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C HeopraHWYeCKUME IIOJAMEPAME CBA3AHH HANEKIH HA HONyYeHHe HOBHIX
MaTeprajioB, OHPEBOCXOAAMAX IO CBOMM CBOMCTBAM NIPHPOAHEIE W MHOTHE YiKe
HMeIOImpecs CHHTeTHYECKHAEe MaTepHaJH.

Kanra siBuseTcs mepBoil MODEITKON 0606IMATH OTPOMHHI 3KCIEepAMEHTAb-
HBEIfl I TeOpeTWYecKAl MaTepwas, HOJydeHHHH B pe3ynbTaTe H3y4eHHS HeopTa-
AM9eCKAX NOJUMEPOB B TedeHHe IIOCTENHEeTO JeCATHNETHS. B KHHMre mag mof-
poOuEIT 0630p Hanmbosee MePCOEKTUBHAKX HEOPTaHAYECKEX BEICOKOMOJEKYISAPHBIX
coefmHeHmi: moamMepoB kpemsms, docdopa, Gopa, cepH, THTaHa, KOOpAHHA-
LHOHAHX NOJAMMepoB. I'IaBHOEe BHEMaHEe OOpaIleHo HA Pa3imIHEIe METOJH CHH-
Te3a TaKHX IOJHEMEpOB.

Kemra npeasasgadeda JANA HAYYHHX O HEKeHeDHO-TeXHHYECKHX paboT-
HUKOB, 3aHAMAIOMUXCA HONyIeHHeM M HCClefOBaAAeM MOJTHMEPHHX MaTepHaJoB,
B 0co0eHAO HEOpTaHWYECKHX H 9JeMeHTOOpTaHmYecKmX moxmMmepoB. OHa mpen-
CTaBJIseT TaKKe OOJBINON WHTEpec I BCeX JKeJAIOmMUX O3HAKOMHTHCA € DTOMH
HOBO#l 7 HATepecHON O6IACTHI0 XHMHM.

Pedaryus aumepamypsl’ no Tumuu



IIPEIVICJIOBUE

B Hacrosamee BpeMa HeOpPraHWYeCKWe HOJMMEDPH IPHBIEKAIOT HPHUCTAIbHOE
BHUMAaHNe XHUMHKOB-HEOPTaHMKOB, O YeM CBHfIeTeIBLCTBYET Pe3KO BO3pocImee
B DOCIefHWe TORBl YHCJIO WCCAELOBAHUI, COOPDHEHKOB ® MOHOrpadumit, oTHO-
cAmuxcs K sToMy mpeamery. HlHTepec K HeopraHm9eCKMM LOJUMEpPaM BIIOJHE
IOHATEeH, TaK KaK HMEHHO ¢ HX HOMOIIBIO IPEANOJIAraeTcs BO MHOTHX CJIydYasax
YAOBIETBOPUTH TPeGOBAaHUs COBPEMEHHOI TeXHHKM HA HOBHE MaTepuaihi, o6ja-
Jalomue OOpeleIeHHHM KOMIIEKCOM CBOHCTB (GOJBIION TePMUYECKOHW yCTOIi-
9UBOCTBIO, COXPaHeHHEeM [MIJeKTPHIECKHX CBOMCTB IPH BHICOKHX TeMIepa-
Typax H T. [.), KOTOPHMH He 00IaJa0T, B YACTHOCTH, OPraHAYeCKUe MOJIWMEPHL.

Onnako He MeHBHINI HHTePeC IPEJCTABIAIT HEOPraHHYECKHe IIOIHMepPH
€ TeOpeTHdeCKOoil TOUYKM 3PeHHd, TaK KaK BOOPOCAM MX CTPOCHHs], HIPUPOMAE XHMH-
9eCKON CBf3M, TePMOJUHAMWKe IPOIeccoB 00pa3oBaHEA YOENANOCH COBEPINCH-
HO' HeJ[0CTaTOYHOe BHUMAaHHe.

Boamo:kHO, UTO N0 5TOH IpWYMHe HeT JOCTATOUHOH SICHOCTH B NPUHIMIAX
KIaccupuKanuyu HeOPraHWdeCcKWX mojuMmepoB. Takr, uMeomas B 5TOM IJaHe
0onpmoe 3HAUeHWE Ba)KHeHMaA XapaKTePHUCTUKA BHCOKOMOJEKYJISAPHHX CoOe-
OUHEHWl B OPTaHHIECKOH XWMUU — MOJNEKYJISAPHHI BeC — B GOJBHIMHCTBE CIY-
9aeB TepseT CBOI POJb B OPHMeHeHHU K HEOPraHMYeCKUM IOJMMepaM, TaKhM,
KaK ajMas, CHIMKaTHHE CTeKIa W Ap. MHorue n3 HeOpraHmIeCKUX IMOJIAMEPOB
He PACTBOPHMEI B PA3JIMUHHX cpeflaX WIH ke, eCIN HX B TeX WJIN HWHHX KECTKAX
YCIOBMAX YaeTcsA MePeBEeCTH B PacTBOP (pacIiuias), HOABEPralTCH JeCTPYKIMH.

HekoTopsm wucKIIOYeHWEM SBIAIOTCA HEOPraHWIECKHNe IOJIUMEPH — 3Ja-
cTroMeprl (THHa (OCOOHETPUIXIOPUAA), HO WMEHHO 3TAa KaTeropusa Heopra-
HUYeCKHX MOIMMePOB BechbMa MajoducieHHa. BooGme, mpoGiemMa ImEeHHHIX
HOJIMMEPOB B HEOPraHWYECKOW XWMHH CTOUT OYeHb OCTPO; METOIH CO3TAHUA
HEOPraHMIeCKHX KAayIYKOB He paspaboTaHH, W HA 3TOM HYTH CTOAT Ooibimme
TPYAHOCTH, OOYCJIOBIEHHEHE NpeKIe BCer0 XapaKTepOM XWMAYeCKOH CBs3H
MeKIY CaMUMH aTOMAaMH — HeDBHYHHIME KOMIIOHEHTaMM HEeOPraHWYeCcKHX MOJH-
MepOoB.

EctectBenHO, 9TO paspaboTKa XMMHUM HEOPTaHWIECKHUX MOJEMEPOB HAYATA
¢ 0000mennsa HUMeIOMUXCSA PA3PO3HEHHHX JWUTEPATYDHHX HAHHHX IO 3TOMY
BOIIPOCY C TeéM, 9T00H BHABHTH CYIMECTBYIOIMWe B 3TOi 00JACTH OCHOBHEIE 3aKO0-
HoMepHOocTH. TaxmMm 06pasoM MOKHO IO KpaiHell Mepe yCTaHOBHUTH, 9ero HeO-
CTaeT HAyKe O HEOPTAHWIECKUX MOJMMepax, a Imocle 3Toro jerde chopMyInpoBars
mepBooYepeanyo npobieMaTHKy B paccMaTpuBaeMoil 00JacTH.

HoukpeTHHX NODHTOK B 3TOM OTHOIIEHWHU CAENaHO IIOKA OYeHb HEMHOTO,
HO U3 UMEKIMUXCS TPYHOB JanHasd MoHorpadus Hamboiee KpymHas. Bo Beaxom
clIydae, IPeACTaBIeHHHE B KHUTe PasfeldH TPAaKTYyIOTCO Haubosiee IOJIHO, deMY
B HEMAJOH CTeIeHU CHOCOOCTBOBAJIO TO OOGCTOATENIBCTBO, 9YTO KajKmas IJIaBa
KHUTY HAOWCAHA CHEeNMAJNCTaMU B 9TOH o6GaacTm.

Homnedno, y KHurum mMeeTcsa TOT HEJOCTAaTOK, 9TO B HeHl OCBEMEHH HeOpTa-
HUYeCKHe IOJUMEPH, o6pasyeMile OTHOCHTENHHO HEOONBIMIAM JHCIAOM DJIEMEHTOB
(xors, pasymeercsi, Hauboiaee cIOCOOHHX K 3TOMY), a TAKIKe B TO, YTO, HOKANYIA,
foxbImas 4acTh MaTepwWalla OTHOCHTCH K COeIUHEHWSM, BKIIOYAIOMMUM OPraHude-
CKHe DAaJuKaIbl. JTO BIOJHE €CTECTBEHHO, TAK KaK XUMHs IOJHMEPOB XOPOMIO
paspaboTana HA IpuMepe OPraHHIECKUX COeJUHEHHMI W, TaKuM ob6pasoM, die-



6 . II peducaosue

MEHTOOPraEmIecKie COeJUHOHUA SIBISAITCSI KaK OH IePeXONHHM MOCTOM MEKIY
XOPOINO M3yYeHHHIMM 9HCTO OPTraHWIECKMMHA W 9YUCTO HEOPTraHMICCKAMH IOJH-
MepaMu.

MoxHO OTMETHTH HONHITKY TPAKTOBATH HPOOIEMY HEOPraHMYeCKNX IIOJIH-
MEepOB MCKIIOYNTEIbHO HA Heopranudeckux obvexkTax (Gimblett F.G. R.,
Inorganic Polymer Chemistry, London, 1963), mpmdem cepnesmoe BHuUMaHue
YAeJIAOTCA MOJMMEePU3ANUA HEOPraHMYeCKHWX BEIeCTB B PAacTBOpax (KaTHMOHHAas
¥ aHWOHHAA HOJVMEPU3aNHsA)—BOOPOCY, IPAKTAYECKH HE 3aTPOHYTOMY, K COKa-
JeHno, B JaHHOi MoHorpadum. OJHAKO MpPEeMMyINEecTBOM MOHOTpaduM ABIdeTcH
CTpeMileHNe ee AaBTOPOB, HACKOJBKO BO3MOMKHO IIOJHEe, paspaboraTh QuU3UKO-
XAMUYIECKYI0 CTOPOHY BOIPOCA ¢ IPUBIEYCHUEM CTPYKTYDHHIX TaHHHX.

B xonedHOM c9eTe, MOKHO IPU3HATh, 9TO COBPEMEHHOE IIOJOKEHHE C HEOP-
raHNYeCKMME DOJIMMEePaMy yke MO3BOJIAET BUAETHh A 3TOH o6iacth MHOroobe-
maomee Gyayimee, ¥ BCAKYI0O HONOKTKY HPUGAU3UTH ero cjemyeT pacleHHBaTh
Kak Ba)kuoe meponpustne. IIpemcraBisercsa, 4ro W u3jaHWe mepeBoja TaHHOM
Monorpaduu B cBeTe CKA3aHHOIO OPHHECET HECOMHEHHYI0 NOJNb3y W HayKe
I IpaKkTuKe. ’

H. Tananaes



INPENNCJIOBUE PEJAKTOPOB
AMEPUHKAHCHOI'O MN3IAHUA

Hannas xuura nmpefcTaBisieT coboit oGmupHH 0630p COBPeMEHHBIX HCCJIe-
MOBAHMI DO HEKOTOPHIM pasfieiaM XWMHY HEOpPraHudecKHX HoamMepoB. Huura
HE COMNEeP)KUT WMCYePIHBAOIMEro ONUCAHWA BCeX HEOPraHMYECKHX MOJIUMEPOB,
a COCTOMT W3 OTHENBbHHX 0030p0B HauboJsiee NepPCIEKTHBHHIX 00aacTeil mcciemo-
BaHMA, B KOTOPHIX B HACTOsAIIge BPeMs MHTEHCUBHO PaGoTalT aBTODHI.

Heopranwdeckme mosmmepsl OPUBIEKAIOT B HACTOAINEe BpeMA Bceolmiee
BHUMAaHue IJIABHHM 00pasoM B CBs3U C OrPAHMYEHHBHIMH IpefieJaM¥ TeXHOJO-
TUYECKHUX CBOMCTB OGHIYHBIX opraHmdeckux moiumepos. IlomarawoT, aro meopra-
HUYECKME MOJUMEPH JOJKHE 00JaJaTh JYYIIAMM CBOWCTBAMH, 0COOGEHHO IOBHI-
LIGHHOII TEePMHUYECKOH yCTOMYMBOCTHIO, CTAOMIBHOCTBIO 10 OTHOIIEHHUIO K TOPIO-
9eMy W CMaskaM, 030HYy ¥ paguanumu. Iupokoe mpoMHIOLIeHHOe NPUMEHEHUE
CHJIMKOHOB IO3BOJAeT HAKEATHCSA, YTO MOJOOHHIM Ke 00PasoM MOKHO HOJYIHUTH
M [pyrue HeOpraHMJecKue M 3JIEeMEHTOOPraHMYeCKHe MMOJMMepHL.

Heopraumgeckue - momumMepsl WCCAe[OBAaHE HECPAaBHEHHO MEHbIIE, 9eM Opra-
Hudeckue. [ co3faHusa OCHOB XMMUYU HEOPTaHUIECKUX IOJUMEPOB HE0OX OTMMO
u3ydeHHe HPOCTHX HENOJNMEDHEIX HeoPraHWYeCKHX CHCTeM, IpudeM Hamboiee
Ba)KHOEe 3HAUeHUWe OPUOGPETAIOT B 9TOM CAy9ae COBPEMEHHbIe IPeICTABIEHUs
Teopuu XMMWIECKOil cBa3u. BeposiTHO, B HacTofmee BpeMsa IiIaBHOM mpobreMoi
B 00JaCTH HEOPraHWYeCKUX IOJMMEPOB SABJIAETCA CHHTE3 JMHEUHHX HOJUMEPOB
GONBIIOTO MOJIEKYJISIPHOTO Beca, 9TO HOKA Peaju30BAaHO JHUIIb B HECKONBKUX
clydasx.

3a HMCKI0YeHWeM OepBO IJAaBH, MOPAMOK PACHOJNOKEHWs OCTAIBHHX IJaB
KHUTH npousBojieH. OCHOBHOe BHUMaHUe YHEJNeHO PA3IMIHbBIM METONaM CHHTe3a
MOJIMMEPOB M MeHbIe OCBemleHH (uandeckue csoiicTBa. IlepBasg riaBa BBefeHA
s HATIOMUHAHUA O TOM, 9TO B 3TO#l 0GJACTH BRICOKOMOJEKYJSPHHX COeXHHe-
HUl HeOOXOZMMHI BCECTOPOHHNE (u3WdecKrme WMCCHeTOBAHWSA U YTO Heoprammude-
CKHe II0JIMMepPHl He IPeNCTaBIAIT MCKIIOYEHHWs B OTHOINIEHUN 3aKOHOB (u3mue-
ckoil xumuu. OOHYHO BHCOKNE DHEPruy CBs3eil B HEOPTaHHYECKHX CHCTeMax
9aCTAYHO KOMIEHCHPYIOTCA HAJIWIMeM XHMAYeCKHMX peaKkmdil ¢ OTHOCHTEIBHO
HABKUMY DSHEPIUAMU aKTHBAI[UH.

Kem6pumsx, Maccauycerc . Cmoyn
mions 1962 T, B. TI'pszen






BBenenue

®. Cmoyn m B, I'psxenm

B mociennee mBagmatuieTne mabaofaeTcs 3HAYATENBHEIH Tporpecc B Goib-
IMEHCTBe ofJjacTell XMMHHM, DpWdeM MHOTHe HOBHe 3aMedaTeJbHBe OTKDHITUS
HPOUCXOLAT 00BIIHO B HOTPaHMIHKEX 00jacTAX HayKu. PasBuTue HOBOU TeXHUKH,
HaIpuMep ALEPHOH DHEPTeTHKH, PEAKTHUBHOTO W PAKeTHOrO ABMKeHHA, MOOyIuIo
K DOMCKaM MaTepHajioB, YAOBIETBOPAOIMINX oupefeaeHHsM TpeGosanmam. Iloaro-
My He YIHBHUTEIbHO, 9T0 HeOpraEwIecKas XHMWsA, HePe)KMBAOMAsA TaK HasbIBae-
Moe BO3DOKIeHue, W XWMHs NOJAMEPOB — JaBHO YiKke yTBepAHBIOAscA W OypPHO
PasBHBAINAsCA OTPACIb HAYKH — OmepemieTaiorcs, o0pasys HOBYIO HAYKY
0 HEOPTaHMIECKUX HOJHMepax.

B macrosmee BpeMsa BO MHOTHX J1a00OpATOPHAX BeAyTCA AKTHBHbIE HOWCKH
U W3yUCHNHE HEOPraHMIECKHX NIONMMEPOB, ONHAKO HET elle eANHOTO MHEeHU
0 TOM, 9TO 03HadYaeT BEpajkeHHe «HeOPTaHMYECKUIl MoTuMep», TAK KaK PAa3IMIHEe
aBTOPHI BKJANHBAKT PA3JWYHEI CMBICH B BHPayREHNA (HEOPTAHWIECKAs XAMUI»
u «monmmep». CoBpeMeHHAasA HeopraEmYecKasd XHMMHA Xxapaktepmayerca [12]
KaK «HayKa, o0befUHAIOMAA B OJHO 1{eJ0€ CHHTe3, KAYeCTBEHHHII W KOJIUIecT-
BEeHHHI COCTaB, CTPOGHMEe M DEAKOUH COeNUHEeHWH, OOJBIIMHCTBO M3 KOTOPHX
He cofiep:KuT yriepopas. OmHAKO HMEIOTCA W TaKue BOIPOCH, KOTODHE Heopra-
HUKH He MOTYT OTHECTH K CBOEil 06;IacTH W KOTOpHe B 00meM ABIAITCA Ipef-
meToM (usHdecKodl XMMHMM M 3HAYMTENLHON dYacrm oprammiecKodt xmmuu. Uro
KacaeTcd TepMUHA <IOJHMMEep», TO IOJ HHM MOKHO IOHHMATbh TaKoe BemecTBO,
MHOTOYHCJCHHEE CTPYKTYPHHE eIMHUIE KOTOPOrO CBA3AHH MEXKLY Cco0o0il
BaJIGHTHEIMU CBA3AMH JIOOGHMH BO3MOYKHKMY nyTsamu. Eciau npuHAT Takoe ompe-
JelleHHe HOJMMepa HapsaRy ¢ BHIMEeYHOMSAHYTHIM oHpefiejJeHueM HeopraHm4ecKok
XUMHUH, TOTHA K HEOPraHMIECKAM IIOJIMMEPaM JOJKHEL OTHOCUTBCS CaMble PasHO-
ofpasnbie BemecrTBa: OOMBIIAHCTBO HPUPOMHEIX CUIHKATOB, KBapl, ¢ocdaTs,
cTeKJa, ajmas, rpagur, HETpHE Gopa KyOMdYecKodl M reKCaroHAaJIbHOH (OPMEH,
$oChHOHUTPUAXIOPUNE, CHIMKOHBI, MHOTHE OPraHOMETAJJINIeCKHe U MeTallJIo-
OpraHWYecKHue COeJHHEeHHA *, MajKe IPOMafHbIe MOHHEE (MOJEKYJNH» XJIOPHUCTOTO
HaTpHA.

Hexoropsie momaraoTt, 970 TEPMUH (IOJMMED» HYKHO WCIOIB30BATH Oojee
orpanndenno. OusnKo-XxMMUKHK, HampuMep, ¢ OPraHMIeCKUMH IOJUMEPaMHU CBHA-
3HBAIOT TAKHE CBOMCTBA, KAK BEICOKYIO BA3KOCTL M DJIACTHYHOCTh B IMHPOKHX

* (QpraHoMeTalIMdecKHe MaKpPOMOJEKYIIH (COe[HHEHNs CO CBA3AMHE METALI — YIVIEPOX
6HBaOT ABYX TEOOB. B oxHOM ciydae yriepoj SBJAETCSA 9aCTHI0 OCHOBHON IENH, KAK B HEKO-
TOPHX 3JIEKTPOHOMePANNTHHX aJKHJIAX MeTaJJIOB, 06JaJalomMX MOCTHKAMH MeTalll — yIJe-
poa — Merana (ra. 9). B mpyrom caywae yriaepox BXORHT B cocTaB GokoBoil memm (R), kax
B OpPraHMYecKHX coegmHeAumaX ojoBa Tuma (R,Sn), (ra. 6).

MeTaLI00pTaHAYeCKUMA COCHHASHUSMHU 3[ech HA3HBAIOTCA BeI[ECTBA, COJAepIKamue
opragmiecKue IPYONH, KOTOpLIe He HMEIOT CBS3HW MeTaJuI — yriepor. IlpmmepoM Oexsmumx
MOJIEKyJ 3TOr0 THOA MOTYT CHYKATH HOJAMEPHEE ATKOKCHIH MeTaJIOB (INI. 7), MOJOOCHHe
[Ti(OR),],,, @ KoOpAHAATEOHAKE IOJUMepH (ri. 8), mogobasie [Cu(NCC,H,CN),]NO;, B KOTO-
pOM MOJIEKYJH CYKIHHOHHATPHJIA HIPAIOT POJb MOCTHKOBHX rpynnm Mexpgy mogamm Cu(I).
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npefenax. JT0 B CBOIO odepefib BefleT K TOMY, YTO PAacHOJIOMKeHNe aTOMOB, CBs-
3aHHEIX BaJeHTHHIMH CHJIAMH, B CTPYKTYype TAaKHX BEMECTB JOJIKHO OHITH Gojee
1eM09eYHBIM, YeM PAaCHOJOKeHHe aTOMOB B MPOCTHX coeguAeHuax. OcobeHHO
Ba)KHO OBUIO HPW3HATH, 4YTO CTPYKTypa THUOWYHOTO NoJMMepa HeperyiaspHa
B TOM CMEICIIe, 9TO, HECMOTPS HAa MHOTOYHCJICHHbIE IOMEPEYHEIe CBI3H MEKAY
IeNAMA WIA CeTKaMH, 9UCIO arperaToB MesKIy HONePeYHBIMU CBA3AMH MOIKET
3HAYUTENHFHO W3MEHATHCA, a IO0ITOMY B CTPYKTYPY BBOAMTCH 9JIEMEHT Ciydaii-
voctu. Takas cTpykTypa BecbMa OTIAHMYAeTCA OT CTPYKTYpPH asnMasa, rpagura,
KyO6M9ecKOro MIHM TeKCaroHaJbHOTO HUTpUAA Gopa, rie IMECTHIICHHbIE KOJBIA
TIOBTOPSIOTCS MOYTH ¢ Ge3yNpeYHOil PeryiApHOCTHIO, MM OT CTPYKTYPH XJIOPU-
CTOT0 HATPHS, B KOTOPOIl KKKl aTOM HATPUS OKPYKEeH IIeCTHI0O ATOMaMH XJ0Da,
n unaobopor. Ilpu miaBmeHuu Takme BEICOKOYIOPAMLOYEHHEE CTPYKTYPH Ppaspy-
LIAOTCsT, TOIA KaK NPHU IJIABICHHH OOHYHBIX IOJIUMEPOB LEJIOCTHOCTDH MesKarpe-
raTHEIX CBsA3ell 3aTparmpaeTcad He odYeHb sHaumTeabHo [10]. 310 mMO3BOIsSET
HCHOJb30BAaTh NPX X 06paboTKe DKCTPY3UIO U JUThe B mpeccopMax MOK HaBJe-
HHEM, 9TO HAJ0 MOBOJ HPOMBIIICHHHKAM M HOTPeOMTEeNAM 5TUX MAaTepPHAIOB,
T. €. JUIIaM, He UMEIIIMM OTHOIICHHS K TeXHUYCCKUM ONpeNeNeHHAM, paccMaT-
pUBaTh TaKWe CBONCTBA KaK XapaKTePUCTHKHU «mojauMepoB». OXHAKO MOKAa3aHo,
9T0 B TBePJAOM IOJHMMEpe CYLECTBYeT HEKOTOpas YHOPAZOYeHHOCTH (KPHCTAJ-
JIMIHOCTH), OCOGEHHO ¢ TOTO BPEMEHH, KOr[a YAaloch HOJYIUTH HOJIUMEDHEIe
MaTepHAaJH C PeryJIAPHOIl CTPYKTypoll, obmamarmmue 6ojiee BHICOKMMH TOYKAMHU
IJIaBJIEHUS W 3HATUTEIBbHON npounocThio *. TeM He MeHee miIaBieHue H KPHACTAI-
JIN3anusA MOJMMEePOB IPOUCXOIAT B IMpefieaX OTHOCHUTEJbHO IMHPOKOI0 WHTEPBa-
Jla TeMIOepaTyp, NpuieM KPHCTAJIIM3ANMA HUKOTJA He OHBaeT MOJHOHW B OTINIMe
OT THOWYHBIX KPUCTANINICCKHX BeMIECTB.

IlogBoAsA WTOr CKA3aHHOMY, MOKHO OTMETHTH, 9TO HEOPTaHHKH CTPeMATCH
B KadecTBe MOJMMEpa pPacCMaTpMBaTh KajKOyH0 THTAHTCKYI MOJEKYIYy, B TO
BpeMs KaK (U3MKO-XMMHUKHU MOJMMEeDAMH CIHTAIOT TONBKO JIMHEiHEHe 1eneobpas-
Hble TUTAHTCKHEE MOJIEKYJH, NPH3HABAg, 9TO OPU OOJBIINX OTKIOHEHHUSX OT JIH-
HEHHOCTH, BO3HWKAWIIAX OPU DONEPETHOM COIMBAHWE **, oCcTaeTcs eme HEeKOTO-
pasg TOOBMIKHOCTH ¥ DJIACTHYHOCTH. Pasiwume B TOUKe 3peHus Ha JAeiicTBu-
TeJbHOE CTPOeHHe IoJuMepa MABJIAETCA, TaKAM o006pasoM, OTHOCHUTEILHEIM,
¥ 9UTaTeNb He MOJKeH YAMBAATHCH, HAWAS B CIeAYIONHUX IJIaBaX 3aMUTHHKOB
060X MOJOKEeHUi, ¥ TOMY, 9TO HEKOTOPHE HeOpraHhiecKue BemecTBa, KOTODHIe
MOJKHO PAacCMaTpPMBATH KaK «IOJUMEPH», B 3TON KHATE He 00CYKITAIOTCA.

Hax yxe ormedgasmocs, BceoOmuil mMHETepec K HEOPraHMIECKHM IIOJIHMepPaM
BHI3BaH TpeGoBaHUAMU COoBpeMeHHOI TexHOoMoTHH. OCOOEHHO HACTONIMBO IPOM3-
BOJATCA MOWCKY MaTepHaJIOB, CIOCOOHKX HPOTHBOJEHCTBOBATH CHIBHOMY TEPMH-
YeCKOMY HAUPSAMKEHNIO B IPUCYTCTBUM BO3yXa M BIard, a AHOTAA X PN KOHTaKTe
C OPYIMMH BeINeCTBAMM, HANPHMeD ¢ THAPABINYSCKHMI KANKOCTAMA. JKCIEPH-
MEHTAJbHO YCTaHOBJIEHO, 9T0 Hambojee YHUCTHE OPragHMiecKue MOJMMephl HadH-
HAIT pa3pymaThbesi HA Bozayxe yke mumske 250°. IlpencraBisier uatepec XoTa Ol
KDPAaTKO paccMoTpeTh 3Ty upobiemy crabunproctd. HeycroitamBocTh opranmye-
CKHAX IOJAMEPOB K OKHCJIEHHI0 00yCIOBJeHA IpeBpameHneM COAep:Kamuxcs
B HUX yIiepofia M BOJOPOAA B JABYOKHCH yTiepofa W BOAY, KOTODHE ABIAITCH

¥ OcHOBHEHE OCTHKeANS B XEMHH IIOJMMEPOB CIEIAaHH HOCIe TOro, Kak GHJa HaiiieHa
BO3MOKHOCTh CHATe3a TaK HA3BHIBAEMHX CTEpEOPeryJIApHHX IIOJAMEpPOB, KOTOpHe 06JafaioT
IJIOTHOH yIaKOBKOH B TBEpIOM COCTOSHIH BCJENCTBHE PeTYJIAPHOIO PACHOJOKEHHS 3aMeCTH-
Tejlell y aTOMOB HOJEMepHOM memd (ra. 1). OJHAKO CIMMKOM (OJbmAas YHOPAAOYEHHOCTS,
Ha6II0NA0MAAcA B HONHOCTHI0 KPHCTANINICCKOM BemecTBe (OGHYHOE COCTOAHEME HeOpTaHMde-
CKHX BeIlecTB), BefeT K IoTepe KaydyKomomo6Hoil amactmysoctu. IlonmMmep, MMelomuii siac-
TAYeCKHe CBOMCTBAa B PACTAHYTOM COCTOSHHH, Gojlee KPHCTANIAYeH (YHOPAMOIEH) H CTPEMUTCA
CIKaThCHA, IpPAYEM 9TO C;KATHE CONPOBOKAAETCA BO3HHKHOBEHHEM HeymopsapodeHHocTH. Takmm
06pa3oM, 3IaCTHIHOCTH ABJIAETCA CIEACTBEEM SHTpommiaoro sddexra.

** JlonepeuHoe cm@BaHHe B OPraHMYeCKHX IHOJHEMEpaX 4YacTO ABJIAETCA KeJaTelb-
HEIM, TaK KaK BefleT K YJIydmeHWI0 CBONCTB HOAOGHO TOMY, KaK 5TO HMEeT MeCTO B BYJIKaHA-
3WpPOBaHHOM KayduyKe.



Besederue 11

TepMoMHAMUIeCKH (ojiee YCTONIMBHMEU B NPUCYTCTBHEM H30HTKA KHCIOPOIA.
YcroiiuuBOCTh OPraHWIeCKNX BEIECTB faj)ke IPH OOKTHHX TeMmeparypax obyc-
JOBJIeHA KUHETHYeCKHM DPPEKTOM — pPeaKIUN OKUCIEHUS IPH HUBKHX TeM-
mepaTypax IPOTEKalT OYeHb MeIJeHHO. TakuM 06pasoM, OPraHUIeCKHH IOJIH-
Mep HAXOAWTCS He B TePMOJMHAMUIECKOM PABHOBECHH, & B MeTAacTaGHIbBHOM
cocToanuy. [Ipy HOBHIMEHHHX TEMIEPATyPax OKHCIUTEIbHEE PEaKI[UU NPOXOIAT
ObicTpee W moaumep paspymaercsa. Cpasy ke BO3HUKAaeT BoOpoc, OyayT Jam
HeopragMIecKue IMojimMeps ayame. Ha aToT Bompoc o cuX DO eme HeT yBePeH-
HOTO oTBeTa. Ecau OCHOBHBATHCA TOJIBKO HA .TePMORMHAMUYECKUX (AKTOpax,
TO OTBET MOJKeH OBITh YTBePAUTEJIHbHHM, TAK KAK MHOTVE HEOPraHWIeCKHUe CBA3HU
6GoJiee MPOYHH, 9eM CBs3HW, o0pazoBaHHEE yriaepofgoM. CuamkoHH (ria. 5), obaa-
JAI0Mmue HeOPraHWIeCKNM OCTOBOM, HECOMHEHHO, SBJIAIOTCS BeChMAa MOJE3HBIMHU
MOJIXMEPaMH, 9TO CTAHET OYeBUIHO HOCJe UX PACCMOTPEHMA B 3To¥ KHUre. IIpog-
HocTh omuuapHoil cBsasm C — C 3aBHCHT OT NPHUPOAH 3aMEMAKNUX TIPYINO, HO
B CPeJHEeM ee MOYKHO NIPUHATH PaBHOM 0Koxo 83 kkax [5]. ITo 3HAUMTEIBHO MEHD-
e sHepruu csasu Si — O, xKoropas cocrasuaser 106 kkaq [5] *. He ynusurensno
M03TOMY, 9TO IOJMMePH KpeMHHS B o0meM 6oJjiee yCTOWIMBHL IO CPaBHEHUIO
C OPTaHMYECKUMH IOJUMepPaMy, CONEPKAMMUMH yriePoAHE ocToB. TeM He Menee
OTHOCHTEJNBHHI BHUIDHII B CTa0UIBPHOCTM HPU IEPeXONe OT OPTraHMIecKUX
MOMMePOB K CHINKOHAM He TaK BEJIHK, KaK MOKHO OHIJIO OBl OJKHMIATh HA OCHO-
BaHUH OTHOCHUTENBHON IPOYHOCTH CBsizeil. JTO 0OBACHSETCS NPHUMEHEHWEM OfH-
HAKOBHIX (PM3MYECKWX IPUHIWIOB K OPraHMYeCKUM W HEOPTAHMIECKAM ILOIHMe-
paM. XOTH 9HEPTHA CBA3EH HEOPraHNIECKUX CHCTEM MOJKET OHTh HECKOIBKO BHIINE,
9eM Yy OPraHMYeCKHX, TeM He MeHee OOBYHO HPOMCXOJUT KOMIEHCAHUS BCJIE[-
crBue 0OJbOIeHl. BEPOATHOCTH XMMHIECKMX DPEAKIHUHA ¢ OTHOCUTEJIHHO HU3KUMHU
DHEPIUAMHU AKTHBAIUY, €CIU IPUCYTCTBYIOT TAKWe PeaTeHTH, KaK BO3LYX M Biara.
IIpexpacHsiM MOATBEePIKIEHMEM CIOPABEIIMBOCTH 9TOr0 YTBEPIKIEHUS MOTYT
CIYKUTh CHAMKOHH. MOJApPHAA TEIIOTa OKMUCIEHUsA KpeMHus Gollee 4eM B ABa
Pasa TPeBOCXOMAT MOJAPHYHI TEIJIOTY OKHCJIeHHS yIaepofia, a MO3TOMY B IpH-
CYTCTBMM KHCIOPOXa M IpU HeoOXOMUMON sHeprud akTuBanma cBsasb Si — C pas-
pymaercs ¢ o6pasoBanueM csasu Si— O, Cmoco6HOCTH KPeMHHUS MCIOIb30BATH €T0
cBoboxuue 3d-op6ute s o0pasoBaHusA GIAarONPUATHEIX TEPEXOAHHX CHCTEM
OTKPHIBAET IyTh i HUBKOPHEPreTUIeCKNX pPeAKIUil — IyTh pPaspymeHHs
CBsA3ell, OTCYTCTBYWIIMI Yy yIepofa, KOTOPHI He MMeeT CBOGONHHIX HH3KODHEP-
reTugeckux opbut maa o6pasoBammaA cBsasu ¢ pearentamu [9, 17]. Tepmmgeckasn
yCTOHYMBOCTS IOJMMEepa B NPUCYTCTBUH JPYTUX COefMHEHUH oIpefensercs,
TakuM 00pa3oM, B 09eHb 3HATMTEJHHON CTeleHH KUHETHKOH PeaKIuil ¢ HN3KEMHA
DHEPrUAMU AKTUBAIMHM, MEXAHU3M KOTODHX B GOJNBIIMHCTBE CAyJIaeB HEM3BECTEH.

Hpyroit acmexT Bompoca 0 CTAaGEIBHOCTH 3aKII0IAETCSA B CTPEMIEHHHM MHO-
TUX HEOpPraHMYeCKHX MOHOMEPOB K o6pa3oBaHumi0 4-, 6- maym 8-uimeHHHX KoJiel]
(mampumep, I—XII) n B TemmeHOUMM AIAVHHHX LENHHX HOJWMEPOB K HeIOJINMe-
puzanuu B HeGOoJAbIINe KOJbIHA IPH INOBHIIEHHBIX TeMOeparypax. MHorne memnse
CUIMKOHOBBE IOJMMEPH HpW HarpeBanumu mo Temumeparyp Beime 300° wacTmaxO
IPeBPAIAOTCS B EKINICCKIE CHIOKCAHB, IPAIeM OOHYHO 00Pa3yITCs TPAMEPH
(gepes rexcamepr) unm moGasg mx cmech. OJHAKO B APYTHX YCIOBUAX IMUKJIHTe-
CKHe CHJIOKCAHEL MOryT IePeXORHWTH B BHICOKOIOJHMMEDH, 9eM M0Ka3hBaeTcsd
ORICTDHIl CHBAT PaBHOBECHS MWKJ — IeOb (CBOWCTBO, XapaKTepHOe IS MHOTHX
cucrem). MoHO cKasaTh, 9T0 OfHA M3 TJIABHEX Opo0jeM XWMUHM HeopraH@de-
CKUX IOJMMEPOB 3aKIYaeTcs B NPEMMYIMECTBEHHOM CYIIeCTBOBAaHAHW HEOOIb-
IOHX KOJem IO CPABHEHWIO ¢ JIAHHHIMHU neusamu. [lono6Ho ApyruM XMMAYeCKHM
mpoIeccaM MOJIMMEPH3alUA BKJIKYAeT PaBHOBeCHe MeKIy peareHTaMd (MoOHO-
MepaM®, AMMepaMH, TPUMepaMy H T. 1.) W OPONYKTAMHA peakmud (MakpoMoJe-
Kynamn B ¢opme memeii, ceTrok u T. #.). Ilpm mamnoi#t TemmepaType cBoGomHAs

* B ra6a. 21 (ctp. 197) mamH cpegHde 9HePIHH CBA3ed AJMA PA3THYHRX COSJHHEHHM
KpeModsa H yriepoja.
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9HEePIUsA CHCTeMH IpPH NpPeBPAMEHNN MaKPOMOJEKYJH B HeOOJbIINe KOJBI2
1 06PATHO 3aBHCUT OT H3MEHEHWA SHTAIBIINY U SHTPOIHMY COTJIACHO XOPOIIO U3BECT-
Homy ypaBaenmio AF = AH — TAS. Crpemnenue K 006pasoBaHH0 HeGOJBIINX
KOJIeIl Y MHOI'MX HEOPTaHHIeCKHX CHCTEeM OCHOBAHO HA TOM, YTO B 3THX CUCTeMax
JOMHHUPYIOmMYo poib urpair sarponuitawe sddextsr [3]. Ipespamenue me-
CKOJNILKIX MAaKPOMOJNEKYI B 00JbIIOe 9MCIO0 He(ONBMHUX MOJEKYI OPH TOM 3Ke
KOIWYeCTBe BEmEeCTBA CONPOBOMKIAETCS POCTOM JHTPONHMM CHCTeMH. IL0CKOIbKY
AF = AH — TAS, 1o BospacTaHue SHTPONNH BeleT K MOHMKEHUIO CBOOOMHOI
DHEPruy, a 9TO O3HAUAeT, 9T0 peakuus (A), — nA aBiagercs Brrommoii. Pasmo-
Becue (B HameM CJyd9ae CTeOeHb NOJMMEPHU3AIMU) OLpeNedeTcsa TaKiKe M3Me-
HeHMeM DHTAJNbINK U TeMmeparypoil. Bayuoe smadenue umeer m To o6CTOATEb-
CTBO, 9TO BO MHOTHX CHCTeMax pPaBHOBeCHe JOCTATAeTCA ¢ OOJBIIAM TPYLOM
M TPUPOKA KOHEYHHX LPOAYKTOB ONpPEHeNsieTcs KAHeTHIeCKMMHU (aKTOpPaMM.
ITockoNABPKY BaKOHH TEePMOIMHAMAKA M KHHETHKM OJMHAKOBO XOPOIIO HpUMe-
HUMBL K ODPFaHHMYECKMM COeIMHEHHSM, HaOM0flaeMasd CTeNeHb MOJHMEepPU3aInu
OPraHMIeCcKUX HOJMMEPOB 3aBUCHT TaKKe OT MHOrux ¢Qaxropos. I B ciayuae
OPraHu9ecKuX IOJMMEPOB BCJIEICTBYME SHTPONUIHOr0 (axTtopa BHIOHO obpa-
30BaHNe HeGOJNBIIMX KOJIEell, OJHAKO [AeNojuMepH3aunusa Hemneil TpedyeT pasphiBa
ceaseit C — C, T. e. mpomecca, KOTOPHIl MPOTEKAeT CO 3HAYUTEIBHOU DHEprueir
aKTHBAIUM.

CH; (|JH3
6 d
/7 N\ VRN
CHgBe  BeCHj; (CH3),Ga Ga(CHg)e
N/ AN
‘ 1
CH, CH3
I I
CF;3
Il) CHj,
/N CH 1/ 3 1(C
F3C——P P’—CF3 ( 3)2A A ( H3)2
\P/ CH,
|
CF,
111 v
H (CHs)p
N P
RN VRN
H]l3 l|3H (CH3);B  B(CHjy),
HN NH (CH3);P  P(CHj)s
ANV A4
B B
H (CHz3),
v VI
(CHy)s Cly
Si P
VAR /7 N\
(0} 0 N N

I |
CHy),Si  Si(CHj),
N/

VII

1
CLP  PCly
N/

VIII
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(CHg),
N—P N—S
7\ VAN
(CHg)oP N S‘ II\I
N }'I’(CHg)z N S
N/ N
P—N S—N
(CHjz)z
X X
Hy (CHjy),
B—As S—S
VAN VRN
(CH3)2AS ?HZ ? |S
H,B As(CHg)g S S
N/ NS
As—B S—S
(CHg)e Hp
XI XII

CreoBaTenbHo, NpeBpameHnue Ieneil B HeOonbIIue KOMbIA He MMeeT GOJbHIOro
3HAYEHWA HIKe TeMOepaTyp pPaspylIeHus APYTUX CBAsell. Y HeOPraHMYecKHX
HOJMMEePOB, HECMOTPA Ha GOJDIIYI0 IPOYHOCTH OCHOBHBIX CBA3eH, peopranusanus
IeNH B KOJNbIA OOLIYHO JIETKA, TaKk KAaK MMEIOTCA PeaKmuyl ¢ MaJkMY 3HepPTHAMH
aKTHBamUM. ITO XOPOMO WIIOCTPUPYETCA HAeNOIUMEPU3ANMEN DOJNIMAIIKAI-
cunokcanos Brame 300°:

R R R

| |
—Si——O—|Si—O—Si—O— —
| | l

R R R
R, R,
Si Si—O0
7\ / N
O O (0] SiR,
- | T I, l
R,Si SiRg R,Si 0
N/ N /
O0—Si

Ry

Peaknma compoBoskfaerca paspeiBoM u mpeoGpasoBaHumeM c¢Bsseir Si — O
(106 %kaz), ommako ocraloTca Oe3 wuaMeneHus Goxaee cuaabrmie cBssm Si — C
(78 kkan) m C — H (98,7 k¥ras). K c9acreio, Hepexof ATMHHHX OeOHHX HEOPraHU-
YeCKHX NONWMEPOB B He0OJbHIFe KOJBIA WIM MOHOMEDH dacTo TpebyeT HOBHI-
mennsx Temneparyp. Tak, [(CH;),PBH,], me mepexomur 3 [(CH,;),PBH,l;
¢ 3aMeTHO# ckopocThio HmxKe 170°.

B o6mactr HeoprammuecKUX MOIEMEPOB BajkHee Pa3zpaboTKa MeTOJOB CHH-
Te3a IENHHIX CTPYKTYP, 9eM KoOlell, M CI0CO0O0B IPefOTBDAIMEHNA [elojiimMe-
pusanmu monmmepmEx nemeidi. Hampmmep, memommMmepmsamuym NIPeHATCTBYIOT:
1) o6paszoBanme HmOmEPeYHHIX CBA3eil, 2) MCIOJB30BaHUE CTePAIECKUX >PPHeKTOB
min 3) BEGOP TAKAX THIOB CBsA3€il, KOTOPEE HEe CKIOHHH K 0GPA30BAHUIO KOJE.
Tpernit MeTos mMeeT GoibIINEe BO3MOKHOCTH ¥ HABOAUT HA MEICIb 00 mCCIeno-
BAaHNNU NOBeeHAsA MOJAnMepoB co cBasamu P — N B raasroit nenn [3, 4]. Iloxn-
MepHBle POCHOHNTPUIXIOPHAIH H3BeCTHH yxe faBHO (ri. 2). Eme JIn6nx [13]
ommcan tpumep (PNCl,);, mpencraBiasiomuii co6oil HU3MMI 9WIeH pAga IMOJHA-
MepoB, 00pasyOMHEXCSA HNpPU pearnun

PCly+NH,Cl — PNCI,+4HCL.

Brpenens Taxske Terpamep, mentamep u Becmue moauMeps [14, 15]. Beaycuos-
HO, B 3THX COEJAWHEHMAX 00pasywICA [IeJIOKAIU3OBAHHBIE II-CBA3M MEMKIY
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p-opGuTamMu azora m cBoGOAHKME 3d-opGuTamu focdopa, IPHBONANNE B NUKIIH-
YeCKHX NOJMMepax K HeopranmdecKoMy tuny apomartuunoctu [6]. Crpykrypa
VIII gas noaumepa (PNCl,); tygme o6bsacusieT cBoiictBa, 9eM crpykrypa XIII.
Opnako mus Goiee 3pPeKTHBHOTO MCHOAH30OBAHMA CBOGOMHHX HAP 3JACKTPOHOB
azora yrox cBsasu N — P — N poimken OHITH Kak MOKHO (0jiee MHPOKHUM, MOH00-
HO yriaM B auneiinnix mensx [3]. Ilostomy BechbMa mHTepecHO, 9TO IpH Harpe-
Cl,
|
P
/N
NN
| |
ClL,P  PCl,

XIII

BaHHAM TPHMeDPH, TeTPaMepH U IeHTaMePH IePeXOofAT B BHICOKomoaumep. B Ha-
cTosAmee BPeMsA M3BeCTeH IeJblii psaj noxumepoB gocpopa Tuma (PNX,), [11]. Ha
OCHOBEe [OKAa3aTeldbcTBa oOpasoBamma n-cBasm bBepr [4] cmenan BmBom o TowM,
9T0 NoJMMepU3anMOHHAA cmocobHocTh pacter B pagy X = NR, > CH,
wim C¢H; >CIl >F.

IlpencraBnenme 06 o6pazoBamuu p, — d,-CBA3eil UMeeT Ba)KHOE 3HAYCHHE
TaKKe IPU PACCMOTPEHMH CTPOEHMA HOIUMEPOB HA OCHOBE KDEMHMS H CepHL.
B nommmepax R,SiO yram Si — O — Si mpeBwmmanT TeTpasgpuiecKue, dYero
M CIeI0BAJIO OKUIATH, OCHOBHIBAsICh HA 00paszoBaHmu cBaseir p, — d, [7]. Cae-
AyeT OTMeTHTh, 9T0 o06pasoBanue p, — d,-CBA3EH MeKIy CBOGOJHOU mapoii
DJIEKTPOHOB a30Ta WIN KHUCIOPOAA M cBOOOZHHIME d-opOuTramMu KpeMmHms, $oc-
¢$opa MU cepHl He BeeT K TPe0OBAHUIO IIOCKOCTHOTO PACIIOJIOMEHHUA Dy — P y-CBA-
seit. TakuM o6pasoM, B ToO BpeMs Kak B 0eH30Jie U B cOoefuHEHNH V CyIIeCTByeT
IJIOCKOCTHOE PacImoiosKenne aToMoB B Kouble, B (NSF,), u B crpykTrypax ot VII
no XII storo me mabmiopmaercs.

Kpome moammepo (PNX,),, cymecTByeT Apyroit peqxuili mpumep Ilemnw,
cTpeMAmeca K 06pa3oBaHMIo KoJell, — JKUNKAs TPeXOKHUCH CepPHl, KOTopas B 00kIY-
HHX YCJAOBUAX CyHNECTBYeT IJIAaBHEIM 00pasoM B BHUOe TpPUMepa, HO Me[IJeHHO
NOJIUMepPU3yeTcsA B NPHCYTCTBUH CJlefOB Biarm ¢ oOpaszoBanumeM acbGecromonol-
HHX KpHCTaJLI0B. IlapamoxcanbHO, 9TO, ¢ OXHON CTOPOHBI, JENAIOTCSH HOMEITKHI
IOJIyYUTh TOT HEOPTraHWIeCKHUil moamMep, a ¢ APYroil,— OpPU KpyOHOMAacImTal-
HOM NCIOJb30BAHMK TPEXOKUCH CepH Jid CyJIbQUPOBAHNSA B NPOMEIIIJIEHHEIX
YCIOBHAX CHEJIAHO0 MHOTO PaGoT M0 NPeIOTBPAIEHHI0 IONNMe PA3AUN TPeXMEPHOIA
MUIKOH GOpPMEI B JIMHeiHble HOMEPeIHO-CBA3AHHHE acOecTomofoGHEe MOTUQH-
Kaluyu, KOTOpHe 3HAYNTeJILHO MeHee yHoGHH B oGpamenum [1].

IIpuMepoM HOBOI 3KCHEPMMEHTAJIbHON METONUKY, . paspaboTanHoil s
CAHTE3a LENHHX HEOPraHW4eCKMX I[OJMMEPOB, MOTYT CIYKUTh LOJIUMEepH3a-
nua coegunenuii R,NBH, npu BsicokomM pnaBienum m o6pasoBaHue [IMHHHIX
neneit R,PBH,. Coenunenune (CH;),NBH, Mosker cymecrBoBaTh B BHe MOHO-
Mepa, Aumepa mim Tpumepa [16], omHakKo ecam TBepmHIT [uMep BHIEPKATH MPH
3000 am u 150°, To oOpasyercsa amopdumit HepacTBopuMEi moaumep [8]. Heemor-
pA Ha GHCTPYIO MeM0JIMMePU3AHUIO HTOT0 BEMEecTBa, ¢uocod ero moJydeHus Hpel-
cTaBiser co0oli HOBHI HOAXOM K mpobjeMe CHHTe3a HEOPraHUUECKHX HOJIHUMEPOB
¢ BEICOKOM cremeHbio mojuMepusanuu. OOHYHEE METONH MOJYIEHHUA IIOJIUMEPOB
R,PBH, pmaror rmasusiM o6pasom Tpumeps m TerpamepH (ri. 4). Ogmaro ecam
agnyktel Tunma R,PH.BH; marpesars B mpucyrcTBMEM TPUITHIIAMHHA WM [PY-
rux ocHoBauuii [2, 18], To mpomcxomaT BhmexeHHe Bofopoga um oGpasoBaHuMe
Beicokomonumepos (R,PBH,),, oframamomux MoJeKyJIApDHHEM BeCOM IOPATKA
6000. Ilomumepusanus, BepoOATHO, NIPOTEKaeT IyTeM IHOCHe0BATEIbHOTO INPH-
coenmnenus arperatoB R,PBH, r kKommesoit rpymnme, comep:kameii BHadaje
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((]2}15)3Pq —9'13I121)I{2 [18].

200°
(CH;);PH-BH; —> (CH3);PBH,+-Hp,

(CeHs)3N
(CH3)sPBHy ——> (CaHj)3N- BHP(CHg)y,

(CoHj)3N-BHoP(CHg)p -+ n(CH;s)ePBHy —> [(CH3y)sPBH, ], P(CHg)aBHoN(CoHs)s.

Ilopo6nasn peakumsa mupoucxoxut u ¢ [(CHy),NI,BH un (CH;),NBH, ¢ o6paso-
pagmeM [(CHj),N]1,BHI[N(CHj),BH,l,,

UccaegoBarenbckne paGoTHl IO HEOPTaHUYECKMM TIIOJMMepaM B TeYeHHe
MoCJIe/IHer0 MeCATHIOTUS, HECMOTPS Ha OOJIbIINe YCHIWS, eINe He MV BaKHEX
OPOMYKTOB, IPUTOAHKX I IPOMBINJIEHHOTO MCIONB30BAHNSA, 32 HCKINYCHHEM
paHee OTKPHTHX CHIMKOHOB, KOTODPHE SBIAAITCSA HOYTH eVHCTBEHHHMY MHDPOKO
OpPUMEHACMBIMH CHUHTETHYECKAMH HEOPraHWIeCKMMH NojuMepamu *. B snadm-
TeJbHO MEHbIell CTeHeHW MCIOJb3VIOTCA HEKOTOPHE IPHPOMHBIE TMOJMMEDPH —
acoecTn u docharsl. MoKHO 0KHEATH, YTO MOJHUMePHEE ‘$OCHOHUTPUIXIIOPULK
OynyT Onm:KafIIMMUA CUHTETHICCKMMY HEOPraHUIECKUMH HOIUMEpPaM¥, HPHUTOJ-
HEIMA JUIs HPOMHILIEHHOTO mpuMeHeHWs. OHAKO IS OPeZOTBPAMEHHS JIETKO
HIYIero THAPONH3A HeoOXOXMMO MX MOAU(UIMPOBAaHUE, BEPOATHO, JUGO HyTeM
comojimMepusanud, Jaubo KoupeHcamueii ¢ IPyruMu BemecTBamm **,

YpesmepHOe BHUMAHWE K CHHTE3y MAaTepHAaJOB, HPUIOJHEIX JA MCOONb-
30BaHUA OPH BEICOKMX TeMIepaTypax, IPHUBEJO0 XUMHUKOB K OJHOCTOPOHHEMY
mOAXONY K 93TOMY BONIPOCY — YBIEUEHUIO IJNABHKM 00GpasoM OpemapaTHBHON
ero gacrtbio. B OygymeMm moisxHOo GHTH o6pameno 0Goiblnee BHMMaHMe HA (QU3N-
YeCKHMe MCCIAeMOBAHMA. XOPOMIMM IPUMEPOM M XMMHUKOB-HEOPIAHHKOB MOJKET
CIY;KHTh pa3BuTag 00JaCTh OPraHWIECKMX MOIMMEPOB, 9TO BIOJHE JOIMIHO
IpHY mepexofe OT HeW3BECTHOTO K M3BECTHOMY, OT CIOMKHOTO K mpocromy. Omnako
YMECTHO HANOMHHTH, TO HCCIEeLOBATeNH, W3TOTOBUBIINE ABTOMOOWIbHbEIE IINHEI,
JoAroe BpeMs Iepef 9TUM H3yJadl CBOHCTBA PacTBOPOB KaydyKa.
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TrTABA 1.

CBoiicTBa NOJHMEPOB

A. To6oavcruw

1. JUHENHAA TIOJAMEPHAA MOJIEKYJA

OcHoBHAsE mAesA MNOJIUMEPHON XWUMWHW — 9TO HpeNCTABIEHHe O JIHHEHHOM
nemHoii MoJIeKyle, B KOTOPOH aTOMH, COCTABIAIOMYeE OCHOBHYI LeOb, COeu-
HEHH CHJIAMW MEePBUIHON BANEHTHOCTH (KOBAJNEHTHRHIMM, WOHHBIMH W T. [.).
Hunxe npumBegeno HeCKONBKO IPUMepPOB:

— CH,CHCH,CHCH,CHCH,CHCH,CH —
|
CeHs CgHy CgHy Cgls CgHs

ITonmeTpos
— CH,CH,CH,CH,CH,CH,CH,CH,CH,CH, —
IlonunaTuieH
0] 0} O (0} 0
I I ‘II ] Il J
— NHCH,CNHCH,CNHCH,CNHCH,CNHCH,C —
Monurnuoua

CH; CHy CH; CH; CH;
| I I | |
——S'i—O—Si——O—Si—O——Si——O—Si—O—
I I |
CH,3 (]JH;, CH; CH; CH;

ITonnINMeTHIICHIIOKCAH
—-S$—S$-S§-8-S5—-S5—-8—S5—-8—S—S—S5—-S—
IlonuMmepHaa cepa

Cl Cl Cl Cl Cl

| I I I
N—P=N—P=N—P=N—P=N—

I I I
1 Cl Cl (lll Cl

IToauMepHBI# $0oCHOHNTPUIXTOPUT
I I

I
/ N\ VRN /
Au Au Au Au Au

NS N4 N/
I I I

M

. Q— g

ITonumepHslit nomuna 3oiora (I)
1|{3 IHa Fs Hy; Hj
| I
C C C C C
NSNS NSNS NS
Be Be Be e Be Be
SN/ NSNS NN N
C ? C Cc C
I | | I
Hs Hy; H; H; H,

ITonumepHsI# MuMeTHNGEPUIINH
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CeHs (‘JBHs CgHy CgHy (|36H5
i

—Sn — Sn — Sn — Sn — Sn—
| l | | |
CgHs Cgls CgHs CgHs CgHj

IIosumepHOe NHPEHNTOIOBO

S S S S S
NS NSNS NSNS N

SN/ NSNS NSNS
S S S S S
IlonumepHbI# cynbdu KpeMHUR

Heo6xoanMo 0TMETHTH, 9TO OTHECEHHE HEOPraHUIECKHX COeJMHEHUI K IOJIH-
mepam (T. e. K GECKOHEUHHIM JMHEHHEM IelsiM) JaCTO OCHOBAHO HA AETAIBHOM
3HAHUYM KPHUCTAIIMYeCKONX CTPYKTYDH, a He HA CBOMCTBAX WX pacTBopos. B mpy-
rux ciydafgx MOKHO C/lelaTh HpeJBapPHUTeJbHEE BHBOAH W3 pPaCCMOTPEHHS]
aHAJOTHA B COYETAHMUAX PEArAPYINIMX BemEeCTB W MOATBePAUTH 3TH BHIBOMAH [aH-
HEIMH 10 BA3SKOCTH WM HEPACTBOPMMOCTA HPOLYKTA.

Crporo JmHeitHOe wW300pakeHWe NOIMMEDHOH MOJEKYJH, KaK YKa3aHO
BHIIE [JIs IIOJMCTHPOJNA W MOJUITANEHA, He HepefaeT MOApOGHOCTell BayKHOTO
CTPYKTYPHOTO acHOeKTa, a UMEHHO cTrepeocHenudpmuecKoil KOoHPU[ypanum OTHO-
CHTENIbHO ONOTHYECKHA AaKTUBHHX aToMOB Iemu. OJHAKO JOCTaTOYHOE COOTBET-
CTBHE MOKeT OHTH JOCTUTHYTO ¥ ¢ MOMOIMBI0 ILIOCKHX M300pakennii. Hanpmmep,
DOJAMCTHPON MOsKeT OHTH B NPHHOUNEG HOAYyYIeH B Tpex (GopmMax — aTaKTHIe-
CKOM, H3O0TAKTUIECKON ¥ CHHEMOTAKTUYECKOW, KAK MOKA3AHO HHKe:

CgHj H H CgHj CgHj
—CHy— C—CH;—CH—CH,— E—— CHz—é —CH;—C—
ll{ CeHs (|)6H5 }'1 }II
ATaKTUYECKUI MOIUCTUPOI
CeHs; CgH; CgHjy CgHj CeHj
—CHZ—(E— CHz—(II—CHz—C——CHz—C—CHz——C—
T
V30TaKTU9ECKUHA MOJUCTHUPON
CgHj H CgH; H
—CHy;— —CHZ—(|Z——CH2-(|}-CH2—é—
H éeHS }]I é6H5

CHHINOTAKTNIECKUH MOIUCTUPO

B araktmueckoM moaucTHpoNe (QEHWIbHEE TPYNOH SBISAITCA «BOPXHAME)»
WIN «HIKHEUME» B RPOU360AbHOM TODPAAKe. B H30TAKTHYIeCKOM WOIUCTHPOIE 8ce
$eHnIbHbe IPYNOE ABIATCA (BEPXHUMI» (MM Bee «HIDKHHUMEY). B cumpgmorax-
THYECKOM HOJHCTUPOJIe (PeHUNbHHE IPYOOH IOOYePeHO ABIAIOTCA «BEPXHEMH)»
U «amwkEuMmy. Hak aTtakTudecKmil, Tak W HM30TAKTHICCKHN HONHCTHPON YikKe
MOJIYYEeHHl.

Crepeocuenududeckas KoHPHrypaumus umeeT Goabmoe sHadeHume, mbo oHA
ompefenser, MOT'YT JH IOJAMePHEEe MOJEKYIH peryIAPHEM oGpasoM yHmako-
BaThca B TBepHoM cocrosamu. CoBceM HeMaBHO OBUI MOJYYeH CHIMKOHOBHI IIOJH-
Mep, KOTOPHH HPe/IH0JIaraeTcs CTepeocHeNnPuIcCKUM; MO-BHEAEMOMY, 3TO Hep-
BHII TaKoil Heopranudeckuil moanmep. OH COCTOUT U3 PeHMICHICECKBHOKCAHOBHX
(CeH Si02/,) emmuum, coefinHEBHEX MeXAy co6oil B CHHAMOTAKTHIECKHEe IenH,
KOTOpHIe B CBOIO 09epelb COeJUHEHH B YUC-TIOJIOKEHAN B KayKI0i ofHHALNeE, [aBasd
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JINHEHHYI0 CeT4aTyl CTPYKTYPY, momobnyio aectuuie [1], kak msoGpaskeno ¢op-
myaoir 1.

CsH, (,:eHs
CH ’ ;
~581/ \sl/j\s'l/ \ /C H,
g > q Y
i Si i £~
G, \o/‘\o/z /S\c oHs
CoHs CeH, I

N3o06paennsie BHINE CTPYKTYDPH SABIAIOTCA TOMOIOJMMepaMu, T. €. OHHO
coflepsKaT MOCTOAHHO MOBTOPAWMMIACA OCHOBHON XWMHYECKW CBABAHHHI OJOK.
Nmeercsa Gecunmciennoe KOAMYeCTBO Pa3HOOOGPA3HEIX HPOM3BOJBHEIX COMOJINIME-
POB, HampuMep W3 CTUPOJA U akpuiaonuTpuiaa (popmyna 1), uim us DpogyKTOB

CH, —CH —CH,— CH — CH, —CH— CHp— CH — CH, — CH—
| I | |
CeHs CN CeHs CeHs CN
I1

COBMECTHOTO THAPOIN3A AUMETWITUXJIOPCHIaHA, (QEeHUITPHXIOPCHIAHA U XJO-
puna amomuaug (popmyna III). I'omomomumepsr 061aKal0T 9JIeMEHTOM PeryJAp-

CH; CH, CH;
| ! |
(CeHy)s8i| —0—Al—0—Si—0—Si—0—Al—0—Si—0—Al— | 0Si(C¢Hj)
| | | | I
L OCe¢Hs CH; CHs;  OCgH; CH;  OCgHst,
111

HOCTH, ROTOpH]ZI, 09eBUIHO, OTCYTCTBYeT B IIPQU3BOJBHBIX COHOJUMEpax, d9TO
TaKKe BaXXHO C TOYKM 3peHusA YIIaKOBKX B TBepIXOM COCTOAHHUHU.

II. PABMEP JINHENHBIX NOJUMEPHBIX MOJIEKYJI

HaunGosnee Bakmoil XxapaKTepuCTUKOIl JIHUHEHHON MNOJIUMEPHOH MOJEKYJIIH
ABIAETCA ee MOJEeKYJIsApHHI Bec WIM 9YHCIO CBsA3eidl BHOJIb ee OCHOBHON
menw. EnmnacTBeHHO HaleKHBIME MeTONAMHU OHpefleIeHNA MOJeKYJIADHEIX BECOB
ABIAKTCA METONBI, HPUMeHseMble s pa30aBIeHHHIX PACTBOPOB: H3MepeHUA
OCMOTHYECKOT0 [aBJIEHHUsI, pAaCCesiHUA CBeTa M YJIbTPaleHTpupyrupoBaHHe.
B mpunnume 310 Te Xe caMBle METONH, KOTODHE ¢ Hagaja Hamero cToJeTHs
VCIOJb30BANNCH I U3MEPEHHIl MOJEeKYIAPHHX BeCOB HEIOJMMEPHEIX MOJEKYI.

BoapmuucTBO CHHTETUYECKNX U HEKOTOPHE W3 IPUPOAHEIX IOJIUMEPOB CYy-
DIECTBYIOT TOJIBKO B BHUJE CMECH BEIIECTB C HEIIPEePHIBHO MEHAIOMINIMCS MOJMIEKYJIAD-
HEIM BecoM. Hiaccudeckue MeTOHNBI oOmpefieleHHs MOJNEKYJIAPHOTO Beca JaloT
CpellHUE 3HAYEHHS MOJEKYJIADPHOIO0 Beca — CPefHEYHCIOBOe, CpeJHeBecoBoe
¥ cpefHEB3BElIIEHHOE 10 Z, WOJydaeMble H3MePeHHeM OCMOTHYeCKOro AaBleHHd,
paccestHMs cBeTa U YJIBTPANEHTPUPYTUPOBAHUEM COOTBETCTBEHHO.

K cuacreio (¢ Touku 3penmusa ymoGeTBa OmpefeleHHSA MOJEKYISPHOTO Beca),
XOTA X He JIIA BCeX, HO JJiA GOJBUIMHCTBA OPTAHWYECKUX JHMHEHHHX IOJIHMMEePOB
MOsKeT OHTb Hailfled COOTBeTCTBYOm{Mil pacTBopuTens. IIpumedaTe IbHEIM UCKIIIO-
deHUeM sBiseTcs noautTerpagropaTHiaeH. OaHako GOJBIIMHCTBO HeopraHmde-
CKUX IOJIVMEPOB MJIN HEePACTBODUMEI, WIN B3aHMOAEHCTBYIOT ¢ PACTBOPHUTEIAMU
¢ paspeiBoM mnDoxuMepHeX wemneit. [IpumepoM mocnegHero cCiay)RUT THAPOIH3
dochonurpunxaopunos. Ilockonbry pacrBopuMocTs Ge3 BzamMoOAeHCTBHUS ¢ pac-
TBODUTEJEM TIO03BOJSET CYZUTh O CBOMCTBaX cHellieHus, o6mas TeHAeH*
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i1 HeOprannm4deCKuUX ImIoJUMepoB OBITH HEepacTBOPUMBIMU MJIN HIOJABepPraTbCcAa
COJIbBOJU3Y B 3HAYUTEJHHOU CTeIeHH OrpaHnYyBaeT BO3SMOKHOCTU UX M3YyYCHHA.
MeTOJII)I KOCBEHHOI'0 ompefeleHUA MOJIEKYJAPHOro Beca HIOJUMEPOB B TBepPAOM
COCTOAHHNH 060y3‘R,T.[aIOTC}I HMKe.

I1I. ®OPMA JIMHENAHBIX NOJUMEPHBIX MOJEKYJI

@opma IHHEHHHX NOJUMEDHEX MOJEKY]I ONATH-TAKU Jierde BCEro Ompe-
menserca B pas6aBienHoM pacrBope. MopMa moauMepa 3aBICHUT: a) OT AUATPAMMEL
TMOTeHLNATbHOH SHePIMH BPAIleHHUs IIeN0YeYHON CBA3M OTHOCHTENBHO ABYX HIN
TpeX IpeNIIeCTBYIOIINX CBsA3eidl; 6) OT NIPHPOXH B3aMMOMEHCTBUA MOJHUMEPA
C pacTBOPHUTEIEM H B) OT BHYTPHMOJEKYJISPHBIX B3auMONeACTBHUIl, TaKMX, Kak
BHYTPHMOJIEKYJIAPHAsA BONOPOAHAA CBA3L MM B3aHMOMEHCTBHE MEKIY 3aps-
JKeHHBIMU TDYHOIIAMH, CBA3aHHEIMI C IIOJMMEPHHIM OCTOBOM.

Huas GopMer TuAEHHEIX MOMMMEDPHBIX MOJEKYJ GBUIO MpeIodeH0 HECKOIBKO
HUAeaNN3NPOBAHHKX Mojetell, ¥ GOJIBOINHCTBO HOJMMEPOB JOBOJABHO TOYHO COOT-
BeTCTBYeT KaKo#W-HHOyNs U3 9STHUX Mofedeil. BepostHo, nauGonee o6meit
MOZeJbI0 ABIAETCS 0eCHOPANOYHBI KIYOOK, KOTOPHII B cBoell Hambosee mpmea-
IV3UpOBaHHOH (opMe IpeAcTaBAsAeT cO0ON LEMOYRY U3 N CBA3EH cO CBOGOMHBIM
BpamieHHeM Ka)KIOH CBA3M OTHOCUTEJNbHO mpefsinymeii. Ilockonpky Takas memb
npuHuMaeT GecumcieHHble KoHQopManuu, To ee gopMa MomeT OHTH ONMCAHA
TONBKO Ha cTarmcTudeckoil ocHoBe. HamGomee monesmmM mapamerpoM, omu-

CHBAIOMUM KJIyOOK, ABIAETCA CPeJHEKBA[PATHIHOE PACCTOSAHUE T2 MeKIY
[HePBEIM ¥ HOCIeTHNM aToMoM Itenu. Jls mend U3 n NeNOYedHHX cBA3eil, KasKIas
13 KOTOPHX mMeeT HauHy l,, umeeM

r2=nl3. )

PeansHrie monuMepHHie IelH, HAIPUMep IeNN NMOJUATHICHA, B pasbaBieH-
HOM PacTBope MOTYT OHITh ONNMCAHH KAaK OeCHOPANOYHHE KJIYOKM JUIOb OYeHb
opubamxerno. Utobm ommcaTh Takme Hemm ¢ Goasmei puzmaeckoil mocToBep-
HOCTBI0, HeO0XOINMO YIeCTh BasKHbIEe MONPaBKYU. TaknmMu HonpaBKaMu ABILIOTCA:
a) panwdne GUKCHPOBAHHOTO BAJEHTHOTO YIa MEKIY HOCHAeN0BAaTeIbHHMY LeHo-
UeUHBIMA CBASAME *; 0) HEOJUHAKOBHE MHHUMYMB IOTEHIHMAJBLHON BHEDPIHH
HAa KPUBOH TOTeHIMAJbHOHW SHEDPruM, ONNCHBAIOMIENl 3aTOPMOIKEHHOE BpPaIleHHe
ONHOW CBA3KM OTHOCHTENBHO IIOCKOCTH, 00pa3oBaHHON [ABYMA MNPeANIECTBYIO-
IUMH CBA3AME; B) cTepHdecKHe OPEOATCTBUSA IJISI HE3aBUCUMOTO PacCIIOJ0KeHUsA
Kak OJWKHUX, TaK N YyJaleHHHX 3BeHLeB IleNX; 3Ta HpobiieMa M3BeCTHA KaK
mpobsieMa MCKIOYEHHOTO 00BeMa.

Ilonumeprnass MojeKyna B pPasbaBJeHHOM PAcCTBOPe IyYlmIe BCETO MOKET
OLITh ONMCAHA KaK MOJEKYJa, CYMEeCTBYIOmMAS B PA3AUYHHIX COCTOSHHUAX IOBO-
porHoit usomepuu. OGHYHO 9TH COCTOSHUSA IOBOPOTHOMH, M30MEPHH BKIIOUAIOT
O09eHb KOMIAKTHEI® KOHQUIypAaIMH, OYeHb PACTAHYTHE KOHQUIypauuu, COH-
padbHEe KOHQUI'ypalii M pasHooOpasHbIe NIPOMEKYTOUHHIE KOHPUTypaunmm.
Ilo oroii mpwumHe peaNbHYI0 HOJMMEDPHYI0 ILeOb MOKHO pPacCMaTpHBaTh Kak
BHJOM3MeHeHHHII Oecnopafgounkii kay6ok. Hanpumep, B ypasuenuu (1) n u I,
IOJIKHEL OBITH 3aMeHeHH Ha 1, u l,, rae

2= neld, (1a)
I'maxe = Rele- (16)

B ypasmemnu (1la) 72— pakTuUecKoe CpefHEKBAAPATHIHOE PACCTOSHEE
MeXIy KOHIIAMH IOJAMMEPHOH IeNu, & Iyaxe— AJIMHA PACTAHYTOH MOJMMEPHOI
Oenn ¢ y4eToM OrpaHMYeHHil, HAKJIAJLIBAeMBIX BeJININHAMH BAJEHTHHIX YTJIOB,

* HKax obcymxmaerca B . 8, B HEOPTaHWYeCKNX KOOPAMHAIMOHHEX NOJAMEPAX BCTpe-
9aeTcA OTHOCHTENbRO 6oJibMiee pa3HOOGpas@me reOMeTPHYECKAX KOHQUIypammii, UTO MOKeT
OPHBOJUTh K BO3MOKHOCTAM, HEM3BECTHHIM A OPTaHAYECKAX IOIHMEpOB.
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B HeKOTOpHX caydYasgx dHepreTHdecKme COO0pasKeHUsA HACTONBKO Giaro-
OPUATCTBYIOT OTHEIBHEIM KOHQUTypauusM, YTO, IOMHMO MOJEJH BUILOU3Me-
HEHHOTr0 0eCIOPAJ0IHOTO KiyOKa, OPUXONUTCS pAacCMaTpABATH APYrue HAeaad-
3UPOBAHHEE MOMEIN HOJHMEPHON MOJEKYJIH.

Bropoit upeanbHO#r (opMoil JIMHEHHEX HOIAMEDHHX MOJEKYJI SBIAETCSH
JKECTKMI cTep:KeHb. Taxasa ¢opMa, HO-BHIUMOMY, OTBeYaeT IEJIIJ03e B pac-
TBOpe, a TaKKe [JPYTUM JIMHEHHHM [OJAMepPaM, B KOTODHX BpalieHHWe 3BeHBLEB
CUIBHO 3aTOPMOKEHO.

Tperwveit maeanbHOil GopMoOil JIMHEHHHX MNOJIUMEDPHHX MOJEKYJ SABIACTCH
cnupanb. OTHenbHEHE YJYAaCTKH CHHTETHMYECKHX MNOJANENTHAOB ¥ OeJKOBHX
Heneil 3aKPy4eHH B COOTBETCTBYIOMIMX DPACTBOPHTENSIX B BeChMa HPABHIBHHIE
coupasiu 6iaarofaps BHYTPEHHEM BOJOPOJHHIM CBA35M. JTH COHPAIN MOI'YyT HMETh
CTePKHEIONO0HYI0 0Ch, KaK, HAOpPUMEp, B HEKOTODHX HPOCTHX CHHTOTHICCKHX
NOoNUIeNTHRAX HIYM B KOJJIareHe, WM jKe OCh COMPAJH MOKET caMa 3aKpyId-
BaThCA OPH CKIAJHBAHUN BUTKOB, KaK B CIyd9ae INIOOYIAPHEIX OEJIKOB.

Qusudeckne W3MepeHNs, NCIOJH30BAaBIIUECH IS HM3yIeHHs (OPMBL MoJie-
KyJI B pa30aBIeHHHX PacTBOpax, BRIIAIN B ce0A paccesHue cBeTa, BA3BKOCTb,
ko3dppunmment nudpdysun, CKOPOCTH CeJHMEHTAINM, ABOWHOE JyYeHpelIoMICHNe
B DOTOKEe W ONTHIECKYI0 aKTEBHOCTh. opMa IOIMMEDHHX MOJEKYX B TBePHAOM
(gucToM) cocToAmmM MOeT OHTH oOUpeJeleHa X3 PEHTTeHOBCKHX M3MePeHU
(0coGeHHO eciIy TOMEMEp KPUCTAIIAIEH, KAK 9TO MMeeT MECTO JJIsSi MEOTHX Heopra-
HUYECKUX IOJMMEpPOB), M3 JydempeJoMIIeHUs i DA pacTsKeHUU u u3 mHPpakpac-
HOTO IUXPOH3MA.

IV. KPUCTAJUINYECKAE I AMOP®HBIE IMOJAMEPBI

DopmMa TONUMEPHHX MOJEKYJ B pas0aBIeHHOM pacTBOpe COXPaHAETCA
70 HEKQTOPOW CTemeHW M B TBEDPAOM COCTOSHUHA uYucToro mojmmepa. OmHako aTa
dopMa MOKeT TaKKe CYIECTBEHHO M3MEHUTHCS MOJ NefiCTBHeM MeKI[eIIOIeTHHIX
CHJI M YyIAKOBOYHHIX TeHHEEHOWI, KOTODHeE B TBePAOM COCTOSHUH MOIYT BH3BaTh
kpucraimsanuio. IlolnMepHEe MoNeKyIH, KOTOpDHe B pa3baBleHHOM pacTBope
CymecTBYOT B Bufe 0ecHopAf0YHOTO KIy6Ka, B TBepAOM KDPHCTAJIHIECKOM
COCTOSTHAM MOT'YT YaCTHIHO CYMIeCTBOBATH B BHJE CHOUPAJIedl MIN JKECTRHAX CTEeDP:K-
Hell (MJIOCKUX B3MWI3aroB).

B To BpeMs Kak [ MaJHX MOJEKYJ] KPHCTANIH3ANHAS B TBeDXOM COCTOSA-
HAN fABJIAeTcH HOYTH o0meil TeHAeHOWeH, s JINHEAHHX NOJIHMEPOB KpH-
CTAJLIN3AMNA MOKeT M He NPOUCXOIUThH.

IMonumeps paxTATeCKE MOTYT OHTH OUYeHb YeTKO pasfieleHH Ha JBe KaTe-
ropuu. AMopdHEe IOIMMePH — 3TO Te HOJHMEePH, Yy KOTOPHX IOPH BCeX YCJO-
BUAX He OGHADY/KMBAETCA KAKONM OH TO HE OHUIO CTeIEeHW KPHCTAIMIHOCTH.
IMonykpuerannndeckne HOJIAMEPH WMEIOT IPH ONpefieIeHHHX YCIOBHAX 00Ja-
CcTH KpHCeTajuImdecKoro mopsaka. OgHAKO AaKe HONYKDPHCTANIMYeCKUe HOIH-
MepH MOTYT, pasyMeercsi, OHTb aMODQHHMH BHIIe MX TOYKHN INIABJICHHA WIN
npu GHCTPOM OXJIAKIEHWH N3 PACIUIABIEHHOTO COCTOAHMA.

IlBe yxa3zanmble KaTeropuy JErKo OTIMYAITCA APYT OT APYra ¢ IOMOMIBIO
peHTreHOorpaMM. ¥ aMopdHEIX IOJIMMEPOB HA pEHITeHOTpaMMe OoOHADPYMKHA-
BaeTcs TOT ke THO AuddysHOro ramo, KaK M y IPOCTHIX IRHJKOCTEH. OTHo-

CHUTeJBbHO JI060M TOYKH B CTPYKType 3a mpefesamd 15 A mpocTpaHCTBeHHOE
pacmoio;keHrne aMOP(PHHX MOJIMMEPOB M IPOCTPAHCTBEHHOE PACIONOMEHHe HPO-
CTHIX KHAKOCTel M OPraHmIecKMX CTeKOJ o4eHb cXomgHo. C Touku 3perus Goib-
mOro WHTEPBAJa PACCTOAHMIH, CTPOeHWe aMOpPHOro NIOJIAMEpPA MOKeT OHTh
CPABHEHO C COfIePKUMHIM JallKW ¢ Bapsamumucsd Makapornamda. Makapomomogo6-
HEIe MOJIEKYJHl HAXONATCA B COCTOSIHWA HEOPEePHIBHOTO W3rMO0aHWA, IPHEYEM
aMILUIATYAa W CKOPOCTH 3TOr'0 ABIKEHHWS 3aBUCAT OT TeMIIePaTYDH.

Ha penrresorpaMMax XKpHCTALIAYECKAX TOJUMEPOB OOHADYKEH PAX
peskux AuPpPaKIUOHHHX KOJeIL, HAJIOKeHHNX HA HeKoTopoe JapdysHoe
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paccesrme. [{updysnoe paccesnme oGycroBIeHO aMOPQHHMU 06JacCTAME HOJHU-
Mepa, pe3KHe KOJbLNA — 00IACTAME KPHCTAIIHIECKOr0 IOPAAKA (KPHCTAJId-
TaMn), yJIoKeHHHME B amopduyio matpuny. IIpomenT monumepa, Haxopamerocs
B 0o6JacTAX KPHCTANINYECKOTO MOPSAKA, MOMKeT OHTH oIpefelleH IPH aHAJIH3e
PeHTTeHOTPAMMEL.

IMonykpucTamnudeckne NOMUMEpPH OOHYHO pPaccMAaTPHBAT KaK KPHUCTAI-
amveckme mojquMepn. Hak xKprEcTannmdeckue, Tak ¥ aMOpdHEe HOJIAMEeDH MOKHO
OPHeHTHpPOBaTh, HAIpPHEMED, DPACTATHBasg HOJWMeD IDH BHCOKOH TeMmepaType
HIA TOMIePKUBAsg ero B DPACTAHYTOM COCTOSSHHM NpH OHCTPOM OXJasKIeHOH.

MonekynaprOl XapaKTEePHCTHKON, KOTOpas oumpefeiseT, OymeT Ju NaHHHN
moJIAMep KPUCTANINISCKUM MIX aMOPQHBIM, ABIAOTCA €ro PeryIsapHOCTh H CHM-
merpusa. Hampumep, roMomoimMeps HMeIOT TOpasfo OOJBIOYI0 BepOSATHOCTH
GHTH KPHCTANINYECKUMH BemecTBaMy, 9eM COHOJMMepH, ocO0eHHO eCIH Iocief-
HEe HMeIT GecmopsmoYHOe CTpPOeHue, KaK 3To Habmofaercs Aud OoabIIHHCTBA
cUHATeTHYeCKHX comnoauMepoB. OdeHb HEMHOTHE aTaKTWIeCKUe MONMMePH HMeT
KpPHUCTAIUIAYECKOe CTPOeHWe, B TO BpeMs KaK GOJbhIIMHCTBO M30TAKTUIECKNX HIIM
CHHIMOTAKTAYECKHAX IOJUMEPOB — KPHCTAIIMIECKHe BeImecTBa. ATaKTHIeCKHH
BEHAJIBHHA IOJUMEp, HAOpPHMep AaTAaKTUYECKMH NOJUBHHWIXJIODHL

— CH,CH(CIl)CH,CH(C1)CH,CH(C1) —,

CJIerKa KPHCTAIIAYEH (ecan OH BOOGme KPUCTAIINIeH), IPUIeM KPACTAIIUTH CO-
JepyKaT MHOKECTBO- fedeKToB. MeKIy TeM CMMMETPAYHEI IOJIHBAHNINCHX 0PI

— CH,CCl,CHoCCl,CH,CCly —

o0ramaeT BHICOKOIl CTEINEHBIO KPHCTAJIIMIHOCTH.

Kpucrannugeckue mojimMepsl XapaKTePU3YIOTCA TeMIepaTypoil miIaBIeHHAS
T, , BHIIE KOTOPOI BCe KPUCTAJIUTH HeycTOWuumBH. 3HadeHus I ,, Jis HEKO-
TOPHX KPHCTAINIECKHUX NOJMMEPOB NpUBefeHH B Tabm. 1.

Tabauya 1
3unavennsa T, ANA HEKOTOPbIX KPACTANANYECKHX NOJUMEPOB
TTonumep Tm’ °C TTIonmMep Tm' °C
IHonmmernien 137 TpubyTmpatr ueiiio- 207
IMonmaTanesOKCHS, 66 JI03BL
Hatypaneamuii Kayayk 28 Toannponnnen 176
T'yrranepua 74 IMonmrerpadTopaTm- 327
ITonmxnoponpen 80 JeH
Tonmxaoprpudrop- 210 | IommrexcaMermies- 260
aTHIEH ajanaMaz,
TonmsTHNCATepedTa- 267
ar

V. PACTBOPUMOCTDP IOJNMEPOB

Hus Becex BemecTB cymecTByeT o0mas TeHIEHUUA CMeMMBATLCHA C JPY-
TOMH - BeIIeCTBAMM WJIM DAacTBOPATHCS B HHX, O0OYCIOBIEHHAaZ OoJXbImeit
6ecnopANOYHOCTHIO PACTBOPA IO CPABHEHWIO ¢ HECMEIIAHHHIMIZ BeIecTBAaMI.
B Tepmonmmammueckux momATHAX dTa Goablas GecHOPAMOYHOCTH BHIPAIKAETCA
KaK IIOJIOKATeJIbHAs BHTPONHMS cMemmeHWsA. 1[0 5Toif IpWYMHe Bce rash HOJHO-
CTBIO CMEIHMBAIOTCA B JIIOOKHX Ipomopnusax. B ciydae sRuakocTeit m TBepIHX Te
MOIOJIHATENBHO CYMECTBYeT TeIIOTA CMeIleHUs — TeINI0BOH 3(PQeKT, KOTOpHIiA
HHOT/]A ABIAETCHA 3K30TEPMUIECKHM M 6JarompuATCTBYeT PACTBOPEHMIO, OJHAKO
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ropasfo Jaine OH ABIAETCA DHAOTEPMHIECKHAM M IPOTHBOJEHCTBYeT PacTBOPEHMHIO.
Bynmer nu mamnoe BemecTBo pacTBOpEMO B JAHHOM PACTBOPHUTeNe WM HET, 3aBH-
CUT OT COOTHOHICHMS MeIY OOHYHO MPOTHBOMONOKHHIMY BeIWYMHAMI — DHTPO-
nVell CMeIleHUs M TeIUIOTOH CMeIleHUd.

Jluneiinble mONMMEpPH NONYMHAIOTCA B3aKOHAM (U3WUECKOH XUMUH; [JIA
PacTBOPOB MOJHUMEPOB CYMIECTBYIOT Te jKe CaMble TepMOZMHAaMudecKue 3aKOHOMeD-
HOCTH, 9TO ¥ [JIT PAcTBOPOB COeNUHEHHH € HU3KHM MOJEKYJIADHHIM BeCOM.

OnHAaKO CymecTBYeT KOJNMYECTBEHHOE pA3TWUMe MEKIY PACTBODEHHeM
JUHEHHBIX II0JMMEPOB ¥ pAacTBOPeHMEeM HU3KOMOJEKYJIADHHIX COeIWHeHHI.
IHTPONHA CMEIeHNs, KOTOPas 6IarompMATCTBYeT PACTBOPEHMIO, OHICTPO yMEHB-
maeTca IO Mepe YBeJMYeHNsA MOJEKYyJIspHoro Beca. HaGop pacrBopuTeeit,
B KOTOPHIX MOKeT OHITH PAacTBOPEH JMHEHHLIH DOJIMMEpP, rOpasfo MeHbIIe, IeM
HaGop pacTBOpHTeNell A aHANOTHYHEIX HU3KOMOJEKYJIADHHX COeTWHEeHH,
TIOTOMY 49TO MOBOJIBHO Majas HeOJarompuaTHAs TeILIOTa CMelleHWs HapyIaer
Gananc Me;KITy TemJI0TOW M PHTPOMHEii.

Cpemnt HU3KOMONEKYNADPHHX COEMMHEHHIT RHAKOCTH OGHYHO 6oJee PacTBO-
PUMBL B IAHHOM pacTBOpHUTeNe, 4eM KPHUCTAJJINYECKHEe BEMeCTBA AHAJIOTMIHOTO
XMMHUYeCKOro cTpoeHusa. To4HO Tak e cpequ JUHEHHKX NOJIUMEPOB KPUCTAJLIH-
H9eCKHe TOJMMEPH PAacTBOPHMH TOpa3fio TPyAHee, 4eM aMODPHBIE MOJIMEpH.
Hanpnmep, amopdumiit arakTmaeckmii moameTupo pactBOopuM B GeHsoiae, B TO
BpeMA KaK KPHCTANINYeCKHil M30TAKTHYECKUI HOJUCTHPOJI B OeH30ie Hepac-
TBODYM.

Jlnnpeiinble MOMIUMEDH MOTYT GHTH B HEKOTOPOI CTeNeHN CIIUTH W IIOHEPeYHO;
3TO JOCTHraeTcss XWMHYECKHM IIyTeM WX [edcTBUMeM H3JIydeHHs C BEICOKOU
oHeprueit. Hampumep, nonmstuinen mMoer GHTH cmut feiicTBueM B- mianm y-rydei,
KOTOPHE BHIPEIBAXOT aTOMEI BOZOPOMA, 9TO HPUBOJIUT K 06pasoBaHMIO CBsA3eH yrie-
POR — yriepon HeHOCPEJCTBEHHO MEKAY COCeZHMMY HensaMu; Iemu ¢ocdonu-
TPUIXJIOPULA MOI'YT GHTH CHINTH [efiCTBHEM KHCIOPOJA, KOTODHIl /eTUT 3JIeK-
TPOHHI ¢ aToMaMu (ocdopa B coeguuseMux Hensax. Korga pis AByX DOIMMePHHIX
nemneit o6pasyerca Goxee OGHOM MONEPEUHOIl CBA3H, TO BO3HUKAKT «GeCKOHETHEIEN
TpexMepHble ceTku. J[pyruM mpumepom o6pasoBaHMs IOMEPEIHHX CBA3EH CIY-
JKUT OYeHb XOPOIIO M3BeCTHASA BYJIKAHW3AUHWsA HATYPAIbHOTO KaydyKa Cepou.
WNurepecro oTMeTnTh, WTO BYJIKAHM30BAHHBIA KaydyK MOMKHO DPacCMAaTPHBATH
Kak «ruODHIHHIY DOJIMMED B TOM CMBICJIE, UTO OH COCTOWT ¥M3 OPraHMYIeCKUX
Ilellell, HEOPTaHWIECKN CITUTHIX cepoii. C [pyroél CTOPOHBI, BUHUJIOBEE CIVIH-
KOHBI TPEJCTaBIAIT co60il HeopraHMdecKue MOJMMepPH C OPraHNYeCKUMH IIOIe-
peuHBIMU cBA3AMH. MoryTt GBITH IOJyYeHH M MHOIr¥ME APYrue THIH XUMHUIeCKUX
OOTIePEYHHX CBA3eil. IT0O B 0COGEHHOCTH CHPAaBENIUBO [is HEOPTAaHMIECKMX
MOJNVMEPHHIX Iiemei.

YrasaHHBIe TPeXMepPHbIE CeTKHM MMeIOT MaKpocKomnueckue pasmepsl. Hampu-
Mep, KYCOK BYJIKaHM30BaHHOI'0 HATYyPaJbHOr0 KaydyKa B AelfiCTBUTEIBHOCTH Npefi-
cTaBiseT coboil oguy momeryny. Takue ceTKm, O9eBHAHO, HE MOTyT OHTH pac-
TBOPeHH B pacTBopuTedsx. Onu 06mamgarT OrpaHvdeHHHIM PaBHOBECHHIM Halby-
XaHHeM, CTelleHb KOTOPOTO B3aBHCUT OT HPHUPOAH pacrBopuTens. us manHol
CHUCTeMbl PACTBOPHTEIb — MOJUMEDP CTeNeHb HAOyXaHWsA TeM MeHbIe, 9eM 00Jb-
e IIOTHOCTDH MOIEePEeYHHIX CBA3ell B moJuMepe.

VI. TAPAMETP PACTBOPAMOCTH

B caywae mpocTeIx xuprocTell [iA OOMCAHUA CHOCOGHOCTH ITHX BEIIECTB
pPacTBOpPATLCA APYr B Apyre MOJAE3HO WCIOJH30BAaTh IapaMeTp, M3BECTHHIH Kak
mapaMeTp pacTBopuMocTu 0. ITOT mapaMeTp ompemeseTcsa clIefyomuM oGpasoM:

‘5=(Encu/VM0n)1/2- (2)

B ypaBmenun (2) Eyep — sHeprusa HCUapeHHS KHAKOCTH K Viyon — €€
MOJAPHHIN 00beM, IpuUYeM NJIA HU3KOMOJNEKYISAPHHX RUIKOCTell o0e 3TU BeJH-
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YuHH MOT'YT GHITH JIeTKO m3MepeHHl. llapamerp pacTBopuMoOCTH — 3TO, 09EBHHO,
Mepa IPOYHOCTH Me;KMOJEKYJISPHEX KOTe3WOHHBIX CHII.

IpuGnuxennas MoJeKyJIspHAs TeOpUs NIPeLCKA3HIBAET, UTO TEIJIOTA CMe-
‘IIeHWA [BYX BemecTB BCerfa OSHAOTEPMHYHA X IPONOPHMOHAJIBHA KBaJpaTy
Pa3HOCTH IapaMeTpPOB PACTBOPMMOCTH BTHX BEINECTB:

AHyem = (81 —8,). ©)

9TO MOKa3bIBaeT, 9TO BeMmeCTBa, HapaMeTPHl PACTBOPMMOCTY KOTOPHIX CHIBHO
OTIAMYAOTCA APYr OT Apyra, B3auMHO HepacTBopuME. C Opyroil cTopoHH, Beme-
CTBa, MapaMeTPsl PACTBOPUMOCTH KOTOPHIX PaBHEI, JOJKHBI CMENIMBATHCA HEOIPa-
HHUYeHHO. Y paBHenue (3) GanTUYeCKU SABISAETCS KOIUYECTBEHHBIM O0'bACHEHHEM
mpaBUia OPraHUYECKOH XWMHUM «H0J00HOe pPACTBOPsETCA B IOA00HOMY.

IlockonpKy moJuMepHl HeJb3sd MCHAPUTH (€3 pasiio)KeHUs, a JABICHHE WX
mapoB mpeHeGpeKuMO Majio, TO BeamduHa Fy.; He MoKeT OBITH OIpefeseHa Hps-
MBIM HM3MepeHuMeM miu o ypaBHenmwo Hiaameiipoma — Humaysuyca. Ilostromy
HeoOXOIMMO KOCBEHHOE OIpefelieHUe IapaMeTpa pPAaCTBOPMMOCTH IOJIHMEpPOB.
9T0 JOCTHraeTcsi H3yYeHMEM PABHOBECHOTO HAGYXaHUA HE3HAYUTENBHO CIOIMTOTO
monmMepa B GoabimoM HaGope pacrBopureneii. IIpu sTom mpepgmosaraercs, 9T0
mapaMeTp PacTBOPMMOCTH MOJMMepa TOT jKe Camblil, YTO M mapaMeTp pacTBOPH-
MOCTH PAacCTBOPHUTENsI, B KOTOPOM IOCTUTaeTCsi MaKCHMajbHOe HaOyxaHue.

VII. TEMIIEPATYPA CTEKJIOBAHMA

Temmeparypa crexiaoBanusa Iy moiuMepa, BepOSTHO, SIBISETCS ero HauGoiee
B)KHBIM XapaKTePUCTHUECKUM IIapaMeTrpoM. IJTOT HmapaMeTp MOJydaeTcdA Kak
TOUKa meperufa Ha rpaduKe 3aBUCHMOCTH YAEABHOr0 06GBEMa HOIUMEpPA OT TeM-
neparypsl. Oco0eHHO BeluKa BaKHOCTH TeMOEPAaTypPH CTEKJIOBAHWA A aMopd-
HEIX DoamMepoB. Hinke TeMmepaTypl cTeKJOBaHWS HOJINMED HAXOOUTCSA B CTOK-
1006pasHoM cocTossHuY. NHANBUIyalbHEeE CeTMEHTH IeNU 3aMOPOIKEHE B «y3JIaX»
HeIPaBUWIbHONW KBasupeueTKu. CerMEeHTHL MOLYT CcOBepmAaTh Koae(aTejbHEE
IBUKEHUA OTHOCUTEIHHO 3TUX (UKCHPOBAHHHIX MOJOKEHUI, OJHAKO OHM He 06ma-
HAT 3aMeTHHIM AuQPY3MOHHBIM ¥ TPAHCIAALMOHHBIM NBIWKEHHEM OT OXHOTO
«y3aa» K Apyromy. B sToM cTeKI006pa3HOM COCTOSHMH IOJMMep 001aJaeT BECO-
KHMH 3HaYeHusMd Mopyas yopyroctu (or 10 mo 10 Quw/cm), 910 accoum-
HPYeTCS ¢ TBEPAHIM COCTOSHUEM.

Brimme TemmepaTypsl CTEKJOBAaHHS HOINMEPHEE CEeIMEHTH HAYMHAKT TPO-
ABIAATH qudPysnoHHOE ABMKEHNE, KAK 9T0 MMeeT MECTO [JISI MOJEKYI YKUTKOCTH.
Cxopocts 3TuX Aupdy3UOHHBIX [BIDKEHUI BO3PACTaeT ¢ yBeIHICHUEM TeMIe-
patyps. Ecam momumep o0iagaeT CpaBHUTENBHO HeGOMBIION INMHON Lemu, TO
Yy Hero o0HAPYIKUBAETCA [OBOJNBHO PE3KUI IepeXOf OT CTeKI006pasHOro moBe-
JIeHVs K TOBEIEeHUI0 BABKOI JKUNKOCTH B HpeJelaX HECKOJIbKHX I'PAAYyCOB OKOJO
TeMIepaTypsl cTekJaoBaHus. JluneHHH HoxmMmep ¢ GOABHION IIMHOW Ienu MpH
TeMIepaType CTEKJIOBAHUA M3MEHSETCH 0T «CTEKI000PasHOro» COCTOAHUA IO KO-
enomo6uHoro». Ilo Mepe MOBHIMEHNS TeMIIEPATYPHL OH U3MEHAGTCA OT KOKeIomo6-
HOTO [0 KayJyKONOXOOHOTO COCTOSIHUA U, B KOHIIE KOHI[OB, HAYMHAET NPOABIATDH
CBOICTBA OYeHb BABKOH IKUZKOCTH. [l HE3HAYMTENBHO CIIUTHIX IOJHMEPOB
mepexof, OT KayIyKONOZOOHOTO COCTOSHMS K BSISKOMY He HPOUCXONMT [0 Tex
Iop, MOKA IPHU HOCTATOYHO BEICOKMX TEMIEPATypPaX CBABH CETKM He BCTYIAT
B peakIuyu o0MeHA WM He OKAYKYTCS Pa3OPBAHHEIMA.

Brime TemMmepaTypsl CTeKJIOBaHMSA JAUHEHHBIE HONUMEPH ¢ GOJIBIION MIMHOR
nenu 00JafalOT BA3KO-2AACTHICCKHMU CBOHCTBaMH, T. €. OHH OJHOBPEMEHHO
BA3KHE KUTKOCTH M KOKeIoZo0Hbe MWIN KaydIyKomogo0HEe TBep/sie Tena (B 3aBH-
CHAMOCTH OT HPOROKUTeIHLHOCTY MEXaHMIeCKNX B3KCIOePUMEHTOB).

ITockonpky TeMmepaTypa CTEKJIOBAHWA ABIAETCA A HOJINMEPOB CTOIb
CYIIEeCTBEHHEIM XapaKTepPHCTHYeCKMM HapaMeTPOM, BAajKHO BEIACHHTH, KaKk OHA
3aBHUCUT OT CTPYKTYPHHX W dHEPTeTUICCKUX OCOGEHHOCTEN mOImMepa.
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A) T, BospacraeT mo Mepe yBeJWdeHHs NJIMHH IeON, OTHAKO IS 3HATe-
Huit n > 500 T, mocruraeT orpaHuYeHHON BeJIWIMHBI, KOTOPAA 3aBHCHT OT IPH-
POMH HOJMMepa, HO HE 3aBUCHT OT MIUHH ILENH.

B) T, momumepa Tem Goxbime, 9eM 6oibIie BeJnWdnMHa 6aphepa, OTPaHUIH-
BAIOIMEro BHYTPEHHEe BpameHde BOKPYI CBsseil Ienmm.

B) T, HemocpesncTBeHHO cBA3aHA ¢ BeJIWIMHOH O, T. e. Wem Goabme Impod-
HOCTh MEKMOJIEKYJISADHHX cHI, TeM Goibme BeamauHa Ig.

Haa comonmmepa Beamdnmpa Ty MoKeT OHITH IIOAyJeHA IO ClAeAylomei
npubamwxennoit dopmye:

1Tg=w/T g, 1+ wa/Tyg, 3, 4)
rae wy ¥ w; — BecoBHe J0Ju KoMOoHeHToB 1 u 2 B comosumepe, a Ty (1 Ty »—
sHavennsa Iy umcTHX romomoanmMepoB. Dopmyna mpepckasmBaer gas Iy como-

JEMepa IPOMEKYTOYHOe 3HAYeHWe, M 3TO IOYTH BCErfa CIpaBeIdBO.
B ra6x. 2 npuBenens 3mavenns I, AJas HEKOTOPHX HOJHEMEPOB.

Tabauya 2
TemmepaTypsl CTERIOBAHHA JJIA HEKOTOPBHIX MOJNMEPOB
Ilonumep Ty °C Tonumep Ty °C
CHINKOHOBHE KayIyK —123 | IlonmmBmAmIaneTaT 29
IHHonmbyragmen  (IMyib- —85 | Iloam-w-mponmIMeTaKpH- 35
cua, 50°) aar _
Tlonmmuso6y THIEH —70 || HoamxmopTprdTOPITH- 45
HarypaapAHil KayIyK —72 JIeH
ITonnGyTHIaKpAIAT —56 ||IJonmaTmIMeTaKpHIAT 65
IlonusramnnAesdTOPAS —39 ||[[lonmBEHUAOBHE cOEPT 73
IonmsTHaaKkpuaaT —22 | HonmsmARAXJIODPH, 82
IHonmMetnaakpraar ‘9 | Ilonmecrmpoa 100
Ionuuepdropuponnies 11 || IToraMeTHIAMETAKPHAIAT 105
Ionm-x-6yTHIMETaKpH- 22 || TlonmakpHiIoBasAg KHCIOTA 106
Jar ITonmMeTaKpHIAOHUTPAI 120

VIII. BA3KO-3JIACTAYECKOE HOBEJEHME (A)

IMomuMepH MMeT CBOWCTBA KaK TBePHOHX Tel, Tak u kupgxocreii. Haunbomee
XapaKTepHHIM CBOWCTBOM WIEAIHHOTO TBEPAOT0 Tela SMBIAETCA €ro MOAYIb
yOpyroctu, ompefeiseMuil saxoHom I'yka:

f=Es. (5)
PaccmorpuMm ypaBHeHume (D) HPHMEHWTEIBHO K IPOCTOMY pactsyxenmioo. B ypas-
Hemuu (9): f — cmma (pacTATHBAKMAA CHJIA HA e[UHNNY INIOMAAM), S — pPAacTA-

ykenme (A3MeHeHde B [IUHe, [eIeHHOE HA HAJAIbHYI0 IIuRY) U E—Moayns yopy-
TOCTA, XapPAKTePHOE CBONCTBO TBEPAOTO Teja, KOTOpPOe 3aBUCHT OT BHEITHUX
YCIOBHH, TAaKUX, KaK TeMIepaTypa H HAaBIeHHE.

Hus mpocTeX JKUAKOCTedl XapaKTePHHEIM CBOWCTBOM SABISETCA BSA3KOCTB,
ompemenseMan sakoHom Heloroma:

f=n(ds/dz). (6)
B ypasmennm (6): f — cpesnBaloomee ycmiame, ds/dl — CKOPOCTH CPe3HBAOIEr0o
PACTAKeHHA M 1 — BSASKOCTh, XapaKTepPHOe CBOHCTBO  paccMaTpPUBaEeMOil

MHUIKOCTH, 3aMeTHO 3aBHCAMIEe OT TeMIePATYPH U JaBieHus. B MeHee oOHYHOI
¢opMe BABKOCTH HPH PACTAMEHHH MOeT OHTH TaKke oUpeleieHA Kak

f=n) (ds/dt). (7
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B ypaBuenun (7): f — pacrsarusBaomee ycuiue, ds/dt — CKOPOCTh pacCTAKeHUS
B N) — BA3KOCTH IDH PACTAIKEHHHU.

Momumeps He MOryT GHTH ONMCAHK HU 3aKoHOM ['yka, nu saxonom Heotona;
OHM 00aJal0T KoMOMHAUWeH BA3KOrO M 3IIACTHIECKOTO moBefenms. Odens mpo-
CTOM HKCIEePUMEHTANBHHI DOAXON K 3TOMY HOBEeJeHHIO 3aKJIIUaeTcs B PAacCMO-
TPEHNH 3KCHEPHMEHTOB, B KOTODHX (HMKCHDOBAHHOE pacTATHBAOmee yCHIHe
NPUKJIAHBAETCA K BemecTBY KaK MOHO 0ojee OhicTpO, M cmia, HeoOXoxumas
IS TOARePIKAaHMA 5TOro (EKCHPOBAHHOIO HATIKEHUs, M3MepPSETCS 3areM Kak
¢yaxnua Bpemenn. 3akoH ['yka Momer OHTH 00600men ciegyommMm 00pasoM:

F(O=E; (t)-s0- ®)

B ypasuenuu (8): s, — ¢uKCHpOBaHHOE pAaCTArMBalOIee HATIAMKeHHUe, f(t)—
M3MepeHHas CHJa, 3aBUCAMmMAA OT BpeMenw, a E, (t) — HOBoe cBOHCTBO — 3aBH-
CAMMUA OT BDEMEH! MOAYJIb PeJIaKCALn, ONpelelsseMHil COrIacHO ypaBHEeHNIO (8).
Moayap penakcanuu odeHb yAOOEH /UIA XaPAKTEPHCTHKHA BS3KO-BIACTHYECKUX
CBOHCTB Marepuaja.

Monynp pemaxcamuy sBAsSETCS BeIMINHOM, BeCbMa TYBCTBHTEJBHOH K TeM-
neparype. Ilokasano, 9ro Temmeparypras saBucumocTb E.(f) MoxkeT GHTH OmH-
CaHa JOBOJBHO IPOCTO:

E, [t/K (T)]=const. 9

. B ypaBuenun (9): K (I) — xapakTepucTudeckoe BpeMs pellaKCaul MaTe-
pmala — TakyKe sABIsfeTcA QYHKIuWeN TeMmmeparypol. TemMmeparypHas 3aBUCH-
Moctb K (7') B HefiCTBUTEABHOCTH MOKET OHTHh HPUOGIMKEHHO BHIPAyKeHA CIeLYIO-
MUM ypaBHEHYEM:

K(T) T—-T,
Cry= "M SErTT, (10

Jlis monmMepoB ¢ momepeYHHIMH CBA3AMM MOAYJb penaxcanuu E,.(¢f) mocra-
raeT PABHOBECHOTO B3HAYEHHsA, OTIMIHOIO OT HYJA, 332 BpeMs, CTPEMIEecs
K Geckomeunoctu. [ua aumeitnnix amMopdmHx moiaumepos Beawduna FE.(f) mpu-
OnusKaeTCsT K HYJIO 3a JOCTATOYHO OOJBIIOe BpeMs.

Hdas auneirEsix monmmepos rpadmk sasmcumoctd In [E.(¢)] or ¢ mpuban-
;KaeTcsA K NPAMOI JUHWM MO Mepe TOro, Kak f CTpeMuTCA K GeCKOHeIHOCTH:

In[E; (t); =10 Ep—t/tp. 11y

Beawguna t,,, ompemensemas ypaBHenumeM (11), HasmBaeTca MaKCHMalIb-
HEIM BpPeMeHeM pejakcauuu. [id JIMHEAHHX MOJMMEpPOB ¢ AJMHHON IeUbI0 BeJIH-
9MHA T, 34BHCAT OT [UIMHH IENH 1 ¥ TeMIepaTyps clefyomuM o0pasoM:

Tm=A+[K (T)/K (Tg)]-n3:4, (12)

rge A — mocTrosiHHAsA A [JAHHOTO NOJHMMepa.

Ypasuenue (12) B coueranmn ¢ ypasuenmeM (10) MokeT GHTH MCHOIB30BAHO
IJIs1 IOJNYYeHHWs NPHOIMKeHHHX OIEHOK JJIMHH IleNH HA OCHOBE H3MEePEeHHHEIX
3HAYCHUH T .

IX. KPHBBIE MO/JYJIb — TEMIEPATYPA

Yro6u ynmpocTuTh Hame obcysxmenume, MH OyfleM ceiidac paccMaTPHBAaTh
Monyap perakcanud F.(f) 3a KaKoe-T0 (UKCHpOBaHHOe BpeMs M 00CyIHM ero
usMeHenme ¢ Temmeparypoit. Ilycts ¢uxcmpoBammoe sHagenme BpemeHu Oyfmer
paBHO 10 cer; paccMOTpMM /A TUOAYHHX HOJIUMEPOB IpPaQMK 3aBHCHMOCTH
E.(10) or T.

Ha pumc. 1 moxasan Takoit rpadur masg amMopdHOro aTaKTHIECKOro MOJH-
cruposa (00pasime ¢ ABYMsS PasinIHKEMM MOJEKYJSPHHMM Becamu), mas ciaabo
CImuTOr0 aMopYHOro MOJHMCTHPONA M AN KPHUCTALIAICCKOr0 H30TAKTHIECKOTO
OOJMCTAPOIA.
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Opnna ws KPUBHX [JIA aMOPYHOro JHHEHHOIr0 IOJMCTHPOJIA BOCIPOM3BEIeHA
-elme pas Ha puC. 2, 9TOGH fACHO IOKA3aTh CYMECTBYImUe B [eicTBUTEIbHOCTH

n

8\ —
~¥: BN
S 2
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=, \‘\ -

s N

L 2
L A"\
50 100 150 200 250

Temnepamypa,°C

Pmc. 1. 3aBacmmocts E, (f) OT TeMmepaTyphl Jis ABYX 06pasioB HONMCTAPOJNA C Pas3imd-

HEIMH MOJeKyJIApHEME BecaMz (A m B), misa c¢1aGo CIATOTO MOJECTAPONA M A KPUCTAJLIH-
9eCKOr0 H30TaKTHYECKOTO0 MOJHCTHAPOIA.

1 — KpucrajmaniecKkuitlnoancTupoi; 2 — caabo cmurte# nosmeraposa; 3 — ob6pasen A; 4 — obGpasen B.

mATH 00JacTell BABKO-3JaCTHYECKOro moBefeHHud. B mopsigke yMeHbINeHWs 3Ha-
9eHMil MOOYJA 5TM 00AAaCTH HPefCcTABIAIOT co6Goil: a) 06JacThb CTEKIO06PA3HOTO
-cocTosHNA, 0) mepexommyio o6aacTh, B) 06JacTh € KayIyKomomoOHOR IuIo-
mATKO#, r) 06jacTp TedeHUWs KAaydyKa M 1) o6JacTb TeIeHUS KUAKOCTH. ITH
obnactn u obmasa Gopma KpUBOil MOLYIh — TeMmepaTypa SBISIOTCA XapaKTep-

u

10 \

o
"]

38

N

7

g Sl

N— \\

w6 \

> - ‘\"'
5

,, \

600 80 100 120 140 160 180 200
Temnepamypa T,°C

Pumc. 2. Ilate ofnacreit BA3KO-3IACTHYECKOTO IOBefeHAA NIiA moamcrmpoia (oGpaserm B).

HBIMH JJIf BceX aMOP(QHHIX JIUHOHHHX MOJMMEepPOB. B mepBoM mpubiaumKeHHN IS
106010 M3 TaKMX NOJMMEPOB KPHBHE HMEOT BUM, M306paskeHHHI HA puHC. 2,
C TeM JIMIb OTININeM, 9YT0 OHU TAKUM 006pa3oM CMemeHH BJ0Jb OCH TeMIepaTypH,
aro 3HadeHne [, moimMepa OKa3bBaeTCA MOCePENHMHE IepPeXOfHON 00IacTH.
Ilonesno ompemenuTh HECKONBKO DApaMeTpOB, KOTOPHE MOTYT OBITH HEIO-
CPeJICTBeHHO IOJIYYeHH W3 KPUBOI MOIAYNb — TeMOmepaTypa A aMOP(HEIX IOJIH-
MepoB. Mbl MoskeM Jerko onpefenants E, — mpemenbHOe 3HAUeHNE MOAYJIS B CTEK-
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n000pasHoM cocTossaNy U Ey — MOAYJIb [ 06JacTH ¢ KaydyKOIOJOoOHOH IwIo-
manKoii. MBI MOKeM Tak:ke ONpelleluTh Temueparypy meperunba I';, mpu KoTopoi

snavenue lg E, (10)=;— (g E, + 1g E,). lna monuctupona suavenus E;, E,

u T; coorsercrBenno pasanl 101035, 10865 gun/cm? u 102°. B oGmem snadenue T';
HaXOfWTCS B Ipefellax HeCKOJBKHUX IPajgycoB oT TemmepaTrypw Iz, Koropas Aud
moaucrupoxa pasra 100°.

B ofnactu cTeki1006pasHOT0 COCTOAHMUA CETMEHTH IOJMMEPHOIl IeHmu 3aMo-
PO’KeHHT B (UKCHPOBAHHBIX MOJOMKEHNAX B y3JaX HEYNOPAKOYIEHHON KBasu-
pemerkn. CerMeHTH KOJEOMIOTCA OTHOCUTENBHO 3THX QUKCHPOBAHHBIX IOJOKE-
HUH TOYHO TAK e, KaK MOJEKYJH B MOJEKYJIAPHOM Kpucrajie. OXHAKO CerMeHTH
HEMHOTO CMeIaioTcs, ecln uMeeT MecTo AudQysmoHHOe ABIIKEHHWE OT OJHOIO
TOJIOJKEHUSA B pPelleTKe K APYyroMmy. IToT THI AuPPY3MOHHOTO ABUKEHUA, XapaK-
TePHBI s JKAAKOCTeHl, YCTAHABIMBALTCA TOMBKO IpPU Temmeparypax Beime Tg.

Mogyas yupyrocTm AJs HOJMMepa B CTEKJI000PA3HOM COCTOSHUH MOJKHO
BHIPA3UTh ClefyoImeil npubiaukenHol (GopMymoii:

E ~8,0482, (13)

roe 02 — KBafparT mapamMeTpa pacTBOPUMOCTH, T. €. ILIOTHOCTh KOT@3MOHHOI
SHEPIUM, BHIPAKEHHAA B Ouh/cm2.

B mepexomnoii 061acTi CerMeHTH NOJIMMEPHON Iemu mpeTepmeBaoT HeGOIb-
mue audoysmonnse cMmemenusa. Bpemsa auddysum OT OTHOTO «y3Ja PEIIETHI»
K Jpyromy mmeeT mopsgok Beamgunsl 10 cex (mame sramommnoe Bpems). B mepe-
XOAHO! 00JacTd MORYJNbh M3MEHAETCS O9YeHb OBICTPO €O BpeMeHeM, Tak jKe Kak
I ¢ TeMOepaTypoil.

B xBasmcratmgeckoii kKaydykomomoOHoil obmactu HeOoabmue AudpdysmoH-
Hble JBIKeHHA MOJMMEPHHX CETMEHTOB IPOUCXONAT BechMa GricTpo. OgHako 3Ha-
YNTeJbHHE CMem[eHUs cerMeHToB (0Co0eHHO Te, KOTOpPHE O0YCJIOBJIEHH [BIKe-
HUEM MOJIEKYJH KaK IeJ0ro) 3aMe/JeHbl, B 0COOGHHOCTH BCJEJCTBHE mepeme-
TeHUs Lelell Me:RAy co6oif, 9TO MeficTByeT KaK BPeMeHHBle IOIepedHhle CBIA3M.
HBasucratmgeckuil KaydyKomogoOHBIH MOIYJNbh CTAHOBHTICA WMCTUHHBIM Kaydy-
KOMOMOOHBIM MOAYJieM, KOIJAa MMEIOTCH XUMWYeCKHe IomepedHEle CBS3H.

B o6Gmactu Tewenusa KaydIyKa CTAHOBUTCA CYIIECTBEHHHEIM JBIKeHWE MOJe-
KyJ Kak nexoro. OcHOBHEE M3MeHEHHSA KOHQUIypanuu Bceil MOJERYJIE OPOHCXO-
aAr 3a Bpemsa mopsapgka 10 cex.

Haxonen, B 06aacTu Te9eHUs KUTKOCTH 3HAYMTEJILHEE M3MEHEHUs B KOH-
Jurypanmnax MoJerysx npoucxoisT menee deM 3a 10 cex. B aroit ob6iacTn snacruy-
HEIM BOCCTAHOBJEHHEM MOKHO IOYTH IOJHOCTHI0 NpeHeOpewdh [ CHJI W pPacTsd-
JKeHMil, NPOJOJKUTEIbHOCTh MAEHCTBUA KOTOPHIX cocraBiaser Goxee 10 cex.

OGnacTu TeueHHsA KAaydyKa M TEUCHUA JKUIAKOCTH MOTYT OBITH IOJIHOCTHIO
JVKBURMPOBAHE, €CJIN XUMUIeCKHe HOIepedHble CBA3U BBEJeHH KaK MOCTOSHHbHIE
CEeTOYHEIE INBHI.

X. BA3KOCTHh IIPA TEYEHUH JHUHEWHBIX NOJAMEPOB

Bsskocts nuHEHHEIX MOJIUMEDPOB C AOCTATOTHO OIVMHHON LembI0 BRIpAKaeTCs
clenyiomeil npnbanmxennoit gopmyoii:

17,44 (T —Ty)
51,6+ 7—T,

B ypaBmenum (14): n — mamma nemu, 7T, — TeMmepaTypa CTeKJIOBAHUA
¥ D — mocrosHHAas A KaKEOro mojuMepa.

Bsaskocts MokeT OBHITH 3amKMcaHa B BHIe HPOU3BENEHHUS [BYX WIEHOB, OZUH
A3 KOTODHX 3aBUCHT OT TeMIEPATypH, a APYrofl — OT JJIWHH LN, 3TO IPHBO-
[OUT K MBICIHN, 9TO TeUeHWE MOJHUMEPHBIX MOJEKYJ HmpeIcTaBiseT co0olfl axTHBH-
poBaHHHH IUPPY3UOHHHI CKATOK IOJUMEDPHHIX CEIMEHTOB. OJTOT «(CKAIOK»
CeTMEHTOB CBOWCTBEH BCeM WIEHAM TOMOJOTMIeCKOro Psfa u 00BACHAET OGmuil

lgn=341gn— +D. (14)
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LA Temedl BceX pasMepoB PaxTop, saBmcAmUEA oT TemmepaTyps. ®Paxrop, 3aBm-
cAmM@iA OT [JIUHH Iel¥, TOKA3KBAaeT, 94TO AJS TOr0, YTOOH TeYeHHe MOIJIO UMETh
MecTo, JOJIKHA OHTH KOODAMHMPOBAHHAA IOCIE0OBATENHHOCTH CKA4YKOB Cer-
MEHTOB. JTa KOODAMHANLMA CTAHOBUTCH Bce 0ojee 3aTPYRHEHHON IO Mepe POCTa
IJIMHE [eIH, 0CO0eHHO BCJIEACTBHE IepeIIeTeHmi.

XI. KHHETHYECKASA TEOPHSA 3JIACTHYHOCTH KAYYYKA

Juist momepeuHO-CITUTHX KayIyKONOMOOHKX CeTOK HPH TeMIepaTypax BHIIe
mepexofHON o006JacTd MORYJIb YOPYrocTH BHIpayKaercs (opMyJioi
E=3pNRT =3¢dRT /My, (15)

B ypaBmenun (15): N — gmcmo moseit memeit cetkm B 1 cm®, R — rasosas
nocrosgHHas, I' — abcoaOTHAA TeMIeparypa U ¢ — HOCTOSHHAsA, HOPAJOK BeJn-
9AHHE KOTopo# paBen epguaune. C Apyroi croponnl, BexmdumHa N MoKeT GHTH
sameHena Ha d/My, roe d — maoTHOCTh M M;y— CPefHEIA MOJEKYJIAPHHIH Bec
meneil MeXAY CMe:KHBIMA IIBAMU CETKH. '

9ra Popmyna morydeHa TeOPeTHYECKM W OCHOBAHA HA HPEJCTABICHUH O TOM,
9T0 KayIyKOmOJ00HOe BEMIECTBO COMPOTHBISAETCS PACTAKEHHIO IO TOH JKe caMoi
OpHUduHe, IO KOTOPOHl ras mPOTHBOJEHCTBYeT CKATHUIO: B 060HX caydasax medop-
MHEDOBAHHOE COCTOSHME ABJIAETCS COCTOSHAEM ¢ Oojiee HU3KOi SHTponMed ¥ B 000-
MX CIOy9asX W3MeHeHVWeM BHYTPeHHeil oHepruum opu AedopMAmEA MOYKHO IIpe-
ge6peds. lloEmKeHHAsT SHTPONMA PACTAHYTOTO KaydyKa 00YCIOBIGHA MEHBIIMM
9uCIOM KOH(GOPMANWil IeDW, COOTBETCTBYIOIIAX BHENIHUM OrPAHHICHHUAM.

Ecnu TerpagyHKOUOHAIBHHIA ATEHT HMCIOJB3YETCSA IJIfA CHIMBAHHUA Ienei
«OecKoHETHON» RAUHH, TO Beamduna N B ypasHenmu (15) paBHA yXBOEHHOMY
gucIy MoJell momepeYHHX cBaseil B 1 cm3.

B 3aBmcmMocTE 0T KOHUEHTpanMM BemecTBa, KOTOPOe ACHOAb3YyeTcs i
06pa3oBaHNA MONEPEYHHX CBA3EH, MOKHO HONYYHTH (KAyIYKH», MOTYJIH KOTO-
pux msMmensaorca oT 108 mo 10%% dum/cm?. CeTKEm KayIyKOImOZOOHOTO BeImeCTBa
MMeIOT 3HAYATEIHHYI0 NPOTAKEHHOCTh TOJIBKO OPH MAJHX KOHOEHTPam\AX mome-
peunnix cBszeit. OmHAKO [asKe 09€HD CUIIHHO CITATHE CETKH BCE MIe HMEIOT MOAYIb,
ompejenaseMuil ypaBHenueM (15).

IIpu orcyTcTBEM mOmEpeYHHX CBA3ed MOZYIb OHpefesseTcss KOHIEHTpandei
«mepeniieTeHMITH:

Ey—3QdRT [Myep. (16)

B ypasuennn (16): E, — kBasucrarudecKuil KaydyKonomo6HEH MORYIb B M pep—
MOJIEKYAAPHEIH BeC yJacTKa IeOd MeXAy NepelieTeHHAs M.

JTO MMeeT MeCTO TOJIBKO B TeX CIHyJasaX, KOrja AJIMHA HOJAMEPHOM uems
AOCTAaTOYHO BENHKA, 9TO0H HePelieTeHne MOIVIO NIPOMCXONHTH B TAKOW CTeleHH,
KOTOpast [JOCTATOYHA [Jjid NOJYYeHHS KBA3HCTATHIECKOr0 KAYIyKOIOZOGHOTO
MORyis. Y NMHENHHX IOJIAMEPOB ¢ HA3KHM MOJEKYISDHHM BeCOM BMECTO 06ia-
CTH KBAa3MKAYIyKOBOTO MOBeJeHHUsI OOHAPYKHMBAETCA IEPexXof OT CTEeKIIOo-
00pa3HOT0 IOBEeHHsA K IOBENEHWIO JKAJKOCTH B 096Hb Y3KOM HHTEDPBaJle TeM-
mepaTyp.

IlockonpKy MHOTHE HeOpraHmdecKue HOIUMEPH HPeNCTaBIAAIT cO00H CHIBHO
CIIETHE CETKH, HHTEPECHO PACCMOTPETHh 3[eCh CBOMCTBA TaKHX CeTOK Goixee
rmareabro. Hpucranm amMasa uianm KyGHdYeckuwil HUTpHE 0Oopa MOMKHO paccma-
TPHUBAaTh KAaK OPeAeJbHO cmuThie ceTKu. CHIE, IPeOATCTBYWIHE PAaCTAKEHHIO
KpHCTaJJIa alMas3a, BO3HHKAIOT B Pe3yJbTaTe N3MEHEHNs BHYTPeHHEH >Heprud
KpucTaiana npm fAepopmanmmu. Moaynap anMasa HCKIIOYATENbHO BeJIUK (IpH-
MepHO 9,5-101? Jun/cm?). HackoapKo ceiigac m3BecTHO, 3IacTHYecKme CBOIMCTBA
OTHOCUTEJIBHO MaJI0 MEHAIOTCA C TeMIepaTypoil BIIOTH O Pa3ilOKeHHA.

C npyroii CTODOHH, TaKO# 0MHOCUMEAbHO TPOYHO CIIMTHIA IOIWMeD, Kak
moaMMep ¥3 [AWMETHIAKpIIaTa TeTPAsTHIEHIIMKONA, o6iagaer o06JacThIO
CTeKJI006PA3HOTO COCTOSHUSA, MePeX0ogHOl 00acThi0 M KaydyKomoqoGHoil o6aa-
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CTBI0 IIPU MOCTATOYHO BHICOKHX TeMIepaTypax, XOTA B (KayIyKomopoOHOI»
o61acTi MOLYJNb HMCKI0IuTeabHO Beaumk (okoimo 10%% dun/cm?). Ilo-Bmmmmomy,
Jayke oYeHb HeOOJbIIasg JHHeHHAsdA melb MeMKAY IONePeYHHIMU CBA3SAME JleaeT
BO3MOKHBIM XOTs GH B MaJIOfl CTeIeHN KaydyKOIOH0OHOe IOBeJeHHeE.

' XII. BA3KO-DJIACTHYECKOE IIOBEJEHHE (B)

Basko-anacTu4ecKoe mOBefleHAe HOJMMEPHHIX MOJEKYJN OHJIO HMAeATU3UPO-
BaHO ciaemyomuM o6pasoM. PaccmoTrpum nuHeiiHoe pacmosiokeHue n cpepude-
CKUX IIAapPOB MACCH m W PaJNyca ry, CBA3aHHHX NPYKUHAMU C CHIOBOM KOHCTAH-
Toit k m pmuumHO# [,. Besa ara Momens cuumTaeTcsa HOTPYKEHHOW B JHUAKOCTH
¢ BABKOCTHIO 1)y. BsA3Ko-3macTmdecKoe moBefleHNE TAKOI'0 PACIOIOKEHWS MAPOB
MO’KeT OHTh BHUMCIEHO TOYHO ¢ IIOMOIIbI0 yPaBHEHHUIl [ABIKeHMA HJIaCCHIECKOM
JusnKn. ITa Teopus U ee pa3NWIHEE BHAOU3MEHeHWs OOHYHO HAZHIBAIOT MOJe-
KYJIAPHOHA TeopHeil BA3KO-2IACTAYHOCTH, OTOMY 9YTO OOCY’KeHHOe BHIOIE JINHEeMH-
HOe PaCIoJIOKeHNe, I0-BUAUMOMY, OKa3HBaeTCs X0pomeil apasorueil ais peasb-
HOM TOJMMEPHOH IlemM KaK B pa30aBIeHHOM pPAacTBOpe, TaK M B OKHIKOCTHY,
COCTOAMEN M3 OKPY/KAIMAX MOJEKYJ HepasOaBIeHHOr0 HOJWMepa.

Monexkyinsapaas Teopus BA3KO-3JIaCTHIYHOCTH HPENCKA3HBAET MJIA MOXYJs
pellaKcanum CIeAYIOmie YPaBHEHU:

n
E, (t)=3NkT Y| exp<-— ¢ p2>, (17
- Tmake
p=1
Tyaxe =ToNol3n2/nkT. (18)

s HepasOGaBieHHBIX MOJUMEPOB MOJEKYIADPHASA TEOPHA BA3KO-3JIaCTHI-
HOCTH, HO-BHIHMOMY, COIJIACYeTCA C SKCIePUMEHTAIHHHIMH IAHHKIMA TOJBKO
Ha y9acTKe HeGOABIAX MOAYJeil B mepexomuoil obmactu. B Gamkaimeii odmacTn
CTeKJI000Pa3HOr0 COCTOSHHSA NOJKHO YIUTHBATHCHA BJINMSAHWE BHYTDEHHEH dHED-
IruM; B 00JacTAX TeUeHHA KayIyKa M TeUCHMA JKUJKOCTH BIHMSHHAE MepelieTeHHH
nemeil TPUBOJAT K MOMOJHHUTEIBHEIM TPYZHOCTAM. B TO BpeMsa Kak MOJeKyJIAp-
HAasA TeopHA BASKO-BIACTUIHOCTU NPENCKA3ZHBAET, YTO BABKOCTh NIPW TEeYCHUU
IPODOPHHMOHAJNBHA N, HefCTBUTEIbHAA BASKOCTh IPH TEICHHH OKA3HIBAEeTCHA IPO-
nopunoHanbHOM nd¢. MoleKynspHasa TeopHs NpPEJICKA3HBaeT, 4TO B HIKHeH
gacTA mépexofHoii obmacTu rpaduk saBucumoctu lg E,. (¢) ot lg ¢ momxen umeThb
HAKJIOH —1/y, M-9TO MEeWCTBHUTEIbHO NPUOIMKEHHO BHIIOJIHAETCA HId OOJBIINH-
CTBa aMOP(HEIX MOJMMEPOB.

XIII. XAMHA9YECKAA TEKYYECTh H CHJOBAA
PEJTAKCALIAA

IIpm pocTaTodHO BHICOKHMX TeMmepaTypax Bs3KO-3JacTHUYeCKHe CBOIICTBA
MOJIMMEPOB NOABED/KEHH BIHAHMI0 XAMAYECKUX PeaKOui. ITH peakmuum MOTyT
OHTH [IByX THIOB: a) oOparnMHe OCMeHHBIe PEAKIINH, KOTOPHE HE HM3MEHSIOT
00my0 CTPYKTypy HoamMepa, U 0) HeOOpATHMEE DPeaKIHH.

Teopermueckn cmna B 06pasie CHIUKOHOBOIO -KaydyKa, BHIep/KUBAEMOrO0
DU OOCTOAHHOW JJINHE B PACTAHYTOM COCTOAHHMH, MOJKHA OCTABATHCA IOCTOSH
HOli GeckoHeWHO [04r0. B HeiicTBUTENBHOCTM HPH MOCTATOYHO IIOBHIIEHHOMN
TemmepaType OyJeT IIPOMCXONUTh YMEHBOIEHMe CHJIH [0 HYJAA BCJIENCTBHE
B3aMMOJeicTBEA Mesny cBasaMum Si — O. ITu B3aAMOAENCTBHA Ype3BHYANHO
9dyBCTBUTENBHH K KaTammsaTopaM. IIpm mocraTo9Ho CHIBHEIX KaTaamaaTopax
(mampmMep, B ciydae CepHOIl KHMCJIOTH) BPeMS PeJaKCAIMHA CUIMKOHOBOTO Kay-
9YyKa MOJKeT YHacTh RO HECKOJBbKHX CeKYHJ IPH KOMHATHOH TeMmeparype.
JTO 3HAYMT, 9YTO BCJE/CTBAe XAMHEIECKOrO B3aMMOJEHCTBHA KaydyK ¢ moIe-
PeuHHMH CBA3AMH Oy[eT BecTd ce6sA, MO CYINECTBY, TaK ke, KaK M JKANKOCTD.
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Eciy moiHOCTBI0 HCKIKYATHL BO3/eicTBHE KaTaJlM3aTOpPOB, TO BpeMsA pejaKca-
MM CIJIMKOHOBOTO KaydyKa MOKeT OBITh yBeIHMYeHO N0 MHOTHMX YacoB HajKe
mpu 250°.

Ecau ToHKME MONOCKH HATYyPaJbHOTO KaydyKa C IOMEPEeYHBIMU CBA3AME
BHEPIKUBATH B PACTAHYTOM COCTOAHMY IIPH IMOBHMICHHHIX TeMIIePaTypax, TO CHIH
YMEHBIIAIOTCA BCIGACTBHE Pa3pPHBa MOJEKYJIAPHBIX Ileleil, BEI3EIBAEMOTO MOJe-
KYJAPHBIM KUCIOPOLOM. ITO sABJIeHMe o0uiee AJIA BCEeX IOJIUMEPOB YIIeBOHOPOL-
HOTO THIA. '

Ilpu pmocraTtoumo BHICOKMX TeMIepaTypax MeXaHMYeCKHe CBOMCTBA BCeX
TMOJUMEPOB B JeiiCTBUTENBHOCTH ONPEeNeNAnTCca XuMudeckumu peaxmuamu. IIpo-
6ieMa HAXOKIEHUA MOJMMEpPOB, IPUTONHHIX [JIA MCIOJH30BAHHUA TNPU BEICOKHX
TeMImepaTypax, CTaHOBUTCA Npo0ieMoil XuMudYecKoil ycroilumBoctu. Ciemyer
OTMETHTH, 9TQ TePMOXHMMHYECKHE DHEePIUU CBA3edl YCTAHABIMBAKIT TOJIBKO BEpPX-
HUil npemen ycroiguBoctH. Ecam mommmep moABepraercs BO3HEHCTBUIO KUCJIO-
Pojia, BOOHL WM APYTHX PEAKIMOHHOCHOCOOHHKIX COeNUHEHHUIl, TO myTH IJs pas-
JOJKeHUsA HOJKMepa 9acTO MOTYT BO3HHKHYTDH IPH TeMmepaTypax ropasmgo Goiee
HU3KHX, 9eM Te, KOTOphe TpeOylTcA MIA HemoCPeACTBEHHOTO0 Pa3pPHBA CBS3MH.
Taxmm oOpasom, Golbinue »HEPTUM CBA3EH ABIAKTCA HEOOXONUMHIM, HO HEXO-
CTaTOYHEIM YCJIOBHEM [JIfi TEPMHYECKOIl yCTOMYMBOCTH HOJIUMEPOB.
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TIABA 2

MaxpomoJiekyJsibl Ha OocHOBe (hoccopa

Jdocon Ban Bezep nu Kaetvimon ®. Koaauc

1. BBEJEHHE

B HeopraHn4ecKoil XMMUM W3BECTHO MHOIO MAaKpOMOJMeKylI. IleflcTBUTENBHO,.
GONBIIMHCTBO HEOPraHMYECKUX MOJEKYISPHBIX CTPYKTYP, BEPOATHO, MOMKHO Pac--
CMATPHUBATh KAK BEICOKOIOJUMEPH. ITU GaKTH BoOOIIe He GHJIN M3BECTHBI X UMII-
KaM, MOKa OOJBUIMHCTBO HEOPTAHWYECKUX MAKPOMOJEKYN OBIO MOYTH HeKOo-
CTYIIHO [Js HCCIESOBAHMA, TAaK KAK OHHM OPeJCTaBIAKT coGoii aubo ceTyaThie
moJUMepH, Jubo [pyrue momoOHble BemecTBa, KOTOPHE HE MOIYT GHTH PACTBO-
PeHbl Wi nepersadsl 0e3 PaspyLIeHUs MOJEKYIAPHOIN CTPYKTYPHI, 9acTO ¢ 06pa-
30BaHMeM (ParMEHTOB C HU3KUM MOJEKYJIAPHEM BecoM. PsraBumHa (rIaBHEM
o6pasoM amopdHas, dYacTMIHO THUEPATHPOBAHHAA OKHCH IKEjIe3a) SBJIAETCA
XOPOIIMM IIPUMEPOM CJOYKHOI CMeCH, COCTOAMEH M3 BEICOKOIOAMMEPOB, COeqHU-
HeHHHX cBazamu Fe — O. IlpoGaema 3smech cocTomT B TOM, 9T0 J3000II METOR.
PACTBOpEHMA PyKABUMHBL BefeT K IOYTH IOJHON AemoauMmepusanuu. JTO O3HA-
gaeT, 9TO CTAHJAPTHEIE METOJH (QU3UKX HOJHMMEPOB, KOTOpPHE HOYTH BCe MNPH-
MEHVMBl K PacTBOPaM MAaKpOMOJEKYJ, He MOryT OHTh HMCIOJb30BAHEH.

Hax ycramosueno, coegunenus ¢ocdopa cOCTaBIAIT BHIAKIMUECHT WUCKIIO-
geHns U3 NPo6iemMbl, KOTOpas 3aKJI09a6TCA B HEBO3MOKHOCTH JOKA3aTh CYLecTBO-
BaHMe MAKPOMOJEKYIASAPHBIX CTPYKTYP B HEOPTraHNIeCKOIl XUMHH ¢ IIOMOLIBIO MeTO-
IOUKM, paspaboTaHHO#l [JisA OPraHMIecKUX MOJUMepoB. B cpaBHemun ¢ 6OJBIIVH-
CTBOM MOJHOCTHI HEOPTaHMYeCKUX MOJUMEpPOB pAX MaKpoMmoieryl ¢ocdopa
OpPOABJIAET XOPOUIYK YCTOMYUBOCTh HPU HAJAMINK HEGONBIIOr0 KOJNIeCTBA
IOMePEUYHBIX CBA3eil, TaAK 9YTO OHM MOTYT OBITH PACTBOPEHH M M3YyYeHHI B pac-
TBOpe 0e3 3aMETHHX XWMUUECKUX NpeBpalleHuil. JT0 00BACHAETCA TeM, YTO
dochop KOBAaJEHTHO CBA3aH C COCEIHMMH AaTOMaMH BO BCeX €ro CcoejuHe-
ausax [75].

MMockonabKy maHHAasA KHUra MOCBAMIEHA HEOPraHMYeCKHM MOJMMepaM, 37ech
OYIYT pPaccMOTpPEHH MOJEKYJIH, coepsKamiue TOCTATOIHO GOJNBINOE YUCJI0 aTOMOB
dochopa B cTpykrype — B GoabmumHcTBe ciayiaes He menbme 100 atomo P
B MOJIEKYIIe.

Hdus momywenus Gosee mogpoGHEIX cBefgeHmit o xmmum ¢ocpopa duTaTeND
orchaercs k kmure «@ochop m ero coegumenus» [75]. Beumy Toro dro
B 00JacTH OPraHUYecKNX IOJUMEPOB MOKA3aHO GONBIIOE TeopeTHIecKoe WM MpaK-
THY9eCKOe 3HAYeHWE LENHHX COeJUHEHWIl, JaHHHE O IEeNHHX CTPYKTypax Ha
ocHoBe ¢ocdopa obGcyxpmaiorcs B pasmene Il oToil raaBwe ¢ yOOpOM Ha CTPYK-
TYDHHEE HOKAa3aTeJbCTBA M CBOWCTBA, HEIOCPEINCTBEHHO CBS3aHHBEE C BHICOKUM
MOJIEKYJIAPHBIM BECOM. ;

B pasgene 111 paccmaTpmBaoTcs HEKOTOPHe NpPUMEpPH CTPYKTYP ¢ GOJb-
IIIM 9UCIOM HONEpPEeYHHX CBsi3eil, raaBHBIM 00pasoM DNIACTHHYATHE M TpPeX-
MepHBIe ceTdaThle HoJauMephl. AMOpPOHEIE CeTYaTHe IOJUMepHl, KOTOPHX OYeHb
MHOTO B HEOPraHMYECKOW XWMUU, ABISTCA AaHAJIOTaMH OPTAaHWYECKUX TepMo-
PEaKTUBHHIX CMOIL.
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A. CrpyrrypEas mepecrpoiika

Haijigeno, 970 HeKOTOpHE OpPraHMYecKNe MaKPOMOJNEKYJIH 9YacTHIHO o6Me-
HEBAIOTCA APYT ¢ APYroM IPH PACIIABIEHAH. JTO SBJEeHUE BOEPBHE OHIO M3Y-
9eHO MJA CIOKHHX HmoamdpupoB m npeacraBieHo Diopu B MOBOIBHO H3AIMI-
HOH MaTeMaTH4eCKO#l GopMyJIMpPOBKe MOJ, Ha3BaHWEM «GeCHOPANOYHAA HePeCTPoii-
ka» [29]. B ykazanHOM THIE HEPECTPOMKH CHEIAH YHOD HA OGMEH 9acTAMHE MEKIY
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P mc. 3. Kpusue pacmpenenenms mo pasmepaM Ais cMeceir B cucteMe POX3; — P,0j, cootr-
BeTCTBYyIomeil MoxsapEOMy oTaomesmio X/P = 1,55.
0O 0o
a) Korma pasphIBalOTCA TOJBKO cBA3M P—X, o6GpasyercA mpocTad CMeChb Tpumepa XI;{O%O%X n Te-
1

0 0'0 0
TpaMmepa X§O§O§O§X, KOTOpbIe YIOBJIETBOPAIOT CTEXMOMETPHM M OCTAalOTCA HeM3MeHHHIMH. 6) Horama

0o6pasyloTCcA M paspHBAOTCA TOJNbKO cBA3m ,P—O0 (Ky = K, = 0), HeymopAmodeHHOe pacmpefneie-
HHMe IIPpOMCXOAuT OBHICTpee, 9eM B cjydae pa3phiBa cBA3elt P—O m P—X B mpomecce HeymopAAOdYeHHOH
mepecTPOiKH ¢ (T. e. Ky = K, = 1/3).

MONIEKYJIaMH ¢ [INHHBIMY IIeIsIMY, IPAYeM JONyCcKaeTcs, 9T0 KOHIH HeHei coxpa-
HAKT MOHOQYHKIMOHAIBHHE, a MX cepeAMHH — OMPYHKIMOHAJIBHHIA XapakKTep
HAa NOPOTSIKEHMH BCEro NPOIecca NepecTPOMKH.

OcHOBHBAasICh HA HAIMUX HCCIENOBAHUAX coefmHEHUI docdopa, ME PasBHIM
npencrasienns Oaopu o mepecTpoiike, BKIKIAA W3MeHeHAe ()YHKIMOHAIHLHOCTH
IAHHOU CTPYKTYDPHOM e[UHANK BO BpeMs mpouecca nepecrpoiiku [76, 117]. Taxum
o6paszoMm, ABe OUPYHKOUOHAIBHEE CPeJUHHLIE TPYOOE MOKHO PaccMaTpPHBATH
KaK pearupypomue BMecTe ¢ 00pasoBagneM MOHOPYHKIMOHAJIHHOX KOHIEBOM
ITPYNOH 4 TPAQYHKUMOHAJIBHOM PpasBeTBIeHHON rpymnns [cM. ypasmerume (1),
crp. 34]. Takoit o6MeH QYHKIMOHAIBHOCTAMH 4epe3 PeaKnuu BHYyTPeHHero oOMe-
HA JUTAHJOB MOYKeT GHTH 00paboTaH CTATUCTAYCCKH, W IOJyJeHHEe KOMOUHANT
CTPYKTYPHEIX €IMHHI[ MOKHO 3aTeM INOABEePraTh NaJbHeHMmeR CTaTHCTHIECKON
KJIaccmpuranuy B MoiekyJbl. HpmBhe pacnmpefelenuss 4acTul OO0 pasMepaM AJs
HECKOJBKUX IOJHOCTHI0 HEYIOPAKOIYCHHKX CACTeM, BKIUas MePeCTPOMKY MoJie-
KYJ, 06pas3yomux roMOreHRYI0 RUAKY0 dasy, DoKasaHH Ha puc. 3. Buauncnenns,
IpHEBeJleHHNEe HA 3TOM Tpaduie, BHIOJHEHH ¢ DOMOMIBI0 SJIEKTPOHHOM BEIYHC-
aarensHo Mamunas 1BM-704 [125], sanporpaMmmpoBaHHOM Tak, 9TOGH HOJIY-
YHTH pemeHWe s CIydYas COeJUHEeHHS IUCTO HOJHPOCOOPHIBHOrO THHA, Hpe-
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TepOeBalOMmero mepecrpoiiky. Jra HepecTPoiiKa BKJIIOYAeT PA3PHB: a) TOJBKO
P—X-cBasu, 6) Tonvko P—O-cBasu uan, maxonen, ¢) P—X- m P—O-cBaszeii.
B 3Tux BHUMCcIeHHAX mnpemmosaraeTcsa IOJHOCTHIO 0eCIOPALOYHOE IOBelIeHHe
MOJIEKYJ W OTCYTCTBHe 00pasoBaHHA KoJjel. Jlas G0IbMHMHCTBA MAaKpPOMOJIEKYJI
Ha ocHOBe (hocdopa, DOABEPraIIEXCs CTPYKTYPHOU IepecTpoiike, KAK ONMCAHO
HI)Ke B 3TO TIJaBe, HAMWfeHAa NOJHAA IepPecTPOiKa, BKINYAIIAasg H3Me-
HeHHe (YHKIMOHATBHOCTH JHMTaHKoB [T. e. ciydail ¢ Ha pmc. 3]. Tmn mepe-
cTpoiikm, paccMorpermHN Diaopm [iIsA OpPraHuYIeCKHX CIOMKHHX IOJHIPHPOB,
nmoftober cayualo 6. Ciayuail a coOOTBeTCTBYeT oOMEeHY aTOMOB raJIOT€HOB HPH
KOMHATHOM TeMIepaType Me:KAy moaddocopmiraioreEufiaMa X HOXoGeH X0po-
Mo W3BECTHOMY CIyJai0 o0MeHa aTOMOB BOZOPOAA B YIJIEeBOJOPOLaX.

1. Obmen mexcdy cmpyrkmypubimi eOUHUYAMU

Ecaz pgBa ¢ochopunbrrx coemunmenmsa, OPX; m OPZ; cmemars Bmecte
¥ cMeCh BHEDP/KaTh [OCTATOYHO HPOLOJ;KUTEJIbHOE BpeMs, 9TO0H IIPOM3OIIel
BHYTPeHHMI 0OMeH nuramfoB, To ofpasyioTca deTHpe coemunenma: OPX,,
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P m c. 4. PapHoBecme HeymopsamoweHH0 mepecTpoeHdnx cMeceil POCl; — POBr;.
— Ki,0 = 0,406 n K4,0 = 0,341; mosHOCTBIO HeyNOPAAOUEHHEI ciydail, korna K, = K, = 0,333.

OPX,Z, OPXZ, u OPZ;. Ecan mer npenMymecTBa B o0pasoBanuu X- m Z-cofep-
JKammuX COeJMHEHMIl, TO pacumpefeineHue GymeT HEYOOPALOUYSHHHM, KaK IIOKA3aHO
OyEKTAPHKEIMA JUHHAMA Ha pHC. 4. CIioOmHHe JHHUM HA 3TOM rpadmke cooT-
BEeTCTBYIOT PABHOBECHOMY pacmpefielieHHI0, HAOII0OZaeMOMY IpPH HarpeBaEWUI
JKUIKOM CMecH OKCHUXJIOpHAA W oKcmOpommpa ¢ocdopa B TedeHHe HECKOJIBKUX
gacoB mpm Temmeparype Bhme 200° [37].

Tro moxasaEHOM Ha PHC. 4 peakndu BHYTPeHHero o0MeHA JHTaHOB
He BCerja OrPaHAYMBAETCA HOPOCTHIMU CTPYKTYPaMH, B OCHOBe KOTODHX HAaXO-
maTea ogmE atoM ¢ocdopa. Takmm obGpasom, ecim X o3HAUAET MOHOPYHKIHO-
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HQJIBHHA JUragf n Z — MOCTHKOBHI aToM KHCIOPOAa, TO MOCTHraerca obpa-
30BaHMe MOJHOI T'DYHNIOE COeTUHEHUN CO CPEHUM MOJCKYIAPHHM BecOM, BO3-
pacTanomuM Opu yMenbmennu mapamerpa B = X/P ot ero makcumaiabHOro sga-
9eHdsI, PABHOrO 3. 3[ech CHOBA IPUMEHEHO LHOHATHE HMOJHOCTHIO HEYIOPAI0YeH-
moro moBefennsa. Yernpe coegunenus — OPX,;, OPX,Z, OPXZ, u OPZ; temeps
COOTBETCTBYIOT CIe[[yIOIIUM CTPYKTYDHHM eUHHIAM: IEPBHI WIeH XHMHIeCKOi

P05 ) POCL,
100 100
xX
g 80 180
§
8§
® R P
g 60 . 60
2
<
S 40} 40
3
3
20 + 120
0
0 3

R =cCL/P

Pmc. 5 DPacopeneleAne CTPYKTYPHHX eQWHHI Kak (yHKIEA cocraBa B GecHOpAMOYHO
nepecrpoerroii cacreme POCl; — PyOj5.

ITyEKTHpHAA MEPNeHANKYJIAPHAA JUHUA COOTBETCTBYeT HabiaomaemMoill Todke reneobpaszoBaHmMA, CIJIOM-

HafA TIepUEeHAUKYJIADHAA JIMHUA — TeopeTudecKoii Touke reireo6pasoBaHMA IOpPU YCIOBMM OTCYTCTBUA

KoJler; O — pa3BeTBIIeHHHE I'DYNONH; € — CpeluHHbEe TIpynnn; () — KOHOEBHe TIpynnu; @ — OpPTO=-
eIUHULH,

rpynns mwia «oprocoequuenmey OPXj; Kommesas rpynma (MOHOQYHKIHOHAIB-
Hag) OPX,(01,—); cpemmnEaa rpymna (6ubpymxmmomansras) OPX(0i,—).
A Touka pasBerBienns (TpudpymxnuonanxsHas) OP(Oi,—);. Ecam X — atom
XJI0Opa, TO MH mMeeM rpyuny noaudocopuaxiopnios, xnasuuie [39] maa koro-
PHX OpHBeleHH Ha puc. 9. B sToit cuctemMe omHO KomOeBoe coegmuenme, OPXs,,
apiagerca oprofochopmaxiaopusom OPCl;, a Apyroe Kormesoe coegunenme,
OPZ;,— umaruoruceio docpopa P,05 = OP(01/,—);. Jlannse, mpencraBiennnie
Ha pHC. 9, Obid moaydvens myTem pacrtBopenma P,0; B POCl; u Bujep;suBanda
CMecH B TeueHMe HeCKONbKuMX cyToK mpu 230° Aus ycramomiieHEs paBHOBecCHA.
ITo cymecTBy ojMHAKOBHE PABHOBECHHE PE3yJAbTAaTH HOJIYYAIHMCh IOCIE BEEEP-
JKEBAHMA TAKUX CMecell IIpu KOMHATHOW TeMIepaType OKOJO rofa.

PaBroBecus MeKIy CTPYKTYDHHIMH €JUHHMIAMH, IOKA3aHHKE HA pHC. D,
DOYTA TOYHO COOTBETCTBYIOT CIydYal0 HEYHOPAMOYeHHOIl mepecTpoiiku. JTH pas-
HOBeCHs MOTyT OHIThH BHIDAa)KeHE ¢ OMOMbI0 ypasHenuil (1) u (2), kKoTope HawT-
€A ¢ COOTBETCTBYIOIIMMM KOHCTAHTAMHM PABHOBECHA:

IBe cpenmaasie rpynns= Kornesas rpynma--Passersiennas rpynma

2
K — [ Konuesas ] [ PasBeTBIeEHAA J / [ Cpellﬂﬁﬂaﬂ'l —eb/m2, (1)
rpynnoa rpynoa Tpyuna

IBe xoaneswe rpynne = OpromoiieKyia-CpeamaRas rpymnma

K,=[Optomonexryanal [Cpexmaras rpynna]/[Roaquaﬂ r’pynna]2=o—e’; . (2)
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Jaa mommocTeio HeymnopsmodenHoro caydas Ky = K, = 0,333. Kpusue, noka-
3aEHBEe Ha puc. D, mpepcraBaanT K, = 0,422 u K, = 0,639. Cpenane orkio-
Henusa oT 3tux 3navenmit pasen 10,031 u 10,052 cooTBeTCTBEHHO.

IlepoenguKynsapHEas COJIOIIHAA JUHUA HA PUC. O COOTBETCTBYeT TeOpeTHYe-
CKOM TouKe rejieo6pasoBaHMa NpPH yciaoBUHM orcyTcTBua Koxel. Horpa B passeT-
BIE€HHKX MaKPOMOJIEKYJIaX UMeeTCS He3HAYNTeIbHOe KOJHW4IeCcTBO Kolell, TOUKa
regeo0pasoBaHUsA JOCTHrAeTCA IpHM 3HaYeHu®m R, IIsg KOTOPOTO YHCIO KOHIOB
TOYHO PaBHO yTPOeHHOMY umciy BerBeii. CileBa OT IYHKTUDHOMU JUHHWH, B 06ia-
CTH, I7ie OTCYTCTBYIOT KOJIbI[A, HMEETCA MHOKeCTBO CHJIBHO pPa3BeTBJIEHHHIX
CTPYKTYp, TOTJa KaK CIPaBa OT 3TOM JAUHUM BCe MOJEKYJH HMEIOT KOHEYHHIN
pasmep. Horma mmeercs cTaTHCTWYECKW HEJOCTATOYHOE HCIO KOHIEBHIX T'DYIII,
9T0GH TOKPHTH TPETHIO 9acTh JUTaHAa HA Ka)kmoil BeTBU, oGpasyercd GecKoHEU-
Has CTPYKTYpa, €CJIM HEeKOTODhe M3 YYACTKOB TPETH JWTaHAd, IPUXOAAMUXCA
Ha BETBb, HE MEPEKPHBAIOT APYT Apyra mocpeacTBoM o6pasoBanms Koueu. Jpy-
TEMH cJIoBaMu, o0beAHEHHEe KOJeN B MAaKPOMOJEKYJH BH3HBAaeT CABUT TOUKH
reiieo6pasoBandsa K HU3KUM 3HadenuaM R [38]; sro mokasamo mepumemguUKyIsAp-
HOH IYyHKTHDHON JWHUWEH HA pHUC. I.

Haxk 6ymer moxasamo mmxe, B pasgmexe 1I,A,1, rae mompo6GHO paccMarpm:-
BalOTCH MaKPOMOJEKYIH HoaudocOpPIMIXI0pAA, AMEIOTCS 3HAYUTEIbHEE H3Me-
HEHOsI B MOJIOKEHHWM MCTHHHOM TOYKM reile00pa3oBaHHA, KOTOpPOe OLpeRelisieTcs
YACJIOM KOJIel, 4 TaK:Ke OTHONEHWeM YHCiIa KOHIEBHX IPYON K Pa3sBeTBJICHHBIM.
WnTepecHo 0TMETHTH, 9TO KPHBHE pacIpefelieHnsl CTPYKTYDHHX e[[HHUI], HAIDH-
Mep DOKa3aHHBIe HA PHUC. 4 W'D, COOTBETCTBYIOT DPABHOBECHIO, KOTOPOE MOIKET
OHTH JOCTUTHYTO HIPU HATPEBAHHUU II000M cMecH, MMeIOMel HAYAJIHHHH COCTaB
PaBHOBECHOH KHUTKOCTH.

2. Kaaccugpukayus cmpykmypHuzr eOUnUly 8 MOAEKYAbl

B pa3pa60TaHHOM B Hame# sabopaTopuy MeTole M3YIEHHS CTPYKTYPHOI
IepecTPONKY, HPM KOTOPOH CBA3M BCeX JIMTAHAOB JaGWIBHH, OpPOIecc MpPOM3-
BOJNILHO pasfielleH Ha oOMeH (YHKOWOHANBLHOCTAMEH MeAy CTPYKTYDPHHIMM efd-
HANAMHE, KaK IOKa3HBAao0T ypasaends (1) u (2), u ma KraccnduKANIO TOTYICHHEIX
KOMOMHAIEY CTPYKTYPHHX €JWHALN B MOJEKYIH TakuM 00pasoM, 4TOOH IIOXY-
9UTh OKOHYATeJbHOE pACHpEleleHNe MOJEeKYJI WIAM MOJEKYIsAPHHX HMOHOB
Pa3IEYHHX pasmepoB m ¢opm. OdeBHAHO, 3TH ABa mpomecca SBISIOTCS IPOCTO
9acTAMA ONHOIO LIpoIecca, OpwdeM OJWH W3 HEX He BCerfa HIpeJmecTBYeT HIH
caenyer 3a ApyraM. O6MeH GyHKNIMOHATBPHOCTAME MEMKAY CTPYKTYDHHIMU e[H-
HanamMz o6paboTam HA OCHOBE XMMWYIECKMX KOHCTAHT pPaBHOBECHS, a pacmpepe-
JeHre 9THX eIWHAIL B MOJEKYJIH — Ha OCHOBe QyHKNmil pacupemenenus. Oxaaro
RIS MOJEKYJ ¢ HODMAJBHHIME IEUsAMHN IPOIece KiIacCUQUKAIEA CTPYKTYDPHHX
eUHAL MOKeT OHTH BHPayKeH [JIA PEaKI¥WH HOBTOPHOTO PACIpeJeleHHA ypas-
HeHHEeM

EM;—2E+ EMy—zE =EMyt,—2E+ EMy——z—zEr 3)

rge E — xommeBas rpymma m M — cpeaumnas rpynma. 3gech £ — 9HCIO CTPYK-
TYDHHX eJMHAL B OfHON W3 DPeaTEPYIONMX MOJEKYJ; Y — YUCIO CTPYKTYPHHX
e[{MHUI] B IPYroil pearupyomei MoJieKyie; z — CPefWHHEE IPYIIH, NepefaBae-
MHE OT MOJIEKYJ, COJep;KaIux Yy eJUHHAIN, MOJEKyJIaM, cOJep/KalluM & efHHHI.
HOaa Gonpmux MoneKkya (B caydasx, Korma z << 2, y > 1) HeynmopsamouenHas
mepecTpoiika MDuopy [Ad pacOpefeleHAA IO PasMepaM COOTBETCTBYET KOHCTAHTO
PaBHOBecHs, paBHO# emmaune, Aasa ypasaenmsa (3). Ilo-Bmmmmomy, MoryT GHTH
moayueHH Gojiee CJIOKHHE YpaBHEHWs, BKIKYAINAE pPAa3BeTBICHHHE CTPYK-
TypHHEe eJIWHMIE, W KOHCTAHTH DPAaBHOBECHs, ONpeelleHHEE M3 COOTBETCTBYIO-
mux GyExomEil pacmpefeienus mo pasmepam [38]. 9to osmauaer, UTO MOJHEIMA
mpolecc IIePeCTPOMKE MOKeT OHTH BHPaKeH dYepe3 KOHCTAHTH pPaBHOBECHA.

B pacnpesienennn mo pasmepaM AJs HEOHHX MOJEKyJ, npeanosxeanom Oiopu
[29], e Gruro cresmamo mpexmonoxenus o GopMe MOJEKYH, IOITOMY ero aHAJIH3
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OTHOCHTCA K GecIOpAJOYHO CBEPHYTHIM B KayOKH cTpykrypam. [Qus mommsum-
POBaHHHX dYacTul[ JApyrag QVHKIHSA pacHpefeleHUs MoKeT OHTH BHBeJeHA
73 OPEANOJNOMKeHNsI, 9TO KaKIHN MOJEKYJISADHHI HOH IpeAcTaBIAeT co0oi
SKeCTKHIL CTEePKeHb M YTO CTePIKHH JAHHOTO PasMepa CIyYailHO OPHEeHTHPOBAHH
B mpocrpancTBe [76]. Xorsa Gaaromaps @uopm pacmpefelenne ruCKEX Hemer
BHIPayKEHO B OTHOCHTEJBHO SCHON MaTeMaTmdecKoil ¢opme, QYHKIHIO pacmpe-
HelleHUs KECTKUX CTEeP/KHEH MONyIUTh He YAAJIO0Ch, W JYUme BCETO ee HAXOLAT
¢ DOMOIIBIO BHYMCIMTENbHON Mamuuul. Bolee cioxasie mpobiaeMH Koxen, coCy-
HIeCTBYIONUX C IEeNAMH, M 3aO0yTAHHEIX CTPYKTYp, KOTOpEe 0o0pasyoTcd OpH
BRJIIOYEHUH TOYEK Pa3BeTBIEHUs, TAKIKE Jydlme BCer0 PelaTh ¢ MOMOIbI0 BEIIHC-
JuTenbHON MamumEE [125].

II. IENHBIE IOJINMEPBI

B suaumrensHoit gacrtm mmreparypsr [1, 116] oTmewaerca, dTo Kaydyko-
mofo0HasA BIACTUIHOCTH (M3BECTHAS KAK BHICOKO3JIACTHYHOCTH) SBJIAETCA CBOi-
CTBOM TJIaBHHIM 00pa3oM aMODP(HEIX BEmIECTB (3JaCTOMEPOB), COCTOANMAX M3 MOJE-
KyJd ¢ JIMHAKMY IeNsIMA, KOTOPHE CBS3aHH TOJBKO CIYIafHEIMA HONEePEeIHEIMHU
CBA3AMM, a He BCIE[CTBHE B3aMMOJeHCTBHESA 3apsAN0OB HIA BTOPDHIHEIMHA CBA3AMH.
YMepeHHO HMSKHA MOAYJIb yOPYrOCTH M YPe3BHYANHO BHICOKas cTemeHb Aedop-
Manun 6e3 paspHBA TAKWX BemecTB O0YCIOBIEHH JHTPONHAHHMHA 3dPexTamm,
T. €. TeINIOBHIM «(CKDPyYdBaHWEM» OTHOCHTEIBHO CBOOONHO IIePeMeImaloIaAXCs
nemneif.

OmnpeneeAHoOe KOJIMYECTBO MONEPEYHHX CBA3eH B 3JIACTOMEPe HYKHO MJIA
T0r0, 9T00H YMEHBINIUTH WM IPEeJOTBPATHTH ero miacradeckoe Tedenme. Ogmaro
C yBeJIMUEHMeM KOJMIecTBa MONEPeYHHX CBA3ell MedopManus OpM paspymeHAR
3JIaCTOMEPA YMEHBIIAeTCS, TOIA KaK MOAYJIb COBATa COOTBETCTBEHHO yBeJIHMIMd-
Baerca. Takmm o6GpasoM, HaiigeHo, 9To UpH 006pa3oBAaHAA MONEPEYHHX CBs3ei
B HATYPAJbHOM KayiyKe B IPOIecce BYJIKAHM3AMAA er0 cepodl HeGOJhHIOe KOJM-
9eCTBO MOMEPeYHHX CBA3EH yCTPaHAeT TEKYYeCTh HA XOJIORY M KIeHKOCTH (BCien-
CTBHE 3aIyTHBAaHHA meneit) jarexca. [ansHeitimasn Bynxammsanws BemeT K obpa-
30BAHMI0 PACCHIOYATOr0 KaydyKa, TAKOro, KAK B HCKYCCTBEHHHX De3HHKAX,
KOTOpHIe yOPYTd, IPOABIAIOT 3IaCTAYECKHE CBONCTBA, HO TeM He MeHee He MOTYT
CHJIbHO PAaCTATMBATHCA IO CPABHEHHWIO CO CIab0 BYIKAHA30BAHHHM KaYIYKOM.
Haxonen, mempepsBHOEe CHOIMBAHWME CEpPOil HPUBORMT K o0pasoBammio 3GOHHTA,
KOTODHII 06;1aaeT MeXaHWYeCKHMH CBOMCTBAMH, He CJIMIIKOM OTIHYAIMHEMECSH
OT CBOMCTB craam 4 cTekaa. MoOAyJab yOpyrocTs KaydyKa, HMEIOmEro TOJIBKO
cIydYaiigsle IOIepPeYHke CBA3H, 06pasoBaHHbIe cePoil (KaK B KayIyKOBOI JeHTe),
pasen npmmepro 10* dun/cm?, Torma KaKk AJsA TAOAYHOTO 300HUTA OH PaBEH IPH-
mepuo 10° duw/cm?.

[lennsie moMMMepH MOTYT KDPHCTAIIM30BATHCH; CTENEHb KPUCTAJIAYHOCTH
3J1aCTOMEpPOB OOKYHO HOBHIMAETCH ¢ yBeawdenueM fAepopmanuu. CHHTeTHIeCKHE
OpraguYecKkue IeMHLIEe IMOJIMMEPHl, KOTOPHE MPOSABIAT 3HAYATEIBHYIO KPHCTAJ-
JIMTHOCTh B HEPACTAHYTOM COCTOSHNM, SIBIAITCI [0 HEKOTOPO#l CcTemeHH Xpym-
KUMH 1 He 0061a1a0T BHCOKO# smacTuaHocThio [114]. Cormacro Teopun, BHCOKas
3JIaCTUIHOCTH He XapaKTepPHA AJas aMOPOHHX BemecTB, B KOTOPHX MOJeKYJIsPHEE
Meny CAIBHO NPUTATMBAITCA ADPYT K APYry Guarogaps B3auMOJEWCTBHIO 3aps-
J0B WM BIMAHHUIO BTODHIHHEIX XMMHYECKAX CBfA3ed. JPPEKT MOHM3ATAH BIOID
MOJEKYJAPHOH IeNH MOYKHO HAGIIOJATh B Ciydae COJed OPraHmYecKAX MONH-
3JIEKTPOJNMTOB ¢ MOHAMYM MHOTO3aPAMHEIX METAJIOB W IENHHX CHIMKaToB [71],
KOTOpEIe TBEPHHl, JKECTKU M He HIPOSBIAIOT JIAaCTOMEPHHX CBOWCTB BCIE[CTBHE
3pYeKTHBHOTO MHOIOKPATHOTO 00pa3oBaHWS HODEPETYHHIX CBA3EH MEMIY Lems-
Mu Grarogaps CHJIaM KYJIOHOBCKOTO B3aMMOJEHCTBHA MeKIy AHHOHAMH W Ka-
THOHAMH.

Hu ofne #3 meIHHIX 37IacTOMePOB HA 0CHOBe Pocdopa, pacCCMOTPEHHKX HYKE,
He ofjamaer Xopomeil TEIPOJIATAYCCKOM H TePMHIECKOH YCTOHYHMBOCTHIO. ITO
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He 03HAYaeT, 9TO He MOryT OHTH MOJyYeHH 3JIACTOMEpPH HA OCHOBe ¢ocdopa
U HeOpraHwdYecKHe IJIACTHKH C TaKO#l ycroidmBocThio. TpPymHOCTH 3aKII0TAETCHA
B cuHTe3e. IlenHie moauMepH, ONMCAHHEE HIKE, SBIAIOTCSA BemecTBaM¥, KOTO-
pHe MOKHO JIeTKO CHHTEe3MPOBATH IYyTeM OCYMECTBIEHHS PeaKIuil BHYTPEHHEro
o0MeHA AHraggoB. ITO TOT jKe CAMHIM THII PeaKIuil, KOTOPHI IPHBOAKAT K TAPO-
JIUTAYeCKON W TepMUYeCcKON HEeYCTONYMBOCTH.

A. Tpynna coexmHeHmii ¢ HEHOHE3HPOBAHHBIMHA NEIAMH

1. Ioaunmepnvie goconumpuazropudn [74a, 75]

W3 Bcex HEOPraHWIeCKUX IOJMMEPOB, BEPOATHO, -00JbIIEe BCErO PEeKIaMHUPO-
BanuCh (POCOHOHUTPUIXIOPHIE BEHICOKOIO MOJEKYJISIPHOIO Beca, M3BECTHHE KaK
(HeOPTAHMYECKUI KaYIyK». ITH MaTepPHaH, HOJAyIeHHRE OOKHIHEMHA CIOCO0aMH,
00J1a7]al0T BRICOKOM 9JaCTHYHOCTHI0O M MOTYT PACTATMBATHCA B HECKONBKO pas,
OOYTH HOJHOCTHI0 BOCCTAHABJIMBAA NepBOHAYANbHYW mmuay. OHE He HamuIX
IPOMHIIIEHHOT0 IPEMEHEeHHS A3-3a TOTO, 9YTO B HOPMAJIBHKX aTMOCHEPHHX YCJIO-
BHSIX PaspymaioTcs OhicTpee, 9eM NPOMHIJIEHHLE OPraHWYecKUe KaydyKu (Kak
HATYPaJbHHI, TaK U CHHTETWYECKFE), a IPH HATPEBAHUMU PA3PyIMAITCA TaK JKe
JIETKO, KAK W HATYPAJbHHI KaydyK.

HawnGoxee o6mue 13 pasimIHnX IpelapaTHBHHX MeTOJ0B HmoaydeHHs ¢oc-
¢oumrpuaxiopunos [3] BrarwarT aMMoHOAH3 mATEHXaopmeToro ¢ocdopa xio-
PUIOM aMMOHHA B COOTBETCTBHH C YPaBHEHHEM

“ PCl5+ 2zNH,C1 —> (PNCly),+ 4zHCL (%)

9Ty peakIuI0 DPOBOAAT B Koi0e ¢ OOPATHHM XOJONMIBHUKOM OPW KHUOAYCHUU
B TAKOM pacTBOpHTeNe, KaK CUMM-TETPAaXJIOPITaH, WIH HATDPEBAOT CMeCh TBEp-
OBX BemecTB B TpybOkax ¢ orBojamu. IlogydaeMuiii HPOJYKT peaKkumm, COCTAB
KOTOPOTO 3aBHCHT OT TOr0, KAaK IPOBOLWUTCS PeaKIus, mpefcTaBiageT coboil cMech
MAaCJIAHUCTOrO BEIeCTBa M KPHUCTANIOB MIN MACISHUCTYI0 MAaccy, COJeprKamylo
HEKOTOPOe KOJHMYeCTBO KPHCTAIINIECKOro BemecTBa. Dpariudm pasauIHOro
MOJIEKYJIAPHOTO Beca MOJAYIal0T BCIEACTBHAE PA3NWTIHON PAcTBOPUMOCTA IPORYK-
TOB PpeaKIui. .

Bce mmamme ¢GocHORMTPUIXIOPUAB MOJIAMEPHU3YIOTCA NPH HAarPeBaHHUM
no 250—350° [102]. Ogmaxo, Korma MCXOMHHE BeIEeCTBA THIATEALHO OYMINEHH,
pPeaknusa mpoTeKaeT MeJJieHHo. Ecin 51acTndastil BECOKOIOAAMED HOJIyIeH 00bY-
HEIM cI0CcOGOM, OCTawTcsA He0OJbIIHe KOJIMIECTBA HUSIIMX NHKINIECKHUX IOJU-
MepoB, KOTOpPHE MOTYT OHTbL yhajdeHH sKcTpakmuein Gemsosom [28]. Bsicokomo-
anmep Habyxaer B GeH30ie M JelaeTcsA CTYAeHHACTHM, HO OpPHU Mcnapernu Gensola
BOCCTAHABJIMBAIOTCA IePBOHAYAJBHLE KaydyKoOmomoOHbie cBoiicTBa moxmpoc-
GOHATPHIAXJIIOPHUAA.

Ilonumepusanusa TpuMepa U TeTpaMepa M3ydajach Kak B OJOKe, TAK U B pac-
tBope [78, 79, 91]. Ilpu Gaor-momumepmsanuu GOIBINAs YACTH 06PA3yIOIIErocs
OPOAYKTAa peaKmud HepacTBOPUMAa, NIpWYeM [0S HEePACTBOPUMBIX BEINEeCTB
yBeInumBaeTcs ¢ IOBHIIeHWeM Temuepatypsl (B muTtepBaie 250—350°) u yBe-
JIM9eHneM OPOMOJKATEILHOCTA Ipolecca. B 3TOM ciydae pacTBOpMMAas dacTh
COMIeP/KUT TPONYKTH ¢ OYeHb HM3KOH CTeNeHBIO MOIMMEpH3anuu — 0T 3 Ho 7.
Ilonmmepmsanuio B pacTBope HeXb3s HIPOBOJUTH B PACTBOPHUTENAX, COREPIHAMUX
Bogopoj (Hanpmmep, B GeH30Je, KCHIOJIe W TeKCaHe), TAK KaK OPOUCXOIAT PeaK-
IUA ¢ pacTBOpHUTelNeM ¢ oOpasoBammeM PochopopraHudecKuX COCTUHEHHNA M XJIO-
pECcTOro Bomopoaa. XIJIOPHPOBAHHKE YIIEBOTOPORHI, OCOGEHHO YeTHPEeXXJIOpH-
CTHI# yIiepoj, ABIAATCA NOAXOAAMEMEA pacTBopuTelNamMu. lloaumMepusanus
B PACTBOpe [aeT 3HAYNTEJIHHO MEHbIIEC HEPACTBOPUMEIX BeIIeCTB, 4eM OJOK-IOIH-
MepHW3ands, IPWIeM CTeHeHb LOJMMEePH3aLWK PACTBOPHMHX BEMECTB JOCTATAeT
300. ‘Kak mpm GOK-NOJIMMEPW3aOud, TaK W IPHW TMOJUMEPH3ANUU B PAcCTBOpE
DOJYJeHH ONHH U T€ jKe Pe3yJbTaTH NP HCIONH30BAHMH B KadeCTBe MCXOJI-
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uoro BemecTBa (PNCly); miu (PNCl,),. Ilonumepusaums saBisercs Hennoil peax-
nmeit, B KOTOPOH KMCJIOPOJ MIpaeT Ba)kHYI poib. IleiicTBHTeIbHO, KOTrga KHC-
JIOPOJ, OTCYTCTBYeT, HOJMMEPU3aIUX HE HPOUCXOAUT. B IPHCYTCTBHM KHCIOPOAA
CKOPOCTH MOJMMEPH3ANUM BO3PACTaeT ¢ KOHLEHTPANWEN KUCIOpofa KO Ipeleib-
HOTO 3HadYenus, paBuoro mpumepuo 1% O, , u 3aTrem ciaerka ymembmaercsa. Huc-
JIOpOJ, HO-BUAWMOMY, WHUIMUPYeT HOJVMEPH3aNUI0, pearupya ¢ KOJIbIAMH
TpUMepa WIHW TeTpamepa, KOTOPHEe IPY 9TOM PaspHBAIOTCA XM o0pasyioTcs pajd-
kamel. Kuciaopon, BepoaTHO, TaksKe Mrpaer pojib OGpHBATeJs IeOd WM areHTa,
obpasylomero momepednsie cBsgsW. PaBHOBecwe HONTMMepH3ALHs — NEHOJIAMEDPH-
3aMA ¢ TPYAOM JOCTATaeTcsA OPH TeMmepaTypax Hmike 250°; BRYINC/IeHHAS IINHA
kunerndeckodl menu [79] 8 1000 pas mpesnimiaeT IIWHY, ONPEIEIEHHYIO U3 CPeJl-
Hell CTeIeHH IOJIMMePHU3anUN, KaK H CJIe0BAJO0 OKUNATH B COOTBETCTBHUE C MeXa-
HU3MOM, BKIIOUAIOIIMM IepeHoc Ienu. l3ydeHme KWHETHKU IIOJUMepPH3ALUU
ITaratom m Konmunckum mokasuBaer, 9T0 moamMepH3anus $ocHOHATPHIXIOPH-
JOB NPeACTaBIseT co00il HOPMAJBHHEI THO HOJAMepu3anud, oGHYHO HabI07ae-
MO# B XWMHH OPraHHYEeCKUX IIOJIUMEPOB.

Hexoropsie 3 myTeil, M0 KOTOPHM KMCIOPOJK MOMKET AeHCTBOBATH KaK OOpPH-
BaTeJNhb LeN U areHT, 00pasyiomuil momepednsie ¢Bs3M, HOKA3aHK B 3IEKTPOHHOM

CTPYKTYype:

:Cl+ :Clt :Cl: :Cl® :Clt :Clt
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Ilenw, I'fie KMCIOPON IOomepedHoii ¢BsA3u b Temeph /eIHT 9iIeKTPOHH ¢ PochopoM.
Honmnesoit xmemopon B ¢ mapyroro KoHpma menm 3aHEMaeT MecTO aToMa asoTa.
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Pumec. 6. VaMemeHme XapaKTepHCTHUecKoit Bs3kocTH (KoadmmmenTta coGCTBeHHOH BA3-
KOCTH) B 3aBHCHMOCTH OT MOJEKYIADHOro Beca HoimMepARX (GocGoHATPHIXIOPHAOB [75,
cTp. 247].

MOJIe}(YJIHpHHﬁ BeC I0Jy9eH OCMOMETPUIECKNM METOMOM. Ji3MepeRuAd BASKOCTU U OCMOTUIECKOTO naBieHNfA
BBINIOJIHEHBI B OHOM paCcTBOPHUTeJIe.

9TO pasMHKARWe KoJiel IpMBefieT K 0GpPasoBaHMI0 0UeHb [NIMHHBIX Henei, TaK 910
9aCTHYHO HOJTHMEPH30BAHHASA CMeCh OyleT COCTOATH M3 KOJEI M JJIHHHHX Ieneu
u He OymerT cofepKaTh KOPOTKHX IeNelf, KOTOpPHE NEACTBHTENbHO HMeIN OB
xummdecKuit cocraB, coBepmeHHO oTamuHbil 0T (PNCly)..
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3arao9eHne 0 TOM, 9TO UENH AOJKHB OHTH JIMHHRMY, OyIeT cledaHo TaKKe,
€CJIM OPeJIoIOKNUTh, 9T0 HA KOHNAX IeHeil HAXONATCA OTIWYHEIE OT KHCIOPOZA
rpynus (maxke cBoGoguble paguKaii). BHIIO MOKa3aHo, 9TO IPH B3aWMMOJEACTBUH
¢ HeKoTopmHME Hu3mumu poiaumepamu PCl; MoskeT faBaTh KOHIEBHE I'DYINE
moMMepHEM menaM ¢ochorurpuaxiopunoB [74a,75]. HeitctBurensno, mmeercs
pan coepmuennit ¢ popmynoit (PNCly), - PCl;, KoTopsie sormgecky BHBOJAT KaK
memusle CTPYKTypH, mMeiomume popmyay CL,P(NPCl,),Cl. CanranT Takxe, 410
HCI mosxer gaBats kornessie rpynusi PNCly,-nonumepam [6].
BosMokuoit ¢opMysoil A IemHOro MOJMMEpa, BKIIIOYA0-
IMero XJOPHCTHIN BOJAOPOR B KOHIEBHE TIPYOOH, ABIAETCA
Cl;P(NPCl,),NH.

Moaexynapusii Bec moaumepusoBaHHHX ¢ochoOHUTPHI-
XJTOPHAOB ONpeNeNsAlT HEeHOCPEeICTBEHHO II0 Pe3yIbTaTaM
M3MEePEeHUN 0OCMOTHYECKOTO [ABICHUA M KOCBEHHO IO XapaK-
TePHCTUIECKO BA3KOCTH. OKCIEPUMEHTAIBHO  ONPEIeIeHHA S
3aBUCHMOCTh MEKIY XapaKTepPUCTHIeCKOH BA3KOCTHIO M
CPEHEYNCIOBHM MOJEKYIAPHEM BecoM [79], momydeHHEIM
OCMOMEeTPHYECKAM MeTOLOM, moKaszama Ha puc. 6. @paxmuo-
HHPOBAHWe MOJMMEPOB IO pPACTBOPMMOCTH NPOBONAT U3
GeH30JIHOTO pacrBOpa IyTeM CTYHeHdaToro aoGaBieHus
GensmHA.

Pentrenocrpyxryprhe ncciefoBanaa saacToMepHOR Pop-
MH  (QOCPOHATPUIXIOPUAA MOKA3HBAT, 9T0 HEPACTAHYTHI
Marepuanx amopdeH, HO OPHU PACTSIKEHUN OH KPHCTALIA3YeT-
¢s, aBag peatrerorpammy Boioksa [42, 70]. dto momenenue
moRoGHO MOBeJeHUI0 KaydyKa M JPYTHX W3BECTHHX OPTaHM-
deCKUX 3JIacToMepoB. TeopernuecKas MATepIpeTANUs PeHTTe-
HOTPAMMHL BOJIOKHA IOKA3HBAET, 9TO MMEIOTCS MJIWHHEE CIH-
PaJbHEE Ieny ¢ KORQUrypanuei, IpeacTaBIeHHON HA PHC. 7.

Crenens JJAMAHADHOCTH B HAJJIekameM 00pa3oM IPHATO-
TOBJEHHHX BOJOKHAX DJIACTOMEPHHX (OCHOHUTPAIXIOPHUIOB
oYeHb Maja, Jake KOorja BOJOKHO PAaCTATMBAETCA B JBa pasa
unu 6omee. Takum o6pasom, OEIIO HAJEHO, 9TO PACTSKEHHE
moxHoCcThI0 o6paTmmo [99] B mpemenax HeGOMBIION KCIEPH-

MeHTaJbHOIl OmubKH, Korga BodokHa pacrarmsaim Ha 199 % fag ‘:iegb' f{_’;?;}’g:
HX NepBoHAYalIbHOM JIMHE Opu HAarpyske 1 xe/cm?, HPWIO- yepe PNCl, [75,
skeHHON B Tegemme 1 mun. Taxoe HONHOCTHIO BIACTHIHOE crp. 248].
moBefieHue HAGIIIAIOCH B MIMPOKOM MHTEPBAJe TeMIEpPaTyp Eciam cMorpers cBep-
o Xy, BAOJb OCH Iemn
or 50 mo 160°. Hus mepmomoB pacTsiskeHHs GOJBIE 7D CEK  gpjen  mpaMoyromb-
mpu Harpyske 1 ke/cm? BoMOKHA He HOJHOCTHIO COKPAmIAlOT- HUK
¢ o0paTHO [0 CBOeil IepBOHAYANBHON [JIMHH, TaK YTO B Cl\p/N>p/Cl
HUX OOHAapy:KuBaeTcsa HeOOJbIIaAg CTeNeHb JAMHHAPHOCTH. a” NN e
OpHaxko OpH KOMHATHOH Temmeparype HedopMamusa IOJ-
HOCTHIO ofparmMa Hajke IMOCHe HECKOJbKHMX YacOB YMEDPEHHOIO PpaCTsIKeHHA.

NutepecHo orMeTuth, 910 (GOCHOHMTPHIXIODHL YHOBIeTBOPseT TpebGoBa-
HUSAM WOEATbHOTO 3JacTOMepa, MMEImero B OCHOBe CTA0MIBHYI MOJEKYJIAp-
HYI0 CeTKy, JasKe Jydmie, 9eM cJa00 BYJKAHW3OBAHHHII BHCOKOKA9eCTBEHHHIH
HATYpaIbHHI Kayayk. CoriiacHo Teopuu BHCOKOI amactuanoctu [1, 116], moxyas
yOopyroctd mpomopuuoHaied abcomoTHol Temmeparype. Ilas ogmoro o0pasia
3JaCTOMEDPHOr0 (OCYOHMTPHMIAXIOPUAA MOAYIh YIPYLOCTH HAWTEeH pPAaBHHM
2,5 re/em? mpm 313°K u 3,2 ke/cm® mpu 413°K. B 3ToM ciaydae mmeeT MecTo
TaK;Ke ofpaTmMasi KPHUCTAIM3AUMA BHYTPH CTPYKTYypH. TaxuM obpasom, ecam
moJ@EMep HArpeBaTh OPH HOCTOAHHON medopmauwmu [42, 70], To marpyska Gymer
pactm GEICTpee, IeM B ciydae HPSAMOil HPONOPHHAOHAIBHOCTH OT A0COMIOTHON TeM-
mepatypsl. IIpm oxmasknennn pacTsikenme ocTaeTcs BHadaje BHie, 9eM obpasern
uMeJI IPH TOil TeMIepaType, 3aTeM OKOHIATEIbHO YMEHBIIAETCA 10 HePBOHATAI b~
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HOTO 3Ha49eHHA. JTO OGBACHAETCH: 1) «IWiIaBIeHWEM» KPHCTALIAYECKUX dacTel
[pA NOBHINEHAH TeMIePaTypH, IMocie Yero PacIiaBleHHAsA 9acTh CO3/AaeT HArpys-
Ky, 1 2) same[jieEdeM Kpmcrajamsanmun opum oxiaaxgenud. Coraacmo Teopunm
BEICOKOM 3JACTHYHOCTH, CKJIOHHOCTh K CKATHIO O0YCJIOBIEHA TEILIOBRIM KOIe-
6aEdeM [IMHHEHX CerMEHTOB HONBIKHOM Ienw (TAK HA3HBAEMHX (YT PEIIETKI»)
B aMOpQHHX dYaCTAX TBePROTO Teka. 1epMONMHAMAYECKH IPEfHOYTHTEIHHHIM
YCIOBHEM SBJIAETCA PEJIAKCANAORHOE COCTOSHEE, B KOTODPOM Ielll 3HAYATEIHHO
le30PHeHTAPOBAHE, ¥ TBEPAOe Telxo ABIAETCH, TakuM 06pasoM, aMopQHEIM,
B IPOTHBONOJOKHOCTh HANPAKEHHOMY COCTOSIHAIO, COOTBETCTBYIOIEMY YacCTH
menei, KOTOPHE TaK OPAEHTHPOBAHK, YTO BEMECTBO ABIACTCA (KPHCTANIAICCKAMY.

Ha ocmoBammzm o6H9YHO HAGII0OaeMOTr0 MOAYJIS YODYLOCTH, pPAaBHOTO
2108 Gun/cm? mpm 25°, yeTaHOBIAEHO, YTO CPefHEe YACIO ATOMOB, JIEKAMAX MEK-
Iy TOYKAMH COeIUHEHHA B 3JIACTHYHHIX CETKAX, COCTaBjiseT npmbamsutensuo 10
[99]. lnmBa myrm pemeTkn, BePOATHO, B 0YeHL MHOTO Pa3 MEHbIIE CTeIeHH IMOJIH-
Mepumsanuu nenn PNCl, B HeoprammaeckoM Kaydyke.

Ilpm xpaHenw® B OTCYTCTBHE BO3/[yXa BHCOKO3JAaCTUUECKHe CBONCTBA 00pas-
OB HEOPraHWYeCKOro Kayuyka He maMemsioTcsa. OfHako XpaHeHHe Ha BO3IyXe
OPUBOJAT K 3HAYATCIBHOMY YBEJINICHWI0 MOAYAS YOPYrOCTA W K XPYOKOCTH
00pasmoB [ajke IOCJe HECKOJNBKHX MecaleB. ITO OGBACHAETCA 00pasoBaHUEM
KHCIOPOIHHX MOCTHKOB MEKIy IeOAME LpH JAeliicTBud Boin [ypaBmenme (6)],
TaK KaK OpPH 3TOM 3HAYMTEJHHO YMEHBIIAETCA CPeNHAA [IMHA AYyIH pPEmIeTKHA
C CONYTCTBYIOMEM yBelHYeHHeM Moayias yupyroctm [99].

cl cl c1 Cl
—~P—N—P—N— —P—N—P—N—
cl Cl cl |
+H,0 — 0 +2HCL. (6)
cl cl cl |
—P—N—P—N— —P_N—P—N—
Cl Cl Cl Cl

SHauMTeNbHO GOJNbIIee KOJNMICCTBO MONEPEYHHX CBA3edl B MoamMmepe oGpasyeTcs
mpm craGoM HArpeBaHUA ero [0 KPACHOTO KaJeHHSA NPH HeGOJNBIIOM JOCTyHe
Bo3gyxa. B aTOM ciy7ae mPOAYKT peaKOEE IPefCTaBIseT cob0il MOPHCTYIO, POro-
BEAHYI0 Maccy. Ilo-BuquMoMy, HarpeBaHuMe YCKODPsSeT OKHCIeHHe (BMecTe ¢ HEKO-
TOPHM IHAPOJN30M), BH3HBAsg YaCTMIHOEe DPA3JI0KEHHWE, KOTODOE TAKKe IPUBO-
OuT K 00Pa3s0BAHMIO HONEPEYHHIX cBfzeil. Ecim marpeBamme DPOBOAAT HAJJIEKa-
muM oOpasoM B MHEpPTHON aTMocdepe WMIH B BaKyyMe IIDM TeMIepaType BHIIIE
350° to amacromepmaa ¢opma PNCl, H0BONIBHO XOpOmO [eHOJIMMEePH3YeTCH,
JlaBasg CMeCh HU3IMMAX HOJAMEPOB ¢ mpeobiaflanueM B Hell MUKINIECKAX TPUMEPa
u Terpamepa. C Ipyroit cTOpOHH, MEJJICHHOE HAIPDeBaHMe IMOJINMepa IPH HOBHIMIEH-
HHX Temmepartypax (oxomo 500°) B mmHepTHO# aTMocdepe BefeT K 00pa3zoBaHHIO
00JBMUX KOJXWIECTB YePHOTO, HEPACTBOPUMOTO, HEILNIABKOro ocTarka. IIpu marpe-
BaHMAY 3JaCTOMEPHHX OCHOHATPAIXIOPHAOB B MAEPTHOM arMochepe MIU B BaKy-
yMe HX OOBeJieHHEe COBePIIEHHO IOJ[00HO IOBEJEHWIO HATYDPAJBHHX KaydyKOB.

OueBuHO, PaBHOBECHE MOKET YCTAaHABIMBATHCS MEKLY PAa3IUIHEIMA HOJHU-
mepamz PNCl,. 310 paBHOBecme moATBeprEIaeTcs 00pa3oBaHmeM «TOii jKe CaMOM»
cMecH IOJUMepOB, cofep:Kamell IWKIAYeCKHe TpAMED H TeTpaMep W BHCIINE
KPHCTA/INYECKAE N JKUIKIE ODOJUMEPH IPA NCHOAb30BAHAN B KAYECTBE MCXOXHEIX
BEMECTB YECTOI0 TPUMepa, YUCTOro TeTpaMepa WK 3JIaCTOMePHOR MomuduKanuy
[94]. ITockonpKy BEHIXOJ BHICOKONOJHMeDHOH (pakmuu majaeT ¢ POCTOM TeMIe-
parypu mo 600°, mo-BmmEMOMY, IpOLECC HMOJIMMEpPH3amuu 3K30TepMmuen. Jlamb-
Hefimas paGoTa ¢ MCHOIB30BAHMEM TAKAX COBPEMEHHHIX METONOB, KAaK MeETOT,
AfePHOI'0 MAarHATHOTO pe30HAHCA, HECOMHEHHO, HEO00XOIMMa [misd pemeHus
mpo6ieMB pPaBHOBECHS MeKAY HENAMH W KOJIbLOAMH.

ITo pocpormTpriadTopusaM 1 CMEIMAEHKM XJIOPHAZOPTOPHUILAM AMEETCSA Jm'repa-
Typa [74a, 75]. XaopugodTopuaasie BHCOKONOJIMMEPH cTa6MILEKE OIPH KOMHATHOM
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TeMIepaType, HO WX TePMHAIECKas [eMOAAMEDPH3amusa IPU aTMOC(HepHOM HaBie-
HHU IPOMCXORWT Ipu Gollee HU3KMX TeMIepaTypax, 4eM ¢ xjopmpamu. Paszmmu-
HHe Ipou3BofHHE (ocPOHATPHMIXIOPHAOB Ohiu HexasHo maydemsl [33a, 98al.

2. Hoaugochopuazaopudn [39]

XoTsa umMeeTcs HEMHOTOYMCIEHHAs JWTepaTypa IO XWMAYECKOd Trpylme
m0ardocHOPMIXIOPALOB, HX CIeAyeT BKIIOUATH B 3TY IIIaBYy, TaK KaK OHU Ipef-
CTABIAIT cOGOM «KOPOTKEE» (T. €. ¢ HONePEeIHHIMA CBA35MH) 3IACTOMEPHEE IOIU-
MepH Ha ocHOBe (ocdopa. ITO COeIUHEOHHAS C BEHICOKOH PEAKIHOHHOA CIO-
COOHOCTHIO, KOTOpPHE HEeMeNJIeHHO pearud-
pyioT ¢ atmocdepHoil Bmaroii. OpHako oHH
BEHIBHIBAIOT 3HAYNWTEJBHHIU TeopeTHdeCKUi
MHTEpeC He TONBKO W3-33 CBOHMX (PH3MIECKUX
CBOICTB, HO M HOTOMY, d9TO HaOJI0JaeMble
VA HAX BHYTPHOOMEHHHE PEeaKIUH JIAraH-
JA0B MEKAY CTPYKTYPHHMH eIMHAIAME O-
BOJABHO OJM3KH K HOYHOPAZOYEHHOCTH, KaK
onmcano B pasmene I,A,1.

IIpocreiimmit MeTo[ HOJydYeHWs IOJH-~
$ochopEAXIOPATOB 3aKIIOYAETCA BO B3a-
AMOJIeICTBAA COOTBETCTBYIOIIAX KOJHIECTB
oprodochopAIXIOPULA ¢ HATAOKHCHIO (oc-
¢opa, cormacHo peakmum (7), B KOTOpOH
¢opMyna MPOLYKTAa PEAKIUH COOTBETCTBYET
CBOOOITHEM OT KOJeI CTPYKTypaM:

(r+2)0PCl3+(n—1)P305 —> 3Pp02,1Clpya. (7)

Pacnpenenerwe KOHIEBHX, CpPeIUHHHX H
PasBeTBIEHHKX I'DYOI B PAaBHOBECHHX IIpe-
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Pumc. 8. BA3KOCTP HEYHOPSANOYEHHO

Iaparax IMOKasaHo HA pHC. D. YriaylGiaeHHOE
U3ydeHHE MOJYydaeMHX (PaKmuil ¢ HWCHOIb-
3oBapmeM TepMOAuPOY3MOHHON KOJOHKH H
aHAIA3 TOHKOW CTPYKTYDH CHEKTPOB Agep-
HOTO MArHHTHOTO pesoHaHca P31 moxass-
BAIOT, IO KpaiiHell Mepe B mepBOM HIpHOJIH-

IIepecTPOeHHEIX COCTaBOB Hoardocdo-
PHIXIOPHAOB HmpH 25°.
IIYHKTUDPHAA NePHeHNUKYIADHAA JIMHUA
COOTBETCTBYeT HabiiomaeMol ToYKe reie-
06pasoBaHNA, CINIOIMHAA OEPHeHEUKYIAP-
HafA JINHUA — Teope’mqemcoﬁ TO4YKEe reie-
o6pasoBaHUA OpH YCJI0OBUM OTCYTCTBUA KO-
Jemn.

JKeHUH, 4TO KOHIEBHE, CPeJHHHEE U pas-
BeTBICHHHE TDYONH HEYHODANOYEHHO PACHPERENSIOTCA MeKAY MOJEeKYJIap-
HEIMM CTPYKTYpPaM® TaK, 9TO BCe MAaKDOMOJIEKYJH B OCHOBHOM SBISIOTCH
CHIIPHO Pa3BeTBICHHBIMH.

WsMerenne BA3KOCTH B 3aBHCYMOCTH OT COCTaBa PaBHOBEeCHHX moimdocdo-
PUIXIOPHUOB moKazaHo Ha puc. 8. IIpm R = 1,1, Korga BA3KOCTh HPHOIMIKAETCH
K GecKOHeUHOH BeJHWYHEe, BemecTBO IIPeJICTaBIsieT coboil 9mcTo aMmopdryI0 Maccy,
¢usmaecKne cBoMcTBA KOTOPO#l momoGHH cBoitcTBaM 20 %-HOro reia KeJaTWHBE
IpA KOMHATHOU TeMmmeparype. JTOT cocTaB (ochopHAXIOpHOA BIOIHE 3IACTH-
9eH W 007amaeT 3HAYATENbHOH rmOkocThi0 Ges paspymenmsa. Ecmm oGpaser
0YeHDb CHIIPHO C/KUMATh HAJBIAMH, OH DAa3JIaMHBAeTCHd HA MEJIKHAE KYCOYKH, KaK
M NMCKYCCTBeHHAas pesmHKA. Moayab ympyrocTm MaccH HaXORHTCA B Opeferax
10*— 108 dun/cm?.

OpEoM ¥3 Jy9max MeTONOB s OHpefeleHHAs TOYKH Treieo6pasoBaHus
ABISETCS HW3ydeHHe TeKYdecTH COCTaBa, TaK KaK CTPYKTYpa, BCTPeYanIMascs
BHIOIEe TOYKX 00pasoBaHUsA Telis, He TEKy9a, T. €. 3TO COOTBETCTBYeT GeCKOHeYHON
Baskocrd. CoriacHo 5TOMY MeTOAY, MCTHHHAS TOYKA 3aCTyJHEBAHHWA PaBHOBEC-
HOll cucTeMH mnoampochOpHAXIOPUAOB HaxomuTca BOamsm R = 1,1; B »ToM
TouKe mMeeTcsa ToabKo 0,88 Kommeso#t rpynnmm Ha BeTBL BMecTo 3gpavenma 3,0,
COOTBETCTBYIOMET0 HEYHOPANOYeHHOMY pAaCHpeleleHdI0 B OTCYTCTBHE KOJIell.
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JT0 03HATAET, UTO MMEETCS MHOKECTBO MOJEKYIAPHHX CTPYKTYP, KOTOPHE cofep-
KaT Koabna. HoHeYHO, 0/KUAA0TCH KOJBIEBHE CTPYKTYDPH M MOKET OHTH 3aMeT-
HOE IHCJI0 CONPSKeHHEIX KOJell, TAK KaK OTHOCHTEJbHAs NPONOPIUs PA3BETBICH-
HEIX I'PyII 3HAYUTEJIbHO BHme R = 2,5. B macTosmee BpeMa MaTeMaTHdecKoe
ommcamme OIS TOYKW Teleo0pasoBAaHHSA B Ciaydae, KOTHA €CTh CONPSKeHHbIe
KOJIBIA, HESICHO; OfHAKO, 0YEBHNHO, MOKHO 3AKJIOYATH, YTO CIABAT TOYKH Trejle-
00pasoBaHua OT BHYHCICHHOr0 3HaYeHmsaA R = 1,7 O0 HCTHEHOroO 3HAYCHHUA
R = 1,1 o6ycmoBieH B OCHOBHOM 00pasoBaHHMEM KoJjell, a He HeyIOpALoYeH-
HHM pAacIpefeleHNeM CTPYKTYPHHIX eIWHMUIL.

IonrdochopuaxIophAAL ABIAHIOTCA CHIBHOKHACIHMYA BeIIeCTBAMM, IO CBOM-
‘CTBaM BeChbMa HOXO)KAME HA XJIOPAHTHAAPUAH OPTAHAYECKHX KMCIOT, HAOPUMED
anermrxiaopun. Ha Bozgyxe oHM BHIEIAOT DAPH CONSAHON KUCIOTH BCJICICTBHE
B3aMMOJENCTBUA ¢ Biaroi. OHA ABIAIOTCA XOPOMEUMY XJIOPHPYOMUMA areHTaMu
JiIs opraHnmdecKMX PeaKIui M MOryT HAWTH NPOMHILICHHOe HPAMEHEeHHEe B 3TOM
obxacru. Bepositao, B aroM caydae POCl; u P,O5 B cooTBeTcTByIOmMuUX mpomop-
OuAX pearupyoT ¢ HCXONHHM BemecTBOM B XJIOpaTope, Tak uTo moiaudocdo-
PHUIXJIOPHALH He OYOYT OPOM3BORUTHCA AJA IPOJLAKH.

3. Hoaugocgopuadumemusanudn [971

XoTa mMeeTCH TOIBKO OJHA CTAThs, HOCBAIMEHHAA XUMAIECKON Irpyoe HOJIH-
‘pocPOPUITUMETHIAMHEIOB (BKINYAMEl MaKPOMOJIEKYIAPHHE CTPYKTYDHY),
sTa TpPyNOa COeJUHEHHWH KPATKO pAcCMOTPeHA 3[eCh; OHA [aeT IpHMep
CTPYKTYDHHX Opeo0pa3oBaHMN IIOJAMEPOB, XapPaKTePH3YOMUXCH DPA3IAIHEIMA
paBHOBECHSAMH MY CTPYKTYDHHIMA eJUHANAMH H 6oJabmell CTaGHIBHOCTHIO,
gem moamdpochopuaxaopuns. Iloxyuenne momunpochopmignMeTHaIaMAIOB IOL06-
HO IOJYYeHUI HoIAPOCPOPHIXIOPHTOB, IOCKOIBKY MoHOPOCPOpHOE Ccoemm-
penue rexcamermadocpopmramun OP[N(CH,),]; coenunsnercs B HY;KHHX IpPOHOP-
nuAax ¢ MATHOKECHI0 (ocdopa. PaBHOBecme mocruraercsi IpA HATPEBAHAA CMeCH
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P mc. 9. Pacnpenenenne cTpyKTypaHX efmadn B cucreme [(CHj),NIsPO — Py05 mpu 158°.

A — oprocoenuHenne (rexcamerundochopuiiamMun); A — KOHOeBHeE rpynnsl; O — CpednHHHE I'PYIIIH;

@ — Da3BeTBIEHHNE rpynos. B o6iacTu, rge R < 1,05, CymecTBYIOT GeCKOHeUHHle IelHble II0JHMMEDHI,

I — o6macTh CTEKI006PA3HOTO COCTOAHMA (MO 3Ha9eHMd R = 0); II — o6gacTb KayIyKOmOHOOGHOM

3IaCTUIHOCTH; III — obyacTh 3HadeHU# R, rge cucTeMa NPOABIAET BHCOKYIO BABKOCTb OPM KOMHATHOM

TeMmepaTrype; IV — o6iacTh HepacTBOPMMOCTH B YeTHIPEXXJIODMCTOM yriepoge; V — 06Jy1acThb cOCTa-

BOB, COOTBETCTBYIOMAA pAaCTBOPMMOCTM B TOpAYeM YeThIpEeXXJIOPWCTOM YyIviepoje; ——-—-— CMeleHne
TOYKM rejieo6pa3oBaHuA,
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B TedeHWe HecKOoNbKuXx MmAyT mpm 160—180°. He comepsxkamue Koiiel CTPYK-
TYpH B 3TOH cHCTeMe 06PasyIOTCA B COOTBETCTBHH CO CIEAYIOIAM yPaBHEHUEM:

(n+2)OP[N(CHg)z]g+ (n—1)P205 —> 3Pn02,—4[N(CHz)ln4o- ®)

PaBnoBecwe MeKOy CTPYKTYPHHMH eJuHNOAMH TpadudecKW HPefCTABIEHO HA
puc. 9, KOTOpHIH HOKa3HBAaeT, YTO pAcIpejleIeHWe COBCEM HE 0eCIOPATOYHO
¥ 9TO CPe[iMHHEIE WM KOHIEBHE TPYOOH IPEJCTABJICHH 37eCh B OYeHb GONBIIHX
KOJIAYecTBaX. BHYNCIeHHbe KOHCTAHTH PAaBHOBECHA HJIA 00MeHA QYHKIMOHAIb-
HOCTSIMH MEKAY CTPYKTYPHHMIF eJUHWIIAMH NMeIOT CHeYyIOmye 3HAYeHWA:

Ky=eb/m2=(6 + 2)s10—4, )
Ky=om/e*=(2,6 1 0,3)+10~2. (10y

Tak ske KaK ¥ HA pUC. 3, NEPHEHIUKYJISAPHAA JHHUAA COOTBETCTBYET TOUKE relle-
obpasosanmusa. Baaromaps ymopAgoY9eHHOMY DPAacHPENENeHUI0 CTPYKTYPHHX eJH-
mon Mesxxny R = (CH),N/P = 1,4 m R = 1,2 cymecrByer o6iacTh, Ife u3
CTPYKTYPHHX €AVHAL ¥MMEITCA B OCHOBHOM JIMINb KOHIEBHE W CPeJUHHEE TPYII-
IOH, TaK 9YTO OO CYIMECTBY HAMEHH TOJIBKO TOMOJOTH ¢ HOPMAJLHOH Hemblo:

0o (0] (o) 0] 0]
(CH3)2N1\];’ 0— P O0—P—0— P 0— II\’I—HT. I. (11)

N
(CHg), (CHs)z (CHjg), (CHa)z (CHg)2

HauGonpmee cpegHeIHCIOBOE KOJMIECTBO aToMOB ¢ocdopa Aias memdm B 3TOM
o6mactu cocraBasger okoio 10. Huasa GOnMpmAX MOJEKYI MMET MeCTO pPa3BeTBie-
HEe Ienyn ¥ 00pa3soBaHMe NONEPEeYHHIX CBA3edl OiarogapAa OPUCYTCTBHIO YBEIH-
YUBAKIIAXCHA KOJMYECTB DPA3BETBIEHHHX CTPYKTYPHHX eNWHAL. Brrumciaenue
pacupeenenns nmo ®uopum ans sHadenwms R = 1,2 (cpemuss gauna menm 9,78)
npuBogur K 0,4% o6mero ¢ocdopa B HOPMAIABHHX LENAX, CONEPIKAIMUX He
mersme 50 atomoB ¢ocdopa.

(Dusnyeckne CBOCTBA PABHOBECHO TIEPECTPOEHHOTO MaTepHaja IpefcTa-
BIAIT 3Ha9ATeNbHEII uuTepec. Haa smagenmit R = (CH;),N/P, memxamumx
mesxny 3 u 1,5, Bce cmecu orHOocmTeapHO TeKywd. Ilpm R or 1,5 mo 1,3 BAsKocTh
3aMeTHO IOBHIIAaeTcA W 3aTeM OBICTPO yBeJudmBaercs, Korga R magaer or 1,3
mo 1,1. Ilpm R = 1,1 mMarepman mMeeT KayJIyKONOAOOHH BHEITHWH BHUJ; KOIrAa
R ymempmaetcs mo 0,95, cBoiicTBa M3MEHAIOTCSA TaK jKe, KAK W CBOMCTBA Kay-
9yKa ¢ yBeJWdeHHeM cTemen: Byiakagmsanud. Ilpm R ot 0,95 10 0,70 u, BeposaTHo,
mo 0 mepecTpoeHHHE CMECH SABIAIOTCA TBePAHME M CTEKIOBHRHEIME. Y CTAHOBIE-
HO, 9TO Iepexof. OT BA3KOr0 K KayIyKOmOoJOoOHOMY COCTOSHHUIO IPH KOMHATHOM
TeMmepaTtype (B IpefelaXx SKCIEeDEMEHTAIHHOH OMMOKH) DPOMCXORHUT OPH 3HA-
gegnd R, COOTBETCTBYIOIMEM TOYKe reieo0pasoBaHmsa B OTCYTCTBHE KoieH. JTO
YKa3HBaeT Ha TO, 9YTO B GeCKOHEYHHIX MAKPOMOJEKYJaX B TOUKe rejeobpasoBa-
HUAA nMeeTcs HeGoJNbIIoe KOJWIeCTBO KOJell.

B npepenax 0,97 << R << 3 Bce mepecTpPOeHHHE CMECH PACTBOPAIOTCA B YeTHI-
PeXXIIOPACTOM yriepofe B TedeHMe HecKoabkmx MuayT mpm 100° Ges sameTHOM
IIePeCTPOMKA MEKAY CTPYKTYPHHIMH eIWHHOAMH, 49TO OOHADYKEHO MeTOLOM
siflepHOr0 MargaTHOro pesomanca. Hmwxe smavenmsa R = 0,97 mosmoe pacTBope-
HUe He mocTuraercda. Ha ocmoBaHUM 3TOr0 mpeAloJaraeTcs, 9TO MCTUHHAS TOUIRA
reieo6paszoBanua gexur npm R = 0,98, a me R = 1,1, Tak 9T0 HECKOJIBKO
KoJen OyZeT MMEHHO B 9TO# TOUKe.

Hcmonssys ameToH Kak ocajuTelb, (PaKNUMOHMPOBANE CBeKeIPHTOTOBIEH-
HEIL BOJTHHI PAacTBOP IepPeCTPOeHHOU cMecH, mias kKoropoirt R = 0,98. Cpemmmit
MOJIeRYJIAPHHIA Bec, ONpefeleHHNI Cpasy ke Mocjie PACTBOPEHUSA METOJOM CBETO-
paccesnms, coorBerctByer 510 aromam ¢docdopa B momexyae. Ilocme 6GrcTporo
dpaKmmoHHpPOBAaHAA MOJEKYJNAPHbEE OOpasI[Hl pacmpefeleHH TakuM o06pasoM,
9r0 mepsasa ¢parnua, comepxaman 22% Bcero gocdopa, cOOTBETCTBYET cpexHeit
MoJeKyae, cocrogmeir m3 800 atomoB ¢ocdopa. OGpasum BTOpPOH ¢(parmuu
(36 % o6mero dpocdopa) comep:rar 610 aromoB pocdopa B MoeKyire, TpeThs Gpax-
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nusa (16% o6mero ¢ochopa) — 390 atomor Qocdopa B MoseKyile W OCTATOK
(26% o6mero ¢dochopa) — 134 aToma docpopa B momeryiae. Ilockoasry 95%
ob6mero ¢ocdopa COOTBETCTBYeT CPeJMHHHM rpymmam, 3,5% — pasBeTBICHHHM
rpynnaM 7 okoio 1,0% — KoHmeBHM rpynmaM Bo (pPaKOMOHAPYeMOil cMecH
mepej; PacTBODeHHEM, CPeJHHH MOJEKY/IAPHHH BeC IPH HONYNIEHAH OTCYTCTBHA
romer; Geckomeano Bexuk. HaGmomaemoe smauenme 510 mokasmBaer, 4To IpH-
GIN3WTENBHO HOJOBHHA TOYEK PasBeTBIEHWA I'HAPOJNH3YETCA IPH PACTBOPEHNH,
€ClIM OTCYTCTBYIOT KOJBIA, HJIH 9YTO HEHOCTATOYHO OGOJNBIIOEe KONWYeCTBO (He-
ckombko Gomee 10%) Bcero docdopa BrINTEHO B KOIBIA.

Hax yxasmBamocs B mpefnaymeM naparpade, rpyOonsl ¢ pasBeTBICHHOM
meNbI0 B MOJIEKYIax moaudocdopmIfraMeTHIaMHIOB 09eHDb TyBCTBATEIBHE K TH]I-
pormay. OfHAKO HM3MePEHHS 3IEKTPONPOBOLHOCTH IOKA3HBAKT, 9TO COCTABHI,
He cofiepsKampe TO4YeK Da3BeTBIEHWs, He PearmpyioT GHICTPO ¢ BOJOM IpH KOM-
HaTHO# mim Goiee HMBKOH Temmeparype. Vi3yuemme TrHApoiH3a B KHCIHX pac-
TBODaX IOKasHBaeT, 4To ¢BAsH P — N TEIpolmsylTCH HECKOIBKO OHCTpee,
gem 3BeHbsi P — O — P. MnTepecno Takke oTMeTHTh, uTO o6pasoBaHMe KoJem,
CONYTCTBYeT Pa3pHBY cBaA3eil B 3BeubaAX P — O — P mpu rmpponumse miamaHOIE-
modeynsx noxudochopmaguMermiaamMagos. Ilomaraior, uro oGpasoBaEHe KOJeI]
He 3aBHCHT OT TEAPOJHTHYECKOTO PaCHeIUICeHHs CBf3eil, TaK KakK Koabla obpa-
3YIOTCA TaKKe B YETHPEXXJOPHCTOM YIJepoje, B KOTOPOM COJAbBOJIM3 HE IIPO-
HMCXOMHT.

Ecau rommenrprmpoBagane (npmmepHO 30 %-HEIE) PacTBOPH mepeCTPOEHHEIX
PaBHOBECHHIX CMecCell BEICOKOTO MOJIEKY/APHOTO Beca, IPHTOTOBIEHHLE B UeThHI-
pexxaopucroM yriepoje mpm 100° B Teuenme HECKOABKAX 9acOB, MMEIOT 3HAYe-
HEe ]! OKOJNO e[IMHANE, W3 HAX IOCJe CTOSHHSA B TeUeHHe CYTOK IIPH KOMHATHOI
TeMIepaType HAYAHAIOT OCAKAATHCA KPHCTAIH TpuMmeracoegmuenus. OGpaso-
BaHWe 3THX KPHACTAIIOB HPOJOJKAETCA B TedeHwe ABYX Hexeab. C ppyroi cro-
POHEI, €CI¥ DACTBOPEHEE OCYIIECTBIAETCA HATDEBAHHEM B Te4eHAE O MUH UDPH
100°, To KpHCTAINL He HMOABIAITCH OPH CTOSHAE PACTBOPA B Te9eHHE TOTO jKe
BPeMeHH DA KOMHATHOU TemmepaType. CoriacHO M3MepeHHAM CBETOPACCEesHASA,
STH Pe3yJIbTATH CHeAYyeT HHTEPIPETHPOBATH B 3aBACAMOCTH OT HepPECTPOURH
B ropsAYeM YeTHPEXXJIOPHCTOM YIJIepOAe AJIMHHHX Iemeil (¢ HeOOABmMM KOJIH-
YeCTBOM pasBeTBICHHWH wmiau (e3 HHMX) B KOJboa # (ojiee KOPOTKHE Iemd. JTH
KPHCTAJLIH HAXOOATCA B CTafgmm 00pa3oBaHHsA, TAK KaK KOJBIO TPHMETacoe-
OVHEHUS IPOABIAET YMEDPEHHO HH3KYK PACTBOPHMOCTh B YETHPEXXJOPHUCTOM
yriepopme, KOTopas MOKeT NasKe YMeHbMIATHCA B HPHCYTCTBHE NENHEX COENH-
HEHUA. JTH Pe3yJbTATH HAXOXATCA B COOTBETCTBAH C M3BECTHHIM IPeHOJIOKe-
HEEM, 9T0 00pa3oBaHme KOJel IPOECXORHT 0ojiee MPeAMOYTATEIHHO B pa3baBieH-
HOM pacTBope. BeposTHo, o6pasoBamme KoJjiell BO BPeMsA THAPOIHE3A TECHO CBA-
3aHO ¢ 00pasoBaHMEM KOJEL B YeTHPEXXJOPHCTOM yIiepoje.

4. Spupy noaugocgopruxr u muonosugochopnuzx rucaom [98]

Idpupn moarpocHOPHKIX KHCIOT COCTABIAIT APYryl IPynNy HeHOHH3HPO-
BAHHHX coefmHeHmi Pocdopmia, pOECTBEHHNX HOARPOCHOPHIXIOPAAAM K IIOJIH-
dochopmagumeTHiaMuaM. ITH COGSHHEHWS JerKo HIPHTOTOBHTH CMeNICHHEM
B HymHHX mpomopuusax Ttpmaiakmidocdpara (RO);PO ¢ marmoxmenio ¢ocdopa.
IIpm 110° paBHOBecme mocTHraeTcs, IMO-BHIMMOMY, 32 HECKOJBKO 4acoB. B peii-
CTBUTEJHHOCTH OHO HACTyIaeT Cpasy ke Imocie pacTBOpeHHA OATmOKucE docdo-
pa B xumakod ¢ase. HpmBas pacmpefieneHuss CTPYKTYDHHX e[HHUI IIOKAa3aHA
ma puc. 10.

Ilpu coemmpenmm TpmamkmiaTeTpaTHoopTodochara ¢ memracyiandumom doc-
dopa B pA3IWYHAHX HNPONOPHUAX HOJYICHH IHOJIHOCTHI0 THO3aMEMEHHEE aHAJIO-
rm noamdpochopanx s¢pmpoB. H ToMy e paBHOBecHe yCTaHABIMBAETCH, MO-BANH-
MoOMY, cpasy e mocie o6pasoBaHHES TOMOTeHHOH ;KEIKOHE ¢asH (3To BpeMsa HOJ-
Horo pacrBopenus P,S;.) Hak moxasamo ma pme. 10, KOHIEBHE IPYIOH DPHACYT-
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CTBYIOT IPH DPABHOBECHH 3TOH CHCTEMH B TOpasfo MEHbIIAX KOJHYECTBAX, deM
clleloBa0 OBl OANATH AJMA CiAydas HOIHOCTHIO HEYHOPAZOYEHHOrO pacmpene-
JIeHHS.

Jlaa srandochaTunx apupos Ge3 cepst Ky = eb/m? = 0,02 1 K, = om/e? =
= 0,06, Torga xak miusa OyruaTmodochaTHHX 3QUPOB, B KOTOPHX BCe aTOMEI KHC-
Jopofa saMemeHk aroMamu cepe, K, = 0,06 u K, = 12. Pasnuuns B 3Haue-
gugx K He o0yCIOBJIEHH 3aMeleHVeM JTIWIbHHX IPyOO OyTHIBHEIMM, TAK KAaK
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P mc. 10. Pacmpepenenne CTPYKTYPHHX efHAWI[ KaKk QyHKIHA cocTaBa s amxmimoxmdoc-
datarx spEpos m ankmarEonmodE@ocPaTHRX 3PHPOB, B KOTOPHIX BCe aTOME KECIOPORA 3aMe-
IMeHH aTOMaMH CepH.

‘TIpH yCIoBmu OTCYTCTBMA KOJeN - TOoYKa rejeo6pasoBaEuMA AJA anxmnnonnd}ocd:a'mmx a¢mpoB Ha-

XOAMTCA mpu R = 1,1, mnA ankunrunonoimdochaTHEHX sPMpoB — mpu R = 2,2; — aaxuanoaudoc-
daTHBIE BPUPH; ———— adxuaTHOmodmMpochaTHEEe DPMpPH; A, A’ — pasBerBlieHHHe rpynmel;, B,
B’ — cpenuBHBE Irpynnon; B, B’ — KoHOeBHe rpynou; I', I'’ — OpTO-eIUHANBI.

SKCIEPHUMEHTH MOKa3HBAKT, YTO BCE KOPOTKOLEMOYEeUHEe ANKWIbHEE PaTMKAJIb
JIal0T OpHUOJIA3UTENHHO Te jKe KOHCTAHTH PAaBHOBECHS B KHCJIOPOJCOREDPKAMMIX
9(IPHHX cHUCTeMaX.

Cnenyer ormernts, 9To Ha pmc. 10 Touka remeo6pasoBaHMs, BEIYACIEHHAA
JUISL KACIIOPOJICOle P Ramux 3QPoB, He MMEIOIUX KoJell, Haxogarcea npa R = 1,1,
B TO BpeMs KaK [IA IOJHOCTHI0 THO3aMeMeHHHX 3QUPOB TOYKA redeobpasoBa-
HES, €CId OPeJHoJIoMHTh OTCYTCTBHMe KoJjell, Haxomgurca mpu R = 2,2. Kpome
TOr0, IOJHOCTHIO THO3aMEIMeHHbe >QUPH, 0YeBHAHO, IMPEACTABIAIT cob0il 3HA-
9uTebHO 00Jiee NAOHMIBHYI CHCTeMY, B KOTOPOIl IepecTpoiiKa, BKJIIOYAIOINA
00MeH (QYHKOHOHAIBHOCTAMEA MEKIY CTPYKTYPHHIMH eIWHWIAM¥, OHICTPO IPO-
rpeccHpyeT OpHW KOMHATHON TeMmepaType.

B. I'pynna coenmmeHmii, copep:Kam@Ex NenHble MOIAAHAOHDBI

1. Cmekaosudnne noaugocamst

I'pynna momudocdaTtoB maTpus, BepoOATHO, 0OXapaKTepHA30BaHA Jydme Bcex
JAPYrEX XUMAYeCKHX TIpynn coepdHenmil docdopa. Itm marepmain (ocoGeHHO
crekaa docaTa HATPHA) ABHIACH NPEIMETOM BeChbMa MHTEHCHBHHX HCCIEKOBA-
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HOM C HCOOJb30BAaHHEM JJIA WX XapPaKTeDHCTHKM PA3IWIHHX METONOB (QM3UKH
noammepoB [15, 127]. JleficTBHTeNbHO, MOJEKYIAPHOE CTPOSHHME CTEKOJ docdara
HaTpPHUsA MOKeT GHTH 0XapaKTepH30BAHO TAK jKe, KaK W CTPOEHHe JII060ro roMo-
JIOTMIeCKOr0 pAMa, BCTpedalomerocsi B oprammiecKoit xmmuu. IlommpocdaTrrie
AHWOHH B JTHX CTeKJaX MOTYT GHTbL OTPAaHMYEHH TOJBKO JIMHHHIMH HODPMAlb-
HHME Uenamn. Ecim xkarmoHOM IPH [IAHHONENOYEUHHX HOJIHPOCHATHHX AHUO-
Hax sBIAETCA HATPHUI, CTEKJIO Ha3HBaeTca coabio I'poxema.

P,05

w100, M3PO,

o)
S

=2
S

&
(S

[
S

06uyee codeparcanue gocpopa

0 1 2
R=M/P

P mc. 11. PacmpeeneAre CTPYKTYPHHX eNUENI KaK QYHKIWSA COCTaBa B CTeKJe, HOJyIeH-
HOM oOXJakmeAmeM InaBa ¢ochaTa menouEoTO MeTannma, cmcreMa NayO — Py05-
A — pa3BeTBIIeHHHE rpynnn; B — cpefuHEbE IPYyNOH; B — KOHOEBHE TrpynnH; I — OpPTO-eMHHAIL.

CrernoBunmasie ¢ocdaru HATPEA €O 3HademmamMm R << 1,7 MoKHO Jerko
IpPHATOTOBHTh HArpeBammeM maTHOKHCH ¢ocdopa ¢ GesBoganM mupodochaTom
marpus Na,P,0; mam ¢ oprodocdarom marpmsa NagPO,, B3aATHME B onpe/ieIeHHRX
ormomenusax. Crekaa, mas Koropux 1,7 > R > ~ 0,9, Tamke Moryr OHTH
OPUTOTOBIIEHH IIYTEM COBMECTHOTO HarpeBagEdsA coAn u ocdoproit kmemoTr. s
¢docaToB HATPHEA ¢ HOPMAIBHONR MENBI0 3TO MOKA3aHO yPAaBHEHIEM

HarpeBaun¢| 4 4 \

(n+2)N32003+ 2nH3P04 E— 2Nan+2P,,03n+1+(n+2)COz+3nH20. (12)
KpnBag pacopefmenends CTPYKTYDHHX efWHAI, Aias cTeKoa d¢ocdara marpma
npencraBiaena Ha puc. 11. Caegyer ormMernTs, 910 B 3TOM ciaydae K m K, oueHb
mann. PaGoTa, BHOOJHeHHAA NIs 3HadeHHH R, 09eHb GJHM3KHUX K efHHHLE, IIOKa-
suBaet, 9ro K, =~ 107°. Ha ocmoBammm JaEHHX, HOJYYeHHHX OpH 0ojee BHICO-
Kux 3gpaveHmsax R, ycramoBieno, uto K,<< 1073. KHorma K, m K, ouenbh MajiH,
npd 3Ha4YeHAAX R > 1 OyOYT MONydeHK MOJEKYIL-AOHK TOABKO ¢ HOPMAJbHEIMA
mengmu. CaMble MIWHHEE NeNH HOJKHE! OHTH IOJAYIeHH AIA R, ToOYHO paBHOro
emmanne (coib I'psxema); HO B 9TOH 00JACTH CIeQH BJIArA NEHCTBYIOT OYeHB
sdeKTHBHO KaK ofpmBaTeadm nemd. JTo mokasamo Ha pmc. 12. Ogmaxo mocie
MHOTOKPAaTHOIO BHIep:KuBaHMUA miaBa Metadocdata (MeradocdarTi mMEOT cocTa-
BHI, IJIA KOTOpHX R = 1) Bume n mmke o6racTy JEKBHAyCA B TeYeHHE HECKOJIb-
KHX CYTOK U, HAKOHEN, OXJaKIeHHA ILIaBa OT TeMmepaTyps okoio 700° myrtem
BHUIMBAHUA €r0 HA MEJHEE OXJAKIaeMEe IJIHTH MOeT OHTH IONYd4eH CTEKJIO-
BumHKI ocdar HATPHA, B KOTOPOM MMeeTcA B cpeqaeM okoao 200 aromos docdopa
B aHMOHe. B HECKOJNBKHX CIIyd4asx, KOIZla BCe YCAOBHUA OBHUIM TOYHO BHEPHKAHHI,
cpenHee 9ucia0 aToMOB ¢ochopa o JirMHEe Hend B aHMOHe CTEKJIOBHAHOrO docdaTa
matpua pocruraxo 500.

Pacopemenenme mo pasMepaM aHMOHHHX HeHeidl B CTERIAX BHICOKOIO Cpej-
HEro MOJIEKYJISIPHOTO Beca MOKeT OHITH IOJydeHo (paKmMOHMpPOBAHMEM [0 pac-
tBopuMoctu [118]. Tunuunmii npumep nmoxkaszanm ma puc. 13. [as Gomee KopoTKAX
uemeit xpomaTtorpadua Ha GyMare JaeT KOJHYECTBEHHOe pasfelieHHe, W C IOMO-
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MBI [OBYMEPHOH XPOMATOrpDAMMHE MOTYT OHITH oONpeJeleHH WHHAUBHIYAJIbHEE
KoJbIa, a Takke menu. Hexoropue xpomaTtorpaduueckme fanewe A1d gochaTos.

HaTpHA JaHW Ha pumc. 14.
ITommMo memeii, uMeeTca HeGOMBIIOE KOJIMIECTBO IIPOCTHX KOJBIEBHX CTPYK-
typ. Taxum oGpazoM, B CBe;KeDACTBOPEHHOM CTeKJIoBHAHOM (ocdaTe HaATPHA

170 r

T

| I ——

100

90+

70

501

40r

|
|
]
|
|
|

Cpednee yucno amomoo no dnuwe yenu
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P mc. 12. Cpegasaa ammna memeil B HaTpAeBO-QocPaTHEIX CTEKIAX KaK QYHKIAA coziepxa~-
ama P,05 m Bommt [75, crp. 594].

IIpegmosiaraerced, 9To B NeOAX He COAEPKNTCA KoJlem, ODTO-eAMHUI M TO9eK pasBeTBieHuA. A —%69,6%

P,0; cooTeercTByer Na,O/P,05 = 1 6e3 H,0; B —n =697 gma 690% P,0, 6es H,0;

B — n = 54,3 nmA 69,0% P,Osm 0,10% H,0; I' — 0,50% H,0; 0 — 0,10% H,0; E — 1,0% H,O0.

co cpenmeii gaumaoi menm 100—125 aTomoB ¢ocdopa okomo 4% obmero Koamae--
cTBa gocopa HAXOOUTCA B BHIE KOAbLNA, COCTOAMErO W3 TPeX CPeJUHHHX I'DYNI
(Bcero mects aToMoB — Tpm aroMa $ocdopa, depemyOmmecs ¢ TPeMs aToMaMu
Kneiaopoga), 2,5% ¢ochopa — B BHJE KOMBIA, COCTOAIMEr0 M3 YeTHPEX CPEIUH-
uux rpynn, 0,8% ¢ochopa — B BEAE KOabLA, COCTOAIMEr0 W3 ISATH CPEIHHHEIX.
rpy0m, ¥ eme MeHbINe KOJWIecTBAa — B BMAe Koxern 66apmmx pasmepos [121].
B ogenr Tonkom uccaemosammu Crpaycc m ap. [104, 105] mokasanm, uro mus
JIMHHOLEMOYeIHHX CTeKON, MMeIOMAX HeCKOIBKO COTeH aToMOB pocdopa B aHHOHE,
OpHOIUSNTEIBbHO ONMH M3 THCAIM aTOMOB ¢ocdopa ABIAETCA TOIKOR pasBeT-
BiaeHus. XO0TS 3TO KOJAWYECTBO MONEPETHKX CBA3EH TaK MaJlo, 9TO HE MOKeT OHTh.
onpefieJieHO OOHYHHIMM MeTOJaMHA AHAJIU33, OHO OKA3HBAET PE3KO BHPAKCHHOE
BIUsIHWE HA XapPaKTePHCTUYECKYI BaskocTh [63], rak morasamo ma pme. 15.
Haiigeno, aro B ¢ocdarax momepevnsie CBA3HM 0YeHb HEYCTOHUMBEL B HeUTpPalb-
HOM BOJHOM DAacTBODe ¥ KCYe3aI0T HIOJHOCTHIO OmpuMepHOo dYepesd 12 uac mocae.
pacTBopenus: obpasna. Ha ocmoBaHHM 3THX JaHHKX yCTaHOBJIEHO, YTO AJH 3TOM
cucreMsl K, pasro mpumepuo 1078. Cuemyer ormermrs, 9T0 ¢ocdaTH ¢ HOpP~
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P mc. 14. IxcmepmMeATanbHEE KPHBHE pacOpelelesds mo pa3MepaM (ocPaTHHX aHHAOHOB
¢ HOPMAJBHOA IeHmbI0 B CTeKIOBHAHEIX (ocdaTax HATpHA Kak QYHKOUA MOJSAPHOTO
oraomennsa Na/P.

n — gncao %aTomoB dochopa B KamkMO# AaHHOM memm.
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Cpednee vucno amomos no dnuwe yenu n
Pume. 15. Xapakrepncrlmecxa;{ BA3BKOCTh KAaK IOKa3aTeJgb T'AApPOJNHA3a B TOYKAX
passerBiendsa [75, crp. 581].
IIpm n = 50 pa3BeTBIeHHHE eNMAMUNH He OGHADYKMBAIOTCA; OpH n = 200 okoxo 0,1% Bcero docdhopa

BXOXNMT B pPa3BeTBJIeHHbIe eMUHHUNbl. CpelHAA IJIMHA NeOu ONpeRelIeHa II0 HAHHKM TUTPOBAaHHA KOHOEBHIX
rpynoo: I — cpasy :Ke mocjie PacTBOPEHUA, 2 — mocie 12-9acoBOro CTOAHMA.
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MAaJbHOH IEeNbl0 BeChbMa YCTOWYMBH B BOJe OPH HEHTPAJIBHOM WIH INEIO0YHOM
sgagequn pH.

Meropgamu, HOZOGHEIMM WMCIOJb3yEeMEM IPY HOJIYIeHHU HATPHEBHX CTEKOJ,
NPUrOTOBJEHH CTeKJIOBUAHEE (QochaTH IHTHA, KaauA ¥ Kaapnus. Vsmepenms,
Opom3BeleHHEE ¢ DOMOIbI0 XpomaTorpaduu HA GymMare s CTEKOI ¢ KOPOTKEMHE
menamu (1,7 > R > 1,2) [127], nokassBaoT 3HAYATEIHHOE PA3IUINE MEKIY KpPH-
BEIMU pacHpefielleHAsi /I CTEKOJ C PA3HHIMH KAaTHOHAMM W He RAOT XOopomei
CXOMUMOCTH ¢ (YHKIVMSAMH DaCIpPe[eeHMsI COrJIACHO TEODHAM KeCTKOrO CTepPIK-
HeA ¥ rubkoit nenn [75, crp. 603].

2. Kpucmaaauyeckue memagocgpamut

HepacrBopumue kpmcramnudeckne MetradochaTH IIENTOYHEIX METAIIOB
usBecTHn cBuime 100 ger. Hax um ciaemoBamo ommaTth, ms Bcex MeradocdaToB
MEJT0YHEX METAIIOB XODOIIO 0XapaKTePM30BaHA TONBKO cmcTema MeTadocda-
ToB Harpusa. Hax mokasamo ma puc. 16, NaPOj-II, NaPOsIII u NaPOs,IV

(NagH,P207) -
NaPOI11
. (rnmEHAA 300°
343° 1elb)
400—425°
(NEESHS;‘IHI R JNaPOyI 627,6° (mepecrpamBanImuiica mOAAMED)
nuenb) “443°  (TpEMepHOe KoubIo) <~ Ilaas
|
I__ Mepnamennoe . _|
oXJajKAeHne

NaPOs-1” 375—525°
(TpEMepHOe KOMBLO) S

NaPO4-I’ 500—525°
(TpEMepHOe KOJBIO) ¥
Baeceane
3aPOABIMIEBEIX
KpHCTaJJIoB
NaPO-IV npm 660—550 °©

(namAHasA Uedb)

TIoBTOpHOE HarpeBamme Ao 300° mam Bmme <——CreKiio (cMech
mensux ¢ocdaToB)

P mc. 16, Ilepexontr B meradocdarax marpms [75, crp. 466].

Bce GOopMH MOMKHO JIeTKO YA eDKMBaTh IPY KOMHATHO! TeMneparype. ®opmer I, I’ n I’ comepmar TpH-

MeradochaTHOE KOJbOO M JIerKO PacTBOPAIOTCA, AaBad, IO-BUAMMOMY, ONMHAKOBBE pAacTBOPH. <dopMa

IV, wusBecTHafA KaKk HaTpueBad coJb Hyppossa, OHCTPO pacTBOPAETCA B XOJOLHBIX COJIEBHIX pac-

TBOpax, COMNep:XalmUX APYrue KaTMOHH, KpOMe HAaTPHA, JaBad o4deHb BA3SKu#l pactBop. ®opma III pac-

TBOPAETCA Nofo6Ho ¢opme IV B TaKkUX COJIEBHIX pacTBOpax ©OpM HarpeBamuu, a ¢opma II — mpu
knnAdesun. @opmur III n II TaKKe JAIOT BABKME PACTBOPHI.

ABIAIOTCA [JIUHHONEIOYeYHHMH CTPYKTYPaM#, TOTZA KAaK APYTHe KPHCTAJLIH-
geckne ¢opmul (pasHoBupHOCTH NaPO;-I) mpencrasmsior co6oit mpocThie Koab-
IeBHe CTPYKTypHl. CTeKIOBMAHBIN IIaB, HOKA3aHHHI Ha puc. 16, Owur pac-
cmorpen mpepsaputenbHo B pasferne 11,B5,1. NaPOs-II u NaPOs-I11 uzBecrmn
Kak coanm Majipenna, ¥ WX DEHTT€HOIDAMMEL DPEe3KO OTIMYATCA OT PEeHTIeHO-
rpamMu NaPO3-1V, usBecrnoro xak cons Kyppoasa. Ilockonpky Gémpmas 9acTsb
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JIUTEepPaTyPsl, TOCBAMEHHON 3THM - IIMHHOIENOYeTHHM KpHCTALIndecKuM docda-
TaM, paccMoTpeHa Ha mpumepe coieii Kyppoxs m Majpenmna, sTa HOMEHRJIATypa
HCOONb30BaNach ¥ 3mech. Huaccmbpuranusi TpymHOpacTBOpmMHX MeTadocdaToB
HA 9TU [IBe TPYNOOE OCHOBAaHA Ha TOM, 4ro conu Magpemnna odeHb ciaabo pacTBo-
pHMEL B BOJe M COJEBHX pacTBOpPax HpH KOMHATHON TeMOmepatrype, B TO BpeMsa
Kak coaum Hyppoas Taxk ke ciabo pacTBOpPMMSHL B BOLe, HO JIeTKO PACTBOPHMEI
B pacTBOpax CoOJeil, COMepKAMUX KATHOHBI APYTHX IMEeNOYHBIX MeTaJiIoB [77].
Bonee coBpeMenHas KiIacCHPUKALNA TaKUMX HEPACTBOPHMEIX MeTadocaToB, Kak
comn Kyppoasa, ciemama ¢ momompbio penrrenorpamm [16]. Haiimeno, aro nart-
pueBas, KaiueBas, pyOugueBas, IesueBas ¥ KaublueBas coium Hyppouas mawor
B OCHOBHOM OJHY H Ty 3Ke peHTrenorpammy. Kpome Toro, mo-sugumomy, uMeioTCsH
nuTHeBasA W aMMOHWMitHag coiaum Hyppous.

N3 Bcex TpymHopacTBopuMHIX MeTadochaToB IIeJOYHHEX METALIOB Hauboiee
Jlerko NPUTOTOBUTH KajWeBYl coib Hyppomsa. 9To ocymecTBaseTca HpPoCToi
TepMUIeCKoOl Jerupparanueii oqnosamemennoro kucioro oprodocpara (KH,PO,)
opu teMmmeparypax Bume 210°. B oramume oT HATPHMEBOM CHCTeMBI, B KOTODOi
Kucastit NaoHoP2,07 MoskeT GHTH mMONydeH B MOBOJBHO YHCTOM BHIE TePMUYECKOM
meruppartanueil oprodocdara (cM. puc. 16), Bo BpeMs JeruapaTanuu KajaueBOTo
optodochara mo comn Hyppoas oGrano o6pasyercsa odemb Majio mmpodocdara.

XoTa pAX pasInIHHIX aBTOPOB [aeT AeTaJbHHe METONUKM IOJYYeHUs HAT-
pueBoii coiau Hyppons, ee moiydenme Bce eme OCTaeTCA KAOPU3HBIM JEJIOM.
OGE9HO HE0OGX0MUMO UCII0Ib30BATh 3aTPABOYHEE KPUCTAJIH M HepeMellIMBaHUe,
9100 monyumTh mocraToumblii BExoj NaPO;-1V, KoTopHii 06HYHO 3arpsasHeH
NaPO,-III.

OGe ¢popmel HaTpmeBoil connm Magpesana TakKe JOBOJHHO TPYLHO HOJYIUTH
mocratouno uucTeiMmu. NaPOg-I1 oGerano roroBsaT marpeBamumeM MomoopTodocda-
ta marpug npu 400° B mpmecyrcrBum Bogamoro mapa. C Apyroit cropoHs,
NaPO,-II1 nydme Bcero mosydaTh HarpeBaHHeM MOHOHATPUEBOTOo oprodocdara
B cyxoit atmocepe mpu 260°. IIpu 5TOM MpPOUCXORWT NUIMb YACTUIHOE IPEeBpa-
menne npomesryrognoro mumpodocdhara Na,H,P,0, B meradocdhar; msburor
Na,H,P,0,; BrimbiBaeTcsa 3ateM Bomoii. Tounoe co0dI0feHNe YCAOBHII HATpeBAHAA
09eHb BayKHO OPHU MOJAyYIeHUHM pasindanix gopm meradocdara narpus, ocobeH-
Ho ¢opmur I11. Boga raranmusupyer mpeBpamieHusi, BepOSATHO, IyTeM ILIacTUU-
Kaluy OPOMEKYTOYHHX aMOPPHHX ¢as.

a. Pacmeopenue u ocancdenue. [IBe pazaosuguoctu conu Magpeana, NaPOg-11
n NaPO;-11I, mpakrudeckn He pacTBOpUMH B BOZe, TaK KaK CKOPOCTh HMX pac-
TBOpeHHA Kpaiime mana. Tak, mpu 25° ckopocth pacrBopenus gopmbr 11 B BuAe
ToHKOro mopomka coctaBiager 1,8-1072% /uac, Torma rak ¢opma III B Tex e
ycioBusax pacrBopsercsa 6uictpee — 0,34%/uac  [51]. Kax NaPOj-II, rax
u NaPO,-I1I pacrBopsiores ¢ ropasno 60abmeii CKOPOCTHIO B COMIEBEIX PacTBOPAX,
COflepsKaMuX MOHK aMMOHUsI, 3aMeIeHHOr0 AMMOHUS WK HOHHL INeI0IHbIX MeTaI-
0B (3a mckiaiodenmeM Hatpus). I B a1om ciydgae ¢opma III pacrBopsercsa B Tex
JKe caMBIX ycaoBHAX OmcTpee, uem dopma II [51, 115]. B pacrBope xmopuma
JUTHS, KOTOPHI 0coGeHHO 3PPeKTUBHO cmocoGCTByeT paciBopenuio, gopma Il
pactBopsaerca co ckopocrbio 33 %/uac (250° m momsproe otHomenme Li/P =
1,25), a ¢opma III moamocTri0 pacTBOpAETCA B TedeHHEe HECKONBKHX MMHYT.
IlockonpKy cropocTh pacTBOpeHus: coieit Majpeisa B 9HCTOl Bofe HMeeT TOT
JKe TOPsILOK BEJWYIMHEI, 9TO WM CKOPOCTh THAPOJM3a IenHHX (ochaToB, MOIKHO
OKMIATH 3HAYUTENHHOIO THAPOJAH3A. ITO MOATBEPKICHO GYMaKHBIMH X POMATO-
rpaMMaMu pacTBOPOB, HOKA3HBAKMUMHA HAJINYHEe KOPOTKHX Iemeil M KOJell.
Opgnaxko GyMa)KHbBIe XPOMATOrPaMMEL PAacTBOPOB B BOJHOM pACTBOpE XJIOpHAA
JUTUA MOKA3HBAIOT, 9T0 psaf GocdaToB HemofBuKeH (Lemu MIKM KOJbIA, COREPIKa-
mue 6oxvme 10 atomoB ¢ocdopa).

NaPO;-1V, mo-BupmmoMy, 00 HEKOTODO#l CTeNeHHM pPAacTBOPUM B UHCTOM
BOJle, TAK KaK BOJIOKHUCTHE KPHUCTAIIE YePe3 HECKOJIbKO CYTOK CTOAHHA B X0I0]-
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HOMl AMCTHIIMPOBAHHON BoJe M IOCIe HECKONBKHX 9acOB CTOAHHA B ropadeil
Bofle Ha0yXalT M CTAaHOBATCA KieiikmMu. B KoHlle KOHLIOB OHM pacTBOpSOTCA
HDOJHOCTBI0, 00pasysA BHCOKOBA3KHI pactBop. Hak u B cayuae comeit Mampeaaa,
pacTBOpeHue HATPHeBoil conu Hyppoas cHIbHO yCKOPAETCA B MPUCYTCTBUH coeit
¢ npyruMu (Kpome HaTpuA) KatmoHamu (ocob6enso Li'), xoTopuie mpemartcrByior
ocaskmenuo gocdaroB. HanumeBas cons Kyppoas momoGua marpmeBoii comm TeM,
9710 GOJBIMMHACTBO ee OPenapaToB PacTBOPsAETCA B AUCTHIIMPOBAHHONE Boje 0UYeHDb
meanerHo. OQHAKO OTHeJNbHbIE MpPeNapaThl OKazaluch Gojee cTaGMIBHEIMH, TaK
KaK HEKOTOpHe TOHKOM3MelbYeHHEIe ac(ecTomofo0Hble BOJIOKHA KalueBOH COJH
Kyppons He craHOBATCA KISHKMMH IOCie CTOAHMA OPUMEPHO B TeUeHMe HeHEIN
B JUCTHIJINPOBAHHO} Bofle IPH KoMHATHOIl Temmeparype. C Apyroii cTopoHH,
KanmeBag conb Hyppoas pacTBopseTcs odeHb OHICTPO B pasGaBlleHHHIX PacTBO-
pax cojeil ofHO3apAXHBIX KaTHOHOB (KpoMe Kajus).

JluteparypHble AaHHbE, OTHOCAMHUECS K PACTBOPEHHMIO TPYHHOPACTBOPHMEIX
MeTanOC(baTOB IEeJTOYHBIX METAJI0B, HOKA3HBAIOT, 9TO PACTBOPEHNE B PacTBOPAx
OPOCTHX coJiell, cofleP/KAaMMX KATHOHH, OTIMNYHEE OT NMEIIuXca B MeTadocdaTe,
npeficraBiafer co6oit moHOOOMeHHHIT mpomecc. llo-BugmMomy, pacTBOpeHHE
JJIUHHBIX Ieleil oCyImecTBIAETCH IPU BXOKIAGHMH HOHOB DA3jMYHEIX PasMepoB
B KDHCTQJIJIMYECKYI0 pelIeTKYy TpyZHOpacTBopuMoro Meradocdpara, Tak dTo
JJIMHHOLETIOYeYHble aHIOHH BTUX COJIEN «BHTAJIKUBAIOTCSA» U3 PEIETKH. JTOT IPO-
1ecc PaCTBOPeHMA HPOUCXOTUT OYEHb opicTpo. Takum o6pa30M KOTZa TOHKO-
m3MelbYeHHHI 00pa3en KanueBoil conu Hyppoias co cpegmeit qimmoi mnenm, pas-
moit mpumepuo 500 atomam ¢ocdopa, mobasuasercsa k 0,2 H. pacTBOPY XJIOpmAa
HaTpuA OPY SHEePrUIHOM HePeMeIIMBAHWY C IMOMONIbI0 MEMIATKH Y OPUHTA, depes3
HECKONBKO CeRYHH Iocixe nobaBienus ¢ocdara MomxHO moayduth 1 —5%-Huik
BASKUI PAcTBOP, B KOTOPOM HET ABHHIX IPU3HAKOB INIOTHHX HETOMOTeHHHIX HMIH
HEPACTBOPEHHEIX 4dacTui. VHTepecHHII npuMep pacTBOPEeHHS HOHOOGMEHHOIO
THOA HAlNeH AXA cMeceil KamueBoit conmu Hyppoas ¢ no6HM U3 HEOYHIEHHBIX
HepacTBOpUMEIX MeTadocdhaToB HATpUs. ¥ CTAHOBIEHO, 9TO 3T CMECH pPacTBO-
PAKNTCA B QHCTUJLINPOBAHHONW BONE ¢ MOCTATOYHON M HENPEPHBHO yBeJIWIHBAIO-
MmeicA CKOPOCTBIO B YCJOBUAX, B KOTOPHIX Kayk[oe W3. HEPACTBOPUMHIX BemecTB
B OT/EJbHOCTH He NepeXoauT B pacTBop. BeposaTHo, HeGoabmime KoJAMIeCTBA
NPUCYTCTBYIOIMUX PACTBOPUMEIX (ocPaTOB UMHHOHAPYIOT MOpOLECC, HeHCTBYA
HAa HepacTBOPWMHIL ¢ocdar, UMeoOmMMIA APYroil KaTHOH.

N3661T0K 0HO3aPAMHEX KATHOHOB, OTIMYHEX OT MMEIOMIAXCA B HEPACTBOPH-
MoM MetadocdaTe, WIM YeTBEPTUIHEE AMMOHUEBHIE HOHE HU3KOr0 MOJIEKYISAPHOTO
Beca BHI3HIBAIOT 00pasoBaHme CTYAEHUCTOH MAacCH BMeCTO BSI3KOTO pacTBOpa.
AHajornaHo 3TOMY W3 BA3KHX DPAacTBOPOB, MOJYIEeHHHIX PACTBOPEHHEM TaKUX
¢docdaToB B pazbaBIeHHBIX PACTBOPAX COJIEi, MOKET BHIANATh B 0CAJOK BHCOKO-
BA3KAag KayIyKomoaoOHAas Macca mpu KoOABIeHHM APYrofl COJMH WIH PACTBOPH-
MOro B BOJle OPraHHYeCKOTO BemecTBa, HaOpuMep cnupra mwium ameroma. Hax
H CIefOBAJIO OMHUAATH, DTO BHCAJMBAHME 3aBUCUT OT [JIMHH LEeOH PacTBOPEH-
moro ¢ocdara, a TaksKe OT UPUPONHI BHCAJIMBAIOmEro arenrta. llpm mcmoib3oBa-
HUAY OTHOCUTEIBHO HEPACTBOPHMHIX MeTradocaToB ¢ aHMOHAMH BEICOKOTO MOJe-
KYJISPHOTO Beca MOJKRHO HPHUTOTOBUTH KaydyKomomoOHble MAcCCH, IOMePEeMEeHHO
cMeIuBasi U 3aTeM HOPOMHBIBasg aMOPQHBI 0caJOK KOHIEHTPUPOBAHHEIM COJIEBHIM
PACTBOPOM WJIM TAKHUM OPTraHMYECKNM BeIecTBOM, KAK CIMPT WIM ANeTOH. XOTsd
mpouecc BHICAJMBAHUA H3yYeH He MOJHOCTHI0, Manbmrpen [65] morasam, dro
nasa mamHOro obpasma kaamesoil comm HKyppoas mpm 20° KoHumeRTpamum, OpH
KOTODHIX HaumHaeTcd ocamaenue, cocrasagor 0,42 ®H. mag NaCNS, 0,90 =.
g Na,SO, u 0,72 5. gia NazgP;0,, Torma xak macumennsii pacrsop Na,P,0,
(0,82 u.) me BeicamuBaer MeTadocdar.

B xome muckyccuit mo Bompocam «00pasoBaHUs IBOMHEIX COJEil», HMOSBUB-
OINXCS B OYeHb paHHeil JumTepaType, NOCBAMEHHON KOHOEHCHPOBAHHHM (ocda-
TaM, OB BHISIBIIeH OPUGIMIKEHHBIH COCTAB 3TUX aMOP(HEIX 0CAJKOB, YCTAHOBJIEH-
HHIT nyTeM aHaiausza. OKa3amoch, 9YTO PA3IMYHEIE KOJINIECTBA PA3HBHIX KATHOHOB
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‘MoryT GHTH HafifleRH B OCafKax B 3aBHCAMOCTH OT COCTaBa PACTBOpA, U3 KOTO-
-poro BHOAAAT ocamok. TakuM o6pasoM, IpH AeHCTBAA PACTBOPOB XJIOPHAA aMMO-
'HAS PA3IWYHHX KOHIEHTPAIMA B TedeHHe PA3IMIHHX IPOMEKYTKOB BpeMeHHN
(IpE KOHUEHTpPANWM XJIOPHWAA aMMOHHsA, HOCTATOYHON JJS TOTO, 9TOGH BHI3BAThH
ocaykmenue ¢ocdara) HA KaameBylo coiab Hyppoms mosker oGpaszoBaThes mexdas
CepHA (CMEMAHHHX COJei»— OT OTHOCHTeIBHO dHCTOro amopdroro docdara
- KaJxma 0 OTHOCHTEeJNbHO IucTOoro amopdroro pochara ammonma. Okomo cra ier
Ha3aj moJaraid, Y70 OpUOIMKeHHHA aHAIN3 3THX aMOPPHHEX COeJHHEHHIH AaeT
CBefieHAA O CTPYKType aHWOHA.

Kartnonsl MHOrozapsfHHX U TAKEIHX METAIIOB 00pasyioT XJI0IbeBA/HEIS
-aMopdHEIe OCafiKW, a He BHCOKOBA3KHe jKEAKocTH. B muTepecmoit paGore Tmio
[112] moxrasamo, 9To KonMdYecTBO PAasiIMIHHX HHUTPATOB, TpebyeMoe MJIA HOIY-
9eHHA JIHIMb DOCTOAHHOTO OCafKa ¢ JaHHHM o6pasumoM coiau Kyppoas, sasmemt
or pasmepa KarmoHa (cM. Tabm. 3). Hecommenmno, dem Goabmme pasmep moHA

Tabauya 3

JeiicTBue pa3iuyHBIX KAaTHOHOB HA OCAMK[E€HHE U3 pacTBOpa
coan Kyppoas

Tpeb6yerca nNA 06pa3oBaHNA MOCTOAHHEIX OCaXXOB

HKarumon 2 g,;[}p‘;;;’ ;(;ng%ﬂ 9KBUBAJIEHT panmuyc Ka- .
o coni | | s | ORI | e

Agt 20,5 0,896 1,12 1,12

Sr2+ 16,4 0,701 1,27 1,13

Pb2t 13,6 0,585 1,35 1,07

Ba2t 12,6 0,540 1,45 1,10
Bi3+ 9,4 0,407 ? —

4 Bonpmue kaTHOHH (Ba2+, Sr2*, Pb2+, Ag*, Bi3+, ZrO2+, UO%" qu%*),Bsm'ug

B M36HITKe, AAKT XJOObEBUAHEIC TBEPAEE OCAJIKM, TOTNA KAK MeHbIIMe KATHMOHE,

A KOTOPHIX © < 1,1 A (Ca2+, Mg2*, Zn2*, Mn2*, Ni2+, Co2*, Fe2*, Fe3*, Cr3*,

Hg2* un Cu?*), o6pasyoT Kieiflkme WIN MAaCIAHHUCTHE OCafKH MHJIM IIOMYTHEHHE

' [9, 16, 17, 87]. MoH TeTpaMeTHMJIaMMOHMA Qa)ke DPH BHICOKMX KOHMEHTPaOUAX

He maer ocagka [51].

(m, BepoATHO, ero 3apsjm), TeM MeHbIee KOJHYECTBO HOHOB HEOOXOAMMO A
o0pasoBaHNA OCagKa C (bocd)a'rom OAHHOTO MoJeKyiasapHoro Beca. HaoGopor,
4eM BHIIe MOJEKYJIAPHHN Bec ¢ocdara, TeM Menbme TpedyeTca BHCAIHBANO-
THero areHTa Ajis o0pa3oBaHHA OCAfKA.

6. Mouaeryaapnas cmpyrkmypa. HaubGomee DojHOE DPEHTTEHOCTPYKTYPHOE
HcclIef0oBaHAe TPYAHOPACTBOPEMOro Meradocpara mer0IHOT0 MeTalia mpoBefe-
Ho Ha py6upumesoit conn Kyppoas (RbPO;),[9, 17, 87]. Ora crpyrrypa cocrour
m3 HempephBEHX memeii — P — O — P—, ugymux B HampaBpieHHNH CIaiiHOCTH
BOJIOKHA U COCTOSMEX M3 B3amMmocBasamamx rpyno PO,. Hampas snemerrapras
A9eKa CONEPHKAT YacTh ABYX PA3IUIHHX Ieleil, KOTOPHe CKPYYeHH CIMPATIHHO
B NIPOTHBONOJOKHHIX HAOPABIEHWAX BOKPYT BHHTOBHIX OCedl KDPHCTajIa; 3TO
MOBTOPAETCA Yepes3 KaKAse IBA aToMa q)oc(bopa B 1le0d, KaK MoKa3ano Ha puc. 17.
Takum 06pasoM, B d/eMeHTAaPHOMH sAYeliKe HAXONATCA HeTHpe TPYIIIEL RbPO;.
Paccrostaus P — O B menu pasrm 1,62 + 0,03 A, a paccrosiame Mesxmy aToMoM
¢ocopa m q06HM M3 HAPH CBABAHHKIX C HUM H30JMPOBAHHEIX aTOMOB KHCIO-
pona pasmo 1,46 £+ 0,05 A. 310 coorBercrByer 0,2 N-CBA3M HA G-CBA3L B HelHd
r 0,9 m-cBasm Ha 0-cBA3b Pocdopa ¢ aToMaMH KHUCIOPONA, HAXOAAMUMECS BHE
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menm, Tak 49To obmee KOAMYECTBO JABYX f-cBsaseil Ha aroM ¢ocdopa pacmpepe-.
JIeHO HePaBHOMEPHO ¢ HAMMEHBITMM KOJHMYeCTBOM f-CBfizell B CBA3AX, 00pasyio-
mux menb. Yroaxa O — P — O Mexngy OByMs u30JIUMPOBAaHHEIMM aTOMaMH KUCIO-
poma siBusieTcst GoabmuM (123°) mo cpaBHEHMIO ¢ YIJIOM MEKAY aTOMaMy KHCIO-
pora B menm (99,5°). Vrox ceasu P — O — P B menu pasen 129°.

Nurepecao oTMeTHTh, uTO BCe coMM Kypposis OTHOCATCA K MOHOKJIMHHOM
cucreMe, IpuYeM JiBe HATpUeBkle, pyOHAMeBasA N [e3HeBas COJM HMEIOT HPOCTPaH-
cTBemHyI0 rpymmy P2,/n, a KaameBas W KaimbnumeBag coam — P2,/a. PyOupue-
BaA U IeauweBas coxu uzomopdusl. Ilo-Bumumomy, B Ie3neBod M, BO3MOKHO,

Puc. 17. Yacrn memeit meradocdatos [75, crp. 512].

A — menm KpICTAUIndecKolt pyOupmesolt comm Kyppoas; B —Ienn BhCOKOTeMIepaTypHO#t ¢opMul
coau Mapgpenna (NaPO;-II).

B M3BecTHOIl KaaueBoii comn Hyppoas memu umenT Ty sKe KOHPUTrypauuwio, 9To
u Konpurypauus pyOupmueBoil conm, onncamHas Beiue. Ha ocHOBaHWU pe3ylb-
TAaTOB NPEIBAPUTEIHHOT0 M3y9eHHs onHOl m3 ¢opM HaTpmeBoil coinm Hyppousa
CUMTAIOT, YTO I[N HOBTOPSIOTCS depe3 Kaskgble deThpe aroma ¢ocdopa, a He
9gepes [Ba aToMa, KAk 3T0 OBUIO HAIeHO NisA PyOGUAMEBOH co:Iu.

IIpoBefieHO pPEHTreHOCTPYKTYPHOE MCCIEOBAaHHE BHICOKOTEMIEDPATYPHOR
dopmer comun Magpenna, NaPOs-II (mepacrBopumoro meradocdara) [23, 109].
Coraacro atoit padoTe, coxb Manpenna (NaPOj-11) Taxse cocTouT M3 AIMHHBIX
neneit — P — O — P —, mocTpoenusix u3 BzauMocBszauukx rpynn PO,. Ograxo
CTPYKTypa Ilemu HOBTOPseTCA depe3 KajKabie TPH CNUHUIEI, KaKk IOKA3aHO HA
puc. 17, u uenmp He cBepHyTa B cmupaab. CTPpyKTypy, KoTopas oOYeHb OJIU3Ka
K crpykType P-Bommacrorura (CaSiO;) [13], momuo mpemcTaBuTh B BHe HOBTO-
pAMUXCA eJUHII H3 ABYX TeTpasapoB PO, Ha ofHOil JMHUN U TPETHErO TeTpa-
agpa, Haxoxsamerocs He Ha auHuH. Coemano mpeanosioskenne 00 OTHOCHTEIBHOM
pacmosiomenuu memeil B Kpucramiae [23, 109].

HaubGomee TujaTesnbpHble HCCIENOBAHHA MOJEKYIAAPHOTO CTPOEHHWA pac-
TBOPOB TPYZHOPACTBOPHMEIX MeTadocaToB IMENOYHBIX METAJJIOB IPOBONHIHCH
¢ KaameBoil conpio Hyppoas, BeposTHO, W3-3a HPOCTOTH MOJYYEHMS H PACTBO-
peHns 3Toil conu. B psame crareil mBenckux asTopoB [58, 65—67] coobmaercsa
0 Da3IMYHBIX (UBUKO-XMMHUUECKHX HCCIEHOBAHUAX DPACTBOPOB KAJIHMEBHIX COJEN
Kyppoas. Otn uccnemoBauus BKINOYAKT: a) yabTpaueHTpudyrupoBanne, 6) maua-
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I3, B) dIeKTpPodopes M ) M3MEPEeHre BA3ZKOCTH pas0aBIeHHOTO PacTBOpa B MPH-
CYTCTBHH BA3KUX sJieKkTpoautoB. Ha ocmoBammu stoil paboTel GhuIO HaiigeHo,
9T0 CTemeHb IOoJUMepusanuu coiud Hyppons s3aBHMCHUT, KaK MOKasaHoB Taldi. 4,
OT TeMOepaTyphs IPUrOTOBJIEHWA M BpPeMeHW Harpema obpasia.

Tabauya 4

Duzuveckue cBoiicTBa pacTBopoB coian Kyppoasa, nonydennoid narpeBanmem KH,PO,
B TedeHHe pa3anYHBIX NEePHOJOB BPEeMEHH NPU Pa2JINYHBIX TeMOepaTypax2

CremnzHb moJuUMe=
IIpopmoixu- 6 HorcranTta cegu-| Koncranra nud- _
TemMnepaTypa TeNbHOCTD BaskocTs ° pac- 6 B pUsanuM 7 10
HarpeBaHuA, | yarpepanns, TBOpa COJN, MeHTaIuu - So, ¢y3um ® D, r
°C uac canmunyas eIUH I bl 10 emuuun CGS VYDaBHEHUIO
Ceepgbepra (cpenHeeno Z) [47]
260 215—280 1,53 10 1,7 2300
290 120—280 1,93 14 1,4 3900
305 140—190 3,47 26 1,5 6700
382 — 3,47 27 1,0 9300
445 0,5 2,51 — — —
445 2,0 3,09 — — —
445 4.0 3,36 — — —
445 20 4,36 — — —
445 115—240 4,60 25 0,6 11 700
495 — 2,60 34 1,2 11 000
665 30—200 4,22 30 0,6 19 500

2 Cm. paGorsr [58, 63, 65—67].

6 VaMepeHUA NPOBOAMIINCH € pPacTBOpaMu, MNOJYYCHHBIMHM paciBOopeHHeM 2,36 2 KajmeBolf coJsm .
Hyppona B 1 2 pacTtBOopa, comep:xamiero 10,2 2 tpumeragocpara HATPUA.

B Cenmmentanuioo u aup¢dysuio usyyasu Ha 0,4 M pacTBope THOLHAHATA HATPUA.
T M = (s/D) [RT/(1 — V)]

Kak moxnO0 Bumers u3 Tabu. 4, MOJIeKYJApHBIe Beca sTHX 06pasioB OYeHb
sucoKM — 0T 250 000 mo HeckoJbKHX MULIUOHOB. MojexkynspHre Beca, ompe-
JlelleHHBe YILTPALEHTPUPYTUPOBAHNEM, OTIACTH 3ABUCAT 0T THOA M KOHIEHTpA-
UM BASKUX 5JeKTPoauToB. OJHAKO OTKJIOHEHHE OTHOCHTEJIBHO Maj0 — Pe3yJib-
TaTH OTIAMIAIOTCA OpuMepHO B 2 pasa. XOTs H3MEHEHWE BHYUCICHHON CTEIOHU
UOJIAMEPU3ANUN MOKHO OOBACHATH W3MEHEHWeM KOJIMYecTBa arperaTtos, cdu-
TalT, 9T0 3TO ABJAETCHA, BEPOSATHO, PE3yIbTaTOM UrHOPUPOBAHMA WM HEJOCTa-
TOYHOrO ydeTa B3aMMOMEHCTBHA 3aPANOB IPH MaTeMATHMYECKON HMHTepPIpeTaluu
TONYYeHHHX NaHAHX. [logo0HEE aHOMAIMM MOMKHO HAWTH NPH COBPEMEHHBIX
MCCIEIOBAHNAX MOHM3UPOBAHHEIX OPraHMIecKNX MAaKPOMOJEKYJI, KOTOpHE
OIpefieJIEHHO HE MEHSKT CBOell CTeNeHH NOJMMEPH3alWM ¥, KaK ODOJaraior,
He 00pasyiT arperatos.

Kak morasaHo BhIIe, NPUMEHEHWE METOLOB (HU3UKM HOJIUMEPOB K PACTBO-
pam KaaueBoit comn Kyppoiasa moxkassBaer, 9T0 3TH BeIIeCTBA MMEIOT OYEHBb BEICO-
KHe MOJIeRYJApPHEE Beca. BosHmraer BOIPOC, MMEIOT JM OHM JIMHHEIE HOPMAlb-
HEe IEeIH, IOCKOJBKY cocraB Meradocdara ABIsAETCH NPENEJIbHHEM CIydaeM
st monudocdaToB, WIM OHU SBIAKTCA CTPYKTYPAMH, COJep/KaIllUMM 3HAYU-
TeJIbHOE KOIMIeCTBO TOUEK PasBeTBJIEHUS, TAK KaK cocTaB MeTadocdaTa ABIAETCA
TaKKe I PeJeNIbHBIM CJydaeM IJIs HEKOTOPHX yabTpadocdaTos.

UccanenoBanue QopMbI 3THX MOJEKYJI-HOHOB HA OCHOBAHMH JABOWHOTO JIyde-
mpeaomienus B moToke [124], ammsorpomum smextpoumposopmoctu [92, 93]
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¥ WHTepOpeTalys MNAaHHHEX IO ceJUMeHTAanuu u nuddysun ¢ TOIKH 3peHus (ak-
Topa gopmer [65] mMOKa3HIBAIT, 9TO MOJIEKYJIH-HOHH B BOJHHX PacTBOpax Hpef-
CTaBIAIT €000l BHITAHYTHE CTEPKHHU, KOTOPHE MOTYT CKPYdYMBAThCA X CTaHO-
BHUTHCA MeHee acVMMeTDHYHBIMU IPHU NOOABICHUN BASKUX DJIEKTPONHMTOB. Pesyisb-
TaThl pacdera Aauubl nenu [123] us Bpamareabmoil KoHcTanTH AuPPY3UH, OMpe-
[IeJIeHHOH MeTOJ0M [BOHHOTO JyJempeJOMIeHUs B IOTOKE, XOPOMIO COTIACYOTCS
¢ AJINHON IleNd, HOJYdeHHON M3 M3MEPEeHHIl XapaKTePUCTHYECKOIN BSI3KOCTH.
Hpome Toro, muummel ILemeil, HOJYYeHHBIE IO JAHHHM TUTPOBAHUA KOHIEBHX
TPYNI B IPEANOJNOKEeHNHN, YTO JJINHHEIE HOPMAJIbHEE Iely MMEIT CIa00KMCIoT-
HBle MOHHE BOFOPOJA TOJBKO HA KOHIAX, [[OCTATOTHO XOPOLIO COTIIACYIOTCA CO CTe-
IeHsAMHU HOJUMepU3aIud, NOAYIeHHHMU APYTUMH METOJAMH.

Bce aTu anHEe IPUBOAAT K BHBOAY, 9T0 O0KYHAA KanueBas conb Hyppoas,
mojydeHHas J[erugpaTamueil ofHo3aMelleHHOro oprodocdara Kammsa, pen-
cTaBiaseT coboil momudocdaT ¢ HOPMANBHON IENBI0 M BHCOKOH CTEHEHBIO MOJI-
mepusanuu. Hak oTMedanoch paHblie, M3MEHAS TePMHIECKYI0 00pPaGOTKY OFHO-
3aMemeHHOTo opTodocdaTa Kajdusa, MOKHO HONYIUTH IENH, CORepsKalfie OT He-
CKOJIBKUX COTE€H [0 HECKOJIBKWX MWIIHOHOB aTtoMoB (ocdopa, mpuueMm Oolee
IIUHHBeE IeNHN moJydaloTcsa nmpu 0ojlee BHICOKHX Temmeparypax u Gomxee mpo-
JOJKUTeXHLHOM HarpeBanuu. Hak M B ciyZae MHOIMX KpPHCTANJIMYECKHX OpPra-
HUYECKUX BBICOKOIOJIMMEPOB, 0U4eHb OONbINME M3MEHeHHSA MOJIEKYJAPHOrO Beca
He BIUSIOT HA KPHUCTAMINYIECKYI0 CTPYKTYpPy. OTO NPOMCXOTUT IMOTOMY, YTO
OTHeJbHEE IeNH COCTOAT U3 GOJBIIOTO YUCIA DIIEMEHTAPHBIX AYeeK M, BEPOATHO,
3aKAHYIMBAIOTCA Ha MeeKTaX KPUCTANIA M y MeCT COeJUHEHMIl MeKIy MHKPO-
Kpucramauramu. Jas raiaunesoit conmu Hyppons ¢ momexkymsapasim Becom 2-108
(Bolciumil mpefes B HAOMIOZAeMOM WHTepBalie) cpegHsa memb cocrour ma 10%
9JIeMEeHTAaPHHIX fAYeeK B KPHUCTaLie. PesyapraTel yabTpaneHTPudyrupoBaHUs
MOKA3KBAIOT, YTO NPOUCXOMHUT pacHpefielieHHe MOJEKYJ [0 pa3MepaM M 4TO
OHO HEOOHYHO 4YeTKoe IO CPABHEHMIO C AMOPOHHIMM HepecTPauBaIOUIUMUCH
cHCTeMaM¥, BKIKYAIUMA OOJMMEDH, HAOPHAMEDP CTeKJIOBHAHBIMEH mOJu(OC-
daramu.

ITpu wusmenenumu Mmoaspuoro orHomenuss K,0/P,05 or Bemwgunsl suagu-
TeJbHO MEHbILIe eIWHUIB [0 BeJIWYNHE 3HATUTEIHBHO GOJbIIE E€TUHMIE MOYKHO
DoAyYuTh paAN KanmeBhx coxeit Kyppomsa [21, 36, 861, cBoiicTBa KoTOPHX yKa-
3BIBAIOT HA MENHYI CTPYKTYpPY codeil Kyppoias, moxydeHHHX Aermpaparanueil
oprodochara Kamus, mis Koroporo ormomenne K,0/P,0 5 pasuo equuune. IIpu
gerHapaTanuu cMecu oprodocdaTtoB kamms, cofepmameil Goapme 1 mons K,0
ua 1 moas P,0 5, monyuaercs conb Kyppods, osenb moxoskas Ha coxb Kyppous,
noxydennyio us oprodocdara, gias xoroporo orxomenue K,0/P,0 5 paBHo emu-
HUIle, TAK KaKk H30BITOK KalHMsA OCTaeTcsA B JKUAKON (ase U 3aTeM KPHCTAJLIIH-
syerca B Buge K;P;0,,. Baskocts pacrBopa, cofepsKamero TOJAbKO HEOIHIICH-
Hyl coab Hyppoas, oGpasoBaBmyiocs u3 Goraroro KajmeM IIIaBa, yMeHb-
IAeTCA C YBeIWYeHHMEM COAepKaHuA KaJIusg, HO 3TO0 OOYCIOBIEHO [eiiCTBHEM
TpunoaudocdarTa, KOTOPHIT M00aBIfgeTCA B KAYeCTBe 3JIEKTPOJHMTA ¢ HU3KUM
MOJIEKYJISIDHBIM BecOM, Bhi3HBaoiiero csepruBamme mnemeil. Horma K ;P304
BHIMBIBA€TCs M3 M3MEJIbYEHHOI0 HEOUHWIIEHHOTO IIpelapara ANCTHIIMPOBAHHON
BOJOM, BSI3KOCTH KajmeBoll comu Hyppoasi (pacTBOpeHHOil ¢ HCIO0Jb30BaHUEM
MOHOOOMEHHOM CMOJIBI) CTAHOBUTCS OTHOCHTEJBHO He3aBUCHMOM 0T m3bnTka K,0
mo cpasHenuio ¢ otHomenueM K,0/P,0; B ucxogHOM IaBe, pAaBHOM €IMHMUIE.
Opgnako B CBeKEIPUrOTOBIEHHHX pacrBopax coxeili Hyppoas, noaysennsix
3 miaBoB ¢ HegocraTkoM K,O, mpoumcxoguT o6pasoBaHme IONEPEYHBIX CBA3EH.
ITO HOATREPIKAEHO PALOM PA3JIMYHEIX SKCIEPUMEHTOB.

Nsmenenne BsBKOCTM PAcTBOPOB, KOTOPHE CONEP/KAT TONBKO IIpelapaThl
HeognmeHHo#t comn Hypposs, pacTBopeHHble mpU CMEIIEHHH C COJbi0 I'paxema
(creknoBupunit NaPOj), B 3aBucumoctu or moaspuoro oruomenus K,O/P,0;5
mokasano Ha puc. 18. Uz rpaduxa BuagHO, 4TO BS3KOCTH, H3MEPEHHAA IPH
0,2%-no0#t woHUeHTpanuu HeoummieHHON coau Kypposas, mpoxoaur depes Mak-
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camym mpm K,0/P,0; ~ 0,9. 910 00BACHAeTcA o0pasoBaHHeM IONepPEYHHIX
cBsseil B o0pasuax kaameBoii coxn Kyppoas, gius koropux oraomenme K,0/P,0 5
menbme efwnmink. Ilommxennme Baskocrm fus orHomeHmit K,0/P,0; menbme
efmHANE 00yCcaIOBIeHO cBepTHBammeM nemeit B mpucyrctBmm K ;P30,,.
HJonoxauteIbEEM [OKAa3aTelbCTBOM O00pa30BaHHA MOMEPEeYHHX CBs3eil
B ofpasmax aTmx yasTpadocdhaToB SBIAETCA M3MEHOHHE BASKOCTH CO BPEMEHEM.
ITocne BupmepsxuBanus oGpasna kainneBoit conn Kyppous, gas koropoit K,0/P,05=
=0,99, n gpyroro o6pasma ¢ moasipauM orromenmeM K,0/P,05 = 1,01 B Tege-
gre 1 cyrok miam Goiee muuTeabHoro Bpemenu npu pH 8 m 25° Bemunman BA3KO-
CTH UpHOIU3UTeNIbHO oAUHAKOBH. OZHAKO BABKOCTh CBEKEIPUrOTOBIEHHOIO
pactBopa conu Kyppoms, maa xoropoit K,0/P,05 = 0,99, Gomee wem B 10 pas
npeBumaer (npu xKormerTrpanun 1%) BA3BKOCTH CBeKENPUTOTOBIEHHOTO PACTBOPA
o6pasua ¢ ormomenmem K,0/P,0; = 1,01. 9tor

5gor— HEOOHYHO OBICTPHIT THIPOJAM3 yKaskBaeT H&
2 HNPHUCYTCTBHE TOYEK DPasBeTBIEHWSA B KaIHUEBOM
2 conmu Kyppoas ¢ memocratkom K,O.

§ 400 IlpenBaputenbnrie NaHHBE, OOJYICHHEE
S OpU PeRTreHOCTPYKTypPHOM amaxmse [23, 109],

7 HEMHOTOUMCJIEHHEHEe PAGOTH IO TBOHHOMY JIy-
genpenomiuennio B motoke [110, 111] u rugpo-
amay [23, 109] nmokasmBawT, 9TO HaTpHeBas
conb Hypposs, Tak e Kak U KanxmeBas COlb
Hyppons, comep:kuT MOJNEKYIsApHEE HOHH C
OJIAHHKMA HOPMAIBLHBIME LEOAMH.

3
S
T

S
S
T

Bsisrocmy 2% -nozo0 pacmaopa

100 - Bricokass BABKOETh PACTBOpPA BEHCOKOTEM-
nmepaTyproit popmul conu Magpenna (NaPOj-11})

0 ! , \__ | CBHJETEAbCTBYeT O  BHICOKOMOJEKYJIAPHOR
97 g8 09 10 1l CTPYKType MOIEKYJAPHHX uoHOB ¢ocdarta,

<

g

9TO HAXOoAUTCA B COOTBETCTBHU C PEHTIeHo-

K,0/P,05
CTPYKTYDHEIMH JAHHHIMH. XOTsA Pa3IATHHIE

P mc. 18. BA3KOCTH CBe)KeIpHIo-

TOBIEHAHX pPAacTBOPOB  KalHMeBOi
conm Kyppoxsa, He copep:xamux
IpYTHEX cojielf, ¢ DPa3iNHYHBLIMH MO-

¢usudecKde MeTO/H pelleH#si BOMPOCOB XHUMUH
MOJMMEPOB M HE WCIOJb30BAJIMCH I Ompe-
JedeHAS CTPYKTYypm coau Magpenana, Twmio

[110, 111] ummTepmpeTHpPOBAN HEKOTOPHIE IACTG
XxuMAdecKUe JanHbe KaK JOKa3aTeIbCTBO CTPYK-
TYpH 3TOro BemecTBa. B asrux paborax Tuio
DOJydYmI PAJK CMEIIAHHHIX MeTaapceHaTopochaToB, B KOTOPHX KOHIEBHIM WICHOM
Ha cTropoHe ¢ocdara OwIa BEHCOKOTemMmeparypras coab Maapemna (NaPOs-II).
Kak moxaszamo peHTTeHOrpaMMaMH HODOMIKA, KPHCTANINIECKas CTPYKTypa
apcenatodocaToB, mo-BHANMOMY, mofob6HA cTpyKType coiam Magpemma. Hame-
HeHHe IUNIOTHOCTH ¥ MOJEKYJIADHOro o6beMa MOHOMeDAa B 3aBHCHMOCTH OT COZEp-
mannsa P,0 ; CBUETeNBCTBYIOT O TOM, 9TO JIIsI MOJAAPHOTO oTHOmEeHHA As,0 5/P,0 g
MeHbIIe 4 HaGmofaeTcs JHWHefiHOe YMEHbIIEHNE JTHUX BEANIUH B 3aBHCHUMOCTH
or copmepskarusi P,O5 m 9T0 BTH ODpAMEE SKCTPANOIUPYITCH B 000MX ciaydasx
K uaMepernoil wioTHoctn uian 06veMy NaPO;-11. Kaxk usBectro, cBsizm As — O—
— As n As — O — P rugponmsyiorcs cpasy ke Iocje pacTBOPEHWs BelecTB&
B'Bojle, TorAa Kak cBsasu P — O — P (ue B Touxax pasBeTBiIeHMs) BechMa YCTOM-
9uBH. Y CTAHOBJIGHO, YTO IPH PAaCTBOPEHMH PAa3JIMIHHIX MeTaapceHatodocdaTos
Bech MHIIbSIK HAXOQUTCA B Bhfe OproapceHara, a gocdhar — B BHAEe KOPOTKHX
nemeii paznugaoit guuas. Ha ocHoBanuu 3T0OTO CHEIaH BHBOM, 9TO TBEPAAS CTPYK-
Typa apcenarodocdaTos, TaK e KaK M CTPYKTypa ducroro gochara—coan Max-
pellia, MMeeT NJIUHHBE IIENH. 4

EnnecTBeHHO CTPYKTYpo# B paRy MeTadocaToB, H3BECTHHX KAK COJM
Mappesnna u Kyppoias, KoTopas, corlacHO TeM ke Gollee MIN MeHee IPU3HAHHBIM
IOKa3aTeJbCTBAM, OKasajach He [JINHHOIENOYeYHOH, ABIAAETCA HUBKOTEMHIe-
parypras ¢opma comn Magpemna (NaPOs-III). Onnako pacTBOpH 3TOro Bemie-

aapauMa orsomenaaMa K,0/P,05
[75, cTp. 515].
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CTBa HMMEIOT CPaABHUTEJBHO BHOOKyiO BA3KOCTHh, YTO YKa3bIBaeT HA HOPUCYTCTBHE
menei JOBOJBHO BEICOKOTO MOJIEKYJSPHOTO Beca. W3-3a TPYAHOCTH pacTBOPEeHHNA
obenx q)OpM coIn Manpemla HeJb3dA elfe MOJHOCTHIO He YIUTHBATH TOro, 4YTO 3THU
COeIMHEeHUA MOryT HOPeacTaBJaATb coboit KOJIbIIa, CBA3AaHHBIC MJINHHBIMA 3BEHbA-
MH ¢ HODMAJbHBIMHA II€eIAMHN.

3. Daexkmpuueckue, MeTAHUNECKUE U ONMUYECKUE CcE0Licmea
pacmgopos gocammubir coreli ¢ OAUHHBIMU Yenimu

®@ocdaTH HH3KOr0 MOJEKYISAPHOrO Beca HMEIOT CBOMCTBA, KOTOPHE ecTe-
CTBEHHO MOKHO OKHAATH I BHICOKO3apsyKeHHHX wmonoB. Ommaro docdaTs
¢ MIMHHBIME [eOaMm o0JafaloT TaKKe CBOHCTBAMM, 33BUCAMAME OT WX BOJOK-
HUCTO crTpykTypH. Hampumep, nennse
docdaTsl HPOABIAKT ONTHIECKOE IBOHHOE
ayuenpesnomaenue [123] m ammsorpoummyio
anekTpompoBoasocTh [92] B moToxe. U onTm-
9eCKaA M dJIeKTpUYecKas aHW30TPODHSA yBe-
JWYMBAIOTCA € AIAHON IENU M YMEHBIIAIOTCA
npu [J00aBieHMHM COJIeH HU3KOI0 MOJEKY-
JAPHOTO Beca, KOTOPHE BEIBKIBAIOT CBEp-
ThBanme Ieneid. OnTHYeCKMe W DIEKTPH-

~ N
)

K
¥y

Yucno nepewoca anuona
R
Q O

1 ]
10 100

YeCKHe H3MepeH’Ms MOKa3blBaXT, 4TO Ienu Anuna yenu

OIpOCTUPATCA B HAaOpPaBJeHHWH IIOTOKA.

IonoGuoe BHIODAMJIEHUE MOKeET OHTH [0- Pumc. 19. 3aBHcEMOCTh WHCEl mepe-

.
~

CTUTHYTO TPM NPONYCKAHWW TIEPEMEHHOTO HOCA, YCTaHOBIeHAHX MerogoM I'mrt-
ropda, s ocdar-anmoHa OT JIHEEEL

TOKA Wepe3 pacTBOp JuIMHHoONemOWewHIX [OFUS: B BN e o e,
docdaroB [25]. B atoM caywae memm Takke IAR  BeMemN, MpEBHmAKMNX  eAMHNLY
CTpeMATCA BHIOPAMATHCA B HaOpaBJIeHUM (—-—-——), Ha aHOle IPHU BJIEKTPOIM3e
IPOXOMIeRNA Toka. VIBMEDEHMA OIEKTDO-  peex cayaams 0,01 one Hanpwn. Ha 1 4,
IpPOBOTHOCTH, BHIIOJHEHHHE B 9TOM HAIpaB- ‘

JeHUM M [OJ[ HPAMEM YIJOM K HeMy, IO-

Ka3HBAlOT, 9TO JEKTPONPOBOLHOCTh B HANPABIEHUH NPOXOKIEHHUA NePEMEHHOTO
TOKa GoJbIIe HOPMAJIBHOM, a MO IPAMEM YIJIOM—MeHbIIe HopMaabHoit. Koncran-
T quddysum ANA BpameHHsA Ieledl MOKHO BBIYUCIMTDH II0 pPe3yabTaTaM 3TUX
Tpex BHIOB HM3MepeHHN; moJy4eHHEE TaknM o6pasoM sHaueHHs coBmamgaoT [123]
¢ H3ydeHHO# Moenbio GocPaTroB ¢ HOPMAIBHON LENBIO.

Benencrsue cBA3nBaHuA MOHOB HATPHA C YBeJWYCHWEM JJIMHH IEeIH YUCIA
mepenoca menuaHx ocdaToB, U3MepPeHHEE CTAHAAPTHHM MeToioM I'mrropda [92],
BO3PACTAIOT ¢ YBeJMYeHNEM [JIMHH eV ¥, HAKOHeI, NPUOIMKAIOTCA K Ipejesb-
HOMY 3HAYeHWI0, PaBHOMY npuMepuo 2,1 mius odeHb JIuHHEHX Hemeii. Ilo sTum
9ucIaM MePeH0CA HeJIb3s1 YCTAHOBHUTH paclpeielieHre BCero TOKA Me K1y KaTHOHOM
¥ aHWOHOM, HO OHHM IOKAa3HBAIOT, 9YTO B Pe3yJbTaTe ACCONHALMHA B JJIMHHOIENO-
4euHHX QochaTax mpu MaHHON CHIe TOKAa K aHOAY NePEeHOCHTCH OTHOCHUTEIbHO
Gonmpmee koxumdecTBO ¢ocdopa, YeM 3TO OHIIO GH BO3MOIKHO I IOIHOCTHIO
OMCCONMUPOBAaHHOro sieKkTponmura. Ecam msmepenmoe gumeso mepenoca docdara
6odbpIme eXUWHWIBI, TO YHUCIO IEPEHOCA HPOTHBOMOHA JOJKHO OHITh OTPHUIATEdb-
HEIM, T. €. KaTHOHH TaK)Ke JOJKHE HAOPAaBIATHCA K aHoAy. Umcina mepemoca
neoHHX ¢ocdaroB, MoKasanuwe HA puc. 19, D0 HEKOTOPOH cTemeHM mOTOGHEI
9m@caaM HepeHoca KaAMAs B MOAWAe KaAMHUs, KOTODHI IPH BHICOKMX KOHIEHTpa-
OUAX TaKe IPOABIAeT HeoOBYHO GoJbIode dwmcia HepeHOca BeiefcTBue o6pa-
30BaHNA KoMmiIekcHoro mona Cdl3~.

CamTaioT, 4TO 3IE€KTPONPOBOTHOCTH DPACTBOPOB IOJHAIEKTPOIHUTOB U3Me-
HAETCA C KOHIEHTpanweil NIpHOIM3WTEABHO WO JOrapudMUYeCcKOMY 3aKOHY.
Taxoii norapupmmaecknii rpadur npencrasien Ha puc. 20 aus psama docdaTHEX
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CTEKOJI ¢ JInHOH wenu ot 5,8 go 52 aromoB docdopa u A1a obpasna conu Kyppomasa
co cpenmell mimmoit menm 1000 [92, 93, 126].

N3mepenne rospunmenta BI3KOCTH (Tpacrsop — T]pacTBopmenb)/ Cnpacrnopmenb
IpU HUBKUX KOHIEHTPAIMAX ABJIACTCA XOPOMIMM METONOM IJIA BHISCHEHHS CTPYK-
TypHs uenusix ¢ocdaros [30, 31, 63, 65, 103, 105, 108, 119]. Kak u B obmem
caygae THOKMX MOJUIIEKTPOJUTOB, K03(PPUIUeHT BaA3KocTH ¢(ochaToB TOYHO
BHpaykaetcsa ypaBuenmem Dyocca [30, 31, 108]:

Neacrsop — pacTeopurens A
CMpacreopurens 1+B ]/

— +D. 13
T (13)
ITapameTphl 3TOT0 YPaBHEHUA YBeNUIHBAITCSA OPUOIH3UTENBHO JIHHEITHO ¢ POCTOM
JJIMHBL LN AJSA M3y4eHHOT0 MHTEepBajia MOJeKyJasapHbeix BecoB [92, 93]. Tax,
160}
120

80+

40

JIxeusanenmuas nposodumocms A\

0 ! L
N/ A/ 0* w0’
JK6UBANENMHAR KONYEHMPOUUS

P mc. 20. JxkBABaNeHTHAsA NMPOBOAMMOCTSH LenHHX focPatoB kKak PyHriua jJorapadma KoH-
I{eHTPAIMX MOHOB HATPHA, BEIpAJKEHHON B aTOMHHX Becax Ha 1 « [75, ctp. 368].

9ucna cnpaBa OT KaKOOW KPUBOIM IIOKA3KIBAIOT CpefHee 4uMCjo aroMoB (ocdhopa B docharHol memu.
IIynukTUpHBle JuHUN: 1 — optodochar; 2 — nmupodochar; 3 — Tpunoaudocdar.

I cpefHeBeCcOBOIl Aaunb Hemn, paBuoit 50 (MeTox cBeTOpaccessnus), BerndnHa A
ogedb mMana, B~ 18 u D ~ 0,05, Torga Kak AJasa cpeJHeBecOBOIl MJIUHH IeNH,
pasuoit 200, A ~ 22, B ~ 40 u D ~ 0,12, xorga xomuenrpanus C BbIpa)KeHa
B rpammax ¢ocdara Ha 100 me pacTBopa. B mpucyrcTBHE 60aBIIOro KOJMMYECTBA
Jo6aBieHHON mpocToil cosmu uenHbie GochaThl CBEPTHBATCA ¥ HAYMHAIOT IO-
9UHATHCA OOBIYHOI 3aBHCUMOCTH [Jf NpPeReJIbHOro KoadduumenTa BA3KOCTH
He3aps)KeHHHX BEICOKomoamMmepoB. I'paduxr saBucumocTH 3TOro THIA AJA IOJIH-
docharoB ¢ HOPMaJbHOI Uenblo npuBemed Ha puc. 15 [103, 119]. Iror rpadux
MOYKHO HCHOJb30BATh AN OIpefleIeHNs MOJEKYIsAPHHX BecoB ¢ocdaToB ¢ AIMH-
HBIMU IIeTSAMI.

Baskocts mensex ¢ocdaToB B KOHIIEHTPUPOBAHHEIX PACTBOPAX COOTBET-
CTByeT HbBIOTOHOBCKOI BA3KOCTH BIUIOTH [0 HiauH memeit oxono 500. Ommaxo
6oJiee [JIMHHBIE L€, B KOTOPHIX HMMEETCA HECKOJBKO THICAY aToMoB ¢docdopa,
HAYHHAIOT OPOABJIATH NCeBAOMIACTUIECKIE CBOUCTBA B IIOTOKe. JTO CIIPABEIJINBO
TaKsKe JJIA IPOCTPAHCTBEHHO 3aTPY[AHEHHHX (PocPaToB ¢ mOmepedIHHIMU CBA3AMH.
Ho cBoiictBa B moToke [iisi Bcex memuuix $ocdaToB, MOAYYEHHBIX [0 CHX LOP,
MOI'YT OBITH TECHO CBSI3AHH ¢ HPOCTHIM KO3)PUIMeHTOM BA3KOCTH HiaA JM10060i
TeMIepPaTypH MW KOHIEHTPALMH, T. €. IO CYIIECTBY OHU ABJIAKTCSI HBIOTOHOB-
ckumu. B pacrBopax JIMHHONIENOYeYHHX (0cHaTOB BHICOKON KOHIEHTPALUU
3aMeTHH 3jacTuueckue cBoiicrBa. Haiimeno, 910 miacTuku us menHHX ¢ocdaros
Jydme Bcero INIAacTUPUIHUPYIOTCS HEeGOMBIIMM KOIUIECTBOM BOJHL.

JHauMTeNbHOE UHCJIO M3MEPeHHH MOJEeKYJIAPHOro Beca PacTBOPOB IENHBIX
¢ochaToB mpoBefeHO ¢ MOMOMBI yiabrpamentpudyru [56, 57, 65]. Hailimeunusie
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B 3THX paboTax MerTomaMH CeIMMEHTANMH M PaBHOBECHsA MOJICKYJsAPHBIE Beca
COBOAJAIT €O BHAYCHWAMH, HOJNYYeHHHIMH Apyrumu metomamu. Opmmaro mRuas
Pa3IUYHHX J00aBICHHHX BJIEKTPOJUTOB, MCIOJb3YeMHX [JiA YCTPaHEHUs TPY.-
HOCTell MHTepNpPeTAllUd Pe3yJbTAaTOB, BO3ZHHUKAKOIMMUX IIPU M3YYEHUU MOJIUBJIEK-
TPOJINTOB B YHCTHIX PACTBOPHUTENAX, BHYUMCICHHNE JTaeT PAa3IWIHEIEC MOJEKYJIAp-
HHe Beca. ModekyaspHsie Beca, ompefejieHHEe [ [OBYyX 00pasioB B IpH-
CYTCTBMM HECKOJBbKHX pAa3iWIHBIX 3JeKTPOJUTOB, MaHHE B Tabx. 5. BeposarHo,

Tabauya 6

3aBHCHMOCTD [JHH Leneil W APyrnx Beanmuyud OT NO0ABOK coueii
npH H3MePeHHAX ¢ NOMOIBIO yabTpauednTpudyrn 2

prél;iﬁa’l‘ c %ﬁ.ﬁﬁzﬁ ﬁgﬁ"" gg‘;;ﬁaﬁ;ﬁ %’23’.’ ];:;;ggnﬁxggﬁﬂ Koappuunent
6 pena 0eCKOHEYHOM pa3-| KOHEYHOM pas- 7 (sera- n“‘”’"‘/’l}"‘“p""
Hyppona | GaBieHNN Sp 6aByieHun Do cpennee) 0
A 1,1 5. NaCl 12 0,87 5 400 —
0,4 1. NaCl 34 1,20 11 000 —
0,2 1. Na,P,0; 12 0,86 5500 —
0,8 #. Na,Py0q 17 0,98 6 800 —
B 0,1 1. NaCl 14 1,05 4100 5,2
0,4 1. NaCl 32 1,08 9 300 3,8
0,1 u. NaCl
B 5%-HOM cIEpTe 20 1,25 4 800 4,1
0,1 . NaCl
B 8%-HOM crnupTe 25 1,36 5500 3,6

2 Cwm. pa6otsl [56, 65].
6 9Tu npemnapaTs noJiyieHbsl HarpeBanueM KHoPO4 B TeucHHe HECKOJIBKMX dacoB mpu 500°.

pasaudua B naOMOfaeMBIX JJHHAX Ueneil 00bACHATCA HECOBePINIeHHON MaTeMa-
TH9ecKoil 06padoTkoil mamumX. CoBpeMeHHble HCCIEIOBAHUA PACKPHUIIN MHOTO
DOJO0HBIX AHOMAJIMIL I NOHU3UPOBAHHKIX OPraHUIECKUX MAKPOMOJIEKYJ, KOTO-
PHie OIpeeleHHO He MeHAKT CTelleH! NOJMMepH3aluy U, KaK moJaraior, e obpa-
BYWOT arperaroB. B macTosmee BpeMs JOCTOBEPHO H3BECTHH TOJBKO OTHOCH-
TeJbHBe pPa3MepH IOJIHIJIEKTPOJIUTOB; OOJBIIMHCTBO W3MEPEHWIl [NAXT JIUIIb
npubnusuTeJbHbE CBefeHMA 00 a0CONIOTHHIX pPasMepax MOJEKYJISDHHX MOHOB
OOJbIIUX TONMBJIEKTPOIHUTOB.

Meton cBeropaccesanMsa Tak;Ke HCHONB30BAJCA NS XapaKTePHCTHKU Iel-
HHX ¢ochaToB KaK IMHEHHHIX, TMOKUX, HONMTUCIEPCHEIX IOIUIIEKTPOIUTOB.
Haiigeno [85, 105], uro cBeropaccesnme mensHx $ocaToB OYeHH XOPOLIO
COOTBETCTBYeT TeopeTmdeckoMy ypasremuwio [19, 24]:

HC[tv=1/M+2Bc. (14)

JT0 ypaBHeHHe [JIs HEMOHHBIX IOJUMEPOB, MOJEKYJNH KOTOPHX M30TPOIHH
¥ MaJbl 0 CPaBHEHHWIO C MJIMHOII BOJHHL CBeTa, MPHUMEHMMO K PACTBOpPaM HOJH-
¢docdara HaTpus B OpoMuje HATPUA, aKe €CJHM OHO He IPIMEHNUMO K IOJUDIEK-
TpOJWTAaM NpPH Bcex yciaoBuax. B ypasmenmu (14) T — m30BITOK MYTHOCTH
pacTBOpa IO CDaBHEHHIO € PAcTBOPHUTeNeM, ¢ — KOHIEHTpanus IoJHuMepa

(B 2/msa pacrBOpa) n
H__32n3n% (n——no 2
T 3N\d C !

(19)
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rge N, — unmcao ABorafpo; A — HJIWHA BOJHE CBeTa; Ny M 1 — IOKa3aTeam
IpeJOMJIeHNS PACTBOPUTENS W PACTBOPA COOTBETCTBEHHO; M — MOJNEKYJIADHHIE
Bec; B — KOHCTaHTa, B3aBHCAMAs OT B3aMMO-
meficTBAA MOIEKyJa moiauMmepa. Pesyubrarthi,

25r rxotopeie Crpayce m corp. [105] momyumam
A omEOro obpasma conu I'paxema, mpencras-
20 nensl ma puc. 21.

" Bce mpsmble mepeceKanTcs B OXHOH TOUKe
J§1,5 - Ha OCH OPAMHAT, KOTOPAas COOTBETCTBYET MoOJie-

o KYJIAPHOMY Becy o0pasma.
S0k B macrosmee BpeMs MeTOOH CBeTOpac-
o soce——8" CeAHNA W MOTEHIMOMETPUIECKOr0 THTPOBAHUSA
o5k konuesux rpyon [90] cumranTcs HambGoiee

g

OOAXOMAMMUMA JJIS ONpeflelleHusl CPeJHAX MO-
{11 1 1 JeKyJApHHX BecoB ¢ocharoB ¢ [AIMHHHEMHA
0 95 10 15 20 2(57 J0  uenamu. Ilpu cpaBHEHMH MOJIEKYIAPHHX BECOB,
Konyenmpayus, g/100ma HOoJNyd4eHHHX pas3JNYHEIMA MeTomamm [29a],
Puc. 21. Jamase mo csetopac- C'ICAYeT NOMHHTEH, GTO TUTPOBAHME KOHIEBHIX
ceanmio obpasma conm Ipaxema TPYOI M KOJNIHATATABHEE H3MEDeHMS MaioT
[75, cTp. 370]. CPeJHEYUCIIOBEe pPe3yJabTaThl, BHCKO3UMETpH-
Tlepecedenne Ha ocM ODAMHAT mpm YEeCKHWI MeTOf — TaK HashBaeMhle CpelHeBs3-
¢ = 0 maer ob6paTHOe 3Ha4YeHNE CpelHe-
?chggrogone%y?gpﬂoro Beca, pal\];ﬂ%ro KOCTHBIC 3HAYCeHUSA (Memny CpeIHedInCJIOBRIMHA
; — 0,/ pacreBop NaBr; _
O — 0 20°M paérsop Nabr: @ —0.95M X CpPeHEeBECOBLIMHA), METOJ] CBETODACCESHMS
pacrsop NaBr. cpeHeBeCOBEHEe 3HAYeHUA, a YAbTPaleHTPH-
¢yrupoBanueM OOKYHO NOJYJAlOT 3eTa-Cpef-
HHe, XOTA CPeJHEeYHCJIOBHEe M CpPeJHeBECOBHE BEJIWYWHH TAaKKe MOKHO BHUHC-
JUTh DO pe3ylbTaTaM yiabTpaueHTpudyruposannsa. llpumenenuwo ¢uamgecKuax
MeTOOB IJd HM3yYeHHA HMOJuUMepoB mocBameH o6zop [15].

4. Hoaugocdoprbie kucaomu

IIpn pobaBimenmum k oprodocdoproit KuciaoTe maTmoxkmen ¢Gocdopa miIn
IpHU ee yONAaPUBAHWHM HOJYJYAIOT TaK HaseBaeMhe KOHIeHCHPOBAaHHHE ¢ocdopHEE
KHCIOTH. JTH KHCIOTH TIATEeJIbHO U3yJATUCh METOIOM Xpomarorpadun na Gymare
(43, 49, 74, 127]. Pacupenenenue cTpyKTypPHHIX efMHIN, HOKA3AHHOE Ha puc. 22,
B3ATO M3 3THX pabor.

ITomnmo paBHOBecHsA MeKOy OPTO-, KOHIEBHIMW, CPeLAWHHEIMHA X pa3BeT-
BICHHKIMU I'PYNIIaMA, HMEEeT MeCTO TaK)Ke PAaBHOBEeCHE C Hepearmpymomeil Bojol,
Kak mokaswBaioT ypaBuemusa (16) m (17):

2 Oprodocdar > Ilmpodpochar -+ Hepearmpyiomaa MO, (16y
(M3P0,) (M;P207) (M20)
(2 KoHIEeBBIe IPYNIIHI)
[MyP207] [M30] [2 xoHIeBHe rpyunmsi] [M20]

K= [M;PO, 12— [Opro-rpynmna)?

(17

Haa kormencupoBanunx ochoprsix kucaor Ky = 1073, K, = 0,08 n K; = 0,02.
Ilpu smavennsax R juimb HEMHOro Goibine eJUHAIE KOHI[eHcI/IpOBaHHHe dochop-
Hble KUCJOTH COCTOAT W3 MIMHHHX HOopManbusix memeii P — O — P. Oymrknus
pacnpefenenus mo pasmepam no Ouopu s ruOKUX Heneil 09eHb XOPOIMO COOT-
BeTcTBYeT GocopHEIM KHcaoTaM. JTO MOKA3kBaeT puc. 23, HA KOTOPOM DPesyib-
TaTH, NOJYYeHHEIE METOXOM xpoMmarorpadmm Ha Oymare, CpaBHMBAITCA ¢ JaH-
HEIMU, HOJYYeHHBIMM W3 BEYMCIEHHOTO paclOpejiejieHUd MO pPasMepaM.

Ouenb nHTepeCHH (U3WYECKHEe CBOMCTBA KOHICHCHPOBAHHHX (POCPOPHBIX
Kneaor. AMopdmas Kuciaora ¢ MoaspHnM otHomernmem H,0/P,0; = 1 (3mech
H,O Bxomur B cOCTaB KHCIOTH) HMEeT [0 HEKOTOPOil cTeNeHW THOKYIO Ilelb,
KOTOpAas B TO 3Ke BpeMsA pa3pymaercsa npu yrape MonoTkoM. [Ipu xpanennu B miror-
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HO 3AKDHTOM CTEKISHHOM COCYAe KYCKH BeIecTBa Me[JIeHHO AeopMUPYOTCA
I OpH CTOAHUE B TeUeHWEe HECKOJBKHX Helelb OPH KOMHATHOH TeMIepaType
npuHEMaT GopMy cocyfa. MoskHO oKmjaTh, YTO KOHAeHcHpoBaHHEE ¢docdop-
HBe KHCIOTH CHIBHO rarpockonwdnsl. [Ipn monaganmm Kycka KOHASHCHPOBAHHKX

100 )

o)
S

[~
(=)

I\N]
[S)

O6wee codeprcarue P,05 %
N
S

0

R = H,0/P,0s

P mc. 22. Pacopefielenre CTPYKTYPHHX eIHHHI, X CBOOOXHOH BOJAH KaK (yHKIOHEA MOISIPHOTO
orgomenns H,0/P,05 [75, crp. 573].
Kpussle BHIYNCJIEHH B MpPENNOJIO¥eHuu, 410 K, = 10-3, K, = 0,08 u Ké = 0,02; —-—— pa3BeTB-

JIeHHBIE eNWHUIE; @ — CPEIUHHble eNUHNNObI; X — KOHIEeBble ENUHMIE; A — OPTO-eAMHHOE; O — He-
npopearupoBaBmas BOXA.

$ochOpHEX KHUCIOT ¢ MoIApHHM oTHomenuem H,O/P,0; or 0,8 mo 0,7 B BORy
CJABIMIHE IOTpecKuBaHue ¥ xaomku. OdYeBWAHO, STO NPOMCXOAHUT B pe3yabTaTe
oYeHDb OHICTPOrO IHAPOJN3a B TOYKAX DAa3BeTBIEHNA, UTO IPHUBORUT K medopma-
num Maccel. IIpu compumrocHOBenmu Takoil amopdHOH MoauPOCHOPHOH KHCIOTH
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Yucno amomoa P s yenu n

P mc. 23. Pacnpenenenne gocdaTaHx nemell mo pasmepaM B KoHAeAcEpoBaHHOH docdopmroit
Kmeyore ¢ R = 2,192, qro coorsercrByer 78,3% P,04 [75, crp. 574].

9KCIIepUMEHTAJIbHbIE AaHHbe (XpomaTorpadma Ha Gymare); — — — BBHIYMCIIEHO Ha OCHOBAHMIM
Teopuy rmoxoit nenn.

€ BOJIOil ¢ ee IOBEPXHOCTH OTJIETAIOT Mejbdyaiiine KYCOUKH; IIO3TOMY, €CIH KYCOK
BemecTBa HAMOKHET, yAapH MeJKHAX BHIODACHIBAEMHIX 9ACTHUI[ BH3OBYT CHIBHOE
OMyIIeHNe 0Kora PyKH, HaXofdlmelcs B HECKOIbKUX CAHTHMETPAX OT BemecTBa.
Mexanuveckue cBoiicTBa OCHOPHHX KHCIOT HAXOZATCA B COOTBETCTBUE ¢ XHAMH-
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YeCKUMH JAHHBIMU, MOKA3HBAIMUMHU, YTO MMEeT MECTO 3HAYUTENbHAs accolua-
Mg aroMoB Bopopoma. AMopdunie moaudochopHEE KMCIOTH ¢ [INHHON IEmbI0
ABIAKTCA TMOKMME BCIEJCTBYME MAJoil HOHM3AUWHM, HO BCE-TAKW HE KayIyKo-
mogo0HBIME, TaK KAK B HAX €CTh BOROPOAHEIE cBA3H. VcciaeqoBambl cMemIaHHbIE
docdarubie cTeria, comep:kaumgme HATPmil m Bomopox [127]. Us aroit paGorh
cjlelyer, 9T0 M3MEeHEHHe pacHpeleleHHs CHIbHOA KUCIOTH (cM. puc. 22) mis
HaTpueBoil coau (cM. puc. 11) mocremenno m mempepwiBHO. lIpucyrcrBume momos
HATPHUA B3HAYHTENBHO YBEAWIMBAET MOAYIL cABUra HOJAAPOCHOPHHIX KHCIOT.
Takum o6pasom, KucioTa, B KOTopoil HeiiTpamuszoBano okoxo 20% sBomopona,
ABISIETCS TBEPHAO M He HDPUHUMAaeT OPMY cocyfa, B KOTOPOM OHA XPaHMTCA,
JlajKke 3a HECKOJNBKO JeT.

5. Ilaacmuguyuposannvie u eubkrue gocamul

Benencrene BzauMopeificTBUA 3apA/0B  MIMHHOLENOYeUHHeE moaudpochaTs
YUCTHX METAJI0B B aMOPOHOM COCTOSHUU NPEHCTABIAIT CO00M MKECTKHMe CTeKJa.
Jnnnnonenodeunsie ¢gochopHsle KUCIOTH TaKKe o00aafaloT HeKeJaTeJIbHHMHU
cBoiicTBamu. Opmako pacTBopuMBle HOTMGOCHATH MOMKHO JErKO IIIACTHQH-
nupoBaTh Bojoii. Takum oGpasom, mpu HoGaBIeHAM COUPTA K PAcTBOPY Kalme-
Boil coau Hyppoas B pacrBope Xxiopuma HATPHUS JErkKo OCAKIAETCA KielKas
macca. [Ipu mpoMEiBKe 9T0i Maccs BOZHO-COMPTOBON CMeChIO, ColepyKamei GoIb-
1ie COMpPTa, YeM BOJABI, MOJYIeHO KayIyKomomoOHOe TBepioe BemecTBO. B aTom
caydae Bofa HeiicTByeT KaK MIacTuGUKATOpP. AHAJOTMYIHBIE PE3yALTATH MOTYT
OBITH TaKyKe MOJydYeHH ¢ Gosee KopoTkumu docharuoiMu Henamu. IlomyueHnsiit
mapuK MaTepuana IPY HNaJeHU? HA TAKENY INOBEPXHOCTHh JErKO OTCKAKMBAET
oT Hee. OgHaKo, eciy 9TOT MATePHAT OCTABUTH HA MOBEPXHOCTH IUTEIHHOE Bpe-
MsA, oH OyfeT pacTeraTbcd U0 NOBEPXHOCTH M IPWIMOATH K Heil.

Bopa aBisercda o4eHb IJIOXHMM ILIACTUPUKATOPOM, TAK KaK OHA JIETKO yHa-
JIsieTCsl TP BHIIePIKUBaHMM HA Bo3gyxe. Taxkum o6pasom, Korja IJIeHKa HaHe-
ceHa, CKajkeM, m3 pacrBopa coiau Kyppoas, oma Oyzer odeHb ruOKoil BO BIasK-
HOIl aTMmocdepe, HO HOCHe BHICHIXAaHUsS OHA CTAHOBUTCS TBEPHOH M XPYHOKOIL.
B sroM orHomenun ¢gocdaTH o, BHOMIHEMY BUIY HAOOMHHAIOT enatuny. [lema-
JUCh MODEITKM MIacTUPUIUPOBATE ¢ochaTH ¢ NOMOIMBI0O NOJAPHHX BemecTs,
HampuMep TIHMIEPUHA, MMEIOIMEro Hu3Koe AaBienue mapa. OXHAKO eIMHCTBEH-
HHIM XOPOUIMM pAacTBOpHUTeNeM Iias NoiaupochaTHHX cojeil, He ABIAIOMUXCA
9eTBePTUYHHIMA AaMMOHUEBHIMY COeNUHEHUAMM, OKaszajdack Boma. Hexoropoe
yaydmieHue MOKeT OBITH MOCTATHYTO HPH MCOONB30BAHUU CMeceH TiauIiepUHA
¢ BOJIOH.

B pasnugmsix 1a6opaTopusax BHIOJHEHA 3HAYUTENBHAS DKCIePUMeHTAIbHAS
pabora mo moayvenurn moaudochaToB ¢ HEOOHIHEIMA KATHOHAMHM s HPUIAHUS
uM rubroctu. XoTsa OOMBIMIMHCTBO STHX paGoT He OmMyGIMKOBAHO, IO 3TOMY
BOIIPOCY BCe ke MMeeTcs HeKoTopaa aureparypa [34, 46]. Yersepruunsie ammo-
HYEBHE MOHH BeIyT cebs Kak mo KpaiiHeil Mepe OfUH 00BHEMUCTHIT OpraHUIeCKHI
pafiuKai, cOOCOOHHI K pasmeleHHMI0 3apAfa, Tak 4ro obpasyromuiica docdar
y:Ke He Oymer sxectkuM. OmpefeneHHOe KOJIUIecTBO dPPEKTHBHBIX IOIEPEYHBIX
CBsi3€il MOKeT BO3HMKATH B TAKMUX CTPYKTYpPaX IPH MCIOJb30BAHHYM MHOr03apsj-
HEIX MOHOB MeTamuaoB. Tak, coobmamoch [46], 9To meTMATpPMMETHIAMMOHMEBHIE
monudocdaTel, KOTOpHIE OCAMKAANTCA W3 pacTBopa KamweBoil coixm Hyppous,
Tocie YIUIOTHEHHWA HPeJCTaBIAIT c000i CKOMB3KYI0 Maccy. OmHaKo mpu 3aMeHe
9eTBePTHIHOI0 AMMOHNeBOro uona 8—25 nonamu mMaraus aa 100 aromoB docdopa
ImoJIydaeTcs TBepHOe BeliecTBO, HamoMmuHawmee KoKy. C mpyroil cTopoHsl, mpu
BHIOOpe HaIIeKAmEero OPranMyeckoro KaTHoHa u 6e3 MPUMEHEeHMS MOHOB MeTAJIa
0ygeT mosydaTbcsa BemeCTBO, HANOMMHAKIMee KoKy. Tak, NPHUrOTOBICHHHI u3
coan Hyppons naypuwinupumunmessiii mommpocdar mo cBOUCTBAM HATOMUHAET
KOKY; €r0 MOJIEKYJNH MOTYT GHTH OPMEHTHPOBAHHE IIyTeM MHOTOKPATHOTO BBITSA-
rUBaHuA NenTH noaudocpara. UatepecHuin rubwuil monudochar momyden npu
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B3auMofieficTBuN 74 9k GeHsmaTpuMeTwIaMMOonHusa u 26 sx¢ maruua na 100 aromon
dochopa ¢ anmonom moxudocdara us KaauesBou coiu Kyppous. Ito Hexielkmii,
MATKUHA, 3JaCTUYHBIA TBepAbI Marepual, PacTBOPUMHI B Bome. B HexoTophX
paboTax MCHOIH30BAMUCH X€AATH MHOT03aPATHEIX KAaTHOHOB METAJJIOB ¢ JINHHO-
nemodegnsiMu moaudocparamMu. B srom caygae Moryr OBITH moJydeHsl Ooiee
WIM MeHee 3JIACTUIHBIE, THOKME MATePUAJEL.

XoTA 3TOT BOOPOC [OCTATOYHO HOAPOOHO M3yJaJCA B HECKOJIBKHX KPYIHBHIX
NPOMBIIVIEHHKX J1ab0opaTopusax, HPOMHBIOLIEHHBE NPOLYKTIH IS HOPHMEHEHUsA
B GoapmoM Macmrabe He OB MONYIeHH. JTO OCBACHAETCA THAPOIUTUIECKOIL
HEYCTOHINBOCTHIO HoimdocdaToB. Brjep:xuBanme rubKoi, IIACTHIHOH MaccCH
B aTMocepe ¢ HOPMAJBHON BIAIKHOCTHI0 OOHYHO HPUBORUT K 00pasoBAHHIO
DOPOMKO0OPA3HON KOPKYM WJIM APYTrUM He)KeJaTeJIbHHM H3MEHOHUAM. JTOT THII
JeTpajlaliuy MOKeT He NPOABIATHCA B TeUYeHUWE MHOIUX MeCAIEB, HO 9TO JejaeT
momo0HBe MIACTVKY IPUTOJNHBIMI TOJBKO B HEKOTODHIX ciydasx. Takue rubxue
monudocdhaTel He TAIOT OMPe[eJeHHOT0 NpPeuMymecTBa W OPH BEICOKMX TeMIe-
parypax. ¥YrieBoJopOAHAs YaCTh OPraHMIECKHX KATHOHOB O0YyrianmBaeTCs M UMeeT
MeCTO CTPYKTYpDHAas IepecTpoiika, KOTfa TeMmepaTypa MOAHMMAETCA OO0 TOYKH
pasmsardenus. llpu narpeBaunu rubrux moaudocdaros npumepso go 300° B Tege-
HHUE [OBOJNBHO MNJIWTEIBHOTO BpeMeHW OOBIYHO IOJYYaeTCA NIPOAYKT, KOTOPHIL
mociie OXJAaKAEHUA J0 KOMHATHOH TeMmepaTypel ye He Oymer rubkuM.

I11. CETYATBIE IIOJINMEPBI

A. Ogmcasl M HMX TpPOU3BOXHBIE

Hax ormedasoch B 37101 r;1aBe, 0 MHOIMX HEOPTaHMYECKUX IOJIAMEPAX HE yHO-
MAHAJIOCh PaHee BCJEACTBHME TPYAHOCTH HX HAeHTHUKANuM B ¢opMe IpoMe-
MYTOYHEIX DPOXYKTOB pearknuu. OpgHako Gollee BayKHOH UPUIHHON CiIegyeT
CIHTATh TO, 9YTO OFPOMHOE YHCJIO HEOPraHWUeCKHX IOJUMEPOB IPeACTABIAIOT
coboii aMopdHEIe TpeXMepHHEe CeTKH, MJIA KOTOPHX eme He paspaboTaHE COOT-
BeTCTBYIOINME METOMAB M3yUeHHUs Hajke B TOM CJiydae, KOTAA XOPOIIO M3BECTHH
IPOMBIILIEHHbIe OPTaHWIeCKHe HMOAUMEDPH 9TOro THHa. Tak miInm mHade, UMeeTcs
BCe JKe 3HAYMTeNbHAS JUTepaTypa o ceTY4aTHM MOoJMMepaM Ha ocHOBe docdopa,
HECKOJBKO pPasHOOOPA3HHIX IPUMEPOB KOTOPHIX IPHUBOJUTCA HILKE.

1. I[Iamuokruce gocghopa u Opyeue e2o0 orucas

ITatunokucs pocpopa P,O; maBecTHa B Bume pama MoguMKANMil B TBePLOM
H SKAJKOM cocToAnnu. V3 Tpex KpHcTAXIumIecKux MoZuQUKAnuil IBe sABIAOTCH
JIEHTOYHBIMI HOJIMMeDPaMH, CeTYaThie CTPYKTYPH KOTOPHX NOKAa3aHH HA puc. 24.
B O-¢opme umeroTcs Gonpurne Koabia, cogepsramue 10 aromos gocdopa u 10 ato-
moB Kucaopona [20, 41], Torma xaxk B O’-gopMe ciemiennble KOJbOA COCTOAT
ns 6 aromoB docdopa, depenyromuxcsa ¢ 6 atromamu kueaopoga [64]. Bo Bcex
Pa3HOBHAHOCTAX mATHOKMCH ¢ocdopa Jaumelii atom ¢ocdopa TeTpasgpudecKu
OKPY’KeH 9eTHIPbMs aTOMaMH KHCIOPORA, TPHU W3 KOTODPHX OH JEJIWUT C COCeTHUM
terpasapom PO,, mpudeM KajkAblit KUCIOPOH cO cBOMM TeTpasgpoM. Murepecuo
OTMETHUTH, 9TO TINATEIBHOE PEHTTeHOCTPYKTYypHoe mcciaemoBanue O-Gopmer mora-
3KIBaeT, 9T0 aToMbl docdopa M KHCIOPOAa MMEIOT o0IHe 3JeKTPOHE M He HOHU-
suposansl [20].

OO6reranas crabuiapHas sKugKas ¢gopma martmorumcu docdopa, HO-BHIMMOMY,
ABISETCSI BEICOKONOJIMMEPHOU Monmduranmeil, Kak mokasamo ma pme. 25 [27].
W3 sroro rpadura MoMKHO BUAETH, 9TO IeKCATOHAJBbHAS KPUCTAINICCKAS MOJU-
¢uranus, umeiomas ¢opmyay P,0,,, maasurTcs, o6pasys Npo3padHyio sKUIKOCTH
C BEICOKMM JflaBJeHHeM Ilapa, KoTopas OHICTPO IpeBpailaeTcsi B CTAGHIBHYIO
JRUJKOCTD ¢ ropasfo 0oxsmeil BA3KOCTHI. ITa cTa0MiIbHAA KUTKOCTH, BEPOATHO,
cocTonT u3 Goabmux MoueKyx. Ilpyras BrcOKomoimMepHas (OpMa TATHOKUCH
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IpefcTaBisgeT co00il CTeKIOBHAHOE BEMECTBO M, KAK CIUTAT, UMEET Tpexmep-
HYIO CeTIATYI0 CTPYKTYPY.

O6runas rexkcaromainpHaa Mmogudpumranmsa usatuoxucu ¢ocdopa P,0,, mpm
TOIATeNbHOM DPACTBODEHHMM B JeNAHON Bofe HaeT HPEUMYMECTBEHHO LHKJIHYe-

0'- ®opma

P m c. 24. CrpykTypH aByx pombmueckmx $opm marmoxmcm QocPopa [75, crp. 218].
Bensle mapu — aroMel ¢ocdopa, 8aTeMHEHHHE IIapH — ATOMEI KMCJIOPOMA.

cknit Tpumeradocpar [116]. C ppyroit cTopoHH, B Tex jKe CAMHX YCIOBHAX
BHICOKOMOJMMEPHEE PAa3HOBUAHOCTH NPHUBOAAT K HOYTH HEMOABWKHEM docda-
TaM Ha 6yMasKHOIl XxpoMaTorpamme (T. e. K CTPYKTypaMm, uMeiomuM GoJbiie gecs-
Tn aroMoB ¢ocdopa B MOJeEKYIe).
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NmeeTcss Takke BHCOKomoimmepHas ¢opma Tpexoxumen ¢ochopa P,0;
JKEJITOTO I(BeTA W IO PEHTTeHOCTPYKTYDHHM AamHEIM amopdras [8, 122]. Hern-
pexokmch gocdopa ¢ smmnmpmieckoir popmymoit PO, Tarke MosxeT OHTH BEICOKO-
noxnMepHO# Mopmdpmranmeir. Kpome Toro, cymecrByeT psl aMOP(HHX BemecTs

1/T°K
00010 00012 00014 00076 Qo018 00020
10000 T T CX T T T
<

Tpoidnas mourxa

00

Aaenenue napa, mm pm.cm.

Memacmabunsnas
pomobuvecsast popma

10 1 1 1 1 | 1 !
700 600 500 450 400 350 300 @ 250 200

Temnepamypa,°C

Pmec. 25. [JlaBmeHusa mapa TpeX KPHCTAIAYECKHX H ABYX JREAKUX (opM IATHOKACH
¢docdopa [75, crp. 219].

HEONPEeJIeIeHHOTO COCTAaBa, COJePIKAIMX 3HAIATEJbHHE KoiamiecTBa ¢ocdopa
u kucaopona. OHM, HECOMHEHHO, ABIAIOTCA CETIATHMH IMOJUMEPAMH, HA KOTODHe
o0pamaioch MaJT0 BHUMAHWA, TAK KaK HAKTO He 3HAJ, 9TO ¢ HUMH JlelaTh M Kak
HX HA3y9aTh. OTH (HH3IIAE OKHCJIHY OOHYHO MMEIOT KPACHHN WM JKEJTHI IBET
¥ HepacTBOPWMEL BO BCEX WM3BECTHHX pacTBopmTensax. OHAM MOTYT ropeTh Ha BO3-
OyXe OpPH IOBHIIEHHHX TeMIeparypax.

2. Coedunenus gocgopusa sdasu om mouku 2eaeo6paA306aHUS

Kax mokasamo ma puc. 5, 9, 10, 11 m 22, cymecrByer mupokas o6aacTh
CeTUATHX IOJMMEPOB HA OCHOBE PABIWIHHX IPYNO (OCPOPUIBHEIX COeNHHEHUH.
IIpemenbHEIM caydaeM BceX STHX aMODPHEIX CHCTeM SBISETCA CTeKJIOBHAHASA
narrokuch pocpopa. Hak oTMedasocs pambime B 5TOM riaBe, KOTAA CTPYKTYPHASA
mepecTPOMKa BKJINYAET HM3MEHeHWe (YHKIUOHAJIBHOCTH CTPYKTYDHHX eIAHMUIL,
KasK[aA rpynna coeffMHeHMi uMeeT 06IacTh COCTaBa, B KOTOPOi HAHIeHK CeTIATHE
monuMepsl. MccneqoBarme pacmpefielleAns CTPYKTYDHHX eIWHAN Kak QYHKIHA
cOCTaBa JaeT BaJKHEE CBEJEHMSA, OTHOCAI[MECA K CETIATHIM HOJAMEpaM, 9TO
WINIOCTPAPOBAHO JaHAHMHU pasgena [1.

ITepexoxsr B Touke reseo6pasoBamms OPOMCXOIAT B JKANKOCTH, [Aake KOrma
CKOPOCTh HePECTPOilKM B JKMIKOCTH BHICOKAa. ITO WILIOCTPApyercsa pmc. 26,
KOTODHI IOKasHBaeT fABHO BHPAKeHHOe H3MeHEHWe BA3KOCTH B TOUKe rele-’
o6pazoBaHmsa Kak s paciuiaBieHAsx $ocharoB HATPHUA, Tak # A PochopHHX
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kucaor. U3 sroro rpadmka ciaemyer, 9TO TOUKA rejeo0pa3oBaHmsA IJiA IOJU-
dochoprHx KuMcaoT mHaxopurcs mpu R ~ 0,94, a gna momudochaToB maTpua —
R ~ 0,95. 9Ty 3HAYEeHWs COOTBETCTBYIOT HECKOJBKUM CONPHAKEHHEIM KOJIbIAM
6eCKOHEYHHIX CeTIATHX IOJHMEPOB B TOUKe rejieoGpasoBaHmA.
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P u c. 26. ameHenme BasKoctm moimpocdatoB HaTpEA H mONAPOCHODHEHIX KHCIOT B 3aBE-
CHMOCTH OT IapaMmeTpa cocTraBa R pajaa AByX TeMmmepartyp.
A — nonudocdarer Harpud; B — noaudochopHEle KHCIOTH; — — — — JKCTPANOJIMPOBAHO.

3. Cemuyamue opmogiocgpamur

Cormacuo ompefenenuio, opropocdar mpepcraBiageT coboil COIb, UMEIOMIYIO
mo bBepnenuycy d¢opmyay 3M;0-P,05 rme M — oZHOBAJIEHTHEI MeTaull.
Bo mmorux oprodocdarax mmerorca mpocrsie aHuoH PO~ m Meramusl, sBisio-
muecs KaTHMOHAMM, OOBYHO € OTHOCHTEIHHO OONBIMUMH KOOPAWHANUOHHKIMHA
guciaamu (HanpuMep, 8). OfHako HeKOTOpHEe opTodocdaTH ABIATCA CMELIAHHbI-
MU OKHCJAMH. ITO B 0CO0eHHOCTH BepHOo Axas oprodocdaros 111 rpymmer mepuo-
ImUecKoil cmcTeMH, HanpuMep mas docdara Gopa BPO, [96] u docdara amio-
munug AIPO, [107]. Ilomo6moe momokenme waiifeno u nuas ¢ocdara Kenesa
FePO, [14].

Haiigeng, aro B kpucraane BPO, paccrosmua P — O m B — O. paBum
1,55 u 1,44 A coorsercrBenno [96]. B BAsO,, Kotopsiil n3ocTpyKkTypeH gocdary
G6opa, paccroaaume B — O memmoro Gonrme u paBuo 1,49 A.Cxemarmgeckn
CTPYKTYPY MOKHO HPEJCTaBUTH CJIELYIOMHUM 00pasoM:

H T.A. H T.4. H T.A

.0 X 0
H o) H o ] : 0
. X [ Os o Xe .
KT120XPEO:B2OXPEO:ura (18)
e o o 0 o X .
H 0 H H 0 H : o H
L Xe 0o

H T.A. H T.4. H T.4.

rme X — 3JEeKTPOH, OTAamHbli atoMoM P, o — 3aeKTpoH, organusii atomom B,
U . — 3JeKTPoH, oOTHaumbil aromom O, DpwdeM Bce HIEKTPOHEI TOYHO HKBH-
BajeHTHH. llocpemcTBOM O00INEro MCIOJB30BAHHA 3IEKTPOHOB MOKHO, TaKAM
o6pasoM, IpeCcTaBUTh, 9YTO ATOMH 6opa u docdopa (Kamaril B sp’-rubpunusanum)
CBS3aHH O-CBA3AMH (OPAMHAPHHIMU CBA3AMH) ¢ YeTHPBMA aTOMaMH KHCJIOPOAA,
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TETPAad[pPUYECKH OKPYKAIMUME KKAHNE #3 HuX. YacTh TAaKOro KpHCTAILIA
II0OKa3aHa Ha cXeMe B Bufie ABYXMEPHON HpPOeKIHWH IpH 00HYHOM 0003HAUCHHEH
OpAWHAPHOHW CBA3WU:

(0] o o
O—II’—O—]I?»—O-—Il’—O

(I) (I) (l) 19
0—113—0—»]|?—0 nT q

o b

Opuaxo paccrogane P — O, pasHoe 1,55 A, coorsercryer npuMepHO /3 n-cBA3R
Ha OJHY O-CBA3b. JTO MOKHO OOBSACHATH MOCPEICTBOM MEXaHM3Ma, NMOKA3aHHOTO
HIOKe, Te aroM Gopa npuoOpeTaeT MOJOKHUTEAbHHI 3apafg, a rpymma PO, —
OTPHMIATeNBHEIA 3apsl, KOTODHI, HECOMHEHHO, pACIOJIaraeTcsi HA AaToMax
KHCJIOPOAA:

? 1
0_,'?+ 0 p0 (20)
O O

'

Takoit mMexammsM monyckaer gHaiawame fn-cBasu B rpymnme PO,. Xora Bamanue
o-cBsizn 6opa Ha JIHMHY CBfA3H He TAK XOPOIIO W3BECTHO, Kak BamsaHHe docdopa,
0Ka3aloch, 9TO M3MepeHHasa miamuEa cBasu B — O, paBmas 1,44 A, memnoro
MeHBIIE OKUAAeMOil AJisi o-cBAsu 6Gop — Kuciaopof. MokHO mpefcraBuTh ceGe
nomo6HOe, HO 3HAYUTENHHO MeHbIIee YKOPOYeHWe I-CBA3BI0 MEKATOMHOIO pac-
croarusa B — O, Kak a1o onmcano fasA cBasu P — O, HO 9T0 KaKeTcA He BIOJHE
BEPOATHHIM W3-3a GOJBIION 3aTPaThl SHEPIMU IPH UCIOIb30BAHWA d-0pOHUT 3ie-
MeHTOB BTOpDOro mepmopa, mHampumep Gopa. IloaTomMy BoO3MOMKHOE yKOpOYeHWE
MesKaToMHOro paccrosgaua B — O mo cpaBHeHUIO ¢ cyMMapHO# ¢-¢Bsisbio B — O
HOJKHO OHTH 0GYCIOBIEHO TiIaBHHIM 06pazoM KoMOHWHAIMeEH KOBAJIEHTHHX CBf-
3eil M CHI KYJIOHOBCKOTO B3aMMOMIEHCTBHMA MeKAY HOJOKHTENBHO 3apA’KeHHEIM
aToMoM 00pa M OKPYIKAOIMMMH ATOMAaMH KHCIOPOAA, KOTOPHE HeCYT 9acTh OTPH-
narexsHoro sapsaga. Ciemyer oTMeTuTh, 9T0 o6pazoBanue n-cBazu P — O u comyr-
CTBYIOIIee OpHOOpeTeHMe IOJOMKUTENbHHX 3aPAXOB aToMamMu (opa ¢ pacIpefe-
JieHneM OTPHIATENbHBIX 3aPAM0B HA ATOMAaX KUCIOPOAA HAKJIAAKBAIOTCA HA OCHOB-
HYI0O CTPYKTYpPY O-CBf3eil, kKak mokasamo Ha cxeme (19).

Kax mosxn0 G110 03%UAaTh, GocdaT Gopa — HEOOHTHO CTAGMIBHOE BEMECTBO.
Takxum o6pasom, xors uu B,0;, am P,O; He 09eHb TyromraBKy Jaske B MX IHOMW-
MepHHEIX dopMax, docpar Gopa me mcmapsieTcs ¢ 3aMETHOH CKOPOCTHIO, IOKA TeM-
neparypa He gocruraet mpumepno 1450° [45]. Kpome Toro, docdar Gopa mommen
UMeTh OTHOCHTEJIbHO HW3KYK CBOOONHYIO ‘HEDPTHI0, TaK KaK OH ABIAETCA CTa-
OunpHOM GOPMON B mpefenax oueHb GoAbION o6macTu TpoiHO# cucteMu B,O; —
— P,0; — Si0, [26] u MomeT TaK:Ke ocaMkmaThbcAs W3 BOTHOTO pactBopa [62].
B orHomenunn BzamMopeiicTBHA Mexmy Goparamum u dochaTaME MHTEPECHO OTMe-
TUTH, UTO MMEIOTCS HeKOTOPHE J0Ka3aTeJbCTBA cymecTBoBaHUA OopodocdaTHEX
HOHOB B KOHIEHTPUPOBaHHOM BomHOM pactBope [60, 61]. Takme wons, BeposATHO,
CTPYKTYPHO pofcTBeHHH ceTke B — O — P, maiimemnoit B oprodocdare Gopa.

Hax ormeuamocs pamee, kpmcrajminueckas crpykrypa BPO, momoGua cTpyk-
Type Si0,, B KOTOPON KPMCTAIH UCKAyKeHK, KaK B BEICOKOTeMIepaTypHOil dop-
Me kpucrobammra. Oxmaro usocTpyrrypHas cBasp Mexny AlPO, u SiO, smaun-
TeJBHO 0OJbINe, NPUIEM WMeeTCs HelOoCPe[CTBEHHAS AHANOTHS MEKIY BCEMH
ceMbI0 KpucTamamdeckumu Mopudpnraruamn SiO, u ToJOOHEME MOTHPHUKATUIME
AlPO, [5, 44, 52, 129]. Kak noxasamo ma pmc. 27, TeMIepaTypsl mepexofa AJs
AlPO, mecroapro mmmke, weM gasa SiO,. IlomoGHH He TONBKO SKBUBAJEHTHBIE
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¢$OpMH, HO ¥ IpeBpamenne OTHOU GOPMEL B JPYryI0 TaKsKe IOKA3HBAET OTYCTIIH-
Boe cxoficTBo. Takmm oGpasoMm, mpeBpameHHs KBapna B TPHAUMHT, TPHIAMHATA
B KpHcTo6ajmT W 06GpaTHO IPOMCXOAAT MeIJIeHHO ¥ IPOSBIAIT [HCTEPE3HC,
TOTflA KaK Nepexof BEICOKOTEMIEPAaTyPHOH (OPMH B HU3KOTeMIepaTypHYIO,
KOTODH He BKJIIOYAeT IVIABHHX CTPYKTYDHHX IEPeCTPOEK, MPOHCXOJHT Jerko.
ABalorum4nke pesynbTATH HAWJEHH AJsA NPeBPAIEHUN MeKITY SKBEBAJEHTHHEIMI
dopmamm AIPO,. Onrako cxopctBo Mesxny AlPO, u SiO, me pacmpocTpamsercs
Ha pacmiaaBe. llmaBu B cmcteme Na,O — (AIPO,-P,0;). sHaunTensuo MeHee
BA3KW, 9eM SKBMBAJeHTHHe IIaBH B cucTeMe Na,O — SiO, mpm Toit ske TeM-
neparype [22].

8154£4° 1025:+£50°
Bepnmenatr <« TpmammaTHEas gopMa <5

586+ 2° 93432 1305 (2)
f«—"a Be——ac——sap

1600°
<——> KpucrobannTras gopma L-ﬁ AlPO,-nnaB
-]
B 240£8° o | Baxanxa
Ctexao (?)

867° 1470° 1713° .
KBapy <«——»  Tpmaumar <« — sKpmcroGannT <« —» SiOy-naas
573° 117° 163° 220—270° | 3akank
B < a Be——ayc——say pe——a o aKa
TERJIIO

P mc. 27. Ilepexomu ¢opm kpmcTamIAdeckoro opropocaTa aMOMHHHEA B CDaBHEHAH C Hepe-
xofama GopM H3OCTPYKTypHO# AByOKHCH KpeMmAHsa [75, ctp. 424].

B nmccnemoBammax, kacaomuxcsa mogobua meray AlPO, u SiO,, gacro yka-
3HBAJIOCH, 9TO TpeGOBaHAA K PAgAycaM @ 3IEKTPOHAM HDH 3aMEIIeHHH ATOMOB
KpeMHHOs aToMaMm aJoMuHEAA 7 Qocdopa IPEeKPacCHO COBHOAJAIOT.

Iockonsky cxomerso Mexkny AlPO, m SiO, maywamocs raasmeiM oGpasom
B nabopaTopmAX KPHCTALIOrpaduyd W MAHEPAJOrWH, B GOJBUMIEHCTBE CIydaeB
B JHdTepaType BCTDPEYAeTCS COOTBETCTBYIOMAs TEPMUHOJIOTHSA, HANPUMEp NpH
0o6Cy KIeHNH MCHOAb3YIOTCA rumoTeTHdecKkme moHH Al3t, Si¢t, P&+,

Taxnm o6pasoM, aMIOMEHFAA WMeeT HA ORHMH 3JeKTPOH MeHbIme, a $ocdhop—
6onpme, yeM Kpemumi. Kpome Toro, pagmyc amomuauma 6Gojbime, 9eM y KpeM-
HEf, IOYTH HA TY jKe BeINYWHY, HA KAKYI0 aTOM KpeMHHUA Ooxbme atoMma gocdo-
pa. B mccnenosanun gacTmanoi cTpykTypH [11, 12] Geuro mokasamo, 9YTo WATEH-
CHBHOCTH OTDQ)KEHHS pEeHTTeHOBCKWX Jydell 0T ocHoBHOi# miockoctu (0003)
AIPO, mo9Tm OONHOCTHIO BEHI3BAHA KHUCIOPOTHHMM AaTOMAaMW, NpWIeM BHJIAH
aromoB Al m P mpaxkrmueckm B3amMHO KoMmeHcmpyooresa. Taxoro moBemenus cie-
I0BAJIO OKUIATH, MCXOAA M3 O0MIero TUIA 3IEKTPOHHON CTPYKTYpH, ONMHCAHHON
Bume ausa oprodocdara Gopa. Hpome Toro, B ciydae oprodochara anoMuanmsa
mMeeTCs MONOJHHUTEIbHAS BO3MOMKHOCTH O0pPA30BAHHUA T-CBA3M MEKIY aTOMaMd
alllOMAEAA H KHCIOPONA, TAK KaK d-OpOHTH aJTIOMHUHHA KaK 3JIeMeHTa TPeThero
mepmofia JOCTATOIHO IOAXOAAT [iA obpasoBamma cBaszeii. Ommako B docdarax
aJOMEHNASA He M0JKHO GHITH TAK MHOTO T-CBsseil ¢ aaoMmHueM, Kak ¢ docdopom,
TaK KaK 2JIeKTPOOTPHIATEIHHOCTh ATIOMUHHS 3HAYATEIHHO MeHbIme, 4eM y doc-
dopa.

Oprodocdar cepeGpa [40] Ag;PO, moxos ma dochatet Gopa, amoMEEHS
u sxele3a. Hasxmelii aToM cepe6pa B HeM MMeeT TOJBKQ YeTHIPe aTOMa KACIOPOXA
B KadecTBe Oamxaiimmx cocemeit (Ag — O = 2,34 A), BO moMmEMO 3Toro, KBa
aToMa cepe6pa odeHL TeCHO CBA3AHH APYr ¢ npyrom (Ag — Ag = 3,00 A mo
cpaBrenzmio ¢ 2,88 A B MeramnmueckoM cepeGpe). Paccrosmme P — O raxske
meoGmuno Bermro — 1,61 + 0,03 A. JTo paccTosHMe COOTBETCTBYET IpPAMEPHO
0,2 m-cBaA3m HA OJHY O-CBsi3b, TOTKA KAK cpefqHee 3HadeHne cocrasisaer 0,4 n-cBa-
€M Ha OfIEY 0-CBA3h s cBasu P — O B gpyrmx gocdarax.
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Heo6rarocts cTpykTypH oprodocdarta cepebpa Ag;PO, momrsepmaerca
MHOTHMH J0Ka3aTelbcTBaMd. Bo-IepBEX, 3TO COefHHEHEE KeITOro IBeTa, XOTH
GonpmuuCTBO coleil cepebpa m docdarto Gecusernr. Hpome Toro, oprodocdar
cepe6pa maer ouenb mMEpPOKMi aGcopbnuonnmii mmk [89a, 101] mpm 970 cm~?
B HHPPAKDPACHOM CIEKTpe ¥ He OGHAPYKHBaeT OOHYHOH TOHKOA CTPYKTYDHI,
cBOlicTBeHHON GonpmumueTBY (ocdaroB. IT0 yKasmBaeT HA (OJBIIOE KOJIHIECTBO
MeCT MeXaHNYeCKOTO COe[IMHeHUsA MEKAY aToMaMH, BXOJANYMHE B COCTaB
MOJIEKYJIHL.

Busuagwmr Fey(PO,),-8H,0 — apyroit oprodocdar, umeromuit HeOOHIHO GOTB-
mue paccrosausa P — O [72]. Haxk oxunamock, aroMut dpocdopa OKpyKeHbl TeTpa-
9lpaMH, a AaTOMH jKeje3a — OKTasApaMH M3 aTOMOB Kuciaopopa rpymnn PO,

SR

N

=S

P m c. 28. Ca3p Mexnay Terpasapame PO, m okrasupamu FeOg B BmBmammte [75, cTp. 425].

)

7 MoJieRyJ Boful. CymecTBYIOT pacupoCTpaHeHHKE 10 BCeMY KPHCTAIIY CJIOKHEIO
CBA3H MeIy Terpasgpamu ¢gocPopa M OKTadApPAMHE jKeje3a, IPHIEM OTACIbHEIO
CBs3H, BEPOATHO, HAXONATCSA BMeCTe TOJABKO 32 C4eT BOLOPOJHBIX CBA3eH MEKIY
rpynnamn Bogul. Puc. 28 maer mpepcraBienne o Takoii cBsasu. Ciaeqyer OTMETHTD,
9T0 HemofieJieHHEe Yriau oKTasgpoB FeOg cooTBeTcTByIOT aTomMaM KHCJIOpOZA
rpyON BOAE, IPHWYEeM aTOMH BOAOPOAA He IOKasamu. VIMerTcs jgBa TAODA OKTa-
aapoB — oxgunounaa rpynna FeOg mam O,Fe(OH,),, m mpoiimaa rpymma Fe,Oy
nnu OgFey(OH,),. Paccrosame P — O go atoma rmemopona rpynnst PO, mope-
aerHoro ¢ ommuouyHoi rpymmoit O,Fe(OH,),, pasmo 1,57 A, uro sBuasmercs HOp-
MAJBHHM paccTosindeM, cooTBeTcTBylommM 0,37-cBsA3d HA OJHY O-CBA3H, TOTHA
Kak paccrogame P — O 1o aroma Kmcaopojma, IOJENEHHOr0 Me;KAy aTOMOM
dochopa m gByma aromamm ;xedesa pBoiimoi rpymmu O gFe,(OH,),, pasmO
1,62 A. Paccrosmus P — O memxpy marmsiM atoMoM ¢ocdopa m AByMs OTHeNb-
HEME yraamum aBoitHoit rpymmu OgFey(OH,), pasmm mo 1,68 A, 1. e. paccros-
HUIO II0 CYIIECTBY B OTCYTCTBHE T-CBA3eil. 13 3THX MaHHHX cjeyer, 9TO BABHA-
HOT TpeficTaBisgeT co6oil mepexofHyio ¢$opMy OT TpPEXMEPHOr0 CMENAHHOIO
moJuMepa K IpocToMy oprodocdaTy, OCHOBAHHOMY HA HM3OJUPOBAHHKX IPYI-
max PO,. Xora B OCHOBe BUBMAHUTA HAXONMTCH ’Keje30 ¢ KOOPTMHAMOHHHIM
YACJOM MIeCTh, OTHOCHTEJIbHO HeGOJbINIoe KOMMYECTBO IN-CBA3eidl HA rpynmy
PO, n nx HepaBHOMeDHOE pacIpefiejieHNe YKAa3HBAIOT HA TO, YTO JKEJIe30 JOJKHO
UMETh HeCKOJNBKO KOBAJGHTHHX CBA3eil (kak d’sp®-rubpupa), BepoATHO HMero-
IMUX 3aMeTHHI MOHHEIT XapakTep.

ITpenBapurensroe uccaenoBanme [7] cHMATeTHYeCKHMX KPHCTANIOB ayTyHWUTA
Ca(U0,)5(PO,)s-nH,0 m popmcrBemHEX MuHEpajoB (MeTaayTyHHTa, GapEeBOro
IpPOH3BOAHOTO W T. J.) HOKA3aJI0, YTO KAMIHN aToM ypaHA OKDPYKeH IMeCTbio
aTOMaMH KHUCJIOPOJAa W 4TO KPUCTANIH COCTOAT M3 CI0eB, 00pPa30BAaHHKIX TeTpa-
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appamu PO, u oxrasgpamu UOg, cBA3aHHEIMU BMeCTe OJHHM aTOMOM KHCIOPOAA.
Mesay caoAMHM CYIMECTBYIOT GONbIive IYCTOTH, 3aIOJHEeHHEE TUApaTHpPOBaH-
HEIMA MOHAMHU KalbOMA, KOTOPHE CBOOOAHO HepPeMeImaTcsa MeXAY ciaoaMu doc-
¢dara ypama. B 5T0il CTPYKType MOHH ypaHA ¥ KAJXbLUA UMEIOT GOJBIIOE KOOP-
IMHALMOHHOE YHCJI0 KATMOHA, XOTS MOJKHO OBLIO OBl OKAa3aTh, 9TO 3TO COEMH-
HeHHWe sBjsAeTcA ypaHodochaToM KaJbIusg, B KOTOPOM ypaH Kak d2sp3-rmbpup
CBfI3aH B KOMIUICKCHHI aHMOH. B0 BceX yHNOMAHYTHX BHIOIe CTPYKTYpax ¢ocdop
#MeeT KOODAMHAIMOHHOE UHCIO 4YeTHpe M, CIeJOBATeNbHO, JOJKeH MMeTb
sp3-rubpumusanuio. Bo Bcex caydaax paccroamme P — O Gaumsko k 1,55 A.

B. JIpyrne ceryaThie mOIEMEpSI

B sToM pasgese GymeT mpencTaBIeHO HECKOJHKO Pa3sHOOOPA3HBEIX HPUMEPOB.
Vimeetcsa papg gpyrumx BemecTB, KOTOPHE MOTIAH O OHITH PAacCMOTPEHH 37ech,
HO CYMTAeTCsA, 9YTO BHIOpaHHBIe BEMIeCTBA MOKA3HIBAIOT 00mee MOJOKeHWE B BTOM
obmacru.

1. Saemenmaprnuii gocgop

W3 Tpex ammorpomwmdecKkux Momuduranuii siementapHoro gocdopa — OGemo-
ro, KpacHoro u 9epuoro pochopa — [aBe (KpacHas M 9epHAS) IPENCTABIAIOT OO0
BHCOKOIOMUMePH. Pasnuansie aqioTponudeckrme MOTUOUKALUN 3IEMEHTAPHOTO
docdopa ykasaun B Tabm. 6. Hax BmmHO M3 3Toi TabGaumsl, Bce TpH MOomuPUKA-
nuu — Oesslit, KpacHbl 1 Yepusli pochop—mumeror cyomonudpuranma. OOHIHEIR
TUO KpacHOro gocdopa yxasan B 9Toil Tabmume Kak Kpacusii I.

Hpacusiit ¢ochop o6bngno momydaror us Oesoro ¢ocpopa HarpeBanmeM
B 0co0HXx YycaoBusax. IlpomeimieHasifi KpacHHU ¢ocop mOYTH IIOJIHOCTHIO
amMopdesn, KaK M IpemapaTsl, NOJydYeHHEe B Ja0OpaTOpHMM HPH IPeBPAIEHHN
srupKoro Gesoro gocpopa mmwxe 350°. Kak u B caydae MHOTMX CeTIATHX HOIAMe-
POB, I KOTOPHX BO3MOKHEL Pa3INIHbIe aTOMHEE CTPYKTYDHL, KpacHHHE docdop,
TOJYYeHHH PA3NUYHEIMU METO[aM¥, MMeeT HeOoJIMHAKoBHe cBoiicTBa. Haiimeno,
9TO INIOTHOCTH KojeGierca mexay 2,0 u 2,4 e/cu® n HaGmoZaeMsle TeMIepaTyphl
IIaBlieHna usMeHAwTcA B npemenax 585—600°. Ilpu Bosromke miam miIaBIeHUH
CcTpyKTypa Kpacuoro ¢ocopa paspymaercda. Ilpu rompencamum mapoB, HOIy-
YeHHHIX U3 J1000# Gopmel siemerTapHOro ¢gocdopa (kpacHsiit, Gexaslil, JepHEHIIL),
Bcerpga obpasyercs Oedsiii Gocdop, TaK KaK KUJKOCTH M TAP B HOPMAABHHIX YCJIO-
BHUAX COCTOAT U3 TeX e CAMBIX TeTpasJpudecKux Moiaekyx P,, KoTopnie HaiifeH:
Jus 6eaoro docdopa. ‘

BenmepcrBue TOoro 9ro KaTanusaTOpH [Aid OpeBpameHus 6Gemxoro docdopa
B KpacHil morromanTcs aMmopdHHIM KpacHeM pocdhopoM mo mepe ero oGpasosa-
HUA, JOTHYHO NPEIION0KHUTh, YTO aTOME KaTAIN3aTOpa AENCTBYIOT KaK KOHIEBHE
TPYIIH MOJEKYJ KpacHoro gocdopa, KOTOpPHe MOKHO IPECTaBHTH B Bue GOJb-
11X, JOBOJBHO 0eCHOPANOIHO OPHEHTHPOBAHHEIX IPynn aToMoB docdopa, mpadeM
KayK[IHH M3 HUX CBSA3aH ¢ TpeMs cocequumu [53, 54]. BapuauTs sToro mpepmoso-
JKEeHUA BpeMsd 0T BDPeMeHM HOABIANNCH B JHTepaType o KpacHoM docdope, HO
ocoboe BHMMaHHe OBIO 00pameHO0 HAa HEr0 B CPaBHHUTEIbHO HefaBHell paboTe
Kpagra u Ilapuam [53]. 9t; aBropm 06BaACHALT HabmogaeMoe pasHOOOpasue
dopm m cBoiicTB KpacHoro ¢ocdopa pasIUIHBIME CTENEHAMM IOJUMEPHU3ALUH
¥ KOHUEBEIMH TPYINaMy, 9TO Bcerfa o0ycaoBiIeHo HanwdmeM mpmmeceir. Hpadr
u [lapunan ykasmBalor, uTo amopdusii Kpacuuii docdop, o6pazoBaBmmiica mpn
obaydennu Gesxoro ¢ocdopa B pasiIMIHBIX PACTBOPHTENAX, BKIKNYAET B CBOIO
CTPYKTYPY HeGobIIme KOJIMYeCTBA HpHUMecell, Colep:KamuXca B PacTBOPHTEe.
B cnydsae mpumenenms B KadecTBe pacTBopuUTeNell OpragM4ecKMX TaJOTeHH-
JI0B OpraHW4ecKMil paguKa, OO-BHAMMOMY, IPOYHO CBA3BBaerca ¢ dochopom,
TaK KaK ero Helb3s yAAJIUTh KUOAUEHWEM ¢ BOXOH, a mpu oruciaennu docdopa
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a30THON KHMCI0TON 06pasyloTCs COOTBETCTBYOIINE AJIKHI- WM apaiaPocPUHOBHE
KHCJIOTH.

CymecrBoBanue ¢opm II u III rpacmoro ¢ocdopa comurureasno. C gpyroi
croporsi, popma IV 00HTHO X0OPOIMO KPHCTAIIA3YETCA M MOMET OHTH MOJydeHa
B BOfle X0pomo C(HOPMHPOBAHHHX KPHCTAJIOB LPH MeIJIEHHOH KOHIEHCAIMA
mapoB docdopa npu 425° u gaBienun okoio 1 am. Kpucrannngeckas monudukanms
kpacHoro ¢ocdopa, KoTopas Jydme BCero M3ydeHA, OTHOCUTCH K TPHUKIHHHOM
cucreMe, mpmBefenHoii B Tabx. 6 xkax ¢opma V. Beposrtmo, oma mpemcraBiser
coGoii ¢momeroBHil docdop, «Merammmueckmity Pocop WIM, KAK YKA3ZHBAJIOCH
B pammeil mmrTeparype, ¢ocdop I'mrropda. Ilo-Bupmmomy, 3TO pPasHOBHAHOCTH
docdopa, KOTOPHHE KPHCTAIIH3YeTCA M3 PACINIABIEHHEIX METAJIOB, HAIpUMep
CBHHI]A WA BUCMYT4.

XoTsA TONHHIN CTPYKTYDPHHl aHaNn3 KPHACTAIMIECKUX pPa3sHOBUIHOCTEH
Kpacsoro gocdopa He TPOBOAUICS, DOTYYeHH W HMHTePIPETHPOBAHH PEHTTEHO-
TpaMMH IOpOIKa AJiA amopdroro kKpacmoro ¢ocpopa. Kpusas pagmamapmOro
pacupefenenns miaotHocTH [113] morasmBaer aBa raaBEmHX nmka. Ilepsmii u3
gux (mpm 2,29 A) cooTBercTByer TpeM GumKaimmm coceHMM aromaM ¢ocdopa
BOKDYT JaHHOTO aToma docdopa. Bropoit muk (mpu 3,5 A) o6bsacHseTCH HanAImEM
clemyomux OawKafimX COCeTHHWX aTOMOB, W3 KOTOPHX B CpPefHEeM IPHXOTATCH
6,7 aroma ma ommm atoM ¢ocdopa. M3 aTHX IBYX paccTOAHWIA BHIHO, U4TO YTOJ
cesasu P — P — P B amopduroM kpacaom docdope pasen upumepro 99°. Ioamar
u Cnmomerra [81] mpexmonoxwmim, aro kpacuuil docdop ABIAETCA TpPeXMepHOI
CeTKO#, OCHOBAaHHOH IJIABHHM 00pa3oM HA CIEAYIOIUX IENmAX:

P P P

/\ /\/ /
—P — P—P | P—P (21)

\/ \/ AN
P P

Heynopagouennoe ckommenne Takux Iemneil ¢ MONEPEIHKEIMA CBAZAME C APYTUMH
aroMaMu, HO He aToMaM# ¢ocdopa, B KOHIEBHX IOJOKEHHAX COIJIACYETCs ¢ Upefi-
craBuenmem Hpadra m IMapunru [53].

Yepmsnrii dpocdop IePBOHAYANBHO HOXYIATH CHRATHOM Gemoro ¢ocdhopa mpm
BHICOKOM [IaBJIGHMW U HOBHmeHHOW Temmepartype (210—220°). Ilpm sToM pmus
MOJIyYeHNs KPHCTAJLIMYECKOl pasHoBUAHOCTA HeoGxommmo maBmenume 15 000 am,
TOrJa KaKk aMopHAs PAa3HOBHAHOCTH MOKeT GHTH MOJydeHA OPH NABJICHUU OKOJIO
10 000 am [48]. Opmmaxo coobmamocs o moaydermu dUepHOro ¢ochopa u Ges
nmasiaenna [55].

PentremocTpykrypnsie gannsie [43a, 113] maa iByx ¢opm geproro docdopa
IpeacTaBieHs HAa pHc. 29 MOCPelICcTBOM KPHUBHX pPafHAIBHOTO pacIpefeseHus
maotHocTu. IlepBHe MKW A KPHUCTANIAIECKOR M aMOpq)Hoﬁ Pa3HOBAAHOCTEH
oueHb cxoxHH. Jlas aMop(HOH PasHOBHAHOCTH HePBHIil MK COOTBETCTBYET TpPeM
COCJ[HIM aTOMaM Ha PACCTOAHHMH 2,27 A. TlockoabKy KpHBas COYCKAeTCA K OCH
C KaK[oil M3 [BYX CTOPOH IMKA, COCEJHHWE ATOMH HOCTOSHHO IPHCOEJUHEHEH!
K paccMaTpuMBaeMOMY aToOMYy d)ocq)opa. Bropoit nuk (npu 3,34 A) COOTBETCTBYET
caeqyomuM GAWKAAMuUM cocegHMM aTroMam. V3 3TuX [ABYX pacCTOAHWI MEMKAY
IEHTPaMu aTOMOB s amopdHOro depHOro ¢ocdopa BHIMCIEH CpPeNHUN yrod
P — P — P, pasamnii 95,6°.

Kpurcrannndeckas wepHas PasHOBUIHOCTH ABIAETCA eMUHCTBeHHOH (opmoit
TBEPJOT0 3IIeMeHTapHOTo Pocdopa, A KOTOPOH aTOMHEIE IaPAMEeTPH OIPe/ie e HEl
TogHOo. Hpucramnsl To#l pasHOBHAHOCTH SABJIAKTCA POMOMYGCKHMA W COJepIKaT
BOCEMb aTOMOB B 3JIeMEHTAaPHOU A4eiike. KprmeTamia cocTONT M3 BOJHUCTHX CI0EB
aroMoB ¢ochopa, Kammslil W3 KOTOPHX CBHA3AH C TPEMA COCEJHUMHM ATOMAMM
docpopa. [[pyrumu cioBaMu, MOKHO CIMTATh, ITO aTOMH (ocopa pacHmomaraimT-
cA B CJI0e, COCTOAMEM W3 ABYX IOJIOBHWH, HAXOQAMUXCA HA paccroanmm 2,28 A
IPYT OT Apyra. 3Ta BOJHHUCTAA CTPYKTypa m3obpaskena Ha puc. 30. Kamauit atom
pocdopa umeer aBe cBasu mox yraom 99° m ommy cBasp mox yraom 103°30". Iise
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cBa3u mox yraoM 99° HaxXomATCA B IUIOCKOCTH CJIOS, B TO BpeMa Kak CBA3b IOJ
yraom 103°30” coegunsier moaoBHHH ciaosi. TakuM 00pasoM, KaKIHil BOJIHECTHIG

20

X
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0 -
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Yucno amomos | 4 mrp(r)

1 I i 1 1 1 n | n 1 n 1
0 ! 2 3 4 5 6 ,
Paccmoswue mexcdy yesmpamu amomos, A

P mc. 29. KpuBHe pajuaibEOTO pacHpefelieHEA IIOTHOCTH Jus depaoro docdopa [68, 113].

amopdpHasa ¢opma; — — — — KpuUcCTANIMIECKaaA (opMa; BePTUKAJIbHEIE JIMHUM — YHUCJIO aTOMOB
B DA3IMYHHIX MJIIOCKOCTAX KDPHUCTAJUIMIECKOro depHOro gocdopa [75, ctp. 971

CJIOH COCTOMT M3 FMTAHTCKON MOJIEKYJIH C COCeHUMHE CJIOSAMY, CBA3AHHEIME BMECTe
ciaabee, 9eM cocefiHMe PAJE aTOMOB B TOM jJKe cioe. Hak ¥ cieoBalo OKUMATH,

@)

P mc. 30. Pacnomoskennme aToMOB B BOJNHHCTHIX CJOAX KpHCTaJIM¥eckoro gepHoro docdopa
[75, crp. 98].

KpucTaJindecKuil YepHHA ¢ocdop mMeeT demyiidyaToe CTPOeHHe, OTIACTH HANO-
MHHAIOMee CTPOEHUe CIIOAH M rpadura.

2. Hoaumepnvie cyavgudv gocgopa

KHax wm3BecTHO, mMMeeTcsaA IIACTHYHO-3IACTHIHAA (HOpPMA CEepPH, HO BO3MOIK-
HOCTH BKJIOYEHHS B TAKYIO CePY 3HAYATENHHHX KOJIMIeCTB focopa obcyskmanracs
odeHb Majo. B aToM pasjene GymeT mOKasaHO, YTO MOJMMEDPHHEE CTPYKTYPH IpPU-
CYTCTBYIOT B pacmiaaBax (¥ B aMOPPHEIX TBepPAHX BemecTBaX, MOJYYeHHHIX HpHU
OXJIQKIeHNH BTHX PACIIABOB) ¢ MOJAPHHM OTHOIIEHHEM COCTABOB B Ipefenax
0 <P/S < ~ 0,4. Ognaxo nepep o6eysxnermeM cucreMsul docdhop — cepa Heo6xo0-
JUMO KPATKO PACCMOTPETh MMEIIMuecHd JAHHHE O IOJMMEPHON HpHpOje FRUIKOM
CepPH W CepH, MOJyYaeMONl HOPH OXJaKIEHHU JHKUIKOCTH.

HKaxk norasano ma puc. 31, Baskocts [4, 88] pacmiaBiesHo cepH mpoxogaT
9epes ABHO BHpakeHHK N MakcumyM npu 170°. IIpu GECTPOM OXIasKIeHAN HKATKO-
CTH OT TeMIepaTypH Bupefenax 160—250° moayvaercsa BHCOKOIIACTHIHAS 3IaCTO-
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MepHas ¢opMa amopdHOil cepsl (HazmBaeMoil S,). 9Ty IIACTHYHYIO CePy MOKHO
BHITATMBATH B BOJIOKHA, 00JIajfalomye 3HAYATENBHON HPOYHOCTBIO IPH paCTAKe-
Huu. B pesynpraTe peHTTeHOCTPYKTYpPHOTO MccaegoBanusa [69] stux pacramyrsix
BOJIOKOH 0GHAPY’KeHa BOJOKHHUCTAS CTPYKTYPa, COOTBETCTBYIOIAS 3JeMEHTaPHOMR
Adeiike, cocrosmeil NpubauauTeabHO U3 112 aTOMOB ¢ MOBTOPAKMUMCA PACCTO-
rueMm 9,26 A BIoab ocu BOJMOKHA. B COOTBETCTBUH ¢ JaAHHBIMY [IJIsI PYTHX PACTAHY-
‘THIX BOJNIOKOH BOJIOKHUCTAs OPUPOIA MIACTUIHOMN CoPHL JOMKHA OBITH OIPeeIeHHO
00BbsICHEHA  XapaKTeDHBIM HPHUCYTCTBHEM
OIUHHHEX Iemneil u3 atomoB cepu. Ilommur
TPEIoJ0MKMI, 9T0 HOBTOPAIOMANCA AUeiiKa
B LlelIAX M3 aTOMOB CepHl, HAlifleHHAs B Iia-
CTHYHOH cepe, HIpeAcTaBisgeT co6oil ABYX-
251 6ec.%P BHTKOBYIO cmupanb u3 cemu aromos [80].
CocraB pacmiaBieHHO# Cceps OB BEHI-
YicieH KaK (QYHKIUMS TeMIepaTypH ¢ yde-
TOM MHOTOYHCJIEHHHX 9HKCIePUMEHTAIBHHX
naauuX. [locmennue 3 mONy9IeHHHX pe3yib-
7 tatoB [80] mpencraBmenst ma puc. 32. I'pa-
75’ duK moKasHBaeT, uTo OOpasoBaHUE CEePH C
0  [OAUHHBIMM LEOAMH HAYWHAETCSA IPH KPUTH-
gecKoll Temmeparype 159° m yBemuumBaercs
¢ TOBHIIeHMeM TemmepaTypsl; npu 350—400°
IJMHHBIE Henn 00pasyoTcs Npulban3uTe bHO
y 60% Bceit cepri. Bruro mpoBemeHo Taxske
N HECKONBKO OIpeJeleHuil cpelHeill IJIHMHE
nenu momumepa cepsl. Ilockomsry 0,02%
Yucmurii gocpop (P, ) HMOJIa YMEHBINAIOT MAKCUMAIbHYIO [UINHY Henn
001 \ OpY MAKCUMAJIBHOHN BASKOCTH TPUOGIN3NUTENb-
S S | 1 1 {
25 50 1007150 200 300 500
Temnepamypa,®C
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Ho B 16 pas, mepBOHAYANBHYIO MIUHY IEeIH
CepH MOKHO BHYVCINTH HA OCHOBAHUH TOTO,
9TO MO PaspyliaeT Ielb; MeXaHHU3M DTOTO

P uc. 31. Usmenmenme BABKOCTH 9H-
cToiiJcepH, wgmcToro ¢ocPopa m pas-
JUYHHX HUX cMecel B 3aBHCHMOCTH OT
TeMmepatypsl [75, cTp. 238].
Cnenyer OTMETUTBH, YTO HJIA TAKUX CMeceit
BHAYEHMA ATOMHBIX IIPOLEHTOB JMIIb HEM-
HOro GoJibIme 3HAa4eHNil BeCOBBIX MPOIEHTOB.
Temneparypa (°C) HaHeceHa Ha mMKajay
ofpaTHRIX BeIWYIWH abcoyTHON TeMmiepa-

Tpolecca B3aKJI0YaeTCA B NPHCOCKUHEHUH
OJIHOTO aTOMa WMOJa K KayKAOMY KOHILY pas-
pymenHoii nemm ceps. V3 aToro cienyer,
9TO0 CpefHEYMCIOBas [JIMHA Wenu MoJuMepa
CepH IPOXORUT dYepe3 MAaKCUMyM (IpHUMEpPHO
10% aToMOB B Ilen¥) IpPH TeMIepaType OKOJO
170° [33].

TYPBHL. XoTd TOYHOCTH OBLIA HEZOCTATOYHO

BHICOKA [JIA NPENU3NMOHHEIX OIpeeleHuil,
H3MepeHHsA NapaMarHNTHOTO DPE30HAHCA JKUAKOA cepHl IOKA3ajy, 9TO UHMCIO
cBOOOIHEX pafuKaioB npubnusureisbao paBHo 107% moaw/v npn 200° u yBeanun-
Baercst B 100—200 pas B nnTepsase temmeparyp 200—375° [32]. B mpepmososse-
HOU, CHeNaHHOM TeopeTndecku [33], 9To memm mosmMepa cepsl OKAHUYHBAKOTCH
CBOOONHBIMK PAgWKaJaMU, U3 MAHHBIX IAapaMaTHUTHOTO PE3OHAHCA CiedyeT, 94TO
CpeJHeUncIoBag CTelleHb TMOJUMepusanuu npubamsurenabuo pasma 10°.

W3 maunwix mo Baskoctu [64, 88] maligeno, 4o AIUHA CerMeHTa B pacIuiaBax
cepsl paBaa npuMepuo 20 atomaM, a o6mas cpefHeBeCOBAs [JIMHA [ENH COCTOUT
opubausurensro n3 1,2-10* atromos ceps. MHTepecHo oTMETHUTH, 9TO JIJIMHA Cer-
MEHTAa, HOJYJIeHHAs PN IPUMEHeHNN YpaBHeHUs JTBella K JAaHHBIM II0 IMOBEPXHO-
CTHOMY HATSIJKEHUIO PACILIaBOB cepdl, paBHa 18 aromam. OGpaGorka [89, 99, 100]
SKCTPANMOJNPOBAHHBIX JAHHHX IO YJIACTHIHOCTH OXJAKIEHHON CepH HA OCHOBE
Teopuu [1] BEICOKOIi bpaacTM4HOCTM TNPWBOAUT K 3HAYeHHI0 npumepHo 103—
10* aToMOB cepHl B CpeJiHeM «CBOGOTHOM» CerMeHTe eIl MesKAY ABYMA (UKCHPOBaH-
HBIMH TOYKAMH DJIACTUIHON COTKH (TaK HAas3bIBaeMas «gyra peureTkm»). Ilockombry
OXJIa}K[eHHas cepa, He coflepsKamas fo6aBOK, TeIeT 0YeHb JIerKo, SKCTPANOIAL -
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€if o Hyaesoro cofgep:xanusa Gochopa MONyIeHH JaHHEE IO IACTUIHOCTH CEPHI,
cofiep:Kaeil pasiudHEe KojxuwdecTBa ocdhopa. OTH Pe3yABTATH, B3sATHe BMecTe,
MOKAa3kIBAIOT, 9TO EMK CePH IIPOYHO CBA3AHE BMecTe Hpubausutensuo B 100 Tou-
®ax mo [JiuHe cpefgmeil memu, cocroameit mpubausutenabuo us 108 aTomoB cepsl.

100
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xoneya
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T T
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P mc. 32. VsMeHeHme cocTaBa JKUAKOM cepsl B 3aBHCHMOCTHA OT Temmeparypel [75, ctp. 239].

Hak mokasamo ma puc. 31, KpuBEe 3aBHCEMOCTH BA3KOCTH — TeMIepaTypa
pacmiaBoB gocpop — cepa [2], mo-BuguMoMy, TpoXogAT Yepes3 MaKCHUMyM B obJia-
ctu coctaBoB o1 O mpumepHo 1o 30% P, cooTBeTcTByOImEH MOIAPHOMY OTHOMIE-
auo P/S 0—0,44. 1o monsiproro oraomenusa P/S oroxo 0,35 mabuogaercsa odeHb
HE3HAYNTEJIHHOE YMEHbIICHNE BSZKOCTH paciiaBa ¢ocdop — cepa. B obmacrw,
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Codepxcanue P @ cmecu P-S, cec. % Temnepamypa ,°C
Pumc. 33. Yopyrag pepopmanus Boio- P mc. 34. JlepopMaums BONOKOH CepHI,
KOH IIaCTHYHON CepHl, cofepskaeit doc- cofepsRaliell  pasNM4HBE  KOJHATECTBA
$op, opm Harpyske 1 ke/cm? [75, cTp. 240]. docdopa, npm Harpyske 1 xe/cm? B 3aBH-
Monyap yupyroctu (xe/cm?) NpHOIM3NTENHHO CHMOCTH OT TeMmepaTyps [75, crp. 240].

paBseH 100/crenenp pedopmauuum, %.

e Monsipuoe otHomenue P/S yBeamausaercsa ot 0,35 mo 0,55, MaKcuMyM Bs3KO-
CTH ¥CYe3aeT, TaK 9TO MOIKHO 3AKJIIOYINTH, YTO MIMHHOIENOYeYHEE HOJMMEpPH
(c momepevYHHIMYU CBA3AMY U 03 HUX) MPAKTHYECKH NCYL3AI0T 1 9TO JKATKOCTD COCTO-
HUT B OCHOBHOM U3 He0OJBIIAX MOJEKYJ, BEPOATHO KIETKOUOXOOHOH CTPYKTYpH,
HabaiomaeMoil Ny KpuUCTALINIecKux cyabdumoB docdopa.

Har yraseiBamoch BhIIle, 3IaCTHYHEIE CBOMCTBA 3aTBEePJEBINEil S, MOKHO
crabunuaupoBath JoGaBieHneM HeGoabImoro kommiecTBa docpopa. Ha pume. 33
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NpeCTaBJeHsl MOAYAHA YOPYrOoCTH BOXOKOH, NOJYYeHHHX N3 OXJIaKNeHHHX
cMeceil cepa — ¢ocdop B 3aBmcHMoOcTH OT comepsxamma ochopa [84]. Cuemyer
OTMETHTH, YTO MOAYJIH YIOPYLOCTH YMEHBIIAIOTCA OYeHH OBICTPO C yBelMdeHHEM
comep:kanusa dochopa. B To Ke BpeMsa BemecTBO CTAHOBHTCA Oojlee XPyDKAM
¥ IJIACTAYHOCTh CMUIBHO YMEHBINAETCS, TAK 9T0, 09eBHAHO, ocop «ByIKaHUBYyETH
9JIACTHYHYI0 Cepy WIOYTH TaKmM ke 00pasoM, KaK cepa BYIKaHU3yeT KAyIYK,
T. €. HOCPeICTBOM HONEePEYHOr0 CBA3HBAHMUSA JJIMHHHX Iemeil. Byaxammsyomee
neiicTBue ¢ocdopa serde Bcero MPOABIAETCH OPH YMEHBINEHHAW IIACTUIHOCTH.
B 1o Bpemsa Kak cepa, OXJajKJeHHAsA U3 PACIUIaBa, AMEBIEro TeMIEpPATYPHl BHIINE
160°, HaCTOMBKO MIACTAYAA, 9TO PAKTHICCKE HEBO3MOIKHO HPUIOKUTE U YIAAATH
nepopMupyomee ycwive Ge3 MoAy4YeHHS MOCTOSHHON medopManuu, HoGaBieHHe
Heboabmoro KoxmdecTBa dochopa yMeHBIIAET TEKYIeCTh HA XOJIOLY A0 He3HAUH-
TeJILHHX BeJIMIAH IPH TeX e TeMIOepaTypax, TaK 9T0 B OOHYHOM SKCIEePHMEHTE
OpA CHATUU AeOPMUPYIOmMEro ycwins RepopMamds HOJIHOCTHI0 HCIE3AET.

Ha puc. 34 morasama ympyras (o6parmmas) pgedopmanma Ipu HArpysKe
1 ®e/em® pus papma. cMeceit cepu ¢ docdopom. Kpusrie, cooTBercTBynomue 2 m
3 Bec. % ¢ocdopa B cMecu, HMEIOT MIATO, B 0GIACTH KOTOPHX MOAYJIH YIPYTOCTH
OpUOIN3UTEIFHO HPOMOPHUOHANeH aGCONIOTHON TemMmepaType, Kak aTo TpebyeT
Teopus BHICOKOH ympyroctm. Kpusas, coorBercrByomas 10% dochopa B cmecn,
$aKTUIeCKN HPECTAaBIAET KOHEI Iepexofa OT JIacCTOMEePHON CHCTEeMH K CTEKJIO-
BHHOIA.

3. Pasauunvie cemuambie nOAUMEDHL

C TOYKHM 3pEeHHA NUPENCTABIEHWIA O CTPYKTYPHOU HEePeCTpOiKe, IPUHATHX
B 9T0it riaBe (HAaOpWMep, CM. PHC. D), KOHOUHHIME WIEHAMHI TOMOJOTHIECKHUX
PAOB YTieBOKOPONOB ABIAITCA MeTaH (0PTOCOSHACHNAE) M JIEMEHTa PR YIIepo
(mosnocteio cmmrasg crpykrypa). Ilpum marpeBammm oprammYecKEX coegUHEHHH
TMPOMCXOAAT CTPYKTYPHAA IEPECTPOIKA, BKIYANMAsA IOJHOE BHYTPeHHEe Ipe-
BpalIenye JUTaH0B, HABKOMOJEKYJIAPHKEE COeJNHEHAs MCHAPAITCA A OCTAITCH
BHICOKOMOJNIGKYJISIDHEE yIiu. B IpeJelbHHX YCIOBEAX MOKeT 00pa3oBaThCH
cMech Merana u yriaepopa. Ilockoabky ceasp C — G — C saBiasercs OCHOBOR
YIIIeBOAOPOAOB, GOJNBIMHCTBO OPraHAYECKHAX COCNHHEHHN TAaK ’Ke CKIOHHH
K o6yrimBaHmio, Kak ¥ yriaeBojopons. Og4eBuino, 9acTAYHOe 06yrInBanme opra-
HUYECKOr0 COeJMHEHWS NpPeNCTaBasgeT coGON MeTOf WHOJEMEDPH3aLMH, TAK KAk
YIIH ABIAKTCA BHCOKOMOJEKYJIAPHEMHA, CAJIBHO COIATHMHA MaKDPOMOIEKYIaMI.

B oramume 0T opraEMYecKoil XMMUHW, B KOTOPON PaccMAaTPABAIOTCS TIaBHEIM
06pa3oM pasIdyYAbIe 3aMECTUTEJIA B OCHOBHON MOJEKYJIAPHOW CTPYKType yrieBO-
mopoxmos, xmmua ¢docdopa pasBmBaIach OPH HAIWYAA HECKOIbBKAX OCHOBHEIX
crpykryp. Hanpumep, umeercs psapg rpyno coegmuenmit docdopria, OCHOBAHHHEX
Ha ModeKyunsapHHXx cermentax (I). Koueunoit cergaroit crpykrypoil sToil rpynnmm
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coefmHeHUIT ABIAeTcA NATHOKHCH docPopa. C Apyroil cropoHH, 3HAUHTEIHHOE,
HO TOpa3f0 MeHbIIee KOJWYECTBO MCCIAEOBAHMN IOCBAMEHO TIDyHIAM COelH-
HeHm HAa ocHOBe cerMeHTOB I1. B 5TOM ciywae KomeuHo# TpexMepHOH! ceTIaTOl
CTPYKTypoii sBuIsieTca siaeMenTapHui docdop. Dochommrpmaxmopuanr (OHX)
¥ 3HAUNTeJbHOE KOJIMYEeCTBO HMX HPOM3BOAHHX (06HYHO IOJY4YeHHHX HEIO-
cpencreenro m3 OHX) wumeor cermemts III, m mmrpmp docdpopa P;N, — mx
KOHeYHAs ceTdaras CTPYKTypa.

-Jlas mo6oit crCTeMEl IPH TAKAX BEICOKUX TEeMIEPAaTypax, KOTJa OPOHCXOLHUT
I0JHOe BHYTDeHHee IpeBpameHHe JUraHfoB, oGpasoBanne razoo0pasHOro WIH
HepacTBOPHMOro HePecTPOEHHOTO HPOAYKTa B OCHOBHOU HEePECTPOEHHOH Macce
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TPUBOJMT K CHABHTY PABHOBECHs IePeCTPOAKH B HANPaBJIeHWA 00pa3oBaHHA rasa
WId OcasKAaomerocs IpoayKTa. B ciydae yrieBomopofioB MeTaH ABJIAETCS Ta30M
¥ yriid HepacTBODHMH B jKHJKHX YIIeBOJOPO/aX OpH TeMIepaTypax IepecTpoi-
XY, PAaBHHX HECKOJIBKHAM COTHAM rpagycoB. G npyroi cTopoHH, opTodopMa rpyn-
o pocaTHHX coJeil mMeeT BHICOKYIO TePMOCTORKOCTh, OyAydd cTabmiIbHOA mpH
HECKOJBKNX THCAYAX rpagycos. Kpome Toro, gasienne mapos P,0; nag docdar-
grMu  coxsamu, Hampummep, npm 1000° maa smagemuit R = Na,0/P,05;>1
O9eHb MAJIo.
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Pumec. 35. JlmarpaMma Temmeparypa — cocta cmcTemm H,0 — P,05 [75, crp. 590].

A — npuMepHE# cocTaB mpm 760 mm pm. cm; B — xunkaa P,O5 ¢ HM3KUM [aBJieHNeM NapoB; B — TeM-
mepaTypn KnmeHMA npu 760 mm pm. cm.; I’ — a3zeoTpomHadA CMeECh.

CrpykTypn ¢ochopa ma ocmoBe cBsaseit P — P, rme KoHeuHO# ceT9aroi
MaKPOMOJIEKYJIO fABJIAETCA dleMeHTapHH ¢ocdop, MomoGHH YrieBOJOpPOHAM
7 MX OPOM3BOJAHHIM B TOM OTHOIIEHWH, 9TO IPH HATPeBAHUH 06Pa3yIoT COBEPIIECHHO
HepacTBOPUMHIL «yroab» (amopdmmii kpacmmi docdop, cm. pasmen II1,B,1).
T'pynna rommencupoBaEHEHX GOCHOPHHIX KHECIOT HMPeACTABIsSeT WHTePeCHHIH CiIy-
9ail azeoTponnoil cMecu (puc. 35). BeposaTHo, momo6HOoe moBefeHTe OysieT HaliieHO
I TPYIN cOefMHEHNII, NMEIOIIUX B CBOel oCHOBe ApYyrue aieMeHTH (He docdop).

I'pynna mommdochunos, B KoTopoil oprocoennaenmeM spisiercsa PH;, a cer-
9aroii CTpyKTypoit — KpacHHI ¢ocdop, HATepecHA IO CBOeMY HOBeleHHI0. B sToil
cucTeMe mepecTpoiika, oxBaThBatomas cBasd P — P u P — H, merxo mpoucxo-
OUT OpHW TeMIepaType He BHIme KoMHATHON. TarmMm oGpasoM, ecam GecBeTHHH
6udocdur H,PPH, ocraButh cTOATH, cKaxeM, upu 0°, To 09eHb GHICTPO MPOUCXO-
JUT DABIOKeHHE, COMIACHO CIERYHINeMY YDaBHEHHIO:

T
(Bz—y)PoH, — (4r—2y)PH34-2P.H, mua z>y. (22)

Horpa gocdun PH, Bupmensercs npu s10it pearmun, sxugruii 6udocdun 3aMeTHO
MKeJITeeT W BIOOCIE[CTBAE B HeM o0pasyeTcs 0cafok. B KoHIe KOHIOB 0CafoK
DOJTHOCTHIO 3aTBepfeBaeT W OPHA TeMIepaType He BHIIe KOMHATHOH CTPEMHTCSA
OpHOAM3ATECS K KOHEYHOMY COCTaBy, B KOTOPOM COIep;KaHHe BOJOPOXA MOKeT
eme OHTH yMeHBIICHO IyTeM HeNPEePHBHOI'O OTKAYMBAHES ochuHa WIE HarpeBa-
gua. Ilpm ynanennm ¢ocpruua B TedeHHMe HOCTATOYHO MIATEAHHOIO BPEMEHH IIPH
KOMHATHOH TeMmeparype obGpasyeTcs aMop(HOe KelIToe BemecTBO C COCTaBOM,
COOTBETCTBYIOIAM OZHOMY aTOMY BOHopoja Ha ABa atoma ¢ocdopa. IIpn cunbrOM
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HarpeBamuu o0pasyercsi «KpacHuily dochop. Kax u cimemoBamo oxupgars, Bee
TBep/ble BEIECTBA C PA3IUIHHIMHI OTHOIIEHWSIMHU BORODPoja K $ocdhopy amopdHH.
IIpu moasipuom orHomenun H/P okomo 1/, BemecTBO MMeeT keJTHU user. lIpm
suagenuax H/P 1/, m nmxe BemecTBo mpubimKaeTcs IO IBETY K «KPaCHOMY»
dochopy. Bce arm BemecTBa mpefcTaBIAAIOT co0OI ceTYaThe HOJMMEPHI.

1V. ATPETAIIMOHHBIE HOJUMEPBI

Karnonsl ¥ aHMOHH MOCTATOYHO BBHICOKOTO MOJEKYJIAPHOTO Beca W (uim)
3apAga CTpeMATCA arjioMepHpOBaThCI B PACTBODE, M TAKas arjoMepamusa MoKeT
OPUBECTH K OYeHb GoabmuM crommenusaM. JlauHnOmemodeunwe moiupocdaT
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Pumec. 36. Cxematmueckoe mH300pakeHWe arperaoEHOTO HoiamMepa oprodocdara aiio-
muausa [75, crp. 426].

o6pasyior ocagku ¢ Geaxamu B Kucasix cpegax [10, 50, 82, 83, 95], ¢ kaTuoHHHI-
mu Kpacuteasamu [18, 128] u ¢ mocTaTouno GOABIIUMHU YeTBEPTHIHHIMA AMMOHWE-
BuimMn moHamu [73]. Bcee onu aBAAIOTCA mpuMepaMM arJoOMEpPAaNMOHHHEIX MOJHMMe-
poB. IlockonbKy GelKN QYHKIHMOHNDPYIOT IPENMYIMECTBEHHO KAK KATHOHH HUe
CBoeil M309JIeKTPUIECKON TOYKM, B3auMOHeiicTBHe MeKAY HUME M ($ocPaTHHMHI
AHMOHAMH Jy4Oie BCeTr0 IIPOMCXOAUT HUKe W303JeKTpmUecKoit Touxku. OpHAKO,
€CJIM PAacTBOP He CIWIIKOM IIeJ0YHOW, HO BCe yKe BHINIE M303JIeKTPHIECKOl TOIK,
Ha GelaKe MOKeT OBITH JOCTATOYHO KATHOHHHIX YYaCTKOB, MPUBOJAMNX K B3aWMO-
neiicTeuoo ¢ moamdpocPATHHIMHA AHMOHAMH. OKCHepHWMeHTH mNokasamu [59], wro
Iae 0o o0pasoBaHusa Oocafka BzaumopmeiicTBue gocdaToB u GeITKOB MOKET IpUBe-
CTH K 3HAYUTEIBPHOMY yBelINUeHHIO BA3KoCTH. Hak m clemoBano OKHMAATh, 4eM
BHIIIe MOJIEKYJIAPHHIL Bec GeTKa M MOJIeKYJIAPHHEI Be¢ docara Ipu JaHHON BeNH-
gune pH (amxe M309IeKTPUIECKO TOYKHU), TeM MeHbOIe TpeGyeTcs KarKIoro U3
KOMIIOHEHTOB, 94TO0K 00pasoBaJICA OCaToK. AHaloruumo 3ToMy ¢ocdaT OoTHOCH-
TeJIHHO HU3KOTO MOJIEKYJISIPHOTO Beca OyeT B3anMoIeiicTBOBATh ¢ GeIKOM BEICOKO-
0 MOJIEKYJISAPHOTO Beca, u HA00OPOT.

Hae npocroit oprodochaTHEI MOH MOKET PearupoBaTh ¢ COOTBETCTBYIOM -
MU KaTmoHaMm®, o0pasyd arperanunoHHHI mojmMep. B pesynsTaTe pacTBOpeHUs
npubaunzurenbuo 1,0—1,5 moxsn Al,O; ma 1 moan P,0 5 oprodochopras Kucmora
o0pasyeT BHICOKOBS3KYIO JKUAKOCTh, KOTOpPAs IPH BEICYIIMBAHHA NpPEBPamaeTcs
B amopdHoe TBepHoe BemecTBo [35]. IMomararor, 4To B3auMofeicTBIe MY HOHA-
MH aMOMUHEA 1 opTodochaTHHMU MOHAMHM NPUBOAUT K 0OPA30BAHHUIO TPeXMep-
HOI CTPYKTYDH, IOKa3aHHoil Ha puc. 36. YcToilaMBOCTh U CTemeHbh HOJUMEPH3a-
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U 3THX arperaluoOHHBIX HOAUMepoB Qocdara aJOMUHUA B 3HAUUTEIBHOH Mepe:
sasucut ot pH cpensi, BeposATHO, BO MHOTOM TaK¥M jKe 00pa3oM, KaK 3T0 HalifleHO
OJA H30I0Jd- 1 TeTePONOAUKMCIOT XPOMAaToOB, BOAb(PAMATOB ¥ BAHAJATOB. ITO.
moBeieHre CBA3aHO ¢ TeM (akToM, 9T0 AUPPY3MOHHHIN TOK, U3MEDPEHHHIH IPH.
moaaporpadpudeckoM ucciaegosanuu [120] nonudocparos Gapus, ykasmBaeT, 9TO-
MOJeKYJNAPHBI Bec MUTpPHpyHOImux o0pasioB koxebiercs or 103 go 10° pmus
moaundochaTHRIX AHWOHOB HUBKOI0 MOJEKylspHoro Beca. C Apyroil cTopoHH,.
Halilennble KOHCTAHTH ANPPysun monungochaTo-HATPUEBEHX KOMIUIEKCOB JINIIB.
HEMHOI'0 MeHbIle KOHCTAHT [JA NPOCTOr0 MOHA HATPUA. JTU Pe3yIAbTATH, BEPOAT-
HO, CBHAETEILCTBYIOT O TOM, 4TO [BAKIHl 3apPsKeHHEE HMOHH 0apUs CBA3HBAIT
pasaugnsie gocaTHBIe e B arperaTsl, TOTLA KAaK MOHB HATPHUs K TOMY He:
CcIOCOGHEI.

V. IPAKTHYECKOE NIPUMEHEHHNE N BBIBOJIBI

A. YecroiiunBocTh MaKpPOMOIERY

Kar u omupanocs, o6eysnenve B pasgene 111, B,3 Buecio acHocTs B 06myio
KapTUHY TepMUIeckKoil merpaganuy noiumepos. W3 uzinokeHHOro B 5TOM pasmene
cleflyeT, 9TO HEKOTOpHe coeguHeHusa Qocdopa «oOyramBawTcsay, obpasys npu
3TOM KpacHHU ¢ocdop, HuTpuan docdopa, ruapuns ¢ocdopa, OKCHHUTPHUIEHL,
¢ocpam (PN,H), miam gr060e w3 Apyrux BemieCTB, UMEINUX, KaK HOJAramoT,
CeTYATHE CTPYKTYDPH M He PACTBOPHMEIX B HUBIUUX TOMOJIOTAX OTHEIBHON T'PYIIEI
WY TPYNI COeJVHEHUIl, M3 KOTOPHX OHH IOJyYeHH. AHAIOTUIHO BTOMY, COeMIV-
HEHUs, BXONAIWE B TPYNNH, AJAsS KOTOPHX OPTOCTPYKTYpa MOBOJBHO JeTyua,
CKJIOHHBI BBIJIEJIATH Ta3kl IPU HATrPeBAHUH UX IPH atMochepHOM faBnenun. py-
rue IPyNIbl COEIUHEHUI, ceTdaTasg CTPYKTYpPa KOTOPHX MOJHOCTHIO PacTBOPHMA,.
oprodopMa ¥WMeeT HUBKYI JeTydecTh M KOTOPhE He BCTYHAT B NO0GOYHBIE:
peaxkuum, malomue JeTydue HPOAYKTH, XaPAKTePU3YIOTCHA XOpPOImeil ycroidm-
BOCTBHIO IIPU OY€Hb BBICOKMX TeMIepaTypax.

BzaumopeiicTBrue ¢ KHCIOPOAOM MIX Bjaroil oOHYHOIl aTMoceps: npu obey-
JKIeHUU YCTOWIMBOCTH He paccMarpmBaeTcs. Takoil THI B3aUMOMECTBHSA ST
MaKPOMOJIEKYJI MHOTAA MOKET OIeHUBATHCS M3 CBOICTB FOMOJIOTOB HU3KOTO MOJie-
Kyasapaoro Beca. Ilpm maydenmum HeOpraHwdecKUX IOJIUMEPOB YACTO YHEJAIOT
OCHOBHOE BHUMAHNE TAKHUM (BCIOMOTaTeJIbHEIMY WU «UCIBITYEeMEIM» CTPYKTypaM.
OJHAaKO HEKOTODHE CJIOMKHOCTH 3aKJIIYaloTCs, HANPHMEpP, B TOM, 4TO TOYKa
Pa3BeTBIEHHS NMeET YyCTOWIMBOCTD, OTIAMIAIIIYIOCSH OT YCTONTIBOCTH, CKAajyKeM,
CpeJuHHOIl TPYNIB, KOHOEBOH IPYNNH MJIH OPTOCOEAHHEHMSA. JTO CHPaBeJIHBO
B caydae ¢pocgaros (cm. pasmea 11,B,1), 11 KOTOPHX CKOPOCTH THAPOIUTAICCK O~
ro pacmemienus cBazeit P — O — P, coequHsAoomux TOYKN pasBeTBIEHUA
¢ ocranbHOil cTpyKTypoii, B 103—10? pas Goxsme, 9eM ruppoans (B TeX e ycio-
Buax) rpynn P—O—P, coegmasiomux KoHIEBHE H cpefuHHHE rpynns. Takroe
moBejienve He GBLIO NPECKA3aHO IPU M3YIEHUH BCIOMOTATEIBHOIO COSMUHEHUA.
C apyroit cTOpoHH, BCIENCTBYE HPOCTPAHCTBEHHHEX 3ATDPYIHOHUN WHOTTA MAKpPO-
MOJIEKYJIBl CTAaHOBSTCSA 3HAUATENHHO MeHee peaKnuonHocnocobaniMu. Taxkoit mpu-
Mep mpuBofuTes B paspere 11, A,3 npm oGeysxaennu rugponnsa moaudocdopuimgm-
MeTHIaMHA/O0B.

B. Herotopsie oGmpue BBIBOBI

Jlannsie, mpuBeeHHbIe B 3TOil riIaBe, W Gojiee HOAPOGHEE AaHHEE, OMyOan-
KoBauusle B kKaure «Docdop u ero coegunenus» [75], cBumeTeILCTBYIOT He TONBKO
0 TONYy9eHUHM CKAaJO0- I YIrIeHmofOOHHX HEOPraHHIeCKHX CETIATHX IOIHMEPOB
Ha ocHOBe ¢ocdopa, HO A 0 TOM, ITO PACTBOPUMEE MAKPOMONEKYJIb, KaK MOHU3H-
POBaHHEIe, TaK H He HOHU3NPOBAHHKE, TAK/Ke MONYICHH U M3YYCHH CTAHLAPTHH-
MH MeTofaMu QU3HKH IOJEMepoB. B Hacrosmee BpeMs 9HCIO M PasHOBHIHOCTH
MaKpPOMOJEeKYJ Ha ocHOBe docopa, KOTODHE [AeHfCTBATENIHHO XOPONIO M3y4eHH,
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OPeBOCXONUT TOJHKO UHCIO H3YIeHHHX MAKPOMOJEKYJ HA OCHOBe Yriepona
(opranudveckue moauMepk). OXHAKO HE OfMH H3 37TaCTOMEPOB HA OCHOBe ¢ocdopa
He ABJIAETCS LOCTATOYHO YCTOMIMBHM B OGHYHHIX YCIOBHAX HPHMEHEHHs, YTOGH
ero MOKHO OBLIO HPHMEHATH KAK CTPYKTYPHHU MaTepmai. OfHAKO B 5TOM OTHO-
MIeHNH UMEIOTCS BO3MOJKHOCTH, KOTODHE 3aCIYKHBAIOT NAJbHEHIEro maydeHHs.
JHeficrBurenbHO, coequnenuii gocdopa, Golee HMOZXONAMMX AJMA M3YICHHUS, IeM
Ipyrae HeopraHmdecKre MaKpPOMOJIEKYIH, ropasno GoJbine, B 3TOT (AKT MOKA3H-
BaeT, YTO OHM, BEPOATHO, MMEIT GOnbImIme HOTeHIHATHHEE BO3MOMKHOCTH MJIS
ONKTHHX Pa0oT B HOJYIeHUH MOAXOAMAX MAaTePHAIOB, 9eM B CIy4ae HEOPTaHH-
9YeCKHX TOJIUMEPOB HA OCHOBE /PYTHX 3JIeMeHTOB. TepMHH «HOLXOfAmUe MaTe-
PHAIXE» OTHOCUTCSA K BemecTBaM, KOTOPHE JuG0 HMEIOT 3JaCTUIHEIE CBOMCTBA IPH
KQMHATHO! TeMIepaType, Ja00 JOCTATOIHO 3IACTHIHH MIH TMOKH IPU yKelaeMEX
ycaoBusax mpuMeHeHus. llolyveHne CHAHTOTHIECKHX (TOPHHX IOPOA» WJIH Pery-
JSPHHX HEOPTAHUIECKAX CTEKOJ He COBCeM OGHYHOrO COCTaBa He pemaeT mpobie-
MH HEeOpPraHmdYecKWx moiammepoB, Ha Koropyio B CIIA, CCCP = npyrux crpamax
B HACTOsmMee BpeMs DPAacXOAyIOTcA Goabmme CpeicTBa.

C TOYKH 3peHUS XUMHUKA, PaGOTANMEro B 061aCTH XAMAY HOJIAMEPOB, XUMHAS
docdopa ocobenHo IeHHA TeM, YTO OHA BHOCHT HOBHIA BKJIAJ B M3y4eHHEe MAKPO-
Monekya. Us pabor mo coegmuenusam ¢ochopa BHEHO, YTO THI CTPYKTYPHOM
mepecTpPoiKY, HAONIOHAeMON s OPraHAYeCKHX NOJIA3QHPOB, ABIAETCA JIHUIIb
9aCTHHIM CJIydYaeM O0mero TUOA HepPecTPOMKH, B KOTOPOM BCe JHUTAHIH Ja0UIbHE.
WNsydgenme Takoit mepecTpoilkm B coeuHeHHAX ¢ocdopa mpmBOgAT K Bce Goiee
YCIOMKHEHHO!N pealn3anud GaKTOPOB, BIMAIIAX HA TePMAYECKYIO U IHPOIATH-
9eCKYI0 YCTOHYMBOCTH IIOJIMMEPOB.

JTO TaKKe yKasHBaeT HA TO, YTO MHOI'Me M3 M3BECTHHX B HEOPraHUIECKOM
XMMAU PEAKNHUil 3aKJI09AIOTCA B MHATEHCHBHOM o0OMeHe JumramgaMu. B oramume
OT OpPraHMIecKOdl XHMWH, B KOTODPOH YHOpaBIeHHe KAHETHKOW DEAKOUU HaCTO
OPUBOJAT K UPeobIaJaHuIo JAaHHOTO NPOAYKTA PeaKIWK, HeOPrauuIecKass XUMUs
O0BIYHO BKJIIOYAET ILEJHI PAN OPOTYKTOB, HAXO[ASAMMWXCA B DPABHOBECUH [DPYT
¢ mpyrom. Ilomydenme egWHCTBEHHOr0 HPOAYKTA PEAKIMH HPOMCXORUT TOIBKO
B cayuae pasgenaenus ¢as (npuaunn Jle-Illarense). Ilpnunaa sToro cocront B ToM,
9T0 MeTOHH MOJYyYeHUsS BHICOKOYCTOMYWBEIX HEOPraHWIECKWX COCNMHEHHWHA Bce
eme He paszpaGoTaHHL.

W3 pasaudanx rpyno coefuHeHuit ¢ocdopa Taxike nydmre Bcero MOATAIOTCA
U3YYeHUIO Te, KOTOPHE HepPecTPAnBaOTCs JeifiCTBATeIHHO OHCTPO IIPH TeMIepaType
B HECKOJILKO CcOTeH rpaaycoB wiau Hike. CHHTe3 HeOGHYHO yCTOHYMBEIX Heopra-
HAYeCKHUX BJIACTOMEPOB MM rHOKHX IOJMMEeDPOB, BePOATHO, CBA3AH C Pa3BUTHEM
MeTOO0B CO3JAHHWS BHICOKOYCTOMYUBHIX CBsAseil, oramanux or cBsaseir C—C.
ITH MeTOmHL MOryT OKaszarbca 5OPeKTHBHHMA B XUMHH coefuHeHmil ¢ocdopa.

B. IlpombimuieHHOEe DpHMeHeHHE

C Toukm 3peEma oObeMa HPOM3BOACTBA LOYTH Bce coequmeHus gocdopa,
KOTOpDHEe HAOLIM OPOMHIUIEHHOe IpHMeHeHHe, sBIsTcA dochatamm. Ommakxo
dochaTh BEICOKOr0 MONEKYISIPHOTO Becad MMEIOT TOJIBKO OTHOCHUTEJNHHO HE3HAYN-
TeabHOe mnpuMeHenue. HammeBasa coxs Hyppons mcmomssyercs B HeOOIbIIOM
KoJIM49ecTBe B Mpou3BofcTBe Koiabac. OHa pearmpyer ¢ Oeskamu, HpeZOTBpAMmas
mOTepIo BOMH, W B TO jKe BpeMs yiIydmaeT KIeHKOCTh PyOJeHOro Msca, Tak dTo
OHO MOKeT OHITH HaJJIe;KamuM o6pasoM 3aIPecCOBAHO B KOXGACHYH 0GQIOUKY.
B srom mpomecce npumensioT obe coixn Hyppoius — ¢ HOpMAaIHHOR ENbIO U ¢ 1O-
mePeYRbIMA CBSA3AMH.

W3 matpueBux $ochaToB BEICOKOT0 MOJEKYIAPHOro Beca HAMOombmuil 005eM
B Topromie zammmaer coab Maapenna, NaPO;-II. 9to BemecrBo, maBecTHOE
TaKsKe Kak HepacrBopuMiii Metadocdar (HMD), mprmenserca B KadecTBe MOPOII-
Ka I HoJIupoBKH. B sToit o6mactm npumenenns mMmerHo NaPO;-II mpossas-
eT MATKoe afpasmBHOe HeiCTBEE W KOHKYPUPYeT ¢ APYTHMH MOPOIMKAMH AN
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OOJMMPOBKM, M3 KOTOPHX IOCTAaTOYHO HA3BaTh OPTO- U mmpodocdaTH KaapLHus.
CrexinoBunnsie ¢ocdhaTh HATPUA ¢ YMEPEHHO [IAHHON IeNbI0 (CpefHee YHCIO
atoMoB pocdopa B nenu okoso 60) ACOOAB3YIOTCH B HEKOTOPHX BTOPOCTENEHHEIX
o61acTAax NUmEeBol NPOMEIOLIEHHOCTH, U UX IPUMEeHEeHNe OCHOBAaHO HA B3amMojeil-
ctBuu $ocdaToB ¢ Gerkamu.

CrexmoBugnnie pochaTH ¢ KOPOTKAMY IeNAMHA MMEIOTCS B IPOHasKe A pas-
JIMYHHX TeJieil, TJIaBHHIM 00pasoM [JIA yHaJeHus H HeQIOKKYIANNN KOJLIOUIOB.
Takum 06pazoM, eKerofHO B IPOJa;Ky HOCTYHAWT 00JNbIIAEe KOJIMISCTBA CTEKOJ
u3 docdara HaTpusa ¢ MoasapuuM oTHomenumeM R = Na,O/P,0;, paBamm mpu-
Mepuo 1,2. OgEaKo aHWOH, HMEIOMU CPeIHEeINCIOBYIO NIMHY Henn oKkoxo 15 aTto-
MoOB ¢ochopa, He MOKeT OHTH HAAJEKAMUM 00Pa30M KJIacCHPUIUPOBAH KAK
maxkpomoneryiaa. Ilomumo docdaToB, pam maxpomosexyn ma ocHoBe dochopa
HOCTOSTHHO WPOM3BOJHUTCSA B KOJIUIECTBE HECKOJBKUX KHJIOTPAMMOB, HO HE Ipef-
BHAUTCSI, 9TO 3TH MaTepHaJbl moTpebyioTca Korma-ambo B GoabmioM MacmTabe.
Wcrnrogenne cocraBisier KpacHbIii gochop, HECKONBKO THCAY TOHH KOTOPOTO
€IKeTOJHO BHIIYCKAeTCA M IHPUMEHEHUs B CONIEIHOM NPOM3BOJCTBE.
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ITosmimeps! cepsl

M. Il muom

I. BBEJEHHUE

flBHO BHIpasKeHHas TeHOEHIHS CePH K 06pazoBaHmi0o S — S-ofMHapPHHX
CBsA3el BefleT K IeJIOMY PAAY PAa3jdUYHBIX IEOHHX coefmHenuii. Ilo cBomM cBoii-
CTBAM M CTPOEHMIO OHY TOBOJBHHO TECHO CBSI3AHHI C CAMOM 3JIeMEHTaPHOI cepoil—
OpPOCTEHNIMM BeIeCTBOM CO CBSI3SIMH cepa — cepa.

HecmoTps Ha To 9T0 HEKOTOPHIe U3 TUX COEIMHEHUN M3BECTHH ysKe JABHO,
MX cTpoeHHe ObLIO MPeMeTOM 3HAYNTENHHOTO CII0pa, IPUYeM OIHH HCCIef0BaTelu
IPefIOYNTAIN HePA3BETBICHHYIO HENHYI0 CTPYKTYDY, APYyIde — PasBeTBIEHHYIO
CTPYKTYPY, & HEKOTODble aBTOPH IPUIOMUCHBAIY MM JarKe MUKINICCKOE CTPOCHHE.
B nacrosmee BpeMsa 3KCIEePUMEHTAILHO M TEOPETUICCKH HOKA3AHO, YTO IOLOOHEE
Pa3BeTBIEHHBIE CTPYKTYpH He MOTYT CYIECTBOBaTh, W, CJIeJOBAaTeIbHO, BCe
MONMMePH, COMep Kamue cBA3u S — S, cieyeT paccMaTPUBATH KaK NPOU3BOTHEE
menHHX cyab$anoB (HOAUCYIAbOUTIOB BOTOPOHA).

B macroamem oGsope paccmarpuBaioTca ciaeayoomue Bompoch: 1. OcHoBHEE
COBPeMeHHEIE MPOOIeMBl CHHTe3a, CTPOGHUS M PeaKIyil MOJMMEePHHX COeHmHeHTT
co cBA3AMHU cepa — cepa. 2. O6obmenre U TpUMePH HANOO0Jee BAKHHX KJIACCOB
aTuX coeguHenuii. 3. Paccmorpenne Bcero pakTHIecKoro MaTepmuaia ¢ TOUKH 3pe-
HAA MEeXaHU3MOB PeaKUuil CepycomepIKaIuX Iemei.

0630p OrpaHvdeH TeMH KIACCAMU CePYCOREPIKAMUX COeJUHEHM, B KOTOPHX
II0 KpaiiHell Mepe oMH U3 aTOMOB CepHI ABJIAETCA ABYXBaleHTHHM. CI0fla OTHOCAT-
cA »JeMeHTapHas cepa, CyabpaHb, ATKHICYIbDAHH, IajJoreHCYIb(aHH, MOHO-
M AMCYIb)OHOBHIE KUCIOTH, COeJWHEHWS THIOA THMOKOJA M HEKOTODHE HOBHE
MMOJIMMEePH HA OCHOBE THOKHCJOT.

II. OJJEMEHTAPHAA CEPA

Kucnopon npu HODMAXBHHX YCIOBUSAX 00pasyeT TOJNBKO T[BYXaTOMHYIO

moiseryny O, ¢ [IByMs TPeX3JIeKTPOHHEIMY CBS3SMHU:

020

B oramume 0T Hero ero ToOMOJOr cepa IpeAcTaBIseT co0oil KiaccHIecKuil mpH-
Mep JIeMeHTa, CYMIeCTBYIOIIEero B BU/Je IIMPOKOTO PasHOO0pa3usaA IOIUMEPHHEX
Mopudpukanuit. Boapiiasg 9acTs 3THX AJNTOTPOOUIECKHX QOPM MMeeT OrpaHMIeH-
HYI0 TePMOTUHAMUIOCKYI CTA0WIBHOCTH M MOJKeT OHITH MOJY9eHA JNHWOIbL METOHA-
MH, TPeOYIOIUMH TIATeIbHOT0 BHUMAHAA K JeTaisaM. VIMeHHO 3TUM 0GCTOATENb-
cTBOM OOBACHAETCH OTCYTCTBUE HCYEPHOHIBAIIUX CBENEHUN N0 HMX CTPYKType
M CBOHCTBaM, 9TO U SBIJIOCH IVIABHOH HNPWINHOH MOSABJIEHUS IPOTHBODEYMBHIX
CcoO0meHNil B JUTepaTrype.

Jpyroit mpwdamHo#l HEKOTODPOro pasiudMs B pe3yabTaTaX HCCIEHOBAHHSA
riaBHHM 06pazoM QHU3MYECKUX CBOMCTB PACHIABIEHHON CepH, HANPHMEpP BA3KO-
CTH, SABIAETCS, BAAKMO, Ype3BHYAiHO GONBIMAsA TPYJHOCTH HOJIYICHAA DIEMEHTA
B 09eHb IHMCTOM cocTossHmu. OGEYHO cepa CONep:KUT pasaUYHEeE KOAHIeCTBA IPH-
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Meceit [76], okasmBanmux 3HaYMTeIHLHOE BIMAHWE HA ee cBoiicTBa. BomsmunrcTBo
MOCIAeTHUX HCCIEeTOBAHMI (U3MIECKUX CBOWCTB IIPOBENEHO C Cepoil, OYHMEHHON
mo Merony Bakoma u @amemnin [4], cymHOCTh KOTOPOTO 3aKII0YAETCA B CIEAYIO-
meM. PacnnaBiennas cepa B Teuenue 120 uac marpeBaeTcsi ¢ OKHCBHIO MarHHA.
O6pasyomanca YepHas rpAsbh HepHopudecku oTGuibTpoBHBaercsa. OcraBmasca
cepa jerasupyercsa B Bakyyme. B Goaee coBepmennoM metofe Bapren6epra [165]
cepa marpesaercs go 400°. B sTmx ycaoBHsAX KBapLeBHI Hajel, HarpeTHH &0
KpPacHOTO KalleHHAsd, pas3pymaeT B TedeHHe ONHOTO-ABYX HIHEH OpraHuYecKHue
coenunenusn (supenserca CS,), mpmueM cofeprkanue yriepoja yMeHBLIIAeTCHA OT
3-107% mo 107% % u mempme. Meiiep u Illymaxep [103] peKOMEHAYIOT OYAMEHHYIO
cepy KHOATATH ¢ 00PATHHIM X 0JOIUIBHUKOM B aTMocdepe a30Ta B TedeHNe IJIATEIb-
HOrO BpeMeHH ¢ Noclefylomei#l NOBTOPDHOH BHICOKOBAKYYMHOII IePEeroHKOM.
Ilocnegumit u, oueBAAHO, HaUb0Iee 3PPEeKTHBHEIA METON OYUCTKH CePH IIPEI0KEH
Mspdu u corpynnuramu [105]. Ilpogaxkmyio KaTamyo cepy, COePIHAMYIO HEJIEeTy-
gee BemectBo 16, Fe 11, C 140, Te<< 1, Se <1 u As << 0,5 (wacreii mHa
MIJLIAOH), OYMIIAIT H0 mpoaykra amcroToirt 99,999 Mox. % ¢ mpumecsamu (wacreit
Ha MWIIWOH): Helerydume BemectBa 3, Fe 1, C 2 u H,SO, 2. Boasmuncrtso
npmmeceit ynansercs okucienmeM cMechio HySO, — HNO; mpu 150°. Heneryuue
mpuUMecH YHAJAIOTCA MEPEeroHKO, a OCTATKM CePHOM KUCIOTH — CcHeNHalbHON
sKcTpakmmeil Bomoii. Ha arnx HamGosee ounmmeHHHNX 06pasinax CepH OMpeReleHH
JIHMb TemJI0EMKOCTh B HHTepBale Temmeparyp 25—450°, TemmoTa m Temmepa-
Typa mepexopa pomMOGuueckoil GOPME B MOHOKJIMHHYIO, TEIJIOTA M TeMIepaTypa
mnasiaends [170]. Toura miasmenus cocrasiuser 115,2°, aro ma 0,7° Bume oGHTHO
npuauMaeMoro sHaderus 114,5°. Iro coorsercrByer 0,1% MoOABHEX moseil mpm-
Meceil B paHee ucciefoBaHHEX ofpasmax [170].

A. Kpucraanmseckue ¢opmer cepsl

1. Xopowo ussecmuue modugurayuu

a. Pombuuecrkas cepa S,. HanGomee BayKHOH PasHOBUIHOCTHIO CEPH ABJIAET-
ca pomGuueckasa ¢opma S,. OHa cocrour u3 MoJeKyld Sg B BHIe Kolebuio-
muxca BochMuwiIenHHEX Koxenm. Cpemmsasa mamma cBasu S — S pasma 2,037 A,
cpemnee sHadenwe yria S — S — S cocraBuaser 107°48’ um cpemmas BenmumHA
nByrpagsoro yraa — 99°16° [1, 164]. Kompma crarmeaioTcsa OgHO ¢ APYTHEM
cunamu Jloanona [109]. Pasmepsr snemenTapHoit sdeiikm: a = 10,44, b = 12,85
uc = 24,37 A, npudeM Ka)Kkmasa aJeMeHTApHAs AYeiika comepskut 16 Sg-Momexry.r,
wim 128 arTomos.

PomGuueckas cepa S, sBiIsfeTcS eJUHCTBEHHON YCTONYuMBON ¢opmMoii mpu
KOMHATHOU TeMIeparype, MOSTOMY OHA Bcerga o0pasyeTcs W3 BceX Apyrux Gopm
npm ux croaHuu. llpomaskmas KaTamas cepa M CePHHIA I[BET HAKT OXMHAKOBEI
sppextnr Xousma, UTO HOATBEP!KAAET WIGHTUYHOCTH HUX KPUCTAIAICCKHAX
cTpyRTYp S, [21]. ‘

OcasgnenHas cepa OOHCHBAETCA B JIATepaType Kak aMopdHAaA MOIUOUKAL KA.
OHAKO HOPOITKOBEE PEHTTeHOTPAMMEL CBEKEOCaKICHHON CepH YKa3HBAOT HA
HaJn9Ime CTPYKTYpH S,. Xopomue TOPONIKOrPaMMHI, IOJyYeHHHE 6e3 pachmie-
HUS ARQPAKIUOHHKX 00pasioB, YKAa3HBAIOT, 9TO PasMepH KPUCTAIIATOB B 0Ca-
JKIeHHOH cepe jgeskaT B mpeneaax 1073—107% cx B caydae MealbHHX DOPOMIKO-
rpamm [21].

6. Monokaunnas cepa Sg. Spg 00pasyeT MOHOKJIHHHEE HIPH3MATHICCKHO
Kpmcranns. Ee kpucramnumueckas ¢opma MoyKeT OHTHh Pa3IWYHCH W 3aBHCHT,
KPOMe BCero mpodero, oT CKOPOCTH OXJIaKAEHUs PacIiaBa U BUOA PACTBOPHUTEIS.
Hak um S,, MOHOKIUHHAA cepa COCTOHT M3 MOJEKYI Sg B BHIE KOJeOIIOMUXCH
BOCBMHUYWIGHHHX KOJIell, CBA3aHHKX OXHO ¢ ApyruM cmiamu Jlougmoma. Oma oOpa-
3yeTcA NIPHW NpeBpameHW” (ojiee HEYCTOMYMBHX MoguPHKAIUN PaCIIABICHHON
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cep, pactBopoB cepH B S,Cl,, CHCl;, mmatminoBoM sdmpe, sTHIOBOM cmmpTe,
6ensone, cepoyriepofe M T. A., a4 TaKyKe KOHAeHCAUHWeH mapooGpasHOil cep.
MepiernOe OXJIa(eHEe TOPAYEro PACTBOPA CePH B- OPTaHWISCKOM PACTBOPHTEIe
‘paer gnunHble uras Sg [174].

Jlauunie Mo PeATreHOBCKUM HCCIEfOBAHUAM 3TOH MOXHPHKANMAA CEPH OTCYT-
crByior. I'por [78] cooGmun xapakrepucTrkE ee caMMeTpud. Bee mOonHTEY moy-
9uTh PEHTTeHOr PAMMEI IOPOMKa S g OKoHIMIHCH Ge3peayabraTHo. Jlase Ipm oYers

“GHICT poit 3aMeHe 00pas3moOB MOJNyJalOIUECs KAPTUHH SICHO YKA3HBAJIH HA THI
'Sy. Beposarro, urioo6pasnsie KpHCTAIIH Sg, 00pa3oBaHHKE IPH OXJIAKACHAR
' pacHIaBIEHHON CePH U COfepIKamye KPACTANIAIeCKAA TUI Sg, HePEXOAAT B THI
'S, B Tpomecce pacHEUIeHHA NOPOIMKA B MHpefeliaX KOPOTKOTO HHTEepPBaJa Bpe-
"MEHH.

Vmeercs psap ucciaeXoBaHH SHAHTHOTPOIHOrO mepexoma S, > Sg memmy
‘TpeGyemoii Toukoil mepexofa 96,5° u Toukoit muasiaennsa [22, 23, 26]. Hanbomee
Ba)KHEIM SKCOEPHMEHTOM ABIIAETCA HM3yYeHNHE CePYCOAepIKAMUX IeJUIYIOHTHEX
IIEHOK, KOTOPHE HOJYYalT M3 GHCTPO BHCHXAMImed HacTH HA OCHOBE TOHKO-
' HM3MeJIFIeHHOr0 CePHOro MOPOMKA | NeJAAyI0ufa B aneToHe. BHEeAPeHHRE B HEdIy-
JIOW YACTHIE CepH MAlT SCHYIO IOPOMKOOGpPasHYI CTPYKTYpPY S, BO BceM
‘maTepBase Temmeparyp or 80 mo 114°. JTo mokasmBaer, 4To S, He HmEePEXOXAT
B Sp B TBePAOM COCTOSIHWH JayKe IPA BHACD)KUBAHAH B TeUeHHE HECKOJIbKHUX IaCOB
OpH TeMIlepaType HEMHOT'0 HUKe TOYKH IiaBienms [21].

B. [Tepaamymponodobras cepa S,. MOHOKIMHAEE IPA3MATAYECKAE KPACTAJIH
‘S, o0pasyoTcs mpu MeNJeHHOM OXJAKIeHWH PACIIaBIeHHON CePH, HArpeToi
Bume 150°, mIM OXJaKJeHUH rOpAYAX PACTBOPOB CEPH B COMPTAX, YIIIEBOZOPO-
nax, madraamee, GeH3o0de, cepoyriepoje, TOJAyolde M T. . B KadecTBe HOBOrO
metofa moaydenns S, Mocmma [174] mpemmosxnn cmaTes S, myTeM nmpuGaBIeHAs
ameToHa, COEpPTA, »PHUpa, HeTPOIeAHOro 3QHUpa, UeTHPEXXJOPHUCTOro yriepofa,
xjaopodopMa M T. A. K PAcTBOPY CepH B CepOyTiepofie.

Amnanoruyno S, 1 Sg, S, cocronr u3 Sg-roxnen. Ilepexox S, B Sg yckopsaerca
npm HarpeBammm A0 75°. Bume 95° 3ToT mepexoA HACTONBKO OHCTPO IPOTEKaer,
9TO HeBO3MOKHO ONpeJlellETh TOUYKY miaBiends S,. Ilepexon B S, xaraamsmpyercs
HeNOCPeICTBeHHHM KOHTAKTOM ¢ KPHCTAIIaMH S,. WMarepecHo, 4To S, MHOTAA
COXpaHseT CBOK BHEMHIOH opMy mocie mepexofa B Sg mum S,. -

WNuTepecHrie WCCIeNOBAHHEA OO NepexofaM G-, f- m y-mMopudumkammii Cephl
BHIOJAWIE XapTmOpH @ coTpypumem [82].

2. [Apyeue meepdvie modugurayuu cepwi

HKpome S,, Sg 1 S.,, B IuTepaType onmcan meJasil psAax APYrAX TBePAHX GopM
cepsi. BooGme oHA TepMOAMHAMWYECKH HEYCTOWYHBEI, YTO, BePOSTHO, ABJIAETCH
rIaBHOW NPHYMHOA OTCYTCTBMA HX XapakTepucTuk. Hambomee Ba’KHEMH H3
srux gopm ssasiorcs [35]: S, pomGosgpuueckas [31], S, rexcaromamsnas [22],
S¢ TerparomamsHas [90], S; momorammmas [90], S, momoxammmas [90],
S momoxamunas [90], S Tpuraummas [70].

a. Pom6osdpuueckas cepa S,. CymecrBoBaEHMe 5T0it GOPMEI, HONyIeHHON IpPH
DORKHUCIEHUN THOCYIbPATHHX PACTBOPOB M 9KCTPArEPOBAHAHA XJIOPOPOPMOM HIA
TOJyO0JIOM, TIPEeACTABIsIETCS BOOJNHE AoKaszaHEuM [2, 69, 71]. OpamxeBo-KeiTHe
KPHCTAJJIH (TeKCaroHAJIbHEE IPU3MHI, OrDAaHWYCHHHE POMOO3IpaMu) TOBOJHHO
HEYCTONIMBH M 00pa3yIOT HOBEePXHOCTHEIA CJIOW HEPACTBOPHMOI CepHl yiKe IOCIe
HeCKOJIBKAX MUHYT KOHTAKTa ¢ B0o3AyXxoM. OTHAKO JOCTATOYHO yAOBIETBOPHTENb-
HEle PEeHTI'eHOT'DAMMHL 3THX KPHCTAIIOB BCe 3Ke MOJydIeHH. JlleMeHTapHAS AdeiiKa
cofiep:xuT 18 aToMoOB, U paccumTaHHAA WIOTHOCTH 2,17 2/cM® xopomo cornacyercs
¢ DKCIePHUMEeHTANbHO 06HapysKeHHOi (2,135 2/cM®). PerTremocrpykrypune mccie-
HROBAHMA YKA3HBAIOT HA HPACYTCTBHEE CKIAXYATHX IMECTHLIeHHHX Koxer [147].
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6. I'ekcazonaavnas cepa S,. I'maporus S,Cly maeT KiIefKy0 IIACTHIECKYIO
‘Maccy, M3BeCTHYI0 Kak Oeias cepa. @opMaipHO ee paccMaTpuBAIH Kak aMopd-
HYIO, OXHAKO HOPOMIKOBasg DPEHTT@HOTPAMMAa BeIm[eCTBA IOKAa3HBAeT KPHCTAIIH-
YeCKYI0O CTPYKTYPY, COBepPIIEHHO OTIAMYHYI0 OT CTPYKTypH S, [22]. Ilomo6mas
CTPYKTypa o0HapysKeHa B HE PACTBOPHMOIl B cepoyriepofe 4acTH OXJaKIeHHOH
JKUIKON cephl, CKOHMEHCHPOBAHHKX HapaX CepH M eCTeCTBEHHO CKOAry/JnpoBaH-
HOM OCajiKe KOJJIOMAHOH CepH, OCTOpPOKHO moxydeHoM npu 0° mo peakmum

SO,+2H,S —> 3S+2H,0. 1)

HecmoTpsa HA TO 9TO0 S, OCTaeTcA CTPYKTYPHO HEHM3MEHHOM [ajke B TedeHHe
12 MecsneB mocie ee MOJyIeHHA, BCe Ke OHA IEPEXONUT B CTAOMIBHYIO Sy-popmy
IIpU BceX TeMIepaTypax, HpAYeM HOBHINEHNe TeMIePaTypPH YCKOPAET 3TOT mepe-
xox [25, 26].

S, BCerjga moJydJaercsa B BAAE MeJbYadIINX KPUCTANIOB, IPUTOAHHX TOIHKO
JIIsT PEeHTTeHOBCKOT0 MOPONIKOBOr0 METOfA CTPYKTYpHOro amanusa. Ha mopomxo-
rpaMMe BIIOJIHE MOJKHO nneHTndmunpOBaTL Bce 17 romen. Xopomee coBnagenne
HOIy9eHO [JIfA FeKCATOHATbHON CTpyKTypHic c/a=1,11,a=8,24 A mc= 9,15 A.

B. Sg, Sg, Sijs S¢ U Sypuxaus. B Ipollecce KOHIEHTPHPOBAHAS PACTBOPOB COPH
8 cepoyriepoje B NPUCYTCTBUM HUPHAMHA ¢ HOCIAEIYIOMAM MeJJIeHHEM HcOape-
mueM pacrBopurenss Hopuar [90] BHpeanmn deTmpe pasnnYEbIe KPHCTAJLIH-
geckme GopMu oT Sp 10 Sg. @pmpens [70] cumraer, uro cyGanMmpoBarHas cepa
o01agaeT TPHKJIWHHON KPUCTAAIHIeCKOH (POpMOil.

BosMosxHO, 9T0 HEKOTODHE W3 3THX GOPM ABIAIOTCH TOIBKO OCOOHMHA KpH-
CcTAIMIeCKEMA POPMaMU yiKe HM3BECTHHIX Monn(buxannn Jas oxoHYIATEABHOTO
pelIeHysa STHX BOIPOCOB HEOOXOMHEMEHL [AajbHeHIIHe 3KCIePUMEHTAJIbHEE HCCIe-
IOBaHHA.

B. PaconasrenHas cepa

B mocnenmee BpeMs OCOGEHHO MHTEHCHBHO HCCIERYIOTCA Te GOPMH CepH,
KOTOpHe o6pa3syoTca B PacILIaBIEHHON cepe, B OXJIaKAeHHOM pacmiaBe W B
mapax Cepil.

HarpesBamme MomOKImHHON cepw Sp maer mpm 119,25° sxearyio xmp-
KOCTh, BSA3KOCTh KOTOPOH MeHbIIe BA3KOCTA BONH. HecMoTps Ha TO dro
CTPYKTYpa KUAKOA CePH IPH PA3IAYAHX TeMIOePaTypax MOJIHOCTHIO eme He H3y-
YeHA, BCE MCCJEOBATENM COLJIACHE C TéM, YTO DPACINIAB COHEPIKHT MOJIEKYIH
Sg HEIOCPeCTBeHHO BHIIE TOYKH IJIABJICHAS H ¢ POCTOM TeMIepaTypH o6pasyoT-
CH MOJEKYIH, COfepIKamue 3HAYATENHHO GOJbIIEe aTOMOB CepH.

Ecnm HeKoTOpOE BpeMsA yaep:KHBATH TeMIOEPATyPy HEMHOTO BHIIIO «HIealb-
Holt Toukm muasierms» 119,25° To Touka KpHcrasrmsanmm mamaer go 114,5°—
«@CTeCTBEHHON TOYKM ILIABIEGHHS» CepH (TouHOe 3HAdYeHWMe B pasmexe 11, A).
9ro Gruto BuepBHe 06HApy:eno 'eprenom [75], mosgree mccaenoBano yixe KOAR-
gecrBerHo CMuaTom u Xonmcom [152] m Bexmarmom u corpynamkamum [11]. Ilommsxe-
HYIe TOUKH IIABJIEeHUS 00BACHAETCA, KaK I0IaranT, o0pa3oBaHAeM HEMHOT'O BHIIIe
TOYKM IJIABICHUS OJHON MM HECKONHKAX HOBEIX MOJEKYIADHHX (OpM, KOTODHe,
KaK BCAKWE OPUMeCH, IOHIKAIOT TOURY IIaBleAnsa. B macrosmee BpeMsa O cOCTa-
Be 9TAX MOJEKYIAPHHX GopM B AATepaType HeT exmHOro MueHWs.OGHYHO A
HAX DpeHnojaraeTcsi MOJNEKYJIAPHHIHA Bec Memxny S, m Sg. Ilpm oxaasxnenwnm
PacmiIaBoB CepH BhHieleHa MOTMPMKANWsA, MeHee PACTBOPEMAsA B Cepoyriepone,
geM S,. IIpm crosnmm oma mepexommt B S,. Aten [3] oGoszmaumn ee kak Sj.

1. Omkpumuie ceprvie yenu

Hecmorpsa ma Goapmoe umcio mecaefoBanmii, S, GhiIa eme II0X0 0XapaKTe-
PHU30BaHA, IOKAa He OHUIM ONYGIMKOBAHH WHTEepecHHe mcciaemosamus Illerka
u Tiommuepa [114], koTopnie nonyumnm S, B BAjle KHTEHCHBHO KeJITHX PaCTBOPOB
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BKCTPAKIMell CepoyrIepOiOM CBEKEeIPHIOTOBIEHHON IIacTAIecKoil cepri. Kpome
Sy, 3TH DPAcTBOPH cofep:KaT o0udHyw ¢dopmy S,;(S, = Kombma Sg), Goapmasa
9acTh KOTOpOil MOKeT OHITH OTHeNeHA OT PAcTBOpPA B BHIE S, OXJageHHEM TO
—78°.

Hpuockonnueckue n3MepeHHS B CepoyIiaepofie IMOKasaaM, 9TO S, HMeeT
TOT K€ MOJEKYJIADHHIH Bec, 9T0 u S, (Sg). Hlenx oGmapy:xmin Momekyan Sg
B pacmiaBieHHO# cepe S, okoao 130°, mpuueM B 3HAYNTEIHLHOM KOJMYECTBE.

Pasnosecue .
Sa 2 S (2)

COOTBETCTBYEeT, TAKMM 00pasoM, PaBHOBECHIO

SSROJILI.(O = S nenkbe 3)

T'padur saBmcmmocTm sorapm)Ma KoHCTaHTH paBHoBecusa K = [S./S,] or 1/T
AaeT mpaMylo IuHMIO BIIOTH 7o 150°. OTKIOHEHHs OT HPAMOJHMHEHAHOCTH HpPH
Goilee BEICOKMX TeMIEpaTypax HOOKAa3HBAIOT CABAI PAaBHOBeCHA 3a cYeT IOAB-
JeHEA S; BCIEACTBHE IOJIUMEPHU3ANHH Sy.

CoraacHO 3TMM HMCCIE[OBAHHAAM W B OTin4Me OT Oojiee paHHuX o6BACHeHMi
AHOMAJHA TOYKY IUIABIEHUS CepPhl — HNOHUIKEHWe «AAeaJbHON TOYKM ILIABIeHAA»
119,25° o «ecrecTBeHHO# ToUKE miaBiaenus» 114,5°—BH3HBaeTCA He IPACYTCTBH-
€M BEHICOKOMOJIEKYJIAPHO# Sy, B S ), a yCTAaHOBJIEHNEM PABHOBECHA Sg xonnmo <= Sg pems-
B Touke miaBieHHUsa cepa COMEPIKUT OKOIO0 9,0% S, (Sg-memeit). Temnora peaxnmu
Sg xoavno == Sg gens B PACIIABE COCTABAAET OKOJO 7 KKAL/MOALb.

S, He sABisAeTca OGUPAJMKAIOM ¢ HeCHAPEHHEIMM DIEKTPOHAMM HA KOHIAX
Ienn, TAK Kak pacIIaBJeHHAsA cepa mapamaraursa jumb Beme 200° [72], Torga
rak coriacao Illemxy ymxe mpm 150° pacmmaB comepsxatr oxomo 10% S,. Ilpm
6oiee BHICOKMX TeMIepaTypax S, HadMHAeT NOAMMepPU30BaThcd, IpudeM o6pasyio-
muecs BHICOKOMOJIMMEDH PACTBOPUMEL B pacmiaaBe BmroTh Ko 159°. Ilpm sroit Tem-
epaType Sponumeps PACTBOPEMAA B S;, IePeXOfuT B S;, PACTBOPUMYI B Spommep
[85], Tak rak pacTBopEMOCTH S; NpEeBHIIAeT PACTBOPEMOCTH MONEMEpaA.

2. Pacnaassennas cepa npu memnepamype ewue 159°

Oxomxo 159° mugkas cepa pe3Ko M3MEHAETCsS, IPEeBPAMAsACh B 09eHb BA3KYIO
KopuuHeBYW Maccy. llpubaBienme HeGoJABINOro KoJWYecTBa raxoreHa (OKOJIO
1%) 3HAYMTENBHO yMEHBINAeT PocT BA3KOCTH. C APYrofi CTOPOHH, HEKOTOPHE
TpexBaJIeHTHHIE 3JIeMeHTH (HanpuMep, P) crabmnusupyioT BA3KYI0 MOAUPHKATHIO,
a HOPTOMY CHCTEMY JIETKO MOKHO HEepeoXJafuTh A0 KOMHATHOH TeMOepaTypHl.
MexanusM 3TOro mpomecca, BePOATHO, CXOJIeH ¢ Bylkanuszanueir kaysyka [109] —
mend momepedno cmmBaoTcsa. O0pasyomasica B pe3yiabTaTe 9STOro mpormecca
KaydyKomoo0Hast Macca COXpaHsaeTca 6e3 N3MeHEHN s BEICOKO3IACTHIHOTO COCTOS-
HMA IPH KOMHATHOM TeMmepaType B Tedenme MHOruX Hegexb. Jlac m [lac I'ymra
[24] omyGnukoBanu pesyiabTaThHl PEHTreHOrPaPUIeCKOr0 MCCIEHOBAHUA IKHUMKOMN
M NepPeoXJTKAEHHOU KUIKON CepH.

a. Awnomaavras esskocmb. HeoOwYHO BHCOKOE YBeJIWIeHNe BI3ZKOCTH
B 2000 pas B mpepmesax 25°, CONPOBOKIAeMOe H3BECTHHM H3MEHEHWEM I[BETA
OT JKEITOT0 K TEeMHO-KPACHOMY, BEI3HIBAETCA, HECOMHEHHO, IOJHMMepH3a-
nmounkMu mpoueccamu. IlommMmepHast cepa MoskeT OHITH monydeHa W3 Sg pas-
JIAYHKMA OYyTAME — HArPeBaHHEM CepH Ho TemmepaTyp Bume 160° mum oGiy-
9eHEeM ee PAcTBOPOB. BaauMuEle IePeXONBI Sponumep, Sg, HECTAOMIBHOM Sg 1 eme
Gollee HeycTONUMBO# S, MPOUCXONAT ¢ 09eHb OONBIION CKOPOCTHIO.

Cormacao T'w [73], mus o6bAcHeEHMA 5THX SKCOEPUMEHTAJILHHX (PAKTOB
yIXo6HO paccMaTpuUBaThH HOJUMEP B KadecTBe OCHOBHOIO MaTepHaia, M3 KOTOPOTo
obpasylorcsa ppyrue ¢dopmu. Ilommmep B ocHoBHOM mpeacraBiseT coloil oYeHB
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IJIMEEYIO Ielb M3 aTOMOB Cephl, KOTOPas OpPH OTCYTCTBHH HOCTOPOHHMX aTOMOB
oKaHumBaerca cBoGogubniMu papguranamMu. OOpasoBamme Sg HpOTeKaeT IyTeM
HNOCJIEe0BATeIbHOr0 OTMEMIEHUsI KOJel OT KOHIOB Ielm:

S—S—8 S—S—s8
/ N / N
—s—s—8§ §—>—8—8—§ S (4)
/ N /
—S—8—§ S—S—S

BsamMuy0 CBA3b MEKAY Sg M IHOINMEPOM MOKHO PAcCMAaTPHUBATH KaK 00paTuMyio
PeaKnuio MOHOMEpP — HoJjuMep ¢ Sg B KadecTBe MOHOMeDa:

Sg+Sx == Six+s- ()

IMonnas Temmora peakmum GAMBKA K HYNI, TAK KaK IPU 3TOM PEAKIMH BMECTO
ofHol cBasm S — S obpasyercs Taras ke gpyrag S — S-cBaA3b.

(DuandecKkrue CBONCTBA JKAKKON CepH, 0COGEHHO ee BA3KOCTh, HE 3aBHCAT
OT BPEMEHH B IpefielaX HOPMAJIbHOH IMPOJOIKATEIHHOCTH JKCIEPUMEHTA, a J09-
TOMY KHAKOCTH IPefCcTaBiseT ¢cofoil paBHOBeCHYIO cMech. Clie[oBaTeIbHO, yCTOl-
9MBOCTH MOJIUMEPA OTHOCUTENBHO Sg BozpacraeT ¢ Temueparypoii. Ilpu o6nydennu
PacTBOPOB Sg NP KOMHATHOM TeMIIePATYpPe 0CAKIaeTCss HePAaCTBOPUMHEI MOJIMMep.

I'm [73] nmpoBex TeopermiecKoe HCCIEZOBAHKE MOIEKYJIAPHOTO COCTABA
EupKoit cepsi. Ilyrem 0600menus o9eHb pasGpOCaHHKX ¥ 3a9aCTYI0 KA4eCTBEHHBX
NAEHHX OH MaJl NCYePOHBAOIee IOJYKOINYeCTBEHHOE ONMCAHAE DPABHOBECHS
JKHIKON cephl. B COOTBETCTBMM ¢ STHM TeOPETUYECKUM AaHAIM3OM HEOGHYAHHO
MOfIBYXHOE PABHOBECHe KOAbI[0 — moianMep [ypasmenue (4)] zacraBuasier mpemmo-
JaraTh TeILIOTY DOJMMepPHU3aIAU NPUOITA3UTeNbHO 4 KKa4/Mmoab Oia Sy u HAIH9INe
KPHTHYECKOH TeMOmepaTypH HOJUMEDU3ANNM, HUKE KOTOPOH KOHIEHTPAIAA
MOJEMepPa CTAHOBUTCSH HWYTOMKHO MAJOi.

M3MeHennsa BA3KOCTH B PACIIIABIEHHON cepe OOBACHAITCA CleIyomuM
0o6pa3oM: HAYMHAA OT TOYKH LJIABIEHHUA BCJIEJCTBHE OTCYTCTBHA IOJAMEpPA B3-
KOCTH Iafaer ¢ pocToM TemmepaTyps. Ilpm xpmrmaeckoil TemmepaTtype moamme-
pH3aIiy HAYMHAET IMOABIATHCA MOJUMED, M TAK KAK ero KOHNEHTPAIua | [IHHA
Lelll yBeJIUINBAIOTCA ¢ TeMOePaTypoil, CIeAyeT OKAIATh KPYTOro MOIbeMa BA3KO-
ctu pacmiaBa. Ilpum Goslee BHICOKHX TeMIepaTrypax yBelWdeHNe KOHIEHTDANAN
noJIMMepa KOMOGHCUPYETCHA YMEHBIIeHNEeM BA3KOCTU U AJIWHE HOJIUMEPHOHR IEeIH.
druM Oo0BACHAETCA HAJIMYME MAKCHUMYMa BS3KOCTH.

Hiaa xommdecTBeHHON 00pa0OTKYU STUX HMOJIOMKeHUN Hambojee BajKHEIM mapa-
MeTpOM ABJAETCA TeIJIOTAa PasphlBa MOJMMEPHHX Iemeil. B kauecTBe mpuGiumsm-
TeJIbHOr0 3Hadenmsa |'m mcemoawsszoBan AH = 35 kkaun/moaw.

PesyasTaThl mM3yYeHwWs BA3KOCTH HOKA3HBAKOT, 4TO CPeRHAA MIMHA LeOu
IOJNMMePHOIT cephl DPOXORWUT depesd MaKcUMyM (okoxo 10 aromMoB Ha memb) HpH
TeMmoepaType okomso 170°.

6. Ceo600nopadukasvras npupoda noaumepa. lsmepenue MarHuTHO#R BOCOpH-
uMIuBocTE MeTofoM I'v mokasamo gmamarmeTusM BO Bceil 00IacTH JKUAKOM cepH,
a mO3TOMY JAJsI KOHIEHTDAIWH CBOOOKHHIX pagukamnoB okoxo 400° MOKHO B3ATH
BepxHuit upegen 0,012 mosv/a [33a]. Uccmemosanne Gollee 9yBCTBUTEIBHEIM METO-
TOM IIapaMarHUTHOTO PEe30HAHCA [aeT, OHAKO0, aGCOJMI0THOe 3HAYeHNe KOHIEHTPa-
nuu cBoGogHEEX pagukanoB 1,1-10-3 moab/s u mOKa3HBaeT, 9TO 3HAYCHNE yBeIH-
auBaercsa B 100—200 pas B matepsaime Temmeparyp Mesxny 190 u 375° [72]. 9tm
9KCOePUMEHTAIbHEE JaHHEE IOLTBEPIKIAI0T CBOOOAHOPATUKAIBHYI UPAPORY
HOJ¥MePa M COTJIACYIOTCA IO HOPAAKY BeNWYUHH C pe3yabTaTaMu, MOJyJeH-
ubiMu I'm.

B. Boavwue kosvya. Bpays u Mémaep [18], ®exep u Xensmr [45] m Becr
[170] uamMepunu HeNaBHO YAEABHYIO TeIIIOEMKOCTD CePH. ITH JaHHHE IpeCcTaBIA-



90 M. Hlmuom

0T GONBINYI0 EHHOCTH, IOTOMY 9TO B JIONOJNHEHWe K (aKTOpaM, OmpeRelsomaM
'VOENbHYIO TEILIOEMKOCTH HOPMAJbHON KAMKOCTH, HOABIAIOTCH BKIALH B TENJIO-
€@MKOCTh OT MOIMMEPH3AMUOHHHX IpomeccoB. PesynbTaTh MCCiIeqoBAHWA YKA3H-
BAOT HA cymecTBoBaHme B pacmiaBe npu 150—160° Gombmux Koien W3 aToMOB
cepHl, XOTA OHA HMeKWT BTopocrenennoe sgadenue [37]. IlomarawoT, uro Gospmue
'KOJBIA MOT'YT, XOTS ¥ BPEMEHHO, BO3HMKATh HyTeM Hepexona B HmX okxoxo 1%
Sg [73].

ToGoxbckmit m dizenbepr [160] HemaBHO Hanm TeopeTHIecKy TPAKTOBKY
paBHOBeCHO# mommmepusanmu cepel cmocobom I'm. Omm mpepcraBmiau IPOCTYIO
-0600MEeRHYI0 TeOPHI0, ONMCHBAINYI0 PAaBHOBECHe KOABI0 — IeIh BO BCEeH 06aa-
crr RuAKON cephl. CpefisAs CTeNeHb HOAMMEpPHU3ANNE IpU JII000i TeMmepaTrype
B 9TOi 06GacTd MoKeT GHTEH ompefeineHa mo ogHo#t dopmyie. [IpuBonaTca Taxxe
;paccamtannsle spadennsi AH u AS gus peaxnum B HAYaIbHHEA MOMEHT M B II€PUOJ
ee Pa3BUTHA.

3. Ilaacmuueckas cepa

Ilpun BIWBaHWE TOHKOH CTpyeil B XOJOAHYI BONY TeMHOOKDAIIEHHAS pac-
IUIaBIEHHAS cepa IpeBPamaeTcs B ILIACTHYHEIS HHUTH, KOTODEe MOTYT DacTATH-
Barbes mMoxo6no Kayeyky. Huta Beckope 3arBepieBamoT B XPYIKOe TBep/ioe Berme-
‘CTBO, KOTOpOe [0Jroe BpeMs CUATAAH aMopdHOi cepoil. B pmeitctBmTenpHOCTH
TIacTAYecKas cepa He IpecTaBisAeT coboil Mogmpmranum S,, KaK T0JAT0e BPeMs
CUATANH, a COJePIKUT PACTBOPAMYIO B CepPOYyIIepoe GPaKNMIO, KOIUIECTBO KOTO-
‘POl 3aBHCHT B OCHOBHOM OT TeMIEpAaTypHl HATPeBaHWA Iepe] BIABAaHAEM B BOAY,
ABnAmyoca S, (B pacmiaBe), I HepacTBOPHMYyI0 ¢pakmuio S,, KoTopas COOT-
BETCTBYeT PABHOBECHOH UYACTHM JHMHEHHOTO IOJUMepa B paciiiaBe.

Jac m corpymaurn [22] ycramoBmim, 4T0 CBe:keNPHTOTOBIEHHAS ILIACTH-
UecKas cepa JeiCTBETENBHO ABIsAeTcH aMOpPHOI, TAK KAK OHA [[aeT HPU PEHTIEeHO-
rpaE4ecKOM MCCIeJOBAHME eJNHHCTBEHHYIO CBA3b C GDPITTOBCKEM paCCTOSHEEM
3,5 A, Torma Kak saTBep/ieBIee BEIECTBO — KPHCTAIIMTECKOe M BejeT cebsa
nop;o6no 3aMoposkenHoi xuaKoit cepe. Meitep m F'o [102] moxasamm, aro mracra-
TUECKAs Cepa MOYKET BHITATMBATHCA B BOJIOKHA CO 3HAYATENHHON OPOYHOCTHI0 HA
‘PaspHB. PeHTreHorpaqmqecRHMn HCCIeXOBAHAAME 3TAX BOJOKOH YCTaHOBJIEHO,
9TO 3IEeMeHTapHASA gdeiika cocTomT u3 112 aToMoB ¢ TOBTOPSTIOMUMCS PACCTORRTEM
Boxb ocu BomoxHa 9,26 A.

CTpyKTypa BOJIOKHHCTOM CEPH A €€ OTHOIIEHNE K KOMBIeBHM (OopMaM paccMoT-
pern Ilommarom [107], KoTopwil OTMETHI, YTO MIA CTPYKTYPH BOJOKHA B OTHO-
CHTEIBHON CTAOMIBHOCTH PA3IAYHKEX KOJEN MOKHO HaiTh obmee oGbacHeHHE,
©CJIA TPEeMIIOJI0KATE, 9TO CePHEE HEemu CTPeMATCa K 00pa3oBaHM0 HEMIOCKOCTHHX
Roaebmomuxca Koaprarypanuit ¢ guagpudecknm yriaom okoxo 100°. Ecam mpen-
TONMOKATHh IiaA yriaa cBsasm S — S — S Beamummy 105°, To gusgpmYecKEmit yroa
B CEMMETDAYHOM Koable Sg momsxen GHTs 102°6'; B rompme Sg—69°34'; B Sy
u S,,-roxpmax —118°59" u 129°41’ coorBerctBerno. Mcxona ms sToro mamGoiee
YCTOMNYABHIM JOJYKHO GHITH KOJIBIO Sg, a albllle YCTOAIMBOCTh YMEHBIIAETCA B PA-
Y Si0, Sg 1 Sy5. Ha srom ocroBamum IloauAr upeRmonosKui, 9T0 B BOJOKHACTOR
cepe MOBTOPAWINEHCA eIMHUIEH ABIAETCA ABAKIH 3aKPyYeHHAsA COHPANb U3 7
atomoB cepul. IIpm yrie ceasm 106°, mmompmueckoM yriae 76° m nadme cBA3H
2,08 A momyuaercs xopomee COBIaJleHNe C OBKCHePAMEHTAJBHO IIOJyYeHHEIM
TOBTOPAIOTMUMCS PACCTOAHAEM 9,26 A m HEOGHYHO GONBIMM HUMCIOM ATOMOB
B aleMeHTapHOU sdeiike (112 = 7 X 16).

Ilpm crosmum B TedeHwe CPABHUTENHHO KOPOTKOIO BPEMEHM ILIACTHIECKAS
cepa 3aTBepjeBaeT B KpPHUCTAINIMYecKoe BemecTBo, ofgaako I[lmexkepy [153]
YAAIOCH CTA6RIN3UPOBATh (OPMY HA HEKOTOpPOEe BpeMs IIyTeM [06aBleHAs HeGOIb-
moro KoawdecTBa gochopa min P,S 5. 3T OnBITH npeacTaBIAIT GOIBIION HHTEPEC
€ TOUKH 3PEHHS TeXHHIECKOT0 IPUMEHEHHsS CePH B KadecTBe BO3MOMKHOIO IJIa-
CTHKA.
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B. IlapooGpasnaa cepa
1. I'asosas ¢asa

Mpeiirep u [ynn [108] ony6nukoBany meuepOEBalomMEe JAHHEE IO ONpesie-
JIeRWIO IJIOTHOCTHE HapoB CePH B HHTepBaje TeMIePaTyp 300—850°. YV mmmmero
IpefielIa TOr0 TeMIEPATyPHOro METEPBAIA INIOTHOCT HACHICHHHX HADOB CePH
npubnmxaeTca K paccumTaEHOE mirorHocTH Aus Sg. llpm moBmmenmm Temme-
PaTypH WM MOHWKeHAW [aBIEeHHA CTeIeHb HOJNMeDH3ANuT npnﬁnnmael‘cﬂ'
K S,. Jlua oGBACHEHEA ®TOr0 O0GCTOATENHCTBA HEOGXOMUMO HPeRNON0KATE
CyImecTBOBaHWe IO KpaiiHeil Mepe eme OJHOTO KOMIIOHEHTa, KpOMe S8 u S,,
a mMeEHO S¢. PacemarpmBas a1y mapoByno ¢asy Kak TPOHHYIO CHCTeMY, aBTODH
paccunTanu KOHCTAaHTH PABHOBECHS W TeILIOTH peaknmii obpasoBamus Sg
a Sz Hu3 Sg.

Bpayr um Ilerep [19] Bmpasmnim coMHeEHE B [{OCTOBEDHOCTH 3THX PaHHAX
paboT ¥ mpoBeIM TIMATEIbHOE OIpefieleHre IIOTHOCTH NapOB CepPH. B pesyanTa-
Te OHU CleJIallH 3aKJII0YeHNe, 9T0 HOKHO GHTH 0 KpaiiHeil Mepe 4eTHpe KOMIIO-
HEHTa B mapoBoi gase: Sy, S,, Sgu Ss. WUcxons u3 sToro, onm PaCCTATANH KOHCTAH-
TH PABHOBECHA W TEIUIOTH PEAKIHI.

TpynHO ONEHWTH HANEKHOCTH STHX PACYETOB, TAK KAK B KAMKAOM Ciaydae
IpefnoIaraeTca MoBe/leHAe MIeAIbHOr0 Iasa, a MOMPABKH YNIGIBHKX TeIll0eMKo-
creii am6o WrEOpHpyOTCA, TGO BBOMATCA COBEPHIEHHO SMUOMPHYECKH. S, mpef-
cTaBiseT co6oil eUHCTBEHHKA KOMIOHEHT, HOBEACHA® KOTOPOro MOMHO HCCIEI0-
BaTh B 9MCTOM COCTOSHHUH. JTO JIEIKO JOCTHrAeTCsA HPH BHICOKHX TEéMOEepaTrypax.
B gpyrux ycioBmax map Bcerja SBIAETCSA CMECHIO.

CocTaB mapoB CcepH OpH PAa3dHYAHX TeMIepaTypax YCTAHOBIEH KOC-
BeHHHIM OyTeM HAa OCHOBAHWM H3MEPeHWH MAAaBIeHWsA Napa ® IUIOTHOCTH, 4 TO3-
.TOMY, BePOATHO, HE YAAeTCs OMHCAThH CJIOKHEE CHCTeMH HOAPOOHO. ITO HOKa3a-
"HO TeMH (aKTaMH, YTO IPH MCCIETOBAHMA CUCTeMH S, S,, S;, Sg u Sg me Grurm
mpefcKazags Mogmpuranun S, Si, S; u Sy, ofHAKO mO33Ke OHE OHIE 0GHADYKe-
HH B Iapax Macc-CIeKTpoMeTpryecKnaM myTeM [17].

2. Ozaascdennas napoobpasHas cepa

B 1925 r. Mitayauarep [157] chenan monmuTKY IOIYYATH TeMHOOKP alIeHHES
KOHJEHCATH apoB S, nmo agaiorad ¢ O,, F,, Cl, u Bry, ograko sto me ymamocs.
-3maunTenbro moaske, B 1953 r., Paiic [110] coobmumn o KoHmeHCATaX, PA3IHIHKIX
10 IBeTy, W3 KEeITOro MCXOoAHOro BemecTBa. OHM 0GpasoBHBAAUCH TpH GHICTPOM
OXJIa;KICHAN DApOB CePH DM HA3KOM JABICGHAHU C MOMOIIBIO JKHIKOr0 BO3AyXa.
Onuta Pafica mosropmam pgpyrme mccaemosatenu [68, 112] m moayumam mpm
9TOM 3eJIeHyI0, IyPOYPHY, (HOIETOBYI0 U YepPHYIO cepy. OTH OKpameHHHe cep-
HHE KOHIEHCATH CONEPIKAT 3aMOPO’KeHHHE BHWAH BHCOKOTEMOEPATYPHOIO Iapa
¥ He HAXOOATCA B TepMOTEHAMEYIeCKOM paBHOBecuu. Hmxe — 100° omm eme cyme-
CTBYIOT, a IpHE 00Jiee BHCOKHEX TEMIEPATYPaX JIErKo NePeXofAT B INIACTHICCKYIO
cepy u 3aTeM B Sg.

HanGosee mcuepOHBaoOIAX Pe3yabTaToB HeJaBHO Kobmamch Meitep m I[[yma-
xep [103]. Oum npy HEBKAX TeMuepaTypax HOJYIWIM OCAIKHM OKDAIIeHHOH CepH,
cocTosimeit ms Moumekya S,, m mamepmam WNHK-, Y®- u IIIP-coekTpn ocagkos,
4 TaKJKe 9IIEKTPWIECKOe CONPOTHBIEHHE M HEKOTODHe Apyrue cBoiictsa. C momo-
mpi0 UH-cuekTpocKOnrEA MOKHO IPOBECTH KOJIHMYCCTBOHHOE ONpe/eleHHe TeMIe-
PaTypPHOTO HMHTEPBAJA YCTOMYMBOCTA ¥ CKOPOCTH HPeBPameHHs OCaTKOB.

TakmM o6pasoM, BIepBHE ¢ IOMOMBI0 CIOEKTPOCKONHH OHIO [OKA3aHO
‘ CymecTBOBaHME S, B 9THX TBepAHX ocagkax. Lser ocafikoB BOONHE 06BACHAETCA
CENIeKTHBHEIM DAaCCeMBAHMEM HA IPyNNax OpuOIN3ATEIHFHO OSMHAKOBHIX pPasMe-
'POB, COep/KAMUX HeNd PAasAAIHON JJIWHH, 06pasoBaHHHe HHU3KOTeMIIe ATy PHH-
MH KOHJCHCATAMH S,.
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Cama Mmoneryna S,, KoTopasa o0rajgaer TeM e CaMEIM OCHOBHHIM COCTOSHH-
eM, 9o U O,, T. e. IByXaTOMHAA ¢ JBYMsA HAIOJOBHHY 3aMOJHEHHKMHA 3D -0pOu-
TaMH ¢ NAPAJJeJIbHHIMA CIMHAME, MMeeT 3eJeHHH I(BeT.

III. CYJb®AHBI (IIOJHCYJIb®HUABI BOIOPOJIA)
1 px CoJan

Xopomo M3BECTHO, 9TO KaK JIEMEHTAapHAs cepa, TaK W ee coeflMHeHAs o6pa-
3yI0T [JIMHHOLENIOYeYHbe MOJIEKYJH. Bce 5TH BemecTBa MOKHO PaccMaTpHBATh
KaK IPOM3BOJHEE HOJMCYIbPuRoB Bomopoga. Ilo amasoruu ¢ aaxkaHammu, CHJIA-
HaM® H T. I. AudA noaucyiabdunos Bogopona Pexep u Jlays [49] upenmorkunnm na-
3BaHMe «CYIb(aHHE», a OCTAIbHEE MIXHHONENOYeUHLHE COCIMHEHUA CEPH PaccMa-
TPHBAOT KaK 3aMeImeHHbE CYJbQaHEL.

A. CeoGonmabie cyabdanst

CyapdarH mpeAcTaBIsAOT c060i KACIOTH COOTBETCTBYIOMUX IOJIACYIbOHATOB
merainoB (pasgen 111, B). UaBectuniii eme ¢ XVIII Beka, aToT KiIacc coefMHOHHAN
He IPWBIEKAJ BHUMAHUS HCCIefoBaTejeldl. ITO 00bACHAETCA TIABHHEM 00pasoM,
BePOATHO, YPe3BHYANMHON HEYCTOHIMBOCTHIO CYJIh(PAHOB W TPYHHOCTHIO HOIyde-
HUA #X B 9ucTOM cocrosanu. Dexep ¥ ero COTPYZHUKY HPOBEIA OCHOBHEE PAbOTH
B 9TOH 00aacTy, KOTOPHE MNPEefCTABIAIOT 000 BHAAIMMUIICA OIpUMep COBPEMEH-
HOM IpenapaTUBHOM HEOPTaHWYECKOH XHMMUH.

1. Memodw noayuenus cysvgaros

a. U3 eodnwiz pacmeopos noaucysvgpudos. Eme B 1777 r. Illeene zamermi,
910 mpubaBieHne W30BITKA KHUCIOTH K PACTBOPY CePH B MEN0YHM JaeT Macio
(cerpoit mommcynbgun Bogopona). B 1798 r. Bepreso mpu chmiaBierny morama
¢ cepoii, pacCTBOPeHHH IUIaBa ¢ 00Pa30BaBIIUMCS HOJUCYJIb(UIOM B Boje U Mef-
JIGHHOM ero upn0aBieHHU K pa30aBIeHHOMY PACTBOPY CONSAHON KUCIOTH YCTaHO-
B BayKHOCTH MOPSAAKA NpubaBlIeHUs PeareHTOB: He0OXOANMO NPAGABIATH HOJIH-
cyabdun B Kuciory, a He Haobopor. B 1832 r. Tenap moxydan Macia pasiaudHoi
BSI3KOCTH B 3aBHCHMOCTHU OT COfE€PKAaHHUA CePH K HAOMIOKAN, 9TO MOJIUCYIbPHAH
MIENOYHEIX METAJII0B paspymanT Ooaucyabduas Bomopoma. MMenHo >THM
u o0BsACHAETCA HEOGXOZUMOCTH CTPOroro CoGIIOfeHNs TWOpsAKa DpubaBieHus.
Opraxo HE ONUH U3 3THUX HMCCIefOBaTejell He BHENUWI HE OJHOrO OIpPe/leIeHHOTO
BemecTBa. JTo He yAanoch ocymecTButh u CabaThe B ero padore 1885 r.

Baox u Xém [14] BuepBhe BHmenmam MOCTaTOYHO UMCTHe cyiabdpansl. OHE
NONYYNIHN Pa3iudHble MOIUCYIb(UAL HATPUA coinaBieHueM cuiporo Na,S-9H,0
C PasnNUMYHEIME KOJWYecTBamu cepH. Bopmmii pacTBop monucyiaspduma BIABAIR
B pas30aBlIeHHYIO CONSHYI0 KUCIOTY OPU HepeMemuBaHuu u Temmeparype —10°
(peaxums sK3oTepMmUecKas). BreamBImeecs CHpPoe MAaciO BHCYIIMBAIH XJIODPH-
CTHIM KaJbI[deM, KOTOPHI IpeBapuTeaIbH0 06pabaTiBaay ra3006pasHEM XJI0pH-
cTHM BopopofoM. CTeKIAHAYI HOCYNY, B KOTOPO# MPOBOAMIM ONEPAIUH, TAKIKe
ob6pabarmBanu raszoobpasueiv HCl m3-3a ABHO BEPa;KeHHOH YyBCTBHUTEILHO-
cta cynbdpanHoB K menogaMm. Crpoii mommcynabOup BOXOPOAA HpeACTaBliseT
co0oii ;xexToe Macio, obiasaomee BA3KOCTHIO, TOXOOHON BA3ZKOCTH KOHIEHTPH-
POBAaHHOH CepHOI KHCJIOTH, M 3aDaXOM, HANOMUHAKIMHAM 3a0ax MOHOXJIODPMAA
CepH mam KaMQOpH.

Pazmosxenne monamcynpdumoB BOZOPOJA KATANH3MPYETCA WIEA0UAMHU, IasKe
BXOIAMMMHE B COCTaB CTeKJIa, mpudeM oGpasyores cepa um H,S. Cocras Tamemnoro
cuporo Maciaa (mroraocts 1,625—1,697) s3aBHCHT OT KONMYecTBA CepH B MCXOA-
HOM BemecTBe. MeTof moxydenus ceporo Macaa yayumuiam YoaroH u Ilapcone
[163], roTopHe ycramoBmim, uTo HaumGoidee YHOOHOH KMCIOTOH ABJIAETCH CONA-
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Hasg, TaK Kag Ipyrue KUCIOTH — yKcycHas, ¢ocopHasg wiu cepHas — paspyma-
10T Macao. OHM TaKe HAILIY, YTO JYIMNM OCYmAaKIuM arenToM asiaserca PO 4.
@exep u Jlays [48] uccaemoBanu BiamsiHNe pasanIHBIX AKTOPOB HA BHIXOJ
¥ COCTaB CHIPOTO Macia W PaspaboTaiu NPOCTON METON ero NOJYYeHUA B JIOGHX
konmdectBax. Oum ommcamm oGopyfgoBanme, HeoOXOZWMOe [IJIsi IPEPHBHOrO
M HeOpepHBHOTO cuHTe3a (0COO0eHHO BaKHO 3PPeKTHBHOE OXIAIKIEHUE).
Cpeanee copepskanue cepsl B chIpoM Macie (moiydenHoMm u3 Na,S-9H,0 +
+ 2S ¢ HCI) Bcerga Boiime, 9eM ee KOJMYECTBO B MOJUCYIbPUIHOM pacTBope,
BCIENCTBHEe PeaKIuil TUCHPONOPHMOHUPOBAHUS, TAKUX, KaK, HAUpuUMep,

2H,S; — HoS-+ HySs. (6)

HeBo3M0%HO MOMYINTh MAciO CO CPEHMM cofepskanveM cephl Hmxe H,S, ; —

H,S, . Haunyumme Brixonst criporo macaa (seme 80 %) monydenst u3 NayS, ;44 4,
mpudeM cofepiKanue cepsl cooTBeTcTByeT H,Sg o g5, ABTODH ompesermin Tax:xe
ITOTHOCTD, AMHAMEIECKYIO BA3KOCT N KO3(QUIMeHT IPEeIOMIEHHUS CHIPOTO Macia
B 3aBHCHMOCTH OT €r0 CPeIHEro CoCcTaBa.

ITpu BakyymHOU meperonKe crporo macia birox n Xén noayduim [ocTaTouHo
ameteie H,S, m H,S;. Omnako @exep u Baymuep [40] myTem TmaresxsHOro mece-
JIOBAaHUA COEKTPOB KOMOMHAIMOHHOIO PACCesiHUA PA3IMIHHIX CcYIbPaBoB IMOKa3a-
Jm, aro chipoe macio He comep:xut H,S,, HoS; u cepsr, a cocront mz H,S,, H,S;,
H286 u H,S;; npu sTom obmumit cocras Baphupyer ot H,S, 5 mo H,Sg 5.

H,S, u H,S; o6pasyiorcas u3 BHCmHX CYJbPaHOB NIyTeM KpeKWHra HOpH
meperoHKe coiporo Macia. llocie yCcOBePIIEHCTBOBAHMS 3TOr0 MeTOJa CTaJO
Bo3MOHEHM moaydaTs uz 100 cud caiporo macaa 30—32 cx3 H,S, [37], a us 120 cud
CBeReIIPUrOTOBIeHHOT0 chporo Macaa 50 cmd H,S; u 8 em3 H,S, [38], ogmako
HCCleOBaHNEe CIEKTPOB KOMOWHAIMIOHHOTO PACCeSAHWS YKA3HBaeT Ha HpPHCYT-
creue npumeceit H,S, u H,S,. Uncruit H,S; moryden «romkocaoiinoit meperon-
oy [38]. Ilog meiictBuem cBeTa oH AucopomopuuonupyeT Ha H,S, ¢ npumecsamn
HzSé, HzS5 n Hst.

ITpu ToHKOCIOWHOM meperoHKe CHIPOTO Macjaa HOJydeHH Tak ke IeHTacyabdan
H,S; n rekcacyapdan H,S¢ [40]. Unersie mpopyKTH (4uCTOTA JOKa3aHA COEKTPa-
MY KOMOHMHAIIMOHHOTO PACCesHWUA) IPEACTABIAIOT cO0OM TeMHO-KeJITHe BA3KHe
JKUAKOCTH ¢ Pas3IpaKalomiuM 3a@axoM, PacTBOPUMEIe B GeHsoue.

B 1956 r. ®exep u corpynuuku [60] yayummam cmoco6 moayuerus H,S,,
H.S;, H,S, u H,S5 us crporo macia, a m03TOMy OHHM MOIYT OHITH HOJYYeHEl
B GOJBLIIOM KOIWYeCTBe, NPWYEM YCOBEPIIEHCTBOBAHWE OTHOCHIOCH TIJIABHEIM
o06pazoM K ammaparype AJs KPeKHMHIa M TOHKOCIOMHOH meperomke.

6. U3 Gesgoonnzx cyavpudos. Musnc u Pobuncon [104] momyunnn sarpssuen-
mui H,S; m3 nenracynsdpuaa aMmMonusa u 6e3BOJHON MYPaBBMHOMN KHCIOTH. OTOT
metox yrysmmwin Qexep u Beproasn [44], KoTopele mamum, 9ro Jydme mpuMe-
HATH He TeHTacynbuy aMMOHMS, a HeHTACYIbPUA HATPpUA mauM Kaaus. Tak,
upu o6paboTKe Terpacyiabdpuia HATPHA WM NEHTACYIbPUAA Kadud MypaBbHHON
KECIOTOH TOAYIAIOTCA KOBOJBHO YNCTHE TeTPACyIbpaH WM HeHTacyldbpaH COOT-
BETCTBEHHO.

B. Juerkmporumuueckuil cnocob noayuenus cyavgaros. AHOIHOE OKHCIEHUE
H,S [46] me mamo cynsdanoB, omuako Dexepy u corpyamuram [63] ymamocs
-ocymecTBuTh BoccTaHoBiaeHme SO, Ha Kartofme. O6pasyomascsa B pe3ylabTaTe
atoro H,S,0, B cunbHOKMCHO# cpefe pasnaraercs Ha H,SO; u cyasdanmsl. Ilpu
00paboTKe pacTBopa TUApPOCYIbdHUTa M3GHITKOM KHCIOTHI HOJIy9al0TCs Cyabda-
HOBHIe Maclia, cOCTaB KoTopux BapeupyeT oT H,S 5 mo H,S,; B 3aBmcumocTn ot
OTHOIIEHHA KOJHUYEeCTB KUCJIOTH U rnnpocynmbma. ITpn menbmeM KoamuecTBe
KHCIOTH ruapocyiabdur paspymaerca wa H,SO; m H,S,0; xoropas B cBoloO
ogepens aaer H,SO; u cepy. Onmcan Take MeTOJ 0OAHOBPEMEHHOIO MOJYIeHHUS
<ynpdaHOB HA KaTofe U HepcyiabdaTa aMMOHHS HA aHOME, KOTODHI IaeT cMe-
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TmIaHEHe cyabQaHH cO cpeJHeHl NIUHOM Nemell, HAIPAMep TelTa-, OKTa- X HOHA-
cyapdans, cofmepxamue 5—15 Moa.% pacTBopeHHO# cepH B Bmie Sg.

r. Bsaumodeiicmeue cyavgparos ¢ zaopcyavpananu. Hanbomee BarkHHil cmo-
co6 mosnydeHusa BHCmuX cyiabdhanoB, pazpaborammsit PexepoM m cOTPYyTHMKAMI,
OCHOBAaH HAa HCHNOJXb30BAHMH JABHO M3BECTHOTO NMpPHHOUIA 00pa3oBaHua S — S-
cBaseil myTem KomfeHcauumn —S—Cl- u —S—H-rpynn ¢ supmememmem HCI:

aH,S;, +1S,,Cl; — cH,S,.-+dHCl, (7

rie n=1,2,3..; c=a—b; m=0,1,2,3...; d=2b u z=(na-+
+mb)/(a — b). Me’ron MOJKHO ACIOJb30BATH A MONYIeHHU GOJIBIINX KOJMIECTB
BHCMHEX cyinbgpanoB [56], manpumep masa cmaTesa memracymbdpapa H,S,:

H-S—S—{-H4Cl—{-S—{—Cl+H—{-S~S—H —> H-S—S—S—S—S—H-+2HCI. 8y

Jdra ocHOBHAA pearnua CONPOBOMIAECTCA BTOPDHMYHHIMHA DPeaKIUAMHA:

HySs+SCly+HpS; —> HySg2HCI, 9y
2H,S5+SCly —>*HyS,, +2HCI, (10)
HySg+SCly+HySy —> HySyy+2HCI, (1)
HpSg+SClp+HySg —> HpSy,+-2HCl # T. 1. (12)

OTHOCHTENbHBIe BHIXONH PAa3IHIHHIX MPOAYKTOB 3aBHCAT OT B3ATOr0 OTHOIIERHA
H,S, : SCl,. IlpuauMas HeKOTOpHE NpPeAmOJOkeHHsS, OTHOCUTeJbHHE BHIXOIH
KOHEYHHX NPOAYKTOB MOMKHO PACCYMTATH [JIA PA3JIMYHHIX IPONOPIHHA MCXONHHEX
BemecTB. CoriacHo 3TOMy pacdeTy JAOBOJBHO IUCTHII HeHTACcyIbdan 06pa3yeTca
OpH WCHONb30BaHMH Goibmoro ma3bmTKa Aucyibdama (oxomo 33 momeir H,S,
ma 1 mouns SCl,).

Jlins ycmemmaoro mpoBeAeHUS CHHTe3a IO 3TOMY METOAY HeoGXOMHMO, YTOGH
ACXONHHE cyiabdaH, B3gTHIl B u30HTKe, OHI BHICOKOIETYYUM BEIECTBOM, TaK
KaK BIOCIE[[CTBAY OH JOJIKEeH OTTOHATHCHA. JTOMY YCIOBHIO yhoBierBopsior H,S
it H,S,. 9TEM MeTo0M aBTOPH MONYYWIH CYIAbPAHK OT HEHTa- [0 OKTA-, MCXOMSM
m3 H,S,, m or gm- mo memracyappara, mcxoga ms H,S. Hua mpemorBpamennsa
MO60YHHX peaKOHil CHHTe3H NPOBOAWIAH NpH Temumeparype okoxo —o0° m B
OTCYTCTBHE BIArd.

N3yuena peaxnus H,S ¢ Cl, mo ypasmenuio (7) npu n = 1 m m = 0, xoropas
B BOZHOM DAacTBOpe AaeT cepy W XJOpHCTHIt Bogopox [122]:

Cly+HyS —> 2HC1-+S--41,4 xxaa. (13y

Jra peakmus mccaeloBaHa Takske B GesBommOU cpepe mpm —100° [159] m B mapo-
Boit dase [113], npuuem HU B OfHOM ciIydae He HAOIIONAIOCH 06Pa30BAHHA CYIb—
daHOB.

IIpzm COOTBeTCTBYOMHUX YCIOBUAX XJOP PeardpyeT € KHAKAM CeDHHCTHIM
BOZIOPOZIOM, 00pa3ys «HOBOE» CEHIpOe MAclo ¢ NpmOamM3mTeabHHIM cocTaBoM H,S,.
B ornmume oT 0OHYHOrO CHIPOrO MAcia OHO COREPIKHUT 3HAYATENHHOE KOJIMIeCTBO
H,S; n H,S;, KoTopHe M0OHO BHEINTH N3 HET0 MPocToi BaKyyMHOH OeperoHKoi
0e3 KpeKHmHra.

Haun6osee Ba)KHHM HPOMeKYTOYHHIM IPOAYKTOM B STOM IpoIecce ABIAETCS
HSCI, o6pasyomuiicsa 1o peakuuu

H,S+Cl, — HSCI-+HCL (14y
B cBomo ouepeas HSCI pearupyer .}11»160 ¢ H,S, o6pasya H,S,:
HSCl 4 H,S —> H,S,-+HCI, (15)

aubo ¢ o06pasoBaBIMMHUCH cynbdaHaMu, faBasg BHCIIEE CYIbOamH:
HSC1 4 HyS, — HySy44-+HCL (16)
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IIpomecc MOKHO BeCTH HeUPepPHBHO (BHCHIME CYJIb(QAHH HE PACTBODPUMEL B IKAJ-
koM H,S), u nosromy ou maubGoaee ynoben nas moaysenus H,S, u H,S; Ges kpe-
KHHTa, B Pe3yibTaTe KOTOPOro o6pasymoTcsa cyiab(aHsl W3 CHpOro macia. Bpom
BsaumopeiicTsyer ¢ H,S momo6Ho Xmopy, HO uoj He BeTynaer B peakuuo ¢ H,S
B GeaBomumoii cpeme [122].

I. Memods noayuenus 6vicokomoreKYAApHUT cyavdaros. Ilpu peakuum cyan-
$aHOB C MOHOXJIOPUIOM CePH KOJIMIeCTBEHHO OTMIEIIAETCH XJOPHUCTHIA BOXOPOLK,.
OpAYeM ¢ SKBUMOJISPHHMIE COOTHOMEHUAMY MCXOAHEIX BEMECTB 06Pa3yeTcsa TOMb=
KO HepAacTBOPUMas Cepa, a UPH M30HTKe CyIbana MOTYIAWTCA BEICOKOMOIEKY-
aapubie cyabdamsr [59]:

HySp +S,Cly — 2HCL 4+ HySonys. a7y

BaskocTh modydYanmuxcs NPONYKTOB HECKOJIBKO MEHSETCS B 3aBHCHMOCTA.
OT YCJIOBHI MPOBEICHHUs PEAKINH Jaske IPH OJUHAKOBOM COOTHONICHAN MCXOTHEIX.
pemecTB. ITockonpry cpemnuii cocTaB ocraercs TeM ke, Gollee BA3KME IPOTYKTHL
coepykat GoJible BEHICOKOMOJEKYJISPHHX cyiabdpamos. B mpomecce Bcerga Brijie--
IseTcsA HEKOTOPOe KOJIUYECTBO 3JIEMEHTAPHON CepHL.

JpyruM MeTomoM HOJIYyYeHMA BHICOKOMOJEKYJIAPHHX CYIb)aHOB ABIACTC
B3aumojeiicteue H,S ¢ BHcOKOMoneRyJI;IpHHMn nensMu cephl. Bakon u @anennan
HAILIM, 9T0 BA3KOCTH PAcIUIaBIeHHON CePH CHIBHO yMEHBIIAeTCA IPH 06paboTke:
CepoBOOPOTIOM [5]. OueBugno, mpoucxoguT peaknua ¢ 06pasoBaHUeM Gollee KO-
porkux meneit ¢ —SH-kornessMu rpynmamm.

Hexo'ropue TDPOAYKTH, PaHee PACCMATPUBABIIMECH KAK MOIHPUKALNUU CEPHI,,
B [eficCTBHTENIBHOCTH OKA3aJUCh BHICOKOMOJIEKYJISADHHMHA cyinbpamamu. [leiinec
[28] mamen, 41O PeAKIUA MeKIY BOAHEIM PAacTBOPOM CePHECTOH KACIOTH I (oc-
dopHOBaTO# KHCIOTOH fAaeT cyiabdamsl. JTa cMeCh 09€Hb BHICOKOMOJIEKYJIAPHEX
cynbdaHoOB MeIJIeHHO paspymaerca B pomGmaeckyio cepy m H,S. Ox xe momyami
cyabhanoBOE MACJIO IPU KHCIAOTHOM pPasioskeHHH THocyiabdara [29]. ITo Mmacao
¢ 99%-mBIM cojlepskanMeM CepHl OHUIO HA3BAaHO «MATrKoil cepoity. Mexep m Bep-
toaby [43] mokaszanm, 9T0 «MATKAaA cepa» OPeCTABIACT cOGOM BHICOKOMOJIEKYIAD-
HHE cyabdan. OHEH HONYIMIM ero BIMBAHMEM COJNSAHON KHCIOTH B THOCYIbaT-
HHI pacTBOpP M BHCPKUBAHMeM O06pPa30BABIIEroCA MAacja HEKOTOpPOe BpeMs
npm 40°. Henroe HeBA3KOE MACIO IPU CTOSHWM CTAHOBUTCA 0ojiee BA3KMM, IPH~
9eM mpomcxonuT Bhjeaenue cephl. Cpenumit coctas H,Sg5,.

2. Ceoticmea cyavgaros

a. Qusuueckue ceoticmsa. X0opomo oxapaxkTeprHzoBaHHEE cyiabdansl oT H,S,
mo H,Sg npexpcraBasior co0oii eaThie KUIKOCTH, 33 HCKIIIEHUEM (GeCIBETHOrO
H,S,. Husmwue dwieHs! roMOJIOrm9ecKOro psga — TeTpa-, MEeHTa- W reKcacyabda-
HEL — MOKHO OYHCTUTH BaKyyMHOI meperonkoil. Cyandansl, DodydeHAbIe KOHICH-
canmeii (pasgen 111, A, 1, r), BooGme He HY)KIaOTCA B KambHelmell ogncrke. Ilpn
ONTHUMANBHHX YCAOBHUAX 9KCOEPEMEHTA TEOPOTHICCKH MOKHO OKHAATH MPOTYKTH
¢ 97 %-moit yucroroit. Ha camom jene mmorga momydaerca paske GONbIIas 4McTO—
Ta, 9T0 00BACHACTCSH, BEPOATHO, HECOCTOATEONBHOCTHIO MPEIIOJIOMEeHNA O PABHOM
PeaKnuOHHON cOocO0HOCTH CYAbYAHOB ¢ PA3IMIHON AINHOM memu. Bricmue romo-
JIOr'W Pearupyior, BeposaTHo, Oolee Me[IeHHO. UWCTOTA CHHTE3WPOBAHHBIX COEMIH-
HEHHUI BIOJIHE JOCTATOYHA HJIA JIOOKX IeJeil.

Takwme ¢uamdecKne cBOUCTBA, KAK MOJADHKI 00beM ¥ MoJsipHas pedparmus
[61], aBusawTCcA AMBEEeHENME GYHKIHAMA JJIMHH IeNH BHYTPH IOMOJOTHUYECKOTO
paga. PaBencTBO

Moasapanit 06reM

Monsapras pedpaknus } =2a+(n—2)b (18)
TOYHO BHIIONHAETCA; @ — BKJIAN KomumeBod rpymnst —SH; b — ummkpement masa
KajyKq0ro BHYTPEHHEro aToMa cepH. B caydae moaspraoro o6bsema a = 24,8 u b =
= 16,4, a B ciyuae moxsApHO#l peppaknum a = 8,9 u b = 8,6 (tabu. 7).
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Tabauya 7

IMaoTHOCTH, MOAApPHBIN 06'b€M, NOKA3aTENb MPEIOMIECHHA
H MoaApHaA pedpakuusa cyibdanon [61]

Cyasdan d20 v AV n§ R AR
HySy 1,334 49,6 — 1,631 17,7 —
H,S; 1,491 65,9 16,3 1,729 26,2 8,5
H,S, 1,582 82,3 16,4 1,791 34,9 8,7
H,S; 1,644 98,7 16,4 | 1,836 43,6 8,7
HySe 1,688 115,2 16,5 1,867 52,2 8,6
H,S; 1,721 | 131,6 16,4 | 1,893 60,9 8,7
HySg. 1,747 148,0 16,4 1,912 69,5 8,6

6. Cmpoerue. IlocTOAHCTBO MHKPEMEHTOB B BHINIEYHOMAHYTOM pPaBEHCTBE
TOATBePTaeT TOT B3TJIAN, 9TO B CyJAbPaHAX ATOME CePH 00PasyoT HePa3BeTBIEH-
HBle IlemH. JTO TOKA3BIBAETCA TaKKe CIEKTPAMHA KOMOMHALMOQHHOIO DAaCCesHWS
cyrbdanoB, Bo3OykKmaeMeMu 3eieHoil aumueir prytm (5461 A): xaparrtepmceTm-
gecKUe 9acTOTH NPOMOJbHHX S — S-komxebanuii mekar B obaactu 400—500 cu™,
a 9acToTH AeopManMOHHEX KoseGanuit S —S — S B o6mact okomo 150—200 cm™t
¥ ABJIAIOTCA DPeBOCXONHEIM METOLOM MASHTAUPUKANUN ¥ XAaPAKTEPUCTHKH OTHENb-
HHX 9IEHOB 3TOT0 I'OMOJOTHYECKOro psma. HpoMe Toro, COeKTPH KOMOMHATMOH-
HOTO pacCesiHHA IOKAa3hBAT OTCYTCTBHE B HPOLYKTaX (QU3UIECKM PACTBOPH-
MO¥# cepHI. ’

Taxum 00pasoM, MeTOOs HONyYeHWs, PU3AIECKHE CBOIMCTBA W XMMHWYECKHE
peakumu cyab)aHOB MOATBEPIKIAT WX JHWHEHHOe NEeIHOe CTPOCHME.

B. Xumuueckue ceolicmea u anaiumuueckoe onpedeaerue cyivganos. Brcmue
cyabdansl TePMOAMHAMAYECKH HEYCTONYMBH, OJHAKO NPHM KOMHATHOH TeMIepary-
pe OHH HaXOJATCH B METACTAOWIBLHOM COCTOSHWM, TAK KAK SHePrus aKTHBAIUHA
PeAKIMM HUX PA3JIOKeHHs CPABHHTEIHHO BHCOKA — OKOIO 2D Kkaa/moav [47,
55]. B srom otHOmenun cyabdansl aHamormdns ankanaM. CymecTBeHHOe pasin-
9me MeJKIY HUMM 3aKJII09aeTCA B TOM, 9TO elN M3 aTOMOB cepH (oilee PeaKIMOHHO-
COOCOOHHl B HPHMCYTCTBHM PA3JIMYHBIX KATAJAW33aTOPOB PA3IOMKeH¥sI, TOTJA KaK
yriaepofusie Henu Gojiee MM MeHee 3aN[MIIEHE OKPY;KAIOMMU aTOMAaMH BOJZOPO-
na. [losToMy ocHOBHOI TPYIHOCTHIO B IpeNapaTHBHON XMMUH CyIb(PaHOB SABISAET-
¢ yCTPaHeHVe KaTAIN3UPYIOIUX PA3JI0KEHHe BEmeCcTB; eCIN 3TO JOCTHTaeTcsd,
cynbpaHsl OKAa3HBAITCA [OBOJIBHO CTAOMIBHHIMA B OTHOIIGHWH PAa3JINIHEIX
peaknuii. Mokuo HagesaTbCs, 970 CyIb(AHE OKAKYTCS MHTEPECHRIMH PEaKIMOH-
HOCIHOCOGHBIME LPOMEKYTOYHHIME COeJUHEHNSAMH IS Pa3INIHHX Heleil B Ipe-
MapaTUBHON HEOPraHW4ecKoil W oprammdeckoil xumuu. Xumusi cyiIbpamoB KO
CHX IIOP HeLOCTATOYHO MCCAeT0OBaHa, 3a MCKIYenneM ux peakuuil ¢ SOz u xaop-
cynb)OHOBOH KMCIOTON, BEPOATHO, BCIEACTBME BHIIEYKa3aHHHX HpuUIuH (pas-
meast VI u VII).

Hepasno IllBapuen6ax m ®@umep [151] ompemennnu KucHOTHEIE CBOMCTBA
HEKOTODHX Cyib(}aHoB, TMPUMEHWB YPE3BEHYANHO TOHKYI0 BKCIEDPUMEHTAJIBHYIO
TeXHUKY, M HALILIK, 9TO 3TH COeIUHEHUs IPeNCTABIAIOT co6oil 3HATNTEIBHO Golee
CIUIBHEIE KHCJIOTHI, 9€M C€POBOLOPOS.

Ananutndgeckoe ompefiesieHue CyJabpaHOB MOKHO HPOBECTH IyTeM Pas3yIoe-
HHMA KBapuessiM mopomkoM unpu 90°

HyS, —> H,S+(z—1)S (19)

1 B3BeIIMBAaHWeM BHIIeTMBIIeilicss sieMeHTapHOH ceps [39], mu6o apremToMeTpm-
YECKHUM METOOM:

H,S, +2AgNO; —> Ag,S-+(z—1)S+2HNO;. (20)



IToaumeprr cepb 97

Hau6omee GHCTPHMA U yIOOHEIME METORAME DAas3jIoKeHHA CYJAb)aHOB ABJIAITCA
peaknuu ¢ cyabduramu miau umasugama (pasmen X):

HySy+(z—1)S03~ — HpS+-(2—1)S03™, (21)
HyS,+ (2 —1)CN— —> H,S+(z—1) SCN—; (22)

obpasymomuecs B pe3yibTaTe THOCYIB(ATH MK THONUAHAIL OIPeJeNsIOTCA COOT-
BETCTBEHHO MOOMETPHYeCKHM MW Koaopumerpudeckum mytem [139].

B. Comm cyasdanon

1. Hoaucyabdudsl wesouHb U WeAOHHOZEMEALHBLL MEMAALO8

TMonucynbPUAN METOYHHX U IMEA0IHO36MEJbHEX MeTaJI0OB M3BECTHHL HAaB-
go. OGHYHO OHM HOJYYaTCA IPU B3aMMOMEHCTBMH METAJLIA ¢ Cepoil, MeTajia
WU eT0 aMHUIA U CEePHl B KUJKOM aMMuaKe, CyIbQUI0B METAJLIOB U CEPH B pacilia-
Be, CyIb(HUI0B METALIOB M CePH B BOZHOM DAacTBOpPEe HIU CHEPTE, TUAPOCYIbu-
OB MeTalJOB M Cepsl B BOJe WJIH COHUDTE, THLPOOKMCEl METAIIOB M CepH
uT. 7. :

BoxpmuHCTBO 3THX METOMOB JaeT He YHCTHE IPOAYKTH, a JHIIb CMECH
pasamuEnx moaucynbgumoB. Illommsii psax YHCTHX TBePAHX NIOJIUCYIBOUEIOB
nonyden misa rammsa: KoS,, K,S;, KiS,, KoS; u K,Se. PenrrenoBcku umctrie
pemecTBa yXoGHO mOJYYaTh B IKHAKOM aMMuaKe wid aGcoioraoM cumpre [151],
TAaK KaK OHH pa3pylmanTcs BoJoil ¢ o0pasoBaHueM HOJUCYJAbQUIHHX cMeceil.

BHe BCAKOTO COMHEHUS, MOJUCYIbOUIN COTePKAT aHUOHK Si~ B BHfIe Hepas-
BETBJIEHHHX Ileleil, 9T0 MOKA3HBAETCH TAKKe PEHTTeHOrpaduIecKIMHE HCCIef0Ba-
HUAMM ¥ OIpefelleHueM MOJAPHHX 06BeMOB U MOJAPHBIX pedparmuit [34, 151].

IlosTomy Gosiee pamHUe PpasBeTBIEHHEE CTPYKTYPH HIOJUCYIAbQUAOB NOIIKHE
OHITH OTBEPTHYTHL.

2. IToaucyrvPudv maxcesvlr memainos

UsBectun noaucynsduas Pb, Zn, Cd, Hg, Cu, As, Sb u Bi [87]. 9Ttu Goas-
meii 9acTi0 aMopdHEe BemecTBa 06pa3yOTCA NP PeaKIH THOYEHOMATOB MeTaJI-
JI0B C-3JEeMeHTapHOH cepoil B MPHCYTCTBUU aMuHOB. K coskanenmio, mMaio mccie-
DOoBaHH HX (U3NYECKUe M XMMHIECKHe CBOWCTBA.

8. Hoaucyrvdudsvl opeanHuUMeCKUT OCHOBAHULL

B 1954 r. Kpe6c u corpymmuxu [88] momyunnm nommcynbpdums opramm-
9eCKMX OCHOBAHMII DU PACTBODEHNN aMUHA M CeDH B HEMOJSIPHOM PaCTBOPHTEJe
¥ Me[JIeHHOM OPOIYCKaHUY CePOBOJOPONA; IPU B3TOM BHIIENSAETCA ILUIOXO PACTBO-
puMHii moaucyasdug. O6pasoBaHme HoMHMCYIbYUAA YCKOPAETCA IPA pasMHIKAa-
HEH Kollell Sy ¢ MOMOIbI0 cyiAbduaa aMuda win uoHamu S2°. B kpuceramindeckom
COCTOAHUH IOJYYeHBl reNTacyab@uIsl TPUMETHIAMIHA, H-IPONMIAMAHA, MUTePH-
IWHA, H-TeKCHIAMHHA, H-OKTHJIAMUHA, H-HOHWIAMIHA U HOHACYJIbOUIE TPHITUI-
aMHWHA, NU-H-OPONWIAMMHA, A& TaK/Ke TeKcacyaspup murIorekcmmamuaa. OHu
09eHDb HEeYCTONYUBH X 00IaAI0T I[BETOM OT JKEITOr0 10 OPaHKeBOro.

IMomoGueiM myrem HpeGc m Mioangep cmHTe3snpoBain TaKKe MONUCYIbOAIH
quamuuoB [86]. [lockoabKy 3TH coeuHeHMNA IPe3BHYANHO CTAOUIBHE, UX MOKHO
HOIy9aTh B BOTHOM WJIM BOTHO-COAPTOBOM PAacTBOPe IpUGABIEHUEM CePH K PACTBO-
Py aMHHA ¥ IOCJIeLYIOIIM HACHIIeHNEM CePOBOOPOAOM; IPH 3TOM BHIKPHCTAJIIH-
30BHBaIOTCA coiu. TaK, ommcaHs TPUCYIb()UAL ITUICHINAMAHA, IIeHTA-, reKca-
¥ renracy’iIbQUAN TPHMETHIEHAMAMHMHA U rekcacyiabQup TeTpaMeTHIeHAHAMHHA.
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1V. AJIKIAJI- 1 APRAJICYJIb®AHBI
Hecmorpsa ma To 4ro oprammYecKue MONMCYAbQHUIN H3BECTHH yie [aBHO,
X CTPYKTypa OmlIa IpegMeTOM 3HAYMTENBHOTO CIOPA, IPUYEM OJHM HCCJefoBa-
TeJU OpeIarain HePa3BeTBICHHYIO Ileb, IPYTHe — PA3BETBJIEHHYI, 4 HEKOTO-
pHe OPUNUCHIBANK MM Ja)Ke IMKINIECKYI0 CTPYKTYpy. B Hacrosmee Bpems
MMEIOTCSI HEeOCHODHMEE TeOpPeTHIeCKHe 1 SKCIePUMEHTANBbHBE T0Ka3aTelbCcTBa
JIUHEHHOro CTPOeHUsA OpraHwdecKux moaucyiabdumos (paspgen IV, B).

A Merogpl moxydeHus

1. Jucyavgpanw

HJucynsdans ¢ o6meit popmyaoit R —S — S — R asasaiorea manboiee Bask-
HEIMH OpranndecKkumu nogucyiabdugamu. OHU MOTYT GHITH MOJYYCHH ClefYOMUMT
metogamu [150]:

a. OKucaenue mepranmarnog. BEGOD OKMCIUTeNs] 3aBUCAT OT OKUCIMTEIHHO-
BOCCTAHOBHUTEJIBHOI0 MOTEHI(MAJA THOI-HHCYIbOamoBoi cucTeMu. OKHCIAEMOCTH
yMeHBIIAeTcA B PARY: THOPEHOJNH > HePBUYHHE > BTOPUYHEE > TPETHIHEHS

MepKalTaHH > THOMOYeBHUHA. :
Muorue MEpKAaOTaHE OKHUCJIAAKTCA KHCIOPOAOM BO3ayxa:

2RSH+ 03 — RSSR + H,0,, (23)
2RSH-+H,0, — RSSR-2H,0 (24)

B MeJ0YHEIX pacTBopax. OKuclIenre KAaTATU3UPYETCH CONAMM Me[H WU Kele3a.
B menognoM pacrBope mepeKNCh BOLOPOAA OKMCJISET MEPKANTAHH [0 AUCYIbda-
HOB B IPUCYTCTBUY cojieil xemesa [ypasmenme (24)].

Mop wam GpoM OKHCIAIT MepKAaNTaHH 110 yPaBHEHUIO

2RSH-- 1, —> RSSR}2HI. (25)

C X0opomwuM BHIXOROM AUCYIbPAHE MOJIYTIAIOTCA OPHA OKUCICHWH MepKANTa-
HOB XJIOPHEIM jKejIe30M B 3QUPHOM pacTBOpe:

2RSH -+ 2FeCl; — RSSR -+ 2FeCl, +2HCI. (26)

Jaa oKMCIeHNsI THONOB B AUCYJIbQAHE MOJKHO HCHOJH30BATH CAMEeE pPasiHIHEIE
oxmcaurenu: NO;, K;[Fe(CN)gl, SO.Cl,, HNO; man (NH,),S,0s.

OxnciieHye SKBHMOJSPHOH CcMeCcH [ABYX PAasIdYHHX MeDKAaOTaHOB [aeT
cMech TpeX Pa3INuHHX AucynbdanoB. 1Ipu- oxucaeHny OJHOPOJHEX THOJOB 00pa-
30BaHME JUCYIbQAHOB HOCUT CTATHUCTHIECKHH XapaKTep, TOI[a KaK OKMCIEHUO
3HAYNTEJHHO OTIMYAIOIMUXCS MeRAYy co60il MepKanTaHoB, HAIPUMED IePBUIHKEIX
¥ TPETUYHHX THOJOB, 6,1aroOPHATCTBYET 00PAa30BAHNI0O HECHMMETPUIHEIX JHCYIb-

¢daHoB. :

0. Aarxuauposarue u apuauposarue oucyavguda Hampus. C XOPONIMMHA BEIXO-
aMu AuCyJIb(pans HoaydaroTca npa peakmun Na,S, ¢ K- WK apUIrajioreHn-
JTamm: '

2RX + Na,S, —> RSSR+2NaX. (27)

MosKHO IPAMEHATD TaKKe COJMU ATKMICYIbHOHOBHX KHCIOT WIH COIM JAABOHM.
B. Jucysvpantr us sgpupos muoceproii xucaomu (coaeti Bynwme). llpu nosm-
IMIeHHHX TEeMIePaTypax AJKWITHOCYAb(ATH OKHCIAIOTCS MONOM C HPEKPACHHIM
BHIXO[IOM JuCYIb(aHOB:
2RSSO3Na -+ I+ 2H,0 —> RSSR 4 2NaHSO, 4 2HI. (2)
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Conuz BynTe m MepKanToKapGOHOBEHE KHMCIOTH [al0T HECAMMETPHYHHE NHCYJIb-
danm [149]:
RSSOsNa--NaSR’ —> RSSR’ - Na,S0s. (29)

r. Jpyeue memodw. OcCTalbHEEe METORH HOJYYeHUS ANCYIbOAHOB WMEIOT
OrpaHMYeHHHIl MHTEpeC ¢ MpenapaTuBHON TouKH 3penus. OHE BKI0OYAIOT: 06pa-
30BanMe AUCYIbOaHOB M3 3()UPOB THOIMAHOBON KWUCIOTH W OCHOBHHIX BEINECTB;
OKHCIMTeJbHHE I'UIPOJN3 NPON3BONHHX [APYTAX cepycofep:Kamux KapGOHOBHX
KHCJIOT; U3 HPOM3BOAHKX cyiabdonoBoit Kucaorst u HI; BoccTramoBienmne cyabgo-
HOBHIX KHCIIOT; M3 THOCYIB()OHOBHX KUCIOT CO Ie109aMy; BOCCTAHOBIGHNE MIPOH3-
BOJHKIX CYJAbQOHOBOIl KMCIOTH WU BBeleHHE CePH HOCPE[CTBOM JeiicTBHA ile-
MenTapHOit cepn miau S;Cl, B deHoMH mMium apoMarmiecKue aMWHEL,

2. Bucwue cyavgans

a. Tpucyavganr. Tpucynbdanel o06pasyoTca OPU PeaKIWN MepPKANTaHOB
¢ SCly: A
2RSH +4SCl, — RSSSR-}-2HC1 (30)

B OPraHMIeCKHX DPACTBODHUTENAX HIN HAPAAY ¢ BUCYIbYaHAME OPH OKHCJIEHHH
MEePKANTAHOB THOHUIXJIOPHUAOM
4RSH-+S0Cl, — RSSR -+ RSSSR -+ H,0 - 2HCI. (31)
6. Tempacysvpanv.. Pearmmsa Mesxny coenuaenusaMm co cBasamm S—Cl
7 H—S sasasercs manbosnee yHOOHEIM METONOM CHHTe3a TeTpacyiab(aHOB, Kak
# APYruX BHCIIMX OPraHAIECKUX MOJHACYIbOHEOB:
2RSH 4 S,Cl; —> RSSSSR+-2HCI. (32)

Terpacynbdansl MOJKHO HOJYUYATH TAK)Ke peaKldell TeTpacyabQHUIOB MeJOYHHX
METAJIJIOB ¢ AJKHJI- MW apUITaJoreHAaMu:

2RC1+ Na,S, — RSSSSR 4+ 2NaCl (33)
AIM OKWCIeHHeM HOJ0M OXHOSaMeNmeHHHX alKmImucyabdamon [16]
2RSSH + I, — RSSSSR 4 2HI. (34)

B. Ilenmacysvganst. IlenTacynpdans moaydanT OpU PeaKUUAX IEHTACYIb-
cIm,ua KaJlusa ¢ aJKWIrajJorenuaaMa B 6e3BOMHOM cpefle mau MepkanTaHoB ¢ S;Cl,.

r. Bucwue cyavgansi. Hexoroprie rexcacyinbpansl HeJaBHO CHHTE3HPOBAHH
IPA OKHMCJIeHHHA MOJIOM MOHO3aMeIeHHHX ankmiaTpucyisdanos [16]. [lo Dexepy
u ip. [58], rexcacynandanu v BHCIIHE OPTaHMIECKHE HOJIACYIbYAHK 06pasyoTca
neitctemem S,Cl, m Becmux XJopcyibdanoB Ha MepKamnTasH (pasmena V).

B. Ctpoenne m cBoiicTBa

Opranugeckme cyabQadsl Opu OCHYHHX YCIOBHAX UPEHCTABIAAT coboH
JHeJNTHe Macjao00pasHbie JKMIKOCTH WM TBepAbe BemEecTBAa. 3a HCKINYeHHEM
nucyabdanoB, HMEOMUX 0ojiee BHICOKME TEeMIEPATYyphl KHIOEHHs, YeM COOTBET-
cTByOmue THO3QHPH, OHU HEe MOTYT OHTH HmeperHanu Ge3 pasaosxemmsa. Opramm-
gecKue cyabQaHbH UpPEe3BHYAWHO TOKCHYAH M 00JaaloT OYeHh HENPHATHHM
3a0axoM. B oTHOmeHHM WX CBOMCTB B AuTepaType CYMECTBYIOT HEKOTOPHE pac-
XOJKIeHNA, KOTOPHE MOKHO 00BACHUTH HEOOHYHON TPYMHOCTHI0 CHETE3a BHICIIMX
CynbaHOB B GUCTOM COCTOSHEHU. J(OBONBHO TPYAHO OTIHYATH PACTBOPH CEPH
B HU3IHX cyabdaHax, cyabHaHOBEE CMeCH M IHUCTHE BEICHINE cy.an)anu ITaprep
u Hapam [106] onmyGnukoBanu HeZaBHO IpPEKpaCHEI 0630p peaknmii paspmBa
cBazell S—S B 3THX COEUHEHMAX. '

Hax ymxe oTMmedanoch, CTPYKTypa OPraHO3aMeMEHHHX cyiabQaHOB OHIa
OpeJMEeTOM 3HAYATEJbHBX CHOPOB. ['1aBHEIM apryMeHTOM B HOJb3y pa3BeTBIEH-
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HOM CTDYKTYPH sABIANCA (AKT JIerKOro yAAJeHAsA CePH U3 TPH- M BHICIIMX
cynbpaHoB, IpUYIeM BEHIIeJeHHe CePH OPOMCXOUIO 0 TeX MOp, IOKAa KOIMIeCTBO
oCTalompeiics cepsl He COOTBETCTBOBANO Aucyibdany. OgHako B HacToAmee BpeMsA
H3BECTHO, UTO CEMANOJIADHAA cBA3b A—B Bo3MoskHa, ecinm A—Goiee dIeKTPONO-
aosxnrensaa, 9eM B. Ecam A — cepa, 1o B fomxken GuTh Gosee aiexTpooTpmma-
TeJBHHM DJIEMEHTOM, HalpEMep KHcIopojoM. B cayuwae sxe ecim B — cepa, To
A nmommen GHTBL Gojlee BIEKTPONOJIOKHUTEILHBIM dIEMEHTOM, Hampumep dochop
B P,S,. C aroii Touku 3peHNA KayKeTCsI HEBO3MOIKHHIM 06pa3oBanme CBA3E S — S,
a OTCIOfla He JOJIKHO OHITH COeSMHEHWH, COeprKallWX TAKHe CBA3H.

IIpesxme dem paccMOTpeTh [0Ka3aTeJbCTBA HEPA3BETBIEHHOH CTPYKTYPH
OPTraHWYECKHX CYAb()aHOB, YMECTHO IPHBECTH HECKOJBKO IPAMEPOB B MOJIb3Y
HX pasBeTBIEHHOTO WJIM IWKIMIecKoro crpoenus. Bapomnm [8] mccmemosan mm-
aTHICYIbOAHK W HA OCHOBAHWM IIapaxopa cAelal BHBOJ, YTO AMCYTbOAH M TPH-
cyabdan obranaoTr nemeo6pasHoil CTPYKTYpOil, TeTpacyibpaH MMeeT Pa3BeTBIEH-
Hoe crpoeHme (I), a menracynnpanaM OH HIpHONCAN UUKINIECKAe CTPYKTYPH
(I1 = III):

R—S—S—S—R R—S—S—S—R R—S—S—S—R
g N\ VN
S—S S—S

I 11 II1

Brto monyueno sKOOH [Ba M3oMepa NeHTAcyab(PuAa, ONHAKO ITH JAAaHHHE HE
BHIICPKMBAIOT KPATHYECKOH SKCIepHMeHTanbHOM mpoBepku [58]. Bemum [13]
HA OCHOBAHUY M3MePeHU:A BA3KOCTH MEePKAaNTAaHOB, MOHO-, J¥- K TeTpacyiabdaHoB
B s¢upe, Gemsone U Xa0podopMe IPeAImOIOKAT, YTO OHE 00IAMAIOT pa3BeTBJIEH-
HOI cTpyKTypoit. Jlas monurerpacyrspuoB THOKOJOBOrO THUIA HpPeAlOYTHTENh-
Ha pasBeTBIeHHAs CTPYKTYpa, TaK KaK OPH JeiCTBHYM HA HUX IMeJodeil JIETKO
BHIAEJIAIOTCS /[BA aTOMAa cepHl M 06pasyioTcs cooTBeTeTByomue Aucyasdunst [100].
IIponsBefeHn peHTreHOrpadmIecKHe HCCIEHOBAHUA STUX IOJHUTETPACYAbOUIOB
[84]. IIpu pacTsasseHNN OHM KPHACTANINIYIOTCA U JAIOT XOPOIINe KPACTAINICCKHR
¢opmu. O6pasuaM siKOOK COOTBETCTBYEeT pasBeTBIeHHAS QopMyia, a He OGHYHAA
Henovevynas CTPYKTypa. YIUBHATEIBHO W HEOOHATHO, 9TO HENH U3 aTOMOB CEPH
He IpAMEIEe ¥ 9TO OPH PeHTTeHOBCKOM HCCIeOBAHNHE 00DAsI0B HeJlb3sl PA3IAIUTh

cTpykryps 1V 1 V:

—S—R R R

—8 —S S—
! ||
S S S—S
v Vv

HecMmoTps Ha 5TH apryMeHTH B IOJB3y Pa3BeTBIEHHHX CTPYKTYD, B HacTosmee
BpeMsl W3 DANA JKCOEPHMEHTAIBHEX M TeOPeTHYeCKWX [AHHHIX HM3BeCTHO, UTO
OpraEmYecKme MOJUCYTbQUIH ABIAITCA WCTHHHHIMH IPOM3BOSHEIMA JHHEHHBIX
cy1s}aHoB, a PasBeTBIEHHEE CTPYKTYDPH He CHOCOOHH CymecTBOBATh. JTO IIOKA-
3aHO, HAIpPHMep, WcciaefoBaHUAME 3jeKTpounHoil Audpparmum (CHj),S, [158]
n (CH;),S; [30] u ux cmexrpoB KoMOGuHammoHHOrO paccesnus [74, 162], a raxsxe
KpHCTALIOrpaduIeCKIMA U PeHTreHorpadmiecKuMu mcciaegoBanuamn [27, 161].
9tu namEHbHe TOKA3HBAKT CYMeECTBOBAHWE CKIANIATHX IEOHHX CTPYKTYp, T. €.
OpHCYTCTBMe 3Wr3arooGpasHHX memeil w3 aTomMoB cepel. Ha memmble cTpyKTyphl
yKa3HBaOT TaKKe JaHHEe 10 yasTpadmonerossiM cmextpam [89].

Hamnbomee ybeuTe bHEE JOKA3aTeIHCTBA HEPA3BETBICHHON CTPYKTYPEL OpPra -
grecKnx cyibdanos monyumnun Dexep m mp. [58], koropsie cumresmpoBamm
pAn MEMEeTUI- W AVITAICYIb()AaHOB B OUeHb UMCTOM COCTOSHMM ¥ M3MEPHJIHN HX
LIOTHOCTH, BA3KOCTH, IOKA3aTe/Id IPEJOMIEHHS ¥ CHEKTPH KOMOUHAUHAOHHOIO
paccesrus. Paccanranase MonapHEe 06beMbl, pedpakuun o Jlopertny — Jlopen-
Iy # Jorapa@Msl {AHAMAIECKHUX BASKOCTeH NI BTOTO Psga COEUHOHU ABIANTCA
NOHeAHHMA QYHKIMAMA 9HUCIa aTOMOB ceph. HouablneBrle CTPYKTYPH WA CBA3H
S — S HCKINYAKTCA B peayibraTe 3THX dKCOepPHMeHTOB (Taba. 8).

R
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Tabauya 8

IInoTHOCTH, MONAPHBIE OG'bEMbI, NOKA3ATENN NpPEJOMIECHHA,
MoOuspHBIE pepaKnuU W ANHAMHYECKHE BABKOCTH Tz
(B canTunyasax) aakmiacyib(aHoB

CoenuHenue dgo V20 n§) RY n20
(CHy)sSs 1,0623 88,7 | 1,5257 | 27,2 | 0,119
(CHa)sS3 1,208 | 1048 | 1,602 | 35,9 | 1,193
(CH3),S, 1,3065 121,2 1,6612 44,8 2,416
(CoHs)sSp 0,9930 | 123,4 | 1,5078 | 36,7 | 0,8388
(CoH3)9S3 1,1061 139,4 1,5669 45,6 1,6596
(CoH5)sS, 1,1971 155,7 1,6176 54,5 3,2099
(CoH)sSs 1,2706 | 171,9 | 1,6591 | 63,4 | 5,9965

3HaueHNA a ¥ b B OTHOMEHNH MONADPHEH 00beM — MoJsApPHAA pedpaknms (pasgen
111, A, 2) nas MeTHa- U STHWICYAbPaHOB paBHH: a = 44,3; b = 16,3; a = 13,6;
h=8,8 ua=161,5; b =16,3; a = 18,4; b = §,9.

K a1uM TeopeTnueckmM M QUBMKO-XHMUYECKHM apryMeHTaM ciefyeT moba-
BUTh, 9YTO caM (akT o6pasoBaHMA OpPraHMYecKMX TeTpa-, HeHTa-, TeKca- H
BHCIIAX CyAb)aHoB W3 MepKanTanos u jamueitnbix S,Cly, S3Cl,, S,Cly n BECmEX
XJA0pPCyNbOaHOB ABIAAETCA yOETUTENbHEM J0KA3aTeIHCTBOM UX HePa3BeTBICeHHOIO
LEOHOTO CTPOEHU.

V. TAJIOTEH- W TCEBJOTAJIOTEHCYJIb®AHBI

Coegurerusa Tuma S,X, m SX, M3BeCTHH [JaBHO, OJHAKO BHICIINE IaJIOT€H -
cyabdaHsl CHATE3NPOBAHM JIUINb B IOCHEIHNE HECKOJBKO JIeT.

A. Meronsl moxydYeHHA
1. Xaopcyavghars

a) U3 S,Cl, u godopoda. exep n Baymuep [41] nanu nepBre sKCIepAMEHTATBHEE
JOKa3aTeJIbCTBA CYIECTBOBAHNA BHCMNX XJopcyiabdhanos B 1952 r. VMu xe gav
HOJHH 0630p JMTepAaTYypPHHX CBefeHWi mo atomy Bompocy [41]. Ilyrem oxima-
JKIeHNA cMecH ropadmx mapoB S,Cl, m Bomopoga aBTOPH MOJYYUIH OPAHIKEBO-
JKeJITHE BAZKNE Macja M CBETJIO-JKeJITHEe TBEp/Able BEI[eCTBA NPUOIH3ATEIHHOTO
cocraBa ClySyq-0, u Cl,S,,, cooTBeTcTBeRHO. Bee BemecTBa, NONydYeHHBIE 3THM
MeTO[0M, OKa3aIKUCh CMECHI0 TOMOJIOIOB ¢ PA3IMYHOIl ANIMHOM Hmemu, a He PacTBO-
pPaM¥u 3JIeMEeHTAPHO# CepH B HU3MUX XJOpCyibdaHax.

6). U3 Huswux raopcyavgaros u cyavgaros. llkomoit Pexepa paspaboran BTOPOH,
3HAYATEAbHO Oojiee YHOGHBIN METOJ CHHTE3a BHICIIMX XJopcyiabdpamoB [52, 62].
OH ocHOBaH HA peakuuu cyIbPamoB ¢ XAopcyibdanaMu, KOTOpasA yiKe yHOMHHA-
aack B pasgene 111, A, 1, r. Ilpu usGritke cynsdana peaknmsa BefeT Kk oOpasoBa-
HUIO BHICIOUX CYJb()aHOB, a OpH u3GHTKe XJIOPCYIbOAHOB HOIYIAITCA BHCIING
XJIOpCYIBb(paHbi:

C1S, | C1+H | S| H4Cl § 8,Cl —> ClSyn4mCl+2HCL. (35)

IIpu ocroposxuom u MemiennoMm npubaieruu cyiabdpanoB H,S, H,S,, H,S;
u H,S, k ovens Gonpmomy usGurry SCl, npn —80° MoryT GHITH mOMyYerH C Ipe-
KPacHHMY BHIXOJZaMM M YAOBJIETBODUTEIbHOW YUCTOTOU 0e3 ImeperoHKH (TONBKO
usbutor SCl, momxen GHTH OTOIHAH B BaKyyMe IPH HH2KOH TeMIlepaType) cie-
ayomue xnopcyabdamsr: S3Cly, S,Cly, S;Cl; m S¢Cl, [62]. Bee peakmum mpoBo-
AsATca Ges pacTBOPUTENsA W LPH HOJHOM OTCYTCTBHH BJATH.
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B momo6uux ycaoBusax Bzammopmeiicreme H,S, H,S,, H,S; u H,S, ¢ nabur-
koM S,Cl; maer Cl,S;, ClySe, Cl,S; m Cl,Sg coorBerctBemno [52]. Heroropme
OpHEMepH 3THX peakouil mamsl B Taba. 9.

Tabauya 9
Peaknunm cyabgaHoB ¢ M3GHITKOM XiaopcyibdhaHoB
S,Cls S, Hs CocraB mpomykra | Beixoa, %

2260 2 SC12 45 ma st 83'38.012 84
1200 2 Sclz 26,5 2 HzSz S4,00C12 90
900 2 Sclz 19,'1 2 HzS3 S5,01C12 83
550 2 SCl, 19,0 2 H,S, S6.04Clz 92
450 2 Szclz 10,0 2 st 84:98C12 100
400 2 SzCIz 15 2 stz Se,foClz 100
400 2 SzClz 10 2 st;; S7,04C12 100
500 2 S,Cl, 15,3 2 H,S, Sg.05Cla 100

2. Bpomcysvdarn

CMmech BHcCmMX GpoMcyanpaHOB mOAyUaeTCs HPU OXJIAKIEHUH CMECH TOpS-
amx napoB S,Br, u Bogopoma [51, 57]. [Togo6uasa cMech oGpasyerca TaKsKe peak-
uueil Kougencanuu Mesxny S,Br, u H,S, [50, 51]. Ux neperonka He gaeT 9MCTHX
npoxykToB. Yucrsie BHCIue GpoMcyIbQansl Helb3sd HONYyInTh u3 S,Bry u cyuab-
¢anoB mo peaxumu (35), Tak Kak Touxka KumeHus S,Br, cammkxoM BEICOKA s
OTrOHKM Heo0XOoquMoro ee W30BITKA OT BHCIINX OPOMCYJIb(AaHOB.

Yucrsie coeiuHeHNA MOMKHO cuATe3mpoBath mo Dexepy u Puctuky [53] meit-
CcTBHEeM GPOMHCTOrO BOJAOPOAA HA YHCTHIE XJOPCYIb(ansi:

SpCly+2HBr — S,Br,- 2HCL (36)

PeaKI.U/IH OpoTeKaeT Ompu KOMHATHOM TeMIeparype ¢ KOJUYEeCTBEHHHIM BRIXOIOM.
ITaM MEeTOOOM INOJYYEeHBI M OXapaKTepPHu30BAaHHBI Cleaylonjue 6p0MchIBq)aHH:
SzBrz, S3BI‘2, S;‘Brz, SbBrz, SﬁBrg, S7BI'2 n SsBrz.

3. Huancyavgarns

Qexep m BeGep [54] o6o6mmam mmTepaTypy HO LHMAHOCOEAHHEHHUSM CEDPH
¥ JIOKasaj®m, 9TO BTU COAMHEHWS - ABIAITCA NPOU3BOTHHME cyinbpanoB. Onm
DOJYyYANH PARH ONPeReMeHHHX Becmux cyiabdanoB. Llmancyrsdans MoKHO
CHHTE3UPOBATh U3 TAJOTEHCYNbYAHOB M THONHMAHATA PTYTH:

SnX3+Hg(SCN); — Sp4o(CN);+-HgX,  (X=Cl, Br). (37)

Tor (bam', qTo HO,E[O6HBIG CHHTEe3H Ha OCHOBE NHWAaHHAAA PTYTH OPOTEKAT TOJBKO
[ SCIZ:

SX;+Hg(CN); —> S(CN),+-HgX, (38)

@ He HAYT ¢ BHICHIMMY XJOpCyab(aHaMM, HABOAUT Ha MPeAIIO0KeHHe, YTO peak-
IMA peryiampyercsa oOpasoBammeM cBsazeir S — S.

ITo peakmum (37) monyuemml ciuepyiomme coepmmenus: Sz(CN)z, S,(CN),,
S5(CN)3, S(CN)s, S;(CN); m Sg(CN)s,.

CunTes Tpuxaopmetuiacyiabdanos cocraBa (CCly),S;_¢ onucan B pabore [42].
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B. Crpoenme m cBoiicTBa
1. Xaopcyavgars

Xaopeyaspamn ot Cl,S; mo Cl,Sg mpemcraBusior coGoil BA3KHMe KUTKOCTH
C PasgpakalomyM 3aMaxoM OT KeNTOr0 0 OPAHKeBO-3KeJTOT0 IIBeTa, IpHIeM
OKpacKa yray0iaseTcs ¢ Bo3pacTaHWeM NIuHHE Henm#. bes pasmokeHus B Baky-
yme meperousioTcs ToabKo SCly, S;Cly u S3Cl,. Bee oru oTHOCHTENIBHO CTAOHIBHEL
u npu —80° MOTyT XpaHUTHCA HeompexedeHHo goiaro. llpu KommaTHO! Temmepa-
Type OHM COXPAHANTCS IO KpaiHeil Mepe HECKOJIBKO Heleldb. IlocKonaBKy Xa0p-
cyabpansl JIeTKO MOJYYUTh B OOJABNIMX KOJMIECTBAX, MOYKHO HAJeATHCS, 9YTO
OHU CTAHYT OYeHb MHTEPECHBIMM HPOMEKYTOYHBIMH IPOZYKTAMHU IEJIOr0 PAKA
pearnuii B HeOPraHUYecKONl M OPraHMYecKOoil XUMUH.

CnexTpsl KOMOWHANMOHHOTO paccesiHds u [Apyrue (QuanIecKme CBOICTBA
xaopcyibpaHoB (Takuwe, KaK MOJAPHEE 00BeMbl, MOJEKYJISPHHE pedparmun
¥ BS3KOCTb) ONHO3HAYHO JOKA3HIBAIOT IEII0YeYHOE CTPOCHHME BTHX COEIMHEHMIA.
Metoms nonydenus, xumudeckue peaxuun (pasmenst 111, A,1, s mw IV, A, 1,6, B
¥ r) ¥ QusMUecKHe CBOWCTBA YKa3HBAIT HA NPAMOJMHEHHOCTH Ieleil B pAgax
romonoros. Bemuunnsl a m b gna xaopcynsdaHoB B oTHomenum (18) (paspen
111, A,2) pasmm: a = 39,9; b = 16,2 gaa monsaproro oobema u a = 14,3; b =
= 8,9 muaa ModexkynsipHO pedparium.

2. Bpomucysvdans

Bpomcyasdpams or Bry,S, mo BrySg mpepcraBiasioT coGoit TeMHO-KpacHbIe
Baskue yxugroctu. Onu He meperomsTcs Ges pasinoskenus. B orauume or cynb-
¢anos (pasmen 11I), oprammueckux cymbdanoB (pasmen 1V) u xmopcyabdanos
(pasmest V, B, 1) rnybuna oxpacku 6poMcyabdaHoB yMeHBIIAETCS ¢ POCTOM HJIH-
uel tenu. McciegoBanme CHEKTPOB KOMOMHALMOHHOTO PAcCesHusi, MIOTHOCTH
M BA3KOCTH PAa3JIUYHHEX COCAMHEHWIT TaKyKe YKas3hlBaeT HA CYDIeCTBOBAHME I'OMO-
JIOTMYECKUX PAJOB ¢ HEPA3BETBJEHHHEIM [EHOHBHIM CTPOeHHEeM. XHMMHYeCKHe CBOM-
cTBa GpoMCYIb(AHOB BCe elle He H3Y9IeHH.

3. Huancyasvans

uancynpdans 06pasyoT cBeTIO-KenThie KpucTamas [Boaots g0 Sg(CN),]
WJITH el To-3eJIeHEe, OYeHb BA3KHe Macaoo0pasasie sKuIKocTH [S,(CN), 1 Sg(CN),].
OHU 09eHb YCTOWYMBH M PACTBOPUMEL B GOJBIIMHCTBE OPraHUIECKMX PACTBOPHUTE-
aeii. Ilpu MOBHIDEHHN TeMOepaTypsl IUAHCYIbPAHH MOJHMEPH3YIOTCA ¢ oOpa-
30BagmeM AaMOPQHHEX KpPACHHX TPOAYKTOB. MeXammsM 3TOHl HOJIMMEPH3ALNA
¥ BooOmie XMMWYeCKHe CBOMCTBA 3TUX COEIUWHEHWIl BCe eme He W3yYeHH.

Cunres nuancynspanoB mo ypaBHeHHIO (37) M MX CIHEKTDH KOMOUHAIMOHHO-
ro pacceanusa ykasusawor Ha cymecrsoBanue pama (NC)S,(CN) ¢ mepasBeTBiIeH-
HEIM IIETIHHM CTPOEHUEM. '

VI. MOHOCYJb®OHOBBIE KHUCJIOTBI HO3SS . H

ITOT Kiacc COeUHEHWH OTKPHT B MOCHeJHHEe HEeCKOJIBKO JIeT, Iocje TOro
"KaK CTAaJI0 AACHO, YTO THOCepHAs KUCJIO0Ta ABIAETCA MepPBHM WIEHOM HOBOTO psfa
CePHBIX KIICJOT. )

A. Merogsr monydeHns

1. Tuocepnasa kucaoma

Conu aToit KMCTOTH H3BecTHH 6oiee 250 etT. Ho, HecMoTps HAa MHOTOYHCIEH-
HEe NONBITKHN, HUKOTAA He YAABaJoCh IOJYIUTH CBOOOOHYI0 KHUCIOTYy WIH ee
ycroiiauBsle pacTBopH. HecTabunbHocTh paccMaTpuBaiach kKak Hambojiee Xapax
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tepuoe cBoiicTBo H,S,0;. Brur Hesicen fasie mporece ee pasiiosKeHus WIA Paspy-
MIeHAsT KUCIHX BORAHEIX PAacTBOPOB THOCYIb()ATOB (0030p JHTEPATYPH IO 3TOMY
Bompocy fas B pabore [115]).

CBoGopHdas 0T BOJH THOCePHAsa KHcioTa Omia moaydexa B 1957 r. Bmauaie
B 3¢upHOM pacTBope B Bufie guadpmpara H,S,0;5- 2(CoH 5),0 peakuueit Tmocynbda-
Ta HATPHUA ¢ XJOPHUCTHM Bomopomom mpum —78° [115]:

N328203 -+ 2HC] — 2NaCl + H28203. (39)

Torga sxe mccaemoBanoch pasioenne 6e3Boguoil kucaoTu. Ilomaranm, aro rias-
HEIMY OPOAYKTAMH 3TOH PEaKIUH MOJKHHE OHTH 3JIeMeHTapPHAA cepa M ABYOKHCH
cepul. OfHAKO HOBHE YKCHEPUMEHTANbHEIE [aHHHE HOKA3aJW COBEPIIGHHO APY-
roe, HeOKUJAHHOEe M YAWBHTEJHHO IPOCTOE IOBeJeHWe KUCJIOTH IPH PpasiioskKe-
HUE — 6Ge3BOMlHAs THWOCEPHAsA KWCIOTA pa3pymaeTcsa KOJMYeCTBEHHO YiKe NpH
HArpeBaHWH HIKe HYJIA ¢ 00pasoBaHHeM MOHOCYJAb(aHAa M TPEXOKHCH CepHi:

HzSzOg — HzS+SO3. (40)

B oTcyrcTBHE BOAH NPOZYKTH pPAasioKeHVMS He BCTYNAKT B OKUCIWTEILHO-BOC-
CTAHOBHUTENBHYI0 DPEAKLUUI0 M YCTOWYMBH B KOHTAKTe APYT ¢ APYTOM.
9TO pasiIoKeHHe COBEPHIEHHO aHAJOTMYHO TePMUYECKOMY Pa3pyMICHWIO Cep-
HOM KucaoTH BHme 330° ‘
H,S0, — H,0-+S0;. (41)

ITopo6HEM IyTeM MOIKHO JIETKO HOIYdaTh THOCEPHYIO KUCIOTY; CTeXHOMeTPpUIeCKYe
roamaecTBa SO; u H,S pearupyior mpu —78° B sdupe m B oTcyTCcTBHe Bjaru,
o6pasya konmdecTBenno H,S,0; [115]:

H28+SO3 —_— H28203. (42)

JTa peaknus OHJIa HeJABHO PACHPOCTPaHEHA HA MEPKANTAHH ¥ THO(PEHOJH, 4TO
BIEPBHE JAJ0 CBOGOAHEE AJKWI- M apHITHOCepPHEe Kucaoth [135]

RSH-+S0; —> RSSO,H, (43)

roe R — ankun- mom apmirpynoa.

B orcyrcrBme pacTBOpHMTENs MIM B HENOJADHHX pPACTBOPUTENAX, TAKHX,
Kakr ¢ropxmopmerans, H,S u SO; npn musknx TemuepaTypax He 00pasynoT THOCED-
HYI0 KHCIOTY, a JAT Gelsii KpucTaIInIecKuil abloncoBekmil agmyrt H,S-SO,,
ABIASOMUICA H30MePOM KHCIOTH U JIeTKO Pa3pymaiomuiica B BaKyyMe Jaske IPR
HESKIX TeMIepaTypax HA CBOM KOMIOHEHTHl — CePOBOXOPOS M TPEXOKHCH CEPHl
[136].

CorzacHo 06pasoBaHuI0 IO ypaBHEHWIO (42) M PAsiOKEHMIO IO yPABHEHHUIO
(40) TmOCEPHYIO KACIOTY MOKHO PACCMATPUBATH KAK MOHOCYIbPOHOBYIO KACIOTY.
B rakom cayzae SO; ciegyer paccMaTpmBaTh KaK AHTMADPUL CEPHOH KHCIOTH
1 B TO K€ caMoe BpeMs KaK «aHCYAbOOrHIPUI THOCEPHOU KUCIOTH . 1Joo0HRIM ke
o6paszoM XaopcynbPoHOBAsS KUCIAOTA ABIAETCH XJIODAHTHIADHUAOM CEPHON M THO-
CepHOI KMCJIOT B 3aBHCUMOCTH OT TOTO, PeardpyeT JHE OHA ¢ BOLOH WIM C Cepo-
BOZOPOLOM.

9T paccy;KIeHUsA OPMBEIU K TPeTheMy OYTH HOJNy4eHHsA cBOGORHOH THOCED-
HOU KMCIOTH — THOJH30M XJIOPCYIbOOHOBOR KUCIOTHI:

HO4S{ C1+H | SH — HO,SSH-HCL. (44)

JdTOT MeTOx HaeT cBOOOXHYIO oT pacrBopmrens kmecaory [133, 137]. @ropcyus-
¢$oHOBasg KHCIOTA pearupyeT TAaKUM ke 00GpasoM, HO TOJABKO B MAJOH CTeNeHHU
U 09eHb MeJIeHHO. ITO COPABEIJIHNBO M IJs MePBOM ICEBROTaJOTeHCYIbHOHOBOHR
RUCAOTH — TuonuancyiabdounoBoit NCSSO;H, wmsBecTHO#l B cBOGOTHOM cOCTOSA-
manu [134]. Oxuako meaBHO cMATe3mpoBaEHAsA GpoMcynb$OHOBASA KUCIOTA MOKOG-
HO XJIOPCYIb(POHOBOH THOMN3YETCSA 09EHB JETKO ¥ KOJIMYeCTBEHHO IO yPaBHEHMIO
(4%4) ¢ oGpasoBamvMeM THOCePHOH KMCIOTH H Gpommcroro Bopmopoma [138].
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2. Monocyavgorogle KUCAOME, SUICULUT CYAbPHAHOE

Peaxuusa mexay SO; m HoS [ypaBmenue (42)] moyxer GHITH pacmpocTpaHeHa
7 Ha [Apyrue coepmHeHUsA. TPeXOKHCH cepH 00pasyeT KUCIOTY He TOJIBKO C BOLOM,
HO TayKe WM C IEPEKHCHI0 BOZOPOJA. OTO CHPABeNIUBO W [N THOAHAIOTOB
Bogut (H,S) u nmepexmen Bomopoma (H,S,). [ucynsdan m TpexoKkucs ceps pearu-
PyioT B 3pupe OPH HUSKUX TeMIepaTypax, KOJIMIECTBEHHO 00pasys HOBYIO KH-
caory H,S;0; nmo ypaBuenuio

HSSH +S0; —> HSSSOH. (45)

Ee crpoenue momo0uo crpoenmio kuciorst Kapo, mo rpynma — O — O — »atoro
coequHeHHA 3amenieHa rpymmoin — S —S — [116].

Monocyasdonopsie Kuciaorsl Mmorocyabdpana H,S,0; u mmeymspanma H,S;0,
SIBJISIIOTCSA NEPBHIMU ABYMs WIEHAMHI PAKA MOHOCYABLPOHOBHX KMCJIOT CyIbda-
uoB H,S,0;. Omn o6pasyoTcs mo ypaBHeRUMIO

HSH+S0; — HS,SO,H. (46

Hax yxe ynmommuamocs, H,S u H,S, mawr H,S,0; u H,S5;0;. H,S; oGpasyer
MOHOCYJIb(GOHOBYI Kucaory tpucyabdpama H,S,0; H,S, — monocyabdoHOBYIO
rucixory Terpacyiabpara H,S;0; H,S; — mMoHocynbdoHOBYIO KHCIOTY HeHTa-
cyaspana HyS¢0; u HyS¢ — monocyasdonoByo kuciory rexcacyapdpana H,S,0;
[116, 123]. H,S;0; — Bricmuii 3 W3BeCTHHX B HACTOSAMee BpeMs WIEHOB 3TOTO
paza.

MouocynppoHOBHE KHCIOTH CyIb(aHOB MOMYIATCA TAKIKe HPU PEaKIUR
a0pcyab$OHOBOH KHCIOTH ¢ BHcmumu cyibhanamu [64, 133, 137], kak Guiao
MOKAa3aHO paHee IJis MOHOCYibpana B ypaBHenmm (44).

B. Crpoenme m cBoiicTa

MonocynsdoHOBEIE KHCIOTH CYJAb(PAHOB YCTOWYMBE B 3QHPHHX pPACTBO-
pax Opm HM3KHX Temmeparypax. Ilpu KoMHATHO#l TeMmepaType OHM paspymaloT-
¢, 3a HCKJIOYeHHEM THOCEPHOH KUCIOTH, KOTOpas sSBISETCS JBYXOCHOBHON;
BCe OHHM — CHJBHHE OJHOOCHOBHHE KHCJIOTH M MOryT OHTH BHEJEHH U3 pac-
TBOpOB B Bufe MoHO03puparor H,S,0,-(CoH;),0 (H,S,0; o6pasyer mmadupar).

3a uckaovenueM nepporo wiena H,S,0;5, MoHOCYIBOOHOBEE KHCIOTH TaKKe
cTa0MIbHE B TeUeHMe HEKOTOPOr0 BPEMEHW NPM KOMHATHOM TeMIeparype B KOH-
IeHTPUPOBAHHON COJAHON M B JEQAHOH YKCyCHO#l Kuciorax. Boga um ocobeHHO
BOJHBIE PACTBOPH MEI09ell Pa3pPYyMIAOT KUCIOTH 09eHb OHCTDO, IPHIEM TiIaBHHI-
MHI OPOAYKTAaMH Pa3pyINeHUs ABIAIOTCA THOCYIb(aT, TBYOKUCH CepH U 3IeMeH-
TapHas cepa. :

3a ncKI0YeHneM THOCYIb()ATOB conu MOHOCYNbGorOBEX Kucaor MelO,SS H
OUeHb HecTaOMIbHB TePMHUYECKH, a TaK:Ke 0O OTHONIEHWI0O K BoJe B 0COOEHHO
K mexodaM. OHH IOXYYaOTCSA W3 COUPTOBHX PACTBOPOB KHCIOT.

B meiiTpanpHEIX MIH c1a6OMENTOYHEIX BOAHEIX PACTBOPAaX MOHOCYIbOOHOBHIE
KHCJOTH PearnpyoT ¢ M30BITKOM cyabpuTa, HaBas THOCYIbHATHI:

stx03+($—2)H2803 — (x—1)H28203. (47)

9TH PeaKIn! SABIATCSA KOJIAYSCTBEHHEMHI U HO3TOMY MOTYT OHTbH MCIOIb30BAHEL
HJisi aHAJAM3A KHUCJIOT HMONOMETPUYECKHMM THTPOBAHUEM 00DA3yIOMUXCA THOCYIb-
daTos.

ITono6Hoe paspymienuie MOHOCYIbYOHOBHIX KHCIOT MPOUCXOMUT ¢ M3GHITKOM
NMaHWUIA, B pe3yabTaTe 4ero o6pasymTca THONMAHAT M THOCYIb(AT:

H,S403+ (z—2)HCN —> H,S503-+ (¢ — 2)HCNS. (48)

Hnammnoe PasiioKeHre TaKMe HIeT KOJUIeCTBEHHO M HOJTOMY OYeHb yIlOGI'IO
I aHAJINTUYEeCKUX IeJeil.
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B pasgene VII, A, 2 paccMarpuBaoOTCA peaKmuy STHX KHUCIOT ¢ HOHOM, XJIO-
poM, XJopcyibpaHaMu M XJIOPCYIHPOHOBOH KHUCIOTOM.

IToxa eme HeT (QU3MYECKMX HCCHEJOBAHUN CTPYKTYPH MOHOCYJIbOOHOBHX
ruciaor. X cTpoenue JoxaseiBaeTcsa MeTofamu mnojgydeHus u3z SO; u TuHEeHHHX
Ccynb)aHOB, a TAKMKEe OKHWCJEHWEM B JHHeiHbe HOJIMTHOHOBHE KumeaoThH H,S,04
(pasmen VI1I). Onu mocTpoens u3 HepasBeTBIeHHHX cKomeHHHX (skewed) umemeit
u3 atomoB cephl ¢ —SO;H-rpynmoit ma oHOM KOHIIe U aTOMOM BOAOPOHA HA APY-
rom. CoriacHo 5ToMy OpefCTABIEHHUIO, MOHOCYIbHOHOBAS KHCIOTA rexcacyinbpa-
HA MO;KeT ObITh M300paskeHa cllefyomuM 00pasoM:

HS S S SO.H
NSNS\
S § 8

VII. JUCYJb®OHOBBIE KHCJIOTBI H,S,04

Jaunsie mociaequUX HECKONBKMX JeT MOKA3HBAKT, 9TO MEKAY cyabpaHnamu,
MonocyabponosrmMu Kucaoramu H,S,O; 1 HOIUTHOHOBHME KHCIOTAMHE CYIECTBY-
€T OYeHb TecHAA reHeTwdeckas cBAsb [117]. IlonMMTHOHOBEE KHCIOTH MOMKHO
paccMaTpuBaTh KaK AMCYIbPOHOBHE KHCIOTH cyiabdamoB. Ilosromy B memsax
DOJ9ePKUBAHNSA TeHeTUIECKON CBA3HM MEKIY MOJMTHOHOBHIMU KHWCIOTAMH, CYJb-
$aHaM¥y M UX MOHOCYJIb()OHOBEIMU KHCJIOTAMH CliefyeT 3aMeHUTH CTapPyI0 HOMEH-
KJIATypy HOJAUTHOHOBHIX KMCJIOT HOBOX HOMEHKIATYPOIl, KaK 3TO CAeJaH0 B HACTO-
AmeM 0630pe.

BesBoganie qucynpoHOBEE KMCIOTH MOJyYeHsl Junib Hegasno [64, 133, 137,
146, 148], Torma Kaxk mcTOpMA MX coNell M Pa3GaBIEHHHX BOJIHHEX PacTBOPOB
JJIMHHA ¥ OOJHA mMpo0JieM UX CTPOeHMS M XuMudecKoro noseqenus. Ciemyer orMe-
TUTH, 9TO KaK NPOM3BOAHEIE CyJIAbPaHOB OHHM [ake He upusHaBaiuch. Eme
B 1808 r. JanbToH chenald KpUTHIeCKHe 3aMeYaHMsA OO XMMHYECKOH UpHpoHe
COCTAaBHBIX YACTEH JKUIKOCTH, IOJYYUBIICH DO3[HEe Ha3BaHUe KUOKocTH BakeH-
pomepa, o0pa3soBaHHOW NpH B3aMMONEHCTBUU CEPOBOKOPOLA ¢ M3OHITKOM JBY-
oxkucu cepw B Bome. Hwmcmorm H,S;04, HyS,06 mw H,S;06 otkprita B 1840—
1846 romax, a B 1888 r. [le6oc Brmeana u3 ®ugKoctd Bakenpogepa coiib, KOTOpas
[0 COCTaBY COOTBETCTBOBaJA rexkcaTHoHaTy Kaamda. CymecTBoBaHue caMoil TeKca-
THOHOBOM KHCJIOTH MO3/Hee OBUIO MOCTABIEGHO HOJ COMHEHME U He OBUIO JOKa3aHO
ollpeMielieHHO BILIOTH {0 paboTa Beitua u AxtepGepra [166] B 1928 r. JIuteparypa
mo pucyibpdoHaraMm cyiabdaHoB (moamTHMoHATaMm) BmioTh mo 1927 r. xopomio
o6o6mena Hypremakepom [91]. Ilociennuit npexpacusit 0630p gam I'épmarom
8 1952 r. [79].

CoriacHO UpEKHUM OPEJCTaBIEHUAM, TOJUTHOHATH ABIAIOTCA COIAMHA
kucaor H,S,0g, rie £ =3—6. CaMu KHCIOTH HEKOTOPOE BPeMs CYMTAIMCH HEeCIO-
COOHHIMH K CYHIeCTBOBAaHUIO B 0e3BOJHOM COCTOAHHM, & COXPAHAIMUCH TOJBKO
B pa36aBieHHHX BOOHHEX pacrBopax. HecMoTps ma psam uMccieqoBaHMiA, MO3BO-
JMBIIMX TWPEANOJAraTh HAIWIME BHICIIAX NOJIUTHOHATOB, 9eM TeKCATHMOHATH
[93, 166, 167, 171—173], mamoBepoATHO, UTO NMPOAYKTH NpPENCTABIANN COBOI
4HCTHe MHAMBHAYAIbHHE BemecTBA, a He CMeCH TOMOJIOroB. UmcTeie BHCIIHE
MOJMTHOHATH BUepBHe moiaydens B 1957 r. [118].

A. lmcyaponater cyabdpanos or (CH;3)IS;05 mo (CH3)IS¢06

3neck maeTcsa 09eHb KPATKUil 0630p 3TUX COGTUHEHMIT BCIEICTBUE HAJIMIMA
S0bIMOro KOMMYeCTBA ONYGIMKOBAHHOTO MaTepHAIa O DTHM COeJUHeHNAM H MHO-
FOYHUCIEHHEIM UX peakuusM. Muorue cooGImeHus HEPE/IKO IPOTHBOPEUMBEL, ITO
YKa3HBaeT Ha OTCYTCTBHe N0 HOCIEeJHET0 BPeMEHUW AeHCTBUTENBHOTO IMOHHMAHHA
OPHUPOABL 9TUX COEAUMHEHHI; CYMEeCTBeHHHE MepPeMeHbl IMPOU30ILAN, KOTHa ObLIO
JIOKa3aHO, 9TO OHH SBJISIOTCS NPOM3BOSHEME cyibdamos [79].
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1. Memodw noayuenus

Huas cuntesa pucynb)OHATOB WMCHOJB3YIOT TIABHHM 006paszoM clegymomue
nyTu:

Bsaumodeticmeue eanoeenudog cepsl uau dpyeux npousgodnuir S;+t u S ¢ HSO;
u S;02" coomgemcmeenno. OTH peakimu AeTanbHo uccaegosann llramm 1 BurTnep
[155], IlItamm u Tépunr [154] u Tépunr u Hlramm [81] u gpyrue aBrops. Teope-
TAYeCKOoe O0bACHEHNe TeYeHWs 3THX PeAaKUWil, JaHHOe B Pe3yiIbTaTe MOCHETHUX
MCCIeOBAHUIl, BHI3HBAET HEKOTOPHE COMHeHuA. llpexmoioskenuwe oGpasoBaHUA
o6mux mpoMexyTodHHX coefunenmii Sy(OH),, SI* mmum S,0 me mopTBep:RTaeTcs
CAMHMM TOCHCIHUMH JAHHHEMM, COTJIACHO KOTOPHIM HEIUCCONMMPOBAHHbBIE YACTH-
IH pearupyoTt apyr ¢ gpyrom, gaBas 2 moias HX (X—ramxorensr, —OR m #p.),
IpudeM JOBIIKymell cumiofl sBiaserca obOpasoBamme cBsseit cepa — cepa
[130, 146].

Bzaumodeiicmeue ceposodopoda ¢ usbumrkom 0syokucu cepvl 8 800HOM pac-
meope (mudrocmv Bakenpodepa). HecMoTpss HA MHOrOYHCIEHHBIE THIOTE3H,
paccMaTpUBapIUe PA3iIMYHBIE PEAKINH, NPOTEKawmue B 3Toi smumroctu [79],
oGpaszoBanme HUCYIBPOHOBHX KHUCIOT TAKMM IyTeM Bce elme HenoHATHO. HemaBuo
OTMEYAaJI0Ch, UTO ONPeJeNeHHYI0 POJb MOKeT UrPaTh B3aMMOAEHCTBIE HIIeMEHTap-
HO cepHl ¢ cepruCTOi Kucaoroil [125], Ho Boo6me munrocts Bakenpogepa 1o cux
IOpP OpeJCTaBisAeT cOGOH «KIACCHICCKYK» MpPoGieMy B HEOPraHHYECKON XMMMH.

Oxucaerue muocyavgamos (moHocyabPonamos monocytb@aros) npu noMouU
I,, Cu?*, ICN, BrCN, S,0;", NO;, H,0, usu na anode.

Hucnponopyuonuposanue ceprUcmoil KUcaombl U ee RPOU3BOOHBLE RPU NOEbL-
WEHHVT MmeMnepamypar.

Bsaumodeticmeue muocysvgpamos ¢ kuciomamii 8 npUCymcemeul cneyuaibHble
Kamaau3amopos, makux, Kak coil MHULLAKA UL CYPbMbl. OTH PEaKUUH Bce erme
He HCCIEIOBaHEL.

a. Jucyavgornamur monocyavgarog (mpumuornamet). Baanmopeiicrane K,S,0;
¢ SO, B BOGHOM pacTBOPe [[aeT ¢ XOPOUINM BHIXOJOM M B 9MCTOM COCTOSHUY KaJme-

ByI0 coib K,5;0, [99].

6. Jucyavgonamu, ducyavgharnog (mempamuornamet) erko NOAyJaTCs B 9H-
CTOM COCTOSHHWHN OKHCJIeHHeM THocyibdaToB momom [111]. Metom upumensercs
B maGoparopHoM MacmTalbe U Bce emle He MPeI0KeH I CHHTe3a Jucylb(OHATOB
nucynbdanos. OJHAKO OH MHTEPECEH HE TOJHKO MOTOMY, 9TO [[aeT BHICOKHE BHIXO-
L 9UCTOr0 TPOAYKTA, He TPeOyIImero HajbHedme#d OYMCTKH, HO M C TeOPETH-
YeCKOM TOUKY 3peHusA. BBUIO MPOBeJeHO 3HAYMTEIBHOE KOJIMYecTBO paboT ¢ Ife-
JIBIO TOJIY9eHUA Iieleil U3 aTOMOB CepH, B KOTOPHIX BHYTPEHHHII aTOM CEpH CBS-
3aH ¢ OJHUM HIM ABYMS aToMaMu Kucjopopma [124]:

Bce momeiTKH oKasanuceh GezycmemmHHMH. ToNBKO CyAbYYPUATHONMAHHE CO-
IepsKUT NOX06HYI0 KOH(UIypamuo

0
NCSSSCN,
0

OQHAKO 3Ta MOJEKyJa paspymaeTcda ye Opd OYeHb HHM3KHX TeMOepaTypax Io
peaxuuu

Jpyrue coenunenus He GhUIM BredeHH BooOme. OHM HeMeJIeHHO pasjarajuch
¢ supenenuem SO, [124]. 9ro copaBenauBo m AasA peaknuu cyabOypuaXIopuia
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¢ tnocyabdaramu [130], KoTopas maeT ¢ mpaKTHYIECKM KONUYIECTBEHHHM BHIXO0-
[IOM YHUCTHE AUCYIbYOHATH ¥ IBYOKUCH CEPHL:

o) ,
HO4SS —\— H4-Cl —{—8 —{— C14+H —— SSC;H —
- 1 O

)
- HO48—S—S—S—S0;H-+2HCI, (50)
0
0
HO3S—S—S—S—S0;H — HO38—S—S—S0zH-S0,. (51)
0

9Ta DpoTeKalomasi B KUCIOM PACTBOPE peaKIus NOKasHBaeT, YTO0 HESUCCOLMUHPO-
BaHHEE HJIH HECOJIbBATHPOBAaHHEE MOJEKYJH DearupyioT COOTBETCTBEHHO APYI
¢ IpyroM OHCTpee, YeM MOHHEIe TACTUI[HI.

B. Jucyavgonamu mpucyavganos (nenmamuoramer). COBepPINEHHO YHCTHI
pucyabdonar K,S ;0 ¢ MOKHO mOAYy9IUTh B IPEeNapaTUBHHX KOIHYIECTBAX METO[OM.
[131], paspaGoranasm B ocroBEOM Dépcrepom [67]. OB ocHOBaH HA KHCIOTHOM:
pasioxeHuu Tuocyabdara B mpucyrcTBuE As,0j.

B nureparype cymecTByeT pacxosKmeHne BO B3[JIANAX HA KPUCTAJIA3AMMOH-
uyio Boay B K,S;0¢. Boapmuncrso aBropos ommcmBaer coib K,S;04-1,5 HyO
(80, 92, 99], B To Bpema kak Beiiry [167] mamen cocras K ,S ;0 4- H,0O. Iocuennue:
ucclenoBagnsa qoKazanu popmyny Beiina [131]. 910 HecooTBeTCTBUE 00BACHAELTCA
TeM, 9TO COJIb OPUTATUBAET BOAY fasKe M3 KOHUEHTPUPOBAHHOU CePHOIl KMCIOTH
BmIoTh Mo cocraBa H,S;04-1,5 H50.

r. Jucysvgonamu mempacyavgpanos (cencamuonamut). K,S¢0¢ myume
BCero moiydars oxuciaenueM tuocyiabpara HNO,, Bnepsrie npegnoskennnm Beii-
nem u [oomom [167]. Meton ycosepmencrBoBan IIltammom u gp. [156] u oco-
OeHHO B OTHOIIEHNWH BHXOHA W 4WcTOTH JdamHmoMm [131].

2. Cmpoenue u ceoticmea

3a uckawuenueMm K,5;04 1 K,S,04, qucynbpoHaTs 09eHDL TPYIHO HONYIUTH
B 9HCTOM COCTOAHWU. VIOHH paspymanTcs B IEJIOYHHX PacTBopax u Golee Miam
MeHee OBICTPO B CHJIBHOKHCIHIX pacTBopax. Hambojee BajKHHIMU pPeaAKIUAMHA
ABJIAITCA PpasiokeHHe H30OBITKOM cyabdura

503~ + (2 —3)S03~ —> 5308~ +(z—3)S;03~ (52)

¢ oGpasoBanueM AucyiabpoHaTa MOHOCYIb(aHa W THOCYyIb(aTa B CTEXHOMETPH-
YeCKHMX KOJU9ecTBaX M moJ00HOe IUAHUAHOE Pa3pyIIeHue

S0+ ( —3)CN— 4 OH— —> S,03~ -+ (z— 3)CNS—+ HSO; (63)

¢ 00paszoBaH©eM COOTBETCTBEHHO THOCYJAb(YaTa ¥ THONMAHATA.

X apaKTePHEM CBOMCTBOM TUCYIHHOHATOB CYIAb(YAHOB ABIAETCA UX HECTAGUIE-
HOCTH B BONHHEIX PACTBOpPAaxX B NPHCYTCTBHU CIEJOB CYJIbPWUTA Miu THOCYIbdara,
00HYHO COMYTCTBYIOIUX TpHU cunTese. Taxoe pasmoskenne, HOZOGHO GOIBMAHCTBY
OPYIUX peaknuii STUX COefWHEHMII, NPOTeKaeT [JOBOJIBHO CJI0KHO M [JOIr0e
BpeMa BooOme OBJIO HENOHATHO, HECMOTPS HA GOJBIIOE YHCIO HCCIeHOBaHMIIL.

Hexroropaa sicuocts Gruia Buecena paGoramu muonsr Docca m Dasa [79],
KOTODHIe CHCTeMATH3MPOBANH PEAKIUY JUCYIbHOHATOB M IPEJIOKUIN TUIOTE3Y,
OO0 KOTOPOH 3TH COeNWHEHWS DPACCMATPHUBAKTCA KaK CYJAbQATH B THOCYIb()ATHE
S2+* u SI*t coorBercrBerHo. ONHAKO 3HAYEHWS MOJEKYIADPHON pedpaKmuu 3THX
coefuHeHmil, noxyennsie 'punbGeprom [77], moxasanm HeCOCTOATENBHOCTH BTOI
runoTe3sl. HoBEe MeTOOH CHHTE3a MUCYIBOOHOBHX KMCIOT ONHO3HAUYHO HOKA3AIR
AX IPUHAJJIEKHOCTh K NPOU3BOAHEIM cyabdanos (pasgex VI, B,1), a ne k S2* u SZ*.
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Kyprenakep [93] paspaGoraa KOBOJBHO CIOKHHE AHANHTHIECKHE METONH
KaYeCTBEHHOTO M KOJMYECTBEHHOTO ONpeeleHUs PA3INYHHX AUCYIbPOHATOB.
ITpoctre xmMudecKue MeTOAH AHAIM3A MOKHO MCHOOJH30BATH C OTPAaHMYEHHSMH,
0c06EHHO B ciIydae cMeceil, cOCTaB KOTOPHX IIOCTOSIHHO M3MEHSETCS BCJIEJCTBHe
Hen30e;KHHX B3aMMOIEMCTBHI MEKIYy HCXONHHME peareHTaMH W dYpe3BEYANHO
Ja0MIBHEIME JHCYIB(POHATAMU.

YuursBasg 5TH TPYAHOCTH, IPEICTABIAETCA HeJaTeJbHEM paspaborars Gusn-
decKue MeTO[H HIeHTHOHKAIKK M pasfielenus TUCYIbPoHATOB 0e3 XMMHUIECKOrQ
BO3/ICHCTBUA HA COJM B BOTHHX pacTBopax. Hammave mogoOHEIX METOOB SABIET-
¢ HeoOXONMMEIM YCJIOBMEM AAJIbHeHNIMX WMCCAefoBaHMil B 3Toit oGaactu. Ouu
6run HelaBHO paspaborans 3angom [131], KoTopsiil mePBEIM M3YIMIT KPUCTALIHTE-
ckue (OPMHL KAJHEeBHX COJIeH M HA 3TOM OCHOBAHMM HPEII0KUI MAKPOKPUCTAIIIO-
cKommuecKuil MeTon amanmsa. [mcynbdonar terpacynpdana (reKcaTHoHAT) UMeeT
aBe GopMbl. ITOT PAKT MPUBEJ K 00OHADY/KEHMIO paHee HEM3BECTHON KHCIOH COn
KHS¢O4, KOTOpYIO JIETKO MOKHO OTAHIUTH OT HOPMaibHOi comu K,Sg04 xumu-
YeCKUMH MeTO[aMH, a TaKe IO (opMe ero MaKPOKDHCTAIJIOB UM II0 PEHTIeHO-
rpaMme. .

Tounnle U3MEpPeHHA SKCTHHKUUM B YIBTPAQUOIETOBOH 00JAaCTH ¢ yd4eTOM
OOrPeITHOCTY HO3BOMMIA 3aHAY IPOBOAUTH ONPENEJIeHUsA OTHEIBHHX AHCYIbPHo-
HATOB M KOJAHMICCTBEHHO AHAJIMBUPOBATH WX CMECH, €CIM KA9eCTBEHHO H3BECTHH
KOMIIOHEHTH CMEeCH.

TBepabie colu MOKHO ONPERETUTHh IO MX MAQYPAKPACHKIM CHOEKTPaM, MpHIEM
MeToJi M03BOasAeT OOHAPYKUBATH IPUMecH B Koimdectse 9% u Buime. Takum oGpa-
3oM, Merol MK-cuekTpocKonmmm OpUMEeHNM AJA aHAJIM3a AUCYILPOHATOB HUCYIb-
$aHoB B NOBOJBHO MUPOKHUX IPENEIaX.

Omnpesiesenne AHIIEKTPUICCKON NPOHAIAEMOCTH AUCYIbHOHATOB MMO3BOJIMIO
aTh OMPE/ieIeHHYI0 XaPAKTEPUCTUKY PA3IMIHBIM WIECHAM TOMOJIOTHIeCKUX PATOB.
B caydae gucynbporara TpucyiIbdana (IeHTATHOHATA) STH W3MEPEHMS IMOKAa3aJlH,
YT0 CBSI3aHHAS BOJA HE ABJIAETCS MCTHHHO KPHCTANLIN3ALHOHHON Bomoi, purcm-
POBaHHOIl B KPUCTAIJINIECKON peImeTKe.

Jis KadecTBEHHOr0 M KOJIAIECTBEHHOTO AHAJIM30B JAUCYIbPOHATOB BIIOJIHE
NPHMEHAM METOJ OCImIIorpadmaeckoil moasporpaduu.

TTogpo6uo MccieZoBaHO NPAMEHEHNE METOA MOHHOTO OGMEHA s KOJIHIect-
BEHHOI'O pasfeleHHA AUCyJIb(OHATOB, HPAYEM OH NPHUTOJEH MJIA PasfeleHHd
SO§'~, Szo‘;-, S30§_, S4O§' u 8502-.

Creian [132] TmaTeabHO W3YIuI BOZMOKHOCTH XPOMATOTrpaduaecKoro pasmie-
JleHus OucyIbPOHATOB M WOKA3aj, 9TO 3TOT MeTo[ B LOCHeIHee BpeMs Iepe-
omeHmBaICHA. 9ITO O0O0YCIOBIEHO HECTAOMIBHOCTHIO MCCIEHOBAHHHIX COJIed W
OTCYTCTBHEM JAHHBIX D0 WX DPAsINIHEIM B3aMMOJEHCTBUAM C mpuMecAMH (rias-
HEM 00pa3oM CyabpuTAME M THOCYJAb(aTraMu, KOTOPHE IPAKTHISCKH BCerma
IpPACYTCTBYIOT mnpwm OOHYHEIX CHATE3ax cojeit). DBceaemcrBue gpe3BeYaiiHO
BHICOKO#l PEaKIMOHHON cOOCOOHOCTH AMCYJNbHOHATOB € CAMBIMH DPa3IUIHHIMO
coequAeHuAME (fajke C BOJOIL), BePOATHO, He MOKeT OHTh HCIOJIb30BAHA AIA
pasgenenusi cMeceii m xpomarorpadumsa ma Gymare. Bpems, meoOxomumoe s
pasfeleHus dTUMEA METO[AMHE, CINIIKOM RIHNTEIbHO. JTO COPABENINEBO HPH J0OHX
xpomaTorpadmIecKnX pasmeleHUsAX PAJUOAKTUBHHX AHCYIHOOHATOB, MEICHHEIX
S35, HecmoTps Ha GOABIIYI0 9yBCTBUTEIBHOCTS 10 CPABHEHHMIO ¢ OGHYHEIMHA METO-
JlaMW, OHM MeHee TOYHH, TaK KAaK pemanmuaM (aKTOPOM ABIAETCA CKOPOCThH
ompefenenus. JloCTOBeDHHIMHE pe3yIbTATAMH AHAJIM3A cMecell AucyIbHOHATOB
MOKHO CYUTATh NAHHBIE, HOJYYeHHEIE B IIPefiellaX CeKYH[, 4 He B Ipeelax IeJHX
gacoB. [losromy mucynndoHATH HENPHUrOAHH JIA AHAIHW3A HOBHIMH MeTOJAMH.
WX xuMua CIIMIIKOM CJIOMKHA [JIA BTOM UeJu.

Cmpyrmypa. B 1869 r. Bnomcrpany [15] u rogom mossxe II. V1. Mernenees [10]
Ope/iCTABUIN JHUCYIbGOHATH B BHIe HEPA3BETBICHHHX HeNeil M3 aTOMOB CepH.
Oprako mo3;Ke MHOTHE aBTODH IpeXmodadm GOPMYIIH ¢ PA3BETBIEHHEEMH LEHsMA,
OCHOBHIBAAICH IJIaBHHIM 00pasoM Ha TOM, 9YTO [eWCTBAE OCHOBHHIX peareHToB,
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TAKHX, KAK TUAPOOKHUCH, CYJAb(YUTH W UUAHUAL, HA AACYJIbOOHATH IHU-, TPH-
7 TeTpacyab(aHOoB BH3HIBAET BHEJEHUE ONPEIeIEHHOT0 KOJINIeCTBA ATOMOB CEPH,
KOTODHIe, CJIe[0BaTeJbHO, HEe MOTIM BXOAHTH B HEPa3BeTBIECHHYIO Ilelb.

B macrosmee BpeMs COBEPIIEHHO JOCTOBEPHO M3BECTHO, YTO AHUCYIH(HOHOBHE
KHCJIOTH 00JafgaloT HepasBeTBIEHHON CTPYKTYpod. ITO [OKA3aHO HE TOJBKO
XUMHYeCKAMH CBOIICTBAMH, HO M oOIpefeleHneM (U3NIECKHX CBOMCTB, TAaKWX,
KaK pedparuus, BA3KOCTb, IEKTPONpoBogHOCTh [83], cmekTps KomMOMHATWOH-
unoro paccesnusa [32] m K -perrrenoBckas ¢ayopecuennus [33]. Cammmm yGe-
DUTeIBbHEMH apryMeHTaMH HEPAa3BeTBICHHOTO CTPOGHMS MBIAIOTCS PEHTTeHO-
CTDYKTYDHEE HMCCIeJOBAaHWA COJeH, BHOOJIHEHHHE riIaBEHM obpazom Doccom,
ony0IMKOBABIIAM HEeJTABHO IPeKpacHH 0630p mo aroMy Bompocy [66]. Cormacuo
@Doccy, B HOTHTHOHATAX BCTPeYaeTcs fBAa THIA CBA3H cepa — cepa: MeAy aTo-
MaM¥ ABYXBAQJEHTHOH CePH B CepefMHEe IeOH M MEeXIYy aTOMaMU IBYXBaJeHTHOH
CepH U aTOMOM CepPH cyJAb(oHATa HA KOHIAX. ITH JBa THOA cBA3ed S — S mmeioT
PABIMIHYI0 JIHAY. 3HaueHNA JJAMHH cBA3H S — S HAa KOHIAX, oNpejeleHHHE
Ui AeBATH codeil, B cpexaeM pasusl 2,11 + 0,01 A. Cesazm S — S B cepenune
Helll MMEIT TaKylo jKe NIMHY, Kak W ¢BA3H S—S B pombmueckoil cepe (B mpe-
Helax OmMHNOKHW ONHTA) B OPraHMYecKHX Ad- M Tpucyiabduuax, a umenao 2,04 A.

910 paznuune B AJIUHE CBA3H cepa — Cepa MeKAY ABYMA THIMAMU IOKAa3HBaeT,
IOMUMO BO3MOMKHOr0 3PdexTa pasznmaHoit rmOpugusanuu opoOUT O-cBA3EH
¥ ABYXBAJICHTHOH 1 CYIbOHATHOM CepHl, UTO CBA3M MeX/Ty ATOMAMU ABYXBaJIeHT-
HO#l Ccepsl UMeIT pd-XapaKTep 7-CBA3ell MIW, 9TO MeHee BEPOATHO, KOHIEBHe
CBA3NU [JIMHHEe OJMHAPHHX cBA3ell S — S.

B. CsoGogunie pucyandonossie kucaorst cyabdanos H,S,04

ToxpKo ciefyiomue WIEHH 3TOT0 PHAAA U3BeCTHH B pas30aBIeHHOM BOXHOM
pacrBope: H,S;04, H,S,04, HyS;06 u H,S¢04, KoTOpHE mONydaTcs OOGEHIHO
B BHje CIOKHHX cMecefl IDH eime He ONpefeleHHHX PeaKIuAX M pPasfeisioTcs
JWIIb ANWUTeNbHOH MpobOHOM KpucTalausanueid WX colei.

1, Memodw noayuenus

Xumua aucyiabpQOHOBHIX KHCJIOT 3HAYATEIHHO HNPOSICHANACH IIOCHE OTKPH-
g B 1957 r. MmorOCYyabGOHOBHX KHucHaOT (pasgea VI). MorocynbdoHOBHE KHCIO-
TH OpH B3aMMONENCTBUY C TPEXOKMCHIO CepH B 3pUPHOM pacTBOpe B pesyiabTaTe
OPOCTOH CTPOr0 HAUDPABICHHOW pPEAKUHM € KOJHYECTBEHHEIM BHIXOLOM JaIOT
GesBogHHe AUCyIbpoHOBHE KucaoTH [118]:

HO,SS,H +S05 —> HO0,SS,SO05H. (54)

JTEM MeTooM moJNydeHH ciefyomue coemmperus: H,S;04, H,S,04, HyS04,
H,S¢0¢, H,S,06 u HySgO 6. MokHO TaKe HCXOAATH HENOCPENCTBEHHO M3 CYJIb-
daunoB; naa peanuun caegyer 6paTh CTeXHOMETPUYECKHE KOJMIeCTBA PEAreHTOB,
a mMeHHo H,S,:S0;=1:2:

HS,H 2503 —> HO0,5S,S0;H. (55)

IMonysennse aTumMm Merofgamu Oe3BOAHEIE AMCYIbQOHOBHE KHUCIOTH B JOCTa-
TOYHOM CTemeHM CBOOOMHH OT HOOOYHBIX NPOAYKTOB M APYTHX IpuMecei.

Tpernit MeTon cuHTe3a AACYIbOOHOBHX KUCIOT 3aKII09AETCS B OKMCICHHN
MOHOCYJIb(QOHOBHX KHCJIOT MOAOM B BOXHOM cpefe:

HO3SSxH+Iz+HSxSO3H — HO3SSszO3H+2HI. (56)

Oxncienne THOCEPHON KUCIOTOH U3BECTHO HABHO M MCIONB3YeTCA B KOIMIeCTBEH-
HOM aHaJu3e A HONOMeTPHH. DTOT METOJ AAaeT BHCIINE WIeHH PAxa JuCyIbPoHOo-
BHIX KHCIOT B focTaTouno anctoM cocrogamn: H,S,06, HoS 506, HySg06, HoS(06,
H,S,,0¢ u H,S,,06. Ecin BMecTo mofa B KadecTBe OKUCJIMTENISA B3SATH CTEXHO-
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MeTpHYecKoe KOJMYeCTBO XJIOpa, TO OO peakuud (56) MOMKHO HOXYydIaTh STH.
KHCIOTH B GeaBopmHo#t cpeme [123].

HucynbHoHOBEE KECIOTH MOKHO HOJYYATH TAKIKe NPU KOHIEHCATMM MOHO-
cyab)OHOBHX KHUCAOT ¢ xaopcyibdamamm [64, 146, 148]:

HO,SSy —'—H—|~Cl—‘—— Sy —i— C1+ H —|— S,S0;H —> HO3SS,4,SOgH|2HC]  (57)

BNV, PR | AR S

uau ¢ xaopeyabdonosoit kucaoron [64, 137]:

HO;SS; —j— H+Cl —{— SO5H ~—> HO03S8,SO0H. (58):

BapOuepu u Bpymo [6, 7] oOnapysuiu Bricmue AMCYIbHOHOBHE KUCIOTH, CO-
Jep;kamue -BIUIOTH 10 12 aToMOB cepH B IjenmW, NPY HCCIELOBAHUU KUIKOCTH
Baxenpopepa.

Herortoprie pesyasratel Befina u COTpyAHHKOB yKAasBBAKOT, 9TO DAL,
IUCYAbOOHOBEIX KHCIAOT PACHPOCTPAHACTCA BILIOTH 0 THAPOPUIBHHX CEePHBIX
someit OpeHa, KOTOpHE NpeACTABIAIOT €000, MO-BHAMMOMY, HATPHEBHE COJIN
Na,S,04 ¢ £ = 50—100. VYeroiiuuBocTh Ccoeil B OTHOMEHHUH BHJENEHHSA Cephl
yMmeHbmaerca B pagy go z = 20, a 3aTeM yBeIMYMBACTCA OPU HPUOIMIKEHUM.
K 30JAM CEepHL.

2. Cmpoenue u ceoticmsa

HucynbdoHOBHE KUCIOTH PACTBOPAKTCA B Bofge M dupe, OpUIeM BOTHEE
PacTBOpPH OHICTPO paspylIAOTCHA, TOrjga Kak Oe3BOfHHE 5J(QHpPHEIE PACTBOPH
YCTOHYMBH IpU KOMHATHOI TeMIepaType B TedeHHe HEKOTOPOro Bpemenu. M3 3To-
T'0 PacTBOPA MOYKHO BHIEIWUTDH CHIbHEE TBYXOCHOBHEE KMCAOTH B BUAe UX Au3dm-
paroB H,S,04-2(CyH 5),0, roTopsie npencraBisaoT co6oil Ipu 0GHYHKX yCIOBH-
Ax GeciBeTHHE MACISHUCTHE JKUAKOCTH. BEcmwue dieHsl psifa AUCYIbPOHOBHX
kucgaor (Bame H,S;0) 9pesBrigaiino 9yBCTBHTENBHH [ajke K cilefam IIeN0Yd,
a yCTOMYMBOCTEH BOAHBIX PacTBOpoB MakcuManbha y HoS 0. ITH cBoiicTBa 06BsC-
HAITCA OTCYTCTBMEM JKDAHUPOBAHMA aTOMOB cepe B memm. B pasmene X pac-
CMaTPWBAIOTCS HEKOTOpHe HamGoiee BajKHEE XUMUIECKHE DPeaKUuM NUCYIbgo-
HOBHIX KHCJIOT, Takie, KaK B3auMOJENCTBHE C HYKICOQUIBHEIMHM pPEareHTaMH.

CTpyKTypa 9THX COCMMHEHUI MOMHOCTHIO [OKA3aHAa; OHM IPECTABIAIOT o060
HepasBeTBICHHKEE IelM U3 aToMOB cepul ¢ AByMsa rpymmamu SOz;H ma xKompax.

VIII. THOKOJIOIIOJAOBHBIE COEJHMHEHNA

Twmoxonamu HaswBawTca HoamMmepHHe coefmHenns cocraBa (CxHyx — Sy,
mpuYeM BOMOPOLHEE ATOMH MOTYT OHTH YacTUYIHO MJIH HOJIHOCTHIO 3aMemeHH
PasaMIHEIMM OPraHMYECKUMHM TDYyIOaMH.

A. AnrmnnonmcynabumEble ITOTHMEPHI
AnxmanonacynbQuanble MHOIUMEDPH NONYYAlOTCS B OCHOBHOM MO DeaKIHH
nYRY 4 nNagS,; —> (RSy)n -+ 2rNaY. (59).

IIpomecc npexcraBiasieT co6oif, MO CymeCTBY, HyKIeOPIILHOE 3aMeMeHne peakiu-
OHHOCIOCOOHOHW KOHIEBOW TI'PYNIH HOJUCYIAbOHIHBIM aHMOHOM. MexaHW3M 5THX
pPeaKiuii MOKHO PAacCMATPHBATH KAK HPONECC HOoJuMepPU3alikH.

ITH peakIuu [aOT KayIyKomogoOHHIE NPONYKTH, KOTOPHE BCJeICTBHE
YCTOWYNBOCTH K PACTBOPUTENAM HANUIM HPAKTHdecKOe NPUMEHEHHE B KadecTBe
$yTepoBOYHOr0 MaTepuaja AJas OETOHHHX PpPe3epPBYAPOE, M3OMANMM TOIIHNBHHIX
6aK0B, Pa3IMIHEIX IPOMHILIEHHEX HOKPHTHI, ByTKAHU3UPYIOMAX ATEHTOB | T. [I.

BoxpmuucTBO padoT Mo THOKOJIAM HOCBAIMEHO WX IPOMHIMICHHOMY DOJdyde-
HHIO ¥ OIPUMeHeHHI0. X 0TS B 5TOU 00JaCTH UMEETCS MHOTO MHTePECHBIX 1 BaKHHIX
opo6iem, B HaHHOM 0030pe OHU HEe pACCMATPUBAIOTCA, TaK KAaK OH NOCBAIEHE
OCHOBAM XMMHUH NOJVMEDHHX COe[UHeHWH CO CBH3fAMYM cepa — cepa, a He HX
TexHHIeCKnM acmekTaM. BepemGaym u Ilamer [12] maror dpessnuaiino monxmEIi
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0630 3TOr0 MHTEPECHOTO KIACCA COSMUHEHNI, HATMHAS OT UX OTKPHITHA B 1838 r.
7 BILIOTH 10 camoil mociemueil aureparypsl 1958 r. BoapmuncTBo mpumenseMEX
cefi9ac THOKOJIOB IPEACTABIAT c000M 3aMeIMeHHbe STIICHOBHE TeTPacyIbOuas
—(—RCHCH,—S;,—)—.

HeCMOTpH Ha orpomHoe guciao myGaurammii [12], cymecrByer upesBrigaiino
MaJo peakiuil, JAIOMUX TH IHOJIUMEPH. ITO B 0coBenHOCTH OTHOCHUTCH K MeTHIe-
HOBEIM moamcyiabdpumam. o o6eroareasanix pabor IImumra m Baermepa [120,
421] ocHOBHAA pearuusas Me:KAy Hambojee ONPOCTHM OCMDYHKIMOHAIBHBIM rajore-
HO3aMeIeHHHM YIJIeBOXOPORXOM — XJIOPHCTHIM METHIEHOM—U CYJIbPuaaMu HIH
monucyabPumamu GBIIa MCCIefoBaHA JUMb B cMecu ¢ opmanpieranom. Biaernep
HUCCIeNOBAT  PEAKI{HIO

nRCHCl, 4 nMe,S;, —> (R— CH—S,— ), 4 2nMeCl (60)

¢ xaopucteim mermmenoM CH,Cl,, Gemsambxaopumom CH ,CHCl, u xmopucraim
STIWINIEHOM MU, ¢ APYLo#l CTOPOHH, ¢ cyabdumamu ot Me,S mo Me,Sg (Me = H,
Na un K). B mpocreitmem caygae ¢ £ = 1 u R = H nomygaerca tuodopmann-
Jlernf, KOTOPHI cpasy jKe IOJMMEPU3YeTCS BCIEICTBAE HEeYCTOHIMBOCTH MOHO-
Mmepa. Tpumepnnit tnodopmansmerun (CH,S); u mexoropnie dopmel ¢ BHCOKAM
monexyasapasiM Becom (CH,S), msBecTHn yske [aBHO; 0HM GBIIM MOJYyYeHH IIpU
B3anmMojeiicTuu  QopManabgeruga ¢ ceposomopomoM. HoBHIT meTox mo3BosseT
noxyuntb aucTeiil kKpucradnndeckuit (CH,S); mam romMoreHHHIl BRICOKOMOJIEKY-
asapasii (CH,S), ¢ odens xopommMu BHXOZaMH IpPH PEAKLHN XJIOPHUCTOTO
metmieHa ¢ MeSH, npwdeMm cremenb HOJMMepH3aUHU 33BHCHT OT BOCIPOH3BO-
IIMOCTH YCIOBHI pPeaKIHH.

B xope aTux mcciaenoBaHdil ORI BEITeJeH HOBHI HU3KOMOJEKYJIAPHEI 1IeH
sroro psaga terpamep (CH,S),, xoTopmii mpencraBiseT coGoil Gelsie KPUCTAJIH
< Temmeparypoil muasmenns 42°. OH DoiydaeTcsA OPH CUMMETPUTIHOM 3aMEIEeHUN
geTHpeX aTOMOB CepH B Kouxblle Sg deTHpbMs rpyomamu CH,.

B npucyTcTBUM TpUATHIAMAHA JKUAKUA CEePOBOZOPON IPH KOMHATHON TeMme-
patype u nox gasienuneM pearmpyer ¢ CH,Cl, ¢ o6pasoBanmeM moruMepHHEX IPO-
aykroB cocraBa (CH,S, ,),. CeoiictBa >TMX BemecTB aHAJOTHIHE CBOCTBAM
OOJNMePHHEX THOPOPMATBAETHAOB, 3d MCKIIOYEHNEM TOr0, YTO IePBHE CORepKaT
BMecto HopMaabHHX cBazeil —C—S—C— oxomo 10% pucyabOUEHEIX MOCTHKOB
—C—S—S—C—.

BzaumopeiicTBIe XJOPHCTOTO MeTHJIEHA ¢ HOJUCYIbOMIAMH IIEIOYHBIX
‘MEeTAJIIIOB B TOMOTeHHOH BOJHO-oprammueckoil cpeme maer moammepst (CH,S,),,
(CH2S3)nv (CHZSls)nv (CHZS5)n’ (CH2SG)n’ (CHZS7)n n (CH2SS)n7 KOTOpHEIe Ipef-
CTaBAAT co00H HepacTBOPEMHeE KayuykomomoOmeie Maccel. CoeguHenus
(CH,S,), m (CH,Sg), — xpynkue BemecTBa, OCTAJbHEe WIEHH psafa MArde,
a (CH,S;), Bener ce6sa mopo6no Baskoii xuakoctu. Ipn marpesamum soime 100°
9TH IOJMMepH BHAYaje pasMArdanTcd, a 3ateM okoio 150—200° mpomcxopuT
UX paspylIeHWe.

Ximopucruit GeHsuIufeH pearupyeT ¢ HDOINCYIbQULAMEU Jierde, 9eM C XJO-
PHCTHIM MeTHWJIeHOM, mpmieM moaydensl caepyiomume coegmuenusn: (CgH ;CHS,),,
(CeH:CHS;),, (CeHsCHS,),, (CeHsCHS;),, (CeHsCHSq),, (CeHsCHS;),
u (C¢H,CHS;),, mpencraBiasgiomue co6oil KpacHie BemeCTBA C 0Y€HbL BHICOKOI
BAsKocThI0. C yBenMdeANeM COTePKAHUS CePH OHU CTAHOBATCA Goliee XPYIKHUMM.
Ouesnpgno, HeGONXbMNE KOIWIECTBA HEIPOPEATHPOBABINEr0 XJIOPHUCTOro OeH3MIH-
IeHa UrpaloT poib pasmsarduTeneit. OHU MOryT GHITH yIaJeHH [IUTeJIbHOI 06pa-
6OTKO} BONAHBIM IapPOM, MPUIEM OCTAETCHA CTEKI000PA3HHN XPYIKMHA MaTepHa.
Amnanornumpie TPOAYKTH JAalOT TaKiKe peaknud OeHzaxbAeruja ¢ cyiabhamaMu.

B oraumume oT MeTHIeHIONNCYIbOUTOB HEKOTOPHE 6GeH3aJbIOJIUCYILPUIL
HEMHOTO PACTBODHMEL B CEPOYIIEPOLe, ITO AAaeT BO3MOIKHOCTD ONPENeINTh MOJe-
KyJIAPHHI Bec BucKo3uMeTpudeckuM Meromgom llraynunrepa. Haiimerno, 9ro cpen-
HAA CTeleHb NOJMMEPH3ANMUHA COCTABIsAET OKogo 00, a MOJeKyIsapHHII Bec HAXO0-
nurcsa B mpegenax ~8000—17 000.
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Ecnnm xjopucTsiii GeH3UIANEH Jierde B3aUMOMEHCTBYeT ¢ HMOJHCYIbQHIaMH,
9eM XJIOPUCTHIL METUJIeH, TO [JA XJOPUCTOrO STHIAKEHA AeCTBATENIHHO 00paTHOe:
3TO COeIMHEHMEe He pearupyer ¢ HOJUCYIbPUIaMU B BOTHO-CIHPTOBEIX PacTBOpax
PN HOPMAJBHBIX yCA0BHAX. Peakums mpoTexaeT TOIBKO B 09eHb KOHIEHTPHPO-
BaHHHX PACTBOPAX B 3aMasHHHX TPYOKaX HPHU BHCOKNX TeMIepaTypaxX, OFHAKO
B 3THX YCJIOBHAX TONyIawTCcsa HE3KOModeKyaapriie BemecrBa (CH,CHS,),
(maopumep, (CH;CHS,), Bojenasercs B BHAe OKTaMepa), XOTS M [JOCTATOYHO
9ACTHIE.

Baermep u Ilmuar ganu coaegyiomuil MOPANOK PeAKIMOHHOU CIOCOOHOCTH
IU3aMeINeHHBIX TaJOreHOYTrJIeBOLOPOLOB IO OTHOMIEHUIO K IIOJINC YAbQHmaMm:

CgH5CHCI, > CH,Cly > CH,CHC,.

Jlannble UCCIeNOBAHMWI TMOBENEHWS XJIOPHCTOTO MeTHIEHA W €r0 HPOM3BOXHHX
10 OTHOIIEHUI0 K CYJAbQUEaM M HOMUCYIbUIaM ORI HEJaBHO MCIOIb30BAHBL [AJIs
CHHTE33d HOBBIX KJIACCOB IIOJVMEPHHIX COeJWHEHHH, WMEIINUX, MIO-BHIUMOMY,
3HA4YUTeNbHOE HpaKTHiecKoe mpumenemme [143, 145].

THOKOJIB ¥ CHIMKOHS HPENCTABIAIT cOGOM [ABA COBEPIIEHHO DPAa3IMYHEX
Kjacca IITACTHKOB C PA3AUIHEIMUA CBOWCTBAMI U PABIMIHHM WMCHOOIH30BAHUEM.
OpHako myTeM B3aMMOREHCTBYS MeX/AY XJIODMPOBAHHBIMH CUIOKCAHAME H CYJIb-
dumaMy WM HOMUCYIbUIAMA MONYIAIOTCH COSTUHEHHSA CO CBOMCTBAMH, XapaK-
TePHBIMH [IA 0GOMX BHINIEYKA3aHHBIX KJIacCOB. TaK, CHMMETPUYHKIA THXJIOpPMe-
THITEeTPAMeTWISUCIIOKCAH pearupyer ¢ cyiabdugamu, o6pasys o9eHb MHTEPECHOS
HOBOE COeIWHeHNe, IPUIeM B 3TOM CiIydae IpPeAmodTHTeNbHEe 0KA3alach MHUKIU-
3alUsa TOJIMMepa:

0

HyC. / \_ ,CH

s st

H;C CH,
|

H,C CH,
N/

CH; CHj
CIH,C—Si—0 ——éi—CHZCI 4 NayS —> 2NaCl +

I (61)
|
CH;  CH,

B 10 BpeMs Kak 5Ta peakIWA /laeT HHI3KOMOJEKYIADHHIA INPOLYKT, HOJEMEpPH
¢ 09eHb MHTEPECHHIMU CBOUCTBAME HOJYYAITCSA IPH B3aMMONEWCTBHHM XJIOPUPO-
BAHHHIX CHIOKCAHOB ¢ cyiabduaamu win mnonucyiabPumamu. CHINKOHH MOKHO
BYJIKAHW3MPOBATh B HACTOSIEM CMBICJHE STOr0 CIOBA, IPUIEM CHIOKCAHOBEHIE
el WAM KOJbI[A CBA3HBAIOTCA MeKAy coboit moctuxkamu C — S — C mim
C — S, — C, KomwgecTBO KOTODHIX, a BMecTe C OTHM CBOMCTBA KOHEYHHX
OJIACTHKOB, MOMKET M3MeHAThesa B 3aBucumoctu ot gncaa C — Cl-rpynm B mexop-
HOM BemecTBe. IlosmydaroTcs 00BYHO TpPO3padHbBIE, 09CHDb JKECTKHE, XUMHYECKA
n TepMmdecku crabumbusie oponykTH mpu 100%-Hom cmmBammm cepoii. Humxe
mpeficTaBied (pParMeHT ONHOM W3 HEJAaBHO HOJYYEHHHIX MAKPOMOJEKYJI:

sl, sI S S

<|:H2 (Ile (‘:H2 (':H2
—&—O—g—O—é—O—Q;O—
g, b dm om,
BEE

CH, CH, CH, CH,
—Sli—-O—él—O——Sli—O—Sl;i—O—
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B.: @ennienoBbie moaacyibguub

HecMorpsa Ha GOIBIIYI0 XVMUYECKYI HHEPTHOCTH TAJOreHOB B GEH30IBHOM
ronbre Maranym [96—98] B ogeHb HeCTKHMX YCIOBHUAX MONYYIWJI MOAUMEDH U3
TaKUX COefuHenuil, Kak n-guxaopbenson. IloanMepusanus OpOBOAAIACH B OTKA-
gamHo# 3aHasgHHON TPYOKe, cofep:Kameil cMech MOPOMKO0GPas3HON cephl, Kap6o-
HATA HATPUA M JUTANOTeHHWA. Peaknusa B OCHOBHOM 3aKAHYMBAETCA B TedeHDe
20 uac npu temmeparype 300—400° ¢ oGpazoBammeM TBEePHHX IPOXYKTOB. JTH
npoaykrs upu Temueparype 180—200° cranoBATCA MIACTUIECKUMH, 9TO MO3BOJA-
eT mpE uX 00paboTKe WCHONB30BATH JIUThe HOJ [aBienueM. B uatepBamze 250—
350° BemecTBa maaBaTca. MosexkyunsapHui Bec momumepos mgocrmraer 20 000.
ITomo6usle coeAMHEHNS OIPOACTABIAIOT 3HAYUTEOIbHYIO EHHOCTD, TAK KaK HAJIMINe
($eHUTeHOBOH TPYNOE B OCHOBHOW NENW IPUAaeT DPEryisipHOCT M IKECTKOCTH
CTPYKType.

MexanmsM monmMepmsanuu MakaayMa M CTpOeHWE HOJYYAIOMUXCA MOJIAME-
PoB moxpo6HO mccaemoBank Jlernem m corpynumkamm [94, 95], KoToprie yecrano-
BHJIM, 9TO STOT IPOIECC IPeACTaBisgeT cO00H MOIMKOHICHCALMIO MEKAY apuira-
JIOTeHU/OM U HEOPraHAIeCKUM CyJIb(HIOM B OTCYTCTBHE pacTBopuress. HauGoxee
OCHOBATEJbHO HCCIE0BAHA MOHOMEDHAs chcTeMa. Peakmuio MOKHO IpefCTaBHATH
ciaexyomuM o0pasom:

cl _{__>\_ C1-- S+ NayCO;4
|

J/300—350° (62)

[_{ >—s—]n_ +NayS0, +NaCl -+ CO,.
B sroil crcTeMe, KaK mojiaraiT, BHadalie B pacIiiaBe pearupyior cepa u KapGoHaT
HATpHA, 00pasysa cyabdny HATPUA, KOTOPHI 3aTeM B CBOIO odYepelb B3auMOJeii-
CTBYeT ¢ n-AUXJI0pOeH3070M H JaeT HoiamMeDPH. BepoaTHo, B aT0il cucreMe mpoTe-
KalOT JOBOJBHO CJIOMKHHE PEAKNWH: HYKJIeoPHIbHOE 3aMeledre THOA OKMCIH-
TeJIbHO-BOCCTAHOBATEALHKNX PeaKOU MOJIACYIHPATOB A CePOKACIOPOTHEIX COTHA-
HeHW#, HaNpUMep
Na,CO3+S—S—S—S — ?—S‘Na"'—[—Na*’O"S—S—[-COz, (63)
i l |

CcBOGOTHOPANIMKAILHOE 3aMeMeHne B apOMaTH4eCKOM KOJbIe

Cl cl +:S+ —> (I (C1) + ClI-

Se wan H- (64)

H HyKIeopHMIbHOEe 3aMelleHNe B HEPeAKIMOHHOCHOCOGHHX apHITaJOreHUfaX:
ArCl+NayS —> ArS—Na+--NaCl, (65)
Ar’Cl+ArS—Na+ —> ArSAr’--NaCl. (66)

BrmeykasanHas IOIMKOHJEHCALHsA, BEPOATHO, Hpe[CTaBisgeT coboil KoMOGHmHA-
MU0 STHX Peanmii ¢ o6pasoBanmeM (ojlee WIH MeHee¢ OTYETIMBO BHPAKeHHHIX
cragmii.

IlpoBeseno cpaBHEeEMe MOTydeHHHX rOMONOJMMepH3anmeit Mo Metony Maka-
JyMa U CONOAMMepu3anuell NOIMMEePHHX COeJUHEHUH ¢ IMHeHHHMA GeHnIeHoBhI-
M CyabQUIHEIMA HOJTMMepPaMH, 00pasyOMUMACS IPH CAMOKOHAGHCAIAE N-XJI0P-
THOPEHOKCH/a, BKII0YAasd PACTBOPAMOCTH, TeMIePATYDPH DPa3MATYeHUs ¥ IIaBIe-
HUs, JaHHKE peRTrenorpadgmueckoro u MK-cmexTpansroro anmanmusa, TepMudecKyio



IToaumeprr cepti 115

ycroiiumBocTh (quddepeHnnaTbHNA X rpaBEMETPHYECKEN TePMUYECKRH aHAIH3).
B pesyapraTe 9TOr0 CpaBHEHHS YCTAHOBIEHO, UTO HoJmMepH Makaxyma m nmHeii-
HEE I0JuPeHNIeHOBEe CYyIbQUAN B CYMHEOCTH MAEHTHYHH IO BCEM MCCIEL0OBaH-
HHEIM CBOMCTBaM, [JasKe B TOM ciiydae, ecianm moixuMep Makanyma comep:xur nHa 15—
20% cepm Goapime, deM JuHENHK DojimMep. Bce 3T0 mMO3BOMAET I MOIEMEpOB
Makajgyma OpeIoIoKATh CTPYKTYPY B BAfe HOMEPEIHO-CITATOTO SAKPA, K KOTO-
poOMYy UpHCOeUWHEHH 6ojiee WMIUM MeHee [JIWHHHE JWHEHHEHeE IIeHH.

B ycmosmax monmmepmsammu mo MeToxy Makamyma HeJAaBHO BHIIEIEHH
HEKOTODEe HOBHE HW3KOMOJEKYISDHBe IOJAMEDHHE (QeHWUIeHOBHE CYIbOUIH,
KOTOpHE B GOJIbIIMHCTBE Cly4aeB PACTBOPSIOTCA B OPraHAYECKUX DPACTBOPHUTENIAX
[129]. IlpmmepoM MoOKeT CIYKHTH [eKaMepPHHH M-QeHHIEHOBHN CYIbOmL
(Ce¢H,S); mam TpuMep, nenwTamep, renTamMep ¥ HOHAMep O-QEHWIEHOBOrO
cyasdmaa (CeH,S)s, 5,7 . [lpm BarpeBannm oHE HOMUMEPU3YIOTCA AATBIIe B HEPAC~
TBOPAMEE BeI[eCTBA C OYEeHHb BHCOKOH TePMHYECKOH YCTOMYMBOCTBIO.

IX. HIOJUMEPHBIE COEIUHEHHA HA OCHOBE
THOKHCJIOT

Jlna cumETe3a Iemoro psjaa COefMHEHWI, HAOpPAMep CYIbYaHOB, XJIOPCYIb-
danoB, ankmacyrsPaHOB W APYIHX, XOPOUIO WCCIEOBAH MeTOJ KOHNEHCAIIHA
mesxgy HS- m ClS-rpynnamm ¢ oGpasoBammem S — S-cBsseii:

=H{Cl—}—S— — HCl4+—S—S—. (67)

—S—

BzaumopeiicTBre THOCEPHOI KHCIOTH ¢ XI0PCYIbdanaMu ¢ 06pa3oBaEmeM JACYIb-
(GOHOBHIX KHCIOT MOKeT CIYKHTh OPEMEPOM DeaKIu¥, Ije THOCePHAA KHCIOTa
MCOOJNB3YeTCA KaK BemecTBO, cofepskamee rpynmu —SH.

THOKACIOTH IPEICTABASIOT CO00H THOAHAIOIM KHCIOPONHKEX KHCJIOT, B KO-
TOPHIX OJWH WX HECKOJBKO aTOMOB KNHCJIOPOJA 3aMEINeHH aToMamu cepe. OQOm4-
HO THOKHCJOTH He CYIMEeCTBYIOT B ¢CBOGOJTHOM COCTOSIHWH WJIH II0 KpaliHeil Mepe
HAMHOT'O0 MEHee YCTOHYNBH 0O CPABHEHHIO CO CBOMMM KUCIOPONHKEIME aHAJIOTaMH.
Nckaogenme cocraBisgeT TpurhHoyroibHas kuciaora H,CS;, koropas B oTamume
or H,CO; ycroiiumBa B cBOGOJHOM COCTOSHME B TeYeHHEe HEKOTOPOTO BPEMEHH.

IIpmBenernsle B HacToAmeM 0630pe Pe3yAbTATH emie He ONyGIMKOBAHHHEIX
paboT HmOKA3HIBAIOT, UTO [JIA KOHMIEHCANWH C Xiaopcyibdamamu, xpome H,S,0s,
MOKHO IPUMEHATH U APYyTHEe THOKMUCIOTH, IpAIeM 06pasyomuecs B 5TUX peaKIu-
AX HOBHEe IOJUMeDHHE COefWHEeHHA 061afaloT 0YeHh MHTEPECHHMHE CBONCTBAMH
[126, 128]. Bce omm mpefcTaBasioT co6oil NpOM3BOAHEE CYIhHAHOB.

A. Coegmuenna tmma (CS,),

CeoGopmylo THOyrompayio kmcaory H,CS; MokmO momydmTs 0CTODOKHEM
paspymenneM BaCS; (mpurotoBiernoro ms Ba(SH), m CS,) comsmoii wmemoToit
¢ Buxofiom oxoxo 50%. Cyxas xmcmora pacrBopserca B admpe, xaopodopme,
cepoyrieposie M PYIAX OPIaHWYECKAX DACTBOPHTENAX, OPHYEM HTH DPACTBOPH
YCTOHYABH OPHM KOMHATHOM TeMIeparype B TedeHWe HECKOJIHKHX dacoB.

Mennennoe npubaBnenne pacTBOpa CTeXMOMETPHYECKOTO KOJHYECTBA XJIOP-
cyabpana B opupe miam Xx0poopMe IPH HHEPIAIHOM TePeMEIITBAHNA K PACTBODY
H,CS; B ToM 3Ke pacTBopHTeNe B YCIOBHAX LONHOTO MCKIIOUEHMs BJIATH K IPH
OXJaK/IeHAN 10 —78° 1aeT OPaHIKeBO-MKENTHIl 0CAOK, IPHYeM BHIENAETCA TaK-
¥Ke XJI0pHCTHIE Bofopox. IlpoomkuTensaocTs peaknun coctaBasger ot 2 1o 20 uac
B 3aBHCUMOCTH OT JJIUHH Ienn xjopcyiasdama. Ecaum ocamok oTmensercs camim-
KOM DaHO, TO OH MMeeT BHJ MATKO{ IITacTHIeCKoll MaCCH HPU KOMHATHOMN TeMIepa-
Type, OJHAKO II0CTe 3aBePIIeHAA KOH/HCAIUH OH CTAHOBHUTCS CYXWM I IOPOLIKO-
oGpasErM. CymHOCTH 9TEX peakuuii 3aKIi09aercs B 06Pas3oBaHMH IOIHMEPHHX
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YIaepOoR-CePHBIX COeUHEHMIL:

s ] s
P ; ; I ; I
Ol+H—{—SCS—{—H+Cl—{—Sx—| —Cl+H~|—SCS—{—H+Cl—|—Sy—| —CI4H—{—SCSH u T. a.

o hned
0 |
—> C1SxSCSSxSCSSxSCSH (68)

9Ta KOHMEHCALMOHHAS IOJTMMEPH3aNUsA HPOTEeKaeT A0 TeX MOp, IOKa He ofbpa-
3YIOTCA HEPaCTBOPHMMEIE BeIMEeCTBA ¢ OYeHb [IMHHBIMHI NEeOAMHA WIH OOJbLIINMHK
KoapIamMu. Peaknumio MOKHO 3an0McaTh CAeIyOmuM 00pasoMm:

nH,CS3+4 nS,Cly —> (CSyy3)n-+ 2nHCI. (69)

Ha ocroBe Ttmoyromproit mmeaorsr m SCl,, S,Cl,, SiCl,, S,Cl,, S;Cls, S¢Cl,
¢ XOPOIIMY BHXOJAMH M YHOBJIETBOPUTENBHON YHCTOTOH MONYIMIH CIefyIOMue
coeguuenus: (CS,)x, (CSs)x, (CSe)x, (CS7)x, (CSg)x m (CSy). B BEme opamskeBo-
FKEJITHX CYXWX HODOMKOB NPYM KOMHATHOW TeMIepaType; ¢ POCTOM [JIMHK Ielu
o0braH0 [BeT yrayOmsercsi. OHM COBEepPIIEHHO HEPACTBOPMME B OPraHMYeCKHX
PacTBOPHUTENAX U B Bofe. PacTBopuMEIe HU3KOMOJIEKYIsAPHLE GOPMHE He BHIeJeHH,
HECMOTPS HA MHOTOYMCJIEHHEE MNONBITKH MONYYHTh HeGONbIIHe KOJBIA THIA

CunTes u3 XJOPCYIbPAHOB JUHEHHON CTPYKTYpPH, XHMOYeCKUEe PeaKmun
n uadpaKkpacHHe CHEKTPH HOBHX HOJMMEPOB YKAasHBAIOT, UTO HX CTPYKTypa
NpejCcTaBisAeTcd B  BHUAe [JIUHHHX Ilellel maym OGoNbMWX KOJEN N3 aTOMOB

S
l

cephl ¢ peryJisipHO BHefpeHHEME rpynmamu —C— Mexqy aromamm cepw 3, 4,

5, 6, 7 unu 8.
CoenuHeHNs KOJIMYeCTBEHHO paspymanTcs npu HarpeBammm mo 150—200°

II0 PeaKIuu
(CSx)n = nCSy+(Sx—2)n (70)

¢ o6pazoBaHMeM CepOyriepoja M IJIACTUIECKOH CepHl.
Onu o4emb ycTOIUMBHL K BoJe ¥ BOAHBIM DPAcTBOPAaM KHCJIOT W MeJJEeHHO

paspymaioTcs pacTBOpaMH meodeil.

B. Coegnuenna muna (PS.),.

Bzaumoeiictsre xaopcyabdanoB u THoGOCHOPHEIX KUCIOT IPOTEKAET TAKAM
e 06pasoM, Kak ¥ PACCMOTPeHHbe BHIIe PeaKIun KOHAEHCANWA XI0pcyabhanos
I THOYTOJBHHX Kucior [128].

1. Docgurosie rucaomy cyibdaros

Mosoruodochunosasn ruciaora HzPO3S comepssur Tombko ogmy rpynmy HS,
CIOCOOHYI0 K pearnuAM KOHAEHCAIWM, I H03TOMY IPH B3aUMOJEHCTBHH C XJIOP-
cyabparamMm JOJIKHA KaBaTh XOPOIO ONpefelnMEe HUSKOMOJEKYJISPHEE COeH-
HeHHA. B [IelCTBHTEIBLHOCTH peaKIus TPOTeKaeT WNMEHHO TAKEM 00pasoM —
B apuprOM pactBope H;PO3S pearmpyer ¢ SCl, u S,Cl, npm HU3KHEX TeMuepaTypax
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KOJIM4YeCTBEeHHO
(HO0),0PS —|— H+ Cl —— S —|— Cl++ H —{— SPO(OH), —>
— 2HCl-|—(HO)20PS—S—SPO(OH)2, (1)
(HO),0PS —— H 4 Cl —|—8S —{— Cl +-H—|— SPO(OH), —>
— 2HCI—|—(HO)20PS—S—S—SPO(OH)Z, (12)

o6pasysa TakuM o6pasoM HepBHe [BA WieHA HOBOrO Kiacca POCHUHOBHX KUCIOT
cyasdpanos H,P,06S,.

H,P,0¢S; m H,P,0¢S, ocasxnaiorcss u3 sgpupa B BUme MACIAHUCTHX AuUdPH-
paToB. IPup JTerKo DOTHOCTHIO OTrOHAETCA B Bakyyme npu 0°, u ¢cBOGOIHEIE KHCIIO-
THL OCTAIOTCA B BUJe O9YeHH BA3KUX OeciBeTHHX ;kuakocreit. Ilpu KomuaTHOH
TeMIOepaTrype OHH YCTOWYWBH HEKOTOPOe BpeMs Wb B BaKyyMe, a Ha BO3JyXe
paspymamnTca ¢ BHIeJIeHNeM dIeMeHTapHO ceprl. B BOOHEIX pacTBopax 06pasyoT
$ochopHYIO KHCIOTY, CEepOBOIOPON M Cepy, OMHAKO 3TO PAa3JIOKeHHe HPOTeKaeT
OTHOCHTEIHHO MEJIEHHO, TAK YTO M3 CBEKEeIPUIOTOBIEHHHIX PACTBOPOB MOYKHO
ocagmTh Gapmesnie coiu Ba,04P,5; u Ba,0¢P,S, mpu npnﬁamenrm THAPOOKHCH
6apasa. Coay yCTOMYMBEL B OTCYTCTBHME KHCJIOT.

BceaepcrBue pacTBopuMOCTH B GeH30JIe BO3MOMKHO KPUOCKOMHUYIECKOe Ompefie-
lleHUe MOJEKYJIsSAPHOTO Beca (OCHMHOBHX KHUCIOT CYIAbPAHOB.

2. Bucwue noaumeprnvie gocgoprsie npoussoouue cyibganos

B ornmame or Monormodocdopmoit KucaoTH TerpatrmodochopHAS KUCIOTA
H,PS, comepsur tpu rpynnst HS, croco6rble kK KOHIEHRCANNH ¢ XI0PCYIbhaHaMm.
B pesyxabprate srToil peakuum obpasyorcs moixmMepun tuma (PS,),. Csobommas
TerparnodocopHas KHCIOTAa HONydeHA JHUMb B mociefnee Bpems [127, 144].

Jdra kmcaora B3aumofeiicTsyer ¢ SCl, u S,Cl, B supe npu HABKUX TeMmepa-
Typax:

20H3PS, + 32SCly —> (PSg,5)ox+ 62HCI (73)
"
20HPS, -+ 32S,Cly —> 2(PSq)y -+ 62HCI. (74)

Peaxnumio MOXHO MpeJCTaBUTH CIeLYOIMUM 06paszoMm:

s
\Q’/SH 3Cl,S, — CIS,S. S
| + 29x x! \”/
SH ll)
SSxCI

HS
S$S,Cl14-3HCl —

N /”<
HS S\ /S SH

+3H3PSy \“ / +6SxCl2

P =
Z3HCI é —egct T A (1)

|

S

HOJIY‘-I&IOTCH njacTuveCKre OPOAYKTHEL CBETJIO-KeJITOro I[BeTa, yCTOfl‘II/lBHe
Ipu KOMHAaTHOM TeMOepaType JUIIb B BaKyyme; Ha BO3yXe Ke OHM MeIJEeHHO
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BHIJIEJISTIOT CEPOBOROPOJ. ITH IPONYKTH HE PACTBOPAITCA B OPraHAIeCKUX PACTBO-
PHTeNAX B B BOfle, ONHAKO DPa3pyIIAlOTCs BOTHHIME pacTBopamm miexodeii. Ilpm
HarpeBauanu Bume 220° coemHEHHA Pa3pyMIATCAH.

X. PEAKINA MEKJY HOEOHBIMH CEPYCOJEPKAIIAMHA
COEJJHMHEHHAMHNA H HYKJEOORJIbHBIMA PEATEHTAMH -

ITonyuenme Momocyasponosrx kmcaor (pasgea VI) [116] m o6mapysxen«e
WX TecHOH cBsaA3M ¢ cyabdanamm (pasmea I11), ¢ omHo# cTOpoHH, ¥ AECYIBPOHOBHIX
KHCJIOT (IOJMTUOHOBHX), ¢ IPYroi, OCBemaeT B CYMECTBEHHO HOBOM CBeTe MHOIHe
pasfmensl XWMHUYM CEpPH, KOTOpPHE PAHBIIE 3a9aCTYI0 CYATAJIHNCH HE CBA3AHHEIMH
OPYT C APYroM. OTH JAaHHBE CIYKAT HCXOMHONA TOYKOM A NOHAMAHUA JOBOJILHO
601500 PAa3HOOOPA3UA CIOKHKX PeAKIUN UCYAbOOHATOB, HO ABIAIOTCA ONHO-
BPeMeHHO OYeHb BAKHEIMM JJIsi NOHMMAHWA MHOTAX PEeAKOHN B XVMWUM CEPHl, YTO
MOKA3aHO HAKECIeAYOIMAMA IPUMepaMH.

A. BzammopeiicTBue cyabdOHOBBIX KHACIOT
¢ HyKIeopWIbHBIMA peareHTaMH

Muorue peakimuu [UCYIHPOHATOB, KOTOPHE paHbIe TPYZHO HOANABAIHKCH
00BSICHeHHIO WX BOBCe OHLIN HEOOBSICHAMEIMY, MOT'YT OHITH TellePh JIeTKO 0GhACHE-
HEL HA OCHOBE TOT'0 IPeJCTaBIeHHs, ITO MOJUTUOHATH He CYIbQHATH AN THOCYIb-
daTH ¢ MOJI0KUTeIBHHIMY KaTHOHAMH cepsl St mim S?*, a mpomsBopgaEe cynbda-
nos H,S,. (B sTomM oG3ope yixe mpuMeHseTcs HOBas HOMeHKJarypa. B cayuae
auTroHoBOM KucaoTH H,S,0¢ 3Ta HOMEHKIATypa JIOTMYeCKH He IPAMEHSETCS;
TaKuM 06pasoM sSICHO MOAJePKMBAETCSA, UTO 9TA KUCJIOTA HE HAXONHWTCA B IPAMOMU
XAMHIECKON cBfA3W ¢ BeicmuMd wiemamm paga H,S.0¢ m wacro o6ozmauaercsa
KaK (IOJUTHOHOBAS KICIOTa».)

WccnenoBanwe XMMAYECKOTO HOBENEHUs MOHOCYJIHPOHOBHX KHCIOT MOKAa-
3EIBaeT, 4TO OHH 06PA3ylTCA B KaUecTBe IPOMEIKYTOYHKX COEJWHEHMI B HEJIOM
psAfe Goapmmeil 4acThI0 OYeHDb CIOKHHX peaKHuil B XMMHE cepH. Bmosme ecre-
CTBeHHO, 4TO 0e3 3HAHUA TeHeTHIECKOIl B3aMMO33aBUCAMOCTH BTHUX COCTUHEHUI
MHOTHME 3KCIePAMEeHTAJIbHO HAOMIOfaeMEe DeaKIWH He MOIJIH IOJyddTh YHOBIe-
TBOPHUTEJIBHOIO0 O0BACHEHHS.

Tor ¢axr, 9ro 06paboTKa MOHOCYIBPOHOBHX KHUCIOT CYAbOUTOM, HUAHUIOM,
cyabQHUIOM, MEN09bI0 U T. I. TaeT Te 3Ke caMble HPONYKTH Pa3jIoKeHUs, KOTOPHe
o6pasynTca u3 AUCYIbPOHOBHX KHCIOT, HO3BOJAET CHEJIATH 3aKJII0UYEHUE O TOM,
YTO MOHOCYJIBH(OHOBHE KWMCIOTH BCer[a ABIAITCA IePBHIMHA OPOAYKTAMH PA3JO-
skeHAA MACYIbOOHOBHX KuCIO0T. C 3T0il TOYKY 3PeHAA MOKHO O0BSICHATH BCe MHO-
TOYMCAeHHLE OPOCTHE pEeaKnuu AUCYIbPOHOBHX KHCJIOT Kak BHA Ipolmecca
pacmeliennsa aTuX coegumenuil nocpexcrsom H,SO,;, HCN, H,S, H,O u gpyrax
pearenToB. llens u3 aToMOB cepH pacmeniseTcs TYTeM OPACOeTUHEHUS HYKIEeo-
(HIBHOrO pearenTa K 3apOKAA0meMycs cBoGOTHOMY KOHOY Iemu. Bo Bcex armx
peaKknmax, NPOTeKAIIMUX 6e3 MCKIIYeHAd CTYNeHYaTo, OPH IEePBOHAYATHEHOM
pacmemienuu o0pasyerca MOHOCYIbdoHOBas Kuciaora. M3 orpommoro kosm-
9ecTBA HKCHEPHMEHTANBHOr0 MaTepHaja BHAMaHHe Oy7eT COCPeHOTOUeHO JHINb
HA HECKOJBKUX IpHEMepax.

1. Cyavgpumnoe paspywerue cyaivbgorosur Kuciom cyarbParos

BsammopeiicTBre amcyinndoHATOB CyabpaHOB ¢ W3OHTKOM CyJabpATa B BOI-
HOM DacTBOpe M3BeCTHO y’Ke [[aBHO M IPAMEHSETCA B AHAJIATHICCKON XMMHUH:

Sx03— +(z—3)S03— —> S;302— -+ (z— 3)S;03—. (76)

Peaxknws maeT xoamdecTBeHHO THOCYAb(AT M AECYIbPoHAT MOHOCYAbpama [79].
Hnsa o6bacHeRnA MexaHM3Ma 3TOil peaknud OHLIO OPEeNI0)KeHO HEeCKOJIBKO THIO-
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Te3 [79], KoTopHe B GOJNBIIMHCTBE CIyJaeB HIPOTHBOPEUYAT APYT APYTY W HE COOT-
BETCTBYIOT COBPeMEeHHHIM IpejicTaBieHnAM. B HacToAmee BpeMsa cdmraeTcsa ycTa-
HOBIEHHEIM, 9T0 B3amMojeicTBAe AHCYJIbPOHATOB C CYJABYHTOM IpPOTEeKaeT clie-
OylomuM myTeM (IJsA mpaMepa B3sATa AUCYIbPOHOBAs KHUCJIOTAa TeTpacyiabdaHa):

+H ;—SOzH

HO4S —S—S—S—|S—S0;H —> HOsS—S—S—S—H++HO0;8—S—SO03H, (77)
+Hi{—S0;H

HO4S—S—S—|SH —> HO0,;S—S— SH-|-HSSOH, (78)
+H{—SO0H

HO,S—S—{SH —> HO3S—SH-+ HSSO,H. (79)

H28306+3H2503 — H28306+3H28203. (80)

Takmm o6pasom, TRCYIb)OHOBAS KUCIOTA PA3PYMAETCA CYJILPHUTOM 0 THOCYIb-
¢dara u gucynpdoHATA MOHOCYIbPAHA YePe3 CTaguA 00pa3oBaHUA MOHOCYIBPOHOBOM
kucaors rpucyiabdana H,S,0; 1 morocyasdoroBoit Kuciaot gucyandpara H,S;05.

910 00'BACHEHNE CYIBOUTHOrO PasioKeHAsT TACYIbQOHATOB' fejlaeT BIOJHE
NOHATHHMY 3KCIepPUMEATANbHEe NapHHe XprcTmanceHa [20], momydennme ¢ mc-
[OJAb30BAHUEM PAJAOAKTHBHOI CePH B KadecTBe MHAUKATOpa. Pambime cyiandpuTaOe
pacmeimienre AACYJbHOHATOB OOBACHANIOCH CHIBHHM CTPeMJECHHEM CYJIbQHTa
K OPHCOeUHEHTIO CePhl U TeM CaMHM K 00pa30BaHMIO YeTHPEeXKOOPIUHEPOBAHHON
cepul. B cnygae gucynndonaToB gucyiabdana, HAIPAMEp, PeaKkiud 3aKI0YAIACh
B OTMEIUIEHMA AaToMa Ccepe OT JAucyiabpoHaTa AUCyabpaHa ¢ o6pasoBaHmeM
nucyiabponaTa MOHOCYIb(aHA ¥ DPHCOEHHHEHAH ITOTO ATOMA CepH K CYIb(HUTY
¢ oOpasoBaHmeM THOCYIbdaTa.

Ecanm sra mpocras cxemMa BepHA, TO IPHU MCHOOJH30BAHAA MEeYeHON CePH BCS
AKTMBHOCTH JIOJKHA HAXONATHCA B THOCYIb(paTe:

|
$,0§~4-*S03~ —> 5304~ +-*5,03~. (81)

OnmT gaer oGpaTAyo KapTuHy. BeA aKTHBHOCTH COCpPeOTOYeHA B AMCYIAbPOHATE
MoHOCYAb(ana, a THOCYIb(AT COBePHIEHHO CBOOOJEH OT MEYeHOH CepH. OJTH
TepPBOHAYANBHO YAUBHTEIbHEE Pe3yJIbTATH X0POMO OOBACHAITCA HOBOM HHTED-
mperanmeii:

+H|—*S0;H

HO3S—S {S—S0sH —> HO3S—SH -+ HO;—S*SSO,H. (82)
CoBepIIeHHO 5ICHO, 9TO AKTHBHOCTH JOJKHA HAXOLATHCSA TOIBKO B AMCYIAbPoHATE
MOHOCYJbPaHa M COBCeM He JOJIKHA COReprKaThci B THOCYIbdaTe, 4TO W HAGIO-
aeTCA B JeHCTBATEABHOCTH.

2. Huanudnoe paspywenue cyav@ornosur Kucaom
[aBHO M3BeCTHO, YTO MUAHUAHOE Pa3pPymeHAe JACYIHPOHATOB 10 YPABHEHHIO
Sx0%~ +(z—3)CN= —> S,0%~ -+ (z—3) SCN—4HSO; (83)

MOKHO YJOBJETBODHTENHHO OODBACHAUTH DM IOMOIME CJAeAYIOIUX CTafdi (Iis
ciaydas ¢ AACYIbQOHOBOH KHCIOTOH TeTpacyibdana):

+Hi—CN
+H30 :
HO3S—S—S—S—S—|SO;H —> NCSOzH(——> HCN--H,S0,)HO;SSSSSH, (84)
+H|—CN

HO3S —S—S—S—|SH —> HO4S—S—S—SHHSCN, (85)
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+H;—CN
HO3S—S—S—| SH —> HO3S—S— SH-+HSCN, (86)
+H{—CN
HO3S—S—§SH —> HO,5— SH--HSCN. (87)
HySg06 - 3HCN - Hy0 —> 3HSCN - HyS,04 - H,S0,. (88)

9TO0 HOIHOCTHIO corjacyercda ¢ HoBelleHHNEeM I[I/ICYJIBCI)OHOBHX, a TaKKe MOHOCYJb-
(bOHOBHX KNCJ0T OpHn u30RITKE IMuaHpujga B BOJHBIX pacTBOpax.

3. Apcenumnoe paspyuienue cysb@orOBMT KUCAOM

Jlo paGor Bérepue [141] meranpubix mcciefoBanuil B3auMOMIeicTBUA apCceHH-
Ta ¢ gECyIbpoHATAME He HpoBopWIoch. VcciemoBamus 3TOro aBTopa MOKAa3and,
970 AHECYIHPOHOBEE KHCIOTH pEarzpyioT C apCeHATOM B BOJHOM pacTBOpe:

+0OH"~
Sx0%—+(z —1)AsO3~ ——> 28,03~ -+ (z— 2)As0;393~ 4- HAsO3—, (89)

TaxEM 06pa3oM, 5TH peaKUWd MOKA3HBAIOT, YTO MEXAHW3M aPCeHHTHOTO Pasio-
sKeHHA HUCYAbQOHATOB aHAIOTHICH MEXAHU3MY CYIbQHUTHOrO M IUAHATHOIO Pas-
nosxepnsa. [lpm aToM o6pasyloTcs THOCYIb(aT M MOHOAPCEHAT B CTeXHUOMETPH-
9eCKMX KOJUM9IecTBAX. ‘

ToT e camblii MeXaHH3M PeaKIuW, OYeBUAHO, CUPABENJIHMB JJIA B3auMOIei-
CTBUA MOHO- M AHCYJIbPOoHOBHX Kuciaor ¢ moramu —SH u —OH.

4. Camopaspywerue cyasbforosuT KuCAOM

M3sBecTHO, 9TO M1060ii pacTBOP AUCYAbPOHATA B IPUCYTCTBUA CEPHUCTON KHC~
JIOTH WK THEOCYJAbATa pasiaraeTcs CaMhHM PAa3IHIHEIM 00pasoM ¢ 00pasoBaHueM
BCeX OCTAJLHEIX WIGHOB psaAfa pucyiabdoraroB. Ecaum ¢opManbrO BRINOYATH
CePHHCTYI0 KUCIOTY B P MOHOCYIb(OHOBHX KucaoT H,S.0;, To Bee aTm peaknun
00BACHAIOTCA O0YeHb HPOCTO JABYMA CIEAYIOMIMMHU OOIHMY ypPaBHEHUAMU:

HyS,06-+H5,03 2= HaSy4206 -+ HaSx—203, (90)
Hy5,03-+ styos Z HpSx—403+ sty+103- (91)

IlepBoe ypaBHemwe HpefcTaBisgeT coboil MepByIO cTaguio pacmemienas. Moso-
cynbdoHOBaA KHCIOTa, 00pasyiomascsa OPH cofep:KaHuH Ooxee 2 aTOMOB CePH
B MoJleKyJe, Paspyllaercsa famblie IO BTOPOMY yPaBHEHHI0, KOTOPOe NPUMEHUMO
Ko BceM caengyiomum cragusMm. C moMompio 3THX /[BYX YPaBHEHHW MOKHO
MHTePIPeTHPOBATH HOYTA BCE PEAKINU TUCYIbPOHATOB B BOZHOM PACTBODE B IPH-
CYTCTBMU CyIbHUTa HIN THOCYJIb(aTa B OCHOBHOM KAaK DABHOBECHHE DEAKIIHK
MesIy Pa3IMYHEIMU TIEHAMA DPAN0B MOHOCYJIB(OHOBHX W AUCYIbPOHOBHX KHC-
aor. J1Jia OpoBepKH 9TUX T'HIOTE3 O OMYTAX PA3PYMIEHUsA CePHEIX Iemeil yKeraTelb-
HO HCCIeloBaTh W JPyrue COeJUHEHNs, COfepsKallhe LeOU M3 aTOMOB CEpHI.

B. BsammopeiictBae cyibfaHOB ¢ HYRIeO(PHILHBIMEA
peareETaMun

B xagectBe Hambodee NOAXOAAMNUX IeIIHHX COeIMHEHUI CePH A BHIIEYIO-
MAHYTHX WMCCIEOBAHUA MOTYT CIYKUTH caMH cyiabdans, Tak Kak Dexep u ero
YUeHWKH JOKA3alIy, 9T0 9TH COeRuHeHUA 00Ia/1al0T HePa3BeTBICHHOM CTPYKTYPOil.
B sToil cBABM W3yYeHO IOBeJeHHe HEKOTODHX CYaIb)aHoB B BOLHOM pPacTBOpe
B OIPHUCYTCTBAMU CyJIb)uUTA HATPHA.
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1. Cyavdummnoe pasaosxcerue cyrvdanos

Ilpu cpaBHenmum Mmexammsma CYJIBQUTHOTO PA3INOKEHUSA AUCYILPOHOBHX H
MOHOCYIB(POHOBHX KHCIOT CyJIbPAHOB M CYIbOUTHOrO DA3NOKEHHS CylIb(amoB
MOKHO HOJYIUTH TAKyI0 CXeMy [JId TeTpacyibaHa A ero cyIbPOHOBHX KHCIOT:

+H;SO;H +H;S0sH

HO;S—S—|S— 1S — |S—S0;H —> 3H,5,0;+HyS405, (¥2)

+HiSOH
+H}SO;H +H;}SO;H

HO4S—S—iS—1S— {SH —> 4H,S,0;, (93)

+H | SO0.H

H
H
H

H—S—{S—iS—{S—H —> H,S+3H,5,0; (94)

+HiSO;H
Taxmm o6pasoM, cynbsdurHOE pasiomenne 1 Mons gucyabponara cyabdama Bcerna
TOJKHO TaBaTh 1 Mons gucyabponaTa MOHOCYIb(AHA B TAKOE KOIMIECTBO TAOCYI b~
¢daTa, KOTOpOe 3aBUCHUT OT [IJIKHH LeON AUCYIbPoHATA cyabdana, 9T0 M HOATBED K-
naerca omHTOM. Pasmoskenme MOHOCYJIb(QOHOBHX KHCIOT IO 3TO CXeMe He Jaer,
0fHAKO, AuCyIbPoHATA MOHOCYIb(aHA; KAK MOKa3aHO HKCOePEMEHTAIbHO, 06pa-
3yeTcsaA KoJmd4ecTBeHHO THocyiabdar [ypasmemme (93)].

Ecan Brmeyrasanmbie mojokeHdms abGCOMIOTHO BePHH, TO B3aMMOIeiCTBUE
a1060ro cynbdana ¢ CyabOUTOM JOIKHO JaBaTh 1 MOIb CEPOBOOPOSA M THOCYIb-
¢dar, KOTMIECTBO KOTOPOr0 COOTBETCTBYET COMEPIKAHMIO CePHl B MCXONHOM Bemie-
crBe. OUHT mOATBepsKTaeT 5T0. Ilpm BeTpAXuBaHWY 3QAPHOrO PACcTBOpA Cyabda-
Ha ¢ m30HTKOM BogHOro pacrBopa Na,SO; 4pesBHYANHO OHICTPO HPOHCXOLHUT
paspymenne cyabdama ¢ ofpasoBanmeM cyiabduma m tmocynsdara. Yepes mexo-
TOpoe BpeMs cyabdupm MoskeT 6uTh ocakmen B Bume CdS mum ZnS npuGasienmeM
CdCO; mnm ZnCOj;, ocamok (CdS m ma6uror CdCO;z) oTdmIBTPOBHBAIOT B CYIb-
¢ ompemenaA0T TUTPOBAHMEM MONOM. M30HTOK cyabduTa B QUIBTPATE MOMKHO
CBA3aTh pPAacTBOPOM (opMalimHA, THOCYIbPAT Ke HEeNOCPEe[CTBEHHO OIPEeNedIoT
TUTPOBAHEEM YIOMOM.

OnsT moKaswBaeT, 4To B cAyd4ae AAHHOTO cyibdaHa Bcerga HOJyIaeTcA
OJMHAKOBOE OTHOIIEHVE MoJa, momenmero Ha TurpoBanue CdS, x moxmy, mapacxo-
JOBaHHOMY Ha THTpoBamue THocyiabdara. Hus gucynsdpana H,S, aT0 oTHOmMEHHE
paBHo 2 : 1, nna rpucynsdana —2 : 2, mus rerpacyasdana H,S, —2 : 3, a Boo6-
me gus gamHoro cyiabdpanma H,S, omo Bmpamaerca ¢opmyiaoi 2 : (r —1) (ecre-
CTBeHHO, THOCYnbdaT He o6pasyerca mpu cyabduTHoit 06paGorre H,S).

CyrspmrHOe paspymenume 1 Moma mucyiabpama maer 1 moxs cyabdmpga
z 1Mmonb THocyasdara; 1 Mons Tprcyasdana o6pasyer npu sroM 1 Moab cyabduna
u 2 Moxs tmocyuabdara; 1 Moxb Terpacynbpana —1 moap cyiabdpmma m 3 Mouas
THOCYaAb(aTa, 9TO COTIACYETCS €O CTYHeHYATHM CYJIbQUTHHM DPAasioKeHHeM
caMEX cylnb(aHOB, KOTOpPHE NOJYJYalOTCsA UPH aHAJOTMIHOM CYIbPHUTHOM paspy-
TIeHAN MOHO- ¥ AUCYIbPOHOBHX KHCIOT cyabpanos. IlosTomy MexammsM pearmmn
JIWHEHHHX nonncynmﬁm[OB BOJIOPOfA € CYAbGUTOM B BOJHOM PacTBOpPEe HOCHUT
CTyHmeHYaTHI XapaKTep X aHAJIOrAYeH CYJIbQUTHOMY Pa3TOKEHAI0 MOHO- I JUCYIb-
d)ononux (nonnmonoamx) KHCJIOT cyabpaHOB, OPOTEKAOMEMY C PpaspHBOM
cBaseit S — S mop pmeficTBueM HyKJIeopmiabHOro pearenTa. IlocKombKy B3amMo-
OeiicTBme cyiabdaHOB ¢ CyIbPUTOM NpOTeKaeT OHCTPO W KOJUYECTBEHHO, 3Ty
PeaKnui0 MOKHO HCHOOJH30BATh ¢ MPEKPACHHMH Pe3yIbTaTaMU A KOJIWIeCTBEH-
HOT0 OIIPefielIeHNUA 09eHb HeOOIBIMAX KOINIeCTB CYAbHaHOB OJHOBPEMEHHO C OIpe-
JelleHHeM COfepKaHUs cepH B Mosekyiae. Omepanus BHIOJIHAETCA 6]>ICTp0 7 He
TpebyeT 0coboil ammapaTypsl.
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2. IL[uanudrnoe paspyuwenue cyavdaros

Jas muasmmgHOTO PasioKeHAs CyIbPaHOB BIOJIHE UPAMEHAM TOT XOF pac-
CYMOeHNil, KOTOPHI ORI OPHHAT B CiIydae WX CYJAbQHUTHOTO DA3IOKeHHAA. JTO
JIaeT CIAeLYIOmYIO CXeMy:

HpSy+(z—1) CN— —> HyS--(z—1) SCN—, (95)
IpUYeM peaKOuA HieT mo crajmsM (mampmmep, gas H,S,):
+H;—CN-4H—CN

S—{SH —> H,S--3HSCN (96)

jos]

7]
L

%

l

—CN

+H

9Ty peaknuIo, KaK U CyJAbQUTHOE PA3JIOKeHAe, MOKHO MCHIOJIB30BATH [ HANEK-
HOTr0 KOJIMYECTBEHHOro ompefenenusa cyiabdanmos [139].

B. BzanmopeiictBue cepsl ¢ HYRIeoPHIbHHIMA peareHTaMd

Ilocne ycmemuoro o0bsicHeHNA MeXaHA3MA CYJIbQUTHOrO Pa3pPyNIeHAST MOHO-
B JUCYJAbQOHOBHX KHCIOT CyIb(aHOB IPENCTABISANO WMHTEDEC PACCMOTPETH
DOBeJleHre B 3TUX YCIOBUAX IPOCTeHIIero BemecTsa, CofepIramero ¢csasn S — S, —
BIeMeHTapHO# cepH. [laBHO m3BecTHO, YTO bIleMEHTAapHAA Cepa PaCTBOPSAETCH
B KHUNMEM BOZHOM DacTBope cyibduTa HATpusA ¢ 00pasoBaHWeM THOCYIbdaTa
HATPWA ¥ 3TA PEAKIYS NCIOAb3YeTCA AarKe A HoxyIeHns Tnocyabdpara Na,S,0;.
OnEaxo MeXaHW3M 5TOM PeAKIIHA B JHATePAaType He ONWCAH U OGHYHO 00BACHAETCA
caenyomuM 00pasoM:

Na2803+S — N3.25203. (97)
9JTO0 ypaBHeHHE He OTPaKaeT MCTHHHOIO MeXaHW3Ma IIPOIecca, a IOKa3HBaeT
TOJNIBKO HCXOJHBIE BEMIECTBA M KOHEYHHEe IPOAYKTH, TAK KAaK cepa B YCIOBHAX
cumATe3a THOCYAb{ara mpefcTaBisAeTCA He KaK aToMapHAs, a B BAAe KOXbIA Sg.
IlosTOMy BHIMEeyKa3zaHHOE ypaBHEHWE B AeHCTBHTEALHOCTH JOJNKHO OHTH 3almca-
HO C Y9eTOM CTPYKTYPH 3JIeMEHTAPHOH! CepHI: ,

Sg-+8Na,S0; —> 8Na,S,03. (98)
Ecnm o6paszoBanme THOCYIbdATa HeACTBATEABHO IPOTEKAET IO 3TOMY YPaBHEHHIO,
TO ME EMeeM JIeJIo ¢ peaxnueil 9-ro mopsAnKa, 9ro odens maaoBeposTao. lloatomy
ACHO, 4TO W3BecTHOe o0pasoBamme THOCYJIbdaTa HM3 CePH W cyabQUTa HATPHA
JOJ/KHO IPOXOIATH Yepe3 HPOMEeKYTOYHHE CTafdd. Eciau MCIOIb30BATh BHIIIE-
PacCMOTpeHHBle THIOTe3H IO PACIIeILIEHUI0 CePHHX Iemeil HYKJIeOPHIBHHMHA
peareATaMH [iA B3aAMO/eACTBHA 9JIeMEHTAPHOM CePH ¢ CYIBPATOM, TO HOJXYIATCA
CIENYIOIMAasa cxeMa:

+HiSO;H
N
7 s
s/ ' § — HS—S—S—S—S—S—S—S—S0,H (99)
N, | 3
N/

-+HO,S}H + HO S!H + HO;SiH + HO,S:H
' ' ] '

+HO,S!H + HO,S!H + HO;S'H
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Taxkmm o6pasoM, BHadajJe CBA3h S — S pacmemisercd ¢ IPECOeNHHEHHEM K CBO-
Gonarm xormaM H*, SO,H™ mam SO~ m o6pasoBarmeM MOHOCYIBPOHOBOM KHCIO-
TH OKTacyib()aHa, KOTOpas IOJBEpPraercsi NalbHeAMeMYy CTYHeHIATOMY pasiio-
JKeHHIO YKo IO MCCIeJOBAHHOMY DaHee MeXaHH3MY PaspyIIeHHS MOHOCYJIB(POHO-
BHX KHCJIOT CyJb(AaHOB CYIbOHATOM.

Takum 06pazoM, DpAMeHEHWe TAHHHX, IOJYJeHHHX OPH M3y9eHUA HOBeMe-
HUSI HEJABHO OTKPHTHX MOHOCYJIbQOHOBHX KHCIOT CyIh(PaHOB, K PEAKLHAM die-
MEHTapHOH CepH C Cyab()HTOM BeleT K IePBOMY SKCIEDPAMEHTAILHOMY KOKa3a-
TeIbCTBY OPHTMHAIBHHX Teopermdeckmx mueit Docca [65], BugsmuyTHX B 1950 I.
Docc npaBUIBGHO IPEJCKa3ad OePBYI0 CTAafWI0 STOM peaKmmu (5Ta HmepBas CTagusd
YCTAaHOBIEHA TAKKe KMHETHICCKIMH H3MEDEeHHsAMHA B3aMMONECTBHUS CEpPH C Tpe-
TuarEME ochuaamu [10] m nmarmmom [9] Bapraerom m corpynEmKamMn) | cueal
HENPaBHIAbHOE 3aKIIYeHHE, YTO «CepHHE Iemu, cofepsKalue HA KOHIAX CyJb-
¢uTHHE rPYOOE, OPEACTABIAIT CO00M TOJIHKO HEYCTOWYHMBHE IIPOME}KYTOYHEIE
coenuaerusy. Hanporus, MoHOCYIb(OHOBEHE KUCIOTH CyabpaHOB, KOTOPHE TOTAA
eme He OLLIM M3BECTHHI, OKA34JIACh YCTOUIMBHIMHA; IPH COOTBETCTBYIOIHAX yCIO-
BUAX OHA MOTYT OHTH BHAedenH. Coriacuo aToil cxeme, M3 OJHOU MONEKYIH Sg
JOJPKHO BOBHHKATHh 8 MoileKyn Tmocyiabdara. Ompefiesenne CKOPOCTH 3TOM peak-
AW DOATBEPKIaeT pacmellleHAe Kojiel Sg ¢ 00pasoBanMeM MOHOCYIb(OHOBOM
KHCJIOTH OKTacyibpaHa, TOrJa KaK HRadbHe#dIme CTagud DaspyIIeHHs 3TOTO
COeIHHEHNA MPOTEKAIOT 0ojiee OBICTPO dYepe3 MOHOCYIbPOHOBHE KHCIOTH IellTa-
cyabdana, rexcacyibpana, meHTacyiabpana, Terpacyiabdana, Tpucyibpana, gu-
cynbpaHa W, HAKOHeNm, MOHOCYJAbPaHA (THOCepHAS KHCIOTA).

Ha ocuose aroii mATepmperanmu 00pazoBaHuA THOCYIbATa M3 3JeMEHTAp-
HOIT cepHI ¥ cyiabdUTa HATPHASL MOKHO BHBECTHT 3aKJI0IeHAE, 9TO B IPOTHBOLOI O~
HOCTh OOKHYHOMY MHEHWIO PEAKI[HS HPOTEKaeT He IyTeM IPOCTOr0 NPUCOSTUHeHMS
cepHl K CYJILQHT-HOHY, a CKOopee IpeicTaBiseT co0oii mpomecc pacmielIeHUs
KOJIBIA Sg CyIbPHTOM HATPHSA UIH ABIAETCA PE3YIHTATOM CTPEeMIIEHHUS MEHTPAIb-
HOTO aTOMA ¢ KOOPAMHANAOHHKM YUCIOM 4 K cBoeMy Hachimenuio. Eciu aro BepHO,
TO PeaKOHA MOJKHA OPOTEKAaTh KOJIWYECTBEHHO, 9TO ¥ HOJTBEP/KIAeTCHA JKCIe-
pumenTtoM. Ilpu kunsgennn B Tedenne 1 uac aJieMeHTapHOM CepPH X M30HTKA BOTHO-
ro pacTsopa cyiabaTa HATPHUSA B HEHTPAIBHOM HJIA CHAGOIIETOTHOM PACTBODE,
Kak I B pe3ylbTaTe I'AApoim3a Cyab$ATa, DPOUCXORUT KOJMIeCTBEHHOE 0Gpa-
30Bagme THOCYIbYaTa, KOTOPHU MOKHO OIPENENHTH IOCHe HpeJBapHUTEeIBHOTO
CBA3HBAHEA H30HTKA (OPMAIMHOM OPAMHM  HOJOMETPHYECKHM THUTDPOBA-
HEEM.

Onaako Ha X0I0O[y peaKkmus MeXIy cepoil m cyandmTom He muer. ITo 00bsAC-
HAETCA He KMHEeTHIeCKUMY PaKTOpaMH, KaK IpeNIoJaraid pamee, a TeM, 9TO cepa
B STHX YCIOBHAX B BOJHOM DAacTBOpe CIMIMKOM ruapodoOHa, ITOOH B3amMOIEH-
¢TBOBaTh ¢ cyiabduToM. OXHAKO €CIW IPe[BAPUTEIHHO PACTBOPHTH CEPY B TAKOM
OpPraEM4ecKOM PACTBOPHUTeNe, KaK XI0POoQOPM HIM GeTHPEXXJIOPHCTHIEA Yriaepo,
a 3aTeM IpHGaBATH BONHHIMA PAacTBOp M30HTKA CyIbPHUTa HATPHA BMecTe C AOCTa-
TOYHHIM KOJMIECTBOM TAKOTO OPraHEYeCKOr0 pAacTBOPHTENd, KaK ameTOH HIHd
METWJIOBHI CHHUDT, [AJIA TOMOTeHH3AaNWH BOJHOM M oprammdeckoii ¢as, To Bcs
cepa KONHIECTBEHHO pearmpyeT ¢ cyabguroM B Tedenme 30 cex ¢ o6pasoBammeM
THOCYIb(aTa, OIpeReNsIeMOTO 3aTeM HMONOMeTPHYECKH. ITOT METOJ MOMKeT OKa-
3aThCA YHOOHHIM [iA ONpefielieHAs CePH HMIA ee PACTBOPOB B OPramMYeCKHX
pacTBOpHUTENAX, YTO HeoOXOAMMO, HAOpPUMEp, B PE3WHOBOA IPOMHIILICHHOCTH,
u Gosiee BaskeH ¥ yO00€H, 9eM METOJ, Ha OCHOBe OKHUCIEHHS CEPHL B ¢yabdarT ¢ mocae-
AyIOIMAM B3BeIIMBaHdeM B BHfe cyiabdaTa Gapmsa. BzaumoneiicTBue cepHl ¢ Cyib-
¢uTOM HATPHs B BOLHOM PACTBOPE MOMKET CHIBHO YCKOPATHCA HPH OpHGaBIeHAN
CMaYMBAIOMAX areHTOB, KOTOPHE COMEpPIKATCA B JI000M MowomeM cpeicrBe. Ha
9TOM OCHOBe MOKHO Ppa3paboTaTh KOIMYECTBEHHHI METO[ OLpeNe]eHHs Cephl
B Pa3JMYHHX OPraHMYeCKAX W HEOPraHMIECKHX COeJHHEHWsX. TakmM ke oGpa-
30M IpOTeKaeT OYeHb H0Je3HOe NHAHUAHOe PAa3pyHmIeHWe IPA KOMHATHON TeMue-

-parype.
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UccaemoBaioch TaKsKe JeficTBHE HA CEPY M COeUHEHHs, CONepIKamue cepHHe
Ieny, HeKOTOPHX APYTHX HYKJIeoPHIbHHX PeareaToB, HAIPUMeD HATPHUTA, IPHHb-
APOBCKAX PpEAaKTHBOB, AJIKAIOB MeTauioB ® T. m. [119]. dtm mccnemosamus,
KOTOpHE IOKA3HBAIOT HOJHYI0 aHAJIOTWI0O ¢ PACCMOTPEHHHIMH BHIINIE PeAKIEAMHE,
BHOCAT SICHOCTh B MEXaHW3M HEKOTOPHX [AaBHO W3BECTHHIX PEAKIMH H JAT BO3-
MOJKHOCTD IpPEeJCKAa3HBaTh HOBHE peaKI¥uy, HMeIue BajKHOe NpeNapaTHBHOE
HIM aHaJWTHYeCKoe 3Hadenme. Hampumep, B3amMmopeiicTBHe oYeHb caaboro
HYKJIeO(QHIbHOTO peareHTa — HATPAT-MOHA C Cepod B 0Oe3BOMHON cpele BemeT
K pAacmeIUIeHMI0 KOJbla Sg, 32 KOTOPHM CIeAyeT CTYNEeHYaToe pasiioKeHne
IPOMEKYTOYHHX NPOAYKTOB ¢ oGpasoBammeM THOHUTpUTOB [142]:

Na:NOZ
Sy
s/ l\S
/
5\ S — Na—§—§—§—8§—S5—S—S—S—NO, (101)

s\s S

+NO,iNa + NO,iNa + NO,iNa + NO,iNa

S S — S —iS—1§ —NO, —> 8NaNO,s  (102)

Na—S—i5 —i S —

+NO,INa + NO,iNa + NO,!Na

9TH HeyCTOHYWBHE COEJUHEHHUs paspymanTIcsa OO0 Ppeaknuu
2NaN0,S —> NayS,03-N,0, (103)

obpasys, TakmMm 00pas3oM, IyTeM O9eHb HPOCTOH B MpeNapaTABHOM OTHOLICHAH
peaxuuu gucTHit u GesBopmmil THocyabdar co 100.%-mrM Brxomom [142].

MosxHO monaraTh, 9TO 9TH HPEAIOJ0MKEHHUsA CTYNeHIaTOr0 PA3JIOMEHWsA cep-
HHX Ileleil ¢ MOMOMMBI0 PA3IMWIHHX OCHOBAHWI MAIOT HOPOCTOH ¥ oOmME# OyTH
PaccMOTpeHHs BCeX PEAKIMU MOHO- M AUCYJIbQOHOBHX (IOJUTUOHOBHIX) KHCIOT
cyabhaHoB, a TaKe OIPOU3BONHEIX THX BEMIECTB U CePH ¢ TAKUMHE peareHTaMu,
rak S, SH-, CN-, OH-, 5,027, HSO; u 1.7, m ycraHOBIeHHsA B3aHMOCBA-
3 MeXAy MHOTMME NOJKOOHHMHU peakumsaMu. Pacmemnenme cBaszm S — S MOKHO
IpefcTaBUTEH ce0e BHATANE KAK HOJAPU3ANMI0 HPUOIMIKAIONUMCSH HYKIeOPHIb-
ubiM pearenToM. Ciemylomeit cragmeil HoMKHO OHTH 00pazoBaH@e YaCTHIHON
cBsisu Memy S u X~, COmpOBOKIaeMoe OJHOBPEMEHHEIM OclallleHweM CBIA3H
S —S w 3aTem o6pasoBaHrdeM HMCTHHHOU CBA3M Me:KIy S M X~ W MOIHKEM pacime-
WieHneM cBsasu S — S.

ITO TpefcTaBlIeHWe O B3aWMOMENCTBAH MEKIY COCIUHEHWSMH C CePHEIMH
IleDAMY U peareHTaMH OCHOBHOTO XapakTepa JejaeT JerKo HOHATHHMEI MHOTHE
HeoOBACHIMHEeE paHee dKCOePUMEHTANbHEE (axTH. B KadecTBe mpmMepa MOKHO
pPaccMOTpPeTh HMOAMCYNBPUAHEINA pacTBOp. XOPOMWO W3BECTHO, 9TO 3JIEMEHTApHAA
cepa GHICTPO PACTBOPAETCS B PACTBOPAX CYIAL(YUIOB IMENOUHHX METaJLIoB ¢ o6pa-
30BaHUeM HmoancynspumoB. Buagane MokHO GHIIO 0KHTATh, 9TO cepa IPOCTO MPH-
coeflmHEAETCA K CYIbOUAHOMY HOHY ¢ 00pasoBaHWEM IOJHCYIbQHUIHOrO MOHA, IO-
CTPOEHHOTO aHAJIOTWYHO CyabPuT- miu cyiabdpar-momy. Ommaxo paGorer Dexepa
U er0 yUYeHHKOB SICHO IMOKA3HBAIOT OTCYTCTBME MOMOGHOr0 MeXaHW3Ma B JIeiiCTBH-
TeabHOCTH. IlonmCynbuAH HOCTPOCHE HONHOCTHIO W3 HePA3BETBIEHHHX CEPHHIX
Ilemeif, XOTA 3TOMY 06CTOATEILCTBY B HET HOKa yGemmrenbHOro oobacaenns. H To-
My jke HeIOHATHA IPUYNHA CTAGHMIBHOCTA MOMHCYAbQUIHHX PACTBOPOB BOOGIE.

WaBecTHO, 9TO mOMHCYIBYHELE BOZOPOA YPe3BEYANHO HEYCTOHIMBHL, a IOTO-
MY OHM MOTYT IOJYYATHCH TOJBKO IPH OCTOPOKHOM BIIMBAHHHU MOJIUCYIBATHOTO
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pacTBopa B Gounbmioii M3GHTOK COJIAHON KHCIOTH HA XOJIONYy W He 06pasyiorca
npu o6paTHOM HOPsfKe NPUGABIEHAsA PEareHTOB, a TaKKe ¢ APYIHMH KHUCIOTaMHI
miu cepoBogoporoM. C mpyroit cTopoHH, moAncyXbQHAHEE PACTBOPH I'MAPOJH-
3yloTca ¢ 0o0pasoBaHWeM CHJIBHOMEIOYHHIX pPACTBOPOB, IPUYEM 3TH PaCTBOPHL
comeps:RaT cBoGogHEe cylabQaHH, KOTOpEHE 00pasyloTcsi OPH peaKIuu

824 2HOH —> H,S,+ 20H~.

ITo KaKymeecs OPOTHMBOpPEYHE MOKHO IOHATH ¢ MOMOIIBI0 BHOICYKA3AHHBIX
IOJIOKeHMA. JIeMeHTapHAsA cepa PAacTBOPAETCA B CyNb(UIHOM PACTBOpE BCIEJi-
CTBHe TOr0, 4TO KOIBIO Sg pacmemiserca S - mam SH™-momamum mo pearuun

+H\E
i N\SH
/SN
S N
/
S /s —» HS—§—8§—§—§—S§—5§—S—SH (104)

\S S
N

¢ oGpasoBaEreM HOHACYIb(UIA, KOTOPHII 3aTeM pacmajfaercs Ha 0ollee KOPOTKHe
memu. B To e Bpemsa S?T-mOH MOKeT [aBaTh 0ojlee MJIMHHEIE LEIOH, KOTODHE
B CBOI0 OdYepe[b MOTYT yd4acTBOBATh B Ipollecce pasioxenms: S, S) m T. 1.
Takum 06pa3oM, TPOIECCH B BOXHOM NOJMCYJIbQUIHOM pacTBOPe MOMKHO pac-
CMATPHBATh KaK HEIPePHBHOE «CYJIbQHUTHOE» Pa3pyINeHre HOJHUCYIbQHUTA 1 OHO-
BpeMeHHHI CHHTe3 IOIUCYJIbQUAOB, 9TO MOKHO NPEJCTABUTH CJAeTYOMUMU
YPaBHEHUAMU:

+HS{H + HS{H + HS{H + HS{H

_8l 8 {—Si—si—8

HS;—S i
sl |

—SH —> 8H,S,+H,S (105)

+HSH +HSIH +HSH +HSH
+ HS,/H+ HSyH -+ HSo{H + HS, H

HS{—Si—8{—8{—S{—S;j—8{—S{—SH —> 8H,S;-H,S (106)

- HS,{H + HS,/H -+ HS,{H -+ HS,{H

ITockonpKy TmOXOOHEIE PEAKINN MPOTEKAIOT IO CTATUAM, pa3pylleHne HOHA-
CcyabpaHOB IPOXOAUT Yepe3 OKTa-, relTa-, TeKCa-, MeATaCyIbGaHb M T. J. mapai-
JIeIBHO ¢ CHHTe30M cyiabdanoB. B BomHOM pacTBope cymiecTByeT AMHAMHYECKOE
paBHOBecHWe, BKI9asg CYIbUAH ¢ pasaudHod [iumHO# uemu. KEcrecTBenHo,
qTO0 TOJBKO HEPAa3BeTBJIEHHEE CePDHHEE IleNW MOI'YT NPUHUMATH ydJacTHe B 3TOM
pasroBecun. Takoii pacTBOP MOKHO HA3BaTh (ICEBIOCTAOMIBHEIMY. ITHM 0GCTOSA -
TEIBCTBOM 0OBACHIETCA HEBO3MOKHOCTH IIOJIYYEHHS BOTHOI'O PACTBOPA MOMUCYIh-
$mma ¢ ompefledeHHON [JIWHOA HeOXM HOPH B3aMMOJEHCTBHHM CTEeXHOMETPHIECKHMX
KOJWYIEeCTB CepH M CYIbPHuAa, U3 KOTOPOro Iociemyomeit 00paboTKOl KHACIOTOR
MOKHO OHIIO OBl WOJAYYATH UACTHE cynbdan. B Kammom ciaydae momyuaercs
CMeCh PasIUIHHIX MOIUCYIBPUIOB BOTOPOJA.

9TOT mPOM3BOJBHO BHOPAHHEIA HpAMepP HATIATHO IOKA3HBAET, 9TO MCXOS
w3 panee pasoOpPaHHOH CXeMH MOKHO JIOTHIECKH OOBACHATH MHOTHE HeIlOHATHHIe
peaxnuu. KpoMme Toro, BEmenpuBeleHHAs CXeMa MO3BOJISACT OCYMECTBATH KIACCH-
«puKanMI0 OrPOMHOr0 KOJHYIECTBA Pa3HOOOPA3HHX PeaKIWil ¢ eIMHON TOYKH 3PeHns
1 Gosnee riiy6OKO M3YYATH XMMHUIO CePHl M €€ COeIUHEeHM. '



126

Jumepamypa

CENBUS wor

JUTEPATYPA

.Abrahams 8. C., Chem. Abstr., 50, 2233h (1956); Acta Cryst., 8, 661 (1955).
.Aten A. H. W, Z. physik. Chem., 84, 1 (1913).

92’: e(?glz). H. W., Z. physik. Chem., 81, 257 (1913); 83, 442 (1913); 86, 1 (1914); 88,
Bacon R. F., Fanelli F., Ind. Eng. Chem., 34, 1043 (1942).

Bacon R. F.,, Fanelli R., J. Am. Chem. Soc., 65, 639 (1943).
Barbieri R.,, Bruno M., J. Inorg. & Nuclear Chem., 14, 148 (1960).
Barbieri R., Bruno M., Ricerca sci., 30, 3 (1960).

Baroni A., Atti Accad. nazl. Lincei Rend. Classe sci. fis. mat. e nat., 14, 28 (1931).

.Bartlett P. D., Davis R. E., J. Am. Chem. Soc., 80, 2513 (1958).
.Bartlett P. D, Meguerian G., J. Am. Chem. Soc., 78, 3710 (1956).
.Beckmann E. etal, Z. anorg. u. allgem. Chem., 103, 189 (1918).
.Berenbaum M.B.,,Panek J.R., The Chemistry and Application of Polysul-

fide Polymers, Thiokol Chemical Corp., Trenton, New Jersey, 1958.

. Bezzi S., Gazz. Chim. Ital., 65, 704 (1935).

.Bloch I, Hohn F., Ber. deut. chem. Ges., 41, 1961 (1908).
.Blomstrand C. W., Chemie der Jetztzeit, 1869, p. 157.

.Bohme H.,Zinner G., Ann. Chem. Liebigs, 585, 142 (1954).

.Bradt P.etal.,, J. Research Natl. Bur. Standards, 57, 223 (1956).

.Braune H.,, M6ller O., Z. Naturforsch., 9a, 210 (1954).

.Braune H., Peter S., Neveling V., Z. Naturforsch., 6a, 32 (1951);

Braune H,Steinbacher E., Z. Natutforsch., 7a, 486 (1952); Peter S.,
Z. Elektrochem., 57, 289 (1953).

.Christiansen J. A, Drost-Hansen W., Nature, 164, 759 (1949).
. Das S. R., Colloquium der Sektion fiir Anorganische Chemie der Internationalen

Unijon fiir Reine und angewandte Chemie, Miinster/Westf., September 1954, Verlag
Chemie, Weinheim/Bergstrasse, 1955, p. 103.’ :

. Das S.R., Indian J. Phys., 12, 163 (1938); D as S. R., Sci. and Cult., VI, 1, 784

(1936); Das S. R.,, Ray K., Sci. and Cult., VI, 2, 12 (1937).

. Das S. R., Sci. and Cult., 4, 11 (1939).

.Das S. R.,, Das Gupta K., Nature, 143, 332 (1939).

.Das S.R.,,Ghosh K., Indian J. Phys., 13, 91 (1939).

.Das S. R, Ray K., Sci. and Cult., VI, 2, 12 (1937).

.Dawson I.M. et al., J. Chem. Soc., 1948, 322, 1556.

.von Deines O., Ann. Chem. Liebigs, 440, 213 (1924).

.von Deines O., Z. anorg. u. allgem. Chem., 177, 13 (1928).

.Donohue J.,Schomaker V., J. Chem. Phys., 16, 92 (1948).

.Engel R., Compt. rend. acad. sci., 112, 866 (1891).

.Eucken M.,, Wagner J., Acta Phys. Austriaca, 1, 339 (1948).
.Faessler A, Goehring M., Naturwissenschaften, 39, 169 (1952).
.Fairbrother F.,Gee G.,Merrall G.T.,J. Polymer Sci., 16, 459 (1955).
.Fehér F., Colloquium der Sektion fiir Anorganische Chemie der Internationalen

Union fiir Reine und Angewandte Chemie, Miinster/Westf., September 1954, Verlag
Chemie, Weinheim/Bergstrasse, 1955, p. 80. :

.Fehér F., Colloquium der Sektion fir Anorganische Chemie der Internationafen

Union fir Reine und Angewandte Chemie, Miinster/Westf., September 1954, Verlag
Chemie, Weinheim/Bergstrasse, 1955, p. 81.

Fehér F., Colloquium der Sektion fiir Anorganische Chemie der Internationalen
Union fir Reine und Angewandte Chemie, Miinster-Westf., September 1954, Verlag
Chemie, Weinheim/Bergstrasse, 1955, p. 112.

.Fehér F.,, Baudler M., Z. anorg. Chem., 253, 170 (1947).
.Fehér F., Baudler M., Z. anorg. Chem., 254, 251 (1947).
.Fehér F.,, Baudler M., Z. anorg. Chem., 254, 289 (1948).

ér F., Baudler M., Z. anorg. Chem., 258, 132 (1949).

r F, Baudler M., Z. anorg. u. allgem..Chem., 267, 293 (1952).

r F, Berthold H. J., Chem. Ber., 88, 1634 (1955).

r F.,, Berthold H. J., Z. anorg. u. allgem. Chem., 267, 251 (1951).
r F.,, Berthold R., Z. anorg. u. allgem. Chem., 290, 251 (1957).

.Fehér F.,, Hellwig E., Colloquium der Sektion fiir Anorganische Chemie der

Internationalen Union fiir Reine und Angewandte Chemie, Miinster/Westf., September
1954, Verlag Chemie, Weinheim/Bergstrasse, 1955, p. 95.

.Fehér F., Heuer E., Angew. Chem., A59, 237 (1947).
.Fehér F.,, Heuer E., Z. anorg. Chem., 255, 185 (1947); Feh ér F., Win k-

haus G., Z. anorg. u. allgem. Chem., 292, 210 (1957).

.Fehér F.,, Laue W., Z. anorg. u. allgem. Chem., 288, 103 (1956).
.Fehér F., Laue W., Z. Naturforsch., 8b, 687 (1953).
.Fehér F., Rempe G., Z. anorg. u. allgem. Chem., 281, 161 (1955).



Jumepamypa 127

110.
111.

pe G., Z. Naturforsch., 8b, 688 (1953).
¢ S., Z. anorg. u. allgem. Chem., 293, 307 (1958).
& S., Z. anorg. u. allgem. Chem., 293, 311 (1958).
r H., Z. Elektrochem., 61, 285 (1957).
r H., Chem. Ber., 91, 642 (1958).
‘haus G., Z. anor%. u. allgem. Chem., 288, 123 (1956);
Kruse W., Z. anorg. u. allgem. Chem., 293, 302 (1958).
Kraemer J.,Rempe G.,Z. anorg. u. allgem. Chem., 279, 18 (1955).
,Krause G.,, Vogelbruch K., Chem. Ber., 90, 1570 (1957).
,Laue W.,,Kraemer J., Z. Naturforsch., 7b, 574 (1952).
. et al., Z. anorg. u. allgem. Chem., 288, 113 (1956).
a

[

ESE=al~ai=ai == =l — =~ = ==
@~ @ Dy O+ Dy O D O D D O D
HRHERRERRRRRRRS

~

© @ OO

t

L
6 Naused K.,Weber H., Z. anorg. u. allgem. Chem., 290, 303 (1957).
Schliep E., Weber H., Z. Elektrochem., 57, 916 (1953).
Schotten J., Thomas B., Z. Naturforsch., 13b, 624 (1958).
c

ta Chem. Scand., 4, 404 (1950).

F
F
F
F., ue W.,, WinkhausG., Z. anorg. u. allgem. Chem., 290, 52
F
F

b b g P P N e e e v e e e e
]

OCODDODDLODOPODPDODOODODOO

[ = ==

F.
0.,

. Foss O., Advances in Inorg. Chem. Radiochem., 2, 237 (1960).
.Foerster F.,,Centner K., Z. anorg. u. aligem. Chem., 157, 45 (1926).
.Freund T., J. Chem. Phys., 21, 180 (1953).

.Friedel C., Compt. rend. acad. sci., 112, 834 (1891).

.Friedel C., Bull. soc. chim. france, 32, 113 (1879).

.Frondel C., Whitfield R. E., Acta Cryst., 3, 242 (1950).
.Gardner D. M, Fraenkel G. K., J. Am. Chem. Soc., 76, 5891 (1954); 78, .

3279 (1956).

. Gee G., Sci. Progr., 43, 193 (1955).

.Gerding H.,, Westrik R., Rec. trav. chim., 61, 412 (1942).

.Gernez D. Compt. rend. acad. sci., 82, 1152 (1876).

. Gmelin’s Handbuch der anorganischen Chemie, 8. Auflage, System-Nummer 9, Teil A,

Verlag Chemie, Weinheim, 1953, 512—516.

.F'pmaGepr A: A., HIX, 21, 425 (1948).

. Groth P., Chemische Kristallographie, Vol. I, 1906, pp. 22, 26, 28.
.Goehring M., Fortschr. chem. Forsch., 2, 444 (1952).

.Goehring M., Feldmann U., Z. anorg. Chem., 257, 223 (1948).
.Goehring M., Stamm H., Z. anorg. Chem., 250, 56 (1942).
.Hartshorne N. H., Chem. Soc. Symposia Bristol 1958 Spec. Publ. No. 12, 253

(1958).

.Hertlein H., Z. physik. Chem., 19, 287 (1896).
. Katz J. R., Trans. Faraday Soc., 32, 77 (1936).
.Krebs H., Angew. Chem., 65, 293 (1953).

.Krebs H,Mu%

.Krebs H.,,Fassbender H.,Jorgens F., Ber. deut. chem. Ges., 90, 425

ler K. H., Z. anorg. u. allgem. Chem., 281, 187 (1955).
(1957).

. Krebs H. et al., Z. anorg. u. allgem. Chem., 275, 147 (1954).
.Koch H. P.,, J. Chem. Soc., 1949, 394.

.Korinth E., Z. anorg. u. allgem. Chem., 174, 57 (1928).
.Kurtenacker A., Abegg’s Handb. anorg. Chem., 4(1), 541 (1927).
.Kurtenacker A, Fluss W., Z. anorg. u. allgem. Chem., 210, 125 (1933).
.Kurtenacker A, Matejka K., Z. anorg. u. allgem. Chem., 229, 19 (1936).
.Lenz R.W.,, Carrington W. K., J. Polymer Sci., 41, 333 (1959).
.Lenz R.W.,,Handlovits C. E., J. Polymer Sci., 43, 167 (1960).
.Macallum A. D., J. Org. Chem., 13, 154 (1948).

.Macallum A. D., mar. CIIA 2513188 (1950).

.Macallum A. D., mar. CITA 2538941 (1951).

.Martin F.,, Metz L., Z. anorg. u. allgem. Chem., 127, 83 (1923).

.Martin S. M, Patrick S.P., Ind. Eng. Chem., 28, 1144 (1936).
.Menngeanees [. H., Chem. Ber., 3, 870 (1870).

.Meyer K. H., Go Y., Helv. Chim. Acta, 17, 1081 (1934).

.Meyer B.,,Schumacher E., Helv. Chim. Acta, 43, 1333 (1960).

.Mills H, Robinson P. L., J. Chem. Soc., 1928, 2326.

.Murphy T.J.,,Clabough W.S.,,Gilchrist R., J. Research Natl. Bur.

Standards, 64A, 355 (1960).

.Parker A.J., Kharash N., Chem. Revs., 59, 584 (1959).
.Pauling L., Proc. Natl. Acad. Sci. U. S., 35, 495 (1949).

109. Preuner G., Schupp W., Z. physik. Chem., 68, 129 (1910).

Prins J. A., Colloquium der Sektion fiir Anorganische Chemie der Internationalen
Union fiir Reine und Angewandte Chemie, Miinster/Westf., September 1954, Verlag
Chemie, Weinheim/Bergstrasse, 1955, p. 102.

Rice F.O0.,Sparrow C., J. Am. Chem. Soc., 75, 848, 6066 (1953).
Sander A., Z. angew. Chem., 28, 273 (1915).



128 Jumepamypa

112. Schenk P. W., Angew. Chem., 65, 325 (1953).

113. Schenk P. W,, Sterner S., Monatsh. Chem., 80, 117 (1949).

114. Schenk P. W., Thummler U., Z. Elektrochem 63, 1002 (1959).

115. Schmidt M., Z. anorg. u. allgem. Chem 289, 141 (1957)

116. Schmidt M., Z. anorg. u. allgem. Chem., 289 158 (1957).

117. Schmidt M., Z. anorg. u. allgem. Chem., 289 193 (1957).

118. Schmidt M., Z. anorg. u. allgem. Chem 289 175 (1957).

119. Schmidt M., B xaare Zehn Jahre Fonds der Chemlschen Industrie (ed. Verband
der Chemischen Industrie), Diisseldorf, 1960, p. 135.

120. Schmidt M., Blaettner K., nmccepramus Blaettner, University Munich, 1960.

121. Schmidt M., Blaettner K Angew. Chem., 71, 407 (1959).

122. Schmidt M.,, Dersin H., ;(mmomnaa pabota Dersin, University Munich, 1958.

123. Schmidt M., Dersin H., Z. Naturforsch., 14b, 735 (1959).

124. Schmidt M., Eichelsdérfer D., guccepranma D. Eichelsdorfer, University
Munich, 1960.

125. Schmidt M., Heinrich H., Angew. Chem., 70, 572 (1958).

126. Schmidt M., Moisdorfer H., Heouy6JmRonaﬂﬂaa paborta.

127. Schmidt M., Resch K., runinomaas paGora K. Resch, University Munich, 1957.

128. Schmidt M., Rankl F., guccepranma F. J. Rankl, University Munich, 1960.

129. Schmidt M., Ruf H., nunnomnaﬂ pa6ora H. Ruf, Umversny Munich, 1960.

130. Schmidt M., Sand T., BeonyGaumxoBasHasA paﬁo'ra

131. Schmidt M., Sand T., gaccepranma T. Sand, University Munich, 1960.

132. Schmidt M., Steinle K., gmccepranma K. Steinle, University Munich, 1962.

133. Schmidt M., Talsky G., Chem. Ber., 92, 1526 (1959).

134. Schmidt M., Talsky G., Chem. Ber., 93, 719 (1960).

135. Schmidt M., Talsky G Chem. Ber., 94 1352 (1961).

136. Schmidt M., Talsky G., neonyﬁnnxonaanaa paborta.

137. Schmidt M., Talsky G., Angew. Chem., 70, 312 (1958).

138. Schmidt M., Talsky G., Z. anorg. u. allgem. Chem., 303, 210 (1960).

139. Schmidt M.,, Talsky G., Z. anal. Chem., 166, 274 (1959).

440. Schmidt M., Wagerle R. R., repm. mar. 1085507 (1961).

141. Schmidt M., Wiage l e R. R., gaccepranma Wigerle, University Munich, 1960.

142. Schmidt M., Wagerle R. R., Z. Angew. Chem., 70, 594 (1958).

143. Schmidt M., Wieber M., Chem Ber., 94, 1426 (1961)

144. Schmidt M., Wieber M., gunromaas pa60Ta Wieber, University Munich, 1960.

145. Schmidt M., Wieber M., gaccepramua M. Wieber, University Munich, 1961.

146. Schmidt M., Wirwoll B Z. anorg. u. allgem. Chem 303, 184 (1960)

147. von Donohue J., Caron A, Goldfish E., J. Am. Chem. Soc., 83 3748 (1961).

148. Schmidt M., Wirwoll B Fliege E., Angew. Chem., 70 506 (1958).

149. Schoberl A, Bauer G, Angew Chem., 69 78 (1957).

150. Schoéoberl A. ) W agner A Methoden der’ orgamschen Chemxe (Houben-Weyl),
4th ed., Vol. 9, Georg Thieme, Stuttgart 1955, p. 59.

151. Schwarzen %1 G.,, Fischer A, Helv. Chim. Acta, 43, 1365 (1960).

152. Smith A., lmes w. B., Z. hy51k Chem. 42, 469 (1903).

153. Specker . anorg. Chem., 261, 116 (1950); Angew Chem., 65, 299 (1953).

154. Stamm H., G oehring M., Naturwxssenschaften, 217, 317 (1939)

155. Stamm H., Wintzer H., Chem. Ber., 71, 2212 (1938)

156. Stamm, Becke- Goehrlng, Schmldt Angew. Chem., 72, 34 (1960).

157. Staudinger H., Kreis W., Helv. Chim. Acta, 8, 71 (1925)

158. Stevenson D. P Beach I. Y., J. Am. Chem. Soc, 60, 2872 (1938).

159. Stock A., Chem. Ber., 53, 837 (1920).

160. Tobolsky ,Eisenberg A., J. Am. Chem. Soc., 81, 780 (1959).

161. Toussaint J., Bull. soc. chim. Belges, 54, 319 (1945).

162. Vogel-Hogler R., Acta Phys. Austriaca, 1, 311 (1948).

163. Walton J. H., Parsons L. B., J. Am. Chem. Soc., 43, 2539 (1921).

164. Warren B. E ., Burwell J. T J. Chem. Phys., 3, 6 (1935).

165. von Wartenberg H.,Z. anorg. u. allgem Chem., 286, 243 (1956); 297, 226 (1958).

166. Weitz E.,Achterber F., Chem. Ber., 61, 399(1928)

167. Weitz E.,, Spohn K., Chem. Ber., 89, 2332 (1956)

168. Weitz E.,, Becker F Gieles K., Alt B., Chem. Ber., 89, 2353 (1956).

169. Weitz E., Gieles K., Singer J., Alt B., Chem. Ber., 89, 2365 (1956).

170. West E. D J. Am. Chem. Soc. , 81, 29 (1959).

171. A seuKm i I/I B.,, Bamamuyuaac H. H., C6. crateit mo obmeit xumum AKaf.
nayk CCCP, 1, 732 (1953)

172. HHnuRun . B.,,Banamayuac M. H., HOX, 24, 790 (1954). J. Gen. Chem.
U. S. S. R. (Engl. Transl ) 24, 793 (1954)

173. Apmnkmi U B.,,Banamsuysac U H,Tyxafite 0. U, JHHX, 3, 2087

s (1958).

Yoshida K., Chem. Abstr., 51, 11141g (1957), Bull. Chem. Research Inst. Non-
Aqueous Solutions Tohoku Univ., 6, 17 (1956).



TIABA 4

ITonmmeps! Gopa

A. Marraocru

I. BBEJEHHE

VmMeeTcss MHOLO (IOIMMEpOB», T. €. BHCOKOMOIEKYISPHHX MAaTepPHAJOB,
cofiep:Kamux aToMH 00pa, KOTOPHE SIBIAIOTCA YaCTBIO Ileleil, CI0eB WIHM TpPex-
MepHHX CTPYKTYp. HexkoTopre W3 3THX THTaHTCKUX MOJNEKYNI WM3BECTHH yiKe
naBao. Hampumep, Opm HOPMaXbHHX YCIOBHAX CTPYKTYPA OKHCH 60pa COCTOMT
73 TPeXMePHOH pemeTKH MCKaskeHHHX TeTpasnapoB BO,. I'ekcaronanbumit HuTpmy,
Gopa, Ha3HBaeMHil uHOrAa OeJHIM TpadQHUTOM, HMeeT CJIOHMCTYI CTPYKTYDY:

Kpuncraanmdecknit 60p COCTOMT W3 aToMOB 00pa, PacHONIOKEHHHX B Gecko-
HeYHOM NPOCTPAaHCTBe. BOpOCHIMKATHHE CTeKJaa MOJIKHH MMETh TPYIOE

| 0—
—Si—0—B¢
| No—
|

BKIOYeHHHEe B pemeTky —Si — O — Si —, YImoMaHyTHe BEIIIe MaTepHaJn
|

AMEIOT BHICOKYI) TePMHAYECKYI0 YCTOHIMBOCTH M 00JAa0T XOPOIMHMMHA SKCILIY-

aTanMOHHHMA CBOMCTBAMH, YTO OOpe/elsieT NX DPAKTHIECKYIO NeHHoCTh. [loaToMy

STH BemeCTBA CTUMYJIHPOBAIN IOWCKH, a TAKMKE CIYKHIN MOMEIsAMH A ApPY-

rox BHICOKOMOJEKYJNSIPHHX IOJMMEPHHX coeJuHeHHN Oopa.

IIpuBenennsie BHIIe OPAMEPH WJLIIOCTPUPYIOT ABe MPOoGIeME, KOTOPHeE mpH-
BleKalT BHEMaHme xmmukoB. Ilepsas mpoGaemMa kacaerca nukamsammm. Jliasa
XUMHAKOB-OPTaHMKOB ABISAETCA OOHYHHIM HENNMCAHOe IPaBWIO, Iiacsamee: «o6pa-
30BaHNe IWKJIAYECKHX CTPYKTYpP OYeHb BEPOATHO». XWUMHUKH, paboTammuae
¢ coegmHeHMAMH 00pa, BEPOATHO, CKaKYyT, 9T0 «06pa3oBaHMA MUKIHIECKAX
CTPYKTYD HeJb3s1 H30eKaThy.

Tenmennusa K 06pasoBaEMI0 IWKJIOB CBA3AHA OTIACTH ¢ U3MEHEHHEM DHTPO-
WM, KOTOpas, B CBOI oOd9epefb, BIMSAET HA W3MEHeHWe CBOGOXHOU DHEPrHH.
IHTPONHAA CHCTEMH YBeJIMIABAETCH, €CIH CHCTEMAa COCTOMT M3 GOJBIIOro 9YHCIa
MAaJIeHbKHX MOJEKYJ BMeCTO HECKOIbKHAX MAaKpPOMOJEKYJN. OJHTPONHA CBA3aHA
co cBobopmmoil sHeprmeit ypaBmemmeM AF = AH — TAS, nosromy yBeamde-
aue AS mpmBogur K ymensmenuio AF, BciencTBme Yero o6pasoBanme HeGOIbIIAX
MOJIEKYJ CTaHOBHTCA Goiee BeposaTHHM. K cgacThio, TepMopmEaMmdecKme (aK-
TOPH 9acTO IePeKPHBAOTCA TPeOOBAaHUAME DJHEPrHMH AaKTHBAaOHH. Hpome TOrO,
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OelmoluMepH3anusl MOKeT NOJABIATHCA ILENHM DPAZOM cmoco00B, HampuMep
OyTeM HCIOJb30BAHHMS TOTO O0OCTOATENBCTBA, 9TO HEGOABINME KOJBIA HEBHIOJ-
HH DHEPreTHYecKH. XWMHUKH YKe HAYyIWIACh DPA3MHKATh KapObomuKImdecKue
KOJbI[a M CO BpeMeHeM OYIYT B COCTOSHME DPasMEIKATh W KOJbLA 60OPONUKIMN-
9eCKMX COeJUHEHMi, YTOOH IONYyJaTh jKejaeMEHe BemecTBa. B HEKOTOPHX cliy-
gagx BTO yKe CHellaHo OPHM HpPOW3BOACTBe moaumepoB. HoHewno, Bo3MOMHO
OOpOLAKINIECKYe CHUCTEME CBA3aTh B IENOYKY HIM APYTHM CHOCOGOM Apyr
¢ APYroM m TakuMm 00pasoM HOJYYUTHh TMTAHTCKAE MOJEKYJH, KOTOpPHE Bce elme
COXPAHAIT CTPYKTYPHYIO 0CO0€HHOCTH, o00ecHeunmBalOIMYI0 jKejaeMble (usn-
9ecKHe CBOMCTBA.

Bropas mpobiemMa KacaeTcs PeaKLIHMOHHOHE cmoco6HOCTH Gopa ¢ KOOpAHMHA-
OHOHHHIM 9HCJIOM 3. ¥ cHOeX CHHTeTHIeCKON OPraHMIeCKOd XMMWUM 3aBHCE] B 3HA-
9UTEIbHON CTEmeHH OT M30HMpaTeNbHON DEAKIHOHHOH CHOCOGHOCTA M OT 3aMe-
CTHTeJIelt IPH aToMe yriepona, mrpaiomux Bmecte co cBasamu C — H Bo mEormx
PearkmuAX podb OIOKEPyHMEX rpynn. ATom 6opa, IMEOIHN TPU 3aMeCTHTeNd,
ABJsETCS B IpHUHENUNe Gojee PeaKIMOHHOCHOCOOHOH IPYNmON, YeM HACHINEeHHEHH
aToM yriepofia, BepOATHO, HOTOMY, 9T0 GOP MOJKeT JIerKo HMeTh KOOPANHALKOHHOe
97CI0 4 B HAYale PeaKmuu, B TO BpeMs KaK yIiepof ¢ KOOPAUHAIMOHHHM YHC-
IoM 4 He MOKeT U3MEHATH CBOIO BameHTHYI0 ob6omoury. Iloatomy mpoGiema
3aMe[JIeHNUs HeKeJaTeIbHHX peaKnmii, 06yCIOBIeHHHX NPAPOI0il (YHKIMOHAID-
HHX TI'PyQOH, ABIAETCA OPUHIEOAAIBHO Gosiee BayKHON musi xmMmmm 6opa. OdeHb
JKeJIaTeIPHEIMA ABJAIOTCA TOWCKHU rpynm R nis moaydeHHmsa paAma coelmHeHHHA
RBY,, B xoropeix Y mpeAcTaBiseT IEeHTP peaknmdm, a cBasb R — B ouens
ycroitunBa u Hepeakunornocnocobua. Hanpumep, GersonGopoanesas KUCI0TA KaB-
HO M3BECTHA KaK yCTOWIMBOe COefMHEHWe (00pa, MO03TOMY He YAHBHTEILHO, UTO
MHOXECTBO HONEITOK B 3TON 00dacTd OHJIO CKOHIEHTPHDPOBAHO HA XUMHM
¢enunGopunx coegumaenui. Hakas msz Giaokmpylommx rpynn Gyger Jaydmei
IS KaKIOro KOHKPETHOTO THIA CHHTe3a MOJUMEDOB, YCTAHABIMBAETCS JKCIe-
PUMEHTAJIBHHM OyTeM. DBe3 HMCIONb30BAHEA YCTOUYHBHX OIOKMPYIOIMAX TPYIO
09eHb TPYAHO OCYDIECTBATH KOHTPOJB 33 PEAKIMOHHON CIOCOGHOCTBIO M HEBO3-
MoKHO M306eKaTh 00pa3oBaHNsa MONEePEIHHX CBs3ell.

MosKHO HaleATHCSA, 4TO LOJMMEPH Gopa HAlgyT IpHMEHeHWe B TeXHHKe,
TaK Kak XuMEA Gopa mMeeT GOJbIIOe CXONCTBO C XMMHell KPEeMHHS, a CHINKOHO-
BHe IOJMMEPH MMHPOKO HCIOJB3YIOTCA B OpoMumuieHHocTH (ria. 5). Kpome
TOro, 9HEPrus cBaseil 60p — rmcaopoy (~ 130 kkas) m Gop — azor (~ 100 kraa)
BHIIE, YeM BHEPIMH COOTBETCTBYWOIIHMX CBS3edl y KpeMHHMA. JTO HABOTUT HA
MEHCIb 00 MCOONb30BAHMEM NIOJIMMEPOB 00pa ¢ TAKWUMH CBH3AMH HDH BEICOKHAX
TeMOepaTypax. 3a HOCJeJHHe TONH HEOPTaHWJeCKHe IOJMMEeDH HA OCHOBe Gopa
OPUBIEKIN BHMMAHWE TEOPETHKOB. B CBS3H ¢ 3THM yiKe IPOHM3BOAMTICA GOibIIoe
9HCI0 WCCHENOBAHMN, OTHOCAMMUXCA K GOPOCOAEpIKAMMUM NOJUMEepaM.

Crenyer OTMETHTH, OHAKO, YTO BO MHOTHX CIyYafAX CBOMCTBA MOJMMEPHHX
coequHeHMI 6Opa ONMCAHH HEIOCTATOYHO; JACTO OTCYTCTBYIOT HaHHHE O MoJe-
KYJSADPHOM Bece, pPacTBOPEMOCTH, TePMHUYECKON ¥ XWMHYECKOH YCTONIHMBOCTH.
TombKo 3a mOC/IeNHee ECATHIETHE MCCIeT0BATeId HAYAIM IeiecooGpasHo ome-
HEHBaTh CBO#CTBAa HmOJMMEPHHX IPoAYKTOB. TeM He MeHee 3Ta 061aCTh XMMHAH
BCe eme HaXOAuUTICA B HAYAJIbHOHN CTafAU PA3BHTHI.

Iua mogpoGHOTO O3HEKOMIEHHA C 3TEM BONPOCOM YATATENb OTCHIIAETCSH
K TpeM HeIaBHO ONyGIMKOBAHHHM 0030opam mo mommmepam Gopa [20, 53, 112].

II. IOJIUMEPBI BOPA H A30TA

OcToB 13 aToMOB Gopa W a30Ta ABIAETCHA, MO-BAANMOMY, 0CO0EHHO yHAaYHEIM
00BEKTOM, HA OCHOBE KOTOPOTO MOKHO HOCTPOHTH HEOPTaHMYECKHH MmOJIUMeEp.
Baarogaps orkpeTmIO Gopasosa [87] m oTHOCHTENIBHO BHCOKOl HpPOYHOCTH
cBsA3x 00pa C a30TOM HPHM3HAETCA BO3MOKHOCTH 00pa30BaHmA Ielell u3 depexy-
omuxcA aToMoB Gopa m aszora. OTH4acTu mo3TOMy 3a HOCJHeJHHEe IONH XUMHSA
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Gopasosa moixydmia MHTEHCHBHOe pasBuTme [73, 74] (cBHme cra mybamxamwmii),
M XOTsA HOJHHR 0630p 60pa3oioB 3[ech AATH HeBoaMokHO (cM. pabory [83]),
ciefyeT y4ecTh, 9YTO HEKOTODHE OCOOEHHOCTHM XMMEX 00pasojia MMET Hemocpej-
CTBeHHOE OTHOMIEHWe K BOIPOCY O Heoprammieckmx monmmepax. Iltox m Ilo-
nagn [87] maGmiomamu, uro Gopaszon Tepmmdecknm ycroiums mo 500°. Hemasro
OTHOCHTENbHO BHICOKas TePMHAYECKasd YCTOMIMBOCTL OHJIA HalleHA JJaA HeKo-
TopHx 6GopazoaoB [66]. OmHO#l BHCOKOM TepMHYECKO#l YCTOMYMBOCTH HeLOCTa-
TOYHO, 9TOGH OPHHATH WA He OPHHATH HOBYI0 HOJIMMEDHYI0 CHCTEMY, HO OHA,
Ge3yCI0BHO, SABISETCA JKENATeIbHON xaparTepucrukoit. OUeHEs MajJo H3BeCTHO
0 mytun obpasoBandma Koibma Gopasosa. BoaMo)xHO, YTO HEKOTODHE MeTONH,
n3BeCTHHIE JisA cuHTe3a GopasoxoB [83], BrawogawoT B KadecTBe 0OGKEYHOrO IpO-
MEKYTOIHOr0 IPOXYKTA MOHOMeD, cofiepskamuii rpynny — B = N —, manpumep
BCly+NH; — [BClzeNH;] — [H,NBCl,] — [HN=BCl] — [HNBCl],

(aro coegmuenme nyame moxydarh m3 BCl; m NH,Cl B kunsamem xaopGersoue).
XoTs1 3Ta BO3MOKHOCTH IpeJIOJaraeTcsi B HECKOAbKEX paborax [105], oma
HE J[0OKa3aHa SKCIEePHMEHTAIHHO.

OCHOBHBasCh HA COBPEMEHHHIX [IAHHHX IO XHMHH (G0pa3oiia, MOYKHO BHIe-
JIATH TPH TJABEHX IOYTH HOJHMEPH3ammu G0poasoTHHX chcTeM. llepBHE myTh
3AKJI09AeTCA B IONOBITKe NOJIYYUTH BHICOKOUIOJMMEPH DPEAKNAAMH Pa3MHKAHUA
OEKIa pasAmIHHX OopasonoB. Bropoe HampaBieHnwe OCHOBAaHO HA CO3AHHUK
IpenATCTBHA 00pa3soBaHUIO NUKJIA B DPEAROHAX MEKAY OnQyHKIHOHAILHHMHU
coequEeruaMA Gopa m aszora. Pymr [73, 74] o6cyxman Bo3MOMKHOCTE PaCKpPHTHSA
IUAKJIa B CBA3H ¢ 00pasoBaHUEM CMOJOHNOAO00HOr0 MaTepHajia IPH MOJIMMEPH3AHK
mpuc-(B-xaopsurnn)-Gopazona (I). Iror mpoaykT He mopBepraicsa MadbHei-
MUM HCCIEOBAHUAM, X cefiyac CHHTe3 HOJAMMEpA TAKMM OYTeM KajykeTcs Majo-
BEPOATHEIM.

C'!H=CHCI

/BN
N
|
B B
VAN
cuc=ci’ N “cH=CcHcl

I

ITo Tperbemy mertoxy monydendmsi moammepoB B — N Grura mpegnpmmaTa
IONHTKA COeNUHNTHh MUKJIL Gopasosa 6e3s m3MeHeHHA MX ¢ 00pasoBaHMeM JIUMHEN-
HEIX MOJIGKYJ C COOTBeTCTBYIOINMME T'HOKHAME CBA3AMHA MEXKAY HAKIAMH, YTOGH
o6ecmeunTs HYy’KHHe cBoiicTBa. I'ekcaromanpHas ¢opma HATpEAA Gopa ABIAAETCH
OpEMEpOM NHKIRIecKoir cmcreMi B — N, B KOTOpoHl momepedHHe CBS3H TaK
OpOYHHI, YTO MaTepuat He 001afaeT TUOKOCTHI0, BIACTHYHOCTHIO H CHOCOGHOCTHIO
K oGpaGoTke, T. e. cBoiicTBaMu, KOTOpHe XapaKTePHH MIJIA «HoimMmepa». Ware-
PEecCHO OTMETHTH, YTO CTPYKTypa IeKCAaroHAJIBHOTO HATpHAA 00opa CYIECTBEHHO
OTJIMYaeTCsA OT CTPYKTYpH rpadmra. Jlokammsamus 5JIEKTPOHOB aTOMOB a3oTa
B TEeKCArOHAJBHOM HUTpHAe (opa HPHUBOAWT K [APYroMy cuocoly yOaKOBKRE
CIIOeB: aTOMHL GOpa ONHOTO CIOA HAXOMATCA HAN aTOMAaMH a30Ta APYLOro CiIos.
B cBasm ¢ stuM HuTpmm Gopa dTO# (OPMH ABIAAETCA IUIOXUM NPOBOTHAKOM
3IIeKTPUYECTBA, XOTA M 00JajaeT JPYTHMHA IOJie3HHME cBoiicrBamum. OgamM m3
JTHX CBOMCTB ABTRETCA Mepexof ero B KyOmdeckyio popmy mpu 1800° m 85 000 am.
AnmazonogobHuil HUTpuA 6opa, HOJIYICHHHH TaKmM CIHOCOGOM, HPEBOCXOOHT IO
MeXaHmIecKOd TPOYHOCTH ajiMa3, OKHCISAETCA HA BO3AYyXe TONBKO ¢ HOBEPXHOCTH
npm Temueparype o 2000° u saBaserca xopomum gmanexrpuroM [103]. CoiicTsa
TeKCaroHAJIBHOTO HATPHAA 60pa CBHAETENLCTBYIOT 0 TOM, 94TO IiaBHASA HpoGiema
coefuHEHUS 0OPABOIBHEIX KOJeIl MeKTy COoGOK 3aKII09aeTca B TOM, 9TOGH
IOpeHATCTBOBATH 06Pa30BAHUIO HOIePeUHHX cBs3ell. HeKkoTopre sKkcnepaMenRTANb-
HEE pelleHus 3TOM IPOGIeMH TPHBONATCA HIKE.

H
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O puramsanum ¢ obpasoBammeM GOPasoioB B peaKOUAAX, KOTOPHE MOIYT
UpPHWBECTH K IOJMMepPaM C JIMHHHMHA OEeNsMH N3 aTOMOB Gopa H as3oTa, yiKe
YOOMAHAJIOCH BHIme. YacTWYHO BOOPOC O MOJIYYCHHH JIWHEHHHX MOIAMEPOB
pelleH B HEKOTODHX HefaBHHX paGorax [Iskepapma m Mymm [38]. Oxazamoch
BoaMosxEEIM 13 CgH ;BCl, 7 H- min m300yTHIaMAROB HOMY9INTh JAHEHHRIH MONH-
mep [CeH;BNC,H,l,, comepswamuit 20—40 aTomos Gopa m asora B memu. Ilpm
9TOM 00pasoBaHMWI0 I[MKJIA MEMAlT cTepmdeckme (aKTOpH. Taxwe moIMMEpH
miaassaTcesa okono 150°, HO mOK06HO GOABMIEHCTBY COeNMHEHHMH Gopa ¢ a30TOM
JIETKO THIPOJIA3YIOTCH.

IIpogyKTH pearkuud Me)KNy HepPBHYHHIME aMIHAMH M rajioTeHHgaMm Gopa
CHIIBHO 3aBUCAT OT 3aMeCTHTeNedl IpPH G-YriepOgHOM aToMe amMuHA. Ecam yrie-
POHHI aTOM HOJHOCTBIO 3aMeINeH, TO HOJYJAHTCsA COeJUHEHWs, COfeprKamme
BOCHMAWICHHBIe IUKIH Gopa u azora [92a]. Taxkume Terpamepre oGpaszoBanms,
wak [mpem-C,H,NBCl],, Menee peakmmomHOCIOCOOHE, YeM TpEMepHHe B-xio-
Po60Opa3oIk, 0YeBHIHO M3-32 CTEPMYECKHX MPENATCTBUIA.

Ncroprueckn maydenme moadMepoB Gopa W a30Ta MMeET CXOXCTBO C Das3BU-
THeM OPYrux o0aacTefi XUMHUM, THe BO MHOTHX CIydYaAaxX HeleTyume HPOLYKTH
PeaKnuy IPOU3BOIABHO PACCMATPHABANACH KaK MOJAMEPH (0 MIX MOCIe aHAIN3a),
a sareM oTGpacHBaImCh Ge3 TaapHeiimero meciaeqoBagnsa. Tak, 6opason (HBNH),
OpHM CTOAHWA WIH HarpeBammm obpasyeT ocafok W Bemeaser Bogopon [87].
Ormevanocs [87, 107], guro mexeryumii ocraTok, o6pasyoommiica depes 12 uac
npu 500° (6e3 mamenenms ocraercsa 19% 6Gopaszoia), mMeeT SMOUPHIECKHUI COCTAB
BNH. 3tot ocratox me -6un mccnemoBan. HemssecTHO, 3aBHCHT im 06pasoBaHue
TBEPHOTO OCTAaTKa OT BHIENeHWs BOAOpoAa m ofpasyercda I HOJMMep depes
cBass B — B, N — B man gepes o6e sta cBsasm. flcHo, 9TO 0CTATOK, IOJYJeH-
guii [Irokom nmponmzom mpm 500°, MosxeT comepskath cBsasm B — B, ogmako
06 aTEX TmonmMepax, KaK W O HOIMMepax, o6pasyoIuXcsA OpH APYTEX TeMOepa-
Typax, HM3BECTHO OYEHH HEMHOTIO.

Hepasro Ghum mcciefoBaHH JeTydde UPOAYKTHL nupoimsa Gopasona [94,
63]. Oxaszamoce, uTo Jerydee BemecTBo mMeeT crpykrypw II m III. Ocraercs

H H H H
AN B /BB
e ]|3H Ht i mY N NH
|
HN N—B EH HB B BH
N8/ \n/ N N
H H H H
11 111

BHACHATH, BO BCeX JH CIydadgx IOTepAd BOZOPOJA COIMPOBOKAAET IOJHMepPH-
sanmio Oopazona m Kakme cBsasd (B — B mim B — N) oGpasyiorca mp: sToM.
O6pasoBanme HagTarmaoBoro agaiora (I11I) my:xmaerca B paspuBe 60pasoIbHOTO
KOJIbIIA, 09eBHJHO, [0 MOHOMepHOH emmmmmu — B = N —, kak mpegmosgaraior
BuGepr m Boaby [106], mcxyccrBerEO ycioskHEBImIEe mpomecc CBeJieHHEM €ro
K 00beINHeHNI0 HEeGOJBIIHX MOJEKYJ.

JlpyruM mpEMepoM BEICOKOIOJIMMEDPHOT'0 MAaTepuaja CIATAeTCA O9eHb HHTe-
pecuuii ammuoGopan (H,NBH,) . On moxyuen [79] B peayaprare pasmoxenus
ammrogmbopana (B,H,N):

H H
NI
H/B\H/B\Hﬁ BzHe—{—(HzNBHz)x.
ITOT mONMMep IpelCTaBlAeT Co0OH HeJeTYIMil TBEPAHH HOPOAYKT, KOTODHIA He
mofBeprajicd IOAPOOHOMY HcCIefoBaHHIO. Peakmma pgm6opaHa ¢ ammaoM
auraa [78] maer Gopormapmpa IMTHSA B HOAEMeDHHE aMEHOGOpDaH:

B,Hg+ LiNH, —> LiBH, 4 (H,NBH,),..
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«J[luamMmmarar quGopanay B JKUIKOM aMMHUaKe pearmpyeT ¢ HAaTPHeM, JHUTHEM

Win KaiueM, MaBasg GOPOTMADHMIH IMEJOYHHX METaIOB M HE pPacTBOPHMEIA
"B adupe ammaoGopan [77]. DToMy BemecTBy Ha OCHOBAHHM €r0 HEPACTBOPUMOCTH
npunuCHBaeTcA HmomuMmepHas mpupoxa [76]. Ilpmpoma sTorQ Marepmaja u BO3-
MOKHOe 06pazoBaHMe B HMeM HONEPeYHHX CBAsell IpH HOTepe BOXOPORA 3aCIy-
JKUBAIOT JajbHeilmero uayienusa. o cmx mop »TE BemecrBa He IPHBJIEKAIRA
BHUMAHHA, IHOCKONBKY OHH He MPe[JCTABIAI0T HHTEpPeCa M3-3a HX HEJIeTydecTH
1 HepacTBOPHMOCTA. XOPOIIO JOKa3aHHHe AmMepH m Tpmmepwn IV [17], V [29],
VI [11] u VII [31], xorophie copepkaT 4eTHpeXKOBaJeHTHENE aTOMH Gopa ® aso-
ra, TOATBep)kpaioT tourky apenmsa, uro (H,NBH,), saBuserca Gop-asoTHEM
aHAIOrOM HOJUATHJIEHA.

Pogcreennnm ¢ (H,NBH,), aBuaserca xopomo muasectHoe coemupenuae N, N-
AVMEeTHIaMHAHOGOPAaH, KOTOPOe JUMEPHO B TBePJAOM COCTOSHMH, a4 B HApaX CymecT-
ByeT B opMe cMecH MOHOMEP — JAWMep, HaXOofAmeiicsa B paBHOBeCHA. JTO PaBHO-
Becue HapymaeTca paucopomopumomupoBammem (CH;),NBH, B pgubopas,
[(CH;),N1,BH m [(CH;),N];B [24, 25]. HepgasHo 6HuIO cHelaHO HHTEPECHO®
Habaiofenwe, 9To mumernnamunoGopan upm 150° m 3000 am obpasyer nuHeitHEIH
noauMep [32]. DToT moauMep aMOPQHHI, HEPACTBOPUMHI A YCTORIUBHIA K IO~
M3y, HO He K HarpeBaHmio. [Ipn KoMHEATHO TeMuepaType OH B TeYeHHE HECKOJIb-
Kux MecaneB npespamaerca B mmmep [(CH,),NBH,],, HO 3To mpeBpamenme
OOJAaBIAeTCA B OpucyTcTBHH dpupa. U3 murupoBamHoil paboTH ciexyeT, 9TO
09eHb HOJE3HHM MOKeT OHTH M3ydeHHe JefCTBHA BHICOKOIO NABJICHWS HA MOIH-
MepH 00pa ¢ HU3KO#l CTeNeHBI0 MOJMMEPH3AlHH.

Ucropudeckmit mHTEpec OPEACTABIAET XHMHYECKAs CHCTeMa, OCHOBAHHAA
HA PEaKOHWU TPEeXXJIOPHCTOro Gopa ¢ aMMHMAaKoM. Y HOMWHAaHWe O TOJMMepax H3
auxjgopuaa (enmnbopa m OyrmiaaMmaOB npuBogmioch Bhme. Opmaxko HAaBHO
HA6II0aI0Ch, 9TO PeaKIusa TPEXXJIOPUCTOro uiad TpexGpomucTroro Gopa ¢ H36HIT-
KOM aMMHMaKa OpM HUBKMX TeMmepaTypax NOPHBOAHT K aMMOHOJXH3Y, AaBad
mpuc-amuaoboparn B(NH,); [50, 86].910 coenmmenne mukorga mHe GHIIO BHE-
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JIeHO B YHCTOM  COCTOSIHMY, TaK KaK OHO NpPH KOMHATHON TeMOepaType BHe-
IgeT aMMHMaK M YyKe HpPM YMeDEeHHOM HarpeBaHuum o6pasyeT wuMEHL Oopa
B(NH); [50]. Hanbmeiimee marpeBamme wmMuAa 60pa faeT, KaK M CIeLOBAJIO
OKUIATh, aMMUAK 1 rexcaroHaapusiii mmrpuy Gopa. ok [85] raxsxe maGmoman
obpazoBarme B,(NH); mpm peakumm u36rtka amvmaka ¢ guGopamoM uiIm
GopasoxoM. Jra cmcreMa, mo obmeMy NPH3HAHA, HE 3aCHY;KHBAET M3ydYeHHH,

.
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O/[HAKO OHA fABIAETCA OXHOM N3 OCHOBHHIX CHCTEM, CBA3aHHHX C XHAMHEH
Gopa m asoTa, W [0 CHAX HOpP IO HACTOAMEMY He M3ydYaiach.

OrgacTd aHANOIAYHHI BOIPOC, [0 CHX LIOP He DENIeHHH, KacaeTca IIPo-
aykra cocraBa (CH3NBF),. Bubepr m Xopeasn [108] coobmmun o monydenun
N-rpumermn-B-tprnpTopGopasona pearnmeit ammermadropobopaHa ¢ MeTHIaMu-
HoM mpu 400°: '

400°
3(CHj), BF 4 3CH3;NH, —> 6CH, -+ (CH3NBF)3.

C npyroit cToporH, pasnosxenne 6uc- (ruMermiamuno)-gropoGopana [(CH,),N],BF
JlaeT TPUMETHJIAMUH U moiammep smmmpmdeckoro cocraBa (CH;NBF),, xoropmit
He sABIsgeTca TpuMepoMm [21], Wro ycTamoBiemo Ha ocHOBaEMHE 6ojlee HE3KOM
TOUKE INIaBJeHMs, 9eM y mpoaykra BuGepra m Xopeawbga, m Golee HH3KOMI
Jgerydectn. Pasmoskenne gudropmia MeTHICHINIAMAROGOPA, MO-BAIAMOMY, AT
B-dropGopazon [92], xora ¢msmueckme KOHCTAHTH He CXOKH ¢ KOHCTAHTAMH,
napEeiME B cratbe [108]. Takmm oGpasom, mMeeTca HEKOTOPas BO3MOKHOCTD
IpeAmoiararhb, 9T0 O4UH win 6oiee u3 HazBaHHKX MeTomoB nonyiennsa (CH;NBF),
JaioT DONHEMEp, OTIMIHHI 0T [UKIMIeCKOr0 TpHMepa.

Coobmanoch, uro wmomomsonpoumnamuaobopur u3o-C;H,NH,-BH; nmpm
Harpesanun fo 300° B Tewenme 1 uac o6pasyeT mPOAYKTH, mMewmue (OpPMYIH
(us0-CsH,NBH), [46]. Oror mommmep obpasyerca ¢ 88%-HbIM BHXOLOM
M, COTJAaCHO NPeLHOJIOMKEHUAM, HMeeT O9eHb BEICOKMH MOJEKY/APHHN Bec,
DOCKOJIBKY HE PacTBODEM HM B OfHOM M3 OGHYHEIX pacTBopureneii. IIpomykr
opepcrasiser co6owo mpu 300° BAsKoe Macao, KOTOpoe IPY OXJAKAEHAR J0 KOM-
HaTHO! TemmepaTypsl o6pasyeT crewio. HKpaTkoBpememHoe narpeBamme (3—
15 mun) mpomemyrtounoro mpoxaykra uso-CsH,NHBH, mpm 300° gaer xpmcrain-
JIMYeCKUil mojuMep, OGIAfAONIHi TAKOHW Ke YCTOMYABOCTHIO, KAK M aMOpQHHIT
monmmep, oGpasyomuiica 3a 1 yac HarpeBanus Opu ToH ke Temueparype. Ilomerr-
Ku TmoBTOpPHTH oTy pabory [57] pmanm oskmpmaeMoe KoamdecTBO BOZOPOAA, HO
CTelleHb MOJAMEPU3AUNK MOJIUMepPa, HOJIYYEHHOTO C CAMBIM BEICOKMM BEIXOZOM,
oxasamach paBHOW Tpem. IIpmumma sTOro mpoTmMBOpedYWs HesCcHA, HO, IO-BHAW-
MOMY, KAaKHM-TO 06pa3oM 3T0 cBA3aHO ¢ mpmMecamu. Viu monmmep B paGore [46]
moAydYajcs HPAMO U3 HEOYUINEHHOro H30NponmiaMuHoGopmHa, HiIm o0pasoBa-
HHWe ToJmMepa KaraJmaupoBasoch mpumecamu. Hemapmsaa mommtka [57] moxy-
guTL moiauMep ObUIA BEIOOJIHEHA HA COBEPHIEHHO JHMCTOM MCXOJHOM MaTepHaje.

MeToKcHIPOM3BOAHEE THAPOKCHWIAMHHA 06pasyloT KOMIUIEKCH ¢ pAmbopa-
gom [10]. Haiineno, uto Kommiekc u3 O-mermarmapokcunamuna CH;ONH,-BH;
obpasyer MeTmaG0paT ¥ LOJHEMEpPHHIA ocTaToK mnpuMepHoro cocraBa BNH,
KOTODHI MalbHEAIINM HCCIefOBAHUAM He mopgBepraiica. Hommiekc N-meTmi-
O-mernaruapokcmnamuaoGopur (CH;O0)CH;NH . BH; pasmaranca TarmMm ke
06pasom, aBast HECKOMIBKO IPOAYKTOB, BKIKIaomux npoaykT cocraBa (HBNH),,
KOTOpHIl, OfHAKO, He ABIAETCI 6OPA3OIIOM.

Coegnmenme mpuc-(stmnamuno)-6opan B(NHC,H;); npu 200° B Tede-
aue 3,5 uac TepsAeT STUIAMUH W IIyTeM KOHAeHcalum oGpasyeT aMmHOGOpPa3on
(VIII) [5, 52]. 9rtor ammmoGopasox VIII mpm marpesBammm mo 300° B Tedenume
4 yac TepseT STWIAMHMH [0 TeX IOp, MOKA COCTAB OCTaTKA He OyHeT OTBeYaTh
cocraBy Gopasoma 1X. HarpeBanme I1X mo Gosree BEICOKOI TeMIepaTyph IPHBO-
JINT K OOTepe sTwiaMuHa u obpasoBamuoo mojmmepa us 10 60pasoIbHEIX eMHMIL.
Ilpu manbHeiimem HarpeBaHmX 3Toro mpoaykra mo 600° B Tedemme 9 wac BEHe-
JAsgeTcd NOHOJHUTEIbHOE KOJMYeCTBO OSTHIAMHHA M 06pPazyercs HPOAYKT, KOTO-
puili MokHO u306pasuTs dopMymaoir X, T. e. HIPOAYKT ¢ GONBIIMM UHCIOM IOIe-
peunnix csaseit [B(NCyH 5);].. HexoTopsie mpomeskyTounsie TPOAYKTH, 06pasyio-
fgecs: IpH BTUX lIpoIeccax, o0Iafal0T KayIyKONOZOOHEM XapaKTepoM, HO caMu
TmoJMMepH MOAPo6GHO He uaydeHsl [5]. Amamormunble CHHTE3H OIMMCAHH JPYTUMHU
mcememoBarenamn [41, 67]. ¥Yixe orMeuanach BO3MOKHOCTD LOJYdYaTh JHMHEHHHE
IIOJTMMEePH DyTeM MCHOONb30BAHMA HOAXOAAmMUX Omoxmpyomux rpynm. [leiicTsn-
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TeqbHEO, BMecTo N-mpem-6yTmi-B-mpem-GyTnnGopasonia BHeNeH (IHHEHHET)
ammep (XI) [59].
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VKa3HBaI0Ch, YTO PEAKNUNMA ALETOHUTPUIA ¢ THOOPAHOM [JaeT, KaK M CJIeJ0-
Bajio oxunaTs, N-rpmaTunbopasorn (X11), arakske Bricokokmuamuii mpogykt X111,
uMe0mMuil (Ha OCHOBAHWU DIEMEHTAPHOIO AHAJINM3A) TOT Ke COCTaB, HO Ooiee
BHICOKMI MOJeKyJApHH# Bec. OmHAKO TEAPOIN3 HAPALY C STIIAMHHOM [aeT
M aMMHUAaK; 3TO TOBOPHT O TOM, 9TO CTPYKTypHoe pacmoiokenne XIII me orBegaer
€OCTaBY BHICIIEr0 LWKJIA WIKM JduHeliHOTo moiwmMmepa. IlosTomy mpuBeneHHuIi
MOJeKYJIAPHHI Bec MOKAa eme He mMeeT cMuicaa [34].

Haiineno, 970 mponMOHMTPUI pearupyer ¢ AuGOpaHOM, HaBasg agIyKT,
KOTOpHI/i Hpu ocroposkuoM HarpeBamum (mo 20°) maer N-rpu-n-npoumiaGo-
Pasoa m BTOPYHO (pPAKNMIC, COOTBETCTBYMYI JMIOHpWYecKol ¢dopmyie
(n-C;H,NBH),. Beanguna r paBHa 4 mium 6 B 3aBHCHMOCTH OT MeTOfa OIpe-
JlelleHUsA MOJIeKYyJIAPHOTO0 BeCa — KPUOCKONUYeCKN HANJeHHHI MOJEeKYJAPHHIH
Bec cocrasasger 300, mo muoTHocT: mapa — 450. Tumponus pgaer m nmponwiaaMuH
M aMMHAK, a 3TO YKasblBaeT Ha TO, 9TO BEINECTBO ABIAeTcH cMechblo [34], mecmorps
HA COOTBETCTBUE [AHHHIX AHAJAN3A M TeOPHH. AKDPWIOHHTPHI W [AUIUAH NPU
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peaknum ¢ quGopaHoM AAOT aMopOHHE KOPHYHEBHE TBeDAHEe HPOAYKTH, COfep-
sKamume yriaepox, BOXOPOA, asoT u Gop. JlandbpHeimero McCiIe[0BAaHUA THX IPO-
AYKTOB He mpoBoAmIoCh [34].

IIpegnomnaramocs [57], 9T0 Gopasons OOTEMANBHOA TEPMUIECKOH YCTOM-
9UBOCTH C HOJXONANAMEA 3aMEeCTHTENSIME y aTOMOB 60pa M a30Ta MOTYT PacKpH-
BaTh UHKIH, [aBasg PaBHOBECHHE CMeCH TPHUMepPHOTO 0opasosa U JMHEHHOIo
moanmepa [peaxmua (1)]. PaccmarpmBanace Taxske BO3MOKHOCTH HHUNUMPOBAHASA
IONOGHKX peaKmuil 3IeKTPOPHIHHEME, PATUKANBHEMA HIH CONbBOIATHYSCKAMI
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pearenTamu. Hexoroprie mambomee TepMmdecKn ycToiiumBhie GOPA30JH «3aKalsf-
IauCchy HOCTemeHHKIM HarpeBanueM Xo 400° B mpucyTCTBHM pAasiIHIHHX KaTalH-
saTopoB. llpm OGonee HHW3KMX TeMmepaTypax ocTaeTca GOJbIIOe KOJIHIECTBO
HMCXOJHHX 60pas3onoB; mpu Goliee BHICOKMX TeMIEpaTypax HEKOTOpHe u3 Gopa-
30J10B [alOT CMOJH, NO-BANAMOMY 00 HHHIM peakuusaM, dYeM mpocroe o6paso-
BaHWe JIUHEHHHX HOJAMEPOB. JTH CMOJH TepPMUYeCKH yCTONIABH, HeGoapmas
motepsa Beca Habmoomaerca upm 400° m Bmme. o cux mop yxassBaioch, 4TO
OpH 3THX BHCOKOTeMIEPAaTYPHHX PeaKLUHAX TeHCTBYIOT BA OCHOBHHX THIA, XOTA
HMEIOTCSI, MO-BUAUMOMY, X APYrHe BajKALIE PEAKIHWH, KOTODHE TaKKe CiefyeT
paccmorpets. IlepBas Takasa peaxuusa m3oGpaskema ypasmenmeM (2). Ogesmpamo,
910 MO00HAA PeaKnuA Me’KMOJEKYIAPHOr0 HPeBPAMEeHHs BRI0OYaeTcA B IPOLece
oGpasoBaHysa CMOJH. BTOpoil THN peakmmm AWIIIOCTPAPYETCS CONOJMMepH3anuen
N-rpaMeran-B-rpuperunbopaszona ¢ B-rpudpennnbopasomom. Ilpm srom moay-

Collo /NHG CeH e 4
|l3 Ng~ etls 6 5\B NG (2)
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4aeTcA GeH30J, BEPOATHO, IyTeM AedeHHIMPOBAHAA, B pesyiabrare dero oGpa-
syeres ¢Basb B — N [peaxuua (3)]. Ilonydennas cmoma mMeeT XOpOWIyI0 Tep-
MHAYeCKyI0 ycroiuuBocTh Bhme 400° B mHepTHON atMocdepe, XOTA ee MOJIERYIAP-

NB—Z N o+ \n_— Ng_n"+7Z \

i Bec HWKe 1000. Takmm o6pasoM OTKDHTH IO MeHbIIEH Mepe [JBe HOBHE
peaknuu HoJMMepHM3amuu G0pas3ojoB, XOTA HA OfHA W3 HHX He IpHBela
K nuHe#HEM moiamMepam. O6a HOBHX BHJA pPeaKNHMA MOJHMepH3aldE HeT0CTa-
TOYHO M3YYeHH W3-3a TPYAHOCTEH, NPUCYIMUX KOHTPOII 38 TAKHUMH CIOYKHBIMHU
peaknuAMH. OTA NPOAYKTH ABIAKTCA Pe3yJbTaTOM PACKDHTHA WIN COSTMHEHUS
Mexny coboit afep Gopasoma H, IO-BEAUMOMY, LpPEACTaBIAKT coboil mepBHIL
ToJEMep Ha OCHOBe GOpasoia ¢ BHCOKUM MOJEKYJISPHEM BeCOM.

Boanbmoe umeno pasHoo6GpasHEIX peakmuil faeT HPOAYKTH, KOTOPHe, MO-BH-
IUMOMY, ABIAITCA DojmMepamu Gopa m aszora. Tak, Bepr u Kanxesar [23] coo6-
AT O HeleTyieM ocTaTKe Bo3MokHO# B — N-moammepnoit mpmpoas, momy-
gaomemca npum pasnoxenun (SiH),BNH, wmam (SiH;),NBCl,. Creitanaep



IToaumepw: 6opa 137

u Mlnesmarep [84] coobmarT 0 peaknudm rugpaswHa U CUMM-TAMETHIATHADPA3AHA
¢ tuGopanoM, IPH KOTOPoil 06pasyrTesa 6uc-60pHHOBEE KOMIUIEKCH. ITH KOMILIEK-
Chl DM HArPeBAaHHUHU TePAT BoXopox u paoT nonxmmepu. Crayr u YemGepaen [91]
ommcanu obpasoBanue moiumepa u3 (eHmAGOPOHEEBOH KHUCHOTH W M-PeHHIeH-
puammaa. Loyag [40] merTancs monyduTh DOAMMEpH HPHM PEaKIHEH TPEXXJIOPH-
cToro fopa ¢ 3THIEHIUAMIHOM WK reKcameTuiengunamMunom. llonyuennsie moxu-
MepH cofiepyKaT OoXbImoe KOJIMIeCTBO XJI0PUA, IPUIeM YCTAaHOBIEHO, 9T0 XJIOPHUL,
IPUCYTCTBYeT B BUJE XJOPHKCTOBOJOPOAHKX KOHIEBHX rpymm. [lenaancs DOOKHTKA
CO3[[aHUSA MOMePeIHNX cBsasell pyurnuonansunx rpyua B — N — H ¢ ugonunana-
TaMH II0 AHAJOTMHU C peakmueil Me;xkmy GOpHOH KuCIOTOil M ma3onmaHaToM. Bos-
Moo, 9ro Toyap [40] Gmn aBropom atoit muem [1]. Max-Jleox [61] ommcax
obpasoBande yCTONYMBO{, PACTBOPMMO B BOJe CMONH, IoJydaiomeiics
peaknuein Mexxny GOpHOW KucaoToir m Genramm. Pacr [75] ommcam merom moay-
9eHUSA PACTBOPAMOrO B BOJEe CMONOHNOKOGHOr0 UPOAYKTA peakmueir OGopHOMI
KHUCJIOTH ¢ moaunamuuaamu. Mopran [64] onucan cmoco6 nparoToBieHns pacTBOPH-
MO#f B BoJe CMOJEI 43 OODHOI KHUCIOTH M MOYEBHHH WJIN 3aMEIEHHON MOYeBH-
HH. XO0TA CMOJH MOYKHO TOJAYYATH ONHEM U3 stux myreit [61, 64, 75], raxpas
* M3 9THX CHCTEM WCIHTHBajdach HAa Haamame cBsasm B — N [39], u sroit cBsism
B HOX He o0HapykeHo. PacTBopuMEie B Bofie, a Tak:Ke aKTHBHEHE [0 OTHOMIEHUIO
K Bofle IOJHMMEPH MOTYT 00pasoBaThCA BO MHOTHX CHCTEMAax M3 MOJHAMUHOB
u 3¢upoB GopHoil KucaoTe [12], HO HeT JAHHKX 0 IMAPOKOM HM3YYEHUH STHX
cHucTeM.

Pyur [73, 74] cmeman Baskmbiii BKaam B oTy 0061acTh XMMHH, JOKAa3aB TPH-
mepuyio mpupoxy moammepa (C,H,BNH),, o xoropom coo6mmim Byr m Kpa-
yc [12], a Tak:xe Tem, 4T0 ompoBepr npeacTasienue 06 o6pazoparun cBsizu B — N
opu peaknumu rpynon B — OH ¢ msomumamaramm [93, 94], o xoropoil mezaBHO
coobmaiock B maTeHTHOW Jaurteparype [1]. B mepsomcToummkax He c000mAanoch
0 IpUpOAe PearIuii MeKIY OPraHAIeCKUMHE N30IMAHATAMA B GOPHHIMH WX GOpo-
HueBEMA Kucaoramu. HaGuoxanucy peaxuunn (4) [73, 741, (5) [15, 73, 74] u (6) [15]:

CeH;B (OH), + CH3_{:\/\—NCO —> Tlonmamag - COp + (CgHsBOY, (4

ock
CoHB(OH), +<;\>\-—NCO — €O, + {;‘>_NHCONH—/<_\> + (CgH;BOYs, (5)

B(OH), +< }—NCO — < >—NHCONH—<—> + HBO, + CO,.  (6)
O6pasoBaEme moxmMepoB Gopa ¥M a30Ta ¢ apOMATHYECKAMM TPYINAaMH H3Y9IEHO
IMannom u Bpaymowm [15, 81]. BemectBo, momyderHoe M3 TPeXXJOPHCTOTO Gopa
U o-QeHNNeHANaMHUHA, AOJKHO GHTH MOJHEMEPHHIM.

HKeun ¢ corpymmukamu [72] coobmumum -0 peakmum Memay SKBEMOIAD-
HeMu KouuenTpanuamu (CH;0BO); u annnuna, KoTopas maer moammep cocTaBa

ocH,
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II1. HOJIUMEPBI BOPA U ®OCD®OPA

Coennnennsa Ha ocHOBe Gopa ¢ $ocGOPOM MOIKHE MMETh HEKOTOPYI aHAJIO-
THI0. ¢ CHCTeMOH Gop — a30T. OG 5TOM CBHETeNBLCTBYIOT HM3BECTHEIC BEIIECTBA
¢ Yepepyomumuca aTomamu 6opa u docdopa.
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IlepBoe coepuuenne Gopa ¢ fochopom — «audochmaanGopanay BoHg-2PH;—
6mio  moaydero I'ambmom @ Jmmasmomrom  [36]. 3Jror Kommiaexc,
o0Iaffalommii BEICOKOH YHOPYIrOCTHI0 AMCCONMANUA LPA OCHYHOA TeMIeparype,
OpE HAarpeBaEHMM TepsieT Bomopon. Hak ycramosiemo mosse [27], mpomyKT
XEMAYeCKH ycToidmB. Hak ® clieqoBajio 0KEAAThH, HOTEPS BOZOPOAA IPOUCXORHT
CTyOEeHYATO; CHAYATA TepsAeTcA OfWH, 3aTeM JBA aTOMa M3 TPeX aToMOB BOZOPOZXA,
CBA3AaHHHX ¢ aromMamu G6opa u docdopa coorBercTBeHHO. OOpasoBaHme IOJMMe-
poB Ge3 HmOHepeYHHX CBA3efl B HOEAJHHOM CiIydae HOJKHO HATHA B CIRYIOMEM
mopAnKe:

B,Hg -+ 2PH, —> 2H,B.PH,,
H;B.PH; —> H, -+ (H,B-PHy),.

JanbHeiimee oTmenaenne BOZOPOAA OT 3TOr0 HOJEMEPA, HECOMHEHHO, IPHBeJeT
K 00pasoBagdi0 MOJUMEPHOr0 IPOAYKTA CO CIYyJallHO PACHOJIOKEeHHHIME IOme-
PeYHBIMA CBA3AMH.

Bepr u Baruep [27] passman ocrOBHHE monoKeHus xmMmuu 6opa u gocdopa.
Ncxopnnim coepunennem 6w agnyxr (CHg),PH - BH;, xotopsii Tepser 1 Moib
Bojopofa mpu HarpeBamuma Ko 150° ¢ oGpasoBammeM CMeCH IOJMMEPOB:

(CHy); PH-BH3 —> H,+[(CHj), P-BHy)..

IlpopyrT B ocuoBHOM copmep:kuT Tpumep (~ 90%, z = 3) u Terpamep (~ 9%,
x = 4), HO 006pasyTcd Tak:Ke CleJs BHCIero moaumepa. B0 BHCKaszaHo
HIpefmoNIoKeHde O TOM, YTO TPHMep W TeTpaMep NPeACTaBIAKT co60I0 ImecT-
¥ BOCHMUYICHHHE [AKIHICCKME CTPYKTYDH; AJAA TPUMepa 3TO MOKA3aHO H3yde-
HIEM CTPYKTYDH peHTreHorpadmueckmm Meromom [44].

Haiimeno Taxsxe, 910.1 TeTpamep, ¥ MOJHAMED IPU HArPEBAHAW HPEBPAIAIOT-
¢s B TpuMep (WM B cMech Tpumep — Terpamep). Tpumep m Terpamep 00aamaroT
3HAYATEIHHON XUMUIECKOR N TePMAIECKON yCTONINBOCTHI0. T pUMEDHEN JAMETHII-
dochunoGopunr TepMudecku ycroiigus mo 350°, ¢ KOHIEHTPUPOBAHHOH COMSAHOMN
Kucinoroil pearmpyer MemienHo upm 300°. Ilockoabky sTa yCTONYABOCTH BHIIE,
geM ycroitampocTs mumepa [(CHg),NBH,l,, Bepr m Barmep [27] o6bacaman
aT0T (aKT yopouseHueM cBsseii P — B 3a cueT menokammzanmmy SIeKTPOHOB
cBasu B — H ma Bakantmeie 3d-op6uTe cocemmux atomoB ¢ocdopa. Taxoe
yOpOYHEHHE CBS3M HEBO3MOKHO B aMAHOOOpaHAX, TaKk KaK y a3oTa HeT d-op6uT
¢ IOCTATOYHO HW3KOIl HBHEepPrmeil, YT06H ONPAHMMATH yIacTHe B XMMHUIECKOM CBA3M.
[To3:xe, ommako, crand wusBecTen nukiamdeckmid Ttpmmep [(CH,),NBH,l; [29],
¥ GBLIO MOKA3aHO, YTO OH MOYTA TAaK jKe yCTONYWB, KaK TpuMep AumeTuiadocuno-
6opuna. Ha ocHoBamumu wiaaccmdeckux cTpykryp TpumepoB XIV m XV tpyamuo
IOHATH, ModeMy coefuHeHua Gocdopa Tar ycroiiumssl. OGHYHO AATHBHEE CBA3N
N — B Gomnee mpounsi, weM P — B [88]. Hanpumep, smeprua cesasu N — B
B (CHj);N - BF; cocraBuasger 30 xkas, B T0 BpemMa Kak cBfisb P — B B
(CH,;);P : BF; cocraBisier oromo 19 xkaa.

Hy H,
7B PN
(CHg) N lf (CHs),  (CHy) Pl li' (CHj)y
H,B BH, HB BH,
N/ Np/
(CHg)o (CHy)z
XIV XV

Hamee, moHopHasA cOOCOOHOCTD 9JIEMEHTA CHJIBHO YMEHBIIAETCA MOJ HeilcTBHeM
9JIEKTPOOTPUIATeNbHEX rpynn. HecMoTps HA 9T, HOAyYeHH TPUMEpPH M TeTpa-
mepnt (CF;),PBH,, u a1 monmmepsr TepMudgeckn yeroigussr go 200° [22]. Uexonsa
u3 Toro, gro rpynma CF; Bauser Ha DOHOPHYI CHOCOOHOCTH aTOMa, ¢ KOTOPHIM
oma cBsasana [7], TpyaHo 06BACHUTH, H0YeMy BOOOME MOJEMEPH3YIOTCA T'PYIIIL
(CF,),PBH,, Tak xax atom ¢ocdopa o0aamaeT HeJOCTATOYHON A 3TOrO OCHOB-
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Tabauya 10

CocTaB HMonumepHsIff XxapaKTep JlurepaTypa
(CH3),PBH, Tpamep 27
TeTpamep 27
Bricmmit moJaEMep TepMOILIACTAIHHA 19, 27
Brcmmit monmMep, Moi. Bec. — 6000 101, 102
Bricmmit mommmep, mox. Bec. — 14 000 98
H<oPBH<»s ITonmMep ¢ mOmepeYHEIMA CBA3AME, CTe- 27, 36
IeAb NOJEMepU3annm — 28
{CHj3)oPB(CHj3), TpuMep 27
HyPB(CHj3)s MosoMep mpum croAAEH 0Gpa3yeT BHICIIHI 27
TOJIAMED
HCH3PB(CHjy), He m3onmpoBaH B WHCTOM BHJE 27
HCH3PBH, Bricmmit moammep 27
HRPBH,, HArPBH, Ilo nmMepH, KoTOpHe 00pasylOT IJIEHKHA 11
Ha CTeKJe WM MeTaJlie, MOJ. Bec — 600
CoH;CH;PBH, ITpo3paunsit MIacTEYHHI TOJAMED, MOJ. 101
Bec — 1850
HBPH(CH,);HPBH Xpynkas nesa 55
H,PB(C,Hjy), ITonnMepaELA 37
HC,H;PBH,, Crerao 99
{CH3),PBF, TpuMep 99
(CHj3),PBCl, Tpamep, nmueiinsiii moamMep 98, 99, 102
'(CH3)2PBBI'2 TpnMep .99
{CHj3),PBI, » 99
(C6H5)2PBBI'2 ,[[uMep 37a
'(CGH5)2PB12 » 37a
H,BP(CH3)(CH2)5(CH3)PBH, HepacTBOpEMEIil IPOAYKT ¢ HONepeIHEIME 100
CBA3AME
’(IL-CH3C6H4)2PBH2 TpnMep 100
{C2H;5),PBH, Xpynokumi#i, npo3paudHii, HePAaCTBOPHEMEIH 102
OeJdHil TPORYKT
#-C3H,CH3;PBH, Jlmaef#iEH{ DoONEMep, BA3KAaA OecIBeTHAaA 102
JKAQKOCTb, MOJ. BeC — 1050
u30-CsH;CH3PBH, JimHefiEWA woXmMep, BA3KAaA KHEIKOCTH 102
(CH,),PBH, » » » » 102
CgH;CH3PBH, JlmHeiHEI TOJmMep, BA3KAA HHJKOCTB, 102
MoJ. Bec — 800
{CgH;5)o,PBH, Tpumep 102
CHy=CH— CHy(CH;)P—BH,| Bosmosxno, d¢ocPnroGoprAOBEE KOJBIA, 102
COIATHe HACHIIEHHHIMH YTIeBOJZOPOJHKMHA
menaMa
CgH;CH3PB(CHjy), Tpumep 102
‘CoH;CH3PBH, + HCH3PBH, CononmMep B3 KOHAEHCHDOBaHHHX AJNep 99
«CoH;CH3PBH, + C.H;PBH Cononmmep 99
H,BP(CH;)(CH2)3(CH3)PBH, Conoammep ¢ (CHj);PBH, 100
C,H;CH3;PBH, - Cononmmep 100
~+ us0-C3H,CH3PBH,
CyH;CH3;PBH, -+ CsgH;sHPBH, » 100
£49Hy5(CH3)PBH BockooGpa3amit comonumep ¢ (CHgz)oPBH; 102
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ITpodoaoscenue maba. 10

Cocras IMonuMepHHA XapaKTep Jiuteparypa

CH;=CH— CHy(CH3)PBHy-}-| HacHmeaAH#l cOMOIAMED, KOTOPHA MOKeT 102

-+ CyH;CH3;PBH, cofiep:xaTh pochmEOGOPAAOBEHE MUKIH, CIIH-
THe HACHIIEAHHMH YIJIeBOJOPOAHKMH Iie-
oAMA
HCH3PBH, 4-(CHj3),PBH, Comosrumep 102
CyH;CH3PBH, + HCH3;PBH, » 102

gocteio. OpmHako ecnm OpeAmonokmTh, 9ro B monmmepe (CF;),PBH, wmaccm-
YecKHe [JAaTHBHEE o-CBA3M cJalh, a HeKIacCHIecKas T-CBSA3b ycmiamBaeTcd *,
TO, HOMHUMO JPYIdX BHIOB CBf3W, 9Ta CBA3b CYMECTBYeT W B IOJIAMEpax
(CH;),PBH; u o6ycnoBiuBaeT mOJMMepPH3ALMHUIO.

Yro 6m HE ObLUIO MPWYAHON OTHOCHTEIBHON YCTONYHMBOCTH COeIUHEHHN Gopa
¢ azotoM u ¢dochopoM, odeBHMIHO, U4TO paboTa B 3TOiMl 00JACTH y;Ke IpHUBeIa
K pasBUTHI0O HOBOH xumuu. OTKDHTHE BHICOKOH TepMHYECKOH YyCTOUIMBOCTH
60po0oCPHOPHHEX MOIMMEPOB HOCTYHMIO CTEMYIOM K H3Y9YeHHIO BTHX CHCTEM,
XOTS OHH IIPEJICTABIAIOT ¥ CAMOCTOATEJIbHHI HAYIHKN HATEpEC.

Bepr u Cuora [26] paspaGoranm Meron mpmroroBieHEs AmamkuipocPHmEo-
00paHOB ¢ MCHONb30BaHEEM 0o0jlee TOCTYNHHX HCXONHHX BemecTB, YeM (ochuHEI
m pubopaH. Merox sakixiogaeTcs B 00paboTKe [By3aMemEHHHX OPraHMYeCKHX
OpPOU3BONHKX TpHUramaoreHufoB ¢ocpopa GopormapmpoM HATPHUA B JUTIHEMeE
¢ mocaenyoomuMm muposim3oM [peaxmus (7)]:

R,PCl +NaBH, — R,PH:BH3- NaCly.
Harpesanue (7y

(RoPBHy),
R=C2H5. C3H5 " 1ap.

Barmep ¢ corpysEmkamu [98—100, 102] y:xe monyumam pasaudHbie BUIEE
noaumepoB $ochnHOGOPHHOB W HM3YYMIH WX xuMAdecKme cBoitctBa. C 1953 r.
GHIIO CHHTE3HPOBAHO OKO0JO0 39 (ochUHOOOPMHOBHX HOJHEMEPOB CO CTeNeHBI
DONMMEePH3aANUN J WIK BHIIE U OKOJO HOJOBHHH 3TOTO UHCJIA — (CONOJMMEpPOB)
(cMemaHHHX MMOJMMEPOB, HOJAYYeHHHX M3 ABYX m Oosabmero ducia $ochmuo-
Gopmnos). IMonyuennane ¢ochumoGopruuoBre monmMepH upuBedentl B Tabm. 10.
CoBceM mHemaBHO ¢000manoch 0 [JUAMEPHHX OPOW3BOZHHX (ocuroGopuEa
[(C6H5)2PBBr2]2 n [(C6H5)2PB12]2 [373].

Monuc 1111] coobmun o pabore, cBA3aHHOi, IO-BHAEMOMY, C BO3MOMKHHM
TeXHAYECKUM HCIOIb30BaHAEM moammepoB Gopa m docdopa. Hommuercw moHo-
anKkmi- u MoHOapuidochuHEOB ¢ OOPMHOM TepAIT BOAOPOR ¢ obpasoBaHUEM
HOJIAMEPOB:

RPH,-BH; — Hj-}-Iloxnmep,
ArPH,.-BH3 — H, - Iloammep.

9TH monmMepH HMEIT MOJEKYIADHEE Beca (HafileHHKE KPHOCKONMIECKHAM:
MeTofioM) TOoabKO B mpepenax 600, Ho 00pa3yioT INIEHKH HA MeTaJLIaX W CTEKJe.
YcramoBieHO, YTO BTH IUIEHKM 00Jafal0T NOPEeBOCXONHHIMU  3aMUTHHEIMHA

* 3aMeHa TpyOm y aToMa-foHOpa, o6iagaomero cBoGOXHHMHE d-opOmTamud, Ha Golee
9JIEKTPOOTpHNaTeibAHe Ipynnu (manpaMep, ecim CHj sameamts ma CF;) DpEHBOAMT K CTATH-
BaHHI0 d-OPOHT W HOCHefyIOMEMY YBeAMUeHHI0 WCIOAb30BAHMA BTAX OPOAT [AIA J-CBA3H.
CMm. pabory [30].
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CBOMCTBAMM, HO OHH paspymMaloTCa KHUCIOPOROM Bo3xyxa mo ceasam P — H.
Jaee, Ha OCHOBAaHWA 3JEMEHTAPHOI'O0 AHAIM3A IOJMMEPOB ORI CIEeNaH BHBOL
0 TOM, 9TO HPONEecC HOJHMEepPH3aldd He TAK YK HPOCT. ITO 0GCTOATENIBCTBO MO-
s&eT OHTH CBA3aHO ¢ 00pasoBammeM NOOEPEYHHIX CBsg3eidl Opu moTepe 2 Molie-
Kynr Bojopopa. Jledmep [55] coobmua o0 NPATOTOBIEHWH [BY3aMeMEHHEIX
annparmdecknx docodmuos. Itm ocPurr 00pasyonT agLYKTH ¢ AUGOPAHOM,
KOTODHE TepPAT BOXOPOA NPHM NHPOJIM3e; MOMAMEepPH, MOJydeHHEE TAKAM IyTeM,
COJIepsKaT IoNepeYyHkle CBA3M, OHM XPYIKH, HO 00Jafai0T 3HAYMTEJIHHON Tep-
MHYecKoil ycroiamBocThio Ho 300°.

Hepasro oTepriTh mBa cmocoba o0pasoBaHWsA, BepPOATHO, JHHEHHHX MOJH-
MepOB ¢ BEICOKHM MOJeKyIAApHEM BecoM. Bepr [19] ommcan pasmosxenue Gopuro-
BHIX KOMIUIEKCOB TeTpamermiaOudocduma mpu 174° ¢ oGpasoBanmeMm mumermidoc-
¢$unma, Tpumepa ¥ TeTpaMepa AumeTHIPOCMHOOOPHHA W TEePMOILIACTAIHOTO
0eJIoro 0CTaTKAa, ONMCAHHOIO KaK BHICIIME JMHEHHHIMA MOAEMEep. ITOT OCTATOK
B 3HAYATENHHOU CTeIeHHM IPeBPamaeTcsd B CMeCh TpUMep — TeTpaMep AUMETHII-
docPhmrobopnra npwm HarpeBammu B Tedenme 20 uac upm 330°. Barmep m Kasze-
puro [101] mamuam, aro mpubGasiaenme 10—45 Mox.% Takoro OCHOBAaHHMA, KaK
TPUSTHIAMUH, B Iporecce OHPoIH3a (HOCPAHOOOPUHOBHIX KOMILIEKCOB IIPUBO-
JOUT K YBEeJIMYEHUIO KOJIAIECTBA 00pasyomerocs OPH 3TOM BHCOKOIOJIMMEpA.
B cayuae pmMermadochmHOGODHHA B NPHCYTCTBAM TPHUITHUIAMHHA DONYIeH
¢ 45%-HEIM BHIXOHOM IOJIHMEp ¢ MOJeKYAApHHM Becom 6000, kak mpemmomararor,
JuHeRHO cTpyKTYypH. [Ipegmonaranu, 9ro IMHEEHHOCTS MOJKEA BO3PACTATE IPH IO~
CJIeI0BATeJIbHOM IPACOeHHEHAA MOHOMEePHEIX efuarl pochrroboprHEa K KOHOEBOR
Tpynne, coCTOAmEedl M3 MOHOMEDHOTO KOMILIEKcA TpuaTmiaMmHopochuaOGOpHHA:

200°
(CHj); HP-BH3 — (CHj)p PBHy+-Hp,
(CHjz) PBH2+-(CoHs)3 N —> (CHjg)z PBHy N (CoHs)s,

‘(CHg)g PBHy- N (CoHg)3+ n (CH3), PBH; —> [(CH3); PBHy], (CHgz)y PBH,+N (CoHs)s.

Ecan, xak npegmosaraiochk, Kornesas rpynna BH, pacrymeii menn cBsasuiBaeTcsa
KOOPAUHAIMOHHKMA CBS3AMHA C AMAHOM, TO 3aKOHOMEDPHO JONYCTHTh, 9TO IHK-
Ju3anya [0 TpUMepa wid Terpamepa mporexaer Tpynmee [101]. Omgmako memwss
HCKJIIIOUNUTh B JPYrOil MeXaHM3M IOJIAMEePH3al[HH.

Camble BHICOKHE MOJIeKYJIspHHE Beca, IoilydeHHHe HisA $ochuroGOpPUHOB,
COOTBeTCTBYIOT cTemennm moammepmsanuu oxoxo 100 [98, 102]. IIpegmomxararor,
YTO CTPYKTYpa STHX LOJMMEpPOB JWHEHHAas, HO 3TO He MO0KasaHo. Boanmmoe
KOJIMYeCTBO COIOJMMEPOB, B TOM 9YACIe W CONOJHAMEPOB ¢ KOHIEHCHDPOBAHHHIMHA
OUKJIaM¥, Hoxyderno Barmepom ¢ coTpygHUKaM#, HO, HO-BHAMMOMY, HH OJUH W3
9TAX HOJMMEPOB He MMeeT HPeMMYMecTBa HAJ HOJAMEDAMH, MOJYyYeHHHMHA W3
opEoro Bmma MoHomepa. CaMompou3BOJbHOE HpeBpalleHde JHHEHHHX MOIHMe-
poB B cMecu TpmMep — Terpamep Bume 300° nmMETApDyeT MX NpHMeHeHWe IpPH
BHICOKOi1 Temmeparype. HecmoTpst Ha 9T0, pasBUTHe XUMUA DOTAMEPHOR CHCTEMHI,
ocHOBaHHOH# Ha atroMax B m P, crmemyer paccmMarpmBaTh KaK BaskKHHE 3Tam
paboTHL.

1V. IIOJIAMEPHBIE MATEPHAJIBI CO CBA3AMU B — B

"IHonmmepn rmapmmoB Gopa, mpefcraBugiomue co600 Yame BCero BEMECTBA
¢ GecmopAMOYHKIM PACHOJIOKeHAeM aTOMOB, HO COXep:Kamme cBsasu 6op — 6op,
paccMaTpEBaTCA B pasfene V. B mammoM pasmene o6cyiKIerre orpaHAYABAETCA
MOJIeKYJIAMHA, CONep/KaluMn TPHUFOHAMBHHE CBf3u 060p — GOp, KOrga AaTOMEI
60opa cBA3AHH C AIKWIAMH, aTOTeHAMH, AJIKOKCH- M aMHHOrpynnoamn. Ilo-Bmad-
MOMY, TaKHe 3aMeCTHTeNH, KaK BOMOPOJ, AIKMIBHAS A APWIbHAA TPYINH, IPH
arome Gopa He CO37aIOT JOCTATOUHYIO INIOTHOCTb 3JIEKTPOHOB, YTOGH BOCIPENAT-
CTBOBAaTh AWCIPONOPOHOHHPOBAHMWIO, a MO3TOMY coefumenmsa Tuna R,B — BR,
HeycroiiumBe. OfHAKO peakmuy, OPA KOTOPHX MOTYT HOJYIATHCA TAKHE COENA-
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nenns (rge R = H, anxma, apun), HegocTaTo9HO M3y9eHH, 9TOOH HAWTH yCJIO-
BHs, HOJABIAKIIAE AECOPONOPIMOHAPOBAHMEE.

ITonmTKa DONYYUTs TeTpaalnKWaAAmOOp peaxkmueil Terpaxjopmma mpmbopa
¢ MeTaJUIOOPTaHHYECKHMH coefuHeHEAMA [95] mam BoccTaHOBIeHWEM MOHO-
rajoTeHAHANKMIOODAHOB AKTABHHIMM MeTAJJIaMH BCerfa [aeT TpPH3aMeMeH-
HHe 00OpoprammdYecKWe COeAWHEHWs M OKDAIICHHHE B TEMHHI LBET OCTaTKH,
cocTaB KoTOphX uHOrga coorsercTByeT (RB).. CymecTByer mpeamomosxenue, 9To
Iu6OpTeTPAANKANE 06PA3yIOTCA TOIBKO KAK IHPOMEKYTOYHEE, a 3aTeM JUCHpPO-
OOPIUOHUPYIOT IO peakuumu (8). 9THM OCTATKHM, OPHHAMAEMHEe 34 IOJHMEpH,

CHy 5 SCHs] 5
n [ CH, /B— \CH3] n(CHg); B+ (CH;3B), ®)
HEKOrfa He u3ydanuck. [loaToMy mpefcraBiseTcs, 9T0 U3yYeHHE HTHX IPOAYKTOB
OyneT cTONb yKe TPYAHHEIM, KaK U M3yUeHMe HOJEMEePHHX ruapumos Gopa (BH,),.

TamorennHe coegunmeHuMs Aubopa [AUCOPONOPOHOHAPYIOT ¢ 06pazoBaHHEM
BX; u (BX),. Tak, gu6oprerpaxiopus gucopomopnmonupyer Bume 0° ¢ o6pa-
soBagmeM BCl; m B,Cl,. MerogoM pemTreHOorpagmm HaifeHO, 4TO CTPYKTYpa
9Toii MOJEKyJNH HpeAcTaBisgeT coboil TeTpasgp W3 aToMOB Gopa, KasKIHH n3
KOTOpHX coefuHeH ¢ artoMoM xiopa [4]. Coepmmemme BgClg, koTopoe Takixe
BHJ[eJIeHO U3 IPOAYKTOB pasioxenus B,Cl;,, mmeer crpykrypy [49], B KoTOpOI
aTomMn 0opa HAXOAATCA B BepIIMHAX HONHIAPA ®M KAXKAHU aToM 6opa cBA3AH
¢ atomoM xJiopa. Ilomyuem Tar:ke mmGoprerpadropmpm [35], mo o mpomykrax
ero JUCHpPONOPIAOHMPOBAHAA HUYETO HEW3BECTHO.

IMu6oprerpabpomun [95, 104] me maydenm, a MONHTKA HMOJYYATH €ro B Ges-
SJIeKTPOJHOM paspsAfe OpHEBeaa K HuUsmmEM Gpommpam Gopa [71]. Ilociaemmme
¢ Gollee BEHICOKHM MOJIGKYJSDHHM BecoM, 9eM B,Br,, me mccaegosamm. Haiinero
[50], wTo muGopTeTpamofus AUCOPONOPOEOHADYET TAaK Ke, KaK AubGopTeTpaxio-
pHM, ONHAKO NOJMMEDH3AIHAs 3aBepPIAeTcs NOTepeldl MOJEKYJIAPHOrO HOAA.
YcraroBaeno, ato moromoxny Gopa BI aBiasercs momumeprrm [80], Ho moxpoGrO
oH He ma3ydaica. Takmm o6pazoM, eJUHCTBEHHON SKCIePEMEHTAIBHON paboToit mo
moJmMepHEM cyOraiorennnam 6opa, 3aciay;RuBalomeil JoBepus, ABasgeTca pabora,
noceamernras xiaopugaMm B,Cl; u BgClg, AMeomuM nUKIAYECKHE CTPYKTYPH. ITH
cybramoreaas OPeICTaBIAIT C000I0 IeKTPOHONe(PHIUTHEE CHCTEMH, HALOMH-
Has B 3TOM OTHOImeHWH Brcmme ruapuas Gopa [89] (cm. ra. IX). Coscem menaBHO
yKas3nBaloch, 9To mpoussogase moHoB B Hf; m B,H}; o6pasyior ocroBy HOBOM
obmacrm xumun 6opa [47a)]. 3maunTesbHAA TepMHYECKAA M XHMHICCKAS YCTOI-
9UBOCTH STHX IPOM3BOJHHIX 3ACTABAAET IPENUONOKATH, YTO OHM MOTYT HIPaTh
BaJKHYIO POJIb B HEOPTaHHIECKHX IOJHMEPAx.

IlepBue gamEHe o0 coegmEeHUsAM KuGopTreTpaankokcunoB [37, 109] mpusenn
K y6eskennio, 9T0 OHM JErKo THCIPONOPIHOHHPYIOT ¢ 06pasoBanmeM opToGopara
n asixemenraproro 6opa [37] m, BoamoskHO, mommmepa, cocrosmero m3 BOR-
eqmann [peaknma (9)]. Ilonyuemme AUGOPTETPAATKOKCHOOB W3 TPYAHOZOCTYI-
moro B,Cl, 6HJIO 3aMEeHEHO HETABHO OTKPHTHM JeTKAM CHHTE30M TeTPaguMeTHJI-
ammaopmbopa [14] [(CH;),N1,B — B [N(CH;).l; ¢ mocaegyomum o6menom amm-
HOTDYOI Ha alKoKc- wuim Qerokcurpymns [13]. 3arem Owuto mokasamo,
9TO0 COeJMHEHHA TeTPaAMETOKCH- W TeTPasTOKCHAHGOpa SHAYHTENBHO YCTOMYMBee
B umcToM Bmie, 4eM cumraiam pamee [37, 109]. Tak, terpamerokcuguGop He
nucuponopumonEpyer Huke 130°; mpu 130° mpomcxonnT ero pasiaoxenue ¢ oGpa-
soBapmeM aPmpa mo peaxmum (10). O6pasoBamme sdmpa roBOPAT O TOM, UTO
MOJKOT IPOMCXOAUTH 00pasoBaHWe IOIEPEYHHX CBA3el B COOTBETCTBHH
¢ peaxnumeit (11).

BO\ / OR
/B—B\ —> B(OR)3+B mam BOR 9)
RO OR
CH3O\ /OCH3 130°
B—B - (CH30)3 B+-(CHj3); O 4 ITomamep (10)

cH;0” NOCH;
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JBofinas cBass B=0 nammcama MCKI0YATEIbHO pagd yrnoberBa. Mokno
OUIaTh, 9T0 GoJiee YeM JBYXWICHHEE MUK 06pasyioTCA B BEe KOHAEHCUPOBAH-

CH,0 OCH, CH,0
NB—B/ —> (CH3), 0 + N
CH;0”  NOCH, P20+ o/

BOii (pasmi. Terpasroxcupmbop mpm Golee HE3KOI TeMmepaType pasjiaraercs,
nasas nojumep. Comeprxanne 60pa B 3TOM HoJimMepe cooTBeTCTBYeT Henm ¢ 10 aro-
mamu Gopa [pearrus (12)]. 9Tm monmMepH He 06IAJAIOT YCTONIMBOCTHIO K OKMC~
JIeHMIO ¥ THApOoAu3y u pasznaranrcs Bume 150° ¢ oGpasoBanueM sdupos. Ilockoan-

CoH;0 0C,H;

B—B=0 11y

N 0CHs]
(C2H;50)2B—B(0CyHs)e — B— | —B (12):
CH;0/ L—B— Un Nocyg,
(rpe n=10)

Ky IepBOHAYAJBHON 3a/agefl 5TOH PaGOTH OHUIO HOMyYeHHe IOJIMMEePOB BHCOKOM
YCTOHYHMBOCTH, TO HE YJUBUTEILHO, 9TO MCCIef0Bamme OO mpekpameno. Tem
He MeHee, NO-BUAMMOMY, COENHHEHHs €O CBA3AMA Gop — GOp mpefCcTaBIAT
Goapmoli HMHTepec, TAaK Kak H3yYeHHe HX [aeT HOBHE CBeJeHHS O XHMUL
KOBAJIGHTHHIX COeNWHEHMH Gopa.

Haxonren, Mo;XHO OTMETHTb, YTO CHHTE3H HOJMMepoB Tuna X VI maBomar Ha
MEICJIb, 9TO HOJKHE IPEACTABIATH HATEPec Takxe moammeps Tuna X VII. Oxnako
OOKA eme He HAWNeHH METONH [HCIPONOPIHOHMPOBAHUA TeTpa-(IEMeTHIaMu~

HO)-IHubopa.
R—O RoN
AR

XVI XVII

V. BOPOBOJAOPOJHBIE NOJHMEPBI

IITok ¢ coTpyaHUKaM® OePBHME HAGAIOTANN, 9T0 JeTydIre TUAPULL Gopa Upm
CTOSHAH B TedeHHe AJHMTEIHHOIO0 BDPEMEHW IPH KOMHATHON TeMmepaTrype HIH
[OpH HATPEBAHWH OTINEIJIAIOT BOLOPOJ ¥ 06PA3yIOT NeHil PN HeIETYINX BEIIeCTB,.
o4YeBWAHO, moauMepHOro xapaktepa. HaGmwopennma Iltoxka Onnm caygaimeima,.
Tak Kak oH mmcalx [85]: «/lo cmx mop ME He NPOBOJWIM B 3TOM 06JacTH cEcTeMa--
THYECKORX paboTH, mMOTOMY 9TO, HO-BEAMMOMY, Takasd paboTa He JaeT OTHO3HAY-
HOTO OTBeTa Ha MOCTaBJIeHHHI Bompocy. Hamkercs, 9ro 3Ta Touxa 3pemmsa Bce eme
ABIAeTcA OOMENPHHATON, ecld He CIUTATH PE3yNbTAaTOB, HOJYYCHHHX HEIABHO.
YMmepesHOe HarpeBaHme HUSNIMX THADHAOB Gopa faeT GecmBeTHHE TIHMIPHIHL,.
KOTopHe npu 6ojiee BHICOKOH TeMIepaType TePsOT BOZOPOX, Ipmobperas skes-
Ty oKpacky. Ilpu manpHeilleM HarpeBaHHW OKpPacKa yriaybiasercs ¢ JajbHEM-
meii moteper Bomoposxa. Hampmmep, coobmanocs, uro Terpabopan B,H,, o6pa-
3yeT JKeJTHl THApHA sMOupmieckoro cocraBa BH,g, KoTopmit me miaBmrcs,.
a TaKme He pacTBopseTcs B cepoyriaepome [85].

HepnasHuee n3yuenne KMHETHKA NHPou3a nekabopara Bugenaom m Xorom [9]
BHECJI0 HEKOTOPYIO SICHOCTH B BOIPOC O HPHEPOAE HOIMMEPHOro mpomykra. Ipm
3Toif peakmmm 00pasyercs Toabko Bojopon. Her mmrakmx fgoraszartenbcTrB o6pa-
30BaHEHA JIETYYUX THADPUIOB Gopa B KadecTBe IPOMEKYTOYHHX DpPOAYKTOB. Ha
1 Moxp mekaGopaHa TepseTcsa OKOIO 4 Mojeil BOMOPOHA, 9TO COOTBETCTBYET
cocraBy ocratka BH, ¢ Onmaxo ma pammeit cragmm muposimsa Ha 1 Moxb gexabo-
paHa BHIIeJIAETCA TOPa3f0 MeHbINe BOLOPOAA. JTO AAJ0 aBTOPAM BO3MOKHOCTD.
OPeANONOKATh LENHON HpoIecc, MHUNMEPYeMHil OmpagmeanamMu JeraGopaHa.
Havanpase DpofyKTH HAPOJU3a PAacTBOPAIHCH B feKkabopame. B sToM pacrtBo-
puTese OIpefeisInch HX MOJEKYIAPHHE Beca IO NOHM)KEHMIO YODPYTOCTH Iapa;
‘HabIOfadnCch MOJNEKYIsApHEE Beca mo 915.
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I pyroe muTepecuoe mcciemoBanme GOm0 uposemeno Ilammpo m Yuiapam-
com [82] pns memerydmx TBepamx mpopykros (BH,),.Ilpu 100° grn6opan m gexa-
OopaH BHEEIAIT BOAOPOX OHICTpee, YeM IPH KOMHATHOW TeMmeparype, o6pasysa
monmMep. B 3ToM ciaydae, Kak m B paboTe, yOOMAHYTO# BHiNe, He 06GHADYKEHE
Apyrae IPOMEXYTOUHHe JeTydume ruapmaut Gopa. Ilpeamomaraercs, ato Mmose-
wyna BoHg MosxeT 1aTe HemosmEI WKOCasnp, o6pasoBanHHii ¢ momombo B, Hy,,
KOTODHI Halee TepseT BOAOPOL OT HeycToitumBoil emmmuns (BH),,:

100° —Hg0
BoHg + ByoHy, ——> 4Hy+-(BH)jy —> (BHy)y.

NudparpacHHil cOeKTp MOKAa3HBaeT oTcyTcTBHe MocTHKOB B — H — B, uro
coraacyercs ¢ aTcit Toukoit sperns [82]. CrpykTypa-equrnns B, 6na maiinena,
Hampumep, B xKapbume Gopa.

Bepr momnTasca MCHOIB30BaTh XAMAIECKHAE METONH KOHTPOJA M YCKOPEHHSA
peakuuu 00pasoBaHNA DOJMMeDPHHX ragpunoB Gopa. Om oGpabGaTeiBan menTabo-
paE-9 TpEMeTHI- W JAMETHIAMHUHOM WIH guMermiamMmaoGopanom [18]. Itu peax-
IAU YCKOPAT HeCHMMETDPHYHHI pacmapn merTabopama-9. Ilpu peakmmm ¢ Tpu-
METAIAMUHOM C BEICOKAM BHXOJOM HOJNYYeH KOMIUIEKC TPHITHIAMUHOGOpPUHA
{CH,;);N - BH;. CymMapmas peakmas BRIIOYAeT OTIEIUIEHWE ABYX MOJEKYJI
oopmra BH; or memrabopama-9 c¢ mocienyiomeit OHCTDO# moamMepusamme
ocraromuxca rpyoo B;H;. 3ty peakmmioo monmmepmsanmm famee mofgpoGHO
mccnemoBan HemnGemn (cm. paGory [57]). HemumGemn mamesn, uto mosydaercs
MeHbOIe 2 MOJIeHl TPIMEeTHIAMAHOOOPHHA ¥ YTO HOIAMEPH3ANAA CONPOBOKIAETCS
me6oapmoit morepeit Bomopoxa. Ilommmepm comepskaT pasiMYHEe KOIHIECTBA
aMUHAa, NO-BHIVMMOMY, IPOYHO BKJIIOYEHHOTO B MOJMMeDPHYIO Hemb. Ilomyduennrie
OPOAYKTH 001aJal0T YMEePEeHHO BHICOKAM MOJEKYISDHHM BeCOM, yCTOHYABH
K COJIbBOJIM3Y METAHOJNOM M CONSHONA KHCIOTOH. JTH NPOMYKTH HAYMHAKT Pas3ja-
rateeq Bame 200° ¢ moTepeit Metana. BeposATHO, 3TO MOJIUMMEpH CIOKHOUR CTPYK-
TYPH.H CO CIOKHKM MEeXaHM3MOM o0pasoBannsa. Pearmus moiuMepusanad MOKeT
OHTDH Ipome, 9eM OPAMON OAPONH3 TALPHIOB Gopa. ITH HPOAYKTH 3aCIHYKHBA-
0T fJajJbHeWmero wmccilefoBaHusA. VsyuyeHnme HOJEMepH3amumy THAPHAOB Oopa
< IPYTEMH OCHOBAHHAMM, TAKHAMHE, KaK TpeTHWdHue (ocHHHHE, NPUBEIO K TeM e
pesyiabTaTaM.

VI. BOPOKHCJIOPOJHBIE HNOJHMEPBI

IlonmmepHEE COefUHEHWs, MMeIOIAe B IeIH CBA3H 00opa ¢ KHCJIOPOJOM,
BKJIIOYAIOT MOAMMEPH GOPHHX KHCIOT W AX AHCAADPHAOB. XOTS 9TH MaTePHAJH
00IaZal0T OTHOCUTEJHHO BHCOKOW TePMHYECKOH YCTOMYMBOCTHIO, OOJLIIMHCTBO
73 HEX JerKo raIpOIu3yeTcs, 9T0 CHAKAeT NX IPAKTHIECKYIO I[eHHOCTh. AHTHADH-
JH ANKWI- B apuiGOpPOHMEBHIX KHCJIOT, TaK HA3HBaeMee OODOKCOJH, OOGHYHO
BCTPedYAalTCA B BHAE IUKJIMIECKAX TPEMEPOB wid AmMepoB, a mmenHo (RBO),,
(ROBO); uan (RBO),. Takme BemecTBa OYeHb YCTOHYHBH TePMWYECKH; TPH-H-
OyrunGoporcoa (1. kmm. 259°) me pasmaraercsa go 600°, a Buime 3Toit Temmepa-
Typu ormemiser stmien [70]. (Ciregyer OTMeTHTBH, YTO OHKTH IO IHPOIA3Y
B paGore [70] mpoBommnmch UpM HASKOM [aBJIeHHHM B M30JIMPOBAHHOHE CHCTeMe.
Ilpu Takmx ycroBEAX TepMHYecKas YCTOMIMBOCTDL 3THX COEAWHEHWH KasKeTcs
MeHee YIABUTEJIBHOM.)

Jlnsa cmATe3sa MOJIMMEPOB MOJYIeHO GOJBIOe UHCIO GeH30IXMOOPOHMEBHX
rucaor. [lonyuenst Gemson-1,3- m 6enson-1,4-nuGopoumesre kucaors. Haiineno,
49TO0 OHM TaK:Ke He muaBsarcsa HmKe 410°, X0TA CUATAIOT, YTO OpPM 3TOM HMeeT
MecTo o6pa3oBaHWe AaHTHAPHUIAOB, BO3MOKHO, moamMepHoit mpmpoxu [68]. Mac-
rpeB [65] monyumn Gemsoa-1,4-mmGOopoHMEBYI KHCIOTY W HAOMIOAN ee [erd-
nparanmio Bume 230° ¢ o6pazoBaHmeM 09eHH YCTOMYABOrO aHTHAPHAA. Y HOMUHA-
Jochk 0 moimdPHEpax W3 MPOM3BONHHX AuGOpoHMeBOH KucaoTH [6], mO Ges mpm-
Be[leHAs AAHHHX O MOJEKYJSPHHX Becax WJIH JPYTrEX CBOACTBAax.
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Haitneno [9], 4ro cMecu GOPHEIX KMCIOT ¢ TIMKOIEM WU TIWIEPHHOM
CTAaHOBATCA €O BpeMeHeM 0oJiee BASKHUMHE IO Mepe yAaJleHwsi BOAK TUCTAILIALAEN.
Peaxnusa GOpHOU KHCIOTHL CO COAPTAMH XapaKTePU3yeTcsa GOIBIION CKOPOCTHIO
n ob6parumocthio. IloaToMy BHCOKEe MOJEKYIADHEE Beca MOIYT IONYIATHCA
¢ TOJIMCUMPTAME TPU HENPEPHBHOM YHaJeHUH BOMH, 00pa3ywmeicsa B mMpomecce
srepuduranmu. OmpefereHus CTPYKTYDH HOJYJAIMAXCSA OPH 3TOM OPOLYKTOB
He TPOU3BOIMIN, HO, 663 COMHEHHH, 9TU CTPYKTYPH O49eHb CJIOKHH. BciaencrBme
TpexBajeHTHOCTH 6opa HemsOe:xHO oOpasoBaHMe HONEPEYHHX CBA3eH MeEKAY
nensaMu. BeposATHH TakKe KOJXBIA HEMOJMMEePHO# CTpyKTypel. Kpome Toro,
BBHUIY HpPefeJbHOH Na0HIBHOCTH peaKmuii oOMeHa [is CBA3M GOP — KHCIOPOJ
THOB CTPYKTYP 3aBHCAT HE TOIBKO OT METOAA HOJYICHNA, HO M OT Beell mpeIsICTOo-
puu matepuana. Hanpumep, BRiI0derne HeGOMBITUX KOJIMISCTB BOLK PE3KO YMEHb-
maer MoJeKyiasapuue Beca cmou. Crayr m Yembepmer [91], a Taxme Toyanx [40]
DONEITAJUCH NONYIATH YHOPSHLOUCHHbIe MOJIMMEDH U3 IIUKOIA U GOPHOK KHUCIO-
TH, HO IOTEPIeNN Heyxady.

Bopumit anruapun pacreopsiercs B ankuiGoparax (RO);B u B rpumankun6o-
panax R;B. Crexmomerpuss 1 :1 mpuBoguT K 06pPa30BAHMIO IMECTHIIECHHOTO
KOJBLA € YACTMYHHIM WM IIOJHHM paspuBoM pemeTkun B,0; m BKI0YeHHEM
rpyun R mmu OR [43]:

R (0] R
NN\
B B

|
o b
N/

B

|

R
Bonsmue KoawdecTBA GOPHOTO AHTMAPHUAA MOTYT PACTBOPATHCH B -CJOMKHHX
apupax GOpHOH KHCIOTH ¢ 00pasoBaHWeM IPOAYKTOB, KOTODHE CleayeT pac-

CMaTpHUBaTh KaK BUIOWM3MeHEHHHH Gopusiil anrupgpnp. CTPYKTYypH TakuX Mare-
PHAIOB HEW3BECTHH, HO MOKHO IDEAIONOMKUTH YCIO0KHEHHME MOIEKYJ, TaK Kak

OR
B
/N
B(OR);+B,03— O O
| | (13)
B B
VNN
RO 0 OR
ER
O/ N
2 ] | +Bz03
B B
/ N/ N\
RO 0 OR
OR OR
5 5
/ N\ / N\
(0] (6] (0] 0
L L ,OR
B B B B B HT R (14)
/ N/ \ / NN/ \_/ NoR
(0] (0] 0—B—0 (0] (0]
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MOJIAPHOE OTHOMEHWe PACTBOPEHHOro GOPHOrO aHTHADHAA yBeamumBaeTcs [peak-
nuz (13) = (14)]. IlpeacraBienre 0 COXPAaHEHWH HIECTAYICHHHX INUKJIOB B Ipefi-
H0JIATaeMHX CTPYKTypax OCHOBAHO CKOpee HA WHTYHMIWH, I€M HA DKCIEPHMEH-
TQIBHHX AAHHHX. B03MOKHH Apyrae OUKIAIeCKHe CHCTEMH B 00Pa3yoOIHXCA
‘cTpyKTypax. MoseKynspHBE CTPYKTYPH IO BeJIHYHHE MOTYT OHTL BHOpPaHH
HAYTraJ; OHA MOTYT HOCTUIaTh HpeJeia, 3aBHCAMErO OT CKIOHHOCTH K KPHCTal-
JIA3aNUy U3 PeaKIMOHHON CPeIH HPOAYKTOB PeaKIUd MIM PEAareHTOB. JTH IPO-
TYKTH, og00HO 0opaTaM INIMKOJs, 09eHb YyBCTBATEIbHH K BOJE.

9T0 06CTOATENBCTBO, TAK JKe KAK M BO3MOIKHAS HaGUIBHOCTD IPUBENEHHEIX
peaxnmii, 3aTPyZHAET U3ydeHHME CTPYKTYPH M CBOUCTB moamGOpaToB.

HepaBro Beitn [97] wsywan mommmepm, comepskamue cBszm B — O — Si.
On mpmBomguT cooOmeHMsa o paHHEX paGorax B aToit obmacrtn. BsamMopeii-
cTBEeM GOpHON KHCIOTH € IMMeTWIZuXjopcmiaHoM Beitnao ypamnocs moixyIuTs
OPOAYKTH ¢ MoAeKyIapHEM BecoM 500—1000, KOTOPHM NPHUIACHBAETCA CIEAYIO-

masg CTPYKTypa:

_0-Si(CH3)3—0 0-Si(CHg)a~0, 0—Si(CHg)g—0\
HO-B B—0— [51((:}13)2—0—3 B—O] ~Si(CHg)2—0—B B-OH
No—Si(CH3)2—0" N0—8i(CHs)z—07 n \0—Si(CHg)2—07

HecmoTpss ma [0BOIBHO HH3KWe MOJEKYJIApPHHE Beca, NOJydYeHHHE BemecTBa
00/1a{al0T HATePECHHIMA TePMAYECKEMHM M 3JIacTHIeCKEMU cBoicrBamu. Ilomepeu-
HHe CBA3H BO3HMKAIOT 32 CIET 3JIEKTPOHOB C BEHICOKOM 3HEprueii, 9o obecmeanBaeT
YCTOMYHBOCTh K THXPOJH3Y.

VII. BOPOYI'JIEPOJIHBIE TOJAMEPbI

IlonmMepH, cofepskamue B IemA TOJIHKO aTOMH 6opa ® yriepopa, B HacTos-
mee BpeMA OTHOCHTENbHO Majo0 HM3ydeHH. Pasznosxenmme Tpumermibopa [42]
okoxo 400° maer MeTaH, BOZOPOJ W MeHee JieTydue NPOLYKTHI, cofep:Ramme 6op
u yraepon. OKmgasocs, 970 MOTePSA MeTaHA HPHBENET K HEHACHMIEHHOMY COeNH-
meamio CH; — B = CH,. Opgrako BemecTBO TaKOro COCTaBa B JeTy4InX (ppaxmm-
AX He o6Hapy:KeHO, BHpeledn ero Terpamep 1,3,5,7-terpamermn-1,3,5,7-Terpa-
6OPOLIAKIOOKTAH, COMNIACHO HPEJIOJOKEeHAAM HMEOIMAN IUKINIeCKYI0 CTPYK-
typy XVIII. Ilpu s10M He Haiiiemo IOJEMEpPOB ¢ BHCOKUM MOJEKYJISPHHM
Becom cocrasa (BC,H;),. CymecrBoBanme HMEKINYIECKOro TeTpaMepa HH B KoeM
cIydae He JOKa3HBaeT TedeHHe NpOIecca depe3 IPOMEKYTOYHOe HEHACHIIEHHOE
coemmaeHne co cBasbld B=C, ogEako maer moBoj npefgmoiaaraTh 310. Hak
NMOKA3HBAET aHAIM3, BEIECTBA ¢ BHICOKEM MOJEKYJISAPHEM BeCcOoM, 00Pas3yoIuecs
OpA NOHpOAU3e TPHEMETHIGOpPA, ABIAITCA Pe3yAbTaToM HAadbHeiimell HOTep:
MeTaHa W BOJOpOJA, BCIENCTBHe 9ero BO3HUKAIOT momepeddnie cBsa3u. Pasiorxe-
HAe APYraxX COeJUHEeHUH TPHAAKmiIGopa TaxyKe COIPOBOMKAAeTcsi 0GpasoBaHAEM
noJmMepHHX MaTepmanoB. Hampumep, Tpu-r-reKcHa0op OpU KUOAYEHUH Pas-
JaraeTcsAi IO yPaBHEHWIO

z(CgHy3)3B —> [(CeHy3)Blx + 22CeHys - zHoy.

Baarogaps moGounoit peakmmm o0pasyeTcs 1-H-reKcuia-2-MeTmI60panmKIIo-
rekcan B(CgH,;3)(C¢H,z). Manbmeitmee mnarpesamme moaumepa [B(CgH,s)l.
JaeT TBePAHI NPOLYKT TEMHOTO IIBETA W BA3KYIO ;KHXKOCTb, IJIs1 KOTOPHX aHAJIU3
TOATBePKIAaeT (HOPMYIIHL

[—B(CeHys)BH—]x H [—B(CeHiz)—(CeHys) —B(Celyz) —]x
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coorsercTBerHo {110].

CHy,_
CH,B BCH,
/ N
H,C CH,
N /
CH;B BCH,
\CH,”
XVIII
—}|3—CHZCH2—B—-
CH, H,
XIX
CHyCHy,
— CH,CH,— B B—
\CH,CH,”
XX

O6paborka coemmmenusa Cl,BCH,CH,BCl, gumeTminmeKOM maeT CoegnHE-
pome (CH,),BCH,CH,B(CHj);, Koropoe mpd mmposuse BheNseT TPAMETAIGOP
n o6pasyer BemecTBa co crpykrypamu XIX u XX [96]. Ypasrernamn (15) [48],
(16) [33] m (17) [62] mpencraBxens mpyrme peaxnmy, KOTOphE OPABOJAT K IpPO-
AYKTaM, COfep;KamuM IeOu U3 aToMoB Gopa W yriepoma:

85°
(CgHgC=C)3B— O(CH,), —> (CH,),0 + KpacHo-¢moneropuii moamMep (15)
Harpes
n(CoHy);BCl — > CoHy[B(C1)CoHyln—1B(CH)CoHs +(n—1)CeHe, (16)

(CHy=CHCH,)3B - (us0-C,Hg)3B —>

(CHz)s
/ Ng

— C4H8+ (CH2: CHCH2)2B— [ —_ CHchchgB
“N(CHp)”

— ] — CH,CH=CH,. (17)

B memasro omy6mmkosammOM naTenTe [69] ommcam HOBHE MeTOJ CHHTE3a CMOJO-
o6pasHOro moimMmepa U3 rajorenmna Gopa wiu 3¢mpa GOPHOA KHCIOTH U CEMMET-
puuHOTO peaKTHBa I'puHBbApa, moaydenHoro us n-gabpombensona. Ilpegmomoxn-
TeJILHO MOJHMEPH WMEIOT CTPYKTYPY

S - S G T
7
OH

n

Takue IOJMMEPH [OJKHBL MMETh IONEPEeYHHE CBA3M, OMHAKO OHA MOTYT
¥MeTh HHTepecHHe cBolictBa. Boptuk um Posembepr [105] cooGmmnm, 49To Tpex-
xaopucTHit 6Gop m okuch yraepopa B paspsage (11 000 e, 160 uac) pearmpyior
¢ o6pasoBanmeM MOJMMepa, YCTONIMBOTO K Boje M 06Iamaiomero JPyraMu CBOM-
CTBaMM, XapaKTePHHEMH JJs BHICOKoUoammeposB. Takwme COeWHERHAS [OJIKHE
COMlePKATh CBA3M GOp — YIJepoi.

INoxnumepH, comepskamme cBsish — B — C —, MOryT OKHCIATHCA KACIOPO-
JOM BO3[yXa, 4TO ABISAETCH X OCHOBHHKIM HEJOCTATKOM.

VIII. DOJIAMEPBI BOPA CMEIIAHHOIO THIIA

Psap momoMepoB 6opa comommMepusyercd ¢ HOOXONAIMMEAME OPraHMYeCKHMA
MOHOMepaMH. Ouc-(n-BruaniGenson)-6opoHueBas KHCIOTA CONOIAMEPU3YETCS
CO CTAPOJOM M [DPYIMMU BUHWIBHHIMU COeMHEHHAMH, o6pasysa cMmoaml [56].
O comonmMepuzanun f-XT0PBAHWIGOPOHHEBO! KHCIOTH ¢ BHHHJILHEIMH MOHO-
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MepaMm yIOoMHHAeTcs B IaTeHTHON mmreparype [2]. Comonmmepusanus B-zame-
IeHHBIX 60pa30JI0B ¢ FeKCAMeTHIEeHAAN30NHAHATOM IPHBOJUT K CONOJHEMePaM
JIMHEHHOT0 WIN TPeXMepHOro XapaKTepa B 3aBHCHMOCTH OT CTeXHOMeTDHH
[peaxmuma (18)]. 9Tm DPORYKTH Npo3padBEbl OpPU TeMOEpaType pPasMArdYeHHsA
B 3aBHCHMOCTH OT IIPHPOAH 3amecTmTedsa y Gopa [51].

L o 0 -
B g NH(CH,)gN !
N\ G NH(CH)gNH —C—
N N
— > | |
R RB  BR
| N
N
{ \u 0—d NH(CH,)
| | +0=C=N(CHygN=C=0 - 28 o
RB  BR r r O 0
Ve B (lzl NH(CH,)gNH \
X NN b NH(CHy)eNH —C—
N N
—> | | (18)
RB  BR
N/
N
- H 4n

Pearnumeit (19) Mesxny Tpmamerarom Gopa m TPHITHIQOCHATOM MOXYIAeTCHA
HeILIABKWil W OYeHb TATPOCKONMYIHHIA CMEMAHHBIA IOJHAHTHEAPH] [45].

| !
zB(0OCOCH;); +2(C3H;0);P0 —> —O——B—-O—li’— +3xCH3;CO0C,H;.  (19)
O x

AmppmaEoB ¢ coTpyAHEKamm [3] mpoBennm reTepo@yHKIHOHANBHYIO MOMH-
KOHJSHCAIUIO AJKHI- I APAIAHATKOKCHCHIAHOB C TPHANETOKCHGOPOM H AIKUI-
B apUIAMANeTOKCHCHIAHOB ¢ GyTmiGopaToM M HOJNYTHIH 0opraro00pOCHIOKCa-

HEL:

0C,H,
9TH moaEMEpH, K COMKAIEHHMIO, JeTKO I'MAPOIU3YIOTCA, XOTH H 00IaJal0T X0po-
DIeii TepMUYECKOH yCTOMIHBOCTBHIO.

Panx coequHenmit 6opa, CONEP/KANMX CePy WA MHIIbAK, HMMeeT TaKke
ponmMepaylo mpupoxgy. Jlmbopam # JAMETHIAPCHH 0o6pasyoT amggyKT
(CH;),AsH-BH;, koTopwil IpHE HArpeBaHHH oGpazyer TpHMep, TeTpPaMepH
g sacmme noxmmephi cocrasa [(CHj),AsBH,l, amamormumo dochmaoGOpHIHAM.
OpnEaKo ATH MOIEMEPH MeHee YCTOHYMBH IO OTHOIICHHIO K HArPeBaHMIO M XHUMHU-
weckmm BosgeiictBuaM [90]. [{mGopam m cepoBOJOPOJ MEIJEHHO pearupylior Ipu
KOMHATHOIl TeMmeparype, /aBasd OeclBeTHYI NDO3PavHyI0 INIEHKY (BHS),
m Bomopox. HeycTodumBhil KOMILIEKC CH,SH-BH; mpu MejjieRHOM Harpesa-
gz Brme —78° BHIeIseT BOXOPOX W o0pasyeT HU3IIAE OOJAMEPH [CH,;SBH,],
[28]. latmBHas cBs3b cepa — GOp MeKAy MOHOMEDHBIMM EJWHUIAMU cuaba,
BCJIG[CTBEE 9ero STH IOJEMepPH IOpasfo MeHee YCTOMYMBH, deM apcEHOOOPUHH.

(—smz—o—B—o—smz—o—)
n

IX. I3MEHEHHE CBOWCTB OBBIYHBIX IIOJITHMEPOB
C TOMOINbI0 COETWHEHHHA BOPA

Mporna coefuEeHEs Gopa /[00aBIAKNT K LIPAPOJHHM ¥ CHHTETHYECKHM
foEMepaM, JIA TOro UTOOH M3MEHATH MX CBOUCTBA. Boprywo kmciory (z Gopa-
TH) IpUGABIAIT K NEJI0I03aM B K CEHTETHICCKAM NOTAMEPaM THIA MOTMBUHM-
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J0BHIX cmupToB. Ilpm »ToM mpomcxommt OmcTpast obpaTmMmas srepmpuKanusa
6oproit KucaoTH riamiKoasamu. Ilpmmenenwe. GopHOE KHCIOTH AJA YOOMAHYTOU
nexnn onmcano B 063ope [47]. CBoiicTBa «ynpyroit samaskuy [60] — cmankonoBoro
monuMepa ¢ HeGOJBIIAM KOJIWIECTBOM OOPHOTO AHTHADPHAA, BEPOATHO, OCHO-
BaHb Ha cmoco0HOCTH GOPHOTO AHrHAPHAA K OHCTpOMY OOMEHY aTOMOB KHCIO-
pona y aroma Gopa. Takmm oGpasom, aToM Gopa MoKeT KeACTBOBATH KAK «Ia0MIb-
HEl1» areHT COIMBAaHHA, HO C OJHOW M TOU e CTemeHbI0O 00pa3soBaHHWA IOIeped-

HEIX CBA3eH.
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TIABA 5

CUIMKOHOBbBIE MOJIHMMEpPHI

A. Bappu n X. Bexr

I. BBEJIEHHE

B 1863 r. ®punens m Kpadre [160] coobmunm o cunTese TeTpasTuiacuiana,
IePBOro KPeMHUNOPraHAYeCKOro COeMHEHNA, TAK 9TO JaTa U3NAHAA STOH KHUTH
npubIu3ATEeNBHO COBIAafaeT CO CTOJEeTHeH FONOBIMUHOH XWMHU KDPEMHHMIODraHH-
decKux coefmHenuil. IT0 coobmenue [160] Bo3Gyauio mATEepec MHOTHMX HCCIE0-
BaTejieil, PAcHOJAraBIIUX JWMb CKYNHO# HHPOpMAIUel 0 TPYMOEMKHX MeTOHaX
CHHTe3a, HO TeM He MeHee B TedeHHe CTOJETHsd [ABIIAX HayKe cBume 27 coefd-
HeHUil. JTH CHIMKOHOBHE IPOM3BOJHEE 00Jaganxd Golee mPOCTO#i CTPYRTYpPOi
II0 CPaBHEHHIO C COOTBETCTBYIOMIWMY COeIMHECHHAME yriepoga. Pa6ora Kunnunra
u ero corpynaunkoB B Horrumreme (AHriams), cTaBmias BO3MOKHON Gaaromaps
OTKPHITAI0 I'PHHBAPOBCKOIO PEAKTMBA, BeChMa CHOCOGCTBOBAJIA PA3BATHIO XMMUHK
Kpemumiopraandeckux coefuuendii. B tegenme 1901—1944 rr. Kunomar ¢ cor-
pynEukamu omyGaukoBaad cBume 50 paGor [180], B KoTOpHX oHM HETadHCH
C030aTh OCHOBH XWMHM COEJIWHEHWH KpPeMHHS ¥ IDPEACTABIeHUA 00 ONTH-
9eCKOM AKTHBHOCTH aTOMa KPeMHHS, aCHMMETpHsA KOTOPOTO Bce eme He Ohuia
moxaszama. Pafora oKasaiach ILUIOJOTBODHOM, TaK KaK B pe3yjibTaTe ONEITOB
0 KOBJEHCANMM CHAAHOJ0B OHM IOJIYYUIA HOAACHIOKCAHK, ONMCAHALE AMH KaK
COefMHEHHA ¢ OOJBIIAMEA MOJEKYJaMH ¢ dYepeAyomeics IIaBHOM IENbI0 U3
‘Kpemuua u Kuciaopoma. Hecmorps ma mpaBmiibHOE TOHHMAaHWE IEMHOM CTPYK-
typu (Si — O — Si) stux coenvmenwii, Kunuuar [242, 244] massax coorBert-
CTBYIOMEE HPONYKTH «CHIMKOHAMHY», IOCKOJIBKY OH IPEIIONOMKHI, 9TO yaaile-
HHe BOJH M3 CHJIAHIHOJOB IPHBOAUAT K 00pas0OBaHMI0 CHIMKOHOB, aHAJOIMYHKEIX
keromam (R,Si = Q). XoTa B To BpeMsA 3THM COeIHHEHHAM He INPHAABAIOCH
0c060r0 3HAYEHMHA, OHM SBUJIMCH (IPOTOTUIOMY HHIHE IPAKTAYECKH BaKHBIX
MONMCHIOKCAHOBHIX JKUMKOCTEH, KAYIYKOB M CMOJI; TEPMUH (CUIHKOHBI» IPOIOJ-
JKaeT CYMeCTBOBATh KAK TPHBUAJIbHOE HA3BAHUE.

Cregyomuil BasKHHMA 3Ta0 B MCTOPMM XMMHA KPEMHUNOPraHMYeCKHX COeIH-
HEHHMIl OXBATHBAeT HATEHCHBHOE M3Y9IeHNE BHCOKONOIMMEDHHX CHIHKOHOB M UX
OpaxTHiecKoe memoabszoBamue. Haumnasa ¢ 1931 r. Xaig ¢ corpymauramu [219]
OPHCTYOHAA K MONYYeHHWI0 CMOJ [JIs HCIOJAbL30BAHUA WX BMECTe C HEHABHO
CO3J[aHHHM CTEKIOBOJIOKHOM J[JIA IPOM3BONCTBA BHICOKOTEMIEPATYPHHIX JJIEKTPU-
9eCKHX M30JIANMOHHHX MarepmanoB. HeoOXomuME OHIN TepMOCTOMKHE CMO-
JH, ®W AaBTOPH MOJAYYHIH OPTaHONOJHMCHIOKCAHOBHE CMONH 6ollee TepMo-
CTOMIKMe, YeM HMEeBIIMeCS OPraHdYecKHe, W ¢ JYINHAMHA [U3IEKTPHYICCKHMHA
cBoiictBaMa. B KadecTBe m0GOUHHX HPOAYKTOB OBUI HOJYYeH PAN HHTEPECHHIX
CHIIHKOHOBHX jkuprocteii. K 3TOMy mo6aBuiach cepusa HOTMIMMETHICHIOKCAHO-
BHX JKHAKOCTeH, OTKpHTHX Max-I'peropoM ¢ corpymmmramm [274]. Kpemnawmii-
OpraEmdecKHe TeIIOCTOHKHE CMOJE He TOJBKO YHOBIETBOPHIM BOGHHBIE HOTPeO-
HOCcTH B 1942 r., HO HApAZY C mO3Ke OTKPHTHMH 3JIaCTOMEPAMH CO3NANH
OepCOeKTMBH [JS HOBOM H Ba)XKHOH 00JacTH NPOMHOUIEHHON XHMHH, Lpel-
HA3HAYeHHOH [/ YMOBIETBOPEHHS 3a7ad IOCIEBOEHHOTO MHpA. TeXHOJIOTus
OpPOH3BOACTBA OHJIA OCHOBAHA HA CHHTE3¢ METHIXJOPCHIAHA H3 XJIODPHCTOTrO
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MeTWJa W MeTAJIHIeCKOr0 KPeMHUSA — MeTOfle, BIEPBHE ONyOIMKOBAHHOM
Poxosam [353]. B Cosercxom Cowze K. A. AmjgpmanoB HadYal HCCIeTOBAHUA
B 3T0il oOmactu B 1938 r. [7].

A. Onpenenenne

XnMuueckoe CTpOEHHEe CHIXKOHOB B OOMEX dYeprax MojkeT OHITH Hpef-
cTaBieno obmeit GopMyIodl HOIAMEPOB

[BaSi0(4_a)/2]n;

rfie n — OOCTOSHHAS BeJIMYWHA, BeNUYMHA @& MOKeT M3MeHAThca oT 0 1o 4.
B opemensHoM ciydae, ecad a = 0, To popmyaa cBogmETCS K opMyIe KpeMHe3eMa,
¥ HOJHMMep CTAHOBUTCS HEOPTaHHIECKHM; ecad & = 4, To GopMysa mpefcTaBIAET
TeTPAOPraHOCHIAH, SBIAIIMACA PaKTHIeCKU OPraHUYeCKHM COeJUHeHUeM (a He
HNOJMMEPOM B OGHYHOM CMEICJIe CI0Ba). TpygHO pemuTth, CiIefyeT IH CYATATH
OOJIMMED HEODPraHWYeCKAM WIH OPraHWdeCKUM MEKAY 9STUMH NIpefelbHEIMH
crygasMu. C ToukEm 3peHHs (H3UYECKHX CBOMCTB CHIMKOHH 00J3faloT He-
OPraHWYeCKHM XapaKTepoM, NOCKOIbKY cBasm Si — O mpucyma OGoxpmas
CTelleHb MOHHOCTH, M B TO jKe BDeMs OPraHWYeCKHMM XapPaKTepPOM BCJIENCTBYE
HAJIM49UA OPraHMYECKMX 3aMemalmuX TIPYOm @ cIaboro MeXMOJeRYISPHOIO
B3aMMOJEHCTBHA M3-33 JKPAHHPOBAHUS MMM CHJIOKCAHOBOTO CKejdeTa. BmuIo GBI
X0pOIO PaccMOTPeTh STH OYeBHAHHE TMOPHIH B cBeTe 00emX JWHUI WX POACTBA.

1. Kax neopeanuveckue nosumepw

CHIMKOHE 0XBATHBAKNT MHOIO PasHO00PA3HHX HOIUMEPOB, XapaKTePHU3YIO-
MuXcA IeOHHM HIM CeTIaTHIM dYePeJlOBAHHEM aTOMOB KDEeMHHSA M KHCJIODOJA.
Muorne momoOHEIe CTPYKTYpPHL HANJeHH B NPHPOJHEIX MaTepuailax, HO B TO
BpeMA KAaK MIOJHCHIOKCAHOBHE CKEJNeTH B NIPHPOJHHIX MHHEPAJIaX CHINTH
MOCPEACTBOM MeTAJIOKCUIPYHI, COOTBETCTBYIOIIME IJIaBHEE IEOH CHIMKOHOB
H30JIVIDOBAaHH 3aMeNIeHHEM OPraHMYeCcKMMHM rpynnaMa y Kpemuug. Hpemuwuii-
cofiep;Kamue MHUHEDPANH SBIAITCA CIOMKHHMHE CIIATHIME CTPYKTYpPaMH; KYCOK
9ECTOTO MHHEpPAJa MOKeT OHTH OJHOU CIJIOIIHOH MOJEKYJI0i — HepacTBODH-
Moi#l, HeINIaBKOH, TpPyZHOOOpaOaTHBaeMOil B WpefelaX [JOCTUKMMEX TeMIlepa-
typ. C Apyroi cTOPOHH, CHIOKCAHOBHE IIeMH B CHIHKOHAX ¢ GOKOB GIOKMPOBAaHH
OPraHMYeCcKUMY 3aMECTHTEIAMA H MOTYT CBA3HBATHCA APYr C APYIOM TOIBKO
crabmmu cuiamu Bam-mep-Baaamnca. B cooTBeTcTBEM ¢ 3THM CHIMKOHEL SBIA-
I0TCA SKEAKOCTAMH DPAa3JINIHON BA3KOCTH M JIETY4eCTH HWJIH, €CJIH OHU NIpejCTaB-
aA10T co00if KaydyKM wWIE TBepjble Teja (BCJIEJACTBHE UPE3BEHYAaiHO BEICOKOTO
MOJIeKYJISAPHOTO Beca, KPUCTAINIMIECKOr0 XapaKTepa WM CETIaTOM CTPYKTYPH),
0CTalOTCA PAaCcTBOPUMHIMU B COOTBETCTBYIOIIMX OpraHMYecKHX cpefax. B xauecTse
BBOJ{HOM 9acTH K NOAPOOHOMY M3YIEHUIO MX XUMHAICCKAX X PU3AIECKHX CBOUCTB
PaccMOTPHAM C 3TOH TOUKH 3DEHHSA PsAK KPEeMHUIOpPraHmdecKUX IOJIAMEPOB M yKa-
JKeM Ha HX CTPYKTYDHHE OBOWHMKA B MUPe MHHEPAIOB, KaK MOKAa3aHO CIELYIO-
muMA GopMyTaMH.

Kpemamiiopragnieckdae CoeTHHCHASA Muaepanu
\\ / \\ /
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\\ / \\ /
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Yro6n ampamornsa ORUIA TOJNHOM, B (OPMYJH BKIKYEHO M IEepPBOe KpPEeMHMI-
OpraHm9ecKoe COeJWHEHWe, XOTA OHO M ABIAETCA IPOCTHIM CHJIAHOM, HE CIO-
cOOGHEM K 00pasoBaHUIO HOXMMepa. TeTpaMeTMICHIAH — MKAJKOCTh, KANAMASN
upd 25°; aHaIornYHbA TeTpadeHmICHIaH — TBEePH0e KPUCTAILINIeCKOe BEIecTBo,
naaBameecs npn 236°, kunamee npu 430° m pacTBopuMoe B GOJBIIMHCTBE OOHIY-
HEIX OpraHWdecKWX pacTBopmredeii. Ero mpupogHHil IBOMHMK BHILIEMAT Npel-
craBigeT coGoil OPTOCHIMKAT ONUHKA, KPHUCTANIAYIeCKOe BemEecTBO, HEMIaBs-
meecsi 7o 1500°, me pacTBOpMMOe HM B KaKHX OPraHMYecKHX PAcTBOPHTENAX, 3
VICKJIIOYeHHNEM TeX, KOTODHe MOryT ero paspymwuTh. To e camoe COpaBEIIHBO
# pas popcrepuTa (OPTOCHIAKATA MArAWA), MAPKOHA (OPTOCHIMKATA HUPKOHEH)
‘¥ POACTBEHHHX MHWHEDPAaJoB — OJHMBHHA M TPaHATA.

IlepBEIET OpramoCHIOKCAH, OPENCTABICHHHWA B (OpMylax,— reKCcaMeTHil-
JUCHTOKCAH; B HEM KaKAHIH aTOM KDEeMHMA COEIMHEH C TpeMS 3aMeCTATeISIMH.
Jro mopBmkHAA KEAKOCTH (T. Kmu. 100°). CooTBeTcTBYIOMAsA NPHPOAHAA CTPYK-
Typa HalifleHa B OAPOCHIMKATaX, U3 KOTOPHX XapaKTepHL IHHEKOBHII MHHEDPAJ
(reMmaMopdumT) 1 cBURNOBHIL MARepal (GapucuanT). CHIOKCAHOBAA YACTh 3THX MH-
HEpaJoB CONEPIKAT 2 aTOMA KPEeMHHSA C OHUM MOCTHKOBEIM KACIOPOTHEM aTOMOM.

Cpenz OpraHoCHMIOKCAHOB, MMEOIMUX N0 2 aJKHIbHWX HJIA aPHILHBX
TPyNOE Ha KaKOHI aTOM KpPeMHHs, OHJIM HAWJeHH HUKINIECKHe CTPYKTYDHL,
mpocTeiimasg W3 KOTODHIX COJEP/KUT 3 aToMa KDPEMHHA M 3 aToMa KUCJIOPOHA
{IAKIOTPACUIOKCAH); pacHpoCTPaHeHH CHJIOKCAHH ¢ 4, 5, 06, 7 m 8 aro-
mamm Si n O B Kombme. fAABIATCA M OHM MHAKOCTAMH WM TBePIHMM BeI(eCT-
BaMH{, 3aBHUCHT OT THIA OPraHWYeCKMX TIpPyOd, HO HE3aBHCMMO OT XapaKTepa
3aMecTHTeNeli JTH IUKINYeCKHEe COeJUHEHHs ONMHAKOBO JErKO PACTBOPHEME!
B COOTBETCTBYIOIIWX OPraHMYECKMX PACTBOPUTENAX. B To BpeMs Kak IeHTa-,
reOTa- M OKTACHIOKCAHOBHE NHKINIECKHE COGJUHEHAS HE MMEIOT IPHUPOJHHEX
JABOHWKOB, LHUKJIMYECKHe TPUMepHEEe, TeTpAMepPHEE M TeKCaMepHble CTPYKTYDH
OPeJCTaBIeHbl COOTBETCTBEHHO MHUHEPAJIaMA OEHATOMTOM, AKCHHATOM, U3yMpPY-
moM. KHak m ciemoBamo 0KUOaTh, 3TM MHHEPAJH TYLOIUIABKA W HEPACTBOPHMEL.

Hax yxe ymoMumanmoch, OpPOCTHE MHHEPAJH HEPACTBOPHMEI, HO MHOTHWe H3
HOX pAa3jiaralorcsi CONSHOH KHCIO0TOH, IpAYeM AaTOMEL MeTalJIOB HepexofaT
B pacTBop B Bufe xaopunoB. C paspymenneM MeTaIOKCATHOIO0 MOCTAKA OCTaTKH
CHIOKCAHOBHX IDYNO OPEeBPAmalOTCA B OPTOKPEMHEBYI0 WM HPOCTHE IOJH-
KDEeMHEBHle KHCJIOTH, TAK YTO B TeYeHHE KODPOTKOrO BpPeMeHH MHUHepaJ IOJHO-
CTBI0 PACTBOPAETCA B KHCIOTEe, IpeKae 9eM KPEeMHeBHe KHCJIOTH KOHJeHCUPY-
0TCA B cmiauWKareiab. Takas o0TY9acTH OrpaHAYeHHAHd PACTBOPHMOCTH HPOCTHX
MWHePAJIOB IPeACTaBIseT cofoil ¢mamIecKoe IPOABIEGHME UX AHAJOTHA C HH3-
IIMMH OPTaHOCHIOKCAHAME, IOCKOJABLKY B KadecTBe IJIABHOW IeNX pPaccMaTpH-

BaeTcsa CTpPyKTypa —Si — O —.

JluHeliHKe NHOPraHOCMIOKCAHOBEE MOAMMEpH, IpeficTaBlIeHHKEe HA CTP. 154
MOJINAUMETIICUIOKCAHOM, SBJIAIOTCA CPABHATEIBHO IIPOCTHIMA MOJEKYJIaMHn,
€CIH He CIUTATH TOTO, YTO OHA MOT'YT COCTOATH W3 OUeHb JIMHHHX Hemeil. B saBm-
CHMOCTH OT JJIMHH I[eO0d OHZE MOIryT OHTb pPa3IAYHHMHA—OT O9€Hb HOJBHKHEIX
JKAMKOCTEH 0 KayIyKOB TaKoil BA3KOCTH, 9TO WX TPYAHO pas3pe3aTh HA OTAENb-
HHe Kyckm. OmBaKo 8TH KaydyKH Bce emie fABIAIOTCH HCTHHHKIME JKAJKOCTAMH
¥, B OPOTHBOMOJOXHOCTh HX IPHPORHHIM JBOMHAKAM, HOJHOCTHIO PACTBOPHMHE
B COOTBETCTBYIOIIHX PacTBOPHTENAX. VX HeoprammuecKme aHAJIOrH — Mapras-
OeBHIl M Marg@eBHil MEHEpPAJH — POJOHUT ¥ (KJIMHO)-JHCTATHT, He ILIABATCSA
mo 1300° m npm ob6paboTre KmcaoTaMm He oGpasywnT remeid. OEm mpHHATJIEKAT
K o0mmpHOMY KJacCy, NMEHYeMOMY (HHOCHJIMKATHY; IPHCTaBKA (HHO», O3HA-
gaomas BOJOKHONONOOHHHM, TaKKe NOAXONAT A IOJAOPTaHOCHIOKCAHOB
BHTAHYTON JHHEHHOA CTDYKTYDH.

B cnyuae opraHOCHIMKOHOBHX IOJEMEPOB, AMEOINAX GOJbIIe OTHOMA Opra-
HAYECKOH TPYNNOH. HA KaKIHI aTOM KPEMHHS, MOKHO OKHATH TPAPYHKIHOHAI b
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HOCTH CTPYKTYDHHX efJuHAN. B KadecTBe OFHOTO M3 HPHUMEPOB IpHBEAEM
KybudecKuii oKTamep (C PeryJApHHM TPeXMEDHEIM PAacHoiojeHneM) O6IOKO-
nopo6Hoi cTpYKTYypH. JlpyruM mpmMepoM sBIAeTcd JIByXMepHAs COIPKeHHO-
[UKJINYecKasd CHCTeMa, KOoTopyl ofpasyeT [BYXIeOHOH ceTUaTH HOJIHMEp,
moxasaHHH Ha puc. 37. B 060oux ciydasx BHCOKas COOCOOHOCTH CTPYKTYPHBIX
e[IMHUI K CITMBAHAIO MCIOJb3YeTCs B MOJEKYJIe HAaMIYIIIAM 06pasoM, U IoJEMeD
oCTaeTcsA MIABKHM M PACTBOPUMHM B OpPraHWYeCKEX cpefjax. Takme CHIOKCAHO-
Bhe CTPYKTYPH He HMeIOT aHAJOrOB cpefu IPUPOFHHX cmiumkaToB. Horma pas-
BeTBJIEHHOCTD W CIINBAHWE PACIHPOCTPAHAITCA B TPeX M3MeDeHHAX H BCTPETANOT-
cs pesxe, 4eM B YHODPSKOYeHHOM PACIOJOKEHUH, OPTaHOCHIOKCAHOBHIA mOIAMEP

Opeanuueckue cunceckxauoxcanossie
nosumepoi
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KyGuvecrust omnamep Penun-T-, ciynesvamas » cmpynmypa

P uec. 37. CrpykrypHaA aHAJOTHA MeKIy OPTaHONOIHCHIOKCAHAMH H CHIMKATHHIMA MEHe-
pamamz (cM. crp. 153, 154). Ph=CgHs.

O0ymeT cMoJoit ¢ HeoUpeeNeHHON CeTKOH, aHAJOTHYHON, COTJIAacHO KOHIEIIINA
Yoppena [459], crpykType cTersma, m3o0pasKeHHOH cmpaBa Ha pmc. 38.
3mech cTeKI0 m300payKeHO TOJBKO B [BYX M3MePEHAAX M MOKET PAcCMaTpUBAThCA
KaK IIOCKOCTH ¢ 9eTHPHMS BAJAEHTHOCTAMHE HA KajKIHI KPeMHUH, TeTpasfpuiecKn
PACHOIOKeHHEMA HAKe WM BHINE IVIOCKOCTH NPOEKIUH TPEXMEPHOH CTPYKTY-
pu. Korma MeTammoKcHrpynns B CTEKJe 3aMEIIAI0TCA OPraHMYecKMMH I'PyHIaMH,
CTPYKTypa HpeAcTaBiseT OPraHOCHIOKCAHOBYIO CMOIY.

C DoCTemeHHHM yMeHbIIEHMEM dYHCIA OPTaHMYECKAX TPYNIN B CTPYKType
CMOJIHI, a TaKKe ¢ yMeHbIIeHMeM YMCja MeTalAoKcurpynn (Komuessie MO- mim
mopBmwxHEe —OMO-MocTHEN) B cTeKiie, IPOAYKT CTAHOBHTCA Gorade MOCTHKAME
Si — O — Si u, creqoBaTenbHo, Goslee TPYLHO IIABAMMMCH H, B KOHIE KOHIOB,
HepacTBOPUMHIM. B Tom m mpyrom ciydae KoHedHHI mpogyKT OymeT Kaxoi-muGo
dopmoit kpemuezema. C 3TOl TOYUKM 3PEHHS XHMHA OPraHOCHIOKCAHOB M HEOPra-
HUYECKHMX CHIHMKATOB MMeeT MHOTO o0mero.

2. Kak opezanuueckue noaumepu

Opragndeckas d9acTh CeMeHCTBA CHJIHKOHOB IIPe/ICTaBlieHa TpyNIaMH,
CBA3AaHHKMHE ¢ aromMoM Kpemuusa. @Dusnueckme cBoicTBa M 06yCIOBJICHHOE
OME cOenupHYecKoe HCIOOJb30BaHAEe HEKOTOPHX OpPraHOMOJMCHIOKCAHOB OIpe-
ReNATCA POJOM M UYHCAOM ODPraHHYeCKHEX IPYHNO Y KajKAOr0 aToMa KPeMHHA,
a TaKKe CIOOCO00OM COeMHEHHMA MeKAy C000f CHIOKCAHOBHX CTPYKTYPHHX
eIHHHUI:

Bamarre mpuponH opraEAYECKAX IPYNN ABIAETCA OYeBHAHHEIM IS 3aMECTH-
Tellell, KOTOpHe OpHOOpeId MEPOKOe HAYIHOE H NPAKTHYeCKoe 3HaYeHHe: METHI,
denmi, BOZOPOJA, BHHMI, 3THI, cTeapma ® Tpudropuponmi. CpaBHeHHe IepPBHX
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OBYX IPYON IO WX BJIMAHUIO HA (U3WdeCKHe CBOHMCTBA IOJMMepa HMOKasHBaer,
9T0 METHIbHHE IDYIOOH CIOCOGCTBYIOT TEKY9eCTH, HHE3KOMY TeMIepaTypHOMY
K03 PUIEeHTy BASKOCTH, HU3KOH TOYKe INIABJIEHHS M BHCOKOH CIKEMaeMOCTH
B JKUIAKOM COCTOSIHWH, TOTAA KaK (eHMIbHBEe I'PYIIH BHSHBAIOT IPOTHBOMONOMK-
gre 3¢QPerTH. MeTmINONINCANOKCAHN 1 (EHMINOINCUIOKCAHE HMEIT XapaKTep-
HEle TAaPaMeTPH PACTBOPUMOCTH ¥ [lajKe MOT'yT OHTH HECOBMECTHMHL OJUH C APY-
ruM. Ilpm DoBHImeHWEM TeMOepaType B5TO pasjJWdde YMEHBINAeTCA W OHHM 00a
B obmeM cramoBsTcs (oliee PACTBOPMMBIME B OPraHMYECKHX pAcTBOPHTENAX.
3amemenne QTOPAIKHIBHBIMA IPyOIAaMHU HMeeT CJIE[CTBHEM YCTOMYMBOCTH MO
OTHOMIEHWIO K YIIeBOXOPOMHEIM PACTBOPUTENSM, BAIKHYIO [JIfA HOJAMEPHHX MAajo
gabyxaomux KayIyKoB. YKasaHHOe M MHOTHE JPYTHe CBOMCTBA B CHIBLHOH
_CTeIleHU 3aBUCAT OT MOJEKYJIAPHOTO Beca MOJHUMepa, 9TO XapaKTePHO A OPraHH-
9eCKUX IOJMMEPOB W, TAKEM 00pasoM, OTPasKaeT CXOACTBO ¢ HUMHA CHJIMKOHOB.

OT 49mcia opraEMYecKHX 3aMecThTelleil 3aBHCAT QYHKIMOHAIBHOCTH MOHO-
MePOB KaK CTPYKTYDHHIX eJUHWUI], a 3HAYUT JWHEHHOCTh HIH PA3BETBIEHHOCTDH
ponmcmiaokcana. Jlmsamemennnie sdeiitkm R,SiO — mpeactaBisior cTpyKTyp-

HEE e[MHHUOH [JIA JUHeHHHX HoNuMepoB d06oi prman. Tpusamemennsie exu-
pans R Si0 — aBasioTcs MOHOQYHKOMOBANBHEME GIOKHPYOIAMA WM KOHIE—
BEIMH TPYOIAaMH B NOJNCIIOKCAHOBHX NeOAX, perylHpPYOIAMA WX IJIHEY

A MoJeKyaapHHil Bec. Momosamemennsie egmuanl RSiO — m mezamemernHmbe
l :

e[IMHANE, KaK HPaBHWJIO, yBeJIHIMBAIOT MOJEKYJADHHH Bec HojadAMepa, Ipefio-

CTaBIAA BO3MOKHOCTH AJIA OOKOBOTO PAa3BeTBIEHHA IEeNM M CIIMBAHAA. OTH

$aKTH OTMeYAIHCh B IPHBEJCHHOM BHIIEe OOCYKIEHHH CXOACTBA CTPYKTYP

HEKOTOPHIX OPraHOIOJWCHAIOKCAHOB C X IPHPONHHMHA NBOMHAKAMH.

Tam sxe GHIIO 0TMEYEHO, 9TO CIOCO0, KAKHEM CHIOKCAHOBHE AYEHKM CBA3AHH
BMecTe, OKA3KBaeT BIHSHHE HA OKOHYATENBHYIO CTPYKTYPY, MOJEKYIAPHHHA Bec
@ CBOiiCTBA WOJHCHIOKcaHa. TakmM o006pasoM, AMOPraHOCHIOKCAHOBHE IIOJH-
MepH, JUHEeHHAS CTPYKTypa KOTOPHX IOTeHOHAJIBHO MOKET MMETh NEeNH Heolpe-
HelleHHON MJIWHE, NDyTeM 3aMHKaHHS LNHKIOB MOTYT OHTH OrpaHWYeHH OYEeHb
HE3KAM MOJIEKYJIAPHEM BecoM. XapaKTep B3aMMOJENCTBHA NOJHMEDPHHX Neneil
UpOABAAET CBOE BIHMAHME B CETIATHX CTPYKTYypPaxX, OCHOBAHHHX HA OPraHOCUI-
CEeCKBHOKCAHAX, TPAPYHKIMOHANBHOCTh KOTOPHX CO3[aeT B HOJEMEpax TaRoe
BHCOKO€ CIIHBaHWe, 9YTO OHY SABIAIOTCSA, KAaK IDPAaBWIO, HEPACTBOPMMHIMH, TaK
’Ke KaK ¥ IPOCTHe, OGKHYHO PacTBOPWMEHE KyOHIeCKHe OKTaMepH.

OTH 3aMeYaHMA BAKHE IPA QYHNAMEHTANHHOM M IPAKTHIECKOM PacCMoO-
TPeHAN OPraHOCHIOKCAHOBHX COHOJEMEDPOB. B To BpeMs Kak CODONEMEDH MOHO-
¥ fuQYHKIAOHAJBHEX A9€eK ABIATCA JNHSHHKMYA MOJICKYJIaMy OPeICKa3aHHOT O
XapaKTepa, COMOJUMEPH cpegHed (YHKIMOHAILHOCTH, 00JbIie 2, CTAHOBATCH
Gomee caoxmmME. Takum ob6pasoM, B ofnacThm 5TacToMepOB ompefelleHHAs CTe-
IeHb CIIMBAHASA MOKET 00eCIeYATH KAYIYK C XOPOMe# 3IaCTUIHOCTHIO — WIH, MO
BHOODPY, cIalHii reib MM >KeCTKHH IIACTAK; B 00JACTH CMOJ HeoOXOomuMas
GolpImasi CTeNeHb CIOIMBAHUA MO’KeT OPHBECTH K NPOAYKTAM jKejaeMoil rub-
Kocta. Coegmmenusi ¢ momoOHBIME (GOPMyIaMi MOTYT [AaBaTh B 3aBHCAMOCTH
oF cmocoba cmwmBaHuA HWaAX achajabTONOXOOHEE CMOJKI, WIHM, KaK KpaiHAM ciIy-
gafi, XpYOKHe CTeKJa. JTH XapaKTePHCTHKU THOAYHH TaKiKe IS JKANKOCTEH,
Kay9IyKOB ¥ IIaCTAKOB CPEH OPraHMYeCKAX BEHICOKONOIMMEPOB.

B. Homenkxatypa

Hassaumsa mpocTHX KpeMHMHOPraEWYeCKHX COeJWHEHWH B 9STOH rIiaBe
COOTBeTCTBYIOT npaBmiaM, pexkomenpgoBamauM WIOIIAK [123]. 9tm npasmua
YIOOHH AJs MHOI'MX KPeMHHHODPraHWYeCKHUX COCIMHEHWH, HO NPHBOTAT K IpPO-
MO3[[KOil TePMUHOJOIMH /s DOJIMMEPHHX CTPYKTYp. B Takmx caydasx ymo6mo
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OPefCTaBIATEH CHIIOKCAHOBHE MOJHUMEPH IO IINPOKO IPH3HAHHOMY «cTeHOrpadm-
deckomy» Metofy [203], KoTopsii ompepmenseT QYHKOIMOHANBHOCTH MOHOMEPHOR
CTPYKTYPHO! eJHHUIE 3arjJaBHHMI OyKBaMm:

M—wmoropysrnumonansaan RySi0y,,,
D — pmdpyarnmonanbsHasg R.SiO, /o7
T— rprdysrnmonanbaas RSiO;, "
Q—rerpadyrrnmonanpaang SiO, ™

B napoOupix mupmekcax ¢opMyn 3HAMeHATeNW HOKA3HBAIT, YTO KayKIHIR
KHCIOPOAHHI aTOM CBf3aH C ABYMs aTOMaMH KDEeMHHsd, & YHCIUTENb YKashBaeT
9UCI0 KUCIOPORHHX aToMoB. Ecim He oroBopeso 0c000, CHIOKCAHH SBISAIOTCH.
MeTHJIHFHEIMHM 33MeMeHHKIMEA. YUTOOH HOpPOMITIOCTPUPOBATH NPHMEHEHHe HTOR
CHCTeMH, MH MOKeM HAOWCATh JHHEHHHH JeKaMeTHITeTPACHIOKCAH

l [ A P N
HyC— Si—0—Si—0—Si—0—Si—CH,
[ S R |
CH; ' CHy CHy  CH,
M D D M

mpocto Kak MD,M, a rekcaMeTHIJUCHAIOKCAH WM JBAa NHUKJIXICCKMX COCIHHCHUA,
n300paskeHHHX Ha cTp. 1594, kak MM, D; m D4 coorBercrBennmo. Hexoropme
CHJIOKCAHOBEE HOJUMEPH MOIYT OHTH HACTONBKO CIOMKHEIMH, 0COOEHHO KOTa
B OfHOM W TOH Ke MaKpPOMOJEKyje IPOABIAITCH NOIAQYHKIAOHAIbBHOCTD
CTPYKTYDHHX €JUHUI I PasHoo0pasue COCTABIAKMMUX TPy, YTO AICHee W Hpomie
HAOACATH HX CTPYKTYpHHe (QOPMYJH, YeM OHTATHCA HA3BaTh HX.

II. MPEAPATUBHBIE METOJBI

A. Kpemuniiopranaueckne NOXYIPOTYKTbHI

IloaynponyKTH AIA HOPHTOTOBIEHNA OPraHONOJHCHIOKCAHOB MOKHO IOJY-
9arh JIOGHM 43 OIMCHBAEGMHX HIKe MeTOJ0B. MOKHO HPOBOAUTH CHHTE3H
¢ TOMONmBI0 MeTANNOOPraHWmYeCKHX COe[WHEHWH, MCHONB3ys TI'DAHbBADOBCKHE
PeaKTHBH, HATPWUii-, AUTHH- WIM KaJHAOPraHMIeCKHe COCJUHEHWS ¥ AJKHIE
WM apWIH LUHKA, PTYTH, alOMHHAS ¥ KagMuA. ITH METOAH YROOHH Auas mabo-
paTopHEEX paGoT, HO MOBOJHHO [OPOrM B JI000M IPOMHIUIEHHOM MacmTae,
H TOJBKO TPUHBAPOBCKHA METOR HPH3HAH NPOMHINLICHHHM MeromoM. Ho Goiuee
Ba;KHLIME NPOMHILIEHHHIMA METONAMU SBISAIOTCA NPAMEE CHATE3H, KOTOPHE
‘FCKII0YA0T HOPATOTOBICHNE METAIIO0PraHAYECKHUX IOJYIPOLYKTOB:

«[IpamMoiiy KpeMHMEBHH CHHTe3
ApomaTtAdeckoe  CHIMIMpPOBaHME
Cunan-osiepmHOBOE TPUCOCTAHEHNE

Peakuun mneperpyunnpoBKE M AUCOPONOPIMOHWPOBAHAA OPraHOXJIOPCHIA-
HOB W OPraHOAJIKOKCHCHJIAHOB IPHBOAAT K MPAKTHIECKOMY cmocoly mpeBpa-
MeHAA HeKOTOPHX U3 HAX B 00Jee HOJe3HKe COeIMHEeHNA.

1. IIpou3eodcmeo dsemeHmMApHOZ0 KEPEMHUA

Hna monrydeHns KpPeMEMiAOPraHAYeCKMX HOJYIPOAYKTOB B HACTOANIee Bpe-
MA OPHEMeHAIOT dJIeMeHTapHHIU KpeMHWH, KOTOpHIl mpemcraBaseT co6oil TeMHO-
cepoe TBep/loe BeNECTBO C MeTalamdeckuM OieckoM. Kpemmmit muasumtes mpm
1410°, xumuT nmprbau3uTeabHO IPH 2667° M B 3aBHCEMOCTH OT TeMIIEPAaTyPH U OT
dopmul (KpucTanIMIecKo# MM aMmopdHOi) MMeer maorHOCTH 2,0—2,5. ITomyuarnor
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ero BOCCTAHOBIIEHWEM KBaplla MIM KpPeMHE3eMa KOKCOM B BIIEKTPHYeCKON meduw
opu Temmeparype mopsaaka 1500—1600° [ypasmenme (1)]:

Si0s+2C —> Si+-2CO. (1)

ITOT Tmpoliecc TaKKe MCHOJB3YIOT JJifd OPOMBIOLICHHOTO MPOM3BOACTBA Kapbuma
KpPeMHMA, KOHTPOJUDPYA COOTHONIeHHe HMCXONHHX coefumHeHuil [ypasmerume (2)]:

Si0,--3C — SiC+2CO. 2

Jis moBHIMEeHUs BHXO0/IA DIeMEHTAPHOT0 KPeMANA MIPEMEHAIOT U30KTOK ABYOKHCH
kpemuua [ypasuerme (3)]:
Si0y-2SiC — 3Si4-2CO. 3)

OG6BIYHO YHMCTOTA HPWMEHSEMOrO KPeMHWA paBHa 95% M BHOIe, IpMYeM OCHOB-
HEE npuMecy (3%ej1e30 W aJIIOMEHUI) He OPENATCTBYIOT MCIOJH30BAHAI0 KPEMHUSA
B IIPOILECCAX, OMHCHBAEMHX B 3TOH KHHTE.

Cpeiu NPOCTHIX COGNMHEHWIl KPEMHHA [BAa XJOPHUAA ABJIAKTCA OCHOBHEIMH
HACTOYHUKAMM CHPBA [JIfi KPEMHUAOPraHMIeCKNX CHHTE30B: TETPAXIOPHL KpeM-
HHS ¥ TpUXJjopcuiaH. [lepBHHl moay9aioT XJOpHpoBaHHeM KapOuma KpeMHHAA
[ypaBuenue (4)]1:

SiC+2Cl, —> SiCl,+C. . (4)

TpuUXI0PCHIAH TOTOBAT 110 PEAKIMH MEKAY XJOPHCTHM BOJOPOJOM M IODPOIIKO-
o6pasnmM Kpemuamem npu 300° [ypasmemme (5)]:

Si--3HCl —> HSiCl;+ Hp. (5)

IlIpn Gomee BHICOKMX TeMOepaTypax pearIds 9acTHIHO o0paTmMa, UTO MCIOJb-
3yeTcsi B COBDEMEHHOM HPOM3BOJCTBE CBEPXYHCTOr0 KPEMHHs, KOTODPHI HpH-
MEHSAETCA [Js HM3rOTOBIEHHsI TPAH3UCTOPOB, BHIODPAMETeNefl M EPYTHEX HOJY-
IPOBOJHUKOBHX HPHOOPOB.

2. Memaasoopeanuueckue CcuHmess

a. I'punbaposckuti peakmus. CHUINKOHOBAas TPOMHIIJEHHOCTH OCHOBAaHA HA
rPUHbAPOBCKOM cHHTe3e. [lefCTBUTeNbHO, CHATE3 KPEeMHUAOPTaHNYECKAX COeJH-
HeHWH ABWICA WTEPBHM MMHPOKAM NPOMHIIICHHKM IDHAMEHCHHEM peaKIun
T'purbapa [272]. OTum MeTOLOM MOIKHO TOTOBUTH PA3JIAYHEE AJKWI- M APAIXJIOP-
curamsl W agkokcucuinaHe. OGHYHEIM WMCXONHHM CHPBLEM ABJIAETCSA TeTPaXio-
PUl KPeMHHAA, OH peardpyeT ¢ IPAHBAPOBCKAM DPEAKTHBOM, JaBasg CMeCh IIPO-
IYKTOB, KOTOPHE MOKHO PasleATh QPaKHHOHNPOBAHHON meperonkoil. Peaxkmus
mpoxoput B HecKoxbKo ctammit [ypasmemme (6)] [180]. Anxoxcmcmiaansl pearm-
pyoT momoOumM e o6pasom [ypasmenme (7)].

, CH,SiClg - (CHj),SiCly
Si(0CgHy), +RMgX —> R,Si(0CoHs)ix+MgX OCoHs. ™

CMemaHHHA aJIKHIAPUIXIOPCHIAH MOKHO IPATOTOBHTH, KAK MOKa3aHO B ypaB-
mennn (8).

CHaMgCI + C6H5Siclg
CﬁHsMgCl + CHglel:.] —_ C6H5CH3SiClz, (8)
CgH;MgCl 4 CHsMgCl + SiCl, /'(rnasarm 06pasoM)
HSiCly+RMgX —> RyHSiCl;_ -+ MgXCL ©)

OpramoxJjopcuiansl, comepyxamue cBasd S — H, moaywanr m3 Tpmxiaopcmmana
mo ypasrenno (9). OcHOBHEIE NPOXYKTH, KOTOPHIE MOJIYIATCSA B IPHHBAPOBCKOM
CHHTe3e, 3aBUCAT OT OPraHWYecKHX IPYIHI, CONEPIKAMUXCA B HCXOTHOM COEIUHE-
HVH, aKTABHOCTA METANJI00PTaHAYECKOr0 COeJMHEHAs, KOHIEHATPANNA PEeareHTos,
pactBoputens u Temmeparyph. CoefmHeRns, cHOCOOHNE 06Pa30BHBATE KOODIAHA-
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OHOHHYI CBfA3b, TaKWe, KAK JUITUIOBHH 3(pup, TeTparmgpodypaH HIHM TIUKO-
JeBHe AU3PUPH MONUITHIEHA, OOKIHO HCHOJIB3YIOT B KadeCTBe PACTBOpPUTEIEH
I peaknuii. MosKHO IPOBOJATH CHHTE3 HEIOCPEJCTBeHHO B MOMEHT IOJYYeHHS
TIPHHbAPOBCKOIO peakThBa (ogHOCTAanWiiHHiT cuuTe3 I'pmHBsApA).

Cuntesy I'punbsapa mpucymu HeKOTOpHE IpaKTHYeCKWe HEJOCTATKH: TyB-
CTBUTEJIBHOCTh K Biare, H@3Kasg sPdexTuBHOCTH mnpomecca. Cmech HeobGxo-
IUMO OCBOOOKEATH OT MOJYTBePAHX JHWNOKUX MATHWeBHIX COJIeil, KOTOpHe
OPOYHO YHEeP/KUBAIOT KpPeMHUAOPranndecKne COe[MHEHHWs; 3aTeM HeoGXoxmMo
OTHENATh CMech MPOAYKTOB OT PACTBODHUTENs, YTO JeNAal0T OOHYHO ¢ IOMOM[BIO
OTTOHKHM, OpHYeM Bcerja MMeeTcsi OIACHOCTh BocIIaMeHeHus. Hpome Toro,
MeTOJ HeIPUMEHUM JIsI OPraHMdecKNX COeUHEHUH, CONeP/KamNX TaKkue QyHKI{H-
OHAJIbHEIE TPYNOE, KAaK KapOOHMI, HUTPWI, IHAPOKCHI, DOCKOIbKY OHH YyBCTBH-
TeAbHH K T'DHHbAPOBCKOMY PeaKTHBY. MHOTMX HeIOCTATKOB MOKHO H30€:KaTh,
OpuMeHsIsA OPAMON CHUHTE3.

6. Jdpyeue memaanoopeanuveckue peakmuebi. AJNKUIADPOBATEH XJIOPCHIAHK
WIM QIKOKCHCHJAHH MOYKHO, NPUMEHAA METANJIOOPraHMYeCKHe COeJuHeHns
MEeJOYHHX MEeTANJIOB, OPATOTOBJIEHHKNE PAa3leIbHO, WIN OCYIIECTBIASA PEaKI[HIO
B MOMEHT 0o0GpasoBamMA 3THX coenumenmit [ypaBmenmums (10) u (11)] [331]:

SiCl, 4 CoHgLi —> (CyHj),Si+4LiCl, (10)
SiCl; +4CgH;Cl +8Na —> (CgH;),Si+8NaCl. (11)

Jlutmitopranmueckue coeMHeHHsA 6oliee PEAKHMOHHOCIOCOGHE, 9eM TDUHBIPOB-
CKHe peaKkTHBH; HATPHA- W KaaumfopraHwdecKWe COeJWHEHHS pearupyior eme
Gosree pHepruuHO. Mcmonb30BaHMe METANI00PTAaHUIECKHX COeJMHEeHNI MeJ0THEX
MeTAJJIOB [IJiA NPHUTOTOBIEHNA TeTPAAIKMWI- U TeTPaapUICHIaHOB OrPAaHNYMBAET-
¢S TPYAHOCTHI0O KOHTDONMPOBAHMS DeaKI[UH.

MokHO MONy4aTh OPraHOXJAOPCHJIAHH, IPONyCcKas cMech I[ApOB Tajo-
TeHAJKMJIA U TaJoreHCHIAHA HAJ TOHKOHM3MelbYeHHHIM AallOMAHUeM WIH ITHH-
koM mpu Temmepatype 300—500° [ypasmenua (12) u (13)] [204, 206]. Bepoat-

Al
SiCl, + CHyCl ———=> (CHj),SiCl;_,+ AICly, (12)
350—400°
. Al
CHySiCly -+ CHyCl — -~ (CHy);SiCl+ (CHy)pSiCly+ AICL, (13)
219% 11%

HO, peaRHI/IOHHOCH0006HHMP{ OPOMEKYTOUYHBIMU COCIUHEHUAMHU ABJIAIOTCA aJI0-
MUHUA- 1 IIMHKAJKWIE, XO0TA UX U He YHAaJO0Ch H30JUPOBATH:

2CH3SiCls
“> (CHg),SiCly+ (CH,)sSiCl 4 2A1C;.

(14

[lepBEie CHHTe3H KDPeMHMIAOPraHWIECKUX COeIUWHEHUH GHIM OPOBEJeHH ¢ MOMO-
M0 JAAIKAINNHKA M JHAPUIPTYTH, HO B HACTOAMee BpeMs MX HOYTH He IpH-
MEHSIOT.

2A14-3CH,Cl —> {CH,AICl,+(CH,),AICl}

3. IIpamvle mexHoaozuyeckue memoosl

a. Kpemnueewii curnmes. Ilpamoii KpeMHUEBHM CHHTE3 ABIAETCA OOIUM IIA
NPHTOTOBJIEHAA MHOrMX ajJxkuiaxjgopcmiasos [39, 210, 353, 3591, m, B wacrt-
HOCTH, ero OPMMEHAT [JIf NPUTOTOBJAEHAA METHAXJOpcHiIaHoB. llpm mpomy-
CHAHNY MEeTHIXJOPHUAA HAK MOPOITKOO0OPA3HKM KpPEeMHHEM, COMepIKAIMMUM MeIHEI
KarajausaTop, mpu TeMmmepatrype okoxo 300° mosydaeTcs cioHAas cMech IpO-
OYKTOB, COCTOAMmMAA IJABHHM 0Gpa3oM W3 AMMETHIJHXJIOPCHIAAHA H METHJI-
Tpuxjgopcwiaana [ypasmenme (15)].

Cu

CH;Cl+8i — > (CHy),SiCly+ CHySiCly+Rp., (15)

2CH,C1 4 Si—>(CHy),SiCl,. (16)
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IIpu onTUMaNBPHHEX yCIOBHAX PeAKIUs JOJIKHA [aBATh TOJNBKO AUMETHIMXIOP-
cunan [ypasuenme (16)], m [HeiicTBHTeNBHO, KOrga B KadecTBe KATaAH3aToOPa
MCOOAb3yeTcd Me[b, OCHOBHHM HIpOAyKToM peaxkuuu (> 50% TeopermuecKkoro)
aABiIsgeTca AuMeTuaguxiaopcuinan. Ho HezaBHCEMO OT TOro, HPUMEHAIT KaTadU-
8aTOp WIM HET, MMeT MecTO0 HOGOYHHE pEaKOud, B pPe3yabTaTe KOTODHIX
o6pasyercs B ocHoBHOM CH;SiCl; w nesHauuTenbHBIE clefsl APYruX CcOeIH-
menuit, rtakmx, kKak (CH;),Si, (CH,),SiCl, (CHg),HSiCl, CHHSiCl,, SiCl,,
. HSiCl;, H,SiCl,, H,, yraeBomopomoB, moamcuiaHoB ¢ obmei ¢opmyioi
(CH;)Si,Clg-x, CHIMETHIEHOBHIX COEJUHEHMH ' ¥ HEKOTOPHX BHCIIHX AJKHI-
XJa0pcuiaaHoB. XapaKTep MOXYYaeMOro NIPOAYKTA 3aBHCUT OT TeMIepaTyphl
PeaKiud, CKOPOCTH IpOTeKaHMs rasa (BpeMs KOHTAKTa), KOHIEHTPANMHU rasa
WM PeareHTOB, TUIA W KOJMYeCTBA KATAIM3ATOPA M coocoba, KaKuM OH COefH-
HAETCSA ¢ KDEMHHMEM, a TaKKe OT MHOTHX [APYrux (aKTOpOB.

MoxHO DPEANONOKATEH CIOKHHIA MEXaHW3M HOPAMOrO CHHTe3a, TaK KaK OH
BKJIIOYAeT DEAKIHMI0 Iapa ¢ TBeDAHM BemECTBOM, KOTOPAaA KaTalusHpyeTcs
ADPYraM TBeDOHIM BemmecTBoM. B cHcTeMe, KaTanmsupyemoil Mefbio, IIpeHo-
jJaraercsi MeXaHH3M B3aHMOJeHCTBHsA, OCHOBAHHHIH HAa CiefyKImeidl mMociaemoBa-
rexpHOCTH peakumit [210]:

CH,Cl+2Cu® —> CH4Cu CuCl, (17
CH;Cu — Cu°+-CHj,-, (18)
CuCl+Si° —> Cu®+(SiCl), (19)
CH;: 4 (SiCl) — (CH,4SiCl). 20)

O6pasyomasacsa Ha HOepBOHd CTafuy MeTHIMeLb ABIAETCA HEYCTOHYMBOH NpH
TeMIlepaType PeaKkIuyd U pasiaraeTcs, Kak moKasamo B ypaBHemmu (18), ¢ pere-
Hepaumeit Mefd, cIOCOOHOHE B 3TO BpeMs pearmpoBaTh ¢ 0OJbIMel 9aCTHIO XJIOPH-
CTOTO METHJAa | JaBaTh METHJbHEE PAJAKAJL AKTABHOIO METHIAPYIOIIEro THUHA.
ITockoapKy OKazaloch, UTO METHIHHEE DAJUKAJH HO PEarHpyIoT C dJIeMeHTap-
HEIM KPEMHZEM W XJOPCHWJIAHAMH, TO JONYCKAalT, 9YTO OHH COEIHHIIOTCA C BEICO-
KOPEaKHOHHOCIOCOOHKMA Cy0xIopufaMd KpeMHUsA, KaK IOKAasHBaeT IOCIeN-
Hag cragma peakmud. O6pasoBamme cyGxiopuia B KOJIMYeCTBe, TOPA3f0 MEHb-
meM, 9eM MOHOMOJEKYJAPHHMA clIoil, 00pasyomuiicA Ha MOBePXHOCTH KpPeMHHS,
MosKeT OHTHb 00bscHeHO TeM, uTo CuCl pearumpyeT ¢ KpeMHUEM IPH TeMIepaType
okoso 265° ¢ o6pasoBammeM SiCl, m Mertannuueckoit memm. Hax u  ciemoBaio
ommpars, meycroiumpui (CH;SiCl), mpeacrapiemnuit B ypaBmenmm (20), Baa-
nMopieitctByer ¢ CH;Cu m CuCl mam paxe ¢ CH;Cl m macmmaer ocTaTodHHIe
BajerTHOCTHA KpemumA. CilemoBaTebHO, QYHKIHH KAaTAAH3ATOPA 3aKIIOYAIOTCA
B IOPOJKAEHAN W NPOJJICHAN }KA3HYA MEeTHILHHX PAgHKAJIOB H IepeHOCe HX, TaK
JKe KaK ¥ aTOMOB XJIOPA, OT XJIOPHUCTOr0 METHIA K KPEeMHHIO. '

Ilonmas peaxmus sBIsieTCS 9K30TePMAYECKOH, W, KAK TOJBKO OHA HAYMHAET-
cs, He0OXOTAM OTBOJ TeIsia; ONTHMAJBHOH TeMOepaTypo# sABIsAETCA caMas HH3-
Kas TeMIOepaTypa, IpHA KOTOPOH peaKmusa IPOTeKaeT C HOCTATOYHOH CKOPOCTBIO
H DKOHOMHYHOCTHIO. Bolie¢ BHICOKME TeMIepaTyps HOBHINAT CKOPOCTH PeaKIuH,
HO YBEeIMYHBAKT BHXOJ MOGOYHEIX MPOAYKTOB, 000TaI[eHHHX BOJOPOJAOM H XJO-
POM ¥ COOTBETCTBEHHO OOGNHEHHHX OPraHMYeCKAMH IPyHmaMd. ITO IPHBOJAT
K TIAPOIA3y HEKOTOPOro KOMMYIecTBA CBOGOMHBIX METHJIBHHX pajgmKanoB [ypas-
menue (21)], mpmueM nmpoams ycyryOiasercs aBTOKATAIUTHIECKUM AefcTBHEM
obpasymomeroca ODApoYOPHOro yriaepopa:

CHz» — +CHy-+H. —> [HC.+Hg] — C+Hy+H- (21)

‘Takmm 06pasoM, mOTepA METHJIbHHX IPyHH HPUBOXHUT K (UKCANUM 3HAYUTEIHHO
0oJpmero KOAWYeCTBA HOJYIEHHOI0 XJIOpa ¥ BOXOPOKA IO CPABHEHUIO
C MeTWILIIBIME T'pynmaMm, 910 faer usbnrognoe xommdecrso CH,SiCl; m mpy-
IOX cuiasoB. XJAOPHCTHA METHJI ABIAETCA TOPOTOCTOSNINM ACTOYHHKOM XJ0Da
u, ecam ocHoBnbM mpomykrom ssiaserca CHSiCl;, manpmmep B mpomaBofcTBe
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emoi1, 6olee BKOHOMHYHO HPHMEHATH Xiop, BBoAsa BMecTe ¢ CH;Cl HCl [ypas-
genme (22)]. Takoe mn3MeHeHMe NPHBOAUT TAK/Ke K IOBHIHIEHHERIM BHXOJaM
CH,HSiCl, m gpyrux BoJ0OpOACOfep/KAIlAX CHIAHOB; pazbaBiieHHe HCXOXHOIG
rasa BOJOPOJIOM jJaeT TOT ke caMuiil addext [39].

Cu
CH5Cl+ 2HC148i ——> CHgSiCly+Hy. (22)

JIlna OpUroTOBIEHHA HPOCTHX METHIXJODCHIAHOB KDEMHHEBHH CHHTe3
3HAYATENHHO SKOHOMUYHEe CHHTe3a I'DHMHBApPa, Tak KaK peaknusa HONyYeHHs
OPraHOXJIOPCHIAHOB W3 KPEMHMS HJeT B OJHY CTA[Wi0, IpAYeM BMECTO J0POTO-
crosmero SiCl, mcmonpsyercsi sleMeHTapHHIN KDeMHHH W HCKI0YaeTca Heo6-
XO0AMOCTh B AOPOTOCTOSINEM MAarHdy WM IeJ0YHHX MeTamiaax. Her meo6xomm-
MOCTH TaK:Ke B pacTBOpHTensx m ¢miaprpammm. OgHAKO M3-3a TOro, YTO MOJIY-
gaeTcA Goabme MOOOYHHIX HPOAYKTOB, 4eM 1o Merony I'pmamspa, Tpebyerca
Gollee TmaTelbHOE pasjelieHHe IOJNYdalomHAXCS HPORYKTOB.

IIpamoii KpeMHWMEBHH CHHTe3 MOKeT GHTH PACIPOCTPAHEH HA IPHIOTOBJIEHNE
STIIXJIOPCUIIAHOB ¥ BHICIINX IPOM3BONHHX AJKWJICHIAHOB, HO OWPOJHA3 M COMyT-
CTBYIOImEe M0GOYHEE PeaKOU: CTAHOBATCA HACTOJBKO CYMECTBEHHHLIMHE, UYTO METO],
OPaKTHIeCKH He MOKeT GHTh IPAMeHeH B IPOMHINVIEHHOCTH. BuHWI- W ajrmi-
XJIOPCHIAHE TOTOBAT NPAMEIM cuHTe3oM [205], HO ayume mx momywaTs Apyrumm
MeTofaMu. Peaknms KpeMHNIA ¢ XJI0p6eH30I0M OPE/ICTABIAET COGOA NpaKTHICK ik
Merof, moixydeHHs (EeHWITPHXJOpcHIaHA ¥ [udpeHmAAUXIOpcHIaHa [ypasme-
mme (23)] [357]. IIpomecc mpoTexaer mpm Temmeparype Bume 500°, ecim B kade-
CTBe KaTajgm3aTopa HIPHEMEHAETCA Meflb; CePeOpAHHIN KAaTalusaTop JOIyCKaer
Goslee HE3KYIO TeMIOePAaTyPy PeAKUHH W NPHBOAMT K JYUIIAM BEIXOZAM IPOAYKTA.

CeH5Cl+ Si(+ Cu)
N
~ 550°
>CGH5SICI3 + ‘ CaHe)zSiClz a ap. (23)
400°
/
CoHCl+ Si(+Ag)

IIpamoil KPeMHUEBHIT METO/l HENPHIOAEH AJsi NONYYeHHS OPTaHOXJOPCHIA-
HOB co cMemarEEnMA ¢ymrnuamum, RR’SiCl,.

6. Apomamuueckoe CuAUAUPOBAHUe. ADPHIXJIODPCHIAHH YHOGHO HOMydYaTh
OpH NOBHIICHHHX TeMOepaType M JaBleHEXM mo mcespopeaknmm Dpmmens —
Kpagrca saMemenneM apoMaTHYeCKHX YIIeBOZOPOAOB ralOreHCHIAHAMHE, CONOP-
mamumu SiH-rpynny [33, 34, 46 —48]. Takum oGpasoM, n3 GeHsona W TPHEXJIOp-
cuiaHa IO YypaBHeHMIO (24) MoskeT OHTH HpPHrOTOBIEH QeHHATPHXIOPCHIIAH:

CeH;H+HSIiCl; —> CgH,SiClg+ H. (24)

Peaknusa mpoTekaeT IpH ayTOreHHOM JABJIE€HME H TeMOepaType okoxo 400° Ges
KaTaJn3aTopa Wi npu 6ojee HUBKAX TeMIePaTypax, nopsaaka 230°, B IPECYTCTBAR
raranmsatopa tmna @pumuens — HKpadrca, Takoro xax AICl;, BCl; mam BF;.
Bo BcaxoM ciydae, TeMIepaTypa CUCTEMH BHINe KPHTHYECKOH AIA TI060r0 W3
PeareHToB, OHAKO faBjleHAe Iapa 3HAYATENHHO HHKe BHUNCISHHOTO A HCTHH-
Holi razoBoii pass. Peaknnornas cacrema mpefcTaBiser co6oi CHIBHO KOHIEHCH-
POBaHEHI Tap, IIOTHOCTh KOTOPOT0 BO MHOT'O Pa3 BHINe IIOTHOCTH HEacCOMMAPO-
BaHHOH raszoBoil cmecu. Buixon momyuaromerocs CgH ;SiCl; pasem 50% Teope-
taueckoro; (CgH;).SiCl, m CgH SiHCl, sBasioTcs mO60MHHIME IpOJyKTaMm
HApAAY ¢ HEe3HAYMTeJbHEIMH KOJHYeCTBAMH HEKOTOPHX HAPYTHX COeNMHEHMIT,
OpefCcTaBIAIMUX c060f TPOMYKTH, KOTOPHE DONYYAlOTCA B Pe3yabTaTe BBeje-

HHAA HECKOJIBKAX APDWIBHHX IDyNO B CHJIAH WJIH HECKOJBKHX CHJIHJILHEIX rpyon
B apoMaTH4eCKoe Anpo. :
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OGpasoBagne NAHHHX HOPOAYKTOB PEAKIUH MOKHO OOBSICHHUTH MEXaHU3MOM,
BKJOYAOIIAM AaTaKy CHJIAKOHHWEBEIM WMOHOM apOMATHIeCKOr0 sjapa; HOPH 3TOM
IMOJIy9aeTcsi HEeYCTOHIMBOE IIMKJIOTeKCAMEEeHOBOE IPOMEIKYTOYHOE COeWHEHHe,
KOTOpOe 3aTeM HePeXOonnuT B GeH30JIbHYI0 CTPYKTYPY 4epe3 opTooTmemienne [46].
Taxoit MexaHW3M TUKTyeTcs felicTBHeM KaTajmsaropa tuna Opumens — Kpagr-
ca; peaKimus IPOTeKaeT B KBAa3MKUIKOM COCTOSHAH, B KOTOPOM MOYKHO Ipef-
MOJIOKUTH BEPOATHHIM VOHHEIA MexanusMm. TakmM o6pasoM, MOkeT HPOHCXOIHTD
rerepoautaaeckas guccommanmsas HSiCl; ¢ o6pasoBanueM CHIMKOHWEBHX HOHOB
[ypaBmenme (25)], wkoTopas ycuimBaeTcs 3JIeKTPOPUILHOM aTaKol KaTaamsa-
Topa Ha amuonk. He mnpexmomaras GOJBIIOr0 HOHHOTO PpAasfeNeHAs, CIeRYeT
O)KUaTh, YTO B pe3yabTaTe 3JIeKTPOPUIHLHOH ATAKWA CUINKOHWEBHMH HOHAMHE
OeH30JBHHIX KoJel ofpasyiorca KapOoruessie ¥oHH. (CoriacoBaHHOe IIPHCO-

)
HO +SiCly
HSiCls (25)

®
C19+SiCl,H

efHHeHWe BOJOPOAHHIX AHWOHOB (HOHH BOMOPOA KAK TAKOBHE WIU B COeNH-
HEHNHn C KaTaJIH3aTOpOM) OOJIKHO AaTh HeﬁTpaJIBHHe HUKJOreKcaaneHoBrle Ipo-
Me)KyTOUYHHe coeqnHeHNs [ypasmemme (26)].

H ™ H a1
H | H ]
S ) H® 1
C6H5H + le|3—-_> slcla —_—> | Slcla |
| |
L J
H ' H ':
o H o ! H |
.C¢HsH + SiCl,H — e SiCl,H "—>: SiClH :
'
L J

(26)

IToxTBep:KIenreM HAJIWYIAS [UKIOreKCAANeHOB ABJIAETCHA TO, 9TO BTH IPOMEKy-
TOYHHe COeJHHEHHS pPAa3laraioTCA ¢ OPTOOTIIENJIeHWeM, KaK HOKa3aHo B ypas-
nmennu (27), oGpasys okumaemMoe OeH30JIBbHOE NPOM3BOMHOE MJIH JaCTHIHO BO3-
Bpamasgch K HMCXOMHEIM BemecTBaM:

FH H_
>< /H | — CgH;SiCly+Hy
H I\SiCl3 | —> HSiCly+ CgHH
N\ _i{ (mcxomame Bemecrsa)
TH H =
L (A | —> CgH,HSICl
| i H5HSiCly+ Hy
/\< . @7
H ' siClLH | — CetlsH+HpSICl
i\ l

Taxwne coeguaenud, kKak (CgH 5),SiCl,, #- 1 n-Cl3SiCsH,SiCls, CgH 5(Cl13SiCeH,)SiCl,
m (Cl;SiCgH,),SiCl, momygaroTca B pesynsrate amamormumnx peaxnmii HSiCl,
mam Oersona ¢ mpopykramu peakuun (27). OGpasoBanme He0OJBIMOI0 KOJHAIECT-
Ba SiCl, xak mDoG0YHOro0 MmPONYKTa MO;KeT OHKTH OOBJACHEHO TePMHYECKAM:
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pasnosxenmem HSiCl;, xark mnDokazamo B ypaBmemum (28). Tepmuueckoe
pasiiodkeHde B CBOI0 OYepefb MOKeT OHTHh HNHHWIUMPOBAHO PpeKoMOMHAmued
uonos Cl~ m *SiCl; B peaxmum (25).

4HSICly —> 2H,+ Si -+ 3SiCl,. (28)

ITOT MeTOJ] MOKHO NPUMEHATH [JIs CUHTe30B IMNPOKOr0 KPyra apuiiKpeMHU-
eBHX COeJUHEHUI, eciH 3aMeHHTh Jm00 ofHo, Jamb60 00a MCXOZHHX COeJH-
umennsa. Bmecro HSiCl; MoxHO MCIOAB30BaTh OPTaHOXIOPCHIAHbL; TAKAM 00pa3oM
MeTHAQeHUIMUXI0PCIIAH MOKHO IPUTOTOBATH U3 (GEH30JIa W MeTWIUXJIOPCUIa-
Ha mo ypasuenuioo (29), mpumensiss BCl; B KadecrBe kaTanmsatopa. MeTmibHO®
3aMeleHue y KpeMHHUs NOHWKAeT HAYANBHYI0 TeMOeparypy o5Tod peaKmuu

CeHH + CH3HSICl, —> CHyCoH,SiCly+ H, (29)

mo 130°, uro 3HAauUMTeNbHO HUMe upefena amamormgnoi peakmum c¢ HSiCl,.
JudeHnAIAXI0PCHUIAN MONYTIaeTCs [0 COOTBETCTBYWINEH peakmud ¢GeHmInu-
xaopcunana. Ilourd Bce apoMarwdecKue yrieBOTOPOJH ¥ MHOTHE M3 HX HPOM3-
BOOHHX MOTYT OBITH MCIOJH30BAHH BMECTO (EH30/a, HAOPUMED TOJYOJ, STUI-
6eH30s, Kcmiod, xjopOemszon m MHorme apyrme. C HadTaauEOM IONYdYalOTCHA
HaQTHIAbHOE COeIVHEHNe H, KpPOMe TOro, TruUAPOHAQTHIbLHHE COeLWHEHUsd,
AHAJOTHYHEE IUKIOTEKCATUEHOBHM CTPYKTypaM, MpPEeANoJaraeMbM B PEaKIUAX
(26) m (27), woTtoprie MOTyT OHTH BHEJEeHH W3 NPOAYKTOB peakmmu [48].
Pearnus xmopGensona ¢ rajgoreHcwiamaMd, cofep;kammmu SiH-rpynmy, maer
cooTBeTcTBYIOMMe (eHUnxJopKpemumessie coeguHenusa [32]. Hecmorpa ma
HEKOTOPYK OrPAHMYeHHOCTH, IPAMOHM CHHTE3 ABIAETCA BAYKHHEIM NPOMHIIIEH-
HEIM METOINOM, IOTOMY HYTO OH YKOHOMHYEH B OTHONIEHHU CTOMMOCTH CHIDBSA
M OOAYyY4aeMoro IPORYKTA.

B. ITpucoedunenue easozencusanos ¥k HenpedeavHbim coedunenusm. Tperpe
BayKHOe HAIpaBJeHNMe IPSMHX CHHTE30B 3aKJII09aeTCS B NPHCOEXWHEHHM rajio-
TeHCHJIAHOB WJIM OPTaHOTAJIOTeHCHJIAHOB, CONEPIKAMUX OfUH WiIN Gojlee aTOMOB
BOJIOpPOJA HA KayKNHI aTOM KPeMHH:d, K HeHACHIIEHHHM OPTaHWIeCKEM COefinHe-
auam [40, 49]. 9ror cumres mpencrasien ypasHemuamu (30) u (31). B repmu-
9eCKOM BApPHAHTE 3TOI'0 CHHTE3a 3KBUMOJISPHEE CMecH ojeprHA B COOTBETCTBYIO-
mero XJOpCUIaHAa HATPeBAOT B ABTOKJABe B TeYeHHEe HECKOIBKHUX YacOB

Cl
CH,HSiCl, + O —_ <E>_S<—CH3 31)
i

npu Temnepatype 200—400°. Peakuus mpoTekaeT u mpum Gojlee HH3KOH TeM-
meparype (majke KOMHATHOW), HO CKODOCTH DPEAKIHMH OPA ITOM 3HAUYATETHHO
nonmxaerca. C apyroit croponsr, Temmepatypu Bemre 300° cmocoGeTByoT pas-
JOEHUIO IOJYyYaeMHX NpPORyKToB. HumeTwueckme mCcleZoBaHHA peaKnum
onepumroB ¢ HSiCl; muu ¢ CH;HSICl, ompemensizor 5Ty peakmmio Kak 6mMoO-
JeKYJISAPHYI0 PeaKIMio BTOPOT0 HOPSAKA ¢ sHeprued axktupanmu 19 xkas. pm
300° maBnmenue cmcreMsl mocturaer MakcmmyMa 21,10 am I peakmmm ¢ OKTa-
JeKeHOM; B DeaKIud C STHJIEHOM [aBieHHme Mos;keT npesmmars 105,5 am, =HO
KOrjia peaknusa OPHOIWKaeTCA K 3aBePIIEHHI0, OHO CHUKAeTCA N0 [NaBIeHUS
mapa GC,H;SiCl;. Bmixomm o6s4HO cocraBasinT 75—95% TeopeTmueckoro
3HAYCHHASA.

B caygae amkenoB-1 cmiamipHas rpynna OpHCOeAHHAETCA K KOHIEBOMY
YIIepoAHOMY aToMy ojJedHHA IO [BOHHO# CBS3HW, [AaBad IPEHMYIIECTBEHHO
HODMAJNBHHHA AJIKMIXJOPCHIAH, Kak BuAaHO u3 ypasHemusa (30); oGpaTmoe mpm-
COeflMHeHNe IPOMCXOIUT B He3HAUUTeJbHON CTeIeHH, HANPUMED PeaKIu| IpPONH-
nena u 6yrena-1 ¢ HSiCl; gator 3 w 1,4% 2-aIKuIxI0pcHIaHOB COOTBETCTBEHHO.
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- Peaknmus ¢ Gyremom-2 maer emop-0yTHIAIAYKT, HO OJHOBDPEMEHHO NOJYdYaeTCs
PaBHOBECHOE KOJHIECTBO HOPMAJIBHOTO H30Mepa, YTO MOKHO OGBACHATH TePMH-
9eCKOH Murpanmeil ABOHHOH CcBfS3M B MOMeHT o0pasoBamus. ITO sABIEHHE,
6omee 3aMeTHOe y BHCIAX O0JePMHOB, MOKeT OHTH CBENEHO RO MAHAMYMA
OpH HOHWKEHUM TeMIeparypu peaknmmu. Hapamy c¢ jkemxaeMHM OPOTYKTOM
B pe3ylbTaTe OrPAHAYEHHOH MOINMepH3amMu oJedHHA 06Pa3yIOTCSA BHICOKOKHIA-
.mue coefmHeHHA. Takmm 00pasoM, peaKnus SKBUMOJAPHHIX KOJHAYECTB STHICHA
m HSiCl; pmaer smme 15% C,HySiCl; m He3maunTedbHBIE KOJIMYECTBA
CeH,5SiCl; m CgHy,SiCl;. Ha mpaxruke o6pasoBanme 3THX MOGOYHKX HPORXYKTOB
mojaBigeTcsd NpPAMeHeHWeM HeGOJIbMIOro M30HTKAa XJIOPCUIAHA.

B sTHX cEHTe3ax HCHOIB3YIOT PA3IMIHEE TANH YIIeBOZOPOROB: HOPMAJIbHEE,
Pa3sBeTBICHHHE W OUKIAYeCKNE MOHOOJe(HHE, AHOdedMHEl, HOAA0NePHHKE, Tep-
‘menH, aaKkuHH. IlopsafoK peakmmoHHOM cHOCOOHOCTH ONedMHOB HE YCTAaHOBIEH,
M3BECTHO TOJBKO TO, YTO IPHUCOCAHHEHAE K KOHIEBHM CBA3AM HeT IPe3BHIANHO
661cTpo. MoOKHO MCIONB30BaTh pasHOOGpasHHE rajoreHcwIann. VX peaxmuon-
Haf CIOCOGHOCTH 3aBHCHT OT CTPYKTYPH, OPHIEM TajlOTEHCUJIAHH HO PEAKIMOH-
HOH cmocoGHOCTA mo oTHOmeHw K mnpommieny mnpm 300° m 77 am MokHO
PACIOJIOKATH CIAEAYOMAM 06pasoM:

HSiCly > CH3HSiCl, > (CHg),HSiCl.

MernnbHOe 3aMemenue B XJOPCHIAHAX MOHHEMAKAET CKOPOCTh PEaKIMH IPHMEPHO
Ha OJWH OOPAJOK C Ka;KMOH HOBOA rpynmoil, HO HMOBHIIAeT KadecTBO 06pasyio-
merocs mojauMepa.

IIpeguonaraemmit mMexamusm [37] TepMmUecKHX CHHTE30B BKJIIOYAeT: a)
o6pasoBanme MeTacTaGMIBHOrO IPOMEKYTOYHOTO INPOAYKTA IPHCOeNAHEHAA
uyTeM B3aUMOMNEHCTBHA CHOCOOHOIO K OTHa4e JJIEKTPOHOB KOHIEBOTO aToMa
yriaepona oxedumHA € B3IEKTPOPMILHEIM aTOMOM KpPEMHHWs CHIaHAa, O0) ORHO-
BPEeMEHHYI0 WM MOCIeI0BATeNbHYI0 OHICTPYI0 MHUIDANAI0 WOHA BOJAOpOAa OT
TIATAKOBANIEHTHOI0 KDPEeMHUA K YINIePOAy IPOAYKTa HPUCOeAWHEHUs ¢ IpeBpa-
mmeHNeM B CTa0MIBHEN KoHeIHHI npoaykt. Ilo-BugumoMy, peaknus o6pasoBanus
CHIUKOHHEeBOr0 MOHA He 3aBHCHT oT mpoynocT: cBsasu H — Si, rak kak BCl; ne
FIBISAETCA KATAJAM3aTOPOM B 3THX IPoIeccax B OTAHMYWE OT PeaKmuil ¢ ydJacTHeM
Oensoaa. ToT ¢arT, 9TO CKOPOCTH pPeakmui ¢ MeTHI3aMEIIeHHHMH XJI0PCHIaHaAMHA
Pe3KO CHEIKAeTcs1, NOATBEP;KIaeT HpeqmoJaraeMHil MexamwsM. Tak, MOKHO
OKHAIATH, 9TO M30HTOK 3JeKTPOHOB Y METHJIbHHX IPYyOO HOHMKAeT BOCOPHUMYH-
BOCTH KPEMHES K HYKJIeoQHIbHOH aTake oxedHHa.

MHorve THOH MHAOHATOPOB YCKOPSOT 3TH PeaKNWN IPH HE3KAX TeMIepa-
Typax u NaBIeHHAX W K TOMY jKe [ejaiT 6ojiee BHTOXHHM IIPoIecc IO OTHOIIe-
HAK K CHCTEeMaM, B KOTODHX Helpe[ejbHEE OPraHMIeCKHe COeJMHEHNA, B3ATHE
B KadecTBe CHIPbHA, WM IPOAYKTH WX IPeBPAMEHW MOTyT OHTb TepMHIECKH
HecraGunbpEnME. TakuMu WHEOEATOpaMA ABIAlTCA Nepekmcm [94, 251, 325,
406, 415, 4171, asocoenummemmsa [264], yaprpadmomerosmit cser [325, 4061,
v-maayuenme [142], oprammueckme ocmoBammsa [303, 304, 319], Takme MeTaiH,
KaK DaJJagnii u mraTuna (B YACTOM BHfle WK HAaHeCeHHHE HA IHODHCTHeE TBepJkhie
BemecrBa) [416, 454, 456], a Tax:Ke TaKme COe[UHEHHsI METAJJIO0B, KaK ILIATH-
Ha(IV)xnopmcToBomopogHaa Kwca0Ta, XJAOPHAH INIATUHHE, PYTeHUS WIH HHANA
1161, 318, 364, 367, 416, 438, 449].

Ilomarator, 4T0 EHMIAWpYEMEeE IEePEKUCHIO, a30COSTUHEHNAMA HIM H3IYyIe-
HAeM PeaKnud HPeJCTaBISAIT co00# B3amMofeiicTBre CBOOOTHOM MapPH PAAUKAJIOB
[ypaBuenme (32)],

WNnunaaposanne:
Hanyuenne
H—Si= —> H.+.Si=
Ann
HarpeBaane
(CH3C00); ——— 2CH3C00. — CHj- 4 CO,

CHjz- +H—Si=—> CH,+-Si =
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Pocr nenn:
k | HSi=
\C=C/+-Si = —1>\C—C—Si_=_ _— H(ll——(!J—SiE-i—-SiE (32)
/ N /. l L
O6pazoBaHne TeIOMEpPOB:
Pe—msimt o= o(She—C—(-Csi= =

%H

— A
|
—_ O
|
— 00—
|
—_— )
|
@
I
+
%
[l

Kax Bujgno, o0pasoBaHme TeIOMEPOB OOHIHO HEKENATeJIbHO M GymeT BJINATH
Ha BHIXOJ ’KeJaeMOr0o agayKTa B 3aBHCUMOCTH OT OTHomenusa k;/k,. Taxum
0o6pa3oM, HEHACHINEHHHE COeHHEeHHsd, KOTODHE JIErKO MOJUMEePH3YIOTCA Iepe-
KHCAMHI, HAOpPAMEP CTHUPOJ, alKeHH-1, BHAWIANETAT W AKPWIOHHTPHI, KAOT
B OCHOBHOM TeJIOMEDH ¥ HEIPHTOAHH I Takux peakuwii. Te oxedunni, KoTo-
pHe IOJMMEePH3YIOTCA ¢ TPYAOM, HAIPEMep IHKIOTeKceH W 1,2-Tu3aMemeHHBIE
ollepuHH, PearmpyioT YAOBIETBOPHTEIBLHO. AJKEHHIADPOBAHNE MOYKHO TOBECTH
0 KOHIA, MCIOONb3YS AJKWHE, HPH 9TOM HOJYIAeTCSA BUHWITPHUXJIOPCHIAH MK
6uc-(TpUXIOPCHNMIT)-9TaH, KaK HoKasaHo B ypasmenuu (33) [94]:

‘ Bzy0g HSiCls
HSiCl;4-HC = CH —> C138iCH=CH, —— (C1;8iCHy),. (33)
Bz309

HauGomee BakHbIe IPAMEHEHNA CBOGOMHOPAANKAIBHON PeaKIN—IPACOeIMHEHAE
cUIaHA K yHIeKeHOBoi Kuciore [165], mpocTEiM ¥ cl0KHEM ankeHmiaspupam
[412, 417], a rTakske K [OpPYruM HEHACHOIEHHHM OPTaHUYEeCKHM COeIMHEHHAM
[417], wroTopre HeCTAOMIBHE IPH BHICOKUX TeMIepaTypax, HeOOXONMMEIX JIs
IpoBefieHus PeaKuuil B OTCYTCTBUe KaTanmsaTtopa. CBoGORHOpaANKAIbHAA PeaK-
MUA TaKKe JOIIyCKaeT MCmoib3oBanme Tpudenmacunana [165] u, mo-sugumomy,
APYTHX CHIAHOB, He IPEJCTABIEHHHX 3/leCh, KOTODHE pearupyioT Ipu HArpe-
BaHHMH. I'MApuWAH KpeMHHs], COfeprKamue AJKOKCUIPYHNH, PearupyiorT IJI0XO.

Ilnatnaa m popcrBeannie MeTamam VIII rpyons sBiaioTca axTHBHEMHA
KaTalM3aTOpaMu pPeakIWH IPHCOeAWHEHWS CHIIIAHOB K ojeduHaM, mpmieM IpH-
MeHAIOT X B Upe3BHYAliHO HeGoabImumx KojwdectBax (o 1078 mMona miaTmEH Ha

imonn onepuna). O6GmIHO sTa peaknusa Opm Temmepatypax mopsamka 100° mpo-
TeKaeT OBICTpO.

HSiR, l+| CH,=CHR'

Pt HUH Pt
Y /

B ® (] (<]
[R;SiCH,CHR' + H®] (R;Si + CH,CH;R'] (34)

vy

R,SiCH,CH,R'

Jlaa peaxomm (cm. B pabote [141] cTp. 52) GeuI mpefiokeH MOHHHI MeXaHMA3M,
KaK IOKaszaHo B ypaBHeHun (34). PaguxanbHblil MeXaHW3M CUUTAIOT HEBO3MOK-
HHIM ¥3-32 OTCYTCTBHS WHTAOUTOPOB CBOGONHHIX PAafUKANOB JJs NORABICHAA
pearknuu. Peaknmonnas cmoco6HOCTH HEKOTOPHX 0JeUHOB W CHIAHOB YCTAHOB-
JIeHa HA OCHOBe MOJYKOJMYecTBeHHHIX maMepenmii [413]:
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X IOpPTUAPOCUIAHEL:
HSiCl;, CHgHSIiCly > H,SiCly, > (CH,),HSiCl > CH3H,SiCl
T'uppocun(okc)ann:
~ CH,HSICl, > (CH;HSi0),, > O[Si(CHj)sH],, (CoH0)3SiH > RySiH > SiH,
Yriaesogopos:
HC = CH > CHp—CH, > RCH=CH,,
AN 7\
L > CH,=CRR’ > CH,CH=CRR’ > H ‘
NS

B »TuX peakmuax aToM KpPEeMHMs NPUCOEAUHAETCA K KOHIIEBOMY aToOMY
yriepoga. 9To CIpaBeInBO KaK Ais 0JepUHOB C JBOMHOM CBA3HI0 y KOHIEBOIO
atomMa, Tak u BHYTpH Moierymsl [364]; mo-BugumoMy, mpmuMHOH MHTrpammn
IOBOMHOI CBA3H B YIIeBOJOPOAe ABIAETCA NJIATHHA.

Peaxumn npumcoefuHeHWs, KATAaJW3UPyeMble ILUIATHHOH ¥ POJACTBeHHHEIMM
MeTastamu, Gojee pasHOOGPA3HBI, YeM PeaKIny, KOTODHE aKTUBUPYIOTCH Iepe-
KHCAMM WM TOJNBKO HArpeBaHwmeM. MoKHO aJKWIMPOBATHh DOYTH n1060il cuiad,
HCOONb3YsA HAPALY C BHIOIEYNIOMSAHYTHMY YIJIeBOTOPOJAMHA CTHPOJ, TaJOTeHOle-
$UHB, ATKeHWINUAHUTH, IPOCTHE aTKeHNI3(Hphl, HeHACHIIEHHEE CIOMKEEE YU~
PH ¥ IpyrHe HEHACHINEHHHE COeAUHEHHsA, COAepIKamue opranmdeckne QyHKIHO-
HAJbHEE TPYINH, YTO WIIOCTpUpYeTcsa ypaBHenusamu (35)—(38). B takux peax-
umax, kak (37) m (38), BKIOYAIOMUX COUPsKEHHbIe ABOMHHEE CBSA3M, KpPEeMHUM
MOKeT HPUCOeTUHATHCH K -yIIIePOY; 3TO HONABIAETCH 3aMeIeHneM, IOKa3aHAKM

Pt
CeHsCH=CH,+HSiCl; —> CgH;CH,CH,SiCls, (35)
0 ) CH,
[ Pt [l I
CHyCOCH= CH,} CH,HSIiCl, — CHzCOCH,CH,SiCl,, (36)
. Pt
CHy=CHC = N+ HSiCl; — Cl3SiCH,CH,C = N, (37).
(6] (6]
i .. Pt . |
CH,=C—CORHSiCl; — Cl,8iCH,CHCOR (38)
|
CH,3 CHj

B ypasuennn (38). IlpexcraBieHHHe 4eTHpe DeaKOUA He MOTYT OHITh peajn-
30BaHK OpH HCOOJL30BAHWM KaTaJXW3aTODPOB pPAaSWKAJIBHOTO THIA, MOTOMY 4TO
HEHACHIIIeHHEe COeUHEHNA B 3THX cHcTeMaX OyAyT HOJMMEepH30BATBCA C 9Ipes-
BHYAHHO GONBImOA CKOpocThi0. Boisee Toro, peaxmmm (36) —(38) meBO3MOMKHE
IpH WCIONH30BAHAKN TOJIHKO TePMMYECKOrO METOHA, MOTOMY 9TO OPraHo()yHKIHO-
HAIbHAS YaCTh B KAJKIOM ciydae OymeT paspymarbCs BCIAeNCTBHE MUPOINA3a HIA
o KpaiiHeii Mepe BOCCTAHABIMBATHCA TUIPOCHIAHOM.

Takmm o6pasoM, TepMHWUecKoe M KaTaJIATHYECKOE NPHCOEUHEHHs CHIAHOB
K 0IeMHOBHIM COEJMHEHYSIM HPENCTABIAIT COGOH MPOCTHE METONH, B KOTOPHIX
HMCOOJb3YIOT OTHOCHTENBHO JemeBOoe CHpPhe. OTH METOJH AIOT BHICOKME BEIX OB
MPOAYKTOB M BO3MOKHOCTH CHHTE3a CHELUAJBHEX COeJUHEHUH, KOTOPHE HEeBO3-
MOYKHO MOJYYATH APYTAMH METORAMH.

4. Ilepezpynnuposka Op2aAHOTAOPCUAGHO8 U OD2AHOAAKOKCUCUAAHOE

IIpamme cunTess m peakuuu I'puHbsApa JAT PAJ BEMECTB, B PasJHIHOM
crenenn noxesusx. Hampumep, CH;3SiCly, (CHj3)3SiCl i SiCl, TpeGytoTea B orpasm-
9eHHHX KOJMYeCTBaX, HOBTOMY M3JIMINKH MX U APYTHX XJIOPCHIAHOB MOIYT OHThH
npespamensl B Gosee mHeoOxoxmmuii (CH,),SiCl, mocpencrBom peakmuit mepe-
rpynnmpoBKH, Katanusupyemux obwrauo AlCl; [45, 372, 374, 496] nanm NaAlCl,
[67, 70]. Peakuum BKIH0O9aOT 06OMeH OpPraHMYecKMX IPYON W TajoreHa, IpHYeM
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pearHpyOINUe BEmecTBA CONEPAT ONHO M TO 3Ke ofmee KONMIECTBO CBA3Eil
KpeMHMIl — rajnorern u kpemuumii — yraepon. Hampmmep, B mpucyrcrsum AlCl,
mpu 350° mop maBuaeruwem B skBEMoaapuoit cMecm (CH,);SiCl m CH;SiCly; mam
cmecu 2 moaeit (CH3)3SiCl u 1 monsa SiCl, mpomsoiifier neperpynnupoBKa ¢ oGpa-
soBarueM B ocaoBHOM (CHj),SiCl, [ypasrenwe (39)] [45, 372]. Tem xe camem
nyteM m3 okBuMoaspHoii cmecu (CHj),Si m (CHj),SiCl, momyunrea (CHj);SiCl
[ypasmenue (40)].
Alcly
(CHy)3SiC1+ CH;SiCl; = 2(CHy),SiCly, (39)

350°
JaBieHue

A1C13
(CHj),Si -+ (CHy)pSiCly ———> 2(CHy)sSiCl. (40)
350°
IlaBllenue

IIpepmonaraemuit mexaumsm [496] Brmowaer oGpasoBaHue BechMa yCTOii-
9HBHX OPOMEKYTOYHHX coefuHenuil [ypasmenume (41)]. Pasmomepmoe pacmpe-
JelleHWe TPYOO, NPHUCOENWHEHHHX K KPEMHHIO, NOKAa3KHBaeT B3HAYUTEJHHOE

BricTpo
(CH3),SiCly+ AICly ——> (CHj)eSiCly- AlCIy,
(CHjy),SiCly+ (CHj3)2SiCl,- A1CI, Z (CH3)38iCl 4 CH3SiCl3- AICl3, (41)
(CH3)Zlelz + CH3SICI3 AlCl3 CH3lel3 —|— (CH3)281C12 AlCl3

OTKJIOHEHNe OT CIYJalHOTO pacHpefeleHUs, HAOMIONAEMOTO Yy MeTHIITHIBHHX
coequnennii [98]. PaBHoBecne 3HaYNTENLHO COABHHYTO BIPABO, IPHYEM C IOBHI-
IIeHNeM TeMIepaTypH CO3HAI0TCA OJAaroOpUATHEE YCIOBHAA MJIA 3TOH ob6paTm-
MOH pearKmum:

YpaBaeHme Korcranra paBHOBecus
350° 420°
(39) 39,9 29,8
(40) 74,3 54,9

O6mn4HO Gojiee BHICOKHME TeMIePaTypPH CIOCOGCTBYIOT PA3JIOKeHNI0 U AeMEeTHIUPO-
BAHMUIO, CONPOBOKAAOmMEMYycsa o00pa3oBaHMEM METAHOBHX W CHIMETHJIEHOBEIX
CBA3eIA.

IIpu cooTBeTCTBYIOmMUX YCAOBHAX (PeHMIbHEE TPYNOHE TOKe MUTPUPYIOT;
SiCl, n (CgHj),Si maror (CgHj),SiCl, m CgH ;SiCl; [302]. Cmemannsie apmiaai-
KHJIXJIOPCUIAHK MOTYT OHTh OPHTOTOBJEHH II0 pPeAKIHH NOeperpynuMpoBKH
B CMeCSX OPraHOXJOPCHJIAHOB, COfep:Kammux TpeGyeMble OpPraEMYecKUe T'PYIIE
moutu B no6oit kKomGumammm [112, 373]. Hampmmep, C¢H;SiCl; u (CHj);SiCl
meperpynnuposruBaiorcs, gasag CgH ;CH3SiCl,, a takme (CH,;),SiCl, m CH;SiClg
[ypaBrenne (42)]. Ilogo6umM 06pazoM mo peaknmu meperpyNOAPOBKH HAPALY C
HekoTopuM kommdecTBoM (CgH;);SiCl momywaroTes Te ke caMble OPOXYKTH

AICI3
CeH;SiCly +(CH3)38iCl ——— CgHsCH3SiCly -+ CH,SiCly -+ (CH,),SiCly (42)
325

42 am

m3 cMecu (CgH3),SiCl, m (CgH;),CH,SiCl. Ileperpynmuposka ¢ermiaguxiaop-
chilaHa, IOKasaHHas ypaBHenuweM (43), mpeacraBiseT 0coOHli UHTepeC, HOTOMY
9TO 0OHA HPOMCXOAUT OOBYHO IPYM HW3KOHA TeMmepaType W TaKKe OOTOMY, dUTO
AlCl3
CeHHSiCl, e—j (CgH5)2SiCly 4 H,oSiCly (43)
185°
0HA WIIIOCTPHPYyeT MHI'DAIHIO BOAOPOJa M (eHUWIBHHX IPYNI OT OFHOTO AaTOMa
KpeMHHA K Jpyromy (cM. paGory [455], cp. ¢ paGoroit [111]).
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AJKOKCHCHIAHE IPeTePIeBaloT Nof00HKe PeaKINy NeperPyIIEPOBKA B HPH-
CYTCTBHA OCHOBAHHWII, TAKWX, KaK ajgKorojar marpusa [23, 25] mwim ammam (cM.
B paGore [283] crp. 104):

. C2HzONa . .
2CoH8i(0CyHg)3 —— (C2Hj)251(0CoHs)z +Si(0CoHs)y, (44)
AMUHBL
2HSi(0CoHy)3 ——> H,Si(0CyHg)s+Si(OCoHy),. (49)

b. 1T puzomosaerue AAKOECUCUAAH08, QAUUALOKCUCULAHOE8 U CUNLA3AHO08

AIKOKCHCHTAHE, ANMIOKCHCHIAHE W CHIA3aHH HAXOQAT JWMb OrPaHM-
UeHHOe HOPHMeHeHWe B IPOM3BOACTBE OPraHOCHIOKCAHOBHX moianMepoB. TeM He
MeHee, OHH BaJKHH B CHHTE3¢ HEKOTODHX KPeMHUIOPraHAYIeCKAX COeTMHEHMI
M CIYMAAT [JId IPHTOTOBIEHUS ILENOTO DA NPOMEKYTOUHHX COefHHEHMH,
HEOOXOIMMEIX JJs IPOM3BOACTBA MOJIAMEPOB.

AIKOKCH- M apAIOKCHCHJIAHBL JIETKO HOJYJAIOTCS O PEAKOUAM CIOEPTOB
nnu PeHONOB ¢ Xxjaopcuiaanamd [ypasmemma (46) m (47)]. Peakmmm oGpaTmm,
HO MOTYT OHTH NOBEJEHH [0 KOHIA IPW HEOPePHBHOM YNAJIEHUN XJIOPHCTOTO

SiCl, +4CoH,0H —> Si(0CyHy), +4HCI, (46)
(CH,),SiCl, 4 2CH,OH —> (CHy),Si(0CHj)y - 2HC1 @1

BOJOPO/la IyTeM IPONYCKAHHA CYXOro BO3KyXa WA a30Ta (0COGEHHO B BHICOKO-
KUIAMAX PACTBOPHUTENAX, B KOTODHX XJIOPHCTHH BOZOPOX ILIOXO PAacCTBO-
pseTcs), a TaKKe IPH HCIOJb30BAHUH AKHENTOPA KHCIOT, TAKOTO, KaK NAPAIAH
nnu TpuarmiaaMud. Eciam xommemrpamua HCl cramoBmTesa cammkxoM BECOKOM,
CHIUPT IpeBpAM[aeTcsi B TAJOTeHANKWJ, IpAYeM BHIEIHBIIAACA BOJA TAZPOIH-
3yeT XJODPCHIAHH M ATKOKCHCHIAHH H [aeT HEKeIaTelbHEE IHOJIACHIOKCAHOBHEE
OCaJKu.

AneToKcHCHIAHH MOryT OHTh NIPHTOTOBJEHH [0 PpEaKIUA XJIOPCHIAHA
€ ameraroM HATpusA B GesBogHOM pacrBopurerne [ypasmemme (48)], ¢ yrcycHoit
kuciaoroii [ypasmenume (49)] mau ¢ yrcycamm amrmapugom [ypasmenme (50)] [14,
381]. Ypasuenus (49) u (50) mpencrasasaoT co6oil 06paTnMble peaKnud, KOTOPHE
MOryT OHTH [OBeJEHEl 0 KOHIIA HEIPepPHBHHIM yAaJIeHHeM Hambolee JeTydero

(CHj);SiCl 4 NaOOCCH; —> (CHj)3Si00CCH;+NaCl, (48)
(CH;),SiCly+2HOOCCH; —> (CHj),Si(00CCH;),+2HCI, (49)
CH;,SiCl3+3(CH3C0),0 — CH;Si(00CCH;);+3CH;COCI (50

TPOAYKTA HOCPEACTBOM OTTOHKH. AKIENTOpP KHCIOT TaKKe oO4YeHb 3dPeKTHBeH
JUIA yHaJeHAs BHAEIAIOIMErocsS XJIOPHCTOr0 BOZOPO/A.

Cunasagsl ¥ CHIWIAMEAHH LOJYYAlOT CIEAYIOIMUM 006pasoM: XJIOPCAIAH
pearupyer ¢ n30HITKOM aMMMAKa WIM ¢ MOHO- MJY [A3aMEI{eHHKM OPraHAIeCKHM
amunoM [ypasmenua (51)—(53)], mpuyem cmATes mpPOBOAAT OGHIYHO B PACTBO-
putensx — mpocroM s¢upe, Gemsone miam merpoxeitnom admpe [147, 308].

2(CHy);SiCl++3NH; —> [(CHa)gSi]oNH - 2NH,CI, 1)
(CHj3),SiCly +4(CHg),NH —> (CHj3),Si[N(CH3)p]s 4 2(CHg),NH- HCI, (52)
(CH,)3SiCl +2CgH;NH; —> (CHy);SiNHCgH; + CoHsNH,- HCL (53)

6. Pasdesenue u ouucmra

B ra6a. 11 upencraBieHn MHOrEe u3 OOWYHHX KPEeMHHIOPraHAIeCKHAX
IPOMEKYTOYHHIX COefAHEHU I nX ¢usmdecKkne CBOMCTBA. BoaBmAHCTBO paccMar-
PHBAaeMHX METONOB MOJY4YeHHA [JAOT CMECH, COJep/KamEe MHOTHEe W3 3TUX
COeTHHEHMI, KOTOPHE MOMYKHH OHTH . TIHATENLHO pasfeieHns (paxkmuoHHOK
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Tabauya 11
OGpIuHbIE KpeMHMAOPraHAYecKAe HOMYIPOAYKTHIA
Coenmmene T.arén., T. §gn., ,gg;%fg:;‘;ﬁ Hng}g{ﬁcn,

SiCl, — 57,6 1,4120 1,476 8
Si(OCHjy), — 123 1,368T 1,018
Si(0CyHs), — 168 1,383 6 0,933 8
HSiCl; —128 32 1,398 6 1,336 8
CH3SiCl; —178 66, 4 1,4076 1,276 ®
‘CH3Si(OCHj), — 103 1,369 6 0,949 8
CH3Si(0CsHs)3 — 143 1,3816 0,891 8
CH;3Si(0OOCCH3y)3 —40  195(9 mm)| 1,408T 1,165
CH,=CHSIiCl; — 91 1,4336 1,270 8
CoH;4SiCl3 —106 99 1,426 0 1,235®
CgH;SiCly — 201 1,524 6 1,321 8
HCH,3SiCly —93 4 1,398 6 1,113®
(CH3),SiCly —76 69,6 1,402 6 1,073
(CH3),Si(0CHj), — 82 1,376 | 0,858
{CHj3)5Si(0CoHs)e — 113 1,3816 0,848 B
{CHj3)2Si(00CCH3), — 45 (3 mm)|  1,404T 1,052t
CH,=CH(CHj3)SiCl, — 92 1,4276 1,080 B
CH;3C,H;SiCly — 100 1,418T 1,059 B
(CoHj5)oSiCly —97 129 1,431 6 1,055 8
"HCgH;SiCly — 185 1,524 1,193 B
CH,3CgH;SiCl, — 205 1,518 1,176 8
(CgHj5)5SiCly — 304 1,5776 1,220 8
H(CHj,3),SiCl — 36 1,382T 0,870
(CH;);3SiCl —58 57,7 1,3896 0,856 B
(CH3)3Si0CH;, — 57 1,368 0,764 B
{(CHj3)3Si0CoHj — 75 1,371 6 0,7528
(CH,3)3Si0O0CCH;3 — 103 1,388T 0,894
CH,= CH(CH3;),SiCl — 82 1,4146 0,8746
CyH5(CH,)SiCl — 90 1,404 6 0,8758
CH;3(C2H;).SiCl — 119 1,4211 0,8858
(C2H;)3SiCl — 146 1,431 1 0,893
{CH3),CgH;SiCl — 193 1,508 6 1,027
CH3CgHzHSiCl — 176 1,516 6 1,038 8
(CgH;)oHSiCl — 270 1,581 0 1,1138
(CH;3)(CgHj;)3SiCl — 295 1,5736 1,1078
(CeH5)3SiCl 94 378

g Bonee mojHHE TaGIUOE MOMHO HalTH B mcuyepneiBatomux oGsopax [141, 179].
250,

B Vneabusit Bec (25/15°).

T 200,

TIePEroHKOil, mpeskae YeM OHM MOTYT OHTh MCHOOJb30BAHH [JIs HIPUTOTOBJICHHS
nonucuiaokcanoB. Hanpumep, mpsMas peakuusa MeTHIAXJIOPUAA C KpeMHHEM
B OPUCYTCTBUH MeJH HaeT CMeCh NPOAYKTOB; HEKOTOPEE M3 HUX, HPeCTaBICHHEIO
B TaGa. 11, xumar mempy 25 m 70°; mBa ocHoBHEHX KommomenTa, (CH,),SiCl,
n CH;SiCl;, xmoat B maTepBane Tpex rpagycoB. O4eBHAHO, s pasfelieHAA
6OJIPIIOT0 KOJIWMYECTBA XJOPCHIAHOB, HEOOXOMMMHX MAJsA NPOMHIIIEHHOCTH,
TpeOyoTcd BHCOKO 3(PeKTHBHHE TUCTHIAANNOHHNE KOJIOHHH HEIPEePHBHOTO
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geiicTBusa. PasfeneHue MeTHIXIODPCHIAHOB YCIOMKHAETCS W3-32 UX CHOCOGHOCTEE
06pa3oBHBATh 0MA3KO KWOSAMHE a3¢0TPOIMHLE CMECH ¢ HEKOTODPHMH YIJIEeBOZOPO-
mamu u pyr ¢ apyroM, mampmmep (CHj);SiCl ¢ SiCl, [375]. Hexoroprie amko-
KCHCHJIAHH TakKe 06pasywT aseoTpomuHe cMecu [370].

UYucroTa IPOMEKYTOYHHX COCJMHEHWH ABIAETCA BAKHKEIM KpUTepHeM IpH
OONYYeHUH MNJIUHHHX JAHOHHBIX IOJEMEpPOB A CHINKOHOBHX KayaykoB. Jlus
9TOM LeJ¥ OPHTofieH NOMMAUMeTHIcHIoKcan ¢ unciaoM 3Beabes (CHj;),SiO B nenm
oroia0 8000, KoTopHIi MOKeT 6HITH moaAydeH nyTem ruppoausa gacroro (CHj),SiCl,.
Opnaxo ecnm mocaemmuit comepsmt jumb 0,05% (CH;);SiCl, to sta mpmMmech
YMeHBIIAT HeOOX0UMYIO AIVHY Lelu MoJuMepa BaBoe. KpoMe Toro, mpucyTcTBHE
9pe3BHYAHHO HEOONBIMUX KOJWYECTB TPH- M TeTPayHKIMOHATHHEX IpHMeceil
(CH;SiCl; u SiCl,) oGycmosamBaer 06pasoBaHue HOJIMMEPOB CETIATON CTPYKTYPHL,
KOTODHE MOTYT OKasaThCH OeCIOJe3HHIMHU TeJsMH.

B. CunanoabHble WOTYHPOTYKTHI

Hecmorpss Ha TO 4ro CcHIAHOIH pegKO BHAENAKTCA B YHCTOM BH[E, OHE
ABIAKTCA HauGojee BaKHBIMHA DONYNPOAYKTAMH [Jf HOJYIeHHA IOJIMOPraHO-
CHIIOKCAHOB. /X MOKHO HOJMy9aTh, IMPOBOMA OCTOPOYKHO THAPOJH3 FAJIOTEHAOB
91, 131, 172, 243, 267, 279], cumnasamos [147, 370, 393], anmIOKCHCHIAHOB
[393] m ankoxcmemmamos [216, 234, 445] [ypaBmemma (54)—(57)].

(CoHj)pSiCly+2H,0 —> (CoHj),Si(OH), -+ 2HCI, (54)
[(CH3)Si],NH 4 2H,0 —> 2(CH,);SiOH -+ NH;, (55)
(C4Hjy)38i0COCH;+ Hy0 —> (CyHj);Si0H 4 HOOCCHS, (56)
CeH;Si(0CH3)3+ 3H,0 —> CgH,Si(OH); -+ 3CH,0H. (57y

Ws-3a dpesBrYaiinoii 4yBCTBUTENBHOCTH STHX COGJMHEHMI K DeAKIUH KOHMCH-
Cal[MU C CHIOKCAHAMHY, KaTAJIU3NPYeMO il KUCIOTON NIH MEeJI09bI0, THIPOIN3 Cllefy-

Tabauya 12
OGb1uHbIe CHIAHONBI 2
IToxasza- or-
CHIIaHOI T. o'g'" T. ggn., ,ﬁgﬁ;eﬁﬁ;‘ HOCTB,
np 2/cm3
CgH;Si(OH); 130 — — —
(CH,3)»Si(OH), 101 — — —
CoH;CH3Si(OH), 80 — —
(CoHj)»Si(OH), 97 — — —
CH3CgH;Si(OH); 75 — — —
(CeHs)2Si(OH), Hemo-
CTOAH-
Haa 0
(CHj3)3SiOH — 99 1,388: | 0,811B
(CoHj;)3SiOH — 154 1,4348 | 0,8658
(CgHs)3SiOH 151 — — —
[HO(CHj),Sil,0 68 — — —
[HOCgH;CH;,Si],0 111, 84 — — —
[HO(CgH;)2Si]20 114 — - _

2 Bojee moHHE TabanOp KPeMHUKOPraHMIeCKNX COEAMHEHUH MOKHO
HaliTH B ucuepnniBaromux o63opax [141, 179].

0 4145155° [431].

B 200,
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©T IPOBOAUTH B HENTPAJbHHX YCIOBHAX, NPEeJUOYTHTENHHO HA Xoaony. [lms
ceasuBanna HCl, o6pasyoomerocsa B pesyibraTe IepBOil peaKkmuu, MOKHO IIDH-
6aBaATH, OmKapOOHAT HATPUA MIM APYTHE COJMM, IJA yOaJeHAA aMMHAaKa, IOJy-
9ai0merocsa M0 BTOPOH peaKIuM — ABYOKHCH yTiepoja WM YKCYCHYI0 KHCIOTY.
ITocnenmsasa peaknusi OPOMCXOAUT B HEHTPANbHOM cpefle; MJIA YCKOPEHHUS THLPO-
JIM3a MOKHO HCIOJNH30BATH YKCYCHYI KHCJIOTY B OYeHBb MAJBIX KOJIMYECTBAX.

Ilo-BuaMMOMY, Y CHIAHOJOB KUCIOTHHE CBOMCTBA BHPAKeHH CHIbHEE, B TO
BpeMs KaK OCHOBHEIE JIHIOIb HEMHOro ciaGee, 9eM y KapOWMHOJIOB aHAJOTHIHOM
crpykrypu [476, 477]. YcroilumBOCTH CHIAHOIOB M B COOTBETCTBHH C JTHM
JIETKOCTh WX BHIJleJIeHNA IOBHINAIOTCA C YBeJIMIEHNEM YUCIa W PasMepoB OpPraHud-
9eCKUX TPyOO y aTOMOB KpPeMHHUA:

R3SiOH > R,Si(OH), > RSi(OH); > Si(OH),,
(CeHj)3Si0H > (CoHj)sSiOH > (CHj)SiOH.

Boxpmoe Koau9ecTBO CAIAHOJIOB, KOTOPHE OHJIM M30JHPOBAHE H 0XapaKTe-
PU30BaHH, HPEJCTaBIeHH B Tabm. 12.

B. Ilpocthie mOIACHIOKCAHDBI
1. IIpuezomosaenue

a. Kondencayus cuaarnosos. OpranonoancuaoOKCAHH JeTKo M0OJyIaioTesa TyTeM
runpoansa xaopeunanoB [314], ankoxcucmiamos [202, 274], aneToKcucUIaHOB
win cmnaszanos [147] ¢ mocaemyromeli KoEeHCanuel 06pPa3yOIMAXCA CHIAHOIOB
[ypaBmenue (58)] [219]. HauGomee Ba)KHEIM B OPOMHILICHHOM OTHOLICHHR
SABIAETCA TUAPOIA3 XJIOPCHIAHOB.

2 = SiCl 2HC1
2 = SiOR 2HOR
2H20
—> 2= SiOH+4—> = Si0Si = 4 H,0
2 = Si0OO0CCH; 2HOOCCH,3 (58)
2= SiN = 2HN =

He tpebyercs mpmHmMaTh HUKAKHX MeD IPEKOCTOPOKHOCTH HAJsi obecmedeHAs
KaK CPeJ(HAX, TAK W JKECTKHUX YCJIOBMI, a TaK)Ke He HAJ0 M30JHPOBATH 00pasymo-
muecsA NPOMEKYTOUHHE CHIAHOJH, KOTOPHE OHCTPO BCTYHAIOT B TePMHIECKYIO
WIM KaTAJIM3UPYeMy0 KICIOTOH WM IIeJ0YhI0 KOHACHCAIMIO ¢ 00pa3oBaHMeM
IOJIACHIOKCAHOB ¥ BOJIHI.

B pesyaprate ruaponmsa MOHOQYHKOVOHAJBHHX CHJIAHOB IIOJYYaroTCA
aucmiokcansl. Hanmpumep, momydaromuiics nNpu rEfpoin3e TPAMETHIXJIOPCHIAHA
TPUMETHICHIAHOI KOHAEHCUPYeTCS B NPHCYTCTBHE XJOPWCTOIO BOZOPOJA CPasy
B rexcaMeTmigucmiaokcad [ypasmemme (59)].

2(CH3)38iCl +H,0 —> 2(CH,),SiOH +2HC]1 —> (CHj)38i0Si(CHg)s+H0.  (59)

CMemaHHbe JUCHIOKCAHKE MOKHO MOJIY4aTh B Pe3yJbTaTe IMAPOIN3A CMECH
IBYX XJOPCHJIAHOB M MHOCHEeAYmedl COKOHZeHcanuu oGpasyomuxcs CHIAHOB
[ypaBrenne (60)]. :

4(CHj)3SiC1 -+ 4(CoHy)3SiCl 4 8H0

8HCI 4+ 4(CHj);Si0H 4 4(C2Hg)3Si0H
(60)
(CHj);8i0Si(CHa)3 +
+2(CH3)38108i(CoHs)3 + (C2Hs5)38108i(C2Hs)3 +-4Ho0.
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T'mpponns Takoro AU yEKIMOHATLHOrO CHJIAHA, KAK [HOPraHOLAXJIOPCHIAE
(mnm mpyroe poOACTBeHHOE H JeTrko I'HAPOJH3YIIIEeCH COeHHEHHe), JaeT COOT-
BeTCTBYOINMEe CUJIAHAWONH, KaKk moKazaHo B ypasHemmm (61). B ycmoBmax
rugponmsa AHOJ HOABEPramT OwcTpoil KoHmeHcamuum [ypasmemue (62)], mpm
9TOM NOJYYaeTcsA CIAOKHAS CMeCh, COCTOAMAS KaK W3 JHWHEHHHX, TAK X H3
NUKINYeCKAX NOJHECHIOKCAHOB PA3IWIHHX MOJEKYyIApHHX BecoB [201, 202,
219, 274, 314].

R,SiCly+2H,0 —> R,Si(OH),+ 2HCI, (61y
H#
R,Si(0H), — HO(R,Si0),H -+ (RySi0)3_g+ Hy0. (62)
JIuBeinp# IIukaInaecKu i

Pacnpemenenne mpoxyKTOB 3aBHCHT OT OPUPOAH K UYMCTOTH COeJAMHEHHiA, IOA-
BePrmHXCSA THEAPOJNU3Y, X OT ycaoBHA (0COGEHHO Cpefsl M TeMIepPaTypH), IPH
KOTOPHX OpoTekaeT peaknusa. Hampumep, MenneHHoe mpubaBieHme TUMETHII-
AMXJOpCHIaHA K H30HTRY Bogu npm 15—20° maer cmech, comepskamyio 0,5%
rexcamMermanuriaorpucaiaokcasa (Dg), 42,0% OKTaMeTHIMUKIOTETPACHIOKCAHA
(D), 6,7% nexamermanmraonerracmiaokcana (D;), 1,6 % momexameTmammKIO-
rexcacunokcana (Dg), 49,2% ocrarka ammeiiEoro mommmepa, a TaKKe MUKIA-
9eCKUX COeflHHEHHMI ¢ Gosee BHCOKMM MOJEKYJADPHEIM BECOM B KOJHMIECTBAX
CAMIKOM MAJHX, 9TOGH mX MOKHO Ghuro BHjenuts [314]. B pesyasrate rmgpo-
Iu3a [EMeTHIAMATHIOKCHCHIAHA obpasyerca GOJABHION NPOUEHT JEHEHHEX
noamMepoB (cM. B pabore [272] crp. 272 m [274]) 1 B COOTBETCTBHY C 3THM IOBHI-
ImaeTcs CpefHAA BASKOCTH cMecd. [IpoBefieEWe THAPONHW3a B CHILHOKHCION
cpefle WAM B IPUCYTCTBHH PACTBOPHTENs, CMENIHBAIOMErocsa ¢ BOJOi, Gmaro-
OPHUATHO [JIA 00pa30OBaHESA NUKJIAYECKHX WM JAHEHHHX HOJIMMEPOB ¢ HEOOJIb-
UM MOJIEKYJISIDHHIM BeCOM, TOIa Kak B IMEJIOYHON cpefle MMEeT MecTo oGpaTHOe
apnende [314]. I'mpponms Opm HOBHIMEHHHX TeMIepaTypax AaeT NOJHMEPH
¢ Golee BEICOKOH BSI3KOCTBIO, IPHYEM KOHIEHCAIMA CHJIAHOJIBHHIX KOHIEBHX
Ipynn, HO-BUAEMOMY, YCKOpsAeT ruapoaums. Peakoum KOHOEHCANWHM Pa3IHYHHX
OHWOJIOB, KOTOPHE [AaOT CONOIMMEDPH H CMEIMaHHHE NHEKJIH, 0ojee IORpPoGHO
obcyxpanuce B pasmenae 11, T,

TpudpysxguoHansHBE cHIAHH MOMBEPranTca GHICTPOMY CEIPONH3Yy B 00pa-
3yIOT IIPH BTOM HeycToidmBHe cmiaarTpuoin [ypasmenue (63)]. IlomoGmo mmo-
IaM, TPHOJH IpeTepneBal0T OHICTPYI MEKMOJEKYIADHY KOHIEeHCAIHIo

RSiCl3+3H,0 — RSi(OH)3-+3HCI, (63)

o0pasys cMosoiiogo6HEeE CTPYKTYpH. B 3aBHCcEMOCTH OT pasMepa 3aMemaiomei
IPYIOH ® OT yCJIOBHil THAPOJHA3a MOTydaomuecs B HadalbHO# cragud GIOYHHE
HOJNAMEPH C EIPOKCHILHHME TPYOIaMHE HA KOHIAX MOTYT HOJBEPraThCs BHYT-
PEMONIEKYIADPHOH KOHIEHCANWH, AaBasg YIOPSAMOYeHHHEe KPHCTAILIHICCKIe Opra-
HOCHJICECKBHOKCAHK OTHOCHTEIHHO HHU3KOTO MOJEKYJIApHOTo Beca [ypaBHeHHe
(64)]1 [38, 41, 382, 419] m ceruaroit cTpykrypH (cTp. 154).

RSi(OH)s —> (RSi0s,)n+(RSiOs,)e, 5} o+ HzO: (64)

CMmoia HKpucrannuuecKnik

Ilo amamormm ciegyeT OKUEaTh, 9T0 TeTpadyHKOHOHAIBHEE CHJIAHE RagxyT
CIVIAHTETPOJ WM OPTOKPEMHEBYI0 KHUCIOTY. OTY KHCIOTY HEBO3MOKHO M30JIH-
POBaTh, TaK KaKk OHA IpeTepIeBaeT HeMEICHHYI0 KOHJAEHCANWI0 ¢ 00pasOBaHE-
eM [BYOKHCH KDPEeMHHS WM €e THAPATHPOBAHHHX (GOpM:

SiCl,+4H,0 =—> 4HCI +[Si(OH),] — SiO,-+2H,0. (65)

CTpyKTypY ¥ COOTBETCTBEHHO 00aCTH NPEMEHEHHA MOJMCHIOKCAHOB MOK-
HO IDAPOKO HM3MEHATH, IPOBOJA COKOHIEHCAMMIO CUJIAHOJOB C PAasimIHOd GyHK-
IEOHAIBHOCTBIO. B pesyanbpTaTe peaknmumm MesxAy AEOIOM ¥ cmiaHoioM [ypaeme-



Cuaurorosvie nosumeps 175

nue (66)] o6pasyercs cMech amHEHHHX moiaucmiokcanoB. Pacmpenenenme Moure-
H+
2R3Si0H -+ 2(CH3),Si(0H), —> R3SiO[(CHz)sSi0]SiR3+ (2 +1)Ho0 +Ilmkasr  (66)

KYJAPHOTO Beca HOJYYHBIIMXCS IPH 9Toil KOHMEHCAIMM MHOJHMEPOB 3aBHCHT B
GonpmON CTeNeHW OT THOA W KOJIXMYECTBA LPUCYTCTBYIOIUX KOHIEBHIX MOHO-
¢YHKIMOHAJIBHKNX IPYII.

Boo6me MojekyIspHEe Beca HOJIMCUIOKCAHOB, HPHTOTOBICHHHX HEIO-
CPE[ICTBEHHO HyTeM THAPOJN3a AUXJIOPCHIAHOB, HH3KH, M HPORAYKTH SBISIOTCSH
JKUAKAME U3-3a TOT0, 9T0 TPYAHO JOCTUTHYTH MOJHOTH TUAPOIA3a M KOHACHC ALY,

B pesyasTaTe rufposin3a NUXJIOPCUIAHOB B NPHECYTCTBHH M3GHTKA BOIE HO-
JIy9al0TCA HOJUMEPH, COflePrRANiAe HECKOJIbKO CHIAHOABHNX KouneBux rpyno (I),
TOrfla KaK OPU HeZOCTaTKe BOAH 00pasyloTcsa HOJIAMEepPH, COAePIKaIue 3HAIATEIb-
HOe KOJIMYeCTEO XIopcuwnmibanx Kounesux rpynn (IT) [314]. omo6asie coobpa-
/KeHHs IPMMEHMMH M K THADOIHM3Y AQJIKOKcHCHIaHOB. MoiekynsapHHe Beca

HO(CH3),Si0[(CH3),Si0],Si(CH;),0H C1(CHj),SiO[(CH3),Si0],Si(CHj),Cl
I II

M, CIeJ0BaTeNbHO, BA3KOCTH TAKHX IIOJAMEDOB HENOCTOSHHKE, HOCKOIBKY NpR
BHIJIOP/KUBAHAM BO BJIAKHON cpefe MOKET MATH AAIbHEHMHN TUAPOIH3 C HOCIe-
Jyiomell KOHAeHCANMEN 10 NOJAMEpPOB ¢ OOIBIIMM MOJEKYJIAPHHEM BecoM. Basko-
CTH CHJOKCAHOB, 3aBUCHIINE OT TeXHUKY IPOBeIeHNA FAPOIN3a, MOKHEO CTabmIv-
3MPOBATh IPefHAMEPEHHKM BBeJeHWeM MOHOQYHKIMOHAJBHHX KOHIEBHX I'DYNI.
UT0o6H uCHONB30BAaTH O0GPA3YOMUNACA MOJEMED B HOCACAYIIIAX PeaKNMuAX,
MOJKHO BBOJMTH TaKWe YHKIUOHAIbHHe KoHINeBHe rpymnsl, kak H (CH;),Si0 —
umn CH, = CH(CH;),Si0O —. Ilepeuensr 5THX OGHYHEIX CHJIOKCAHOBEIX CTPOHU-
TeJBHHX eIVHAI U WX CBOACTBA MOKHO HaiTm B Tabm. 13.

PasBeTBieHNA Ienu B MOJMCHIOKCAHE JOCTATAIT COKOHNEHCAIAEN TPH- WIH
TeTPaQYHKUMOHAJIBHEX CHIAHOJOB (MIM W TeX W JIPYTHX BMecTe) ¢ JAPYTHMH
CHJIAaHOJIAM¥, KaK moKazano B ypasBmenm: (67). OdeBugHO,9TO BBefipHHE OYEHH
HeGONBINAX KOJIHMIECTB TPH- W (HiIA) TeTPaQyHKIUOHAJIBHKEX CTPOUTONBHHX ea-
HUAI MOKET CHJIFHO M3MEHHTH NPOCTPAHCTBEHHYIO CTPYKTYDPY MOJEKYJIH HmoJydae-

+

H
3R;Si0H -+ R,Si(OH), + RSi(OH)y; —>
R

|
—> R,Si0SiOR,Si0SiR;+4H,0
|
0
|
SiRg

(67)

MOro moJImMepa. ITo WILIIOCTPUPYETCs MOCPeACTBOM TAPOIN3a CMEMMAHHKX XJIOp-
caIaHoB, mpeficTaBierHOro B ypasaenud (68). Ecam 6u me mpmcyrersme SiCl,,
B pe3yibTaTe rHpoam3a 06pasoBaidch OB TOJBKO JIMHEHHEE MW IMAKIWYECKHES
moJMMEepHEE MOJNEKyJIH. BmecTo sToro morasammas KpecTooGpasHas IOJAMEp-

(¢4 b0+ ) (CHg),SiCly -+ SiCl, —2>
[O(CH),Si];0H
—> HO[(CH),8i0], — Si— [O(CHj),8i].OH + HCI (68)
[O(CH,)2Si]qO0H

Hasg MOJIeKyJja He TOJBKO caMa ABIfAeTca 0(ojiee PA3BETBIEHHOU, HO MOKET
JZaTh eme Goibmee pasBerBieHme ¢ 00pa3oBaHWeM CETIATOH CTPYKTYPH DpH
JaJbHelledl KOHJEeHCAIMM C [DPYIMMH MOJIEKYJaMH TOro e Tuoa. B KoHme
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Tabauya 13

o — x T. ;r(lln. , | T. §gn y np Hno:/}zggrh,
{1(CH,3)5Si0], 3 64,5 134 — —
4 17,5 175 1,39352 0,9497 2
5 | —44 205 1,3958 a 0,9531 2
6 —3 236 1,3996 2 0,9613 2
7 | —32 147 1,4018 2 0,9664 2
(20 mx)
8 31,5 168 1,4039 2 1,177 8
(20 mm)
[CgH5CH3SiO0], 3 |a 45,5 — 1,540 6 1,106 6
g 100 — — —
4 99 — — —
{(CeHj5)2S10] 3 | 190 295 — —
(1 mm)
4 201 335 — 1,1858
(1 »nn)
{CH3HSiO], 3 — 94 1,3770 0,963 &
4 | —69 135 1,38702a 0,991 1
5 108 169 1,3912r 0,994 %
6 — 196 1,39442 1,006 &
(CHj,)4Si0[(CHj3)2Si0],Si(CHj3)s 0 | —68 100 1,3748 2 0,761 ¢
. 1 —86 152 1,38222 0,818¢
2 | —176 194 1,38722 0,852¢
3 | —84 229 1,3902 2 0,871 ¢
4 | —5H9 142 1,39222 0,887¢
(20 mm)
S5 | —178 184,5 1,39402 0,900¢
(40 mm) .
6 | —63 202 1,39522 0,908 @
(39 xn) '
7 — 199 1,3980 T 0,918r
(16 mn)
8 — 203 1,3988 r 0,925T
(10 mm)
9 — 202 1,3994r 0,930 r
(5 M) '
[H(CH3),Si]20 — - 72 1,369 0,756 T
{CH,=CH(CHj),Si],0 - — 140 1,410 0,803 a
1CeH35(CHy)2Si]20 — | <—80 292 1,5152 0,9712
[(CeHs)2CH,Si]20 — 51 48 1,587 m 1,076 =
[(CgHj)3Si]20 — | 226 494 - -
2 250,
6 20° nAa DepeoxNasKEeHHON HUAKOCTH.
B 20—25¢°,
T 200.
: VienbHsilt Bec (25/15°).

YnenbHHI Bec (25/25°).

H 950 naa nepeoxiaHAeHHON HUZKOCTH,

3 IIna kpucTANIOB.



Cuaukorogbie noaumepb 177

KOHIOB MOsKeT o0pasoBaThcs 0OeCKOHeYHas CeTKa, HO 3TOT HIPOIECC OrpaHMIeH
crepmyeckuM (PaKTOpoM, B pe3yabTaTe 4dYero IPONCXONHT  eCTeCTBEHHHI
OTPHIB CHJIAHOJABHHX KOHIEBHX TIpynn. PeryiupoBanme KOHEYHHIX CTPYKTYP
o6ecmednBaKT, BBONSA COOTBETCTBYIOIUI MOHOXJODPCHJIAH B I[E€PBOHAYAJbHbIE
cMecu, mopBepraeMbie THApPoam3y. CTPYKTYpH (0T pasBeTBJIEHHHIX IOJMMEPOB
gepe3 caa0OCHIATHE CMOJNE [0 KECTKHX TBEDAHIX TeJ) MOTYT OHTH HOJYYeHH
B 3aBHCHMOCTH OT OTHOCHTEIHHOIO YHCJIA YeTHPeX (PYHKIMOHAJIHLHEIX THIOB
CHIaHOJIOB, IPUMEHABMINXCSA I COKOHIEHCAIM.

Tupposns XJA0pCHIAHOB [0 CHJIAHOJOB LPeICTaBisieT c000il IpesBHYANHO
6uicTpyto peaxumo. OTHOCHTeNbHAs CKOPOCTH 3TOH PEAKIHU 3aBHCHT OT IHCIA
H Opupois 3aMemamoiqux rpyoo. as mammoii rpymosi R ckopocers rmmposmsa
OOHIKAaeTcsA ¢ DOBHINeHWeM Ymciaa Takux rpymm [390]:

SiCl, > RSiCl; > R,SiCl, > R,SiCl.

Jlns fanHoi cTeNeHA 3aMemeH I CKOPOCTh OIPefiesiAeTCs NHAYKTHBHEM BIMIHUEM
3aMeIIAMuUX TPYOd. OTO MOKHO HIPOCIeIUTH, HAUPUMEDP, B PAAY MOHOXIOP-
CHJIAHOB; KOHCTAHTH PABHOBECHS PEaKIMH TUAPOIN3a MOHOXIOPCUIAHOB MOHMKA-
I0TCA ¢ YMEHBIDEHNEM 3JIeKTPOHOXOHOPHON CHOCOOHOCTH pasiuaHunX rpymm [217]:

CICH,(CHjy)yS8iCl > C¢Hy(CH3),8iCl > F3C(CHa)o(CHz),SiCl >
> CHy(CH;),SiCl > CoHg(CHj),SiCl.

Crenens 3aMemenns OOKYHO ABIAETCH JOMUHHPYIOMUM QAKTOPOM, HO el0 MOYKHO
npeHe6peds B ciIydae 3aMemMAOIuX rpynd, 00JafaloIuX BHCOKUM WHIYKTHB-
meiM BiausHueM. Taxum o6pasoMm, mas CICH,(CH;),SiCl xomcramTe ckopoct:
memuoro suime, deM mas (CHj),SiCl, [217]. B awGom xmopcuaade, KOTODPHIT
comep:xuT 2 win Gosee aTOMOB XJI0Pa, IEPBHIA aTOM XJI0pa THAPOIU3YETCH FOPA3/I0
GeicTpee, YeM OCTalbHEE. JTO pasjinyde B PEAKNUMOHHON CIOCOGHOCTH [aeT
BO3MOKHOCTD HPHUTOTOBJATH XJOPCHIAHKI IyTeM TIATEAbHO IPOBOJUMOTO
rogpoausza. MexannsMm peakunuu Sy2 mpefcTasiedH ypaBHenueMm (69) m ocmoBam

R R

N/
ROH+4R3SiCl — | R—O0---Si---Cl | — ROSiR3;+ HCI (69)

[
H R

IlepexomHOE COCTOAHUE

HA PA3INInAX B CKOPOCTAX COJNBBATAIMU CTePHIECKH 3aTPYAHEHHHX XJIOPCHIAHOB
B pasiMYHLIX pactBopurensx [4, 5]. Peakuwsa cuibHO yckopserca MOIAPHHMHU
PAcTBOPHTENSIME H 3aBHCHT OT pasMepa HPHUCYTCTBYOMEHd AaIKWIbHON Trpyl-
IH B PATY

HOH > CH;0H > CyH;0H > uso-CH,OH.

Onpepmengomeil CKOPOCTh PeaKIMyu CTafueil ABIAETCA KOHAEHCALMA CHJIA-
HOJOB [0 CHIOKCaHOBHX cBaszen [185, 390]. KucaoTH M ocHOBamWA KaTajlu3H-
PYIOT 3Ty KOHJIeHcanuio, mpumieM B MeTaHoabHoM pacrBope HCIl ysemmamBaer
crkopocts Komfencanuu no cpasuenmio ¢ KOH 8 500 pas [185].

I'mpponus xmopcunanoB BKI0OYaeT paBHOBecue 1o ypasmeHHMIO (70) Mexmy
XJIOPCUIAHOM, BOAOIl, CHJIOKCAHOM M XJIOPHCTHM BOLOPOLOM, KOTOpPOE CIBHTaeT-
¢S BOPaBO ¢ mpeobiaafalomuM 00pa3oBaHMEM CHIOKCAHA M KHUCIOTH, IpHIeM He
00HAPY/KEHO HUKAKOTO CHIAHONA KaK MPOMEKYTOYHOTO COeJUHEHUS.

2RgSiCl++Hy0 > (R4Si),0 +2HCI (70)

ITomo6HO CcKOpPOCTH pPeaKIMM MOJOKeHHe PaBHOBECHUs U3MEHSeTCA ¢ IpH-
pofoii m dmcaoM 3aMemaomux rpynn. Horcranra paBHoBecms mpu  25° HeMHOTO
BHIIe, YeM OpH 6ollee BHICOKMX TeMIepaTypax, OHAKO 3HAYATENLHOE HPeUMY-
IMecTBO HHU3KOTeMIEePaTyPHOr0 THAPOJIM3a 3aKIYAaeTCsi B TOM, 9TO IIPH 3TOM
npefielIbHO YMeHBINAeTCA MOoTepA IPynN HPHM pacmeniennn cBasm R — Si, xoTo-
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pad 9acTHYHO HPUCYmMA PeHUITY U BOLOPOAY, HAXOLAMUMCS y‘erMHI/IH (ypaBHe-
mua (71) n (72)].

OH-
2 = SiH+H,0 ——> 2H, = Si0Si =, (1)
H+
2 = SiCgHs - Hy0 —> 2CgHg 4+ = Si0Si =. (72)

B maGopaTopHHX YCIOBHAX [ TAKAX COEJWHEHWH HOJE3HH CHILHOE
pasbaBienve ¥ NPUCYTCTBHE PeareHTa, oKaswBawomero Gydpepmoe meiicTBue; 1A
peaknuit B Gosee mupoKoM MacmTabe 3TH QAKTOPH MMEIOT JUIMb OrPAHAYCHHOE
3HAUCHTE.

6. Apyeue memodw Kondencayuu. OOpaszoBaHWe CUJIOKCAHOBHX CBA3eH
ABJISIETCST TAKIKe Pe3ybTaTOM pPeaKIMil CHIAHOJOB C rajJOreHOCHIAHAMM B IIPH-

CYTCTBHMH aKIenTopa KHCJIO0T, HaOpHMep HNUPUAAHHA:

Axnenrop
KUCJIOT

= SiOH++X—Si —— = Si0Si =+ HX. (73)

ITogoGarIM 06pasoM CHIAHOJATH MENOYHHX METAJIOB M TajlOTeHOCHIAHH JAloT
cUIOKCaHOBHe cBA3u [ypaBuenwe (74)] Tax ske, Kak CHJIAHONH U AJKOKCHCHJIA-
HE, B OPUCYTCTBAH B KadecTBe KAaTAIM3aTOPA CUIAHOMATA MEJOYHOTO METAJJia
[ypaBrenue (75)]. Peakuuu xmopcuiana ¢ 5TOKCHCHMIAHOM B PACYTCTBUM XJIOPH-
na menesa [ypasmenme (76)] [386] wmam ¢ okmcnamm cepeGpa, pryTH, Mend,
sejesa, KagMua uan cBupna [ypasmemme (77)] momoGHEIM 06GpasoM HPHUBOIAT
K 00pa3oBaHMIO CHJIOKCAHOBHX CBs3€il.

= SiONa+4X—Si —> = Si0Si =+ NaX, (74)
(CH3)3SiONa
= SiOH+4ROSi = —— > = Si0Si = 4+ ROH, (75)
FeClg
= SiCl4-C3H;08i = Wpeaam = Si0Si = + C3H;Cl, (76)
2 = SiCl+HgO —> = Si0Si = -+ HgCl,,. 0

Ynanesue opraHWYeCKHX TIPYON B HPACYTCTBHU KHCIOIO MW OCHOBHOIO
KaTanmsatopa ¢ o0pasoBanmueM cmiaokcanoB [ypasmemus (71) m (72)] mpexcras-
ageT He o4eHb 3(YPEeKTHBHEIN, HO HHOrJA BCe jKe HNPUMEHsEMHI HA NpPaKTAKe
Meroq KomgeHcanuu. OKucIeHWe OPraHWYeCKHX IPYOOD Yy KPEMHHS KHCIOPOIOM
AIM 030HOM, OCO0GHHO NpPH HOBHIIGHHHWX TeMIEpaTypax, TaKe MPHBOJIAT
K 00pa3oBaHMI0 CHJIOKCAHOBHX cBsseil [ypasmemmsa (78) m (79)]. 9Tm peakumm
He WUMEIOT DPAKTHIECKOro 3HAYEHWsS, MX H3YJaloT MIs OUEHKH OKHCIMTENIBHOM

2 = SiCHz+ 20, —> = 8i0Si = + H,0 -+ 2CH,0, (78)
6 = SiCH;-+80; — 3 = Si0Si = -+ 9H,0 +6CO, (79)

u I‘H,I[pOJIHTPI‘IGCKOfI CcTabMIBHOCTH MOJUCHIOKCAHOB M A ompefedeHuA Mexa-
HU3Ma NOoTepH rpynim.

2. Xumuueckue ceoticmea

a. Pacwyenaenue cusorcarnogoii ceazuw. Mertammoopranmdeckne COeJUHEHHHd,
TaKue, KaK OpraHndecKue COeTUHEHNUS JIUTHA WK IPAHbAPOBCcKue peaktuBu [370],
pPacmeImIsAT CBA3SK KPEMHHUH — KHCIOPOJ, AaBasg 0ojiee 3aMeINeHHBE TPOLYKTH,
Kak mokasano B ypaBHeHuu (80). AdroMoruipun JuTHsA BOCCTAHABINBAeT CHIO-
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KcamH 7o cmiaanos [ypasmemme (81)] [192].
i
— xR'sl,iOng

sR’'MgX R H,0
n X

- |Si—0' — zR'sl,iOH (809
R/ R
zR'Li R H,0 T

| N a:R’S:iOLi
R
B peaknmsax ¢ rajoreHujaMn ailoMuHus, Gopa m docdopa obpasyroTcs
rajorenocmiann [ypasmenme (82)] [177, 215, 271, 306, 452, 478].

R R
|
4— sio) - +2zLiAlH, —> 4zH— ?i— H zLi,0 + zAL,0;, (81)
|
R x R
= Si0Si = 4 AlX; — =SiX+ =Si0AIX, — = SiX - AlOX. (82)

CuiIoKcaHH IOBEPralTCsl PeaKmuAM THAPOJN3a, aJKOroamu3a, 0CO6EHHO B IPH-
cyrcrBuu KucaoT unn ocHoBanuil. CBsasb SiOSi Mosxer GuTh pazopBaHa Bofo# mpm
nosnimenHux Temneparypax [ypaBuenme (83)]. Cmioxcamsl o6paTmMo pearm-
PYIOT cO CIMpTaMH, faBasA alKoKcHcHIamH [ypasmenus (84) u (85)]. Cmaokcansr
pearmpyioT co meno9aMH ¢ 06pa3oBaHHWeM CHJIAHONOB M CHIAHONATOB [ypaBme-
Hue (86)], a TarKe ¢ AHTMAPUNAMYA WM KOHIEHTPHPOBAHHKME KucioTaMn [ypas-
genus (87) u (88)]. PaBroBecue B peaxnuax (83) u (86)—(88) cumayTo ropasmo
cuapHee BIeBO, YeM BOPAaBo.

= Si0Si = 4 H,0 (map BHcoOkoro pgasiesma) —> 2= SiOH, (83)
* nan B-

= Si0Si =-+ROH = SiOR+-HOSi =, (84)

HOSi =+ ROH Z = SiOR +H,0, (85)

= Si0Si =+ KOH — = SiOH-|+KOSi =, (86)

= Si0Si =+ HCl — = SiOH 4 CISi = (87)

= Si0Si =+ Hy,S0, — = SiOH+ = SiHS0,. (88)

OnHako MOKHO W3MEHUTH HAUDPABIEHHE DPEAKIWH, MeHAS YCIOBHS, B KOTOPHX
onu mpoTexaoT. Taxmm o6pasom, peakums @uayga [156], mcomompsyemas mis
OPUTOTOBIEHHs TPUAJKMIXJOPCHIAHA [eHCTBUEM CePHOW KHCJIOTH M Iajo-
reHUJAa MeTalja HA COOTBeTCTBYIOmMil Aucuiokcan [ypasmemme (89)], aBusercs
mo cymectBy Mmopudmranmeil peakmum (87), KoTopas CTAHOBHTCA HOYTH KOJH-
YeCTBEeHHOI NIpH YJIeTYyYMBAHWM CUJIAHA U3 CHCTEMBl W [eTHAPATAIlAA CHCTEMEL
¢ OpEMeHeHMeM G60JbHIOro M30HTKA KOHIEHTPMPOBAHHON CEPHOH KHCJIOTH.
Konn.

RSIOSiR oo o0 ZRSIX+Hy. (89)
O6m4n0 4eM Gosibime 3aMecTHTeNeil y aTOMOB KPeMHHWA B IOIMMepe, TeM MeHee:
CMIIOKCaH moABepsKeH Boafeiictsuio mexodu. Ilo oTHOcHTenbHOM JNerkocta o6pa-
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.

30BaHHA COJH COeJUHEHHNsdA pacmoiararnTcAa CleaynoniaM 06pa30M:
810y, > RSiOg), > R,Si0 > R;Si0, .

Hanporus, npm yBenmdenunm dmcia 3aMecTHTeNell Y KPEeMHHA HOJIUMEPH CTAHO-
BATcA Gojlee BOCHPHMMMYUBEIME K BO3JeHCTBUIO KUCIOTH; TAKMM 06pasoM, peak-
nuoHHAsA cuocobmocts mo oTHomenmio K HCl cuemyromasn:

R3Si0;, > R,8i0 > RSiOy,.

WNanyxkTuBHOE BIHsHVE 3aMEMIAIIIHX PYNN 06yCIOBIMBAET OOPATHHN MOPAMOK
9yBCTBUTEIBHOCTH [0 OTHOMICHWIO K HeMCTBHIO meaodu min Kucaors [217, 235].
Hasrmoe 3amemenne METHIBHOMN IPYNIH HA 3IeKTPOHOLOHOPHEIM aTOM KHCIOPOAA
MDOBHINAET KOHIEHTPAIMI0 BDJIEKTPOHOB BOKPYr aTOMa KPEMHHA; 3TO MeIIaer
HYRJIeOoPHUIbHOH aTaKe OCHOBAHWI HA KpeMHHN ¥ 00jerdaeT 3JIeKTPOPUILHYIO
aTaKy KHCJIOT HA KUCIOPOX. JTO BO3AEHCTBUE CHIbHEE M METHIbHOW T'PYIIH,
49eM AJsA 3aMemjanmell rpynnel TMa ¢eHmSIA WA TPUQTOPOPOHHUIA.

B. Cuaokcarnosoe nepepacnpedeacrue u ycmanosaenue pagrosecus. dyBeTn-
TEJBHOCTh CHIOKCAHOBHIX Ielefl K BO3[efCTBMI0 KAaK KUCIOT, Tak W OCHOBaHMII
SBJSIETCS Pe3yIbTATOM IMepepacupefeleHMs B CHIOKCAHE, 9TO OYeHb YMOGHO
IJIs1 HPUTOTOBIEHHUSI 0OYeHb PA3HOOGPAZHHX CHIOKCAHOBHX CTPYKTYD. IlocKoiab-
Ky 9TH pPeaxkmuu PABHOBECHHI, HEOGXOAMMO TONBKO HpeIycMOTpeTb Gollee deM
OfMH BHJ CHJIAHOJA B OpPaBHX dYacTaAXx ypaBHEenuil (86) m (88) m moxyduts
CMeIIaHHHA CcWIOKCAH peKongencanueii. [Ipm mpaBmabro mOmOGpPamHHON cMecH
CHJIOKCAHOB B IPUCYTCTBUH KHCJOTH HJIM OCHOBAHUA BO3MOMKHO IPHUTOTO-
BUTh MHOTHE CMEIIAHHHE CIJIOKCAHH IO PAaBHOBECHOUW peakxnuu. PasmoBecue
ompefieligeTcA KAk IIPOUecC JIOMKM W YIaJeHWsA CHJIOKCAHOBHIX Iemeil 0
TeX MmOp, HOKa He OyHeT MOCTATHYTO TepMOZMHAMHMYECKOe paBHOBecwe. Hucaora
WIM OCHOBaHWE OOHYHO ABIAKTCA KATAIH3ATOPAMY DPABHOBECHHX PpEAKIIWA.
Takme peaknud DOJE3HHL HE TONBKO MJs NPUTOTOBIEHHWS CMEIMIAHHBIX CHIOKCA-
HOB, HO B OTAEAbHHX CIYJasaX MOTYT OHTH MCIOJH30BAHK IS M3MEHEHUA pasMe-
POB MOJIEKYJH OpeACTABIeHHHX moamMepoB. [lampmeiimmee paccMoTpenme 9TOI
MeTONUKU OyfeT WPOBEIeHO IPUMEHWTeNbHO K IPUTOTOBIEHUI0 JUCUIOKCAHOB
¥ HU3MAX NUKIMYeCKUX IOJMCHIOKCAHOB B CBASH ¢ 0oxbmoil poiabio B 06paso-
BAHAM CTPYKTYP BHCIIAX CATOKCAHOBHX HOJHMEpPOB.

ITpuzomosaerue Aucusokcanos. Meron paBHOBeCHS PEKOMEHAYETCH A
IPATOTOBIEANA HECHMMETPHIHOIO AUCHIOKCAHA M3 CMECH ABYX CAMMETDHIHBIX
coequuennii. Tak, (eHWINEHTAMETWIOWCWIOKCAH IOJY4YalOT M3 TeKCAMeTII-
NUCAIOKCAHA W CHUMMETPUIHOTO ANPEeHUITETPAMOTHIANCUIOKCAHA, KAK OKA3aHO
B ypasmennu (90) [131]. ITocae HeiiTpannsanum OCHOBAHNEM HOJYIaeMBIl IPOAYKT

KOH

[(CHy)5Si10 -+ [CoHy(CHy),Si1,0 < ACHa):SI0SUCHy)CoHls ©0
OORYHO BHEAAT JUCTHIAANUeH. IIpaxkTmdecku, pacupenejenme IPOLYKTOB
u3MeHAeTcA CTaTHCTH4YecKH. sHemaeMulii mpomykr Ol moxydern ¢ 90 % -HbM
BHIXOJIOM N3 3SKBHMOJIAPHON mcxomHoir cmecm no ypasaeHuio (90). Homxmue-
CTBO KOHEYHOr0 HPOAYKTA MOJKHO W3MEHATh, PeryJiIupys NepBOHAYANbHEE
cooTHOmMeRUsA peareHToB. Hexenateabnsie m0GOYHbE PeaKuy, HAIPAMED MOKa-
3agHBe B ypaBHenum (72), KOHEYHO, CMEI[AI0T PAaBHOBECHE.

Ilna paBHOBECHHIX IPOLECCOB HOCTYHeH IMAPOKWN BEGOD KaTaJIM3aTOPOB,
npudeM Haunbolee oOMUME ABJIAIOTCA CWIbHEE MUHEDAIbHBIe KucIoTH [235, 314,
383], aErUApHUIE HEOPraHWIECKMX KUCIOT, JbIOUCOBCKUE KuciaoTH [383], rumpo-
OKMCH IeJOdYHEX MeTasnoB [213, 214, 4631, cunaHOIATH mMEI0YHHX MeTaJJIOB,
rakme, Kak (CHj3)gSiOK umu [NaO(CH;).Sil,0 [213, 214], u rugpoorucs Terpa-
mermnamMmorua [214, 235]. Haramumsarop ciaemgyer BHOWpaTh, YIUTHBAS IO
BO3MOKHOCTH YyBCTBUTEIbHOCTh QYHKIMOHAIBHHX IPyOd B COefHHEHMAX. 1um
HCIIONB3YEeMOr0 KaTalu3aTopa MOKeT 3aMETHO BIMAThH HA LOYTh W CKOPOCTH
JIOCTU/KeHHMs PAaBHOBECHs, HO He HA KOHeuHOoe cocrosmme [235].
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B ypaBmemuax (91)—(94) [118, 344, 371] mDokasamo mpurorToBIeHEme HO
PAaBHOBECHBIM pPEaKIUAM OTHEJbHHX COefHHeHHA. OTH COefHHEHHS TPYRHO
mONyYUuTh WHAYe, OCOOEHHO WOCJeTHWEe TPY, TAK KAaK OHM COAEDPKaT OpraHo-
¢yarnumonansasie rpynoel. OpranoyHKIMOHANBHBEIA CHJIOKCAH, HeHTaMeTHJI-
IucHIOKCcaEHIMeTHaMeTaKpunar |ypasrmenue (94)] MokHO momyd9mTh € XOpO-
ImuM BHXOAOM u3 Ouc-3¢upa 0O PABHOBECHOH peaKNUM ¢ OTHOCHUTEIHHO

HS04
[(CH3)81]20 +[(CoH5)5S11:0 —— 2(C2Hp)3S108i(CH)s, (91)
H»SO0.

H2SO.
[(CH3)3Si],0 + [CH3S0,CH,Si(CH3),],0 (_—ij‘_ 2(CH,);Si0Si(CH;),CH,S0,CHy,  (93)

0
. “ A H2S04
[(CHy)sSi]p0 4 (CHz = C(CH3)COCH,Si(CHg)p)e0 ——
0
i
> 2CH;Si0(CH;),SiCH,0CC(CHy) = CH, 94)

GoNbIMUMH KOJU9eCTBaMU TeKCaMeTUJIINCUIIOKCaHa, H30BITOK KOTOpOro Jerko
YAaIuThb I[I/ICTI/IJIJIHI.IHefI mnocjie OTMBIBKM KaTajJu3daTopa M3 CMeCH.

6. IIpuecomosierue yukauveckux cusokcanos. Pamee OHIO DOKAa3amo, 4To
OUKINYeCKYe CHIOKCAHH MOKHO IOJYYUTh B Pe3yiabTaTe THAPOJU3A XJIOPCHIA-
OB [ypaBmenme (62)] ¢ mocmepyomeit ppakuMOHNPOBAHHON AUCTHILIANMEH I
oTfleneHnaA OT JauHeHHBEX momumepoB [201, 314]. na mumeTmicmiIOKcaHOB
BHIXOf IUKINIECKUX CTPYKTyp okxoxo 50% u Glablmas dacTh M3 HHUX ONHOIO
tuna — mukandeckuit Terpamep (D,). Ilonmmmeprr Gonbimeii cremeHu mOJMMEpH-
3aMUy, IOJydeHHHeE IyTeM TUNPOJAN3a, MOryT OHTH BHIEJEHH TOJHKO UPH
nHarpesanud [314] miau B mpucyrcTBMM KaTanmsaTtopa, OPeINOYTHTENbHO THIPO-"
oKmcu medounoro Mertamiaa [201], mpudem mONY9aOTCA NOBHIICHHbIE BHIXOJH
IUMKJINIECKUX CHJIOKCAHOB, KOTOPEIE MOJKHO CHOBA BHIJEIWTH W3 PaBHOBECHON
cMecu guctmiasuumeii. Horma rugponns u UCTHIIANUA TPOTEKAIT OfHOBPEMEH-
HO, Opouecc OOHYHO HA3KIBAKT (KPEKMHTOM». IJTOT TEPMUH YMeCTeH, KOrja
mponecc BefyT IpM NOBHINEHHHX Temmeparypax (350—400°). B stux ycmoBmAX
MPeuOYTHTEeNHHO HOJAYIAI0T JeTydrne [UKINIeCKre COeUHeHMA, DOCKOJIbKY OHU
YOAXAITCA U3 CMECH IIO Mepe TOro, Kak o6pasyoTcs, W mpeskae, 9eM paBHOBeCHe
MoseT ycranoBuThesi. Hpexkunr momumepnoil wactu [ypasmenue (62)] mpoxommr
co caegyromumMu Buxomamu: 44% Ds, 24% Dy, 9% D, 10% Dg u 13% umkam-
geckux (6osibImell MUKIAWYHOCTH, deM Trexcamep) [314] (cp. ¢ mepBoHaZaNBEEM
pacmpefielieHMeM B DPOAYKTAax ruppoausa, pasmen II, B, 1, a). Jlwo6oit m3 sTmx
UKJIOB — HOJUMEeD MU JajKe MePBOHAYANBHBI THAPOJM3AT MOMHOCTHIO MOKET
OHTH DOBEPTHYT <KPEKHUATY» I HOJYYeHUS B KOHIE KOHIOB OTHEJIHHOIO
MUKJIAYECKOr0 BUJA.

T. Ilonyyenme KMAKHX HONMCHIOKCAHOB IO PABHOBECHOMU
peakmun

Munxne nonumeps 71060l 3a{aHHON BA3KOCTH MOTYT OHITh IOJAy4YeHH H3
PaBHOBECHHX CMecell MUKINIECKOTr0 MOJUCAIOKCAHA M [HCHIOKCAHA WU KPYToro
HCTOYHUKA MOHOQYHKIVOHAJNHHHX rpynn. Lluxianmdeckuil cuiIoKCcaH MOYKeT OHTH
oflHOTO BHAA, 00HYHO oT TpmMepa Ao rexcamepa (D; — Dg) mam cmechio uukin-
9eCKOX HOaEMepOB. VICTOIHMKOM MOHOPYHKIMOHAJIBHHX TpPyOI MOMeT OHTb
cOOTBeTCTBYlomuil fucuiokcad (MM) mim KopoTKuil MuHeAHb# TOMEMep ¢ KOHIe-
BHMH MOHOQYHKIMOHANbHHMY rpynnaMu. Cpefnuil MOJIeKyIAPHLIA Bec U, CIe0-
BaTeJIbHO, BA3KOCTh PaBHOBECHOH JKUJKOCTH ONPEAeIS0TCA COOTHOIICHHEM
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IPHCYTCTBYIOMUX MOHOPYHKIMOHATHKX H AUPYHKIHOHATBHHX rpymn. Peaknua
MokeT OHTP HAOMCAaHA, KaK IIOKazaHo B ypaBHmenuu (95), HO paBHOBeCHAA

Kucnora unun
—> MDyM, (95)

OCHOBaHNE

MM 3D,

cMech OymeT Bce eme COJepP:KaTh HEKOTOPOe KOJMYeCTBO NEePBOHAYANBLHHIX CO-
enmaenuit MM u D,, a TakKe U [[pyrux OUKIOB, 00Pa30BaBIIUXCA B PABHOBECHOM
cMecn. llonrydeHHHE NPOXYKT mpeAcTaBiaseT co0oil cMech IOMMMEPOB ¢ Pa3IHd-
Hoit gmuoit nenn. HecMoTps Ha 9TH OCaOKHeHWs, MOCIE TOrO KaK KaTalH3aTop
CTAaHOBUTCA HEAKTHBHHM, 4 HUBKOKHOAMWE CHIOKCAHH YHAJeHH, KOHeYHOe
coornomenme M/D u, ciefoBaTenbHO, BA3KOCTh M CPeJHHMI MOJCKYJIAPHHH Bec
IPOAYKTA ABIAIOTCA QYHKIMEH COOTHOMIEHHA HePBOHAYAIHHO NMPUCYTCTBYIOMIMX
M m D. B 1a6n. 14 mpepcraBieno pacupefeleHde HPOAYKTOB Iid ABYX THIHWY-
HHIX DAaBHOBECHHIX peaKiuii, maumHas ¢ sxBEMoasApHHX cmeceil [(CHj);Si]l,0
u [(CH;),Si0],, npudeM ofHa peaKuyus KaTaIH3UPYeTCA KUCIOTOL, a Apyraa —
OCHOBaHUEM.
Tabauya 14

HponyrTsl paBHOBECHO#H PEaRIAE YKBAMOIAPHBIX
roamgecTB [(CH;3)3Si],0 m [(CH;3)2SiO], (Bec. %)

IpuMeHeHNe KOHI. IIpuMeHeHIe
HyS04 npn 25°
[383]

CoenuHeHue (CH3)4NOH npu 80°
[235]

MM
MDM
MD,M
MD,M
MD,M
MD,M
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D,
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KAM MOJIeRYJIAPHEM
BeCOM

Peaxnusa meperpynnmpoBKH, KaTajimsupyeMasi OCHOBAaHHEM, BKJIIOJAeT JBe
HyKJIeopmIbHEE aTaKWM HA KpPeMHUil: mepBasd — BO3AeHCTBHE MOJEKYJIH Kara-
amsaropa [ypasmersme (96)] m Bropas — manbHeilmmee yJacThMe MOJEKYJH KaTa-
JIM3aTOpa MIHM 4acTu ee B meperpynnmposke [ypasmenue (97)]. IlpnGamsurenbno
PABHOIGHHEE BO3/ENCTBAA €[[KOT0 KAaJW WM CHIAHOJNATA KaJWA KaK KaTajam3aTo-
POB IOKAa3sHBAaoT, 4T0 paBHOBecme pearkuuu (96) COBAHYTO CHIBHO BIPABO.

Si0Si+KOH > SiOK -+ HOSi, (96)
* * * *
Si0Si+SiOK > SiOSi+ SiOK. 97)

Ilpegmonosxkenme, 9TO CANAHONAT-MOH ABJISAETCA AKTHUBHHM INEHTPOM, HOATBEp-
MWIOCHh KHHETMYECKWMH JAHHHMHO. ¥ CTAHOBIEHA CPABHUTEIbHAS AKTABHOCTH
OCHOBAHMIA:

CsOH > RbOH > KOH > NaOH > LiOH.
Taroil mOPANOK peaKAOHHON CHOCOGHOCTH 00BACHACTCA, BePOSITHO, YMEHb-

mIeHWeM WOHW3AMUA AKTHBHOIO CHJIAHOJATHOIO KAaTajlM3aTopa ¢ yMeHbIICeHHEM
pasMepa aroMa melodHoro meranxaa [186, 209, 213, 214].
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IMonumepusanusa mwo6oir cmecn [(CHj);Sil,0 u [(CH;),Si0],, karanmsupye-
Masi OCHOBAaHMeM, IPHBOAMT K MAaKCUMAaJbHO BAsKoMy npopykry [235]. B magann-
HOHl cTajuu BA3KOCTH PE3KO IOBHINIAETCA [0 MAKCHMMAIHHOTO 3HAYEHUS U 3aTeM
majaeT, JOCTHras 3HAYCHWs, MOJYIeHHOTO B ciIiydae PeaKINM, KaTaIu3mpyeMoil
rucaoroir. Hanmume mMakcuMyma BA3KOCTH OOBACHSAETCA PA3NMYMAMU B peax-
nuonHO# cuocobrocTu ceaseit B (CH;);SiO — u —O(CH;),Si0O—. Ilockoabky
KpeMHMII Gollee DJIEKTPOIOJOKUTENEH B IOCIELHEM THAIe COeTMHEHUsA, oH Gojee
qyBcTBHTEeNIeH K HyKIeopwiabHoW atake (cm. pasgen 11, B, 2,a), u mopsamok
AKTHBHOCTY CHJIOKCAHOB [0 OTHOIIEHHMI0 K OCHOBAHUAM clefylomui: -

D3 > D, > MD,M > MDM > MM.

Taxum 06pa3oM, TPHMEpPH M TeTpaMepH IOJMMePU3YIOTCA MO BHCIIEir cTe-
feHM TOJMMEPU3AINUY, MPEeXIe dYeM MeHee PeaKIUOHHOCHOCOGHEE eTMHUIE
¢ NVCHJIOKCAHOBLIMA KOHIEBHIMU IPYNIOAMH MOTYT BCTYIHMTh B PeaKmMI0, 9TOGK
HOHM3NTL CPEeTHMI MOJEKYIAPHHI BeC KOHEYHOIO IIOJUMEpa.

Touynsifi MeXaHW3M PABHOBECHOH pEaKOUWU IOJUMEPU3aNUU CHIOKCAHOB,
KaTaJIM3HpyeMoil KUCIOTOH, He TAK XOPOINO IOHATeH, KAK MeXaHW3M PaBHOBEC-
HOW pearuum, KaTajausmpyeMoil ocHoBanueM. V3BecTHO, OJHAKO, YTO CHIbLHEE
MUHEPaIbHEIE KHCIOTH, HAIPUMED CePHAA KUCIO0TA, MeiCTBYIOT Ha CHIOKCAHOBHE
CBS3H, [JaBasg JErKo TEIpoJusyoimuecs cyibdaTHbie u GucylbdaTHHE KOHIEBHE
rpynnst [340, 404], xaxk DoKasamo MIA reKCaMeTWIAMCHIOKCAHA M OKTaAMeTHJI-
nuKIoTeTpacwiokcana B ypasrenusax (98) u (99) [340]:

[(CH3)3Si]s0 4+ 3H,S0, = 2(CHjy)3SiHSO, -+ H30*4-HSO3, (98)
D, +H,S0, == H[O(CHj),Si],HSO,. (99)
Peaknusa ¢ NOIUCHIOKCAHOM, BEePOATHO, HaeT OuWCYAb(aTHYI KOHIEBYIO

rpynnupoBry no ypasuenuo (100) [314], koTopas mMoskeT BEIBHBATH mepepacmpese-
JieHUe APYruX CUJIAHOJBHEIX KOHI@BHX I'PYNI, KAK moKasano B ypasaenuu (101):

Si0Si+H,S0, == SiOH -+ HS0308i, (100)
*®

HSO030Si+SiOH 2= HSO3OSi+S*iOH. (101)

3mech B INIPOTHBONOJIOMKHOCTH MHEPerpyImMpoOBKaM M HOJAMePH3aIdd,

KaTalu3NPyeMBIM OCHOBAHWAMME, CHJIAHOJbHbE KOHIEBHE IPYIIL], HO-BULUMOMY,

CTAHOBATCA AKTHBHEIME NIPOMe:KYyTouHHMHU coemuHenuamn - [208]. Karammsatop

MOKHO pereHepupoOBaTh OyTeM THAPONN3a Oucyab)aTHOH KOHOEBOH TI'PYIIH.

B pesyabrare KoHZeHCAL UM [BYX CHJIAHOJBHHX KOHIEBHX I'PyON BHEISETCSH
Bofa u ob6pasyercsa HoBkil moaumep [ypasrenus (102) u (103)]. Moo nanucatsb

* %
SiOH +SiOH 2> H,0 --Si0Si, (102)
H,0+4-SiOSOsH -2 H,SO0,-+SiOH (103)
mofo0HHe YpPaBHEHHMS C XJODHEIMH KOHIEBHMH IDYOOAMH IPHA pPaBHOBECHOM
PeaKud ¢ CONAHOH KHMCIOTOM; MHOTHE [PyTrHe KUCIOTHHE KAaTaJIMU3aTOPH MOTYT
y4acTBOBAaTh B PeaKOUU TaKuUM jKe myTeM. [Ipw monmMepusaunuu ‘OUKIOB, KaTa-
JU3UPYeMON KHUCIOTHHIMU KaTalIM3aTOPaMi, MAaKCHMyMa BA3KOCTH, KaK M B IpPO-
Hecce, KaTATM3UPYEMOM OCHOBHHIMA KaTaJIU3aTopaMu, He HaGIomaercsa; KpoMme
Toro, HabmogaeTcsi 00pATHHIA TOPANOK PEAKIMOHHOM CHOCOGHOCTH:

D3 > MM > MDM > MD,M > D,

[185, 235]. flprasa amoMaxmsa BEHICOKOH pPeaKIMHOHHON cIOCOGHOCTH IUKINIeCKOIO
TpuMepa 00baAcCHAETCA GONBMION BeJWIMHON HANPAMKEHHOCTH I[UKJA.

JI. Buconononnmepnme OPraHoOCHJIOKCAHbI

IMommcnmokcaHoBBe KAYIYKN € BHICOKMM MOJIEKYJISIPHEIM BECOM MOTYT GHITDH
OOJydYeHH II0 DPaBHOBECHOH PeAaKINM LHKINYeCKHX CHIOKCAHOB B OTCYTCTBHE
MOHOQYHKIMOHATBHHX rpyn. [lonyyaromuecs nuneiinble HOIMMePH OKAa3KBAIOTCA
OIOKNPOBAaHHEIMU HA KOHIIAX KAaTaJIMX3aTOPOM, KaK m306paskeno B ypasaerunu (104)
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IJIA CUCTEMHI, KATAlM3yeMO#l OCHOBAHHUEM:

D,+ KOH 2= HO[(CH3)2Si0]xK +Dy, 5, 6- (104)
Peakiua wmporekaeT B COOTBETCTBMHM ¢ IIOCHE[OBATENBHOCTHIO, IOKA3AHHOMN
B ypaBuenusax (105) u (106):

NuvnuupoBanmue:
[(CH3),8i0], + KOH 2> HO[(CHj);SiO0]5(CHz),S8i0—~ + K+. (105)
Pocr nemmn:
[(CHj3)5Si0], + HO[(CH3)2S10]3(CHj3)9Si0O— = HO[(CHj)5Si0];(CH;),Si0—. (106)

CropocT peaknuil n cpefHme MOJIEKyJIspHEeE Beca MOJIyJaeMHX MOJUMEPOB
3aBHCAT OT MHOTHX ()AaKTOPOB, HANPHMeD OT TeMOePAaTyPH PeaKIWH, MPHPOIEL
OUKINYeCKOTO CHJIOKCAHA, THIA W KOHIEHTpamuu KaTtammsatopa. Criemyrmomue
9KCHOePUMEHTANbHEE TaHHEe, WIIIOCTPUPYIOMUe 3TN OTHONIEHWSA, MOJYYeHH HpH
MOJAMMEPH3AIUN NUKJIAYeCKOT0 [UMETWICUIOKCAHA ¢ WMCHOOJb30BAHMEM B Ka-
decTBe KaTajmsaTtopa TpuMermicumianoiasTra Kamua win KOH; peakums Gruta
3aTOPMOJKEHA (HEMTpaJU3ammeii» KaTaamaaTopa CyXuM JbJOM.

Cpenauii MoIeKyIAPHLIN BeC MOAYISHHOr0 HOIMMEPA He 3aBUCHUT OT TeMIepa-
'TYPH DPeaKIWH, HO M3MEHAEeTCsA 0GPaTHO MPOMOPIMOHAIBHO KOHIEHTPAMN KaTa-
auzatopa [220, 463]. 9t mabmopeEmA MOATBEDKOATCA AAHHEIME Tadx. 15.
B ommTax BpeMs peaknuM MeHSAOCH, BCe [JAHHbIE HPUBEJEHH B COOTBETCTBUM
¢ Tpe0OBAaHUAMHE HOJHOTO PABHOBECHS.

. Tabauya 15

3aBHCHMOCTD MOJICRYJAPHOTO Beca
OT KOHOEHTpalud KaTaJn3aTopa Npa mojJnMepu3anuu
[(CH;),Si0], ¢ (CH3)3SiOK [220]

Si/K Texvg;?pgéry- Bpema Mou. Bec @
51,9 120 129 mun 6 400
189 77 70 uac 34 800
428 120 122 uac 58 800
1230 100 72 uac 164 000

2 BprumcaeH mo XapaKTePUCTNUECKOH BABKOCTM B COOTBETCTBHU C ypaBHeHmeM Beppm [30].

Kak m CJaeg0BaJio OXHAATh, CHKODOCTh NOJHMMEpPH3aALNHA YyBeJIHWYNBAETCA
¢ noBeimenuemM Temmeparyps [220]. 9to mokasano B Tabu. 16 gua peaxmmm mpe-
BpameH:UA OKTAMEeTWIHNHKJIOTeTpacWJIIOKCaHa B IIOJHMED.

Tabauya 16
Biausnue TemMnepaTyphl Ha CKOPOCTBH
noJAMepua3anun
[(CH;);Si0], ¢ [(CH;3)3Si0K] [220] 2
CreneHp
TR | ppen | S
pusanuu, %
77 6 uac 60
77 18 uac 86
100 3 uac 72
120 45 mun 86
171 5 mun 85

2 Ornomenue Si/K=2190.
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CropocTh MOJIMMePU3anud OPONOPIMOHATIBHA KOPHIO KBaApaTHOMY M3 KOH-
neHTpanum kKarammsaropa [186, 254]. Iro moxrBepikmaercs mammeMm Taba. 17

Tabauya 17
Cropocts moanmepusanun [(CH3)2SiO],

¢ KOH npum 152,6° kak ¢yHKRnmA KOHOEHTpammn
rataausaropa [186]

Si/K 0583§§$£T2, cl/z2 r/CY/2
mun-1
34 400 0,021 1,98.10—2 1,06
10 700 0,038 3,5-10—2 1,09
5620 0,047 4,8.10—2 0,979
3 600 0,0625 6,1-10—2 1,03
2 440 0,076 7,4-10—2 1,03

2 ¢ — monAdbHAA Kounmenrpanua KOH.

ana nmonmmepusanuu [(CH3),SiOl; ¢ raramuzaropom KOH. Ilocratouno mosTo-
PANIIASACA BeJINYMHA IMOJYTAETCHA, KOTLA KOHCTAHTEL CKOPOCTH MEJIAT HA KODPEHb
KBaJPATHHI U3 MOJANBHON KOHMEHTPANUU KAaTaJmM3aTopa.

CKOpOCTh DOAMMEPU3ANUK 3ABHCHT TAaKKe OT CHeNMPUKM HCIOIb3yeMOTo
OUKJIA, BCIEACTBHC H3MEHeHMS CTeNeHM HANPSYKEeHHOCTH LHMKIA B MOJEKyIe,
BIUAHUA CTePUYECKHUX (PAKTOPOB M DIEKTPOHHOIO BAWMAHWA. Kak yKe ymoMmua-
I0Ch, MMeCTUYJeHHbe IUKJIb, TaKne, KaK TeKCaMeTHINUKIOTPUCHIOKCAH, OKa3hi-
BAlOTCA 3HAYNUTENBHO Gollee HANPAKEHHHMH, M[OITOMY PpearupynT Tropasio
OricTpee, YeM NUKJIH ¢ GOILITNM 4MCIOM aToMoB B mukiae [220, 383].

Janusie Ta6a. 18 mOKa3KHBaAKT, YTO FeKCAMETIIUKIOTPUCUIOKCAH Gollee deM
B CTO pa3 pPeaKOUOHHOCIOCOOHee OKTaMeTHINMUKIOTETPAaCHIOKCAHA.

Tabauya 18

CROpOCTH HOIEMEpPH3anuA JEMETHIBHBIX
IHKINYecKnX coefuueHmit npm 77° [220]

CreneHb
IuKIIgeCKne : 4
clgémmenua Si/K Bpems ’;Qﬁﬂﬁf p"z-
D, 188 3 mun 96
D, 190 6 wac 60
D, 190 18 uac . 86

IPPeKT SITEKTPOHHOrO BIUAHUA, TAK 3Ke, KAK HANPAKEHHOCTh IUKJA,
OmokasaH Ha DpuMepe moauMmepusamuu 1,3,5-rpudropuponmn-1,3,5-rpumermi-
nuraorpucuiorcana (F;CCH,CH,CH;SiO);, KoTOpH# B CpaBHUMHX YCIOBHAX
B geTnpe-nsATh pas aktuBree [(CHj),SiOl; m Gosee uem B 4eTHpecTa pa3 aKTHB-
nee [(CH;);Si0], mpm mDosuMepmsanum ¢ OCHOBHHIM KaTajmsaTopoMm [324].
CunpHEE BIeKTPOHOXOHODHHI 3ddexT, 00ycaoBIeHHHE TPUPTOPIPONMILHOIM
IPynnoii, cnocoGCTByeT HyKIeOQMIBHON aTaKe aToOMa KPeMHHs (CM. TaKKe pas-
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nean II, B, 1,a u 2,a) *. JomoaaureabHOe [{OKA3aTeJIhCTBO BIHMAHUA 3JIEKTPO-
OTPHUIIATENbHHX TPYNI HA PEAKIUOHHYID CHOCOOHOCTH I[UKJIOB HOKA3aHO HPH
uzydenun comoiaumepusamuum [287]. Hampumep, rexcadeHAIIMKIOTPUCHIOKCAH
Gollee deM B 25 pas pPeaKIMOHHOCHOCOOHEe, YeM IeKCAMEeTIINUKIOTPUCHIOKCAH,
IpH TMOJMMEPU3ANMA C OCHOBHHEIM KAaTamm3aTopoM mpu 25°.

Bo MHorumx ciaydasax MoJeKyJdspHEE Beca CMOJ, OIOKMPOBAHHEIX HA KOHIAX
OKCHTPYIIIAMK, YBeIMINBAKOTCA ele 0oJblle OPU a3e0TPOIMHOM YIAJeHUU BOIHL
¢ TONYOJIOM WM NPH HArpPeBaHWH IOJHMepa B BakyyMe. Takme KaTaausaTopHl,
KaK CONM aMHHOB IUIN MeTAIIHYeCKHe COJIM, IMOTOOHHE OKTOATy CBHHIA HIH
Junaypary AuOYTHIONO0BA, TaKiKe CHOCOOCTBYIOT YBEJIIYEHHI0 MOJEKYISPHOTO
Beca, yCKOpAs KOHAEHCAIHIO.

E. Comonmmepn3anus

JlureiiAKe OPraHOCHIOKCAHOBHE COMOJAMEPH MOJYIATCA TeM e MeTOJoM,
KaK W rOMOTOJUMEepHl, T. €. OPH NPAMOM IHAPOIH3e ¢ HOCIHeAyoINel KoHIeHCA-
nyei CMeCH COOTBETCTBYIOIUX NUXJIOPCHIAHOB MK IO PABHOBECHOIl peakmuu cMe-
cH IMKJIWYdecKHX cuiaokcanoB [218] miau cMecn amHeiinbx monncuiaokcanoB [218],
Kak cymMMapHo HokasaHo B ypasHeHm:m (107). Mexanm3m peakmuu M (axTOpH,
YHOpPaBIAIOME COMOJMMepu3anueil, Mo cymecTBy Te Ke CaMHe, 9TO ¥ B NPOIleCcce
00pa3oBaHmsa rOMOIOJMMEPOB, HO [ COIOJAMEPHOH CHCTEMH XapaKTepHH [Ba
ycaoskAennsa. JIioOne yOOMAHYTHe pasiuinsA B PEaKIUOHHOH cmoco6HOCTH,
0o0yciaoBieHABIe CTepuIecKNMA 3dPeKTaMy, MHAYKTABHHEIM BIWAHAEM X HAUpA-
JKeHHOCTHIO [UKJIOB B COEJUHEOHUAX, KOTOPhE TOJKHH yIacTBOBATH B DABHOBECHOM
peaKnun, MOTYT HOPUBOAUTH K TOMOIOJMMepH3anuum 0ojee PeaKIMOHHOCIOCOO-
HEIX TPYOM, a He K comosmMepusanun cMecu. Takum oGpasom, nmobas usudeckan

x(CH;,)?SlClg yC2H5C5H5SIC]2
|- J

x[(CHS)L?Si(OH)Q] y [CQHSCGI-J!SSi(OH)z]

--[(CH,),Si0]« (C,H CeH;SiO) y—~

H

Kamanusomop Kamanusamop

x[(CH;),810], + y(Cil1;CeHsSi0),  =—[(CH),Si0] = + ==(C,HCH;Si0) - -
' (107)

HCOJHOPOAHOCTh, OOYCIOBINBAOMASA HECOBMECTHMOCTh MCXONHHX KOMIOHEHTOB
HIN BHJeleHHe BTOpoil ¢as3Hl BO BpeMs PaBHOBECHOH peaKIuu, MOJKET IIpe-
IATCTBOBATh 00pa30BaHMIO cOmonMMepoB. UYUTOGH [OCTUrHYTH OZHOPOZHOCTI
CHCTeMHl, MOKHO. HCIIOJb30BAaTh HANDPAKEHHOCTh LMKIOB I KOMIEHCAL{UII
cnaboro MHAYKTHBHOTO 3¢deKTa MId HeGIArOOPUATHON TeOMeTPHH 3aMeNIalomuX
rpyno [225], nin o6muil pacTBOpPUTeNb, MM MOBHICUTH TeMIEPaTypy PpeaKIui.

* IlopoGuele dmextpoHHble 3PdexTsi Habmiomamncs B cmiaade RR,RSiH, woropmii
COMIEPKAT BIEKTPOOTPHIATeNbHEe TIpynmel. JX IMeqodmoii IHEAPOJE3 HPOTEKAET €O CKO-
?ZCTBIO,23I]IPOHOPL(PI0HaJILHOI/I CIOCOGHOCTH 3aMeIaIAX TIPyOo K OTPHBY JEKTpoHA

22, 423].
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Hamnyumuit MeTon moJydeHMsi OJHODOZHOTO COIOJIMMEpPA COCTOMT B IIOJH-
MepH3aUUEA NHKINIeCKHX cMemanawnx cTpykryp (I1I), comepskamux HeobGXomu-
MHeE CTPOUTeJbHHE SYeHKH.
0O
R /N R
St i °
R, é) | "Ry
O
N/
Si
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R; R,
111

Wcxopmplii MaTepman MOMKHO DOJYYATh PA3IHIHEIMM METOTAMH, OGHYHO
yooTpebJseMBMH [JIA IPUTOTOBJGHUA UMKIocHIoOKcanoB [369, 444, 492].

K. Gnacromeps

HanGomee mupOKO BHICOKOMOJIEKYJIAPHEE IOJHCHIOKCAHOBHE KaydyKH
HCIIOJNB3YIOT JJIf HPUTOTOBIEHUA CUIMKOHOBHX »siacroMepoB. llpomsBomcTso
CHUIMKOHOBOH DEe3WHB NEJHNTCA [0 CYIEcTBY HA [Be CTaJul — COCTAaBJIeHUE
cMecu m cmuBaume. llepBas cramma 3akaoYaeTcs B TIMATEJHHOM CMEIIMBAHHH
{BaJBIEBAHNN) CUIBHO M3MEJIHUCHHOTO MOJMCHIOKCAHOBOIO KayiyKa, HANOJIHE-
TellsA M CIIUBAIOMEr0 areHTa ¢ Pa3iMIHBIMHU H00ABKAMU IJId IMOJYIeHUA 3aJaHHBIX
$usnveckux cpoiictB. Tunuamas cmech mosmkHa copmepxath 100 gacreir pactBo-
pumoro B Gemsome moammepa, 20—50 dHacTeli KPeMHE3eMHOT'O HAIIOJIHUTENA,
okoy0 6 wacreil mepexkucHoro Byiakamuszatopa m 10 wacreit (wiu MeHee) pasamd-
HHX HoGaBok [461, 462, 469, 488]. Bropasa craima BKJIIYAeT MPOMECCH BYJIKAHM-
3alMM, KOTOPHE CBS3HBAIT ONHY MOJEKYJy MOJuMepa ¢ [APYrofl B 3JIacTo-
MepPHYI0 Maccy C 3aJaHHEIMM CBOMCTBAMH.

IMoancunokcanoBuil KaydyK MOMKeH OHTH JUHENHEM IOJIMMEPOM BEICOKOTO
MOJIEKYJIAPHOTO Beca; Ipefie] HIPOYHOCTH HA PAa3PHB 2JaCTOMEPa yBeIMINBAETCS
BMeCTe CO CTeNeHBI0 HOJNMEPH3ANMM [[0 MOJEKYJsApHOro Beca 1,5 Mmiiamona,
mocie uero [469] om yme me ymenmumsaerca. Jusa mydmiei TepMudeckoit ycroii-
9UBOCTH KAY9YK JOJKeH OHTh CBOOOJEH OT OCTaTKOB KaTanuaaTopa. [{ukaudeckue
CHUJIOKCAHBI, PACTBOPHTENH M JIIO0ble APYrAe HA3KOKWISMWE BEm[eCTBA JOJKHEI
OHITH YMAJEHH B CTAMUU YNAJEHAs JeTydnX BemecTB.

Hanonmurenn moGaBiagT A yCWIeHHA KayiyKa, KOTODHI caM mo ceGe
ABISAETCA CJA0HM M MATKUAM BeIIECTBOM [aj)ke NPH BEICOKOM MOJEKYJISPHOM
Bece. UToOH u30esKaTh pPAa3IOKeHAA MOJAUMEPa, HAUNOJIHUTEJNb HOJNKeH OHThb
geiiTpansuniM. Hanonaurenu menasTcs ma ci1aGo ycHINBAOMue U CUIBHO YCHIH-
Balomue, WIH AKTHMBHBHE HAMOJHUTeNUW. BemecTBa, cofgepKainiue NepBHIA THI
HANOJHATeNel, MOTYT JABaTh pEe3dHH ¢ NPOYHOCTHI0 HA paspeiB oT 22,5 mO
56,3 ke/cm?; wcmonb30BaHME MKe MOCJIENHEro THIA HANOJXHHUTEJed MOMKeT NaBaTh
Pe3HHH ¢ IPOYHOCTBIO 10 84,5—98,5 re/cm?.

K ancay cmaGo yemiamBaiomux HAMOJHHUTENEH OTHOCATCH HPUPOJHEE KDPeM-
He36eMH], JBYOKHCh THTAHA, OKUCH IMHKA, OKHCH Kele3a M KAapOOHAT KANBIHUA.

AKTHBHBE HAUOOJHUTEIN IPENCTABIAT COG0H CHHTETHIECKHA KpeMHeseM,
IPUCOTOBIEHHBI IBYMS COBEPIICHHO PA3JUIHEIMA METONAMHU: MOKDHM W CYXHM.
B Moxpom MeTofe mpoiecc HaYMHAETCA C TOro, 9YT0 CWIMKAT HATpUA OpHU HOA-
KACIeHHH o06pasyeT CHagaja 30Jb KpeMHe3eMa, KOTODHil crymaercs, obpasys
BRICOKOTH/{PATUPOBAHHKI TIeJb: ‘

Na0-35i0,,- zH,0 + 2HClag —> 35i0,,-2H;0 +2NaCl. (108)
BOJIHHﬁ rejib KpeMHe3eMa Jeruxparupyercda OHOCOGOM, rapaHTdpyiomuM OTCYyT-

CTBWe DPas3pymMeHNs WIN CKatusa cTPYKTypH. C Apyroil cTOpOHH, K CHIHKATy
HATPUs MOKHO IHPHCOeTMHUTH XJIOPHUCTHI Kauxpuuil; Opm 9ToM. obpasyercs
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CJIOKHHI I'UPATHPOBAHHKIN HOJHUCUANKAT KaJXbl(Usd, U3 KOTOPOTO KaJbIUHA 3aTeM
BHIEJNAUUBAOT CcodAHOH KuciaoTol. Cyxoit MeTOR BKIOYaeT (CIKUTAHUE
SiCl, B cMecum ¢ BOAOpPOAOM H KHCIOPOZOM W L0 CYMECTBY HpeAcTaBJIAeT
co6oil BHCOKOTeMIepPATyPHHN ruapoams B mapoBoii ¢ase [ypasmemme (109)].
OGoumMu MeTOZAMM MOJY9alOT CyXye IOPOMKY ¢ 09eHb GOMBIION NT0mMaa5I0 HoOBePX-

SiCl,+2H,0 —> Si0,+ 4HCI (109)

soctu — 110 300 m2/2. B mpopmaske mx 9acTo HA3HIBAIOT «KPeMHE3eMHOIl cajkeily.
B xadecTBe YCHIMBAIOIMEr0 HAMOJIHUTENA HMCHOONB3YIOT TAKKe TazoBYI0 Cay.

MexanusM meficTBUS HANOJNHUTENA JO0 CHX IOP He BIOJHE sAceH. Baammopei-
CTBHME MeJKIY UOJIMUCHIOKCAHOM ¥ AKTUBHHIM KPEMHE3eMHHIM HAIOJIHATEIEM
CBS3aHO CO CTPYKTYPOH HANOJHWTEJs, MPUPOLOIl ero HOBepPXHOCTH, B 0CO0EH-
HOCTH C 9MCJIOM W THIOM IPUCYTCTBYIOIIHX B HEM PEAKIMOHHOCIOCOOHHIX Ipymm,
DOJOOHEX IMADOKCHIY, TaK ?Ke KAaK M C APYTHMH BO3MOKHEIME (aKTOpaMwu,
OOKA elle He YCTAHOBIEHHHIMH. ¥ CHJEHHe IOJHMepa MOJKeT BKIKYaTh Pa3pPHB
DONMMEDPHOH IeNM HANONHATEJEM, KOHAEHCANMIO CHIAHOJBHBIX I'PYNI HAMOJHE-
TeJs ¢ TAKUIMHU jKe I'pyNIaMu moammepa, cuinl Bam-mep-Baanbca mmu, Bosmomx-
HO, ¥ Jpyrue ¢axTopr. DBszaumomelicTBue NOIMMEp — HALOJHUTENIb MOKET
OHTH CHIBHEIM M OBHICTPHIM HACTOJNBKO, UTO IOJE3HOe BPeMsd KM3HH B yCIOBUAX
XpaHeHUs CHPHX MaTepHAJIOB HA CKIafle MOKeT OHITH OYeHH KOPOTKHM W3-3a
crapennusi. CBoiicTBa pe3WHE NOABJIAKTCA [0 3aBePIIeHHA BYIKAHW3AILUH.

Yr06H KOHTPOJUPOBATH HPONECC CTAPEHUs, BKJIKYAIT B KPEMHCKaydIyKOBOS
CHIpbe Takue J00aBKH, Kak NupeHWICHIAHAN0J WIN pasaudHbe nuaaroinl [188,
487]. TlpnbaBnesme HEKOTODHX [DYTHX BemecTB B CHPOIl MaTepHaJ MMeeT
caeflcCTBMEM YIydYlieHNe cHenuduiIecKux QUsMIeCKUX CBOMCTB pesmHE. B umcie
TaKWX CMEIIAaHHHX MT00AaBOK WMMEIOTCA COeJMHEHHd, KOTOpPHE yBeJINIMBAIOT
TePMUYECKYI0 YCTONYMBOCTH PE3WHE, HANPHUMEpP OKHCH jKejle3a WHJIX OKTOAT,
COelMHEHWsI, KOTODHE YMEHBIIAT YCAAKy INpPA CKATHM, HANPAMED OKNICH
KagMusA, ¥ IDUTMeHTH (OKpalleHHble HEOPraHWIECKUe OKHUCJIH).

OxongaresqbHEEe (QU3NYeCKHe CBOWCTBA NOJNCAJIOKCAHA C KPEeMHE3eMHHIM
HATOJHUTEeJeM B OONBOION CTemeHW 3aBHUCAT OT BEJMYMHE CABHUIa WIN yCHJINIE
BaJIBIIEBAHNUA, KOTOPHM OH mopBepraicsa. Jlammme Ta6im. 19 moxassBaloT, Kak

Ta6auya 19

Biananne usMelnbueHMA HA CBOMCTBA
NOJNCHIIOKCAHOB ¢ KpeMHe3eMHBIM HanoaaaTexeM [211]

CocraB, 2
IIpomommxu-
TeJbHOCTDb Moua. Bec
noJauMep a | BallbIeBaHKA, | HOJMMepa
[(CHa)leolx aspocuir MU
5 — — 458 000
5 2 6,5 232000
5 2 36,5 108 000
S 2 120,0 69 000

2 TIpu6nusurennso 200 m2/z.

CIIIbHOE W3MeJIbueHUe TAKOM cMecH BHI3HBAaeT paspymenue moaumepa. [lamrens-
HOe Ke BalblleBaHHMe IOJHUCHUJIOKCAHOBOTO KaydyKa 0e3 HAIOJIHUTENd, HAIpPO-
THB, OKa3HBaeT JHUINb HeGOJbIIOe BJIMAHWE HA €ro MOJEKYJIAPHHN Bec.
Hanonmennas cMech MokeT OBITH cIIMTA JIOGHM M3 HECKONBKHMX METOJOB,
u3 KoTopeix Hamboimee oOmMUM ABISETCA HeHCTBHE OPraHWYecKuUX IepeKuceil,
00nYHO mepexucu Oemsomia, Iepexucu 2,4-muxjaopGeHsona WIH mpem-OyTHI-
nepbensoata. C mepexuchbo OeH3OMIA BYJIKAHU3ANMA JOXOJAMT A0 KOHIA IPH
120—130°; s3amemenme AByX aTOMOB XJIOpa Ha GeH30JbHOe KOIBLO HOHUKAET
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temnepatrypy fo 110°. Mcmonpsosanue mepadumpa TpeGyer Temmeparypst 150°.
Mexasu3M peakmuyu ¢ TUMK KaTAalW3aToOpaMu PANUKAJIbHEI. Y49acTBYIOT CBO-
Honuele eHNAKAPOOKCH- U PeHMIBHHIN PagWKasl, MOJYyIaONNecsa IPA TepMuie-
CKOM pasJjioskeHuy mepexuceil mo ypasrenmo (110). Kampgsrit us sTux pagmrasos
MOKeT OTHHMATh BOZOPOX OT METHJIBHHX TPYINI CHINKOHA, HPUBOAA K obpa-
soBammio0 cBoGoguoro pagukana = SiCH,-, kak moxasano B ypaBmenmu (111).

i ]
i ) |
(CGH5C—0— 2 —> 2C6H5CO' 'ﬁ 2C6H5‘ +2C02 (110)
0 CHj CH,3
Il | |
CeHsC—0-+ | —Si—0— | — [ —Si—0— | + CeH;CO0H (111)
CH; x Hp- x
(I]H3 ?H3 cl> 0
I |
—8i—0— | +| —si—0o— | — CH3?i— CH,CH, | —SiCHj (112)
| l
CHZ‘ x CHZ’ Yy x v

JlBa Takux paguMKaia COeIMHAIOTCA ¢ 00Pa30BAaHMEM IEePBUIHON CIIABKH IOCPE]-
CTBOM cmiIaTHIeHoBoro mocruxa [ypasmenume (112)]. IlockoabRy peakmusa cimm-
BaHUA—He IeMHas PeaKnus, OfHA COINBKA MOJKeT GHTH o0pasoBaHa camoe GOJIb-
Imee pasioyKeHHeM OfHOM MOJEKYJIH HMePEeKWCH, TAK 9YTO 9ICIO CIIMBOK MOKeT
KOHTPOJIMPOBATHCS M3MEHEHMEM KOJIM9ecTBa B3fTONl mepekumcu. BonbmuM Hemo-
CTATKOM IepeKncell KaKk WMHUIMATOPOB BYJIKAHW3AUUU ABIACTCA BO3MOMHOCTD
o0paszoBaums MOGOYHHIX OIPOAYKTOB M cpPeliu HuUX 0eH30Ja, ABYOKHCH YIJIepoja,
OeH30lHON KucaoTH. IlepBhie ABa MOGOYHHIX HPOAYKTA HOCHe BYJAKAHU3AIAA
HaydyKa YJIeTyIuBaIOTCA, MHOTAA OCTABIAA HYCTOTH; ABYOKHCH YIiepoma MOKeT
TaKyKe Y9acTBOBAaTh B PEAKUUHU CIIOKCAHOBOi meperpynnupoBku [307]. Bensoii-
Hasg KHUCJIOTA OCTAETCH B 3jacToMepe, YXyAMmAas dileKTpudecKue cBoiicrBa. Hpome
9TOr0, 06HAPYIKEHA NeCTPYKIUA HOTNMepa, YCTAHOBICHHAA U3yIeHNeM HANPsIKe-
HUA 1 pelakcanuu (cM. B paborax [228, 307], a Taxme B paGore [437] crp. 260).

Hua yryamenvs ¢usndecKux cBoieTB 31acTOMepa HeOOXOMUMEl YMEHbIICHHE
KOJIMYecTBA MEPEKUCH ¥ JYYMMUil KOHTPOJb 32 IPOLECCOM COIMBAHMA, 9TO JOCTH-
TanT, BBOIA B mojuMep MeHee 9eM 1% BHHWIBHEIX rpynn — IUQYHKIMOHAIE-
moix (IV) win monodpynkuuonansusx (V) [239, 278, 333, 338]. Cuenuduvecknmu
CIOMBAOIIVMK AredTaMM, COJep/KANIMMM BWHW/IBHHE IDPYINB, ABIHIOTCA Iepe-
KHCBh U-mpem-GyTHiIa, IpH KOTOPOH Heo0XOoauMMa TeMIepaTypa BYJIKAHW3AMUN
170°, neperuch AUKyMWIa ¢ TemOoepatypoil Byixanusamwu 150° u mOBHHU arenT,
2,5-mumerni-2,5-1u-(mpem-6yTuane pOKCH)-TeKCaH. Mexaunusm CIIMBaHUSA
¢ TOMOMmbI0 BHHHIBHHX IPYNI 9eM-TO HATOMIHAET HOJUMEPH3ALUI0 0JeQHHOB.
O6paszoBaBmmecss UpPU PA3JNOKEHUM MePEeKUcH cBoOOgHBIe pamuransl [ypasme-
ume (113)] pearmpyoT ¢ BUHWICWIOKCHIPYHHO#, 00pasys NpH HPUCOeTUHEHUH
HOBHIT cBoGommHil pagukan [ypasmenme (114)].

CH, CH,
—SliO— CszCH—S!i—O—
v (|IH=CH2 v (I:H3
%CH3COOC(CH3)3 —> (CHg)sCO. —> CHj- +(CH3),C=0 (113)
CH,4 CH,
CHj- + (CH2= CH——Ell‘,i— o—) — (CH3—CH2—(.3H——SIIi—O—) (114)

ITOT HOBHINI CBOOOMHHIN PaJMKAl MOMKET PearupoBaTh: a) ¢ APYTHM TaKUM JKe
pagukamoM, 6) ¢ mMelOmUMCS CHIMeTHIEHOBHM pagnkamom = SiCH,., B)
¢ CH;Si = ¢ o6pasoBanueM CHIMETHIEHOBOTO DaAWKAania, T) ¢ APYroi BHHMICHI-
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OKCUTrpyIIOH, MHUIUUDPYSA NENHYI0 peakuuio. Kasxaas us 3TaX peaknuil B KOHETHOM
cueTe NPUBONUT K CIINBAHUIO; HOCIEIHEE MOKET 3aBePIUTLCA, KAK YKA3aHO B 1.
«@», «0O» maIm «B», [aBaA NPEBOCXOJHOEe CIIMBaHWE. B 3aBHCEMOCTH OT TOTO,
HACKOJBKO PacIpOCTPaHsETCH IelHAA PeAKI[Hs HOBTOPEHAEeM PeaKIuHu «r», Goiee
nian mMeHee 3QPEKTHBHO HMCIOJB3YeTCA KaTaJIU3aTop.

OOHYHO NIpUMeHsAETCA MNepeKuch Au-mpem-OyTWiIa H3-3a TOro, 9YTO OHA,
pasiarasck, o0pasyeT HEKHCIOTHHEe JeTydne mNOGOYHEIE TPONYKTH, caMa
OHA TaKKe CPaBHUTENBHO neTyia. CHIMKOHOBHE KayiyKH, cofep;Kallhe BH-
HIVIBHBIE TPYIOH, MOKHO, HDOXOOHO ODPraHMYeCKMM KAydyKaMm, BYJIKAaHH3HPO-
BaTh cepoit [336]. [lusa mocTmixenns eguno06pPas3HOTO CIIMBAHWA BYJKAHH3HPYIO-
I¥e areHTH JOJUKHB OBITH PABHOMEDHO PAaCIPeJeNeHH WM PACTBOPEHH B CMECH.

PacrBopuMocT: MOMKHO JOCTATHYTH, MCIOAb3Ys KPEeMHUNCO/Iep/KAIIHe TAIPO-
mepexuc = SiOOH, mepexucnm = SiO0Si=, oprasoneporcucuiaans = SiO0C

¥ TePOKCHUCHINKOHH (>Si00),c (cm. B paGore [141] crp. 273), monyuaemuie mo
peaknuaM, uzobpaskeHHuM ypaBHeEUsAME (115)—(118). Ho st coequnenus peakxo
HCIONb3YIOTCSI B KAUeCTBe BYJIKAHU3UDPYIOIIAX aTEHTOB, TAK KAK OHU CJIHMIIKOM

HeycToiiumBH. Doiee cToiikme OpraHOCHIMINEDEKHCH  COJ@DP/KAT  mepe-
KUCHYIO TPYNNy B 3aMeCTHTeje, CBA3AHHOM C KPEMHUEM KDPeMHHI-yIriiepomHoi

. AKnoenTop
2 = SiCl 4 H;05(Naz05) ————> = Si00Si =-2HCI(NaCl), (115)
AnmenTtop
= SiCl4+ROOH Tcno—T—> SiOOR+4HCI, (116)
2 = Si0SOzH -+ Hy0, —> = Si00Si = 4 2H,S0,, (117)
= Si0SO3H+ROOH — = SiOOR +4-H,S0, (118)

ceaspo [329]. Taxmm oGpasoM, Takme COeNHHEHHA, Kak
(CH);Si0(CHy),SiICH,CH, (CH3),COOC(CHy)s

H

H3
(CHa)asiO(CHa),SiCH,CH3CH<E><C
0O0C(CHy),

XOpOmoO pAacTBOPMMEL B OPraHOMOJMCHIOKCAHAX M MOryT OHTH WNCHOOJH30BAHK
IJA BYIKaHM3alUud cMecell KayiyKOB C HANOJHUTENAMH [0 3JacCTOMEPOB,
o0agaomux BechbMa XOpomuMH (HU3NYIECKUMH CBOICTBaMH.

Byaxamusanusa kayuyka HaduWHaeTCs IPHM HATPeBAHHU B COOTBETCTBYIOMEH
dopMe m mpomommaerca 5—15 mur mpm Temmepatype 150° mum Bhme B 3aBU-
cuMocTd oT ymorpebGasiemoin mepekucu. llocie BHOep;KMBaHWA B me9H IPH TOR
jKe caMoll TeMmeparype B TedeHHe HECKOJIBKHUX 9acoB, YTOOH yIeTYIHINCH
HU3KOKHMIIAMUE CHJIOKCAHHI, CIeRH PACTBOPHTeNell M OCTATKM KaTajamsaTopa,
Pe3MHY OKOHYATEeNbHO YJIYYIMAOT OPU HArPDeBAHUN B TeYeHWE HECKOIBKHMX TacoB
npu 250° maum mo Kpaiimeil Mepe Ha 25° BHINe TeMIepaTypsl ee IpeAmoiara-
eMoil JKcmIayaramuu, 9TOoOH HOBEHICHTH IpefieJi NPOYHOCTH M PACTHAKMMOCTD,
cTaGHAN3NPOBATH TBEPHOCTh M CBECTH K MUHEMYMY HANPSKEHHOCTh M OCTATOIHYIO
nedopManymio IpU CKATUH BO BpPeMs MCIOJIb3OBAHUS.

Ecam B mommMepe mpmcyTcTBYeT HeGOJBIIOE YMCI0 BUHHABHHX rpymm [56],
areHToM il CIIMBAHHMA CUJIMKOHOBHX 3BEHBEB MOIKET CIYIKHTHb 030H. l[losnm-
OUMETHICHIOKCAHK OPH KOMHATHOM TeMmepaType WHEPTHH K o030my (pas-
mea 111,A), Ho BuHWIbHHE IPYNNH, CBA3aHHHE C KPEMHHEM, JIEFKO mOJBepra-
10TCs - IefiCTBHIO 030HA, NO-BHAEMOMY, o0pasysa amdoTeprbie uoHH [ypaBHe-
gue (119)]. 9Tm momm Moryr 3aTeM o0pa3oBaTh CIIMBKU. TOYHEI MeXaHM3M
3aBUCHT B CHJIBHOU cTemeHW oT obpamisiomux rpynn [26, 265]. OGpasum o6pa-
6aTpiBalOT 00BIYHO M30EITKOM 030HA M 3aTeM HArPEBAIOT 0 MOJHOTO DAJIOMKEHUA
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o3onmmoB. OkondaTenbHble (QW3WIeCKHe CBOHCTBA BYJIKAHN30BAHHHX O30HOM:
3J14CTOMEPOB MOXOKM Ha CBoiicTBa 00pasHoB, BYJIKAHM30BAHHHIX C IOMOIIBIO-
MepeKmceil, ¥ 3aBHCAT OT YHUCIA NePBOHAYAIBHO HOPUCYTCTBYIOIIMX BHHHIBHEIX
rpynn. B sToM merome He o0pasyercsA HeJeTyYMX HIU BPeJHHX OCTAaTKOB, HO,
K COMKaJIeHWI0, MeTOJ OrpaHWdYeH Y3Koil 00gacThbi0 NpHMeHEeHHsd, TaK KaK IpH-
rofleH JJIA CPAaBHUTEJHbHO TOHKUX IJIACTOB BCIE[CTBHE Me[JIeHHOH ckopoctH Aud-

¢ysum 030HA BHYTPH 00pasuoB.
03 0—0—

. O3 . N . |
=8i—CH=CH, —> =Si—C—CH, — =Si—C++H,C=0 (119),
H H

OTHOCUTENBHO HOBHM METOJ0M BYJIKAHN3AUNM TOJUCUIOKCAHOBHX COERM-
HeHWil ABJseTCA MeToj o6JIydeHWSA. IJIACTOMePH MOTYT OHITH MOJYdYeHH IOCPef-
CTBOM CIOMBaHMA ¢ OpuMeHemyeM y-uaaydenus or Co® [149] wnm oGmydenus
VCKOPeHHEIMH DJIeKTPOHAMH U3 reHepatopa Bam-me-I'paada [150]. CmuBanme-
npu o0aydeHun faeT IacTOMePH, OKOHYIATEIbHEE PH3NIeCKHe CBONCTBA KOTOPHX
AHAJOTMYHE WJM Jaj)ke HEMHOTO JIydile, 9YeM CBOWCTBA 3JaCTOMEPOB, BYJIKAHHU--
3UPOBAaHHHX IepekucsaMu. K cMecu He 700aBIAIOT HEKAKWX HHOPOJAHHIX Mare-
pHanoB, u, TaKUM 00pasoM, B rOTOBOM IPORYKTe He OCTAETCs HUKAKHMX BPEIHHEIX
npuMeceii. CImuBKE MOTYT GHTH 00PA30BAHH NyTeM KUCIOPOJAHBIX MIU Yriepoj-
HHX MOCTHKOB B 3aBHCHMOCTH OT YCIOBHil 001ydeHus U ByJIKaHmsamuu. Juciao:
CIUBOK (M3MepseMoe MOAYJeM) yBeJIUIUBaeTCsA ¢ MOJYyYeHHO H030i 00aydeHmsI.
ITpemen mpodYnocTH 3aBHCHT OT HOJHOM 03B, OT OTHOCHTENBHOI'O KOJIHIECTBA™
O00pDHIBOB IleIIM ¥ CYMECTBYOIAX CIITHBOK.

JpderTHBHOCTh CHIMBAHUSA (9UCIO CIIUBOK, OODA30BAHHHX HA eJUHHUIY
o6iydenus) nox BIUSHUEM 7Y-U3JIYYeHUS CTPOTO 3aBHCHT OT cocTaBa ofpasna;
HAOpUMep, HAJWIWe BUHWIBHHX TIPyOO Y KpPeMHHsA HoBHmaeT 3dgex-
TABHOCTh CIIMBAHHA, TOIla KAK apOMATHIECKHe TPYNNH BH3HBAIT HOPOTHBO-:
OONOKHHA 3PPeKT, TaK e KaK NPHCYTCTBHE BO3AyXa WM KPHCTALIMIECKIX
oGpasoBanuil BHyTpH 06pasnoB. Biausnue BpeMenu 00yCcIOBIeHO HATHINEM YCTOM-
9UBHX AKTHBHHX YYacTKOB, HO MOCJAeAYIOMAsA TepMHUYecKas BYIKAHH3AIUA
yBeauunBaeT 3Q¢eKTHMBHOCTh CIIMBKYM X NPHABOJUT K BOCHPOM3BOAMMOCTH KOHEU-
HHX cBoiicTB. [lockoapry y-myam oOmapmaoT Gosee BHICOKOH IPOHMIIAEMOCTHIO,
OpUMeHsAA WX, MOKHO CIIMBATH CPAaBHATEJBHO TOJCTHE 0OPABIfHL.

Y cKopeHHHe 3IeKTPOHH eme 6onee 3PPeRTHBHH NI 00pa3oBaHHA CHIMBOK
B IIOJUCHIOKCAHAX, 9eM y-U3iaydenne. Kucropogaoe nErHONpoBaHye He ABIAETCT
npo6ieMoil B 3TOM MeTOJie, TaK KaK COYeTaHME BEICOKON WHTEHCHUBHOCTH, KOTOpad'
MoKkeT OHITH NOCTHIHYTa ¢ TOMOmpbI0 reHeparopa Bam-ue-I'paada, m cmabHO-
JIOKQJIN30BAaHHOI'O0 HArpeBaHMs o0pasna [aeT CKOPOCTh CIIMBAHEA ropasfgo 06Ib--
myio, 49eM CKOpocTh auddysum Bozgyxa BHYTph oOpasuoB. K coxamxenuio,
HOOCKOJBKY YCKOPEHHHe 3JIeKTPOHH 00/1aaT HeGoabImoil HpOHUKAlome# cnocob--
HOCTBIO, 3TOT MeTOJ OTPaHNYeH IPAMEHEHNEeM K OTHOCHTENBHO TOHKHMM 00pasmaM.

Peaxnusa mpucoenuHeHNA THIPHIA KPEeMHUS K BUHWJICONEDIKAIMUM CUIOKCA-
HaMm (paspmexn I1,A,3) moxeT Takke GHTH MCIONB30BAHA IS CITHBAHUA MOJIUCHIO-
KcanoB mo ypapmenuio (120) [414]. T'mppwmpmsle ¥ BUHMIBHEE TPYOOH MOIYT
HaXONUTHCA Y KOHOEBHX MJIX BEYTPUIENOYEYHHX aTOMOB KPEMHUA B OGHOM U Toil
JKe MOJIeKyJe WIHM B DAa3iWmYHHX MoOJeKynaax. KaraamsaTopoM MOTYT CIyKHTb.
IIaTHHA WA [ePEeKUCH.

. | Harasnnsarop
(—CH3HSi0—),-+{ CH3Si— CH=CH, —_—
l v
[ |
(0] (0]
I |
— CHasli— —CHy—CHy— lSiCH;‘, (120):

x ¥
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TexHMTECKH BAayKHBIM ABIAETCSA METON BYJKAHU3AIMA OPU KOMHATHON TeMIie-
paType, B KOTOPOM KCHOJb3YIOT PEAKIHOHHYIO COOCOOHOCTh TAKMX TPYNI, KaK
CHUIAaHONBHEE WIM anlkokcucununbabe [60, 246, 334, 396, 453]. CoorBeTcTBYIO-
Imue KATaJW3aTOPH, HANPUMED CBUHEOPraHWYECKHWE MM OJOBOOPraHUYECKHE
COeJIMHEHH, CIOCOGCTBYIOT KOHAEHCANUA CUJIAHOJOB ¢ 00Pa30oBaHMEM 3IIacToMe-
POB, CHIUTHX IIOCPEXCTBOM CHIOKCAHOBHIX MOCTHKOB. ¥ paBHenne (121) wimaocrpu-
PyeT pearuuio, cooco0HyI0 JaTh COTUTHIH 2IacTOMEp IPY KOMHATHOM TeMmepaType.

Karaansatop
3HO[(CH,),Si0l H 4 RSi(OR’); ———>
O[(CHj),Si0],.H
7
—> R—Si— O[(CH;3),Si0],H+3R’0H (121)

O[(CH;3),8i0],.H

Qcraoimuecs CUIaHOAbHEE IPYNOEL OKA3HBAOTCA HPUTOTHHIMY NI AIbHOHIINX
mofoGHEX pearuuil co muorumu monexyaamu RSi(OR’)s.

3. Cyousr

CHIMKOHOBBIE CMOJB XapaKTePU3YIOTCA HAJTWINeM KOJBIEBEIX CTPYKTYp
u ropasmo Gosee BHICOKON ILIOTHOCTHIO CIIMBAHWUA, 9eM 3TO YCTAHOBIEHO MJIsI
CIJIOKCAHOBHIX 3JIacTOMepPOoB. B HANpPsKEeHHOM 3lIacToMepe MOJeKyJIApHEE ey
PACKPYYHBAIOTCSA, BPAMAsCh BOKPYT CHIOKCAHOBHX CBsi3eil; B cMolie TaKoe Bpa-
MeHNe CHIBLHO OFPAaHUYeHO, ¥ B OTBET HA CIKATHe MPOMCXONAT O Gosbimeil 9acTu
nsrubaHne W BHTATUBaHUE CBs3eH. ' '

BuansaHne CHMIOKCAHOBOTO CKeJeTa HA CBOMCTBA CMOJBI BHIPAyKAeTCA IABYMA
darTopaMu — QYHKIMOHAIBHOCTHIO, ONpefelsgeMOil OTHONIEHMEM YHCIA 3aMe-
MAKMUX Tpynn ¥ aromy kpeMmuusa R/Si, u cremenslo mcHoonb3oBaHusa (YHKIHO-
nampHocTH B cmuBke. Horma otnomenue R/Si mormxaercs ¢ 2,0 go 1,0, moaumeps
CTAHOBATCA IIOCTENIEHHO MeHee TeKYYMMMH, MeHee IUIABKVMU M MeHee pacTBOPH-
MHEIME B 3aBucHMOCTH OT 3ddextuBnoctu cmuBanusa. llpu R/Si, pasmom 1,0, ecan
BCA (YHKIMOHAJIBHOCTH NCIOJNb30BaHA B 0ECHOPATOYHOM CIHMBAHUH, MOIKET
OHTH DOJYYeH HEIUTABKUA, XPYIKU I HePACTBOPUMELH OPOAYKT, B TO BpeMs KakK
opu ToM ke camoM oTnomrenuu R/Si cmenuanbpHEe MeTOTH JAOT CHCTEMATHIECKH
HaIpaBleHHEE BHYTPUMOJEKYIspHEe cBa3u SiOSi ceTyaTHX CTPYKTYp M KBa3H-
aunefinex noaumepos [87], moxkaszammex na puc. 37 u 38, T. e. Moryr 06pasoBaTh-
cAirubKye, IIaBKWe W PACTBOPUMHE HNPOXYKTH. DOJIBMIMHCTBO CMOJ HMEIOT
otaomenme R/Si B mpegemax 1,0—1,6 m cTpyxTypH, momoGHEE TeM, KOTOpHE
n3o0paskensl Ha puc. 38, aHAIOIMYHEIE CTPYKTYPe CTEKOJ, ¢ YaCTHYHBIM HCIOJb-
30BaHHeM OYHKIHMOHAIBHOCTH B 0GpPA30BAaHUN IUKIWIECKUX CTPYKTYp WIN
cimuBoK. COOTBETCTBEHHO MX CBOMCTBA ABJIANTCA IPOMEKYTOIHBIMU MEKIY CBOII-
C¢TBaMH TeKyYuX W CHJIBHO CIIMTHX cTPYKTYp ¢ R/Si, paBumm 1,0.

[lepBhie CHJIMKOHOBEIE CMOJH IOJNYYATH YACTHIHHEIM OKHUCICHWEM IHPYHK-
nMOHANBHHX cTpyKTyp [212, 219], Ho 3TOT MeTOx mpeAcTaBIAET Temeph TOJBKO
ncTopudecKuii waTepec. JlOCTYHHOCTH OTHEIBHBIX OPraHOXJIOPCHIAHOB B IPO-
MHIIJIeHHHX KOJHYeCTBaX [aeT BO3MOKHOCTH LPHUTOTOBJIATH CMOJE TIPAMBIM
ruppoansom onpegenenusix cmeceit RSiCl; m R,SiCl; B meo6xomnMuix oTHOmIe-
HIAX ¢ Hocleqylmeil Kongencanuei cuaanoabusx rpyon [356]. Ipomece mosxer
OHITh KPAaTKO M3IO0MKeH CIeJYIOMUM 00pasoM: XJIOPCHIAHOBYH CMeCh THIDPO-
JM3YIOT, MPOAYKTHL IUAPOIN3A PA3AedA0T ¥ OPraHNIeCKHH CIOH 3aTeM OTMBIBAIOT
7 JOBOJAT [0 3aJaHHOTrO CONepP;KaHWS TBeDAHX BemecTs. TpebyeTca HeKoTopad
06paboTKa, 9TOOH BHI3BATH JATBHEHNIYI0O KOHAGHCAUIO CAIAHOIOB.

B cragum rumgponmsa XJIOPCUIAAHOB OO OOJBINEH YacTH WMCIOIb3YIOT
CH,SiCl;, C4H,SiCl, (CH;),SiCl,, CgH;CH;SiCl, u (C¢H 5),SiCl,. Y pasmenusa (67)
n (68) (pasmex II, B, 1,a) mimocTpupyoT Takylo peakumio. I'mapomus cMeceil
XJIOPCHIAHOB ¢O cpefHell QYHRIMOHAIBHOCTHI0 Gonbme 2,0 TPYAHO OCYMECTBUTE
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mo KpaiiHeii Mepe Ges JacTH3HOro 00pasoBaHHMA Tejeli m3-3a GHICTpOll W mpe-
FIeBPEMEHHON KOHJeHCALMHE CIIIAHOJBHHX Ipynm. Jaa yMeHpmennsa 9TOro mpo-
mecca cMechb Me[JIEHHO THAPOJM3YIOT npubaBienueM ee K Bofe, OOHYHO B HPHCYT-
CTBHH PACTBOPUTEJsA, IPHYEM TeMIEPATYyPy BO BpeMs IHAPOIH3a KOHTPOIHPYIOT.
IlpucyTcTBHe pacTBOPHTENs IOMOraeT YHOpaBIATH KOHJeHcANWeldl OpH Iocie-
Aaywomeit 00paboTke cMOJH U o6ierdaeT nepepaGoTKy M NpPEMeHEHNE IOJydeHHOH
cMouH. B kagecTBe pacTBopuTeei 601pme TaCTHI0 HCHOIb3YIOT TOJLYOJ B KCAIOM.

Bo Bpemsa peakmuu rmapoamsa okoxo 90% CHIAHOIBHHX rpynn KOHMEH-
CHPYIOTCA B CHJIOKCAaHOBHE 3BeHbs. B 3TOM mpomecce HeYNOPANOYEHHOH KOHEEH-
canud MOJYKHO HWMETh MeCTO 3aMHKaHWe IUKJIOB BCJIE[CTBAE YPe3BHYIAMHON
rub6roctr memeit SiOSi. Jlo HEKOTOPOi cTemeHW 5TO MOKeT HPHUBECTH K IMKJIH-
9ecKHM CHJIOKCaHaM, TakuM, Kak D, mam D, nnm pasnugamm MomudmKammam
CeTYATHIX CTPYKTYP, MMEIOIUX [OCTATOYHO HU3KWE MOJEKYJIspHEE Becd, YTOOH
OHH MOTIM YJEeTYyIdThCS BO BpeMs ByiKaHm3amud. fIcHO, dYTO BepOATHOCTH
o6paszoBaHUA TAKAX BemeECTB BeJAWKa mpm HE3KoM orHomenuu R/Si. Mmorga
TPpUQYHKIMOHATbHAA eJUHANA MOKeT IPUHUMATE yIacTHe B 3aMEIKaHUU CIELYI0-
mero KoJbHa:

D—D—-D—T—
Takue CTPYKTYPH MOI'YT HOpOABIATH ceb6sA Kak 3PPeKTHBHEE MOHOPYHK-
MOHAJbHEE KOMIOHEHTH, JUMATHPYIOIINEe MOJEeKYJIAPHHe Beca cMoil. Bo

mHOrux ciydaax pmpyrrnuonamsusie (VI) mam nonndpymxkmmonamapmme (VII)
IUKJIH MOTYT 0Gpa30BHIBATH YACTH IOJMMEPHHIX Iemed, [aBas ILAKIOJMHEHHEE

l

D D—-T
/N VAN
—T T— —T T—
N/ AN /

D D—D

VI VII

CTPYKTYPH, HONOOHEE NOKA3aHHHEM s cTekaa ma puc. 37 u 38. Takum moxm-
QUIUPOBAHAKIM IIeNsM He XBaTaeT IMOKOCTH, XapaKTepHOH MJIA 9HCTO JHHEH-
HHX I[elleil, HO BCIe[CTBME WX NPHACYTCTBAA JNI00asA CUIUKOHOBAA CMOJIA sB-
IseTcs HAMHOro 0ojiee ruGKOH, 9eM THOOTeTHIeCKAs CMOJIA TAKOH e CpefHeH
dYHKUMOHANBHOCTH, KOTAA BCA (YHKIMOHAIHBHOCTH MCIOJb3YeTCA B CIIABKAX.

CH; CHj
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OcraBmuecss 10% cmiaHONBHEX TPynID KOHMEHCHPYIOTCA BCe MeJJieHHee, ¢ BO3-
pacraiomeM TpymoM. C ¢u3mdecKod TOYKM 3peHHAs NpPH YMEHBIICHWH JHCIA
CHJIAHOJBHHX TPyOO HOpoIllecC KOHAEHCAIWA ocymecTBaseTcsa Tpyanee. Crarm-
CTHYeCKH IIPOMCXOJHT MeHbINe 3(PPEeKTUBHHX MOJEKYIADPHHX CTOJKHOBEHHH, a
BO3pocHIasAg BA3KOCTH MellaeT MOJEKYIAPHOMY ApmxeHni0. Hpome Toro, ¢ pocrom
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IJIKHE Ield [OJAMepa OCTANIHeCH TIHAPOKCHIL OKa3HBAKTCA CBJI3aHHEMH
B CeTKe CIHWIOIKOM pa3peKeHHO, 4TOOH KOHJEHCHPOBATHCA OfHA ¢ gpyroi. Hus
PA3IWYHHX CHJIAHONbHHIX CTPYKTyp, Takux, kKak VIII—XII, xompencamms
OpOMCXOOUT B o0meM ciaydae GeCTpee [Mis sideeK ¢ 0Oibmedl (YyHRIMOHAIBHO-
CTBHIO W [JIA TAKHUX, KOTODPHE COJep:KaT He (QeHWIbHEE, a METUJIbHEE 3aMeCcTH-
Tenn. Bo BCAKOM ciaydYae HEKOTODHIE CHIAHOJBHEE TPYIIB OCTAIOTCH.

Ha szarmiounmTenbHON CTaguu THAPONM3A OTAENEHHHH OpPraHUYeCKHH CI0¥
OTMHIBAIOT OT XJOPHAOB — Kak oT pacrBoperHoro HCIl, Tak u or xuMugeckn cBs-
3aHHOTO XJIOopa. XOTd PAaBHOBeCHMe CHJIBHO CABHHYTO BIIPaBO, IHAPOIHU3 XJOP-
CHJIAHOB ABIseTCH o0parmMoil peakumei, m nosTomy B mpucyrtcream HCI Groxu-
POBaHHME HEKOTODHIX I[OJHMEPOB XJOPOM coxpaHseTcs. TimareabHOE MPOMH-
BaHMe BOJOM IIPeBpamaeT 3TH OCTATOYHEE XJI0PCHIAHOBHE CBA3N B CHIAHOJbHEIE.
KommenTpanmsa »THX OCTATOYHHIX CHJIAHOJBHHX TIPYNO, KOTOpHe o0pasoBa-
JIACh KaK B PesyJibraTe rHApPOJN3a, TAK ¥ HPH IPOMBIBAHAM BOJOMH, MOKET GHTH
OOHMKeHA AajbHelmell 06paboTKoll. B HEKOTOpPHIX ciIy9asXx, B 3aBHCWMOCTH OT
cocTaBa U OT KOHEYHOro ymorpebienus, cmoay marpesator upu 120—200° ¢ xara-
amsatopoM miam Ges mero. Ha 3Toil cTafmm HEKOTOpPOe KOJIMIECTBO CHIAHOILHEIX
Py KOHIEHCHPYETCH B CHIOKCAHOBHE 3BEHbs, YTO NPHBOJAT K YMEHDLIICHUIO
MOJIGKYJISAPHOIO Beca M BA3KOCTH WM3-3a 00pa30BaHMA OGOJBIIOr0 4WCIA CIIHBOK.

CmranogbHEE IPYNOH, OCTAIIIMECS B MOJIYYeHHON CMOJe, CHIBHO BJIVAIT
Ha ee cBoiicrBa. OHE MOBHIIAIOT BA3KOCTH. [l pasaudanix uenedl TpeGyioTcs
CMOJIBl PA3IAIHON BASKOCTH — CMOJIHL IS CAOMCTHX IUIACTHKOB ABIAITCA OG-
HO OTHOCHTEJIHHO MeHee TYCTHMH W IOTOMY Jydile OPONUTHBAIONUMA CTEKJIIH-
HOe BOJIOKHO, CMOJIA JIJIsi KPACOK, HANIPOTUB, NOMKHA OHTH I'yCTOil, 9TOGH ILIOTHO
mpwieraTh K NOBEPXHOCTH W He CTeKaTh ¢ Hee. CHIaHONBHEE TPYINOH TaKsKe
OIpeleNAlT CTa0MIBHOCTH M CPOK XpaHeHHsA cMoau. Ilpm xpamemmm cmoia
IIOCTOSTHHO IOJ{BEPraeTcs PeaKnuAM KOHIGHCAHE i CINABAHAS, CKOPOCTh KOTOPHIX
ompefeisAeTcs TeMOepaTypoil, KOHOEHTpanueidl CMOJH W 9YUCIOM M OPHPOLOH
3aMecTHTeNiell y KpeMHHs. B paz6aBieHHHIX pacTBOpax CHIAHOJBHAS KOHTEHCA-
OHA IPOHCXOAT 0ojiee MeJIEHHO, 9eM B KOHOEHTPHPOBAHHHIX, HO B CyXOif,
JIMIIeHEHONW PACTBOPHTEA CMOJE OHA CBONUTCA K MUHEAMYMY Gaaromaps OTHOCH-
TeJIbHOX HEDOJBHKHOCTM CHJIAHOJBHEX TpPYOI.

C meapi0 yAyYmeHHs CMOJH MPOBOLAT 3aKIYATEIHbHYI0 00paboTKy, mpnm
KOTOPO# NMPOXOJUT PeaKkmu|sa OCTATOYHHIX CHIAHOJBHEX rpynn. Ux oxomYaresns-
HasA KOHJeHcanus MPOUCXOMNT IIOCJe TOT0, KAK CMOJA HAYMHAET MCIO0JIb30BATHCA.
Homgencanmio MOKHO YCKODHTH HArPEBAHMEM CMOJNH ¢ COOTBETCTBYHOIIAMM
KaraamsaropamMd. Takmmm OOHYHO HCOONH3YEeMHIMH KAaTAIM3aTODAMHU SABJIAIOTCS
MeTaJInIecKre COJIA OPraHmIeCKNX KUCI0T, PACTBOPHAMEIE B OPTaHAIECKAX cpeax,
0C00GEHHO 2-3TUJITeKCOATH W HAQTeHATH 0J0Ba, CBUHLA, KOGANbTa, MUHKA U jKeje-
3a. Mcooap3yioT TaK:Ke HEKOTOPHE OPraHMYecKre aMUHHE M YeTBEPTHYHHIE COCMIH-
merusa. Ilepekucr BooOme He ymoTpeGIAIOT B IPOIECCE OTBEPIKICHMS CHIIMKO-
HOBHX cMoJ. IlocKoabKy TpebGyeTcAa G6OJbIMOe YHCIO CIOMBOK, KOTOPHE He
OCYIIECTBIIAIACH B 3JIaCTOMePe, a MOJIEeKyJia MePeKACH MOJKET JaTh caMoe GoJbiiee
TOJIBKO OfHY CIIMBKY, TO NOTpeGoBasoch OH OYeHHL (OJbOIOE KOAMYECTBO Iepe-
K¥CH, ¥ CBOMCTBA CMOJH OHJIZ OH 3HAYATEIbHO Xyike. CMOJEBI, KOTODHE COTepIKaT
axnmibHEe (B 9aCTHOCTH, BEHWIBHEE) 'PYNOH Y KPEMHWS, MOTYT GHTH CITHTH
He0OJAbPIIAM KOJHIECTBOM IepeKMcell IPM YMEePeHHOH TeMmeparype.

CroiicTBA CHIMKOHOBHIX CMOJ 3aBHCAT OT orHomenmsa R/Si, mpmpomu R,
MeTofa ruapojamsa W mpouecca oreepsegenusa. C yBeamdermmeM oTHomernusa R/Si
¥ yMeHbIIEHAEM KOJHAYeCTBA CHIMBOK MOTYT HONYYATHCH WOJHAMEPH OT CTEKJIO-
o0pasHHX 10 KaydykoB. MeTmibHbE 3aMecTHTeNHn B AUQYHKIMOHAILHOW dWacTH
IpAfalT HoJayJanimeiicss cMoie TEOKOCTh; TaKWM 006pPasoM, OHW HEIPHUrOIHE
A TONYYeHHS IKeCTKOH CMOJE. ¥ BeJMYeHNe JIUHE OeOH AJKNIbHEX 3aMECTH-
TeJIel leJIaeT CMOJYy MATYe, YBeJININBAeT e PACTBOPAMOCTH B OPTraHAIECKUX PACT--
BODHTEJNAX, yIAydmaeT BONOOTTAAKABAMAE CBOHCTBA M YMEHbINAET YCTONYNBOCTH
CMOJIBI K HATPeBaHMI0; (eHMIbHEE 3aMECTHTENH NIPHAAIOT CMOJE TepMOYyCTOH-
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YEBOCTh. 34 MCKJIIUYEHAEM CeTYATHX HOJMMePOB, TUCTO PeHUIbHEE CMOIL BOOG-
me ABIATCA CIHMKOM INIABKAME M XPYOKUMH [iad GOJBIIAHCTBA MpaK-
THYeCKAX Mejeil. YJ/yYmeHHEE CBOMCTBA MOryT OHTH NOJYYeHH B COHOIH-
MepPHHX CMOIIaX, KOTODHE COflepsKaT KaK (QeHWIbHHE, TaK M METHIbHEE IPYIIOH.

Tabauya 20
O6mne cBoiicTBA CHIMKOHOBBIX CMOJI
IIpeBoCcXOmHbBIE Y I0BIeTBOPUTEIbHELE IInoxue
TepMOCTORKOCTH BaaroycroitanBocTs Trepmocth
YcToi9EBOCTE K OKHC- |  DJIAacTHIHOCTH Yupyrocrs
JIeHAI0 JJIeKTpUIeCKHe CBO#-| Apjresus
XpMadeckas CTOHKOCTS | CTBa CTOHKOCTE X pacTBo-
Oser Baneck PHETEIAM
VYcroiamBocTh  Giecka
ATMocdepocToiiKoCTH

OOmue cBOWCTBA CHIMKOHOBHX CMOJ HpuBefeHH B Tadm. 20. Muorume ua
BTHEX CBOMCTB SABIAITCA ABHO 3aMAHYHBHIMU [JA NPAKTHIECKHX IeNei, HO MH
He OyneM 3/lech Ha HUX OCTAaHABIMBATbCA. Bo MHOrEX ciywasx cBoiicTBa, KBaJIu-
¢unmpoBaEHEe B Ta0IAIe (IJIOXUMU», MOTYT GHTH YIydmIeHH OyTeM CMeIIMBaHAA
CO CTaHJZADPTHHMM OPraHWYeCKUMM CMOJAMHU, IpPUIEM ADPYTHE 3aNaHHEE CBOHCTBA
3aMeTHHM o6paszoM He m3MeHATCsA. COOTBETCTBYOMUIl TH6PUI CHIMKOHOBOM
¥ aIKATMPOBAHHOI CMOJ MOKeT 06JIaaTh Yy IIIeHHO MKeCTKOCTHI0, IPOYHOCTHIO,
afgresmeii m T. M., BCe ele COXPaHAA Y/OBJETBOPHTENbHYIO TEePMOCTOMKOCTD.
Hexoroprie cuIMKOHOBEHE CMOIB, OCOGEHHO Te, KOTOpPHE 60TaTH (eHHIbHHIMH
IPYyNIaMH, COBMECTHME C OPraHAYECKMMY CMOJIAMH; STH [BA THIA MOKHO IPOCTO
CMeMMBaTh BMeCTe [JIA MEOTUX BHIOB NpuUMeHeHNA. Ecau onn HecoBMecTHMH mist
HOJy9eHHsI YAOBIETBODUTENBHOTO IPOAYKTA, HEOGXOMNMA CONMOJMMepA3ALMSL.

Comonmmepsl MOTYT OHITh IONYYeHH B Pe3yAbTaTeé peaKIUH OCTATOYHHIX
CAJIAHONBHEIX MM JKOKCATPYIN B HOJMCHIOKCAHAX C MOAXOAATMIUMH (YHKIHO-
HAJIPHHIMEA TPYNNaMd B OPTaHAYECKHX CMOJAX WIM OPraHMYeCKHX COeIMHEHMAX.
Hanpumep, cunanonbHBE IPYNUOH B CHINKOHOBOH cMole GymyT pearmpoBaTh
¢ THAPOKCHIBHBIMA TPYNNAaMA B OPraHWIeCKO# cMole, KAK H306DPaskeHO B ypaB-
mennn (122) A aNKUIAAPOBAHHOTO rAMNEpPUHA U PTaneBoit KUCTOTH. J[Be CMOIK
HArpeBaloT BMeCTe ¢ PACTBOPHTeNEM WM Ge3 Hero 0 COBMECTHMOCTY U JOCTATAIOT
jKellaeMoil BA3KocTH. KoBeHCanMd CIVIAHOABHBIX TPYIO € CHIOKCAHOBHIMH
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(BMecTo Si — O — C) MOKET YCIOKHUTH 3TOT METOJ. ITY TPYAHOCTH MOKHO Ipe-
0/[07eTh, MCIOIb3Yys BMECTO THAPOKCUJIBHOH IPYHOH y aTOMa KPEMHHUA AJIK-
oxkcurpynny [ypasuenue (123)]. Ilpumensas aToT Tum ciosHO3QEpHOTO 06MeHAa,
CUITMKOHOBEIE CMOJBI MOKHO CONOJIMUMEPU30BATh ¢ (EHONBHEME, HOINIQUPHRIMI,
SIMOKCUIHLIMH, IeJI0T03HEIMA W IPYruMu (QYHKIMOHAJILHKEIME cMmojamu. flcHo,
9T0 U3 HeCKOJbKHX MHTPEIHEHTOB MOKHO MOJYYUTh MHOI'O MONAPHI[APOBAHHBIX
CMOJI, CBOMCTBA KOTOPHIX H3MEHAIOTCSA B 3aBUCHUMOCTH OT HPUPOALI MOJIUCHIOKCAHA,
OPraHHYeCKMX CMOJ, DOPAAKA PEAKIWM M cTelleHH KOHICHCAI[UH.

—— —CH——— —— —CH———
ESiOR—l—[ | ] — [ [ ] +ROH  (123)
OH . 0Si= .

ITII. CBOMICTBA OPTAHOIIOJIHCHJIOKCAHOB

Opranonoancuiokcansl XapaKTepPH3YITCH COBOKYIHOCTBI0 XHMHYECKHX,
MEXaHMYeCKNX M 3JeKTPUIeCKNX CBOHCTB, He IMPUCYMHUX KAKOMY-IHO0 ADYroMy
KJaccy moauMepoB. [Jisfi MONMCUITOKCAHOB, COMEP/KAMMAX METHIbHYIO M (eHHIb-
HYIO IPYNOE Y aTOMAa KPeMHUs, XapaKTePHHMHA 0COOGHHOCTSMHU ABJISIOTCA BHEICO-
KaA TePMUIeCKasA CTaOMIBHOCTh U YCTOWIMBOCTH K OKHCIIEHHIO, HEPACTBOPUMOCTH
B BOJle, CPABHHUTEJIbHAsA HHEPTHOCTH KO MHOIEM MOHHHM DPEareHTaM, YHHKAJIbHEE
peoJoruiecKue CBOHCTBA, BHICOKAA [UDJIEKTPHYECKAss IPOYHOCTh M MaJbie
JU3IeKTpAYecKe NOTePH, KOTODHe Cpefu [PYrax MOJe3HHX CBOACTB mpen-
CTaBIAIT GOJBHOION HHTepeC KaK ¢ HAYYHOH, TaK M C TeXHOJOTHIECKOH TOUKU
3peHHs. JTU CBOMCTBA MOTYT OHTH OOBACHEHH HA OCHOBAHUH WCCIETOBAHMSA KaK
IIPUPOABI XUMHAYECKUX CBs3eil, TaK M reOMeTPHA PACCMATDPHBAEMHX CTPYKTYP.

A. PaccmoTrpenne CBOMCTB, 3aBHCAIMUX OT XHMAYECKOH
CBA3H

1. O6wue samewanus

Kaxr yraepon, Tak m KpemMHWEl MMEIT HOPMAJIbHYIO BaJeHTHOCTH 4, HO HA
9TOM CXOMCTBO MeKIy OGOMME 3IeMeHTaMu KoHYaeTca. B orimdme oT yriaepopa
KPeMHUI MOKeT TOMOJHATH CBOHM OKTET M B HEKOTODHX COeUHEHMAX, TAKHX, KAK,
HampmMep, rexcagropcuaukar-uon SiF?~, uMeTh KOOpAMHANMOHHOE YHCIO 6.
IIpounocTs cBaA3seil, MIMHE CBA3€il M MOHHASA NPHPOAA MJISA COeTUHEHMI yriepona
M KpeMHUA pasaudHi. B TaGn. 21 npuBefeHH cpefHHe 3HAYECHUS SHEPIUAH
I Pa3IMYHKHX CBA3ell KpeMHus u yriaepoga. OueBngHO, 9TO BCe CBA3N KPeMHHSA
C KUCIOPOXOM, a30TOM WM TAJOTeHAMHU ABIAIOTCA 0ojiee MPOYHKIMHU, YeM COOTBET-
CTByIOIm¥e CBfA3W, BKIYaomue yriaepodq. OcoGeHHO NPOYHOH IO CpABHE-
HUIO CO CBS3bI0 YIJEpPON — KHCIOPOJ ABISAETCSA CBA3b KPEeMHUH — KHUCJIODOH,
9eM YAaCTHYHO MOYKHO OOBACHUTH BEICOKYI0 TEePMHAYECKYIO CTAOHMIBHOCTH IIOJH-
cminokcanoB. CBsA3b KPEeMHUN — YIVIEPON ABJIsgeTCS HIPOMEKYTOUYHOH IO cmie
MeXIY CBA3BI0 KPEeMHUI — KPEeMHUH U OfMHADHOH CBS3bI0O Yrilepoj — YIriepon,
HO IOPOYHOCTH CBA3W KPEMHWH — yriepof Gojibme NPUOAMKAeTCS K IPOYHOCTH
CBA3HU YIJIepPOJ — Yriepo; PA3HHUIA Me;KIy HUMH He HACTONBKO BeIWKA, YTOOH
3TAM MOKHO OBIZIO OOBACHHUTH PA3aW9MA B CBOHCTBAX CHINKOHOB H yIJIEBOJOPO-
noB. JlerkocTr OKMCIeHHS WOJUCHIAHOB IO CPABHEHWIO C YIIeBOAOPOAAMH
00BsACHSIETCSI OCBOOOIKIEHMEM OKOIO D3 KKa4/mo4b TPH Tepexofe OT CBASH
KPeMHUH — KPEeMHHU# K CBSI3M KPEeMHHH — KMCJIOPOH, B TO BpeMsd KakK IpH Hepe-
X0fle OT ORWHAPHOH CBA3W YIJIEepPOX — YTJepoj K CBA3U YIJIePOA — KHCIOPOZ
BH/IJSAETCS TOJABKO OKONO 3 Kkaa/moab. CPAaBHHTEABHO MHOIO SHEPTHH OCBOGO-
JKIaeTcs OPH Hepexofe OT CBsA3edl KpeMHHI — XJop, KpeMHH — OpoM Wil
KPEeMHOHA — WOJ K CBSA3M KPEeMHHH — KHCJIOPON, YTO YACTUIHO OGBACHAET GOIB-
IOIy0 9YYBCTBUTEJIHHOCTH 9HTHX TaJOTeHCUIAHOB K THAPOJHU3Yy HO CPABHEHHIO
C COOTBETCTBYIOmMMMM oOpraEmdecKmMu rajorenmgamu. llormomenme sHeprum
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Tabauya 21

Jueprau cBaseii, xKraa/moav [121, 316]

Cpasp 2 JHeprua CBA3b OHeprua
Si—Si 53 C—C 82,6
Si—C 78 — —
Si—0 106 C—0 85,5
Si—H 76 C—H 98,7
Si—N —6 C—N 72,8
Si—F 135 C—F 116
Si—Cl 91 C—Cl 81
Si—Br T4 C—Br 68
Si—I 56 C—1 51

2 TpymHOCTM B NOJHOM OKHCIeHMH L0 SiOs mpu c:ku-
TaHUN B KaJOpMMeTpUUYeCKOoi GoMGe MOXKHO OGBACHUTHL TeM,
49TO BHEPruM KPeMHMWeBOM CBA3W ABIANITCA HaNMEHbBIIUMHI U3
PacCMOTPEHHBIX.

o B nocnenHelt paGoTe c9UTAOT, YTO 3HAYEeHNE CBA3M
KpeMHHI — a30T paBHO 80—85 xkaa/moas.

He06XO0UMOM [JIA TOT0, YTOGH IPEBPATHTH CBSA3h KPpeMHUN — (TOP B CBA3H KpPeM-
HHl — KHCIOPOX, paBHO 29 KKa.t/M04b, YTO TAK:Ke YACTUIHO O00BACHAET CPABHM-
TEJABHYI0 TPYAHOCTH THMIPOIE3a (TOPCHIAHOB IO CPABHEHWIO C [PYTHMH Tajo-
TeHCHIAHAMY.

Kpemauit B GoABIIMHCTBE €r0 COGIWHEHUN SABIAETCS SABHO BIEKTPOLOJIOMKH-
TeJIbHHM 10 CPaBHEHMIO ¢ yriaepogoM u KuciaopoxoM. Ilomunr [316] ycramosma
OTHOCHTEIbHEE 3JIeKTpooTpuiuarensnocTy kpemaus (1,8), yraepoma (2,5) u
kmcaopopa (3,5). Ha ocHoBammm mpeamososkeHns, 9TO MOHHHIA XapakKTep KO-
BAJICHTHOH CBA3U OOYCJOBIEH HEOKMHAKOBHIM pacIpelelieHAeM 3IeKTPOHOB,
GBLIIO IpeNJIOMKeHO [Ba SMIMPUYCCKMX YDPAaBHEHHsH, KOTODHE CBA3HBAIOT HOH-
HH XapakTep CBf3W C PAa3JIMYHON DIEKTPOOTPHUIATEIHHOCTHIO YIACTBYIONMUX B
cBA3H aroMoB. B Tabu. 22 cpaBHmBaeTcAd WMOHHKN XapaKTep cBA3ed KpeM-
HAA H yraepoma ¢ gpyrmmu artomamum no llomwmary [316] u Xsmmeo u Cmn-
Ty [189]. fiBHO BHpa)KeHHHI MOHHBIA XapAKTep CBA3EH KPEMHMIA— 3JIEMEHT IO
CPaBHEHHIO ¢ COOTBETCTBYIOMEH CBA3HIO YIIepoy —3JIeMeHT 09eBHNEH. 3aCIyKH-
BaeT BHEMAHUA HpPEICKA3aHHHN JYaCTUIHO HOHHHIM XaPAKTeDP CBA3H KpeMHUI—
KECIopof, cocraBasgomui 37—51 %, ocobeHHO, eciid CPABHABATH CO CBA3BIO yIiIe-
'POI — KHCJIOPON, HOHHKI XapaKkTep Kotopoit pasen 20—22%, # co ¢BA3BIO yrie-
pox — yraepon, mo cymectBy Hemomuoit. I[Ipegmomarawor, 9ro Gombmmas HOJIA
MOHHOTO XaPAKTepa CBA3H ABIACTCA MPUIAHON MHOIMX CBOACTB IOJIACHIOKCAHOB,
TAKHX, KaK TepMHUecKas CTa0WMIBHOCTH, JIETKOCTh KMCJIOTHOH W THEeJ0YHOA
KaTalIWTHICCKAX DeperpymImpoBOK, onTmdeckux csoicrs [202, 468, 489].
OpHAKO CBA3H KPEMHHII — KHCJOPOJ, XOTA ¥ 3HAYATEILHO GoJiee mOJAPHAA, 96M
CBA3b YIJIePOL—KHCIOPOJ, BEPOATHO, ABIACTCH MeHee MOHHOM, YeM MOMKHO OBLIO
TIPeRNON0KATH, UCXOSA U3 CYIeCTBOBAHUA JOHOPHO-AKIENTOPHON P, — d,-CBA3H
KpeMums ¢ kucaopomom. llocaemmuit sddert, KOTOPHI HOIMeH OHTH BecbMa
CYIIECTBEHHHM (cM. cTp. 9), He yIATHBAEeTCA B SOMOUPAYECKOM YDPAaBHEHHH, IIPH-
MeHseMOM J[JIsI YCTAHOBIEHWS COOTBETCTBYIOMEr0 WOHHOTO XapaKTepa CBA3H.

JomonuuTenbHoe I0KAa3aTeIbCTBO HOHHONM TPHPOAHN CBA3eH KpeMHWE—
KHUCJOPON ¥ KPEeMHMH — YIiIepojJ B CAIOKCAHAX MOMET GHTH MOJYdIeHO IPH pac-
CMOTPEHWH IJIWH COOTBETCTBYIOIMUX cBA3ell. AToMmne pagmyck kpemamsa 1,17,
yraepoxa 0,77 u xucaopoga 0,66 [316]. {ua aTomHoro pagmyca KHCIOPOJA TAKKe
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Tabauya 22

YacTnunkblii mOHHBIH XapakTep Pa3jiUYHBIX CBA3ell KpeMBmA
H yraepopa

VoHHBIK Honauit

xapaxrep, % xapakrep, %

ceasp  (Xp—Xgy) Ceasp (Xp—Xg)|——F——

[316]2|[189] O [316] 8|[1891 ©
Si—C 0,7 12 13 — — — —
Si—O0 1,7 51 37 C—O0 1,0 22 20
Si—H 0,3 3 5 C—H —-0,4 4 7
Si—N 1,2 30 24 C—N 0,5 7 9
Si—F 2,2 70 52 C—F 1,5 43 32
Si—Cl 1,2 30 24 C—Cl 0,5 7 9
Si—Br 1,0 22 20 C—Br 0,3 3 5
Si—I 0,7 12 13 C—I 0 0 0

2 TIpomeHT CBA3M MOHHOTO xapakrepa =1 — exp [1/4 (X A—XB)2].

6 IIpomeHT CBA3M MOHHOI'O

xapaKTepa = 0,16 (XA — XB) + 0,035
(X A~ XB)2, roe X AT XB COOTBETCTBYIOT 3HAYEHNAM B3JIEKTPOOTPULNATEIb-
HocTH 10 ITonuHry.

o .
Opu onyGamxoBamm smadenma 0,74 A (cm. B pabore [293] crp. 135, a Tamsxe
paGory [379]). B Ta6n. 23 npuBeieAH paccUYUTaEHbE [JIWHH CBA3el KpeMHUH —

Tabauya 23
Nanaa cBA3eii
Inuna cessu, A
Genee e HafifeRHan

Si—O0 1,83 1,632; 1,640; 1,658; 1,66T
Si—C 1,9 1,88a, r, B; 1,928; 1,93¢€
C—0 1,43 1,36—1,47 %

C—C 1,54 1,52—1,55 8

3 B [(CHs)3Si]20 [490].
6 B Si[OCH3]s u (C13S1)20 [490].
B B [(CHj3)2810]s [420].
T B [(CH3]281013 [420].
A B oxrameruincoupo-[5,5]-nearacmiokcane [362].
€ B (CHg)s Si (cM. B paGore [293] cTp. 133).
® B HacHmEHHHX YIJIeBONOPONAX, reTaPOMUKINIECKUX
M apoMaTUYeCKNX COeJUHEeHUAX U BIOKCUIHHIX cMoJax [426].
2 Bo MHOrMX HachMEHHHIX YIJIEBOAOpoHax (cM. B pabore
[293] cTp. 133).

KHCJIOPON, KPEMHUA — YIWePOJ, Yriaepod — YIIepof, WCXOAd H3 aIJATHBHOCTH
aTOMHHIX pajfHycoB. J3HAaUeHHe, HAfijleHHOe AN CBASHK KPEMHU — KHCIOPOH
B CHJIOKCAHE, 3HAYATENLHO MEHbIIe, YeM PACCYATAHHOE, YTO MOKHO OGBACHATH
HaJdAY@eM WOHHHIX WJIN ABOMHHX CBA3edl wWiIdm 0o0OMX THNOB cBA3el. Boapmas
WHTEHCHBHOCTh IOJIOC MHYPAKPACHOro cHeKTpa masa cBasu Si — O Takxe
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IOATBepKAaeT MOHHHEA xapaktep sToit cBsasm [489]. Haxk u caemoBamo osxm-
JaTh HA OCHOBAHMH BeJUYMH 3JIeKTPOOTPUIATEIBHOCTH, CJAa0OHi MOHHKIT
xapakTep OBUI ompefielieH MOMOOHHKIM 00pas3oM [ CBI3W KPEMHHE — yTiepon B
HECKOIBKNX CHJIOKCAHAX, HO He B MUKJINYECKOM TeTpaMepe W He B CUMMETPHIHOM
coepunennu (CH;),Si. XoTs me GRII0 OONCAHO HY OXHOTO COEJUHEHNMs, B KOTOPOM
Y KpeMHHUs WNMeeTCs HBONHHAA CBA3h Py, Pn, YACTUYHO ABOWHOH XapaKTep CBA-
34 dy, P, MOJKeH OHITH IPAMKUCAH CBSA3AM B AJIOTEHCATIAHAX, ITOOK MOYKHO OBLIO
00BACHUTD PA3jIndue MeKIYy PACCIATAHHLIMU ¥ ONpPENeJeHHHIMH JIMHAMA CBA3el
(cm. B pa6ore [316] ctp. 310 u cxu.).

2. Buwicokomemnepamypuuie ceolicmea

a. Tepmuueckas ycmotivugocms u ozHecmolikocmy. BHpgaomasics TepMmde-
CKasg CTAa0MIBHOCTH ABJIAETCH ONHUM W3 Hambojee BaJKHEIX CBONCTB MOJHCHIIO-
kcamoB. CpaBHeHMe BHEPruiHl cBs3elf, mpeACTaBIeHHHX B TaGia. 21, HaBOgUT HA
MEICIIB, 9TO MOJACHIOKCAHOBHIH «CKEIeTy MOANMepa coocoGCTBYeT GOMBIION TepPMHE-
9eCKOH CTaOMIBHOCTH HOJMCHIOKCAHOB. Hamwdme c¢BA3W KpeMHMH — KHCIOPOT,
HOocAmeH B OGOXBmION CcTemeHM WOHHBIA XapaKTep, OPUBOAMUT K TepMHIECKOMR
crabmnpEOCTH. B BHICOKOM BaKyyMe WMIH WMHEDPTHOH aTMochepe OYeHBH UUCTEHIE
HOMMCHIOKCAHHE ABIAKNTCA cTabuibEEME mo 350—400°, Korma CHIOKCAHOBEIE
CBA3HW paspHBAIOTCA ¢ o6pasoBaHueM JeTydux npopykroB. Hampumep, wumcTHit
MOMUIMMETHICYIOKCAH, NOMEMEHHNA B INIATUHOBHN KOHTeHHep, mocie 8 uac
BelepKK mpu 363° B BHICOKOM BaKyyMe MO;KeT AaTh HOTepI0 B Bece MeHee
10% [261]. Op;mako mpaKTHYeCcKW TepMHYecKasd CTAGMILHOCTL 3HAYATENb-
Ho HmKe. Hampumep, DPOMBIMIEHHHE COPT HOJIMAMMETHICHUIOKCAHOB C BA3-
koctbio 100 ccm u Gosee B TedeHme MIUTENHHOTO BDEMEHH YCTOMNINB IPH TeMIepa-
Type okoao 200°. [IpakTageckas TepMAYecKas CTAGUILHOCTh 3ABHCUT HE TOJBKO
OT DHEPIMH ¥ CTeOeHH WMOHHOTO XapaKTepa CBs3el, HO TaKyKe M OT IIOTHOCTH
CIDMBKM mojmMepa (T. e. KANKHA mOJUMep, 5JacTOMEp MJIM CMOJa), OT OKpYyrKa-
I0Ieil cpeibl ¥ 0T BPeMEeHHOr0 upefena crabuinbrocta. ORpyKaw0masn cpefa BRIIO-
gaeT pAf Takax (aKTOpoB, Kak Biaara (MEApoOIMTHIECKas CTAOUIBHOCTDH), KH-
CIOPOJ M [PyTHUe OKUCIUTeNA (AHErAGATOPH OKMCIEHMS), KaTaln3aTOPH peaKiui
NeperpynnupOBKN miIm ciaefqnl npmMmeceir [261, 262]. @Demmabubie 3aMecTHTEIN
Y KpeMHHs BMeCTO MeTHJIBHHIX YJIydYmaioT TepMocTabmwibHOCTh moamMepa [296].

TeMmepaTypsl BCOKIIKYA 1 TeMOePATYPH caMOBOCIJIAMEHEHUsA [ HEKOTOPHIX
JKMIKUX CUJIOKCAHOB IpefcTaBiennl B Tabua. 24. Jlamke cambie mpocThHe CHIIO-
KCAaHH B OGHYHEIX YCIOBHAX Helerko ropar. Onm o61afamT ompeeleHHBIME
TeMIepaTypaMu BCHHIIKYM, HO HEONpeJeJeHHHMM TeMIepaTypaMH BoCIJIaMeHe-
HUf, T. €. JJIA WX TOPEeHHSA NO/DKHO HOCTOSHHO HOABOAMTHCA Temwno. llosromy
He CJIMIIKOM HEOKMJAHHO MHEHWe HEKOTODHX aBTOPOB, U4TO KPEeMHHH B IOJH-
CHJIOKCcaHe HAMOJIOBHHY Yyxé oxmciaen g0 Si0,. Ilomucmmoxcams ¢ Goxbmmm
MOJIEKYIAPHEIM BECOM CAMH He TOPAT, HO IOXBEPTalOTCA TePMHUYIECKON HemONm-
Mepumsanuud ¢ obpaszoBammeM O0ojee JeTydnX, CHOCOOHBIX rOpPeTh CHWIOKCAHOB.
3amelnenre BOXOPOAA HA METWJIbHbE TPYINE 3HAYATEIHHO IMOBHIIAET JETKOCTH
TOpeHNsI, HA YTO YKA3HBaeT BOCIIAMEHAEMOCTh CUMMETPHYHOIO TETPAMETHI-
OUCHIOKCAHA.

6. Temnepamypvl kKunenus u Jaemyyecms. Husmme UieHs HoJIUCHIOKCA-
HOBOTO psAfa — JIeTydde KUAKOCTH. VX JIerKO pasmelsTh NUCTHIIANMER OpH
atmocdepaom maBiaemmu (Tabia. 13, crp. 176). TemmepaTypsl KADEHWS IMAKIAIE-
CKUX HOJUMEPOB HECKONBKO HIUKE, 9eM TeMIOepAaTypH KHUIEHHA COOTBETCTBYIO-
mMUX JIWHeHHHX CHIOKCAHOB, COJEPIKAIMUX TO jJKe caMoe JHCJIO0 aTOMOB KpeM-
HUs. JT0 Pa3jIM9Ine, BepOATHO, OOBACHIETCA He paszjmadeM B opMe MOJEKYI,
2 HeCKOJNBKO OOIBIMAM MOJIEKYJIAPHHM BecoM (HAa 14 emmmMl [iiA KaKIOH JAHEH-
goii Monexyxnur). Ha puc. 39 cpaBHmBaroTCA TeMmepaTypH KUINEHWS B 3aBHCH-
MOCTH OT W3MEHEeHHS MOJEKYISPHHX BeCOB IS YIJIEBOJOPOIOB M JAMETHII-
CHIOKCAHOBHX HOJAuUMepoB. I3 IOIMMEPOB ONHOTO M TOIO Ke MONEKYISPHOTO
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. Tabauya 242

TemunepaTypsl Benoimiku 0 u TeMmeparypsl caMOBOCHIAMEHEHHSA
AAMETMJICHIOKCAHOB B

TeMmepaTypa CaMOBOCIIIa-
e Y B
°C o6bem T °C
pis
MM 0,65 —1 ll —
MDM 1 43 10 48
MD,M 1,5 2l _ —
MD;M 2 | 3 430
— 3 102 3 438
— 5 135 0,5 443
— 10 163 0,5 452
— 20 271 0,5 476
— 50 279 0,5 488
— 100 302 0,5 | >490
—  |>100 316 — —

3 OcHOBaHa Ha MaHHHX ¢upMbl «JJay KOPHMHI Kopuopeiimu» nag 200
FKUIKOCTell.

6 MeTon OTKpHTO# wamku, ASTM D 92-33,

B ASTM D 286-30.

T Hanmenpmuii 06beM B MIUIMIMTPAX, KOTODHIH BOCIJIAMEHAETCA IPH
TeMIepaType CaMOBOCIJIaMeHEHNA.

A HcoapreTcsa IO BOCINIAMEHEHMHA.

Beca MOJIHIUMETHICHAIOKCAH WMeeT 0ojiee HU3KYI TeMOmeparypy kumenus. Ilo
CPaBHEHWI0O ¢ YIIeBOJOPONHHIMH HOJEMePaMH CIVIMKOHOBHE IIOJIHMEpPH
00/1aJal0T HAWMMEHHMAM KO(PPUOUEHTOM NOBHIIEHWS TeMIePATypPH KANEHUSA
B 3aBACHMOCTH OT MOJEKYIAPHOTO Beca. IJif HU3MHUX CANOKCAHOBHIX IOJHMMe-
POB IOJydeHH KpuUBHe JaBieHus mapa [479]:

s pukamgeckux D,, rme n = 4—8, a rtemmeparypa I mama B °K,

1190 294
lch=7v07_T+ [0,265—“? 2’

IJIA JIAHEeAHHX cuioKcanoB MD, .M, rae n = 5—11,

' 1030 360
1gP;=6,28— —+ [0,443-——:,7 i

OIpeAeNeHH CKDHTHE TeIJIOTH NapoofpaszoBamus (KKA/MO4b):

ang nEknamdeckux D, AHp,ap=35,454-1,35n,
s augeERx MD,_ oM  AHp,p=4,70-1,65n.

C DOBHIIEHVEM YMCJIA TUMETHWICHIOKCUIDYNI TOYKY KUIEHUA PA3IMIHBIX JHHeH-
HEIX IIOJIMMEPOB COJIKAIOTCS ¥ PasfelUTh UX CTAHOBUICA Tropasfo TpYHAHee.
IMonmMepurle cMecH 0GO3HAYAIOT COTIACHO MX BA3KOCTU. SHUAKOCTH ¢ BSBKO-
ctpi0 10—50 ccm meperoHsIOTCA ¢ TPYZOM Jajke B 09eHb BHICOKOM BaKyyMe.
Te mommMepH, BA3SKOCTH KOTOPHX Bhime 50 ccm, OPAKTUIECKH He JETYYd U He
MMeIOT HCTHHHHX TOoUeK Kumemwms. llpeme dYeM MOCTHTAlOTCA TeMIEpaTypPH
KHIeHHs, OPOMCXONHT [elojuMepHU3anms Ao Oodee Jgerydux dacrun. Pmc. 40
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NOKAa3EBaeT 3aBHCHMOCTh MeAY OTHOCHMTENBHOM JeTYYecThI0 H BA3KOCTHIO IS
JAVHEeWHHX NOJUCUIOKCAHOB BIJIOTH [0 BsAsKocTH, paBHoit 1000 ccm. Ilpencras-
J7€T UHTePeC Pe3KOe CHUKEHUe JIeTyYeCTH ¢ IOBHIMIEHMEM BS3KOCTH; IOJAMEDH,

400
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Monerynspuond aec

Pumc. 39. 3aBECHMOCTh TeMOepaTypH KHIEHHA OT MOJEKyJIspHoro seca [202].

A — OUKJINYecKNe aJIKaHe, JB — HOpMaJbHEE YrieBOTOPONb; B — auHelHbIe
(CHa)QSIO[(CHa)zsIOJ Si(CH,)g; I’ — mUKJIMIECKMe [(CHs;)28i0], .

obmamalomue BA3KOCTBIO Beme 50 ccm, WMEOT HE3HAYMTEIBHYH YHOPYroCTE
mapa u o cymecrBy He jderydu. llommcmnoxcans ¢ Baskoctsio or 30 000 u Brime
1 000 000 ccm mpm 25° Tepsior B Bece Menbmme 2% 3a 48 uac upu 200°, BeposTHO,
Grarogapa OCTABIIHMCA B HHUX JIeTYYNM NIMKINYECKUM COEJUHEHHAM.
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P mc. 40. 3aBucuMOCTh JeTy9ecTH OT BA3KOCTE [JIsi HOJIUJEMETHJICHIOKCAHOB.

O6pasen BecoM 35 2 B cTakaHe eMKOCTbIO 150 ma ¢ maomambioo OHA 19,4 cm2. BecoBble mOTepH Onpe~
IeJIeHBI I0CJIe BHIAEPIKUBAHUA B TedeHNe 48 uac.

NuTepecno mpociaequTh BIHAHME aTOMAa KHCJIOPONA HA TeMIOepaTypy Kmie-
HHA KPEeMHMeBOr0 COeJIMHEHWA W CPABHUTDH C BIMAHUeM [Apyrux rpynm. [lamnse,
mpefcTaBieHHbe B TaGu. 25, MOKA3HBAT H3MEHeHHWEe TOYeK KWIEHWA IPH 3aMe-
IIeHAX aTOMOB KHCIOPOJA B NUCHJIOKCAHE aMHHO-, MeTWIIEeH-, (eHANeHrpynmaMp
u cepoit. OueBUIHO, YTO 3aMeHA KHUCIOPOAA NIOOHMH APYTMMHA IPyOOAaMH IIOBH-
maer tTemumepatypy Kumoemms [402, 441], gTo MoeT GHTH O0GBACHEHO COHEPAIb-
HEIM CTPOEHZEM MOJIeKYJ CHIHKOHOB M OCHA0IEeHHHM JeicTBMeM BHENIHUX CHIO-
Bux mojeit [468].
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B. Tenaoemkocms. B 1abn. 26 mpefcTaBIeHH TENIOEMKOCTH HECKOJIBKHX
CHJIOKCAHOBHX IOJIMMEPOB, a TaKKe BONH M HEKOTOPHX OPraHWYeCKHX FKUJ-
rocreit. Mempgy O um 100° TemmoeMKOCTE NAMETHICHIOKCAHOBHX IOJHMEPOB

¢ BABKOCTHIO, pasHoi 0,60—50 ccm, me-
Tabauya 25
sxar mMexxny 0,32 m 0,35 kaa/e-2pad. Qua
Bauspme usmesemnii memn coegmmenmii T€X HOJAMEPOB, BA3KoCTh Koropuix 100—

HAa TOUKH KHIEHAS 1000 ccm, TemIOeMKOCTH JerkaT B MHTep-
'(CHj)3Si— X —Si(CHjy)s Base mexny 0,35 u 0,37 kaa/z2-2pad[434].
9Tn 3HAYeHWA OpPUGIM3ATENbHO PABHEL
X T°$'£§i' 760 at 1/; TEMI0OEMKOCTH BOAH W HECKOJIBKO HW-
pm.cm., °C J%e TeINIOEMKOCTH OGHYHHX CIHDTOB H

YTIIeBOIOPOMIOB.

—0— 100

— 113 r. Tenaogoe pacwupenue. Hoaddu-
—NH— 126 IHeHTH 00BeMHOr0 TeIJIOBOI'0 pacIIipe-
—CHy— 134 HUA NOJACIIOKCAHOB MOHMAKAITCA ¢ yBe-
—S— 163 JINYeHWEeM BA3KOCTHM, KaK DIOKAa3aHO HA
:0-, u- B n-Qeaninen - 230—240 puc. 41; OHE ABIAKTCA BeAWINHAMHE

OIHOTrO MOPAAKA ¢ Ko3QPUIMeHTaMH Ter-
JIOBOTO pacmupeHHNsA GeH30Ja M 3TAHOJIA, HO 3HAYATEIHHO BHIIE COOTBETCTBYIO-
mux Ko>Q(QUIMeRTOB PTYTH U BOAH. 3aMemieAne (eHWILHHIME TIpyNIaMu Tpus-
JIMBUTENBHO IIONOBMHE METWIBHHX TIPYOO NOHMKAeT Ko3PPUIMeHT Temio-
BOr0 pacHIMPEeHHs, YTO MIIICTPUDPYeTCH KpmBoit 7 ma puc. 41. dtunnHOE 3ame-
meHWe OKa3biBaeT Takoe ke Aeiicteme [158]. Ha pumc. 42 mokasamo mommxenue
#oadpunmenTa pACIINPEHNA C HOBHOIGHWEM BA3KOCTH JMHEHHHX [AWMETHII-

Tabauya 26
TemIoeMKOCTH KAgKOCTeH
BA3KOCTH ]
onmmunie, | TNIOMICTE: | Coommemne [104] | TSROSO
Ha [51]2, ccm
2 0,323 Boxa 0,998820°
10 0,360 CH;0H 0,60020°
100 0,352 C,H;0H 0,58125°
350 0,340 Taruepns 0,5725°
1000 0,349 AnndaTmaeckue 0,49—0,60
YIIeBOAOPOH
ApomaTtnueckue 0,39—0,41
YIraeBOKOPOIH

a ITpu KOMHATHO# TeMmepaType.

CHJIOKCAHOBHIX HmOAEMepoB. Peskoe moHmxenwme KoaQPUIMeRTa pACIIEPEeHASa 3a-
MeTHO ¢ yBeamdenmeM Bsskoctd fo 100 ccm, Bmme sroro smavemms Kodddn-
IWeHT PACIIMpPeHHs ¢ MOBHIICHAEM BS3KOCTH INOHWKAETCHA JHUIIb He3HATUTEILHO.
Taxkoe mOBeJeHUWEe MOKeT CIYKATH NI WIIIOCTPANUA BIHAHWA HA BA3KOCTD
«pa3baBieHnsa» TPEMETWICAIOKCAHOBHX KOHIEBHX rpymmo [51, 202, 203].
e. Yoeavrhas menaonpogoornocmy. Y felbHAS TEIIOOPOBOHOCTS HOINTUMETHII-
CHIOKCAHOB Bo3pacraer ¢ yBeiaudenmeM BsisrocTE H0 200 ccm. C panpmEefmumM
IOBHIIIEHUEM BA3KOCTR YHAeIbHAs TEIIONPOBOJHOCTH CTAHOBHUTCA NOCTOSHHOIM,
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MOHUMYM ee JIeKHUT UpPH BsAsKocTHE, pasmo# 350 ccm. Ha pme. 43 mpepcraBieno
A3MeHeHWe YAEJIBHOH TEIJIOONPOBOAHOCTH ¢ H3MeHeHWMeM BssKocTH [D1,
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Pmc. 41. O6bemaoe pacmmpesrme IOIECHIOK- P mc. 42. Vsmemenme xoapdunmenta pac-
CAaHOBHX H APYTHX >KUIKOCTEH. INAPEeHHA B 33aBHCHMOCTH OT BSA3KOCTH

1 — menran; 2 — [(CGH,)sSi],0; 3 — 6emsom; £ — mo-  AaA (CHg)3Si0 [(CHy),Si0],Si(CH,); mpm

JIMAUMETWICUIOKCAH SKUIKUA, 3 com; § — HOIMOU- 25—100°.

METHIICHJIOKCAH Kugkui, 50 ccm; 6 — moampmuMerni-

cuiIoKcaH skuArmiA, 100—1000 ccm; 7 — mosmMme-

TUIDEHMIICUIIOKCAH HUAKNN, 475—525 cem; 8 — monu-

RUITMIICUIIOKCAH IKUAKuUMA, 158 ccm; 9 — Bogma.

71]. Ygensuas 1TemI0OpPOBOJHOCTD JKANKAX NONAAUMOTUIMNCUIOKCAHOB C Bf3-
kocte0] 0,60—12 500 c¢cm  pasma  2,36-10-* — 3,86-10™* &®aun/cm-cer-2pad
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P u c. 43. Usmenenne xoadpmnmenTa TemIonpoBOSHOCTE HONHIEMETHICHIOKCAHOB mpE 50°
B 3aBHCEMOCTH OT BA3KOCTH.

upr 50° ¥ MoKeT GHTH BHUMCIEHA IO CIeAyOMEMY SMIONPHIECKOMY] ypas-
HEHHIO JIIA YAeJALHOH TeNIONPOBOAHOCTA KaK (YHKIMH BA3KOCTH H TeMIepa-
TYDHIL:

4,66+y95 — 0,000003y3
Ky = [0,2387 Y82})0+725 st) (1663—t°C)] 10—6 xaa/cm-cex-epad,

ITe Y25 — KHHeMaTWIecKas BA3KOCTh mpum 25° B camTmcrokcax [51]. 3madenma
JIs yRAeNIBHOM TEINIONPOBOSHOCTH APYTUX KAAKOCTel IpeficTaBiaeHH B Tabm. 27.
Taxum o6pasoM, ymeldpHAS TemIONPOBOAHOCTH AUMETHICHAIOKCAHOBHX IOJHMe-
POB — BeJIN9WHA OHOTO HMOPANKA ¢ Y/eIbHON TEIIOIMPOBOSHOCTHIO GeH307a, He-
CKOJIPKO MeHbIIe y[AelbHOH TeIIONPOBOTHOCTH OGHYHHIX CIMPTOB ¥ COCTABIAET
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TOJBKO 1/, yHeIbHON TEMIONPOBOXHOCTA BONH. TemIONPOBORHOCTH CHINKOHOBO-
ro Kay4yKa paBHA YIBOGHHOW BeJIWYAHE YAEABHON TEIIONPOBOTHOCTH OOHIY-
HOro Kaydyka (cM. B paGore [283] crp. 60). Temueparypmmi xosdpduumenT

Tabauya 27
YaeabHada TenlONPOBOXHOCTH OOBIYHBIX FKHUAKOCTEI
[194]

HugrocTh g‘;g:,eg%- K, xan/cm-cex.2epad
Boga 20 1,43-10-3
Bensoxn 5 3,33-10"4
MermaoBHii conEpT ] — 4,95.10-4
ITHMIOBHE cOAPT — 4,23-1074
Tnrnepna 9—15 6,37-10-4

VIedbHOH TeIIONPOBOJHOCTH JUMETHICHIOKCAHOBHX IOJMMePOB MeHbIIe, YeM
TeMIepaTypHLe KO3PQUIMeRTH yAeJbHOH TeIMJIONPOBOHOCTH APYTHUX COIOCTAB-
JsIeMEIX JKAIKOCTeH, a [JIA TeX IOJAMEepPOB, BABKOCTh KOTOPHIX JIe;KHT B Ipefie-
aax 0,65—12 500 ccm, Temmeparyprbie K03$PHUMEHTH yAeIBHON TEIMIONPOBOJ-
HOCTH OTHOCHTEJIBHO NOCTOAHHH m cocTraBiasior —0,06% ma 1°.

3. TI'udpoaumuneckas u Tumuyeckas cmabuibHOCMb

dHeprum cBA3eil, NpeACTABICHHKE B TaGx. 21, MOKA3KHBAOT MOCIEOBATENb-
HH TOPAMOK yCTOWIMBOCTH CBsizeil kpeMumit — asmement: SiF > Si0 > SiCl >
> SiC, SiH. 9ToT mopsAgoK mOKasHBaeT, 9TO CBA3W KPeMHHA — rajoren Goiee
CTAaGUIbHE, 9eM CBA3M KPeMHHA — YTriepof, YTO IPOHCXOJHT TOMOJIATHIeCKHH
Pa3pHB CBsA3ell W HaGIIOAETCA OTHOCUTEIbHAsA TePMAYECKas CTAOHMIBHOCTH, HO
He 00BACHAET THAPOJMTHICCKON YN XAMMYeCKOHA CTAOMIBHOCTH NOJIACHIIOKCA-
HOB. B TaGun. 28 mpencraBieHH »HEPrAM WMOHHKIX CBsA3eHd [Jd cBA3eldl KpeM-

Tabauya 28
Jueprun moHHOM cBasu [140, 391]

OHepruA dHepruda
CBA3BL MOHHOU CBA3M, CBA3b NOHHOU cBA3M,

KKA1/MOAL %KKA1/MONL
Si—H 245,8 Si—S 187,0
Si—C 235,2 Si—Cl1 186,9
Si—0 228,4 Si—Br 172,4
Si—F 220,0 Si—I 162,2

HUHA — 3JIeMeHT. OTU BeJWIAHH ABIAKTCA TMOKAa3aTejieM OTHOCHTEeNBHOM JerKoCTa
reTepoIUTAICCKOTO pAaCmeNmieHns. TakuM 00pasoM, MOJTYyIeHHHH MOPATOK CTa-
OMIBHOCTH XOPOMO COTJacyeTrcsi ¢ HAOIIOaeMOil XUMHUIECKOH YCTOWYMBOCTHIO:
SiH > SiC > Si0 > SiF > SiCl. Haupumep, xiopcuran ragpoln3yercs 3HA-
YAWTENBHO Jerde, 4eM (TOpCHIAH, KOTOPHH, B CBOIO o09epefb, IHAPOIA3YETCS
jJerde, 49eM CHIOKCAH WIN CHIKap0eHOBAasA CBA3b. V3 HEKOTOPHIX HECOOTBET-
CTBUH B DHEPrUAX ONHCAHHHX MOHHHIX CBfA3edl MOYKHO cHelaTh TOABKO KadecT-
BeHHEe BHIBOJH.

Pesko BHpasKeHHHII HOHHHIA XapaKTep CUIOKCAHOBOM CBA3M, TAK e KAk
B CcOOCOOHOCTH KDEMHHS K PACHMPEHHI0 ero BAJEHTHON 060J0YKH, [ejiaer



Cuauronosesie noaumepsy 205

MOMUCUIOKCAHE BOCIPHUMYABEIMA K BO3LEHCTBHIO ONIpeNeJIeHHHX pPEareHTOB.
Hanpumep, CWiIbHEE OCHOBAHWs M KOHLUEHTPHDOBAHHHE KHCJIOTH, TaKHe, KaK
cepHas, pochopHaa ¥ XIOpPHAH, BHBHBAIOT AeHoJUMepH3auuio. Boxa upu Brico-
KOX TeMIeparypax ¥ jaBieHAH (0COOEHHO B IPUCYTCTBHH KAaTaJIU3aTOPA) TaKKe
BH3HBaeT JemonuMepusanuio. HexoTopsie TBepabie conmM, HAOIPUMED XJIOPHIH
ATIOMHUHEMA U 3Kelle3d, PaCHEelIAIT KaK CHAIOKCAHOBHE, TaK W KPEeMHHA-yTie-
POMlHEIE CBA3W, BEIBEIBAs IOBHIIEHWE BA3KOCTH ¢ HOCHEAYIOMHM 00pasoBaHHmEM
reisa. Jlpyrue pearenThHl B OIpENEJEHHHX YCIOBHAX TAKIKe PACIMIEIVIAIT CBA3H
yrieponq — KpeMHuil; HaOpuMep, KOHIEHTPHPOBAHHAS a30THAS KHUCIOTA MOJ-
HOCTBI0 OKHCJIsAeT moJuMep, 0CO0eHHO IpPH MOBHINEHHHX TeMmmepatypax. Ormen-
JleHMe APOMATAYECKUX TIPYON KOHIEHTPUPOBAHHOW CEePHOM KHCJIOTONH MOKeT
6HTh OPUYMHON mochexyomero obpasoBammsa reis. Cyxoil xiop BosmeidcTByeT
HA OpragmYecKye IPYOOH y KPeMHHS. BsA3KOCTH XJIODHPOBAHHHIX CHIMKOHOB
TMOBHIIAETCS M3-33 YBeIWYeHWS MOJEKYJIAPHOTO Beca M B3aMMONENCTBHA MEKIY
[eNAMY, DpHYeM CTA0MIBHOCTh PE3KO IOHWIKAETCH.

ITonmwucunoKcans CpPaBHATENIHHO WHEDPTHH IO OTHONIGHHI K GOJIBIMIAHCTBY
XHMUYeCKAX COe[MHEHMIl, 32 MCKII0YeHNeM YKa3aHHHX Beime. B o6meM, aoGhe
BOJIHEIE PACTBOPH OKA3HBAIT He3HAUATEJIbHOE BO3[JeHCTBHE HA IOJMCHIOKCAHEL.
Taxoe moBefieHme, BepOATHO, OGBACHAETCS O00JbIIe HEPACTBOPAMOCTHIO BOIH
B CHIMKOHAX H IJIOX0M cMadwmBaeMocThbio mociemmmx (pasmexa III, B, 5),. gem
HHEPTHOCTHIO CHIIOKCAHOBHIX WIW KPeMHHUM-YIJIePOTHHX CBA3eH IO OTHOIIEHHUIO
K PacTBOPEHHHM BemecTBaM. TaxkuM o6pa3oM, pasbaBieHHEe KUCIOTH, PaCTBODH
collefl MeTaJIoB, Pa30aBieHHAs IePEeKNCHh BOJOPOJA X PACTBOP aMMHMAaKa OKAa3HI-
BAlOT He3HAYUTeJbHOe fAeficTBue HA monmMepbl. Crafhle KECAOTH W OCHOBAHUA,
HAIpUMep YKCYCHas KHCJIO0TA, (EHOJ, JKUPHEE KHCIOTH W JKAOKWA aMMHAK,
TaKyKe OKAasHBAIOT JHMIIb Majoe Bo3feicTBue. |ByoKumch cephl, yrieBOXOPOXHI,
XJIOPHPOBAHHBIE PACTBOPUTENHU, CIHMPTH, KETOHH TAKKe HE OKA3HBAIT XHAMHYe-
CKOr'0 BO3EHCTBUsA HA MOJUCHIOKCAHBI, XOTSI MHOTHE M3 OPraHMYeCKUX RUIKO-
cTell MOTYT BHI3HBaTh Ha0yXaHue wiau pacrBopenue moimmepa (pasgen 111, B, 3).
Boo06me nonncuaoKcansl He B3aAMOeCTBYIOT ¢ METAJIaMU IPY MOBHINEHHAKIX TeM-
mepaTypax U He OKa3HBAOT KOPPO3HOHHOIO [edCTBHA Ha METAJLIH IPHU 9THX TeM-
meparypax. Biausmue pasiMdHBIX METAJIOB M CIJIABOB HA CTAGUIBHOCTE MOJUIN-
MeTHJICHIIOKCAHOB ONpeleAloch B TedeHWe ceMHAHeBHON Brmepsxkkm mpu 200°
Ha BO3[yXe; HAGIIONANIOCH WM3MEHeHWe BA3ZKOCTU M KOJIMYECTBA BHIENSIOMAXCH
dopmansiernga w mypaBbuuoil Kuciaotel [20]. Mens M ceieH HpPemsATCTBYIOT
W3MEHeHMAM BA3KOCTH, a Me[b, CBHHEI I CeJeH IPEHATCTBYIOT OKHCJIEHHUIO.
Tennyp yckopser oxucienme npu 200°, Ho aeficTByer Kak mArHOUTOpP mpm 225°.
CypbMma, KagMuil, HUKeJlb, IUIATAHA, cepeGpo, 0J0BO, MUHK, MIOPATIOMAHWI,
CTalb XOJOXHOTO HPOKATA W HEP/KABEIINas CTAIb He OKAasHBAIOT BO3Je#CT-
susa. IlomoGrble ncnmtanua mpu 225° ¢ moaUMeTHAPEHMICHIOKCAHOM IIOKa3hl-
BAlOT, 9TO CBUHEL, CEJIEH W TelIyp YCKODAIOT OKHCIeHHWe, a Me[db, CypbMa,
MIOPATIOMUANIT, cepeGpo, HUKeNb, CTajJb, MMHK M OJOBO HEe OKA3HBAIOT BIUsA-
mus [296].

WccnenoBanue peaKcanuy HANDKEHUS SBISETCS IYyBCTBUTEJIHHHIM METO-
JIOM M3yYeHWs XMMUIECKUX PEAKNUMHA PAa3INIHEX COCNUHEHNH C MOJTHCHIOKCAHAMI
B PAa3IWYHEIX YCIOBMAX, IPH KOTODHX He Ha0II0O[aeTcs 3aMeTHHX M3MEeHEHUA
cmiIoKcanoB. Takwe TOHKHWE MeTOAH MCHOJB3YIOT s OOHAPY:KEHHA peariui
OCTATOYHON MOMMMEPH3ALNA U CIIABAIOMINX KATAIH3aTOPOB, ABYOKUCH YIJIEpOJa,
BOJAK W HANONHUTeNs B HOJIHCHIOKCAHOBEIX »siacromepax (cm. [228, 307],
a taxke B paGore [437] crp. 260).

4. Cmabuabhocmd no OMHOWEHUI K KUCA0POdY, azomy
U KOPOHHOMY Da3pady

B mommoit cormacoBaHHOCTE ¢ TepMmdecKo# crabmibHOCTBIO (pasmen III,
A, 2) paxommTca CTaOMIBHOCTH K OKHUCJIEHHIO, TAaK KaK B GOJBIIHHCTBE CJIY-
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9aeB MOJMCHIOKCAHH WMCHOJNB3YIOTCSA B HPUCYTCTBHE KHcjaopoma. Tax ke Kak
paHee OHIIO YCTAHOBIEHO i TePMATECKON CTaGHIBHOCTH, CTAGMIABHOCTH K OKH-
CJIeHWIO 3aBHCUT OT THIA CBf3ell, THHA HOJIMMePA, CPefH ¥ OT BPEMEHHOTO Ipe-
Jela CTAa0MIBHOCTH WM JOJKHA GHTH OIpPefielleHa MCXONS M3 CTAHAAPTHOTO HCIHI-
TaHAs.

B o6mieM, DONNCHIOKCAHE BIOJNHE YCTONYMBH K BO3NEHCTBHIO KHUCIOPOMA.
B moampumermncmmoxcanax mpu 175° [20] me mpOUCXOMHT HUKAKAX 3aMETHHX
W3MeHeHHUH BCIeACTBUE OKMCIeHWs, HO, CYOS IO W3MEHEHUWI0 BA3KOCTHA &
o6pazoBaEmi0 (opMaNBAerufa U MypaBpuHo#l KucaoTe, mpum 200° Bce ke mmeeT
MeCTO OKMHCJIEHFE; BEICOKOMOJEKYJISDHHH HoIuMep LOPHA 3TOM H3MEHsdeT BA3-
kocts Menbme 9eM Ha 10% wuepes 16 uac [434]. Buume 200° wyBcTBUTEIBHOCTD
K OKHCICHWI0 3HAYUTENBHO YBEJIMYMBAETCS C POCTOM TeMmmepaTypw u mpm 250°
SUIKUE [UMETHICHIOKCAH CIIMBAETCA N0 KayIyKOmOmOoOHOrO rejii B TeueHHe
HeCKOJBKHX 9acOoB. B CDaBHUMEIX YCJIOBHSX CMOJIa IpeTeplieBaeT 3HAYATEIBHO
MeHee 3aMeTHOe W3MEHEeHWe BCJIE[CTBMe TOr0, YT0 OHA YyKe CHIBHO CLIHTA.

CraGuabHOCTh K OKHCIEHHI0 HOJMCHIOKCAHOB B GONBOION CTeNeHW 3aBUCHT
OT OpPraEWYecKWX dYacTedl MONEKYyJa. ApoMaTHdecKMe TpPYUIH, 3aMeNIaoIze
MeTHJIBHEE, YBEINYHBAIOT CTabmiabHOCTh K oKmcaenmio [12, 296]. Tak, me
BHIABJIAETCA 3aMETHHIX HM3MEHEHWI IPW OKHCIEHUH NOJMMEeTHIPeHUICUIOKCa-
HOB mpm 225°, Ho upu 250° BA3KOCTD yBeIHYHBACTCA W BHeNeHMe JEeTy4YnX Ipo-
OYKTOB OKHCJIeHWUs cramoBurcsa 3aMeTHrM [296]. CocraB ieTyumx HOpOLyKTOB
NOKa3HBaeT, YTO B3aMMOJEHCTBYIOT HPEAMYIECTBEHHO He (eHUIbLHBIE, a Me-
THNABHEIE TIDYOOH. YCTOWYABOCTh K OKHCIGHUI0 YMEHBINAETCH y IMOJUCH-
JIOKCAaHOB C BO3PACTAHHEM [JIMHH LENA AJKWIBHHX 3aMecTdTeleil. BUEHIbHHG
¥ BONODORHBIH  3aMECTHTeNM TAaKKe NPHBOXAT K HEYCTOAIWBOCTH UpH
OKHUCIEHUH.

Jpyrume gakTopn Tak;ke MOI'yT OKA3HBATH BIUSAHAE HA YCTOMYMBOCTH IPH
oknciaenur. ORaz3amoch, 9TO CKOPOCTH OKHCIHTEIBHON JIECTPYKOUH HEKOTOPHIX
CHIWKOHOBHIX  CMOJ IPONOPIMOHAJLHA CKOpPOCTH pauddysun KHCIOPORa
B oGpasen u cremenm cmuBKu moBepxmoctu [138]. OxmcamTensHas TecTpyKuus
MoKeT OHTH 3aflepyKaHa HA HEKOTOpoe BpeMs 700aBleHHEM K HOIMCHIOKCAHY
HeGOABPMAX KONNYECTB NPOTHBOOKHUCIHUTENEH, OpUIeM WX BePOATHAA QYHKIMsE
KaK «racurejeiiy CBOGONHHX PAJMKAIOB WIN OGDHIBaTelell IemH (areHTH Hepe-
AaYd [enm) B3aKII0YaeTcs B HOPEKPAIMEHUN aBTOKATAIHTHYECKOH [ecTPYKIYH,
IpesK/ie YeM OHA PA30BBETCHA [0 TAKOM CTENeHH, 9TO 3HAYUTEIHHO U3MEHUT 3aTaH-
HEHe (U3nYecKdme CBOMCTBA moiauMepa. XeJaTHHE COeIUHEHWs, HAIPHMeD MeJ-
HOe XeJaTHOe coefmHeHWe aneToykcycmoro sgdmpa [429], pasnuumbie aMuHH
® MHOTOaTOMHHE cnmpTh [275] ABaA0TCA mpHMepaMd TAKMX BeMmECTB.

IMoaugnMerniIcHIOKCAHEL YCTOMYMBH K Bo3feiicTBmio o030HA. llommMmepn
HAa WX OCHOBE 3aMeTHO He u3MeHawTCsi B Tedenme 20 uac mpwW TeMmepaTypax
40—50° [56] mpu oGpaGoTie KUCIOpOEoM, comepsxammM 1 006.% osoma (10* gac-
Teli Ha MmIamoH). Bime »5Tot TeMHmepaTypH O030H HAaYMHAeT [eiiCTBOBATL.
Pazpymenwe, o6mapy;xuBaeMoe L0 ¥M2MEPEHHI0 NIPOYHOCTH IPH DACTKEHNH
¥ Habyxamwio, yBeJIMIUBAETCSA ¢ Bo3pacTammeM TeMmepaTyph. CKopocThb Bo3pei-
CTBUS 030HA HA TBepjsle 00pasiul 3aBUCUT TAK)Ke OT CKopocTH muddysmy 030HA
BHYTPL oOpasmoB. Ms-za pasnmdHoro MexaHH3Ma B3amMOJEHCTBAA € O30HOM
(pasmen II, ) m ¢ rmciaopomoM apomMaTHYecKHWe TPYOOH He MOBHMIAIOT YCTOM-
9ABOCT K O30HY, Kak 3T0 HafmofaeTcss OO OTHOmMeEHHI K Kmcaopoay. Osom
JIETKO pearmpyer ¢ HOIUMeTHI(PeHMICATOKCAHAME NPX KOMHATHON TeMOepartype,
BEDOSITHO B pe3yibTaTe PaspyIleHHs apoMaTAiecKoro Koxsua. Hark @ ciefo-
BaJI0 OKHMIATh W3 DIEKTPOPMIBHOTO MexaHHaMa felicTBus osoma [26], samecrm-
Tedy B (eHUIBLHOM KOJbLe, SABIAIMAECT AKUEOTOPAMHA 3JIeKTPOHOB, IPHBONAT
K TOPMOSKEHMIO B3aWMOJENCTBUS ¢ O30HOM, a IPYINH, SBIAIINAECS JOHOPAMH
3JIEKTPOHOB, MPHBOAAT K YCUWIEHHWIO 3TOT0 B3amMofeiicTBus. Bumaun um Bogopox
Yy KPeMHHUsA YyBCTBHTENbHH K BO3JeHCTBHI0 030HA, IIpAIeM IepPBHi OHCTPO pea-
THPYeT ¢ 030HOM faske Ipm —55°.
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JAMeTHICATOKCAHOBBIe IIONAMePH YCTOWYMBH K KODOHHOMY paspsy.
Nx ycroiiumBoCcTh MOYTH TaKas ke, KaK y CIOAH. IloanMeps ¢ KpeMHEeseMEEIM
HAIOJHUTEIEM, WCHONb3YeMEM B KadecTBe YIUIOTHEHHS B O30HATOpE, IOABEp-
ranuck mommsanmm npu 15 000 ¢ mpm KoMHATHOH TeMuepaType B TedeHHe He-
CKOJIBKUX JeT 0e3 3aMeTHOTO M3MEHEHHSA CBOMCTB.

5. Yemotivusocme E usayweruio

I/Isnngnne BBHICOKOH 3HePrHHU JeficTByeT HAa NMOJACHIOKCAHH, IPHIEM CTe-
IeHb BO3/EliCTBUs 3aBACAT OT THIA HOJHMEPR, MO3H W3TYYeHHS W APYTHX Hepe-
merrmx [73, 103, 148, 259]. YBemmaenne MoIeKyJIApHOro Beca M 06paszoBaHme
COIMBOK ABJATCA INIPeo6IajamuMy 73 HAGIIOAaeMHX peakumil. BasKocT
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P mc. 44. VaMeReHHe yCTOHYMBOCTH K B3/y9€HHI0 MOJACHIOKCAHOB B 3aBECAMOCTH OT COCTaBa.

HeKOHIEHCUDYIOMUECA Irassl — I'JIaBHBIM 06pasoM BOJOPOX M MeTaH, JloJA :3JIEKTPOHOB
Y MeTHJIa PaBHA OTHONIEHMIO YMCJa BJICKTPOHOB BCEX aTOMOB METMJIBHEX rpynn K o6-
mMeMy YMCIY SJEKTPOHOB ATOMOB BCEMi MOJIEKYJIH.

MHUJKUX I0JAMEDPOB IOBHINAETCA, W OHA B KOHEYHOM CUeTe HPeBpamaiTCs
B TeJid; 5JAacTOMEeDH ¥ BHICHOIAE MOJMMEDH CIIMBAIOTCA HOONEPEYHHIMH CBA3SAMH,
HA 9TO YKa3HBAT yMeHbINIEHWe YMJIHHEHWA W Boszpactamme Monyias. llpemesnne
IPOYHOCTH NPH DPACTSKeHHH BHAYajle BO3PACTAalOT, a4 3aTeM OpHA IHTeILHON
BHJleDKKe pesko yMempmartotcsa [149, 150, 443, 464]. McmonbayoTes pasnmy-
HEle MCTOYHUKH M3JIYYeHAs, TAKUE, KaK IAKIOTPoH [464], y-nzmyqgenme Co® [149,
151, 464], pentrenoBckue nyuu [464], B-ayum wam Grictpeie smextponn [29, 88,
134,150, 259, 288, 290, 464], y-ma3nyuenne u GricTpsle 1 MeaaeHHbe HelTpoRH[103].

YUyBCTBUTEABHOCTh MOJHUCHIOKCAHOB K PAaTMAlMOHHOMY BO3MeiCTBUIO 33BH-
CHUT OT THIIA 3aMeINAmux rpynn y Kpemuma [148, 149, 151, 168, 190, 247, 425,
464, 494]. Ilonumeps, cofepskamue MeTHIbHHE, BUHWIbHHE HIKM TpHGTOPIPO-
NAIbHBIE IPYNNH WX ATOMH BOIOPO[A, CPABHUTEABHO JErKO PAa3pyMIAlTCa OPA
o6Iydennr, B TO BpeMs KAk IOJAMEpH, colepsKamue QeHWIbHEE WIH OPYTHe:
apoMaTHYecKye IPYIINE, 3HAYATENHHO 6ojiee yCTOWIMBH K o6aydenmio. HexoTo-
puie uccaemoBatenu [151, 494] mokasaam, 9ro Mesxnay sorapmpmom G (HeKOH-
OeHCUPYIOIMICA ra3) | Jojedl DIEKTPOHOB Yy MeTHIa NIA JKANKHAX MOJIACHIOK—
CaHOB CYIUECTBYeT JIMHEWHAA B3aBHCEMOCTh B 00JACTH IOJOKHMTENLHHIX 3HATe-
Hai (pme. 44). Ipyrumm ciaoBamm, cTabHIBLHOCTH CHIOKCAHOB K OOIyYeHHIO:
BO3pacTaeT ¢ yBeJIM4YeHMEM 9YACHa (eHHIbHHX IPYON B MOAUMEPHON MOJEKYJIe.
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B pesyabrate cpaBHenus CcTa0MIBHOCTH HpPH OGIYyYeHHAM IOKAa3aHO, 9YTO [HMe-
THICHUIOKCAHOBEE DOJIUMEPH HECKOJABKO Gojiee YCTOMIUBH K NONEPEIHOMY CIIHU-
BaHMIO OpH o0IydeHUH 9JeKTPOHAMH ¢ dHeprueit 2 Mag, UeM HONHITHUIECH IpPU
o6nydenun snexTponamu ¢ sueprueit 0,8 Moas [464]. B oGpasne (C¢H;CH;SiO),,
KoTopHi momydni 186 mpsg, o6pasyiorca momepedHkie CBA3M B TOil jKe CTeHeHH,
aro u B obpasue [(CH;),SiO],, xoropmii moayumn 10 mpsg. DTo 3madnATeIBHOE
pasiudge B YYBCTBUTEJIBHOCTH IOJMMEPOB CHENaj0 BO3MOMKHEIM HCIIOJb30Ba-
HEe O0JyueHWA NS BYJIKAHM3ALUM JIACTOMEDPOB, B pesylbTaTe KOTOpPOil HmOIy-
9Yal0T CHIUKOHOBHIE KAYIYKH ¢ BayKHHIMH Qusmdeckumu cBoiicTBamm [149, 150,
464], a TaxKe IpUMeHeHNe WX B MCTOYHMKAX M3IYYeHHAA OYeHHb BHICOKOM BHEPIUH
[148, 464].

Uucno monepedHHX COIMBOK, HOABIANIMAXCA NOPH O6GJIyYeHHWH, HPOMOD-
LOUOHAIBHO MOJYIeHHOH /03¢ W He 3aBHCHT OT MOJEKYJISPHOrO Beca (3a MCKIIO-
deHHeM Macesl ¢ OdYeHb HU3KOH Baskocreio) [88, 103, 259]. Cremems méiicTBus
W3AyUeHNS TAKIKe OIpeNessieTcsi, XOTA M B HOCKOALKO MeHbINed Mmepe, THIOM
ucooabzyemoro mamoxuuteds [148], mpucyrcrsmem «amtmpamy [148], Temmepa-
Typoil, [030ii WM3Iy4eHUs, CTEHEHBH KPUCTAIIHMYHOCTH (T. €. PU3MYECKHM CO-
CTOSHHWEM), THIOOM wu3JydeHHs (T. e. OTHOCHTEJIbHOH DHepruei, OpOHHKAMEH
cmocoGHOCTHIO M MEXAHU3MOM) M NpHCyTcTBHeM kmcjaopopa (138, 149, 150, 258,
259, 288, 289, 425, 464].

Muorue peakuuy, KOTOpHE BEI3WBAWTCA 00JydeHMEM OpPraHMIecKoro Belme-
CTBa, MMEIOT MeCTO W IPH O0JyYeHAM MOJUCHIOKCAHOB: BHEJIeHHE Ia3oB, pas-
pHB mendm, o6pasoBaHyWe HmONePeYHHX cBsseil m passerBienme [102, 134, 241,
464]. Ilpm oGaydeRHMN OONMCWIOKCAHOB B OTAHMYHe OT moaucmianoB [56] mpe-
o6mamaer He pasphB Hemeil, a mpomecc cmmBanna [88, 134, 135, 289]. Peaxumsa
IpOTeKaeT ¢ Pa3PHBOM TOMOJMTHYECKOH CBA3HM, M CileAyeT OKMIATH, UTO Ipef-
MOYTHTEIHHO OyAyT pBaThest Goiee ciaabue cBasm (Tabn. 21). Ilpm obaydenmm
YIJIeBOKODONOB, TAKHUX, KaK IOJMATUICH, BHIENSAETCA BOIOPOX, W B KOHEIHOM
cdeTe TOJKMMep NOJHOCTHIO paspymaercd, TaK Kak Hamboiee ciaaboil CBA3BIO
ABIAETCS CBA3h YIIEPOX — YrIepofd, COCTABIAAIONIAA OCHOBY MAaKpoOMole-
ryx [290]. Camasn cnabas cBA3b B HONHAEMETHICHIOKCAHAX, CBA3b YIIEPOX —
KpPeMHNi, pa3pHBAaeTCs PaHbIIe CHIOKCaHOBOH cBssdu. CmmBamme mpeobiaajaer
HAJl PA3PHIBOM LeON, ¥ B BRIEIANMUXCA razax HAPALY ¢ BOKOPOAOM OOHAPYHH-
BaorT Merad u stam [134, 135, 288, 368, 464]. B pesynbraTe ob6aydenns oGpa-
3yoTes paguraisl leM. ypasmemme (124)] [134]:

[—(CHaéi—O—)x+CH3o
CH, |
_dio_ | ymme ) (‘CH3S‘—°_) +H- (124)
A
—[(CH3)28i—O0-1, +[-Si(CH3)2 —1,

B HekoTOpHX clIy4agx HX OGHADYKHBAIT Macc-CIeKTpoMerpmdeckn [135]
HAIH MeTOJOM DdJEeKTPOHHOTO NapaMarHHTHOrO pesoHamca [442, 443, 494].
9T pajHMKAJE MOI'YT COeUHATHCA pasinmunkiMa cmocoGamu. Habmopma-
Ioch 06pasoBanMe ciaelyomux cBaseii u coequrenni: SiSi, SiCH,Si, SiCH,CH,Si,
Si00Si (oco6enHo B MPACYTCTBEU KHCJIOPOAA), BOXOPOAA, MeTaHa u sraHa. llpm
o6aygennn MM B-nygamm oGpasyworca SiCH,Si, SiSi m SiCH,CH,Si B orHo-
menun 2 :1:0,6 [134], rorna kak mpu o6mydennm D, Te ke caMble IPORYKTH
noxydaorcsa B ormomennd 2 : 1 : 0 [88]. Ilo peakmmam ypaBuenus (124) rax:xe
moryT oGpasoBrBaTthea cBasu SiOCH,, Si(CH,),, SiOH, SiH, SiOCH,Si, SiOSi
(B mprcyrerBau kucaopona SiOOH); meroToprie 3 HEX YYBCTBUTEIBHH K JAJb-
HelmuM BosfeiicTBusaM. OcraBimmecs aKTHBHBEIE y9aCTKH, 0COOEHHO IPH HH3KHX
TeMIepaTypax, MOryT GHTh HCHOJB30BAHH Al 00pa3oBaHHsA DONEPeYHHX CBA3eil
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npn marpeBanmu [149]. HecommerHO, 9TO TakMe yYacTKH MOKHO HCIOJL30BaTh
A [JIA ToJyYeHMS NPUBHTHX comoiamMepoB ("dactp IV, A, 4).

Benwumna G (ompepenenHasi paHee) CIYKHT MepOil TyBCTBHTEJIBHOCTH COe-
IVHEeHHA K BO3AeicTBHIO m3nydeHnsi. Bricokme snadenms G OODpeNeNsAlT OYCHBb
MaJIyl YCTOWYMBOCTH B OTHOINGHWY W3Iy9eHWsS, HASKAE BeJIMIAHK G YKA3HBAIOT
Ha 3HAYHTENbHYI0 YCTOMYMBOCTh K H3AyYeHAI0. B nmTepaType onyGImKoBaHE
caenyiomue sgavenna G mis monmpmmermicmiokcamoB [29, 88, 103, 134, 288,
289, 368, 464]: G ana cmmrax 2,2—3,1; G (Hy) 0,656—0,7; G (CH,) 1,0—1,4;
G(C,Hg) 0,4—0,46. HesmadmrenbHEE OTKJIOHEHHS MOMKHO OTYACTH OGBACHHTH
OPUMEHEHVEM PAa3JINYHHX BHUIO0B WM3IydeHHA.

JecTpyKuuio moauEMeTRICHIOKCAHOB MOKeT BH3BATh A yIbTPasByk [58, 59].
CKOpPOCTH JIeCTPYKIMM 3aBHCAT OT YACTOTH YJIBTPa3BYKa, THOA DPaCTBOPHTEJN,
cpefH (BO3AYX WM aproH) W KOHIEHTPAanWd pacTBopa.

6. Juasekmpuueckue ceolicmea

Husnexrpuueckme csoiicrsa [27, 50, 129, 191, 376, 430, 434, 493] moan-
NMUMETHICHIOKCAHOB BMeCTe ¢ [PYTHMH IIOJOKHTeIbHHIME CBOMCTBaMH 06yciro-
BUIM MX IMAPOKOe HPHMEeHeHMe B KadecTBe dIeKTPOM30aATOpPOB. JlmamexTpmue«
CKas IPOHUNAeMOCTh IOJHIAMETIICHIOKCAHOB ABISETCA Mepoil pereHepupyemoit

2,8 RELAAS T LI LR T LERIRELAL T LLSRRREI
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Kunemamuueckas essxocmo npu 257 cakmucmorc

P m c. 45. VI3MeHeHAHe AABIEKTPHYECKOM NPOHANMAEMOCTH € B 3aBHCHMOCTH OT BA3KOCTH A
IoJTAAEMEeTHIICHIOKcaHoB [27, 50, 376, 434, 493].

SHEePTHH, 3aKJI0YeHHOH B IOMMMepe, a K0od(hPHIUAeHTH MOMMHOCTH — Mepoil dHep-
THH, KaK 3aKJI0YeHHOH B IOJMMepe, TAK M paccessHHON B BuAe Temna. [lmamex-
TpHUeCKas NPOHUNAEMOCTh JIMHEHHHX MOJUIAMETHICAIOKCAHOB 3aBUCHT OT MOJe-
KYJAAPHOI'O Beca M TeMIEPATYpPH ¥ B O049eHb HeGOJBUION CTemeHH — OT YacTOTH.
3Hadenus e B unTepsane 20—25° Bo3pacTanT ¢ yBennYeHHeM BA3KOCTH oT 2,17
aag MM po 2,82 gns coemmuenmit ¢ Baskoctsio 12 500 cem (pme. 45). das
BHICOKOIOJIMMepoB ¢ BazkocTeio of 30 000 mo 1 000 000 ccm e messur
B mHTepBale Mexny 2,63 m 2,77 [434]. luranueckne coeguuenus D, rae n =
= 4 -+ 8, UMeT [UBIeKTPHIECKYIO IpoHUIaeMocTh oT 2,39 mo 2,74 [376]. Tax,
y monumepos tuna [(CHj),SiO], nusnexTpnueckas mpoHANAaeMoCTs 3HAUNTEAHHO
HUKEe MU3JIeKTpUIecKod npornnaeMocTr Bopsl (80) m MeTanona (33), mourm pasHa
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3HaueHHmAM fAuaA Gemsoma (2,28), tomyoma (2,39) m TpamcdhopmMaTopHOTO Macaa
(2,24) u HeckoNBKO BHIE MWINEKTPHUECKOil mpomwmmaemoctd rekcana (1,87) m
oktarma (1,96) [194]. [lusnexTpuueckre mpOHUNAEMOCTH YMEHBINAKTCHA C IOBHI-

‘?;0 L] T ] 1 ] 1 1 ol.
5229t AN
§528} 250
§326F 83° -
S:é’ L —
5225) 1
ﬁ 24 1 1 1 - 1 1 1 [] 1

0 0% 0% w* wvf 1% 7 18 ¢ 1"
Yacmoma , 2y

P mc. 46. Hamenenne qualieKTpHYECKOH NIPOHAIIAEMOCTH & B 3aBHCHMOCTH OT TeMIEpaTypH
B 9aCTOTH [IJIA DOJAJAMETHJICHIOKCAHOB ¢ BA3KOCThIO 1000 ccm.

MeHNeM TeMIOepPaTypH, BePOSATHO OXarofaps HEe3HAYWTEJIbHHM HU3MeHeHUAM
IJIOTHOCTH M Bs3KocTH (puc. 46), M COXPAHAKTCA NpPaKTHYECKH IIOCTOAHHBIMHE
¢ m3MenenmeM dYacToThl J0 10% 2y. Bmiao oTmMedero HeGoabIDOe MOHMMKeHUE
[M2JIeKTPHIeCKOM NPOHUIAEMOCTH IDH yBeJlMdeHWH dacToTh Bhme 108 a2y
KoahumuenTs MOMHOCTH NIOJUIUMETHICHIOKCAHOB MMeIT HeGOoJdbune
3gadYeHNs, OHH HIMKe KO3PQHNEEHTOB MOIMHOCTH OOKYHHX TpPaHC)ODPMATODHHX

1000

Il Lidltl

T T 1rrIr

/”\

100

T~

3

T Ty
\
bl il

Kosgppuyuenm mounocmu x 10*

T
7~

IR\ /
N

o' 192 10° 10* 105 10° 107 108 109 10° " P?
Yacmoma , ey,

P uc. 47. Bamanme wacToTH Ha K03(PPMIMEAT MOMHOCTA IOIMJAMETAICHIOKCAHOB
¢ Baskocteio 1000 ccm mpm 20°.

macen [50]. Ilpm wacrorax 103—107 2y m mpm Temmeparypax or —35 go +150°
KO2(pHIMEHTS MOUIHOCTH MO CYMecTBY DaBHH Hymo (o6eano membme 107%),
B To Bpems Kak mpu 50 2y omm cocrasusior 3-10-% [191]. IIpm wacrorax BEIme
107 man 108 2y mHabmIomaeTcA 3HAYMTENIBHOE Bo3pacTaHme Kosdduumenta Mom-
fgocTH Grarogaps CWIBHOMY TOTJIONMEHHI0O B MAKDOBOJHOBOM ofiacTn JInHed-
HHX cmaokcanoBeix cuctem [191]. ITuk, mo-Bmmmmomy, mexxnut npu 101°—101 2y
(puc. 47). KosdhdunueHTH MOIIHOCTH HECKOJIBKO H3MEHAITCA C TeMmepaTypoi
¥ JUIMHON IenM HoJuMepa, HO 3TH HM3MEHeHWsA He3HAYMTeJbLHH 0 CPABHEHUIO
¢ W3MeHeHWAMH, OOYCIOBIeHHHMH ua3MeHeHWeM dacrorsl [50, 191].
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7. Ceemonponyckanue

Tonnmumernacunorcansl obaagant 100 % -Hoil HPOHMIAEMOCTHIO IO OTHO-
OIeHMI0 KO BCEM BHMIUMHIM CBETOBHIM BOJHAM u B OaumskHeH mHGpaKpacHO# 00-
aactu 1o 1000 mp (10 000 ¢axt). IlporuraeMocTs OO OTHOWmEHHUIO K YJIbTpadu-
0JIETOBOMY CBETY YMEHBINAETCA C yMeHbINEHNeM [JINHH BOJHH u mpu 280 mp
noxomut 1o 50% . CoeKTphl DOrJIOIIeHUs B yAbTpaduosiere MOJUINMETHI- K IO H-
MeTUAPeHUICAIOKCAHOB KAaK MJA YHCTHIX JKUIKOCTEH, TaK M B WM300KTaHe
XapaKTepu3ywTCs dYeTHPHhMA-MECTHI0 NHKaMu B o0gacrm Mekny 246 um
270 mp [95].

Tabauya 29

ITornomenne B uAdpakpacHoii oGaacTm AJIA NOJHCAIOKCAHOB 3

Tpynoa JIaHA BOJHBI 6, cm—l
Si(CHj)s 1250, 841, 756—754
Si(CHj)e 1259, 814—800
SiCH;, 1259, oxoxao 800
SiCgHj 1429, 1130—1090
SiOSi (yprand.) Tpumepn 1020—1010

Terpamepnr 1090—1080
Béapmue muka 1080—1050 (cnabaEIE)
SiOC m SiOSi (orkpmTas | 1090—1020

melnsb) .
SiH 2300—2100

2 U3 pa6orw [57].
Bce mOJOCH NOMJIOMEHNA 0YeHb CHIbHEIE,

Benmamu [57] onyGamkoBan wmcciemoBanmss u TOApoOHOe 0o6CYy:RIeHIe
madpaxpacunx [115, 125, 250, 253, 350, 395, 436, 489, 492] m pamanoBckux [99,
253, 294, 295, 377, 394, 446, 470] cumekTpoB HOTIIOIEHUS HOJTHCHUIOKCAHOB.
B rta6a. 29 mpuBedeHB OCHOBHEIE YACTOTH HOTJIOMEHHUS [JISi TNPOCTHX IOJH-
cunokcanoB. IloJMCANOKCAHE XapaKTepU3YIOTCA OYeHb CHIBHEIM HOIJOMEHUeM
opu 9,5 p (1053 cx™!) BcaencTBAe yAIMHEHUs CHIOKCAHOBOH CBA3H. JTO IIOTJIO-
meHne TPUMEPHO B O pas CHJIbHee NOTJIOMEHHSA CBSA3H YIIEPON — KHCIOPOJ
[489]. VYBenmuenmme pasMepa NUMKIA WM yBeJWdYeHA¢ JJIWHE NeOH JHHEHHOTO
moJimMepa ABIAETCA IPHYMHOE BeGOIBIIOro, HO YCTOMYMBOTO 6aTOXPOMHOTO
CIBUra B CHJIOKCAHOBHX CBA3AX., TOIJA KAaK COGJWHEHHA C pasBeTBICHHOI
CTPYKTYPOii 06HapyKuBaloT He6OIbIIOE TUICOX POMHOE cMemeHRue. IIpecTaBasIOT
TaKKe HMHTepec IO0JOCH moriomenus B o6xactu 1259 u 814—800 cxul, xapak-
tTepunie aaa rpyooet Si (CH;),, m mpm 1250, 841 m 756 —754 cm—! — mus
rpynna Si(CH;); y mommpumermicmiokcanos. ITomocw mormomenus mpum S41
n 756—75%4 cx~! MeHAOT WHTEHCHBHOCTH C M3MEHEHWeM KORNEHTPANMUU M, CJe-
IOBaTeIbHO, MOTYT OHTH MCHONB30BAHB [JIA YCTAHOBICHHWS NJIUHH LEIH IIO-
IEMePOB C TPUMeTHJICHIMIBHHIMI KOHIleBHMHU rpynmamm. OTHOCHTeNbHbIE WH-
reacusaocT cBsaseii CH, — Si m CgH, — Si oxoxo 1263 m 1435 cm -1 MOTYT
OBITH MCHOJNB30BAHK IJA KOIMIECTBEHHOro ompeneienus oraomenns CHy : CgH 5
B moaucmioxcamax [18, 256]. '

8. Addumusnrie u EKoncmumymuensie ceolicmea

a. Ilorasameav npesomaenud. llorasarenn npersommenns npu 25° mus gume-
THJICWIOKCAHOBHX IOauMepos maMmeHsiorcsa o 1,394 mo 1,404 mus umkiamue-
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ckux (oT Terpamepa mo oxramepa) m oT 1,387 mo 1,395 mua ammeiianx (oT gEMepa
o rexcamepa) [201, 202]. C yBenmueHMeM MONeKyJAAPHHX BeCOB IOKa-
3aTeNAd ODPEJIOMICHHS JIMHEHHHX IIOJEMEPOB YBeIWIMBAIOTCH, NUPHGIMAKAACH
acmMuToTHIecKH K 3HaveHmio 1,4035 (pmc. 48). 3amemenue MeTHABHHX TpymIr
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P m c. 48. Vi3Menennme moKa3aTelxs IpelOMIEHAS W YAEALHOIO Beca JHHEHHHX IOJIHINMETAI-
CHIIOKCAaHOB B 33aBHCHMOCTH OT BSI3KOCTH.
NOKa3aTeNb OpeJIOMIIEeHIA; yHAeabHHH Bec.

JPYTEMH TPYNOAaMA IPUBOAHT K NOBHIICHHIO IOKA3aTeNs MPEJIOMIeHNAA, KaK W B
cilydae 3aMemieHAA aTOMOB KACA0POJA MeTHIeHOBHMA rpynnamu [402, 441]. OoTu-
4ecKHe WCCIeJOBAHHA HANPAKEHHH B MOJHCHIOKCAHAX MOKA3HBAKT, YTO JBOI-
HOE JydYelpejOMIIeHAEe 3aBHCAT OT HPHPOAH IOJHEMEpa, OT NpPHIAraeMoyd Ha-
rPYsKH M MOMeT UMeTh IOJOKHTeJAbHEE MJIM OTPHIaTeJIbHEE 3HAYCHUA
[321, 322].

6. Ilromuocme. ILToTHOCTH MONMCATIOKCAHOB IOYTA HE OTIHYAIOTCSA OT IIOT-
HOCTeil OpraHWYecKWX COeJWHEHWH WM JHUIMb HEMHOTO BHINE IJIOTHOCTeH COOTBET-
CTBYIOIUX cHIMeTWIeHOBHX coenmmenmit [402, 441]. Iluxanueckme moau-
mepu D, , mmeror maormocra ot 0,950 mo 0,966 mpm 25° [201]; stm 3madenus
HECKOJIBKO BEINE IJIOTHOCTEH COOTBETCTBYIOIIMX JWHEHHHX IOAEMEPOB, COIEp-
JKAAX paBHOE YHCJIO ATOMOB KDPEMHHA. Y/elbHHE Beca JHHeWHHX IIOJMCHIOK-
canos usMernswrca or 0,761 gua rexcamermigmcmimokcama o 0,908 mas
MDeM [202]. C BospacrarmeM MOJEKYJAPHOrO Beca y/ellbHEHE Beca MOJIAMEPOB
YBeJIMYABAIOTCA AHAJOTHYHO IMOKAasaTejaM IpeloMierusa (cMm. pmc. 48).

Haiineno, 9T0 MoaapHHe 06beMH NDOJHIAMETWICHIOKCAaHOB Beamk: [203,
376]. Tor ¢arT, 9r0 MOJEKYJNH HMMEIT CPABHHTEIBHO GONbLIIOH 06BEM, coria-
cyérca co cralHM MeKMOJNeKYIADHHM B3amMoJelicTBueM. DBEUIO paccumTaHo,
910 CcpeNHMii MOMAPHHE o00BeM musa Jammeiinoin egumunu (CHj).SiO pasen
75,5 ma [203]. Ilocrosmnoe yBenmuenne Ha Koruesywo rpyuny [CH; 4+ Si(CHjg),)
paBuo 137,3 ma. Takum oGpasoM, MonspmE# o6beM moammepa MD, M mpm 20°
MOKeT OHTH BHYHUCIEH W3 yPABHEHUA

V=137,3+75,5(z+1).

CaMa KoxablieBas CTPYKTypa HEMHOI'O YBeJIMYHMBAET MOJAPHHE 00BeM IHK-
nmaeckux moxumepoB (ot 8,0 ma B8 D, mo 4,8 ma B D;). [laa HeCKOABKUX mOIH-
CIJIOKCAHOB OHUTH C/IeTaHK HODHTKH YCTAHOBATH CBA3H MEKIY YACIbHHM 00be-
MOM H BfABKOCTBHIO IyTeM WNCHONB30BAHHA YypaBHeHHWA bBaummckoro [ypasme-
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rme (125)] [52]:
n=c/(V+w), (125)

Tle ¢ A w — KOHCTAaHTHI.

B. Ilaparop. Tlapaxop s KpeMHHAODPraHWYeCKHX COEJMHEHHH W3ydeH
moxpo6ro [154, 158, 201, 202, 291, 471]. Ucnonb3oBanme mapaxopa HpeACTaB-
NfeTcA TPOMO3JKEM M HEeHAJe:KHHM (0COGeHHO IO CDPABHEHMIO C HCIOJb30Ba-
HAeM pedpaknuil cBAsell) BCAeJCTBHEe M3MEHEHHS HapaxopoB CBs3eil ¢ pas3ami-
HEIMM 3aMECTHTENAMA y KDEeMHHS ¥ M3MEHEHHs Iapaxopa CBASH Yriepox —
yriepoi OpH pasiWmdBHX AJKWIbHHX rpynnax y kpemmwus [291]. OxksBumBajeHTH
mapaxopa KpeMHHs OBUIM ONpeJeJeHH A PAJAa IOJUCHIOKCAHOB M HPOCTHIX
KPEeMHUHAOPraHHIeCKAX COeJUHEHMH; OHH cocTaBaalT oT 25 Ao 38,2 c Hepery-
JSADHHM WM3MEHEHWEM B 3aBUCHMOCTH OT CTPYKTYDHI.

r. Pegparyuu censeii. CpaBmenme HAGIIONAEeMHX MOJAPHHX pedpaKIuil,
JIETKO BHYHCJSEMHX ¥3 W3MEPeHHH IJIOTHOCTH M IIOKasaTejedl NIpeJOMJIeHHSd,
¥ MOJADHHX pedpaknmit, pacCYATAHHHX M0 pedpaKUAAM CBA3el, He TaeT HafeMH-
HOTO J0KAa3aTelbCTBA AJIA ONPefieleHAsA CTPYKTYP KPeMHUHODPTraHUIECKHX COeMlH-
HeHm. BHIO cocTaBieno HeCKOMBKO chcTeM pedpakmmil cBAsell MiA coequHeHAN

Ta6auya 30
Pedpaknmm cBaseii a
Pedpak- | - Pedpak-
CBA3b cg::" , CBA3b c’;‘gg‘u,
Ma/MOAb MA/MOAL
Si—0 1,75 || C—O 1,51
Si—Si 5,65 || C—C 1,25
Si_camld) 2,50 CapOM_CaDOM 2,736
Si_capOM 2,56 Cﬂacbr_cnacb'r 2,788
Si—H ' 3,20 | C—H 1,69
Si—F 1,50 || C—F 1,72
Si—Cl 7,20 || C—Cl1 6,53
Si—Br 10,20 || C—Br 9,37
— — C—I 14,55
Si—N 2,00 || C—N 1,54
Si—S 6,25 || C=0 3,38
N—H 1,81 O—H 1,73
C=C 4,16 || C=C 6,40

2 paGors [132, 460].
6 B GeH3oJie ¥ ero NPOM3BOMHEIX.
B B magraiuHe U ero IpoM3BOLHLIX.

Kpemuusa u yraepoma [132, 371, 450, 460], a rtaxske muas coegumeHuHiT yrie-
pona, oxoBa, csuHNIA, repMammsa u pryta [450]. B Taba. 30 mpesmcraBienm
peppakuun cBs3eil, HalifieHHHe A1 coefmHeHmi Kpemams [460], m pedpaxnum
cBs3eil, ycTaROBIeHHHNeE A opranudeckmx cumcreM [132]. JlamnAnie ocHOBaHH Ha
H3y4eHNH 72 COeJHHEeHWHA W CKOPPEKTHMPOBAHH B OpelelaX cpefgHeil ommubKwH,
pasroir 0,62%. :

Cpepanit cocraB mommmepa Tmma (CH;).SiO(, x> MokeT GHTBH ompefiesqeH
m3 ypasaenma (126) [371]:

__60,06Rp — 7,005 nb—1 1

%= 5822 —T7034kp ' TR RD=Tamom g - (126)
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Ecnu mpejmosaraercsi, 4To B mojuMepe NPHCYTCTBYIOT TOJBKO JMMETHII-
I TPHMETHICHIOKCAHOBEIE eJUHULLI, TO MOJEKYJsDHBI BeC ¢ HEKOTODHIMH
OTDAHMYCHUAMHI MOMKHO BHUMCIUTH [460].

. Junoavusle momermbi. I DONMCHIOKCAHOB ¢ HU3KHM MOJIEKYJISD-
HBIM BecoM OBUIM ODpeflesieHH AUIONbHEe MoMentw [27, 116, 162, 187, 196,
255, 376]. IumoimbHBIe MOMEHTH JHWHENHHX HDOMMAMMeTWIcHIokcanos MD,M,
rae n MoxeT mMeTh sHadenusa or O mo 4, xomeGaiorca B .mpemenax ot 0,73 mo
1,58 D, a mumoinHEE MOMEHTH I LHUKJIOB D,, ITe n MoKeT GHTHL OT 4 fmo §,
usmensaoresa ot 1,09 mo 1,96 D, npyudeM BeJAUIMHBI UIOIBHEX MOMEHTOB B 000MX
PANAX YBeIWIMBAOTCA ¢ IOBHIIeHWeM MojeKyiasapHoro Beca [376]. Humonn-
HBle MOMEHTH JIMHeHHHX moiaumepoB MD,M coraacywoTcs ¢ ypaBHeHHeM

p=0,70 (n+1)2,

B TO BpeMs KaK 3HAYeHWA MHUIOJIHLHEIX MOMEHTOB OONBIIMX IUKIAYCCKAX MOJIU~
MepOB, MO-BUANMOMY, BHIIe 3HAYEHHH, NPeACKa3HBAGMEIX JTHM ypaBHe-
mauem [376]. Ciaenyer 3aMeTHTh, 9TO 9TH 3HAYeHMs 3aBHIICHBI, TAK KAK B MCIIONb-
3yeMBIX MeTOaX He MOKeT OHTH MCKIIOYeHAa aTOMHAasA MOAApHU3anuA, KOTopas
09eHb BBICOKA [JIA 3THX coefupeHnmii. HampmMep, AMIOJLHEI MOMEHT reKca-
MeTIIIUCHIIOKCaHAa ompeneiden pasaaM 0,73—0,80 D [162, 187, 255, 3761,
HO METOJHI, KOTOPHe MO3BOJAIT UCKIIIUTH ATOMHYI TOJAPHU3AUNIO, HAIT 3HA-
genue, pasmoe 0,43—0,46 D [27, 196]. 3mauenus, onpefieseHHbe A BHICIIAX
JNHeHHEIX [O0JUMEPOB, NOKA3HBAOT HEPeryisApHOe H3MEHEHHe ¢ H3MeHCeHHeM
MoJeRyasipHOro Beca [27].

e. Macnumnas cuaa gpawerus. ITloaumUMeTHICHIOKCAHK BpPamialOT INIO-
CKOCTD TOJAPU3ANUN CBETA NP IMOMEMEeHn! uxX B MarautaoM noxe (s¢dext Papa-
nes). [locroannsie Bepue mamenstorca or 16,23-1073 mo 16,93 1078 mun/eaycc-cm
mas  xupgrocredl ¢ BaskocTeio or 0,65 mo 1000 cem, 6yny‘m M3MepeHH OpHU
TeMmeparype 25° m murum D maTpus (5893A) [257]. Heckoasko Goiee BHICO-
‘KMle 3HAYeHWs HAOMIONAINCH OPHM MCIOJIH30BAHWM JIMHUU PTYTH (5461A) ITo-
cToannasn Bepae ysenmwdmBaeTcs ¢ MOBHIIEHNEM MOJCKYJISIDHOrO Beca ¥ CTpe-
MHUTCA K ACHMITOTMYECKOMY 3HAadeHuioo, pasHomy 16,9-1073. lus cpaBuenus
OpiBeleHsl NOCTossHRbe Bepie misa sTamosna, Bogsl W GeH30J1a; OHA PAaBHBI COOT-
BercTBenno 11,12-1073, 13,08-1073 u 29,7-1073 [194].

. Juamasrumuas eocnpuumuugocmes. JlHaMarAWTHAS BOCIHPUUMYUBOCTD
TaK;Ke ABJIAETCS ANJUTHUBHEIM CBOWCTBOM. DHIIM DOMydYeHB 3HAYEeHMs HHaMar-
HATHOX BOCHPHAMYMBOCTA [JI HH3LNIMX DoiluguMeTmicuiokcanos [19, 280,
281, 282, 310]. AToMHAsg BOCHDHMMYMBOCTD KPEMHUA Ygi IS HEKOTOPHIX IWKJIINU-
4eCKMX M JHHEHHHX IMOJMMEPOB ¢ HHU3KMM MOJIEKYJISPHBIM BecoM Obljia OIpe-
nemxena pasHoit 01—12,4-1078 o —12,78-107¢ B equanuax CGS. Ognako 3HaveHuns
%si HECKOJIbKO M3MEHAITCS, TOHWKAACH ¢ yBedWdeHHeM [JINHH [eln HoJIuMepa,
KOJINYeCTBAa aTOMOB KHCJIOPOJAa y KPeMHUS M [JJIWHBL [eOd aJKWIBHHX 3aMeCTH-
Tejle y KpeMHUA.

B. CpoiictBa, 3aBHCAMHAE OT CTPYKTYPHI MAKPOMOJEKYII

1. O6bwue samewanus

Muorue n3 HaOnoOAaeMBHIX (H3MIECKUX CBOMCTB MOJMCHJIOKCAHOB, TaKWe,
KaK C/KIMaeMocTh, HeGOJblIMe TeMOepaTypHble KO3QPUOMEeHATH BA3ZKOCTH
I TOBePXHOCTHEE CBOWCTBA, NPWIHCHBAITCA 6ojlee WJIM MeHee NIPaBHIBHO
OpPMeHTHPOBAHHHIM («CIMPANEBUIHBIM») CTPYKTypaM MaKpPOMOJeKYJ, o0pasylo-
mux «kayoxm» [30, 158, 298, 315, 468], u HesHAUMTENLHEIM CHIAM B3amMoIe-
crBusa mexpy mmmu [201, 358, 360, 362]. HuskoremneparTypsbiit Koadgunuent
BA3BKOCTH [IIA HOAAAIMETAICAIOKCAHOB O0BACHAIOT TEM, YTO MOJEKYJIH CBEPHYTH
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B KiIy0OK — CTPYKTypa, KOTOpas BeIpaykeHa 6oiee pe3KO DpM HUBKHUX TeMIepa-
Typax, KOrjja He3HAYUTeJbHOe MOJEKYJIspHOe B3auMopeiicTBHe 00yCIOBIHBaeT
OTHOCHUTEIbHO HU3KYIO BABKOCTH. IIpH HOBHINEHHWN TeMIEpaTypsl HEmH, BXOIsA-
mue B KIy0OK, PpacupAMIAIOTCA ¥ B3auMofelicTBHE ycuidBaercs. I10 IPOAB-
JIsfieTcsA B IMOBHINEHUN BASKOCTH, IPUYEM HTO IMOBHIIEHNE JACTUIHO KOMIEHCUPYeT-
¢s1 OOHIIHEIM IMOHU)KEHMEM BA3KOCTY, BHI3BAHHBIM YCUJIEHHBHIM TEIIOBHIM [BIKE-
HHEM MOJIEKYJ, U, TAKUM 00pa3oM, BABKOCTH KUAKOCTH U3MEHSETCsI CPaBHUTEIBHO
mano ¢ maMmenenmeMm temmepartypsl [30]. TlocmemoBatenbHoe samemenue rpymma-
Mu Goxpmoro o6peMa Bce Goiee 3aTpyAHSET CBePTHBAHME B KIYOOK M MOIKeT
GHITh MPUYUHON OONBIOINX TEMIEPATYPHHIX KOPPUIUEHTOB BSBKOCTH, AeiicTBHU-
TeIbHO HAGMI0JaeMHX IS BHCIINX (PEHWICOAepKAamUX IONNCIIIOKCaHoB [126].

YMeHbIEHIE MEKMOJIEKYIAPHOTO B3aNMONENHCTBUA ¥ HMONMCHIOKCAHOB IPH
CBepPTHBAaHHH Iemefl B KIAYOOK MOKHO NIPHOMCATH BHYTPEHHeH KOMIEHCAMUN
AUIONell W HAPYIKHO! OPHEHTANMY METHILHHX TPYII, CIOCOGHBIX TOABKO K CJa-
GoMy B3aEMOJEHCTBHIO ¢ TPYNIAaMH COCETHAX MOJIeKyI. Hak 7 cliefoBaro oKugaTh,
LMOBHIIMEHHAsA TEMIepATypa M BHICOKOE TaBJIeHNE KOMIEHCHPYIOT 3TO [eficTBUe
BCJIGJICTBUE PA3BEPTHBAHUA MONEKY I YBEJIMYSHUA B3ANMONEeHCTBIA MEKIY HIMUA.

CrrocoGHOCTH TOAMCIIIOKCAHOB K CBEPTHBAHMIO B MPOTHBOIONOKHOCTH aHa-
JIOTUYHBIM HOPMAJBHEIM YIIE€BOLOPOIAM Y IOIAMepaM JPYyroro tTuma, obixamamo-
OI¥M OTHOCHUTENBHO KECTKOM CTPYKTYPOH, MOMHO 00'BACHATE 00 BIUINM [HAMETDPOM
aToMa KPeMHHs IO cpaBHEeHMIO ¢ atoMoM yraepomga [158]. Kpome toro, obpaszo-
BAHVMEe CIOWPAIBHO CBEPHYTOH CTPYKTYpH, HECOMHEHHO, o0jerdaercs «ruOKO-
‘CTBIO» YTIIOB MEKIY CBA3SAMHU B CWIOKCAHe. YTJIH MEKIY CBA3AMA Yy KPEMHUA
$aKTHYECKM IOCTOSHHBI W XOopomo ussecTHel [2, 362, 420, 426, 490]. Yrox
O — Si — O, mno-BuguMomy, moctosinen u pasen 108—110°, wo mas D; om
HecKoabKO Beme u coctaBaser oT 110 mo 120°; yroan C — Si — C o0bigmEO Jexur
meskny 106 u 118°. C gpyroit cTopoHH, HMEOTCH COOOIMEHUSA O 3HAYCHUAX A
yraa meskny cBasamu Si — O — Si, onpeJieseHAENX ¢ MOMOIIBIO AUPPAKIUNA DIEK-
TPOHOB, PEHTTEHOBCKUX Jydell, NHpPAKPACHEHIX ¥ PAMAHOBCKUX CIEKTPOB U H3Me-
peHMAMHK QUIONBHEIX MoMmeHToB [2, 125, 157, 159, 162, 176, 196, 266, 268, 277,
354, 360—362, 376, 420, 426, 490], B mpememax 104—180°. IIlupoxmii naTEepBaI
3HAaYeHUil OTpaskaeT GOJBMYI TUOKOCTH 3TOr0 JerKo medopMUpyemMoro yria
M MOsKeT OBITh 00'BACHEH A CBA3M KUCIOPOL — KPeMHUil 00pa3oBaHmeM N-CBA3H
MEKIYy p- M d-3IEKTPOHAMYM M OTHOCHTENBHO 0OJBIION NMOAAPHOCTHIO CBA3M.

BoicKaseBaJIUCh BO3PAKEHUSI MPOTUB CHOUPAJIEBUAHON CTPYKTYDPH MCXOHS
u3 caegymomero: 1) mia toro 4ro0n OBUIM HOCTUTHYTH HAOMIOJaeMble CBOMCTBA
TONMCIIOKCAHOBHX 9JIaCTOMEPOB B CIOMPAJEBUIHON CTPYKTYpe, Ha KaKJbli
BHTOK Tpe0yercs CTOJIBKO CHJIOKCAHOBHIX EWHWI, YTOOH pPACCTOAHUE MEKIY
BUTKAMH U HEeNAMY OBLIO 3a00AHEHO; 2) BAZKOCTH KUMKAX IOJUCIIOKCAHOB M3Me-
HAETCA HE TOABKO C TeMIepaTypoi, HO W ¢ [JIUHON IemHd, TaK YTO TePMUIeCKUN
KO3(PuIHeHT pasBepPTHIBAHUA Ielell HO/KeH Obll OB PETyIAPHO H3MEHATHCS
¢ pauHol nenu; 3) xors MonapaLLA 06beM 3sennes (CH;),Si0 B HeGonbpmux mukIax
TOT 3K€, 9TO ¥ B INHEHHEIX MOJIEKYJIAaX, COUPANeBULHAS CTPYKTYPa He MOKeT GHITh
mpuMeHeHAa K HUM, JajKe eCjy OHU 00JIamaroT TeMIepaTypHHIMHU Ko3pPumuenTamu
BA3KOCTH, HOAOOHKMYE (HECKOIBKO 60llee BHICOKMMU) TeMIepaTy PHEIM K03dduimen-
TaM BssKocTH JHHefiEkX moauMepos [358]. BospaskeHume NpOTHB CHUpPAIb-
HOTO PAacIONOKeHHA HA TOM OCHOBAHHWM, 9TO OHO «IPECTaBIseT HEBEPOSTHO
BBHICOKYIO CTeIIeHb yIOpsAAoYeHHOCTH (HH3Kasa suTponus)» [283, crp. 18], raercs
c¢1ab60 000CHOBAHHKIM, €CJId HPUHATH BO BHIMAHUe MHOTHE BCTPEYAIOIMMECHA B IPH-
poxe cuumpaibHble crpykrypu [317, 327].

Ciaboe MeKMONEKYIAPHOE B3aMMONENHCTBME MOMKHO OGBACHUTH HE TOJNBKO
COMPANIBHOH CTPYKTYpoOil, HO Tak/Ke OONBIINM MOJAPHHIM 00BEMOM I'PYLIIEL
(CH;)»Si0 7 B03MOKHOCTBIO CBOGOZHOTO BPAIMEHWs BOKPYT CBs3eH KPEMHUMA —
yraepon m KpeManmii — rucaopos. Tax Kak Wbl HPUTSAIKEHUST MEMAY MONEKYIa-
MHI M3MEHAKTCA 06paTHO IPOHOPIMOHANBHO PACCTOAHUIO, PA3AeIANINEMY HX,
BCE, 9TO CHOCOOCTBYeT YBEIMUYOHHI0 MEKMONEKYJIAPHOTO PACCTOAHHA M, CJIEI0-
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BAaTEIBbHO, YBEIWYCHHMIO MONAPHOr0 00beMa, Gy[eT 3aMeTHO YMEHBINATh CHJIIH
nputsyKennsd. MouasapHHR o00BeM onpepmenserca B 6GOJBINOR CTEIEHW BHCTY-
OaIAMA MeTHAbHEMA rpymnamm [358, 360, 362, 420]. Hccaemosamma MeTo-
OOM AMePHOr0 MATHATHOrO pPE30HAHCA IIOKA3HBAIOT, 9TO METHJIbHHE I'PYINH
BPAamlaloTCsa BOKPYT CBA3W KPEMHWA — YTiepo] HoA0o6HO 30HTHKY C HeoOHIU-
HOil cTenmeHb0 CBOOOMH W 9TO 3TO [BHMKEHUE BCe ele IMPOMOJIKaeTcd Jarke IPH
—195°, B To BpeMsa KaK aHAJOrMYHEE OPraHWIeCKUe COeAHHEHHA IPeJCTABIAIOT
¢000ii 3KeCTKYI0 pelleTKy IIPH 3HAYATEJLHO Goliee BEHICOKMX Temmeparypax [358].
W3-3a sroro BpameHHs METHIBHHX rpynm TpebyeTcs Goibmie OPOCTPAHCTBA,
9eM [JIs HeBPAMAIMUXCA TIPYHN, W, CJIAeJ0BATeIbHO, METHJICHIOKCAHOBHIE
HOJNMEpPH HMMET O00JbIIOA MOJADPHHA 00beM H COOTBETCTBEHHO MeHbIIee
M@KMONIeKYIAPHOe NpHTA:KeHWe. VccaegoBamma oxTameTmicnupo-[5,5]-nen-
TACHJIOKCAaHA NOKA3HBAIOT, 4TO METAJbHEE TPYIOH CBOGOLHO BPAamAIOTCHA BOKPYL
CBASY KPEMHHHA — KHCJIODPOX WTOAO00HO INapOBOMY IMADHAPDHOMY COENHHEHHIO.
?;g-r 3%15] BpamieHWs He /OOYCKaeT NJIOTHOH YHOAKOBKH MOJWMEPHHX IeHei
0, .

2. Huskomemnepamyphuvie ceoiicmea

Toukm 3aMep3annsA IMCTHX MEKJIAICCKHX JAMETAICHIOKCAHOB Dy g m nmaeii-
HHX DOJAMEDPOB ¢ KOHOEBHIME TpaMeTmiacwiokcurpynmamu MDy M MosxsO
gaiitm B Tabm. 13. Toukm samepsamma NAKIMYECKAX HOJHMMEDPOB H3MEHSIOTCA

Tabauya 31
HusgRoTeMnepaTypHble CBOMCTBA NOJHCHIOKCAHOB
BAsKkocTh npu| 1eMueparypa Baskocts npn| TeMneparypa
CHIIOKCaR 25°, 3aCTHIBAHNA, CHIIOKCaH 25°, 8aCTHIBaHMA,
canmucmorc oc? - canmucmonc ocd
(CHz), 3 —65 (CHy), 10 000 —468
(CHy), 5 —65 (CHjs), 30 000 —44T
(CHs), 10 —-65 (CHg), 100 000 —468
(CHy) 20 —60  |[(CHy), 30 000—108 |OT — 40 g0 —45™
(CHs), 50 —55 10% CgHsCHj 100 —62¢
(CHy), 100 —55 25% CgH5CH, 100—150 —50€
(CHj). 200 —53 45% CeH;CH,4 500 —922e
(CHg)2 500 —50 XI0pEpOBaHHHIl 40—60 —73¢
(CHg), 1000 —-50 . CeH;CH,4
(CHjy) 2000 —486

a Temnepatypa 3acTuBaHuAa ASTM D97-39, wactu 5—7[434].
6 TemnepaTypa 3amep3anusa [51].

B TemmepaTypa samepsanud [283, ctp. 20].

T TemmepaTypa 3aTBepHeBaHUA [434].

[ Temmeparypa 3amep3aHuA [434].

€ paGora [283, cTp. 22].

or +65 go —44°, a muneitrnx momumepos or —59 g0 —86°. CuocoGHOCTH 3THX
COeUHEOHNN K IePeOXJKACHUI0 B3aTPYJHAET NOJAydeHUEe TOUYHHX S3HAUCHAH
TOUeK 3amep3aumsa. Boobme aumeHHHH moaumMep 3amep3aeT HpH (ojee HA3KOM
TeMIepaType, 9eM COOTBETCTBYIOIHN IMKJIHAYECKHH, COMep/KAIMUHA TO Ke KOJH-
9eCTBO ATOMOB KpeMHHs. B IPOTHBONOJOKHOCTh TOYKAM KHUIEHHSA, ITO Pasih-
9ue, BEePOATHO, 00BACHAETCA PA3ANIUAMA CKOpee B popMe MOJEKYJI, 9eM B MOJe-
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KyIAapHEHX Becax. He HAGII0LAI0CH HIKAKONH 3aKOHOMEDHOCTH M3MEHEHHA TOUKH
3aMep3aHHA OPH mepexofe OT OLHOr0 YiIeHa K APYroMy B KaskJOM TOMOJIOTHYe-
ckoM pany. Tourku miIaBieHNsA HASMAX HOJTUCHAIOKCAHOB M3MEHAIOTCA ¢ H3Me-
HeHUEeM [aBIeHAS AHOMaJbHO. OTa aHoMajua OObACHSAETCA OOMBIIUM Hepe-
OXJaKJeHNeM, CBA3AHHHM C HEHOPMAJIHHO BHICOKHM IOBHIIEHAEM HX BA3KOCTH
Opu yBelmYeHWH [aBieHmsa [84].
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Pmec. 49. IloEmKeHHe TeMmepaTyphl 3aMep3aHds NIOJHAAMETAICHIOKCANOB.

B ra6x. 31 mpescTaBieHH KaHHHE IO TeMIEpPATypaM 3aCTHIBAHOA, 3aMepaa-
HUA ¥ 3aTBePAEBAHAA A HeKOTOPHX HOJAAUMETUICHIOKCAHOB ¥ YeTHPeX IOJIH-
MepoB, cofiepsKamuX (eHWIbHEE ¥ XJopdenwnavnsie rpynnu. C yBeamdeHHeM
BASKOCTH TeMIePaTypH 3aTBepjeBaHNA MEIJIEHHO IOBHIIAIOTCA KO TeMIEpaTyp
or —40 mo —45° mpm Baskocrm 30 000—1 000 000 ccm.

Hannse B Ta6xn. 31 n ma puc. 49 NOKa3HBAKT BINAHAE 3aMEAMAX PEHAIb-
HHX I'DyOO HA TOYKY 3aMepP3aHMUs NOJHECHIOKcaHOB. Pmc. 49 mokasmBaeT Bims-
HOe 3aMemeHns QeHMIBHEMH TPyNIaMd HECKOJIBKAX METHIBHHX TIpPyNI Ha
TOYKY 3aMep3aHud HOJIUAUMETHICHIOKCAHA CpPeNHEero MOJEKYISAPHOrO Beca
oroxo 2000. BBexenne HeG0IBIOr0 KOIMIECTBA GOABMAX M0 00beMy QEHMIBHHX
IrpyInn HapymaeT peryJIAPHOCTH CHIOKCAHOBOM NHeld W 3aJepKHBaeT KPHCTAJ-
auszanmio. OpEako yBeamdeHHe KoaudecTBa (eHHIBHHX IPYOO CBePX ompefie-
JIeHHOTO Ipefeda yBeJIMIMBAET BEPOATHOCTH UX B3amMMOJeficTBUsA, UTO BHI3HIBAET
OoBHIIeHNe TOYKHM 3amepsamusi comoammepa [335]. IlogoGmoe ke BamaEme HA
TOYKY 3aMep3aHNs OKA3HBAIOT TaKKe JTWIbHAsH, XJODPMETWIbHAA H ApYyTHe
KOHIIeBEIe rpynmsl Goasmoro obbema [77, 468].

HuskoremMmepaTypHhe XapaKTePUCTAKM CHIOKCAHOBHX JKHJKOCTEHd OTpa-
JKAIOTCA U HA CBOHCTBAaX IOJHMCHIOKCAHOBHX 3JacToMepoB. llpm oxiaampeHunm
MHOTHE CHJIMKOHOBHE KAayYyKM CeT4aTOH CTPYKTYPH CTPeMATCA K KpUCTaJl-
amzanuu. Kprcrannmsanus npecTasiser AIYIAA BO BpeMeHH IPOIECC, KOTOPHIA
BKJII0YaeT (azoBoe IpeBpaleHAe M Pe3KOe M3MEHEHWE WM Pa3PHB HEIpPePHBHO-
CTH IePBOHAYAJIBHEX TePMOLMHAMHUUECKHAX CBOUCTB HONHAMepa IPH TeMIeparype
kpucramausanum [485]. Ilepexom BTOpOro poga mogpasyMeBaeT M3MeHEHHE IpPH
TeMIepaType CTEKIOBAaHAs TAKHMX CBOWCTB, KAaK TBEPHOCTh, XPYIKOCTH, KOd(du-
IHeHT TeII0BOI0 PACHIAPEHUsI, TeII0eMKOCTh, AUAIeKTPATECKas IPOHANIAEMOCTE U
TeIIOIPOBOTHOCTb, YTO BUIHO IO U3MEHOHHIO HAKJIOHA KPHABHX HA rpaduKe saBACH-
MOCTH THX Beaudun ot Temmeparyps [75, 486]. Ilepexon Broporo poja BKI0O9aeT
anGo ¢asoBoe mpeBpamenue, IGO0 A3MeHEeHHE MOJEKyAsapHOi opuenTaumum. OHo
3aKaHYABAETCS, KAK TOJBKO HOCTHIaeTCssi PaBHOBecWe IpH TeMIlepaType, JAOCTa-
TOYHO HHU3KOH NI TOro, 9TOOH CHIBHO B3ATPYZHWTh WA BOCIPEHNSITCTBOBATH
BPaMIeHWI0 I'PYNI WM MONEKYJISPHEIX CeIMeHTOB MaxpoMoaekyi. Taxmm obpa-
30M, OpH TeMIepaType CTEKJIOBAHMA COCTOSHHE MOJAMEPA MOKET M3MEHATHCA
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OT BA3KOTO WJIH KayJIyKOIOZOOHOTO 0 TBePHOT0 XPYIKOTO — CTEKI006pasHOro.
ITokasano, 9YTO0 OTHOIIEHMe TeMOepaTypH CTEKJIOBAHUA K TOYKe ILIABJIECHUS
IJaA JTUHEeHHHX NoxuguMeTmiacuioxkcanoB pasuo 0,70, a [miog HATYypamxbHOTO
rayayka — 0,67 [55]. Cpepnee snavenue T'y/T,, HIs1 BOCBME LONUMEPOB, BKIIO-
94aoNnyuXx ¥ yKazaHHee BeIne gBa, pasuo 0,665. TemunepaTypa CTeKIOBAHUSA IMOAK-
JAMMeTHICHIOKCAHOBOrO Kaydyka pasHa —123° (sTo camoe HHM3KOe 3HadeHUE
u3 yRe usBecTHEX [335, 472, 486]), TemmepaTypa CTeKJIOBAHWS HATYPAJIHHOIO
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P uc. 50. V3MeHeHHe OTHOIIEHMS MOXYJeil B 3aBHCEMOCTH OT TeMIEpaTypH.

1 — HaTYPalbHHIA KaydyK; 2 — OUMETHJICUIIOKCAHOBHIA Kaydyk; 3 — MOAUPUIMPOBAHHBIA BBeleHIEM
(eHMIBHEIX IMPYON CUJIMKOHOBHIA KaydIyK.

Kayuyka —72°, Oyrunkaydyka (mommmsobytmmema) —70°. Ilpu samemenuu
rpynn (CHg),SiO rpymmamm C¢H;CHSSiO B moampumeTuacuiokcaHax TeMuepa-
Typa CTEKJIOBAaHUS C IMOBHIIIEHHWEM TEMIEpPATypPH MENJIeHHO MOBHINAETCA M0
upenenbHoro smadenus —86° [335].

3aMemaomue I'PYOOE Y aTOMOB KPEMHUS B HMOJMCHIOKCAHOBHX KaydyKax
OKa3HBAOT ONpPe/IeJIeHHOe BINAHNE HA WX MOBeJeHNe Npu KpucTamnuzauun [248,
335, 337, 472]. IlonnauMeTHICHIOKCAHOBEE KAYIYKHN KPHACTAIIUZYIOTCA GEICTPO
0e3 mepeoxiaxkjienusa npu —o4°. 3amemenme HeGONBIIOTO KOMMYECTBA METILIb-
HEIX TPyOO Ha o0beMuCTHe QeHWIbHBE TPYHONH HAPYLIaeT PeryisgpHOCTh IMOJH-
MepHOI MOJIGKYJIH ¥ TaKuM 06pasoM OpemATCTBYeT Kpucrainusauumu. Hampm-
Mep, MNOAMIAMETUICUIOKCAHOBHI KaydyK, comepamuii 3,5 mox. % rpynm
C¢H ;CH,SiO, rpucramnusyerca npu —70°; opu cogepskauuu 7,5 moxu.% rpynn
CcH;CH;SiO rayuyxk coBceM He KpucTajminsyercd. Horma B MOJeKyiIe KaydyKa
uMeTcA (eHWIbHBIE TPYONH, HAGIIOLaeTcs 3aMeTHaA TeHIEHIMSA K Iepe-
oxunaskmennio. Ha puc. 50 moxazaHa 3aBHCHMOCTH MOTYJNSA OT TEMIEPATYPH s
HATYPAJIBHOTO KAyIYKa, UOAUNAMETHICHIOKCAHOBOIO Kaydyka M MOJUPUIU-
POBaHHOTO (EHUIBHHIMU IPYNNaMN HU3KOTEMOEPATYPHOTO CHJIMKOHOBOTO Ka-
yayka. 3amemenue rpynn (CHj),SiO ma rpymmm C H;CH;SiO Br3nBaer monu-
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aenne KospPuumenta TemmoBoro pacmmpenus ot 9,44-107% mas moammmme-
TAICHIOKCAHA M0 4,6-10~% maa 99,858 moxn.% nmonmmernndernnmicuiaokcana [335].

Kpucranmauanocts ¥ opueHTAUUA KPUCTAJIATOB B HANDSIKEHHOM, HAIOJI-
HEHHOM [BYOKHCHI0 KPEMHUS MOJHUAMMETWICHIOKCAHOBOM KayJdyKe OHUIH wcCie-
ROBaHE NPHM HUSKHUX TeMIepaTypax penrtrenoBckuM MeromoM [305]. ITo mepe
pacTsKeHMA 06pasla TeMIepaTypa KPUCTAMIN3AlNY MOBHIIACTCA, M IPeAIOYTH-
TeJbHAS OPHEHTAIMA KPUCTAJLINTOB B HANPABICHWH PACTKEHHMA BO3PACTaerT.
Kpucranamunocts moBHImAeTCA ¢ MOHMKEHUEM TeMOEPAaTypHl M, MO-BHANMOMY,
He 3aBHCHT OT yIJIWHEeHHs npu Temmepartypax mmxe —60°. ITonmas xpucramim-
geckas ¢paxnua 0,42 Geina msmepena mpu —60° u cremenmum pacrsmmenus 6,3.
Kpucrannmsanua npu HA3KHAX TeMIepaTypax B CHIMKOHOBOM KaydyKe ABIAETCH
NPUIUHON BO3PACTAHUA PACTSIKEHHS B IMPOTUBOIONOKHOCTH HATYPAILHOMY
rKayayky [465]. 9ro sBIeHme NIPUOUCHBAETCA CIOCOGHOCTH BIIEMEHTOB Iemd
B CIUINKOHOBOM KaydyKe K KPHCTAIN3ANUHK B JIOGHX COCTOAHUAX OPHEHTALMH
B NPOTHBOMOJOMKHOCTH HATYPAIBHOMY KAayYyKy, KOTODPHI KpPHCTALIN3YeTCA
JIHIOG TOIJA, KOIJA CeTMEHTH IeNN OPHEeHTUPOBAHLL B HANPABICHUN PACTAKEHNA.

CnocoGHOCTh CHIMKOHOBOIO KayYyKa K KPHCTALIN3anum 0e3 M3MeHeHUs
OpHEHTAU: CEerMEeHTOB 1leOH, CKOPOCTh KPHCTANIN3ALUM, HUA3KAasA TeMIepa-
Typa 3aMep3aHdus ¥ HAJIMIAE Iepexofia BTOPOT0 pPofa OOBACHAIOTCA CIaOhIM
Me’KMOJIEK YIS PHEIM B3aHMO/efiCTBEEM B IOJIUMepax, TMOKOCThIO M ¢BOGOJON Bpa-
LIeHUs BOKPYT CBsA3el, a TaKyKe HU3KUM TeMIEPATYPHHIM KO3QOUIMEHTOM BA3KO-
cru [335, 337, 465, 468]. Ilpu AM3KHX TeMmepaTypax MOJEKYJIH CHIHKOHOBOTO
KayYyKa OTHOCHUTEIbHO NONBIIKHE H3-33 HU3KOT0 TeMIepPATyPHOro KosdhPumuenta
Baskoctu (gactp III, B, 4); mocme 3aposkgenms NEeHTPOB KPHUCTAJUIA3ALMH
006pasylTcsa KPUCTAIIH, KOTODHE GHICTPO pAacTyT, IpWYeM DAaBHOBECHE MOCTH-
raerca GbicTpo. MosleKyJB HATYpPaJbHOTO KayIyKa, HA000pOT, 06IaTaI0T MAJIOH
DONBIKHOCTRI0 IPM HHU3KAX TeMOepaTypax, M II0dTOMY KAay4yK KpPHCTaJLIH-
syercs memiaenso. IlorHas KpUCTAAINIHOCTD HE JOCTHrAeTCS HU B OJHOM HOJIH-
Mepe, TOCKOJBKY CerMEHTH OTHeIbHHX MAKDPOMOJEKYJ IPWHAJIEeKAT HECKONb-
KUM PAa3id9HBIM KDUCTAJJIATAM, IPUYeM HX POCT BH3HIBAET MOSABJICHWE HAMP-
KeHUl B HEKPHCTAJIINIecKON dYacTH DoJUMepa W TeM CAMEM OTDAHMYIMBAeT
o6pazoBaHWe KPUCTAIIOB.

3. Pacmeopumocmbo

MomnaumMeTHICATIOKCAHEL POSBISAIOT PACTBOPUMOCTDH, CBOICTBEHHYIO HEIO-
IApHHM KUAKOCTAM. HexoToprie o0niuHble PAcTBOPHUTENIN W HEPACTBOPSAIOINUE
coefuHeHUA mTepednciensl B Tabn. 32. PacrBopmMmocTh m3MeHseTca o0TIaCTH

Tabauya 32
PacTBOPUMOCTS NOJIMUMETIUVICHIOKCAHOB B Pa3iMYHBIX
PacTBOPHTEIAX

CMmelnBaomueca paﬁri‘i,}"f;;’[‘,’me Hepacrsopawomue
Bensoxn Aneron Boga
Toxyon drokcan Meranox
Hustanossiit a¢up BLET:ON Izuxnorexcanon
MeTHa3 TRIKETOH HNzonponanox ITHIEHTTAKOND
YeTHpPeXXJOPACTH i Byrasgoxn HMumerniagranar

yraepon [enn0300568

Xropogopm Hap6uToa
Terpaxaoparanen
Kepocun
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¢ WM3MEHEHHeM [JWHE [eld MoJMMepa, OpAYeM HU3Mde HOJMMepH Goiiee pac-
TBOPHMMEL B JAaHHOM pacTBOPHTeNe, 9eM BHICIMIVE. B mpuCyTcTBHH HeOOIBIINX
KOJIMYeCTB BOJAK B pPACTBODHATENe PACTBOPUMOCTh HOHHKAETCA. JaMemeHUe
METHIbHEIX IPpyOO y KpeMHHES GONbPIIAME AJKWJIbHHIMYA HJIN APWILHEIMA Tpym-
maMy OOBHMAaeT PACTBOPMMOCTD MOJHCHIOKCAHA B HENOJADHHX PACTBOPHUTENAX;
OPUCYTCTBHE HOJAPHHX TPYNN, TAKMX, KaK TPEQTOPOPONMIBHAS HIM IHAAH-
STWIbHASA, NOHMKAeT PACTBOPUMOCTD B HEHNOJSPHEIX PACTBOPUTENIAX.

OT pacTBOPMMOCTH NOJMCHIOKCAHOB CHJIBHO 3aBHCHT CTemeHb' Ha0yXaHms
CIUIMKOHOBHIX 3JacTOMEpPOB, IPHATOTOBIEHHHX M3 IOJHUCHIOKCAHOB. Bo mMHOTHX
cIyJasgXx HpaKTAYeCcKoe HIPHMEHEHHE 3JIacToMepa OOYCIOBIMBAETCS HE3HATH-
TeJbHEM ero HabyxaHmeM B OOHYHHX KAAKOcTAX. HaGyxamme smacTroMepa mpef-
CTaBiIseT CIOKHOE sABJeHHe, 3aBUCAMEe OT MHOIAX (aKTOPOB: OT B3amMOJei-
CTBHA DPACTBOPHTENh — IOJHMED, YACTOTH HONEPEeYHHX CBfzell, TWOA M KOJH-
9ecTBa HMCHOOJIb3YyeMOr0 HANOJHHTENs, TeMIepaTyph, BPeMEeHH KOHTAaKTa U [JP.
IlepBuit U3 3TEX paKTOpoB — Hambollee BaKHHIM.

CBA3h MeKAY CTPYKTYPO#l HmOJAMEpa M pPaCTBOPHTENEM MOKeT GHTH BHpa-
JKeHa KOJMYeCTBEHHO Yepe3 ODHEPIrHi0 KOresmd W MapaMeTPH PAacTBODHMOCTH.
IInorrocTs smeprmm koresmm (II9K) mamepsiercs cmimoil chemieHus B eAUHHIE
o0beMa JKHIKOCTH; 0HA OIpefelifeTcsd KaK MOJSADHAs SHePTAd WCIAPeHHd, eJeH-
Hasg HA MOAApDHHHA o0beM. Ilapamerp pactBopmMocTH O ompefieaserca Kaxk
KODeHb KBAaJApPaTHHU H3 MJIOTHOCTH 3HeprmE Korezmd [ypasmemme (127)]. B
taba. 33 npuUBeJleHH NapaMeTPH PACTBOPHEMOCTH HJS HECKOJIbKHX [Py
pacTBopHTeNeH.

Tabauya 33

ITapaMeTpsl pacTBOPEMOCTH A Pa3aHIHBIX
pacTBOpHTeJeii 2

PacTBopuTEIDH [\]

JinHeiiAHe MOJARAMETHICHAIOKCARE 0 4,97—5,90
®dropyraepons B 5,5—8,2
AnndaTAdecKre yrieBonopoAH 6,7—7,6
ApoMaTAYecKHe YIJIEeBOAOPOAK 8,5—9,5
ITpoctee apupH 7,4—9,9
XaopEpoBaHHEE YII€BOJOPOIK 8,2—10,0
Herosu 7,8—11,0
Caoxaue 3QEpH 7,8—14,7
CrnupTH 8,9—16,5
Bopga 24,2

2 paGoruar [90, 437].
6 OTr 2 mo 11 aTOMOB KpPeMHUA.
B AnudaTHuecKHe W apoMaTHUeCKue,

ITapamerp pacTBOpMMOCTH [JIs IIOJMMepa HeAb3sl BHYHCIAATL M3 ypaBHe-
gaa (127):

8=V TMBR=V EyealV, (127)

HO ero MO;KHO ONpeHeluTh 3KCHePAMEHTAJbHO WO CTeNeHM HAaOyXaHWsA, mIpo-
ABIIAEMOIl 3JIACTOMEPOM CeTIaTOH CTPYKTYPH B DAaCTBOPUTENAX € pA3IHIHOH
IJIOTHOCTHIO 3Heprum Koresuu. CTposAT rpadmk saBECHMOCTH cTelleHM Habyxa-
HAA OT mapaMeTpa PacTBOPAMOCTH, KOTODHIH IpPeACTaBiseT co60H rayccoBCKYIO
KpHBYI0 pacOpeelleHdsi, NOpUIeM MaKCHMyM Ha 53Toll KDHBOH oTBedaeT mHapa-
MeTPy PacTBOPHEMOCTH IOJIHMeDa.
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B Tta6ua. 34 npencraBieHH IUIOTHOCTH 3HEPTHU KOresWd, HapaMeTpPH pac-
TBODHMOCTH H TeMIepaTypH ()a30Boro Iepexofa BTOPOrO pofia A HECKOIbKHX
anacromepoB. Hecosnasennme KBagpaTa M3BeCTHHX IapaMeTpPOB PaCTBOPAMOCTH
1 HalIeHHHX IJIOTHOCTEN 9HEPruM KOTe3WH OTPa)KaeT JacTHUUHYI0 3aBHCHMOCTH

Tabauya 34

IInoTHOCTH 9HEPrEH KOre3uH, MapaMeTpsl PacTBOPUMOCTH
H TeMOepaTypsl CTEKJIOBAHAA [JIA 3JAaCTOMEPOB

IInoTHOCTDH
Baacromep }?f,‘l?e%',,’i,’f L 6 Tg, °C B
xaa/cm3 2
IoanTerpadTopaTHiIeH — 6,2 >"+20
IMonuARMeTAICAIOKCAH 54 7,3 —123
IMoamu306yTHIEH 60 7,8 -70
Ioamsrraed 62 7,9 ~ —85
Harypaasanii KaydIyk 64 8,1 —-72
ByTaaneHCTHPOJbHHNIE Kay- 65,5 8,1 —_
qyK T
HMoaumcrrpoa 80 8,6 -+100
Bysa NA 88 8,9 —
IToanBUHATXIOPHAL 90 9,5 482

2 pagora [468].

6 ITapaMeTp pacTBOPMMOCTHM mnojumepa [437, cTp. 66].
B PaGorn [437, 486].

T 759 Gyrammena — 259% crupona.

R 759 6yranmeHa — 25% aKPUIOHMTPHIA.

3TUX 3HAUYEHMHN OT IePeMeHHHX, YKa3aHHKX paHee (T. . HANOIHATEN A, INIOTHOCTH
ceTKHM U T. 11.). VlaMepeHNe BHYTPEHHEI0 NABJIEHAs NUMETHI- A (eHUIMOTAICHIO-
KCAHOBHIX IIOJIIMEPOB HABOXHT HA MEICHB, 4T0 B ypaBmenumH IIDK =062 memoome-
HUBaeTCA MeKMOJeKyJasapHas Koresus nemedl [6]. Ouenb muakme 3mavemua mus
mapamMeTpa PacTBOPAMOCTE ¥ INIOTHOCTH SHEDPIHH KOTE3WH IOJHIEMETHIICHIOK-
CaHOB COOTBETCTBYKT HeGOJBIIAM MEARMOJEKYJIADHHM CHJIAM H HA3KOHA PacTBO-
PUMOCTHA STUX HOJMMEPOB B HENOMADHHX pacTBopmTensnx [468). Toasko Tedpmon
obnamaer eme GoJee HM3KWM HapaMeTpoM pacTBopmmoctd. Jlammmle TaGa. 34
HOKAa3BBAIOT, YTO IOJMMEpPH ¢ HUSKEMH IapaMeTPaMd PACTBOPHMOCTH OGEIYHO
AMEIOT HH3KHe TeMIeDaTypH Iepexofia BTOPOro PojAa; ocoGoe IoBefieHHe Ted-
J0Ha OOBACHSETCA, NO-BUANMOMY, 3aTPyNHEHHHM BDAIEHAEM BOKDYT CBASH
yIiIepox — yriepof. 3aBUCEMOCTH TeMIepPAaTypPH CTeKJIOBAHWs OT IIapaMeTpa
pacTBOPMMOCTH, [JIMHH IEeOH K KeCTKOCTH H cBoGOJA BpAIEHAA 06CYMXAAIACH
pasee [437] (cm. ram. 1).

Taknm 06pazoM, MOKHO OKHIATh, UTO y HOJHAMEPOB, COLEPHKAMUX HOJAP-
use rpynnsl, sanpumep (F;CCH,CH,CH,;SiO), n (NCCH,CH,CH;Si0),, 6onpme
mapaMeTpsl PacTBOPEMOCTH, BHIIE MIOTHOCTH 3JHEPrUH KOTE3WH, GOJbIIe Mes-
MOJIEKYJIsIPHOe B3aMMOJleiiCTBHe W KeCTKOCTh, 0ojlee OrpaHMYEHHOEe BPALICHHE
BOKDYI CHJIOKCAHOBOH CBA3W W BHIIe TeMHepaTypa $a3oBoro mepexofa BTOPOTO
pona mo cpaBHenmio ¢ moxmMepamm tmma [(CH,),SiO],.
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