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Sesavali 

 

siliciumorganuli polimerebi Tavisi gansakuTrebuli kompleqsuri 
Tvisebebis gamo, rogoricaa maRali Termuli da TermoJangviTi 
stabiluroba, dabali gaminebisa da kristalizaciis temperatura, 
sxvadasxva fizikuri maCveneblebis naklebdamokidebuleba temperaturaze, 
atmosferosa da sinaTlis sxivebisadmi mdgradoba, farTod gamoiyenebian 
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, Txevadkristaluri buneba 
da zedapirulad aqtiuroba; warmoadgenen gamkerav agentebs, gamtarebs da 
araxazovan optikur masalebs, eleqtroluminescenciuri da baqtericiduli 
Tvisebebis mqone polimerebs. aRniSnuli polimerebis miRebis saukeTeso 
gzas warmoadgens hidrosililirebis reaqciebi ≡Si-H aqtiur jgufsa da 
ujeri bmis Semcvel naerTebs Soris [1-10].  

 mravali komerciuli polidiorganosiloqsanuri polimeri, dResdRe-
obiT farTod gamoiyeneba mrewvelobasa da yoveldRiur cxovrebaSi iseTi 
SesaniSnavi Tvisebebis gamo, rogoricaa Termomdgradoba, garemo piro-
bebisadmi mdgradoba da kargi eleqtruli Tvisebebi. amasTan, poliorga-
nosiloqsanebi, rogorc wesi, xasiaTdebian dabali gaminebis temperaturiT 
gamomdinare ZiriTadi jaWvis moqnilobidan [11, 12].  

ukanasknel xanebSi didi yuradReba miipyro savarcxliseburi age-
bulebis Tanapolimerebma, sadac hidrofoburi Tvisebebis mqone meTil-
siloqsanur matricasTan dakavSirebulia 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 Tanapolimerebi sxvadasxva klasikuri mezo-
genuri jgufebiT gverdiT jaWvSi, rac Tanapolimerebs Txevadkristalur 
bunebas aniWebs [13-15]. Tumca aRsaniSnavia, rom polidialkilsiloqsanebSi 
ZiriTadi jaWvisagan damoukideblad mezomorfuli mdgomareobis warmoqmna 
SeimCneva umTavresad araklasikuri mezogenuri jgufebis Semcveli alki-
luri (eTili, propili) Camnacvleblebis garkveuli sigrZeebis dros 
(R=CnH2n+1, n≥2) [16, 17]. aRsaniSnavia, rom mezofazis temperaturuli inter-
vali, Tavis mxriv, damokidebulia Camnacvlebeli jgufebis sigrZeze. es 
daskvna SeiZleba gavakeToT polidipropilsiloqsanidan polidieTilsi-
loqsanze gadasvlisas mezofazis temperaturuli intervalis mkveTri 
zrdidan [18]. amdenad, sxvadasxva organuli Camnacvlebeli da funqciuri 
jgufebis Semcveli axali organosiloqsanuri oligomerebisa da poli-
merebis sinTezi da kvleva aqtualur problemas warmoadgens. 

ukanasknel xanebSi didi samecniero da sawarmoo interesi eniWeba 
silikaaerogelebis miRebas. isini xasiaTdebian maRali forovnebiT, aqvT 
dabali simkvrive da Termogamtaroba, didi zedapiris farTobi da gamWvir-
valoba. silikaaerogelebi gamoiyenebian Cerenkovis radiaciul deteqto-
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rebSi, maRali energiebis fizikaSi, Termul da akustikur superizolatore-
bad sxvadasxva sferoSi. aseve isini gamoiyenebian TermobirTvul sinTezSi 
da heterogenuli katalizatorebis matareblebad. silikaaerogelebi, ro-
gorc wesi, Sedgebian SiO2-isgan, Tumca dResdReobiT did interess iwvevs 
organuli radikalebis Semcveli silikaaerogelebis sinTezi hidrofobu-
robis gazrdis mizniT. amdenad, silikaaerogelebis sinTezisaTvis didi 
mniSvneloba eniWeba axali sawyisi masalebis miRebas [19, 20]. 

bolo xanebSi, axali fotoluminiscenciuri da, maT Soris, savarcx-
liseburi agebulebis Txevadkristaluri Tvisebebis mqone meTilsiloq-
sanuri oligomerebis da polimerebis sinTezisaTvis farTod gamoiyeneba 
meTilhidridsiloqsanebis qimiuri modifikaciis reaqciebi. savarcxlis-
magvari agebulebis meTilhidridsiloqsanuri oligomerebis da polime-

rebis sinTezis ori umTavresi gza arsebobs; es aris aqtiur Si-H bmis hid-
rosililirebis da dehidrokondensaciis reaqciebi ujeri da aqtiuri wyal-
badis Semcvel naerTebTan.  

hidrosililireba kvlav rCeba farTo Seswavlis sagnad da garda-
mavali metalebis roli mniSvnelovania aRniSnul kvlevebSi. kvlevebis 
Sedegebi damokidebulia ujeri naerTebisa da silanebis struqturaze, aseve 
katalizatoris bunebaze da reaqciis Catarebis pirobebze [21]. 

amdenad, meTilhidridsiloqsanuri oligomerebis modifikaciis re-
aqciebi, axali tipis savarcxlismagvari agebulebis siloqsanuri oligo-
merebis miRebis mizniT, aqtualur problemas warmoadgens. 

meTil- da eTilhidridsiloqsanebis qimiuri modifikaciis reaqciebiT 
Txevadkristaluri bunebis polimerebis miRebis mimarTulebiT mravali in-
formacia arsebobs [22]. amdenad, am mimarTulebiT literaturas Cven ar 
ganvixilavT. meTilhidridsiloqsanebis qimiuri modifikaciis mimarTulebiT 
arsebul masalas da gamoyenebul sinTezis meTodebs Cven ganvixilavT sadi-
sertacio masalis gansjasTan erTad. 
samuSaos mizans warmoadgens: ujeri bmebis da funqciuri jgufebis Semc-

veli axali siliciumorganuli naerTebis miReba; meTilhidridsiloqsa-
nebis da dimeTilsiloqsan-meTilvinilsiloqsanuri oligomerebis qimiu-
ri modifikaciis reaqciebis gamoyenebiT axali, gverdiT jaWvSi sxvada-
sxva jgufebis Semcveli meTilsiloqsanuri oligomerebis sinTezis pre-
paratiuli meTodebis SemuSaveba; miRebuli oligomerebis da polimere-
bis fizikur-qimiuri Tvisebebis Seswavla da maTi praqtikaSi gamoyenebis 
gzebis Zieba.  

mecnieruli siaxle: 

 Seswavlilia 1,1-diqlorsilaciklopenten-3-is nawilobrivi da sruli 
hidrolizuri kondensaciis reaqciebi, rogorc neitralur, ise mJava 
areSi da dasinTezebulia Sesabamisi dihidroqsi- da diqlorwar-
moebulebi. 1,1-diqlorsilaciklopenten-3-is heterofunqciuri kondensa-
ciis reaqciebiT dihidroqsidifenilsilanTan, moreagire komponentebis 
sxvadasxva TanafardobiT, miRebulia silaciklopenten-3-is ujeri 
ciklebis Semcveli rogorc xazovani, aseve cikluri aRnagobis 
siliciumorganuli naerTebi. miRebuli naerTebis Sedgeniloba da 
aRnagoba dadgenilia funqciuri da elementuri analiziT, molekuluri 
masebisa da refraqciis gansazRvriT, agreTve iw speqtrebis monacemebiT.  

 Seswavlilia meTilvinildiqlorsilanis da viniltriqlorsilanis cik-
lopentadienTan dils-alderis reaqciebi da raodenobrivi gamosavlia-
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nobiT miRebulia meTilnorbonendi- da norbornen-triqlorsilani. 
Seswavlilia di- da triqlorsilanebis nawilobrivi da sruli 
hidrolizis reaqciebi da miRebulia Sesabamisi hidroqsisilanebi da 
qlorsiloqsanebi. meTilnorbornendiqlorsilanis heterofunqciuri 
kondensaciis reaqciebiT 1,3-dihidroqsitetrameTildisiloqsanTan da 1,5-
dihidroqsiheqsameTiltrisiloqsanTan aqceptoris-anilinis Tanaobisas 
miRebulia Sesabamisi ciklotri- da tetrasiloqsanebi. dasinTezebuli 
axali siliciumorganuli naerTebis aRnagoba damtkicebulia kvlevis 
fizikur-qimiuri meTodebiT. 

 Seswavlilia ,bis(trimeTilsiloqsi)meTilhidridsiloqsanis hidro-
sililirebis reaqciebi araSeuRlebuli dienuri tipis naerTebTan: 
triciklodekadienTanK da cis-1,5-ciklooqtadienTan katalizatorebis-
platinaqlorwyalbadmJavas da naxSirbadze dafenili platinis (Pt/C) 
Tanaobisas. miRebulia organul gamxsnelebSi xsnadi, gverdiT jaWvSi 
ujeri fragmentebis Semcveli oligomerebi, romlebic warmoadgenen 
Termoreaqtiul oligomerebs. gacxelebisas isini advilad ganicdian 
gelis warmoqmnas sistemaSi arsebuli katalizatoris xarjze.  

 hidrosililirebis procesis ufro Rrmad daxasiaTebisaTvis naxevrad-
empiriuli qvantur-qimiuri AM1 meTodiT, modeluri naerTis- 
meTildimeToqsisilanis triciklodekadienTan   urTierTqmedebis mode-
lur reaqciaSi gaTvlili reaqciis warmoqmnis siTbos da aqtivaciis 
energiis mniSvnelobebis Sedarebidan dadgenilia, rom mierTeba 
mimdinareobs umTavresad 9-10 mdgomareobaSi, rac TanxvdenaSia meTil-
hidridsiloqsanis triciklodekadienTan mierTebis produqtis bmr 
speqtrul monacemebTan.  

 Catarebulia ,bis(trimeTilsiloqsi)meTilhidridsiloqsanis hidrosi-
lilirebis reaqciebi 3,4-dihidro-2H-piranTan katalizatorebis-pla-
tinaqlorwyalbadmJavas da naxSirbadze dafenili platinis (Pt/C) Tanao-
bisas, 50-800

C temperaturul intervalSi. dasinTezda meTilsiloqsanuri 
oligomerebi heterocikluri fragmentebiT gverdiT jaWvSi. 

 dadgenilia, rom reaqciis Catarebisas 70-800
C temperaturul intervalSi, 

ganzavebuli toluolis xsnarSi, 15-25% aqtiuri Si-H bmis konversiis 
pirobebSi adgili hqonda Sekerili sistemebis warmoqmnas. xsnadi 
sistemebis miRebis mizniT hidrosililirebis reaqciebi Catarebulia 
platinaqlorwyalbadmJavas Tanaobisas absoluturi toluolis xsnarSi 
500

C temperaturaze an Pt/C katalizatoris Tanaobisas 60-700
C 

temperaturul intervalSi. 

 Seswavlilia ,bis(trimeTilsiloqsi)meTilhidridsiloqsanis hidro-
sililirebis reaqciebi SeuRlebul dienuri tipis cikloheqsa-1,3-
dienTan katalizatorebis platinaqlorwyalbadmJavas da naxSirbadze 

dafenili platinis (Pt/C) Tanaobisas. dadgenilia, rom aqtiuri Si-H 
bmis 80%-is zeviT konversiis dros adgili aqvs gakervis reaqciebs. 
xsnadi sistemebi miiReba 80% konversiamde. miRebulia organul gamxs-
nelebSi xsnadi, gverdiT jaWvSi ujeri heqsenilis fragmentebis Sem-
cveli oligomerebi, romlebic warmoadgenen Termoreaqtiul sistemebs. 
sistemaSi arsebuli katalizatoris xarjze,  gacxelebisas advilad xdeba 
gelis warmoqmna, rac gamowveulia makromolekulaTSorisi gakervis 
reaqciebiT. dadgenilia, rom meTilhidridsiloqsanis cikloheqsa-1,3-
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dienTan hidrosililirebis reaqcia sawyis stadiebze meore rigisaa; 
gaTvlilia reaqciis siCqaris mudmivebi (60-800

C) da aqtivaciis energia. 

 naxevradempiriuli qvantur-qimiuri AM1 meTodiT, meTildimeToqsisila- 
nis cikloheqsa-1,3-dienTan mierTebis modelur reaqciaSi gaTvlilia 
reaqciis warmoqmnis siTbos da aqtivaciis energiis mniSvnelobebi. 
Teoriuli gaTvlis Sedegebi srul TanxvdenaSia bmr speqtroskopuli 

gamokvlevebis SedegebTan, kerZod, dadgenilia, rom ,bis(trimeTil-
siloqsi)meTilhidridsiloqsanis  cikloheqsa-1,3-dienTan hidrosilili- 
reba mimdinareobs rogorc 1,4-, aseve 1,2- mimarTulebiT.  

 Seswavlilia ciklopentadienis dimeTilsiloqsan-meTilvinilsiloqsan-
Tan dils-alderis reaqciebi da miRebulia reaqciisunariani norbor-
nenis jgufebis Semcveli organosiloqsanebi. aRniSnuli siloqsanis 
bazaze, aerosilis, TuTiis oqsidis, teqnikuri naxSirbadis da 
gamamyareblis- dieTilaminomeTiltrieToqsisilanis an organociklo-
trisiloqsaneTiltrieToqsisilanis Tanaobisas miRebulia axali 
eleqtrogamtari kompoziciebi.  

 komponentebis mocemuli Semadgenloba uzrunvelyofs kompoziciis 
sasurvel Tvisebebs, romlebic saSualebas iZleva miRweul iqnas 
savaraudo teqnikuri Sedegebi. 

praqtikuli mniSvneloba: 

 miRebuli silaciklopenten-3 da norbornen-2-il fragmentebis Semcveli 
xazovani da cikluri aRnagobis siliciumorganuli naerTebi warmoad-
genen perspeqtiul sistemebs maTgan axali tipis siliciumorganuli 
elastomerebis misaRebad. 

 dasinTezebuli savarcxliseburi agebulebis oligomerebi ciklo-
oqtenilis, triciklodecenilis da cikloheqsenilis jgufebiT gverdiT 
jaWvSi warmoadgenen Termoreaqtiul sistemebs da SesaZlebelia 
gamoyenebuli iqnan karbojaWvuri polimerebis modifikatorebad, spec-
daniSnulebis elastomerebis misaRebad.  

 reaqciisunariani norbornenis jgufebis Semcveli organosiloqsanebis 
bazaze miRebuli eleqtrogamtari siliciumorganuli kompoziciebi 
SeiZleba gamoyenebul iqnan sxvadasxva daniSnulebis rezistorul 
elementebad. kerZod, am masalebisagan SeiZleba damzaddes maRali 
stabilurobis mqone tenzo- an Termoelementebi, gamaTboblebi 
(sxvadasxva nominalis mudmivi an cvalebadi denisaTvis), santimetruli 
diapazonis eleqtromagnituri talRebis STanTqmelebi da sxva.   
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Tavi 1 

 literaturis mimoxilva 
 
 

1.1. organoqlorsilanebis hidrolizuri da heterofunqciuri 
kondensacia 

 

cikluri da xazovani aRnagobis organosiloqsanebis sinTezis Ziri-
Tad meTodebs warmoadgens difunqciuri siliciumorganuli naerTebis hid-
rolizuri da heterofunqciuri kondensaciis reaqciebi.   

organoqlorsilanebsa da siloqsanebSi siliciumis  atomis eleqtro-
dadebiToba xdis am naerTebs Zalzed mgrZnobiares nukleofiluri reagen-

tebis mimarT. radganac Si-Cl bma avlens hidrolizuri moxleCvis did un-
ars, amitom diorganodiqlorsilanebis wyalTan  urTierTqmedebis  Sedegad 
miiReba aramdgradi qlorhidroqsidiorganosiloqsanebi [23], romlebic 
SemdgomSi kondensirdebian da warmoqmnian xazovan organoqlorsiloqsanebs 
didi gamosavlianobiT. 

Si
Cl

Cl

R

R
1 + H2O Si

Cl

Cl

R

R
1

O
H

H -HCl
Si

O H

Cl

R

R
1

 

Si
OH

Cl

R

R
1

2 Si

R

R
1

Cl O Si

R

R
1

Cl

 

difunqciuri monomerebis hidrolizis dros Warb wyalTan adgili 
aqvs or konkurentuli reaqcias: sruli an nawilobrivi hidrolizis pro-
duqtebis safexurebrivi kondensacias, romelsac Tan axlavs xazovani 
polimerebis warmoqmna da procesi, romelic midis cikluri organosiloq-
sanebis warmoqmnamde [24]. 

reaqciis mimarTulebis ZiriTadi ganmsazRvreli faqtorebia: sareaq-
cio aris mJavuroba, gamxsnelis polaroba, funqciuri jgufebis buneba, 
siliciumis atomTan dakavSirebuli organuli radikalis sidide da a.S.  

hidrolizis reaqciis Catareba Zlier mJava areSi gamxsnelis Tana-
obisas xels uwyobs mcire molekuluri masis mqone cikluri an xazovani 
oligomerebis warmoqmnas [25]   

sxvagvarad mimdinareobs difunqciuri monomerebis hidrolizi tute 
areSi. hidrolizis procesSi gamoyofili qlorwyalbadis ganeitraleba tu-
tiT Zlier aferxebs molekulebis kondensacias hidroqsilur jgufebTan, 
ris Sedegadac xdeba Sualeduri produqtebis R2Si(OH)Cl da R2Si(OH)2 dag-
roveba, rac iwvevs ZiriTadad xazovani polimerebis warmoqmnas. zogierT 
SemTxvevaSi SesaZlebeli xdeba diorganodihidroqsisilanebis gamoyofa.  

dadgenilia, rom maRali stabilurobiT xasiaTdebian diorganodihid-
roqsisilanebi didi zomis radikalebiT da uaryofiTi induqciuri efeqtis 
mqone jgufebiT siliciumis atomTan. magaliTad, sakmaod mdgradebi arian 
(C6H5)2Si(OH)2 da mesameuli - (C4H9)2 Si(OH)2 [26]. 

umaRlesi alkilmeTil- da alkileTildihidroqsisilanebi miRebul 
iqna umaRlesi alkilmeTil- da alkileTildiqlorsilanebis hidroliziT 
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qlorwyalbadis aqceptoris - anilinis Tanaobisas eTeris areSi  Semdegi 
sqemis mixedviT [27]:  

RR
1
SiCl 2 + 2H2O

C6H5NH2
RR

1
Si(OH 2) + C6H5NH2


HCl  

am produqtebis gamosavlianoba Seadgens 70-80%.  
umaRlesi alkilmeTil- da alkileTildiqlosilanebis hidroliziT 

qlorwyalbadis aqceptoris gareSe miiReba cikluri da xazovani produq-
tebis narevi Semdegi sqemis mixedviT [27]:  

nRRISiCl2 +2nH2O
-2nHCl

RRISiO
k
+ Si OHO Si O Si OH

RI

R

RI

R

RI

Rl  

sadac l=1,2,3; K=3,4,5; R=C6H5, C8H17, i - C8H17, i – C9H19; R
I
=CH3, C2H5. 

Seswavlilia alkil(arilalkil)-, alkil(diarilalkil)- da alkil-
(diarilalkenil)diqlorsilanebis hidrolizis reaqciebi sxvadasxva piro-
bebSi [28].  

sxvadasxva diqlorsilanebis hidroliziT tute areSi gamoyofilia  
Sesabamisi dihidroqsidiorganosilanebi, romelTa warmoqmna mimdinareobda 
Semdegi sqemis mixedviT:  

RR
1
SiCl 2  +  2 H2O RR

1
Si(OH) 2  +  2HCl  

sadac: R=PhCH2-CH(Ph)-, R
I
=CH3; 

              R=Ph2CH-CH2-, R
I
=CH3; 

              R=Ph2CH-CH2-, R
I
=C2H5 ; 

              R=PhCH2-CH(Ph)-, R
I
=C2H5 ; 

  R= PhCH=CPh-, R
I
=CH3. 

aRmoCenilia, rom dihidroqsidiorganosilanebis hidrolizuri mdgra-
doba izrdeba rigSi:  

Si(OH)2

Me

PhCH CPh

Si(OH)2

Me

PhCH2 CHPh

Si(OH)2

Me

CH CPh2 H2

 

hidroqsijgufebis stabilurobas silanoluri kondensaciebis mimarT 
avtorebi xsnian feniluri radikalebis maekranirebeli efeqtiT siliciumis 
atomze.  

literaturaSi arsebobs monacemebi difunqciuri -naftalinis radi-
kalis Semcveli organoqlorsilanebis hidrolizis Sesaxeb [29, 30].  

-naftilalkildiqlorsilanebis hidroliziT tute areSi miRebuli 
da daxasiaTebulia Sesabamisi dihidroqsisilanebi [30]: 

C10H7 Si Cl2

R


2HOH

HO Si OH

R

C10H7  

sadac: R=CH3, C2H5.  

e.a. CerniSevisa da misi TanamSromlebis mier [29] Catarebulia -naf-
tilorganodiqlorsilanebis hidrolizi, rogorc mJava areSi, aseve 
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S

Th=

aqceptoris-piridinis Tanaobisas da miRebulia 1,3-diqlordiorgano--di-
naftildisiloqsanebi.  

,-diqlor-1,4-bis(diorganosilil)dihidronaftilensiloqsanebis hid-

rolizis Sedegad tute areSi dasinTezebulia Sesabamisi ,-dihidroqsi-1,4-
bis(diorganosilil)dihidronaftilensiloqsanebi [31, 32].  

Seswavlilia diciklopentenilmeTildiqlosilanis hidrolizis rea-
qcia eTeris areSi KOH-is Tanaobisas, ris Sedegadac miRebulia Sesabamisi  
diciklopentenilis  radikalis Semcveli dihidroqsisilani da 1,3-dihidro-
qsidisiloqsani [33].  

meTilTienildiqlorsilanis hidrolizuri kondensaciis reaqciis Ca-
tarebisas natriumis bikarbonatis Tanaobisas gamoyofili iqna eqvs da 
rvawevriani organociklosiloqsanebi Tienilis radikalebiT siliciumis 
atomTan [34].  

analogiurad miRebulia eqvs- da rvawevriani organociklosiloq-
sanebi furanuli jgufebiT siliciumis atomTan [34].  

meTilTienildiqlorsilanisa da ,–diqlormeTilTienilsiloqsane-
bis hidrolizis Catarebisas dabali temperaturis pirobebSi qlorwyal-
badis aqceptoris _ anilinis Tanaobisas miRebulia Sesabamisi hidroqsi-
warmoebulebi Semdegi sqemis mixedviT [35]:  

Si

Me

OCl

S

Si Cl

Me

S
n-1

+  2H2O
2 An

-2An.HCl

Si

Me

OOH

S

Si OH

Me

S
n-1  

sadac n=1; 2; 3; 10.  
meTilTienildiqlorsilanis hidrolizuri kondensaciis reaqciebis 

Seswavlam  Zlier mJava areSi aCvena, rom meTilTienilciklosiloqsanebis 
mcire gamosavlianoba gamowveulia Si-is atomTan dakavSirebuli Tienilis 
radikalebis moxleCiT. 

  avtorebis mier [35] Seswavlilia meTilTienildiacetoqsisilanis 
hidrolizuri kondensacia sxvadasxva temperaturaze da gamoyofilia eqvs- 
da rvawevriani meTilTienilciklosiloqsanebis narevi saerTo ga-
mosavlianobiT 70%. reaqcia midis Semdegi sqemiT:  

MeThSi(OCOCH3)2  +  n H2O
-(n-1)CH3COOH

MeThSi OSiMeTh
n

O  
 
sadac            ; n=2;3. 

 
 

dadgenilia, rom reaqciis Catarebisas dabal temperaturaze um-
Tavresad warmoiqmneba eqvswevriani ciklebi, xolo oTaxis temperaturaze -
rvawevriani ciklebi.  

rTul sakiTxs warmoadgens trifunqciuri organosilanebis hidro-
lizuri kondensaciis reaqciebis Sedegad miRebuli naerTebis Sedgenilo-
bisa da aRnagobis dadgena.   
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siliciumis atomTan organuli radikalebis gansazRvruli ganlagebis 
mqone organociklosiloqsanebis sinTezisaTvis gamoiyeneba heterofunq-
ciuri kondensaciis reaqcia (hfk).  

heterofunqciuri kondensaciis reaqcia saSualebas iZleva miRebul 
iqnas organociklosiloqsanebi, rogorc siliciumis atomTan funqciuri 
jgufebiT, ise funqciuri jgufebis gareSec.  

reaqcia mimdinareobs rogorc heterogenul, aseve homogenur garemoSi.  
reaqciis siCqare damokidebulia siliciumis atomTan mdgomi organuli 
radikalebis bunebaze da reaqciis temperaturaze.  

diorganodiqlorsilanebis heterofunqciur kondensacias sxvadasxva 

dihidroqsidiorganosilanebTan da ,-dihidroqsidiorganosiloqsanebTan 
ufro xSirad atareben gamxsnelSi. qlorwyalbadis aqceptoris Tanaobisas 
Sereuli alkil(aril)ciklosiloqsanebis sinTezisaTvis gamoyenebulia 
organohidroqsisilanebis urTierTqmedebis reaqcia organoqlorsilanebTan 
[36]. difenildihidroqsisilanis kondensaciiT sxvadasxva diorganodiqlor-
silanebTan miRebuli iqna sxvadsxva aRnagobis organociklosiloqsanebi 
[37, 38]. 

organodisiloqsanebis (saerTo formuliT YR
I
2SiOSiR2Y) urTierTqmede-

bis reaqciiT R2SiX2 tipis naerTebTan (sadac R=alkili, cikloalkili, 
arili, arilalkili, alkenilian Canacvlebuli naxSirwyalbaduri radi-
kalebi; R

I
=o-, m-, p-tolili, o-, m-, p–triftormeTilfenili; Y=OH, X=Cl da 

piriqiT, ganzavebul xsnarebSi 200
C temperaturaze da moreagire komponen-

tebis eqvimoluri, Tanafardobisas miRebulia Sesabamisi organo-
ciklotrisiloqsanebi [39].  

meTilfenil- da difenil dihidroqsisilanebis heterofunqciuri kon-
densaciis Sedegad diorganodiqlorsilanebTan miRebulia gansazRvruli 
aRnagobis ciklosiloqsanebi Semdegi sqemis mixedviT [40] : 

2C6H5RSi(OH) 2  +  CH3R
1
SiCl 2

4C5H5N

-4C5H5N.HCl

Si O

CH3

O

R
1

Si

R

O

C6H5

Si O Si R
1

CH3

R

C6H5  

sadac: R=CH3, C6H5; R
I
=H, CH=CH2-.  

Sesabamisi organodiqlor- da dihidroqsisilanebis heterofunqciuri  
kondensaciiT miRebulia  axali organociklosiloqsanebi, romelTa mole-

kulaSic siliciumis atomTan dakavSirebulia (-fenil)feneTil-, (-fenil)-
feneTil-, feneTilisa da stilbinis  radikalebi [40]. 

Sesabamisi dihidroqsidiorganosilanebis da ,-dihidroqsidiorgano-
siloqsanebis heterofunqciuri kondensaciis reaqciiT diqlodiorgano-

silanebTan da ,-diqlordiorganosiloqsanebTan eTeris areSi trieTil-
aminis Tanaobisas miRebulia organociklotri- da tetrasiloqsanebi 
diciklopentenilis radikalebiT siliciumis atomTan [41].  

eqvsi- da rvawevriani ciklosiloqsanebi meTilfenilis da meTil-
vinilis radikalebiT siliciumis atomTan miRebulia meTilfenilsi-

landiolis heterofunqciuri kondensaciis reaqciiT an ,–dihidroqsime-
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S

Th=

Tilfenilsiloqsanebis heterofunqciuri kondensaciiT ,–diqlormeTil-
vinilsiloqsanebTan an meTilvinildiqlorsilanTan Semdegi sqemis mixed-
viT [42]:  

Si

Me

OHO

Ph

H

n

+ Si

Me

OCl

Vin
m-1

Si

Me

Cl

Vin

Ph Si O

Me

Si

Me

O

Vin

 

sadac n=1 m=2(I); n=2, m=1(II); n=3, m=1(III); n=1 m=3(IV); n=2, m=2(V)  

meTilfenilsilandiolis heterofunqciuri kondensaciis reaqciiT me-
TilvinildiqlorsilanTan miRebulia adre aRwerili [40] 1,3,5,7-tetra-
meTil-1,5-difenil-3,7-divinilciklotetrasiloqsani (VI), romelSic (V) niv-
Tierebisagan gansxvavebiT fenilis da vinilis radikalebi siliciumis ato-
mTan ganlagebuli arian diagonalze ciklSi.  

gamokvleulia meTilfenildiqlorsilanis heterofunqciuri konden-
saciis reaqcia 1,3-dihidroqsi-1,3-dimeTil-1,3-difenildisiloqsanTan sxvada-
sxva aminebis Tanaobisas sxvadasxva polarobis gamxsnelebis areSi [43].   

dadgenilia, rom Sesabamisi ciklotrisiloqsanis gamosavlianoba mci-
rdeba aminis fuZianobis Semcirebasa da gamxsnelis dieleqtrikuli SeR-
wevadobis gazrdasTan erTad. 1,3,5-trimeTil-1,3,5-trifenilciklotrisiloq-
sanis izomerTa SedarebiT kargi  gamosavlianoba miiRweva inertuli gamxs-
nelebisa da Zlieri aminebis gamoyenebisas. naCvenebia, rom cis-trans izo-
merebis Tanafardoba daaxloebiT erTnairia mxolod mcired polarul 
areSi Zlier fuZe bunebis aminebis gamoyenebisas, xolo danarCen SemT-
xvevebSi procesi avlens gansazRvrul stereoseleqtiurobas trans-izome-
ris sasargeblod. gamonakliss warmoadgens qloroformi, romelSic 
izomerebis Tanafardoba da jamuri gamosavali A3 mciredaa damokidebuli 
aminis bunebaze.  

amasTanave dadgenilia, rom sareaqcio areSi myardeba cis-trans 
izomerebs Soris wonasworuli mdgomareoba. amasTan, cis-izomeris koncen-
traciis SemcirebasTan erTad trans-izomeris koncentracia Tavdapirvelad 
izrdeba gansazRvrul maqsimumamde, Semdeg ki xdeba orive izomeris Semcve-
lobis Semcireba ufro maRalmolekuluri produqtebis warmoqmnis xarjze.  

heterofunqciuri kondensaciis reaqciiT miRebulia eqvs- da rva-
wevriani organociklosiloqsanebi Tienilis radikalebiT siliciumis 
atomTan [43]: 

MeThSiCl2 + Si

R

RI

HO O H

n

2Py

-2Py HCl
MeThSi

O

OSiRRI

n

 

 

sadac                         , n=2, R=Me, R
I
=CH2Cl(I); Vin(II); Ph(III); 

  

                                        R=R
I
=Ph(IV);n=3, R

I
Vin(V). 

 
eqvsi da rvawevriani organociklosiloqsanebi ori meTilTienil-

siloqsirgolebiT ciklSi miRebulia 1,3-dihidroqsi-1,3-dimeTil-1,3-diTien-
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ildisiloqsanis urTierTqmedebiT sxvadasxva alkil(aril)diqlorsila-
nebTan da 1,3-diqlortetrameTildisiloqsanTan.  

oTxqloriani siliciumis heterofunqciuri kondensaciis reaqciiT 1,3-
dihidroqsitetraorganodi- da 1,5-dihidroqsiheqsameTiltrisiloqsanTan HCl-

is aqceptoris _ aminis Tanaobisas an mis gareSe (sareaqcio aredan HCl-is 
mocilebis pirobebSi) dasinTezebulia 1,1-diqlortetraorganociklotri- 
da 1,1-diqlorheqsameTilciklotetrasiloqsanebi Semdegi sqemis mixedviT 
[44-46]:  

Si

R

O

R
1

H

n

Si

R

O

R
1

HO +    SiCl4

Si O

SiCl2

OSi

O

R R
1

R R
1

 

sadac: n=1, R= R
I
=CH3,C6H5; R=CH3, R

I
=C6H5; 

              n=2; R= R
I
=CH3. 

ciklosiloqsanebis gamosavlianoba izrdeba ,-dihidroqsisiloqsan-
Si siliciumTan mdgomi jgufebis zomebis gazrdasTan erTad.  

gamokvleulia viniltriqlorsilanis  da  triqlorsilanis hetero-
funqciuri kondensaciis reaqcia dihidroqsidifenilsilanTan sawyisi 
komponentebis moluri Tanafardobisas 2:3. [47] naCvenebia, rom oTaxis 
temperaturaze TanapolimerebTan erTad warmoiqmneba dabalmolekuluri 
bicikluri naerTebi Semdegi sqemis mixedviT:  

2RSiCl3 + 3Ph2Si(OH)2 R Si O

O

O

Si Ph2

Si
Ph2

Ph2

Si

O

O

O Si R +polimeri

 

sadac R=Vin, H. H  
ganxorcielebulia agreTve viniltriqlorsilanis heterofunqciuri 

kondensacia dihidroqsidifenilsilanTan or stadiad Semdegi sqemis mi-
xedviT: [48]    

2VinSiCl 3 +  2Ph2Si(OH) 2 Cl Si

O

O

Si

Si

O

O

Si Cl

Ph2

Ph2

4Py

-4Py.HCl

Vin Vin
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Cl Si

O

O

Si

Si

O

O

Si Cl

Ph2

Ph2

Vin Vin

 +   Ph2Si(OH) 2

4Py

-4Py.HCl Vin Si

O

O

O

Si

Si

Si O

O

O

Si Vin

Ph2

Ph2

Ph2

  
meTiltriqlorsilanis safexurebrivi kondensaciis reaqciiT dihid-

roqsidimeTilsiloqsanTan gamoyofilia diqlormeTilciklosiloqsanebi 
Semdegi sqemis mixedviT [49]: 

2MeSiCl 3  +  HO(SiMe2O) nH
2Akc

-2Akc.HCl
Cl 2Si

Me

O SiMe2O
n

SiCl2

Me

 

 

Cl 2Si

Me

O SiMe2O
n

SiCl2

Me

 +   HO(SiMe2O) mH Si

O(SiO)n

Si

O(SiO)m

Me

Cl

Me

Cl

Me2

Me2  

sadac n=m=1,2,3, n≠m.  
1,3-dihidroqsitetrafenildisiloqsanis heterofunqciuri kondensa-

ciiT diorganodi- da organotriqlorsilanebTan, aseve oTxqlorian si-
liciumTan aqceptoris _ piridinis Tanaobisas dasinTezda organociklo-
tri- da organocikloheqsasiloqsanebi gansxvavebuli funqciuri jgufebiT 
siliciumis atomTan [50]:  

RR
1
SiCl 2  +    HO(SiPh2O) 2H ORR

1

SiO

O

SiO

Ph2

Ph2

SiRR
1

O(SiO)2

RR
1
Si

O(SiO)2

Ph2

Ph2

+

 

sadac R=Me, Vin, Cl; R
I
=Me, Ph, Cl.  

1,3-dihidroqsitetrafenildisiloqsanis heterofunqciuri kondensaciis 
reaqciiT 1,1,1,5,5,5-heqsaqlor- da 1,1,5,5-tetraqlor-1,5-diorgano-3,3-difenil-
trisiloqsanebTan dasinTezebulia organociklopenta- da organociklo-
dekasiloqsanebi funqciuri jgufebis gansazRvruli ganlagebiT 
siliciumis atomTan [51, 52]: 
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Ph2Si(OSIRR
1
Cl)2 +    HO(SiPh2O) 2H

2Py

-2Py.HCl
SiRR

1

O(SiO)2

RR
1
Si

O(SiO)2

Ph2

Ph2

+

Si

O

Si (OSi )2

R
1

R

Ph2

O Si

R
1R

O

Si

O

Si (OSi )2

Ph2

O Si

O

R R
1

R R
1

Ph2

Ph2 Ph2+

 

sadac: R=Me, Ph, ClC6H4, ClCH2, Vin, ClC6H4C2H4Cl, R
I
=Cl; R=ClCH2, R

I
= Me; 

               R=Me, R
I
=Vin. 

miRebulia agreTve zogierTi  difunqcionaluri dekaorganocikloheq-
sasiloqsanebi Semdegi sqemis mixedviT [53]:  

Cl2SiO

R
1

SiR2O 2SiCl2

R

+  HO(SiR2O) nH
2Akc

-2Akc.HCl

Si

R
1

Cl O

O

Si

SiR

R

O

O Si

R

R

O

SiSi O

R
1

Cl

Ph2

Ph2

+

 

Si

R

R

O

O Si O Si R

R

O

Si SiO Si O R

Cl

Cl

R

R

I
I

I
R

R R

++ oligomeruli produqti

 

sadac: R=R
I
=Me; R=Me, R

I
=Ph; R=Ph, R

I
=Me.  

organotriqlorsilanebis heterofunqciuri kondensaciis reaqciiT 
diorganodihidroqsisilanebTan miRebulia difunqciuri ciklotetrasi-
loqsanebi. reaqcia midis Semdegi sqemis mixedviT [54]:  

2RSiCl 3 + R
1
CH3Si(OH)2

Akc.
SiCl

Cl

R

O Si O Si

R

Cl

Cl

R
1
CH3Si(OH) 2

R

Si

O

O

Si

Si

O

O

Si

R

ClCl

CH3

CH3

R
1

R
1

 

sadac: R=R
I
=CH3, C2H4C2H5; C2H4C6H4CH3; C2H4C6H4Cl.  
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Seswavlilia [55] 1,1,7,7-tetraqlororganotetrasiloqsanebis reaqcia 
dihidroqsidifenilsilanTan gamosavali komponentebis eqvimoluri Tana-

fardobisas toluolis 5%-ian xsnarSi piridinis Tanaobisas -50C tem-
peraturaze. miRebulia Sesabamisi cikluri produqti reaqciis mixedviT:  

Si

R

Cl2 O SiPh2O2 Si

R

Cl2 + Ph2Si(OH)2 Si

R

Cl

OSi

O(SiO)2

Si

RO

Cl

Ph2

Ph2  

sadac R=Me, Ph.  

avtorebis mier [56] gamokvleulia siliciumorganuli da hidroq-
siwarmoebulebis heterofunqciuri kondensaciis reaqcia bis(meTilqlorsi-
lil)eTanTan, naCvenebia, rom am dros warmoiqmneba bicikluri naerTebi eTi-
lenuri xidebiT ciklis SigniT.   

Cl 2Si

Me

SiCl2

Me

(CH2)2 + 2 RR
1
Si(OH) 2

2Py
SiMe

O(SiO)2

MeSi

O(SiO)2

R

R R
1

R
1

(CH2)2

 

sadac R=R
I
=Me, Et, Ph; R=Me, R

I
=Ph, Vin.  

agreTve  dadgenilia,  rom  bis(meTilqlorsilil)eTanis heterofunq-
ciuri kondensaciis  reaqciiT 1,3-dihidroqsitetraorganosiloqsanebTan, ga-
mosavali nivTierebebis moluri Tanafardobisas 1:2 miiRebian bicikluri 
naerTebi, sadac eTilenuri xidebi ganlagebulia rogorc ciklis SigniT, 
aseve maT Soris. reaqcia midis Semdegi sqemis mixedviT:  

Cl2MeSi(CH2)2SiMeCl 2 + 2HO(SiR2O)2H
+4 Py

-4Py.HCl
SiMe

(SiR2O)2

MeSi

(SiR2O)2

(CH2)2 +

O

O O

O

I  

O

R2Si

R2Si

O
Si

O

Me

(CH2)2 Si

O

R2Si

O

SiR2

O

Me

+

II
 

      reaqciis produqtebis Tanafardoba I:II Sesabamisad Seadgenda 3:1.  
avtorebis mier Seswavlilia 1,3-diqlortetraorganodi- da 1,5-diq-

lorheqsaorganotrisiloqsanebis heterofunqciuri kondensaciis reaqciebi 

dihidroqsidiorganosilanebTan 530C temperaturaze trieTilaminis Tanao-
bisas, ris Sedegadac miRebulia Sesabamisi ciklotri- da ciklotetra-
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siloqsanebi -naftalinis radikalebiT siliciumis atomTan [57]. reaqcia 
mimdinareobs Semdegi sqemis mixedviT:  

HO Si

R

C10H7

OH



Si

R1

Me

Cl O Si

Me

R1

Cl

n

+
2Et3N

-2Et3N.HCl

SiR1 O

O

Si

O

R1

C10H7 C10H7

Si

R C10H7

I-VI

Si

O

Me

Me O Si

Me

O

Me

Si SiOMe

Me R

C10H7-

VII-VIII

 
sadac: n=1, R=Me, R

I
=Me (I), Vin (II), Ph (III); n=1, R=Ph, R

I
=Me (IV), Vin (V), Ph (VI);  

              n=2, R=Me (VII), Ph (VIII).  

agreTve, molekulaSi ori -naftalinis radikalis Semcveli organo-
ciklotri- da tetrasiloqsanebis sinTezis mizniT Catarebulia 1,3-di-

meTil-1,3-di--naftil-1,3-dihidroqsidisiloqsanis reaqcia dimeTil-, meTil-
vinil- da meTilfenildiqlorsilanebTan, agreTve 1,3-diqlortetrameTil-
disiloqsanTan. reaqcia mimdinareobs Semdegi sqemiT:  

HO Si

Me

C10H7

O



Si

Me

C10H7

OH

Si
ClMe

Cl Cl

Me2 Si

Cl

O SiMe2

Cl

SiMe O

O

Si

O



Me

C10H7 C10H7

Si

Me R

Si O

O

Me

C10H7

Si Me

O

C10H7

Si SiO MeMe

Me Me

XII

IX-XI

 

sadac: R=Me (IX), Vin (X), Ph (XI)  

meTil-, -naftil- da fenil--naftildihidroqsisilanebis urTierTq-

medebiT dimeTildiqlorsilanTan miRebulia 1,5-di(-naftil)heqsameTil- da 

1,5-di(-naftil)-1,5-difeniltetrameTilciklotetrasiloqsanebi:  
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HO Si

Me

C10H7

OH



Si

Me

Me

ClCl+
2Et3N

-2Et3N.HCl

Si O

O

Me

C10H7

Si R

O

Me

Si SiO MeR

Me C10H7

XIII-XIV

 
sadac: R=Me (XIII), Ph (XIV).  

 amdenad, Cvens mier, heterofunqciuri kondensaciis reaqciebis gamo-
yenebiT ganxilulia funqciuri jgufebis Semcveli xazovani da cikluri 
aRnagobis nivTierebebis sinTezis meTodebi.   
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1.2. dienuri naerTebis hidrosililirebis reaqciebi 
 

literaturaSi farTod aris aRwerili hidrosililirebis reaqciebi 
ujeri naerTebisa, romlebic Seicaven Semdegi tipis jerad bmebs: >C=C<,  -

C=C-, >C=0, -CN da diolefinuri naxSirwyalbadebisa, romlebic Seicaven 
SeuRlebul ormag kavSirebs.  

ormagi C=C bmis Semcveli naerTebis hidrosililireba SeiZleba war-
movidginoT sqematurad Semdegi saxiT:  

C C + H Si C C Si

 

reaqcia SeiZleba warimarTos ori mimarTulebiT, markoknikovis an 
anti-markovnikovis (farmeris) wesiT ori izomeris warmoqmniT:  

R CH CH2 + H Si

CH2 CH2 Si

R CH Si

CH3

R

 

hidrosililirebis reaqciis mimarTuleba da siCqare  ganisazRvreba 
katalizatoris bunebiT, sawyisi ujeri naerTebis struqturiT, hidrosila-
nebis aRnagobiT da reaqciis pirobebiT.  

hidrosililirebis reaqciebis katalizatorebad gamoiyeneba H2PtCl6, Pt 

da Pd matareblebze, rkinisa da nikelis karbonilebi, zeJanguri naerTebi, 

ui da -gamosxiveba, fuZe bunebis naerTebi: aminebi, fosfinebi, amidebi, 
sammagi katalizatori [58]. warmodgenilia aseve rigi axali efeqturi 
katalizatorebisa [59-61]. miuxedavad maTi didi raodenobisa, amJamad hidro-
sililirebis reaqciebSi yvelaze metad gamoiyeneba platinaqlor-
wyalbadmJava, rac aixsneba misi upiratesobebiT: damzadebis simartive, 
maRali aqtivoba, mierTebis reaqciis produqtebis didi gamosavlianoba. 
Tumca am katalizators gaaCnia Tavisi naklovanebebic: induqciuri peri-
odis arseboba da amasTan dakavSirebiT, procesis mZafri warmarTva, Seda-
rebiT mcire seleqtiuroba, garkveul pirobebSi polimerizaciis Tanamdevi 
reaqciebis gamowveva.  

amJamad Seswavlilia hidrosililirebis reaqciebi mravali ujeri or-
ganuli da elementorganuli naerTebisaTvis [58, 62-67].  

hidrosililirebis reaqcias xSirad atareben gamxsnelebis Tanaobi-
sas. fuZe xasiaTis gamxsnelebis gamoyeneba xels uwyobs hidrosililirebis 
reaqciis warmarTvas [66].  

siliciumis atomTan mdgomi bicikluri radikalis Semcveli silici-
umorganuli monomerebis sinTezi SeiZleba ganxorcieldes qlorsilanebis 
rogorc Termuli [68-73], aseve katalizuri [74] mierTebiT diolefinur nax-
SirwyalbadebTan. triqlorsilanis mierTeba SeuRlebuli ormagi bmis 
Semcvel diolefinebTan, organuli zeJangebis Tanaobisas an ultraiisferi 
dasxivebis zemoqmedebiT ver moxerxda, radgan aRniSnuli katalizatorebi 
iwvevdnen sawyisi naxSirwyalbadebis polimerizacias, romelic mimdinare-
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obda gacilebiT Cqara, vidre HSiCl3  mierTeba ormag bmasTan [75], magram reaq-
ciis Catarebisas katalizatorebis Tanaobisas maRali temperaturisa da 
wnevis pirobebSi umravles SemTxvevaSi SesaZlebelia hidrosililirebis 
reaqciis Catareba.  

avtorebis mier [75] Seiswavleboda triqlorsilanis Termuli 
mierTebis reaqcia alifatur da aciklur naxSirwyalbadebTan, romlebic 
Seicaven or izolirebul an SeuRlebul ormag bmebs.  

dadginda, rom heqsadien-1,5, romelic Seicavs izolirebul ormag 
bmebs, urTierTqmedebs Warb triqlorsilanTan monoolefinuri naxSirwyal-
badebis msgavsad, da warmoqmnis 1,6–bis(triqlorsilil)heqsans 70%-iani 
gamosavlianobiT:  

CH2 CH(CH2)2CH CH2
+2HSICl3

Cl3Si(CH2)6SiCl3 

imave avtorebis mier dadginda, rom naxSirwyalbadis molekulaSi ori 
izolirebuli ormagi bmis arsebobisas mierTeba mimdinareobs farmeris 
wesis Tanaxmad, e.i. -SiCl3 jgufi ukavSirdeba naklebad hidrogenizirebul 
naxSirbadis atoms [75].   

literaturaSi moipoveba cnobebi ciklopentadienTan siliciumhidri-
debis Termuli mierTebis Sesaxeb [75]. ciklopentadien-1,3, romelic Seicavs 
SeuRlebul ormag bmebs, ierTebs triqlorsilans (avtoklavSi 2800

C-ze) da 
warmoqmnis 1,3-bis(triqlorsilil)ciklopentans 45%-iani gamosavlianobiT: 

+ 2HSiCl3 Cl3Si SiCl3
 

aRniSnuli nivTiereba miRebulia agreTve 28,5%-iani gamosavlianobiT 
triqlorsilanis mierTebiT diciklopentadienTan. rogorc Cans, am 
SemTxvevaSi, hidrosililirebis reaqcia win uZRvis diciklopentadienis 
Termul depolimerizacias ciklopentadienad da amis Semdgom umniSvnelo 
gamosavlianobiT warmoiqmneba diciklopentadienis molekulasTan erTi da 
ori molekula triqlorsilanis mierTebis produqtebis izomerebis narevi.  

ciklopentadienisa da triqlorsilanis 6000C-mde xanmokle gaxurebiT 
(am nivTierebebis orTqlis narevis gatarebiT gaxurebuli carieli kvarcis 

milSi) ZiriTadad warmoiqmneba -ciklopenteniltriqlorsilani 30%-ni ga-
mosavlianobiT [76]. 

SiCl3
 

triqlorsilanis dabaltemperaturuli Txevadfazuri mierTeba 
ciklopentadienTan SesaZlebeli gaxda mxolod avtoklavSi H2PtCl6· 6H2O 
Tanaobisas da dienis samjeradi siWarbis SemTxvevaSi.  

amasTanave -ciklopenteniltriqlorsilani warmoiqmneba sxva naerTe-

bis, cxadia, da - da -ciklopentenilsilanebis mniSvnelovan minarevTan 
erTad. garda amisa, am reaqciaSi warmoiqmneba HSiCl3-is ciklopentadienis 
dimerTan mierTebis produqti 40%-mde [77]:   
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+

SiCl3 SiCl3

 

   am ukanasknelis meTilirebiT miiReba diciklopenteniltrimeTilsi-
lani.  

triqlorsilanis cikloheqsa-1,3-dienTan reaqciiT miRebulia ciklo-
heqsiltriqlorsilanisa da benzolis narevi, rasac avtorebi xsnian im 
faqtiT [72, 75], rom reaqciis pirobebSi cikloheqsa-1,3-dieni ganicdis Seuq-
cevad katalizur gardaqmnas benzolad da cikloheqsanad, romelsac Semdeg 
uerTdeba triqlorsilani Semdegi sqemis mixedviT:  

+

SiCl3

2

HSiCl3

 

a.d. petrovisa da sxva avtorebis mier [78] Seswavlilia 
siliciumhidridebis ujer biciklur naerTebTan mierTebis reaqciebi 
spaieris katalizatoris Tanaobisas. siliciumhidridebis saxiT gamoyenebu-
lia triqlorsilani, meTil- da eTildiqlorsilani, xolo ujeri biciklu-
ri naerTebis saxiT ki biciklo(2,2,1)-hepten-2, biciklo(2,2,1)-heptadien-2,5; 2-me-
Tilbiciklo (2,2,1)-hepten-5; 2-vinilbiciklo(2,2,1)-hepten-5 da ciklopentadie-
nis dimeri.  

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

C-ze (50% gamosavlianobiT):  

· +   RSiHCl2 ·
SiRCl2

 

sadac R=Cl; CH3; C2H5.  

biciklo(2,2,1)hepten-2-is triqlorsilanTan urTierTqmedebis reaqcia 
sawyisi monomerebis sxvadasxva moluri Tanafardobisas (1:1 da 2:1) mimdina-
reobs Semdegi sqemis mixedviT:  

 

HSiCl3 H· + SiCl3
·
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· +  SiCl3 · ·
· SiCl3

·
SiCl3 +  SiCl3

·

·
·

SiCl3

HSiCl3

··
HSiCl3

 

·
SiCl3

·
+  SiCl3
· da a.S

 

rTulad mimdinareobda reaqciebi 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-(triq-
lorsilil)-biciklo(2,2,1)-hepten-5-is gamosavlianoba ar aRemateboda 44%-s. 
meTil-, eTil- da dieTilqlorsilanebi uerTdebian biciklo pentadiens 
atmosferul wnevaze da 45-700

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

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

bოrnilenis tipis naerTebi  

·
R

 

aseve, am ukanasknelebis nortriciklenad gadajgufebis produqtebi.  

·
R

 

naCvenebia [79, 80], rom bicikloheptadienTan HSiCl3 da CH3SiHCl2 mier-
Tebis produqtebs SeiZleba miekuTvnos norbornilenis struqtura:  

            

·
SiCl3

·
SiCl3

            

·
SiCH3Cl2
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garda amisa, ukanaskneli naerTis hidrirebam platinis Savis Tanao-
bisas siciveSi, daamtkica mis molekulaSi erTi ormagi bmis arseboba.  

bicikloheptadienTan eTil- da propildiqlorsilanebis aduqtebi 
warmoadgenen 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 gamosavlianobiT miRebulia aduqti, romelic warmoadgens 5 da 6 
mdgomareobaSi triqlorsililis jgufis Semcveli 2-meTil-(triqlorsi-
lil)bicikloheptanebis ori izomeris narevs:  

·
CH3

+      HSiCl3 ·
CH3

Cl3Si
·

CH3Cl3Si

+

 

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

kvadrupoluri rezonansuli speqtrebis monacemebma gviCvena, rom triq-
lorsilanis urTierTqmedebisas 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

 

literaturaSi cnobilia triciklodekadienis hidrosililirebis 
reaqciebi organo(qlor)hidrosilanebTan sxvadasxva katalizatoris (spai-
eris katalizatori, dikobaltis oqtakarbonili da sxva) Tanaobisas. dadge-
nilia, rom organoqlorsilanSi Camnacvlebeli jgufebis eleqtronuli 
bunebis mixedviT, triciklodekadienis molekulasTan mierTeba SeiZleba 
ganxorcieldes 1-2 an 9-10 mimarTulebiT. magaliTad, meTildiqlorsilanis 
mierTeba diciklopentadienTan mimdinareobs 9-10 mimarTulebiT, dimeTil-
qlorsilanis ki 1-2 da 9-10 mimarTulebiT, xolo trimeTilqlorsilanis ki 
_ mxolod 1-2 mimarTulebiT [81]: 
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MeHSiCl2

Me2HSiCl

Me3SiH Si

MeMe

Me

1

3 4

5
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1

3 4
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2

2

1

3 4
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10

2 SiMeCl2

1

3 4

5
6

7
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9
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2 SiMe2Cl ClMe2Si
1

3 4

5
6

7

8
9

10

2
+

 
yvela formis stereoqimiurma Seswavlam aCvena, rom hidrosilanebis 

ormag da sammag naxSirbad-naxSirbad bmasTan mierTebis reaqciebi warmoad-
genen trans-mierTebas da SeuZlebelia endo- an egzo-izomerebis warmoqmnis 
albaTobis dadgena [82].  

ciklopentadienis pentameTildisiloqsanTan urTierTqmedebis dros 
spaieris katalizatoris Tanaobisas ukve 300C-ze mimdinareobda ciklopenta-
dienis dimerizacia da dimeri Sedioda mierTebis reaqciaSi [83]: 

+  (CH3)3SiOSi(CH3)2H

+[ (CH3)3SiO]2Si(CH3)H

+  (CH3)3SiOSi(CH3)2H

+[ (CH3)3SiO]2Si(CH3)H

Si(CH3)2OSi(CH3)3·

Si(CH3)[OSi(CH3)3]2·
 

sainteresoa  aRiniSnos,  rom  mierTebis reaqcia pentameTildisiloq-
sanTan midis ufro advilad, vidre 3-H-heptameTiltrisiloqsanTan.  

literaturaSi moipoveba mravali Sroma, romelic exeba hidrosili-
lirebis reaqciis meqanizms [58,67]. platinis katalizatorebis, saxeldobr, 
H2PtCl6×6H2O Tanaobisas, hidrosililirebis reaqciis meqanizmis sakiTxebTan 
dakavSirebiT ukanasknel dromde arsebobs azrTa sxvadasxvaoba, aris Tu 
ara es reaqcia Tavisi bunebiT ionuri an radikaluri [67]. 

avtorebis mier [58, 62, 67, 84-86] aRniSnulia hidrosililirebis reaq-
ciebSi Sualeduri naerTebis saxiT platinaolefinuri kompleqsebis 
warmoqmnis SesaZlebloba.   

amJamad, yvelaze damajerebeli sqema warmodgenilia a.Cokisa da 
j.herodis [62] mier, gaTvaliswinebulia VIII jgufis liTonebis naerTTa 
Tanaobisas metalolefinuri kompleqsis warmoqmna:  
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C

C

M
+ Si H

C

C
M Si C C

M
Si

C C

C

C

M
+ Si C C H

 

warmodgenili meqanizmi katalizators uyenebs Semdeg moTxovnebs [62]:  
   a) olefinebis koordinirebis unari;  

   b) Si-H bmis gaxleCis da molekulis orive fragmentis koordinirebis 
unari;  

   g) liTonis ionis destruqciul aRdgenasTan SewinaaRmdegeba.   
literaturaSi aRwerilia triqlormeTildi- da eTildiqlorsilanis 

dcp-Tan urTierTqmedeba da gamoyofilia Sesabamis monomereuli produq-
tebi [75, 78].  

Seswavlilia dcp hidrosililirebis reaqciebi zogierT hidridorga-
noqlor- da triorganosilanebTan izopropilis spirtSi platinaqlor-
wyalbadmJavas 0,1M xsnaris Tanaobisas (spaieris katalizatori). yvela SemT-
xvevaSi hidridoganoqlorsilanebisa da trior-ganosilanebis dcp-Tan reaq-
cia mimdinareobs oTaxis temperaturaze [87]:  

1

2

3
4

5

6

7

8
9

10
+   RRISiHRII Si

R

RII

RI

 

sadac:  R=R
I
=CH3; R

II
=Cl (I); R=CH3, R

I
=C2H5, R

II
=Cl (II); 

      R=R
I
= C2H5, R

II
=Cl (III); R=CH3, R

I
= C6H5, R

II
=Cl (IV); 

      R=R
I
=C6H5, R

II
=Cl (V); R= R

I
= R

II
= CH3 (VI); 

        R= R
I
= R

II
= C2H5 (VII). 

dcp-is hidrosililireba 1,3-dihidrid-1,3-diorgano-1,3-diqlordisiloq-
sanebTan da 1,3-dihidridtetrameTildisiloqsanTan sawyisi nivTierebebis 
moluri TanafardobiT 2:1, spaieris katalizatoris Tanaobisas mimdina-
reobs 1,3-bis(diciklopentenil)-1,3-diorgano-1,3-diqlordisiloqsanisa da 1,3-
bis(diciklopentenil)organodisiloqsanis warmoqmniT [87]:   

1

2

3 4

5
6

7

8

9

10 Cat
H Si O

R

R'

Si H

R

R'

+ Si O

R

R'

Si

R

R'
 

sadac: R=R
I
=CH3(VIII);  R= CH3, R

I
= Cl (IX); R=C2H5, R

I
= Cl (X). 

amasTan unda aRiniSnos, rom dcp-s hidrosililireba hidridorga-
noqlor- da triorganosilanebTan mimdinareobs gacilebiT advilad, vidre 
Sesabamis dihidridorganodisiloqsanebTan. Tuki dcp hidriddiorgano-
qlorsilanebsa da trieTilsilanebs uerTdeba 30-40 wT-is ganmavlobaSi 55-
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67%-iani gamosavlianobiT, dcp-sa da 1,3-dihidriddiorgano(diqlor)disi-
loqsanebs Soris reaqcia mimdinareobs 5-7 saaTis ganmavlobaSi mierTebis 
produqtebis daaxloebiT igive gamosavlianobiT (60-62%).  

literaturidan cnobilia [88, 89], rom dcp-Tan wyalbadis sxvadasxva 
donorebis (HX, sadac X=OH Cl, Br, I, ArO da a.S.) mierTeba mJave bunebis ka-
talizatorebis (BF3, H2SO4) Tanaobisas, mimdinareobs ormag bmasTan “9-10” 
mdgomareobaSi  ConCxis erTdrouli gadajgufebiT.  

naSromSi [90] naCvenebia, rom meTildiqlorsilanis dcp-Tan mierTeba  
spaieris katalizatoris Tanaobisas midis diciklopentadienis ormag bmas-
Tan ~9-10~ mdg-Si. Seswavlilia dcp-is hidrosililirebis produqtebis aRna-
goba sxvadasxva fizikur-qimiuri meTodebiT (1H,13C, mas-speqtrebiT da rent-
genostruqturuli analiziT).  

kvlevis obieqtebad aRebulia dcp-Tan CH3SiHCl2, (CH)2SiHCI da 
(CH3)3SiH-is mierTebis produqtebi H2PtCl6·6H2O Tanaobisas. am SemTxvevaSi re-
aqcia SeiZleba warimarTos ori SesaZlo sqemiT [91]:  

1

2

3 4

5
6

7

8

9

10

+ RR'SiHR"
Cat

1

2

3 4

5
6

7

8

9

10

SiRR'R" +

1

2

3 4

5
6

7

8

9

10RR'R"Si

sadac: R=R
I
=Cl, R=CH3; R=R

I
=CH3, R

II
=Cl, R=R

I
=R

II
=CH3.  

Seswavlilia [91] diciklopentenilpentameTilciklotrisiloqsanis hi-
drirebis reaqcia spirtxsnarSi adamsis katalizatoris Tanaobisas. aRmo-
Cnda, rom hidrireba mimdinareobs ukve oTaxis temperaturaze 45%-iani gamo-
savlianobiT diciklopentilpentameTilciklotrisiloqsanis warmoqmniT:  

Si

O

Si

O

Si

O

CH3

CH3

H3C

H3C

H3C

+     H2

Si
O

Si

O

Si

O

CH3

CH3

H3C

H3C

H3C

 

dasinTezebulia diciklopentenilbutoqsisilanebis hidrirebis reaq-
cia adamsis katalizatoris (PtO2→Pt spirtxsnarSi) Tanaobisas. hidrireba 
mimdinareobs oTaxis temperaturaze Semdegi sqemiT [92]:  

Si

R

R
II

R
I

+   H2 Si

R

R
II

R
I

 

sadac: R=CH3, R
I
=R

II
=OC4H9; R= R

I
=R

II
 =OC4H9.  

Catarebulia agreTve diciklopenteniltrimeTilsilanis hidrireba 
Semdegi sqemis mixedviT:  



 

 

26 

 

Si

CH3

CH3

CH3+   H2 Si

CH3

CH3

CH3

 

diciklopentenilmeTildibutoqsisilanis hidrireba Catarebulia 
agreTve kalciumis karbonatze (Pd/CaCO3) daleqili paladiumis kataliza-
toris Tanaobisas. reaqcia mimdinareobs Seuferxeblad 90%-iani gamosavlia-
nobiT [91]. dadgenilia, rom katalizatoris Pd/CaCO3 Semcvelobisa da 
temperaturis gazrdiT izrdeba hidrirebis reaqciis siCqare.  

avtorebis mier Seswavlilia triciklodekadienis hidrosililirebis 
reaqcia organohidridsilanebTan, katalizatorebis, rogorc Rh4(CO)12, aseve 

Co2(CO)8 Tanaobisas (saerTo masis 0.5%), aseve aqtivatoris KI Tanaobisas (Ta-
nafardoba Co2(CO)8, aqtivatorTan Seadgens 1:2) 800C temperaturaze. dadgeni-
lia, rom am dros reaqcia mimdinareobs seleqtiurad, umTavresad 9,10-mier-
Tebis produqtebis warmoqmniT da mierTebis aduqtis gamosavlianoba Sea-
dgens 90-95%. izomeruli naerTebis warmoqmna aq ar dafiqsirebula [93].  

araSeuRlebuli ciklodienebis hidrosililirebas sxvadasxva katali-
zatorebis Tanaobisas win uswrebs ormagi bmis wanacvleba. gansakuTrebiT 
es damaxasiaTebelia eqvswevriani da rvawevriani dienuri sistemebisaTvis.  

1,3- da 1,4-cikloheqsadienis hidrosililirebisas alkoqsisilanebiT, 
oqtakarbonildikobaltis katalizatoris Tanaobisas mimdinareobs 1,4-mier-
TebiT Semdegi sqemis mixedviT [94]: 

Co2(CO)8

Co2(CO)8

Co(CO)3

H

Co(CO)3

H

Co(CO)3

HSi(OR)3
Si(OR)3

 

1,3-cikloheqsadienisaTvis reaqcia mimdinareobs 12 sT-is ganmavlobaSi 
20

0
C temperaturaze, 88% gamosavlianobiT, xolo 1,4-heqsadienisaTvis 48% 

gamosavlianobiT. avtorebis azriT izomerizaciis procesi warmoadgens 

malimitirebel stadias. pirvelad adgili aqvs “-alkenilkobaltis komp-
leqsis” warmoqmnas da Semdgom adgili aqvs C-Co bmaSi hidridsilanis 
Canergvas. analogiurad mimdinareobs reaqciebi Ni(O) kompleqsze Ni(acac)2 

aRdgenisas dieTileToqsialuminiT [95].  
 1,4-cikloheqsadienTan meTildiqlorsilanis hidrosililireba kata-
lizatoris, diqlor[1,1-bis(dimeTilfosfin)ferocenil]nikelis (II) Tanaobi-
sas, reaqcia mimdinareobs, rogorc 1,2-mierTebiT, aseve 1,4-mierTebiT [96]:  

+ HSiMeCI2

1200C SiMeCI2 SiMeCI2

41% 55%

+

 
 ufro Rrmad mimdinareobs 1,4-cikloheqsadienis hidrosililireba me-
TildiqlorsilaniT katalizatoris diqlor-bis[(R)-benzilmeTilfenilfos-
fin]nikel (II) Tanaobisas, sadac monoaduqtTan erTad 42% gamosavlianobiT 
miiReba bissililwarmoebulebi [97, 98]:  
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+ HSiMeCI2

900C SiMeCI2 SiMeCI2+ +
(SiMeCI2)240 sT

 

avtorebis [98], mier Seswavlilia fenil-, meTildiqlor- da dimeTil-
silanis hidrosililirebis reaqcia 1,5-ciklooqtadienTan [99, 100] nikelis 
Semcveli xelaturi kompleqsebiT. dadgenilia, rom am dros ormagi bmis 
izomerizacias adgili ar aqvs da miiReba monomierTebis 5-oqtenilsilanebi 
Semdegi sqemis mixedviT: 

+ HSiRR'R"

Cat
SiRR'R"

 

 aRniSnuli avtorebisagan gansxvavebiT dadgenilia, rom 1,5-ciklooqta-
dienTan organohidridsilanebis mierTebisas, spaieris katalizatoris 
Tanaobisas, hidrosililirebas win uswrebs naxSirwyalbadis izomerizacia 
1,3-ciklooqtadienad, romelic Semdgom ganicdis hidrosililirebas da 
miiReba aduqtebi – 3-ciklooqtenilsilanebi nikelferocenil kompleqsis 
Tanaobisas 1,5- da 1,3-ciklooqtadienTan meTildiqlorsilanis mierTeba 
xels uwyobs disproporcionirebis reaqcias da hidrosililireba mimdina-
reobs Semdegi sqemiT [101, 102]: 

HSiMeCI2

SiCIMeH SiMeCI2+

31% 40%

SiCIMeH

6%

+ SiMeCI2

92%

1200C, Ni

 

 avtorebi [101] ar iZlevian zust struqturas warmoqmnili produqte-
bisas, Tumca iZlevian sakuTar mosazrebas CI/H mimocvlis meqanizmis 
Sesaxeb. 
 Seswavlilia alilciklopentadienis hidrosililirebis reaqcia me-
TildiqlorsilanTan da triqlorsilanTan H2PtCl6 Tanaobisas da dadge-
nilia, rom hidrosililireba mimdinareobs vinilis jgufze [103, 104].  

araSeuRlebuli dienebis hidrosililirebis Sesaxeb mravali Sroma 
iqna Catarebuli petrovisa da misi TanamSromlebis mier. Seswavlilia 4-
vinil-1-cikloheqsenTan eTildiqlorsilanis hidrosililirebis reaqcia 
Pt/C katalizatoris Tanaobisas, 180

0
C temperaturaze. am dros 2-(4-ciklo-

heqsenil) eTildiqlorsilanis gamosavlianoba Seadgenda 81%-s. reaqcia 
mimdinareobs Semdegi sqemiT [105]: 

CH=CH2 + HSiEtCI2

Pt/C
CH2-CH2SiEtCI2
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 H2PtCl6 katalizatoris gamoyenebisas reaqcia mimdinareobs ufro 
dabal temperaturaze (100

0
C) sami saaTis ganmavlobaSi [105, 106]. 

v. iurievis da misi TanamSromlebis mier Seswavlilia 4-vinil-1-cik-
loheqsenTan triorganohidridsilanebis hidrosililirebis reaqciebi 
samkomponentiani xelaturi katalizatorebis Tanaobisas, rogoricaa Ni, Mo, 

V trifenilfosfini da trieTilalumini. reaqcia am dros mimdinareobs 
vinilis jgufze Semdegi sqemis mixedviT [107]:  

CH=CH2 + RR'R"SiH
Cat

CH2-CH2SiRR'R"

 

dadgenilia, rom mierTebis aduqtis gamosavlianoba icvleba xelatu-
ri kompleqsis agebulebis da metalis tipis mixedviT. 

dadgenilia, rom 4-vinil-1-cikloheqsenis hidrosililireba hidridor-
ganoqlorsilanebiT platinis katalizatorebis Tanaobisas mimdinareobs 
monosililwarmoebulebis warmoqmniT. igive monosililwarmoebulebze hid-
ridorganoqlorsilanebiT platinis katalizatorebis Tanaobisas ciklSi 
arsebuli ormagi bmac ganicdis hidrosililirebas da miiReba disilil-
warmoebulebi maRali gamosavlianobiT.  

amrigad, mocemul TavSi ganxilulia sxvadasxva katalizatorebis 
Tanaobisas dienuri naerTebis hidrosililirebis reaqciebi da mocemuli 
tipis reaqciebiT naCvenebia SesaZlo sinTezebis farTo speqtri. 
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1.3. meTilhidridsiloqsanebis hidrosililirebis 
reaqciebi ujer naerTebTan 

mravali komerciuli polidiorganosiloqsanuri polimeri, dRes-
dReobiT farTod gamoiyeneba mrewvelobasa da yoveldRiur cxovrebaSi 
iseTi SesaniSnavi Tvisebebis gamo, rogoricaa Termomdgradoba, garemo 
pirobebisadmi mdgradoba da kargi eleqtruli Tvisebebi. amasTan polior-
ganosiloqsanebi, gamomdinare ZiriTadi jaWvis moqnilobidan, rogorc wesi, 
xasiaTdebian dabali gaminebis temperaturiT [108, 109]. 

ukanasknel xanebSi didi yuradReba miipyro savarcxliseburi agebu-
lebis Tanapolimerebma, sadac hidrofoburi Tvisebebis mqone meTilsi-
loqsanur matricasTan dakavSirebulia sxvadasxva tipis, sigrZis da 
bunebis organuli Camnacvlebeli jgufebi, romelTa varirebiT SeiZleba 
aRniSnuli polimerebis Tvisebebis cvlileba da maTi farTo gamoyeneba 
sxvadasxva sferoSi. 

polimeTilhidridsiloqsani warmoadgens iaf samrewvelo produqts, 
romelic ukanasknel xanebSi farTod gamoiyeneba, rogorc ZiriTadi po-
limeruli matrica sxvadasxva Tvisebebis mqone organosiloqsanuri poli-
merebis misaRebad [110].   

 Seswavlilia -bis(trimeTilsiloqsi)meTilhidridsiloqsanis hidri-
duli mierTebis reaqciebi alilis spirtTan, katalizatoris platinaqlor-
wyalbadmJavas Tanaobisas 30-400

C-is temperaturul intervalSi. dadgenilia, 
rom platinaqlorwyalbadmJavas Tanaobisas adgili hqonda konkurentuli 
dehidrokondensaciisa da hidriduli mierTebis reaqciebs, rasac Tan axlda 
Sekervis reaqciebic da uxsnadi sistemebis warmoqmna. aRniSnuli reaqciis 
dros hidriduli mierTeba mimdinareobda 20%-iT, xolo katalizuri 
dehidrokondensacia 50%-iT, amis Semdeg iwyeboda gelis warmoqmna. birT-
vul magnituri rezonansuli speqtruli kvlevebis saSualebiT naCvenebia, 
rom hidrosililireba mimdinareobs rogorc farmeris, aseve markovnikovis 
wesiTac, maT Soris Tanafardoba aris 3:1. ganxiluli reaqciis Sedegad 
adgili hqonda sxvadasxva rgoliani polimerebis warmoqmnas Semdegi sqemis 
mixedviT [111, 112]: 

Me3SiO SiMe(H)O SiMe3
m

mHO CH2 CH CH2+
H2PtCl6

 

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 molekulaTaSo-
risi, aseve Sigamolekuluri dehidrokondensaciisa da hidrosililirebis 
reaqciebis Sedegad. 

 Seswavlilia -bis(trimeTilsiloqsi)meTilhidridsiloqsanis hidri-
duli mierTebis reaqcia alilglicidilis eTerTan platinaqlorwyalbad-
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mJavas (0,1M xsnari tetrahidrofuranSi) da Pt/C-s (5%) Tanaobisas, reaqcia 
mimdinareobs Semdegi sqemis mixedviT [113]: 

Me3SiO SiMe(H)O SiMe3
m

+
Cat

CH2=CH CH2OCH2 CH2 CH2

O  

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. 
1
H birTvul magnituri rezonansuli speqtridan Cans, rom hidriduli 

mierTebis reaqcia umTavresad mimdinareobs farmeris wesiT. 

 avtorebis mier Seswavlilia alilmerkaptanis -bis(trimeTilsi-
loqsi)meTilhidridsiloqsanTan hidriduli mierTebis reaqcia platina-
qlorwyalbadmJavas Tanaobisas. aRniSnuli reaqcia mimdinareobs rogorc 
hidrosililirebis (44%), aseve dehidrokondensaciis gziT (7%) da miiReba 
sxvadasxvargoliani oligomerebi, romlebic Seicaven gverdiT ganStoebebs, 
rogorc TioeTeruli, aseve karbosilanuri bmebiT [114, 115]: 

Me3SiO SiMe(H)O SiMe3
m

+ CH2=CH CH2SH
H2PtCl6

 

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. 

 Seswavlilia -bis(trimeTilsiloqsi)meTilhidridsiloqsanis hidri-
duli mierTebis reaqciebi akrilis mJavasa da meTakrilis mJavasTan plati-
naqlorwyalbadmJavas da Pt/C-s Tanaobisas. aRniSnuli reaqciebi mimdinare-
obs, rogorc hidrosililirebis, aseve dehidrokondensaciis gziT. upirate-
sad mimdinareobs hidrosililirebis reaqcia, romelic Tavis mxriv mimdina-
reobs rogorc farmeris, aseve markovnikovis wesis mixedviT. reaqciis mim-
dinareobisas adgili aqvs nawilobriv gelis warmoqmnas, reaqciis Sedegad 
miiReba sxvadasxva rgoliani oligomerebi [116, 117]: 

Me3SiO SiMe(H)O SiMe3
m

+
H2PtCl6m CH2=CR -COOH
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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-al-

kilirebul da sililirebul eTerebTan -bis(trimeTilsiloqsi)meTilhid-
ridsiloqsanis hidriduli mierTebis reaqciebi. aRniSnul SemTxvevebSi mim-
dinareobs hidrosililirebis reaqciebi upiratesad farmeris wesis mixed-
viT [118, 119]. 
 Seswavlilia cikloxazovani polimeTilhidridsiloqsanis polimier-
Tebis reaqciebi akrilonitrilTan platinaqlorwalbadmJavas Tanaobisas, 
romelic SeiZleba warimarTos rogorc C=C, aseve C≡N bmis hidrosilili-
rebiT [120]: 

H2PtCl6Si H + CH2 CH C N

CH2 CH CH N Si

N C CH2 CH2 Si  

 Seswavlilia polimeTilhidridsiloqsanis (Mn=2300) hidrosililire-
bis reaqcia 1-(2-propenil)indolTan da 1-(2-propenil)-2,3-dimeTilindolTan 
diqlor(diciklopentadien)platina (II)-is Tanaobisas. narCeni ≡Si-H bmebis 
sruli konversiisaTvis damatebulia oqten-1. avtorebis mier aseve dasin-
Tezebulia rogorc indolis, aseve karbazolis jgufebis Semcveli polime-
Tilorganosiloqsanuri oligomeri [121]: 

Si O

CH3

N

n Si O

CH3

N

n

CH3

CH3

Si O

CH3

N CH3

CH3

Si O

CH3

N

 

      dasinTezebuli polimerebi SeiZleba gamoyenebul iqnas eleqtro-
optikaSi. 
 avtorebis mier, polimeTilhidridsiloqsanis hidrosililirebiT pla-
tinis katalizatorebis Tanaobisas, dasinTezebulia polimeTilorganosi-
loqsanebi, romlebic gverdiT jaWvSi Seicaven mezogenur 4-buT-3-eniloqsi-
benzois mJavas 4-meToqsifenilis eTers da 1-(4-hidroqsi-4’-bifenil)-2-[4-(10-un-
deceniloqsi)fenil]buTans dasinTezebuli elastomerebi warmoadgenen Txe-
vadkristalur sistemebs da, agreTve, arian kargi gamkeravi agentebi [122]. 
 Seswavlilia polimeTilhidridsiloqsanis hidrosililirebis reaqci-
ebi vinilis jgufis Semcvel mezogenur molekulebTan platinaqlorwyal-
badmJavas Tanaobisas. dasinTezebulia homopolimerebi, romlebic Txevad-



 

 

32 

 

kristalur Tvisebebs oTaxis temperaturaze avlenen. reaqciebi mimdinare-
obs Semdegi zogadi sqemis mixedviT [123]: 

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 dasinTezebulia polisiloqsanebi qromoforuli sul-
fonil-indoluri da karbazoluri jgufebiT gverdiT jaWvSi hidrosili-
lirebis reaqciebis gamoyenebiT [124]:  

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

 

meTilhidridsiloqsanis hidriduli mierTebis reaqciiT sxvadasxva 
sigrZis alkenebTan platinaqlorwyalbadmJavas katalizatoris Tanaobisas 
dadgenilia, rom hidrosililireba sruliad bolomde ar mimdinareobs. 
garda amisa, navCvenebia, rom hidrosililireba mimdinareobs umTavresad 
antimarkovnikovis wesis Tanaxmad, Semdegi sqemis mixedviT [125]:  

Me3SiO SiMe(H)O SiMe3
m

+ CH2=CH (CH2) CH3
n-3

m
H2PtCl6

 

Me3SiO Si Si

(CH2)n-1

CH3

O SiMe3

Me

H

Me

(a)

O

(c)

(d)

Si

(CH2)n-2
CH3

Me

(b)

O

CH CH3
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sadac, [(a)+(b)(c)=m35; n=6, 8, 10, 12, 18.  

 reaqciis Sedegad miiReba organul gamxsnelebSi xsnadi, rogorc Txe-
vadi, aseve myari sistemebi. 
 poli(dimeTilsiloqsan-meTilhidridsiloqsan)is hidriduli mierTe-
biT pirvelad n-alkenebTan (C>8), rodiumis kompleqsuri katalizatoris 
Tanaobisas [{Rh(μ-OSiMe3)(cod)}2], miRebulia organul gamxsnelebSi xsnadi 
savarcxlisebri aRnagobis polimerebi Semdegi sqemis mixedviT [126]: 

 

alkilCanacvlebuli polisiloqsanebi (polimeTildecilsiloqsani) 
miRebulia poli(meTilhidrosiloqsanis) hidriduli mierTebiT 1-decenTan, 
25-560C temperaturul intervalSi, karstedis katalizatoris {Pt2(DVTMDS)3 

Pt(0)-1,3-diviniltetrameTildisiloqsani [DVTMDS, (H2C=CH) (CH3)2SiO-

Si(CH3)2(CH=CH2)]} Tanaobisas. mierTebis kinetikebi Seswavlilia nalRobSi 
da naCvenebia, rom mierTeba dabal temperaturaze (28-400C) mimdinareobs 
induqciis periodiT.   
 avtorebis mier SemoTavazebulia karstedis katalizatoris SesaZlo 
struqtura, romelic ase warmodgeba [127]: 

 

 dadgenilia, rom hidrosililireba 1-decenilTan mimdinareobs sru-

lad, antimarkovnikovis wesiT, -mierTebis produqtis warmoqmniT. 

 

 naCvenebia, rom hidrosililireba karstedis katalizatoris mimarT 
aris pirveli rigis.  
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SemoTavazebuli hidrosililirebis reaqciis meqanizmi damyarebulia 
karstedis orbirTviani katalizatorTan aqtivizirebuli kompleqsis war-
moqmnasTan da gaTvlilia hidrosililirebis reaqciis aqtivaciis energiebi, 
romelic Seadgens 73.3-78.2 kj/mols. 

meTilhidridsiloqsanis hidrosililirebis reaqciebi stirolTan da 

-meTilstirolTan platinaqlorwyalbadmJavas an naxSirze dafenili pla-
tinis Tanaobisas, mimdinareobs rogorc markovnikovis, aseve antimarkovni-
kovis wesiT [128]: 

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)

(c)  

sadac, [(a)+(b)(c)=m35; R=H (I
1
 – 80

0
C; I

 2
 – 85

0
C; I – 90

0
C); Me (II – 90

0
C). 

dadgenilia, rom yvela aqtiuri jgufi ar Sedis hidrosililirebis 
reaqciaSi da temperaturis gazrdisas izrdeba hidrosililirebis reaqciis 
siRrme. 

fenilacetilenTan meTilhidridsiloqsanis hidriduli mierTebisas, 

moreagire komponentebis 1:35 Tanafardobisas naCvenebia, rom aqtiuri Si-H 
bmas 80%-ze meti konversiisas adgili aqvs Sekerili sistemebis warmoqmnas, 

rac SeiZleba aixsnas narCeni Si-H bmis molekulaTSorisi hidriduli 
mierTebis reaqciiT narCen ormag bmasTan. Sesabamisad reaqcia mimdinareobs 
Semdegi reaqciis sqemiT [129]: 

Si O SiMe3

m

+ CHC
Cat, T0C

Me3SiO

Me

H

 

SiMe3SiO

Me

C2H2

O Si

(a)

O

Me

H

Si

(b)

(c)

Me

C2H3C6H5

O SiMe3

(d)
 

xsnadi polimerebis misaRebad reaqcias vaCerebdiT 80% konversiaze, raTa 
Tavidan agvecilebina gakervis reaqciebi. 
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meTilhidridsiloqsanis hidriduli mierTebiT tetraeTilenglikolme-
TilalileTerTan da aliltrimeToqsisilanTan, ukanasknelis 5-dan 40% mo-
luri TanafardobiT, karstedis katalizatoris Tanaobisas, miRebulia me-
Tilsiloqsanuri polimerebi sxvadasxva gverdiTi Camnacvlebeli jgufebiT 
[130]: 

Si

Me

H

O

n

+ CH2=CH-CH2-O-(CH2-CH2-O)4CH3 + CH2=CH-Si(OCH3)3

Cat

Toluene 750C

 

Si

Me

O

n-x

O

O
4

Si

Me

O

x

Si(OCH3)3

 

sadac, x=5-40%. 
miRebuli polimeris tetrahidrofuranis xsnarSi xsnidnen triftor-

ZmarmJavas liTiumis marils da zol-geluri procesebis saSualebiT awar-
moebdnen gakervas. miRebulia myari iongamtari polimeruli eleqtroliti, 
eleqtruli gamtareblobiT: 1,4x10

-4 sxsm-1
.   

 meTilhidridsiloqsanis hidriduli mierTebis reaqciiT alilfenil-
karbonatTTan platinis katalizatoris Tanaobisas naCvenebia, rom 50%-ze 
meti karbonati ganicdis daSlas naxSirorJangad, propenad da fenolad. ga-

moyofili fenoli Sedis reaqciaSi Si-H bmasTan da Sesabamisi oqsifenilis 
jgufebs warmoqmnis Semdegi sqemis mixedviT [131]: 

 

sabolood warmoqmnili produqtis Sedgeniloba Semdegnairia: 

 

 avtorebis mier Seswavlilia meTilhidridsiloqsanis (Mω=1900) safe-
xurebrivi hidrosililirebis reaqcia aliltriftormeTilsulfonamidTan 
(5%) da alil(trioqsieTilen)meTilis eTerTan (95%) 50-750C temperaturaze, 
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karstedis katalizatoris [Pt(0) tetrameTildivinildisiloqsanis kompleqsi 
qsilolSi] Tanaobisas, toluol-xsnarSi [132]: 

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 liTiumis hidridi (LiH). dadgenilia, rom am gziT miRebuli 
polieleqtrolitis gamtarebloba Seadgens 1,2x10-6 (sxsm-1). 

axali jgufebis Semcveli stacionaluri faza gaz-Txevaduri qroma-
tografiisaTvis miRebulia oligomeTilhidridsiloqsanis (m=35) hidridu-
li mierTebiT bikis(2,6-di-O-pentil-3-O-heqs-6-enil)-pentakis(2,6-di-O-pentil-3-

O-meTil)--ciklodeqstrinTan platinis katalizatoris Tanaobisas tetra-
hidrofuranis xsnarSi, cnobili meTodikiT Semdegi sqemis mixedviT [133]:  

 

 aRniSnuli axali stacionaluri faza gaz-Txevadur qromatografiaSi 
xasiaTdeba qromatografiuli svetis maRali efeqturobiT, warmoadgenen 
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qiraluri da aqiraluri izomerebis saukeTeso damyofebs. dafiqsirebuli 
iqna saintereso Tviseba, rom meta- da para-qlor toluolis dayofis unari 
mcirdeba temperaturis SemcirebasTan erTad 80-1100C temperaturul inter-
valSi. 
 axali savarcxliseburi aRnagobis polisiloqsanebi Sereuli Camnacv-
lebeli jgufebiT miRebuli polimeTilhidridsiloqsanis hidrosililire-
bis reaqciebiT 4-aliloqsimeTil-[1,3]dioqsalon-2-on da tri(eTilengli-
kol)alilmeTileTerTan katalizatoris diciklopentadien platina(II) 
diqloris xsnaris diqlormeTilenSi Tanaobisas, acetonitrilis xsnarSi, 
800C temperaturaze. reaqcia mimdinareobs Semdegi sqemis mixedviT [134]: 

 

 dadgenilia, rom karbonatuli polaruli jgufebis (8.5%) SetaniT 
gverdiT polimerul jaWvSi da masSi liTiumbis(triftorsulfonil)imidis 
SetaniT miRebuli polimerebis ionuri eleqtrogamtarebloba izrdeba da 
am seriis polimerebisaTvis Seadgens 1,62x10-3s/sm-1. naCvenebia, rom polimere-
bi romlebic Seicaven karbonatul jgufebs didi raodenobiT, amJRavneben 
ufro dabal eleqtrogamtareblobas gazrdili siblantis da maRali gami-
nebis temperaturis gamo. 

Seswavlilia poli(meTilhidrosiloqsani)s (Mn=390) hidriduli mier-
Tebis reaqcia alilcianidTan karstedis katalizatoris Tanaobisas da 
dasinTezebulia polisiloqsanebi alkilcianiduri jgufebiT gverdiT 
jaWvSi. miRebuli siloqsanuri matricidan, poli(eTilenglikol)dimeTil-
eTeris (pegdme) da poli(eTilenglikol)dimeTakrilatis (pegdma) Termuli 
damuSavebiT miRebulia urTierTgamWoli myari polimer-eleqtroliti, ro-
melSic ionuri gamtarebloba icvleba 1.05x10

-3
÷6.96x10

-4s/sm-1. reaqcia mimdi-
nareobs Semdegi sqemis mixedviT [135]: 
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 avtorebis mier Seswavlilia oqtameTilciklotetrasiloqsanis (D4), 
tetrameTiltetrasiloqsanis (D4H) da tetrameTildisiloqsanis Tanapo-
limerizaciis reaqciebi gogirdmJavas triftormeTilirebul eTeris Tanao-
bisas 650

C temperaturaze, ris Sedegadac dasinTezebulia polidimeTil-
siloqsanmeTilhidridsiloqsanuri Tanapolimeri. Seswavlilia aRniSnuli 
Tanapolimeris hidrosililirebis reaqciebi alilglicidilis eTerTan da 
alilcianidTan. reaqcia zogadad warimarTeba Semdegi sqemis mixedviT [136]:   
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 aRniSnuli siloqsanuri Tanapolimeri gamoyenebulia, rogorc Sema-
kavSirebeli axallaqebSi. 
 amdenad, aRniSnul TavSi ganxilulia umTavresad meTilhidridsiloq-
sanebis hidrosililirebis reaqciebi ujeri bmebis Semcvel naerTebTan 
sxvadasxva katalizatoris Tanaobisas da naCvenebia miRebuli polimerebis 
gamoyenebis perspeqtivebi.  
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Tavi 2 

                      samuSaos Sedegebi da maTi gansja 
 

2.1. silaciklopenten-3 jgufis Semcveli zogierTi siliciumorganuli 
naerTis sinTezi 

axali tipis siliciumorganuli naerTebis sinTezs, siliciumis 
atomTan sxvadasxva ujeri bmebis Semcveli radikalebiT da maT bazaze 
axali tipis polimerebis miRebis meTodebis damuSavebas didi mniSvneloba 
eniWeba. amitom Cveni samuSaos mizans Seadgenda silaciklopenten-3 da 
norbornen-2-il jgufebis Semcveli siliciumorganuli naerTebis sinTezi 
da maT bazaze axali siliciumorganuli elastomerebis miReba.  

1-silaciklopenten-3-is jgufis Semcveli siliciumorganuli nivTiere-
bebis sinTezis mizniT, Cvens mier Seswavlilia 1,1-diqlorsilaciklopenten-
3-is rogorc nawilobrivi, aseve sruli hidrolizis reaqciebi.  

1,1-diqlorsilaciklopenten-3-is sruli hidrolizi CavatareT eTeris 

areSi -5100C temperaturis pirobebSi anilinis TandaswrebiT aRniSnul 
pirobebSi reaqcia mimdinareobs Semdegi sqemiT [137-139]:       

 
Si

Cl2

+2H2O, 2C6H5NH2

-2C6H5NH2.HCl

Si

(OH)2

+

Si OHO H

m
I II  

sadac, m=3.  

reaqciis Sedegad miRebuli  produqtis  heqsanidan gadakristalebis 
Semdeg 62%-iani gamosavlianobiT miRebulia TeTri feris wyalSi xsnadi 
kristaluri nivTiereba I, xolo deda xsnaridan gamxsnelis mocilebis 
Semdeg Cvens mier miRebulia naxevaradkristaluri naerTi II, gardaqmnis 
saSualo xarisxiT m=3.  

miRebuli nivTierebebis iw speqtrSi ar SeimCneva Si-Cl bmis  
simetriuli  valenturi  rxevebisaTvis damaxasiaTebeli STanTqmis zoli 

470-530 sm-1 ubanSi, samagierod speqtrSi Cndeba Si-OH bmisaTvis damaxa-
siaTebeli STanTqmis zoli, rogorc asocirebulisaTvis 3600-3200sm-1 ubanSi, 
aseve araasocirebulisaTvis 920sm-1 

[140-142].   

1,1-diqlorsilaciklopenten-3-is nawilobrivi hidrolizi CavatareT 

ganzavebuli eTeris xsnarSi -50-ze. reaqciis produqtebis fraqcionirebis 

Sedegad gamoyofilia ,-diqlorsilaciklopentensiloqsanebi. reaqcia mim-
dinareobs Semdegi sqemiT:  

Si

Cl2

+ H2O SiCl O Si Cl

m-1  

sadac, m=2(III); 3(IV), 4(V).  

dasinTezebuli nivTierebebi warmoadgenen organul gamxsnelebSi 
kargad xsnad ufero siTxeebs, romelTa struqtura dadgenilia  funqciuri 
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da elementuri analiziT, molekuluri masebisa da molekuluri refraq-
ciis gansazRvriT, agreTve iw da 1H birTvuli magnituri rezonansuli 
speqtrebis monacemebiT. III nivTierebis birTvuli magnituri rezonansis 
speqtrSi SeimCneva singleturi signali meTilenuri protonebisaTvis qimiu-

ri gadaadgilebiT =1,40 vmn da rTuli multipleti - CH=CH- bmisaTvis 

5,806,10 vmn.  
Catarebulia agreTve 1,3-diqlor-1,3-di(silaciklopenten-3)disiloqsa-

nis hidrolizi sust tute areSi -5+10 temperaturaze. miRebulia 1,3-dihid-
roqsi-1,3-di(silaciklopenten-3)disiloqsani (VI), romelic pentanidan gada-
kristalebis Semdeg warmoadgens TeTri feris myar nivTierebas, kargad 
xsnads organul gamxsnelebSi. aRsaniSnavia, rom miRebuli nivTiereba ar 
xasiaTdeba mdgradobiT da droTa ganmavlobaSi ganicdis kondensacias:  

SiCl O Si Cl
+2H2O, 2C6H5NH2

-2C6H5NH2.HCl
SiHO O Si OH

 

                                      VI 

VI nivTierebis iw speqtrSi qreba Si-Cl bmis simetriuli valenturi 
rxevebisaTvis damaxasiaTebeli STanTqmis zoli 490-540sm-1 ubanSi da SeimC-
neva STanTqmis farTo zoli damaxasiaTebeli asocirebuli hidroqsilis 
jgufisaTvis 3600-3200sm-1 ubanSi [140-142].   

Seswavlilia agreTve 1,1-diqlorsilaciklopenten-3-is heterofunqciu-
ri kondensaciis reaqcia difenilsilandiolTan absoluturi toluolis 

areSi, piridinis Tanaobisas -500C temperaturis pirobebSi moreagire kom-
ponentebis 3:1 TanafardobiT. reaqcia warimarTeba Semdegi sqemiT:  

Cl2
Si

Si+ 2Ph2Si(OH)2 SiCl O Si

Ph

Ph

O Cl
2Py

-2PyHCl

VII  

SiCl O Si O Si

Ph

Ph
O Si O Si Cl

Ph

Ph

VIII  

dasinTezebuli nivTierebebi vakuumSi dafraqcionirebis Semdeg warmo-
adgenen ufero siTxeebs, romlebic kargad ixsnebian organul gamxsnelebSi.   

VII da VIII nivTierebebis iw speqtrSi SeimCneva Si-Cl bmisaTvis damaxa-

siaTebeli STanTqmis zoli 490-540 sm-1
 ubanSi, agreTve xazovani Si-O-Si bmis 

asimetriuli valenturi rxevebisaTvis damaxasiaTebeli STanTqmis zoli 

1030 sm-1 ubanSi da Si-Ph bmisaTvis damaxasiaTebeli STanTqmis zoli 1435 sm-1
 

ubanSi, agreTve SeimCneva CH2 bmisaTvis damaxasiaTebeli STanTqmis zolebi 

1410 da 2900 sm-1 ubnebSi [140-142].  
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aseve, Cvens mier Catarebuli 1,5-diqlor-1,5-di(silaciklopenten-3)-3,3-
difeniltrisiloqsanis hidroliziT sust tute areSi gamoyofilia Sesa-
bamisi, organuli gaxmsnelebSi kargad xsnadi kristaluri nivTiereba 1,5 –
dihidroqsi-1,5-di(silaciklopenten-3)-3,3-difeniltrisiloqsani 69,7% gamosav-
lianobiT (IX):  

SiCl O Si O Si Cl

Ph

Ph

+2H2O, 2C6H5NH2

-2C6H5NH2.HCl
SiHO O Si O Si OH

Ph

Ph

 

Seswavlilia 1,5-diqlor-1,5-di(silaciklopenten-3)-3,3-difeniltrisi-
loqsanis heterofunqciuri kondensaciis reaqcia difenilsilandiolTan 
5%-ian absolutur toluolxsnarSi, piridinis Tanaobisas, moreagire kompo-

nentebis moluri TanafardobiT 1:1, -4+100C temperaturul intervalSi, ris 
Sedegadac miRebul iqna cikluri aRnagobis, organul gamxsnelebSi kargad 
xsnadi kristaluri nivTiereba X - 53% gamosavlianobiT. reaqcia 
mimdinareobs Semdegi sqemiT:  

SiCl O Si O Si Cl

Ph

Ph
Ph2Si(OH)2+

2Py

2Py.HCl

Si Si

O

O

Ph2

Si

Si
Ph2

O

O

X  

dasinTezebuli X naerTis birTvuli magnituri rezonansis speqtrSi 
SeimCneva CH2 bmisaTvis damaxasiaTebeli singleturi signali qimiuri 

gadaadgilebiT δ1,37 vmn da ujer -CH=CH- fragmentisaTvis damaxasiaTebeli 

gafarToebuli signali 5,806,10 vmn speqtrSi SeimCneva aseve fenilis pro-
tonebisaTvis damaxasiaTebeli rTuli multipleti qimiuri gadaadgilebiT 

7.40 7.72 vmn.  
Cvens mier, agreTve,  Seswavlilia 1,1-diqlorsilaciklopenten-3-is he-

terofunqciuri kondensaciis reaqcia dihidroqsidifenilsilanTan moreagi-
re komponentebis 1:1 TanafardobiT, ganzavebuli absoluturi toluolis 

xsnarSi, -5100
C temperaturul intervalSi, piridinis Tanaobisas. aRmoCnda, 

rom am dros miiReba rogorc xazovani agebulebis 1,5-diqlortrisiloqsani 
VII struqturiT, aseve 1,5-disilaciklopententetrafenilciklotetrasiloq-
sanis X daaxloebiT 39% gamosavlianobiT da, agreTve, gafarToebuli 
cikloheqsasiloqsani XI struqturiT. reaqcia mimdinareobs Semdegi sqemis 
mixedviT:  

SiCl2 + Ph2Si(OH)2
2Py

2Py.HCl
SiCl O Si O Si Cl

Ph

Ph
+
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Si Si

O

O

Ph2
Si

Si
Ph

O

O

X

+ +
Si O SiPh2O

3

XI2

 

1,1-diqlorsilaciklopenten-3-is heterofunqciuri kondensaciiT di-
eTilaminTan, moluri TanafardobiT 1:4, gamoyofil iqna ufero siTxe _ 1,1-
dieTilamino-1-silaciklopenten-3 33,3%-iani gamosavlianobiT (XII):  

SiCl2 + 4 (C2H5)2NH
-2(C2H5)NH.HCl

Si

N(C2H5)2

N(C2H5)2

XII  

yvela, Cvens mier, dasinTezebuli nivTierebebis Sedgeniloba da 
agebuleba dadgenilia funqciuri da elementuri analiziT, molekuluri 
masebisa da molekuluri refraqciis gansazRvriT, agreTve iw speqtrebis mo-
nacemebiT (ix. cxrili 1).  

amdenad, Cvens mier pirvelad iqna dasinTezebuli silaciklopenten-3 
jgufebis Semcveli organosiloqsanebi, romlebic warmoadgenen saintereso 
produqtebs siliciumorganuli elastomerebis misaRebad.   
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cxrili 1 
silaciklopenten-3 jgufis Semcveli organosiloqsanebis zogierTi fizikur-qimiuri Tvisebebi  

 
o
l
ig

o
me
r
i gamosa

valian
oba, % 

 

n4
20

 

 

d4
20

 

 

MRD 

 

M 

 
formula 

elementuri analizi,  % 

* 

TduR, C 

v.wy.sv) 
 

 

TlR, C 

 C H Si OH/Cl 

I 

 

64 _ _ _ 

 

108 

116 

SiC4H8O2 41,10 

41,38 

6,73 

6,90 

24,64 

24,14 

28,77 

29,31 

_ 28-29 

II 

 

32 _ _ _ 

 

300 

328 
SSii33CC1122HH2200OO55  43,46 

43,90 

5,67 

6,10 

25,23 

25,61 

9,89 

10,37 

_ _ 

III 

 

22 

 

1,4942 

 

1,1468 

 

61,2 

61,5 

244 

251 

Si2C8H12OCl2 37,93 

38,25 

4,55 

4,78 

21,67 

22,31 

28,11 

28,29 

112-114 

(1) 

_ 

 

IV 

 

13 

 

1,4981 

 

1,1858 

 

86,27 

86,80 

358 

349 

Si3C12H18O2Cl2 41,68 

41,26 

4,92 

5,16 

24,07 

24,28 

20,07 

20,34 

138-139 

(1) 

_ 

 

V 8 1,5011 1,1692 113,16 

113,95 

_ Si4C16H24O3Cl2 42,35 

42,95 

4,98 

5,37 

24,76 

25,06 

15,30 

15,88 

147-149 

(1) 

- 

VI 47 _ _ _ 208 

214 

Si2C8H14O3 44,86 

44,76 

6,47 

6,54 

25,89 

26,17 

15,12 

15,88 

_ _ 

VII 64 1,5463 1,1881 119,23 

119,78 

438 

449 

Si3C20H22O2Cl2 53,64 

53,45 

4,65 

4,90 

18,47 

18,71 

15,61 

15,81 

169-172 _ 

VIII 16,7 1,5600 _ _ 763 

745 

Si5C36H38O4Cl2 57,50 

57,89 

4,89 

5,10 

18,93 

18,79 

9,7 

9,5 

238-244 _ 

 

IX 69,7 _ _ _ 404 

412 

Si3C20H24O4 57,87 

58,25 

5,68 

5,83 

20,04 

20,39 

8,41 

8,25 

_ _ 

X 

 

53 

(39) 

_ _ _ 568 

592 

Si4C32H32O4 64,20 

64,86 

5,52 

5,41 

18,64 

18,92 

_ 230-235 

(0,01) 

122-124 

XI 

 

14 _ _ _ 820 

888 

Si6C48H48O6 64,20 

64,86 

5,52 

5,41 

18,64 

18,92 

_ 277-283 

(0,01) 

96-99 

XII 33 1,4655 0,8898 70,28 

70,76 

237 

226 

SiC12H26N2 63,10 

63,72 

11,21 

11,50 

12,53 

12,39 

12,14 

12,390 

93-94 _ 

*  mricxvelSi napovni mniSvnelobebi,  mniSvnelSi gamoTvlili mniSvnelobebi
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2.2. cikluri da xazovani organosiloqsanebi norbornen-2-il 
jgufebiT siliciumis atomTan 

 

norbornen-2-il jgufis Semcveli organoqlorsilanebis sinTezis 
mizniT Cvens mier cnobili meTodikiT [143, 144], Catarebulia axlad 
gamoxdili ciklopentadienis dils-alderis reaqciebi meTilvinildiqlor-
silanTan da viniltriqlorsilanTan Semdegi sqemis mixedviT:  

2
1500C

 

+ CH2=CH SiRCl2

SiRCl2

 

sadac, R=Cl, Me. 

 miRebuli norbornentriqlorsilanis da meTilnorbornendiqlorsi-
lanis fizikur-qimiuri maCveneblebi srul TanxvdenaSia literaturul 
monacemebTan [143].  

SeviswavleT meTilnorbornen-2-il-diqlorsilanis sruli da nawilob-

rivi hidrolizis reaqciebi. sruli hidrolizi CavatareT -50
0
C temperatu-

raze eTeris areSi qlorwyalbadis aqceptoris-anilinis Tanaobisas. reaq-
ciis Sedegad miRebulia moyavisfro fxvniliseburi nivTiereba, romlis 
gadakristalebiT pentanisa da oqtanis narevidan (moluri TanafardobiT 
1:2) gamoyofilia kristaluri nivTiereba lRobis temperaturiT 95-96

0
C. 

hidrolizis reaqcia midis Semdegi sqemis mixedviT [145]:  

SiMeCl2
+2H2O, 2C6H5NH2

-2C6H5NH2.HCl

SiMe(OH)2

XIII  

unda aRiniSnos, rom meTilnorbornen-2-il-dihidroqsisilani Seda-
rebiT labiluri nivTierebaa da xangrZlivi dayovnebis Semdeg konden-
sirdeba.  

meTilnorbornen-2-il-diqlorsilanis nawilobrivi  hidrolizi Cava-

tareT 2025
0
C temperaturaze eTeris areSi. reaqciis produqtebis vakuumSi 

gadadenis Semdeg gamoyofili da identificirebuli iqna 1,3-diqlor-1,3-di-
meTil-1,3-dinorbornen-2-il-disiloqsani (XIV) da 1,5-diqlor-1,3,5-trimeTil-
1,3,5-trinorbornen-2-il-trisiloqsani (XV). reaqcia mimdinareobs Semdegi 
sqemis Sesabamisad:   

C7H9(Me)SiCl 2   +  H2O
-HCl

Cl Si O

Me

C7H9

Si Cl

Me

C7H9n-1  

sadac, n=2(XIV), n=3(XV). 
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norbornen-2-il jgufis Semcveli siloqsanebis nawilobrivi hidroli-
ziT miRebuli produqtebi warmoadgenen gamWvirvale moyviTalo feris 
siTxeebs, romlebic kargad ixsnebian Cveulebriv organul gamxsnelebSi. 

XIV da XV nivTierebebis iw speqtrSi SeimCneva STanTqmis zolebi Si-Me, 

Si-O-Si, Si-Cl da C-H bmebisaTvis Sesabamisad 1275, 1020, 460, 570 da 2900-3000 
sm-1 ubnebSi [140 - 142].  

norbornen-2-il-triqlorsilanis hidrolizis Catarebisas rbil 
pirobebSi, wyal-acetonis garemoSi (areSi) da natriumis bikarbonatis Tana-

obisas eTeris xsnarSi. 050C temperaturaze, maRali  gamosavlianobiT (70-
80%) gamoyofili iqna norbornen-2-il-trihidroqsisilani (XVI):  

SiCl3

3H2O

-3HCl

Si(OH)3

XVI  

norbornen-2-il-triqlorsilanis hidrolizuri kondensaciis Catarebi-
sas qlorwyalbadis aqceptoris-anilinis Tanaobisas (tute areSi, NaOH-is 
05%-ian xsnarSi) warmoiqmneba oligonorbornen-2-il-tetroli Semdegi 
sqemis mixedviT:  

Si O

O

C7H9

HO Si

C7H9

O

O

Si SiO OHO

C7H9C7H9

H

H

2

C7H9SiCl3
nH2O

-3nHCl

XVII
 

1,3,5,7-tetrahidroqsi-1,3,5,7-tetranorbornen-2-il-tetrasiloqsnis gamo-
yofisa da identificirebis yvela cda aRmoCnda warumatebeli. tetrahid-
roqsioligonorbornen-2-il-silsesqvioqsani warmoadgens TeTri feris 
fxvnilisebur nivTierebas, kargad xsnads Cveulebriv organul gamxsneleb-

Si XVI1 nivTierebis iw speqtrSi SeimCneva Si-O-Si bmis asimetriuli valen-
turi rxevebisaTvis STanTqmis zoli 1130 sm-1 ubanSi damaxasiaTebeli sil-

sesqvioqsanuri fragmentebisaTvis da Si-OH bmis STanTqmis zoli 3200-3400 
sm-1 ubanSi.  

trihidroqsinorbornen-2-il-silanis heterofunqciuri kondensaciiT 
(hfk) trimeTilqlorsilanTan sawyisi komponentebis 1:5 TanafardobiT dioq-
sanis areSi da piridinis Tanaobisas 62% gamosavlianobiT miRebulia nor-
bornen-2-il-tri(trimeTilsiloqsi)silani (XVIII) Semdegi sqemis mixedviT:  

C7H9Si(OH)3 + 3Me3SiCl
3Py

-3 Py.HCl
C7H9Si(OSiMe3)3

XVIII  

dasinTezebuli nivTiereba XVIII warmoadgens gamWvirvale, blant yvi-
Teli feris siTxes, kargad xsnads organul gamxsnelebSi. XVII nivTierebis 

bmr speqtrSi SeimCneva singleturi signali qimiuri gadaadgilebiT 0,72 

vmn, damaxasiaTebeli meTilis protonebisaTvis trimeTilsiloqsi jgufSi 
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da multipleturi signali norbornen-2-il jgufisaTvis regionSi 1,506,00 
vmn. integraluri Tanafardoba meTilisa da norbornen-2-il protonebis 
signalebisa speqtrSi Seesabameba gaTvlil mniSvnelobebs. iw speqtrSi Seim-

Cneva STanTqmis zoli 840 sm-1 ubanSi damaxasiaTebeli Si-Me3 trimeTilsi-
loqsi jgufisaTvis [140-142].  

siliciumis atomTan mdgomi norbornen-2-il jgufis Semcveli axali 
organociklosiloqsanebis miRebis mizniT gamoyenebuli iqna meTilnor-
bornen-2-il-diqlorsilanis hfk reaqcia dihidroqsidimeTilsiloqsanebTan. 

reaqcia tardeboda eTeris areSi anilinis Tanaobisas, -5+10
0
C temperatu-

raze Semdegi sqemis mixedviT [145]:  

C7H9(Me)SiCl2  +  HO-(SiMe2O)n-H
2C6H5NH2

-2C6H5NH2.HCl

Me2Si
O

SiMe2

O O

Si

Me C7H9

n-1

 

sadac, n=2(XIX), n=3(XX).  

unda aRiniSnos, rom meTilnorbornen-2-il-ciklosiloqsanebis maRali 
gamosavlianoba miiRweva moreagire nivTierebebis erTdrouli damatebiT 
eTeris xsnarze da dabal temperaturebze. XIX da XX nivTierebebis iw 
speqtrSi SeimCneva bmis asimetriuli valenturi rxevebisaTavis STanTqmis 

zoli 10201080 sm-1 ubanSi, damaxasiaTebeli Si-O-Si bmebisaTvis organo-
ciklotri- da organociklotetrasiloqsanuri jaWvisaTvis. XIX da XX 
nivTierebebis bmr speqtrSi SeimCneva multipleturi signali norbornen-2-
il jgufisaTvis regionSi 1,5:6,00 vmn da singleturi signali meTilis 

protonebisaTvis qimiuri gadaadgilebiT 0,14 vmn, XIX da XX naerTebis 
damaxasiaTebeli signalebi (meTilis jgufebisaTvis) gansxvavebulia lite-
raturuli monacemebisagan [140-142]. miRebuli naerTebis zogierTi Tviseba 
mocemulia me-2 cxrilSi.   

amdenad, Cvens mier, pirvelad iqna dasinTezebuli norbornen-2-il 
fragmentebis Semcveli zogierTi siliciumorganuli nivTierebebi, romle-
bic warmoadgenen perspeqtiul sistemebs maTgan axali tipis siliciumorga-
nuli elastomerebis misaRebad.   
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cxrili 2 
norbornen-2-il fragmentis Semcveli siliciumorganuli nivTierebebis elementuri analizi da fizikur-qimiuri 

Tvisebebi 
 

oligome
ri 

 

 
gamosav
lianoba 

% 

 

TduR.
0C 

P 

mm.v.wy.sv 

 
TlR

.
0C 

MRD 
 

formula 
elementuri analizi, % * 

gamoTv
lili 

 
napovni 

 

Si 

 

C 

 

H 

 

Cl 

 

OH 

XIII 

 

60 - 95-96 170 158 Si1C8H14O2 16.47 

16.19 

56.47 

56.11 

8.23 

8.01 

20.01 

20.20 

XIV 

 

38 119-120 

0.1 

- 359 369 Si2C16H24O1Cl2 15.59 

15.23 

53.48 

53.08 

6.68 

6.21 

19.77 

19.21 

XV 31 147-178 

0.1 

- 511 525 Si3C24H36O2Cl2 16.43 

16.18 

56.36 

55.97 

7.04 

6.98 

13.89 

14.00 

XVI 

 

75 - - 172 160 Si1C7H12O3 16.26 

15.81 

48.80 

59.60 

6.97 

6.04 

29.60 

29.20 

XVII 

 

68 - 128-132 1196 1231 Si8C56H76O14 18.73 

18.24 

56.19 

55.60 

6.35 

6.10 

5.68 

5.52 

XV III 

 

62 - 242-244 388 350 Si4C16H36O3 28.86 

28.18 

49.48 

48.91 

9.27 

8.92 

 

- 

XIX 

 

44 119-120 

0.1 

- 300 312 Si3C12H24O3 28.00 

27.18 

48.00 

48.57 

8.00 

7.54 

 

- 

XX 38 141-142 - 374 300 Si4C14H30O4 29.95 

29.95 

44.82 

45.74 

8.02 

7.62 

 

- 

 
*  mricxvelSi napovni mniSvnelobebi,  mniSvnelSi gamoTvlili mniSvnelobebi
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2.3. meTilhidridsiloqsanebis  hidriduli mierTebis reaqciebi  
cis-1,5-ciklooqtadienTan da 3,4 -dihidro-2H-hidropiranTan 

   Cveni samuSaos mizans warmoadgenda meTilhidridsiloqsanuri oligo-
merebis modifikaciis reaqciebiT savarcxlismagvari agebulebis  siloqsanuri 
oligomerebis sinTezi sxvadasxva ujeri fragmentebiT gverdiT jaWvSi, amitom 
aRniSnul TavSi Cvens mier ganxilulia meTilhidridsiloqsanis hidro-
sililirebis reaqciebi cis-1,5-ciklooqtadienTan. cis-1,5-ciklooqtadieni 
warmoadgens araSeuRlebul sistemas, ori ormagi bmiT. rogorc literaturis 
mimoxilvidan aris cnobili arsebobs monomeruli hidridsilanebis cis-1,5-
ciklooqtadienTan hidriduli mierTebis ori mosazreba, romlis Tanaxmadac, 
fenil-, meTildiqlor- da dimeTilqlorsilanis hidrosililirebis reaqcia 
1,5-ciklooqtadienTan [146] nikelis Semcveli xelaturi kompleqsebis 
Tanaobisas, ormagi bmis izomerizacias adgili ar aqvs da miiReba monomier-
Tebis 5-ciklooqtenilsilanebi. meore mosazrebis Tanaxmad, cis-1,5-ciklooq-
tadienTan organohidridsilanebis mierTebisas, spaieris katalizatoris 
Tanaobisas, hidrosililirebas win uswrebs naxSirwyalbadis izomerizacia 1,3-
ciklooqtadienad, romelic Semdgom ganicdis hidrosililirebas da miiReba 
aduqtebi – 3-ciklooqtenilsilanebi [147]. 

rogorc cis-1,5-ciklooqtadienis struqturidan Cans, igi Seicavs or 
ujer bmas 1-2 da 5-6 mdgomareobaSi. naxevradempiriuli qvantur-qimiuri AM1 

meTodiT gaTvlil iqna cis-1,5-ciklooqtadienis eleqtronuli maxasiaTeblebi: 
muxtis sidideebi naxSirbadis atomebze da bmis rigebi. miRebuli Sedegebi 
gamosaxulia molekulur diagramaze [148]: 

 

diagrama 1:  
muxtis sidideebi da bmis rigebi cis-1,5-ciklooqtadienis 

molekulaSi 

1.9226

1.9226

-0.16455 -0
.1

64
50

-0.16455
-0

.1
64

56
12

3

4

5 6

7

8

 

rogorc diagramidan Cans, cis-1,5-ciklooqtadienis molekula warmoad-
gens simetriul molekulas, sadac bmis rigis mniSvnelobebi da muxtis sidi-
deebi C

1
-C

2 
 da C

5
-C

6 naxSirbadis atomebs Soris TiTqmis erTi da igive mniSvne-
lobiT xasiaTdeba. rac miuTiTebs imaze, rom hidrosililirebis reaqcia 
erTnairi albaTobiT SeiZleba warimarTos orive mimarTulebiT, rogorc 1-2, 
aseve 5-6 mimarTulebiT.  
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 ujeri oqtenilis jgufebis Semcveli meTilhidridsiloqsanebis miRebis 
mizniT, Cvens mier, pirvelad Seswavlilia meTilhidridsiloqsanis hidriduli 
mierTebis reaqciebi cis-1,5-ciklooqtadienTan, moreagire komponenetebis 1:30 
moluri TanafardobiT, platinaqlorwyalbadmJavas Tanaobisas, 60-700C tempe-
raturul intervalSi, rogorc nalRobSi, aseve gamxsnelis _ absoluturi 
toluolis areSi. sawyis produqtad gamoyenebulia samrewvelo masStabiT 
gamoSvebuli trimeTilsiloqsi jgufebiT blokirebuli meTilhidrid-
siloqsani (gardaqmnis saSualo xarisxiT m≈30). 
 nalRobSi hidrosililirebis reaqciis Catarebisas reaqcia mimdinareobs 
imdenad energiulad, rom ramdenime wuTSi adgili hqonda Sekerili sistemis 
warmoqmnas. amdenad hidridsiloqsanis urTierTqmedeba SeiZleba warimarTos, 
rogorc erT ormag bmasTan mierTebiT aseve SesaZlebelia narCeni ormagi bmis 
monawileoba makromolekulaTSoris hidrosililirebis reaqciaSi, Semdegi 
sqemiT: 

Si H + Si

 

Si SiH+ Si Si

 

xsnadi sistemebis miRebis mizniT hidrosililirebis reaqciebi Seswav-
lilia gamsxnelSi 600C temperaturaze. analogiurad, aqac vakvirdebodiT 

aqtiuri Si-H bmis koncentraciis Semcirebas droSi. aqtiuri Si-H bmis 
koncentraciis 80% konversiis zemoT adgili hqonda Sekerili sistemebis war-
moqmnas, rac SeiZleba axsnil iqnas  makromolekulaTSorisi hidrosilili-
rebiT. amitom, hidrosililirebas vwyvetdiT 80% konversiamde. miRebuli 
oligomeri gadaleqil iqna toluol-xsnaridan n-heqsaniT, ris Semdegac vax-
dendiT vakuumirebas mudmiv wonamde, 50-600C temperaturul intervalSi. 
amdenad, hidrosililirebis reaqcia zogadad mimdinareobs Semdegi sqemis 
mixedviT [148]: 

Me3SiO Si

Me

H

O

m

SiMe3 + 30
H2PtCl6

1

2
4
5
6

78

3
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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 – XXI (60
0
C). 

 

 dasinTezebuli oligomeri warmoadgens blant masas xv=0,11, romelic 
kargad ixsneba aromatuli tipis organul gamxsnelebSi.  XXI - oligomeris 
struqtura dadgenilia elementuri da funqciuri analiziT, iw da  birTvuli 
magnituri rezonansis speqtrebiT.  

dasinTezebuli oligomeris iw speqtrSi SeimCneva Si-Me da -SiMe3 

jgufebisaTvis damaxasiaTebeli STanTqmis zolebi 1270 da 840 sm-1 ubanSi. 
speqtrSi SeimCneva xazovani siloqsanuri bmis asimetriuli rxevebisaTvis 
damaxasiaTebeli STanTqmis zoli 1020 sm-1 ubanSi. speqtrSi aseve SeimCneva 
oqtenilis ciklSi arsebuli -CH=CH- jgufisaTvis damaxasiaTebeli signali 
1650 sm-1 ubanSi, rac adasturebs reaqciis warmarTvas erT ujer bmaze, Tumca 
ar SeiZleba imis uaryofac, rom hidrosililireba SeiZleba warimarTos 
meore ujer bmazec, rasac, Tavis mxriv, gantotvili agebulebis polimerebis 
miRebamde mivyavarT. speqtrSi SeimCneva oqtilis jgufis meTilenuri jgufebis 
valenturi rxevebisaTvis damaxasiaTebeli STanTqmis zolebi 2800-3000 sm-1 

ubanSi. iw speqtrSi SeimCneva reaqciaSi Seusvleli Si-H bmisaTvis damaxasia-
Tebeli susti signali 2170 sm-1 [140-142]. 

XXI oligomeris 1
H bmr speqtrSi (naxazi 1) SeimCneva singleturi 

signalebi meTilis protonebisaTvis Si-Me da OSiMe3 jgufebSi  qimiuri 
gadaadgilebiT δ≈0,10 da δ≈0.15 vmn Sesabamisad; aseve SeimCneva gafarToebuli 
multipleturi signalebi meTilenuri jgufebisaTvis C1, C2, C3, C4, C7 da C8 

mdgomareobaSi qimiuri gadaadgilebis centriT δ≈1,5; δ≈1,3; δ≈1,4; δ≈2,20 vmn Se-
sabamisad. 1,5 da 1,3 vmn adgili aqvs rezonansuli signalebis zeddebas rac 
arTulebs speqtris detalur garCevas. 1

H speqtrSi SeimCneva wyalbadis 
protonebisaTvis damaxasiaTebeli rTuli multipleturi signalebi fragment-
Si _CH=CH_ (C5-C6) qimiuri gadaadgilebiT δ≈5,5-5,8 vmn da, agreTve, SeimCneva 

susti singleturi signali reaqciaSi Seusvleli Si-H protonebisaTvis 
qimiuri gadaadgilebiT δ≈4,1 vmn.  
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 naxazi 1. XXI oligomeris 1
H bmr speqtri (gamxsneli da etaloni CDCI3) 

 
me-2 naxazze mocemulia XXI oligomeris 13C bmr speqtri. speqtrSi 

SeimCneva naxSirbadis birTvebisaTvis damaxasiaTebeli rezonansuli signalebi 

qimiuri wanacvlebiT δ=-1.2 vmn da δ=2.37 vmn  damaxasiaTebeli Si-Me da -SiMe3 

jgufebSi. speqtrSi aseve SeimCneva naxSirbadis birTvebisaTvis damaxasiaTebe-

li rezonansuli signalebi qimiuri wanacvlebiT δ  20.2, 22,0 C
1
H2 da C4H2 

jgufSi. 24,3-24,9 vmn adgili aqvs rezonansuli signalebis zeddebas C
2
, C

3
, C

7 
da C

8
 naxSirbadebisaTvis. aqve zeddebas ganicdis molekulaTSorisi hidrosi-

lilirebis produqtebSi arsebuli C
4 da C

5 naxSirbadis signalebi. rezonan-
suli signali 26,9 da 27,5 vmn mikuTvnebul iqna molekulaTSorisi hidrosili-
lirebis dros miRebuli C

7
 da C

3
 naxSirbadis atomebisaTvis. speqtrSi SeimCneva 

rezonansuli signalebi 127,8 da 128,8 vmn, romelic Seesabameba ujer ciklo-
oqtenilis ujer fragmentSi arsebul C

5 da C
6 naxSirbadis atomebs.     
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naxazi 2. XXI oligomeris 13
C bmr speqtri (gamxsneli da etaloni CDCI3) 

  
     amdenad, 13C speqtri adasturebs agreTve hidrosililirebis reaqciis 
makromolekulaTSoris xasiaTs. miRebuli oligomeri XXI gavacxeleT 70-800C 
temperaturaze 4 saaTis ganmavlobaSi. aRmoCnda, rom am dros adgili aqvs 
miRebuli polimeris srul gakervas sistemaSi arsebuli katalizatoris 
xarjze da miiReba uxsnadi produqti XXIa.  

XXI oligomerisaTvis Catarebulia Termogravimetriuli gamokvleva. 
kvlevam aCvena, rom aRniSnuli oligomerisaTvis 5% masis danakargi aRiniSneba 
2600C-ze. am temperaturaze arablokirebuli polidimeTilsiloqsani srulad 
ganicdis daSlas. forpolimerebSi aseTi gazrdili TermoJangviTi stabilu-
roba erTis mxriv gazrdilia xazovan meTilsiloqsanur jaWvSi ciklooqte-
nilis fragmentis SeyvaniT, romelic xels uSlis depolimerizaciis procesis 
mimdinareobisas jaWvis gadacemis reaqciebs, romelic mimdinareobs Dn tipis 
naerTebis warmoqmniT,  xolo meores mxriv makromolekulaTSorisi urTierT-
qmedebebiT, romelsac adgili aqvs sistemis gacxelebis dros, arsebuli 
katalizatoris xarjze.  

farTo kuTxovani rentgenografiuli gamokvlevebiT dadgenilia, rom 
aRniSnuli oligomeri XXI warmoadgens amorful sistemas, romelTa jaWvTa-
Sorisi manZili Seadgens d1=10.13Ǻ.  

Catarebulia XXI oligomeris diferencialuri skanirebadi kalori-
metriuli gamokvleva. dadgenilia, rom oligomeri xasiaTdeba mxolod erTi 
temperaturuli gadasvliT -10C, romelic Seesabameba oligomeris gaminebis 
temperaturas. 
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amdenad Cvens mier pirvelad Seswavlilia meTilhidridsiloqsanebis 
hidriduli mierTebis reaqciebi cis-1,5-ciklooqtadienTan da dadgenilia, rom 
hidrosililirebis reaqcia mimdinareobs rogorc uSualod ciklur frag-
mentze, aseve molekulaTSorisi mimarTulebiT. dasinTezebuli oligomeri 
warmoadgens Termoreaqtiul sistemas, romelic SeiZleba gamoyenebul iqnas 
karbojaWvuri polimerebis modifikatorebad.  
 gverdiT jaWvSi heterocikluri fragmenetebis Semcveli meTilsiloq-
sanebis miRebis mizniT, Cvens mier Seswavlilia agreTve meTilhidridsiloq-
sanis hidriduli mierTebis reaqciebi 3,4-dihidro-2H-piranTan moreagire kompo-
nentebis 1:30 TanafardobiT, rogorc platinaqlorwyalbadmJavas 0.1M xsnaris 
(tetrahidrofuranSi) Tanaobisas, aseve naxSirbadze dafenili platinis kata-
lizatoris Tanaobisas, absoluturi toluolis areSi 50-800C temperaturul 
intervalSi, [148]. 
 3,4-dihidro-2H-piranis hidrosililirebis reaqciebi platinaqlorwyal-
badmJavas Tanaobisas, Cvens mier Seswavlil iqna sxvadasxva temperaturaze. 70-
800C temperaturul intervalSi reaqciis Catarebisas, ganzavebuli toluolis 

xsnarSi, 15-25% aqtiuri Si-H bmis konversiis pirobebSi adgili hqonda Seke-
rili sistemebis warmoqmnas, rac SeiZleba aixsnas piranuli ciklis gaxsniT, 
romelic SeiZleba ganxorcieldes platinaqlorwyalbadmJavas katalizatoris 
Tanaobisas, rogorc reaqciis procesSi, aseve sawyis stadiaze, mierTebamde, 
rasac Tan axlavs hidroqsilis jgufis warmoqmna.  

amis Semdeg SesaZlebelia warimarTos konkurentuli dehidrokonden-
saciis reaqcia spirtul jgufze. aRniSnul reaqcias mivyavarT samganzo-
milebian sistemis warmoqmnamde. amitom hidrosililirebis reaqciebs platina-
qlorwyalbadmJavas Tanaobisas vatarebdiT 20-30%-ani ganzavebisas absolu-
turi toluolis xsnarSi, 500C temperaturaze an Pt/C katalizatoris Tanaobi-
sas 60-700C temperaturul intervalSi. aRniSnul pirobebSi reaqcia umTavre-
sad mimdinareobs xsnadi sistemebis warmoqmniT. unda aRvniSnoT, rom Pt/C 

katalizatoris Tanaobisas reaqcia mimdinareobs ufro nela, vidre   platina-
qlorwyalbadmJavas katalizatoris SemTxvevaSi da am dros umTavresad mii-
Reba organul gamxsnelebSi xsnadi sistemebi. amitom Semdegi hidrosili-
lirebis reaqciebi umTavresad Catarebul iqna naxSirbadze dafenili pla-
tinis (5%) Tanaobisas. 
 rogorc 3,4-dihidro-2H-piranis struqturidan Cans, hidrosililireba 
SeiZleba warimarTos ori mimarTulebiT. qvantur-qimiuri naxevradempiriuli 
meTodiT AM 1 gaTvlil iqna naxSirbadis atomebze muxtis sidideebi. rogorc 
mocemuli diagramidan sCans: 
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diagrama 2:  
muxtis sidideebi da bmis rigebi 3,4-dihidro-2H-piranis 

molekulaSi 

O

1

2

3

4

5

6

-0,2630

+0,0830

 

      hidrosililirebis reaqcia 3,4-dihidro-2H-piranTan, mocemuli diagrami-
dan gamomdinare, unda warimarTos Semdegnairad: vinaidan me-5 naxSirbadis 
atomze muxtis sidide Seadgens _ 0,2630 ,xolo me-6 naxSirbadis atomze muxtis 
sidide Seadgens +0,0830, amitom wyalbadi unda miuerTdes me-6 naxSirbadis 
atoms, xolo siliciumi ki unda miuerTdes me-5 naxSirbadis atoms. reaqcia 
unda mimdinareobdes Semdegi sqemis mixedviT: 

Me3SiO Si

Me

H

O

m

SiMe3 +

O

30
Pt/C

 

Si

Me

Me3SiO O Si

Me

H

O SiMe3

(x)

(y)

(z)

O

1

1

23

4

5 6

 

sadac, [(x) + (y)](z)  30 -XXII. 
 

      reaqciis produqtebis gadaleqvisas toluol-xsnaridan n-heqsaniT miiRe-
ba organul gamxsnelebSi kargad xsnadi gamWvirvale ufero siTxe. dasinTe-
zebuli oligomeris Sedgeniloba da aRnagoba damtkicebulia elementuri da 
funqciuri analiziT, iw, 1

H da 13C birTvuli magnituri rezonansuli speqtre-
biT. oligomeris zogierTi fizikur-qimiuri Tvisebebi mocemulia cxrilSi 3.  

XXII oligomeris 1
H bmr speqtrSi (naxazi 3) SeimCneva singleturi signa-

li wyalbadis protonebisaTvis SiMe da -OSiMe3  jgufebSi δ≈0,10 da δ≈0.15 vmn 
Sesabamisad. 

speqtrSi SeimCneva agreTve multipleturi signalebi wyalbadis 
protonebisaTvis meTilenur jgufSi, qimiuri wanacvlebis centriT δ≈1,3 vmn 
(C3, C4, da C5  naxSirbadebTan) da, agreTve, multipleturi signalebi wyalbadis 
protonebisaTvis meTilenur jgufSi, qimiuri wanacvlebis centriT δ≈3,4 vmn   
(C2 da C6 naxSirbadebTan).  



 

  

56 

 

13C speqtrSi (naxazi 4) aRmoCenilia signalebi qimiuri gadaadgilebiT -3.21 
vmn (Si-Me), 4.37 vmn (SiMe3 – trimeTilsiloqsi jgufSi); 69,75 (C2); 61,99 (C6); 29,97 

(C3); 24,64 (C4) da 18,88 (C5) vmn Sesabamisad. 
Catarebulia dasinTezebuli XXII oligomeris Termogravimetriuli 

gamokvlevebi. dadgenilia, rom aRniSnuli oligomerisaTvis 5% masis danakar-

gi SeimCneva 2002300C temperaturul intervalSi, destruqciis ZiriTadi pro-

cesi mimdinareobs 2507000C intervalSi, ris Semdegac masis saboloo danakar-
gi Seadgens 78%-s. cxrilSi motanilia oligomeris saSualo woniTi moleku-
luri masa da polidispersuloba. XXII oligomeri warmoadgens amorful 
sistemas, romlis jaWvTaSorisi manZili da gaminebis temperatura motanilia 
cxrilSi 3. 

 

naxazi 3. XXII oligomeris 1
H bmr speqtri (gamxsneli da 

  etaloni CDCI3) 
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naxazi 4. XXII oligomeris 13

C bmr speqtri (gamxsneli da 
etaloni CDCI3) 

  
cxrili 3 

oligomerebisEgamosavlianoba da zogierTi fizikur-qimiuri Tviseba 

#
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PP
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5% masis 
danakargi, 

0
C 

 
 

 

d1,Å
 

XXXXII  75 0,1 -1 7,7 3,1 260 10,13 

XXXXIIII  80 0,08 -5 3,8 1,6 235 7,32 

*1%-iani xsnari tolulSi 250C. 
 
 amdenad, Cvens mier, Catarebulia meTilhidridsiloqsanebis modificire-
bis reaqciebi sxvadasxva ujeri bmebis Semcveli naerTebiT da dasinTezebulia 
axali tipis forpolimerebi, romelTagan zogierTi maTgani, ujeri bmebiT 
ciklSi, warmoadgenen saintereso produqtebs siliciumorganuli rezinebis 
misaRebad da, agreTve, gamoiyenebian karbojaWvuri polimerebis modifikato-
rebad.    
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2.4. meTilhidridsiloqsan(dimeTilsiloqsan)is 
hidrosililirebis reaqcia triciklodekadienTan 

 axali tipis siliciumorganuli naerTebis sinTezs da maT bazaze sxva-
dasxva ujeri bmebis Semcveli radikalebiT axali kompleqsuri Tvisebebis 
mqone Tanapolimerebis miRebis meTodebis damuSavebas didi praqtikuli 
mniSvneloba eniWeba. am mxriv, aRsaniSnavia funqciuri jgufebis Semcveli 
samrewvelo gamoSvebis forpolimerebis modifikaciis reaqciebi, romelic 
saSualebas gvaZlevs jaWvSi sxvadasxva ujeri fragmentebis da jgufebis 
SetaniT farTo diapazonSi vcvaloT dasinTezebuli forpolimerebis 
Tvisebebi. 
 ujeri triciklodecenilis jgufebis Semcveli meTilsiloqsanebis sin-
Tezis mizniT, Cvens mier, Seswavlilia meTilhidridsiloqsanebis (poli-

merizaciis xarisxiT m30,53) da meTilhidridsiloqsan-dimeTilsiloqsanuri 

ologomeris (m33, n23) modifikaciis reaqciebi triciklodekadieniT. 
  hidrosililirebis reaqciebSi katalizatorad gamoyenebuli platina-
qlorwyalbadmJava da aseve naxSirbadze dafenili platina (Pt/C) iwveven 
meTilhidridsiloqsanSi arsebuli konkurentul dehidrokondensaciis reaqci-
ebs kidura hidroqsilis jgufebis arsebobis gamo, amitom movaxdineT misi 

blokireba trimeTilqlorsilaniT. kerZod, Catarebulia ,-dihidroqsimeTil-
hidridsiloqsanis heterofunqciuri kondensaciis reaqcia trimeTilqlorsi-
lanTan, moreagire komponentebis 1:3 TanafardobiT, piridinis Tanaobisas da 

dasinTezebulia ,-bis(trimeTilsiloqsi)meTilhidridsiloqsani (m30, 53), 

Sesabamisad ,-bis(trimeTilsiloqsi)meTilhidrid(dimeTil)siloqsani (m33, 
23). 
 sawyisi komponentebis winaswari gacxelebiT 60-900C intervalSi platina-
qlorwyalbadmJavas 0,1 MMxsnaris (tetrahidrofuranSi) Tanaobisas (kataliza-

tori aiReboda 58x10
-5 g, 1 g sareaqcio narevze) naCvenebia, rom sawyisi pro-

duqtebis polimerizacias an meTanis eliminirebas adgili ar hqonda. araviTa-
ri cvlileba ar iqna dafiqsirebuli iw da bmr speqtrebSic. gaz-Txevaduri 
qromatografiuli analiziT damtkicebulia, rom triciklodekadieni aRniS-
nul pirobebSi polimerizacias ar ganicdis [149, 150]. 
 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 spaie-
ris katalizatoris SemTxvevaSi mimdinareobs 9,10-mierTebiT, mcire raodenobis 
dros (dimeTilqlorsilani) mierTeba midis, rogorc 9,10 aseve 1,2-mimarTu-
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lebiT, xolo donoruli jgufebis SemTxvevaSi hidrosililireba mimdina-
reobs umTavresad 1,2-mimarTulebiT. mosalodneli iyo, rom meTilhidrid-
siloqsanis hidrosililireba platinaqlorwyalbadmJavas 0,1 MMxsnaris (tet-
rahidrofuranSi) Tanaobisas wasuliyo 1,2-mimarTulebiT.  

 literaturidan cnobilia, rom triciklodekadienTan Si-H bmis eleqt-
rofiluri mierTeba mimdinareobs samwevriani gardamavali kompleqsis war-
moqmniT:  

H Si Me

O

+
H2PtCI6

Si Me

O

Si Me

O

1

2
 

 vinaidan 1 gardamavali kompleqsis SemTxvevaSi steriuli dabrkolebis 
gamo 1 kompleqsis mdgradoba 2 kompleqsis mdgradobaze naklebia, amitom 
upiratesi aris mierTeba 9,10-mdgomareobaSi. aRniSnulis dasadastureblad 
gamoyenebul iqna bmr speqtris najeri naxSirwyalbadebis protonebis ubani, 
sadac naTlad Cans najeri jgufebis protonebiT zezusti struqturis 
cvlileba. 
 triciklodekadienis 1

H bmr speqtrSi (gadaRebulia deiterirebul 
qloroformSi), naTlad Cans ormagi 1-2 da 9-10 bmebisaTvis damaxasiaTebeli 

STanTqmis multipleturi signalebi centriT 5,55 da 6,0 vmn (ix. naxazi 5).  

 

naxazi 5. triciklodekadienis 1H bmr speqtri 
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garda amisa, triciklodecenilis CH2-is 7a da 7b protonebisaTvis SeimC-

neva multipleturi signalebi centriT 1,55 da 1,35 vmn (Jheminaluri=14 herci), 

H(3a,e)=2,2 vmn, speqtrSi aseve SeimCneva multipleturi signalebi protonebisaT-
vis 5,6- da 8 mdgomareobaSi. maTi zeddebis gamo signalebis sruli mikuTvneba 
gaZnelebulia. 
 mierTebis produqtis 1H bmr speqtri (naxazi 6) igive gamxsnelSi Seicavs 
umniSvnelo intensivobis signalebs 9-10 mdgomareobisaTvis, kerZod, ujeri 
protonebisaTvis damaxasiaTebel multiplets da ZiriTadad ucvlel 1-2 
mdgomareobis ujeri protonebisaTvis damaxasiaTebel rezonansul signalebs 

qimiuri wanacvlebiT 5,3-5,7 vmn-Si integraluri intensivobiT 1:10. amdenad, 1
H 

bmr speqtridan Cans, rom hidrosililireba umTavresad mimdinareobs 9-10 
mdgomareobaSi da daaxloebiT 10% 1,2-mimarTulebiT. 

 

naxazi 6. XXIII oligomeris 1
H bmr speqtri 

 cxrili 4-Si mocemulia sawyisi triciklodekadienis da XXIV oligome-
ris bmr speqtrebis monacemebi. 
 

cxrili 4 
triciklodekadienis (TCD), XXIII da XXIV oligomerebis 1H bmr  

speqtrebis monacemebi 

C-H bma H-1 H-2 H-3 H-4 H-5 H-6 H-7 H-8 H-9 H-10 

TCD (vmn) 5,95 5,95 2,20 1,67 1,67 2,22 1,40 2,17 5,50 5,50 

XXIII (vmn)
 5,95 5,95 2,20 1,70 1,70 1,80 1,30 1,80 - - 

XXIV (vmn) 5.96 5,96 2,20 1,70 1,70 1,80 1,30 1,80 - - 
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 aRniSnuli daskvna hidrosililirebis reaqciis SesaZlo mimdinareobis 
Sesaxeb dasturdeba qvantur-qimiuri gaTvlebiT. 
 naxevradempiriuli qvantur-qimiuri AM1 meTodiT gaTvlilia eleqtro-
nuli maxasiaTeblebi: muxtis sidideebi naxSirbadis atomebze da bmis rigebi. 
miRebuli Sedegebi gamosaxulia molekulur diagramaze: 
 

diagrama 3  
muxtis sidideebi da bmis rigebi triciklodekadienis 

molekulaSi 

-0
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61

2
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6

7

8  
 rogorc me-3 diagramidan Cans, muxtis yvelaze maRali mniSvneloba 
SeimCneva 1-2 da 9-10 naxSirbadis atomebze, rac miuTiTebs imaze, rom isini 
warmoadgenen yvelaze maRal reaqciisunarian centrebs eleqtrofiluri 
mierTebis mimarT. aseve maRali mniSvneloba gaaCniaT 1-2 da 9-10 bmis rigebs. 

kerZod, P1,2()=1,9246 da P9,10() =1,9274 (sadac indeqsi  miuTiTebs bmis rigis 

komponents). vinaidan P9.10() P1.2() SeiZleba vivaraudoT, rom mierTeba ufro 

mosalodnelia P9.10  bmis -eleqtronebis monawileobiT. Tumca es ar gamoric-
xavs, rom mierTeba 1,2 bmasTanac ganxorcieldes. 
 katalizuri mierTebis reaqciebi, Cvens mier, Seswavlilia mudmiv tem-
peraturaze 60-900C-ze. aRmoCenilia, rom nalRobSi reaqciis Catarebisas 
mierTebis dabal stadiebze 1,3-cikloheqsadienis msgavsad, adgili hqonda 
Sekerili sistemebis warmoqmnas, rac jaWvTaSorisi Sekervis reaqciebiT 
SeiZleba aixsnas. amdenad, xsnadi produqtebis miRebis mizniT hidriduli 
mierTebis reaqciebi Seswavlili iqna absoluturad mSrali toluolis areSi 

(C0,1017 moli/l). reaqciis mimdinareobisas vaxdendiT aqtiuri Si-H bmis 
ganszRvras. kvlevam aCvena, rom temperaturis gazrdasTan erTad izrdeba 

mierTebis reaqciis siRrme. 600C-ze aqtiuri Si-H bmis procentuli 
koncentracia 5 saaTis Semdeg Seadgens 39% (naxazi 7, mrudi 4). 
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naxazi 7. aqtiuri Si-H% koncentraciis cvlilebis damokidebuleba 
droze meTilhidridsiloqsanis triciklodekadienTan hidrosilili-
rebis dros, sadac 1 mrudi Seesabameba 90

0
C, 3 - 80

0
C, 4 - 70

0
C da 5 - 60

0
C, 

xolo mrudi 2 Seesabameba meTilhidridsiloqsan-dimeTilsiloqsanuri 
oligomeris hidrosililirebis reaqcias triciklodekadienTan 90

0
C  

temperaturis gazrdasTan erTad aqtiuri jgufebis koncentracia 
mcirdeba da 900C Seadgens 15% (mrudi 1). rogorc naxazidan Cans, hidriduli 
mierTebis reaqciebi energiulad mimdinareobs pirveli 2 saaTis ganmavlobaSi, 
ris Semdegac aqtiuri wyalbadis konversia umniSvnelod icvleba. 

amdenad, eqsperimentuli kvlevis Sedegebidan gamomdinare, SeiZleba 
vTqvaT, rom meTilhidridsiloqsanebis da meTilhidridsiloqsandimeTil-
siloqsanis hidrosililirebis reaqcia triciklodekadienTan mimdinareobs 
sxvadasxva rgoliani gantotvili sistemebis warmoqmniT Semdegi sqemis 
mixedviT [149-151]: 

Me3SiO

H

Me

Si Si m+
Cat, T0C

m

O

Me

Me

O SiMe3

n
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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30, n=0: 90
0
 C(XXIII) m53, 60

0
C (XXIV

1
); 70

0
C (XXIV

2
),    

               80
0
C(XXIV

3
), 90

0
C(XXIV); [(x)+(k)+(y)+(z)+(l)+(q)](p)=m30, m33, n=23: 90

0
C (XXV). 

 dadgenilia, rom temperaturis gazrdasTan erTad adgili aqvs Sekerili 
sistemebis warmoqmnas, romelTa procentuli Semcveloba temperaturis 

gazrdasTan erTad izrdeba. 90
0
C-ze reaqciis Catarebisas, 85% Si-H bmis 

konversiis dros miiReba 33-35% Sekerili polimeri, rac SeiZleba aixsnas 
sistemaSi arsebuli katalizatoris xarjze  jaWvTaSoris mimdinare Semdegi 
gverdiTi reaqciebiT: 

SiMe H Si Me

SiMe Si Me

+

O O

O O

SiMe

O

 

 aqedan gamomdinareobs, rom triciklodekadienis “1-2” mdgomareobaSi 
arsebuli -CH=CH- bma, iseve rogorc “9-10” mgomareobaSi arsebuli -CH=CH- bma, 
xasiaTdeba didi reaqciisunarianobiT hidriduli mierTebis dros. amdenad, 
xsnadi sistemebis misaRebad hidrosililirebas vwyvetdiT 75-80%-mde konver-
siis miRwevamde. amis Semdeg sareaqcio produqts vfiltravdiT, vacilebdiT 
toluols, vakuumirebiT (P=1-2 mm. Hg) mudmiv masamde, 40-500

C temperaturul 
intervalSi.  

dasinTezebuli oligomerebi warmoadgenen gamWvirvale, myar, odnav 

opaliscirebul sistemebs xv=0,07-0,13, romlebic kargad ixsnebian Cveulebriv 
organul gamxsnelebSi. dasinTezebuli oligomerebis zogierTi fizikur-
qimiuri Tvisebebi mocemulia me-5 cxrilSi. 
 
 
 

 

ccxxrriillii  55  

oligomerebis zogierTi fizikur-qimiuri Tvisebebi 
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XXXXIIIIII
  

8855  9900  00..0088  --11  77..88  22..66  224400  99..1100  

XXXXIIIIII
  11  

6655  --  00..1133  ++88  8822..11  2211..88  330000  99..3333  

XXXXIIVV
11  

8833  6600  00..0077  --  --  --  --  --  

XXXXIIVV
  22  

7755  7700  00..0088  ++22  77..88  11..88  --  --  

XXXXIIVV
  33  

7700  8800  00..0099  --  --  --  --  --  

XXXXIIVV
  

6677  9900  00..0099  ++66  1100..33  22..33  227700  99..3333  

XXXXVV  7700  9900  00,,1111  --1155  --  --  225500  88,,6633  

 
* 1% -iani xsnari toluolSi 25

0
C. 

 oligomerebis iw speqtrSi SeimCneva -CH=CH- ujeri bmisaTvis damaxasia-
Tebeli STanTqmis zoli 1600 da 3350 sm-1 ubanSi. aseve SeimCneva Sesabamisi 

STanTqmis zolebi 840, 2165, 1275 da 1020 sm-1 ubanSi, damaxasiaTebeli –SiMe3, Si-

H, Si-Me da xazovani Si-O-Si bmebisaTvis [140 - 142]. 
meTildimeToqsisilanis triciklodekadienTan mierTebis reaqciis sru-

li daxasiaTebisaTvis Catarebulia gaTvlebi naxevradempiriuli qvantur-qimiu-
ri meTodiT AM1 [152]. yvela sawyisi nivTierebis, Sualeduri da saboloo 
produqtisaTvis modelur reaqciaSi meTildimeToqsisilanis [Me(MeO)2SiH] hi-
drosililirebisas triciklodekadienTan gaTvlilia warmoqmnis siTboebi 

(f), sistemis energiis cvlileba () C-Si bmis manZilis cvlilebisas (RC-Si), 

agreTve muxtebis mniSvnelobebi (qi) atomebze, dipoluri momentebi () da bmis 
rigebi (Pij).  
 pirvelad ganxiluli iqna 9-10-mierTebis mixedviT mimdinare hidriduli 
mierTebis modeluri reaqcia meTildimeToqsisilansa [Me(MeO)2SiH] da tricik-
lodekadienTan. reaqcia mimdinareobs XXVI modeluri naerTis warmoqmniT: 

Si

OMe

Me

OMe

H + Si

OMe

Me

OMe
1

3 4

5
6

7

8

9

10
1

3 4

5
6

7

8
9

10

2 2

XXVI

 

triciklodekadienis ormag bmasTan mdgom naxSirbadis (C10 da C9) 
atomebsa da siliciumis atoms Soris manZili aRebul iqna 1,0 Å-iT meti, vidre 

bmis manZili saboloo produqtSi. manZilis cvlileba (RC 10 -Si) siliciumis 

atomsa da ormag bmasTan mdgom naxSirbadis (C10) atoms Soris xdeboda 0,05 Å-

is intervaliT. sistemis energiis cvlilebis () damokidebuleba manZilze 

(RC 10 -Si) siliciumis atomsa da ormag bmasTan mdgom naxSirbadis atoms Soris 

mocemulia me-8 naxazze. 
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rogorc me-8 naxazidan Cans, siliciumis atomis miaxloebisas naxSir-
badis (C10) atomTan RC-Si=2,26 Å manZilamde, sistemis energia izrdeba, bmis rigi 
C10 da C9 atomebs Soris triciklodekadienSi molekulaSi mcirdeba 1,909-dan 
1,649-mde. aseve mcirdeba bmis rigi siliciumis atomsa da wyalbads Soris (RSi-

H= 0,922-0,775) da modelur nivTierebaSi SeimCneva axali bmis warmoqmna (RC 10 -

Si=0,015-0,105 da PC 9 -H=0.0006-0.063). siliciumis atomsa da naxSirbadis (C10) atoms 

Soris 2,21 Å manZilze sistemis energia mkveTrad mcirdeba, ormagi bma gadadis 

ordinarul С-С bmaSi (РС 10 -С 9
=0.991),  da bmis rigi siliciumis da naxirbadis 

(C10) atomebs Soris aRwevs 0.798-s. amgvarad, wyalbadis atomi srulad wydeba 
siliciumis atoms (РSi-H= 0,013) da uerTdeba naxSirbadis atoms C9 mdgomareoba-

Si (РС 9 -Н=0,929). igive gaTvlebi Catarebulia siliciumis atomis mierTebiT C9 

naxSirbadis atomTan.  
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 naxazi 8.  sistemis energiis cvlilebis damokidebuleba () siliciumis 

 da naxSirbadis atomebs Soris manZilze (RC 10 -Si), meTildimeToqsisilanis   

 triciklodekadienTan hidrosililirebisas modelur reaqciaSi (9,10-
 mierTeba) 
 

siliciumisa da naxSirbadis (C10) atomebs Soris manZilis Semdgomi 
Semcirebisas sistemis energia mcirdeba da xdeba warmoqmnili axali bmebis 

ganmtkiceba. XXVI produqtis warmoqmnis siTbo 9,10-mierTebisas (Н=-399.129 

kj/moli, iteraciiT gamoTvlili) karg TanxvdenaSia nabij-nabij gaTvlil 
meTildimeToqsisilanis triciklodekadienTan mierTebis warmoqmnis siTbos-

Tan Н=-399.012 kj/moli, xolo aRniSnuli reaqciis aqtivaciis energia Sead-
gens Еaqt=133.21 kj/moli. 

Cvens mier,  aseve ganxilulia 1,2-mierTebis mixedviT mimdinare hidri-
duli mierTebis modeluri reaqcia meTildimeToqsisilansa da triciklodeka-
diens Soris. reaqcia mimdinareobs Semdegi sqemis mixedviT, modeluri XXVII 

naerTis warmoqmniT: 
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Si
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Me

OMe

H +

Si

OMeMe

MeO
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 me-9 naxazze mocemulia sistemis energiis cvlilebis () damokidebu-

leba siliciumisAda naxSirbadis (C1) atomebs Soris manZilze (RC 1 -Si). manZili 

siliciumis da naxSirbadis (C1) atomebs Soris aRebulia 1,0 Å-iT meti, vidre 

bmis manZili saboloo produqtSi. manZilis cvlileba (RC 1 -Si) siliciumis 

atomsa da ormag bmasTan mdgom naxSirbadis (C1) atoms Soris xdeboda 0,05 Å-

is intervaliT.  
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naxazi 9.  sistemis energiis cvlilebis damokidebuleba ()  

siliciumis da naxSirbadis atomebs Soris manZilze (RC 1 -Si), meTil- 
dimeToqsisilanis triciklodekadienTan hidrosililirebisas  
modelur reaqciaSi (1,2-mierTeba) 
 

rogorc me-9 naxazidan Cans, siliciumis atomis miaxloebisas naxSir-

badis (C1) atomTan RC 1 -Si =2,30 Å manZilamde, sistemis energia izrdeba. 

erTdroulad bmis rigi C1 da C2 atomebs Soris triciklodekadienis mole-
kulaSi mcirdeba 1,901-dan 0,978-mde. 

bmis rigi siliciumis atomsa da wyalbads Soris aseve mcirdeba (RSi-

H=0.917-0.884) da SeimCneva axali bmis warmoqmna (RC 1 -Si= 0,0085-0,853 da PC 2 -H=0,0009-

0,011). siliciumis atomsa da naxSirbadis (C1) atoms Soris 2,25 Å manZilze 
sistemis energia mkveTrad izrdeba, ormagi bma С1=С2 gadadis erTmag С1-С2 

bmaSi (РС 1 -С 2
=0,980) da bmis rigi siliciumis da naxSirbadis (C1) atomebs Soris 

aRwevs 0.853-s.  wyalbadis atomi srulad wydeba siliciumis atoms (РSi-H = 0,043) 

da uerTdeba naxSirbadis atoms C2 (РС 2 -Н=0.887). TiTqmis igive Sedegi iqna 

miRebuli siliciumis atomis C2 naxSirbadis atomTan mierTebisas. XXVII 
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naerTis warmoqmnis siTbo 1-2-mierTebis dros tolia Н=-349.129 kj/moli, 

xolo aqtivaciis energia Еaqt.=218.67 kj/moli. 
me-8 da me-9 naxazebis mrudebidan, aqtivaciis energiebis da bmis rigebis 

Sedarebidan gamomdinare meTildimeToqsisilanis triciklodekadienTan 
hidrosililirebis modelur reaqciaSi 9,10-mierTeba energetikulad ufro 
xelsayrelia, rac TanxvdenaSia bmr speqtrul monacemebTan. 

 meTilhidridsiloqsanis (m53) triciklodekadienTan hidrosililirebis 
reaqciis dros Sebrunebuli koncentraciis droze damokidebulebidan 
naCvenebia, rom hidrosililirebis reaqcia meore rigisaa. gaTvlilia hidrosi-

lilirebis reaqciis siCqaris mudmivebi sxvadasxva temperaturaze: k60
0

C1,051x10
-

1
, k70

0
C 1,405x10

-1
, k80

0
C1,944x10

-1
 moli/ls. reaqciis siCqaris mudmivas loga-

riTmis temperaturis Sebrunebul sididesTan damokidebulebidan gaTvlili 

iqna hidrosililirebis aqtivaciis energia, romelic tolia E32,3 kj/moli. 
 oligomerisaTvis Catarebulia gel-SeRwevadi qromatografiuli gamokv-
leva. me-10 naxazze mocemulia oligomerebis molekulur-masuri ganawilebis 
mrudebi, saidanac Cans, rom mas gaaCnia monomodaluri molekulur-masuri 
ganawileba. XXIII oligomerisaTvis gansazRvrul iqna saSualo molekuluri 

masebi da polidispersuloba, romelic Seadgens:M7,8x10
3
, M n3,0x10

3
, p2,6. 

sruli hidrosililirebis dros saSualo molekuluri masa XXIII oli-
gomerisaTvis ar unda aRematebodes 6x10

3
. gazrdili molekuluri masa XXIII 

oligomerisaTvis kidev erTxel miuTiTebs imaze, rom hidrosililirebis 
reaqcia mimdinareobs makromolekulaTSorisi mimarTulebiT. 

 

naxazi 10. XXIII oligomeris gel-SeRwevadi qromatografiuli mrudi 
 

 XXIII oligomeris 30% toluolxsnari damatebiT gavacxeleT 4 saaTis 

ganmavlobaSi 80-900C temperaturaze, romlis drosac aqtiuri Si-H bmis kon-
centracia Semcirda 18%-dan 3%-mde. gafiltvrisa da gamxsnelis _ toluolis 

mocilebis Semdeg, 40-500C temperaturaze vakuumSi (P=12 mmHg) mudmiv masamde 
gamoxdiT miRebulia gamWvirvale moyviTalo feris blanti masa – oligomeri 
XXIII1 (65%), romelic ixsneba organul gamxsnelSi.  
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naxazi 11. XXIII
1 oligomeris gel-SeRwevadi qromatografiuli mrudi 

 

aRniSnuli oligomeris gel-SeRwevadi qromatografiuli analiziT 
(naxazi 11) naCvenebia, rom oligomers gaaCnia polimodaluri molekulur-masu- 

ri ganawileba:M8,3x10
4
, M n3,8x10

3 da gazrdili polidispersuloba (p21,8) 

XXIII oligomerTan SedarebiT. rogorc Cans damatebiTi gacxelebis dros sis-
temaSi arsebuli katalizatoris xarjze adgili aqvs makromolekulaTSoris 
da Sigamolekulur hidrosililirebis reaqciebs.    
 Catarebulia triciklodecenilis jgufebis Semcveli meTilsiloqsanuri 
oligomerebis Termogravimetriuli gamokvleva.  

rogorc me-12 naxazidan Cans XXIV
2 da XXV oligomerisaTvis 5%-iani 

masis danakargi SeimCneva 290-3000C temperaturul intervalSi.  

 

naxazi 12. oligomerebis Termogravimetriuli mrudebi 
sadac, 1 mrudi Seesabameba XXIV

2
 oligomers, xolo 2 – XXV. 
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destruqciis ZiriTadi procesi mimdinareobs 350-7000C intervalSi. 7000C 
zeviT masis cvlileba ar aRiniSneba. XXV oligomeri naklebi TermoJangviTi 
stabilurobiT xasiaTdeba, rac aixneba oligomerul jaWvSi damatebiT 
dimeTilsiloqsanuri fragmentis arsebobiT. 
 diferencialuri skanirebadi kalorimetriuli gamokvlevebiT dadge-
nilia, rom XXIII oligomerisaTvis temperaturuli gadasvla, romelic 

Seesabameba gaminebis temperaturas SeimCneva -10C, xolo XXIII1 SeimCneva +8
0
C. 

triciklodecenilis raodenobis gazrdasTan erTad gverdiT jaWvSi 
oligomerebis gaminebis temperatura izrdeba. rac Seexeba XXV oligomers 

misi Tg-150C Seadgens (naxazi 13).   
 

 

naxazi 13. oligomerebis diferencialur skanirebadi kalorimetriuli 
mrudebi. sadac 1 mrudi Seesabameba XXIII‘ oligomers, 2 – XXIV, 3 – XXIII, 
da 4 – XXV. 
 

 farTokuTxovani rentgenografiuli gamokvlevebiT dadgenilia, rom 
oligomerebi warmoadgenen erTfazian amorful sistemebs. naCvenebia, rom 
triciklodecenilis jgufebis raodenobis gazrdasTan erTad jaWvTaSorisi 

manZilis mniSvneloba umniSvnelod izrdeba d19,1-9,33 Ǻ. rac Seexeba XXV 
oligomers misi jaWvTaSorisi manZilis mniSvneloba odnav Semcirebulia 

d18,63 Ǻ-mde. 
amrigad, Cvens mier, pirvelad iqna Seswavlili meTilhidridsiloqsanis 

da meTilhidridsiloqsan-dimeTilsiloqsanuri oligomerebis hidriduli 
mierTebis reaqciebi triciklodekadienTan platinaqlorwyalbadmJavas katali-
zatoris Tanaobisas da naCvenebia, rom hidrosililireba mimdinareobs 
rogorc 9,10-, aseve 1,2-mierTebiT. amasTanave, adgili aqvs makromoleku-
laTSoris hidrosililirebas gantotvili agebulebis sistemebis miRebiT. 
dasinTezebuli oligomerebi warmoadgenen saintereso sistemebs karbojaWvuri 
elastomerebis modifikaciisaTvis, vinaidan isini damatebiTi gacxelebis dros 
ganicdian gakervis reaqciebs sistemaSi arsebuli katalizatoris xarjze. 
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2..5. ,-bis(trimeTilsiloqsi)meTilhidridsiloqsanis 
hidrosililirebis reaqcia cikloheqsa-1,3-dienTan 

  
 literaturaSi ar aris informacia meTilhidridsiloqsanebis ciklo-
heqsa-1,3-dienTan hidriduli mierTebis reaqciebis Sesaxeb. meTilsiloqsanuri 
oligomerebis miRebis mizniT, ujeri cikloheqsenilis jgufebiT gverdiT 
jaWvSi, Cvens mier Seswavlilia meTilhidridsiloqsanebis hidriduli mi-
erTeba SeuRlebul bmian cikloheqsa-1,3-dienTan, moreagire komponentebis 1:30 
TanafardobiT, rogorc absoluturad mSrali toluolis xsnarSi, aseve nal-
RobSi [153-157]. 
 cikloheqsa-1,3-dieni warmoadgens saintereso sistemas, vinaidan hidri-
duli mierTeba SeiZleba ganxorcieldes erT ormag bmasTan, ormagi bmis 
SenarCunebiT, rac Tavis mxriv miRebul sistemebs sainteresos xdis silicium-
organuli rezinebis miRebis TvalsazrisiT. meores mxriv, aq hidrosili-
lireba SesaZlebelia ganxorcieldes 1,2- an 1,4-mimarTulebiT [153-157]: 

  Si H2PtCl6 +

12

3
4

6

5
MeH+

12

3
4

6

5

Si

Me
O

O

12

3
4

6

5

Si

Me
O

 

 qvantur-qimiuri naxevradempiriuli AM1 meTodiT [152] gaTvlilia ciklo-
heqsa-1,3-dienis eleqtronuli maxasiaTeblebi _ muxtis sidideebi atomebze da 
bmis rigebi. miRebuli Sedegebi gamosaxulia diagramaze: 
 

diagrama 4 
muxtis sidideebi da bmis rigebi cikloheqsa-1,3-dienis 

molekulaSi 

-0,2169

-0,2169

1

3

4

2

1,8778

1,8778

-0,1982

-0,1982

5

6

 

 rogorc molekuluri diagramidan Cans muxtis maRali mniSvnelobebi 
aRiniSneba naxSirbadis atomze 1 da 4 mdgomareobaSi, rac miuTiTebs imaze, 
rom naxSirbadis atomebi eleqtrofiluri mierTebisas am mdgomareobaSi 
warmoadgenen maRal reaqciisunarian centrebs. aqedan gamomdinare, hidriduli 
mierTeba yvelaze didi albaTobiT SeiZleba ganxorcieldes “1-4” poziciaSi, 

vidre 2 an 3 poziciaSi (q1,40,2169; q2,30,1982). Tanafardoba atomebze muxtis 

sidideebisa Seadgens q1,4/q2,31,09, rac pirdapir TanxvdenaSia bmr speqtrul 
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monacemebTan. meores mxriv, bmis rigi “1-2” da “3-4” mdgomareobaSi xasiaTdebian 

erTi da igive mniSvnelobebiT P1,2=P3,41,8778, rac miuTiTebs imaze, rom 
hidrosililirebis reaqciis mimdinareobisas gadamwyvet rols iTamaSebs 
muxtis sidideeebis mniSvneloba naxSirbadis atomze. 
 sawyisi produqtebis winaswari gacxelebiT platinis katalizatoris 
Tanaobisas 60-800C temperaturul intervalSi, dadgenilia, rom aRniSnul 
pirobebSi cikloheqsa-1,3-dienis polimerizacias an meTilhidridsiloqsanis 
sxva raime gardaqmnas adgili ar hqonda. 
 hidrosililirebis Catarebisas nalRobSi naCvenebia, rom hidrosili-

lirebis sawyis stadiebze (aqtiuri Si-H bmis 20% konversiis dros) adgili 
aqvs gakervis reaqciebs, sivrciTi badisebri sistemebis miRebas, rac aixsneba 
imiT, rom am dros SesaZlebelia ganxorcieldes aramarto makromolekulaT-
Sorisi hidrosililirebis reaqciebi sqemis mixedviT: 

Me-Si + H-Si-Me

O

Me-Si     Si-Me

O
H2PtCl6

O O

 

aramed Sigamolekuluri hidrosililirebis reaqciebic. 
 xsnadi oligomerebis miRebis mizniT, Cvens mier hidrosililirebis reaq-

ciebi Catarebulia absoluturad mSrali toluolis xsnarSi (C0,1155 

moli/l). 
 

 

naxazi 14. Si-H bmis koncentraciis Semcireba droSi, meTilhidridsiloq-
sanis hidriduli mierTebis dros cikloheqsa-1,3-dienTan, sadac 1 mrudi 
Seesabameba 80

0
C, 2–70

0
C da 3–60

0
C.  
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reaqciis mimdinareobisas vaxdendiT aqtiuri Si-H bmis koncentraciis gan-
sazRvras. dadgenilia, rom temperaturis gazrdasTan erTad hidrosili-

lirebis reaqciis siRrme (Si-H bmis konversia) izrdeba (naxazi 14). 

sami saaTis Semdeg 60
0
C temperaturaze aqtiuri Si-H bmis konversia 

Seadgens 69% (naxazi 14, mrudi 3). temperaturis gazrdasTan erTad 800
C-mde, 

Si-H bmis konversia Seadgens 85% (naxazi 14, mrudi 1). xsnadi oligomerebis 
miRebis mizniT hidrosililirebis reaqcias vwyvetdiT 80% konversiis dros, 
magram gamoyenebuli gamxsnelis mocilebis dros adgili aqvs gverdiT, Sida-

molekulur da molekulaTSoris hidrosililirebas, rasac mivyavarT Si-H 

bmis Semdgom SemcirebasTan da gantotvili oligomerebis miRebamde. 
  Sesabamisad, meTilhidridsiloqsanis hidrosililirebis reaqcia ciklo-
heqsa-1,3-dienTan mimdinareobs Semdegi sqemis mixedviT [153-157]:  

+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 - XXVI
1
(60

0
C); XXVI

2
(70

0
C); XXVI(80

0
C). 

 

 dasinTezebuli meTilsiloqsanuri oligomerebi warmoadgenen rezini-
sebur sistemebs, romlebic kargad ixsnebian Cveulebriv organul gamxsneleb-

Si, xv=0.08-0.09. oligomerebis Sedgeniloba da aRnagoba damtkicebulia funq-
ciuri da elementuri analiziT, molekuluri masebis gansazRvriT, iw da bmr 
speqtruli analizebiT. oligomerebis zogierTi fizikur-qimiuri Tvisebebi, 
elementuri analizi da gamosavlianoba naCvenebia cxrilSi 6. 

oligomerebis iw speqtrSi SeimCneva xazovani Si-O-Si bmis asimetriuli 
valenturi rxevebisaTvis damaxasiaTebeli STanTqmis zoli 1020 sm-1 ubanSi. 

speqtrSi aseve SeimCneva Si-Me da -SiMe3 bmebisaTvis, STanTqmis zolebi 
Sesabamisad 1275 da 840 sm-1 ubanSi [140-142]. 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

  

73 

 

cxrili 6  

oligomerebisEelementuri analizi, gamosavlianoba da  
zogierTi fizikur-qimiuri Tviseba 

 

№
 

o
l
ig

o
me
r
i

 

g
am
o
s
av
l
ia
no

b
a 

%
 

 
reaqciis 

temp., 0
C 

 

xv* 
 

Tg, 
0
C 

 

d1, Å 

5%-
masis 
danak., 

0C 

 

Mx10
–3

 

Eelementuri**  

Sedgeniloba, % 

C H Si 

XXVI
 1 94 60 0,08 -14 8,40 230 - 59,42 

 58,95 

8,66 

8,43 

20,54 

21,02 

XXVI
2 

94 70 0,08 - - - - 59,42 

59,21 

8,66 

8,51 

20,54 

20,94 

XXVI
 

95 80 0,09 -10 8,43 230 48 59,42 

59,30 

8,66 

8,35 

20,54 

20,77 

* 25
0
C temperatura, 1%-iani toluolis xsnari. **xazs zeviT _ gaTvlili 

mniSvnelobebi, xazs qveviT – eqsperimentuli. 

 XXVI oligomeris 1
H bmr speqtrSi aRiniSneba singleturi signali meTi-

lis protonebisaTvis 0,1 vmn. spetrSi aseve aRiniSneba gafarToebuli 
signali meTinis protonebisaTvis -CH=CH- fragmentSi, qimiuri wanacvlebiT 

6,1 da 5,5vmn-Si, agreTve meTilenuri jgufis protonebisaTvis gafarToe-

buli signalebi 1,0-1,97 vmn, qimiuri wanacvlebis centriT da 

vmn-Si. 

 

naxazi 15. XXVI oligomeris 1H bmr speqtri 
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am ubanSi cal-calke signalebis mikuTvneba gaZnelebulia, vinaidan 
adgili aqvs rezonansuli signalebis zeddebas. speqtrSi arsebuli signale-
bis integraluri mrudebis Tanafardobidan gamomdinare, literaturaSi arse-
buli monacemebisagan gansxvavebiT naCvenebia, rom hidrosililireba mimdina-
reobs, rogorc 1,4- aseve 1,2-mimarTulebiT. umetesad mimdinareobs 1,4-mimarTu-

lebiT da Tanafardoba Seadgens 1,6:1 (naxazi 15). 1H bmr speqtrSi SeimCneva 

reaqciaSi Seusvleli Si-H bmebisaTvis STanTqmis singleturi signali qimiuri 

wanacvlebiT 4,4 vmn. 
 

 

naxazi 16. XXVI oligomeris 13C bmr speqtri 

XXVI oligomeris 13
C bmr speqtrSi 1,4 da 1,2-hidriduli mierTebisaTvis 

aRiniSneba signalebi qimiuri wanacvlebiT: 1,4-mierTebisaTvis 129,6 da 130,4 

vmn-Si da 1,2-mierTebisaTvis 126,7 da 139,9 vmn-Si. Sesabamisad qimiuri signa-
lebi 1,4-mierTebisaTvis aRiniSneba: 23,7(C-1); 29,2(C-5); 27,8(C-4); 130,4 (C-2); 23,7(C-3) 

da 1,2-mierTebisaTvis 24,1(C-6); 28,8(C-5); 129,6(C-4), 126,7(C-3); 22,8(C-2); 27,0(C-1) vmn-
Si (naxazi 16). 

meTilhidridsiloqsanis cikloheqsa-1,3-dienTan hidriduli mierTebis 
reaqciis sruli daxasiaTebisaTvis, naxevradempiriuli qvantur-qimiuri meTo-
diT AM1 [155], Catarebulia Teoriuli gaTvlebi. modelur reaqciaSi meTil-
dimeToqsisilanis [Me(MeO)2SiH] hidrosililirebisas cikloheqsa-1,3-dienTan, 
gaTvlilia yvela sawyisi nivTierebis, Sualeduri da saboloo produqti-

saTvis warmoqmnis siTboebi (f), sistemis energiis cvlileba () C-Si bmis 
manZilis cvlilebisas (RC-Si), agreTve muxtebis mniSvnelobebi (qi) atomebze, 
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dipoluri momentebi () da bmis rigebi (Pij). qvantur-qimiuri gaTvlebiT miRe-
buli Sedegebi mocemulia me-7 da me- 8 cxrilebSi. 

Cvens mier, pirvelad ganxilulia [Me(MeO)2SiH]-is cikloheqsa-1,3-dienTan 
hidrosililirebis modeluri reaqcia 1,2-mierTebis mimarTulebiT. hidrosili-
lirebis modeluri reaqcia mimdinareobs Semdegi sqemis mixedviT, XXVII 
modeluri naerTis warmoqmniT:  

1
2
3

4

Si

OMe

Me

OMe

H + 1
2
3

4

Si OMe

Me

MeO

XXVII

 

ormag bmasTan mdgom naxSirbadsa (C1) da siliciumis atoms Soris 
manZili aRebulia 1,0 Å-iT meti, vidre bmis manZili saboloo produqtSi. me-17 
naxzze mocemulia sawyisi produqtebis sawyisi mdgomareoba da numeracia 
meTildimeToqsisilanis cikloheqsa-1,3-dienTan hidrosililirebis modelur 
reaqciaSi: 

 

naxazi 17. sawyisi produqtebis sawyisi mdgomareoba da numeracia 
meTildimeToqsisilanis cikloheqsa-1,3-dienTan hidrosililirebis  
modelur reaqciaSi 
 

manZilis cvlileba (RC 1 -Si) siliciumis atomsa da ormag bmasTan mdgom 

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

cvlilebis () damokidebuleba manZilze (RC-Si) siliciumis atomsa da ormag 
bmasTan mdgom naxSirbadis atoms Soris mocemulia me-18 naxazze. 
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me-18 naxazidan Cans, rom siliciumis atomis miaxloebisas naxSirbadis (C1) 

atomTan RC 1 -Si=2,26 Å manZilamde, sistemis energia izrdeba, bmis rigi C1 da C2 

atomebs Soris cikloheqsa-1,3-dienTan  molekulaSi mcirdeba 1.855-dan 1.648-
mde. aseve mcirdeba bmis rigi siliciumis atomsa da wyalbads Soris (RSi-

H=0.907-0.739) da modelur nivTierebaSi SeimCneva axali bmis warmoqmna (PC 1 -Si 

=0.013-0.106  da PC 2 -H=0.001-0.073). siliciumis atomsa da naxSirbadis (C1) atoms 

Soris 2,21 Å manZilze sistemis energia mkveTrad mcirdeba, ormagi bma gadadis 

ordinarul С-С bmaSi (РС 1 -С 2  =0.996) da bmis rigi siliciumis da naxSirbadis (C1) 

atomebs Soris aRwevs 0.794-s. amgvarad, wyalbadis atomi srulad wydeba 
siliciumis atoms (РSi-H= 0.0111) da uerTdeba naxSirbadis atoms C2 mdgomareoba-

Si (РС 2 -Н= 0.912). siliciumisa da naxSirbadis (C1) atomebs Soris manZilis Semd-
gomi Semcirebisas sistemis energia mcirdeba da xdeba warmoqmnili axali 
bmebis ganmtkiceba. XXVII modeluri naerTis warmoqmnis siTbo 1,2-mierTebisas  

(Н=-654.04 kj/moli) karg TanxvdenaSia gaTvlil warmoqmnis siTbosTan (Н=-

653.94 kj/moli, ixileT cxrili 7). 1,2-mierTebis aqtivaciis energia tolia Еaqt= 

155.16 kj/moli. me-19 naxazze mocemulia meTildimeToqsisilanis cikloheqsa-1,3-
dienTan 1-2 mimarTulebiT hidrosililirebis modelur reaqciaSi mierTebis 
produqtis saboloo mdgomareoba. 

 

 

naxazi 18. sistemis energiis cvlilebis damokidebuleba ()       

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

   meTildimeToqsisilanis hidrosililirebisas cikloheqsa-1,3-dienTan 
   (1,2-mierTeba) 
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naxazi 19. meTildimeToqsisilanis cikloheqsa-1,3-dienTan 1-2 mimarTu-
lebiT hidrosililirebis modelur reaqciaSi mierTebis produqtis 
saboloo mdgomareoba 
 

Cvens mier, agreTve, ganxilulia meTildimeToqsisilanis cikloheqsa-1,3-
dienTan 1-4 mimarTulebiT hidrosililirebis modeluri reaqcia, romelic 
mimdinareobs XXVIII modeluri naerTis warmoqmniT Semdegi sqemis mixedviT: 

1
2

3
4

Si

OMe

Me

OMe

H + 1
2

3
4

Si OMe

Me

MeO

XXVIII

 

me-20 naxazze warmodgenilia meTildimeToqsisilanis cikloheqsa-1,3-di-
enTan hidrosililirebis modeluri reaqcia 1,4-mierTebis mimarTulebiT niv-
Tierebebis sawyisi mdgomareoba: 
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naxazi 20. meTildimeToqsisilanis cikloheqsa-1,3-dienTan hidrosili-
lirebis modeluri reaqcia 1,4-mierTebis mimarTulebiT nivTierebebis 
sawyisi mdgomareoba 

21-e naxazze mocemulia sistemis energiis cvlilebis () damokide-
buleba manZilze (RC-Si) siliciumis atomsa da ormag bmasTan mdgom naxSirbadis 
atoms Soris. zemoT aRniSnulis msgavsad manZili siliciumis atomsa da 
ormag bmasTan dakavSirebuli (C1) naxSirbad atoms Soris aiReboda 1,0 Å-iT 

meti, vidre bmis manZili saboloo produqtSi. manZilis cvlileba (RC 1 -Si) si-

liciumis atomsa da ormag bmasTan mdgom naxSirbadis (C1) atoms Soris xde-
boda 0,05 Å-is intervaliT. 

(C1) atomTan RC 1 -Si=2,38 Å manZilamde, sistemis energia izrdeba, bmis rigi 

C1-C2  da C3-C4  atomebs Soris cikloheqsa-1,3-dienis molekulaSi Sesabamisad 
mcirdeba 1.829-dan 1.630-mde da 1.840-dan 1.627-mde. paralelurad izrdeba bmis 

rigi С2 da С3 (PC 2 -C 3
=1.063-1.205) naxSirbad atomebs Soris da adgili aqvs axali 

bmebis warmoqmnas (PC 1 -Si=0.027-0.185 da PC 4 -H=0.014-0.170). siliciumis atomsa da 

naxSirbadis (C1) atoms Soris 2,33 Å manZilze sistemis energia mkveTrad 

mcirdeba, ormagi bma С1=С2 da С3=С4 gadadis ordinalur C-C bmaSi (РС 1 -C 2
=1.065 

da РС 3 -С 4
=1.046) da bmis rigi siliciumis da naxirbadis (C1) atomebs Soris 

aRwevs 0.779. 
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naxazi 21. sistemis energiis cvlilebis damokidebuleba () siliciumis 

da naxSirbadis atomebs Soris manZilze (RC
1 -Si-Si), meTildimeToqsisila-

nis hidrosililirebisas cikloheqsa-1,3-dienTan (1,4-mierTeba) 

amgvarad, wyalbadis atomi srulad wydeba siliciumis atoms (РSi-H= 0.011) 

da uerTdeba naxSirbadis atoms C4 mdgomareobaSi (РС 4 -Н= 0.878). amave dros        

adgili aqvs ordinaluri С2-С3 bmis gardaqmnas ormag bmaSi, romelsac Tan 

axlavs bmis rigis mkveTri cvlileba C2 da С3 naxSirbadis atomebs Soris (РС 2 -

С 3  =1.817). 22-e naxazze mocemulia meTildimeToqsisilanis cikloheqsa-1,3-di-

enTan hidrosililirebis modelur reaqciaSi 1,4-mierTebis produqtis 
saboloo struqtura.  

 

naxazi 22. meTildimeToqsisilanis cikloheqsa-1,3-dienTan 1-4 mimarTu-
lebiT hidrosililirebis modelur reaqciaSi 1-4 mierTebis produqtis 
XXVIII saboloo struqtura 



 

  

80 

 

monomerebis Semdgomi miaxloebis procesSi sistemis energia kvlav 
mcirdeba xdeba axlad Camoyalibebuli bmebis ufro ganmtkiceba. 1-4 mimar-

TulebiT miRebuli modeluri produqtis XXVIII warmoqmnis siTbo (Н=-656.87 
kj/moli) karg TanxvdenaSia warmoqmnili siTbos gaTvlil mniSvnelobebTan 

(Н=-668.33 kj/moli, ixileT cxrili 8). 
23-e naxazze mocemulia koncentraciis Sebrunebuli sididis damokidebu-

leba droze, saidanac Cans, rom meTilhidridsiloqsanis cikloheqsa-1,3-
dienTan hidrosililirebis reaqcia sawyis stadiebze meore rigisaa. gaTvli-
lia reaqciis siCqaris mudmivebi sxvadasxva temperaturaze (60-80

0
C): K60

0
C 

1,440x10
-2

, K70
0
C 2,330x10

-2
 da K80

0
C3,2x10

-2
 l/mols da hidrosililirebis aqtiva-

ciis energia, romelic Sesabamisad tolia Eaqt 32,3 kj/moli. 

 

naxazi 23.  koncentraciis Sebrunebuli sididis damokidebuleba droze 
meTilhidridsiloqsanis hidriduli mierTebisas cikloheqsa-1,3-dienTan, 
sadac 1 mrudi Seesabameba 60

0
C, 2 -70

0
C  da 3 - 80

0
C  

 
24-e naxazze mocemulia meTilhidridsiloqsanis cikloheqsa-1,3-dienTan 

hidriduli mierTebisas reaqciis siCqaris mudmivas logariTmis damokidebu-
leba temperaturis Sebrunebul sididesTan, saidanac gaTvlilia hidrosili-

lirebis reaqciis aqtivaciis energia, romelic Seadgens Eaqt 32.3 kj/moli. 
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cxrili 7 

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

atomebze muxtis sidideebi (q), dipoluri momentebi () da bmis rigebi (Pij), meTildimeToqsisilanis 
cikloheqsa-1,3-dienTan 1-2 hidriduli mierTebis modelur reaqciaSi  

   

R1,15, Ǻ ΔΗ, 
kj/moli 

q1 q2 q15 q21 μ P12 P1,15 P15,21 P2,21 

2.81 -491.11 -.1862 -.1263 1.3613 -.2266 1.214 1.855 .013 .907 .001 

2.76 -485.86 -.1776 -.1401 1.3738 -.2337 1.550 1.846 .020 .897 .003 

2.71 -480.11 -.1860 -.1351 1.3746 -.2327 1.457 1.843 .023 .895 .004 

2.66 -472.91 -.1966 -.1282 1.3755 -.2329 1.376 1.840 .027 .893 .005 

2.61 -463.94 -.2099 -.1192 1.3770 -.2335 1.296 1.835 .031 .890 .006 

2.56 -452.89 -.2261 -.1079 1.3793 -.2346 1.222 1.829 .035 .886 .008 

2.51 -439.50 -.2457 -.0939 1.3829 -.2365 1.161 1.821 .041 .881 .011 

2.46 -423.54 -.2702 -.0762 1.3888 -.2398 1.116 1.810 .047 .873 .015 

2.41 -404.91 -.3011 -.0536 1.3984 -.2453 1.108 1.794 .056 .860 .020 

2.36 -383.71 -.3438 -.0221 1.4143 -.2545 1.143 1.766 .068 .839 .030 

2.31 -360.45 -.3979  .0187 1.4440 -.2714 1.302 1.723 .084 .802 .045 

2.26 -335.94 -.4660  .0708 1.4943 -.2962 1.474 1.648 .106 .739 .073 

2.21 -464.87 -.3891 -.0820 1.3615 -.0006 1.413  .996 .794 .011 .912 

2.16 -498.63 -.3997 -.0869 1.3734  .0125 1.471  .993 .799 .009 .921 

2.11 -530.82 -.4119 -.0907 1.3865  .0242 1.516  .991 .802 .008 .928 

2.06 -560.93 -.4258 -.0938 1.4015  .0347 1.567  .990 .805 .006 .934 

2.01 -594.18 -.4030 -.1208 1.3951  .0858  .472  .987 .847 .006 .939 

1.96 -618.28 -.4236 -.1180 1.4164  .0879  .480  .985 .845 .005 .943 

1.91 -637.40 -.4456 -.1152 1.4387  .0897  .504  .984 .842 .004 .947 

1.86 -649.96 -.4688 -.1124 1.4621  .0917  .557  .983 .838 .003 .951 

1.81 -653.95 -.4936 -.1087 1.4860  .0930  .647  .982 .835 .003 .954 

1.76 -646.89 -.5198 -.1039 1.5104  .0936  .771  .980 .830 .002 .957 
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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 
cikloheqsa-1,3-dienTan 1-4 hidriduli mierTebis modelur reaqciaSi  

   

   

R1,15, Ǻ ΔΗ, 
kj/moli 

q1 q4 q15 q21 μ P12 P23 P34 P1,15 P4,21 

2.83 -469.79 -.1726 -.1349 1.3299 -.1804 1.760 1.829 1.063 1.840 .027 .014 

2.78 -463.01 -.1758 -.1321 1.3233 -.1783 1.749 1.823 1.066 1.835 .032 .017 

2.73 -454.27 -.1806 -.1274 1.3196 -.1756 1.648 1.815 1.070 1.827 .038 .022 

2.68 -444.82 -.1862 -.1218 1.3157 -.1728 1.543 1.804 1.076 1.818 .046 .028 

2.63 -434.63 -.1928 -.1151 1.3118 -.1699 1.433 1.791 1.084 1.805 .055 .037 

2.58 -423.72 -.2002 -.1070 1.3079 -.1669 1.316 1.776 1.094 1.788 .068 .048 

2.53 -412.15 -.2092 -.0974 1.3045 -.1636 1.206 1.755 1.107 1.767 .084 .064 

2.48 -400.10 -.2191 -.0863 1.3017 -.1598 1.147 1.728 1.127 1.737 .105 .086 

2.43 -387.98 -.2306 -.0730 1.3001 -.1552 1.129 1.689 1.156 1.694 .136 .118 

2.38 -376.64 -.2443 -.0565 1.3007 -.1489 1.179 1.630 1.205 1.627 .185 .170 

2.33 -394.47 -.2928 -.1072 1.2904  .0107  .755 1.065 1.817 1.046 .779 .878 

2.28 -433.89 -.3027 -.1185 1.2977  .0327  .701 1.041 1.851 1.024 .809 .914 

2.23 -470.50 -.3155 -.1215 1.3152  .0420  .672 1.034 1.861 1.019 .814 .921 

2.18 -505.96 -.3295 -.1244 1.3339  .0507  .651 1.027 1.871 1.014 .819 .927 

2.13 -541.80 -.3433 -.1265 1.3533  .0572  .692 1.015 1.887 1.010 .829 .933 

2.08 -573.63 -.3598 -.1284 1.3733  .0639  .664 1.011 1.893 1.007 .830 .938 

2.03 -602.61 -.3777 -.1299 1.3939  .0700  .633 1.008 1.898 1.004 .831 .942 

1.98 -627.88 -.3968 -.1309 1.4154  .0752  .619 1.005 1.903 1.002 .830 .945 

1.93 -648.31 -.4173 -.1312 1.4377  .0794  .626 1.002 1.908 1.000 .828 .949 

1.88 -662.43 -.4391 -.1308 1.4605  .0827  .658 1.000 1.912  .998 .826 .952 

1.83 -668.33 -.4621 -.1297 1.4839  .0851  .722  .997 1.915  .997 .823 .955 

1.76 -662.17 -.4966 -.1277 1.5177  .0866  .872  .994 1.919  .996 .818 .957 
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naxazi 24. meTilhidridsiloqsanis cikloheqsa-1,3-dienTan hidriduli 
mierTebisas reaqciis siCqaris mudmivas logariTmis damokidebuleba 
temperaturis Sebrunebul sididesTan 
 

Catarebulia XXVI oligomeris gel-SeRwevadi qromatografiuli 
gamokvleva da naCvenebia, rom mas gaaCnia monomodaluri molekulur-masuri 
ganawileba. saSualo molekuluri masa Seadgens 48x10

3
. sruli hidro-

sililireb is dros oligomeris molekuluri masis mniSvneloba ar unda 
aRematebodes 4,3x10

3
. miRebuli XXVI oligomeris gazrdili molekuluri 

masa miuTiTebs imaze, rom hidrosililireba mimdinareobs molekulaT-
Sorisi gziT gantotvili sistemebis warmoqmniT. amdenad, miiReba sxvadasxva 
rgoliani oligomerebi (naxazi 25). 

 

 

naxazi 25. XXVI oligomeris gel-SeRwevadi qromatografiuli mrudi  
 

oligomerebisaTvis Catarebulia farTokuTxovani rentgenografiuli 
gamokvlevebi da naCvenebia, rom isini warmoadgenen amorful erTfazian 
sistemebs jaWvTaSorisi mniSvnelobiT d1=8,43Å. rogorc me-6 cxrilidan 
Cans, oligomerebis gaminebis temperatura damokidebulia cikloheqsenilis 

jgufebis raodenobaze gverdiT jaWvSi da icvleba -14
0
C-10

0
C temperatu-

rul intervalSi. dasinTezebuli oligomerebis gazrdili gaminebis tempe-
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ratura polidimeTilsiloqsanTan SedarebiT aixsneba cikloheqsenilis 
fragmentebis arsebobiT da dasinTezebuli oligomerebis nawilobrivi gan-
totviT.     

Termogravimetriuli gamokvlevebiT dadgenilia, rom oligomerebisaT-
vis 5% masis danakargi SeimCneva 2300C temperaturaze. temperaturis gazr-
dasTan erTad masis danakargi izrdeba da 7500C zeviT masis danakargs 
adgili ar aqvs. amdenad, cikloheqsenilis jgufebis SeyvaniT meTilsiloq-
sanur jaWvSi oligomerebis TermoJangviTi stabiluroba izrdeba dimeTil-
siloqsanur polimerebTan SedarebiT, vinaidan arablokirebuli dimeTil-
siloqsanuri polimerebi 3000C-ze srul destruqcias ganicdis.  

amdenad, Cvens mier, pirvelad Seswavlilia meTilhidridsiloqsanebis 
hidriduli mierTebis reaqciebi cikloheqsa-1,3-dienTan platinaqlorwyal-
badmJavas 0,1M xsnaris (tetrahidrofuranSi) Tanaobisas da dasinTezebulia 
gantotvili aRnagobis oligomerebi. dasinTezebuli oligomerebi warmoad-
genen saintereso sistemebs, vinaidan Seicaven ra ujer cikloheqsenilis 
fragmentebs da platinis katalizators gacxelebiT ganicdian struqturi-
rebis reaqciebs, rac  maT sainteresos xdis praqtikaSi dasanergad.   
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2.6. polimeruli kompoziciebi norbornenis da zogierTi sxva funqciuri 
jgufebis Semcveli poliorganosiloqsanebis safuZvelze 

 
dasinTezebuli polimerebis safuZvelze CavatareT teqnologiuri 

samuSaoebi polimeruli kompoziciebis misaRebad [158-160]. miRebuli iyo 
orkomponentiani sistemebi (polimeri-Semavsebeli). Semavseblad SerCeuli 
gvqonda naxSirbad-grafitovani masalebi, kerZod, e.w. dabalstruqturiani 
(marka П 803-marcvlebis saSualo diametric 1400 nm) da maRalstruqturiani 
(marka П 357Э marcvlebis saSualo diametri 300 nm) teqnikuri naxSirbadis 
nairsaxeobebi. pirveli maTgani xasiaTdeba SedarebiT dabali eleqtrogam-
tarobiT, vidre meore. grafitovan Semavseblad aRebuli iyo Termiulad 
gafarToebuli grafiti [161-163], romelic gamorCeulia maRali dispersiu-
lobiT da forovnebiT (marcvlebis saSualo diametri 200 nm).  

Cvens mier dasinTezebuli siliciumorganuli nivTierebebis garda 
polimeruli kompoziciebis misaRebad gamoyenebuli gvqonda samrewvelo 
produqtebi: polidimeTilvinilmeTilsiloqsani (marka CKTB), molekuluri 
masiT 400 000-700 000, ГОСТ 10656-66-is mixedviT, sadac vinilisa da meTilis 
jgufebis raodenobaTa Sefardeba makromolekulisaTvis Seadgenda 1:(500-
1000), rac tolfasia vinilis jgufis daaxloebiT 0,09-0,2%.  

kompoziciebi miRebulia oTxi sxvadasxva tipis vulkanizaciis 
gamoyenebiT.  

1. adiciuri vulkanizacia. am tipis vulkanizacia mdgomareobs poli-
kondensaciuri procesis warmarTvaSi  elastomeris makromolekulebisa da 
savulkanizacio agentis monawileobiT.   

aRniSnuli meTodis mixedviT Semkeravi agentis molekulebi, rom-
lebic monawileoben makromolekulebis Sekervis reaqciebSi, vulkaniza-
ciuri badis Semadgenel nawilebad gadaiqcevian.  

adiciuri vulkanizaciis sqema polidimeTilvinilmeTilsiloqsanis 
vulkanizaciis dros  gamamyarebelis - dieTilaminomeTiltrieToqsisilanis 
an organociklotrisiloqsaneTiltrieToqsisilanis* SemTxvevaSi SeiZleba 
gamoisaxos Semdegnairad:  

3H- O-Si(CH3)2 n-O-Si(CH3)CH=CH2- m OH + RSi(OC2H5)3

RSi + 3C2H5OH

O-Si(CH3)2 n-O-Si(CH3)CH=CH2- m O

O-Si(CH3)2 n-O-Si(CH3)CH=CH2- m O

O-Si(CH3)2 n-O-Si(CH3)CH=CH2- m O
 

 

 

X= O-Si(CH3)2 n -O-Si(CH3)(CH=CH2)-mOHcflfw

sadac:  R=(C2H5)2NCH2-, Ph2Si

Ph2Si

Si

O

O

O

Me

C2H4-

 
 
*gamamyarebeli miRebulia Cvens mier, dasinTezebuli  1-meTil-1-hidro-
3,3,5,5-tetrafenilciklotrisiloqsanis hidriduli mierTebiT vinil-
trieToqsisilanTan katalizatoris _ platinaqlorwyalbadmJavas 0.1 M 
xsnaris (tetahidrofuranSi) Tanaobisas [164]. 
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adiciuri vulkanizaciis gziT rezinis miReba iTvaliswinebs Semdeg 
stadiebs:  
a) ingredientebis awonva mocemuli recepturiT;  
b) narevis damuSaveba (plastifikacia) laboratoriul valcebze;  
g) valcirebuli masis valcebidan moxsna furclebis saxiT;   
d) miRebuli furclebis gadatana celofanis afskebze da haerze 24 saaTis 

ganmavlobaSi Senaxva oTaxis temperaturaze;  
e) nimuSebis TermodamuSaveba 100o

C - 2 saaTis, 150o
C - 2 saaTisa da 200o

C -          

6 saaTis ganmavlobaSi.  

2. peroqsiduri vulkanizacia [162] makromolekulebs Soris gardi-
gardmo kavSirebis warmoqmna mimdinareobs Semdegi sqemiT:  

 

 
 

sadac R-O-O-R gamosaxavs peroqsidis molekulas.  

Tumca Cven ar gamovricxavT vulkanizaciis reaqciebis mimdinareobas 
sxva mimarTulebiTac. peroqsidad aRebuli iyo dikumilis peroqsidi an 
peroqsimoni (bismesameulibuTilperoqsidiizopropilbenzoli).  

3. radiaciuli vulkanizacia.  
am SemTxvevaSi makromolekulebis gakerva mimdinareobs radiaciis 

zemoqmedebiT (γ-gamosxiveba), romlis drosac adgili aqvs susti qimiuri 
bmebis gawyvetas, ris Sedegadac warmoiqmneba radikalebi, an ion-radikalebi 
bmebis gawyvetis homo-, an heterolituri reaqciebis Sedegad. aqtiuri nawi-
lakebi erTvebian radikalebis rekombinaciis an disproporcionirebis 
meorad reaqciebSi, rasac Tan mosdevs gardigardmo bmebis an sxva moleku-
luri produqtebis warmoqmna [165].  

Cvens mier Catarebuli iyo polidimeTilvinilmeTilsiloqsanis (CKTB) 
radiaciuli vulkanizacia, romelic mimdinareobs vinilis jgufis aqtiva-
ciis Sedegad _ bmis gawyvetiT da Tavisufali radikalebis warmoqmniT. es 
radikalebi monawileoben Sekervis reaqciaSi. gamosxivebis doza SerCeuli 
iyo [165]-Si mocemuli rekomendaciiT.  

4. polimerizaciuli Sevseba. 
     rogorc saxelwodebidan Cans, am meTodis mixedviT polimerizacia mim-
dinareobs Semavseblis TandaswrebiT. am SemTxvevaSi miiRweva Semavseblis 
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zedmiwevniT kargi erTgvarovani ganawileba polimeris matricaSi, rac kom-
poziciuri masalebisadmi erT-erTi ZiriTadi moTxovnaa.  

polimerizaciuli Sevsebis meTodi gamoyenebuli iyo zogierTi cik-
losiloqsanuri monomerebisa da modificirebuli teqnikuri naxSirba-
disaTvis [161]. am meTodiT miRebuli gvqonda kompoziciebi, romlebic 
gamoirCeodnen maRali fizikur-meqanikuri da eleqtrogamtari TvisebebiT.  

Cven erT-erT amocanad davisaxeT gagverkvia, rogor zegavlenas 
axdens zemoCamoTvlili meTodebi siliciumorganuli elastomerebis safu-
Zvelze miRebuli kompoziciebis zogierT fizikur Tvisebebze, gamomdinare 
iqidan, rom vulkanizaciis pirobebi da meTodebi mniSvnelovan zegavlenas 
axdenen rezinebis struqturasa da Tvisebebze [160, 162]. naCvenebi iyo [163], 
rom peroqsiduri vulkanizaciiT miRebuli rezinebi gamoirCevian ufro 

maRali moculobiTi kuTri eleqtrowinaRobiT v, vidre rezinebi, 
romlebic miiRebian adiciuri vulkanizaciiT. gamoTqmuli iyo azri imis 

Sesaxeb, rom es gansxvaveba v-s sidideebs Soris gamowveuli iyo teqnikuri 
naxSirbadis daJangviT peroqsidebis zegavleniT. magram aseTi axsna ar 
iqneba sruli, Tu ar gaviTvaliswinebT vulkanizatebis aRnagobas, 
romlebic sxvadasxva gziT miiReba. magaliTad, naCvenebi iyo [165], rom 
radiaciuli Sekervis Sedegad (doza 60 kgr) miRebuli vulkanizatis 

winaRoba 5-jer izrdeboda sxva meTodebiT miRebuli igive rezinebis -Tan 
SedarebiT.  

Cvens mier Catarebulia iyo gamokvleva CKTB markis polidimeTilvi-
nilmeTilsiloqsanze, romelic Sevsebuli iyo naxSirbad-grafitovani masa-
lebiT. vulkanizacia ganxorcielebulia yvela zemoT CamoTvlili meTodiT. 
miRebuli produqtebis zogierTi fizikur-meqanikuri parametrebi da eleq-
trogamtarobis sidideebi moyvanilia me-9 cxrilSi.  

cxrilis monacemebis analizi SesaZlebels xdis gamovTqvaT Semdegi 
mosazrebani:  

1. vulkanizaciis pirobebi arsebiT gavlenas axdenen eleqtrogamtari 
siliciumorganuli rezinebis Tvisebebze, rac ZiriTadad iwvevs vulka-
nizaciis dros kompoziciebSi struqturis warmoqmnis Tvisebis Secvlas. 
masalebis Tvisebebis formirebaSi mniSvnelovani wvlili SeaqvT aramarto 
sasazRvro fenaSi urTierTqmedebebs, aseve difuziur procesebs. aq mxed-
velobaSi  miiReba rogorc mikrodifuzia (makromolekulebis bolo kidura 
jgufebis segmentebis difuzia), aseve makrodifuzia (polimerul matricaSi 
Semavseblis nawilakebis difuzia) krausis [161], lipatovis [166] da sxva 
heterogenuli polimeruli sistemebis mkvlevari wamyvani mecnierebis 
warmodgenaTa Sesabamisad.   

2. polimerul matricebSi Semavseblis mocemuli koncentraciisas 
maqsimaluri eleqtrogamtaroba uzrunvelyofili iqneba, Tu:  

a) makromolekulebi abrkoleben Semavseblis nawilakebis  disperga-
cias nawilakebis maT zedapirTan urTierTqmedebis mizeziT da xels 
uwyoben valcebze rezinuli narevebis plastifikaciis dros teqnikuri 
naxSiris nawilakebis dispergirebas minimalur zomamde;  

b) Semavseblis nawilakebi floben gamtari arxebis warmoqmnisaTvis 
sakmaris ~Semavsebeli-Semavsebeli~ tipis urTierTqmedebis energias.  

3. adiciuri  vulkanizaciis  procesSi  xorcieldeba makromolekule-
bis Sekerva kidura jgufebiT makromolekuluri segmentebis difuziuri 
parametrebis SenarCunebiT, rasac axlavs TanmimdevrobiTi warmoqmna Seda-
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rebiT moZravi sivrciTi badisa, e.i. SedarebiT dabali siblantis mqone 
damakavSirebeli garemosi, rac ganapirobebs Semavseblis makrodifuzias. 
amiT gamowveulia is, rom adiciuri vulkanizaciiT miRebul vulkanizato-
rebSi Semavseblis nawilakebi, peroqsiduri vulkanizaciiT miRebul 
vulkanizatorebTan  SedarebiT, warmoqmnian intensiur eleqtrogamtar 
bades.  

kvlevam gviCvena, rom peroqsidebiT inicirebul vulkanizacias 
mivyavarT makromolekulebs Soris nakerebis warmoqmnis ufro ganviTa-
rebul sistemamde. amgvarad, peroqsiduri vulkanizaciisas, sxva danarCeni 
pirobebis dros damakavSirebeli garemo gacilebiT mtkicea, vidre adi-
ciuri vulkanizaciisas. amitom peroqsidur vulkanizatebSi difuziuri 
procesebi metismetad mcirdebian.  

4. radiaciuli vulkanizacia Semavseblis da makroradikalebis zeda-
pirze mimdinareobs ufro Rrmad aqtiuri jgufebis farTo monawileobiT 
[167]. aseTi bmebi amcireben teqnikuri naxSiris nawilakTa SigniT koheziur 
Zalebs, rasac mivyavarT maT dispergaciasTan. es procesi xels uwyobs 
saTadarigo gamtari xidebis warmoqmnas, da Sesabamisad, vulkanizatis 
gamtarobis gaumjobesebas.  

5. gacilebiT maRali gamtaroba axasiaTebT vulkanizatebs, romlebic 
miRebulni arian polimerizaciulad Sevsebuli CKTB bazaze [168]. es faqti 
aixsneba Semavseblis nawilakebis gajerebuli dispergirebiT polimerul 
matricaSi, romelic polimerizaciis dawyebamde warmoadgens ares maRali 
difuziuri maxasiaTeblebiT. polimerizaciuli Sevsebis dros Semavseblis 
dispergacia dayvanilia minimumamde, rac xels uwyobs eleqtrogamtari 
arxebisaTvis ~samSeneblo~ masalebis maqsimalur gamoyenebas da gamtari 
kvanZis ganStoebis xarisxis gazrdas. amitom polimerizaciuli SevsebiT 
miRebuli rezinebis maRali eleqtrogamtari Tvisebebi miiRweva Semavseblis 
SedarebiT dabali koncentraciebis dros. rezinebSi gamtari sistemebis 
warmoqmnis dros gamxsnelis nawilakebis gaZlierebuli monawileoba aris 
mizezi mocemul masalebSi denadobis zRvaris dabali mniSvnelobebisa.  

kargi efeqti miiReba СКТВ-s polimerizaciuli Sevsebisas Termiulad 
gaxleCili grafitis Zafisebri nawilakebiT, romlebic elastomeris 
matricaSi Semavseblis gamtar elementebs Soris warmoqmnian struqturebs 
RreCoebis minimaluri raodenobiT da uzrunvelyofen eleqtrogamtari 
arxebis efeqturi sigrZis gazrdas. garda amisa, rezinis polimerizaciuli 
Sevsebisas Termiulad gaxleCili grafiti Tanabrad nawildeba elasto-
meris matricaSi.   

6. gamokvleuli sistemebis fizikur-meqanikuri Tvisebebi kargad emT-
xveva cnobil mdgomareobebs naxSir-grafitovani masalebis elastomerebis 
gaZlierebis Sesaxeb [161]. gamokvleuli sistemebis gamZleobiTi Tvisebebi 
umjobesdeba rezinis narevis plastikaciis dros Semavseblis dispergirebis 
xarisxis da vulkanizaciuri badis simkvrivis gazrdisas. sxvadasxva 
meTodiT miRebul vulkanizatebSi mocemuli faqtorebis gavlena mJRavndeba 
sxvadasxvagvarad. kerZod, erTi faqtoris mizeziT gamowveuli gamZleobiTi 
Tvisebebis gaZliereba mocemul kompoziciaSi sustdeba sxva faqtoris 
moqmedebiT da piriqiT. amitom, xSirad  sxvadasxva kompoziciebis fizikur-
meqanikuri maxasiaTeblebis Sedarebisas Sesadarebeli parametrebis mniSv-
nelobebi aRmoCndebian daaxloebuli. amdenad, adiciuri da peroqsiduri 
vulkanizaciebiT miRebuli erTi Sedgenilobis rezinebis (Semavsebeli _ 
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teqnikuri naxSiri П357Э markis) gamZleobiT Tvisebebs Soris gansxvaveba 
gacilebiT mcirea, vidre gansxvaveba (meore rigamde) maT gamtarobebs 
Soris. unda gaviTvaliswinoT, rom СКТВ-s peroqsidur vulkanizatSi gardi-
gardmo koncentracia gacilebiT maRalia, vidre adiciuri vulkanizaciis 
SemTxvevaSi.  

cnobilia [169], rom Sevsebul elastomerSi gardi-gardmo nakerebis 
simkvrivis gazrda auaresebs  Semavseblis  ganawilebis homogenurobas da, 
Sesabamisad, amcirebs kompoziciuri masalis eleqtrogamtarobas.  

gansakuTrebuli adgili uWiravT polimerizaciuli Sevsebis meTodiT 
miRebul kompoziciebs. am masalebis maRali fizikur-meqanikuri maxasiaTeb-
lebi miiRweva Semavseblis SedarebiT  dabali Semcvelobisas.  

maSasadame, СКТВ-s bazaze miRebuli rezinebis eleqtrogamtari da 
fizikur-meqanikuri Tvisebebi damokidebulia kompoziciis miRebis meTodze 
(meqanikuri Sereva an monomeris polimerizacia Semavseblis zedapirze) da 
vulkanizaciis pirobebze, romlebic ganapirobeben molekulaTaSorisi 
bmebis tipebs da eleqtrogamtar kvanZSi Semavseblis nawilakebis CarTvis 
xarisxs.  

teqnikuri TvalsazrisiT, Cvens mier miRebuli rezinis kompoziciebi 
mTeli rigi dadebiTi Tvisebebis miuxedavad xasiaTdeba  zogierTi naklova-
nebiT. ase magaliTad, adiciuri vulkanizaciiT rezinis miRebis meTodi 
xasiaTdeba rezinis narevis mcire xanmedegobiT, SedarebiT dabali simtki-
ciT da toluolis gamoyenebis aucileblobiT, rac metad arateqnologiu-
ria.  

erT-erT amocanad dasaxuli gvqonda aRniSnuli naklis Tavidan aci-
leba. Sesadarebel obieqtebad aRebuli gvqonda rezinebi, romlebic Cvens 
mier iqna miRebuli. vinaidan cnobilia, rom -Me2SiO- fragmentisagan gansxva-
vebuli axali nebismieri fragmentis Setana dimeTilsiloqsanur jaWvSi 
gamoiwvevda axali Tvisebebis mqone oligomerebis miRebas, amitom Cven 
gadavwyviteT vinilis jgufi Segvecvala ufro reaqciisunariani ujeri 
bmebis Semcveli jgufebiT, romlis xarjzec SesaZlebeli iqneboda maRal-
temperaturuli gakervis reaqciebis warmarTvac.  

ramdenadac СКТВ-Si arsebuli viniluri jgufebi arc Tu ise didi 
reaqciisunarianobiT xasiaTdebian, amitom gadavwyviteT misi modificireba, 
anu misi Secvla norbornenis jgufebiT. amisaTvis gamoyenebuli iqna dils-
alderis reaqcia, mza elastomerze.   

vinaidan cnobilia [160], rom 170-200
o
C farglebSi adgili aqvs 

triciklodekadienis  daSlas ciklopentadienad, ris Semdegac ciklopenta-

dieni moqmedebs eTilenTan an -Canacvlebul eTilenTan da  miiReba nor-
bornenis jgufis Semcveli naerTi 96% gamosavlianobiT, Semdegi sqemis 
mixedviT:   
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modificirebis reaqciis Casatareblad viRebdiT vinilis jgufebis 

Semcvel polimers da Warbad vamatebdiT ciklopentadiens absoluturi 
toluolis xsnarSi, moreagire komponentebs vaduRebdiT 24 saaTis ganmav-
lobaSi. unda aRiniSnos, rom am dros imis Tqma, rom yvela vinilis jgufi 
Sevida reaqciaSi gaZnelebulia, vinaidan birTvuli magnituri rezonansis 
speqtrSi norbornenis -CH=CH- bmis damaxasiaTebeli signalebi (multiple-

ti centriT 5,4 v.m.n.) emTxveva vinilis jgufisaTvis damaxasiaTebel signa-
lebs. amdenad, raodenobrivad Sefaseba imisa, Tu ra siRrmiT mimdinareobs 
dils-alderis reaqcia gaZnelebulia. ramdenadac, modificirebis reaqciebi 
SeiZleba ganviTardes Semdegi sqemis mixedviT [170]:   

+ T0C

 
unda aRiniSnos is faqti, rom norbornenis jgufebSi Semavali ormagi 

bma didi reaqciisunarianobiT xasiaTdeba, rogorc hidrosililirebis 
reaqciebis aseve, polimerizaciis reaqciebis mimarT [149].  

rogorc, Cvens mier, zemoT iqna aRniSnuli, ciklopentadieni aiReboda 
Semavali vinilis jgufebze ufro meti raodenobiT, amitom Warbad arsebul 
ciklopentadiens, rogorc aRniSnavdnen alderi da Steini, unari aqvs 
Sevides reaqciaSi triciklodekadienis biciklur fragmentSi arsebul 
ujer bmasTan, romelic rogorc avtorebi aRniSnaven xasiaTdeba didi 
reaqciisunarianobiT [170, 171]. 

Tumca SesaZlebelia, rom reaqcia ar gaCerdes aRniSnul stadiaze da 
ufro Rrmad ganviTardes policikluri naerTis warmoqmniT. 

modificirebul siloqsanur polimerSic SesaZlebelia ganviTardes 
zemoT aRniSnuli SemWidroebis - modificirebis reaqciebi, romlebic 
savaraudod SeiZleba Semdegnairad warmovidginoT:   

SiMe

O

+
T0C

SiMe

O

x

x-1  

Sefaseba imisa, Tu ramdenad Rrmad midis procesi, kondensirebuli 
gverdiTi fragmentis warmoqmniT, SeuZlebeli aRmoCnda. yovel SemTxvevi-
saTvis policiklur naerTSi es iqneba dimeri, trimeri Tu tetrameri, ujeri 
bmis reaqciisunarianoba ar mcirdeba da, rogorc literaturidan aris 
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cnobili [170, 171], viniluri polimerizacia  SeiZleba ukatalizatorod, 
maRal temperaturazec ki Catardes. amdenad, Cvens mier, dasinTezebul 
modificirebul sistemaSi Tu arsebobs aseTi kondensirebuli birTvebi, 
masSi Semavali ujeri viniluri bmac unda xasiaTdebodes maRali reaq-
ciisunarianobiT, romlis xarjzec SesaZlebeli iqneboda struqturirebis 
reaqciebis warmarTva, romelic damatebiT gaaumjobesebda miRebuli rezi-
nis Tvisebebs.  

Cvens mier Catarebuli samuSaos arsi mdgomareobs imaSi, rom dengam-
tar siliciumorganul kompoziciaSi, romelic Seicavs saloqsanur gamma-
yarebels-dieTilaminomeTiltrieToqsisilans da teqnikur naxSirbads, 
damatebiT Setanilia TuTiis oqsidi da aerosili-175, xolo elastomeris  
saxiT Seicavs polidimeTilnorbornenmeTilsiloqsans, ingredientebis Sem-
degi TanafardobiT (mas. naw):  

polidimeTilnorbornenmeTilsiloqsani - 100,0  
aerosiliA-175 - 20,0-45,0  

TuTiis oqsidi - 2,0-5,0  

teqnikuri naxSirbadi П357Э- 40,0 -60,0  

dieTilaminomeTiltrietoqsisilani (АДЭ-3) - 4,0-6,0 

kompoziciaSi TuTiis oqsidisa da aerosilis damatebiT Setana da elas-
tomerad polidimeTilnorbornensiloqsanis gamoyeneba aRniSnuli Tanafar-
dobiT saSualebas iZleva gaumjobesdes Semdegi parametrebi:  

savulkanizacio narevis xanmedegoba, - Tve - 6  
simtkice gawyvetaze, mpa - 4,4-7,1   

komponentebis mocemuli Semadgenloba uzrunvelyofs kompoziciis 
sasurvel Tvisebebs, romlebic iZleva saSualebas miRweul iqnas savaraudo 
teqnikuri Sedegebi.  

analogiurad, gamamyareblad gamoyenebul iqna ciklotrisiloqsanuri 
fragmentis Semcveli trieToqsisilani, igive SemadgenlobiT: 

polidimeTilnorbornenmeTilsiloqsani - 100,0  
aerosiliA-175 - 20,0-45,0  

TuTiis oqsidi - 2,0-5,0  

teqnikuri naxSirbadi П357Э- 40,0 -60,0  

organociklotrisiloqsaneTiltrieToqsisilani (OCTES) -  4,0-6,0 

dadgenilia, rom gamamyareblad gamoyenebuli organociklotrisi-
loqsaneTiltrieToqsisilani, marTalia, miRebuli rezinis zogierTi Tvi-
sebis umniSvnelo cvlilebas iwvevs, magram ukeTesia Termomedegobis mxriv, 
rac mniSvnelovania teqnikuri TvalsazrisiT specialuri daniSnulebis kom-
poziciebis misaRebad.   

eleqtrogamtar siliciumorganul kompozicias viRebT Semdegnairad: 
100 mas. naw. polidimeTilnorbornenmeTilsiloqsans winaswar vamuSavebT 
valcebze, oTaxis temperaturaze 5 wuTis ganmavlobaSi, Semdeg Segvyavs 
Semdegi ingredientebi: gamamyarebeli _ 4-6 mas. naw., TuTiis oqsidi _ 2-5 mas. 
naw., aerosili _ 20-45 mas. naw. da teqnikuri naxSirbadi 40-50 mas. naw. gluvi 
zedapiris mqone kompoziciis warmoqmnis Semdeg, rezinis masas xsnian 
valcebidan. Semdeg vatarebT vulkanizacias Semdeg pirobebSi: temperatura 
100-2000C, wneva 0,2-0,3 mpa, vulkanizaciis dro 15-20 wuTi. ingredientebis 
mocemul zRvrebze naklebi an meti raodenobis gamoyeneba iwvevs kompozi-
ciis Tvisebebis gauaresebas - xanmedegobisa da simtkicis Semcirebas. miRe-



 

 

92 

 

buli eleqtrogamtari siliciumorganuli kompoziciis upiratesi dadebiTi 
Tvisebebi СКТВ-Tan SedarebiT, swored norbornenis struqturaSi arsebuli 
ujeri bmis xarjze mimdinare gakervebiT SeiZleba aixsnas.  

miRebuli eleqtrogamtari siliciumorganuli kompoziciebi SeiZleba 
gamoyenebul iqnas sxvadasxva daniSnulebis rezistorul elementebad. 
kerZod, am masalebisagan SeiZleba damzaddes maRali stabilurobis mqone 
tenzo- an Termoelementebi, gamaTboblebi (sxvadasxva nominalis mudmivi an 
cvalebadi denisaTvis), santimetruli diapazonis eleqtromagnituri tal-
Rebis mSTanTqmelebi da sxva.   
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cxrili 9 

vulkanizaciis meTodis da kompoziciis miRebis meTodis gavlena СКТВ-bazaze miRebuli rezinebis eleqtrogamtar 
da fizikur-meqanikur Tvisebebze. 

vulkanizaciis 
meTodi 

savulkaniza-
cio agenti 

Semav-
seblis 
saxeoba 

Semav-
seblis 

Semcve-
loba, 

mas. naw. 

v 
omi.m 

perkola
ciis 

zRvari 

erTgvarov
neba 

/saS, 
% 

simtkicis 
zRvari, 

mpa 

fardobiTi 
wagrZeleba 
gawyvetisas, 

% 

narCeni 
defor
macia, 

% 

 
 
 
adiciuri 

dieTilamino 
trieToqsisil

ani 
(АДЭ-3) 

П  803 20 10
4
 120 10.8 0.8 101 4.0 

П   803 30 2.6x 10
3
 20 98.0 1.7 246 5.5 

П  803 40 11  75.0 2.1 292 5.7 

П 357Э 40 0.42  86.0 2.7 240 8.6 

П 357Э 50 0.05 12 45.0 3.2 360 7.9 

П 357Э 60 0.02  32.0 2.8 250 4.3 

kaliumis 
dieTilkapril
ati+tetraeTo
qsisilani 

П  803 100 1.60   3.8 325 3.4 

П 357Э 50 0.24   6.5 610 8.6 

 OCTES П 357Э 50 0.22 10 27.3 6.9 450 4.6 

  
peroqsiduri 

dikumilis pe-
roqsidi 

П 357Э 40 45  360.0 3.3 386 16.0 

П 357Э 50 6.4 25 216.0 4.4 272 11.5 

П 357Э 60 1.2  92.0 4.2 266 8.8 

radiaciuli 
(doza-0.1 mgr) 
 

 П 357Э 40 0.3  2.0 3.3 292 11.0 

П 357Э 50 0.08 16 3.0 5.1 360 9.0 

П 357Э 60 0.01  1.0 4.3 250 10.0 

 
 polimeri- 
 
 

 
 

 

(АДЭ-3) 

TРГ 10 1.310
-2  11.9 2.1 150 0.0 

TРГ 20 1.510
-2

 - 0.6 2.7 230 0.0 

П 357Э 20 1.4  10.2 2.7 210 4.2 

П 357Э 30 0.13  1.4 7.1 315 4.9 
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zaciuli 
 
 Sevseba 

П 357Э 40 0.06  1.1 3.8 190 5.0 

П 357Э 50 910
-3  0.8 2.3 150 3.6 

 П 357Э 60 810
-3

  0.8 2.3 155 3.2 

OCTES 

TРГ 10 1.310
-2  11.7 2.0 150 0.0 

TРГ 20 1.510
-2

 - 0.55 2.7 235 0.0 

П 357Э 20 1.4  10 2.6 207 4.2 

П 357Э 30 0.13  1.4 6.2 318 4.8 

П 357Э 40 0.06  1.1 3.9 195 5.1 

П 357Э 50 910
-3  0.8 2.4 158 3.5 

П 357Э 60 810
-3

  0.0 2.3 160 3.0 
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Tavi 3 
 

eqsperimentuli nawili 
 

disertaciis aRniSnul TavSi ganxilulia cikluri fragmentebis Sem-
cveli organosiloqsanuri oligomerebis sinTezis tipiuri meTodebi. aseve 
ganxilulia meTilhidridsiloqsanebis axali ujeri fragmentebis Semcveli 
Termoreaqtiuli oligomerebis sinTezis reaqciebi. 

 
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. 

iw da FTIR speqtrebi dasinTezebuli nivTierebisTvis gadaRebulia iw 
speqtrofotometrze UR-20, vazelinSi an CCl4-Si da furie gardaqmnis iw spe-
qtrometrze Nicolet Nexus 470. 

 birTvuli magnituri rezonansis speqtrebi gadaRebulia speqtromet-
rze–“Bruker‖, samuSao sixSiriT 250 da 400 mherci, deiterirebuli qloro-
formis an C2D2Cl4 xsnarSi. deiterirebuli gamxsneli asrulebda agreTve 
standartis rols. 

gel-SeRwevadi qromatografiuli gamokvlevebi Catarebulia ―Waters 

Model 6000A‖ tipis qromatografze, romelic aRWurvili iyo R 401 tipis di-
ferencialuri refraqtometruli deteqtoriT, romelic Sevsebuli iyo 103 

da 104 Å ―Ultrastyragel‖-is svetiT. nimuSis koncentracia iyo daaxloebiT 3% 
woniT toluolSi, oligoorganosiloqsanebisaTvis Sesxurebis saSualo 
moculoba Seadgens 5 μL. miRebuli gel-SeRwevadi mrudebis standartizacia 
tardeboda cnobili molekuluri masis mqone polistirolisa da polidime-
Tilsiloqsanis standartebiT. 

diferencialur skanirebadi kalorimetriuli gamokvlevebi Catarebu-
lia ―Perkin-Elmer-7‖ xelsawyoze, temperaturis matebisa da Semcirebis siCqare 
v≈10 grad/wT.  

birTvul magnituri rezonansuli speqtruli, gel-SeRwevadi qromato-
grafiuli da diferencialur skanirebadi kalorimetriuli gamokvlevebi 
Catarebulia q. maincis (germania) maqs-plankis polimerebis samecniero-
kvleviT institutSi. 

farTokuTxovani rentgenografiuli gamokvlevebi Catarebulia xel-

sawyoze “Дрон-2 M‖, A-CuK, gadaRebas vawarmoebdiT filtris gareSe, mob-

runebis kuTxuri siCqare 2 grad/wT. kvlevebi Catarebulia saqarTvelos 
mineraluri nedleulis samecniero kvleviT institutSi. 

Termogravimetruli gamokvlevebi Catarebulia “Paulic-Paulic-Erdey, МОМ-

102” sistemis derivatografze. temperaturis matebis siCqare v=5 grad/wT. 
kvlevebi Catarebulia Tsu qimiis mimarTulebaze. 
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3.2. sawyisi naxevarproduqtebis daxasiaTeba 
 

      ,-bis(trimeTilsiloqsi)meTilhidridsiloqsani (m30,53), ,ω-bis(tri-

meTilsiloqsi)meTilhidrid(dimeTil)siloqsani (m33, n23)gamoyenebulia 
mza saxiT ABCR-idan. aseve mza saxiT gamoyenebulia triciklodekadieni, 
cikloheqsa-1,3-dieni, cis-1,5-ciklooqtadieni, 3,4-dihidro-2H-pirani, romle-
bic miRebulia Aldrich-dan. 

1,1-diqlor-1-silaciklopenten-3 – TduR=134-1350C, d4
20

=1,2195; 

cis-1,5-ciklooqtadieni -  TduR=149-1500C, d4
20

=0,882; 

cikloheqsa-1,3-dieni - TduR=80-810C, d4
20

=0,841; 

triciklodekadieni - TduR=170-1710C, d4
20

=0,986; 

3,4-dihidro-2H-pirani - TduR=86-870C, d4
20

=0,922. 
sadisertacio naSromis Sesrulebisas gamoyenebuli gamxsnelebi gasu-

fTavebulia Sesabamisi meTodebiT da maTi sisufTave dadgenilia duRilis 
temperaturebiT, gardatexis maCveneblebis mniSvnelobebiT da gaz-Txe-
vaduri qromatografiuli analizebiT. 

 
3.3. silaciklopenten-3 jgufis  Semcveli  siliciumorganuli  

naerTebis sinTezi  

3.3.1. 1,1-diqlor-1-silaciklopenten-3-is sruli hidrolizi. samyela kolbaSi, 
romelsac morgebuli hqonda meqanikuri sarevela, ukumacivari da sawveTi 
Zabri movaTavseT 400 ml eTeris, 10 ml acetonis, 4,72 ml (0,262 moli) 
wylisa da 24,4 ml (0,262 moli) anilinis narevi. sawveTi Zabridan mudmivi me-

qanikuri morevis pirobebSi -510C temperaturaze vamatebdiT 300 ml abso-
lutur eTerSi gaxsnil 20 g (0,131 moli) 1,1 diqlor-1-silaciklopenten-3-is 
narevs. mTeli narevis damatebis Semdeg moreva gavagrZeleT igive tempera-
turaze 1 sT-is ganmavlobaSi. amis Semdeg sareaqcio narevi gavfiltreT, 
eTeri gadavdeneT wylis vakuumze. gamoyofili myari nivTiereba gadavakris-
taleT heqsanidan, ris Sedegadac gamovyaviT TeTri feris kristaluri 
nivTiereba (I) 9,4 g (64%) raodenobiT. deda xsnaridan gamxsnelis mocilebis 
Semdeg miRebulia 4,7 g (32%) naxevradkristaluri nivTiereba II. 
3.3.2. 1,1-diqlor-1-silaciklopenten-3-is nawilobrivi hidrolizi. samyela 
kolbaSi, romelsac morgebuli hqonda meqanikuri sarevela, ukumacivari da 
sawveTi Zabri qlorkalciumiani miliT movaTavseT 200 g (1,307 moli) 1,1-
diqlor-1-silaciklopenten-3, gaxsnili 200 ml eTerSi mudmivi meqanikuri 

morevis pirobebSi -510C temperaturaze sawveTi Zabridan vamatebdiT 12,8 
ml dioqsanisa da 12,1 ml (0,652 moli) wylis narevs. dioqsanisa da wylis 
narevis damatebis Semdeg gavagrZeleT moreva igive temperaturaze 1 sT-is 
ganmavlobaSi^xolo Semdeg vurevdiT oTaxis temperaturaze 3 sT-is ganmav-
lobaSi, amis Semdeg sareaqcio narevs movacileT gamxsneli, reaqciaSi Seu-
svleli^1,1-diqlor-1-silaciklopenten-3, davafraqcionireT vakuumSi. gamov-

yaviT fraqcia 112-114C (1 mmHg) 39 g 22% raodenobiT, romelic Seesabameba 

1,3-diqlor-1,3-di(1-silaciklopenten-3)disiloqsans III da fraqcia 138-139C (1 
mmHg), 23.0 g raodenobiT 13%^romelic Seesabameba 1,5-diqlor-1,3,5-tri(1-sila-
ciklopenten-3)trisiloqsans IV da fraqcia 147-1490C (1 mmHg) 14,2 g (8%), 
romelic Seesabameba 1,7-diqlor-1,3,5,7-tetra(1-silaciklopenten-3)tetrasilo-
qsans V. 
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3.3.3. 1,3-diqlor-1,3-di(1-silaciklopenten-3)disiloqsanis sruli hidrolizi. 
samyela kolbaSi, romelsac morgebuli hqonda meqanikuri sarevela, sawveTi 
Zabri da ukumacivari, movaTavseT 100 ml eTeri, 3,6 g (0,2 moli) wyali da 
18,6 g (0,2 moli) anilini. sawveTi Zabridan mudmivi morevis pirobebSi vama-
tebdiT 25,1 g (0,2 moli) 1,3-diqlor-1,3-di(1-silaciklopenten-3)disiloqsans 

gaxsnils 200 ml absolutur eTerSi. -510C-ze mTlianad damatebis Semdeg 
gavagrZeleT moreva 1 sT-is ganmavlobaSi. amis Semdeg xsnar-naleqi gavfil-
treT, filtrats movacileT gamxsneli wylis vakuumze. miRebulia fxvni-

liseburi nivTiereba (VI) 10 g raodenobiT (~47%), romelic kargad ixsneba 
organul gamxsnelebSi. 
3.3.4. 1,1-diqlor-1-silaciklopenten-3-is heterofunqciuri kondensacia 
difenilsilandiolTan. samyela kolbaSi, romelsac morgebuli hqonda 
meqanikuri  sarevela, sawveTi Zabri da ukumacivari,  movaTavseT 85 g (0,556 
moli) 1,1-diqlor-1-silaciklopenten-3 gaxsnili 300 ml absolutur tolu-

olSi. mudmivi morevisa da gacivebis pirobebSi -510C temperaturaze 
vamatebdiT 40 g (0,185 moli) difenilsilandiolisa da 29,3 g (0,371 moli) 
piridinis narevs 2 saaTis ganmavlobaSi. xolo Semdgom naleqis momwifebis 
mizniT gavacxeleT 20 wuTis ganmavlobaSi. meore dRes xsnar-naleqi gav-
filtreT, movacileT gamxsneli da gamovxadeT Rrma vakuumze.SevagroveT 

fraqcia 169-172C (10-2 mm.Hg) 43,6 g raodeobiT (gamosavlianoba ~64%), rome-

lic Seesabameba – VII nivTierebas da fraqcia 238-244C (10-2 mmHg) 11,4 g rao-
denobiT (16,7%), romelic Sesabameba VIII nivTierebas. 
3.3.5. 1,5-diqlor-1,5-di(1-silaciklopenten-3)-3,3-difeniltrisiloqsanis 
sruli hidrolizi. samyela kolbaSi movaTavseT 2,82 g (0,03 moli) anilinis 
0,55 g (0,33 moli) wylisa da 100 ml eTeris narevi. mudmivi meqanikuri 

morevisa da gacivebis pirobebSi, -510C temperaturaze. sareaqcio narevs 
vurevdiT igive temperaturaze 1,5 sT-is ganmavlobaSi. amis Semdeg moreva 
gavagrZeleT 1 sT-is ganmavlobaSi. miRebuli xsnar-naleqi gavfiltreT. 
gamxsneli gadavdeneT wylis vakuumze. gamoyofili myari nivTiereba 
gadavakristaleT pentanidan. miviReT 4,36 g (69,7 %) TeTri feris myari kris-
taluri nivTiereba IX.  
3.3.6. 1,5-diqlor-1,5-di(silaciklopenten-3)-3,3-difeniltrisiloqsanis konden-
sacia difenilsilandiolTan. samyela kolbaSi, romelsac morgebuli qon-
da meqanikuri sarevela, ukumacivari da sawveTi Zabri qlorkalciumiani mi-
liT movaTavseT 25,35 g (0,056 moli) 1,5-diqlor-1,5-di(silaciklopenten-
3)-3,3-difeniltrisiloqsani gaxsnili 560 ml absolutur toluolSi 
(viRebdiT 5%-ian toluolxsnars). mudmivi meqanikuri morevis pirobebSi 
sawveTi Zabridan vamatebdiT 12,19 g (0,05 moli) difenilsilandiolisa da 
8,93 g (0,106 moli) piridinis narevs. mTlianad damatebis Semdeg 
vagrZelebdiT morevas 20 sT-is ganmavlobaSi. amis Semdeg sareaqcio narevi 
vacxeleT 2 saaTi. mTlianad damatebis Semdeg vagrZelebdiT morevas 20 sT 
ganmavlobaSi. amis Semdeg sareaqcio narevi vacxeleT 2 saaTi. gavaciveT, 
gavfiltreT, filtrati gavrecxeT neitralur reaqciamde, gavaSreT uwylo 
Na2SO4-ze. gamxsnelis mocilebisa da pentanidan gadakristalebis Semdeg 
miviReT TeTri feris myari nivTiereba X, 22.3 g (53 %).  
3.3.7. 1,1-diqlor-1-silaciklopenten-3-is heterofunqciuri kondensacia dife-
nilsilandiolTan. samyela kolbaSi, romelsac morgebuli hqonda meqaniku-
ri  sarevela, sawveTi Zabri da ukumacivari,  movaTavseT 28.3 g (0.185 moli) 
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1,1-diqlor-1-silaciklopenten-3 gaxsnili 300 ml absolutur toluolSi. 

mudmivi morevisa da gacivebis pirobebSi -510C temperaturaze vamatebdiT 
40 g (0,185 moli) difenilsilandiolisa da 29,3 g (0,371 moli) piridinis 
narevs 2 saaTis ganmavlobaSi. xolo Semdgom naleqis momwifebis mizniT 
gavacxeleT 20 wuTis ganmavlobaSi. meore dRes xsnar-naleqi gavfiltreT, 
movacileT gamxsneli da gamovxadeT Rrma vakuumze. 30 g reaqciis produq-
tis gamoxdisas miRebulia 4,5 g (15%) VII nivTiereba, 11,7 g (39%) X nivTiere-
ba da 3,3 g (11%) XI nivTiereba.  
3.3.8. 1,1-diqlor-1-silaciklopenten-3-is heterofunqciuri kondensacia di-
eTilaminTan. samyela kolbaSi movaTavseT 38,17 g (0,523 moli) dieTilamini 
gaxsnili 200 ml abs. eTerSi. mudmivi morevisa da gacivebis pirobebSi -

510C temperaturaze sawveTi Zabridan vamatebdiT 20 g (0,131 moli) 1,1-di   
qlor-1-silaciklopenten-3-s gaxsnils 200 ml abs. eTerSi. sareaqcio narevs 
vurevdiT 2 sT-is ganmavlobaSi. amis Semdeg xsnar-naleqi gavfiltreT, 
gadavdeneT gamxsneli da gamovxadeT vakuumze. SevagroveT fraqcia 93-940C 

(1-2 mm.Hg), miviReT 9.83 g nivTiereba ~33,3 %  gamosavlianobiT.  
 

3.4. norbornen-2-il-jgufis Semcveli cikluri da xazovani  
organosiloqsanebis sinTezi  

 
3.4.1 dihidroqsimeTilnorbornen-2-il-silanis (meTilnorbornensilandiolis) 
sinTezi. samyela kolbaSi, romelsac morgebuli hqonda meqanikuri sare-
vela, ukumacivari da sawveTi Zabri, movaTavseT 192 ml dieTilis eTeris, 
13,2 ml (0,1449 moli) anilinis, 2 ml acetonisa da 2,6 ml (0,1449 moli) wylis 

narevi. sawveTi Zabridan mudmivi morevis pirobebSi 05C temperaturaze 
vamatebdiT 192 ml abs. eTerSi gaxsnil 15 g (0,0724 moli) meTilnorbor-
nendiqlorsilans. narevis mTlianad damatebis Semdeg morevas vagrZelebT 
igive temperaturaze 2 sT-is ganmavlobaSi. amis Semdeg xsnar-naleqi 
gavfiltreT, eTeri movacileT wylis vakuumze. miRebuli nivTiereba 
gadavakristaleT pentan-oqtanis narevidan, moculobiTi TanafardobiT 1:2. 
miviReT 10,9 g (gamosavlianoba ~60%) moyavisfro myari nivTiereba ~XIII.   

3.4.2.  meTilnorbornen-2-il-diqlorsilanis nawilobrivi hidrolizi. sam-
yela kolbaSi, romelsac morgebuli hqonda meqanikuri sarevela, ukumaci-
vari da sawveTi Zabri, movaTavseT 124 ml (0,6896 moli) meTilnorbornendiq-
lorsilani da 124 ml dieTilis eTeri. sawveTi Zabridan mudmivi meqanikuri 

morevis pirobebSi -30-40C temperaturaze vamatebdiT 5,6 ml (0,31 moli) 
wylisa da 6 ml dioqsanis narevs. narevis mTlianad damatebis Semdeg mo-
reva gavagrZeleT igive temperaturaze 2 sT-is ganmavlobaSi. eTeris ga-
dadenis Semdeg miRebulia 100 g blanti nivTiereba, romlis vakuumSi dafr-
aqcionirebis Sedegad gamoyofilia 38 gr (38 %) yviTeli feris Txevadi 
nivTiereba XIV, romelic Seesabameba 1,3-diqlor-1,3-dimeTil-1,3-dinorbornen-2-
ildisiloqsans da 31 g (31%) oligomeruli produqti XV gardaqmnis xaris-

xiT m3. 

3.4.3. norbornen-2-il-triqlorsilanis hidrolizi. sareaqcio kolbaSi, 
romelSic moTavsebuli iyo yinuliani wyali, mudmivi meqnikuri morevis 
pirobebSi vamatebdiT 145 ml norbornen-2-iltriqlorsilanis xsnars 205 ml 
acetonSi, SeimCneoda TeTri feris kristaluri nivTierebis gamoyofa. sa-
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reaqcio narevi davtoveT meore dRemde. meore dRes xsnar-naleqi gavfilt-
reT, kristalebi gavrecxeT neitralur reaqciamde da CavrecxeT toluo-

liT. miRebulia 100 g (70%) TeTri feris myari nivTiereba XVI, romelic 
mxolod dioqsanSi ixsneba. 

3.4.4. norbornen-2-il-triqlorsilanis hidrolizi. samyela kolbaSi, romel-
sac morgebuli hqonda meqanikuri sarevela, ukumacivari da sawveTi Zabri 
movaTavseT 31,6 g (0,37 moli) NaHCO3, 7 ml (0,376 moli) wyali da 150 ml 
eTeri. sawveTi Zabridan mudmivi morevis pirobebSi oTaxis temperaturaze 
vamatebdiT 28,54 g (0,125 moli) norbornen-2-iltriqlorsilans gaxsnils 50 
ml mSral eTerSi. qloridis damatebis Semdeg sareaqcio narevs vurevdiT 3 
saaTis ganmavlobaSi. sareaqcio narevi gavfiltreT, gavrecxeT neitralur 
reaqciamde, gavaSreT uwylo Na2SO4-ze. gamxsneli movacileT miviReT myari 
produqti, romelic gavrecxeT jer toluoliT da Semdeg pentaniT. gamo-
yofilia dioqsanSi kargad xsnadi 17.3 g (80%) moyviTalo feris nivTiereba 
XVI. 

3.4.5. norbornen-2-il-triqlorsilanis hidrolizi tute areSi. samyela kol-
baSi movaTavseT 20,4 g (0,15 moli) NaOH, 390 ml wyali) da 390 ml eTeri. 

mudmivi meqanikuri morevis pirobebSi -50C temperaturaze sawveTi Zabridan 
vamatebdiT 38,9 g qlorids (0,17 moli) gaxsnils 50 ml absolutur eTerSi. 
mTlianad damatebis Semdeg moreva gavagrZeleT igive temperaturaze 3 sT-is 
ganmavlobaSi. amis Semdeg sareaqcio narevi gavyaviT gamyofi ZabriT. eTer-
xsnari gavrecxeT neitralur reaqciamde, gavaSreT uwylo Na2SO4-ze da 
eTeri gadavdeneT wylis vakuumze. vakuumirebis Sedegad miRebulia 17,4 g 

(68%) oligomeruli produqti-organul gamxsnelebSi kargad xsnadi TeTri 
feris fxvnilismagvari nivTiereba XVII. 

3.4.6. trihidroqsinorbornen-2-il-silanis hfk trimeTilqlorsilanTan. sam-
yela kolbaSi, romelsac morgebuli hqonda meqanikuri sarevela, uku-
macivari da sawveTo Zabri movaTavseT 63 g (0,58 moli) trimeTilqlor-
silanis xsnari 100 ml abs. dioqsanSi. sawveTi Zabridan mudmivi meqanikuri 
morevis pirobebSi oTaxis temperaturaze vamatebdiT 20 g (0,116 moli) 
C7H9Si(OH)3 xsnars 28 ml (0,348 moli) absolutur piridinsa da 250 ml dio-
qsanSi. mTlianad damatebis Semdeg moreva gavagrZeleT 6 saaTis ganmavlo-
baSi xsnar-naleqi gavfiltreT, gavrecxeT neitralur reaqciamde da 
gavaSreT, gamxsnelis mocilebisa da vakuumirebis Sedegad miviReT moyviTa-

lo feris myari nivTiereba XVIII, 28 g odenobiT (62%), romelic kargad 

ixsneba eTerSi lRobis TlR=242÷244C. 

3.4.7. meTilnorbornen-2-il-diqlorsilanis hfk 1,3-hidroqsiterameTildisi-
loqsanTan. samyela kolbaSi, romelsac movargeT ori sawveTi Zabri, mova-

TavseT 150 ml abs eTeri. mudmivi meqanikuri morevis pirobebSi _50C 

temperaturaze orive sawveTi Zabridan erTdroulad vamatebdiT. kerZod, 
erTi sawveTi Zabridan 9,6 g (0,0528 moli) 1,3-dihidroqsitetrameTildisiloq-
sanis xsnars 10,52 ml (0,1152 moli) anilinSi, xolo meoredan -10,92 g (0,0528 
moli) meTilnorbornenqlorsilans. mTlianad damatebis Semdeg gavagr-
ZeleT moreva igive temperaturaze 48 sT-is ganmavlobaSi. sareaqcio narevi 
gavfiltreT, gavrecxeT neitralur reaqciamde, eTeri gadavdeneT da 
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davafraqcionireT vakuumze. 15 g nivTierebis gamoxdisas miRebulia 6.6 g (44 

%), blanti XIX nivTiereba. 

3.4.8. norbornenheptameTilciklotetrasiloqsanis sinTezi. aRwerili meTo-
dikis analogiurad 9,1428 gr (0,0441 moli) meTilnorbornendiqlorsila-
nidan, 10,6 (0,0441 moli) 1,5-dihidroqsiheqsameTilnorbornendiqlorsilanidan 
da 8,21 (0,0882 moli) anilinidan miRebulia 16 g blanti nivTiereba, romlis 
gamoxdisas vakuumze miRebulia 6,1 g (38%) ufero blanti nivTiereba XX.  
 

3.5. ,ω-bis(trimeTilsiloqsi) meTilhidridsiloqsan(dimeTilsiloqsan)is 
hidrosililirebis reaqciebi  

 

3.5.1. ,ω-bis(trimeTilsiloqsi)meTilhidridsiloqsanis hidriduli  mierTe-
bis reaqcia cis-1,5-ciklooqtadienTan (Tanafardoba 1:30). sareaqcio kolbaSi 
movaTavseT 1,6352 g (0,000833 moli) meTilhidridsiloqsani da 2,7047 g (0,025 
moli) cis-1,5-ciklooqtadieni gaxsnili 4.5 ml mSral toluolSi. sareaqcio 

areSi SevitaneT katalizatori H2PtCl6-is 2 wveTi (5810-5 g 1g produqtze) 
da reaqcias vatarebdiT mudmivi temperaturis pirobebSi (600C). sareaqcio 
sistemas intensiurad vurevdiT magnituri sarevelaTi. vakvirdebodiT 

mierTebis reaqciis dros Si-H aqtiuri bmebis Semcirebas. reaqciis 
damTavrebis Semdeg miRebuli oligomeri gadavleqeT toluolxsnaridan n-
heqsaniT, ris Semdegac vaxdendiT vakuumirebas mudmiv masamde 50-600C–is 
intervalSi. miRebulia 3,3 g (75%) oligomeri XXI.  

3.5.2. ,ω-bis(trimeTilsiloqsi)meTilhidridsiloqsanis hidriduli  mierTe-
bis reaqcia 3,4-dihidro-2H-piranTan (Tanafardoba 1:30). sareaqcio kolbaSi 
movaTavseT 2.0389 g (0,001039 moli) meTilhidridsiloqsani da 2,6225 g (0.0311) 
3,4-dihidro-2H-pirani gaxsnili 8 ml absolutur toluolSi. sareaqcio are-
Si SevitaneT katalizatori Pt/C (5%) saerTo masis 0.1%. reaqcias vatarebdiT 
mudmivi temperaturis pirobebSi (600C). sareaqcio sistemas intensiurad 
vurevdiT magnituri sarevelaTi. vakvirdebodiT mierTebis reaqciis dros 

Si-H aqtiuri bmebis Semcirebas. reaqciis damTavrebis Semdeg sareaqcio 
narevidan vaxdendiT dasinTezebuli oligomeris gadaleqvas n-heqsanidan da 

Semdgom gamxsnelis vakuumirebas 50-600C–is intervalSi. miRebulia 3,7 g 
(80%) oligomeri XXII.  

3.5.3. ,ω-bis(trimeTilsiloqsi)meTilhidrid(dimeTil)siloqsanis hidriduli 
mierTebis reaqcia triciklodekadienTan. sareaqcio kolbaSi movaTavseT 
1.5029 g (0.00077 moli) meTilhidridsiloqsani da 3.0333 g (0,02298 moli) 
diciklopentadieni da 3 ml absoluturad mSrali toluoli. sareaqcio 

areSi SevitaneT katalizatori H2PtCl6-is 2 wveTi (5810-5 g 1 g produqtze) 
da reaqcias vatarebdiT mudmivi morevisa da mudmivi temperaturis piro-

bebSi (900C). vakvirdebodiT mierTebis reaqciis siCqares Si-H aqtiuri bmebis 
eqsperimentuli gansazRvriT. amis Semdeg sareaqcio produqts vfiltrav-
diT, vacilebdiT toluols mudmiv masamde vakuumirebiT 50-900C–is inter-
valSi. miRebulia 3,85 g (85%) oligomeri XXIII. mierTebis danarCeni reaqcie-
bi Catarebulia analogiurad. sawyisi nivTierebebis raodenobebi da oligo-
merebis gamosavlianobebi mocemulia me-10 cxrilSi. 
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3.5.4. ,ω-bis(trimeTilsiloqsi)meTilhidridsiloqsanis hidriduli  mierTe-
bis reaqcia cikloheqsa-1,3-dienTan. (Tanafardoba 1:30). mierTebis reaqciebi 
Catarebulia wina sinTezebis analogiurad. sawyisi nivTierebebis raode-
nobebi da oligomerebis gamosavlianobebi mocemulia me-11 cxrilSi. 

cxrili 10 

,ω-bis(trimeTilsiloqsi)meTilhidridsiloqsanis 
triciklodekadienTan hidrosililirebis dros sawyisi nivTierebebis 

CatvirTva da miRebuli oligomerebis gamosavlianoba 
 

o
l
ig

o
me
r
is

 

#
 

  

Me3SiO(SiMeHO)m(SiMe2O)nSiMe3  

 
 
g (moli) 

temperatura, 

C 

gamosavlianoba, 
g, (%) 

m n g (moli) 

XXIII 

 

30 0 1.5029 

(0.00077) 

3.0333 

(0.02298) 

90 3.85 (85) 

 

XXIV
1 

53 0 1.1248 

(0.0003365) 

2.3542 

(0.01783) 

60 2.89 (83) 

XXIV
2
 53 0 1.1248 

(0.0003365) 

2.3542 

(0.01783) 

70 2.61 (75) 

XXIV
3
 53 0 1.1248 

(0.0003365) 

2.3542 

(0.01783) 

80 2.44 (70) 

XXIV 53 0 1.1248 

(0.0003365) 

2.3542 

(0.01783) 

90 2.33 (67) 

XXV 33 23 0.7688 

(0.0002) 

0.8712 

(0.0066) 

90 1.15 (70) 

 

cxrili 11 

,ω-bis(trimeTilsiloqsi)meTilhidridsiloqsanis cikloheqsa-1,3-
dienTan hidrosililirebis dros sawyisi nivTierebebis CatvirTva da 

miRebuli oligomerebis gamosavlianoba 
 

 

o
l
ig

o
me
r
is

 
#

 

  

Me3SiO Si O

Me

H

SiMe3

30

  
 
g (moli) 

temperatura, 

C 

gamosavlianoba, 
g, (%) 

g (moli) 

XXVI
1 

 

1.4699 

(0.7491) 

1.7978 

(0.022473) 

60 3.07 (94) 

 

XXVI
2 

1.4699 

(0.7491) 

1.7978 

(0.022473) 

70 3.10 (94) 

XXVI 1.4699 

(0.7491) 

1.7978 

(0.022473) 

80 3.10 (95) 
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3.6. polimeruli kompoziciebis miReba 
 

3.6.1. 1.3-dihidroqsitetrafenildisiloqsanis heterofunqciuri kondensaciis 
reaqcia meTildiqlorsilanTan. kolbaSi, romelsac morgebuli hqonda 
meqanikuri sarevela, ori sawveTi Zabri da ukumacivari qlorkalciumiani 
miliT, movaTavseT 11,4 g (0.12 moli) meTilqlorsilani gaxsnili 250 ml 
abs.mSral toluolSi da ori sawveTi Zabridan vumatebdiT 50 g (0.12 moli) 
1.3-dihidroqsitetrafenildisiloqsans gaxsnils 600 ml abs. toluolSi, 
agreTve 38.2 g (0.23 moli) piridins gaxsnils 40 ml toluolSi. sareaqcio 
narevs vurevdiT 7-8 saaTis ganmavlobaSi, ris Semdegac vacxelebdiT 2-3 
saaTis ganmavlobaSi toluolis duRilis temperaturamde. miRebuli xsnari 
gavfiltreT, gamxsneli movacileT da miviReT 56.3 g blanti reaqciis 
produqti, romlis vakuumze gamoxdiT miviReT 20 g (36%) 1-hidro-1-meTil-
3,3,5,5-tetrafenilciklotrisiloqsani (XXVII) duRilis temperaturiT TduR= 
190-1950C (P=1x10

-2
 mmHg) gamoTvlili C25H24Si3O3: C – 65,79; H – 5.26; Si – 18,42; M=456; 

napovni: C – 65,10; H – 4.99; Si – 18,30;  da 23,6 g (42%) 1,7-dihidro-1,7-dimeTiloqta-
fenilcikloheqsasiloqsani XXVIII, TduR=190-1950C (P=1x10

-2
 mmHg), gamoTvlili 

C50H48Si6O6: C – 65,79; H – 5.26; Si – 18,42; M=912; napovni:  C – 66,08; H – 5.38; Si – 18,11; 

[164].  

3.6.2. 1-hidro-1-meTil-3,3,5,5-tetrafenilciklotrisiloqsanis (XXVII) hidridu-
li mierTebis reaqcia viniltrieToqsisilanTan. samyela kolbaSi, romel-
sac morgebuli hqonda ukumacivari, inertuli gazis Semyvani tubusi da 
katalizatoris Sesatani tubusi movaTavseT 9.12 g (0.02 moli) 1-hidro-1-
meTil-3,3,5,5-tetrafenilciklotrisiloqsani da 4.75 g (0.025 moli) viniltri-
eToqsisilani gaxsnili 30 ml absoluturad mSrali toluolis xsnarSi, 
ramdenime wveTi platinaqlorwyalbadmJavas 0.1 M xsnari tetrahidrofu-

ranSi (5810-5 g, 1g produqtze). reaqcia CavatareT 800C temperaturaze, Si-H 
bmis srul amowurvamde. reaqciis damTavrebis Semdeg sareaqcio narevSi Cav-
yareT gaaqtivebuli naxSiri 1 g raodenobiT, gavfiltreT, movacileT gam-
xsneli da zedmeti viniltrieToqsisilani. miRebulia 12.7 g (98%) trieToqsi 
jgufebis Semcveli gamamyarebeli (XXIX).  
3.6.3. siloqsanuri polimerebis bazaze eleqtrogamtari kompozitebis miReba. 
kompoziciuri masalebis miRebas vawarmoebdiT laboratoriul valcebze, 
oTaxis temperaturaze. sawyisi nazavis valcirebas vaxdendiT 2.6 TavSi 
motanili TanafardobiT, erTgvarovani sistemis miRebamde. ris Semdegac 
vaxdendiT furclovani produqtis TermodamuSavebas 1200C-150

0
C temperatu-

raze vulkanizirebuli produqtis miRebis mizniT.  
 miRebuli vulkanizatebisaTvis Catarebulia Semdegi gamokvlevebi: kuT-
ri moculobiTi eleqtruli winaRoba, gamtareblobis perkolaciis zRvari, 
masalis erTgvarovneba, simtkicis zRvari gaWimvaze, fardobiTi wagrZeleba, 
narCeni deformacia saTanado standartebis mixedviT.  
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daskvnebi 

1. Seswavlilia 1,1-diqlorsilaciklopenten-3-is rogorc nawilobrivi, aseve 
sruli hidrolizis reaqciebi sxvadasxva pirobebSi da dasinTezebulia 
hidroqsilisa da qloris funqciuri jgufebis Semcveli silaciklopen-
ten-3-is Semcveli axali xazovani aRnagobis oligomerebi. 

2. 1,1-diqlorsilaciklopenten-3-is heterofunqciuri kondensaciis reaqcie-
biT dihidroqsidifenilsilanTan moreagire komponentebis sxvadasxva 
TanafardobiT aqceptor-piridinis Tanaobisas miRebulia xazovani da cik-
luri agebulebis organosiloqsanebi.  

3. Seswavlilia meTilnorbornendiqlorsilanis nawilobrivi da sruli 
hidrolizis reaqciebi, sxvadasxva pirobebSi da dasinTezebulia funqciu-
ri jgufebis Semcveli silanebi da siloqsanebi; xolo norbornentri-
qlorsilanis hidrolizis reaqciebiT, rogorc mJava, tute da neitralur 
areSi, Cvens mier dasinTezebulia, rogorc Sesabamisi trioli, aseve maTi 
kondensaciis kibisebri produqtebi. 

4. yvela individualuri organosiloqsanebis aRnagoba damtkicebulia funq-
ciuri da elementuri analiziT, molekuluri refraqciiT, molekuluri 
masebis gansazRvriT, iw da bmr speqtrebis monacemebiT.  

5. Seswavlilia meTilhidridsiloqsanebis  hidriduli mierTebis reaqciebi 
cis-1,5-ciklooqtadienTan da 3,4-dihidro-2H-hidropiranTan rogorc plati-
naqlorwyalbadmJavas (0.1 M xsnaris toluolSi) Tanaobisas, aseve Pt/C 

Tanaobisas. dadgenilia, rom cis-1,5-ciklooqtadienTan Si-H bmis maRali 
konversiis dros adgili aqvs Sekerili oligomerebis warmoqmnas. amitom 

reaqcias vwyvetdiT Si-H bmis 80% konversiis dros; 3,4-dihidro-2H-hidro-
piranTan hidrosililirebis dros platinaqlorwyalbadmJavas katali-
zatoris gamoyenebisas adgili hqonda Sekerili oligomerebis warmoqmnas. 
amitom xsnadi oligomerebis miRebisaTvis viyenebdiT Pt/C katalizators. 

6. Cvens mier pirvelad Seswavlilia meTilhidridsiloqsanis da meTil-
hidridsiloqsan-dimeTilsiloqsanuri oligomerebis hidriduli mierTebis 
reaqciebi triciklodekadienTan platinaqlorwyalbadmJavas kataliza-
toris Tanaobisas da naCvenebia, rom hidrosililireba mimdinareobs 
rogorc 9,10 aseve 1,2-mierTebiT. amasTanave adgili aqvs makromolekulaT-
Soris hidrosililirebas gantotvili agebulebis sistemebis miRebiT. 
dasinTezebuli oligomerebi warmoadgenen saintereso sistemebs karbo-
jaWvuri elastomerebis modifikaciisaTvis, vinaidan isini ganicdian 
gakervis reaqciebs sistemaSi arsebuli katalizatoris xarjze damatebi-
Ti gacxelebis dros.   

7. Catarebulia meTilhidridsiloqsanebis hidriduli mierTebis reaqciebi 
cikloheqsa-1,3-dienTan platinaqlorwyalbadmJavas 0,1M xsnaris tetrahid-
rofuranSi Tanaobisas da dasinTezebulia gantotvili aRnagobis oli-
gomerebi. dasinTezebuli oligomerebi warmoadgenen saintereso sistemebs, 
vinaidan Seicaven ra ujer cikloheqsenilis fragmentebs da platinis ka-
talizators, gacxelebiT ganicdian struqturirebis reaqciebs, rac xdis 
maT sainteresos praqtikaSi dasanergad. 

8. meTildimeToqsisilanis triciklodekadienTan da cikloheqsa-1,3-dienTan 
mierTebis reaqciis sruli daxasiaTebisaTvis, modeluri reaqciisaTvis, 
Catarebulia gaTvlebi naxevradempiriuli qvantur-qimiuri meTodiT AM1. 

yvela sawyisi, Sualeduri da saboloo produqtisaTvis modelur reaq-
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ciaSi: [Me(MeO)2SiH] meTildimeToqsisilanis hidrosililirebisas tri-

ciklodekadienTan gaTvlilia  warmoqmnis siTboebi (f), sistemis energi-

is cvlileba () C-Si bmis manZilis cvlilebisas (RC-Si), agreTve muxtebis 

mniSvnelobebi (qi) atomebze, dipoluri momentebi () da bmis rigebi (Pij). 

qvantur-qimiuri meTodiT miRebuli Sedegebi srul TanxvdenaSia birTvul-
magnitur rezonanis monacemebTan, rac saSualebas gvaZlevs gamoviyenoT 
es meTodi reaqciis upiratesi mimarTulebis gansazRvrisaTvis. 

9. dasinTezebuli Termoreaqtiuli oligomerebisaTvis Catarebulia 1
H, 

13
C, 

FTIR speqtruli gamokvlevebi da farTo kuTxovani rentgenografiuli, 
Termogravimetriuli da gel-SeRwevadi qromatografiuli gamokvlevebi. 

10. norbornenis da zogierTi sxva funqciuri jgufis Semcveli polior-
ganosiloqsanebisa da wvrildispersiuli eleqtrogamtari (teqnikuri nax-
Sirbadi, grafiti) fxvnilebis safuZvelze miRebulia eleqtrogamtari 
rezinebi teqnikuri maxasiaTeblebis ricxviTi mniSvnelobebis farTo 
diapazoniT. naCvenebia, rom: a) rezinis vulkanizaciis pirobebi arsebiT 
gavlenas axdens eleqtrogamtari siliciumorganuli rezinebis Tvisebeb-
ze; b) rezinebis fizikur-meqanikuri maxasiaTeblebi mniSvnelovnad aris 
damokidebuli ara marto komponentebis gvarobaze da koncentraciaze, 
aramed maT Soris urTierTqmedebis xasiaTze; polimerizaciuli Sevsebis 
meTodiT miRebuli rezinebi gamoirCevian maRali homogenurobiT, elas-
tiurobiT da eleqtrogamtarobiT; g) eleqtrogamtari siliciumorganuli 
kompozitebis gamoyeneba SeiZleba stabilur rezistorebad, tenzo- da 
Termoelementebad, mokletalRovani gamosxivebebis mSTanTqmelebad da 
sxva.     
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