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wieH KopeAll COCP,n0RTOp Xmaudec-
RiX HaYR npoQeA« L HETPOB

ot T Towmen, 1964 re



Oraapnesne

.........................................

BBEJAEHUE
't AMTEPATYPHEZ 0B30P

tt mmmm CHHTes fsssseacena 5
2. um“. cm'. R R R Y N RN 11

3. [Ipucoe uHeHK® IMADULOB IepPMBHEA K
HeNpeAeAbHEM COSMMHOHUAM +vvvevvsnves 14

4e JpyTHG METOLN CHETSSR HENpPeASLhHHX
FepuManuiioprannyecRux COCAMHOHUA ..... 21

i OBCYRAEHUE BHCIEPUMEHTAILHOIO MATEPHALA

1. CuET@S repMaHNiOPraHMyec xuxX COSLuHe-
HER ¢ JyHRUMONAAILEOR rpyunofl ........ 26

2. Hexowopwe xMMuYeCKMEe CBOHCTBA repMa-
HEAOPranMYeCRNX COSMMHOHNA ....vvvves 41

i BHCIHEPUMEHTATbHAA 4ACTH 38

B HB O A H
licnoansoBalHaA AMTEpaType



OprasMuecEme COSAMRSHEA 1V 5 PPyUAN NePHOLIYECEOD CHe
CreM /., delneneene BCe oubwe NpMBAeRaD? K cede BHRMAHEE
uccaesonavenefl, OcoUeHHMA MHFEPeC B HOCKeHEe BPeMi BHSNBA«
BF COSAMUCHNS PepManua, "sRa-CHEKIMA", RaK HEBBAL ero Meh-
AGlees, CynecTPOBAHN® K CBONCTBA KOTOPOrC GHIM HDPeLCKABAHN
WM eme 2 1871 rouy (1),

OTspur s20T saeMensy Gui BunmnepoM (2) » 1886 rogy, 50
TOpult M HasBay ero repuaHNeM, LHMNMOCEES N (MOUUECKES CBOHe
C¥BA 9WOr0 pAEMEHTA COBHANK C NpeACKASAHNIMU MOHASNeeHiM
ceoficrpam “pRa~-cumMIMa®,

Tlappoe OpraHmMuecroe coe MHerne repuanus Cmio nogyde~
HO OFTRpLEANGACM STOrO SUEMOHTA - BMERIEPOM (2) ¢ NpHMEHEHN-
@M peaRriMK BsamMONefCTBAN MeALy (CoHg) o2y = GeCly ,

Gelly + 2 (CHiglgZn—— (CHig) o+ 2 2nCL .

2%0% COOCOU BUOCAEACTBEE OHN HCHOALSOBAH MHOTMME ABEO-
paMii, OJHARO EWMPOROrO PaclpOCTpAHCHNS OH He NOLYWRA,

~ PaspuTie XMMUM PepuMaHMOPraHMYeCKHX COGANHEHMR HauMEa~
@¥CA SHAYMTONLHO uCsjHee, C TeX 0P, Kak repuaHull, Jgarojia~
Pi CBORM NOXYNPOBOJHUKOBHM CBOACEBAM, CHI BHEAPEH B HpOMbm-
AEHHOCTH,

lisyuenue CIIABOR repMamis ¢ ADYPMME MOTALIAMH HORASE~ |
40, UT0 Oro MONHO HpHMEHATH B KauecTee Aerupyoued AodaBRE,

CTexya, b ROTOPHX MCHOQLBYETCH LBYORMCH PEpMAHUE DME~
CTO ABYORMCH Kpeuiif, NPOSPAUHN 10 OTHOWGHNO K MEDDPAKPACHEM
Aysas U oOxajanT NOBHECHHLM NOS(IUIMEHTOM RPENOMICHEE M Sie
caepcuefl. Omuch OpraEMYeCKMX cCoOeguHeHuMll PepMaHMs  muna
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Uegilg)g 0] o Oau upentomens pas HPEOYBPANLNA Asare -

[ipeanonaraeuas aRPUBHOCTD -c«.-nlllm BEaBana
AGIONEMPGILENHE BRHEPEPEC B HOYUGHHMD XHMAM TepManMs U X0Rs 10
Cero/HANELA A6HL MO EMOOEAXCE JAGHAHX MOXEO SARIOWMTE, IT0
COeQMEeHNS IepMalils SHAUNTSIBHO MEHEe TORCHUHN, UM cOoegu-
HOHES ONOBE ¥ CBMHIA, CAeIaTh BHBOJA, YT0 BCUGACTENC HUBROU
TORCHYHOCTH COSaHNe HA HX OCHOBE ONONOIHYGCKE HNONEBHEX
Npenaparos MazoOBepOATHO, NpeACTARIASTCH UPESNePpeMOHEINM, He
YUETHBAOUKMM SABHCHMOCTH CHOZOMMYECKOfl ARTUBHOCTH OF CIpoOe-
HUH o

Cpeam repMaHuflOpraENvYeCKux coe uHeHull ocodull nugepec
apejcTaBnspT COCOf HenpelenbHEe repMaHMfiopraENYeckMe COexu-
HeHMs, ROTOpDHE,0garojaps HagHuM® ABORHON B Tpoiuof m.
CHOCOUHE K PasAMUHEM XHMHUYECKHM OpeBpameHMAM M ABIAKECH HO-
TeHIMATbHEM CHpbeM AUs NOAyYeHMS NONMMEePHEX NPOLYKTOSB,

[lepeoe RHenpejnesbHOe cOeMMeHKHe repManna OHIO HORy4YeHo
AJJlolleTpoBuM B 1956 roay, OFRyla B HauMHAEYCs pPasBATHe XM=~
MEN HeOpejeAbHHX PepMAHMROpPraHHYeCRUX COeMLeHMEA, BaCYuTH-
BAOWMX B HACTOANES B eMA HECROAbRO COT PepMeHMeBLX ONedu-
0B, (OCOGOro PHUMAHISA B 970/ 00JECTE DACIYSMBADEY DATOTH
AsJl.llexpona, B.D.duponoBa U A4p., BaeHroBa, Mazepoda, Jecs-
pa u Cerxa, 'ugsMal u l'epoy, Ceilljepra, Hoawea M Ap.

B oSnacTé nOX«MepMBAIME PepManudlopraHNYecRMx Coejune~
HHZ OnyOAMROBAHO BCEI'0 HECKOABRO pador, P OCHOBHOM Hopwasa
¢ corpyssuxeMmu (3,4,5), Komecuumompa ¢ corp., (68,7,8a), Hoam-
ca u Bam-gep-i{epra (8).

/M DOAYWSHN NOTMMEPH PeaRIMell CONCAMMEpESAUMN MOTHINe-
Taxpugara H CTMpONa C MOHOMEpaM; MNIf HOAyYeHWUs JRXEMERTOODra~
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BUUGCRIX OONBMEPOER, COLepRAnUX GUETWIGHOBHe CBAaM B LUk,
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hXJJl%C'-:—:CI./u%XﬁRzGeCQz e [-*.C?—.' C;/Gs'"]n *
R R
a7 UL(@XCR

Conocrapans peaRyMoOEEy® CIOCOTHOCTL HENPRUSTBHLX COQ-
AmHenE{l BRCMENTOB 1Y b rpynnH B PaIMRATLHON NOZMMEpHUSAIMMN,
BeB.Hopmar, j,M.lonanesa, B.D.duponor u A,Jl.(leTpos apumI
K BHBOAY, 420 BMHRABHL® N SATMIbHEE COSMMESHUA I'epMalis B
PAAHEAIbLHON NONEMePUBALMM HPOABIAKT NOBMUCHHYR PeARIMOBHYD
CHOCOOHOCTD B HOPAAKE Sn< Ge <C< 5S¢ , 490 NOAHOCESD COrga~
Cyercs ¢ jaumMe Homwca, Baaguura = Bau-jepeiepsa (8), usy
damuuMn moammepusamue = (CHglodl C glq CH oCH g B npucyx.
CTBUM  ~0HMC- MBOOYTMpOHMTPUIA, KAK Razammsaropa (= C, Si,
Ge, Sn, u Ph),

HeyueHme NpHPOAH repMaRKAOprakdvYecHHX COeMHEHHR M MX
CONMOCTaBNeHNe C COCMMHOHMAME YIMEpOJA M KpeMius BechMA HH-
TEPeCHO, YTO BHOBAHO OPANWMEM XMMUM YIEEpPOAA OF ero coce-
Aeit mo 1Y rpynne, samIOUAKEMMCH B HEPBYD OYepenb B CROCOG-
HOCTH RpeMHMNs, PepManisi, ONOB& U CBUHUA OGpPASOBNBATL ROOD-
AMHOIMOHHES CBEBH B2 CYET HAIMYME y oTUX SJEMEHTOB BARAHT-
HE O - OpoN®. Y avoMa yruepoja Hew TaRuX OpOHT K 6r'0 BHCO-
Réf BANGHTHOCTL paBHa YeTHPeM, B TO BpEME KaK ATOMH RpeMHM:
B PepMaHMA MOPY® CymecTsoBaTh B M (V) m M° (1Y) sazense
HHX COCT Of His ,

ECTECTBEHHO, 4YT0 CPABHUTEABHOE MBYYOHHE AHATOIMUHHX
COejuHeHU oTUX PNEMOHTOR NPUBIGRAET BHUMAHHE MHOIMX HCCHe~
nosazenei,
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AdisilezpoBind, U MsIBepiupeenu & Hollo '{oprosunBuan usy~-

.............................................

THUENME PUHWISTHHUARA[ORHOKAME . C HEAbO PUABIGHHA X8PAATe~
pa HGz(czﬂslg B TEX %6 DOARIMAR, ME NPOBeNN peaKIN BSE&H-
wonedoraun (CoHg)p GeH  © NepmmuRbM, BAYOpAYHMG! X TPOPUY-
HEpMM BUHILISSHHII RAPOUNHO aMM ,

lispecTHo, YTO HAIMUME B MONGRyAE TPUOTILFepPUAILHONA
FpPynis siuAeY HA pPOAKLMOHHYD CilOCOUHOCTL BEUECTBA,

C gedAbo BHMBUCHUA 8¥Or'0 BUMAHEA HE CHEYESHpPOBAHHNS
Hau| COe MHeHWs, WH MpOBRJM HEKOTOPHe XMMAUcCKME NpeBpame-
AW, & NMEHHO! AEPHApeTauuo, PFUAPEPOBalNE N AySTUINPOBAHNE
CHET@SMPOBANHNX HEMH [MEHOBLX PepuMaHUROPranuweCKuX Haplu-
HONOB,

C ueapd CpaBHEeHNA PeaRMOHEON CHOCOGHOCIM COeIMHOHEMA
JrAGpO#A M TIepMalus, MH UPOEGNM PEAKIjAN BeauMOjiefcrBus

(Cgliglg GeBy ¢ MOXOABEM BUEUISTUHANKAPCUHONOM H AMEHODHEM
repMaHRficofepaan UM KapduHOIOM,

ApoMe 20ro, MH NONHTAINCHE UPOBECEH IMEHOBL) CHETES
HOUMX COeLuHeHUN, OAHEKO NpPOBECYH pPeaKUMP He yianech.



METALIOPTAHKIECKN /| CHAHTES

UREEM K HAMOONE® DaldipOCTPAHeHHHX MeTOJ0B GUETesa
FepuainiopreliUeCRiX COGMHEHRN ARIAETCH MarKuiio praiuye -
CRU cuRTes. /lun cunTesa pRAS ARRMY (apmin) nwam razoMgIpO-
HBSBOMHIEX repMAnuAOPranMYeCKUX COSMHCHUN DTOT MOTOJ UpPMMO-
Hae¥os Hewunes ¢ 19025 ross (9), morsa jienuEe u COT Py iEn RN
apurogosmmk ms Ge (L, m coowsercesyomero pearensa I'punbsapa
Terpastul-, TeTpPAUPOHMA~, TeTpPaNsOaMLIrePMANH *

G Cly + Rllgk — GeRy + MgX L

BOSMOMHOCTD HONYUCHN: TETDaSaMOBEHHEY aNRWl (apus)
T'epManos 5 janbHefimeM GHEG NOAPOCHO HSYYEHS MHOIHME Heege-
Aoparensum (11,12,18).

Ina cunTesa HenpeaennHHX FepMaHnioOpranivecRux CoeRi-
HeHufl aTOT weTON BUepBHe OHI NpUMEHEH AoflJdieTpOREM, By lsMu-
pouoBuM m Jionrux ', (14). BsauMoseficTBueM a&TKNA (anreHmn)
T@PUAHXAOPHIOB C PPUNbAPOBHMN DEAreHTAME CHHTESHPOBAH pag
Henpe/lenbHEX TerpasamMeneH HuEx PepMAHMAOPIaNYSCREX BEMECTD

CHi=CH CH,Ge CL, + 3R X —> R,Ge Clt, CH = CH,
Che= £ = ChuGeCL, + 3CHylgOL —(CH, ) G Ch, - % ¥ CMs
(M) Ge W+ (A-r) CHy=CH CHy MgRe —>
— (CHy)y, Ge (CH.CH=CH.) 4o o
qe R=CM, u CaHs B
ws 42



lpunbaposa pearenza, L

Tar, Mamepomen u JecOpon (15) BoauMOgeRCTREON peax-
fuma Cpupbaps ¢ GoCly mgm R GeX CHENOSMPOBGHE CHE/yoNES
BATWAND OUBBOAKLS: (CH = CHCHgl 4 Gey (Cgligly Ge Ciy CHe=CH,
(@ = Cgligly Ge CHy GH = CHos

BsDoMuponon, T.K.Map u J,AJleflzec (16) nosywman He-

IpefiBlbHHE CORAMEEeHNUS C LMRIONGHPOIMOHWNIbHEMA PaNiKanams
0o casayoumeR cxexe:

CCM’ <> (e (CLH!)%

@C:Huugﬁm O_uu%‘%m >
CH;
L= OE-0
XA

. O Gﬁ (CH.’J:, Csz‘

OCpasopanue ST MOTHA I KT OIICHD M CHUATCDMARE [0 HUE-
Hell BeTBU CXemy, KR Npe;IONAraNT ABTOPH, NPOUSOWNO, BEpO~-
ATHO, B CBASH C HANNGIGM HE BOWEJWEro B DOARUMD C LMRIOUSH=
TanuenoM 02% uu%\".no

B 1960 rogy l'espm & Homreou (17) OmI CHUE¥esMpOBaH
AupeH W MALIRATeDMAH 10 CleMe:
Cha = CH=CHy g + (Cakia)s Ge B —= (CHa= CH- CHy), G (Cois).
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Ry G (CH)nOH + PBa, — 3R, Ge (CHe)yBe+ POKs
R;G‘e (CHl)h B’L * Du‘g R R;Gﬂe (CHz)h J/‘%Pﬂ

+H,0 ecom  n=4

R,Ge CyHa + chqieOH

Opsaxo CUHTeSHPOBaSH IepMAHMAODPraHMNECKME COSLMHeHNS
¢ BHUWIBHOR FpyanoR oTHM METONOM He YRATOCH,

Bua mccmenoraHa BOSMORHOCTS ROBAGHCAIMM XNOpas KUt~
Pepuanos (19) ¢ BMAMIMArRAACPOMMAOM, NPHIOTORIGHHNM UO HO-
BOMy weToAy cun¥esa ['PaEbaApOBA pearesrTa - Us GpOMECTOre
(HAM XTOpNCTOrO) suHMNa B Cpese Tewparmapopypana, paspa-
gorannoMy Hepuan (203,

Crasanoch, 4r0 Kamx MOHO-, T&K K 10/ MBM HAX ~ii PORS BO 4 ~
HES I'epMalus MOryT OHEb CHHTESHPOBAKH (10 STOMY METOLY ¢ Bie
CORMMM BHXOAAMM, WFO Je1ael 9TOP YHMBePOANHHR NyTh cuure-
88 HaudQuee yAOGHMM, HTHM METONOM MMM UQNYyYeHH A9 Bl LI BE ~
Brepuan - (cﬁﬂa)a&(ca-cagje. BTMNTPUBMHMATEDMAE -
(Cglig) Ge (CHeCH,) 4 s

B Tou me 1057 rony, HesaBHCHMO umpr(:')npauem 8gxor
MeTOL, HORyWMI Te e COSAMHEHME ¢ KPOME TOr0 BseUMOSelCTBU-
e Ge®y ¢ Chg=CHdlghn emmzesuposan vespesusmurepsas
(CHpCH) 4 Ge W remcesmmmnmurepuan - (CH=CH); Ge = Ge
(CHy=CH,), »

(lecaenmut, nO-au uMONy, OOPESYETCA B pesyabTaTe NOMIE~
AOBSRQIbHHX peaRuMil: chavala NpOHCXOAMT BOCCTAHOBISHLE
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YeTNDEXXAOPHCT OrO PepMARus PeRRTUBOM ['puEbipe M BUHATEPO-

.........................

GeCLy + 2 OHy=CHllgBn —— GeCly + CHy= CHCH=CMH, +
+uU8Pyz,, + uUHC&
GelCly* 3CHu=CHligBe — (CHy= Ch)a Ge + oligh,, + Mgt

(CHa=CH)s Ge Ge (CH=CHy), + Ze

(Chy=CH), Ge \C (CH=CH)sGe Mg B

'l‘ (C’Ht: CH)B Ge,ce
(C’Hz""‘- C/H)B G’-etG‘& (C'H“"CIH.I. 3

ABIOp 2%0/i padors saueuaer, uTO Tpedyeres LaisHelmec
HecAenOBaHNe TEYOHMS 9TOl peamrimu,
OT0My METOAy BHOCICACTBMN OHIO OTHaHO apexnowrenne
B LpyruvE apropaus,
Tax, lempm u Honrcom (17) Omiw chuETesuposanwy Tpupe-
HuABUHWIT e puaH
(CeM), Ge B + CHo= CHUlgBe TP s (), Ge CH= CH,

B MpeHUNMBHHUNTCPMAH BBaRMOAeACTEE eM BE HIL MAT HKRC poumia

C mapeHmIn0 poMPe pHAHOM \
OHa= CHullge + (Coke)sGeBo . (Cotis)y Ge (CH=CH.),

Opuuu us Hux (22) CHHTESHpPOBAHH CTHDMANDOKSE 0 AHLER

= (Cgliglg Ge = (Cgly CHeCHy) u (CaligloGe (Cglly ChimGH,),
H3 COOTRERCIBYOWMX PANOPEHMNOB M CéJJ%- Cglight CHeCH, B
Tirl@i '



o QU &

i @G HS)‘I-'YI & Xn W’. v '(CGHE)Q_W GG-(C&H‘{C’H = CH")‘h' ......
h=d, ww 2.

OAlano Komecsumos (28) npesiomua APyrod Nysh CHHPe-
88 coequmenuit sune a - (CgHg)y Ge - CgHy CHICH,

- Ba Coby gl 2B 1 ol Ge (CoMe)s —

-J-"—!-g-——* h- mUUg CoHy Ge (CLHS):J& n‘(cz.H{)sG"'CGHwCH= CH,

KpoMe DrmeomMCAHHMK, HCNOIb3OBAKWEM DeARTHBE HOpMaka
CHHZSaMpOBaH DAA HeOpeA@NbHEX PepMaHMAOPraidu@CRMX COeile
nedai (150%o%nWo

BEHMUIbHEE COQLMHOHMS PePMAHMS MOXHO NOAYVMTH TAREE C
noLombl BMHMLIHERA (27) .,

(Cote)s Ge e+ CHa=CHL—> (CeMe)sGeCH=CH, + LB

& BSAMMOARACTBREM FPUMETHATEDMAHMAXTODUIA C HpPONeRWILIE -
THEM NORYUAeRCs [PONCHUNTPUMETHArEPMAH C 75%-HM BHXOHOM
B Bifie AByx uoOMepos: gpamc CHgCH = CUGe (CHy)y o mue -
CHiGH = CH Ge (CHg)y (28),

CuecoBnoces (Cglis)y Gelo P HEROTOPEX CAyYasX HpUCOeiie
HATBCA 0[O0 KpPaTHO! CBasM Omua McCiegOBana 'wibueHoM (20a),
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T T. P, e e o 1 CH=CHa
b -(Ce“‘)if-n GeXn W‘ﬁ _ (CGH‘)'*-.H.GQ (.C'?H" CH r ) .......

ax I'puHbspa,
C mpuMeHEHNeM JMPHERNDPRYTN NPOBGIEHO YECTHYHOS BUAL-

HEDPOBAHNE HTHPEXXAOPUCTONO I'epMaHMs .,
(n=0n), g + Ge Cby =2+ ChemCHHgC+ Chy = CH BeCly

['epuanuflopran vecrue coejMHeHMs, cOjepEamue ayermie~
HOBEE CBASH, BUepBHR CWIM HONYYeHH ['aDTMAHOM M APeHCOM
(20) BsauMOfeilCTBUEM TPUSTHN-, TPHPEHMWI- 4 TPUIMRIOTEK-
CHArepMaEARCPOMINOB ¢ AnETIRCHMMArHKACPOMUAOM B XIOPO-
popue.

2R Ge Be + By llgC=C llghn X2 R, GeC =C Gek,

R=CyHs, CeMs  CeHu

R,GeBr + laC =CH A2 - R.GeC=CY

Onmaxo ilasepont (380) comHepaercs B NORyYeRum -
(C4H9,a GeC = CH ms ‘c‘ug,s Ge B2 lB’LV{‘lgc; CH+
AUSTHAGHOBHE COefUHERMA NOAYYeHH MM [0 CXeMS;

R(CHo)n C= CHr CoMselighe 15 () 0= Colighn —

2 GeBx ;
R-Gi? R(CHz)hCECGWERg

Rl = C.'Z,Hs h-Cqu
R=CMU, n={2,
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Ly RiGeChy = O 22 b goe el

R =M Cqu

RsanvojeficrBueM sTMIMArEMACPOMBAS B TI'D C TpH-T-Gy~
THArePMER-1 ~aNeTUAGHOM GHIO CHHTESHPOBAHO AICTHIRHOBOE CO-
emuuenue (CoHs), GeC= CGe (B=CHg), (81),

A Hamepolo yAanOCh CHHTESMDPOBATH MANETHACHOBOE COe=

Aurenue caeiyoumefl peaxumeit
CoHs C=C-C=C- g + (CyHs)s Ge By —

"‘“"“"Cg,Hg C=C-C=C- Ge(Csz)g

Auauerurenosoe npoussonsoe Tuaa R, (eC=C-C=CGeRn
CHETGBMpOBAHD Takme ['aprManoM (32) u Ap.ssamuMojefcTRREM
R GeCL (R= gemmn) ¢ NaC=C-C=CNa ¢ mmmmom Y.
KiGeC=C- C=CGe R, MOAyueH B TeTparuipojypatie, Tar RaR B
AWIROM aMMBaRe JelRO HACTYNAeT AaMMOHONMS.

(PfiMOZ CHHTES

lofe0HO KpeMHeOpraHUYe CRuM COGAMHeHWA, Iepudanuioprann
HeCRHE COQAMHEHMS MORHO HOAYUMTD HENOCPE]CTBOHHHM BSS&HMO-
AedicToueM werarmmuecroro (e ¢ arsmrranoresujauu B GpucyT-
CIBMM MejM, KAK KaranMsaropa, Npk Temmeparype 500-400°,

8707"npAMOR MeTOJ CHHTEsa" GuI BuepBLe Apeicker Po=-
xoBuM (55,56), moropuil, UPONYCKas I'ajOujsaMeneHnL e yrieso-
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AOUATepMAHN -
ReL+Ge sty K, GelCly + RGe e,

300- 350°

'l‘ge K = CHs, Ca Hs

QeHus (cﬂ%’g Ge Ly

B Astuneftmen A.[.llewpos, B.d.Mupouos u Aonrui (14),
NOBTOpHB NpAMOA CuETe® cOeMMHeHME, CHHTERMPOBAHEMX POXOBHM
Gpu Gomee sacomux vemueparypax ( - 500%), odmepysmam, wo s
STUX yCIOBMAX BHXOA AMAXRUAZMXIOPIepMAHOB DEBKO CHUEAETCH
(8a cuer nopmmenns puxoga AIRMAXAOprepManos) .

HMa ycranopneso, 4ro TewNepa¥ypa peammui u NpOLeHTHOE
COOTHOWGHME MOOM B CMECH BAMADE Ha BHXOJ OCOMX KOMIOHEHPOS
(RGeXs u RyGeX.)

(ips OORyYeHUN ATKMAPAIOMArePMAHOB uepes NPAMOR CHHe
T8 P pasauuHEX yCIOBUAX OCPASOBAHMA TPUAIRWIPEPMAHOE -

RsGeCL apropamu me madamgatocs (57).

C mpussHieHdeM oTOro Meroia Omi CHET@nUpOBal IepMalo-
XIOpOOpM Me PepMAHEE M XJOPHCTOrO BOAOPOAE Opu Teuieparye
pe 500-700° (58) m repuasodpowofopu (59), x0PE B sTOM cay-
4a@ OCHOBHM NPOAYRTOM peaRuulk OHE TeTpaspoMuj repuanns u
Pal Apyrux coemuuenuil (80,61).

APyrie aBTODH UORYWA M AXRWIPATOMATEDMEHH C XOPOWM MM
BHXOJAMM uepes MpAMO/l CHETES B YCHOBMAX ONEPE, (POBEASHHOIO
AsJlellezpoBuM u COTpyARuEaME (14).



Heiipejensube repuatifopralhie ciie GOsuiuenin biepsue

.........
............
...........
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BB jloarne  (14) .
[pUMMeRUE B QpHMOM CHHTESe XIOPHCTHE ANAWN U MET AL ,
OHE DORYWMRR C XOPOMMMN BHXOLAME NEPBHE NpPeJCTABKTENN Hee
ApeLGNbHNX COGANHEHHA! ANTMI~ B MOTQLIMITPUXIOPIe PMAKH
CHy=C = CH,CL + Be /0y £90"> (43 Ge CH,—C = CHy
X R
rae R=y, CH,

00a coepuueHus MOZHO A8IbWE MApOATEKEMPOBATS DEAKTHEG~
W CpuEbsipa BILIOTE 40 TLRAIRMISIIUATCPMAHS i ¥ pUAN KL NST AT~
ANATePUAHOB
OH, = € — CHy Ge Cs + 3R ligX — R,/ Ge CH, — C=CH 4 1y

R R
R"""H, OH;
(CH3)n Ge CLyon + (U-n)CH= CH CHa llg P ——
—— (CHy), Ge (CHy CH=CHy),,
R:' C/Hg; C’&HS, n= L 2

Oguaxo noaywurs SMEKATPUXAOPrepMal HpEMEM CHETESOM G5
TopaeM He yzanOCH,

YOrs peanuyus UPSMOre CHETESA W CYNTASTEH o0mmM MeroioM
ROAyueHs repuaHufioprasKdecEux CoequHenull, ouHaxe e# opuses
HMMOCTL X repuManiip, 10 CPaBHOHMD ¢ RPOMHMOM, BHAMUTEIBHO
MeHbwe,



B mocienmee spewms Ais CHEFesa IepuauMAOPraHRYSCRUX
COeguieHUR BCE WEDe B BMPS CTAT IPMMEHATACA METOR HPHCOS=
JMHEHES PRAPHIOE PEPMAHAR (O ABORHNM M TPOAHNM CBASEM,

Buepste »T0T weTOA Ol MCOOAbBOBAH POXOBLM M AP+ (38),
EOTOpHE, NPHCOSAMHMB TPUXAOPrepMaN R PORCEHy-] HYYeM Nil-
TEALHOrO RMNAYERNS P NpECYPCTBMN NEPERNCH CERSONAS, NORY-
WATH COOTBETCTBYDNEE repMaHMiCO/ePRANSe COeIMHeRNE

CH, = CH(CH:. iCH, + HG@C@;M CcHgG@ C@3 (22%) .

Borope B vex me yenosusx PuMMmuefgep (84) upucoesue
Hun tpmxsoprepuas ¥ RCH = CH, (mupm cooTHOmeHMN peare-
08 1:8) u noaywmy KCHyCHayGe (o,

B npEcyTCTBUM TOrO Ze MEMIMaTopa (NepexucE GeHsomna),

8 TAREe OpH yIbTPaiMONeTOBOM OCAYYSHMM ADYPHME apTOpaMu
(88) moaywer Ji,GeCsHiy

©+ o% G@H.(CsHsCO)aoz g(}e-ﬂzs

..ﬂzz,(+3= C/H,z + .JQ‘Z,;G&H (CGHSCO)!;O! 5

———* N2 CHCHy Qe Hv,

e,ge, J]l-‘-‘csH:



- 18 =

B:’uurwmum(mlalnupom 2

...............
....................

- Ge Y cm*llwﬂ) Geencn-cn - nomyaeHs
P01 P8 Il -1 ~ORT A0 LYK e PMas l @caﬂa’s Ge, (GHQ] 2 CHgs

BeAslionouapenxo u [',/.Bseunona (37) QPOBO ALK QpHCOe-
ARHGREe TPUXAOPrepMAHS X oTMECHYy B upcymowsmm H,Pt (L
B apPoRNase N 0OSywMnu Collg Ge (0. ¢ Buxogou mesee wen

25%
CHy= CH,+ HGe Ly — CyHeGeCLs

Coenumenusn, cojepsaume 1MRTONGHTEHUALHN K I KIONeH ~
THALHNA pajuranN,CHIN CHHT@SHPOBGHN HYTeM NPUCOAMHEHUS
TPUXIOprepMalia COOTRETCTBENHO K LMRIONOHTANMENY M IMRIO-
nenTeny (148).

<> Hee (s , OGQCQBME‘; @ee(cm),
@% QGECQSM&CL Q,Ge(OH,L

lun me (38,39) nposesesa peamims Bpucoe i HeHks
B Gyraqueny, OGHapyReEO, UTO NpHCOSAMHEHHE MOWEO HE OGHY~
HEM nyPes
CH— CH,
CHy= CH-CU=CMa+ MBe(ls—— || DGelly+

- Wy

+ C2yGe CHCH = CHCH,



.......................

.......... h(‘wu‘ . C.H.-__._;e_ C‘,H" ~ . ,C’HS A TR i
CH3 OHZ, CJH
DTS
7\
& @

B T0 Bpeun, max npucoexmuenme HCi(L; upoxomme MCRIDURTENb-
HO B HogoOmeHum | - 4,

lanoe Hanpamgesme peamumm ats HS: (L ABTOPH OUBACHA -
0% 1-4 npucoesuHenmeM B OyPajHeHy M WSOUPERy ABYXXAOPHCEO-
ro repuamms, ( Ge(l.), ofpasyomerocs no cxese

HGe s == H' [GeCl,] ==——= H (L + GeCL,

Pacesovpennan peamys, Rar yxasupawsy asTopn, ABIRET-
Cii NepsLM XMMEYECKMM HOATBepaienmeM cymecrsosamms HGeCls
B paBHOBecHORl lopue coeaMHesuMll YeTHpeX- M ABYXPAICHPHOIO
repuaHus .,

Hano sameTuTh, UTO ONMCAHHAS pEAKIMS NPOXOIUT 368 Ra-
ERX-IH00 RATATMBATODOB MNM AKTUBATODOE B OTAMUHE OF AHANO-
reunofl peanmm ¢ WS CL; | upo ymaswpaer Ha o, WO B Bech
M& PABARYHEX DeARIMAX IPUCOEMMHEHWS TPUXTOPrepMAH SHAUMTENb-
HO Oonee anTuBEH, 4eM PPUXIOPCHIAH.,

O xe aBToOpauu  (40),P OTCYTCTBUN KARMX-IHOO KaTa-
AM3aTOPOB M HHMIMATOPOB, APOBEJEHA DeAKUMS HIpPHCOSAMHEHMS
Thuxaoprepuana X aueTuyeHy, omejuHaM (0T sTMIeHA 4O OKIE-
Ha=-1) B UX UPOHBBOAHHM (AKDIIOHWEpDMLY, alquragerary, Xaopu-
CIOMy anmmiy U METALMNIY, XAOPUCTOMY BHHKLY M Rexa0 pBuKm -
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mmpmnmmmama ¢ BHIeNeHMOM
JoaBWOro KOZUNECTBA Teilra ¥E@ Npu ROMHETHOR Youmepawype,
B %0 Bpeua Rax gpyrae GBTOPH (41,42) nopesHwe peasmm apo-
BOMWIN B UPHMCYSCYBMM dMETHEOBOrC ERTanusaTOpE Hix Bes mae
TANNSATOPA, HO OPH AAHTENBHOM RUnave Buu,

Tagr, Bsaumogeficorpuen (G‘Hg)aGeH ¢ RCECR (48) »
apmeyzowsun 04N WPt - 01,0 5 uponpomzosou cnupre
noRyveny cueiyoume (Celigly GeChi= CHR (rae Re Calig= »
(CeHg)yGe  u m.1.).

AHQIOPE W0 BBAKMOARACTBREM (cgusla GeH @ 04396 & CH

iposejena peanima
CuHaC= CH+ (CeHs)s Ge H—— (Cots),CH=CH CyMs

8 Cphiyg Ge Hy mpu Temmepaxype 200° oGpasyer ¢ CyH, © % CH
coe yumenne Cph, s Ge ( CHeCHCgH, )y .

‘lono0nmM o6pas oM cuuwesuposany $PUSTUIBRHIITG DMAH M
TPUC yTINCTY AT DAk

(CoMs )3 GeH+ HC=CH
(CyMa)s Ge H+UC=C- Colts — (Cqu)gceCH‘: CH-CeMs

(C%Hs)gGeCH = CH,

Ais BBejSHES BTOPOR Momexyms R,GeM p coenuienue
RsGeC=CH apyrmi: apropem (24) UpuMEeHEeH TOT xe Raganupa-
$0p 1 HOXyueHO COOWBeTCIByDEEe COemMHEHUE (R,GeCH = ) o
(rae R~ C.Hy) mno cxewme:

(CoHe)sGe C= C s M Ge (Cube),——= (CyHo)s Ge Cl= CH Ge (Cults),

Beauuonelicrsueu T pujeusre puakuirapusa ¢ H@ROTO pLidu
PUHIIDEEME M SUSTWICHOBHME NpOWSBOAHNME ( RC=CY . Chy= CHR)

,"‘y‘ﬁ\
A Bomn >,
P LRI

?‘7’,’// G
¥ oA/ 9 s &
Meh.. & &\ Y%
Y, _‘"‘f 3 .0x Aca




- 18 =

Fetipm u /oMy (45) CHHTESHDORAHN COOTRETCYSyRUME NPeieNs -
MR ¥ heupéienbive coeiMuelnns (KCH;,C“aGe(CsHSjs 08 LA
(CoHs)s GeCH=CUR _ S
B padorax Cerme (48,47) oumcano npucoeiuHenke Ui~

pagos repuarms R.Celin  ® gmofur (B 0cOGeHEOOTM COUpA~
EGHHNM) U TPOMHHM CBABAM, ABTOpD yKASHBEGT, YTO OPHCOE U
HOHMe HPOMCXOJMT JAXe B HPMCYTCEBAM IUAPOXMHOHA X YCHKOpHETe
CA NNATHHOM, WXO, N0 MHCHMD GBFOPS, YEASHBAGT HE WOHHMA
XApaxTep peaRmaM., O4HAKO NPHCOSNMHEHNE BO BCeX CHyYanX WAST
(poTHB npasine \apROBRMROBA. Taxm, Heapusep,

(CaHs)sGe i+ CHy=CH(CHz)sCHy —— (CaMs), Ge Ch (Cly), CH,

anu ,
R,GeM +HC=CR'—— R3GeCH=CH-R

Hpose zoro, Cetse B pesyabtage Bsausogeficysums R, Gel.
¢ HC=CR' moMywnms LOBOABHO MHTE[ECHOS COGMMHEHME HAPHAY ©
ABOfHO CBASLD COfepRamee cBasb Ue-H

RyGeHy+ HC=CR' —— RyGe - CH=CH R
H

HOTOpH® NpH JAAMTEIbHOM HAr PEBAHLN BANOIMMEDHBOBHBALECH
(ceasp Ge-}| cBasumaercs ¢ ABOfHCN CBASBL cocemuefi MOne-
By M Tak o0pasyercH RIGCBUANOE NOAMMEDHOE COQUMEEHUE),

8necs ®me POBOPUTCSH, 4T0 CONbLMHCTBO S YKaSAHHHX PEAKe
il BOSMOXHO HpOBECTH Ges RaTalusaropa, HO BLHXOJ CHHTESH-
POBAHHHX NPOAYRTOB SHAWITENsHO yweHbmaeTes (380-85°, » 0
Bpeus RGK B NpUCYPCTBMM RaTaiusaropa Cneflepa BHROS HOuTH
ROZMYS CTBEHHHIR) o

B npucyzcTBuK TOre =e Raraazusaropa (0,1 /N pacrmop



* JP &

HyPtl- 0O 3 adcoaweiion weonpeantenos ciumpss) npoBe=

R;@‘QH"’HCECR’ e RgG@CH:‘-’ CHR’ - N e T, L L

?.ﬁe R= CyHo, C.t. He, R‘?- CG H:I CH; (CH:J;
CHs (CH) v v g

KHTepecHas peaKkijn nopopejela JiecOpoM, Cerme M Maca-
Ged (49), HOTOpHe HAIPEBAHMSM MCXOHEX RAMIOHEHTOB (aye~
TUAeHA M AMeTHAXZOprepmana) apu 100-110° B TeueHue G-8 uac,
C ACBOABHO XOPOWHM BHXOAOM (50%) NOAYWMAM JUIepMAE - Guc
(WpetnaxnoprepMun) - 1,2 e®ai HO cyeiyomel cxeMe!
(CoHs)s, (€2) Ge i+ CH=CH—— (Cy Hs), () GeCH=CHe

(Cabe)a (€0) G Ch= O+ (Co He)y (8) Ge i —> (Cae)y Ge OHeCH Ge (G M),
V) (e

ii® pemmmaverwrene m JMeTmaxroprepsana apa 120° ¢ 755
BEXOOM NQAYYEHO COOTEETCTBYONES COSAMEEHME.

Coepunenns, cojepRanue B MONGRyNe 4Ba aTOMA IepMaNus,
CunTesupovans Tarme B./l. WMpoHOBHM, A.KpapueHEo u A,jl.lle¥-
posrM (50) no caeayomeft cxewe:

(CW)sGeCH = CHCa+ CLGe (s T8 Cls)sGeCu=cn (@)
Ge(cwﬁ)a

(CHy); Ge CC2 = CHy + C2Ge (CH), L~ (cua),.Gegc(cws)a (1)

Kar BHAHO M8 paBeHCTBE peaxyuu, B 9T0M ci ydae uoayde-
HH fApa H20MEPHEX repsanujonmefusa 1,1 u |,2-0HC(TpuMeTHL~
repwun) - pxuneHs (I), UCLOOHO ero KpeMmEeBOMy asanory (51),

OGnajaer Gonbuoll (+0,8) sksarbrammel MONERyIADHOH PejpaK~-
e
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Mexny wem HGe®, , max ymasusaos @BTOpH, NpHCOeIH~
HieTcn Oes KaRMX-IMGO KATATMSATOPOB, C caMopasorpenannes,
HeGNREaeMEN NDW CHMBAHNY HMCXOIHAX EOMOOHEHTOE C BHCOKMME
BHXOZaMM NDOAYRTOS [pPHCOSHUHEHESs. HeomuAaHNEM QGRasanocs,
KRR OTMeuar® eBTOpH, ofpasomamme He ., a f=xnopasui-
TpMXRoprepMana npm BeawMonePCTYEME BUHHIA u TpExXROprepuana

CLCH=CH, + HBo 0l ; —— CLCH, Ci, GoCLs (88%)

B T0 Bpema, Rar HSCL; oGpasyer Tonbmo A =XJ1 Ope T DK ~
xnopcunal ( CH,CHQLSi(L; ),

TamuM o0pasoM, cnocooHOCTh cBasEH Ge-H mpucoemMMATH-
% [0 KPATHOR CBASH OPFaHMYECKOH KOMIOHGHYH OTKpHBAET B
Necnennee BpeMa yROOHEI METOX CHETesa HenpejenbHHX repMa-
HMAOPrAHMUSCKUX COe M HeHu. '

YmasanHne pasmuvums Mesgy HS:CC, m HGeCls g apegno-
AORGHEL 8BTOPOR, OCBACHANTC: GONBEEN CRONEHBD MORNSAME
ceasu H-Ge peaescreme Gomsmeft "wereninunoctn® PepMaHus ,

Paccmarpusas Gel: ek repmemuessfi emamzor Rapdesos ,
Boasmme ¥ Kypcewos (53) npmcoemmemmm Ge, & TONEHY K

DORyWinH, HO-BHIMMOMY, Clenypmee coeiuHeHne:
CeHs CeHe

Beldy+ CoHs-C=C-Colts — g - |

N
Ge

£\
9 3
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eu ayerunena ¢ (<J, oOpasyemes Tpexwremnsiil rewepoKE
Ry R SR E e R uEy

HO=CH+ GeJy — XA
UAHOBpe MEHHO C OCHOBHHM HPOAYKIOM DeskIME 0dpasyescs

BHAYATCADHO® KAIMUECTBO HORUMEPHMEX UPOAYRIOP CielyuEero cTpe
eHuE (AOKasano lle nMP-cuexs pamu)

R
[ cw=CH-Ge- CH=CH- Ge- IR
R R

APYTHE METO/IN CHHTESA HEIPEABAbHAY IEPMAHKA-
OPF'ALMYEC MX COBMHERIA.

B xuvun RpeMHEOPraHM4YeCKMX CoejuHeHufl CUHTES Heape-
ASTbHEX CO@IMHEHMA N0 METOAY ROHAGHCALMM FUADUJOB KPeMHEA
C OpreiMYeCRNME FalcuiaMy M8BeCTeH A2BHO, UJHAXO, KGR Hepe-
CTHO, B COXBEMHCTBE CIy4Yaes s¥a peaxkuydid NpOoTeKae® (DM Bhe
COROA Temuepa®ype Z B rasonoit jase (56, ).

B repMaHmRfioprasdvYecRUX COejMHeHNAX oTA DeAKIflS BAep-
Bue Omra OOHApyZ@HA& . DeMMpoHOBEM, Il.I',/BypuBcxoff Aejigllon~
posus (62), worga npm npumsanuu  HGe(l, & Gpowmeroumy
annwiy BMECTO ORMIAeMOro T'=0 poMipouI T PUXIO PP e puasa

0wt OORyYeH AlMMITPUXAODPrepMal 00 ypasHeHuD
CHo= CHCHa X + HGeCls—> CHy = CHCH, Gells+ HX




'!'opunnu. nomm@mmnamu
ATMI0M, HO B 9TOM CIydae HEOGXOMNMO HPHCYTCTBEE CEpHOrO
afMpa, Ges ROROPOI O MAST NPHCORUMHEHKE 11O BEDATHOR CBHARM.,

lvn oGHapyzeHo, 4T0 HOAMOTHA ALMMA K JPOMMCTHA Mepan~
ALR pearupyr® ¢ TPHXNOPrepMAHON HC RINWL PCIBHO U0 CXeMe
RONASHCAMN, B TO BpeMa Rak XTOPHCTHI METALIMT B oTOi pee
AKIER Befe® Cola NONOUHO WIOPMCTOMY AlMMLy - B ofupHOR
Cpejie pearupyet U0 CxemMe ROHAGHCAIMM, & B OWCYRCEBEN SiM-
pe- 10 cxeme NpMCOSIMHEHMS

CH&ZG“CH&C,Q, + HG-@;CE3 T
CMHa

Oy e Cha c,u CH,,CE, (58%)
[H@+ 43 Ge CHy, C = CH, (60%)
CH,

B an1y4se XAOpHCTOro Meranqmla ¥ GPOMECTONO AlABIA
eBTOpauMl HAGALAATOCH O0pSs OBAKNE HOCOWELX BHCOKOKMIANKX
BemECTB, /M@ B HOCHeAHE! DEAEINE US BLHCORORMIAmER ppax~
LMH BHASReH NPOXYKT OpHCOoe MHeHMs 2-0f Momexysn HGeCl,
K &1 KUIrepUManr aloreHLy

C@&GQ/CHL q = C’Ha_, + H GQCQE, _— @lgG&GH&(I:‘H OH;G@C&;
C’H; CH’.'I

Onnaro B cIyyae XJAODHCTOrO &N1MMNA BIHIENCHO BENECIBO
CASAYDHEro CEPOSHMA:
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