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ÏÎË²Â²Í²ËÁÓÒÈÐÀËÞ (Â²Í²ËÀÖÅÒÀÒÓ Ç Â²Í²ËÎÂÈÌ ÑÏÈÐÒÎÌ) ÒÀ
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²íñòèòóò õ³ì³¿ âèñîêîìîëåêóëÿðíèõ ñïîëóê ÍÀÍ Óêðà¿íè, ì. Êè¿â, Óêðà¿íà

Ñèíòåçîâàíî íèçêó ïîë³óðåòàíñå÷îâèí, ùî ì³ñòÿòü ó ñâî¿é ñòðóêòóð³ ôðàãìåíòè

êîïîë³ìåðó ïîë³â³í³ëáóòèðàëþ (â³í³ëàöåòàòó ç â³í³ëîâèì ñïèðòîì) çà ð³çíîãî â³äñîò-

êîâîãî ñï³ââ³äíîøåííÿ 4,4'-ä³àì³íîäèôåí³ëìåòàíó äî ïîë³â³í³ëáóòèðàëþ (30:70; 50:50;

70:30) òà îäåðæàíî íèçêó êîìïîçèö³éíèõ ìàòåð³àë³â ç ë³çîöèìîì (âì³ñò ôåðìåíòó

1 ìàñ.%). Äàí³ ²×-ñïåêòðîñêîï³÷íèõ äîñë³äæåíü ï³äòâåðäæóþòü, ùî ³ììîá³ë³çàö³ÿ

ë³çîöèìó â³äáóâàºòüñÿ çà ðàõóíîê ì³æìîëåêóëÿðíèõ âîäíåâèõ çâ’ÿçê³â (ô³çè÷íà ³ììî-

á³ë³çàö³ÿ). Ïîêàçíèêè ì³öíîñò³ ïðè ðîçðèâ³ ïîë³óðåòàíñå÷îâèí, ñèíòåçîâàíèõ çà

ð³çíîãî ñï³ââ³äíîøåííÿ 4,4'-ä³àì³íîäèôåí³ëìåòàí:ïîë³â³í³ëáóòèðàëü çíàõîäÿòüñÿ ó

ä³àïàçîí³ 2,4–2,9 ÌÏà, à ïîêàçíèêè â³äíîñíîãî ïîäîâæåííÿ ïðè ðîçðèâ³ – ó ä³àïà-

çîí³ 37–204%. Ââåäåííÿ ë³çîöèìó äî ñêëàäó îäåðæàíèõ ïîë³ìåðíèõ ìàòåð³àë³â ç

4,4'-ä³àì³íîäèôåí³ëìåòàíîì ïðèçâîäèòü äî çíèæåííÿ ì³öíîñò³ òà ï³äâèùåííÿ â³äíîñ-

íîãî ïîäîâæåííÿ ïðè ðîçðèâ³. Ïîêàçíèêè õàðàêòåðèñòè÷íî¿ â’ÿçêîñò³ ïîë³ìåð³â

çíàõîäÿòüñÿ ó ìåæàõ 0,46–0,99 äë/ã. Çíà÷åííÿ â’ÿçêîñò³ êîðåëþºòüñÿ ç ïîêàçíèêà-

ìè ì³öíîñò³ ïðè ðîçðèâ³ òà ïîäîâæåííÿì ïðè ðîçðèâ³. Ââåäåííÿ äî ñòðóêòóðè ïîë³-

óðåòàíñå÷îâèí êîïîë³ìåðó ïîë³â³í³ëáóòèðàëþ òà çá³ëüøåííÿ éîãî êîíöåíòðàö³¿ ïðè-

âîäèòü äî ï³äâèùåííÿ ïîêàçíèê³â âîäîïîãëèíàííÿ, ùî áóäå ñïðèÿòè ïðîëîíãîâà-

íîìó âèâ³ëüíåííþ ë³çîöèìó ç ïîë³ìåðíî¿ ìàòðèö³ çà óìîâ in vitro. Âñòàíîâëåíî, ùî

äîñë³äæóâàí³ ñèñòåìè º îäíîôàçíèìè.

Êëþ÷îâ³ ñëîâà: ïîë³óðåòàíñå÷îâèíè, êîïîë³ìåð ïîë³â³í³ëáóòèðàëþ, â³í³ëàöåòàòó ç

â³í³ëîâèì ñïèðòîì, 4,4'-ä³àì³íîäèôåí³ëìåòàí, ë³çîöèì.
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Âñòóï

Ïîë³óðåòàíñå÷îâèíè (ÏÓÑ) ÿê ïîë³ìåðè
ìåäè÷íîãî ïðèçíà÷åííÿ, ùî âèêîðèñòîâóþòü ïðè
ñòâîðåíí³ ïîêðèòò³â íà ðàíè [1] òà îï³êè [2],
êàòåòåð³â [3], ñóäèí [4], ïðîòåç³â [5] òà àíòèòðîì-
áîãåííèõ âèðîá³â [6], îñòàíí³ìè ðîêàìè ïðèâåð-
òàþòü âñå á³ëüøó óâàãó. ÏÓÑ çàâäÿêè
áiîñóìiñíîñòi, ôiçèêî-õiìi÷íèì i ôiçèêî-
ìåõàíi÷íèì âëàñòèâîñòÿì º ïîòåíöiéíèì
ìàòåðiàëîì äëÿ ìåäè÷íîãî âèêîðèñòàííÿ, â òîìó
÷èñëi ÿê íîñi¿ ëiêàðñüêèõ ðå÷îâèí.

Â³äîì³ á³îñóì³ñí³, ã³äðîô³ëüí³ ïîë³óðåòàíè
ç ôðàãìåíòàìè êîïîë³ìåðó ÂÏ-ÂÑ â ñòðóêòóð³,
íàïîâíåí³ àì³çîíîì ç ïðîëîíãîâàíîþ ïðîòèçà-
ïàëüíîþ ä³ºþ [7]. Ðîçðîáëåí³ ïë³âêîâ³ ìàòåð³-
àëè ç äåêàìåòîêñèíîì íà îñíîâ³ ÏÓÑ [8], ÿê³

ì³ñòÿòü ó ñòðóêòóð³ ôðàãìåíòè êîïîë³ìåðó ÂÏ-
ÂÑ, ÿêi çàïðîïîíîâàí³ äëÿ âèêîðèñòàííÿ ÿê
ïîëiìåðíi ìàòåðiàëè ç ïðîòèì³êðîáíîþ ä³ºþ äëÿ
ëiêóâàííÿ ðàí ³ îïiêiâ.

Îäíàê íà ñüîãîäí³ çàëèøàºòüñÿ àêòóàëüíèì
ðîçøèðåííÿ àñîðòèìåíòó ïîë³ìåðíèõ ìàòðèöü
äëÿ ³ììîá³ë³çàö³¿ ë³êàðñüêèõ ðå÷îâèí òà îòðè-
ìàííÿ íîâèõ á³îëîã³÷íî àêòèâíèõ ïîë³ìåðíèõ
ìàòåð³àë³â äëÿ ìåäèöèíè. Îäíèì ç ï³äõîä³â ùîäî
ñòâîðåííÿ íîâèõ ïîë³ìåðíèõ íîñ³¿â ë³êàðñüêèõ
çàñîá³â º ìîäèô³êóâàííÿ âæå â³äîìèõ ïîë³ìåð³â,
çîêðåìà ÏÓÑ, êîïîë³ìåðîì ïîë³â³í³ëáóòèðàëþ,
â³í³ëàöåòàòó ç â³í³ëîâèì ñïèðòîì (ðèñ. 1), ÿêèé
âèêîðèñòîâóþòü ïðè ñòâîðåíí³ ïîë³ìåðíèõ ñèñ-
òåì ïðîëîíãîâàíîãî âèâ³ëüíåííÿ ë³ê³â äëÿ ìå-
äèöèíè [9].
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Ðèñ. 1. Ñòðóêòóðíà ôîðìóëà êîïîë³ìåðó ÏÂÁ

ßê ë³êàðñüêèé ïðåïàðàò çàñëóãîâóº óâàãè
ë³çîöèì – ã³äðîë³òè÷íèé åíçèì, ùî êàòàë³çóº
ã³äðîë³ç -1,4-ãë³êîçèäíèõ çâ’ÿçê³â ì³æ çàëèø-
êàìè N-àöåòèë-D-ãëþêîçàì³íó ³ N-àöåòèëìóðà-
ìîâî¿ êèñëîòè ïåïòèäîãë³êàíó êë³òèííî¿ ñò³íêè
áàêòåð³é, ùî ïðèâîäèòü äî âòðàòè ¿õ æèòòºçäàò-
íîñò³ [10]:
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Öåé ôåðìåíò øèðîêî âèêîðèñòîâóþòü ïðè
ë³êóâàíí³ îï³ê³â, ãí³éíèõ ïðîöåñ³â, â³äìîðîæåí-
íÿ, åðîç³¿ ðîãîâèö³ îêà òà ³íøèõ çàõâîðþâàííÿõ
[11].

Ââåäåííÿ äî ñêëàäó ïîë³ìåðíîãî íîñ³ÿ ë³çî-
öèìó äîçâîëèòü îäåðæàòè íîâ³ á³îëîã³÷íî àêòèâí³
ïîë³ìåðí³ ìàòåð³àëè, ÿê³ â ïîäàëüøîìó ìîæóòü
áóòè âèêîðèñòàí³ â ìåäèöèí³ ÿê ïë³âêîâ³ ïîêðèò-
òÿ äëÿ ë³êóâàííÿ ðàí òà îï³ê³â, ÿê³ áóäóòü ñïðè-
ÿòè î÷èùåííþ ðàíè â³ä íåêðîòè÷íèõ ìàñ, âîëî-
ä³òè àíòèñåïòè÷íèìè âëàñòèâîñòÿìè òà ïðèñêî-
ðþâàòè ïðîöåñè çàãîþâàííÿ.

Òîìó ìåòîþ ðîáîòè º ðîçðîáêà ðÿäó êîì-
ïîçèö³éíèõ ìàòåð³àë³â íà îñíîâ³ ÏÓÑ ç ôðàã-
ìåíòàìè êîïîë³ìåðó ïîë³â³í³ëáóòèðàëþ, â³í³ë-
àöåòàòó ç â³í³ëîâèì ñïèðòîì òà ë³çîöèìîì,
äîñë³äæåííÿ ¿õ  âëàñòèâîñòåé.

Åêñïåðèìåíòàëüíà ÷àñòèíà

Ìàòåð³àëè
Ïîë³îêñèïðîï³ëåíãë³êîëü (ÏÎÏÃ)

(«Rokopol», Ïîëüùà) ÌÌ 1052 ñóøèëè çà çà-
ëèøêîâîãî òèñêó 1–3 ìì ðò. ñò. ³ òåìïåðàòóðè
(80±5)0Ñ ó ïîòîö³ ñóõîãî àðãîíó ïðîòÿãîì 8 ãîä
áåçïîñåðåäíüî ïåðåä ñèíòåçîì. Âì³ñò âîëîãè çà
Ô³øåðîì íå ïåðåâèùóâàâ 0,01–0,02%.

2,4-; 2,6-òîëó¿ëåíä³³îö³àíàò (ÒÄ², 80/20)
C9H6N2O2 (Merck, Í³ìå÷÷èíà) (ÌÌ=174,16;

=1,22 ã/ñì3; Òêèï=(133±1)0Ñ; nD
20=1,5678) –

ñóì³ø ³çîìåð³â 2,4- òà 2,6- çà ñï³ââ³äíîøåííÿ
80/20, î÷èùàëè ïåðåãîíêîþ â âàêóóì³ çà çàëèø-
êîâîãî òèñêó 0,67 êÏà, Òêèï=(100±1)0Ñ. Âèêîðè-
ñòîâóâàëè ñâ³æîïåðåãíàíèì.

4,4'-ä³àì³íîäèôåí³ëìåòàí (ÄÀÄÔ) C13H14N2

(Fluka, 97,0%) (ÌÌ=198,27; Òïë=88–920Ñ) çàñ-
òîñîâóâàëè áåç äîäàòêîâîãî î÷èùåííÿ.

N,N’-äèìåòèëàöåòàì³ä (ÄÌÀÀ) (Merck,
Í³ìå÷÷èíà) (ÌÌ=87,12; =(0,940–0,942) ã/ñì3;
99,7%). Ïåðåãàíÿëè ç ñóì³øøþ áåíçîë–âîäà ó
âàêóóì³ (Òêèï=(52±1)0/14 ìì ðò. ñò.). Âèêîðèñ-
òîâóâàëè ÿê ðîç÷èííèê ïðè ñèíòåç³ ïîë³ìåðíèõ
ìàòåð³àë³â.

Êîïîë³ìåð ïîë³â³í³ëáóòèðàëü, â³í³ëàöåòàò ç
â³í³ëîâèì ñïèðòîì (ÏÂÁ), (ÌÌ=170000–250000;
Tñ=72–780°C; OH=18,3 ìàñ.%, =1,083 ã/ìë ïðè
250C) (Õ³ìëàáîððåàêòèâ, Óêðà¿íà) çàñòîñîâóâà-
ëè áåç äîäàòêîâîãî î÷èùåííÿ.

Ë³çîöèì – ìóêîïåïòèä N-àöåòèëìóðàìî-
¿ëã³äðîëàçè, ôåðìåíò êëàñó ã³äðîëàç, (Merck,
Í³ìå÷÷èíà) ç ÿº÷íîãî á³ëêó, àêòèâí³ñòü 50000 îä/ìã,
âèêîðèñòîâóâàëè áåç äîäàòêîâîãî î÷èùåííÿ.

Ìåòîäè äîñë³äæåííÿ
²×-ñïåêòðè ïîãëèíàííÿ â ä³àïàçîí³ 650–

4000 ñì–1 áóëè çíÿò³ íà ²×-ñïåêòðîìåòð³ ç Ôóð’º
ïåðåòâîðåííÿì «Tensor-37» («Bruker») ìåòîäîì
ïîðóøåíîãî ïîâíîãî âíóòð³øíüîãî â³äáèòòÿ ç
âèêîðèñòàííÿì ïðèçìè-òðàïåö³¿ êðèñòàëó àëìàçà
(÷èñëî â³äîáðàæåíü N=1, êóò ïàä³ííÿ =390).

Ô³çèêî-ìåõàí³÷í³ ïîêàçíèêè, òàê³ ÿê
ì³öí³ñòü ïðè ðîçðèâ³ (, ÌÏà) òà â³äíîñíå ïî-
äîâæåííÿ ïðè ðîçðèâ³ (, %), ñèíòåçîâàíèõ ÏÓÑ
âèçíà÷àëè íà ðîçðèâí³é ìàøèí³ Ð5 çà ÃÎÑÒ
25.601.

Õàðàêòåðèñòè÷íó â’ÿçê³ñòü (, äë/ã) âèçíà-
÷àëè â³ñêîçèìåòðè÷íèì ìåòîäîì [12] çà äîïî-
ìîãîþ â³ñêîçèìåòðà Îñòâàëüäà ç ä³àìåòðîì êàï³-
ëÿðó 0,56 ìì, â’ÿçê³ñòü 1%-âèõ ðîç÷èí³â ïîë³-
ìåð³â ó N,N’-äèìåòèëàöåòàì³ä³ – çà òåìïåðàòó-
ðè 250Ñ.

Ã³äðîô³ëüí³ñòü äîñë³äæóâàëè âèçíà÷åííÿì
âîäîïîãëèíàííÿ ÏÓÑ ï³ñëÿ ¿õ âèòðèìêè â äèñ-
òèëüîâàí³é âîä³ çà òåìïåðàòóðè 370Ñ ïðîòÿ-
ãîì 24 ãîä [13].

Òåïëîô³çè÷í³ âëàñòèâîñò³ (òåìïåðàòóðè
ñêëóâàííÿ (Tñ), çì³íè òåïëîºìíîñò³ ïðè òåìïå-
ðàòóð³ ñêëóâàííÿ (Ñð)) âèâ÷àëè  ìåòîäîì ÄÑÊ.
Äîñë³äæåííÿ çä³éñíþâàëè â ³íòåðâàë³ òåìïåðà-
òóð â³ä –90 äî +2000Ñ (ïðèëàä ÒÀ Instrument
Q2000) ç³ øâèäê³ñòþ íàãð³âàííÿ 200Ñ/õâ. Äëÿ
âèêëþ÷åííÿ âïëèâó òåðì³÷íî¿ òà ìåõàí³÷íî¿ ïå-
ðåä³ñòîð³¿ ìàòåð³àëó âèêîíóâàëè 2 íàãð³âàííÿ.
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Ìåòîä ñèíòåçó ÏÓÑ
Äëÿ îäåðæàííÿ ÏÓÑ, ðåàêö³þ ì³æ ÄÔÏ òà

ÄÀÄÔ âèêîíóâàëè äî äîñÿãíåííÿ ð³çíîãî âì³ñòó
â³ëüíèõ NCO-ãðóï (30, 50, 70% êîíâåðñ³¿) ó ñå-
ðåäîâèù³ N,N’-äèìåòèëàöåòàì³äó (ÄÌÀÀ) ç íà-
ñòóïíèì çä³éñíåííÿì ïîë³ïðèºäíàííÿ ì³æ ñèí-
òåçîâàíèì ïîë³ìåðîì ³ êîïîë³ìåðîì ÏÂÁ äî äî-
ñÿãíåííÿ ïîâíî¿ êîíâåðñ³¿ â³ëüíèõ NCO-ãðóï.
Ñõåìà ðåàêö³¿ ñèíòåçó ÏÓÑ, ÿê³ ì³ñòÿòü ó ñòðóê-
òóð³ ôðàãìåíòè êîïîë³ìåðó ÏÂÁ, çîáðàæåíà íà
ðèñ. 2.

Êîìïîçèö³¿ ÏÓÑ ç ë³çîöèìîì îäåðæóâàëè
øëÿõîì ìåõàí³÷íîãî ïåðåì³øóâàííÿ ïîë³ìåðíî¿
îñíîâè òà 0,03% ðîç÷èíó ë³çîöèìó â ÄÌÀÀ.
Âì³ñò ë³çîöèìó â îòðèìàíèõ êîìïîçèö³ÿõ ñêëà-
äàâ 1 ìàñ.%.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

Ïðî ïðîõîäæåííÿ ðåàêö³¿ óðåòàíîóòâîðåí-
íÿ ì³æ NCO-ãðóïàìè ÄÔÏ òà ÎÍ-ãðóïàìè êî-
ïîë³ìåðó ÏÂÁ ñâ³ä÷àòü çì³íè â ä³àïàçîí³
²×-ñïåêòð³â 3000–3700 ñì–1 òà 1500–1800 ñì–1

(ðèñ. 3).
Íà ²×-ñïåêòðàõ ÏÓÑ, ñèíòåçîâàíèõ ç ïî-

äîâæóâà÷åì ìàêðîëàíöþãà ÄÀÄÔ, â ÷àñòîòíî-
ìó ³íòåðâàë³ âàëåíòíèõ êîëèâàíü NH-ãðóï 3000–
3700 ñì–1 ñìóãà ïîãëèíàííÿ nÎÍ çà 3466 ñì–1 êî-
ïîë³ìåðó ÏÂÁ (ðèñ. 3, êðèâà 4) íà ñïåêòðàõ ÏÓÑ
â³äñóòíÿ, ùî ñâ³ä÷èòü ïðî âçàºìîä³þ ÎÍ-ãðóï
êîïîë³ìåðó ç NCO-ãðóïàìè ÄÔÏ, ïðè öüîìó
ç’ÿâëÿþòüñÿ ñìóãè ïîãëèíàííÿ NH- çâ’ÿç. ïðè
3290 ñì–1 ³ NH-â³ëüí. ç ìàêñèìóìîì ïðèáëèçíî ïðè
3545 ñì–1 (ðèñ. 3, êðèâ³ 1–3).

Â ä³àïàçîí³ 1500–1800 ñì–1 ç³ çá³ëüøåííÿì
âì³ñòó êîïîë³ìåðó ó ñòðóêòóð³ äîñë³äæóâàíèõ
ïîë³ìåðíèõ ìàòåð³àë³â â³äáóâàºòüñÿ çðîñòàííÿ
³íòåíñèâíîñò³ ïîãëèíàííÿ ñìóãè Ñ=Î 1726 ñì-1

ÑÎÎ-ãðóï (ðèñ. 3, êðèâ³ 1–3), ùî ïîâ’ÿçàíî ç
ï³äñóìóâàííÿì äâîõ ñìóã ïîãëèíàííÿ: Ñ=Î êî-
ïîë³ìåðó òà Ñ=Î ïîë³ìåðíî¿ ìàòðèö³. Ïðè öüîìó
ñìóãà ïîãëèíàííÿ Ñ=Î 1738 ñì

–1 êîïîë³ìåðó ÏÂÁ
çì³ñòèëàñü ó á³ê ìåíøèõ ÷àñòîò (1726 ñì–1), ùî
ñâ³ä÷èòü ïðî ïîÿâó á³ëüø çâ’ÿçàíèõ âîäíåâèìè
çâ’ÿçêàìè Ñ=Î-ãðóï.

Ïðè ïîð³âíÿíí³ ñïåêòð³â ÏÓÑ áåç ë³çîöè-
ìó (ðèñ. 4, êðèâà 1) òà ñïåêòð³â ÏÓÑ ç ë³çîöè-
ìîì (ðèñ. 4, êðèâà 2) âñòàíîâëåíî, ùî ïðè ââå-

OH
O

H

CH
3  

OCN
R

NCO

O
O

CH
3

O N
H

N
H

R
N
H

O O

R
NCON

H

O

R1"
N
H

 

O
O

CH
3

O N
H

N
H

R
OCN

O O
R

NCO

 

NH
2

R1
"

NH
2

O  
O

O

CH
3 z

 

O O

CH
3 x

 

O

NH

O
O

CH
3

O N
H

N
H

R
N
H

O O
R

N
H

O
R1"

N
H

 

n
n

n

n

y

2

ÏÂÁ

CH
3

CH
3

C
H
2

Äå R :
, ; R1 :

Ðèñ. 2. Ñõåìà ðåàêö³¿ ñèíòåçó ÏÓÑ, ÿê³ ì³ñòÿòü ó ñâî¿é ñòðóêòóð³ ôðàãìåíòè êîïîë³ìåðó ÏÂÁ
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äåíí³ ôåðìåíòó äî ñêëàäó ïîë³ìåðíî¿ ìàòðèö³
íå ñïîñòåð³ãàºòüñÿ óòâîðåííÿ íîâèõ ñìóõ ïîãëè-
íàííÿ, ùî ñâ³ä÷èòü ïðî â³äñóòí³ñòü õ³ì³÷íî¿ âçà-
ºìîä³¿ ë³êàðñüêî¿ ðå÷îâèíè ç ïîë³ìåðíîþ ìàòðè-
öåþ. Ñïîñòåð³ãàºòüñÿ çìåíøåííÿ ³íòåíñèâíîñò³
ïîãëèíàííÿ ñìóãè NH-çâ’ÿç. 3290 ñì–1 ³ NH-â³ëüí.

3545 ñì–1. Â ä³àïàçîí³ 1500–1800 ñì –1 ïðè ââå-
äåíí³ ë³çîöèìó äî äîñë³äæóâàíèõ ïîë³ìåðíèõ ìà-
òåð³àë³â ñïîñòåð³ãàºòüñÿ çìåíøåííÿ ³íòåíñèâ-
íîñò³ ïîãëèíàííÿ ñìóãè Ñ=Î 1640 ñì–1, ÿêà â³äïî-
â³äàº çà âàëåíòí³ êîëèâàííÿ ñå÷îâèííèõ êàðáî-
í³ëüíèõ ãðóï.

Ïðè ââåäåíí³ ë³çîöèìó äî ñêëàäó ÏÓÑ,
ñèíòåçîâàíèõ çà ñï³ââ³äíîøåííÿ ÄÀÄÔ:ÏÂÁ,
ð³âíîãî 50:50, ñïîñòåð³ãàºòüñÿ çá³ëüøåííÿ ³íòåí-
ñèâíîñò³ ïîãëèíàííÿ ñìóã NH-çâ’ÿç. 3290 ñì–1 ³
NH-â³ëüí. 3545 ñì–1 (ðèñ. 5, êðèâà 2). Â ä³àïàçîí³
1500–1800 ñì–1 ïðè ââåäåíí³ ë³çîöèìó äî äîñë³-
äæóâàíèõ ïîë³ìåðíèõ ìàòåð³àë³â ñïîñòåð³ãàºòü-
ñÿ çìåíøåííÿ ³íòåíñèâíîñò³ ïîãëèíàííÿ ñìóãè
Ñ=Î çâ’ÿç. 1640 ñì–1, ÿêà â³äïîâ³äàº âàëåíòíèì êî-
ëèâàííÿì çâ’ÿçàíèõ ñå÷îâèííèõ êàðáîí³ëüíèõ
ãðóï.

Ïðè ïîð³âíÿíí³ ñïåêòðà ÏÓÑ áåç ë³çîöèìó

Ðèñ. 3. ²×-ñïåêòðè ñèíòåçîâàíèõ ÏÓÑ: 1 – ÄÔÏ+ÄÀÄÔ+ÏÂÁ(70:30); 2 – ÄÔÏ+ÄÀÄÔ+ÏÂÁ(50:50);

3 – ÄÔÏ+ÄÀÄÔ+ÏÂÁ(30:70); 4 – ÏÂÁ

Ðèñ. 4. ²×-ñïåêòðè ÏÓÑ: 1 – ÄÔÏ+ÄÀÄÔ+ÏÂÁ(70:30); 2 – ÄÔÏ+ÄÀÄÔ+ÏÂÁ(70:30)+ë³çîöèì
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(ðèñ. 6, êðèâà 1) òà ñïåêòðà ÏÓÑ ç ë³çîöèìîì,
ñèíòåçîâàíèõ çà ñï³ââ³äíîøåííÿ ÄÀÄÔ:ÏÂÁ, ùî
äîð³âíþº 30:70, (ðèñ. 6, êðèâà 2) âñòàíîâëåíî,
ùî ââåäåííÿ ë³çîöèìó äî ñêëàäó ïîë³ìåðó ïðè-
âîäèòü äî íåçíà÷íîãî çíèæåííÿ ³íòåíñèâíîñò³
ïîãëèíàííÿ ñìóãè NH-â³ëüí. 3545 ñì–1. ²íòåíñèâ-
íîñò³ ³íøèõ ñìóã ïîãëèíàííÿ çàëèøàþòüñÿ áåç
çì³í.

Òàêèì ÷èíîì, â³äïîâ³äíî äî äàíèõ ²×-ñïåê-
òðîñêîï³¿ ââåäåííÿ ë³çîöèìó äî ñêëàäó ïîë³ìåð-
íî¿ ìàòðèö³ ìåòîäîì ìåõàí³÷íîãî ïåðåì³øóâàí-
íÿ íå ïðèâîäèòü äî óòâîðåííÿ íîâèõ ñìóã ïî-

ãëèíàííÿ, ùî ñâ³ä÷èòü ïðî â³äñóòí³ñòü õ³ì³÷íî¿
âçàºìîä³¿ ë³êàðñüêî¿ ðå÷îâèíè ç ïîë³ìåðíîþ
ìàòðèöåþ òà ô³çè÷íó ³ììîá³ë³çàö³þ ôåðìåíòó.
Ñïîñòåð³ãàëàñü çì³íà ³íòåíñèâíîñòåé ñìóã ïî-
ãëèíàííÿ, ÿê³ â³äïîâ³äàþòü çà âàëåíòí³ êîëèâàííÿ
çâ’ÿçàíèõ (3290 ñì–1) òà â³ëüíèõ NH-ãðóï
(3545 ñì–1), çâ’ÿçàíèõ êàðáîí³ë³â ñå÷îâèííèõ ãðóï
(1640 ñì–1), ùî âêàçóº íà çá³ëüøåííÿ ì³êðîñåã-
ðåãàö³¿ ãíó÷êèõ (ïîë³åô³ðíèõ) òà æîðñòêèõ (óðå-
òàíñå÷îâèííèõ) áëîê³â â äîñë³äæóâàíèõ ñèñòå-
ìàõ ïðè ââåäåí³ ë³çîöèìó. Äëÿ çðàçê³â
ÄÔÏ+ÄÀÄÔ+ÏÂÁ(30:70) òà ÄÔÏ+ÄÀÄÔ+

Ðèñ. 5. ²×-ñïåêòðè ÏÓÑ: 1 – ÄÔÏ+ÄÀÄÔ+ÏÂÁ(50:50); 2 – ÄÔÏ+ÄÀÄÔ+ÏÂÁ(50:50)+ë³çîöèì

Ðèñ. 6. ²×-ñïåêòðè ÏÓÑ: 1 – ÄÔÏ+ÄÀÄÔ+ÏÂÁ(30:70); 2 – ÄÔÏ+ÄÀÄÔ+ÏÂÁ(30:70)+ë³çîöèì
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+ÏÂÁ(30:70)+ë³çîöèì ñïîñòåð³ãàºòüñÿ ñëàáêî
âèðàæåíà òåíäåíö³ÿ äî ì³êðîñåãðåãàö³¿.

Äëÿ âèâ÷åííÿ âëàñòèâîñòåé ÏÓÑ, ñèíòåçî-
âàíèõ çà ð³çíîãî â³äñîòêîâîãî ñï³ââ³äíîøåííÿ
ÄÀÄÔ:ÏÂÁ (30:70; 50:50; 70:30), áóëè ïðîâåäåí³
äîñë³äæåííÿ ¿õ ô³çèêî-ìåõàí³÷íèõ õàðàêòåðèñ-
òèê, õàðàêòåðèñòè÷íî¿ â’ÿçêîñò³ òà âîäîïîãëè-
íàííÿ.

Â³ä ñï³ââ³äíîøåííÿ êîìïîíåíò³â ïðè ñèí-
òåç³ çàëåæàòü ì³öí³ñòü òà â³äíîñíå ïîäîâæåííÿ
ïðè ðîçðèâ³ îòðèìàíèõ ÏÓÑ. Âàð³þâàííÿ âì³ñòó
êîïîë³ìåðó ÏÂÁ â ñòðóêòóð³ îòðèìàíèõ ÏÓÑ
ñïðè÷èíÿº çì³íè ô³çèêî-ìåõàí³÷íèõ âëàñòèâîñ-
òåé.

Çðàçêè ÏÓÑ, ùî íå ì³ñòÿòü â ñâî¿é ñòðóê-
òóð³ êîïîë³ìåð ÏÂÁ, âîëîä³þòü á³ëüø âèñîêèìè
çíà÷åííÿìè ïîêàçíèê³â ì³öíîñò³ òà â³äíîñíîãî
ïîäîâæåííÿ ïðè ðîçðèâ³, í³æ ÏÓÑ ç êîïîë³ìå-
ðîì ÏÂÁ. Ç³ çá³ëüøåííÿì ê³ëüêîñò³ êîïîë³ìåðó
ÏÂÁ ó ñòðóêòóð³ ÏÓÑ ñïîñòåð³ãàºòüñÿ çá³ëüøåííÿ
ì³öíîñò³ òà â³äíîñíîãî ïîäîâæåííÿ ïðè ðîçðèâ³
(òàáë. 1).

Ïîêàçíèêè ì³öíîñò³ ïðè ðîçðèâ³ ÏÓÑ,
ñèíòåçîâàíèõ çà ð³çíîãî ñï³ââ³äíîøåííÿ
ÄÀÄÔ:ÏÂÁ, çíàõîäÿòüñÿ ó ä³àïàçîí³ 2,4–2,9 ÌÏà,
à ïîêàçíèêè â³äíîñíîãî ïîäîâæåííÿ ïðè ðîç-
ðèâ³ – ó ä³àïàçîí³ 37–204%. Ââåäåííÿ äî ñêëàäó
îäåðæàíèõ ïîë³ìåðíèõ ìàòåð³àë³â ç ÄÀÄÔ ë³çî-
öèìó ïðèçâîäèòü äî çíèæåííÿ ì³öíîñò³ òà ï³äâè-
ùåííÿ â³äíîñíîãî ïîäîâæåííÿ ïðè ðîçðèâ³.

Ïîêàçíèêè õàðàêòåðèñòè÷íî¿ â’ÿçêîñò³ ïîë³-
ìåð³â çíàõîäÿòüñÿ â ìåæàõ 0,46–0,99 äë/ã. Çíà-
÷åííÿ â’ÿçêîñò³ êîðåëþºòüñÿ ç ïîêàçíèêàìè
ì³öíîñò³ ïðè ðîçðèâ³ (êîåô³ö³ºíò ïàðíî¿ êîðå-
ëÿö³¿ äîð³âíþº 0,997).

Çðàçêè ÏÓÑ, ùî íå ì³ñòÿòü ó ñâî¿é ñòðóê-
òóð³ êîïîë³ìåð ÏÂÁ, õàðàêòåðèçóþòüñÿ íèçüêè-
ìè çíà÷åííÿìè âîäîïîãëèíàííÿ – 3,2% äëÿ ÏÓÑ
ç ÄÀÄÔ. Ââåäåííÿ äî ñòðóêòóðè ÏÓÑ êîïîë³-
ìåðó ÏÂÁ òà çá³ëüøåííÿ éîãî êîíöåíòðàö³¿ ïðè-
âîäèòü äî ï³äâèùåííÿ ïîêàçíèê³â âîäîïîãëèíàí-
íÿ, ùî áóäå ñïðèÿòè ïðîëîíãîâàíîìó âèâ³ëüíåí-

íþ ë³çîöèìó ç ïîë³ìåðíî¿ ìàòðèö³ çà óìîâ in vitro.
Îòæå, çà ðåçóëüòàòàìè ô³çèêî-ìåõàí³÷íèõ

âèïðîáóâàíü âñòàíîâëåíî îïòèìàëüíå ñï³ââ³äíî-
øåííÿ êîìïîíåíò³â ïðè ñèíòåç³ òà âïëèâ ë³çî-
öèìó íà âëàñòèâîñò³ ÏÓÑ ç ôðàãìåíòàìè êîïî-
ë³ìåðó ÏÂÁ. Íàéá³ëüøèìè çíà÷åííÿìè ô³çèêî-
ìåõàí³÷íèõ âëàñòèâîñòåé ñåðåä ÏÓÑ ç êîïîë³-
ìåðîì ÏÂÁ ó ñòðóêòóð³ õàðàêòåðèçóþòüñÿ çðàç-
êè ïîë³ìåðíèõ ìàòåð³àë³â, ñèíòåçîâàí³ çà â³äñîò-
êîâîãî ñï³ââ³äíîøåííÿ êîìïîíåíò³â 30:70, ÿê íå
íàïîâíåí³, òàê ³ íàïîâíåí³ ë³çîöèìîì.

Çà äàíèìè òåïëîô³çè÷íèõ äîñë³äæåíü â ðÿäó
ÏÓÑ ç ôðàãìåíòàìè êîïîë³ìåðó ÏÂÁ, ñèíòåçî-
âàíèõ ç ïîäîâæóâà÷åì ìàêðîëàíöþãà ÄÀÄÔ, ç³
çá³ëüøåííÿì êîíöåíòðàö³¿ êîïîë³ìåðó ÏÂÁ ó
ñòðóêòóð³ ÏÓÑ ïðè äðóãîìó ïðîãð³â³ ñïîñòåð³-
ãàºòüñÿ ï³äâèùåííÿ çíà÷åíü òåìïåðàòóðè ñêëóâàí-
íÿ òà çíèæåííÿ ñòðèáêà òåïëîºìíîñò³ (òàáë. 2),
ùî ìîæå áóòè ïîÿñíåíî çá³ëüøåííÿì ì³êðîñåã-
ðåãàö³¿ ãíó÷êèõ (ïîë³åô³ðíèõ) òà æîðñòêèõ (óðå-
òàíñå÷îâèííèõ) áëîê³â, ùî ïðèâîäèòü äî
çá³ëüøåííÿ ðóõëèâîñò³ ãíó÷êîãî áëîêà, â³äïîâ³-
äíî äî çá³ëüøåííÿ ê³ëüêîñò³ âîäíåâèõ çâ’ÿçê³â ³,
ÿê íàñë³äîê, çá³ëüøåííÿ òåìïåðàòóðè ñêëóâàí-
íÿ.

Â ðÿäó ÄÔÏ+ÄÀÄÔ+ÏÂÁ+ë³çîöèì ç³
çá³ëüøåííÿì êîíöåíòðàö³¿ êîïîë³ìåðó ÏÂÁ ó
ñòðóêòóð³ ÏÓÑ ñïîñòåð³ãàºòüñÿ àíàëîã³÷íà òåí-
äåíö³ÿ, ÿê ³ â ïîïåðåäíüîìó âèïàäêó. Ó òîé æå
÷àñ äëÿ ÏÓÑ, ñèíòåçîâàíèõ çà â³äñîòêîâîãî
ñï³ââ³äíîøåííÿ ÄÀÄÔ:ÏÂÁ, ð³âíîãî 70:30, ââå-
äåííÿ äî ñêëàäó ïîë³ìåðíî¿ ìàòðèö³ ôåðìåíòó
ïðèâîäèòü äî çíèæåííÿ òåìïåðàòóðè ñêëóâàííÿ
ó ïîð³âíÿíí³ ç³ çðàçêîì áåç ë³çîöèìó. Îòðèìà-
íèé ðåçóëüòàò ìîæå áóòè ïîÿñíåíèé óòâîðåí-
íÿì, ïðè ââåäåíí³ ë³çîöèìó, íåù³ëüíî¿ óïàêîâ-
êè ìàêðîìîëåêóë, ùî ïðèâîäèòü äî çìåíøåííÿ
ì³æìîëåêóëÿðíèõ çâ’ÿçê³â ³, ÿê íàñë³äîê, çíè-
æåííÿ òåìïåðàòóðè ñêëóâàííÿ. Äëÿ ÏÓÑ, ñèí-
òåçîâàíèõ çà â³äñîòêîâîãî ñï³ââ³äíîøåííÿ
ÄÀÄÔ:ÏÂÁ, ð³âíîãî 50:50 òà 30:70, ââåäåííÿ
ë³çîöèìó ïðèâîäèòü äî íåçíà÷íîãî ï³äâèùåííÿ

Òàáëèöÿ 1

Ô³çèêî-ìåõàí³÷í³ âëàñòèâîñò³ ÏÓÑ òà ÏÓÑ ç ë³çîöèìîì ³ç ïîäîâæóâà÷åì ìàêðîëàíöþãà ÄÀÄÔ

Зразки ПУС ДА/ПВБ, % , МПа , % , дл/г Водопоглинання, % 

70:30 2,40 37 0,46±0,04 4,53 

50:50 2,46 107 0,56±0,03 4,70 ДФП+ДАДФ+ПВБ 

30:70 2,90 204 0,99±0,07 4,85 

70:30 2,27 81 – – 

50:50 2,30 167 – – ДФП+ДАДФ+ПВБ+лізоцим 

30:70 2,34 207 – – 

ДФП+ДАДФ [14] – 11,2 208 – 3,20 
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çíà÷åíü òåìïåðàòóðè ñêëóâàííÿ â ïîð³âíÿíí³ ç³
çðàçêàìè áåç ë³çîöèìó, ùî çóìîâëåíî çì³íîþ
ñåãìåíòàëüíî¿ ðóõëèâîñò³ ìàêðîìîëåêóë.

Íà òåðìîãðàìàõ óñ³õ äîñë³äæóâàíèõ ÏÓÑ
(ðèñ. 7) ñïîñòåð³ãàëè îäèí ïåðåõ³ä ñêëóâàííÿ ³,
â³äïîâ³äíî, îäíó òåìïåðàòóðó ñêëóâàííÿ. Îòæå,
äîñë³äæóâàí³ ñèñòåìè îäíîôàçí³.

Âèñíîâêè

Ñèíòåçîâàíî ÏÓÑ, ùî ì³ñòÿòü ó ñòðóêòóð³
ôðàãìåíòè êîïîë³ìåðó ÏÂÁ çà ð³çíîãî ñï³ââ³äíî-
øåííÿ ïîäîâæóâà÷à ëàíöþãà òà êîïîë³ìåðó. Íà
¿õ îñíîâ³ ñòâîðåíî ïîë³ìåðí³ êîìïîçèö³éí³ ìà-
òåð³àëè ç ë³çîöèìîì. Ìåòîäîì ²×-ñïåêòðîñêîï³¿
ï³äòâåðäæåíî ïåðåá³ã ðåàêö³é óðåòàíîóòâîðåííÿ
ì³æ êîïîë³ìåðîì ÏÂÁ ³ ïîë³ìåðíîþ ìàòðèöåþ

ç óòâîðåííÿì ÏÓÑ, ùî ì³ñòÿòü ó ñâî¿é ñòðóêòóð³
ôðàãìåíòè êîïîë³ìåðó ÏÂÁ, òà âñòàíîâëåíî, ùî
³ììîá³ë³çàö³ÿ ë³çîöèìó â³äáóâàºòüñÿ çà ðàõóíîê
ì³æìîëåêóëÿðíèõ âîäíåâèõ çâ’ÿçê³â (ô³çè÷íà
³ììîá³ë³çàö³ÿ). Çä³éñíåí³ ô³çèêî-ìåõàí³÷í³ äîñ-
ë³äæåííÿ äîçâîëèëè âñòàíîâèòè, ùî ââåäåííÿ
ôåðìåíòó ïðèâîäèòü äî çíèæåííÿ ì³öíîñò³ òà
ï³äâèùåííÿ â³äíîñíîãî ïîäîâæåííÿ ïðè ðîçðèâ³.
Ïîêàçíèêè õàðàêòåðèñòè÷íî¿ â’ÿçêîñò³ ïîë³ìåð³â
ëåæàòü â ìåæàõ 0,46–0,99 äë/ã. Çíà÷åííÿ â’ÿç-
êîñò³ êîðåëþºòüñÿ ç ïîêàçíèêàìè ì³öíîñò³ ïðè
ðîçðèâ³ òà ïîäîâæåííÿì ïðè ðîçðèâ³. Ââåäåííÿ
äî ñòðóêòóðè ÏÓÑ êîïîë³ìåðó ÏÂÁ òà çá³ëüøåí-
íÿ éîãî êîíöåíòðàö³¿ âåäå äî ï³äâèùåííÿ ïî-
êàçíèê³â âîäîïîãëèíàííÿ, ùî áóäå ñïðèÿòè ïðî-
ëîíãîâàíîìó âèâ³ëüíåííþ ë³çîöèìó ç ïîë³ìåð-
íî¿ ìàòðèö³ çà óìîâ in vitro. Äëÿ ÏÓÑ, ñèíòåçî-
âàíèõ çà â³äñîòêîâîãî ñï³ââ³äíîøåííÿ
ÄÀÄÔ:ÏÂÁ, ð³âíîãî 70:30, ââåäåííÿ äî ñêëàäó
ïîë³ìåðíî¿ ìàòðèö³ ôåðìåíòó ïðèâîäèòü äî çíè-
æåííÿ òåìïåðàòóðè ñêëóâàííÿ. Ó òîé æå ÷àñ äëÿ
ÏÓÑ, ñèíòåçîâàíèõ çà â³äñîòêîâîãî ñï³ââ³äíî-
øåííÿ ÄÀÄÔ:ÏÂÁ, ùî äîð³âíþº 50:50 òà 30:70,
ââåäåííÿ ë³çîöèìó ïðèâîäèòü äî íåçíà÷íîãî
ï³äâèùåííÿ çíà÷åíü òåìïåðàòóðè ñêëóâàííÿ.
Ð³çí³ çíà÷åííÿ òåìïåðàòóðè ñêëóâàííÿ çóìîâëå-
íî çì³íîþ ñåãìåíòàëüíî¿ ðóõëèâîñò³ ìàêðîìî-
ëåêóë.

Òàáëèöÿ 2

Òåïëîô³çè÷í³ âëàñòèâîñò³ ÏÓÑ ç ïîäîâæóâà÷åì
ìàêðîëàíöþãà ÃÌÄÀ òà ÄÀÄÔ

Зразки ПУС 
ДА/ПВБ, 

% 
Тс, 

0С 
Ср,  

Дж/ (г0С) 

30:70 –19,83 0,3404 

50:50 –19,97 0,3782 ДФП+ДАДФ+ПВБ 

70:30 –23,79 0,4175 

30:70 –18,48 0,2278 

50:50 –19,94 0,3333 ДФП+ДАДФ+ПВБ+лізоцим 

70:30 –26,22 0,3745 

 

Ðèñ. 7. Òèïîâ³ òåðìîãðàìè  (2 ïðîãð³â): 1 – ÄÔÏ+ÄÀÄÔ+ÏÂÁ (70:30); 2 – ÄÔÏ+ÄÀÄÔ+ÏÂÁ (70:30)+ë³çîöèì;

3 – ÄÔÏ+ÄÀÄÔ+ÏÂÁ (50:50); 4 – ÄÔÏ+ÄÀÄÔ+ÏÂÁ (50:50)+ë³çîöèì; 5 – ÄÔÏ+ÄÀÄÔ+ÏÂÁ (30:70);

6 – ÄÔÏ+ÄÀÄÔ+ÏÂÁ (30:70)+ë³çîöèì
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SYNTHESIS AND PROPERTIES OF COMPOSITE
MATERIALS BASED ON POLYURETHANE UREA WITH
FRAGMENTS OF POLYVINYL BUTYRAL COPOLYMER
(VINYL ACETATE WITH VINYL ALCOHOL) AND
LYSOZYME
K.V. Stashenko *, T.V. Rudenchyk, N.A. Galatenko,
R.A. Rozhnova

Institute of Macromolecular Chemistry of the NAS of Ukraine,
Kyiv, Ukraine

* e-mail: katuwka2014@gmail.com

A number of polyurethane ureas were synthesized, their
structures of which contain fragments of polyvinyl butyral copolymer
(vinyl acetate with vinyl alcohol) with a 4,4'-diaminodiphenylmethane
at different weight ratio of 4,4'-diaminodiphenylmethane to polyvinyl
butyral (30:70, 50:50, and 70:30). Based on the synthesized
polyurethane ureas, the composite materials with lysozyme were
prepared, the content of drug substance being equal to 1 wt.%. The
data of IR spectroscopy confirmed that the immobilization of lysozyme
occurred due to intermolecular hydrogen bonds (i.e. physical
immobilization). The values of tensile strength at break relative
elongation at break of polyurethane ureas, synthesized at different
ratios 4,4'-diaminodiphenylmethane:polyvinyl butyral, were in the
ranges of 2.4–2.9 MPa and 37–204%, respectively. The introduction
of lysozyme into the composition of the obtained polymeric materials
with 4,4'-diaminodiphenylmethane resulted in a decrease in the
strength and an increase in the relative elongation at break. The
characteristic polymer viscosity was in the range of 0.46 to 0.99 dL/g.
The value of viscosity correlated with the strength indicators at break
and elongation at break. An increase in the glass transition
temperature and a decrease in the heat capacity jump were observed
with increasing the concentration of polyvinyl butyral copolymer in
the polyurethane ureas structure. The studied systems proved to be
single-phase.

Keywords: polyurethane urea; copolymer polyvinyl butyral;
vinyl acetate; vinyl alcohol; 4,4'-diaminodiphenylmethane;
lysozyme.
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