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DETERMINATION OF KINETIC REGULARITIES OF PHOTOCHEMICALLY
INDUCED POLYMERIZATION OF EPOXY AND ACRYLATE MONOMERS
MIXTURES

Due to the methods of infrared spectroscopy in the impulse irradiation mode and laser interferometry in
the continuous irradiation mode the kinetic regularities of the photochemically induced polymerization
process of simultaneous epoxy-acrylate polymer networks on the base of epoxides of different structure were
determined. The comparison of the results of kinetic investigations received by different methods has
revealed that with the help of laser interferometry only the estimation of the initial stage of the polymerization
is efficient, while the method of infrared spectroscopy is more suitable for characterization of given systems.
For the epoxy-acrylate formulation on the base of the cycloaliphatic epoxide the initial polymerization rate,
the initial and the maximum rate constant of the polymerization were calculated, and the distinctions in
reactivity of different functional groups were shown.

Keywords: photochemically induced polymerization, epoxy-acrylate interpenetrating polymer
networks, infrared (IR) spectroscopy, laser interferometry, rate constant of the polymerization.
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OTPUMAHHS ENNOKCUIIOJITYPETAHOBUX KOMITO3HUIII,
MOJIUPIKOBAHUX HOJITTIIPOKCUBY TUPATOM
TA JOKCOPYBIIIUHOM.
JTOCJILIKEHHS IXHbOI CTPYKTYPHU TA BTACTUBOCTEHN

Ha ocnosi enokcunoniypemarnogoi (EI1Y) komnoszuyii 3 gukopucmauHam moougikamopie noniciopoxcu-
oymupamy (III'B) i ooxcopybiyury OYI0 OMpumMano HOGI OIONOSITMHO AKMUBHI NONIMepHI mamepianu,
SKT MOJICHA BUKOPUCIAMU K KICMKOGT iMnaanmamu. Busueno eniue HanosHiosauie Ha (izuko-mexauiumi
enacmueocmi ompumanux EITY xomnoszuyitinux mamepianie ma ecmanosieno onmumanvruii cknao I1ID
0,1 mac. % ma 0,3 mac. %. Memooom I9-cnekmpockonii 00ciodiceno enaug HanoBHIOBAYI8 HA CINPYKMYPY
Komnosuyii. Ha npuxnaoi moodenvuoi peaxyii dokcopyoiyuny (Dox) i III'B 3 penineniyuounosum egipom
(DI'E) noxazano ix mooughixayiro na EITY nocii.

KirouoBi cjioBa: 10kcopyOilvH, TOMITiAPOKCHOYTHPAT, SOKCUITONypEeTaH, KOMIIO3HIIIHHI MaTepialy,
Monudikartis.

Beryn 6iocyMicHUX Ta 0i0aKTMBHUX MaTrepiajiB 3 JiKy-

BaJbHOIO Ji€fo. CTBOpPEHHS TaKHX MaTepiaiiB

306inbIIeHHs B YKpaiHi XBOPHUX 3 MATOJOTiSIMA ~ JacTh 3MOTY OTpUMaTH e(eKkTuBHI 3aco0u
KiCTKOBOI TKaHWHW BHUKJIHKA€ TOTPeOy po3poOKHM sl KiCTKOBOI miactuku [1].
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OcCHOBHa CyudacHa TEHAEHLIS PO3POOKH HOBHX
KOMIIO3UIIIMHUX MaTtepialliB — Mo QiKaIlis BiIOMUX
MOJTIMEPHUX HOCIiB HATIOBHIOBAYaMH Pi3HOI MPUPOAN
1, SK pe3ylbTaT, OTPUMaHHS HOBHX MarepialiB
3 KOMIUIEKCOM HeOOXiJTHUX BacTUBOCTEH [2]. 3aBas-
KM PI3HOMaHITHIHA TIPOCTOPOBiH OymOBi, SKa 3yMOB-
JIFO€ KiHIIEeB1 €KCIUTyaTalliliHi BIACTUBOCTI, 3AaTHOCTI
no Oiomerpanariii Ta 6i0OCYMICHOCTI, TMOJIiypeTaHH
€ OfIHMMH 3 HaHOiJbII 3aCTOCOBYBAHUX MarepiaiiB
y MenunuHi [3].

Bubip enoxcunomiyperanosoi (EITY) marpumi
JUIS CTBOPEHHS 010JI0TTYHO aKTHBHOTO KOMITO3HITIH-
HOT'0 MaTepiary 3yMOBIICHO 610CyMICHICTIO TOJIiype-
TaHOBOI CKJIQJIOBOI 32 PaxXyHOK OJM3BKOCTI OylIOBH
YpeTaHoBOI Tpynu 3 MENTHIHOK TPYNOK OUIKIB
(aMigHUH 3B’A30K) Ta BUCOKAMH MIIHICHUMHA
BJIACTUBOCTSIMH SIIOKCHIHOI CKIIaIoBOi. Bimomo psin
EITY xoMITO3UIiHHUX MaTepiaiB il BATOTOBJICHHS
IMIITAaHTATIB TPUBAJIOTO BUKOPUCTAHHS, sIKi 3/aTHi
MIPOJIOHTOBAHO BHBUIBHATH JIKAPCHKI PEYOBHHU
1 YMHUTH JIKyBaJbHY [0 B Micli iMIIIaHTarii [3].

Jis onTuMizamii BHKOPUCTAHHS EITOKCHITONI-
ypeTaHiB, MOKpaIIeHHs IXHIX (i3UKO-MeXaHIYHUX
BJIACTUBOCTEH, TIJBHIICHHA OIOCyMICHOCTI Ta
Ha/IaHHS 010JI0T1YHOI aKTUBHOCTI BUKOPUCTOBYIOTh
METOIM CTPYKTYpPHOi Ta XiMiYyHOiI Monaugikarii
MOMiMEpHOI MaTPHILIi IUITXOM BBEIEHHS JI0 11 CTpyK-
TYpH Ta CKJIaJy pi3HUX Moau(}ikaTopiB BIacTHBOC-
Teil. OMHUMU 3 TAKUX PEYOBUH MOXKYTh OyTH 6i0I10-
TiYHO aKTHBHI MaTepiald Ta JIKapChKi PEYOBHHH
3 HIMPOKUM CHEKTPOM JIil.

[nstxoMm cTpykTypHOi Moaudikamii EITY marpuri
CIJTIKAreJieM MpPOTUTYOCPKYIbO3HHM — MperapaToM
CTPENTOMIIIMHOM aBTopaMu Oynu po3pobiieni EITY
KOMITO3MILIIMHI Marepialii 3 BUCOKUMH (Di3UKO-Mexa-
HIYHVMH TIOKa3HUKAMH Ta 3IATHICTIO JIO MPOJIOHTO-
BAaHOIO BUBUIBHEHHS JIKApChKOTo Ipemapary [4].
3a3HaueHi KOMITO3UTH 3aIPOTIOHOBAHO [UISI BHKOPH-
CTaHHS SIK KICTKOB1 IMIUTAaHTATH JJ1s1 yCYHEHHSI e pek-
TiB, yTBOPEHUX YHACITIZIOK MATOJOTIYHUX TPOIIECIB.

HoBuMm HampssMOM y CTOMAaronorii, 30Kkpema
MIEJICITHO-JIAIECBIA Xipyprii, € BHUKOPHUCTAHHS IMII-
JAHTAaTiB, BUTOTOBNIEHUX 3 OiocyMicHHUX i1 Oiomerpa-
JTa0ebHUX TIOJMIMEPHUX MaTepialliB 3 BHCOKUMH
(hi3MKO-MeXaHIYHIMU ITOKa3HUKaMHU [4].

OnmanMm 31 nuiaxiBe Hamandsa EITY  3parHocTti
JI0 6iofierpaallii € BBEIEHHS B CTPYKTYPY MOTIMEPHO-
0 Hocis OionerpanabenbHUX (hparMeHTiB. ABTOpaMH
po3po0rneno 3narHi g0 Giogerpaganii EITY xommnosu-
iiHI MaTepiany, HaroBHeHi (epomeHoM Bin 0,1
10 10 mac. %, B SKUX OJIOOKCHIIPOIiNICH(pyMapaTu
Oy)Ti BUKOpPHCTaHI sIK OiozierpajgadenbHa oroecTep-
Ha CKIaaoBa nii3omiaHatHoro Qopnomimepy [5].
3a3HaueHi Marepiaid 3aporOHOBAHO JIJIsl BUTOTOB-
JICHHSI HAKICTKOBUX IUTACTUH JJISI OCTCOCHHTE3Y.

Poms  GiomerpagabensHuX (hparMeHTiB MOXYTh
BifirpaBaru momirinpokcuankanoaru (ITTA) — Tep-
MOILIACTUYHI, OioferpasadenpHi Ta 6i0CyMicHI Moi-
MepH MIKpOOIOJIOTIYHOTO TOXOMKEHHS, cdepa
BUKOPUCTAHHS SKHUX JOCHTH IIHPOKa (30KpeMa, BiJl-
HOBITIOBaJIbHA XIpYypris, KJIITHHHA Ta TKaHWHHA
iHKeHepid, TpaHciuiantonorig) [6]. Huni 3 IITA
HaWOIBII MIMPOKO BHKOPHCTOBYIOTH TMOJMi-3-Tif-
pokcubytupar (I1I'G), axuii Moxe OyTu 3amisHUIA
sk Momudikarop BractuBoctedt EITY. InTepec
1o II'b 3ymoBneHunit HOro BUCOKOIO 0i0CYMICHICTIO,
3MATHICTIO 10 ()EPMEHTAaTUBHOI Ta TiAPONITHYHOI
nectpykuii [7]. III'b BUKOPUCTOBYIOTH AJIs CTBOPEH-
HS PI3HUX IMIUIAHTATIB: MPOTE3iB CYIUH, MPOTE3iB
JUISL OCTEOCHUHTE3Y Ta pereHeparii XpsmoBoi TKaHU-
HU, a TaKOX JUIS HAaHeCEHHsI 010CyMICHHUX ITOKPHUTTIB
Ha MEAWYHI BUPOOH, AJIsI CTBOPEHHS MOIIMEPHHUX
CHCTEM 3 KOHTPOJIbOBAaHWM BHBUIBHEHHSIM JIIKap-
CBKHUX pEYOBUH [8].

Beenenns no cknany EITY marpumi I1I'b gacts
3MOTY TMOKpAIIUTH (Pi3MKO-MEXaHI4Hi BIACTHBOCTI
KOMTIO3HUITIHHOTO Marepiany, a camMe WOro enacTHd-
HICTb, MiABUIIUTH OI0CYMICHICTb, HAJJATH 3/1aTHICTb
1o 6iogerpamarii [9].

MK nikapchKuil Mpemapar 3acilyToBy€ Ha yBary
JOKCOPYOIIIMH — TMPOTHIYXJIUHHUH aHTHO10THK
AHTPALMKIIHOBOTO Ay, KUl yxke moHan 30 pokiB
BUKOPHCTOBYIOTH ITiJ] Yac JIKYBaHHS TI'eMaToJorid-
HHUX OHKOJIOTIYHUX 3aXBOPIOBAHb, CAPKOMH M’SIKHX
TKaHWH, OCTeOreHHoi capkomu Totio [ 10]. BBenenns
JIOKCOPYOIIIMHY 0 CKIIay MOJIMEPHOTO HOCIA 1aCTh
3MOTY OTPHMATH Marepiai, SKAH Moxxe OyTH BHKO-
pHCTaHU sIK 610JI0NYHO AKTUBHUM IMILTAHTAT 3 Mic-
[IEBOIO JIIKYBAIBLHOIO JIIEF0 IS YCYHEHHS KICTKOBUX
nedexTiB, yTBOPEHUX YHACIIIOK MaTOJIOTYHUX TPOo-
LIECIB KICTKOBOI TKAaHWHHU.

Takum unHOM, Ha ocHoBi EIIY marpui, momi-
TIPOKCHOYTHPATy 1 JOKCOPYOIIIMHY MOYKHAa OTPH-
Matu 610JIOTiYHO aKTUBHI MaTepialy, siKi MOeAHyBa-
TAMYTh Yy €00i KOPHCHI BIACTHBOCTI BHXIIHHUX
cronyk. BapiroBaHHSIM BMiCTy KOMIIOHEHTIB Y KOM-
MO3UIIIHOMY Marepialli MO)KHa 3MIHIOBATH HOTO
KiHIeBi B1acTuBOCTi [11].

Mertoro po0oTH € Po3poOka HOBUX EMOKCHIIONI-
ypetanoBux (EITY) xommo3umii, siki MiCTSTh MOJIi-
TIIPOKCHOYTHPAT 1 JOKCOPYOIMH, IOCITiKEHHS
IXHBOI CTPYKTYpH Ta BIACTUBOCTEH.

Marepianu i MmeToau

Mamepianu. 2,4-;2,6-ronyinenaiizouianar (TAI —
cymimi  i3omepiB  80/20) (Merck, Himeuunna)
(T, =134 °C, n*= 1,5678) ounmanu neperoHKor0
y Bakyymi (mpum 3ammimikoBomy THCKy 0,7 Klla,
T =100 °C).

Kun
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Iomioxcunponinexriikons (ITOIIT, MM = 1002)
(Rokopol, [Tonpma) mpocylieHui y MOTOII aproHy
3a TtemreparypH (70 £ 5) °C i 3aJHMIIKOBOTO THUCKY
2—4 MM PT. CT. IpOTSTOM 32 TOAWH.

1,4-0ytanmion (BJl) (Merck, Himeuyunna),
(MM = 90,12; n° = 1,014; p = 1,017 r/en’,
T = 235 °C) BUKOPHCTOBYBaIU O€3 JTOMATKOBOIO
OYHIICHHS.

Enokcuany cmony mapku EJI-20 (MM = 420;
enokcuaHe 4yucio — 21,6; TiApOKCHIIbHE YUCIIO —
1,6), 3rimHo 3 I'OCT 10587 npoxmykT koHAeHcamii
mudeninmponany (6icheHonmy A) 3 emxJIOpriIpH-
HOM, CYLIWJIU 32 3aJIMIIKOBOTO THCKY 1—-3 MM PT. CT.
3a temnepatypu (75 £ 5) °C y moroli cyxoro apro-
HY IPOTSroM 24 TOANH.

Oeninmmmnuaunosuid edip (PI'E) — mponykr
KoHzeHcanii ¢eHony Ta emixyoprigpuny (Merck,
Himeuuuna), x.u., (MM = 150,2; n** = 1,5300;
p=1,1050r/em*, T = 110 °C) — BUKOPHCTOBYBAIIM
0€e3 OYUILEHHS.

Honirinpoxcubytupar (I1I'b), (biomnacrotas,
Pocis, MM = 1360) — Ginmii amopdHHI TirpocKo-
nivnunii nopomwok 3 T = 175 °C, mo ssuse coboro
Olopo3KIIaHUN CKIamHui moniedip, MPUPOTHO
CUHTE30BaHUI KyIbTyporo Alcaligenes eutropus
(TY 22-001-03533441-2004, KpacHOSIpCHKHIA iHCTH-
TyT Oio¢izuku PAH), 3actocoByBanu 6e3 g01aTKo-
BOTO OYHNIIICHHS.

jas)
w

0}

il Ne)

HO

Hokcopy0binun (Dox) (Kuiemeanpemnapar-KMIT),
(8S-muc)-10-(3-amino0-2,3,6-TpUIE30KCH-AITb-
(da-L-nikcorekcomnipanosui)okcu-7,8,9,10-te-
Tpa-rigpo-6,8,11-Tpurigpokcu-8-(rigpoKcu-
aneTrun)-l-metokcu-5,12-nadpraneHnion
(C,,HNO,)) — mporunyxjvHHMA aHTHOIOTUK aH-
TPAIMKIIHOBOTO psiny. Momekyna JOKCOpyOinuHy
CKJIAJIA€ThCA 3 TETPAIUKIIIYHOTO aHTPaxXiHOITHOTO
aniKoHy JOKCOPYOIIIMHOHY, 3’€THAHOTO TIIKO3W-
HUM 3B’SI3KOM 3 aMiHOIIYKPOM JayHO3aMiHOM.

o HO 0

AMiHHUI O0TBEepKYBad eMOKCUIHUX cMon JI-20
(Apmornacr, Ykpaina, TY 6-06-1123-98), 1o sBiise
CO00I0 TIPOIYKT B3a€MOii MOJIMEPU30BAHUX €Te-
piB JUILHOT oii 3 momieTwieHamiHamu (MM = 830,
koedimieHT crexiomerpii = 2,77), 3aCTOCOBYBaIH
0e3 I0JaTKOBOI'O OYMILIEHHS.

SIK PO3YMHHHUK BHUKOPHCTOBYBAIH XJIOpO(hOpM
CHCI, (Kopes, x.u., T, = 61,2 °C, p = 1,483 r/cm’,
n = 1,4467), nonepeHbo NeperHanuii y Bakyymi
TIepei CHHTE30M.

Memoou. BMicT BUTBHMX 130I[iaHaTHUX TPyl
y IIPOIIECi CHHTE3Y KOMITO3UIIIHHAX MaTepialiiB aHa-
J3YyBaJIHM TUTPUMETPUYHUM METOIOM.

Jnst 1oCiIKEHHS. MOXKIIMBOCTI XIMIYHOI B3ae-
Moxii nokcopy6inuny Ta I1I'b 3 okcupanoBuMu rpy-
namu EITY wmarpumi Oyi0 NMpoOBENCHO MOJENbHI
peakuii gOKcopyOilMHY Ta HOJIriIpoKCHOyTUpaTy
3 ®I'E. AMP-cniexrpu npoaykry peakiii DOX 3 ®T'E
peecTpyBaiu Ha cniekrpodoromerpi PicoSpin-45 dip-
mu «Thermo Scientificy (CIIIA) B cepenoBuii ieiire-
poBaHoro Terpariapodypany (TDF).

[Y-ciekrpu mpomykty peakuii III'b 3 ®TE
Ta orpumanux EIIY kommosumiii Oyno 3HATO
Ha [Y-cnekrpomerpi «Tensor-37» ¢ipmu «Bruker»
3 Myp’e mepeTBOpeHHsM B 0bmacti 6504000 cm.

Di3rKo-MeXaHIYHI TOKa3HUKH, 30KpeMa MiITHICTh
IIPU PO3PHBI 1 BITHOCHE MOJOBXKEHHS IIPU PO3PUBI,
BH3HAYAIIM 32 JIOIIOMOTOIO0 YHIBEpCAIBFHOI MAIIHHHU
JUIst po3puBy Iuiactmac 2167 P-50 mpu MakcuMans-
Hi#t cwti po3puBy 50 kH/cm? 3rimao 3 TOCT 14236.

Cunres EIIY xomno3uuiiinux marepiaJis.
Ha nepmi#t cranii orpuMyBau i3orianaTHuH Qop-
nonimep (IDIT) nwa ocuoBi IIOII 1000 Ta
THI 80/20 3a MOABHOIO CIIBBIIHOIIECHHS KOMIIO-
HeHTiB 1:2,2. CuHTe3 NPOBOAUIN 3a TEMIIEpaTypu
(70 £5) °C. Bwmict BitbHEX NCO-rpyn BU3HAYAIN
TUTPUMETPUIHUM METOJIOM.

Ha npyriii cTagii oTpuMyBalii €IIOKCHYpETaHO-
Buit Qopnonimep (EYD) B3aemoriero izorianar-
HuX Tpyn IPII i3 BTOpUHHUMH TiAPOKCHILHHUMH
rpynamu enokcuaHoro oairomepy E/I-20 3a Mosb-
Horo cmiBBigHomenus IOIL:EA-20 = 1:5,4.
Iepebir peaxrii KOHTpoIOBaIH MeToAOM [U-criek-
Tpockomii (v, = 2270-2250 cm') Ta TUTpHME-
TPUYHHUM METOJIOM.

Tpets cranis — curte3 EITY nuisxom momposxeH-
HSl MakKpOJIAHLIOTa EHOKCHYpPETaHOBOIo (hopIolti-
Mepy IMOIOBKYyBaYeM MakpolaHifora 1,4-0ytanio-
aoM (NCO:OH = 1:1). V pesyasrari OTpUMyBaIu
PeaKIlifHy CyMIIl eOKCHITONIypETaHy Ta eIOKCH/I-
Horo oniromepy (JII'EBA).

Yerepra cramis — ans Momudikysanas EITY
J0 peakuiifHoi cymimi mnoertamHo Beomuwnu I1I'b
1 JOKCOpYOIlMH, MOMEePEAHFO0 PO3YHHEHI B XJIOPO-
¢dopmi (20 mi). Bumict III'B B EITY cranosus 0,1; 0,3;
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0,6 Ta 3,0 mac. %. JlokcopyOillMH BBOAUIN B KiNBKO-
cri 0,29 mac. % (40 mr/14 1), mo He IepEeBUIILyBAIO
fioro TepanesTryHOi 1031 [11; 12].

Kommo3wuiii oTBepKyBalii HU3LKOMOJICKYIISP-
HUM OJIIT0aMiHOAMiTHUM OTBEPKYBaueM EIOKCHI-
HuX cMmod JI-20. KinmbkicTh OTBepKyBada po3paxo-
BYBAJIU, BUXOJISIYU 3 BMICTY BUIBHHX OKCHPaHOBUX

IpyI EHOKCHUIIONiypeTaHy Ta eIOKCHIHOTO OJIiroMe-
py (ATEBA).

OTtpumaHi KOMIO3HUIT PO3IUBAIH HA Te()IOHOBI
dopmu 1 cymmn 3a Temreparypu (65 +5) °C
70 TIOCTiHHOT Baru. ToBIMHA OTPUMYBaHUX KOMIIO-
3HIIHHUX MarepialiB y BHIVISAI TUIACTHHOK Oyia
2,0-2,3 Mm.

Iepwa cmaois. Cunmes izouianamnozo gopnonimepy
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N hd

7 R N / R] —_— o R N
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Lpyea cmadis. Cunmes enokcuypemarioso2o gopnonimepy
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Yemeepma cmadis. Ompumanns EITY komnosuyiti

“"W\/Rk)J\ R\>: :</\)J\/ \"/N\/\”/O\/O

Q
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o

DOX\ %O/Rz H
n
N /R3\ )k R\ >=
CHs CHg
’ 5 B o :
ne R: > R | 5
CHs

Dox:

x=2;y=0,2; m=0,1,2,3 BiamosiaHo.
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Ockinbku 3rigao 3 TOCT 10587 B EJI-20 HasBHI
OJIITOMEPH PI3HOTO CTYIIEHS MOJiMepHu3allii, TOMy
HAQ/UIMIIOK 130L[iaHaTiB y CHUCTEMi IPUBOIUTH
no posrayxeHst EITY 3a paxyHOK TiIpOKCHUBMIC-
HO1 ckianoBoi EJ[-20. TakuM 4MHOM, CHHTE30BaHA
EITY ocHoBa € cymimio, sika ckiagaerbes 3 EITY
omiromepy (JAI'EBA) Ta enokcunoniypeTrany 3 pis-
HIM BMiCTOM YPETaHOBHX T'PYIL

Pe3ysabTaTn Ta iX 00roBopeHHs

JlokcopyOinuH, sIK i 6araro JIikKapchbKHUX PEUOBHH
(JIP), mocuTh MIBUIKO HEUTpai3yeTbCs B OpTaHi3-
Mi, Y pe3yibTari 4oro TiJIbKH HEBEIHKA HOTO KiJb-
KiCTh MOTpAIUIAE B YIIKOMKeHUi oprad. [lIBumake
BUBiITbHEHHS JIP 3 opranismMy 3yMOBIIOE mOTpeOy
30UIBIICHHS TEPANEBTUYHOI 703U Ta IOBTOPHOIO
BBeJICHHA. [IpOMIXKOK Yacy BiJl MOMEHTY BBEICHHS
JI0 TIPUIMHEHHS JiKyBalbHOI Aii JKIB MOXKHa
MOJIOBXKHTH, 3OUTBIIMBINN O3y, IO BBOIMTHCS
onHopasoBo. lle mnpusseme, 3 omHOTO OOKY,
JIO Il BUIIOTO ITTiKa KOHIEHTpAIll JIKIB y KpOBi
f TKaHMHAX, a 3 APYrOro — JI0 OINIBII SICKPABO BUpa-
JKeHoT 1o0iuHoT 1ii. OTxe, Ayke BaXKIUBO, 00 JIP
MOTpAIUIsUia 0e3M0CePEIHBO B YIIKOKEHHI OpraH.

Puc. 1. MozenbHa peakitist gokcopyoirmay 3 OI'E

7.04

(42, 46)
—7.19 (43, 44, 45)

1)
(13)

0——CH,——CH—CH,

Takoro eexTy MOXHaA JOCATHYTH 32 JJOIOMOTOO
CTBOPCHHS OIOJIOTIYHO AKTHUBHHUX IMOTIMEPHHX
MarepianiB nusaxoM immoOimizamii JIP. Ilpu npomy
ximMigHUH 3B’ 130K JIP 3 mosiMepHUM HOCIEM TIij 9ac
(yHKI[IOHYBaHHS 010JIOTIYHO aKTHBHOTO IOJNIMEpY
(cucremu 3 iMmMo0inizoBanoto JIP) Moxke OyTH CTiid-
KHUM Ta 3a0e3ledyBaTH BJIACHY O10JIOTiYHY aKTUB-
HICTh pO3pOOICHOMY MaTepiay.

OcCkinbKu B MOJIEKY/i JOKCOPYOIillMHY HasBHA
NH,-rpyna amiHOIYKpYy JayHO3amiHy, JOLWIBHO
MOCHIIUTY MOXJIMBICTH MOro XiMI4HOI IMMOOLII3a-
mii Ha EITY Hocii Ha mpuKIiIagi MOIENBHOT peakiii
JIOKCOPYOIIIMHY 3 MOJAETBHOI0 PEYOBHUHOKO (heHin-
rinuaioBuM erepom (OTE) (puc. 1).

Peaxkuiro mpoBonunu 3a remneparypu (50 £ 5) °C
MpOTSIroM 1 TOAMHW B PO3YHHI XJIOPOPOPMY TpH
MOCTIfHOMY IepeMilllyBaHHI. BuxXifHi peuoBHHH
Opayi B MOJIbHOMY CIIiBBiAHOIICHHI 1:1.

Otpumanuil IpoayKT peakiii OyB TeMHO-UepBO-
HOTO KOJIBOPY, PO3YMHHHH y TIOJSIPHUX POINHHHKAX.

Amnanizytoun SMP-cnekTp HpomyKTy peakuii
®T'E 3 nokcopyOinuaom (puc. 2), OyJio BCTaHOBIIE-
HO, 1110 IIPenapar MiIa€ThbCsl KOBAJIEHTHOMY 3B’ s3y-
Banno 3 @OI'E musaxom B3aemoxii NH,-rpynm
JIOKCOpyOinHY 3 okcupaHoBoto rpymoro OI'E.
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50

HAVYKOBI 3AITNCKU. Tom 170. XimiuHi HayKu i TEXHOJIOTIT

Ha crmiexTpi mpoaykTy peakiiii HasBHHI CUTHAI
6,09 M. 4., IO BIJMOBiJIA€ CHUTHANTY BTOPHHHOTO
aminy (1H, -NH-). Curnan 2,66 M. 4. BKa3ye Ha po3-
KPHUTTSI OKCHPAHOBOTO IUKITY i IOSIBY JONATKOBOL
CH,-rpynu (2H, -CH,-) B oTprMaHOMy NpOIyKT.
TakuM YHMHOM, MOXXHA CTBEPIKYBaTH, IO JOKCOPY-
6iuuH y ckmani EITY Oyme mimmaBaTtucs XimiuHii
iMmoOGimizanii 3a paxyHok B3aemoxii NH -rpymu
aMIiHOLYKpy JayHO3aMiHy 3 OKCHPAHOBOIO I'PYIIO0
ETIOKCHTIONIYPETAHOBOI MaTPHIIL.

IopisHroroun [Y-criekTpu NpoAYKTY MOMAENBHOT
peaxiiii Ta BUXiTHUX PEYOBHH, CITIOCTEPITaI 3MIHH
IHTEHCUBHOCTI CMYT TOIJIMHAHHS, IO CBiT4YHUTh
Mpo XIMIYHY B3a€EMOJII0 aMIHOTPYIl Mpernapary
3 enokcuaaumu rpynamu OI'E (puc. 3).

Crextp pokcopyOiriny B o6sacti 1500-1800 cm™!
Mae JiBi iHTeHcHBHI cMyrd — 1619 cm! ta 1583 cm!
BaJeHTHUX KonmuBaHb NH -rpym (pumc. 3, xp. /).
i cMyru BiACYTHI B IPOAYKTI peakiiii, 10 CBITYUTh
PO TIEPETBOPEHHS IIEPBUHHOTO aMiHy Y BTOPUHHUMA
(puc. 3, xp. 3, 4). Ha cnexrpi ®I'E HasBHa cmyra
915 cm! BasterTHHX KonmBaHb C-O 3B A3KiB EITOKCHI-
HUX rpym (puc. 3, kp. 2), aje Ha CHEeKTPi MPOLYKTY
peakuii ®I'E 3 nokcopybinmaom (puc. 3, kp. 3, 4)
BOHA BIJCYTHS, IO CBITYUTH MPO PO3KPHUTTS
eTOKCUTHOTO TIMKITY. [losiBa MMpoKHUX cMyT B 00Iac-
Ti 1200-1600 cM™! CBi4UTh PO YTBOPEHHS JTOAATKO-
Boi keToHHOI Tpynu C=0 Ta CH,-rpynu B 3aJIMIIKy
OI'E (puc. 3, kp. 3, 4).
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= 4
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3
1818
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1600 1450 1200 10600 0
¥.oom !

Puc. 3. [U-criekTpyn BEXITHUX PEIOBHH 1 IPOIYKTY peaKuii
(EHUTNITIIMAIOBOTO €Tepy 1 JOKCOPYOILMHY:
1 —Dox; 2—@I'E; 3— ®I'E + Dox Ha nodarky peaxuiii;
4 —nponykr peaxii ®I'E i Dox

Takum uymnHOM, 3a manumu SIMP- 1 IY-crexk-
TPOCKOMii BCTaHOBIEHO, WIO0 IMMOOLII3aIig
JIOKCOPYOIMHY B1IOYBA€EThCSA 3a PaxyHOK B3ae-
Mofaii amiHOrpymn JayHo3aMiHy, IO BXOAWTH
JIO CKJIaJly TOKCOPYOIIMHY 3 OKCHPAHOBUMH TPY-
namu EITY marpuii.

Ju1st mociimpkeHHs MOIHBOCTI B3aemoxii I1I'b
3 emokcugHumu rpynamu EITY Oymo mposeneHo
MojenbHy peakiito [1I'b 3 ®I'E. Peakiro npoBoau-
mu 3a Temneparypu 60 °C y po3uuHi xjsopopopmy

opotsiroM 4 TOAMH 3a EKBIMOJSIPHOI KiIBKOCTI
BHX1JIHUX PEYOBHH.

B3aemonis I1I'b 3 @T'E miaTBepaxyeThCs 1aHU-
mu [Y-criekrpockorii. Y MpoayKTi peakiii 3HUKa€e
cMyra 915 cm!, 0 CBIAYUTD PO PO3KPHUTTS OKCH-
panoBoro nukiny y ®I'E.

s

v, emt

Puc. 4. [Y-criekTpy BUXiIHUX PEUOBHUH
i npomyxry peaxui I1I'b 3 @I'E:
1 —nponyxr peakuii [1I'b 3 ®I'E; 2 - I1I'b; 3 - OI'E

Metomom [U-crieKTpOCKOITii TOCTIHKEHO CTPYK-
Typy oTpumaHux kommosuTiB: EIIY BuxinHui,
HanoBHeHuit [1I'B pizHoi koHmenTparii 0,1; 0,3; 0,6
Ta 3,0 Mac. %, a TakoX TOKCOPYOILIMHOM y KiJIbKO-
cti 0,29 mac. % (puc. 4).

s

v, emt

Puc. 5. [Y-criekTpy eMOKCHIIONIypEeTaHOBHX
KOMITO3MLIIHUX MaTepiajlis,
HAIMOBHEHHX JJOKCOPYOILIMHOM 1 MOJIT1IPOKCHOY THPATOM:
1 —EITY (xonTpons); 2 — EITY + 0,3 mac. % I1I'b;
3—EITY + 0,3 mac. % III'b + Dox

3a pesynbratamu [Y-criekTpockomii BCTaHOBIIe-
HO (pHc. 5), Mo BBeJCHHS HamoBHIOBadiB 10 EITY
MPUBOIMTE IO TEPEPO3IOIITY CHCTEMU BOTHEBHX
3B’S3KIB 1 YaCTKOBOI 3MiHH CTPYKTYypH MOJIIMEpY.
B o6macti 8001000 cm™' mpu BBemenni Dox crmo-
CTEepITaeThCsl 3MEHIICHHS I1HTEHCHBHOCTI CMYTH
871 cm’!, mo BiAmoBimae 3a BaJIGHTHI KOJIMBAaHHSA
OKCHpaHOBOTO IMKIY. lle BKasye Ha B3aeMOi0
oxcupaHoBoro nukiay EITY ocHOBU 3 aMiHOTpyIOO
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Dox. IIpu BBeaenHi [1I'b B koMI03H11i0 B KiJIBKOCTI
0,3 mac. % (puc. 5, kp. 2) cmocrepiraeTbes mepe-
pO3MONia  1HTEHCUBHOCTI CMYTH TOTJIMHAHHA
B obmacti 3100-3600 cm!, 94yTauBOi 10 BOTHEBUX
3B’s13kiB. Cmyra mpu 3275 cM’!, sika xapakrepusye
BaJICHTHI KoyiMBaHHs acoriioBanux NH- 1 OH-rpy,
npu BBeeHHi [II'b 1o 0,3 mac. % 306inbl1ye cBOIO
IHTCHCHBHICTD 1 3CyBa€ThCS B OIK MEHITUX YacTOT
(~3255 cm), 110 CBiAYKTH PO BUHUKHEHHS GBI
3B’sI3aHUX BOJHEBHMH 3B’ s3kamu NH- 1 OH-rpym.
®DopMy€eTbes OUTBII 3LIMTA CTPYKTYpa, IO CBOEIO
Yeproro MPUBOIUTH JIO TIOKpAIeHHs (i3uKo-Mexa-
HIYHUX BJIACTUBOCTCH JOCIHIIKYBAaHUX KOMIIO3H-
uid. [Ipu BBeACHHI JOKCOPYOIIMHY B KOMIIO3HIIIIO
CMyra BaJIGHTHHUX KoJuBaHb 3323 cm! 3cyBaerhcs
B 00macth Oinbimx gactoT 3375 cm!. YTBOpPIOIOTE-
Cs MEHII 3B’si3aHi BOIHEBUMHU 3B’s3kamu NH-
1 OH-Tpyru, 1110, BipoOTiAHO, TIOB’A3aHO 3 MEPETpy-
MYBAaHHSAM CITKH MDKMOJCKYISIPHUX BOJHEBUX
3B’SI3KIB Y MpUCYTHOCTI DoX, HOro KOBaJCHTHHM
3B’s13yBaHHAM 3 EITY MaTpurero mo okcupaHoBo-
My OUKIY.

ITix gac ¢izuko-MexaHIUHUX OCTIIKEHb BCTa-
HOBJICHO, 110 MilHICTh EITY koMmo3umii y KiTbKo-
cti IIT'G 0,1; 0,3; 0,6 Ta 3 mac. % Mae HemHIHHUI
xapakTep (Taou.).

BcraHOBICHO, IO KOMMO3MINiI, SKi MICTATh
Dox a6o III'b, maroTs HMKY1 3HAYEHHS] MIITHOCTI
OpU pO3pHBI, HIX KOMIIO3ULIi, B SKMX HasBHI
obumBa KOMIIOHEeHTH. BBenenns no ckinany EITY
JIOKCOPYOIIUHY TPU3BOJUTH O 3MEHIICHHS Mill-
HOCTI mpu po3puBi Buximaoro EIIY 3 18,7
mo 14,0 MIla. Y XOMIIO3HUIAX, SAKi MICTATh
sk [1T'b, Tak 1 mokcopyOINWH, e MTOKA3HUK ITij-
BUIIYEThCA. MakcUMallbHe 3HAYCHHS MII[HOCTI
MPH PO3PUBI CIIOCTEPITa€ThCs JJI KOMIIO3HUIIIH
3 [IT'Bb y xinbkocti 0,1 ta 0,3 mac. % Ta mocrTiii-
HUM BMicToM Dox 0,29 mac. %. [1pu ipomy 3MeH-
HIyeTbesl BifHOCHE mojoBxkeHHd B 1,4-2,1 pa3sa,
o Moke OyTH TMOB’S3aHO 3 YTBOPECHHSAM OUIBII
3MIUTOI CTPYKTypU KOMIIO3HUI[IHHOTO MaTepiany,

sIKa 3yMOBJIIOE€ MIIHICHI BJIACTUBOCTI. Y 3pa3Kax
EITY 3 III'b, HaBnaku, crocrepiraeThcs 301J1b-
[IEHHS BiJHOCHOTO TMOAOBXKEHHA B TMOpPIBHSIHHI
3 KOHTPOJIBHUM 3pa3koMm y 2,5-3,2 paza. Bpaxo-
Bytoun 3700yTi pesynbratd, BBeaeHHs [II'b
no ckiaxy EIIY B xonmentpamisx 0,1 Ta
0,3 mMac. % € HalO1IbII ONTUMAIBHUM OO PO3-
pOOKHM  HOBHX  KOMIIO3WIIIHHMX  MarepialiB
JUIS MEAUIIMHU, IKi 0 Majad JTOCTATHIO MIIHICTH
Ta eJaCTHIHICTD.

3minn B [Y-cmekTpax OTpUMaHUX 3pa3KiB
EITY xoMmo3WIiHHUX MaTepiaiiB, SKi MICTAThH
y cBoiif ctpykTypi III'b Ta Dox, 3ymoBIeHi nepe-
pPO3MOALIOM Ta YTBOPEHHSIM HOBHX MIXKMOJEKY-
JNApHUX 3B’S3KiB, 30KpeMa BOIHEBHUX, a TaKOX
XIMIYHOIO B3aeMojiero aokcopybimmny ta I[II'b
3 okcupaHoBuMH rpynamu EITY matpuni. 3100y-
Ti pe3yJIbTaTH KOPEIIOITh 3 JaHUMHU (i3UKO-Me-
XaHIYHUX J10CIiKEHb.

BucHoBkn

TakuM YMHOM, Yy pe3yabTaTi IPOBEASHUX AOCIHTi-
JUKEHb ~ OTPMMAaHO  KOMITO3WIIIHI ~ MaTepiaim,
0 MICTATS y cBOilt cTpykTypi III'b Ta Dox. Busue-
HO TXHI{ BIUIMB Ha (i3WKO-MEXaHIUHI BIACTHBOCTI
orpumanux EIIY xomnosumiii. IToka3ano, 1mo BBe-
nenns [1I'b mo crpykrypu EITY B koHIEHTpaIisax
0,1 Ta 0,3 mac. % € HaMOUIBII ONITHMAIBHUM HIOI0
pO3pOOKM HOBHUX KOMIIO3MIIIHHUX  MaTepiaiB
JUUIS BUTOTOBJIEHHS KICTKOBHMX IMIUIAHTATIB, SIKi O
MaJId JOCTATHIO MII[HICTh Ta €J1aCTUYHICTD.

Ha npukinaai MonensHO1 peakiii JoKcopyOiuHy
3 ®I'E meromamu SIMP- ta [Y-criekTpockormii mmif-
TBEP/DKEHO MOXIIUBICTh XIMIYHOT iMMOOLUTI3aMii
nokcopyOimuny Ha EITY nocii B3aemoniero NH, -rpy-
U aMiHOIYKpy JAayHO3aMiHy DoX 3 OKCHpaHOBOO
rpynoro EJ[-20.

3rigHo 3 pe3ynpratamMu [Y-CeKTpOCKOMiYHUX
JOCITIDKEHb BBEJICHHS JIO0 CKIIQAy EMOKCHIIONiype-
tany [II'b Ta Dox mpuBOAUTE A0 3MiH y CTPYKTYypi

Tabnuys. Diznko-MexaHivyHi MOKA3HUKH KOMIIO3UTHUX MaTepiaJiiB 3a/1€:KHO Bill CKJIaxy

3pa3ok CxJ1aJ koMno3uuii Mmmcn’Nr[llI.)[]; POSPHEL | pirnocne NOAOBKeHHS, %o
1 EITY 18,7+ 0,2 13,6 +£0,3
2 1. EITY + 0,1 IIT'B mac. % 8,2+0,4 344+03
3 2. EITY + 0,3 [II'b mac. % 74+04 43,7+£0,2
4 3. EIY + 0,6 III'b mac. % 6,7+0,2 39,3+0,5
5 4. EITY + 3,0 [II'b mac. % 8,5+0,4 33,8 +0,4
6 EITY + Dox 0,29 mac. % 14,0+ 0,6 7,0+0,3
7 EITY + Dox 0,29 mac. % + 0,1 mac. % I1I'b 17,0+ 0,3 10,0 £0,4
8 EITY + Dox 0,29 mac. % + 0,3 mac. % I1I'b 18,0+ 0,1 8,8+0,1
9 EITY + Dox 0,29 mac. % + 0,6 mac. % I1I'b 10,0 £ 0,2 6,4+0,3
10 EITY + Dox 0,29 mac. % + 3,0 mac. % I1I'b 13,0+£0,3 6,6 0,2
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noJIiMepy 3a paXxyHOK Mepepo3NoALTy Ta yTBOPEHHS 3a cBoiMU (i3UKO-MEXaHIYHUMHU BIIACTHBOCTS-
HOBHX MIXXMOJICKYJISIPHUX BOJHEBHX 3B’ S3KiB, KOBa- MM JIOCIHIJDKYBaHI €IIOKCHITONIYPETAaHOBI KOMITO3H-
JICHTHOTO 3B’SI3yBaHHS JIKapChbKOTO TMpemapary  IfiifHi Marepianu, sSKi MICTSTh y CBOIll CTpyKTypi
ta [II'b 3 monmiMepHO0 MaTPHUIICIO, IO CBOEIO Yep-  TOJi-3-TiAPOKCHOYyTHpAT 1 TOKCOPYOIITUH, MOXYTh
TOI0 BIIMBAE HA KiHIEBI (Pi3UKO-MEXaHI4HI BIACTU-  OyTU BUKOPUCTAHi AJISI CTBOPEHHS HOBUX 010J70TiY-

BOCT1 KOMITO3UTY. HO aKTHBHUX IMIUTAHTATiB KiCTKOBOI TKAHWHHU.
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S. Lukashevich, R. Rozhnova, N. Galatenko, G. Kozlova

PREPARATION OF EPOXY POLYURETHANE COMPOSITIONS
MODIFIED POLYHYDROXYBUTYRATE AND DOXORUBICIN.
STUDY OF THE STRUCTURE AND PROPERTIES

Based epoxy polyurethane (EPU) compositions of modified polyhydroxybutyrates (PHB) and doxorubicin
were obtained the new biologically active polymer materials that can be used as bone implants. The effect
of fillers on the physical and mechanical properties of the composite materials and EPU set the optimum
composition of PHB 0.1 wt. % and 0.3 wt. %. The method of IR spectroscopy sh ows the effect of fillers on
the structure of the compositions. For example, a model reaction of doxorubicin (Dox) and PHB with phenyl
glycidyl ether (PhGE), their modification for EPU carrier it was shown.

Keywords: doxorubicin, polyhydroxybutyrates , epoxy polyurethane, composite materials, modification.
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