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Yucnenni nyonikayii' 3 6u8UeHHss paouKkaibHoi YomoiHiyitiogarnoi (ko)nonimepusayii MoHo-
i NOMIPYHKYIUIHUX MOHOMEDPIG C8I0YAMb NPO AKMYANLHICIb OOCTIONCEHHS KIHEMUYHUX 3a-
KOHOMIpHOCMEl KONonimMepu3ayii MOHOMEpPI8 AKpuio8o2o ma Memaxkpuiogozo psady 00
2IUOOKUX KOHBEPCIU 3 PO3POONEHHAM GIONO0BIOHUX KiHemuyHux mooeneu. Tlodano pe3ynv-
mamu  OOCHIONCEHHST MemoOOM a3epHOi IHmepgepomempii KiHemuKku cmayioHapHol
¢omoiniyitiosanoi xononimepuzayii Gighynkyitinux (Mem)axpunamie y cucmemi 1,6—eexcan-
dionouaxpunam — mpuemuneneuixonvoumemaxpunam (IJJJA — TTM-3) oo eaubokux konsep-
citl 3a1edCHO 610 CKNady KOMNo3uyill, KOHYeHmpayii pomoiniyiamopa ma iHMeHCUSHOCMI
Y@—onpominenns. Odeporcanuii macus excnepumeHmanbHux OaHux IHMepnpemosaHo 8io-
NOBIOHO 00 KOHYenyii MIKpocemepoceHHOCmI cucmemu, wo noaimMepuzyemocs. Y
KOHKpEemHOMY 8apianmi yi€i KOHYenyii, AKa 8paxo8ye HAAGHICMb NPUHAUMHI 080X DI3HUX
PeaxyiiiHux 301, 8 AKUX 8i00YBACMbCs Npoyec KONoNiMepusayii, 3anpononogana 3a2anbha
KIHEeMuyHa Mooeib (omoiHiyiliosanoi Kononimepusayii OipyHKyiiHUx (Mem)axpunamie 0o
2NUOOKUX KOHBEPCIUL.

Knrouosi  crnosa: 6iynkyiiini  (mem)akpunamu, @Gomoiniyitiosana Konoximepuzayis,
KIHeMuyHa MoOeb, KiHemuxa 00 iubOKUX KOHEepCill.

1. Beryn

MOXXJIMBICTh HIMPOKOTrO BHOOPY CKJIQJHHUX €(dipiB aKpHIOBOI Ta METaKPHIJIOBOI KHC-
JIOT CTAHOBHUTH OCHOBY JJISl OZIEPKaHHS IOJIIMEPHHX IPOAYKTIB 3 PI3HOMAaHITHUM CIEKT-
poM (i3MYHUX BIacTHBOCTEW (AMB., Hanpukiaz, orysia Pimmna [1]). JJoOpe Bimomi Biac-
THUBOCTI TOMOITOJIIMEPIB aKPUJIOBHX 1 METAKPWIJIOBHX e(ipiB: ONTHYHA MPO30PiCTh, OIMCK
1 TOBrOBIUHICTh, MPUTaMaHHI TakoX KomomiMmepaM [2]. Illnsxom migbopy BimHOBiAHMX
KOMITOHEHTIB 1 PEryJIIOBaHHS IXHBOTO CITIBBIHOLIEHHS MOXKHA OJIEp)KYBAaTH KOMOJiMe-
pH, siki O 3a10BONBHSIM Pi3HI NMpakTUuHI BUMOTrH. ChOTOAHI CHHTETHYHI KOIMOJIMEpH
BUPOOJIAIOTH Y TPOMHUCIIOBOMY MacIITadl i BAKOPUCTOBYIOTH Y PI3HHUX I'ally3sX HAPOIHO-
ro TocroaapcTBa. Bee 1ie 3yMOBIIOE BETUKUE 1HTEpEC 10 BUBYCHHS KIHCTUIHHUX 3aKOHO-
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MIpHOCTEH KomomiMepu3alii, OCKUIIbKM BJIACTUBOCTI Ta MOXJIMBI Tajy3i 3aCTOCYBaHHS
KOIOJIiIMEPiB BU3HAYAIOTHCSI YMOBAMHU IXHBOTO CHHTE3Y.

Iepen ximi€ro i TeXHONOTIE€IO0 MONIMEPIB CTOITH MpoOJieMa BUTOTOBJIEHHS BHPOOIB
0e3rmocepeHbO B MPOIECi CHHTE3Y moniMepy. s ofep:kaHHS MOTIMEPHUX MaTepiaiiB,
sIKi 3aCTOCOBYIOTh B €JIEKTPOHHII POMHCIIOBOCTI, ONTHIII, MEAUIIMHI, @ TAKOXK y PI3HUX
rajy3siX €KOHOMIKH, OCTaHHIM YacoM aKTHBHO BHKOPHCTOBYIOTH ITOJIIMEpPH3AIO Mif
niero Y ®—onpominenas [3-7]. Jlo BmacTuBOCTEH MONiMEpiB MOpa3y CTaBISATH BCE
YKOPCTKIIIT BUMOTH.

TpuBuMipHa pamuKagbHa KOMojliMepH3alis MoiipyHKIIHHUX MOHOMEpIB — BasKIU-
B crioci® onepaHHs MOJMIMEPHHX CITOK, SIKi 3aJJOBOJIBHSIOTH BUMOTH Cy4acHOI TeXHi-
ku. Binomo, 1o npupoza CiTKOyTBOPIOIOYOrO KOMOHOMEpa CYTTEBO BIUIMBAE HA CTPYK-
TypHO—(i3UYHY EBOJIOLII0 PEaKUiHOrO CEepe/OBUINA 1 B KIHIIEBOMY pe3yibTaTi — Ha
BJIACTHBOCTI KomnosiMepiB. KomonimMepusanisi Takux KOMOHOMEpIB Jla€ 3MOTy NpHIATH
KOIIOJIIMEPY TOJaTKOBHX BJIACTUBOCTEH, 30epiratoun MiHHI XapaKTEpUCTHKH, SIKi BIIACTH-
Bi TOMOIIOTTIMEDY.

[Ipote ekcriepuMeHTaTBHI POOOTH 3 JTOCITIHKEHHS KiHETHKH (POTOIHIIIFOBAaHOI KOTIO-
JiMepH3alii moaipyHKIiHHUX (MET)aKpuiIaTiB MaroOTh €Mi30JUYHUI XapakTep i IpUCBs-
YeHi, 37e01IbIIOr0, MPAKTHIHOMY BUKOPUCTAHHIO Ta BUBYEHHIO (Di3MKO-MEXaHIYHMX BIlac-
THUBOCTEH OTPHMAaHHX MPOAYKTIB, @ TEOPETHYHHX IIpallb, SIKi O MOBHICTIO OMUCYBAJH IIPO-
TIeC 10 TIHOOKUX KOHBEPCiH, HEMae.

Hama mera — onep>kaTi CTaTUCTHYHO BaroMHid eKcliepiMEHTaJIbHUM Martepia 3 Ki-
HeTukH (oroiHinifioBaHoi kononimMepu3anii 01pyHKIIHHNX (MET)aKpHIATiB 10 TIMOOKUX
KOHBepCiH 1 MoOyayBaTH KiHETUYHY MOJIEINb MPOIIECY Ha ITiACTaBl OJEp)KaHUX EKCIIepH-
MEHTQJIFHUX JIAHUX BiJAMOBIAHO 10 KOHIIEIIIii MiKPOreTepOreHHOCTI CUCTEMH, IO TTOTi-
MEpHU3yETHCS.

2. ExcnepnMeHTAJILHI 3aK0HOMIpHOCTI (poToiHiniiioBaHol KonmoiMepu3anii
Au(MeT)aKpUJIATIB 10 IJIMO0KMX KOHBepciii

Mu BuUBYMIM KiHEeTHKY (oToiHinifioBaHOi KomodiMepuzauii  OihyHKIIHHUX
(Mer)akpwiatiB y cucreMi 1,6-TeKcaHmiONIHaKpUIIAT — TPUCTUICHIITIKOIbIUMETaKPH-
nmar (TAJA — TT'M-3) npu MonbHUX criBBigHOMmIEHHAX KoMmroHeHTiB ['JIJIA : TTM-3
4:1, 2:1, 1:1, 1:2 i 1:4 B TOHKMX IIapaxX JO TJHOOKHX KOHBEPCIH 3aJI€KHO Bij KOH-
LeHTpanii goroiHiniaropa 2,2-qumerokcu-1,2-mudenineran-1-ony (IRGACURE 651) (1
i 2 % mon.) Ta inTencusHocTi Y ®-onpominenns (7, 17 i 48 Br/v?).

[TonepenHe ounIIeHHS MOHOMEpIB NMPOBOIVMIM 332 METOAHMKOIO [8] HIISIXOM 3MiMry-
BaHHsS MOHOMEpIB 3 TONEpeJHhO aKTUBOBaHUM mopomkoM Al,O; i mopambmmm #Horo
neHTpu(yryBanasM. OUHIICHHS MPOBOIIIN, III00 3MEHIIIUTH BMICT iHTI0ITOPIB Y MOHO-
Mepax. BifcyrHicTs iHKyOaliiiHOro mepioly Ha OJep)KaHMX KiHETUYHHX KPHBUX CBif-
YHTh, 110 LI€] METU MU JIOCSTIIH.

Kinernky xomnomiMepusanii BUBYaIM METOJOM Ja3epHoi iHTepdepometpii (Momudi-
KOBaHUI MeTox auiatoMeTpii) [9] B TOHKHX IITiBKaX, 3aKPUTUX JJISL TOCTYITY KMCHIO T10-
BITpsl TIOKPUBHUM CKJIOM, SIKE€ HE3HAYHO CIIOTBOPIOE CIIEKTp Y D-onpoMiHEeHHs JlaMmu
JPT-400 [10]. BiznocHy inTerpagbHy KoHBepcito P oriHIOBaNM 3a BiHOIIEHHSIM O1XKY-
YOI KOHTpaKUii mapy GpoToKOMIO3uIii 10 TPaHUYHOI KOHTpaKIii (IpH ¢ — o). Pe3yinb-
TaTH EKCIIEPUMEHTY IT0JIaBaJIM Y BUTJISIII IHTErpajbHUX KIHETUYHUX KPUBHX KOHBEPCIsS —
yac, sIK e M0Ka3aHo Ha puc. 1.
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Puc. 1. Buxinni xinerndni kpusi (ko)nonimepm3amii B cucteMi ['JIJJIA — TTM-3 (a) 1 pe3yasraT
IXHBOTO yceperHeHHS (0).

MosxHa TOMITUTH (UIyKTyaTalliiHy YyTJIMBICTH HpoIecy KomosiiMepu3arii au(Mer)-
aKpWJIATIiB, IO BiJIOMBAETHCS HA BIATBOPIOBAHOCTI KIHETWYHUX KPHBUX JUIS OJHAKOBUX
YMOB NpoBeIeHHs npotiecy (auB. puc. 1). Tomy i K0XKHOT yMOBH IpoBeieHHs (KO)Io-
JiMepH3allii ofepKyBallu JIeKiIbKa (Jacrinre 3a Bce 7 — 12) KIHeTHYHUX KPUBUX, SIKI TO-
TIM YCEpEIHIOBAIIHN TaK, SIK IIe II0Ka3aHOo Ha JESKUX NPHKIIaaaxX, 300pakeHnX Ha puc. 1.

YacTrHa pe3ynbTaTiB eKCepUMEHTAIBHOTO JOCIiKEHHsT (OTOIHIiHoBaHOI (KO)mo-
nmimepu3artii B cuctemi I'JIJIA — TT'M-3 3anexHo Bif i cKiiaay, KOHIIEHTpaIlii (OTOiHiIIi-
aTtopa cy i inTeHcuBHOCTI Y @-onpominenHs Ey nokazano Ha puc. 2 y ¢opmi ycepeaHe-
HUX KIHETHYHUX KPUBUX.
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Puc. 2. YcepenneHi kineTnuHi kpuBi ¢otoiHimioBanoi (ko)momimepmsanii ['IJIA i TTM-3 npn
Pi3HUX IHTEHCUBHOCTAX Y D-0MpoMiHEHHS Ta KOHIIEHTpaIlisx (oToiHimiaTopa.

3icTaBiieHHs! KIHETHYHUX KPUBHX Komoiimepuzauii au(met)akpunatis IJIJA 1 TTM-
3 s manux Eg i ¢y 3a7eKHO Bij CKJIay CHCTEMH, IO (KO)MONIMEPHU3YETHCS, MTOKa3aHO
Ha puc. 3 — 6.
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Puc. 3. InTerpanbai KiHeTHYHI KpUBI Ta IXHI qudepeHIianbHi anamopdo3u ¢oroiHimiioBaHoi
korromimepun3anii cucremu I'JIJJIA — TTM-3 3anesxHo Bix ii cknany ([IR 651] =2.0 % wmon.,
T =293 K, Ey=7 Br/m?).
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Puc. 4. InTerpansHi KiHeTHYHI KpUBI Ta IXHI qudepeHIianbHi anamopdo3u ¢oroiHimiioBaHoi
korromimMepun3anii cucremu I'JIJJIA — TT'M-3 3anesxHo Bin ii cknany ([IR 651] = 2.0 % wmon.,
T =293 K, Ey= 17 Br/m).
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Puc. 5. InTerpanbHi KiHeTHYHI KpBI Ta IXHI qudepeHIianbHi anamopdo3u ¢oroiHimiioBaHoi
korromimMepu3anii cucremu I'JIJJIA — TTM-3 3anesxHo Bin ii cknany ([IR 651] = 2.0 % wmon.,
T =293 K, Eo= 48 Br/m).
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Puc. 6. IHTerpaJILHi KiHeTHYHI KpHBIi Ta iXHi zmdoepeHuianLHi aHamopdo3u (oroiHimioBaHoi
komonimepmzaiii cucremu ['JIJJJA — TTM-3 3anexHo BIII i1 cknany ([IR 651] = 1.0 % mom.,
T =293 K, Eo= 48 Br/v?).

[HTerpanpHi KiHeTHYHI KpHBI mporecy (oToiHiliioBaHOoi KonomiMepu3aii 1,6-rex-
CaH/TIONIMAKPUIIATY 1 TPUCTUIICHTIIIKOIBIMMETAKPUIATY, K1 TIOKa3aHO Ha puc. 3 — 6y
(dhopMi 3aJIeKHOCTI BiTHOCHOI KOHBepcCii P Bif yacy t, HE3aJeKHO BiJ] CKIIAQAy CHCTEMH,
o (KO)HOJ'IIMepI/I3y€TI>CH XapaKTepU3yIOThCS TUIIOBUM S-NIOAIOHUM BUIIISAOM 1 CKJlaa-
I0TBCSI BCHOTO i3 JIBOX JIJISTHOK: aBTONPHCKOPCHHS Ta aBTOra/lbMYBaHHS.

Sk BUIHO 3 pHC. 3 — 6, iHTErpabHI eKCIIEpUMEHTANbHI 3aJIe)KHOCTI KOHBEpCiT Bij 4a-
Cy 3acBi4yrOTh, O 1pu 3MiHi BigHomenHs ['JIJIA : TTM-3 Ha KOpHCTb AUMETAKPHIATY
TI'M-3 kiHETHYHI KpHBI 3MIHIOIOTHCS 32 THIIOM BiJI XapaKTEPHOr'O I JUAKPHUIATY
I'JOA nmo xapakrepHoro s qumerakpriaty TI'M-3. T'ojoBHa poib y 3MiHI THITY KiHe-
TUYHHUX KPUBUX HaJEKHUTh auMmerakpwnaty TI'M-3: Bxe npu crniBBignomensi ['JIJIA :
TI'M-3 =2 : 1 kiHeTHYHA KpUBa KONOMIMEpU3alii MPakTUIHO MOBHICTIO HA0YBa€ O3HAK,
XapaKTepHHX JUIs TOoJIiMepHU3allii AUMETaKpuiIaTy.

OcobnuBicTio komomimMepu3sanii B cucreMi ['IJIA : TTM-3 e takox Te, 1O y HIiA
IIBUJIKICTh MPOIECY CHIIBHIIIE 3aJIC)KUTh BiJl MOBUTLHINIOTO KOMIIOHEHTA, ikuM € TI'M-
3; 3 pocroM vactkn TIT'M-3 y BUXiIHIM KOMIIO3MIIT Pi3KO 301bIIYETHCS KOHBEPCis Py,
SIKi¥ BIZITIOBiZ]a€ MaKCUMaJIbHA MIBUAKICTE W, KOIOJTIMEpHU3aIlil 3 OJHOYACHUM 3HIDKCH-
HiM W,,. Lle cBiTUUTh Npo 3HMKEHHS BKJIaNy Mik(}a30BOro mporecy B CyMapHHUH, 110
MOXe OyTH 3yMOBIICHO JBOMa IpHuYMHaMH. [lepina momsirac B TOMy, IO HM3bKa KOH-
CTaHTa IBUAKOCTI Ky pocTy naniora romononimMepusanii TIT'M-3 npuBoauTs i 10 HU3b-
KUX 3HAUEHb MEPEXPECHUX KOHCTAHT MIBUIKOCTI Kpij pOCTY JaHIfora Npy KomnomniMepusa-
uii. pyra TPUYHMHA MOSACHIOETHCS pi3HOIO CTPYKTYPOIO Mi)i«ba30130ro apy Ha TpaHHI
MOHOMEP—TIOTIMEPHOT'0 PO3UYHHY 3 MleO3epHaMI/I TI'M-3 i F):[Z[A

HaBeneni excrnepuMeHTalbHI KIHETHYHI KpHBI Kor[omMepmaun MaroTh Oarato
CHUTBHOTO 3 KIHETUYHUMHU KPUBUMH TOMOIIONIIMEpH3alil, s SIKUX OfIEPKajlk 3a/I0B1Ib-
HO iX MOsICHIOK0Y1 KiHeTnuHi Mozeni [11].

3. Kinetnuna mozeJs oroininiiiopanoi kononimMepnsauii 0ipyHKuiiHnx
(MeT)akpujiaTiB 10 rJIMOOKUX KOHBepciii

[Tpu (xo)monmimepu3anii OipyHKIIHHUX MOHOMEpIB TBepaa (a3a, sika YTBOPIOETHCS —
1Ie ciTYacCTUH MoJliMep, PO3UMHHICTB SKOTO B PiJIKid MOHOMEpHil (a3l HesHauHa: < 1 %.
Tomy BuAiJIEHHS MIKpO3EepeH CiTYacToro ImojimMepy, ToOTO moiiMepHoi (as3u, MmoynHa-
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€ThCS 32 JAy)Ke HU3BKUX KOHBepCiii ~ 1 %. YTBOPIOETHCS HOBA peakiliiiHa 30Ha — Mixk(a-
30BHH IIap Ha IpaHuMi pijgka MoHOMepHa ¢a3a (M®P) — TBepna nonimepHa daza (I1D).

VY ciTuactomMy mojimMepi po3uMHHICTH MOHOMEpa He3Ha4Ha, TOMY HPOLECOM MOoJiMe-
pu3aii B osiMepHii ¢a3i MoxkHa 3HexTyBaTtu. OTKe, Mpolec nojiMepu3artii nomipyHK-
LIfHUX MOHOMEpIB PeaNi3yeThCsl B ABOX PEaKLiHHMX 30HaX: 00’€Mi piKoi MOHOMEpHOI
¢dazu (M®), B siKiii MPaKTHYHO HEMA€E PO3YMHEHOrO MOIiMEpY i Mixk(a3oBoMy IIapi Ha
rpanuni M® 3 TBepaoto nonimepHoro ¢azoro (I1D), B siKiit HE3HAYHA PO3YMHHICTH MOHO-
Mepa.

[MpuitmMatoun, MO MUTOMI IIBUAKOCTI ®; BUTPATH i-TO MOHOMEpa B KOXHIH peakiiii-
Hill 30Hi pi3HI, 3aTaJIbHY IMBHJKICTh BUTPATH KOXKHOT'O MOHOMEpA B PO3PaxXyHKY Ha BECh
00’€M CHCTEMHU MOYKHA 3aITUCATH Y BUTJISIL:

Wi '_—in(l'js)+stiFvs(1'js)jS' (l)

Tyr ®,i 1 @y — MUTOMI NapuiaibHi OIBUAKOCTI KOMOJiMepHU3alii i-ro MOHOMepa B
00’emax MO 1 I1®, BinnosigHo; ¢s — 6ixkyda 00’eMHa yacTka MikposepeH I1D; F  — xoe-
¢imienT, skuii BpaxoBye (pakTaabHI BIaCTHBOCTI IIOBEPXHI Mikpo3epeH.B 00’ emi piakoi
MOHOMEpPHOI (a3u KoIomiMepu3allis BifOyBa€ThCS 33 KJIACHYHOIO KIHETHYHOIO CXEMOIO 3
KBaJ[paTHYHUM OOPUBAHHSM JIAHIIOTa!

picr yaHIora

A +R %@ R,,i=12, ®)
0OpUBaHHS JIAHITFOTA
Ri+Rj3/41§/ﬁ® HpomyKT, i=1,2. 3)

Tomy nuTomi mBUAKOCTI W, KomodiMepu3alii 3a i—-M MoHOMepoM Y M® onmcyroTh
BiJIOMUM piBHSHHAM Matio—Y oyutiHra
2 1/2
(kpiikpij[Avi] +kpijkpji[Avi][Avj])Vin

, 4
[ALD +2k gk, ki[ATIA 1+ K (k (A DT @

W =
vk (k

i S pij

ne Kpii, Kiii — KOHCTaHTH IBUIKOCTI pOCTy i OOpUBAHHS MOTIMEPHOro JaHIOTa, Bijl-
noBigHo; [Ay;] — KoHHeHTpaumis i-ro MoHomepa B M®; V., — mBHIKICTH
iHimitoBanHs. TBepa momiMepHa (aza Ha TPaHUI 3 PIIKOI0 MOHOMEPHOKO (ha30r0
YTBOPIOE JKOPCTKY CTPYKTYpYy Mix¢asoBoro mapy. Tomy B Mik¢asoBoMy mapi Ha
rpanni M® i II® cermeHTanbHa 1 TpaHCIHALiHHA PyXOMICTh MaKpOPaIHMKaIiB Pi3KO
3MEHIIYETHCS, 30UTBIIYIOYM poNb  JUQY3IHHOrO TralbMyBaHHS — KBaJpPaTHYHOTO
oOpuBaHHS JaHIfora. BomHowac 30UmbIIyeTbCS HMOBIpHICTH  3aXoOIUIEHHS — abo
CaMO03aXOPOHECHHS 3POCTAI0YOr0 MaKpOparKaia B MOJIMEPHii MaTpuili. BiamosigHo 10
Bxke Bimomux ysBieHb [11-14] mpuiimMaemo, mo B Mik¢pa3zoBoMy Imapi OOpHBaHHS
JIAHIIOTA JIiHIMHE 1 BUsBISE ceOe K aKT pOCTY MakpopajauKana, sKHi BeJe IO MacTKH,
10 BiJ0Opa’keHO KiIHETHYHOIO CXEMOIO
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Pij

A+R

R}
ky )

3riiHO 3 Li€I0 CXEMOI0 MUTOMY IIBHJIKICTh My KOMOJIIMepH3amii 3a i-M MOHOMEPOM
B 00’€eMi peakuiiiHOi 30HM Mi>K(ha30BOro I1apy MOXKHA OIMCATH PiBHAHHAM [15, 16]

- (kpn pu[Avsl ] + kpgkpjx[Avsl ][Avsj]) (6)

sti
pU[Avm] (ktu pu pu)[Avsi ][AVSJ'] tjj PJ'[AVSJ]

HpI/H‘/'IMaeMo 10 KOHHeHTpaHﬁ MOHOMepIB y Mik(]a3oBoMy mapi JOPiBHIOIOTh iXHIM
KOHLIEHTpALisIM B 00’ €Mi MOHOMEPHOT bazn, T00T0 [Asi]=[Avi] Ta [Ayi]=[Ay].

1106 ommcaTy KiHETHKY KomodiMepu3alii 3a piBHsIHHAM (1) 3 BpaxyBaHHSIM BI/Ipa3lB
(4) 1 (6) Wit TMTOMUX MIBHIKOCTEH, Tpeba TaKOokK BBECTH IIBUIKICTh d@s / dt BUmiICHHS
TBepoi nomiMepHoi ¢aszu. Bupas mis do,/ dt MoxHa onmepkatu 3 piBHSIHB OanaHCy 3
BPaXyBaHH:M, 110 KOHIEHTpallii MoHOMepiB y I1d Gmusbki 10 Hyad [Ag] = 0, [Ag] =0

L lAUJ

3aranom piBasiHHA (1), (4), (6) 1 (7) moBHicTIO OIHCYIOTH KlHeTI/IKy KOHOJ'I]MepI/BaHll
JBOX Ol(QYHKUIIHHUX MOHOMEpIB JIO0 TIMOOKMX KOHBEPCIH y MOJENi JBOX peaKmiiHHX
30H.

4. BucHOBKH

ExcriepumenTanbHi KiHeTHYHI KpHBi (oTOIHINIHOBaHOI KonosiMepu3anii 6ipyHKITiH-
HUX MOHOMEpIB JI0 TTIMOOKMX KOHBEPCiH, KpiM 0COOJIMBOCTEH, MalOTh 0araTo CHiJIbHOTO
3 KIHEeTMYHUMH KPHBUMH TOMOIIOJiMEpH3alii, TOMy IXHE MOJIETIOBAHHS ITPOBEICHO B
paMKax KOHIEMNIil pi3HUX peakmiiHUX 30H, O/IHAK 3 BPaxyBaHHSIM BHBEICHHS KiHETHY-
HOTO PiBHSHHS KOTOJIiMepH3alii IpH JiHIHHOMY OOpHBaHHI JIAHIIOTA.

Kinernuni xpuBi xononiMmepusaii B cuctemi 0i- OipyHKIiI{HI MOHOMEPH 31 3MiHOIO
CKJIaly cucTeMu 30epiratoTh CBOIO (hOpMY, BIACTUBY TOMOIIOIIMEpPHU3allii YUCTHX KOM-
TIOHEHTIB, 1 CKJIaat0ThCs TIJIBKH 3 IBOX JUITHOK — CTail aBTOIPUCKOPEHHS 1 aBTOrallb-
MYBaHHSL.

VY cucremi I'/TJTA — TTM-3 Ha MIBUAKICTH KOMOJTIMEpHU3aIlil BUSBISIOTh CHITBHITIIAN
BIUIMB, 3MEHIIYIOUH 1i, 100aBKH MOBUIFHOTO KOMIOHEHTa, sikuM € TI'M-3, mo cBiunTh
Ipo Te, IO 3MEHIIEHHS MBHIKOCTI KOIMoJiMepH3alii BiqOyBAaEThCS BHACHIIJOK MAJoro
3HA4YeHHs BJIACHOI KOHCTAHTH HMIBUIKOCTI POCTY JIaHIIOra Ky i MEHIINX 3HaueHb nepex-
PECHUX KOHCTAHT POCTY K,jj MOPIiBHAHO 3 KOHCTAHTOIO POCTY IIBHAKOrO KOMITOHEHTA.

HaBeneni ocobnuBocti xononiMepu3anii OipyHKIIHIX MOHOMEpPIB 3HAHUILIA CBOE
KUTbKICHE BUPa)XEHHsS B KIHETHUHIN Mozeni (oToiHiIifioBaHOi KomoiiMepu3arii Oi-
(GYHKIIHHUX (MET)aKpuIIaTiB O TIIMOOKUX KOHBEPCiH, SKY 3aIIpOITIOHOBAHO B Il Mpalli.
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SUMMARY
Galyna KHOVANETS’, Yuriy MEDVEDEVSKIKH, Iryna YEVCHUK

STATIONARY KINETICS OF PHOTOINITIATED COPOLYMERIZATION OF BIFUNCTIONAL
(METH)ACRYLATES TILL HIGH CONVERSIONS AND KINETIC MODEL OF THE PROCESS

Department of Physico-Chemistry of Combustible Minerals L. M. Lytvynenko
Institute of Physico-organic Chemistry and Coal Chemistry NAS of Ukraine,
Naukova Str. 3a, 79060 L viv, Ukraine, e-mail: hop_vfh@ukr.net

The possibility of the wide choice of esters of acrylic and methacrylic acids makes the basis for obtaining
of polymers with different properties. The well-known properties of homopolymers of acrylic and methacrylic
esters such as optical transparency, glitter and durability are peculiar to copolymers as well. By selecting
proper components and their ratio control copolymers for different applications may be obtained. Nowadays
synthetic copolymers are produced in commercial scope. They find a wide use in different branches of national
economy. Therefore the investigations of kinetic regularities of copolymerization of acrylic and methacrylic
monomers are of a great importance.

Numerous publications on radical photoinitiated copolymerization of mono- and polyfunctional (meth)ac-
rylic monomers evidence it. However, the experimental studies on kinetics of photoinitiated copolymerization
of polyfunctional (meth)acrylates are episodical. They are devoted mainly to investigations of physico-chemi-
cal properties of the obtained products and their practical applications, while theoretical studies describing the
process till high conversions are absent.

The goal of our investigation was to obtain statistically significant experimental material on kinetics of
photoinitiated copolymerization of bifunctional (meth)acrylates till high conversions with the development of
the kinetic model of the process accordingly with the conception of microheterogeneity of polymerizing
system. In terms of this conception the process of polymerization is considered to take place in three reaction
zones: monomer - polymer phase, polymer — monomer phase and in the interphase layer. At (co)polymeriza-
tion of bifunctional monomers appearing solid phase is network polymer. Its solubility in liquid monomer
phase is insignificant (< 1 %), therefore the process of polymerization in polymer phase may be neglected.
Hence, we accept that the process of (co)polymerization of polyfunctional monomers is realized in two
reaction zones: in the volume of liquid monomer phase and in the interphase layer between monomer and
polymer phases.

Kinetics of stationary photoinitiated copolymerization of bifunctional (meth)acrylates in the system 1,6—
hexanediol diacrylate — triethyleneglycol dimethacrylate (HDDA — TGM-3) till high conversions was investi-
gated at molar ratio of components HDDA:TGM-3 4:1, 2:1, 1:1, 1:2 and 1:4 in thin layers depending on photo-
initiator concentration (1 and 2 % mol) and UV irradiation intensity (7, 17 and 48 W/m’) by laser interfero-
metry. As photoinitiator 2,2-dimethoxy-1,2-diphenylethane-1-on (IRGACURE 651) was used. Monomers were
previously purified to remove inhibitor. The relative integral conversion P was evaluated as the ratio of the
current contraction of photocomposition layer to the limit contraction (at # — o). The results of experiments
are presented in the form of integral kinetic curves conversion vs time.

The experimental kinetic curves of photoinitiated copolymerization of bifunctional monomers till high
conversions are similar to those of homopolymerization. They have some peculiarities as well. The kinetic
curves of copolymerization of the system bi—bifunctional monomers and the kinetic curve of monomers
homopolymerization have similar form. They consist of two parts reflecting two stages of the process —
autoacceleration and autodeceleration.

In the system HDDA-TGM-3 the addition of slower component (TGM-3) has more significant influence
upon copolymerization rate decreasing it. Hence, the decreasing of the copolymerization rate takes place due to
both the small value of constant of the chain propagation rate and smaller (in comparison with the constant of
the chain propagation rate of the fast component) values of constants of crosslinking chain propagation rate.

The obtained experimental data have been interpreted in terms of the microheterogeneity conception of
copolymerizing system. In specific case of this conception which takes into account availability of at least two
different reaction zones, where copolymerization process occurs, the general kinetic model of photoinitiated
copolymerization of bifunctional (meth)acrylates has been proposed.

Key words: bifunctional (meth)acrylates, photoinitiated copolymerization, kinetic model, kinetics till high
conversions.
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PE3IOME
I'anuna XOBAHEL, I0Opuniit MEJIBEJJEBCKHUX, Hpuna EBUYK

CTAIIMOHAPHASI KHHETUKA ®OTOMHUIIUUPOBAHHOM CONOJIMMEPU3ALINU
BU®YHKIUOHAJIBHBIX (MET)AKPHUJIATOB 10 I''1YBOKHX KOHBEPCUU N
KHHETUYECKASA MOJEJIb TIPOLECCA

Omaenenue Qu3UKO-XUMULU 20PIOUUX UCKONACMBIX
HUnemumyma usuro-opeanuveckoil xumuu u yerexumuu um. JI. H. Jlumeunenko HAH Yrpaunul,
ya. Hayunas, 3a, 79060 Jlveos, Yrpauna, e-mail: hop_vfh@ukr.net

MHOro4ncIeHHbIe TyOINKAUH 0 H3YYEHHIO PaJHKaIbHON (hOTOMHUIIMHPOBAHHOI (CO) ITOIMMEpU3aUH
MOHO- H OJH(QYHKIHOHAIBHBIX MOHOMEPOB CBHAETENILCTBYIOT O aKTYaJIbHOCTH HCCIICJOBAHYS KHHETHISCKUX
3aKOHOMEPHOCTEI COMOINMEPH3aI[i MOHOMEPOB aKPHIOBOI'0 U METaKPHIIOBOIO psia N0 IyOOKUX KOHBEp-
cHil ¢ pa3pabOTKON COOTBETCTBYIOIIMX KMHETHYECKHX Mopeneil. IIpencraBiieHbl pe3ylbTaThl UCCIICNOBAHUS
METOJIOM JIa3epHOIl MHTeP(HEPOMETPHN KUHETUKH CTAI[HOHAPHON (hOTOMHUIMHPOBAHHONW COMOJIMMEPH3aUH
OHM(YHKIIMOHATEHEIX (MET)aKpHUIATOB B cHcTeMe |,6-TekcaHHOIIHAKPHIAT — TPUITHICHTINKOIb JHMETaKpHU-
nat (I'I1A — TT'M-3) 1o Ti1y0OKHX KOHBEPCHIA B 3aBUCHMOCTH OT COCTaBa KOMITO3UINI, KOHIIEHTpauy GoTo-
MHHULUATOpa U MHTEHCUBHOCTH Y®D-u3simydenus. ITomyueHHBII MacCHB 3KCHEPUMEHTAJIBHBIX JAHHBIX MHTEp-
MPETUPOBAH B COOTBETCTBMM C KOHLEMIMEH MHKDPOr€TEpOreHHOCTH IOJIMMEpU3HpYyHolelics cucremsl. B
KOHKPETHOM BapHaHTE TOH KOHILEMLUH, KOTOpas y4MTHIBAET HAJM4YHME 10 KpaifHel Mepe NBYyX pa3lIMUHbIX
PEaKIMOHHBIX 30H, B KOTOPBIX HPOMCXOIUT MPOIECC CONMOIMMEPU3ALHHU, PSIIOKeHa 00IIas KHHeTHIecKast
Mozenb (pOTOMHHIUHPOBAHHOH COIONMMepH3anud OH(YHKIIHOHAIBHBIX (MET)aKpHJIATOB JO TIIYOOKHX
KOHBEPCHH.

KmoueBble cnoBa: OH(YHKIUOHAIBHBIC (MeT)aKpHIATHL, (DOTOMHHIIMUPOBAHHAS COIOJIMEpPH3ALNs,

KHHETUYECKasA MOJECIIb, KWHETHKA J10 FJ'IyﬁOKI/IX KOHBepCHﬁ.
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