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OO1me cBeneHUs
O MECTHOM OTOILICHUU
WHAUBUAYAJIbHBIX XWJIBIX JTOMOB

K HacrosieMy BpeMeHM CJI0XKUIMCH JBa OCHOBHBIX
TUIIA MHAMBUAYAJbHbBIX XWJBIX 3JaHUM: ycaabObl OIS
KPYIJIOTOAMYHOTO TMPOXMBAHUS KWIBLIOB M JAOMa
(maun) masg TPOKMBAHUS TOJBKO B JICTHUM TIEPUOI.
C TexHOJIOrMYeCcKOil TOUYKM 3peHMsT TpedoBaHUSI K
ycaap0aM 1 JIETHUM JIoOMaM 3aMeTHO pasnuyarorcs. Ilo-
CKOJIbKY B JIETHMX AOMAax IPOXMBAIOT B OCHOBHOM B
JIETHUI MepuoJ, pa3HOCTb TEMIIepaTyp MOMEIIEHUS U
Hapy>KHOTO BO3AyXa OTHOCUTEJIILHO HeBeJiuKa. [1oaro-
My Hapy>XHbIE CTEHbI JIOMUMKOB OOBIYHO MMEIOT HEOOJIb-
II0€ TEPMUYECKOE COMPOTHUBJICHME TEIUIoNepeaade oT
BO3/yXa BHYTPEHHEro MOMEIIEeHUs K HapyXHoMy. Kak
MPaBWIO, CT€HbI JIETHUX CAIOBbIX JOMMKOB M3rOTaBJIM-
BalOT U3 OOJIETYEHHBIX KOHCTpYKLMi. M B 3TX 1oMu-
Kax OTOIUIEHWE, KaK MPaBUJIO, OTCYTCTBYET.

HeobxonumocTh co3naHusi KOMGpOPTHBIX YCIOBUIA B
JIETHEM CaJIOBOM JOMUKE M B 3MMHEE BpeMsl 00s13bIBacT
X0351€B MCMOJIb30BaTh pa3jdyHble BapHMaHThl OTOILIE-
HUS, TIpUYEM B Ka4eCTBE TEIUIOTEHEPATOPOB MCIIOIb3Y-
I0TCSI B OCHOBHOM T1€4M Ha TBEpAOM ToruiuBe. Kpome me-
Yyeii 1 KaMHUHOB MOIYT ObITb PEKOMEHIOBAHbI TaKXke
anekTpoHarpesBarenu (TEHBI, pediekTopsl, 31eKTpo-
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KaMUHBI U T. I.). B 3Tux ciaydasx He clieayeT UCITOJb-
30BaTh BOJSHBIC CUCTEMBl OTOTICHUSI, TIOCKOJIbKY TIpU
OTpUIATEIBHBIX TeMIIepaTypaxXx HYXXHO CJIMBATh BOHdY
U3 CHCTEMBI, a 3aTeM BHOBb 3aITOJHSITH €€ BOIOI - 3a-
HSTHUE, CBS3aHHOE C OINpeaeIEcHHBIMU HeygoOCTBaMM.
M306exaTh UX MOXHO, €CJIM MCIIOJIb30BaTh B KauyeCTBE
TETUIOHOCUTEJISI He3aMep3alollylo XUIKOCTb - aHTH-
dbpu3. OgHaKO clleayeT CUMTAThCS ¢ TEM, YTO aHTU(DPU3
JIOCTAaTOYHO ITOPOT M TOKCHUYECH.

YTo KacaeTcs TemaoCHAOXEHUs ycameOHBIX M Had-
HBIX IOMUKOB C KPYIJIOTOAWYHBIM MIPOXUBAHUEM XUJTb-
IIOB, TO MX YCTPOMCTBA MOJIXKHBI 00ECIIeYMBATh BECh
KOMILUIEKC yI0OCTB, MPEIOCTaBISIEMbIX TOPOICKUM KHU-
TEeJIsIM: OTOIUICHUE, Topsiuee BOJOCHAOXEeHME, BO3MOX-
HOCTb TIPUTOTOBJICHUS NHUIIU. B TO ke BpeMsi OCHOBHBIE
TeTJIONMOTPEOISIONINE JIEMEHTHI IOMOB - CUCTEMBI OTO-
IUICHUS U TOPSAYEro BOAOCHAOXEHUS - UMEIOT HEKOTO-
pble 0OCOOCHHOCTH B CPAaBHEHHMU C CMCTEeMaMM OTOTLICHUS
1 TOPSYETO BOMOCHAOXKEHUS TOPOIACKUX XUJIBIX 3MaHUMA.
OHHM COCTOSIT B CIIEAYIOIIEM:

1) MOCKOJBKY JOMa ycaneOHOro TUIa MMEIOT HeOOIb-
II0#1 00BEM M COOTBETCTBEHHO HEOOJIBINNE TETUIOMOTEPH,
UX OOBIYHO MOACOCAUWHSIIOT K HApPYXHBIM TEIIOCETSIM,
00CTy>KMBaeMbIM TPYIIOBOM WJIM WHAWBUIYATbHON KO-
TEIbHOW C TeMIlepaTypoil TeIJIOHOCUTENsT He OoJiee
95° C. IlpucoennHeHEe KBAPTUPHBIX CUCTEM OTOTLICHUS
K TEIUIOCETH B 3TOM CJIydae MOXHO ITPOM3BOIMTH 0Oe3
MOIMEIITNBAOIINX YCTPOUCTB B BUIE 3JI€BATOPOB;

2) BBUIY TOTO, 4TO ycameOHbIe JOMa MUMEIOT OIMH-IBa
aTaxa, B HUX, KaK MMPaBuUJIO, 1eJIeCo00pa3HO MPUMEHSITh
Hau0oJjiee MPOCTYI0 OMHOTPYOHYIO CHCTEMY OTOTUICHUS;

3) u3-3a OTCYTCTBUS PEryJIsiTOpOB AJsI HeOOJbIINX
pPacxoIoB CeTeBOI BOABI AJIsI TIPHCOSAMHEHUS K TeTuioce-
TH CUCTEM TOPSTYETO BOIOCHAOXEHMS CIIEAYET MCIIOIb30-
BaTh €MKOCTHBIE BOJOHArpeBaTed, B KOTOPBIX BOIA
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TEIUIOCETH HarpeBacT MECTHYIO BOMY Yepe3 MOBEPXHOCTH
pa3MeIleHHOTO B HEM 3MeeBUKa (0OMIepHbIE KOTIIBI).

st oTOIIeHHWST MaJIO3TAXXHBIX 3MaHUI B HacToOsIIee
BpeMsI TIPUMEHSIIOT TIEYHOE, BOASHOE, 3JICKTPUIECKOE U
BO3IYIIHOE OTOTUICHUE.

HanbGonee coBepilleHHO 3JIEKTpUUYECKOE OTOIUICHHUE,
XapaKTepu3sylleecss psiIoM TOCTOMHCTB, B TOM YHUCIE
yI00CTBOM pETYyJIMpPOBAaHUSI TEIJIOBOM HArpy3Ku, OTCYT-
CTBUEM T'POMO3IKHUX OTOIMMUTEIbHBIX MPHOOPOB, BHICO-
KO TUTMEHWYHOCThIO. EAMHCTBEHHBII, HO 4acTO pella-
IOIIUI HEIOCTATOK 3JeKTPUYECKOTO OTOIIEHUS — ero
noporoBru3Ha. CTOMMOCTb €IMHUIBI OTITYIIEHHOTO TEIl-
Jla TIpU B3JIEKTPUUYECKOM OTOIUICHUM B HECKOJILKO pa3
BBIIIIE, YeM TP BBIpaOOTKE TeIlla B MedaxX MJIM KOTJIaxX.

HaubGonbinee pacrnpocTpaHeHNe MOJYYWIINM BOIASHbBIC U
BO3IYyIIHBIE CUCTeMBbl oTorieHus. [Ipu omeHKe Teruro-
TEeXHUYECKNUX CBOMCTB TEIJIOHOCUTENICH pelaloiuMu
IMOKa3aTeJIsIMU SBJISIOTCS BecoBass U OObeMHasl TEIUIO-
€MKOCTh U TemIiiepatypa. C TOYKU 3peHUs KOJIUYECTBA
TelJjia, colepXallerocs B eIWHHUIIE 0ObeMa, BOIA MMEET
OTPOMHBIE TIperMylIecTBa. Hampumep, mpu OOBIYHBIX
IUJISI CUCTEM OTOIUIEHUsT Temriepatypax Bonbl 80° C u Bo3-
nyxa 70° C oObeMHasI TEINIOEMKOCTh COCTaBIISET:

BOJBI:
C, = pC, = 975x1 = 975 xxan/(mM3<’ C);
BO3ayxa:
C, = 1,29x273x0,24 = 0,25 xxax/(m3x’ C),

273+70
T. €. TEIUIOEMKOCTb BOABLI OOJIbIIIE YeM TEeII0EeMKOCThb
Bosayxa moutu B 4000 pa3. CoOTBETCTBEHHO OOBEM-

HBIN pacxon €€, HEOOXOAUMBIN 151 OTOILIEHUSI OZHOIO
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U TOTO X€ IOMEIeHUs, B THICSIYM pa3 MEHbIIE pacxoaa
BO3IyXa, B CUJy 3TOro TpebdyeTcs ropas3lo MEHbIIee ce-
YyeHHUE COeIMHMUTEIbHBIX KOMMYHMKAIIUil, TPAHCIIOPTU-
PYIOLIMX pa3orpeThlii TEMJIOHOCUTEIb B OTAaIIMBAcMOE
noMeuieHue. bonbiire o0beMbl HArpeTOro BO3ayXa 3aT-
PYAHSIIOT €ro TPaHCIOPTUPOBKY M paclpeiesieHue IIo,
OoTalIMBacMbIM IMOMelleHUsIM. M3-3a 3HAYMUTEIbHBIX
IUaMETPOB pa3Ae]UTeIbHbIX BO3AYXOBOIOB BEHTUJISI-
TOp IJis Iepedadyyd HarpeToro BO3AyXa HEOOXOAMMO pac-
mojlaraTh BOJM3M OTAILIMBAEMOIrO XWUJIOTO IIOMellle-
HUSI, 4TO CBS3aHO C IIPOHUKHOBEHMEM B IOMECIICHME
IIymMa oT paboTalollero BEeHTUJISATOpA.

BmecTte ¢ TeM Bo3ayX, KakK TEIJIOHOCUTEb, MUMEET
PO IPEeUMYIIECTB O CPAaBHEHUIO C BOMOIA.

* Bo-nepevix, OH IepenaeT TEILUIO B IIOMEIICHUE He-
MOCPEACTBEHHO, T. €. 0e3 YCTAHOBKM OTONMTEIbHBIX
npudopos. [IpoHukamwIas criocOOHOCTh BO3[yXa BeJu-
Ka, 3a CYET BHICOKOM KOHBEHIIMOHHON CIIOCOOHOCTU OCY-
mecTBaAsseTcs 3¢ GEKTUBHOE OTOILICHUE ITOMEIIeHUS.

*  Bo-emopbix, He TpebyeTcsl yCTPONCTB KaHalIM3a-
LMU TEeILIOHOCUTENsI (BO3dyXa).

JloCTOMHCTBA BO3AYLIHOTO OTOIJICHUSI OLIEHEHHI Ye-
JIOBEKOM JaBHO. M3BeCTHO, 4YTO OTOILUICHUE TOPSIUYUMU
razamMu ObLIO HEPBBIM CIIOCOOOM MCKYCCTBEHHOTO OTO-
MJICHUS XUJINIIA.

[Ipocrtoit u apeBHMII CIOCOO OTOILUICHUS MYTEM CXKU-
raHus TOMJIMBA BHYTPU IIOMEIIEHUS COCEICTBOBAN C
LIEHTPaJbHBIMM YCTAHOBKAMMU BOASHOTO W BO3IYLIHOIO
oromyieHusa. Tak, B r. Ddece, OCHOBAHHOM B X BeKe 0
H.D. Ha TeppUTOpUM coBpeMeHHON Typuum, Ijas oTo-
IJIEHUS TOMEIIEHUN yXe B TO BpeMs UCIIO0JIb30BAJIACh
cucrtemMa TpyOOK, B KOTOphIe IToJaBajach ropsdas Boja
U3 KOTJOB, HaXOoOSAIIMXCS B MoaBanax goMoB. B Xaka-
CUU YU MHOTUX JPYTMX MECTax Hallell CTpaHbl MPUMEHS -
JIOCh HAIIOJIbHOE OTOIUIEHUE C MCIOJb30BaHMEM TEILIO-



Thl MPOAYKTOB CrOpaHMs LIEHTPaJU30BaHHO CXKUTaeMo-
ro Tonaupa. CucreMa BO3AYLIHOIO OTOIJICHUS, CO3IaH-
Hag B MUtanuu, nogpobHo onucaHa eule BurpysueM (Ko-
Hen I Bexka mo H.3.). HapyxXHbili Bo3ayx HarpeBajics B
MOAMNOJbHBIX KaHallaX, IpeaBapuTeSbHO IPOTrPETHIX
ropsSiYMMHU ra3aMu, M IIOCTYIaJ B OTaIIMBaeMble IOME-
mweHusa. Ilo Takomy ke IpUHLUIY OTAILIMBAJUCh TTIOMe-
1eHus 3aMKOB B ['epmMaHuu B cpegHue Beka.

Ha pasButue oTONMUTENBbHON TEXHUKHU OKa3bIBajl
BIAUSHUE BUJA IIPUMEHSIEMOTO TOMauBa. B TeyeHun MHO-
TUX CTOJIETUI MCIIOJb30BaJOCh TBEPAOE TOIJIMBO (IpO-
Ba, Yrojb) M OTOIMUTEJIbHBIE YCTAHOBKM IPUCIIOCAOIM-
BaJlUCh K €ro cropaHuio. M3BeCTHbl MHOTOUYMCJIEHHbIE
KOHCTPYKIIMM 0OYaroB M XapoBeH, KAMUHOB U OCOOCHHO
neyeil, MOJAyYMBIIMX LIMPOKOE pacnpocTpaHeHue B Poc-
cun. OTonuTeNbHbIE TMEYM IJISI CXKUTAaHUS TBEPAOIO
TOIJIMBA YacTO MPMMEHSIIOT U ceiiuac.

C OTKpBITMEM HOBBIX BUIOB TOILIMBA (IIPUPOIHBIN ra3,
HedTh) CO30AIOTCS OTOMMUTENbHBIE YCTAHOBKU M TEILIO-
BbI€ CTAHLIMM AJSI UX CKUTAaHUS ¢ HarpeBaHUEM IIpoMe-
>KYTOUHOI Cpebl, MEePeHOCSIIEH TeIIOTy B MOMEIEeHMUSI.

B coBpemMeHHBIX cucTeMax BO3IYLIHOIO OTOILICHMS
MaJI03TaXHbIX 3MIaHUI BO3AYyX HArpeBalOT OOBIYHO B Ka-
Jnopudepax-TeII00OMEeHHUKAX, TeYyaX, B KOTOPHIX Tel-
JIO TepeaaeTcsl BO3AYyXy uYepe3 CTeHKY IPOAYKTaMHU Cro-
paHus TOIUIMBA WU BJIEKTPUYECKUMU HarpeBaTeIsSIMU.
Harperasg u3HyTpu Mertanaudeckas (MUId KUPIUYHAS)
MOBEPXHOCTh Kamopudepa (meun) oxjaaxmaeTcs CHapy-
KM, OoTIaBas TEIUIO BO3ayxy. Teriooraaya BO3IyXy TEM
BBIILIE, YeM OOJIbllle MOBEPXHOCTh TEILIOOOMEHA, IMO3TO-
MY MCKYCCTBEHHO YBEJIMYMBAIOT MOBEPXHOCTH TEIIO00-
MEHa WM yBEJIMUYMBAIOT CKOPOCTb ABMXKEHMS BO3Ayxa,
COMPUKACAIOIIETOCs C MOBEPXHOCTBIO TEIJI00OMEHHMKA.

I[InoTHOCTH BO3AyXa TIpU CpemHeil TeMmIepaType
+70° C mpuMepHO B THICAUYY pa3 MEHbIIE 4YeM BOJIHI,
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MO3TOMY €ro HarpeBamwllas CIO0COOHOCTh (K03(d-
puureHT Teryonepenaur) 3HauuteabHo (B 30-50 pas)
MEHbIIIe, YeM 3TOT IMoKasaTesb A BoAbl. Takum 00-
pa3oM B OTHEBO3IYIIHBIX Kajdopudepax (TEII000MeH-
HUKaX) CYIIECTBYET OINMACHOCTb MeperpeBa pasiaessio-
IIe CTeHKU TeIIooOMeHHMKa. YTOOBl MCKIIIOYUTH 3TO
HEeraTMBHOE SIBJIieHUE, TPUMEHSIOT TPUHYIUTEIbHOE
IBUXEHUE BO3IYIIHON Cpelbl B TEIMJIOOOMEHHUKE C T0-
MOIIIbI0O BEHTUJISITOPOB. [IpOMBILIJIEHHOCTHIO, K COXa-
JIEHWIO0, BBIMYCKAETCS MajJo BEHTUJSITOPOB C HM3KOM
MPOU3BOAUTEIBHOCTHIO M TIO3TOMY B OOJIBIIMHCTBE
c/lydyaeB TIPUMEHSIOTCS OTHEBO3IYIIHBbIE KaJlopudepbl
U TEIUIOOOMEHHUKU, B KOTOPBIX MCITOJb3YeTCs TaK Ha-
3bIBaeMasi €eCTeCTBEHHas Tsra, BO3HUKaloIlas Mpu ero
HarpeBe. Hemoctarkom kKanopudepoB ¢ eCTECTBEHHOM
TSATOHN SIBJASIETCS] HE3HauYuTeJbHaAs BeJIMYMHA BO3HHUKA-
IOIero Hamopa Bo3lyxa. DTO OrpaHUYMBAET IMPOTS-
KEHHOCTb pacIpeleuTeIbHbIX BO3AYXOBOJOB M CO-
3/aeT TPYIHOCTW B paclipeleJIeHUM HarpeToro BO3dYy-
Xa MO TOMEIIEHUSIM.

YKazaHHBIH HegocTaTOK KajlopupepoB C €CTeCTBEH-
HOW TATOM He sABjsgeTcd onpeneasdmiuM. ['1aBHas npu-
YUHA TOrO, YTO BO3AYIIHOE OTOIJICHUE €Ile MaJlo pac-
MPOCTPAHEHO B MAJIO3TAXHBIX 3JaHUSAX, COCTOUT B HEHO-
CTaTOYHOM BBIMYCKE ACUIEBBIX U MAJIOMPOU3BOIUTENb-
HBIX BEHTUJIATOPOB, a TAKXE B CO3IAaBAEMOM UMU IIYME.
Kpome Toro, KOHCTpYKIMU pa3pabOTaHHBIX K HACTOSI-
1eMy BpeMeHHM Kajaopu@epoB MPeayCMOTPEHBI TOJbKO
IUIS CXKUTAHUS CETEBOr0 Ta3a WJIM XUIKOTO TOIUJIMBA.
IToaTtomMy HauOoJblliee pacOpoCTpaHEHUE AJIsI OTOILIe-
HUS MaJIO3TAXHBIX 3IaHUM TTOJYYUIIO TIEYHOE U BOJSTHOE
oToruieHue. I[lpuyeMm nBUXKeHWE BOABI B BOASIHBIX CUCTE-
Max MOXHO OCYIIECTBUTh 0€3 MPUMEHEHUsI HaCOCOB, WC-
MOJIb3yS €CTECTBEHHBIN HAIOp, BO3HUKAIOLIWN BCJIEH-
CTBUE OXJIAXJEHMs BOJbl B HarpeBaTeJbHBIX MpUOOpax.
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[TpyHOMO DEUCTBUS U YCTPOMCTBO CUCTEMBbI
BOISIHOIO OTOILJIEHUS
C €CTECTBEHHOM ILUPKYJISALIAECH
TETIJIOHOCUTEJIA

[TpuHUMIIMANIbHAS CXeMa CHUCTEMbI BOISHOIO OTO-
IJIEHUS C €CTECTBEHHON LIMPKYJISILMNEHA TEIUIOHOCUTEIS
nokasaHa Hapuc. 1, 2. Boga oT koTia K nmpubopaM Ten-
JIOOOMEHHMKA U OOpaTHO ABUTaeTcsl IOl ACUCTBUEM
TMAPOCTATUYECKOIO Hamopa, BO3HUKAIOIIETO Oyaroaa-
ps pasIUYHOM TUIOTHOCTM OXJIAXIECHHOW M HArpeTom
XXKUIKOCTU (TETJIOHOCUTESIS).

Kakas xe cuia 3acTaBiisieT BOdy LIMPKYJMPOBaTh B
cucTteMe, T. €. IBUIaThCd MO TpyOaMm M3 KOTJIa B Harpe-
BaTeJIbHbIC MPUOOPHI U 0OpaTHO B KOTEJ? DTa CUJia BO3-
HUKaeT IpU HarpeBaHUM BOIbl B KOTJE W OXJIaXICHUU

3 Harpesa-
a Yinou TenbHoie
e npuBopul

K 6 n Yknou

Puc. 1. CHCTeMBI BOAAHOrO OTOILIEHHSA
¢ eCTeCTBeHHOM HMpPKyas e (Bepxuaa pa3sojia):
1 - koTen; 2 - rNasHbil CTORK; 3 — pa3BOAALLES NUHKA; 4 — rOpAYUE CTOAKK;
5 - obpaTHwe cTosKn;6 ~ o6paTtHas nuHuA; 7 - pacluMpuTenbHelin 6ak;
8 - curHansHas nuHWs



e€e B HarpeBaTeJNbHBIX NpubOopax. Boma, Harperas B
Kotie 1, Kak Oosee jerkasi, MOOHUMAETCS 110 TJIABHOMY
MoIalolIeMy CTOSIKY 2 BBepX. M3 cTosIka oHa IocTyma-
€T B pa3BOMASIIME MarucTpajbHble TPyOOTIpOBOALI 3, a
W3 HUX Yepe3 ToJalole CTOSIKM 4 — B HarpeBaTeJbHbIC
mpuOopsl. 31eCh BOAA OCTHIBAET M ITO3TOMY CTAHOBUTCS
bonee Taxenoii. Hampumep, miotHocTh Bogbl ipu 40° C
coctaBnsier 992,24 xr/m’, nmpu 70°C - 977.8 xr/m’,
npu 95° C - 961,9 kr/m’. OxyaxieHHas BoIa uepes
oOpaTHbIE CTOSIKM 5 M 0OpaTHYIO JUHUIO 6 omycKaeTcs
BHM3 1 CBOMM BECOM BBITECHSET HATrpeTyIO BOAY U3 KOT-
Jla BBEpX - B IVIAaBHBIN TMOJAIOIINI CTOSIK.

OnucaHHBINA MPOILECC HENMPEPBIBHO MOBTOPSIETCS U B
pe3yiabTaTe IPOUCXOAUT TIOCTOSIHHAS ILUPKYJISLIUS

8 -_f:-i;i____r_____f.}
R o 1 R
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Puc. 2. CrcTeMEI BOZAHOrO OTOILIEHHS € eCTECTBEHHOM
uMpKyaanueii (HMKHAA passogKa):
1 - koTen; 2 - BO3AyWHan nuHwa; 3 - pa3BoAAlLan NuHuA; 4 - ropayne
crosiky; 5 ~ o6paTHLIe cTosku; 6 — o6paTtHas NUHUA; 7 — PaclUMPUTENLHBIA
Gak; 8 — curHansHas NUHUA
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Boabl B cucteme. Cuja HMpKYJISILIUMU, UK, KaK IIPUHSITO
TOBOPUTh, HUPKYISALUMOHHOE JaBIeHUE, 3aBUCUT OT pa3-
HOCTM BECOB CTO0ji0a ropsueil u crtoada oXJaaxXaeHHON
(oOpaTHOIi) BOIBI, CIEAOBATEIbHO, OHA 3aBUCUT OT pa3-
HOCTU TeMIepaTyp ropsgyeii 1 oOpaTHOI BOIbI.

Kpome Toro, uupKyasiniumoHHOE JaBieHUEe 00yC/IaBIun-
BaeTcs ellle BBICOTO PacHoJIOKEHMs HarpeBaTeJbHOIO
npubopa Haa KOTJIOM: YeM BbIIIE PACHOJOXEH Mpuoop,
TeM OOoJIbIlle A1 Hero HUPKYISILIUOHHOE JaBlICHUE.

DT0 MOXHO A0Ka3aTh CACAYIOLIMM 00pa3oM.

B cucreMax BoAsIHOro OTOIICHMSI HAMOOJIbIIAs TeMIIe-
patypa ropstaeil Bombl 00bIMHO paBHa 95° C, a oxJtaxIeH-
Hoit - 70° C. Ecnu npeHeOpeub oxIaxxaeHueM BOAbI B TPY-
0ax, TO MOXXHO CYMTaTh, YTO B HarpeBaTeIbHBII MPUOOD
BoJa IocTtynaer ¢ temieparypoir 95° C, a yxoouT U3 HEro
¢ temneparypoii 70° C. Ilpm 3TOM yCIOBMU ONpeneaInM
cHauaja JJisl BEepXHero, a 3aTeM JJis HUXXHEro HarpeBa-
TeJIbHOTO ITpubopa HUPKYIILUUOHHOE AAaBJICHUE, MO BIU-
SIHUEM KOTOPOIO IPOUCXOIUT Yepe3 HUX IBUKEHUE BOIHI.

IIpoBenem Ha puc. I MyHKTUPHBIE TOPU30HTAIbHbIE
JIMHUM 4Yepe3 LEHTPbl HarpeBaTeJbHbIX IPUOOPOB U KOT-
na. JomycTuMm, 4TO 3TU JUMHUMU SBIASIOTCSA TpaHUILIEH
MeXay Bojmoi ¢ temnepatypoii 95° C u Bomoil ¢ Temmnepa-
typoii 70° C. OueBnmHo, yTo Ha yyactke BBIJIJI temme-
paTtypa Boabl OyaeT oauHakoBa U paBHa 95° C, ciemoBa-
TeJIbHO, 3[eCh He MOXET BO3HUKHYTh CHUJIa, KOTOpas 3a-
cTaBuJia Obl Bomy LUMPKyaupoBaTb. OAMHAKOBAa U paBHa
70° C tremmepaTtypa Ha ygactke AKM3, mostomy u TyT He
MOXET OBbITh co3maHa HeobxonuMas cuiaa. OcTaercs pac-
CMOTpEeTh OoCTalibHbIe nBa ydyacTka - AB m E3. Ha yugac-
TKe AB Temmeparypa Bonel paBHa 95° C, a Ha ydJacTke
E3 ona cocraBmsier 70° C. Ilpm TakoM COOTHOIIEHHUU
TeMIlepaTyp HaJIUI0 HEOOXOAVMMOE YCIOBUE Al BOZHUK-
HOBEHHUS LUPKYJISLUMOHHOTO OaBJIE€HMSI- BCIEACTBUE
pa3HocTU BecoB Boabl Ha yuyacTke E3 u AB u cosmaercs
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nupkyiaauusg B koabpne ABBIIJIEX3UK. Cka3zanHoe
OTHOCHUTCS K BEpXHEMY HarpeBaTeJbHOMY IIpUOODY.

st mpubopa, pacrogoXeHHOTO B HUXKHEM 3Taxe U
BKJIToueHHOTO B Konbo ABBI'IJIM2K3UK, mupkynsg-
LIMOHHOE AaBlieHHEe OyIeT COo3JaBaThCsl Pa3HOCTHIO BeE-
coB cTojidoa Bogpel K3 m ctoyiba AbB, Tak Kak Ha ydJacTke
BBI'JIJIM TtemriepaTypa oguHakoBa 1 paBHa 95° C, a Ha
yuactke AKM3 Ttemmeparypa ToxXe oIMHAKOBa M paBHa
70° C. Ho BwicoTa cton6oB Boabl AB u E3 coorBert-
CTBEHHO 00JIbIlle BBICOTHI ¢T0100B Boabl Ab n 2K 3. Cre-
IoBaTeJbHO, U pa3HUIA B Bece cToiiooB AB m E3 Oynmer
ooJsibiie pasHUIBI B Bece cTtoiiooB Ab m K3, orcioma
LHUAPKYISIIUMOHHOE AaBiaeHUe OJis1 pubopa BTOPOro 3Ta-
>ka 0oJbllle, YeM i mpudopa IMepBOro 3Taxa.

OTUM OO0BICHSETCS clenylollee 4acTo HabJomalo-
leecs SIBJI€HMUE: B CUCTEMaX BOASIHOTO OTOILICHMS Ha-
rpeBaTejibHbIe MPUOOPHI BEPXHMX 3Taxell Iporpena-
IOTCS JIyYllle, YeM MPUOOphl HUXKHUX DTAXKC.

W3 mpuBeaeHHBIX BHIINIE PACcCyXAEHUI BBITEKAET,
YyTO B JABYXTPYOHBIX CHCTeMax OTOILJIECHMS HarpeBa-
TeJbHBIE IPUOOPHI, PACIIOJOXKEHHBIE Ha OMHOM yYpPOBHE
C KOTJIOM WJIM HUXe ero, padboraTh He OyayT UM Xe Oy-
IyT o4eHb cIabo mporpeBaTbcs. s yKazaHHBIX CHC-
TeM NPaKTUKOM YCTAaHOBJIEHO HaMMEHbIllee pacCTOSIHUE
MEXOYy LEeHTPOM HarpeBaTeJbHBLIX IPUOOPOB HUXKHETO
9Taxa U LUEeHTpOM KoTiaa B 3 metrpa. B cBsI3u ¢ 3TUM KO-
TeJAbHbIEC IJISI CUCTEM OTOILICHUS AOJIXKHBI MMETh JOCTa-
TOYHOE 3arayobjeHue. YKa3aHHOTO HeJOoCTaTKa JMIIe-
HBI OJHOTPYOHBIE CHUCTEeMBI OTOILIEHUSA. B aTOM cityyae
TUAPOCTATUYECKUI HAMOp, 3aCTaBISIOIIMN LTUPKYIU-
poBaTh BOIy B cucTeMe, OyaeT oOpa3oBBLIBATHCS M3-3a
OXJIAXIEHUS BOABI B TPpyOOIIpoBOAax, IOABOISINMX Ha-
rpeTyi0 BOAY K HarpeBaTeJbHBIM IIpUOOpaM, a TaKxe
OTBOASIIMX OXJAXIEHHYIO BOOy OT HpUOOpPOB K KOTIY.

DTO OXJIaXKIeHUE II0JIE3HO, BO-IICPBLIX, OJA CO3da-
HHWA THAPOCTATUYCCKOIo Hammopa, a BO-BTOPbIX, OJId OO-
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MOJHUTEJIBHOIO0 00OrpeBa MOMEIIEHHUSI, ITO3TOMY yKa-
3aHHBIE TPYOOIIPOBOABI MPOKIAABIBAIOT OTKPHITO U HeE
uzoaupyr. HanpoTup, oxyiaxiaeHue BOAbl B IJ1aBHOM
cTosike (IT0OAbEMHOM TpPyOOIIPOBOJiEe) BpeIHO, MO0 IMpH-
BOIUT K CHUXXEHUIO TeMIIEpaTyphl U YBEIMYECHUIO ILIOT-
HOCTM M, KaK CJIeACTBUE, K YMEHbIICHUIO TUAPOCTATU-
4yecKoro Hamopa. B cBsSI3u ¢ 3TUM MOABEMHBIN CTOSIK OT
KOTJIa HEOOXOAMMO TIIATEeAbHO TEIIOM30JUPOBATh.

KoanyecTtBo Temaa, oTmaBaeMoro IOMEIICHUIO Ha-
rpeBaTeJibHbIMU MIPUOOpPaAMM, 3aBUCUT OT KOJUUYECTBA
nocTynarolieil B mpubop BOABI U €€ TeMIepaTypbl. B
CBOIO oO4Yepedb, KOJIMYECTBO BOIBI, KOTOPOE MOXET
OBITh MPOMYIIEHO Yepe3 TpyObonmpoBod K mpubopy, 3aBU-
CUT OT LHMPKYJSILMOHHOIO JaBJCHUS, 3aCTaBISIONIETO
BOAy IBUTaThCs Mo Tpyde. Uem Oosblie HUPKYISILIMOH-
HOe JaBJieHME, TEM MEHbIIE MOXET ObITh AUAMETpP TPY-
ObI JJIs1 MPOMNyCKa OIPEAeJCHHOIO KOJIUYeCTBA BOAbI U,
Hao0OpOT, YeM MeHbIlle HUPKYJISIIUOHHOE OaBJeHUE,
TeM OoJibllIe JOJXKEH OBITh JUaMeTp TPYOHI.

Ho nnsa HopManbHOTO AEMCTBUSI CUCTEMbI OTOILIEHUS
TpeOyeTCs €Ille OOHO YCIOBME: YTOOBI IUPKYISIIITMOHHOE
JaBjaeHUE OBbLIO AOCTATOYHBIM JJISI MPEOAOJIEHUS BCEX
COIIPOTUBIICHUI, KOTOpPHhIe BCTpedyaeT ABUXKYIIASICSI B
9TO# cucteme Boga. M3BecTHO, 4TO BoJa MpU CBOEM ABU-
KEHUU B CHUCTEME OTOIJIEHHS BCTpevyaeT CONPOTHUBIIE-
HUSI, BbI3bIBacMble TPEHMEM BOAbI O CTEHKU TPyO, a
KpOMe HUX, €lll¢ 1 MECTHbIE CONPOTUBJIEHMS, K KOTO-
PBIM OTHOCSITCSI OTBOABI, TPOMHUKU, KPECTOBUHBI, Kpa-
HBbI, HarpeBaTeJbHbIe TPUOOPHI U KOTJHI.

ConpoTupieHue BCAEACTBUE TPEHUS 3aBUCUT OT AUa-
MeTpa U IJUHBI TPyOOIIpoBOAa, a TakKXKe OT CKOPOCTU
IBUXEHUS BOABI (€CIM CKOPOCTh YBEJIUYUTCS B IBa
pasa, TO CONpOTUBJEHUE - B YEThIpe pas3a, T. €. B KBal-
paTMYHOM 3aBUCUMOCTH). YeMm MeHbIIe AuamMeTp U
OoJibplIe MJIMHA TPyOONpPOBOAA M 4YeM BBIIIE CKOPOCTh
BOJIBI, TEM OOJIbILIE CONMPOTUBIEHUE CO3MAETCA Ha IyTH
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BOJIIBI, U1 HA00OPOT. B cxeMe oTormieHus1, n300pakeHHOM Ha
puc. 1 nmeercs ABa Koablla: OAHO, MpoXoasdiiee yepe3 OJu-
KA K KOTﬂif CTOSK, U IPYroe, KOTOpoe MPOXOIUT Ye-
pe3 JalibHUl cTosIK. Tak Kak mepBoe KOJIbIO KOpoye BTO-
poro, To IMpu OAMHAKOBOI B 00eMX KOJIbIaX TEIUIOBOI Ha-
Trpy3Ke U OAWHAKOBBIX IMAMETpax Tpyd OymeT MpOXOAUThb
MO0 KOPOTKOMY KOJbIly OOJIbIlle BO/bI, YeM TpeOyeTCs Mo
pacyety, U B pe3yJbTare Mo JJIMHHOMY KOJIblly OyIeT Mpo-
XOIUTh MEHbIIIE BOJbI, YeM cjienyeT mo pacyery. UToObl
3TOro U3bexkarb, HEOOXOAMMO JIJisl JaJbHETO CTOSIKA TIPU-
MEHSTh TPYObl OOJIBIIEro TUaMeTpa, 4eM JJist Oauvxkaiiiie-
TO CTOSIKa, U TAKMM 00pa3oM YpaBHSTb COMPOTUBJICHUS B
obenx Kosblax. [1pu 6omblieii JyiMHe TPYO COMPOTUBIICHUE
BO3pacTaeT, C yBeJWYeHUEeM auaMeTpa Tpyo OHO Majaer.

BesvurHa MECTHOrO COMPOTUBIEHUS 3aBUCUT, BO-
MepBbIX, OT CKOPOCTU BOAbI, CJE€A0BAaTEIbHO, U OT U3-
MEHEHUSI CeYEeHUsI, BbI3bIBAIOIIEro M3MEHEHUE ITOU
CKOpOCTH (Hampumep, B KpaHax, HarpeBaTeJbHBIX
npubopax, KOoTjax U T. I.), BO-BTOPbIX, OT U3MEHEHUS
HamnpaBJIeHUS, M0 KOTOPOMY IBUXKETCS BOAa, U U3Me-
HEeHMUS KoJiMuecTBa BOAbl (HalpuMep, B OTBOAAX, TPOU-
HUKax, KpeCTOBUHAX, BEHTUIX).

ITokazaHHast Ha puc. I cucreMa OTOIUIEHUS - 3TO CU-
cTeMa Cc BepXHel pa3BoIKOU. 3mech ropsiyasi Boja Moj-
HUMAETCAd Yepe3 TIJIaBHBIM CTOAK B MarucTpaJbHBINI
TpyOOMNpOBOA, MPOKJIAAbIBA€MbIii OOBIYHO Ha Yyepaake.

Ha puc. 2 nmokazaHa cuctemMa OTOIUICHUSI C HUXKHEH
pa3Boakoii. B aToil cucteme moparoliasi MarucTpaib,
nuTrarouas BOCXOAMIIWE CTOSIKM, pacroJjiaraercsd Ha
MEpBOM 3Taxe B MOANOJbHOM KaHaje WU Xe B MOoJBa-
Jie 3naHusa. OO0paTHble CTOSIKM MPUCOCAUHSIOTCS K 00-
el oOpaTHOW MarucTpaliu.

ITo mpuHLMITY AECTBUSI cucTEMa OTOTUIEHUST C HUXK-
HEW Pa3BOAKOUN HE OTIMYACTCS OT CUCTEMBI C BEPXHEU
pazBoakoit. M TyT, U TaM HUPKYJISLUS CO3AAETCSI MOTO-
My, 4TO ropsiyasi Boja, Kak Oojiee jerkasi, BbITECHSIET-
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cs oOpaTHOM BOAOII BBEpX IO CTOSIKAM; OCTHIBasl B Ha-
rpeBaTejbHBIX HpubOOpax, 3Ta BoJa OMycKaeTcsl BHU3
yepe3 oOpaTHBIE CTOSIKM M CHOBAa ITOCTYIIaeT B KOTEJI.

B cucremax ¢ ecTecTBEeHHBIM IMOOYXKAEHUEM B 3HaHUSIX
HEOOIbIION 3TaXXHOCTU BeJIMYMHA LHUPKYIILMOHHOTO
IaBJIeHUs HEeBeJIMKa, U MO3TOMY B HUX HeJib3sl TOMyCcKaTb
OOJILIINX CKOPOCTEil NBUXKEHUSI BOAbI B TpyOax; cliemoBa-
TeJIbHO, AMaMeTphbl TPYO MOJKHBI ObITh OoabIMMU. Cuc-
TeMa MOXET 0Ka3aThbCs 9KOHOMUYECKU HeBbITogHO. Ilo-
3TOMY IIPUMEHEHME CUCTEM C €CTECTBEHHOM LIUPKYJISILIM-
el JoIycKaeTCsl JUIIb A HEOOMbIIMX 3MaHUMA.

I[lepeynciauMm HeOOCTATKU CHCTEM OTOILIEHHUS C €C-
TECTBEHHOM LIMPKYJISILMEd BOJMIHL:

* cokpauwer paduyc deiicmeus (o 30 M IO TOPU30H-
TaIn) 13-32 HEOONBIIOTO LHUPKYISLMOHHOIO AAaBJICHUS;

* nosviwerna cmoumocms (10 5—7% cTOoMMOCTHU 31a-
HUSI) B CBSA3U C IPUMEHEHUEM TPYO OOJIBbIIOro AUaMeTpa;

*  YBeauueHvl pacxod Memainia u 3ampamosl mpyoa
Ha MOHTaX CUCTEMEBI;

*  3amedneHO 8KANUeHUe cucmemvl 6 delicmaeue,

noebvluieHa ONAcHOCMb 3aMep3aHus BOABL B TPY-
0ax, IPOJOXEHHBIX B HEOTaIJIMBAeMbIX IOMEIICHUSIX.

BmecTe ¢ TeM, OTMETUM NpPEUMYIIECTBA CUCTEMBI C
€CTeCTBEHHON LUPKYJISLUEeil BOABI, OMpeAcsiolinue B
OTHENIbHBIX ClIydasx ee BBIOOp:

*  OMHOCUMENbHASL Npocmoma YCMmpoucmea u 3KChH-
ayamayuu,

*  He3asucumocmv Oeiicmeus OT CHaOXEHWUs BJIEKT-
pUYECKOM dHepruei;

* omcymcmeue Hacoca, a COOTBETCTBEHHO, IIIyMa U
BUOpaLUiA;

*  cpagHumenvHas 0on2o0eeyHocms (IIpU  MPaBUJIb-
HOIl 3KcIJlyaTallUd CHUCTeMa MOXeT OelCTBOBaThb 35-
40 net u Oojee 0e3 KalMTaJIbHOI'O PEMOHTA);

"o camopecyaupogarue, OOYCIOBIMUBAIOIIEE POBHYIO
TeMIlepaTypy nomeuleHuii. B cucreme npu u3MeHeHUUN
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TeMIIepaTyphbl U IIJIOTHOCTUA BOAbLI U3MEHSIETCSI U PacXof
BCJIEICTBME BO3pPACTAHUSI UM YMEHbIICHUS €CTECTBEH-
HOTO LUPKYJISALUUOHHOTO naBjieHUs. OIHOBpeMeHHOE
M3MEHEHMEe TeMIlepaTypbl M pacxoja BOIbl oOecreurBa-
€T Teruiolnepenayy MpuOOpPOB, HEOOXOAUMYIO IJISI ITOA-
JepXaHUs 3aJaHHOW TeMIepaTyphbl ITOMEILIEHU, T. €.
MpUAAET CUCTEME TEIUIOBYIO YCTOMYMBOCTD.

YCTpOWCTBO CUCTEM BOASIHOTO OTOTUIEHUS C
UCKYCCTBEHHOUN HUPKYJIAIUEH TEIUIOHOCUTES

B cucremax BOOSIHOrO OTOILIEHHUSI C €CTECTBEHHON LIUp-
KyJISIUMEN UMPKY/ISLUOHHbIE JaBICHUS U3MEPSIIOTCS BCEro
JIMIIb AeCSTKaMU MUWLIMMETPOB BOASIHOTO cToji0a. CTojib
MaJible JaBJI€HUsI He ITO3BOJISIIOT YCTpauBaTh JaHHBIE CUCTe-
MbI B 3IaHUSIX, UMEIOLINX OOJBIIYIO IIPOTSKEHHOCTh, KPO-
M€ TOro, OHU TPeOyIOT IMPUMEHEHUSI TPYO 3HAYUTEIbHBIX
IMAaMEeTPOB, YTO BeleT K OOJbIIOMY pacXody MeTajia.

IlepeuynciaeHHBIX HEAOCTATKOB JIMIIEHBl CUCTEMBI BO-
JISTHOIO OTOIUIEHUSI C MCKYCCTBEHHOW UUPKYISLUEH.
B Hux HUpKyasSuus BOAbI CO3MAaeTCsS LEHTPOOEXKHBIMU
Hacocamu. Hacochl, AeicTByIOIIKe B 3aMKHYTBIX KOJIb-
1laX CUCTeMbl OTOILICHUS, 3alI0JHEHHBIX BOAOI, BOAY He
MNOJHMMAIOT, a TOJbKO €€ MepeMellaloT, co3aaBas LUp-
KYJISLUI0, U TI03TOMY Ha3bIBAIOTCS LUUPKYISILUOHHBIMU.

IIupKyJIILMOHHBIA HAacOC BKJIIOYAIOT, KaK IPaBUIIO,
B OOpaTHYI MarucTpajb CUCTEMblI OTOIICHUS IJIs1 yBe-
JIMYEHUsI CpoKa CIYxXObl OeTajeil, B3aMMOIEHCTBYIO-
IIUX C TOpsYEN BOHOM. i

Ha puc. 3, 4 nzobpaxeHbl CUCTEMbI BOASIHOIO OTO-
NJEHUSI C HUCKYCCTBEHHON uHuUpKyasuuei. Pacmupu-
TEJIbHBIM 0aK IOACOEAUHSIOT He K Ilojalolleil, a K 00-
paTHOII MarucTpaii.

B cucTtemax oToILIeHHUS liejecoo0pa3HO NMPUMEHSTh
cleluraabHble HUPKYJIILUOHHBIE HACOCHI, MepeMellaro-
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Puc. 3. CucTeMB! BOJAHOI0 OTOILIEHHA
€ MCKYCCTEEHHOM NupKyaauuei (BepXHAA pa3soaKa):

1 - koten; 2 — rnasHblit CTORK; 3 — pacWwHUpUTEnsHEI Gak; 4 — curHansHas

nuHKA; 5 — nogawowan nvivs; 6 — soaayxocbopHuk; 7 — nogawuwme cTo-

AKW; 8 — obpaTHeie cTosAky; 9 — o6parHan nudus; 10 — Hacoc; 11 — paciwum-
putensHas Tpyba

1Y€ 3HAaYMUTEIbHOE KOJIMYECTBO BOABLI U pa3BUBalOIIMe
CPaBHUTEJIbHO HEOOJbIINE NaBJIEHUSA. DTO MaJOILIyM-
Hble T'OPU30HTAaJbHbIE JIOMMACTHBIE HACOCHI LIEHTPOOEXK-
HOIO TUIIA, COEAUHEHHBIEC B €NMHBII OJIOK C 3JIEKTPOABU-
raTejasiMyd U 3aKpellisieMble HEIIOCPEACTBEHHO Ha Tpy-
Oax (0e3 <¢yHmamMeHTa), HaIlpuMep HAaCcOChl THuIIa
HHUTIC (puc. 5) wnu UBL (puc. 6).

IIpuMeHeHe HACOCHBIX CUCTEM OTOILIEHMSI IO3BOJISI-
€T CYILIECTBEHHO YBEIWYUTh IMPOTSXKEHHOCTh TPYOOIIpO-
BOJla U YMEHBIIUTH METaJLULIOEMKOCTh CUCTEMBI OTOILIE-
HMS 32 CYET YMEHBIICHUS IUAMETPOB Pa3BOISINUX TPY-
0orpoBoaoB. KpoMe TOro, ¢ yCTaHOBKOM LIAPKYISLIMOH-
HOI0 Hacoca MOSIBASETCS BO3MOXHOCTh IPUMMEHEHUs HO-
BBIX CXEMHBIX pPELIeHUI CUCTEMBl OTOILUICHUSI, HaIpHU-
Mep, O0TKa3 OT BepxHell pa3BoaKu TpyOoompoBoaoB. OmgHa-
KO INpHUMEHEHNE HACOCHBIX CUCTEM OTOIUICHUSI BO3MOXHO
TOJIbKO IIPU YCJIOBUM HAIEXHOIO 3JIEKTPOCHAOXEHMSI.
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Puc. 4. CucreMe! BOXAHOr0 OTONICHHA
€ HCKYCCTBEHHON HMPKRyaAnMei (HMMHAS PA3BOIKA):
1 - koTen; 2 - nogawwan nuHua; 3 — o6paTHan NuHUA; 4 - noaaowme
cTosKMW; 5 — oBpaTHLle CTOAKK; 6 — BO3AYLWHANA NUHKUA; 7 — BO3AyXocBopHUK;
8 - pacwupuTteneHslit 6ak; 9 — Hacoc; 10 - pacwmpuTensHaa Tpyba

IIpu oTCyTCTBUM TeEIIOreHepaTOpOB Ha TBEPAOM
TOIUIMBE C TONMKAMM JJINTEJIbHOTO TOPEHUsT MOTYT Haii-
TU TIPUMEHEHUE CUCTEMbI BOISIHOIO OTOIUICHUS (puc. 7)
¢ 0aKOM-aKKyMYJISITOPOM U LMPKYJISIIIMOHHBIM Haco-
coM tuna LIBII. Takast cucrema no3BoJsIET 3HAYUTE)Ib-
HO COKpPAaTUTh KCIUIyaTallMOHHBIE 3aTpaThl 10 0OCITY-
JKMBAHUIO TeHepaTopa TeIJIOTHI.

ITpuHLIMI NOTOOHOI CUCTEMBI OTOIUIEHUSI COCTOUT B
TOM, YTO TEIUIOBYIO MOIIHOCTb TEIUIOTEHEpaTopa BbI-
Ooupalor B 3 pa3a 0oJjibllie, YeM TEIUIONOTEpU OTaIlIiBa-
€MOTO I0OMa, 3a CYET Yero MosIBISETCS BO3MOXKHOCTb He
TOJIbKO oOecreyrBaTh KOMIIGHCALIMIO TEIUIONOTEPh
JIoMa, HO M aKKyMYJIMPOBaTh TEIUIOTY B CIELMaIbHOM

18



130

130

i
-51
2+20

\

3 2 1
Puc. 5. luaroHaIsHEI HUPKYyAAnHOoRHENH Hacoc ITHHIIC:

1 - paboyee koneco; 2 - Kopnyc; 3 — cankHUKOBOE YNNIOTHEHKE,;
4 — pan snekTpoasuraTens

365

Puc. 6. llentpobexnsiit mupryIsuuonHstii Hacoe Tena IBII:

1 - kopnyc; 2 - HarHeTarensHelil naTpybok; 3 — koHTpgnaHey, ana nNpuco-
enuHeHnn Tpybul; 4 - anekTpoABUraTens
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Puc. 7. IIpyanunsa suan exeMa KBAPTHDPHOM CHCTEMEI OTOMLICHHA
€ HACOCHOI NHPKYNANMel TeILIOHOCHTeNd H 6axoM-aKKyMyaaTOpOM
TeNJOTHI:

1 - Gak-akkymynartop; 2 - npoGkoBbiil KpaH; 3 — pacwmupUTentHbIA 6ak;
4 -rnasHLifi cTOAK; 5~ TEnnoreHepatop; 6 - OTONWUTENbLHbIN npuGop;
7 - UMpKYNAUMOHHLIA Hacoc Tuna LBLL; 8 — o6patHbii knanad; H-H -
LIeHTp Harpesa xoTtna; O-0 — uenTp oxnaxaeHus; M-M ~ uextp Gaka-

akkymynstopa; TI - TpoiiHmuk ¢ npobkoit

0ake, KOTOPbIA HAUMHAET paboTaTh MO IMpeKpalleHUU
SKCIJTyaTalluM TeruioreHepaTtopa. O0beM 0Oaka-akKy-
MYJIsITOpa HNOAOMpPAlOT C TaKMM pacyeToM, UTOObI Bpe-
Ms$1 €ro paspsiiKM COCTaBJIsIO HE MeHee 8 JacoB (Mpu
paboTe TerIoreHepaTopoB /IBa pa3a B CYTKU Mo 4 yaca).
st apdexTUBHON pabOThl CUCTeMbl OaK-aKKyMYyJisi-
TOP JOJDKEH OBITh TIIATEIbHO TEIIOM30JMPOBAH C 1ie-
JIbIO MCKJIIOYEHUS OECIIOJIE3HBIX MOTEPhb TEILIOTHI.

KoHCTpyKTHBHBIE CXEMbI
CHUCTEM BOJSTHOTO OTOILIEHUS

KOHCTPYKTUBHO CHCTEMBI BOASIHOTO OTOIUIEHMST (KakK
C €CTeCTBEHHBIM, TaK M C MCKYCCTBEHHBIM ITOOYKICHM-
€M) TIoJpa3aesisioT:
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* N0 Mecmy NPOKAAOKU NOOAOulell Masucmpanu -
Ha CHUCTEMBbI C BEPXHEW U HIDKHEN pa3BOIKOI;

* nO cnocoby nNpucoeouHeHUs Ha2pesamenabHblX
npubopoes Kk nodarowum cmosakam - Ha OTHOTPYOHbBIE U
JIBYXTpYOHBIE;

* 10 PAacnoaolceHuro Cmosiko8 — Ha CUCTEMBI C Bep-
TUKAJIbHBIMU ¥ TOPU30HTAIbHBIMU CTOSIKAMM;

* N0 cxeme NPoOKAAOKU Ma2ucmpai - Ha CUCTEMbI
C TYIIMKOBOI CXEMOW U C IOITyTHBIM JIBM>KEHMEM BOJIbI B
MarucTpassx.

Cucrembl OTOILIEHMS
C BepXHell M HUIKHe pa3BOAKOM

BapuaHT crcTeMbl OTOILICHUSI C BEpXHEH U HYDKHEN
pPa3BOIKOM MpUBEIEH Ha puc. §, 9 Ha IpUMepe IBYX-
3TaXKHOTO JIOMa C IOABAJIOM U YepJayHbIM MOMEIeHU-
eMm. Ilpu BepxHeil pa3Boiake (puc. §) ropsyas Boia B
yepIayHOM ITOMEILEHUM HaIlpaBJISIeTCs B pa3IM4yHbIC
CTOSIKY, IO HUM K€ IOCTyMaeT K HarpeBaTe/IbHbIM MpHU-
o6opaMm-paauaropam. [lpu HuxHelt paszBoake (puc. 9)
ropsiyasi Boja 13 KOTJia IOCTyHaeT B CTOSIKU CHU3Y (U3
noapana). HezaBucuMo OT TMIla pa3BOAKU pacLIMpPU-
TeJIbHbII 0aK BCcerma pacriojliaraeTcsli B Haubosee BbICO-
KOI1 TOJIKE CUCTEMBI, T. €. B UepIayHOM ITOMEILCHUM.

OnHoTpyOHBIE U IBYXTPYOHbIE
CHCTEeMbI OTOILIEHUS

OnHOTpyOHBIE CHUCTEMbI BOASIHOIO OTOIUIEHMSI HE
HMMEIOT 0OpaTHBIX CTOSIKOB, U BOIA, OXJIaXKIeHHasi B Ha-
rpeBaTe/IbHbIX IMPUOOpax, BO3BpallaeTcs B MoAalollve
crosku (puc. 10, 11).

B omHOTpYyOHBIX cHcTeMax B HUXXKHHE HarpeBaTelib-
HbIe MPUOOPHI MOCTYIIAET CMECh TOpYeil BOAbI U BOJIHI,
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OXJIAXKIEHHOM B BepXHMX Mpubdopax. Tak Kak Temmepa-
Typa 3TOM CMeCU HMXKe TeMIlepaTypbl BOIbI B MpUOOpax
BEPXHUX 3TaXei, TO MOBEPXHOCTh HArpeBa HUKHMX
MpurOOPOB TOJKHA ObITh HECKOJILKO YBEJIUYEHA.

B omHOTpYOHBIX cucTeMax Boga LAPKYJIMPYET B Ha-
rpeBaTe/IbHbIX NPUOOpaxX U CTOSIKaX, KOTOPbIE MX IUTa-
10T, BCJIGACTBME PAa3HOCTU TeMIEpaTyp BOIbI B TE€X U
npyrux. OmHOTpYOHbIE CUCTEMbI MOXXHO YCTpauBaTh I10
nByMm cxeMaMm. IIpu cxeme, nmpuBeneHHoM Ha puc. 10, B
BEpXHUE PaardaToOphl MOCTYIAET U3 CTOSIKA TOJbKO YacCTh
BOJIbI, OCTaJIbHASI BOAA HAIIPABJISIETCS MO CTOSIKY K HU-
JKEpacIMoJIOKEHHbIM paauaropaM. KojauuecTBo BOIbI
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Puc. 8. IpyxTpy6Hasa cHcTeMa BOASHONO OTONJICHHS

€ eCTeCTBeHHOMH LMPKYyIsAnueil (RepxHee pacnpeaeieHue BOALI):

1 - nopauiuia (rnaswslil) cTosk; 2 — Tpy6onposoa o6paTHOR BOAL!;
3 - koTen; 4 - pacwmpuTensHbIi 6a4ok; 5 — HarpesaTenbHbe npuGaps;
6 - nepenus; 7 - npegoxpaHuTentHein Tpy6onposoa

ﬁ
N
o

22



IS KaXXKJI0r0 HarpeBaTeJIbHOIO IprOopa MOXHO pery-
JIMPOBaTh KpaHaMM, YCTAaHOBJIEHHBIMU y TIPUOOPOB.

[pyrass mpoTo4yHasi cUCTeMa IloKa3aHa Ha puc. 11.
3aech Bcs BoAa M3 CTOSIKA MPOXOAUT MOCIEI0BATEIbLHO
yepe3 BCe HarpeBaTe/IbHbIE TIPMOOPhI, HAUMHAS C BEpXHE-
ro. B ominune ot mpocToii 0OgHOTPYOHOI CHUCTEMBI, B
MPOTOYHOM CHUCTeME B HUXKeJexXalllue paavuaTophbl I10-
CTYIIAET HE CMECH TOPSYEM U OXJIAXKIAECHHON B BEPXHUX
npubopax BOAbI, a TOJbKO OXJAXKIECHHAs BOA.

B mpoTouHbIX cucTeMax Heab3sl CTaBUTh Y HarpeBa-
TeJIbHBIX TTPUOOPOB OOBIYHBIE KpPaHbI ABOMHOM peryJiu-
poBku. Eciu Obl ObLIM YCTaHOBJIEHBI TaKKWE KPaHbI, TO,
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Puc. 9. [IyxTpybuas cucreMa BOXAHOr0 OTONJIGHUA
€ eCTeCTBeHHOM MUpKynAMeil (HM/KHee pacnpeaejeHHe BOIbI):
1 - nopawwmin (rnaeuwin) ctonk; 2 — tpybonposoa o6paTHoil BOALI;
3 - koven; 4 - pacwupuTenbHblil 6a4ok; 5 — HarpeeaTensHsLie NpUGops.l;
6 - BoaaywHan Tpy6a; 7 — nepenus; 8 — npeaoxpaHuTenkHLIA TpyGonpoeoa
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MepeKphIB Y TOTO MJIM WHOTO MpuOopa KpaH, YMEHBIIN-
J OBI TI0ady BOIBI BO BCe MPUOOPHI, TPpUCOeTMHEHHbBIE
K CTOSIKY, a MOJHOCTBIO 3aKPBIB OJWH M3 KPaHOB, MOX-
HO TIpeKpaTUTh HUPKYISIINIO BOALI yepe3 Bce MPUOOPHI
IIAaHHOTO CTOsgKa. MexXIy TeM ycTaHOBKa HarpeBaTelb-
HBIX TIpHOOpPOB 0e3 KpaHOB BJICYET 3a CO0OM OOJbIINe He-
yIoOCTBa, TaK KaK Torda CTaHOBUTCS HEBO3MOXHBIM pe-
TYJIMPOBaTh TEMIIEPATypy BO3Ayxa B ITOMEIIEHUSIX.

OnHOTpYyOHBIE CHUCTEMBI OTOIUICHWSI MOTYT BBITIOJN-
HITBCSI TOJBKO C BEpXHEW Pa3BOJIKOM, ITOITOMY WX IIPH-
MEHSIOT B 3JaHUIX, TJIe UMEIOTCS YepJaKu U TIe MOXK-
HO pacliojlaraTh ITOJAOIIME MaTrucTpajJd B BEPXHUX
sTaxax. [loaTaxXHBIIT MyCK HAHHBIX CUCTEM B JIEWCTBUE
HEeBO3MOXEH, U B 3TOM MX HEIOCTATOK.

OIHaKo IO CpaBHEHUIO C ABYXTPYOHBIMU CHUCTeMaMU
(puc. 8§) oTomjeHUs OMNHOTPYOHBIE MPOIINE B MOHTaxe
W, KpOMe TOT0, MMEIOT 0ojiee KPaCUBBINI BHEUTHUMN BUIL.
JIOCTOMHCTBO WX B TOM, YTO Ha YCTPONCTBO OZHOTPYO-
HOM CHUCTEMBI TpeOyeTcsl MeHbIle TpyO, YeM Ha yCTpOi-
CTBO ABYXTPYOHOIA.

Bce 3T mosoxuTelbHbIE OCOOEHHOCTM OAHOTPYO-
HBIX CHCTEM BechbMa CYIIECTBEHHBI M BITOJHE OIpPaBIbI-
BalOT MX IIMPOKOE NMPpUMEHEHHUE.

CucTteMBl OTOILIEHHS C BEPTUKAJBbHBIMU
U TOPU3OHTAJBHBIMH CTOAdKaMM

Ecnmu HarpeBaTenbHBIE TIPUOOPBHI pa3HBIX 3Taxel
MMOIKITIOYAIOTCSI K €IMHOMY CTOSIKY, TO TakKasl cUcTeMa
SIBJISIETCSI CUCTEMOM C BEPTUKAJIbHBIMU CTOSIKAMU (puc.
10, 11). Ecnm HarpeBaredbHbIE NMPUOOPHI OJHOTO 3Taxa
MOAKJIOYAIOTCS K €IUHOMY CTOSIKY - 3TO CUCTeMa C To-
PU30OHTAJbHBIMU CcTOSKamMu (puc. 12). Ilpeumyliie-
CTBOM CHCTEMBbI C TOPU30HTAIBLHBIM PaCIOJIOXECHUEM
CTOsSIKA SIBJISIETCS MEHbIAass CTOMMOCTh MOHTaXa U 3KO-
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Puc. 10. OqaoTpyOHBIE CHCTEeMBl BOZAHOIO OTOMISHHA
€ MCKYCCTBCHHOMN mupkyaanueil (C 3aMBIKAIONIHMH Y4aCTKAMHE):
1 - koTen; 2 - rnaBHLifil CTOAK; 3 — paclwupuTensHaa TpyGa; 4 — pacwu-
putensHbiit 6ak; 5 - nopaowan nuHus; 6 - Bo3ayxoc6opHUK; 7 — CTORKM;
8 — ofpaTHas nuHuA; 9 - Hacoc; 10 — TpoitHKMKK ¢ npoBkamu
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HoMus TpyO. HemoctaTkoM SIBAsSIETCS CIOXKHOCTh DKCILTY-
aTalluM U BO3MOXHOCTb CKOIIJIEHMSI BO3lyXa B HarpeBa-
TeJIbHBIX MpUOOpax ¢ 00pa3oBaHMEM BO3AYIIHBIX MPOOOK.
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Puc. 11. Ogaorpy0HBIe CHCTEMBI BOAAHOIO OTOILICHUS
€ MCKYCCTBeHHOM IHPKyIaAnuei (MpoToYHan CHCTeMa):
1- koten; 2 - rnaeHbIit CTOSK; 8 — pacwupuTensHas Tpyba; 4 — paciwu-
puTensHbii Bak; 5 - nopaowan nuHUR; 6 — BO3AYXOCGOPHUK, 7 — CTOSKK;
8 - o6partHasa nuHus; 9 - Hacoc; 10 - TpoiiHukv ¢ npobkamu
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Puc. 12, Ogaorpy0OHEle CHCTEeMbI BOJSHOIO OTOIICHUA €
KCKYCCTBeHHOM LMPKYIAuuei (rOPH30OHTANBHAA NPOTOYHAN
cucrema)

CucreMbl OTOIJICHUS TYIIUKOBLIC
M C INOITYTHBIM ABU2KCHHMUEM BOIAbI B MarmucCTpajadax

[Toka3zaHHble Ha puc. 3, 4 cUCTEMbI OTOILJIEHUSI OTHO-
CATCS K TaK HA3bIBAEMbIM TYIMKOBBIM CUCTEMAaM, B KO-
TOPBIX LIUPKYJISIIMOHHBIE KOJIbLIA HE PABHBI IO JIUHE,
MPUYEM CaMO€ KOPOTKOE KOJIbIIO MPOXOAUT YEPE3 CTO-
IK, OmmKalmuii K KOTJIy, a camMoe JJIMHHOE - 4epe3
CTOSIK, HauOoJiee OTHAICHHBIM OT KOTJIA.
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Ha puc. 13 uzoOpaxeHa cucTeMa OTOIJIEHUS IpYyro-
ro TuMa, rae JJMHa BceX KoJjell OfHa M Ta XXe U, Clefo-
BaTeJbHO, OJIMHAKOBO CONPOTHUBIIEHME KoJiell (ITpU Oau-
HAKOBOH TEIJIOBO Harpy3ke CTOSIKOB). Takue CUCTEMBI
Ha3bIBAIOT CUCTEMaMM C MOMYTHBIM IBUXEHUEM BOIbI,
MpUYEM KX OOBIYHO YyCTaHaBJMBAIOT TOJbKO B CHUCTE-
Max C HAaCOCHOW LUpKyjasuuei. B 3Tux cucremax Bce
CTOSIKM M HarpeBaTejbHble NMPUOOPHI HAXOASTCS IOUYTU
B pPaBHBIX YCJIOBUSX, YTO 3HAYUTEJIbHO OOJieryaeT pe-
T'YJUMPOBKY.

HenocraTok cucTeM C MOIYTHBIM IBUXEHMEM BOIbI
COCTOUT B TOM, 4YTO JJISl UX YCTPOHCTBa TpeOyeTcs 0oJib-
1ee KOJMYECTBO TpyO, YeM MJisd TYNMUKOBBIX CUCTEM.
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Puc. 13. Cucrema BOASHOTO OTOILIEHKA
€ NOIIYTHBLIM JBM/KEHHEM BOX:

1 - KOTEN; 2 - rnaeHbIi cTOAK; 3 — pacluMpuUTEnbHLIi 6ak; 4 — BO3AYXO-
cGopHux; 5 - nogaiowme crosku; B - opaTHble cTosku; 7 - ofparTHas
nvHua; B - pacwwputensHan Tpyba; 9 - Hacoc

28



PCKOMGH,I[EIL[I/II/I I10 BBI60py 1 SKCIUTyaTallun
CUCTEM BOIAHOI'O OTOINICHUA

YT00BI 00JIETYUTH BEIOOP HaumboJiee 1ejiecoodopa3Hoit
CHUCTEMBI OTOILUIEHMS, MpejiaraeTcs clenylolas Kiac-
cuduKkalusgd UHAMBUAYATbHBIX TOMOB U KOTTEIXKEIA:

* mun A - OOHOBTaXHbIE AOMa C IOABAJIOM U 0e3
MnoJBajia C KPyTOil KpbIIEH;

* mun b - ofHO3TaXHBIE AOMA C TUIOCKON KpbIliei
¢ TToIBaJIOM WU Oe3 ToaBaja;

* mun B — nByx- u Oojiee 3TaxkHbIe JOMa C TJIOCKOM
WU KPYTOUM KPBILIEN U C TTIOABAJIIOM.

st nToMoB THMa A peKOMeHayeTcsl IPUMEHEHUE CUCTEM
BOJSTHOTO OTOIJIEHUSI TOJIbKO C BepTHUKaJbHBIMU CTOSIKA-
Mu. OTONUTENIbHBIE CUCTEMBI C TOPU30OHTAIBHOMN pPa3BOI-
KO HE MOTYT OTOIMTh YepaauyHoe MOoMeIeHWEe ¢ KpyTorna-
natoiieit kpoimeid. CucteMy BOASIHOTO OTOIMJIEHUST TaKUX
JIOMOB C TOABaJIOM WJIM 6e3 HEero ejaaTeJbHO BBIMOJHSITh
JIBYXTPYOHOW C €CTECTBEHHOM LIMPKYJIILIMEei ¢ BepXHel Uiau
HUXKHEeH pa3Boakoit. ITpu ycTaHOBKe KOTJa B MOABaJE Bbl-
coTa IBIMOBOI TpyObl 10JIKHA ObITh He MeHee 10 M. B no-
Max 0Oe3 mojBajia KOTJIbl YCTaHABJIMBAIOT HA MEPBOM 3Ta-
JKe, a CUCTeMa JOJI;KHA OBITh TOJIBKO C BepXHEl pa3BOJIKOIMA.

Hng nomoB Tuna b ¢ moaBajioM cieayeT NPpUMEHSTh
CUCTEMY BOASIHOTO OTOIUIEHHUSI ¢ TOPU3OHTAJIbHON pa3-
Bojakoi. Koten xenaTesibHO yCTaHOBUTH B IOJBAaJIE.
B cBa31 ¢ TeMm, 4TO BbICOTa TPpyObl TAKMX JIOMOB HE TIpe-
BBIIIAET 6 METPOB, KeJlaTeJbHO B KayeCTBE TOILIMBA
MIPUMEHSITh a3 WU XUJIKOe TOTLIMBO.

Jns1 nomoB Tumna b 6e3 mogBanaoB TakxKe peKOMEHIY-
eTCs NMPUMEHSTh CUCTEMY BOJSIHOTO OTOILIEHUSI C TOpU-
30HTAJIbHOW Pa3BOAKOW, KOTEJ YCTAHABJIMBAIOT HE 3a-
I1yOJIeHHBIM, a B KauyecTBe TOIMJMBA KeJaTeJbHO Ipu-
MEHEHME rasa Wiu XUJIKOIro TOILIMBA.

J11s1 IByX- M OoJiee ATaKHBIX JOMOB TUMa B 11ieiecoodpazHo
WCIIOIb30BaTh ABYXTPYOHYIO CUCTEMY BOJASIHOTO OTOIUICHUS
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C BEPTUKAIBHBIMU CTOSIKAMU U BEPXHEN WM HUXHEU pa3BOI-
koii. [Ipu ropu3oHTaIBHOM CUCTEME OTOIJIEHMSI HEBO3MOXKHO
MOJIHOCTBIO 000TpeTh Bee nomelteHus gjoma. CrcteMa oToruie-
HUS BBITIOJIHIETCS ¢ ECTECTBEHHOU LIMPKYISLIMEN, TTOCKOJIbKY
JIJTS1 9TOTO BITOJTHE IOCTATOYEH LIMPKYJISILMOHHbBIN Harop. Tak
KaK IbIMOBasi TpyOa y STHX 3IAHMIA MMeeT BBICOTY HE MeHee
10 M, TO KOTJIBI MOTYT paboTaTh Ha JIIOOOM TOILIUBE.

B mab6a. 1 nmpuBeneHbl CUCTEMBI OTOILICHUSI, PEKOMEHIye-
MbI€ JIJISI IPUMEHEHMS B IOMax COOTBETCTBYIOIINX TUTIOB.

Tabruya 1

THOBI HHOUBHAYAJBHEIX JOMOB M
COOTBETCTBYIONIHE MM CHUCTEMBI OTOILIeHH A

Tum A Tun B Tug B
q

Y N | R NN N
Cucrema OTOIIEHMA NN
Cucrema BOgAHOrO
OTOILNIEHMA:
€ BEPTHKAJILHOM PAa3BOAKOM:
BEpPXHEe pacupepeneHmne + X +
HIDKHEe pacnpefelieHue + + +
C rOpM30HTAJILHOM + X + X
pasBoKoil
Boaaymsoe oTonnenue
aoMa + + +
MecTHoe oTomwIEHME:
r'a3oBELIe HArpeBaTeJaun + X - o X X
3MeKTpHYecKue Harpesare- | + X + X X
M C aKKYMYJIALHeH Tenia

Ilpumeuanue. 3amiTpuxoBaHHasl 4YacTh HAa PUCYHKE - KUJIbIE
MOMeIIeHUS, He3allTPUXOBaHHAS - TIOJIBAJIbHBIE; «+» - peKo-
MEHIYETCS; «X» - OOIyCKaercs.
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