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Sesavali 
 

siliciumorganuli polimerebi mniSvnelovani kompleqsuri Tvisebebis 
gamo rogoricaa maRali Termuli da TermoJangviTi stabiluroba, dabali 
gaminebisa da kristalizaciis temperatura, sxvadasxva fizikuri maCveneble-
bis naklebi damokidebuleba temperaturaze, atmosferosa da sinaTlis sxi-
vebisadmi mdgradoba, farTod gamoiyeneba teqnikis sxvadasxva dargSi. 

xazovani oligomeTilhidridsiloqsani warmoadgens saintereso sawyis 
masalas savarcxliseburi polimerebis sinTezisaTvis, maT bazaze miRebul 
polimerebs SeiZleba gaaCndeT iseTi Tvisebebi rogoricaa pro- an anti-
adheziuroba, amfifiluroba an hidrofoburoba, Txevad-kristaluri buneba 
da zedapiruli aqtiuroba; isini warmoadgendnen gamkerav agentebs, gamtar-
ebs da araxazovan optikur masalebs, eleqtroluminiscenciur da baqteri-
ciduli Tvisebebis mqone polimerebs. aRniSnuli polimerebis miRebis sau-
keTeso gzas warmoadgens hidrosililirebis reaqciebi, mimdinare ≡Si-H aqti-
ur jgufsa da ujeri bmis Semcvel naerTebs Soris [1-11]. ukanasknel xanebSi 
didi yuradReba miipyro savarcxliseburi agebulebis Tanapolimerebma, 
sadac hidrofoburi Tvisebebis mqone meTilsiloqsanur matricasTan dakav-
Sirebulia sxvadasxva tipis, sigrZis da bunebis organuli Camnacvlebeli 
jgufebi, romelTa varirebiT SeiZleba aRniSnuli polimerebis Tvisebebis 
cvlileba da maTi farTo gamoyeneba sxvadasxva sferoSi. savarcxliseburi 
agebulebis Tanapolimerebidan aRsaniSnavia meTilsiloqsanuri Tanapolime-
rebi sxvadasxva klasikuri mezogenuri jgufebiT gverdiT jaWvSi, rac Tana-
polimerebs Txevad-kristalur bunebas aniWebs [12-14]. Tumca aRsaniSnavia, 
rom polidialkilsiloqsanebSi ZiriTadi jaWvisagan damoukideblad mezo-
morfuli mdgomareobis warmoqmna SeimCneva umTavresad araklasikuri mezo-
genuri jgufebis Semcveli alkiluri (eTili, propili) Camnacvleblebis 
garkveuli sigrZeebis dros (R=CnH2n+1, n≥2) [15-17]. aRsaniSnavia, rom mezofaz-
is temperaturuli intervali Tavis mxriv damokidebulia Camnacvlebeli 
jgufebis sigrZeze. es daskvna SeiZleba gavakeToT polidipropilsiloqsa-
nidan polidieTilsiloqsanze gadasvlisas mezofazis temperaturuli in-
tervalis mkveTri zrdiT [1,12,13]. amdenad, sxvadasxva organuli Camnacvlebe-
li da funqciuri jgufebis Semcvel axali organosiloqsanuri oligomere-
bisa da polimerebis sinTezi da kvleva aqtualur problemas warmoadgens. 

bolo xanebSi axali fotoluminiscenciuri da maT Soris savarcxlis-
eburi agebulebis Txevad-kristaluri Tvisebebis mqone meTilsiloqsanuri 
oligomerebis da polimerebis sinTezisaTvis farTod gamoiyeneba meTilhid-
ridsiloqsanebis qimiuri modifikaciis reaqciebi. savarcxlismagvari ageb-
ulebis meTilhidridsiloqsanuri oligomerebis da polimerebis sinTezis 

ori umTavresi gza arsebobs; es aris aqtiur Si-H bmis Semcveli naerTebis 
hidrosililirebis da dehidrokondensaciis reaqciebi ujeri da hidroqsi-
lis Semcvel funqciur jgufebian naerTebTan.  

hidrosililireba kvlav farTo Seswavlis sagnad rCeba da mniSvnelo-
vania aRniSnul kvlevebSi gardamavali metalebis roli. kvlevis Sedegebi 
damokidebulia ujeri naerTebisa da silanebis struqturaze, aseve katali-
zatoris bunebaze da reaqciis Catarebis pirobebze [18]. agreTve mravali 
informacia arsebobs meTil- da eTilhidridsiloqsanebis qimiuri modifika-
ciis reaqciebiT Txevad-kristaluri bunebis polimerebis miRebis mimarTu-
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lebiT [19,20] romelic ganxilulia sadisertacio masalis literaturis 
mimoxilvaSi.  

samuSaos mizani: meTilhidridsiloqsanebis qimiuri modifikaciis reaq-
ciebiT axali tipis meTilsiloqsanuri oligomerebis sinTezis preparatiu-
li meTodebis SemuSaveba; miRebuli oligomerebisa da polimerebis fizik-
ur-qimiuri Tvisebebis Seswavla da maTi praqtikaSi gamoyenebis gzebis Zieba. 

 mecnieruli siaxle: Seswavlilia ,bis(trimeTilsiloqsi)meTilhidr-
idsiloqsanis hidrosililirebis reaqciebi vinilalkoqsisilanebTan, sxva-
dasxva katalizatorebis: platinaqlorwyalbadmJavas 0.1M xsnari (tetrahid-
rofuranSi), karstedis da naxSirbadze dafenili platinis Tanaobisas mo-
reagire komponentebis sxvadasxva moluri TanafardobiT sxvadasxva tempe-
raturebze. sinTezirebulia oligomerebi eToqsisililuri fragmentebiT 
gverdiT jaWvSi. Seswavlilia mierTebis procesis kinetika. gamoTvlilia 
reaqciis siCqaris mudmivebi da aqtivaciis energia. dadgenilia rom reaqcia 
sawyis stadiaze meore rigisaa. aRniSnuli produqtebi gamocdil iqna saf-
arvelebis dasamzadeblad da naCvenebia maTi perspeqtiuloba am mimarTule-
biT. 

ganxilulia savarcxliseburi aRnagobis siliciumorganuli oligome-
rebis miReba, romlebic gverdiT jaWvSi Seicaven propeloqsitrieToqsisil-
ilirebul da propiloqsitrimeToqsisililirebul jgufebs. am mizniT Ses-
wavlil iqna α,ω-bis(trimeTilsiloqsi)meTilhidridsiloqsanis hidriduli 
mierTebis reaqcia aliloqsitrieToqsisilanTan da aliloqsitrimetalsil-
anTan. sinTezirebuli oligomerebis Sedgeniloba da aRnagoba Seswavlilia 
furie gardaqmnis iw, 1H  da 13C bmr speqtruli gamokvlevebiT. dadgenilia, 
rom reaqcia SeiZleba warimarTos rogorc markovnikovis wesiT, aseve mis 
sawinaaRmdegod odnav gansxvavebuli intensivobiT 1,4:1. 

naxevradempiriuli qvantur-qimiuri AM1 meTodiT gaTvlil iqna muxtis 
sidideebi. Teoriuli gaTvlebiT dadasturebulia bmr speqtruli gamokvle-
vebis Sedegebi. gaTvlilia polimierTebis reaqciis kinetikuri parametrebi: 
siCqaris mudmivebi da aqtivaciis energia. sinTezirebuli oligomerebi war-
moadgenen saintereso produqtebs da SesaZlebelia gamoyenebul iqnan rog-
orc SemakavSireblebi sxvadasxva saxis kompoziciuri masalebis, aseve si-
likahidrogelebis da silikaaerogelebis misaRebad. 

pirvelad iqna Seswavlili -bis(trimeTilsiloqsi)meTilhidridsilo-
qsanis hidriduli mierTebis reaqciebi 4-vinilciklo-1-heqsenTan kataliza-
torebis - platinaqlorwyalbadmJavas, naxSirbadze dafenili platinis da 
karstedis katalizatoris Tanaobisas moreagire komponentebis sxvadasxva 
moluri TanafardobiT sxvadasxva temperaturaze. sinTezirebuli oligo-
merebi warmoadgenen gamWvirvale, blant sistemebs, romelebic kargad ix-
snebian aromatul gamxsnelebSi. Catarebulia oligomerebis furie gardaqm-
nis iw, 1

H da 13C speqtruli gamokvlevebi. dadgenilia rom hidrosililireb-
is reaqcia midis rogorc farmeris da markovnikovis wesis mixedviT, aseve 
cikloheqsenis fragmentTanac. Seswavlilia reaqciis kinetika, gaTvlilia 
siCqaris mudmivebi da aqtivaciis energia. 

hidriduli mierTebis reaqciis sruli daxasiaTebisaTvis, naxevradempi-
riuli qvantur-qimiuri meTodiT AM1, Catarebul iqna Teoriuli gaTvlebi. 
aqtivaciis energiebis da warmoqmnis siTboebis Sedareba miuTiTebs, rom re-
aqcia SeiZleba warimarTos samive mimarTulebiT. Teoriuli gaTvlebis Se-
degebi TanxvdenaSia bmr speqtroskopiul da literaturul monacemebTan, 
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Catarebulia gel-SeRwevadi qromatografiuli gamokvleva. qromatogra-
fiuli mrudi bimodaluri xasiaTisaa. gamoTvlilia oligomeris saSualo 
molekuluri masebi da polidispersoba. aseve Catarebulia diferencialuri 
skanirebadi kalorimetruli da farTokuTxovani rentgenografiuli kvleve-
bi, ramac aCvena, rom oligomerisaTvis SeimCneva ori endoTermuli piki. Yo-
velive es migviTiTebs imaze, rom meTilhidridsiloqsanis modifikaciis 
procesi miRweulia. aRniSnuli oligomerebi SeiZleba gamoyenebul iqnan 
rogorc gamkerav agentebad, aseve polimerul matricebad axali silicium-
organuli polimerebis misaRebad.   

siliciumorganuli oligomerebis sinTezis mizniT, romlebic gverdiT 
jaWvSi Seicaven ujer bmebis Semcvel ciklur fragmentebs, Seswavlil iqna 

-bis(trimeTilsiloqsi)meTilhidridsiloqsanis hidriduli mierTebis re-
aqcia 5-vinil-2-norbornenTan katalizatoris - platinaqlorwyalbadmJavas 
Tanaobisas. sinTezirebuli oligomerebis Sedgeniloba da struqtura dad-
genilia funqciuri da elementuri analiziT, aseve furie gardaqmnis iw, 1

H, 
13

C, H,H-COSY da C,H-korelaciuri bmr speqtrebis saSualebiT. Seswavlilia 
reaqciis kinetika, gansazRvrulia reaqciis kinetikuri parametrebi. speqtru-
li gamokvlevebi dadasturebulia naxevradempiriuli kvantur-qimiuri AM 1 

Teoriuli gaTvlebiT. 
oligomerebisaTvis Catarebulia farTokuTxovani rentgenografiuli 

da gel-SeRwevadi qromatografiuli gamokvlevebi. dadgenilia, rom isini 
warmoadgenen erTfazian amorful sistemebs da gaaCniaT bimodaluri mole-
kulur-masuri ganawileba. gansazRvrulia saSualo molekuluri masebis 
mniSvnelobebi da polidispersoba. molekuluri masebis sidideebi gviCveneb-
en rom napovni saSualo molekuluri masa 4,6-jer aRemateba sruli hidro-
sililirebis dros miRebuli oligomeris molekulur masas, rac miuTiTebs 
imaze, rom hidrosililirebis mimdinareobisas adgili aqvs makromolekula-
TSoris hidrosililirebas, romlis drosac warmoiqmneba gantotvili age-
bulebis polimeri.  

Seswavlilia oligomeTilhidrosiloqsanis hidrosililirebis reaqcie-
bi alilcianidTan karstedis katalizatoris Tanaobisas. sawyis produqteb-
ad hidrosililirebis reaqciebSi gamoyenebul iqna trimeTilsiloqsi jgu-
febiT blokirebuli polimeTilsiloqsani da alilcianidi. 

,-bis(trimeTilsiloqsi)meTilhidridsiloqsanis alilcianidTan hid-
rosililirebis reaqcias vatarebdiT sxvadasxva temperaturul intervalSi 
moreagire komponentebis 1:70 TanafardobiT. reaqciis mimdinareobisas vafiq-

sirebdiT aqtiuri Si-H bmis koncentraciis cvlilebas droSi. literatu-
ruli monacemebisagan gansxvavebiT, dadgenilia, rom hidrosililirebis re-
aqcia ar mimdinareobs srulad da gvrCeba reaqciaSi Seusvleli aqtiuri 

Si-H bma. 
miRebuli oligomerebis Sedgeniloba da aRnagoba dadgenilia elemen-

turi analiziT, furie gardaqmnis iw, 
1
H, 

13
C da 29Si speqtruli gamokvleveb-

iT.   
oligomerisaTvis Catarebulia gel-SeRwevadi qromatografiuli gamokv-

leva. oligomers gaaCnia farTo monomodaluri molekulur-masuri ganawi-
leba. 
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meTilhidridsiloqsanis alilcianidTan hidriduli mierTebis reaqci-
is sruli daxasiaTebisaTvis, Cvens mier naxevradempiriuli qvantur-qimiuri 
meTodiT AM1, Catarebul iqna Teoriuli gaTvlebi. 

naSromis praqtikuli mniSvneloba: SemuSavebulia savarcxliseburi 
oligomerebis miRebis preparatiuli meTodi da miRebulia meTilsiloqsan-
uri oligomerebi alkoqsilis jgufebiT gverdiT jaWvSi. sinTezirebuli 
meTilalkoqsisiloqsanebi warmoadgenen saintereso produqtebs gaumjobese-
buli Tvisebebis mqone hidrogelebis da silikaaerogelebis misaRebad. sin-
Tezirebulia ujeri bmebis Semcveli siliciumorganuli oligomerebi, rom-
lebic warmoadgenen Termoreaqtiul sistemebs, isini SesaZlebelia gamoyene-
bul iqnan karbojaWvuri polimerebis modifikatorebad, aseve SemakavSireb-
lebad sxvadasxva tipis kompoziciuri masalebis misaRebad. metalsiloqsa-
nuri oligomerebi propilcianiduri fragmentebiT gverdiT jaWvSi warmo-
adgenen perspeqtiul sistemebs organo-araorganuli polimerebis misaRebad. 

publikaciebi: disertaciis ZiriTadi masala gamoqveynebulia 7 samecni-
ero naSromisa da 8 samecniero Tezisis saxiT. 

naSromis aprobacia: III sruliad ruseTis karginis konferencia, “poli-
meri-2004”, moskovi 2004 w., V respublikuri konferencia qimiaSi, Tbilisi 
2004 w., saerTaSoriso samecniero sesia miZRvnili n.s. enikolopovis 80 
wlisTavisadmi, erevani 2004 w., sruliad ruseTis X konferencia, “silicium-
organuli naerTebi: sinTezi, Tviseba, gamoyeneba”, moskovi 2005 w., VII evrop-
is teqnikuri simpoziumi da maRalefeqturi funqciuri polimerebi, safran-
geTi, monpelie, 2005 w., III saerTaSoriso konferencia polimerebis epoqa da 
kompozitebi, italia (isqia) 2006 w., ivnisi; saerTaSoriso konferencia “enik-
olopovis gaxseneba”, erevani 2006 w., oqtomberi; kavkasiis I saerTaSoriso 
simpoziumi polimerebsa da Tanamedrove polimerul masalebSi, Tbilisi 
2007 w., seqtemberi; saerTaSoriso simpoziumi “specifikuri Tvisebebis mqone 
masalebi sawarmoo produqtebis da meoradi nedleulis bazaze”, miZRvnili 
iv. javaxiSvilis saxelibis Tbilisis saxelmwifo universitetis 90-e wlis-
Tavisadmi, 2008 w., seqtemberi; saerTaSoriso konferenciis ”specifikuri 
Tvisebebis naerTebi da masalebi warmoebis narCenebis, meoredi nedleulis 
da bunebrivi resursebis bazaze”, moxsenebaTa Tezisebi, Tbilisi, saqarTve-
lo, 15-16 ivlisi, 2010w. 

disertaciis moculoba: naSromi gadmocemulia 131 nabeWd gverdze. igi 
Sedgeba Sesavlis (4 gv), literaturis mimoxilvis (32 gv), eqsperimentuli 
monacemebis gansjis (73 gv), eqsperimentuli nawilis (7 gv), daskvnis (2 gv) 
da gamoyenebuli literaturis nusxisagan (179 dasaxeleba, 10 gv) da Seicavs 
18 sqemas, 19 cxrils da 65 naxazs. 
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Tavi 1 
literaturis mimoxilva 

1.1. hidrosililirebis reaqciebis  
zogadi mimoxilva 

  
hidrosililirebis reaqciebi gamoirCevian didi praqtikuli mniSvnelo-

biT. isini warmoadgenen yvelaze efeqtur da mosaxerxebel meTods Sesabami-
si siliciumorganuli naerTebis misaRebad. maT farTod iyeneben, rogorc 
Sesabamisi sililirebuli dabalmolekuluri naerTebis, aseve maRalmole-
kuluri naerTebis misaRebad da maTi modifikaciisaTvis. maTdami gamowveu-
li didi interesi ganpirobebulia meTodis simartiviT, moxerxebulobiT, 
Tanamde produqtebis ararsebobiTa da SesaZlo sinTezebis Zalian didi 
ricxviT, romlebic SemdgomSi SeiZleba gamoyenebul iqnas sxvadasxva praq-
tikuli miznebisaTvis [19]. 

siliciumorganul naerTTa mrewvelobaSi farTod gamoiyeneba hidro-
sililirebis reaqciebi, erT-erT yvelaze farTod gavrcelebul meTods Si-

C bmis formirebisaTvis warmoadgens Semdegi tipis reaqcia [20]:  

R + HSiR3

kat R3Si

R
+

R

SiR3

 

am tipis reaqciebi farTod gamoiyeneba organuli funqciuri jgufebis 
Semcveli polimerebis misaRebad. pirveli Sromebi katalizuri hidrosili-
lirebis Sesaxeb gamocemul iqna 1947 wels someris mier [21]. kvlevebiT 
dadgenilia, rom hidrosililirebis katalizatorebs warmoadgenen garda-
maval metalTa kompleqsebi. 

hidrosililireba SeiZleba aseve gamoyenebul iqnas monomerebis sinTe-
zisTvisac. magaliTad, trialkoqsisilanis mierTebisas ujeri bmis Semcvel 
naerTTan miiReba eToqsilis jgufebis Semcveli siliciumorganuli naer-
Tebi: 

                
R(CH2)nCH CH2 + (EtO)3SiH

Pt
R(CH2)nCH2CH2Si(OEt)3  

aseve literaturaSi [22] aRwerilia C=C, C≡C, C=O, C≡N tipis organuli 
naerTebis hidrosililireba. C=C bmasTan hidridsilanebis mierTebis reaq-
cia zogadad SeiZleba gamoisaxos Semdegi sqemiT: 

          
C C H

 H C C Si  
Si

  

am SemTxvevaSi mierTeba mosalodnelia warimarTos ori mimarTulebiT: 
markovnikovis wesis Tanaxmad an mis sawinaaRmdegod 

RCH CH2 +H  RCH2CH2Si  
Si

RCH CH2 +H  RCHSi  Si

CH3  
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SedarebiT ufro rTulia sammagi C≡C bmis hidrosililireba, radganac 
sammag bmasTan SeiZleba moxdes, rogorc erTi, ise ori molekula hidrosi-
lanis mierTeba. aqac analogiurad reaqcia mimdinareobs markovnikovis an  
farmeris wesis Tanaxmad: 

CH +H
  RC Si CHR CH Si

H-Si  CHR CH2 Si

Si  

                            

CH +H   RC Si CR Si

CH2  

C≡C bmasTan erTi molekula hidridsilanis mierTebisas SesaZlebelia 
sami tipis produqtis warmoqmna [20-22]:   

R' + HSiR3
Cat SiR3

SiR3

R'
+

R'

+
SiR3

R'  

xolo C=O, C≡N tipis ujeri bmebis hidrosililirebis dros wyalbadi 
ukavSirdeba naxSirbad atoms, xolo sililis jgufi ufro eleqtrouaryo-
fiT Jangbadis an azotis atoms: 

C O+H  H C OSi Si 

N +H-Si   C C N SiH

 

Tu molekulis SemadgenlobaSi Sedis ramodenime tipis ujeri bma, re-
aqcia SeiZleba garkveuli pirobebis SeqmniT warimarTos sasurveli mimar-
TulebiT. 

aRniSnuli reaqciebis mimarTuleba da siCqare ki ganisazRvreba gamoye-
nebuli katalizatoriT, gamxsnelis bunebiT, ujeri naerTisa da hidridsi-
lanis struqturiT. 

mas Semdeg, rac j.l. spaieris mier 1957 wels aRmoCenil iqna hidrosi-
lilirebisaTvis Zlier efeqturi katalizatori - platinaqlorwyalbadmJa-
va [23], dasabami mieca sxvadasxva gardamavali metalebisa  da Camnacvlebe-
li jgufebis gavlenis Seswavlas hidrosililirebis procesSi [24]. savarau-
dod hidrosililirebis procesis aqtiuroba mcirdeba Camnacvlebeli halo-
genidis ricxvis gazrdiT. ibornisa da botis mier [24] Seswavlil iqna, rom 
mierTebis xarisxi HSiCl2Me - is eTilenTan mierTebisas mcirdeba Semdegi Cam-
nacvlebeli jgufebis mixedviT: H2C=CH2 > H2C=CF2 > F2C=CFCl > F2C=CF2, xolo 
luisma aRniSna [25] rom HSiEt3-is mierTeba Me3SiCH=CH2-Tan mimdinareobs 
ufro swrafad, vidre HSiEt3 - isa Cl3SiCH=CH2-Tan. luisis mier aseve Seswav-
lil iqna (EtO)3SiH-is mierTeba para-Canacvlebul stirenTan p-XC6H4CH=CH2 

(X=H, Me, OMe, Cl) da aRmoaCina rom mierTebis SefardebiTi xarisxi icvleba 
rigSi: Me > H > OMe > Cl. 

gamoyenebuli katalizatoris tipis mixedviT hidrosililirebis reaq-
ciebi SeiZleba mimdinareobdes sxvadasxva meqanizmiT. kerZod, iseTi katali-
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zatorebis gamoyenebisas, rogorebic arian: mesameuli aminebi, luisis  mJa-
vebi, matarebelze dafenili metalebi, cigleris katalizatorebi da VIII 
jgufis metalTa kompleqsebi, hidrosililireba mimdinareobs heterolitu-
ri mierTebiT, xolo Tavisufal-radikaluri iniciatorebis Tanaobisas an 
Termuli inicirebisas hidrosililireba SeiZleba warimarTos Tavisufal-
radikaluri meqanizmiT - homolituri mierTeba [22]. 

unda aRiniSnos, rom bolo wlebSi gansakuTrebuli yuradReba eTmoba 
hidrosililirebis reaqciebis Seswavlasa da maT gamoyenebas. sxvadasxva ka-
talizatorebis gamoyenebiT sinTezirebulia mravali sasurveli Tvisebebis 
mqone siliciumorganuli naerTi da Seswavlilia maTi hidrosililirebis 
meqanizmi [26]. 

 
 
 

1.2. hidrosililirebis katalizatorebi 
da reaqciis meqanizmi 

 
siliciumorganuli naerTebis miRebis erT-erT yvelaze gavrcelebul 

da miRebul meTods warmoadgens hidrosililireba. hidrosililireba SeiZ-
leba warimarTos rogorc katalizatoris monawileobiT, aseve Termuli da 
fotoqimiuri inicirebiTac.Uujer naerTebTan hidrosilanebis mierTebis re-
aqciebi ukatalizatorod mimdinareobs daaxloebiT 300ºC-ze. ultraiisferi 
sinaTlis, eleqtruli muxtis an γ-gamosxivebis gavleniT reaqciebi ufro 
dabal temperaturebze mimdinareobs. 

ujeri naerTebis hidriduli mierTebis reaqcia maRal temperaturebze 
katalizatoris gareSe mimdinareobs Tavisufali radikalebis warmoqmnis 
xarjze. magaliTad, HSiCl3-is Termuli disociacia mimdinareobs Tavisufal 
– radikaluri meqanizmiT. jaWvis inicireba xdeba ≡Si-H bmis Termuli gaxl-
eCvis Sedegad, ris drosac miRebuli sililis radikali ukavSirdeba ufro 
metad hidrogenizebul naxSirbadis atoms. procesis meqanizmi SeiZleba ase 
Caiweros: 

jaWvis inicireba:      HSiCl3    H  +  SiCl3 

                                          SiCl3   +  CH2=CH2    CH2CH2SiCl3   

jaWvis gadacema:       CH2CH2SiCl3  + HSiCl3     CH3CH2SiCl3  +   SiCl3 

jaWvis gawyveta:        CH2CH2SiCl3  + H    CH3CH2SiCl3 

reaqciis produqtebSi wyalbadis ararseboba miuTiTebs, rom jaWvis ga-
wyveta wyalbadis atomebis rekombinaciebis xarjze ar mimdinareobs. jaWvis 
gawyvetis mizezi agreTve ar aris triqlorsililis radikalebis  dimeri-
zacia, radganac triqlorsilanis Termuli mierTebisas olefinebTan ar wa-
rmoiqmneba heqsaqlordisilani. 

Termuli da fotoqimiuri inicirebiT mimdinare hidridul mierTebis 
reaqciebTan SedarebiT upiratesoba eniWeba katalizatoris monawileobiT 
mimdinare hidrosililirebas, vinaidan am SemTxvevaSi miRebuli produqtis 
gamosavali Zalian mcirea. magaliTad, triqlorsilanis eTilenTan Termu-
li mierTebis reaqcia mimidinareobs 2800C-ze wnevis qveS da reaqciis dawye-
bidan 35 sT-is Semdeg eTiltriqlorsilanis gamosavali Seadgens daaxlo-
ebiT 60%-s [26, 27].  

H2C=CH2 + HSiCl3 → H3CH2SiCl3 
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airad fazaSi triqlorsilanis fotoqimiuri mierTeba eTilenTan mim-
dinareobs raodenobiTi [28], xolo acetilis zeJangis Tanaobisas eTiltri-
qlorsilanis mxolod 4%-iani gamosavliT [29], maSin roca benzolis zeJan-
gis Tanaobisas aRniSnul reaqcias saerTod ar aqvs adgili.  

ultraiisferi da γ-gamosxivebiT mimdinare hidrosililireba ujerbmi-
an naerTebTan mimdinareobs radikalur - jaWvuri meqanizmiT [30, 31]: 

R3SiH + h   R3Si·  +  ·H 

mocemuli reaqciis gamosavali aris bevrad mcire vidre gardamavali 
metalebis da maTi kompleqsebis Tanaobisas mimdinare hidrosililirebis 
reaqciis gamosavali.  

koloiduri rkina, rkinis karbinoli [32] da Pt/SiO2 [33] akatalizeben me-
Tildiqlorsilanis eTilenTan mierTebas 100-1500C-ze, maSin roca H2PtCl6-

·6H2O-is gamoyenebisas reaqcia mimdinareobs oTaxis temperaturaze 93%-iani 
gamosavliT [34]. 

vercxli, TuTiis mtveri da TuTiis qloridi akatalizeben hidrosila-
nebis mierTebas aldehidebis da ketonebis karbonilis jgufTan [35-37] Tu-
Tiis qloridi agreTve warmoadgens trialkilsilanebis mierTebis reaqciis 

katalizators nitrilebis CN sammag bmasTan [38]. 
Zalzed efeqturia ujeri C=C bmis Semcveli naerTebis hidrosilili-

rebisas platinis Semceveli katalizatorebis gamoyeneba, rogoricaa, maga-
liTad, spaieris katalizatori [23,39] anu H2PtCl6 gaxsnili propanol-2-Si 
(izopropilis spirti) da karstedis katalizatori [40] anu H2PtCl6 gaxsnili 
tetrameTildivinildisiloqsanSi [(CH2=CHSiMe2)2O], aseve SeiZleba plati-
naqlorwyalbadmJava gaxsnili iyos dioqsaneTanolSi [41] dimeTilkarbinol-
Si [42,43] an tetrahidrofuranSi. katalizatori efeqturia minimaluri konc-

entraciisas, 5x10
-5
5x10

-6 moli gadaangariSebuli olefinis erT molze. 
rogorc cnobilia, H2PtCl6·6H2O [44] hidriduli mierTebis reaqciisaTvis 

yvelaze farTod gamoyenebuli katalizatoria, Tumca amasTanave gaaCnia ga-
rkveuli uaryofiTi mxareebic: ar ixsneba naxSirwyalbadebSi, xSirad re-
aqciis srulad warmarTvisaTvis aris gacxelebis aucilebloba da induqci-
uri periodi reaqciis dawyebamde. ukanaskneli faqti mowmobs kvadratul - 
planaruli d

8 platinis kompleqsis warmoqmnaze, romelic Seicavs labilur 
ligandebs da vakantur koordinaciul orbitalebs. 

hidrosililirebis reaqcia ujer naerTebTan mimdinareobs katalizato-
ris rTuli gardaqmniT. platina mierTebis procesSi monawileobs faqtiur-
ad ramdenime formiT, rac arTulebs kinetikur kvlevas [45]. 

spaieris katalizatoris - H2PtCl66H2O-is xsnaris Senaxvisas (izopropi-
lis spirtsa da tetrahidrofuranSi) mimdinare cvlilebebi Seswavlilia 
eleqtronuli speqtrebis saSualebiT – xilul da ultraiisfer ubanSi. 

dadgenilia, rom H2PtCl66H2O-is izopropanolis axladdamzadebul 
xsnarSi jer kidev arsebobs PtCl6

-2–is ioni (speqtrSi SeimCneva PtCl6
-2 ionis-

aTvis damaxasiaTebeli STanTqmis zolebi 267, 360 da 465 nm ubanSi). damza-
debidan 10 dRis ganmavlobaSi xsnarSi PtCl4

-2–is Semcveloba matulobs (PtCl4-

2–is ionisaTvis damaxasiaTebeli STanTqmis zolebi 240, 380 da 474 nm 
ubanSi). 10 dRis Semdeg cvlilebebi speqtrSi TiTqmis aRar SeimCneva. 
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erTi wlis ganmavlobaSi dayovnebuli katalizatoris speqtrSi aRmoCe-
nilia STanTqmis zoli 290 nm ubanSi, romelic SesaZloa Seesabamebodes ac-
etonisa da platinis kompleqsuri naerTis speqtrs. 

spaieris katalizatori (H2PtCl66H2O) gacilebiT swrafad stabilizde-
ba tetrahidrofuranSi, vidre izopropilis spirtSi. amrigad, platinaq-
lorwyalbadmJavas xsnari (tetrahidrofuranSi da izopropilis spirtSi) 
Senaxvisas ganicdis cvlilebas. amitom Pt(IV) aRdgeba Pt(0)-mde. katalizato-
ris urTierTqmedebiT gamxsnelebTan SeimCneva izopropilis spirtis SemTx-
vevaSi – acetonis, xolo tetrahidrofuranis dros ki misi qlorirebisa 
da hidroqlorirebis produqtebis gamoyofa. 

H2PtCl66H2O-is gaxsnisas izopropilis spirtSi an tetrahidrofuranSi 
mimdinareobs Pt (IV)-is nawilobriv aRdgena Pt (II)-mde Semdegi sqemiT [45,46]: 

          H2PtCl6 + Me2CHOH H2PtCl4 + MeCOMe + 2HCl
 

           

H2PtCl6 +

+ PtCl2O

O Cl

O ClCl

+ H2PtCl4

HO(CH2)4Cl + Pt(0)

HO(CH2)4CHO + HCl  

rogorc sqemidan Cans H2PtCl66H2O tetrahidrofuranSi gaxsnisas ganic-
dis cvlilebas: gamoiyofa HCl da tetrahidrofuranSi xsnaridan gazur-T-
xevadi qromatografiis saSualebiT identificirebulia 2-qlor-2,5-diqlor-
tetrahidrofurani da 1-qlorbutanol-4. ufro Rrmad iqna Seswavlili te-
trahidrofuranis urTierTqmedebis reaqciebi daSlili platinis katali-
zatoris Sualed produqtebTan [47]:   

+ H2PtCl6
O

O

+ PtCl4

2HO(CH2)4Cl + PtCl4

O Cl

+ HCl + PtCl2

O

+ PtCl2
O Cl

+ Pt0 + PtCl

2
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+ PtCl2 + HCl

O ClCl

HO(CH2)3CHO + HCl

O Cl

+ PtCl4

O Cl

+ H2O

 

katalizatoris Senaxvisas adgili aqvs Pt(IV)-is aRdgenas Pt(0)-mde, ro-
melic Semdeg gamoileqeba xsnaridan. 

xilul da ultraiisfer ubanSi eleqtronuli speqtrebis saSualebiT 
dadgenilia, rom izopropanolis da tetrahidrofuranis xsnarSi arsebobs 
Pt(IV), Pt(III) da Pt(II) saxiT. 

hidrosililirebis procesSi gamoiyeneba platinis katalizatoris  
sxvadasaxva saxis kompleqsebi. erT-erTi klasia Pt(0)-ovani kompleqsi, rome-
lic Seicavs vinilsiloqsanur ligands [48,49]. aseTi katalizatoris tips 
miekuTvneba karstedis katalizatori, romelic miiReba diviniltetrameT-
ildisiloqsanis urTierTqmedebiT platinaqlorwyalbadmJavasTan [50, 51]: 

Si

O

Si + H2PtCl6 Ptx(MviMvi)y +MviDxMvi

 

platinis katalizatorebis monawileobiT mimdinare hidrosililirebis 
reaqciebisaTvis yvelaze miRebulia e.w Colk-harodis meqanizmi, romelic 
Sedgeba calkeuli JangviTi mierTebisa da aRdgeniTi eliminirebis elemen-
taruli safexurebisagan [20,24,39,52-54]. magram aris ramodenime faqtori, rom-
lis axsnac ar xerxdeba Colk-harodis meqanizmiT, rogoricaa: induqciuri 
periodis cvladi sidide, Seferili nawilakebis warmoqmna reaqciis damTav-
rebis pirobebSi da a.S.Aam faqtorebis asaxsnelad mowodebuli iyo platin-
is katalizatrebis monawileobiT mimdinare hidrosililirebis reaqciebis 
sxvadasxva meqanizmi, erT-erTi meqanizmi mowodebul iqna levisisa da misi 
TanamSromlebis mier, romelic emyareba hidrosililirebis dros koloide-
bis warmoqmnas [50,55]. swored koloidebis warmoqmniT iqna axsnili sistema-
Si feradi nawilakebis warmoqmna. rac Seexeba induqciis periods, misi xang-
rZlivoba damokidebulia, rogorc katalizatoris bunebaze, aseve olefini-
sa da silanis struqturazec, reagentebisa da gamoyenebuli katalizatoris 
koncentraciaze. am dros mimdinare procesebis asaxsnelad Seswavlil iqna 
olefinis reaqciisunarianoba rogorc individualurad aseve konkurirebad 
reaqciebSi Pt(0)-ani kompleqsuri katalizatoris gamoyenebisas. Katalizato-
rad aRebul iqna karstedis katalizatori, sadac M

vinyl
M

vinyl
=(H2C=CH)-(CH3)2-

SiOSi-(CH3)2-(CH=CH2) [56]. lapertisa da misi TanamSromlebis mier mowodebul 
iqna karstedis katalizatoris struqturuli aRnagoba [57]:  
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individualur eqsperimentSi eqvimoluri TanafardobiT aiRes metalb-

is(trimeTilsiloqsi)silani da olefini. reaqciis mimdinareobiT dadgenil 
iqna rom reaqciisunarianoba mcirdeba rigSi [58] heqsenilmeTilbis(trimeTi-
lsiloqsi)silani (MD

hexenyl
M) > vinilmeTilbis(trimetilsiloqsi)silani 

(MD
vinyl

M) > vinilpentameTildisiloqsani(M
vinyl

M) > diviniltetrameTildisil-
oqsani (M

vinyl
 M

vinyl
), xolo rodesac aiRes olefinis ori moli erT mol hid-

rosilanze, maSin reaqciisunarianoba Seicvala sruliad sapirispiro mimar-
TulebiT: diviniltetrameTildisiloqsani (M

vinyl
M

vinyl
) > vinilpentameTildi-

siloqsani (M
vinyl

M)  >  (MD
vinyl

M)vinilmeTilbis(trimeTilsiloqsi)silani > heq-
senilmeTilbis(trimetilsiloqsi)silani (MD

hexenyl
M)  > vinil(trimetoqsi)si-

lani (M3 T
vinyl 

). 

miRebuli Sedegebi imis maCvenebelia, rom hidrosililirebisas induq-
ciuri periodis dros adgili aqvs gamoyenebuli katalizatoris ligandis 
urTierTqmedebas damatebul olefinTan:  

    
2(CH3CH2)3SiD CH2 CHC(CH3)3+

Pt2((CH2 CH)(CH3)2 SiOSi(CH3)2(CH CH2))3

 

     
+(CH3CH2)3SiCH2CH2C(CH3)3 (CH3CH2)3SiCH2CH2Si(CH3)2OSi(CH3)2CH CH2               

+ (CH3CH2)3SiH(CH3CH2)3SiCH2CH2SiH(CH3)2 2O

+

 

hidrosililirebis reaqciaSi induqciuri periodis dadgomisas karste-
dis katalizatoris struqturis cvlileba SeiZleba gamoisaxos Semdegi 
sqemis mixedviT: 
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ufro efeqtur -maorientirebel katalizatorebs warmoadgenen trieT-
ilamini [59], trifenilfosfini [60], dimeTilformamidi [61,62] da dieTilamin-

otrieTilsilani [63,64] -izomeris warmoqmnas xels uwyobs piridinis komp-
leqsebi nikelis qloridTan [59]. 

diplatinis kompleqsis Tanaobisas [{Pt(SiR3)(µ-H)[(C6H11)3P]}2] mimdinare hi-
drosililirebis reaqciebisas gamosavali zogadad ufro didia, vidre ise-
Ti katalizatorebis gamoyenebisas, rogoricaa H2PtCl6, Pt/C, Pt/γ-Al2O3, [Fe(CO)5] 

da a.S. aseve aRniSnuli katalizatorebiss induqciis periodi bevrad ufro 
mcirea. Tumca aRsaniSnavia, rom katalizatorad [{Pt(SiR3)(µ-H)[(C6H11)3P]}2] di-
platinis kompleqsis  gamoyenebisas adgili aqvs bolo naxSirbadTan arse-
buli ormagi bmis Semcveli olefinebis izomerizacias, romlis siRrmec 
temperaturis zrdasTan erTad izrdeba. izomerizacia SeiZleba warimarTos 
kompleqsis daSliT da Tavisufali platinis warmoqmniT. 

 
 
 
 
 

1.3. C=C bmis Semcveli monomerebis hidrosililireba 
 

C=C bmis hidrosililirebis reaqciebi mimdinareobs sxvadasxva katali-
zatorebis Tanaobisas, Tumca aseve SeiZleba warimarTos Termuli da fo-
toqimiuri inicirebiTac. 

triqlorsilanis eTilenTan Termuli mierTebis reaqcia iolad mimdi-

nareobs 280C-ze wnevis qveS: 

                                     CH2=CH2 +  HSiCl3    H3CH2SiCl3 

reaqciis Catarebisas 35 saaTis ganmavlobaSi eTiltriqlorsilanis ga-
mosavali Seadgens daaxloebiT 60%-s [26,27]. 

triqlorsilanis katalizuri mierTeba propilenTan mimdinareobs iseve 

iolad, rogorc eTilenis SemTxvevaSi reaqciis inicirebisas -gamosxivebiT 
propiltriqlorsilanis gamosavali Seadgens 70% [65]: 

                CH3CH=CH2 + HSiCl3   CH3CH2CH2SiCl3 

meTildiqlorsilanis propilenTan mierTebis dros koloiduri rkinis 
da rkinis karbonilis [66] gamoyenebis SemTxvevaSi mierTebis reaqcia konku-
rirebs dehidrokondensaciis reaqciasTan:  

CH3CH2=CH2   +   CH3SiHCl2

CH3(CH3CH2CH2)SiCl2

CH3(CH3CH=CH)SiCl2  +  H2  

spaieris katalizatoris gamoyenebisas meTildiqlorsilani uerTdeba 
propilens oTaxis temperaturaze CH3(C3H7)SiCl2-is 92% gamosavliT [33]. 

propilenTan mierTebis yvela reaqcia mimdinareobs farmeris wesis Ta-
naxmad - warmoiqmneba propilsilanebi propilis radikalis normaluri 
aRnagobiT: 

             CH3CH=CH2  +  HSi     CH3CH2CH2Si  
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Canacvlebul olefinebTan mierTebis reaqciis dros, romelic katali-
zdeba H2PtCl6-iT, SeimCneva reaqciis siCqaris Semcireba wyalbadis atomis 
eleqtrouaryofiTi jgufebiT Canacvlebisas rigSi [33,34]:  

CH2=CH2 > CH2=CF2 > CF2=CFCl > CF2=CF2 

aseve aRsaniSnavia, rom 1-alkenebis SemTxvevaSi jaWvis zrdasTan erTad 
C=C bmis reaqciisunarianoba da reaqciis siCqare H2PtCl6-is Tanaobisas mcir-
deba Semdegi rigis mixedviT [70] : 

CH3(CH2)2CH=CH2 > CH3(CH2)3CH=CH2 > CH3(CH2)4CH=CH2 

hidrosililirebis reaqciis mimarTulebas, katalizatoris da ujeri 
naerTis bunebasTan erTad, gansazRvravs siliciumis atomis muxti da masT-
an mdgomi jgufebis buneba. gardamavali metalebis kompleqsebis Tanaobisas 
mimdinare hidrosililirebis reaqciebis dros Camnacvlebeli jgufebis in-
duqciuri, steriuli da mezomeruli efeqtebi gavlenas axdenen metali -  
siliciumi bmis warmoqmnaze, romelsac savaraudod adgili aqvs Sualeduri 
kompleqsis warmoqmnisas. siliciumTan dakavSirebuli eleqrtodonoruli 
jgufebi astabilurebs siliciumi - metalis Sualedur kompleqss, es karg-
ad Cans hepten-1-is sxvadasxva silanebTan hidriduli mierTebis reaqciebis 
siCqaris mudmivas FfardobiTi mniSvnelobebidan [22,71,72]: 

silani  Cl3SiH > C2H5Cl2SiH > (C2H5)2ClSiH > (C2H5)3SiH 

kfard.      3.00      2.64           1.94        1.00 

Seswavlilia heqsen-1-is, hepten-1-is da decen-1-is hidrosililirebis re-
aqciebi sxvadasxva silanebTan, rogorc katalizator H2PtCl6-is da Pt/C Ta-
naobisas, aseve Termuli inicirebiT (280°C). reaqciebi aRniSnul SemTxveveb-
Si mimdinareobs farmeris wesis Tanaxmad [73-75] : 

CnH2n+1 CH=CH2 + HSiRR'R" CnH2n+1 CH2 CH2 SiRR'R"

n=4, 5, 8  R=Cl, Ph, Mesadac  

Seswavlilia [76] heqsen-1-is da stirolis hidriduli mierTebis reaqciebi 

PhSiH3-Tan nikel (II)-is indeniluri kompleqsebis Tanaobisas. reaqciis gamo-
savali Seadgens 50-80%-s. miRebuli produqtebi warmoadgenen regio- da ste-
reoizomerebis narevs. 

Seswavlilia [77] heqsen-1-is asimetriuli hidrosililirebis reaqciebi 
dieTilmeTilsilanTan da trimeTilsilanTan trans-diqlor(eTilen)piridin 
Pt(II)-is Tanaobisas. dadgenilia, rom heqsen-1-is hidriduli mierTebis reaq-
cia 1,1-diCanacvlebuli olefinebisagan (magaliTad α-meTilstiroli) gan-
sxvavebiT mimdinareobs dabal temperaturaze didi gamosavliT [78]. 

cnobilia, rom viniluri jgufis Semcveli olefinebi simetriulad an 
arasimetriulad miuerTdebian hidridsilans platinis naerTebis kataliza-
torebis Tanaobisas, Tumca aseve SeiZleba hidrosililireba warimarTos 
zeJangis moqmedebiT an ultraiisferi sxivebis dasxivebiT [23,77]. 

hidrosililirebis regio- da stereoseleqtiurobis kontroli, reaqci-
is temperaturisa da drois Semcireba, aseve gamosavlis gazrda SesaZlebe-
lia sxvadasxva katalizatoris gamoyenebiT [19,22]. 

Seswavlilia sxvadasxva aRnagobis cikloolefinebis hidrosililireb-
is reaqciebi HSiCl3, CH3SiHCl2-sa da C6H5SiH3-Tan. avtorebis mier katalizato-
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rad gamoyenebuli iyo samkomponentiani sistemebi, romlebis Seicaven nikel-
is, molibdenisa da vanadiumis xelatur kompleqsebs trieTilfosfinsa da 
trieTilaluminTan. msgavsi tipis katalizatorebs warmatebiT iyeneben Se-
uRlebuli dienebis hidrosililirebis procesSi [79-82] . 

spaieris da misi TanamSromlebis mier Seswavlil iqna [83] fenilalke-
nebis urTierTqmedeba (zogadi formuliT: Ph(CH2)nCH=CH2 an PhCH=CH(CH2)nH, 

sadac n = 04) sxvadasxva hidrosilanebTan platinaqlorwyalbadmJavas Tana-
obisas: 

Si H + Ph(CH2)CH=CH2

H2PtCl6
Si(CH2)n+2Ph +

+ SiCHPh(CH2)nMe n=0,1,2

a

b

1. n

 

H2PtCl6
Si(CH2)n+2Ph +

+ SiCHPh(CH2)nMe n=0,1,2,4

a

b

Si H PhCH=CH(CH2)nH+2.

 

orive SemTxvevaSi mierTeba mimdinareobs ori a da b produqtis warmo-
qmniT. a da b produqtebis raodenobrivi Tanafardoba damokidebulia, rog-
orc olefinebis bunebaze, aseve hidrosilanebis Camnacvleblebze.  
 agreTve dawvrilebiT aris Seswavlili benzolis birTvebis Camnacvle-
blebis gavlena a da b aduqtebis gamosavalze [83]: 

Si H
H2PtCl6

a b
Si(CH2)2R+ RCH=CH2 + SiCHRMe R=Ar;

 

CerniSevisa da misi TanamSromlebis [84] mier Seswavlilia arilftor-
silanebis reaqciisunarianoba. aRmoCnda, rom fenildiftorsilani iZleva 

mierTebis orive produqts, upiratesad -izomeris saxiT, xolo difenilf-

torsilanis SemTxvevaSi Tanabari raodenobiT miiReba rogorc -, aseve -
izomerebi. am procesebis mimdinareobaSi mniSvnelovan rols asrulebs vei-
lis efeqti da steriuli faqtorebi. qlorwarmoebulebTan SedarebiT aRin-
iSneba ftorhidrosilanebis didi reaqcisiunarianoba. 

aRsaniSnavia, rom stiroli gansakuTrebiT aqtiuria hidrosililirebis 
reaqciebSi, procesi xSirad mimdinareobs oTaxis temperaturaze. kataliza-
torebad gamoiyeneba Pt, Pd, Rh da Ni-is naerTebi. gamoyenebuli silanis tipis 
mixedviT hidrosilanis mierTeba SeiZleba warimarTos ormag bmasTan mdgom 

rogorc -, iseve -naxSirbadTan [85]: 

+ HSiR3

SiR3

+

SiR3

 

H2PtCl66H2O-is Tanaobisas trimeTilqlorsilani gansakuTrebulad urT-
ierTqmedebs stirolis kidura naxSirbadis atomTan, maSin rodesac meTil- 
an eTildiqlorsilani uerTdeba ormag bmasTan mdgom, rogorc erT, iseve 
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meore naxSirbadis atoms [41,86] fenildiqlorsililuri jgufi uerTdeba 
mxolod kidura naxSirbadis atoms. 

avtorebis mier [87] Seswavlilia stirolis urTierTqmedeba trieToqsi-
silanTan karstedis katalizatoris Tanaobisas. dadgenilia, rom reaqcia 

mimdinareobs ori mimarTulebiT, - da -izomeris warmoqmniT, amasTan pro-
duqtebs Soris Tanafardoba Seadgens 39:61: 

(CH3CH2O)3SiCH2CH2

(CH3CH2O)3SiCH

CH3

CH=CH2   +  HSi(OCH2CH3)3

izomeri

izomeri  

siliciumorganuli oligomerebis sinTezisas SemCneul iqna, rom olig-
omerebTan erTad adgili hqonda umniSvnelo raodenobiT cikluri naerTeb-
is miRebas, ris safuZvelzec dadgenil iqna, rom  hidrosililirebis mimdi-
nareobisas adgili qonda Sigamolekulur hidrosililirebasac [88-90]. 

iurevisa da misi TanamSromlebis mier Catarebul iqna vinilcikloheq-
sendimeTilsilanis Sigamolekuluri hidrosililireba 800C temperaturaze, 
reacias atarebdnen 8 saaTis ganmavlobaSi. miRebul iqna 1,1-dimeTil-1-sila-
biciklo-3,3,1-ionani 70%-iani gamosavliT:  

       

Si H2PtCl6
Si

Me

Me

Me

Me

H

 

amrigad, unda aRiniSnos rom molekulaTSoris hidrosililirebasTan 
erTad SeiZleba adgili qondes Sigamolekulur hidrosililirebasac. 

araSeuRlebuli dienebis hidrosililirebis Sesaxeb petrovisa da misi 
TanamSromlebis mier Seswavlil iqna 4-vinil-1-cikloheqsenTan eTildiql-
orsilanis hidrosililirebis reaqcia Pt/C katalizatoris Tanaobisas, 
180

0
C temperaturaze. am dros 2-(4-cikloheqsenil) eTildiqlorsilanis gamo-

savali Seadgenda 81% [91] reaqcia mimdinareobs Semdegi sqemiT: 

CH=CH2 +
Pt/C

CH2-CH2SiEtCI2HSiEtCI2

 

xolo katalizatorad platinaqlorwyalbadmJavas gamoyenebisas hidro-
sililirebis reaqcia mimdinareobs ufro dabal temperaturaze (100

0
C) 3 sa-

aTis ganmavlobaSi [23, 91]. 
v. iurievis da misi TanamSromlebis mier Seswavlilia 4-vinil-1-cikloh-

eqsenTan triorganohidridsilanebis hidrosililirebis reaqciebi samkompo-
nentiani xelaturi katalizatorebis Tanaobisas, rogoricaa Ni, Mo, V, trif-
enilfosfini da trieTilalumini. reaqcia am dros mimdinareobs vinilis 
jgufis xarjze Semdegi sqemis mixedviT [92]: 
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CH=CH2 + RR'R"SiH
Cat

CH2-CH2SiRR'R"

 

dadgenilia, rom mierTebis aduqtis gamosavlianoba icvleba xelaturi 
kompleqsis agebulebisa da metalis tipis mixedviT. 

dadgenilia, rom 4-vinil-1-cikloheqsenis hidrosililireba hidridor-
ganoqlorsilanebiT platinis katalizatorebis Tanaobisas mimdinareobs 
monosilil warmoebulebis warmoqmniT. igive monosililwarmoebulebze hi-
dridorganoqlorsilanebiT platinis katalizatorebis Tanaobisas ciklSi 
arsebuli ormagi bmac ganicdis hidrosililirebas da miiReba disililwa-
rmoebulebi maRali gamosavliT 

1957 w. sxvadasxva avtorebis, petrovisa da spaieris mier erTdroulad 
iqna mowodebuli cikloheqsenis hidrduli mierTebis reaqcia dimeTilq-
lorsilanTan [23,91]. hidrosililireba Catarebul iqna, rogorc naxSirbad-
ze dafenili platinis katalizatoris, aseve platinaqlorwyalbadmJavas 
Tanaobisas. pirvel SemTxvevaSi reaqcias atarebdnen 2200C temperaturaze 6 
saaTis ganmavlobaSi da gamosavali Seadgenda 20%-s, xolo katalizator - 
platinaqlorwyalbadmJavas gamoyenebisas reaqcia mimdinareobs ufro dabal  
temperaturaze. reaqcia gamoisaxeba Semdegi sqemiT: 

           

+ HSiMeCl2
SiMeCl2

 

cikloheqsenis meTildiqlorsilanTan mierTebis reaqcia Catarebul iq-
na sxvadasxva katalizatorebis gamoyenebiT, kerZod nikelis kompleqsuri 
katalizatoris Tanaobisas reaqcia mimdinareobs sxvadasxva produqtebis 
gamoyofiT [93]: 

+ HSiMeCl2 SiMeCl2

Ni(Dmpf)Cl2
+

SiMeCl

H
34%

41%  

gansxvavebiT platinis katalizatorebisagan am SemTxvevaSi adgili aqvs 
damatebiT disproporcionirebis Sedegad miRebuli produqtis gamoyofas 
41%-iani gamosavlianobiT. 

saintereso gadajgufebebs aqvs adgili alilcikloheqsenis hidrosili-
lirebisas. 1-meTilcikloheqsenisa da 4-meTilcikloheqsenis urTierTqmede-
biT meTildiqlorsilanTan, katalizator platinaqlorwyalbadmJavas Tana-
obisas miiReba, rogorc birTvis hidrosililirebis, aseve izomerizaciis 
Sedegad warmoqmnili produqti [86]: 
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+ HSiMeCl2
SiMeCl2 +

CH2SiMeCl2

+ HSiMeCl2
 

+ HSiMeCl2

CH2SiMeCl2

+ +

 

avtorebis [94] mier Seswavlil iqna 1- da 4-meTilcikloheqsenis hidro-
sililireba triqlorsilanTan da dadgenili iqna, rom am dros adgili 
aqvs mxolod izomerizaciis reaqciebs. avtorebis mier mowodebuli meqaniz-
mi gamosaxulia sqemaze: 

+ HSiCl3 _

H H

an

H

H-

-H-

_

 

H-

-H-_

H

CH

_
CH2

HSiCl3

CH2SiCl3

+ H-

-

 

unda aRiniSnos, rom reaqcia 4-meTilcikloheqsenTan mimdinareobs gaci-
lebiT ufro nela, vidre 1-meTilcikloheqsenis SemTxvevaSi, rasac ganapi-
robebs maTi gansxvavebuli induqciuri periodi. 

xolo rac Seexeba meTilcikloheqsenis hidrosililirebas nikelisa da 
vanadiumis katalizatorebis Tanaobisas, naCvenebia rom hidrosililireba 
mimidinareobs praqtikulad izomerizaciis gareSe. magaliTad, 1-meTilcik-
loheqsenis hidriduli mierTebisas fenilsilanTan katalizatorad – vana-
diumis oqsidis acetalacetatis gamoyenebisas hidriduli mierTebis reaq-
cia mimdinareobs izomerizaciis gareSe: 

+ H3SiPh
VO(acac)2 SiPhH2

 

nikelis katalizatoris gamoyenebisas ki 3-meTilcikloheqsenis mierTe-
ba triqlorsilanTan mimdinareobs Semdegi sqemis mixedviT: 
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+ HSiCl3
Ni SiCl3

+
SiCl3

 

amerikeli avtorebis benkeserisa da danis mier aRwerilia [95] propil-
cikloheqsanis hidrosililirebis reaqcia da naCvenebia, rom am dros adgi-
li aqvs erTdroulad ramodenime produqtis miRebas Semdegi procentuli 
SemcvelobiT:  

+ HSiCl3 ++

SiCl3

+ +

44% 33% 3%  

                                                       

+

3% 2%

+

 

kvlevebis Sedegad dadgenilia, rom fenilCanacvlebuli siloqsimeTi-
lencikloheqsanebis reaqciisunarianoba mcirdeba mwkrivSi: HSiMe2Ph > 

HSiMePh2 > HSiPh3. 

avtorebis mier [91] naCvenebia rom, rodesac cikloheqsenis birTvSi Ca-
nacvlebulia vinilis jgufis Semcveli radikali, maSin hidrosililreba 
mimdinareobs ara birTvSi Semavali ormagi bmis, aramed vinilis jgufis xa-
rjze. kerZod, Seswavlil iqna vinilcikloheqsenis eTildiqlorsilanTan 
hidriduli mierTebis reaqcia naxSirbadze dafenili platinis katalizato-
ris Tanaobisas da miRebul iqna 2-(4-cikloheqsenil)eTildiqloreTilsila-
ni 81%-iani gamosavlianobiT: 

+ HSiEtCl2

SiEtCl2

1800C

6sT
 

xolo katalizatorad platinaqlorwyalbadmJavas gamoyeneba vinilcik-
loheqsenis meTildiqlorsilanTan hidrosililirebisas saSualebas iZleva 
hidrosililireba Catardes ufro dabal temperaturaze, xolo sinTezire-
buli produqti SesaZlebelia gardaiqmnas ciklur siloqsanad [44] analo-
giurad mimdinareobs hidrosililireba dimeTilqlorsilansa da trieToq-
sisilanTan gamosavali produqtebis maRali gamosavlianobiT [96,97]: 

+ HSiMeCl2

SiMeCl2

1000C

3sT

H2O

C6H6
R'R"SiO

n
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sadac  R' = Me,  R" =

 

petrovisa da misi TanamSromlebis mier Seswavlil iqna vinilcikloh-
eqsenis hidrosililireba dimeTilsilanTan, katalizatorad aRebuli iyo 
sistema Ni(acac)2 + AlEt3 + trifenilfosfini, miRebul iqna 1-dimeTilsili-2-(4-
cikloheqsenil)eTani. am SemTxvevaSi monoaduqti TviTon gvevlineba mahid-
rosililirebeli agentis rolSi, romlis urTierTqmedebas vinilcikloheq-
senTan mivyavarT 90%-iani gamosavlianobiT bisaduqtis miRebamde: 

+ H2SiMe2
Ni

SiMe2H

VCH

Ni

HC
CH2 SiMe2

CH
H2C

 

literaturidan cnobilia, rom vinilcikloheqsenis hidrosililireba 
trimeTilsilanTan saerTod ar mimdinareobs katalizatoris nikelisa da 
vanadiumSemcveli sistemebis Tanaobisas [98]. 

hidrosililirebis reaqciis mimarTulebas katalizatoris da ujeri 
naerTis bunebis garda gansazRvravs siliciumis atomis muxti da masTan 
mdgomi jgufebis buneba. gardamavali metalebis kompleqsebis Tanaobisas 
mimdinare hidrosililirebis reaqciebis dros Camnacvlebeli jgufebis in-
duqciuri, steriuli da mezomeruli efeqtebis gavlenas axdens metali – 
siliciumis bmis wrmoqmnaze, romelsac savaraudod adgili aqvs Sualeduri 
kompleqsis warmoqmnisas. 

avtorebis mier Seswavlilia norbornadienis [99] hidrosililireba me-
TildiqlorsilanTan sxvadasxva katalizatorebis, kerZod naxSirbadze da-
fenili platinisa da platinaqlorwyalbadmJavas Tanaobisas. reaqcia mimdi-
nareobs Semdegi sqemis mixedviT: 

+

H

SiMeCl2 H

SiMeCl2
+

I II

HSiMeCl2
+

 

H

SiMeCl2

+

III  

orive katalizatoris SemTxvevaSi reaqcias atarebdnen 50-600C tempera-
turaze da raeqciebis Sedarebam aCvena, rom Pt/C da H2PtCl6 axdenen sruliad 
gansxvaveul gavlenas reaqciis mimdinareobaze. aRmoCnda rom platinaqlor-
wyalbadmJavas Tanaobisas yvelaze meti gamosavlianobiT miiReboda III pro-
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duqti, xolo Pt/C-s SemTxvevaSi 94%-iani gamosavlianobiT miiReboda I pro-
duqti da saerTod ar qonda adgili II produqtis miRebas. aseve hidrosili-
lireba Catarebul iqna trimeTilsilanTan 175 - 2000C temperaturis farg-
lebSi da aRsaniSnavia, rom am SemTxvevaSi miRebuli produqtebis gamosavl-
ianoba gacilebiT mcirea, vidre meTildiqlorsilanTan hidrosililirebis 
dros.  

avtorebis mier Seswavlilia [92] endo-5-meTilnorbornenis hidrosili-
lireba triqlorsilanTan katalizator-nikelis acetalacetatisa da tri-
fenilfosfinis Tanaobisas. reaqcias atarebdnen 1000C temperaturaze 7 saaT-
is ganmavlobaSi. miiReba endo–2–meTil–5 da endo–2-meTil-6-egzo(triqlor-
silil)biciklo-[2,2,1]-heptani. 

+

Me Me
+HSiCl3

Me

Cl3Si

Cl2Si

 

miRebuli nivTierebis Sedgeniloba dadasturda bmr speqtriT [100] sa-
idanac aseve dadginda rom, norbornilis radikalis Semcvel naerTebTan 
reaqcia aris stereoseleqtiuri. 

polaruli olefinebis hidrosililirebis stereoqimia Seswavlil iqna 
endo- da egzo- ciannorbornenis  hidrosililirebis magaliTze nikelis ka-
talizatoris Tanaobisas. 

endociannorbornenis hidrosililireba mimdinareobs maRali konversi-
iT (82%) da raodenibiTi gamosavliT miRebul iqna ori izomeri Tanafardo-
biT 11:10: 

+

CN

+HSiR3

R3Si

R2Si
CN

CN1
2

3
45

7

6

 
garda platinis katalizatoris monawileobiT mimdinare reaqciebisa, 

aseve Seswavlilia norbornenis hidrosililireba fenilsilanTan itriumis 
kompleqsuri katalizatoris monawileobiT {[DADMB]YH(THF)}2, sadac liga-
ndad aRebulia 2,2-bis(tetrabutildimeTilsililamido)-6,6-dimeTilbifeni-
li. reaqcia mimdinareobs 90%-iani gamosavliT [101]:   

+
SiH2Ph

PhSiH3

 

plodisa da tonis mier Seswavlilia norbornenis hidrosililireba 
paladiumis kompleqsuri katalizatoris Tanaobisas, sadac ligandebad ga-
moyenebul iyo qiraluri naxSirbadatomis Semcveli ferocenebi, romelic 
donoris saxiT Seicavda pirazolsa da fosfins, reaqcias atarebdnen sxva-
dasxva temperaturaze katalizatoris 0,1% odenobiT:  
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1) Pd(cod)Cl2/ligand

     HSiCl3/Benzene

2) KF/MeOH

3) H2O2/DMF

OH +

OH

 

                                               

Fe
N

N

R2

R3PR1
2

Me

 

avtorebis mier Seswavlilia meTildiqlorsilanis urTierTqmedeba no-
rbornenTan platinis katalizatoris Tanaobisas. reaqcias atarebdnen oTa-
xis temperaturaze 24 saaTis ganmavlobaSi eTilis spirtis areSi, reaqciis 
saboloo produqti iyo meTilnorbornendieToqsisilani: 

      

+ CH3 Si

Cl

Cl

H
Pt, 200C

EtOH, piridini
CH3CH2O Si

CH3

OCH2CH3

 

aseve Seswavlilia vinilnorbornenis hidrosililireba 500C-ze platin-
is katalizatoris Tanaobisas, narevs acxelebdnen 4 dRis ganmavlobaSi, re-
aqcias atarebdnen azotis areSi: 

                             

+ H Si

CH3

Cl
Pt, 500C

CH=CH2

CH3

EtOH

 

               

CH2-CH2

Si
Si

C2H5O

CH3

CH3

CH3

OC2H5

CH3  
a.d. petrovisa da sxva avtorebis mier [34] Seswavlil iqna siliciumhid-

ridebis ujer biciklur naerTebTan mierTebis reaqciebi spaieris kataliza-
toris Tanaobisas. siliciumhidridebis saxiT gamoyenebuli iqna triqlor-
silani, meTil- da eTildiqlorsilani, xolo ujeri bicikluri naerTebis 
saxiT ki biciklo(2,2,1)-hepten-2, biciklo(2,2,1)-heptadien-2,5; 2-meTilbiciklo 
(2,2,1)-hepten-5; 2-vinilbiciklo (2,2,1)-hepten-5 da ciklopentadienis dimeri.  

triqlorsilanis, meTil- da eTildiqlorsilanis urTierTqmedeba bi-
ciklo(2,2,1)-hepten-2-Tan mimdinareobda 30-600

C-ze (50% gamosavliT):  
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· +   RSiHCl2 ·
SiRCl2

 

sadac R=Cl; CH3; C2H5.  

biciklo(2,2,1)hepten-2-is triqlorsilanTan urTierTqmedebis reaqcia sa-
wyisi monomerebis sxvadasxva moluri Tanafardobisas (1:1 da 2:1) mimdinare-
obs Semdegi sqemis mixedviT:  

HSiCl3 H· + SiCl3
·

  

· +  SiCl3 · ·
· SiCl3

·
SiCl3 +  SiCl3

·

·
·

SiCl3

HSiCl3

··
HSiCl3

 

·
SiCl3

·
+  SiCl3
· da a.S

 

literaturaSi [102-104] aRniSnulia, rom rTulad mimdinareobda  reaq-
ciebi biciklo (2,2,1) heptadien-2,5-Tan msubuq pirobebSi (atmosferuli wneva, 
temperatura (30-400C). reaqcia mimdinareobda mxolod sareaqcio  narevis 
gaxurebiT 700

C-mde avtoklavSi (15 atm). 2-(triqlorsilil)-biciklo(2,2,1)-hep-
ten-5-is gamosavali ar aRemateboda 44%-s. meTil-, eTil- da dieTilqlorsi-
lanebi uerTdebian biciklo pentadiens atmosferul wnevaze da 45-700

C-ze 
da iZlevian produqtebs 20-80%-iani gamosavliT.  

biciklo(2,2,1)-heptadien-2,5-is hidrosililirebiT miiReba rogorc nor-

bოrnilenis tipis naerTebi:  

·
R

 

aseve am ukanasknelebis nortriciklenad gadajgufebis produqtebi.  



 

25 

 

·
R

 

naCvenebia, rom bicikloheptadienTan HSiCl3 da CH3SiHCl2 mierTebis pro-
duqtebs SeiZleba miekuTvnos norbornilenis struqtura:  

                     

·
SiCl3

·
SiCl3

            

·
SiCH3Cl2

     

garda amisa, ukanaskneli naerTis hidrirebam platinis Savis Tanaobis-
as siciveSi, daamtkica mis molekulaSi erTi ormagi bmis arseboba.  

bicikloheptadienTan eTil- da propildiqlorsilanebis aduqtebi war-
moadgenen norbornilenisa da nortriciklenis warmoebulebis narevs:  

·
SiCl2

C2H5

·
SiCl2

C3H7

·
SiCl2

C3H7

·
SiCl2

C2H5

; ;
dada

 

pirvel SemTxvevaSi Warbobs nortriciklenis tipis struqtura, xolo 
meore SemTxvevaSi warmoiqmneba didi raodenoba naerTebisa norbornilenis 
struqturiT.  

triqlorsilanis urTierTqmedebiT 2-meTil-biciklo (2,2,1)- hepten-5-Tan 
20%-iani gamosavliT miRebul iqna aduqti, romelic warmoadgens 5 da 6 
mdgomareobaSi triqlorsililis jgufis Semcveli 2-meTil-(triqlorsil-
il)-bicikloheptanebis ori izomeris narevs:  

·
CH3

+      HSiCl3 ·
CH3

Cl3Si
·

CH3Cl3Si

+

 

narevebs warmoadgenen agreTve 2-vinilbiciklo(2,2,1)-hepten-5-Tan da cik-
lopentadienis dimerTan sxvadasxva siliciumhidridebis aduqtebi; radgan 
am SemTxvevebSi sililuri jgufebis mierTeba mimdinareobs rogorc sxvada-
sxva ormag bmebTan, aseve molekulis bicikloheptanuri nawilis sxvadasxva 
mdgomareobaSi (5 an 6).  

KPC speqtrulma monacemebis Tanaxmad triqlorsilanis urTierTqmede-
bisas 2-vinil-biciklo(2,2,1)-hepten-5-Tan mierTeba mimdinareobs orive ormag 
bmasTan daaxloebiT erT da igive gamosavliT: 

·
CH CH2

+ HSiCl3 ·
CH CH2

Cl3Si + ·
CH2CH2SiCl3
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tri,- meTildi- da eTildiqlorsilanebis diciklopentadienTan urTi-
erTqmedeba spaieris katalizatoris Tanaobisas mimdinareobda 30÷60

0
C-ze. 

amasTan siliciumhidridebis naxSirwyalbadTan mierTebis reaqciis produq-
tebis gamosavalma Seadgina 38-61% [105]. 

yvela formis stereoqimiurma Seswavlam aCvena, rom hidrosilanebis 
ormag da sammag bmasTan mierTebis reaqciebi warmoadgenen transmierTebas 
da SeuZlebelia endo- an egzo-izomerebis warmoqmnis albaTobis dadgena 
[106]. 

avtorebis mier Seswavlilia meTilhidridsiloqsanis (Mω= 1900) safexu-
rebrivi hidrosililirebis reaqcia aliltriftormeTilsulfonamidTan 
(5%) da alil(trioqsieTilen)meTilis eTerTan (95%) 50-750C temperaturaze, 
karstedis katalizatoris (Pt(0) tetrameTildivinildisiloqsanis kompleq-
si qsilolSi) Tanaobisas, toluol xsnarSi [107]:  

   

Si

H

OMe3SiO

Me

SiMe3 + CH2=CH-CH2 NH-SO2CF3 + CH2=CH-CH2-(OCH2CH2)3)Me
n

 

Pt(0)

75-850C

8 sT
Si OMe3SiO

Me

Si

HN

SO2CF3

Me

O

OMe
3

O SiMe3x y

LiH

THF

 

Si OMe3SiO

Me

Si

N

SO2CF3

Me

O

OMe
3

O SiMe3x y

Li

 

 SemdgomSi gamxsneli toluoli Secvlil iqna tetrahidrofuraniT da 
damatebul iqna liToumis hidridi (LiH). dadgenilia, rom am gziT miRebuli 
polieleqtrolitis gamtarebloba Seadgens 1,2x10-6 (sxsm-1). 

axali jgufebis Semcveli stacionaluri faza gaz-Txevaduri qromato-
grafiisaTvis iqna miRebuli oligomerTilhidridsiloqsanis (m=35) hidri-
duli mierTebiT bikis(2,6-di-O-pentil-3-O-heqs-6-enil)-pentakis(2,6-di-O-pent-

il-3-O-meTil)--ciklodeqstrinTan platinis katalizatoris Tanaobisas te-
trahidrofuranis xsnarSi, cnobili meTodikiT Semdegi sqemis mixedviT [108]:  
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(RO)7

[OCH2(CH2)3CH=CH2]2

(OCH3)5

(CH2OR)7

-CD

(A) (B)

+ (CH3)3SiO Si O

CH3

H

Si(CH3)3

35

1.kat

 

                        

(C)

2. C2H4
O Si

CH3

CH3

CH2

O Si

CH3

(CH2)6

Om

Si

CH3

(CH2)6

O

-CD

(OCH3)5

(CH2OR)7

(RO)7

O Si

CH3

CH3

CH2

O

n

R=n-C5H11

;

 

aRniSnuli axali stacionaluri faza gaz-Txevadur qromatografiaSi 
xasiaTdeba qromatografiuli svetis maRali efeqturobiT, warmoadgenen qi-
raluri da aqiraluri izomerebis saukeTeso damyofebs. dafiqsirebulia sa-
intereso Tviseba, rom meta- da paraqlor toluolis dayofis unari mcir-
deba temperaturis SemcirebasTan erTad 80-1100C temperaturul intervalSi. 

axali savarcxliseburi aRnagobis polisiloqsanebi Sereuli Camnacv-
lebeli jgufebiT miRebul iqna polimeTilhidridsiloqsanis hidrosilil-
irebis reaqciiebiT 4-aliloqsimeTil-[1,3]-dioqsalon-2-on da tri(eTileng-
likol)alilmeTileTerTan katalizatoris diciklopentadien platina(II) 
diqloris xsnaris diqlormeTilenSi Tanaobisas, acetonitrilis xsnarSi, 
800C temperaturaze. reaqcia mimdinareobs Semdegi sqemis mixedviT [109]: 

 

dadgenilia, rom karbonatuli polaruli jgufebis SetaniT gverdiT  
jaWvSi da masSi liTiumbis(triftorsulfonil)imidis SetaniT miRebuli 
polimerebis ionuri eleqtrogamtarebloba izrdeba da am seriis polimere-

bisaTvis Seadgens 1,62x10-3ssm-1. naCvenebia, rom polimerebi romlebic Seicav-
en karbonatul jgufebs didi raodenobiT amJRavneben ufro dabal eleqt-
rogamtareblobas gazrdili siblantis da gaminebis temperaturis gamo. 

Seswavlilia poli(meTilhidrosiloqsani)s (Mn=390) hidriduli mierTe-
bis reaqcia alilcianidTan karstedis katalizatoris Tanaobisas da sin-
Tezirebulia polisiloqsanebi alkilcianiduri jgufebiT gverdiT jaWvSi. 
miRebuli siloqsanuri matricidan, poli(eTilenglikol)dimeTileTeris 
(pegdme) da poli(eTilenglikol)dimeTakrilatis (pegdma) Termuli damuSav-
ebiT miRebulia urTierTgamWoli myari polimer eleqtroliti, romelSic 
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ionuri gamtarebloba icvleba 1.05x10
-3

÷6.96x10
-4ssm-1. reaqcia mimdinareobs 

Semdegi sqemis mixedviT [110]: 

CH3 Si O

CH3

CH3

Si O

CH3

H

Si CH3

CH3

CH3n

+

CN

Pt(0)
CH3 Si O

CH3

CH3

Si O

CH3

Si CH3

CH3

CH3n

CN

polisiloqsan-g-alilicianidi  

        

H2C
+

CH3

C

O

O (CH2CH2O)m C

O

CH2

CH3

C H3C (CH2CH2O)l CH3+ O

 

 

 

avtorebis mier Seswavlilia oqtameTilcikloterasiloqsanis (D4), tet-
rameTilterasiloqsanis (D4H) da tetrameTildisiloqsanis Tanapolimeriza-
ciis reaqciebi gogirdmJavas triftormeTilirebul eTeris Tanaobisas 650

C 
temperaturaze, ris Sedegadac sinTezirebulia polidimeTilsiloqsan-meTi-
lhidridsiloqsanuri Tanapolimeri. Seswavlilia aRniSnuli Tanapolimer-
is hidrosililirebis reaqciebi alilglicidilis eTerTan da alilcian-
idTan. reaqcia zogadad warimarTeba Semdegi sqemis mixedviT [111]:   

Si

Si Si

Si

H

MeH

Me

Me H

H Me

O

O

O

O Si

Si Si

Si

H

MeH

Me

Me H

H Me

O

O

O

O

D4
H D4

+
CF3SO3H

H Si O

Me

Si

Me

MeMe
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H Si O

Me

Si

H

Me

O

Me

Si O

Me

Si

Me

Me

H

Mem n  

                                    

O
O (3 moli alil

glicidilis eTeri)

NC
Warbi alil cianidi

Pt

550C
 

Si O

Me

Si

Me

O

Me

Si O

Me

Si

Me

MeMep n

CN

CNNC
Si

Me

O

q

O
O  

aRniSnuli siloqsanuri Tanapolimeri gamoyenebuli iqna, rogorc Sema-
kavSirebeli axallaqebSi. 

 
 

 
 
 
 
 

1.4. poliorganosiloqsanuri polimerebisa da oligomerebis modifikaciis 
reaqciebi hidrosililirebis reaqciebis gamoyenebiT 

 
Seswavlilia meTilhidridsiloqsanis hidriduli mierTebis reaqciebi 

alilis spirtTan, katalizatoris platinaqlorwyalbadmJavas Tanaobisas 
30-400C-is temperaturul intervalSi. dadgenil iqna, rom platinaqlorwy-
albadmJavas Tanaobisas adgili hqonda konkurentuli dehidrokondensacii-
sa da hidriduli mierTebis reaqciebs, rasac Tan axlda Sekervis reaqcieb-
ic da uxsnadi sistemebis warmoqmna. aRniSnuli reaqciis dros hidriduli 
mierTeba mimdinareobda 20%-iT, xolo katalizuri dehidrokondensacia 50%, 
amis Semdeg iwyeboda gelis warmoqmna. birTvul magnituri rezonansuli 
speqtruli kvlevebis saSualebiT literaturaSi naCvenebia, rom hidrosili-
lireba mimdinareobs rogorc farmeris aseve markovnikovis wesiTac, maT 
Soris Tanafardoba aris 3:1. ganxiluli reaqciis Sedegad miiReboda 
sxvadasxva rgoliani polimerebi. reaqcia mimdinareobda Semdegi sqemis mix-
edviT[112,113]: 

Me3SiO SiMe(H)O SiMe3
m

mHO CH2 CH CH2+
H2PtCl6
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Me3SiO Si O Si

H

Me

O

O

Me

Si

C

HC CH2 (a)

(b)

O

C3H6

M

SiMe3

OH

e

(c)

(x)

H2

Si O

Me

O

C3H6

Si O

Me

C3H6

O
(d) (e)

 

sadac m≈53, [(a)+(b)+(c)+(d)+(e)](x)=53 

Sekervis reaqciebi SeiZleba mimdinareobdes rogorc molekulaTaSori-
si, aseve Sigamolekuluri dehidrokondensaciisa da hidrosililirebis re-
aqciebis Sedegad. 

Seswavlilia α,ω-bis(trimeTilsiloqsi)meTilhidridsiloqsanis hidrid-
uli mierTebis reaqcia alilglicidilis eTerTan platinaqlorwyalbadm-
Javas (0,1 xsnari tetrahidrofuranSi) da Pt/C-s (5%) Tanaobisas, reaqcia mim-
dinareobs Semdegi sqemis mixedviT [113,114]:  

Me3SiO SiMe(H)O SiMe3
m

+
Cat

CH2OCH2 CH2 CH2

O

CH2=CH

 

Me3SiO Si O Si

H

Me

O

Me

CH2

(b)

SiMe3

CH2 COCH2 CH2 CH2

O

(a)
(x)

 
sadac [(a)+(b)](x)=n;  n≈30, 53. 
1H birTvul magnituri rezonansuli speqtridan Cans, rom hidriduli mier-
Tebis reaqcia umTavresad mimdinareobs farmeris wesiT. 

avtorebis mier Seswavlilia alilmerkaptanis -bis(trimeTilsiloq-
si)meTilhidridsiloqsanTan hidriduli mierTebis reaqcia patinaqlorwyal-
badmJavas Tanaobisas. aRniSnuli reaqcia mimdinareobs rogorc hidrosili-
lirebis (44%) aseve dehidrokondensaciis gziT (7%) da miiReba sxvadasxvar-
goliani oligomerebi, romlebic Seicaven gverdiT ganStoebebs, rogorc 
TioeTeruli, aseve karbosilanuri bmebiT [115,116]:  

Me3SiO SiMe(H)O SiMe3
m

+ CH2SH
H2PtCl6CH2=CH

 

Me3SiO Si O Si

H

Me

O

C2H4

Me

Si

C

SH (a)

(b)

O

S

M

*SiMe3

CH2

e

(c) (x)

H2

CH=CH2
 

sadac [(a)+(b)+(c)](x)=n;  n≈53. 
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Seswavlilia -bis(trimeTilsiloqsi)meTilhidridsiloqsanis hidrid-
uli mierTebis reaqciebi akrilis mJavasa da meTakrilis mJavasTan platina-
qlorwyalbadmJavas da Pt/C-s Tanaobisas. aRniSnuli reaqciebi mimdinareobs, 
rogorc hidrosililirebis aseve dehidrokondensaciis gziT. upiratesad 
mimdinareobs hidrosililirebis reaqcia, romelic Tavis mxriv mimdinare-
obs rogorc farmeris aseve markovnikovis wesis mixedviT. reaqciis mimdina-
reobisas adgili aqvs nawilobriv gelis warmoqmnas, reaqciis Sedegad miiR-
eba sxvadasxva rgoliani oligomerebi [117,118]:  

Me3SiO SiMe(H)O SiMe3
m

+
H2PtCl6m CH2=CR -COOH

 

Me3SiO Si O

O

Me

CO

CR

CH2 (a)

Si O

O

Me

CO

C2H3R

Si O

CH2

Me

CHR

COOH

(f)(b)

(c)

Si O

CH2

Me

CHR

COO (d)

Si O

CMeR

Me

COOH (e)

Si O

CH2

Me

CR

C

O

Si O

H

Me

(g)

SiMe3

R=H; Me;  
sadac m≈53, [(a)+(b)+(c)+(d)+(e)+(f)+(g)](x)=35. 

avtoris mier aseve Seswavlilia akrilisa da meTakrilis mJavas n-alk-
ilirebul da sililirebul eTerebTan α,ω-bis(trimeTilsiloqsi)meTilhid-
ridsiloqsanis hidriduli mierTebis reaqciebi. aRniSnul SemTxvevebSi mim-
dinareobs reaqciebi upiratesad farmeris wesis mixedviT [119,120]. 

Seswavlilia cikloxazovani polimeTilhidridsiloqsanis polimierTe-
bis reaqciebi akrilonitrilTan platinaqlorwalbadmJavas Tanaobisas, ro-
melic SeiZleba warimarTos rogorc C=C aseve C≡N bmis hidrosililire-
biT [121]:  

H2PtCl6Si H + CH2 CH C N

CH2 CH CH N Si

N C CH2 CH2 Si  

Seswavlilia polimeTilhidridsiloqsanis (Mn=2300) hidrosililirebis 
reaqcia 1-(2-propenil)indolTan da 1-(2-propenil)-2,3-dimeTilindolTan diq-
lor(diciklopentadien)platina (II)-is Tanaobisas. narCeni ≡Si-H bmebis sru-
li konversiisaTvis damatebul iqna oqten-1. avtorebis mier aseve sinTezi-
rebulia rogorc indolis, aseve karbazolis jgufebis Semcveli polime-
Tilorganosiloqsanuri oligomeri [122]:  

Si O

CH3

N

n Si O

CH3

N

n

CH3

CH3

Si O

CH3

N CH3

CH3

Si O

CH3

N
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sinTezirebuli polimerebi SeiZleba gamoyenebul iqnas eleqtrooptikaSi. 
Seswavlililia polimeTilhidridsiloqsanis (Mw≈2000) urTierTqmedeba 

fluoroscenciis unaris mqone fenolur spirtebTan sxvadasxva kataliza-
torebis Tanaobisas [123]:  

Me3SiO Si O

Me

H

SiMe3n
+ ROH

Cat
Me3SiO Si O

Me

R

SiMe3n

 

ROH=

OH OH
OH

N
OH

N
OH

CH3 OH

; ; ; ; ;

 
dadgenilia, rom H2PtCl6-is, karstedis da trieTilaminis Tanaobisas re-

aqcia midis aqtiurad, Tumca mcire raodenobiT miieba Sekerili polimere-
bi. ukeTes Sedegs iZleva RhCl(PPh3)3, romlis drosac Sekervis reaqciebs ad-
gili ar aqvs. 

avtorebis mier polimeTilhidridsiloqsanis hidrosililirebiT plat-
inis katalizatorebis Tanaobisas, sinTezirebulia polimeTilorganosil-
oqsanebi, romlebic gverdiT jaWvSi Seicaven mezogenur 4-buT-3-eniloqsiben-
zois mJavas 4-meToqsifenilis eTers da 1-(4-hidroqsi-4’-bifenil)-2-[4-(10-unde-
ceniloqsi)fenil]buTans. sinTezirebuli elastomerebi warmoadgenen Txev-
ad-kristalur sistemebs da agreTve arian kargi gamkeravi agentebi [124].  

Seswavlilia polimeTilhidridsiloqsanis hidrosililirebis reaqcie-
bi vinilis jgufis Semcvel mezogenur molekulebTan platinaqlorwyalba-
dmJavas Tanaobisas. sinTezirebulia homopolimerebi, romlebic Txevad-kri-
stalur Tvisebebs oTaxis temperaturaze avlenen. reaqciebi mimdinareobs 
Semdegi zogadi sqemis mixedviT [125]:  

Me3SiO Si O

Me

H

SiMe3

x

+ CH2=CH R
H2PtCl6

Me3SiO Si O

Me

CH2

SiMe3

xCH2 R
sadac, x=120, 

              R= -CH2-O-C6H4-C6H4-OCH3; -CH2-CH2-O-C6H4-C6H4-OCH3;

-CH2-O-C6H4-COO-C6H4-OCH3; -CH2-CH2-O-C6H4-C6H4-OC6H13;

-CH2-O-C6H4-COO-C6H4-CN  

avtorebis mier sinTezirebulia polisiloqsanebi qromoforuli sul-
fonil-indoluri da karbazoluri jgufebiT gverdiT jaWvSi hidrosili-
lirebis reaqciebis gamoyenebiT [126]: 
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Si O

CH3

H
n

+
N N+

[C10H8PtCl2]
Si O

CH3

(CH2)3

Si
0,63

O

CH3

(CH2)3

N N

0,37 n

 

H5C2O2S-C6H4-N2BF4
Si O

CH3

(CH2)3

Si
0,63

O

CH3

(CH2)3

N N

Si
x n

O

CH3

(CH2)3

N

y

N N S

O

O

C2H5

 
 

aseve Seswavliliabis(trimeTilsiloqsi)meTilhidrisiloqsanis hi-
driduli mierTebis reaqciebi alkenebTan, platinaqlorwyalbadmJavas Tana-

obisas. platinaqlorwyalbadmJava aiReboda 45x10
-5g odenobiT 1g sareaqcio 

produqtze. reaqcias vatarebdiT moreagire komponentebis 1:35 moluri Tana-
fardobiT, sxvadasxva temperaturaze, rogorc gamxsnelis gareSe, aseve misi 
Tanaobisas. 

meTilhidridsiloqsanebis hidriduli mierTebis reaqciebi sxvadasxva 
sigrZis n-alkenebTan katalizatoris platinaqlorwyalbadmJavas Tanaobis-
as moreagire komponentebis TanafardobiT 1:35, rogorc nalRobSi, aseve 
xsnarSi. reaqcia mimdinareobs Semdegi sqemiT [127,128]: 

Me3SiO SiMe(H)O SiMe3
m

+ CH2=CH (CH2) CH3n
m

H2PtCl6

 

Me3SiO Si Si

(CH2)
n

CH3

O SiMe3

Me

H

Me

a

O

b

c

C2H4

 

reaqciis Sedegad miiReba gamWvirvale, aromatuli tipis organul gam-
xsnelebSi xsnadi oligomerebi ηxv=0,06-0,10. oligomerebi warmoadgenen gam-
Wvirvale blant siTxeebs an myar sistemebs. 

Seswavlilia ,ω-bis-(trimeTilsiloqsi)meTilhidrisiloqsanis hidrid-

uli mierTebis reaqciebi stirolTan da α-meTilstirolTan, katalizato-
ris platinaqlorwyalbadmJavas 0,1 M xsnaris (tetrahidrofuranSi) Tanaobi-
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sas, moreagire komponentebis 1:35 moluri TanafardobiT, sxvadasxva tem-
peraturaze, nalRobSi da absoluturad mSrali toluolis xsnarSi [129,130]: 

Si

Me

H

Me3SiO O SiMe3

m

+ CH2 C

R
Cat, T0C

m

 

Si

Me

C2H3R

Me3SiO O Si

Me

H

O SiMe3

(a)

(b)

(x)

Si O

Me

(c)

 
 

sadac: [(a)+(b)+(c)](x)=m35; R=H, Me (T=-80
0
C- 90

0
C);  

reaqcia umTavresad swrafad mimdinareobs pirveli erTi saaTis ganmav-
lobaSi. Semdeg ki - ufro dabali siCqariT. sinTezirebuli oligomerebi 
warmoadgenen gamWvirvale, blant, aromatuli tipis organul gamxsnelebSi 
xsnad oligomerebs ηxv≈0,07-0,09.  

gverdiT jaWvSi ujeri da ariluri fragmentebis Semcveli siliciumo-

rganuli oligomerebis sinTezis mizniT Seswavlilia ,-bis(trimeTilsil-
oqsi)meTilhidridsiloqsanis hidriduli mierTebis reaqcia fenilacetilen-
Tan katalizatoris platinaqlorwyalbadmJavas Tanaobisas. reaqcias atar-
ebdnen moreagire komponentebis 1:35 moluri TanafardobiT, sxvadasxva tem-
peraturaze (40÷60°C), rogorc gamxsnelis gareSe, aseve absoluturi tolu-
olis xsnarSi (C≈0,15 moli/l). 

meTilhidridsiloqsanis hidriduli mierTebis reaqciebi fenilaceti-
lenTan gamoisaxeba Semdegi sqemiT [131]: 
  

Si O SiMe3

m

+ CHC
Cat, T0C

Me3SiO

Me

H

 

SiMe3SiO

Me

C2H2

O Si

(a)

O

Me

Si

(b)

(c)

Me

C2H3C6H5

O SiMe3

(d)
 

reaqciis Sedegad miiReba narinjisferi, aromatuli tipis organul gam-
xsnelebSi xsnadi oligomerebi ηxv≈0,07-0,09. romelTa Sedgeniloba da stru-
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qtura damtkicebul iqna funqciuri da elementuri analiziT, aseve iw, 1
H, 

13
C da COSY bmr speqtrebis saSualebiT. 

Seswavlilia oligomeTilhidridsiloqsanis hidriduli mierTebis re-
aqciebi propargilis spirtis trimeTilsililirebul eTerTan platina-
qlorwyalbadmJavas Tanaobisas. reaqcia tardeboda moreagire komponentebis 
1:35 TanafardobiT, sxvadasxva temperaturaze (40÷60°C) absoluturi toluo-
lis xsnarSi. 

hidriduli mierTebis reaqciebi Seswavlil iqna rogorc nalRobSi, as-
eve xsnarSi. nalRobSi reaqciis Catarebisas reaqcia mimdinareobda Zalian 
aqtiurad da ramdenime wuTSi adgili hqonda gelis warmoqmnas, rac axsni-
lia narCen ujer eTilenur bmasTan jaWvTaSorisi hidriduli mierTebis 
warmarTviT da aseve jaWvTaSorisi dehidrokondensaciis reaqciebiT. amitom 
isazRvreboda sareaqcio sistemidan dehidrokondensaciis gziT gamoyofili 
wyalbadis raodenoba. 

propargilis spirtTan meTilhidridsiloqsanis urTierTqmedebis reaq-
ciis dros SesaZlebelia Semdegi konkurentuli reaqciebis warmarTva: 

   Si H + CH C CH2OH Si CH CH CH2OH 

       
Si H + HO CH2 C CH Si O CH2 C CH

-H2  

reaqciebis Seswavlisas dadgenilia, rom platinaqlorwyalbadmJavas 
Tanaobisas adgili aqvs konkurentul reaqciebs da gardaqmnis maRal stad-
iebze miiReba Sekerili sistemebi. Sekervis reaqciebis Semcirebis mizniT da 
xsnadi oligomerebis misaRebad avtorebis mier zemoT aRniSnuli reaqciebi 
Catarebul iqna 50-600

C temperaturaze absoluturi toluolis 60%-ian 
xsnarSi, magram gardaqmnis maRal stadiebze mainc SeimCneoda gelis warmoq-
mna. dadgenil iqna, rom meTilhidridsiloqsanis propargilis spirtTan ur-
TierTqmedebisas hidriduli mierTeba mimdinareobda 70%-iT, xolo katali-

zuri dehidrokondensaciis reaqcia 10%. amis Semdeg ki adgili qonda gel-
is warmoqmnis reaqciebs. reaqciis produqtis xsnadi nawilis gamosavali 

Seadgenda 50-60%. aRsaniSnavia, rom oTaxis temperaturaze dayovnebisas, 
droTa ganmavlobaSi xsnadi nawili isev ganicdida struqturirebas siste-
maSi arsebuli katalizatoris xarjze. ase rom zemoTaRniSnuli hidrosil-
ilireba-dehidrokondensaciis reaqciebis dros adgili aqvs sxvadasxva rgo-
liani Termoreaqtiuli oligomerebis warmoqmnas [132]: 

SiO SiMe3

m

+ CH2CHC
Cat, T0C

Me3SiO

Me

H

OSiMe3

 

SiMe3SiO

Me

C2H2

O Si

(a)

O

Me

(b)
CH2

SiMe3

(x)OSiMe3

Si

Me

C3H5OSiMe3

O

(c)
 

sadac: [(a)+(b)+(c)](x)=m35; 
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reaqciis Sedegad miiReba aromatuli tipis organul gamxsnelebSi 
xsnadi oligomerebi ηxv≈0,05-0,08, romlis Sedgeniloba da struqtura dam-
tkicebulia elementuri analiziT da 1

H bmr speqtris saSualebiT. 

 

 

 

1.5. meTilhidridsiloqsanebis urTierTqmedebis reaqcia dienuri  

rigis naxSirwyalbadebTan 

ujeri triciklodecenilis jgufebis Semcveli meTilsiloqsanebis sin-
Tezis mizniT literaturaSi Seswavlilia meTilhidridsiloqsanebis (poli-

merizaciis xarisxiT m30, n53) da meTilhidridsiloqsan-dimeTilsiloqsa-

nuri ologomeri (m33, n23) modifikaciis reaqciebi triciklodekadieniT 
[133]. 

sawyisi komponentebis winaswari gacxelebiT 60-900C intervalSi plati-
naqlorwyalbadmJavas 0,1MMxsnaris tetrahidrofuranSi avtorebis mier naC-
venebi iqna, rom sawyisi produqtebis polimerizacias an meTanis eliminir-
ebas adgili ar qonda. araviTari cvlileba ar iqna dafiqsirebuli furie 
gardaqmnis iw da bmr speqtrebSic. gaz-Txevaduri qromatografiuli anali-
ziT damtkicebulia, rom triciklodekadieni aRniSnul pirobebSi polime-
rizacias ar ganicdis. 

triciklodekadienis struqturidan Cans, rom igi Seicavs or ujer bmas 
1,2 da 9,10 mdgomareobaSi: 

1

2

3 4

5
6

7

8

9

10

 
literaturidan cnobilia, rom eleqtroaqceptoruli jgufebis didi 

Semcvelobisas (meTildiqlorsilani) hidrosililireba ormag bmasTan spai-
eris katalizatoris SemTxvevaSi mimdinareobs 9,10-mierTebiT, mcire raoden-
obis dros (dimeTilqlorsilani), mierTeba midis, rogorc 9,10 aseve 1,2-mima-
rTulebiT. donoruli jgufebis SemTxvevaSi hidrosililireba mimdinare-
obs umTavresad 1,2-mimarTulebiT [134,135].  

aseve cnobilia, rom triciklodekadienTan Si-H bmis eleqtrofiluri 
mierTeba mimdinareobs samwevriani gardamavali kompleqsis warmoqmniT 
[136,137]:  

H Si Me

O

+
H2PtCI6

Si Me

O

Si Me

O

1

2
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vinaidan 1 gardamavali kompleqsis SemTxvevaSi steriuli dabrkolebis 
gamo kompleqsis mdgradoba 2 kompleqsze naklebia, amitom upiratesi aris 
mierTeba 9-10 mdgomareobaSi. aRniSnulis dasadastureblad gamoyenebul iq-
na bmr speqtris najeri protonebis ubani, sadac naTlad Cans jgufis pro-
tonebiT zezusti struqturis cvlileba. 

meTilhidridsiloqsanebis da meTilhidridsiloqsan-dimeTilsiloqsan-
is hidrosililirebis reaqcia triciklodekadienTan mimdinareobs sxvadasx-
va rgoliani gantotvili sistemebis warmoqmniT [138]: 

Me3SiO

H

Me

Si Si m+
Cat, T0C

m

O

Me

Me

O SiMe3

n
 

Me3SiO Si

Me

Si

H

Me Me

Si

(k)

(y)(x)
(p)

OO O Si

Me

O

Me

Si

(l)

O

(z)

Si

Me

O

(q)

(SiMe2O)nSiMe3

 
sadac: [(x)+(k)+(y)+(z)+(l)+(q)](p)=m=35; 

avtoris mier dadgenil iqna, rom temperaturis gazrdasTan erTad ad-
gili aqvs Sekerili sistemebis warmoqmnas, romelTa procentuli Semcvel-
oba temperaturis gazrdasTan erTad izrdeba. 

xsnadi sistemebis miRebis mizniT Seswavlil iqna meTilhidridsiloq-
san-dimeTilsiloqsanis hidrosililirebis reaqcia cis-1,5-ciklooqtadienT-

an. rogorc literaturaSia aRniSnuli aqtiuri Si-H bmis koncentraciis 
80% konversiis zemoT adgili aqvs Sekerili sistemebis warmoqmnas, rac mak-
romolekulaTSorisi hidrosililirebiTaa axsnili. amitom hidrosilili-
rebas wyvetdnen 80% konversiamde. amdenad hidrosililirebis reaqcia zoga-
dad mimdinareobs Semdegi sqemis mixedviT [139]: 

Me3SiO Si

Me

H

O

m

SiMe3 + 30
H2PtCl6

1
2

4
5
6

78

3

 

Si

Me

Me3SiO O

(x) (k)

Si

Me

O Si

Me

O SiMe3

(y)

(z)

Si

Me

H

O

(p)1 2
3
4

56
7
8

 
sadac : [(x)+(y)+(z)+(p)](k)30 ; 
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sinTezirebuli oligomeri warmoadgens blant masas xv=0,11, romelic 
kargad ixsneba aromatuli tipis organul gamxsnelebSi. oligomeris struq-
tura dadgenil iqna elementuri da funqciuri analiziT, iw da 1

H birTvu-
li magnituri rezonansis speqtrebiT.  

avtorebis mier Seswavlilia meTilhidridsiloqsanis hidrosililireb-
is reaqcia 1,3-cikloheqsadienTan [140-143]:  

+Me3SiO Si

Me

H m

SiMe3 m
H2PtCl6

1

4

2
3O

 

Me3SiO SiO

Me Me

Si Si

Me

SiMe3

(n)

(k)

(l) (p)4 4

1 1
22

3 3

Si

Me

O O O

(x)

Si

Me

H

O

(q)

 
sadac: [(n)+(k)+(l)+(p)+(q)](x)30; 

sinTezirebuli meTilsiloqsanuri oligomerebi warmoadgenen rezinise-
bur sistemebs, romlebic kargad ixsnebian Cveulebriv organul gamxsneleb-

Si, xv=0.8. oligomerebis Sedgeniloba da aRnagoba damtkicebul iqna funq-
ci uri da elementuri analiziT, molekuluri masebis gansazRvriT, iw da 
bmr speqtruli analiziT. 
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Tavi 2 

 
eqsperimentis Sedegebi da maTi gansja 

 
2.1. meTilhidridsiloqsanebis hidriduli mierTebis reaqciebi 

vinilalkoqsisilanebTan  
 

polisiloqsanebisadmi didi interesi gamowveulia mTavari araorganu-
li jaWvis aRnagobis mTeli rigi upiratesobebiT naxSirbadovan jaWvTan 
SedarebiT [144]. aRniSnuli polimerebi farTod gamoiyeneba sxvadasxva sfe-
roSi maTi iseTi Tvisebebis gamo, rogoricaa maRali Tbomedegoba, afskis 
warmoqmnis unari, bioSeTavsebadoba, kargi atmosferomedegoba, dabali gami-
nebisa da lRobis temperatura, aseve SesaniSnavi reologiuri Tvisebebi 
[145]. 

organuli polimerebi xasiaTdebian dabali simkvriviT, moqnilobiT, wa-
rmoebis siadviliTa da fasis xelsayrelobiT. Tumca, xSir SemTxvevaSi 
maTi zedapiris meqanikuri Tvisebebi ar pasuxobs maT mimarT wayenebul 
moTxovnebs. aseve aRsaniSnavia, rom struqturuli masalebis gamoyeneba li-
mitirebulia maRal temperaturaze daJangvisa da eroziis gamo. aseTi masa-
lebis dafarva organuli safarvelebiT araxelsayrelia, vinaidan isini 
1000

C-ze maRal temperaturaze iolad berdebian da kargaven moqnilobas, 
adheziurobas da damcav Tvisebebs. aRniSnuli problemebis gadaWra SesaZ-
lebelia maTi zedapiris dafarviT siliciumorganuli polimerebiT [146, 
147]. 

ukanasknel xanebSi didi samecniero da sawarmoo interesi eniWeba sil-
ikaaerogelebis miRebas. silikaaerogelebi xasiaTdebian maRali forovneb-
iT, aqvT dabali simkvrive da Tbogamtaroba, didi zedapiris farTobi da 
gamWvirvaloba. silikaaerogelebi gamoiyenebian Cerenkovis radiaciul det-
eqtorebSi maRali energiebis fizikaSi, Termul da akustikur superizola-
torebad sxvadasxva sferoSi, aseve TermobirTvul sinTezSi da heterogenu-
li katalizatorebis matareblad. silikaaerogelebi, rogorc wesi, Sedge-
bian SiO2-gan, Tumca dResdReobiT did interess iwvevs organuli radikale-
bis Semcveli silikaaerogelebis sinTezi hidrofoburobis gazrdis mizniT. 
amdenad, didi mniSvneloba eniWeba axali sawyisi masalebis miRebas silikae-
rogelebis sinTezisaTvis [148, 149]. 

Cveni samuSaos mizans warmoadgenda sawarmoo mniSvnelobis produqtis 
– polimeTilhidridsiloqsanis modifikaciis reaqciebiT migveRo gverdiT 
jaWvSi alkoqsisililuri jgufebis Semcveli meTilsiloqsanuri oligome-
rebi, romlebic SemdgomSi gamodgebodnen safarvelebisa da silikaerogele-
bis damzadebaSi. 

sawyis produqtebad hidrosililirebis reaqciebSi gamoyenebul iqna 
trimeTilsiloqsijgufebiT blokirebuli polimeTilsiloqsani (gardaqmnis 
ori saSualo xarisxiT n≈35 da n≈65) da vinilalkoqsisilanebi. 

gverdiT jaWvSi alkoqsisililuri jgufebis Semcveli meTilsiloqsa-
nuri oligomerebis miRebis mizniT Cvens mier Seswavlil iqna polimeTilhi-
dridsiloqsanis hidrosililirebis reaqciebi vinilalkoqsisilanebTan 
sxvadasxva katalizatorebis: platinaqlorwyalbadmJavas 0.1M xsnari (tet-
rahidrofuranSi), karstedis katalizatorisa da naxSirbadze dafenili 
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platinis Tanaobisas (Pt/C – 5%). reaqciebs vatarebdiT moreagire komponente-
bis sxvadasxva moluri TanafardobiT sxvadasxva temperaturebze. 

sawyisi komponentebis winaswari gacxelebiT 50  85
0
C temperaturul in-

tervalSi, dadgenilia, rom gverdiTi reaqciebis mimdinareobas adgili ara 
aqvs karstedis, platinaze dafenili naxSirbadisa da platinaqlorwyalbad-
mJavas Tanaobisas. Tumca reaqciis mimdinareobisas dadgenil iqna, rom xa-
zovan polimerebTan erTad warmoiqmneboda gantotvili polimerebic. ganto-

tvili polimerebis warmoqmna SeiZleba ganpirobebuli iqnas Si-H bmis homo-
dehidrokondensaciis reaqciebiT, rac TanxvdenaSia literaturaSi arsebul 
monacemebTan [150] aRniSnuli reaqciebi zogadad SeiZleba gamosaxul iqnas 
Semdegi sqemis mixedviT [151,152]: 

sqema 1  

,-bis(trimeTilsiloqsi)meTilhidridsiloqsanis  
hidrosililirebis reaqcia vinilalkoqsisilanebTan 

Me3SiO SiMe(H)O SiMe3m
+

Cat
H2C CH Si(OR)2R'km

 

Me3SiO Si O Si

H

Me

O

CH2

Me

CH2

Si(OR)2R' (a)

(b)

(d)

Si O

Me

CHCH3

Si(OR)2R'

SiMe3

(c)

Si

Me

O

(d)

 
sadac: m35 da 65, [(a)+(b)+(c) +(d)](e)=m; R=C2H5 da R'=OC2H5, xolo  katalizator-

ad aRebulia  H2PtCl6·6H2O,  m35, k=1: I  - 50
0
C; I

1
 - 60

0
C; I

2
 - 70

0
C; m35, k=2: II - 500

C 

da m35, k=3: III - 50
0
C; katalizatori – Pt/C,  m35, k=1: IV - 50

0
C; IV

1 
- 60

0
C; IV

2
 -  

70
0
C; R=C2H5, R'=OC2H5, m65, k=1: V - 85

0
C (H2PtCl6); VI - 85

0
C (karstedis kataliza-

tori); R=CH3, R'=OCH3; m65, k=1: VII - 85
0
C (H2PtCl6), VIII - 85

0
C (karstedis kata-

lizatori). R=CH3, R'=CH3; m35, k=1: IX - 80
0
C (H2PtCl6)  

reaqciis Sedegad miiReba gamWvirvale, blanti oligomerebi, romlebic 
ixsnebian rogorc aromatuli tipis organul gamxsnelebSi, aseve dabali 
rigis spirtebSi (meTilis, eTilis da propilis spirtSi). sinTezirebuli 
oligomerebis zogierTi fizikur-qimiuri Tvisebebi mocemulia cxrilSi 1. 

cxrili 1 

sinTezirebuli oligomerebis zogierTi fizikur-qimiuri  
Tvisebebi 

 
# 

katali- 
zatori 

 

T
0
C 

gamosa- 
vali  
  % 

Si-H% 
konver-

sia 

 

k 

 

ηxv* 
 

elementuri 
Sedgeniloba, % 

C H Si 

I H2PtCl6 50 92 84 1 0.07 42.65 
42.15 

8.96 
8.75 

24.07 
23.77 

I1 H2PtCl6 60 91 88 1 0.07 42.76 
43.38 

8.82 
8.76 

24.06 
23.56 

I2 H2PtCl6 70 91 90 1 0.08 42.88 8.25 23.742
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42.54 8.78 3.35 

II H2PtCl6 50 93 93.6 2 0.08 - - - 

III H2PtCl6 50 94 94 3 0.08 42.96 
42.72 

8.53 
8.73 

23.45 
23.15 

IV Pt/C 50 93  1 0.07 - - - 

IV1 Pt/C 60 91  1 0.07 - - - 

IV2 Pt/C 70 91 71 1 0.07 41.06 
40.98 

8.708.
64 

24.882
5.03 

V H2PtCl6 85 91  1 0.08 - - - 

VI karstedi 85 95  1 0.08 - - - 

VII H2PtCl6 85 90  1 0.07 - - - 

VIII karstedi 85 95  1 0.08 - - - 

IX H2PtCl6 80 92 86 1 0.07 43.12 
42.65 

9.10 
9.03 

27.222
6.56 

* - 25
0
C temperaturaze toluolis 1%-ian xsnarSi. 

hidrosililirebis reaqciebi gamxsnelis gareSe mimdinareobs swrafad, 
rac arTulebs reaqciis kinetikuri parametrebis dadgenas da amasTan adgi-
li aqvs nawilobriv Sekerili sistemebis warmoqmnas platinaqlorwyalbadm-
Javas Tanaobisas. aqedan gamomdinare reaqciebi Seswavlil iqna absoluturi 
toluolis areSi 50-85°C temperaturul intervalSi. reaqciis mimdinareobis-
as platinaqlorwyalbadmJavas Tanaobisas vaxdendiT dakvirvebas aqtiuri 
≡Si-H bmis koncentraciis cvlilebaze Cugaev - cerevitinovis meTodiT.    
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    naxazi 1.  ≡Si-H bmis koncentraciis Semcireba droSi α,ω–bis(tri-
meTilsiloqsi)meTilhidridsiloqsanis mierTebisas viniltrieToq-
sisilanTan H2PtCl6-is Tanaobisas (1 mrudi Seesabameba 70°C tempera-
turas, 2 - 60°C, 3 - 50°C) 

1 naxazze mocemulia ≡Si-H bmis koncentraciis cvlilebis mrudebi po-

limeTilhidridsiloqsanis (m35) viniltrieToqsisilanTan mierTebisas ko-
mponentebis 1:35 moluri TanafardobiT. hidrosililireba 50°C-ze mimdinare-
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obs 84% ≡Si-H bmis konversiiT, 60°C-ze - 88%, 70°C-ze - 90%, saidanac Cans, 
rom temperaturis zrdasTan erTad reaqciis siCqaresTan erTad izrdeba re-
aqciis siRrme. 

                

0

10

20

30

40

50

60

0 10 20 30 40 50 60 70 80 90

1/C

, wT

1

2

3

 
naxazi 2. koncentraciis Sebrunebuli sididis damokidebuleba 
droze α,ω–bis(trimeTilsiloqsi)meTilhidridsiloqsanis mierTe-
bisas viniltrieToqsilanTan H2PtCl6-is Tanaobisas (1 mrudi Sees-
abameba 70°C temperaturas, 2 – 60°C, 3 – 50°C). 

me-2 naxazze warmodgenilia koncentraciis Sebrunebuli sididis reaq-
ciis droze damokidebulebis mrudi, saidanac Cans, rom hidrosililirebis 
reaqcia sawyis stadiebze aris meore rigis. aseve gaTvlilia reaqciis siCqa-
reebis mudmivebi sxvadasxva temperaturaze: k50°C≈0,0301, k60°C≈0,0598 da k70°C≈0,1171 
l/moli·sek. aRniSnuli reaqciis temperaturuli koeficienti Seadgens γ≈2. 

me-3 naxazze mocemulia hidrosililirebis reaqciis siCqaris mudmivas 
logariTmis damokidebulebis mrudi temperaturis Sebrunebul sididesTan, 
saidanac gaTvlilia reaqciis aqtivaciis energia Eaqt.≈ 41,5 kj/moli. 
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4
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    naxazi. 3. hidrosililirebis reaqciis siCqaris mudmivas 
    logariTmis damokidebuleba temperaturis Sebrunebul 
    sididesTan α,ω-bis(trimeTilsiloqsi)meTilhidridsilo- 
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    qsanis mierTebisas viniltrieToqsisilanTan 
polimeTilhidridsiloqsanis viniltrieToqsisilanTan hidrosililir-

ebis reaqciebi Seswavlil iqna rogorc moreagire komponentebis steqiomet-

riuli TanafardobiT 1:35 (polimeTilhidridsiloqsani m35), aseve vinilt-
rieToqsisilanis Warbi raodenobiT gamoyenebisas, kerZod TanafardobiT 
1:70 da 1:105. me-4 naxazze mocemulia erTi da igive temperaturaze (50°C) mo-
reagire komponentebis sxvadasxva Tanafardobisas aqtiuri ≡Si-H bmis kon-
centraciis cvlileba droSi. 
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naxazi 4. ≡Si-H bmis koncentraciis Semcireba droSi α,ω–bis(tri-
meTilsiloqsi)meTilhidridsiloqsanis mierTebisas viniltrieT-
oqsisilanTan 50°C-s temperaturaze. 1 mrudi Seesabameba 1:35 mol-
ur Tanafardobas, 3 - 1:70, xolo 4 - 1:105. 2 mrudi Seesabameba me-
TilvinildieToqsilanis mierTebas platinaqlorwyalbadmJavas 
Tanaobisas, moreagire komponentebis 1:35 moluri TanafardobiT 

zemoT ganxiluli naxazidan Cans, rom polimeTilhidridsiloqsanis vi-
niltrieToqsilanTan hidrosililirebisas steqiometruli Tanafardobis 
darRveviT da viniltrieToqsilanis 2-jer da 3-jer meti raodenobiT aRebi-
sas reaqciis siCqare da siRrme izrdeba (steqiometrul Tanafardobisas is 
Seadgens 84%, xolo viniltrieToqsisilanis 2-jer meti raodenobiT gamoye-
nebisas reaqcia midis 93,6% ≡Si-H bmis konversiiT, xolo 3-jer meti raode-
nobiT 93,9%).  

me-4Nnaxazidan aseve Cans rom hidrosililirebis reaqcia polimeTilhi-
dridsiloqsansa da meTilvinildieToqsisilans Soris viniltrieToqsisi-
lanTan (84%) SedarebiT mimdinareobs ufro swrafad da ufro Rrmad (86% 
≡Si-H bmis konversiiT).  

me-5 naxazze warmodgenilia ≡Si-H bmis koncentraciis cvlileba droSi 
70°C temperaturaze polimeTilhidridsiloqsanis viniltrieToqsilanTan. 
hidrosililirebis reaqciis dros katalizatorebis platinaqlorwyalbadm-
Javas da naxSirbadze dafenili platinas Tanaobisas, moreagire komponente-
bis 1:70 moluri TanafardobiT, naxazidan Cans, rom platinaqlorwyalbad-
mJavas Tanaobisas reaqciis siCqare da siRrme aRemateba naxSirbadze dafeni-
li platinas Tanaobisas mimdinare reaqciis siCqaresa da siRrmes. pirvel 
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SemTxvevaSi adgili aqvs aqtiuri ≡Si-H bmis konversias 94%-iT, xolo meore 
SemTxvevaSi 71%.  
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naxazi 5.  ≡Si-H bmis koncentraciis Semcireba droSi α,ω–bis-(tri-
meTilsiloqsi)meTilhidridsiloqsanis mierTebisas viniltrieT-
oqsisilanTan 70°C-s temperaturaze moreagire komponentebis 1:70 
Tanafardobisas (1 mrudi Seesabameba platinaqlorwyalbadmJavas 
Tanaobisas mimdinare reaqcias, 2 – Pt/C) 

sinTezirebuli oligomerebis Sedgeniloba da aRnagoba dadgenilia 
funqciuri da elementuri analiziT, furie gardaqmnis iw da bmr speqtru-
li monacemebiT. I1 oligomeris furie gardaqmnis iw speqtrSi SeimCneva -

SiMe3, ≡Si-CH2-, ≡Si-Me da ≡Si-O-Si≡ bmebisaTvis damaxasiaTebeli STanTqmis zo-
lebi 765, 1200, 1265 da 1025 sm-1 ubanSi. aseve furie gardaqmnis iw speqtrSi 
SeimCneva hidrosililirebis reaqciaSi Seusvleli ≡Si-H bmisaTvis damaxasi-
aTebeli dabali intensivobis STanTqmis zoli 2165 sm-1 ubanSi, romelic mi-
uTiTebs, rom hidrosililirebis dros ≡Si-H bmis konversia ar mimdinareobs 
srulad da miiReba sxvadasxvargoliani oligomerebi [153-155]. 

aRsaniSnavia, rom karstedis katalizatoris gamoyenebis SemTxvevaSi, 
polimeTilhidridsiloqsanisa da viniltrieToqsisilanis 1:70 Tanafardobi-
sas ukanaskneli signali ar SeimCneoda VIII oligomeris furie gardaqmnis 
iw speqtrSi, rac miuTiTebs, rom aRniSnuli katalizatoris Tanaobisas aq-
tiuri ≡Si-H bmis konversia faqtiurad srulad mimdinareobs. 

me-6 naxazze warmodgenilia VIII oligomeris 1
H bmr speqtri, sadac Se-

imCneva ≡Si-Me da ­SiMe3  protonebisaTvis damaxasiaTebeli singleturi signa-
lebi qimiuri wanacvlebis centriT δ=0.02 vmn da δ=0.03 vmn, =CH-CH3 fragmen-
tis meTilis protonebisaTvis damaxasiaTebeli multipleturi signali qi-
miuri wanacvlebis centriT δ=0.9 vmn, ≡Si-CH2- fragmentis meTilenuri 
fragmentisaTvis damaxasiaTebeli tripleturi signali qimiuri wanacvlebis 
centriT 1.12 vmn. (CH3O)3Si-CH2- fragmentis meTilenuri protonebisaTvis da-
maxasiaTebeli tripleturi signali qimiuri wanacvlebis centriT δ=1.46 vmn, 
=CH-CH3 fragmentis meTinuri protonebisaTvis damaxasiaTebeli multiple-
turi signali qimiuri wanacvlebis centriT δ=1.86 vmn. aseve SeimCneva CH3O 

jgufebis meTilis protonebisaTvis damaxasiaTebeli tripleturi signali 
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qimiuri wanacvlebis centriT δ=3.5 vmn. aRsaniSnavia, rom VIII oligomeris 
1
H bmr speqtrSi ar SeimCneva ≡Si-H bmisaTvis damaxasiaTebeli signali 4.1-4,5 
vmn ubanSi, rac zemoT ganxilul furie gardaqmnis iw speqtrTan erTad 
miuTiTebs reaqciis srulad mimdinareobaze. rogorc speqtruli monacemebi-
dan Cans reaqcia mimdinareobs ZiriTadad farmeris wesis mixedviT, Tumca 
adgili aqvs reaqciis markovnikovis wesiT warmarTvasac. VII oligomeris 1

H 

bmr speqtrSi damatebiT SeimCneva reaqciaSi Seusvleli ≡Si-H jgufis proto-
nisaTvis damaxasiaTebeli dabali intensivobis signali, rac miuTiTebs ima-
ze, rom platinaqlorwyalbadmJavas Tanaobisas reaqcia ar mimdinareobs 
srulad.  

           
naxazi 6. VIII oligomeris 1H bmr speqtri 

me-7 da me-8 naxazze warmodgenilia I2 oligomeris 1H, H,H-COSY, 13C, da 

C,H-korelaciuri speqtrebi. 1H da H,H-COSY bmr speqtrSi SeimCneva ≡Si-Me da 
­SiMe3 protonebisaTvis damaxasiaTebeli singleturi signalebi qimiuri wa-
nacvlebis centriT δ=0.1 vmn da δ=0.3 vmn, ≡Si-CH2- fragmentis meTilenuri 
fragmentisaTvis damaxasiaTebeli tripleturi signali qimiuri wanacvlebis 
centriT 0.45 vmn, =CH-CH3 fragmentis meTilis protonebisaTvis damaxasiaTe-
beli tripleturi signali qimiuri wanacvlebis centriT δ=0.95 vmn,aseve 
(C2H5O)3Si-CH2- fragmentis meTilenuri protonebisaTvis damaxasiaTebeli 
signali qimiuri wanacvlebis centriT δ=1.15 vmn, =CH-CH3 fragmentis meTinu-
ri protonebisaTvis damaxasiaTebeli multipleturi signali qimiuri wanac-
vlebis centriT δ=1.35 vmn. speqtrSi aseve SeimCneva -CH2O- fragmentebis meTi-
lenuri protonebisaTvis damaxasiaTebeli multipleturi signali qimiuri 
wanacvlebis centriT δ=3.8 vmn. speqtrSi adgili aqvs CH3CH2O- fragmentis 
meTilis protonebisaTvis damaxasiaTebeli signalis δ=0.95 vmn zeddebas 
=CH-CH3 fragmentis meTilis protonebisaTvis damaxasiaTebel signalTan. 

speqtruli monacemebidan Cans, rom reaqcia mimdinareobs ZiriTadad 
farmeris wesis mixedviT, Tumca adgili aqvs reaqciis markovnikovis wesiT 
warmarTvasac.   
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naxazi 7. I2 oligomeris 1H da H,H-COSY speqtrebi 
 

.  
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naxazi 8. I2 oligomeris 13C da C,H-korelaciuri speqtrebi 

I2 oligomeris 13C  bmr da  C,H-korelaciuri speqtrebi srul Tanxmoba-
Sia 1H da H,H-COSY bmr speqtrebis monacemebTan da mowmobs, rom reaqcia mim-
dinareobs rogorc markovnikovis, aseve farmeris wesis mixedviT. 13C bmr 
speqtrSi SeimCneva –CH2O-Si≡ fragmentis naxSirbadisaTvis damaxasiaTebeli 
signali δ=59.0 vmn, =CH-CH3 fragmentis meTinuri naxSirbadisaTvis signali 
δ=30.0 vmn, ≡Si-CH2-saTvis -δ=18.2, (CH3O)3Si-CH2- meTilenuri naxSirbadisaTvisH- 
δ=18.0 vmn, =CH-CH3 fragmentis meTilis naxSirbadisaTvis  δ=9.0 vmn. 

sinTezirebuli oligomerebisaTvis Catarebul iqna Termogravimetruli 
gamokvlevebi inertul areSi. me-9 naxazze mocemulia V da VII oligomereb-
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is Termogravimetruli mrudebi, saidanac Cans, rom aRniSnuli oligomerebi 
xasiaTdebian maRali TermostabilurobiT, 5%-iani masis danakargi SeimCneva 
Sesabamisad 3500C da 3700C temperaturaze. destruqciis ZiriTadi procesi 
mimdinareobs 370-5500C temperaturul intervalSi. 

 
naxazi 9. V da VII oligomerebis Termogravimetruli mrudebi.(1 
mrudi Seesabameba VII oligomers, xolo 2 mrudi - V) 

oligomerebisaTvis Catarebulia diferencialuri skanirebadi kalori-
metruli gamokvlevebi. me-10 naxazze mocemulia IX oligomeris diferenci-
aluri skanirebadi kalorimetruli mrudi. kvlevam aCvena, rom IX oligome-
risaTvis SeimCneva erTi endoTermuli piki, romelic Seesabameba misi gamine-
bis temperaturas Tgam≈ -65°C. yovelive es migviTiTebs imaze, rom meTilhid-
ridsiloqsanis modifikaciis procesi miRweulia, vinaidan sufTa meTilhid-

ridsiloqsanis gaminebis temperatura Seadgens  -1230C. 

 
          naxazi 10. IX oligomeris diferencialuri skanirebadi  
          kalorimetruli mrudi 

sinTezirebuli oligomeri VII gamoyenebul iqna siloqsanuri safarve-
lebis dasamzadeblad, romlebic daitaneboda polikarbonatis firfitaze. 
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pirvel etapze Cvens mier Catarebul iqna tetraeToqsilanis zol - geluri 
procesi. Si(OC2H5)4-is hidrolizs vatarebdiT spirtis xsnarSi 0.02N HCl xsna-
ris Tanaobisas (Tanafardoba - Si(OC2H5)4 : C2H5OH : 0.02N HCl=2,2:1:1). 18 saaTis 
Semdeg miRebul masas vamatebdiT saerTo masis 0,8% 15%-ian ZmarmJavas, saer-
To masis 50% raodenobiT wyals da oligomer VII-s (sawyisi saerTo masis 
toli raodenobiT). 4 saaTi morevis Semdeg damatebul iqna 2-propanoli da 
wyali da miiReboda siloqsanuri hidrogeli.  

polikarbonatis firfitebi winaswar garecxil iqna specialuri sarec-
xi saSualebis - ALCONOX da wylis gamoyenebiT, Semdeg izopropanoliT da 
gaSrobil iqna azotis nakadiT. Cvens mier momzadebuli xsnari datanil iq-
na gasufTavebul polikarbonatis firfitaze. safarvelis datanisTanave 
polikarbonatis firfita moTavsebul iqna RumelSi 1000C temperaturaze 5 
saaTis ganmavlobaSi (nimuSi 1). 
  damzadebul iqna meore nimuSi, sadac Cvens mier miRebuli xsnaris 
datanamde polikarbonatis firfita gruntirebul iqna mza safarveliT CT-

510 (meTakrilaturi safarveli). Cvens mier momzadebuli xsnariT gruntire-
buli firfitis Semdgomi dafarva Catarebul iqna zemoT ganxiluli 
meTodikis analogiurad (nimuSi 2). 

silikonuri safarveliT dafaruli polikarbonatis firfitebisaTvis 
Catarebul iqna abraziuli kvleva. me-11 naxazze mocemulia simqrqalis 
cvlilebis damokidebuleba ciklebis raodenobaze. 

 

naxazi 11. simqrqalis cvlilebis damokidebuleba ciklebis raode-
nobaze. 1 mrudi Seesabameba mrewvelobaSi farTod gamoyenebul 
polikarbonatis firfitas samarko saxelwodebiT GE, 2 mrudi – 
nimuSi 2, 3 mrudi nimuSi 1, 4 mrudi – polikarbonatis daufaravi 
firfita 

naxazidan Cans, rom meTakrilaturi gruntis gamoyeneba aumjobesebs 
Cvens mier damzadebuli safarvelis meqanikur Tvisebebs. aseve aRsaniSnavia, 
rom nimuSi 2 (mrudi 2) sawyis etapze – pirveli asi ciklis Sesrulebisas 
ukeTesi gamWvirvalobiT xasiaTdeba vidre warmoebaSi farTod gamoyenebuli 
nimuSi GE*. 

*abraziuli kvleva Catarebulia texasis universitetSi profesor vitold 
brostous laboratoriaSi, q. d., g. titviniZis mier.   
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safarvelis warmoqmnisas mimdinare zol - geluri procesi, romlis 
drosac adgili aqvs hidrolizisa da kondensaciis reaqciebs SeiZleba 
gamoisaxos Semdegi zogadi sqemis mixedviT: 

 
sqema 2. zol-geluri procesi 

Si

OAlk

OAlk

O OAlk+ H2O
H+

SiO OH

O

O

+ AlkOH

 

SiO OH

O

O

+ AlkO Si

O

O

CH2CH2 Si

O

CH3

n

SiO O

O

O

Si

O

O

CH2CH2 Si

O

CH3

n

 

swored zol-geluri hidrolizis Sedegad mimdinareobs meTakrilatu-
ri zedapiris dafarva siloqsanuri oligomerebis Txeli afskiT. 

sinTezirebuli oligomerebisaTvis Catarebul iqna farTokuTxovani 
rentgenografiuli gamokvleva. me-12 naxazze mocemulia VII oligomeris di-
fraqtograma, saidanac irkveva, rom sinTezirebuli oligomerebi warmoadge-
nen erTfazian amorful sistemebs. 

 

naxazi 12. VII oligomeris rentgenografiuli mrudi 

difraqtogramaze mkveTrad Cans ori maqsimumi 2=6,50 da 2=13,80 ubanSi. 

ZiriTadi maqsimumi 2=6,50 Seesabameba jaWvTaSorisi manZilis maqsimalur 

mniSvnelobas d1=13,10 Ǻ, xolo 2=13,80 Seesabameba d2=7,02 Ǻ, romlis mniSvne-
loba ufro rTuli xasiaTisaa da gansazRvravs rogorc Siga jaWvur, ag-
reTve atomTa Soris urTierTqmedebebs [156]. 
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amdenad, Cvens mier pirvelad iqna Seswavlili meTilhidridsi-
loqsanis hidriduli mierTebis reaqcia viniltrieToqsisilan-
Tan da meTilvinildieToqsisilanTan platinaqlorwyalbadmJa-
vas, karstedis katalizatoris da naxSirbadze dafenili plati-
nas Tanaobisas. dadgenilia, rom reaqcia mimdinareobs rogorc 
farmeris wesis mixedviT, aseve mis sawinaaRmdegod. sinTezirebu-
lia oligomerebi eToqsisililuri fragmentebiT gverdiT jaWv-
Si. aRniSnuli produqtebi gamocdil iqna safarvelebis dasam-
zadeblad da naCvenebia maTi perspeqtiuloba am mimarTulebiT. 
aseve aRsaniSnavia, rom sinTezirebuli produqtebi SeiZleba 
warmatebiT gamoyenebul iqnan silikahidrogelebisa da silika-
aerogelebis misaRebad. SesaZlebelia aRniSnuli oligomerebi 
maTi multifunqciuri jgufebis gamo gamoyenebul iqnan sxvada-
sxva kompoziciur masalebSi SemakavSireblad. 
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     2.2. α,ω-bis(trimeTilsiloqsi)meTilhidridsiloqsanis hidriduli 
mierTebis reaqcia alilis spirtis trieToqsisililirebul da 

trimeTilsililirebul eTerebTan 
 

aRniSnul TavSi ganxilulia savarcxliseburi aRnagobis siliciumorg-
anuli oligomerebis miReba, romlebic gverdiT jaWvSi Seicaven propiloq-
sitrieToqsisililirebul da propiloqsitrimeTilsilanur jgufebs. am mi-
zniT Seswavlil iqna α,ω-bis(trimeTilsiloqsi)meTilhidridsiloqsanis hid-
riduli mierTebis reaqcia aliloqsitrieToqsisilanTan da aliloqsitri-
meTilsilaTan. 

sawyisi produqtis - alilioqsitrieToqsisilanis miRebis mizniT, Cvens 
mier pirvel stadiaze Catarebulia alilis spirtis heterofunqciuri kon-
densaciis reaqcia tetraeToqsisilanTan, moreagire komponentebis 1:2 Tana-
fardobiT, 80-900C temperaturul intervalSi, mudmivi morevis pirobebSi. 
gamoyofili eTilis spirti idevneboda sareaqcio aredan. sareaqcio prod-
uqti gamoxdil iqna vakuumze. reaqcia ZiriTadad mimdinareobs Semdegi sqem-
is mixedviT [157, 158]: 

CH2 CH CH2OH + Si(OC2H5)4 CH2 CH CH2OSi(OC2H5)3 +C2H5OH
T0C

 

miRebuli aliloqsitrieToqsisilanis fizikur - qimiuri maxasiaTeble-
bi emTxveva literaturul monacemebs [159], xolo rac Seexeba aliloqsit-
rimeTilsilans, igi miRebuli iqna alilis spirtis heterofunqciuri kon-
densaciis reaqciiT trimeTilqlorsilanTan, moreagire komponentebis 1:2 
TanafardobiT, absoluturad mSrali toluolis 30-40%-ian xsnarSi, piri-
dinis Tanaobisas oTaxis temperaturaze. reaqcia mimdinareobs Semdegi sqem-
is mixedviT: 

CH2 CH CH2OH + Me3SiCI CH2 CH CH2OSiMe3

Py

-Py. HCI  

miRebuli aliloqsitrimeTilsilanis fizikur - qimiuri maxasiaTeble-
bi emTxveva literaturul monacemebs [160]. 

meTilhidridsiloqsanis hidriduli mierTebis reaqciebi aliloqsitri-
eToqsisilanTan da aliloqsitrimeTilsilanTan Seswavlil iqna kataliza-
tor platinaqlorwyalbadmJavas 0,1M xsnaris (tetrahidrofuranSi) Tanaobi-
sas, moregire komponentebis 1:35 Tanafardobisas, sxvadasxva temperaturaze 
(60÷800C), absoluturi toluolis xsnarSi reaqcia ZiriTadad mimdinareobs 
Semdegi sqemis mixedviT [157, 158]: 

sqema 3 

 meTilhidridsiloqsanis hidriduli mierTebis reaqciebi 
aliloqsitrieToqsisilanTan da aliloqsitrimeTilsilanTan: 

CH2=CHm
Cat

T0C
CH2OSiR3Si

Me

H

Me3SiO O SiMe3

m
+
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Me3Si-O Si

Me

C3H6

O Si

Me

H

O SiMe3

(a)

(b) (c)

OSiR3

Si

Me

O

(d)
 

sadac, [(a)+(b)+(c)](d) = m 35: R=OC2H5, X
1 

(600C), X
2
 (700C), X (800C); R=Me, XI (800C). 

sinTezirebuli oligomerebi warmoadgenen blant gamWvirvale produq-
tebs, romlebic kargad ixsnebian aromatuli tipis organul gamxsnelebSi 

xvedriTi siblantiT xv=0.080.09. oligomerebis Sedgeniloba da struqtura 
damtkicebul iqna funqciuri da elementuri analiziT, furie gardaqmnis 
iw, 1H da 13C bmr speqtruli monacemebiT. oligomerebis zogierTi Tviseba 
mocemulia me-2 cxrilSi.  

cxrili 2 

    meTilsiloqsanuri oligomerebis propiloqsitrieToqsisilanuri da 
propiloqsitrimeTilsilanuri fragmentebiT gverdiT jaWvSi 

 
# 

  
T

0
C    

gamosa 
vali 
% 

 

*xv 

 
d1,Å 

Kt
0

C 

 

Si-H% 

konversia 
elementuri 

Sedgeniloba, % 

C H Si 

X
1 60 76 0.09 _ 1.1086 80 41.72 

41.46 
8.52 
9.98 

21.25 
21.61 

X
2 70 81 0.09 _ 1.9314 86 42.12 

42.11 
8.55 
8.53 

21.05 
21.17 

X 80 88 0.09 7.08 2.9652 93 42.51 
42.28 

8.58 
8.56 

20.69 
20.96 

XI 80 87 0.08 7.35 - 94 43.14 
43.43 

9.01 
8.82 

28.91 
28.83 

*1%-iani absoluturad mSrali toluol xsnarSi, 250C temperaturaze. 

sinTezirebuli oligomerebis furie gardaqmnis iw speqtrSi SeimCneva 
reaqciaSi Seusvleli ≡Si_H bmisaTvis damaxasiaTebeli STanTqmis zoli 2160-
2165 sm-1 ubanSi. speqtrSi aseve SeimCneva ≡Si_O–C≡ bmisaTvis damaxasiaTebeli 

STanTqmis zoli 1155 sm-1 ubanSi, xazovani ≡Si_O–Si≡ bmisaTvis damaxasiaTebe-
li asimetriuli STanTqmis zoli 1020-1030 sm-1 ubanSi,  ≡Si-Me da ≡Si-Me3 bme-
bisaTvis damaxasiaTebeli STanTqmis zolebi 1270 da 840 sm_1 ubanSi [153-155]. 

meTilhidridsiloqsanis mierTebiT aliloqsitrieToqsisilanTan SeiZ-
leba warimarTos rogorc markovnikovis wesiT, ise mis sawinaaRmdegod. mag-
ram vinaidan Jangbadis atomi ujeri bmidan meTilenis xidiT aris dacile-
buli, amitom misi gavlena ujer bmaze Sesustebulia da reaqcia orive mima-
rTulebiT daaxloebiT erTnairi intensivobiT mimdinareobs. aRniSnuli 
faqti dasturdeba 1H da 13C bmr speqtruli monacemebiT, romlis Tanaxmad 
markovnikovis wesiT mierTebis produqti odnav meti raodenobiT warmoiqm-
neba da Tanafardoba 1,4:1 tolia anu 58% (markovnikovi) da 42% (farmeri). 
produqti Xa xasiaTdeba dubleturi bunebis meTilis jgufiT, qimiuri 

wanacvlebis centriT =1.19 vmn. meTinis jgufisaTvis SeiniSneba gafarToeb-

uli seqsteturi bunebis signali qimiuri wanacvlebis centriT = 1.66 vmn 
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da aseve meTilenuri protonebisaTvis tripleturi signali qimiuri wanac-

vlebis centriT =3.6 vmn  

sqema 4  

meTilhidridsiloqsanis SesaZlebeli mierTeba  
aliloqsitrieToqsisilanTan  

 

CH2OSi(OC2H5)3 + H Si H2PtCl6CH2 CH CH3 CH

Si

CH2OSi(OC2H5)3+

Xa

 
Si CH2 CH2 CH2OSi(OC2H5)3

Xb

+

 
Xb nivTierebis protonul speqtrSi SeimCneva siliciumis atomTan mdgo-

mi meTilenis jgufisaTvis Sesabamisi tripleturi signali qimiuri wanacv-

lebiT =0.9 vmn. eleqtrouaryofiT Jangbadis atomTan dakavSirebuli -OCH2- 
meTilenis jgufis protonebisaTvis SeimCneva tripleturi signali qimiuri 

wanacvlebis centriT =3.72 vmn. rac Seexeba mesame meTilenis jgufs, misi 

qimiuri wanacvleba =1.66 vmn tolia da aq zeddebas ganicdis meTinur pro-
tonebTan (naxazi 13). 

 

naxazi 13.  X oligomeris 1H bmr speqtri 

Xa da Xb nivTierebis 13C bmr speqtrSi (naxazi 14) SedarebiT sust velSi 
Jangbadis atomTan dakavSirebuli naxSirbadis atomis Sesabamisi rezonan-

suli signalebi gvxvdeba qimiuri wanacvlebiT =58.6 vmn da =59.3 vmn Sesaba-

misad. meTinis jgufis naxSirbadis atomis qimiuri wanacvleba =32.3 vmn, xo-

lo meTilis jgufis naxSirbadis atomisaTvis OCH2CH3 fragmrentSi =18.6 

vmn da meTilenuri jgufisaTvis OCH2CH3 signali =50.9 vmn. speqtrSi aRiniS-

neba siliciumis atomTan dakavSirebuli meTilenuri jgufisaTvis Si-CH2- 

damaxasiaTebeli rezonansuli signali qimiuri wanacvlebiT =15.5 vmn, xo-
lo naxSirbadis or meorad atoms Soris moqceuli naxSirbadisaTvis rezo-
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nansuli signali qimiuri wanacvlebiT =29.9 vmn (Xa), xolo meTinuri jgufi-

saTvis SeimCneva signali  = 32.4 vmn-Si (Xb). 

 

naxazi 14. X oligomeris 13C bmr speqtri 

 xolo, rac Seexeba meTilhidridsiloqsanis mierTebas alilis spirtis 

trimeTilsililirebul eTerTan, aqac Si-H bmis mierTeba SeiZleba ganxor-
cieldes ori mimarTulebiT: 

sqema 5  
 

meTilhidridsiloqsanis SesaZlebeli mierTeba  
trimeToqsialiloqsisilanTan 

 

Si H + CH2=CH-CH2-O-SiMe3

Si-C1H2-C2H2-C3H2-O-SiMe3

Si-C2H-C3H2-O-SiMe3

C1H3

XIa

XIb  
1
H bmr speqtrSi (naxazi 15) SeimCneva C

3
H2O fragmentSi meTilenuri jgu-

fisaTvis damaxasiaTebeli tripleturi signali, qimiuri wanacvlebis cent-

riT =3.4 vmn, farTo signali qimiuri wanacvlebis centriT =0.45 vmn dama-

xasiaTebeli protonebisaTvis Si-C
1
H2- fragmentSi da -C2

H2- fragmentSi meTi-
lenuri protonebisaTvis damaxasiaTebeli gafarToebuli signali qimiuri 

wanacvlebiT = 1.5 vmn-Si (e.i. farmeris mierTebis gziT miRebul produqt-
Si). speqtrSi SeimCneva mcire intensivobis multipleturi signali meTilis 

protonebisaTvis =CH-CH3 fragmentSi wanacvlebis centriT =0.9 vmn da ga-

farToebuli signali centriT = 1.66 vmn, damaxasiaTebeli meTinis jgufis 
protonebisaTvis fragmentSi =CH-CH3, rac miuTiTebs imaze, rom hidrosili-
lireba aqac winas msgavsad mimdinareobs markovnikovis wesiTac.  
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naxazi 15. XI oligomeris 1H bmr speqtri 

igive daskvna miiReba 13C bmr speqtris ganxilvisas (naxazi 16). speqtrSi 
SeiniSneba C

3
H2O jgufisaTvis damaxasiaTebeli rezonansuli signali qimiu-

ri wanacvlebiT =65.7 vmn, rezonansuli signalebi 0.5 da 1.9 vmn damaxasiaTe-

beli -OSiMe3 da SiMe jgufebisaTvis, speqtrSi SeimCneva rezonansuli signa-

li qimiuri wanacvlebiT =13.8 vmn meTilenuri jgufisaTvis Si-C
1
H2- frag-

mentSi da rezonansuli signali =21.8 vmn damaxasiaTebeli meTilenuri 
jgufisaTvis -C2

H2- fragmentSi. 
1
H bmr speqtris msgavsad 13C bmr speqtrSi 

markovnikovis wesiT mierTebis produqtisaTvis damatebiT SeimCneva meTinu-

ri naxSirbadisaTvis rezonansuli signali =26.9 vmn-Si. 

 

naxazi 16. XI oligomeris 13C bmr speqtri 
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naxevradempiriuli qvantur-qimiuri AM1 meTodiT gaTvlil iqna muxtis 
sidideebi aliloqsitrieToqsisilanis da aliloqsitrimeTilsilanis mo-
lekulaSi: 

-0.2234

C1H2 C2H O Si(OC2H5)3H2C

-0.1803

 
-0.2370 -0.1525

C1H2 C2H O Si(CH3)3H2C  

aliloqsitrieToqsisilanis SemTxvevaSi C
1
H2  da C

2
H naxSirbadis atomebze 

muxtis sidideebi mcired gansxvavdeba erTmaneTisagan, rac albaT ganapiro-
ebs orive mimarTulebiT reaqciis warmarTvas. xolo rac Seexeba aliloqsi-
rieTilsilanis molekulas aq C

1
H2 da C

2
H naxSirbadis atomebze muxtis si-

dideebi mkveTrad gansxvavdeba erTmaneTisagan da siliciumis mierTeba uf-
ro metad saalbaToa, rom warimarTos C

1
H2 naxSirbadis atomze. yovelive ze-

moTaRniSnuli karg TanxvdenaSia bmr speqtrul monacemebTan, rom mierTeba 
umTavresad mimdinareobs farmeris wesiT.    

Seswavlilia aqtiuri ≡Si_H bmis koncentraciis Semcireba droSi meTi-
lhidridsiloqsanis hidriduli mierTebis dros aliloqsitrieToqsisisil-
anTan (naxazi 17). naCvenebia, rom temperaturis gazrdasTan erTad izrdeba 
hidrosililirebis reaqciis siRrme da siCqare. 
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 naxazi 17. Si-H bmis koncentraciis cvlilebis damokidebuleba 
droze. meTilhidridsiloqsanis hidriduli mierTebisas aliloq-
sitrietoqsisilanTan. sadac 1 mrudi Seesabameba 800C, 2 –700C, 
xolo 3 –600C temperaturas 

hidrosililireba ar mimdinareobs srulad da rCeba reaqciaSi Seusv-
leli aqtiuri ≡Si_H jgufebi. amitom hidrosililirebis  reaqciis dros mi-
iReba sxvadasxvargoliani oligomerebi.  

dadgenilia, rom meTilhidridsiloqsanis hidriduli mierTebis reaqcia 
aliloqsitrieToqsisilanTan sawyis stadiaze aris meore rigis. gaTvlilia 
hidrosililirebis reaqciis siCqaris mudmivebi sxvadasxva temperaturaze: 
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k60
0
C=1.1086, k70

0
C=1.9314, k80

0
C= 2.9652 l/molisek, (γ=1.64); aqtivaciis energia 

tolia Eaqt48 kj/moli. 
Catarebulia rentgenografiuli gamokvlevebi, romlis saSualebiTac 

dadgenilia, rom miRebuli oligomeri warmoadgens erTfazian amorful 
sistemas, jaWvTaSorisi manZilis mniSvnelobiT d1=7.08 Å (naxazi 18). 

 

naxazi 18. X oligomeris rentgenografiuli mrudi 

 

amdenad, Cvens mier pirvelad aris Seswavlili meTilhidridsi-
loqsanis hidriduli mierTebis reaqciebi alilis spiritis 
trieToqsisililirebul da trimeTilsililirebul eTerebTan 
katalizatoris platinaqlorwyalbadmJavas Tanaobisas da mire-
bulia savarcxliseburi agebulebis meTilsiloqsanuri oligome-
rebi propiloqsitrieToqsilanuri da propeloqsitrimetalsila-
nuri jgufebiT gverdiT jaWvSi. sinTezirebuli oligomerebi 
warmoadgenen saintereso produqtebs da SesaZlebelia gamoyeneb-
ul iqnan rogorc SemakavSireblebi sxvadasxva saxis kompoziciu-
ri masalebis, aseve silikahidrogelebis da silikaaerogelebis 
misaRebad. 
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2.3. polimeTilhidridsiloqsanis hidrosililirebis  
reaqciebi 4-vinilciklo-1-heqsenTan 

 
poliorganosiloqsanebi gamoiyenebian mrewvelobisa da teqnikis sxvad-

asxva sferoSi maTi gansakuTrebuli Tvisebebis gamo. polidimeTilsiloqsa-
ni, sadac meTilis jgufebis garkveuli raodenoba Canacvlebulia funqciu-
ri jgufebiT, warmoadgens saintereso masalas, romelic dResdReobiT far-
To kvlevis sagania da mas didi praqtikuli gamoyeneba aqvs. aRniSnuli na-
erTebi SeiZleba gamoyenebul iqnan matricebad da moxdes maTi Semdgomi mo-
difikacia axali tipis polimerebis miRebis mizniT [161]. gverdiT jaWvSi 
ujeri funqciuri jgufebis Semcveli polimerebi da oligomerebi farTod 
gamoiyenebian karbojaWvuri polimerebis gamkerav agentebad, aqve aRsaniSna-
via, rom gakervis reaqciebi SeiZleba warimarTos sxvadasxva gziT: Termuli 
inicireba, fotoqimiuri inicireba da a.S [162]. garda amisa polimeTilhidri-
dsiloqsanis modifikaciis reaqciebi warmoadgens saukeTeso gzas organul-
araorganuli hibriduli polimerebis miRebisaTvis, sadac ZiriTad siloq-
sanur matricaze xdeba gansxvavebuli Tvisebebis mqone fragmentebis damyno-
ba. aRsaniSnavia, rom hidrosililirebis reaqciebi miCneulia polimeTil-
hidridsiloqsanis modifikaciisaTvis erTerT saukeTeso meTodad [163]. 

Cveni samuSaos mizans warmoadgenda axali siliciumorganuli oligo-
merebis sinTezi, romlebic gverdiT jaWvSi Seicaven ujer bmebis Semcvel 
fragmentebs.  

am mizniT, Cvens mier pirvelad iqna Seswavlili -bis(trimeTilsilo-
qsi)meTilhidridsiloqsanis hidriduli mierTebis reaqciebi 4-vinilciklo-
1-heqsenTan katalizatorebis - platinaqlorwyalbadmJavas (0.1M xsnari tet-

rahidrofuranSi, sadac platinaqlorwyalbadmJava aRebuli iyo 45x10
-5 g ma-

sis odenobiT 1 g sareaqcio produqtze), naxSirbadze dafenili platinis 
(aiReboda sareaqcio masis 1% odenobiT) da karstedis katalizatoris Tana-
obisas. reaqciebs vatarebdiT moreagire komponentebis sxvadasxva moluri 
TanafardobiT 1:35; 1:70; 1:105, sxvadasxva temperaturaze 40-1000

C [164-168]. 
dasawyisSi reaqciebis Seswavla mimdinareobda gamxsnelis gareSe, magr-

am am dros hidrosililirebis procesi warimarTeboda Zalian swrafad da 
≡Si-H bmis konversiis dabal stadebzec ki (~30%) SeimCneoda gelis warmoq-
mna. Sekervis reaqciebis Tavidan acilebis da kinetikuri parametrebis Sesw-
avlis mizniT, SemdgomSi reaqciebi Seswavlil iqna absoluturad mSrali 
toluolis areSi (C=0,035 moli/l). 

sawyisi komponentebis winaswari gacxelebiT Sesabamis katalizatoreb-
Tan erTad da Sesabamis temperaturul intervalSi dadgenilia, rom maT ko-
ndensacias, polimerizacias an sxva raime gverdiT reaqcias adgili ar aqvs. 

rogorc vxedavT 4-vinilciklo-1-heqseni hidrosililirebisaTvis Seic-
avs or aqtiur ujer centrs. amdenad meTilhidrosiloqsanis hidriduli mi-
erTebis reaqcia 4-vinilciklo-1-heqsenTan SeiZleba warimarTos oTxi mimar-
TulebiT: anti-markovnikovi (A), markovnikovi (B) - mierTeba vinilis jgufze 
da hidrosililireba ciklSi arsebul ujer bmaze para (C) an meta (D) po-
ziciaSi: 
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SiHHC CH2 +
Cat

H2C
H2
C Si + HC CH3

Si

+ HC CH2

Si

+HC CH2

SiA B C D  
amdenad, meTilhidridsiloqsanis 4-vinilciklo-1-heqsenTan hidrosili-

lirebis reaqcia zogadad mimdinareobs Semdegi sqemis mixedviT: 

sqema 6 

meTilhidridsiloqsanis hidriduli mierTebis reaqciebi 
4-vinilciklo-1-heqsenTan: 

Si

Me

H

Me3SiO O SiMe3

m

+ H2C CH
Cat, T0C

nm

 

Si

Me

C2H4

Me3SiO O Si

(a)

Si

Me

H

O SiMe3

(c)

Me

(b)

O

(x)

Si

Me

C2H4

O Si

Me

O

(d)

(e)

CH CH2 C2H4

Si

Me

O

(f)

 

sadac: [(a)+(b)+(c)+(d)+(e)+(f)(x)=m35; cat - H2PtCl66H2O - 40
0
C(XII1), 500C(XII

2
) da 

600C (XII)(n=1). 40
0
C (XIII1), 500C (XIII2), 600C (XIII) (n=2), 600C (XIV) (n=3). 800C (XV) 

(n=4). Cat-Pt/C - 800C (XVI
1
), 900C (XVI

2
), 1000C (XVI)( n=2). karstedi - 700C (XVII

1
), 

800C(XVII
2
), 900C (XVII) (n=2). 

sinTezirebuli oligomerebi warmoadgenen gamWvirvale, blant sistem-
ebs, romelebic kargad ixsnebian aromatul gamxsnelebSi xvedriTi siblan-

tiT xv=0.09-0.1. maTi Sedgeniloba da struqtura dadgenilia funqciuri da 
elementuri analiziT, aseve furie gardaqmnis iw, 

1
H, 

13
C, H,H- da C,H- COSY 

bmr speqtrebis saSualebiT. oligomerebis zogierTi fizikur-qimiuri Tvise-
ba mocemulia cxrilSi 3. 

cxrili 3 
sinTezirebuli oligomerebis zogierTi  

fizikur-qimiuri Tviseba 

 

 

№ 

 
gamosav
ali % 

 
kataliz
atori 

 

 

T
0
C 

 
Tanafar
doba 

n 

aqtiuri 

Si-H bmis 

konversia 
%  

 

 

 

xv* 

 

 

 

d1,Ǻ 
 

 

Tg, 
0
C 

T 
lR0

C 

XII 85 H2PtCl6 60 1:35 89 0.1 9.83 -57, -34 

XII
1 

82 H2PtCl6 40 1:35 80 0.09 - - 
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XII
2 

83 H2PtCl6 50 1:35 82 0.09 - - 

XIII 88 H2PtCl6 60 1:70 91 0.1 - - 

XIII
1
 78 H2PtCl6 40 1:70 75 0.09 - -55, -30 

XIII
2
 82 H2PtCl6 50 1:70 83 0.09 9.82 - 

XIV 90 H2PtCl6 60 1:105 92 0.1 - - 

XV 91 H2PtCl6 80 1:140 99 0.1 - - 

XVI 94 Pt/C 100 1:70 85 0.09 - - 

XVI
1 

92 Pt/C 80 1:70 66 0.09 - - 

XVI
2 

92 Pt/C 90 1:70 76 0.09 - - 

XVII 91 karstedi 90 1:70 87 0.09 - -58, -28 

XVII
1
 88 karstedi 70 1:70 80 0.09 9.82 - 

XVII
2
 88 karstedi 80 1:70 82 0.09 - - 

*1%-iani xsnari toluolSi, 250C. 

Seswavlilia hidrosililirebis reaqciis kinetika. reaqciis mimdinare-

obisas vakvirdebodiT aqtiuri≡Si-H bmis koncentraciis cvlilebas droSi. 
dadgenilia, rom polimeTilhidridsiloqsanis hidriduli mierTebisas sxva-
dasxva tipis ujeri bmis Semcvel naerTebTan moreagire komponentebis ste-

qiometruli Tanafardobisas aqtiuri Si-H bmebis konversia srulad ar mim-
dinareobs. amdenad, viniluri tipis naerTi Cvens mier aRebul iqna Warbi 
raodenobiT. magram miuxedavad vinilcikloheqsenis siWarbisa, hidriduli 
mierTebis dros yvela aqtiuri wyalbadi ar monawileobs hidrosililireb-

is reaqciaSi. me-19 naxazze mocemulia Si-H bmis konversiis mrudebi bis 
(trimeTilsiloqsi)meTilhidridsiloqsanis hidriduli mierTebis dros vi-
nilcikloheqsenTan katalizatoris platinaqlorwyalbadmJavas Tanaobisas 
sxvadasxva temperaturaze (40

0
C, 50

0
C da 60

0
C) saidanac Cans, rom temperatur-

is zrdasTan erTad hidrosililirebis siRrme izrdeba 75%-dan 91%-mde 
(1:70 Tanafardobis dros). 

0

20

40

60

80

100

0 50 100 150 200 250 300 350 400

Si-H %

wT

1
2

3

 
naxazi 19.  ≡Si-H bmis koncentraciis Semcireba droSi α,ω–bis(tri 

meTilsiloqsi)meTilhidridsiloqsanis mierTebisas vinilciklo-
heqsenTan (1 mrudi Seesabameba 60°C, 2- 50°C, 3 - 40°C). 
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me-20 naxazze mocemulia koncentraciis Sebrunebuli sididis damokide-
buleba droze, saidanac Cans, rom hidrosililebis reaqcia sawyis stadiaze 
meore rigisaa. literaturidan cnobilia, rom polimeTilhidridsiloqsaneb-
is hidrosililirebis reaqciebi vinilur naerTebTan meore rigis procese-
bia moreagire komponentebis steqiometruli Tanafardobisas [169, 170]. aRsa-
niSnavia, rom reaqciis rigi 1,4-vinilcikloheqsanis 2-jer meti koncentraci-
is SemTxvevaSic ar Secvlila. 
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naxazi 20. koncentraciis Sebrunebuli sididis dmokidebuleba 
droze α,ω–bis(trimeTilsiloqsi)meTilhidridsiloqsanis mierTebis-
as vinilcikloheqsenTan (1 mrudi Seesabameba 60°C, 2 – 50°C, 3 – 40°C) 

gaTvlilia reaqciis siCqaris mudmivebi sxvadasxva temperaturaze: k60
0
C 

1,6156,
 
k50

0
C0,6157 da k40

0
C 0,2534 l/molisek, temperaturuli koeficienti =2,5. 

21-e naxazze mocemulia hidrosililirebis reaqciis siCqaris mudmivas 
logariTmis damokidebuleba temperaturis Sebrunebul sididesTan, saidan-
ac gaTvlilia hidrosililirebis reaqciis aqtivaciis energia E≈16,1 kj/mo-
li. 
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 naxazi 21. hidrosililirebis reaqciis siCqaris mudmivas loga          
riTmis damokidebuleba temperaturis Sebrunebul sididesTan. 
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polimeTilhidridsiloqsanis hidrosililirebis reaqciebi vinilcikl-
oheqsenTan platinaqlorwyalbadmJavas Tanaobisas aseve Catarebulia steqi-
ometrul TanafardobasTan SedarebiT 3-jer met raodenoba vinilcikloheq-
senTan da naCvenebia, rom aqtiuri ≡Si-H bmis konversia Seadgens 91%-s, rac 
tolia 2-jer meti raodenobis SemTxvevaSi reaqciaSi Sesuli ≡Si-H bmebis 
raodenobisa. aqedan gamomdinare, SeiZleba davaskvnaT, rom koncentraciis 
Semdgomi zrda ≡Si-H bmebis srul konversiamde ar migviyvans. 

reaqciebi naxSirbadze dafenili platinis katalizatoris Tanaobisas 
im temperaturul intervalSi, romelzec vatarebdiT platinaqlorwyalbad-
mJavas Tanaobisas, mimdinareobs dabali siCqariT da siRrmiT (~50%-mde). aq-
edan gamomdinare aRniSnuli katalizatorisaTvis SerCeul iqna SedarebiT 
maRali temperaturebi 80°C da 100°C.  80°C-ze hidrosililirebis reaqciaSi 
aqtiuri ≡Si-H bmis konversia Seadgens 66%-s (oligomeri XVI1), xolo 100°C-

ze - 86%-s (oligomeri XVI).  
hidrosililirebis reaqciebi aseve Catarebul iqnaDkarstedis katali-

zatoris Tanaobisas. unda aRiniSnos is faqti, rom karstedis katalizato-
ris monawileobiT procesi mimdinareobda ufro meti ≡Si-H bmis konversiiT 
vidre naxSirbadze dafenili katalizatorebis SemTxvevaSi.  

22-e naxazze warmodgenilia ≡Si-H bmebis konversiis mrudebi sxvadasxva 
katalizatorebis Tanaobisas erTi da igive temperaturaze, saidanac Cans, 
rom gamoyenebuli katalizatorebi aqtivobis mixedviT mocemuli reaqciis-
aTvis SeiZleba ganvalagoT Semdeg rigSi: platinaqlorwyalbad mJava > kar-
stedi > Pt/C.  

 

naxazi 22.   ≡Si-H bmis koncentraciis Semcireba droSi α,ω–bis(trime-
Tilsiloqsi)meTilhidridsiloqsanis mierTebisas vinilcikloheqsen- 
Tan (Tanafardoba 1:70), sadac 1 mrudi Seesabameba  H2PtCl6 (60°C),  mrudi  
2 – karstedis katalizators (60°C) da 3-Pt/C (100°C) 

Catarebulia sinTezirebuli oligomerebis furie gardaqmnis iw speqt-
roskopuli gamokvlevebi. 23-e naxazze warmodgenilia XIII oligomeris speq-
tri. literaturaSi arsebuli monacemebidan cnobilia, rom hidridorgano-
silanebis 4-vinilciklo-1-heqsenTan hidrosililirebis reaqciebi mimdinare-
oben mxolod viniluri bmebis xarjze [91, 92]. literaturuli monacebisagan 
gansxvavebiT dadgenilia, rom hidriduli mierTeba aseve mimdinareobs cik-
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lSi arsebuli ormagi bmis xarjzec. speqtrSi SeimCneva xazovan siloqsan-

ur polimerSi Si-O-Si bmis asimetriuli valenturi rxevebisaTvis damaxas-

iaTebeli STanTqmis zoli 1025 sm-1 ubanSi da Si-Me bmisaTvis 1257 sm-1 uban-
Si. trimeTilsililirebuli jgufisaTvis damaxasiaTebeli STanTqmis zoli 
840 sm-1. ciklSi arsebuli -CH=CH- jgufisaTvis damaxasiaTebeli signali 
1650 sm-1 ubanSi, rac adasturebs reaqciis warmarTvas vinilis jgufebTan. 

agreTve speqtrSi gvaqvs reaqciaSi Seusvleli Si-H bmisaTvis damaxasiaTeb-
eli umniSvnelo signali 2170 sm-1 ubanSi. speqtrSi TvalnaTliv Cans STan-
Tqmis zolebi 2846-2915 sm-1 ubani, romelic Seesabameba cikloheqsanis frag-
ments, rac adasturebs reaqciis warmarTvas cikluri fragmentis ujer bmas-
Tan mierTebis mimarTulebiT [153-155]. 

 

naxazi 23. XIII oligomeris furie gardaqmnis iw speqtri 

4-vinilciklo-1-heqsenis struqturidan Cans, rom igi Seicavs or ujer 
bmas 1,2 da 7,8 mdgomareobaSi. naxevrad empiriuli qvantur-qimiuri AM1 

meTodiT gaTvlil iqna 4-vinilciklo-1-heqsenis eleqtronuli maxasiaTeble-
bi: muxtis sidideebi naxSirbadis atomebze da bmis rigebi [171]. miRebuli 
Sedegebi gamosaxulia molekulur diagramaze 1: 

diagrama 1  
muxtis sidideebi da bmis rigebi 4-vinilciklo-1-heqsenis 

molekulaSi 

HC CH2

1
2

3
4

5

6

-0.166845

-0.166010

-0.157803
7 8

-0.221640

1.921847

1.966603
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rogorc diagramidan Cans muxtis yvelaze maRali mniSvneloba SeimCneva 
1,2 da 7 naxSirbadis atomebze, rac miuTiTebs imaze, rom isini warmoadgenen 
yvelaze maRal reaqciisunarian centrebs eleqtrofiluri mierTebis mim-
arT, xolo bmis rigs misi maRali mniSvneloba SeimCneva 7-8 mdgomareobaSi.  

24-e naxazze warmodgenilia XIII oligomeris 1
H bmr speqtri, sadac Se-

imCneva ≡Si-Me da ­SiMe3 protonebisaTvis damaxasiaTebeli signalebi qimiuri 
wanacvlebis centriT δ≈0.02 vmn da δ≈0.03 vmn. ≡Si-CH2- fragmentisaTvis dama-
xasiaTebeli tripleturi signali qimiuri wanacvlebis centriT δ≈0.45 vmn 
da C6H9­CH2- fragmentis meTilenuri protonebisaTvis damaxasiaTebeli mul-
tipleturi signali qimiuri wanacvlebis centriT δ≈1.2 rac miuTiTebs reaq-
ciis mimdinareobaze farmeris wesis mixedviT vinilur jgufTan. speqtrSi 
SeimCneva =CH-CH3 meTilis protonebisaTvis damaxasiaTebeli mcire intense-
vobis dubleturi signali δ≈0.8 vmn, aseve mcire intensivobis multipletu-
ri signali damaxasiaTebeli =CH-CH3 meTinuri protonebisaTvis qimiuri wa-
nacvlebis centriT δ≈1.35, mocemuli es ori mcire intensivobis signali mi-
uTiTebs reaqciis markovnikovis wesis mixedviT mimdinareobazec. multiple-
turi signalebi, centriT δ≈1.5, 1.7 da 2.0 vmn Seesabameba cikloheqsenis meTi-
lenur protonebs da adgili aqvs aRniSnuli signalebis nawilobriv gada-
farvas. signali qimiuri wanacvlebis centriT δ≈5.65 vmn Seesabameba ciklu-
ri fragmentis -CH=CH- meTinur protonebs. speqtrSi aseve SeimCneva vinilu-
ri -CH=CH2 fragmentis meTilenuri da meTinuri protonebisaTvis damaxasi-
aTebeli Sesabamisi mcire intensivobis multipleturi signalebi qimiuri 
wanacvlebiT 5.0 da 5.8 vmn, rac mowmobs hidirduli mierTebis reaqciis 
dabali gardaqmnis xarisxiT mimdinareobaze ciklSi arsebul ujer bmasTan. 
aseve SeimCneva multipleturi signali ciklSi arsebuli meTinuri jgufi-
saTvis qimiuri wanacvlebis centriT δ≈2,3 vmn. aRsaniSnavia is faqtic, rom 
ciklTan mierTebis reaqcia 1-2 mdgomareobaSi SeiZleba warimarTos ori 
mimarTulebiT, erTnairi SesaZleblobiT (muxtis sidideebidan gamomdinare). 
rac zrdis mierTebis izomeruli produqtebis raodenobas da arTulebs 
speqtris srulyofilad garCevas rezonansuli signalebis erTmaneTze zed-

debis gamo. Si-H bmisaTvis damaxasiaTebeli umniSvnelo signali qimiuri 
wanacvlebis centriT δ≈4.1 vmn mowmobs, rom hidrosililirebis dros ≡Si-H 

bmis konversia ar mimdinareobs srulad da miiReba sxvadasxva rgoliani 
oligomerebi. H,H-COSY speqtrebi srul TanxvdenaSia 1H bmr speqtrebTan. 

XIII oligomeris 13C da C,H-korelaciuri bmr speqtrebi (naxazi 25) srul 
TanxmobaSia 1H da H,H-COSY bmr speqtrebis monacemebTan da mowmobs, rom 
reaqcia mimdinareobs rogorc markovnikovis aseve farmeris wesis mixedviT. 
13

C birTvul magnitur rezonansul speqtrSi SeimCneva ≡Si-Me da -SiMe3 frag-
mentebis meTilis naxSirbadisaTvis damaxasiaTebeli signalebi δ≈0.01 da 
δ≈0.29 vmn, ≡Si-CH2- fragmentis meTilenuri naxSirbadisaTvis signali δ≈14.98 

vmn, C6H9­CH2- fragmentis meTilenuri jgufisaTvis δ≈ 25.68 vmn, =CH-CH3 meTi-
nuri naxSirbadisaTvis signali δ≈20.00 vmn, ciklur fragmentSi arsebuli -

CH=CH- meTinuri naxSirbadebisaTvis signalebi δ≈126.91 da δ≈127.32 vmn. 
speqtrSi aseve SeimCneva signalebi cikluri fragmentis meTinuri da meTi-
lenuri naxSirbadebisaTvis δ≈28.94, 30.01, 30.10, 31.98 da 36.68 vmn Sesabamisad.  
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naxazi 24.  XII oligomeris 1H da H,H-COSY bmr speqtri  
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naxazi 25. XIII oligomeris 13C da C,H-korelaciuri speqtri 

meTilhidridsiloqsanis 4-vinilciklo-1-heqsenTan hidriduli mierTebis 
reaqciis sruli daxasiaTebisaTvis, naxevradempiriuli qvantur-qimiuri meT-
odiT AM 1, Catarebul iqna Teoriuli gaTvlebi. modelur reaqciaSi meTil-
dimeToqsisilanis [Me(MeO)2SiH] hidrosililirebisas 4-vinilciklo-1-heqsen-
Tan, gaTvlil iqna yvela sawyisi, Sualeduri da saboloo produqtisaTvis 

warmoqmnis siTboebi (f), sistemis energiis cvlileba () C-Si bmis manZi-
lis cvlilebisas (RC-Si), agreTve muxtebis mniSvnelobebi (qi) atomebze, di-
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poluri momentebi () da bmis rigebi (Pij) [171]. qvantur-qimiuri gaTvlebiT mi-
Rebuli Sedegebi mocemulia 4, 5 da 6 cxrilebSi. 

modelur reaqciaSi hidrosililireba ganxilul iqna sami mimarTule-
biT – farmeris da markovnikovis wesis mixedviT da agreTve cikloheqsenis 
fragmentis ormag bmasTan 1-2 mierTebis gziT. farmeris wesis mixedviT mo-
deluri reaqcia mimdinareobs me-6 sqemis mixedviT.  

sqema 7 

meTildimeToqsisilanis 4-vinil-1-cikloheqsenTan hidrosililirebis 
modeluri reaqcia farmeris wesis mixedviT 

HC CH2 + H2C CH2

7 78 8
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ormag bmasTan mdgom naxSirbadsa (C8) da siliciumis atoms Soris 
manZili aRebul iqna 1,0 Å-iT meti, vidre bmis manZili saboloo produqtSi. 

manZilis cvlileba (RC 8 -Si) siliciumis atomsa da ormag bmasTan mdgom nax-

Sirbadis (C8) atoms Soris xdeboda 0,05 Å-is intervaliT. 26-e naxazze moce-
mulia nivTierebebis sawyisi mdgomareoba hidrosililirebis reaqciaSi me-
TildimeToqsisilansa da vinilcikloheqsens Soris: 

 

 naxazi 26. meTildimeToqsisilanis vinilcikloheqsenTan hidro-
sililirebis modelur reaqciaSi monawile monomerebis sawyisi 
mdgomareoba (farmeris wesi) 

sistemis energiis cvlilebis () damokidebuleba manZilze (RC-Si) sili-
ciumis atomsa da ormag bmasTan mdgom naxSirbadis atoms Soris mocemulia 
27-e naxazze. 
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 naxazi  27. sistemis energiis cvlilebis damokidebuleba ()  

siliciumis da naxSirbadis atomebs Soris manZilze (RC-Si), meTil-
dimeToqsisilanis hidrosililirebisas 4-vinil-1-cikloheqsenTan 
(modelur reaqciaSi) farmeris wesiT. 

27-e naxazidan Cans, rom siliciumis atomis miaxloebisas naxSirbadis 
(C8) atomTan RC-Si=2,25 Å manZilamde, sistemis energia izrdeba, bmis rigi C7 da 
C8 atomebs Soris vinilcikloheqsenis molekulaSi mcirdeba 1.9459-dan 
1.6859-mde. aseve mcirdeba bmis rigi siliciumis atomsa da wyalbadis atoms 
Soris (RSi-H=0.9191-0.7351) da modelur nivTierebaSi SeimCneva axali bmis 

warmoqmna (PC-Si =0.0172-0.121887 da PC 7 -H=0.0008-0.091137). siliciumis atomsa da 

naxSirbadis (C8) atoms Soris 2,20 Å manZilze sistemis energia mkveTrad 

mcirdeba, ormagi bma gadadis ordinarul С-С bmaSi (РС 7 -С 8  =1.012604) da bmis 

rigi siliciumis da naxirbadis (C8) atomebs Soris aRwevs 0.8298-s. amgvarad 
wyalbadis atomi srulad wydeba siliciumis atoms (РSi-H= 0.0111) da uerTde-

ba naxSirbadis atoms C7 mdgomareobaSi (РС 7 -Н= 0.934). 

siliciumisa da naxSirbadis (C8) atomebs Soris manZilis Semdgomi Sem-
cirebisas sistemis energia mcirdeba da xdeba warmoqmnili axali bmebis 
ganmtkiceba.  
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naxazi 28. meTildimeToqsisilanis vinilcikloheqsenTan hidro-
sililirebis modelur reaqciaSi farmeris wesiT miRebuli 
XVIIIa produqtis struqtura 

28-e naxazze mocemulia meTilhidrdsiloqsanis vinilcikloheqsenTan 
hidrosililirebis modelur reaqciaSi farmeris wesiT miRebuli produqt-
is struqtura. 

Cvens mier aseve ganxilulia markovnikovis wesis mixedviT mimdinare hi-
driduli mierTebis modeluri reaqcia meTildimeToqsisilansa da vinilci-
kloheqsens Soris. reaqcia mimdinareobs me-8 sqemis mixedviT.  

sqema 8 

 
meTildimeToqsisilanis 4-vinilciklo-1-heqsenTan hidrosililirebis 

modeluri reaqcia markovnikovis wesis mixedviT 

HC CH2 + HC
7 78
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29-e naxazze mocemulia sistemis energiis cvlilebis () damokidebu-
leba siliciumisAda naxSirbadis (C7) atomebs Soris manZilze. manZili sil-
iciumis da naxSirbadis (C7) atomebs Soris aRebul iqna 1,0Å-iT meti, vidre 

bmis manZili saboloo produqtSi. manZilis cvlileba (RC 7 -Si) siliciumis 

atomsa da ormag bmasTan mdgom naxSirbadis (C7) atoms Soris xdeboda 0,05 

Å-is intervaliT. moreagire monomerebis sawyisi mdgomareoba mocemulia  
naxazze 

 

naxazi 29. meTildimeToqsisilanis vinilcikloheqsenTan hidrosi-
lilirebis modelur reaqciaSi monawile monomerebis sawyisi 
mdgomareoba (markovnikovis wesi) 
rogorc 30-e naxazidan Cans, siliciumis atomis miaxloebisas naxSir-

badis (C7) atomTan RC-Si=2,25 Å manZilamde, sistemis energia izrdeba. erTdro-
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ulad bmis rigi C7 da C8 atomebs Soris stirolis molekulaSi mcirdeba 
1.9518-dan 1.7158-mde. bmis rigi siliciumis atomsa da wyalbads Soris aseve 
mcirdeba (RSi-H=0.9168-0.7379) da SeimCneva axali bmis warmoqmna (PC-Si=0.0173-

0.1029  da PC 8 -H=0.0004-0.077709). siliciumis atomsa da naxSirbadis (C7)  atoms 

Soris 2.20 Å manZilze sistemis energia mkveTrad izrdeba, ormagi bma gadad-

is erTmag С-С bmaSi (РС 7 -С 8
=1.0132) da bmis rigi siliciumis da naxirbadis 

(C7) atomebs Soris aRwevs 0.8488-s.  wyalbadis atomi srulad wydeba silici-

umis atoms (РSi-H =0.0113) da uerTdeba naxSirbadis atoms C8 (РС 8 -Н=0.9526).   
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 naxazi 30. sistemis energiis cvlilebis damokidebuleba () 
siliciumis da naxSirbadis atomebs Soris manZilze (RC-Si), 
meTildimeToqsisilanis hidrosililirebisas 
vinilcikloheqsenTan, modelur reaqciaSi, markovnikovis wesiT 

siliciumisa da naxSirbadis (C7) atomebs Soris manZilis Semdgomi Sem-
cirebisas sistemis energia isev mcirdeba da xdeba warmoqmnili struqtu-
ris ganmtkiceba. 31-e naxazze mocemulia hidrosililirebis modelur reaq-
ciaSi markovnikovis wesiT miRebuli produqtis struqtura. 

 

                  
 naxazi 31. meTildimeToqsisilanis vinilcikloheqsenTan hidrosili-
lirebis modelur reaqciaSi markovnikovis wesiT miRebuli XVIIIb 
produqtis struqtura
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cxrili 4 

energiis () cvlilebis damokidebuleba siliciumisa da naxSirbadis atomebs Soris manZilze (RC-Si), atomebze 

muxtis sidideebi (q), dipoluri momentebi () da bmis rigebi (Pij), meTildimeToqsisilanis 
vinilcikloheqsenTan hidriduli mierTebis modelur reaqciaSi farmeris  wesis mixedviT 

 

R8-21 R7-27  H q7 q8 q21 q27  P7-8 P21-27 P7-27 P8-21 

2.80 2.11 -526.544 -0.1084         -0.2873         1.3684         -0.2070        2.289 1.9459    0.9191    0.0008   0.01725    

2.75 2.06 -519.785 -0.10272         -0.2953        1.3713         -0.2092         2.265 1.941052    0.916866    0.001741    0.020770    

2.70 2.01 -511.088 -0.0968         -0.3048         1.375933         -0.2118         2.259 1.933344    0.912604    0.003684    0.025789    

2.65 1.96 -504.746 -0.0924         -0.3137         1.380954         -0.2137         2.158 1.925179    0.909043    0.005358    0.031348    

2.60 1.91 -496.914 -0.0844         -0.3262         1.384875         -0.2159         2.171 1.916412    0.904244    0.007413    0.036682    

2.55 1.86 -487.576 -0.0742         -0.3413        1.389154         -0.2180         2.187 1.906245    0.898587    0.010068    0.042610    

2.50 1.81 -476.363 -0.0614         -0.3598         1.394557         -0.2205         2.210 1.893832    0.891362    0.013618    0.049387    

2.45 1.76 -462.990 -0.0448         -0.3830         1.402067         -0.2242         2.250 1.877643    0.881362    0.018621    0.057263    

2.40 1.71 -447.247 -0.0248        -0.4109         1.412954         -0.2298         2.311 1.855648    0.866849    0.025844    0.067132    

2.35 1.66 -430.837  0.0031         -0.4514         1.420970         -0.2424         2.471 1.820475    0.838067    0.038989    0.079726    

2.30 1.61 -410.867  0.0344         -0.4959         1.447743         -0.2548         2.518 1.772499    0.803221    0.056735    0.096468    

2.25 1.56 -389.858  0.0797         -0.5611         1.497574         -0.2780         2.597 1.685934    0.735064    0.091137    0.121887    

2.20 1.51 -514.993 -0.1377         -0.4301         1.331962         0.0462         1.613 1.012604    0.011060    0.934064    0.829777    

2.15 1.46 -550.626 -0.1384         -0.4460         1.350191         0.0529         1.633 1.008948    0.008804    0.939226    0.830916    

2.10 1.41 -584.300 -0.1392         -0.4631         1.368779         0.0593         1.665 1.005994    0.007087    0.943603    0.831148    

2.05 1.36 -615.434 -0.1397         -0.4814         1.387942         0.0651         1.711 1.003524    0.005768    0.947400    0.830551    

2.00 1.31 -643.309 -0.1396         -0.5010         1.407447         0.0704         1.768 1.001402    0.004732    0.950796    0.829250    

1.95 1.26 -666.974 -0.1390         -0.5219         1.428283         0.0752         1.837 0.999447    0.003896    0.953785    0.827372    

1.90 1.21 -685.207 -0.1373 -0.5445         1.449469         0.0788         1.925 0.997574    0.003215    0.956655    0.824812    

1.85 1.16 -696.402 -0.1349         -0.5684         1.471531         0.0819         2.032 0.995675    0.002652    0.959261    0.821845    

1.80 1.11 -698.521 -0.1311         -0.5938         1.493878         0.0839         2.160 0.993734    0.002194    0.961823    0.818451    

1.75 1.06 -688.998 -0.1262         -0.6207         1.517417         0.0852         2.305 0.991591    0.001814    0.964199    0.814751    
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cxrili 5 

energiis () cvlilebis damokidebuleba siliciumisa da naxSirbadis atomebs Soris manZilze (RC-Si), 

atomebze muxtis sidideebi (q), dipoluri momentebi () da bmis rigebi (Pij), meTildimeToqsisilanis 
vinilcikloheqsenTan hidriduli mierTebis modelur reaqciaSi markovnikovis  wesis mixedviT 

 

R7-21 R8-27  H q7 q8 q21 q27  P7-8 P21-27 P8-27 P7-21 

2.80     2.35      -520.785 -0.1886         -0.20518         1.380138         -0.2198         2.295 1.951816    0.916759    0.000448    0.017319    

2.75     2.25      -512.888 -0.19501         -0.20113         1.380332         -0.22007         2.156 1.948708    0.916585    0.000394    0.019934    

2.70   2.15      -503.469 -0.18513         -0.20910         1.384216         -0.22972         1.890 1.932864    0.909157    0.000578    0.026637    

2.65     2.07      -493.786 -0.20303         -0.19859         1.382736         -0.22762         1.723 1.930894    0.908497    0.001315    0.029477    

2.60     1.96 -485.562 -0.23243         -0.18059         1.376422         -0.21900         1.525 1.919431    0.905225    0.005048    0.035923    

2.55     1.91 -482.519 -0.22520         -0.18973         1.389648         -0.22909         1.594 1.918336    0.896491    0.006520    0.033780    

2.50     1.86 -469.151 -0.24252         -0.17652         1.393512         -0.23169         1.459 1.910165    0.890948    0.008677    0.038675    

2.45     1.76 -445.730 -0.27253         -0.15444         1.398483         -0.23044         1.353 1.893300    0.878406    0.016893    0.046587    

2.40     1.71 -426.045 -0.30090         -0.13281         1.409290         -0.23622         1.208 1.875270    0.864843    0.022884    0.054459    

2.35     1.66 -403.605 -0.33658         -0.10553         1.426856         -0.24547         1.052 1.848402    0.844047    0.031825    0.064502    

2.30     1.61 -378.825 -0.38459         -0.06852         1.456361         -0.26129         0.863 1.804030    0.808703    0.046687    0.078463    

2.25     1.56 -353.081 -0.45717         -0.01186         1.511302         -0.29002         0.647 1.715806    0.737819    0.077709    0.102898    

2.20     1.51 -500.463 -0.33410         -0.18483         1.311049          0.00989         0.419 1.013215    0.011273    0.952557    0.848794    

2.15     1.46 -534.669 -0.35072         -0.18946         1.330069          0.02003         0.345 1.008756    0.008145    0.957961    0.852236    

2.10     1.41 -569.571 -0.36716         -0.19302         1.348114          0.02888         0.359 1.005952    0.006837    0.960234    0.853804    

2.05     1.36 -601.147 -0.38469         -0.19627         1.368936          0.03730         0.362 1.003574    0.005379    0.962849    0.852826    

2.00     1.31 -627.326 -0.40132         -0.20187         1.389282          0.04485         0.407 1.000774    0.004868    0.964586    0.853842    

1.95     1.26 -652.450 -0.42132         -0.20106         1.407712          0.05208         0.418 0.999772    0.003247    0.967177    0.850319    

1.90     1.21 -672.621 -0.44823         -0.20252         1.435699          0.05872         0.464 0.997691    0.002374    0.969038    0.846608    

1.85     1.16 -684.558 -0.47231         -0.20273         1.459835          0.06414         0.533 0.995843    0.001749    0.970731    0.842796    

1.80     1.11 -687.429 -0.49800         -0.20152         1.484739          0.06835         0.628 0.993903    0.001297    0.972302    0.838301    

1.75     1.06 -678.602 -0.52514         -0.19899         1.510262          0.07154         0.750 0.991808    0.000963    0.973826    0.833311    
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cxrili 6 

energiis () cvlilebis damokidebuleba siliciumisa da naxSirbadis atomebs Soris manZilze (RC-Si), 

atomebze muxtis sidideebi (q), dipoluri momentebi () da bmis rigebi (Pij), meTildimeToqsisilanis 
vinilcikloheqsenTan hidriduli mierTebis modelur reaqciaSi ciklTan hidrosililirebis gziT. 

  

R2-21 R1-27  H Q1 Q2 q21 q27  P1-2 P21-27 P1-27 P2-21 

2.80 2.12 -532.5303 -0.15378         -0.19873         1.368911         -0.24424         0.896 1.898475 0.891321    0.002370 0.018836    

2.75 2.07      -527.9608 -0.15272         -0.20297         1.370613         -0.24521         1.009 1.893449 0.888472    0.003181 0.022014    

2.70 2.02      -522.3848 -0.14759         -0.21091         1.371836         -0.24574         1.111 1.888960 0.885926    0.004170 0.025174    

2.65 1.97      -515.4124 -0.14031         -0.22124         1.373198         -0.24637         1.220 1.883812 0.882975    0.028776    0.005474 

2.60 1.92      -507.5650 -0.13119         -0.23324         1.374538         -0.24666         1.295 1.878718 0.879513    0.021563 0.007295 

2.55 1.87 -497.1093 -0.11944         -0.24881         1.377321         -0.24807         1.414 1.871048 0.874479    0.036793    0.009640 

2.50 1.82 -482.9510 -0.10242         -0.27086         1.383354         -0.25212         1.562 1.859656 0.866583    0.012629 0.043278    

2.45 1.77 -467.3969 -0.08335         -0.29538         1.390860         -0.25637         1.705 1.845173 0.856136    0.017144 0.050375    

2.40 1.72 -449.2353 -0.05970         -0.32554         1.402687         -0.26301         1.852 1.824384 0.840691    0.023715 0.059368    

2.35 1.67 -428.5850 -0.02902         -0.36440         1.421674         -0.27343         2.014 1.792318 0.816207    0.034100 0.071441    

2.30 1.62 -406.0598 0.013831         -0.41809         1.453502         -0.29028         2.188 1.736600 0.773253    0.052951 0.089824    

2.25 1.57 -383.5278 0.073372         -0.49258         1.509196         -0.31632         2.275 1.632654 0.691082    0.093253 0.121126    

2.20 1.52 -500.0789 -0.15161         -0.33747         1.322067         0.044678         0.865 0.996363 0.006790    0.938371 0.845536    

2.15 1.47 -536.7510 -0.15359         -0.35232         1.339323         0.052802         0.857 0.993822 0.005375    0.942554 0.847138    

2.10 1.42 -570.9112 -0.15309         -0.36904         1.357635         0.059481         0.819 0.991876 0.004319    0.946221 0.847693    

2.05 1.37 -602.9409 -0.15161         -0.38725         1.376802         0.065266         0.784 0.990287 0.003442    0.949611 0.847383    

2.00 1.32 -632.1164 -0.15049         -0.40695         1.397294         0.070549         0.726 0.988788 0.002698    0.952699 0.846151    

1.95 1.27 -657.4752 -0.14948         -0.42811         1.418909         0.075378         0.656 0.987290 0.002104    0.955501 0.844104    

1.90 1.22 -677.8028 -0.14797         -0.45065         1.441316         0.079509         0.589 0.985771 0.001657    0.958062 0.841400    

1.85 1.17 -691.5365 -0.14565         -0.47462         1.464453         0.082785         0.548 0.984186 0.001309    0.960497 0.838090    

1.80 1.12 -696.6871 -0.14240         -0.49998         1.488315         0.085136         0.560 0.982473 0.001047    0.962834 0.834269    

1.75 1.07 -690.7537 -0.13790         -0.52684         1.512674         0.086679         0.639 0.980569 0.000836    0.965062 0.829916    
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Cvens mier agreTve ganxilulia meTildimeToqsisilanis 4-vinilciklo-
1-heqsenTan hidrosililirebis modeluri reaqcia cikloheqsenTan mierTebis 
gziT, romelic mimdinareobs me-9 sqemis mixedviT. hidrosililireba aq Sesa-
Zlebelia warimarTos siliciumis atomis mierTebiT 1 an 2 mdgomareobaSi.  

sqema 9 

meTildimeToqsisilanis 4-vinilciklo-1-heqsenTan hidrosililirebis  
modeluri reaqcia cikloheqsenTan  

mierTebis gziT 
 

HC CH2 + H Si Me

OMe

OMe

7 8

12
3 4 5
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HC CH2

7 8
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6Si

MeO

MeO

Me XIX

 

analogiuri principiT iqna Catarebuli gaTvlebi modelur reaqciaze 
4-vinilciklo-1-heqsenis molekulaSi cikloheqsenis fragmentTan hidrosi-
lilirebis dros. moreagire monomerebis sawyisi mdgomareoba mocemulia 
32-e naxazze. 

 
naxazi 32. meTildimeToqsisilanis vinilcikloheqsenTan  hidrosi-
lilirebis modelur reaqciaSi monawile monomerebis sawyisi 
mdgomareoba. (cikloheqsenis fragmentTan mierTeba)  

rogorc energiis cvlilebis () siliciumisaAda naxSirbadis (C2) at-
omebs Soris manZilze damokidebulebis diagrama gviCvenebs, sistemaSi gar-
datexis momenti dgeba monomerebis 2.20 Å manZilze miaxloebis dros. sistem-
is energia iwyebs mkveTrad Semcirebas, siliciumis atoms wydeba wyalbadis 
atomi da xdeba misi mierTeba naxSirbadis atomTan. 
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 naxazi 33. sistemis energiis cvlilebis damokidebuleba  

() siliciumis da naxSirbadis atomebs Soris manZilze (RC-Si), 
meTildimeToqsisilanis hidrosililirebisas vinilcikloheqsen-
is ciklur fragmentTan, modelur reaqciaSi  

ciklis naxSirbadis atomebs Soris arsebuli ormagi gadadis erTmag 
bmaSi. monomerebis Semdgomi mixloebis procesSi sistemis energia kvlav 
mcirdeba xdeba axlad Camoyalibebuli bmebis ufro ganmtkiceba. energeti-
kuli diagrama gamosaxulia 33-e naxazze.  

hidrosililirebis Sedegad miRebuli saboloo produqti gamosaxu-
lia 34-e naxazze: 
 

 
 naxazi 34. meTildimeToqsisilanis vinilcikloheqsenTan hidro-
sililirebis modelur reaqciaSi miRebuli XIX produqtis 
struqtura 

modeluri reaqciebisaTvis gaTvlil iqna aqtivaciis energiebi H* da 

reaqciebis siTburi efeqtebi H. farmeris wesiT reaqciis warmarTvis SemT-
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xvevaSi aqtivaciis energia tolia H
*
= 136.686 kj/moli da siTburi efeqti 

H=-171.977kj/moli, xolo markovnikovis wesiT reaqciis warmarTvisas aq-

tivaciis energia Seadgens H
*
=142.707 kj/moli da siTburi efeqti H=-

166.644 kj/moli. aqtivaciis energia vinilcikloheqsenis ciklur fragment-

Tan hidrosililirebis SemTxvevis dros tolia H
*
= 149.0025kj/moli, xolo 

siTburi efeqti H=-164.1568 kj/moli. TiTqmis igive aqtivaciis energiiT da 
warmoqnis siTbos mniSvnelobebiT xasiaTdeba modelur reaqciaSi silicium-
is atomis mierTeba cikloheqsenilis molekulaSi naxSirbadis pirvel atom-
Tan. aqtivaciis energiebis da warmoqmnis siTboebis Sedareba, miuTiTebs, 
rom reaqcia SeiZleba warimarTos oTxive mimarTulebiT: yvelaze upirates-
ad farmeris wesis mixedviT, Semdgom markovnikovis da yvelaze bolos ki 
cikloheqsenis fragmentSi arsebuli ormagi bmis xarjze naxSrbadis pirvel 
da meore atomTan. Teoriuli gaTvlebis Sedegebi srul TanxvdenaSia bmr 
speqtroskopiul gaTvlebTan da literaturul monacemebTan, Tumca speq-
trebi saSualebas ar iZleva ganvsazRvroT konkurentuli reaqciebis mimdi-
nareobis zusti Tanafardobebi.  

35-e naxazze mocemulia XIV oligomeris gel-SeRwevadi qromatografiu-
li mrudi, romelsac gaaCnia bimodaluri xasiaTi. napovni iqna oligomeris 

saSualo molekuluri masebi da polidispersoba:n1,36x10
4
,= 2,51x104, 

D=1.87.  

 

naxazi 35. XIV oligomeris gel-SeRwevadi qromatografiuli mrudi 

XIII oligomerisaTvis gamoTvlili molekuluri masa 4-jer aRemateba 
meTilhidridsiloqsanis 4-vinil-1-cikloheqsenTan sruli hidrosililireb-
is dros miRebuli oligomeris molekulur masas, rac migviTiTebs imaze, 

rom hidrosililirebisas adgili aqvs narCeni Si-H bmebis makromolekula-
TSoris hidrosililirebas, romlis drosac miiReba gantotvili aRnagobis 

polimerebi. aseve SesaZlebelia gantotva ganxorcieldes Si-H bmebis homo-
dehidrokondensaciis reaqciebiTac. 

aRsaniSnavia is faqti, rom XIV oligomeris gacxelebisas 3 saaTis gan-
mavlobaSi 700C temperaturaze adgili qonda makromolekulaTSoris hidro-
sililirebis reaqcias da miiReboda organul gamxsnelebSi praqtikulad 
uxsnadi polimeri. amdenad sinTezirebuli oligomerebi, warmoadgenen Ter-
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moreaqtiul sistemebs, sadac gakerva mimdinareobs sistemaSi arsebuli 
katalizatoris xarjze.  

oligomerebisaTvis Catarebulia diferencialuri skanirebadi kalorim-
etruli da farTokuTxovani rentgenografiuli kvlevebi. 36-e naxazze moce-
mulia XIV oligomeris diferencialuri skanirebadi kalorimetruli mrud-
ebi. kvlevam aCvena, rom XIV oligomerisaTvis SeimCneva ori endoTermuli 
piki. pirveli temperaturuli gadasvla Seesabameba oligomeris gaminebis 
temperaturas Tgam≈-59°C da meore Seesabameba oligomeris lRobis tempera-
turas TlR≈-34°C. yovelive es migviTiTebs imaze, rom meTilhidridsiloqsa-
nis modifikaciis procesi miRweulia, vinaidan meTilhidridsiloqsanis ga-

minebis temperatura Seadgens  -1230C. 

 

           naxazi 36.  XIV. oligomeris diferencialuri skanirebadi 
kalorimetruli mrudi  

sinTezirebuli oligomerebisaTvis Catarebul iqna farTokuTxovani 
rentgenografiuli gamokvleva. 37-e naxazze mocemulia XIV oligomeris di-
fraqtograma, saidanac irkveva, rom sinTezirebuli oligomerebi warmoadge-
nen erTfazian amorful sistemebs. difraqtogramebze mkveTrad Cans ori 

maqsimumi 2=9,00 da 2=16,750 ubanSi. 

 
naxazi 37.    XIV oligomeris difraqtograma 
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ZiriTadi maqsimumi 2=9,00 Seesabameba jaWvTaSorisi manZilis maqsimal-

ur mniSvnelobas d1=9.83 Ǻ, xolo 2=16,750 Seesabameba d2=5,30 Ǻ, romlis mniS-
vneloba ufro rTuli xasiaTisaa  da gansazRvravs rogorc SigajaWvur, ag-
reTve atomTa Soris urTierTqmedebebs [156]. 
 

amrigad, Cvens mier pirvelad iqna Seswavlili polimeTilhidrid-
siloqsanis hidriduli mierTebis reaqciebi 4-vinil-1-cikloheqsen-
Tan sxvadasxva katalizatoris Tanaobisas da sinTezirebulia Ter-
moreaqtiuli meTilsiloqsanuri oligomerebi ujeri fragmentebiT 
gverdiT jaWvSi. Seswavlilia reaqciebis kinetikuri parametrebi, 
speqtrul gamokvlevebTan da qvantur-meqanikur gaTvlebTan erTad 
dadgenilia reaqciis mimdinareobis mimarTulebebi. aRniSnuli ol-
igomerebi SeiZleba gamoyenebul iqnan rogorc gamkerav agentebad, 
polimerul matricebad da aseve axali specdaniSnulebis silica-
umorganuli elastomerebis misaRebad.  
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2.4. polimeTilhidridsiloqsanis hidrosililirebis reaqciebi  
5-vinil-2-norbornenTan 

 
siliciumorganuli oligomerebis sinTezis mizniT, romlebic gverdiT 

jaWvSi Seicaven ujer bmebis Semcvel ciklur fragmentebs, Cvens mier Seswa-

vlil iqna -bis(trimeTilsiloqsi)meTilhidridsiloqsanis hidriduli mi-
erTebis reaqciebi 5-vinil-2-norbornenTan katalizatoris - platinaqlor-

wyalbadmJavas 0.1 M tetrahidrofuranSi xsnaris (H2PtCl6 aiReboda 45x10
-5 g 

masis odenobiT 1 g sareaqcio produqtze) Tanaobisas [168, 172, 173]. 
reaqcias vatarebdiT moreagire komponentebis sxvadasxva moluri Tana-

fardobiT 1:35, 1:70 da 1:105 sxvadasxva temperaturaze (20-400
C) absoluturi 

toluolis areSi. dadgenil iqna, rom oTaxis temperaturazec ki gamxsnel-
is gareSe reaqcia mimdinareobs gelis warmoqmniT. amitom reaqciebi Cvens 
mier Seswavlilia absoluturad mSrali toluolis areSi. xsnaris ganzave-
ba (C=0.045 moli/l) SerCeul iqna, rogorc Sekervis procesebis gaTvaliswi-
nebiT, aseve kinetikuri parametrebis Seswavlis xelsayrelobis mixedviT.  

sawyisi komponentebis winaswari gacxelebiT katalizatorTan erTad 
30-60

0
C temperaturul intervalSi sawyisi nivTierebebis kondensacias an po-

limerizacias, an sxva raime gverdiT reaqciebs adgili ara aqvs, rasac 
mowmobs furie gardaqmnis iw speqtrebi da gazTxevadi qromatografiuli 
kvleva.  

rogorc 5-vinil-2-norbornenis struqturidan Cans, is Seicavs or reaq-
ciisunarian ujer bmas, vinilurs da ujer bmas ciklur fragmentSi. Litera-
turidan cnobilia, rom es orive bma monawileobs metaldiqlorsilanTan 
hidrosililirebis reaqciaSi platinaqlorwyalbad mJavas Tanaobisas. vini-
lis jgufze hidrosililirebisas miiReba [2-(2-norbornen-5-il)eTil]meTil-
diqlorsilani (65%), xolo ciklSi arsebul ujer bmaze hidrosililirebi-
sas miiReba 5-vinilnorbornen-2-il-meTildiqlorsilani (35%) Semdegi sqemiT 
[174]: 

+ HSiMeCl2CH=CH2

H2PtCl6

Hexane

CH2 CH2SiMeCl2
+

Si
Cl

Cl
Me

 

analogiurad SeiZleba ganxorcieldes meTilhidridsiloqsanis hidro-
sililirebis reaqcia 5-vinil-2-norbornenTan. garda amisa darCenilma ujer-
ma bmebma SeiZleba monawileoba miiRon molekulaTSoris hidrosililireb-
is reaqciaSic. reaqcia zogadad mimdinareobs Semdegi sqemis mixedviT [168, 
172, 173]: 

sqema 10 

-bis(trimeTilsiloqsi)meTilhidridsiloqsanis hidriduli mierTebis 
reaqciebi 5-vinil-2-norbornenTan  

Me3SiO SiMe(H)O SiMe3
m

+
Cat

nm
CH CH2  
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Si

Me

C2H4

Me3SiO O Si

(a)

Si

Me

H

O SiMe3

(c)

Me

(b)

O

(x)

Si

Me

C2H4

O Si

Me

O

(d)

(e)

CH CH2
C2H4

Si

Me

O

(f)

 

sadac: [(a)+(b)+(c)+(d)+(e)+(f)(x)=m35; katalizatori - H2PtCl66H2O, - m35, 

n=1:  XX1
 – 20

0
C, XX

2 
- 30

0
C, XX - 400C. m35, n=2: XXI

1
-
 
20

0
C,  XXI

2 
-30

0
C, XXI

 - 
40

0
C. m35, 

n=3:  XXII
1
-20

0
C, XXII

2 
- 30

0
C, XXII - 40

0
C. katalizatori -Pt/C, m35, n=2:  XXIII

1
 - 40

0
C,  

XXIII
2
 - 50

0
C, XXIII - 60

0
C. karstedis katalizatori, m35, n=2: XXIV

1 - 
20

0
C, XXIV

2 - 

30
0
C, XXIV-40

0
C. 

miRebuli meTilsiloqsanuri oligomerebi warmoadgenen gamWvirvale, 
blant, aromatuli tipis organul gamxsnelebSi xsnad sistemebs xvedriTi 
siblantiT ηxv≈0.08-0.1. sinTezirebuli oligomerebis Sedgeniloba da struq-
tura dadgenilia funqciuri da elementuri analiziT, aseve furie gardaqm-
nis infrawiTeli, 1

H, 
13

C, H,H-COSY da C,H -korelaciuri bmr speqtrebis sa-
SualebiT. sinTezirebuli oligomerebis zogierTi fizikur - qimiuri maxas-
iaTeblebi mocemulia cxrilSi 7. 

sinTezirebuli oligomeris furie gardaqmnis iw speqtrSi SeimCneva 
≡Si-Me da ­OSiMe3 jgufebisaTvis damaxasiaTebeli STanTqmis zolebi 1270 da 
835 sm-1 ubanSi, xazovani ≡Si-O-Si≡ bmis asimetriuli rxevebisaTvis STanTqmis 
zoli 1020 sm-1 ubanSi, ciklSi arsebuli -CH=CH- jgufisaTvis damaxasiaTeb-
eli signali 1640 sm-1 ubanSi, rac adasturebs reaqciis warmarTvas vinilis 

jgufebTan. agreTve speqtrSi gvaqvs reaqciaSi Seusvleli Si-H bmisaTvis 
damaxasiaTebeli umniSvnelo signali 2160 sm-1 ubanSi. speqtrSi TvalnaTliv 
Cans STanTqmis zolebi 2840-2930 sm-1 ubani, romelic Seesabameba ciklur 
fragmentSi meTilenuri jgufebis STanTqmas, speqtrSi aseve SeiniSneba STa-
nTqmis zolebi 1410 sm-1 ubanSi, romelic damaxasiaTebelia viniluri jgu-
febisaTvis [153-155]. 

cxrili 7 
sinTezirebuli oligomerebis gamosavali da zogierTi 

fizikur-qimiuri maxasiaTebeli 

 
 

# 

 
gamosa 
vali 

% 

 
katali 
zatori 

 

T
0
C 

 

 

n 

 

 

Si-H bmis  
konversia  

 

xv * 

 

elementuri 
analizi, % 

C H Si 

XX 86 H2PtCl6 40 1 83 0.09 - - - 

XX
 1
 84 H2PtCl6 20 1 80 0.08 - - - 

XX
 2 

85 H2PtCl6 30 1 81 0.08 - - - 

XXI 86 H2PtCl6 40 2 92 0.09 64.92 
64.71 

8.97 
8.88 

17.01 
16.97 

XXI
 1

 85 H2PtCl6 20 2 82 0.09 62.24 8.89 18.66 
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62.54 8.78 18.42 

XXI
 2

 85 H2PtCl6 30 2 87 0.08 63.96 

63.66 

8.56 

8.83 

30.77 

31.04 

XXII 88 H2PtCl6 40 3 95 0.1 - - - 

XXII
 1

 86 H2PtCl6 20 3 89 0.08 - - - 

XXII
2
 87 H2PtCl6 30 3 93 0.09 - - - 

XXIII 90 Pt/C 60 2 72 0.1 - - - 

XXIII
1 

87 Pt/C 40 2 69 0.09 - - - 

XXIII
2 

89 Pt/C 50 2 72 0.1 - - - 

XXIV 

 

88 karstedi 40 2 95 0.1 65.42 
65.18 

13.29 
13.14 

16.43 
16.65 

XXIV
1
 85 karstedi 20 2 88 0.09 63.96 

63.66 

8.54 

8.83 

31.21 

31.04 

XXIV
2
 86 karstedi 30 2 91 0.09 64.45 

64.19 

8.76 

8.85 

17.86 

17.32 

* 1%-iani toluolis xsnari, 250Ctemperaturaze. 

Seswavlilia mierTebis reaqciis kinetika. reaqciis mimdinareobisas va-

xdendiT Si-H bmis koncentraciis cvlilebis gansazRvras droSi. 5-vinil-
2-norbornenis hidrosililirebis reaqciebi Seswavlilia, rogorc steqiom-
etriuli TanafardobiT, aseve viniluri naerTis siWarbiT, 38-e naxazze mo-

cemulia aqtiuri Si-H bmis konversiis mrudebi meTilhidridsiloqsanis 
hidriduli mierTebis dros 5-vinil-2-norbornenTan katalizatoris plati-
naqlorwyalbadmJavas Tanaobisas sxvadasxva temperaturaze (20, 30 da 40

0
C) 

saidanac Cans, rom temperaturis zrdasTan erTad hidrosililirebis siR-
rme izrdeba 75%-dan 91%-mde. 

0

20

40

60

80

100

0 500 1000 1500 2000

Si-H %

τ, wT

1
2

3

 

naxazi 38. ≡Si-H bmis koncentraciis Semcireba droSi α,ω-bis(tri-
meTilsiloqsi)meTilhidridsiloqsanis mierTebisas 5-vinil-2-norbo-
rnenTan. 1 mrudi Seesabameba 40°C, 2-30°C, 3-20°C) 
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39-e naxazze mocemulia koncentraciis Sebrunebuli sididis damokide-
buleba droze, saidanac Cans rom polimeTilhidridsiloqsanis hidriduli 
mierTeba 5-vinil-2-norbornenTan sawyis stadiaze warmoadgens meore rigis 
reaqcias. gaTvlilia reaqciis siCqaris mudmivebi sxvadasxva temperature-

ze: k40
0

C1.5206,
 
k30

0
C0.7011 da k20

0
C 0.3084 l/molisek da temperaturuli koef-

icienti =2,2. 
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naxazi 39. koncentraciis Sebrunebuli sididis damokidebuleba 
droze α,ωbis(trimeTilsiloqsi)meTilhidridsiloqsanis mierTe-
bisas 5-vinil-2-norbornenTan (1 mrudi Seesabameba 40°C, 2 – 30°C, 3 
– 20°C) 

me-40 naxazze mocemulia hidrosililirebis reaqciis siCqaris 
mudmivas logariTmis damokidebuleba temperaturis Sebrunebul sidi-
desTan. saidanac gaTvlilia hidrosililirebis reaqciis aqtivaciis 
energia E≈ 20,3 kj/moli. 
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naxazi 40. hidrosililirebis reaqciis siCqaris mudmivas loga-
riTmis damokidebuleba temperaturis Sebrunebul sididesTan 
α,ω–bis(trimeTilsiloqsi)meTilhidridsiloqsanis hidriduli mi-
erTebisas 5-vinil-2-norbornenTan 

Catarebulia sinezirebuli oligomerebis birTvul magnituri rezonan-
suli spetroskopuli kvlevebi. 41-e naxazze mocemulia XXI oligomeris 

1
H 
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da H,H-COSY speqtrebi, sadac SeimCneva ≡Si-Me da ­SiMe3  protonebisaTvis da-
maxasiaTebeli signalebi qimiuri wanacvlebis centriT δ≈0.01 vmn da δ≈0.03 
vmn. ≡Si-CH2- fragmentisaTvis damaxasiaTebeli susti multipleturi signali  

 

      

naxazi 41. XXI oligomeris 1H da H,H-COSY bmr speqtri 

qimiuri wanacvlebis centriT δ≈0.45 vmn da C7H9-CH2- fragmentis meTilenuri 
protonebisaTvis damaxasiaTebeli aseve susti multipleturi signalebi qi-
miuri wanacvlebis centriT δ≈2.7vmn, rac miuTiTebs reaqciis farmeris wes-
iT mimdinareobaze dabali gardaqmnis xarisxiT. speqtrSi SeimCneva =CH-CH3 
meTilis da =CH-CH3 meTinuri protonebisaTvis damaxasiaTebeli multiple-



 

 85 

turi signalebi qimiuri wanacvlebis centriT δ≈0.8 vmn da δ≈1.3 vmn, aRniSnu-
li ori signali miuTiTebs reaqciis markovnikovis wesis mixedviT mimdina-
reobaze. signalebis intensivobidan Cans, rom 5-vinil-2-norbornenis mierTe-
ba upiratesad markovnikovis wesiT mimdinareobs. multipleturi signalebi 
qimiuri wanacvlebis centriT δ≈1.4, 1,6, 1.95 da 2.4 vmn Seesabameba norbornen-
is fragmentSi arsebul meTilenur da meTinur protonebs. vinilis jgufis 
meTilenuri protonebisaTvis damaxasiaTebeli mcire intensivobis multip-
leturi signalebi δ≈4.85 da 5.0 vmn intervalSi da vinilis jgufis meTinuri 
protonisaTvis damaxasiaTebeli multipleturi signali δ≈6.0-6.2 vmn mowmobs 
reaqciis mcire gardaqmnis xarisxiT mimdinareobaze norbornenis fragment-
Si arsebuli ujeri bmis xarjze. multipleturi signali δ≈5.45÷5.55 vmn int-

ervalSi ekuTvnis norbornenis birTvis -CH=CH- meTinur protonebs. Si-H 
bmisaTvis damaxasiaTebeli singleturi signali δ≈4.2 vmn mowmobs, rom hid-
rosililirebis dros aqtiuri ≡Si-H bma srulad ar monawileobs reaqciaSi 
da rCeba sxvadasxva rgoliani oligomerebis struqturul erTeulad. 

XXI oligomeris 13C da C,H-korelaciuri bmr speqtrebi srul Tanxmoba-
Sia 1H da H,H-COSY bmr speqtrebis monacemebTan da mowmobs, rom reaqcia mim-
dinareobs rogorc markovnikovis da farmeris wesis mixedviT, aseve norbo-
rnenis birTvSi arsebuli ormagi bmis xarjzec. speqtrSi SeimCneva signale-
bi ≡Si-Me da -SiMe3 fragmentebis meTilis naxSirbadisaTvis damaxasiaTebeli 
signali δ≈0.013 vmn. ≡Si-CH2- fragmentis meTilenuri naxSirbadisaTvis signa-
li δ≈14.04 vmn da C7H9-CH2- fragmentis meTilenuri naxSirbadisaTvis signali 
δ≈28.92 vmn mowmobs reaqciis farmeris wesiT mimdinareobas. =CH-CH3 meTinu-
ri naxSirbadisaTvis da meTilis naxSirbadisaTvis damaxasiaTebeli signa-
lebi δ≈22.98 da δ≈10.96 vmn mowmobs reaqciis markovnikovis wesiT mimdinare-
obas. signali δ≈113.12 vmn Seesabameba vinilis meTilenur naxSirbads, igive 
jgufis meTinur protons Seesabameba 143.76 vmn da miuTiTebs reaqciis mimdi-
nareobaze norbornenis birTvSi arsebuli ujeri bmis xarjze. ciklur fra-
gmentSi arsebuli -CH=CH- meTinuri naxSirbadebisaTvis SeiniSneba signali 
δ≈132.69 vmn. 
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naxazi 42. XXIV oligomeris 13C da C,H-korelaciuri speqtrebi 

sinTezirebuli oligomerebisaTvis Catarebulia qvantur-meqanikuri 
gaTvlebi naxevradempiriuli qvantur-qimiuri meTodiT AM 1 [171]. 

modelur reaqciaSi hidrosililireba ganxilul iqna oTxi mimarTule-
biT – farmeris da markovnikovis wesis mixedviT da agreTve norbornenis 
cikluri fragmentis ormag bmasTan 1 da 2 mierTebis gziT. 

sqema 11 

meTildimeToqsisilanis 5-vinil-2-norbornenTan hidrosililirebis 
modeluri reaqcia farmeris wesis mixedviT 
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naxazi 43. sistemis energiis cvlilebis damokidebuleba ()  

siliciumis da naxSirbadis atomebs Soris manZilze (RC-Si), meTil-
dimeToqsisilanis hidrosililirebisas 5-vinil-2-norbornenTan (mo-
delur reaqciaSi) farmeris wesiT 

analogiurad iqna Catarebuli gaTvlebi markovnikovis wesis mixedviT 
da norbornenis fragmentTan hidrosililirebis SemTxvevaSi markovnikovis 
wesiT da agebul iqna sistemis energiis damokidebulebis grafiki naxSirba-
disa da siliciumis atomebs Soris manZilis cvlilebaze (naxazi 44). 

sqema 12 

meTildimeToqsisilanis 5-vinil-2-norbornenTan hidrosililirebis 
modeluri reaqcia markovnikovis wesis mixedviT 
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naxazi 44. sistemis energiis cvlilebis damokidebuleba ()  

siliciumis da naxSirbadis atomebs Soris manZilze (RC-Si), meTil-
dimeToqsisilanis hidrosililirebisas 5-vinil-2-norbornenTan 
(modelur reaqciaSi) markovnikovis wesiT. 

sqema 13 

meTildimeToqsisilanis 5-vinil-2-norbornenTan hidrosililirebis 
modeluri reaqcia norbornenis fragmentTan  siliciumis  

meore naxSirbadis atomTan mierTebis gziT 
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 45-e naxazze mocemulia sistemis energiis cvlilebis damokidebuleba 

()  siliciumis da naxSirbadis atomebs Soris manZilze (RC-Si), meTildimeToq-
sisilanis hidrosililirebisas 5-vinil-2-norbornenTan (modelur reaqcia-
Si) norbornenis ciklur fragmentTan mierTebis gziT. 
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naxazi 45. sistemis energiis cvlilebis damokidebuleba ()  

siliciumis da naxSirbadis atomebs Soris manZilze (RC-Si), 

meTildimeToqsisilanis hidrosililirebisas 5-vinil-2-nor-
bornenTan (modelur reaqciaSi) norbornenis ciklur frag-
mentTan mierTebis gziT 

modeluri reaqciebisaTvis gaTvlil iqna aqtivaciis energiebi H* da 

reaqciebis siTburi efeqtebi H. farmeris wesiT reaqciis warmarTvis SemT-

xvevaSi aqtivaciis energia tolia H
*
= 142.71 kj/moli da siTburi efeqti 

H=-188.64kj/moli, xolo markovnikovis wesiT reaqciis warmarTvisas aqti-

vaciis energia Seadgens H
*
=130.84kj/moli da siTburi efeqti H=-173.104 

kj/moli. aqtivaciis energia norbornenis fragmentTan meore naxSirbadis 

atomTan hidrosililirebis SemTxvevis dros tolia H
*
= 134.68 kj/moli, 

xolo siTburi efeqti H=-187,73 kj/moli. TiTqmis igive mniSvnelobebiT 
xasiaTdeba modelur reaqciaSi meTildimeToqsisilanis pirvel naxSirbadis 
atomTan mierTebis produqtis aqtivaciis energia da siTburi efeqti. aqtiva- 
ciis energiebis da warmoqmnis siTboebis Sedareba, miuTiTebs, rom reaqcia 
SeiZleba warimarTos yvelaze upiratesad markovnikovis wesis mixedviT, Se-
mdgom norbornenis fragmentTan da bolos ki farmeris gziT. Teoriuli ga-
Tvlebis Sedegebi srul TanxvdenaSia bmr speqtroskopiul gaTvlebTan da 
literaturul monacemebTan. gaTvlebis Sedegebi warmodgenilia cxrilebSi 
8-10. 
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cxrili 8 

energiis () cvlilebis damokidebuleba siliciumisa da naxSirbadis atomebs Soris manZilze (RC-Si), atomebze 

muxtis sidideebi (q), dipoluri momentebi () da bmis rigebi (Pij), meTildimeToqsisilanis vinilnorbornenTan 
hidriduli mierTebis modelur reaqciaSi farmeris  wesis mixedviT 

R9-22 R8-28  H q8 q9 q22 q28  P8-9 P1-22 P9-28 P8-28 

2.80 2.12 -381.9489 -0.25993         -0.13735         
 

1.351474         
-0.196487 2.187 1.951089    0.016610    0.001026    0.924189    

2.75 2.07 -376.1354 -0.26902         -0.13151         1.353894         -0.198206 2.070 1.948333    0.019599    0.001536    0.923275    

2.70 2.02 -369.8421 -0.27875         -0.12533         1.359864         -0.201213 1.968 1.944171    0.023427    0.002857    0.921386    

2.65 1.97 -362.4599 -0.29085         -0.11734         1.366142         -0.205667 1.806 1.938115    0.027961    0.003404    0.917885    

2.60 1.92 -354.0395 -0.30418         -0.10849         1.372317         -0.210091 1.634 1.930379    0.033146    0.004933    0.913281    

2.55 1.87 -344.1935 -0.31946         -0.09809         1.377435         -0.213893 1.456 1.921464    0.038807    0.006920    0.907964    

2.50 1.82 -332.4750 -0.33738         -0.08548         1.382991            -0.217415 1.281 1.911046    0.045060    0.009533    0.901742    

2.45 1.77 -318.6846 -0.36209         -0.06733         1.386969         -.225436 0.996 1.896283    0.052433    0.013848    0.888999    

2.40 1.72 -302.3557 -0.38878         -0.04769         1.397285         -0.231506 0.824 1.878424    0.061005    0.019175    0.876826    

2.35 1.67 -282.9733 -0.42480         -0.02093         1.413675         -0.242017 0.643 1.850865    0.071860    0.028187    0.855496    

2.30 1.62 -261.7788 -0.47662         0.017813         1.446741         -0.263927 0.632 1.805499    0.084472    0.043247    0.815491    

2.25 1.57 -239.2419 -0.54397         0.067755         1.502269         -0.294860 0.807 1.728250    0.103132    0.070094    0.749228    

2.20 1.52 -374.6855 -0.40371         -0.11585       1.318788         0.020365 0.601 1.009744    0.863088    0.942179    0.003761    

2.15 1.47 -410.8884 -0.41879         -0.11925         1.335723         0.030300 0.594 1.006923    0.864091    0.946794    0.002239    

2.10 1.42 -445.5049 -0.43620         -0.12369         1.353559         0.041716 0.604 1.004450    0.864534    0.951303    0.001146    

2.05 1.37 -477.7254 -0.45428         -0.12672         1.372596         0.050280 0.551 1.002642    0.864097    0.954203    0.000601    

2.00 1.32 -506.9415 -0.47404         -0.12891         1.392834         0.057569 0.504 1.001026    0.862750    0.956585    0.000360    

1.95 1.27 -532.2255 -0.49550         -0.13018         1.414105         0.063784 0.466 0.999457    0.860659    0.958736    0.000239    

1.90 1.22 -552.3797 -0.51851         -0.13039         1.436685         0.068610 0.443 0.997976    0.857862    0.960703    0.000220    

1.85 1.17 -565.8310 -0.54318         -0.12959         1.459887         0.072685 0.460 0.996407    0.854587    0.962631    0.000203    

1.80 1.12 -570.5888 -0.56941         -0.12759         1.483794         0.075833 0.525 0.994727    0.850885    0.964540    0.000190    

1.75 1.07 -562.2348 -0.59744         -0.12378         1.508367         0.078229 0.634 0.992875    0.846887    0.966853    0.000178    
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cxrili 9 

energiis () cvlilebis damokidebuleba siliciumisa da naxSirbadis atomebs Soris manZilze (RC-Si), atomebze 

muxtis sidideebi (q), dipoluri momentebi () da bmis rigebi (Pij), meTildimeToqsisilanis vinilnorbornenTan 
hidriduli mierTebis modelur reaqciaSi markovnikovis  wesis mixedviT 

R8-22 R9-28  H q8 q9 q22 q28  P8-9 P8-22 P9-28 P22-28 

2.82 2.11 -372.6529 -0.23699         -0.16646 1.382319         -0.219897         2.179 1.938627    0.017637    0.002411    0.906515    

2.77 2.06 -374.6944 -0.22191         -0.18912 1.378408         -0.242905         1.073 1.931136    0.021364    0.004772    0.884133    

2.72 2.01 -368.9360 -0.21520         -0.19840 1.378979         -0.243408         1.135 1.926390    0.024454    0.006181    0.881067    

2.67 1.96 -363.3827 -0.20229         -0.21218 1.378631         -0.244079         1.237 1.917780    0.029759    0.008779    0.876510    

2.62 1.91 -355.4559 -0.19183         -0.22602 1.381067         -0.244798         1.270 1.910846    0.033992    0.011264    0.871615    

2.57 1.86 -345.7031 -0.17992         -0.24187 1.384743         -0.245878         1.305 1.901604    0.039252    0.014641    0.865131    

2.52 1.81 -333.8789 -0.16532         -0.26113 1.390424         -0.247753         1.340 1.889338    0.045697    0.019227    0.856263    

2.47 1.76 -319.78717 -0.147487         -0.28462         1.398390         -0.250551         1.380 1.873143    0.053439    0.022124    0.844347    

2.42 1.71 -303.34708 -0.126110         -0.31296         1.410758         -0.254937         1.413 1.850238    0.063493    0.034448    0.827214    

2.37 1.66 -284.67810 -0.098479         -0.34951         1.429291         -0.261915         1.459 1.817011    0.076369    0.047707    0.802056    

2.32 1.61 -264.34201 -0.060837         -0.39869         1.459655         -0.273654         1.507 1.761047    0.096511    0.070172    0.760419    

2.27 1.56 -243.84982 -0.014937         -0.46193         1.505999         -0.288983         1.535 1.676220    0.122155    0.108208    0.694696    

2.22 1.51 -351.96157 -0.200265         -0.32884         1.310893         1.310893         0.783 1.007206    0.849465    0.962760    0.000640    

2.17 1.46 -387.93675 -0.201913         -0.34317         1.327252         0.034507         0.744 1.005031    0.851022    0.964773    0.000290    

2.12 1.41 -422.39251 -0.202567         -0.35910         1.345077         0.041674         0.726 1.003473    0.851277    0.966098    0.000264    

2.07 1.36 -454.62053 -0.204175         -0.37627         1.364918         0.048274         0.663 1.001877    0.850669    0.967314    0.000254    

2.02 1.31 -483.82298 -0.205748         -0.39488         1.386100         0.054240         0.604 1.000307    0.849175    0.968506    0.000265    

1.97 1.26 -509.09022 -0.206749         -0.41497         1.408201         0.059463         0.556 0.998776    0.846930    0.969698    0.000284    

1.92 1.21 -529.25453 -0.207247         -0.43651         1.431100         0.064115         0.514 0.997194    0.844110    0.970855    0.000291    

1.87 1.16 -542.80350 -0.206775         -0.45957         1.454752         0.067903         0.504 0.995598    0.840598    0.972042    0.000302    

1.82 1.11 -547.79871 -0.205241         -0.48413         1.478916         0.070908         0.542 0.993912    0.836535    0.973264    0.000307    

1.77 1.06 -541.80441 -0.202660         -0.51013         1.503621         0.073113         0.631 0.992075    0.832017    0.974521    0.000301    

 

 



 

 91 

cxrili 10 

energiis () cvlilebis damokidebuleba siliciumisa da naxSirbadis atomebs Soris manZilze (RC-Si), atomebze 

muxtis sidideebi (q), dipoluri momentebi () da bmis rigebi (Pij), meTildimeToqsisilanis vinilnorbornenTan 
hidriduli mierTebis modelur reaqciaSi ciklTan hidrosililirebis 

R2-22  H q1 q2 q22 q28  P1-2 P1-28 P2-22 P22-28 

2.80 -405.8677 -0.136904         -0.235018         1.365101         -0.239107         1.328 1.911885    0.000656    0.015971    0.898151    

2.75 -386.86618 -0.132787         -0.242638         1.367670         -0.240376         1.360 1.907059    0.001554    0.019420    0.895783    

2.70 -380.52230 -0.150357         -0.234012         1.379745         -0.244739         1.299 1.889030    0.005320    0.027403    0.882396    

2.65 -371.52355 -0.139929         -0.248811         1.380548         -0.242705         1.332 1.881740    0.008696    0.031774    0.877899    

2.60 -363.91632 -0.130217         -0.262596         1.382770         -0.242762         1.417 1.874520    0.011166    0.036445    0.873722    

2.55 -354.45576 -0.118674         -0.278816         1.386104         -0.243203         1.504 1.865383    0.014448    0.041923    0.868107    

2.50 -342.87674 -0.104787         -0.298220         1.390920         -0.244240         1.600 1.853562    0.048449    0.018852    0.860503    

2.45 -328.96660 -0.088136         -0.321506         1.398326         -0.246228         1.700 1.837703    0.056406    0.024919    0.849812    

2.40 -312.61018 -0.068079         -0.349753         1.409451         -0.249600         1.799 1.815741    0.066318    0.033538    0.834477    

2.35 -293.87281 -0.042904         -0.385404         1.427148         -0.255520         1.896 1.783736    0.079029    0.046305    0.811213    

2.30 -271.18449 -0.009963         -0.432454         1.456776         -0.265886         1.973 1.733003    0.096441    0.066955    0.773042    

2.25 -357.19086 -0.152115         -0.328107         1.305382         0.052605         0.895 0.994226    0.933809    0.844201    0.012438    

2.20 -394.79315 -0.152880         -0.342641         1.323071         0.059569         0.864 0.991426    0.846372    0.938151    0.010146    

2.15 -431.04311 -0.153167         1.341372         1.341372         0.065785         0.819 0.989237    0.847753    0.941938    0.008347    

2.10 -465.54245 -0.152997         -0.375171         1.359939         0.071494         0.765 0.987515    0.848464    0.945298    0.006916    

2.05 -497.78690 -0.152748         -0.393232         1.378964         0.077520         0.715 0.986099    0.848491    0.948166    0.005760    

2.00 -527.19830 -0.150353         -0.412699         1.399163         0.080140         0.640 0.984899    0.847800    0.951364    0.004790    

1.95 -552.85787 -0.148290         -0.433535         1.419770         0.084144         0.571 0.983784    0.846531    0.954008    0.003986    

1.90 -573.61013 -0.145332         -0.455894         1.441343         0.087006         0.517 0.982703    0.844536    0.956592    0.003312    

1.85 -587.86052 -0.141740         -0.479685         1.463832         0.089268         0.502 0.981529    0.841802    0.958989    0.002757    

1.80 -593.59977 -0.137163         -0.504914         1.487134         0.090230         0.538 0.980279    0.838403    0.961389    0.002290    

1.75 -588.30466 -0.131725         -0.531666         1.511031         0.090822         0.636 0.978810    0.834506    0.963637    0.001908    
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oligomerebisaTvis Catarebulia farTo-kuTxovani rentgenografiuli 
gamokvlevebi (naxazi 46). rentgenogramaze SeimCneva ori difraqciuli maqsi-
mumi.  

 

  naxazi 46.  XXI oligomeris rentgenografiuli mrudi 

pirveli difraqciuli maqsimumi Seesabameba 2=9.5
0
 da 2=16.5

0
. ZiriTadi 

maqsimumi Seesabameba jaWvTaSorisi manZilis maqsimalur mniSvnelobas 
d1=9.31 Ǻ, xoli meore maqsimumi Seesabameba d2=5.37 Ǻ, romlis mniSvneloba 
ufro  rTuli xasiaTisaa da gansazRvravs rogorc SigajaWvur, agreTve at-
omTa Soris urTierTqmedebebs. sinTezirebuli oligomerebi warmoadgenen 
erTfazian amorful sistemebs [156].   

reaqciis pirobebis Secvla an katalizatori ar axdens arsebiT gavle-
nas oligomerebis jaWvTaSorisi manZilebis cvlilebaze. 

 

naxazi 47. XXI oligomeris gel-SeRwevadi qromatografiuli  
mrudebi 

Catarebulia XXI oligomeris gel-SeRwevadi qromatografiuli gamok-
vleva. 47-e naxazze mocemulia XX  oligomeris gel-SeRwevadi qromatogra-
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fiuli mrudi, romelsac gaaCnia bimodaluri molekulur-masuri ganawile-
ba. gansazRvrulia saSualo molekuluri masis sidide, romelic Seadgens: 

n7,70x10
3
,=2,97x104 xolo polidispersoba Seadgens D=3.8. meTilhidrid-

siloqsanis 5-vinil-2-norbornenTan sruli hidrosililirebis dros miRebu-
li oligomeris molekuluri masa unda Seadgendes 6462. napovni saSualo 
molekuluri masa 4,6-jer aRemateba sruli hidrosililirebis dros miRebu-
li oligomeris molekulur masas. yovelive es miuTiTebs imaze, rom hidro-
sililirebis mimdinareobisas adgili aqvs makromolekulaTSoris hidrosi-
lilirebas, romlis drosac warmoiqmneba gantotvili agebulebis polime-
ri. garda amisa gantotvis reaqciebi mimdinareobs aseve Si-H bmis homodehid-
rokondensaciis reaqciebiTac platinaqlorwyalbad mJavas gamoyenebis SemT-
xvevaSi, rac TanxvdenaSia literaturul monacemebTan [150]. 

 

amrigad, Cvens mier pirvelad iqna Seswavlili polimeTil-
hidridsiloqsanis hidriduli mierTebis reaqciebi 5-vinil-2-
norbornenTan sxvadasxva katalizatorebis Tanaobisas da mo-
reagire komponentebis sxvadasxva Tanafardobisas. dadgenilia, 
rom hidrosililirebis reaqcia nawilobriv mimdinareobs mak-
romolekulaTSorisi hidrosililirebiT. sinTezirebulia gan-
totvili agebulebis Termoreaqtiuli meTilsiloqsanuri oli-
gomerebi ujeri fragmentebiT gverdiT jaWvSi. modelur reaq-
ciebze qvantur-qimiuri gaTvlebiT da oligomerebis bmr speqt-
rebiT dadgenilia, rom hidrosililireba mimdinareobs oTxive 
mimarTulebiT: yvelaze upiratesad markovnikovis wesis mixed-
viT, Semdgom norbornenis fragmentTan da yvelaze bolos ki 
farmeris gziT. sinTezirebuli oligomerebi romlebic gver-
diT jaWvSi Seicaven ujer bmebs SeiZleba warmatebiT gamoyene-
bul iqnan rogorc gamkerav agentebad, aseve karbojaWvuri po-
limerebis modifikatorebad. 
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2.5. meTilhidridsiloqsanis hidrosililirebis 
reaqcia alilcianidTan 

 
saintereso TvisebebiT xasiaTdebian savarcxlismagvari polimerebi, sa-

dac ZiriTad siloqsanur matricasTan mierTebulia sxvadasxva sigrZis or-
ganuli ganStoebebi eleqtrodonoruli jgufebiT gerdiT jaWvSi. aseTi 
eleqtrodonoruli bunebis mqone polieTilenglikoluri gverdiTi gantot-
vebi xsnian liTiumis marilebs maRali koncentraciiT, martiveTeruli Jang-
badis kooperaciuli urTierTqmedebiT liTiumis ionebTan, rac Tavis mxriv 
aseTi polimerebis ionur gamtareblobas zrdis. saintereso iyo meTilsi-
loqsanis gverdiT jaWvSi propilcianiduri jgufis Seyvana, sadac nitri-
lur jgufSi Semavali azotis atomi igive donoruli bunebisaa. 

Cveni samuSaos mizans warmoadgenda meTilsiloqsanuri oligomerebis 
sinTezi 3-cianopropilis jgufebiT gverdiT jaWvSi. am mizniT, Cvens mier 
Seswavlilia oligomeTilhidrosiloqsanis hidrosililirebis reaqciebi 
alilcianidTan karstedis katalizatoris Tanaobisas. 

sawyis produqtebad hidrosililirebis reaqciebSi gamoyenebul iqna 
trimeTilsiloqsijgufebiT blokirebuli polimeTilsiloqsani da alilci-
anidi. 

,-bis(trimeTilsiloqsi)meTilhidridsiloqsanis alilcianidTan hid-
rosililirebis reaqcias vatarebdiT sxvadasxva temperaturul intervalSi 

60C,70C da 80C moreagire komponentebis 1:70 TanafardobiT. reaqciis mim-

dinareobisas vafiqsirebdiT aqtiuri Si-H bmis koncentraciis cvlilebas 
droSi. literaturuli monacemebisagan [175] gansxvavebiT, dadgenilia, rom 
hidrosililirebis reaqcia ar mimdinareobs srulad da gvrCeba reaqciaSi 

Seusvleli aqtiuri Si-H bma. Tumca aqve unda aRvniSnoT, rom trimeTilsi-

loqsi jgufebiT blokirebuli polimeTilhidrosiloqsaniT (Mn390) hidri-

duli mierTebisas alilcianidTan, Cvengan gansxvavebiT yvela aqtiuri Si-H 
bma Sedis reaqciaSi [175, 176]. 

literaturidan cnobilia, rom alilur naerTebTan hidrosililirebis 
reaqcia SeiZleba warimarTos sami ZiriTadi mimarTulebiT: ujeri bmis iz-

omerizaciiT, -mierTebiT – markovnikovis wesiT da -mierTebiT anti-marko-
vnikoviT anu farmeris wesiT Semdegi sqemiT: 

Si H + CH2=CH-CH2

CH3-CH=CH

izomerizacia

Si CH2 CH2 CH2

mierTeba

(anti-markovnikovi)

Si CH CH2

CH3

mierTeba
(markovnikovi)  

sqema 14. Si-H bmis mierTebis reaqciebi alilwarmoebulTan 
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rogorc alilcianidis molekulidan Cans garda imisa, rom mas gaaCnia 
ujeri C=C bma, mas aseve gaaCnia C≡N, romelic, rogorc literaturis [177] 
monacemebidanaa cnobili, warmoadgens reaqciisunarian centrs hidrosili-
lirebis reaqciebSi katalizatoris oqtakarbonildikobaltis Tanaobisas 
Co2(CO)8.  naxevrad empiriuli qvantur-qimiuri AM1 meTodiT gaTvlil iqna 
alilcianidSi eleqtronuli maxasiaTeblebi: muxtis sidideebi naxSirbadis 
atomebze da bmis rigebi [171]. miRebuli Sedegebi gamosaxulia molekulur 
diagramaze: 

diagrama 2  
 

muxtis sidideebi, bmis rigebi da bmis sigrZeebi  
alilcianidis molekulaSi 

C1
C2

C3 C4 N

-0.21157 -0.16525

-0.04873
-0.14059

-0.04640

1.3311

1.4881

1.4469 1.1628

3.0

2.0

 

rogorc molekuluri diagramidan Cans muxtis maqsimaluri mniSvnelo-
ba SeiniSneba C1 da C2 naxSirbadis atomze. amdenad muxtebis sidididan gamo-
mdinare hidrosililirebac yvelaze ufro metad unda warimarTos naxSir-
badis 1 an 2 atomze. es miuTiTebs imaze, rom naxSirbadis aRniSnuli atome-
bi warmoadgenen gansakuTrebiT reaqciisunarian centrebs eleqtrofiluri 
mierTebisaTvis. 

hidrosililirebis reaqciebi Seswavlilia absoluturi toluolis ga-

nzavebul xsnarSi (C6,8x10
-2

 moli/l), erTeul elementur rgolze orjer 
meti alilcianidis Tanaobisas anu moreagire komponentebis 1:70 moluri 
TanafardobiT, karstedis katalizatoris Tanaobisas, inertul areSi. dad-
genilia, rom hidrosililirebis reaqcia ar mimdinareobs srulad da gark-

veuli drois Semdeg (72 sT) SeimCneoda gelis warmoqmnis reaqciebi. sareaq-
cio aredan gamoyofil iqna xsnadi nawili (75%), romelic gadaleqvisa da 
gamxsnelis mocilebis Semdeg warmoadgens ufero gamWvirvale blant siT-
xes, romelic ufro kargad ixsneba tetrahidrofuranSi, vidre toluolSi. 
igive reaqcia Catarebul iqna absoluturi tetrahidrofuranis ganzavebul 
xsnarSi, karstedis katalizatoris Tanaobisas, inertul areSi. magram aqac 

ori kviris ganmavlobaSi yvela aqtiuri Si-H bma ar Sedis hidrosililire-

bis reaqciaSi (10%) da adgili aqvs gakervis reaqciebs. 
gakervis reaqciebi, rogorc cnobilia [177] SeiZleba ganxorcieldes 

narCeni aqtiuri Si-H bmis molekulaTSorisi mierTebiT cianidur jgufze 

an Si-H bmis molekulaTSorisi dehidrokondendensaciis reaqciiT [170].  
miRebuli oligomerebis Sedgeniloba da aRnagoba dadgenilia element-

uri analiziT, furie gardaqmnis iw, 
1
H, 

13
C da 29Si speqtruli gamokvlevebiT.   

oligomerebis furie gardaqmnis iw speqtrSi (naxazi 48) SeimCneva STan-

Tqmis zoli 1040 sm-1 ubanSi damaxasiaTebeli xazovani Si-O-Si bmis asimet-
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riuli valenturi rxevebisaTvis, 1263 sm-1 ubanSi damaxasiaTebeli Si-CH3 
bmisaTvis, 2865 sm-1 ubanSi STanTqmis zoli damaxasiaTebeli –CH2– bmisaT-
vis, STanTqmis zoli 2247 sm-1 ubanSi damaxasiaTebeli cianiduri –CN jguf-
is valenturi rxevebisaTvis. speqtrSi SeimCneva aseve STanTqmis zoli 2160 

sm-1 ubanSi, damaxasiaTebeli reaqciaSi Seusvleli Si-H bmisaTvis, trimeTi-
lsililirebuli jgufisaTvis damaxasiaTebeli STanTqmis zoli 840 sm-1 ub-
anSi  da STanTqmis zoli 2976 sm-1 ubanSi, romelic damaxasiaTebelia valen-
turi rxevebisaTvis –CH3 jgufSi [153-155]. 

 

    naxazi 48. XXVIII oligomeris furie gardaqmnis iw speqtri.  

XXVIII oligomerisaTvis Catarebulia 1
H bmr speqtruli gamoklvleva,  

 

naxazi 49. XXVIII oligomeris 1
H bmr speqtri (CDCl3-Si) 
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49-e naxazze SeimCneva trimeTilsililis jgufebis -SiCH3 (3H) da –Si(CH3)3 
STanTqmisaTvis damaxasiaTebeli dubleturi da multipleturi signali qi-

miuri wanacvlebiT =0.12-0.095 vmn, markovnikovis wesiT mierTebisas meTilis 
protonebisaTvis (fragmentSi =CHCH3) damaxasiaTebeli dubleturi signali 

qimiuri wanacvlebiT =1.15 vmn, aseve SeimCneva farmeris wesiT miRebuli 
produqtisaTvis damaxasiaTebeli dubleturi signali (_Si-CH2_ fragmentSi) 

qimiuri wanacvlebiT =0.74 vmn. speqtrSi aseve SeimCneva multipleturi sig-

nali qimiuri wanacvlebiT =2.40 vmn. 1
H bmr speqtridan gamomdinare hidro-

sililireba umTavresad mimdinareobs farmeris wesiT. Tanafardoba markov-
nokovis da farmeris wesiT mimdinare reaqciebs Soris Seadgens 15:85. 

XXVIII oligomeris 13
C speqtrSi Si-CH2-CH2-CH2CN (farmeris wesiT mier-

Teba) Si-CH(CH3)CH2CN (markovnikovis wesiT mierTeba) SeimCneva rezonansuli 

signalebi qimiuri wanacvlebiT -0.1 vmn damaxasiaTebeli siliciumis atom-
Tan dakavSirebuli meTilis jgufis naxSirbadis atomisaTvis, signalebi wa-

nacvlebiT 119 vmn CN cianiduri jgufisaTvis, 21,0 vmn cianidur jgufT-
an dakavSrebul meTilenuri jgufis naxSirbadis atomisaTvis -CH2-Tvis, si-

gnalebi 16,1 da 16,2 vmn damaxasiaTebelia CH- da -CH3 fragmentSi Semava-

li naxSirbadis atomebisaTvis, 19,5 vmn siliciumTan dakavSirebuli -CH2-

Tvis (naxazi 50). 

 
            naxazi 50. oligomeris 13

C speqtri.  

oligomerebis 29Si bmr speqtrSi, naxazi 51 SeimCneva Me3SiO jgufisaTvis 

damaxasiaTebeli signali qimiuri wanacvlebiT 9.5 vmn ubanSi, Si-O-Si bmi-

saTvis damaxasiaTebeli signalebi qimiuri wanacvlebiT -21-23 da -36.2 

vmn ubanSi. aseve SeimCneva signali qimiuri wanacvlebiT -13.8 vmn-Si, rac 

Si-H bmebis homodehidrokondensaciiT SeiZleba warmoiqmnas. miRebuli Sede-
gebi TanxvdenaSia literaturul monacemebTan [150]. 



 

98 

 

       
naxazi 51.  oligomeris 29Si bmr speqtri. 

amdenad meTilhidridsiloqsanis hidriduli mierTebis reaqcia alil-
cianidTan zogadad SeiZleba gamoisaxos Semdegi sqemiT [178]: 

sqema 15 

meTilhidridsiloqsanis hidriduli mierTebis reaqcia alilcianidTan 

Me3SiO SiMe(H)O SiMe3
m

n CH2=CH-CH2-CN+
Cat

 

         

Me3SiO Si O Si

Me

O

C2H4

Me

CH2 (a)

(b)

CN

Si

H

Me

O SiMe3

(c)

(x)
 

sadac: [(a)+(b)+(c)](x)=m=30; 60
0
C - XXVIII

1
, 70

0
C - XXVIII

2
, 80

0
C - XXVIII; 80

0
C – XXIX. 

xsnadi nawilis gamotanis Semdeg oligomerebi, gadaleqil iqna n-heqsa-

niT. siblanteebi Sesabamisad tolia xv=0.08-0.10. sinTezirebuli oligomere-
bi warmoadgenen gamWvirvale blant siTxeebs, romlebic kargad ixsnebian 
wyalSi. sinTezirebuli oligomerebis Sedgeniloba da aRnagoba dadgenil 
iqna funqciuri da elementuri analiziT, furie gardaqmnis iw da bmr re-
zonansis speqtruli monacemebiT. oligomerebis zogierTi fizikur-qimiuri 
Tvisebebi mocemulia cxrilSi 11. 

cxrili 11 

oligomerebis zogierTi fizikur-qimiuri Tviseba 

# gamosa- 
vali, %

 
xv*

 Tg,
 0

C
 

M** Mn 
PD 

XXVIII
1 

 

82 0.09 - - - 
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XXVIII
2 

79 0.09 - - - 

XXVIII 

 

75 0.10 -140.4 8,531x10
3 

 

4,718x10
3 

 (1.8) 

XXIX 

 

81 0.10 -140.9 8,586x10
3 

 

4,761 x10
3 

 (1.8) 

*1 %-ian toluolis xsnarSi 250
C-ze. 

dadgenil iqna, rom temperaturis gazrdasTan erTad 60C -dan 80C -mde 
wyalbadis konversia izrdeba 74%-dan 88%-mde.  

 

naxazi 52. aqtiuri Si-H bmis koncentraciis Semcireba droSi meTil-
hidridsiloqsanis hidriduli mierTebisas alilcianidTan sxvadasxva 
temperaturaze. mrudi 1 Seesabameba 80

0
C, 2 -70

0
C da mrudi 3 – 60

0
C  

52-e naxazidan Cans, rom 80
0
C-ze alilcianidTan hidrosililirebisas 

reaqciaSi Seusvleli aqtiuri Si-H bmis bmis koncentracia 20%-ia. xolo 
80

0
C-ze 30% e.i. temperaturis gazrdasTan erTad hidrosililirebis reaqci-

is siRrme izrdeba. 
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naxazi 53. koncentraciis Sebrunebuli sididis damokidebuleba dro-
ze, meTilhidridsiloqsanis hidriduli mierTebisas alilcianidTan. 

sadac 1 mrudi Seesabameba 800C, mrudi 2 - 70
0
C xolo mrudi 3 - 60

0
C  

53-e naxazze mocemulia koncentraciis Sebrunebuli sididis damokide-
buleba droze, meTilhidridsiloqsanis hidriduli mierTebisas alilcian-
idTan. 

dadgenil iqna, rom hidrosililireba sawyis stadiaze aris meore rig-

is. gaTvlilia hidrosililirebis reaqciis siCqaris mudmivebi: k60C2,00x10
-3

; 

k70C3,0119x10
-3

; k80C3,9881x10
-3moli/lsek da temperaturuli koeficienti 1,4. 

reaqciis siCqaris mudmivas logariTmis temperaturis Sebrunebul si-
didesTan damokidebulebidan, gaTvlil iqna hidrosililirebis reaqciis 

aqtivaciis energia romelic Seadgens Eaqt33,757 kj/moli.  

            

          naxazi 54. reaqciis siCqaris mudmivas logariTmis tempe- 
       raturis damokidebuleba Sebrunebul sididesTan 

oligomerisaTvis Catarebulia gel-SeRwevadi qromatografiuli gamok-
vleva. 55-e naxazze mocemulia XXVIII oligomeris molekulur-masuri gana-
wilebis diferencialuri mrudi, saidanac Cans, rom XXVIII oligomers gaaC-
nia farTo monomodaluri molekulur-masuri ganawileba. 
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naxazi 55. XXVIII oligomeris gel-SeRwevadi qromatografiuli mrudi 

gansazRvrulia saSualo molekuluri masebi da polidispersuloba, 

romelic Seadgens:Mn=4,761x10
3
,Mn=4,718x10

3
,M= 8,531x10

3
,M=8,586x10

3
; dete-

qtorebad gamoyenebulia ultraiisferi da infrawiTeli gamosxiveba Sesaba-
misad.  

sruli hidrosililirebisas miRebuli oligomeris molekuluri masa 
ar unda aRematebodes 4,6 x10

3
. gazrdili molekuluri masa molekulaTSori-

si gantotviT SeiZleba aixsnas. miRebuli oligomerebis molekulur-masuri 
ganawilebis mrudi monomodaluri xasiaTisaa da polidispersulobis xa-
risxi Seadgens D=1,79-1,83. 

saSualo ricxviTi molekuluri masa aRemateba sruli hidrosililire-
bis gziT miRebuli oligomeris molekulur masas, rac miuTiTebs gantot-
vis reaqciebis mimdinareobaze. gantotvis reaqciebis warmarTva SesaZlebe-

lia, rogorc Si-H bmis xarjze [150], aseve hidrosililirebiT nitrilis 
jgufze, Tumca bmr speqtrSi Cven es mimdinareoba ver davafiqsireT. 

zogierTi oligomerisaTvis Catarebul iqna diferencialur-skanireba-
di kalorimetriuli gamokvlevebi. 56-e naxazze mocemulia oligomerebis 
diferencialur skanirebadi kalorimetriuli mrudi, sadac SeimCneva endo-
Termuli piki, romelic Seesabameba oligomeris gaminebis temperaturas da 

Seadgens -136-1410C, aseve SeimCneva egzoTermuli gadasvla, romelic Seesab-

ameba oligomerebis lRobis temperaturas intervalSi -59-66,70C. 

    

naxazi 56. oligomeris dsk mrudebi (gacxelebiT da gacivebiT ska-

nirebis siCqare 10 grad/wT). sadac 1 mrudi Seesabameba XXVIII2, 2 See-
sabameba XXVIII da 3 Seesabameba XXIX oligomers 

sinTezirebuli oligomerebisaTvis Catarebulia Termogravimetruli 

gamokvlevebi. 5% masis danakargi SeimCneva 250-2800C temperaturul inter-
valSi. destruqciis ZiriTadi procesi mimdinareobs 320-500

0
C intervalSi.  

meTilhidridsiloqsanis alilcianidTan hidriduli mierTebis reaqci-
is sruli daxasiaTebisaTvis, Cvens mier naxevradempiriuli qvantur-qimiuri 
meTodiT AM1, Catarebul iqna Teoriuli gaTvlebi [171]. modelur reaqciaSi 
meTildimeToqsisilanis [Me(MeO)2SiH] hidrosililirebisas alilcianidTan, 
gaTvlil iqna yvela sawyisi, Sualeduri da saboloo produqtisaTvis war-

1 
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moqmnis siTboebi (f), sistemis energiis cvlileba () C-Si bmis manZilis 
cvlilebisas (RC-Si), agreTve muxtebis mniSvnelobebi (qi) atomebze, dipoluri 

momentebi () da bmis rigebi (Pij). qvantur-qimiuri gaTvlebiT miRebuli Sede-
gebi mocemulia 12, 13 da 14 cxrilebSi. 

modelur reaqciaSi hidrosililireba ganxilul iqna sami mimarTuleb-
iT – farmeris da markovnikovis wesis mixedviT, da agreTve alilcianidis 
nitrilis jgufis sammag bmasTan mierTebis mimarTulebiT.  

farmeris wesis mixedviT modeluri reaqcia mimdinareobs me-16 sqemis 
mixedviT. 

sqema 16 

meTildimeToqsisilanis alilcianidTan hidrosililirebis modeluri 
reaqcia farmeris wesis mixedviT 

 

57-e naxazze mocemulia moreagire komponentebis sawyisi mdgomareoba. 
ormag bmasTan mdgom naxSirbadsa (C1) da siliciumis atoms Soris manZili 
aRebul iqna 1,0 Å-iT meti, vidre bmis manZili saboloo produqtSi. manZil-
is cvlileba (RC

1
-Si) siliciumis atomsa da ormag bmasTan mdgom naxSirbadis 

(C1) atoms Soris xdeboda 0,05 Å-is intervaliT.  

 

naxazi 57. meTildimeToqsisilanis alilcianidTan hidrosililirebis 
modelur reaqciaSi monawile monomerebis sawyisi mdgomareoba (farmeris 

wesi) 
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sistemis energiis cvlilebis () damokidebuleba manZilze (RC-Si) sili-
ciumis atomsa da ormag bmasTan mdgom naxSirbadis atoms Soris mocemulia 
58-e naxazze. 

 

 naxazi 58. sistemis energiis cvlilebis damokidebuleba () silici-
umis da naxSirbadis atomebs Soris manZilze (RC-Si), meTildimeToqsisi-
lanis hidrosililirebisas alilcianidTan (modelur reaqciaSi) far-
meris wesiT. 

58-e naxazidan Cans, rom siliciumis atomis miaxloebisas naxSirbadis 
(C8) atomTan RC-Si=2,25 Å manZilamde, sistemis energia izrdeba, bmis rigi C1 da 
C2 atomebs Soris alilcianidis molekulaSi izrdeba. aseve mcirdeba bmis 
rigi siliciumis atomsa da wyalbads Soris (RSi-H=0.920660-0.754147) da mode-
lur nivTierebaSi SeimCneva axali bmis warmoqmna (PC-Si =0.015734 -0.098472 da 

PC 7 -H=0.000896-0.067895). siliciumis atomsa da naxSirbadis (C1) atoms Soris 

2,20 Å manZilze sistemis energia mkveTrad mcirdeba, ormagi bma gadadis or-
dinarul С-С bmaSi (РС

1
-С 2  =1.011254) da bmis rigi siliciumis da naxirbadis 

(C1) atomebs Soris aRwevs 0.848259-s. amgvarad wyalbadis atomi srulad 
wydeba siliciumis atoms (РSi-H=0.003675) da uerTdeba naxSirbadis atoms C1 

mdgomareobaSi (РС
1
-Н= 0.943567). 
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naxazi 59. meTildimeToqsisilanis alilcianidTan hidrosililirebis 
modelur reaqciaSi farmeris wesiT miRebuli produqtis struqtura 

siliciumisa da naxSirbadis (C1) atomebs Soris manZilis Semdgomi Sem-
cirebisas sistemis energia mcirdeba da xdeba warmoqmnili axali bmebis 
ganmtkiceba. 59-e naxazze mocemulia meTilhidrdsiloqsanis alilcianidTan 
hidrosililirebis modelur reaqciaSi farmeris wesiT miRebuli produqt-
is struqtura. 

Cvens mier aseve ganxilulia markovnikovis wesis mixedviT mimdinare hi-
driduli mierTebis modeluri reaqcia meTildimeToqsisilansa da vinilci-
kloheqsens Soris. reaqcia mimdinareobs me-17 sqemis mixedviT.  

sqema 17 

meTildimeToqsisilanis alilcianidTan hidrosililirebis modeluri 
reaqcia markovnikovis wesis mixedviT 

 

me-60 naxazze mocemulia sistemis energiis cvlilebis () damokidebu-
leba siliciumisAda naxSirbadis (C7) atomebs Soris manZilze.  

 

naxazi 60. meTildimeToqsisilanis alilcianidTan hidrosililirebis 
modelur reaqciaSi monawile monomerebis sawyisi mdgomareoba 
(markovnikovis wesi) 

manZili siliciumis da naxSirbadis (C7) atomebs Soris aRebul iqna 1,0 
Å-iT meti, vidre bmis manZili saboloo produqtSi. manZilis cvlileba si-

liciumis atomsa da ormag bmasTan mdgom naxSirbadis (RC 7 -Si) atoms Soris 

xdeboda 0,05 Å-is intervaliT. moreagire monomerebis sawyisi mdgomareoba 
mocemulia me-60 naxazze. 

 rogorc 61-e naxazidan Cans, analogiurad farmeris wesis mixedviT 
mimdinare reaqciisa, siliciumis atomis miaxloebisas naxSirbadis (C2) at-
omTan RC-Si=2,26 manZilamde, sistemis energia izrdeba. rigi C1 da C2 atomebs 
Soris alilcianidis molekulaSi mcirdeba 1.931992 -dan 1.636679–mde. bmis 
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rigi siliciumis atomsa da wyalbads Soris aseve mcirdeba (RSi-H=0.875806-
0.652722) da SeimCneva axali bmis warmoqmna (PC-Si=0.020510-0.115878) da PC

1
-

H=0.0004-0.077709). siliciumis atomsa da naxSirbadis (C2) atoms Soris 2.21 Å 

manZilze sistemis energia mkveTrad izrdeba, ormagi bma gadadis erTmagС-С 

bmaSi (РС
1

-С
2
=1.007607) da bmis rigi siliciumis da naxSirbadis (C2) atomebs 

Soris aRwevs 0.824817-s. wyalbadis atomi srulad wydeba siliciumis atoms 
(РSi-H =0.009833) da uerTdeba naxSirbadis atoms C1 (РС

1
-Н=0.824817). 

 

naxazi 61. sistemis energiis cvlilebis damokidebuleba () 
siliciumis da naxSirbadis atomebs Soris manZilze (RC-Si), 

meTildimeToqsisilanis hidrosililirebisas alilcianidTan, 
modelur reaqciaSi, markovnikovis wesiT 

62-e naxazze mocemulia meTildimeToqsisilanis alilcianidTan hidro-
sililirebisas markovnikovis wesiT miRebuli XXXI produqtis struqtura.  

 

 naxazi 62. meTildimeToqsisilanis alilcianidTan hidrosililirebis 
modelur reaqciaSi markovnikovis wesiT miRebuli XXXI produqtis 
struqtura 

analogiurad iqna Catarebuli Teoriuli gaTvlebi hidrosililirebis 
reaqciis mimdinareobisaTvis C-N bmasTan mierTebis mimarTulebiT. 
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sqema 18 

meTildimeToqsisilanis alilcianidTan hidrosililirebis modeluri 
reaqcia nitrilis jgufTan mierTebisas 

 

analogiurad nitrilis jgufis naxSirbadsa da ormag bmasTan mdgom 
naxSirbadsa Soris manZili aRebul iqna 1,0 Å-iT meti, vidre bmis manZili 
saboloo produqtSi. manZilis cvlileba (RC

4
-Si) siliciumis atomsa da samm-

ag bmasTan mdgom naxSirbadis (C4) atoms Soris xdeboda 0,05 Å-is interval-
iT. 63-e naxazze mocemulia moreagire komponentebis sawyisi mdgomareoba: 

 
naxazi 63. meTildimeToqsisilanis alilcianidTan hidrosililirebis 

modelur reaqciaSi monawile monomerebis sawyisi mdgomareoba (CN 
jgufTan mierTeba) 
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naxazi 64. sistemis energiis cvlilebis damokidebuleba () 
siliciumis da naxSirbadis atomebs Soris manZilze (RC-Si), meTil-
dimeToqsisilanis hidrosililirebisas alilcianidTan, modelur 
reaqciaSi, markovnikovis wesiT 

agebulia sistemis energiis cvlilebis damokidebulebis ()  grafiki 

siliciumis da naxSirbadis atomebs Soris manZilze (RC-Si). 
sabolood mierTebis produqts aqvs aseTi saxe: 

 
naxazi 65. meTildimeToqsisilanis alilcianidTan hidrosililirebis 

modeluri reaqciis saboloo produqti XXXII (CN jgufTan 
mierTeba) 

yvela modeluri reaqciisaTvis gaTvlil iqna aqtivaciis energiebi 

H
* da reaqciebis siTburi efeqtebi H. farmeris wesiT reaqciis war-

marTvis SemTxvevaSi aqtivaciis energia tolia H
*
=146.31kj/moli da siT-

buri efeqti H=188.69 kj/moli, xolo markovnikovis wesis mixedviT mimdi-

nare reaqciisas siTburi efeqti tolia H=170.912 kj/moli, xolo aqtiva-

ciis energia H*=133.731 kj/moli.  
aseve gaTvlilia nitrilis jgufTan mierTebis reaqciis aqtivaciis en-

ergia da reaqciis siTburi efeqti: H
*
=254.409731kj/moli, H= 65.54488 

kj/moli.  
mocemuli gaTvlebi miuTiTebs reaqciis upirates mimdinareobaze far-

meris wesis mixedviT, rac aseve TanxvdenaSia bmr speqtrul gamokvlevebTan. 
Semdgom, yvelaze saalbaToa mierTeba markovnikovis wesis mixedviT da ag-
reTve dasaSvebia mierTeba alilcianidis molekulis nitrilis jgufis sam-
mag bmasTanac, rac TanxvdenaSia literaturul monacemebTan. 
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cxrili 12 

energiis () cvlilebis damokidebuleba siliciumisa da naxSirbadis atomebs Soris manZilze (RC-Si), atomebze 

muxtis sidideebi (q), dipoluri momentebi () da bmis rigebi (Pij), meTildimeToqsisilanis alilcianidTan 
hidriduli mierTebis modelur reaqciaSi markovnikovis wesis mixedviT 

 
R2-11 R1-17  H q1 q2 q11 q17  P1-2 P11-17 P1-17 P2-11 

2.81 2.11 -419 -0.176264 -0.224402 1.380385         -0.261451         2.477 1.334951    1.452415    2.118789    2.815863    

2.76 2.06 -415 -0.171128 -0.232165         -1.381632         -0.261781         2.454 1.335727    1.453278    2.068789    2.765863    

2.71 2.01 -410 -0.163173         -0.242312         -1.383840         -0.262638         2.396 1.336657    1.454633    2.018789    2.715863    

2.66 1.96 -404 -0.153790         -0.254423         -1.386273         -0.263597         2.315 1.337810    1.456372    1.968789    2.665863    

2.61 1.91 -396 0.143210         -0.268513         -1.389340         -0.264663         2.235 1.339239    1.458635    1.918789    2.615863    

2.56 1.86 -386 -0.131167         -0.285068         -1.393591         -0.266096         2.165 1.341001    1.461509    1.868789    2.565863    

2.51 1.81 -375 -0.116824 -0.304860 -1.399555 -0.268160 2.092 1.343169    1.465214    1.818789    2.515863    

2.46 1.76 -361 -0.099125 -0.329093 -1.409023 -0.272118 2.033 1.345786    1.470045    1.768789    2.465863    

2.41 1.71 -344 -0.078330 -0.358416 -1.421838 -0.276818 1.982 1.349337    1.476199    1.718789    2.415863    

2.36 1.66 -326 -0.052322 -0.395432         1.441613         -0.284181         1.946 1.354019    1.484581    1.668789    2.365863    

2.31 1.61 -306 -0.018577         -0.444170         1.474147         -0.296451         1.958 1.360574    1.496863    1.618789    2.695601    

2.26 1.56 -285 0.028618         -0.513742         1.530062         -0.315944         2.049 1.371596    1.518323    1.568789    2.265863    

2.21 1.51 -393 -0.208891         -0.360564         1.344188         0.047108         4.001 1.472395    2.679632    1.518789    2.215863    

2.16 1.46 -429 -0.210345         -0.373470         1.358779         0.053839         3.906 1.475502    2.699905 1.468789    2.165863    

2.11 1.41 -464 -0.209651         -0.387315         1.372931         0.058706         3.802 1.478203    2.729916    1.418789    2.115863    

2.06 1.36 -496 -0.207920         -0.402403         1.388169         0.062585         3.683 1.480890    2.778343    1.368789    2.065863    

2.01 1.31 -525 -0.207716         -0.418754         1.405755         0.067589         3.572 1.484292    2.828541    1.318789    2.015863    

1.96 1.26 -571 -0.207781         -0.436676         1.424861         0.072676         3.449 1.488272    2.872955    1.268789    1.965863    

1.91 1.21 -585 -0.207490         -0.456382         1.445472         0.077235         3.314 1.492778    2.910392    1.218789    1.915863    

1.86 1.16 -590 -0.206445         -0.477907         1.467110         0.080667         3.180 1.497859    2.899216    1.168789    1.865863    

1.81 1.11 -584 -0.204325         -0.501126         1.489471         0.083033 3.012 1.503476    2.887244    1.118789    1.815863    

1.76 1.06 -564 -0.200907         -0.525868         1.512613         0.084510 2.839 1.509707    2.875895    1.068789    1.765863    
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cxrili 13 

energiis () cvlilebis damokidebuleba siliciumisa da naxSirbadis atomebs Soris manZilze (RC-Si), atomebze 

muxtis sidideebi (q), dipoluri momentebi () da bmis rigebi (Pij), meTildimeToqsisilanis alilcianidTan 
hidriduli mierTebis modelur reaqciaSi farmeris  wesis mixedviT 

R1-11 R2-17  H q1 q2 q11 q17  P1-2 P11-17 P1-11 P2-17 

2.80 2.12 -417.68001 -0.235919 -0.156576 1.354069 -0.204275 2.873 1.955042 0.920660 0.015734 0.000896 
2.75 2.07 -411.85248 -0.244463 -0.150923 1.355838 -0.205916 2.837 1.952765 0.919716 0.018515 0.001374 
2.70 2.02 -405.61007 -0.255283 -0.144137 1.362842 -0.208217 2.840 1.948813 0.918285 0.022137 0.002191 
2.65 1.97 -398.18804 -0.267450 -0.136102 1.367887 -0.212027 2.849 1.943309 0.914885 0.026394 0.003335 
2.60 1.92 -389.64732 -0.280823 -0.127240 1.372475 -0.215510 2.839 1.936604 0.910660 0.031147 0.004846 
2.55 1.87 -379.58502 -0.296487 -0.116616 1.376890 -0.218808 2.828 1.928842 0.905641 0.036356 0.006804 
2.50 1.82 -367.56883 -0.314165 -0.104105 1.381733 -0.222110 2.758 1.920094 0.899683 0.042020 0.009303 
2.45 1.77 -353.31406 -0.337725 -0.087019 1.385327 -0.228561 2.708 1.907590 0.888659 0.048851 0.013310 
2.40 1.72 -336.51390 -0.363805 -0.067865 1.394942 -0.234392 2.639 1.892363 0.877162 0.056607 0.018277 
2.35 1.67 -317.03769 -0.398201 -0.042600 1.409471 -0.243670 2.618 1.869134 0.858219 0.066393 0.026271 
2.30 1.62 -295.00870 -0.441877 -0.010578 1.433604 -0.257135 2.587 1.833351 0.828742 0.079093 0.038953 
2.25 1.57 -271.36132 -0.513123 0.042185 1.487977 -0.292946 2.450 1.757560 0.754147 0.098472 0.067895 
2.20 1.51 -408.12653 -0.420840 -0.128824 1.339178 0.043117 3.134 1.011254 0.003675 0.848259 0.943567 
2.15 1.46 -444.66410 -0.434838 -0.131345 1.354794 0.052424 3.053 1.008332 0.002109 0.849449 0.947873 
2.10 1.42 -479.44069 -0.450076 -0.133844 1.371077 0.060862 2.986 1.006123 0.001168 0.849746 0.951300 
2.05 1.37 -512.07803 -0.467196 -0.136558 1.388391 0.069873 2.913 1.004180 0.000606 0.849516 0.954365 
2.00 1.32 -541.55550 -0.485184 -0.137688 1.406855 0.075391 2.817 1.002687 0.000443 0.848283 0.956403 
1.95 1.27 -567.09598 -0.504731 -0.138030 1.426331 0.080246 2.721 1.001249 0.000329 0.846491 0.958398 
1.90 1.22 -587.50733 -0.525887 -0.137291 1.446734 0.083846 2.622 0.999868 0.000296 0.844022 0.960237 
1.85 1.17 -601.25718 -0.548615 -0.135468 1.468036 0.086734 2.527 0.998420 0.000256 0.841060 0.962142 
1.80 1.12 -606.37030 -0.572913 -0.132454 1.490149 0.088764 2.422 0.996904 0.000231 0.837755 0.964066 
1.75 1.07 -600.36363 -0.598685 -0.128167 1.512691 0.089707 2.319 0.995279 0.000224 0.834143 0.965971 
1.70 1.02 -580.19149 -0.625881 -0.122535 1.536026 0.089713 2.215 0.993474 0.000218 0.830168 0.967894 
1.65 0.97 -542.19616 -0.654468 -0.115439 1.559575 0.088818 2.096 0.991453 0.000211 0.826187 0.969857 
1.60 0.92 -482.03396 -0.684210 -0.106929 1.583894 0.087110 2.000 0.989126 0.000221 0.822108 0.971804 
1.55 0.87 -394.54068 -0.715256 -0.096820 1.608207 0.084399 1.903 0.986432 0.000213 0.818018 0.973770 
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cxrili 14 

energiis () cvlilebis damokidebuleba siliciumisa da naxSirbadis atomebs Soris manZilze (RC-Si), atomebze 

muxtis sidideebi (q), dipoluri momentebi () da bmis rigebi (Pij), meTildimeToqsisilanis alilcianidTan 
hidriduli mierTebis modelur reaqciaSi CN  mimarTulebiT 

R11-4 R17-5  H q11 q17 q4 q5  P11-17 P4-5 P11-4 P17-5 

2.80 2.25 -410.56946 1.363792 -0.191816 -0.097756 -0.074460 3.698 0.921878 2.864852 0.020593 0.001488 
2.75 2.20 -405.46544 1.362023 -0.190939 -0.101181 -0.071790 3.664 0.921420 2.861992 0.022964 0.001711 
2.70 2.15 -399.24942 1.360088 -0.189852 -0.105913 -0.068093 3.630 0.920995 2.859114 0.025550 0.002009 
2.65 2.10 -391.68305 1.358032 -0.188808 -0.111847 -0.063420 3.590 0.920445 2.856046 0.028404 0.002404 
2.60 2.05 -382.49778 1.355938 -0.187826 -0.118959 -0.057804 3.545 0.919710 2.852652 0.031559 0.002930 
2.55 2.00 -371.40282 1.353385 -0.186864 -0.127390 -0.051107 3.493 0.918688 2.848744 0.035086 0.003643 
2.50 1.95 -358.06715 1.351384 -0.185880 -0.137084 -0.043427 3.440 0.917374 2.844216 0.038981 0.004602 
2.45 1.90 -342.17935 1.349306 -0.185004 -0.147969 -0.034855 3.379 0.915459 2.838656 0.043379 0.005895 
2.40 1.85 -323.48013 1.345126 -0.185235 -0.160429 -0.025298 3.283 0.911864 2.831635 0.048416 0.007672 
2.35 1.80 -301.71877 1.343353 -0.187433 -0.174642 -0.014763 3.148 0.905738 2.822713 0.054167 0.010131 
2.30 1.75 -276.65002 1.342729 -0.186899 -0.191392 -0.002178 3.067 0.900014 2.811415 0.060813 0.013609 
2.25 1.70 -248.31558 1.343964 -0.188105 -0.211559 0.012243 2.954 0.890976 2.797699 0.068153 0.018487 
2.20 1.65 -216.87603 1.348829 -0.190875 -0.235496 0.028082 2.807 0.876716 2.776826 0.077457 0.025875 
2.15 1.60 -186.25980 1.357797 -0.204238 -0.271295 0.040819 1.968 0.839127 2.734591 0.093870 0.043990 
2.10 1.55 -151.46853 1.375968 -0.203542 -0.309159 0.058243 1.881 0.805951 2.676129 0.113861 0.067079 
2.05 1.50 -116.15973 1.423119 -0.210373 -0.366034 0.081952 1.821 0.740671 2.574510 0.142272 0.110535 
2.00 1.45 -306.66450 1.408584 0.091021 -0.365449 -0.129032 2.417 0.027185 2.012309 0.776439 0.911058 
1.95 1.40 -347.99441 1.413191 0.136244 -0.372772 -0.152410 2.973 0.023175 2.010161 0.783470 0.901517 
1.90 1.35 -380.99408 1.437751 0.134583 -0.389948 -0.147816 2.774 0.018301 2.001555 0.786481 0.913015 
1.85 1.30 -411.64775 1.461104 0.133838 -0.407298 -0.143794 2.554 0.014404 1.994268 0.788379 0.921926 
1.80 1.25 -438.56148 1.483380 0.134296 -0.424862 -0.140294 2.336 0.011300 1.987910 0.789496 0.928663 
1.75 1.20 -459.91025 1.505951 0.135242 -0.442995 -0.136785 2.121 0.008798 1.982231 0.789755 0.933941 
1.70 1.15 -473.38140 1.527969 0.136421 -0.461640 -0.133200 1.899 0.006802 1.976821 0.789457 0.938236 
1.65 1.10 -476.11434 1.550343 0.137583 -0.480916 -0.129273 1.676 0.005207 1.971537 0.788607 0.941771 
1.60 1.05 -464.61830 1.572897 0.138677 -0.500822 -0.124994 1.437 0.003954 1.966187 0.787502 0.944736 

 



 

111 

 

 
 

amdenad, Cvens mier pirveladaa Seswavlilia ,-bis(trimeTil-
siloqsi)meTilhidridsiloqsanis hidriduli mierTebis reaqciebi 
alilcianidTan karstedis katalizatoris Tanaobisas da naC-
venebia, rom hidrosililireba ar mimdinareobs srulad da rCeba 

reaqciaSi Seusvleli aqtiuri Si-H bma, romelic monawileobas 
Rebulobs molekulaTSoris dehidrokondensaciis reaqciebSi 
gantotvili polimerebis warmoqmniT. 

oligomerebisaTvis Catarebulia gel-SeRwevadi qromatogra-
fiuli gamokvlevebi da naCvenebia hidrosililirebis reaqciis 
dros adgili aqvs gantotvili polimerebis warmoqmnas. 

qvantur-qimiuri gaTvlebiT, modelur sistemebze dadgenilia 
reaqciis upiratesi mimdinareoba farmeris wesis mixedviT, rac 
aseve TanxvdenaSia bmr speqtrul gamokvlevebTan. Semdgom, yve-
laze saalbaToa mierTeba markovnikovis wesis mixedviT da 
agreTve dasaSvebia mierTeba alilcianidis molekulis nitrilis 
jgufis sammag bmasTanac. 
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Tavi 3 
eqsperimentuli nawili 

  
disertaciis aRniSnul TavSi ganxilulia meTilsiloqsanuri oligome-

rebis sinTezi ujeri fragmentebiT gverdiT jaWvSi. 
sadisertacio naSromis Sesrulebisas gamoyenebuli nivTierebebi da ga-

mxsnelebi gasufTavebul iqna Sesabamisi meTodebiT da maTi sisufTave dad-
genil iqna duRilis temperaturebiT, gardatexis maCveneblebis mniSvnelo-
bebiTa da gaz-Txevaduri qromatografiuli analizebiT. 
 
 

3.1. instrumentuli gamokvlevebi 
 

monomeruli nivTierebebis sisufTaves vakontrolebdiT gaz-Txevadur 
qromatografze “ЛХМ-8МД”, faza СКТФТ-100 (10%), qromosorbze NAW, gaz-ma-
tarebeli – heliumi, 2 m sigrZis sveti. 

furie gardaqmnis infrawiTeli speqtrebi sinTezirebuli nivTiereb-
ebisTvis gadaRebulia iw speqtrofotometrze UR-20, vazelinSi an CCl4-Si da 
furie gardaqmnis iw speqtrometrze Nicolet Nexus 470. 

birTvuli magnituri rezonansis speqtrebi gadaRebulia speqtrofoto-
metrze – “Bruker”, samuSao sixSiriT 250 da 400 mherci, deiterirebuli qlo-
roformis an C2D2Cl4-is xsnarSi. deiterirebuli gamxsneli asrulebda agreT-
ve standartis rols. 

gel-SeRwevadi qromatografiuli gamokvlevebi Catarebulia “Waters 

Model 6000A” tipis qromatografze, romelic aRWurvili iyo R401 tipis 
diferencialuri refraqtometruli deteqtoriT, romelic Sevsebuli iyo 
103 da 104 Å “Utrastyragel”-is svetiT. nimuSis koncentracia iyo daaxloebiT 3% 
woniT toluolSi, oligoorganosiloqsanebisaTvis Sesxurebis saSualo 
moculoba Seadgenda 5 μL. miRebuli gel-SeRwevadi mrudebis standartizacia 
tardeboda cnobili molekuluri masis mqone stirolisa da polidimeTil-
siloqsanis standartebiT. 

diferencialur skanirebadi kalorimetruli gamokvlevebi Catarebul 
iqna “Perkin-Elmer-7” xelsawyoze, temperaturis matebisa da Semcirebis siCqare 
v≈10 grad/wT.  

farTokuTxovani rentgenografiuli gamokvleva Catarebul iqna xelsa-

wyoze “Дрон-2 MД”, A-CuK, gadaRebas vawarmoebdiT filtris gareSe, mobru-

nebis kuTxuri siCqare 2 grad/wT. kvlevebi Catarebul iqna saqarTvelos 
mineraluri nedleulis samecniero kvleviT institutSi. 

sinTezirebuli oligomerebisaTvis aseve Catarebulia Termogravimet-
ruli gamokvleva "Paulic - Paulic - Erday, MOM-102" sistemis derivatografze. 
temperaturis matebis siCqare v = 5 grad/wT.  

kvlevebi Catarebuli iqna Tsu makromolekulebis qimiis mimarTuleba-
ze. 
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3.2. sawyisi naxevarproduqtebis daxasiaTeba 
 
α, ω-bis(trimeTilsiloqsi)meTilhidridsiloqsani  m≈35 gamoyenebul iqna 
mza saxiT ABCR-dan. 

trietoqsivinilsilani TdR160-1610C;  nD
20

= 1.3980;  d4
20

= 0.903; gamoyenebul iqna 
mza saxiT ABCR-dan. 

trimetoqsivinilsilani TdR1230C; d4
20

 = 0.9718; gamoyenebuli iqna mza saxiT 
“Aldrich”-dan.  

4-vinil-1-cikloheqseni TdR126-1270C; TlR -1010C; gamoyenebuli iqna mza saxiT 
“Aldrich”-dan.  

5-vinil-2-norborneni TdR140-1410C; TlR -800C; gamoyenebuli iqna mza saxiT 
“Aldrich”-dan.  

alilcianidi – TdR116-1210C; TlR 870C; gamoyenebuli iqna mza saxiT “Aldrich”-
dan. 

aliloqsitrieToqsisilani TdR930C/34;   nD
20

= 1.3976. miRebul iqna 
literaturaSi cnobili meTodikiT [158]. 

aliloqsitrimeTilsilani  TdR1000C;   nD
20

= 1.3904; d4
20

= 0.7830. miRebul iqna 
literaturaSi cnobili meTodikiT [160]. 
 
 
 

3.3. α,ω-bis(trimeTilsiloqsi)meTilorganosiloqsanuri  
oligomerebi alkoqsilis jgufebiT gverdiT jaWvSi 

 

3.3.1. ,-bis(trimeTilsiloqsi)meTilhidridsiloqsanis (PMHS) hidrosi-
lilirebis reaqcia vinilalkoqsisilanebTan  

 

hidrosililirebis reaqcias vatarebdiT samyela kolbaSi, romelsac 
morgebuli hqonda ukumacivari da inertuli airis gasatarebeli mili. reaq-
cias vatarebdiT argonis areSi. sareaqcio kolbaSi movaTavseT 0.7681 g  
(0.3395 mmoli) meTilhidridsiloqsani, 2.2681 g (11.93 mmoli) viniltrieToqsi-
silani da 3 ml absoluturi toluoli. vaxdendiT sareaqcio sistemis Ter-
mostatirebas 500C temperaturaze da reaqcias vatarebdiT mudmivi morevis 
pirobebSi magnituri sarevelas saSualebiT zeTis abazanaze. reaqciis mimd-
inareobisas vsazRvravdiT ≡Si_H bmis raodenobas Cugaev-cerevitinovis cno-
bili meTodikis mixedviT [179], gamoyofili wyalbadis mixedviT. sinji aviR-
eT katalizatoris Setanamde, am SemTxvevaSi miRebuli ≡Si-H-is procentuli  

mniSvneloba CavTvaleT 100%-ad, xolo Semdeg ki SevitaneT katalizatori - 
H2PtCl6· 6H2O-is 0.1 M xsnari tetrahidrofuranSi. drois gansazRvrul inter-
valebSi vsazRvravdiT ≡Si_H bmis procentobas. reaqciis damTavrebis Semdeg 
sareaqcio narevis koncentrirebuli xsnaridan vaxdendiT miRebuli oligo-
meris gadaleqvas n-heqsaniT, xolo Semdeg vakuumirebas mudmiv masamde.Mmivi-
ReT 4.7196 g blanti oligomeri (II) 93%-iani gamosavliT. α,ω-bis(trimeTilsi-
loqsi)meTilhidridsiloqsanis hidriduli mierTebis reaqciebi aseve Cavata-
reT 500C, 600C da 700C temperaturebze sxvadasxva katalizatorebis Tanaobis-
as da aseve aRebuli nivTierebebis sxvadasxva TanafardobiT. danarCeni re-
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aqciebic CavatareT zemoT aRniSnuli meTodis analogiurad. reaqciis Sede-
gad miviReT gamWvirvale aromatuli tipis organul gamxsnelebSi xsnadi 
oligomerebi.   

cxrilSi mocemulia α,ω-bis(trimeTilsiloqsi)meTilhidridsiloqsanis  
vinilalkoqsisilanebTan urTierTqmedebis dros sawyisi nivTierebebis Cat-
virTva da miRebuli oligomerebis gamosavali. 

cxrili 15 

,ω-bis(trimeTilsiloqsi)meTilhidridsiloqsanis  
vinilalkoqsisilanebTan urTierTqmedebis dros sawyisi nivTierebebis 

CatvirTva da miRebuli oligomerebis gamosavali 

 
# 

PMHS 
g(mmoli) 

H2C=CH- 

Si(OR)2R' 
g(mmoli) 

 

R 

 

R' 

 

T
0
C 

kataliza
tori 

 
m/km 

gamosav
ali 
(%) 

 I 0.7681 
(0.3395) 

2.2681 
(11.93) 

C2H5 

 
OC2H5 50 H2PtCl6 1:35 2.8 

92% 
I1 

 
0.6657 
(0.2942) 

1.9439 
(10.23) 

C2H5 

 
OC2H5 

 
60 H2PtCl6 1:35 2.4 

91% 
I2 0.5539 

(0.2448) 
1.6566 
(8.71) 

C2H5 

 
OC2H5 

 
70 H2PtCl6 1:35 2.0 

91% 
II 0.7429 

(0.3284) 
4.3320 
(22.80) 

C2H5 

 
OC2H5 

 
50 H2PtCl6 1:70 4.7 

93% 
III 0.8632 

(0.3816) 
7.3695 
(38.78) 

C2H5 

 
OC2H5 

 
50 H2PtCl6 1:105 7.74 

94% 
IV 0.7953 

(0.3515) 
2.4044 
(12.65) 

C2H5 

 
OC2H5 

 
50 Pt/C 1:35 3.0 

93% 
IV1 0.6740 

(0.2979) 
1.9810 
(10.42) 

C2H5 

 
OC2H5 

 
60 Pt/C 1:35 2.4 

91% 
IV2 0.8712 

(0.3851) 
2.5739 
(13.54) 

C2H5 

 
OC2H5 

 
70 Pt/C 1:35 3.1 

91% 
V 0.8687 

(0.3840) 
4.7561 
(32.13) 

C2H5 

 
OC2H5 

 
85 H2PtCl6 1:65 5.1 

91% 
VI 0.9450 

(0.4177) 
5.1433 
(34.75) 

C2H5 OC2H5 
 

85 karstedi 1:65 5.8 
95% 

VII 0.6998 
(0.3093) 

2.9689 
(20.06) 

CH3 

 
 

OCH3 

 
 

85 H2PtCl6 1:65 3.3 
90% 

VIII 0.7993 
(0.3533) 

3.4004 
(22.97) 

CH3 
 

CH3 

 
85 karstedi 1:65 3.9 

95% 
IX 0.7539 

(0.3332) 
1.6048 
(12.15) 

C2H5 

 
CH3 

 
80 H2PtCl6 1:35 2.2 

92% 
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3.3.2. ,-bis(trimeTilsiloqsi)meTilhidridsiloqsanis  
hidrosililirebis reaqcia aliloqsitrieToqsisilanTan 

samyela kolbaSi, romelsac morgebuli hqonda ukumacivari da inertu-
li airis gasatarebeli mili movaTavseT 0.8054 g (0.3560 mmoli) meTilhidri-
dsiloqsani, 2.7416 g (12.46 moli) aliloqsitrieToqsisilani da 4 ml absol-
uturi toluoli. vaxdendiT sareaqcio sistemis Termostatirebas 800C tem-
peraturaze da reaqcias vatarebdiT argonis areSi da mudmivi morevis pi-
robebSi magnituri sarevelas saSualebiT zeTis abazanaze. reaqciis mimdi-
nareobisas vsazRvravdiT ≡Si_H bmis raodenobas msgavsad Cugaev-cerevitino-
vas cnobili meTodikisa -KOH-is najeri spirtxsnaris moqmedebiT, gamoyofi-
li wyalbadis mixedviT. sinji aviReT katalizatoris Setanamde, am SemTxve-
vaSi miRebuli ≡Si-H-is procentuli  mniSvneloba CavTvaleT 100%-ad, xolo 
Semdeg ki SevitaneT katalizatori - H2PtCl6· 6H2O-is 0.1M xsnari tetrahidro-
furanSi. drois gansazRvrul intervalebSi vsazRvravdiT ≡Si_H bmis kon-
versias. reaqciis damTavrebis Semdeg sareaqcio narevis koncentrirebuli 
xsnaridan vaxdendiT miRebuli oligomeris gadaleqvas n-heqsaniT, xolo 
Semdeg vakumirebas mudmiv masamde. miviReT 3.2 g blanti oligomeri (X) 89%-
iani gamosavliT. α,ω-bis(trimeTilsiloqsi) meTilhidridsiloqsanis hidri-
duli mierTebis reaqciebi aseve CavatareT 600C, 700C da 800C temperaturebze 
sxvadasxva katalizatorebis Tanaobisas da aseve aRebuli nivTierebebis 
sxvadasxva TanafardobiT. danarCeni reaqciebic Catarebul iqna zemoT aRni-
Snuli meTodis analogiurad. reaqciis Sedegad miiReba ufero aromatuli 
tipis organul gamxsnelebSi xsnadi oligomerebi.   

qvemoT moyvanil cxrilSi mocemulia α,ω-bis(trimeTilsiloqsi)meTilh-
idridsiloqsanis aliloqsitrieToqsisilanTan da aliloqsitrimeTilsi-
lanTan urTierTqmedebis dros sawyisi nivTierebebis CatvirTva da mirebu-
li oligomerebis gamosavali. 
 

cxrili 16 

,ω-bis(trimeTilsiloqsi)meTilhidridsiloqsanis aliloqsitrieToqsi-
silanTan da aliloqsitrimeTilsilanTan urTierTqmedebis dros sawyisi 

nivTierebebis CatvirTva da miRebuli oligomerebis gamosavali 

 
# 

PMHS 
g(mmoli) 

H2C=CH-

CH2OSiR3 

 

R 

 

 

T
0
C 

kataliza
tori 

 

m:n 

gamosa 
vali 
(%) 

X1 0.5689 
(0.2515) 

1.9365 
(8.8022) 

OC2H5 80 H2PtCl6 1:35 2.2 
87% 

X2 

 
0.7883 
(0.3484) 

2.6834 
(12.19) 

OC2H5 86 H2PtCl6 1:35 3.2 
92% 

X 0.8054 
(0.3560) 

2.7416 
(12.46) 

OC2H5 93 H2PtCl6 1:35 3.1 
89% 

XI 0.6907 
(0.3053) 

1.3893 
(10.68) 

Me 94 H2PtCl6 1:35 2.0 
96% 

 

 



 

116 

 

3.4. ,-bis(trimeTilsiloqsi)meTilhidridsiloqsanis hidrosililirebis 
reaqcia 4-vinil-1-cikloheqsenTan 

 samyela kolbaSi, romelsac morgebuli hqonda ukumacivari da inertu-
li airis gasatarebeli mili movaTavseT 0.6082 g (0.26 mmoli) meTilhidrid-
siloqsani, 2.0212 g (18.71 mmoli) 4-vinil-1-cikloheqseni da 3 ml absoluturi 
toluoli. vaxdendiT sareaqcio sistemis Termostatirebas 600C temperatu-
raze. sareaqcio sistemas mudmivad vurevdiT magnituri sarevelas saSuale-
biT zeTis abazanaze inertuli airis – argonis gatarebis pirobebSi. reaq-
ciis msvlelobisas vsazRvravdiT ≡Si_H bmis koncentraciis cvlilebas 
droSi zemoT ganxiluli (Tavi 3.3.1. da 3.3.2.) meTodis mixedviT. reaqciis da-
mTavrebis Semdeg sareaqcio narevis koncentrirebuli xsnaridan vaxdendiT 
miRebuli oligomeris gadaleqvas n-heqsaniT, xolo Semdeg vakumirebas mud-
miv masamde. miviReT 2.3835 g blanti oligomeri (XII) 91%-iani gamosavliT. 
α,ω-bis(trimeTilsiloqsi)meTilhidridsiloqsanis hidriduli mierTebis re-
aqciebi aseve CavatareT 400C, 500C da 600C temperaturebze, rogorc sxvadasxva 
katalizatorebis Tanaobisas, aseve aRebuli nivTierebebis sxvadasxva Tana-
fardobiT. reaqciis Sedegad miiReba moyviTalo aromatuli tipis organul 
gamxsnelebSi xsnadi oligomerebi.   

qvemoT moyvanil cxrilSi mocemulia α,ω-bis(trimeTilsiloqsi)meTil-
hidridsiloqsanis 4-vinil-1-cikloheqsenTan urTierTqmedebis dros sawyisi 
nivTierebebis CatvirTva da miRebuli oligomerebis gamosavali. 

cxrili 17 

,ω-bis(trimeTilsiloqsi)meTilhidridsiloqsanis 4-vinil-1-
cikloheqsenTan urTierTqmedebis dros sawyisi nivTierebebis  

CatvirTva da miRebuli oligomerebis gamosavali 

 

 
# 

 

PMHS 
g(mmoli) 

 
g(mmoli) 

 

 

T
0
C   

 
katali-
zatori 

 

 

m:nm 

 
gamosa 
vali  
(%) 

 XII 0.9850 
(0.4354) 

1,6595 
(15.36) 

60 H2PtCl6 1:35 2.2 
85% 

XII1 

 
0.8097 
(0.3579) 

1.3563 
(12.55) 

40 H2PtCl6 1:35 1.8 
82% 

XII2 0.9127 
(0.4034) 

1,5252 
(14.12) 

50 H2PtCl6 1:35 2.0 
83% 

XIII 0.6082 
(0.2689) 

2.0212 
(18.71) 

60 H2PtCl6 1:70 2.3 
88% 

XIII1 0.7919 
(0.3501) 

2.6559 
(24.62) 

40 H2PtCl6 1:70 2.7 
78% 

XIII2 1.0152 
(0.4488) 

3.3929 
(31.41) 

50 H2PtCl6 1:70 3.6 
82% 

XIV 0.8007 
(0.3539) 

5.0341 
(46.61) 

60 H2PtCl6 1:105 5.2 
90% 

XV 0.7647 
(0.3381) 

5.1120 
(47.33) 

80 H2PtCl6 1:140 5.3 
91% 



 

117 

 

XVI 0.6359 
(0.2811) 

2.8059 
(25.98) 

100 Pt/C 1:70 3.2 
94% 

XVI1 0.5368 
(0.2373) 

1.6884 
(15.63) 

80 Pt/C 1:70 2.0 
92% 

XVI2 0.6894 
(0.3047) 

3.0325 
(28.07) 

90 Pt/C 1:70 3.4 
92% 

XVII 0.4098 
(0.2012) 

1.3076 
(12.11) 

90 karstedi 1:70 1.6 
91% 

 
XVII1 

0.7960 
(0.3519) 

2.6604 
(24.63) 

70 karstedi 1:70 3.0 
88% 

 
XVII2 

0.6238 
(0.2757) 

2.0848 
(19.30) 

80 karstedi 1:70 2.4 
88% 

 
 

3.5. ,-bis(trimeTilsiloqsi)meTilhidridsiloqsanis hidrosililirebis 
reaqcia 5-vinil-2-norbornenTan 

 samyela kolbaSi, romelsac morgebuli hqonda ukumacivari da mili 
inertuli airis gasatareblad movaTavseT 0.8769 g (0.38 moli) meTilhidrid-
siloqsani, 1.6198 g (13.5 moli) 5-vinil-2-norborneni da 4.6 ml absoluturi 
toluoli. reaqcias vatarebdiT 400C temperaturaze. sareaqcio sistemas mu-
dmivad vurevdiT magnituri sarevelas saSualebiT, zeTis abazanaze inertu-
li airis - argonis gatarebis pirobebSi. reaqciis mimdinareobisas vsazRv-
ravdiT ≡Si_H bmis koncentraciis cvlilebas droSi zemoT ganxiluli (Tavi 
3.3.1, 3.3.2.) meTodis mixedviT, xolo reaqciis damTavrebis Semdeg sareaqcio 
narevis koncentrirebuli xsnaridan vaxdendiT mirebuli oligomeris gada-
leqvas n-heqsaniT, xolo Semdeg vakumirebas mudmiv masamde. miviReT 2.1471 g 
blanti oligomeri XX 86%-iani gamosavliT. α,ω-bis(trimeTilsiloqsi)meTi-
lhidridsiloqsanis hidriduli mierTebis reaqciebi aseve CavatareT 200C da 

300C temperaturebze, rogorc sxvadasxva katalizatorebis Tanaobisas, aseve 
aRebuli nivTierebebis sxvadasxva TanafardobiT. reaqciis Sedegad miiReba 
TeTri aromatuli tipis organul gamxsnelebSi xsnadi oligomerebi.   

qvemoT moyvanil cxrilSi mocemulia α,ω-bis(trimeTilsiloqsi)meTil-
hidridsiloqsanis 5-vinil-2-norbornenTan urTierTqmedebis dros sawyisi 
nivTierebebis CatvirTva da miRebuli oligomerebis gamosavali. 

cxrili 18 

,ω-bis(trimeTilsiloqsi)meTilhidridsiloqsanis 5-vinil-2-
norbornenTan urTierTqmedebis dros sawyisi nivTierebebis 

CatvirTva da miRebuli oligomerebis gamosavali 
 

 

 
# 

 

PMHS 
g(mmoli) 

 
g(mmoli) 

 

 
T

0
C 

 
katali-
zatori 

 

m:nm 

 
gamosa 
vali 
(%) 

XX 0.8769 
(0.3876) 

1.6198 
(13.50) 

40 H2PtCl6 1:35 2.1 
86% 

XX
 1 1.1461 2.1479 20 H2PtCl6 1:35 2.8 
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(0.5066) (17.89) 84% 

XX
 2 0.7109 

(0.3143) 
1.3249 
(11.04) 

30 H2PtCl6 1:35 1.7 
85% 

XXI 0.8417 
(0.3721) 

3.1257 
(26.04) 

40 H2PtCl6 1:70 3.4 
86% 

XXI
 1

 1.1163 
(0.4935) 

4.1549 
(34.62) 

20 H2PtCl6 1:70 4.4 
85% 

XXI
 2

 0.7644 
(0.2182) 

2.8421 
(23.68) 

30 H2PtCl6 1:70 3.1 
85% 

XXII 

 

0.5007 
(0.2213) 

2.7530 
(22.94) 

40 H2PtCl6 1:105 2.9 
88% 

XXII
1
 0.6872 

(0.3038) 
3.8347 
(31.95) 

20 H2PtCl6 1:105 3.9 
86% 

XXII
2
 0.6813 

(0.3012) 
3.6246 
(30.20) 

30 H2PtCl6 1:105 3.7 
87% 

XXIII 0.5586 
(0.2469) 

2.0801 
(17.33) 

60 Pt/C 1:70 2.4 
90% 

XXIII
1 0.8678 

(0.3836) 
3.2246 
(26.87) 

40 Pt/C 1:70 3.6 
87% 

XXIII
2 0.8025 

(0.3547) 
2.9875 
(24.89) 

50 Pt/C 1:70 3.4 
89% 

XXIV 0.8831 
(0.3904) 

3.2806 
(27.34) 

40 karstedi 1:70 3.7 
88% 

XXIV
1
 0.9043 

(0.3997) 
3.3675 
(28.06) 

20 karstedi 1:70 3.4 
85% 

XXIV
2
 1.0818 

(0.4782) 
4.0064 
(33.38) 

30 karstedi 1:70 4.4 
86% 

 

3.6. hidrosililirebis reaqcia alilcianidTan 

 hidrosililirebis reaqcias vatarebdiT samyela kolbaSi, romelsac 
morgebuli hqonda ukumacivari da inertuli airis gasatarebeli mili. sa-
reaqcio kolbaSi movaTavseT 5,00 g (77 mmoli) meTilhidridsiloqsani 10.35 g 
(154 mmoli) alilcianidTan da 5.5 ml absoluturi toluoli. vaxdendiT sa-
reaqcio sistemis Termostatirebas 800C  temperaturaze da reaqcias vatareb-
diT mudmivi morevis pirobebSi magnituri sarevelas saSualebiT zeTis ab-
azanaze da vamatebdiT karstedis katalizators. ≡Si_H bmis  raodenobas 
reaqciis msvlelobisas vsazRvravdiT msgavsad Cugaev-cerevitinovas cnobi-
li meTodikiT da aseve 1

H bmr speqtrebiT. drois gansazRvrul intervaleb-
Si vsazRvravdiT ≡Si_H bmis procentobas. reaqciis damTavrebis Semdeg sa-
reaqcio narevis koncentrirebuli xsnaridan vaxdendiT miRebuli oligome-
ris gadaleqvas n-heqsaniT, xolo Semdeg vakuumirebas mudmiv masamde. miviR-
eT 9.5 g (75%) moyviTalo blanti oligomeri XXVIII. aseve CavatareT danar-
Ceni reaqciebic 600C da 700C temperaturebze zemoT aRniSnuli meTodis ana-
logiurad. reaqciis Sedegad miiReba moyviTalo aromatuli tipis organul 
gamxsnelebSi xsnadi oligomerebi.   
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qvemoT moyvanil cxrilSi mocemulia α,ω-bis(trimeTilsiloqsi) meTil-
hidridsiloqsanis alilcianidTan urTierTqmedebis dros sawyisi nivTiere-
bebis CatvirTva da miRebuli oligomerebis gamosavali. 

cxrili 19 

,ω-bis(trimeTilsiloqsi)meTilhidridsiloqsanis alilcianidTan 
urTierTqmedebis dros sawyisi nivTierebebis CatvirTva da miRebuli 

oligomerebis gamosavali 

    # PMHS 
 g(mmoli) 

CH2=CHCHCN 
g(mmoli) 

T
0
C   katali-

zatori 
m:n gamosava-

li (%) 

XXVIII 5.0000 
(77) 

10.35 
(154) 

80 karstedi 1:60 9.5 

75% 

XXVIII2 

 
2.5000 
(38.5) 

5.1750 
(77) 

70 karstedi 1:60 5.3 

79% 

XXVIII1 

 
2.5000 
(38.5) 

5.1750 
(77) 

60 karstedi 1:60 5.6 

82% 

XXIX 
 

2.5000 
(38.5) 

5.1750 
(77) 

80 karstedi 1:60 5.3 

75% 
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daskvna 

1.  pirvelad iqna Seswavlili meTilhidridsiloqsanis hidriduli mierTebis 
reaqcia viniltrieToqsisilanTan, viniltrimeToqsisilanTan, meTilvinil-
dieToqsisilanTan, alilis spirtis trimeTilsililirebul da trieToqsi-
sililirebul eTerebTan platinaqlorwyalbadmJavas, karstedis kataliza-
toris da naxSirbadze dafenili platinis Tanaobisas da sinTezirebul iq-
na multifunqciuri meTilsiloqsanuri oligomerebi alkoqsilis jgufebiT 
gverdiT jaWvSi. dagenilia, rom meTilhidridsiloqsanis hidrosililirebi-
sas vinilorganoalkoqsisilanebTan katalizatorebi aqtiurobis mixedviT 
SeiZleba Semdeg rigSi ganvalagoT: karstedi > platinaqlorwyalbad mJava 
> naxSirbadze dafenili platina. 
2. pirvelad iqna Seswavlili polimeTilhidridsiloqsanis hidriduli mier-
Tebis reaqciebi 4-vinil-1-cikloheqsenTan, moreagire komponentebis sxvadas-
xva Tanafardobisas, platinaqlorwyalbadmJavas, karstedis katalizatoris 
da naxSirbadze dafenili platinas katalizatoris Tanaobisas da sinTezi-
rebul iqna meTilsiloqsanuri oligomerebi ujeri fragmentebiT gverdiT 
jaWvSi. 
3. dadgenilia, rom meTilhidridsiloqsanis 4-vinil-1-cikloheqsenTan hidro-
sililirebis reaqcia mimdinareobs, rogorc vinilis jgufze markovnikovis 
wesis Tanaxmad, aseve farmeris wesiT, agreTve ciklSi arsebuli ujer bmaz-
ec; vinilcikloheqsenis moluri Tanafardobis zrdasTan erTad izrdeba hi-
drosililirebis siRrme; hidrosilirebis reaqciaSi katalizatorebi aqtiu-
robis mixedviT SeiZleba ganvalagoT Semdeg rigSi: platinaqlorwyalbad 
mJava > karstedi >  naxSirbadze dafenili platina. 

4. pirvelad iqna Seswavlili polimeTilhidridsiloqsanis hidriduli mier-
Tebis reaqciebi vinilnorbornenTan, moreagire komponentebis sxvadasxva 
Tanafardobisas, platinaqlorwyalbadmJavas, karstedis katalizatoris da 
naxSirbadze dafenili platinas katalizatoris Tanaobisas. sinTezirebu-
lia meTilsiloqsanuri oligomerebi ujeri fragmentebiT gverdiT jaWvSi. 
dadgenilia, rom hidrosililireba mimdinareobs, markovnikovis wesiT, far-
meris wesiT da aseve ciklur fragmentis ujer bmazec.  
5. gel-SeRwevadi qromatografiuli gamokvlevebiT dadgenilia, rom meTil-
hidridsiloqsanis vinilcikloheqsenTan da vinilnorbornenTan hidrosili-
lireba mimdinareobs makromolekulaTSorisi mierTebis gziTac da miiReba 
gantotvili agebulebis polimerebi. 
6. meTilhidridsiloqsanis 4-vinil-1-cikloheqsenTan da vinilnorbornenTan 
hidriduli mierTebis reaqciis sruli daxasiaTebisaTvis, Catarebulia meTi-
ldimeToqsisilanis 4-vinil-1-cikloheqsenTan da vinilnorbornenTan mode-
luri reaqciebisaTvis gaTvlebi naxevradempiriuli qvantur-qimiuri AM 1 me-
TodiT. yvela sawyisi, Sualeduri da saboloo produqtisaTvis gaTvlil 

iqna warmoqmnis siTboebi (f), sistemis energiis cvlileba () C-Si bmis 
manZilis cvlilebisas (RC-Si), agreTve muxtebis mniSvnelobebi (qi) atomebze, 

dipoluri momentebi () da bmis rigebi (Pij). aqtivaciis energiebis da warmoq-
mnis siTboebis Sedareba, miuTiTebs, rom reaqcia SeiZleba warimarTos sami-
ve mimarTulebiT: yvelaze upiratesad farmeris wesis mixedviT, Semdgom ma-
rkovnikovis da yvelaze bolos ki cikloheqsenis an norbornenis ciklur 
fragmentSi arsebuli ormagi bmis xarjze. Teoriuli gaTvlebis Sedegebi 
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srul TanxvdenaSia bmr speqtroskopiul gaTvlebTan da literaturul 
monacemebTan. 
7. gelSeRwevadi qromatografiuli gamokvlevebiT dadgenilia, rom meTilhi-
dridsiloqsanebis hidrosililirebis reaqciebi 4-vinil-1-cikloheqsenTan 
da vinilnorbornenTan mimdinareobs makromolekulaTSorisi hidrosilili-
rebiTac da miiReba gantotvili aRnagobis xsnadi oligomerebi. 
8. meTilhidridsiloqsanuri oligomerebis vinilur naerTebTan hidrosili-
lirebiT miRebuli oligomerebisaTvis Catarebulia furie gardaqmnis iw, 
1H, H,H-COSY, 13C, da C,H-korelaciuri speqtruli, Termogravimetruli, gel-
SeRwevadi qromatografiuli da diferecialur skanirebadi kalorimetru-
li gamokvlevebi. 

9. Cvens mier pirveladaa Seswavlilia ,-bis(trimeTilsiloqsi)meTilhid-
ridsiloqsanis hidriduli mierTebis reaqciiT alilcianidTan karstedis 
katalizatoris Tanaobisas da naCvenebia, rom hidrosililireba ar mimdina-

reobs srulad da rCeba reaqciaSi Seusvleli aqtiuri Si-H bma, romelic 
monawileobas Rebulobs molekulaTSoris dehidrokondensaciis reaqciebSi 
gantotvili polimerebis warmoqmniT. oligomerebisaTvis Catarebulia gel-
SeRwevadi qromatografiuli gamokvlevebi da naCvenebia hidrosililirebis 
reaqciis dros adgili aqvs gantotvili polimerebis warmoqmnas. qvantur-
qimiuri gaTvlebiT, modelur sistemebze dadgenilia reaqciis upiratesi 
mimdinareoba farmeris wesis mixedviT, rac aseve TanxvdenaSia bmr speqt-
rul gamokvlevebTan. Semdgom, yvelaze saalbaToa mierTeba markovnikovis 
wesis mixedviT da agreTve dasaSvebia mierTeba alilcianidis molekulis 
nitrilis jgufis sammag bmasTanac, rac TanxvdenaSia rogorc speqtrul, 
aseve literaturul monacemebTan. 
10. multifunqciuri alkoqsilis jgufebis Semcveli meTilsiloqsanuri 
oligomerebi warmoadgenen saintereso produqtebs rogorc SemakavSirebeli 
sxvadasxva kompoziciuri masalebis misaRebad, rogorc safarvelebi da pre-
kursorebi silikaaerogelebis misaRebad. Termoreaqtiuli meTilsiloqsanu-
ri oligomerebi ujeri cikluri fragmentebiT gverdiT jaWvSi warmoadgen-
en saintereso produqtebs siliciumorganuli polimerebis misaRebad da ka-
rbojaWvuri polimerebis modifikatorebad. 
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