


B.B.CTAHLO

HEOPTAHMUYECKME
TTOAVIMEPDI

HU3DATEJNLCTBO «3HAHHUEs
Mocksa 1965



61.27
C76

Bypuoe pa3BHTHe XHMHR OPraHHYECKHX BBICOKOMOJEKYASPHBIX
COCAHHEHHH NPHBEJIO K TOMY, YTO B TeyeHHe MOCJEAHHX Tpex AecCs-
THAETHII OHH CTaNH BAaXKHOH 06MacTbio opraHHuyeckol xumuu. Cne-
yudHka BeULECTB, OTHOCAWMXCS K.ITOH Tpynne, OmNpeAgasercs B
nepsyio ouepeab 6OJLIIMM pa3MepoM MOJIEKYJ.

[To 3TOMY Ke MPHU3HAKY K YHCAY BHICOKOMOJIEKYJIAPHBIX COEAH-
HeHHil Mbl OTHOCHM H MHOTHe HeopraHuyeckue BeilectBa. Camu no
cebe H B KOMMO3HUHH C APYTHMH MaTepHaIaMH HEOPTaHHYECKHE MO0+
JIHMepbl YXKe Tenepb LWIHPOKO NMPUMEHAIOTCA Ha NMPaKTHKe. YMHOXe-
Hile YHCA1a BBICOKOMOJIEKYJISIPHbIX COEAHHEHHH OTKPOeT HOBble 06J1a-
CTH NPaKTHYECKOTO NMPHMEHEHH1 HeOPraHHYeCKHX MONMMEepOB.

B 37oit HeGonbWIOR KHKHXKeuKe HHXeHep-xMMHK B. B. CraHuo
paccka3biBaeT O AOCTHXEHHAX MOJIOAOH HAYKH — XHMHH HeOpraHH-
YeCKHX MosnumepoB, ee GyaylueM, CBOMCTBAX H BO3MOXMHOCTAX ee
NeTHUL.

KHHra moxer GbiTb MoNe3Ha BceM, HHTEPECYIOLUHMCA XHMHeEH
MOJIMEpPOB, CTPOHTEILHLIX MaTEPHANOB H KPHCTAMIOXHMHER.

UYnen-koppecnovaent AH CCCP
B B Kopuwax



TIOJIMMEPB CTA 3JIEMEHTOB

MoryectBo xuMuu 6esrpannuHo. Het B Hawu AHM Takoi 06-
JIaCTH 4esIOBEYeCKOl NesiTeNbHOCTH, Ile He HCMOJb30BaJIHCh Obl ee
Aapbl. 1 notroMy HHKOMY He NoKa3ajoCb CTPaHHbIM, YTO JIETOM
npolJioro rona B 3ajax I'ocynapcrBeHHOro Mysesi peBOJIIOLHH Psi-
IOM C peJMKBHSIMM BeJHYaHIIHX HCTOPHYECKHX CBepLUEHHH KaK
BECOMble JOKYMEHTbI 3MOXH JIerJIM XHMHUEeCKHe MaTepHaJbl U H3-
Jeaus 3 Hux. 3aech Obiia opraHH3oBaHa BbICTaBKa «XHMHs Ha
cayx6e KoMMYyHH3Ma». Kax bl 9KCNOHAT 3TO# He6GOJMbLIOH BbIC-
TaBKH yTBEPXK1aJ BeJHuYNe XMMHH — HAayKH, PeBOJIIOLIHOHU3HPYIO-
eH NPOMbIILJIEHHOCTb, CeJIbCKOe X03HCTBO, CTPOHTENbCTBO, 6HO-
JIOTHIO, ME1HLHHY...

OrpoMmHblit onbiT Hakonuaa xuMus. OHa, Kak apMHs, paslenn-
JlaCb Ha AMBH3WH, NMoJkH, G6aTanboHbl. HacTtynjeHue uaer wupo-
KM ¢poHTOM. OTaenbHbie NOApPa3fe/ieHHsl BbipblBalOTCS Bnepen.
B Hawu pHM aBaHrapa XMMHYeCKOH HayKH — OpraHuyeckas XH-
MHS, a ee nepenoBON aBaHMOCT — XHMHsI BbICOKOMOJIEKYJIS PHbIX
COe1HHEeHHH.

Ho HenpaBuibHO nosaratb, YTO B HEOPTaHHYECKOH XUMHH HET
HOBbIX GOJIbLUMX OTKPbITHH. 3aTHiUbe Ha «HeopraHMyeckoM ¢poH-
re» Kaxcyuleecs. UMeHHo 6narofaps ycnexaM HeopraHuuyeckoit XH-
MHH CTaJyd BO3MOXXHBLIMH NOCTHXKEHHS M NMOJYNPOBOAHHKOBOH TeX-
HUKH, U SILEPHOH SHEPTeTHKH, H PAKETOCTPOEHHS, H HOBOH, HeoObl-
YaiiHO NepCNneKTHBHOH OTPacJH NPOMbILIJIEHHOCTH—CHTAJYPriH.

JlocTH)KeHHs] COBpeMeHHOH HeOpraHH4YecKOH XHMHH He Tak
6pOCKH, HO OrpOMHbBI. A BO3MOXHOCTH Y Hee ellle 6oJiblune, yeM y
OpPraHHKH, TaK Kak 3Ta OTpac/b XHMHH ONUpaeTcs He Ha OAHH,
NYCTb JaXe TaKOoH BeJHKOJIENMHbIA 3JeMEHT, KaK yrjepol, a 4YyTb
JIH He Ha COTHIO HX.

CeroaHs, Ha HalUUX ryasax, HAaYHHaeTCA Nopa uejeHanpasiel-
HOro HeopraHHyeckoro cHHtesa. HeopraHuka npHHHMaer Ha BOO-
pYKeHHe ONbiT, HaKoNJEHHbI OpraHRuecKok XuMHei B obsacTw
CO3[aHHA HOBBIX, H HCCJAELOBaHHS yXe HMEIOLHXCA MaTepuanos,

«Heoprannyeckuin cuute3, — nucan akanemux H. H. )Kaeo-
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POHKOB, — MOXET NMPHBECTH K NOJYYEHHIO KOJOCCANbHOro 4YHCAA
coeliMHeHHil, npuyeM ¢ GOJNbIIHM, 4eM Yy OPraHMKH, MHOrooGpasu-
eM CBOMCTB».

U, xoneuyHo, OrpoOMHOe 3HayeHHe TNPHOOPETYT CHHTETHYECKHE
HeopraHHYyecKHe MOJHMepbl — MaTepHaJbl, KOTOpble COefHHAT B
cebe JyyllHe CBOHCTBA HeOpraHHYeCKHX BelleCTB H OPraHHYeCKHX
HOJIHMEPOB.

Heoprannueckne nojiiiMepsl — 3TO He TOJIbKO HeBeJOMbIE 4y-
JecHble BelecTBa OyAyilero. Y>Ke ceroiHsl y4eHbIM H3BECTHbBI Tbl-
CSYH COeIHHEHHH, ABJASAIOLIHXCA HeopraHHYeCKHMH MNOJHMepaMH.
Cpeau HHX HeMaJio BelllecTB, CO3AaHHbLIX B JabopaTopHsx, 6o/b-
IIHHCTBO XKe — NMPHPOAHbIe COeJHHEHHs, H peldKHe, H OYeHb pac-
npocTpaHeHHble, TaKkHe, HanpHMep, KaK OOLITHLIN DeYHOH MECOK.
OTKpbITHE NONHMEPHOrO CTPOEHHSI MHOTHX H3BECTHBIX BeLLEeCTB
MOJXET MPUBECTH, U B pPsille CAyyaeB yxKe NMPHBEJO K pe3yJibTaTaM,
He MeFee 3HAUMATENbHBIM, geM -CaMbie OJHCTaTelbHble OpraHHyec-
KHe CHHTE3HhI.

KOHEH, MOHOHOMHMH YTJIEPOJIA

Mpi cpaBRRJM XHEMHIO C apMHeH, ee pa3fie/itl — C JAHBH3UAMH,
nonkaMH, 6atanbonamu. JlaBafiTe MPHIrAAAHMCA K HHTepeCYIOUM
Rac OOApasfiefieHAsM, HX 0COOeHBOCTAM, BOOPYXKEHHIO, CHJIbHBIM
H c1aGBIM CTOPOHAM.

Urak, ofna NdBU3Us — BeopraHnyeckad xumus, Coepa ee me-
ATENbHOCTH MeTa/Jbl, HEMeTalaHu (3N1eMEeHTH, KOTOpble paHbllie
Ha3bIBaJA METaAJOHNAMH), OKHCIH, KHCJOTH, IIe/JTO4YH, COJH,
Cy/bguanl, KapGrAbl, HATPUAL H MEOTHE ApYrHe BellkecTBa. B Mo-
AeKyJbl 3THX coennBeHHit 0643aTedbHO BXOAAT AaTOMBI HECKOJb-
KHX, MHHHMYM [BYX, 3JieMeHTOB. XapakTep XHMHYECKO#l CBS3H
MeXIY 3JeMCHTaMH B 3THX COEXHHEHUSX CTPOro OMpefeseHHBIN:
B GONLMURCTBE CIy4aeB 3TO HOHHAs CBA3b, OCHOBaHHAfd Ha 3heK-
TPHYECKOM B3AWMONEHCTBHA TOJOXHTEJIbHO 3apsilKeHHbIX KaTHO-
AOB METaJJIoB U OTPANATENbHO 3apHKEHHHIX aHHOHOB, B COCEaB
KOTOpBIX BXOASIT HEeMeTalJIkl.

O 66eBHIX KagecTBax AMBH3HM CYAAT DO ee COJAATaM.

Y30 xapakTepro Aas GONbIEHHCTBA HEOPraMMIeCKMX COeaH-
Henwil? Kpacrannuseckas cTpykTypa, 6o/binas RMpOYHOCTD, TOJI-
HOe OTCYTCTBHE 3JaCTHYHOCTH, BhICOKAA TEMIOCTORKOCTh. MHOr#e
HeopraHH9ecKHe COelNHEeHHs BEILEPIKABAIOT TeMRepaTypy B ThiCH-
yy rpafycoB H Bblllle.

Hpyras IHBH3ES — OpPraHWYecKas XHMHAS.

lnaBras uyepTa OPraRAYECKOro COEKWHEHHA -— TPHCYTCTBHE
yraepona. CoSCTREHRD, OPTARHTGECKast XHMHA — 3TO XHMRS yrae-
pona. Ero aromn — oGasaresbRu aTpE6YT M0G0k opragryeckod
MOJICKYJIbl OT IpOCTeitiiell MeTaHoBOR 4O CaMOM C/IOXKHOH H 3ara-
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ROYHON — MoMeKyJsn Genka. OXHH H3 OCHOBHBIX NOAKOB 3TOA AH-
BH3HM — XMMHS BbICOKOMOJIEKYJISIPHBIX COeluHeHul. B ee Bemedun
HaXOAATCA BeHleCTBa C CaMbiMH TsDKeNLIMH MojeKyliaMd. Moue-
KyJApHBEL BeC NOAMMEpPOB B RECATKH, COTHH, TRICSUM, a HHOrZa H
B MHJIJIHOHH pa3 GoJiblle, YeM HH3KOMOJIEKYJ/IAPHBIX COeAHHEHHH.
Ot pasmepa Mosieky. 3aBHCAT CBoKCTBa BeillecTB. Eciin stunen —
ra3, To DOJM3TWIEH — 3TO TBepAble Mpo3pauHble TabJEeTKH U Kpy-
AHLbL, OpeBpallalonikecs Nocje COOTBETCTBYIOLIeA 00paboTku B
NIPOYHYIO TOHKYIO NJEHKY.

Bce Tranyu cusozo opzanu3ma, opesecuna, Koxa — npupoo-
Hble noaumepboL.

I1ractmaccol, kKayuyk, UCKYCCT8EHHble B8QA0KHA — B80T QCHOB-
Hble 2pynnol NOAUMEPOS, POHCOEHHbIX Xumuel.

B naboparopuax yueHbHIX cO3NaHBl MHOrOYHCJEHHblE NJAacT-
Macchl H NepBOf U3 HHX Obl LeJJTYJIOH].

Hacrynun peapuareift Bek. Ero oTKpBITHS Aajm mpaBo akaje-
meky H. H. CemenoBy npou3nectd Takue cioBa: « He nago 3a6ni-
BaTh, YTO MaTepHaJbl — ITO camMass KOHCEPBATHBHAs M eNBa JH HE
riaBHasi YacTb TeXHH4yeckoro mporpecca. Hepapom spui pa3sHTHa
yYeJoBe4ecTBa Ha3BaHbl MO ynoTpeGJseMblM MaTepRasaM, — Ka-
MeHHbI, GPOR30BLIH, JKejle3HbH BeK. §I Xymalo, 4r0 TPH-YETHpeE
fleCATKA JeT Ha3aj B pe3yjbTaTe Pa3sBHTHR XAMHAHM Havajlcg HO-
Bblil BEK — BeK CHHTETHYECKHX NOJHMEPHLIX MaTephnanos. XuMAg
JO3BOJMT CO3HAaTeJbHO MPWAABATb STHM MarepHaaam Jaiobnie 3a-
JaHHBIe CBOMCTBA AJs JIOOHX LexeH.

O BO3MOXROCTSIX MOJTMMEPHOH XHMHH CBHAETE/NLCTBYIOT XOTH
6Ll TaKkHe NMpHMeEDPHI.

Tonna nosusTusrena npu u320To8AeRUL Kabers 3amenaer
6 ToHK ceunyQ.

Droseann camoarera, u3z0TOBAEHHbIE U3 CTEKAOTEKCTOAUTA, 8
noATOpa PA3G NPoYHee METANNUECKO2O.

IlodwunnuKky 13 cUNTETUYECKUX RAGCTUKO8 8 YCA0BUAX azpec-
CUBMbLX Cped paboTaroT HAMHO20 O0AbUie CTAAbHLIX, He DOATCH
yoapos, ne TpeGYOoT CMA3KH.

C nomowbio ROAUMEPHOZ0 KAesl, CUHTE3UPOBAHHO20 XUMUKAMU
TP, 6e3 caapru u 6e3 3aKAENOK ROCTPOEH METAAAULECKUE MOCT
Oaunoii 6oaree 50 merpos.

INTopo6GabIXx NpUMEPOB MHOXKECTBO.

3ameuaTte/bibl CBOACTBR CUHTETHUECKHX MO/IMMEPOB Ha OCHO-
Be yTJIepoaa, HO ecTh Y HHX H OOHIHi NMOPOK — MaJiasi TEpMOCTOM-
kxocTh. OBHH He BHIIEPIKHBAIOT TEMNEPATYpP Bhillie HECKONIbLKHX CO-
TeH rpaiycoB. K ToMy e y OOJbLUIAHCTBA M3 WHX PEe3KO H3MeHd-
10TCSl CBOHCTBa HPH Re OYeHb GOAbINIMX, NMOPAALAa HECKONbKHX JRe-
CATKOB TpaldycoB, TeMNeparypHLIX nepenagax. 3To HaMHOFO OF-
paHmYKEBaeT OGIACTH NpHMEHEHH KapOOHERHbIX MOJIHMEPOB.

Muorme XHMHYECKHe CBOHCTBa YI/A€poAa APHCYLUH KPeMHUIO,
B TO e BpeMs TemIOCTOHKOCT: GOALMIEHCTBE COCAMHEHUA Kpem-
HAS B KECATKH pa3 Bhlle TEILIOCTOMKOCTH OGLIUHBLIX NOJAMEPOB.
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YueHble CyMe/IH BBECTH B NIOJTHMEPHbIE MOJIEKYJIbl aTOMbI KPeM-
HHSl M JPYrHX 3JIeMeHTOB, 0Gpa3yIOlHX TeNJOCTOHKHe coeaHHe-
Huda. Tak nosBHJAach XHMHS 3JIEMEHTOOPraHHYECKHX BbICOKOMOJE-
KynsipHbIX coelHHeHHH. Bosblioli BKAan B 3Ty OTpacab HaykH
BHec/1H coBeTckHe yueHbie K. A. Auapunanos, B. A. Kaprun, B, B.
Kopwak, A. H. HecmesHoB u mHOrHe apyrue.

OnHHM M3 BaXXHEHIIHX NOCTHXKEHHNA 3JeMeHTOOPraHHKH CTaJo
CO3/laHHE CHHTETHYECKOro CHJIMKOHOBOIO KayuyKa, KOTOpbLIf He
TepsieT 31aCTHYHOCTH NpPH Temneparype ot —80 no +250°.

OcCHOBHYIO Liellb er0 THraHTCKHX MOJIEKYJ COCTaB/ASAIOT MOBTO-
psloLIHeCs aTOMbl KHCJOPOAA H KpeMHHsl B OKPYXXEHRH OpraHuue-
CKHX YIJIeBOAOPOAHBIX PafHKaJOB.

B nocneanne roibl OTKPHITHI M CO3M@aHbl MOJHMepHl BoOOOLLE
6e3 yriepoaa. Mix-To u Ha3biBaloT HeopraHuueckuMu. Ho k aro#
JKe rpynne yyeHble PHYHCJIAIOT H HEKOTOPbIE COEAHHEHHs, coaep-
JKaulie yryiepoj, H Aake Ba BelleCTBa — aJjiMa3 u rpadurt, moJe-
KYJIbI KOTOPLIX COCTOSIT JIMLIb M3 aTOoMoB yraepoaa. Ha kakom oc-
HOBaHHUH?

CuyuHTaercs, 4TO MOJIEKY/la OPraHHYecKoro CoeHHeHHs NOJIKHA
06s13aTeIbHO BKJIOYaTb B ce6s1 aTOMbl He TOJbKO YrJjepoaa, HO H
BOAOPOAa HJH rajounoB. [losToMy H B wKoJe anama3s, rpadHT,
OKHCJIbI Yryiepoaa, COJIH YroJibHOH KHCJOTHl H KaPOHABI PasJIHYHbIN
METaJIJIOB H3YYaloT B Kypce HeopraHHueckoi XHMHH. M Bce Xe
MHOrHe CBOMCTBA ajiMa3a M rpagura, a Takxe HeKOTOPbIX KapOH-
JI0B YKa3blBalOT Ha TO, YTO B pa3psiil HeOPraHHYeCKHX NoJHMepoB
OHH 3aHecCeHbl N0 Npasy.

B nocseayiouux riaBax Mbl paccKka)kem o6 3THX CBOHCTBax, a
NoKa BCIIOMHUM elle O ABYX 4epTax, MPHCYLIHX BCeM coJjaTaM
«BbICOKOMOJIEKYJIIPHOTO MOJIKa».

Monekyabl noN1HMepoB GbIBalOT NHO0 JHHEHHBIMH, JHOO naoc-
KHMH, JH60 060beMHLIMH. YcaoxHelHe ¢GopMbl, TaK JKe Kak M yBe-
JIHYeHHe MOJIEKYJIIPHOTO Beca, BefleT 06bIYHO K MOBLILIEHHIO MPOY-
HOCTH H TENJIOCTOHKOCTH mosiuMepa. DTO MPaBHJIO pacnpocrpa-
HSIeTC M Ha HeopraHWYeckHe BLICOKOMOJIEKYJsipHbIE BeLLEeCTBa.

CBoiicTBa BBICOKOMOJIEKYJISAPHbIX COEJHHEHHA OGDbACHAIOTCA
TaKXe H XapaKTepoM XMMHUYEecKo# CBA3H., B uX ryiaBHOM uwenu HJH
cKeJsieTe BaJlIeHTHble 3JIeKTPOHbI ABYX WJIH HECKOJbKHX aTOMOB CO*
CTaBJIAIIOT e1HHOe 3JIeKTPpOoHHOoe o6sako. OHH Kak Obl NpHHaAMJe-
>KaT ONHOBPEMEHHO H TOMY H APYTOMY APy H, Bpallasch BOKpPYT
HHUX, BHIMHCHIBAOT BOCbMepPKH. Takas cBf3b, Ha3biBaeMas KoBa-
JIEHTHOH, OYeHb MpoyHa. Yro6bl ee pa3pywinTb, HaAO 3aTPaTHThb
60J1bIlIOe KOJIHYECTBO 3Hepruu. 3aMeTHM, YTO UMEHHO H3-3a 3TO-
rO TPYAHO NMOJYYHTb aTOMApPHLIH KHCAOPOA WJH a30T. MoJieKyJbl
3THX H HEKOTOPHIX APYrdHXx rasoo6pasHbiXx 3J1eMeHTOB COCTOAT H3
IBYX aTOMOB, CBfI3aHHbIX KoBaJieHTHO. Ho ecsin Ha pa3phbiB KOBa-
JIEHTHOM CBI3H B FPaMM-MOJIEKYJle KHCJOPOAa HYXHO 3aTPaTHThb
Bcero 37 xkaa, TO paspylieHHe CBsI3M MeXAY YIJIepPOAHBIMH aTo-
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MaMH B MOJieKyJ/e nojuMepa TpebyeT B ABa C JHUWHHUM pa3a 60.b-
1€ SHEePruu.

[Tono6Hyto cBsisb MoryT 06pa3oBbLIBATb HE TOJIBKO YrJIepoX, HO
H HeKoTOopble Apyrue sieMeHTbl. B Tabanue JI. M. Menpeneesa
OHH 3aHHMAIOT LEHTPaJbHYIO YaCTb M B GOJBLIMHCTBE CBOEM He
ABJASAIOTCS MeTaqagsamu. 1o 60p, KpeMHu#, docdop, cepa, Mbilib-

Puc. 1. KoBaJieHTHasA CBA3b B MOJIeKyJie BOAOPOAA.

fiK, repMaHuil, cenex, TeN1yp, CypbMa, BHCMYT, NMOJIOHHI H 0JI0BO.

Bce 3TH 3j1eMEHTHI Tpex-, YeThipex-, MATH-, MEeCTUBAJIEHTHbI, a
BeJIMYHHA IHEPTHH CBA3H MeXJ1y HX aTOMaMH xoJebJaercs B J0-
BOJIbHO LUMPOKHMX npexenax — ot 39 no 70 xkkas/morb. ITO MeHb-
uie, yeM y yrjepona, Ho GoJblle, 9eM AJA ra3o06pa3HbIX JeMeH-
T0B. Hekotopble W3 HHUX cmOCOGHbI 06pa30BLIBATH BLICOKOMOJIEKY-
JIsipHble COeJHHEHHS.

[NMonuMepsl, Y KOTOPLIX I'1aBHAas LEMNb, HIH CKeJeT, COCTOHT M3
NOBTOPSIOILHXCSH aTOMOB OJHOrO H TOTO XKe 3JieMeHTa, MOJYYH.IH
Ha3BaHHE 2OMOYENHbLX.

B oTanuHe OT HHX MOJIKMEPbl CO CKEeJNeTOM, COCTOAIUHM H3
aTOMOB Pa3HbIX 3/IeMEHTOB, Ha3bIBAlOT 2eTepoyenHvimy. STOT BHA
HeOpraHH4yeCcKHX nonnmMepoB HauGosee pacnpocTpaHeH H, MO-BH-
IHMOMY, TlaBHHE NYTH He/JeHANpaBJeHHOr0 HeOpPraHu4yecKoro
CHHTe32 MpPOHAYT uepe3 reTepoLENHble BbLICOKOMOJIEKYISPHbIE
coeausenus. Ho u cpeau HeMHOroymcJ/ieHHEIX rOMOLENHBIX Heopra-
HHYECKHX MOJIHMEPOB eCTb BaXcHble U HMHTEpeCHble BeLieCTBa,
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TOMOLIEMTHBIE TOJHMEPI

YenoseuecTBY NaBHO HM3BECTHO HECKOJbKO pPasHOBHAHOCTEI
docpopa. Benwvit uau xentoiit pocdop — ANOBHTOE, JNErko BOC-
niaMeHsiiolleecs, CBeTALLEECS B TEMHOTe XOJOAHBIM 3€JIeHOBATHIM
CBETOM, MArKoOe, KaK BOCK, BELLeCTBO.

KpacHubtit ¢pocop — cpaBHHTEIbHO 6€30MaCHbIA, LIKPOKO MpH-
MEeHSIOLUHACS B CMHYEYHOH NPOMbIIIJIEHHOCTH NMOPOLIOK.

PasnoBuasoctn ¢ocdopa HOBOJBLHO JIerKO NepexoiaT OfHA B
apyryio. Yto6bl npeBpaTiTb Genblit hocdop B KpacHbIH, AOCTATOU-
HO HarpeTb ero B 3anastHHOH MeTaJljiMyeckoi Tpy6GKe fo Temnepa-
Typbl 500°. Ecan e HarpeB GydeT NPOUCXOAHTbL MpPH JaBJEHHH B
12 Thic. arm, BMecTO KMPHNHYHO-KPAaCHOrO MaToOBOrO MOpOLIKa NO-
JYYHUTCSA TEMHO-Cepblil, INISHLEBHTbIN, TOX0XHH Ha rpadur. ATo—
yepHblit ¢pocdop. MeHAS YCIOBHS peaKkiL Uy, MOXKHO NOJYUYHTH elle
IBe pasHOBHAHOCTH ¢Qochopa — KOpHUHEBBIH U (PHOJIETOBLIH.
Y Ka)kao# W3 HHUX CBOH (pM3MUECKHE CBOMCTBA, a XHMHYECKH Bce
NATb BHAOB — OJHH U TOT Ke docdop.

CoBpemMeHHasi HayKa OGBACHSIET «MHOroOJIMKOCTby (ochopa
pasHuLell MOJIeKY/siDHBIX BECOB Ka)XA0H MOAHGDHKaLHH.

Benblit hocthop — HH3KOMONEKYISIPHOE BELLECTBO; B €ro MoJe-
KyJly BXOASIT JIHIUb YeTbipe aTOMa, NOCTPOEHHBIX B (OpMe Terpa-
sapa. Ilpu HarpeBaHuH OH, B 3aBHCHMOCTH OT YCJIOBHH, npeBpa-
LlaeTcs B TY HJIH HHYI0O MaKPOMONEKYJISPHYIO Pa3sHOBHAHOCTb.

KpacHbi#t, kopuuHeBbiit, huHoneToBbIH H yepHbiil Gpochop ABAS-

/

o///////////. //

//////////////////////////// W,

4, Y ///////////; ;//'

Puc. 3. CrpoeHne mMoaexkyabl rpaduTa,
I0TCS MOJIHMEpaMH M OTJIHYAIOTCA APYT OT APYyra JHIUb CTeNeHbio
ynopsiAoueHHOCTH MaKpoMmoJsiekysn. HauGosee BbiCOKHi MOJIeKY-
JIAPHbIH BeC M HaWGoJiee ynopsOueHHOe CTPOEHHe HMEET YepHbiil
¢ochop. Ero cxonctso ¢ rpagHTOM He TONBKO BHeLIHee, HX MO-
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JIeKYJbl TIOCTPOEHbI MOYTH OAHHAKOBO. ODTO THIHYHHE CJAOHCTHE
nosumepbl. Ha puc. 3 nokazaHo cTpoeHHe MoJieKyn rpadwura.

Jo HemaBHEero BPEMEHH CYHTAJIH, YTO 3JIeMEHTAPHBIl yraepol
6biBaeT Tpex BMAOB: aMOp(HbIH yraepox, rpadur u aamas, Ilep-
Bbiii COCTOMT M3 HeyNnopsifO4YEeHHbIX YrJepOAHbIX Liered, KoTopbie
ApH CHIbHOM HarpeBaHuu (2000—2300°) 6e3 AOCTyNa KHCJIOPOAA
nepecTpauMBaioTca B 6ojiee CTpOiiHble Psilbl — TUIOCKHE CETKH
WECTHYTONbHBIX KOJEl, COeAMHEHHble MeXAY COGOM pefKHMH,
Aerko paspyliaeMbiMH neperopoikamMi. Tak o06pasyloTcsi Makpo-
Mosaexkyabl rpaguta. Mx cBoeoGpasHoMy CTPOEHHIO KapaHAaulH
06s13aHbl CBOEH CMOCOGHOCTBLIO OCTaBAAThL CJel Ha Oymare.

B nporuBoBec yraio, aima3 oG.agaetr HauboJee ynopsiaoueH-
1HOil CTPYKTYpPOH M fABJdeTcs KJaccHyecKHM o6paslom ype3mep-
1Oro Heopranuueckoro mojnmepa (puc. 4). Kaxabiii atoM yrJae-
pPOAa B ajiMa3e CBSi3aH KOBaJIEHTHOMH CBSI3bIO C YeThIPbMS APYTHMH,

o
vaajaeHnbiMu OT Hero Ha 1,54 A | [IpumepHO Takoe e paccTosiHue
pasensieT aToMbl yrjiepoja BO MHOTHX MPOCTHIX OPraHHYECKHX
COEIHHEHHAX.

B nawwu pnu, Korga yxe ocy-
HiecTBaeH GuucTaTeNbHbIA CHHTE3
HCKYCCTBEHHOTO anmasa H Mbl
3HaeM, YTO A/ NMOJYYEHHS HaH-
GoJiee ynopsiAOYEHHBIX CTPYKTYP
HYXHbl OFPOMHBIE TeMMepaTypbl
H TUTaHTCKHe [aBJIeHUS, HeJb3s
He BCNOMHIITb O MHOTOYHCJIEHHBIX
M yaiwe Bcero OecnJOAHBIX TO-
NbITKax CO3/aTh HCKYCCTBEHHbIH
anMas, HMeBIUHX MeCTO B MpOIL-
aoM. Ha3zsectHbilt dpaHLy3cKui
XMMHK MyaccaH B KOHLe npoui-
JIOro BeKa pacTBOpsAJ caxapHblil
yroJib B pacnJ/aBJ/IeHHOM »eJie3e
¥ noTtoMm ObICTPO OXJaKnan pac-
nnas Bojo#. [Tocne pacTBopenus
MeTaasna B KHCNOTE OCTaBasHCh
MeJIKHe KpHCTa/JIHKH, NOXO0XHe
Ha anma3. Heckosbko yueHbIX B

Puc. 4. CTpoeHne MoOneKy.1bl TeYeHHe TPHAUATH JIeT NbITAaJHCh
anmasa. BOCNpOM3BeCTH onbiT MyaccaHa,
Ho GesycneluHo.

M anwb ray6okue TepMOAMHAMHYecKHe pacuyerthbl, NMPOBEAEH-
Hble B 50-X ropax Hawiero BeKa, NMOKa3ajM, YTO B TeX YCJOBHSIX
anMa3 ¥ He MOT NMOJIYUHTbCS.

B nawu{ AHW CHHTE3 aAMa30B YXXe OcylUlecTBJIeH B NMPOMbILI-
AeHHbIX MacwTabax. AnMa3sbl poXAalTCs B TOJNCTOCTEHHBIX Me-
TaJJIHUECKMX KaMepax, B KOTOPbIX B TeyeHHe MHOTHX 4acoB MOA-
nepxuBaerca AaBieHHe nopsaaka 100 tTeic. arm u TeMnepaTtypa
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ceoire 2500°. B 3THX yc/0BHAX aTOMBI YrJjiepoAa BbICTPaUBAIOTCH
B MeJibuaiiliie KpHUCTaMJUKH. TBEPAOCTb HCKYCCTBEHHBIX a/iMa30oB
Bbillle, YeM NMPHPOAHBIX.

Co3natb anmas TpyaHo. 'opasno Jerye ero paspyuwurb, pac-
aTaTh HarpeBaHHeM ero HA€a/bHYIO CTPYKTYPY M TNpeBpPaTHTb
ero B yronb uau rpadut. Eute B konue XVIII Bexka JlaByasbe yna-
JIOCh CXKeyb asiMa3, J0Ka3aB TeM CaMblM €ero MOJHYK HAEHTHY-
HOCTb yrio u rpaguty. Ho He ToNbKO HarpeBaHHe paspyluaer
anmas.

XHMHKaM, HCceAYoUIMM CBOHCTBA MOJIHMEPOB, H3BECTHO, UTO
6oM6apanpoBKa HeHTPOHAMH MPHBOAHT K APOOGJEHHIO MOJIEKYJ
OGBIKHOBEHHBIX MosKHMepoB. Kak mokasanu HccieAoBaHHA aMepH-
KaHCcKUX yyeHbix JleBn u Kamepepa, To ke camMoe MPOUCXOAHT H C
anmasom. O6cerpesisiB HeHTPOHAMH a/JMa3Hblil MOPOLIOK MPH TeM-
neparype B 500°, OHH NOJYYHJIH aMOpGdHOe BelecTBO. DTUM elue
pa3 NOATBEPAHMJOCH MOJHMEPHOE CTPOEHHEe KDPHCTAJJOB «KOpOJS
TBEPAOCTH».

UYTo MOXKeT AaTb H3yyeHHe aliMa30B C MO3HLUHI XHMHH BBICOKO-
MOJIEKYSApHBIX coeqHHeHHH? CTOPOHHHKH TMOJHMEPHON TEOpHH
CTPOEHHS a/iMa3a CYHTAIOT, YTO aama3s Jioboro pasmepa COCTOHMT
BCEro M3 OJAHOH MOJeKyJbl. BO3MOXHO, yTO monuMepHast XHMHSA
MOMOXKET MOJYYHTb HCKYCCTBEHHBbIH ajiMa3 ¢ MeHbLIMMH 3aTpara-
MH 3HEPruH HJH BbIPAaCTHTb 6OJiee KpymHbie MOJEKYJ/bl-KpHCTa-
abpl. A MoxeT GbiTb yOacTCsl CO3/aTh aJMa3onog06Hble CTPYKTYpHI
M3 aTOMOB APYFrHX 3JIeMEHTOB.

Brnpouewm...

Lutupyto kHury M. BacuabeBa «3HaKOMble HE3HAKOMILbI»,

«[loroBoprM o BewiecTBax, eule GoJiee TBEpIbiX, YeM aJaMa3s,

A pa3Be ecTb TaKHe BellecTBa?

Ouu nosiBuaKCbL B caMoe nocneaHee Bpems. COOOLIEHHS 0 HHX
elle OYeHb NMPOTHBOPEUHBBI, HETOYHBI..,

Peub npet o 60po3oHe.

AT0 coeaHHeHHe Gopa ¢ a30ToM. XHMHUYECKHI aHaaH3 cooblua-
eT, uTo B 6opo3oHe copepxkutcs 40,5% Gopa u 50,1% asora.
A peutreHorpaduueckHit aHaHM3 CBHAETENBCTBYET, YTO aTOMbI
Gopa M a30Ta PacnoJ/IOXKeHbl 3leCb TaK e GJH3KO, KaK aTOMbl
yrjepoaa B aamase».

Jlo6aBuM K 3TOMY, 4TO 60pO30H HaHbO/ee cOBeplUeHHAs MOMLH-
¢uKauus reTepoLenHoro HeOpPraHHYeCKOro fMoaHMepa — HHUTpHIA
6opa. OG6bluHbIi HHTPHA 6Oopa MO CTPYKType MoJieKya nojobex
rpadury. Bopo3on nonyuaior B «a/sMasHbIX» YCIOBHSAX BBICOKHX
paBneHHil v Temnepatyp. Ero HeB3pauHble Ha BHA KPUCTAJbI Lia-
panaioT aamasHole rpaHd. OH He pa3saraetcst NpH TeMnepaTtypax
soiwie 1500°, B TO BpeMs Kak a/iMa3 CropaeT NpH 3HAYHTEJbHO
foJiee HU3KHX TeMNepaTypax.

Hanbueiluee pa3BuTHE HCCJAENOBAHHH HeOPraHHYeCKHX MOJIi-
MepOB H HOBble HeOpPraHHYecKHe CHHTE3bl MOTYT NMPHBECTH K CO3-
JAaHHIO HEBHAAHHO TBEPAbIX M NMPOUYHLIX MATEPHAJIOB,
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Bopo3od — numib 0OAMH M3 HEOPTaHHYECKAX MONHMepos Gopa.
DJIeMeHTapHbIi 60p TOXKe ABJAECTCA HEOPraRMYECKUM MOAHMEpOM,
HCCael0BaHHE KOTOPOro ¢ MO3HUMH MaKPOMOJIEKYAADHON XHMHH
He6e3bIHTepecHO.

bop — ouyenb cBoeoGpasHuiii 3neMenT. Ou Haxomur pabory
TaM, Tie ApyrHe 3J€MeHTbl 6ECCUIbHBI.

BonbiuHHCTBO BellleCTB, W B NMEPBYIO OUepelb MeTaMbl, TEM
Jiyqile NPOBOAAT 3/MeKTPHYECKAN TOK, 4eM HHXKe MX TeMneparypa.
A snekTponpoBoaHOCTb Gopa, Ha060POT, YBETHUHBAGTCS C POCTOM
Temnepatypnl. Ilpm Harpesauwu po 600° oHa Bo3pacTaer B
100 pa3! A BOT eme onHO HeoGbIKHOBEHHOE ero cBodcTBo. Cosep-
HIEHHO TMO-pPa3HOMY OTHOCATCA K HelTpoHAaM ABa M30TONa 6opa —
60p-10 1 6op-11. Bop-10 oTninuro morsoulaeT HEHTPOHEI, MOITOMY
OH CTa/]l MaTepHAJIOM DPEryJHDYIOIMHX W aBapUHHBIX CTepXKHEH
allepAbIX peakTopoB. Bop-11, HanpoTuB, «npo3paueH» And HEHTPO-
HOB, HO oOJlafaeT psAOM CBOWCTB, XKOTOPbie AeJal0T e€ro Hesame-
HHUMbBIM B APYTHX OTPaC/AiX HAYKH.

Bop Mmoxer cywectBoBaTh B ABYyX Moaudmkauuax. OnHa M3
HUX — MSAITKHi1 3eleHOBaTO-Oypblit aMOp(PHbBIA MOPOIIOK, BTOPpaA—
MeJIKAe KPHCTaJJibl, MO TBEPJAOCTH NMOYTH He YCTynaloiiue aamaasy.
IlepBasi pa3HOBHAHOCTb — HH3KOMOJIEKYJIRPHASA, BTOpAasi — MOJH-
mep. OT Hee u Geper CBoM 3aMeuaresibHble CBO#CTBA GOPO30H.

ITonrMepaMu sBAAIOTCA ellle ABa BaXKHLIX 3JeMeHTa: repMa-
HW M KPEMHHH — rJlaBHbie 3J€MEeAThHl COBPEMEHHO¥ MOoJaYynpoBOL-
HUKOBOHl TeXHHKH. BO3MOXKHO, YTO H3yyeHHe 3THX 3JIEMEHTOB C
no3uuuil noJUMepHOH XHMHH 06JerYuT mnoJjyyeHue Heo6XOAMMOro
KOJINYECTBa «AEBATOK UHCTOTbI» FepMaHUA U KPEMHRSA, CTO/Nb BaX-
HBIX A/ pafHO3JIEKTPOHHKH.

HaiinyT npuMeHeHHe u roMouenHble MNOJWMEPHl APYTrHUX 3Je-
MEHTOB, B yacTHOCTH cepbl. O6blunas pomGHuecKas cepa—He Mo-
anmep. B ee Mosekyse Bcero poceMb KoOJbueoOpa3Ho pacnoJo-
»KeHHbIX aTomoB. Ho HarpeBaHue u pacnJiaBjieHHe cepbl MPHBOAAT
K paspbiBy koJeu. O6pasyioTcs AJHHHbE JHUHEHHblE LEnd MoJe-
Ky nonumepa. Ecaun BHANTL pacnaas cepbl B XOJOLHYIO BOAY,
NONYUHTCA 3JacTHUHas cepa. Ee MosieKy/nsipHBIA Bec ROCTHAraer
1500 000, ona cnoco6Ha BHITArWBATLCA B BOJMOKHO C Npoylo-
ctbio 11,2 xk2/mm2 1 pawollee pPEHTreHOrPaMMy, THIHUYHYIO AJd
BOJIOKOH,

Ecan 661 ynaaoch HaTH cTaGHIM3aTOPHI CBOACTB TAKHX BO.IO-
KOH, MO>XHO Obljio Obl MOJy4aTh HeOObIUAWHO JelleBble TEXHHUe-
CKHe TKaHM H3 cepbl. Beab TeXHOJOrWs noJyaeHHsA 3TOTO MOJHMe-
pa HeOOBLIKHOBEHHO npocTa, a chipbeBas 6a3a — HeorpaHuuyeHia.
TlepBbie MOMBITKH OTLICKATb TakHe CTaOHIH3aTOPH yxKe CAe/aHbL
YcTaHOBJIEHO, YTO JINHeliHbie LeMH cepbl CTaHOBATCA Goaee ycToOii-
YUBBIMH, €CJIH HAa MX KOHLAX HAaXOJAATCA LIeJOYHble MeTalJibl, Ha-
NpHMep KaJHH, B BHJE 110JHCYNbPHLOB.

B 06bluHbIX K€ YCJIOBHSIX TMOJHMMepHas cepa NOA AeHCTBHEM
cBeTa M APYrHX (PaKTOPOB Yyxke yepe3 HECKOJNbKO JHe# Tepsaer
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3/1aCTHYHOCTb, BHOBb MNpeBpalllasicb B HH3KOMOJIEKY/SPHBI Npo-
RYKT.

JIMHeHHBIM TIONIHMEPOM SIBJISIETCA M 3JIEMEHTApHbIH CceJieH, HO
3M1aCTHYHbIE CBOHCTBA OH HMeeT JIHIb B O4YeHb HeGOJBbLIOM TeM-
nepaTypHoM HHTepBaae — oT 70 no 90°. Mi3BecTHbl BEICOKOMOE-
KyJsipHble MOIH(QHKAUUH MbIIIbSIKA H CYPbMBI.

K roMouenubiM nosuMepaM OTHOCATCS M HEKOTOpble COelHHe-
HHSA 3JIEMEHTOB, O KOTOPHX pacCKasaHo B 3TO# ruiase. I'1aBHas
0enb MOJIEKYJIbl CH/1aHAa COCTOUT M3 KPEMHHEBbIX aTOMOB, a OKpY-
XaloT ee HOHBI BogopoJaa. [locnennnii moxer ObITh 3aMelleH XJO-
poMm, Gpomom uan #oJ0oM. Mi3BecTHr Takxe monuMepHbie THIApH-
bl repmaHus, Ho Takux coelHHeHHHA OueAb Maso, H WIHPOKOro
NpHMEHEeHHs OHH MOKa He HaLlJIH.

TETEPOLETTHBIE HEOPTAHHYECKHE TOJIAMEPBI

HamHoro ofuupHee KJjacc reTepouenHelXx BbICOKOMOJEKYJsp-
HblX HEOpraHMYeCKUX BellecTB. B rsiiaBHyi0o 1nenb HX MOJIEKYJbI
BXOAST aTOMbl PAa3JIHYHLIX 3JeMeHTOB. IIpOYHOCTL CBA3eil MeXAY
aToMaMHi B reTepouenH WHOTAA NpeBLIIAaeT NPOYHOCTH CBA3H
MexJy atoMaMH yraepona. 'etepolienHbIMM NMOJHMepaMU SBAA-
I0TCS MHOTHe M3BeCTHble MaTepHaJihl: IleMeHT M KBapl, acGect H
cTeks0, pyGHH H catoa. Jlaxe Takoro, naneKo He MOJIHOro nepeuy-
HSi BNOJIHE NOCTAaTOYHO, YTOOL! CTa/J0 OYEBHAHBIM OrpOMHOE 3Ha-
yeHne reTepoLENHbIX HeOpraHHyecKUx nonumepos. IlpousBoacTso
HEKOTODPLIX NpeACTaBUTeNeH 3TOr0 Kjacca BELEeCTB HCYHCAAETCA
THICAYaMH TOHH.

Heoprannueckue noJjiuMepnl JexXxaT B OCHOBe GOJILILIHHCTBA
COBpPEMEHHbIX CTPOMTEJbHLIX MaTepHasoB, 77% OT Beca 3eMHO
KOpbl COCTaBJIfIOT NOJNHMepHEIE COeAMHEHHsT KPEMHHS, aNlOMHHHS,
MarHius, KiCJ0pPOAa W APYTHX 2JjieMeHTOB. B Monexyawl retepouen-
HbIX HEOpraHH4YeCKHX NOJHMEPOB BXOASIT MOYTH BCE 3JEMEHTHI
NepHOANYECKOHA CHCTEMBI.

[TonnTka KnaccupHKanMy OrPOMHOrO KOJIMUECTBA rerepouen-
HbIX HeOpraHH4YeCKHX MOJHMMEPOB NpHBeJa K YCTAHOBJEHHIO MATH
OCHOBHBIX Tpynn. JTO — NOJKRMEpPHblE OKHCJbI, COeAHHEHHA KHC-
JIOpOAa; yriepoacojeprKalilie noJuMepHbe KapOuabl; MONHHUTPH-
Abl, B MOJIEKYJIBl KOTOPbIX 0653aTeJbHO BXOAHT a30T; MOJHCYJIb-
¢uabl ¥ nonn6opuab. Ho oTHIOAB He HCKJIOYaeTcss BO3MOXHOCTb
yuacTHa B 00pa30OBaHMM MOJMMEpPHBIX Lenefl JPYrux 3/eMeHTOB.
Jla)xke 61aropoiEble MeTaJJlbl IEPBON IPynnbl NepHOAHYECKOH CH-
CTEMbl 371eMEHTOB 06pasyioT HEMHOIOYHCJEHHble BLICOKOMOJIEKY-
JAspHble BewlecTBa. Tak, coBerckue yuennle [I. C. )KnanoB H
E. A. lllyramM HawaH, YTO LHAHHA 30J0Ta MOCTPOER H3 UEMHBIX
MOJIeKYJ1.

HsBecTHa rpynna JIHHeHHbIX MOJHMEPOB, B OCHOBHYIO LENb
KOTOPbIX BXOAAT ABYXBaJeHTHble MeTas bl BTOpoi rpynnsl. Jloka-
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3aHO, YTO NMOJIHMEPHOe CTPOEHHe MMEIOT HEKOTOpble COoeAHHEHUSA
)KeJqe3a, ko6anbTa, HHKeNs, Maanafus.

Bce Gosbliee BHHMaHHe YUEHbIX TPHBJAEKAIOT KOMIJIEKCHbIE
NOJIMMEPHbIe COeNIMHEHHs], B KOTOPbIX pellalollias poJb NpHHaaje-
JKHT OJHOH M3 HauboJiee CJAOMHBIX XHMHUECKHX CBsi3eH — KOoOpOu-
HayuoHrrotu. Yucno Takux COeIHHEHHH ObICTPO pacTeT H, BeposiT-
HO, B HefaJieKkoM GyaylueM 3TH COeAHHEHHS! MOTPebyIOT CO3NaHHA
HOBOTo 60JbILOro pasaena XMMHH noaumepos. Ho noka 6oabwinn-
CTBO H3BECTHbIX HEOpraHHYECKHX MOJHMEPOB CKOHHEHTPHPOBAJIOCH
BOKPYT Ipynnbl 3/IeMEHTOB, 3aHHMAIOLUHX LEHTPaJbHYI0 YacTb
Tabauun 1. M. MeHzeneesa.

MoxxHO Gbi10 Gbl MOAPOGHO paccka3aTh O HHX, COBEpIIHB 3K-
cKypcHio no ee knetkaM. Ho mbl BoiGepem apyro#i nyTb, B3SB B
OCHOBY CBOHCTBa H BO3MOXHOCTH TNpPHMEHEHHSI TeX HJIH HHLIX
rpynn HeOpraHHWYeCKHX NOJTHMEpOB.

Bce BelecTBa, 0 KOTOpLIX NMOAAET_peyb B NOCNEAYIOUHX Tia-
BaX, SIBJAIOTCS reTepoLenHbiMH HEOPraHHWYeCKHMH NOJHMepaMH.

TNOJUMEPH! BOJIbIIHX H MAJIBIX CTPOEK

$1 xxuBy B noMe u3 nojumepoB. Her, 370 He 3KcnepHMeHTaNlb-
HBIH NJ1IaCTMAacCoBHIA A0M, hoTOrpaduu KOTOpOro o060 CTpaHHu-
IlbIl MHOTHX rasetr Mupa. 3To oOLiYHOe KaMeHHoe 3laHHe oOpa3ua
NMATHAECATHIX TOAOB, CJOXKEHHOe H3 KHPNHYa U GETOHHBIX TJIHT, C
IepeBSIHHbBIMH TIepernyieTaMH OKOHHBIX PaM M OObLIKHOBEHHBIMH
CTeKJaMH.

U TeM He MeHee MOi1 oM TaKXke caesaH H3 noaumepos. Cyan-
Te caMmH. OCHOBa JpeBeCcHHbI LieNJ1i0J103a — NPHPOAHBIH Kapbouen-
HOM nonnMep. A B OCHOBE CTPOHTENBHOro MarepHana — GeTOHa,
CTEKJIa MJM KHPNHYa (HCKJAIOYEHHe COCTaBJseT JHlb H3BeCT-
HfIK) — JleXKaT TOJIMMEpPHble OKHC/bl KPEeMHHs, allOMHHHA H He-
KOTOPBIX APYTHX 3JIEMEHTOB,

OpnHo M3 Haubosee pacnpocTpaHEHHbIX MHHEPabHBIX COeHHe-
HHI — [BYOKHCb KPeMHHsl 10 HelaBHero BpeMeHH o6o3HayaJach
tak: SiO,, uaun crpykrypHo: O=Si=O0.

KpeMHHuit yeTsipexBaJjieHTeH, KHCA0POJ — AByXBaJeHTeH. Kax-
Iblii aTOM KPEeMHHSl COeAMHSAETCA C ABYMs aTOMaMH KHCJOpPOAa.
Bce i OrHYHO B TakoM TOo/NKOBaHHUH? M3 cTpyKkTypHO#H popMyJibl
BHIHO, UTO CBfI3H MeXJYy aTOMaMH — ABOHHblE, HeHacChllleHHbIE,
Takue cBsiI3M — 3a/IOr XHMHUYECKOA aKTHBHOCTH. MoJeKkynan Be-
iecTB, 06Jalal0IHX HEHACHILIEHHBIMH CBA3SIMH, CTpPEMATCS BCTY-
NHTb B MHOTOYHC/IEHHbIE XHMHUYECKHE peaKLUHH H NMEPEeHTH B XHMH-
YeCKH NacCHBHOe HachilleHHoe cocrosiHne. Tak Beayr cebsi Bce
HeHacCblllleHHble COeAMHEHHsi, HanpHMep, 3THJEH, aLeTANeH H HX
romoaiord. Ho nonpoGyiite 3acTaBuTb BCTYNMHTb B pPeakuUHio Kpem-
He3eM WJIM KBapueBblii necoK, H Bbl yGeauTech B KpaiHel naccHs-
HOCTH ] BYOKHCH KPEMHHs.



IlBoitHble CBA3H H HHEPTHOCTb OHOBpPeMeHHO? C TOUKH 3peHUA
XHMHKA — napanokc!

Ine xe uctuHa? YueHole cTa/lu CTPOHTb HHblE MOJENH KPEM-
HE3eMHOI1 MOJIEKYJIbl H MPUILJIH K TaKOH:

0~ ~-0-...—0— —0—
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Okasanoch, YTO KOJIHYECTBEHHOE COOTHOLIEHHEe MEXJy aToMa-
MH KHCJIOPOAA H KPEMHH#, COCTaBJAIOLIHMHU MOJIEKYJ]y KpeMHese-
Ma, COXpaHsieTcsl NMPH PACNOJIOKEHHH WX B NOJHMEPHYIO LENOoUKY.

[TosaHee ¢ NOMOUIbIO PEHTTeHOCTPYKTYPHOTO aHaJ/M3a yAajoch
3KCMepPHMEHTANbHO YCTAaHOBHTb OTCYTCTBHe [BOHHBIX CBfi3eH B
MoJIeKyJie ABYOKHCH KPeMHHS. DTH ONbITbl MOATBEPAHIH NOJHMEP-
HOe CTPOeHHe KpeMHe3eMa M YTOYHHJH KoH(Hrypauuio ero moJe-
Kya. Okasanoch, YTO OHH TPEACTABJAIT c0GOHl MPOCTPAHCTBEH-
HYI0O CEeTKY TeTPas3ApoB, B LiEHTPe KOTOPbiX HaXOUATCS aTOMBI
KPeMHHs, a Ha yrjlax—aToMbl Kucjaopoaa. Kakablii KHCJIOPOAHBIH
aToOM NMPHHAMJIEXHUT ABYM TeTpasiapam, 3a CYeT 4Yero pa3po3HEeH-
Hble TeTpPa3Apbl CBA3bIBAIOTCA B MPOCTPAHCTBEHHYIO CTPYKTYPY.

U ewie oauH MHTEpeCHBIX BLIBOJ, CHAEJA/NH yuyeHble: B NMOJUMep-
HOW MOJieKyJie CHIIHKATOB BCTPevaloTcs 06a riaBHbIX BHAA XHMH-
yeckoit cBA3H. KpeMHHH H KHCI0pPOA OCHOBHBIX lenefl CcBs3aHbI
MeXAY cO60H xapaKTepHOH HJisl MOJUMEPOB KOBAJIEHTHOH CBSI3blO,
a uenu COeAMHAIOTCS B «TKaHb» NMPH MOMOLLH OObIYHOH HOHHOH
CBA3H, KaK B KPHUCTAJJIHYECKHX cOJsix. Takue coueTaHusi monyuH-
JI Ha3BaHUA nUPOKceHOB8OU u amepuborosol yened.

BoT kak BbIrMSIAUT NHPOKCEHOBAsl LeNb, CTPYKTYpPHAsi OCHOBA
MHOTHX MHHEpaJsoB:

0 0
, . 0
= Si—0—S§i—0—Si—0— -

Ornnune NHPOKCEHOBOH LenH OT aMpH60/10BOH HETPYAHO YBH-
JeTb, CPaBHUB CXEMbl:

0' 0 0 0 0 9 0 0
o —0— SI—O SI-—O SI_O‘——Sll—O—SI_O“'"'
0
s—0— SI—O éu—-O Sl—O §|—0 SI—O—" .
0 0 0 0 0 0 0 0
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OT B3aHMHOro pacnosioKEHHsI MOJUMEPHBIX Hened, X MJIHHB
H KOHGHrypauuH, a Takxe OT KOJHYECTBA TpUMeceidl 3aBHCAT
CBOMCTBA MHOTOYHC/AEHHBIX MOAH(HKALHH ABYOKHCH KpeMHHS.

B cBoe Bpemsi akanemuk A. E. ®epcman nucan: «IokasbiBaior
MHe caMble Pa3HoOGpa3Hbie MPEAMEThi: NPO3PayHbIK Wap, cBepka-
IOUMH HA CONHLE YHCTOTOM XOJOAHOM KJAI0UEeBOH BOAbI, KPACHBbIH,
NecTPOro PHCyHka arar, sipKOii Mrpbl MHOTOUBETHbIH OnaJ, YHuc-
THlii Mecok Ha Gepery MOps, TOHKYIO, KaK WEJNKOBHHKA, HUTKY M3
NJIaBJEHOr0 KBapua MJap XapoynopHyio NMOCyAy H3 Hero, Kpacu-
BO OFpaHeHHble TPYAbl FOPHOTO XPYCTansl, TAMHCTBEHHbIH PHCYHOK
thaHTacTHYECKO! S1LIMbI, OKAMeEHel0€e epeBo, NpeBpalleHHOe B Ka-
MeHb, rpy6Go 06paGoTaHHbIii HAKOHEUHHK CTpeJbl APeBHEro 4Yejo-
BeKa... BCe 3TO OfIHO ¥ TO XK€ XHMHYeCKoe COeAHHeHHe 3JEMEeHTOB
KpeMHust M kucaopopa». Ocraercsi nulb A06aBUTb, YTO BCe Ba-
pHaLUHH 3TOTO COEAHHEHHS — HeOpraHHYeCcKHe noJuMepbl. MoXHO
Ha3BaTb elle JeCATOK BaXKHbIX MaTEPHa/ioB, B KOTOpble BXOAWUT
JNBYOKHCb KPEeMHHS, U B TOM uucJse cTek/o. CeroaHs yuyeHble HHa-
ye rIAAAT Ha HEro, YyeM AaXKe MoJIBeKa Ha3afn.

Korpa-to M. B. JIoMoHOCOB nHcan B OJHOI M3 CBOMX OX:

«Iloio nepen ToGoM B BOCTOpre noxsaday,

He kamHsaM noporum, uu 3aarty, Ho Crekay».

JanbHelee pasBuTHe CTEKNOAENHs yMepHao BocToprH. [Tpu-
BbIYHBIM pEAKO BOCTOPTaloTcsl, Aa H NOPOKH CTEKJa, FJIaBHbI! H3
KOTOPbIX — XPYNKOCTb, B TO BpeMsl HCIIPaBUTb He MOrJaH. CTek/o
B NpPOLLIOM BeKe — 3TO JIHIUb NOCYAa, OKOHHblE CTEKJa, JHH3bI U
yKpauleHHs. A ceroaHs Mbl pa3jesisieM MO3THYECKHil BOCTOPr Be-
JIHKOTO yyeHoro. B mocnenHue MAeCATHAETHS CTeKJAy HaijeHo
6osibllle MpUMEHEHHH, ueM 3a Bce npexalecTsyloue Beka. Ouo
o6pesio HeBHAAHHYIO NMPOYHOCTb, CTANO BEAYLUHM CTPOHUTENbHbIM
MmatepHanoM. CTek/siHHbIE KOHCTPYKUHH COBpEMEHHbIX 3] aHHuMl
HecyT 3HauMTesNbHble Harpy3ku. LleHHbIMH KauecTBaMH o6sanaiot
JerKHe H30JIALHOHHbIE MaTepHa/bl: MEHOCTEKJIO H CTeKJsHHas
BarTa.

CBoeoOpa3Hoe npuMeHeHHe HALUJIO CTEKJ0 B METANJNYPriu M
MAalIHHOCTPOEHHH NPH NPOU3BOACTBE pa3HOOGpasilbiX jeTaJeil H
TpyO METOAOM ropsiuero mpeccoBaHus. Pacn/iaBieHhoe CTekJo
oKasaJsiocb HieaJibHO#l cmaskoit. Ero mpuMeHeHHe CHHXXaeT pac-
X0 3JIEKTPO3HEPTHH, YNJHHAET CPOK CJAYXKObl LWITAMNOB, MO3BO-
JiISeT pe3Ko YBEJNHYHTb NMPOH3BOAHUTENLHOCTb TPECCOB H NPOKAT-
HbIX CTaHOB.

Euwe HenaBHO Ka3anocb HepeasibHEIM, YTOObI TOHKOE, ABYX-,
TPEXMHUJJIHMETPOBOE CTEK/N0 OCTaJOCh HEBPEAUMbLIM MOA yAapaMH
monoTKa. Tenepb monyyeHo Takoe CTEK/O, OT KOTOPOro OTCKAKH-
BaeT, He MPHYMHHB €My Bpeaa, TNOJYTOPAKHJIOrpaMMOBBIH Liap,
OpOLUeHHbI C TPEXMETPOBOil BLICOTHI.

A ecili BCNOMHHTb O HOBO#l KPHCTAJNJHYECKON Pa3sHOBHAHOCTH
CTeKJa — CHTaJJle, TO MOXXHO Ge3 npeyBe/JHUeHHSI TOBOPUThb O Ha-
CTyM/IEHHH CTEKIAHHOrO BeKa.
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CTekn0BAPHl H3[3aBHA 3HAKOMbl C MATOMPHSATHLIM NMPOLECCOM
006pa30BaHKA «K03/1a», KOTAAa B CHJY TeX WJIH HHBIX NMPHUYHH CTeK-
70 ype3BrIYaiHO ObICTPO KpHCTaJANH3YeTCa B neyd. Ero npounocThb
11aCTOJILKO BEJIHKA, UTO Jierye pa3pyuinTh neyb, 4eM BbIGUTDb H3 Hee
VIPSIMOTO «K03/1a».

CHTanAbl — 3TO YKPOLLEHHble «KO3J1bl» CTEKNONIaBH MbHBIX Ne-
yeit. CTpeMHTeNbHAs KPHCTAJJM3aUHA HAET 1O NYTH, NPOJNOXKEH-
1IOMY MbICJIbIO yueHbIX. B HTOre mosiyyaetcsi MaTepHal, KOTOpbIit
Mo NMPOYHOCTH He yCTynaeT CTajH, a MO XHMHYECKOM CTOWKOCTH
HaMHOTO NpeBOCXOAHT ee. CTep)KeHb H3 CHTaJjla He OKHCJseTCs
it He TepsieT CBOed ()OpMbl MPH HArpeBaHHH NPHUMEPHO A0 THICAYH
TpPapycoB M, YTO elle 6onee YAHWBHTENbHO, He PacTPECKHBaeTCH,
€CJIH €T0 NOTPY3HTb B packasleHHOM COCTOSIHUH B BOAY.

CuHTe3npoBaHbl CHTaMJB ¢ KO3 dHUHEHTOM JNHHEHHOTO pac-
wupenns, 6M3KHM K HYJIO0, T. €. NPaKTHYECKH OHH He MEHSIOT
CBOHUX pa3MepoB NpPH HAarpeBaHHUM H OXJaXAEeHHH B LIHPOKOM
uHTEpBaJje TeMnepartyp.

HcneiTanns nokasanu, 4To B Hacocax TpyilHecs AeTajH H3
cutanna pabotaioT B 4 pasa foJblle (a CTOSIT OHH BJBOe Jelles-
Je), yeM Te Ke JeTalH M3 XHMHYECKH CTOHKOiM XPOMOHMKeJeBOil
cTau.

Curann HeoOblyaiiHO NMEPCMEKTHBHbIH CTPOHTEJIbHBIA MaTepu-
an. CoipbeBble pecypchl ero HeorpaHHueHHbl. STo, B NEPBYIO oue-
pellb, WJiakH AOMEHHbIX OTBAJIOB.

H, KoHeuHo, mosMMepHble NPEACTABIEHHS O CTeKJie ChIrpaioT
Ba)XHYI0O pONb B HACTyMJIEeHHH CTeKJSHHO-CHTaJJIOBOrO BeKa.
Kak e BHINIAQHT CTEKJIO, €CJIH B3TISIHYTb Ha HEro ¢ MO3HUHi
XHMHH BICOKOMOJIEKYISIPHBIX COeAHHEHHN?

OGbiuHOE CTEKNO COCTOMT M3 ABYOKHCH KDPEMHHS, CrJaBJeH-
HOil C OKHCNaMu pa3jHYHBIX METaJJIOB, B NEpPBYIO ouepenb, lie-
JOYHBIX — HaTpHua M Kaana. Kaxiaeli aTtom KpeMHHs cBs3all ¢
yeTHLIPbMSI aTOMAMM KHC0POAA, HO He KaX{[blfi aTOM KHCJ0poaa
coeqMHseT ABa aTOMa KPEMHHS; HEKOTOpble KHCJIOPOAHble aTOMBbI
CBSI3aHBl C HOHaMH MeTaJ/ioB. DTO HapywaeT NMPOCTPAaHCTBEHHYIO
NO.IHMEPHYIO CTPYKTYPY, HO HaJHUHe B CTEKJEe KPEMHHAKHCAOPOA-
HBIX Uereil, TOCTPOEHHBIX C NMOMOLUbIO KOBaJIeHTHOH CBsA3H, Oec-
CrnopHo.

Ewe B 1954 rony amepuxanckui yuenbit b. I1pe6yc onpene-

o
JUA IJUHY 3TUX Lenefl, KoTopas coctaBuaa okoso 100 A.

EctecTBenHo, uto npu 6oJbluoii BA3KOCTH CTEK/aa ynopsiaoue-
HYe 3THX TOJMMEpHBIX Lefeil oyeHb 2aTpPyAHEHO, H MO3TOMY TpPH
oxJaxjeHun obpasyercss aMmop¢gHas Macca ¢ HEAOCTATOUHO Yno-
PSIIOYEHHOMN CTPYKTYPOit.

B curaane, OJjaronapsi CTPeMHTENBHOR — KPUCTANJIM3aUHH,
CTpPOi aTOMOB OKasbiBaeTcs GoJiee YeTKWM H MOTOMY BNOJIHe On-
paBlaHo NPeAnoJoXKeHHe 0 HaHUHH B HeM GoJsiee IVIMHHBIX NOJH-
MepHBIX Lenei.

Bce yBepenHee BTOPraloTcsi noJiuMepHbie NPEACTaB/ACHHS M B
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HayKy O TpaaMUMOHHBIX CTPOMTE/NbHBLIX MaTepHasiax, HanpuMep B
HayKy o LeMeHTe.

B Teopuu npoueccos, MPOUCXOAALHKX B LIEMEHTE, A0 CHX MOP
eCTb cylecTBeHHble npobenbl. Oco6eHHO MHOro HesCHOro B npo-
Lecce TBEpAeHHA LeMeHTa MOX AeHCTBHEM BOAbL. DTO OODBACHSET-
Csl TEM, UTO B TeueHHe MHOTHX JieT BCe YCHJIHS YYEHbIX ObliH Han-
paBlieHbl Ha pellleHHe NPOONEMbl yBeJHUEHHS TIPOYHOCTH BSXKY-
LUHX BELLEeCTB, a BOMPOCHI XHMHH OCTaBa/HCb Ha BTOPOM NJaHe.

ITocne Toro kak 6bi10 YCTAHOBJIEHO, YTO [VIABHBIII KOMIIOHEHT
NOpT/MaHA-UeMeHTa — ABYOKHCb KpeMHHs HMeeT MNOJHMepHoe
CTPOEHHE, yueHble CTajd MO-WHOMY CMOTpeTb Ha uemeHT. Bce ua-
lle BbICKa3blBaeTCcss MHEHHWE O ero MOoJHMepHOM CTPOEHHH.

Cosetckuit yuenslil 0. C. UepkuHckHit, onHpasicb Ha N0CTHXe-
HHSl XMMHMH BbICOKOMOJIEKYJSPHBIX COeXHHeHHH, paspaboran Ho-
BYIO TEOPHIO NPOLECCOB, MPOUCXOAALUKX B LIEMEHTe.

Kak nonyuaercsi uemeHT? [Tpu BBICOKHX TeMmepaTypax Mecok
HJH TJIMHY CIAIaBJsioT ¢ u3BecTblo. C TOYKH 3pEeHHS XMMHKa 3TOT
npouecc BHINAAUT TakK: KpeMHe3eM pearHpyeT C OKHCbIO KaJjlblHS.

YepKHUHCKHI NPEATNONOKHI, YTO NPH PEaKUHH OKHCH KaJblHS
H KpeMHHS pa3pyliaeTcss nojiuMepHas CTPYKTypa KpeMHe3eMma.

HOans toro yto6bl pa3pylwuTh Ja106yi0 MOJIEKYJY, U B 4acCTHO-
CTH MOJHMMepHYI0, Bceraa TpeOyloTCs 3HauuTejNbHble 3aTpaThl
3HepruH. DTOT 3aKOH pacrnpocTpaHsercs ¥ Ha peakinio o6pasosa-
HHUSI LleMEHTa, KOTopas UJeT B feyax NpH BbICOKHX TeMMepaTypax.
A Koria B yxe roToBblil LEMEHT NonajfaeT BOJ4a, B HEM HauyuHaeT-
cs obpaTHas peakuus — MOJUKOHAEHCAUHs, — OAHH H3 OABYX BH-
JIOB MpeBpalleHuss MajblX Mosiekya B Goabuwie. O6pasylores mno-
JIMCHJIOKCAHAThl KaJibLHs — TBepAble H MPOYHble HeOpraHHyeckue
noJsuMepbl. DHEPriis, 3aTpayeHHas paHee B Neyax Ha paspylueHue
NOJIHMEPHBIX MOJIEKYJl KpeMHe3eMa, Tenepb BblAeJseTcs H YCKO-
pfieT npouecc o6pa3oBaHUs HOBOro MoJMMepa C HOBbIMH CBOHCT-
BaMHu. (M3BecTHO, 4TO LEMEHT B MepBble Yachl 3aCTbIBaHHS Paso-
rpeBaercs).

To xe camoe NpoUCXOAUT U NPH NPOH3BOACTBe GecLeMeHTHOro
CHJIMKATHOro 6eTOHa, — COBPEMEHHOro CTPOMTEJNbHOTO MaTepHua-
Jla, 33 CO3JaHHe KOTOPOro rpymna COBETCKHX YYeHbIX BO rjaBe C
HoraHecom XuHTOM yaocrtoeHa JlenuHckoit npemuH. Toabko B
9TOM cJjyyae o6e peakuHu — OeCTPYKUUS H MOJHKOHAEHcAUHs —
HIYT ONHOBPEMEHHO B aBToOkKJaBe. [Tocko/nbKy noJuMepH3ylollLero-
CA KOMIOHEHTa, necka, Gosblie, yeM H3BECTH, MpollecC HOeT B
CTOpPOHY 0Opa3oBaHHS HOBBLIX MNOJMMEPOB — MOJUCH/IOKCAHATOB
KaJblHA.

Pa6otbl UepkuucKoro o6bACHAIOT W MPOLECCHl  NpeBpalleHHs
TJIHHO3eMHMCTOr0 LIEMEHTa, OCHOBY KOTOPOTO COCTaB/fAIOT OKHCJb
aJIOMHHHA, a He KpeMHUA. KpbisiaToliit MeTann toxe moxet obpa-
30BbLIBATb reTepouenHbie Heopranuueckue nogumepsl. Iloaumepa-
MH SIBASIIOTCA TakXe MHOTHe COeAHHEHHUST aJIIOMHHHSA, Hanpu-
Mep GOKCHTbI, IMIHHO3eM H KOPYHA
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Mexanuam peakuwii noJyyeHnsi ¥ TBepAEHHUA TIAHO3EMHCTOTO
HEMEHTa HECKOJIbKO C/0XKHee, YeM MNOpTJaHA-OeMeRTa. B 3Tom
cayyae o6pasyioTcsi passinuHble NOJHMEPHEIe KOMIUIEKCHbBlE coe-
Audenus. Ho m aTAM npoueccam yYeHBIt Aaj CTporoe XHMHYec-
Koe 060CHOBaHHe.

Hesaponro no ony6ankosanusi pabor lO. C. Uepkuuckoro
akagemuk H. H. CeMenos B oqHO} M3 CBOAX craTeit macan: «Fay+
6oKHe HayyHble HCCJeNOBaHUS, NO-BHAHMOMY, CMOrYT MPHBECTH K
KOPEHHOMY H3MEHEHHI0 MacCOBOW M, Ka3aloChb Obl, yXe yCTaHo-
BUBIIEACS TEXHOJNOrHH NOJYYEHHS NEMEeHTOB H NMPArOTOBJEHHS H3
HHX GETOHOBD>.

3HayeHHe OTKPHITHA NMOJHMEPHOro CTPOEHHS CHJIHKATOB TPya-
Ho nepeoueHHTb. CTpoHTENbHAs MHAYCTPAS — MaccoBasl, H B 3THX
YCIOBHAX KaXXAas JecsiTash QoJsl NpoUeHTa CIKOHOMJEHHOTO Ma-
TepHana, Ka)Jaoe, nNycTb HeGoJblIOe, YNpolleHHe TeXHOJOTHH
CTaHOBHTCA B O6lierocyflapcTBeHHOM Maciorabe OTpOMHBIM 3KO-
HOMHYECKHM JocTiXKeHHeM. OnbiT oprarHyeckoil NoJAMepHOH Xu-
MHH, TBOPYECKH TlepeHeceHHblil B 06/1aCTb TEXHOJNOTAH CTPOHTE/b-
HbBIX MaTepHaJoB, NpHHeceT 60ONbWIYIO NONb3Y H2POAHOMY XO3fH-
CTBY.

PYROTBOPHRIE CAMOLIBETBI

Mkl yacTo NPOH3HOCHM M CJABIIIHM CJIOBA: «CBEPXTOUYHBLIH NpH-
60p», «TepMOsiiepHast peaKuHUsi», «paauO3JEeKTPOHHKA», «XOJOX*
HbIH CBET», «KBAHTOBbIA reHepatop». B 3THX cJIOBOCOYETaHHUAX
OTpa’keHbl MYTH TeXHHYECKOTO nmporpecca.

Yray6uslunch B 11060e H3 Ha3BaHALIX NMOHSATHH, Mbl 06513aTe.Thb-
HO BCTpeuyaeMcsi C KpUCTalJaMH.

Kpucrannorpacus, eile HenaBHO GhIBIIAsi Cyry6o TeopeTHue-
CKoil HayKo#H, npuobpesa ceroaHs aBaHrapAHYyI0 pPOJib B TeXHHKe.

Tonyaiiuive KpacHblie Jyyd, BO3HHKHYB B RPHCTajlNaX HCKYCCT-
BEHHOro py6HHa, MHWHAH (PAHTACTHYIHOCTH THNEpP6OONI HHXKEHe-
pa lapuna. KBaHToBble renepaTtopsl, CepANeM KOTOPBIX CTaJH 3TH
KpPHCTa/Abl, N03BOHAH NPHCTYNHTL K PEIeHHI0 CIOKHeANMX Ha-
YUHBIX ¥ TexHHYeckuX npobnem. CBeToBble JIOKATOPLI, HaMpHMeEp,
NOMOTYT H3YYHThb MHOTHE AeTaJH JYHHOH NOBEPXHOCTH, 3aryIsTHYTb
Ha ApyrHe IJ1aHEThi, a MOXeT ObiTb M rajakTHKH.. Kaxnwh Ta:
KO# Jyy npHHEeceT CTOJNbKO WHGOpPMauHHK, CKOJNbKO BMELLAIOT Thl-
CSYM TeJEBH3HOHHBIX MPOTPAMM.

HckyccTBelHble aiMa3sbl CTaln MATepHasOM pe3uos, abpasus-
HHIX KpyroB, 6YpoBbIX KOPOHOK.

VY KpucTanaos Hayaaucb paGoune O6yann. M ceromns ma mo-
Mollb KpHCTaJaorpagun npuiien MOry4ni COIO3AAK — XHMHAS BbI-«
COKOMOJIEKYJIIPHBIX COeAHHEHHH.

OT 3TOro cO103a OXKHAAT MHOroro, 6o GOJBIIAHCTBO BaX-
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HBIX JJisi COBPEMEHHON TeXHHKH KPHCTAJLIOB ABJAIOTCH HEOPTraHH-
9eCKHMH NOJHMEPAMH.

BosbmeM, x npumepy, KopyHa. C TOUKH 3peHHS XHMHH 3TO —
No1HMepHasl OKHCb aNlOMHHMSA, o6Jafalolias NPOCTPAHCTBEHHOR
CTpYKRTypoi. He3nauntenbHble 106aBKu OKHCH XpoMa NpeBpalla-
10T KOPYSJ B MCKYCCTBEHHbIl PyOMH, a OKMC/IOB THTaHa H Xeje3a
B CHHHH AparoueHHbI KaMeHb — candup.

Hayunne corpyauuku HMuctutyra xpucraanorpaduu Axane-
muu Hayk CCCP paspaGoranun MeTOA NPOMBILIJIEHHOTO NMpPOH3-
BOJACTBA HCKYCCTBEHHbIX pyOHHOB W cangupos. Hx mnonydaior B
3neKTponeyax opu Temnepatype cBuiwe 2000°, pacnaaBass nopo-
IIOK YHCTOrO0 KOpPYHJa C 3apaHee pAacCYHTAHHBIMH pHo0aBKaMu
KpacsiiMx okHcaoB. BarpoBbie W CHHHe KpPHCTanJbl BBIPACTaloOT
M3 pacmiaBa. [locsne peskH, orpaHkH u cepebpeHusi pyOHHOBLIH
cTepXKeHb nonanaer B Ja3ep. Ho uckyccrBeHHble pyOHHBI mpiiMe-
HSIOTCS HE€ TOJbKO B KBAHTOBHIX TeHepartopax. M onopbl TOuHsiX
MeXaHHM3MOB ¥ pe3Lbl TOKADHBIX CTAHKOB, H HHTEBOJUTENH B NpoO-
H3BOACTBEe HCKYCCTBEHHOrO lI€JKa — BCe 3TO AeJiaeTcs U3 HCKYcC-
CTBEHHBIX PYOHHOB M cand#poB.

CHHTEe3HpPOBaHK M I0BeNHPHbIE KOPYHAbL. 3Be31006pasHbie HC-
KyCCTBeHHble PYOMHH W candupsl no Wrpe CcBeTa He yCTynaior
NPHPOAHBLIM KaMHSIM.

LInpoko npuMeHsieTcs -ellle OAUH HEOPraHHYECKHi moauMep —
KBapl. EcTb HecKoJbKO NPHPOAHBIX pasHoBuAHOCTeil kBapua. Ca-
Mbiii YACTHIH H of/ajaiolinit HanboJsee ynopsao4eHHOH CTPYKTY-
poit KBapl Ha3hiBaeTCs TOpPHHIM XpycrajaeM. Ero kpucrannanbl 0co-
6eHHO HeoGX0AMMbl PaiHOJIEKTPOHUKE U ONTHKE.

ToHKkHe KBapueBble NJACTHHbBl 3BYYaT He TONbKO B TOJIOBKax
3ByKocHUMareJeil. Kaxabiit u3nyvalomui KOHTYp pafHOCTaHUHMH
00513aTeIbHO COAEPXKHT KpucTaaabl KBapua. OHM HrpaioT poJb
cTabrau3aTtopoB yacToThl. Kakue 6bl BONHBI HM BOCHPUHSAJ TaKOH
KpHCTaJJ1, u3ay4yatbh oH OyaeT TonbKO OAHY BosiHY. Ecau Touso
TaKOH Xe KPHCTaJlJl KBapua YCTaHOBHTb B NPHEMHHKe, TO Npo-
CAYIWHBAAHIO AAHHOH CTaHLUMH He NOMEWAIOT HHKaKHe NOMEXH,
He OyleT «yNnabiBaTb» 3BYK, He CTAaHeT CJBIIHO liyma B 3¢upe.
JlecaTb KBapLeBbIX NJACTHH B NpUEMHUKe — 1eCcATb Ge3yKopus-
HeHHO 3BYyYalllWX NMPOrpaMM, CTO NJACTHH — CTO NPOrpamm.

KpHcranael KBapua MOryT M3/1yd4aTh He TOJbKO 3BYKOBbi€, HO
H yJbTpa3ByKoBbie BoJHH. Ha 3ToM npmHuune ocHoBaHo AeicT-
BHE YJbTPa3BYKOBLIX Ne(eKTOCKONOB, KOTOpble 3arjsibiBaloT B
TOJILY CTaJbHBIX CIHTKOB, IPOCMAaTPHUBAIOT OTBETCTBEHHbLIE HeTa-
JU MaliNH H MeXaHU3MOB, yJaBJiHBas MaJieillue paKOBHHbLI, Tpe-
IHHH, PACCTOEHHA.

YdeHble BbHIPAllABAIOT «3BYYHble» KPHCTaJJNbl HPaKTHYECKH
MOGLIX pa3MepoB. MCKycCTBEHHbI TOPHHH XPYCTalb 00XOAMTCS
AemmeBJe NPAPOAHOTO.

INpaB oka3sajncs 3aMeuaTeJbHBI!I COBETCKHH YYeHbIH aKaleMiK
A. E. ®epcmaH, nucaBwnit B TPHALATHIX TOAAX: «...4€Pe3 HECKOb-
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KO JeCATKOB JIeT reojorn He OyAyT GoJblie C ONaCHOCTbIO AN
XKH3HH B36MpATbLCA Ha BepwHHbl Aabn, Ypana uau KaBkaza B
noroHe 3a KpHCTaalaMH, He OyayT Ao6biBaTb HX B Ge3BOAHBIX
nycThiax lOxuoii Bpasuauun uaun B HaHocax Mapaarackapa.

A1 ysepeH, uTo Mbl Gyaem no TeaedoHy 3aKa3biBaTb HYXKHbie
KYCKH KBapua Ha rocyaapcTBeHHOM KBapLeBOM 3aBoje»,

CeropiHsi KBapleBble 3aBOAbI yXKe CYLIECTBYIOT.

B npombiuiieHHbIX MaciuTa®ax BbIpalllHBAlOT M HCKYCCTBEH-
nyio caiony. OHa Toxe siBisieTcs HeopraHHYECKHM MOJHMEPOM.
OcHOBY MOJIEKYJILl CJIOABI COCTaBASIOT TMJOCKOCTH H3 Yepeaylo-
LIMXCS aTOMOB KPeMHHsl, KHCJAOpOAa M aNlOMHHHSA, KOTOpbie 00-
pasyioT nojiuMep CO CJAOHCTON CTPYKTYpOH.

CuHTeTHUecKas clioAa NpHUMeHseTCs TaM e, rie U NPHPOA-
Has, — B 3JIeKTPOTeXHHKe, paaH03/eKTPOHHKEe, aBTOMaTHKe, HO
ee CBOHCTBA 3HAYMTeNbHO Jyulle. B pagHosamnax oHa Cay»HT B
TpH pasa JoJibille, MoxeT paboraTh npu 3HauuTesbHO 6oJiee Bbi-
COKMX TemnepaTtypax, uMeeT B 10—20 pa3 Gonbliee 3JeKTpPHue-
CKOe CONpOTUBJIEHHE H B AECATKH pa3 MeHEllUe NOrjollaeT BJaary.
Takum o6pa3oM, cO31aB CHHTETHYECKYIO CJIOAY, yueHble He TOJib-
KO HMHTHPOBAJIM MPHPOAHbLIA MaTepHaJs, HO H 3HAUHUTENbHO YNyu-
WKHAK ero. DTOro yaajoch AOCTHYbL OGJjaroaaps 3ameHe THAPOK-
CHJIBHBIX TPYNN MOJIEKYJIbl CJIOABI HOHaMu ¢Topa.

[TonoGHBIM Ke MeTOAOM JIeHMHTPaACKHe YueHble BO IJaBe €
npodeccopom A. 1. PenoceeBriM 06/1aropoaAnIH MOJeKY bl acbec-
Ta. [IpupoaHsbiit ac6ect npeacrasaser coboit nonumep ¢ ampubo-
JOBBIM CTpPOeHHeM uenu. XpH30THJ, U3 KOTOPOro, B OCHOBHOM,
cocTtoHT acbecT, HMeeT popmyay:

(OH)sMgs(Si40,) 2H20.

CyllecTByeT HeCKONbKO COPTOB npHpojHoro acbecta. LleHHocTb
ac6ecToBbIX MECTOPOXK/AEHHIT OnpejensieTcsl He TONbKO 60raTcTBOM
3aJjiexke, Ho ¥ JJIMHOI BOJIOKOH: YeM OHH AJIHHHee, TEM Bblllle Ka-
yecTBO acGecTOBbIX H3menuit. Jlyuiine copTa npupogHoro acbecra
MMEIOT BOJIOKHA [JIMHOH 0KOJMo 30 MM W LIEHATCA OYeHb BbICOKO.
AcGecT cTan caMblM Ba*XHbIM TeMNJIOH30/MSALHOHHBIM MaTepHaJioM,
6naropaps cBOeH, peKOH B MHHEpPanibHOM MHpPe, BOJOKHHCTOIl
CTPYKType, KOTOpas AejaeT ero 6ojiee TeXHOJOrHYHbIM MO CPaB-
HEHHIO C JAPYFHMH TyronjaBkuMu MiHepasiaMu. Ho npuponHsbiit
ac6ecT BLICOKHX MapOK BCTpeuaeTcss He yacTto. A cnpoc Ha Hero
orpomeH, HOO AJisi TeXHHKH Hallero BpeMeHH XapaKTepHbl BbICO-
KHe CKOPOCTH H BbICOKHE TeMNepaTyphl.

B TeueHHe MHOTHX JiIeT YyueHble pPa3HbiX CTPaH MCKaJH MyTit
cHHTe3a acbecra. Y Hawau ux. CoBeTcKkHe yuyeHble NOTYYHIAH XPH-
30THJIOBbIE BOJMIOKHA AJAHHOI 6osee 20 mm. OHu pa3pabaTbiBalOT
pasjuyHbie METOAbl MOJIYYeHHS HCKYCCTBEHHOro acOecTa: CHHTe3
M3 pacn/iaBOB NPH BLICOKOH TemnepaType, CHHTe3 W3 pacTBopa B
pacnjiaBe M NMepeKkpHUCTaNAU3aUUsA B aBTOK/AaBax NPHPOLHOrO CcH-
JIHKaTHOTO CbIpbA.
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HAckyccTBedHbfi ac6ecT, MOAYYEHHHI COBETCKHMH YUYEHLIMH,
BbITOJHO OTJIHYaeTcst OT TNPHPOAHOre GOJbLWINM NOCTOAHCTBOM
CBOHCTB H XHMHUYECKOr0 <OCTaBa, a TaKike 60Jee BLICOKO#E TEWJO-
CTOHKOCTBIO.

CrpeMaAcs nosyynTh Haubosee TEXHONOTHAHBIH CHHTETHYECKHI
acGecT, yuedbie co3flaa# acbecroopranfidecKne COeHHeHHH. ITo
6bis1a HeJslerkas 3ajaua, Tak Kak acbecT elle 6osiee yHepTeH Xu-
MiyecK#, yem GONbLIMHCTBO APYTHX cHIuxaToB. I1pusuBKa K MO-
JexKyne acbecra OpraHHueCKHX M KPEMHHAOPTaHHWECKHX PAAHRA-
N08 Ghija OCyllecTB/IeHa yTeM BO3AefiCTBHA Ha Hee YAbTPA3BYKA.

AcbecTooprausgeckie COEJAHHEHHER XOpPOIUO CMEUIBBAKTCA €
CHHTeTHYECKAMH CMOJIaMH ¥ NO3TOMY MOTYT CTaTh XOPOLULMMH Ha-
ROJHHTENSIMH TIPH H3TOTOBACHUH ac6ecToniacTakoB. A NOCKOIbKY
06pabaTHBaTh UX Jerye, UeM YHCTHH acOecT, OHY OTKPLIBAOT HO-
BHIM NYTb YU3rOTOBAEHHA TENAOH3OJRLMOHHBIX H3RENHH: H3ZLeHe
¢opMApYeTCA M3 OoJee NOZAaTAHBHX opraHoac6ecToB, a 3aTem
OpraHuKa BbiXHraercd. DTAM MeTOJAOM MOMKHO OYaeT moAyvYaTh
acGecToBbie HM3JeNHs CJOXKHOro NPodHI.

B rnase, nocesiueHHO roMoOUefiHblM HeOPraHHYeCKHM NOJH-
MepaM, Mul Paccka3ajau O TOM, KaK BbICOKOMOMEKYAAPHLIA HHTPHA
6opa — 60po30oH oTOoGpaJs y aamMa3sa 3BaMHe KOPOJsd TBEpPAOCTH.
Iocse aT0or0 anMas ocrasanics HempeB30iJeHHEHM TOJbKO MO OAHOD-
MYy CBOHACTBY — HaHOOJblUEMY KO3PULHEHTY JydenpesoM/IeHHE.
Ho B peay/ibTaTe peakumy GMSITEHHA YETHIPEXXIOPHCTOrO THTAHA
HAX 3QHPOB OPTOTHTAHOBOH KHCAOTH Y4eHHE NOAYYHIH JHCTYIO
LBYOKHCb THTaHa.

Ilpu cnnaBneHUn KBYOKHCH THTaHa moayvaercst 06e3yrsiepon-
HBI «HCKYCCTBEHHbIM a/iMa3», N0 TBEPAOCTH MaJjo yCTynalouiHi
NPHPOAHOMY, a No Ko3dduuueHTY npeaomaenns (2,7) npesBocxo-
nsawui ero. Tak anmas nuwuiacs BTOpoR KopoHel. M 3ToT «aBoOp-
LOBbIH NMEPeBOPOT» TaKXKe OCYLLeCTBJEH FeTepouenHbiM HEeOpraHH-
YeCKHM NOJHMEPOM.

PyKOTBOpPHBHIMH CaMOLIBETaMH MOXHO NO NpaBy Ha3BaTh H He-
KOTOpHe TnoJuMepHble Kap6uabl. Kap6ua Kaabuus, poiaaouiu#
aueTHJeH aasa rasoBom CBAapKH, H MiOrue ero XUMHYy€CKHe CO-
6paThsl WIHPOKO NPHMEHSAIOTCH B MPOMbIIJIEHHOCTH.

B sJjexTpHuyeckux neuax cnaasasiior 60p ¢ yraepoaoM H moay-
4aloT OYeHb TBEPAbIH M TYronAaBKHUiMl HCKYCCTBEHHbIH MHHEPAJ, NO
CTPYKTYpe O.H3KH# X ajmasy. 310 — Kapb6bua Gopa. baaroaaps
UCKJIOYUTENbHOH a0bpasMBOCTOMKOCTM OH CTaad [OPUMEHATHCA
ans 06padoTKH, WAH(OBKM M MONHPOBKH CTajJell H TBEpPAHX
CnJaBoB,

HurepecHo, yT0, BcTynaa B 3TO coefinHeHie, 60p He yTpaTua
CBOMX 3aMeyaTesibHbIX «aHTHHEHTPOHHbLIX» CBOMCTB, TO3TOMY Kap-
611 60pa Hawen NpUMeHEHHe U B AePHEIX PEaKTOpPax B Kayecrse
peryJsiTopa sAepHOro ropioyero.

Kap6un xpeMHMs H3BecTeH moj Ha3BahueMm KapGopyHaa. Ox
obJajaeT HCKAOUMTENbHOH XMMHUYECKo# croiKkoctwio. Jlaxe ca-
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Mble elKHe KHCJOTHl H LIeJIOUYH MOTYT Pa3pylUHTb ero JHLb NPl
OYeHb BbICOKHX TEMMepaTypax.

A oXcHKapGHA KPEMHHS — BOJIOKHHCTBIH ac6ecTonoao6HbIMH
MaTepHaJ C BbICOKOH TeNnJOCTOHKOCTDIO.

HckniouutenbHoil TBepaocThio 06JafaeT OAHH M3 caMbIx TH-
JKeJIbIX MCKYCCTBEHHBIX MaTepHaJsioB (yAeabHblH Bec—4,9 e/cm®)—
Kapbua TuTaHa.

Cpenu BeleCTB 3TOrO KJjacca HaxodHTcsi o6Jaapgarenb abco-
JIIOTHOTO peKopia no TemaoctoiikocTH. [lonpoby#ite ckasaTb XH:
MHKY-OPTaHHKY, YTO caMoe TYronjaBKoe H3 BCEX H3BECTHbLIX YeJio-
BEueCTBY BelleCTB — nojumep. OH nouTH HaBepHsAKa paccMeercs
H, BO3MOXXHO, NPEJJIOXKHT BaM MapH, 40KazblBas, YTO 3TO He TaK,
YTO TJIaBHbIH NMOPOK NMOJHMepOB — 60A3Hb BLICOKHX TemrnepaTtyp.
He Goittece npuHATbL napu. Bul ero Bhiurpaerte. PekopicMeH Tyro-
NNaBKOCTH — MOJKMep, HO TOJIbKO HEeOpraHHYeCKHiH. D10 — cono-
JHmMep KapGumoB radHHUs M THTaHa, BeleCTBO, KOTOPOe MJaBHTCA
npu temnepatype 4215°1 B Takux yc/loBMSX CaMblii TYrONJaBKHil
MeTanJ BoJibGpaM TeyeT, KaK BOAA.

ITpuBeneHHbIMH TpUMepaMH He HCUepNbIBaeTCH CMMCOK Heop-
raHHYeCKHX NMOJHMEPOB C COBEPILIEHHO YHHKaJbHBIMH CBOMCTBAMH.

KouneuyHo, Macwitabbl NpoH3BOACTBAa PYKOTBOPHLIX CaMOLBETOB
He MAYT B CpaBHEHHE C MPOMbILIJIEHHOCTbIO CTPOHTENbHLIX MarTe-
pHaJoB, OAHAKO HX POJb B COBPEMEHHO!N TeXHHKe HaCTOJbLKO Be-
JIHKA, YTO HMEHHO 3TOT pas/ies] XHMHH HeOPraHHYECKHX MOJIHMepPOB
npHBJexaeT K ceGe HauboJbllee BHHMaHHe yYeHbIX MHOTHX CTPaH
MHKpa.

B TOHCKAX HECBOHCTBEHHBIX CBOHCTB

Heoprannueckne nonuMepbl, O KOTOPbIX paccKasbiBaloch B
nNpeALIAYLIMX I1aBaX, HMEIT LieHHble H CBOeoGpa3Hble, 3a4acTylo
yHHKanbHble cBoiicTBa. Ho Bce aTH MX cBOHcTBa XapaKTepHul AN
HeopraHHYecKHX COeJHHeHHH.

JIMib nojiuMepHble cepa H cejleH B OPraHHYeCKOM TeMmepa-
TYpHOM MartepHase 006.1a5al0T TIJaBHbIM JOCTOHHCTBOM Kap6o-
LENHbIX NOJHMEPOB — 3/1aCTHYHOCTHIO.

EcTecTBeHHO, BO3HHKAaeT BOMPOC: a He CJHHWIKOM JIH Y30K
CMeKTp BO3MOXKHOCTeil HOBOTO NMONHMEpPHOro kJjacca? Opranuye-
CKHe H 3JleMeHTOOpraHH4YecKHe NOJMMepbl BKJIO4AlOT B ceba H
BAI3KHE CMOJIbl, H TBEPAble TMJIACTMacChl, H yNpyrue Kay4ykH, H
ru6KHe HUTH HCKYCCTBEHHbIX H XMMHYECKHX BOJIOKOH. A HEOpraHH-
yeckHe? MoryT /M OHH AaTb Takoe pasHooGpasue cBoicTB? Hau
HX YAeJ —TOJbKO MPOYHOCTb, TBEPAOCTh, TYrONJIABKOCTb, CIOBOM,
CBOHCTBA, NPUCYLLHE MHHEPAJIbHBIM COELHHEHHAM?

Eule cpaBHHTENbHO HeAaBHO Yy yuyeHbIX He Obi/l0 €IHHOrO MHe-
HHA Ha 3TOT cyeT. MHOTHe CyMTa/M NMOHCKH 3JMacTHYHbIX Heopra-
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HHUYECKHX noJuMepoB aenoM GecnepcrnekTuBHbIM. M Takoit B3rasa
CYLLeCTBOBAJ, HECMOTPS Ha TO, YTO YyXe Obl/la yCTaHOBJIEHA MONH-
MepHas CTPYKTypa ac6ecTa, a CTEKJOTKAHH U CTEK/IOMJIACTHKH
BTOprajicb BO MHOrHe OTPac/M HapOAHOrO XO3sHCTBaA.

Co3aHue CHHTETHUeCKOro acbecta M pAL APYrHX CMeJblX He-
OpraHHYECKHX CHHTE30B CJIOMHJIH CTEHY HeBepHs.

CeromHs BOnpoc O LeJeco06pPa3HOCTH MOHCKOB HECBOHCTBEH-
HbIX CBOFICTB Y)Xe He CTOMT nepej yueHoiMH. Tseplao ycTaHOBJe-
HO, UTO HeOpraHuyeckasi NMPHPOAA MHOTHX OOJbLIMX MOJEKYJ] He
MCKJIIOYaeT 3/ aCTHYHOCTH W JPYrHX, THMHYHO TOJHUMEPHBIX
CBOHCTB.

BosbMeM, K npuMepy, caMbiii pacnpocTpaHeHHBI THOKHI He-
OpraHHYeCKH# noauMep — CTEKJ/JI0BOJOKHO. KakHe HOBble BO3MOX-
HOCTH OTKPBIJIO OHO nepej TeXHHKO#H! CTeK/10BOJOKHO He TOPHT, He
THHET, He BNUTbIBaeT BJary, He 60MTCs AeiicTBua 6O/bLIMHCTBA
KHCJIOT W uiesnoyell. M3 Hero He TPyJAHO MONYYHTb TKaHH, KOTOPbie
He TOJIbKO CaMH HallJIH MPHMeHeHHe BO MHOTHX OTpac/fx Npo-
MBILIJIEHHOCTH, HO M CTaJH pOJOHavyaJibHHKaMH BaXXHOro coBspe-
MEHHOr0 MaTepHaJjla — CTEKJIONJIACTHKOB.

HanoMHuM, YTO CTEK/OMJACTHKH — 3TO MaTepHaJibl, COeJHHS-
iolHe B cebe syyuie CBOHCTBA CTEKJOTKaHell M MOJHMEPHBIX
cmoa. Ilonyyalor ux, NpONHUTLIBAsE CTEKASAHHYIO TKaHb CMOJIOH —
Kak Gbl HapalluBas Ha HeH CJIOM 3J1aCTHYHOrO, XHMHYECKH CTOHKO-
ro nosuMepa.

DTOT MaTepHasJ HAaXOAMT CErOfHs luupoyaiillee NPHMEHEHHe B
XHMMHYEeCKOM MAlIHHOCTPOEHHH M pafAHOTEXHHKe, aBTOMOOGHJe- H
CYAOCTPOEHHH, aBHALHH H JIErKOH NPOMbILIJIEHHOCTH.

Kopnyc sierkoBoro aBToMo6us, caesaHHbli U3 CTEKNOMAACTH-
Ka, MO NPOYHOCTH He yCTyMNaeT MeTaJJIHYecCKOMY, HO HaMHOro Jer-
ye ero M Jyyuie CONPOTHB/AETCA YAapHbIM Harpyskam.

Jlogky ¥ HeGOJIblIKHE CYyAA M3 CTEKJOMJIAaCTHKOB MOSABHJIHCH
yXXe 1aBHO, a B MpowoM roay no MockBe-peke KypcHpoBaa 65-
MECTHBIH MacCa’KMPCKHH KaTep, KOpNyc KOTOPOro MOJNIHOCThIO cle-
JlaH U3 3TOro NepCneKTHBHOro MaTepHaJna.

Hpyroi Tun HeopraHHyecKHX MOJHMEPHBIX BOJIOKOH — KBaplie-
Bble HHTH — NPHMeHseTCsl B MCCJeL0BaTeNbCKOM annaparype.

A HepaBHO moJsyyeHbl elle JBa BHJa HEOPraHHUecKHX BOJO-
KOH — H3 3JleMeHTapHoro nonuMepHoro Gopa u 6asanbra. Bepo-
ATHO, H OHH HAHAYT HEMaJlO BaXXHbIX NPUMEHEHH.

Ecau ynactes cienatb TKaHM M3 HEysi3BHMOTo A/l HEHTPOHOB
6opa-10, HamHoro ynpoctutcs npobnema 3auUTHl 00CJYyXKHBaIO-
1Iero nepcoHana siiepHBIX peaKkToOpoB OT paauauud. K Tomy Xe
BOJIOKHA M3 3jieMeHTapHOro 6opa o06/1afal0T HCKJIIOYHTENbHOH
NPOYHOCTbIO, AaXKe 60JblleH, YeM CTab,

Ba3anbTOoTKaHH W 6a3ajabTOMJAaCTHKH He3aMeHHMbl TaM, rie
GecCH/bHEI CTEKJIOTKAHH W CTEKJOMJAcTHKH. PasphiBHas npou-
HOCTb CTEKJSIHHBIX H 6a3a/]bTOBbLIX BOJIOKOH NMPUMEPHO OAHHAKO-
Ba, HO MO pAAy APYrux mokasatenell 6a3ajbTOBOe BOJIOKHO 3HauH-
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TenbHO MPEBOCXOLUT CBoero KOHKypeHTa. Moayas ympyrocts
creknosorokea 7100 ke/um?, 6aszanbroBoro — 9400 xe/mm?, Tem-
nepaTrypa pasMar4eHus coorseTcTBeHHo 740—760° u 1000—1100°,
ITpouHocTs cKpemsieHEs Ga3anbTOBbIX BOJIOKOH C HanGosee pac-
NPOCTpaHeHHBIMH NOJTUMEPHBIMEA CMOJIAME, TAKHMH, KaK SHOKCHA-
HO-(eHOJIbHbIe, HEe MeBblle, YeM Y CTEK/JIOBOROKHA.

A BoT eule onuk npumep. Pasunmy DyTAMU noay4aoT B 1a60-
paTopHaX cyab@HE Kpemuus. DTOT noiMMep obnanaer JHHerHO-
LieNHbIM CTPOCHHEM.

/S\ — S~ /S\ S

N / \S/S\S/ ~S- /S'\S/ ot

Ow He NMOAKAETCA PacTBOPEHHUIO U uMeeT ac6eCTONoOROGHYIO BOJOK-
HUETYIO CTPYKTYPY. TemnepaTtypa ero niraBieAUs JOCTATOHHO Bbl-
coKa. YNpOCTHB TeXHOJOTHIO NONTYYEHWS NOJHMEPHOro CyJbonia
KpPeMAUsT MOXKHO OyXeT €034aTh OT/MHYHBIA TeMIOH30/SFUHOHHBIA
MaTepraJ.

HDanbreiiulee pacurrpenue ¢porra pabor No CO3RAHHIO HOBBIX
HeOpraHAYIeCKAX MOJAMEPHBIX BOJOKOH NTOMOXET pa3pellnTb MHO-
rue HacylllHble TeXHHYeCKHe npobjeMbl, B YaCTHOCTH, mpobJsemy,
CO3JaHAST OTHECTOMKOW H KWUCJOTOYNOPHOM, (aKTHYeCKH BEYHOH
crneyoJekKabl A5 pabOIHX XHMHYECKAX MPOA3BOACTB U «TOPSTTUX»
LieXO0B.

SATAIKH TI®HX

A BO3MOMeH JH HEOPraHUYecKmit Kayuyk? Benxb kaygykomno-
[OGHOMY COCTOSINHIO MPUCYMIM d9epPTbl, COBEPINEHHO MPOTHBONO-
JI0XKHble CBOMCTBAM HEOPFaHHKH.

JHo6oll KayTyrR COCTOHT H3 MHOXecTBa B3aMMHO nepenyTan-
HbIX TMFAHTCKAX MOJMEKYN — KHyOKoB. PacTarnBas nnacTHHKy H3
KayuyyKa HJIH Pe3HHbE, Mbl pacnpsimisnem 3TH KaAy6ku. Ho ornycTum
ORUR KOHeR FUTACTHAEH, B OHa CHOBA BEPHETCS K AepBOHayalib-
HbLIM pa3mepaM. DToO 3HAYHT, 4FO MOJIEKY/bl KaydyKa BHOBB CBep-
BYJIHCh, TOROGHO HCAYTaHHOMY €XKY.

Hackoynbko 3aMaHYMBO COYETaHWe 3JaCTUYHOCTH Kaydyka ¢
TepMOCTOHKOCTLIO MRHEPAJOB, FOBOPHTbL M3AMHIRe. JlocTaTo4RO
BENIOMHUTL O TOM, KaK GbICTPO H3HALWHBAMTCA, 6YKBaJBbHO Cropa-
I0T TOKPBILIKK lIacCH CaMoJAeTa, KaK HeJOMyCTHMO ObiCTpo «je-
TAT» pe3HRoBbfe NPOKNAZKH — YMAOTHEHHS BbLICOKOTeMMepaTyp-
ABIX XAMHYECKHX annaparos.

Heoprarmmwyecksii KayuyK —MeuTa XMMAKOB, H MeuTa, OJH3Kas
K OCYHIECTBCPHIO.
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Co6cTBeHHO, HeopraHHYeCKHi Kayuyk yxe cyuiectyet. [pas-
23, CBOMCTBA €ro noka OCTaBJAIOT KeJaTb Jyyllero, Ho MepBbiit,
CaMblii TPYAHBIH War yxKe CAeNaH, H 0 HeM CTOHT PaccKasaTh Moj-
po6HO.

B 1834 rony ussecTHbli HeMeLKHit XHMHK JIH6HX BnepBbie Bbl-
AENUJ BeulecTBo, HasBaHHoe (ochonuTpuaxaopuaom (PHX).
OHo nonyunsoch B peayJibTaTe peakluH NATHXJopHcTOro docdo-
pa c ammuakoM. Ceroinsl yyeHble 3Hal0T, HACKOJbKO HecoBeplleH-
MbIM Gbls1 3TOT MeToA BO BpeMeHa JIHOHXxa, Kak Maa Gbl BbIXOX
HY>XHOTO NMPOAYKTa B pe3yJbTaTe 3TOH peakLHH, a TaKxe, YTo no-
ayuyna JIHOHX He yKMCTOe BeLIECTBO, a CMeCb CXONHBIX BeLLeCTB,
06HIbHO cA06peHHYI0 NPHMeCAMH Pa3/HYHBIX COeJHHEHHH a3oTa.

Koraa nosiBunuch GoJiee coBeplleHHble METOAbI NOJYYeHHS
§ocHOHHTPHIXJOPUAA, BHIAICHHJIOCH, 4YTO OH oOJjajaeTr 3aMeuya-
TeJbHOH CNOCOOHOCTbIO K OTYETIHBOW CTYNeHYaTod MNOJHMEepH-
3alHH.

O6iwas ¢opmyna ¢oconurpuaxyopuaos (PNCly)x, rae x —
Ko3¢h¢uunenT nonumepusauud. On MoxeT 6niTh paBeH 3, 4, 5 u
TaK faJjiee. MoseKyJasipHbIA BeC BhICIIHX NONH(POCHOHHTPHAXIOPH-
OB OCTHTaeT JeCSATKOB H COTEH ThicAy.

Otanune 3TOrO CEMeNCTBA MOJHMEPOB OT BCEX OCTaJIbHBIX COC-
TOMT B TOM, UTO MOXeT GbiTb BbiAeJieH KaXXAblil ero ujneH. Y opra-
HHYECKHX BLICOKOMOJIEKYJIDHBIX BelleCTB JeJ0, KaK H3BecTHO, 06-
CTOHMT HHaue: OTAeJHTb NPOAYKTHI KaX A0 CTakHH NONHMEpPH3aUHH
TaM OoueHb TPYAHO, a 3a4acTyio H HeBO3MOxkHO. Cpenu HochoHHT-
PWIXJIOPHJOB HCKJIIOUEHHE COCTABJAIOT TOJbKO MOHOMEP H AHMEp,
BellleCTBa, HCKJIOUHTENbHO HeycToHuKBble, CTPYKTYpHbie (pOPMYJIbl
HH3WHKX FOMOJIOrOB — TPUMepa H TeTpaMepa (HOCHOHHTPHIXJIO-
pHAA BHIMIAAAT TAK:

N/\ N 10
|

o N N o N e

Hanuuo UMKAMYECKOE CTPOEHHEe MOJEKYA H OOH/HMe HeHachl-
MIEHHBIX CBS3€l, KOTOpPbIMH 00bsicHsieTcss OoJsibluasi peaKUHOHHad
C¢nocoGHOCTb 3THX BEleCTB.

Ecau peakuusi nonuMepusauyd ¢$ocHOHUTPHIXJIOPHIOB HIET
HECKOJIbKO 4acoB npu temnepatype ot 250 a0 350° B npHCYTCTBHH
KHCIOPOAa, MONEKYJNSAPHbIH BEC KOHEYHOro MpOAYKTa AOCTHraer
37 000—78 000 u noayuyaercs HeOpraHuyeckud kayyyk. JlasnbHei-
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masi noJIAMEpPH3aliks NPHBOAUT K 00pPa30BaHAIO TBEPALIX, MPAKTH-
YeCKH HepacTBOPMMbIX CMOJIOOOPa3HbIX BELeCTB.

Meroabl pasaenieHusi OTHE/ibHBIX MPeACTaBHTE/IEH 3TOro KJjac-
ca nososnbHO npoctsl. Tak, Tpumep H Terpamep ®HX pacrsopsiot-
Cfl B YKCYCHOM aHruIpHje, a BhICIIHE T'OMOJIOTH HE PacTBOPSAIOTCA.
Hx paspesnsiioT ¢ nomompbio APYTHX pacTBOPHTE/EH — Xnopodop-
Ma, 9eTbIPeXXJIOPHCTOrO yrJiepoja, Toayona, apHpa u APyrux Tpa-
LMHHOHHBIX OPraHHYeCKUX PacTBOpHTEJNEH.

Hurepecno, aro ¢ ysennueHuem ko3b@HUHEHTA MONHMEpH3a-
uuu ot 3 10 7 TeMnepatypa IviaBieHH (POCYOHATPHIIX/IOPHAOB
ymenbmaercsi: oT + 144 ona noxoaut no —18° danbHeiniee yBe-
JHYeHHe MOJIEKYJISIPHOrO Beca BHOBb MPMBOAUT K 00pa30oBaHMUIO
TBepJBIX MPOXYKTOB BIJIOTb A0 KayuykoB u cMOJL. C pocToM moJie-
KYJTADHOTO Beca YMeHbllaeTCsi pacTBOPUMOCTL coefnnAennit. Heop-
raHH4ecKHil Kayuyk He pacTBopsieTcss B OOJIbIUIHHCTBe H3BECTHBIX
pactBopHuTenel M JHIIb Habyxaer B GeH3ose. Kak M y HH3IIHX
(oCHOHUTPHUAXJIODALOB, Y HEr0 BEJHKO CTpeMJ/ieHHe BCTYIHTb B
MHOrOYMC/IeHHble PeakLHH, B TOM YHCJEe H C OPraHHY€CKHMH COe-
NWHeHRsIME. B pe3ysabraTe Takux peakmui o6pasyioTcs «ruGpui-
Hbie» 3JeMeHTOOpraHHYeckHe nojuMephl. OT HeOPraHHKH OHH
B351JIH NOBLIIIEHHYI0O YCTOHYHBOCTb K HArpeBaHHIO H NEHCTBHIO
flJ1aMeHH.

Bor, B 06iux yepTax, BCe, UTO H3BECTHO O XMMHYECKHX CBOH-
cTBax NoJH¢pOocHOEATPUIXIOPHAOB.

KaxkoBbl e (u3wdeckne CBOICTBA HeOpPraHHYECKOro Kayuyyka?

Ot Hero xIaju HeBHJAHHOH TENJIOCTOHKOCTH, HO 3TH OXKHMAa-
HMsl OMpaBAaJHCh Re monHOCThi0. OH 6o/lee TePMOCTOEK, YeM Kay-
YyKH Ha YTJIepOLBOH OCHOBe MJIM CHJIHKOHBI, HO He HAMHOro. ¥YXe
npu 350° HauuHaercs penoqumepusauus [NPHX, koropas uger
TeM GbICTpee, 4eM Bhillle TEMOEpaTypa.

[IpouHOCTHble XapaKTepHCTHKH HeEOpPraHWYeCKoro Kayuyka
6JIM3KH K COOTBETCTBYIOLUHM XapaKTEePHCTHKAM OOLIYHbIX CHHTETH-
YeCKHX Kay4yyKOB.

Hrtak, nonupocHoHHUTPHAXIOPHA NOKA He CTajJ TeM Hiaeajb-
HbIM CMJIaBOM OPraHHKH M HEOPraHHKH, KOTOPbLI HCKAJH y4eHble.
Ho, HecmoTpst Ha 3TO, BO MHOTHX CTPaHax OH HallesJ HeMaJlo BaX-
HbIX MPUMEHEHHH.

AHTHKODpPO3HOHHLIE TMOKPHITUSE Ha ocHoBe [TOHX mumelor psan
NpeHMYLIECTB MO CPaBHEHHIO C opraHngecKUMH. OHH HOCTAaTOYHO
YCTONUHBbBI K JEHCTBHIO BJlaTH U MHOT'HX OPraHHYeCKHX pacTBOPH-
TeJieH, 06/1a4al0T NpeKpacHbIMH MeXaHHUECKHMH CBOHCTBaMH, 6o-
Jiee BHICOKOH TepMO- H OrecTofikocTbio. HanosHeHHble CTEK/SIH-
HBIM HJIH ac6ecToBLIM BOJIOKHOM NONHGOCHORATPUIXITOPHAH CTa-
JIH OTJIMYHBIM T'HOKHM H3O/ISILHOHHBIM MAaTepHaJOM 3JIEKTPOTEXHH-
yeckoff H KaGesbHOH NMPOMBIIIEHHOCTH. HMchoJsib3yer AX B celb-
CKOXO3SICTBEHHAs XHMHSA, MOCKOJbBKY OHHA SIBAAIOTCA ANAMH IS
MHAOTHX BPEAHTeNeH NoneH, B YaCTROCTH THAH.

[MonuéeochoaHTPHAKNIOPHADLI OTBEPKAAIOT FNOKCHAABIE CMOJK,
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BPHL2BAs MM BMeCTe C TeM HEKOTOPYIO 3JaCTHYHOCTb, YJYYIIAIOT
CBOCTBA HEJIIIONO3HBIX JIaKOB H IJIEHOK, CJYXKAT HCTOYHHKOM no-
Jy4eHHs APYTHX XHMHUECKHX MaTepHaJoB.

YueHble ODbITanuCh XUMHYECKHM TNyTeM YJYUYUIHTb CBOHCTBa
HEOpraHHYeCcKOro Kayyyka, YMeHbIIHTb €r0 peakuHOHHYIO Croco6-
HOCTb, HOBBICHTb TEPMOCTOHKOCTb, HO OCOOBIX yCMeXOB HOKa He
AOCTHI M. 3amMeHa XJiopa (TOpPOM, BOTPEKH OXHAAHHAM, He OKa-
3a/1a CYILECTBEHHOro BJHSHHA Ha CBOACTBAa HEOPraHHYECKOro Kay-
YyKa, a MPHBABKA BMECTO TOMO XKe XJIOpa OPraHHYeCKHX YIJIeBO-
NIOPONHLIX PajKKa/OB B pAje CIyYaeB MPHUBOAH/IA K NOTepe 3Ja-
cTHyHOCTH. HecMoTps Ha 3To, NOuCKH mponovkatorcs. [TpoGaema
CO3AakHs HEOPraHMYecKOro Kayyyka, coueraioumiero B cebe Jayy-
liHe CBOMCTBa OPraHHYeCKHX H MHHEPaJbHbIX MaTepHasoB, Mpo-
AOJIXKaeT OCTaBaThCcA B cepe BHUMaHHA MHOTHX XHMHKOB MHpa.

HOBOCTH [HA

Hayka 0 HeopraHHyeCcKHX MOJMMepax elle OuYeHb MOJOJA.
U, xak Bce MO/MIOROE, OHA CTPEMHATENbHO pPa3BUBaeTcs. Yike B ca-
Moe nocJjejHee BpeMsl MOSBUIHCH COOOLIEHHS O HOBBIX OTKPBITHAX
B 00/1aCTH HeOpraHHYeckux mosumepos. HekoToprie U3 HHX Bech-
Ma HHTepecHDI.

B HHcTHTyTe PH3HKH BHCOKHX JHaBJeHHit AkajeMHH Hayk
CCCP noayuyeHa woBas MOAH(HKaLHA ABYOKMCH KPEMHHS CO 3Ha-
yuTeNbHO GoJibliell, yeM y oObiYHBOro KBaplia, NJIOTHOCTbIO. Tsixke-
Jiblil KpeMHe3eM NOMy4YeH B YCJHOBHAX OIPOMHBIX HAaBJIEHHUI.

Ara paboTa MOXKET MPOJNHTb CBET Ha BOMPOC O CTPOEHHH 3EM-
Horo sppa. Ceftyac, KaKk H3BeCTHO, eCTb HecKosabko rumores. [To
MHEHHIO OLHHX YYEHbIX SIAPO COCTOMT M3 iKele3a W HUKeJs, 1o
MHEHHIO APYTHX — H3 CHJHHKATOB, TPeTbH CUHTAIOT, YTO 3eMHOe
AAPO —3TO «yHHBEPCaJbHBI/l METaJJ», CMECh Pa3/IMUHbIX dJEMEeH-
TOB C Pa3pyLiCHHbIMH 3JEKTPOHHBIMH O00JIOYKAMH, NOTEPABUIH-
MH CBOH XMMHUECKHe CBOHCTBA.

TpyaHo ckasaTh, KTO npaB, HO NoJYyueHHe TSKeJIOro KBapua
B YCNOBHSX CBEPXBhICOKMX AaBJIEHHH 3HAUHTENbHO yKpemJser no-
3HUHU CTOPOHHHKOB CHJAMKATHOrO CTPOEHHS 3eMHOro sapa.

B nocnenHee BpeMs noJiyueHsl HOBble MOAH(HKAIHH HEKOTO-
PBIX 3JIEMEHTOB, CHOCOOHBIX O6pa3OBbiBAaTb OMOLENHbie MOJMMe-
pul. K 6es0My, KpacHOMY, KOPHYUHEBOMY, (PHOJIETOBOMY U YEPHOMY
hocopy nprbGaBuaach eille 0JHa pa3HOBHAHOCTL HeONpeAe/eHHO-
byporo nBera. OHa mosiyuusa HasBaHue amopdHoro docdopa.
AnopoHblit pocdop ToXKe ABAAETCA HEOPraHUYECKHM MOJHMEPOM.

Eumte Goibilné MHTEpec DpPefCTaBASeT HOBas Pa3sHOBHIHOCTb
9J/ieMEHTapPHOro yriepoja.

Ilo HenaBHero BpemMenH pakT CyliecTBOBaHUS Tpex ajJaoTpon-
HhIX MOAW(pUKALUHA yraeposa — aAMasa, rpajpura H amopgHoro
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yriepoaa — Gbi1 akcHoMoR. Ho M3BeCTHbII aMEePHKaHCKUi GH3HK
I. Meanop, npoBeas TOHYaMlLIHe 3JE€KTPOHOrpaguyecKHe H PEHT-
FeHOCTPYKTYpHble HCC/Ie]0BaHHA, YCTAHOBHJ HAEHTHYHOCTb aMOp-
¢Horo yrnsa u rpacdura. CBou BRIBOAL OH BEJHKOJNENHO apryMeH-
THPOBaJ H yOeH1 MHOTHX YUYeHbIX.

ITo muennio Meanopa cyulecTBYIOT TOJbKO [BE aJJOTPONHbIE
¢opMbl yriepona: rpaduT ¢ NJIOCKOCTHOW CTPYKTYPO# M ajMas C
NpOCTPaHCTBEHHOM.

Teoperuuecku Bo3MOXKHa TpeTbsi pOpMa—JaHHEHHbIA Yriepon.
B npupozne ee He cywecrsyer. [TonbiTka noJyYuTh YrJepox ¢ Ju-
HEHHbIMK uensaMH Oblla NpeAnpHHATa cOTpyAHHKaMu HHcTHTyTa
3JIEMEHTOOPraHHYECKHX COeJHHEHHH BO rJaBe C YJEHOM-Koppecs
nounexrom Akanemun Hayk CCCP B. B. Kopluakom W KaHoHaa-
TOM XHMHYEeCKHX HayK A. M. Ca1afKOBLIM.

[TyTem KaTanMTHYECKOTO OKMC/JEHHS aleTHJEHa OHH TOJYYHJH
NpPOAYKT, cofepKaluui cebime 99% yraepona.

du3HyecKHe HCCJENOBAaHHsI 3TOro BellecTBa AaJH OCHOBaHHs

npeanosaratb, YTO B HEM coAepXKaTcs (parMeHTHl JHHEHHbLIX Le-
nei TMna

..—C=C—C=C—C=... nau
..=C=C=C=C=C=...

HoBoe BewecTBO monyuujo Ha3BaHWe KapGuH. BHelHe oHO
BLIMJIAAHT, KaK YEPHbIH MEJKOKPHCTAJJIHYEeCKHH MNOpOUIOK, a 1o
3JIeKTPONPOBOAHOCTH sIBJisieTCst noaynpoBoaHuKoM, ITpu temnepa-
Type 2300° xap61H npeBpailaercs B rpagHur.

HHTepecHo, 4TO noj AeHCTBHMEM CBeTa 3JEKTPOMNPOBOAHOCTh
KapO6HHa MHOTOKPaTHO YBeJHYHBaeTcs. DTO MO3BOJHT NMPHUMEHSATb
ero B orosnemMeHTax. HoiHelnne marepHanbl GOTO3/1€MEHTOB —
cejieH H ue3HH 06eCneyHBalOT MHX HaleXHYI0 pabGoTy JIHILb MpH
temnepatypax no 100°. Kap6un He yTpaunBaer cBoOiicTBa (oTO-
NPOBOAHMOCTH H TIPH TeMIepaType B HECKOJbKO COTEH rpaaycos.

HccnenoBaHHst 3TOro HOBOTO HHTEPECHOrO BeLECTBa MPOAOJ-
JKaloTcs.

Kaxkabi#i ieHb NPHHOCHT BCe HOBblE W HOBble OTKPLITHS B 06J1a-
CTH HEOPraHHYECKHX MOJHMEPOB. YMHOXXAeTCs YHC/IO H3BECTHBIX
COeJMHEHHH 3TOro Kjaacca, OTKPbIBAlOTCSA HOBblE€ NYTH HX MpHMeHe-
HHusl.

dta HayKa CTaJja NPHHLUHNHAALHO HOBLIM PY6eXKOM HeopraH-
yeckoi xuMHH. HaMeTnicsa nepexop ot TPaAHUHOHHLIX peaKLHii B
BOJAHBIX PacTBOpPax K NPUMEHEHHIO SKCRePHMEHTaNbHONH METOAHKH
OpraHHYeCKOH XHMHH — PeaKUHAM pacnjaBoB M HeBOAHbIX pacT-
BOpOB.

ITonumepHasi XMMHS HeOpraHHWYeCKHMX COEAHHEHHH, B3AB Ha
BOOPY>KEHHe OMbIT H METOAL OPraHMKH, ONEPHPYET NpPaKTHYECKH
CO BCEMH 3/IeMEHTaMH NePHOANYECKON CHCTEMBI,

HecoMHeHHO, 4TO W OpraHHyYecKkas XUMHA NOJHMEPOB NONYUHT.
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MOLUHBIf TOMYOK B pe3y/nbTaTe Pa3BUTHA HAYKH O HEOPraHHYECKUX
BBLICOKOMOJIEKYJIAPHbIX CO€ANHEHHAX.

[MepBbie cHHTE3bl 3M1aCTHUHBIX HEOPTaHUYECKUX MOSHMEPOB OT-
KpbiBAalOT 3aMaHYyMBYIO MEPCMEeKTHBY NPeBPALUECHHS] BCEro MHOro-
06pa3HOr0 HeOpraHWYECKOro MHpa B CbipbeBYi0 6asy ANS NPOH3-
BOJICTBA IlJlacTMacc, Kay4yyKOB, HCKYCCTBEHHbIX H CHHTETHYECKHX
BOJIOKOH. 9T MaTepHasbl 6yAyT 06/1a4aTb He TOAbKO TPaLHIHOH-
HbIMH CBOHCTBaMH MOJMMEPOB, HO H BLICOKOH TeM/JIOCTOHKOCTbIO,
a B psie CAy4aeB H HCKJIOUMTENbHOH XMMHUYECKOH CTOAKOCTBIO,

Hepaneka or ocylwecTBieHus Mies MNpeBpalleHHs CTeKaa B
3/1aCTHYHBIH yaaponpouHbii MaTepHas 6e3 norepd NMpO3payHOCTH.
Jnst 3TOro HyXHO cAesnaTb MeHEe MKeCTKHM KOCTSK MOJIEKYJbl
cTeksna, pacnoJIOXKHTb B Heil aToMbl Gosee pa3spexeHHo. Heopra-
HHYECKOM XHMHH HejaJjleKkoro 6yAYyLIero takas 3ajaya, HECOMHEH-
HO, OKa’keTcs MO nJeyy.

He 3a ropaMu u cHHTe3 TeX NMPHUPOAHLIX MHHEpaJ/oB, KOTOpbie
NOKa He YAAJ0oCh BOCTIPOM3BECTH B J1aGOPAaTOPHAX YUEHbIX.

A B oTpaneHuM pUCYeTCA KapTHHA CO3JaHHA Ha HeyrJepOLHOH
OCHOBE MOJIeKYJs, Gosiee CHOXHbIX, yeM paxe Oenkosbie. Kakue
CBOMCTBA 3a/I0XKHT B HHX YesoBeueckHil pasym? BuiTb MOXeT, 06-
peTyT pea/nbHble YepThbl CTPaHMUbI (PAHTACTHYECKHX MNOBECTEH O
KPeMHHEBOM >XUBOM Mupe?!

Ceityac y>xe TOYHO YCTAHOBJIEHO, YTO TIOYTH BCE 3JE€MEHTHI Ie-
pHOAHYECKOil CHCTeMbl MOTYT 0Opa30BblBaTb HEOPraHWYyeckue no-
JIHMepbl.

Bynyillee npuHaanexKuT mosuMepam, H He TOJbKO OpraHHye-
CKHM H 3/IeMEHTOOPIraHHYECKHM, HO H HEOPraHHYEeCcKUM,
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Bcem, kTo mHTepecyeTcs HOBeRMAME JOCTHXeHHAMH HAYKN N
KYABTYpbI, pEKOMEHAYeM NMOANHCATHCA HA CepHA HAYUHO-NOMyAAPHBIX
Gpomiop AsgaTeAbcTBa «3HanHe»

«HOBOE B H3HH, HAYKE, TEXHHKE»

12 cepnmii aToro gEkaAa—

Heropua Memayrapoanan

Darocodan DBroaorna u mearnEna
Axomemaxa Masnka, MaTeMaTHKA, aCTPOHOMEA
Texnnka Monoaexnan

Ceancroe xosailcTo Xaman

AnTteparypa m ncxyccrso EcrecrBosnanne B peAsraa —

NonyJIiPHO W YBJIEKaTeJbHO PAacCKa3nBAIOT O CAMOM HOBOM H ca-
MOM HHTEpecHOM B BaxkHedwux obsaacrtsax 3HaHufi. Ha cTrpanunuax
3THX GpOLIOp BHCTYNMAIOT H3BECTHLIE COBETCKHE yuyeHbie — aKaje-
mukH A. U, Anuxanos, JI. A. ApuumoBuy, . B. 3eabgoBuu, M. .
Munaunonmukos, A, H. ®pyMkuH u apyrue; nepasi B MHpe M6H-
mwuHa-kocMoHasT B. B. TepewkoBa, JserennapHuii napTHsaH
C. A. Kosnak, I'epoii Coserckoro Coiwosa 3. T. KpenkeJb, XypHa-
AUCTHI, MHCATeNH, OOLECTBeHHbIe H NOJHTHYECKHE NesiTeJH,

[To cepuam «Hcropusas, «Punocopus», «IKOHOMHKA®,
«Texuukas, «CesibcKoe X035iHCTBO», «JIuTepaTypa M HCKYCCTBOY,
«MexnyHnapoaHas», «Bbrosnorus u MeguuuHay», «Pu3nka, matema-
THKa, acTpOHOMHSI», «MoJsiogexXHasa» BEIXOAAT 2 6pOLIIOPH B Me-
cau o6beMoM 2,5 neu. Jaucra.

IMoanucHas weHa:

Ha nonyronue — 90 kom.
Ha xBaptan — 45 komn.

[To cepuam «Xumus», «EcTecTBO3HaHHE M PENHTHA» BHIXOAHT
| 6powtopa B Mecsu o6bemom 3 ney. JIMCTA.

[lognucnas ueHa:

Ha nonyronue — 54 kon,
Ha kBapran — 27 kon.

B katanore «Cotozneyatu» Ha 1965 ron aTu Gpowiopsl MOMELIEHb MOA HH-
Aaexcom 70064—70075.



