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Sesavali  

 

sili ciumorganuli polimerebi Tavisi gansakuTrebuli kompleqsuri 
Tvisebebis ga mo, rogoricaa  maRali Termuli da Ter moJangviTi 
st abiluroba, dabali ga minebisa da kristali zaciis temperatura, 
sxvad asxva fizikuri maCveneb lebis nakleb damoki debuleba temperaturaze, 
atmosferosa da sinaTlis sxivebisadmi mdgradoba, fa r Tod gamoiyenebian 
teqnikis sxva dasxva dargSi.  

xazovani oligomeTilhidridsiloqsani warmoadgens sa in tere so saw yis 
masalas savarcxlise buri polimerebis sinTezisaTvis, maT bazaze miRebul 
polimerebs SeiZleba gaaCndeT iseTi Tvi sebebi rogoricaa pro - an anti -
adhezi uroba , amfi filur oba an hid ro foburoba, Txevad krista luri buneba 
da zeda pirulad aqtiu ro ba; warmoadgenen gamkerav agente bs, gamta rebs da 
araxa zovan o ptikur ma salebs, eleqtrolumine scenci ur i  da baqte riciduli 
Tvi sebebis mqone polimerebs. aRniSnuli polimerebis mi Rebis sa ukeTeso 
gzas warmo adgens hidrosililirebis reaq ci ebi  ſSi-H aqti ur jgu fsa da 
ujeri bmis Sem cvel naerTebs Soris [1-10].  

 mravali komerciuli po lidi or ganosiloqsanuri polimeri, dRes d Re-
o biT far Tod gamoiyeneba mrewvelobasa da yoveldRiur cxovrebaSi iseTi 
SesaniSnavi Tvisebebis ga mo, ro goricaa Ter momdgradoba, garemo piro -
bebisadmi mdgradoba  da kar gi eleq truli Tvise bebi. amasTan, poli or ga-
nosiloqsanebi, ro gorc wesi, xasi aTdebian dabali ga minebis tempe ra tu riT 
gamomdinare ZiriTa di jaWvis moq nilo bidan [11, 12].  

ukanasknel xanebSi didi yuradReba miipyro savar c xli seburi age-
bulebis Ta napolimerebma, sadac hidro fo buri Tvisebebis mqo ne meTil -
siloqsanur mat ri casTan da kavSirebulia sxvadasxva ti pi s, sigrZis da 
bunebis orga nuli Cam nacvlebeli jgu fe bi, ro mel Ta varirebiT SeiZ leba 
aRniSnuli polimerebis Tvis ebebis cvli leba da maTi farTo gamoyeneba 
sxvadasxva sferoSi. sa var cxli seburi age bulebis Tanapolimerebidan 
aRsaniSnavia meTil si loqsanuri Ta napolimerebi sxva dasxva klasikuri me zo -
genuri jgu febiT gve r diT ja WvSi, rac Tanapolimerebs Txevad krista lur 
bunebas ani Webs [13-15]. Tumca aRsa niS navia, rom polidial kil si loq sanebSi 
ZiriTadi jaWvisagan damoukideblad mezo mor fuli mdgomareobis wa r moqmna 
SeimCneva umTavresad ara klasi kuri mezo genuri jgufebis Sem cveli alki -
luri (eTili, propili) Cam nacvleb lebis gar kveuli sigrZeebis dros 
(R=CnH2n+1, nÓ2) [16, 17]. aRsaniS navia, rom mezofazis tem peraturuli inter -
vali , Tavis mxriv , damokide bulia Camnacvl ebeli jgufebis sigr Zeze. es 
das kvna SeiZ leba gavakeToT polidi pro pil siloq sani dan poli di eT il si -
loq sanze gadasvlisas mez o fazi s tem peraturuli inter val is mkveTri 
zrdidan  [18]. amdenad, sxvadasxva organuli Camna cvlebeli da funqciuri 
jgu febis Se mcvel i  axali organosi loq sanuri oligo merebisa da poli -
merebis sinTezi da kvleva aqtualur problemas wa r moadgens. 

ukanasknel xanebSi  didi samecniero da sawarmoo in teresi eni Weba 
sili kaaerogelebis miRebas. isini xasiaT debian maRali fo rovnebiT, aqvT 
dabali sim kvrive da Ter mogamtaroba, didi ze dapiris farTobi da gamWvir -
valoba. si li kaaerogelebi gamoi yenebi an Cerenkov is radiaciul de teqto -



 

 

4 

 

rebSi , maRali en er giebis fi zi kaSi, Termul da akus tikur superizo la tore -
bad sxvadasxva sfe ro Si.  aseve is ini  gamoiyenebi an Ter mobirTvul sinTezSi 
da hetero genuli kata li zatorebis ma ta reb l ebad. sili kaaerogelebi, ro -
gorc  wesi, Sed gebi an SiO2-isgan, Tumca dRes dReo biT did inte ress iwvevs 
orga nuli radi kalebis Semcveli silikaaerogelebis sinTezi hidro fo bu-
robis gazr dis miz niT. amdenad , si li kaaero gele bis sinTezisaTvis didi 
mniSvneloba eni Weba axali sawyis i masalebis miRebas [19, 20]. 

bolo xanebSi , axali fotoluminiscenciuri da , maT Soris , savarcx -
li seburi agebulebis Txevadkris taluri Tvi sebebis mqone meTil si loq -
sanuri oligomerebis da po limerebis sinTe zisa Tvis far Tod gamoi yeneba 
meTilhid rid si loq sanebis qimiuri modif i kaciis reaqciebi. savarc xlis -
magvari agebu lebis meTil hid ridsi loq sanuri oligo merebis da poli me-

rebis sinTezis ori umTavresi gza ar sebobs; es aris aqtiur ¹Si-H bmis hid -
rosi lilirebis da deh i drokon densaci is reaqciebi ujeri da aqtiuri wyal -
badis Semcvel naerTeb Tan.  

hi d rosililireba kvlav rCe ba farTo Ses wavlis sag nad da gar da-
mavali me ta lebis roli mniS vnelo vania aRni Snul kvleveb Si. kvle vebis 
Sedegebi da mokidebu lia ujeri naerTebisa da si la nebis stru qturaze, aseve 
katali zatoris bunebaze da reaq ciis Catarebis pi ro bebze [21]. 

amdenad, meTilhidridsiloqsanuri oligomerebis mo di fika ci is re -
aqciebi, axali tipis savarcxlismagvari age bulebis si loq sanuri oligo -
merebis mi Rebis mizniT , aqtualu r problemas war moadgens. 

meTil - da eTilhidridsiloqsanebis qimiuri modi fi kaciis re aqciebiT 
Txevadkristaluri bunebis poli mere bis miRebis mima r Tu lebiT mravali in -
formacia arsebobs [22]. amdenad, am mimarTul ebiT literaturas Cven ar 
ganvi xi lavT. meTi l hidridsiloqsanebis qim i uri modifikaciis mimarTule biT 
arse bul masalas da gamoyenebul sinTezis meTodebs Cven ganvixilavT sa di -
ser tacio ma salis gans jas Tan erTad.  
samuSaos mizans  warmoadgens: ujeri bmebis da funqciuri jgufebis Semc -

veli axali silici umorganuli naerTebis miReba; meTilhidridsi loq sa-
nebis  da dimeTil si loqsan -meTilvinilsiloqsanuri oligomerebis  qimiu -
ri modifikaciis reaq ciebis gamo yenebiT axali , gverdiT jaWvSi sxva da-
sxva jgufebis Semcveli  meTi l siloqsanuri oligo mer ebis sinTezi s pre -
parati uli meTodebis Semu Saveba; miRebuli oli gomerebis da poli mere -
bis fizikur -qimiuri Tvi sebebis Seswavla da maTi praq ti kaSi gamoyenebis 
gzebis Zieba.   

mecnieruli siaxle:  

¶ Seswavlilia 1,1 -diqlorsilaciklopenten -3-is nawilob rivi da sruli 
hidrolizuri kondensaciis reaqciebi, rogorc neitra lur , ise mJava 
areSi da dasinTezebulia Sesabamisi dihidroqsi - da diqlor war -
moebulebi. 1,1 -diqlor silaciklopenten -3-is heterofunqciuri kondensa -
ciis reaqciebiT di hidroqsi difenilsilanTan , moreagire komponen tebis 
sxvadasxva TanafardobiT , miRebulia  silaciklopenten -3-is ujeri 
ciklebis Semc veli  rogorc xazovani , aseve cikluri aRnagobis 
siliciumorganuli naer Tebi. miRebuli naerT ebis Sedgeniloba da 
aRnagoba dadgenilia funq ciuri da elementuri analiziT , molekuluri  
masebisa da ref raqciis gansazRvriT , agreTve iw speqtrebis monacemebiT.  

¶ Seswavlilia meTilvinildiqlorsilanis da viniltriqlorsilanis cik -
lo penta dienTan dils -alderis reaqciebi  da raodenobrivi gamosav li a-
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nobiT  miRebulia meTil norbonendi - da norbornen -triqlorsilani. 
Seswavlilia di - da triq lor silanebis nawilobrivi da sruli 
hidrolizis reaqciebi da miRebulia Sesabamisi hidroq sisilanebi da 
qlorsiloqsanebi.  meTil norbor nendiqlor silanis hetero funqciuri 
kondensaciis reaqciebiT 1,3 -dihidroq si tetra meTildisiloqsanTan da 1,5 -
dihid roq si heqsameTil trisi loq sanTan aqceptoris -anilinis Tanaobisas 
miRebulia  Sesabamisi ciklo tri - da tet ra siloqsanebi.  dasin Tez ebuli 
axali sili cium organuli naer Tebis aRna goba damtkicebulia kvlevis 
fizikur -qimiuri meTo debiT.  

¶ Seswavlilia a,w-bis(trimeTil siloq si) meTi l hid ridsiloqsanis hidro -
si lili re bis reaqciebi  araSeuRlebul i dienuri tipis  naerTebTan: 
tricik lode kadienTanK da cis -1,5-ciklo oqtadienTan ka ta li zatorebis -
pla tinaqlor wyal badmJavas da naxSirbadze dafe nili platinis  (Pt/C) 
Tanao bi sas. miRebulia or ganul gamxsnelebSi xsnadi , gver diT jaWvSi 
ujeri fragmentebis  Semcveli oligomerebi, romlebic wa r moadgenen 
Termoreaqtiul  oligomerebs. gacxe lebisas isini advilad ga nic dian 
gelis warmoqmnas  sistemaS i ars ebuli katalizatoris xarjze .  

¶ hidrosililirebis procesis ufro Rrmad daxasiaTebisaTvis naxevrad -
empi ri u li qvan tur -qimiu ri AM1 meTodiT , modeluri naerTis - 
meTildimeT oqsisilanis tri ciklodekadienTan   urTierTqmedebis mode-
lur reaqciaSi gaTvlili reaqciis war moqmnis siTbo s da aqtivaciis 
energi is  mniSvnelobebis Sedarebidan dadgenilia, rom mierTeba 
mimdinareobs umTavresad 9 -10 mdgomareobaSi, rac TanxvdenaSia meTi l -
hid ridsiloqsanis  tri ciklodekadienTan mierTebis produqtis  bmr 
speqtrul monacemebTan.  

¶ Catarebulia  a,w-bis(trimeTil siloq si) meTi l hid ridsiloqsanis hidro si -
lili re bis reaqciebi  3,4-dihidro -2H-piranTan  kata li zatorebis -pla -
tinaqlor wyal badmJavas da naxSirbadze dafenili platinis  (Pt/C) Tanao -
bi sas, 50-800

C temperaturul intervalSi. dasinTez da meTilsiloqsanuri 
oligomerebi heterocikluri fragmentebiT gverdiT jaWvSi.  

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

ganzavebuli toluolis xsnarSi, 15 -25% aqtiuri ¹Si-H bmis konversiis 
pirobebSi adgili hqonda Sekerili sistemebis warm oqmnas. xsnadi 
sistemebis miRebis mizniT hidro si lili re bis reaqciebi Catarebulia 
pla tinaqlor wyal badmJavas Tanaobisas absoluturi toluolis xsnarSi 
500

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

temperatur ul intervalSi.  

¶ Seswavlilia a,w-bis( trimeTil siloq si) meTi l hid ridsiloqsanis hidro -
si lili re bis reaqciebi  SeuRlebul dienuri tipis  cikloheqsa -1,3-
dienTan ka ta li zatorebis pla tinaqlor wyal badmJavas da naxSirbadze 

dafenili platinis  (Pt/C) Tanao bi sas. dadgeni lia, rom aqtiuri ¹Si-H 
bmis 80%-is  zeviT konversiis dros adgili aqvs ga kervis reaq ciebs. 
xsnadi sistemebi miiReba 80% konv ersiamde. miRebulia or ganul gamxs -
nelebSi xsnadi , gver diT jaWvSi ujeri  heqsenilis  frag mentebis  Sem-
cveli oligomerebi, romlebic wa r moadgenen Termoreaqt iul sistemebs . 
sistemaSi arsebuli katalizatoris xarjze,  gacxe lebisas  advilad  xdeba 
gelis warmoqmna , rac gamowveulia  makromolekulaTSorisi gakervis 
reaq ciebiT . dadgenilia, rom meTi l hid ridsiloqsanis  cikloheqsa -1,3-
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dienTan  hidro si lili re bis reaqcia sa wyis stadiebze meore rigisaa; 
gaTvlilia reaqciis siCqaris mudmivebi (60 -800

C) da aqtivaciis energia.  

¶ naxevrad empi ri u li qvan tur -qimiu ri  AM1 meTodiT , meTildime T oqsisila - 
nis ciklo heqsa-1,3-dienTan mierTebis modelur reaqciaSi gaTvlilia 
reaqciis warmoqmnis siTbos  da aqtivaciis energii s mniSvnelobebi . 
Teoriuli gaTvlis Sedegebi srul TanxvdenaSia bmr speqtroskopuli 

gamokvlevebis SedegebTan, kerZod, dadgenilia, rom a,w-bis(trimeTil -
siloq si) meTil hid ridsiloqsanis  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 jgu febis Sem cveli organosiloqsanebi.  aRniSnuli siloqsanis 
bazaze, aer osilis, TuTiis oq sidis, teqnikuri naxSirbadis da 
gamamyareblis - die Til aminomeTil trieT oqsisi lani s an orga nociklo -
tri siloqsaneTiltrieToqsi silanis Tanaobisas miRebulia axali 
eleqtro gamtari kompoziciebi.  

¶ komponentebis mocemuli Semadgenloba uzrunvely ofs kompoziciis 
sasur vel Tvisebebs, romlebic saSualebas iZleva miRweul iqnas 
savaraudo teqnikuri Se degebi.  

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  
elas tomerebis misaRebad.  

¶ dasinTezebuli savarcxliseburi agebulebis oligomerebi ciklo -
oqtenilis, triciklodecenilis da cikloheqsenilis jgufebiT gv erdiT 
jaWvSi warmoadgenen Termo reaqtiul sistemebs da SesaZlebelia 
gamoyenebuli iqnan karbojaWvuri polimerebis modifikatorebad, spec -
daniS nulebis elastomerebis misaRebad.   

¶ reaqciis unariani norbornenis jgufebis Semcveli organosiloqsanebis 
bazaze miRebuli eleqtro gamtari siliciumorganuli kompozicie bi 
SeiZleba gamo yenebul iqnan  sxvadasxva daniSnulebis rezistorul 
elementebad. ke r Zod, am masale bisagan SeiZleba damzaddes maRali 
stabilurobis mqone tenzo - an Termo elementebi, ga maT boblebi 
(sxvadasxva nominalis mudmivi an cva lebadi deni saTvis), santim etruli 
diapazonis eleqtro magnituri t al Rebis STanTq melebi 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 w armoadge ns difunqciuri siliciumorganuli  naerTebis hid -
r o lizuri da heterofunqciuri kondensaciis reaqciebi.   

organoqlorsilanebsa da siloqsanebSi siliciumis   atomis eleqtro -
dade bi Toba xdis am naerTebs Zalzed mgrZnobiares nukleofiluri reagen -

tebis mi marT . radganac  ¹Si-Cl bma avlens hidrolizuri moxleCvis did un -
ars, amitom di or ganodiqlo r silanebis wyalTan  urTierTqmedebis  Sede gad 
miiReba ara mdgradi q lorhidroqsidi organosiloqsanebi [ 23], romlebic 
SemdgomSi kondensirdebian da warmoqmnian xazovan or ganoqlor siloqsanebs 
didi gam o savli anobiT . 

Si
Cl

Cl

R

R
1 + H2O Si

Cl

Cl

R

R
1

O
H

H -HCl
Si

OH

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 konkur entuli  reaqcias: sruli an nawilobrivi hidrolizis pro -
duqtebis safexurebrivi kondensacias, romelsac Tan axlavs xazovani 
polimerebis war moqmna da procesi, romelic midis  cikluri orga nosi loq -
sanebis warmoqmnamde [24]. 

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

hidrolizis reaqciis Catareba Zlier mJav a areSi gamxsnelis Tana -
obisas xels uwyobs mcire molekuluri masis mqone cikluri an xazovani 
oligo merebis 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 produq tebis  R2Si(OH)Cl da  R2Si(OH)2 dag-
roveba, rac iwvevs ZiriTadad xazovani polimerebis warmoq mnas. zogierT 
SemTxvevaSi SesaZlebeli xdeba diorganodihidroqsisilanebis gamoyofa.  

dadgenilia, rom maRali stabilurobiT xasiaTdebian di or ganodihid -
roq sisilanebi didi zomis radikalebiT da uaryofiTi induqciuri efeqtis 
mqone jgufebiT siliciumis atomTan. ma galiTad , sakmaod mdgradebi arian  

(C6H5)2Si(OH)2 da mesameuli  - (C4H9)2 Si(OH)2 [26]. 
umaRlesi alkilmeTil - da alkileTildihidroqsisilanebi miRe bul 

iqna umaRlesi alkilmeTil - da alkileTil diq lor sila nebis hidroliziT 
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qlor wyalbadis aqceptoris - anilinis Tan aobi sas eTeris areSi  Semdegi 
sqemis mixedviT [ 27]:  

RR
1
SiCl 2 + 2H2O

C6H5NH2
RR

1
Si(OH 2) + C6H5NH2

.
HCl  

am produqtebis gamosav li anoba Seadgens 70-80%.  
umaRlesi alkilmeTil - da alkileTildiqlosilanebis hid ro liziT 

qlorwyalbadis aqceptoris gareSe miiReba cikluri da xazovani pro duq -
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  ï C9H19; R
I
=CH3, C2H5. 

Seswavlilia alkil(arilalkil) -, alkil(diarilalkil) - da a l kil -
(diarilalkenil)diqlorsilanebis hidrolizis reaq ci ebi sxvadasx va piro -
bebSi [28 ].  

sxvadasxva diqlorsilanebis hidroliziT tute areSi g amoyofil ia  
Sesabamisi dihidroqsidiorganosilanebi, romelTa war moqmna 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. 

aRmoCenil ia , rom dihidroqsidiorganosilanebis hidro li zuri 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 sila noluri kondensaci ebis mimarT 
avtorebi xsnian feniluri radikalebis maekranirebeli efeqtiT si liciumis 
atomze.  

literaturaSi arsebobs monacemebi difunqciuri a-naf ta li nis radi -
kalis Semcveli organoqlorsilanebis hidrolizis S esaxeb [29, 30].  

a-naftilalkild iqlorsilanebis hidroliziT tute areSi miRebuli 
da daxasiaTebul ia  Sesabamisi dihidroqsisila nebi [30 ]: 

C10H7 Si Cl2

R

a-
2HOH

HO Si OH

R

C10H7a-  

sadac : R=CH3, C2H5.  

e.a. CerniSevis a da misi TanamSromlebis mier [29 ] Catarebul ia  a-naf -
til organodiqlorsilanebis hidro lizi, rogorc mJava areSi, aseve 
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S

Th=

aqcepto ris -piridinis Tanaobisas da miRebul ia 1,3-diqlor di organo -a-di -
naf til disiloqsanebi.  

a,w-diqlor -1,4-bis(diorganosilil)dihidro naftilensiloq sanebis hi d -

ro lizis Sedegad tute areSi dasinTezebul ia  Sesabamisi a,w-dihid roq si -1,4-
bis(diorganosilil)dihidronafti le nsi loqsa nebi [ 31, 32].  

Seswavlil ia  diciklopentenilmeTildiqlosilanis hidro li zis rea -
qcia eTeris areSi KOH-is Tanaobisas, ris Sedegadac miRebul ia  Sesabamisi  
diciklopentenilis  radikalis Semcve li  dihidroqsisilani da 1,3 -dihidro -
qsi disiloqsani [33 ].  

meTilTienildiqlorsilanis hidrolizuri kondensaciis re aqciis Ca -
ta rebisas natriumis bikarbonatis Tanaobisas gamoyo fi li iqna eqvs da 
rvawevriani organociklosiloqsanebi Tienilis ra di kalebiT silic iumis 
atomTan [ 34].  

analogiurad miRebulia eqvs - da rvawevriani organo cikl o siloq -
sanebi fur anuli jgufebiT  siliciumis atomTan [ 34].  

meTilTienildiqlorsilanisa da a,wŁdiqlormeTil Tie nil siloqsa ne-
bis hidrolizis  Catarebisas dabali temperaturis pi robebSi  qlor wyal -
badis aqceptoris  _ anilinis Tanaobisas mi Rebul ia Sesabamisi hidroq si -
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.  
meTilTienildiqlorsila nis hidrolizuri kondensaciis re aqciebis 

Seswavlam  Zlier mJava areSi aCvena, rom  meTil Ti enil ciklosiloqsanebis 
mci re gamosavlianoba gamowveulia  Si-is atomTan dakavSirebuli Tienilis 
r adi kalebis moxleCiT.  

  avtorebis mier [35 ] Seswavlil i a meTilTienildiacetoqsisilanis  
hi d r olizuri kondensacia sxvada sxva temperaturaze da gamoyofili a eqvs- 
da rvawevriani meTilTienilciklosilo qsanebis narevi saerTo ga -
mosavli anobiT  70%. reaqcia midis Semdegi sqemiT:  

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

MeThSi OSiMeTh
n

O  
 
sadac            ; n=2;3. 

 
 

dadgenili a, rom reaqciis Catarebisas dabal temperaturaze um -
T avresad warmoiqmneba eqvswevriani ciklebi, xo lo oTaxis tem pera tura ze -
rvawevriani ciklebi.  

rTul sakiTxs warmoadgens trifunqciuri organosilanebis hid ro -
lizuri kondensaciis reaqciebis Sedegad miRebuli naerTe bis Sedge ni lo -
bisa da aRnagobis dadgena.   
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sil i ciumis  atomTan  organuli  radikalebis  gansazRvruli  ganlagebis  
mqone organociklosiloqsanebis  sinTezisaTvis  gamoiyeneba heterofunq -
ciuri  kondensaciis  reaqcia  (hfk ).  

heterofunqciuri  kondensaciis  reaqcia  saSualebas  iZlev a miRebul  
iqnas  organociklosiloqsanebi , rogorc  siliciumis  atomTan  funqciuri  
jguf ebiT , ise  funqciuri  jgufebis  gareSec .  

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

diorganodiqlorsilanebis heterofun qciur kondensacias sxva dasxva 

dihidroqsidiorganosil anebTan da a,w-dihidroqsi di or ganosiloqsanebTan 
uf ro xSirad atareben gamxsnelSi. qlor wyalbadis aqce ptoris Tanaobisas 
Sereuli alkil (aril)ciklo siloqsanebis sinTezisaTvis gamoyenebul i a 
organohidroqsi sila nebis urTierTqmedebis reaqcia organ o qlorsilanebTan 
[36]. di fenildihidroqsisilanis kondensaciiT sxvadasxva diorganodiqlor -
silanebTan miRebuli iqna sxvadsxva aRnagobis organ o ciklosi loqsanebi 
[37, 38]. 

organodisiloqsanebis (saerTo formuliT  YR
I
2SiOSiR2Y) urTierTq mede-

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

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

piriqiT, ganz avebul xsnarebSi 20 0
C t emperaturaze da moreagire kom ponen-

tebis eqv imoluri, Tanafardobisas miRebul ia Sesabamisi or gano-
ciklotrisilo qsanebi [ 39].  

meTilfenil - da difenil dihidroqsisilanebis heterofunqciuri ko n-
densaciis Sedegad d iorganodiqlorsilanebTan miRebuli a gansazRv ruli 
aRnagobis ciklosiloqs anebi 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 dihidroqsi silanebis het ero funqciuri  
kondensaciiT miRebuli a  axali organociklo siloqsanebi, romelTa mo le -

kulaSic siliciumis atomTan  dakavSirebulia ( a-fenil)feneTil -, (b-fe nil) -
feneTil -, feneTilisa da stilbinis  radikalebi [ 40]. 

Sesabamisi dihidroqsidiorganosilanebis da  a,w-dihid roq si diorga no-
si loqsanebis heterofunqci uri kondensaciis reaqciiT  diqlodiorga no-

sila nebTan da a,w-d iqlordiorganosiloq sanebTan eTeris areSi trie T i l -
aminis Ta naobisas miRebuli a organo ciklotri - da tetrasiloqsanebi 
dicikl o pentenilis radikalebiT sili ci umis atomTan [ 41].  

eqvsi - da rvawevriani ciklosiloqsanebi meTilfenilis da meTil -
vinilis radikal ebiT  siliciumis atomTan miRebuli a meTilfenil si -

landiolis heterofunqciuri kondensaciis reaqciiT an a,wŁdihidroqsi me-
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S

Th=

Tilfenil siloq sanebis heterofunqciuri kon densaciiT a,wŁdiqlormeTil -
vinilsiloq sanebTan an meTilvinil di qlorsilanTan Se mdegi 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 miRebuli a adre aRwerili  [40] 1,3,5,7-tetra -
meTil -1,5-difenil -3,7-divinilciklo tet ra si loqsani (VI),  romelSic (V) ni v-
Ti erebisagan gansxvavebiT fenilis da vinilis radikalebi siliciumis ato -
mTan ganlagebuli arian diagonalze ciklSi.  

gamokvleulia meTilfenildiqlorsilanis  heterofunqciuri konde n-
saciis  reaqcia 1,3 -dihidroqsi -1,3-dimeTil -1,3-difenildi si loq sanTan sxvada -
sxva aminebis Tanaobisas sxv adasxva po larobis gam xsnelebis areSi [ 43].   

dadgenilia, rom Sesabamisi ciklotrisiloqsanis gamosavlianoba mci -
r deba aminis fuZianobis Semcirebasa da gamxsnelis dieleqtrikuli SeR -
wevadobis gazrda sTan erTad. 1,3,5 -trimeTil -1,3,5-trifenilciklo trisi loq -
sanis izomerTa SedarebiT kargi  ga mosavlianoba miiRweva inertuli gamxs -
nelebisa da Zlieri aminebis gamoyenebisas. naCvenebia, rom cis -trans izo -
merebis Tan afardoba daaxloebiT erTnairia mxolod mci red polarul 
areSi Zlier fuZe bunebis aminebis gamoyenebisas, xolo danarCen SemT -
xvevebSi procesi avlens gansazRvrul stereoseleqtiurobas trans -izome -
ris s asargeblod. gamonakliss warmoadgens qloroformi, romelSic 
izomerebis Tan afar doba da jamuri gamosavali  A3 mciredaa damokidebuli 
aminis bunebaze.  

amasTanave dadgenili a, rom sareaqcio areSi myardeba cis -trans 
izomerebs Soris wonasworuli mdgomareoba. amasTan, cis -izomeris konce n-
traciis SemcirebasTan erTad trans -izomeris koncentracia Tavdapirvelad 
izrdeba ga nsazRvrul maqsimumamde, Semdeg ki xdeba orive izomeris Sem c ve-
lobis Semcireba ufro maRalmolekuluri produqtebis warmoqmnis xarjze.  

heterofunqciur i kondensaciis reaqciiT miRebuli a eqvs- da rva -
wevriani organociklosiloqsanebi Tienilis radi kalebiT 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 me Til Tienil -

siloq sirgolebiT ciklSi miRebulia 1,3 -dihid roqsi -1,3-di meTil -1,3-diTi en-
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il di siloqsanis urTierT qmedebiT sxva dasxva a l kil(aril)diqlor si la -
nebTan da 1,3-diqlor tet ra meTil di si loq sanTan.  

oTxqloriani siliciumis heterofunqciuri kondensacii s reaq ci iT 1,3 -
dihidroqsitetraorganodi - da 1,5-dihidroqsiheqsa meTil trisiloqsanTan  HCl-

is  aqceptoris _ aminis Tanaobisas an mis gare Se (sareaqcio aredan HCl-is 
mocilebis pirobebSi) dasinTe zebulia 1,1 -diqlortetraor ganociklotri - 
da 1,1-diqlor heqsameTil cik lo tetrasiloqsanebi 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 gamosav li anoba izrdeba a,w-dihidroqsisiloq san-
Si si li ciumTan mdgomi jgufebis zomebis gazrdasTan erTad.  

gamokvleulia viniltriqlorsilanis  da  triqlorsilanis heter o -
fun qciuri kondensaciis reaqcia dihidroqsidifenil si lan Tan sawyisi 
komponentebis moluri Tanafardobisas 2:3. [ 47] naCvenebia, rom oTaxis  
temperaturaze Tana poli merebTan erTad warmoiqmn eba dabalmolekuluri 
bici kluri naer Tebi Semdegi sqemis mixedviT:  

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

O

O

Si Ph2

Si
Ph2

Ph2

Si

O

O

O Si R +po l i mer i

 

sadac  R=Vin, H. H  
ganxorcielebulia agreTve viniltriqlorsilanis heter o fun qciuri 

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 dih i d -

roq sidimeTilsiloqsanTan gamoyofili a diqlo r meTil ciklo siloq sanebi 
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, nÍm.  
1,3-dihidroqsitetrafenildisiloqsanis heterofunqciuri kon densa-

ciiT diorganodi - da organotriqlorsilanebTan, aseve oTxqlorian si -
liciumTan aqceptoris  _ piridinis Tanaobisas dasinTe z da orga nociklo -
tri - da organociklo heqsasiloq sanebi gansxvavebuli funqciuri jgufebiT 
silicium is 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 kon densaciis 
reaqciiT 1,1,1,5,5,5 -heqsaqlor - da 1,1,5,5-tetra qlor -1,5-diorgano -3,3-difenil -
tris iloqsanebTan dasinTez ebuli a organociklopenta - da organoci klo -
dekasiloqsanebi funq ci uri jgufebis gansazRvruli ganlagebiT 
silici umis 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 dekaorganocik l o heq-
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

++ o l i go mer ul i  pr o d uqt i

 

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

I
=Ph; R=Ph, R

I
=Me.  

organotriqlorsilanebis heterofunqciuri kondensaciis re aqciiT 
dio rg anodihidroqsisilanebTan miRebuli a difunqciuri ciklotetr asi -
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 
di hidroqsidifeni lsilanTan gamosavali komponentebis eqvimoluri Tana -

fardobisas toluolis 5% -ian xsnarSi piridinis Tanaobisas -5·0 C̄ tem-
peraturaze. miRebul ia  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] gamokvleuli a siliciumorganuli da hidroq -
siwarmoebulebis heterofunqciuri kondensaciis reaqcia bis(meTilqlor si -
lil) eTanTan, naCvenebia, rom am dros warmoiqmneba bicikluri  naerTebi eTi -
le nuri 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(meTil qlor silil)eTanis heter o funq -
ci uri  kondensaciis  reaqciiT 1,3-dihidroq si tetraor ganosiloqsanebTan , ga-
mosavali nivTierebebis moluri Tana far dobisas 1:2 miiRebian bicikluri 
naer Tebi, sadac eTilenuri xi debi 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

+

I I
 

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

lor heqsaorganotrisiloqsanebis heterofunqciuri konden saci is reaqciebi 

dihidroqsidiorganosilanebTan  5·30̄ C tempera tu raze trieTilaminis T anao -
bisas, ris Sedegadac miRebuli a Sesabamisi ciklotri - da ciklo t etra -
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siloqsanebi a-naftalinis radi kalebiT siliciumis atomTan [ 57]. reaqcia 
mimdinareobs  Semdegi sqemis mixedviT:  

HO Si

R

C10H7

OH

a-

Si

R1

Me

Cl O Si

Me

R1

Cl

n

+
2Et3N

-2Et3N.HCl

SiR1 O

O

Si

O

R1

C10H7a- C10H7a-

Si

R C10H7a-

I -VI

Si

O

Me

Me O Si

Me

O

Me

Si SiOMe

Me R

C10H7-a

VI I -VI I I

 
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 a-naftalinis radikalis Semcveli or gano -
ciklotri - da tetrasiloqsan ebis sinTezis mizniT Catarebuli a 1,3-di -

meTil -1,3-di -a-naftil -1,3-dihidroqsi di siloq sanis reaqcia dimeTil -, meTil -
vinil - da meTilfenil diq lor silanebTan, agreTve 1,3 -diqlo r tetra meTil -
di si loqsanTan. reaq cia mi mdinareobs  Semdegi sqemiT:  

HO Si

Me

C10H7

O

a-

Si

Me

C10H7

OH

Si
ClMe

Cl Cl

Me2 Si

Cl

O SiMe2

Cl

SiMe O

O

Si

O

a-

Me

C10H7a- C10H7a-

Si

Me R

Si O

O

Me

C10H7a-

Si Me

O

C10H7a-

Si SiO MeMe

Me Me

XI I

IX-XI

 

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

meTil -, a-naftil - da fenil -a-naftildihidroqsisilanebis u r TierT q-

medebiT dimeT ildiqlorsilanTan miRebulia 1,5 -di (a-naftil) heqsameTil - da 

1,5-di (a-naftil) -1,5-difenil tetra meTilciklotetra siloqsanebi:   
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HO Si

Me

C10H7

OH

a-

Si

Me

Me

ClCl+
2Et3N

-2Et3N.HCl

Si O

O

Me

C10H7a-

Si R

O

Me

Si SiO MeR

Me C10H7a-

XII I-XIV

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

 amdenad, Cvens mier, heterofunqciuri kondensaciis re aqciebis 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 re aqciebi 
uj eri naerTebisa, romlebic Seicaven Semdegi tipis jerad bmebs : >C=C<,  -

C=C-, >C=0, -C¹N da diolefinuri naxSirwyalbadebisa, romlebic Seicaven 
SeuRl ebul ormag kavSirebs.   

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

C C + H Si C C Si

 

reaqcia SeiZl eba 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

 

hidrosili lirebis reaqciis mimarTuleb a da  siCqare  ganisazRvreba 
kata lizatoris bunebiT, sawyisi ujeri naerTebis struqturiT, hidrosila -
nebis aRnagobiT da reaqciis pirobebiT.  

hidrosili li rebis reaqciebis katalizatorebad gamoiyeneba  H2PtCl6, Pt 

da Pd matareblebze,  rkinisa da nikelis karbonileb i,  zeJanguri naerTebi, 

ui da g-gamosxiveba, fuZe bunebis naerTebi: aminebi, fosfinebi, amidebi, 
sammagi katalizatori [ 58]. warmodgenilia aseve rigi axali efeqturi 
katal i zato re bisa [59 -61]. miuxedavad maTi didi raodenobisa, am Jamad hidro -
silil irebis reaqc iebSi yvelaze metad  gamoiyeneba platina qlor -
wyalbadmJava, rac aixs neba misi upiratesobebiT: dam zadebis simar tive, 
maRali aqtivoba, mierTebis reaqciis produqtebis didi gamosav lia noba. 
Tumca am katalizators gaaCnia Tavisi naklovanebebic: induqciuri pe ri -
odis arseboba da amasTan dakavSir ebiT, procesis mZafri warmarTva, Seda -
rebiT mcire seleq t iuroba, garkveul pirobebSi poli merizaciis Tanam devi 
reaqciebis gamowveva.  

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

hidrosililirebis reaqcias xSirad atareben gamxsnelebis Tanaobi -
sas. fuZe xasiaTis gamx snelebis gamoyeneba xels uwyobs  hidrosililirebis 
reaq ciis 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 -
Sirwyalbadeb Tan. triqlors ilanis mierTeba SeuRlebuli ormagi bmis 
Semcvel diol efinebTan, organuli zeJangebis Tanaobis as an ultraiisferi 
dasxivebis zemoqmedebiT ver moxerxda, radgan aRniSnuli katalizatorebi 
iwvevdnen sawyisi naxSirwyalbadebis polimerizacias, romelic mimdina re -
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obda gacilebiT Cqara, vidre  HSiCl3  mierTeba ormag bmasTan [ 75], magram reaq-
ciis  Catarebisas ka talizatorebis Tanaobisas maRali temperaturisa da 
wnevis pi robebSi u mravles  SemTxvevaSi SesaZlebelia hidrosililirebis 
re aqciis C atareba.  

avtorebis mier [ 75] Seiswavleboda triqlorsilanis Termuli 
mierT ebis reaqcia alifatur da aciklur naxSirwyalbadebTan, r omlebic 
Seicaven or izolirebul an SeuRlebul ormag bmebs.  

dadginda, rom heqsadien -1,5, romelic Seicavs izolirebul ormag 
bmebs, urTierTqmedebs Warb triqlorsilanTan monoolefinuri naxSir wyal -
badebis msgavsad, da warmoqmnis 1,6 Łbis(tri qlor silil)heqsans  70%-iani 
gamosavlian o biT:   

CH2 CH(CH2)2CH CH2
+2HSICl3

Cl3Si(CH2)6SiCl3 

imave avtorebis mier dadginda, rom naxSirwyalbadis molekulaSi ori 
izolirebuli ormagi bmis arsebobisas mierTeba mimdi nareobs farmeris 
wesis Tanaxmad, e.i. -SiCl3 jgufi ukavSirdeba naklebad hidrogeni zirebul 
naxSi r badis atoms [ 75].   

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

C-ze ) da 
war moqmnis 1,3-bis(triqlorsilil) ciklopentans  45%-iani gamosavlian o biT:  

+ 2HSiCl3 Cl3Si SiCl3
 

aRniSnuli nivTiereba miRebulia agreTve 28,5%-iani gamosavli anobiT  
triq lorsilanis mierTebiT diciklopentadienTan . rogorc Cans, am 
SemTxvevaSi, hidrosililirebis reaq cia win uZRvis diciklopentadienis 
Termul depolimerizacias cik lopentadienad da amis Semdgom umniSvnelo 
gamo savlianobiT warmoiqmneba diciklopentadienis molekulasTan erTi da 
ori molekula triqlorsilanis mierTebis produqtebis izomer ebis narevi.  

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

milSi) ZiriTadad warmoiqmneba b-ciklopenteniltriqlorsilani  30%-ni ga-
mosavli anobiT  [76]. 

SiCl3
 

triqlorsil anis dabaltemperaturuli Txevadfazuri mierTeba 
ci klo pentadienTan SesaZlebeli gaxda mxolod avtoklavSi  H2PtCl6· 6H2O 
Tanaobisas da dienis samjeradi siWa r bis SemTxve vaSi.  

amasTanave b-ciklopenteniltriqlorsilani warmoiqmneba sxva naer T e-

bis, cxadia, da a- da b-ciklopentenilsilanebis mniSvne lovan minarevTan 
er Tad. garda amisa, am reaqciaSi warmoiqmneba HSiCl3-is ciklopentadienis 
dimerTan mierTebis prod uqti 40% -mde [77]:   
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+

SiCl3 SiCl3

 

   am ukanasknelis meTilirebiT miiReba diciklope nt enil trimeTil si -
lani.  

triqlorsilanis cikloheqsa -1,3-dienTan reaqciiT miRebuli a cikl o -
heqsil triqlorsilanisa da benzolis narevi, rasac avtorebi xsnian im 
faqtiT [ 72, 75], rom reaqciis pirobebSi cikloheqsa -1,3-dien i ganicdis Seuq -
cevad kata l izur gardaqm nas benzolad da cikloheqsanad, romelsac Sem deg 
uerTdeba triqlo r silani Semdegi sqemis mixedviT:  

+

SiCl3

2

HSiCl3

 

a.d. petr ovisa da sxva avtorebis mier [78 ] Seswavlil i a 
siliciu mhidridebis ujer biciklur naerTebTan mierTebis reaqciebi 
spaieris ka ta lizatoris Tanaobisas. siliciumhidri debis saxiT gamoyen ebu-
li a tri qlorsilani, meTil - da eTildiqlorsilani, xolo ujeri biciklu -
ri naer Tebis saxiT ki biciklo(2,2,1) -hepten-2, biciklo(2,2,1) -heptadien -2,5; 2-me-
Til bi ciklo (2,2,1) -hepten-5; 2-vi nilbiciklo(2,2,1) -hepten-5 da ciklopentadie -
nis di meri.  

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

C-ze  (50% gamosavli anobiT ):  

· +   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) mimd i na-
reobs Semdegi sqemis mixe d viT:  

 

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

·
SiCl3 +  SiCl3

·

·
·

SiCl3

HSiCl3

··
HSiCl3

 

·
SiCl3

·
+  SiCl3
· d a a.S

 

rTulad mimdinareobda  reaqciebi biciklo(2,2,1)heptadien -2,5-Tan msubuq 
pirobebSi (atmosferuli wneva, temperatura 30 -400C). reaqcia mimdi nareobda 
mxolod sareaqcio  narevis gaxurebiT 70 0

C-mde avtoklavSi (15 atm). 2 -(triq -
lorsilil) -bicikl o(2,2,1)-hepten-5-is gamosavli anoba ar aRemateboda 44% -s. 
meTil -, eTil - da dieTilqlorsilanebi uerTdebian biciklo pentadiens 
atmo sferul wnevaze da 45 -700

C-ze da iZlevian produqtebs 20 -80%-iani 
gamosavl i anobiT .  

biciklo(2,2,1) -heptadien -2,5-is hidrosililir ebiT miiReba ro gorc nor -

b r˳nilenis tipis naerTebi  

·
R

 

aseve, am ukanasknelebis nortriciklenad gadajgufebis pro d uqtebi.  

·
R

 

naCvenebia [79, 80 ], rom bicikloheptadienTan  HSiCl3 da  CH3SiHCl2 mier -
Tebis produqtebs SeiZl eba miekuTvnos norbor nilenis struqtura:  

            

·
SiCl3

·
SiCl3

            

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

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

·
SiCl2

C2H5

·
SiCl2

C3H7

·
SiCl2

C3H7

·
SiCl2

C2H5

d ad a

 

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 gamosavli anobiT  miRebul i a aduqti, romelic warmoadgens 5 da 6 
mdgomareobaSi tri qlor sililis jgufis Semc veli 2 -meTil -(triqlor si -
lil)bicik loheptanebis ori izo meris narevs:  

·
CH3

+      HSiCl3 ·
CH3

Cl3Si
·

CH3Cl3Si

+

 

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

kvadrupoluri rezonansuli  speqtrebis monacemebma gviCvena, rom  triq -
lorsilanis urTierTq medebisas 2 -vinil -biciklo(2,2,1) -hepten-5-Tan mierTeba 
mimdinareobs orive ormag bmasTan daaxloebiT erT da igive gam o savliT:  

 

·
CH CH2

+ HSiCl3 ·
CH CH2

Cl3Si + ·
CH2CH2SiCl3

 

literaturaSi cnobilia triciklodekadienis hidrosililirebis 
reaqciebi o r gano(qlor)hidrosilanebTan sxvadas xva katalizatoris (spai -
eris katalizatori, dikobaltis oqtakarbonili da  sxva) Tanaobisas . dad ge-
nilia, rom organoqlorsilanSi Camnacvlebeli jgufebis eleqtro nuli 
bunebis mi xedviT, triciklodekadienis molekulasTan mierTeba SeiZ leba 
ganxor cieldes 1 -2 an 9 -10 mimarTulebiT . magaliTad, meTildiqlorsilanis 
mierTeba di cik lopentadienTan mimdinareobs 9 -10 mimarTulebiT, dimeTil -
qlor si la nis ki 1 -2 da 9 -10 mimarTulebiT, xolo trimeTilqlorsilani s ki 
_ mxolod 1 -2 mimar TulebiT [81]:  
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MeHSiCl2

Me2HSiCl

Me3SiH Si

MeMe

Me

1

3 4

5
6

7

8

9

10

1

3 4

5
6

7

8
9

10

2

2

1

3 4

5
6

7

8

9

10

2 SiMeCl2

1

3 4

5
6

7

8

9

10

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 
albaT o bis dadgena [82].  

ciklopentadienis pentameTildisiloqsanTan urTierT qmedebis dros 
spaieris katalizatoris Tanaobisas ukve 30 0C-ze mimdinareobda ciklo penta -
d i enis 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  mierTeb is reaqcia pentameTildisil o q-
sanTan midis ufro advilad, vidre 3 -H-heptameTil tri siloqsanTan.  

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

avtorebis mier [ 58, 62, 67, 84-86] aRniSnuli a hidro si lilirebis re aq-
ci ebSi Sualeduri  naerTebis saxiT platinaolefinuri kompleqsebis 
warmoqmnis SesaZl ebloba.   

amJamad, yvelaze damajerebeli sqem a warmodgenilia a.Cokisa da 
j. herodis [ 62] mier, gaTvaliswinebulia VIII jgufis liTonebis naerTTa 
Tanaobisas  metalolefinuri kompleqsis wa r moqmna:  
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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) ¹Si-H bmis gaxleCis da molekulis orive fragmentis koordinirebis 
unari;  

   g) liTonis ionis destru qciul aRdgenasTan SewinaaRmdegeba.   
literaturaS i aRwerilia triqlormeTildi - da eTil di qlor silanis 

dcp -Tan urTierT qmedeba da gamoyofilia  Sesabamis monomereuli prod uq-
tebi [75 , 78].  

Seswavlilia dcp hidrosililirebis reaqciebi zogierT hidrid o r ga-
noqlor - da triorganosilanebTan izopropilis spirtSi platina qlo r -
wyalbadmJavas 0,1M xsnaris Tanaobisas  (spaieris katalizatori). yvela  SemT-
xvevaSi hidridoganoqlor silanebisa  da trior -ganosilanebis dcp -Tan rea q-
cia mimd i nareobs oTaxis temperaturaze [87] :  

1

2

3
4

5

6

7

8
9

10
+   RRISiHRI I Si

R

RI I

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-diq lor disiloq -
sanebTan da 1,3-dihidridtetra meTil di siloq sanTan sawyisi nivTierebebis 
moluri TanafardobiT 2:1, spa ieris katalizatoris Tanaobisas mimd i na-
reobs 1,3 -bis(di cik lo pentenil) -1,3-dior gano-1,3-diqlordisiloqs anisa da  1,3-
bis (dicik lo pentenil)organodisiloqsanis wa r moqmniT [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 dc p-s hidrosililireba hid rid orga -
noqlor - da trior ganosilanebTan mimdinareobs gacilebiT advilad, vidre 
Sesabamis dihidridorganodisiloqsanebTan.  Tuki dcp hidri d diorga no -
qlor silanebsa da tri eTilsilanebs uerTdeba 30 -40 wT-is ganmavl o baSi 55 -
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67%-iani gamosavlianobiT,  dcp -sa da 1,3 -dihidriddiorgano(diqlor) disi -
loq sanebs So ris reaqcia mimdinareobs 5 -7 saaTis ganmavlobaSi mierTebis 
produqtebis da axloebiT igive gamosavl i anobiT (60 -62%).  

literaturidan cnobilia [ 88, 89], rom dcp -Tan wyalbadis sxvadasxva 
do norebis (HX, sadac  X=OH Cl, Br, I, ArO da a.S .) mierT eba mJave bunebis ka-
talizatorebis  (BF3, H2SO4) Tanaobisas, mimdinareobs ormag bmasTan ñ9-10ò 
mdgomareobaSi  ConCxis er T drouli gadajgufebiT.   

naSromSi [ 90] naCvenebia, rom meTildiqlorsilanis dcp -Tan mier Teba  
spaieris katalizatoris  Tanaobisas midis diciklo pentadienis 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 ana l iziT).  

kvlevis obieqtebad aRebuli a dcp -Tan CH3SiHCl2, (CH)2SiHCI da 
(CH3)3SiH-is mierTebis produqtebi  H2PtCl6·6H2O Tanaobisas. am SemT xvevaSi 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] diciklopentenilp entameTilciklotri siloqsanis  hi -
d rirebis reaqcia spirtxsnarSi adamsis katalizatoris Tanaobisas. a Rmo-
Cnda, rom hidrireba mimdinareobs ukve oTaxis temperaturaze 45% -iani gamo -
savli anobiT diciklopentilpentameTilciklotrisiloqsanis wa r moqmniT:  

Si

O

Si

O

Si

O

CH3

CH3

H3C

H3C

H3C

+     H2

Si
O

Si

O

Si

O

CH3

CH3

H3C

H3C

H3C

 

dasinTe zebul i a diciklopentenilbutoqsisilanebis hid rirebis reaq -
cia adamsis katalizatoris  (PtO2ŸPt spirtxsnarSi) Tanaobisas. hidrireba 
mimdinareobs oTaxis temperaturaze Se mdegi sqemiT [ 92]:  

Si

R

R
I I

R
I

+   H2 Si

R

R
I I

R
I

 

sadac:  R=CH3, R
I
=R

II
=OC4H9; R= R

I
=R

II
 =OC4H9.  

Catarebulia agreTve dici klopenteniltrimeTilsilanis hidrireba 
Semdegi sqemis mixedviT:  



 

 

26 

 

Si

CH3

CH3

CH3+   H2 Si

CH3

CH3

CH3

 

diciklopentenilmeTildibuto qsisilanis hidrireba Catarebuli a 
agreTve kalciumis karbonatze  (Pd/CaCO3) daleqili paladiumis kataliz a-
to ris Tanaobisas. reaqcia mimdinareobs Seuferxeblad 90% -iani gamosavl i a-
nobiT [ 91]. dadgenili a, rom katalizatoris  Pd/CaCO3 Semcvelobisa da 
temperaturis gazrdiT izrdeba hidrirebis reaqciis si Cqare.  

avtorebis mier Seswavlilia triciklodekadienis hidro sili lirebis 
reaqcia organohidridsilanebTan, katalizatorebis, rog orc Rh4(CO)12, aseve 

Co2(CO)8 Tanaobisas (saerTo masis 0.5%), aseve aqtivato ris KI  Tanaobisas (Ta -
nafardoba Co2(CO)8, aqtivatorTan Se adgens 1:2) 800C tempera turaze. dad geni -
lia, rom am dros reaqcia mimdinareobs seleqtiurad , umTavresad 9,10-mier -
Tebis produqtebis war moqmniT da mierTebis aduqtis gamosav li anoba Sea-
dgens 90 -95%. izomeruli naerTebis warmoqmna aq ar dafiqsirebula  [93].  

araSeuRlebuli ciklodienebis hidrosililirebas sxvada sxva katali -
zatorebis Tanaobisas win uswrebs ormagi bmis wana cvleba. gans akuTrebiT 
es damaxasiaTebelia eqvswevriani da rva wevriani dienuri sistem ebisaTvis.  

1,3- da 1,4-cikloheqsadienis hidrosililirebisas alkoqsisi la nebiT, 
oqtakarbonildikobaltis katalizatoris Tanaobisas mimdi nareobs 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% gamosavli anobiT , xolo 1,4 -heqsadienisaTvis 48% 

gamosavli anobiT . avtorebis azriT izomerizaciis procesi warmoadgens 

malimiti rebel  stadia s. pirvelad adgili aqvs ñs-al kenilkobal tis ko mp-
leqsisò warmoqmnas da Semdgom adgili aqvs C-Co bmaSi hidridsilanis 
Canergvas. ana logiurad mimdinareobs reaqciebi Ni(O) kompleqsze Ni(acac)2 

aRdgenisas dieTileToqsia l uminiT [95].  
 1,4-cikloheqsadienTan meT ildiqlorsilanis hidrosili li reba kata -
li zatoris, diqlor[1,1 -bis(dimeTilfosfin)fero cenil] nikelis (II) Tana o bi -
sas, re aqcia mimdinareobs , rogorc 1,2 -mierTe biT , aseve 1,4-mierTebiT  [96]:  

+ HSiMeCI2

1200C SiMeCI2 SiMeCI2

41% 55%

+

 
 ufro Rrmad mimdinareobs 1,4 -c ikloheqsadienis hidrosili li reba me-
Til diqlorsilaniT katal i zatoris diqlor -bis[( R)-benzil meTilfenil fos -
fin] nikel (II) Tanaobisas, sadac monoaduq tTan er Tad 42% gamosavli anobiT  
miiReba bissililwarmoebulebi  [97, 98]:  



 

 

27 

 

+ HSiMeCI2

900C SiMeCI2 SiMeCI2+ +
(SiMeCI2)240 sT

 

avtorebis  [98], mier Seswavlilia fenil -, meTildiqlor - da dimeTi l -
silanis hidrosililirebis reaqcia 1,5 -ciklo oqta di enTan [99, 100] nikelis 
Semcveli xelaturi kompleqsebiT. dadgenilia, rom am dros ormagi bmis 
izo merizacias  adgili ar aqvs da miiReba mono mierTebis 5 -oqtenil si la nebi  
Semdegi sqemis mixed viT:  

+ HSiRR'R"

Cat
SiRR'R"

 

 aRniSnuli  avtorebisagan  gansxvavebiT  dadgenilia , rom  1,5-ciklo oqta -
dien Tan organohidridsilanebis  mierTebisas , spaieris  katalizatoris  
Tanao bisas , hidrosililirebas  win uswrebs  naxSir wyalbadis  izomerizacia  
1,3-ciklooqtadienad , romelic  Semdgom ganicdis  hidrosililirebas  da 
miiReba aduqtebi  Ł 3-cik lo oqtenil silanebi  ni kelferocenil  kompleqsis  
Tanaobi sas 1,5- da 1,3-ciklo oqtadienTan  meTildiqlorsilanis  mierTeb a 
xels  uwyobs  disproporcionirebis  reaqcias  da hidro sililireba  mimdi na-
reobs  Semdegi sqemiT [101, 102]: 

HSiMeCI2

SiCIMeH SiMeCI2+

31% 40%

SiCIMeH

6%

+ SiMeCI2

92%

1200C, Ni

 

 avtorebi [101] ar iZlevian zust struqturas warmoqmnili pro duq te -
bisas, Tumca iZlevian sakuTar mosazrebas CI/H mimocvli s meqanizmis 
Sesaxeb. 
 Seswavlilia alilciklopentadienis hidrosililirebis re aqcia me -
Til diqlorsilanTan da triqlorsilanTan  H2PtCl6 Tanaobisas da da d ge-
nilia, rom hidrosililireba mimdinareobs vinilis jgufze  [103, 104].  

araSeuRlebuli dienebis hidrosilili rebis Sesaxeb mravali Sroma 
iqna Catarebuli petrovisa da misi  TanamSromlebis mier. Seswavlili a 4-
vinil -1-cikloheqsenTan eTildiqlorsilanis hid ro silili re bis reaqcia 
Pt/C katalizatoris Tana o bisas, 1 80

0
C temperaturaze. am dros 2 -(4-cik lo -

heqsenil) eTil di qlor silanis gamo savli anoba Seadgenda 81%-s. reaqcia 
mimdinareobs Semdegi sqemiT  [105]: 

CH=CH2 + HSiEtCI2

Pt/C
CH2-CH2SiEtCI2
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 H2PtCl6 katalizatoris gamoyenebisas reaqcia mimdinareobs uf ro 
d abal temperaturaze (10 0

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

v. iurievis da misi TanamSromlebis mier Ses wavlilia 4 -vinil -1-cik -
lo heqsenTan triorganohidridsilanebis hid ro si lilirebis re aqciebi 
samkompo nentiani xelaturi kata liza torebis Ta naobisas, rogo ri caa Ni, Mo, 

V tri fenilfosfini da trieTilalumini . reaqcia am dros mimdinareobs 
vini lis jgu fze Semdegi sqemis mixedviT [107]:  

CH=CH2 + RR'R" SiH
Cat

CH2-CH2SiRR'R"

 

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

dadgenilia, rom 4 -vinil -1-cikloheqsenis hidrosililireba hi d rid or -
ganoqlorsilanebiT platinis katalizatorebis Tanaobi sas mimdinareobs 
monosililwarmoebulebis warmoqmniT. igive monosi lilwar moebulebze hi d -
rid organoqlorsilanebiT plati nis kata li za torebis Tanaobi sas ciklSi  
arsebuli ormagi bmac ganicdis hidrosililirebas da miiReba disilil -
war moebulebi maRali g amosavli anobiT.  

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

mravali komerciuli po lidi or ganosiloqsanuri poli meri, dRes -
dReobiT farTod gamoiyeneba mrewvelobasa da yoveldRiur  cxovrebaSi 
iseTi Se saniSnavi Tvisebebis gamo, ro goricaa Ter momdgradoba, garemo 
piro bebisadmi mdgradoba da kar gi eleq truli Tvise bebi. amasTan poli or -
ganosiloq sanebi,  gamomdinare Ziri Tadi jaWvis moqnilobidan, ro gorc wesi, 
xasiaTdebian dabali  gaminebis tempera tu riT [108, 109].  

ukanasknel xanebSi didi yuradReba miipyro savarcxli seburi agebu -
lebis Tana polimerebma, sadac hidrofoburi Tvisebebis mqo ne meTilsi -
loqsanur mat ri casTan dakav Sirebulia sxvadasxva ti pi s, sigrZis da 
bunebis or ganuli Cam nacvlebeli jgu fe bi, r o mel Ta varirebiT SeiZleba 
aRniSnuli polimerebis Tvisebebis cvli leba da maTi farTo gamoyeneba 
sxvadasxva sferoSi.  

polimeTilhidridsiloqsani warmoadgens iaf samrewvelo produqts, 
romelic ukanasknel xanebSi farTod gamoiye neba, ro gorc ZiriTadi po -
limeruli mat rica sxvadasxva Tvisebebis mqone organosiloqsanuri poli -
merebis misaRebad [110].   

 Seswavlilia a,w-bis(trimeTilsiloqsi)meTilhidridsiloq sanis hidri -
du li mierTebis reaqciebi alilis spirtTan, ka ta l iza toris platin aqlor -
wyal badmJavas Tanaobisas 30 -400

C-is tempe ra turul intervalSi. dadgenilia, 
rom pla tina qlor wyal badmJavas Tanaobisas adgili hqonda konku ren tuli 
dehidro kondensaciisa da hidriduli mierTebis reaqciebs, rasac Tan axlda 
Seker vis re aqciebic da uxsnadi sistemebis warmoqmna. aRniSnuli re aqciis 
dros hid riduli mierTeba mimdinareobda 20% -iT, xolo ka ta li zu ri 
dehidro kondensacia 50% -iT, amis Semdeg iwyeboda ge lis warmoqmna. bir T -
vul mag nituri re zonansuli speqtruli kvle vebis saSualebi T naCvenebia, 
rom hi d ro si lilireba mimdi nareobs rogorc farmeris, aseve markovnikovis 
wesiTac, maT Soris Tanafardoba aris 3:1. ganxi lu li reaqciis Sedegad 
adgili hqon da sxvadasxva rgoliani polimerebis war moqmnas 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 , må53, [(a)+(b)+(c)+(d)+(e)](x)=53 

Sekervis reaqciebi SeiZleba mimdinareobdes rogorc mole kula TaSo-
ri si, ase ve Sigamolekuluri dehidrokondensaciisa da hi drosililirebis 
re aqci ebis Sedegad.  

 Seswavlilia a,w-bis(trimeTilsiloqsi)meTilhid ridsiloq sanis hidri -
du li mierTebis reaqcia alilglicidilis eTerTan platina qlor wyal bad-
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mJavas (0,1M xsnari tetrahidrofuranSi) da Pt/C-s (5%) Tanaobisas, reaqcia 
mimdinareobs Sem degi sqemis mixed viT [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;  nå30, 53. 
1
H birTvul magnituri rezonansuli speqtridan Cans, rom hid ri du li 

mier Tebis reaqcia umTavresad mimdinareobs farmeris we siT.  

 avtorebis mier Seswavlilia alilmerkaptanis a,w-bis(tri meTil si -
loq si) meTil hidridsiloqsanTan hidrid uli mierTebis re aqcia platina -
qlor wyal badmJavas Tanaobisas. aRniSnuli reaqcia mim dinareobs rogorc 
hidro si lilirebis (44%), aseve dehidro kondensaciis gziT (7%) da miiReba 
sxvadasxvargoliani oli go mere bi, romlebic Seicaven gverdiT ganStoebebs, 
ro gorc Tio eTeru li, aseve kar bosilanuri 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;  nå53. 

 Seswavlilia a,w-bis(trimeTilsiloqsi)meTilhidridsiloq sanis hidri -
du li mierTebis reaqciebi akrilis mJavasa da me Takri lis mJavasTan plati -
naqlor wyalbadmJavas da Pt/C-s Tanaobisas. aR niSnuli reaqciebi mimdi nare -
obs, rogorc hidrosililirebis, a seve dehidrokondensaciis gziT. upira te -
sad mimdinareobs hi drosililirebis reaqcia, romelic Tavis mxriv mi mdi na-
re obs ro gorc farmeris, aseve markovnikovis wesis mixedviT. reaqciis mim -
di nareobisas adgili aqvs nawilobriv gelis warmoqmnas, re aqci is Sede gad 
miiReba sxva dasxva 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 , må53, [(a)+(b)+(c)+(d)+(e)+(f)+(g)](x)=35. 

 avtoris mier aseve Seswavlilia akrilisa da meTakrilis mJa vas N-al -

ki lirebul da sililirebul eTerebTan  a,w-bis(tri meTilsiloqsi)meTilhid -
rid si loqsanis hidri du li mierTebis reaq ci ebi. aRniSnul SemTxvevebSi  mim-
di nareobs hidrosililirebis re aqciebi upiratesad farmeris wesis mi xed -
viT [118, 119]. 
 Seswavlilia cikloxazovani polimeTilhidridsiloqsanis po limier -
Tebis reaqciebi akrilonitrilTan platinaqlor wal badmJavas Tanaobisas, 
romelic Se iZ leba warimar Tos rogorc C=C, aseve CſN bmis hidrosi lili -
re biT [120]:  

H2PtCl6Si H + CH2 CH C N

CH2 CH CH N Si

N C CH2 CH2 Si  

 Seswavlilia polimeTilhidridsiloqsanis ( Mn=2300) hidro si li lire -
bis reaqcia 1 -(2-propenil)indolTan da 1 -(2-propenil) -2,3-dimeTilindolTan 
di qlor (diciklopentadien)platina (II) -is Ta naobisas. narCeni ſSi-H bmebis 
sruli kon ver siisaTvis dama te bulia oqten -1. avtorebis mier aseve dasin -
Tezebulia rogorc indolis, aseve karbazolis jgufebis Semcveli poli me-
Til or ganosiloqsanuri 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 hidrosili li re biT pla -
tinis katalizatorebis Tanaobisas, dasinTezebulia po limeTilorgano si -
loqsanebi, romlebic gverdiT jaWvSi Seica ven mezogenur 4 -buT -3-eniloqsi -
benzois mJavas 4 -meToqsifenilis eTers da 1 -(4-hidroqsi -4ô-bifenil) -2-[4-(10-un-
deceniloqsi)fe nil] buTans dasinTezebuli elastomerebi warmoadgenen Txe -
vadkris ta lur sistemebs da, agreTve, arian kargi gamkeravi agentebi [122].  
 Seswavlilia polimeTilhidridsiloqsanis hidrosilili re bis reaqci -
ebi vinilis jgufis Semcvel mezogenur molekulebTan platina qlor wyal -
badmJavas Tanaobisas. dasinTezebulia homo poli merebi, romlebic Txevad -
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kri stalur Tvi sebebs oTa xis tempe ra turaze avlenen . reaqciebi mimdinare -
obs Semdegi zogadi sqe mis mixed viT [123]:  

Me3SiO Si O

Me

H

SiMe3

x

+ CH2=CH R
H2PtCl6

Me3SiO Si O

Me

CH2

SiMe3

xCH2 R

sad ac , 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 qromo fo ruli sul -
fo nil -indoluri da karbazoluri jgufebiT gverdiT jaWvSi hidrosili -
li rebis reaqciebis gamo yenebiT [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 
sigr Zis alkenebTan platinaqlorwyalbadmJavas katalizatoris Tanaobisas 
dad genilia, rom hidrosililireba sruliad bolomde ar mimdinareobs. 
garda a misa, navCvenebia, rom hidrosililireba mimdinareobs umTavresad 
antimar kovnikovis 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)=mº35; n=6, 8, 10, 12, 18.  

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

 

alkilCanacvlebuli polisiloqsanebi (po limeTildecil siloqsani) 
miRebuli a poli(meTilhidrosiloqsanis) hidri du li mierTebiT 1 -decenTan, 
25-560C temperaturul intervalSi, kar stedis katalizatoris { Pt2(DVTMDS)3 

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

Si(CH3)2(CH=CH2)]}  Tanaobi sas. mierTebis kinetikebi Seswavlili a nalRobSi 
da naCvenebia, rom mierTeba dabal temperaturaze (28 -400C) mimdinareobs 
induqciis pe riodiT.   
 avtorebis mier SemoTavazebulia karstedis katalizatoris SesaZlo 
stru qtura, romelic ase warmodgeba [127 ]: 

 

 dadgenili a, rom hidrosililireba 1 -deceni lTan mimdi nareobs sru -

lad, anti markovnikovis wesiT, b-mierTebis pro duq tis warmoqmniT.  

 

 naCvenebia, rom hidrosililireba karstedis katalizatoris mimarT 
aris pir veli rigis .  
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SemoTavazebuli  hidrosililirebis reaqciis meqanizmi dam yare buli a 
kars tedis orbirTviani katalizatorTan aqtivizi rebu li kompleqsis war -
moqmnasTan da gaTvlilia  hidrosil ilirebis reaqciis aqtivaciis energiebi, 
romelic Seadgens 73.3 -78.2 kj/mol s. 

meTilhidridsiloqsanis hidrosililirebis reaqciebi sti rol Tan da 

a-meTilstirolTan platinaqlorwyalbadmJavas an naxSirze dafenili pla -
ti nis Tanaobisas, mimd inareobs rogorc markovnikovis, aseve antimarkov ni -
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)=mº35; R=H (I
1
 ï 80

0
C; I

 2
 ï 85

0
C; I ï 90

0
C); Me (II ï 90

0
C). 

dadgenilia, rom yvela aqtiuri jgufi  ar Sedis hidrosililirebis 
rea qciaSi  da temperaturis gazrdisas izrdeba hidrosililirebis re aqciis 
siRrme.  

fenilacetilenTan meTilhidridsiloqsanis hidriduli mierTebisas, 

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

rac SeiZleba aixsnas narCeni ¹Si-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 hidrid uli mierTebiT tetraeTilenglikol me-
TilalileTerTan da aliltrimeToqsisi lanTan, ukanasknelis 5 -dan 40% mo-
luri TanafardobiT, ka r stedis katalizatoris Tanaobisas, miRebulia me -
Til siloqsanuri polimerebi sxvada sxva gve rdiTi 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: 1,4 x10

-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 ¹Si-H bmasTan da Sesabamisi oqsifenilis 
jgufebs warmo qmnis Semdegi sqemis mixedviT [131 ]: 

 

sabolood warmoqmnili produqtis Sedgeniloba Semdegnairia:  

 

 avtorebis mier Seswavlilia meTilhidridsiloqsanis ( Mɤ=1900) safe -
xureb rivi hidrosililirebis reaqcia aliltriftor meTilsul fon amidTan 
(5%) da alil(trioqsieTilen)meTilis eT er Tan (95%) 50-750C temperaturaze, 
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karstedis katalizatoris [Pt(0) tetrameTil divinil di siloqsanis komp leqsi 
qsilolSi ] Tanaobi sas, 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 tetrahidr o furaniT da 
damatebul iqna liTi umis hidridi ( LiH ). dadgenilia, rom am gziT miRebuli 
polieleqtrolitis gamtarebloba Sead gens 1,2x10-6 (sxsm-1). 

axali jg ufebis Semcveli stacionaluri faza gaz -Txevaduri qroma -
to grafiisaTvis miRebuli a oligome Til hid rid siloqsanis ( m=35) hid ri du -
li mierTebiT bikis(2,6 -di -O-pentil -3-O-heqs-6-enil) -pentakis(2,6 -di -O-pentil -3-

O-meTil) -b-cik lo deqstrin Tan platinis katal izatoris Tanaobisas te t ra -
hid rofuranis xsnarSi, cnobili meTodi kiT Semdegi sqemis mixe dviT [133 ]:  

 

 aRniSnuli axali stacionaluri faza gaz -Txevadur qro mato grafiaSi 
xasi aTdeba qromatografiuli svetis maRali efeq turobiT, warmoadgenen 
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qira luri da aq iraluri izomerebis sa ukeTeso damyofebs. dafiqsirebuli 
iqna saintereso Tviseba, rom meta - da para -qlor toluolis dayofis unari 
mcirdeba tem pera turis SemcirebasTan erTad 80 -1100C temperaturul inter -
valSi.  
 axali savarcxliseburi aRnagobis polisiloqsanebi Se re uli Camnacv -
lebeli jgufebiT miRebuli polimeTilhidrid silo qsanis hidrosi lili re -
bis reaqci ebiT 4 -aliloqsimeTil -[1,3]dioqsalon -2-on da tri(eTi len gli -
kol) al il meTileTerTan ka talizatoris diciklopentadien plati na(II) 
diqloris xsna ris diqlormeTilenS i Tanaobisas, acetonitrilis xsna rSi, 
800C temperaturaze. reaqcia mimdinar eobs Semdegi sqemis mixedviT [134 ]: 

 

 dadgenilia, rom karbonatuli polaruli jgufebis (8.5%) Se taniT 
gver diT polimerul jaWvSi da masSi liTiumbis(tri f torsulfonil)imidis 
SetaniT miRebuli polimerebis ionuri eleqtrogamtarebloba izrdeba da 
am seriis poli merebisaTvis Se adgens 1,62x10-3s/sm-1. naCvenebia, rom polime re -
bi romlebic Seicaven karbonatul jgufebs didi raodenobiT , amJRavneben 
ufro dabal eleqtro gamtareblobas gazrdili sibl antis da maRali gami -
nebis temperaturis gamo.  

Seswavlilia poli(meTilhidrosiloqsani)s (Mn=390) hidri du li mier -
Tebis reaqcia alilcianidTan karstedis katalizatoris Tanaobisas da 
dasin Tez ebulia polisiloqsanebi alkilci ani duri jgufebiT gverdiT 
jaWvSi. mi Rebuli siloqsanuri matri cidan, poli(eTilenglikol)dimeTil -
eTeris (peg dme) da poli(eTi len glikol)dimeTakrilatis (pegdma) Termuli 
damuSavebiT miRebulia urTi erTgamWoli myari polimer -eleqtroliti, ro -
mel Sic ionuri gamtarebloba icvleba 1.05x10

-3
÷6.96x10

-4s/sm-1. reaqcia mimdi -
nar eobs Semdegi sqemis mixedviT [135 ]: 
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 avtorebis mier Seswavlilia oqtameTilciklote t rasiloqsanis ( D4), 
tet rameTilte t rasiloqsanis ( D4H) da tetrameTildisiloqsanis Tanapo -
lime ri zaciis reaqciebi gogirdmJavas triftormeTilirebul  eTeris Tanao -
bi sas 650

C temperaturaze, ris Sedegadac dasinTez ebulia polidi meTil -
siloqsan meTilhidrid siloqsanuri Tanapolimeri. Seswavlilia aRniSnuli 
Tanapoli meris hidrosili lirebis reaqciebi alil glici di lis eTerTan da 
alil cia nidTan. reaqcia zo gadad warima rTeba Semdegi sqemis mixedviT [136 ]:   
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 aRniSnuli siloqsanuri Tanapolimeri gamoyenebuli a, rogorc Se ma-
kavSirebeli axallaqebSi.  
 amdenad, aRniSnul TavSi ganxilulia umTavresad meTilhidridsiloq -
sanebis hidrosililirebis reaqciebi ujeri bmebis  Semcvel naerTebTan 
sxvadasxva kata lizatoris Tanaobisas da naCvenebia miRebuli polimerebis 
gamoyenebis pers peqtivebi.  
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Tavi 2  

                      samuSaos Sedegebi da maTi gansja  
 

2.1. si laciklopenten -3 jgufis Semcveli  zogie rTi siliciumorganuli 
naerTis sinTezi  

axali tipis siliciumorganuli naerTebis sinTezs, silic i umis 
atomTan sxvadasxva ujeri bmebis Semcveli radikalebiT da maT bazaze 
axali tipis p o limerebis miRebis meTodebis damuSavebas didi mniSvneloba 
eniWeba. amitom Cveni samuSaos mizans Sead genda silaciklopenten -3 da 
norbo rnen -2-il jgu fe bis Semcveli sili ci umorganuli naerTebis sinTezi 
da maT bazaze axali si li cium or ganuli ela stomerebis miReba.  

1-sila ciklopenten -3-is  jgu fis Semcveli siliciumorganuli nivT i ere -
bebis sinTezis mizniT , Cvens mier Seswavlilia 1,1 -diqlor sila c ik lopenten -
3-is r o gorc nawilobrivi, aseve sruli hidrolizis reaqciebi.  

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

ar eSi  -5·100C temperaturis pirobebSi anilinis TandaswrebiT aR niSnul 
pir o bebSi reaqcia mimdinareobs Semdegi sqemiT [137-139]:       

 
Si

Cl2

+2H2O, 2C6H5NH2

-2C6H5NH2.HCl

Si

(OH)2

+

Si OHO H

m
I I I  

sadac , m=3.  

reaqciis Sedegad miRebuli  produqtis  heqsanidan gad akristalebis 
Semdeg 62%-i ani gamosavlianobiT  miRebulia TeTri feris wyalSi xsnadi 
krist aluri nivTiereba I, xolo deda xsnaridan gamxsnelis mocilebis 
Semdeg Cvens mier miRebulia naxevar adkristaluri naerTi II , gardaqmnis 
saSualo x aris xiT m=3.  

miRebuli nivTierebebis iw  speqtrSi ar SeimCneva ¹Si-Cl bmis  
simetriuli  valenturi  rxevebisaTvis dam axasiaTebeli STan Tqmis zoli 

470-530 sm-1 ubanSi,  samagierod speqtrSi Cndeba  ¹Si-OH bmisaTvis damaxa -
siaTebeli STanTqmis zoli, rogorc asocirebulisaTvis  3600-3200sm-1 ubanSi, 
aseve ara asocirebul i saTvis 920 sm-1 

[140-142].   

1,1-diqlorsilaciklopenten -3-is n awilobrivi hidrolizi CavatareT 

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

Sedegad gamoyofili a a,w-diqlorsilaciklopentensiloqsanebi. reaqcia mim -
di nareobs Semdegi sqemiT:   

Si

Cl2

+ H2O
SiCl O Si Cl

m-1  

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

dasinTez ebuli nivTi erebebi warmoadgenen organul gamxs nelebSi 
kargad xsnad ufero siTxee bs, romelTa struqtura dadgenili a  funqciuri 
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da elementuri analiziT, molekuluri mas ebis a da  molekuluri re fraq -
ciis gansazRvriT, agreTve iw da 1H birTvuli magnituri rezonansuli 
speqt rebis monacemebiT. III nivTierebis birTvuli magnituri rezonansis 
speqtrSi SeimCneva singleturi signali meT i lenuri protonebisaTvis qimiu -

ri gadaadgilebiT  d=1,40 vmn da rTu li mu l tipleti  - CH=CH- bmisaTvis 

5,80·6,10 vmn.  
Catarebuli a agreTve 1 ,3-diqlor -1,3-di(sila ciklo penten-3)disilo qsa-

nis hidrolizi sust tute areSi -5·+10 temperaturaze. miRebulia 1,3-di hid -
roq si -1,3-di(sila cik lo penten-3)disi loq sani  (VI), romelic pent anidan gada -
kris ta le bis Semdeg warmoadgens TeT ri feris myar nivTierebas, kargad 
xsnads organul gam xsneleb Si.  aRsaniSnavia, rom miRebuli nivTiereba ar 
xasiaTdeba mdgra do biT da droTa ganmavlobaSi ganicdis ko ndensacias:  

SiCl O Si Cl
+2H2O, 2C6H5NH2

-2C6H5NH2.HCl
SiHO O Si OH

 

                                      VI  

VI nivTierebis iw s peqtrSi qreba ¹Si-Cl bmis simetriuli valenturi 
rxeve bisaTvis damaxasiaTebeli STanTqmis zoli  490-540sm-1 ubanSi da Se imC-
neva STanTqmis farTo zoli damaxasiaTebeli asocirebuli hidro qsilis 
jg ufisaTvis  3600-3200sm-1 ubanSi [140 -142].   

Seswavlili a agreTve 1,1 -diqlorsilaciklopen ten -3-is  heterofunq ci u-
ri ko ndensaciis reaqcia difenilsilandiol Tan absoluturi toluolis 

areSi, piridinis Tanaobisas -5·00C temperaturis pirobebSi  moreagire ko m-
ponentebis 3:1 TanafardobiT . reaqcia warimar Teba Semdegi sqemiT:   

Cl2
Si

Si+ 2Ph2Si(OH)2 SiCl O Si

Ph

Ph

O Cl
2Py

-2PyHCl

VI I  

SiCl O Si O Si

Ph

Ph
O Si O Si Cl

Ph

Ph

VI II  

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

VII da VIII nivTierebebis iw speqtrSi SeimCneva ¹Si-Cl bmisaTvis damaxa -

sia Tebeli STanTqmis zoli 490-540 sm-1
 ubanSi , agreTve xazo vani  ¹Si-O-Si¹ bmis 

asi metriuli valenturi rxevebisaTvis damaxasia Tebeli STanTqmis zoli  

1030 sm-1 ubanSi da ¹Si-Ph bmisaTvis damaxasi aTebeli STanTqmis zoli  1435 sm-1
 

ubanSi, agreTve Seim Cneva 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(sila ciklo penten-3)-3,3-
di fe niltrisiloqsanis hidroliziT sust tute  areSi gamoyofili a Sesa-
bamisi, organuli gaxmsnelebSi kargad xsnadi kristaluri nivTiereba 1,5 Ł
di hidro qsi -1,5-di(silaciklopenten -3)-3,3-difeniltrisiloqsani 69,7% gamo sav-
li anobiT  (IX):  

SiCl O Si O Si Cl

Ph

Ph

+2H2O, 2C6H5NH2

-2C6H5NH2.HCl
SiHO O Si O Si OH

Ph

Ph

 

Seswavlil i a 1,5-diqlor -1,5-di(silaciklopenten -3)-3,3-di fe nil trisi -
loq sanis heterofunqciuri kondensaciis reaq cia di fenilsilandiolTan 
5%-ian absolutur toluol xsnarSi, p iri di nis Tanaobisas, moreagire ko mpo-

nentebis mo lu ri Tana far dobiT 1:1, -4·+100C temperaturul intervalSi, ris 
Sedegadac miRe bul iqna cik luri aRnagobis, organul gamxsnelebSi kargad 
xsnadi kris taluri nivTiereba X  - 53% gamosavli anobi T. reaqcia 
mimdinareobs Sem degi 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  

dasin Tezebuli X naerTis birTvuli  magnituri rez o nansis speqtrSi 
SeimCneva CH2 bmisaTvis damaxasiaTebeli singleturi signali qimiuri 

gadaad gilebiT ŭº1,37 vmn da ujer  -CH=CH- frag mentisaTvis damax asiaTebeli 

gafar Toebuli signali 5,80 ·6,10 vmn speqtrSi SeimCneva aseve fenilis pro -
to nebisaTvis dama xasiaTebeli rTuli multipleti qimiuri gadaadgilebiT 

7.40· 7.72 vmn.  
Cvens mier, agreTve ,  Seswavlili a 1,1-diqlor sila ciklo penten -3-is he -

terofunqciur i kondensaciis reaqcia dihid roqsi difenilsilanTan morea gi -
re komponentebis 1:1 Tana fardobiT, ga nzavebuli absoluturi tolu olis 

xsnarSi, -5·100
C temper aturul intervalSi, piridinis Tanaobisas. aRmoCnda, 

rom am dros miiReba rogorc xazovani  agebulebis 1,5 -di qlortrisiloqsani 
VII struq turiT, aseve 1,5 -disila cik lo pententetra fenil ciklo tet ra si lo q-
sanis X daaxlo ebiT 39% gamosavlianobiT  da, agreTve , gafar Toebuli 
ciklo heqsasiloqsani XI struqturiT. reaqcia mimd i nare obs 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 d i -
eTil aminTan, moluri TanafardobiT 1:4 , gamoyofil iqna ufero siTxe _ 1,1-
dieTil amino-1-silaciklopenten -3 33,3%-iani gam o savlian obiT  (XII):  

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

Si

N(C2H5)2

N(C2H5)2

XI I  

yvela , Cvens mier, dasinTez ebuli nivTierebebis Se dgeniloba da 
agebuleba dadgenilia  funqciuri da elementuri analiziT, molekuluri 
masebisa da molekuluri  refraqciis gan sazRvriT,  agreTve  i w speqtrebis m o -
nacemebiT ( ix. cxri li  1).  

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

 
o

l
ig

o
m

e
ri

 gamo sa
vali an
oba, % 

 

n4
20

 

 

d4
20

 

 

MRD 

 

M 

 
formula  

elementuri analizi ,  % 

*  

TduR , ̄ C 

(Rv.wy.sv) 
 

 

TlR , C̄ 

 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 norbo rnen -2-il  
jgufebiT s i liciumis atomTan  

 

norbornen -2-il jgufis Semcveli organoqlorsilanebis si nTezis 
mizniT Cvens mier cnobili meTodikiT [143, 144] , Catarebulia axlad 
gamoxdili ciklopentadienis dils -alderis reaqciebi meTilvinil diqlor -
silanTan da vini l triq lorsilanTan Semdegi sqemis mixedviT:  

2
1500C

 

+ CH2=CH SiRCl2

SiRCl2

 

sadac , R=Cl, Me. 

 miRebuli norbornentriqlorsilanis da meTilnorborne ndi qlorsi -
lanis fizikur -qimiuri maCveneblebi srul TanxvdenaSia literaturul 
mo nacemebTan [143].  

SeviswavleT meTilnorbornen -2-il -diqlorsilanis sruli da nawil o b-

rivi hidrolizis reaqciebi. sruli hidrolizi Cava ta reT -5·0
0
C tempera tu -

raze eT eris areSi qlorwyalbadis aqcep toris -anilinis Tanaobisas. reaq -
ciis Sedegad miRebul ia moyavisfro  fxvniliseburi nivTiereba, romlis 
gadakristalebiT pentanisa da oqtanis narevidan (moluri TanafardobiT 
1:2) gamoyofili a kristaluri nivTiereba lRobis temperaturiT 95 -96

0
C. 

hidr o lizis reaqcia midis Semdegi sqemis mixedviT  [145]:  

SiMeCl2
+2H2O, 2C6H5NH2

-2C6H5NH2.HCl

SiMe(OH)2

XII I  

unda aRiniSnos, rom meTilnorbornen -2-il -dihidroqsisilani Se da-
rebiT labiluri nivTierebaa da xangrZlivi dayovnebis Se mdeg konde n-
sirdeba.  

meTilnorbornen -2-il -diqlorsilanis nawilobrivi  hidro li zi Cava -

t areT 20 ·25
0
C temperaturaze eTeris areSi. reaq ciis produqtebis vakuumSi 

gadadenis Semdeg gamoyofili da identificir ebuli iqna 1,3 -diqlor -1,3-di -
meTil -1,3-dinorbornen -2-il -disi loq sani (XIV) da 1,5 -diqlor -1,3,5-tri meTil -
1,3,5-tri nor bornen -2-il -tri si loqsani (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 hidr o li -
ziT miRebuli produqtebi warmoadgenen gamWvirvale mo yviTalo feris 
siTxeebs, romlebic kargad ixsnebian Cveuleb riv organul gamxsnelebSi.  

XIV da  XV nivTierebebis iw speqtrSi Se imCneva STanTqmis zolebi  ¹Si-Me, 

¹Si-O-Si¹, ¹Si-Cl da  ¹C-H bmebisaT vis Sesabamisad  1275, 1020, 460, 570 da 2900-3000 
sm-1 ubnebSi [140 - 142].  

norbornen -2-il -triqlorsilanis hidrolizis Catare bisas rbil 
pir o bebSi, wyal -acetonis garemoSi (areSi) da natriumis bikarbonatis Tana -

o bi sas 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 konden saciis Catar ebi -
sas qlorwyalbadis aqceptoris -anilinis Tanaobi sas (tu te areSi , NaOH-is  

05%-ian xsnarSi) warmoiqmneba oli gonor bo rnen -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

XVI I
 

1,3,5,7-tetrahidroqsi -1,3,5,7-tetranorbornen -2-il -tetrasiloqsnis g amo-
yo fisa da identificirebis yv ela cda aRmoCnda waru matebeli.  tetrah i d -
roqsioligonorbornen -2-il -sil sesqvi oqsani warmoadgens TeTri feris 
fxvni lisebur nivTierebas, kargad xsna ds Cveulebriv organul gamxsne le b-

Si XVI1 nivTierebis iw speqtrSi SeimCneva ¹Si-O-Si¹ bmis asimetriuli v alen -
tu ri rxeve bisaTvis STanTqmis zoli 1130 sm -1 ubanSi damaxasiaTebeli sil -

sesqvioqsanuri fragmentebisaTvis da ¹Si-OH bmis STanTqmis zo li 3200 -3400 
sm-1 ubanSi.  

trihidroqsinorbornen -2-il -silanis heterofunqciu ri kon densaciiT 
(hfk) trimeTilqlorsilanTan sawyisi komponen te bis 1:5 Tanafa r dobiT dioq -
sanis a reSi da piridinis Tanaobisas 62 % gamosavlianobiT miRebuli a nor -
bor nen-2-il -t ri(trime Til si loqsi)silani  (XVI II) Semdegi sqemis mixe d viT:  

C7H9Si(OH)3 + 3Me3SiCl
3Py

-3 Py.HCl
C7H9Si(OSiMe3)3

XVII I  

dasinTez ebuli nivTiereba XV III warmoadgens gamWvirvale, blant yvi -
Teli feris siTxes, kargad xsnads organul gamxs nelebSi. XVII nivTi erebis 

bmr speqtrSi SeimCneva singl eturi si gnali qimiuri gadaadgilebiT  dº0,72 

vmn, damaxasiaTebeli meTilis protonebisaTvis trimeTilsiloqsi jgufSi 
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da multipl eturi signali norbornen -2-il jgu fisaTvis regionSi 1,50·6,00 
vmn. integraluri Tanafardoba meTilisa da norbornen -2-il protonebis 
signa lebisa speqtrSi Seesabameba gaTvlil mniSvnelobebs. iw speqtrSi Seim -

Cneva STanTqmis zoli 840 sm -1 ubanSi damaxasi aTebeli ¹Si-Me3 tri meTil si -
loqsi jgufisaTvis [140 -142].  

siliciumis atomTan mdgomi norbornen -2-il jgufis Sem c veli axali 
organociklosiloqs anebis miRebis mizniT gam o yenebuli iqna meTilnor -
bornen -2-il -diqlorsilanis hfk reaqcia di hidroqsi di meTil siloqsanebTan. 

reaqcia tardeboda eTeris are Si anilinis Tana obisas, -5·+10
0
C temperatu -

raze Semdegi sqemis mi xedviT  [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 -ciklo siloq sanebis maRali 
gamosavlianoba miiRweva moreagire niv Tie rebebis erTdrouli damatebiT  
eTeris xsnarze da dabal temperatu rebze. XIX da XX nivTierebebis iw 
speqtrSi SeimCn eva bmis asi metriuli valenturi rxevebisaTavis STanTqmis 

zoli 1020·1080 sm-1 ubanSi, damaxasiaTebeli ¹Si-O-Si¹ bmebisaTvis organ o -
cik lo tri - da organociklotetrasiloqsanuri jaWvisaTvis. XIX da XX 
nivTierebebis bmr speqtrSi Seim Cneva multipleturi  signali no r bornen -2-
il jgu fisaTvis regionSi 1,5:6,00  vmn da singleturi signa li meTilis 

pr o tonebisaTvis qimiuri gadaadgilebiT dº0,14 vmn, XIX da XX naerTebis 
damaxasiaTebeli signalebi (meTilis jgu febisaTvis) gansxvavebulia lite -
ra t uruli monacemebisagan [140 -142]. miRebuli naerTebis zogierTi Tviseba 
mocemulia me -2 cxrilSi.   

amdenad, Cvens mier, pirvelad iqna dasinTez ebuli nor bo r nen-2-il 
frag mentebis Semcveli zogierTi silicium orga nuli ni vTierebebi, rom le -
bic warmoadgenen perspeqtiul sistemebs maTgan a xali tipis silicium orga -
nuli elastomerebis mi saRebad.   
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cxrili 2  
norbornen -2-il fragmentis Semcveli siliciumorganuli nivTierebebis elementuri analizi da fizikur -qimiuri 

Tvisebebi  
 

olig o me
ri  

 

 
gamo sav
li anoba 

% 

 

TduR.
0C 

P 

mm.v.wy.sv 

 
TlR

.
0C 

MRD 
 

formul a 
elementuri analizi, %  * 

gamoT v
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 mniSv nelobebi ,  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 re aqciebiT savarcxlismagvari agebulebis  siloqsanuri 
oligomerebis sinTezi sxvadasxva ujeri fragmentebiT gverdiT jaWvSi, amitom 
aRniSnul TavSi Cvens mier ganxilulia meTilhidrid siloq sanis h i d ro -
sililirebis reaqciebi cis -1,5-ciklo oqtadienTan. cis -1,5-ciklo o qtadieni 
warmoadgens araSeuRlebul sistemas, ori ormagi bmiT. ro gorc literat uris 
mimoxilvidan aris cnobili arsebobs monomer uli hidrid silanebis cis -1,5-
ciklo oqtadienTan hidriduli mierTebis ori mosazreba, romlis T anaxmadac, 
fenil -, meTildiqlor - da dimeTil qlor silanis hidro sililirebis reaqcia 
1,5-ciklo oqta di enTan [146] nikelis Semcveli x elaturi kompleqs ebis 
Tanaobisas,  ormagi bmis izomerizacias  adgili ar aqvs da miiReba m o nomier -
Tebis 5 -cik lo oqtenil si la nebi. meore mosazrebis Tanaxmad , cis -1,5-cik l o oq-
tadienTan o r ganohidridsilanebis mierTebisas, spaie ris ka ta li zatoris 
Tanaobisas, hidrosililirebas win uswrebs naxSir wyalbadis iz o merizacia 1,3 -
ciklooqta dienad, romelic Sem d gom ganicdis hidro silili re bas da miiR eba 
aduqtebi Ł 3-cik lo oqte nil silanebi [147].  

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

meTodiT gaTvlil iq na cis -1,5-ciklo oqtadienis eleqtronuli maxasi aTeblebi: 
muxtis s i dideebi n axSirbadis at o mebze da bmis rigebi. miRebuli Sedegebi 
gamosaxulia mol ekulur diagramaze [148]:  

 

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

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-ciklo oqtad ienis molekula warmoad -
gens simetriul molekulas , sadac bmis rigis mniS vnelobebi da muxtis sidi -
deebi C

1
-C

2 
 da  C

5
-C

6 naxSirbadis atomebs Soris TiTqmis erTi  d a igive mniSv ne-
lo biT x asiaTdeba. rac miu TiTebs imaze, rom hidrosililirebis reaqcia 
erTnairi a lb aTobiT Se i Zleba warimarTos orive mimarTulebiT, rogorc 1 -2, 
aseve 5-6 mimar TulebiT.  
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 ujeri oqtenilis jgufebis Semcveli meTilhidridsiloqsanebis miR ebis 
mizniT , Cvens mier, pirvelad Seswavlil ia  meTilhidridsiloqsanis hidriduli 
mierTebis reaqciebi cis -1,5-ciklooqtadienTan , moreagire kompon enetebi s 1:30 
moluri Tana fardobiT, platina qlor wyalbadmJavas Tanaobisas, 60 -700C te mpe-
raturul intervalSi, rogorc nalRobSi , aseve gamxsnelis  _ absoluturi 
toluolis areSi. sawyis produqtad gamoyene bulia samrewvelo masStab iT 
gamoSvebuli trimeTilsiloqsi jgufe biT blokirebuli meTilhidrid -
siloqsani (gardaqmnis saSualo xarisxiT må30). 
 nalRobSi hidrosililirebis reaqciis Catarebisas reaqcia mimdin areobs 
imdenad energiulad, rom ramdenime wuTSi adgili hqonda Sekerili sistemis 
warmoqmnas. amdenad hidridsiloqsanis urTierTqmedeba SeiZleba warimarTos, 
rogorc erT ormag bmasTan  mierTebiT aseve SesaZlebelia na r Ceni ormagi bmis 
monawileoba makromolekulaTSoris hidrosililirebis reaqciaSi, Semdegi 
sqemiT: 

Si H + Si

 

Si SiH+ Si Si

 

xsnadi sistemebis miRebis mizniT hidrosililirebis reaq ciebi Se swav-
lil ia  gamsxnelSi 60 0C temperaturaze. analogiurad , aqac vakvirdebo diT 

aqtiuri ¹Si-H bmis koncentraciis Semcirebas droSi. aqtiu ri ¹Si-H bmis 
koncentraciis 80% konversiis zemoT adgili hqon da Sekerili sistemebis war -
moqmnas, rac SeiZleba axs ni l  iqnas  makr o molekulaTSorisi hi d rosi li li -
rebiT. amitom , hi drosili li rebas vwyvetdiT 80% konversiamde. mi Rebuli 
oligomeri gadaleqil iqna toluol -xsnarid an n-heqsaniT , ris Semdegac vax -
dendiT vakuumirebas mudmiv wonamde , 50-600C temperaturul intervalSi. 
amdenad, hidrosili lirebis rea qcia zogadad mimdinareobs Se mdegi 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)º30 ï XXI (60
0
C). 

 

 dasin Tez ebuli oligomeri warmoadgens blant masas hxv=0,11, romel ic 
kargad ixsneba aromatuli tipis organul gamxsne lebSi.   XXI - olig o meris 
struqtura dadgenil ia  elementuri da funqciuri analiziT , iw da  birTvuli 
magnituri rezona nsis speqtrebiT.  

dasinTez ebuli oligomeris iw speqtrSi SeimCneva ¹Si-Me da -SiMe3 

jgufebi saTvis 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 arse buli -CH=CH- jgufisaTvi s damaxasiaTebeli sig nali 
1650 sm-1 ubanSi, rac adas turebs reaq ciis warmarTvas erT ujer bmaze, Tumca 
ar SeiZleba imis uaryofac , rom hidrosililireba Sei Zleba war i marTos 
meore ujer bmazec , rasac , Tavis mxriv , gantotvili agebulebis polimerebis 
miRebamde mivyavarT. speqtrSi Se imCneva oqtilis jgufis meT i lenuri jgufebis 
valenturi rxe vebisaTvis damaxasiaTebeli STanTqmis zolebi 2800 -3000 sm-1 

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

XXI oligomeris 1
H bmr speqtrSi (naxazi 1) SeimCneva single turi 

signalebi meTilis proto nebisaTvis ¹Si-Me da  OSiMe3 jgu febSi   qimiuri 
gadaadgilebiT ŭå0,10 da ŭå0.15 vmn Sesabamisad; aseve SeimCneva gafarToebuli 
multipleturi signalebi meTilenuri jgufe bisaTvis C1, C2, C3, C4, C7 da C8 

mdgo mareobaSi qimiuri gadaadgilebis centriT ŭå1,5; ŭå1,3; ŭå1,4; ŭå2,20 vmn Se-
sabamisad. 1,5 da 1,3 vmn adgili aqvs rezonansuli signa lebis zed debas rac 
arTulebs speqtris detalur garCevas. 1

H speqtrSi Se imCneva wyalba dis 
protonebisaTvis dama xasiaTebeli rTu li multipleturi sign alebi frag ment-
Si _ CH=CH_ ( C5-C6) qi miuri ga daadgilebiT  ŭå5,5-5,8 vmn da, agreTve , SeimCneva 

susti sin gle turi signali reaqciaSi Seusvleli ¹Si-H pro tonebisaTvis 
qimi uri ga daadgi le bi T ŭå4,1 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. spe qtrSi 

SeimCneva naxSirbadis birTvebisaTvis damaxasiaTebeli rezonansuli sign alebi 

qimiuri wanacvlebiT ŭ=-1.2 vmn da ŭ=2.37 vmn  damaxasiaTebeli ¹Si-Me da  -SiMe3 

jgufebSi. speqtrSi aseve SeimCneva naxSirbadis birTvebisaTvis damaxasiaTe be-

li rezonansuli si gnalebi qimiuri wanacvlebiT ŭ ~ 20.2, 22,0 C1
H2 da C4H2 

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

3
, C

7 
da C

8
 naxSirbadebisaTvis . aqve zeddebas ganicdis molekulaTSor i si hidro si -

li lirebis produqtebSi arsebuli C
4 da C

5 naxSi rbadis sign ale bi. rezonan -
su li signali 26,9 da 27,5 vmn mikuT vnebul iqna molekula T Sorisi hid rosi li -
li rebis  dros miRebul i C

7
 da  C

3
 naxSirbadis atomeb i saTvis.  speqtrSi SeimCneva 

rezonansuli sign alebi 127,8 da 128,8 vmn, romelic Seesabameba ujer ciklo -
oqte nilis ujer fragmentSi arsebul C

5 da C
6 naxSirb adis ato mebs.     
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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 pol imeris srul ga kervas sistemaSi arsebuli katalizatoris 
xarjze da mi i Reba uxsnadi produqti XXI a.  

XXI oligomerisaTvis Catarebul ia  Termogravimetriuli ga mokvle va. 
kvlevam aCvena, rom aRniSnuli oligomerisaTvis 5% masis danakargi aRiniSneba 
2600C-ze. am temperatur aze arablokirebuli polidimeTils i lo qsani srulad 
ganicdis daSlas. forpolimerebSi aseTi gazrdili TermoJan gviTi stabi lu -
ro ba er Tis mxriv gazrdilia xazovan meTilsiloqsanur jaWvSi ciklo oqte -
nilis fragmentis SeyvaniT, romelic xels uSlis depolimer i zaciis procesis 
mimdinareobisas jaWvis gadacemis re aqciebs, romelic mi mdinareobs Dn tipis 
naerTebis warmoqmniT,  xolo meores mxriv  makromol ekula T Sorisi urTierT -
qmedebebiT, romelsac adgili aqvs sistemis gacxelebis dros, arse buli 
katalizat o ris xarjze.   

farTo kuTxovani rentgenograf i uli gamokvlevebiT dadge ni lia, rom 
aRniSnuli oligomeri XXI warmoadgens amorful sistemas, romelTa jaWvTa -
Sor i si manZili Seadgens d1=10.13Ȕ.  

Catarebulia XXI oligomeris diferencialuri skanirebadi ka lori -
metr i uli gamokvleva . dadgenilia, rom oligomeri xasi aTdeba mxolod erTi 
temperaturuli gadasvliT -10C, romelic Seesabameba oligomeris gaminebis 
te mperaturas.  
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amdenad Cvens mier pirvelad Seswavlili a meTilhidridsiloqsanebis 
hidriduli mierTebis reaqciebi cis -1,5-ciklo oqtadienTan  da dadgen i lia, rom 
hidrosililirebis reaqcia mimdinareobs ro gorc uSualod ci klur frag -
mentze, aseve molekulaTSorisi mimarTulebiT. dasinTez ebuli olig o meri 
warmoadgens Termoreaqtiul sistemas, romelic SeiZleba gamoyenebul iqnas 
kar bojaWvuri polimerebis modif ikatorebad.  
 gverdiT jaWvSi heterocikluri fragmenetebis Semcveli meTil silo q-
sanebis miRebis mizniT, Cvens mier Seswavlil i a agreTve meTil hidrid si loq -
sanis hidriduli mierTebis reaqciebi 3,4 -dihidro -2H-piranTan moreagire kompo -
nent ebis 1:30 Tanafardo biT,  rogorc platinaqlorwyalbadmJavas 0.1 M xsnaris 
(t etrahid rofuranSi) Tanaobisas, ase ve naxSirbadze dafenili plati nis kata -
lizatoris Tanaob i sas, absolu turi toluolis areSi 50-800C tempera tu rul 
intervalSi , [148]. 
 3,4-dihidro -2H-piranis hidrosililirebis reaqciebi plat i naqlor wyal -
badmJavas Tanaobisas, Cvens mier Seswavlil iqna sxvadasxva temperat uraze. 70 -
800C temperaturul intervalSi re aqciis Catarebisas, ganzavebuli toluolis 

xsnar Si, 15 -25% aqti uri ¹Si-H bmis konversiis pirobebSi adgili hqonda Sek e-
rili sistemebis warmoqmnas, rac SeiZleba aixsnas piranuli ciklis gaxsniT, 
romelic SeiZleba ganxorcieldes platinaqlorwyalbadmJavas kata li zatoris 
Tanao bisas , rogorc reaqciis procesSi , aseve sawyis stadiaze, mierTebamde , 
rasac Tan axlavs hidroqsilis jgufi s warmoqmna.  

amis Semdeg SesaZlebelia warimarTos konkurentuli  dehidro konde n-
saciis reaq cia  spirtul jgufze . aRniSnul reaqci as mivyavarT samganzo -
milebian si stemis warmoqmnamde. amitom hidrosililirebis reaqc i ebs pla ti na-
qlor wyal badmJavas Tanaobisas va tarebdiT 20 -30%-ani ganzavebisas a bsolu -
turi to lu o lis xsnarSi, 50 0C temperaturaze an Pt/C kata lizato ris Tanao bi -
sas 60 -700C te mperaturul intervalSi. aRniSnul pirobebSi reaqcia umTav re -
sad mimdinareobs xsnadi siste mebis warmoqmniT. unda aRvniSnoT, rom Pt/C 

katalizatoris Ta naobi sas reaqcia mimdinareobs ufro nela, vidre   platina -
qlor wyalbadmJavas kat alizatoris SemTxvevaSi da am dros umTav resad mii -
Reba organul gamxsnelebSi xsnadi sistemebi. amitom Semdegi h i dro sili -
lirebis reaqciebi umTavresa d Catarebul iqna naxSirbadze dafenili pla -
tinis (5%) T anaobisas.  
 rogorc 3,4 -dihidro -2H-piranis struqturidan Cans , hidro si lilireba 
SeiZleba warimarTos ori mimarTulebiT. qvantur -qi miuri naxevradempiriuli 
meTodiT AM 1 gaTvlil iqna naxSirba dis atomebze m uxtis sidideebi. rogorc 
mocemuli di agramidan 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 diagr ami-
dan ga momdinare, 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 si liciumi ki unda miuerTdes  me-5 naxSirbadis atoms. reaqcia 
unda mimdin areobdes 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) º 30 -XXII . 
 

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

H da 13C birTvuli magnituri rezona nsuli speqt re -
biT. oligo meris zogierTi fizikur -qimiuri Tvisebebi moc emulia cxri lSi 3.  

XXII oligomeris 1
H bmr speqtrSi (naxazi 3) SeimCneva sing leturi si gna-

li wyalba dis protonebisaTvis ¹SiMe da -OSiMe3  jgufebSi ŭå0,10 da ŭå0.15 vmn 
Sesabamisad. 

speqtrSi SeimCneva ag reTve multipleturi sign alebi wyalbadis 
protonebisaTvis me Tilenur jgufSi, qim i uri wanacvlebis centriT ŭå1,3 vmn 
(C3, C4, da C5  naxSirbadebTan ) da, agreTve, multipleturi signalebi wyalbadis 
protoneb i saTvis meTilenur jgufSi, qimiuri wanacvlebis centriT ŭå3,4 vmn   
(C2 da  C6 naxSi r badebTan).  
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13C speqtrSi (naxazi 4)  aRmoCenilia signalebi qimiuri ga daadgilebiT -3.21 
vmn (Si-Me), 4.37 vmn (SiMe3 ï trimeTilsiloqsi  j gufSi); 69,75 ( C2); 61,99 (C6); 29,97 
(C3); 24,64 (C4) da 18,88 (C5) vmn Sesabamisad. 

Catarebuli a dasinTez ebuli XXII o ligomeris Termogravi metr i uli 
gamokvle vebi. dadgenilia, rom aRniS nuli oligomerisaTvis 5% masis dan akar -

gi S eimCneva 200·2300C temperaturul inter valSi, destruqciis ZiriTadi pro -

cesi mimdinareobs 250 ·7000C intervalSi, ris Semdegac masis saboloo danaka r -
gi Seadgens 78%-s. cxrilSi motanilia oligomeris saSualo woniTi mole ku-
l uri masa da polidispersuloba. XXII oli gomeri warmo adgens 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  

oligomerebisEgamosavli anoba da zogierTi fizikur -qimiuri Tviseba  
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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 25 0C. 
 
 amdenad, Cvens mier, Catarebuli a meTilhidridsiloqsanebis modifi c i re -
bis reaqciebi sxvadas xva ujeri bmebis Semcveli nae rTebiT da dasin Tez ebuli a 
axali tipis forpolimerebi, romelTagan zogierTi maTgani , ujeri bmebiT 
ciklSi , warmoadgenen saintereso produqtebs silicium organuli rezinebis 
misaRebad da , agreTve , gamoiyenebian karbojaWvuri po limerebi s modif i kato -
rebad.    
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2.4. meTilhidridsiloqsan(dimeTilsiloqsan)is  
hidrosililirebis reaqcia triciklodekadienTan  

 axali tipis siliciumorganuli naerTebis sinTezs da maT ba zaze sxva -
dasxva ujeri bmebis Semcveli radikalebiT axali kom pleq suri Tvis ebebis 
mqone Tanapolimerebis miRebis meTodebis da muSavebas didi praqt i kuli 
mniSvneloba eniWeba. am mxriv , aRsaniSnavia funqciuri jgufebis Sem c veli 
samrewvelo gamoSvebis forpolime rebis modifikaciis reaqciebi, romelic 
saSualebas gvaZlevs jaW vSi sxvadasxva ujer i fragmentebis da jgufebis 
SetaniT farTo dia pazonSi vcvaloT dasinTez ebuli forpolimer ebis 
Tvisebebi.  
 ujeri triciklodecenilis jgufebis Semcveli meTil si loq sanebis sin -
Tezis mizniT , Cvens mier, Seswavlili a meTilhidrid siloqsanebis (poli -

meriz aciis xaris xiT mº30,53) da meTilhidrid si loqsan -dimeTilsiloq sanuri 

ologomeri s (mº33, nº23) modifikaci is re aqciebi triciklodekadi eniT.  
  hidro sililirebis reaqciebSi  katali za to rad  gamoyenebuli platina -
qlor wyalbadmJava da aseve  naxSi r badze dafenili platina  (Pt/C) iwveven 
meTil hidridsiloqsan Si  arsebuli  konkur entul  dehidrokondensaciis reaq ci -
ebs kidura hidroqsilis jgufeb i s arsebobis gamo, amitom movaxdineT misi 

blo kireba trimeTilqlorsila niT. kerZod, Cata re bulia  a,w-dihidroqsi meTil -
hid rid siloq sanis he terofunqc i uri konden saciis reaqcia tri meTil qlorsi -
lan Tan, moreagire komponen tebis 1:3 Tanafar do biT, piri dinis T anaobisas da 

dasin Tez ebul i a a,w-bis(trimeTil siloq si)meTilhidridsi lo qsani ( mº30, 53), 

Sesabamisad a,w-bis(trimeTil siloq si) meTilhidrid (dimeTil) si lo qsani  (mº33, 
23). 
 sawyisi komponentebis winaswari gacxelebiT 60 -900C inter val Si platina -
qlorwyalbadmJavas 0,1  MMxsnaris (tetra hid ro furanSi ) Tanaobisas (k atali za -

to ri aiReboda 5 ·8x10
-5 g, 1 g sare aqcio narev ze) naCvenebi a, rom sa wyisi pro -

duq tebis polimerizacias an me Tanis eliminirebas adgili ar hqonda. aravi Ta-
ri cvlileba ar iqna dafiqsirebuli iw da bmr speqtre bSic. gaz -Txevaduri 
qro mato grafiuli analiziT damtkicebulia, rom tri cik lodekadieni a RniS -
nul pirob ebSi poli merizacias ar ga nic dis [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 jgu febis didi 
Semcvelobisas ( meTildiqlorsilani) hidrosi li lireba ormag bmasTan spaie -
ris katalizat oris SemTxvevaSi mimdinareobs 9, 10-mierTebiT, mcire ra o denobis 
dros (d i meTil qlorsila ni)  mier Teba midis, rogorc 9,10 aseve 1, 2-mimarTu -
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lebiT , xolo  donoruli jgu fe bis SemTxvevaSi h idrosi lilireba mimdina -
reobs umTavresad 1, 2-mimarTulebiT. mosalodneli iyo, rom meTi l hidrid -
siloq sanis hid ro sililireba platinaqlorwyalbad mJavas 0,1 MMxsnaris (te t -
ra hid rofuranSi ) Tanaobisas was uliyo 1, 2-mimarTulebiT.  

 literaturidan cnobilia, rom t riciklodekadienTan ¹Si-H bmis ele qt -
ro filuri mierTeba mimdinareobs samwevriani gardama vali kompleqsis war -
moqmniT:  

H Si Me

O

+
H2PtCI6

Si Me

O

Si Me

O

1

2
 

 vinaidan 1 gardamavali kompleqsis SemTxvevaSi steriuli dab rk o lebis 
gamo 1 kompleqsis mdgradoba 2 k ompleqsis mdgradobaze  naklebia, ami tom 
upi rate si aris mierTeba 9, 10-mdgomareobaSi. aRniSnulis da sadastureblad 
gamoyenebul iqna bmr speqtris najeri  naxSirwyalbadebis  proto nebis ub ani, 
sadac naTlad Cans najeri jguf ebis protonebiT zezu sti struq tu ris 
cv lileba.  
 triciklode kadienis 1

H bmr speqtrSi (gadaRebuli a dei te rire bul 
qloroformSi) , naTlad Cans ormagi 1 -2 da 9 -10 bmebisaTvis da maxasia Tebeli 

STanTqmis multipleturi signalebi ce ntriT dº5,55 da dº6,0 vmn (ix. naxazi 5) .  

 

naxazi 5.  triciklodekadieni s 1H bmr speqtri  
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garda amisa, triciklodecenilis CH2-is 7 a da 7 b pro tonebi saTvis  SeimC-

neva mul tipleturi signalebi centriT dº1,55 da dº1,35 vmn (Jheminaluri =14 herci), 

dH(3a,e)=2,2 vmn, speqtrSi  aseve SeimCneva multip leturi signalebi protonebi saT-
vi s 5,6- da 8 mdgomareobaSi. ma Ti zeddebis gamo signalebis sruli m i kuTvneba 
gaZnelebulia.  
 mierTebis produqtis 1H bmr speqtri (naxazi 6) igive gamxs nel Si Se i cavs 
umniSvnelo intensivobis signalebs 9 -10 mdgomareobi saTvis, kerZod, ujeri 
protonebi saTvis d amaxasiaTebel multiplets da Ziri Tadad ucvlel 1 -2 
mdgomareobis ujeri protonebisaTvis damaxasia Tebel rezonansul sign alebs 

qimiuri wana cv lebiT 5,3 -5,7 vmn-Si in teg raluri intensi vobiT ~1:10. amdenad , 1
H 

bmr speqtri dan Cans, rom hid rosililireba umTavres ad mimdina reobs 9 -10 
mdgomareobaSi da daa xloebiT 10% 1,2 -mimarTulebiT.  

 

naxazi 6.  XXIII  oligomeris 1
H bmr speqtri  

 cxrili 4 -Si mocemulia sawyisi triciklodekadienis da XXIV  oligo me-
ris bmr speqtrebis monac emebi. 
 

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

speqtrebis m o nacemebi 

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 mim di nareobis 
Sesaxeb dasturdeba qva ntur -qimiuri gaTvlebiT.  
 naxevradempiriuli qvantur -qimiuri AM1 meTodiT gaTvlili a eleq tro -
nuli maxasiaTeblebi: muxtis sidideebi naxSirbadis atomeb ze da bmis rigebi. 
miRebuli Sedegebi gamosaxulia mol ekulur diagramaze:  
 

diagrama 3  
muxtis sidideebi da bmis rigebi triciklodekadienis  

molekulaSi  

-0
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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 m i marT. aseve maRali mniSvneloba gaaCniaT 1 -2 da 9 -10 bmis rigebs. 

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

kompo nents). vinaidan P9.10(p) >P1.2(p) SeiZleba vivaraudoT, rom mierTeba ufro 

mosalodnelia P9.10  bmis p-eleqtronebis monawileobiT. Tumca es ar gamoric -
xavs, rom mie r Teba 1,2 bmasTanac ganxorcieldes.  
 katalizur i mierTebis  reaqciebi , Cvens mier,  Seswavlili a mudmiv tem -
pera tura ze 60 -900C-ze. aRmoCenili a, rom nalRobSi reaqciis Cata re bisas 
mierTebis dabal stadiebze 1,3 -cikloheqsadienis msgavsad , adgili hqonda 
Sekerili sistemebis warmoqmnas, rac jaWv TaSorisi Sekervis reaq ciebiT 
SeiZleba aix snas. amdenad, xsnadi produqtebis miRebis mizniT hidriduli 
mierTebis reaqciebi Seswav li l i  iqna absoluturad mSrali toluolis ar eSi 

(Cº0,1017 moli/l). reaqciis mim dina reobisas vaxdendiT aqtiuri ¹Si-H bmis 
ganszRvras. kvlevam aCvena, rom te mperaturis gazrdasTan erTad izrdeba 

mierTebis re aqciis siRrme. 60 0C-ze aqtiuri  ¹Si-H bmis procentuli 
koncentracia 5 saaTis Semdeg Sea d gens 39% (naxazi 7, mrudi 4).  
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naxazi 7.  aqtiuri ¹Si-H% koncentraciis cvlilebis damoki debu leba 
droze meTilhidr idsiloqsanis triciklodeka di enTan hidrosilil i -
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 
ol i gomeris hi d ro sili lirebis reaqcias triciklodekadienTan 90

0
C  

te mperaturis gazrdasTan erTad aqtiuri jgufebis koncentracia 
mcirdeba da 90 0C Seadgens 15% (mrudi 1). rogorc naxazidan Cans , hidriduli 
mier Tebis rea qciebi energiulad mimdinareobs pir veli 2 saaTis ganmavlobaSi, 
ris Semdegac aqtiuri  wyalbadis kon versia umni Svnelod icvleba.  

amdenad, eqsperimentuli kvlevis Sedegebidan gamomdinare , Sei Zleba 
vTqvaT, rom meTilhidridsiloqsanebis da meTi l hid rid siloqsan dimeTil -
siloqsanis hidrosililirebis reaqcia tri ciklo dekadienTan mimdinareobs 
sxvadasxva rgoliani ganto tvi li siste mebis 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)=mº30, n=0: 90
0
 C(XXIII) mº53, 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)=mº30, mº33, n=23: 90

0
C (XXV). 

 dadgenili a, rom temperaturis gazrdasTan erTad adgi li aqvs Sek erili 
sistemebis warmoqmnas, romelTa procentuli Semcveloba temperaturis 

gazrdas Tan erTad izrdeba. 90
0
C-ze reaq ci is Cata rebisas , 85% ¹Si-H bmis 

konver siis dros miiReba ~33-35% Sekerili polimeri, rac SeiZleba aix snas 
siste maSi arsebuli katalizatoris xarjze  jaWvTaSoris mimdinare Semdegi 
gverdiTi rea qcie biT : 

SiMe H Si Me

SiMe Si Me

+

O O

O O

SiMe

O

 

 aqedan gamomdinareobs, rom tr iciklodekadienis ñ1-2ò mdgomareobaSi 
ars ebuli -CH=CH- bma, iseve rogorc ñ9-10ò mgomareobaSi arsebuli -CH=CH- bma, 
xasiaTdeba didi reaqciisunarianobiT hidri duli mierTebis dros. amdenad, 
xsnadi sistemebis misaRebad hidro sililirebas vwyvetdiT 75 -80%-mde konver -
siis miRwevamde. amis Semdeg sareaqcio produqts vfiltravdiT, vacilebdiT 
to luols, vakuu mirebiT ( P=1-2 mm. Hg) mudmiv masamde, 40-500

C temperaturul 
inte r valSi.  

dasinTez ebuli oligomerebi warmoad genen gamWvirvale , myar, odnav 

opalis cirebul sistemebs hxv=0,07-0,13, romlebic kargad ixs nebian Cveuleb riv 
organul gamxs nelebSi. dasinTez ebuli oligomerebis  zogierTi fizi kur -
qimiuri Tvi sebebi mocemulia me-5 cxril Si.  
 
 
 

 

cc xxrr ii ll ii   55  

oligomer ebis  zogierTi fizikur -qimiuri Tvi sebebi  
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XXXXIIII II
  

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

XXXXIIII II
  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 damaxa sia -
Tebeli STanTqmis zoli 1600 da 3350 sm -1 ubanSi. aseve SeimCneva Sesabamisi 

STanTqmis zolebi 840, 2165, 1275 da 1020 sm -1 ubanSi , damaxasiaTebeli  ŁSiMe3, ¹Si-

H, ¹Si-Me da xazovani ¹Si-O-Si¹ bmebisaTvis  [140 - 142]. 
meTildimeToqsisilanis triciklodekadienTan mierTebis re aqciis sru -

li daxasiaTebisaTvis  Catare bul ia gaTvle bi naxevradempi riuli qva ntur -qimiu -
ri me TodiT  AM1 [152]. yvela sawyisi  nivTierebis , Su ale du ri da saboloo 
produqtisaTvis mod elur reaqciaSi  meTil dimeToq si si lanis  [Me(MeO)2SiH] hi -
drosililirebisas triciklodekadien Tan gaT vlil ia warmoqmnis siTboebi 

(DHf), sistemis ene r giis cvlileba  (DH) ¹C-Si¹ bmis manZilis cvlilebisas (RC-Si), 

agreTve muxtebis mniS vnelo bebi ( qi) ato mebze, dipoluri momentebi ( m) da bmis 
ri gebi  (Pij).  
 pirvelad ganxiluli iqna 9-10-mierTeb is mixedviT mimdinare hidrid uli 
mierTebis  modelur i  reaqcia meTil dimeToq si si lan sa [Me(MeO)2SiH] da tricik -
lo dekadienTan.  r eaqcia  mimdinareobs XXVI modeluri naerTis wa r moqmniT: 

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) 
at o mebsa da silici umis atoms Soris manZili aRebul iqna 1,0 Å-iT meti, vidre 

bmis manZili saboloo produqtSi. manZilis cvlileba (RC10-Si) silici umis 

atom sa da or mag bmasTan mdgom naxSirbadis ( C10) atoms So ris xdeboda 0,05 Å-

is inter valiT. sistem is energiis cvlilebis (DH) damokidebuleba man Zil ze  

(RC10-Si) si liciumis atomsa da ormag bmasTan mdgom naxSirbadis atoms Soris 

mocemulia me -8 naxazze.  
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rogorc me -8 naxazi dan Cans, siliciumis atomis miax lo ebi sas nax Sir -
badis (C10) atomTan RC-Si=2,26 Å manZilamde, si stemis ener gia iz rde ba, bmis rigi 
C10 da C9 atomebs Soris tri cik lodekadienSi mo le kulaSi mcirdeba  1,909-dan 
1,649-mde. aseve mcirdeba bmis rigi sili ci umis atom sa da wyalbads Soris (RSi-

H= 0,922-0,775) da modelur nivTierebaSi SeimCneva axali bmis wa r moqmna (RC10-

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

Soris  2,21 Å manZilze  sistemis energia mkveTrad mcirde ba, or magi bma gadadis 

ord i narul ʉ-ʉ bmaSi (ʈʉ10-ʉ9
=0.991),  da bmis ri gi siliciumis da naxirbadis  

(C10) atomebs Soris  aRwevs 0.798-s. amgvarad , wyalbadis atomi srulad wydeba 
siliciumis atoms (ʈSi-H= 0,013) da uerTdeba na xSirbadis atoms C9 mdgomareo ba-

Si  (ʈʉ9 -ʅ=0,929). igive gaTvlebi Catarebulia silici umis atomis mie r TebiT C9 

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

 da naxS irbadis  atomebs  Sor is manZilze  (RC10-Si), meTildimeToqsisilanis   

 triciklodeka di enTan hidrosili li re bisas mod elur reaqciaSi (9,10-
 mierTeba)  

 

siliciumisa da naxSirbadis ( C10) atomebs Soris  manZilis Se mdgomi 
Semcirebisas sistemis ener gia mcirdeba da xdeba warmoqmnili axali bmebis 

ganmtkiceba. XXVI  produqtis warmoqmnis si T bo 9,10-mierTebisas (Dʅ=-399.129 

kj/moli, iteraciiT gamoTvli li ) karg TanxvdenaSia nabij -nabij gaTvlil 
meTildimeToqsisilanis triciklodekadienTan mierTebis warmoq mnis si T bos -

Tan Dʅ=-399.012 kj/moli,  xolo aRniSnuli reaqciis aqtivaciis energia Sea d -
gens ɽaqt =133.21 kj /moli.  

Cvens mier ,  aseve ganxilulia 1, 2-mierTebis mixedviT mim di nare hidri -
duli mierTebis mo deluri reaqcia meTildimeToqsisilansa da tricik l o deka-
dien s Soris . re aqcia mi mdinareobs Semdegi sqemis mixedviT, modeluri XXVII 

naerTis warmoqmniT:  
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XXVI I

 

 me-9 naxazze mocemulia sistemis energiis cvlilebis (DH) damokide bu-

leba siliciumisAda naxSirbadis ( C1) atomebs Soris man Zil ze (RC1 -Si). manZi li 

si liciumis da naxSirbadis ( C1) atomebs S o ris aRebuli a 1,0 Å-iT meti, vidre 

bmis manZili saboloo produqtSi.  manZilis cvli le ba (RC1 -Si) siliciumis 

atomsa da o r mag bmasTan mdgom naxSir badis ( C1) atoms Soris xdeboda 0,05 Å-

is in tervaliT.  
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naxazi 9.   sistemis energiis cvlilebis damokidebuleba  (DH)  

siliciumis  da naxS irbadis  atomebs  Soris manZilze  (RC1 -Si), meTil - 
dimeToq sisilanis triciklodeka di enTan hidrosilili re bisas  
modelur  reaqciaSi (1,2-mierTeba)  
 

rogorc me-9 naxazidan Cans, siliciumis atomis miaxlo ebi sas n axSir -

badis (C1) atomTan RC1 -Si =2,30 Å manZilamde, sistemis ener gia iz rde ba. 

erTdroulad bmis rigi C1 da C2 atomebs Soris tri cik lo dekadienis mo le -
kulaSi mcirdeba 1,901-dan 0,978-mde. 

bmis rigi si li ci umis ato msa da wyalbads  Soris aseve mci r deba (RSi-

H=0.917-0.884) da SeimCneva axali bmis warmoqmna (RC1 -Si= 0,0085-0,853 da  PC 2 -H=0,0009-

0,011). siliciumis atomsa da naxSir badis (C1) atoms Soris  2,25 Å manZilze  
sist emis energia mkv eTrad iz rdeba, or magi bma ʉ1=ʉ2 gadadis erTmag ʉ1-ʉ2 

bmaSi (ʈʉ1 -ʉ2
=0,980) da bmis ri gi siliciumis da nax Sirbadis  (C1) atomebs Soris  

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

da uerTdeba naxSirbadis atoms C2 (ʈʉ2 -ʅ=0.887). TiTqmis  igive Se degi iqna 

miRebuli siliciumis atomis C2 naxSirbadis atomTan mierTebisas. XXVII  
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naerTis warmoqmnis siTbo 1 -2-mierTebis dros to lia Dʅ=-349.129 kj/mo li , 

xolo aqtivaci is energia ɽaqt .=218.67 kj/mo li.  
me-8 da me-9 naxazebis mrudebidan, aqtivaciis energiebis da bmis rig ebis 

Sedarebidan gamomdinare meTildimeToqsisilanis triciklodekadienTan 
hidr o sililirebis modelur reaqciaSi 9, 10-mierTeba energetikulad ufro 
xelsayrelia, ra c Tanxvden aSia bmr speqtrul monacemebTan.  

 meTilhidridsiloqsanis ( mº53) triciklodekadienTan hidro si li li rebis 
reaqciis dros Sebrunebuli koncentraciis droze damokidebulebidan 
naCvenebia, rom hidrosililirebis r eaqcia meo re rigisaa. gaTvlili a hidrosi -

l i lirebis reaqciis siCqa ris mudmi vebi sxvadasxva temperat uraze:  k60
0
Cº1,051x10

-

1
, k70

0
Cº 1,405x10

-1
, k80

0
Cº1,944x10

-1
 moli/l Ös. reaqciis siCqaris mu d mivas lo ga-

riTmis tempera turis Sebrunebul sididesTan damokidebulebidan gaTvlil i  

iqna hidrosililirebis a qtivaciis energia, romelic tolia  Eº32,3 kj/mo li . 
 oligomerisaTvis Catarebu lia gel -SeRwevadi qromatog ra fi uli gamokv -
leva. me -10 naxazze mocemulia oligomerebis mole kulur -masuri gan awilebis 
mrudebi,  saidanac Cans, rom mas gaaCnia monomodaluri molekulur -masuri 
ganawileba. XXIII  oligo merisaTvis gansazRvrul iqna saSualo m o lekuluri 

masebi  da po lidispersulo ba, romelic Seadgens: M̀wº7,8x10
3
, M  nº3,0x10

3
, pº2,6. 

sruli hid ro si li li rebis dros saSualo molekuluri masa XXIII oli -
gomerisaTvis ar unda aRematebode s 6x10

3
. gazrdili mol ekuluri masa XXIII  

oligo merisaTvis kidev erTxel miuTiTebs imaze, rom hidro si li li rebis 
reaqcia mimdinareobs makromolek ulaTSorisi mi marTulebiT.  

 

naxazi 10. XXIII  oligomeris gel -SeRwevadi qromatograf i uli mrudi  
 

 XXIII  oligomeris 30 % toluolxsnari damatebiT gavacxe leT 4 sa aTis 

ganmavlobaSi 80 -900C temperaturaze, romlis dro sac aqtiuri ¹Si-H bmis kon -
centracia Semcirda 18% -dan 3%-mde. gafiltvrisa da gamxsnelis  _ t o luolis 

mocilebis Semdeg , 40-500C temperaturaze vakuumSi (P=1·2 mmHg) mud miv masamde 
gamoxdiT miRebuli a gamWvirvale moyviTalo feris blanti masa Ł oligo meri 
XXIII 1 (65%), romelic ixs neba or ganul gamxs nelSi.  
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naxazi 11. XXIII
1 oligomeris gel -SeRwevadi qromatograf i uli mrudi  

 

aRniSnuli oligomeris gel -SeRwevadi qromatogr afiuli analiziT 
(naxazi 11) na Cvenebia, rom oligome rs gaaCnia polimodaluri molekulur -masu- 

ri ganawileba :̀ Mwº8,3x10
4
, M  nº3,8x10

3 da gazrdili polidis persu lo ba (pº21,8) 

XXIII  oli go merTan SedarebiT. rog orc Cans damatebiTi gacxelebis dros sis -
t emaSi ar sebuli katalizato ris xarjze adgili aqvs makromolekulaT Soris 
da Siga mol ekulur hid rosililirebis reaqciebs.    
 Catarebulia triciklodecenilis jgufebis Semcveli me Til siloqsa nuri 
oligomerebis Termogravimetriuli g amokvleva.  

rog orc me -12 naxazidan  Cans XXIV
2 da XXV  olig o merisaTvis 5% -iani 

masis da nakar gi SeimCneva 290-3000C temperaturul inte r valSi.  

 

naxazi 12. oligomerebis Termogravimetr i uli mrudebi  
sadac , 1 mrudi Seesabameba XXIV

2
 oligomers , xolo 2 Ł XXV . 
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destruqciis Zi riTadi procesi mimd inareobs 350 -7000C intervalSi. 7000C 
zeviT ma sis cvlileba ar aRiniSneba. XXV  oligo meri naklebi Term o Jangvi Ti 
stabi lurobiT xasi aTdeba, rac aixneba oligomerul jaWvSi da matebiT 
dimeTilsiloqsanuri fra gmentis arsebobiT.  
 diferencialuri skanirebadi kalorimetriuli  gamokvlevebiT dad ge-
nilia, rom XXIII  oligomerisaTvis temperaturuli gadasvla, romelic 

Seesabameba gaminebis temperaturas SeimCneva ~-10C, xolo XXIII 1 SeimCneva ~+8
0
C. 

triciklodecenilis raodenobis gazrdasTan erTad gverdiT jaWvSi 
oligom erebis g aminebis temperatura izrdeba. rac Seexeba XXV  oligomers 

misi Tgº-150C Seadgens (naxazi 13).   
 

 

naxazi 13. oligomerebis diferencialur skanirebadi kalo rimetriuli 
mrudebi. sadac 1 mrudi Seesabameba XXIIIô ol i go mers, 2 Ł XXIV , 3 Ł XXI II , 
da 4 Ł XXV. 
 

 fa rTokuTxovani rentgenografi uli gamokvlevebiT dadgeni lia, rom 
ol i gomerebi warmoadgenen erTfazian amorful sistemebs. naCvenebia, rom 
triciklodecenilis jgufebis raodenobis gazrdasTan erTad jaWvTaSor i si 

manZilis mniSvneloba umniSv nelod izrdeba d1º9,1-9,33 Ȕ. rac Seexeba XXV  
oligomers m i si ja WvTaSorisi manZilis mniSvneloba odnav Semcirebulia 

d1º8,63 Ȕ-mde. 
amrigad, Cvens mier , pirvelad iqna Seswavlili meTilhi dridsi loq sanis 

da meTilhidridsiloqsan -dimeTil siloq sanuri oligomerebis hidrid uli 
mierTebis re aqciebi tri cik lode kadienTan platinaqlorwyalbadmJ avas kata li -
za toris Tanaobisas da naCvenebia, rom hidrosili lireba mimdin areobs 
rogorc 9, 10-, aseve 1,2-mierTebiT. amasTanave , adgili aqvs makromol eku-
laTSoris hidro sili lirebas gantotvili agebulebis s istemebis miR ebiT. 
dasinTez ebuli oligomerebi warmoadgenen sain tereso sistemebs ka r bojaWvuri 
elastomerebis modifikaciisaTvis, vinaidan isini damatebiTi gac xele bis dros 
ganicdian gakervis reaq ciebs sistemaSi arsebuli kat alizatoris xarjze.  
 

 
 
 


