HI1X. 

BpeMH pa3n:eJIKI1 on:Horo pan:11aTopa cocTaBJIHeT 3-4 MI1H, Bbrpa 

60TKa 1,8-2,3 T B CMeHy. 

JiiHorn:a CTaJibHOH KO)I{yX OTD:eJIHIOT aJIJII1raTOpHbiMI1 HO)I{HI1U:aMH. 

llpo113BOD:I1TeJibHOCTb :noro crroco6a pa3n:eJIKI1 rro cpaBHeHI1IO c 

py'IHbiM Hl1)1{e, TaK KaK OTD:eJieHI1e )l{eJie3HbiX D:eTaJieH ITp11 3TOM 

crroco6e TaK)I{e sen:eTcH spyqHyiO 11 JaTPaTbi speMeHI1 Ha 3TY orrepau:mo 

ocTaiOTCH TaKI1MI1 )l{e, KaK rrp11 py'IHOM crroco6e. 11crroJih30BaHI1e )l(t' 

aJIJII1raTopHbiX HO)I{H11U: CBH3aHo c norroJIHI1TeJibHbiMI1 BHYTPH-, 

U:eXOBbiMI1 rrepeB03KaM11, yBeJII1'1eHHeM Ce6eCTOHMOCTI1 rrepeneJia 11 

ITOBbiWeHHbiM rrepeXOD:OM ITPOD:YKU:1111 B HH3KOKa'leCTBeHHyiO rpyrrrry. 

llpH OrHeBOH pe3Ke JIOM pan:l1aTopOB pa3D:eJibiBaiOT CJieD:yiOIIJ.HM 

o6pa3oM. MecTa KperrJieHI1H Ko~xa K OCTOBy rrporpesaiOT rrJiaMeHeM 

pe3aKa. llp11ITOH ITJiaBI1TCH 11 CTeKaeT C pan:11aTopa. llocJieD:OBaTeJibHO 

rrporpesaH see MecTa rrai1:KI1, pan:11aTop ocso6o)I(JlaiOT oT KO)I{yxa. H11 

KO)I{yXe OCTaeTCH He3Ha'II1TeJibHOe KOJII1'1eCTBO HaiTJibiBOB IIp11IT0$1. 

TaK )l{e OTD:eJIHIOTCH ocTaJibHbie n:eTaJII1 113 qepHbiX MeTaJIJIOB. 

Pan:l1aTophi, y KOTOPhiX KO)I{YX Kperri1TCH c rroMOIIJ.biO 6oJITOB, 

pa3n:eJibiBaiOT rryTe.M cpe3aHI1H scex 6oJITOB. Ha MecTe pa3n:eJIKH 

ITp0113BOD:HT COpT11pOBKY ITOJiyqeHHbiX ITpOD:YKTOB. )l(eJie3Hbie D:eTaJI H, 

OCB060)I(JleHHbie OT rrp11ITOH, HarrpaBJIHIOT rrpen:rrp11HTI1HM, rrepe

pa6aTbiBaiOIIJ.I1M BTOp11'1Hbie 'lepHbie MeTaJIJibi. JlaTyHHbiH KOprryc 

pan:11aTopa ITOCTYflaeT Ha rraKeTI1posaHI1e. )l(eJie3Hbie n:eTaJII1 c KaiTJIHMH 

11 HaiTJibiBaMI1 ITp11ITOH, OCTaTKaMI1 JiaTYHI1 HaKaiTJII1BaiOT 11 OTrp~aiOT 

KaK HI13KOKa'leCTBeHHbiH JIOM B 3aBI1C11MOCTI1 OT con:ep)l{aHI1H MellH. 

Cepn:u:eBI1HY 11 6a'IKI1 rron:sepraiOT rraKeT11posaHI1IO. llp11rroi1:, KOTOPblt.l 

CTeKaeT ITp11 OITJiaBJieHI111 Ha ITJIOW.aD:KY, HaKaiTJII1BaiOT H rreperrJiaB

JIHIOT B CJII1TKI1, KOTOpb!e peaJII13YIOT KaK OJIOBHHHOCB11HU:OBbie CITJiaBhl 

B 3aBHCH MOCTH OT conep)l{aHI1H OJIOBa, cypbMbl, CB11HU:a, K06aJibT<I, 

HHKeJIH. 

06w.11e ITOTep11 U:BeTHbiX MeTaJIJIOB ITp11 3TOM CITOC06e pa3D:eJIK~I 
pan:11aTopOB COCTaBJIHIOT HeMHOro 6oJiee 4 % 11 rrpeD:CTaBJieHbi ITOTepHMH 
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F A a 8 a 7. flepepa6omKa omxoiJOB MemaAA06 

C JIOMOM qepHbiX MeTa.JIJIOB, yrapOM Tip11 pe3Ke 11 TIOTepHMI1 Tip11 

rrepenJiaBKe np11noH. 

OrHeBaH pe3Ka pa,n:11aropHoro JIOMa conposo)I(JI:aeTcH 3Hatii1-

TeJibHbiMI1 BbUJ;eJieHI1HMI1 Bpe,UHbiX BeiUeCTB. 3anbiJieHHOCTb B03,Uyxa, 

Y.Ua.JIHeMoro or Mecra pa3.ueJIKI1, cocraBJIHeT B cpe.n:HeM 87 Mr/M3• B 
ribiJI11 HaXO.f(HTCH CBI1HeU:, OJIOBO, U:11HK, Me,Ub, T. e. MeTaJIJibi, 

co.uep)l{aH11e KOTOpbiX B B03,Uyxe pa6oqei1: 30Hbi 11 B aTMoc<lJepe 

HaCeJieHHbiX nyHKTOB JII1MI1T11pyeTCH caH11TapHbiMI1 HOpMaMI1. 

Ha Mermyprl1tiecmx 3aso.uax pa3,UeJiaHHbiH pa,n:11aropHbiH JIOM 

B naKeT11pOBaHHOM BH,Ue no.usepraroT MeTa.JIJiypr11tiecKoMy nepe.ueJiy 

JJ:JIH BbiTiycKa OJIOBHHHbiX 6pOH3 B qylJlKaX. qacTb Hepa3,UeJiaHHOf0 

JIOMa pa,U11aTOpOB B naKeT11pOBaHHOM BI1,Ue 11CTIOJib3yiOT ,UJIH 

rip0113BO,UCTBa TIO.f(fOTOBI1TeJibHbiX CTIJiaBOB. 

Tipou:ecc TIO.f(fOTOBKI1 pa,U11aTOpHOf0 JIOMa Ma.JIO rip0113BO,UI1TeJieH 

11 Tpe6yeT 60JiblJlOfO KOJII1'1eCTBa paJJJ:eJibiU11KOB. TI03TOMY pa3pa6oTaHa 

TeXHOJIOfi1H MexaHI1311pOBaHHOH riO,UfOTOBKI1 JIOMa pa,n:l1aTOpOB K 

MeTaJIJiypr11tieC KOMY nepe,UeJiy, KOTOpaH BKJIIOtiaeT CJie,UyiOIU11e 

orrepau:1111: .upo6JieHI1e, rpoxoqeHI1e, MarH11THyro cerrapau:11ro 11 

ribiJieyJiaBJII1BaH11e. lli11pOKOfO rip11MeHeH11H 3Ta TeXHOJIOfi1H TIOKa He 

HalJlJia. 

Ilepepa6omKa llOMa aKKYMYIIRmopoe. Tiepepa6oTKa orpa6oraHHbiX 

aKKYMYJIHTOpOB HBJIHeTCH OCHOBHOH CTaTbeH riOJiyqeHI1H CB11HU:a 113 

CB11Heu:co.uep)l{aurero JIOMa 11 orxo.uos. 0cHOBHbiMI1 onepau:I1HMI1 np11 

IIO,UfOTOBKe JIOMa aKKYMYJIHTOpOB K MeTaJIJiypr11'1eCKOMy nepe,UeJiy 

HBJIHIOTCH ,Up06JieHI1e, KJiaCcl1<lJI1KaU:I1H 11 cenapaU:I1H. Tip11 3TOM 

pa3JII1'1aiOT CJie,UyiOIU11e TeXHOJIOfl1tieCKI1e JII1HI111: cyx11e, f11,UpaB

JJH'IeCKI1e 11 c 11CTIOJib30BaH11eM TH),KeJibiX cpe.u. B Kaqecrse TH)I{eJIOH 

cpe,Ubl ripi1MeHHIOT CMeCI1, 11CKYCCTBeHHO C03,UaBaeMbie 11Jll1 caMO

o6pa3yiOIU11eCH B npou:ecce pa6oTbi ycraHOBKI1. 

Tiepepa60TKa aKKYMYJIHTOpOB C Tipi1MeHeH11eM rH,UpaBJII1'1eCKI1X 

MeTO,UOB KJiaccl1<lJI1KaU:I111 TIO TeXHOJIOfl1tieCKI1M OTiepaU:11HM aHa

JIOfl1tiHa CYX11M MeTO,UaM. 0TJII1'111e COCT011T B 3aMeHe npou:ecca 

II03.f(yl1lHOH KJiacc11<l>11Kau:1111 Ha r11.upaBJI11tiecKyro cenapau:11ro. 

TexHOJIOfl1tiecKaH cxeMa nepepa6oTKI1 aKKYMYJIHTOpHoro JIOMa 

l1306pa)l{eHa Ha p11C. 7.34. JilcXO.UHOe Cblpbe- JIOM aKKYMYJIHTOpOB 

- 113 6yHKepa TIOCTynaeT B MOJIOTKOByiO ,Up0611JIKy, B KOTOpyro 

IIO,UaeTCH paCTBOp CO.f(bl ,UJIH HeHTpa.JII13aU:I111 OCTaTKOB K11CJIOTbi. 

Jl.po6JieHbiH MaTep11a.JI TIO,UBepraiOT KOHTpOJibHOH KJiacc11<lJ11KaU:1111 Ha 

rpoxore c HtieHKOH 60 MM. Ha.upellieTHbiH npo.uyKT B03BpauraeTcH Ha 
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Ilepepa6omKa npoMblUJAeHHbiX omxoiJoe 

CBHHeu 
4 

PACTBOP CO,ll;bl 

MAfHI1THblA CEOAPATOP 

> 1 MM 
lll.rraM 
Ha BOC

CiaHOB-

r-f1U!JPtDCE[li~~OP~~~Pb~O~;~P~b~s~o~4~~neHHe 

llomiMepbl 
(nBx. nm 

PH c. 7. 34. TexHonomqecK<UJ cxeMa nepepa6oTKH aKKYMYJHITopHoro JIOMa 

n:po6neHI1e, non:peweTHhiH npOXOD:HT MafHI1THYIO cenapaU:1110 11 Han

paBJIHeTCH D:JIH o6eCWJiaMJII1BaH11H Ha rpOXOT C CI1TaMI1, 11MelOW:I1MH 

pa3Mep H'leeK 4 11 1 MM. llinaMOBhiH npOD:YKT KJiacca KpynHOCTI1 -1 MM 

nocTynaeT Ha cryw:eH11e, KJiaccml>11Kau:1110 11 o6e3BO)I{I1BaHI1e, KJiacchi 

KpynHOCTI1 -4+ 1 11 +4 MM non:aepraJOT r11n:pocenapau:1111 c 

no.rryqeHI1eM B Ka'leCTBe KOHe'IHhiX npon:yKTOB MeTaJIJII1'1eCKOfO CB11HU:a 

11 OpraHI1'1eCKI1X MaTep11aJIOB. fOTOBble TipOD:YKTbl TIOD:BepralOT OT

MhlBKe Ha rpOXOTaX D:JIH yn:aneHI1H OCTaTO'IHhlX lliJlaMOBhiX TipOD:YKTOB. 

CxeMhi TH)I{eJiocpen:Hotl: cenapau:1111 np11 pa3n:eJIKe aKKyMy

JIHTOpHoro JIOMa nOJIYl!HJI11 pacnpocrpaHeHI1e B 3apy6e)I(HOH npaKTI1Ke. 

Pa3JII1'1alOT n:aa cnoco6a pa3n:eJieHI1H - B 11CKyccTBeHHhiX 11 caMo

o6pa3yJOW:11XCH cycneH311HX. 
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Bonee coseprneHHOH TexHononr:eM: c np11MeHeHI1eM cenapau:1111 

H TIDKenhiX cpe,Uax HBJUIIOTCH CXeMhl pa3,UeneH11H B caM006pa3YJOll(11XCH 

cycneH311HX, B KOTOphiX KaK YTH)I{eni1Tenb 11CnOnh3yeTCH TOHKO

I\11CnepCHhiH OKCH,UHO-cynh<lJaTHhiH CBI1HeU:, Bbi,UenHIOlll11HCH 113 nepe

pa6aTbiBaeMbiX aKKyMynHTopos. TexHonor11H no3BOnHeT 113BneKaTh .uo 

99,4 % CBI1HU:a, co.uep)l{aBrnerocH B noMe. 

KoMwzeKCHaH AUHUR nepepa6omxu om.xoooe Mem(JJ/Jlo6 (p11c. 7. 3 5). 3Ta 
JII1H11H BKniOtiaeT cne,UyiOll(l1e TeXHOnOfl1'1eCKI1e onepaU:I111: KnaC

cl1<lJ11KaU:I110 no KpynHOCTI1 11 BI1,UaM 11CXO,UHOf0 CblphH, <lJparMeH

T11pOBaHI1e (pe3Ka Ha 'laCT11), ,Up06neHI1e C y.uaneHI1eM He,Up0611MhiX 

llpe,UMeTOB, acn11pau:11IO npO.UYKTOB ,Up06neHI1H C CI1CTeMOH flhi

JieynaMI1BaHI1H, MafHI1THYIO cerrapaU:1110 B cna6oM MarHI1THOM none, 

Ht1110lNUtr7Nttt lliOmtpull/1111 

(~<tp"'a8t101/f11~ cmall•,n""ll•J 

npodyKm 
Q/ll/lltUIIUt6•11 

;1""7:'7"\!,..,.,.>+.Y Cf71111666 

I'Hc. 7.35. KoMI1JieKCHaH JIHHJUI rrepepa60TKH OTXO)lOB aJIIOMHHHeBbiX 

CI1JiaBOB: 

/- <i>parMeHTaTOp; 2- rpeH<l>ep; J- KOHBeHep; 4- )lp06HJIKa; 5- ITI1TaTeJib; 

11- rpoxoT; 7- MarHHTHbie cerrapaTOphl; 8- 3,ll-cerrapaTop; 9- UHKJIOH; 

10- <l>HJihTp; 11 - BeHTHJIHTOp; 12- ycTpOHCTBO )lJIH y.uaJieHHH IT)"'KOB 

I pOXO'IeHI1e, MafHI1THYIO cenapaU:1110 B Cl1nhHOM MafHI1THOM none 11 

"IJieKTpO,UI1HaMI1'1eCKYIO cenapaU:1110 npo,UyKTOB ,Up06neHI1H. J<nac

l"l1<lJI1KaU:I1H npe,UHa3HatieHa ,UnH npe.usap11TenhHOH paccOpT11pOBKI1 

IIOMa 11 OTXO,UOB no KpynHOCTI1 11 BH,UaM CblpbH C nOMOll(hiO no-
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Ilepepa6omKa npoMbi/U/leHHb/X omxoiJoe 

rpy30'IHO-pa3rpy30'IHbiX CpeD:CTB. flp11 3TOM JIOM KJiaCC11<f>11U:11pyiOT 

Ha JII1TeWHbiH (no BHeUIHeMy BI1D:Y 113D:eJI11H), ra6api1THbiH (no 

pa3MepaM), n:e<f>opMI1pyeMbiH (no ra6ap11THbiM pa3MepaM 11 caeTJIOH 

OKpacKe MeTaJIJia) 11 6biTOBOH. 

B npou:ecce n:po6JieHI1H aJIIOMI1H11eBoro JioMa noJiytiaiOT cMecb 

KyCKOB 113 U:BeTHOfO 11 'lepHOfO MeTaJIJIOB 11 HeMeTaJIJII1'1eCKI1X 

MaTepl1aJIOB KpynHOCTbiO 11:0 150 MM. 

flp11 nonan:aHI111 B n:p0611JIKy Hen:po611MbiX npen:MeTOB aBTOMa

TI1'1eCKI1 BKJIIOtiaeTCH npi1BOD: 3aCJIOHKI1 nOBOPOTHOrO YCTpOWCTBa 

11 OTKpbiBaeTCH OKHO (JIOByWKa) D:JIH yn:aJieHI1H MaTep11aJIOB l13 

D:P0611JIKI1 B cneu:HaJibHbiH KOp06. 

flp11 nOHBJieHI111 B npon:yKTax D:P06JieHI1H nyqKOB 113 TipOBOJIOKl1 

BKJIIO'IaeTCH CTieU:11aJibHOe yCTpOHCTBO D:JIH 11X YD:aJieHWH 113 o6metf MaCChi 

n:po6JieHoro npoJlYKTa. 

Jib n:po6JieHOf0 npon:yKTa MOlliHbiM B03D:YlliHbiM TIOTOKOM 

CI1CTeMbl TibiJieyJiaBJII1BaHI1H YD:aJIHIOTCH MeJIK11e HeMeTaJIJII1'1eCKI1e 

<f>paKU:1111 (TibiJib, 6yMara, TeKCTI1Jib 11 T. TI.). 

MarHHTHaH cenapau:11H B cJia6oM MarHI1THOM noJie npen:Ha3-

HatieHa D:JIH Yn:aJieHI1H 113 n:po6JieHOW CMeCI1 KYCKOB tiepHOfO MeTaJIJia 

KJiacca + 10-150 MM. HeMarHI1THbiW npon:yKT non:aepraeTcH rpo

xotieHI110 B 6apa6aHHOM rpoxoTe. Han:perneTHbiH npon:yKT non:aepraiOT 

CHa'laJia MarHI1THOW cenapau:1111 B CI1JlbHOM TIOJie D:JIH yn:aJieHI1H l13 

CMeCI1 CpOCTKOB <f>eppoMafHI1THbiX BKJIIO'IeHI1H KJiacca + 10-150 MM, 

a 3aTeM 3JieKTPOD:I1HaM11tiecKoi1 cenapau:1111 D:JIH Bbln:eJieH11H 113 

KOHU:eHTpaTa HeMeTaJIJII1'1eCKI1X MaTep11aJIOB, Hep)l{aBeiOII.leH CTaJII1, 

TI1TaHa 11 MeD:HbiX CTIJiaBOB. 

flpOD:YKTbl n:po6JieHI1H B116paU:I10HHbiM TII1TaTeJieM 11 JieHTO'IHbiM 

KOHBei.f:epOM TIOD:aiOT B TIOJII1f0HaJibHbiH 6apa6aHHbiH rpOXOT, KOTO

pbiW no D:JII1He pa3n:eJieH Ha n:ae ceKU:I111. 

KoHmpoAbHble eonpocbt 

1. B tieM COCTOI1T 3<f><f>eKTI1BHOCTb 11CTIOJib30BaHWH MeTaJIJIOJIOMa? 

2. l.JTo TaKOe Kpyroo6opOT MeTaJIJia B 3KOHOMI1Ke? 

3. KaK KJiacc11<f>11U:I1PYJOT OTXOD:hl qepHbiX 11 u:aeTHbiX MeTaJIJioa? 

4. Karne TPe6oaaHWH npe.LJ:bHBJIHIOTCH K MeTaJIJIOJIOMy? 

5. KaKWe cyrnecTBYJOT BW.Ubi MeTaJIJioJioMa? 

6. KaKOBbi 11CTO'IHI1KW o6pa3oBaHWH MeTaJIJIOJIOMa? 
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F A a 8 a 7. /lepepa6omKa omxoao8 MemGAA08 

7. qTO TaKoe K03<!><PI1~11eHT 11CTIOJib30BaHI151 MeTaJIJia 11 KaKOBa ero 

BeJII1qi1Ha B pa3JII1qHbiX OTpaCIDIX 3KOHOMI1KI1? 

8. KaK11e cymecTBYIOT cnoco6bi no.uroTOBK11 MeTaJIJIOJIOMa K 

nepeTIJiaBy? 

9. qTO TaKOe B3pbiBHOe ,Up06JieHI1e KpynHora6ap11THOfO JIOMa? 

I 0. KaKI1e TepMw-recKI1e MeTO.Ubi HcnoJib3YlOT .UJI51 113MeJiht.feHH51 

MeTaJIJIOJIOMa? 

11. KaKI1e cymecTBYlOT cnoco6bi copT11pOBKI1 oTxo.uoB ~BeTHhiX 
MeTaJIJIOB? 

12. qTO TaKoe CHJIOBbie MeTO.Ubl cenapa~1111 JIOMa 11 OTXO.UOB ~BeTHbiX 
MeTaJIJIOB? 

13. q TO TaKoe 11H<!>OpMa~I10HHble MeTO,Ubl cenapa~1111 OTXO,UOB ~BeTHbiX 
MeTaJIJIOB? 

14. Ilp11Be,UI1Te TeXHOJIOfl1t.feCKYlO CXeMy nepepa60TK11 MOTOpHOfO 

JIOMa. 

IS. Ilp11Be.U11Te TeXHOJIOrl1qecKylO cxeMy nepepa6oTK11 JIOMa OT

pa6oTaHHbiX aKKYMYAATOpOB. 
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TJIABA 8 
YTHJIH3AI(HH IIIJIAKOB, 30Jlbl, OTHEYIIOPOB 

H TOPEJIOH 3EMJIH 

Cpe.u11 pa3.1II1'IHbiX BH.uOB npoMbillUieHHbiX OTXO.UOB o.uHo 113 nepBbiX 

MeCT no OObeM)' 3aHI1MaiOT llUiaKI111 30Jia, o6pa3YJOI.lUieCH np11 BbiiiJiaBKt: 

MeTaliJia (MeTa.JIJiyprnqecKHe llUiaKH) 11 np11 C)l(l1faHI111 TBep,UOfO TOIIJII1Ba 

(TonJII1BHbie llUiaK11). Bhrxo.u MeTaJIJiypr11qecK11X llUiaKOB seJII1K H 

cocTaBJIHeT OT 0,4 .uo 0,65 T Ha 1 T qyryHa. Ha npe.unp11HTI1HX qepHOH 

MeTmypr1111 Pocc1111 e)l(ero.uHo o6pa3yeTCH oKoJio 79 MJIH. T IIUiaKOB, a 

o6rn:ee KOJII1'IeCTBO MeTa.JIJiypfi1'IeCKHX llUiaKOB, HaKOIIJieHHbiX B OTBaJiax, 

,UOCTHfaeT 500 MJIH. T. IlocKOJibKY IIJIOW:a.l(l1, OTBO.U11Mbie ,UJI5I 3axopOHeHJ-I~I 
OTXO,UOB, orpaHI1qeHbJ, a 11X OCBOeHI1e 11 peeyJibTI1Bal.(HH 3eMeJib Tpe6yJOT 

3Hat.fi1TeJibHbiX 3aTpaT, YTI1JII13al.(l151 TaKOfO KOJII1t.feCTBa OTXO.UOII 

npe,UCTaBJIHeT Ba)I(HYIO 11 Ot.feHb nepcneKTI1BHYIO C TO'-IKH 3peHI1~1 

3KOHOMI1KH 3a,Uat.fy. 

qTO )l(e TaKoe llUiaK? llJJlaK- 3TO OTBep,UeBlllee KaMHeBH,UHOe 11JIH 

CTeKJIOBH,UHOe BeW:eCTBO, o6pa3yJOrn:eeCH np11 BbiTIJiaBKe MeTaJIJIOB HJIH 

cropaHI111 TBep.uoro TOIIJII1Ba. PoJib llUiaKa B MeTa.JIJiypfi1'IeCKOM npoueccc 

BeJII1Ka: OH 3aW:I1W:aeT MeTaJIJI OT Bpe,UHOfO 803,UeHCTBHH fa30BOH cpe,Ubl 

neq11, TIOfJIOW:aeT BCTIJibiBaJOW:11e np11MeCI1 11 yqaCTByeT B pa3JII1'-1Hb!X 

<I>11311KO-XI1MI1qecK11X npoueccax, np011CXO.UHW:I1X np11 BbiTIJiaBKC 

MeTaJIJIOB. MeTa.JIJiypri1'Iecrrn:e llUiaKH COCTOHT 113 npo.uyKToB XHM11'IecKHx 

peaKu11M: Me)I(L(y BBO.UI1MbiMI1 B neqb <!>JIJOcaMI1, MeTaJIJII1qecKoM: py.uoH 

11 np11MecHMI1, co.uep)l(arn:I1MI1CH B TOTIJII1Be. B 3aBI1CI1MOCTI1 oT cocTasa 

sew:ecTB, yqacTBYJOW:I1X B MeTmypr11qecKoM npouecce, lliJiaK MO)I(eT 

6biTb K11CJibiM, W:eJioqHbiM ( OCHOBHbiM) 11 HeHTpaJibHbiM. 

0THOllleHI1e co,n:ep)l(aHHH cyMMbi OKCH,UOB KaJibl.(l151 11 MarHI1}1 

(OCHOBHbie) K CO,Uep)l(aHI110 CYMMbi OKCH,UOB KpeMHI151 11 aJIIOMI1HI151 

(K11CJihie) Ha3biBaJOT cmeneHbiO ocH06Hocmu (M). BeJI11q11Hy MK = 
= 1/ Mo Ha3biBaJOT cmeneHbiO KUCJWmHocmu. Ilp11 Mo < 1 WJiarrn: KHCJibie, 

a np11 Ma > 1 - OCHOBHbie. 
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0r OCHOBHOCTH 3aBHC51T TeK}"'eCTb 11 TeMnepaT)'pa TIJiaBJieH1151 

IIIJiaKOB, KOTOpbie 51BJI51IOTC51 BlUKHbiMH TeXHOJIOfHqecKHMH xapaK

repHCTHKaMH np11 I1X nepepa6oTKe 113 pacTIJiasos . 

.[lpyrHMH Ba)I(HbiMH xapaKTepHCTHKaMH UIJiaKOB 51BJI51IOTC51 

IIJIOTHOCTb, XHMHqecKHH COCTaB 11 npoqHOCTb. 

XMMHqecKHM: cocras MeTaJIJiyprnqecKHx lliJiaKoB JaBHCHT OT MapKH 

llbiTIJiaBJI51eMoi1 CTaJIH, cocTasa HCTIOJib3yeMoi1 py.Ubi 11 ¢JIIOcos 11 T . .u. 

0HH CO,Uep)l(aT 35-4 7 % OKCH,Ua KpeMH1151, 9-16 % OKCH.ua aJIIOM11H1151, 

W-50 % OKCH.ua KaJibU:1151, 2-14 % OKCH.ua MarH1151, .UO 3 % OKCH.ua 

MapraHu:a 11 .uo 0, 7 % OKCH.ua )l(eJieJa. IIIJiaKH u:seTHOM: MeTmypr1111 

IIOMHMO 3TI1X Bern:eCTB CO,Uep)l(aT OKC11,Ubl Me.UH, K06aJibTa, HHKeAA, 

1li1HKa, CBHHua, Kari.M1151 11 pe,UKHX MeTaJIJIOB. 

B npOMbilliJieHHOcTH HaKoTIJieH 6oJiblliOH onbiT HCTIOJib30BaH1151 

IIIJiaKOB. HanpaBJieHH51 YTHJIHJauHH lliJiaKOB qepHoM: MeTaJIJiyprHH 

upe.ucraBJieHbi Ha p11c. 8.1. 
IIIJiaKH 51BJI51IOTC51 u:eHHbiM Cb!pbeM ,UJI5I H3fOTOBJieH1151 JierKHx 

lKeJie3o6eTOHHbiX KOHCTpYKUHH, TeTIJIOI130JI51U:I10HHbiX CTpOHTeJibHbiX 

MaTepHaJIOB 11 ,UJI51 .UpyfHX ueJieH B TipOMbllliJieHHOM, rpax,UaHCKOM 11 

JlOpO)I(HOM cTpOHTeJibCTBe. Hx MO)I(HO HcriOJib30BaTb np11 npoH3-

fPAHYJIH.POBAHHhl~ 
WJIAK 

BhiCOKOrJIJ1H03E
MJ1CThl~ KJIH.HKEP 

.ll.JUI llPOJ13BO)l.CTBA 
I..J.EMEHTA 

llEM3A 

WJIAKOBATA 

JIH.ThiE J13)l.EJIJ1.SI 

I'Hc. 8.1. OcHOBHbie HanpaB.JieHHH HcnoJib30BaHHH lliJiaKOB qepHOH MeTan

nyprHH 

243 



Jlepepa6omKa npoMbiUIJieHHbiX omxoaoB 

BO,UCTBe u;eMeHTa 11 UIJiaKOTIOpTJiaH,UIJ;eMeHTa Bb1Cllli1X MapOK, Y.UOfl 

peHI1H 11 .upymx MaTep11aJIOB. 

8.1. IlpoU3eoocmeo cmpoume.AbHbtx MamepuaAoe 
U3 MemClllllypzutteCKUX lUAGK06 

JlpoU36oacm60 U,eMeHma. IJ:eMeHTHrul TipOMbllliJieHHOCTb HC· 

TIOJib3yeT rpaHyJI11pOBaHHbiH lliJiaK KaK aKT11BHYIO MI1HepaJibHYIIl 

.u·o6aBI<y np11 npo113BO.UCTBe lliJiaKonopTJiaH,Uu;eMeHTa - B5DKyw:ero 

sew:ecTsa, TBep.uerow:ero B so.ue 11 Ha soJ.uyxe. IIIJiaKonopTJiaH.uu;eMell'l 

TIOJIY'IaiOT nyTeM 113MeJib'IeHIUI KJII1HKepa (o6o)l(}l(eHHOH .UO CTieKaHHll 

CMeCI1 113BeCTIDIKa 11 fJII1Hbi), ,UOMeHHOfO rpaHyJI11pOBaHHOfO lliJiaKII 

11 mnca (CaS04 • 2H20). 

AKTI1BHbie sew:ecTsa, co.uep)f(aw:11ec.11 B lliJiaKe, YJIY'IlllaJOT Tex 

HI1'IeCKHe CBOi:f:cTBa QeMeHTa, TIOBbilllaiOT ero Ka'IeCTBO 11 npO'IHOCTio 

113fOTOBJieHHbiX 113 Hero C'fPOHTeJibHbiX KOHCTPYKU11H. 3To no38oJI.11c·1 
coKpaTHTb pacxo,l:( IIIJiaKonopTJiau.g;u;eMeHTa Ha 5 % no cpaBHeHI110 c 

n_opTJiaH,Uu;eMeHToM np11 npo113BO.UCTBe 6eToH:a KJiacca B-25, 113 KoTopo

ro .ueJiaeTC.II .uo 80 % Bcex c6opHbiX )f(eJie3o6eTOHHbi:X KOHCTPYKUI1H. 

HcnoJib30BaHI1e .uoMeHHbiX IIIJiaKOB np11 npo113BO.UCTBe lliJiaKo

nopT JiaH,Uu;eMeHTa TI03BOJI.IIeT 3aMeHHTb f JII1Hy, CHI1311Tb B 1 ,2-1 ,6 pa311 

paCXO.U 113BeCTH.IIKa, yBeJII1'IHTb 06'beM np0113BO,UCTBa QeMeHTa B 1,5-2 
pa3a, CHHJHTb pacxo.u 3Hepr1111 Ha 40 %, YJIY'IlliHTb 3KOJIOfi1'IecKI1e xa

paKTep11CTI1K11 B peri10He. 

06'beMbl 11CTIOJib30BaHI1.11 ,UOMeHHbiX lliJiaKOB u;eMeHTHOH npo

MbilliJieHHOCTbiO HaCTOJibKO BeJI11KI1, 'ITO 11X He XBaTaeT 11 npOBO,li,.IITCH 

pa60Tbl TIO BOBJieqeHI110 B Tip0113BO,UCTBO .UPYfi1X MeTaJIJiypr11qeCKHX 

lliJiaKOB (KOHBepTepHbiX, <PeppOCTIJiaBHbiX, MapTeHOBCKI1X 11,Up.). 

llp11 113fOTOBJieHI111 QeMeHTa 11CTIOJib3yiOT lliJiaK11 B rpaHyJIH

pOBaHHOM s11.ue. B HacTo.llw:ee speM.II rpaHyJI.IIQI10HHhie ycTaHOBKH 

11MeiOTC.II Ha BCeX MeTaJIJiypf11'IeCKI1X JaBO,UaX. 

Ilpou36oacm6o zpaHyAupo6aHHbiX UUlaKo6. FpaHyJI.Jlu,UR WilaKo6 -
npou;ecc np0113BO.UCTBa CTeKJI006pa3HbiX rpaHyJI 113 )1(11,UKOfO lliJiaKa 

TIYTeM pe3KOfO ero OXJia)I(L(eHI1.11 BO.UOH, napOM, B03.UYXOM 11JI11,Upyfi1M 

raJoM. Pa3Mep noJiyqaeMhiX rpaHyJI cocTaBJI.IIeT 1-5 MM. 

fpaHYJI.IIQIUI lliJiaKa Tip0113BOL(I1TC.II JII160 y TIJiaBHJibHOfO arperaTa, 
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r A a 8 a 8. YmUAU3a/4UR UJ.AaiC08, 30Abl, OZHeynopo8 u zope;wii 3e.MJIU 

Jll-100 Ha OT)leJibHO CTOHW:HX ycTaHOBKax C TpaHcnopnlpOBKOH K HHM 

umaKosoro pacTIJiasa B KOBlllax. OcHOBHM Macca lliJiaKOBbiX pacTIJiaBoB 

noKa nepepa6aTbiBaeTcH so BHene'IHbiX fl1.llPO:lKeJI06HbiX, 6accetiHOBbiX 11 

6apafuHHbiX ycra.HOBKax . .llpo6JieHHe lliJiaKa B 3TI1X ycra.HOBKax np011380)1,1ITCH 

no.rumoif HJII1 BOJlOB03JlYII..IHOH cTpyeif. Y cTaHOBKH noTpe6JIHIOT 6oJihlliOe 

KOJII11JeCTBO BO,llbl, KOTOpaH TIOCJie 11CTIOJib30BaHM:H H)I)K.llaeTCH B O'II1CTKe. 

B TeXHOJIOri1'IeCKOM npouecce B pe3yJibTaTe KOHTaKTa BOJlbi c 

pacnJiaBJieHHbiM lliJiaKOM o6pa3yeTCH 60JiblliOe KOJIH'IeCTBO napo

ra30BOH CMeCH, OKa3biBaiOrn:etl He6Jiaronp11HTHOe BJII1HHI1e Ha OKpy

>KaiOW:YIO cpe)ly. 

BoJiee nporpecci1BHa np11ne'IHaH 6ecKOBUIOBaH TeXHOJIOri1H 

rpaHyJI11posaHI1H lliJiaKa (p11c. 8.2). Op11 3TOM cnoco6e :lKI1JlK11H lliJiaK 

113 JlOMeHHOH ne'II1 no :lKeJio6y 7 CTeKaeT B rpaHyJIHTOp 6, COCTOHW:11H 

113 KOpOTKOfO JIOTKa 11 f11,llpOHaCa,llK11, r,lle CTpyHMI1 BO,llbl ,llp0611TCH 

ua qacTI1I.J:bl. fpaHyJibl TIOCTynaiOT B 6yHKep-OTCTOHHI1K 12, OTKyJl:a 

uacocaMI1 (3pJIH<!>TOM 14) nepeKalJHBaiOTCH B o6e3BO:lKHBaTeJII1. 

06e3BO:lKI1BaHHe ocyw:ecTBJIHeTCH B cneuHaJibHblX 6yHKepax, 

o6opy,llOBaHHbiX <!>11JibTpyiOW:I1MI1 pellleTKaMH 5, 11JII1 B KapyceJibHblX 

tPHJibTpaX 16, CHa6:lKeHHblX KOp06KaMI1 C nep<!>Op11pOBaHHblM11 

OTKI1JlHbiMI1 KpbilliKaMI1. Op11 spaw:eHI111 o6e3BO:lKI1BaTeJIH Ka)I(JlaH 

KOp06Ka npOXOJli1T CTa,ll1111 3aTIOJIHeH11H nyJibTIOH, <!>11JibTpaUI111 BOJlbl 

'lepe3 OTBepCTI1H B )lH11W:e 11 pa3rpy3KI1 o6e3BO:lKeHHOt'O lliJiaKa B 

6yHKep 17. YcTaHOBKa repMeTI11JHa, napora3oBaH cMecb yJiaBJII1BaeTcH, 

o•mw:aeTCH B CKpy66epe 211 YJlaJIHeTCH B BbiTH:lKHYIO Tpy6y 1, a BO,lla 

1103Bpaw:aeTCH ,llJIH TIOBTOpHOfO 11CTIOJib30BaHHH. 

TexHoJiorH'IecKI1e napaMeTphi npouecca npHne'IHOH rpaHyJIHUI111 

lllJiaKa, OTII1CaHHOf0 Bblllle, Tip11Be,lleHbl B Ta6JI. 8.1. 

T a 6 n 11 u a 8.1 
TeXHOJIOrH'IeCKHe napaMeTJibl npou.ecca npune'IHOH 

I1l,ll.pO.lKeJI06HOH rpauyJJJJJJ.HH ,li.OMeHHOro WJIIlK8 

XapaKTepHCTHKH npouecca 

TeMnepaTYJ)a lliJJaKa, oc 
Pacxo,11., T/MHH: 

lliJJaKa 
BO,l(bl 

,llaBJieHI1e ao,nbJ, Mila 
BJIIDKHOCTb rpaHyJI,% 
HacblnH<Ut Macca rpaHyJI, T/M3 

3Ha'leHHll napaMeTpoB 

1480-1620 

8-13 
30-60 
0,3-0,4 
12-17 

0,9-1,2 

245 



llepepa6omKa npoMbiiWleHHblX omxoiJoB 

I 

Pwc. 8.2. CxeMa npwnetmo:ii: rpaHynHpyK>me:ii: ycTilHOBKH llUiaKa: 
1 - BhiTIDKIHUI Tpy6a; 2 - CKpy66ep; 3 - 3amHTHhiH 3KpaH; 4 - CKHM 
MepHaH .uocKa; 5 - pemeTKa; 6 - rpaHyJIHTop; 7 - mnaKoBhiH )ICeJio6; 
8 - BO.UOBO.U llO.UllHTO'IHOH BO.Uhi; 9 - MOCTOBOH KpaH; 10 - Hacoc; 
11- KaMepa o6opOTHOH BO.Uhi; 12- 6)'HKep-OTCTOHHHK; J3- OI<Ho; J4- 3p 
JIHqlT; 15 - Hacoc no.uaqH BO.Uhl Ha B3My'IHBaHHe; 16- KapyceJihHblti 
<lJHJihTp; 17 - npoMe~O'IHhiH 6)'HKep; 18- nHTaTeJih; 19- KOHBeHCp 
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OmiCaHHbie cnoco6bi rpauymnJJUi IIIJHlKa co3.UaiOT p.s~.u 3KoJio

IWieCKHX npo6JieM B CB.sl311 C CO,Uep)f(aHI1eM B fa30BbiX Bbi6pocax 

TOKCH'IHbiX ra30B 11 Tibilll1, a B o6opOTHOH. BO,Ue - 113BeC:rl1, Tl10-

cyJih¢laTOB 11 aMMI1aKa. C6poc TaKoif BO.Uhl B so.uoeMhi He.uonycTI1M. 

003TOMy BCe ycTaHOBKH rpaHyJI11pOBaHI151 IIIJiaKOB .UOJDKHbl 11MeTb B 

CBOeM COCTaBe CI1CTeMbl 01JI1CTKI1 BO,Ubl 11 ra30B, 'ITO, ecTeCTBeHHO, 

Y.UOpO:lKaeT CTOI1MOCTb fOTOBOH npO.UYKll1111. 

B 3TOM CMhiCJie 6oJiee 3KOJIOri1'IeCKI1 'II1CTOH 51BJI51eTc51 KOH

raKTHa51 TeXHOJIOr1151 rpaHyAAU:I111 IIIJiaKa (p11C. 8.3). llo 3TOH TeX

HOJIOfl111 paCTIJiaBJieHHbiH IIIJiaK 113 IIIJiaKOnp11eMHI1Ka ] no JieTKe 2 
nepeTeKaeT B BaHHy 3, r.ue Ha.rmnaeT Ha 6apa6aH 4, HapY:lKHa51 no

nepxHOCTh KOTOporo BbiTIOJIHeHa 113 3MeeBI1Ka 5, OXJia:lKL(aeMOfO BO,UOH. 

Pwc. 8.3. CxeMa KOHTaKTHOH rpaHy- 7 

JHIUHH WJiaKa 

J 8 2 1 

B 3aBI1CI1MOCTH OT CKOpOCTH Bparn:eHI151 6apa6aHa TOJIW:I1Ha KOpK11 

uaJiwniiiero IIIJiaKa cocTaBJI51eT 2-15 MM. IIIJiaK B saHHe no.u

;~ep:lK11BaeTC51 B pacnJiaBJieHHOM COCT051HI111 3a C'IeT TIO,UOrpeBa 

HarpeBaTeJieM 6, a Ha.TII1nllla51 OTBep)I(L(eHHa51 KOpKa cpe3aeTC51 IIIJia

KOCHI1MaTeJieM 7, 11 TIOJiy'IeHHhie rpaHyJihl c6paCbiBaiOTC51 B 6yHKep. 

Bo.ua B 3MeeBI1Ke npespaw:aeTc.s~ B nap, TenJio KOToporo Mo:lKeT 

yTHJII1311po saTbC51. 

0.UHHM 113 cnoco60B YfHJIH3aU:I1H IIIJiaKOB 51BJ151eTC51 npOH3BO.UCTBO 

IUJiaK06eTOHa - JiefKOfO 6eTOHa, B KOTOpOM B KalJeCTBe 06Jier'IeHHOfO 

'laTIOJIHHTeAA HCTIOJih30BaH IIIJiaK. llp11'IeM BMeCTO neCKa np11MeH51eTC51 

MeJIKHH rpaHyJI11pOBaHHbiH IIIJiaK, a B KalJeCTBe KpynHOfO 3anOJIHHTeJI51 

(me6H.s~) - KYCKOBOH TOTIJIHBHhiH IIIJiaK. IIIJiaK .u.rr.s~ 113fOTOBJieHI151 

apM11pOBaHHOf0 IIIJiaKo6eTOHa He ,UOJI:lKeH CO,Uep:lKaTb B 60Jibllli1X 

KOJII11JeCTBax coe.ui1HeHI151 cepbi (He 6oJiee 3 %) 11 qacT11U:hi 

HecropeBIIIero yrAA (He 6oJiee 3 %), TaK KaK np11 6oJiee BhiCOKOM 11x 

co.uep:lKaHI111 np011CXO,UI1T KOpp031151 CTa.TibHOH apMaTypbi 11 CHI1:lKeHI1e 

llpO'IHOCTHbiX CBOHCTB KOHCTpYKUI1H. 
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/lepepa6omKa npOMbiUJAeHHbiX omxoao8 

06oeMHasi IIJIOTHOCTb lliJiaKo6eToHa cocTaBJUieT 1400-1600 Kr /M 1, 

npo'IHOCTb np11 c)l(aTI111 - .uo 10 Mila. Ero 11cnoJih3YIDT B cTpo 

11TeJibCTBe ,UJI51 113fOTOBJieHI151 JiefKI1X nepeKpbiTI1H, CTp011TeJibHbiX 

6JIOKOB 11 KaMH51, 11CnOJib3yeMbiX ,UJI51 KJia,UKI1 CTeH. 

IlpOU360acm60 neM3bt U3 aoMeHHblX UtJlQK06. Ilp11 np0113BO,UCTJI!' 

JierKI1X 6eTOHOB 11 KOHCTPYKU:I1H, a TaKXe TenJIOI130JI51U:I10HHbJX 

JacbiTIOK 11CnOJib3YIOT mepM03Um (UtflaK06Y10 neM3Y)- 11CKYCCTBeHHbiB 

nop11CTbiH 3anOJIHI1TeJib, noJiy'IaeMbiH Bcny'II1BaHI1eM pacnJiaBOII 

MeTaJIJiypr111JeCKI1X lliJiaKOB np11 11X 6biCTpOM OXJia)I(,UeHI111 orpa~ 

HI11JeHHbiM KOJII11JeCTBOM BO,Ubl C nocJie,UyiOW:eH Kp11CTaJIJII13aU:I1eH It 

OT)I(I1MOM o6pa3yiDrn:eti:c51 nop11cToti: Macchi. Cpe,UH5151 nJIOTHOCTJ, 

TepM0311THoro necKa He npeBbilllaeT 1200 Kr/M3• TepM0311TH&Iti: w:e6eHJ, 

BbiTIYCKaeTc51 Tpex MapoK- C nJIOTHOCTbiO 400, 600 11 800 Kf/M 3
• 

HcnoJih3oBaHI1e TepMoJHTa B Ka'IeCTBe JanoJIHHTemi L(Jijl H3ro

TOBJieHI151 JierKI1X 6eTOHOB 11 TenJIOI130JI51U:I10HHbiX CTp011TeJibHbJX 

MaTep11aJIOB n03BOJI51eT CHI1311Tb Macey orpa)I(L(a10W:11X KOHCTPYKU:Htl 

3,UaHI1H no cpaBHeHI110 C K11pn11'IHbiMI1 Ha 10-15 % 11 CHH311Tb paCXO)\ 

u:eMeHTa Ha 15-20 %. 
ooJihllli1HCTBo csoti:cTB TepM03HTa 3as11c11T oT ero cTpyKTypbl 

IlpH CO,Uep)l(aHI111 B HeM 40-60 % (no Macce) MHKpOKpHCTaJIJII11JeCKHX 

o6pa3oBaHI1H .UOCTHraiOTC51 MaKCI1MaJibHbie npO'IHOCTHbie CBOHCTB:t 

MaTep11aJia. qeM Bblllle pa3Mep nop, TeM Hl1)1(e npO'IHOCTb TepM0311T<l 

11 60Jibllle paCXO.U U:eMeHTa np11 113fOTOBJieHI111 6eTOHOB C ero 

np11MeHeHI1eM. 

06pa3oBaHI1e nop B lliJiaKe 51BJI51eTC51 CJie,UCTBI1eM Bbi,UeJieHml 

ra30B, o6pa3yiDW:I1XC51 np11 B3ai1MO,UeHCTB1111 C BO.UOH cyJib¢li1.UOII 

MeTaJIJIOB, Haxo.u51W:I1Xc51 B lliJiaKe. X11MI11JecKasi peaKU:I151 npoTeKaeT n 
.usa 3Tana: 

MeS + Hp = MeO + H 2S 11 2H2S + 302 = 2Hp + 2S02, 

r.ue Me - Ca, Mg, Mn, Fe. 

Bo.ua, noMI1MO yqacT1151 B peaKU1111 raJoo6pa3oBaHI151, BbiTIOJIH51eT 

poJih oXJia)I(L(aiOw:ero areHTa 11 noBbilllaeT M3KOCTh lliJiaKa 11 ero cno

co6HOCTb y.uep)I(HBaTb ra3bl. Ilo3TOMY ,UJI5I npaBHJibHOH opraHI13aU:HJ-1 

npou:ecca Heo6XO.UI1M XOpOlll11H KOHTaKT BO.Ubl CO lliJiaKOM. 

KaqecTBO noJiyqaiDw:eti:c51 neM3bi ou:eHI1BaeTc51 ee IIJIOTHOCTbiO, 

npO'IHOCTbiO, MOp030CTOHKOCTbiO, TeiiJionpoBO,UHOCTbiO, )l(apOCTOH

KOCTbiO 11 ,Upyri1MI1 CBOHCTBaMI1, KOTOpbie 3aBI1C51T OT ee nop11CTOCTH, 

onpe.ueAAeMoti: no ¢>opMYJie: 
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r A a 8 a 8. YmUAU3al{UH UJJWKOB, 30Abl, OZHeynopoB u zope;wii 3e.MJIU 

(8.I) 

r.D;e vn - nopi1CTOCTb lllJiaKa, %; PK- nJIOTHOCTb neM3bl B KycKe; 

Pw - nJIOTHOCTb 11CXO.D;HOfO lllJiaKa B KycKe. 

3aBI1C11MOCTb Me)l()(y nJIOTHOCTbiO neM3bl B KycKe 11 HaCblnHOH 

llJIOTHOCTbiO Bblprur<:aeTCH ypaBHeHI1eM: 

(8.2) 

r.D;e K- Ko3¢lqmu:11eHT, o6bPIHo cocTaBJIHJOIU11H I ,6-2,5; pH - Ha

ChinHM llJIOTHOCTb neM3bl. 

Cyru:ecTByJOT pa3JIWIHbie cnoco6bi noJiyqeHHH neM3bl, 113 KoTopbiX 

Hai160Jiblllee pacnpOCTpaHeHI1e nOJiytii1JI 6acceHHOBbiH, np11 KOTOpOM 

uiJiaK c TeMnepaTypoif I260-I320 ·c o6pa6aTbmaeTcH B BaHHax-

6acceifHax BO.D;OH no.D; .D;aBJieHI1eM 0,08-0, I Mila. 

Pacxo.D; BO.D;bi cocTaBJIHeT 0,2-0,4 M 3 /T rnJiaKa. IlocJie Bcny

'111BaH11H nOJiyti11BlllaHCH Macca OXJia)l()(aeTCH B TeqeHI1e 3-5 q .!1;0 

l00-I50 ·c Ha npoMe:>KYfO'IHOM cKJia.n;e, 3aTeM .D;po611TcH Ha BaJIKOBbiX 

.D;po611JIKax 11 copTI1pyeTcH Ha rpoxoTax. 

EoJiee nporpecci1BHblM HBJIHeTCH 6apa6aHHbiH np11ne1JHOH cnoco6 

noJiyqeHHH neM3bi (p11c. 8.4). 
IIIJiaK 113 KoBrna 1 cJII1BaeTcH no HaKJioHHOMY :lKeJio6y 2 B 

np11eMHYIO BaHHy J, r.D;e npe.D;Bapi1TeJibHO Bcny'II1BaeTCH nO.D; B03-

.D;eHCTBI1eM CTpyif BO.D;bl, BblXOMIUeif 113 rH.D;pOHaCa.IJ;K11 nO.D; .D;aBJieHI1eM 

AO 0,8 Mila. 3aTeM Bcny'II1BlllaHcH nJiacTI11JHaH Macca no Han

paMHJOIUeMY JIOTKY 5 no.D;aeTCH Ha JionacTHOH 6apa6aH 6, Ha HapY:lKHOH 

llOBepXHOCTI1 KOTOpOrO 11MeJOTCH nep<f>opl1pOBaHHbie nOJibie pe6pa. 

Bo.D;a, no.D;aBaeMM BHyTpb 6apa6aHa, 3a cqeT ero Bparu:eH11H OT-

6pacbiBaeTcH Ha U:11JII1H.D;p11qecKyJO noBepXHOCTb 11 qepe3 OTBepCTI1H B 

pe6pax pa3611BaeT rnJiaK Ha rpaHyJihi. Pacxo.D; BO.D;bi cocTaBJIHeT 

l M3 /T rnJiaKa. IloJiyqaeMM rpaHyJII1poBaHHM neM3a 11MeeT pa3Mepbi 

8-I6 MM 11 HaCbinHYIO nJIOTHOCTb 650-850 Kf/M3. 

HecMoTpH Ha 6oJiee BblCOK11H pacxo.D; BO.D;bi no cpaBHeHI110 c 

6acceifHOBblM cnoco60M, 3Ta TeXHOJIOfi1H 6oJiee 3KOJIOf111JHa 11 

3¢l¢leKT11BHa, TaK KaK 3TOT cnoco6 OTJII11JaeTCH He6oJiblllUM Bbi.lle

JieHI1eM cepHI1CTbiX ra30B 6Jiaro.D;apH cpaBHI1TeJibHO KOpOTKOMY 

KOHTaKTy ropH'l11X lllJiaKOB C BO.D;OH. 

JlpOU360acm60 w,e6HR U3 aoMeHHOZO UIJlQI(.Q . .[lo 20 % o6pa3yJOIU11XCH 

.D;OMeHHbiX IIIJiaKOB nepepa6aTbiBaeTCH B ru:e6eHb, KOTOpblH 11CnOJib-

3yeTCH .D;JIH ycTpoifcTBa ocHoBaH11H Bcex BI1.D;OB .D;opor. HyJieByJO 
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llepepa6omKa npoMbi/UJleHHbiX omxoao8 

PHc. 8.4. TexHonorwiecKaH cxeMa nonytieHHH neM3bi c npHMeHeHHeM no

nacTHoro 6apa6aHa: 

] - KOBW CO WJiaKOM; 2 - HaKJIOHHbl:ti :lKeJio6; 3 - npHeMHaH BaHHa; 4 -
3KpaH; 5 - HanpaBJIHIOillH:t\ JIOTOK; 6 - JIOTiaCTHO:ti 6apa6aH; 7 - rpeH

cpepHbl:ti KpaH 

¢lpaKU:HIO pa3MepOM .UO 5 MM, KOTOpyiO Ha3hiBaiOT IIIJiaKOBOtf MeJIO'IhiO, 

06Jia,UaiOI.IzyiO BIDK)'ll.U1MH CBOlfcTBaMH, HCTIOJih3YIOT np11 113fOTOBJieHHH 

MOHOJIHTHhiX IIIJiaK06eTOHHhlX OCHOBaHM:H. 

Tpe6osaHHH, npe.unHBJIHeMhre K w:e6HIO, onpe.uenHIOTCH o6nac

THMH ero TipM:MeHeHM:H. 0,UHHM H3 Ba:lKHhlX TIOKa3aTenei1: HBJIHeTCH 

MOp030CTOHKOCTh rn:e6HH, 3a KOTOpyiO npM:HM:MaeTCH KOJIM:lJeCTBO U:HK

JIOB 3aMep3aHHH H OTTaM:BaHM:H, Bhi,Uep:lKHBaeMoe HaCbiW:eHHhlM BO,UOH 

w:e6HeM 6e3 113MeHeHM:H csoeii npOtiHOCTH. Cyw:ecTBYIOW:M:e MapKH 

rn:e6HH M:MeiOT MOp030CTOHKOCTh 15, 25, 50, 100, 150, 200 11 300, T.e. 

Bhi,Uep:lKHBaiOT KOJIM:tieCTBO UHKJIOB 3aMOpa:lKM:BaHHH-pa3MOpa:lKHBaHHH 

(Mp3), paBHOe HOMepy MapKH . .ll.JIH np0113BO,UCTBa 6eTOHOB HCTIOJih-

3YIOT w:e6eHh c BeJIHtiHHOH Mp3 = 300. <l>opMM:posaHM:e Heo6xO.U11MOH 

cTpYKTYphi w:e6HH .uocTM:raeTCH peryn11posaH11eM CKopoCTH CJIM:Ba 11 

OXJia:lK,UeHHH pacTIJiaBJieHHOfO IIIJiaKa. IJonyqeHHIO KpHCTaJIJIHtieCKOH 

CTpYKTYPhi cnoco6cTsyeT Me,UJieHHOe OXJia:lK,UeHM:e IIIJiaKa. 
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Hau6onee pacrrpocTpaHeHHbiM HBJUieTcH TpamrretfHbiH crroco6 

npou3Bo.n:cTBa me6HH, npu KoTopoM WJiaK cnusaeTcH B TpaHweu oKoJio 

JlOMeHHbiX neqetf. TexHonoruqecKaH cxeMa npou3Bo.n:cTsa me6HH H3 

)lOMeHHOfO WJiaKa IIOKa3aHa Ha pUC. 8.5. 

PHc. 8.5. TexHoJiorwiecKaH cxeMa npoHJBO)lCTBa me6HH H3 )lOMeHHoro 

IJJJiaKa: 

- caMOXO)I.HhiH KOnep; 2 - IJJJiaKOB03HhiH KOBIJJ; 3 - rpeti<J>epHbiH 

KpaH; 4 - npHeMHbiH 6yHKep; 5 - IIJiaCTHH'·IaThiH IIHTaTeJih; 6 - IUeKOBaH 

.llp06HJIKa; 7 - pOTOpHaH .llp06HJIKa; 8 - JieHTO'IHhiH KOHBetiep; 9 -
3JieKTpOMarHHTHhiH IJJK11B; 10 - rpoxoT; II - npoMe)l(yrO'IHhiH cKJia.u; I2-
CKlla.ll fOTOBOH npO)lYKU.HH; I3- norpy30'IHbiH 6yHKep; I4- IIO)I.BeCHOH 

3JieKTpOMarHHT 

OnTHMaJibHaH TOJIW:HHa cJioH WJiaKa rrpu cnuse ero B TpaHweiO 

COCTaBJIHeT 100-200 MM. 06bi'IHO IIJIOW:a.n:b TpaHWetf COCTaBJIHeT Ha 

OTe'!eCTBeHHbiX MeTaJIJiypru'!eCKHX 3aBo.n:ax 3-10 TbiC. M2. 

noJie3HaH TOJIW:UHa pa3pa6aTbiBaeMOfO B TpaHWee OCTbiBWero 

WJiaKa COCTaBJIHeT 4-5 M (BbiCOTa pe3a 3KCKaBaTopa). 06bi'IHO B 

TpaHWeiO CJIUBaiOT 25-40 napTHH WJiaKa C UHTepBaJIOM 20-30 MUH. 

nocJie 3TOfO WJiaK Me.n:JieHHO B Te'!eHUe 3-4 cyTOK OXJia)l()l.aeTCH, a 

3aTeM 3aCTbiBWHH CJIOH pa3pa6aTbiBaeTCH 3KCKaBaTOpOM H BbiB03HTCH 

Ha .n:po6JieHue. 

,UJIH .n:po6JieHUH 3aCTbiBWero WJiaKa HCIIOJib3YIOTCH meKOBbie, 

KoHycHbie, saJIKOBbie, poTopHbie u .n:pyrue .n:po6uJIKH. Hau6onee 

WHpOKO npuMeHHIOTCH W:eKOBbie .n:po6UJIKH npOH3BO.ll:MTeJibHOCTbiO 

300-400 Kr/'I. CTeneHb .n:po6neHHH orrpe)leJIHeTCH oTHoweHueM 
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flepepa6omKa npOMblUJAeHHbiX omxoao6 

MaKcuMa.JibHoro pa3Mepa KycKa .n:o u rrocJie .n:po6JieHu~, a 3<P<PeK
THBHOCTb .n:po6JieHu~ - Maccotf .n:po6JieHoro lliJiaKa Ha e.n:uHuu:y 
MOIUHOCTU .n:po6HJIKU (KI/KBT). 

TiocJie .n:po6JieHU~ IlpOH3BO.ll:HTC~ COpTUpOBKa H3MeJib'!eHHOfO 
umaKa Ha rpoxoTax. CopTupoBaHHbiH no <PpaKu:u~M me6eHb 
TpaHcnopTMpyeTC~ C noMOIUblO JieHTO'!HbiX KOHBetfepOB Ha CKJia.Il 
fOTOBOH npo.n:yKU:HH. 

flpouJeoiJcmeo MuHepalloeamHbtX u3iJe11uu. MeTannypruqecKue 
WJiaKU ~BJI~IOTC~ OTJIH'!HbiM CbipbeM H .ll:JI~ npOH3BO.ll:CTBa MH
HepaJibHOH BaTbi. BaTa COCTOUT H3 MUHepaJibHbiX BOJIOKOH .n:uaMeTpOM 
.n:o 7 MKM u .n:nuHoH: 2-10 MM. BbrcoKa~ nopucTocTb MHHepaJibHotf 
BaTbi, ee xuMu'!ecKa~ rrpupo.n:a o6ecnequsaiOT u:eHHbie 
3KCIIJiyaTaU:HOHHbie CBOHCTBa: TepMO-, BO.ll:O-, MOp030CTOHKOCTb. Tipu 
o6'beMHOH Macce 50-300 Kf/M3 K03<P<Puu:ueHT ee TenJionpoBO.ll:HOCTH 

COCTaBJI~eT 0,125-0,209 K):J::>I<:j(M·q·"C). 

OcHoBHbiM cbrpbeM M~ npoH3BO.ll:CTBa MHHepaJibHotf BaTbi cn}')l<aT 
KHCJibie .ll:OMeHHbie WJiaKH, 6oraTbie KpeMHe3eMOM H rJIHH03eMoM, a 
TaiOKe BarpaHO'!Hbie H MapTeHOBCKHe lliJiaKH. TipMHU:Un npOU3BO.ll:CTBa 
BaTbi OCHOBaH Ha pa36UBaHUH CTpyM pacrrJiaBa Ha 3JieMeHTapHbie 
CTpyHKH H nocJie.n:yiOmeH HX BbiT~)!(Ke. 

Hau6onee pau:uoHaJihHo rrpoM3BO.ll:HTb MHHepaJibHYIO BaTy H3 
nepBH'!Horo paciiJiaBa lliJiaKa 6e3 ero noBTopHoro nepeiiJiasa, KOTopbrtf 
Tpe6yeT .n:onoJIHHTeJibHoro pacxo.n:a 3Hepruu. CxeMa npoH3BO.ll:CTBa 
MHHepaJibHotf BaTbi H3 pacnnasa wnaKa noKa3aHa Ha puc. 8.6 .. 

PacnJiaBJieHHbiH lliJiaK H3 KOBWa ) no CJIHBHOMY )!(eJio6y 2 CTeKaeT 
B BaHHy-ne'!b 3, r.n:e no.n:orpesaeTc~ .uo 1400-1450 ·c, nepeTeKaeT 
B ne'!b-nHTaTeJib 4 u qepe3 JieTKY 5 no.n:aeTc~ B u:eHTpu<Pyry 6 .LLJI~ 
pacnbiJieHU~ H rrepeMeWUBaHU~ CO CB~3YIOIUHM, nocTynaiOIUHM H3 
eMKOCTH 12 . .Uanee B KaMepe 7 rrpoucxo.n:uT o6pa3oBaHue cbrporo 
MUHepaJioBaTHOfO KOBpa, KOTOpbiH no.n:aeTCH B KaMepy noJIH
Mepu3au;uu 8 u .n:anee Ha oXJia)!(.ll:eHue B KaMepy 9. BbicyweHHoe u 
oXJia)!(.ll:eHHoe rroJioTHo Hape3aeTc~ Ha Heo6xo.n:HMbre ra6apMTbi c 
noMOIUbiO HO)!(etf 10. TioJiy'!eHHbie MUHepaJioBaTHbie nJIHTbi 
yKJia.n:hrBaiOTc~ Ha rro.n:.n:oHhi 11. 

B JaBucuMocTu oT csotfcTB lliJiaKa B rre'!b 3 MOryT .n:o6asn~Tbc~ 
nO.ll:KMCJI~IOIUHe .n:o6aBKH .LLJI~ .ll:OCTU)!(eHU~ Heo6XO.ll:HMOfO COOTHO
WeHUH KpeMHe3eMa H fJIHH03eMa C OKCH.LJ,aMU KaJibU:HH H MafHH~, 
KOTOpoe .ll:OJI)!(HO COCTaBJI~Tb 1,2-1,5 (MO.ll:YJib KHCJIOTHOCTH). B Ka
'!eCTBe .n:o6aBoK ucrroJib3YfOT 6otf creKJia, 6a3aJibT, ropeJIYIO JeMJIIO u .n:p. 
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12 

PHc. 8.6. CxeMa npoHJBO.LlCTBa MHHepaJibHOH BaTbi: 

/- liiJiaKOB03; 2 - CJIHBHOH )l(eJio6; 3- BaHHa-ne'lb; 4- ne'lb-nHTaTeJib; 5 
- JieTKa; 6 - UeHTpH<J>yra; 7- KaMepa BOJIOKHOOCa)I(.LleHHH; 8 - KaMepa 

llOJIHMepH3aUHH; 9 - KaMepa OXJia)I(.LleHHH; IO - HO)I(H nonepe'IHOH H 

npo.noJibHOJ.i pe3KH; II - no.Ll.LlOHbi .LlliH ynaKOBKH; I2 - eMKOCTb .LlliH 

llOJIHMepHOrO CBH3YJOIUero; I3- 3Kcraycrep no.na'IH TenJIOHOCHTeJIH; I4-
BeHTHJIHTOp 

06pa3oBaHHe BOJIOKOH npoHCXOL{HT 3a C'leT B03,UetkTBH~ UeHT

po6e.:>KHbiX cJ.UI Ha cTpyiO pacnJiaBa WJiaKa. HaH6oJiblliM CKopocTb 

pacnbVIeHIDI CTpYH ,UOCTHraeTC~ npH O,UHOBpeMeHHOM B03,Uei.f:cTBHH 

lleHTpo6e)!(HbiX CJ.UI H noToKa neperpeToro .uo 400 ·c napa npH ero 

pacxo.ue 1,2-1,4 T/T BaTbi. 

B KaMepe BoJioKHooca)I(,UeHH~, npe.ucTaBJI~IOI..UeH co6oti 3aK

pbiTbiH MeTaJIJIH'leCKHH KOpo6, BOJIOKHa oca)I(L{aiOTC~ Ha CeT'laTbiH 

rpaHcnopTep H ynJIOTH~IOTC~ C nOMOJ..UbiO npH)!(HMHOfO 6apa6aHa ,UJI~ 

llpH,UaHH~ nOJIOTHy paBHOMepHOH TOJIJ..UHHbl H nJIOTHOCTH. 

B Ka'leCTBe CB~3YIOJ..Uef0 HCITOJib3YeTC~ TepMopeaKTHBHa~ <f>e

IIOJI<f>opMaJib,UefH,UHa~ CMOJia, KOTopa~ noJIHMepH3yeTC~ npH 160-
200 ·c. 

3Ta CMOJia ~BJI~eTC~ TOKCH'lHbiM npo,UyKTOM BcJie,UCTBHe CO

J(ep)!(aHH~ B Heti cBo6o.uHoro <f>eHoJia H uenecoo6pa3Ha ee 3aMeHa Ha 

HPYrHe MaTepHaJibi. 

npoMbiWJieHHOCTb BbinYCKaeT nJIHTbl C pa3JIH'lHbiMH ITJIOTHOCTbiO 

YKJia,UKH BOJIOKHa H CO,Uep)!(aHHeM <f>eHOJI<f>opMaJib,UefH,UHOH CMOJibl 

(ra6n. 8.2). 
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flepepa6omKa npoMblUJAeHHbiX omxoiJo6 

T a 6 n H u a 8.2 
MapKu MnnepaJIOBaTHbiX UJIHT (p- DJIOTHOCTb, 't0 - npo.QOJilKHTeJibHOCTJ. 

DOJIHMepH38QHH) 

THn nJJHTbi 
p, KffM

3 Pacxo.n cMOJJbl, 'tn, Mlffi 
Kr/M3 

MHrKaJI 75 7-9 7-9 
llOJJ}')KeCTKaJI 125 9-11 9-12 
)l(ecTKaJI 150 11-13 12-15 

HcnoJib3Y~ umaKH B J<aqecTBe HanoJIHHTeJI~, a TaiOKe B~)I()'W:He, 

noJiyqeHHbie Ha HX OCHOBe, npOH3BO.ll:~T CTeHOBbie naHeJIH M~ Ma

JI03TruKHOfO CTpOHTeJibCTBa, npOMbilliJieHHbiX KOHCTpYKI.lHH H nJIHT 

.n:opoxmoro noKpbiTH~. TexHoJiorHqecKAA cxeMa uexa no nepepa6oTKC 

150 Tb!C. M 3 /ro.n: WJiaKOB, 60~ KHpiTH'Ia, .n:pymx MHHepaJibHbiX OTXO.ll:Oll 

c nonyqeHHeM CTpOHTeJibHbiX .n:eTanetl: npHBe.n:eHa Ha pH c. 8. 7. T11nosoi1 

npoeKT, ocHoBaHHbiH Ha Mo.n:yJihHOH KOHCTPYKUHH pa3MepoM 

30x 62x12,5, co6HpaeMotl: B TetieHHe 7-10 .n:Hetl:, o6ecneq11saeT 

npOH3BO.ll:CTBO TaKHX .n:eTaJietl: B KOJII-{qecTBe 50 Tb!C. T/ro.n:. 06o

py.n:oBaHHe, BKJHOt{aH KJlaCcH<flHKaTOpbl, .n:po6HJIKH, MeJibHHUbl H T . .Il., 

MOHTHpyeTCH Ha paMHbiX KOHCTpyKUHHX. 

JlpOU3600Cm60 UJ./WKOCUma.Jl/106. llpeBOCXO.ll:HbiMH MaTepHaJiaMH, 

noJiyqaeMbiMH H3 .n:oMeHHbiX lliJiaKoB, ~BJI~IOTc~ lliJiaKOCHTaJIJibi. OHI-t 

COCTO~T H3 MeJib'laHWHX KpHCTaJIJIOB CTeKJia pa3MepoM He 6oJiee 2 
MKM H aMopq)HOH CTeKJIOBH.D:HOH MaCChi, o6'beM KOTOpOH COCTaBJI~eT 
He 6oJiee 40 %. CBOHCTBa UIJiaKOCHTaJIJIOB 3aBHC~T OT COOTHOWeHJ-151 

KpHCTaJIJIHqecKOH H aMopq)HOH <Pa3, XHMHqecKOfO COCTaBa UIJiaKOB, 

BH.D:a H KOJIHqecTBa KaTaJIHTHt{eCKHX .n:o6aBOK, napaMeTpOB TeX

HOJIOfHqecKOfO npouecca H3fOTOBJieHH~. 

B COCTaB lliJiaKOCHTaJIJIOB BXO.D:~T OKCH.ll:bi KpeMHH~, aJIIOMHHH~, 

KaJibUH~, MafHH~, MapraHua, )l(eJie3a, THTaHa, HaTpH~, UHHKa, a TaK)I(C 

<PTop. illJiaKOCHTaJIJibl B Macce OKpaweHbl B 6eJibiH, cepb!H HJIH qepHbiH 

UBeTa. illHXTa~ ITOJiyqeH~ lliJiaKOCHTaJIJia COCTOHT H3 H3MeJibtieHHOfO 

.n:oMeHHoro wJiaKa (.n:o 60 %), necKa (35-40 %) H He6onbworo 

KOJIHtieCTBa .D:OOaBOK. l<aTaJIH3aTOpaMH KpHCTaJIJIH3aUHH CJIY)I(aT CYJih<PH.n:bl 

)l(eJie3a 11 MapraHua, co.n:ep)l(aw:Hec~ B wnaKe. LI:n~ npH.n:aHH5I 

lliJiaKOCHTaJIJiy 6eJioro UBeTa B llll-IXTY .n:o6a~IOT OKCH.ll: UHHI<a. llpouecc 

npOH3BO.D:CTBa lliJiaKOCHTaJIJia ocymecT~eTc~ B CTeKJIOBapeHHOH netiH. 
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PHc. 8. 7. TeXHonorHqecKrui cxeMa npoHJBO.llCTBa cTpoHTeJibHhiX aeTanei1 H3 WJiaKos: 
I - 3KCKasaTOp; 2 - apo6HJIKa MOJIOTKOBM; 3 - MeJihHHUa c cenapaTopoM; 4 - MeJibHHua; 5 - cenapa
Top MarHHTHbiH; 6 - Becbl; 7 - CMeCHTeJlb JionaCTHOH; 8 - fiapafiaH CyniHJibHbiH; 9 - TpaHCllOpTepbi; "' ~ 
10- HaKonHTeJih; II- uiHeKOBhiH nHTaTeJih; I2.-:- .ll03aTop secosoi1; I3- poTOpHrui JIHHHH; I4- ycrnHOBKa ~ 

JJ)HI oqHCTKH raJa; I5 - napOB<UI cyliiHJIKa ~:::, 

~ 
1:: 



Ilepepa6omKa npoMbliUJleHHbiX omxoiJo6 

lllJiaKOCHTaJIJibl o6Jia.L{aiOT BbiCOKOH npo'IHOCTbiO Ha CX<aTue H 

Ha H3fU6: OHM npO'IHee, '!eM KaMeHHOe JIUTbe, KHCJIOTOynopH<HI 

KepaMuKa, ¢>ap¢>op H HeKOTOpbie npupO.ll:Hbie KaMHU. npo'IHOCTio 

WJiaKOCUTaJIJIOB Ha H3fU6 npu6JIUX<aeTC~ K npo'!HOCTH qyryHa, 110 

3TOT MaTepuaJI Jierqe qyryHa B TpM pa3a. lllJiaKOCHTaJIJibl UMeiO'I 

BbiCOKOe COITpOTUBJieHue HCTupaHUIO: B 4-8 pa3 Bbillle, qeM y 
KaMeHHOfO JIUTb~, B 20-30 pa3 Bbillle, qeM y rpaHUTa H MpaMopa, II 

35 pa3 6oJibllle, qeM y ¢>ap¢>opa. lllnaKocuTaJIJibi Tenno- H 

MOp030CTOHKH, ycTOH'IHBbl K B03.ll:ei1cTBHIO KUCJIOT H menoqeti, 

HMeiOT HH3KHH K03¢>¢>uuueHT TepMH'!eCKOfO paclllupeHU~. 
nepequcJieHHbie CBOHCTBa WJiaKOCHTaJIJIOB onpe.n:eAAIOT o6JiaCTH 

UX npuMeHeHu~: H3 HUX .n:eJiaiOT JIUCTOBbie naHeJIU H Tpy6bi .LLJHI 

pa3JIU'IHOfO XUMU'!eCKOfO o6opy.n:oBaHU~, 3JieKTpOH30JI~TOpbl, 

3JieKTpoBaKYYMHbie H OITTU'!eCKHe npu6opbl, ITO.ll:lliMITHHKH H ¢>HJibepbl, 

MeJIIOmue rena u T . .n:. 

Oco6eHHocmu nepepa6omKu cmallenlla6UilbHbtX u ¢eppocnlla6Hb/X 
Ul/IGK06. nepepa60TKa CTaJienJiaBUJibHbiX H ¢>eppocnJiaBHbiX WJiaKOII 

UMeeT HeKOTOpbie oco6eHHOCTH ITO cpaBHeHUIO C nepepa60TKOl1 

.ll:OMeHHbiX lliJiaKOB, 'ITO CB~3aHo CO 3Ha'!uTeJibHbiM co.n:epX<aHUeM II 

HUX MeTaJIJia KaK B CB060.ll:HOM BU.ll:e, TaK H B BU.ll:e CITJiaBOB. 

OcHOBHbiMH su.n:aMu npo.n:yKuuu, nonyqaeMoli H3 ¢>eppocnnaB· 

HbiX lliJiaKOB, ~BJI~IOTC~ me6eHb, neCOK, KJIHHKep, rpaHyJIMpOBaHHbl~l 

lliJiaK u H3BJieqeHHbiH cnnaB, co.n:epxaHue KOToporo .n:ocTuraeT 2 %. 
l1cnoJib3oBaHue MeTaJIJia, co.n:epxameroc~ B lliJiaKe, oqeHb 3¢>

¢>eKTHBHO, TaK KaK OH Ha 30-40 % .n:ellleBJie MeTaJIJIU'!eCKOfO JIOMa. 

EX<efO.ll:HO OKOJIO 2 MJIH. T MeTaJIJia B BU.ll:e lliJiaKOBOfO CKpana B03-

BpamaeTC~ B nepennas. 

Cnoco6bi H3BJieqeHu~ cTaJiu H3 xu.n:Kux lliJiaKoB noKa He pa3pa-

6oTaHbi H3-3a onacHOCTH B3pbiBa npu KOHTaKTe X<H.ll:KOfO MeTaJIJI<I, 

co.n:epxameroc~ B lliJiaKe, C BO.ll:OH. no3TOMY MeTaJIJI H3BJieKaeTC~ 1-1'1 

lliJiaKa nocne ero oTBepX<.n:eHu~ u MHoroKpaTHoro .n:po6JieHu~ H 

cenapauuu. nepBH'!Ha~ nepepa60TKa npoBO.ll:UTC~ B lliJiaKOBWX 

oT.n:eneHu~x, a BTopuqHa~ - B .n:po6uJibHo-copTupoBO'!HbiX ycTa

HOBKax. npu nepBH'IHOH nepepa60TKe U3WJiaKa H3BJieKaeTC~ KpynHhlli 

CTaJibHOH CKpan. Co.n:epX<aH'ue lliJiaKa B HeM COCTaBJI~eT 5-7 %, 
IT03TOMY nocJie pa3.n:eJIKH Ha 6oJiee MeJIKUe KYCKH OH He HYX<.n:aeTC~ II 

O'!HCTKe H cpa3y nocTynaeT Ha nepenJiaB. npu nepBH'IHOH o6pa6oTKl' 

c noMomhiO MarHHTOB H3 WJiaKa H3BJieKaeTc~ .n:o 65 % co.n:epxamerocH 

B HeM MeTaJIJia. 0CTaJibHOH MeTaJIJI CHJibHO 3alliJiaKOBaH, OH MO)I(l''l 
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6biTh OT.ll:eJieH TOJihKO IlOCJie rrpe.n:BapHTeJihHOro H3MeJibqeHIDIIIIJiaKa H 

11CIIOJih30BaH B KaqecTBe .n:o6aBKH K lliHXTe . 

.LJ:po6JieHHe lliJiaKa ocyw:ecTBJI~eTc~ Ha meKoBhiX .n:po6HJIKax, 

CopTHPOBKa- B rpoxoTaX, TpaHCIIOpTHpOBKa- JieHTOt{HhiMH KOH

BetfepaMH. Tiepe.n: Ka}l{.ll:otf cTa.n:Hetf .n:po6neim~ H rrocne Hee rrpoH3-

BO.ll:HTC~ OT60p MeTa.JIJia IlO.ll:BeCHhiMH MafHHTHhiMH cerrapaTopaMH. 

Tiepepa6oTKa lliJiaKoB MoX<eT ocyw:ecTBJI~ThC~ Ha .n:oo6opy

J(oBaHHhiX MarHHTHhiMH cerrapaTopaMH M06HJihHhiX .n:po6HJihHO

copTHpOBOt{HhiX ycTaHOBKaX, HCIIOJih3yeMbiX IlpH ropHbiX pa6oTaX. 

Oco6eHHocmu ymu11u3au,uu UJ.IIOK06 u,eemHoii Memallllypzuu. 
MeTa.rrnyprHqecKRe wJiaKH, o6pa3yiOw:Hec~ rrpH BhiiiJiaBKe useTHhiX 

MeTa.JIJIOB, OTJIHqaiOTC~ ITO XHMHt{eCKOMY COCTaBy H CBOHCTBaM. 06neM 

HX o6pa3oBaHH~ B .n:ec~TKH pa3 rrpeBhilllaeT o6oeM o6pa3oBaHH~ 

mnaKoB rrpH rrpoH3BO.ll:CTBe TaKoro xe KOJIHqecTBa qyryHa. TaK, ecJIH 

IlpH BhiiiJiaBKe 1 T qyryHa o6pa3yeTC~ .ll:O 1 T lliJiaKa, TO IlpH BhiiiJiaBKe 

I T Me.n:H H HHKeJI~ o6pa3yeTc~ .n:o 30 H .n:o 150 T IIIJiaKa Ha 1 T MeTa.rrJia 

COOTBeTCTBeHHO. 

Exero.n:Ho B useTHotf MeTa.rrJiyprHH o6pa3yeTc~ .n:o 1 0 MJIH. T 

IJlJiaKOB, ypoBeHb HCIIOJih30BaHH~ KOTOphiX He rrpeBbiWaeT 15 %. B 
"IHat{HTeJibHOH Mepe 3TO o6n~CH~eTC~ TeM, t{TO B WJiaKaX UBeTHOH 

MeTa.rrJiyprHH co.n:epX<HTC~ ueHHoe MeTa.rrJiyprHqecKoe Chiphe H rre

pepa6oTKa HX Ha CTpOHTeJibHbie MaTepHa.Jihl MeHee 3QJQJeKTHBHa, tieM 

IIOTeHUHa.JlhHOe ero H3BJieqeHHe. TioCKOJih~y paUHOHa.JlbHa~ TeX

HOJIOfH~ H3BJieqeHH~ UeHHhiX MeTa.JIJIOB H3 3.THX WJiaKOB IIOKa He 
C03.ll:aHa, 3HatiHTeJibHa.H HX tiaCTh BpeMeHHO c6paCbiBaeTC.ll B OTBa.JI Ha 

xpaHeHHe. 3TO OTHOCHTC.ll, B tiaCTHOCTH, K WJiaKaM CBHHUOBOfO H 

Me.n:Horo IIpOH3BO.ll:CTBa, KOTOpbie tiaCTH'IHO HCIIOJ1h3YIOTC.ll .ll:JI.ll H3fO

I"OBJieHH.ll Me.ll:HCTOfO tiyryHa H Me.ll:HOUHHKOBOfO CIIJiaBa. 

B lliJiaKax Me.n:Hotf rrpoMhilliJieHHOCTH co.n:epX<HTC~ 0, 3-1, 1 % Me.n:H, 

OKOJIO 5 % UHHKa, CBHHeU, 30JIOTO, cepe6po H .n:pyrHe ueHHbie MeTaJIJibi. 

.LJ:AA rrepepa6oTKH lliJiaKOB UBeTHOH MeTa.JIJIYPrHH B CTpOHTeJibHbie 

MaTepHa.Jihl Heo6XO.ll:HMO opraHH30BaTb BHaqa.rre HX YTHJIH3aUHIO C 

l(eJibiO H3BJieqeHIDl UBeTHhiX H pe.n:KHX MeTaJIJIOB, T. e. rrepepa60TKa 

IIIJiaKOB UBeTHOH MeTa.JIJiyprHH .ll:OJIX<Ha 6biTh KOMIIJieKCHOH. 

Tiepepa6oTKa TaKHX lliJiaKOB rrpoH3BO.ll:HTC~ B TpH CTMHH: 

• H3BJieqeHHe useTHhiX MeTaJIJioB; 

• H3BJieqeHHe xene3a; 

• HCIIOJih30BaHHe CHJIHKaTHoro OCTaTKa .ll:AA IlpOH3BO.ll:CTBa CTpO

IITeJihHhiX MaTepHa.JIOB. 
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llepepa6omKa npOMblUI/IeHHbiX omxoiJo6 

IllnaKa Me,n:HoH: rrpOMbiiiiJieHHOCTif, co,n:epxamae MeHee 0,3 % 
Me,n:a, cqaTaiOTCH OTBaJibHbiMif. Bee OCTa.TibHbie IIIJiaKif If.ll:YT HU 

.n:orroJIHft:TeJibHyro rrepepa6oTKY c u:eJibiO If3BJieqeHft:H Me.n:a a ,n:pymx 

U:BeTHbiX MeTaJIJIOB. 

KoHBepTepHbie wnaKa Ha Bcex Hft:KeJieBbiX 3aBo,n:ax no.n:nexaT 

.ll:OIIOJIHft:TeJibHOMy o6e,n:HeHft:IO, IIOCJie qero HCIIOJib3YIOTCH .Uml 

cTpoaTeJibHbiX u:eneH:. 

UJJiaKif CBifHU:OBOU:IfHKOBOfO Ilp0If3BO.ll:CTBa TaKX<e .ll:OIIOJI

Hft:TeJibHO nepepa6aTbiBaiOTCH. 

llapoMeTaJIJiyprnqecKae cnoco6hi ft:3BJieqeHft:H u:BeTHhiX MeTaJIJion 

If3 WJiaKOB OCHOBaHbi Ha BOCCTaHOBJieHiflf OKCif.ll:OB yrJieM, KOKCOM, 

Kap6a,n:oM Ka.TibU:IfH, qyryHoM, rrpapo,n:HbiM ra3oM a .upyrft:Mlf MaTe

paa.TiaMa. llplf 3TOM pacxo,n:yeTCH 3HaqaTeJibHOe KOJIIfqecTBO 3Hep

ropecypCOB, a arrrrapaTypHoe o<PopMJieHae rrpou:ecca cnoxHo a .n:oporo, 

B pe3yJibTaTe qero 3Tlf crroco6bi He Bcer.n:a 3<P<PeKTifBHhi. 

3HaqHTeJibHoe o6e.n:HeHae wnaKa KlfCJiopo.n:Ho-<PaKeJibHo~ 
IIJiaBKif ITO Me,n:If .ll:OCTiffaeTCH IfCIIOJib30BaHft:eM B KaqecTBe BOC

CTaHOBft:TeJIH aJIIOMft:HlfHCO.D:epX<aW:ft:X OTCeBoB If3 aJIIOMft:HlfeBbiX 

Jlft:TeHHbiX IIIJiaKOB If IllfplfTHOfO KOHl.(eHTpaTa. 

llepepa6oTKa IIIJiaKoB ocyw:ecTBJIHeTcH B 3JieKTporreqax, B Ko

TOpbre 3aJiaBaeTcH X<If.ll:KlfH IIIJiaK a 3arpyxaeTcH yrnepo,n:acTbi~ 

BOCCTaHOBft:TeJib B KOJift:qecTBe 6-8 % OT MaCChi WJiaKa, KBapu;eBbi~ 
<Pnroc a Me.n;HoHaKeneaaH py,n:a. 

BoccTaHoBJieHae U:IfHKco.uepxamax wnaKoB no3BoJIHeT .n:oH3-

BJieKaTb THX<eJibie u:BeTHbie MeTaJIJibi. B pe3yJibTaTe BeJibU:eBamuJ 

( OKifCJIHTeJibHO-BOCCTaHOBft:TeJibHOfO npou;ecca) WJiaKoB CBifHU:OBO~ 

nJiaBKif .UOif3BJieKaiOT U:IfHK If CBft:Heu;. 0TBa.TibHbiH KJIIfHKep MOX<HO 

IfCIIOJib30BaTb KaK Cbipbe MH IIpOif3BO.ll:CTBa CTpoH:MaTepft:a.TIOB. 

TeMrrepaTypa B pa3rpy3oqHoti qacTa BeJibu;-rreqa no.n:,n:ep)I(IfBaeTcH 

B ft:HTepBa.Tie 1150-1250 "C, Ha Bblxo.n:e ra3oB If3 rreqa 580-650 ·c. 
llplf 3TOM IIpOu;ecce B03fOHHeTCH B Blf.D:e OKCif.ll:OB U:IfHKa .ll:O 95 % 11 

CBifHU:a.n:o 92 %. KJlft:HKep, COCTaBJIHIOW:IfH 75-85% OT MaCChi IIIJiaKa, 

If3MeJibqaeTCH If IIO,n:BepraeTCH MarHft:THOH cenapau;Iflf B HeCKOJibKO 

cTa.uati. MarHft:THhiH KoHu:eHTpaT acnoJih3yroT B CBifHU:QBOM npo

If3Bo.n;cTBe, a HeMafHifTHyiO COCTaBJIHIOW:YIO - .ll:JIH IIOJiyqeHIHI 

CTpOft:TeJibHbiX MaTepft:aJIOB If ac<PaJibT06eTOHOB. 

llo TeiiJIO<Plf3ft:qecKft:M If rrpoqHoCTHbiM CBOHCTBaM, If3HOCO

CTOHKOCTif, KlfCJIOTOCTOHKOCTif IIIJiaKif U:BeTHOH MeTaJIJiyprlflf 3Ha

qaTeJibHO rrpeBoCXO,n:HT .D:OMeHHbie IIIJiaKft:. 113 Hft:X IIoJiyqaroT Te )J(C 
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CTpOI-l'IeJibHbie MaTepHa.Jibl (neCOK, I.I.J;e6eHb, u;eMeHT), 'ITO H U3 ,ll;OMeHHbiX 

JWiaKOB. 

8. 2. YmUJlu3al.lrUJl 30Abt u monAuBHbtx UJAaKoe 

3HaquTeJibHOe KOJIUqeCTBO I.UJiaKOB H 30Jibl o6pa3yeTCH npu C)!(U

raHUH TBep,ll;biX TOIDIHB. Hx KOJIUqeCTBO (%) COCTaBJIHeT npu C)!(UfaHUU: 

Eyporo yrm1 ........ . 
.KaMeHHoro yrm1 ... . 
AHTpamrra ......... . 
Top<pa .............. . 

.[ijJoB ................ . 
~aJyra ............. . 
OnmueB ........... . 

10-15 
3-40 
2-30 
2-30 

0,5-1,5 
0,15-0,2 

50-80 

HcnoJib3oBaHue oTxoLJ;oB TenJio::meKTpOCTaHu;utf (T3C) uMeeT 

f>oJibi.Uoe 3KoHoMuqecKoe u 3KOJioruqecKoe 3HaqeHue, nocKOJibKY ux 

oqeHb MHOfO, a C03,ll;aHUe H CO,ll;ep)!(aHUe OTBa.JIOB Tpe6yeT 3Ha

'll1TeJibHbiX cpeLJ;CTB. 3a CYTKH pa6oTbi T3C MOI.I.J;HOCTbiO 1 MJIH. KBT 

c)lmraeT 10000 T yrJIH u Bbl,ll;eJIHeT 1000 T I.UJiaKa u 30Jibi. E)!(efOLJ;Ho MH 

·•axopoHeHHH TaKoro KoJiuqecTBa I.UJiaKoB npu BbiCoTe 3axo

poHem:tH 8 M Tpe6yeTcH 6oJiee 1 ra nJIOI.UaLJ;etf. 

30JIOI.UJiaKOBbie OTXO,ll;bi HBJIHIOTCH 3arpH3HUTeJIHMH OKp~aJOI.Uetf 

rpeLJ;bi. B 1994 r. npMHHTa <l>eLJ;epaJibHaH nporpaMMa no nepepa6oTKe 

loJioi.UJiaKoBbiX oTXOLJ;OB T3C Poccuu LJ;o 2000 r., npeLJ;ycMaTpuBaiOmaH 

t:TpOUTeJibCTBO npe,ll;npMHTHH no nepepa6oTKe HX B CTpOHMaTepUaJibl C 

uocJieLJ;yrometf peKyJihTHBau;ueli 3eMeJib. 

TonJIHBHbie I.UJiaKH no cocTaBy u cBotfcTBaM oTJiuqaiOTCH oT Me

rrurJiyprWieCKHX. 0CHOBHblMH KOMnOHeHTaMU 30JIOI.UJiaKOBbiX OTXO,ll;OB, 

o6pa3YIOI.UHXCH npu C)!(UfaHUH TBep,ll;biX TOnJIHB, HBJIHIOTCH OKCH,ll;bl 

KpeMHHH (19-65 %) H aJIIOMHHHH (3-39 %) H HeCropeBwHe qaCTHI.J;bi 

I"OriJIUBa (7-23 %). 
TeMnepaTypa B TonJIHBHhrx KaMepax coBpeMeHHbiX T3U LJ;OC

ntraeT 1600 "C, TOIDIHBO noLJ;aeTCH B KaMepy B nbmeBH,ll;HOM COCTOHHHH. 

06pa3YIOI.UHeCH H3 MHHepa.JibHOH qaCTH TOIDIUBa qaCTHI.J;bl nbillH UMeiOT 

pa3JIUqHbiH <PpaKIJ;UOHHblH COCTaB. npu pa3Mepe ,ll;O 100 MKM nbme-

1111,ll;Hble qacTHU:bi yHoCHTCH LJ;biMOBbiMH ra3aMu (3oJia-yHoc). EoJiee 

KpynHbie qacTHU:bi oceLJ;aiOT Ha noLJ; KaMepbr u onJiaBJIHJOTCH, o6pa3yH 

rTeKJioBHLJ;HYIO Macey, KOTopyiO 3aTeM noLJ;BepraiOT rpaHyJIHU:HH. 
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KonuqecTBeHHoe cooTHOllleHiie Me)!()ly 30JIOtf-yHocoM u lliJiaKoM 

3aBUCHT OT COpTa TOIIJIUBa H KOHCTpYKUHH TOnKH . .LJ:m1 O.UHOfO H TOfO 

X<e TOIIJIUBa U3 MUHepa.JibHOH qacTU B lliJiaK nepeXO.[(UT: B TOnKax C 

TBep.UbiM IilllaKoy.uarreHueM 10-20 %, B TOnKaX C )I(H.[(KHM lliJia

KOY.Ua.JieHueM- 20-40 %, B UHKJIOHHbiX TOnKaX- .[(0 85-90 %. 
3oJia-YHOC MO)I(eT UCnOJib30BaTbC~ B npOU3BO.[(CTBe CTpOHTeJibHbiX 

MaTepuarroB 6e3 .uonoJIHHTeJibHotf o6pa6oTKH (noMoJia, npoceusaH~ 

u T. n.). 
He11e~a~ 30Jia Mo)l(eT ucrroJib3osaTbC~ B rpaHyJiuposaHHOM su.ue 

B .UOpO)I(HOM CTpOUTeJibCTBe .[(11~ H3fOTOBJieHU~ OCHOBaHU~ yqaCTKOB 

napKOBKH asToMo6uJietf, seJiocune.uHhiX .uopo)l(eK, .uopor, Ha6e

pe)I(HbiX. Ee MOX<HO HCnOJib30BaTb B Ka'IeCTBe noKpb!TH~ Ha noJIUfOHaX 

~ pa3Mell.(eHJUI TBep.[(b!X 6biTOBbiX OTXO.[(OB. 

JleTyqyiO H HeJieTy'IyiO 30JIY MO)I(HO ucnoJib30BaTb Ka'IeCTBe 

UHepTHOfO HanoJIHUTeJI~ B ac<Pa.JibTaX. 

EoJiblllue B03MoX<HocTu YTHJIU3auuu 30Jibi cs~3aHbi c ee cop6-

uuoHHbiMH CBOHCTBaMu. ITo COCTaBy 30Jia 6JIU3Ka K HeopraHu'IeCKHM 

KaTuoHoo6MeHHHKaM - ueoJIHTaM, uMeiOmHM <PopMyJiy n Na20 · 
· m Si02 • k Al20 3. Hecropeslllue qacTHUhi yr11~, npMCYTCTBYIOmue B 

30Jie, TaK)I(e ~BJI~IOTC~ aKTHBHblM a.[(Cop6eHTOM no OTHOllleHUIO K opra

HU'!eCKHM Marro.uuccouuupyiOmuM semecTBaM. E11aro.uap~ 3THM 

CBOHCTBaM 30JIY MO)I(HO npuMeH~Tb .[(11~ O'IUCTKH CJia6o3arp~3HeHHbiX 
CTO'IHb!X BO.U. EMKOCTb 30Jibl KaK a.ucop6eHTa COCTaBJI~eT Mrjq: 3-10 
- no Me.uu, 2-5 - no uHHKY, 4-6,5 - no CBHHUY· CTeneHb oqu

CTKH CTO'!Hb!X BO.U onpe.ueJI~eTC~ KOJIU'IeCTBOM UCnOJib30BaHHOH 

.[(11~ 3THX ueJietf 30Jibl H KUCJIOTHOCTbiO paCTBOpa (Ta6JI. 8.3). 
l1J rrpuBe.[(eHHbiX .[(aHHbiX BH.[(HO, 'ITO IlpM CO.[(ep)l(aHUH 30Jibl 

3,0 rjJI paCTBOpa (HJIH CTO'IHOH BO.Ubl) O'IULI.(eHHa~ BO.[(a npaKTU'!eCKH 

He co.uep)I(HT UOHbl Me.[(U, CBHHua, UMHKa H Mbllllb~Ka . 

.LJ:JI~ onpe.ueJieHHH B03MO)I(HOCTU H HanpaBJieHHH HCIIOJib30BaHH51 

30Jibl Heo6XO.UUMO 3HaTb ee <PH3U'!eCKUe H XHMU'!eCKUe CBOHCTBa. 

XuMu'!ecKutf cocTaB 30Jibi BJiu~eT Ha ee cnoco6HoCTb K BhimeJia

qusaHuiO, a TaK)I(e onpe.ueJI~eT ee nose.ueHue npu cTapeHuH. 

Cl>U3U'!eCKUe CBOHCTBa 30Jibl (TaKue, KaK .UUCnepCHOCTb, ru.upaB

JIU'IeCKa~ nposo.uuMoCTh, nJioTHOCTb, ynJioTH~eMoCTh, npoqHoCTb, 

Hecyma~ cnoco6HoCTb u .up.) BJIH~IOT Ha npo'!HOCTHbie xapaKTe

pucTuKu H 3KCIIJiyaTaUHOHHbie CBOHCTBa noJiyqaeMb!X CTpOUTeJibHbiX 

MaTepuarros Ha ee ocHose. 

260 



r A a 6 a 8. YmUAU3a!4UR /WiaK06, 30Abl, 02Heynopo6 u zopeAoii 3eMJIU 

Ta6n H ua 8.3 
H3MeHeHHe CO,ll.ep.liUlHHJI HOHOB TJDKeJJbiX MeTaJJJlOB B paCTBOpe 

B 3aBHCHMOCTH OT KOJIJI'IeCTBa BBe,ll.eHHOii 30Jlbl 

KonH'-IeCTBo JOJibl, 
Co.nepJKaHHe HOHOB, Mr/JI 

r/JI pH Me.llH CBHHUa UHHKa MblllibJIKa 

0 6,5 0,25 6,6 0,47 0,18 
0,5 7,0 0,20 0,6 0,35 0,10 
1,0 10,4 0,10 0,6 0,28 0,06 
2,0 10,8 0,05 0,2 0,25 0,06 
3,0 10,9 <0,01 0,01 - -

HaH60nee Ba)I(HblMH HBJIHIOTCH HCIIbiTaHHH, IIpH KOTOpbiX 

onpe,uemleTCH CIIOC06HOCTb K BbilllenaqHBaHHIO pa3JIHqHblX COCTaB

JIHIOlllHX 30Jlbl. 0HH II03BOJIHIOT onpe,ueJIHTb IIOBe,UeHHe 30Jlbl H ee npo-

113BO.UHbiX IIpH 3KCIInyaTaUHH. 

fnaBHOH o6naCTbiO npHMeHeHHH TOII.JIHBHblX UIJiaKOB, TaK )l(e KaK 

11 MeTaJIJiyprHqecKHX, HBJIHeTCH npOH3BO,UCTBO CTpOHTeJibHblX Ma

TepHa.JIOB. Hx HcnonbJYIOT caMocTOHTenbHO, KaK Teii.JIOHJOJIHPYIOlllYIO 

'laCbinKy, H KaK KOMIIOHeHT MH npOH3BO.UCTBa UeMeHTa, raJo6eToHa, 

KepaM3HTo6eToHa, 30JibHOfO rpaBHH, fJIHHHHOfO H CHJIHKaTHOfO 

Kl1pnHqa. fipH HCIIOJib30BaHJ.i:H UIJiaK030JibHbiX B~lllHX nonyqaiOT 

6eToHbi c npoqHoCTbiO Ha C)l(aTHe .uo 40 Mlla. 

Toii.JIHBHbie UIJiaKH )I(H.QKoro y.uarreHHH MO)I(HO HCIIOJibJOBaTb B 

llpOH3BO.UCTBe OT,UeJioqHOH KepaMHqecKOH IIJIHTKH: IIpH CO,Uep)l(aHHH 

ll CMeCH .UO 30 % UlJiaKOB IIJIHTKa HMeeT OTJIHqHbie <PH3HKO

MeXaHHqecKHe CBOHCTBa H XOpOUlHH BHeUlHHH BH,li.. 

3oJia-yHOC cyxoro yJiaBJIHBaHHH MO)I(eT HCIIOJib30BaTbCH IIpH 

CTpOHTeJibCTBe aBTOM06HJibHbiX ,UOpor MH yKpenJieHHH rpyHTOB, B 

KaqecTse caMocTOHTeJibHoro Me.uneHHO TBep,ueiOmero BH~mero, a 

raK)I(e B coqeTaHHH c ueMeHTOM H HJBecTbiO. BoJMO)I(HO TaK)I(e 

11CIIOJib30BaHHe TaKOH 30Jibl H npH BbinOJIHeHHH rH,li.poTeXHHqeCKHX 

pa6oT: MH IIpOH3BO.UCTBa c6opHOfO )l(eJie3o6eToHa, H3fOTOBJieHHH 

fieToHHblX pacTBopoB npH cTpoHTenbCTBe nnoTHH, .uaM6 H .upyrHx 

1'11.UpoTeXHHqecKHX coopy)l(eHHH. TaKoi-i: onbiT HaKonneH npH 

crpoHTenbCTBe EpaTcKoi-i: f3C, Kor.ua 6blJia HCIIOJibJosaHa Jona 

J.1pKYTCKOH T3C-l. 
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O.uHaKo o6neMbi yTHJIH3aU:HH 30Jibi H TonJIHBHbiX UJJiaKoB s 

PoccHH noKa He3HaqHTeJibHhi. B OTJIHqHe oT nepe.uoBbiX cTpaH, r.ue 

06beMbi HCllOJlb30BaHHH TOnJIHBHbiX MHHepaJibHbiX OTXO.UOB 

.UOCTHraiOT 62 % BO <l>paHU:HH H 76 % B fepMaHHH, B POCCHH 

yTHJIH3HpyeTCH He 6oJiee 9 % TOnJIHBHbiX lllJiaKOB. 

8.3. Ilpou36oacm6o yao6peHw1 u3 UIJlaKo6 

B cBH3H c TeM qTo .uoMeHHhre UlJiaKH co.uep:>r<:aT coe.uHHeHH.SI 

<Poc<Popa, KaJibU:HH, MarHHH, pa3JIHqHbie MHKp03JieMeHTbi, HX HC

fi0Jlb3YIOT .li.JlH npOH3BO.UCTBa MHHepaJibHbiX y.uo6peHHH B <PopMe MyKH. 

Ha pHc. 8.8 npHBe.ueHa cxeMa npoH3BO.UCTBa <Poc<PaT-UlJiaKoBoro 

y.uo6peHHH H3 ocTeKJioBaHHoro KYCKOBoro UJJiaKa pa3MepoM 150-
200 MM. 

llepBHqHoe .LJ.p06JieHHe npOH3BO.UHTCH B UJapOBOH MeJibHHU:e C 

nepH<PepHHHOH pa3rpYJKOH. <l>paKUHH pa3MepOM 25 MM cenapHpyeTCH H 

TapeJibqaTbiM nHTaTeJieM no.uaeTCH B MeJibHHU:Y TOHKOrO llOMOJia, 

pa6oTarouzyro B JaMKHYfOM U:HKJie c B03.UYUJHbiM cenapaTopoM. MeJIKHe 

qacTHU:bi (.UO 2 MM) nona,uaiOT B U:HKJIOH, H3 KOTOpOro KOBlllOBbiM 

3JieBaTOpOM no.uaiOTC.SI B CHJIOCHbiH CKJia,u, a OTTy.LJ.a - B 6yHKep 

ynaKosoqHbiX MalllHH. BcH JIHHHH no.uKJiroqeHa K o6ecnbiJIHBaiOI.J.J;HM 

<PHJibTpaM H pa6oTaeT no.u He60JiblllHM BaKYYMOM. 

llpe.ucTaBJIHeT HHTepec HCllOJib30BaHHe B KaqecTBe y.uo6peHHH 

rpaHyJIHpOBaHHbiX lllJiaKOB, TaK KaK TaKOe y.uo6peHHe 6y.ueT pa3-

JiaraTbCH B noqse B TeqeHHe 10-15 JieT, nepe.uaBaH Bee 3TO BpeM.SI 

pacTeHHHM Heo6xo.uHMhre nHTaTeJibHbre semecTBa. TaKHe rpaHyJibl 

He nbiJIHT, He CJie:>r<:HBaiOTCH H He CMep3aiOTCH, a nOTOMy HX MO)KHO 

BHOCHTb B noqsy H JieTOM, H 3HMOH. CTOHMOCTb rpaHyJIHpOBaHHOrO 

UJJiaKa HH)Ke CTOHMOCTH MYKH. 

8. 4. YmWLU3Gt(Wl ompa6omaHHbtX ozHeynopHblX MamepuMo6 

llpH pa360pKe OrHeynopHOH <PyrepOBKH H KJia,n:KH neqej.j: 06-

pa3yeTCH orHeynopHbiH JIOM, npHrO.LJ.HbiH K .uaJibHeHUJeMy HC

nOJib30BaHHIO. OcHOBHoe KOJIHqecTBO orHeynopHoro JIOMa o6pa3yeTc}J 

Ha npe.unpHHTHHX qepHOH MeTaJIJiyprHH H B JIHTeHHbiX npOH3BO.UCTBaX 

MalllHHOCTpOHTeJibHbiX 3aBO.UOB. 3HaqHTeJibHOe KOJIHqeCTBO OrHe

ynopHOrO JIOMa o6pa3yeTCH B ycTpOHCTBax .li.JIH pa3JIHBKH CTaJIH, H 

npe)K.LJ.e Bcero B CTaJiepa3JIHBOqHbiX KOBlllaX, KOTOpbie <PyrepyiOTC.SI B 
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PHc. 8.8. TexHonomlJecKaH cxeMa npoM3BO.li.CTBa $oc$aT-rnnaKosoro 
Y.li.06peHMH: 

I- rpe:H!lJepHhiH KpaH; 2- npMeMHaH perneTKa; 3- npMeMHhiH 6yHKep; 
4 - KapeTKOBhiH nMTaTenh; 5 - waposaH MenhHMUa rpy6oro noMona; 6 -
JJieBaTop; 7- MarHMTHbiH cenapaTop; 8- neHTO'IHbiH KOHBeHep; 9- 6YHKep 
MeTanna; 10 - 3arpy30'IHhi:l1 6YHKep; 11 - Tapenh'laTbiH nMTaTenh; 12 -
111aposaH MenhHMUa TOHKoro noMona; 13 - MarHMTHhi:l1 cenaparop; 14 -
1103.li.YlllHbiH cenapaTop; 15 - UMKnOH; 16 - rnHeK; 17 - CMnoc; 18 -
llpoceMsaiOIUMHlllHeK; 19- npoMe)l(yTO'IHhiH 6yHKep; 20- ynaKOBO'IHaH 

MalllMHa 

263 



IIepepa6omKa npOMbi/WieHHbiX omxoiJoe 

OCHOBHOM aJIIOMOCHJIHKaTHbiMH OfHeyrropaMH. llpH peMOHTaX 

B03.UyxOHarpeBaTeJieM .LJ.OMeHHbiX H KOKCOBbiX rreqeif o6pa3yeTCH JIOM 

MyJIJIHTOKpeMHe3eMHCTbiX, MyJIJIHTOBbiX, MyJIJIHTOKOpyH.UOBbiX H 

KOpYH.LJ.OBbiX H3.ll.eJIHM. 

Ha rrpe.urrpHHT11HX <Pap<Popo-<PaHHcosoM:, 3JieKTpoKepaMH

qecKoM, a6pa3HBHOM rrpOMbiUJJieHHOCTH o6pa3yeTCH JIOM Kap6H.u

KpeMHHeBbiX H3.LJ.eJIHH. 

XlfMHqecKHH COCTaB H <PH3HqecKHe CBOHCTBa o6pa3yrow:eroc.SI 

orneyrropHOfO JIOMa He KOHTpOJIHpyroTCH. 

PaJ6opKa orneyrropHoH <PYTepoBKH rreqeil H .upymx TerrJioBbrx 

arperaTOB Ha 60JiblllHHCTBe rrpe.urrpHHTHH rrpOH3BO.UHTCH BpyqHyiO no 

3JieMeHTaM orneyrropHOH KJia.LJ.KH. 

PaJ6opKa <PyTepoBKH HaqHHaeTCH co cso.ua neqH. llepe.u ero 

o6pyweHHeM B rreqb BBO.LJ.HT CTaJibHbie KOpo6a, 3aTeM CBO.LJ. o6py

lllHBaiOT 3aBaJioqHoH MalllHHOH. llocJie 3TOfO Kopo6a C OTXO.LJ.aMH 

KJia.LJ.KH BbiHHMaiOT Ha pa6oqyro ITJIOW:a.LJ.Ky, r.ue rrpOH3BO.UHTCH rrep

BHqHaH pyqHaH pa360pKa. 3aTeM rrpOH3BO.LJ.HTCH pa360pKa TOpU:eBbiX 

CTeH rreqH. ,lLJrn Y.UaJieHHH OTpa6oTaHHbiX <PYTepOBOK B UlJiaKOBHKH 

BBo.um cKperrep- MaUJHHbi, KoTopbre rro.uaroT oTpa6oTaHHbre orHeyrropbi 

H UlJiaK B KOHTeHHepbl. .l1,aJiee KOHTeHHepbi TpaHCITOpTHpyiOTCH Ha 

COpTHpOBOqHbie nJIOW:a.LJ.KH. 

HaqaJibHaH cTa.uHH copTHpOBKH H3HOllleHHOH KJia.uKH Map

TeHoBcKHx rreqei{ rrpOHCXO.LJ.HT Herrocpe.ucTBeHHO Ha pa6oqHX ITJIO

W:a.LJ.KaX y CaMHX arperaTOB, r.ue rrpOH3BO.LJ.HTCH Bbi60pKa fO.UHOfO .li.Jl.SI 

ITOBTOpHOfO HCITOJib30BaHHH KHpiTHqa. fO.LJ.HbiH JIOM C06HpaeTCH B 

KOHTeHHepbi, KOTOpbie 3aTeM OTrrpaBJIHIOTCH ITOTpe6HTeJIIO. 0TXO.LJ.bl 

JIOMa, K KOTOpbiM OTHOCHTCH 6JIOKH q,yrepOBKH CO UlJiaKOM H MeTaJIJIOM 

pa3MepoM 6oJiee 500 MM, a TaiOKe MeJio% pa3MepoM MeHee 20-30 MM 

yxo.uHT B OTBaJI. flpou:ecc pyqHOH COPTHpOBKH OfHeyrropHOfO JIOMa 

OTJIHqaeTCH HH3KOH rrpOH3BO.LJ.HTeJibHOCTbiO H TIDKeJibiMH ycJIOBHHMH 

Tpy.ua. Ha HeKoTopbiX KpynHbiX MeTaJIJiyprHqecKHX KoM6HHaTax 

.ueHCTByiOT ycTaHOBKH ITO MeXaHH3HpOBaHHOH COpTHpOBKe OfHe

yrropHOfO JIOMa. 

llpH o6oraw:eHHH orHeyrropHoro JioMa .li.JlH HJBJieqeHHH qacTHU 

MeTaJIJia, HMeiOW:HXCH B UlJiaKe, HCITOJib3yeTCH MarHHTHaH cerrapau:HH. 

B 3TOM cJiyqae <PpaKUHH pa3MepoM MeHee 20 MM, ocTaBUJaHCH rrocJie 

pyqHOH COpTHpOBKH, rrocryrraeT B UlapOBbie MeJibHHU:bl, pa6oTaiOW:He 

B 3aMKHYTOM U:HKJie C fPOXOTOM, r.ue JIOM H3MeJibqaeTCH .LJ.O pa3Mepa 

qaCTHU: He 6oJiee 3 MM. JbMeJibqeHHbiH JIOM rro.uaeTCH Ha MarHHTHbie 
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cerrapaTopbi. 06w:aH cxeMa MarHHTHoi-i: cerrapau:HH orHeyrropHoro 

MarHe3Ha.JibHOfO JIOMa npe,UCTaWieHa Ha pHC. 8.9. 
06oraw:eHHe MeTO.UOM MarHHTHOH cerrapaU:HH Il03BOJIHeT 

IIOBbiCHTb KaqecTBO H YBeJIH:qHTb ofu.eM HCIIOJib30BaHHH OfHeyrropHOfO 

JIOMa. 

I JIOM J 
L 

H3MEJibqEHHE 
JIOMA B IIIAPOBOfl 

MEJibHHUE 

fPOXOqEHHE 

> 3 MM < 0,5 MM 

0,5-3 MM ~ 
MArHHTHMI I 3AIIOJIHHTEJib I 

CEllAPAUHH B llOJIE A.TIH BETOHOB 
1500 jpcTe.n. 

MArHHTHMI 
CEllAPAUHH B llOJIE 

2000 3pcTe.n. 

! ~ I METAJIJI I 
PHc. 8.9. CxeMa MarHHTHo1% cenapauHH MarHe3HaJihHoro JioMa 

0rHeyrropHbiH JIOM HCIIOJib3yeTCH KaK BTOpHqHoe Cblpbe .UJIH 

llpOH3BO,UCTBa orHeynopoB. illaMOTHbiH JIOM npHMeHHeTCH IIpH 

tnroToBJieHHH HOpMa.JihHOfO H BarpaHoqHoro KHpnHqa, B IlpOH3BO.UCTBe 

IIOpHCTOH KepaMHKH, )l(aponpoqHbiX 6eTOHOB. 

MarHe3Ha.JibHbiH JIOM HcnoJibJyiOT rrpH HJroToWieHHH rrepH

KJtaJoxpoMHToBbiX H XpOMHTOIIepHKJia30BbiX H3,UeJIHH H IIOpOlllKOB . 

./]oM ,UHHacoBbiX H3,UeJIHM IlpHMeHHIOT B orHeynopHOH IlpOMbllll-
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IIepepa6omKa npOMblutlleHHbiX omxoiJos 

JieHHOCTH npH H3fOTOBJieHHH 6eTOHHblX H nHHaCOBbiX 6JIOKOB, a TaiOKe 

nJIHT .llJIH Hap)')KHOH o6JIHU:OBKH JnaHHH. 

JloM MYJIJIHToKpeMHeJeMHCThiX, MyJIJIHTOBhlX H MYJIJIHToKo

PYH.llOBhlX HJneJIHH HcnoJih3YIOT npH npoHJBoncTBe BhiCoKorJIHHo

JeMHCTbiX MaCe ,llJI5I <PYTepoBKlf pa3JIHBOqHblX KOBUJeti. 

BTopHqHbie orHeynopHbie MaTepHaJihi UJHpoKo HcnoJih3YIOT Ha 

MaUJHHOCTpOHTeJibHblX npennpH51TH51X H 3aBonax U:BeTHOH MeTaJI

JiyprHH. ManoHJMeHeHHble orHeynopHble HJneJIHH, oTo6paHHble npH 

peMOHTe neqetf, HnyT B KJia,llKy 3THX )l(e neqeti. IlOBTOpHoe HC

fiOJib30BaHHe OfHeynopHbiX H3neJIHH HaH6oJiee 3<P<PeKTHBHO, TaK 

KaK He Tpe6yeT nonOJIHHTeJibHblX 3aTpaT pyqHOfO Tpyna H 3HeprHH, 

HO ll03BOJI51eT 3KOHOMHTb nepBHqHble OfHeynopbl. 

8. 5. PezeHepa~UR zope.Jloii 3e.wtu 

Ha MHOfHX MaUJHHOCTpOHTeJibHblX npennpH51TH51X HMeeTCH CBOe 

JIHTeHHoe npOH3BOnCTBO, HCllOJib3YIOIUee npH H3fOTOBJieHHH 

<PopMoBaHHblX JIHTblX MeTaJIJIHqeCKHX neTaJieH <PopMOBOqHyiO JeMJIIO 

nJIH H3fOTOBJieHH51 JIHTeHHblX <PopM H CTep)l(Heti. IloCJie HCllOJib-

30BaHH51 JIHTetiHbiX <PopM o6pa3yeTCH ropeJiaH JeMJIH, yTHJIHJaU:HH 

KOTOpOH HMeeT Ba)l(HOe 3KOHOMHqecKoe 3HaqeHHe. <l>opMOBOqHaH 

3eMJI51 COCTOHT Ha 90-95 % H3 BblCOKOKaqecTBeHHOfO KBapu:esoro 

necKa H He60JiblllHX KOJIHqeCTB pa3JIHqHblX no6aBOK: 6eHTOHHTa, 

MOJIOTOfO yrJIH, enKOfO HaTpa, )l(HnKOfO CTeKJia, ac6ecTa H np. 

PereHepaU:HH ropeJioti JeMJIH cocToHT B ynaneHHH nhmH, MeJIKHX 

q,paKU:HH H fJIHHbl, noTepHBUJeti CB513YIOIUHe CBOHCTBa non B03-

netiCTBHeM pacnJiaBJieHHoro MeTaJIJia, HMeiOmero BbiCOKYIO TeMne

paTypy. CymecTBYIOT TpH cnoco6a pereHepau:HH ropeJioti JeMJIH: 

MOKpbiH, cyxoti H 3JieKTpOKOpOHHblH. 

IlpH MoKpoM cnoco6e pereHepau:HH ropeJiaH JeMJIH nocTynaeT 

B CHCTeMy llOCJienoBaTeJibHbiX OTCTOHHHKOB C npoToqHoH Bonoti. 

IlpH npoxo)l(JleHHH OTCTOHHHKOB necoK ocenaeT Ha nHe 6accei1Ha, 

a MeJIKHe <PpaKU:HH YHOC51TC51 BOnoti. IJeCOK 3aTeM npocyUJHBaeTCH 

H B03BpamaeTC51 B npOH3BOnCTBO .llJIH H3fOTOBJieHH51 JIHTeHHblX <PopM. 

Bona nocTynaeT Ha <PHJibTpaU:HIO H oqHcTKY H TaiOKe Bo3spamaeTCH 

B npOH3BOnCTBO. 

Cyxoti cnoco6 pereHepau:HH ropeJioti JeMJIH cocToHT H3 nByx 

llOCJienoBaTeJibHbiX onepaU:HH: OTneJieHH51 necKa OT CB513YIOIUHX 

no6aBOK, qTo noCTHraeTCH nponYBKOH B03nyxa B 6apa6aH C 3eMJieH, H 

ynaJieHH51 llbiJIH H MeJIKHX qaCTHU: nyl'eM OTCOCa HX H3 6apa6aHa BMeCTe 
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c B03.LJ.yxoM. BbiXO.li.HW:11ti 113 6apa6aHa B03.LJ.yx, co.LJ.ep:>r<:aru:11ti rrbme

BH.LJ.Hbre qacTI1Ubl, oq11w:aeTCH C IIOMOW:biO <l>IDibTpOB. 

3neKTpOKOpOHHbiR MeTO.ll. pereHepaul111 OCHOBaH Ha rrporryc

KaHI111 ropenoti 3eMJII1 qepe3 none KopoHHoro paJpH.LJ.a HarrpSDKeHI1eM 

100 KB. llp11 3TOM MeJIKHe qacTI1Ubl OT.LJ.eJIHIOTCH OT rrecKa, 110HI1-

311PYIOTCH 11 OCe.LJ.aiO't Ha OCa.LJ.I1TeJibHbiX 3JieKTpo.LJ.ax. 

lloMI1Mo pereHepau1111 ropenoti 3eMJII1 B03MO:>KHo TaiOKe ee 

HCIIOJib30BaH11e IIp11 113rOTOBJieHI111 K11prr11qeif. C 3TOR ueJibiO 

<j>opMyiOW:I1e 3JieMeHTbi rrpe.LJ.Bap11TeJibHO pa3pyruaiOTCH, 11 3eMJIH 

nporrycKaeTcH qepe3 MarHI1THbiti cerrapaTop, r.LJ.e oT Hee OT.LJ.eJIHIOTcH 

qacTI1Ubl MeTanJia. Qqi1W:eHHaH OT MeTaJIJII1qeCKHX BKJIIOqeHI1R 3eMJIH 

nonHocTbiO 3aMeHHeT KBapueBbiti rrecoK. l1crroJib3oBaHI1e ropenoti 

3eMJII1 IIOBbiliiaeT CTeiieHb CIIeKaHI1H K11pii11qHoif MaCChi, T. K. B Heif 

co.LJ.ep:>KaTcH :>KH.LJ.KI1e cTeKJio 11 w:enoqb. 

KoHmpollbHble eonpocbl 

1. qTo TaKoe IIIJiaK? KaKoBbi ero cocTaB 11 ponb B MeTaJIJiypmqecKI1X 

rrpoueccax? 

2. KaKOBbi OCHOBHbie HarrpaBJieHHH 11CIIOJib30BaHHH MeTaJIJiypmqecKHX 

liiJiaKoB? 

3. KaKoBbi oco6eHHOCTI1 11 TexHonorl1qecKI1e cxeMbi rrp11rreqHoti 11 

KOHTaKTHOR rpaHyJIHUI111 .li.OMeHHOrO IIIJiaKa? 

4. qTo TaKoe IIIJiaKoBaH rreM3a? KaKoBa ponb BO.LJ.bi rrp11 113roToBJieHI111 

rreM3bi? 

5. PaccKa:>K11Te o TexHonoml1 TpaHruetiHoro crroco6a rrpo113BO.LJ.CTBa 

w:e6HH 113 .LJ.OMeHHoro IIIJiaKa. 

6. Ha30BI1Te OCHOBHbie CBORCTBa MI1HepaJioBaTHbiX 113.LJ.eJII1R 11 

OIII1liii1Te CXeMY 11X IIp0113BO.li.CTBa 113 IIIJiaKa. 

7. llpi1Be.LJ.I1Te cxeMy rrpo113BO.li.CTBa M11HepanbHbiX y.LJ.o6peH11ti 113 

liiJiaKoB. 

8. qTO TaKoe liiJiaKOCI1TaJIJibi? KaKoBbi 11X CBORCTBa, COCTaB ~ OCHOBHbie 

o6JiaCTI1 rrpi1MeHeHI1H? 

9. PaccKa:>K11Te o6 oco6eHHocTHX YT11JII13aUI111 liiJiaKoB uBeTHoti Me-

TaJIJiypr1111. 

10. KaK rrpo113BO.LJ.I1TCH YTIDI113auHH noMa orneyrropHbiX MaTep11anos? 

11. qTo TaKoe ropenaH 3eMJIH 11 KaKoBbi crroco6br ee pereHepau1111? 

12. PaccKa:>KI1Te o HarrpasneHI1HX yTI1JII13aUI111 30Jibi 11 TOIIJII1BHbiX 

IIIJiaKoB. 
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TJIABA 9 
IIEPEPAliOTKA OTX0,40B IIOJIHMEPHhiX MATEPHAJIOB 

UUwpoKoe wcnonbJOBaHwe nonHMepoB B HapoaHoM xoJHHCTBe 
o6ycnoBJieHO B nepByiO oqepeab KOMnneKCOM MexaHHqecKHX CBOHCTB 
CaMHX nonHMepOB H MaTepmi.JIOB, nonyqeHHbiX Ha HX OCHOBe. 

9.1. Oco6eHHocmu cmpoeHUR noAUMepo6 

llonwMepbi cocTaBJIHIOT oco6y10 rpynny semecTB. 0HH o6naaaiDT 
oqeHb u:eHHbiMH CBOHCTBaMH: BbiCOKOH 3naCTHqHOCTbiO B coqeTaHHH 
C HH3KOH nnOTHOCTbiO, npoqHOCTbiO, COH3MepHMOH C npoqHOCTbiO 
MenurnoB, H MHOfHMH apyrHMH. 3naCTHqHOCTb H )l(eCTKOCTb, arpe
raTHbie w <PaJOBbie nepexoabl w apyrwe cneu:w<PwqecKwe cBOHCTBa 
nonHMepOB onpeaenHIOTCH flf6KOCTbiO MOneKyn H HX Me)I(MOne
KYnHpHbiM BJaHMoaeH:cTBHeM. 

Me)I(MoneKYJUipHoe B3aHMoaei1:cTBHe npoHBJUieTcH KaK Ha ypoBHe 
CaMbiX HH3IIIHX CTpyKTYPHbiX 3neMeHTOB - 3neMeHTapHbiX 3BeHbeB, 
TaK H Ha ypOBHe 6onee CnO)I(HbiX o6pa30BaHHH - cerMeHTOB H u:enbiX 
MaKpoMoneKYn. 

fipH HarpeBaHHH nonHMepOB Ha TeMnepaTypHOe BOJaeHCTBHe B 
nepByiO oqepeab peampYJOT cerMeHTbi MaKpoMoneKYn. C ysenwqeHweM 
TeMnepaTYPbl noTeHU:HMbHaH 3HeprHH CerMeHTOB pacTeT H, aoCTHrHyB 
BenHqHHbl 3HeprHH Me)I(MOneKYnHpHOfO B3aHMoaeHCTBHH, npHBOaHT 
K pa3pbiBy cymecTBYIOlllHX Me)I(MOneKynHpHbiX CBH3eH. fiocTeneHHO 
TaKoH npou:ecc npw HenpepbiBHOM noaseaeHHH K nonHMepy Tenna 
npowcxoawT saonb seeR MoJieKynbi. MoneKynbi HaqwHaiOT ne
peMemaTbCH apyr OTHOCHTenbHO apyra, T. e. nonwMep HaqwHaeT Teqb. 
CneaoBaTenbHO, qeM qame H npoqHee Me)I(MoneKynHpHbie CBHJH B 
nonHMepe, TeM 6onbiiiyiO BHeiiiHIOIO 3HeprHIO Hy)I(HO npHnO)I(HTb K 
nonwMepy MH Toro, qTo6bi npeoaoneTb 3HepmiO Me)I(MoneKynHpHoro 
B3aHMoaeHCTBHH B HeM. 
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.SipKHM npo~IBJieHHeM OCHOBHhiX oco6eHHOCTeti fiOJIHMepHOfO 

COCTOHHHH HBJIHeTCH HarmqHe BhiCOKOOpraHH30BaHHbiX CTpyKTyp 

llOJIHMepoB B TBep,UOM H )J(H,UKOM COCTOHHHHX, qTo onpe,n:enHeT PH.ll 

<j>H3HqecKHX csoticTB nonHMepoB. Cno)J(Hbie arpera~hi, o6pa3osaHHbie 

113 60JihlllOfO qHCJia MaKpOMOJieKyJI B pe3yJibTaTe ,UeHCTBHH 

Me)J(MOJieKyJIHpHbiX CHJI, C03,UaiOT HaaMoJleKyll.R.pHyJO cmpyKmypy 
noAUMepoe. 

llpHHHTO pa3JmqaTb TpH <Pa30BbiX COCTOHHHH BeJUeCTBa: KpHC

TaJIJIH'IeCKOe, )J(HJJ:Koe 11 ra3oo6pa3Hoe. KpucmQJlfluttecKoe f/Ja3oeoe 
COCmO.R.HUe - YCTOH'IHBOe COCTOHHHe TBep,n:oro TeJia, xapaKTepH

:.!YIOIUeeCH .Ua.TibHHM TPexMepHhiM nopH.llKOM B pacnono)J(eHHH aToMos, 

HOHOB, MoneKyn. )f(uaKoe f/Ja3oeoe cocmo.n.Hue, Hao6opoT, xapaKTe

pH3yeTCH OTCYTCTBHeM .Ua.TibHero TpexMepHOfO nopH,n:Ka, H qacTO 

no3TOMY ero Ha3biBaiOT aMop{jJHbiM (jJa3o6biM cocmo.R.HUeM. fa3oo6pa3Hoe 

cpa30BOe COCTOHHHe y llOJIHMepoB He MO)J(eT 6biTb peaJII-BOBaHO. 

B 3aBHCHMOCTH OT TeMnepaTypbi aMop<PHbie noJIHMepbi MoryT 

cyw:ecTBOBaTb B Tpex <PH3H'IeCKHX COCTOHHH51:X: cmeK.Il006pa3HOM, 
6blCOK03JlQCmUtteCKOM U 6.R.3KOmeKytteM. 

llepeXO.Ubl fiOJIHMepoB H3 O,UHOfO <PH3H'IeCKOfO COCTOHHHH B 

]Jpyroe xapaKTepH3YIOTcH onpe.n:eneHHOH TeMnepaTypoti: H3 cTeKJio

o6pa3Horo COCTOHHHH B BbiCOK03JiacTH'IeCKOe - TeMnepaTypoti 

CTeKJioBaHHH, a H3 BbiCOK03JiaCTH'IeCKOfO COCTOHHHH B BH3KOTeKyqee 

- TeMnepaTypoti TeKyqecTH (pHc. 9.1). TaKHe nepexo,n:bi con

poBo)J(,UaiOTCH 3Ha'IHTeJibHbiM H3MeHeHHeM 6oJiblllHHCTBa CBOHCTB 

IIOJIHMepoB: MeXaHH'IeCKHX, aKyCTH'IeCKHX, Tenno<PH3H4eCKHX. 

fb pHC. 9.1 BH,UHO, 'ITO Bbillle TeMnepaTypbl TeKyqecTH ,n:e

(popMaUHH fiOJIHMepoB no,n: Harpy3KOH O'leHb BeJIHKa. 3TO CBH3aHO C 

yBeJIH'IeHHeM fiO,UBH)J(HOCTH MOJieKyJI BCJie,UCTBHe yMeHbllleHHH 

Me)J(MOJieKynHpHoro B3aHMo.n:eticTBHH. Tio3TOMY Bee npoueccbi 

PHc. 9.1. THnH'IHaH TepMOMexaHH'IeCKM 

KpHBaH JIHHeltHoro aMop$Horo noJIHMepa: 11 

'/~ TeMnepaTypa CTeKJIOBaHHH; ~ 
'/~ - TeMnepaTypa TeKy'leCTH; I-III - a 
TCMneparypHbJe 06JiaCTH TpeX $H3H'IeCKHX 0 

l'OCTOHHHH (COOTBeTCTBeHHO CTeKJI006- ;& 
pa3HOfO, BbiCOK03JiaCTH'IeCKOf0 H BH3- '-....::;._------~--

KOTeeyqero) 
1 c: TeMnepamypa 7T 
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nepepa6oTKH B H3,UeJIHH TepMOnJiaCTifqHbiX aMopqmhiX nOJIHMepHbiX 
MaTepHaJIOB H HX OTXO.UOB npOBO.UHT npH TeMnepaTypax BhiWC 
TeMnepaTyphl TeKyqeCTH, T. e. KOr,Ua nOJIHMep HaXO.UHTCH B BH3-
KOTeKyqeM COCTOHHHH. llpaKTHqeCKH see MeTO.Uhl nepepa60TKI1 
nOJIHMepoB B H3,UeJIHH (HaqHHaH OT H3rOTOBJieHHH aBTOnOKpbillleK 11 
KOHqaH npOH3BO.UCTBOM BOJIOKOH H nJieHOK) OCHOBaHbl Ha nepeBO,Ue 
nOJIHMepa B BH3KOTe~ee IDIH pacrmaBJieHHOe COCTOHHHe H npH,UaHHl1 
eMy <PopMbl HMeHHO B 3TOM COCTOHHHH, KOr,Ua BCH .ue<PopMai..I;H51 
nOJIHMepa HJIH ee 60JiblllaH qaCTh HBJIHeTCH Heo6paTHMOH. 

OrpaCJib HayKH, H3yqaJOIIJ:aH TeqeHHe )!(J{li:KOCTeti:, HOCHT Ha3BaH)1e 
peo!locuu oT rpeqecKoro cnosa "peo", qTo JHaqwT "TeqeHwe", "Teqb''. 

PeonorwqecKoe nose.ueHwe nonwMepos H wx pacTBopos onpe
.uenHeTCH TeMnepaTypoti:, npwpo.uoti: nonwMepa, ero MoneKynHpHotl 
Maccoti: w MoneeynHpHo-MaccoBhiM pacnpe.ueneHHeM (MMP), a TaiOKe 
HanpH)I(eHHeM H CKOpOCThiO C,UBHra, npH KOTOphiX ocymeCTBJIHeTC51 
TeqeHwe pacTsopa wnw pacnnasa. OxapaKTepH3osaTh peonorwqecKoe 
nose,UeHHe nOJIHMepa MO)I(HO, Jllllllh ycTaHOBHB 3aBHCHMOCTh BH3KOCTI1 
OT HanpH)I(eHHH HJIH OT CKOpOCTH C,UBHra JIH60 3aBHCHMOCTh 
HanpH)I(eHHH C,UBHra OT CKOpOCTH C,UBHra H noJiyqHB npH 3TOM KpU6bte 
meLteHuR. 

B TexHonorwqecKoti: npaKTHKe qacTo MH ou;eHKH BH3KOCTH pacn
nasa nonwMepa npwMeHHJOT noKaJaTeJih, Ha3bisaeMhiti: uHaeKcoM HJIH 
meKyLtecmbiO pacnAaea. lloKaJaTeJih TeKyqeCTH pacnnas~ (llTP) 
onpe.uenHJOT s rpaMMax nonwMepa, nporne.urnero qepe3 KanwnnHp 
.uaHHoro .uwaMeTpa w .unHHhi Ja speMH w npw TeMnepaType, KoTophie 
TaK)I(e CTporo pernaMeHTHpoBaHbl CTaH.uapTaMH HJIH TeXHHqeCKHMl1 
ycnoBHHMH. 3apaHee Ja,UaHa w Harpy3Ka, npwnaraeMaH K pacnnasy 
H3BHe. qeM MeHbllle llTP, TeM 6oJihllle BH3KOCTb. 

qaCTO B TeXHOJIOrHqeCKHX HJIH 3KCnJiyaTai..I;HOHHhiX u;eJIHX 6biBaeT 
Heo6XO,UHMO noHH3HTh XapaKTepHbie TeMnepaTyphi nOJIHMepa -
TeMnepaTyphi cTeKnosaHHH Tc H TeKyqecTH Tr ( ecnw nonwMep 
aMop<PHhiti:) HJIH Tnn ( ecnw noJIHMep KpHCTaJIJIHqecKHti:). ,UnH 3Totl 
u:enw s nonwMep sso.uwTcH nnacTw<PwKaTop. 

B npou:ecce xpaHeHHH w 3KcnnyaTau;ww no.u .ueti:cTBHeM cseTa, 
Tenna, pa,UHOaKTHBHhiX ll3JiyqeHHH, KHCJIOpo.ua, pa3JIIfqHbiX XH
MHqecKHX sew:eCTB, MexaHwqecKHX HanpH)I(eHHH ll3,UeJIHH H3 
nOJIHMepoB CTapeiOT, T. e. npOHCXO,UHT pacna,U MOJieKyJIHpHbiX u;eneti:, 
a TaK)I(e crnwsaHwe MaKpoMoneKyn. CTapeHwe nonwMepa HBJIHeTC5I 
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llplfqlfHOH yxy.niiieHH~ ero CBOHCTB: IIO~BJI~eTC~ XpyiiKOCTb, 

JKeCTKOCTh, CHH)I(aeTc~ rrpo'IHOCTh H 3JiacTH'IHOCTh. B HTore H3.UeJIH~ 
113 rroJIHMepoB Tep~IOT pa6oTocrroco6HoCTb. llo3TOMY rrpo6JieMa 3aiUHThi 

IIOJIHMepoB OT Bpe.[(HOfO B03.[(eHCTBH~ pa3JIH'IHbiX CTpyKTypHpyiOIUHX 

11 .uecTpyKTHpyiOIUHX ¢laKTOpOB HMeeT Ba)I(HOe 3Ha'leHHe. 

0.UHHM l-13 OCHOBHblX XHMH'IeCKHX areHTOB, Bbl3biBaiOIUl1X 

CTapeHHe IIOJil1MepoB, ~BJI~eTC~ KHCJIOpO.U, KOHTaKT C KOTOpblM 

11MeeTC~ rrpaKTH'IeCKH y BC~KOfO IIOJIHMepHOfO l13.[(eJIH~ B yCJIOBH~X 

'lKCIIJiyaTaUHH. 

CTapeHHe rroJIHMepoB MO)I(eT aKTHBHpoBaTbC~ pa3JIH'IHhiMH 

!paKTopaMH: TeiiJIOBblM B03.[(eHCTBHeM (TepMOOKHCJIHTeJibHOe 

CTapeHHe ), COJI~MH MeTaJIJIOB rrepeMeHHOH BaJieHTHOCTH ( OTpaBJieHHe 

IIOJIHMepa MeTaJIJiaMH), CBeTOM, l13Jiy'leHH~MH BblCOKHX 3Heprl1H 

( CBeTOBOe l1 pa.nHaUHOHHOe CTapeHHe), MeXaHH'IeCKHMH B03.[(eHCT-

1111~MH (ycTaJioCTh). Pacrran rroJIHMepHhiX MoJieKyJI Mo)l(eT rrpoTeKaTb 

TaK)I(e ITO.[( neil:CTBHeM BblCOKHX TeMnepaTyp l1 B OTCYTCTBI1e Kl1CJIOpo.[(a 

(TepMHqecKM .[(eCTPYKUH~, .nenOJil1MepH3aUH~ l1 TeiiJIOBOe CTapeJ·me), 

110.[( BJil1~Hl1eM 030Ha (030HHOe l1 aTMoc¢epHOe CTapeHI1e), Xl1Ml1-

'leCKHX BemecTB, pacmeiiJI~IOIUHX ¢lyHKUHOHaJibHble rpyiiiibl B IIO

JI HMepax, HaiipHMep, nyTeM fl1.[(pOJIH3a (XHMH'IeCKa~ .uecTpYKUI1~). 

B peaJibHhiX ycJioBH~x pa6oThi H3.UeJIHil: H3 rroJIHMepoB see 3Tl1 

J~eCTpyKTHpyiOIUHe, a TaK)I(e CTpyKTypHpyiOIUHe ¢laKTOpbl neil:CTBYIOT 

KOM6HHHpOBaHHO l1 CHJibHO YCJIO)I(H~IOT pa3pa60TKY MeTO.[(OB 3aiUHTbl 

IIOJIHMepoB OT 3THX B03.[(eHCTBHH. 

B IIIHpoKoM CMhiCJie cmapeHueM Ha3biBaeTc~ BC~Koe H3MeHeHHe 

MOJieKyJI~pHOH, Ha.[(MOJieKyJI~pHOH l1 ¢la30BOH CTpyKTyphl IIOJIH

MepHblX MaTepHaJioB B rrpouecce rrepepa6oTKH, xpaHeHH~ l1JII1 

'JKCIIJiyaTaUHH, IIpHBO.U~IUee K l13MeHeHHIO HX ¢lH3l1KO-MeXaHH'IeCKHX 

CBOHCTB. 

TeiiJiosoe Bo3.[(eil:cTBHe ~BJI~eTc~ onHoil: H3 HaH6oJiee qacTo scrpe

'laiOmHxc~ Harpy30K IIpH rrepepa6oTKe l1 3KCIIJiyaTaUHH IIOJIHMepHblX 

1-13.UeJIHH. 

qyBCTBHTeJibHOCTb pa3Jilft.{HblX MaTepHaJIOB K HarpeBaHl1IO 

KoJie6JieTc~ B .uocTaToqHo IIIHpoKHX rrpeneJiax. TaK, noJIH3Tl1JieH npH 

11arpeBaHHI1 .uecTpyKTHpyeT cpaBHHTeJibHO Me.[(JieHHO, IIOJII1IIpOIIl1JieH 

11 noJIHCTHpoJI 6biCTpee, a TIBX pa3JiaraeTc~ o'leHh 6biCTpo. 

MexaHonecrpyKuH~ B 6oJibiiieil: CTeneHH rrpoTeKaeT y rroJIHMepoB 

II CTeKJioo6pa3HOM COCTO~HHH, B MeHbiiieH- B BblCOK03JiaCTH'IeCKOM 

11 eme B MeHbiiieil: - B B~3KOTeKy'leM. 
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XHMH'IeCKHe peaKuHH B noJIHMepax Bbi3biBaJOTC~ TaiOKe-.u;eti:

CTBHeM CBeTa HJIH l13Jiy'leHHH BblCOKHX 3HeprHti:. 06bl'IHO TaKHe 

l13MeHeHH~ Bbl3biBaJOTC~ CBeTOM C ,li;JIHHaMH BOJIH 230-410 HM. I1p11 

noBbillleHHH TeMnepaTypbi pe3Ko ycKop~eTc~ npouecc .u;ecTpyKUHH, 

KoTopbiH B 3TOM cJiyqae HaJbiBaJOT ¢oToJIH3oM. Oco6eHHo 'lyB

CTBHTeJibHbi K .u;eti:CTBHIO CBeTa TOHKHe nJieHKH l13 noJIHMepoB. IJo.u; 

.u;eti:cTBHeM yJibTpa¢HoJieToBoro o6Jiy'leHH~ MeH~eTc~ oKpacKa 

fiOJIHMepoB, yMeHblllaeTC~ HX npo'IHOCTb l1 B~3KOCTb paCTBOpOB . 

.LJ:JI~ 3aiUHTbl fiOJIHMepoB l1 l13,ll;eJIHH l13 HHX OT CTapeHH~ 

HCOOJib3YIOT cma6UAU3amopbl - Hl13KOMOJieKyJI~pHble BerueCTBa, 

BBe.u;eHHe KOTOpblX B noJIHMepHyJO KOMfi03l1Ul110 B O'leHb MaJiblX 

KOJIH'IeCTBaX fi03BOJI~eT JaMe,li;JIHTb 3TOT npouecc. 

Bee 3TH oco6eHHOCTH noJIHMepHbiX MaTepHaJioB Heo6xo.u;HMo 

y'IHTbiBaTb npH nepepa6oTKe npoMbllllJieHHblX OTXO,li;OB pa3JIH'IHblX 

nJiaCTMacc, a TaiOKe H3.u;eJIHH l13 HHX, OTCJiy)I(HBlllHX Heo6xo.u;HMblH 

cpoK (oTxo.u;bi noTpe6JieHH~). 

9. 2. H3zomo6./lenue KOMno3uu,uii na ocnoee noAUMepoe 

IJepepa6oTKa fiOJIHMepoB B l13,ll;eJIHSI 3aKJIIO'-IaeTC~ B BblnOJIHeHHH 

p~.u;a npoHJBo.u;cTBeHHbiX onepauHti:, o6beM H nocJie.u;oBaTeJibHOCTb 

KOTOpblX onpe.u;eJI~IOTC~ TeXHOJIOflflieCKHMH l1 3KOHOMH'IeCKHMJ1 

¢laKTOpaMH, TaKHMH KaK npHpo.u;a fiOJIHMepa, THO l13,ll;eJIH~, KOTOpoe 

Heo6XO,li;HMO noJiyqHTb (nJieHKa, BOJIOKHa, ¢opMoBaHHbie l13,ll;eJIH~ l1 

T . .u;.), a TaiOKe KOJIH'IeCTBO l13)J;eJIHH. 

KaK npaBHJio, .u;JI~ noJiy'leHH~ KOHKpeTHhlX noJIHMepHhlX 

MaTepHaJIOB l13fOTaBJIHBaJOT MHOfOKOMOOHeHTHbie KOM003l1UHH, B 

KOTOpble fiOMHMO noJIHMepoB BXO,li;~T pa3JIH'IHble cneuHaJibHble 

.u;o6aBKH. 

HHrpe.u;HeHTbl, BBO,li;HMble B noJIHMepbl, MOfYT 6biTb B BH.u;e 

ra30B, )l(lf,li;KOCTeti: HJIH TBep.u;blX qaCTHU, npH'IeM Ka)l(,ll;a~ .u;o6aBKa 

ciKa3biBaeT cneuH¢H'IecKoe BJIH~HHe Ha noJIHMep. 

Bse.u;eHHe B noJIHMepHyJO KoMnoJHUHJO .u;o6asoK HJIH scno-

MoraTeJibHbiX MaTepHaJIOB fi03BOJI~eT: 

o l13MeHHTb ¢lH3H'IeCKHe l1 XHMH'IeCKHe CBOHCTBa; 

o npe.u;oTBpaTHTb HJIH JaMeMHTb .u;ecTpyKUHIO npH CTapemm; 

o CHH3l1Tb CTOHMOCTb MaTepHaJia; 

o l13MeHHTb UBeT, npo3pa'IHOCTb l1 .u;pyrHe onTH'IeCKHe CBOHCTBa 

l1 BHelllHHH BH.u;; 

272 



r fl a B a 9. Ilepepa6omKa omxoiJoB noAUMepHbiX MamepuMOB 

o yJiyqiiiHTh TexHoJiorwqecKHe csoikTBa ( cnoco6HOCTh K nepepa

CioTKe). 

llpH BBe.n;eHHH .n;o6aBOK B fiOJIHMep .LJ:OJI)KHO o6ecne'IHBaTbC~ 

IIOJiy<IeHHe fOMOreHHOH MaCChi MaTepHaJia B HaH6oJiee npHfO.LJ:HOM 

JlJI~ nepepa60TKH Ha COOTBeTCTBYIOIUeM o6opy.n;osaHHH BH.LJ:e. Bbi6op 

llpHMeH~eMOfO o6opy.n;oBaHH~ JaBHCHT OT THna fiOJIHMepa H MeTo.n;a 

11epepa60TKH . .LJ:JI~ nepeMelllHBaHH~ fiOJIHMepHOH KOM003HUHH 

IICOOJib3YIOT CJie.n;yiOll.(ee o6opy.n;oBaHHe: JIOnaCTHb!e MelllaJIKH H 

I.:MeCHTeJIH, BaJibUbl, 3aKpb!Tb!e CMeCHTeJIH, CMeCHTeJIH-3KCTpy.n;epb!. 

OcHoBHoe Tpe6oBaHHe, npe.n;b~BJI~eMoe K npoueccy cMerneHH~, 

- .LI:OCTIDKeHHe paBHOMepHOfO pacnpe.n;eJieHH~ KOMfiOHeHTOB B CMeCH 

·1a MHHHMaJibHO B03MO)I(HOe Bpe~. 

llpocTeHlllHH BH.LI: o6opy.n;oBaHH~ .LJ:JI~ CMellleHH~- 6apa6aHHb!H 

CMeCHTeJib: BCe KOMfiOHeHTbl Jarpy)l(aiOT B 6apa6aH, KOTOpb!H Bpa-

11,\aeTC~ O.LJ:HOBpeMeHHO B pa3Hb!X fi.110CKOCT~X, o6ecne'IHBa~ Tll.(a

reJibHOe nepeMelllHBaHHe CMeCH. 

JionacTHhie cMecwTeJIH 6biBaK>T .n;syx BH.n;os: a) cMeCHTeJIH c Z-
11 L-o6pa3HhiMH pa6o'IHMH opraHaMH (JionacT~MH); 6) JieHTO'IHbie 

cMeCHTeJIH. B Z- H L-o6pa3HhiX cMecwTeJI~x poTopbi spamaiOTC~ B 

JlBYX CMe)I(Hb!X KaMepax C pa3JIH'IHb!MH CKOpOCT~MH, o6ecne'IHBa~ 

1103HHKHOBeHHe CJIO)I(HOfO fiOTOKa MaTepHaJia. 

PoJib JionacTeM: B JieHTO'IHOM CMeCHTeJie BhinOJIH~eT JieHTa, o6BH

naiOma~ no cnHpaJIH BaJI. llocJie.n;HHH BpamaeTC~ B CMeCHTeJibHOH 

KaMepe, BbinOJIHeHHOH B <f>opMe 3JIJIHOCOH.LJ:HOfO UHJIHH.n;pa. 

CMeCHTeJIH c nces.n:oo)I(H)I(eHHhiM cJioeM noJBOJI~IOT ocymecT

IIJI~Th CMerneHHe 6b!CTpO H C Bb!COKOH CTeneHbiO .LJ:HCneprHpoBaHH~. 

JlBH)I(eHHe KOMfiOHeHTOB o6ecne'IHBaeTC~ peryJIHpyeMb!MH CTpy~MH 

uoJ.n;yxa. 

HHTeHCHBHoe nepeMernwsaHHe KOMnoHeHTOB npowcxo.n;HT Ha 

uanbuax npH npoxo)I(.LJ:eHHH MaTepwana B JaJope Me)I(.LJ:y BaJIKaMH. BanKH 

upamaiOTC~ B npOTHBOfiOJIO)I(Hb!X HanpaBJieHH~X, B pe3yJibTaTe qero 

MaTepHaJI BT~fHBaeTC~ B 3a3op . .LJ:JI~ HHTeHCH<f>HKaUHH npouecca 

CMellleHH~ BaJIKH ~pamaiOTC~ C pa3JIH'IHb!MH CKOpOCT~MH (c TaK 

llaJbiBaeMoM: <f>pwKuweM:). MaKCHMaJihHoe JHa'leHHe <f>pHKUHH BaJIKOB 

COCTaBJI~eT 1:1 ,4. 
Pa6o'lyiO TeMnepaTypy BaJIKOB, Jaswc~mYIO oT npwpo.n;hi 

cMernwsaeMbiX KOMnoHeHTOB, no.n:.n:ep)I(HBaiOT Ja c'leT uHpKyJI~UHH 

11apa, BO.LJ:bl HJIH .n;pyroro TenJIOHOCHTeJI~ qepe3 BHYTPeHHHe fiOJIOCTH 

llaJIKOB. 
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CMeunmaeMbiH MaTepHaJI npoxo,!J;HT B 3a3op Me)I(JJ;y BaJIKaMI1 11 

nocreneHHo o6pa3yeT CIVIOIIIHoe noJIOTHo, oxBaTbiBaiOmee nepe.li;H11tl 

(pa6o•mM:) BaJIOK, TeMnepaTYPa KOToporo noMep)I(HBaeTc~ Ha 3-5 ·c 
Bbiiiie, 'leM 3a,!J;Hero. llpOH3BO.li;I1TeJibHOCTb BaJibUOB cpaBHHTeJibHO 

H113Ka, a Tpy.li;OBbie 3aTpaTbi BbiCOKI1. llo3TOMy 11X HCfiOJib30BaH11e II 

npOMblUIJieHHOCTI1 orpaHH'IHBaeTC~ cneul1aJibHbiMH TeXHOJIOfl1· 

'leCKI1M11 npoueccaMH. 

lifHTeHCHBHOe nepeMeiiiHBaH11e KOMfiOHeHTOB np011CXO.li;I1T II 

CMeCHTeJI~X 3aKpbiTOfO THna. 3arpy30'IHM KaMepa TaKOfO CMeCI1Teml 

3aKpbiBaeTC~ f11.ll;paBJIH'IeCKI1M 3aTBOpOM. 3TH Maiiii1Hbi B npHHUI1fiC 

CXO)I(H co cMeCI1TeJI~M11 c Z- H :L-o6pa3HbiMI1 JionacT~M11, yc

TaHoBJieHHbiM11 B 3aKpbiTOH C.li;BOeHHOH CMeCI1TeJibHOH KaMepe. XopoUiec 

nepeMeWI1BaHI1e KOMOOHeHTOB B CMeCI1TeJie 3aKpbiTOfO T11na 

.li;OCTI1raeTC~ 3a C'leT pa3B11TOH noBepXHOCTI1 pOTOpOB, KOHTaK

T11pyiOIUeH C MaTep11aJIOM, MaJIOH <f>p11KUI1H, OTHOCI1TeJibHO HI13KOH 

TeMnepaTypbi poTopoB, Y3Koro pa6oqero 3a3opa, C03.ll;aHI1~ CJIO)I(HOtl 

TPaeKTOpHH noToKa nepeMeiiiHBaeMbiX MaTep11aJIOB. 

BaJibUbi 11 cMeCI1TeJIH 3akpbrToro THna o6ecne'IHBaiOT .li;OCTaTo'IHO 

BbiCOKOe Ka'leCTBO CMeiiieHH~. 0)J;HaKO 11X HCfi0Jlb30BaHHe )J;JISI 

nepepa6oTK11 noJIHMepoB conp~)l(eHo co 3Ha'II1TeJibHbiMI1 Hey.ll;o6-

CTBaM11 113-3a nep110.li;I1'1HOCTI1 3arpy3KI1 . .ll:JI~ o6ecne'leHH~ He

npepbiBHoro npouecca He06XO)J;I1MO 11CfiOJlb30BaTb UIHeKOBbie 3KC

Tpy.ll;epb1. 0.li;HO-, .li;BYX- 11 MHOfOIIIHeKOBble 3KC1'py.ll;epbl no BbiXO,!J;y 11 

Ka'leCTBY fiOJiy'laeMOfO npO.li;YKTa 3Ha'II1TeJibHO npeBOCXO)l;SIT CMeCI1TeJIH 

3aKpbiToro Tl1na. 

roMoreHI1311pyiOIUaSI cnoco6HOCTb .li;BYXUIHeKOBbiX 3KC1'py.ll;epOB 

BbiUie, 'leM O)J;HOUIHeKOBbiX. 

9.3. Memodbt u3zomoeAeHUR u3deAuii u3 flJlacmMacc 

oOJibUIHHCTBO npoueccoB nepepa6oTKI1 nJiaCTMacc B 113,!J;eJII1SI 

BKJIIO'IaeT B ce6~ Tp11 ocHOBHbre onepau11w: a) HarpeBaHI1e 11 pa3-

M~r'leH11e fiOJIHMepa; 6) C06CTBeHHO <f>opMOBaHI1e 113)J;eJI11H; 

B) OXJia)I(JJ;eH11e H3,!J;eJIHH. 

IfpeCC060HUe, XOT~ 11 ~BJI~eTC~ CTapeHIIII1M MeTO.li;OM nepepa60TKI1 

fiOJIHMepOB B H3)J;eJIH~, BCe eme OCTaeTC~ O)J;HI1M 113 OCHOBHblX. 

TeXHOJIOfH~ npouecca COCTOHT .B TOM, 'ITO MaTepHaJiy fiO.ll; )J;aBJieH11eM 

.li;O 200 Mlla npH.ll;aiOT 3a,!J;aHHyiO <f>opMy. llpeccoBaHI1eM nepepa6a

TbiBaiOT KaK TepMOpeaKT11BHbie, TaK 11 TepMOIVIaCT11'1Hbie fiOJIHMepHbie 

MaTep11aJibi. 
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ITpeccosaHHe - yno6Hbrti: cnoco6, KOTOpbiM MO)I(HO noJiy'IaTb 

lnneJimi xopowero Ka'IeCTBa c BbiCOKoti: TO'IHOCTbJO pa3MepoB. OnHaKo 

II annapaTypHOM o¢>opMJieHHH 3TOT MeTOn nocTaTO'IHO rpOM03nOK l1 

MaJIOnpOH3BOnHTeJieH. 

ITpHMoe (KoMnpeccHOHHoe) npeccoBaHHe npHMeHHJOT maBHbiM 

06pa30M M5I TepMOpeaKTHBHbiX nJiaCTMaCC l1 pe3HH, XOTH B npHHUHne 

OHO npHMeHHMO H nJIH nepepa6onrn TepMonJiaCTOB. Ho B nocJienHeM 

cnyqae Heo6xonHMOCTb oXJia)l(.[(eHHH ¢>opMbi nepen H3BJie'IeHHeM H3 

nee HJneJIHH ynJIHHHeT uHKJI, ycJIO)I(HHeT npouecc H qacTo neJiaeT 

cro HepeHTa6eJibHbiM . 

.LJ:aJibHeti:WHM JIOfH'IeCKHM pa3BHTHeM npeCCOBaHHH C npen

!lapHTeJibHbiM HarpeBOM nOJIHMepHbiX MaTepHaJIOB HBJIHeTCH MeTon 

JII1TbeBoro npeccoBaHHH, npH KOTopoM nopuHH noJIHMepa pac

IIJiaBJIHeTcH B KaMepe nepen ¢>opMoti:, a JaTeM pacnJiaB nonaeTCH B 

!~OpMy, rne ocyruecTBJIHJOT co6CTBeHHO npeccosaHI1e non naBJieHHeM 

H OTBep)l(.[(eHHe. 

MeTon JIHTbH non nasJieHHeM HBJIHeTCH pa3BHTHeM npouecca 

JIHTbeBoro npeccosaH11H. ITo 3Toti: TexHoJiorHH noJIHMep pacnJiaB

JIHeTCH B MaTepHaJibHOM UliJIHHnpe JIHTbeBOti: MaiiiHHbi, a JaTeM 

nnpbiCKHBaeTCH HenocpencTBeHHO B oxJia)l(.[(eHHYJO ¢>opMy. ITpouecc 

Jli1Tb51 non naBJieHHeM ocyrueCTBJIHeTCH Ha nopiiiHeBbiX l1 IllHeKOBbiX 

MaiiiHHaX (pHC. 9.2). 

P11c. 9.2. TipHHUHllHa.TibHM 

cxeMa nopUJHeBotf (a) H 

IUHeKOBOH (6) MaUJHH ,UJHI 

JIHTMI llO,U ,UaBJieHHeM 

HcnOJibJOBaHHe wHeKosoro (qepBH'IHoro) nJiaCTHKaTopa c 

II03BpaTHO-nOCTynaTeJibHbiM nBH)I(eHHeM IllHeKa BMeCTO nJiyH)I(epa 

II03BOJIHeT He TOJibKO HarpeTb l1 nJiaCTHUHPOBaTb noJIHMep nepen 

llllpbiCKOM, HO H YJIY'IIIIHTb roMoreHHJauHJO pacnJiasa H noBbiCHTb 

TO'IHOCTb no3HpOBaHmi. 

275 



llepepa6omKa npoMblUJAeHHbiX omxoiJoB 

<l>aKTOpbi, BJHUIIOIJJ;He Ha Ka'leCTBO KOHe'IHOfO IIpO.[(YKTa nplt 

JIHTbe ITO.[( ,[(aBJieHHeM, CJIO)I(Hbl H B3aHM03aBHCHMbi. 

.9Kcmpy3UJl - .[(OCTaTO'IHO CTapbiH H XOpOlllO H3BeCTHbiH Tex 

HonorH'IeCKHM: rrpouecc. Ee rrpHMemiiOT B paJJIWIHbiX oTpacmt~ 

IIpOMbllllJieHHOCTH .[(JIH rrepepa6oTKH CaMblX pa3HblX MaTepHaJIOB- OJ 

H3fOTOBJieHHH MaKapoH .[(0 IIpOH3BO.[(CTBa KepaMWieCKHX Tpy6. J11060H, 

KTO Bbi.[(aBJIHBaJI Jy6HyiO rracTy H3 TI06HKa HJIH IIOJib30BaJJCII 

MHcopy6KoM:, socrrpoHJBO.[(HJI 3KCTpy3HOHHbie rrpoueccbi. MeTo.n:oM 

3KCTpY3HH H3fOTaBJIHBaiOT pa3JIH'IHble IIOfOHa)I(Hble H3.[(eJIHH (Tpy6ht, 

IIJieHKH) H $opMoBaHHble Bbi.[(YBHble H3,[(eJIHH. 

Ha pHc. 9.3 rroKaJaHbi cxeMbi TexHonorw'IeCKHX rrpoueccon 

H3fOTOBJieHHH H3.[(eJIHH H3 IIOJIHMepoB, B OCHOBe KOTOpblX Jie)I(H I 

3KCTPY3HH. 

-+1 TPYEhl I 
3KcTpy3HSI -.j IIIJIAHB1 I ____. 

IIPotPH.JlbHhlX 
-t 

I Ilo.nroTOBKa I H3,lleJIHH -+1 ll PO<l> ill! Jil I 
KOMIIOHeHTOB 

~ 3AfOTOBKYI .UJUI PA3- j ,llYBHOfO <l>OPMOBAHIDI 

PYKABHhiE ruiEHKYI I H J13roToBJJeHHe 
lllleHOK llJIOCKYIE llJIEHKYI I 

I 3KCTpYJHSI I 
-+1 llPOBO)lA Jil KAEEJIYI I 

~ 
HaHeceHHe 

~~ IIOKpbiTHH H KOMEYIHYIPOBAHHhiE 
I Jla.MHHHpOBaHHe llJIEHKYI Jil JIYICThl 

H K.aJiaH,llpOBaHHe I 
H JlHTbe IIO.ll.llaBJJeHHeM I 
y IlpOH380.[(CTBO BOJIOKOH I 

Pnc. 9.3. 3KCTJJY3HH H TeXHOJIOHI'IecKHe npoueccbi Ha ee 6aJe 
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0.LJ:HO H3 OCHOBHbiX .LJ:OCTOHHCTB O.LJ:HOUIHeKOBOfO 3KC'fPy.n;epa -

OTHOCHTeJibHaH IIpOCTOTa KOHCTPYKI!HH H, KaK CJie.n;CTBHe 3TOfO, 

11113KaH CTOHMOCTb. B CBH3H C 3THM O.LJ:HOUIHeKOBbie 3KCTpy.n;epbi 

lliHpOKO HCIIOJib3YIOTCH B COBpeMeHHOH XHMH'IeCKOH TeXHOJIOfHH. 

O.n;HoUIHeKOBbiH 3KCTPY.n:ep o6bi'IHO xapaKTepH3YIOT ocHOBHbiMH 

l!apaMeTPaMH UIHeKa - .n;HaMe'fPOM H OTHOUieHHeM MHHbi K .n;HaMe'fPy. 

npOH3BO.LJ:HTeJibHOCTb 3KCTpy.n;epa JaBHCHT OT ero xapaKTepHCTHK H 

or csoifcrs rrepepa6arhrsaeMoro Marepwana. 

llpH KOHCTPYHPOBaHHH $opMYfOIIIero HHCTPYMeHra Heo6xo.n;HMO 

yliHThiBaTb oco6eHHOCTH relleHHH pacrrJiaBoB rroJIHMepos. 

3KCTpy3HOHHO-Bbi.LJ:YBHOH MeTO.D: UIHpOKO rrpHMeHHIOT .D:JIH 

113fOTOBJieHHH IIOJibiX ( 06beMHbiX) HJ.D:eJIHH. C ero IIOMOil.(biO IIOJiyqaiOT 

KOHTeHHepbi pa3JIH'IHOH eMKOCTH - OT TOIIJIHBHbiX 6aKOB Jl:O 

MaJieHbKHX Me.LJ:HI!HHCKHX $JiaKOHOB (pHC. 9.4). 

t 
XoiiOiJHblii OoJili;r 

fJ 

P11c. 9.4. OcHOBHbJe cTa.nHH nony'leHHH nnacTMaccoBbJX 6yTblJietl: 3KCTpy-

3HOHHO-Bbi.UYBHbiM MeTO.[lOM: 

a - no.naqa JaroTOBKH; 6- Bbl.[lyBaHHe; 8 - OXJI<UK,UeHHe H3.[leJIHH; 2 -

y.naneHHe HJ.[leJIHH 113 BblJl:YBHOH <l>opMbl 

BHaqane 3KCTPY.D:HPYIOT TOHKocreHHYIO TPY6Y (UIJiaHr), KoropaH 

JareM pa3pe3aercH Ha O'fPeJKH orrpe.n;eJieHHOH .LI:JIHHhi. OTJ)eJoK 'fPy6br, 

Ha3biBaeMbiH JaroTOBKOH, IIOMell.(aiOT Me)l(.LJ:y .D:BYMH qaCTHMH IIOJIOH 

pa3.LJ:YBHOH $opMbi. <l>opMy CMbiKaiOT, IIOCJie 'lero JarOTOBKY 

paJ.n;ysaiOT. 

KMaHiJpoeaHue HBJIHercH O.LJ:HHM H3 Mero.n;os rrepepa6orKH rroJIH

MepoB. B rrpoiiecce KaJiaH.n;posaHHH rroJiy'laiOT JIHCTbi H rrJieHKH H3 
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IIJiaCTMaCC. KaJiaH.u;p COCTOHT H3 Tpex HJIH 6oJiee HarpeTbiX BaJIKOII 

llpOXO)J;~ Me}l()ly HHMH, BbiCOKOB~3Ka~ IIOJIHMepHa~ Macca rrept• 

pa6aTbrsaeTc~ B rrJieHKY HJIH JIHCT. Macca MaTepwaJia rro.u;aeTc~ B Ja3op 

Me}l()ly )];By~ rrepBbiMH BaJIKaMH, orry.u;a OHa BbiXO,li;HT ~e B Bl-l)lt' 

IIJieHKH. 3aTeM MaTepHaJI rrpOXO,li;HT BOKpyr OCTaJibHbiX BaJIKOB, KIDI<,Ubltl 

H3 KOTOpbiX BbiiiOJIH~eT orrpe.u;eJieHHYIO <f>yHKUHIO. B o6bl'IHOM 

'IeTbrpeXBaJIKOBOM KaJiaH.u;pe HMeiOTC~ TpH ¢>opMYfOI..I.I;HX (pa6o'IHX) 3a30pa; 

rrepBbiH peryJIHpyeT CKOpOCTb IIO,ll;a'IH MaTepHaJia, BTOpOH .u;eHCTByeT Kill\ 

.u;oJHPYIOIUee ycTpoikTBO. Toml.(HHY JIHcTa orrpe.u;eJI~eT Ja3op Me)l()lY 

IIOCJie.u;HeH rrapOH BaJIKOB (pHC. 9.5). 3TH BaJIKH MOryi 6b!Tb fAAHUeBbiMU, 

MaTOBbiMH HJIH pw<f>JieHbiMH. KaJiaH.u;posaHwe qacTo cpasHHBaiOT t' 

3KCTpY3HeH, paccMaTpHBa~ IIOCJie,li;HIOIO rrapy BaJIKOB KaK <f>HJibepy l' 

BpamaiOil.(HMHC~ IIOBepXHOCT~MH. 

I 

PHc. 9.5. CxeMa TexHonorwtecKOH JIHHHH Ha 6a3e L-o6pa3Horo KaJiaH;l 

pa ,L!,JUI npOH3BO.UCTBa JIHCTOB H3 nnacTMacc: 

] - OCHOBHOH KaJiaH.up; 2 - ro<l>pHpyJOIUHH KaJiaH.up; J - perymnop 

TOJIIUHHbl; 4- CHCTeMa BO.UHHOfO OXJia:>K.ueHHH; 5- KOMIIeHCaTop; 6-
HaMOT4HK 

JlHCTbl H IIJieHKH BbiCOKOfO Ka4eCTBa MO)I(HO c O,li;HHaKOBbiM 

ycrrexoM rroJiyqaTb KaK KaJiaH.u;posaHHeM, TaK H 3KCTpyJHei1. B o6meM 

cJiyqae HeJierKo oueHHTb rrpewMYmecTsa H He.u;ocTaTKH 3THX rrpoueccon, 

H 06bi'IHO rrpHXO,li;HTC~ peUiaTb B Ka)I()J;OM KOHKpeTHOM CJiyqae, KaKot.i 

MeTo.u; cJie.u;yeT Bbi6paTb. Mo)I(HO, o.u;HaKo, KOHcTaTHposaTb, 'ITO 

IIJieHKH H JIHCTbi H3 IIOJIH3THJieHa, IIOJIHIIpOIIHJieHa H IIOJIHCTHpona 

'lame IIOJiy'IaiOT 3KCTpy3HeH. l.JTO KacaeTC~ rrepepa6oTKH llBX, il 

TaK)I(e pe3HHbi, TO ,li;Jl~ 3THX ueJieH nO'ITH BCer.u;a HCIIOJib3YlOT 

KaJiaH.u;posaHHe, TaK KaK npH KaJiaH.u;posaHHH orraCHOCTb .u;ecTpyKUHH 

IIOJIHMepa MeHbUie, 'IeM rrpH 3KCTpy3HH. 
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3KCTpynephr Jierqe pa3MemaTh 11 yno6Hee o6cJiy:)!mBaTh, qeM Ka

JiaH.Uphr. O.uHaKo KaJiaH.UPhi o6ecneq11saroT 6onee BhiCOKMe pa6oq11e 

CKOpOCTl1, qeM 3KCTpy.uepbl, qTO CBl1.[(eTeJihCTByeT 0 npel1Myll(eCTBe 

I'CXHOJIOrl1qecKl1X Jll1Hl1H Ha 6a3e KaJiaH.[(pOB, HeCMOTp~ Ha TO, qTO 

/IJI~ l1X pa3Mell(eHl1~ He06XO.[(l1Mbl 60Jibiiil1e npOI13BO.[(CTBeHHhle 

IIJI0Il(a.[(l1. 

TepMor/JopMo6aHue l13.UeJil1H l13 JIMCTOBhiX 11 nJieHoqHbiX no

JIIfMepHhiX MaTepl1aJIOB 06'be.[(l1H~eT Tpl1 OCHOBHbiX MeTO.[(a: Ba

KyyM-<i>OpMOBaHMe, nHeBMO<i>OpMOBaHMe l1 <i>opMOBaHMe C nOMOil(biO 

conp~)l(eHHhiX MeTaJIJIMqecKMX <PopM. Bcex l1X o6oe.Ul1H~eT TO, qTo 

llp11 3TOM l13.[(elll1~ l13 Jll1CTOBbiX nJiaCTl1KOB MO)I(HO noJiyqaTb, 

llpl1)1(l1Ma~ pa3M~rqeHHhiH nony<Pa6pMKaT K o<PopMJI~romeH: BHYT

peHHei1: l1Jll1 BHeiiiHeH nOJIOCTl1 <i>opMbl. 

HaM60Jibiiiee pacnpocTpaHeHMe B rrpoMhiiiiJieHHOCTl1 MMeeT 

naKyy:M-<I>opMosaHMe (p11c. 9.6). B noM npouecce o6bJ1.IHO l1CIIOJih3y:IOT 

1111CThl, KOTOpble 3aKpenJI~IOT B paMe, a 3aTeM HarpeBaiOT. llo 

/lOCTl1)1(eHl1l1 He06XO.[(l1MOH TeMnepaTypbl l1 COCTO~Hl1~ nOJil1MepHOrO 

1111CTa ero HarpeB npeKpamaroT l1 l13 nOJIOCTl1 Me)l(.[(y Jll1CTOM l1 <i>opMOH 

oTKaqMsaroT so3;zyx. ATMoc<flepHoe .uasneHMe rrpiDKMMaeT JIMCT K <flop

Me, Ha KOTOpOM OH OXJIIDK,!J,aeTCSI l1 3aTBep.uesaeT, TOqHO BOCnpOI13BO.[(SI 

cc reoMeTpMro. 

0.[(HO l13 OCHOBHblX npeMMyll(eCTB npouecca TepMO<i>OpMOBaHl1~ 
COCTOI1T B Hl13KOH CTOI1MOCTI1 <l>opM. llpl1 l13rOTOBJieHl1l1 o6pa3UOB 

11Jll1 OIIblTHhiX napTI1H l13.[(eJil1H 06brqHO l1CIIOJib3YIOT <i>opMbl l13 TaKl1X 

MaTepl1aJIOB, KaK .[(epeBO, 6eTOH, IIJiaCTMaCCbl l1 MeTaJIJIOHaiiOJJHeHHhle 

'JnOKCl1.[(Hhie CMOJibl. <l>opMbl, npe.nHa3HaqeHHbie .[(Jl~ .[(Jll1TeJibHOH 

+++++ ~ 

ffi ill ill ill 
a I! 

I 

I'HC. 9.6. nocJie.D.OBaTeJibHOCTb onepaUJ-111 IIpH BaKyyM-cpOpMOBaHHH Jaro

TOBKH C npe.D.BapHTeJibHOH Bb!Tl'DKKOH nyaHCOHOM: 

II - HarpeB JarOTOBKH; 6- npe.D.BapHTeJibHaH BbiTH:>KKa MaTepHaJia; 

8 - cpopMOBaHHe BaJ<YYMOM; z- Y.D.MeHHe oTcpopMoBaHHoro H3.D.eJIHH 
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3KCIIJiyaTaUHH, KaK rrpaBHJIO, BbiiiOJIH~IOT H3 CTa.JIH HJIH a.JIIOMII 

HHeBbiX CIIJiaBOB. 

TexHoJioriDI TepMo<f>opMoBaHH~ oTHOCHTeJibHO rrpocTa H .uerneBu, 

IIpH 3TOM HCIIOJih3yeTC~ IIpOCTOe o6opy.noBaHHe, a HCXO.[(HbiMII 

MaTepHa.JiaMH CJI~aT IIJieHKH B pyJioHax HJIH JIHCTbi. He.uocTaToK 3To!t 

TeXHOJIOfHH COCTOHT B 60JiblllOM KOJIH'IeCTBe o6pa3yiOIUHXC~ OTXOLI.OII, 

KOTOpoe IIpH <f>opMOBaHHH HeKOTOpbiX H3.[(eJIHH .[(OCTHraiOT 40 %. 

9. 4. Ymwzu3aU,UR omxoiJoo MacmMacc 

YTHJIH3auH~ oTxo.uoB IIJiacTMacc BBHXlY 6biCTporo pacTa o6oeMon 

HX IIpHMeHeHIDI IIpHo6peJia BIDKHOe 3KOHOMHqecKoe H 3KOJIOfHqecKO!' 

3HaqeHHe. HCIIOJlb30BaHHe OTXO.[(OB IIOJIHMepHbiX MaTepHa.JIOB IIOMO 

raeT pelllHTb CblpbeBbie IIp06JieMbl, II03BOJI~~ COKpaTHTb IIOTpe6JH' 

HHe rrepBHqHbiX MaTepHa.JibHbiX pecypCOB. 

BTopHqHhie rroJIHMepHbie MaTepHa.Jibi .uoJI)I(Hhi HrpaTb B rrpo· 

MbllllJieHHOCTH ITO rrepepa60TKe IIJiaCTMaCC TaKyiO )l(e pOJib, KaKyKl 

HrpaeT MeTa.JIJIOJIOM B MeTa.JIJiyprHH. 

0rXO.[(bl TepMoiiJiaCUI'IHbiX IIJiaCTMaCC MO)I(HO KJiaCCH<f>HuHpOBaT!o 

cJie.uyiOIUHM o6pa3oM: 

+ TeXHOJIOfHqeCKHe OTXO.[(bl IIpOH3BO.[(CTBa, o6pa3yiOll.I,HeC~ IIpH 

CHHTe3e H rrepepa60TKe IIJiaCTMaCC H COCTaBJI~IOlllHe OT 5 .[(0 35 % 
(ITO Macce). ITo CBOHCTBaM OHH MariO OTJIHqaiOTC~ OT HCXO.[(HOfO Cb!pMI 

H MoryT IIOBTOpHO rrepepa6aTbiBaTbC~ B CMeCH C HCXO.[(HbiM MaTC· 

pHa.JioM; 

+ OTXO.[(bl IIpOH3BO.[(CTBeHHOfO IIOTpe6JieHH~, HaKaiiJIHBaiOll.I,HeCll 

B pe3yJibTaTe BbiXO.[(a H3 CTpO~ H3.[(eJIHH H3 IIOJIHMepHb!X MaTepHa.JIOII, 

HCIIOJlh3yeMbiX B pa3JIHqHbiX OTpaCJI~X 3KOHOMHKH. 3TH OTXO.[(hl 

.[(OCTaToqHo O.[(HOpO.[(Hbl H TaK)I(e MOryT 6biTb IIOBTOpHO rrepepa6oTaHhl 

B H3.[(eJIIDI. K HHM OTHOC~C~ .neTa.JIH MalllHH, Tapa, OTXO.[(bl IIJieHoqHbiX 

MaTepHa.JIOB CeJibCKOX03~HCTBeHHOfO Ha3HaqeHH~ H .up.; 

+ OTXO.[(bl o6ruecTBeHHOfO IIOTpe6JieHH~, HaKaiiJIHBaiOll.I,HeC~ Ha 

CBaJIKaX B pe3yJibTaTe MopaJibHOfO HJIH <f>H3HqeCKOfO H3HOCa 

IIOJIHMepHbiX .neTarretf HJIH H3.[(eJIHH, B KOTOpb!X OHH HCIIOJib30Ba.JIHCio 

(rrJiacTMaccosa~ rrocy.ua, Me6eJih, .ueTarrH asToMo6HJietl: H .npyrot-1 

6bnosotl: TeXHHKH). XoT~ oHH H rrpe.ucTaBJI~IOT ueHHoe BTopHqHoc 

Cblpbe, HO BCJie.[(CTBHe rrepeMeiiiHBaHH~ C .upyrHMH BH.[(aMH OTXO.[(OII 

HX rrepepa6oTKa B H3.[(eJIIDI 3aTpy.[(HeHa. ,[(oM OTXO.[(OB o6rueCTBeHHOI'O 

IIOTpe6JieHH~ COCTaBJI~eT 50 % BCeX IIOJIHMepHbiX OTXO.[(OB. 
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LJ:JU! 06JierqeHJH! pa3,UeJieHJH! IIJiaCTMaCCOBbiX OTXO,UOB IIO

Tpe6JieHHH BO MHOrHX CTpaHaX H3,UeJIHH IlpH HX IIpOH3BO,UCTBe 

MapKHpy!OT, 'ITO II03BOJIHeT H,UeHTHq>HUHpOBaTb BH.U IIOJIHMepa, H3 

KOTOporo OHO H3rOTOBJieHO. 

Pa3UeJibHbiH c6op oTXo,uos rroTpe6JieHHH IIJiaCTMaccosbiX ,ueTaJieH: 

C yqeTOM BH,Ua IIOJIHMepa (a ei.I..J;e JIY'IIIIe UBeTa) y Hac B CTpaHe IIOKa 

He IlpOH3BO,UHTCH. ll03TOMY 3Ha'IHTeJibHaH '!aCTb OTXO,UOB IIJiaCTMacc 

He rrepepa6aTbrsaeTcH. 

3axopOHeHHe OTXO,UOB se,ueT K 3arpH3HeHHIO OKp)')KaJOI.I..J;eH cpe,Ubl 

11 HepauHoHaJibHOMY HCIIOJib30BaHHIO pecypcos. CxmraHHe TaiOKe 

llaHOCHT ymep6 IIpHpo,ue, HO IlpH 3TOM XOTH fibi B03MO)!(H0 

11CIIOJib30BaTb BbiJJ.eJIHIOlUeeCH IlpH ropeHHH TeiiJIO. 

Co3,uaHHe 6Ho-, <f>oTo- H so3,uyxopa3pyiiiaeMbiX noJIHMepos XOTH 

11 B03MO)!(HO, HO BO MHOfHX CJiy'IaHX HepaUHOHaJibHO, TaK KaK TaKHe 

MaTepHaJibi He 06Jia,UaJOT He06XO.UHMbiMH 3KCIIJiyaTaUHOHHbiM!d 

CBOHCTBaMH. 0HH MOryT HaRTH npHMeHeHHe ,UJIH H3rOTOBJieHHH 

ynaKOBO'IHbiX IIJieHO'IHbiX MaTepHaJIOB, O,UHOpa30BOH IIOCY.Ubi H Tapbi, 

TaK KaK 3TH H3,UeJIHH HMeiOT orpaHH'IeHHbiH cpOK 3KCIIJiyaTaUHH. 

O.uHaKo H3,uep)!(KH npH H3roTOBJieHHH TaKHX noJIHMepHbiX MaTepHaJIOB 

Bbiiiie, '!eM IlpH npOH3BO,UCTBe 06bi'IHbiX IIJiaCTHKOB, H II03TOMY 

C03,UaHHe IIOJIHMepOB, CIIOC06HbiX K 6biCTpOMY pa3JIO)!(eHHIO IIO.U 

B03,UeHCTBHeM <f>aKTOpOB OKpy)!(aJOllleH cpe,Ubl, HMeeT orpaHH'IeH

I!Oe 3Ha'!eHHe. 

B rrpoMbiiiiJieHHOCTH npHMeHHJOTCH cJie,uyJOmHe ocHOBHbie Ha

npasJieHHH YfHJIH3al.(HH H JIHKBH,Ual.(HH OTXO,UOB IIJiaCTMacc: 

0 nepepa60TKa OTXO,UOB B IIOJIHMepHOe Cblpbe H IIOBTOpHOe ero 

11CIIOJib30BaHHe UJIH IIOJiyqeHHH H3,ueJIHH; 

0 C)!(HfaHHe BMeCTe C 6biTOBbiMH OTXO,UaMH; 

o nHpOJIH3 H noJiy'IeHHe )!(H.UKoro H ra3oo6pa3Horo TOIIJIHsa; 

o 3axopoHeHHe Ha noJIHroHax H csaJIKax. 

OcHOBHoH: nyTh yTHJIH3aUHH oTxo.uos nJiacTMacc - 3To HX nos

TopHoe HcnoJib30BaHHe no npHMOMY Ha3Ha'!eHHJO. KanHTaJibHbie 

:~aTpaTbi npH TaKoM cnoco6e yTHJIH3aUHH HeseJIHKH. llpH 3TOM He 

TOJibKO ,UOCTHraeTCH pecypcoc6eperaJOI.I..J;HH 3<f><f>eKT OT IIOBTOpHOrO 

IIOBJie'!eHHH MaTepHaJibHbiX pecypcOB B npOH3BO,UCTBeHHbiH UHKJI, HO 

11 cymeCTBeHHO CHH)!(aJOTCH Harpy3KH Ha OKpy)!(aJOlUYIO cpe,uy. 

HecMOTpH Ha 3Ha'IHTeJibHbie npeHMymecTsa nosTopHoro HC

IIOJih30BaHHH IIOJIHMepHbiX MaTepHaJIOB, TaKHM CIIOC060M YTH

JII13HpyeTCH JIHIIIb He3Ha'IHTeJibHOe HX KOJIH'IeCTBO, 'ITO CBH3aHO C 
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flepepa6omKa npoMbiUJ.JleHHbiX omxoiJo6 

Tpy.IJ;oeMKOCTbJO c6opa, pa3JJ;eJieHIHI, copn1posK11, O'I11CTK11 OTXOJJ:oll 

(npe)!{,Ue scero OTXOJJ;OB fiblTOBOfO nOTpe6JieH11H). 

llo3TOM)' HapMy C BTOp11'IHOH nepepa60TKOH OTXOJJ;OB TIJiaCTM3Cl" 

B 113JJ;eJI11H B npOMbllliJieHHOCT11 11CnOJib3YIOTCH 11 JJ;pyr11e cnoco6hl 

YTl1li113aU1111. 

BecbMa nepcneKT11BHa nepepa6oTKa OTXOJJ:OB nnacTMacc nw· 

pOJI1130M, B pe3yJibTaTe KOTOporo 113 nJiaCTM3CCOBbiX OTXOJJ;OB npll 

425 ·c 11 JJ;asJieH1111 20 Mlla noJiyqaJOT TOnJI11BO, Ha 95 % COCTOHIUCI' 

113 )1(11JJ:K11X yrneso.IJ;opo.IJ;OB 11 Ha 5 % 113 rop10qero raJa. 

llp11MeHeH11e 3TOH TeXHOJIOfl111 JJ;JIH nepepa60TK11 nJiaCTMaCCOBblX 

OTXOJJ:OB 3KOHOM11'IecK11 BbifOJJ:HO. YcTaHosKa, nepepa6aTbiBaJOmau 

11,3 TbiC. T/fOJJ; OTXOJJ;OB OKYTiaeTCH Ja Tp11 fOJJ;a. J1cnOJib30BaH11e 3THX 

ycTaHOBOK l.(eJiecoo6pa3HO JI11lllb B paHOHaX C pecypcaM11 OTXOJJ;OB Ill' 

MeHee 465 Tbic. T/ro.IJ;. 

K TeXHOJIOfl1'IeCK11M OTXOJJ;aM OTHOCHTCH OCTaTK11 11CXOJJ;H0Hl 

CblpbH, o6pa30BaBlll11eCH B npoue·cce np113BOJJ;CTBa 11 qaCTH'IHO HJIII 

nOJIHOCTbiO yTpaT11Blll11e noKa3aTeJI11 Ka'IeCTBa. qaCTb 113 HHX 

(B03BpaTHble OTXOJJ;bl) - JI11TH11K11, OTXOJJ;bl np11 BbiXOJJ;e Ha pe)I(HM, 

6paKosaHHbie JJ;eTaJI11 - 11cnoJib3YJOTCH nocne npe.IJ;sap11TeJibHo~l 

no.IJ;roTOBK11 s TOM )l(e 11JI11 JJ;pyroM npouecce. TexHoJior11'IecKHl' 

OTXOJJ;bl, 6e3B03BpaTHO yTpaT11Blll11e CB011 OCHOBHbie CBOHCTBa, Ill.' 

MoryT 6biTb nepepa6oTaHbi s 113JJ;eJI11H 11 no.IJ;Jie)l(aT C)l(11raH11JO n116u 

JaxopoHeH11JO. 

CoKpameH11JO TexHonor11'IecK11X OTXOJJ:OB, o6pa3y10m11xcH np11 

113fOTOBJieH1111 JJ;eTaJieH 113 nJiaCTMacc, cnoco6CTBYIOT CJie.IJ;YIOIUIIt' 

Meponpl1HTI1H: 

1. llpas11JibHOe pacnpe.IJ;eJieH11e 11MeJOmei1cH HoMeHKJiaTYP"' 

113JJ;eJI11H no o6opy.IJ;OBaH1110 TaKHM o6pa30M, 'IT06bl cyMMapHbie OTXOJ~I.I 

6biJI11 M11H11Ma.TibHbi, Y'I11TbiBaH, 'ITO noTep11 cbipbH np11 nepexo.IJ;ax ' 

OJJ;HOfO 113JJ;eJI11H Ha JJ;pyroe Ha Malll11HaX C 60JiblliOH np0113Ull 

JJ;11TeJibHOCTbiO MaKC11MaJibHbl. 

2. YcosepllleHcTsosaH11e KOHCTPYKU1111 ocHacTK11, Bbi6op 011 

T11MaJibHOf0 <f>opMyJOmero 11HCTpyMeHTa (npecc-<f>opM, JJ;OpHOII, 

MaTp11U 11 T. JJ:.), 

3. 0nT11M113aU11H pe)I(11MOB nepepa6oTK11 noJI11Mepa c uenhu' 

11CKJIIO'IeH11H ero TepMOJJ;eCTPYKU1111 11 noJiy'IeH11H 6paKosaHIII.I.\ 

113JJ;eJI11H. 

4. YMeHbllleH11e q11cna nepexo.IJ;OB c OJJ:Horo useTa Ha JJ;pyrnn 

KaK np11 113fOTOBJieH1111 JJ;eTaJieH, TaK 11 np11 nepepa60TKe OTXOJJ;OII. 
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r 11 a 6 a 9. flepepa6omKa omxoiJo6 nOIIUMepHblX MamepuQ/Io6 

5. YcTaHOBKa Ha seHTHJI.HIU10HHbiX oTcocax .upo6HJibHbiX oT,ue

neHHH Ul1KJIOHOB UJI.S1 yJiaBJIHBaHH.SI ITOJIHMepHOH ITbilll1, o6pa3YJOJ.I.J;eHc.SI 

npH ,upo6JieHl1l1 OTXO,UOB. 

6. OpraHH3auH.S~6e3ocTaHoso'!Horo UHKJia pa60Tbi o6opy.uosaHH.H, 

yMeHbllleHHe KOJIH'IeCTBa OCTaHOBOK o6opy,uosaHH.SI Ha peMOHT l1Jll1 

1aMeHy <f>opMyJOJ.I.J;eH OCHaCTKH. 

B o6meM BH.Ue rrocJie,uosaTeJibHOCTb orrepau11i1 rrpH rrepepa6oTKe 

OTXO,UOB rrJiaCTMacc C ueJibiO HX ITOBTOpHOfO l1CITOJlb30BaHH.SI rrpe,u

crasJieHa Ha pHc. 9.7. 

nPE,LJ;BAPliTEIIbHNI 
COPTIIPOBKA 
l10lJl1CTKA 

CYWKA 

l13MEJib'IEHl1E OTMbiBKAH 
CEITAPAUWI 

KOH~EKUI10Hl1POBAHI1El1 
rPAHYJIHPOBAHHE 

KJIACCWI>l1KA
UH.SI rro BHUAM 

ITEPEPAEOTKA B 
l13.UEJliDI 

I'Hc. 9.7. nocne.uosareJibHOCTb onepaum1 npH nepepa6orKe orxo.uos 
OJiacrMacc 

B 3aBHCHMOCTH oT Ka'!ecTsa 11 'IHCTOTbi oTxo.uos TaKa.H cxeMa 

Mo.)l(eT 6biTb peaJIH3osaHa s rroJIHOM HJIH coKpameHHOM o6oeMe. KaK 

11paBHJIO, rrpOMbiiiiJieHHbie OTXO,Ubl He Tpe6yJOT BbiiTOJIHeHH.SI BCeX 

··ra.uHH: TeXHOJiorH'!ecKoro rrpouecca, rroKa3aHHoro Ha 3Toi1 cxeMe. 

lihiTOBbie ITOJIHMepHbie OTXO,Ubl, Ha060pOT, H~a!OTC.SI B TJ.I.J;aTeJibHOH 

IIOJifOTOBKe. fipOI13BO.UCTBeHHa.SI CXeMa rrepepa60TKI1 TaKHX OTXO.UOB 

IIJiiiCTMacc rrpHBe,UeHa Ha pHC. 9.8. 
Ilepepa60TKa TeXHOJIOfl1'IeCKl1X OTXO,UOB TepMOITJiaCTOB ,UOJI.)I(Ha 

1111'111HaTbC.SI C orrpe,ueJieHH.SI CTerreHH l13MeHeHH.Sil1X CBOHCTB l1 Bbi6opa 

IIIIH60Jiee 3<f><f>eKTl1BHOH TeXHOJIOfl1l1 HX l1CITOJib30BaHH.SI. 

BbrcoKoe KaqecTso roTOBbiX H3.UeJIHH 11 cTa6JUibHOCTb TeXHOJiorH

'II't:Koro rrpouecca MoryT 6biTb o6ecrre'!eHbi JIHIIIb rrpH pasHoMepHOM 

ill1111pOBaHl1l1 l13MeJib'IeHHbiX l1Jll1 rpaHyJIHpOBaHHbiX OTXO,UOB l1 

IIIJlOWeM CMeiiieHl1l1 l1X C l1CXO,UHbiM CblpbeM. 

B cJiyqae, ecJIH HMeeTc.H pbiHOK c6brTa rrpo.uyKTOB nepepa6oTKH, 

• wyJ necTBJieHbi HerrpepbiBHOCTb l1 peryAApHOCTb ITOCryrrJieHH.SI OTXO,UOB, 

j1111pa6oTaHa 3KOHOMI1'!Ha.SI TeXHOJIOfl1.SI HX rrepepa60TKI1, a ITOC-

1 VlliiiOI.IlHe OTXO,Ubl CTaH,uapTI130BaHbi, HMeeT CMbiCJI C03,UaBaTb 
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flepepa6om1w npoMbiiU/leHHbiX omxoiJo6 

Bolla 

Me mClJIJI bl 

11 

P11c. 9.8. Opoi13BOJlCTBeHHaH cxeMa nepepa6oTKI1 oTXO)lOB nnacT 

Mace: 

1 - KOHBetiep; 2 - )lp0611JIKa; J - B03)lyUIHbiM KJiaccl1!lJI1KaTop; 4 -
MafHI1THbiH cenapaTop; 5 - llpOMbiBaTeJib; 6 - KOHBetiep; 7 - ueH

Tpo6e)((Hbie cyUIHJIK11; 8- ,llpo6HJIKa; 9- 6yHKep; J0- 3KCTpy,llep; 11 -
6yHKep )lJIH rpaHyJI 

cneuwaJIH3HposaHHbie npe.IJ;npHSITHSI no nepepa60TKe OTXOJJ:OB. Ecmt 

KOJIH'IeCTBO ITOJIHMepHbiX OTXOJJ;OB HeBeJIHKO, TO ueJieC006pa3HO ne

pe)laBaTb HX Ha nepepa60TJ<)' npe.IJ;npHSITHIO-H3f0TOBHTeJIIO nepBH'IHOti 

npOJlYKUHH. 

llpH nepepa60TKe OTXOJlOB Ha npennpHSITHSIX, npOl13BOJJ;SIIU11X 

l13JJ;eJIHSI 113 TepMOITJiaCTOB, OHH B03BparuaJOTCSI B OCHOBHOH Tex

HOJIOfH'IeCKHH npouecc. 

B npouecce BTOpWIHoro wcnoJib30BaHHSI rmacTMacc Heo6xo.IJ;HMO 

npe.IJ;OTBpaTHTb IDIH )'MeHblliHTb yxyJliiieHHe HX <l>H3HKO-MeXaHWieCKHX 

l1 peOJIOfH'IeCKHX CBOHCTB BCJie)lCTBHe CTapeHHSI, Bbi3biBaeMOfO 

HanpSI)((eHHeM C)lBHra H HarpesaHHeM (TepMOMeXaHH'IeCKHM B03-

JJ;eHCTBHeM), KOTOpbiM ITOJJ;BepraJOT ITOJIHMep npH pa3MOJie, pac

nJiaBJieHHH l1 <l>opMOBaHHH. C 3TOH ueJibiO B K0MIT03HUHH Ha OCHOBe 

BTOpH'IHbiX ITOJIHMepHbiX MaTepHaJIOB BBOJJ;SIT JJ;OITOJIHHTeJibHbie 

CTa6HJIH3aTOpbi, KOTOpbie IT03BOJISIIOT 6e3 l13MeHeHl-UI TeXHOJIOfH'IeCKHX 
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F II a 6 a 9. flepepa6omKa omxoiJ06 no/IUMepHblX MamepUaJl06 

CBOHCTB IIOJHIMepOB COXpaHHTb HX 3KCIIJiyaTaUl10HHble xapaKTe

p11CTl1Kl1. LJ:JISI pa3Jil1qHblX Bl1,ll;OB IIOJIHMepOB pa3pa6oTaHbl l1 l13BeCT

IIbl TaKHe cTa6HJil13HpyJOrn;He sew;ecTsa. 

C6op u copmupo61W oTxo.uos nnacTMacc SIBJISIJOTCSI HaH6onee 

cJia6biM JseHOM s rrpouecce opraHH3auHH rrepepa6oTKH KaK Tex

uonorHqecKHX OTXO,UOB, TaK l1 B ern;e 60JibllleH CTeneHH OTXO,UOB 

IIOTpe6JieHHSI. 

H.ueaJibHaSI copTHposKa oTxo.uos .uomtma o6ecrreqHTb pa3,ueneHHe 

11X He TOJibKO IIO BH,UaM, MapKaM, useTy, HO l1 no <f>opMe, CTeiieHH 

"JarpSI3HeHHOCTl1, CO,Uep)l(aHHIO HHOpO,UHbiX MaTepH:aJIOB, <f>l13l1KO

MexaHH:qecKHM CBOHCTBaM l1 T. II., qTo Tpe6yeT HaCTOJibKO 60Jibllll1X 

"laTpaT, qTO ,uenaeT yTHJIH3aUHIO OTXO,UOB He3<f><f>eKTI1BHOH. . 

Ha116onee npocToi1 11 s To )l(e speMSI y.uosneTsopSIJOrn;eH: 

OCHOBHbiM Tpe6osaHHSIM SIBJISieTCSI COpTHpOBKa, ocyrn;eCTBJISieMaSI 

11 rrpouecce c6opa oTxo.uos Henocpe.ucTseHHO Ha pa6oqeM MecTe, 

T.e. Ha CTa,ul1l1 HX o6pa30BaHHSI (TaK Ha3biBaeMbiH OKOJIOMalliHHHbiH 

c6op OTXO,UOB). 

0KOJIOMallll1HHaSI IIepepa60TKa OTXO,UOB Il03BOJISieT ,uo6asJISITb K 

nepsHqHOMy CblpblO HaH60Jiee 6JII13Kl1e no CBOHCTBaM BTOpl1qHble 

MaTepHaJibl, Ilpl1 3TOM ycTpaHSieTCSI He06XO,Ul1MOCTb HX COpTl1pOBKI1 

no UBeTaM, CHH)I(aeTCSI B03MO)I(HOCTb. HX 3arpSI3HeHHSI, OTna,uaeT 

Jle06XO,Ul1MOCTb B CKJia,UCKHX noMern;eHHSIX, nposepKe Kaqecrsa 

BTOpl1qHbiX MaTepHaJIOB, HX CYlliKe l1 T. n. 

Ha116onee 3<f><f>eKTHBHbi c6op 11 copTHposKa npOMbilliJieHHbiX 

OTXO,UOB Ilpl1 IIOJIHOCTbiO 3aMKHYTOM Ul1KJie nepepa60TKI1 nJiaCTMacc. 

KoHcTpyKTHBHoe o<f>opMneHHe TaKHX cxeM npe.uycMaTpHsaeT 

asTOMaTH:qecKHH c6op OTXO,UOB, HX l13MeJibqeHHe l1 ,uo6asJieHHe B 

onpe,ueneHHOH IlpOII0pUI1l1 K HCXO.UHOMY Cblpb!O. 

EcnH rrpe,urrpHSITHe He rrepepa6aTbtsaeT OTXO.Ubi, a nocTasnSieT 

11X Ha CTOpOHy, HX COpTHpOBKa ,UOJI)I(Ha npOI13BO,Ul1TbCSI Ha Mecrax 

o6pa3osaHHSI, TaK KaK nepepa6oTKa HepaccoprHposaHHbiX oTxo.uos y 

llOTpe6HTeJISI CBSI3aHa CO 3HaqH:TeJibHO 6onee BbiCOKl1Ml1 3aTpaTaMl1 

Ha COpTHpOBKy l1 ,uonOJIHHTeJibHYIO oqHCTKy OTXO,UOB OT 3arpSI3HeHHH. 

C ueJibiO yrrporn;eHHSI c6opa l1 COpTI1pOBKI1 OTXO,UOB B03MO)I(H0 

113fOTOBJieHHe HeKOTOpbiX l13,UeJIHH 113 CMecei1: OTXO.UOB pa3Jil1qHbiX 

nnacrMacc. 

HiJeHmurjJuKau,uR fl.flacmMacc HMeeT sa)I(Hoe 3HaqeHHe. Cpe,uH 

npo6neM, B03HHKaJOrn;Hx rrpH YTHJIH3aUHl1 nnacTMacc, rnasHaSI -

onpe.ueneHHe npHpO.Ubl MaTepH:ana, T. e. H,ueHTH<f>HKauHSI. EcnH 
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llepepa6omKa npoMbliU/IeltltblX omxoao6 

oTcyTcTsyeT cneu11aJibHoe o6opynosan11e nmr nposeneH11H X11MM ~ 

qecKoro, $11311KO-X11M11'IecKoro 11 npyr11x s11nos cneu11aJibHoro 

aHaJI113a, TO MOX<HO BOCnOJib30BaTbCH npOCTbiM11, HO )lOCTaTO'IHO 

TO'IHbiM11 cnoco6aM11 11)leHT11$11KaU1111, C noMOW:biO 11CKJIIO'IeHMll 

11JI11 cpasHeH11H C TO'IHO 113BeCTHbiM11 o6pa3uaM11 11JI11 nyTeM aHaJI113il 

CBe)leH11H 0 B03MOX<HOCT11 np11MeHeH11H TeX 11JI11 11HbiX B11Jl01\ 

nnacTMacc JlJIH onpeneneHHbiX ueneii. 

q T06bi OTJI11'I11Tb TepMonJiaCT11'IHbiH MaTep11aJI OT TepMope

aKT11BHOfO, CJie)lyeT np11JIOX<11Tb K o6pa3UY pacKaJieHHbiH MeTaJI

JI11'IecK11H npenMeT. Ecn11 np11 3TOM nosepxnpcTb KOHTaKTa c H11M 

nJiaB11TCH, TO 3TO TepMonJiaCT11'IHbiH MaTep11aJI. 

Ecn11 o6pa3eu nnacTMaccbi (nenop11CTbiH) nnasaeT na no

sepxnocT11 BOJlbi, B KOTOpYJO )l06asJieHbi HeCKOJibKO KaneJib MOIOW:ero 

semecTsa (Jlllfl CH11X<eH11H nosepXHOCTHOfO HaTHX<eH11H), TO 3TOT 

o6pa3eu, sepoHTHee scero, 113 nenonHpHoro noJI11Mepa- noJlu3mU!leHa 
11JI11 nOJlUnpOnU/leHO. llpOJlYKTb! ropeH11H TaK11X MaTep11aJIOB naXHyr 

ropHW:eH CTeap11HOBOH CBe'IOH. 

CX<11ran11e o6pa3uos nnacT11Ka - nocTaTo'IHO naneX<HbiH cnoco6 

ero 11)leHT11$11KaU1111 . .lJ.JIH 3TOfO KycoK 11JI11 noJIOCKY nJiaCT11Ka 6epyr 

W:11nuaM11, n11HUeTOM, KJiern:aM11 11JI11 Jlpyr11M aHaJIOf11'IHb!M 11HCT

pyMeHTOM (nopolliKoo6pa3HbiH MaTep11aJI nacbmaJOT na ne3s11e noX<a 

11JI11 )lpyroH YJl06HhlH 11HCTpyMeHT) 11 nO)lHOCHT K nJiaMeHH. 

llony'IeHHbie pe3yJibTaTbi cpasn11sa10T c 113secTHbiM nosenen11eM 

nnacTMacc np11 ropen1111. Bo sn11Man11e np11H11MaJOTCH cneny10rn:11e 

xapaKTep11cT11K11: nerKOCTb socnnaMeneH11H, xapaKTep nnasneH11H, 

npO)lOJIX<11TeJibHOCTb ropeH11H nocJie Bb!HeCeH11H 113 nJiaMeH11, HaJI11'I11e 

KOnOT11, UBeT nJiaMeH11, 3anax. llp11 3TOM Heo6XO)l11MO noMH11Tb 0 

Mepax 6e3onacnocT11 np11 onpenenen1111 3anaxa 11 np11 no)lX<11raH11H 

o6pa3uos. llosenen11e pa3JI11'IHbiX noJI11Mepos s nnaMeH11 ropenKH 

Bl1)lHO 113 )laHHbiX Ta6JI. 9.1. 
llon11MepHbie MaTep11aJibi, conepX<arn:11e xnop (nanp11Mep, 

noJI11B11H11JIXJIOp11Jl), MO:>KHO pacn03HaTb, np11JIOX<11B K 11X nosepx

HOCT11 p_acKaJieHHyJO MennyJO nposonoKy. Ecn11 nocne sneceH11H ee s 

nnaMH cn11'IK11 11JI11 ropeJIK11 OHO OKpalll11BaeTCH B 3eJieHbiH UBeT, TO 

3TO CB11)leTeJibCTByeT 0 np11CYTCTB1111 B noJI11Mepe XJIOpa. 

llOM11MO CX<11raHHH l1)leHT11lP11U11POBaTb MaTep11aJI MOfYT noMO'Ib 

3Kcnep11MeHTbi c pacTsopen11eM nnacTMaccb!. llosenenwe nnacTMacc 

B pa3JI11'IHbiX paCTBOp11TeJIHX on11cano B X11M11'IeCKHX cnpaBO'IH11Kax 

11 npyroii cneu11aJibHoi1 JI11TepaType. 
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1'1oJIHMep 

I loJIH3THJieH, 

IIOJIHnponHJieH 

IJOJIHBHHHJI

IIUeTaT 

rJOJIHCTHpOJI 

A6C 

I loJIHMeTHJIMeT

nKpHJiaT 

JlOJIHaMH.ll 

I ~eJIJIIOJIOJa 

n OJIH3THJieH

repe$raJiaT 

lloJIHKap6oHaT 

I loJIH<flopMaJib

JterH.a 

I lOJIHBHHHJI

xnopH.ll 

[ II a 6 a 9. Jlepepa6omKa omxoao6 nO/IUMepHbiX MamepU(].JI06 

Oco6euuocTH ropeHHJI noJIHMepoa 

noae.aeHHe npH ropeHHH 

fopHT roJiy6biM nJiaMeHeM C JKeJITOH 

BepXyuiKOH, MaJIO .llbiMa, KanJIH pacn

Jiaaa 

fopHT JKeJITbiM C HCKpaMH nJiaMeHeM, 

KOllTHT 

fopHT OpaHJKeBO-JKeJITbiM CBeHJWHM

CSI nJiaMeHeM, CHJibHO KOllTHT 

fopHT OpaHJKeBO-lKeJITbiM nJiaMeHeM, 

CHJibHO KOllTHT 

fopHT C llOTpeCKHBaHHeM CHHHM nJia

MeHeM, KOllTHT 

fopHT roJiy6brM nJiaMeHeM c 6eJioii aep

xywKoii 

fopHT JKeJITbiM nJiaMeHeM, CJia6o KOn-

THT 

fopHT JKeJITbiM CBeTHWHMCH nJiaMeHeM, 

CJia6o KOllTHT 

fOpHT JKeJITbiM CBeTHWHMCSI ,llpOlKaWHM 

· nJiaMeHeM, CJia6o KOllTHT, npH BbiHO

ce H3 nJiaMeHH Me.llJieHHO JaTYXa eT 

fopHT CHHeBaTbJM llJiaMeHeM, Kan-

JIH pacnJiaaa 

fopHT JeJieHbiM c roJiy6o!:i aep

xywKoH nJiaMeHeM, npH BbiHOCe 113 

nJiaMeHH JaTyxacr 

T a 6 JI H 11' a· 9.1 

3anax npH ropeHHH 

fop»wero napa$HHa 

YKcyca 

UaeTO'!HbiH 

UseTO'!HbiH, rop»

weii peJHHbl 

UseTO'IHO-llJIO.llOBbiH 

)i()((eHOH KOCTH 

CJia6bJH Janax 

tjleHoJia 

Pe3KH!:i Janax 

<flopMaJib.llerH.aa 
Pe3KHH 

ilOBTOpHOMy HCOOJlb30BaHI110 OTXO.UOB TepMOOJiaCTOB, KaK 

llpaBI1JIO, npe.uwecTByeT nepepa60TKa, CB5!3aHHa5! C 11X U3MeAb'leHUeM 
1-1 zpaHyAupoeaHueM. C :noli ueJIEIO pa3pa6oTaHbi cneul1aJibHbie 

MaW11Hbl 11 ycTaHOBKI1 .UJI5! nepepa60TKI1 OTXO.UOB CaMbiX pa3HO

o6pa3HbiX <PopM 1>1 pa3Mepos .UJI.H noJiy'IeHI15! BTOp11'!Horo Cbipb.H, 

KOTOpoe no $OpMe 11 pa3MepaM B 3Ha'II1TeJibHOH Mepe COOTBeT

CTBOBaJIO fib! nepB11'IHOMy Cblpb!O. 

OepB11'!Hoe Cblpbe, 11cnoJib3yeMoe np11: nepepa6oTKe nJiacTMacc, 

IIpe.ucTaBJI.SieT co6oti rJiaBHbiM o6pa30M rpaHyJihi co cTaHD:apTHoti se.im

'IHHOH 3epeH, c nocT05JHHOti o6beMHOti Maccoti 11 xopoweti CbmyqecTbiO. 

0Txo.uhl TepMOnJiacTOB .UOJI)I(Hbi 11MeTb aHaJIOfi1'IHbiti rpaHyJio

MeTpi1'IecKHti COCTaB. 
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Ilepepa6omKa npoMbiUL/IeHHbiX omxoiJo6 

Kpyrmora6apHTHbie OTXOJlbi rmacTMacc rrpensapHTeJibHO Hape 

3a!OTCSI Ha Ul1PKYJISipHbiX ITHJiaX l1Jll1 JieHTO'IHO-ITHJibHbiX CTaHKaX . 

.lJ.JISI rpaHyJIHpOBaHHSI umpOKO l1CITOJib3YIOTCSI peX<ylUHe rpa 

HyJISITOpbi, rrepepafiOTKa OTXO)lOB B KOTOpbiX Ilp0l1CXO)ll1T Me)I(Jl\" 

pOTOpHbiMH l1 CTaTOpHbiMH HOX<aMH, a Cl1TO, paciTOJIOX<eHHOe II 

HHX<Heti qacTH MaumH, orrpeneJISieT Ja)laHHyJO seJIH'IHHy 3epeH. II 
Ta6JI. 9.2 IlpHBe)leHbi xapaKTepl1CTl1Kl1 pOTOpHbiX l13MeJib'Il1TeJie~l, 
BbrrrycKaeMbiX oTe'!ecTBeHHOti rrpOMbiiiiJieHHOCTbJO. KoHCTPYKUH 11 

pOTOpHO-HOX<eBOfO l13MeJib'Il1TeJISI l1306paX<eHa Ha pl1C. 9.9. 

T a 6 JI H u a 9./ 
XapaKTepucTHKH poropnLIX H3MeJib'IHTeJieu nJJacTMacc 

TexHWJecKaH 
MapKa rpaHyJIHTopa 

xapaKTep 11 CTH Ka vmP-1oo vmP-150 vmP-300 vmP-4511 

npOH3BO,LJ,HTeJibHOCTb, Kr/'I 25-60 50-150 150-350 200-1500 
)lHaMeTp pompa, MM 100 150 300 450 
CKopocTb BpameHHH pompa, 1500 1300 700 700 
o6/MHH 

KoJIHYeCTBO HO)((eH poTopa, 3 3 9 15 
lilT. 

KoJIHYecTBo Heflo.llBH)((HbJX 2 2 2 3 
HO)((ej;j, lilT. 

3a30pbl Me)((,lly HO)((aMH, MM 0,1 0,1 0,1-0,2 0,2-0,4 
MoiUHOCTb 3JieKTponpHBO.lla, 1,0 1,6 18,5 27,5 

npOl13BO)ll1TeJibHOCTb l13MeJib'Il1TeJISI onpe,lleJISieTCSI Bl1,ll0M 

OTXO,llOB, a TaKX<e KOHCTpyKTl1BHbiMl1 Oc06eHHOCTSIMl1 ycTaHOBKH: 

'IHCJIOM 11 JlJIHHoti HOX<eti, a TaKX<e qacTOTOti spameHHSI poTopa. B 
rrpouecce pafiOTbi IlpOI13BO)ll1TeJibHOCTb pOTOpHbiX l13MeJib'Il1TeJieH 

nanaeT BCJie)lCTBHe l13HOCa HOX<eti. no3TOMY He06XO)ll1MO Ilpl1 rraneHHH 

IlpOl13BO)ll1TeJibHOCTl1 l13MeJib'Il1TeJISI Ha 20-30 % OT rrepBOHa'IaJibHOfO 

3Ha'!eHHSI Ilpl1 pa6oTe Ha O,llHOM MaTepH:aJie IlpOBO)ll1Tb rrepl10-

Jll1'IeCKYIO 3aTO'IKY HOX<eti. 

CTerreHb H3MeJib'IeHHSI oTxonos orrpeneJISieTcSI pa3MepoM SI'!eeK 

Cl1Ta, orpaX<)la!OlUefO KaMepy ITOMOJia CO CTOpOHbi BbiXO)la 113-

MeJib'IeHHOfO MaTepHaJia. Pa3Mep qacTHU l13MeJib'IeHHbiX OTXOJlOII 
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r 11 a 6 a .9. /Iepepa6omKa omxoiJo6 noAUMepH&cc MamepUQ/106 

I'Hc. 9.9. KoHCTpYKUHH poTopHo

IIOlKeBoro H3MeJib'IHTeJIH C BO.!lSIHbiM 

OXJIIDK.lleHHeM: 

I - noBopoTHM TIJIHTa; 2- 3JieKT

poJIBHraTeJib; J - JIOTOK; 4 -
t'beMHaH KaJIH6pyiOIUaH pellleTKa; 

.'i- poTop; 6- CTaTop; 7 - MaCJIO

OTpiDKaTeJIH; 8 - HO)I(H pOTOpa; 9 
JarpyJO'IHbiH 6yHKep; 10 -

MaXOBHK; 11 - ynopHble TIOJI

IIIHTIHHirn; 12- MaCJIOJlp06HTeml; 

/3 - peryJIHpyeMbie HO)I(H CTaTOpa; 

/4-WTyUep JlJIH TIOJla"'H BO!lbl 

KOJie6JieTCSI OT 3-5 ,UO 25-

6 

.5 

IJ 

l() MM. PoTopHbie H3MeJib'IHTe- 1 
1111 npH pa6oTe H3,Ua!OT CHJibHbiH 

111yM. C uenbJO ero yMeHbiiiem:UI 

II'JMeJib'IHTeJib BMecTe C ,UBH

I"il'reJieM H BeHTHJISITOpOM 3a

KJ!IO'Ia!OT s IIIYM03aiUHTHbiH 

KO:>K)'X, 'ITO TI03BOJISieT CHH3HTb 

ypoB.eHb IIIyMa Ha 10-15 ,uE. 

g 

10 

II 

12 

IJpH H3MeJib'IeHHH ~3KHX TepMOITJiaCTOB, ~ITO
.IIHi!MXLUa, TIOJIH3THJieHa, ITJiaCTHq>HUHpOBaHHOfO ITOJUIBHHtt~ 

II ~3BO,UHTeJibHOCTb pOTOpHbi~~Q_ey_!:l_.JlOK.CifJfbH6-Tia.,Uae.T-ITO 
t•paBHeHHIO C IT ,UaHHbiMH H COCTaBJISieT Bcero 20-30 % 
(I~JIH ITOJIH3THJieHa) H 35-55 % (.UJISI ITOJIHaMH,Ua) OT nacnOpTHOfO 

IIIa'IeHHSI . .LJ:JISI HX H3MeJib'IeHHSI nepcneKTHBHO HCITOJib30BaHHe 

l,pworeHHOH TeXHHKH. IJocJie my60KorO OXJia)!([l,eHHH TaKHX OTXO,UOB 

II cpe,ue )I(H,UKOfO a30Ta (TeMrrepazypa HCnapeHHSI -195,8 "C) ITOJIHMep 

IICpeXO,UHT B CTeKJioo6pa3HOe COCTOSIHHe H CTaHOBHTCSI xpynKHM, 'ITO 

IIJa"'HTeJibHO yrrpomaeT ero H3MeJib'IeHwe. 

HeKOTOpbie BH.LI:bl OTXO,UoB MO)I(HO H3MeJib'IaTb TIOCJie OXJia)!([l,eHHSI 

II cpe,ue C)I(IDKeHHOfO ymeKHCJIOfO fa3a (TeMneparypa HCITapeHHR 

78,5 °C). Xrra)J.areHTbl BBO)J.RT HJIH Henocpe,UCTBeHHO B ,upo6HJIKy, HJIH 

IICIIOJlb3YIOT cneUHaJibHbiH KOHBeH:ep, Ha KOTOpOM ITJiaCTMaCCOBbie 

IITXO,Ubl rrpe,usapHTeJibHO OXJia)!([l,aJOTCSI, a 3aTeM B OXJia)!([l,eHHOM BH.LI:e 

IIOHaJOTCSI Ha H3MeJib'IeHHe. 
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Ilepepa6omKa npoMbiiU/leHHblX omxoiJo6 

Kp11oreHHa.SI TeXH11Ka 113MeJib'IeH11.SI noJI11MepHbiX OTXOJJ;OB no 

cpaBHeH1110 C 113MeJib'IeH11eM np11 KOMHaTHOH TeMnepaT)'pe 11MeeT p}JJl 

npe11MymecTB. B qacTHOCT11, pacxo.IJ; 3Hepr1111 Ha 113MeJib'IeHI1l' 

ilOJI11MepHbiX OTXOJJ;OB Ha OJJ;HOH 113 TaK11X ycTaHOBOK, C03JJ;aHHbiX J.1 

11cnOJib3yeMbiX s 51noH1111 JJ;JI.SI yT11JI113aU1111 noJI11MepHbiX JJ;eTaJie~l 
BbmycKaeMOH qmpMOH "X11Ta'I11" 3JieKTp06biTOBOH annapaTyphl, 

cocTaBJI.SieT 6 BT • 'I/Kr OTXOJJ;OB no cpasHeH1110 c 24 BT • 'I/Kr J-Ja 

06bi'IHOH ycTaHOBKe. 

ilp11113MeJib'IeH1111 TOHK11X 11 JierK11X OTXOJJ;OB (o6pe3KOB UJieHKJ.1, 

BOJIOKOH, nepenJieTOB, OCTaTKOB TKaHeti 11 KOBpOB 113 C11HTeT11'IeCK11X 

ilOJI11MepOB, 11CKYCCTBeHHbiX KO)I( 11 T. JJ;.) C ilOMOJJ..J;biO pOTOpHbiX 

113MeJib'I11TeJieti ilOJiy'IaiOT o6pe3K11 C He3Ha'I11TeJibHOH 06'beMHOI-! 

MaCCOH 11 ilJIOXOH Cblily'IeCTbiO, JJ;aJibHetillla.SI nepepa60TKa KOTOpbiX 

Ha cymecTByiOJJ..J;eM TeXHOJIOf11'IeCKOM o6opy.IJ;OBaH1111 npaKT11'IeCKJ.1 

HeB03MO)I(Ha. il03TOMy OTXOJJ;bl TaKOfO T11na, 11MeiOJJ..J;11e HaCblilHYIO 

Macey MeHee 0,25 rjcM 3, npespama10T s rpaHyJI.SIT c noMOJJ..J;bJo 

3KCTpy.IJ;epOB, T. e. C ilOMOJJ..J;biO ilJiaBJieH11.SI. 

fpaHyJI11posaH11e s 3KCTpy.IJ:epax 11MeeT PM npe11MymecTB, CB}J· 

3aHHblX C B03MO)I(H0CTbiO 11CilOJlb30BaH11.SI npaKT11'IeCK11 JIIOfibJX 

OTXOJJ;OB, B TOM 'I11CJie OTXOJJ;OB, o6pa3yiOJJ..J;11XC.SI ilp11 ilOJiy'IeHJ1U 

BOJIOKOH, TKaH11, Tp11K0Ta)l(a, OTXOJJ;OB, ilOJiyqeHHblX np11 HaHeceH1111 

ilOKpbiT11H 11 np11 KaJiaHJJ;pOBaH1111, OTXOJJ;OB BaKyyM-<f>OpMOBaH11.SI J.1 

T. JJ:. Op11 rpaHyJI11posaH1111 -MO)I(HO ocymecTB11Tb HanpasJieHHyJo 

MOJJ;11<f>11KaU1110 OTXOJJ;OB C ilOJiy'IeH11eM npOJJ;yKTOB C yJiy'IllleHHblMJ.1 

CBOHCTBaM11, 'ITO il03BOJI.SieT 11Cil0Jlb30BaTb 11X B pa3JI11'IHbiX OTpacmJX 

npOMbilliJieHHOCT11. 

l..{epB.SI'IHbie 3KCTpy.IJ;epbi JJ;JI.SI rpaHyJI11pOBaH11.SI OTXOJJ;OB TepMO

ilJiaCTOB 11Me!OT y3eJI JJ;era3aU1111. B 3aB11C11MOCT11 OT nocJie.IJ;o

BaTeJibHOCT11 JJ;ByX npouecCOB, npOXOJJ;.SIJJ..J;11X BO BpeM.SI rpaHyJII1-

pOBaHI1.SI, - pe3Kl1 11 OXJia)I(JJ:eHI1.SI - 113MeJib'IeH11e ocymecTBJI.SIIOT JJ;BYMH 

cnoco6aM11: rpaHyJI.SIU11eti Ha 3KCTpy3110HHOH fOJIOBKe 11 ilOJl

BOJJ;HbiM rpaHyJI11pOBaH11eM. Bbr6op cnoco6a rpaHyJI11posaH11.SI 3aBI1-

C11T OT CBOHCTB ilOJI11Mepa: B.SI3KOCT11 11 a.IJ;fe31111 pacnJiaBa Tep-

MOUJiaCTa K MeTaJIJiy. 

Op11 rpaHyJI.SIU1111 Ha 3KcTpy3110HHOH roJIOBKe pacnJiaB Bhl

JJ;aBJI11BaeTC.SI qepe3 OTBepCT11.SI pellleTK11 (KOJI11'IeCTBO KOTOpb!X JJ;OC 

T11raeT 300) B B11JJ;e )l(fYTOB (cTpeHr) 11 TYT )l(e cpe3aeTC.SI CKOJib3.SIJJ..J;11MJ.1 

BJJ;OJib peweTK11 HO)I(aM11. OoJiy'IeHHbie np11 pe3Ke rpaHyJibi ox

Jia)I(JJ:aiOTC.SI B03JJ;yxoM l1JI11 BOJJ:OH. Op11 ·rpaHyJI11posaH1111 noJI110JJl' 
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f /1 a 8 a 9. Jlepepa6omKa omxoao8 nOJIUMepHbiX MamepUG!108 

<f>HHOB cpe3aHHbie rpaHyJihi nona.n:aiOT B saHHY c so.n:otl:, r.n:e H 

llpOHCXO.LJ:HT HX OXJI<DI<,UeHHe. 

TipH llO.LJ:BO.LJ:HOM rpaHyJIHpOBaHHH )!(fYTbi pacnJiasa llOJIHMepa 

cpa3y nocTynaiOT B saHHY c so.n:otl: H ~e TaM Hape3aiOTC51 Ha rpaHyJihi. 

TeMnepaTypa BO.LJ:hi no.n:.n:ep)!(HBaeTC.sl s npe.n:eJiax 50-70 'C, 'ITO noJso

Jif!eT etl: HHTeHCHBHO HCnap.siTbC.sl C nosepXHOCTH rpaHyJI BO BpeM.sl HX 

cyrnKH. Pacxo.n: BO.LJ:hi cocTaBJI.sleT 40 M 3 Ha 1 T rpaHyJI.s~Ta. Pa3Mep 

IIOJiyqaeMbiX rpaHyJI 3aBHCHT OT pa3Mepa H <J:>opMbi OTBepCTHH, 

CKOpOCTH BpameHH.sl lllHeKa H KOJIH'IeCTBa cpe3aiOI.I.J;HX HO)!(eH. 

TipH rpaHyJIHpoBaHHH B 3KCTpy.n:epe MaTepHaJI llOCTO.siHHO Ha

XO.LJ:HTC.sl llO.LJ: B03.LJ:eHCTBHeM MeXaHH'IeCKHX CHJI H TeMnepaTypbi, 'ITO 

cnoco6cTsyeT npou:eccy TepMoMeXaHo.n:ecTpyKU:HH nonHMepHbiX u:e

uetl: . 

.[(JI.sl llO.LJ:fOTOBKH K nepepa60TKe o6'beMHbiX OTXO.LJ:OB llJiaCTMaCC, 

llanpHMep nJieHKH, HCllOJlb3YIOT 02JlOMepaU,WO. 

ArJioMepaTopbi o6ecne'IHBaiOT HenpepbiBHoe npHroTOBJieHHe 

Cbrnyqero rpaHyJI.siTa 113 OTXO.LJ:OB TepMOnJiaCTOB BCeX BH.LJ:OB: 

IIOJIH3qmpHbiX, llOJIHnponHJieHOBbiX, llOJIHCTHpOJibHbiX, llOJIHa

MJ.f.LJ:HbiX, llOJIHBHHHJIXJIOpH.LJ:HblX H .n:pyrHX. 

Pa3pa6oTaH arJioMepaTop .LJ:JI.sl rpaHyJIHposaHH.sl oTxo.n:os Tep

MOnJiacToB C HH3KOH HaCbinHOH llJIOTHOCTbiO, MHHY.sl llO.LJ:fOTO

IIHTeJibHbie CTa.LJ:HH. 0H npe.n:cTaBJI.sleT co6otl: spamaiOI.I.J;HHC.sl U:HJIHH.LJ:p 

c 3JieKTpoo6orpesoM. TipH pa6oTe TeMnepaTypa s U:HJIHH.n:pe no.n:

llCp)!(HBaeTC.sl Bhrrne TeMnepaTyphr nnaBJieHH.sl TepMonJiacTa. UHJIHH.LJ:P 

pa3MemeH BHYTPH HarpesaeMoro U:HJIHH.n:pH'IecKoro Ko)!(yxa, cMe

llleHHoro no OTHorneHHIO K ocH U:HJIHH.n:pa. Ko)!(yx H U:HJIHH.LJ:P 

nrJioMepaTopa o6pa3yiOT KaMepy c yMeHbrnaiOmHMC.sl nonepe'IHhiM 

CC'IeHHeM H 3aKaH'IHBaiOmyiOC51 C npOTHBOllOJIO)!(HOH CTOpOHbi paKJietl:, 

Ill KOTOpOH pacnoJIO)!(eHa fOJIOBKa, OCHameHHa.sl OTBepCTH.siMH HJIH 

II pope351MH. 

Tiona.n:a.s~ Ha rop.si'IYIO nosepxHoCTh spama10meroc.s~ U:HJIHH.LJ:pa, 

MciTepHaJI, BBO.LJ:HMbiH B 6yHKep, nJiaBHTC.sl H npHJIHnaeT K ero no

IICpXHOCTH. TaK KaK nonepe'!Hoe cetieHHe KaMepbr npH spameHHH 

llHliHH.LJ:pa yMeHblllaeTC.sl, pacnJiaBJieHHbiH MaTepHaJI npH)!(J.fMaeTC.sl ~ 

llliH60Jiee orpaHH'IeHHOH 30He KaMepbi H, HaKOHeu:, K paKJie, a 3aTeM 

llhJ.LJ:aBJIHsaeTC.sl Hap~ qepe3 roJIOBKY. lib MaTepHaJia, npoxo.n:.s~mero 
IIOCJie.n:osaTeJibHO nocTaBJieHHbie YCTPOHCTBO oXJI<DI<,UeHH.sl H pe~He 

"1/ICMeHThi, noJiyqaiOT rpaHyAAT. Pa3Mep qacTHU: 2-15 MM, HacbmHM 

IIJIOTHOCTh 400 Kr/M3• B npou:ecce arJioMepau;HH so3MO)!(HO sse.n:eHHe 
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Jlepepa6omKa npOMbiUJil€HHbiX omxoao8 

B KOMll0311l.UUO KaKI1X-JIH6o .n:o6aBOK (HanoJIHHTeJieif, KpaCI1TeJieif H 

.n:p.). 

Pa3iJeJZenue cMeceu omxoiJoB noJZuMepoB ocyw:ecTBJIHIOT pa3-

JII1qHbiMI1 MeTo.n:aMI1. CMernaHHbie oTXO.LJ:bi TepMonJiacToB co.n:ep)l(aT, 

KaK npaBI1JIO, Beru:eCTBa, pa3JII1qaiOW:I1eCH MexaHI1qeCKHMI1 H 

XI1MI1qecKI1MI1 CBOHCTBaMI1, qTo ll03BOJIHeT .LJ:liH 11X pa3.n:eJieHJHI 

npi1MeHHTb <)>11311qeCKI1e 11 XI1MI1qeCKI1e CllOC06bi. 

Pa3.n:eJieHI1e cMeceif TepMonJiacToB MO)I(HO ocyw:ecTBI1Tb co

qeTaHI1eM npouecca rpoxoqeHI1H 11 BoJ.n:yrnHoif cenapai.II111, ocHoBy 

KOTOpOH COCTaBJIHeT pa3JII1ql1e B CKOpOCTHX OCa)I(.LJ:eHI1H, pa3Mepax 

TBep.LJ:biX qacTI1l.I 11 11X llJIOTHOCTI1. TioJIHaH copTI1pOBKa .LJ:OCTI1raeTCSI, 

Kor.n:a CKOpOCTb oce.n:aHI1H caMbiX KpynHbiX qaCTI1l.I 113 JierKoro 

KOMllOHeHTa pasHa CKOpOCTI1 oce.n:aHI1H CaMbiX MaJibiX qaCTI11l 

TH)I(eJioro KOMllOHeHTa. C llOMOW:biO 3Toro MeTO.LJ:a MO)I(HO pa3.n:eJII1Th 

.LJ:O llHTI1-IlieCTI1 BI1.LJ:OB MaTepl1aJIOB. 

Xoporn11e pe3yJibTaTbi noJiy'IaiOTCH np11 nocJie.n:osaTeJibHOM 

pa3.n:eJieHI111 OTXO.LJ:OB pa3JII1qHbiX nJiaCTMaCC MeTO.LJ:OM <)>JioTai.II111 H 

COJieBbiX paCTBopax C pa3JII1qHoH llJIOTHOCTbiO. 

PaccMOTPI1M .LJ:JIH np11Mepa nocJie.n:osaTeJibHOCTb TexHoJiorl1qecKI1X 

onepau11if np11 pa3.n:eJieHI111 cMecl1 cJie.n:yiOw:ero cocTasa: 54 % -
llOJII1BI1HI1JIXJIOpi1.LJ:a (TIBX) (nlloTHOCTb 1,38 rjcM 3); 22,7% -
llOJII1CTI1poJia (TIC) (nJIOTHOCTb 1,05 rjcM 3); 22,3%- llOJII13TI1JieHa 

(TI3) (nJIOTHOCTb 0,95 rjcM 3). 0TXO.LJ:bl 113MeJibqaiQT .LJ:O qacTHil 

pa3MepoM He MeHee 4 MM 11 no.n:aiOT B 6yHKep, Ky.n:a 3aJII1BaiOT 

pa3.n:eJII1TeJibHYIO )1(11.LJ:KOCTb C llJIOTHOCTbiO 1,08 r /CM 3 B TaKOM 

KOJII1qecTBe, qT06bi Ha 1 o6"beMHYIO qacTb llOJII1MepoB npi1XO.LJ:I1JIOCb 

60 qacTeif )1(11.LJ:KOCTI1. B KaqecTBe pa3.n:eJII1TeJibHoif )1(11.LJ:KOCTH 

11cnoJib3YIOT so.n:y c .n:o6asJieHI1eM nosapeHHoif co1111. CycneH311sr, 

noJiyqaeMaH B CMeCI1TeJibHOM 6yHKepe, no.n:aeTCH I.IeHTpo6e)I(HbiM 

HacocoM B rl1.n:poi.II1KJIOH. KoHI1'!ecKaH qacTb ri1.LJ:POLII1KJIOHa .n:mr 

oT.n:eJieHI1H TIBX 11MeeT yroJI 9·, a OTHorneHI1e .LJ:lii1Hbl sepxHetl 

l.II1JII1H.LJ:pl1qecKOH qacTI1 K .LJ:I1aMeTpy paBHO 4. 
B m.n:poi.II1KJioHe qacTb Hecyw:eif )1(11.LJ:KOCTI1 cJII1BaeTCH qepe3 Kpatl 

BMecTe c TIC 11 TI3, a .n:pyraH qacTb BbiBO.LJ:I1TCH qepe3 HI1)1(Hec 

oTBepcTI1e BMecTe c <J>paKul1eif TIBX, qacTI1I.Ibi KoToporo noToHyJJI1. 

TiepeJII1BiliaHCH qepe3 Kpaif CMeCb COCTOI1T 113 49,5 % TIC 11 50,5 % 
TI3. )1(11.n:KoCTb, CJII1BrnaHcH qepe3 CI1To, B03Bpaw:aeTcH no Tpy6aM 11 

6yHKep. TIC 11 TI3 OT ocTaTKOB co1111 npoMbiBaiOT so.n:oif. 113 HI1)1(Hero 

CJII1BHoro OTBepCTI1H Ha CI1TO no.n:aeTCH <)>paKI.II1H, co.n:ep)l(aw:aH 98,9 % 
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nBX, KOTOpbiH TaK)l(e npoMbiBaiOT BO.LJ:OH OT COJIH. fiC H fl3 

HanpaBJIHIOT B .n:pyroif 6yHKep, r.n:e OHH cycneH.LJ:HpyiOTCH B Hecymeii 

lKH.li:KOCTH C llJIOTHOCTbiO 0,97 r/CM\ HanpHMep COCTOHI.I.J;eH H3 CllllpTa 

H BO.LJ:bl, .LJ:liH npose.n:eHHH CJie.n:yiOmeti: CTyneHH pa3.n:eJieHHH B 

rH.LJ:POU:HKJIOHe C noqTH llJIOCKHM .LJ:HOM, yroJI KOHyca KOTOporo 

COCTaBJIHeT 170•. 0THOIIIeHHe BbiCOTbl BepXHeif U:HliHH.LJ:PHqecKOH qaCTH 

rH.LJ:POU:HKJIOHa K ero .LJ:HaMeTpy paBHO 8. flepeJIHBIIIaHCH H3 

I'H.LJ:POU:HKJIOHa <J:>paKQHH nona.n:aeT Ha CHTO H co.n:ep)l(HT 90,8 % fl3, 

llblXO.LJ: ero COCTaBJIHeT 94,4 %. <l>paKQHH, BbiBe.n:eHHM qepe3 HH)l(Hee 

OTBepCTHe H co6paHHM Ha .n:pyroe CHTO, co.n:ep)l(HT 94,4 % fiC, 

llbiXO.LJ: KOTOporo COCTaBJIHeT 90,3 %. 

9. 5. Oco6ennocmu nepepa6omKu omxoiJoe 
HeKomopbtX mepMo11.1lacmoe 

Ilepepa6omKa omxoi:Jo6 noJZuoJZecjJuHo6. floJIHoJie<I;>HHhi - caMbiti: 

MHOfOTOHHa)l(Hblll BH.LJ: TepMOllJiaCTOB, KOTOpbie HaXO.LJ:HT IIIHpOKOe 

llpHMeHeHHe B pa3JIHqHbiX OTpaCJIHX llpOMbilliJieHHOCTH, TpaHCllOpTa 

H B CeJibCKOM X03HHCTBe. K HHM OTHOCHTCH llOJIH3THJieH BbiCOKOH H 

IIH3Koti: nJioTHOCTH, noJiwnponwJieH. Haw6oJiee 3<l;><l;>eKTHBHhiM cno

co6oM YTHJIH3aQHH OTXO.LJ:OB llOJIHOJie<I;>HHOB HBJIHeTCH HX llOBTOpHM 

11epepa6oTKa. Pecypcbi BTopwqHbiX noJIHoJie<I;>HHOB BeJIHKH: TOJibKo 

OTXO.LJ:bl llOTpe6Ji:eHHH llOJIH3THJieHa HH3KOH llJIOTHOCTH B 1995 r. 

JlOCTHfJIH 2,0 MJIH. T. 

Cnoco6bi nepepa6oTKH oTxo.n:os noJIHoJie<l;>wHoB JaBHCHT oT MapKH 

IIOJIHMepa w wx npowcxo)l(.LJ:eHHH. Haw6oJiee npocTo nepepa6aTbiBaiOTCH 

TCXHOJIOrHqeCKHe OTXO.LJ:bl, T. e. OTXO.LJ:bl llpOH3BO.LJ:CTBa, KOTOpbie He 

IIO.LJ:BeprJIHCb HHTeHCHBHOMY CBeTo-TellJIOBOMY B03.LJ:eHCTBHIO B 

11pou:ecce 3KCnJiyaTau:ww. He Tpe6yiOT CJIO)l(HhiX MeTo.n:os no.n:roTOBKH 

H OTXO.LJ:bl llOTpe6JieHHH H3 llOJIH3THJieHa BbiCOKOH llJIOTHOCTH H 

IIOJIHnponHJieHa, TaK KaK, C O.LJ:HOH CTOpOHbi, H3.LJ:eJIHH, H3fOTaB

JIHBaeMbie H3 3THX llOJIHMepoB TaKXe He npeTepneBaiOT 3HaqHTeJibHbiX 

1103.LJ:eti:cTBHH BCJie.n:cTBHe CBoeti: KOHCTpyKUHH H Ha3HaqeHH~ 

(TOJICTOCTeHHbie .n:eTaJIH, Tapa, <J:>ypHHTYPa H T . .LJ:.), a C .n:pyroti: CTOpOHbl, 

11CXO.LJ:Hbie llOJIHMepbi 6oJiee YCToti:qHBbl K B03.LJ:eHCTBHIO aTMoc<J:>epHbiX 

(l>aKTopoB, qeM noJIH3THJieH HH3Koti: nJioTHOCTH. TaKwe oTxo.n:hi nepe.n: 

llOBTOpHbiM HCllOJib30BaHHeM Hy)l(.LJ:aiOTCH TOJibKO B H3MeJibqeHHH H 

I'PaHyJIHpOBaHHH. 
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J/epepa6omKa npOMbiUJ.AeHHbiX omxoao8 

K OCHOBHbiM oco6eHHOCTHM llOJIH3THJieHOBbiX OTXO.LJ:OB llOT

pe6JieHHH OTHOCHTCH HH3KaH HaCblllHaH llJIOTHOCTb, llOHHXeHHble 

npoqHOCTHbie CBOHCTBa H BbiCOKaH BH3KOCTb pacnJiasa. liJMeHeHHe 

~H3HKO-MeXaHHqeCKHX CBOHCTB BTOpHqHoro llOJIH3THJieHa, no

JiyqeHHOfO H3 OTXO.LJ:OB llOTpe6JieHHH, HBJIHeTCH CJie.LJ:CTBHeM Tep

MOOKHCJIHTeJibHOfO H MeXaHOXHMHqeCKOfO B03.LJ:eHCTBHH, OKa3biBae

MOfO Ha noJIHMep npH nepepa6oTKe H oco6eHHO npH 3KCnJiyaTaU:HH. 

HaH6oJibiiiee H3MeHeHHe csoifcTB npoHcxo.n:HT HMeHHo scJie.n:cTBHe 

npOTeKaHHH ~TOXMMHqecKRX npou:eccos. 

BTopHqHbiH noJIH3THJieH HH3Koif nJIOTHOCTH, noJiyqeHHbiH H3 

oTpa6oTaHHoif ceJibCK_oxo3HHCTBeHHoif nJieHKH, CHJibHo oTJIHqaeTCH oT 
nepsHqHoro MaTepHaJia. B Ta6JI. 9.3 npHse.n:eHbi csoifcrsa Hcxo.n:Horo 

noJIH3THJieHa H 3Toro xe MaTepHaJia nocJie noBTopHoif nepepa6oTKH H 

nocJie TpeXMec.HqHoH 3KCnJiyaTau:HH nJieHoqHoro MaTepHaJia H3 Hero B 

paifoHe c cy6TponHqecKHM KJIHMaToM. 

Ta6nHua 9.3 
II3MeneHHe caoiiCTB noJJH3THJJena HH3KOii DJJOTHOCTH npH noaropuoii 

nepepa6oTKe H npH cTapeHHH 

IT3 

HaHMeHoBaHHe 
noKa:Jaren.H BTOpH'IHbltl 

HCXO,llflbiH BTOpH'IHbiH nocne 3KC· 
nnyaTaUHH 

Conep:lKaHHe HH3KOMOJieKYJI.HpHoH: 0,1 6,2 6,2 
cppaKUHH, % 
Conep:lKaHHe ren.11, % 0 20,0 20,0 
ITpo'IHOCTb npH pacT.H:lKeHHH, MITa 15,5 10,0 II ,4 
0THOCHTeJibHoe Y.ll.JIHHeHHe, % 490,0 125,0 17,0 
CroH:KOCTb K pacTpeCKHBaHHIO, q 8,0 1,0 -

CBeTOCTOHKOCTb,CYT 90,0 50,0 -

L(JIH BTOpHqHoro llOJIH3TH.TieHa HH3KOH nJIOTHOCTH, noJiyqeHHOltl 

H3 OTXO.LJ:OB llOTpe6JieHHH, xapaKTepHa HH3Ka.H TeKyqeCTb pacnna1111 

npH MaJibiX HanpH)I(eHHHX c.n:sHra. O.n:HaKo ee MO)I(Ho peryJIHposaTI •. 

H3MeHHH TeMnepaTypy H HanpHXeHHe C.LJ:BHra. 

CHHxeHHe TeKyqeCTH pacnJiasa Mo)l(eT cJiy)I(HTb KpHTepHeM J~JIII 

OpHeHTHpOBOqHoH ou:eHKH CBOHCTB OTXO.LJ:OB H HX npHfO.LJ:HOCTH )~Jill 

llOBTOpHOfO HCllOJib30BaHHH COBMeCTHO C HCXO.LJ:HbiM MaTepHaJIOM. 
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F /1 a 6 a 9. J/epepa6omKa omxoao6 nOJIUM€pHb1X MamepUQ/106 

.LJ:JI~ YJIY'lllleHI1~ CBOHCTB BTOpl1'lHOfO noJII10Jie$11Ha B KOM

no311UI110 Ha ero OCHOBe .n:o6aBJI~IOT MI1HepaJibHbie 11 opraHI1'leCKI1e 

HanoJIH11TeJII1, noBepXHOCTHO-aKT11BHbie BeiUeCTBa 11 .n:pyr11e 

.n:o6aBKI1. TaK, BBe.n:eHI1e HanoJIH11TeJI~ B KOJI11'leCTBe .n:o 30 % 
(o6oeMH.) no3BOJI~eT noJiy'laTb 113 BTOpl1'lHOfO noJII13TI1JieHa 

HanopHbie Tpy6bl, ynaKOBO'lHble nJieHKI1, MHOroo6opOTHYIO Tapy 

H .n:pyryiO npo.n:yKUI1IO. B Ka'leCTBe HanoJIH11TeJI~ MoryT 6hiTb 

HCnOJib30BaHbl .LJ:I1CnepCHbie qacTI1Ubl JII06oif npl1pO.LJ:bl, B TOM 'li1CJie 

H3 OTXO.LJ:OB .LJ:PYf11X MaTepl1aJIOB, Hanpi1Mep .n:peBeCHa~ MyKa, 

pe311HOBa~ KpOlllKa 111111 113MeJib'leHHble OTXO.LJ:bl peaKTOnJiaCTOB. 

llO.LJ:fOTOBKa OTXO.LJ:OB noJII10Jie$11HOB K noBTOpHOMY 11CnOJib

·loBaHI110 BKJIIO'laeT CJie.LJ:YIOIUI1e onepau1111: COpTI1pOBKy; 11.LJ:eHTI1-

<~11KaUI110 (.LJ:ll~ CMelllaHHbiX OTXO.LJ:OB); 113MeJib'leH11e; pa3.n:eJieHI1e 

CMelllaHHbiX OTXO.LJ:OB; MOHKy; cyrnKy; arJIOMepaU11IO; rpaHyJI~UI110. 

llepBI1'lH~ COpTI1pOBKa 3aKJIIO'laeTC~ B pa3.n:eJieHI111 OTXO.LJ:OB no 

I~BeTy, ra6api1Ty, $opMe 11 np11 B03MO)I(HOCTI1 no BI1.LJ:aM nJiaCTMacc. 

0Ha npoBO.LJ:I1TC~ Bpy'lHYIO Ha COpTI1pOBO'lHbiX CTOJiaX. 

H.n:eHTI1$11KaUI1~ BI1.LJ:OB nJiaCTMacc Heo6xo.n:I1Ma .n:JI~ oT.n:eJieH11~ 
J~pyr OT .n:pyra OTXO.LJ:OB I13.LJ:eJII1H, 113fOTOBJieHHbiX 113 pa3JII1'lHbiX 

IIOJII1MepoB, noCKOJibKY 11X CMellli1BaHI1e npi1BO.LJ:I1T He TOJibKO K 

yxy.n:rneHI110 BHelllHero BI1.LJ:a 6y.n:YIU11X I13.LJ:eJII1H, HO 11 O'leHb '!aCTO 

K CHI1)1(eHI110 TeXHOJIOfl1'leCKI1X CBOHCTB CMeCI1 11 $11311KO-Mexa

IIH'IeCKI1X CBOHCTB I13.LJ:eJI11H. 

Moi1Ka o~yruecTBJI~eTc~ c ueJibiO o'li1CTK11 oTxo.n:os oT 3a

i1Hl3HeHI1H C nOMOIUbiO cneul1aJibHbiX MOIOIUI1X arperaTOB, 

l"OCTO~IUI1X 113 JieHTO'lHOfO TpaHcnopTepa, 6yHKepa, TpaHC-

110pTI1pyiOIUero lllHeKa 11 MOIOIUeH KaMepbi. .LJ:JI~ MOHKI1 11CnOJib3YIOT 

IIO)l.Y 11 CI1HTeT11'leCKI1e MOIOIUI1e cpe.LJ:CTBa. 

BbiMbiTbie oTXO.LJ:bi no.n:sepraiOT cyrnKe c ueJibiO y.n:MeHI1~ ocTaT

~o.on BO.LJ:bl. .n:n~ 3Toro npi1MeH~IOT cyrn11JIKI1 pa3JII1'lHbiX KOHCTPYKUI1i1: 

IIOJIO'lHble, JieHTO'lHble, C "KI1n~IUI1M" CJIOeM, BI1XpeBble 11 T . .LJ:. 

3aKJIIO'l11TeJibHOH CTa.n:11ei1 no.n:roTOBKI1 OTXO.LJ:OB nOJII13TI1JieHa 

~. IIOBTOpHOH nepepa60TKe B 113.LJ:eJII1~ ~BJI~eTC~ arJIOMepaUI1~ 113-

Ml'Jib'leHHbiX OTXO.LJ:OB 11 11X rpaHyJI~UI1~. 

0co6eHHO Ba)I(Ha CTa.LJ:I1~ arJioMepaUI111 .!1:11~ OTXO.LJ:OB C HI13KOH 

IIIICblllHOH nJIOTHOCTbiO (Hanpi1Mep, nJieHO'lHblX MaTepl1aJIOB 113 

IIOJIH3TI1JieHa HI13Koi1 nJioTHOCT11). B npouecce ar11oMepau1111 npo

IH'XO.LJ:I1T ycpe.n:HeHI1e OTXO.LJ:OB 11 11X ynJIOTHeHue, 'ITO o6JierqaeT 11X 

llllllbHei1rnyiO nepepa6oTKy. 
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Jiepepa6om/Ca npoMbliUJleHHbiX omxoao6 

MHoroKpaTHa~ nepepa6oTKa .n:pyroro noJII1Mepa 113 KJiacca 

nOJII10Jie$11HOB - nOJII1nponi1JieHa npi1BO.LJ:I1T o6bi'IHO K yBeJIJ.ftieHI110 

llTP, XOT~ np11 3TOM npO'IHOCTHbie xapaKTepi1CTI1KI1 MaTepl1a.Tia HC 

npeTepneBaJOT 3Ha'II1TeJibHbiX 113MeHeHI1M. llo3TOMY OTXO.LJ:bl, 

o6pa3yJOml1ec~ np11 113roToBJieHI111 .n:eTan:etl: 113 no1111npon11JieHa, a 

TaiOKe CaMI1 .n:eTa.TII1 no OKOH'IaHI111 cpoKa 3KCnJiyaTaU:I111 Moryr 6biTb 

nOBTOpHO 11CnOJib30BaHbl B CMeCI1 C 11CXO.LJ:HbiM MaTepl1a.TIOM .LJ:JHI 

noJiyqeH~ HOBhiX .n:eTan:etl:. B Ta6JI. 9.4 npl1se.n:eHo 113MeHeHI1e csotl:CTB 

no1111npon11JieHa B npou:ecce MHoroKpaTHOM nepepa6oTKI1. 

T a 6 JI H u a 9.4 
BJJHJIHHe MHOroKpamoit nepepa60TKH MeTO.li.OM JJHTbJI 00.11. )l.aWieHHeM 

Ha CBOftCTBa DOJJHDpODHJJeHa 

Ha11MeHOBaHI1e KpaTHOCTh nepepa60TKH 

n OIGI3aTeJIJI 
1 2 3 4 5 

Opo'!HocTh npH cTaTH'IecKoM 
H3rH6e, Mna 42,3 37,2 30,8 32,9 34,2 
Y.neJihHaJI y.napHa51 Bli3KOCTh, 
K)l:>KjM2 1300 I 250 1100 1050 990 
OpoqHocTh npH pacTJI:>KeHHH, Mna 35,6 34,1 35,2 34,6 33,5 
0THOCHTeJihHOe Y.li.JIHHeHHe, % 52 55 59 61 98 

PaccMoTPeHHhie TeXHOJIOfi1'IeCKI1e onepau1111 no no.n:roToBKe K 

nOBTOpHOM)' 11CnOJib30BaHI110 OTXO.LJ:OB noJII1MepHbiX MaTepl1a.TIOB MOryT 

6biTb pea.TII130BaHbl Ha HenpepbiBHOM JI11HI111, KOTOp~ BKJIJO'!aeT B 

ce6~ see Heo6xo.n:I1Mbie arperaThi M~ 11x BhlllOJIHeHI1~. 

TaK, JII1HI1~ HeMeu:Kotl: $11pMbi "Patl:<PeHxay3ep" .n:JI~ rpaHyJIH

posaHI1~ 3arp~3HeHHOM noJII13TH.JieHOBOM nJieHKH BKJIJO'!aeT: HO)I(eBOH 

H3MeJib'IHTeJib; BaHlJY .LUISI MOHK11; BHXpeBOM BO.LJ:OOT.LJ:eJIHTeJih; <\lHllbTp; 

qepBSI'IHhiM npecc; BaHIJY c oxniDK.LJ:aJOmetl: ao.n:otl:; rpaH}'JISITop; TPaHc

nopT11PYJOIUI1e YCTPOMCTBa; scnoMoraTeJibHoe o6opy.n:oaaHI1e. 

llpou:ecc noJiy'IeHI1~ rpaHyJI Ha 3TOM JII1HI111 COCTOI1T H:l 

CJie.LJ:yiDW:HX CT3,ll;I1M: 113MeJib'IeH~, CMellleH~, ycpe.n:HeH~, OTMbiBKH, 

CYlllKI1, ynJIOTHeHI1~, nJiaCTI1KaQI111, $11JibTpau:l111 pacnJiaBa, $op

MOBaHI1~ )l(ryTOB, OXJICl)I():J;eHI1~ )l(ryrOB, rpaHyJII1pOBaHI1~, KOHTpOJHI 

Ka'!eCTBa rpaHyJI~Ta H ero 3aTapi1BaHH~. 
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r .11 a B a 9. Ilepepa6omKa omxoiJOB nO.IIUMepHbiX MamepuO.IIoB 

flpOH3BO.llHTeJibHOCTb TaKOt:i: JIHHHH COCTaBJI.ReT 300 Krjq, 

ycTaHOBJieHHa.R MOI.UHOCTb 326 KBT, pacxo.n oxniDK,llaiOmeR: BO.llbl 

2,5 M3/T, paCXO.ll BO,llbi JI,1I.R OTMbiBKH nJieHKH 5,5 M3/T, pa3Mepbi rpaHyJI 

4x4 MM. 

OreqeCTBeHHa.R JIHHH.R JlflB-2000 (pHC. 9.10), BbiiJYCKaeMa.R B 

r.lleH3e Ha JaBO,lle "Ky3IIOJIHMepMarn", rrpe,nHa3HaqeHa ,llJI.R KOMII

JieKCHOt:i: IIO,llfOTOBKH K rrepepa60TKe JCYCKOBbiX H nJieHOqHbiX OTXO.llOB 

IIOJIH3THJieHa. flpOH3BO,llHTeJibHOCTb JIHHHH COCTaBJI.ReT 2000 T/fO.ll. 

J13MeJI&qeHHe OTXO,llOB IIpOH3BO.llHTC.R B pOTOpHbiX H3MeJibqHTeJI.RX 

(illiP-300 - )1)UI IcycKoBLIX oTXo,nos, HPllli-300-600 - )1)UI IIJieHoq

HhiX OTXO,llOB). fuMeJihqeHHbie OTXO,llhi B BH,l{e nyJibiihl IIOC1)'Ila.IOT B 

UIHeKOBbiH IIpOMbiBaTeJib, OTJcy.lla OTMbiTbie OTXO,llbi IIOCTyrraiOT B 
OT)I(l{MHOe YCTPOHCTBO H .nanee B BHxpesyiO cyrnHJIJcy, a JaTeM B 

illHeKOBLIA 3KCTPY.nep Ha rpaHyJI.RUMIO. Pa3Mep rpaHyJI, rronyqaeM&IX 

Ha 3TOH JIHHHH, 2-5 MM. 

PHc. 9.10. CxeMa npOH3BO.ZJ.CTBa BTOpwmoA noJIH3THJieHOBOit ruxeHKH: 
] - y3eJI COpTHpOBKH OTXO.ZJ.OB; 2 - .ZJ.p06HJIKa; 3 - MOeqHaH MailiHHa; 4 -
uempHcpyra; 5- cywHJIKa; 6- mrrarenh; 7- 3KCTpY3HOHHhle npecchl; 8 -

rpaHyJIJirop; 9- CMeCHTeJih; ]0- ruxeHO~blit arperaT 

llepepa6omxa omxoiJoo nOJZuBUHUAX.Ilopuoa. lloJIHBHHHJIXJIOpHJJ: H ero 

COIIOJIHMepbi IliHpOKO IlpHMeH.RIOT B IIpoH3BO.LJ:CTBe IIOKpbiTHH JI)I.R IIOJIOB, 

CTeH, Me6eJIH, paJJIHqHbiX 06HBOqHbiX HCKyCCTBeHHbiX KO)I(, nJieHOK, 

JIHTheBbiX H3.LJ:eJIHH H T . .LJ:. 3HaqHTeJibHbie KOJIHqecTBa OTXO.LJ:OB 3TOfO 

IIOJIHMepa o6paJyiOTC.R KaK IIpH H3fOTOBJieHHH 3THX MaTepHaJIOB, TaK H 

IlpH HX HCIIOJib30BaHHH B IIpOMbiiiDieHHOCTH, B qaCTHOCTH IIpH paCKpOe 

pyJIOHHhiX MaTepHaJIOB. 

Mo:xrno Bbi,lleJIHTb TPH OCHOBHbiX HarrpaBJieHH.R B HCIIOJib30BaHHH 

OTXO.llOB llBX: 
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Ilepepa6omKa npoMbiUJ.J1eHHbiX omxoiJoe 

* nepepa60TKa OTXO.LJ:OB B JIHHOJieyM, HCKyCCTBeHHbie KO)I(J.f H 

nJieHOlJ:Hbie MaTepHaJibi; 

* XHMHlJ:eCKoe BOCCTaHoBJieHHe llBX-KOMll03HU:HH C pereHe

pHpoBaHHeM, KaK npaBHJio,nJiaCTH<\lHKaTopoB H nBX-nopornKa; 

* HCllOJib30BaHHe OTXO.LJ:OB B pa3JIHlJ:HbiX llOJIHMepHbiX KOM

ll03HU:IDlX. 

lloCKOJibKY llBX lllHpOKO npHMeH~IOT npH H3fOTOBJieHHH 

pyJIOHHbiX MaTepHaJIOB Ha TeKCTHJibHOH OCHOBe, HJ.f)l(e Mbl paCCMOT

pHM oco6eHHOCTH nepepa60TKH OTXO.LJ:OB HMeHHO TaKHX TeKCTHJibHO

llOJIHMepHbiX MaTepHa.TIOB, KOTOpbie o6pa3yiOTC~ B 3HalJ:HTeJibHbiX 

KOJIHlJ:eCTBax H npH H3fOTOBJieHHH, H npH HX npHMeHeHHH. 

ToJibKO Ha aBTOMo6HJibHbiX Jaso.n:ax PoccHH npH Bbipy6Ke .n:eTa

Jieif o6HBKH H o6JIHU:OBKH Ca.TIOHOB aBTOM06HJieH e)l(efO.LJ:HO o6pa3y

eTC~ .LJ:O 1500 T OTXO.LJ:OB HCKyCCTBeHHbiX KO)I( H nJieHO'IHbiX MaTepHa

JIOB Ha OCHOBe llBX. TaKHe OTXO.LJ:bl MOryT 6biTb HCllOJib30BaHbl MH 

llOJiyqeHHH BTOpH'IHbiX MaTepHaJibHbiX pecypCOB H MH llOCJie.LJ:yiOmero 

H3fOTOBJieHHH 113 HHX JIHHOJieyMa, ynaKOBOlJ:HbiX llJieHOlJ:HbiX 

MaTepHaJIOB H .n:pyroti: npo.n:yKUHH. 

llpH c6ope OTXO.LJ:OB HeJib3H .n:onycKaTb nepeMelllHBaHHH o6pe3-

KOB HCKyCCTBeHHOH KO)I(J.f pa311HlJ:HbiX U:BeTOB. 

B o6meM BH.LJ:e cxeMa pereHepau:HH oTxo.n:os HCKyCCTBeHHOH Ko

)I(J.f H nJieHOlJ:HbiX MaTepHa.TIOB npe.LJ:CTaBJieHa Ha pHC. 9.11. llo TaKOH 

CXeMe MO)I(HO H3fOTaBJIHBaTb pa3JIH'IHbie llOKpbiTHH .LJ:JIH llOJIOB 

(JIHHOJieyM, JIHHOJieyMHYIO llJIHTKy), HCKyCCTBeHHbie KO)I(J.f TeXHH

qecKoro Ha3HalJ:eHH~ H .n:pyrHe MaTepHaJihl. 

0TXO.LJ:bl HCKKyCTBeHHbiX KO)I( CHalJ:aJia llOCTynaiOT Ha H3MeJiblJ:e

HHe B .n:po6HJIKy. 

H3 .n:po6HJIKH noJiyqHsrna~c~ KpornKa qepe3 nponycKHoe OT

sepCTHe BbiTaJIKHBaeTC~ B HaKOllHTeJibHYIO eMKOCTb. 

llpH nepepa60TKe OTXO.LJ:OB CHJibHO 3arp~3HeHHbiX llBX-nJieHOK 

OCHOBHbiM npou:eccoM llO.ll:fOTOBKH H~eTC~ HX OlJ:HCTKa H llpOMbiB

Ka, KOTOpbie ocymeCTBJI~IOTC~ B llpOMbiBOlJ:HOM yCTpOHCTBe, BKJIIO

qaiOmeM ropH30HTa.TibHO pacnOJIO)I(eHHyiO MelllaJIKy C BepTHKaJibHbi

MH JionacT~MH. MernaJIKa pacnoJio)l(eHa TaKHM o6pa3oM, 'ITO sech 

BHyTpeHHHH o6'beM llpOMbiBOlJ:HOfO ycTpOHCTBa .n:eJIHTCH Ha .LJ:Be 30Hbl: 

30Hy Typ6yJieHTHOro llOTOKa, KOTOpbiH o6pa3yeTCH HJ.f)l(e JionacTeH 

MelllaJIKH, H 30HY JiaMHHapHoro llOTOKa H8,ll HHMH. 

qepe3 .LJ:03HpyiOmee yCTpOHCTBO KpOlllKa HenpepBHO llOCTynaeT 13 

npoMbiBO'IHoe ycTpoHCTBo cHaqa.n:a B TYP6yJieHTHyiO JoHy, a JaTeM 
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£ A a 8 a 9. Jiepepa6om/Ca OTnXOOOB noAUMepHbiX MamepUOAOB 

OTXO,llbl •1 ,llPOBI1JIKA j ITpoMhiBKa 

----.1 JlOOACTHAR CymKa 
I.__M___c:::.E=Ill=AJl=KA;::..::.___J 

+ 
·I CYIIII1JIKA 

T:sep.ll.bie BKJIIO'IeHHSI 

--+ KPEKEP-BAJlbiJ;bl fPAHYJl.HTOP 

KoMnoHeHThl CMecH 

.___ ___ _, 

OrneJIKa 
---+11.__KAJ1---rA_H_.ll_P _ _;---,y17n~aK:':-:-o .... B.;.;.K_a _ ___.. CKJlA,n 

f 
TeKCTHJibHaSI ocHoBa 

Krum6po
BaHHe 

PHc. 9.11. CxeMa pereHepauHH oTXO.ll.OB HcKyccTBeHHoH: Ko:lKH H nJieHo'I
HhiX MaTepHaJIOB 

8 JoHy JiaMHHapHoro noToKa. OTXo.LJ:bi 8CnJibiBaiOT Ha no8epxHoCTb 

npOMbi8HOrO paCT80pa, nJIOTHOCTb KOTOporo 60Jibllle nJIOTHOCTH 

KpoiiiKH, H oT6HpaiOTCH c noMOI.I..I;biO cneuHaJibHoro no.n:beMHoro 

yCTpoH:cT8a. 

YJia8JIH8aiOmHe 8opoHKH, pacnoJio)l(eHHbie 8 .LJ:HHme npoMbi

BO'IHoro ycTpOHCTBa HJ.f)l(e 30Hbl Typ6yJieHTHOCTH, C03.LJ:a8aeMOH 

MeiiiaJIKOi{, co6HpaiOT BKJIIO'IeHHH, QT.LJ:eJieHHbie OT KpOIIIKH, H 

Bbi80.LJ:HT HX 'Iepe3 Tpy6onposo.n:. KpoiiiKy, no.n:HHTYIO 8epTHKaJibHbiM 

TpaHcnopTepoM, pa3rpy)l(aiOT Ha )l(eJio6, no KoTopoMy oHa cTeKaeT 

80 8XO.LJ:Hoe OTBepCTHe, nHTaiOmee 803.LJ:yxO.LJ:Y8Ky, H 113 Hee 8bi.LJ:y8aeTCH 

Ha 8HXpe8oe CHTO. llo.n:cyiiieHHaH KpoiiiKa na.n:aeT 8HH3 H 3ax8aTbiBaeTCH 

nonepetiHbiM noToKoM no.n:orpeToro 80J.LJ:yxa, C03.LJ:a8aeMbiM no.LJ:beMHOH 

BoJ.n:yxo.n:yBKoft:. Bb!cyiiieHHaH KpOlllKa no Tpy6onpo8o.n:y qepe3 UHK-
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Ilepepa6omKa npoMblUJJieHHbiX omxoiJoB 

JIOHbl HarrpaB.iUieTC~ Ha fOMOreHI13aiJ;HIO Ha pw$aifHep-Ba.JibiJ;bl. 

BpeWI o6pa6oTKH Ha Ba.JlbiJ;ax COCTaBJI~eT 1-5 MHH, qTo BilOJIHe 

.LJ:OCTaToqHo .!1:~ pa3pyrneHH~ TeKCTHJibHOH OCHOBbl H fOMoreHIIJaiJ;HH 

cMecw. lloJiyqeHHa~ roMoreHHa~ cMecb rrocTyrraeT Ha 3KCTpy.n:ep

rpaHyJI~Top, a oTTy.n:a B BH.LJ:e rpaHyJI rro.n:aeTC~ B HaKOilHTeJibHbiH 

6yHKep. 

HaH6oJiee u;eJiecoo6pa3HO 6bUIO 6bi rrpH HcrroJih3oBaHHH oTxo.n:o8 

HCKYCCTBeHHbiX KO)I( rrpe.n:BapHTeJibHO IlpOH380.LJ:HTb OT.LJ:eJieHHe 

rrJieHoqHoro rroJIHMepHoro rroKpbiTH~ oT TeKCTHllhHOH oCHOBbi. TaKHe 

CilOC06bi cyru:eCTBYIOT, HO, KaK rrpaBHJIO, B CB~3H C 6oJihlllOH Tpy

.n:oeMKOCTbiO, IlpHMe~IOTC~ pe.n:Ko. 0.LJ:HH H3 CIIOC060B COCTOHT 8 

IlpOilHTKe OTXO.LJ:OB HCKyCCTBeHHbiX KO)I( BO.LJ:OH, qTo Il03BO~eT CHH3HTb 

rrpoqHOCTb CB~3H IIJieHoqHoro IlOKpbiTH~ C TeKCTHJibHOH OCH080H, 

IlOCJie qero HX H3MeJibqaiOT. llpH H3MeJibqeHHH o6pa6oTaHHbiX BO.LJ:OH 

OTXO.LJ:OB IlpOHCXO.LJ:HT OT.LJ:eJieHHe riJieHKH OT OCHOBbl. 3aTeM CMeCb 

paJ.n:e~IOT, qacTHUbi rrJieHoqHoro rroKpbiT~ o6pa6aTbiBaiOT 20 %-HbiM 

paCTBOpOM cepHOH KHCJIOTbl ~ y.n:a.rreHH~ OCTaTKOB BOJIOKOH OCHOBbl, 

o6pa6aTbiBaiOT ru:eJioqHbiM paCTBOpOM .!1:11~ HeHTpa.JIH3aiJ;HH KHCJIOTbl 

H cyrnaT. B peJyJibTaTe rroJiyqaiOT rrpaKTHqecKH HCXO.LJ:HYIO rroJIH

BHHHJIXJiopH.LJ:HYIO KOMil03HIJ;HIO, KOTOp~ IlpHfO.LJ:Ha .!1:11~ H3fOTOB

JieHH~ JIHIJ;eBoro CliO~ HCKYCCTBeHHOH KO)I(ll. 

06biqHO pyJIOHHbie MaTepHa.Jibl C HCilOJib30BaHHeM OTXO.LJ:OB 

HCKyCCTBeHHOH KO)I(ll H3fOTaBJIHBaiOT MHOfOCJIOHHbiMH: JIHIJ;eBOH CJIOH 

.n:eJiaiOT H3 KOMII03HIJ;HH, co.n:ep)l(aw:etl: rrepBHqHoe Cblpbe, a Hll)I(HHH 

cJiotl: - H3 30 % rrep8HqHoro Cbipb~ H 70 % oTxo.n:os. Co.n:ep)l(aHHe 

OTXO.LJ:OB 8 Hll)I(HeM CJioe 3aBHCHT OT KOJIHqeCTBa TeKCTHJibHbiX BOJIOKOH 

B HHX. EcJIH OTXO.LJ:bl H3fOT08JieHbl H3 MaTepHaJIOB, He co.n:ep)l(aW:HX 

TeKCTHllhHYIO ocHoBy (rrJieHoK, JIHCTOBbiX MaTepHa.rroB, 6e30CH08Horo 

JIHHOJieyMa), TO B 3TOM CJiyqae HX co.n:ep)l(aHHe B Hll)I(HeM CJIOe MO)I(eT 

.LJ:OCTHraTb 95-100 %. llpH rrepepa6oTKe OTXO.LJ:OB llBX Heo6XO.LJ:HMO 

IlOMHHTb 0 ero He.LJ:OCTaToqHOH TepMOCTa6HJibHOCTH. llo3TOMY B COCTaB 

IlOJIHMepHOH KOMil03HIJ;HH .LJ:OilOJIHHTeJibHO BBO.LJ:~T CTa6HJIH3aTopbi, a 

TaK)I(e IIJiaCTH$HKaTopbl, KOTOpbie Il03BOJI~T H36e)l(aTb MeXaHO

.n:ecTpyKIJ;HOHHbiX rrpou;eccos. 

YcTaHOBJieHo, qTo IlpH HCIIOJib30BaHHH COOT8eTCT8YIOW:HX 

CTa6HJIH3aTOpOB B03MO)I(Ha 6-KpaTHa~ IlOBTOpHa~ rrepepa6oTKa 

OTXOJ1:08 llBX rrpaKTHqecKH 6e3 H3MeHeHH~ ero $H3HKO-Mexa

HHqecKHX CBOHCTB. 

300 



r A a B a 9. Ilepepa6om/Ca omxoiJoB noAUMepHblX MamepuaAoB 

McK}'CCTBeHHWI Koxa, H3fOToBJieHHWI c ITpHMeHeHHeM B HH)I(HeM 

CJIOe ITOJIHMepHOfO ITOKpbiTMR OTXO.l{OB, ITO CBOHCTBaM ITpaKTH'IeCKM 

11e OTJIH'IaeTCR OT MCXO,l{HOfO MaTepHaJia (Ta6JI. 9.5). 

Ta6n HU a 9.5 
CBOHCTBa HCK)'CCTBeHHOH KOlKII Ha TKaHeBOH OCHOBe 

C MOHOJJHTIILIM DOKpLJTHeM 

CBoiicTBa Marepnana 

HaHMeHoBaHHe Eumrnua 
6e3 noKaJaTemi H3MepeHH11 

C HCllOJ,Ib30BaHHeM 

OTXO,!WB OTXO,UOB 

Macca I M2 Kr 0,70 0,71 
Pa3pbiBHrui HarpYJKa no- H 820 830 
JJOCKH 50Xl00 MM 

OTHoCHTeJ,IbHOe Y.IJJIHHe- % 28 30 
HHe npH pa3pb1Be 

ConpoTHBneHHe paJ,unpy H 32 31 
)l(eCTKOCTh H 0,28 0,26 

XopoiiiHMM csoH:cTBaMM o6na.n:aeT TPexcnoHHbiH JIHHoneyM, M3-

roTosneHHbiH C npHMeHeHMeM rpaHYJI11Ta, ITOJIY'IeHHOfO M3 OTXO,l{OB 

HCK}'CCTBeHHOH KO:lKM. Co.n:epxaHHe pereHepMposaHHOH nBX-cMeCM B 

TaKOM JIMHOJieyMe COCTaBJIReT 76-85 %, BOJIOKHa- 24-15 %. HH)I(HMH 

CJIOH JIHHOJieyMa H3fOTaBJIHBaeTcH nOJIHOCTbiO M3 BTOpH'IHOfO MaTepnana, 

cpe.l{HMH CJIOH co.n:epXMT 75 % OTXO,l{OB, a TOHKMH JIMIJ;eBOH CJIOH 

l13fOTaBJIMBaiOT M3 ITepBM'IHOfO CblpbH. 

TexHoJiofM'IecKMH ITpou;ecc M3roToBJieHHR JIMHoJieyMa M3 oTxo.n:os 

HCK}'CCTBeHHOH KO:lKM ocymecTBJIReTCR ITO CXeMe, M306paxeHHOH Ha 

pMC. 9.12. 
ilpou;ecc ocymecTBJIReTCH C MCITOJib30BaHMeM TeXHOJIOfM'IeCKOfO 

o6opy.l{OBaHMH, MCllOJlb3yeMOfO B ITpOM3BO,l{CTBe JIMHOJieyMa M 

HCK}'CCTBeHHOH KO:lKM. 

ilpH XMMM'IeCKOM BOCCTaHoBJieHMM OTXO,l{OB ilBX-MaTepMaJIOB C 

IJOCJie.l{yiOlllMM pa3,l{eJieHMeM Ha ITOJIMMep M IIJiaCTMii>MKaTOpbl MO)I(HO 

YTMJIM3MpOBaTb JII060H TMIT OTXO.l{OB, B TOM 'IMCJie pa3JIM'IHble IIJieHKM, 

JIMCTOBbie MaTepMaJibl, o6MBO'IHble, raJiaHrepeHHble, 06}'BHbie M .n:pyrMe 

HCK}'CCTBeHHbie KO:lKM. 
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I rro.n:roToBKA wcxo.n:HhiX MATEPHAJIOB 1 

f PAJBECKA MATEPHAJIOB l 
w 

I IIPHfOTOBJIEHHE IIACT, HAIIOJIHHTEJIEA:, IIHfMEHTOB H CTAEHJIHJATOPOB I 
.,., .,., .,., 

I 
IIPHfOTOBJIEHHE IIBX 11 IIPHfOTOBliEHHE ~ l IIPHfOTOBJIEHHE I 

CMECH ,L{JIH liHIJ;EBOfO CMECH ,L{JIH CMECH ,L{JIH HH)l(-
~liOH CPE,L{HEfO CJIOH HErO CJIOH 

PAil>HHHPOBAHHE II PAil>HHHPOBAHHE I 
IIBX-CMECH IIBX-CMECH 

'IV 'IV 

PAJOfPEB CMECH HA 1 r PA30fPEB CMECH HA 
1 BAJibUAX BAJibUAX t 

PAJOfPEB CMECH HA J t 
BAJibUAX 

.,., .,., 

KAJIHEPOBAHHE II KAJIHEPOBAHHE 
CPE,L{HEfO CliOH HH)l(HEfO CJIOH I KAJIHEPOBAHHE II 

JIHIJ;EB~A: flliEHKH II 

I HAHECEHHEIIE~TH 1 
HA JlliUEBYIO OJIEHKY 

1 .D:YEJIHPOBAHHE HH)l(HEfO, CPE.LJ:HEro H JIHUEBoro CJIOEB 1 

'IV 

I OXJIA)l(,L{EHHE fOTOBOft: IIPO,L{YKIJ;HH, OEPE3KA KPOMOK H I 
HAMOTKA B PYJIOHbl 

Pwc. 9.12. CxeMa npouecca npoHJBO.UCTBa TpexcnoitHoro nHHoneyMa c 
npHMeHeHHeM OTXO,UOB HClcyCCTBeHHOit KO)I{H 

Crroco6 COCTOHT H3 cJie.D:YIOlllHX CTa;:J;Hit 

1) H3MeJibt.J:eHHH OTXO,L{OB, o6pa6oTKH HX B IIOJIHpHOM paCT

BopHTeJie B Tet.J:eHHe BpeMeHH, ,L{OCTaTO'IHOfO ,L{liH IIOJIHOfO paCT

BopeHIDI IIOJIHMepa; 
2) <l>HJibTPaUHH rron:yqeHHOH CMeCH H OT,L{eJleHIDI <l>HJibTPaTa, CO-

.n:ep)KaiiJ,ero rroJiwMep, oT TBep.n:oro oca,n;Ka, co.n:ep)Kamero HepacTBopH

Mbie KOMIIOHeHTbl OTXO,L{OB; 
3) oca)((,l(eHHH IIOJIHMepa HJ pacTBopa .L{06aBJieHHeM BO,L{bl, 

HachillleHHoro yrneBo.n:opo.ua, wMeiOmero 6onee HH3KYIO TeMrrepaTypy 

KMIIeHIDI, t.J:eM HCIIOJibJOBaHHblfl pacTBOpHTeJib, HJIH CMecH yKaJaHHOfO 

yrJieBo.n:opo.n:a H aJIH.PaTHt.J:eCKOfO CIIHpTa C C1 - C4 ; 

4) BOCCTaHOBJieHHH Oca)((,l(eHHOfO IIOJIHMepa HJIH COIIOJIHMepa. 
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F n a B a 9. Ilepepa6omJCa omxoiJoB nonUMepHblX MamepuanoB 

CxeMa XHMWieCKOH nepepa6oTKH OTXO.l{OB HcKyccTBeHHbiX KO)l( 

C ilBX noKpbiTHeM rrpe.n:cTaBJieHa Ha pHc. 9.13. 
Pa3pe3aHHbie orxo.n:br H3MeJib'IaiOT Ha MeJIKHe KYCO'IKH pa3MepoM 

OKOJIO 3 MM. 3areM 40 MaCCOBblX qacretl: OTXO,l{OB o6pa6aTbiBaiOT B 

I 00 MaccoBbiX t.J:aCTHx pacrsopwreJIH HJIH cMecH pacrsopwrenetl: rrpw 

reMneparype 50 ·c. ilpwMeHHeMbre pacrsopwrenw .n:oJI)l(Hbi B 

HeorpaHHt.J:eHHOM 06beMe CMelliHBaTbCH C BO,l{OH. LJ:JIH 3TOfO MOfYT 

6biTb HCfiOllb30BaHbi: <t>opMaMH,l{, ,l{HMeTHJI<l>opMaMH,l{, au;eTaMH,l{, 

reKcaMeTHJITpHaMH.l{ <t>oc<l>opa, ,l{HMeTHJICYJib<!>OKCH.l{. 

OTXO)J;hl 1 
~ I PACTBOPliTE.Jlh I 

r l13MEJihqEHl1E 
1 

+ HepaCTBOpHMble TBep- r 
• .llble KOMIIOHeHTbl -~ PACTBOPEHliE ! 

+ 
I <I>IDihTPAl.J:liJI j 

I BOM I 

r CEITAP A.l.J:l1JI 
PacmopHMble 
KOMIIOHeHTbl 

CMecb BO.llbl H I OCA)I(,L\EHliE I 
paCTBOpHTeJUI r 

1 
ITBX H .llP· HepacmopHMbie 

r )1;11 CTI1JIJIJI Ul1JI 1 

BBO.lle KOMIIOHeHThl 

BO.lla 

pacmopHreJJb 

P11c. 9.13. CxeMa XHMWiecKoit nepepa60TJ<lol oTXo.uos HCK)'CCTBeHHbiX KO)l( 
c DBX noKpbiTHeM 
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Ilepepa6omJCa npoMbiUJJieHHb/X omxoiJoB 

foTOBbiH paeTBop li>HJihTpyeTe51 Ha u;eHTpHq,yre, oea;:J;oK, OC

TaBUUI:He51 Ha li>HJihTpe, BbleyuiHBaeTe51 H eerrapwpyeTe51. 

<l>wJihTpaT, eo.n:ep)l(amwtl: see paeTBopeHHhie wHrpe.n:weHThi, rrp11 

6breTpoM rrepeMeumsaHww o6pa6aThiBaeTe51 so.n:otl:. Oea)l(.l{eHHhie 

HHrpe.l{HeHTbi, B TOM <.J:HCJie ilBX, IIpoXo.l{51T o6)1(HMHbie BaJIKJil, o6pa6oTKa 

Ha KOTOpbiX IIOBTOp51eTe51 HeeKOJlhKO pa3, IIoeJie qero IIOJiyt.J:aiOT 

rrpo.n:yKT, eo.n:ep)l(aruwtl: 95 % TBep.n:hiX serueeTB w 5 % BO.ll:hi w 

paeTBopHTeJI51. Ero eynraT rro.n: BaKYYMOM rrpw reMrrepazype 50 ·c 11 

IIOJiy'IaiOT ilBX KOMII03HIJ;HIO, BKJIIO'IaiOIUYIO nepBoHat.J:aJibHbie 

wHrpe.n:weHThi H eoxpaHHBUIYIO esotl:eTBa wexo.n:Horo MaTepmura. Bee 

IIpOMhiBHbie BO.l{hl BoeeTaHaBJIHBaiOT 8 e.l{HHOH eMKoeTH, a IIO

JI51pHbiH paeTBopwTeJih .n:weTHJIJI51IJ;Hetl: oT.n:eAAIOT oT BO.ll:hi. OrrweaHHhii1 

erroeo6 .n:aeT B03MO)I(HOCTh IIOJiyqaTb ilBX KOMII03HUHIO, 6JIH3KYI0 

ITO eBoHeTBaM K HeXO.l{HOH. 

ilpH MO.li:Hii>HKaiJ;HH erroeo6a BMeeTo BO.l{hl .l{AA oea)l(.l{eHH51 ilBX 

HeiiOJib3YIOT opraHHt.J:eeKHe )I(H.l{KOeTH - HeHaehii.UeHHbie yrJieBo

.li:OPO.ll:hl (HaiipHMep, reKeaH, OKTaH, HoHaH, KepoeHH) HJIH 

UHKJIHt.J:eeKHe yrJieBO.l{OpO.l{hl KaK eaMH ITO ce6e, TaK H eMeUiaHHbie C 

arm.PaTHt.J:eeKHMH errwpTaMH (MeTHJIOBhiM, 3THJIOBhiM). ilpH 3TOH 

o6pa6oTKe OT.l{eJI51IOTe51 IIJiaeTHii>HKaTopbi H aHTHOKeH.l{aHThi. ilo

JiyqeHHhiH oea;:J;oK co.n:ep)I(HT B oeHoBHOM ilBX, TepMoeTa6HJIH3aTop, 

CMa3KH H IIHfMeHTbi. ilJiaCTHii>HKaTop, TepMoeTa6HJIH3aTop Jil 

aHTHoKeH.l{aHT oCTaiOTe51 B paCTBOpe. OpraHHt.J:eeKa51 )i(Jil.l{KoCTh oTroH51eTC51 

Ha rroeJie.l{HeH CTa;:J;HH ·IIYTeM .l{HeTHJIJI51IJ;HH, rroeJie KOTopoH oeTaeTe51 

eMeeh IIJiaeTH<l>HKaTopa 11 paeTBopHTeml. CMeeh pa3.n:emnoT rreperoH

KoH. ~JUI 3KeTparHpoBaHH51 IIJiaeTH<l>HKaTopoB IIpHMeiUIIOT: MeTaHon, 

3TaHoJI, u;HKnoreKeaHoJI, u;HKJiorreHTaH, reKeaH, reiiTaH, oKTaH, aswau;H

oHHhiH 6eH3HH, HJii3KOKJiiiDIIIJ,HH KepoeHH. 

BTopH'IHM rrepepa6oTKa rrpoMbiiiiJieHHhiX OTXO.l{OB nBX MaTe

pwa.rroB MeTo.n:aMH XHMHt.J:eeKotl: pereHepau;wH rrpwo6peTaeT oeo6oe 

3Hat.J:eHHe B eospeMeHHhiX yeJIOBH51X, TaK KaK II03BOJI51eT IIOJIYt.J:HTb 

3Hat.J:HTeJihHYIO 3KOHOMHIO 3HeprHH (.11:0 80 %) H u;eHHOfO XHMHt.J:eeKoro 

ebrpb51. 

Bo3MO)I(HO HeiiOJih30BaHHe OTXO.l{OB ilBX B eMeew e .n:pyrHMJil 

TepMoiiJiaeTaMH .l{AA IIOJIY'IeHIDI li>opMoBaHHhiX H3.l{eJIHH e XopoUIHMJil 

li>H3HKO-MeXaHHt.J:eeKHMH IIOKa3aTeAAMH H HH3KOH ee6eCTOHMOeTbiO. 

ilpH eoBMeeTHOH rrepepa6oTKe OTXO.l{OB ilBX H il3Hil .l{Jl~ 
yJiyqUieHIDI TeXHOJIOfHt.J:eeKoH eoBMeeTHMOeTH MO)I(HO JileiiOJlb30BaTb 

COIIOJIHMep 3THJieHa e BHHHJiau;eTaTOM, KOTOpbiH yJiy<J:UiaeT peo-
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f n a B a 9. Ilepepa6omKa omxoiJoB nonUMepmxx MamepuanoB 

JiorwqecKwe xapaKTepwcTwKw cMecw, cHw)l(aeT 3Hepro3arpaThi rrpw 

nepepa6oTKe w crroco6crsyeT rroJiyqeHwiO 3JiacTwt.J:Horo wJ.uemui c 

BblCOKOW y.uapHOW rrpo'lHOCTbiO. 

B asToMo6wJiecrpoeHww ueJiecoo6pa3Ho wcrroJih3oBaTh sw6-

porromomaiOmwe JIWCTOBhie MaTepwaJihi .UJI51 KyJosa, a TaK)I(e pa3-

Jmt.J:Hhie OT,UeJIO'lHbie MaTepWaJihi (KoBpHKH IIOJia, 06HBKY 6ara)I(HHKa 

H ,Up.), H3fOTOBJieHHbie W3 OTXO.UOB llBX B CO'leTaHHH C OTXO,UaMW 

JI,pyrwx TepMOIIJiaCTW'lHhiX MaTepwaJIOB, HarrpwMep, fiOJIW3TWJieHa1 a 

TaK)I(e C HaiiOJIHWTeJI51MW (rropoUIKaMW MeTaJIJIOB, OfiWJIKaMw, MeJIOM 

H ,Up.). 

Jlepepa6omKa omxoao6 no;zuypemaHa. B rrepepa6orKe rroJiwypera

IIOBhiX (nY) OTXO.UOB MO)I(HO Bbl,UeJIHTb CJie.UyiOUlHe OCHOBHbiC 

IIarrpaBJieHmi: 

~ rrepepa6orKy, CBH3aHHYIO c rrpe.usapwreJihHhiM pacrsopeHweM w 

llbiUeJieHHeM fiOJIHOJia I.UIH .UHH30UHaHaTa; 

~ rw.upoJIH3 rroJiwypeTaHOBhiX oTxo.uos; 

~ WCIIOJlh30BaHWe IIOJIWypeTaHOBhiX OTXO.UOB B Kat.J:eCTBe HaiiOJI-

11 HTeJI ei1. 

no rrepBOMY HarrpaBJieHHIO H3MeJib'leHHbie OTXO.Ubl 3JiaCTH'lHOfO 

lleHOIIOJIWypeTaHa (nnY) Ha OCHOBe IIpOCThiX flOJIH3<l>HpOB rrpw 

reMrreparype 180-200 ·c rrpw HerrpepbiBHOM rrepeMeUiwsaHww 

o6pa6aTbiBaiOT HH3KOMOJieKyJIHpHbiM paCTBOpHTeJieM .UO fiOJiy'leHHH 

I'OMoreHHOfO paCTBopa. noJiy'leHHhiH paCTBOp CMeUIHBaiOT C 

HCXO,UHblM fiOJIW3<l>WpOM, WJIW H30UWaHaTOM, WJIH <t>opiiOJIHMepoM. 113 

IIOJiyqeHHOW CMeCH paCTBOpHTeJib MO)I(eT 6hiTh Y.UaJieH rrpw IIOBhillleHHOW 

TeMrreparype rro.u saKYYMOM. 

PacTBOpbl, rrpwroToBJieHHbie W3 OTXO.UOB nY, HBJIHIOTC51.UOIIOJIHH

TCJibHhiM CblpbeM MH KOMII03HUHH, HCIIOJih30BaHwe KOTOpblX fi03BO

IIHCT flOJIYl.fHTb H3,lleJIWH C MeHbUieif CTOHMOCTbiO H o6ecrret.J:HTb 3KOHOMHIO 

/loporocT051lllero ChiPhH. Co.uep)l(aHwe orxo.uos s KoHe'lHOM rrpo.uyKTe 

MO)[(CT .uocrwraTh 20 %. 
B ra6JI. 9.6 rrpwse.ueHhi <t>wJwKo-MexaHwt.J:ecKwe rroKaJaTeJiw 

lfi.UeJIHW, W3fOTOBJieHHhiX C WCIIOJib30BaHHeM 3aJIHBO'lHhiX OTXO.UOB nY. 

fH.UpOJIH3HaH TeXHOJIOfWH 3aKJIIOt.J:aeTCH B o6pa6oTKe OTXO,UOB 

II Y BO.U51HhiM rrapoM rrpw .uasJieHww 0,05-0,15 Mna w TeMrreparype 

IIC HH)I(e 185 ·c B rrpwcyTCTBHH aMMHaKa, CIIOC06CTBYIOI.I.J;ero 

vneJiwt.J:eHwiO cKopocTw rrpouecca. B peJyJihTaTe m.upoJiwJa rroJiyqaiOT 

II.HaMHH~I W )I(H,UKHe fiOJIWMepHble rrpo,UyKTbi. 
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llepepa6omJCa npoMbiWIIeHHblX omxoiJoB 

T a 6 n H u a 9.6 
<l>H3HKO-MeXaHH'IeCKHe DOK838TeJIH H3,lJ,eJIHH, H3rOTOBJleHHbiX C 

HCDOJlb30BaHHeM OTXO,lJ,OB llY 

3HatJeHHe noKa3aTen.!l npH co.uep:lKaHHH 

~ OTXO.UOB TIY (MaccoBbie qacrn) Ha 100 

IIOKa.JaTeJieH MaCCOBbiX qaCTeH <tJopnonHMepa 

10 15 20 

8H3KOCTb paCTBOpa npH 9600 9600 9600 
20 ·c, Tia·c 

llpor..tHOCTb Ha pa3pbiB, 40,9 37,2 30,3 
MTia 
0THOCHTeJibHoe YMH- 407 445 419 
HeHHe, % 
Mo.uynb (300 %), MTia 22,4 17' 1 15,0 
ConlfiTHBJieHHe pa3,UH- 96 82 78 
py, /MM 

TBep.uocTb no lllopy, 94 93,5 92 
yCJI. e.u. 

J13MenbtJeHHble ilY OTXO,Ubl B BM,Ue nopoUIKa MO)I(HO ,Uo6aBJUiTb B 

TepMoiUiaCTH'!HbiH ilY, B pe3HHOBbie CMecH Ha OCHOBe HHTpHJibHbiX, 

xnoponpeHoBhiX H .upyrwx non.!lpHblx 3nacToMepoB B KatJecTBe 

ycHJIHBaiOmwx HanonHHTenew .uo 50% (no Macce). 

HanpwMep, .un.11 HJroToBneHH.!I pa3nH'IHbix ynpyrwx .ueTanew 

Hcnonh3YIOT KoMn03HI.J;HIO, COCTO.!II.I.J;YIO H3 6-25 % ypeTaHoBoro 

<}>opnonwMepa, 4-5 % nonwcrwpona 11 60-90 % H3MenbtJeHHhiX 

OTXO,ll,OB OY. 

Bo3Mo)I(Ho TaiOKe 113roToBJieHJile <}>opMoBaHHbiX .ueTaJieH H3 

OTXO,ll,OB nopHCTbiX HJIH HenopHCTbiX nonHypeTaHOBbiX 3JiaCTOMepoB. 

,[(JI.!I 3Toro HX H3MenbtJaiOT, nnaCTHI.J;HpyiOT B 3KCTpynepe C O,UHO

BpeMeHHbiM OTBO,UOM ra3oo6pa3HbiX npo,UyKTOB, npH'!eM TepMo

o6pa6oTKY se.uyr c perynwposaHHeM TeMrreparypbi no JoHaM: 130-
170 "C B nepBOH 30He H 160-190 "C BO BTopoH. ilepepa6oTaHHbie 

TaKHM o6pa3oM ilY OTXO,Ubl H nonyqeHHbie KoMnayH,Ubl npe,D,cTaBn.!IIOT 

co6oti: 3nacTH'!Hbie TepMonnacTH'!Hbie MaTepwaJihi, KoTopbie o6nanaiOT 

xopoUIHMH <}>H3HKo-MexaHwtJeCKHMH csoHCTBaMH H npwMetrniOTc.!l npH 

113rOTOBneHHH <}>opMoBaHHbiX ,UeTaJieH MeTO,UOM JIHTb.!l no,ll, ,D,aBneHHeM. 
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F n a 8 a 9. flepepa6omKa OTnXOOOB nonUMepHbiX MamepuanoB 

B Ta6JI. 9. 7 rrpe.n:cTaBJieHbi <l>M3MKo-MexaHIPiecKHe noKa3aTeJIM TaKMX 

.ue-raneM:. 

Ta6nMua 9.7 
<I>H3HKO-MeXaHH'IeCKHe DOKa38TeJIH cJ»opMOB8101biX ,lJ,eTaJieH 

HaHMeHOBaHHe rroKaJareneH: 

npo'IHOCTb npM paCT.!UKeHMM, MTia 

OTHoCMTeJibHoe Y.uJIMHeHHe, % 
nnoTHOCTb, rjcM3 

TsepJJ.oCTb no IIIopy, yen. eJJ.. 

50 
300 
I, 15 
60 

Ilepepa6omKa omxoooe no!lua.Muoa. H3secTHbie cnoco6hi nepe

pa6oTKH fiOJIMaMH,llHbiX OTXO,l{OB MOryT 6b!Tb pa.3.l{eJieHbl Ha ,l{Be OCHOB

Hble rpynnhl: </JU3U'IeCKUe M XUMU'IeCKUe. 
C/JU3U'IeCKUe cnoco6bl MCIIOJlb3YIOT ,l{JUI nepepa6oTKM OTXO,l{OB BO

JIOKHa M M3,l{eJIMM M3 Hero. 

H3 xwwu'lecKux cnoco6oe nepepa6oTKM noJIMaMH.UHhiX oTXo.l{oB 

Han6onee qacTo McnoJih3YIOT cne.n:yiOI.I.J;Me: 

D ,l{efloJIMMepH3auMIO OTXO,l{OB C ueJibiO IIOJiyqeHMR MOHOMepoB 

,l{JI1I nocneJ1:YIOI.I.J;ero rrpoH3BO.l{CTBa noJIMMepos; 

D paciiJiaBJieHMe OTXO,l{OB C ueJibiO fiOJiyqeHIDI rpaHyJI IIOJIMMepos; 

o rrepeoca)K)J.eHMe M3 pacTBopos; 

D BBe,l{eHMe M3MeJib'IeHHbiX BOJIOKOH B Ka'IOCTBe HanoJIHHTeJI51 

B IIJiaCTMaCCbl; 

o MO.li:M<!>HKauMIO KOMII03HLI;HM C ueJibiO fiOJiyqeHH51 fiOJIMMepHbiX 

MaTepHaJIOB C HOBbiMM CBOMCTBaMH. 

~Jl51 nepepa6oTKM TeXHOJIOrH'IeCKHX OTXO.l{OB fiOJIMaMH,l{a B 

npoMbiUIJieHHOCTM XMMM'IeCKHX BOJIOKOH UIHpOKO npHMeHReTCR cnoco6 

iJenoAUMepUJau,uu. K rrpeMMymecTBaM MeTo.n:a oTHocMTCR B03MO)I(HocTb 

H:cnoJih3osaHHR pereHepHposaHHoro KanponaKTaMa. IlonyqaeMbiM 

KanpoJiaKTaM o6Jia,l{aeT BbiCOKHMH CBOMCTBaMH H MO)I(eT 6hiTb HC

nOJib30BaH .l{JI5I npOH3BO.ll,CTBa BOJIOKOH TeXHH'IeCKOfO Ha3HaY:eHIDI. 

OcHOBHhiM KpHTepHeM, orrpe.uen51IOI.I.J;HM B03MO)I(HOCTh npaK

TH:Y:ecKoro HCIIOJlb30BaHH51 MeTO.ll,OB .D,enoJIHMepH3aLI;HH, 51BJI51eTC51 

lfHCTOTa oTxo.n:os. XapaKTep H cTeneHb 3arp513HeHHoCTH oTxo.n:os He 

TOJlbKO onpe,l{eAAIOT MeTO,l{ nepepa6oTKM OTXO,l{OB, HO Cyi.I.J;eCTBeHHO 

BJIIDIIOT Ha CBOMCTBa fiOJiyqaeMoro M3,l{eJIH51 M3 BTOpH'IHoro MaTe

pHana, a CJie,l{oBaTeJibHO, M o6JiaCTM npHMeHeHIDI BTOpH'IHoro Cblpb51. 
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Jlepepa6omKa npoMbiUJJieHHbiX omxoooB 

ilpM CMJihHOH 3arpH3HeHHOCTM OTXO,l{bl 11pMXO.l{MTCH 110,l{Bepran 

CJIO)I(HOM O'IMCTKe, 'ITO 110BbiUiaeT CTOMMOCTb pereHepHpoBaHHoro 

BOJIOKHa. 
,L(nH O'IMCTKM 3arp113HeHHhiX OTXO,l{OB 11pHMeHRIOT CJie.lzyiOIUHC 

c11oco6h1: cyxoe yoaJleHue nbl!lU, cmupK)l (11oJIMMepHbiX TeKCTIDihHbiX 

MaTepMaJioB), MoiiKy 6 Boae UJIU opzaHU'IeCKUX pacmBopumeARX, 
pacmBopeHue c 11ocJie.n:yiOmeti: li>MJihTpau;Meii pacrsopa M BhiCa.l{Koi-l 

pacTBopeHHOfO 110JIMMepa. ilpM CTMpKe M MOHKe MCI10Jlh3YIOT CJia6biC 

(0,5-1 %) pacTBOpbi MOIOIUMX BemecTB. 

ilocJie O'IMCTKM, CTHpKM M 11pOMbiBKM OTXO,l{OB BO,l{a OT)I(H

MaeTCH Ha u;eHTpHq,yre M oTXO.ll:hi cyUiaTcH 11pM 70-80 °C. EoJiel' 

BbiCOKaH TeM11epaTypa MO)I(eT 11pMBeCTM K OI1JiaBJieHMIO M arJio

Mepau;MM OTXO,l{OB. 

3HalJ:MTeJibHhiM 110 o6'beMy MCTO'IHMKOM OTXO,l{OB 110JIMaMM.ll.<l 

HBJIHIOTCH TeKCTMJihHbie MaTepMaJibl, COCTOHIII;Me M3 CMecet\: BOJIOKOII 

(TpMKoTa)I(Hbie, qyJio'IHo-Hoco'IHbie M3.l{eJIMH M .n:p.). TaKMe cMe

UiaHHbie OTXO,l{bl MO)I(HO MCI10Jih30BaTb ,l{JIH M3fOTOBJieHMH Ten

JIOM30Jlj(IJ;MOHHbiX pyJioHHhiX HeTKaHbiX MaTepMaJioB. iloCJie,l{HMe Illl1poKo 

11pMMeHHIOT B KalJ:eCTBe OCHOBbl 11pM 11pOH3BO,l{CTBe yTei1JieHHOfO 

JIMHoJieyMa, a TaK)I(e wyMol1orJiomaiOIUMX MaTepMaJIOB .l{JIH asro

Mo6MJibHoM 11pOMbiWJieHHOCTM. 

Bo3MO)I(Ho TaK)I(e pacrsopeHHe 110JIHaMM.ll:a B pa36asJieHHOH 

COJIHHOM KMCJIOTe M BbiCa,l{Ka ero M3 pacTBopa. 0CHOBHhiMM 11pO

.li:YKTaMM, 110JiyqaeMbiMM M3 pacTBopeHHbiX M oca)l(,l{eHHbiX OTXO,l{OII 

110JIMaMM.l{a1 HBJIHIOTCH KJieM pa3JIM'IHOfO Ha3Ha<J:eHMH, 11JieHKoo6-

pa3yiOIII;Me KOMI103MUHM M 110pOUIK006pa3Hble MaTepMaJibl. 

ilopoUIK006pa3Hbie MaTepMaJibl Ha OCHOBe pereHepMpOBaHHOfO 

110JIMaMM,l{a MCI10Jlb3YIOTCH ,l{JIH HaHeceHMH 110KpbiTMM pa3JIM'IHOfO 

Ha3HaqeHMH, cPOpMOBaHMH 11JieHOK, JIMCTOB, a TaK)I(e cPOpMoBaHHbiX 

M3,l{eJIMM 11yTeM u;eHTp06e)I(HOfO HaHeceHHH M Cl1eKaHMH. iloJIMa

MM.UHbie 110pOUIKM 11pMMeHHIOTCH ,l{JIH M3fOTOBJieHMH Cl1eii;MaJihHhiX 

TeKCTMJihHbiX MaTepMaJioB (110,l{BOpOTHM'IKOBOH TKaHM, HeTKaHbiX 

MaTepHaJIOB) B KaqecTBe 11pMCa,l{OK K JiaKOKpaCOlJ:HhiM MaTepMaJiaM 11 

M51 .n:pymx u;eJieM:. 

BmpM'IHhiH 110JIMaMM.U .l{Jl5l JIMThH 110.11: .n:aBJieHMeM 11oJiyqaiOT 11yreM 

11epe11JiaBa OTXO,l{OB M rpaHyJIHpoBaHMH paCI1JiaBa Ha 3KCTpY3MOHHb!X 

ycraHoBKax. 

iloJIMaMM,l{ MO)I(eT 110BTOpHO 11epepa6aTbiBaTbCH ,l{O <J:eTb!pex 11 

6oJiee pa3. qeTbipeXKpaTHaH 11epepa6oTKa 110JIMaMH,l{Hb!X OTXO.li.OB 
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F n a 8 a 9. Jlepepa6omKa OTnXOOOB nonUMepHbiX MamepuanoB 

ilpaKnlqecKH He W3MeiDieT ero BIDKHeWlliWX CBOWCTB, B TOM 'IWCJie 

raKoro fiOKa3aTeAA, KaK ,UW3JieKTpwqecKrui flpoHwu;aeMOCTh. 

HeKoTopoe cHW)I(eHwe <Pw3wKo-MexaHwqecKwx csowcTB fiO

IIl1aMW,Ua flocne 6onee qeM qeThlpexKpaTHOW flepepa6oTKW MeTo.uoM 

pacflnasneHW51 w JIWTMI rro.u .uasneHweM ycTpaH~IeTCH .uo6asneHweM B 

KOMfi03WIJ;WIO HafiOJIHWTeJieif, B lJ:aCTHOCTW MeJIKO,UWCflepCHOro 

l:TeKJIOBOJIOKHa. 3To CTaHoBWTCH B03MO)I(HblM, TaK KaK B flpou;ecce 

MHoroKpaTHOW flepepa6oTKW flpOWCXO,UWT He TOJlbKO W3MeHeHl1e 

tlll13WKO-MeXaHW'IeCKWX CBOWCTB, HO BCJie,UCTBWe ,UeCTpyKTWBHhlX 

upou;eccos yMeHblllaeTcH BH3KOCTh fiOJIWMepa. CTeKJioHafiOJIHeHHhiW 

HTOpW'IHhlW fiOJIWaMW,U He TOJlbKO He ycTyflaeT flepBW'IHOMY 

IIOJIHaMW,Uy, HO flO HeKOTOpbiM fiOKa3aTeJIHM (flpO'IHOCTHbie, <l>pwK

I(l10HHble csowci'sa) flpesocxo.uwT ero. 

06JiaCTW flpWMeHeHWH CTeKJIOHafiOJIHeHHoro BTOpWqHoro 

IIOJIWaMW,Ua Oflpe.ueJIHIOTCH ero BblCOKOM MexaHwqecKoM flpO'IHOCTbiO, 

cpaBHWMOM C flpO'IHOCTbiO JierKWX MeTaJIJIOB, 'ITO fi03BOJIHeT 

11CfiOJlb30BaTb ero ,UJIH W3rOTOBJieHW51 pa3JIW'IHblX ,UeTaneif MalllWH, B 

I'OM 'IWCJie BeHTWJIHTOpHblX KOJiec, llleCTepeH, LUKWBOB W ,Upyrwx 

J(eTanew, a TaJOKe .ueTanew 3JieKTpoo6opy.uosaHwH. 

PerynwposaHwe csoMCTB BTopwqHoro flonwaMw.ua B03MO)I(HO 

raK)I(e cMellleHweM ero Ha cTa.uww pacfiJlasa c .upyrwMw TepMOfiJiacTaMw, 

llaflpWMep C fiOJIW3TWJieHOM. TaKaH KOMfi03WUW51 o6Jia,UaeT fiOBhl

llleHHOM W3HOCOCTOWKOCTbiO, COflpOTWBJieHweM CTapeHWIO, XWMW

'IeCKOM CTOHKOCTbiO W MeHblllWM BO,UOfiOrJIOI.l.l;eHWeM flO cpaBHeHWIO C 

11CXO,UHblM fiOJIWaMW,UOM. 

Jlepepa6omKa noAucmupo!lbHblX nAacmuKo6. ilonwcTwpoJibHbie 

IIJiaCTWKW lllWpOKO flpWMeHHIOTCH B pa3JIW'IHblX OTpaCJIHX flpOMbllll

lleHHOCTW w B 6hrTy. TaK, B asToMo6wJibHOH flpOMhilliJieHHOcTw wc

IIOJih3YIOTC51 W3,UeJIW51 W3 y.uapoflpOqHOro fiOJIWCTWpOJia, W3 aKpW

.IIOHWTpWJI6YTa,UWeHCTWpOJia (ABC). 3To ,UeTaJIW o6JIWIJ;OBKH WHTepbepa, 

pa3JIW'IHhre KpyfiHora6apwTHhre .ueTanw, fiOJiyqaeMhle TepMo<l>op

MosaHweM W3 JIWCTOBblX MaTepWaJIOB. J.IJ fiOJIWCTWpOJibHhiX fiJlaCTWKOB 

MeTO,UOM JlWThH fiO,U ,UaBJieHWeM W3roTaBJIWBaiOT pa3JIW'IHble <t>op

MOBaHHble W3,UeJIW51 6biTOBOro Ha3HaqeHW51, ,UeTaJIW pa,UWOflpWeMHWKOB, 

rcnesw3opos w T. fl. BcfleHeHHhiH fiOJIWCTwpon wcfiOJib3yeTCH KaK 

yllaKOBO'IHblM W TefiJIOLUYMOW30J151UWOHHhlH MaTepwan. 

06'beM OTXO,UOB MaTepWaJIOB Ha OCHOBe 3TOro fiOJIWMepa ,UOCTWraeT 

50 ThlC. T B ro.u. 

Pa.JJiwqaiOT cne.uy10mwe OTXO.Uhl floJiwcTwpona: TexHo-
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Jlepepa6omJCa npoMbiUJJieHHblX omxoiJoB 

JIOnPieCKHe npOMhiiiiJieHHbie~ CHJihHO 3arpR3HeHHbie; aMOpTH30 

BaHHble H3,l{eJIHSJ:; OTXO,l{bl neHOIIOJIHCTHpOJia H CMeiiiaHHble. 

CHJibHO 3arpR3HeHHble OTXO,l{bl K HCIIOJib30BaHHIO B Kat.J:eCTIII' 

BTOpH'IHhiX MaTepHaJibHhiX pecypcOB HenpHfO,l{Hhl BCJie,l{CTBHt' 

HeO,l{HOpO.l{HOCTH H HH3KOfO KaqecTBa. Mx MO)I(HO HCIIOJib30BaTb .ll,JIII 

noJiyt.J:eHH51 )I(H,l{KHX npO.li:YKTOB MeTO,l{OM ,l{ecrpyKUHH, a TaK)I(e II 

Kat.J:eCTBe TOIIJIHBa. 

TexHoJiorHt.J:ecKHe OTXO.lJ:hi rro <l>H3HKO-MexaHHt.J:ecKHM H rex 

HOJIOfHt.J:eCKHM CBOHCTBaM He OTJIHt.J:aiOTC51 OT nepBH'IHOfO Cb!phR. 31'11 

OTXO,l{bl 51BJI51IOTC51 B03BpaTHhiMH H HCIIOJih3YIOTC51 Ha MeCTe of'l 

pa3osaHHR. HaH60Jiee pacrrpocrpaHeHHhiM MeTO.lJ:OM rrepepa6oTKII 

TeXHOJIOfHt.J:ecKHX OTXO,l{OB IIOJIHCTHpOJia 51BJI51eTC51 JIHTbe III~ 

,l{aBJieHHeM. B ra6JI. 9.8 rrpHBe.l{eHhi ,l{aHHhie o6 H3MeHeHHH csoti:cTit 

IIOJIHCTHpoJia B npouecce MHOfOKPaTHOH nepepa60TKH. 

Ta 6n H u a 9.H 
BJJHHHHe MHOI'OKpaTHOH nepepa60TKH Ha CBOHCTBa y,!J.aponpO'IHOI'O DOJJH

CTHpoJJa 

HaHMeHoBaHHe 
Kparn:oCTb nepepa6<>TKH 

noKaJaTenH 
1 2 3 4 5 

YJJ.enhHaH yJJ.apHaH BHJKOCTh, 3350 3510 3580 3300 3400 
K,lb<:/M2 

~:HOCTb npH paCTH)I(eHHH, 35,4 34,2 34,5 33,7 33,7 

0THOCHTenbHoe YMHHeHHe, % 21,1 20,3 12,2 9,6 11,1 
MoneKyiDipHaH Macca x I0-3 193,6 171,8 160,3 149,6 137,' 
TeJ<Y'IeCTb pacrrna.Ba, r/10 MHH. 4,44 5,35 5,75 5,86 5,91 

HecMOTpR Ha 3Hat.J:HTeJihHhie ,l{eCTpYKTHBHhie rrpoueccbl, npo 

TeKaiOII.J;He npH MHOfOKpaTHOH nepepa60TKe IIOJIHCTHpOJia, 0 'lt'M 

CBM,UeTeJibCTByeT yMeHbiiieHHe MOJieKYJI51pHOH MaCChi, ero OCHOB!-1 1>11' 

<l>H3HKo-MeXaHHt.J:ecKHe CBOHCTBa H3MeHRIOTC51 He3Hat.J:HTeJibHO. 

MHOfOKPaTHM (.11:0 5 pa3) 3KCTpYJHR IIOJIHCTIIpOJia ( CM. Ta6JI. 9. HI 
npHBO,l{HT K He3Hat.J:HTeJihHOMY yseJIHt.J:eHHIO IIOKa3aTeJI51 TeKY'.J:eCTII 

paciiJiasa (OTP) H He60JihiiiOMY yMeHbiiieHHIO rrpot.J:HoCTHhiX csoti:crn. II 
TO )l(e BpeM51 OTHOCHTeJihHOe YMHHeHHe yMeHbiiiaeTC51 IIO'ITH B 2 pa'JII 
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r A a 8 a 9. IIepepa6omJCa omxoiJo8 noAUMepHbiX MamepU(]JI08 

EpaKoBaHHbie H aMopTHJoBaHHbie H3.UeJIH51 H3 rroJIHCTHpoJia 

llepepa6aTbiBaiOT IIOCJie H3MeJibqeHH51, KaK rrpaBHJIO, B CMeCH C 

llepBHqHbiM rrpo.n:yKTOM. I13MeJibqeHHe IIpOBO,UHTC51 Ha pOTOpHbiX 

H3MeJibqHTeJI51X, a IIOJiyqeHHa51 KpOIIIKa BCJie,UCTBHe O.UHOpO,UHOCTH 

110 rpaHyJioMeTpHqeCKOMY COCTaBy He Tpe6yeT .UOIIOJIHHTeJibHOH 

rpaHYJI5IU:HH qepe3 paciiJiaB. PaJMep KpoiiiKH JaBHCHT oT Ja3opa Me:>K,L~;y 

IIOXaMH H3MeJibqHTeJI51. ,lLJJ:51 IIOCJie,UyiOrn;eH rrepepa6oTKH JIHTbeM IIO.U 

J~aBJieHHeM u;eJiecoo6pa3HO HCIIOJib30BaTb KpOIIIKY pa3MepoM OKOJIO 5 
MM, ,UJI51 qero CJie.n:yeT HCIIOJib30BaTb KaJIH6posoqHyiO peiiieTKY C 

J~H:aMeTpOM OTBepCTHH 8 MM H ycTaHaBJIHBaTb 3a3op Me:>K,L~;y HOxaMH 

lie 6oJiee 0, 1 MM. lloJiyqaeMYIO KpOIIIKY MOXHO .n:o6aBJI51Tb B rrepBHqHoe 

Cblpbe B JII06biX KOJIHqecTBaX 6e3 yxy.n:IIIeHH51 KaqecTBa BbiiiYCKaeMOH 

IIPO.UYKU:HH. 

AMopTHJoBaHHble HJ,UeJIH51 H3 y.n:aporrpoqHoro rroJIHCTHpoJia rroCJie 

H3MeJibqeHH51 TaiOKe MOXHO IIOBTOpHO HCIIOJib30BaTb, .n:o6aBJI5151 

IIOJiyqeHHYIO KpOIIIKY B rrepsHqHoe Cblpbe HJIH CMeiiiHBa51 C rpaHyJiaMH 

IIOJIH3THJieHa. CoOTHOIIIeHHe KOMIIOHeHTOB (llC:ll3) CJie.n:yeT 

peryJIHpoBaTb C yqeTOM KOHCTp)'Kl(HH H Ha3HaqeHH51 6y.n:ymero H3,UeJIH51 

113 3TOH CMeCH . 

.[(JI51 IIOBTOpHOH rrepepa6oTKH 6JioqHOfO IIOJIHCTHpoJia ero He

o6XO.UHMO COBMern;aTb C y.n:aporrpoqHbiM IIOJIHCTHpOJIOM B COOT

IIOIIIeHHH 70:30 HJIH MO.UH<f>Hu;HpoBaTb .n:pyrHMH CIIOCo6aMH, TaK KaK 

'lTOT IIOJIHMep qpe3Bblqai1:HO xpyrroK, a TaiOKe CKJIOHeH K ,UeCTpyKIJ;HH 

IIO,U B03,UeHCTBHeM MeXaHHqeCKHX Harpy30K. 

llpH rrepepa6oTKe OTXO.UOB IIOJIHCTHpOJibHOH IIJieHKH HX IIO,U

IIepraiOT amoMepaiJ;HH B pOTOpHbiX arJioMepaTopax. 0TJIHqHTeJibHOH 

oco6eHHOCTbiO IIOJIHCTHpOJia 51BJI51eTC51 ero xpyiiKOCTb IIpH KOMHaTHOH 

reMrrepaTYPe H BbiCOKa51 JIHIIKOCTb .n:axe rrpH cpaBHHTeJibHO He6oJibiiiOM 

uarpesaHHH. Yxe rrpH 80 oc, T. e. He .n:ocTHraH IIJiaBJieHH51, qacTHU:bi 

IIOJIHCTHpoJia CJIHIIaiOTC51 Me:>K,L~;y C060H H HaJIHIIaiOT Ha ,UeTaJIH 

o6opy.n:osaHH51. 06pa3yiOrn;Hec51 KpyrrHbie arJioMepaTbi MeiiiaiOT 

llpou;eccy, II03TOMY IIpH rrepepa6oTKe IIOJIHCTHpOJibHOH IIJieHKH 

11eo6xo.n:HMO oco6o Trn;aTeJibHO cJie.UHTb Ja TeMrrepaTYPoH. 

llepepa6oTKa oTXo.n:os rreHorroJIHCTHpoJia Tpe6yeT oco6oro rro.n:xo.n:a. 

'•hoT MaTepHaJI IIpHMeH51eTC51 ,UJI51 yrraKOBKH pa,UHOIIpH6opoB, 

ny.n:HoTeXHHKH, rrocy.n:hi, xoJio.n:HJibHHKOB H T . .n:. 0Txo.n:bi rreHorro

JIHCTHpoJia CHaqana HarpeBaiOT B TeqeHHe 7 MHH .UO 110 °C, T.e. Bbiiiie 

I'CMIIepaTYPbi CTeKJioBaHH51, KOTOpa51 COCTaBJI51eT 105 oC. 06oeM BCIIe

IICHHOfO IIOJIHMepa yMeHbiiiaeTC51 Ha 40 %. lloJiyqeHHYIO CMeCb 
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BaKyyMHpyiOT rrpH .ll:aBJieHHH 1,3 Klla, IIOCJie 3TOfO ee o6oeM 

yMeHbiiiaeTc51 eme Ha 30 %. B HTore o6oeM MaTepHana yMeHbiiiaeTc.SI Jl!, 

6,5 % OT HCXO.lJ:HOfO. llocJie 3TOfO OTXO.ll:bl H3MeJib'-IaiOT Ha poTopHbiX 

.ll:P06HJIKaX H HCIIOJ1b3YIOT .!1:1151 IIpOH3BO.lJ:CTBa CJierKa BCIIeHeHHbiX 

HJ.lJ:eJIHH, TaK KaK rronHoCTbiO JIHKBH.ll:HposaTb ero H'!eHCTYIO CTPYKTYPY 

.lJ:aJKe IIOCJie OIIHCaHHbiX orrepaUHH He Y.ll:aeTC51. 

K IIOJIHCTHpOJibHbiM IIJiaCTHKaM OTHOCHTC51 H TaKoH BaXHbJj~ 
KoHCTPYKUHOHHbiH MaTepHaJI, KaK AEC-rrnacTHK (aKpHJIOHHT 

pHn6yTa.lJ:HeHCTHpon). OH IIIHpoKo HCIIOJibJyeTC51 B aBToMo6H

necTpoeHHH, p~HOTeXHH'IeCKOH IIpOMbiiiiJieHHOCTH H .ll:PYfHX OT 

paCJI51X . .[(eTaJIH H3 Hero H3fOTaBJIHBaiOT KaK JIHTbeM IIO.ll: .lJ:aBJieHHCM 

H3 rpaHyn, TaK H TepMo<f>opMoBaHHeM H3 JIHCTa. B rrocJie.ll:HeM cnyq<h' 

KOJIH'ICCTBO o6pa3yiOII.J;HXC51 rrpH IIITaMIIOBKe OTXO.lJ:OB .ll:OCTHraeT II 

OT.lJ:eJibHbiX CJIYlJ:a51X 40 %. 
HaH6onee rrpocTbiM H 3<f><f>eKTHBHbiM crroco6oM yTHJIH3aUH11 

oTXO.ll:OB AEC-IIJieHKH TaKXe 51BJ151eTC51 HX .ll:Po6neHHe H HCIIOJibJOBaHHl' 

IIOJiyqeHHOH KpOIIIKH B Ka'!eCTBe .lJ:06aBOK K HCXO.lJ:HOMY MaTepHany. 

llpH CO.lJ:epxaHHH B KOMII03HUHH .!1:0 20 % (no Macce) BTOpH'IHOrtl 

IIJiaCTHKa 3KCIIJiyaTaUHOHHbie H TeXHOJIOfH'!eCKHe xapaKTepHCTHKH 

MaTepHana rrpaKTH'!eCKH He OTJIH'IaiOTC51 OT rrepBH'IHOfO IIOJIHMepa. 

HeKOH.ll:HUHOHHbie IIJieHO'IHbie MaTepHaJibl MOXHO TaiOKe HCIIOJIJ. 

30BaTb .ll:Jl.SI IIOJiy'IeHH.SI MeTO.lJ:OM rrpeccoBaHH.SI MHOfOCJIOHHbiX 

Bbipy6HbiX IIJIHT C peryJIHpyeMOH IIOCJIOHHO TBep.lJ:OCTbiO. 

0IITHMaJibHa51 TeMrrepazypa Harpesa 3KCTpy.lJ:epa ITO 30HaM IIpH 

rrepepa6oTKe OTXO.lJ:OB AEC-IIJiaCTHKa rrpH ero rpaHyJIHposaHHH .lJ:OJI)l(IHI 

COCTaBJ151Tb 140, 190 H 190 °C. llpH TeMrrepaType Bbiiiie 200 oC IlpOHC· 

XO.lJ:HT HHTeHCHBHa51 TepMo.ll:eCTPYKUH51 AEC-IIJiaCTHKa, 'ITO rrpHBO.lJ:Hl 

K JHa'IHTeJibHOMY yMeHbiiieHHIO ero rrpo'IHOCTHbiX csoi1:cTB n 
yxy.ll:IIIeHHIO .ll:PYfHX xapaKTepHCTHK. 

9. 6. Hcnoflb30BaHue omxoiJoB peaKmonAacmoB 

llpH H3fOTOBJieHHH H3.lJ:eJIHH H3 peaKToiiJiaCTOB o6paJyeTC513Ha'IH· 

TeJibHoe KOJIH'!eCTBo TexHonorH'!eCKHX OTXO.lJ:OB (.ll:o 20 '%). PaccMOT· 

peHHbiMH Bbiiiie CIIOCo6aMH rrepepa6oTaTb TaKHe OTXO.lJ:bl HeJib3SI, 

IIOCKOJibKY OTJIH'!He peaKTOIIJiaCTOB OT TepMoiiJiaCTOB 3aKJIIO'!aeTC.SI II 

o6pa3osasiiieM:c51 B rrpouecce ciiiHBaHH51 MaKpoMoJieKYJI TpexMepHoj.\ 

CeTKH, rrpeii51TCTBYIOII.J;eH rrepeXO.ll:Y IIOJIHMepa B pacrrJiaB IIpH Ha 

rpeBaHHH (HJIH B paCTBOp IIpH paCTBOpeHHH). 
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O.ll:HaKo peaKTorrJiacTbi CO.lJ:epxaT He6oJibiiioe KoJIHqecTBo 

IICCIIIHTOfO IIOJIHMepa, qTo II03BOIDICT HCIIOJib30BaTb H3MCJibqeHHbiC 

OTXO.lJ:bl B KaqecTBe aKTHBHOfO HaiiOJIHHTCIDI, 6JiafO.ll:apH qeMY HX MOXHO 

IIBO.lJ:HTb B KaqecTBC .lJ:06aBoK K OCHOBHOMY CblpbiO H B .ll:PYfHC 

KOMII03HUHH. 

0TXO.lJ:bl peaKTOIIJiaCTOB rrepepa6aTbiBaiOT TOJibKO TaM, f.lJ:C OHH 

o6pa3YIQTCH. Hx co6HpaiOT, HJMeJibqaiOT H <f>paKUHOHHpyiOT. 

BTopHqHoe HCIIOJib30BaHHe TCpMopeaKTHBHbiX IIJiacTMacc cy

II{CCTBCHHO OTJJHqaeTCH OT TCXHOJlOfHH ,IlpHMCHCHHH OTXO.lJ:OB 

rcpMorrnacToB. Pa3J1HqHe HaqHHaeTcH yxe Ha CTa.ll:HH HJMenbqeHHH 

llTXO.ll:OB. 

OTXO.lJ:bi <f>eHOJibHbiX rrpecc-MarepHanos c KopoTKOBOJIOKHHCTbiMH 

UJlH MHHCpaJibHbiMH .lJ:HCIICpCHbiMH HaiiOJIHHTCJIHMH B BH.ll:C JayceHUCB 

oT<f>opMOBaHHbiX H3.lJ:CJIHH, HCKOH.lJ:HUHOHHbiX Ta6JieTOK, 6paKoBaHHbiX 

H3.lJ:CJIHH H CTPYXKH H3MCJibqaiOT Ha .lJ:p06HJIKaX pa3JIHqHoro THIIa. 

Twrr HJMCJibqaiOruero o6opy.ll:oBaHHH B JHaqHTeJibHOH cTerreHH 

OllpC.lJ:CJIHCT .lJ:HCIICpCHOCTb IIOJlyqaeMoro IIpO.ll:YKTa. llpHMCHCHHC 

IIH:6paUHOHHbiX MCJibHHU II03BOJIHCT IIOJiyqaTb qacTHUbl pa3MCpOM .!1:0 

10-80 MKM, qro .lJ:aeT B03Mo:>KHOCTb rrpH H3fOTOBJICHHH HCOTBeTCTBCH

IIbiX .lJ:CTaJieH .lJ:OBO.ll:HTb CO.ll:Cp:>KaHHe BTOpHqHbiX MaTepHanOB B rrpecc

IIOpOlllKaX .!1:0 20 %. 
I13MCJibqeHHbiC OTXO.lJ:bl peaKTOIIJiaCTOB HCJib3H HCIIOJib30BaTb B 

KaqecTBe caMOCTOHTCJibHOfO CbipbH, TaK KaK IIpH H3fOTOBJICHHH 

IICpBWIHbiX .lJ:CTaJieH npH HarpeBaHHH .!1:0 150-200 "C CBH3YIOIUHC, 

IIXO.ll:HIUHC B HX COCTaB, rrepelllJlH B HCIIJiaBKOC H HepaCTBOpHMOC 

L:OCTOHHHC. 

TexHonorHH nepepa6oTKH oTXO.ll:OB peaKTonnacToB, HanpwMep, 

ll>eHOJlbHbiX IIpCCC-IIOpOIIIKOB BKJliOqaeT CJlC.lJ:YIOIUHC CTa.lJ:HH: 

IIO.lJ:fOTOBKy H COpTHpOBKy CblpbH; .lJ:p06JieHHe H H3MCJlbqCHHC 

IICKOH.ll:HUHOHHbiX Ta6JICTOK, JayceHUCB H 6paKoBaHHbiX H3.lJ:CJIHH; 

CMCIIICHHe rrepBHqHbiX rrpecc-rropOIIIKOB C 10-20 % H3MCJibqeHHbiX 

OTXO.lJ:OB. 

Co6paHHbie B uexe JayceHUbi H 6paK B 6yMaxHbiX Kpa<f>T-MeiiiKax 

HJIH .ll:PYfOH Y.ll:06HOH TCXHOJIOfHqecKOH Tape HanpaBJIHIOTCH B 

oT.ll:CJieHHe BTOpHqHbiX rrpecc-rropoiiiKOB, r.ll:e copTHpyiOTCH. Cop

THpoBKy BbiiiOJIHHIOT C UCJibiO oqHCTKH IIOCJIC.lJ:HHX OT IIOCTOpOHHHX 

llpHMeceii. 

Manora6apHTHbie HJ.lJ:CJIHH JierKo HJMeJibqaiOTCH B cTaH.lJ:apTHbiX 

MOJlOTKOBbiX H Jy6qaTbiX .lJ:p06HJIKax. KpyrrHora6apHTHbie H3.lJ:CJIHH 
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rrpe.lJ:BapHTeJibHO .ll:P06RT B BaJIKOBbiX .lJ:p06HJIKax. llocJie rrpe.lJ:Bap11 

TeJibHOfO .ll:P06JieHHR OTXO.lJ:bl H3MeJibqaiOT B BH6paUHOHHbiX MeJibHHUaX, 

B 3arpy3oqHOM JIIOKe KOTOpbiX BMOHTHpoBaH CHJibHbiH MarHHT .LI.JHI 

y.ll:aJieHHR H3 H3MeJibqaeMoH Macchi cnyqaH:Ho rrorrasumx TYJia 

MeTaJIJIHqecKHX rrpe.lJ:MeTOB. I13MeJibqeHHbiH MaTepHaJI KJiac· 

CH<f>HUHpyiOT ITO KpyiiHOCTH Ha CHTaX HJIH .ll:PYrHX KJiaCcH<f>HKaTopax, 

OTKY.ll:a KpyiiHbiH B03BpamaeTCR Ha .lJ:OH3MeJibqeHHe, a MeJIK11ti 

IIOCTyrraeT B CMeCHTeJib, f.lJ:e CMeiiiHBaeTCR B 3a.D:aHHbiX IIpOIIOpUH.SIX l" 

rrepsHqHbiM rrpecc-rropoiiiKOM. 113 CMeCHTeJI.SI fOTOBa.SI CMeCb Bbll"· 

pyxaeTCR B 6yMaJKHble Kpa<f>T-MeiiiKH H IIO.ll:aeTCR Ha rrepepa6oTKy. 

B COCTaB o6opy.lJ:OBaHH.SI, HCIIOJib3yeMoro .ll:JI.SI H3fOTOBJieHH.SI BTO 

pHqHbiX <f>eHOJibHbiX npecC-IIOpOIIIKOB, BXO.lJ:.SIT: BH6poMeJibHHIIa l' 

6yHKepoM, BeHTHJI.SITOp, IIHKJIOH H CMeCHTeJib. 

BTopHqHbte <f>eHOJibHbte npecc-nopoiiiK11 He MoryT 6btTb 11C

noJib30BaHbt .lJ:JI.SI IIOJiy'leHI1.SI TeX )!(e l13.lJ:eJII1H, KOTOpbie H3fO

TaBJII1BaiOTC.SI 113 nepB114HbiX, BCJie.lJ:CTBI1e CHH)!(eHH.SI <f>H3HKO-MC 

xaHHqecKHX CBOHCTB l13.lJ:eJIHH 11 YXY.ll:IIIeHI1.SI BHeiiiHero BH.lJ:a. 

Oco6y10 CJIO)!(HOCTb rrpe.lJ:CTaBJI.SIIOT OTXO.lJ:bi CTeKJiorrnacT11KOB, 

KOTOpbie COCTORT H3 peaKTOIIJiaCTOB 11 HerrpepbiBHOfO CTeKJI.SIHHOfO 

HaiiOJIHHTeJI.SI B BH.ll:e HI1TeH 11JIH TeKCTHJibHOH OCHOBbl. CTeKJI.SIHHblt-\ 

HaiiOJIHHTeJib, .SIBJI.SI.S!Cb qpe3Bbi'laHHO IIpO'lHbiM, .lJ:JI.SI CBoero pa3-

pyweHI1.SI Tpe6yeT 3Ha'li1TeJibHbiX 3aTpaT 3Hepr1111. K TOMY )!(e ero 

'laCTI1IIbl o6Jia.ll:aiOT BbiCOKOH a6pa3HBHOCTbiO, 'ITO IIPHBO.lJ:HT K 

6htCTpoMy 113Hocy Y.lJ:apHbtX opraHoB H3MeJib'laiOmero o6opy.lJ:oBaHmt . 

.IJ.JI.SI 113MeJib'leHHR OTXO.lJ:OB CTeKJIOIIJiaCTHKOB 11CIIOJI b3YIOTC51 

.lJ:e3HHTerpaTOpbl CIIeUHaJibHOH KOHCTpyKU1111, OCHOBHbiM Y.lJ:apHbiM 

opraHOM KOTOpbiX .SIBJIRIOTC.SI IIaJibUbl .ll:Byx pOTopoB, BpaiUaiOIUHXCSI 

HaBCTPeqy .ll:PYf .lJ:pyry C BbiCOKOH CKOpOCTbiO (60Jiee 120M/C). 3a speMsl 

·npe6btBaHI1.SI B KaMepe .ll:e311HTerpaTopa, KoTopoe cocTaBJI.SieT scero 

0,25 c, MaTep11an pa3pywaeTc.SI c o6pa3osaHHeM qacTI1II pa3MepoM 

HeCKOJibKO MHKpOH, IIp1106peTa.SI COBeprneHHO HOBbie <f>I1311KO· 

Xl1 Ml1'leCK11e CBOHCTBa. Y 'laCTI1II TaKOfO IIOpOIIIKa 11MeiOTOI 

IIOBepXHOCTHbte <f>yHKUHOHaJibHbte rpyiiiibl, .lJ:eJiaiOIU11e ero aKT11BHbiM 

HarroJIHHTeJieM. KpoMe Toro, pe3KO B03pacTaeT 11x Y.ll:eJibHast 

nosepXHoCTb. Pa3Mep qaCTHU opraHHqecKoH: qacrH rropowKa, T. e. caMon1 

peaKTOIIJiaCTa, COCTaBJI.SieT 3-20 MKM. 0HH arperHpyiOTC.SI II 

KOHrJIOMepaTbl pa3MepOM .lJ:O 100 MKM, HMeiOIUHe c<f>ep11qecKyiO <f>opMy: 

CTeKJI.SIHHbie qacTHUbl CI1JibHO BbiT.SIHYTbi, HI1Teo6pa3Hbl, OTHOIIIeHI1l' 

M11Hbl K .lJ:HaMeTpy TaKOH qacTHUbi COCTaBJI.SieT 1,5-2,0. 
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CTeKJionnacTHKOBbre nopolliKI1 Ha3biBaroT opraHOMHHepanbHbiM 

uanoJIHHTeJieM (OMH). OMH noMHMo pon11 HanoJIHHTeJUI BbrnomrneT 

raJOKe pOJib MO.ll:I1<fmKaTopa: 6JiafO.ll:apH HaJII1'II1IO <f>yHKUI10HaJibHbiX 

tpynn Ha noBepXHOCTI1 qaCTI1U np11 HarpeBaHI1I1 HanOJIHI1TeJib yqaCTByeT 

II XI1MI1'!eCKOM B3ai1MO.lJ:eHCTBI1I1 C fiOJII1MepOM. 3a C'!eT 3TOfO 

ycKOpHeTCH npouecc o6pa30BaHI1H TpexMepHOH CTpyKTypbi, a 

IIOJiy'IeHHbie MaTepHaJibi npi106peTaiOT BbiCOKI1e <f>I13I1KO-Mexa-

1111'!eCKI1e csotlcTBa. 11cnoJib30BaHHe OMH B Ka'!eCTBe HanoJIHHTeJietl 

II npecCOBO'!HbiX KOMfi03I1UI1HX Ha OCHOBe peaKTOnJiaCTOB CHI1)l(aeT 

npeMH OTBep)l(.ll:eHHH B 6-10 pa3, fiOBbilllaeT TenJIOCTOHKOCTb .!1:0 200 "C. 
11cnoJib3YIOT OMH 11 .ll:JUI I13fOTOBJieHHH noJIHMepHbiX noKpbiTHH, 

11 TOM 'IHCJie naKoKpaco'!HbiX. TaKHe noKpbiTI1H HMeroT BbiCOKHe 

}leKopaTI1BHbie CBOHCTBa, nOBbillleHHbie <f>I13I1KO-MeXaHI1'!eCKI1e 

xaparcrepi1CTI1KM I1 6onee BbiCOKyiO 3KCnnyaTaUI10HHyro .ll:OJlfOBe'!HOCTb. 

BBe.ll:eHHe OMH B KJieesbre KoMn03I1UI1I1 Ha OCHOBe 3nOKCI1.!1:HbiX 

CMOJI fi03BOJIHeT fiOBbiCI1Tb npO'IHOCTb npi1 OTpbiBe B 1,5-2 pa3a np11 

cKJieHBaHI1I1 THTaHoBoro cnnasa 11 Ha 10-15 % np11 CKJieHBaHI1I1 CTaJII1. 

BpeMH oTBep)l(.ll:eHHH KJieesotl KOMn03I1UI1I1 CHH)l(aeTCH c 24 .ll:O 4 'I. 

11 pe.ll:eJibHOe CO.ll:ep)l(aHHe nopolliKa CTeKJionnacTHKa B KJiee He .ll:O.iotrno 

upeBbilllaTb 33 %. 
TaKHe OTXO.lJ:bi MO)l(HO HcnoJib30BaTb 11 B .ll:PYfHX OTpacJIHX 

llpOMbilliJieHHOCTI1: B MeTaJIJiypri1I1 - MH OCBeTJieHHH npoKaTa, B 

upoMbilliJieHHOCTI1 CTPOHMaTepHanos - .ll:JUI npOI13BO.lJ:CTBa I13.lJ:eJII1H 

rn r11nca, B .ll:OPO)l(HOM CTPOHTeJibCTBe - np11 I13fOToBJieHI1I1 ac<f>anbTO

fii1TYMHbiX CMecetl, .ll:JUI I13fOTOBJieHI1H nOJII1Mep6eTOHa, .ll:JUI ycTpOHCTBa 

111.ll:p0I130JIHUI1I1 npOMbilliJieHHbiX coopy)l(eHI1H. llo cpaBiieHHIO C 

IIOJII1Mep6eTOHOM Ha OCHOBe MI1HepaJibHbiX HanOJIHI1TeJietl fiOJII1-

Mep6eTOHbi Ha OCHOBe OTXO.ll:OB CTeKJionJiaCTI1KOB I1MeiOT fiOBbillleHHyro 

)~e<f>opMaTHBHOCTb B XOJIO.lJ:HOe BpeMH fO.ll:a, a TaK)l(e yCKOpeHHO 

IITBep)l(.ll:aiOTCH. llOJII1Mep6eTOHHbie CMeCI1 MOryT 6biTb npi1fOTOBJieHbl 

11 o6bi'IHbiX 6eToHoMelllanKax I1JII1 B cneu:HanbHbiX CMeCHTeJUix, o6m11t1 

r~11KJI nepeMelliHBaHHH He npeBbilllaeT 15 MHH. BpeMH TBep.ll:eHHH cMecH 

11p11 TeMnepaType B03.ll:yxa 18-20 ·c 11 BJia)l(HOCTI1 B03.ll:YXa He 6onee 

hO % cocTaBJIHeT 2-5 '!. B Ta6n. 9.9 npHBe.ll:eHbi csotlcTBa noJII1-

Mep6eToHa c CO.ll:ep)l(aHHeM OMH 30 Maccosbrx qacTetl Ha 100 MaccoBbiX 

'I<ICTeH KOMfi03I1UI1I1 . 

.[(JIH YTI1JII13aUI1I1 Kpyn HOra6api1TH biX I13.ll:eJII1H 113 CTeKJIO

IIJiaCTI1KOB, a TaK)l(e opraHo- 11 yrnennacTHKOB pa3pa6oTaH cnoco6, 

IHKJIIO'IaiOIUI1HCH B Me.lJ:JieHHOM HarpeBe I13.lJ:eJII1H .!1:0 600 "C CO 
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CKOpOCTbiO 2-5 "C B 1 MMH 6e3 .lJ:OCTYJla B03JzyX.a, B pe3yJibTaTe KOTOporo 

IIpOHCXO.lJ:HT IIHPOJIH3 opraHH'IeCKOH qacTH, pa3pyrneHHe KOMII0-

3HUHOHHOfO MaTepHaJia, OT.ll:eJieHHe MeTaJIJIH'-IeCKHX .lJ:eTaJieH. 

llonyqaeMbie aKTHBHbie yrJIH MOfYT 6biTb HCIIOJib30BaHbl B pa3JIH'IHbiX 

06JiaCT.SIX (BKJIIO'!a.SI IIpOH3BO.ll:CTBO Ha HX OCHOBe COp6eHTOB .ll:Jill 

Me.ll:HUHHbl), 

TeXHOJIOfH.SI O'IHCTKH Bbi.lJ:eJI.SIIOlli,HXC.SI ra30B, KOTOpbie. MOfYI 

CO.lJ:ep)!(aTb ranoreHbl, OKCH.lJ: a30Ta H .lJ:p., COCTOHT H3 II.SITH CTyrreHeH: 

KaTaJIHTH'!eCKOfO OKHCJieHH.SI, BbiCOKOTeMrrepaTypHOfO C)!(HfaHI1ll 

yrJieBO.lJ:OPO.lJ:OB, BOCCTaHOBJieHIDI OKCH.ll:OB a30Ta aMMHaKOM, a.lJ:COp-

6UHOHHOH O'IHCTKH H O'IHCTKH Ha BOJIOKHHCTOM <f>HJibTpe. 

Ta6n11ua 9,9 
CBOHCTBa DOJIHMep6eroua Ha OCHOBe OTXO,!J.OB CTeKJIODJJaCTHKOB 

HaHMeHoBaHHe rroKaJaTeneif 

JlpO'IHOCmb npu 20 "C: 
np11 C)l(aTI111 

np11 pacnoKeHI111 
Bo.uoHaCbilUeHHe 
0THOCI1TeJibHoe Yill111HeHI1e np11 20 "C 
MrHoBeHHhiH MOilYJib ynpyrocTH 
np11 20 "C 

20-70 MTia 
7-25 MTia 

0,3-0,6 %'( 06beMH,) 
2,5-5,0% 

2000-7000 MTia 

9. 7. KAaccutjJuKau,UR pe3UHOBbtX omxoiJoB u cnoco6oB ux 

nepepa6omKu 

Oco6eHHOCTH XHMH'!ecKoro cTpoeHH.SI: 3JiacToMepos, JaKJIIO

qaiOruHec.SI B HaJIH'IHH JJ)IHHHbiX MOJieKYJI C Pa.lJ:HKaJiaMH, KOTOpbie 

o6pa3yiOT rrpO'IHYIO TpeXMepHyiO CTpYKTypy C rrorrepe'!HbiMH CB.SI3.SIMI1, 

a TaK)!(e CJIO)!(HOCTb Ha.ll:MOJieKYJI.SIPHbiX CTpYKTYP 3JiaCTOMepoB rrpH.lJ:aiOT 

HM YHHKaJibHbie CBOHCTBa, .lJ:eJiaiOlli,He HX He3aMeHHMbiMH MaTepHaJiaM11 

M51 cospeMeHHOfO MalliHHOCTpOeHH.SI H .ll:PYfHX oTpaCJieH 3KOHOMHKH. 

B TO )!(e speM.SI: HMeHHo 3TH csoiicTsa, s pMe cnyqaes ycyry6JI.SIIO

ruHec.SI CJIO)!(HOH KOHCTpYKUHeH H3.lJ:eJIIDI (HarrpHMep, lliHH), .SIBJI.SIIOTC.SI 

ocHosoii 3HatiHTeJibHbiX TPY.lJ:HOCTeH, CB.SI3aHHbiX c YTHJIH3auHei1: 

OTpa6oTaHHbiX pe3HHOIIO.lJ:06HbiX MaTepHaJIOB. 
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f A a 6 a 9. Jiepepa6omJCa omxoiJ06 nOAUMepHblX MamepUGA06 

lb.ll:emu1 H3 pe3HHbi, 6naro.ll:ap51 yHHKaJibHbiM csoiicTBaM :noro 

MaTepHana (rrpe)l()l;e scero crroco6HoCTH K 6oJiblllHM o6paTHMbiM 

He<f>opMaUH51M), IIpHMeH5110TC51 BO BCeX oTpaCJI51X IIpOMbllllJieHHOCTH. 

11x HJroTaBJIHBaiOT IIYTeM synKaHHJaUHH pe3HHOBbiX CMeceii, ocHosoii 

KompbiX 51BJI51eTC51 KayqyK. CocTaB pe3HHOBbiX OTXO.ll:OB Mo)l(eT 6biTb 

O'-IeHb pa3JIH'-IHbiM H JaBHCHT OT accopTHMeHTa IIPO.ll:YKUHH, KOTOpbiH 

HKJIIO'-!aeT peJHHoTexHH'-IeCKHe H3.!1:eJIH51, o6ysb H lllHHbL B JaBH

CHMOCTH OT Ha3Ha'-!eHH51 pe3HHOBbie H3.ll:eJIH51 H3fOTaBJIHBaiOTC51 Ha 

OCHOBe pa3JIH'-IHbiX KayqyKOB, IIJiaCTH<f>I1KaTopOB, HaiiOJIHI1TeJieH 11 

)lpyrHX HHrpe.ll:11eHTOB, a IIOTOMY 11X CMellleHHe Me)l(.ll:y C060H He BCer.ll:a 

l!eJiecoo6pa3Ho. OTXO.ll:bi pe311Hbi o6paJyiOTC51 KaK B c<f>epe npoHJ

HO.ll:CTBa pe3HHOBbiX H3.lJ:eJII1H, TaK 11 B c<f>epe 11X IIOTpe6JieHH51, T. e. 

1Ip11 3KCIIJiyaTaU1111. 

Pe3HHOTeXHH'-IeCKHe H3.lJ:eJIH51 MOfYT CO.ll:ep)l(aTb B CBOeM COCTaBe 

B Ka'-!eCTBe apMaTypbl TeKCTHJibHbie MaTepHaJibl H MeTaJIJI. llpo

MbllllJieHHbie OTXO.ll:bl o6pa3yiOTC51 Ha BCeX CTa.lJ:I151X H3fOTOBJieHH51 

pe3HHOBbiX H3.lJ:eJII1H. C TO'-IK11 3peHI151 YTHJII13aUHI1 OTXO.ll:OB IIpHH

IJ,HIIHaJibHO Ba)I(HO, o6pa30BaJIHCb JIH OHH .!1:0 BYJIKaHH3aUI1H HJIH IIOCJie 

Hee. Bee pe3HHOCO.ll:ep)l(aw.He oTXO.ll:bi MO)i(HO KJiacc11<PHU11posaTb TaK, 

KaK H306pa)l(eHO Ha p11C. 9.14. 

PEJHHOCO.LJ.EP)I(ALUHE 
OTXO.LJ.bl 

BYJIKAHJ.130BAHHbiE 
OTXO.LJ.bl 

PE311HOBbiE CMECI1 

PE311HOTKAHEBbiE 
OTXO.LJ.bl 

PE311HOMETAJIJII1-
Y.ECKJ.1E OTXO.LJ.bl 

PE311HOBbiE OTXO.LJ.bl 

PE311HOTKAHEBbiE 
113.LI.EJI 1151 

PE311HOMETAJIJIJ.1-
Y.ECKI1E 113.LI.EJII1~ 

WJ.1Hbl 

P11c. 9 .14. K.nacci1<PI1Klll\11H pe311Hoco.uep)l(aumx OTXo)loB 

317 



llepepa6omKa npoMbiWAeHHbiX omxoiJo6 

Pe3HHOBbie oTxo.Ubi, o6pa3oBaBIIIHec51 .uo cTa,uHH synKaHH3aUHH, 

ITO CBOHCTBaM MaJIO OTJIH'Ia10TC51 OT HCXO.UHbiX pe3HHOBbiX CMeCeH 11 

MOryT B03Bparn;aTbC51 B IIpOH3BO,UCTBO 6e3 3Ha'!HTeJibHOH o6pa6oTKH. 

3TH OTXO,Ubl 51BJI51IOTC51 ueHHbiM CblpbeM H rrepepa6aTbiBaiOTC51 He

nocpe,uCTBeHHO Ha Tex npe,urrpH51TH51X, r,ue o6pa3yiOTC51. 0HH MOfYT 

6biTb HCIIOJib30BaHbl B IIpOH3BO,UCTBe lliJiaHroB llJI5I IIOJIHBa, pe3HHOBbiX 

KOBpHKOB, KpoBeJibHbiX MarepHaJIOB, pyKaBHU, IIO.U.UOHOB UJI51 IIOJia 

CaJIOHOB JierKOBbiX aBTOM06HJieH H ,upyrHX HeOTBeTCTBeHHbiX H3,UeJIHtf 

TeXHH'!eCKOfO Ha3Ha'!eHH51. 

J.f3 HHX TaiOKe H3fOTaBJIHBaiOT pe3HHOBbie IIJIHTbl llJI5I XHBOTHO

BO,U'!eCKHX <f>epM. Co.uepxaHHe pa31IH'IHbiX BHUOB HesynKaHH3oBaHHbiX 

pe3HHOBbiX OTXO,UOB B CMeCH UJI51 IIOJIYlJ:eHH51 TaKHX IIJIHT ,UOCTHraeT 

95 %(no Macce). 

HesynKaHH3oBaHHbie H qacTH'!Ho synKaHH3oBaHHbie pe3HHOBbie 

OTXO.Ubl HCIIOJ1b3YIOT ,UJI51 H3fOTOBJieHH51 UIH<f>epa H KpOBJIH (COOT

BeTCTBeHHO BOJIHHCTbiX H IIJIOCKHX JIHCTOB). 

Eonee cnoxHo o6cToHT .ueno c rrepepa6oTKOH synKaHH3oBaHHhiX 

pe3HH, IIOCKOJibKY B OTJIH'!He OT ,upyrHX MaTepHaJIOB OHH o6Jia,uaiOT 

BbiCOKOH 3JiaCTH'IHOCTbiO, T. e. CIIOC06HOCTbiO K o6paTHMbiM H BbiCO

KHM ,ue<f>opMaUH51M, 'ITO 3aTpy,UH51eT HX H3MeJib'!eHHe, 51BJI51IOII.J;eec51 

nepBOH CTa,uHeH nepepa6oTKH npaKTH'!eCKH JII06biX TBep,ubiX OTXO,UOB. 

HecMOTp51 Ha 3To, synKaHH3oBaHHbie pe3HHOBbie oTxo,ubi TaiOKe 51B

JI51IOTC51 ueHHbiM BTOpH'IHbiM CblpbeM, HO Tpe6yiOT rrepe,u YTHJIH3aUHetf 

TII.J;aTeJibHOH o6pa6oTKH H IIO,UfOTOBKH. 

1-bsecTHbie crroco6bi rrepepa6oTKH synKaHH3oBaHHbiX pe3HHo

co.uepxarn;Hx OTXO,UOB MOXHO pa3,UeJIHTb Ha XUMUileCKUe, rjJU3UKO

XUMUileCKUe H r/JU3UileCKUe (pHC. 9.15). 

P11c. 9.15. Knaccl11f>I1Kaui1.H cnoco6oB yTIUII13aU1111 oTxo.n.oB pe311H 
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F A a 6 a 9. Jiepepa6omKa omxoao6 noAUMepHblX MamepUOA06 

XHMH'!eCKHe MeTO.lJ:bi nepepa6oTKI1 npi1BO.ll:51T K Heo6paTI1MbiM 

XI1MI1'!eCKI1M I13MeHeHI151M He TOJibKO pe3I1Hbi, HO I1 Bern;eCTB, ee 

COCTaBJI5110II.J;I1X (KayqyKOB, M51f'II1TeJietl I1 T . .lJ:.). 3TH MeTO.lJ:bl ocy

LUeCTBJI5110TC.SI npH BbiCOKOH TeMnepaType, BCJie.lJ:CTBI1e '!ero npo

I1CXO.lJ:I1T .n:ecTpyKTHBHoe pa3pymeHHe MaTepHana. K xHMH'!eCKHM 

MeTO.lJ:aM OTHOC5ITC51 C)iillfaHHe I1 ni1pOJII13. 

HecMOTp51 Ha TO, 'ITO xHMH'!ecKHe MeTO.lJ:bi nepepa6oTKI1 oTxo.n:oB 

pe3I1Hbl n03BOJI5IIOT nOJIY'II1Tb ueHHbie npo.n:yKTbi I1 TenJIO, TaKa51 

}'TI1JII13aUI151 51BJI51eTC51 He.lJ:OCTaTO'IHO 3<f><f>eKTI1BHOH, nOCKOJibKY OHa 

He TI03BOJI51eT COXpaHHTb I1CXO.lJ:Hbie TIOJII1MepHbie MaTepi1aJibi. 

<l>I13I1KO-XI1MI1'!eCKI1e MeTO.lJ:bl nepepa60TKI1 OTXO.lJ:OB, no.n: KOTO

pbiMI1 HMeeTC51 B BMY pereHepauHH, ocyrn;ecTBJIHeMaH pa3JIH'IHbiMI1 

cnoco6aMI1, TI03BOJI5IIOT coxpaHI1Tb CTpyKTypy Cblpb51, I1CTIOJib30-

BaHHOf0 B npouecce npoi13BO.lJ:CTBa pe3I1Hbl. ilp11 pereHepaunH 

pa3pymaeTC51 npocTpaHCTBeHHa51 synKaHH3aiJ:HOHHa51 ceTKa 3a c'!eT 

TennoBoro, MexaHH'!ecKoro 11 XHMH'!ecKoro so3.n:etlcTBI151 Ha pe3HHy. 

OonyqaeMbiH npo.n:yKT - pereHepaT - o6na,n:aeT nJiaCTI1'!eCKI1MI1 

CBOHCTBaMI1 I1 I1CnOJib3yeTC.SI npi1 I13fOTOBJieHI1I1 pe3I1HOBbiX CMecetl C 

u,eJihiO 3aMeHbi KayqyKa. 

<l>H3H'!ecKHe MeTO.lJ:bi nepepa6oTKI1 oTxo.n:os npe.n:cTaBJIHIOT co6otl 

pa3JIH'IHbie cnoco6br HX I13MeJib'!eHH.SI c u,eJibiO nony'!eHI151 pe3HHosotl 

KpOIIIKI1 (MyKI1), Hai160Jiee nOJIHO coxpaH51IOII.J;etl CBOHCTBa pe3I1Hbl. 

Opouecc I13MeJih'!eHI151 pe3I1Hhi .n:ocTaTO'IHO cnmKeH, nocKOJihKy, 

6Jiaro.n:ap51 ee BbiCOKI1M 3JiaCTI1'!eCKI1M CBOHCTBaM, 3Hepri151, 3aT

pa'II1BaeMa51 Ha pa3pyiiieHHe, pacxo.n:yeTc51 B 3Ha'IHTeJibHOtl cTeneHH 

Ha MexaHH'!eCKI1e TIOTepi1. 3<f><f>eKTI1BHOCTb I13MeJib'!eHI1.SI pe3I1Hbl 

3aBHCI1T oT TeMnepaTyphi 11 cKopocTH npi1JioxeHI151 Harpy3KI1. EcJIH 

npouecc I13MeJib'!eHI151 npoHcxo.n:HT np11 TeMnepaType HHxe TeM

nepaTypbr cTeKJioBaHI151 noJIHMepa, TO ero .n:e<f>opMau,HH HeseJIHKI1 11 

pa3pyiiieHI1e HOCI1T xpynKHH xapaKTep. 

Ha116onee KpynHhiMI1 no ra6apHTaM, MHoroTOHHaXHhiMI1 11 

CJIOXHbiMI1 no COCTaBy OTXO.lJ:aMI1 pe3I1Hbl 51BJI5110TC51 IIII1Hbi. il03TOMY 

B .lJ:aJibHetlmeM cnoco6br nepepa6oTKI1 pe3HHoco.n:epxarn;Hx oTxo.n:oB 

Mbl paccMOTpi1M Ha npHMepe I13HOIIIeHHbiX IIII1H. 

ilpOI13BO.lJ:CTBO IIII1H .lL}Ui aBTO-, MOTOTeXHI1KI1, .lJ:OpO)l(HbiX I1 CTp0-

I1TeJibHbiX MaiiiHH, KOJieCHbiX TpaKTOpOB TIOCT051HHO pacTeT, a 

CJie.lJ:OBaTeJibHO, HenpepbiBHO yBeJII1'II1BaiOTC51 I1 OTXO.lJ:bl I1X nOT

pe6JieHI1.SI. ilp11 3TOM HaKOnJieHHe I13HOIIIeHHbiX IIII1H npOI1CXO.lJ:I1T no 

BCetl Teppi1TOpi1I1 HaiiieH CTpaHbi, BKJIIO'!a51 OT.lJ:aJieHHbie I1 nJIOXO 
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OCBOeHHbie TeppHTOpHH, f.ll:e c6op H TpaHCITOpTHPOBKa lliHH K MeCTY 

HX YTHJ1H3aUHH .SIBJl.SIIOTC.SI .lJ:OpOrOCTO.Silli,HMH MepoiTpH.S!TH.SIMH 11 

npaKTH'IeCKH HeocyruecTBHMbi. HecMOTp.SI Ha 3Ha'IHTeJlbHYIO pac

cpe.lJ:OTO'!eHHOCTb perHOHOB HaKOITJleHH.SI, lliHHbi .SIBJl.SIIOTC.SI OCHOBHbiM 

HCTO'IHHKOM Cblpb.SI .ll:Jl.SI ITOJly'!eHH.SI BTOpH'IHbiX MaTepHaJlbHbiX 

pecypcos, o6pa3YIOIUHXC.SI ITPH ITepepa60TKe pe3HHOCO.lJ:epxaruHx 

OTXO.lJ:OB. 

B 3TOH CB.SI3H cne.lJ:YeT yrroM.SIHYTh o6 OITbrre ~ITOHHH, .lJ:06HBlllei1:c.SI 

YTHJIH3aUHH 75 % BCeX H3HOllleHHbiX aBTOITOKpbillleK, B TOM 'IHCJle 30 % 
HCITOJlb3yeTC.SI .li.J1.SI ITpoH3BO.lJ:CTBa pereHepaTa, 38 % - .li.J1.SI ITOJlyqeHIDI 

TeiiJlOBOH 3HeprHH, 7 % - .li.J1.SI ITpOH3BO.lJ:CTBa BdCCTaHORJieHHbiX IIIHH, 

OCTaJlbHOe KOJlH'!eCTBO - .ll:Jl.SI yKpenJieHH.SI 6eperoB H B .lJ:OpO)l(HOM 

CTpOHTeJlbCTBe 6e3 npe.lJ:BapHTeJlbHOH o6pa60TKH. 

9. 8. H3zomoBAenue u npUMenenue pe3UHOBOU MyKu 

llpHMeHeHHe H3MeJlb'IeHHOH pe3HHbl B BH.ll:e KpOlliKH H TOH

KO.lJ:HCIIepCHOH pe3HHOBOH MyKH B Ka'!eCTBe 3JlaCTH'IHbiX HaiiOJlHH

TeJleH - HaH6onee nepcneKTHBHbiH MeTO.lJ: YTHJ1H3aUHH pe3HHOBbiX 

OTXO.lJ:OB H H3HOllleHHbiX lliHH, IIOCKOJlbKY II03BOJl.SieT B MaKCHMaJlbHOH 

CTeneHH coxpaHHTb H HCIIOJlb30BaTb 3JlaCTH'IeCKHe H npO'IHOCTHbie 

CBOHCTBa synKaHH30BaHHOH pe3HHbi. KoMIT03HUHH, CO.lJ:epxaruHe 

H3MeJlb'IeHHbie ByJIKaHH3aTbi, ITpe.lJ:CTaRJI.SIIOT C060H .lJ:HCITepCHIO THITa 

"ITOJlHMep B ITOJlHMepe" C '!eTKO BbipaxeHHOH rpaHHUeH pa3.ll:eJla. 

HaH60Jlbiiiee paciTpocTpaHeHHe ITony'IHJia TeXHonorH.SI H3-

MeJib'IeHH.SI IIIHH B BbiCOK03JlaCTH'IeCKOM COCTO.SIHHH ITpH )'MepeHHbiX 

CKOpOCT.SIX, HeCMOTp.SI Ha 3Ha'IHTeJlbHO 6onee BbiCOKHH paCXO.lJ: 3HeprHH 

ITO cpaBHeHHIO C KpHOreHHOH TeXHOJlOrHeH. 

llo 3TOH TeXHOJlOfHH ITepepa60TKa ITOKpbillleK Be.lJ:eTC.SI B CJle

.ll:YIOIUeH IIOCJle.lJ:OBaTeJlbHOCTH: MOHKa, Bbipe3Ka 6opTOB, ITpe.lJ:Ba

PHTeJlbHOe .ll:P06neHHe, rpy6oe .ll:P06neHHe, MenKoe .ll:P06neHHe, 

CeiTapaUH.SI H ITOMOJl. 

Ha CTa.lJ:HH ITpe.lJ:BapHTeJlbHoro .ll:P06neHH.SI HCITOJ1b3YIOTC.SI 6op

TOpe3Ka, MexaHH'!eCKHe HOXHHU:bl H lliHHOpe3, Ha ITOCJle.ll:YIOIUHX 

CTa.L(H.SIX - .lJ:p06HJlbHbie H ITOMOJlO'IHbie BaJibUbi, CeiTapaTOp .lJ:ll.SI 

H3RJie'!eHH.SI MeTaJIJlH'!eCKHX qaCTHU H BH6pOCHTO. 

B HacTo.Siruee speM.SI pa3pa6oTaHo MHoro pa3JIH'IHbiX BH.lJ:OB 

060pY.ll:OBaHH.SI M.S! H3MeJlb'IeHH.SI pe3HHOBbiX IIOKpbiiiieK, KOTOpbie 

pa311H'IaiOTC.SI ITO xapaKTepy H CKOpOCTH HarpyxeHH.SI, KOHCTpYKUHH 
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r A a 8 a 9. Ilepepa6omKa omxoiJoB noAUMepHbiX MamepuaAoB 

pa60'IMX OpraHOB 11 T. II. ,llm!: 3TMX U:eJieH IIp11MeiDUOT a6pa311BHble JieHTbl 

II Kpyr11, fi1Jlb0TI1Hbl, 60pTOpe3KI1, LJ:I1CKOBble H0)1(11, rrpeCCbl, BaJibU:bi, 

pOTOpHO-HO)f(eBbie LJ:p0611JIKI1 11 LJ:pyroe o6opyLJ:OBaHI1e. 

Tpa.IJ:11U:110HHO rrp11MeHHeMoe y Hac B cTpaHe o6opyLJ:oBaHI1e LJ:JIH 

J~p06JieHI1H pe311HOBbiX OTXOLJ:OB - BaJibU:bl. 3a py6e)f(OM qame 

llp11MeHHIOT LJ:I1CKOBble 11 pOTOpHbie 113MeJib'II1TeJII1. 0LJ:HaKO CXeMa, 

llCHOBaHHIUI Ha IIp11MeHeHI111 BaJibU:OB, .IIBJI.IIeTC.II 6oJiee IIp0113BOLJ:I1TeJib

IIOH 11 MeHee 3HeproeMKoi1. 

Ha116onee rrpocTaH TexHonori1H 113MeJib'leHI1H OTXOLJ:OB pe311Hhi 

llpeLJ:CTaBJieHa Ha p11C. 9 .16. KpyiiHble OTXOLJ:bl pe311Hbl IIOCTyrraiOT Ha 

J~po6MJibHbie BaJihU:hi J, 3aTeM Ha MeJibH111.JS rpy6oro rroMona 2. MeJIKI1e 

llTXOLJ:bl (pa3JII1'1Hbie pe311HOTeXHI1'1eCKI1e 113LJ:eJI11.11) cpa3y IIOCTyiiaiOT 

11a MeJibH11U:Y rpy6oro IIOMOJia 2. lbMeJib'leHHbie B MeJibHHUe OTXOLJ:bl 

TpaHCIIOpTepOM IlOLJ:aiOTC.II Ha MafHI1THbiH cerrapaTOp J, a 3aTeM LJ:BYMH 

IIOTOKaMI1 - Ha MeJibH11U:bl TOHKOfO IIOMOJia 4 11 5, rLJ:e 113MeJib'laiOTCH 

J(O pa3Mepa 0,3-5 MM. Heo6XOLJ:I1MOCTh pa3LJ:eJieHI1H rroToKa rrocne 

MeJibH11U:hi rpy6oro rroMoJia Bhi3BaHa 6onee M11TeJibHbiM rrpou:eccoM 

H3MeJib'leHI1H pe311HOBbiX 'laCT11U: LJ:O MeJIKOLI:11CIIepcHOf0 COCTOHHI1H 11 

1103BpaTOM OTCeBa IIOCJie IlpOXO)I(LJ:eHI1H 113MeJib'leHHbiX OTXOLJ:OB qepe3 

Bl16pOCI1Ta 6 11 7. Pa3Mep HqeeK B116pOCI1T COCTaBJIHeT 1 MM, 11 Bee, 

'ITO He IlpOXOLJ:I1T qepe3 HI1X, B03BpamaeTC.II Ha LJ:OI13MeJib'leHI1e B 

MeJibH11U:bl TOHKOfO IIOMOJia. 

P11c. 9.16. TexHonorl1'1ecKasi cxeMa 113MeJib'leHI1.11 pe311HOBhlX OTXOLJ:OB 
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llepepa6omKa npoMbiUL!leHHbiX omxoiJoB 

llp0113BO):U!TeJibHOCTb TaKOH Jli1HI111 300-350 Kr/'1 pe311HOBOtl 

MyKH c pa3MepoM tiaCT11U. LJ:O 1 MM. Bonee noJIOBI1Hbi tiaCT11U. 11MeiOT 

pa3Mep MeHee 0,5 MM. 

llOKpbiiiiK11 C MeTaJIJIOKOpLJ:OM no Oni1CaHHOH TeXHOJIOfiH1 

113MeJib'II1Tb HeJib3H. ,lJ,.rrH 3TOfO 11CnOJib3yeTCH LJ:pyroe, 6oJiee MOlUHOC 

o6opyLJ:OBaHI1e, npeLJ:ycMaTpi1BaiOmee npeLJ:Bap11TeJibHOe Bbipe3aHI1e 1-n 
nOKpbllliK11 6opTOBbiX KOJieiJ, 11 Hape3Ky nOKpbiiiieK Ha KyCKI1. 

B nocJieLJ:Hee BpeMH 3a py6e)f(OM nony'II1JIO III11pOKOe pac

npocTpaHeHI1e KPI10reHHOe 113MeJib'leHI1e pe311HOCOLJ:ep)f(alUI1X OTXOLJ:OB, 

11 npe)I(LJ:e BCero 113HOIIIeHHbiX lll11H, OCl;lOBaHHOe Ha HOBeHIIII1X 

npeLJ:CTaBJiemrnx o npotiHOCTI1 noJII1MepHbiX MaTep11aJIOB. B qacTHOCTI1, 

11CnOJib3yeTCH TOT «PaKT, 'ITO pa3pyiiieHI1e nOJI11MepOB B CTeKJIO

o6pa3HOM 11Jll1 B BbiCOK03JiaCTI1'1eCKOM COCTOHHI111 (HO C BbiCOKOi-1 

CKOpOCTblO) np011CXOLJ:I1T C MI1H11MaJibHbiM11 3aTpaTaMI1 3Hepf1111. 

Kp11oreHHOe 113MeJib'leHI1e 11MeeT cJieLJ:yiOml1e npei1MymecTBa no 

cpaBHeHI110 C 113MeJib'leHI1eM np11 KOMHaTHOH TeMneparype, T. e. KOrLJ:a 

pe311Ha HaXOLJ:I1TCH B 3JiaCTI1'1HOM COCTOHHI111: MeHbiiii1e 3Hepro-

3aTpaTbi; 11CKJIIO'IeHI1e nO)f(apo- 11 B3pbiBOOnaCHOCT11; B03M0)f(H0CTh 

noJiyqeHI1H MeJIKOLJ:I1CnepCHOf0 nopOIIIKa pe311Hbl C pa3MepOM 'laCTHl~ 

LJ:O 0,15 MM; 11CKJIIO'IeHI1e 3arpH3HeHI1H OKP~aiOmeii: cpeLJ:bl. 

3«P«PeKTI1BHOCTb Kp110reHHOfO 113MeJib'leHI1H nOKPbiiiieK HBJIHeTC51 

CJieLJ:CTBI1eM: 

• OCJia6JieHHH CBH311 Me)I(LJ:y MeTaJIJIOKOpLJ:OM 11 pe311HOH np11 

HI13KOH TeMneparype, 'ITO np11BOLJ:I1T K 'laCTI1'1HOMy OTLJ:eJieHI110 pe311Hbl 

OT MeTaJIJia; 

• pe3KOf0 CHH)f(eHHH 3JiaCTI1'1HOCTI1 pe311Hbl 11 ee XpyrrKOfO pa3py

IIIeHI1H ~e np11 He3Ha'II1TeJibHbiX LJ:e«PopMaiJ,I1HX. 

llp11 Kp110feHHOM 113MeJib'leHI111 nOKpbllliKI1 OXJia)I(LJ:alOTCH B 

Te'leHI1e 25 MI1H B yCTpOHCTBaX 6apa6aHHOfO T11na, paCXOLJ: )I(HLJ:KOfO 

a30Ta COCTaBJIHeT 0,25-1,2 Kf Ha 1 Kf 113MeJib'laeMOfO MaTep11aJia. 

OXLJ:IDK,!J;eHHaH noKpbiiiiKa 113MeJibtiaeTcH B pa3Jli1'1Horo T11na (p11c. 9.17) 
LJ:p0611JIKax. Ha116onee 3«P«PeKTI1BHO np11MeHeHI1e o6opyLJ:OBaHI151, 

11306pa)f(eHHOrO Ha p11C. 9.17 ,B. llepB11'1HOe Kp110reHHOe LJ:p06Jie

HI1e ocymeCTBJIHeTCH C nOMOlUblO MOJIOTa, a 3aTeM, nocJie OTLJ:eJieHml 

KOpLJ:a, np0113BOLJ:I1TC5I LJ:OI13MeJib'leHI1e pe311HOBOH KpOIIIKI1 LJ:O 

He06XOLJ:I1MOH LI:11CnepCHOCTI1 Ha BaJIKOBOH LJ:p0611JIKe. llonyqeHHaH Jl 

pe3yJibTaTe LJ:p06JieHI15I KPOIIIKa 11MeeT pa3Mepbl OT 0,15 LJ:O 20 MM. 

CTOI1MOCTb )I(HLJ:KOfO a30Ta COCTaBJIHeT 2/3 OT BCeX 3aTpaT Ha 

3KCnJiyaTaiJ,I110 ycTaHOBKI1. 
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r A a B a 9. llepepa6om1ca omxoiJoB noAUMepHbiX MamepuaAoB 

PH c. 9.17. MexaHI13Mbi 

JI.IHI Kpl1oreHHoro .upo6-
JieHHll noKpbiiiieK c Me-

Ta.JVIOKop.uoM: 
A - y.uapHo-oTpa)l(a

rcnhHaR .upo6HnKa ( 1 -
IIOKpbiiiiKa; 2 - BMOK; 

.1, 4 - oTpa)l(aTenbHbie 4 

unHTbi); E - BanKoBall 

Jlpo6HnKa (1 - noKpbiiii-

Ka; 2, 3 - nO,llBH)I(HbiH 

~I HenO.UBH)I(HbiH BanKH); 

/J - MOflOT ( 1 - noK

JlhllliKa; 2, 3 - Tenno

WJonHpoBaHHbie MaTpH

Ila, nyaHCOH; 4- BMKO

IIilll ,llp06HnKa); F -
MOflOTKOBall ,llp06HnKa 

(I - noKpbiiiiKa; 2 -
TpaHcnopTep; 3 - po-

Top; 4- MOflOTOK) 

A 5 

TexHonorl1qecKa51 cxeMa Kp110reHHoro 113MenbqeHI151 noKpbiWeK 

llpe.n:cTaBneHa Ha p11c. 9.18. Op11 no.n:roTOBKe noKpbiWeK K Kpi10-

rcHHOMy 113MeJibqeHI110 11X MOIOT, COpT11pyiOT 11 OTnpaBJI51IOT Ha 

OOpTOpe3KY J AJI51 YAa.JieHI151 6opTOBbiX KOJieU:. ,LJ,anee nOKpb!WKa 

11ocrynaeT B oXJia}l()];aiOI.I.I:yiO KaMepy 2, Ky.n:a no.n:aeTCH :lKHAKI1H a30T. B 
KaqeCTBe o6opyLJ:OBaHHH MH OXJia}l()];eHI151 MO:lKeT 6biTb HCllOJib30BaHa 

uocne He~oTopo:H: MOAI11PHKaU:HI1 cyWMJibHaH neqb 6apa6aHHoro THna. 

lloKpbiWKI1 OXJia}l()];aiOTCH LJ:O -120 oC (TeMnepazypa CTeKJIOBaHI151 

11paKTWieCKI1 JII06J;>IX pe311H He Hl1:lKe -70 OC). 
11MeiOIU11HCH 3anac OXJia}l()];eHIDI noKpbiWKH Heo6xo.n:I1M MH KOM

IICHCaU:I111 TenJIOllp11TOKOB K HeH BO BpeMH nepeMeiUeHI151 113 

IIXJia}l()];aiOIUeH KaMepbl K MOJIOTy J, a TaK:lKe AJIH KOMneHCaU:1111 

I"CilJIOBbJAeJieHI1H np11 y.n:ape MOJIOTa, np011CXOAHIUI1X BCJieLJ:CTBI1e 

11pespameHI1H KI1HeTI1qecKoii 3Hepm11 MonoTa B TeiiJioByiO. MonoT 

IIMeeT cnpo«PI1JI11pOBaHHble nyaHCOH 11 MaTp11U:y, Ha KOTOpbiX 

IIJIOHCXOAHT pa36HBaHHe CTeKJI006pa3HOH nOKpbiWKI1. 3HeprHH y.n:apa 

l"llCTaBJIHeT 38 K,LI,:lK, XOLJ: nyaHCOHa 700 MM, Macca nyaHCOHa 800 Kf. 
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Ilepepa6omKa npoMbiWileHHblX omxoiJoB 

P11c. 9.18. CxeMa KpHoreHHoro .upo6neH11li113HOllleHHhiX noKphillleK 

JhMeJib'leHHaH IlOKpbiiiiKa IlOCJie MOJIOTa TpaHCilOpTepOM IlOLJ:aeTC~I 
Ha IIIKHBHOH )f(eJie300TLJ:eJIHTeJib 4, rLJ:e IlpOHCXOLJ:HT pa3LJ:eJieHI1l' 

pe3HHhi, TeKCTHJIH H Menuma. Pe3HHOBaH KPOIIIKa rrocTyrraeT Ha 

cerrapaU,HIO, <}lpaKli,HOHHpOBaHHe H LJ:OH3MeJib'leHHe Ha CTaH,UapTHbiX 

LJ:p06Hn bHbiX H pa3MOJibHhiX BaJibU,aX. 

MeTaJIJIOKOP.ll rrocTyrraeT B o6)f(J1roByiO rre'lb 5 LJ:JIH Bbi)f(HraHI1H 

OCTaTKOB pe3HHbi Ha IlpOBOJIOKe H .llaJiee- Ha rraKeTHpOBO'IHbiH rrpecc 

6, TeKCTHJibHbiH KOpLJ: - Ha LJ:OH3MeJib'leHHe B pOTOpHbiH H3MeJibtiHTeJII, 

7 (THrra MI1P) H 3aTeM- Ha rraKeTHpOBO'IHbiH rrpecc 8. 
B pe3yJihTaTe KPHoreHHoro pa3pYIIIeHHH 3a OLJ:HH YLJ:ap B KpOIIIKY 

rrepeXOLJ:HT LJ:O 75 % pe3HHbi, COLJ:ep)f(alll,eHCH B IlOKPbiiiiJ<e, IlpH'IeM 

57% KpOIIIKH HMeeT pa3Mepbi OT 1,25 LJ:O 20 MM H 24%- OT 0,14 .llO 

1,25 MM. 3TO Il03BOJIHeT Cylll,eCTBeHHO COKpaTHTb 3aTpaTbi 11<1 

LJ:OH3MeJib'leHHe pe3HHOBOH KpOIIIKH 06bi'IHbiMH MeTOLJ:aMH. 

Y.lleJibHbre 3aTpaTbi 3HeprHH Ha pa3pyiiieHHe rroKpbiiiiKI1 11 

OXpyrr'leHHOM BHLJ:e B 1,8 pa3a MeHbiiie, 'leM B 3JiaCTH'IHOM. 

LI.JIH pe3KH H H3MeJib'leHHH aMOpTH30BaHHbiX IIIHH C MeTaJr 

JIOKOpLJ:OM u,eJiecoo6pa3HO IlpHMeHeHHe LJ:ByXpOTOpHbiX MaiiiHH l" 

LJ:HCKOBbiMH HO)f(aMH, HMeiOlli,HX 60JiblliYIO MOlli,HOCTb. 0LJ:HaKo 

cerOLJ:HH, HeCMOTpH Ha MHOfO'IHCJieHHbie pa60Tbi, HaLJ:e)f(HOfO rrpo 
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r A a 6 a 9. llepepa6omKa omxoiJoB noAUMepHblX MamepuMoB 

MbllliJieHHOfO o6opyLJ:OBamrn WU1 H3MeJib'IeHirn IIIHH C MeTaJIJIOKOPLJ:OM 

11e C03LJ:aHo. Pa6o'IHe opraHbi MaiiiHH npH H3MeJib'IeHHH TaKHX 

IIOKpbiiiieK HHTeHCHBHO H3HaiiiHBaiOTCH. 

HHTepeCHbiti cnoco6 OTLJ:eJieHHH pe3HHhi oT MeTaJIJIOKOpLJ:a nocne 

113MeJib'IeHHH nOKpbiiiieK npeMO)f(HJIH HnOHCKHe HH)f(eHepb!. 0HH 

llpeMaraiOT npOLJ:YKTbl H3MeJib'IeHHH nOLJ:BeprHYTb BblCOKO'IaCTOTHOMy 

11arpesy, B pe3yJibTaTe KOTOporo npOHCXOLJ:HT HarpeB MeTaJIJia H 

o6ymHBaHHe norpaHH'IHoro c HHM CJIOH pe3HHbi. BcJieLJ:CTBHe 3Toro 

llpOHCXOLJ:HT ee OTCJIOeHHe OT MeTaJIJIHtieCKHX 'IaCTHU,. 

I13MeJib'IeHHaH pe3HHa B BHLJ:e MyKH H KpOIIIKH IIIHpOKO npH

MeHHeTCH B pa3JIH'IHbiX 06JiaCTHX, H npe)I(LJ:e BCero B Ka'IeCTBe 

IIOJIHOU,eHHOH LJ:06aBKH K CBe)f(HM pe3HHOBbiM CMeCHM. 

Y CTaHOBJieHO, 'ITO LJ:HCnepCHOCTb pe3HHOBOH MyKH OKa3biBaeT 

fiOJibiiiOe BJIHHHHe Ha CBOHCTBa pe3HHOBblX H3LJ:eJIHH, a TaK)f(e Ha 

1103MO)f(HOe KOJIH'IeCTBO ee npHMeHeHH5l B COCTaBe CMeCH. C yBe-

111-i'IeHHeM LJ:HCnepCHOCTH B03MO)f(H0 yBeJIHtieHHe COLJ:ep)f(aHH5l MYKH 

JlO 300-400 MaccoBbiX qacTeti Ha 100 MaccoBbiX qacTeti Kay'IyKa. OpH 

"lTOM npO'IHOCTHbie CBOHCTBa pe3HHbl He TOJlbKO He CHH)f(aiQTC5l, HO 

1103pacTaiOT no CpaBHeHH 10 C pe3HHOH, COLJ:ep)f(alll,eti B TaKOM )f(e 

KOJIH'IeCTBe aKTHBHbie MHHepaJibHbie HanOJIHHTeJIH. 3TO CTaHOBHTCH 

1103MO)f(Hb!M npH HCnOJib30BaHHH pe3HHOBOH MyKH C pa3MepOM 

'laCTHU,, COCTaBJIHIOili,HX HeCKOJlbKO MHKpOH, 'ITO LJ:OCTHraeTCH npH 

IIOBeHIIIHX cnoco6ax H3MeJib'IeHH5l, HanpHMep, C nOMOill,biO a6pa

"II-1BH0-LJ:HCKOB0f0 H3MeJib'IHTeJIH, B KOTOpOM pe3HHOBa5l KpOIIIKa 

113MeJibqaeTCH B 3a3ope Me)I(LJ:y LJ:BYMH Bpalll,aiOili,HMHCH B pa3Hble 

L'TOpOHbl a6pa3HBHblMH KpyraMH. 

OpH HCnOJib30BaHHH pe3HHosoti MYKH B cocTaBe pe3HH Heo6-

XOLJ:HMO yqHTbiBaTb, 'ITO ee CBOHCTBa B npou,ecce xpaHeHHH yXyLJ:

IIIaiOTCH, TaK KaK npOHCXOLJ:HT CTapeHHe pe3HHOBOH MyKH BCJieLJ:CTBHe 

L'C HHTeHCHBHOfO OKHCJieHHH no BCeti o6pa30BaHHOH B npou,ecce 

ll:.lMeJlb'IeHHH Bb!COKOpa3BHTOH nosepXHOCTH. 

Uenecoo6pa3HO HcnoJib30BaHHe pe3HHOBoti KpOIIIKH B cocTaBe 

ac¢aJibT06eTOHHblX LJ:OpO)f(HblX noKpb!THH. nJiafOLJ:apH nOBbiiiieHHblM 

lllpHKU,HOHHblM CBOHCTBaM H Jiy'IIIIeMy conpOTHBJieHHIO H3HOCY TaKHe 

IIOKpbiTHH MOfYT 6b!Tb 3¢¢eKTHBHblMH Ha ropHblX LJ:Oporax, Ha 

IIJIOill,aLJ:HX H yJIHU,aX C HHTeHCHBHblMH TpaHCnOpTHblMH nOTOKaMH, 

11a B3JieTHO-nOCaLJ:O'IHbiX nOJIOCaX a3pOLJ:pOMOB, Ha MOCTaX H B TOH

IIeAAX. 
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llepepa6omKa npOMbiUI./IeHHbiX omxoiJoB 

BbiCOKHe 3JiaCTI1'1ecKHe caoiicTBa, o6ecrre'II1BaeMbie LJ:OpmKHOMY 

110Kpb1TI110 pe311HOBOH q,paKu;l1eH, LJ:eJiaiOT 3TOT MaTepl1aJI BeCbMa 

IlOJie3HbiM LJ:JIH C03LJ:aHI1H LJ:Opor B per110Hax C 60Jibllii1MI1 TeMrre

paTypHbiMI1 rreperraLJ:aM11, 11pl1 CTp011TeJibCTBe TpaMBaHHbiX rryTeH 

(B116po3ai.I..J;I1THbie CBOHCTBa), 6erOBbiX LJ:OpOXeK CTa.ll:110HOB. 

Ilp11 113fOTOBJieHI111 ac«PaJibT06eTOHHbiX 110KpbiTI1H 11CIIOJib3yeTCH 

pe311HOBaH KpOlliKa pa3MepoM LJ:O 25 MM 6e3 YLJ:aJieHI1H qacTI1U: 

MeTaJIJIOKOpLJ:a 11 BOJIOKHa. KoMII0311U:I1H 113roTaBJII1BaeTcH B o6bi'IHbiX 

6eTOHOMelllaJIKax (6eTOHHbie CMeC11) 11JII1 o6orpeaaeMbiX CMeCI1TeJIHX 

(ac«PaJibTOBbie CMeC11). ,LI,JIH yKJiaLJ:KI1 110KpbiTI1H 11CI10Jib3YIOTCH 

06bi'IHbie LJ:OpOXHO-CTp011TeJibHbie Mallii1Hbl. 

9. 9. J/pou3eoocmeo pezeHepama 

0LJ:HI1M 113 HarrpaBJieHI1H yTI1JII13aU:I111 pe311HOCOLJ:epxaml1x 

OTXOLJ:OB, B 'laCTHOCTI1 113HOllleHHbiX llii1H, HBJIHeTCH IlOJiy'leHI1e 

pereHepaTa - I1JiaCTI1'1HOfO MaTepl1aJia, CllOC06HOfO ByJIKaHI130BaTbCH 

rrp11 LJ:o6aBJieHI111 B Hero BYJIKaHI13YIOI.I..J:I1X areHTOB 11 qacTI1'1HO 3aMeHI1Th 

KayqyK B COCTaBe pe311HOBbiX CMeCeH. 

PereHepau;11H pe311Hbi - «PI1311KO-XI1MI1'1ecKI1H rrpou:ecc, B 

pe3yJibTaTe KOTOporo pe311Ha rrpeapamaeTCH B 11JiaCTI1'1HbiH IlpOLJ:YKT 

- pereHepaT. 

CymecTBYIOT pa3JII1'1Hbie crroco6bi rroJiyqeHI1H pereHepaTa, OTJII1-

qaiOml1eCH xapaKTepOM 11 11HTeHCI1BHOCTbiO B03AeHCTBI1H Ha pe311Hy, 

a Tal()l(e Ilpl1pOLJ:OH 11 KOJII1'1eCTBOM yqaCTBYIOI.I..J;I1X B pereHepau;1111 

pe311Hbi aemecTB. B rrpou:ecce pereHepau;1111 pe311Hbi rrpo11CXOLJ:HT 

CJieLJ:yiOI.I..J;I1e rrpou;eCCbi: LJ:eCTpYKU:I1H yrJieBOLJ:OpOLJ:HbiX u;errei1:; CTpyK

Typ11pOBaHI1e BHOBb o6pa30BaBlli11XCH MOJieKyJIHpHbiX u;errei1:; 

yMeHbllleHI1e COLJ:epxaHI1H CB060LJ:HOH cepbl, 11CI10Jib30BaHHOH LJ:JIH 

ByJIKaHI13aU:I111 pe311Hhi; LJ:eCTpYKIJ:MH cepHbiX, 110JII1CYJibiPHLJ:HbiX CBH3ei1:; 

MOLJ:11IP11KaU:I1H MOJieKYAAPHbiX u;erreii KayqyKa; 113MeHeHI1e ymepOLJ:HbiX 

u:erre:H:, o6pa3oBaHHbiX caxei1:, COLJ:epxameiicH B pe311He. 

3TOT rrepe'leHb IlpOTeKaiOI.I..J;I1X 113MeHeHI1H CBI1LJ:eTeJibCTByeT 0 

cJioXHOCTI1 «PI1311KO-XI1MI1'1ecKI1X rrpou:eccoa, Jiexam11x B ocHoBe 

pereHepau;l111 pe311Hbl. 

Ilp11 IIOJiy'leHI111 pereHepaTa Ilp11MeHHIOTCH pa3JII1'1Hbie XI1-

MI1'1eCKI1e aemecTaa: MHf'II1TeJII1, aKTI1BaTOpbl, MOLJ:11IP11KaTOpbl, 

3MYJibraTOpbl 11 LJ:p. 
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B KatieCTBe WlfliHTene:H: HCIIOJib3)TIOTCH rrpoLJ:yKThi rrepepa6oTKH 

He«PTH, yrJIH, cnaHI.t:eB 11 necoXHMHtiecKoro rrpoH3BOLJ:CTBa. CoLJ:ep)f(flHHe 

M51T'IHTeJieH 3aBHCHT OT CI10C06a IlOJiyqeHH.H pereHepaTa. 

AKTHBaTOpbi 1103BOJI5IIOT COKpaTHTb IlpOLJ:OJI)f(HTeJibHOCTb H 

CHI1311Tb TeMrrepaTypy rrpou,ecca, yJiy'IIIIHTb CBOHCTBa KOHe'IHOrO 

npoLJ:yKTa. B KatiecTBe aKTHBaTopos HaH60Jibiiiee rrpHMeHeHHe HaiiiJIH 

cepOCOLJ:ep)f(alll,He OpraHH'IeCKHe COeLJ:MHeHH.H. 

MoLJ:MIPH KaTopbi rro3BOJIHIOT rrpHLJ:aTb pereHepazy 11 pe3HHe Ha 

ero OCHOBe HeKOTOpbie crr.eu,HClJibHbie CBOHCTBa - IlpO'IHOCTb, MaCJIO-, 

6eH30CTOHKOCTb, 6JieCK 11 LJ:p. ,LI,JI.H MOLJ:MIPHKau,HH pereHepaTa 

HCI10Jlh3YIOTC.H KaK MOHOMepbl (MaJieHHOBbiH aHrHLJ:pHLJ:, MaJieHHOBa5l 

H JIHMOHHa.H KHCJIOTbl 11 LJ:p.), TaK 11 IlOJIHMepbl (IlOJIHCTHpOJI, 

llOJIHMeTHJIMeTaKpHJiaT, IlOJIHBHHHJIXJIOpHLJ: 11 LJ:p. ). 

3MYJibraTOpbl IlpHMeH.HIOT B TeXHOJIOfH'IeCKHX u,eJI.HX - MH CTa-

6HJIH3aU,Hl1 BOLJ:HbiX LJ:MCilepCHH 113MeJib'leHHbiX pe3HHOBbiX OTXOLJ:OB. 

Ha'laJibHaH cTaLJ:MH rronyqeHHH .pereHepaTa mo6biM 113 cylll,eCT

BYIOill,HX crroco6os- H3MeJib'leHHe pe3HHOBbiX OTXOLJ:OB. Pa3Mep qacrHu,, 

KOTOpbie He06XOLJ:HMO IlOJiyqHTb IlpH 113MeJib'leHHH, orrpeLJ:eJI.HeTC.H 

crroco6oM rrocJieLJ:yiOill,eH pereHepau,HH, a TaK)f(e csoiicTBaMH pe3HHhi, 

110LJ:BepraeMoii pereHepau,HH, 11 Tpe6osaHHHMH K pereHepaTy. qeM 

MeHbiiie pa3Mepbl qaCTHU, pe3HHbl, TeM 6oJiee 6biCTp0 11 paBHOMepHO 

OHM Ha6yXaiOT B M.Hf'IHTeJI.HX, B pe3yJibTaTe qero IlOBbiiiiaeTC.H 

upoM3BOLJ:MTeJibHOCTh o6opyLJ:OBaHHH 11 ynyqiiiaeTc.H KatiecTBO 

pereHepaTa. 0LJ:HaKO yMeHbiiieHHe pa3MepOB pe3HHOBOH KpOIIIKH 

CB.H3aHO C yBeJIH'IeHHeM 3aTpaT Ha ee IlOJiyqeHHe, 1103TOMY pa3Mepbl 

•mcTHu, scerLJ:a 6oJibiiie 0,5 MM. 

llp11 rronyqeHHH pereHepaTa 6oaoHeumpOJlbHbiM crroco6oM (p11c. 

9.19) LJ:eByJIKaHH3aU,H.H pe3HHbl IlpOHCXOLJ:HT B BOLJ:HOH KHCJIOH cpeLJ:e 

II aBTOKJiaBe IlpH rrepeMeiiiHBaHHH MaCChi. 

,LI,JI.H 3T0f0 HCI10Jlb3yeTC.H pe3HHOBa5l KpOIIIKa pa3MepOM 2,5-
.1,5 MM, COLJ:ep)f(aHHe TeKCTHJibHOfO KOpLJ:a He LJ:OJI)f(HO rrpeBbilllaTb 

I 0 % (no Macce ). KoJIH'IeCTBO M.HfliHTeJI.H, LJ:06asn.HeMoro B cMecb, 

J\OCTHraeT IlpH pereHepau,HH HeKOTOpbiX pe3HH 40 MaCCOBbiX qacTeH 

ua 100 MaccOBbiX qacTeii pe3HHbi. Pa3pyiiieHHe ocraTKOB KOPLJ:HOro 

IIOJIOKHa IlpOHCXOLJ:HT 3a C'leT B03LJ:eHCTBHH KHCJIOH cpeLJ:bl, C03LJ:aBae

MOH WJ:r'IHTeJI.HMH. 

llpou,ecc LJ:eByJIKaHH3aU,Hl1 OCylll,eCTBJI.HeTC.H B LJ:Be CTaLJ:HH: Ha rrep

IIOH CTaLJ:HH pe3HHa Ha6yxaeT B WlfliHTeJI.HX B Te'leHHe 1-1,5 'I IlpH 

X0-1 00 •c, Ha BTOpOH - TeMrrepaTypa IlOLJ:HMMaeTC.H LJ:O 180±5 •c , 
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8 

PHc. 9.19. CxeMa npoH3BO.UCTBa 

pereHepaTa BO.UOHeihpanbHbiM 

cnoco6oM: 

] - 6yHKep ,llp06JieHOH pe3HHbi; 

2- eMKOCTb C MliT'IHTeJieM; 3-
,ll03aTOpbi; 4 - aBTOKJiaB; 5 -
6y4JepHaH eMKOCTb; 6 - CeT'!aTblll 

6apa6aH; 7- OTIKHMHaJI MalliHHa; 

8 - pereHepaTHO-CMeCHTeJibHble 

BaJibllbl; 9 - pa4JHHI1p0BO'!Hble 

BaJibUbi; J0- CKJia,ll rOTOBOH npo-

.llYKll1111 

co3.uaeTcH .llaBJieHHe 1, 1±0, 1 Mlla, H rrpou:ecc .lleByJIKaHH3aU:HI1 

IlpO.llOJI:lKaeTCH B Te'!eHHe 4-5 'I .llJIH pe3HHOBbiX OTXO.llOB, He CO

.llep:lKai.I..J;HX TeKCTHJib, H 5-8 'I - .llJIH OTXO.llOB, CO.llep:lKai.I..J;HX KOp.ll

HOe BOJIOKHO. 

TepMoMexaHu~ecKuu crroco6 rroJiy'leHHH pereHepaTa 6oJiee 

rrpe.lliTO'ITHTeJieH BCJie.llCTBHe HerrpepbiBHOCTH rrpou;ecca, IlOJIHOH ero 

MexaHH3aU:HH H aBTOMaTH3aU:HH, a TaK:lKe HeilpO.llOJDKHTeJibHOCTH U:HKJia. 

llpH 3TOM CI10C06e He o6pa3yiOTCH CTO'IHbie BO.llbl, 'ITO TaK:lKe BeCbMa 

cymecTBeHHO CHH:lKaeT CTOHMOCTb IlpO.llYKTa. 0.llHaKO 3Ta TeXHOJIOrHH 

rrpe.llbHBJIHeT 6oJiee BbiCOKHe Tpe6osaHI1H K KYJibzype rrpOI13BO.llCTBa, B 

qacTHOCTI1, He06XO.llHMO '!eTKOe C06JIIO.lleHHe rrapaMeTpOB TeXHO

JIOrH'!eCKOfO rrpou:ecca. 

llpH IlOJiy'leHHH pereHepaTa TepMOMeXaHH'!eCKHM CI10C060M 

HCI10Jib3yeTCH KpOlllKa pa3MepOM He 60Jiee 0,8 MM IlpH CO.llep:lKaHHI1 

TeKCTHJibHbiX BOJIOKOH He 6oJiee 5% (rro Macce). llo 3TOH TexHOJIOrHI1 

(pHC. 9.20) pe3HHOBaH KpOlllKa HerrpepbiBHO IlO.llaeTCH B .llBYX

qepBH'IHbiH CMeCHTeJib, OXJia:lK.llaeMbiH BO.llOH. 

llO.ll BJIHHHHeM MeXaHH'IeCKHX B03,UeHCTBHH H TeMrrepazypbi B 

CMeCHTeJie B TOHKOM 3a30pe Me)l(.lly lllHeKOM H KOprrycOM IlpOHCXO.llHT 

.lleByJIKaHI13aU:HH pe3HHhi 3a c'!eT TeiTJia, Bbl.lleJIHIOmerocH rrpH .lle«Pop

MaU:HH pe3HHhi, H B03,UeiicTBH~ KHcJiopo.lla H MHr'IHTeJIH. Cpe.llHIDI 

.llJIHTeJibHOCTb rrpe6biBaHHH' pe3HHbi B lllHeKOBOM CMeCHTeJie He 

rrpeBbilllaeT 7 MHH, OCeBOe ycHJIHe, pa3BHBaeMOe lllHeKOM, COCTa~eT 
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P11c. 9.20. CxeMa npoH3BO.llCTBa pereHepaTa repMoMexaHH'·IeCKHM cnoco6oM: 

I - 6YHKep pe3HHOBOH KPOlllKH; 2- eMKOCTb c Mllr'-IHTeneM; 3 - .uOJaTopbi 

pe3HHOBOH KpOlllKH 11 M.Hf'-IHTeJlH; 4- CMeCHTeJlb HenpepbiBHOrO ,lleHCTBHH; 5 
- Y:epB.H'-IHbiH .ueaynKaHH3aTop; 6- pa4JHH11pOBO'-IHble BaJlbUbi; 7- fOTOBa.H 

npO.UYKUHH 

1000 KH. TeMrrepa'fYPa rrpo.n:yKTa, BbiXOAHmero H3 roJioBKH umeKa, 

He LJ:OJI)KHa rrpeBbiUiaTb 190 oC, MH qero KOprryc UIHeKa OXJIIDK.U:aeTCH 

BOLJ:OH. llpH .n:aJibHeHUieM IlpOXO)I(LJ:eHHH qepe3 qepBH'IHbiH .n:e

BYJIKaHH3aTOp IlpOLJ:YKT OXJIIDK.U:aeTCH LJ:O 70-80 oC H B TaKOM BHAe 

llOCTYITaeT Ha pa«PHHHpOBO'IHbie BaJibll,bi, r.n:e eMy IlpHLJ:aeTCH TOBapHbiH 

BHA (rrJieHKa, CBepHyTaH B pyJIOH HaiTOLJ:06He pyJIOHa TOJIH HJIH 

py6epoH.n:a). llpH 3TOM rrpoHCXOAHT roMoremnau,HH pereHepaia, 

OKOH'IaTeJibHOe ero o6e3BO)I(HBaHHe, O'IHill,eHHe OT IlOCTOpOHHHX 

BKJIIO'IeHHH H HeLJ:OCTaTO'IHO .n:ecTpyKTHpoBaHHbiX qaCTHIJ, pe3HHbi. 

Pa<PHHHpOBO'IHbie BaJihiJ,hi wMeiOT <PPHKIJ,HIO 1 :2,5. C u,eJibiO 6o

JJee IlOJIHOH fOMOreHH3aiJ,HH rrpo.zzyKTa pa<PHHHpOBaHHe Bb!IlOJIH.HeTC.H 

ua .n:syx BaJibu,ax. 

Ha rrepBbiX BaJibu,ax ycTaHaBJIHBactTCH 3a3op, o6ecrre'IHBaiOmHi1 

BhiXOA c BaJibiJ,OB rroJIOTHa ToJimHHOH He 6oJiee 0,25 MM. ToJimHHa 

llOJIOTHa, CXO,Wimero CO BTOpblX BaJibU,OB, He LJ:OJDKHa rrpeBbiUiaTb 0,17 MM. 

noJIOTHO 3aKaTbiBaeTCH B pyJIOH MaCCOH LJ:O 15 Kr. 

0TeqeCTBeHHaH IlpOMbiUIJieHHOCTb BbiilYCKaeT ureCTb MapOK 

pereHepaTa, CBOHCTBa KOTOpbiX 3aBHCHT OT HCilOJib3yeMOfO CblpbH H 

TeXHOJIOfHH IlpOH3BOLJ:CTBa (Ta6JI. 9.10). . 
PereHepaT HBJIHeTcH u,eHHbiM BTOpH'IHbiM CbipbeM H HCITOJih3yeTcH 

IlpH H3fOTOBJieHHH pe3HHO-TeXHH'IeCKHX H3LJ:eliHH, IlOLJ:OUIBeHHbiX 

pe3HH H UIHH. lloTpe6JieHHe pereHepaTa B UIHHHOH rrpoMbiiUJieHHOCTH 
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T a 6 n H u a 9.10 
CBoilCTBa pereuepaTa 

HaHMeuosaHHe MapKa pereueparn 

noKaJaTeJIJI PlllT PCT Pm PKE PC 

Co.uep)l(aHHe Jiezy'IHX, 

%(no Macce}, npu: 
110 oc $0,6 $0,65 - - -
150 oc - - :::;2,5 :::; 1,6 :::;2,75 

Co.uep)l(aHHe 30JThi, % 5,0 :::;8,0 :::;7,5 :::;7,0 :::;8,0 
(no Macce) 

MHrKOCTh, MM 2,5-3,5 2,0-4,0 2,0--3,3 2,5-3,5 2,0--3,5 
3JiaCTWieCKOe BOCCTa- 1,15±0,45 0,5-2,0 1,2±0,55 1,2±0,55 0,5-2,0 
HOBJieHHe, MM 

flpoquocTh npH pacTII- ~5,39 ~3,92 ~5,39 ~6.86 ~3,92 

)l(eHHH, Mfla (ue Meuee) 

0rHOCHTe.JlbHDe y )l.JIH- 400±50 ~300 ~420 ~450 ~300 

ueHHe, o/o 

cocTaBJUieT OKOJIO 2 % OT KayqyKa, rrpH rrpoH3BOLJ:cTBe PTM - 13 % H 

o6yBH- 10 %. 
B pe3HHoTeXHH'IecKoii rrpoMbiiiiJieHHOCTH pereHepaT rrpHMeiDIIOT 

B COCTaBe pe3HHOBbiX CMeceH IIpH H3fOTOBJieHHH p}'KaBHbiX H3LJ:eJIHM, 

rrpOKJiaLJ:OK, peMHeii H APYTOH rrpo.zzyKIJ;HH. HeKoTopbie H3LJ:eJIIDI, TaKHe 

KaK IIJiaCTHHbl, KOBpHKH 6biTOBOfO Ha3Ha'leHIDI, H3fOTaBJIHBaiOT IIO'ITH 

6e3 LJ:06aBJieHIDI Kayq}'Ka B pe3HHOB)TIO CMeCb. 

llpH H3fOTOBJie.H:HH HeKOTOpbiX pe3HH COLJ:ep:x<aHH:e pereHepaTa MO:lKeT 

LJ:OCTHraTb 50 % OT COLJ:ep:lKaHHSI KayqyKa, a IlpH H3fOTOBJieHI-iH 

QlOPMO.BaHHbiX Ka6JI}'KOB - 100 % OT COLJ:ep:lKaHIDI Kayq}'Ka. 

Ha ocHoBe pereHepaTa rronyqaiOT pe3HHOBbie KJieH c BbiCOKHM 

COIIpOTHBJieHHeM CTapeHHIO H aLJ:re3HeM K pa31IH'IHbiM MaTepHa.JiaM. 

HH3KocopTHbiH pereHepaT MapoK PC H PCT HCIIOJib3)TIOT rrpu 

H3fOTOBJieHHH IIJIHT LJ:JUI IIOiq>biTIDI IIOJIOB :lKHBOTHOBOLJ:'IeCKHX <}lepM, 

CIIOpTHBHbiX IIJIOIUaLJ:OK, a TaK:lKe LJ:JUI H3fOTOBJieHIDI CTpOHTeJibHbiX 

MaTepHa.JIOB THIIa lliHQlepa. 

CJieLJ:yeT OTMeTHTb, 'ITO B IIOCJieLJ:HHe fOLJ:bl B CBSI3H C IIOBbillleHHeM 
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Tpe6osaHHH K PTH H IIIHHaM, a TaKJKe }'BeJiwieHHeM rrpHMeHeHIDI 

IIOKpbiiiieK C MeTaJIJIOKOp.AOM o6'beMbl IIpOH3BOJJ:CTBa H IIOTpe6JieHIDI 

pereHepaTa HeCKOJibKO COKpaTHJIHCb, HO JJ:O CHX IIOp OCHOBHCUI Macca 

pe3HHOCOJJ:ep:>KaJ.JJ;HX OTXOJJ:OB yTHJIH3HpyeTCH nyreM nepepa60TKH B 

pereHepaT. 

9.1 0. TepMur.tecKue MemoiJbl ymwzu3au,uu 
pe3UH08blX omxoiJoB 

illHpOKOe pacrrpOCTpaHeHHe IIOJiytiHJIH TepMHtleCKHe MeTOJJ:bl 

YfHJIH3allHH OTXO.ll:OB pe3HHbl H IIIHH, K KOTOpbiM OTHOCHTCH IIHpOJIH3 

11 c:>KHraHHe. 

B peJyJibTaTe nHpOJIHJa rroJiyqaiOTCH seJ.JJ;ecTsa, HarroMHHaiOJ.JJ;He 

npo,ll:yKTbl KpeKHHra He¢>TH If., CJie,ll;OBaTeJibHO, HBJIHIOJ.JJ;HeCH UeHHbiM 

HCXO,ll;HbiM CblpbeM He¢>TeXHMH'IeCKHX IIpOH3BO.ll:CTB. 

B JaBHCHMOCTH oT KOHCTpYKJ.lHH TexHoJiomqecKoro o6opy.ll:oBaHIDI 

IIHpOJIH3Y MOryr IIOJJ:Bepra'rbCH KaK J.i3MeJib'leHHbie pe3HHOBbie OTXO.ll:bl 

(OTJJ:eJieHHble OT MeTaJIJia), TaK H ueJible aBTOIIOKpbiiiiKH. I1HpOJIH3 

npOHCXOJJ:HT B OTCYfCTBHe KHCJIOpo.n;a IIpH TeMrrepaTYPe 500-1000 ·c. 
OT TeMrrepaTYPbi JaBHCHT cocTaB rrpo.n;yKToB, o6pa3yiOJ.JJ;HXCH rrpH 

IIHpOJIH3e, H COOTHOIIIeHHe TBep.n;OH, :>KH.n:KOH J.i ra3006pa3HOH ¢>paK

UHH. B rrpouecce rrHpOJIHJa Bbi.n:eJIHeTcH JHa'IHTeJibHoe KOJIH'IeCTBO 

TeiiJia, TaK 'ITO ero IIO,ll;BO.ll: H3BHe K peaKTOpy He06XO.ll:HM TOJibKO Ha 

Ha'laJibHOH cTa.n;HH rrpouecca. CxeMa ycTaHOBKH .ll:JIH rrHpOJIHJa 

npHBe.n;eHa Ha pHC. 9.21. 
Cpe.n;HHH MaCCOBbiH 6aJiaHC rrpouecca IIHpOJIH3a IIIHH IlpH 

paJJIH'IHbiX reMrrepaTYPax rrpHse.n:eH s Ta6JI. 9.11. 
faJoo6paJHbie rrpo.n:yKTbi rrHpoJIHJa co.n:ep:>KaT 48-52 % oo.n:opo.n:a, 

25-27% MeTaHa H HMeiOT BbiCOKYfO TeiiJiary CfOpaHHH (34-44 M,lbK/Kr). 

0HH HCIIOJibJYIOTCH KaK HCTO'IHHK 3HeprHH. Tsep.ll:bie rrpO.ll:YKTbi 

nHpOJIH3a (TaK Ha3biBaeMbiH IIIHHHbiH KOKC) J.iCIIOJih3YIOT IIpH O'IHCTKe 

CTO'IHbiX 80.!1: OT HOHOB TH:>KeJibiX MeTaJIJIOB, ¢>eHOJia, He¢>TerrpO.ll:YKTOB. 

TeXHH'IeCKHH yrJiepO.ll:, IIOJiyqaeMbiH IIpH IIHpOJIH3e, HCIIOJib3YeTCH B 

Ka'leCTBe aKTHBHOfO HaiiOJIHHTeJIH B IlpOH3BO,ll;CTBe pe3HHOBbiX CMeceii, 

nJiaCTMaCC H B JiaKOKpaCO'IHOH IIpOMbiiiiJieHHOCTH. )J(H.n:Krul ¢>paKJ.lHH 

npo.n;yKTOB IIHpOJIH3a pe3HHOBbiX OTXO.ll:OB TaKJKe HBJIHeTCH BbiCO

KOKa'leCTBeHHbiM TOIIJIHBOM, HO rrpo.n;yKT ee rrepepa60TKH MO:>KeT 

HCIIOJib30BaTbCH H B COCTaBe pe3HHOBOH CMeCH. 
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2 

6 

P11c. 9.21. CxeMa ycTaHOBKJil .li.IHI mtpomna HJHOWeHHbiX noKpbiWeK: 
} - JaCJIOHKa; 2- BJ.ixpeBOH peaKTOp; J- CIDKeyJIOBHTeJih; 4- OXJ13,ll11TeJih; 

5 - .ll11CTHJIJIHU110HH<UI KOJIOHHa; 6 - TenJI006MeHHHK; 7 - KOMnpeccop 

Ta6n11ua 9.11 
BLIXO.ll H TenJJoTa cropaHHH npO.LJYKTOB nupOJJHJa lliHH 

npO.llYKTbi, TeMneparypa nHpoJIHJa, ·c 
TeiUlOfa 

cropaHHH 500 700 800 

T&ep.llhie,% (no Macce) 60,5 52,0 44,0 
){ill.uKJile, % (no Macce) 30,3 27,9 17,7 
faJoo6paJHbie, % (no Macce) 6,8 18,2 26,2 
noTepH, % (no Macce) 2,4 I ,9 2,1 
Pacxo.a3HepmH, M)l.)I(/Kr 4,2 5,7 4,6 
Tefl.lloma c2opaHUJ1 npodyKmos, MP.JIC/K2: 

raJoo6pa3HhiX 34,018 44,095 37,768 
)I(H.llKJiiX 44,125 42,080 25,620 
TBep.llhiX 35,350 33,390 31,080 
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CywecTBYIOWHe rrpoMbiiiiJieHHbie ycTaHOBKH ,ll)HI yTHJIH3aUHH 

WHH MeTO.ll:OM I1HpOJIH3a HMeiOT BbiCOKYIO IlpOH3BO.ll:HTeJibHOCTb (30-
50 TbiC.T OTXO.ll:OB B fO.lJ:). 0,ll;HaKO, y<IHTbiBrul B03pOClUJ.ie TpaHCIIOpTHbie 

paCXO.ll:bi, CBH3aHHbie C .lJ:OCTaBKOH aMOpTH30BaHHbiX IlOKpbillieK K Mecry 

HX ueHTpaJIH30BaHHOH YTHJIH3aUHH, He06XO.ll:HMbi ycTaHOBKJ.i 

He60JiblUOH MOWHOCTH, KOTOpbie MOrJIJ.i 6bi o6ecrreqJ.iTb paUHOHa.JibHOe 

J.iCilOJib30BaHJ.ie TaKHX OTXO.ll:OB Herrocpe,ll;CTBeHHO Ha MeCTe HX 

o6pa3oBaHHH, T. e. Ha KpyiiHbiX aBTOIIpe,ll;IIpHHTIDIX. 

JIIIOHCKJ.ie crreuHa.JIJ.iCTbi, BbiilOJIHJ.iBlUHe cpaBHHTeJibHbiH 3KO

HOMJ.il!eCKJ.iH aHa.JIJ.i3 pa3JIJ.iqHbiX HanpasJieHHH yTHJIH3aUHJ.i J.i3HO

weHHbiX lliHH, TaKHX KaK I1pOH3BO.llCTBO pereHepaTa, pe3HHOBOH MyKH, 

JaXOpOHeHHe, C)!(J.ifaHHe, J.iCI10Jib30BaHHe B ,ll;OpO)!(HOM CTpOHTeJibCTBe, 

rmpoJIH3, rrpHWJIH K BbiBO.ll:Y, qTo rrocJie.ll:H HH crroco6 HaH6onee 

3<l><l>eKTHBeH. 

Oo-BH.ll.HMOMy, .ll:a.JlbHeiiwee pacrnHpeHHe HCIIOJih3oBaHHH rrpo

uecca rrHpoJIH3a rrpH YTHJIH3aUHH rroKpbrrneK JaBHCHT OT pa3pa6oTKH 

HaH6onee pauHoHa.rrbHbiX crroco6os rrpHMeHeHHH ero rrpo,ll;yKTOB H OT 

COOTHOlUeHHH ueH Ha IlpO.ll:YKTbi, IlOJiyqaeMbie IlpH pa3JIJ.iqHbiX 

crroco6ax YTHJIHJauHH pe3HHhl. 

Pe3HHOBbre OTXO.ll:bi HBJIHIOTCH BbiCOKoKa.rropHHHbiM rrpo.ll:yKToM, 

ri03TOMy HX yTHJIH3aUHH IIyTeM C)!(J.ifaHHH B KaqeCTBe HCTOqHJ.iKa 

3HeprHH TaK)!(e BeCbMa 3<P<PeKTHBHa. 

B 51rroHHH c ueJibiO rronyqeHHH Terrnosoii 3HepmH C)!(HraiOT 200 
TbiC. T lUHH e)!(efO,ll;HO. 

B BeJIHKo6pHTaHHH .llJIH C)!(HraHHH rroKphrrneK HCIIOJibJyeTCH 

BepTHKa.JibHaH UJ.iKJIOHHaH IJeqb C BHyTpeHHHM ,ll;HaMeTpOM 1,8 M, 

OTJIJ.iqaiOruaHCH HerrpepbiBHOH IlO,ll;aqei:f lUJ.iH B HeiiO,ll;BJ.i)!(HyiO TOIIKy, 

BbiCOKOH TeMIIepaTypoif C)!(J.ifaHHH (1900-2100 oC), IlpH KOTOpOH BCH 

CTa.Jib, IlpHCYTCTBYIOWaH B lUHHaX, rrepeXO.ll:HT B pacnJiaB, a TaK)!(e 

rpaHyJIHuHeii )!(J.i.ll.KOro IIIJiaKa. OpoH3BO.ll:HTeJibHOCTb TaKoii rreqJ.i coc

TaBJIHeT He MeHee 1 T/q, BpeMH rrpe6biBaHHH lUJ.iHbi B IJeqJ.i 2-
5 MHH, HOMHHaJibHaH napoilpOH3BO.ll:HTeJibHOCTb KOTJia-yTHJIJ.i-

3aTOpa 13,6 TbiC.TjfO.lJ:. 

ABTOIIOKpbllUKJ.i HCI10Jlb3YIOTCH B KaqeCTBe a.JibTepHaTHBHOfO 

TOIIJIHBa s ueMeHTHbiX rreqax. Pa3pa6oTaHbi asToMaTH3HposaHHbie 

CHCTeMbi 3arpy3KJ.i B IJeqb J.i3HOllieHHbiX IIOKpbillieK 6e3 J.i3MeJibqeHHH. 

Opouecc ocywecTBJIHeTCH c rroMOWbiO poJIHKosoro KoHseM:epa c 

rrpHMeHeHHeM secosoro .lJ:03aTopa, orrpe,ll;eJIHIOWero sec Ka.)!(.uoii 

IlOKpbllUKH, qTo Heo6XO,ll;HMO .llJIH rrpaBHJibHOfO .!1:03HpOBaHHH KHC-
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JIOpo.ua H OCHOBHOfO TOIIJIHBa, KOTOpoe ocymeCTBJIHeTCH aBTOMa

TH'IeCKH C IIOMOIUbiO 3BM. 11CIIOJib30BaHHe aBTOIIOKpbiiiieK B 

KOJIH'IeCTBe .UO 25 % OT MaCChi OCHOBHOfO TOIIJIHBa II03BOJIHeT Op

raHH30BaTb rrpou:ecc ropeHIDI rrpaKTH'IecKH 6e3 Bbl,lleJieHIDI yrapHoro 

raJa H o6ecrre'IHTb rronHoe cropaHHe IIIHH. Co.uep)l(amHHCH s 

IIOKpbiiiiKax MeTaJIJIOKOp.ll OIIJiaBJIHeTCH, OKHCJIHeTCH J.i rrepeXO.UHT B 

BH.Ue OKCH.UOB B Bbipa6aTbiBaeMbiH KJIHHKep (IIOJiy¢>a6pHKaT u:eMeHTa). 

9.11. ,l(pyzue cnoco6bl ucnOAb306aHUR U3HOuteHHbtx wuH 

HapMy c paccMoTpeHHbiMH crroco6aMH HCIIOJib3osaHHH pe3H

HOBbiX OTXO.UOB CYIUeCTBYIOT J.i .upyrHe, MeHee 3¢>¢>eKTHBHbie Haii

paBJieHHH HX YTHJIH3aU:HH. 0HH, KaK npaBHJIO, He Tpe6yiOT 60JiblliHX 

KaiiHTaJibHbiX BJIO)I(eHHH, HO IIpHHOCHT onpe.UeJieHHyiO IIOJib3y. 

TaK, H3HOIIIeHHbie noKpbiiiiKH s HeH3MeHHOM BH.Ue npHMeHHIOTCH 

.llJIH 3aiUHTbl no6epe)l(bH BO.UHbiX 6acceUHOB OT 3p03HH, .llJIH .ueMII

¢>HpOBaHHH y.uapoB Cy.UOB npH IIIBapTOBKe, C03.UaHHH HCKYCCTBeHHbiX 

pH¢>os, sonHope3os, npoTHsoy.uapHbiX 6apbepos Ha .uoporax, aMop

TH3HpyiOmHx Orpa)I(JleHHH J.i T. II. BMeCTe C TeM TaKoe HCIIOJib30BaHHe 

HCTO'IHHKOB u:eHHbiX BTOpH'IHbiX MaTepHaJibHbiX J.i 3HepreTH'IeCKHX 

pecypcos Hepau:HoHaJibHO. 

B OT.ueJibHbiX cnyqaHx, H3-3a HacbiiUeHHOCTH pbiHKa npo.uyKTaMH 

YTHJIH3aU:HJ.i pe3HHOBbiX OTXO.UOB J.i BCJie.UCTBHe IIOBbiiiieHHH Tpe-

6osaHHH K 3THM npo.uyKTaM, nepepa60TKa J.i HCIIOJib30BaHHe J.i3-

HOIIIeHHbiX aBTOIIOKpbiiiieK CTaHOBHTCH HeU:eJieC006pa3HbiMH, J.i OHJ.i 

IIO.llJie)l(aT JaxopoHeHHIO. B 3ana.nHoi1 Espone rrosceMeCTHO ImOJib .uopor, 

y 6eH303anpaBO'IHbiX CTaHU:HH HaKOIIJieHbl ropbl J.i3HOIIIeHHbiX IIIHH. 

Bonee pau:HoHaJibHO s 3THX cny'laHx HCIIOJib30BaTb cneu:HaJibHO 

o6ycTpoeHHbie JaxopoHeHHH. 

f1pH 3axOpOHeHHJ.i J.i3HOIIIeHHbie IIIHHbl J.i3MeJib'laiOT Ha KyCKH 

pa3MepoM IOOxiOO MM H yKJIMbiBaiOT no.u ymoM CJIOHMH BbiCOTOH 

1-2 M, Ka)I(JlbiH TaKOH CJIOH nepecbmaeTCH 3eMJieH TOJIIUHHOH 20-
25 CM. Ha BCIO IIJIOIUa,z:{b 3axopOHeHHH HaKJia,z:{biBaiOT CJIOH .uepHa 

TOJIIUHHOH 30 CM. 3axopoHeHHe TaKOfO THIIa B fepMaHHJ.i BMemaeT 

50 MJIH. J.i3HOIIIeHHbiX IIOKpbiiiieK. 

TaKHM o6pa30M, s npoMbiiiiJieHHOCTH HCIIOJih3YIOTCH pa3JIH'IHbie 

CIIOC06bi YTHJIH3aU:HH pe3HHOCO.Uep)l(aiUHX OTXO.UOB, B TOM 'IHCJie J.i3HO

IIIeHHbiX aBTOM06HJibHbiX IIOKpbiiiieK. Bbi6op TOfO HJIJ.i HHOfO MeTO.lla 
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YfHJUI3aU:HH OCHOBbiBaeTCH Ha TIUaTeJibHOM TeXHHK0-3KOHOMH'IeCKOM 
aHaJIH3e, Y'IHTbiBaiOmeM CTOHMOCTb HCXO.ll:HOfO CblpbH H fOTOBOH 
npO.D:YKU:HH, Tpe6osaHHH K Ka'leCTBY H cnpoc Ha npo.n:yKThl 
YfHJIJ.f3aU:HH, TpaHcnopTHbie paCXO.ll:bl Ha .ll:OCTaBKY OTXO.ll:OB, 3Hep
reTH'IeCKHe H Tpy.n:oshie 3aTpaThi Ha npose.n:eHHe npou:ecca yTH
JIH3aU:HH. 

Heo6xo.n:HMO yqHTbiBaTh, 'ITO s CBH3H c nocroHHHo paCTYIUHMH 
Tpe6osaHHHMH K Ka'leCTBy pe3HHOTeXHH'IeCKHX H3.D:eJIHH H IIIHH 
HcnoJib3osaHHe TaKHx npo.n:YKToB YTHJIH3aU:HH, KaK pe3HHOBaH MYKa H 
pereHepaT, YMeHbiiiaeTCH. B TO )!(e speMH npo.ll:YKTbi nHpoJIH3a H 3HeprHH, 
nonyqaeMaH npH C)!(HraHHH fiOKpbiiiieK, HMeiOT HeorpaHH'IeHHbiH en poe. 
Oo3TOMY npH pa3pa6oTKe npoH3BO.D:CTBeHHbiX npou:eccos YTHJIH3aU:HH 
OTXO.ll:OB fiOTpe6JieHHH pe3HHOBbiX MaTepHaJIOB, npe)!(.ll:e BCero 
J.i3HOIIIeHHbiX IIIHH, CJie.n:yeT J.iCXO.D:HTb J.i3 B03MO)!(HOCTeH peaJIH3aU:HH 
npo.n:yKTOB yTHJIH3aU:HH s .n:aHHOM perHoHe s ycnoBHHX pbiHO'IHOH 
3KOHOMHKH. 

KoHmpo!lbHble nonpocbl 

1. KaKOBbi oco6eHHOCTH cTpoeHJ.ijl noJIHMepos? KaKHe H3BeCTHbi <l>H-
3H'IeCKHe cocTOjJ:HJ.ijl noJIHMepos? KaKoBa B3aHMOCBjJ:3b ycnosHii 
nepepa60TKJ.i fiOJIHMepoB C HX <lJH3H'IeCKJ.iM COCTOji'JIJ.ieM? 

2. KaKosa KJiaccH<l>HKaUJ.ijl oTXo.n:os nnacTMacc? 
3. KaKHe cymecTBYIOT HanpasneHJ.ijl yTHJIH3aU:HH H o6e3spe:>ImBaHHjJ: 

nnacTMacc? 
4. KaKOBbi rryTH coKpameHJ.ijl o6'beMoB o6pa3oBaHJ.ijJ: oTXo.n:os npH ne-

pepa6oTKe nnacTMacc? 
5. OpHse.n:HTe cxeMy pereHepau:HH oTXo.n:os nnacTMacc. 
6. KaKHe npHeMbi H.n:eHTH<l>HKaU:HH nnacTMacc BaM H3BecTHbi? 
7. KaKHe Bbi 3HaeTe cnoco6bi copTHpOBKH H pa3.n:eneHJ.ijl cMeceii oT

xo.n:os nnacTMacc? 
8. KaK nposo.n:ucjl H3MeJib'leHHe H rpaeynHposaHHe oTxo.n:os nnacT

Macc? PaccKIDKHTe o pOTopHbiX H3MeJib'leHHjJ:X, 3KC'fPY.D:epax
rpaeyJijJ:Topax, arnoMepaTopax, npHMeHjJ:eMhiX .D:JijJ: npoH3BO.D:CTBa 
rpaeyn H3 oTXo.n:os nnacTMacc. 

9. PaccKIDKHTe o6 oco6eHHOCTjJ:X Hcnonh3oBaHJ.ijJ: oTXo.n:os HcKyccT
BeHHbiX KO)K J.i nJieHO'IHbiX MaTepHaJIOB. 

10. OpHse.n:HTe cxeMy pereHepau:HH oTXo.n:os HcKyccTBeHHbiX KO)K H 
nJieHO'IHbiX MaTepHaJIOB. 
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11. IlpHBe,!l)iTe CXeMy XHMH'IeCKOH rrepepa60TKH OTXO,ll;OB HC-

IcyCCTBeHHbiX KO)I( C IIOJIHBHHIDIXJIOPH.ll:HbiM IIOKpbiTHeM. 

12. PacCKa)I(HTe o6 oco6eHHOCTHX rrepepa6oTKH OTXO.lJ:OB rronHaMH.ll:a. 

13. IlpHBe,ll;HTe CXeMY rrepepa60TKH OTXO.ll:OB IIOJIH3THJieHa. 

14. PaccKa)I(HTe o rrepepa6oTKe oTXO.lJ:OB rroJIHCTHpOJibHbiX rrnacTHKOB. 

15. KaKosa KJiaccH<l>HKauHH pe3HHOBbiX OTXO.ll:OB H cnoco6os HX 

nepepa6oTKH? 

16. KaK npoH3BO.lJ:HT pe3HHOBYIO MYKY H r.ll:e ee npHMeHHIOT? 

17. qTO TaKOe KpHoreHHOe H3MeJibqeHHe OTXO.ll:OB PTI1 H IIIHH, B qeM 

COCTOHT ero rrpeHMYIUeCTBa? 

18. IlpHBe,ll;HTe CXeMY H3MeJibqeHHH aBTOIIOKpbiiiieK. 

19. PaccKa)I(HTe o crroco6ax rrpoH3BO.lJ:CTBa H o6nacTHX rrpHMeHeHHH 

pe3HHOBOfO pereHepaTa. 

20. PaccKa)I(HTe o TepMHqecKHX MeTo.ll:ax yTHJIH3aUHH pe3HHOBbiX 

OTXO,ll;OB: IIHpOJIH3e H C)I(HraHHH. 
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r JI ABA 10 
HEPEPAJJOTKA TEKCTHJihHhiX OTXOJ(OB 

K TeKCTIUibHbiM MaTeplHUiaM OTHOCHTCH TKaHH, TpHKOTIDK, KOBpbi, 

HeTKaHbie IlOJIOTHa, CeTH, HHTI1, BepeBKH, KaHaTbl H .n:pyr11e H3.D:eJII1H, 

l13fOTOBJieHHbie H3 BOJIOKOH 11 HHTeH. 11x CTpYKTypa 3aBHCHT OT TeXHO

JIOrHH Ilp0113BO.ll:CTBa. 

BoJIOKHa H H11TI1, 11CIIOJib3YeMbie Ilp11 113fOTOBJieHHH TeKCTIUibHbiX 

MaTepHaJIOB, 11MeiOT, KaK rrpaBHJIO, IlOJIHMepHyiO IlpHpO.ll:Y 11 MOryT 

fibiTb HaTypaJibHbiM11 (JieH, XJIOIIOK 11 .D:p,), 11CKYCCTBeHHbiMH (B11CK03a) 

11 C11HTeTI1qecK11MH (rroJIHaMM, rroJIH3q>Hp H .n:p.). B rrocJie.n:Hee speMH 

JJ)IH 113fOTOBJieHHH HOBbiX KOHCTpYKU110HHbiX MaTepl1aJIOB 11CI10Jib3YIOT 

TeKCTI1JibHbie MaTepl1aJibl Ha OCHOBe CTeKJIHHHblX, yrJiepO.ll:HblX 11 

MI1HepaJibHbiX BOJIOKOH. 

TeKCTI1JibHbie MaTepl1aJibi c .n:peBHHX speMeH umpoKo 11CIIOJib

·JyiOTCH B 6biTy, a TaiOKe Ilp11MeHHIOTCH B pa3JIHqHbiX OTpaCJIHX rrpo

MbiiiiJieHHOCTI1 KaK COCTaBJIHIOIIIHe 3JieMeHTbl pa3JII1qHbiX H3.D:eJII1H 11 

B KaqeCTBe BCIIOMoraTeJibHbiX TeXHOJIOfl1qecK11X MaTep11a.JIOB, Ha

llpi1Mep .ll:JIH ¢>11JibTpaU1111, I101111pOBKI1, ynaKOBKI1, IlpOT11pK11 11 T . .!1:. 
Pau11oHaJibHOe 11 3¢>¢>eKTI1BHoe 11CIIOJib30BaHI1e TeKCTI1JibHhiX 

OTXO.ll:OB 11MeeT Ba)[(HOe X03HHCTBeHHOe 3HaqeHI1e, IlOCKOJibKy 3Ha

'IJ.iTeJibHYIO qaCTb BOJIOKOHHOfO CblpbH, 11CIIOJib3YeMOfO Ilp11 113fO

TOBJieHI111 TeKCTIUIH, Pocc11H BB0311T 113-Ja py6e)[(a. 

B To )[(e speMH MHome BMbi TeKCTIUibHbiX 113.D:eJII1H, s qacTHOCTI1, 

pa3H006pa.3Hble 3BYKO- 11 TeiiJIOI130Jij{UI10HHbie MaTep11aJibl .ll:Jig cpe.D:CTB 

rpaHCIIOpTa, )1(11JIHIIIH0f0 11 .D:OpO)KHOfO CTpOliTeJibCTBa, f11.ll:poMeJI110pa

l'l1BHbiX pa6oT, pa.3JIHqHOfO po.n:a IIpOKJIMOqHbie MaTepl1aJibi, TeXH11qe

CKag BaTa 11 T.Il., MOI)'T 113fOTaBJII1BaTbCj{ 113 BTOp11qHbiX BOJIOKOH ITO 

TCXHOJIOf11H· I1p0113BO.ll:CTBa HeTKaHbiX MaTepHaJIOB. 
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llepepa6omKa npoMblWIIeHHblX omxoiJoB 

1 0.1. 06pa3ooanue u KJlaccuf/JwcalfsUR 
meKcmWlbHblX omxoiJoo 

IlpH H3fOTOBJieHHH TeKCTHJibHbiX MaTepHaJIOB H H3.UeJIHH H3 HHX, 

a TaiOKe IIOCJie HX HCIIOJib30BaHIDI o6pa3yeTCH 3Ha'IHTeJibHOe KOJIH'IeCTBO 

oTxo.uos. Cpe.uH HHX Me)J(JieKaJibHbie o6pe3KH H JIOCKYT rrepBH'IHbiX 

TeKCTHJibHbiX MaTepHaJIOB, CIIYTaHHbie BOJIOKHa H llpiDKa, OTpa6oTaHH3}1 

ClleUO.Ue)!(Jla, <l>HJibTpOBaJibHbie, llpOTHpO'IHbie, ynaKOBO'IHbie TKaHH H 

.up. ToJibKO B asToMo6HJibHOH rroMhiiiiJieHHOCTH CTpaHbi .e)[(ero.uHo 

o6pa3yeTCH HeCKOJibKO TbiCH'I TOHH TeKCTHJibHbiX OTXO.UOB, 1103TOMY 

Ja.uaqa HX YTHJIH3aUHH secbMa aKTYaJibHa. 

TeKCTHJibHbie OTXO.Ubi MoryT 6biTb pa36HTbi ·Ha TPH KPYIIHble 

KaTeropHH: 

1. 0Txo.uhi oT rrpoH3BO.UCTBa CbipbH. 0HH o6pa3yiOTCH Ha rrpe.u

rrpiDITHHX, Bbipa6aTbiBaiOmHx BOJIOKHa H rrpoH3BOMIUHX IIPIDKY· 

2. OTXO.Uhi, o6pa3yiOIUHecH rrpH rrpoH3BO.UCTBe TeKCTHJibHbiX 

MaTepHaJIOB. 

3. OTXO.Ubl, o6pa3yiOIUHeCH rrpH HCIIOJib3oBaHHH TeKCTHJibHbiX 

Ma'fepHaJIOB, KOTOpbie, B CBOIO O'lepe.ub, .ueJIHTCH Ha OTXO.Ubl 6biTOBOfO 

H llpOMbiiiiJieHHOfO IIOTpe6JieHHH. 

TeKCTHJibHbie OTXO.Ubl pa3JIH'IaiOTCH 110 CTpYKTYpe H XHMH'IeCKOMY 

COCTaBy B 3aBHCHMOCTH OT TeXHOJIOfHH TOfO IIPOH3BO.UCTBa, B KOTOpOM 

OHH o6pa30BaJIHCb. 

Bee OTXO.llbl TeKCTHJibHbiX MaTepHaJIOB B BH.Ue JIOCKYTa H Me)J(Jie

KaJibHbiX o6pe3KOB, He 3arpH3HeHHbie IIOCTOpOHHHMH BKJIIO'IeHHHMH, 

llpe.ucTaBJIHIOT C060H ueHHOe BTOpH'IHOe Cblpbe H MOryT 6biTb 

YTHJIH3HposaHbi 6e3 crreUHaJibHOH O'IHCTKH. 

TeKCTHJibHbie MaTepHaJibi TeXHH'IeCKoro HaJHa'leHHH rrocne 

HCIIOJib30BaHHH CHJibHO 3arpH3HeHbl OTXO.UaMH .upyrHX MaTepHaJIOB, 

HCIIOJib30BaHHbiX B TeX HJIH HHbiX TeXHOJIOrn'leCKHX rrpoueccax. l103TOMY 

rrepe.u YTHJIH3aUHeH OTXO.Ubl TeXHH'IeCKOfO IIOTpe6JieHIDI.UOJDKHbl 6biTb 

TIUaTeJibHO O'IHIUeHbl OT 3arpH3HeHHi1: MeTaJIJIH'IeCKOH CTp~ H .upyrnx 

IIOCTOpOHHHX BKJIIO'IeHHH . 

. 0TXO.Ubl H3HOIIIeHHOH crreuo.ue)!(Jlbl IIOCJie CTHpKH MOfYT 6biTb 

HCIIOJib30BaHbl B Ka'leCTBe IIPOTHpO'IHOfO MaTepHaJia. 

CJio)[(Hee o6cTOHT .ueno c CHJibHO 3arpH3HeHHbiMH OTXo.uaMH <l>HJib

TpOBaJibHbiX, IIIJIH¢>0BaJibHbiX, IIOJIHpOBaJibHbiX H T. II. TeKCTHJibHbiX 

MaTepHanos, HCIIOJib3osaHHbiX .UJIH TexHonorH'IeCKHX uenell:. Hx 
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pereHepaullil Heuenecoo6pa3Ha, H noTOMY OHH no.li)Ie)!(aT C)!(l!lraHHIO HJIH 

:JaxopoHeHHIO. 

l<JiaccH<l>HKaUIUI TeKCTI!IJibHbiX OTXO.ll:OB B03MO)!(Ha no CJie.ll:YJOW:I!IM 

11pH3HaKaM: no XHMH'IeCKOH npHpo.n;e BOJIOKHa; no TeXHOJIOfHH 

11poH3BO.ll:CTBa H BH.Izy TeKCTI!IJibHbiX MaTepHaJIOB; no CTa.n;HH npoH3BO.ll:CTBa 

TeKCTI!IJibHbiX MaTepHaJIOB; no UBeTY; no 'IHCTOTe. 

B JaBHCHMOCTH oT XHMH'IeCKOH npHpo.n;bi BOJIOKHa TeKCTHJibHbie 

OTXO.ll:bl MOryT 6biTb H3 XJIOnKOBbiX, ruepCTHHbiX, Jiy6HHbiX, llieJIKOBbiX, 

XI!IMH'IeCKHX BOJIOKOH H H3 HX CMeCeH. 

B JaBHCHMOCTH oT rexHonorHH npoHJBO.ll:CTBa H BH.n;a TeKCTHJibHbiX 

MaTepHaJIOB MOryT 6biTb OTXO.n;bl TKaHeH, TpHKOTa)!(a, HeTKaHbiX MaTepHa

JIOB H HX KOM6HHaUHH. 

Ha paJJIH'IHbiX CTMH.SIX npoHJBO.ll:CTBa TeKCTHJibHbiX MaTepmUIOB 

o6pa3YJOTCH BOJIOKHHCTbie OTXO.ll:bl, nYTaHKa H KOHUbl npH)!(H, JIOCKYT H 

o6pe3KH noJIOTeH. 

ITo UBeTY OTXO.ll:bl MOryT 6biTb 6eJibiMH, CBeTJibiMI!I (T. e. OKparneH

HbiMH B CBeTJibie TOHa, K KOTOpbiM OTHOCHTCH 6e)!(eBbiH, CBeTJIO-)!(eJITbiH 

UBeTa 1!1 HX KOM6HHaUHH), TeMHbie (T. e. OKpallieHHbie B KpaCHbiH, JeJieHbiH, 

CHHHH, qepHbiH UBeTa 1!1 HX KOM6HHaUHH) 1!1 pa3HOUBeTHbie. 

B JaBHCHMOCTH oT 'IHCTOTbi TeKCTHJibHbie OTXO.ll:bi .n;eJIHTCH Ha 

HeO'IHrueHHbie 1!1 O'IHW:eHHbie (T.e. no.n;BeprlliHeCH CTHpKe, XHM'II!ICTKe, 

.ll:e3HH<l>eKUHH H.n;pymM cnoco6aM 'IHCTKH). 

J11060e HCnOJib30BaHHe TeKCTI!IJibHbiX OTXO.ll:OB npe.n;ycMaTpHBaeT HX 

rrpe,n;BapHTeJibH)'lO no,n;roTOBKY 1!1 pa3pbiXJieHHe. 06beM no.n;roTOBHTeJlbHblX 

pa60T 3aBHCHT OT HX BH.n;a, COCTaBa, MeCTa o6pa30BaHHH B TeXHOJIOrH

qeCKOM npouecce H creneHH 3arpH3HeHllil. 

10.2. HcnOAb30eanue omxoiJoe npu noAylfenuu npR:>ICU 
U3 nepBUI.fHOZO Cblpbfl 

,!:(.rrH npOH3BO.ll:CTBa BOJIOKHa H3 nepBH'IHOrO HaTYPaJibHOrO CblpbH 

HCnOJib3yeTCH pa3pbiXJIHTeJibHO-TpenaJibHOe o6opy,n;OBaHHe paJJIH'IHOrO 

THna, OT COBeprneHCTBa KOHCTpYKUHH H Ka'leCTBa HaJIMKH KOTOporo 

3aBHCHT CTeneHb O'IHCTKH CblpbH OT noCTOpOHHHX npHMecei1:. 

IlpH nepBH'IHOH O'IHCTKe B OTXO.ll:bl yxo.n;HT .ll:O 40 % BOJIOKHa. 

,Umi OOJiee nOJIHOrO H3BJie'leHllil ero HCnOJib3YJOT ycTaHOBKH BTOpH'IHOH 

O'II!ICTKH H nepepa60TKH noJiyqeHHbiX OTXO.ll:OB. 
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Ilepepa6omKa npoMbiUIAeHHbiX omxoiJoB 

3a,naqa COCTOHT B TOM, 'IT06bi B KOHe'IHOM C'leTe, C O.ZUIOH CTOpOHbl, 

nonytiHTh BbiCOKYJO CTeneHb O'IHCTIOI, a C .n;pyro:H - MaKCHMaJibHO 

CHH3HTb co.n;epxaHHe BOJIOKHa B OTXO.n;ax. 3Ta 38,l{aqa OCJIO)JQUieTCH 

TeM, 'ITO no Mepe yseJIH'IeHHH KOJIH'IeCTBa UHKJIOB nepepa60TKH 

o6pa3yl0ll{HXCH OTXO.D:OB .D:OJIH BOJIOKHa, co.n;epxamerOCH B HHX, paCTeT. 

KoJIH'IecTso UHKJIOB nepepa6oTKH oTxo.nos, o6pa3yiOmHXCH npw 

H3rOTOBJieHHH BOJIOKHa H3 nepBH'IHOro CblpbH, ueJiecoo6pa3HO orpa

HH'IHBaTb, TaK KaK rrpH HX yseJIH'IeHHH BbiXO.D: BOJIOKHa B03paCTaeT 

He3Ha'IHTeJibHO, HO npH 3TOM CHJibHO paCTYT 3aTpaTbl 3HeprHH Ha 

O'IHCTKY, T. e. cymeCTBYJOT onpe.n;eJieHHbie 3KOHOMH'IeCKHe npe.n;eJibl 

YTHJIHJauHH OTXo.n;os. 

KpoMe TOro, KOJIH'IeCTBO OTXO.D:OB, KOTOpble MOXHO .n;o6aBJIHTb B 

cMecb 6e3 yxy.nrneHHH KaqecTsa npHXH, orpaHH'IeHo. HarrpHMep, npw 

H3roTOBJieHHH rrpHXH Ha KOJibuerrpH.DWibHbiX MarnHHax MOXHO .n;o6aBJUITb 

B CMeCb .D:O 5 % OTXO.D:OB, a Ha nHeBMOMexaHH'IeCKHX npH.n;HJibHbiX 

MarnHHax MOXHO HCnOJib30BaTh .D:O 10 % OTXO.D:OB 6e3 yxy.n;rneHHH Ka'leCTBa 

npiDirn. 

10.3. IIepour.tHa.R o6pa6omtca u pCl360AOKHenue 
metccmwzbHbtx omxoooo 

IlepBH'IHaH o6pa60TKa H pa3BOJIOKHeHHe TeKCTHJibHbiX OTXO.li:OB 

BKJIIO'IaiOT PM CT8,l{HH, 06'beM HCnOJib30BaHHH KOTOpblX 3aBHCHT OT 

npoHcxo)I{,UeHHH H Ka'leCTBa OTXo.n;os. HeKOTOpble OTXO.D:bl nOTpeqneHHH, 

KaK 6biTOBOro, TaK H npOMbJIIIJieHHOro, nOCTYnaiOT Ha nepepa60TKY B 

CHJibHO 3arpH3HeHHOM BH.n;e H rrpe)I{,Ue, 'leM OHH non8,l{YT Ha YTHJIH3aUHIO, 

.li:OJI)J(Hbl 6biTb .lle3HHq>HUHpOBaHbl, BbiCTHpaHbl, O'IHll{eHbl 1!1 T . .n;. 

Ilocne.nosaTeJibHOCTb onepauH:H rrpH nepswiHo:H o6pa6oTKe TeKc

THJibHbiX OTXO.li:OB MOXHO rrpe.n;CTaBHTb B BH.n;e cxeMbl, H306paxeHHOH Ha 

pHC. 10.1. 
B JaBHCHMoCTH OT BH.n;a TeKCTHJibHbiX OTXo.n;os HeKOTOpbie H3 CTa,nHH 

npouecca HX nepBH'IHOH o6pa60TKH MOfYT 6biTb orrymeHbi. 

)Je3uHrjJeKU,Ull oTXo.n;os npoHJBO.D:HTCH .D:JIH YHH'IToxeHHH 6aKTepH:H 

H HaceKOMbiX. Ilpouecc ocymecTBJIHeTCH s cTauHoHapHbiX JanapHsa

IOll{HX KaMepax (HanpHMep, A,lJ;T-1 HJIH A,lJ;T-2), pa6oTaiOll{HX npH 

115-116 ·c H .n;aBJieHHH 0,2 Mila. HopMa 3arpy3KH KaMepbl coc

TaBJIHeT 80-100 Kr/M3, pacxo.n napa 0,25-0,4 Kr/M3, npo.nonxH

TeJibHOCTb o6pa6oTKH 60 MHH. B noCJie.n;HHe ro.n;bl pa3pa60TaHbi HOBbie, 
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F A a 6 a JO. lJepepa6omKa meKCmUAbHblX omxoiJ06 

PH c. I 0.1. CxeMa nepBH'IHoit o6pa6oTKH 
TeKCTHJJbHbiX OTXO,llOB 

6onee coBpeMeHHbre cnoco6br ,ue3HH¢>eK

UHH: C llOMOJ.W>IO nepeMeHHOfO 3JieKTpH

'IeCKOfO nom~ BbiCOKo:H qacTOTbi, yJILTpa

JByKa, yJibTpa¢>HoJieTOBOf0 H HH¢>pa

KpaCHOf0 HJJiy'leHHM, y-ofiJiy'leHH.R, 

OJOHa. 

06ecnbl/lu6anue npHMeH.ReTC.R c u;eJibiO 

YJIY'IllieHH.R YCJIOBHM TPY.Ua npH .UaJibHe:H

Uie:H COpTHpOBKe H L(IDI llOBbiilieHH.R 3¢>

<l>eKrnBHOCTII XHMWiecKo:H 'IHCTKH. OcHoB

HbiM pa6o'IHM opra.HoM o6ecllbiJIHBa.IOI.I..UiX 

MarnHH THna MOB-I .RBIDieTC.R 6apa6aH c 

nonacT.RMH H rnHnaMH. B npou;ecce o6ec

flbiJIHBaHH.R OTL(eiDieTC.R H JaL(ep)!(HBaeTC.R 

.!(0 30 % flbiJIH H MeJIKHX TBep,UbiX 'laCTHU, 

KOTOpble y,uam~IOTC.R c noMolllbiO seHTHIDI

ropoB. TipOH3BOL(HTeJibHOCTb Ta.IGIX MarnHH 
.llOCTHraeT 1400 Kr/q. Eonee nporpeccHB

Hbi BbinycKaiOI.I.J;Hecg B oeJibrHH H CiliA 

KOM6HHHpOBaHHble MaiiiHHbl, B KOTOpbiX 
ripOH3BOL(.liTC.ll H o6eCllbiJIHBaHHe, H pa3BOJIOKHeHHe TeKCTHJibHbiX OT

XOL(OB. 

Copmupo6Ka TeKCTHJibHbiX OTXO.UOB 6LITosoro noTpe6JieHH.ll 

ripOH3BOL(HTC.ll C u;eJibiO Y.UMeHH.ll 3aCTe:>KeK, KHOllOK, HeTeKCTHJibHbiX 

:meMeHToB HJ.UeJIHH. CopTHposKa ocyi.I.J;eCTBJI.lleTC.ll spyqeyro c npHMe

HeHHeM MaJIOH MeXaHH3ai.J;HH: COpTHpOBO"'HbiX CTOJIHKOB, ofiopy,uoBaH

HbiX L(HCKOBbiMH H JieHTO'IHbiMH HO:>KaMH. TiocJie COpTHpOBKH OTXOL(bl 

ripeccyiOTC.ll B KHllbl llO 80 Kr. 3arp.li3HeHHOe BTOpH"'HOe TeKCTHJibHOe 

Cbipbe no.usepraeTC.ll cmupKe M.ll HJBJie"!eHH.ll norJioi.I.J;eHHOH rp.li3H, .llJI.ll 

"!ero npHMeH.RIOTC.ll CTHpaJibHbie MaiiiHHbl nepHOL(H"!eCKOfO ,UeHCTBH.ll 

CM0-100 H IIK-53A. O.z:r;HaKo c noMOI.UbiO CTHpKH He y,uaeTc.ll Y.UMHTb 

MaCJIO, KpaCKY H ,upyrHe opraHH"!eCKHe Bei.I.J;eCTBa, HepaCTBOpHMbie B 

BOL(e. Tio3TOMY TeXHOJIOfH"'eCKHH npou;ecc llOL(fOTOBKH TeKCTHJibHbiX 

OTXOL(OB K pa3BOJIOKHeHHIO BKJIIO"!aeT XHMH"!eCKYJO "'HCTK)'. 

XUMullecKaR llucmKa CHJibHO 3arp.liJHeHHbiX H JacaneHHbiX 

TeKCTHJibHbiX MaTepHMOB npOH3BOL(HTC.ll opraHH"!eCKHMH paCTBO-
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llepepa6om1Ctl npoMNUliii!HHNX omxoiJos 

pHTeJIHMH Ha MaiimHax KX-007, KX-012. TipHMeHeHHe XHMH<IecKot:\ 

'IHCTKH BMeCTO CTHpiGI yMeH&IIIaeT H3HOC MaTepmUia, COKpamaeT 

llpO,UOJDKHTeJibHOCTb o6pa60TKH H 3KCllJiyaTaf.lHOHHbie paCXOL(bl, 

llOBbilllaeT llpOHJBo.zurreJibHOCTb Tpy.z:r;a 

Tipe.z:r;BapHTeJibHO OTXOL(bl o6pa6aTbiBaiOT B BbiCOKOKOHJ.leHT

pHpOBaHHOM paCTBOpe I.l.(eJIO'IH, a JareM llOCJie OTXHMa - opra

IDI':IeCIGIM pacmopJITeJieM. 

LJ:JIH y,n:a.n:eHH.sl MacJia C TeKCTHJibHbiX OTXOL(OB HCllOJib3yiOT 

3M:yJibCHIO nepXJIOp3THJieHa (HJIH TpHXJIOp3THJieHa) B BOL(e, HarpeT}'IO 

.uo 40-so ·c. 
Pe3Ka o'IHI.I.(eHHbiX OTXO.UOB npoH3BO.UHTC.sl Ha cnef.lHaJI&HbiX 

MaiiiHHax, KoTop&Ie coCTosrr H3 nHTaiOmero H TpaHcnopmpYJOmero 

yCTpOHCTB H pexymero MexaHH3Ma mJibOTIIHHOro HJIH poTOpHoro mna 

C llOMOI.I.(biO rHJibOTIIHHbiX pexymHX MaurnH nepepa6aT&maiO'l"C.sl CHJibHO 

cnpeccoBaHHbie IGillbl OTXOL(OB, KOTOpbie pa3pe3aiOTC.sl Ha llOJIOCKH 

onpe,ueJieHHOH IIIHpHHbl C llOMOI.I.(biO llaL(aiOI.I.(ero BHH3 HO:lKa. MarnHHbl 

rHJibOTHHHOro mna HMeiOT pH,U HeL(OCTaTKOB, rJiaBHbiM H3 KOTOpbiX HB

JIHeTCH He06XOL(HMOCTb 'laCTOH OCTaHOBKH L(]IH 3aTO'IKH pe:lK)'meJ:i 

KpOMKH Ho:lKa, a TaK:lKe L(]IH peryJIHpOBKH 3a30pa. TI03TOM)' 6oJiee IIIH

poKoe npHMeHeHHe HaiiiJIH pOTa~OHHble MaiiiHHbl. 

PoTa~oHH&Ie MaiiiHHbl o6opy,n:oBaHbi poTopoM, Ha KoTopoM Ja

KpenneHbi HO:lKH HJIH .UHCKH, Hape3aiOI.I.(He MarepHan Ha onpe.ue.neHeyiO 

IIIHpHey. I.IIHpHHa pe3KH peryJIHpyeTCH nyreM H3MeHeHHH CKOpOC'IJf 

.UBH:lKeHHH -rpaHcnoprepa, no,uaiOmero KHnY OTXo,uoB. 

TipH Bbi6ope mna pe3aJibHbiX MaiiiHH He06XOL(HMO JqHT&IBaTb 

Blf.n H XHMH'IeCKYIQ npHpotcy TeKCTHJibHbiX oTXo,uoB. B qacmocm, po

Taf.lHOHH&Ie BbiCOKOllpOH3BOL(HTeJibHbie MaiiiHHbl He BCer,ua npHrOL(Hbl 

L(]IH nepepa6oTKH TeKCTIIJibHbiX OTXOL(OB H3 CHHTeTH'IeCKHX BOJIOKOH, 

TaK KaK npH 6oJibiiiOH CKOpOCTII pe3KH HO:lKH pOTopa pa3orpeBaiOTCH L(O 

TeMnepaTYpbi, npH KOTOpOH B03MO:lKHO OilJlaBJieHHe TepMOilJlaCTINHOrO 

noJIHMepa, H3 KoToporo H3roToBJieHbi BoJioKHa. 

30MOC/lU60HUe TeKCTHJibHbiX OTxOL(OB llpOH3BOL(HTC.sl C J.leJibiO 

o6Jier'leHHH BaXHeiiiiieii onep~H - paJBoJioKHeHHH. B JaBHCHMoCTH 

OT COCTaBa H BH,Ua OTXOL(OB npHMeHHIOT paJJIH'IHbie 3aMaCJIHBaTeJIH, 

KOJIH'IeCTBo KOTOpbiX L(OCTHraeT 10 % OT Macchi OTXOL(OB. CHHTeTH'IeCKHe 

OTXOL(bl MOiyr llOCTynaTb Ha pa3BOJIOKHeHHe 6e3 3aMaCJIHBaHHH, HO 

YBJiaxHeHHbiMH. 

B KaqecTBe JaMacJIHBaTeJieii HcnoJI&JyiDTc.sl noBepxHoCTHO

aKTHBH&Ie BemecTBa. HaH6onee pacnpoCTpaHeH&I oKCH3THJIHpoBaHH&Ie 
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F 11 a 6 a 10. llepepa6omKa meKcmWibHI>IX omxoiJoB 

CHHTeTH<IeCKHe KHCJIOThl (JiaypHHOBIUI, creapHHOBIUI H OJieHHOBIUI), a 

TaiOKe HeKOTOpbie OKCH3TRIIHp0BaHHbie :>KHpHbie CllHpThl. 

KpoMe Toro, npHMeHHIOTC.sl cyJI&<Po3qmp&I BbiCIIIHX :xrn:pHbiX 

CllHpTOB H HeHaCbll.QeHHbiX KHCJIOT. IJpHMeHeHHe MHHepa.rrbHbiX MaceJI 

.lUI.sl 3aMaCJIHBaHH.sl BOJIOKHa HeXeJiaTeJibHO, TaK KaK OHH COL(epxaT 

HeOMblJI.sleMbie KOMIIOHeHTLI, KOTOpbie OTpHUaTeJibHO 81IIDIIOT Ha npoQeCC 

llOCJieJJYIOilleH OTL(eJIKH TeKCTHJlbHbiX MaTepHaJIOB. 

Pa360AoKnenue JaMacJieHHbiX OTXO.UOB ocyi.QecTBJI.sleTc.sl Ha 

IllHlla.JlbHbiX MaiiiHHax, r.ue H llpOHCXOL(HT npeBpai.QeHHe OTXOL(OB BO 

BTOpH'IHOe BOJIOKHO, KOTOpoe 3aTeM HCllOJib3yeTC.sl npH Bbipa60TKe 

BCeB03MO)I(HblX TeKCTHJibHbiX MaTepHaJIOB: TKaHeH, TpHKOTaXa, KOBpOB, 

HeTKaHbiX MaTepHaJIOB H L(p. 

Ha pHc.10.2 noKaJaHa JIHHH.R <PHPMhi "Jl.Rpoiii" (<l>paHUH.R) 

flpOH3BOL(HTeJibHOCTbiO 1500 Krjq L(Jl.R llOL(rOTOBKH H pa3BOJIOKHeHH.sl 

OTXOL(OB TeKCTHJlbHblX MaTepHaJIOB. I<J.t:n&I OTXOL(OB OCB060)I(L(a!OT OT 

o6pyqeif H ynaKOBKH HenocpeL(CTBeHHO Ha JieHTO'l.HOM KOHBeifepe H 

llOMei.QaiOT B 6YJ1Kep rn.upaBJIH'l.eCKOH pe3aJibHOH MaiiiHHbl. 3aTeM C 

llOMOI.QbiO cneUHaJibHOro ycTpOHCTBa KHllbl llOL(aiOT Ha rHJibOTHHHbiH 

pexyi.QHH MexaHH3M J, KOTOpbiH OTpe3aeT OT HHX ruiaCTbl. ToJII.QHHa 

Hape3aeMbiX ruiaCTOB npe.uBapHTeJibHO ycTaHaBJIHBaeTC.sl C llOMOI.QbiO 

ClleUHaJibHOrO C'l.eT'IHKa H MOXeT peryJIHpOBaTbC.R B npe.ueJiax 10-

220 MM C HHTepBaJIOM 10 MM. 

0Tpe3aHHbie ruiaCTbl llOL(aiOTC.sl Ha HaKJIOHHblH JieHTO'l.HbiH KOH

seuep 2, C llOMOI.QbiO KOTOpOro OHH nepeMei.QaiOTC.R Ha poTaUHOHHYJO 

pe3a.rrbHYJO MaiiiHHY J. IlHTaiOI.QHH KOHBeifep pe3a.rrbHOH MaiiiHHbl 

CHa6xeH 3JieKTpOHHbiM cenapaTOpOM .uillr: OTL(eJieHH.sl MeTaJIJIH'l.eCKHX 

BKJIIO'l.eHHH. 

Hape3aHHbie OTXOL(bl C llOMOillbiO KOHBeifepa, BeHTHJI.RTOpa 4 H 

KOH.ueHcepa 5 no.ua!OTC.sl B 6yHKep 6, o6opy.uosaHHbiH peryJimopoM 

ypOBH.R 3allOJIHeHH.sl. C llOMOI.QbiO Ba.JIHKOB MaTepHa.rr no.uaeTC.R K 

BeHTHJI.RTOpy 7 H BTOpOMY KOHL(eHcepy 8, KOTOpbiH 3allOJIH.ReT 

peryJIHPYIOI.QYIO Tpy6y 9, TaKXe HMeiOI.QYIO peryJI.siTOp ypOBH.sl. 

oJiaro.uap.R 3TOMY Ha I.QHllaJibHYJO MaiiiHHY JOnoczynaeT paBHOMepHbiH 

no TOJII.QHHe nJiaCT MaTepHa.rra. IUHna.rr&Hrui MaiiiHHa .RBJI.ReTc.R caMoH 

BaxHOH qacTbiO TeXHOJIOrH'l.eCKOH JIHHHH. 
0Ha MO:lKeT HMeTb pa:moe KOJIH'IeCTBO 6apa6aHOB (.UO 6) B JaBH-

CHMOCTH OT Ka'leCTBa nepepa6aTbiBaeMbiX OTXOL(OB. KIDK.D;aJI CeKUIDI 

HMeeT I.QHllaJibHbiH 6apa6aH C KpyrJibiMH HrJiaMH H nep<f>opHpoBaHHbiH 

6apa6aH, c KOToporo paJBOJioKHeHHbre OTXO.Ubi no~aroTC.ll Ita cJie.uy10-
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Pnc. 10.2. llHHHR 4JnpMbl "llRpow" (<l>pa.HUIDI) )lJljl no.nrorosKH H pa3sonoKHeHHR JIOCK}'Ta 

Puc. 10.3. ArperaT Jlll.ll pa3BOJIOKHCHHR OTXO,nOB H3 CHHTelWICCKHX BOJIOKOH: 

] - fiHTareJih; 2 - 'lCTblpeX6apa6a.HH<UI IUHfiaJibH<UI MalliliHa; 3 - Tpa.HCDOPTHPYJOW<UI 

pemeTKa; 4 - 'lCCaJibH<UI MaillHHa 



[ A a 6 a ]0. Jiepepa6omKa meKCmUIIbHblX omxoCJ06 

uzyiO eeKI.J;mo I.QHnan&Hoii MaiiiHH&I. He.uoeTaTo'IHo pa3BOJIOKHeHH&Ie 

OTXO.U&I asToMaTH'IeeKH B03Bpai.QaiOTC.ll B nHTaiOI.Qee yeTPOHCTBo H 

BHOB& noezynaiOT Ha I.QHnan&H&IH 6apa6aH. CeKI.J;HH oTJIH'IaiOTC.ll KOJIH

'IeeTBOM H HoMepoM HrJI Ha I.QHnan&HoM 6apa6aHe. OeHoBHoe HaJHa'le

HHe I.QHnaJI&HOH MaliiHHbl- pa3BOJIOKHeHHe Hape3aHHbiX OTXOL(OB. 

TioeJie pa3BOJIOKHeHH.ll nOJIHOeTbiO BOeeTaHOBJieHH&Ie BOJIOKHa 

npeeeyroTe.R B KHn&I HJIH HaenaHBaiOTe.R B KaMepe. Tipeee nHTaeTe.ll OT 

KOHL(eHeepa 11 H pe3epsHoro 6yHKepa 12. 
TeKeTHJibH&Ie OTXOL(bl H3 eHHTeTH'IeeKoro BOJIOKHa MoryT 

o6pa6aTb1BaT&e.ll no eoKpai.QeHHoii exeMe. ,lJ,ng 3Toro eoJ,uaH arperaT 

li.JI.ll pa3sonoKHeHH.R H qeeaHH.ll e&Ip&.R, exeMa KOToporo npe,ueTasneHa 

Ha pHe. 10.3. 0H BKJIIO'IaeT I.QHnan&eyiO MaliiHHY 2, KOTOpa.R eoeTOHT H3 

'leT&Ipex 6apa6aHOB H nmaereg OT nmaTeJig J, qeean&eyiO MaiiiHHY 4 H 

-rpaHenopTHPYIOI.QYIO perneTKY 3. Bee MarnHH&I npHso,u.liTe.ll B .UBIDKeHHe 

e,uHHbiM BaJIOM, 'ITO o6eene'IHBaeT eHHXpOHHOeTb HX pa60Tbl. TIHTaTeJib 

HMeer yeTPoiieTso aBTOMaTH'IeeKoro BJBernHBaHH.ll oTXo,uos, noezy

naiOu~HX tl I.QHnaJJ&HYIO MarnHey. PosHHI~a, nony'leHHa.R Ha TaKOM arpe

raTe, noezynaeT Ha KOJI&~enp.li.UHJI&H&Ie MarnHH&I annapaTHoii eHeTeM&I 

npg,ueHH.ll. Tio TaKOMY eoKpai.QeHHOMY ~HKJIY MO)I(HO nony'laT& anna

paTeyiO np.ll~, T.e. HHTH L(Jl.ll npOH3BOL(eTBa TeKeTHJibHbiX TKaHbiX HJIH 

B.ll3aHHbiX nOJIOTeH. JlHHeHHa.ll nJIOTHOeTb TaKOH np.ILIKH 83-200 TeKe 

(TeKe- KOJIH'IeCTBO rpaMMOB BOJIOKHa B 1 000 M HHTH). 

B noCJie,uHHe ro,u&I eoJ,uaH&I I.QHnan&H&Ie MaiiiHH&I, noJBOJI.liiOI.QHe 

ITOJIY'IHTh 6oJTee BbieOKYIO eTeneHb pa3BOJIOKHeHH.ll OTXOL(OB H yMeH&

I.UHTh nospe)I(L(eHHe o6paJyiOI.QHXe.ll BOJIOKOH. TiepeneKTHBHbiMH TeX

HOJIOrH.liMH pa3BOJIOKHeHH.ll TeKeTHJibHbiX OTXOL(OB .liBJI.liiOTe.ll npo~eee&I, 

OeHOBaHH&Ie Ha HenoJib30BaHHH yJI&TPaJByKa, BOL(JIHOro napa H e)l(aToro 

B03L(yXa, KOTOp&Ie eyi.QeeTBeHHO o6Jier'laiOT H yeKop.liiOT OTL(eJieHHe 

BOJIOKOH ,upyr OT ,upyra. TipH 3TOM pa3BOJIOKHeHHe OTXOL(OB npoaexo

.UHT B I.Qa.[(.lll.QHX yenoBH.liX, He pa3pymag eTPYKTYPY sonoKHa H He eHH

?KM ero npo'IHoeTH. 

B eospeMeHHOM TeKeTHJI&HOM npoHJBo,ueTse see nepeqHeneHHble 

onepa~HH npoH3BO,!l.RTe.R Ha noTO'IHbiX JIHHIDIX. 06eJiy)KHBaHHe JIHHHH 

s&monH.ReTe.R asToMaTH'IeeKH e noMOI.Q&IO eHeTeMbl ynpaBJieHH.ll, KO

ropa.R: BKJIIO'IaeT H OTKJIIO'IaeT JIHHHIO B erryqae KaKHX-JIHfiO HenOJiaL(OK 

H epafiaT&IBaHH.R fiJIOKHpOBOK; KOOp,UHHHpyer pafioTy OTL(eJibHbiX 

MalUHH; oeyi.QeeTBJI.ReT ynpaBJieHHe nHTaTeJI.liMH, pe)!()'J..UHMH HO)I(aMH, 
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IlepepaffomKa npoMblUJIIt!HHbiX omxoiJoB 

nHeBMOTpaHCllOpTOM, 3aMaCJIHBaiOI.QHM ycTpOHCTBOM H .UpyrHMI1 

arperaTaMH; cHrHaJIH3HpyeT o nepe6o.s~x B pa6oTe arperaToB (oT

CYTCTBHH Cblpb.sl, BCllOMOraTeJibHbiX Bei.QeCTB H .Up.). 

BTopwm&re HJIH BOCCTaHoBJieHH&Ie BOJIOKHa HBJI.siiOTCH f.leHHbiM 

c&rp&eM L(JI.sl TeKcTHJibHOH npoM&IWJieHHocm. Hx HcnoJib3y:IOT KaK B 

"'IHCTOM" BHL(e, T. e. 6e3 L(06aBJieHIDI nepBH'IHOfO BOJIOKHHCTOfO Cblpb.sl, 

TaK H B cMecH c noCJieL(HHMH. H3 BoCCTaHoBJieHHoro BOJIOKHa no.rryqaiOT 

annapaTHYIO np.s~xy. KpoMe Toro, MHHy.s~ CTMHIO np.sl.[(eHHH, H3 

BTOpH'IHbiX BOJIOKOH H3fOTaBJIHBaiOT HeTKaH&Ie TeKCTHJibHble 

MaTepHaJibi pa3JIH'IHOfO Ha3Ha'leHHSI. 

flpH CMerneHHH BOCCTaHOBJieHHOfO BOJIOKHa C HCXOL(HbiM rrep

BH'IHbiM BOJIOKHOM noJiyqaiOT Cblpbe L(JI.sl npOH3BOL(CTBa BbiCOKOKa

'leCTBeHHOH np.R:XH, H.Uyi.QeH Ha npOH3BOL(CTBO BCeX BHL(OB 

TeKcTHJI&HbiX MaTepHaJIOB. H3 Hero HJroTaBJIHBaiOT H BbiCOKO

Ka'lecTBeHH&Ie HeTKaH&Ie MaTepHa.n:&r. Co.uepxaHHe BTOpH'IHoro 

BOJIOKHa B CMeCH MOXeT L(OCTHfaTb 80-90 % B 3aBHCHMOCTH OT 

Ha3Ha'leHH.sl np.R:XH H MaTepHaJia. 

] 0. 4. IJpOU360acmeo npRJK:U U3 pG.360AOICHeHHblX 

meKCmWlbHblX omxoaoe 

llpH nepepa6oTKe pa3BOJIOKHeHHbiX TeKCTHJibHbiX OTXOL(OB 

cyi.QeCTBeHHYIO poJI& HrpaiOT qecan:&H&re H np.si.[(HJI&Hble MarnHH&I. Hx 

THll llOL(6HpaiOT B COOTBeTCTBHH C OC06eHHOCT.siMH Cblpb.sl, 'IT06bl 

o6ecne'IHTb BbiCOKHe Ka'leCTBO npOL(yKJ.lHH H npOH3BOL(HTeJibHOCTb. 

llpeL(nO'ITHTeJibHO HCllOJib30BaTb 'leCaJibHbie MailiHHbi, o6ecne'IH

BaiOI.QHe XOpornyiO O'IHCTKy BOJIOKHa OT llbillH, nyxa H COpHbiX 

npHMeceH:. 

CoBpeMeHH&re qecaJI&H&re MarnHHbi noJIHOCTbiO JaKpbiT&I, 'ITO 

yJiyqrnaeT ycJIOBH.sl Tpy.Ua Ha HHX. 0HH MOfYT HMeTb OL(HH H 6oJiee 

npHeMHbiX 6apa6aHOB H 3y6'1aT&Ie pa3pbiXJI.s1IOI.QHe cerMeHTbi (pHC. 

10.4). 
ilHTaHHe 'leCaJibHbiX MailiHH OC)'I.UeCTBJI.sleTC.sl H3 6YHKepa HJIH 

nYTeM no.ua'IH xoJicTa no TpaHcnopTepy. 

OreqecTBeHHM npoM&IWJieHHOCT& npoH3BO.UHT qecaJI&Hbre arpe

raT&I C pa3JIINHbiM KOJIH'IeCTBOM 'leCaJibHbiX MaWHH H pa3HOH npoH3-

BOL(HTeJibHOCTblO MapoK'q-31-lll, q-31-lll4 H q-22-lll, KOTOpbie pa6o

TalOT B aBTOMaTII'IeCKOM pe:>KHMe. 
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r A a o a 10. llepepa6omJCa meJCcmUA&HbiX omxoiJoo 

PHc. 10.4. Y3eJI p3.3pwXJieHIUI 'le-
CaJibHoit Mai.IIHHbi: 

/ - IIHTIUOIIIHit BaJIHK; 2 - Copo
or6oitHbiit Ho:lK; 3 - pa3pbiXJIHIO
UlHit CerMeHT Ha IlpHeMHOM 6apa-
6aHe; 4 - npHeMHhiit 6apa6aH; 
5 - pa3pbiXJIHIOIUHit CerMeHT Ha 
rJiaBHOM 6apa6aHe; 6 - rJiaBHbiH 

6apa6aH 

,[(.JUI H3fOTOBJiemur npiDKH fiom,ruou JIHHeHHOH llJIOTHOCTH H3 

pa3BOJIOKHeHHbiX TeKCTHJlbHbiX OTXO~OB y HaC B CTpaHe B&mycKaiOT 

poTopHyiO np.R~HJI&Hy!O MarnHHy IIP-150-1 H IIHeBMaTH'IecKyiO 

fiPMIDI&HyiO MailiHHY IIAM -150. 

OcofieHHocTH BoccTaHOBJieHHoro BonoKHa ~eJiaiOT npe~no'ITH
Ten&HbiM npHMeHeHne M.R npMeHH.R nHeBMoMexaHH'IecKnx np.R

~HJI&Hblx MailiHH, KOTOp&Ie MeHee 'IYBCTBHTeJI&Hbi K fioJibiliHM 

paJJIH'IWlM B MHHe H TOJII.I.J;HHe nepepafiaTbiBaeM&IX BOJIOKOH. 

IlpMIDI&Ha.R MailiHHa IIP-150-1 cocTOHT H3 'leT&rpex ceKJ.lHH 

c 32 IIPMIDI&H&IMH MecTaMH. 11HHeuHa.R nnoTHocT& np.RxH 83-222 

TeKc IIpH KPYTKe OT 200 ~o 600 M"1• llacToTa BpameHIDI poTopa B MaiiiMHe 

~oCTIIraeT 20000 MMH" 1, a pacqec&ma!Omero BaJIHKa 8000 MHH· 1, cKopocT& 

B&mycKa llp.R)I(H 65 M/MHH. IJpg)l(a C 3THX MalUHH JIHHeHHOH 

fiJIOTHOCTbiO 140 TeKC HCIIOJib3yeTC.R ,lL1I.R llpOH3BO~CTBa KOBpoB, H30.JI.R

U:HH .LL1I.R Kafieneu, a IIpiDKa ruiOTHOCTbiO 125 TeKC- ,lL1I.R H3fOTOBJieHWl 

fiOKpbiBa.JI, ofiyBHbiX IIpOK.Jia,no'IHbiX TKaHeH H T. ll. 

IlpHHJ.lHllHaJibHO OTJIHqaeTc.R OT 3TOH MailiHHbi a3pOMexa

HH'IeCKa.R npMHJI&Ha.R MarnHHa IIAM-150. IlpHHI.lHn ee ~eucTBWl 
3aK.JIIO'IaeTC.R B <PopMHpoBaHHH llp.R)f(H B Heno~BH)f(HOH a3po~HHa
MH'IeCKOH KaMepe C llOMOrn&IO BHxpeBoro llOTOKa, C03~aBaeMOfO 

seHTH.JI.RTopoM. CKpyqHBaHHe npiDKH ocyi.I.J;ecTB.JI.ReTc.R MexaHH'IecKHM 

KPYTIDI&H&IM 3JieMeHToM. 

MarnHHa cocToHT H3 IUITH ceKJ.lHH no 30 npMIDI&H&Ix roJioBOK B 

K<UK,li;OH. IlHTaHHe MailiHHbl OCyi.I.J;eCTB.JI.ReTC.R H3 pa3~aTO'IHbiX Ta30B 

~HaMeTpOM 300 MM. Ha MailiHHe Bblpa6aTbiBaeTc.R npiDKa 6on&rnou 
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JIHHeHHOH IUIOTHOCTH (71-333 TeKC) CO CKOpOCTbiO .!(0 35 M/MHH 11 

KPYTKOH 300-800 M- 1_ 

qacToTa BpameHHH pacqecbiBaiOmero BaJIHKa cocTaBJI.s~eT 7000-

12000 MHW 1, KPYT.sJI.l(ero 3JieMeHTa 6000-16000 MHH- 1, npOH3BO

.l(HTeJibHOCTb BeHTHJI.sJTOpa 2000 M 3jq_ 

BeHTHJI.sJTop He TOJibKO C03.l(aeT pa3pe)J(eHHe Bo3.l(yxa B a3pO.l(HHa

MHlfecKou KaMepe, HeOfiXO.l(HMOe .l(JI.sl o6pa30BaHH.sJ IIp.sJ)J(H, HO H OT,l(e

JI.sJeT copHbie IIpHMeCH H Hepa3pafioTaHHbie KOMIIJieKCbl BOJIOKOH. 

3a IIOCJie,l(HHe 15-20 JieT .l(OCTHfH)'Tbl 3HalfHTeJibHbie ycneXH B 

KOHCTpyHpOBaHHH IIHeBMOMeXaHHlfeCKHX IIp.sl.l(HJibHbiX MaUIHH. 

qacToTa spameHHH np.sl.l(HJibHOH KaMepbi yBeJIH'IHJiacb .l(O 90-100 

TbiCSilf OfiOpOTOB B 1 MHH, CKOpOCTb BbiiiYCKa IIp.si)J(H .l(OCTHrJia 

225 M/MHH, lfaCTOTa BpameHHSI paclfeCbiBaiOI.l(HX BaJIHKOB 7500-

9000 o6opoToB B 1 MHH. B MaUIHHe HMeeTc.sJ ycTpoucTBO .l(JIH aBTO

MaTHlfecKou ee O'IHCTKH, 3ap.sJ.l(KH, 3aMeHbl IIOJIHbiX fiofiHH Ha 

IIYCTbie H T . .!(. 

,lJ,JI.sJ IIp.sl.l(eHH.sl UiepCT.sJHbiX BOJIOKOH y HaC B CTpaHe C03.l(aHa 

poTopHa.s~ IIPMHJibHM MaUIHHa llP-200-Ill, no npHHI.\HIIY ,l(eucTBHSI 

aHaJIOrH'IHM MaUIHHe llP-150-1. 3Ta MaUIHHa npe.l(Ha3HalfeHa .l(JI51 

IIp.sl.l(eHH.sl KOpOTKHX ruepcT.sJHbiX BOJIOKOH H HX CMeCH C CHHTeTH

lfeCKHMH BOJIOKHaMH, T. e. CIIel.\HaJibHO .l(JI.sl IIp.sl.l(eHH.sl BTOpH'IHbiX 

BOJIOKOH. llpOH3BO.l(HTeJibHOCTb MaUIHHbl .l(OCTHraeT 30 Kr/'1, JIHHeuHaSI 

IIJIOTHOCTb BbipafiaTbiBaeMou np.si)J(H 83-1000 TeKc. MaKCHMaJibHaSI 

cKopocTb np.sl.l(eHH.sJ .l(OCTHraeT 120 M/MHH npH qacTore spameHHH 

pOTopa 30000 MHH- 1• 

,lJ,JI.sJ nepepafiOTKH BTOpH'IHbiX BOJIOKOH cymecTBYIOT H aBTO

MaTH3HpOBaHHbie IIOTO'IHbie JIHHHH. 

TexHoJiomqecKHH npol.\ecc Ha TaKOH JIHHHH (pHc. 10.5) npoTeKaeT 

CJie.l(yiOI.l(HM o6pa30M. I<MIIbl pa3BOJIOKHeHHbiX OTXO.l(OB IIOCTYIIaiOT 

CO CKJia,l(a Ha CIIel.\HaJibHYIO IIJIOI.l(a.l(KY nepe.l( pa3pbiXJIHTeJibHO

TpeiiaJibHbiM arperaTOM, f.l(e pacnaKOBbiBaiOTC.sl H IIO.l(aiOTC.sl IIO.L('beMHO

TpaHCIIOpTHbiM ycTpoucTBOM Ha KHnopa3pbiXJIHTeJIH PKA-2Y (1). 
Orry.l(a BOJIOKHHCTM Macca nepeMemaeTc.sJ B .l(03HpyiOmHe 6yHKepbi 

,lJ,o-Y (2). 1'13 .l(03HPYIOmero 6yHKepa BOJIOKHO IIOCTynaeT Ha 

IIHTaiOI.l(HH KOHBeuep (3), f.l(e o6pa3yeTC.sl MHOfOCJIOHHbiH (H3 pa3HbiX 

fiyHKepoB B Hy)J(HOM COOTHOUieHHH) HaCTHJI. ,[l,anee CMeCb qepe3 

KOH.l(eHcep KB-3 no.l(aeTc.sJ B pa3pbiXJIHTeJibH0-3aMacJIHBaiOmYIO 

MaUIHHy IU3-140-III3 ( 4), r,l(e see KOMnoHeHTbi nepeMeUIHBaiOTC.sJ. 

3aTeM CMeCb BOJIOKOH B TelfeHHe 10-12 'I BbipaBHHBaeTC.sl IIO COCTaBy 
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10 11 

PHc. 10.5. ABToMaTH3HposrumaH JIHHHH .uJIH nepepa6oTKH BTOpHqHhiX so

JIOKOH 

H BJIIDKHocTH B .n;Byx cMecoBbiX MalliHHax MCll-8 (5). QqHCTKa CMecH 

BOJIOKOH npoH:cxo.n;HT Ha .n;Byx HaKJIOHHbiX oqH:cTHTeJI.SIX MapKH OH-
6-4M ( 6) H OJJ;HOM OCeBOM MapKH q 0-Y ( 7), ycTaHoBJieHHOM Me)I(JJ;y 

HHMH. B 30He oqHcTKH cMecb .n;ononHHTenbHO pa3pbrxnSieTcSI H 

QqHIUaeTCSI. 

llocJie 3TOrO CMeCb KOH.n;Hl.\HOHHpyeTCSI B .l(Byx .n;pyrHX CMeCOBbiX 

MalliHHax MCll-8 (5) BreqeHHe 10-12 q npH Ja.n;aHHOM pe:>KHMe, nocJie 

qero nHeBMaTH:qecKHM pacnpe.n;eJIHTeJieM BOJIOKHa PBll ( 8) no.n;aeTcSI 

Ha 6ecxoJicTOBbie TpenaJibHbie MalliHHbi MTB (9). C TpenaJibHOH 

MalliHHbl QqJiiUeHHaSI H pa3pbiXJieHHaSI BOJIOKHHCTaSI Macca 3aJJ;aHHOrO 

COCTaBa, BJIIDKHOCTH H TeMnepaTYPbl llOCTYnaeT qepe3 JJ;03HpyiOIUHe 

fiyHKepbl ( JJ) B pacnpe.n;eJIHTeJibHYIO CHCTeMy 'ieCaJibHOrO arperaTa 

AqM-14-Y (10), cHafi)l(eHHYIO peryJISITOpOM JIHHeM:HoM: nJIOTHOCTH 

'iecaJibHOH JieHTbl. 1'13 qecaJibHOH JieHTbl C nOMOIUbiO npSI.n;HJibHbiX 

MaUIHH llAM-150 HJIH llP-150-1, ynOM.liH)'TbiX BbiUie, npOH3BOJJ;HTCH 

npH:>Ka. 

llpOH3BOJJ;HTeJibHOCTb TaKoH nOTQqHOH JIHHHH COCTaBJISieT 

360-400 Krjq. 

10. 5. Ilpou3eoacmeo HemKaHblX MamepuMoe 
U3 emopUttHblX 60AOKOH 

oOJiblliHe B03MO)l(HOCTH .l(JISI HcnoJib30BaHHSI pereHepH:poBaHHbiX 

BOJIOKOH npeJJ;CTaBJISieT npOH3BOJJ;CTBO HeTKaHbiX MaTepHaJIOB, KOTOpbie 

H3rOTaBJIHBaiOT H3 XOJICTa, MHHYSI CTaJJ;HIO BbipafiOTKH npSI)l(H. 
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TexHoJioriDI npouJBO.UCTBa HeTKa.HbiX Marepua.TioB HMeeT cJie

.uyiOI.QHe npeHMYIUeCTBa: COKpai.QeHHe npoH3BOL(CTBeHHOfO UHKJia H 

HHTeHCH<PHKal.{IDI npOH3BOL(CTBa; HCnOJib30BaHHe pereHepupoBaHHbiX 

BOJIOKOH; 6biCTprui CMeHa accopTHMeHTa BbiiiYCKaeMOH npO.UYKUHH; 

HH3Ka.R: Ce6eCTOHMOCTb npo.z:r;yKUHH; COKpai.QeHHe 3Hepro3aTpaT H 

pacxo.ua MaTepua.TI&H&Ix pecypcoB. 

HeTKaH&Ie TeKCTHJibH&Ie Marepua.TI&I (HTM) nOJiyqaiOT pa3JIHq

HbiMH cnoco6aMH, HO BCe OHH BKJIIOqaiQT CJie.UyiOI.QHe 06.R:3aTeJibHble 

CT3J(HH npouecca: CMelliHBaHHe BOJIOKOH; <PopMHpOBaHHe XOJICTa H3 

BOJIOKOH; 3aKpeiiJieHHe HeTKaHOfO XOJICTa. 

floH.R:THe "XOJICT" B ,UaHHOM CJiyqae OTHOCHTC.SI K O.l(HOCJIOHHOH 

HJIH MHOrOCJIOHHOH BOJIOKHHCTOH Macce C OL(HHaKOBOH TOJII.QHHOH H 

IIJIOTHOCTbiO, C Tpe6yeMbiM pacnOJIOXefiHeM BOJIOKOH, 06Jia,uaiOI.QHX 

33,llaHHOH L(JIHHOH. 

CBoHCTBa HTM 3aBHC.R:T oT ux CTIJYKTYP&I, Ha KOTopyiO BJIH.R:IOT: 

xapaKTepHCTHKH BOJIOKHHCTOfO Cblpb.R:; TeXHOJIOfH.SI <PopMHpOBaHH.SI 

H 3aKpeiiJieHH.SI XOJICTa; pacnoJIOXeHHe BOJIOKOH B XOJICTe. 

<l>opMHpOBaHHe XOJICTa H3 BTOpHqHbiX BOJIOKOH MOXeT ocy

I.QeCTBJI.SITbC.SI MeXaHuqeCKHM, a3pO.l(HHaMHqeCKHM H fH.UPO.UHHa

MHqecKHM cnoco6aMH. 

Mexanur.tecKoe xoJICToo6pa3oBaHue ocyi.QeCTBJI.R:eTC.R: c noMOI.QbiO 

qeCa.TibHbiX MaiiiHH, KOTOpble no3BOJI.SIIOT noJiyqHTb XOJIC'f 33,llaHHOH 

IIIHpHHbl H pa3Beca. 3TOT cnoco6 OTJIHqaiQT XOpOIIIHe pa3pbiXJieHHe H 

CMeiiiHBaHHe pa3JIHqHbiX BOJIOKOH, a TaiOKe B03MO)I(HOCTb nepepa60TKH 

BOJIOKHa, HeOL(HOpO,UHOfO no KaqeCTBy. flpH HCnOJib30BaHHH 8 npo

H3BO.l(CTBe HeTKaHbiX H3.l(eJIHH qeCa.TibHbiX MaiiiHH oco6oe BHHMaHHe 

y.ueJI.R:eTC.SI C03L(aHHIO yCJIOBHH L(JI.SI <PopMHpoBaHH.SI paBHOMepHOfO no 

BCeH lliHpHHe XOJICTa. 3THM cnoco60M H3 TeKCTHJibHbiX OTXO.l(OB 

H3roTaBJIHBaiOT HTM cpe.uHeT.R:XeJioro u T.R:XeJioro THnoo . .ll:JIH 

noJiyqeHH.SI XOJICTOB 60JiblliOH MaCChi qeCa.TibHble MalliHHbl arpe

rupyiOTC.SI noCJie,uosaTeJI&Ho, qTo no3BOJI.R:eT HaCJiauBaT& o6pa3yiO

I.QHeC.R: Ha Ka)I(L(OH MaiiiHHe CJIOH (BaTKH) ,upyr Ha ,upyra. 

A3poiJuna.Mur.tecKoe <PopMupoBaHue xoJicTa ocyi.QeCTBJI.R:eTC.R: c no

MOI.QbiO B03.UYlliHOrO nOTOKa, KOTOpbiH TpaHcnopTHpyeT BOJIOKHO B 

30HY o6pa3oBaHH.SI XOJICTa. 

flpH a3pO,UHHaMHqeCKOM cnoco6e XOJICT <PopMHpyeTC.SI Ha 

noBepXHOCTH nep<PopupoBaHHoro 6apa6aHa HJIH ce~aTOro KOHBeifepa. 

flpe.z:r;BapHTeJibHO pa3pbiXJieHHble H CMelllaHHble BOJIOKHa OT,UeJI.R:IOTC.SI 

OT pa3pa6aTbiBaiOI.QHX 3JieMeHTOB XOJICT006pa30BaTeJI.SI C noMOI.QbiO 
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II03.UYlliHOH CTpYJI H TpaHcrropTHpYJOTC5l K MeCTY o6p3.30BaHH5l XOJICTa. 

0TJiw<mTeJibHbie oco6eHHOCTH .uaHHoro crroco6a xoJicToo6pa3osaHw5l: 

B03M0)1(}{0CTb rrepepa6aTbiBaTb BOJIOKHa, 3Ha':IHTeJibHO OTJIH':IalOIUHeC5l 

110 CBOHM CBOHCTBaM H MHHe; B03M0)1(}{0CTb fibiCTpOfO H3MeHeHH5l 

pa3Beca XOJICTa; BbiCOKa5l rrpOH3BOLJ:HTeJibHOCTb. 

A3po.uwHaMw':leCKHM crroco6oM H3 oTxo.uos TeKCTHJibHoro Cblpb5l 

MO)KHO H3roTaBJiwsaTb xoJicT pa3secoM 10-2000 r/M2. He.uocTaTKOM 

a3pOLJ:HHaMH':IeCKOfO CIIOC06a 5lBJI5leTC5l 3aBHCHMOCTb Ka':leCTBa IIOJIOTHa 

oT JIHHeHHOH IIJIOTHOCTH rrepepa6aTbisaeMbiX BOJIOKOH. B qacTHOCTH, 

TOHKHe JiefKHe BOJIOKHa 3a6wsaiOT OTBepcTH5l rrep<!>opHpOBaHHOrO 

6apa6aHa, yBeJIH'IHBa5l a3pOLJ:HHaMH':IeCKOe COIIpOTHBJieHHe H yxy.Ullla5l 

YCJIOBH5l HX TpaHCIIOpTHpOBKH. 

XoJicTbi, rroJiyqeHHbie a3po.uwHaMH':IecKHM crroco6oM, MoryT 

11CIIOJib30BaTbC5l rrpH H3fOTOBJieHHH JIHHOJieYMa, rrpOKJia.LI:OK, TeiiJIO-, 

lliyMOH30JI5lUHOHHbiX MaTepHaJIOB, HaiiOJIHHTeJieH LJ:JI5l IIOLJ:yllleK, 

MaTpaUeB, CIIaJibHbiX MelliKOB H LI:PYrHX H3L{eJIHH. 

TexHoJiorH5l a3po.uwHaMw':lecKoro xoJicToo6pa3oBaHH5l 5lcHa H3 

cxeMbi, rrpwse.ueHHoii Ha pwc. 10.6. llpe.usapwTeJibHo pa3pbiXJieHHbie 

IIOJIOKHa IIOLJ:aiOTC5l Ha 6biCTpO BpamaiOIUHHC5l pac':leCbiBaiOIUHH 

6apa6aH H 3aXBaTbiBaiOTC.!I HM C IIOMOIUhiO CIIeUHaJibHOH 

rapHHTypbi. llo)J. .ueHCTBHeM ueHTpo6e:li<HOH CHJibl H B03JI.Ylll

li0f0 IIOTOKa BOJIOKHa OT)J.eJI.!IIOTC.!I OT rapHHTypbi 6apa6aHa H 

TpaHcrropTwpyiOTC.!I Ha rrosepxHocTb rrep<l>opwposaHHoro 6apa-

6aHa HJIH CeT'IaTOfO KOHBeHepa. 0)J.HHM H3 rJiaBHbiX TeXHH'IeCKHX 

--

PHc. 10.6. CxeMa a3POLJ:HHaMH':IecKoro cpopMHpOBaHHH xoncTa HTM 
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rrapa.MeTpOB rrpouecca .!IBJUiei'C.!I CKOpoCTb B03.lJYIIIHOrO IIOTOKa. llpH 
Manon CKopoCTH B03~Horo rrOTOKa sonoKHo rrnoxo rrp~Maerc.s~ K 
rrep<lJopwposaHHOM)' 6apa6aH)' (HJIH ceT'IaTOM)' KOHBeuepy) w rrpowcxo
wrr C)J.BHr BOnOKHHCTOH MaCChi, lfi'O IIpHBOAIIT K HepaBHOMepHOCTH IIO
nOTHa. llpw 6onbiiiou cKopocm OTBepcTH.!I 6apa6aHa 3a6wsaKITC.!I sonoK
HOM. ,[Vul OIITHMaJThHOH pa60Tbl o6opy.UOBaHH.!I uenecoo6pa3HO IIO)J.)J.ep
>KHBaTb CKopoCTb B03~Horo rrOToKa B rrpe.uenax 10-15 Mlc. CKopoCTb 
<lJopMH]JOBaHH.!I xoncra .uocrwraeT 80 MIMHH. 

TuiJpoOUHQMU'JeCKUU CIIOC06 xonCToo6pa30BaHH.!I ( ero HHor.ua 
Ha3biBaiOT MOKpbiM HJIH 6yMaro.uenaTenbHbiM) peanH3YeTC.!I C IIOMOIUblO 
BOLJ:HOH cpe.Ubi, KOTOpa.!l .!IBn.!leTC.!I OLJ:HOBpeMeHHO LJ:HCrrepCHOHHOH Cpe
LJ:OH L{n.!l BOnOKHa H TpaHCIIOpTHPYIOIUHM areHTOM ,lJ.JI.!I ero rrepeMerue
HH.!I s 30H)' o6pa3oBaHH.!I xoncTa. 

rw.upo.uwHa.MH<IeCKHH crroco6 o6pa3oBaHH.!I xoncTa rroJson.s~eT: 
wcrronb30BaTb KopOTKHe .ueiiieBhie sonoKHa, o6pa3YIOIUHec.s~ rrpw rrepe
pa6oTKe OTXOLJ:OB; CMeiiiHBaTb B n1060M COOTHOIIIeHHH BOnOKHa pa3nH':I
Horo sw.ua w rrpowcxo)I()J.eHH.!I; rrony':laTb rronHoCTblO H30TpOIIHoe rro
noTHo, y KOTOporo CBOHCTBa O)J.HHaKOBbl BO BeX HarrpasneHH.!IX; rrony
':laTb xoncT c rrnoTHOCTblO 10-2000 r/M2. Ha pwc. 10.7 rroKaJaHa cxeMa 
arperaTa rHJI.POLJ:HHaMH':IeCKoro <lJopMwposaHH.!I xoncTa HTM. 

llpw 3TOM crroco6e B crreuwanbHbiX eMKOCT.!Ix o6paJyeTC.!I JI.HC
rrepcw.s~ sonoKHa s so.ue c KoHueHTpauweu 0,01-0,1 %. ,ll;wcrrepcw.11 rre
peMeiiiwsaerc.s~ c rroMOIUblO norracTHou MeiiianKH w rro.uaeTC.!I Ha Ha
KJIOHHoe cHTo B 30H)' <lJopMwposaHH.!I xoncra. Bo.ua, rrpoiiie.uiiia.!l qepe3 
CHTO, B03BparuaeTC.!I B rrpOH3BOLJ:CTBeHHbiH UHKJI, a c<lJopMHpoBaHHbiH 
XOnCT 3aKperrn.!leTC.!I C IIOMOIUblO CB.!I3YIOIUHX BerueCTB H IIOL{aeTCR B 
cyiiiHJIKy. llpw rrpoH3BOLJ:CTBe xoncTa nrJI.po.uwHaMH':IecKHM crroco6oM 
MO:>KHO HCIIOnb30BaTb He TOnbKO KOpOTKHe pereHepwpoBaHHbie TeK
CTHJibHbie sonoKHa, HO w uenniOno3Hbie w .upyrwe 'fPYLJ:Horrepepa6aTbi
saeMbie HHbiMH crroco6aMw sonoKHa. OcHOBHbie rrpeHM)'ruecTsa rw.upo
LJ:HHaMH'IeCKoro crroco6a <lJopMwposaHH.!I xoncTa 3aKJIIO':IaiOTCR s so3-
MO)I(HOCTH CMeiiiHBaHH.!I H HCIIOnb30BaHH.!I CaMbiX pa3nH':IHbiX, B TOM 
'IHCne O':leHb .ueiiieBbiX BOnOKOH, H rrony':leHHH rronOTHa C BbiCOKOH OLJ:
HOpOLJ:HOCTblO csoucTB. CKopocTb BhmycKa xoncTa rro TIOM)' crroco6y 
Ha cospeMeHHbiX MaiiiHHax .uocTwraeT 400 MIMHH rrpw IIIHpHHe 5 M. 
no TIOM)' crroco6y Mo:>KHo <lJopMwposaTb xoncTbi M.!l H3-
roTosneHH.!I T.!l)l(enbiX w cpeJI.HeTR)I(enbiX HeTKaHhix MaTepwanos, 
HCIIOnb3yeMbiX B IIpOH3BOLJ:CTBe nHHOneyMa, reOTeKCTHJibHbiX MaTe-
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llepepa6omKa npOMbiUJAeHHbiX omxoiJoB 

pHa.JIOB, <i>HJibTpOB C 60JiblliOH IIJIOTHOCTbiO, rw.upo- H 3JieKTpOH30-

JUII.J.HOHHbiX MaTepHa.JIOB. 

npoH3BOLJ:CTBO HeTKaHbiX TeKCTHJlbHbiX MaTepHa.JIOB H3 c<t>opMH

poBaHHOro BOJIOKHHCTOro XOJICTa OCyii.J.eCTBJI5leTC5l HrJIOIIp06HBHbiM, 

B5l3aJlbHO-IIpOIIIHBHbiM H KJieeBbiM CIIOC06aMH. 

CaMbiM pacrrpocTpaHeHHhiM 5lBJI5leTc5l uzAonpo6ueHou, rrpw Ko

TopoM MO)KHO HCII0Jlb30BaTb XOJICTbl, c<t>opMHpOBaHHbie MexaHH

qecKHM H a3pOLJ:HHaMH'IeCKHM CIIOC06aMH. no 3TOH TeXHOJIOrHH 

rrpoH3BOLI:5lT HTM H3 xoJicTa IIJIOTHOCTbiO 50-2000 r/M2, a wHor.ua H 

LJ:O 5000 r/M2. J1morrpo6HBHa5l TeXHOJIOrH5l COCTOHT H3 CJieL{yiOII.J.HX 

orrepai..J.HH: IIOL{rOTOBKH H CMeiiiHBaHH5l BOJIOKHa; <!>OpMHpOBaHHH 

XOJICTa; HrJIOIIpOKaJibiBaHH5l; <i>HHHIIIHOH OTL{eJIKH (rrpH Heo6xo

LJ:HMOCTH). 

,U.n:51: yseJiw'leHH5l rrpo'IHOCTHhiX csot!:cTs wmorrpo6wBHhiX HTM 

HCII0Jlb3YIQT apMHPYIOII.J.He TeKCTHJlbHbie IIOJIOTHa pa3JIH'IHbiX CIIOC060B 

rrpOH3BOLJ:CTBa (TKaHw, TpHKOTax, HTM). 

npw HrJIOIIp06HBHOH TeXHOJIOrHH LJ:Jl5l IIOJiyqeHH5l XOJICTa MO)KHO 

HCIIOJlb30BaTb IIO'ITH see BHL{bl BOJIOKOH: HaTypa.JibHbie, HCKYCCT

seHHbie, CHHTeTH'IeCKHe, MeTaJIJIH'IecKHe, CTeKJI5lHHbie, ac6ecTOBbie, 

MHHepaJibHbie. Haw6oJibiiiee BJIH5lHHe Ha csot!:cTsa HTM, rroJiyqeHHhiX 

HrJIOIIp06HBHbiM CIIOC060M, OKa3biBaiOT CJieL{yiOII.J.H,e CBOHCTBa BO

JIOKOH: MHHa, H3BHTOCTb, JIHHeHHa5l IIJIOTHOCTb, <!>OpMa IIOIIepe'IHOro 

ceqeHH5l, CTpYKTYpa IIOBepXHOCTH, 3JiaCTH'IHOCTb, ycTOH'IHBOCTb K 

MHOrOKpaTHbiM .ue<t>OpMai..J.H5lM H LJ:p. 

3TwM crroco6oM ueJiecoo6pa3HO rrpoH3BOLJ:HTb HTM, LJ:JI5l KOTOpbiX 

3KCIIJiyaTai..J.HOHHbie xapaKTepHCTHKH He 3aBHC5lT OT pa3JIH'IHH 1\ 

csot!:cTsax o6pa3yiOII.J.HX BOJIOKOH. TaKHMH H3LJ:eJIH5lMH 5lBJI5liOTCH 

cpe.uHeT5l)KeJibie H T5[)KeJibie MaTepHaJibl, r.ue pa3HHI..J.a B CBOHCTBaX 

BOJIOKOH HHBeJIHpyeTC5l 3a C'leT 60JiblliHX TOJIII.J.HH XOJICTa. no 3TOt1 

TexHoJiorww H3roTaBJIHBaiOT HTM LJ:JI5l rrpoH3BOLJ:CTsa: HarroJibHbiX 

IIOKpbiTHH (KOBpos); TeXHH'IeCKH~ BOHJIOKOB; 06'beMHbiX rrpOKJia.L{OK 

L{Jl5l IIIBeHHOH rrpOMbiiiiJieHHOCTH; TerrJIO-, 3ByKOH30Jl5li..J.HOHHbiX 

MaTepHa.JIOB; <!>HJibTpOBaJibHbiX MaTepHaJIOB H LJ:p. 

HarrpwMep, B KOHCTpYKI..J.HH asroMo6HJiei1: IIIHpoKo wcrroJib3YIOT 

TeiiJIO-, 3BYKOH30JI5[I..J.HOHHbie MaTepHaJibl C IIJIOTHOCThlO XOJICTa 1000 r/M2, 

IIOJiyqeHHbie HrJIOIIp06HBHbiM CIIOC060M H3 TeKCTHJibHbiX OTXOLJ:OH. 

TaKHe MaTepwa.Jihi, H3roTaBJIHBaeMbie H3 pereHepwposaHHhiX BOJIOKOH, 

06Jia,naiOT rrpeKpaCHbiMH aKyCTH'IeCKHMH H MexaHH'IeCKHMH CBOHCT

BaMH (Ta6JI. 10.1). 
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F A a 8 a JO. flepepa6omKa meKCmUAbHbiX OmJC0008 

Ta6nwua 10.1 
«PH3HKO-MeX8J11111ecKHe H aK)'CTII'IecKHe CBOiic'I'Ba myMODOI'JIOUl8JOUlei'O 

HI'JIODp06HBHOI'O HeTKaJIOI'O MaTepHaJia H3 pereHepHpoBiliiiii>IX BOJIOKOH 

HaHMeHoBaHHe 

rroKa3aTeJieJ;t 

Tom..I.J.HHa, MM 
nosepXHOCTHrul IDIOTHOCTb, r/M2 

Pa3pbiBHrul Harpy3Ka, H B HanpaBJieHHH; 
- npo,llOJibHOM 
- nonepe'IHOM 
TennonpoBO.llHOCTh, BTI(M·K) 
rpHfiOyCTOH'IH80CTb,6anJihl 
Ko3<P<l>HUHeHT 3BYKonomomeHHH, %, 
Ha 'laCTOTilJC 

250 ru 
500 ru 
1000 ru 
2000 ru 
4000 ru 

6000 ru 

3Ha'leHHe IIOKa3aTeJiej;j: 

.lJ)UI IIOJIOTHa H3 

BOCCTaHOB- cMecH TIBX 
JieHHoJ;t wepcm H rroJIHaMH,IlHhiX 

BOJIOKOH 

4 10 
1300 1000 

325 620 
170 700 

0,042 0,038 
3 0 

8 8 
12 15 
18 34 
25 48 
39 55 
51 78 

Hmorrpo6HBHbiM crroco6oM HJrOTawmsaiOTCR H reoreKCTIDibHbie 

MaTepwaJibl. 0HH HMeiOT IIJIOTHOCTb XOJICTa 250-850 rjM2 H 

rrpe.uHaJHa'leHbi .llJlR $IDibTpauww H cra6IDIHJauww HacbmaeMoro Ha 

HHX rpyHTa. 

TaKHe MaTepwaJibi wcrronbJYIOT rrpw CTpOHTeJibcTse )l(eJieJHbiX H 

aBTOM06IDibHbiX ,llOpor, B 6opb6e C 3p03HeH IIO'IBbl, ,llJIR yKpeiiJieHHR 

6eperos .KaHaJIOB, so.uoxpaHHJIHIU, IIJIR)I(eti:, .uaM6, HacbmeH:, rrpw 

CTpOHTeJibCTBe CIIOpTHBHblX IIJIOIUa,nOK, BJJieTHO-IIOCa,nO'IHblX IIOJIOC 

a3po.upoMos H .llJIR .upyrwx ueneti:. CpoK cJiy)l(6bi TaKHX MaTepHaJIOB, 

113fOTOBJieHHbiX H3 CHHTeTH'IeCKHX BOJIOKOH, - He MeHee 20 JieT, 

rrocKOJihKY TaKwe BOJIOKHa He rro.usep)l(eHbi rHweHHIO. Haw6onee 

uenecoo6pa3HO rrpHMeHRTb IIOJIH3$HpHbie H IlOJIHIIpOIIHJieHOBble 

BOJIOKHa, IIOJiyqeHHbie H3 OTXO,llOB. 

llpw BJI3a.JlbHo-npowueHoM crroco6e rrpowJBO.llCTBa JaKperrJieHwe 
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llepepa6omKa npoMbliU/IeHHbiX omxoiJoB 

XOJICTa rrpOH3BO)l;I-ITCH C ITOMOIUblO TeX )l(e BOJIOKOH HJIH C rrpH

MeHeHHeM HHTOK. B rrepBOM CJiyqae IlpHHU:HITHaJibHO Ba)I(HO HC

ITOJib30BaTb XOJICT, HMeiOIUHH He MeHee 30 % BOJIOKOH MHHOH 6onee 

40 MM, KOTOpbie H LJ:OJI)I(Hbl BbiiTOJIHHTb 3aKperrJIHIOIUYIO pOJib 11 

o6ecrrel!HTb rrpOliHOCTb H3L{eJIHH. 

BH3aJibHO-ITpOIIIHBHbiM CITOC060M 113 BOCCTaHOBJieHHbiX BOJIOKOH 

H3fOTaBJIHBaiOT OL{eHJia, yrraKOBOl!Hbie MaTepHaJibl, ITOL{KJia,L{Ol!Hbie 

MaTepHaJibl L{JIH Me6eJIH H o6yBH, L{JIH HaiTOJibHbiX ITOKpbiTHH 

(JIHHOJieyMa H KOBpa) C ITJIOTHOCTbiO XOJICTa 200-400 r/M2. 

llpw /UleeeoM cnoco6e 3aKperrneHwe xoncTa ppoH3BOLJ:HTCH c rro

MOIUbiO rrporrwTKH .uwcrrepcweH: CBH3yiOruero seruecTsa HJIH orr

JiaBJieHweM TepMOITJiaCT11l!HbiX BOJIOKOH, BXOLJ:HIUHX B COCTaB ITOJIOTHa. 

B Kal!ecTBe cBH3YIOruero LJ:JIH 3aKperrneHHH xoncTa rrpwMeHHIOTc51 

ITOJIHaKpHJiaTHbie LJ:HCrrepCHH, 6YTa,nHeH -CTHpOJibHbie H 6yTa,nHeH

aKpHJIOHHTpHJibHbie JiaTeKCbl, CBH3YlOIUHe seruecTBa Ha OCHOBe ITO

JIHBHHHJiau:eTaTa, ITOJIHypeTaHa H LJ:p. 

Ha pwc. 10.8 rroKa3aHa rroTOl!HaH JIHHHH MH rrpoH3BOLJ:CTBa HTM 

ITYTeM 3aKperrJieHHH XOJICTa C ITOMOIUbiO LJ:HCrrepCHH CBH3YIOIUero 

seruecTBa. 

llpe.usapwTeJibHbiH ITHTaTeJib J, CMeCHTeJib-pa3pbiXJIHTeJib 2 H 

a3pOLJ:HHaMHl!eCKHH XOJICT006pa30BaTeJib J <!>opMHpyiOT XOJICT, 

KOTOpbiH rrpOXOLJ:HT qepe3 rrpOITHTOliHYIO BaHHY 4 H C ITOMOIUblO 

TpaHcrropTHPYIOrueH: ceTKH 5 rro.uaeTcH Ha rrep<t>opwposaHHbiH 6apa6aH 

6 H L{aJiee B BaKYYMHpyiOruee ycTpOHCTBO 7, r.ue rrpOHCXOLJ:HT CTeKaHHe 

H YLJ:aJieHHe C ITOMOIUblO BaKYYMa H3JIHIIIHero CBH3YIOIUero. 3aTeM 

MaTepwan BbiCYIIIHBaeTCH B cyiiiHJIKe KOHBeKTHBHOfO THITa 8 H 

HaMaTbiBaeTcH B pynoHbi 9. 
3aKpeiTJieHwe xoncTa rro .upyroMY crroco6y H3fOTOBJieHHH KJieeHoro 

HTM .uocTwraeTcH rrYTeM TeiTJiosoH: ero o6pa6oTKH, s pe3yJibTaTe KOTO

poH: qacTb BOJIOKOH XOJICTa C 6oJiee HH3KOH TeMrreparypoJ1:: ITJiaBJieHHH, 

l!eM y OCHOBHOH MaCChi BOJIOKOH, OITJiaBJIHeTCH H CKperrJIHeT secb 

xoncT. B KaqecTse orrnaBJIHeMbiX rrpHMeHHIOT BOJIOKHa H3 llBX, 

rroJIH3THJieHa, rronwrrporrHJieHa. TexHoJiorHl!ecKaH cxeMa rrpow3BOLJ:CTBa 

KJieeHoro HTM c 3aKperrneHweM xoncTa c rroMOIUbiO TepMoiTJiaBKHX 

ITOJIHMepOB rrpOCTa H COCTOHT 113 orrepaU:HH ITO <t>opMHpOBaHHIO XOJICTa 

w ero TepMHl!ecKoH: o6pa6oTKH. Bcne.ucTswe 3Toro yKa3aHHaH 

TeXHOJIOfHH ITO cpaBHeHHIO C rrpOITHTKOH XOJICTa LJ:HCrrepcweJ1: 

cBH3yiOruero w rrocne.uyiOrueH: cyiiiKOH HMeeT pH.u rrpewMyruecTB: 

B03M0)1(}{0CTb HCITOJib30BaHHH .ueiiieBbiX CBH3YIQIUHX ITOJIHMepos; 6oJiee 
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P11c. 10.8. CxeMa npoHJBO.llCTBa KJieeHoro HeTKaHoro Marepmma c nponHTKOH CBRJ)'lOIUHM 



llepepa6omKa npoMbiiU/IeHHbiX omxoiJoB 

BbiCOKa5l rrpOH3BO)J.HTeJibHOCTb; MeHbiiiHe IIJIOIIIa)J.H, 3aHHMaeMble 

o6opy)J.OBaHHeM; OTCYTCTBHe CTO'IHbiX BO)J. H Bpe)J.HbiX Bbi6pocos; MeHee 

BbiCOKa5l 3HeproeMKOCTb. 

B JaKJIIO'IeHwe cne.n.yeT OTMeTHTb, 'ITO c ysenw'leHweM .n.onw 

CHHTeTH'IeCKHX BOJIOKOH B TeKCTHJibHbiX MaTepHaJiaX rrepepa60TKa HX 

OTXO)J.OB ITO KJiaCCH'IeCKOH, paccMOTpeHHOH HaMH TeKCTHJibHOH 

TeXHOJIOrHH CTaHOBHTC5l He scer)J.a 3<l><l>eKTHBHOH. ll03TOMy B 

IIOCJie)J.HHe ro)J.bl I105lBHJIHCb rrpHHUHIIHaJibHO HOBble XHMH'IeCKHe 

CIIOC06bi rrepepa60TKH OTXO)J.OB TeKCTHJibHbiX MaTepwaJIOB H3 

CHHTeTH'IeCKHX BOJIOKOH. 

0)J.HH H3 TaKHX CIIOC060B 3aKJIIO'IaeTC5l B H3MeJib'leHHH OTXO)J.OB H 

IIO)J.aqe HX IIIHeKOM Ha crreUHaJibHbiH 3KCTpy)J.ep-rpaHyJI5lTOp, r)J.e OHH 

pacrrJiaBJI5llOTC5l H O'IHIIIaiOTC5l OT BCIIOMOraTeJibHbiX semecTB, 

co.n.ep)l(amwxc5l s reKcTHJibHOM Marepwane. Bnaro.n.ap5l crreuwanhHOH 

KOHCTpYKUHH 3KCTpy)J.epa B Hero O)J.HOBpeMeHHO C OTXO)J.aMH IIO)J.aeTC5l 

rrepBH'IHbiH IIOJIHMepHbiH MaTepwaJI, KOTOpbiH CMeiimBaeTC5l C 

paciiJiaBJieHHbiMH H O'IHIIIeHHbiMH OTXO)J.aMH, 'ITO II03BOJI5leT IIOBbiCHTb 

CBOHCTBa H3rOTaBJIHBaeMbiX rpaHyJI . 

.LJ:pyrHM HeTpa)J.HUHOHHbiM CIIOC060M rrepepa60TKH OTXO)J.OB 

TeKCTHJibHbiX MaTepHaJIOB H3 CHHTeTH'IeCKHX BOJIOKOH 5lBJI5leTC5l 

3KCTparwposaHHe ceJieKTHBHbiMH paCTBOpHTeJI5lMH IIOJIHMepHOH 'laCTH 

OTXO)J.OB, 6Jiaro.n.ap5l KOTOpOMY MO)I(HO IIOJiyqaTb O'IHIIIeHHbiH OT scex 

rrpwMeceH rronwMep. TexHonorwqecKHH rrpouecc pereHepauww 

CHHTeTH'IeCKOro IIOJIHMepa H3 TeKCTHJibHbiX OTXO)J.OB COCTOHT H3 

CJie)J.yiOIIIHX CTa)J.HH: H3MeJib'leHH5l OTXO)J.OB; pacTBOpeHH5l CHH

TeTH'IeCKHX BOJIOKOH; <i>HJibTpaUHH paCTBOpa OT HepacTBOpHMbiX 

rrpHMeceH; BbiCa)J.KH IIOJIHMepa H3 pacTBOpHTeJI5l; cyiiiKH IIOJIHMepa; 

rpaHyJI5lUHH IIOJIHMepa. 

TaKHM o6pa3oM, cospeMeHHa5l rrpoMbiiiiJieHHOCTb pacrronaraeT 

pa3JIH'IHbiMH TeXHOJIOrH5lMH H o6opy)J.OBaHHeM ,li.JI5l rrepepa60TKH 

TeKCTHJibHbiX OTXO)J.OB. 0KOH'IaTeJibHOe peiiieHHe 0 Bbi6ope TOro HJIH 

HHoro crroco6a rrepepa60TKH MO)I(eT 6biTb rrpHH5lTO rrocne rrpose.n.eHH5l 

TeXHHK0-3KOHOMH'IeCKOrO aHaJIH3a, II03BOJI5liOIIIero yqecTb see 

pacXO)J.bl, B TOM 'IHCJie TpaHCIIOpTHbie (Ha )J.OCTaBKY OTXOLJ:OB) H 3Hepre

TH'IeCKHe (Ha rrpose.n.eHwe rexrrpouecca), a TaK)I(e HaJIH'IHe ycTOH

'IHBOro crrpoca Ha rrpOJI.YKUHIO H3 rrepepa6aTbiBaeMbiX OTXO)J.OB. 
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FA a 8 a ]0. llepepa60m/ca meKCmUAbHblX OTnX0008 

KoHmpOilbHble Bonpocw 

1. KaK KJiaccH<P~>HlHPYIOT TeKCTHJibHble OTXO)lbi? 

2. KaK wcnonb3YJO'fCJI OTXOJlbi, o6pa3YIOlllHec" npw H3roTosneHHH 

npJ~:>I<H? 
3. llpHBe)lHTe CXeMy nepBH'IHOH o6pa6oTKH TeKCTHnbHbiX OTXO)lOB. 

4. KaK npoH3BOJlHTCJI pa3BOJIOKHeHwe OTXO)lOB TeKCTHJibHhlx MaTe

pwanos? 

5. KaKwe cyllleCTBYIOT cnoco6bi npoH3BOJlCTBa npiDKH H3 sropH'IHbiX 

B<1JIOKOH? 

6. KaK pa60TaiOT aBTOMaTH3HpOBaHHble nOTO'IHble JIHHHH )lJIJI nepepa-

60TKH pa3BOJIOKHeHHbiX TeKCTHnbHbiX OTXO)lOB? 

7. KaK HCDOJib3YIOTCJI BTOpH'IHble BOJIOKHa? qTO TaKoe HeTKaHble Ma

TepHanbi? KaKOBbl OCHOBHble CTa)lHH HX npOH3BO)lCTBa? 

8. KaKwe H3BeCTHbi cnoco6bi xoncToo6pa3oBaHHJI npH npoH3BO)lCTBe 

HeTKaHbiX MaTepHanOB? 

9. KaKHe H3BeCTHbi cnoco6bi npoH3BOJlCTBa HeTKaHblx MaTepHanos? 

10. PacCKa)I(HTe o6 o6naCTJIX wcnoJib30BaHHJI HeTKaHblx TeKCTHnbHbiX 

MaTepwanos. 

11. qTo TaKoe xHMH'IeCKwe cnoco6bi YTHJIH3aUHH OTXOJlOB TeKCTHJib

HbiX MaTepHanOB H3 CHHTeTH'IeCKHX BOJIOKOH? 
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FJIABA 11 
IIEPEPAEOTKA OTXOJ(OB J(PEBECHHhl 

11.1. 06pa3060HUe, KJlOCCUfjJUKOU,UR U UCnOAb3060HUe 

omxoiJoe iJpeeecuHbl 

B HaCTOID.l.{ee speW! s crpa.He 33.fO'TaBJIHBaeTc5l OKOJIO 500 MJIH. M3 

.n.pesecHHbi. llpw 3TOM Ha scex cTa,nH5lx rrpouecca oT JaroTOBKH .uo 

rrepepa6oTKH .upesecHoro cbiPb5l o6pa3yeTc5l 3Ha':IHTeJibHoe KOJIH':IecT
so OTXOLJ:OB. TOJibKO Ha JieC03afOTOBKax B OTXOL{bl yxOLJ:HT 6oJiee 32 % 
Bbipy6neHHoro neca . 

.LJ:pesecHHy HCIIOJib3yiOT B CJie.UYIOIUHX npOH3BOLJ:CTBax (B CK06Kax 

rrpwse.ueHbi ofu.eMbi wcrroJib3osaHH5l): 
• necorrHJieHHH w .uepesoo6pa6oTKe (41 %); 
• ueJIJIIOJI03H0-6YMIDKHOM npoH3BOLJ:CTBe (23 %); 
• rHL{pOJIH3HOM H JieCOXHMH':IeCKOM npOH3BOLJ:CTBe ( 4 % ). 
KpoMe Toro, 3Ha':IHTeJibHa5l qacTb .upesecwHbi wcrroJib3yeTcSI B 

Heo6pa6oTaHHOM BHL{e (32 %), B TOM 'IHCJie B Ka':leCTBe TOIIJIHBa (13 %). 
HaH6oJiblllaSI qacTb .upesecHHbi, KaK 3TO BHLJ:HO H3 rrpwse.ueHHbiX 
.uaHHbiX, pacxo.n.yeTcSI Ha necorrwneHwe, r.ue w o6pa3yeTcSI 6oJibllle 

Bcero OTXOLJ:OB: TOJibKO 60-62 % HCXO)J.HOfO Cblpb5l npespamaeTC5l B 

OCHOBHYIO npOLJ:YKUHIO. 
0TXOL{aMH JieCOIIHJibHOfO IIpOH3BOLJ:CTBa SIBJI5liOTC5l ropfibiJIH, 

peHKH, o6pe3KH LJ:OCOK, Bblpe3KH .ue<!>eKTHblX MeeT, OIIHJIKH, CTpy;KKa 
w Kopa. Ha pwc. 11.1 rrpwse.n.eHa TexHonorwqecKa5l cxeMa neco

IIHJibHoro IlpOH3BOLJ:CTBa. llpH Bblpa60TKe MHHHOMepHbiX o6pe3HbiX 

.uocoK s rop6biJIH OTXOLJ:HT 6-1 0 % oT o6oeMa 6pesHa, 1 0-13 % npe
spamaiOTcR B peHKH; 2--4 o/o- B o6pe3KH LJ:OCOK; 11-12 o/o- B OIIHJIKH; 

2-3 o/o HL{eT Ha Bblpe3KY 6paKa. 
KpoMe Toro, 6e3B03BpaTHO rrpw cylllKe Tep5leTc5l 5-7 % w 

paciibill5leTC5l 1-2 %. KOJIH':IeCTBO KOpbl COCTaRIDieT OKOJIO 10-12 % 
OT scero ofu.eMa 6pesHa (Kopa, rrpaB,lla, He sxo.uwT s 6anaHc .n.pesecHHbl 
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f II a 6 a 11. flepepa6omKa omxoiJaB iJpe6eCUHbl 

ITEPEPA60TKA OTXO,l:J:QB JJ:PEBECH.Hbl 

I EPEBHA I 
Kopa I 06.o;HpKa KOpbl ... 

l EPEBHA, QqJ1.1UEHHbiE 

I OT KOPbl 

fop6biJib I 06TeCblB8HHe 

L 
I OETECAHHbiE EPEBHA I 

Cb!pbie omuurn +----------il .. Pacmrn 

I HECTPOfAHHbltl: PACITH.- I 
JIEHHbltl: MATEPH.AJI 

CywKa 

I CYXOtl HECTPOfAHHbiM 
MATEPH.AJI 

CyxHe omuurn +-------------1 PacnHJI, 
OCTpyrHB8HHe Crp)')KKa, o6peJKH, KOHI.\bl +------::1. 

lr---=rr~H.JI=70MA~T~E=P~H.~AJI~--~~ 

PH c. 11:1. TeXHoJiormecKlUI cxeMa JieconHJibHOro npoH3BO.UCTBa 

H cqHTaeTcR 8He6aJiaHc08biM oTxo.n;oM). B pacKpOHHbiX uexax npH 

pacKpOe Heo6pe3HblX ,ll;OCOK Ha 3aroT08KH o6pa3yeTcR 7-10 % OmUIOK, 

10-15 % o6pe3K08. B cTporaJibHbiX uexax oTXO,n;bi 8 8H.LJ:e cTp}')KKH 

COCTa8JIRIOT 12-20 % o6'beMa llOCTynaiOW:HX llHJIOMaTepHa.TI08. 

BcJie,n;cT8He 3Toro 8 ce6ecTOHMOCTH nMJieHOH npo.n;yKUHH 3aTpaTbi Ha 

Cblpbe COCTaBJIRIOT 70-80% OT 3aTpaT Ha ee 8blpa6oTKy. 

Jh 8Cero KOJIMqecT8a o6pa3yiOW:HXCR ,n;pe8eCHblX OTXO,ll;08 TOJibKO 

60-65 % HCll0Jib3yeTCR 8 KaqecT8e 8TOpHqHOfO CblpbR, OCTaJibHble 

OTXO,ll;bl c6paCbi8aiOTCR 8 OT8aJibl, OTpHUaTeJibHO 8JIHRR Ha OKpy

)l(aiOW:yiO cpe.n;y. 

3HaqMTeJibHOe KOJIMqecT80 OTXO,ll;08 o6pa3yeTCR llpH HCllOJib30-

BaHHH ,n;pe8eCHHbl Ha npe,n;npMRTHRX a8TOM06HJibHOH npOMbllll

JieHHOCTH, 8 TpaHCllOpTHOM CTpOHTeJibCT8e, CTaHKOCTpOeHHH, TOp

rOBJie, KOMMYHaJibHOM X03RHCT8e, Me6eJibHOH llpOMbllliJieHHOCTH H 

,n;pyrHX OTpaCJIRX 3KOHOMHKH. 
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llepepa6om1ca npoMblUJJieHHbiX omxoiJoB 

)lpeseeHbie OTXO,!J;bl MO)I(HO KJiaeeM<!>MUMpOBaTb no aeeOPTMMeHT)' 

BblllyeKaeMOH npo.n;yKUMM ( OTXO,!J;bl nMJIOMaTepMaJIOB, <t>aHepbl, 

,n;peseeHOBOJIOKHMeTbiX nJIMT M ,n;p.), no nopo.n;aM ,n;peseeMHbl (OTXO,!J;bl 

xsoHHbiX, JIMeTBeHHbiX nopo.n; .n;epesbes), no BJia)I(HOeTM (eyxMe- e 

BJIIDKHOeTbiO ,!J;O 15 o/o, noJiyeyxMe- e BJIIDKHOeTbiO 15-30 o/o, BJIIDKHble 

- e BJIIDKHOeTbiO Bbiiiie 30 %), no CTPyKrype (KyeKOBbie, ebiny"'He) M 

,n;pyrHM npH3HaKaM. 

flo KOJIMqeeTBy noJiyqaeMbiX OTXO,ZJ;OB ,n;epesoo6pa6aTbiBaiOIII;aR 

npoMbiiiiJieHHOeTb eTOMT Ha o,n;HOM M3 nepBbiX MeeT. KoJIMqeeTBO 

OTXO,!J;OB 8 :nOR OTpaeJIM 3aBMeMT OT KaqeeTBa noeTaBJIReMOfO eblpbR, 

TMna M pa3Mepa M3fOTaBJIMBaeMOH npo,n;yKUMM, MenOJib3yeMOH 

TeXHOJIOfMM H npMMeHReMoro o6opy.n;osaHHR. KoJIMqeeTso oTxo.n;os, 

o6pa3yiOIII;HXeR, HanpMMep, Ha Me6eJibHOH <Pa6pMKe, ,ZJ;OeTMraeT 60 % 
OT BeeR uenOJib30BaHHOH ,n;peseeMHbl. 

K OTXO,ZJ;aM, 06'beM KOTOpbiX 3aBMeMT OT MenOJib3yeMOfO ,!J;JIR 

paeKpOR o6opy,n;oBaHMR, OTHOeRT OnMJIKM. 06'beM ,n;peseeHHbl, 

nepeXO,ZJ;RIII;eH 8 OnMJIKM, 3aBMeMT OT TOJIIII;MHbl nMJI: qeM TOHbiiie 

nMJia, TeM MeHbiiie onMJIOK. Mx o6pa3osaHMe MO)I(HO soo6me 

yeTpaHHTb, eeJIH uenoJib30BaTb .n;pyrue enoeo6bi .n;eJieHHR .n;peseeuHbl. 

K OTXO,ZJ;aM, o6yeJIOBJieHHbiM KaqeeTBOM MeXO,!J;HOfO eblpbR, OTHO

eRTeR rop6biJIH, TOpUOBbie epe3KH, peHKH, pa3H006pa3Hble Bb!pe3KH e 

nopoKaMu u .n;e<t>eKTaMu. 

Bee OTXO,ZJ;bi .n;peseeuHbi RBJIRIOTeR ueHHbiM ebipbeM ,n;JIR npou3-

so.n;eTsa pa3JIMqHoH npo.n;yKUMM, o.n;HaKo no B03MO)I(HOeTH YTMJIM3aUMM 

OHM He pasHoueHHbi. HaM60JihiiiYIO ueHHoeTb npe.n;eTaBJIRIOT ,n;eJioBbie 

OTXO,!J;bl, M3 KOTOpbiX MO)I(HO M3fOTaBJIMBaTb pa3HOo6pa3HYIO MeJIKyiO 

nMJIOnpo,n;yKUMIO. K HMM OTHOeRTeR rop6biJIM, peHKH, KpynHbie KYe

KOBbie OTXO,ZJ;bl. Mx MO)I(HO HenOJib30BaTb H ,!J;JIR npOM3BO,ZJ;eTBa 

UeJIJIIOJI03bl, ,n;peseeHOBOJIOKHMeTbiX llJIMT ()J,Bfl), ,n;peseeHOeTP~eqHbiX 
nJIHT ()J,Cll), UeMeHTHOeTpy)l(eqHblX nJIHT (UCll) H XHMHqeeKOH 

npO,ZJ;YKUHM. 

MeHbiiieH ueHHoeTbiO o6Jia.n;aiOT OTXO,ZJ;bi, B03MO)I(HOeTb MenoJib-

30BaHMR KOTOpbiX orpaHMqeHa ( eTP~Ka, onMJIKM, MeJIKMe KyeKOBbie 

oTxo,n;hi, mena). 

OnMJIKM M eTpy)I(Ky 6Jiaro.n;apR a.n;eop6MpyiOIII;MM, a6pa3MBHbiM, 

M30JIRUMOHHbiM M ,n;pyrMM eBOHeTBaM IIIHpOKO MenOJib3YIOT 8 pa3-

JIHqHbiX npOH3BO,ZJ;eTBaX: ,ZJ;JIR X03RHeTBeHHbiX ueJieH H KaK TeX

HOJIOfHqeeKOe eb!pbe. 
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F II a 6 a 11. flepepa60m/Ca OmxOiJOB iJpeBeCUHbl 

lllerra H MeJIKHe KYCKOBble OTXO.Ubl RBJIRIOTCR HCXO.l(HbiM 

XHMHqecKHM CblpbeM IlpH IlpOH3BO.UCTBe CTpOHTeJibHbiX MaTepHa.TIOB, 

BHCK03H0f0 BOJIOKHa (a 3aTeM TKaHeH), TeXHHqecKOfO CIIHpTa, 

KOpMOBbiX .UPO)IQJ(ei{, yx:cyca, UeJIJIIOJI03bl, fiYMafH, KapTOHa H MHOfHX 

.UPYfHX IlpO.UYKTOB. )J,JIR IlpOH3BO.l(CTBa 3TOH IlpO.UYKUHH .upeBeCHHa 

H3MeJibqaeTcR, a 3aTeM rrocTyrraeT Ha rrepepa6oTKy no crreuHaJihHOH 

TeXHOJIOfHH, HCIIOJib3yeMOH rrpH IlpOH3BO.l(CTBe KOHKpeTHOH IlpO

.UYKUHH. 

qacTb .upeBeCHbiX OTXO.UOB B 6pHKeTHpoBaHHOM BH.l(e rrpHMeHRIOT 

KaK TOIIJIHBO .l(JIR 6biTOBbiX H rrpOMbiiiiJieHHbiX rreqei{. 

Heo6xo.uHMO yrroMRHYTb o6 3HeproxHMHqecKOM HcrroJib30BaHHH 

OTXO.l(OB .upeBeCHHbl B ra30feHepaTOpHbiX ycTaHOBKaX. llpHHUHII 

3HeprOXHMHqecKOfO HCIIOJib30BaHHR OTXO.UOB .upeBeCHHbl OCHOBaH Ha 

faJH<!>HKaUHH .upesecHHbl H rronyqeHHH H3 Hee XHMuqecKHX IIPO.UYKTOB 

H ropiOqero ra3a c rrocJie.uyiOW:HM HcrroJib3oBaHHeM ero B KaqecTBe 

TOIIJIHBa. llocJie BOHHbl HaxO.UHJIHCb KaKoe-TO BpeMR B 3KCIIJiyaTaUHH 

asToMo6HJIH c raJoreHepaTopHbiMH yCTaHOBKaMH. McroqHHKOM 3HeprHH 

.l(JIR .UBHraTeJIR TaKHx aBTOM06HJieH 6bma .upeBecHHa. TeiiJIOTa cropaHHR 

Bbipa6aTbiBaeMbiX H3 OTXO.UOB .upeBeCHHbl reHepaTOpHbiX ra30B 

COCTaBJIReT 6400-7200 K)l)J(/Ml, a BbiXO.U ra30B - 0,45-0,7 M3 /Kr 

cyxoro TOIIJIHBa. 

B o6o6rn:eHHOM BH.ue B03MO)J(HOCTH yTHJIH3aUHH pa3JIHqHbiX 

oTxo.uoB JiecorrHJieHHR H .uepeBoo6pa6oTKH rrpe.ucTaBJieHbi B Ta6JI. 11.1. 

11.2. flepepa6omKa KyCK06blX omxoao6 ape6eCUHbl 
6 meXHOAOZUlleCKyJO U{eny 

)J,JIR HCIIOJib30BaHHR B JieCOXHMHqecKOH H ueJIJIIOJI03H0-

6yMa)J(HOH rrpOMbiiiiJieHHOCTH, B rrpOH3BO.l(CTBe CTpOHTeJibHbiX 

MaTepHaJIOB KyCKOBble OTXO.Ubl .uepeB006pa60TKH .UOJI)J(Hbl 6biTb 

rrepepa6oTaHbi B TexHoJioruqecKyiO merry. 3TOT rrpouecc ocyw:ecT

BJIReTcR Ha JieCOIIHJibHOM rrpOH3BO.l(CTBe, a caMa rn:erra RBJIReTCR 

COIIYTCTByiOW:eH TOBapHOH IIPO.UYKUHeH. 

lllerra RBJIReTCR OCHOBHbiM CblpbeM ueJIJIIOJI03H0-6yMa)J(HOH, 

fH.l(pOJIH3HOH rrpOMbiiiiJieHHOCTH H pR.l(a .UPYfHX OTpacJieH, 3<!><!>eK

THBHOCTb pa60Tbl KOTOpbiX 3aBHCHT OT ee KaqeCTsa H OT CTa6HJibHOCTH 

IIOCTaBOK. llo3TOMY rrpOH3BO.l(CTBO rn:errbi He TOJibKO .uaeT B03MO)J(HOCTb 

YTHJIH3HpOBaTb OTXO.Ubl .upeBeCHHbl, HO HMeeT H Ba)J(HOe caMOCTOR-
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llepepa6omKa npoMblUJJieHHbiX omxoiJoB 

Ta6nHua 11.1 
HanpllBJieHHH acnom.30&aHHH ,Lqte&eeiii>IX on:o.uoa 

BHJlbl OTXOJlOB J1cnOJib30BaHHe OTXOJlOB 

KycKOBbie OTXO.Ubl 

OnHJIKH 

Crp}')KI<a 

Kopa 

.[l.nH BbJpaOOTKH UeJlbHb!X H KJieeHb!X 3afOTOBOK, MeJI

KOH nHnonpo.uyKUHH; TeXHonorH'IecKOH menbi )J.JIH 

npOH3BO.UCTBa UeJlJIIOJI03bl H .U)JYfOH npO.zzyKUHH C H3-

MeJlb'leHHeM .upesecHHbi; B JleCOXHMH'IeCKOM npOH3-

BO,llCTBe; B Kal.JeCTBe TOnJIHBa 

.[l.nH npOH3BO,llCTBa CfiH)JTa, KO)JMOBblX .U)JO)I{)J(eH, UeJI

JIIOJI03bl, .upesecHOH MYKH, CTpOHTeJlbHbiX MaTepHa

nos; B JleCOXHMH'IeCKOM npOH3BO.llCTBe; )J.JIH X03HHCT

BeHH0-6biT0BbiX Hy)l(,ll; B ceJlbCKOM X03HHCTBe; )J.JISI 

TeXHOJIOfH'IeCKHX ueneH 

.[l.nSI H3fOTOBJieHHSI nJIHT, CTpOHTeJlbHhiX 6JIOKOB; B Jle

COXHMH'IeCKOM npOH3BO,llCTBe 

.[l.nSI nonyqeHHSI .UY6HTeJleH B JleCOXHMH'IeCKOM npo

H3BO,llCTBe; )J.JISI H3fOTOBJieHHSI y.uo6peHHH 

TeJibHoe 3Ha'leHMe. B 3aBHCHMOcTH OT Ha3HaqeHHH K rexHoJiorM'IecKoii 

mene npe)J.'bHBJIHIOTCH pa3JIH'IHbie Tpe6o8aHMH. Oco6eHHO 8a:>~mo, 

'IT06bi mena He co.n;ep)l(ana nocropoHHHX 8KJIIO'IeHMH: MeTaJIJia, rHHJIH, 

necKa H T. n. Co.n;ep)l(aHMe KOpbi cTporo JIMMHTMpyeTcH B 3a8McMMOcTH 

oT )J.aJibHeiirnero npMMeHeHHH menbl. HanpMMep, mena, M,n;ymaH Ha 

8apKY ueJIJIIOJI03bi, 8oo6me He )J.OJI)I(Ha co.n;ep)l(aTb Kopy. Co.n;ep)l(aHMe 

KOpbl 8 mene, H)J.yiUeH Ha npOH380)J.CT80 .lJ:Bll H .lJ:Cll, He )J.OJI)I(HO 

npe8billiaTb 15 % . .lJ:JIH H3fOT08JieHHH cneUHaJibHbiX 8biCOKOKa

qecT8eHHbiX .lJ:Bll npMMeHHeTCH mena, CO)J.ep)l(aHHe KOpbl 8 KOTOpOH 

He npe8billiaeT 3 %. llo:noMy llPH H3fOTOBJieHHH IUellbi, H)J.yiUeH 8 

ueJIJIIOJI03H0-6YMa)I(HOe npOH380)J.CTBO H Ha H3fOTOBJieHHe TaKHX .lJ:Bll, 

HCll0Jib3yiOT TOJibKO O'IHIUeHHbie OT KOpbi OTXO)J.bl ,n;pe8eCHHbl, T. e. 

OTXO)J.bl, o6pa3yiOIUHeCH OT pacnMJI08KH OKOpeHHbiX 6pe8eH. 

B 3a8McMMOcTH oT Ha3Ha'leHHH mena )J.OJI)I(Ha MMeTb pa3Mepbi, 

yKa3aHHbie 8 Ta6JI. 11.2. 
TexHoJiorMH npoM380)J.cT8a menbt 8KJIIOqaeT cTa)J.HH, yKa3aHHbre 

Ha pMc. 11.2. 
B npouecce npoM380)J.CT8a menbr ocH08HOH onepauMeii HBJ15IeTcH 

M3MeJib'leHMe .n;pe8ecHbiX OTXO)J.08. 3Ta onepauiDI onpe.n;eJIHeT KaqecTBO 

H 8biXO)J. KOH)J.HUHOHHOH TeXHOJIOfH'IeCKOH IUellbl, a TaiOKe y,n;eJibHbie 
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F A a 6 a 11. flepepa6om/Ca omxoiJOB iJpe6eCUHbl 

T a 6 n H u a 11.2 
Pa3MepLI Texuonolll'lecKoii meDLI 

HaJHa'leHHe menbi 

(npoH3BOJ(CTBO) 

L.J.eJIJIJOJI03H0-6)'MIDKHOe 

,[(peaecHOBOJIOKHHCTblX IIJIHT 

Ll,peBeCHOCTp)')Ke'IHbiX IIJIHT: 

- nnocKoro npeccoaaHH.!I 

- 3KCTpY3HOHHOfO ¢JopMOBaHH.!I 

fH.npOJIH3Hoe 

.II)IHHa 

1-25 
10-35 

20-60 
5-40 
5-35 

PaJMepbl, MM 

TOJIIUHHa 

5 
5 

30 
30 

5 

:mepro3aTpaTbl Ha ee npOH3BO,!J;CTBO. lhMeJib'leHMe KYCKOBhiX OTXO,!J;OB 

ocyw:ecTBJIRIOT Ha py6MJihHhiX MaumHax. B 3aBHCHMOCTH oT <l>opMhi 

pOTOpa py6MJibHbie MaUIHHhl ,n;eJIRTCR Ha 6apa6aHHble H iJUCIW6ble. 
6apa6aHHbie 'py6HJibHbie MaUIHHhl npOH3BO,!J;RT rn:eny HH3K0f0 Ka

'leCTBa, C HeO,ZJ;HOpO,ZJ;HhiM <i>paKUHOHHhiM COCTaBOM H C llOBpe)l(

,a:eHHbiMH BOJIOKHaMH, 'ITO CBR3aHO C HX KOHCTpYKUHeH. TaKaR rn:ena 

MO)I(eT HCllOJib30BaTbCR ,!J;JIR fH,ZJ;pOJIH3HOf0 npOH3BO,!J;CTBa, HO MaJIO

npHfO,ZJ;Ha ,!J;JIR ueJIJIIOJI03H0-6yMIDKHOH llpOMbiUIJieHHOCTH H H3ro

TOBJieHHR ,LJ:BTI H ,LJ:CTI. ,LJ:JIR llOJiyqeHHR rn:enbl, llpHfO,!J;HOH MR 3THX 

PHc. 11.2. TeXHonom'lec

Ka.H CXeMa npOH3BO,li;CTBa 

menhi 

<l>paKUHOHHpoBaHHe 

KoHTPOJib Ka'leCTBa 

Ha cKJia,n 
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llepepa6om1ca npo.MblUJJII!HHbiX omxoiJoB 

IIpOM380,!J;CT8, MCII0Jib3YJOT ,!J;MCK08ble py6MJibHbie MalliMHbl C IIJIOCKMM 

M reJIMKOM.n;aJibHbiM ,!J;MCKOM . 

.lJ:MCK08bie py6MJibHbie MalliMHbl 8biiiycKaiOT C HaKJIOHHOM M 

ropM30HTaJibHOM rro,n;aqeif nepepa6aTbl8aeMoro cbipbR. B MarnMHax c 

HaKJIOHHOM rro,n;aqeif CblpbR (pMC. 11.3) 3arpy30'IHbiM JIIOK IlpMeMHOfO 

naTpoHa pacrroJiaraeTcR rro.n; yrJioM 45-50" K ropM30HTaJibHOM 

IIJIOCKOCTM (HJIM IIJIOCKOCTM ,!J;MCKa MalliMHbl). ll03TOMy 8 TaKMX 

MarnMHax w:erra 8cer.n;a cpe3aeTcR rro.n; yrJIOM 8 npe,n;eJiax 45-50" K 

HarrpaBJieHMIO 80JIOKOH, 8 pe3yJibTaTe qero 3Ha'IMTeJibHO YMeHbrnaeTcR 

pacxo.n; 3HeprMM Ha M3MeJib'leHMe .n;pe8ecMHbl. 

S/00 

1750 

PMc. 11.3. LI:HcKoBa.H py6HJibHa.H MaiiiHHa c HaKJIOHHOH no.na'leH Cbipb.H H 
Bhl6pocoM menhl ssepx 

0cH08HOM pa6o'IMM opraH ,n;McK08biX py6MJibHbiX MarnMH -

CTaJibHOM ,!J;MCK C pa,ZJ;MaJibHO 3aKpeiiJieHHbiMM Ha HeM HO)J(aMM, 

KOJIM'IeCT80 KOTOpbiX MO)J(eT 6biTb OT 3 ,!J;O 16 (pMC. 11.4) . .lJ:MCK 

3aKJIIO'IeH 8 KO)J(yx H 3aKpeiiJieH Ha CTaJibHOM 8aJiy, 8parn:aiOW:eMCR B 

,ZJ;Byx MJIM TpeX IIO,!J;lliMIIHMKaX CKOJib)J(eHMR MJIM 8 pOJIMK08biX IIO,ZJ;

lliMIIHMKaX • 

.lJ:MCK08bie py6MJibHble MalliMHbl 6biBaiOT C IIJIOCKOM M reJIM

KOM.n;aJibHOM pa6oqeif II08epXHOCTbiO ,!J;MCKa. 

B 3a8MCMMOCTM oT arrrrapaTa rro,n;aqM (3arpY30'IHoro rraTpoHa) 

,!J;MCK08ble py6MJibHbie MalliMHbl 6biBaiOT CO C8060,ZJ;HOM M IlpMHy

,!J;MTeJibHOM rro,n;aqeif .n;pe8ecMHbi K ,n;McKy MR ,n;aJibHeil:rneil: rrepepa-
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F II a 6 a ] J. flepepa6omKa omxoiJ06 iJpeBeCUHbl 

PHc. 11.4. }lHcK py6HllbHOii MauiHHbl: 

] - HO:lKH; 2- Kopnyc JU{CKa; 3- llO.llKJill,llKa; 4- H3.K113,llKa; 5- KOHyCHOe 

KOJlbUO; 6 - KOJlbUeBlUI raiiKa; 7- BTYJIKa 

6oTKH 8 w:eny. B py6MJibHbiX MalliMHax co c8o6o.n;HoH no,n;aqei{ 

.n;pe8eCMHa nocTynaeT K HO)I<:aM .l(McKa 3a cqeT ee caMo3anirMBaHMR. 

MexaHH3M npMHY,ZJ;MTeJibHOH no,n;aqM MaTepMana 8 MalliHHY 

npe,n;cTa8JIReT co6ow ,n;8a pR,n;a npM80,ZJ;HbiX 8aJIKo8 c lliMnaMH. 

llepepa6aTbi8aeMbiH MaTepMan 3ax8aTbi8aeTcR 8a.JIKaMM H Hanpa8-

nReTcR K pe)l(yW:HM HO)I(aM. BeJIHqHHa npoc8eTa Me)I(,!J;y HH)I(HHM H 

BepXHHM no,n;aiOW:HMH 8a.JIKaMH onpe,n;eJIReTCR TOJIW:HHOH nepepa-

6aTbiBaeMoro CJIOR OTXO,!J;08 H peryJIMpyeTCR nepeMern:eHHeM 8epXHHX 

no,n;aiOW:HX 8a.JIK08 88epx HJIH 8HH3 llO,!J; ,n;eHCT8HeM npoTH8o8eca 

HJIH npy)I(HH. 

CxeMbi pe3aHMR .n;pe8ecMHbi B ,n;McK08biX py6MJibHbiX MalliMHax 

noKa3aHbi Ha pMC. 11.5. feJIMKOH.n;a.JibHaR pafioqaSI ll08epXHOCTb 

,ZJ;HCKa npe,n;cTaBJIReT co60H 8HHT08YIO ll08epXHOCTb, KOTOpaR CJIH

saeTCR c 3a,n;HHMH KpoMKaMH Ho)l(eH, 3aToqeHHbiMH no TOR )l(e 
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llepepa6omKa npoMblUJJieHHbiX omxoiJoB 

a 

PHc. 11.5. CxeMa pe3aHH.!I .n;peBeCHHbi B .D:HCKOBbiX py6HJibHbiX MaiiiHHax: 
a - B M3nOHO)I(eBbiX MaiiiHHax C nJIOCKHM ,nHCKOM; 6 - B MHOfOHO)I(eBbiX 
MaiiiHHaX C nJIOCKHM ,nHCKOM; 6 - B MHOfOHO)I(eBbiX MaiiiHHaX C reJIH
KOH,n3nbHbiM ,nHCKOM; } - HO)I(eBOii ,nHCK; 2- HO)I(; 3- nepepa6aTbiBaeMblii 

MarepHan; 4- mena 

8HHT080i1: JIHHHH. fipH 8paiUeHHH TaKOfO ,ll;HCKa H IlpH O,ll;H08peMeHHOi1: 

rro,n;aqe ,n;pe8eCHHbl K ,ll;HCKY HO)I{H cpe3aiOT ,n;pe8eCHHY He 8 O,ll;HOti: 

IIJIOCKOCTH, KaK y MalliHH C IIJIOCKHM ,ll;HCKOM, a ITO BHHTOBOti: JIH

HHH. PeJaHMe rrpoMcxo.n;HT He s sepTMKaJibHOti: rrnocKOcTH, a no xo.n;y 

BHHTa. Enaro.n;apH 3TOMy o6ecrreqMsaeTcH ycToti:qMsoe rroJio)KeHHe " 

caMoJaTHfH8aHMe rrepepa6aTbl8aeMoi1 .n;pesecMHbi B rrpouecce peJaHMH. 

MHoroHO)I{e8ble py6HJibHbie MawMHbi c reJIHKOH,ll;aJibHOti: rro-

8epxHOCTbiO ,ll;HCKa MOryT rrepepa6aTbiBaTb Ha merry He TOJibKO OTXO,ll;bl 

necorrHJieHMH, HO H KpyrJiblii necoMaTepMan, KapaH.n;awM <t>aHepHoro 

IIpOH380,ll;CT8a H ,n;p. 

fioJiyqeHHaH Ha py6HJibHbiX MaWHHax merra COpTMpyeTCH ITO 

pa3MepaM Ha 6apa6aHHbiX ycTaH08Kax 8H6paUHOHHOf0 HJIH fHpa

UHOHHOfO (c Kpyr08biM KaqaHHeM CHT 8 ropM30HTaJibHOi1: IIJIOCKOCTH) 

TMrra. HaH6onee pauMOHaJibHO McrroJibJOBaHMe rupauMoHHbix cop

THP08oqHbix MawMH, ocH08y KOTOpblx cocTa8JIHIOT TPH rrocne

,n;o8aTeJibHO ycTaHOBJieHHbiX ITO 8epTMKaJIH 6apa6aHa CHTa C OT8ep

CTIDIMH pa3.rmqHbiX pa3Mepo8. CMTa co8eprnaiOT KaqareJibHbie ,!1;8H)I{eHMH 

8 ropM30HTaJibHOi1: rmocKocTM. Ha 8epxHeM cMTe ocTaiOTcH caMLie 

KpyiiHble KyCKH ,n;pe8eCHHbl, KOTOpble IIOCTyiiaiOT Ha II08T0pHOe 

HJMeJib!leHMe. Co cpe.n;Hero H HH)I{Hero cMT 8bixo.n;HT ,n;8e <t>paKUMH 
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r II a 6 a II. llepepa6omJca omxoiJ06 iJpe6eCUHbl 

!lleiibl, a OIIHJIKH H MeJIO'Ib, IIpOCKO'IHBIIIHe qepe3 Bee TpH CHTa, IIOCT)'

naiOT 8 6yHKep ,!lJUI OIIHJIOK. 

TexHu'IecKue xapaKTepucTHKH copTuposo'!HbiX ycTaHosoK 

npuse.n:eHbi s Ta6JI. 11.3. 
,n.JHI TOfO, 'IT06bi OIIpe,lleJIHTb KOH.llHUHOHHOCTb IIOJiyqaeMOH 

npO.llYKUHH H IlpH He06XO.llHMOCTH BHeCTH CBOespeMeHHbie KOp

peKTHBbl 8 TeXHOJIOfH'IeCKHH rrpouecc, IIpOBO,llRT Jia6opaTOpHbiH 

aHaJIH3 CbipbR " roTosotf rrpo.n:yKuuu. llpM aHaJIM3e orrpe.n:eJIRIOT 

Ka'IeCTBO cpe30B y IUeiibl, ee <i>paKUHOHHbiH COcTaB, HaJIH'IMe M 

KOJIM'IeCTBO IIOCTOpOHHHX BKJIIO'IeHMH, BJIIDKHOCTb. 

TpaHcrropTMposaHue merrbi s rrpe.n:eJiax npe.n:rrpuRTMR ocy

mecTBJIReTcR C IIOMOIUbiO JieHTO'IHbiX, CKpe6KOBbiX M lliHeKOBbiX 

TpaHcrropTepos, a TaiOKe rrHeBMOTpaHcrropTOM. 

T a 6 n M u a 11.3 
XapurrepHCTHKH ycraHOBOK )J)IJI copmpoBKH m.em1 

MapKa ycTaHOBKH 
XapaKTepHCTHKH 

ClU-lM CIU-60M CIU-120 

0pOH3BO,lli1TeJibHOCTb, M3/lJ. 60 65 120 
KonHtJ.ecmo cHT, lilT. 3 3 3 
0JI01Ua,llb CHT, M2 : 

- BepXHero 2,88 2,88 8,4 
- cpe,llHero 2,56 2,56 8,4 
- HH:ltrnero 2,88 2,88 7,5 

qaCTOTa KOJie6aHHJ%, 1/c 3 3 2,5 
MomHocTb npHBo.na, KBT 3 3 4,5 

TIHeBMorrorpy3'IMKH merrbi, xapaKTepMcTMKH KOTopbiX rrpMse.n:eHbl 

8 Ta6JI. 11.4, OTJIH'IaiOTCR OT Ofibi'IHbiX IIHeBMOTpaHCIIOpTHbiX 

ycTaHOBOK 6oJiee BbiCOKOH IIpOH380,llHTeJibHOCTbiO, o6ecrre'IHBaiOIUeH 

MHHHMaJibHbiH rrpOCTOH TpaHciiOpTHbiX cpe,llCTB IIO,ll rrorpy3KOH . 

.ll:JIR TpaHcrropTuposaHuR merrbl 3a rrpe.n:eJiaMu rrpe.n:rrpuRTHR, 

Bblpa6aTbiBaiOIUero merry, HCIIOJib3yiOT asTOM06HJibHbiH, BO,llHbiH H 

.>KeJie3HO,llOpo:>KHbiH TpaHCIIOpT. 

ABTOM06HJibHaR rrpOMbilliJieHHOCTb EeJiopyccMM M YKpaHHbi 

H3fOTaBJiuBaeT crreuHaJIH3HpOBaHHbie aBTOM06HJIH ,llJIR rrepeB03KH 

merrbi. 
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llepepa6omKa npOMblUJJJeHHbiX omxoiJoB 

T a 6 n H u a 11.4 
XapaKTepHCTHKH DHeBMODOrp)'3'111KOB IQellltl 

MapKa norpyJ'IHKa 
XapaKTepHCTHKH 

ITHTY-2M 80-53 JIT-67 

flpOH3BOJlHTe.JibHOCTb, M3/lJ. 7 35 15-30 
Paccrosmue no.natJ.:H menbl, M 70 70 75-140 
.[J.uaMeT)J T)Jy6onpoBo.na, M 260 319 319 
YcTa.HoBJieHHlUI MOIUHOCTb, KBT 28,4 78,3 66,1 

.lJ:JHI rrepe803KM IUeiibi )KeJie3HO,ll;Op0)1{HbiM TpaHCIIOpTOM 

MCnOJib3)'10T BarOHbi o6ruero Ha3HalJ.eHIDI C H3.UCTpOeHHbiMM ITO BbiCOTe 

60pTaMM M cneUMaTIM3MpOBaHHbie BarOHbi-rnenOB03bi rpy30nO,ll;'b

eMHOCTbi0 58 T M o6oeMoM 135M3• BaroHbi MMeiOT no 10 pa3rpy30lJ.Hbix 

JIIOKOB C Ka)l{.llOM CTOpOHbi. 

.ll:aTibHeifrnWI nepepa6oTKa ruerrbi, noJiyqeHHOM M3 ,ll;peBecHbiX 

OTXO,ll;OB, IIpOM380.llMTCH BHe JieCOIIMJibHOrO IIpOM380.llCTBa Ha npe,!J;

npMHTMHX COOTBeTCTBYIOIUMX OTpacJieM IIpOMbilliJleHHOCTH (cTpOM

MaTepMaTI08, JieCOXMMMM, UeJIJIIOJI03H0-6yMa)I{HOM M ,!J;p.) no TeX

HOJIOriDIM, npMHHTbiM 8 3TMX OTpaCJIHX. 

11.3. llpou36oacm6o cmpoumeJlbHblX 
U KOHCmpyKU,UOHHblX MamepUG..Il06 U3 omxoao6 ape6eCUHbl 

O.llHMM M3 ocHOBHbix HarrpaBJieHMM YTMJIM3aUMM ,ll;peBecHbiX 

OTXO,ll;08 H8JIHeTCH npOM380,ll;CT80 pa3JIMlJ.HbiX orpa)l{.llaiOIUMX M 

OT,ll;eJIOlJ.HbiX CTpOMTeJibHbiX MaTepMaTIOB: ,!1;peBeCH080JIOKHMCTbiX IIJIMT 

(.lJ:Bll), ,!J;pe8eCHOCTp~elJ.HbiX IIJIHT (.lJ:Cll), UeMeHTHOCTp~elJ.HbiX 
IIJIMT (UCll) M ,ll;p. 

llpM M3rOTOBJieHMM iJpe6eCH060/lOKHUCmbiX MUm (.lJ:Bll) MCII0Jib-

3YIOT ueJIJIIOJI03Hbie BOJIOKHa, IIOJiyqeHHbie IIyTeM .llaT!bHeifrnero 

M3MeJiblJ.eHIDI ruenbi. CyruecTByeT .ll8a crroco6a rrpoM380.llCTBa .ll:Bll: 

MOKpbiM M cyxoif. llpM MOKpOM CIIOC06e IIJIMTbi IIOJiyqaiOT IIYTeM 

OTJIM8a ueJIJIIOJI03HOM Maccbi 6e3 B8e,ll;eHMH C8H3yiDIUero BerneCT8a. 

llpM cyxoM crroco6e 8 ueJIJIIOJI03HYJO Macey 880,ll;HT 4-8% C8H3yiDIUeM 

CMOJibi. fiOMMMO CMOJibi B COCTa8 MaCCbi BBO,ll;HT aHTMCeiiTMKM, 

aHTMIIMpeHbi M ,ll;pyrMe ,ll;06aBKM, II03BOJIHIOIUMe IIpM.llaTb MaTepMaTiy 
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F II a 8 a 11. flepepa6omtca omxoiJOB iJpeBeCUHI>l 

Heo6xo.nHMbie csoHCT8a: rrpo'IHOCTh, so.nocToHKOCTh, rpH6ocTOHKOCTh, 

noxapocTOHKOCTb H T. rr. Ha pHc. 11.6 npH8e,neHa rrpHHUHIIHaJihHWI 

CXeMa IlpOH380,lJ;CT8a )lBTI cyxHM CIIOC060M. 

TexHoJiorwiecKHH rrpouecc npoH380.UCT8a .UBTI cyxHM crroco6oM 

COCTOHT H3 CJie,nyiOIUHX orrepaUHH: IIponapKH, pa3MOJia IUeiibl Ha 

80JIOKHa; CylllKH 80JIOKHa; IIO,lJ;fOT08KH C8~13yiOIUero H ,no6a80K; 

CMelllH8aHH~ 80JIOKHa CO C8~3YIOIUHM H ,npyrHMH ,no6a8KaMH; 

cl>opMHpo8aHH~ K08pa; npe,n8apHTeJibHoro ynJioTHeHH~ (no.nnpec

co8KH) K08pa; npeCC08aHH~, KOH,nHUHOHHp08aHH~ IIJIHT; Mexa

HH'IeCKOH o6pa6oTKH IIJIHT. 

B Ja8HCHMOCTH oT c8oitcT8 8hiiiycKaiOT n~Tb paJJIH'IHbiX 8H.n08 

JlBTI: TeiiJIOH30JI~UHOHHbie, TeiiJIOH30JI~UHOHHO-OT,neJIO'IHbie, 
IIOJiyT8ep,nbie, T8ep,nbie H C8epXT8ep,nbie. )lBTI lllHpOKO IlpHMeH~IOT 8 

CTpOHTeJibCT8e, Me6eJibHOH IlpOMbilllJieHHOCTH, MalllHHOCTpOeHHH. 

HanpHMep, .nn~ oT,neJIKH naHeJieit ca.rroHa a8To6yca HcnoJihJyiOT 

MaCJIOilpOIIHTaHHbie C8epXT8ep,nbie ,llBTI C JiaKOKpaco'IHbiM 

IIOKpbiTHeM. 

,llJI~ Il08blllleHH~ IlpO'IHOCTH IlpH H3rH6e IIJIHTY IlpOIIHTbi8aiOT 

CMeCbiO JlbH~HOfO H TaJIJI080fO MaceJI. JlaKOKpaCO'IHOe IIOKpbiTHe 

HaHoc~T Ha JarpyHTo8aHHyiO no8epxHoCTb IIJIHTbi. C8oitcT8a .UBTI c 

JiaKOKpaCO'IHbiM IIOKpbiTHeM, H3fOT08JieHHOH H3 OTXO,lJ;08 JieCO

IIHJieHH~, npe.ncTaBJieHbi 8 Ta6JI. 11.5. 
/Jpe6eCHOcmpyJICe'mble MUmbl (JlCTI) H3fOTa8JIH8aiOT rop~'IHM 

npeCC08aHHeM OTXO,lJ;08 ,npe8eCHHbl (CTpy:>KKH) CO C8~3YIOIUHM -

MO'Ie8HHO- HJIH cPeHOJicPOPMaJib,lJ;erH,nHOH CMOJIOH. Tio cnoco6y npo

H380,lJ;CT8a paJJIH'IaiOT )lCTI IIJIOCKOfO IIpeCC08aHH~ H 3KCTpy3HOHHbie, 

Ta6nnua ll.S 
CI>H3HKO-MeXaHJ111eCKHe CBOitCTBa MacnonpODHTaHHOit )I,BII 

C JlaKOKp8CO'IIILIM DOKpldl'lleM 

HanMeHosaHne noKa3areneA 3Ha'leHHe noKa3areneA 

Tipe.nen npo'IHocrn npH H3rH6e, MTia 
Ha6yxaHHe B so.ne no ToniUHHe 3a 24 '1, % 
CreneHb cuenneHHH naKoKpacoqHoro noKpblrnH 
c runrroA, 6aroihl 
OrHeonacHoCTb (cKopocTb ropeHHH, MMIMHH) 

He MeHee 47 
He 6onee 5 
He MeHee 3 

HeorHeonacHa 
(He 6onee 20) 
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PH c. 11.6. TipHHUHnHaJihHaJI cxeMa npoH3BO.llCTBa ,[(BTI cyxHM cnoco6oM: 
1 - py6HJibH:ul MaiiiHHa; 2 - UHKJIOH; 3 - menocopTHpOBO'IH:ul YCTaHOBKa; 4 - ,lle3HHTerparop; 5 - 6YH
Kep xpaHeHHH menbl; 6- pacxo,llHhiH 6YHKep menbl; 7- nponapo'IHhiH annapaT; 8 -· pacxo,llHbie 6aKH na
paqmHa H CMOJihi; 9 - pa3MOJibH:ul ycTaHOBKa; 10 - UHKJIOH cywHJIKH nepBOH cryneHH; 11 - CywHJIKa 
BTOpOH cryneHH; 12- <l>opMHpyJOUl:ul MaiiiHHa; 13- JieHTO'IHbiH npecc npe,llBapHTeJibHOH no.unpeCCOBKH; 
14- <l>opMyJOUl:ul fOJIOBKa OT,lleJIO'IHOfO CJIOH; 15- nHJia nonepe'IHOH pe3KH; 16- nHJia npo,llOJibHOH pe3KH; 
17- • 3arpy30'IH:ul 3Ta)l(epKa; 18- npecc; 19- 3afPY30'IH:ul 3Ta)l(epKa; 20- KaMepa KOH.llHUHOHHpoBaHHH; 

21 - npo.uoJibHaJI pe3Ka; 22 - nonepe'IHaJI pe3Ka; 23- HaKonHTeJib nJIHT; 24- aBronorpy3'1HK 



r A a 8 a II. Ilepepa6omKa omxoiJo8 iJpe8eCUHbl 

T. e. noJiyqaeMbie 3KCTpy3Hen .npe8ecHocTpy:lKe'IHOH Macchi qepe3 

W.eJie8yiO fOJI08KY. )lCll 8binycKaiOT 6e3 o6JIHU08KH H OOJIHUOBaHHbiMH 

lllllOHOM H llOJIHMepHOH nJieHKOH, a TaK:lKe OKpallleHHbiMH. 3TOT 

MaTepHaJI liiHpOKO HCllOJibJyeTC~ 8 Me6eJibHOH npOMbiiiiJieHHOCTH, 

CTpOHTeJibCT8e H ,npyrHX o6JiacT~X. 

TexHoJiorH'!ecKHH npouecc npoHJ8o,ncT8a .ucn 8KJIIO'IaeT 

CJie.UyiOW.He OCH08Hbie onepauHH: HJMeJib'IeHHe OTXO.U08 ,npe8eCHHbi; 

COpTHp08KY HJMeJib'IeHHOH ,npe8eCHHbi; npHrOT08JieHHe pa6oqero 

pacT80pa CMOJibl, OT8ep,nHTeJI~ H ,no6a8oK; .U03Hp08aHHe H CMe

liiH8aHHe KOMllOHeHT08 C8~3YIOUJ.ero, rH.n;pOcP06HbiX H aHTHcen

TH'IeCKHX ,no6a80K H HJMeJib'IeHHOH ,npe8eCHHbi; cPOPMHp08aHHe 

CTpY:lKe'!Horo K08pa HJIH naKeTo8; no.nnpecc08KY (npe,n8apHTeJibHoe 

ynJioTHeHHe) cTpY:lKe'IHoro K08pa HJIH naKeTo8; npecco8aHHe nJIHT; 

COpTHp08KY H CKJia.n;Hp08aHHe llJIHT. 

Ha pHc. 11.7 noKaJaHa nJiaHHpo8Ka uexa no npoHJ8o,ncT8y 

ll~THCJIOHHbiX ,npe8eCHOCTpy:lKe'!HbiX llJIHT Cll0C060M llJIOCKOfO 

npeccoBaHAA. 

llpH H3fOT08JieHHH t(eMeHmHocmpyJICellHblX nJlUm (UCll) 

HCllOJibJyiOT ,npe8eCHyiO MyKy, KOTOpyiO C8~3bl8aiOT C llOMOUJ.biO 

ueMeHTHpyiOw.Hx HJIH c8~3bi8aiOw.Hx 8ew.ecT8. TaK HaJbi8aeMbiH 

KCHJIOJIHT npOH380,nHTC~ H3 CMeCH, co,nep:lKaUJ.eH ,npe8ecHyiO MyKy, 

MarHe3HaJibHbiH ueMeHT, ac6ecT080e 80JIOKHO H ,npyrHe KOMllOHeHTbl. 

CMeCb ,npe8eCHOH 8aTbl (npo,nyKT, 8bipa6aTbi8aeMbiH H3 X80H) C 

MarHe3HaJibHbiM ueMeHTOM H .npyrHMH 8ew.ecT8aMH HCllOJib3yiOT ~ 

H3fOT08JieHH~ cPH6pOJIHTa. UCll HCllOJib3yiOT 8 CTpOHTeJibCT8e, 8 TOM 

'IHCJie ~ H3fOTOBJieHH~ HapY:lKHbiX orpa:lK.n;aiOUJ.HX naHeJieH. 

UCll 06Jia,naiOT XOpOliiHMH TellJIO- H 38yKOH30JI~UHOHHbiMH 
C80HCT8aMH, 80.UOCTOHKH, orHeCTOHKH, MOp030CTOHKH H 6eH30CTOHKH. 

TexHOJIOrH'IeCKa~ cxeMa Hx npoHJ8o,ncT8a npe.ncTa8JieHa Ha pHc. 11.8. 
lloCKOJibKY TpaHcnopTHpo8aHHe OTXO.U08 ,npe8eCHHbl Ha 3Ha'IH

TeJibHbie paccTO~HAA Tpe6yeT 60JibliiHX JaTpaT, HX Y'fHJIHJaUAA Ha 

npe.zinpAATIDIX, y,naJieHHbiX OT MeeT o6pa308aHAA OTXO.U08, ~~eTC~ 
HepeHTa6eJibHOH. 

J1cnOJib308aHHe ,npe8eCHbiX OTXO.U08 .UOJDKHO 6biTb opraHH30BaHO 

TaM, r.ne nepepa6aThi8aeTc~ Hcxo.nHM .npe8ecHHa. ~ opraHHJaUHH 

nepepa60TKH OTXO.U08 ,npe8eCHHbl 8a:lKeH perHOHaJibHbiH no,nxo,n. 

TexHoJiorHH npoHJ8o,ncT8a paJJIH'IHbiX cTpOHTeJibHbiX MaTepHaJI08 

npe,nocTa8JI~IOT liiHpOKHe 803MO:lKHOCTH .UJI~ Y'fHJIHJaUHH OTXO.U08 

,npe8eCHHbl HMeHHO 8 MaCliiTa6e perHOH08. 
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PHC. ll. 7. llirumpoBIGl uexa DO npoHJBO.llCTBY DSITHCJIOHHhlX .upeBeCHOCTp}')Ke'IHbiX DJIHT: 
I- OT)leJieHHe no)lrOTOBKH crpyxKH; II- JaTO'IHoe oT)leJieHHe; III- CyniH.JibHoe OT)leJieHHe; IV- npHrOTOBJieHHe 

cBHJYJOI.UHX; V- na6oparopHH; VI- lllHTOBaH; VII- <PopMoBo'IHo-npeccoBoe or)leJieHHe; VIII- OT,lleJieHHe 
o6peJKH, IWIHIPoBa.HHJI H copTHpoBKH DJIHT; IX- ycTaHoBKa no,llorpeBa MaCJia; X- 6biTOBble noMellleHHH; 
1, 6, 7, JO, JJ, 12- 6YJIKepbl; 2- IIIHeKOBbiH ,llOJarop; 3, 16, 22, 23, 25, 26- KOHBeHepbl; 4- UeHTpOOe)l(}{biH 
CTaHoK; 5- MellbHHUa; 8- .llByxcryneHtiaTbiH cenaparop; 9- )lByxczyneH'IaTaH cymHliKa; 13, 14, 15- cMecHTeJIH; 

J7- cpopMHPYJOlllaH MaiiiHHa; 18, 20-- npeccbl; 19- 3arpYJO'IHaH 3Ta)l(epKa; 21- pa3rpy30'IHaSI 3Ta)l(epKa; 

24- KaMepa KOH,llHUHOHHpOBaHHH; 27- o6pe3HOH CTaHOK; 28- KaJIH6pOBaJibHO-IWIHIPoBaJibHbiH CTaHoK; 

29 - JIHHHSI COPTHPOBKH 



Puc. 11.8. TeXHoJiorwiecKrui cxe
Ma npoH3BO~CTBa ueMeHTHO

CTpYJKe'IHblX nJIHT (QCTI) 

lllnpoKoe npnMeHeHne 

HaXOMT MaTepHaJibi, H3fOTOB

JieHHbie C llpHMeHeHHeM B Ka

'!eCTBe ~ernesoro HanoJIHHTeJI~ 

.upeseCHOH M}'KH. 

JlpesecH~ MyKa, BXOM-

11.{~ B COCTaB TaKHX MaTepHa

JIOB, H3fOTaBJIHBaeTc~ MeTO.l(OM 

cyxoro HJMeJib'IeH~ OTXO.l(OB 

.upesecnHhi xsoHHbiX, JIHCTseH

HbiX nopo.u u nx cMecu. Csou

cTsa MYKH Jasuc~T oT Ka'!ecTsa 

HCXO.l(HOfO Cblpb~ H ee rpaHy

JIOMeTpH'IeCKOfO cocTasa. OT-

XO.l(bl, H.l(y:w:He Ha llpOH3BO.l(-

r A a 8 a II. llepepa6omKa omxoiJ08 iJpe8eCUHbl 

fiOLI:fOTOBKA LJ:PEBECHbiX aJXOLJ:OB. 

fiPI1fOTOBJIEHI1E U:EMEHTHO
CTPY)KEqHOPI MACChi (LJ;CM) 

3AIII1BKA LJ;CM B <l>OPMbl 

fiPELJ:BAPI1TEJibHOE TBEPLJ:EHI1E 
fiJI11T 

PA3EOPKA <l>OPM 

OTLJ:EJIKA fiJI11T LJ:EKOPATI1BHbiM 
CJIOEM 

OKO~ATEJibHOE3ATBEPLJ:EBAHI1E 

fiJII1T 

CTBO M}'KH, He .l(OJDKHbl CO.l(ep:lKaTb 6oJiee 5 % KOpbl H 3 % fHHJIH. 

flpe.usapHTeJibHOe H3MeJib'IeHHe OTXO.l(OB npOH3BO.l(HTC~ Ha 

MOJIOTKOBbiX MeJibHHUax, JaTeM H3MeJib'IeHHbiH npo.l(yKT CyniHTC~ B 

naposbiX cyrnHJibHbiX annapaTax H sHOBb noc-rynaeT Ha HJMeJib'IeHHe 

.uo Heo6xo.uuMoro paJMepa. CenapauuiO npo.uyKTos paJMOJia nposo.u~T 

.LlBYM51 cnoco6aMH: npoceBOM Ha CHTOBbiX MalllHHax H BOJ.l(ylllHOH 

cenapauueu. 

JlpeseCHyiO MYKY ucnoJibJyiOT, HanpuMep, s Ka'IecTse HanoJIHHTe

AA noJIHMepHbiX KoMnoJHUHH. TaK, HJ nonunponHJieHa, HanonHeHHoro 

.upesecHoH MYKOH, HJroTaBJmsaiOT JZucmo«ou f/JopMyrow,uuCR o6JZu
t(060~tHblU MamepUOJZ "«yiJcmOK ", lllHpOKO npHMeH~eMbiH B 3apy-

6e:lKHOM H OTe'!eCTBeHHOM aBTOM06HJieCTpOeHHH. JlHCThl, CO.l(ep:lKali.{He 

.uo 50 % .upesecHOH MYKH, nonyqaiOT Ha .usyxrnHeKOBbiX 3KCTpy.uepax, 

cHa6:lKeHHbiX ycTpoi1:cTsaMH ~ .ueraJauuu. Hau6onee qacTo nepe

pa6oTKY JIHCTOBOfO MaTepua.rra, HallOJIHeHHOro .upeseCHOH MyKOH, 

npOBO.IUIT lllTaMllOBKOH, KOTOp~ MO:lKeT 6hiTb BblllOJIHeHa Ha sepTH

Ka.rrbHbiX rH.l(paBJIH'!ecKHx HJIH MexaHH'!ecKHx npeccax. JiucTbi nepe.u 

cPOpMOBaHHeM Ha lllTaMne HarpesaiOT .l(O 180-190 •c. 
11:3 "sy.l(CTOKa" H3fOTaBJIHBaiOT BHyTpeHHHe naHeJIH .l(BepeH 
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Ilepepa6omKa npoMI>lUJJU!HHblX omxoiJoB 

a8TOM06HJUI, 33,[{HHe CTeHKH CllHHOK CH,ll.eHHH, naHeJIH 6araJKHHKa H 

,npyrHe ,neTaJIH 06JIHU08KH. llpHMeH~eTC~ TaKOH MaTepHaJI H 8 

CTpOHTeJibCT8e. llpH'IHHOH lliHpOKOrO HCllOJib308aHH~ "8y,LJ;CTOKa" 

~BJUieTC~ HH3K~ CTOHMOCTb HCXO,LJ;HOro Cblpb~ (noJIHllpOllHJieHa H 

,npe8eCHOH MYKH) 8 CO'IeTaHHH C XOpOlllHMH TeXHOJIOrH'IeCKHMH 

(cPOPMYeMOCTb) H cPH3HKO-MeXaHH'IeCKHMH C80HCT8aMH. K.aK 8H,li.HO 

H3 Ta6JI. 11.6, MaTepHaJI o6Jia,naeT 8biCOKOH npO'IHOCTbiO, Ten

JIOCTOHKOCTbiO, HH3KHM K03cPcPHUHeHTOM JIHHeHHOro TellJI080ro 

paclllHpeHH~ H .npyrHMH Heo6xo,nHM.biMH C80HCT8aMH. OH 8bl,nep

)1(1{8aeT 6e3 H3MeHeHH~ ,nJIHTeJibHOe 803,LJ;eHCT8He TeMnepaTYP OT -20 
.no 140 ·c u Tep~eT :lKecTKOCTb JIHlllb npu 160 ·c, HeorHeonaceH, 

ycTOH'IH8 K ,neHCT8HIO opraHH'IeCKHX paCT80pHTeJieH. 

T a 6 JI H u a 11.6 
CpBBHHTeJibHhle cj)HlHKO-Mex8HH'IecKHe caoitCTBa 
aanoJDteHHoro .!Q)eaecaoit MYJ(Oit noJIHnponHJieHa 

llonHnponH-
HaHMeHOBaHHe llonHnpo- ABC-nnaCTHK neH +50% 
noKll3arene~ mrneH .apeBeCHO~ 

MYKH 

TIJIOTHOCTb, Kr/M3 900-910 1050 1100 
Tipo'IHOCTb npH paCTH- 0,25-0,30 0,30-0,40 0,25 
)l(eHHH, MTia 
Mo.nyJib ynpyrocm npu 0,014 0,02 0,01 
pacnDKeHHH, MTia 
OrHocuTeJibHoe YJlJIHHe- 30 10 2 
HHe,% 
Tipo'IHoCTb npu crnm- - 0,85 0,44 
qecKoM H3ru6e, MTia 
Y ,aapHaH BSI3KOCTb no 3,3-8,0 20 3,40 
J13o.Uy C Ha,Upe30M,. K)],)l(jM2 

Tsep.uocTb no PoKBeJIJiy 78 70-90 96 
HRB 
TennocroH:KocTb no 95-110 102-110 155 
BHKa, "C 
Ko3cp<lmuueHT JIHHeii:Horo 110 90-110 28 
Tennosoro pacmupeHHH, 
10-6, 1/"C 
Y ca,UKa nocne cpopMosa- 1,7 0,4-0,9 0,70 
HHH, % 
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r A a 8 a II. Ilepepa6omKa omxoiJ08 iJpeBeCUHbl 

11. 4. HcnoJZb3oBaHue onwzoK 

OnHJIKH, cocTa8mnomue JHa'IHTeJibHoe KQJIH'IecT8o oTxo.uo8 

JiecomrneHH~ H .uepe8oo6pa6oTKH, HCllOJib3YIOTC~ 8 Ka'IeCT8e Cbipb~ 

.l(Jl~ H3fOTOBJieHH~ pa3JIH'IHbiX CTpOHTeJibHbiX MaTepHaJI08, a TaiOKe 8 

TeXHOJIOfH'IeCKHX UeAAX. 

HanpHMep, H3 HHX H3roTaBJIH8aiOT .upe8ecHoonHJio'IHbie nJIHTbi 

()lQfl), HCllOJib3yeMbie 8 npoH380.l(CT8e llOJI08 H .l(Jl~ OT.l(eJIKH CTeH. 

Texnpouecc COCTOHT H3 CJie.l(yiOIUHX CTa.l(HH: 

D npoceH8aHH~ H cyiiiKH OllHJIOK; 

D CMeiiiH8aHH~ OllHJIOK CO CMOJIOH 8 CMeCHTeJie nepHO.l(H'IeCKOfO 

HJIH Henpepbi8Horo .l(eHCT8H~; 

o npecco8aiDI~ npu 160-170 oc u .uaBJieHHH 2,0-2,5 Mna 8 

Te'!eHHe 30 C Ha 1 MM TOJIIUHHbi UJIHTbi. 

D 8biJie)I(I(H 8 Te'!eHHe 5 CY'f .l(AA C~TH~ 8HyTpeHHHX Hanp.SDKeHHH 

H yca.l(KH. 

C npHMeHeHHeM .upe8eCHbiX OllHJIOK H3roTaBJIH8aiOT TbipCOJIHT, 

8H6pOJIHT, napKeJIHT, TepMonopHT H .upyrHe CTpOHTeJibHbie MaTepHaJibi. 

B cocTa8 3THX MaTepuano8 noMHMo onHJioK 8XO.Ll~T pa3JIH'IHbie 

C8~3YIOIUHe H HeKOTOpbie .upyrHe cneUHaJibHbie KOMllOHeHTbl (aHTH

cenTHKH, aHTHnupeHbi H .up.). YcJI08H~ npecco8aHH~ 3THX MaTepuano8 

Ja8Hcm oT THna npHMeH~eMoro C8~3YIOIUero. 

11CllOJib3YJOT OllHJIKH H .l(AA H3fOTOBJieH~ pa3JIH'IHbiX 8H.l(08 6eTO

H08: ap6oJIHTa, onHJIKo6eToHa, .uepe8o6eToHa, runcoonHJio'!Horo 6eTo

Ha H TepMH3a. 

Ap6oJIHT oTHocHTC~ K rpynne JierKHX 6eToHo8. B KaqecT8e 8~:x<y

mero Moryr 6biTb ucnoJib3o8aHbi nopTJiaH.l(ueMeHT H rune. TexHo

JioruqecKHH npouecc H3fOTOBJieHH~ ap6oJIHTa COCTOHT H3 CJie.l(yiOIUHX 

onepauuii:: 3aMa'IH8aHH~ OllHJIOK 8 8aHHe C 80.l(OH C UeJiblO Y.UaJieHH~ 

80.l(OpaCT80pHMbLX 8eiUeCT8; CMeiiiH8aHH~ 8 6eTOHOMelllaJIKe C 80.l(OH, 

8~:x<yiUHMH H cneuHaJibHbiMH .uo6a8KaMH; yKJia.l(KH cMecu 8 Q>opMbr; 

ynJIOTHeHH~; 8bi.l(ep:lKKH 8 Q>opMaX (8 3a8HCHMOCTH OT MapKH H3.l(eJIH~ 
- 5 cyT npH 20 ·c HJIH 1 cyT npH 40 "C npH 8Jia:lKHOCTH 803.l(yXa 

75 %). 
0nHJIKo6eToH npe.ucTa8JI~eT co6oi1: KOHCTPYKUHOHHO-H30JI~

UHOHHbiH 6eTOH, 8 KOTOpoM OllHJIKH H necoK HCllOJib3YJOTC~ 8 Ka'!eCT8e 
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Ilepepa6omKa npoMbiUJAeHHblX omxoiJoB 

JanoJIHHTeilll, ueMeHT H HJBeCTb - B Ka'!eCTBe BIDKYJ.Uero. TexHOJIOfH.sl 

H3fOTOBJieHH.sJ OllHJIK06eTOHa COCTOHT B nepeMelllHBaHHH necKa 11 

B.sJ:lKyUJ.ero, .no6aBJieHHH K CMeCH OllHJIOK, nepeMelllHBaHHH H .LJ;0-

6aBJieHHH K cyxoi1: CMeCH BO.LJ;bi. llepeMelllHBaHHe ocyw.ecTBJI.sJeTC.sJ B 

6eTOHOMelllaJIKe. 

)lepeso6eTOH OT OllHJIK06eTOHa OTJIH'!aeTC.sJ HCllOJib30BaHHeM B 

CMeCH MeJIK03epHHCTOf0 rpaBH.sJ. 

fHllCOOllHJIO'IHbiH 6eTOH H3fOTaBJIHBaiOT H3 CTpOHTeJibHOfO 

runca, onHJIOK H cTpy:lKKH. B Ta6JI. 11.7 npuse.neHhi csoucTsa 

runcoonHJio'!HhiX 6JIOKOB. 

TepMHJ, ucnoJihJyeMhiH B KaqecTBe TenJIOHJOJI.sJUHOHHoro 

MaTepHaJia .LJ;Jl.sJ yrenJieHH.sJ CTeH H KpOBJIH, npOH3BO~T H3 rarneHOH 

Ta6n11ua 11.7 
CJ>H3HKO-MeXaHH'IeCKHe CBOiiCTBa I'HDCOODHJIO'IJILIX 6JIOKOB 

3Ha'leHHe nOKll3aTeJiefi npH nJIOTHOCTH, KT/M3 

HaHMeHoaaHHe 
noKll3areneil: 650 700 800 

llpo'IHOCTb npH C)l(aTHH, 2,0 2,5 3,4 
Mna 
TennonpOBO.UHoCTb, 0,25 0,26 0,28 
BTI(M"K) 

BJia)I(HoCTb, % < 25 < 25 < 25 
Mopo3ocToii:KoCTh np11 ne- > 15 > 15 > 15 
pexo.ue qepe3 0 ·c, UHKJibi 

HJsecTH, onHJIOK, ueMeHTa H cyrJIHHKa. TexHoJiorH.sJ HJroToBJieHH.sJ 

TepMHJa COCTOHT B CMellleHHH B Te'!eHHe 3-4 MHH rarneHOH HJBeCTH 

B BH.LJ;e TecTa C UeMeHTOM H HJMeJib'IeHHbiM cyrJIHHKOM BJia:lKHOCTbiO 

3-4 %, .no6aBJieHHH B CMeCb yBJia:lKHeHHbiX .LJ;O 120-150% OllHJIOK H 

.LJ;aJibHeHllleM nepeMelllHBaHHH BCeH KOMll03HUHH. 
EJiaro.nap.s~ BbiCOKOH norJiow.aiOw.eu cnoco6HocTH H HH3-

KOH CTOHMOCTH OllHJIKH HCllOJib3YIOTC.ll .LJ;Jl.ll H3fOTOBJieHIDI llO.LJ;

CTHJIOK Ha :lKHBOTHOBO.LJ;'!eCKHX cl>epMaX, B co6a'!bHX KOHypax, .LJ;Jl.sJ 

speMeHHoro noKpbiTIDI noJIOB npoMhilllJleHHhiX H TpaHcnopTHhiX npe.n

npiDITHH, pbiHKOB H CKJia,z:{OB. llpe.nno'ITHTeJibHee npHMeHeHHe .LJ;JI.sJ 

3THX ueJiei1: cyxux onHJIOK. KpoMe Toro, onHJIKH ucnoJihJyiOT B 
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F A a 8 a 11. flepepa60m/Ca OmxOiJ08 iJpe8eCUHbl 

KaqecT8e MyJib'IHpyK>w.ero MaTepmUia 8 ca,uo8o.ncT8e H oropo.nHH'IeCT8e 

D.JI~ npe.nynpe:>KJJ:eH~ pa38HTH~ copHbiX Tpa8. 

A6pa3H8Hbie C80HCT8a onHJIOK ,neJiaiOT HX noJie3HbiMH ,nJIR 

O'IHCTKH nOJI08 npOH380,LJ;CT8eHHbiX H 06UJ.eCT8eHHbiX noMeUJ.eHHH, 

npH OKpacKe, nOJIHp08Ke H 'IHCTKe MeX08biX H K08p08biX H3,neJIHH, 

npH OT,neJIKe MeTaJIJI08 B Ka'leCT8e 'IHCTRUJ.ero H IIIJIH<IJYIOUJ.ero Ma

TepHaJia, npH OUJ.Hnbi8aHHH nTHUbi, 8 npOH380,LJ;CT8e MbiJia H Kap6o

pyH,na. 

11cnOJib3yK>T OnHJIKH H 8 Ka'!eCT8e O'!eHb ,neiiieBOro HanoJIHHTeJI~ 

npH H3fOTOBJieHHH nJiaCTMaCC08biX H rJIHH~HbiX H3,LJ;eJIHH, 8 '!aCTHOCTH 

~ H3fOTOBJieH~ nopHCTOfO KHpnH'Ia H qepenHUbi, a TaiOKe 8 npOH3-

BO,LJ;CT8e Hepa3Mbi8aeMbiX CbipU08biX rJIHH. KpoMe Toro, HX npH

MeH~IOT H 8 Ka'!eCT8e 3anOJIHHTeJI~ nyCTOT npH ynaK08Ke CTeKJI~HHbiX 

H Q>apQ>opo8biX HJ,neJIHH, KOHcep8o8. CyxHe onHJIKH npHMeH~IOT KaK 

H30JIHPYIOUJ.HH MaTepHaJI 8 CTpOHTeJibCT8e 3,naHHH JierKOfO THna. 

11. 5. XUMul{ecKaR mexHo!locUR nepepa6omKu 

Ope6eCHblX omx0006 

llpH nepepa60TKe OTXO,LJ;08 ,npe8eCHHbl MeTo,naMH JieCOXH

MH'IeCKOH TeXHOJIOrHH noJiyqaiOT TaKHe 8a:lKHeHIIIHe npo,nyKTbi, KaK 

,npe8eCHbiH yrOJib, YKCyCHyiO KHCJIOTy, CKHnH,llap, KaHHQ>OJib, ,ny-

6HJibHbie 8ew.ecT8a H ,np. 

fH,llpOJIH3Ha~ npOMbiiiiJieHHOCTb IIIHpOKO HCnOJib3yeT OTXO,LJ;bl 

,npe8eCHHbi M~ npOH380,LJ;CT8a KOpM08biX ,npo)l()l(eH, 3THJI080f0 CnHpTa, 

rJIIOK03bi, KCHJIHTa, Q>ypQ>ypoJia, opraHH'IeCKHX KHCJIOT H ,npyrHX 

npo,nyKT08. 

[H,llpOJIH30M ,npe8eCHHbi Ha3bi8aiOT npouecc 83aHMO,neHCT8H~ 

nOJIHcaxapH,ll08, ~~IOUJ.HXC~ O,LJ;HHM H3 OCH08HbiX KOMnOHeHT08 

,npe8eCHHbi, C 80,LJ;OH 8 npHCYTCT8HH KaTaJIH3aTOp08, 8 pe3yJibTaTe 

KOToporo noJIHcaxapH,llbi pacna,uaiOTc~, o6pa3y~ MOHocaxapH,llbi. 

lloJiyqaiDW.Hec~ npH rH,llpoJIH3e .npe8eCHbiX oTXo,no8 caxapa MOfYT 

6biTb 8bi,neJieHbi 8 KpHCTaJIJIH'IeCKOM 8H,lle, HO 8 60JiblliHHCT8e CJiyqae8 

OHH no,n8epraiOTC~ ,LJ;aJibHeHIIIeH 6HOXHMH'IeCKOH HJIH XHMH'IeCKOH 

nepepa60TKe. DHOXHMH'IeCKHe MeTO,LJ;bi nepepa60TKH MOHOCaxapH,n08 

OCH08aHbl Ha HCnOJib308aHHH pa3JIH'IHbiX MHKpoopraHH3M08 

(,npO)I()I(eH, ,npo)l()l(eno,no6HbiX rpH6K08), KOTOpbie 8 pe3yJibTaTe C80eH 

:lKH3He,ne~TeJibHOCTH npe8paw.aiDT MOHocaxapH,nbi 8 paJJIH'IHbie 
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Ilepepa6omKa npoMbiUJJJeHHblX omxoiJoB 

UeHHble npO.LcyKTbl (3THJIOBbiH cnHpT, 6eJIKOBble Bell.{eCTBa, yKcyCHyiD 

KHCJIOTY, rJIIOK03Y H .up.). 

llpH XHMH'IeCKOH nepepa60TKe .upeBeCHbiX OTXO.l(OB noJiyqaiOT 

cPYPcPYPOJI, ~BJI~IOW:HHC~ CblpbeM .l(Jl~ noJiyqeHH~ CHHTeTH'IeCKHX 

CMOJI, nJiaCTMacc, JieKapCTBeHHbiX npenapaTOB H .l(p. 

B JaBHCHMOCTH oT cKopocTu rH.l(poJIHJa noJiucaxapH.Uhi pacTH

TeJihHOH TKaHH ycJIOBHO no.upaJ.ueJI~IOT Ha JierKo- u TPY.UHOrH.l(

poJiuJyeMbie. BoJiblllOe BJIH~HHe Ha cKopocTb npouecca oKaJbiBaeT 

CTeneHb H3MeJib'IeHH~ .upeBeCHHbl. qeM MeHbllle '!aCTHUbl, TeM rJiy6:lKe 

H 6biCTpee H.l(eT rH.l(pOJIH3. Hau6oJiee npuro.uHhi ~ rH.l(poJiuJa OTXO.l(bi 

.upeBeCHHbl B BH.l(e onHJIOK, B KOTOpble .l(06aBJI~eTC~ TeXHOJIOfH'IeCK~ 

w:ena. 

B Ka'!eCTBe OCHOBHOfO Cblpb~ Ha fH.l(pOJIH3HbiX JaBO.l(aX HC

nOJib3yiDT .upesecuHy JIHCTBeHHbiX nopo.u. lllupoKoe pacnpocTpaHeHHe 

nOJiytiHJIH KOMnJieKCHble MeTO.l(bl XHMH'IeCKOH nepepa60TKH .upe

BeCHHbl, B KOTOpbiX COBMell.{eHbl peaKUHH rH.l(pOJIH3a, paCTBopeHH~ 

JIHfHHHa (BTOporo 3Ha'IHTeJibHOfO KOMnoHeHTa .upeBeCHHbi) H no

JiytieHH~ UeJIJIIOJI03bl. llpHMepOM TaKOH CXeMbl MO:lKeT 6biTb npo

H3BO.l(CTBO cyJibcPHTHOH ueJIJIIOJI03bl H3 ~CeHeBOH, 6yKOBOH, OCHHOBOH 

HJIH 6epe30BOH .upeseCHHbl. 

Bo spe~ sapKH menbr paJHoro paJMepa cHa'IaJia npespamaeTc~ 

B ueJIJIIOJioJy MeJIKM mena, a npu .uosapKe KpynHoii menbr npoucxo.uHT 

JHa'IHTeJibHoe paJpyweHue ueJIJIIOJI03bi, o6pa3osasweii:c51 H3 MeJIKoii 

ll(enbl. llo3TOMY npH npOH3BO.l(CTBe UeJIJIIOJI03bl O'IeHb Ba:lKHO HMeTb 

o.uHopo.uHYIO meny onpe.ueJieHHbiX paJMepos. Topuosbre cpeJbi menhr 

.l(OJI:lKHbl 6biTb rJia.l(KHMH H pacnoJIO:lKeHbl no.u onpe.l(eJieHHbiM yrJIOM 

.UJI~ o6ecne'!eHH~ pasHoMepHoro u 6biCTporo npoHHKHOBeHu~ sa

po'!Horo pacTsopa s meny no seeM HanpasJieHH~M. 

B JasucuMOCTH oT Tuna sapoqHoro pacTsopa, T. e. oT npuMeH~e

MbiX peareHTOB, npoMbilllJieHHbre cnoco6br noJiyqeHH~ He6eJieHoii 

TeXHH'IeCKOH ueJIJIIOJI03bl pa3.l(eJI~IOT Ha TpH rpynnbi: KHCJIOTHbie, ll(e

JIO'!Hble H KOM6HHHpOBaHHbie. 

llpu CYJibcPHTHOM cnoco6e XHMH'IeCKa~ nepepa6oTKa OTXO.l(OB 

.upeBeCHHbl npOH3BO.l(HTC~ npH nOBbillleHHOH TeMnepaType C npH

MeHeHHeM B Ka'!eCTBe sapO'IHOfO paCTBOpa cepHHCTOH KHCJIOTbl H 

ee coJieii:. CyJihcPHTHyiO ueJIJIIOJIOJY noJiyqaiOT H3 MaJIOCMOJIHCTOH 

xsoii:Hoii (eJib, nuXTa) u JIHCTBeHHOH (6epe3a, ocuHa, 6yK u .up.) 

.upesecuHbi. 
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F .11 a 8 a 11. IJepepa6omKa omxo008 opeoeCUHbl 

Pa3JUfqaiOT qeTbipe ocHOBHhiX su.ua cyJih<!>HTHOH ueJIJIIOJI03bi: 

He6eJieHyiO, 6eJieHyiO, 6eJieHYIO o6JiaropolKeHHYIO H pacTBOPHMYIO. 

He6eJieHYIO ueJIJIIOJI03Y BhmycKaiOT Tpex MapoK H npHMeiDIIOT 

.l(JISI Bbipa60TKH 6yMar BbiCOKOH npoqHOCTH, nucqetf, ra3eTHOH, 

THnorpa<!>cKOH, CTOHKOH o6JIOlKeqHOH 6yMam, pa3JIHqHbiX BH,UOB 

KapToHa H .up. Bhixo.u He6eJieHotf ueJIJIIOJI03bi H3 .upesecHHbi cocTaB

AAeT 44-56 %, a npu cTYneHqaTOtf sapKe .uoxo.UHT .uo 70 %. 
EeJieHaR ueJIJIIOJio3a npHMeHReTcR B npoH3BO.UCTBe BhicoKo

npoqHou THnorpa<PcKOH, TOHKOH, CBeToqyBCTBHTeJibHOH, ·qepTe)l(

HOH, KapTorpaq,uqecKotf ".upyrux BH.UoB 6yMaru. 

oeJieHYIO 06JiaropolKeHHYIO Ue.JIJIIOJI03Y HCnOJib3YJOT JlAA Bbipa6oTKH 

nepraMeHTa, <Pu6pbi, <!>HJihTpOBaJihHOH, TYaJieTHOH H .upymx 6)'Mar. 

PacTBOpHMM ueJIJIIOJio3a npHMeHSieTcSI MR Bbipa6oTKH BHCK03hi 

H lliTaneJibHOfO BOJIOKHa. 

EucyJih<!>HTHYIO ueJIJIIOJI03Y noJiyqaiOT npu o.uHocTyneHqaTotf 

cyJih<!>HTHOH BapKe C npHMeHeHHeM pacTBOpa 6HcyJih<!>HTa MafHHSI 

HJIH HaTpHSI. Bhixo.u 6ucyJih<!>HTHotf ueJIJIIOJI03bi " ee csotfcTsa Bhirne, 

qeM y cyJih<!>HTHOH. 

flpH cyJih<!>aTHOM cnoco6e ueJIJIIOJI03Y BapSIT B CMeCH BO.l(HbiX 

pacTBOpOB e,UKOfO HaTpa C cepHHCTbiM HaTpHeM. 

OoJiyqaeMM 3THM cnoco6oM ueJIJIIOJio3a o6Jia.uaeT BbicoKotf npoq

HOCTbiO H npHMeHSieTCSI .l(JISI npOH3BO.l(CTBa TeXHHqecKHX 6yMar, 

KapTOHa, H30AAUHOHHOH H Kpa<!>T-6yMarH, a TaKlKe .l(JISI H3fOTOBJieHHSI 

BHCK03HbiX BOJIOKOH. )l,OCTOHHCTBOM CYJib<!>aTHOfO MeTO,Ua npOH3-

BO.l(CTBa UeJIJIIOJI03bl SIBJISieTCSI B03MOlKHOCTb HCnOJib30BaHHSI JII06biX 

,UpeBeCHbiX OTXO.l(OB. 

11. 6. ,l/,pyzue MemoObl nepepa6omKU Ope6eC1tblX omX0006 

HapMy c paccMoTpeHHhiMH MeTo.uaMH nepepa6oTKH .upesecHbiX 

OTXO.l(OB, HMeiOIUHMH lliHpOKOe npOMbilliJieHHOe pacnpocTpaHeHHe H 

60JiblliOe caMOCTOSITeJibHOe 3HaqeHHe, HCnOJib3YIOTCSI H MeHee 

pacnpocTpaHeHHbie, HO TaKlKe 3KOHOMuqecKH ueJiecoo6pa3Hbie 

cnoco6bi YTHJIH3auuu oTxo.uos .uepesoo6pa6oTKH. 

llpou3eoiJcmeo iJy6WlbHbtX eew,ecmn. PacTHTeJibHbie .uy6HJibHbie 

BeiUeCTBa, HOCSIIUHe Ha3BaHHe TaHHH,UOB, lliHpOKO HCnOJib3YIOTCSI npH 

BbUJ:eJIKe KOlK. 3KcTpaKT TaKHX BeiUeCTB, H3BJieKaeMbiH H3 KOpbi 

.uepeBbeB, Heo6paTHMO nomomaeTcSI KolKetf " npH,UaeT eu BbiCOKYIO 

H3HOCOCTOHKOCTb H BO,UOHenpOHHUaeMOCTb. 
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Haw6oJiblliYIO ueHHOCTb rom rrpoH3BO.UCTBa HMeeT Kopa eJIH w 

JIHCTBeHHHUhi, co.ueplKalllaH He MeHee 8 % TaHHHJlOB. BJialKHOCTb KOpbi, 

HCIIOJib3yeMOH rrpH IIpOH3BO,UCTBe ,Uy6HJibHbiX BemecTB, He .l(OJilKHa 

rrpeBbilllaTb 19 %. OocTaBKa KOpbi rroTpe6wTeJIIO rrpoH3BO.UHTCSI B 

KpbiTbiX KOHTeHHepaX, aBTOM06HJISIX-IIleiiOB03aX, KpbiTbiX BaroHax, 

qTo6bi He IIO,UBepraTb ee BO BpeMSI TpaHCIIOpTHpOBKH B03,UeHCTBHIO 

BJiarw, TaK KaK· so.ua 3KcTparwpyeT H3 KOpbi .uy6HJibHble semecTBa. 

OpoH3BO.UCTBO .uy6HJibHbiX semecTB H3 KOpbi ocymecTBJISieTcSI 

cJie.UYIOIIlHM o6pa3oM. Kopa H3MeJibqaeTcSI, a 3aTeM BbicylliHBaeTcSI B 

cyrnHJIKax pa3JllfqHbiX THIIOB rrpw TeMrrepazype .uo 300 ·c. BhlcyrneHHaH 

H H3MeJibqeHHaH KOpa B BH,Ue qacTHU pa3MepOM 2-3 MM IIO,UaeTCSI B 

crreuwaJihHbie arrrrapaTbi-.uw<P<PY30pbi, r.ue .uy6HJibHbie semecTsa 

3KCTparHpyiOTCSI BO.l(OH. 3aTeM IIOJiyqeHHbiH BO,UHbiH pacTBOp 

.uy6HJibHbiX BellleCTB <!>HJibTpyeTCSI C UeJibiO oqHcTKH OT IIOCTOpOHHHX 

TBep,UbiX qacTHU H B crreUHaJibHbiX arrrrapaTaX yrrapHBaeTCSI .l(O He

o6XO,UHMOH KOHUeHTpauHH (BIIJIOTb, ecJIH 3TO He06XO,UHMO, .l(O 

rracT006pa3HOf0 HJIH ,UalKe TBep,UOfO COCTOSIHHSI). 

llpou3BoiJcmBo iJezm.R. Kopy 6epe3bl wcrroJib3YIOT .l(JISI rroJiyqeHHSI 

.uerrSI. BepecTa cHHMaeTcSI co cBelKecpy6JieHHbiX .uepeBbeB, a HHor.ua w c 

BaJielKHHKa w .upos. BbiXO.U .uerrSI cocTaBJISieT 27-30 % oT Macchi 

rrepepa6oTaHHOH 6epecTbi. Ero rrpwMeHSIIOT MR H3roToBJieHHSI .ue-

3HH<l>HUHPYIOIIlHX cpe,UCTB, .l(JISI lKHpOBKH KOlK ( C ueJibiO IIpH,UaHHSI 

HM BO.l(OOTTaJIKHBaiOIIlHX CBOHCTB), .l(JISI CMa3KH lliOpHO-ce,UeJibHbiX 

H3,UeJIHH, ,UJISI IIpOH3BO,UCTBa HeKOTOpbiX CMaJoqHbiX MaTepHaJIOB 

H ,UalKe TOIIJIHBa .l(JISI ,UBHraTeJieH. 

lJpOU3800Cm8o iJpe8eCH020 y21l1l. J.-:13 OTXO,UOB ,UpeBeCHHbl IIOJiyqaiOT 

.upesecHbiH yroJib. Haw6oJiee 3KOHOMHqHo rreqHoe yme)IQI(eHHe, HO 

HHor.ua B6JIH3H JiecoceK see eme rrpoH3BO.USIT .upesecHbiH yroJib IIYTeM 

ClKHraHHSI OTXO,UOB B Kyqe. BbiXO.l( yrAA COCTaBAAeT 60-65% (o6oeMH.) 

H3 IIOJiycyxHX XBOHHbiX OTXO,UOB H 40-45 % (o6oeMH.) H3 CblpbiX 

6epe30BbiX OTXO,UOB. 

fleqH .l(JISI yrJie)IQI(eHHSI MOfYT 6biTb CTaUHOHapHbiMH H rrepe.u

BHlKHbiMH. OocJie.UHHe wcrroJib3YIOTcSI MR rrpoH3BO.UCTBa yrJIR, Kor.ua 

KOJIHqecTBO o6pa3yiOIIlHXCSI OTXO,UOB B ,UaHHOM MeCTe HeBeJIHKO. 

XapaKTepwcTHKH pa6oTbi cTauwoHapHbiX ymeBhllKHraTeJibHbiX 

ycTaHOBOK IIpHBe,UeHbl B Ta6JI. 11.8. 
HcnoAb3oBaHue iJpeBecnou 3eAenu. )l,pesecHaSI 3eJieHb (BeTKH, 

XBOSI, JIHCTbR) oT.ueJISieTcSI oT .uepesa eme Ha JiecoceKe w He rrorra.uaeT 

Ha JieCOIIHJieHHe H ,Uepesoo6pa60TKy. 0Ha SIBJISieTCSI CblpbeM ,UJISI 
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f A a 6 a JJ. IJepepa6omKa omxo006 Ope6eCUHbl 

T a 6 JI H u a 11.8 
IloKa3aTeJIH pa6on.1 yrneBI>DKHraTem.HLIX ne'leit (,!J,JIJI 6epe3oBbiX oTXo.noa) 

HaHMeHoBaHHe lle'lb fpYM- lle'lb BepTHKaJibHaJI Henpepb!B-

noKaJareneR fp:lKHMaitrto KoJJioBa HO,lleil:CTBYJOIUaJI ne'lb 

KoJIH'IecTBo nepepa- 76-100 105-126 256 
6aTbJBaeMo:i:l: .npeaecH-
Hbi,M3/cyr 
Bwcoa, ~ez/M3: 

YfJlH 110 132 93 
CMOJibl 22 23,5 37-43 
KHCJlOTbl 15-19 20-26 16-18 

Co.nepxaHHe yrnepo,lla 74 73-78 90-:-95 
Byrne,% 

rrpoH3BO.l(CTBa XBOHHO-COJUIHOfO neqe6HOfO 3KCTpaKTa ( C ,no6aBJieHHeM 

ITOBapeHHOH COJIH), XBOHHOfO HaT)'paJibHOfO 3KCTpaKTa, XBOHHbiX 

3qmpHbiX MaceJI, BHTaMHHHOH MyKH (c BbiCOKHM CO,UepxaHHeM 

KapOTHHa, MHKp03JieMeHTOB H ,UpyrHX 6HOJIOfHqecKH aKTHBHbiX 

semecTB), xsot:i:Hotf xnopoqmnno-KapOTHHOBOH rracTbi, HaTypanbHoro 

KJieTO'IHOfO COKa, BeTO'IHOfO KOpMa, ,UpeBeCHOfO CHJIOca H ,UpyrHX 

semecTB, HMeiOmwx rrpaKTwqecKYIO ueHHOCTb B KaqecTBe neKapcT

aeHHbiX rrperrapaTOB H KOpMa .l(JIR )I{HBOTHbiX. 

IIpou3BoiJcmBo moMuBHblX 6pwcemoB. C ueJibiO wcrronb3oaaHHR 

,UpeaecHbiX OTXO.l(OB B KaqecTBe TOIIJIHBa rrpHMeHRIOT 6pHKeTHpOBaHHe, 

KOTOpoe yJiyqrnaeT TpaHCITOpTa6eJibHOCTb H rrpw.uaeT MeJIKHM OTXO,UaM 

6onee y.uo6HbiH .l(JIR ITpHMeHeHHR BH.l(. 

BpwKeTwpoaaHHe B03MO}I(HO rrpw JII06otf Ha'laJihHOH TeMrrepaTYPe 

OTXO.l(OB, HO C ITOBbillieHHeM TeMrrepaTypbl B03pacTaeT ITpO'IHOCTb 

6pHKeTOB. flpH ITOBblllieHHH TeMrrepaTYPbi OTXO,UOB MOXHO CHH3HTb 

y.ueJibHOe .uasneHwe rrpeccoaaHHR, He yMeHblliaR rrpw 3TOM wx 

rrpoqHocTh. TexHonorwqecKHtf rrpouecc 6pwKeTwpoaaHHR .upesecHhiX 

OTXO.l(OB COCTOHT H3 CJie,UyiOIUHX ITOCJie,UOBaTeJibHbiX orrepauwtf: 

H3MeJib'leHHR, copTHpOBKH, cyrnKH H rrpeccOBaHHR. )l,JIR rrpeccoBaHHR 

HCITOJib3YIOT fH.UpaBJIH'IeCKHe rrpeccbl C HOMHHaJibHbiM ycHJIHeM 

rryaHcoHa 30-100 T. B o6meM sw.ue TexHonorwqecKaR cxeMa 

rrpOH3BO.l(CTBa 6pHKeTOB 113 KOpbl H MeJIKHX OTXO.l(OB ,UpeBeCHHbl 

rrpe.ucTaaneHa Ha pwc. 11.9. 0TXO.Ubi TpaHcrropTepoM 1 rro.uaiOTcR B 
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IJepepa6omKa npOMbiUJ./IeHHbiX 01nX0008 

G 1 8 I ID 

PHc. 11.9. TexuonorwieCKaJI cxeMa rrpoH3BO.IlcTBa TOilJIHBHbiX 6pHKeToB 

npOMe)l(yTO'IHbiH 6yuKep C ,U03aTOpOM 2 H .uanee IlOCTynaJOT B H3-

MeJib'IHTeJib 3. H3MeJib'leHHbie OTXO.Ubi TpaucrropTepoM 4 rrepeMe

~aJOTC.ll B cyiiiHJIKY 5, OTKy,Ua ITO TpaHCIIOpTepy 6 CCbiiTaJOTC.ll B 

6yuKep 7 H .uartee c rroMO~bJO rrwTaTeJI.ll 8 rrorra.uaiOT B rrpecc 9. 
CrrpeccosauHbie 6pHKeTbi TpaucrropTepoM 10 rro.uaiOTC.ll Ha cKna.u 

rOTOBOH rrpo.uyKUHH. OcuOBHbie CBOHCTBa 6pwKeTOB rrpHse.ueubi B 

Ta6n. 11.9. 
CsoiicTBa 6pHKeTOB 3aBHCSIT OT HX otTheMHOH MaCChi H BJiruKHOCTH. 

Bo.uocToiiKoCTb 6pwKeToB, orrpe.ueJISieMaSI rrpo.uoJI)I(HTeJibHOCTbiO 

Bbi,Uep}I(KH .UO ITOJIHOrO pa3pyrneHHSI norpy}l(eHHbiX B BO.Uy 6pHKeTOB, 

COCTaBJISieT OT 60 ,UO 260 C. 

HawJiyqrnHe rroKa3aTeJIH 6pHKeToB .uocTHraJOTcSI rrpH BJiruKHOCTH 

.upesecHbiX oTxo.uos 8-15 %. KpHTH'IeCKOH BJia)I(HoCTbiO, Bbiiiie 

KOTOpOH HeB03MO}I(HO npeCCOBaHHe 6pHKeTOB, SIBJISieTCSI BJia}KHOCTb 

18-25%. 

T a 6 n H u a 11.9 
Caoikraa 6pHKeTOB H3 MeJIKIIX OTXO.IlOB weaecHIIbl 

HaHMeHoBaHHe noKaJareneR 

IlJIOTHOCTb, Kr/M3 

IIpoquocTh npH cTaTHqecKoM H3rH6e, Mila 
BmDKHOCTb,% 

TennoTBOpHaJI crroco6uocTh, I<,il)K/Kr 
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F A a 8 a J J. IJepepa6omKa omxoiJ08 iJpe8eCUHbl 

KonmpoAbHble eonpocbl 

1. PaccKIDKHTe o6 o6pa3oBaHHH, KJiaccHqmKaQHH H HanpasneHH.llx 

HCnOJib30BaHH.ll JJ.peBeCHbiX OTXO)J.OB. 

2. PaccKIDKHTe o TexHonorHH H npHMeH.lleMoM o6opyJJ.oBaHHH npH 

npOH3BO)J.CTBe ~enhl H3 OTXO)J.OB )J.peBeCH,Hbl. 

3. KaKHe cTpoHTeJibHhie MaTepHa.Jihi nonyqaJOT H3 TexHonorH'Ie

cKoif ~enhi? 
4. PaccKa)l(HTe o TexHonorHH npoH3BOJJ.CTBa JJ.pesecHosonoKHH

CThiX nJIHT. 

5. PaccKa)l(HTe o TexHonorHH npoH3BOJJ.CTBa JJ.pesecHocTpy)l(e'IHhiX 

nJIHT. 

6. llpHBe)J,HTe CXeMy npOH3BO)J.CTBa QeMeHTOCTpy)l(e'IHbiX nJIHT. 

7. KaKOBhi ocHoBHbie HanpasneHH.ll npHMeHeHH.ll JJ.pesecHoif MyKH? 

8. f)J.e npHMeH.liiOTC.ll JJ.peBeCHhle OnHJIKH? 

9. qTO TaKOe XHMH'IeCKa.ll TeXHOJIOfH.ll nepepa60TKH JJ.peBeCHbiX 

OTXO)J.OB? 

10. ¥13 KaKHX OTXO)J.OB H KaK npOH3BO)J,.liT JJ.y6HJibHble Be~eCTBa, )J,e

fOTh, JJ.peBeCHhiH yroJih? 

11. KaK HcnoJih3yeTC.ll JJ.pesecHa.ll 3eJieHh? 

12. KaKOBhi oco6eHHOCTH npoH3BOJJ.CTBa TOnJIHBHhiX 6pHKeToB H3 

OTXO)J.OB )J.peBeCHHbl? 

13-672 385 



r JI ABA 12 
HCHOJih30BAHHE MAKYJIATYPhl 

MaicyJiaTYPa - O.UHH H3 HaH6onee pacnpocTpaHeHHbiX BH,UOB oTXo

.uos, KaK npOH3BO,UCTBeHHbiX, TaK H fibiTOBbiX. 3To BCeB03MO)((Hble BH,Ubl 

ynaKOBKH (6yMara, KapTOH), THnorpa<!>CKaSI npO.UYKUHSI (ra3eTbl, 

)I(}'PHaJihi, nnaKaThi, KHHrH), '!epTe:xm, nHC'IaSI 6YMara H MHoroe .upyroe. 

MaicyJiaTYPa cocroHT maBHhiM o6pa30M H3 ueJIJIIOJI03hi, Bbipa6aThiBaeMoi1 

H3 ,UpeBeCHHbl, H SIBJISieTCSI npeBOCXO.l(HbiM BTOpH'!HbiM CblpbeM .l(JIR 

UeJIJIIOJI03H0-6YMa)((HOH npOMbllliJieHHOCTH. 

12.1. JlpeUMyw,ecmea u 6D3MO:JK:Hocmu 
UCnOAb306G1tUR MGKyAamypbt 

flpHMeHeHHe MaJcyJia'fYPbl 'Ipe3Bbi'IaHHO Bbii"'O.l(HO, Tal< KaK 1103BOJIReT 

3KOHOMHTb 3Ha'IHTeJibHble MaTepHaJibHbie H 3HepreTH'!eCKHe pecypCbl 

(Ta6JI. 12.1) H yTHJIH3HpoBaTb OTXO.l(bl npoH3BO,UCTBa H noTpe6JieHHR 

6YMarH. 

OpH'IHHa TaKotf 3Ha'IHTeJibHOH pa3HHUhi B B03.UetfcTBHH Ha 

oKpyxaiOlllYIO cpe.uy npoueccos npoH3BO.UCTBa 6yMarH H3 Maeynaryphi 

H H3 nepBH'IHOfO CblpbSI - ,UpeBeCHHbl BH.l(Ha H3 CXeMbl, npHBe,UeHHOH 

Ha pMC. 12.1, r.ue nOKa3aHO o6pa30BaHHe OTXO.l(OB Ha paJJIH'!HbiX CTa,UHSIX 

nonyqeHHSI fiYMllXHOH npo,UyKUHH H3 ,UpeBeCHHbl. 

0oTpe6neHHe MaeyJia'fYPhi B nocne.UHHe .usa .uecSITHJieTHSI pocno 

6biCTpbiMH TeMnaMH H cero,UHSI BO MHOfHX CTpaHax .l(OCTHfJIO CBOero 

B03MO}I(Horo npe.uena. JIH,UepoM B otTheMax YTHJIH3aUHH MaKynaryphi 

SIBJISieTcR HnoHHSI, ·KoTopaSI nepepa6aThiBaeT 6onee 50 % o6pa-

3YIOlllHXCSI 6yMruKHbiX OTXO,UOB, a B OT,UeJibHbiX BH,Uax MaeyJiaTypbl ee 

ucnoJib30BaHHe .uocTuraeT TeopeTH'!eCKH B03MO}I(Horo ypoBHSI. B 3Toi1 

CTpaHe B 1986 r. nOBTOpHO nepepa6aTbiBaJIOCb 92,6 % ra3eT H 76,1 % 
ro<t>puposaHHoro KapToHa, nocne qero 3TH otTheMhi npaKTH'!eCKH He 

H3MeiDIJOTCSI. 
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r II a 8 a 12. Hcnollb308aHue MaiC}'/Iamypbl 

Ta6nHua 12.1 
803,lleiCTBHe Ha OKpylKaiOtnYIO cpe,lly nponecCOB H3fOTOBJieHHJI 1000 T 

6YMai11 H3 nepBII'IIIoro CltlpbJI H H3 o6JiaropolKeiDioi MaKYJI&TfPbl 

<l>aKTOpbl llepBH'IHOe 06naropoxeHHaJI 3KOHOMHH, 
B03,lle:lkTBHH cblpbe Mru<yJiaTYPa % 

Pacxo.ll nepBH'IHoro cblpbH, T 1100 0 100 
Pacxo.ll TexuonorH'IeCKon 
BO,llbl, M3 178600 152000 IS 
PacXO.ll3HeprHH, K,[l,x 25122 9540 60 
KOJIH'IeCTBo aemecTB, 

JarpH3HHIOIUHX aTMoc<tJepy, T 49 20 60 

llOTEPI1 HA CTA,U1111 
OEPABOTKI1 

CTA,UI111 
OEPABOTKI1 

(% OT 6aJiaHCOBOH 

.llpeBeCHHbl) 

KYMYJUIT11BHbiE 
llOTEP11 

(% OT HCXO.lJ:HOrO 

KoJIH'Iecma) 

30% 
EAIIAHCOBA.SI.LJ:PEBECI1HA 100% 

KPYrJibiH JIECOMATEPl1AJI 70% 

7,1% 

(% OT 6aJiaHCOBOH 

.llpeBeCHHbl) 

30% 

35% 
KOPA 11 OTECAHHbiE EPEBHA 65 % 

49,2% 67% 
.LJ:PEBECHA.SI MACCA 33 % 

6% 69% 
EYMArA 11 KAPTOH 31 % 

71% 
fOTOBA.SI llPO.LJ:YKU:11H 29 % 

Pwc. 12.1. TexnonorHqecKHe noTepH npH npoH3BO.llCTBe 6yMarH H KapTOHa H3 

,llpeBeCHHbl 
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Ilepepa6omKa npaMbiUI./IeHHbiX omxoiJoe 

HecMOTpSI Ha o'!eBH.li:Hbie BhirO.Uhi, ucnOJib3oBaHue Maicynaryphi 

orpaHH'IHBaeTcSI TpeOOBaHHSIMM, npe,U'bS~BJIS~eMbiMM K Ka'!eCTB}' TOBapHOH 

npo.UYKUHH. KaK BH.li:HO H3 .uaHHbiX Ta6n. 12.2, '!eM Bhiiiie Tpe6oBaHHSI K 

6YMare, TeM MeHhiiiee KOJIH'!eCTBO MaeynaT)'pbl MOlKeT 6hiTb BBe,UeHO B 

cocTaB ueJIJIIOJI03H0-6YMalKHOH Macchi. 

T a 6 n" u a 12.2 
Ilpe,lleJibl HCDOJib30BaiiiiJI MatcyJiayYpbl npH H31'0TOBJieHHH 6)'Ma111 H KapTOHa 

HeoT6eneHHaJI Kpa<tJT-6YMara 
OT6eneHHaJI Kpa<tJT-6YMara 
KoM6HHHpoaaHHbiH KapToH 
EYMara: 

- raJeTHaJI 
- flHC'IaJI Bb!COKOKa'lecTBeHHaJI 
- ynaKoBO'IHaJI, THnorpa<tJcKaJI 

BoJMO)I(Hoe conepJKaHHe MaicyJia'fYPbi, % 

10-25 
5-15 

90-100 

100 
10-80 
10-80 

3TO CBSI3aHO C yxy.UIIIeHHeM Ka'!eCTBa BbinYCKaeMOH npO.UYKUHH 

npH .l(aJibHeHIIIeM yBeJIH'IeHHH CO,UeplKaHHSI B Cblpbe .l(JISI ee npo

H3BO.l(CTBa BTOpH'!HbiX MaTepHaJIOB, npOHCXOMlllHM BCJie,UCTBHe: 

• CTapeHHSI BTOpH'!HbiX pecypcOB H3-3a MHOfOKpaTHOH peKy

nepaUHM; 

• nOBbiiiieHHSI CO,UeplKaHHSI B MaKyJiarype cneUHaJibHbiX npH

MeceH, KOTOpbie BBO.l(SIT B 6yMalKHYIO Macey C UeJibiO noJiy'!eHHSI 

cneUHaJibHbiX coproB 6YMaru; 

• TpY.UHOCTeH Y.UaJieHHSI HOBbiX Blf.li:OB neqaTHbiX KpacOK, HCnOJib

JyeMbiX npu coBpeMeHHhiX cnoco6ax ne'!aTH (HanpHMep, KcepoKonu

poBaHHH, 3JieKTpOrpa<!>HH H ,Up.). 

Y Hac B CTpaHe c6op H YTHJIH3aUHSI OTXO,UOB 6yMarH H KapTOHa 

TaKlKe pOCJIH .l(OCTaTO'!HO 6bJCTp0 B 70-80-X ro.uax, npH'!eM TeMnbi 

pocTa npeBbiiiiaJIH cpe.uHeMHpOBbie. CTeneHb B03BpaTa MaKynaryphi y 

Hac B cTpaHe B cepe.UHHe 80-x ro.uoB cocTaBJISIJia 28 %, B cTpaHax E3C 

- 31 %, B CIIlA" KaHa.ue- 26 %. HcnoJib30BaHHe MaKynaTypbi H B 

Te fO.l(bl 6bill0 ,UaJieKO OT B03MOlKHbiX npe,UeJIOB, 'ITO 6bill0 CBSI3aHO C 

3KOHOMH'!eCKOH BblfO.l(OH H npOCTOTOH HCnOJib30BaHHSI nepBH'IHOfO 

UeJIJIIOJI03HOfO CbipbSI. 

B nocne.UHHe ro.Ubi B cuny paJJIH'!HhiX npH'IHH o6oeMhi npu-
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r A a 8 a 12. HcnoAI>308aHUe MaKyAamypbl 

MeHeHIHI MaKYJiaryphi yna.rru. Ee JaroTOBKa " npuMeHeHue cTaJIH 

HepeHTa6eJihHhl npe)l()le Bcero BCJie.ZJ;CTBHe MHOfOKpaTHOfO YBeJIJ.flleHIDI 

JaTpaT, Heo6XO.ZJ;HMhiX ,LVUI ee c6opa H TpaHcnopTMpOBKH K MecTaM 

nepepa6oTKH. O.uHaKo nonolKeHHe 3To BpeMeHHoe, H paHo HJIH noJ.uHo 

HaM He06XO.ZJ;HMO 6y.ueT BepHyThCSI K nOJIHOMaCUITa6HoMy HC

noJib30BaHHIO BTOpH'IHhiX ueJIJIIOJI03H0-6yMalKHhiX pecypcOB. 

OcHOBHhiM noTpe6uTeJieM MaeyJiaTYPhi SIBJISIIOTcSI npe.unpHSITHSI 

ueJIJIIOJI03H0-6yMalKHOH npOMhllliJieHHOCTH (6oJiee 50 % nepepa-

6aThiBaeMOH Maeynaryphi), npOMhilliJieHHOCTH CTpOHMaTepHaJIOB H 

.ZJ;pyrHe. ~aeyJiaTYPa BXO.ZJ;HT B COCTaB 6oJiee 70 COpTOB KapTOHa H 

6yMarH (MHOfOCJIOHHhiH, nepenJieTHhiH, cephiH ynaKOBOqHhiH, 

o6JIHUOBOqHhiH, ro<!>pMpOBaHHhiH KapTOHhl, o6oH, ra3eTHaSI, o<P

ceTHM, KOnHpOBaJihHM, T)'aJieTHM, ynaKOBOqHM H .upyrHe BH.ZJ;hl 

6yMar). 

Opouecc nepepa6oTKH MaeyJiaTYPhi c ueJihiO nonyqeHHSI Macchi, 

npHfO.ZJ;HOH MSI Bhipa60TKH 6yMam H KapTOHa, BKJIIOqaeT CJie.ZJ;yiOUIHe 

onepauuu: 

4 .ueJarperauuiO MaeynaTyphi Ha oT.uenhHhie eycoqKH " nyqKH 

BOJIOKOH; 

4 oqucTey HJIH ocBo6o)l()leHue Macchi oT nocTopoHHHX npHMeceu; 

4 pocnycK eycoqKOB H nyqKOB BOJIOKOH Ha OT.ZJ;eJihHhie BOJIOKHa; 

4 COpTMpOBKY H crymeHHe MaCChi .11;0 He06XO.ZJ;HMOH KOHUeHT-

pauHH; 

4 o6JiaropalKHBaHHe MaeyJiaTYPHOH MaCChi. 

12.2. }Je3azpezau,UR MaKyAamypbl 

)l,eJarperauHR MaKyJiaTyphi npoH3BO.ZJ;HTcSI c noMOUihiO m.u

popa36HBaTeneu pa3JIHqHou KOHCTPYKUHH. Ope.unoqTHTeJihHee 

HCnOJih30BaTh fH.ZJ;popa36HBaTeJIH C BepTHKaJihHhiM pacnoJIOlKeHHeM 

poTopa, nocKOJihKY OHM JaHHMaiOT MeHhllie nnoma.uu H o6ecnequBaiOT 

6oJiee HHTeHCHBHyiO o6pa60TKY MaCChi H JiereyiO 3aMeHy poTopa npH 

peMOHTe. Ha 3TOH cTa.ZJ;HH npoucxo.uHT H3MeJihqeHHe MaKYJiaTYPhi .uo 

COCTOSIHHSI, npHfO.ZJ;HOfO .ZJ;JISI TpaHcnopTHpOBKH 6yMalKHOH MaCChi 

HacocaMH MR .a;a.rrhHetfrneu o6pa6oTKH, a TaKlKe y.ua.rreHue KpynHhiX 

MeXaHJ.flleCKHX BKJIIOqeHHH. 

0pOH3BO.ZJ;HTeJihHOCTh rH.ZJ;pOpa36HBaTeAA 3aBHCHT He TOJihKO OTero 

KOHCTPYKUHH (.uuaMeTpa H <PopMhi BaHHhi, Tuna poTopa, qacToThi 
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Ilepepa6omKiJ npoMbiWIIeHHblX omxoiJoB 

ero BpameHIUI, MOIUHOCTH), HO H OT BH.Ua nepepa6aThJBaeMOH 

MaeyJia'fYPhi, npO.UOJI)I(HTeJihHOCTH o6pa60TI<H; KOHUeHTPaUHH MaCChi B 

saHHe, TeMnepa'fYPhi H pH cpe.Uhi. 

)l,e3arperaumi MaeyJiaTyphi npOH3BO.l(HTCSI nyreM pa3phiBa CBSI3eH 

Me)l()ly BOJIOKHaMH B pe3yJihTaTe B03,UeHCTBHSI Ha Hee JIOnacTeH pOTOpa 

H y.uapOB 0 HenO.UBH}I(Hhie nJiaHKH Ha CTeHKe BaHHhJ. 

KaJ< npaBHJIO, rn,UpOpa36HBaTeJIH pa60Ta.JOT B HenpephiBHOM pe}I(HMe 

npH KOHUeHTpauHH MaCChi 2,5-3,5 %; npH 3TOM TSI}I(eJihie npHMeCH 

Y.UaJUliOTCSI qepe3 cneuHaJihHyiO KaMepy, B KOTOpOH OHH npe.UBapHTeJihHO 

npOMhiBaiOTCSI BO.l(OH C ueJihiO HCKJIIOLJ:eHHSI noTeph BOJIOKHa. )l,HaMeTP 

BaHHhi y COBpeMeHHhiX fH,Upopa36HBaTeJieH .l(OCTUraeT 6,5 M, .UHaMeTP 

poTOpa 3,5 M. 

llpu .ue3arperauun MaeyJia'fYPhi, co.uep}l(amei1 pa3JIHLJ:Hhie cMOJihi, 

npnMeHSIIOT XHMHLJ:ecKHe .uo6aBKH u peryJIHpyiOT pH cpe.Uhi u 

TeMnepa'fYPy. llpH nepepa6oTKe MaeyJiaryphi, co.uep}l(amei1 MOLJ:eBnHo

HJIH MeJiaMnHo<PopMaJib.l(erH,UHhie cMOJihi, npouecc se.ueTcSI npu 60-
80 oc B KHCJIOH cpe.ue npu pH = 3,5-4,5. )l,e3arperauniO MaeyJia'fYPhi, 

CO,Uep}l(ameH nOJIHaMH,UHhJe CMOJihi, Hao6opOT, npOBO.l(SIT B meJIOLJ:HOH 

cpe.ue npu pH= 10-11 u TeMnepa'fYPe 50-60 °C. 
KaK KHCJIM, TaK H meJIOLJ:HM cpe.Uhi OTPHUaTeJihHO BJIHSIIOT Ha 

npOLJ:HOCTh ueJIJIIOJI03HOfO BOJIOKHa. llo3TOMY npu o6pa6oTKe TaKOH 

MaicyJiaTyphi C ueJihiO COXpaHeHHSI npOLJ:HOCTH BOJIOKOH npHMeHSIIOT 

XHMHLJ:ecKHe semecTBa, pOTOphi cneuHaJihHOH KOHCTPYKUHH H CTPe

MSITCSI COKpaTHTh npO,UOJI}I(HTeJihHOCTh npouecca. llOBhillleHHe TeM

nepa'fYPhi u KoHueHTPauuu Macchi ycKopSieT npouecc. 

0TeLJ:eCTBeHHM npOMhJlliJieHHOCTh BhinycKaeT fH,Upopa36HBaTeJIH 

TUna fPBM pa3JIHLJ:HOH npOH3BO.UHTeJihHOCTH OT 2 .UO 300 Tjcyr. 0HH 

COCTOSIT H3 MeTaJIJIHLJ:eCKOH BaHHhl, BepXHSISI LJ:aCTh KOTOpOH HMeeT 

unJIHH,UpHqeceyiO, a HH}I(HSISI - KOHHLJ:eceyiO <l>OPMY· K BHYTPeHHeH 

nosepXHOCTH BaHHhi npusapeHhi HanpaBJISIIOIUHe nJiaHKH. BepXHS~SI t.iaCTh 

BaHHhi HMeeT KOHYCHhie OTpa}l(aTeJIH. B HH}I(HeH LJ:acTH BaHHhi 

pacnOJIO}I(eHa nep<!>opHpOBaHHaSI nJIHTa, COCTOSIIUaSI H3 ceMH cer

MeHTHhiX nJiacTHH. B .UHHme saHHhi nMeiOTCSI OTBepcTHSI .l(JISI Bhixo.ua 

,Ue3arperHpOBaHHOH MaCChi, BhmycKa TSI}I(eJihiX, KpynHhiX BKJIIOLJ:eHHH 

H npOMhiBKH BaHHhl. 

)l,JIR y.uaneHHSI TSI}I(eJihiX BKJIIOLJ:eHHH, nona.ua10mnx B cneunanh

Hbie KapMaHhl no,U .UHHmeM m.upopaJ6HBaTeAA, B HeM HMeiOTCSI KOBlliOBhie 

3JieBaTOphi. 
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12.3. Or.iucmKa MaKyllamypHOU MOCCbl 

nepe,u .UaJihHeHllieH o6pa60TKOH MaKyJial)'pHa~ Macca no,u

BepraeTC~ .UOnOJIHHTeJihHOH O'IHCTKe OT MeJIKHX TIDKeJihlX BKJIIO'IeHHH. 

0'1HCTKa npoH3BO.UHTC~ Ha O'IHCTHTeJI~X UHKJIOHHOfO THna npH 

BhiCOKOH H HH3KOH KOHUeHTPaUHH rryJihnhi. 0'1HCTHTeJJH HMeiOT TaH

reHUHaJihHhiH BXO)), MaCChi B BepxHeH 'laCTH H rpjl3eBhie KaMepbl B 

HH)I(HeH tiaCTH. Pa6oTa TaKHX O'IHCTHTeJJeH OCHOBaHa Ha HCnOJih30Ba

HHH ueHTpo6e)I(HOH CHJJhi, C03,Ual011\eH 3aBHXpeHHjl. 0CHOBHble OC0-

6eHHOCTH o'IHCTHTenei1 pa3JJH'IHOH KOHCTPYKUHH CBj{JaHhi c nepena

.UOM ,uaBJieHHjl Ha BXO,Ue H BhiXO,Ue MaCChi H3 O'IHCTHTeJJjl, KOHUeHTPa

UHeH MaKyJiarypHOH MaCChi B BO,Ue, <\lopMOH OTBepCTHjl, qepe3 KOTOpoe 

nocrynaeT Macca, H CHCTeMOH y,uaJieHHjl TBep,UbiX tiaCTHU H3 rpjl3eBOH 

KaMe phi. 

Ha pHc. 12.2 noKa3aHhi cxeMhi pa6oThi O'IHCTHTeJiei1 MaKy

Jiazypuoi1 Macchi. 

0tiHCTHTeJih BhiCOKOH KOHUeHTpaUHH pa6oTaeT npH KOHUeHTpa

UHH nyJihnhi 6 %. Macca, nona.uaiOll\M TaHreuuHaJihHo B O'IHCTHTeJih 

qepe3 naTpy6oK 7, no,u ,UeHCTBHeM pOTopa 6, npHBO.UHMOfO BO Bpall\eHHe 

3JieKTpO.UBHraTeJieM 8, noJiyqaeT .uonoJIHHTeJihHoe ycKopeHHe. B 

pe3yJihTaTe ,UeHCTBH~ UeHTpo6e)I{HhiX CHJI 'laCTHUhi C 60JihllieH 

nJIOTHOCThiO oT6paChiBalOTCj1 K CTeHKaM UHKJIOHa 5, onycKalOTC~ BHH3 

B rp~3eBylO KaMepy 2 H 3aTeM BhiBO.U~TCjl qepe3 KJianaH J. 
BoJiee JierKa~, O'IHll\eHHa~ Macca no.UHHMaeTc~ ssepx H no 

ueHTpaJihHOH Tpy6e 4 y.uaJI~eTc~ H3 O'IHCTHTeJI~ qepe3 BhiXO.UHOH naT

py6oK 9. 
0'1HCTHTeJih CHa6)1{eH CMOTpOBhiM OKHOM J H fH,IlpaBJJH'IeCKHM 

3aTBOpOM J0 AJU1 no,ua'IH B rp~3eByiO KaMepy npOMhiBHOH BO.Uhi. 

TaKoi1 O'IHCTHTeJih pa6oTaeT npH nepena.ue .uaBJJeHH~ 20 Kna, 

o6'beM rp~3esoi1 KaMephi 10 Ji, MOll\HOCTh poTopa 2,2 KBT. 

0tiHCTHTeJJh HH3KOH KOHUempaUHH (pHC. 12.3) pa6oTaeT 

npH KOHUeHTPaUHH MaCChi 3-5,5 %. Macca nocrynaeT B O'IHCTH

TeJJh qepe3 TaHfeHUHaJihHO pacnOJIO)I(eHHhiH IIaTPy6oK ] 0 H no,u 

)),eHCTBHeM uempo6e)I(HOH CHJihl oT6paChiBaeTCjl K CTeHKe, no KOTO

poH Me)),JieHHo oce.uaeT BHH3. Tjl)l(eJJhie qacTHUbi .uoxoAAT .uo rpjl-

3eBoi1 KaMephi 3, r,ue H OCa)l()),aiOTCjl, a O'IHll\eHHM Macca, He .UOH)),j{ 

.UO HH)I(HeH tiaCTH 7 O'IHCTHTeJijl, nO)),HHMaeTCjl B BepXHIOIO qacTh 8 H 
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Bb1Xod 
omxodOB 

9 

to 

PHc. 12.2. 0'1HCTHTeJih MaJ<YJiazypHoit 

MaCChi BblCOKOit KOHUeHTpaUHH 

Bblxod o~uiiJeHuou 
MOCCbl 

7 

\ I 

Bb1Xod 
omxodoB 

PHc. 12.3. 0'1HCTHTeJib MaJ<YJiazypHoit 

MaCChi HHJKOit KOHUeHTpaUHH 

BbiBO.UHTC~ qepe3 rraTpy6oK 9, paCIIOJIO)I(eHHbiH ITO QeHTpy BepxHeH 

qacTH: T~)l(eJibie qacTHQbi y.ua.JI~IOTc~ qepe3 KJiarraH 1. OtiHCTHTeJib 

CHa6)1{eH CMOTpOBbiM OKHOM 4, 3a,uBH)I{KOH 2 m,upaBJIWieCKOfO 3aTBOpa 

5 H KJiarraHOM 6 IIO,Ua'IH BO,Ubl B rp~3eByiO KaMepy. 

neperra,u ,uaBJieHH~ B O'IHCTHTeJie COCTaBJI~eT 100 Kna, 06"beM 
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rp~3eBoif KaMephi - 40-80 JI, rrporrycKHa~ crroco6HOCTh 400-
1700 JI/MHH. 

QqHcTHTeJIH THIIa OM aHaJIOfl{qHOif KOHCTPYKQHH, BhirrycKae

Mhie OTeqecTBeHHOH IIpOMhllliJieHHOCThiO, pa6oTaiOT IIpH rrepeiiMe ,UaB

JieHIDI 160 Kfia rrpH KOHQeHTPaQHH MaCChi .UO 5 % C rrporryCKHOH CIIO

co6HOCThiO .UO 1800 JI/MHH. 

1l,e3arperaQHIO MaKYJiaryphl 3aKaHqHBaiOT Ha TaKOH CTMHH, Kor,ua 

IIOJiyqeHHyiO BO.UHO-QeJIJIIOJI03HYIO Macey MO)J{HO rrepeKaqHBaTb Ha 

.UaJihHeiflliYIO o6pa6oTKY HacocaMH. 

12.4. PocnycK azpecupooaHHbiX BOJIOKOH 

1l,JI~ pocrrycKa QeJIJIIOJI03Hoif Macchi Ha oT,ueJihHhie BOJioKHa 6e3 

KOMOqKOB H rryqKOB BOJIOKOH B COBpeMeHHOH TeXHOJIOfHH HC

IIOJih3yeTC~ CIIeQHaJihHOe o6opy.noBaHHe - 3HTlliTHIIephi. 3TH yc

TaHOBKH pa60TaiOT ITO rrpHHQHIIY KOHHqecKHX HJIH .l(HCKOBhiX MeJihHHQ 

IIpH 60JihlliOH qaCTOTe BpameHH~ pOTOpa (.UO 3000 o6/MHH). 

Heo6xo,uHMhiM ycJIOBHeM Ha.LJ:e)J(HOH pa6oThi 3HTlliTHrrepoB ~BJI~eTc~ 

Xopolll~ oqHCTKa Macchi OT TBep,UhiX BKJIIOqeHHH. 

KoHQeHTpaQH~ rrocTyrra10meif Macchi cocTaBJI~eT 3-6 %. 
1l,aBJieHHe Harropa 40-50 Kna. 3a3op Me)J{lly poTOpoM H cTaTopoM 

0,5-2 MM. Macca, rrocryrra10m~ rro.u .uaBJieHHeM B 3HTlliTHrrep qepe3 

QeHTpaJihHOe OTBepcTHe, YBJieKaeTC~ pOTOpHhiM KOJihQOM H CO 

CKOpOCThiO 40 M/C OT6paChiBaeTC~ Ha IIOBepXHOCTH pa3MaJihiBaiOIQHX 

3JieMeHTOB cTaTopa, y.uap~eTc~ o cJie,uy10mee KOJihQO, HMeiOmee 

BCJie,UCTBHe KOHYCHOCTH pOTOpa 6oJiee BhiCOKYIQ OKP~YIO CKOpOCTh. 

npoif,u~ Me)J{lly BCeMH KOJihQaMH pOTOpa H CTaTopa, Macca 

pa3BOJIOKH~eTc~ .UO ti>H6pHJIJI H BhiXO,UHT qepe3 BhiXO.UHOe OTBepCTHe. 

BhlrrycKaeMhie rrpoMhilliJieHHocThiO 3HTlliTHrrephi pa3JIHqaiOTc~ 

MOIQHOCThiO H IIpOH3BO.UHTeJihHOCThiO (Ta6JI. 12.3). 

Ta6nHua 12.3 
XapatcrepHCTHKH 3HTIDTHnepoB ti»HpMbl "Escber-Wiss" 

MaKCHMllllbHall MaKCHMllllbHrui Y CT8HOBJJeHHru:l 
THn 3HTlllTHnepa npoH3BO,nHTeJlbHOCTb, MOIUHOCTb, KBT fl8CTOT8 BpaiUeHHll 

T/cyr pOTOpa, o6jMHH 

EO 20 22 3000 
E1 60 50 3000 
E2 120 132 3000 
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0TetieCTBeHHa~ IIpOMhiiiiJieHHOCTh (faT'IHHCKHH 3aBO.U 6yMa

ro,ueJiaTeJihHOrO MalliHHOCTpOeHH~) BhiiiYCKaeT .LVI~ pa3BOJIOKHeH~ 

6yMa)I{HhiX KOMO'IKOB H rryqKOB BOJIOKOH IIYJihCaQHOHHhie MeJihHHQhi 

aHaJIOrH'IHOH KOHCTpYKIJ:HH (Ta6JI. 12.4). 

T a 6 JI H u a 12.4 
Xapa.KTepHCTHKH DyJIItCau,HOIIIIIoiX MeJihHHO. ,llJIJI pll3BOJIOKHeHHSI 6)'MillKHOft 

MaCChi 

Tim MaKCHMa.JihHrui YcTaHoBJieHHrui .lJ.aBJieHHe Ha 
MeJibHHUbl IlpOHJBO,llHTeJibHOCTh, MOJ..UHOCTh, BXO.Ue, Kfla 

T/cyr KBT 

Mll-00 25 22 50 
Mll-03 60 75 50 
Mll-04 170 160 50 
Mll-05 270 200 50 

fiyJihCaQH~ poTopa .uocTHraeTc~ npH oceBoM ero nepeMemeHHH 

Ha 25 MM npH IIOMOUJ:H cneQHaJihHOrO ycTpOHCTBa, pa6oTaiOmero no 

npHHQHny "BHHT-raHKa". qaCTOTa nyJihcauHH ,UOCTHraeT 1780 c- 1• 

12. 5. Copmupo61ca BOIIOKHucmou Maccbl 

CJie,uyiOmeH: onepaQHeH: npH nepepa6oTKe cMelllaHHOH MaKY

JiaTYPhi ~~eTC~ COpTHpOBKa MaCChi, KOTOpM npOBO.UHTC~ B ,UBa 3Tana. 

Ha nepBoM :3Tane Ha nJIOCKHX BH6paQHOHHhiX ycTaHOBKax ocy

mecT~eTc~ rpy6M COPTHPOBKa: H3 MaKYJiaTYPhi Y.U~IOTC~ TIDKeJihie 

H JierKHe npHMecH. BTOpoH: 3Tan (TOHKM copTHpOBKa) ocymecT~eTc~ 
Ha QeHTp06e)I{HhiX COPTHpoBO'IHhiX MalliHHax. 

fiJiocKHe BH6paQHOHHhie copTHpOBKH MapKH CB HenpephiBHoro 

,ueHCTBH~ pa6oTaiOT 6e3 CTaTH'IeCKOrO Hanopa MaCChi npH KOH

QeHTpaQHH 1- 2 %. CHTO HMeeT OTBepCT~, ,UHaMeTp KOTOphiX 6, 8 H 

10 MM. Kopnyc BH6paQHOHHoro JIOTKa, KY.ua no.uaeTc~ Macca, HMeeT 

tieThipe aMopTH3aTopa. HcTO'IHHKOM BH6paQHH JIOTKa c CHTOM 

~BJI~eTC~ 3JieKTpO.UBHraTeJih, COe,UHHeHHhiH C BaJIOM JIOTKa qepe3 

BH6paTOp. 

0TJIH'IHTeJihHOH OC06eHHOCThiO QeHTp06e)I{HhiX COpTHpOBO'IHhiX 

MalliHH ~BJI~eTC~ HenO,UBH)I{HO pacnOJIO)I{eHHOe B ·Kopnyce QH-
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JIIUIJJ;pH'IeCKOe CHTO, BHyrpH KOTOporo Bpaw:aeTC~ JIOIIaCTHOH pOTOp 

pa31IH'IHOH KOHCTpYKUHH. 

HecopTHposaHH~ Macca rro.uaeTc~ B u;eHTpaJihHYIO qacTh cop

THpOBKH, r,ue OHa IIO,llXBaThiBaeTC~ JIOIIaC~MH pOTopa H oT6paChiBaeTC~ 

Ha BH~HHIOIO IIOBepXHOCTh CHTa. llpH 3TOM BOJIOKHa, HaxOMW:HeC~ 
B cycrreH3HH B 6ecrrop~.UO'IHOM COCTO~HHH, paBHOMepHO pacrr

pe,ueJI~IOTC~ ITO IIOBepXHOCTH CHTa, o6pa3y~ ¢lHJihTpYIOW:HH CJIOH. 

3asHxpeH~ Macchi crroco6cTByiOT pa3pyweHHIO ¢lHJihTpYIOmero cJio~, 
a CKOpOCTHOH Harrop, C03,UasaeMhiH JIOIIaCT~MH poTopa B pe3yJihTaTe 

ero spaw:eHH~, o6ecrre'IHBaeT rrpoTaJIKHBaHHe KOH.UHUHOHHoro 

BOJIOKHa llepe3 OTBepCT~ CHTa. 

llpollle.UWHe qepe3 CHTO HaH60Jiee TOHKHe H 3JiaCTH'IHhie BO

JIOKHa, pa36aBJieHHhie BO.UOH .UO Tpe6yeMOH KOHI..J;eHTpai..J;HH, OT

BOMTC~ B 6acceifu. HepaJBOJIOKHeHHhie rryqKH BOJIOKOH sMeCTe c 

HeBOJIOKHHCThiMH rrpHMeC~MH, o6pa3YIOW:HMH ¢lHJihTpYI0W:HH CJIOH, 

IIO.U HarropOM IIOCTYIIaiOrn:eif B COpTHpOBKY MaCChi rrpO,UBHraiOTC~ 

Brrepe,u H IIOCJie IIOCJie.uyiOrn:ero COpTHpOBaHH~ H OTMhiBKH OTBO.U~TC~ 

qepe3 rraTpy6oK .LVI~ y,uaJieHH~ OTXO.UOB. . 

UenTpo6e)I{H~ copTHpOBKa THrra CU1,6-01 (pHc. 12.4) cocToHT 

H3 csapnoro Koprryca J, ua JIHu;esoif Topu;esoif KphiWKe KOToporo B 

u;eHTpaJihHOH ee 'laCTH paCIIOJIO)I{eH H30fHYThiH rraTpy60K J .LVI~ BBO,Ua 

·Macchi B copTHpOBKy. Ha rrpoTHBOIIOJIO)I{HOif Topu;esoif KphiWKe 

3aKpeiiJieH rraTpy6oK 7 .zvr~ y,uaJieHH~ oTxo.uos. B Koprryce pacrro

JIO)I{eHo I..J;HJIHH.n;pH'IeCKOe CHTO 2, COCTO~rn:ee H3 TpeX ceKUHH. BHyTpH 

CHTa spaw:aeTC~ pOTOp 5 C pa,uHaJihHO ycTaHOBJieHHhiMH JIOIIaCT~MH 
H .usyM~ rrorrepe'IHhiMH rreperopo.uKaMH, pa3,ueJI~IOW:HMH rro .UJIHHe 

Bee COpTHpyiOrn:ee rrpoCTpaHCTBO Ha TpH 30Hhl. 

+ 1 

Booa Ha pa36aB
JieHue 

PHc. 12.4. l.J,eHTpo6e:>KHaH copm:poBO'IHaH MaiiiHHa m:na Cl.J,1 ,6-01 
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qepe3 pacnpe.uemfTeJibHyiO KaMepy c OTBepcnmMH, BpamaiOJ.UYIOC~ 
BMecTe c poTopoM, Macca nocTyiiaeT B JOHY I COPTHPOBaHIDI, KOTOPM 
orpaHH'IeHa .UHCKOBOH neperopo,UKOH, HaCIDKeHHOH Ha BaJI poTopa. 3Ta 
30Ha JaHHMaeT OKOJIO 40 % BCero npOCTpaHCTBa KaMepbl. JlonacT~MH 
poTopa Macca OT6paCbiBaeTC~ Ha BHYTPeHHIOIO noBepXHOCTb CHTa, 
nocTyiiaeT B KOJlbi..J;eBYIQ KaMepy 4 H JaTeM OTBO.UHTC~ llepe3 naTpy60K B 
6accei1H. 

Macca, He npowe.uwa~ qepe3 oTBepcTH~, nepeMemaeTc~ no 
CnHpaJIH B 30HY II. 3,uecb OHa pa36aBJI~eTC~ MaCCOH, KOTOpM npolliJia 
llepe3 3a3op Me)K)ly BaJIOM pOTOpa H BHYTpeHHeH noBepXHOCTbiO nepBOH 
neperopo.UKH, H o6opoTHOH BO.UOH, nOCTyrraiOmeH: qepe3 nOJibiH BaJI 
6poTopa. 

0cTaBrna~c~ Macca C nOHH)I{eHHOH KOHu;eHTpau;HeH nepeMe
maeTC~ B JOHY III, r.ue copTHpoBaHHe npo.uoJDKaeTc~. He nporne.urna~ 
qepe3 TpeTbiO 30Ha Macca BbiBO.UHTC~ Ha BTOpyiO CTyneHb COp
THpOBaHH~. 

CymecTBYIOT copTupoBKH H .upyroH: KOHCTpYKI..J;HH, HanpuMep, 
npOH3BOMTC~ BHXpeBble KOHH'IeCKHe O'IHCTHTeJIH, pa6oTaiOIIlHe no 
IIpHHI..J;HIIy I..J;HKJIOHOB, Kor,ua COpTHpyeM~ Macca TaHreHI..J;HaJibHO no,uaerc~ 
C 60JiblliOH CKOpOCTbiO B KOHH'IeCKHH O'IHCTHTeJib. 0'1HCTHTeJib no,uo6-
HOH KoHcTpyKu;HH MapKH YBK BhmycKaeTc~ H oTe'leCTBeHHOH 
npoMbilliJieHHOCTbiO. BuxpeBbie KOHH'IecKHe O'IHCTHTeJIH ycTaHaB
JIHBaiOTC~, KaK npaBHJIO, B 3-4 CTyiieHH. 

MHorHe BH.Ubl COBpeMeHHOH MaKyJiaTypbl HMeiOT CJIO)I{HbiH 
XHMH'IeCKHH COCTaB: nOMHMO I..J;eJIJIIOJI03HbiX BOJIOKOH OHH CO,Uep)l{aT 
6HTYM, BOCK, napati>HH,·BO.UOHepaCTBOpHMble KJieH H ,upyme BellleCTBa. 
Bee 3To JHa'IHTeJibHO ycJIO)I{~eT Tpa,uHI..J;HOHHyiO TexHoJiorHIO ne
pepa6oTKH MaKYJiaTYpbl, TaK KaK 3TH ,uo6aBKH 3arp~3~IOT O'IHCTHOe 
o6opy,uoBaHHe H Bbl3biBaiOT no~BJieHHe Ha 6yMa)I{HOM nOJIOTHe, 
noJiyqaeMOM H3 MaKYJiaTypbi, ~TeH, OTBepCTHH H ,upyrHX ,ueti>eKTOB. 

TaKM MaKYJiaTypa rro,uBepraeTc~ mepMoMexanu"tecKou o6pa6omKe, 
ocymecTBJI~eMoH: B ,uHcnepraTopax pa3JIH'IHOH KOHCTPYKUHH npH 
BbiCoKoi1 KoHu;eHTpau;HH Macchi. TepMoMexaHH'IecKa~ o6pa6oTKa 
MaCChi npOH3BO.UHTC~ nocJie ,ue3arperHpOBaHIDI MaKYJiaTYPbl, O'IHCTKH 
ee OT BKJIIO'IeHHH H crymeHH~ .UO KOHI..J;eHTpai..J;HH 25-35 %. 
CYIIleCTBYIOT .UBa cnoco6a TepMoMexaHH'IecKoH: o6pa6oTKH: xoJIO.UHbiH 
H ropH'IHH. 

npH XOJIO.UHOM cnoco6e .UHCneprHpOBaHHe npOBO.UHTC~ npH 
aTMoctl>epHoM .uaBJieHHH H reMnepazype .uo 95 ·c. npH ropH'IeM cnoco6e 
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rrpou;ecc ocymecTBmleTc~ rrpH rroBhillleHHoM .no 0,3-0,5 Mna 
.uaMeHHH H reMIIepazype 130-150 oc. B rrepooM c.rryqae qacrHu;hi 6HzyMa, 
rrapaqmHa H TOMY rro.n:o6Hhrx semeCTB He pacruraBJUUOTC~, a H3MeJih'laiOTc~ 
.UO pa3MepoB, IIpH KOTOphiX OHH He BJIH~IOT Ha Ka'leCTBO 6yMa:X<HOH 
rrpo.UyKUHH, BO BTOpOM- pacruraM~IOTC~ H y.UaJI~IOTC~. 

Ha rrpou;ecc .n:HcrreprHpoBaHH~ H rronyqeHH~ Ka'leCTBeHHOH 
u;eJIJIIOJI03H0-6YMIDKHOH MaCChi rrpH TepMoMeXaHH'IeCKOH o6pa6oTKe 
M~IOT: TeMrrepaTYPa, ,UaBJieHHe, COCTaB MaKYJiaryphi, KOHu;eHTpau;~ 
MaCChi, CO,Uep)l{aHHe .U06aBOK H .n:pyrHe Q>aKTOphi. 

TepMoMexaHH'IecKa~ o6pa6oTKa MaKyJiaTypHoi1 Macchi rrpo
BO.UHTC~ rrpH pe)I{HMax, YKa3aHHhiX B Ta6JI. 12.5. 

T a 6 JI H u a 12.5 
PeacHMhl TepMoMexauuqecKoit o6pa6oTKH MaJcyJiaTypnoit Macchi 

(C- KouueuTpauuH) 

BHJJ. Ha3uaqeuHe Pacxo.u Pacxo.u 
MaKynarypLl BTOpH'IHbiX napa, TIT t, oc C,% 3Jiei<Tp03uepnrn 

BOJIOKOH KBT·q/T 

KapTou, ra3e- KapTou 0,45 127 30 0,42 
TLI, mnorpa$-
CKHe OTXO)lbl 

fa3eTbl, THno- TyaneTHruJ 0,45 125 32 0,40 
rpa$cKHe OTXO- 6yMara 

.llbi, nep$oKap-
TOH 

Bnaronpo'IHLie Kpa$T- 0,50 145 5 0,60 
6HT)'MH3Hp0- MeWKH 
BaHHble MeWKH 

12. 6. 06/lacopa:HCU60HUe l{eA.Il10/l03HOU MOCCbl 

npH rrepepa6oTKe ra3eTHOH, KHIDKHOH, ~HaJihHOH H .n:pyrot:f 
THIIorpaQ>cKOH MaKYJiaTYPhi C u;eJihiO y.UaJieH~ H3 Hee IIe'laTHhiX KpacoK 
H rroBhillleHH~ 6eJIH3Hhi Macey rrocne .n:HcrrepmpoBaHH~ o6naropa
)I{HBaiOT. 
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llepepa6omKa npoMblUl/leJIIIblX omxoiJoB 

Co.uep)l{aHHe KpacKH B MaicyJiazype coCTaBIDieT B pa3.1IH'IHbiX ee 

BH.llax oT 0,5 .uo 7 %. KpacKa co.uep)I{HT 15-30 % CIDKH (ymepo.ua) H 

70-85 % MaceJI H CMOJI. 

06Jiaropa)I{HBaHHe RBIDieTcR sa.xrneifweif cTa,uHeif rrepepa6oTKH 

MaicyJiazypbl, OT KOTOpOH JaBHCHT Ka'leCTBO u;eJIJIIOJ103H0-6yMruKHbiX 

BOJIOKOH H B03MO)I{HOCTb HX HCIIOJib30BaHHR B COCTaBe BbiCOKOKa

qecTBeHHOH 6yMIDKHoif rrpo,uyKI..J;HH. B HacToRmee speMR B PoccHH 

o6Jiaropa)I{HBaHHIO rro.usepraiOTCR .uo 65 % raJeTHO-)I{ypHaJibHOif 

MaicyJiarypbl (B MHpOBOH rrpaKTHKe 06'beM 06JiaropO)I{eHHOH MaicyJia

'fYPbl .UOCTHraeT 70 %). 
CymecTBYIOT .usa crroco6a rrpose.ueHHR 3Toif orrepau;HH: rrpoMbiBKa 

H tl>JioTai..J;HR. HaH60Jibrnee pacrrpocTpaHeHHe HMeeT rrocJie.UHHif c 

HCIIO,Jlb30BaHHeM IIOBepXHOCTHO-aKTHBHbiX Bern:eCTB. 

llpm~ecc o6JiaropiDKHBaHHjl cocTOHT H3 cJie.uyiOrn:HX «fla3: rro.uro

TOBKH BOJIOKHHCTOH cycrreH3HH C OT,UeJieHHeM 'laCTHU KpaCKH OT 80-

JIOKHa H IIOJIY'IeHHjl 'IHCTOfO BOJIOKHa rryTeM y ,UaJieHHji 'laCTHI..J; KpaCKH 

H3 cycrreHJHH. 

OT.ueneHHe KpacKH rrpoHcxo,uHT B peJyJihTaTe ,ueJarpempoBaHHR 

H ,UHCrreprHpOBaHHR MaCChi H BOJ,ueHCTBHR Ha Hee XHMH'IeCKHX Bern:eCTB. 

flo,u BJIHRHHeM rn:eJIO'IHbiX XHMHKaTOB, TeiiJia H MeXaHH'IeCKOfO 

BOJ,ueifcTBHR cBRJyiOrn:He sew:ecTBa, co.uep)l{aw:Hecg B KpacKe, 

OMbiJIRIOTCR, H COJ,uaiOTCR rrpe,urrOCbiJIKH ee OT,UeJieHHR OT BOJIOKOH. L(ml: 
3TOro rrpHMeHRIOT co.uy H rrepoKCH.llbi HaTpHR HJIH so.uopo.ua. B Ka'leCTBe 

oT6eJIHBaiOrn:Hx XHMHKaToB rrpHMeHRIOT mrroxnopHT HaTpHR NaCIO H 

rH,Ilpocynhti>HT HaTpHR NaHS03• 

PaJpyrneHHe CBRJH Me)l{)ly KpacKoif H BOJIOKHOM ycKopReTcR rrpH 

IIOBbillieHHH TeMrreparypbl 80 BpeMR pocrrycKa MaicyJiaTypbl B fH,u

popaJ6HBaTeJie. 

Y.uaneHHe OT.UeJIHBrneifcg OT BOJIOKOH KpacKH rrpoH3BO.uHTCR Mero.uoM 

ti>JIOTai..J;HH, KOTOpbiH OCHOBaH Ha yBJie'leHHH 'laCTHU KpaCKH JIY3blpbKaMH 

BOJ.UYXCl BCJie,UCTBHe paJJIH'IHOH CMa'IHBaeMOCTH 'laCTHu; KpaCKH H BOJIOKHa. 

fly3blpbKH BOJ,uyXa, IIO,UHHMaRCb, yBJieKaiOT 3a co6oif KpaCicy H BbiHOCRT 

ee Ha rrosepxHoCTb cycrreHJHH, r.ue oHa BMecTe c o6pa3YIQmeifcg rreHoif 

rrepeTeKaeT B rrpHeMHyiO KaMepy. 

C u;eJibiO 6oJiee IIOJIHOfO OT,UeJieHHR KpaCKH HCII0Jlb3YIOT rrpe,usa

pHTeJibHYIO Bbi,Uep)I{Ky IIYJibiibl B 6arneHHOM KOJIJieKTOpe rrepe,u 

ti>JIOTau;Heif, 'ITO OC06eHHO 3ti>ti>eKTHBHO .UJIR OT,UeJieHHR TpY.UHO

y,ua.J:rneMOH KpacKH rrpH rrepepa60TKe BbiCOKOCOpTHOH MaicyJiazypbi. 

,lVui COJ,uaHHR yCJIOBHH ,uJIR ceJieKTHBHOH ti>JIOTau;HH rrpHMeHRIOT 
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r A a 8 a 12. HcnoAb30BaHue Ma/CyAamypbl 

¢lJIOTOareHTbl, KOTOpbie ,U06aBJI~IOT B cycrreH3HIO BOJIOKHa rrepe.n: 

¢lJioTau;HoHHoif ycTaHOBKOif. PoJib ¢lJioToareHTOB 3aKJIIO'IaeTc~ B 

yJiyqllieHHH rreH006pa30BaH~ IIpH ¢lJIOTai..J;HH. L(ml: 3TOfO IIpHMe~IOT 
HeHOHOfeHHbie aJIKHJI¢leHOJibHble IIOBepXHOCTHO-aKTHBHhie Bern:eCTBa 

(IJAB) B CO'IeTaHHH C :xrn:pHbiMH KHCJIOTaMH (HaiipHMep, OJieHHOBOH). 

Ha.H6oJiee u;eJiecoo6pa3HO Ha CTil.lJ)fH rrpe,UBapHTeJibHoro ,UHcrreprnpo~ 
H Bhmep)I{KH B 6arneHHOM KOJIJieKTope HcrroJib30BaTh ITAB, a 3aTeM BO 

Bpe~ ¢lJioTai..J;HH IIpHMe~Tb :xrn:pHble KHCJIOTbl, HMeiOmHe ,UJIHHHYJO 

MOJieKyJI~pHyiO u;errO'IKY C BO,UOBOCIIpHHHMaiOrn:HM (m.upo¢lHJib

HbiM,"+") KOHI..J;OM H BO,UOOTTaJIKHBaiOW:HM (rH,Ilpo¢lo6HbiM, "-") 

KOHI..J;OM. 

fH,Ilpo¢lHJibHbie rpyriiibl C06HpaiOT 'laCTHI..J;bl KpaCKH H, IIO,UHH

MMCb BBepx C rry3blpbKaMH B03,UyXa, C03,UaiOT Ha IIOBepXHOCTH cycrreH-

3HH ycTOH'IHBYIO rreHy, KOTOpM y.n~eTC~ H3 KaMepbl C IIOMOW:biO 

crreu;HaJibHbiX rrpHcrroco6.rre HHif. 

Ha IIOJIHOTY H CKOpoCTb y.n:aJieH~ 'laCTHI..J; KpacKH M~IOT TaKHe 

xapaKTepHCTHKH rrpou;ecca ¢lJIOTau;HH, KaK pacxo.u B03.n:yxa, .n:HaMeTp 

rry3blpbKOB, CKOpoCTb HX BCIIJib~ H T. ,U. 

06bi'IHO YCTaHClB.JIHBaiOT IIOCJie,UOBaTeJibHO ,UBe ycTaHOBKH. fipH 

MaJIOM pa3Mepe IIOMern:eHH~ ¢lJIOTai..J;HOHHble ycTaHOBKH MO)I{HO 

pacrroJiaraTb O.UHY Ha,U .n:pyroif B .UByx ypoB~. Mx o6rn:M BbiCOTa He 

rrpeBbiCHT 4 M. 

CTerreHb 6eJIH3Hhi o6Jiaropo)l{eHHoif Macchi 3aBHCHT OT Ka'lecTBa 

MaKyJiaTyphi, crroco6a HaHeceHH~ rre'laTH, cocTaBa KpacHTeJieif H 

CB~3YIOW:HX H OT TeXHOJIOrHH OT,UeJieHH~ KpacKH OT BOJIOKOH. )l.rr~ 
IIOJiyqeHH~ MaCChi IIOBbillieHHOH 6eJIH3Hbl ee IIO,UBepraiOT ,UOIIOJI

HHTeJibHOH oT6eJIKe. }l,o6eJIKa 06JiaropO)I{eHHOH MaKYJiaTypHOH MaCChi 

IIpOBO,UHTC~ rrepeKHCbiO BO,UOpo.ua rrpH KOHI..J;eHTpai..J;HH 15-20 %, pH= 

=10-11, TeMrrepaType 40-50 aC B Te'leHHe 1,0-1,5 '1. 

Pacrryrn:eHHM, O'IHrn:eHHM H oT6eJieHHM BOJIOKHHCTM Macca 

~BJI~eTC~ rrpeKpaCHbiM CblpbeM ,UJI~ IIpOH3BO,UCTBa pa3JIH'IHOH 6y

Ma)I{HOH rrpo.n:yKUHH H KaPToHa. Ee HcrroJib30BaHHe ocymecT~eTc~ 
ITO TeXHOJIOfHH, rrpHH~TOH B u;eJIJIIOJI03H0-6yMIDKHOH IIpOMbllli

JieHHOCTH, Hap~ C rrepBH'IHbiM CblpbeM, IIOJiyqeHHbiM H3 ,UpeBeCHHbl 

H ,Upyroro IIpHpo,UHOro I..J;eJIJIIOJI03HOro Cblpb~. 

B rrocJie.UHHe ro.n:hi pa3pa6oTaHbi HOBbie crroco6bi o6Jiaropa

)I{HBaH~ MaKYJiaTypbi. B qacTHOCTH, HHTepeceH CJie.uyrorn:Hif crroco6 

y.n:aJieH~ KJie~rn:HX Bern:ecTB, KOTOpbiMH IIpOIIHTaHbl HeKOTOpbie BH,Ubl 

6YMa)I{HOH rrpo.n:YKI..J;HH. llpou;ecc ocymecT~eTc~ B cMecHTeJie, r.ue 
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Ilepepa6omKa npoMblUl/leHHblX omxoiJoB 

rro.n:orpeTaJI.Ue3arpernpoBaHHM Ma~cyJiaTYPHM Macca rrepeMeum:saeTcR 

C rrepJIHTOBhiM rreCKOM. IlpH 3TOM rrecoK a,UCop6HpyeTCR paciiJiaB

JieHHhiM KJieeM H rrpH IIOCJie,UyiOlUeif ti>JioTaQHH BMeCTe C HHM 

y.uaJIReTcR. 

Ilpe.n:cTaBJIReT HHTepec crroco6 o6e33aprutrnBaHHR Ma~cyJiaTYPHOH 

MaCChi C IIOMOlUhiO HOHH3HpY1Qmero H3JiytleHHR (.U03a 1-3 Mpa.u), 

'ITO II03BOAAeT HCIIOJib30BaTh TaKYIQ MaicyJiaTYPY B rrpoH3BO,UCTBe 6YMarH 

.UJIR yrraKOBKH IIHlUeBhiX IIPO.UYKTOB. 06Jiy'leHHe MaKyJiaTyphl 

IIPOH3BO,UHTCR B KHIIaX IIpH KOHQeHTpaQHH a6cOJIIOTHO cyxoro BOJIOKHa 

88 %. 

KonmpollbHble eonpocbl 

1. KaKosa 3ti>tl>eKTHBHOCTh HcrroJih3oBaHHR Ma~cyJiaTYPhi? 
2. qeM orrpe,UeJIRIOTCR rrpe.n:eJihl HCIIOJih30BaHHR MaicyJiaTYPhi? 

3. KaKOBhl tl>aKTophi, BJIHRIOlUHe Ha ,Ue3arperaQHIO MaicyJiaTYPhi? 

4. KaK rrpoH3BO.UHTcR o'IHCTKa Ma~cyJiaTYPHoif Macchi? 

5. KaK H Ha KaKoM o6opy.uosaHHH rrpoH3BO.UHTCR pa3BoJioKHeHHe 

6yMrutrnOH MaCChi? 

6. KaK pa6oTaeT ycTaHoBKa MR copTHpoBKH pa3BOJioKHeHHoif Macchi? 

7. PaccKa)I{HTe o TepMoMexaHH'IeCKHX crroco6ax o'IHCTKH pa3BOJIOK

HeHHOH MaCChi OT IIOJIHMepHhiX BKJIIO'IeHHH. 

8. KaK rrpoBo.UHTCR o6Jiaropa)I{HBaHHe BTopH'IHoif QeJIJIIOJI03Hoif 

MaCChi? 
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r JJ ABA 13 
IIEPEPAEOTKA XH,J1KHX H IIACTOOEPA3Hh/X OTXOJ(OB 

B pa3JIH'IHbiX oTpacm1x npoMbiUIJieHHOCTH o6pa3yeTcR 6oJibUioe 

KOJIH'lecTBO )I(HJJ:KHX u nacToo6pa3HbiX oTxo.noB. Cpe.nu HHX ecTb 

BbiCOKOTOKCH'IHbie MaTepuaJibi: lliJiaMbi faJibBaHU'leCKOfO npOH3BOJJ;

CTBa, TpaBUJibHbie KHCJIOTHbie pacTBOpbi, He<I>TenpOJJ:YKTbi, JiaKO

KpaCO'IHbie MaTepUaJibi H T. ll . 

.LJ:JIR o6e3Bpe)I(UBaHUR TaKUX OTXOJJ;OB MOryT npuMeHRTbCR pac

CMOTpeHHbie Bblllle MeTOJJ;bi <I>HJibTpau;uu, XHMU'leCKOH H 6HOXH

MU'leCKOH o6pa6oTKH, C)I(HraHuR u .npyrue. Pa3pa6oTaHHbie cnoco6bi 

YTHJIU3aiJ;UH RBJIRIOTCR BbiCOK03<I><I>eKTHBHbiMH, TaK KaK HapRJJ;y C 

o6e3Bpe)I(UBaHUeM TOKCH'IHbiX npOJJ:YKTOB ll03BOJIRIOT llOJiy'laTb 

u;eHHYIO TOBapHyiO npo.nyKu;HIO: MOTOpHbie H HHJJ:YC'fPHaJibHble MacJia, 

IJ;BeTHbie MeTaJIJibi, CTpOUTeJibHbie MaTepHaJibi, cepHyiO KHCJIOTy, 

JiaKoKpaco'IHbie MaTepuaJibi u .np. 

13.1. Ilepepa6omKa nefjJmecoiJepJICaw,ux omxoiJoe 

He<I>Teco.nep)l(amue OTXOJJ:bi u He<I>Tenpo.nyKTbi RBJIRIOTCR OJJ:HHM 

U3 OCHOBHbiX 3arpR3HUTeJieH OKpy)l(aiOLUeH cpeJJ;bi. 0HU o6pa3yiOTCR 

npu TpaHcnopTupoBKe Cbipou He<I>Tu u npo.nyKTOB ee nepepa6oTKH, 

asapuRX TpaHCllOpTa, O'IHCTKe TpaHCllOpTHbiX eMKOCTeH H B JJ;pyrux 

cJiyqaRx. 

OcHOBHbie noTpe6uTeJiu He<I>Tenpo.nyKTOB cocpe.noTo'leHbi B 

KpynHbiX npoMbilliJieHHbiX u;eH'fPax. 3To npe.nnpuRTHR TPaHcnopTa u 

pa3JIU'IHbiX OTpacJieU npOMbiUIJieHHOCTU: MaUIUHOCTpOeHUR, XHMH

'leCKOH, 3JieKTJ)OXHMH'leCKOH, JierKOH, MeTaJIJiypru'leCKOH H MHOfHX 

JJ;pyrux, HCllOJib3YIOLUHX TOllJIHBO, CMa30'1Hbie MacJia, npOMbiBO'IHbie 

)I(H,llKOCTH H .npyrue npo.nyKTbi nepepa60TKH He<I>TH. 

0KOJIO 65 % 06LUHX llOTepb He<I>Tenpo.nyKTOB B OKpy)l(aiOLUYIO 

cpe.ny COCTaBJIRIOT c6pOCbi OT npOMbiUIJieHHbiX MeXaHU3MOB H TPaH-
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IIepepa6omKa npoMblWIIeHHbiX omxoiJos 

cnopTHbiX cpeJJ:cTB. KpoMe Heu36e)I{HbiX noTepb, cB~I3aHHbiX c 

pearru3au;ueii: TexHoJioru<IecKux npou;eccoB (yrap MacJia, ucnapeHue 

TOllJIUBa, YlfOC cMa3biBaiOIIJ;e-OXJia)I{JJ:aiOiu;HX )KHJJ:KOCTeH CO CTpyxKOH 

MeTarrJia H T. n.), 60JibliiUe llOTepu He<lnenpOJJ:YKTOB llpOHCXOJJ:RT H3-

3a llJIOXOH opraHU3aiJ;HH TpyJJ:a H cJia6oii: TeXHOJIOfH'leCKOH JJ:HCIJ;Hll

JIHHbl, a HHOrJJ:a u npocTo H3-3a aapsapcKoro OTHOllleHHR K npupoJJ:e. 

llpHMepoM MO)I{eT cJiyxHTb CJIHB OTpa6oTaHHOf0 MacJia H3 JJ:BHraTeJIR 

aBTOM06UJIR npRMO Ha 3eMJIIO. 

HcnoJib30BaHue He<lnenpoJJ:yKTOB (6eH3HHa, KepocuHa u JJ:p.) B 

Ka'leCTBe MOIOIIJ;HX cpeJJ:CTB RBJIReTCR JJ:aBHO ycTapeBllleH TeXHOJIOrHeH, 

llpUBOMiu;eH K 3arpR3HeHUIO OKpyxaiOmeii: cpeJJ:bl H Hepau;HOHa.JibHOMY 

ucnoJib30BaHHIO pecypcos. ooJiee pau;uoHaJibHO ucnoJib30BaTb JJ:JIR 3THX 

u;eJieii: cneu;uarrbHbie MOIOmue pacTsopbi. HecMoTpR Ha 3To, eme o'leHb 

'!aCTO He<lnenpOJJ:YKTbl HCllOJib3YIOT JJ:JIR O'IHCTKH 3arpR3HeHHbiX 

arperaTOB TpaHcnopTHbiX cpeJJ:cTB H JJ:pyTOH TeXHHKH • 

.LJ:pyrHM HCTO'IHHKOM He<l>TeCOJJ:ep)l{aiu;UX OTXOJJ:OB RBJIRIOTCR 

O'IHCTHbie coopyxeHHR npeJJ:npHRTHH. ooJibliiHHCTBO H3 HHX He uMeeT 

JaMKHYTOrO u;HKJia u nOCJie npmnrroii: Ha 3aBOJJ:e O'IHCTKH c6paCbiBaeT 3a

rpR3HeHH)'IO BO.lJY B o6meropOJJ:CKHe KaH8JIH3aiJ;HOHHbie CHCTeMbl HJlH IIpR

MO B BOJJ:OOMbl H peKH. Bo MHOrHX CJIY'laRX COJJ:ep)I(8HHe He<lrrenpoJJ:YKTOB B 

CTO'IHbiX BOJJ:ax, llOCTyriaiOiu;HX B ropOJJ:CKYIQ KaHaJIU3aiJ;HIO, JJ:OCTHraeT 

100 Mr/JI, a HHOrJJ:a JJ:OXOJJ:HT JJ:O HeCKOJibKHX COTeH Mr/JI (aBTO

~HCllOpTHbie npeJJ:npHRTIDI). B MocKBe, rJJ:e 3KOJIOru'lecKHM: KOHTpOJib 

3a Q'IHCTHbiMH COopyxeHURMH oco6eHHO )l{eCTKHH, CTO'IHbie BOJJ:bl 

npeJJ:npuRTHH, nocTynaiOmue Ha CTaHu;uu a3pau;uu, coJJ:ep)l{aT 

He<lnenpoJJ:yKTbi OT 3 JJ:O 13,7 Mr/JI. Ha 3THX cTaHu;HRX B JJ:a.JibHeii:llleM 

yJiaBJIUBaeTCR 80-97% He<lnenpOJJ:YKTOB. 0JJ:HaKO UMeiOiu;Ue MecTO 

3llH30JJ:U'leCKUe 3a.JillOBbie Bbi6pOCbl He<lnenpOJJ:}'KTOB B CTO'IHble BOJJ:bl 

pe3Ko ycJIO)I{IDIIOT pa6oTy cTaHu;uM: a3pau;uu. 

3Ha'IUTeJibHOe KOJIU'leCTBO He<lnenpOJJ:YKTOB llOCTynaeT B ropOJJ:

cKyiO KaHaJIU3aiJ;UIO BMecTe C JIHBHeBbiMH BOJJ:aMH, CMbiBaiOiu;HMH C 

llOKpbiTHH JJ:Opor, JJ:BOpOB, npoeJJJ:OB, TeppUTOpHH 3aBOJJ:OB He'IMHHO 

npoJIHTbie He<l>TenpOJJ:YKThi, YMbiiWieHHO cJiuToe Ha JeMJIIO u ac<l>arrbT 

MaCJIO, KOHJJ:eHcaT BbiXJIOllHbiX ra30B aBTOTpaHCllOpTa H JJ:pyrue 

He<l>TecoJJ:ep)l{amue OTXOJJ:bl. 

3HMOH He<l>TenpOJJ:YKTbl nona,naiOT B KaHaJIU3aiJ;UOHHYIO CHCTeMY 

H BOJJ:OeMbl BMeCTe CO c6pacbiBaeMbiM CHeroM, KOTOpbiH COJJ:ep)I{UT HX 

Jl:O 0,6 K.r/M3• 
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r A as a 13. /Iepepa6omKa xuiJKux u nacmoo6p03HbiX omxoiJos 

Eme o.n:uH ucTo'IHHK He<I>Teco.n:ep)l{amux OTxo.n:os- TexHoJioru

qecKrur so.n:a rrocJie Moii:Ku asToTPaHcrropTHbiX cpe.n:cTB. ToJibKO Ha 

MOii:Icy aBTOM06UJiei1: pacxo.n:yeTC.R CBbiiiie 500 MJIH. M 3 BOJJ:bl, a KPOMe 

3TOfO, 3Ha'IHTeJibHOe KOJIH'leCTBO BOJJ:bl pacxo.n:yeTC.R Ha MOii:Ky 

BHYTPH3aso.n:cKux rro.n:'beMHO-TPaHcrropTHbiX MaiiiuH, pa6oTaiOmux c 

UCIIOJib30BaHUeM TOIIJIUBa He<I>THHOfO IlpOUCXO)KJJ:eHU.R. 

Co speMeHeM rrpoucxo.n:uT HaKorrJieHue He<I>Terrpo.n:yKTOB s 

BOJJ:OeMaX, peKaX H B IIO'!Be, IIOCKOJibKY, 06'beM IIOIIaJJ:aiOIUHX B HHX 

OTXOJJ:OB rrpeBbilllaeT B03MO)I{HOCTH IlpUpOJJ:bl K caMOO'IHIUeHUIO OT 

He<t>reco.n:ep)l{aiUHX OTXOJJ:OB 6HOXHMU'leCKHMH MeTOJJ:aMU. 

He<t>Teco.n:ep)l{amue oTXOJJ:bi MO)I{HO pa36HTb Ha cJie.n:yiOmue 

OCHOBHbie rpyiiiibl: OTXO.ll:bl 6e3peareHTHOi1: H peareHTHOii: o6pa6oTKH 

He<I>TeCOJJ:ep)l{aiUHX CTO'IHbiX BOJJ:; CMelllaHHbie OTXOJJ:bl 

Tpy.n:Hopa3JJ:eJI.ReMbiX He<I>Teco.n:ep)l{amux MaTepuanos ( cTaHo'IHbiX 

3MYJibCHi1:, CHHTeTU'leCKHX IIOBepXHOCTHO-aKTHBHbiX BeiUeCTB, 

<l>JioTOKOHI.\emparos u .n:p.); He rrpuHHMaeMhre Ha pereHepai.U110 MaCJia u 

IIpOJJ:YKTbi O'IHCTKH He<PniHbiX pe3epsyapos. 

K rrepsoii: rpyrrrre OTHOC.RTC.R OCaJJ:KH H )KHJJ:KHe OTXOJJ:bl, 

3aJJ:ep)I{UBaeMbie Ha O'IHCTHbiX COopy)l{eHH.RX IIpe.n:rrpH.RTHif, liiJiaMbi 

H3 IIIJiaMoHaKorruTeJieii: He<I>Terrepepa6aTbiBaiOmux Jaso.n:os. TaKue 

OTXOJJ:bl COJJ:epJKaT MHOfO BOJI:bl, HO JierKO OTJJ:eJI.RIOTC.R OT Hee rpa

BUTaUUOHHbiMH CIIOCo6aMU pa3JJ:eJieHU.R. 

Ko BTOpOii: rpyrrrre OTXO.li:OB OTHOC.RTC.R OCa.li:KH, o6pa3yiOIUHeC.R 

IlpU O'IHCTKe CTO'IHbiX BOJJ: C rrpuMeHeHUeM XHMU'leCKHX semecTB 

(cyJib<l>aTa aJIIOMHHHH, XJiopu.n:a )KeJie3a, ru.n:poKcu.n:a KaJibUHH u .n:p.), 

'ITO IIpUJJ:aeT HM CJIO)I{Hbie <I>H3U'leCKUe CBOii:CTBa (reJieiiOJJ:06HOCTb), 

B pe3yJibTaTe qero OTJJ:eJieHUe BO.ll:bl OT Heqrrerrpo.zzyKTOB 3aTPYJJ:HeHO. 

TpeTb.R rpyrrrra OTXOJJ:OB COJJ:ep)I{UT MaJIO ropiO'IHX KOMIIOHeHTOB, 

a <I>H3HKO-XHMH'leCKUe CBOii:CTBa UX TaKOBbl, 'ITO OHU rrpaKTU'leCKH 

He IIOJl.llaiOTC.R OTJJ:eJieHUIO OT BOJJ:bl. 

K 'leTBepTOif rpyrrrre OTXOJJ:OB OTHOC.RTCH, KaK rrpaBHJIO, BbiCOKO

KOHUeHTPHPOBaHHhie He<I>TeiipOJJ:YKTbl, KOTOpble TPe6yiOT crreuu<l>u

qecKUX MeTo.n:os YTHJIH3auuu. 

Mexanu'lecKoe o6e360JICUBanue nerjJmeomxoiJoe. C ueJibiO yMeHb

IIIeHHH 06'beMOB He<I>TeOTXOJJ:OB, a TaKXe JJ:JI.R IIOBbillleHU.R 3<l><l>eK

THBHOCTH npuMeH.ReMbiX cnoco6os YTHJIH3auuu ux rrpe.n:sapuTeJibHO 

OTJJ:eJI.RIOT OT BOJJ:bl. ,llJI.R 3TOfO IlpHMeH.RIOT MeTOJJ:bl OTCTaUBaHU.R, 

<I>HJibTPauuu, ueHTPH<I>yruposaHu.R u .n:p. TaK, oTXOJJ:bi rrepsoii: rpynrrhr 

JierKo pa3.n:eJI.RIOTCH rrpu oTCTausaHuu: 3a 1 q o6'beM oca.n:Ka yMeHb-

403 



IIepepa6omKa npaMbliUJieHHbiX omxoiJos 

rnaeTc.R Ha 35 %. ,[LJIH <I>IDihTl)auuu IIIJiaMoB c BbiCOKHM co.nep)l(aHueM 
He<I>TeiTpo.nyKToB ITpuMeH.RIOT neHTO'IHbie <t>uJibTP-ITpeccbl . .LJ:n.R YJIY'l
rneHu.R <I>HJibTPaUHH IIIJiaMOB ITpOBOJJ:.RT UHTeHCHBHOe HX nepeMeiiiU
BaHue, ycpe.nHHIOIUee COCTaB, a TaK)I(e .no6aBJI.RIOT B IIIJiaM 30Jiy, 
IIOJIH3JieKTpOJIHTbl H .11;pyrue peareHTbl, H3MeH.RIOIUUe ero <I>H3HKO
XHMU'leCKUe csoifcTsa u o6nerqa10ruue ITpouecc <t>unbTpauuu. 
Oca,nKu u oTXOJJ:bi BTopoit u TPeTbeit rpyiTIT, TaK)I(e co.nep)l(aruue 
60JibiiiOe KOJIU'leCTBO BO.l(bl, rpaBHTaUHOHHbiMH MeTO.l(aMH o6e3-
80)1(UBaiOTC.R IIJIOXO H Tpe6yiOT UHbiX CITOC060B pa3.l(eJieHU.R . .LJ:JIH 
ynyqrneHuH <l>nJibTpauuu He<I>Teco.nep)l(aruux oca.nKoB BTopoti rpyiT
ITbi B HHX .no6aBJI.RIOT KOaryJIHHTbl, HaiTpuMep H3BeCTb (I 0 r/JI) H 
XJIOpUJJ: )l(eJie3a (I r/JI). nocJie KOaryJIHUHH IIpOU3BOJJ:HTC.R <I>HJibTpa
UHH Ha BaKyyM-<I>HJibTPe. npoU380.11;UTeJibHOCTb <I>HJibTPa .l(OCTHraeT 
40 Kr/(M2 • '1), a BJia)I(HOCTb OCaJJ:Ka COCTaBJI.ReT BCero 68-75 %. 

Oca,nKH Moe'IHOH BOJJ:bi npu MOHKe asTOTpaHciTopnt JierKo pa3JJ:eJIR
JOTCR B ueHTpOOe)K}{OM ITOJie. 

TaK )J)UI cryrn.eHHR oca,nKoB H3 oquCTHbiX coop)')KeHuif asTo
TPaHCITOPTHhiX rrpe.nnpHRTHH uciTOJib3YJOT ru.npoUUKJIOHbi, coe.nuHeHHbte 
c 6yHKepaMu-yiiJioTHUTeJIRMH. B ru.npouuKJioHe npoucxo.nHT cry
rn.eHue oca,nKa, a B 6YHKepe-yiiJIOTHUTeJie - JJ:a.rtbHetirnee ero 
o6e3BO:lKHBaHue MeTo.naMu yiiJIOTHeHHR. He.nocTaTKoM 3Toro MeTO.na 
RBJIReTCR 3Ha'IUTeJibHbiH (.no 50 %) yHoc MeJIKo.nuciTepcHoif Tsep.noit 

$a3bl C BOJJ:OH. 
,lJ,rnl :nux :iKe ueJieif npuMeHReTCR ueHTpu.pyra ITepuo-

JJ:H'lecKoro .neifcTBHR MapKu O.LJ:M-802 K-4 c )J.HaMeTpOM poTOpa 
800 MM u $aKTopoM pa3.neJieHHR 700, o6JiaJJ:aiOI.J.VUI BbiCOKOH ycToif
'IHBOCTbiO K 3po3HOHHOMY H3HOCy. Ee npoH3BO)J,HTeJibHOCTb IIO OCa,nKy 
.nocruraeT 4 ~ 1'1. Co.nep:iKaHue TBep.noit $aJhi B oqurn.eHHOH so.ne 
COCTaBJIReT He 6oJiee 0,00 I %, a BJia:iKHOCTh TBep.noro oca,nKa - He 

6oJiee 24%. 
0'1UCTKa MOe'IHOH BO.l(bl aBTOITpe.niTpU.RTH.R MO)I(eT 6biTb opra

HH30BaHa ITo cxeMe, ITpuse.neHHOH Ha puc. 13.1. 
O.nHaKo, yquTbiBaH orpoMHoe KOJIH'lecTBo ITpe.niTpHHTHH, uMe

IOIUHX B CBOeM X03.RHCTBe aBTOTPaHCITOpT, paCC'IHTbiBaTb CefO.l(H.R Ha 
TO, 'ITO BCe OHH 6y.11;yT UMeTb O'IHCTHbie COOpy)l(eHU.R, OCHaiUeHHbie 
UeHTPH<I>yroif, <I>IDibTPOM H JJ:PYfHM o6opy.noBaHHeM, HeJib3.R. no3TOMY 
6oJiee pauuOHaJibHO HCITOJib30BaHUe M06UJibHbiX ycTaHOBOK, CITO
C06HbiX O'IHIUaTb He<I>Teco.nep)l(aiUHe MOe'IHbie BO.l(bl npe.niTpH.RTUH ITO 
3apaHee cornacoBaHHOMy rpa<l>uKy c ITocne.nyiOIUHM BbiB030M 
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llllltlM 

PHc. 13.1. CxeMa ycTaHoBKH .llJHI O'lHCTKH Moe'!Hoi1 BO.llbi aBTOnpe.n
npHHTIDI: 

] - pellieTKa; 2- fH)lpOUHKJIOH; 3 - ynJJOTHHTeJJbHbiH 6yHKep; 4, 7-
eMKOcTH; 5- Hacoc; 6- ueHTJ)Hcpyra 

TBep.nou <t>aJbi H He<trreco.nep)l(amero IIIJiaMa Ha JJ:aJibHeurnyro yrH

JIHJau:mo. 

CJK:ucaHue HerjJmeomxoiJoe. He<trreoTXOJJ:bi, KOTopbie HeJib3R pe

reHepHpoBaTb, nO.l(BepraiOTCR C)I(HfaHHIO. npH ropeHHH TaKJ.ix OTXOJJ:OB, 

co.nep)l(aJUHX 3Ha'lHTeJibHOe KOJIH'leCTBO BO.l(bl, npoHCXOMT CJIO)I(Hbie 

XHMH'leCKHe npou:ecCbl, CBR3aHHbie C HcnapeHHeM BO.l(bl H HaJIH'lHeM ee 

napOB 8 30He nJiaMeHH. 3TO nOBbilllaeT CKOpOCTb ropeHIDI OTXO.l(OB 

BCJie.l(CTBHe )'BeJIH'IeHIDI KOJIH'lecTBa aKTHBHbiX u:eH'fPOB, KaKOBbiMH 

RBJIRIOTCR nOJIO)I(HTeJibHO H OTpHU:aTeJibHO 3apR)I(eHHble HOHbl, 

o6pa3yiOIUHeCR B pe3yJibTaTe .l(HCCOU:HaU:HH BOJJ:bl. noRBJieHHe B 30He 

nJiaMeHH 06BOJJ:HeHHOfO TOnJIHBa 60Jiblll0fO 'lHcJia aKTHBHbiX U:eH'fPOB 

aToMapHoro so.nopo.na H+ H rHJJ:pOKcHJia OH- so MHoro pa3 ycKopReT 

peaKI.J,HIO OKJ.icJieHIDI TOnJIHBa. 

Bo.na He TOJibKO RBJIReTcR HHHU:HaTOpOM peaKU:HH, HO H 

yqacTByeT B npoTeKaHHH caMHX peaKl.I,HH. 3TO nO.l(TBep)I(JJ:aeTcR 113-

MeHeHHeM HHTeHcHBHOCTH CBeqeHIDI, KOTOpoe Ha6JIIO.l(aeTCR C yBeJIH

qeHHeM co.nep)l(aHIDI BO.l(bl 8 CMeCH. npH C)l(lffilHHH OOBO.l(HeHHbiX TOnJIHB 

yMeHblllaeTCR .l(biMJieHHe, KOTOpoe RBJIReTCR CJie.l(cTBHeM .ne<I>HU:HTa 

KJ.iCJIOp0.11;a 8 30He npOTeKaHIDI peaKI.J,HH. 

npou:ecc C)I(HfaHHR He<I>Teco.nep)l(aJUHX OTXO.l(OB MO)I(eT pea

JIH308biBaTbCR B TonKax pa3JIH'IHOH KOHCTPYKU:HH: KaMepHbix, U:HK

JIOHHbix, Ha.ncJioeBbix. Oco6biH HHTepec npe.ncTaBJIReT zyp6o6ap-

6o1IDKHbiH cnoco6 ropeHIDI (pHc. 13.2), KOTOpbiH xapaicrepH3YeTCR cJie

JJ:YIOIUHMH OCHOBHbiMH npH3HaKaMH: 

1. npou:ecc C)KlfraHIDI ocymecTBJIReTCH B QHJIHII.D:pH'IecKOH IDIH 

Y3KOH KOJibU:eBOH KaMepe npH 6oJiblliOH KpaTHoCTH o6MeHa 8 TOHKOM 
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Puc. 13.2. CxeMa Typ6o-
6ap6oTIDKHOH ycTaHOBKH .li.JHI 
C:li<HraHHH :lKH.llKHX HecpTe-

OTXO.llOB: 
1 - TYp6yneHTHO .llBH:lKYJ..UHH
cH cnon; 2- conJia "nepBH'I
Horo" B03.llyxa; 3 - "BTOpH'l
Hbti{" oowx; 4- 30Ha ueHTp0-
6e)l(}foH CTa6wrn3aUHH KlllleJib 

5- 3oHa pacnbma 6 -TYP6o-
6ap6oTIDKHM BaHHa 

cnoe, npusonuMoM so spamaTeJibHoe Typ6yneHTHoe nBu)l{eHue. CnoM: 
Tonnusa 6bicTpo nporpesaeTCR u qacTH'IHO pacnbiJIReTcR Ha 6onee 
MeJIKue, '!eM npu npyrux cnoco6ax, Kannu. 

2. llpou:ecc BeneTCR npu llOHU)I{eHHOM KOJIU'leCTBe nepBH'IHOfO 
soJnyxa u npu 6oJibiiiOH ero cKopocTu. Bap6oTaxHbie 3JieMeHTbi 
o6benuHeHbi B KOJIJieKTopHbie 6JioKH. 

3. llonaqa BTOpU'IHOfO BOJ.llYXa 8 KaMepy cropaHUR ocymeCTB.IDieT
CR Han cnoeM oTxonos TaHreHU:HaJibHO c nepece'leHueM ee pa6oqero 
ceqeHHR. HenoucnapuimmecR Kannu, BbiHeceHHbie H3 CJIOR non 
neHCTBUeM U:eHTp06eX<HOH CHJibl, cenapupyiOTCR Ha CTeHKax KaMepbl 
cropaHIDI, 'ITO UCKJIIO'laeT MeXaHU'leCKYIQ HellOJIHOTY cropaHUR. 

4. llpou:ecc cxmraHuR seneTCR npu noBbiiiieHHOM 3Ha'leHuu 
Ko3<l><lmu:ueHTa u36biTKa soJnyxa, 'ITO B onpeneneHHbiX npenenax 
ll03BOJIReT U3fOTaBJIUBaTb yYp6o6ap60TaxHbie ropeJIKU 6e3 <l>yrepOBKH 
H BO,llRHOfO OXJia)l{.lleHIDI KOpnyca. 

Typ6o6ap6oTax<HaR ycTaHOBKa "Buxph-1" c ne'lbiO npou3BO
nuTeJibHOCTbiO 200 Kr/'1 noKa3aHa Ha puc. 13.3. 

llpu onpeneneHHbiX ycnosuRx (Ko3<l><l>uu:ueHT H36biTKa soJnyxa 
a = 1,4-1,9; 3aKpyrKa "BTOpU'IHOfO" B03nyxa CO CKOpOCTbiO CBbiiiie 
50 M/C) nequ nuaMeTpOM no 0,6 M MO)I{HO H3fOTaBJIUBaTb u:eJib
HOMeTaJIJIWieCKUMH 6e3 <l>yrepOBKH H BO,llRHOfO OXJia)l{,lleHIDI U3 06bi'IHOH 
HepxaseiOmeM: CTaJIH 1X18H9T, 'ITO 3Ha'IUTeJibHO ynpomaeT u yneiiieB.IDieT 
HX KOHCTpYKI.J:UIO. 

3KCnepuMeHTbl Ha ycTaHOBKaX nuaMeTpOM CBbiiiie 0,6 M llO
KaJaJIH, 'ITO, Ha'IHHaR c nuaMeTpa 0,8 M, 3<l><l>eKT spamaiOmerocR KOJibU:a 
xononHoro soJnyxa 3Ha'luTeJibHO ocna6esaeT u 6onee KpynHbie 
ycTaHOBKH H~aiOTCR B <l>yrepOBKe OfHeynopHbiM MaTepuaJIOM, TaK 
KaK HX CTeHKH HarpeBaiOTCR Bbiiiie 700 ·c. 
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PHc. 13.3. llepe.llBHlKHM 
ycTaHOBKa "BHXpb-1": 

1 - perymnop no.na'IH 
Heq>TeOTXO.llOB; 2 - 3a
llaJibHblH naTpy6oK; 3 -
OTBepCTHH .llnH llO.lla'lH 
"BTOpH'lHOfO" B03.nyxa; 4-
Ka.Mepa cropaHHH; 5- TPY-
6a; 6- ryp6o6ap6oTIDKHM 
KpecTOBHHa; 7 - .llHHIUe 
ropenKH; 8- mH6ep "nep
Bl.P:IHoro" so3.nyxa; 9 -
IUH6ep "BTOpH'IHOro" 803-
.nyxa; 10 - 3Hepro6noK; 
11 - BeHTHnHTOp; /2 -

maccH 

YcTaHOBKH "BHxpb" BbmycKaiOTCR c yrHJIH3aUHetl: TenJia H c 

MOKpOH (peareHTHOH H 6e3peareHTHOH) O'IHCTKOH .llbiMOBbiX ra30B. 

JIOKaJibHbie ycTaHOBKH TaKoro THna MOryr UIHpOKO npHMeHRTbCR .llJIR 

C:JKHraHHR ropiO'lHX OTXO.llOB HenOCpe.llCTBeHHO Ha MeCTe HX o6pa30BaHHR. 

0cHOBHbie xapaKTepHCTHKH zyp6o6ap6oTrulrnotl: ycraHOBKH "BHXpb", 

pa3pa6oTaHHOH .llJlR C:JKHraHIDI He<l>TeOTXO.llOB, npHBe.lleHbi B Ta6JI. 13.1. 
,[(.rnr o6e3Bpe:JKHBaHIDI TaKHX He<Preco.nep:>Ka.w,HX OTXO.llOB (IIJJia

MOB Hecprenepepa6aTbiBaiOIUHX 3aBO.llOB, OCa.LJ.KOB CTO'IHbiX coopy:>Ke

HHH), B COCTaBe KOTOpbiX npHcyrcTByeT 3Ha'IHTeJibHOe KOJIH

'IecTBO MHHepa.JibHbiX npHMeceH:, TaK:>Ke HCllOJib3YeTCH C:JKHfaHHe. 

llpouecc C:JKHfaHIDI HecpTeCO.llep:>KaiUHX OTXO.llOB npOBO.llHTCH B ne'lax C 

"KHnRIUHM" cnoeM, B MHorono.nosbiX H 6apa6aHHbiX ne'lax. TeMne

paTypa OTXO.llRIUHX ra30B .llOCTHraeT 800 ·c, 'ITO n03BOJIReT ycTaHaB

nHBaTb KOTeJI-yrHJIH3aTOp c nony'leHHeM neperpeToro napa H ropR'leH 

BO.llbi. )J,JIR C)I<HraHHR I Kr oTxo.nos aBTonpe.nnpHRTHR, co.nep)l(aiUHX 

60 % MHHepaJibHbiX npHMeCeH, 10 % He<l>TenpO.llyKTOB H 30 % BO.llbl, 

Tpe6yeTCR .llO 0,3 Kr )I(H.llKHX He<l>TeOTXO.llOB C TenJIOTOH cropaHHR 

21 M)J,)I(/Kr. 

XUMu~tecKoe o6e3epeJtCueanue ne¢mecoiJepJtCaut,ux omxoiJoe. 3TOT 

cnoco6 B.llBOe .nerneBJie C)I(HfaHHR, TaK KaK He TOJibKO ll03BOJIReT HCK

JIIO'IHTb yruep6 OKpy)l(aiOrneH cpe.ne, HO H llOJIY'IHTb TOBapHbie 

npO.llYKTbi, KOTOpbie MOryr 6biTb HCllOJib30BaHbi 8 .llOpO)I(HOM CTpOH

TeJibCTBe H .llJIR .npyrHx ueJietl:. O.llHH H3 pacnpocTpaHeHHbix cnoco6os 
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Jlepepa6om~ea npOMbiWAeHHbiX omxoaoo 

T a 6 n u u a 13.1 
XapllKTepHCTHKH paOOTbl yCTaHOBKH "Buxpb-l" 

XapaKTepHCTHIOI rrpouecca H ycTaHOBKH 

BbiCOTa cnoH oTXo.o;oa, eM 

Ko3cpcpuuueHT H36biTKa ao:myxa 
KonwieCTBo nepBH'IHoro B03.JlYXa, % OT 
o6mero pacxo.o;a 
CKopocTh Bbixo.o;a nepBH'IHoro Bo3.o;yxa, M/c 
XapaKTep no.o;a'lu BTopu'lHoro Bo3.o;yxa 

,ff,onycmUMOe coaep:NCGHUe 6 omxoaax, %: 
BJiarH 

TBep.LlbiX MHHepaJibHbiX rrpHMeCeH 
Pa3Mep 'laCTHU TBep.o;blx npuMeceu, MKM 
CYMMapHaH IIJIOllla.Llb ce'leHHH 6ap6oTIDKHbiX 
ornepcrnu, % OT o6meu IIJIOllla.LlH BaHHbl 
KoHcmpyKu,uoHHblu Mamepua.A KaMepbl 
czopaHUR: 

npu .!I.HaMeTpe < 0,6 M 
npu .o;uaMeTpe > 0,6 M 

PeKoMeH.li.YeMble K cxmraHHIO 

yrneBO){OpO.ll.bl 

0,2-3,0 

1,4-1,9 
5-10 

>50 
3aKpYTJ<a no BHyrpeHHen 
H HapyxHOH CTOpOHaM 
KOJibUeBoH KaMepbl 

60 
15 

0-2000 
< 0,1 

Hep)J(aaeiOmaH CTaJib 

CTaJib c cl>YTePOBKOH 
omeynopHbiM KHpiiH'lOM 
OT JIB)I( .o;o TH)I(eJibiX Ma-

3yToB (t""n = 30-360 ·q 

YTHJIU3aUHH He<I>TeCO,ll,ep)l(aiUHX OTXO,ll,OB COCTOHT B o6pa60TKe 

HX HerarneHOH H3BeCTbiO, npe,ll,BapUTeJibHO o6pa60TaHHOH CTea

puHOBOH KHCJIOTOH HJIH ,ll,pyrHM llOBepXHOCTHO-aKTHBHbiM BeiUeCT

BOM. B HTore noJiyqaiOT cyxou, cunbHO ru,ZJ,po<l>o6HbiH nopornoK, 

KOTOpbiH MO)I(HO HCllOJTh30BaTb B KaqecTBe C'fPOUTeJibHOfO MaTepUaJia 

npu coop~eHHH ,ZJ,opor u ,ll,JIH ,ll,pyrux ueJieu. 

XuMuqecKoe o6e3Bpe)l(uBaHue ucnoJib3YIOT TaK)I(e JJ;JIH oqucTKH 

IIOBepXHOCTH BO,ll,OeMOB OT rrpOJIHTOH He<I>TH. nJI.si pacceuBaHU.si 

He<I>TH npHMeH.siiOT npenapaTbl 3MYJibrupyiOIUero ,ZJ,eHCTBH.si, KOTO

pbie npe,ll,CTaBJI.siiOT co6ou IIOBepXHOCTHO-aKTHBHble BeiUeCTBa, 

pa36aBJieHHbie opraHHqecKHM pacTBOPHTeJieM. TaKue npenapaTbi 

CllOC06Hbl K 6UOJIOfHqecKOMy pa3JIO)I(eHUIO llO,ll, B03,ZJ,eHCTBUeM 

6aKTepuu. 
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3Heprwmoe nepeMernu8aHue c 8o.nou o6pa6oTaHHbiX HMH nyreM 

onpbiCKU8aHUR C 803.l(yxa He<I>TRHbiX nRTeH npH80JJ:HT K pacceu8aHUIO 

OTXO.l1;08 8 TOJIIUe 80.11;bl H nocJieJJ:YIOIUeMy 6UOXHMU'leCKOMY 

OKHCJieHHIO. 

B nocne.nHue ro.nbi MR c6opa He<I>Tenpo.nyKT08 c no8epxHocTu 

80.11;0eM08 H H38Jie'leHIDI HX H3 CTO'IHbiX 80.11; HCnOJib3YIOT )J(U.l(KOCTH, 

o6na.na10mue MarHHTHbiMH c8oucT8aMu. MarHHTHbie· )J(HJJ:KOCTH 

npe.l(CTaBJIRIOT C060H MHOrOKOMnOHeHTHbie KOJIJIOH.l(Hble CHCTeMbl, 

COCTORIUHe H3 80.11;bl, MHHepaJibHbiX MaceJI, MarHHTHbiX MaTepHaJI08 

(Fe, Fe30 4) u .npyrux 8emecT8. MamuTHbie )J(HJJ:KOCTH Ha yrne-

8o.nopo.nHou OCH08e (KepOCUHe H .11;p.) XOpOlliO paCT80pRIOTCR 8 

He<!>Tenpo.nyKTax. npu He06XO.l(HMOCTH O'IHCTKH OT He<!>Tu MarHHTHYIO 

)J(HJJ:KOCTb pacnbiJIRIOT no no8epxHocTu 8o.noeMa, a JaTeM (noc.rie ee 

pacT8opeHHR 8 He<I>Tenpo.nyKTax) nonyqeHHYIO cMecb co6upaiOT c 

noMOIUbiO MarHHTHoro ycTpoucT8a, nepe.n8uraiOmerocR no no-

8epxHocTu 8o.noeMa. 

EuoxUMu~tecKaJl o6pa6omKa. BuoxuMH'lecKaR o6pa6oTKa He<I>

Teco.nep)J(amux OTX0.11;08 OCH08aHa Ha cnoco6HOCTH HeKOTOpbiX 

MHKpoopraHH3M08 npe8pamaTb apoMaTu'lecKue u anu<l>aTH'lecKue 

yrJie80.11;0p0.11;bl 8 6e38pe.11;Hble JJ:HOKCHJJ: yrnepo.na H 80.11;y. npeo6-

pa308aHHe yrJie80JJ:Op0.11;08 npOHCXOJJ:HT 8 a3p06HbiX ycJI08HRX. 

O.nHa H3 TexHonoruu 6uoxuMu'lecKou o6pa6oTKH He<I>TeoTxo.no8 

pa3pa6oTaHa oTeqecT8eHHbiMH cne~uanucTaMu H3 TIOMeHu. 

Cne~uaJibHO pa3pa6oTaHHbiH 6aKTepuaJibHbiH npenapaT 

"nyru.noUJI" Ha OCH08e npupOJJ:HOrO lliTaMMa o6Jia.l(aeT OKHCJIRIOIUeH 

aKTH8HOCTbiO 8 OTHOllieHUH yrJie80JJ:Op0.11;08 He<!>Tu, pa3pyrnaR HX .11;0 

npOJJ:YKT08, OTHOCRIUHXCR K 3KOJIOrH'leCKH HeH'fPaJibHbiM COe.l(H

HeHURM. 

npenapaT npe.ncTaBJIReT co6ou MeJIKO.l(UCnepcHbiH nopOlliOK C 

KOH~eHTpa~HeH 6aKTepUH He HU)J(e 100 MHJIJIHap.l(08 8 O.l(HOM rpaMMe 

cyxoro 8emecT8a. BJia)J(HOCTb npenapaTa- He 6onee 10 %. nopOlliOK 

MO)J(eT npUMeHRTbCR .l(JIR O'IHCTKH CTO'IHbiX 80.11;, 80.l(OeM08, aK8aTOpUU 

MOpeu, TeXHOJIOrH'leCKUX" pe3ep8yapo8, TaHK08, CYJJ:08, TeppUTOpHH 

He<I>Te6a3 H T . .11;. npenapaT COXpaHReT pa60TOCnOc06HOCTb npu 

TeMnepazype OT -50 .11;0 70 "C. 0H aKTU8eH TOJibKO 8 KHCJIOpOJJ:HOH 

cpe.ne u noru6aeT 8 aHa3po6HbiX ycJI08IDIX, T. e. npu nona.naHuu 8 

JeMHbie He.npa. BecbMa 8a)J(HO, 'ITO nocne npuMeHeHHR npenapaTa Ha 

3arpR3HeHHOH He<I>TenpOJJ:YKTaMU nO'l8e 8biXOJJ: 6UOMaCCbl 803-

pacTaeT 8 4 pa3a no cpa8HeHUIO C ypO)J(aeM nO'l8bl .11;0 3arpR3HeHHR. 
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IIepepa6omKa npOMblWJieHHblX omxoiJOB 

3TO o6bRCHReTCR TeM, 'ITO llpOJJ:YKTbl o6e3Bpe:X<J1BaH11R RBJIRIOTCR 

OTJII1'1HbiM y.no6peHI1eM. 

llpO.l(OJI)I(HTeJibHOCTb npou;ecca o6e3Bpe:X<:HBaHI1R 3arpR3HeHHOH 

He<l>TbiO llO'IBbl COCTaBJIReT MeHee 2,5 MeC. - 11MeHHO llOCJie 3TOfO 

cpoKa 80306HoBJIReTCR ee pacTHTeJibHbiH llOKpOB. 

Pe2eHepau,UR ompa6omaHHbiX MUHepOilbHbiX MOCeJl. OcHOBHYIO qacTb 

He<i>TeOTXO.l(OB, o6pa3yiOiu;I1XCR Ha llpOMbiiiiJieHHbiX 11 TpaHCllOpTHbiX 

npe.nnp11RT11RX, COCTaBJIRIOT MI1HepaJibHble MacJia. 06maR Macca 

MI1HepaJibHbiX MaceJI, llOCTYllaiOiu;I1X B OTXO.l(bl B Te'leHI1e ro.na 80 

BCeM M11pe, ou;eHI1BaeTCR B 15 MJIH. T. 06pa3oBaHHe OTXO.l(OB 

MI1HepaJibHbiX MaceJI CBR3aHO C TeM, 'ITO B npou;ecce pa6oTbl Maiiii1H 

11 MeXaHI13MOB MaCJIO OKI1CJIReTCR, 3arpR3HReTCR llpOJJ:YKTaMI1 113HOCa 

.neTaneu, MeTaJIJII1'1ecKou cTpy)J(KOH 11 nhiJibiO. Ha116oJiee 3arpR3-

HeHHbiMI1 OKa3biBaiOTCR MacJia, CJII1Tble 113 KapTepoB .11;BI1raTeJieU 

BHyTpeHHero cropaH11R. 

0Tpa6oTaHHble MacJia RBJIRIOTCR CblpbeM MR llp011380.11;CTBa BTO

p11'1HbiX MaTep11aJIOB 11 .l(OJI)J(Hbl C0611paTbCR C u;eJibiO pereHepau;1111. 

TaK, B KaHa.ne He<l>Tenepepa6aTbiBaiOmaR <l>11pMa "3cco" (KaHa.na) 

nocTaBJIReT Ha pbiHOK MacJia, co.nep)J(am11e 50 % pereHep11poBaHHbiX 

npo.nyKTOB. Bo <l>paHu;1111 co611paeTcR MR peKYnepau;1111 e)J(ero.nHo 

180 Tbic. T oTpa6oTaHHbiX MaceJI. O.nHaKo B cBR311 c reM, 'ITo 3aTpaTbi 

Ha pereHepau;1110 npeBbiiiiaiOT CTOI1MOCTb C8e)J(ellp11fOTOBJieHHbiX 

MaceJI, pereHepl1pOBaHHbiH llpOJJ:YKT CTaHOBI1TCR HeKOHKypeHTO

CllOC06HbiM. BbiXOJJ: 113 C03.11;aBIIIerocR llOJIO)J(eHI1R COCTOI1T B TOM, 'ITO 

rocy.napcTBO 3aKOHO.l(aTeJibHO 06R3biBaeT llOCTaBiu;I1KOB CMa30'IHbiX 

MaceJI 11CllOJib30BaTb 8 11X COCTaBe .11;0 15 % pereHep11poBaHHbiX npo

JJ:YKTOB. 

Y Hac B cTpaHe corJiacHo fOCT 21046-86 "He<PTenpo.nyKTbi 

OTpa6oTaHHble. 06m11e TeXHI1'1eCKI1e ycJI0811R" OTpa6oTaHHble 

He<i>TenpOJJ:YKTbl no.npa3.l(eJIRIOTCR Ha MacJia MOTOpHble OTpa6oTaHHbie 

. (MMO), B TOM '111CJie TpaHCMI1CCI10HHble, MacJia. 11HJJ:YCTpl1aJibHble 

OTpa6oTaHHble (MHO) 11 CMeCI1 He<i>TenpOJJ:YKTOB OTpa6oTaHHbiX 

(CHO). Ha p11c. 13.4 np11Be.neHbl 11CTO'IHI1KH o6pa3oBaHHR 11 HanpaBJie

HHR yriDII13aiJ;I111 oTPa6oTaHHbiX MaceJI. 

ITo csoucTBaM oTpa6oTaHHbie He<l>Tenpo.nyKThi .noJI)J(Hbi cooT

BeTcTBoBaTb TPe6oBaHHRM, np11Be.neHHbiM B Ta6JI. 13.2. 
MeTOJJ:bi pereHepau;1111 oTpa6oTaHHbiX MaceJI no.npa3.neiDIIOTCR Ha 

<l>113H'IeCKHe, <l>11311KO-XI1MH'IeCKHe, X11MH'IeCKHe 11 KOM611H11poBaHHble. 

K <l>11311'1eCKI1M MeTO.l(aM OTHOCRTCR OTCTai1BaHI1e, u;eHTp11-
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TPAHCfiOPTHbiE CTAHKH H PA3JIWIHOE fiPOMbllll- 3HEPfETHqECKOE TEXHOJIOfHqECKHE 
CPE,llCTBA JIEHHOE OEOPY.UOBAHHE OEOPY,UOBAHHE fiPOQECCbl 

OTPAEOTAHHblE OTPAEOTAHHbiE 

OTPAEOTAHHblE OTPAEOTAHHblE OTPAEOTAH- fH,UPABJIWIEC- OTPAEOTAHHblE 3AKAJIOqHblE 

MOTOPHblE TPAHCMHCCH- HblE HH,UYCT- KHE, KOMfiPEC- TPAHC<l>OPMA- MAOIA, 

MACJIA OHHblE MACJIA PHAJibHblE CHOHHblE H .UP. TOPHbiE MACJIA 1EfiJIOHOCH1EJIH, 

MACJIA MACJIA fiPOMbiBOqHblE 
)I(I.UU<.OClll, CO)l{ 

l h ~ ~ 
I 

1 l 
HCfiOJib30BAHHE CMA3KA HE-

CEPOC B CEPOC B Cb!PY10 B ,UOPO)f(HOM H OTBETCTBEH-
PEfEHEP AUllil KOTEJlbHOE HE<I>Tb fiPOMbllllJIEHHOM HblX Y31IOB 

TOfiJIHBO CTPOH1EJibCTBE TPEHIDI 

PHc. 13.4. HcrolfHHKH o6pa.JoBaHHH H HanpaBJieHHH yrnJIHJaUHH oTpa6oTaHHbiX Macen 



llepepa6omKO npoMblUJAeHHW: omxoiJoB 

T a 6 n H u a 13.2 
Tpe6oBaHHH K OTIJa6oTilllllbiM aetln'enpo,lzyKTilM, 

DOCT)'JIIUOIII,HM Ha pereHepau,HIO 

HaHMeHOBaHHe 
HopMa !IJUI Macell 

noKaJaTeJleH MMO MHO CHO 

lumeMarnqecKaH BH3KOCTb, X 106, 

M2/c, npH reMnepa'fYPe, ·c: 
50 ~ 25 ~ 5 -
100 ~ s - -

YcnoauaH BH3KocTb npH 20 ·c, CT ~ 29 ~ 13 -
TeMnepa'fYPa acnbllllKH B OTKpbi- ~ 100 ~ 120 -
TOM THrne, •c 
Co.nep)KaHHe,% (no Macce): 

~2 ~2 MexaUHqecKHX npHMeceu ~2 

BO.LI;bl ~4 ~4 ~5 

ronnHBa ~6 ~6 -

<PyrHposauHe, <PKTibTpaUIDI, neperouKa. HaH6onee 3<P<PeKTHBeu MeTO.U 

BaKyyMuoii neperouKH. 11uTepecubiH onbiT pereuepauHH oTpa6o
TauubiX MaceJI HaKOruieH <f>HHCKOH <f>HpMOH "3KOKeM". 0rpa60TaHHbie 

Macna C06HpaiOTCH C llpOMbiWReHHbiX npe,n:npHHTHH, CTaHUHH 
TexuHqecKoro o6cny)I(HBauHH aBTOM06HJiei1:, asToJanpasoqubiX 
CTaHUHH H T. n. llpH nepepa6oTKe H3 Macna cuaqana MeTo,n:oM ueuT
PH<PyrHposauHH Bbl.l(eJIHIOTCH MeTaJIJibi H .upyrHe BJBeweuubre qac
THUbi, JaTeM MaCRO <PHJibTpyiOT H o6e3BO)I(HBaiOT. ,llnH H3fOTOBJieHHH 
H3 o6pa3osaswerocH "cblporo" Macna npo.uyKTa, npHro.uuoro .unH 
HCll0Rb30BaHHH B aBTOM06HJieCTpOeHHH B KaqecTBe CMaJoquoro 
MaTepHana, B uero .uo6asnHIOT cooTBeTCTBYIOW.He npHCa.l(KH. Yno
MHuyTaH <PHpMa ua uecneUHaJIH3HposauuoM npe.unpHHTHH pere
uepHpyeT B fO.U 50 TbiC. T OTpa60TaHHbiX MaCeJI, llOJiyqaH llpH 3TOM 
3 TbiC. T fOTOBOfO npo,n:yKTa (T. e. 6% OT KOJIH'IeCTBa nepepa60TaHHbiX 
OTXO.UOB). 

K <PH3HKO-XHMHqeCKHM OTHOCHTCH MeTO.Ubi, OCHOBaHHbie ua 
HCllOJib30BaHHH llOBepXHOCTHO-aKTHBHbiX BeW.eCTB, a.zi.COp6euTOB H T. ll. 

XHMHqecKHe MeTO.Uhi pereuepauHH JaKJIIOqaiOTCH B oqHcTKe 
OTpa6oTaHHbiX MaCeJI C llOMOW.biO KHCJIOTbl HJIH W.eJIOqH. 
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r A a B a 13. llepepa6omKO :JK:uiJKux u nacmoo6p03HbiX omxoiJoB 

. 
coqeTaHHH ueCKOJlbKHX Ha3BaHHbiX BbiWe llpHeMOB oqHCTKH. 

B pRJJ;e cnyqaea .lVHI pereuepauHH oTpa6oTaHHbie Macna cMe
WHBaiOTcH c cbipoii ue<PTbiO H nonyqeuuyiO cMech nepepa6aTbiBaiOT 
no nonuoii TexuonomqecKoii cxeMe. MeTO.ll npocT, uo BbicoKaH 
30JlbHOCTb H CO.llep)l(aiUHeCH B Macne llpHCaJIKH OTpHuaTeJlbHO BJlHHIOT 
ua pa6oTy TexuonomqecKoro o6opynoaauHH. llo3ToMy ero npH
MeueuHe JIOllyCTHMO TOJlbKO B oqeub orpauHqeHHbiX KOJlHqeCTBaX (He 
6onee 1 % oTpa6oTauubiX Macen oT Cbipoii ue<PTH). 

llpH Maccoaoii pereuepauHH Macen, Korna cMernHBaiOTCH Macna 
pa31IM:qHbiX MapoK, ueo6xonHMO nonuoe ynaneuHe acex BH.liOB npHcanoK, 
Jia)l(e TeX, KOTOpble He llOJlHOCTbiO HCqepnanH CBOH pecypc. 

)liTH pereuepauHH oTpa6oTaHHbiX HH.liYCTpHaJibHbiX Macen pa3-
pa6oTaua ycTauoBKa YllTM-8K, HMeiOmaH TexuHqecKHe xapaKTe
pHCTHKH, llpHBe.LieHHbie B Ta6J1. 13.3. 

Ta6nHua 13.3 
TeXHH'IecKHe xapllKTepHCTHKH ycraHOBKH YllTM-8K 

,lJ,JUI pereHepaiUIH O'rp860TllllllbiX HHJIYC'fPH8JibHbiX M8CeJJ 

HaHMeHoBaHHe xapaKrepHCTHKH 

fipOH3BO.liHTeJibHOCTb, JI/MHH 
BbiXO.ll oqHmeuuoro Macna, % 
YcrnuoBJieuuaH MomuocTb, KBT 
fafiapHTbl, MM 

3Ha'leHHe xapaKTepHCTHKH 

4 
;:: 85 
120 

4000x2000x2400 

Pa6oTa ycTauoBKI1 ocuoaaua ua 11CllOJ1b30BaHI111 <P11311qecK11X 11 
<PI1311KO-XI1MI1qeCKI1X MeTO.liOB pereuepau1111: <PI1JlhTpaUI1H, Koary
J1HUI111, oTcTai1BaH11H, Bbmap11aau11H (p11c. 13.5). B npouecce pa6oTbi 
ycTauoBKI1 oTpa6oTauuoe Macno uacocoM 2 qepe3 <P11J1bTp rpy6oi1: 
Qqi1CTKI1 1 11 TellJ1006MeHH11K 27 nonaeTCH B 3JleKTpOneqb 16, B KO
TOpOH uarpeaaeTcH no 200 ·c, 11 nanee nocl)'naeT B 11cnap11TeJ1b 17, 
rne 113 Macna ynanHIOTCH aona 11 nerKoneTyql1e <PpaKU11H. 3aTeM Macno 
c noMOJUbiO uacoca 26 nocl)'naeT B cMeCI1TeJ1b 14, eyna 113 eMKoc
TI1 J0 HaCOCOM 1J nonaeTCH 20%-HbiH paCTBOp KoaryJlHHTa B KOJ111-
qecTBe 2-3 % oT Macchi nocTynaiOmero ua nepepa6oTKY Macna. 
llepeMewauuoe c KoarynHHTOM Macno nocTynaeT B aBTOKJ1aB
OTCTOHH11K 15, rne llp011CXO.lii1T npouecc OTCTai1BaHI1H llpO.liYKTa 11 
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flepepa6omKa npOMbiUJAeHHbiX omxoaoB 

METACHJIHI<AT 
BOllA HATPHJI ,, 

I 
MAcnO OTPAiiOTAHHOE 

MAcno PEIEIEPHPOBAHHOE 

PHc. 13.5. <I>YHKUHOHaJibHlUI cxeMa ycTaHOBKH YTITM-8K: 
1- <l>JiiJlbTp rpy6ol1 O'IJiiCTKH; 2, 8, 13, 24, 26- Hacoc-.no3aTOp H,ll; 3- arperaT 

3JJeKTpoHaCOCHbiH; 4 - y3eJI Bbi,lla'IJil fOTOBOH npo,llyKUJiiJil; 5 - eMKOCTb 

,llByxceKUJiiOHHru!; 6- MeWaJIKa KOHTaKTHru!; 7- Hacoc nJJymKepHbiH; 9-
<l>HJJbTp-npecc; 10- eMKOCTb npHroToBJieHJiiH KoaryJJHHTa; 11- Hacoc XM; 
12- <l>JiiJlbTp rpy6oJ1 O'IJiiCTKH; 14- CMeCJiiTeJJb; 15- aBTOKJJaB-OTCTOHHJiiK; 

16 - 3JJeKTpone<Jb; 17- JilcnapHTeJJb; 18- Hacoc BaKYYMHbiH BBHl-1,5; 
19 __; cfiopHJiiK OITOHa; 20, 21- XOJIO,llHJibHJiiK-KOH,lleHcaTop; 22- a,ncopfiep; 

23- JiiCnapHTeJJb; 25 - XOJIO,llJiiJibHJiiK; 27- TenJJOOfiMeHHJiiK; 28- XO-

JIO.llJiiJibHJiiK; 29- <!>HJJbTp TOHKOH O'IJiiCTKJil 

y,n:an:eHJUI KOarymipOBaHHbiX qacTI1U. 3aTeM 113 aBTOKJiaBa-OTCTOHHI1Ka 

MaCJIO llOC'fYilaeT BO BTOpOH 11Cllapi1TeJib 23 .lL1lSI y,n:an:eHIDI CJie,UOB BO,Ubl. 

C Hl1.)1(}{eH ero qaCTI1 MaCJIO HaCOCOM 24 qepe3 TellJI006MeHHI1K 27 11 

XOJIO,UI1JlbH11K 28 nepeKaqi1BaeTCH B KOHTaKTHYIO MelllaJIKy 6, a JaTeM 

- B <PI1JibTp-npecc 9' ,UJIH npose,n:eHI1H KOHTaKTHOH ,n:ooqi1CTKI1 

OT6eJII1BaiOrn:ei1: rJII1HOH 11 y,n:aJieHI1H MeXaHI1qeCKI1X llp11Mecei1: C 

pa3MepOM qacTI1U 6onee 1-2 MKM. Qqi1W:eHHOe MaCJIO llOCTYnaeT B 

.UByxCeKU110HHYIO eMKOCTb 5, OTKy,Ua HaCOCOM 4 nepeKaqi1BaeTCH B 

eMKOCTI1 pereHep11pOBaHHOro Macna JII160 B03Bpaw:aeTCH Ha llOBTOpHyro 

Qqi1CTKy . .LJ:JIH llOJiyqeHI1H TeXHOJIOrl1qeCK11X MaCeJI npe,n:yCMOTpeH 

<PI1JibTp TOHKOH oq11cTKI1 29. B 3TOM cnyqae Macno nocne 11cnap11TeJIH 

23, MI1HYH KOHTaKTHyiO MelllaJIKy 6 11 <P11JibTp-npecc 9, no,n:aeTCH Ha 

<PI1JlhTp TOHKOH oq11cTK11 29, JaTeM - B .usyxceKUI10HHYIO eMKOCTb 5, 
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r 11 a B a 13. llepepa6omKa xuiJKux u nacmoo6p03HbiX omxoiJoB 

OTKy,ua nepeKaqJ-IBaeTCH B pe3epsyapbl pereHepl1pOBaHHOfO MaCJia. 

PereHepaU11H oTpa6oTaHHbiX 11H.UycTpl1a.TibHbiX 11 TpaHc<!>op

MaTopHbiX MaceJI npOI13BO.l(I1TCH B OCHOBHOM Ha MecTaX 11X llOT

pe6JieHI1H. .llnH 3Toro pa3pa6oTaHbi paJJII1qHbie sap11aHTbi Macno

pereHepaU110HHbiX ycTaHoBoK: YPM:M-0,8; YPI1M-10; YPTM-200M; 

Y<l>CH -1 11 .up . .llmi pereHepau1111 Macen xono,n:I1JibHbiX Maiiii1H 

11cnoJib3yeTcH ycTaHoBKa YPMXM-1,6. 

JJ.2. Jiepepa6omKa OmxOOOB ZGJlbBGHU"teCKUX npOU3800CmB 

llp11 npOI13BO.UCTBe Maiiii1HOCTp011TeJibHOH npO.UYKU1111 MHOme 

npe,n:npHHTHH .lJ)UI llOBbiiiieHHH KOpp03110HHOH CTOHKOCTI1 11 ynyqiiieHHH 

BHeiiiHero BI1,Ua MeTIUIJIJ1qeCKHX ,n:eTa.JieH HaHOCHT Ha HHX raJibBaHJ1qeCKHe 

noKpbiTHH 113 BO.UHbiX pacTBopoB 11Jll1 pacnnasos coneH: MeTaJIJioB. B 
faJibBaHI1qeCKOM npOI13BO,UCTBe Hel136e)I(H0 o6pa3yiOTCH TOKC11qHble 

CTOqHble BO,Ubl, KOTOpble He06XO.l(I1MO o6e3Bpe)I(J1BaTb. 

CTOqHbie BO.Ubi rarrbBaH11qecKHx npoi13Bo,n:cTB co.uep)l(aT TaKHe 

MeTaJIJibl, KaK XpOM, H11KeJib, CB11HeU, Me.Ub, K3JI.M11H, U11HK, OJIOBO 11 

,n:p. ,llJI11TeJibHOe 11X llOCTYllJieHI1e B opraHI13M C BO.UOH 11JII1 lli1IUeH 

,Ua)l(e B He3Haqi1TeJibHbiX .U03ax llpi1BO.U11T B pe3yJibTaTe HaKOnJieHI1H B 

opraHaX 11 TKaHHX K HapYIIIeHI110 <l>YHKU110HI1pOBaH11H ueHTpaJibHOH 

HepBHOH CI1CTeMbl, BHyTpeHH11X opraHOB, 3H.l(OKp11HHOH CI1CTeMbl 11 

,n:pyri1X )1(113HeHHO Ba)I(HbiX CI1CTeM opraH113Ma. 

HecMOTpH Ha .uoKaJaHHbiH 11 III11poKo 113BecTHbiH spe.u, KOTopbiH 

HaHOCHT TH)I(eJible MeTaJIJibl qeJIOBeqeCKOMY opraHI13MY, 11X Bbl6poc B 

OKp~aiOIUYIO cpe,n:y, B TOM q11cne faJibBaHI1qecKI1MI1 np0113BO.UCTBaMH, 

npo.uon)l(aeTcH. ToJibKO np11 HaHeceHI111 rarrbBaHI1qecKI1X noKpbiT11H 

npe,n:npHHTHH CTpaHbl Bbi6pacbiBaiOT B OKp~aiOIUYIO cpe,uy e)l(efO,UHO 

Tb1Cjlql1 TOHH TH)I(eJibiX MeTaJIJIOB. 

3Haqi1TeJibHaH qacTb npe,n:npi1HT11H, 11MeiOIUI1X faJibBaH11qecKOe 

npOI13BO.l(CTBO, He 11MeeT oqi1CTHbiX coopy)l(eHI1H 11 c6paCbiBaeT 

npoMbilliJieHHbie cToKH B ropo.ucKYIO KaHa.TI113aU11IO. MHor11e npe.u

npi1HT11H, XOTH 11 np0113BO.UHT Qqi1CTKy CTOqHbiX BO.U, llOJIHOH 

HeHTpaJI113aU1111 TOKCI1qHbiX KOMllOHeHTOB He npOI13BOMT 11 TaK)I(e 

c6paCbiBaiOT B KaHa.TII13aUI110 60JibiiiOe KOJII1qeCTBO Bpe,n:HbiX BeiUeCTB. 

Yqi1TbiBaH Bbiiiiei13JIO)I(eHHoe, a TaK)I(e B uenHx 3KOHOMI111 

MaTepl1a.TibHbiX pecypCOB (nOCKOJibKY CO,n:ep)l(aHI1e UBeTHbiX MeTaJIJIOB 

B OCa,u.Kax Oqi1CTHbiX COOp~eHI1H COI13Mepi1MO C 11X CO,n:ep)l(aHI1eM B 

llpl1pO,n:HOM Cblpbe), YTI1JI113aU11H OTXO.UOB faJibBaHI1qecKI1X npo-
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llepepa6omKa npoMbiUI/IeHHW: omxoiJoB 

113BO,UCTB HMeeT BIDKHOe 3KOJIOfHqecKOe 11 3KOHOMHqeCKOe 3HaqeHHe. 

CToqHbie BO.Ubi raJibBaHHqecKHX npoH3BO.UCTB no.n:pa3,n:emiiOT Ha 

OTpa6oTaHHbie 11 npOMbiBHbie. 0Tpa6oTaHHbie CTOqHbie BO,Ubl o6-

pa3yiOTCH np11 CMeHe TeXHOJIOfl.fqecKHX paCTBOpOB Ha CBe)l(l{e, npo

MbiBHbie - np11 npOMbiBKe ,n:eTaJiei1: C HaHeCeHHbiM llOKpbiTHeM. 

XapaKTepHoii oco6eHHOCTbiO acex CTOqHbiX ao.u raJibBaHHqecKHX 

npOI13BO,UCTB HBJIHeTCH HI13KaH KOHI.J;eHTpaUHH KHCJIOT 11 BbiCOKlUI 

KOHUeHTpauHH HOHOB MeTa.JIJIOB. llo COCTaBy OHM llO.Upa3,UemDOTCR Ha Tp11 

OCHOBHbiX BH,n:a: XpOMCO,n:ep)l(allll.fe, UHaHCO,n:ep)l(alliHe 11 KHCJIOTHO

llleJioqHbie. 

MeTO.Ubi oqHcTKH cToqHbiX ao.u raJibBaHHqecKHX npoH3BO.UCTB 

no,n:pa3,n:eJIHIOTCH Ha XHMI.fqeCKHe, 3JieKTpOXI1MI.fqecKHe 11 cPI131.fqecKHe. 

CHCTeMa oql.fCTKH CTOqHbiX BO.U MO)I(eT 6biTb npOTOqHOH 11 3aMKHYTOH. 

llp11 npOTOqHOH CHCTeMe oqHCTKH CTOqHbie BO.Ubl llOCJie HeMTpa

JII13aUH11 c6paCbiBaiOTCH B KaHaJIH3aUHIO. 3aMKHYTbie CHCTeMbl oqHCTKH 

11Cll0Jib3YIOT B TeXHOJIOfl.fqecKOM UHKJie oqlifllleHHbie CTOqHbie BO,Ubl. 

KoHeqHo, 3aMKHYTaH cHcTeMa Tpe6yeT oT npe.unpHHTHH 6oJiee my-

6oKoi1: Oql.fCTKH CTOqHbiX BO.U, HO ee 11CllOJib30BaHHe HCKJIIOqaeT c6poc 

TOKCHqHbiX BemeCTB B ropO,UCKyiO KaHaJIH3aUHIO, ll03TOMy OHO 6oJiee 

nporpeccHBHO 11 npe.unoqTHTeJibHO. 

B npoMbiruJieHHOCTH cymecTBYIOT pa3JIHqHbie cnoco6bi pere

HepaUHH 3JieKTpOJII1TOB, 11CllOJib3yeMbiX B raJibBaHHqeCKHX npo-

113BO,UCTBax. 11x npHMeHeHHe ll03BOJIHeT llp0113BO,U11Tb KOppeKTHpOBKy 

pa6oTaiOllii1X 3JieKTpOJII1TOB He qame 1 pa3a B 3 MeCHUa, a llOJIHYIO 

3aMeHy 1 pa3 B 2-3 ro,n:a. 3TH MeTO,Ubl pereHepaUHH 3JieKTpOJIHTOB 

MOryT 6biTb opraHH30BaHbl B nepHO,n:HqecKOM 11 HenpepbiBHOM UHKJie 

pa60Tbl 11 COCTOHT 113 CJie,n:yiOlliHX CTa,UHH: cPHJibTpaUHH, ceJieKTHBHOH 

oqHCTKH OT npHMecei1: MeTaJIJIOB, cop6UHOHHOfO y,n:aJieHHH npo,n:yKTOB 

pacna,n:a opraHI.fqecKHX BemeCTB (HJIH HX OKHCJieHHH), peareHTHOH 

o6pa6oTKH. 

llp11 OTCTaHBaHHH CTOqHbiX BO.U faJibBaHHqecKHX llp0113BO,UCTB B 

WJiaMOHaKOllHTeJIHX o6pa3yeTCH 3HaqHTeJibHOe KOJII.fqecTBO WJiaMOB, 

co.n:ep)l(amHx aemecTBa, KoTopbie nocJie pereHepaUHH MOryT 6biTb 

paUHOHaJibHO 11Cll0Jib30BaHbl B pa3JII.fqHbiX TeXHOJIOfHqeCKHX npo

ueccax, qTO ll03BOJIHeT 3KOHOMHO paCXO,UOBaTb npHpO,n:Hbie pecypCbl 

11 O,UHOBpeMeHHO CHI1311Tb Harpy3KY OT B03,UeHCTBI1H WJiaMOB Ha 

OKp~aiOlliYIO cpe,n:y. 
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13.3. YmUJlu3aU,UR lUJULMOB pa3ilurmblX npou3eoiJcme 

06pa3yroiiJ.wecH B pa311HqHbiX TexHoJiorwqecKwx npoueccax TaK 

Ha3biBaeMbie WJiaMbl, npe.l(CTaBJIHIOT C060H KOJIJIOH.l(Hble CHCTeMbl, 

COCTOHIIJ.He H3 MeJIKO.l(HCnepCHbiX HepaCTBOpHMbiX qacTHU, HaXO

Mlli.HXCH BO B3BerueHHOM COCTOHHHH B paJJIHqHbiX )I(H.l(KOCTHX. 11x 

KOJIHqeCTBO KOJie6JieTCH B WHpOKOM HHTepBaJie B 3aBHCHMOCTH OT 

Twna npoH3BO.UCTBa. HanpwMep, KOJIHqecTBO HeqnHHbiX ruJiaMoB, 

o6pa3yiOIIJ.HXCH Ha Heqnenepepa6aTbiBaiOmwx Jaso.uax, He npesblwaeT 

1 % OT KOJIHqeCTBa nepepa6oTaHHOH Heqnw, B TO BpeMH KaK B 

llpOH3BO.l(CTBe <Poc<Popa KOJIHqecTBO o6pa3yiOIIJ.HXCH WJiaMOB .l(O

CTHraeT 30 % OT o6'beMa ero llpOH3BO.l(CTBa. 3HatJHTeJibHOe KOJIHqeCTBO 

WJiaMoB, co.uep)l(amwx ueHHbie MeTaJIJibi w MHHepaJibi, o6pa3yeTcH B 

XHMHqecKOH llpOMbiWJieHHOCTH, B MaWHHOCTpOeHHH H .l(pyrHX 06-

JiaCTHX. TaK, Ha xwMwqecKwx npe.unpHHTHHX cTpaHbl e)l(ero.uHo 

o6pa3yeTCH .uo 120 TbiC. T )l(eJieJoco.uep)l(amwx ruJiaMoB, 70 Tbic. T 

UHHKCO.l(ep)l(aiiJ.HX WJiaMOB, 13 TbiC. T Me.l(bCO.l(ep)l(aiiJ.HX WJiaMOB H 

.upyrwe. 

Bo MHorwx cJiyqMx WJiaMbi c6pacbiBaiOTCH B WJiaMoHaKonwTeJIH, 

OTBaJibl H npy.l(bl, 3arpH3HAA KaK B03.UYWHbiH 6acceHH, TaK H llO.l(-

3eMHble w nosepxHOCTHbie BO.Ubl. TaK, HanpwMep, H3 o6pa3yiOmwxcH 

He<PTHHbiX WJiaMOB o6e3Bpe)l(l{BaeTCH BCero 0,5 %. 
KaK npaswJio, WJiaMbi BbiCOKOTOKcwqHbi w 3arpH3HeHbi opra

HwqecKHMH H MHHepaJibHbiMH npHMeCHMH. llpH HX 3axopoHeHHH B 

WJiaMOHaKOllHTeJIHX llOMHMO ymep6a, HaHOCHMOfO OKpy)l(aiOIIJ.eH 

cpe.ue, O.l(HOBpeMeHHO TepHeTCH 60JibWOe KOJIHqeCTBO ueHHOfO CblpbH. 

llOBTOpHOe HCllOJib30BaHHe H3BJieqeHHbiX H3 WJiaMOB MaTepHaJIOB, 

Hao6opOT, ll03BOJIHeT B OIIJ.YTHMbiX KOJIHqeCTBaX 3KOHOMHTb npH

pO.l(Hble pecypCbl H CHH3HTb Harpy3KY Ha OKp~aiOIIJ.YIO cpe.uy. 

B JaBHCHMOCTH oT cocTasa w <Pw3HKo-xwMwqecKwx csoiicTB 

WJiaMOB npHMeHHIOT pa3JIHqHbie MeTO.l(bl HX o6e3Bpe)I(HBaHHH H 

nepepa60TKH: XHMHqecKHe, <PH3HKO-XHMHqecKHe, TepMHqecKHe H HX 

KOM6HHauww. Bo MHorwx cJiyqaHx Haw6oJiee pacnpocTpaHeHHbiMH 

cnoco6aMw YTHJIHJauww WJiaMoB HBJIHIOTCH TepMwqecKwe. OrHeBM 

06pa60TKa ll03BOJIHeT llOJIHOCTbiO o6e3Bpe.UHTb ropiOqHe COCTaB

JIHIOIIJ.He WJiaMOB C llOJiyqeHHeM 6e3Bpe.l(HbiX npo.l(yKTOB ropeHHH H 

30JibHbiX OCTaTKOB, COCTOHIIJ.HX H3 MeTaJIJIOB H HX OKCH.l(OB. HapMy C 

npHMbiM C)l(l{faHHeM TepMwqecKHe MeTO.l(bl qacTO HBJIHIOTCH COCTaBHOH 

qacTbiO KOMllJieKCHbiX TeXHOJIOfHH o6e3Bpe)I(HBaHHH H YTHJIH3aUHH 
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IIIJiaMoB. B 3THX TexHoJioriDJ:x TepMwiecKaR o6pa6oTKa JIH6o npe.n:

rnecTByeT, JII160 CJie,n:yeT 3a <PI1311KO-XI1MJ1lieCKI1M KTIH XI1MJ1lieCKI1M 

npoueccoM Bhm;eJieHHH ueHHhiX MaTepHaJIOB 113 IIIJiaMoB. TaKHMH 

KOMllJieKCHblMH MeTO.D:aMH 113BJieKaiOT )l(eJie30 113 lliJiaMOB, BOC

CTaHaBJIHBaiOT KaTaJIJ13aTOpbl, co,n:ep)l(aiUHe HHKeJib, llaJIJia.zi.HH, ruia

THHy, Me.D:h, TeJIJiyp 11 ,n:pyr11e ueHHbie MeTaJIJihl, a TaK)I(e 113BJieKaiOT 

3TH MeTaJIJibl 113 OTpa6oTaHHbiX KaTaJIJ13aTOpOB . 

.[Lrnl 06)1(11ra IIIJiaMOB HeopraHJ1lieCKOfO llp011CXO)I(.LJ:eHIDilli11pOKO 

llpHMeHHIOT 6apa6aHHble llel!H C llpOTHBOTO'IHOH CHCTeMOH Tep

MH'IeCKOH o6pa60TK11 . .LlJIH 3TI1X )l(e UeJieH 11CllOJib3yiOT Ui1KJIOHHble 

nel!H C BepXHHM BbiBO.LJ:OM ra30B, llpOKaJIHBaHHe B KOTOpbiX o6ec

ne'IHBaeT llOJIHOe o6e3Bpe)I(J1BaHHe IIIJiaMa 3a Cl!eT cropaHHH TOK

CH'IHblX opraHH'IeCKHX BeiUeCTB 11 yJiaBJIHBaHHe UeHHhlX MHHepaJibHbiX 

npo.n:YKTOB . .Ll03HpoaaHHe IIIJiaMa B UHKJIOHHYIO ne'lb ocYIUeCTBJIHeTcH . 

.D:ByxBaJIKOBblM lliHeKOM. llp11 nepepa6oTKe IIIJiaMOB C H113KOH Ten

JIOTOH cropaHIDI 11CllOJib3YI0T ra3oo6pa3HOe TOIDIHBO .LJ:JIH pa3orpeBa 

peaKTopa. 

MaJibie ra6apHThi UHKJIOHHhiX peaKTopoB npe.n:onpe,n:eJIHIOT 

He3Hal!HTeJibHbie nOTepH TellJia B OKp~aiOIUYIO cpe.n:y. B col!eTaHHH c 

H113KI1M K03<P<PHU11eHTOM pacxo,n:a B03,n:yxa 3TO ll03BOJIHeT ocy

IUeCTBJIHTb C)I(HfaHHe CHJibHO 06BO.D:HeHHhlX lliJiaMOB np11 llOBbl

llieHHblX TeMnepaTYPax C )I(H.LJ:KHM IIIJiaKoy,n:aJieHHeM, 'ITO He,n:OCTI1-

)I(J1MO B 6apa6aHHhiX 11 rnaxTHhiX nel!ax. KpoMe Toro, UHKJIOHHhie 

peaKTOpbl 06Jia,n:atoT llOBbillieHHOH cenapaUHOHHOH 3<P<PeKT11B

HOCTbiO, BCJie.D:CTBHe l!ero Bbi.D:eJIHIOIUHeCH ra3bl CO,n:ep)l(aT MeHbllie 

llbiJIH, 'ITO 06Jiefl!aeT HX o6pa60TKy nepe,n: Bhi6pOCOM B aTMOc<Pepy. 

Pa6oTocnoco6HoCTh orHeBhiX peaKTopoB, noJIHOTa BbDKHraHIDI 

opraHH'IeCKHX BemecTB 113 IIIJiaMa 3aBHCHT OT TeMnepaTYPbi npouecca 

ropeHIDI. llp11 3TOM HaH6oJiee ueJiecoo6paJHo o6pa3yiOIUHecH np11 

ropeHI111 lliJiaKH 'y,n:aJIHTb B )I(J1.LJ:KOM COCTOHH1111, llp11 KOTOpOM 

o6ecneq HBaeTCH BbiCOKaH llOJIHOTa OKHCJieHHH Bbl,n:eJIHIOIUHXCH 

npo,n:yKToB. llp11 TBep,n:oM IIIJiaKoy.n:aneHHH, T. e. Kor,n:a TeMnepaTYpa 

npouecca He,n:ocTaTol!Ha .D:JIH pacruiaBJieHIDI IIIJiaKa, He npo11cxo,n:11T 

llOJIHOfO Bbl)I(HfaHHH BeiUeCTB 113 IIIJiaMa. 

llepe,n: C)I(J1faHHeM IIIJiaM ·o6e3BO)I(J1BaeTCH, TaK KaK OT CO,n:ep

)l(aHHH Bo,n:hl 3aBHCHT TeMnepaTypa npouecca, a CJie.n:oaaTeJihHO, 11 

llOJIHOTa OKHCJieHHH Bpe,n:HhlX BeiUeCTB, co,n:ep)l(aiUHXCH B lliJiaMe. 

OT,n:eJieHHe BO.LJ:hi npoBO.LJ:HT Ha BaKYYM-<PHJibTpax, <PHJihTp-npeccax 11 

Ha ueHTpo6e)I(HhiX cenapaTopax. 
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llp11 orHeBOH nepepa60TKe MI1HepaJibHbiX IIIJiaMOB TeMnepaTYPa 

OTXO}Uili.l;I1X raJOB COCTaBJUieT }l)HI paJJIWIHblX npouecCOB OT 900 no 

1600 ·c, Ko3<Pqmu11eHT pacxona BoJnyxa - oT 0,35 no 1,2. YneJib

Hrui o6'beMHrul HarpyJKa peaKTopa COCTaBmleT OKOJIO 600 Krjq IIIJiaMa 

Ha 1 M3 peaKTopa. 

illJiaMbl, o6pa3yiOm;l1eCH B faJibBaHI1lJ.eCKOM npOI13BOnCTBe, B 

3a811CI1MOCTI1 OT Tl1lla OCa,UI1TeJIH neJIHTCH Ha: KaJibU11HCOnep)l(ali.l;l1e 

(OCa,UI1TeJlb- 113BeCTKOBOe MOJIOKo); HaTpi1HConep)l(ali.l;l1e (OCa,UI1TeJib 

- w;eJIO'Ib, cona); )l(eJieJoconep)l(aw;11e ( oca,n:HTeJib - )l(eJieJoconep

)l(aw;l1e peareHTbi). 

JII06oMy MeTony YTI1JII13aUI111 ra.n:hBaH11lJ.ecKI1X IIIJiaMoB npen

rnecTByeT o6eJBO)I(I1BaHI1e. Ha116oJiee nepcneKT11BHbl 6e3peareHTHbie 

cnoco6bi o6eJBO)I(I1BaH11H IIIJiaMoB, Hanp11Mep 3JieKTpoKoaryJIH

U110HHbiH:. llpe11MYli.l;eCTBa TaKHX MeTonoB no CpaBHeHI110 C TeXHO

JIOfi1HMI1, 11Cll0Jlb3YIOIUI1MI1 XI1MI1lJ.eCKI1e Bew;ecTBa ,U)IH OCa)I(,UeHHH 

MeJIKOnl1cnepCHblX IIIJiaMOB, 3aKJIIOI.J.aiOTCR B COKpaw;eHI111 npo

noJI>KIITeJibHOCTI1 npouecca 11 llp0113BOnCTBeHHblX llJIOli.l;a,Ueii:; B 

HenpepblBHOCTI1 npouecca 11 llOBbiiiieHI111 KalJ.eCTBa OlJ.I1li.l;eHHOH 

BOn hi. 

11JBeCTHbl MeTOnbi OTneJieHHH BOnbi nyTeM 3aMOpa)I(HBaHHH IIIJiaMa. 

OnHaKo TaKrui reXHoJiorHH Tpe6yeT 6oJibiiiHX JaTpaT 3JieKTpo3Heprn11. 

06e380)I(eHHbie faJibBaHI1lJ.eCKI1e IIIJiaMbl III11pOKO 11Cll0Jlb3YIOT B 

npoMbiiiiJieHHOCTI1 CTp011TeJibHbiX MaTep11aJIOB . .LlJIH ycTpaHeH11H 

3KOJIOfl1lJ.eCKOH OllaCHOCTI1 OTXonoB faJibBaHI1lJ.eCKI1X llp0113BOnCTB 

11Cll0Jlb3YIOT MeTon XI1MI1lJ.eCKOH <PI1KCaUI111 TOKCI1lJ.HbiX coeni1HeHI1H, 

HaXO}Uili.l;I1XCH B IIIJiaMe. <1>11KCaU11H np0113BOni1TCH nyreM <Pepp11TI13a

UI111, CI1JII1KaTI13aU1111, OTBep)I(,UeHI1H C 11CllOJib30BaHI1eM 8H)I(yli.l;I1X 

Marep11a.n:os 11 cneKaHHH TBepnoH: <PaJbi. 

Hanp11Mep, xpoMconep)l(aw;11e IIIJiaMbi nocJie cyrnKH 11cnoJibJYIOT 

B npo113BoncTse neKopaTI1BHoro creKJia B KaqecTBe Kpaci1TeJieH:. B 
3aB11CI1MOCTI1 OT COCTaBa IIIJiaMa MO)I(HO llOJIYI.J.I1Tb CTeKJia CJienyiOli.l;I1X 

useToB: JeJieHoro, c11Hero, KOpi1'1Hesoro, qepHoro 11 11x orreHKOB. 

[H,UpOKCH,UHbie IIIJiaMbl faJibBaHI1lJ.eCKHX np0113BOnCTB no6asmiiOT 

B ac<Pa.n:bTo6eToH. He3HalJ.I1TeJibHoe pacnbmeHI1e 'laCT11U ac<Pa.n:bTa B 

npouecce 3KCnJiyaTaU1111 nopO)I(HOfO llOKpblTHH He BHOCI1T cymecT

BeHHbiX 113MeHeHI1H B XI1M11'-IeCK11H COCTaB rpyHTa 11 npeHa)I(HbiX Bon. 

)l(eJieJoconep)l(aw;l1e IIIJiaMbi nocJie cyiiiKI1 11cnoJibJYIOT MH 

llOJiyqeH11H KepaMJHTa, a TaiOKe ,U)IH np0113BOnCTBa BbiCOKOKalJ.eCT

BeHHbiX <Pepp11TOB. 
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llpHMeiDieTCH IIIJiaM 11 JVIH 113fOTOBJieHHH qepellHUbi. llp11 BBe

,n:eHHH B KepaMHqecicyiO CMeCb IIIJiaMOB TIDKeJibiX MeTaJIJIOB llpOHCXO,UHT 

He TOJibKO HX ua,n:e)I(HOe o6e3Bpe)I(HBaHHe, HO 11 llOBbiiiiaiOTCH 

npoquocTubie caoi1:cTBa qepenHUbi. 

BecbMa nepcneKTHBHbi m.upoMeTaJIJiypmqecKHe MeTO.Uhi nepe

pa6oTKH raJibBaHI.fqeCKHX IIIJiaMOB, TaK KaK OHM ll03BOJIHIOT CeJieKTHBHO 

H3BJieqb npaKTHqecKH ace uaeTHbie MeTaJIJibi. BJia)I(HOCTb Hc

noJibJyeMbiX B 3THX npoueccax IIIJiaMoB ue ,n:OJI)I(Ha npeBbiiiiaTb 10 %, 
a Macca OT,UeJibHbiX KyCKOB He ,UOJI)I(Ha 6biTb 6oJiee 1 Kr. llpH· 

pa3pa60TKe TaKHX TeXHOJIOfHH CJie,n:yeT llOMHHTb, qTo IIIJiaMbl pa3-

JII.fqHblX MeTaJIJIOB HeCOBMeCTHMbi Me)l(,l(y co6oi1:, TaK KaK UHHK 

HBJIHeTCH MOM JVIH HHKeJIH, CBHHeU - JVIH UHHKa 11 HHKeJIH 11 T. ll. 

llocJie,n:uee o6CTOHTeJibCTBO llpHBO,UHT K TOMY, qTo BO MHOfHX CJiyqruiX 

pereuepaUHH MeTaJIJIOB 113 faJibBaul.fqecKHX IIIJiaMOB He np0113BO,UI1TCH, 

a HX 11Cll0Jib3YIOT B KaqecTBe ,n:o6aBOK K CbipbiO · ,UJIH llOJiyqeuHH 

pa3JII.fqHbiX MaTepHaJIOB (Ta6JI. 13.4). 
XoTH ,n:oJIH IIIJiaMa, o6pa3YIOI.UerocH B npouecce ueqnenepepa-

6oTKH, HeBeJIHKa (1 %), HX o6mee KOJIHqecTBO B Haiiiei1: CTpaue 

.uocTaToquo aeJIHKo. A nocKOJibKY ue<PTeiiiJiaMhi co.uep)l(aT 20-25 % 
ue<PTenpo,n:yKTOB, 11x yTHJIHJaUHH npe,n:cTaBJIHeT JuaqHTeJibHbri1: 

HHTepec. 

Co6pauuble B pa3JIHqHbiX JIOBYIIIKax, OTCTOHHHKax, IIIJiaMouaKo

nHTeJIHx ue<Prenpo,n:yKThi nponycKaiOTCH qepe3 o6orpeaaeMbie Ten

Jioo6MeHHHKH JVIH BbinapHBaHHH BO,Ubi, a JaTeM llOCTYllaiOT ua OT

CTaHBaHHe. B JaBHCHMOCTH OT KaqecTBa nonyqaeMoro npo.n:yKTa ero C)KI.f

ra.IOT HJIH, B cnyqae BbrcoKoro co.uep)KaHIDI ueqrrenpo.n:yKTOB 11 q11cTOTbi 

Ta6nHua 13.4 
06JI&CTH yntJIH3aiJ,HH ra.JihBaHH'IecKHX WJI&MOB 

M aTepHaJI, B KOTOpOM CocTOHHHe BniDK- HaJua<JeuHe 
HCnOJib3YJOTCH faJibBa- liiJlaMa HOCTb,% 

HOliiJI3.Mbl 

Ac<PanbTOBaH cMecb fiacTa 65 CuiDKeHHe CTOHMOCTH 
fHnCOBaH CMeCb )l(lif.n:KoCTb 98 To xe 
KepaM3HT nacrn 15 YaeJIH<JeuHe npoquocTH 
l.J:epenHua )l(lif.n:KOCTb 60-90 Toxe 
06JIHUOBOlJHaH IIJIHTKa fiopOWOK 5-10 liJMeHeHHe UBeTa 
CTeKJia fiopOWOK 2 CoJ,n:auHecneucTeKJia 
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no.n:yqeuuoii ue<lJniHOH 3M)'JibCHH, ero uanpa8mnoT ua 

ue<lJTenepepa6oTKY 8Mecre c Cbipoii ue<lJThiO. 

Eonee p81UIOHaJibHbie MeTO.JJ.bl yTHJIH381UIH ue<lJniHbiX IIIJiaM08 

3aKJIJOqaJOTCR 8: npHMeHeHHH KOTJI08-yTHJIH3aTopo8, HCnOJib3YJOIQHX. 

8bi.D.eJIRIOII{eecg npH C)I(HraHHH OOe380)f{eHHOrG IIIJiaMa TenJIO; 

HCnOJib308aHHH u;empH<iJyr .ll.JljJ OOe380)1(H8aHHjf IIIJiaMa; npHMeHeHHH 

nHpoJIH3a .ll.JljJ nonyqeHHjf rop10qHX ra3o8 H3 ue<1Jrenpo.JJ.YKT08, 

CO.JJ.ep)f{alQHX.CR 8 IIIJiaMe, TepM~eCKOH o6pa6oTKe He<lJTeOTX.O.JJ.08 Ha 

.JJ.8~1I{eMCR T8ep.JJ.OM TenJIOHOCHTeJie, HarpQTOM .11.0 350-750 °C (npH 

3TOM ue<iJrenpo.JJ.YKThi H 80.JJ.a HcnapRIOTCR, nocne qero oXJia)K.JJ.eHHaR 

napora308aR CMeCb KOH.JJ.eHCHpyeTCR, a 3aTeM OTCTaH8aeTCR C 

pa3.D.eneuHeM ua 80.JJ.Y H ue<iJrenpo.JJ.YKThi). 

13. 4. PezeHepau,UR ompa6omaHHOU cepHou KUCJZOmbl 

CepHWI KHCJIOTa RBJIHeTCR 8aJKHeHIIIHM npO.JJ.yKTOM XHMHqecKOH 

npOMbiUIJieHHOCTH KaK no 06'beMy npOH380.JJ.CT8a, TaK H no pa3-

H006pa3HIO 06JiacreH npHMeHeHHH. KpynHbiMH nOTpe6HTeJIHMH cepHOH 

KHCJIOTbl R8JIRIOTCH XHMHqecKaH H He$TeXHMHqecKaR npo

MbilliJieHHOCTb, MeTaJI.JiyprHR, MaiiiHHOCTpOeHHe, CeJibCKOe X03RHCT80 

H .JJ.pyrHe OTpaCJIH. 

E)l(ero.D.uo 8 cTpaue o6pa3yeTcH 2 MJIH. T oTpa6oTauuoii cepuoii 

KHCJIOTbi, qTo cocTaBJIHeT 10 % oT o6mero ee npoH380.ll.CT8a. TaKHe 

o6'beMbi c8H.D.eTeJibCT8YIOT o ueo6xo.D.HMOCTH YTHJIH3au;HH oTpa6oTaH

uoii KHCJIOTbl C QeJibiO 3KOHOMHOro pecypconoJib308aHHH H 3aii{HTbl 

oKp~aJOmeii cpe.D.bi. 

0TXO.ll.bl, oopa3yiOII{Hecg npH HCnOJib308aHHH cepHOH KHCJIOTbl, 

8KJIJOqaJOT KpOMe OTpa6oTaHHOH cepHOH KHCJIOTbl Tpa8HJlbHble 

paCT80pbi, KHCJibie ry.JJ.pOHbl H CTOqHbie 80.ll.bl, CO.D.ep)l(aii{He KHCJIOTY 

Meuee 10 % (no Macce). B PoccHH uacqHTbi8aeTcH 6onee 200 8H.JJ.08 

OTpa6oTaHHOH cepHOH KHCJIOTbl, CO.JJ.ep)l(aii{HX OKOJIO CTa 8H.JJ.08 

npHMeceH, 8 TOM qHCJie aKK}'M)'JIRTOpHWI KHCJIOTa H3 OTpa6oTaHHbiX 

C8HHQ08biX aKK}'MyJIHTOp08. 

06e38pe)I(H8aHHe H YTHJIH3au;HIO oTpa6oTaHHOH cepuoii KHCJIOThi 

npOH380,USIT CJie.JJ.yiOII{HMH cnoco6aMH: 

+ ueHTp3JIH3ai..J;HeH paCT80p08 HJIH HX OrHe8biM 06e38pe)I(H8aHHeM 

6e3 HCnOJib308aHHH o6pa3YJOII{HXCH npO.JJ.YKT08; 

+ HCnOJib308aHHeM (803MO)I(H0 nocne npe.D.8apHTeJ1bHOrO ynapH-
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flepepa6omKa npoMbUUJieHHbiX Omxo008 

8aHIDI) 3arp.S13HeHHbiX paCT80p08 8 ,ll,pyrHX TeXHOJIOrHqecKHX npo

u;eccax; 

+ pereuepau;HeH OTXO,ll,08 C nonyqeHHeM T08apHOH cepHOH 

KHCJIOTbl. 

CToqHble 80,ll,bl C HH3KOH KOHQeHTpau;HeH cepHOH KHCJIOTbl 

06bNHO HeHTpaJIH3yroT IUeJioqaMH. fipH CO,ll,ep)l(aHHH 8 croqHbiX 80,ZJ,ax 

npHMeceii ueH:TpaJIH3au;HIO co8MeiUaiOT c orue8biM MeTO,ZJ,OM. MeTO.ll. 

HeHTpaJIH3aQHH npHMeHHIOT npH ue60JiblliHX KOJIHqecTBaX OTXO,ll,08 H 

OTCYTCT8HH 8 HHX opraHHqecKHX npHMeceH. 

Henocpe,ZJ,cT8euuoe HcnoJib308aHHe OTXO,ll,08 KHCJIOTbi 8 ,ZJ,pyrHx 

npoueccax orpauHqeuo H3-3a HaJIHqHH 8 HHX npHMeceii. 0Tpa6o

TaHHYIO KHCJIOTY npHMeHHIOT OOCJie oqHCTKH H KOHQeHTpHp08aHHH 8 

npOH380,ll,CT8e CYJib$aTHbiX MHHepaJibHbiX y,ZJ,o6peHHH. 

0cH08HaH Macca OTpa6oTaHHOH cepHOH KHCJIOTbl H KHCJiblX 

ry,ll,pOH08 OO,ZJ,8epraeTCH pereuepau;HH (KHCJibie ry,ZJ,pOHbl - 3TO 8bi

COK08H3KHe CMOJI006pa3Hble )I(H,ll,KOCTH, CO,ll,ep)l(aJ.UHe cepHyiO KHCJIOTY 

H 6oJibllloe KOJIHqecT80 oprauHqecKHX semecr8. Co,ZJ,ep)l(aHHe KHCJIOTbi 

8 HHX COCTaBJIHeT 24-89 %). 
B 3a8HCHMOCTH OT COCTa8a OTpa6oTaHHOH KHCJIOTbl OpHMeHHIOT 

pa3JIHqHbie MeTo,ZJ,bi pereuepau;HH_: TepMHqecKoe pacmenneHHe, 

3KCTparHp08aHHe OpraHHqecKHX npHMeceH, a,ZJ,cop6UHIO, KaTaJIHTH

qecKOe OKHCJieHHe nepOKCH,ll,OM 80,ll,OpO,ZJ,a, KoaryJIHp08aHHe, 8bl

napH8aHHe H ,ZJ,p. HaH6oJiblllee pacnpocTpaHeHHe y uac 8 cTpaue 

OOJiyqHJia pereuepau;HH cepHOH KHCJIOTbl OrHe8biM MeTO,ll,OM, OpH 

KOTOpOM npOHCXO,ll,HT 8blCOKOTeMnepaTYpHoe pacmenJieHHe KHCJIOTbl. 

MeTO.ll. yHH8epcaneu H 8biCOK03$$eKTH8eH. llpH orHe8oM MeTo,ZJ,e 

HCOOJib3yeTCH KOHQeHTpHp08aHHaH cepHaH KHCJIOTa, 003TOMY OpH 

He06XO,ll,HMOCTH npe,ZJ,8apHTeJibHO np080,ll,HT ynapH8aHHe OTpa6o

TaHHOH KHCJIOTbl ,ll,O He06XO,ll,HMOH KOHQeHTpaQHH. 

fipou;ecc TepMHqecKoro pacmenneHHH KHCJIOTbl H OKHCJieHHe 

oprauHqecKHX. npHMeceii npo80.ll.SIT npH 950-1200 ·c, ,ZJ,JIH qero 8 

OrHe80M peaKTOpe C)I(HraiOT TOIUIH80 (pHC. 13.6). 
CepHOKHCJIOTHbie pacT80pbi c noMOJ.UbiO $opcyuoK pacnbiJIHIOT 

8 noroKe npo,ZJ,yKTo8 cropaHHH TODJIHBa 8 orue8oM peaKTope J. Ty,ZJ,a 

)l(e C OOMOIUbiO 803,ZJ,yxO,ZJ,Y8KH 2 OO,ZJ,aeTCH 803,ZJ,yx, npe,ZJ,8apHTeJibHO 

nponymeHHblH qepe3 803,ZJ,yxono,ZJ,orpe8aTeJib 4. OprauHqecKHe 

npHMecH npH 3TOM OKHcJIHIOTcH c o6pa3o8aHHeM C02 H H 20, a 

cepHaH KHCJIOTa pacmennHeTCH c o6pa3o8aHHeM so2. CepHHCTblH 

ra3 H3 orue8oro peaKTopa nocTynaeT 8 KoTen-yTHJIH3aTop 5, a H3 
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1 

Puc. 13.6. CxeMa ycTaHOBKH .ll.IDI pereHepamrn: cepHoif KHCJIOThi MeTO.llOM 

repMWieCKOro pacw.eruieHIDI (B- B03.ll)'X; T- TOWIHBO) 

Hero - B CHCTeM)' O'IHCTKH 6, r,ne O'IHI.I.laeTcH OT nbiDH, cepHOKHCJIOTHOro 

zyMaHa H no.usepraeTCH ocyrnKe, noCJie qero c noMOI.I.lbiO raJo,nysKH 7 
no.uaeTCH B yJeJI nonyqeHHH KHCJIOTbi 8. Hacbii.I.leHHblli nap H3 KOTJia

YTHJIH3aTopa 5 no.uaeTcH Ha naponeperpesaTeJib 3, a oTTy.ua -

nOTpe6HTeJIHM. 0lJHI.I.leHHbie ,UbiMOBbie faJbl C noMOI.I.lbiO ,UbiMOCOca 9 
Bbi6pacbiBaiOTCH B aTMOClPePY qepe3 ,UbiMOBYJO Tpy6y 10. 

0rHeBaH pereHepau;HH cepHOH KHCJIOTbl H3 OTXO,UOB no3BOJIHeT 

O,UHOBpeMeHHO C HX o6e3Bpe:)ICHBaHHeM noJiyqaTb TOBapHyiO npo

.UYKUHIO BbiCOKOro Ka'leCTBa. 3To npHBO,UHT K COKpai.I.leHHIO paCXO,UOB 

npHpO,UHOfO Cblpb.SI H CHH)I(eHHIO 3aTpaT Ha npOH3BO,UCTBO cepHOH 

KHCJIOTbl Ha 25-30 % no cpaBHeHHIO C ee npOH3BO,UCTBOM H3 

nepBH'IHOfO CblpbH (3JieMeHTapHOH cepbl). 

,UJIH peHTa6eJibHOH pereHepau;HH cepHOH KHCJIOTbl H3 pac

CMaTpHBaeMbiX OTXO,UOB Heo6XO,UHMO HX npe,nsapHTeJibHOe o6e3-

BO)I(HBaHHe (KOHQeHTpHpOBaHHe). B CBH3H C OTCYTCTBHeM B OTXO,UaX 

JieTyqHX Bei.I.leCTB KOHQeHTpHpOBaHHe MO)I(HO ocyi.I.leCTBHTb MeTO,UOM 

ynapHBaHHH B KOHTaKTHbiX TenJI006MeHHHKax 3a C'leT TenJIOTbl 
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oTxo.rvrmero H3 orHeBoro peaKTopa cepHHcToro ra3a. llpH 3TOM 

O,UHOBpeMeHHO IlpOHCXO.UHT 3aKaTIKa ra3a. 

Co.uep:>KaHHe BO.Ubi B yrrapeHHOM pacTBope 3aBHCHT OT TeM

rrepa'fYPbi OTXOMIUHX H3 orHeBoro peaKTopa ra3oB H OT co.uep:>KaHHH 

BO,Ubl B HCXO,UHOM pacTBOpe. EcJIH B HCXO,UHOM paCTBOpe HMeeTCH 

60-70 % BO,Ubl, TO IIOCJie yrrapHBaHHH ero OTXO,UHIUHMH ra3aMH C 

TeMrrepaTYpOH 950-1000 "C co,nep:>KaHHe BO,Ubl CHH:>KaeTCH ,UO 35-
40 %. fipH orHeBOH rrepepa60TKe TaKHX pacTBOpOB KOHU.eHTPaU.HH 

so2 B cyxoM cepHHCTOM ra3e- He MeHee 7 %. CHJibHO pa36aBJieHHbie 

pacTsopbi, co.uep:>KaiUHe 6onee 80 % BO.Ubi, rrocne yrrapHsaHHH 

co.uep:>KaT ee He 6onee 60 %. llpH orHesoM: rrepepa6oTKe TaKHX 

pacTBOpOB C U.eJibiO IIOJI}"'eHHH cepHHCTOfO ra3a C co,nep:>KaHHeM S02 
He MeHee 6 % B KalJeCTBe TOIIJIHBa HCIIOJ1b3YIOT cepy HJIH cepOBO,UOpO,U, 

a TaK:>Ke o6oramaiOT KHCJIOpO,UOM .UYTbeBOH B03,UyX. 

Jl:AA 6oJiee IIOJIHOfO rrpespaJ.UeHHH S03 B S02 B OfHeBOM peaKTOpe 

u.enecoo6pa3Ho .usyxcTYrreH'IaToe c:>KHraHHe TOIIJIHBa. 

B rrepsoM: cTyrreHH TepMH'IecKoe pacmeiiJieHHe cepHoM: KHCJIOTbi 

H cyJib$aTOB ocymecTBJIHeTCH B BOCCTaHOBHTeJibHOH ra30BOH cpe,ne 

(B rrpo,nyKTaX HeiiOJIHOfO ropeHHH TOIIJIHBa), a 80 BTOpOH CTyiieHH 

IlpOHCXO,UHT ,UO:>KHraHHe rrpo,nyKTOB HeiiOJIHOfO ropeHHH 3a C'leT 

IIO,Ua'IH BTOpH'IHOfO B03,nyxa. 

llpH orHesoM: YTHJIH3au.HH oTpa6oTaHHbiX TPaBHJibHbiX pacTsopos 

H rH,UpOJIH3HOH cepHOH KHCJIOTbl IIOJiyqaiOT II060lJHbiH rrpo,nyKT ·

rropornKoo6pa3HbiH oKcH,U :>KeJie3a. B TOM cnyqae, ecJIH TpaBHJibHbie 

pacTBOpbl He 3arpH3HeHbl pa3JIH'IHbiMH IIpHMeCHMH, IIOJiyqaeMbiH 

OKCH,U :>KeJie3a IIpHMeHHeTCH B rrpOH3BO,UCTBe KpacHTeJieH, aKTHBHbiX 

KaTO,UHbiX Mace, $eppHTHbiX IIOpOlliKOB, IIOJIHPYIOIUHX rracT H T. ,U. 

3arpH3HeHHbiH OKCH,U :>KeJie3a HCIIOJib3yeTCH KaK MeTa.JIJiyprH'IecKoe Cbipbe. 

B rrpou.ecce pereHepau;HH TPaBHJibHbiX cepHOKHCJIOTHbiX pacTsopos 

o6pa3yeTCH cyJib$aT :>KeJie3a, KOTOpbiH MO:>KHO HCIIOJib30BaTb 

Herrocpe,UCTBeHHO 6e3 ,UOIIOJIHHTeJibHOH o6pa60TKH KaK MOXHMHKaT, 

a TaK:>Ke ,UJIH MeJIHOpaUHH IIO'IB H O'IHCTKH CTO'IHbiX BO,U. KpoMe TOfO, 

3TOT rrpo,nyKT MO:>KeT HCIIOJib30BaTbCH IIOCJie COOTBeTCTBYIOIUeH 

rrepepa6oTKH KaK cbipbe MH rronyqeHHH cepbi H oKcH,Ua :>KeJie3a. 

CYJ.UeCTBYIOT MeTO.Ubi rrepepa6oTKH cyJib$aTa :>KeJie3a B cepHHCTbiH 

ra3 (a cne.uosaTeJibHO, B cepHyiO KHCJIOTY). B qacTHOCTH, paJpa6oTa

Ha TeXHOJIOfHH IIOJiyqeHHH cepHOH KHCJIOTbl rryTeM O,UHOBpeMeH

HOfO C:>KHraHHH cyJib$aTa :>KeJie3a H cepbl B peaKTope C "KHIIHJ.UHM" 

cnoeM. llpou;ecc rrposo,UHT rrpH TeMrrepa'fYPe 900-1000 ·c. 06pa-
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3YIOIUHecH 8 npouecce C)I(HfaHHH nyJibUbi, COCTOHIUeH H3 cyJI&$aTa 

)l(eJie3a H cep&I, npo,nyKTbi cropaHHH (cepHHCTbiH ra3 H 8o,na) 

OO,U8epra!OTCH O'IHCTKe OT ObiJIH, OXJia)I(,UaiOTCH ,UO 290-300 •c H 

uanpaBJIHIOTCH ua noJiyqeuHe cepuoH: KHcJioT&I no KJiaccH'IecKoH: 

cxeMe. 

13. 5. PezeHepau,UR Morow,ux pacmeopoe 

Ha MeTaJIJioo6pa6aT&I8aiOIUHX H MarnHHOCTpOHTeJI&HbiX npe.u

npHHTHHX ,UJIH O'IHCTKH U08epXHOCTH MeTaJIJia OT MaceJI nepe,U 

HaHeceHHeM pa3JIH'IHbiX UOKpbiTHH (rpyHTYIOIUHX, JiaKOKpacO'IHbiX, 

auTHKOpp03HOHHbiX H ,np.) npHMeHHIOT MOIOJ.UHe paCT80pbi Ha OCH08e 

CHJIHKaTa H HHTpaTa HaTpHH, TpHHaTpHH$oc$aTa, CO,Ubi, rH,UpOKCH,Ua 

uaTpHH, a TaK)I(e ueKoTop&rx opraHH'IecKHX coe,nHHeHHH. B cocTaB 

MOIOJ.UHX paCT80p08 8XO,UHT U08epXHOCTHO-aKTH8Hbie 8eJ.UeCT8a H 

HeKOTOpbie ,npyrHe ,no6a8KH. 

Bo 8peMH MOHKH MOIOIUHe pacTsop&I 3arpH3HHIOTCH MacJiaMH H 

MexaHH'IeCKHMH DpHMecHMH, B peJyJI&TaTe qero OHH ,UOJI)I(Hbi ne

pHO,UH'IeCKH JaMeHHTbCH C8e)I(HMH. 3arpH3HeHHbie MOIOIUHe pacT80pbi 

no,UJie)l(aT pereuepauHH. HaH6oJiee noJIHaH pereuepauHH MOIOIUHX 

pacT80pOB npOHCXO,UHT OpH HCOOJib308aHHH OrHe8oro MeTO,Ua 

yTHJIHJaUHH. TaKoH: npouecc 3KOHOMH'IecKH 3<l><l>eKTHBeH npH 

ueo6xo,nHMocTH pereuepauHH pacTsopa B KOJIH'IecTBe ue Meuee I M3 /'1. 
PereuepaUHIO MOIOIUHX pacTBOp08 Ha OCHOBe TpHHaTpHH$oc$aTa 

H CHJIHKaTa HaTpHH UeJiecoo6pa3HO OpOBO,UHTb B peaKTOpax C 

"KHUHIUHM" CJIOeM C T8ep,UbiM lliJiaKoy,naJieHHeM npH TeMneparype 

900-950 •c. fipH 3TOH TeMneparype npOHCXO,UHT UOJIHOe OKHCJieHHe 

rop!O'IHX OpHMeceH, a MHHepaJibHbie OpO,UYKTbi cropaHHH 8biXO,UHT B 

8H,Ue rpauy11. IIIJiaKo8aHHe "KHDHIUero" cJioH npH TaKoH: TeMnepaTYPe 

He npOHCXO,UHT, TaK KaK TeMneparypa OJiaBJieHHH TpHHaTpHH$oc$aTa 

cocTaBJIHeT 1340 ·c, a cHJIHKaTa uaTpHH 1088 ·c, 'ITO cymecT8euuo 

8&Irne reMneparyp&I npo8e,neHHH npouecca. 

0Tpa6oTaHHbie MOIOIUHe pacT80pbi ua OCH08e CO,Ubl MO)I(HO HC

OOJib308aTb 8 ,npyrHX TeXHOJIOrH'IeCKHX npoueccax: ,UJIH HeHTpaJIHJaUHH 

KHCJibiX CTO'IHbiX BO,U, ,UJIH HeHTpaJIH3aUHH ra3006pa3HbiX KHCJIOT H HX 

aurH,UpH,U08, o6pa3YIOJ.UHXcH 8 npouecce oruesoro o6e38pe)I(H8aHHH 

pa31IH'IHbiX OTXO,U08, CO,Uep)l(aJ.UHX cepy, XJIOp, $oc$op, ,UJIH O'IHCTKH 

ueKOTop&rx 8H,U08 Tap&I H pa6o'IHX MeeT, 8 npoueccax $JioTaUHH py.u 

U8eTHbiX MeTaJIJI08. ,UJIH HX pereuepaUHH TaK)I(e HCUOJib3YIOT OrHe80H 
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MeTO,U. fipoueee npOBO,U.HT B UHKJIOHHbiX peaKTOpax e :>KH,UKHM 
lllJiaKoy.uaneH HeM. 

0lJHeTKa MOIOJ.UHX paeTBOpOB OT MaeeJI H MeXaHH'IeeKHX npHMeeeH: 

oeymeeTBJI.HeTe.H MeTO,UOM 3JieKTpo<f>JioTaUHH. 

13. 6. Ilepepa6omKa omxoiJoe pacmeopume.neu 

MHorHe TexHoJiorH'IeeKHe npoueeebi B npoMbilllJieHHOeTH H Ha 
TPaHenopTe es.HJaHbi e HenoJibJOBaHHeM opraHH'IeeKHX paeTsopH

TeJieH:. BbinOJIHHB eBOIO pOJib, OHH YHOe.HTe.H e BOJ.UYXOM BeH

THJI.HUHOHHOH eHeTeMOH, Jarp.H3H.H.H OKpy:>KaiOIUYIO epe,ny, JIH60 
eJIHBaiOTe.H B HaKOnHTeJIH H JaMeH.HIOTe.H Ha eBe:>KHe. 06mee KO
JIH'IeeTBO paeTBOpHTeJieH:, e:>Kero,nHo paexo.uyeMbiX npe.unpH.HTH.HMH 

eTPaHbi, npH6JIH:>KaeTe.H K 0,5 MJIH. T. Bee paeTsopHTeJIH OTHOe.HTe.H K 
JiefKO BOenJiaMeH.HIOJ.UHMe.H :>KH,UKOeT.HM (JIB)I(), .HBJI.HIOJ.UHMe.H 

no:>Kapo-, B3pbisoonaeHbiMH semeeTsaMH. Hx e6poe B HaKonHTeJIH, 
yHoe napos B aTMoe<f>epy HaHoeHT eepbeJHbiH ymep6 oKpY:>KaiOmeH: 

epe,ne. 
Bee JIB)I( no eTeneHH onaeHoeTH ,neJI.HT Ha TpH rpynnbi (Ta6JI. 

13.5). 
T a 6 n 11 u a 13.5 

TeMnepaTYJibi BCDhiiiiKH JIBJK 

TeMnepa'fYpa BCITbiWKH B THrne, °C 
fpyrrna onacHocrn JIB)!( 

I - oco6o onacHble 
II- nocToHHHo onacHble 
III - onacHbie 

B JaKpbiTOM 

< -18 
-18-23 

23-26 

BOTKpbiTOM 

< 13 
13-27 
27-66 

fio3TOMY OTXO,Ubl paeTBOpHTeJieH He06XO,UHMO eo6HpaTb H no,n

BepraTb yTHJIHJaUHH. O,nHaKo npe.unpH.HTH.H .uaneKo He seer.ua 
YTHJIHJHPYIOT paeTsopHTeJIH, TaK KaK no 3KOHOMH'IeeKHM eoo6pa
:>KeHH.HM He JaHHTepeeosaHbi B HX nOBTOpHOM HenOJib30BaHHH. 
06'b.HeH.HeTe.H 3TO TeM, 'ITO MHOfHe MeTO,Ubi pereHepauHH paeTBOpH
TeJieH B eHJiy paJJIH'IHbiX npH'IHH 3KOHOMH'IeeKH He3<lJ<lJeKTHBHbi. 

B oeHose peKynepauHH paeTsopHTeJieH: Jie:>KHT .HBJieHHe <I>H

JH'IeeKoH: a.ueop6uHH - nomomeHH.H napos semeeTsa nopHeTbiMH 

426 



r A a 8 a 13. Jlepepa6omKa xuiJKux u nacmoo6pa:JHblX omxoiJoB 

a,u;cop6eHTaMH, HaiipHMep yrJiepOJJ;HbiMH (aKTH8Hp08aHHbiMH yriDIMH) 

HJIH MHHeparrbHbiMH (cHJIHKareneM). HHor.na 8 Ka'lecme rromoTHTeneH: 

HCIIOJib3YIOT HeJieTYlJHe :xGI,li;KOCTH. flpou;ecc a,u;cop6u;HH HaH60Jiee 

3$$eKTH8HO IIpOHCXO,ZJ;HT, KOr,ZJ;a IIOpbl a,u;cop6eHTa 8 HeCKOJibKO pa3 

rrpe8biiiiaiOT pa3Mepbl IIOfJIOIQaeMblX MOJieKyJI. Azlcop6u;HH pe3KO 

YMeHblllaeTCH C II08billleHHeM TeMrrepaTYPbi HJ-Ja 6oJiee 3HeprH'IHOfO 

TeiiJI080fO ,!J;8H:>KeHHH raJ08biX MOJieKyJI. 3Ta Ja8HCHMOCTb HC

IIOJibJyeTCH MH 8bl,!J;eJieHHH IIOfJIOIQaeMblX 8eiQeCT8 H3 a,u;cop6eHTa. 

flpou;ecc 8bl,!J;eJieHHH IIOfJIOIQeHHblX a,u;cop6eHTOM 8eiQeCT8 Ha3bi-

8aeTCH .necop6u;HeH:. 

PeKyrrepau;HH pacT80pHTeneH: MO:>KeT 6biTb opraHHJ08aHa 8 

rrepHO,ZJ;H'IeCKOM H Herrpepbl8HOM QHKJie. flpH rrepHO,ZJ;H'IeCKOH CXeMe 

rrpou;ecca 80JJJ;yx, co.nep:>KaiQHH rrapbi pacT80pHTeJIH, rrpoxo.nHT qepe3 

HeiiO,ZJ;8H:>KHblH CJIOH a,u;cop6eHTa, H3 KOTOporo IIOCJie ero HaCbiiQeHHH 

HJBJieKaeTcH YTHJIH3HpyeMbiH pacTBOpHTeJib. 

,llJIH opraHHJaQHH Herrpepbi8HOH peKYrrepau;HH C IIpHMeHeHHeM 

a,u;cop6ep08 nepHO,lJ;H'IeCKOfO ,ZJ;eHCT8HH peKYIIepau;HOHHaH ycTaH08Ka 

,ZJ;OJI:>KHa 8KJIIO'IaTb He MeHee JJ;8yx TaKHX arrrrapaT08 ( 06bi'IHO HX 

KOJIH'IeCT80 COCTaBJIHeT 3-6). 
B Herrpepbi8HO .neH:cT8YIOIUHX a,u;cop6epax JJ;8H:>KYIUHHCH cnoH: 

IIOfJIOTHTeJIH IIOCJie,ZJ;08aTeJibHO IIpOXO,!J;HT 30Hbl a,u;cop6u;HH H ,ZJ;e

cop6u;HH peKYrrepau;HOHHOH ycTaHo8KH. K rrpeHMymecT8aM TaKHX 

ycTaH080K OTHOCHT ,!J;OCTaTO'IHO 8biCOKHe CKOpOCTH o6pa6aTbiBaeMblX 

IIOTOK08, KOMIIaKTHOCTb o6opyJJ;08aHHH, 8blCOKHH K03$$Hu;HeHT 

HCIIOJ1b308aHHH a,u;cop6eHT08, COKpaiQeHHe 3HeproJaTpaT Ha rrepHO

,!J;HlJeCKHe Harpe8 H OXJia:>K,ZJ;eHHe a,u;cop6epa, 803MO:>KHOCTb a8TOMa

TH3aQHH rrpou;ecca. ,llJIH ocymecTBJieHHH Herrpepbi8Horo rrpou;ecca 8 

a.ncop6epax H080f0 IIOKOJieHHH HCIIOJibJyeTCH a.ncop6HpyiOIQaH 

yrOJibHaH TKaHb, KOTOpaH ,ZJ;8H:>KeTCH rreprreH,ZJ;HKyJIHpHO raJ080MY 

IIOTOKY. 

ITocKOJibKY 8 rrpoMbiiiDieHHOCTH lllHpoKo pacrrpocTpaHeHo HC

IIOJibJ08aHHe rrepHO,ZJ;H'IeCKOH TeXHOJIOfHH peKyrrepau;HH pacT80pH

TeJieH, HH:>Ke paccMOTpeHa pa6oTa ycTaH08KH TaKOfO THIIa, HC

IIOJibJyeMOH 8 TeXHOJIOfHH IIpOH3BO,!J;CT8a IIOJIH8HHHJ1080f0 CIIHpTa. 

B IIpOH380,!J;CT8e IIQJIH8HHHJIOBOfO CIIHpTa HCIIOJ1b3YIOTCH Me

TaHOJI, 3TaHoJI, 3THJiau;eTaT, 6eHJHH H .npyrHe pacT80pHTeJIH. CyM

MapHoe CO,ZJ;ep:>KaHHe HX rrap08 8 OTXO,!J;HIQHX raJaX ,!J;OCTHraeT 80-
90 r/M3• YliHTbiBaH, 'ITO o6'beM OTXOMIUHX raJ08 cocTaBIDieT 100-
150 M 3/MHH, 06IQHH 06'beM rrapo8 pacT80pHTeJieH COCTaBJIHeT 12-

427 



flepepa6om/Ca npoMbWJAeHHblX OmxD008 

20 T/cyr. Bbi6poc 8 aTMoc$epy TaKoro KoJiwiecT8a pacTBopwreJieH: 
orraceH ,UJHI 6Hoc$epbi, He f080pH yxe 0 60JiblliHX 3KOHOMH'IeCKHX 
rrorepHx. 

fi03TOMY. IIpH llpOH380,UCT8e IIOJIH8HHHJI080f0 CIIHpTa ocy
J.UeCTBJIHeTCH peKyrrepauHH pacT80pHTeJieH. fiepHO,UHqecKHH rrpouecc 
(pH C. 13. 7) IIp080,UHTCH 8 qeTblpe CTa,UHH: a,Ucop6uHH, ,necop6uHH, 
cylliKa H OXJIIDK,!J;eHHe. 

HA PEKTH<I>HKAUHI<> 

PHc. 13.7. CxeMa peJ<YilepauHH pacrnopHTeneit npH npoHJBO.llCTBe nonHBHHH
nosoro cnHprn 

nap0803.UYlliHaH CMecb c IIOMOJ.UbiO ra30.UYBKH I HarrpaBJIHeTCH ~ 
a,Ucop6ep 2, r,ne llpOXO,UHT qepe3 HeiiO,U8IDKHbiH CJIOH a,ncop6eHTa 
TOJIIUHHOH 6o11ee 0,6 M. HaHJiyqlliHM a.ucop6eHToM .rum rrapos H ra308biX 
8bi6pOC08 HBJIHeTCH aKTH8Hp08aHHbiH yroJib. 0TeqecTBeHHaH 
rrpoMbiliiJieHHOCTb rrpoH3BO.UHT HecKOJibKO MapoK aKTH8Hpo8aHHbiX 
yr11eH:: AP-A, AP-E, AP-B. 

llpH rrpoxo)I{,UeHHH a.ucop6epa rrapbi pacTBopHreJieH: a.ucop6Hpy
IOTcH Ha II08epXHOCTH aKTH8HposaHHOfO yrJIH, a oqHIUeHHbiH 803,Uyx 
8bi6paCbi8aeTCH 8 aTMOC$epy. fiocJie HacbiiUeHHH a,ncop6eHTa rrapaMH 
pacT8opHTeJieH: rro,naqa rrapo803.UYlliHOH cMecH 8 a.ucop6ep rrpeK-
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pamaeTcH, H Ha'IHHaeTcH BTOpaH cTil,lJ;IDI npouecca, T. e . .uecop6uHH. B 

a,UCOp6ep C UOMOJ.UbiO faJOJlYBKH 5B TelJeHHe 1,5-2 'I no,naeTCH OCTpbiH 

BOMHOH nap c TeMnepaT}'poM: II O-II5 ·c. LJ:ecop6HpoBaHHbie rrapbi 

pacTBOpHTeJIH BMecTe C napaMH BO,Ubl KOH,UeHCHpyiOTCH B XOJIO

,UHJibHHKe 3, KY.ua OHH rrona,naiOT, BbiH.uH H3 a.ucop6epa. 06pa3o

BaBlliHHcH KOH,UeHcaT CTeKaeT B ,UeKaHTaTOp 4, r,ne OpOHCXO,UHT 

pacCJIOeHHe )l(l.f,UKOCTH - CMeCH pacTBOpHreJieH H BO,Ubl. 

113 ,neKaHTaTopa BO,Ua CJIHBaeTCH B o6opoTHYJO CHCTeMY BO,UOCHa6-

:>KeHHH, a CMeCb pacTBOpHreJieH IIO,UaeTCH Ha peKTH$HKaUHIO, F,Ue 

OpOHCXO,UHT HX paJ,neJieHHe H Bbipa6oTKa HH,UHBH,UYaJibHbiX llpO.uyKTOB, 

HCU0Jib3YIOJ.UHXCH UOBTOpHO B npouecce CHHTe3a IIOJIHBHHHJIOBOFO 

CIIHpTa. fiocJie 3aBepllleHIDI ,necop6UHH napOB paCTBOpHTeJieH npouecc 

nepeXO,UHT B TpeTbiO CTa,UHIO: aKTHBHpOBaHHbiH yroJib cylllaT ropH'IHM 

Bo3,nyxoM c TeMnepaTypoM: I05-IIO ·c, no.uorpeB KoToporo 

ocymecTBJIHIOT B KaJIOpH$epe 6. fio OKOH'IaHHH cylliKH B a,Ucop6ep 

no,naeTCH OXJia:>K,UeHHbiH B03,Uyx C TeMnepaTypOH He 6o11ee 30 "C H 

HacTyrraeT 'leTBepTaH cTil,lJ;IDI rrpouecca peKYfiepauHu - oXJia:>K,UeHHe 

a.ucop6eHTa. 

KoHe'IHO, npouecc peKYnepauHH pacTBOpHreJieM: 3KOHOMH'IecKH 

onpaB,naH TOJibKO npH 6oJiblliOM KOJIH'IeCTBe o6pa3YJOJ.UHXCH OTXO,UOB, 

IIOCKOJibKY peKYnepaUHOHHaH ycTaHOBKa ,UOCTaTO'IHO ,UOpora, a caM 

npouecc ,UJIHTeJieH H MHOFOCTa,UHeH. fi03TOMY OH llpHMeHHeTCH TOJibKO 

Ha KpynHbiX npe.urrpHHTHHX. Ha rrpe.unpHHTHHX, r.ue KOJIH'IecTBo 

o6pa3YIOJ.UHXCH OTXO,UOB JIB)I( HeBeJIHKO, npeo6Jia,naeT orHeBOH MeTO,U 

HX o6e3Bpe:>KHBaHHH. 

C:>KHraHHe oTxo.uoB pacTBOpHreJieM: ,UOJI)KHO rrpoBO.UHTbcH JIH6o B 

ClleUHaJibHOH ycTa:HOBKe Ha TeppHTOpHH rrpe,nnpHHTHH, 111160 00 

corJiacoBaHHIO C MeCTHbiMH OpraHaMH caHHTapHOFO H IIO:>KapHOFO 

Ha,U30pa Ha GOeUHaJibHO OTBe,UeHHbiX IIOJIHFOHax. fipH YHH'ITO:>KeHHH 

OTXO,UOB JIB)I( y,no6HO HCIIOJib30BaTb nepe,UBH:>KHYIO Typ6o6ap-

60Ta:>KHYIO ycTaHOBKY "BHXpb". fipH 3TOM He06XO,UHMO TJ.UaTeJibHO 

co6JIIO,UaTb HOpMbl TeXHHKH 6e3onacHOCTH, TaK KaK MHOrHe 

pacTBOpHTeJIH He TOJibKO JierKO BOCIIJiaMeHHIOTCH, HO HX napbl 

o6paJyiOT C B03,UYXOM B3pbiBOOIIaCHbie CMeCH. 

HeKoTopbie BH,Ubi pacTBOpHTeJieM: H ,npymx JieryqHx rrpo,nyKToB 

MO:>KHO C:>KHraTb TOJibKO Ha ycTaHOBKax C IIOJIHOH O'IHCTKOH ,UbiMOBbiX 

ra30B. K HHM OTHOCHTCH coe,nHHeHIDI, co,nep:>KaJ.UHe pTYTb, CBHHeU, 

MbilllbHK, KpeMHHH, MapraHeu, $oc<Pop, raJioreHbl (XJiop, 6poM, Ho,n, 

<!>Top), HHTpOCOe,UHHeHHH, aMHHbl, UHaHH,Ubl H ,Up. 
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fiocKOJibicy 8 IIpOMbilliJieHHOCTH lliHpOKO HCIIOJib3YJOTCH XJIOp

CO,Uep)l(aJ.UHe pacT80pHTeJIH, KpaTKO OCTaH08HMCH Ha oco6eHHOCTHX 

Hx yrHJIH3au;HH. HaH60JibUiee pacrrpocTpaHeHHe HMeiOT ,nHXJIOp3TaH, 

lJeTbipeXXJIOpHCTbiH yrnepo,n, TpHXJIOp3THJieH H ,UHXJIOpiipOIIHJieH. 

B TexHonorHH yrHJIH3au;HH OTXO,U08 3THX pacT80pHTenei1 TaK )l(e, 

KaK H ,UpyrHX XJIOpopraHH'IecKHX rrpO.uyKT08, HCIIOJib3YIOTCH pa3.11HlJHbie 

cxeMbi C)I(HraHHH c yna8JIH8aHHeM o6pa3yiOmerocH xnopHcToro 

80,UOpo,na H IIpOH380,UCT80M T08apHOH COJIHHOH KHCJIOTbl, 'ITO 

06'bHCHHeTCH cpa8HHTeJibHO He8biCOKOH CTOHMOCTbiO rrpou;ecca H 

HaH60Jiee 3<f><f>eKTH8HbiM o6e38pe)I(H8aHHeM TOKCH'IHbiX 8eJ.UeCT8. 

fipH 06bi'IHOM C)I(HfaHHH XJIOpco,nep)l(aJ.UHX pacT80pHTeJieH 

o6pa3yeTCH XJIOp, H8JIHIOIUHHCH 8biCOKOTOKCH'IHbiM ra30M, yJia8-

JIH8aHHe KOToporo rrpe,ncTaBJIHeT 3Ha'IHTeJibHbie TPY.UHOCTH . .llm1 
HCKJIIOlJeHHH o6pa3o8aHHH 3JieMeHTapHOfO XJIOpa He06XO,UHMO C)I(H

raTb rrapbl TaKHX paCT80pHTeJieH C08MeCTHO C IIpHpO,UHbiM ra30M, 

'ITO II0380JIHT y8eJIH'IHTb 8biXO,U XJIOpHCTOfO 80,UOpo,na H, CJie

,U08aTeJibHO, T08apHOH COJIHHOH KHCJIOTbl. 3To MO)I(HO IIpOCJie,UHTb 

Ha rrpHMepe c)I(HraHHH TpHXJIOp3THJieHa. B rrep80M cnyqae, Kor.ua 

C)I(HfaHHe IIpOHCXc;>,UHT TOJibKO 8 cpe,ne B03,nyxa, peaKQHH IIpOTeKaeT 

ITO ypa8HeHHIO: 

CHCl = CC12 + 202 ~ 2C02 + HCl + Cl2, 

T. e. 8 pe3yJibTaTe peaKQHH o6pa3yiOTCH H XJIOpHCTbiH 80,UOpO,U, H 

'IHCTbiH XJIOp. 

Bo 8TopoM cnyqae rrpH c)I(HraHHH 8 cpe.ue MeTaHa H3 o,nHoH 

MOJieKyJibl TpHXJIOp3THJieHa o6pa3yiOTCH TpH MOJieKyJibl COJIHHOH 

KHCJIOTbl, a ra3oo6paJHbiH XJIOp He 8bi,UeJIHeTCH 808ce: 

CHCl = CC12 + 3,502 + CH4 ~ 3C02 + 3HC1 + Hp. 

llpou;ecc rrpo80MT rrpH TeMrrepaTYPe 1000-1700 ·c. Ko3<f><I>H

u;HeHT H36biTKa 803,Uyxa He ,UOJI)I(eH rrpe8billlaTb 1, 1-1 ,2, TaK KaK IIpH 

6oJibllleM 3HaqeHHH qacTb ra3oo6pa3Horo XJiopa, He rrpe8pama.s~cb 8 

HCl, yneTaeT 8MecTe c ,UbiMOBbiMH ra3aMH. llpH Ko3<l><f>Hu;HeHTe 

H36biTKa B03,nyxa 6oJiee 1,5 o6pa3yeTCH qpe38bi'IaHHO TOKCH'IHOe 

8emecT80 - <f>ocreH ( COC12), OTHOCHIUHHcH K 6oe8biM OTpaBJIHIOJ.UHM 

8emecT8aM. OrracHaH ,UJIH )I(H3HH KOHu;eHTpau;HH <f>ocreHa cocTaBJIHeT 

450 Mf Ha 1 M 3 803,Uyxa. 

CYJ.UecT8YJOT H .upyme crroco6bi yrHJIH3au;HH XJiopco.uep)l(aJ.UHX 

pacT80pHTeJieH, TaKHe KaK a,ncop6u;HH Ha yrJIHX, peKTH<f>HKaQHH, 
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HOHHbiH o6MeH, a,ueop6UHSI Ha MOJieicyJHipHbiX eHTax. Ho Bee OHH 

eJIOXHbl, Ma.JIOnpOHJBO,llHTeJibHbl H BeJie,lleTBHe 3TOfO ,llOporH. 

13. 7. PezeHepau,UR AaKoKpacoiiHblX Mamepua.!l08 

Ha MaumHoeTpoHTeJibHbiX, ey,lloeTpoHTeJibHbiX, 3JieKTporexHH

qeeKHX H .llPYfHX npe,llnpHSITHSIX lliHpOKO HenOJibJYIOTeSI JiaKOKpa

eO'IHbie MaTepHa.Jibl. HaH6onee paenpoeTpaHeHHbiM enoeo6oM HX 

HaHeeeHHSI OeTaeTeSI paenbiJieHHe H3 KpaeKonyJibTa B OKpaeO'IHbiX 

KaMepax. 113 3THX KaMep HenpepbiBHO OTeaebiBaeTeSI BOJ.llyx, KOTOpbiH 

BMeeTe e paeTBOpHTeJieM, YHOeHT B BeHTHJISIUHOHHyiO eHeTeMy H 

qaeTHUbi KpaeKH. fioeJie,llHHe Ja,uepXHBaiOTeSI Ha fH,llpO<f>HJibTpaX -

JaBeeax H3 eTpyH BO.llbl, HenpepbiBHO opollia!OlliHX eTeHKH KaMep, H 

eTeKaiOT BMeeTe e Hew B BaHHy OKpaeO'IHOH KaMepbi. B o6meH: 

eJIOXHOeTH B BaHHY nona,uaeT OT 20 .llO 50 % paenbiJISieMOH KpaeKH. 

3aryeTeBlliaSI KpaeKa noeJie O'IHeTKH BaHH eo6HpaeTeSI B KOHTeHHepbi 

.llJISI pereHepauHH. 

llpoueee pereHepauHH naKoKpaeo'IHbiX MaTepua.nos MoxeT 6biTb 

pea.JIHJOBaH no nepHO,llH'IeeKOH TeXHOJIOfHH, exeMa KOTOpOH npHBe

,lleHa Ha pRe. 13.8. 

PRe. 13.8. CxeMa TexHonorw-IecKoro npouecca nepepa6oTKH oTxo.nos 
naKoKpaco'IHbiX MarepHanos: 

I- KOHTeHHep; 2- CMeCHTenb; 3- !l>HJibTp rpy6oif O'IHCTKH; 4- MepHMK; 
5- HaCOCbl; 6- ,UHCCOnbBep; 7- CeT'IaTbiH !l>HJihTp; 8- rnapoBrul MenbHMUa; 
9 - 6wcepHrul MenbHMUa; IO- MernanKa nonacTHruJ:; II - .!l>HnhTp TOHKoif 

O'IHCTKH; I2- eMKOCTb 
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fio TaKOH TeXHOJIOfHH KOHTeHHep C KpaCKOH pa3rpyxaeTCSI B 

CMeCHTeJib, TY.lla Xe C noMOll(biO MepHHKa nocTynaeT paCTBOpHTeJib. 

06pa3oBaBlliaSICSI CMeCb nepHO,llH'IeCKH nepeMelliHBaeTCSI lliHeKOBbiM 

CMeCHTeJieM B Te'leHHe 4-5 '1, BCJie,llCTBHe 'lero npoHCXO,llHT 

Ha6yXaHHe 3aTBep.uesmei1: KpaCKH B paCTBOpHTeJie. fiocJie 3TOfO 

noJIY':IeHHaSI CMecb nepeJIHBaeTCSI B c6opHHK, npoXO.llSI npe.usapHTeJibHO 

ceT'IaTbiH <f>HJibTP rpy6oi1: O'IHCTKH c pa3MepoM SI'IeeK 1 Ox 10 MM. 113 

c6opHHKa O'IHll(eHHaSI OT noCTOpOHHHX BKJIIO'IeHHH CMeCb nocrynaeT 

B ,llHCCOJibBep (BbiCOKOCKOpOCTHOH CMeCHTeJib), r.ue B Te'leHHe 2-3 'I 
npoHCXO,llHT ,llHCnepmpoBaHHe. fioJiyqeHHYIO cycneH3HIO <f>HJibTpYIOT 

qepe3 CeTKY C pa3MepoM Sl'leeK 1 MM2. 113 ,llHCCOJibBepa cycneH3HSI 

HaCOCOM nepeKa'IHBaeTCSI B lliapoByiO MeJibHHU:y, r.ue B Te'leHHe 4-
8 q npoucxo.UHT .UaJibHeH:wee .UHcneprHpoBaHHe KpacKH. EcJIH nocJie 

3TOfO 'laCTHU:bl KpaCKH HMeiOT pa3Mep MeHee 90 MKM, TO OHa H3 

MeJibHHU:bl nocTynaeT B JionaCTHOH CMeCHTeJib, r.ue pa36aBJISieTCSI ,llO 

HYXHoi1 BSI3KOCTH pacTBopHTeJieM, H 3aTeM cJIHsaeTcSI B npHeMHYIO 

eMKOCTb .UJISI nocJie.uy10meH: pac<f>acoBKH H ynaKoBKH. B TOM cJiyqae, 

ecJIH 'laCTHU:bl CMeCH, Bbillie,llllieH H3 lliapoBOH MeJibHHIJ:bl HMeiOT 

pa3Mep 6oJiee 90 MKM, TO CMeCb no.uaeTCSI Ha eme O,llHO ,llHCnep

rHpoBaHHe B 6ucepHyiO MeJibHHU:y, r,lle npoHCXO,llHT nepeTHp cyc

neH3HH B Te'leHHe 3-4 'I ,llO noJiy'leHHSI 3a,llaHHOH ,llHCnepCHOCTH, 

nocJie qero npoH3BO,llSITCSI pa36aBJieHHe, po3JIHB H ynaKOBKa KpaCKH. 

B Ta6JI. 13.6 npHse.ueHbi cpaBHHTeJibHbre csoH:cTBa nepBH'IHoi1 H 

pereHepHpoBaHHoi1 3MaJIH MapKH AC-182. 
PereHepHpoBaHHbie JiaKoKpaco'IHbre MaTepHaJibi ucnoJib3YIOTCSI 

,llJISI OKpaCKH MeHee OTBeTCTBeHHbiX C TO'IKH 3peHHSI BHeWHero BH,lla 

.ueTaneH:, a TaKXe ,llJISI HaHeceHHSI npoMexyro'IHbiX cJioes KpacKH npu 

MHorocJioi1HoM oKpalliHBaHHH. PereHepHpoBaHHbre rpyHTOBKa H 

wnaTJieBKa HCnOJib3YIQTCSI no CBOeMY npSIMOMY HaJHa'leHHIO. 

fipH HaJIH'IHH B KpacKe MaceJI, OHH He no,llJieXaT pereHepau:HH, 

TaK KaK noJiyqa!Oll(HHCSI npo,llyKT He o6Jia,llaeT Heo6XO,llHMbiMH ,llJISI 

JiaKoKpaco'IHbiX MaTepuanoB csoH:cTBaMH. TaKHe 3arpSI3HeHHbre oT

XO.llbi JiaKOKpaCO'IHbiX MaTepHaJIOB no,llJiexaT o6e3BpeXHBaHHIO yHH

BepCaJibHbiM MeTO,llOM - C)KHfaHHeM. fipH ,llOCTaTO'IHOM KOJIH'IeCTBe 

OTXO,llOB B03MOXHa )'THJIH3aU:HSI TenJia OT OTXO.llSill(HX H3 ne'IH ,llbiMOBbiX 

ra3oB, a TaKXe c6op Ha <f>HJibTpax co.uepxamHXCSI B KpacKax oKCH,lloB 

MeTaJIJIOB H ,llpyrHX u:eHHbiX npo,llyKTOB. 
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Ta6JI H u a 13.6 
CBoiCTBa nepBII'IIIoi H pereuepapoB8101oi 3MaJIH AC-182 · 

HaHMeHoBaHHe 
noKaJaTeJie'H: 

[(seT 

BHeiiiHHH BH.lli1JleHKH 

YCJIOBHrul BSI3KOCTb no BHC
K03HMeTpy B3-246 npH 
20 ·c, CT 
6JieCK nJieHKH no 6JieCKO

Mepy,% 
Maccosru~ .noJISI Jie'fY'IHX 
BeiiieCTB, % 
YKpbiBHCTOCTb, r/.M2 

Opol!HocTb nJieHKH npH 
y.uape, eM 

nepBH'IHOH 

)f(eJITbiH 

O,UHopo.nHM, rJIHH
uesru~, 6e3 nocTo-

pereHepHpOBaHHOH 

)J(eJITbiH, B03MO)KeH 
OTTeHOK 

O,UHopo.llHM,rJIHH
uesru~,.nonycKaJOTCSI 

poHHHX BKJIIOl!eHHH He3Hal!HTeJibHble 

80-160 

He MeHee 50 

52-58 

He 60Jiee 100 
He MeHee 50 

BKJIIOl!eHHSI 
HeMeHee 40 

He MeHee 40 

HeMeHee40 

He 6onee 60 
He MeHee 50 

13. 8. Ymwzu3au,un CMa3ortno-oXJZaJICiJarow,ux JICUOJwcmeu 

Ha MaumHocTpoHTeJibHbiX H MeTaJIJiyprwieCKHX npe.unpHHTHHX 

npH o6pa60TKe H npoKaTKe MeTaJIJia npHMeHSIIDTCSI CMa30l!HO

OXJia)((JlaiDUIHe )I{H.UKOCTH (CQ)I(), KOTOpbie SIBJISIIDTCSI 3MYJibCHSIMH 

MacJia B so.ue. MacJIHHbie 3MYJibCHH - 3To KOJIJIOH.llHbie .usyx<f>aJHbie 

CHCTeMbl, B KOTOpbiX O.UHa )I{H.llKOCTb (MaCJIO) .UHCneprHpoBaHa B BH.Ue 

KaneJieK B .upyroi1 )I{H.llKocTH (so.ue). PaJpyweHHID 3MYJibcHi1, T. e. 

paccJIOeHHID CHCTeMbl, npenHTCTByeT ynpyraH o6oJIOl!Ka 3MYJibraTopa 

(opraHHl!eCKOH KHCJIOTbi), MOJieKYJibl KOToporo opHeHTHpOBaHbl yme

BO.UOPO.UHbiM pa.uHKaJIOM B CTOpoHy qacTHUbl MaCJia, a Kap6oKCHJibHOH 

rpynnoi1 - B CTOpoHy BO.llbl. 

fipHfOTOBJieHHe 3MYJibCHH COCTOHT B cMeUieHHH MaCJia C BO.UOH 

H 3MYJibraTopoM. Bee MacJIHHbie 3MYJibCHH o6Jia.uaiDT 6oJibUioi1 yc

TOHl!HBOCTbiD. fipH 06bll!HOM OTCTaHBaHHH B Tel!eHHe 3 MeCSIUeB 

KOHUeHTpaUHSI MaCJia CHH)I{aeTCSI Bcero Ha 10-20 %. 06bll!HO cpoK 

cJiy)l{6bi 3MYJibCHH He npeBbiUiaeT 1 Mec. 

433 



llepepa6omKa npOMblUJAeHHblX omxoiJoB 

C6poc oTpa6oTaHHbiX CO)I( B KaHa.JIHJaUHIO HaHocHT spe.u 

oKpyxaiOmeH: cpe.ue H SIBJHieTCSI pacTo'IHTeJibHbiM. YTHJIHJaUHSI 

oTpa6oTaHHbiX CO)I( npoBO.llHTCSI nYTeM paJpyrneHHSI 3MYJibCHH, 

paJ.ueJieHHSI ee Ha KoMnoHeHTbl H O'IHCTKH nocJie.UHHX. Co.uepxaHHe 

MacJia B CO)I( .uocTHraeT 50 r/JI, a KOJIH'IeCTBo CO)I(, no.llJiexamHx 

JaMeHe Ha npe.unpHSITHH, cocTaBJISieT oT 1 .uo 300 M 3/CYT. Oo3TOMY 

pereHepaUHSI OTpa6oTaHHbiX 3MYJibCHH Ha KpynHbiX npe.unpHSITHSIX 

3KOHOMH'IeCKH 3<f><f>eKTHBHa. 

)l,JISI pa3pyiiieHHSI 3MYJibCHH npHMeHSIIOT CJie,llyiOmHe MeTO,llbi: 

ueHTpH<f>yrHpOBaHHe, peareHTHYIO KoaryJISIUHIO, TepMH'IeCKHH MeTO.ll, 

a TaKXe HX KOM6HHaUHIO. 

B npouecce ueHTpu<f>yruposaHHSI npu 6oJibiiioi:f: qacroTe spa

meHHSI (<f>aKTOp pa3,lleJieHHSI - He MeHee 7250) npOHCXO,llHT pa3-

pyiiieHHe KOJIJIOH,llHOH CHCTeMbi, B pe3yJibTaTe KOTOporo MaCJIO, 

HMeiOmee MeHbiiiYIO nJIOTHOCTb, '!eM BO,lla, OT,lleJISieTCSI OT ,llHC

nepCHOHHOH cpe,llbi. )],JISI o6Jief'leHHSI 3TOfO npouecca B 3MYJibCHIO 

.ll06aBJISIIOT KHCJIOTy, B npHCYTCTBHH KOTOpoi:f: pa3pyrnaeTCSI fH,ll

paTHaSI o6oJio'IKa 3MYJibraTopa Ha nosepXHOCTH qacTHU MacJia. 

Co.uepxaHue ee B cMecu .uoJIXHo o6ecne'IHBaTb pH cpe.Ubl, paBHbiH 

1-2, 'ITO Tpe6yeT H3fOTOBJieHHSI UeHTpH<f>yrH B KHCJIOTOCTOHKOM 

HCnOJIHeHHH. 

PeareHTHaSI KoaryJISIUHSI JaKJIIO'IaeTcSI B .uo6aBJieHHH K 3MYJibCHH 

cepHOKHCJIOfO aJIIOMHHHSI, XJIOpHOfO HJIH cepHOKHCJIOfO XeJieJa B 

CO'IeTaHHH C H3BeCTKOBbiM MOJIOKOM HJIH e,llKHM HaTpOM. 06mee 

KOJIH'IeCTBO peareHTOB COCTaBJISieT 7-8 r/JI. OocJie pa3pyiiieHHSI 

3MYJibCHH, KOTOpoe npOHCXO,llHT BCJie,llCTBHe npoTeKaHHSI XHMH'IeCKHX 

peaKUHH, npOH3BO,llSIT OTCTaHBaHHe, B npouecce KOTOporo MHHe

paJibHbie KOMnoHeHTbl Bbina,llaiOT B OCa,llOK. 06pa3yiOll(HHCSI OCa,llOK 

y.uanSieTcSI H YTHJIHJHpyeTcSI. 

HaH6oJiee 3<f><f>eKTHBHbiMH SIBJISIIOTCSI ueHTpaJIHJOBaHHaSI nepe

pa6oTKa CO)I( Ha KpynHbiX npoMbiiiiJieHHbiX ycTaHoBKax MeTO.llOM 

peareHTHOH <f>JioTaUHH, a TaKXe TepMH'IeCKHe MeTO.llbl YTHJIH3aUHH. 

OpHHUHnHaJibHaSI cxeMa HenpepbiBHoi:f: ycTaHoBKH no paJpy

rneHHIO oTpa6oTaHHoi:f: CO)I( MeTO.llOM <f>JioTauuu npuse.ueHa Ha 

puc. 13.9. 
llpH 3TOH TeXHOJIOfHH OCHOBHaSI 'laCTb MacJia (85-90 %) OT,lleJISI

eTCSI yxe B ueHTpo6exHoM cenapaTope 2. OoJiy'leHHoe nocJie 

cenapaTopa MaCJIO MOXeT HCnOJib30BaTbCSI B Ka'leCTBe TOnJIHBa HJIH 

.UJISI npuroTOBJieHHSI csexux 3MYJibCHi:f:. EoJiee rJiy6oKaSI o'IHCTKa 
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r A a B a 13. llepepa6omKa :JICUOKUX u nacmoo6p03HWC omxoiJOB 

Pnc. 13.9. CxeMa !l>JioTa
UHOHHOif ycTaHOBKH .ll.IHI 

pa3pyu.teHHSI CO)I(: 
1 - OTCTOifHHK; 2 - cena
paTop; 3- pecHBep; 4-
«t>JioTarop; 5 - eMKOCTb C 
KOaryJISIHTOM; 6- WJiaMO
c6opHHK; 7 - C60pHHK 
neHLI; 8- c6opHHK MaCJia; 
9-12 - ,ll03aTOpbl KOa
ryJISIHTOB; 13- pH-MeTp; 
14 - C)KaTblif B03.llYX; 15 -

Hacoc 
MAC/!0 I UMCTE "'y 

BOAA 

8 

7 

y 

Pnc. 13.1 0. CxeMa ycTaHoBKH .llJISI TepMH'IecKoro o6e3Bpe)KHBaHHSI CO )I(: 
1 - c6opHHK; 2 - MepHHK llAB; 3 - ypaBHHTeJibHblif COCY.ll; 4 -
naporeHepaTopHLiif peaKTop; 5 - 6ap6oTaxHbli1: annapaT; 6 - c6opHHK 

CTOKOB; 7- CKpy66ep; 8- BeHTHJISITOp 
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llepepa6omKa npoMbiUJAeHHbiX omxoiJoB 

3MYJibCHH (TO'IHee - TOfO, 'ITO OT Hee OCTaJIOCb nocJie cenapaU:HH) 
npoH380.UHTCSI 80 <f>JioTaTope 4 C HCnOJib308aHHeM peareHT08. 

llpHHUHnHaJibHaSI CXeMa TepMH'IeCKOH ycTaH08KH o6e38pe:>I<:H-
8aHHSI CQ)I( npH8e.ueua ua puc. 13.10. 

llpHHU:Hn ,UeHCT8HSI TaKOH ycTaH08KH COCTOHT 80 8CneHH8aHHH 
3MYJibCHH C noMOll(biO llAB 8 c6opHHKe J H no,uaqe neHbl 8 
naporeuepaTopHbiH peaKTop 4, r.ue oua pa8HoMepuo cropaeT npH 
1500-1600 ·c. )l,hiM08bie raJbi, npoxoM 'lepe3 6ap6oTruKHbiH annapaT 
5, oT,aaiOT TenJio MSI ynapu8aHHSI CO)I(. KoH.LJ;eucau:HSI napa, co.uep
)l{amerocSI 8 .UbiM08biX raJax, 8biXO.USimux HJ 6ap6oTruKHoro annapaTa 
5, npoH380.UHTCSI 8o,uoi1 8 cKpy66epe 7. BbiXo.uSJmaSI HJ uero 8o.ua 
SIBJISieTCSI HaCTOJibKO 'IHCTOH, 'ITO no,uaeTCSI 8 CHCTeMy o6opOTHOfO 
80,UOCHa6)1{eHHSI. llpOH380.UHTeJibHOCTb ycTaH08KH COCTaBJISieT 5 T/'1. 

KoHmpollbHble Bonpocbl 

1. KaKo8bi HCTO<JHHKH o6paJo8aHHSI H KJiaccH<pHKau:HH ueqneco
.uep)l(amHx OTXO,U08? 

2. KaKHe H38eCTHbi cnoco6bi MexaHH'IecKoro o6e380)I(H8aHHH ue<P
TeoTXo.Uo8? 

3. OnHIIIHTe ex eM)' ycTaHo8KH .LJ.JISI o'IHCTKH Moe'luoi1 80.Ubi a8To
npe.unpHHTHSI. 

4. PaccK~HTe o6 oco6euuocTHX ryp6o6ap6oT~Hoi1 ycTaHo8KH 
C)I(HraHHSI ue<lJTeOTXO,U08. 

5. B 'leM COCTOHT XHMH'IeCKOe o6e38pe)I(H8aHHe ue<lJTeOTXO)l.08? 
6. liTO TaKoe 6HOXHMH'IeCKaSI TeXHOJIOfHSI o6pa6oTKH OTXO,U08? 
7. KaKHe H38eCTHbi MeTo.Ubi pereuepauuu OTpa6oTaHHbiX MaceJI? 
8. )l,aHTe XapaKTepHCTHKY OTXO,U08 faJib8aHH'IeCKOfO npoH380,UCT8a. 
9. liTo TaKoe IIIJiaMbi? KaKo8bi MeTO.LJ.bl HX o6e38pe)I(H8aHHH H nepe-

pa6oTKH? PaccK~HTe o6 yTHJIHJaUHH raJih8aHH'IeCKHX umaMo8. 
10. KaKHe cymecTByiOT cnoco6hi pereuepauuu cepuoi1 KHCJIOTbi? 
11. PaccK~Hre 0 cnoco6ax pereuepau:HH MOIOll(HX paCT8opo8. 
12. llpH8e.UHTe CXeMy peKynepaU:HH paCT80pHTeJieH. 
13. KaK npoH380.UHTCSI TepMH'IeCKaSI TexuoJiorHH yuH'ITO)I(eHIDI oT

xo.uo8 paCT80pHTeJieH C HCnOJib308aHHeM ycTaH080K "BHXpb"? 
14. B 'leM cocTOSIT oco6euuocTH yTHJIHJau:HH raJioreuopraHH'IeCKHX 

paCT80pHTeJiei1? 
15. KaK npoH380.LJ.HTCSI pereuepaUHH JiaKoKpaco'IHbiX MaTepHaJio8? 
16. KaK npoH380.UHTCSI pereuepaUHH H o6e38pe)I(H8auue CMaJbi8aiO

meoXJia)I(.LJ;aiOmux )I(HJJ.KOCTei1? 

436 



PeKoMeH<)amenbHblU 6u6RuozpatjJu~ecKUU cnucoK 

A6t1AKUHa H.Jl., CoKOAOB B.H. YTHJIH3auHH OTXo.nos B CiliA: noHcKH 
pe3epsos I I ClliA: 3KoHoMHKa, nOJIHTHKa, H,lleOJiorHSI. 1988. M 7. C. 78-86. 

A6pOM06 A.A. <l>nOTaUHoHHble MeTOJlhl o6orameuHSI: Y'le6HHK.llnSI B}'30B.-
2-e H3.ll., nepepa6 n.non.- M.: He.npa, 1993.-412 c. 

AAeKcaudpoB B./0., Ky3y6o6a JI.H., Jl6JZOK06a E.Il. 3KonornqecKHe 
npo6neMbl aBTOM06HnbHoro TpaucnopTa: AHanHTH'IecKHj;j o63opl rnHTE 
CO PAH; HoBocH6HpcKHj;j o6n. KOMHTeT no 3KOJiornH H npupo.llHbiM pecypcaM. 
Cep. 3KOJIOrHSI. Bbm. 34.- HoBOCH6HpcK: no "Cesep", 1995. - 113 c. 

Allbm3u~ep B. C., .KpacoBcKuii B. H., Meepcou B.,a. llpoH3BO.llCTBO o6ysu H3 
nonHMepubiX MaTepnanos. - JI.: XHMHSI, 1987. - 232 c. 

Auaxuu B.,a., Il;zucc )LA., Mouaxo6 B. H. Bn6pauHoHHbie cenapaTopbl. -
M.: He.npa, 1991. - 157 c. 

AHueHKOO B.r!J., l'yK B.K, Jlu~ B.M.l'hrorosneHHe npeccoBaHHbiX.lleTanej;j 
H H3,1lenuj;j H3 OTXo.lloB .npesecHHbl. - Kltes: TexuiKa, 1986. - 112 c. 

Ap6y306 B. B. KoMno3HIUfOHHble Marepnanbl H3 nHrHHHHbiX semecrn. -
M.: 3KOJIOfHSI, 1991. - 209 c. 

Ea6a11e6 F. H. 3onbl H wmurn B npoH3Bo.ncrne CTpOHTenbHbiX MaTepnanos: 
llep. c 6onrapcKoro JI. IIIapuuoooii.- Kltes: Ey.nisenbHHK, 1987.- 136 c. 

Et1AuUJaHCKaJl JI.F., Eo6o6u'l E. E., 30MK06a B. H. HcnOJib3oBauHe OTXO.llOB· 
HCKYCCTBeHHbiX KO)J( H nneHo'IHbiX Marepnanos I I ABToMo6HnbHaSI npoMbiW
neHHOCTb. 1984. N2 6. C. 31-32 

Eepuaauuep MH., IIJypbl2UH A. II. OrueBaH nepepa60TKa H o6e3BpeX<HBaHHe 
npoMblwneHHbiX OTXO.llOB. - M.: XHMHH, 1990. - 304 c. 

EUJZbKeupom K.,a., Kpem~UJMap O.K., XaiillbMOH M. 3awHTa Mycopublx 
nOJIHrOHOB c noMOI.UbiO oooKepHTa H nonHMepubiX CHnHKaTOB. - I I Poccnj;jcKo
rep·MaucKHj;j 3KonornqecKHj;j xypuan "MeTpoHoM". 1992. N2 2. C. 65-66. 

EoJZma'leBa H.K, Eo6o6u'l E.E. JIHcToBble H nneuo'IHble nonHMepuble 
!l>opMyiOLUHeCSI MaTepHMbl .llnSI HHTepbepa aBTOM06Hnej;j. 063opHaSI 
nucpopMauHSI. - M.: HHHHasronpoM, 1984. - 42 c. 

EoJZmO'Ie6a H.K., Eo606U'I E. E., Et1AUUJOHCKaJl JI.r. u ap. llonnnponnneu, 
uanOJiueuubJj;j .npesecuoj;j MYKoj;j I I ABToMo6HnbHaSI npoMblwneuuocTb. 1985. 
M 3. C. 27-28. 

Epemwuauoep E., Kypr/J10cm H. Oxpaua soo.zzywuoro 6accej;jua oT 3a

rpH3Heulrlt: TexuonorHH H KoHTponb: llep. c aurn.-JI.: XHMHH, 1989.-288 c. 

437 



llepepa6omJCa npaMblUl/leHHblX omxoiJoB 

BacU/lbeBa JI.H., IIIepcmHeBa r.r., EOJIUUIOHCKOJI JI.F. 11rnonpo6HBHble 
HeTKaHble MaTepHaJibl I I ABroMo6HJibHruJ: npoMbiWJieHHOCTb. 1989. N2 12. 
C.28-29. 

BepiCUH E. H., Ha3apeHICO A.ll., COIUIHICO B. f/J. u iJp. nepepa6oTKa 
H3HOWCHHbiX noKpbiWCK, apMHpoBaHHbiX MCTaJinOKOp,llOM, C llOMOIUbJO 
KpuoreHHoj;j TCXHonomu. - XapbKoB: <l>H3HKo-TCXHH'IecKHj;j HH-T HH3KHX 
reMnepaTYPAH YCCP. fipenpHHT 16-87. 1987.-40 c. . 

BeceJZOB A.A. 11cnonb3oBaHue .llPCBeCHbiX OTXO.llOB cpaHepHoro H 
cnu'le'IHoro npoH3BO.llCTBa.- M.: JlecHruJ: npoMbllllJICHHoCTb, 1987. - 159 c. 

BeceJZOBCKOJI E. B. Cop6eHTbl Ha ocHoBe npoMbiWJICHHbiX yrnepo,llCO,llep)Kll
I.Ul1X OTXQ!loB I Tio.ll pe,ll. H. C. CepnoKpbl/l06a. - HoooqepKaCCK: HoBO'IepKaccJOdt 
rocy.llapcTBeHHblj;j TCXHH'IecKHj;j YlfHBepcureT, 1995.- 90 c. 

BHeWHe3KoHoMH'IecKue CBSI3H Poccuj;jcKoj;j <l>e,llepauuu B 1993 r. 
CTarnCTH'IecKHA c6opHHK. - M.: focKoMCTaT P<I>, MB3C P<I>. 1994. - 446 c. 

BOll/COB A./0., HazopH08 B.ll. nepepa60TKa npOMbllllJICHHbiX OTXO,llOB. 
<l>uHcKruJ: cpupMa "3KoKeM" II ABroMo6HJibHruJ: npoMbiWJieHHoCTb. 1993. N2 5. 
c. 32-33. 

BropH'IHOC ucnonb3oBaHHe nonHMepHbiX MaTCpHaJIOB I no,ll pe,ll. E.F.Jbo-
6eUJICUHOU.- M.: XHMWI, 1985.- 192 c. 

BTopH'IHble MaTepuanbHble pecypcbl UBCTHoj;j MeTannypruu: noM H 
oTXO.llbl (o6pa3oBaHue H ucnonb3oilaHHe): CnpaBo'IHHK.- M.: 3KoHoMHKa, 
1984.- 152 c. 

BTopH'IHble MarepHaJibHble pecypcbl qepHoj;j MeTaJJJiypmu 1 B.F.Eapblw
HUKOB, A.M.FopeJZOB, F./O.llanKOB u iJp,:CnpaBo'IHHK.- M.: 3KoHoMHKa, 1986. 
T.1. 229 c.; T.2. 344 c. 

B&~Bapeu, A.,a. 3cpcpeKTHBHoCTb ucnonb3oBaHHSI oTXo.lloB B ycnoBHSIX 
HHTeHcucpuKauuu npou3BO.llCTBa. - CBepMoBcK: l13.ll. YpanbcKoro 
YHHBepcHTCTa, 1987.- 191 c. 

FeJZb60HOBCKUU M.Jf.., TporjJUMOBa H.H. 3KonomH u pecypcoc6epe)J(eHue: 
Hawu npo6neMbl H 3apy6e)J(Hblj;j on biT I I MupoBaSI 3KoHoMHKa u 
MC)J(,!JyHapo.llHble OTIIOWCHJUI. 1991. N2 12. C. 126-137. 

I'uHiJUC Jl.ll. TeXHonorWI nepepa60TKH WJIIlKoB.- M.: Crpoj;jH3,lli\T, 1991. 
-280 c. 

FoAy6 A.A., CmpyKoBa E.E. 3KoHoMHKa npupo.llononb3oBaHHSI. - M.: 
AcneKT fipecc, 1995.- 188 c. 

FpaHam .a.A., EKUMOBa T.ll. YTHnu3auHH WHH c MeTiumoKop,lloM. -
TaJIJIHH: H3.ll. 3CTOHcKoro HHH HayqHo-TCXHH'I. HHcpopMauHH u TeXHHKo-
3KoHoMH'I. uccne,lloBaHuj;j (3CTHI111HTI1), 1988. - 23 c. 

Fpaccu H., CKomm .a:JIC. ,ll;OCTp}'KUHJI " cra6HJIH3auHSI nonHMepoB: nep. c 
aHrn. C.A.MaCJZooa I fio.ll pe.ll. F.E.3auiC08a. - M.: Mup, 1988. - 246 c. 

438 



Pe~eaMeHOOmeJibHblii 6u6.nuozpaljJu11ecKUii c~uco~e 

Fpuue8U'I B. H., KynpWIH08CICaJI A.ll., HuiCurjJop08 A./0. OxpaHa oKpyxaJO
meA cpe,llbl H Pa.uHOHaJlbHOe npHpo,llononb30BaHHe: TeKCT neKUHA I no.!l pe,ll. 

EzopeHIC08 Jl.H., Mam8ee8 H.ll., Cepae8 H.A. OxpaHa oKpyxaJOmeA 
cpe,llbl H paUHOHaJibHoe Hcnonb30BaHHe npnpo.llHbiX pecypcoB MocKoBcKoro 
pernoHa: Y'le6Hoe noco6ne.- M.: H3.ll MnY, 1995. - 94 c. 

EporjJee8 E. B. 3KonorH'IecKoe npaso Poccrut:: Y'le6HHK. 113.ll. 2-e, nepepa6. 
H ,llOn. - M: H3,ll. MH-Tcl Me)(QzyHapo,llHoro npasa H 3KOHOMKKH, 1995. T.l. 352 c.; 
T.2. 328c. 

BTopH'IHble MarepHaJibHble pecypcbl Heqyrenepepa6aTbiBaJOll.leA H Heqyre
XHMH'IecKoit npoMblwneHHOCTH (o6pa3oBa.HHe H ncnonb30Ba.HHe) I Jl.B.JK)'JIC
"08a, H.H.IliUMeauc, H. f/J. TenmJie8 u ap. CnpaBO'IHHK. - M.: 3KOHOMHKa, 1994. 
- 142c. 

)f(umiC08 A.B. YTHnH3auiDIJlPeBecHoit Kopbl. - M.: JlecHruJ: npoMblwneH
HOCTb, 1985.- 135 C. 

3aroroBKa BropH'IHbiX qepHbiX MeTaMoB I H. f/J.Buuozpaao8, B. f/J.BOAo-
6ye8, B.M.KOMapo8 u ap. Cnpas. H3.ll. - M.: MeTa.JIJiyplWI, 1987. - 360 c. 

3aUIC08 F.E. ,ll;eCTp}'KUIDI H cTcl6HJIH3auHSI nonHMepoB: Y'le6Hoe no
co6ne. - M.: 113.ll. MocKoBcKoro HH-Ta TOHKoit XHMH'IecKoit reXHonomH 
HM. M.B.JloMoHocoBa, 1990.- 151 c. 

H80H08 o.n., KozaH E. H., Eb11C08 A.ll. HmiceHepHrul 3KonorHSI: Y'le6Hoe 
noco6ne I no.!l pe.u. E.H.Kozaua. - HoBOCH6HpcK: l13,ll. HoBOCH6HpCKoro 
rocy,llapcTBeHHoro TeXHH'IecKoro YHHBepcHreTcl, 1994. KH.1. - 184 c. 

Kau Kpa6UAb. 0'1HIUeHHblit raJ c MycopHbiX nonnroHoB cTaHOBHTCSI 
Ha,lle:lKHbiM 3HeproHOCHTeneM I I PoccnitcKo-repMaHcKHA 3KonornqecKHA 
)I{}'PHaJI "MeTpOHOM". 1992. N2 2. C. 46--47. 

KapneHICO H. C. Illnax:oneM3o6eroH .llnSI orpiDK,llaJOIUHX KOHCTp}'KUHit. -
,ll;oHeUK: ,ll;oH6acc, 1990.-93 c. 

Kamacouo8 B./0. 3KcnopT npHpO.llHbiX pecypcoB H3 CCCP: Heo6xo
.llHMOCTb HOBbiX no.llXO.llOB: C6."3KonofH'IecKoe pa3BHTHe". M.: Me)l(,llyHa
po,!llibllt ueH-rp Hayt{Hoit H reXHH'IecKoit HHcpopMaurut:. KoMHcciDI no H3yqeHH10 
npoH3BO.llHTenbHbiX cHJI H npHpo.DlfbiX pecypcoB npH fipe3Jl.llHYMe AH CCCP. 
1990. N2 1. C. 46-52. 

KarjJapo8 B.B. fipHHUHnbl co3,llaHHSI 6e3oTXO.llHbiX XHMH'IecKHX 
npoH3BO,llCTB. - M.: XHMHSI, 1982. - 288 c. 

B.B.Kocmpo8a. - MBaHoBo: H3.ll MBaHoBcKoit rocy,llapcTBeHHoit XHMHKo
TeXHonornqecKoit aKa,lleMHH, 1995.- 288 c. 

FyAb B. E., kymim M. C. OcHOBbl nepepa6oTKH nnaCTMacc. - M.: XHMIDI, 
1985. - 399 c . 

.D;opo:lKHble O,lle)i(,llhl c Hcnonb3oBaHHeM wnax:oB I A.Jl. TyJZae8, M.B.Kopo
JZe8, B. C.Hcae8, B.M.IO.MaUJe8 I no.!l pe,ll. A.Jl. TyJZae8a.- M.: Tpa.HCllOPT, 1986. 
-221 c. 

439 



llepepa6omKa npoMbiUJileHHblX omxoiJoe 

KupU/l/loea 3.Jf., lUyA&ZuHa 3. C. CrapeHHe H cra6HJIH3auiDI repMonnacroB. 
- JI.: XHMIDI, 1988.-240 c. 

Ko2a11 E.H. MH)J(eHepHrul 3KonornH: 3HuHKnone,!lH'IecKHj;j cnoBapb
cnpaBo'IHHK.- HoBOCH6HpcK: 113Jl-BO HITY, 1995.- 102 c. 

KoJZo6o8 r.A., EpeauxuH B.H., lfepHo6ae8 B.M. C6op H o6pa6oTKa 
BTOPH'IHoro cblpbSI UBeTHbiX MeTannoB: Y'le6HHK ,llJUI BY30B. - M.: Menn

nypi'IDI, 1993. - 289 c. 
KoH080JleHK0 H.F. u ap. fioBTOpHoe HCfiOnb30BaHHC OTXO,UOB KOMfi03H

UHOHHbiX MaTepHMOB Ha OCHOBC AEC-nnaCTHKOB H nBX I I nnacTH'ICCKHC 
Maccbl. 1986. M 3. C. 38--40. 

Kopo6o8 B. B., Pyumoe H.ll. nepepa6oTKa HH3KOKa'leCTBCHHoro ,npeB~C
uoro CblpMI: npo6neMbl 6e3oTXo,nHoj;j rexHononm.- M.: 3KonornH, 1991. -
288 c. 

Kopomtcoe F.A., KopHa!lee JJ..E. BropH'IHble qepHble MCTannbl. KpaTKHj;j 
cnpaBO'IHHK.- M.: MeTaJIJiyprHSI, 1979.-200 c. 

Kpanueu11a C.A. llia3MOXHMH'ICCKHe reXHonornqecKHe npoueccbl .. - JI.: 
XHMHSI, 1981. - 248 c. 

JlacKopuH E.H., lJOJloe B.H. Ee3oTXo,nHoe npoH3Bo,ncTBo B MernnnypmH. 
-· M.: MernnnypmH, 1988.- 71 c. 

Jle6eiJee B. H., DOJlb14Y208 E.A. l13roroBneHHe 6ecueMeHTHbiX crpoHrenbHbJX 
MaTepHMOB Ha OCHOBC ynuiH3auHH npoMbllllnCHHbiX H KOMMYHMbHbiX OTXO
,UOB I I PoccHj;jcKo-repMaHcKHj;j 3KonomqecKHj;j xypHan "MeTpoHoM". 1993. 
M 5---{). C. 55-57. 

Jle6eaeea T.M., fUOJla~KOR C.A. fiepepa60TKa BTOpH'IHOfO nonHBHHHn
xnopH,llHoro cblpbSI. Cep."fionHMepHble MaTepHanbl H HX npHMeHeHHe".- JI.: 
JI.[(HTn, 1991.- 23 c. 

JleMewee M.Jl. YnpaBneHHe pa3BHTHeM npHpo,nHo-xo3Hj;jcTBeHHbiX 
KOMWICKCOB: C6."3KonomqecKoe pa3BHTHe". M.: Me)I(,UyHapo,nHblj;j ueHTp 
Hay<JHoj;j H TeXHH'IecKoj;j HH<l>opMauHH. KoMHCCHSI no H3Y'ICHHJO npoH3BO
.llHTenbHbiX cHn H npHpO,nHbiX pecypcoB npH fipe3H.nHYMe AH CCCP, 1992. 
M2.C.3-l0. 

Jlue'laK H. r!J., Bopo11oe IO.B., CmpeJZKOB E. B. OxpaHa oKpyxaJOmej;j 
cpe.llbl.- M.: Konoc, 1995. - 271 c. 

Ma3yp H.H., MoJZaqea11oe O.H. BBe,neHHe B HH)J(eHepHYJO 3KonorHJO. -
M.: HaYKa, 1989. - 375 c. 

Ma3yp H.H., Mo!loaeaHOB O.H., Illuw.oe O.H. MIDKeHepHrul 3KonorHH: 

Y'le6Hoe noco6He .niDr BY30B. T. 1 - 637 c.; T. 2\- 655 c. - M.: BbiCIIIrul 

IIIKona, 1996. 

440 



PeKOMeHOameJibHblU 6u6JIUozpa¢u~ecKUu C/IUCOK 

M01copo6 B.M., Jl.po3i:Jo6CKui1 B.C!>. 11cnoJib3oBaHHe aMOpTH30B3HHhlX lliHH 
H OTXO.llOB npoH3BO.llCTB;:t pe3HHOBhlX H3JleJIH:lt -II.: "XHMIDI", 1986. - 248 c. 

Mero,llH'!ecKHy pei<oMeH,llaUHH no npHMeHeHHlO oooHHpoBaHIDI H cop6UH
OHHbiX MeTO,llOB B TCXHOJIOrHH O'IHCTKH BO.llbl OT 3arp.113HCHillt npHpO,llHOfO H 
aHTponoreHHoro npoHcxo)l(.neHIDI. - M.: AO"Hl111 KOMMYJiaJibHoro Bo.uocHa6-
)J{CHIDI H O'IHCTKH BO,lJ.hl", 1995.-43 C. 

MHKPo¢nOTa.UHJJ: Bo.uoo'IHCTKa, o6ora1lleHHe I E.B.,RepRZUH, C. C.)IyxuH, 
H.H.Py11e6- M.: XHMH.Il, 1986.- 112 c. 

Muxaiillo6 F.M, Cepo6 H.A. llym YJIY'lli.ICHIDI HcnoJib30B3HIDI BTOpH'llioro 
.upeBecHoro cblpb.ll. - M.: JlecHa.R npoMbllliJieHHOCTb, 1988. - 224 c. 

He6eA E. HaYKa o6 OKPy)J(aJOUleA cpe.ue: llep. c aHrJI.- M.: MHp, 1993.
T.1. 424 c.; T.2. 336 c. 

HoBble KOMD03HUHOHHbiC MaTepHaJibl Ha OCHOBC npOMbllliJICHHbiX OTXO
,llOB XHMH'ICCKHX BOJIOKOH I no.u pe.u. n.B. CblC0€60, AH ECCP. - MHHcK: Ha~ 
H TCXHHKa, 1984.-57 C. . 

HoBblti cnoco6 3axopoHeHIDI oTXO.llOB: 3Kcnpecc-HH¢opMaUH.Il "Pecyp
coc6eperaroiUHeTCXHOJionrn".- M.: Bl1Hl1Tl1, 1996. N2 1.- C. 25-26. 

06opy,llOB3HHC .llJl.ll C)J{HraHH.Il OTXO.llOB B yCTaHOBKe C "KHD.IllJlHM" CJIOCM 
( c Bblpa6oTKoit 3JICKTp03HepmH): 3Kcnpecc-HH¢opMaUH.Il "Pecypcoc6epe
raJOIUHe TCXHOJiomH".- M.: BHHHTH, 1995. N2 2.- C. 22-26. 

06opy,llOB3HHC, COOpy)J(CHH.Il, OCHOBbl npoeKTHpOB3HH.Il XHMHKO-TCX
HOJIOfH':ICCKHX npOUCCCOB 3amHTbl 6Hoc¢epbl OT DpOMbllliJICHHhlX Bb16pOCOB.I 
A.H.Poi:JuoH06, IO.ll.K)I3HeU,o6, B.B.3eHI(06 u i:Jp.: Y':le6Hoe noco6He .ll11.11 By3oB. 
- M.: XHMIDI, 1985.-352 c. 

00yM /0. 3KOJioriDI: llep. c aHrJI.- M.: MHp, 1986. T. 1. 328 c.; T. 2. 373 c. 
Op11o6 H. C. YJibTpa- H MHKPO¢JIOTaUHJI. Teopem':lecKHe ocHOBbi I TeKCT 

nel<l.llill.- M.: 113.ll. MXTH, 1990. -174c. 
OcHOBbl TCXHOJiorHH nepepa60TKH nnaCTMac I C.B.Bilaco6, 3.B.KQJIUH'Ie6, 

Jl.E.KoHOblpUH u i:Jp. : Y':le6HHK .ll1I.Il By30B I no.u pe.u. B.H.Kylle:JH€60, B.K.J'yceBO. 
- M.: XHMIDI, 1995.- 526 c. 

OcHOBbl ¢H3HKH H XHMHH noJIHMepoB I no.zi pe.u. B.H.Kylle:JH€60: Yq:e6Hoe 
noco6He .ll11.11 By3oB. - M.: Bhlcllla.RlliKoJia, 1977. - 288 c. 

0 COCTO.IIHHH OKP~me:A npHpo,llHoit cpe.llbl PoccHitcKoit <I>e.uepaUHH B 
1997 r~: roc. ,llOKJla,ll I M-BO oxpaHbi oKpy)l(aJOlJleit cpe.llbl H npHpo.zuri,Ix pecyp-

COB Poe. <I>e.uepa1nm.- M.: l(emp Me)l(,llyHapo.llHbiX npoeKToB, 1998.-608 c. 
OxpaHa oKpy)J(aJOlJleit cpe,lJ.hl: Y':le6H . .llJl.ll TeXH. cneu. By3oB I C.B.Eet1o6, 

C!>.A.Eap6UH06, A.C!>.Ko3&RIC06 u i:Jp. llo.upe.u. C.B.E€11060. -l13,ll. 2-e. M.: Bhlcllla.R 
WKOJia, 1991.- 318 C. 

0':1HCTKa npoMhiWJieHHLix ra3oB oT DblJIH I B.H. Y:JK:o6, A.JO. BaJlbiJ6epz, 
E.H.MilzKo6, H.K PewuiJo6. - M.: XHMWI, 1981.- 390 c. 

llQ/lbZYH06 n.n., CyMOPOK06 M.B. YTHJIH3auiDI npOMbllliJICHHbiX OTXO.llOB. 
- M.: CTpotiH3.UaT, 1990.-352 c. 

441 



/lepepa6omKO npoMWUIJleHHbiX OmxoOOB 

llepepa6oTKa oTXO.llOB TepMoWiaCTOB 1 JI.M.Bapi:Jawm, AJJ>.IluiUleB, 
B.H.)f(i:JaHoBa u i:Jp. 063opHrui HH¢opMauHH. - M.: Hl111T311xHMnpoM, 
1985.- 50 c. 

llepepa60TKa WnaKOB H 6e30TXO.llHrui TeXHonorHH B MeTannyprHHI 
MH.llaHcjJWloB, H.lll.lllKOilbHUK, HB. OpuHUHCKuil u iJp. - M.: MeTannypmH, 
1987. - 239 c. 

lleHHrui cenapauHH H KOJIOHHaH qmOTauHH 1 IO.E.Py6umJJmerm, B.H.Me~~wc· 
-FailKt13JlH, HB.MamBeeHKo, C.E.JleoHoB.- M.: He.upa, 1989.- 304 c. 

llemKaHoBa HH, YpyMoBa,R.F., lfepneB B./I. llepepa60TKa TeKCTHnbHbiX 
oTXo.UoB H BTOpH'!Horo CblpbH: llep. c 60Jir. - M.: JlempoM6biTH3.llaT, 1991. -
240c. 

llempoB B.B. 3Konom'!ecKoe npaBo PoccHH: Y'le6HHK .u.nH By3oB.- M.: 
EEK, 1995.-557 c. 

lluwuH F.A., MuKpiOKoBa H.K., lllapzopoi:JcKuil A.M. BnHHHHe KpaTHOCTH 
nepepa60TKH Ha cBo:lkrna nnaCTH¢HUHpoBaHHbiX llBX-KoMno3HUHil: I I llnac
TH'IecKHeMaccbl. 1977. N2 l. C. 40--41. 

llOJIHroHHble TeXHOJiomH. KpaTKoe TeXHH'!eCKoe H3JIO)J(eHHe. BceMHpHbii1 
<I>oH.Ll Pecypcos: 3Kcnpecc-HH¢opMauHH "Pecypcoc6eperruoruHe reXHononm". 
- M.: BHHHTH, 1995. N2 21. C. 17-27. 

llOIIRHCKuil H. C!>. PemoHaJibHaH CHCTeMa ynpaBJieHHH BTOpH'llibiMH pecyp
caMH: C6. "3KonorH'!ecKoe pa3BHTHe". M.: Me:lK,IIyHapo,llHbl:l\ ueHTp HaY'!HO:l\ H 
TeXHH'!eCKo:l\ HH¢opMauHH. KoMijCCHH no H3Y'!eHHIO npoH3BO,llHTenbHbiX CHn 
H npHpo,llHbiX pecypcoB npH llpe3H,llHyMe AH CCCP. 1992. N2 2. C. 64-72. 

lloco6He no npoeKTHpOBaHHIO nOJIHroHOB no 06e3Bpe)J(HBaHHIO H 3axopo
HeHHIO TOKCH'IHhiX npoMblrnneHHbiX oTXo.UoB (K CHHll 2.01.28-85). - M.: 
I.J,HTll, 1990. - 45 c. 

Pa3HOtqUK B.B. llpoeKTHpoBaHHe H 3KcnnyaTauHH nonHroHoB.u.nH rnep,llbiX 
6biTOBhiX OTXO.llOB.- M.: CTpo:l\H3,llaT, 1981.- 104 c. 

Pe6puH C.ll., MepcoB E.,a., .&i:JoKUMOB B.F. TeXHOJiomH .upeBecHoBo
noKHHCTblX WIHT, 2-e H3.ll.- M.: JlecHrui npoMblrnneHHOCTb, 1982.- 272 c. 

PeUHKnHHr nnaCTMacc H BOJIOKOH: 3Kcnpecc-HH¢opMauHH "Pecypco
c6eperruoruHe TeXHOJiomH". - M: Bl1Hl1Tl1, 1992. N2 4. C. 2-8. 

Poi:JuoHOB A.H., Kllywun B.H, Topo'leUJHUKOB HC. TeXHHKa 3arnHTbl 
OKPy)l(aiOIIle:l\ cpe,llhl: Y'!e6HHK.ll1IH By3oB.- M.: XHMHH. 1989.-512 c. 

PoccH:l\CKH:l\ CTaTHCTH'!ecKH:l\ e)J(ero,llHHK: CTaTHCTH'IeCKH:l\ c6opHHK I 
focKoMCTaT PoccHH. - M.: focKOMCTaT PoccHH, 1994. - 799 c. 

PyKoBO.llCTBO no OpraHH3auHH HaMIO,lleHH:l\, npoBe.r:teHHIO pa60T H Bbllla'!e 
pa3peweHH:l\ Ha c6poc OTXO.llOB B Mope c uenbiO 3axopoHeHHH. - M.: fH.D.po
MeTeOH3.llaT, 1984.-62 C. 

CaHHTapHaR oqHCTKa H y6opKa HaceneHHbiX MeeT I A.H Mupnblu, 
HC/J. A6paMOB, XH HuK_ozocoB u iJp. M.: AKa.ueMWI KOMMyHaJibHoro xoJH:l\crna 
HM. llaH!l>HnoBa, 1997.-314 C. 

442 



CuiJeHICo II.M. lhMenbqeHHe B XHMHqecKoit npoMblwneHHOCTH. lf3Jl. 2-e, 
nepepa6.- M.: XHMIDI, 1977.- 368 c. 

Cummut M. l13BJieqeHHe MeTaiiJIOB H HeopraHHqecKHX coe)lHHCHHit H3 
OTXo.U.oB: CnpaBoqHHK. llep. c aHrn. I llo.u. pe.u.. H.M.3MMOHY3fl1l.- M.: MeTaJI
nypriDI, 1985. - 408 c. 

CMo/IJlHU~ICuii E.3. llepepa6oTKa Mrucyna'I)'pbl. - M.: JlecHaJI npoMbllll
neHHOCTb, 1980. - 173 C. 

Co.tloe&eB E.M., K)'3He~oBa H.A., TulpuHa O.B. 06opy.u.oBaHHe .u.m1 nepepa-
6oTKH O'OCO.U.OB pe3HHoBoit npoMhllWlCHHOCTH. Cep. XM-2 "06opy.u.oBaHHe.ll}UI 
nepepa6orKH nnacTMacc H peJHHbl: 063opHM HH!l>opMauwf'.- M.: I..UfHTii
xHMHe!l>reMalll, 1987.-36 c. 

Cneiiwep B.A. 06e3Bpe:lKHBaHHe npoMbiWReHHbiX Bb16pocoB .U.O:lKHraHHCM. 
- M.: 3HeproaroMH3.llaT, 1986. ~ 168 c. 

CmaiJHU~ICuii F. B., PoiJuoHoe A.H. 3KonoriDI: Yqe6Hoe noco6He .ll}UI BYJOB. 
- Cll6: XHMIDI, 1996.-240 c. 

TBeP.llbiC OTXO.llbl I llo.u." pe,n. lf.Mamnetllltl.- M.: ClpoAH3,llal', 1979. - 519 c. 
TeXHoreHHoe MHHepanbHoe cblpbe PoccHH H HanpaBJieHIDI ero Hcnonb-

30BaHIDI I Jl.A./(piO'IICoBa, C.H.HBOHICOB: 3KCnpecc-HH¢OPMauiDI "Pecypco
c6eperruoiUHeTeXHononm".- M.: BHHHTH, 1995. N2 20. C. 2-34. 

TexHononi'JecKoe, no.u."beMHO-TPaHCnopTHoe H cKna.u.CKoe o6opy.u.o
BaHHe, npHMCHHCMOC npH o6pa60TKC H nepepa60TKC BTOpHqHoro CblpbH: 
Orpacn. KaT. foccHa6 CCCP.- M.: BHHHBMP, 1988. l.J.l- 207 c.; l.J.2- 216 c. 

TeXHonomg nHnoMaTepHanoB 1 II.II.AICceHoB, H. C.MaiCapoBa, H.K.Ilpo
xopoB u iJp.: Y':le6HHK .ll}UI BYJOB.- M.: JlecHM npoMbllllneHHOCTb, 1976. -· 
480c. 

Tuxo~ICOJI H. C. HnoHIDI: npo6neMbl YTHnHJauHH OTXo.u.oB. - M.: HaYKa, 
1992.- 104 c. 

YrneBonoKHHCTble a.u.cop6eHTbl I CoCTaBHTeJIH A.B.llep.!lUH u iJp. - M.: 
HHHT3XHM, 1987. - 33 c. 

YTHnH3auHH BTopHqHbiX MaTepHanbHbiX pecypcoB B MeTannyprHH I 
K.A.lfepenaHoB, F.H.lfepHblUJ, B.M.,RuHeAbm u iJp.: Y':le6Hoe noco6He .llJIH By3oB. 
- M.: MeTanJiyprHH, 1994. - 224 c. 

YTHIDIJauHH MarepHanoB Ha ¢HpMe "Mepce.u.ec-6eHU" II ATZ. 1990. N2 12. 
P. 694-703; 1991. N2 l. P. 40-48. 

YTHnH3auHH rnep.llbiX oTXo.u.oB I llo.u. pe.u.. ,a.BUilbCoHa. CoKpaill. nep. c 
aHrJI. 3.F.TemepuHa uA.C.CICOmHUIC080.- M.: CTpoitH3,llaT, 1985. T. 1-336 c. 
T. 2-346c. 

C!>aiJeeBa T.A., P116u1CoBa B.M., HBaHoBa T.JI., TonopiCoBa JI.B. llpocTble 
MCTO.llbl H,lleHTH¢HKauifH DOJIHMepoB II llJiaCTH'ICCKHC MaCCbl. 1986. N2 7. 
C.40-42. 

XHMHKH- aBTOJIJ06HTeJIHM I E.E.Eo6oBU'I, F.B.EpoBOIC, E.M.EyHOICOB 
H .u.p. 3-e H3Jl.- C.-ll6.: XHMIDI:, 1992.- 320 C. 

443 



llepepa6omKa npoMwUJJieHHbiX omxoOoB 

· XoAMc-YOAKep B.A. llepepa6oTKa noJIHMepHbiX MarepHanoB: llep. c aHfJI. 
- M.: XHMH.II, 1979. - 304 c. 

lfe6anos E.H., TeilmetlbMaH 3.M., lllyMaeBa H.C. .[ijleBecHOHanOJIHeH
Hblit DOJIHnpOnlUICHOBblit JIHCT: II Alm>M06HJibHa.ll npOMhiWJieHHOCTb. 1996. 
N25.C.32 

lfenypHwc H.B., HoBocetiOB A.Jl. llJiaHHPOBaHHe H nporH03HpoBaHHe 
npHpo.uonoJib30BaHH.R: Y'!e6Hoe noco6He. - M.: 11HTepnpax:c, 1995. - 288 c. 

ll/a6ettbCKUi1 B.A., AHiJpeeHOK B.M., &miOKOB H.3. I llo.u pe,ll. EA.EblKOBa. 
3aiUHTa OKp}')KaJOIUei\ cpe.llbl npH npOH3BO,llCTBe JlaKOKpaCO'IHbiX flQKpbiTHtf. -
M.: XHMH.II, 1985.- 120 c. 

II/sapu,MaH r. M., Il(eiJpo )!.A. llpoHJBO.llCTBO ,llpeBeCHOCTp}')Ke'!HbiX DJIHT, 
4-e H3.ll. -M.: JleCHaH npOMbiWJieHHOCTb, 1987.- 320 C. 

ll/esetleB Jl.H., MemywescKaJI B.H. BJIH.RHHe no,llfOTOBKH H HcnoJib30BaHH.II 
MeTaJIJIOJIOMa Ha paJBHTHe MHPOBOit '!epHoil MeTaJIJiypmH. M.: MeTaJIJiypfH.II, 
1994. -48c. 

ll/eull B. C., EpMa/COB B.H., HoxpuH IO.r. o6e3Bpe)I(HBaHHe H yrHJIH3auH.II 
Bb16pocoB H OTXO.UOB npH npoHJBo.ucrne H nepepa60TKe 3JiacroMepoB.- M.: 
XHMH.II, 1987.- 271 c. 

II/exosu,eB A.A., 3soHOB B. H., lfuxos C. F. BJIH.IIHHe oTpaCJieit Hapo.D.Horo 
X03.11tfCTBa Ha COCTO.IIHHe OKp}')KaJOIUei\ cpe.llbl B 1993 f. (npHJIO)J{eHHe K roc . 
.llOKJia.uy·"O coCTo.RHHH oKp}')KaJOIUeil cpe.llbl PC!> B 1993 r. "). - M.: l13.ll. ueHTp 
·"MeTeOpOJIOfH.II H rH,ZlpOJIOfH.II", 1995. - 120 C. 

ll!KoponaiJ )!.E., HoBUKOB O.II. IJ;eHTJ>H¢ym H cenapaTOpbl .l1.11.11 XHMH
'!ecKHX npoHJBO,llCTB.- M.: XHMH.II, 1987.-256 c. 

llfmapiCe Jl. J1cnOJib30BaHHe npOMbiWJieHHbiX H 6biTOBbiX OTXO,llOB 
nJiaCTMacc: llep. c HeM. I no.u pe.u. B.A.EpaZUHCICOZO.- 11.: XHMH.II, 1987.- 176 c. 

ll/y6epm r. llo.llfQTOBKa MeTaJIJIH'!ecKHX MarepHaJIOB: Pecypcbl, KJiaccH¢H
KaUH.R, HJMeJib'leHHe: llep. c HeM.- M.: MeTaJIJiyprH.R, 1989.- 359 c. 

3KOJIOrH'!ecKruJ. aJibTepHaTHBa lllo.u pe.n. Mfl.JleMewesa. - M.: llporpecc, 
1990.-800 c. 

3KoJiom'!ecKruJ. 6eJonacHOCTb PoccHH: MarepHaJibl Me)J{Be,llOMCTBeHHOit 
KOMHCCHH DO 3KOJIOfH'IeCKOit 6e30DaCHOCTH (OKT. 1993 f. - HIOJlb 1994 f.) -
M.: IOpH,llH'IecKruJ. JIHTepaTYPa, 1995. Bhln.l. - 224 c. 

3KOJiorH.R MocKBbl I IO.H.FopWKOB, JI.H.Konosa, M.A.Mopo30B u iJp. -
M.: JIT,ll;, 1995.- 205 c. 

3KOJIOfH.II PoccHH: CnpaBO'IHHK. - 11H¢opMaUH.II H .llOK}'MeRTbl Ja 
1994 r. I Pe.uax:rop-cocTaBHTeJib B.M.Fe¢mep. - M.: Cl>e,llepaJibHblit 3KOJIO
rH'!ecKHil ¢oH.ll PoccHH. 11H¢opMau. CJI}')K6a Me.llHa, 1995.- 143 c. 

3MMaHy3Ab H.M., Sy'la'leHKO A.Jl. XHMH'!eCKaH ¢H3HKa MOJieKYJI.RpHoro 
paJpyweHH.R H CTa6HJIHJauHH nonHMepoB I OTB. pe.u. H. C.EHUKOAOfiRH. - M.: 
HaYKa, 1988.-368 c. 

Advanced Thermoplastic Composites: Characterization and Processing. 
Edited by Haus-Henning Kausch in Collaboration with Roger Legres. Munich, 
Vienna, New-York, Barse1ona: Hauser Publishers, 1993. - 370 p. 

444 



PeKOMeHoaTenLHLIA 6u6nuozparjJu'lecKUii cnucoK_ 

Ehrig R.J., Editor, Plastics Recycling Products and Processes. Munich, Vi
enna, New-York, Barselona: Hauser Publishers, 1992. -289 p. 

Filtration: Principles a. practices 1 Ed.: M.J.Matteson, C. Orr.- 2 ed., rev. 
a. expanded.- New-York; Basel: Dekker, 1987. -736 p. 

Handbook of separation process technology 1 Ed.: R. W.Rousseau. -
New-York et.al.: Wiley, 1987.- 1010 p. 

H Siebert. Economics of the Envirorunent: Theory and Policy, Third Ed. Berlin, 
New-York, London, Paris, Tokyo etc.: "Springer-Verlag", 1992.-295 p. 

Kadar f., Walter P.D. The perfomance of slag roadblases under acceler
ated of trafficking results and findings of the Prospect ALF trial. - Vermont 
South (Victoria), 1989. - 239 p. 

Me/void R. W., Gibson S. C., Scarberry R. Sorbents for liquid hazardous sub
stance cleanup and control. -Park Ridge (NY): Noyes data corp., 1988. - 153 p. 

Muller H. Analyse der Elementarprozesse in Muller zur Feinzerkleinerung. 
-Dusseldorf: VD I, 1991. 145 S. 

Plastics recicling: products and processes 1 Ed.: P.J.Ehrig. - Munich at 
al.: Hanser, 1992.- 289 p. 

Pyrolysis: theory and industrial practice 1 Ed.: L.F.Aibright, B.L.Crynes, 
W.HCorcoran.- New -York etc.: Acad. press, 1983.-482 p. 

Recycling von Kunststoffen 1 Hrsg.: G.Menges et al. - Monchen, Wien: 
Hanser Veri., 1992. - 489 p. 

Shimizu J.e.a. Pulping of waste paper II KeMHHa rmdlcH. 1987. V. 41. N2 10. 
P. 890--898 

The Solid Waste Handbook 1 Edited by W.D.Robinson. - New -York, 1986. -
8ll p. 

445 



Yqe6uoe H3,IJ;auue 

EOEOB:Hq EOPMC EOPMCOB:Hq 

llepepa60TKa npOMbiiiiJICHHbiX OTXO.Z:.OB 

PeOaKmop 3.M ll(ep6uuuua 
KoppeKmop IO.H. Kopo;zeBa 

KoMnblomepuaR BepcmKa O.A. MocK6UHa 

Jlnl..\eH3JHI JIP N!! 090171 oT 17.04.97 

Ilo.[(nucauo B ne'laTb i2.04.99 r. <l>opMaT H3.[(aHml 60x88 1
/ 16 

:SyMara o<t>ceTHWI N!! 1 Ile'laTb o<t>ceTHWI 
Ycn.ne11.JI. 27,44 Yen. Kp.-orr. 27,44 Y1f.-H3.[(. JI. 25,29 
TnpiDK 850 3K3. 3aKa3 N!! 672 fu.[(. N!! 188 OT 17.02.99 

"CII J1HTepMeT 11IDKHHHpHHr" 
1033006, MocKBa, CTaponnMeHoBCKHH nep., .[(. 8. 

MocKoBCKWI Tnnorpa<l>m~ N!! 2 PAH 
121009, MocKBa, llly6uucKHH nep., .[(. 6. 


	Переработка промышленных отходов
	Титульный лист
	Аннотация

	СОДЕРЖАНИЕ
	Введение
	Глава 1. ЭКОЛОГИЧЕСКИЕ АСПЕКТЫ РЕСУРСОПОЛЬЗОВАНИЯ
	1.1. История возникновения отходов и характеристика современной экологической обстановки
	1.2. Экологический паспорт предприятия
	1.3. Загрязнение окружающей среды и его влияние на качество жизни человека
	1.4. Автомобиль и окружающая среда
	1.5. Новые подходы к проблеме устойчивого развития общества
	Контрольные вопросы

	Глава 2. ОТХОДЫ — ИСТОЧНИК ВТОРИЧНЫХ МАТЕРИАЛЬНЫХ РЕСУРСОВ
	2.1. Классификация отходов
	2.2. Объемы образования отходов в промышленности
	2.3. Паспортизация и планирование сбора отходов на предприятии
	2.4. Ресурсосберегающие технологические процессы
	2.5. Комплексное использование сырья и материалов в условиях территориально-промышленных комплексов
	2.6. Зарубежный опыт рационального использования вторичных материальных ресурсов
	2.7. Возможности и пределы утилизации отходов
	Контрольные вопросы

	Глава 3. ТРАНСПОРТИРОВАНИЕ ПРОМЫШЛЕННЫХ ОТХОДОВ
	3.1. Трубопроводный транспорт промышленных отходов
	3.2. Подъемно-транспортное оборудование для перемещения твердых промышленных отходов
	3.3. Использование автомобильного, железнодорожного и водного транспорта. Контейнерные перевозки промышленных отходов
	Контрольные вопросы

	Глава 4. ОСНОВЫ ТЕХНОЛОГИЧЕСКИХ ПРОЦЕССОВ ПЕРЕРАБОТКИ ПРОМЫШЛЕННЫХ ОТХОДОВ
	4.1. Измельчение и разделение отходов по крупности
	4.2. Агрегирование отходов
	4.3. Физические методы сепарации отходов
	4.4. Гидродинамические процессы, используемые при переработке отходов 
	4.5. Теплообменные процессы, используемые при переработке отходов
	4.6. Диффузионные процессы
	4.7. Химические процессы переработки отходов
	4.8. Биохимические процессы
	Контрольные вопросы

	Глава 5. ТЕРМИЧЕСКИЕ СПОСОБЫ ПЕРЕРАБОТКИ ОТХОДОВ
	5.1. Беспламенные термические способы утилизации отходов
	5.2. Плазменный способ утилизации отходов
	5.3. Сжигание отходов
	5.4. Промышленные установки для сжигания отходов
	Контрольные вопросы

	Глава 6. ЗАХОРОНЕНИЕ ОТХОДОВ
	6.1. Полигоны для захоронения отходов
	6.2. Использование биогаза из захоронения отходов
	6.3. Захоронение отходов в море
	Контрольные вопросы

	Глава7. ПЕРЕРАБОТКА ОТХОДОВ МЕТАЛЛОВ
	7.1. Образование металлолома и значение использования вторичных металлов
	7.2. Классификация металлических отходов
	7.3. Технология и оборудование для подготовки металлолома к переплаву
	7.4. Сепарация лома и отходов цветных металлов
	7.5. Технологические схемы переработки лома и отходов металлов
	Контрольные вопросы

	Глава 8. УТИЛИЗАЦИЯ ШЛАКОВ, ЗОЛЫ, ОГНЕУПОРОВ И ГОРЕЛОЙ ЗЕМЛИ
	8.1. Производство строительных материалов из металлургических шлаков
	8.2. Утилизация золы и топливных шлаков
	8.3. Производство удобрений из шлаков
	8.4. Утилизация отработанных огнеупорных материалов
	8.5. Регенерация горелой земли
	Контрольные вопросы

	Глава 9. ПЕРЕРАБОТКА ОТХОДОВ ПОЛИМЕРНЫХ МАТЕРИАЛОВ
	9.1. Особенности строения полимеров
	9.2. Изготовление композиций на основе полимеров
	9.3. Методы изготовления изделий из пластмасс
	9.4. Утилизация отходов пластмасс
	9.5. Особенности переработки отходов некоторых термопластов
	9.6. Использование отходов реактопластов
	9.7. Классификация резиновых отходов и способов их переработки
	9.8. Изготовление и применение резиновой муки
	9.9. Производство регенерата
	9.10. Термические методы утилизации резиновых отходов 
	9.11. Другие способы использования изношенных шин
	Контрольные вопросы

	Глава 10. ПЕРЕРАБОТКА ТЕКСТИЛЬНЫХ ОТХОДОВ
	10.1. Образование и классификация текстильных отходов
	10.2. Использование отходов при получении пряжи из первичного сырья
	10.3. Первичная обработка и разволокнение текстильных отходов
	10.4. Производство пряжи из разволокненных текстильных отходов
	10.5. Производство нетканых материалов из вторичных волокон
	Контрольные вопросы

	Глава 11. ПЕРЕРАБОТКА ОТХОДОВ ДРЕВЕСИНЫ
	11.1. Образование, классификация и использование отходов древесины
	11.2. Переработка кусковых отходов древесины в технологическую щепу
	11.3. Производство строительных и конструкционных материалов из отходов древесины
	11.4. Использование опилок
	11.5. Химическая технология переработки  древесных отходов
	11.6. Другие методы переработки древесных отходов
	Контрольные вопросы

	Глава 12. ИСПОЛЬЗОВАНИЕ МАКУЛАТУРЫ
	12.1. Преимущества и возможности использования макулатуры
	12.2. Дезагрегация макулатуры
	12.3. Очистка макулатурной массы
	12.4. Роспуск агрегированных волокон
	12.5. Сортировка волокнистой массы
	12.6. Облагораживание целлюлозной массы
	Контрольные вопросы

	Глава 13. ПЕРЕРАБОТКА ЖИДКИХ И ПАСТООБРАЗНЫХ ОТХОДОВ
	13.1. Переработка нефтесодержащих отходов
	13.2. Переработка отходов гальванических производств
	13.3. Утилизация шламов различных производств
	13.4. Регенерация отработанной серной кислоты
	13.5. Регенерация моющих растворов
	13.6. Переработка отходов растворителей
	13.7. Регенерация лакокрасочных материалов
	13.8. Утилизация смазочно-охлаждающих жидкостей
	Контрольные вопросы

	Рекомендательный библиографикий список



