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Cèíòåçîâàíî íèçêó ïîë³óðåòàíñå÷îâèí (ÏÓÑ), ùî ì³ñòÿòü ó ñòðóêòóð³ ôðàãìåíòè
êîïîë³ìåðó N-â³í³ëï³ðîë³äîíó ç â³í³ëîâèì ñïèðòîì (ÂÏ–ÂÑ) ç ïîäîâæóâà÷åì ìàê-
ðîëàíöþãà 1,6-ãåêñàìåòèëåíä³àì³íîì (ÃÌÄÀ) çà ð³çíîãî â³äñîòêîâîãî ñï³ââ³äíîøåí-
íÿ ÃÌÄÀ äî ÂÏ–ÂÑ (30:70; 50:50; 70:30). Íà îñíîâ³ ñèíòåçîâàíèõ ÏÓÑ îäåðæàíî
íèçêó êîìïîçèö³éíèõ ìàòåð³àë³â ç ë³çîöèìîì (âì³ñò ë³êàðñüêî¿ ðå÷îâèíè 1 ìàñ.%).
Çà ðåçóëüòàòàìè ²×-ñïåêòðîñêîï³÷íèõ äîñë³äæåíü ³ììîá³ë³çàö³ÿ ë³çîöèìó â³äáóâàºòü-
ñÿ çà ðàõóíîê ì³æìîëåêóëÿðíèõ âîäíåâèõ çâ’ÿçê³â (ô³çè÷íà ³ììîá³ë³çàö³ÿ). Âñòàíîâ-
ëåíî, ùî çðàçêè ÏÓÑ ç ôðàãìåíòàìè ÂÏ–ÂÑ ó ñâî¿é ñòðóêòóð³, íàïîâíåí³ ë³çîöè-
ìîì, ñèíòåçîâàí³ çà â³äñîòêîâîãî ñï³ââ³äíîøåííÿ ÃÌÄÀ äî êîïîë³ìåðó ÂÏ–ÂÑ 70:30
ìàþòü êðàù³ ô³çèêî-ìåõàí³÷í³ âëàñòèâîñò³ â íèçö³ (=23,7 ÌÏà, =217%). Ââåäåííÿ
äî ñêëàäó îäåðæàíèõ ïîë³ìåðíèõ ìàòåð³àë³â ë³çîöèìó ïðèâîäèòü äî ï³äâèùåííÿ
ì³öíîñò³ ïðè ðîçðèâ³ â ïîð³âíÿíí³ ç íåíàïîâíåíèìè çðàçêàìè â³ä 47% äî 179%. Ïðè
ââåäåíí³ äî ñêëàäó ÏÓÑ ôåðìåíòó ñïîñòåð³ãàºòüñÿ ï³äâèùåííÿ òåìïåðàòóðè ñêëó-
âàííÿ ³ çá³ëüøåííÿ ñòðèáêà òåïëîºìíîñò³, ùî çóìîâëåíî çíèæåííÿì ñåãìåíòàëüíî¿
ðóõëèâîñò³ ìàêðîìîëåêóë. Áóëî âñòàíîâëåíî, ùî äîñë³äæóâàí³ ñèñòåìè îäíîôàçí³.

Êëþ÷îâ³ ñëîâà: ïîë³óðåòàíñå÷îâèíè, êîïîë³ìåð N-â³í³ëï³ðîë³äîíó ç â³í³ëîâèì ñïèð-
òîì, 1,6-ãåêñàìåòèëåíä³àì³í, ë³çîöèì, êîìîçèö³éí³ ìàòåð³àëè.

Âñòóï

Á³îëîã³÷íî àêòèâí³ êîìïîçèö³éí³ ìàòåð³à-
ëè øèðîêî âèêîðèñòîâóþòüñÿ â ìåäè÷í³é ïðàê-
òèö³ ÿê ïîêðèòòÿ äëÿ ðàí òà îï³ê³â, êîíòàêòíèõ
ë³íç [1], êàòåòåð³â, ïðîòåç³â, ñóäèí [2], àíòèòðîì-
áîãåííèõ âèðîá³â [3], íîñ³¿ ãåííîãî ìàòåð³àëó [4],
øòó÷íî¿ øê³ðè [5], â ïðîòèïóõëèíí³é òåðàï³¿ [6]
òîùî.

Âèá³ð ïîë³ìåðíî¿ îñíîâè çóìîâëåíèé ê³íöå-
âèìè âëàñòèâîñòÿìè òà ñôåðîþ âèêîðèñòàííÿ
ðîçðîáëåíîãî ìàòåð³àëó. ßê íîñ³¿ ë³êàðñüêèõ ðå-
÷îâèí (ËÐ) âèêîðèñòîâóþòü ïîë³ìåðè ð³çíî¿
ñòðóêòóðè òà âëàñòèâîñòåé: ë³í³éí³, ðîçãàëóæåíí³,
ïðîñòîðîâ³ (ñ³ò÷àñò³). Çîêðåìà â³äîìî âèêîðè-
ñòàííÿ ôóìàðàò-âì³ñíèõ åïîêñèïîë³óðåòàíîâèõ
êîìïîçèö³éíèõ ìàòåð³àë³â, ùî ì³ñòÿòü ôåðîöåí,
ÿê³ çàïðîïîíîâàí³ äëÿ âèêîðèñòàííÿ ÿê ³ìïëàíò³â
ê³ñòêîâî¿ òêàíèíè [7]. Ïîë³óðåí-åïîêñèäí³ êîì-
ïîçèö³éí³ ìàòåð³àëè íàïîâíåí³ ñèë³êàãåëåì òà
àåðîñèëîì ÿê ïîë³ìåðí³ íîñ³¿ äëÿ ë³êóâàííÿ òó-
áåðêóëüîçó ê³ñòêîâèõ òêàíèí [8].

Îñîáëèâó óâàãó çàñëóãîâóþòü ã³äðîô³ëüí³
ïîë³óðåòàíñå÷îâèíè ç ôðàãìåíòàìè êîïîë³ìåðó

N-â³í³ëï³ðîë³äîíó ç â³í³ëîâèì ñïèðòîì, ÿê³ çíà-
õîäÿòü ñâîº âèêîðèñòàííÿ ÿê íîñ³¿ ë³êàðñüêèõ
ïðåïàðàò³â ïðè ñòâîðåíí³ äðåíàæ³â â àáäîì³-
íàëüí³é õ³ðóðã³¿, ùî âîëîä³þòü áàêòåðèöèäíèìè
âëàñòèâîñòÿìè [9].

Íà ñüîãîäí³ ³ñíóº ïðîáëåìà ñòâîðåííÿ á³-
îëîã³÷íî àêòèâíèõ ã³äðîô³ëüíèõ êîìïîçèö³éíèõ
ìàòåð³àë³â ç ïðîëîíãîâàíîþ ã³äðîë³÷íîþ àêòèâ-
í³ñòþ. Ç ö³º¿ òî÷êè çîðó ë³çîöèì º ñïîëóêà á³-
îëîã³÷íî àêòèâíà, ä³ÿ ÿêî¿ ìîæå áóòè ñïðÿìîâà-
íà íà ðîç÷èíåííÿ íåêðîòè÷íèõ ìàñ.

Ë³çîöèì – ôåðìåíò êëàñó ã³äðîëàç, ÿêèé º
àíòèáàêòåð³àëüíèì àãåíòîì, ùî ðóéíóº êë³òèíí³
îáîëîíêè áàêòåð³é øëÿõîì ã³äðîë³çó ïåïòèäíèõ
çâ’ÿçê³â òà âîëîä³º ã³äðîë³òè÷íîþ àêòèâí³ñòþ:
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Éîãî çàñòîñîâóþòü ïðè ë³êóâàíí³ îï³ê³â,
ãí³éíèõ ïðîöåñ³â, â³äìîðîæåííÿõ, êîí’þíêòèâ³-
òàõ, åðîç³¿ ðîãîâèö³ îêà, àôòîçíèõ ñòîìàòèòàõ òà
³íøèõ ³íôåêö³éíèõ çàõâîðþâàííÿõ [10].

Òîìó ìåòîþ ðîáîòè º ðîçðîáêà íèçêè êîì-
ïîçèö³éíèõ ìàòåð³àë³â íà îñíîâ³ ÏÓÑ ç ôðàã-
ìåíòàìè êîïîë³ìåðó N-â³í³ëï³ðîë³äîíó ç â³í³ëî-
âèì ñïèðòîì (ÂÏ–ÂÑ) òà ë³çîöèìîì, äîñë³äæåí-
íÿ ¿õ ñòðóêòóðè òà âëàñòèâîñòåé.

Åêñïåðèìåíòàëüíà ÷àñòèíà

Ìàòåð³àëè
Ïîë³îêñèïðîï³ëåíãë³êîëü (ÏÎÏÃ)

(„Rokopol” Ïîëüùà) ÌÌ 1052 ñóøèëè çà çàëèø-
êîâîãî 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.

1,6-ãåêñàìåòèëåíä³àì³í (ÃÌÄÀ) Ñ6Í16N2

(Fluka, 99,9%) (ÌÌ=116,21; Òïë=39–420Ñ) 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)0Ñ/ 14 ìì ðò.ñò.) [11].

Ïîòð³éíèé êîïîë³ìåð ÂÏ–ÂÀ–ÂÑ
(ÎÍ=3,47%), ñèíòåçîâàíèé ç êîïîë³ìåðó
N-â³í³ëï³ðîë³äîíó ç â³í³àöåòàòîì (ÂÏ–ÂÀ)
(Sigma-Aldrich) (ÌÌ 50000) øëÿõîì ëóæíîãî àë-
êîãîë³çó çà óìîâ íåïîâíîãî îìèëåííÿ [12].

Âðàõîâóþ÷è òå, ùî ïðè íåïîâíîìó îìè-
ëåíí³ â³í³ëàöåòàòó êîïîë³ìåð â³í³ëàöåòàòó ç
â³í³ëîâèì ñïèðòîì íàçèâàþòü ïîë³â³í³ëîâèì
ñïèðòîì, ñèíòåçîâàíèé ïîòð³éíèé êîïîë³ìåð
ÂÏ–ÂÀ–ÂÑ â íàäàí³é ðîáîò³ áóäå ìàòè àáðåâ³-
àòóðó ÂÏ–ÂÑ ³ íîñèòè íàçâó êîïîë³ìåð N-â³í³ë-
ï³ðîë³äîíó ç â³í³ëîâèì ñïèðòîì [12].

Ë³çîöèì – ìóêîïåïòèä N-àöåòèëìóðàìî-
¿ëã³äðîëàçè, ôåðìåíò êëàñó ã³äðîëàç, (Merck,
Í³ìå÷÷èíà) ³ç ÿº÷íîãî á³ëêó, àêòèâí³ñòü 50000 îä/ìã,
âèêîðèñòîâóâàëè áåç äîäàòêîâîãî î÷èùåííÿ.

Ìåòîäè äîñë³äæåííÿ
²×-ñïåêòðè ïîãëèíàííÿ íà ä³ëÿíö³ 650–

4000 ñì–1 áóëè îäåðæàí³ íà ²×-ñïåêòðîìåòð³ ç
Ôóð’º ïåðåòâîðåííÿì „Tensor-37” ô³ðìè «Bruker»
ìåòîäîì ïîðóøåíîãî ïîâíîãî âíóòð³øíüîãî
â³äáèòòÿ (ÏÏÂÂ) ç âèêîðèñòàííÿì ïðèçìè-òðà-
ïåö³¿ 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
çí³ìàëè íà ðîçðèâí³é ìàøèí³ Ð5 çà ÃÎÑÒ 25.601.

Òåïëîô³çè÷í³ âëàñòèâîñò³ (òåìïåðàòóðè
ñêëóâàííÿ (Tñ), çì³íè òåïëîºìíîñò³ ïðè òåìïå-
ðàòóð³ ñêëóâàííÿ (DÑð)) 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.

Ìåòîä ñèíòåçó ÏÓÑ
Ã³äðîô³ëüí³ ïîë³óðåòàíñå÷îâèíè îäåðæóâà-

ëè ó ÷îòèðè ñòàä³¿ çà ìåòîäèêîþ íàâåäåíîþ â
ïàòåíò³ [13] òà ñòàòò³ [14]. Äëÿ îäåðæàííÿ ÏÓÑ
çà ð³çíîãî â³äñîòêîâîãî ñï³ââ³äíîøåííÿ ïîäîâæó-
âà÷à ìàêðîëàíöþãà äî êîïîë³ìåðó ÂÏ–ÂÑ ðå-
àêö³þ ì³æ ä³³çîö³àíàòíèì ôîðïîë³ìåðîì (ÄÔÏ)
òà ÃÌÄÀ çä³éñíþâàëè äî äîñÿãíåííÿ ð³çíîãî
âì³ñòó â³ëüíèõ NCO-ãðóï (30, 50, 70% êîíâåðñ³¿).
Ñõåìà ðåàêö³¿ ñèíòåçó ÏÓÑ, ÿê³ ì³ñòÿòü ó ñòðóê-
òóð³ ôðàãìåíòè êîïîë³ìåðó ÂÏ–ÂÑ, çîáðàæåíà
íà ðèñ. 1.

Íàïîâíåííÿ ñèíòåçîâàíèõ ÏÓÑ ë³çîöèìîì
ó ê³ëüêîñò³ 1 ìàñ.% çä³éñíþâàëè øëÿõîì ìåõà-
í³÷íîãî ïåðåì³øóâàííÿ ïîë³ìåðíî¿ îñíîâè òà
ðîç÷èíó ë³çîöèìó â ÄÌÀÀ.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

Äëÿ âèáîðó ïîë³ìåðíîãî ìàòåð³àëó ç îïòè-
ìàëüíèìè ô³çèêî-ìåõàí³÷íèìè ïîêàçíèêàìè
áóëî îòðèìàíî ðÿä ÏÓÑ, ñèíòåçîâàíèõ çà ð³çíîãî
â³äñîòêîâîãî ñï³ââ³äíîøåííÿ ÃÌÄÀ:ÂÏ–ÂÑ
(30:70; 50:50 òà 70:30).

Çà ðåçóëüòàòàìè ô³çèêî-ìåõàí³÷íèõ âèïðî-
áóâàíü ì³öí³ñòü òà â³äíîñíå ïîäîâæåííÿ ïðè
ðîçðèâ³ îäåðæàíèõ ÏÓÑ çàëåæàòü â³ä ñêëàäó ³
ñï³ââ³äíîøåííÿ êîìïîíåíò³â ïðè ñèíòåç³. Âàð³-
þâàííÿ âì³ñòó êîïîë³ìåðó ÂÏ–ÂÑ ó ñòðóêòóð³
îäåðæàíèõ ÏÓÑ ñïðè÷èíÿº çì³íè ô³çèêî-ìåõà-
í³÷íèõ âëàñòèâîñòåé. Âñòàíîâëåíî, ùî ç³ çìåí-
øåííÿì ê³ëüêîñò³ êîïîë³ìåðó ÂÏ–ÂÑ ó ñòðóê-
òóð³ ÏÓÑ ñïîñòåð³ãàºòüñÿ çá³ëüøåííÿ ì³öíîñò³
òà â³äíîñíîãî ïîäîâæåííÿ ïðè ðîçðèâ³ (òàáë. 1).

Ââåäåííÿ äî ñêëàäó îäåðæàíèõ ïîë³ìåðíèõ
ìàòåð³àë³â ð³çíî¿ ñòðóêòóðè ë³çîöèìó òàêîæ ïðè-
âîäèòü äî ï³äâèùåííÿ ì³öíîñò³ òà â³äíîñíîãî
ïîäîâæåííÿ ïðè ðîçðèâ³.

Íàéá³ëüøèìè çíà÷åííÿìè ô³çèêî-ìåõàí³-
÷íèõ âëàñòèâîñòåé ñåðåä ÏÓÑ ç êîïîë³ìåðîì
ÂÏ–ÂÑ òà ÃÌÄÀ ó ñòðóêòóð³ õàðàêòåðèçóþòüñÿ
çðàçêè ïîë³ìåðíèõ ìàòåð³àë³â, ñèíòåçîâàí³ çà
â³äñîòêîâîãî ñï³ââ³äíîøåííÿ êîìïîíåíò³â 70:30,
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ÿê íåíàïîâíåí³, òàê ³ íàïîâíåí³ ë³çîöèìîì
(=8,5 ÌÏà, =302% òà =23,7 ÌÏà, =217%,
â³äïîâ³äíî).

Òàáëèöÿ 1
Ô³çèêî-ìåõàí³÷í³ âëàñòèâîñò³ ÏÓÑ òà ÏÓÑ ç

ë³çîöèìîì ³ç ïîäîâæóâà÷åì ìàêðîëàíöþãà ÃÌÄÀ

Ïîêàçíèêè ì³öíîñò³ ïðè ðîçðèâ³ ÏÓÑ, ùî
ì³ñòÿòü ó ñâî¿é ñòðóêòóð³ êîïîë³ìåð ÂÏ–ÂÑ òà
ïîäîâæóâà÷ ìàêðîëàíöþãà ÃÌÄÀ, çíàõîäÿòüñÿ
ó ä³àïàçîí³ 3,6–8,5 ÌÏà, à ïîêàçíèêè â³äíîñíî-
ãî ïîäîâæåííÿ ïðè ðîçðèâ³ – ó ä³àïàçîí³ 183–
302%, à òàêîæ 5,3–23,7 ÌÏà òà 176–268% äëÿ
ÏÓÑ ç ë³çîöèìîì (òàáë. 1). Ââåäåííÿ äî ñêëàäó
îäåðæàíèõ ïîë³ìåðíèõ ìàòåð³àë³â ë³çîöèìó ïðè-
âîäèòü äî ï³äâèùåííÿ ì³öíîñò³ ïðè ðîçðèâ³ â
ïîð³âíÿíí³ ç êîíòðîëüíèìè çðàçêàì íà äëÿ ÏÓÑ
ç ÃÌÄÀ â³ä 47% äî 179%

Îòæå, ðåçóëüòàòè ô³çèêî-ìåõàí³÷íèõ âèï-
ðîáóâàíü äàëè çìîãó âñòàíîâèòè îïòèìàëüíå
ñï³ââ³äíîøåííÿ êîìïîíåíò³â ïðè ñèíòåç³ òà
âïëèâ ë³çîöèìó íà âëàñòèâîñò³ ÏÓÑ ç ôðàãìåí-

Ðèñ. 1. Ñõåìà ðåàêö³¿ ñèíòåçó ÏÓÑ, ÿê³ ì³ñòÿòü ó ñâî¿é ñòðóêòóð³ ôðàãìåíòè êîïîë³ìåðó ÂÏ–ÂÑ
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Зразки ПУС 
ГМДА/ВП–ВС, 

% 
, 

МПа 

,  

% 

30:70 3,6 183 

50:50 4,7 274 ДФП+ГМДА+ВП–ВС 

70:30 8,5 302 

30:70 5,3 176 

50:50 9,1 268 

ДФП+ГМДА+ВП–ВС+ 

+лізоцим 
70:30 23,7 217 
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òàìè êîïîë³ìåðó ÂÏ–ÂÑ.
Â ðÿäó ÏÓÑ ç ôðàãìåíòàìè êîïîë³ìåðó

ÂÏ–ÂÑ, ñèíòåçîâàíèõ ç ïîäîâæóâà÷åì ìàêðî-
ëàíöþãà ÃÌÄÀ ïðè çá³ëüøåíí³ êîíöåíòðàö³¿
ÂÏ–ÂÑ ó ñòðóêòóð³ ÏÓÑ ïðè äðóãîìó ïðîãð³-
âàíí³ ñïîñòåð³ãàºòüñÿ ï³äâèùåííÿ çíà÷åíü òåì-
ïåðàòóðè ñêëóâàííÿ òà ñòðèáêà òåïëîºìíîñò³
(òàáë. 2), ùî êîðåëþºòüñÿ ç ðåçóëüòàòàìè ô³çè-
êî-ìåõàí³÷íèõ äîñë³äæåíü (ç³ çá³ëüøåííÿì êîí-
öåíòðàö³¿ êîïîë³ìåðó ÂÏ–ÂÑ ó ñòðóêòóð³ ÏÓÑ
ñïîñòåð³ãàºòüñÿ çíèæåííÿ ïîêàçíèêà ì³öíîñò³ òà
â³äíîñíîãî ïîäîâæåííÿ ïðè ðîçðèâ³).

Òåìïåðàòóðí³ çàëåæíîñò³ òåïëîºìíîñò³ ÏÓÑ
ð³çíî¿ ñòðóêòóðè, ìàþòü îäèí ³ òîé æå õàðàêòåð,
òîìó íàâåäåí³ êðèâ³ òåïëîºìíîñò³ ò³ëüêè ÏÓÑ
(30:70), ñèíòåçîâàíèõ ç âèêîðèñòàííÿì ð³çíîãî
ïîäîâæóâà÷à ìàêðîëàíöþãà (ðèñ. 2). Íà òåðìî-
ãðàìàõ óñ³õ äîñë³äæóâàíèõ ÏÓÑ ñïîñòåð³ãàëè
îäèí ïåðåõ³ä ñêëóâàííÿ ³, â³äïîâ³äíî, îäíó òåì-
ïåðàòóðó ñêëóâàííÿ (Òñ). Îòæå, äîñë³äæóâàí³
ñèñòåìè îäíîôàçí³.

Ðèñ. 2. Òèïîâ³ òåðìîãðàìè  (2 ïðîãð³âàííÿ):

1 – ÄÔÏ+ÃÌÄÀ+ÂÏ–ÂÑ;

2 – ÄÔÏ+ÃÌÄÀ+ ÂÏ–ÂÑ+ë³çîöèì

Òåïëîô³çè÷í³ âëàñòèâîñò³ ÏÓÑ çàëåæàòü â³ä
íàÿâíîñò³ â ¿õ ñêëàä³ ë³çîöèìó. Ïðè ââåäåíí³ äî
ñêëàäó ÏÓÑ ôåðìåíòó ñïîñòåð³ãàºòüñÿ ï³äâèùåí-
íÿ òåìïåðàòóðè ñêëóâàííÿ ³ çá³ëüøåííÿ ñòðèáêà
òåïëîºìíîñò³, ùî çóìîâëåíî çíèæåííÿì ñåãìåí-
òàëüíî¿ ðóõëèâîñò³ ìàêðîìîëåêóë.

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

(ðèñ. 3).

Ðèñ. 3. ²×-ñïåêòðè ñèíòåçîâàíèõ ÏÓÑ:

1 – ÄÔÏ+ÃÌÄÀ+ÂÏ–ÂÑ (70:30);

2 – ÄÔÏ+ÃÌÄÀ+ÂÏ–ÂÑ (50:50);

3 – ÄÔÏ+ÃÌÄÀ+ÂÏ–ÂÑ (30:70); 4 – ÂÏ–ÂÑ

Íà ²×-ñïåêòðàõ ÏÓÑ, ñèíòåçîâàíèõ ç ïî-
äîâæóâà÷åì ìàêðîëàíöþãà ÃÌÄÀ â ÷àñòîòíîìó
³íòåðâàë³ âàëåíòíèõ êîëèâàíü NH-ãðóï 3000–
3700 ñì–1 ñìóãà ïîãëèíàííÿ ÎÍ 3442 ñì–1 êî-
ïîë³ìåðó ÂÏ–ÂÑ (ðèñ. 3, êðèâà 4) íà ñïåêòðàõ
ÏÓÑ â³äñóòíÿ, ùî ñâ³ä÷èòü ïðî âçàºìîä³þ ÎÍ-
ãðóï êîïîë³ìåðó ç NCO-ãðóïàìè ÄÔÏ ç ïîÿâîþ
ñìóã ïîãëèíàííÿ NH-çâ’ÿç. – 3315 ñì–1 ³ NH-â³ëüí. ç

Тс, 
0С Ср, Дж/ (гград) 

Зразки ПУС 
ДА/ВП–ВС,  

% 1 прогрів 2 прогрів 1 прогрів 2 прогрів 

30:70 –32,3 –50,5 0,2437 0,2111 

50:50 –32,1 –43,5 0,2979 0,2964 ДФП+ГМДА+ВП–ВС 

70:30 –32,1 –47,8 0,2453 0,2523 

30:70 –31,7 –33,5 0,2820 0,3104 

50:50 –31,8 –40,8 0,1959 0,2264 ДФП+ГМДА+ВП–ВС+лізоцим 

70:30 –32,1 –39,4 0,2736 0,2787 

 

Òàáëèöÿ 2
Òåïëîô³çè÷í³ âëàñòèâîñò³ ÏÓÑ ç ïîäîâæóâà÷åì ìàêðîëàíöþãà ÃÌÄÀ
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ïðèáëèçíèì ìàêñèìóìîì 3443 ñì–1 (ðèñ. 3, êðèâà
1–3).

Ïðè ïîð³âíÿíí³ ²×-ñïåêòð³â ÏÓÑ, ñèíòå-
çîâàíèõ çà ð³çíîãî â³äñîòêîâîãî ñï³ââ³äíîøåííÿ
êîìïîíåíò³â, âèÿâëåíî, ùî ç³ çá³ëüøåííÿì
âì³ñòó êîïîë³ìåðó ÂÏ–ÂÑ ó ñòðóêòóð³ ÏÓÑ ñïî-
ñòåð³ãàºòüñÿ ïåðåðîçïîä³ë ³íòåíñèâíîñòåé ñìóã
ïîãëèíàííÿ â³ëüíèõ òà çâ’ÿçàíèõ NH-ãðóï (ñëàá-
êå çíèæåííÿ ³íòåíñèâíîñò³ ñìóãè ïîãëèíàííÿ
NH-çâ’ÿç. – 3315 ñì–1, à òàêîæ çá³ëüøåííÿ ³íòåí-
ñèâíîñò³ ñìóãè ïîãëèíàííÿ NH-â³ëüí. – 3443 ñì–1).

Â ä³àïàçîí³ ñïåêòð³â 1500–1800 ñì–1 ³ç
çá³ëüøåííÿì âì³ñòó êîïîë³ìåðó ó ñòðóêòóð³ äîñ-
ë³äæóâàíèõ ïîë³ìåðíèõ ìàòåð³àë³â â³äáóâàºòüñÿ
çá³ëüøåííÿ ³íòåíñèâíîñò³ ñìóãè ïîãëèíàííÿ Ñ=Î

1727 ñì-1 ÑÎÎ-ãðóï, ùî ïîâ’ÿçàíî ç ï³äñóìóâàí-
íÿì äâîõ ñìóã ïîãëèíàííÿ: Ñ=Î êîïîë³ìåðó òà
nÑ=Î ïîë³ìåðíî¿ ìàòðèö³, à òàêîæ çá³ëüøåííÿ
³íòåíñèâíîñò³ ñìóãè ïîãëèíàííÿ Ñ=Î â³í³ëï³ðî-
ë³äîíîâîãî ê³ëüöÿ 1660 ñì–1.

Ïðè ïîð³âíÿíí³ ñïåêòð³â ÏÓÑ áåç ë³çîöè-
ìó (ðèñ. 4,à, êðèâà 1) òà ñïåêòð³â ÏÓÑ ç ë³çîöè-
ìîì (ðèñ. 4,à, êðèâà 2) âñòàíîâëåíî, ùî ïðè
ââåäåíí³ ôåðìåíòó äî ñêëàäó ïîë³ìåðíî¿ ìàò-
ðèö³ íå ñïîñòåð³ãàºòüñÿ óòâîðåííÿ íîâèõ ñìóõ
ïîãëèíàííÿ. Öå ñâ³ä÷èòü ïðî òå, ùî õ³ì³÷íà âçàº-
ìîä³ÿ ë³êàðñüêî¿ ðå÷îâèíè ç ÏÓÑ â³äñóòíÿ. Íà
ñïåêòðàõ ÏÓÑ ç ë³çîöèìîì (ðèñ. 4,á) ñïîñòåð³-
ãàºòüñÿ ï³äâèùåííÿ ³íòåíñèâíîñò³ ñìóãè ïîãëè-
íàííÿ NH-ãðóï 3443 ñì–1, ùî ñâ³ä÷èòü ïðî
çá³ëüøåííÿ ê³ëüêîñò³ NH-ãðóï ñëàáêî çâ’ÿçàíèõ
âîäíåâèìè çâ’ÿçêàìè. Òîìó ìîæíà çðîáèòè âèñ-
íîâîê ïðî ô³çè÷íó ³ììîá³ë³çàö³þ ë³çîöèìó çà
ðàõóíîê ì³æìîëåêóëÿðíèõ âîäíåâèõ çâ’ÿçê³â.

Òàêèì ÷èíîì, ç ïîð³âíÿííÿ ²×-ñïåêòð³â

ÏÓÑ ñèíòåçîâàíèõ çà ð³çíîãî ñï³ââ³äíîøåííÿ
êîìïîíåíò³â âèäíî, ùî ç³ çá³ëüøåííÿì âì³ñòó
êîïîë³ìåðó ó ñòðóêòóð³ ïîë³ìåðíèõ ìàòåð³àë³â
â³äáóâàºòüñÿ çá³ëüøåííÿ ³íòåíñèâíîñò³ ñìóãè
ïîãëèíàííÿ Ñ=Î â³í³ëï³ðîë³äîíîâîãî ê³ëüöÿ
1660 ñì–1 òà ïåðåðîçïîä³ë âîäíåâèõ çâ’ÿçê³â ì³æ
NH-ãðóïàìè ïîë³ìåðíî¿ ìàòðèö³.

Âèñíîâêè

Òàêèì ÷èíîì, ñèíòåçîâàíî ðÿä ÏÓÑ, ùî
ì³ñòÿòü ó ñâî¿é ñòðóêòóð³ êîïîë³ìåð ÂÏ–ÂÑ ç
ïîäîâæóâà÷åì ìàêðîëàíöþãà ÃÌÄÀ, çà ð³çíîãî
â³äñîòêîâîãî ñï³ââ³äíîøåííÿ êîìïîíåíò³â. Íà
¿õ îñíîâ³ ñòâîðåíî ã³äðîô³ëüí³ ïîë³ìåðí³ êîì-
ïîçèö³éí³ ìàòåð³àëè ç ë³çîöèìîì. Ìåòîäîì ²×-
ñïåêòðîñêîï³¿ ï³äòâåðäæåíî ïåðåá³ã ðåàêö³é óðå-
òàíîóòâîðåííÿ ì³æ êîïîë³ìåðîì ÂÏ–ÂÑ ³ ïîë³-
ìåðíîþ ìàòðèöåþ ç óòâîðåííÿì ÏÓÑ, ùî
ì³ñòÿòü ó ñâî¿é ñòðóêòóð³ ôðàãìåíòè êîïîë³ìåðó
ÂÏ–ÂÑ, òà âñòàíîâëåíî, ùî ³ììîá³ë³çàö³ÿ ë³çî-
öèìó â³äáóâàºòüñÿ çà ðàõóíîê ì³æìîëåêóëÿðíèõ
âîäíåâèõ çâ’ÿçê³â (ô³çè÷íà ³ììîá³ë³çàö³ÿ). Ðå-
çóëüòàòè ô³çèêî-ìåõàí³÷íèõ âèïðîáóâàíü äàëè
çìîãó âñòàíîâèòè, ùî ââåäåííÿ ë³çîöèìó ó ñêëàä
ÏÓÑ ïðèâîäèòü äî ïîêðàùåííÿ ¿õí³õ ô³çèêî-
ìåõàí³÷íèõ âëàñòèâîñòåé. Âñòàíîâëåíî, ùî çðàç-
êè ÏÓÑ ç ôðàãìåíòàìè ÂÏ-ÂÑ ó ñâî¿é ñòðóê-
òóð³, íàïîâíåí³ ë³çîöèìîì, ñèíòåçîâàí³ çà â³äñîò-
êîâîãî ñï³ââ³äíîøåííÿ ÃÌÄÀ äî êîïîë³ìåðó
ÂÏ–ÂÑ 70:30 ìàþòü êðàù³ ô³çèêî-ìåõàí³÷í³
âëàñòèâîñò³ â ðÿä³ (=23,7 ÌÏà, =217%). Ç³
çá³ëüøåííÿì êîíöåíòðàö³¿ êîïîë³ìåðó ÂÏ–ÂÑ
ñïîñòåð³ãàºòüñÿ ï³äâèùåííÿ çíà÷åíü òåìïåðàòó-
ðè ñêëóâàííÿ òà ñòðèáêà òåïëîºìíîñò³. Ïîð³âíÿâ-
øè ïèòîì³ òåðìîãðàìè ñèíòåçîâàíèõ ÏÓÑ, ìîæ-
íà çðîáèòè âèñíîâîê, ùî ñèñòåìè îäíîôàçí³.

à                                                                                             á

Ðèñ. 4. ²×-ñïåêòðè ôåðìåíòó òà ÏÓÑ: 1 – ÄÔÏ+ÃÌÄÀ+ÂÏ–ÂÑ (70:30) (à, á);

2 – ÄÔÏ+ÃÌÄÀ+ÂÏ–ÂÑ (70:30)+ë³çîöèì (à, á); 3 – ë³çîöèì (à)
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DEVELOPMENT OF COMPOSITE MATERIALS BASED
ON POLYURETHANE UREA WITH FRAGMENTS OF A
COPOLYMER OF N-VINYLPYRROLIDONE WITH VINYL
ALCOHOL AND LYSOZYME

K.V. Stashenko, T.V. Rudenchyk, R.A. Rozhnova, T.O. Kiselova

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

A number of polyurethane ureas (PUU) were synthesized which
contain in their structure the fragments of copolymer of N-
vinylpyrrolidone with vinyl alcohol (VP–VA) and with a 1,6-
hexamethylenediamine (GMDA) at different percentage ratio of
GMDA to VP–VA (30:70, 50 50 and 70:30). Based on synthesized
PUU, some composite materials with lysozyme were obtained, the
content of the drug substance being 1 wt.%. According to the results
of IR-spectroscopic study, the immobilization of lysozyme occurs due
to intermolecular hydrogen bonds (the so-called physical
immobilization). It was established that the samples of PUU with
fragments of VP–VA in their structure filled with lysozyme and
synthesized at a percentage of HMDA to the copolymer VP–VA of
70:30 have better physical and mechanical properties in the series
(=23.7 MPa and =217%). The introduction of lysozyme into the
composition of the obtained polymeric materials results in an increase
in the strength at break in comparison with the unfilled samples
(179% and 47%, respectively). As the concentration of the VP–VA
copolymer increases, the glass transition temperature and the heat
capacity jump increase. It was found that the systems under
consideration are single-phase.

Keywords: polyurethane urea; copolymer of N-vinylpyr-
rolidone with vinyl alcohol; 1,6-hexamethylenediamine; lysozyme;
composite materials.

REFERENCES

1. Braatz J.A., Kehr C.L., Contact lenses based on
biocompatible polyurethane and polyurea-urethane hydrated polymers.
Patent US, no. 4886866, 1989.

2. Zdrahala R., Strand M., Fluorinated polyetherurethanes
and medical devices therefrom. Patent US, no. 4935480, 1990.

3. Takakura T., Kato M., Yamabe M. Fluorinated
polyurethanes, 1. Synthesis and characterization of fluorine-
containing segmented poly(urethane-urea)s. Macromolecular
Chemistry and Physics, 1990, vol. 191, no. 3, pp. 625-632.

4. Tian W.M., Zhang C.L., Hou S.P.,Yu X., Cui F.Z., Xu
Q.Y., Sheng S.L., Cui H., Li H.D. Hyaluronic acid hydrogel as
Nogo-66 receptor antibody delivery system for repairing of injured
rat brain: in vitro. Journal of Controlled Release, 2005, vol. 102,
pp. 13-22.



121

Development of composite materials based on polyurethane urea with fragments of a copolymer of
N-vinylpyrrolidone with vinyl alcohol and lysozyme

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2018, No. 2, pp. 115-121

5. Liu H., Yin Y., Yao K. Construction of chitosan–
gelatin–hyaluronic acid artificial skin in vitro. Journal of
Biomaterials Applications, 2007, vol. 21, no. 4, pp. 413-430.

6. Mi F.-L., Lin Y.-M., Wu Y.-B., Shyu S.-S., Tsai Y.-H.
Chitin/PLGA blend microspheres as a biodegradable drug-delivery
system: phase-separation, degradation and release behavior.
Biomaterials, 2002, vol. 23, pp. 3257-3267.

7. Galatenko N.A., Rudenchyk T.V., Rozhnova R.A.,
Kulesh D.V., Demchenko I.B. Ferrotsenvmisni epoksi
poliuretanovi kompozytsii yak perspektyvnyi material dl’ya
plastyky. [Ferrocene-containing epoxy polyurethane compositions
as perspective material for the plastic of bone defeats]. Polymer
Journal, 2013, vol. 35, no. 2, pp. 192-197. (in Ukrainian).

8. Gorbunova N.O., Galatenko N.A., Rozhnova R.A.,
Grishchenko V.P. Doslidzhenn’ya mozhlyvosti khimichnoi
immobilizatsii protytuberkuloznykh zasobiv na poliuretan-
epoksydnomu nosii [Investigation of the possibility of chemical
immobilization of anti-TB agents on a polyurethane-epoxy
polymer carrier]. Polymer Journal, 2011, vol. 33, no. 3, pp. 288-
295. (in Ukrainian).

9. Rudenchyk T.V., Rozhnova R.A, Narazhaiko L.F.,
Rudenko A.V., Biomaterialy z tiamulin fumaratom na osnovi
poliuretan sechovyn z fragmentamy kopolimeru N-vinilpirolidonu
z vinilovym spyrtom u yikh strukturi [Biomaterials of tiamulin
fumarate on the basis of polyurethane urea with copolymer
fragments of N-vinylpyrrolidone with vinyl alcohol in their
structure]. Proceedings of the first inter-university scientific-practical
conference with international participation «Current state and
prospects of biomedical engineering». Ukraine, Kyiv, 2017, pp. 84-
86. (in Ukrainian).

10. Zhang X., Sun M., Wang Q.Y. Screening condition
for lysozyme production of marine bacteria S-12-86. Journal of
Fishery Sciences of China, 2007, vol. 3, no. 14, pp. 425-429.

11. Becker H., Berger W., Domshke G., Organikum
practical handbook of organic chemistry. Burlington, Elsevier
Science, 2013.

12. Mazur L.M., Rozhnova R.A, Drozdova V.I., Galatenko
N.A. Syntez novoi likarskoi formy z amizonom na osnovi
gidrofil’nogo blok-kopolimeru, yakyi mistyt’ N-vinilpirolidon z
vinilovym spyrtom [Synthesis of a new medical form with amison
on the basis of a hydrolysis block-copolymer containing N-
vinylpyrrolidone with vinyl alcohol]. Polymer Journal, 2007, vol.
29, no. 1, pp. 58-66. (in Ukrainian).

13. Rudenchyk T.V., Rozhnova R.A., Galatenko N.A.,
Kiselyova T.O., Stashenko K.V., Diaminovmisni
poliuretansechovyny z fragmentamy kopolimery N-vinilpirolidonu z
vinilovym spyrtom yak gidrofil’ni plivkotvirni materialy medychnogo
pryznachenn’ya. [Diamine-containing polyurethane urea with N-
vinylpyrrolidone copolymer fragments with vinyl alcohol as
hydrophilic film-forming materials for medical purposes]. Patent
UA, no. 116516, 2017. (in Ukrainian).

14. Rudenchyk T.V., Rozhnova RA, Galatenko N.A.,
Kiselev T.O. Plivkovi materialy z tiamulin fumaratom na osnovi
poliuretansechovyn z fragmentamy kopolimeru N-vinilpirolidonu
z vinilovym spyrtom u yikh strukturi [Film materials with tiamulin
fumarate on the basis of polyurethane urea with copolymer
fragments of N-vinylpyrrolidone with vinyl alcohol in their
structure]. Bulletin of the Odessa National University. Chemistry,
2016, vol. 21, no. 3(59), pp. 67-76. (in Ukrainian).


