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Ðîçðîáëåí³ êðåìí³éîãðàí³÷í³ ìîäèô³êàòîðè. Äîñë³äæåí³ îñîáëèâîñò³ äëÿ âèêîðèñòàííÿ ïðè
ñòâîðåíí³ ôîòîïîë³ìåðèçàö³éíîçäàòíèõ íàíîêîìïîçèö³éíèõ ìàòåð³àë³â (ÔÏÊ) ïðîìèñëîâîãî
ìåòèëôóíêö³îíàëüíîãî ñèëàíó òà ñèíòåçîâàíîãî åïîêñèàì³íîñèëîêñàíîâîãî îë³ãîìåðó.
Ìîäèô³êàö³ÿ êîìïîçèö³é çàáåçïå÷èëà ìîæëèâ³ñòü ðåãóëþâàòè ôîòîõ³ì³÷í³ òà ô³çèêî-ìåõàí³÷í³
âëàñòèâîñò³ â³äïîâ³äíî äî òåõíîëîã³¿ çàñòîñóâàííÿ ó ïîë³ãðàô³÷í³é ïðîìèñëîâîñò³, çàì³íèòè
³ìïîðòí³ ìàòåð³àëè, ïîêðàùèòè ÿê³ñòü ïðîäóêö³¿, óäîñêîíàëèòè òåõíîëîã³÷í³ ïðîöåñè, çíà÷íî
ðîçøèðèòè îáëàñòü çàñòîñóâàííÿ. Äîñë³äæåíî îñíîâí³ òåõíîëîã³÷í³ òà åêñïëóàòàö³éí³
âëàñòèâîñò³ ÔÏÊ, âèçíà÷åíî îïòèìàëüíó êîíöåíòðàö³þ ìîäèô³êàòîð³â ó ñêëàä³ íàíîêîìîçèö³é,
ùî äàº çìîãó âèêîðèñòîâóâàòè ¿õ äëÿ âèãîòîâëåííÿ åòèêåòîê, ïàêóâàëüíèõ ìàòåð³àë³â,
ôîòîàäãåçèâ³â, ëàê³â, òðàôàðåòíèõ ôîðì, øòàìï³â, ðåëüºôíî-êðàïêîâèõ çîáðàæåíü øðèôòó
Áðàéëÿ äëÿ íåçðÿ÷èõ òà ³íøèõ ôîòîàêòèâíèõ ìàòåð³àë³â. Ïðîâåäåíî âèðîáíè÷³ âèïðîáîâóâàííÿ
íà ïîë³ãðàô³÷íèõ ï³äïðèºìñòâàõ Êèºâà òà Ëüâîâà.

Êëþ÷îâ³ ñëîâà: ôîòîïîë³ìåðèçàö³ÿ, îë³ãîìåðí³ ìîäèô³êàòîðè, ôîòîàêòèâí³ñòü, íàíîêîìïîçèòè, êðåìí³éîðãàí³÷í³
îë³ãîìåðè, ïîë³ìåðíà ìàòðèöÿ, àäãåç³ÿ.

Âñòóï.
Ïðîáëåìà ñòâîðåííÿ íîâèõ ôîòîïîë³ìåðèçàö³éíèõ

ìàòåð³àë³â ç íåîáõ³äíèì êîìïëåêñîì ô³çèêî-õ³ì³÷íèõ ³
ô³çèêî-ìåõàí³÷íèõ âëàñòèâîñòåé çàâæäè áóëà àêòóàëü-
íîþ ³ íà ñüîãîäí³ âèð³øóºòüñÿ âêëþ÷åííÿì ó ïîë³ìåð-
íó ìàòðèöþ ïåâíî¿ ê³ëüêîñò³ ñòðóêòóðîâàíèõ ôðàã-
ìåíò³â ç ôîðìóâàííÿì íàíîðîçì³ðíèõ ñèñòåì äëÿ îòðè-
ìàííÿ êîìïîçèö³éíèõ ìàòåð³àë³â ð³çíîãî ïðèçíà÷åííÿ
[1–3]. Äëÿ ðîçðîáêè òàêèõ ìàòåð³àë³â ïåðñïåêòèâíå çàñ-
òîñóâàííÿ êðåìí³éîðãàí³÷íèõ ìîäèôèêàòîð³â, çà äîïî-
ìîãîþ ÿêèõ ìîæíà çì³íþâàòè ³ ðåãóëþâàòè ôîòîõ³ì³÷í³
òà îïòè÷í³ âëàñòèâîñò³ ìàòåð³àë³â, ¿õí³ åëåêòðî-ïðîâ³äí³,
ì³öí³ñí³, àäãåç³éí³ òà òåïëîïðîâ³äí³ õàðàêòåðèñòèêè [4–
6]. Îñíîâíèìè ôàêòîðàìè, ùî âïëèâàþòü íà ò³ ÷è ³íø³
âëàñòèâîñò³, çàçâè÷àé º ïðèðîäà îðãàí³÷íîãî çàì³ñíè-
êà ìîäèô³êàòîðà, ìîëåêóëÿðíà ìàñà. Êð³ì òîãî, âêëþ-
÷åííÿ íîâèõ çàì³ñíèê³â äàº ìîæëèâ³ñòü ïðè çáåðåæåíí³
äåÿêèõ õàðàêòåðíèõ âëàñòèâîñòåé êðåìí³éîðãàí³÷íîãî
ìîäèô³êàòîðà âêëþ÷àòè â íèõ ðåàêö³éíîçäàòí³ ãðóïè,
íàïðèêëàä àì³äí³ ÷è àêðèëàòí³. Òàê³ ìîäèô³êàòîðè ìîæ-
íà âèêîðèñòîâóâàòè äëÿ îòðèìàííÿ ìàòåð³àë³â ç ï³äâè-
ùåíîþ ñâ³òëî÷óòëèâ³ñòþ òà ç âèñîêèìè àäãåç³éíèìè ³
ì³öí³ñíèìè õàðàêòåðèñòèêàìè.

Îðãàíî-íåîðãàí³÷í³ ïîë³ìåðí³ ìàòåð³àëè íà îñíîâ³

êðåìí³þ â³äêðèâàþòü ìîæëèâîñò³ ñòâîðåííÿ íîâèõ êîì-
ïîçèò³â äëÿ íàíåñåííÿ òà ïîë³ìåðèçàö³¿ íà ð³çíèõ ïî-
âåðõíÿõ, à òàêîæ ñêëåþâàííÿ ï³ä ä³ºþ ÓÔ-îïðîì³íþ-
âàííÿ â ïîë³ãðàô³÷íèõ òåõíîëîã³ÿõ òà îïòîåëåêòðîí³ö³.
Ïðîòå òàê³ ìàòåð³àëè, ÿê³ â îñíîâíîìó ì³ñòÿòü îðãàí³÷í³
ñêëàäîâ³, ìàþòü, ÿê ïðàâèëî, íåâèñîêó òåïëîâó
ñòàá³ëüí³ñòü, íåäîñòàòí³ ô³çèêî-ìåõàí³÷í³ õàðàêòåðèñ-
òèêè (àáðàçèâíà ñò³éê³ñòü, ì³öí³ñòü äî ïîäðÿïèí,
òâåðä³ñòü ³ ò.ï.) òà íåâèñîê³ îïòè÷í³ âëàñòèâîñò³. Á³ëüø
ïåðñïåêòèâíèì íàïðÿìîì º ðîçðîáêà ã³áðèäíèõ êîì-
ïîçèö³éíèõ ìàòåð³àë³â, ùî âêëþ÷àº äîäàâàííÿ â îðãà-
í³÷íó ìàòðèöþ íåîðãàí³÷íèõ ÷àñòîê. Öå ìîæóòü áóòè
íàíî÷àñòêè îêñèä³â ìåòàë³â ÿê íàïðèêëàä, êðåìíåçåì,
ÿêèé äîñèòü äîñòóïíèé ó ïðîìèñëîâîñò³, òàê ³ ìîäèô³-
êóþ÷³ äîáàâêè êðåìí³éîðãàí³÷íèõ ñïîëóê [7, 8]. Ïðîòå
âèñîêà ã³äðîô³ëüí³ñòü ³ ñïåöèô³÷í³ñòü ïîâåðõí³ êðåì-
íåçåìó òà ³íøèõ íàíîîêñèä³â ïðèâîäÿòü äî íåð³âíîì³ð-
íîñò³ ¿õ äèñïåðñ³¿ â îðãàí³÷íèõ ìàòåð³àëàõ, íàäì³ðíî¿
ñêóï÷åíîñò³ â ïîêðèòòÿõ, âèñîêî¿ â’ÿçêîñò³ êîìïîçèö³é-
íèõ ñóì³øåé òà çìåíøåííÿ øâèäêîñò³ ôîòîïîë³ìåðè-
çàö³¿ ïðè ¿õ äîäàâàíí³ äî ôîòîïîë³ìåðèçàö³éíîçäàòíèõ
êîìïîçèö³é, ùî ïðèâîäèòü äî çíà÷íîãî çìåíøåííÿ éîãî
âèêîðèñòàííÿ. Ùîá âèð³øèòè ö³ ïðîáëåìè, ïðîâîäÿòü
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ìîäèô³êàö³þ íàíîêðåìíåçåìó. Â³äîìî, ùî ìîäèô³êà-
ö³ÿ â³í³ëñèëàíîì àáî àêðèëñèëàíîì ïîêðàùóº äèñïåð-
ñ³þ íàíîìàòåð³àëó â îðãàí³÷í³é ìàòðèö³. Àêðèëñèëàí
çâ’ÿçóºòüñÿ ç ³íøèìè ñêëàäîâèìè ìàòåð³àëó, ùî ïðè-
âîäèòü äî ïîêðàùåííÿ ô³çèêî-õ³ì³÷íèõ ³ ìåõàí³÷íèõ õà-
ðàêòåðèñòèê ã³áðèäíîãî ìàòåð³àëó [9].

Îòæå, âèâ÷åííÿ ôîòîïîë³ìåðèçàö³¿ îë³ãîìåð³â ³
ìîíîìåð³â çà íàÿâíîñò³ êðåìí³éîðãàí³÷íèõ ìîäèô³êà-
òîð³â òà ³íøèõ íàíîðîçì³ðíèõ ÷àñòèíîê ³ îòðèìàííÿ íà
¿õ îñíîâ³ íàíîñòðóêòóðîâàíèõ ïîë³ìåð³â ìîæå ïðèâåñ-
òè äî ðîçðîáêè ÷óòëèâèõ äî ñâ³òëà ïîë³ìåðèçàö³éíîç-
äàòíèõ êîìïîçèö³é íà îñíîâ³ îë³ãîóðåòàí- òà îë³ãîåô³-
ðàêðèëàò³â ç âèêîðèñòàííÿì íàíîðîçì³ðíèõ ÷àñòèíîê,
ùî ìîæóòü âèêîðèñòîâóâàòèñü ó òåõíîëîã³÷íèõ ïðîöå-
ñàõ ïîë³ãðàô³¿.

Ñòâîðåí³ òà äîñë³äæåí³ ÷óòëèâ³ äî ä³¿ ñâ³òëà ïîë³ìå-
ðèçàö³éí³ êîìïîçèö³¿ íà îñíîâ³ îë³ãîóðåòàí- ³ îë³ãî-
åô³ðàêðèëàò³â ç âèêîðèñòàííÿì êðåìí³éîðãàí³÷íèõ ìî-
äèô³êàòîð³â äëÿ îòðèìàííÿ íàíîñòðóêòóðîâàíèõ ðåº-
ñòðóþ÷èõ ñåðåäîâèù, ùî âèêîðèñòîâóþòüñÿ â òåõíî-
ëîã³÷íèõ ïðîöåñàõ çàïèñó ³íôîðìàö³¿, ïðè âèãîòîâëåíí³
òà îçäîáëåíí³ ïîë³ãðàô³÷íî¿ ïðîäóêö³¿ ³ç çàì³íîþ
³ìïîðòíèõ ìàòåð³àë³â, à òàêîæ äëÿ âèãîòîâëåííÿ ïàêó-
âàëüíèõ ìàòåð³àë³â, ôîòîàäãåçèâ³â, øòàìï³â, ðåëüºôíî-
êðàïêîâèõ çîáðàæåíü øðèôòó Áðàéëÿ äëÿ íåçðÿ÷èõ òà
³íøèõ ôîòîàêòèâíèõ ìàòåð³àë³â. Òàêèé øèðîêèé ñïåêòð
çàñòîñóâàííÿ ìàòåð³àë³â ïåðåäáà÷àº ìîæëèâ³ñòü ö³ëå-
ñïðÿìîâàíîãî ðåãóëþâàííÿ ¿õí³õ òåõíîëîã³÷íèõ ³ åêñï-
ëóàòàö³éíèõ âëàñòèâîñòåé.

Äî ñêëàäó ôîòîïîë³ìåðèçàö³éíîçäàòíèõ êîìïî-
çèö³é (ÔÏÊ) âõîäèëè ðåàêö³éíîçäàòí³ îë³ãîìåð-ìîíî-
ìåðí³ ñèñòåìè, ôîòî³í³ö³àòîðè, êðåìí³éîðãàí³÷í³ íà-
íîñòðóêòóðîâàí³ ìîäèô³êàòîðè òà ³íø³ íàíî÷àñòèíêè,
ùî çàáåçïå÷óþòü â³ëüíîðàäèêàëüíèé ìåõàí³çì ïîë³ìå-
ðèçàö³¿ ç ôîðìóâàííÿì ãåòåðîãåííî¿ ñòðóêòóðè íàíî-
ðîçì³ðíèõ êîìïîçèò³â [6].
Åêñïåðèìåíòàëüíà ÷àñòèíà.

 Êîìïîçèö³éí³ ìàòåð³àëè ñòâîðþâàëè íà îñíîâ³ îë³-
ãîóðåòàíàêðèëàòó, ùî ÿâëÿº ñîáîþ ïðîäóêò âçàºìîä³¿
³çîôîðîíä³³çîö³àíàòó ìàðêè Desmodur ², òðèìåòèëîë-
ïðîïàíó, ëàïðîëó 1002 ³ ìîíîìåòàêðèëîâîãî åô³ðó åòè-
ëåíãë³êîëþ (ÎÓÀ-²ÇÔ). Äî ñêëàäó äîäàâàëè ðåàêö³éíî-
çäàòí³ îë³ãîåô³ðàêðèëàòè, ôîòî³í³ö³àòîðè, ôîòîñåíñè-
á³ë³çàòîðè, êðåìí³éîðãàí³÷í³ ìîäèô³êàòîðè òà ³íø³

íàíî÷àñòèíêè, ÿê³ çàáåçïå÷óþòü â³ëüíîðàäèêàëüíèé ìå-
õàí³çì ïîë³ìåðèçàö³¿ ç ôîðìóâàííÿì ãåòåðîãåííî¿
ñòðóêòóðè íàíîðîçì³ðíèõ êîìïîçèò³â. Îñíîâíà õàðàê-
òåðèñòèêà êîìïîçèö³¿ ÎÓÀ-²ÇÔ: ìîëåêóëÿðíà ìàñà ~
2700, ôóíêö³îíàëüí³ñòü çà ïîäâ³éíèìè çâ’ÿçêàìè – 2,
éîãî ê³ëüê³ñòü ó êîìïîçèö³¿ ñòàíîâèëà 50 % ìàñ. ßê àê-
ðèëàòíèé îë³ãîìåð äîäàâàëè òðèåòèëåíãë³êîëüäèìåòàê-
ðèëàò (ÒÃÌ-3) â ê³ëüêîñò³ 20–23 % ìàñ., ÿêèé òàêîæ ìîæå
âèêîíóâàòè ôóíêö³þ àêòèâíîãî ðîç÷èííèêà êîìïîçèö³¿.
Ó ñêëàä ÔÏÊ âêëþ÷åíî ôîòî³í³ö³àòîð Irgacur 651 ó
ê³ëüêîñò³ 3 %. Äëÿ çá³ëüøåííÿ ðåàêö³éíî¿ çäàòíîñò³ òà
ñâ³òëî÷óòëèâîñò³ ÔÏÊ ó ¿õ ñêëàä äîäàâàëè ñèíòåçîâà-
íèé îë³ãîìåðíèé ìîäèô³êàòîð – îë³ãîìåòàêðèëàò ç òðå-
òèííîþ àì³íîãðóïîþ, ÿêèé âèêîíóâàâ ôóíêö³þ ïðè-
ñêîðþâà÷à ïîë³ìåðèçàö³¿ (ÏÏ), à òàêîæ ôîòîñåíñèá³ë³-
çàòîð áåíçîôåíîí ó ê³ëüêîñò³ 3 %.

Ç ìåòîþ ñòâîðåííÿ íàíîñòðóêòóðîâàíèõ ìàòåð³àë³â
ó ñêëàä ÔÏÊ äîäàâàëè ìåòàêðèë-ôóíêö³îíàëüíèé ñè-
ëàí - 3-ìåòàêðèëîêñèïðîï³ëòðèìåòîêñèñèëàí (ÌÅÌÎ)
çà íàÿâíîñò³ àëêîêñè-ãðóï, ÿê³ ìîæóòü ã³äðîë³çóâàòèñü
ç óòâîðåííÿì ñèëàíîëüíèõ ãðóï òà õ³ì³÷íî ïðèºäíóâà-
òèñü äî íåîðãàí³÷íèõ ñóáñòðàò³â. Öåé ïðîäóêò õàðàêòå-
ðèçóºòüñÿ íàÿâí³ñòþ ìåòàêðèëîâèõ ôóíêö³îíàëüíèõ
ãðóï, ÿê³ âçàºìîä³þòü ó ïðîöåñ³ ïîë³ìåðèçàö³¿ ÔÏÊ.
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Ðèñ. 1. Âïëèâ âì³ñòó ìîäèô³êàòîðà ÌÅÌÎ íà

ê³íåòèêó ôîòîîòâåðäíåííÿ ÔÏÊ-5 – ÔÏÊ-7

Îñíîâí³ âëàñòèâîñò³ Шèôð ÔÏÊ (âì³ñò ÌÅÌÎ) 
ÔÏÊ-1 (0 %) ÔÏÊ-5 (5 %) ÔÏÊ-6 (10 %) ÔÏÊ-7 (15 %) 

Çîâí³øí³é âèãëÿä ïðîçîðà ïðîçîðà ïðîçîðà ïðîçîðà 
Ðîçò³êàííÿ,ìì 68 71 72 71 
×àñ îòâåðäíåííÿ, ñ 60 45 30 60 
Òâåðä³ñòü, â³äí.îä 0,13 0,22 0,28 0,20 
Ì³öí³ñòü ïðè çãèí³, 
ìì 3 1 1 1 

Àäãåç³ÿ, áàëè 
(êåðàì³êà/ìåòàë) 3 2 2 2 1 1 2 1 

Òàáëèöÿ 1. Âïëèâ âì³ñòó ìîäèô³êàòîðà ÌÅÌÎ íà âëàñòèâîñò³ ÔÏÊ
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Ôîðìóëà ïðîäóêòó ìàº òàêèé âèãëÿä:
H2C=C(CH3)COO(CH2)3–Si(OCH3)3.

Áóëà ðîçðîáëåíà ñåð³ÿ êîìïîçèö³é ÔÏÊ-5–ÔÏÊ-7
³ç âì³ñòîì 5, 10 ³ 15 % ìàñ. ìåòàêðèëñèëàíó â³äïîâ³äíî.
Íà ðèñ. 1 íàâåäåíî ê³íåòèêó îòâåðäíåííÿ öèõ êîìïî-
çèö³é íà îñíîâ³ ÎÓÀ-²ÇÔ ³ç ð³çíèì âì³ñòîì ïðîäóêòó
ÌÅÌÎ. Äëÿ ïîð³âíÿííÿ ç íîâèìè ìàòåð³àëàìè âèêî-
ðèñòàíî ÔÏÊ-1 (áåç ìîäèô³êàòîðà). Ïðîöåñ òâåðäíåí-
íÿ ïîë³ìåðíîãî ìàòåð³àëó îö³íþâàëè çà çðîñòàííÿì
â³äíîñíî¿ òâåðäîñò³ ïîêðèòòÿ â ïðîöåñ³ éîãî îïðîì³-
íåííÿ.

Ó òàáë. 1 íàâåäåíî ðåçóëüòàòè äîñë³äæåíü ô³çèêî-
ìåõàí³÷íèõ âëàñòèâîñòåé öèõ ÔÏÊ, ùî âèçíà÷àëè çà
ïîêàçíèêàìè â³äíîñíî¿ òâåðäîñò³ ïîêðèòòÿ, ñò³éêîñò³ äî
çãèíó, àäãåç³¿ äî ìåòàëó ³ êåðàì³êè. Ïîêàçíèê òâåðäîñò³
ïîêðèòòÿ âèçíà÷àëè ó â³äíîñíèõ îäèíèöÿõ çà ìàÿòíèêî-
âèì ïðèëàäîì Ì-3, ì³öí³ñòü ïðè çãèí³ – â ìì ÿê
ñò³éê³ñòü ïîâåðõí³ äî çãèíó íàâêîëî ìåòàëåâèõ öèë³íäð³â
ð³çíîãî ä³àìåòðà. Çíà÷åííÿ àäãåç³¿ ïîêðèòò³â äî ïîâåðõí³
íàíåñåííÿ (êåðàì³êà, ìåòàë) âèçíà÷àëè â áàëàõ çà ÃÎÑÒ
15140 ìåòîäîì ðåø³ò÷àñòèõ íàäð³ç³â (1áàë â³äïîâ³äàº
âèñîê³é àäãåç³éí³é ì³öíîñò³, 2,3 áàëè – çíèæåííþ àä-
ãåç³¿, 4 áàëè – ïîãàí³é àäãåç³¿ ç ðóéíóâàííÿì øàðó).

Ïðè ñòâîðåíí³ íàíîêîìïîçèö³éíîãî ìàòåð³àëó âè-
êîðèñòàíî ðîçðîáëåíèé êðåìí³éîðãàí³÷íèé ìîäèô³êà-
òîð. Ïðîâåäåíî ñèíòåç åïîêñèàì³íîñèëîêñàíîâîãî
îë³ãîìåðó ÅÏÀÌ. ßê âèõ³äí³ êîìïîíåíòè âèêîðèñòàíî
3-ãë³öèäèëîêñèïðîï³ëòðèìåòîêñèñèëàí (ÃË²ÌÎ – îð-
ãàíî-ôóíêö³îíàëüíèé ñèëàí) ³ 3-àì³íîïðîï³ëòðèåòîê-
ñèñèëàí (ÀÃÌ-9 – á³ôóíêö³îíàëüíèé ñèëàí ç ðåàêö³é-
íîçäàòíîþ ïåðâèííîþ àì³íîãðóïîþ òà åòîêñèñèë³ëü-
íèìè ãðóïàìè). Ïåðåá³ã ðåàêö³¿ êîíòðîëþâàëè çà ²×-
ñïåêòðàìè ðåàêö³éíî¿ ñóì³ø³ çà çì³íàìè õàðàêòåðíèõ
ñìóã åïîêñèäíèõ ãðóï òà óòâîðåííÿì õàðàêòåðíèõ ñìóã
ã³äðîêñèëüíèõ ãðóï. Óòâîðåííÿ ê³íöåâîãî ïðîäóêòó
ÅÏÀÌ õàðàêòåðèçóºòüñÿ çíèêíåííÿì åïîêñèäíèõ ãðóï
³ çðîñòàííÿì ã³äðîêñèëüíèõ, çàâåðøóºòüñÿ çà 6 äí³â.
Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ.

Àíàë³ç ðåçóëüòàò³â, íàâåäåíèõ íà ðèñ. 1 ³ â òàáë. 1,
ïîêàçóº çðîñòàííÿ ôîòîõ³ì³÷íî¿ àêòèâíîñò³ ÔÏÊ ç âêëþ-
÷åííÿì ìåòàêðèëñèëàíó. Çà 10 %-âîãî âì³ñòó äîñÿãà-
þòüñÿ âèñîê³ çíà÷åííÿ òâåðäîñò³ ïîë³ìåðíî¿ ïë³âêè, çðî-
ñòàþòü øâèäê³ñòü ³ ñòóï³íü ïåðåòâîðåíü. Çá³ëüøåííÿ
êîíöåíòðàö³¿ äî 15 % ïðèçâîäèòü äî äåÿêîãî çíèæåííÿ
ïîêàçíèê³â ôîòîõ³ì³÷íèõ ïåðåòâîðåíü. Âñòàíîâëåíî
òàêîæ íåçíà÷íèé âïëèâ ìîäèô³êàòîðà ÌÅÌÎ íà ðåî-
ëîã³÷í³ âëàñòèâîñò³ (ïîêàçíèê ðîçò³êàííÿ), êîìïîçèö³¿
îäíîð³äí³ òà ïðîçîð³. Âèñîê³ çíà÷åííÿ òâåðäîñò³ ïë³âêè
â³äïîâ³äàþòü 10 %-âîìó âì³ñòó ìîäèô³êàòîðà ó ñêëàä³
ÔÏÊ (0,28), äëÿ ³íøèõ ìàòåð³àë³â òâåðä³ñòü ïîâåðõí³ íå-
âèñîêà. Âñòàíîâëåíî çðîñòàííÿ ì³öíîñò³ ïë³âêè òà àä-
ãåç³¿ äî ïîâåðõí³ êåðàì³êè, ìåòàëó. Îïòèìàëüíà êîíöåíò-
ðàö³ÿ ìîäèô³êàòîðà ÌÅÌÎ ñòàíîâèòü 10 %, ïðè ïî-
äàëüøîìó çðîñòàíí³ âì³ñòó ïîðóøóºòüñÿ ôàçîâà îä-
íîð³äí³ñòü êîìïîçèö³éíîãî ìàòåð³àëó, ùî ïðèçâîäèòü
äî ïîã³ðøåííÿ âëàñòèâîñòåé.

Íà ðèñ. 2 íàâåäåíî ôðàãìåíò ñïåêòðà óòâîðåííÿ
ïðîäóêòó ÅÏÀÌ ³ç çîáðàæåííÿì îáëàñò³ ïðîÿâó åïîê-
ñèäíèõ ãðóï – 910ñì-1 (âàëåíòí³ êîëèâàííÿ CCO).

Âèäíî, ùî â ïðîöåñ³ ñèíòåçó â³äáóâàºòüñÿ ðîçêðèò-
òÿ åïîêñèäíîãî ê³ëüöÿ òà ïîñòóïîâå âèòðà÷àííÿ ãë³öè-
äèëüíèõ ãðóï íà âçàºìîä³þ ç àêòèâíèì âîäíåì àì³íó ç
óòâîðåííÿì ã³äðîêñèëüíèõ ãðóï. Íà ðèñ. 3 ïîêàçàíî ê³íå-
òèêó óòâîðåííÿ ïðîäóêòó ÅÏÀÌ çà ïåðåòâîðåííÿì
åïîêñèäíèõ ãðóï, ðîçðàõîâàíó íà îñíîâ³ àíàë³çó îòðè-
ìàíèõ ñïåêòð³â (ðèñ. 2).

Ðîçðàõóíîê ê³íåòèêè ðåàêö³¿ ñèíòåçó ïðîäóêòó
ÅÏÀÌ ïðîâîäèëè âèçíà÷åííÿì çìåíøåííÿ ñìóãè
910 ñì-1 âàëåíòíèõ êîëèâàíü CCO åïîêñèäíèõ ãðóï. Äëÿ
ðîçðàõóíêó % ïåðåòâîðåíü åïîêñèäíèõ ãðóï âèêîðèñ-
òàëè ìåòîä âíóòð³øíüîãî ñòàíäàðòó ïåðåòâîðåíü. Çà
ñìóãó ïîð³âíÿííÿ (ñòàíäàðòó) áðàëè ïëîùó ñìóãè
2933 ñì-1 âàëåíòíèõ êîëèâàíü CH-ãðóïè. Â ðîçðàõóíêàõ
çà 100 % áðàëè ïëîùó ³íòåíñèâíîñò³ ïî÷àòêîâî¿ âèõ³ä-
íî¿ òî÷êè. Ùîäî íå¿ ðîçðàõîâóâàëè çìåíøåííÿ ó %
ïëîù³ ñìóãè åïîêñèäíî¿ ãðóïè â ð³çí³ ³íòåðâàëè ÷àñó.
Â ðåçóëüòàò³ ïðîâåäåíî¿ ðåàêö³¿ îòðèìàíî ðåàêö³éíî-
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Ðèñ. 3. Ê³íåòèêà óòâîðåííÿ ïðîäóêòó ÅÏÀÌ
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Â.Ã. Ñèñþê, Â.Ì. Ãðàí÷àê, Ï.Ì. Äàâèñêèáà, Í.Ã. Óãðî, Ë.². Çåëü

çäàòíèé îë³ãîìåðíèé ìîäèô³êàòîð ç ê³íöåâèìè OH-ãðó-
ïàìè çà ðàõóíîê ðîçêðèòòÿ åïîêñèäíî¿ ãðóïè ³ âçàº-
ìîä³¿ ç àêòèâíèì âîäíåì ïåðâèííî¿ àì³íîãðóïè àì³íî-
ñèëàíó. Â ê³íöåâîìó ïðîäóêò³ íàÿâíà òðåòèííà àì³íî-
ãðóïà, åòîêñèñèë³ëüí³ ôðàãìåíòè, ñèëàíîëüí³ ãðóïè.
Äâîÿêà õ³ì³÷íà ïðèðîäà ðåàêö³éíî¿ çäàòíîñò³ óòâîðå-
íîãî ïðîäóêòó ìîæå çàáåçïå÷èòè ÿê õ³ì³÷íå çâ’ÿçóâàí-
íÿ íåîðãàí³÷íèõ ìàòåð³àë³â (ñêëî, êåðàì³êà, ìåòàëè), òàê
³ îðãàí³÷í³ ïîë³ìåðí³ ïîêðèòòÿ, òîáòî âèêîíóâàòè ôóí-
êö³þ ïðîìîóòåðà àäãåç³¿. Äëÿ îòðèìàííÿ ïðîäóêòó
ÅÏÀÌ âèêîðèñòàíî äâà àêòèâí³ âîäí³ ïåðâèííî¿ àì³-
íîãðóïè àì³íîïðîï³ëòðèåòîêñèñèëàíó íà âçàºìîä³þ ç
ãë³öèäèëüíèìè ãðóïàìè åïîêñèñèëàíó, òîáòî äî îäí³º¿
ìîëåêóëè àì³íîñèëàíó ïðèºäíàíî äâ³ ìîëåêóëè åïîê-
ñèñèëàíó.

 Äëÿ âèâ÷åííÿ âïëèâó ñèíòåçîâàíîãî õ³ì³÷íî-àêòèâ-
íîãî àì³íîâì³ñíîãî îë³ãîñèëîêñàíîâîãî ìîäèô³êàòî-
ðà ÅÏÀÌ ðîçðîáëåíà ñåð³ÿ ÔÏÊ-8 – ÔÏÊ-11 ³ç âì³ñòîì
3, 5, 7 ³ 10 % ìàñ. ÅÏÀÌ â³äïîâ³äíî. Îñíîâó öèõ êîìïî-
çèö³é ôîðìóâàâ ÎÓÀ-²ÇÔ çà êîíöåíòðàö³¿ 50 %, ÿê ³ â
ïîïåðåäí³õ, ³íø³ ñêëàäíèêè òàêîæ â³äïîâ³äàþòü ÔÏÊ-5
– ÔÏÊ-7. Íà ðèñ. 4 íàâåäåíî ê³íåòè÷íèé ïðîöåñ ôîð-
ìóâàííÿ ñòðóêòóðè ÔÏÊ-8 – ÔÏÊ-11.

Âèäíî, ùî çá³ëüøåííÿ âì³ñòó ÅÏÀÌ äî 7 % ìàñ.

ïðèñêîðþº ôîòîîòâåðäíåííÿ ìàòåð³àëó, ùî â³äïîâ³äàº
çíà÷íîìó çðîñòàííþ ïîâåðõíåâî¿ òâåðäîñò³ ïë³âêè â
ïðîöåñ³ ÓÔ-îïðîì³íåííÿ. Çá³ëüøåííÿ êîíöåíòðàö³¿ äî
10 % ïðèçâîäèòü äî óïîâ³ëüíåííÿ ïðîöåñó ôîòîïîë³-
ìåðèçàö³¿, çíèæåííÿ òâåðäîñò³ ïë³âêè, ùî ìîæå áóòè
íàñë³äêîì ôàçîâîãî ïåðåðîçïîä³ëó êîìïîíåíò³â ñåðå-
äîâèùà.

Â òàáë. 2 íàâåäåíî ðåçóëüòàòè äîñë³äæåíü ô³çèêî-
ìåõàí³÷íèõ âëàñòèâîñòåé öèõ ÔÏÊ. Àíàë³ç ðåçóëüòàò³â
ïîêàçóº íåçíà÷íèé âïëèâ ìîäèô³êàòîðà íà ðåîëîã³÷í³
âëàñòèâîñò³ (ïîêàçíèê ðîçò³êàííÿ), êîìïîçèö³¿ îäíîð³äí³
òà ïðîçîð³. Ìîäèô³êàòîð ÅÏÀÌ çíà÷íî âïëèâàº íà
ïîêàçíèêè òâåðäîñò³ òà àäãåç³¿ ïîêðèòòÿ, çðîñòàþòü
ñòóï³íü ³ ãëèáèíà ôîòîõ³ì³÷íèõ ïåðåòâîðåíü. Ïîêàçíè-
êè òâåðäîñò³ äîñèòü âèñîê³ – 0,30–0,38 çà 5 ³ 7 %-âîãî
âì³ñòó ÅÏÀÌ â³äïîâ³äíî. Ðîçðîáëåí³ êîìïîçèö³¿ çàáåç-
ïå÷óþòü âèñîêó àäãåç³éíó ì³öí³ñòü äî ïîâåðõí³ ñêëî-
êåðàì³êè ³ ìåòàëó.
Âèñíîâêè.

 Ðåçóëüòàòè ïðîâåäåíèõ äîñë³äæåíü äàëè çìîãó âñòà-
íîâèòè îïòèìàëüíèé âì³ñò ìîäèô³êàòîðà ÅÏÀÌ ó ñêëàä³
ÔÏÊ, ùî â³äïîâ³äàº 5–7 %. Òàêå çíà÷íå ï³äâèùåííÿ
ñâ³òëî÷óòëèâîñò³ ìàòåð³àë³â, òâåðäîñò³ òà àäãåç³¿ çóìîâ-
ëåíî õ³ì³÷íîþ ïðèðîäîþ ìîäèô³êàòîðà ç³ çíà÷íèì
âì³ñòîì ôóíêö³îíàëüíèõ ãðóï (ñèëàíîëüí³ Si–OH, ãë³öè-
äèëüí³, ã³äðîêñèëüí³ òà òðåòèíí³ àì³íîãðóïè), ÿê³ âçàº-
ìîä³þòü ÿê ç êîìïîíåíòàìè êîìïîçèö³¿, òàê ³ ç ïîâåðõ-
íåþ ñóáñòðàòó.

 Àíàë³ç ðîçðîáëåíèõ ìîäèô³êàòîð³â – ìåòàêðèë-
ôóíêö³îíàëüíîãî ñèëàíó ÌÅÌÎ òà ñèíòåçîâàíîãî ïðî-
äóêòó åïîêñèàì³íîñèëîêñàíîâîãî îë³ãîìåðó ÅÏÀÌ
ïîêàçàâ ¿õ ïåðñïåêòèâí³ñòü äëÿ ìîäèô³êàö³¿ ÔÏÊ ³ ö³ëå-
ñïðÿìîâàíîãî ðåãóëþâàííÿ âëàñòèâîñòåé â³äïîâ³äíî äî
òåõíîëîã³÷íîãî ïðèçíà÷åííÿ.

 Ðîçðîáëåí³ ÔÏÊ ³ç âêëþ÷åííÿì ó ¿õ ñêëàä êðåìí³é-
îðãàí³÷íèõ ìîäèô³êàòîð³â (ÌÅÌÎ, ÅÏÀÌ) õàðàêòåðè-
çóþòüñÿ íåîáõ³äíèì êîìïëåêñîì âëàñòèâîñòåé ç ìîæ-
ëèâ³ñòþ ¿õ ðåãóëþâàííÿ â³äïîâ³äíî äî òåõíîëîã³÷íîãî
ïðîöåñó çàñòîñóâàííÿ.

Ïðîâåäåíî âèïðîáóâàííÿ êîìïîçèö³éíèõ ìàòåð³-
àë³â íà ïîë³ãðàô³÷íèõ ï³äïðèºìñòâàõ ïðè âèãîòîâëåíí³
òà îçäîáëåíí³ ïðîäóêö³¿ ³ç çàì³íîþ ³ìïîðòíèõ ìàòåð³-
àë³â, äëÿ âèãîòîâëåííÿ ïàêóâàëüíèõ ìàòåð³àë³â, ôîòî-
àäãåçèâ³â, ôîòîïîë³ìåðíèõ øòàìï³â, ðåëüºôíî-êðàïêî-

 

Îñíîâí³ âëàñòèâîñò³  Шèôð ÔÏÊ (âì³ñò ÅÏÀÌ) 
ÔÏÊ-1 (0 %) ÔÏÊ-8 (3 %) ÔÏÊ-9 (5 %) ÔÏÊ-10 (7 %) ÔÏÊ-11 (10 %) 

Çîâí³øí³é âèãëÿä ïðîçîðà ïðîçîðà ïðîçîðà ïðîçîðà ïðîçîðà 
Ðîçò³êàííÿ, ìì 68 71 72 72 73 
×àñ îòâåðäíåííÿ, ñ 60 60 40 20 40 
Òâåðä³ñòü, â³äí.îä 0,13 0,22 0,30 0,38 0,26 
Ì³öí³ñòü ïðè çãèí³, ìì 3 1 1 1 1 
Àäãåç³ÿ, áàëè
(êåðàì³êà/ìåòàë) 3 2 2 1 1 1 1 1 2 1 

Òàáëèöÿ 2. Âïëèâ âì³ñòó ìîäèô³êàòîðà ÅÏÀÌ íà âëàñòèâîñò³ ÔÏÊ
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Ðèñ. 4. Âïëèâ âì³ñòó ìîäèô³êàòîðà ÅÏÀÌ íà

ê³íåòèêó ôîòîîòâåðäíåííÿ ÔÏÊ-8 – ÔÏÊ-11
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Ðîçðîáêà òà äîñë³äæåííÿ ôîòîïîë³ìåðàçàö³éíèõ íàíîêîìïîçèò³â ç êåðîâàíèìè âëàñòèâîñòÿìè...

âèõ çîáðàæåíü øðèôòó Áðàéëÿ äëÿ íåçðÿ÷èõ òà ³íøèõ
ôîòîàêòèâíèõ ìàòåð³àë³â.

Ïðîâîäèòüñÿ âïðîâàäæåííÿ ðîçðîáëåíèõ íàíîêîì-
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Ðàçðàáîòêà è èññëåäîâàíèå ôîòîïîëèìåðèçàöèîííûõ íàíîêîìïîçèòîâ
ñ ðåãóëèðóåìûìè ñâîéñòâàìè äëÿ òåõíîëîãè÷åñêèõ ïðîöåññîâ â
ïîëèãðàôèè

Â.Ã. Ñûñþê, Â.Ì. Ãðàí÷àê, Ï.Ì. Äàâèñêèáà, Í.Ã. Óãðî, Ë.È. Çåëü

Èíñòèòóò õèìèè âûñîêîìîëåêóëÿðíûõ ñîåäèíåíèé ÍÀÍ Óêðàèíû
48, Õàðüêîâñêîå øîññå, Êèåâ, 02160, Óêðàèíà; sisyk.valentina@gmail.com

Èíñòèòóò ôèçè÷åñêîé õèìèè èìåíè Ë.Â. Ïèñàðæåâñêîãî ÍÀÍ Óêðàèíû
31, ïð-ò Íàóêè, Êèåâ, 03028, Óêðàèíà

Ðàçðàáîòàíû êðåìíèéîðãàíè÷åñêèå îëèãîìåðíûå ìîäèôèêàòîðû. Èññëåäîâàíû îñîáåííîñòè
ïðîìûøëåííîãî ìåòèëôóíêöèîíàëüíîãî ñèëàíà, à òàêæå ñèíòåçèðîâàííîãî
ýïîêñèàìèíîñèëîêñàíîâîãî îëèãîìåðà. Ìîäèôèêàöèÿ êîìïîçèöèé äàëà âîçìîæíîñòü
ðåãóëèðîâàòü ôîòîõèìè÷åñêèå è ôèçèêî-ìåõàíè÷åñêèå ñâîéñòâà â ñîîòâåòñòâèè ñ òåõíîëîãèåé
ïðèìåíåíèÿ â ïîëèãðàôè÷åñêîé ïðîìûøëåííîñòè, ïîçâîëèëà çàìåíèòü èìïîðòíûå ìàòåðèàëû,
ðàñøèðèòü îáëàñòü ïðèìåíåíèÿ. Èçó÷åíû îñíîâíûå òåõíîëîãè÷åñêèå è ýêñïëóàòàöèîííûå
õàðàêòåðèñòèêè ÔÏÊ è ïîêðûòèé, îïðåäåëåíà îïòèìàëüíàÿ êîíöåíòðàöèÿ ìîäèôèêàòîðîâ â
ñîñòàâå êîìïîçèöèé. Ïðîâåäåííàÿ ðàáîòà îáåñïå÷èâàåò ïðèìåíåíèå ìîäèôèöèðîâàííûõ
íàíîêîìïîçèöèé â ðàçëè÷íûõ òåõíîëîãè÷åñêèõ ïðîöåññàõ ïðè èçãîòîâëåíèè ýòèêåòîê, óïàêîâêè,
ôîòîàäãåçèâîâ, ïîëèãðàôè÷åñêèõ ëàêîâ, òðàôàðåòíûõ ôîðì, ôîòîïîëèìåðíûõ øòàìïîâ
ëàçåðíîãî ãðàâèðîâàíèÿ, ðåëüåôíî-òî÷å÷íûõ èçîáðàæåíèé øðèôòà Áðàéëÿ. Ïðîâåäåíû
ïðîèçâîäñòâåííûå èñïûòàíèÿ íà ïîëèãðàôè÷åñêèõ ïðåäïðèÿòèÿõ Êèåâà è Ëüâîâà.

Êëþ÷åâûå ñëîâà: ôîòîïîëèìåðèçàöèÿ, îëèãîìåðíûå ìîäèôèêàòîðû, ôîòîàêòèâíîñòü, íàíîêîìïîçèòû,
êðåìíèéîðãàíè÷åñêèå îëèãîìåðû, ïîëèìåðíàÿ ìàòðèöà, àäãåçèÿ.

ïîçèö³éíèõ ìàòåð³àë³â íà ïîë³ãðàô³÷íèõ ï³äïðèºìñòâàõ
Êèºâà ³ Ëüâîâà äëÿ âèãîòîâëåííÿ åòèêåòîê òà ïàêóâàëü-
íèõ ìàòåð³àë³â.
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Development and investigation of photopolymerization nanocomposites with
controlled properties for technological processes of polygraphy
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The development of organosilicon oligomeric modifiers, which are used to create photopolymerization
nanocomposite materials (PPC), has been carried out. The features of industrial methyl-functional
silane, as well as the synthesized epoxy-aminosiloxane oligomer, have been studied. The synthesis
process was monitored and investigated by IR spectroscopy. The passage of the oligomeric product
formation reaction was evaluated by changing of the epoxy groups characteristic bands and the
formation of hydroxyl groups characteristic bands. The formation of the final product is characterized
by the disappearance of epoxy groups and the increase of hydroxyl groups.
Composite materials were constructed based on oligourethane acrylate, which is a product of the
interaction of isophorone diisocyanate, trimethylolpropane, laprol and monomethacrylic ester of
ethylene glycol, followed by the addition of reactive oligoether acrylates, photoinitiators,
photosensitizers and organosilicon modifiers. The modification of the compositions have provided an
opportunity to regulate the photochemical and physico-mechanical properties in accordance with
the technology of application in the printing industry, allowed to replace imported materials, expand
the scope of materials application. The main technological and operational characteristics of PPC
and its coatings were explored, the optimum concentration of modifiers in the constitution of the
compositions was determined. The performed work provides the application of modified nanocomposites
in various technological processes for the production of labels, packaging, photo-adhesives, printing
varnishes, stencil forms, photopolymer laser engraving stamps, relief-dot Braille images. Production
tests at Kyiv and Lviv printing enterprises were conducted.

Key words: photopolymerization, oligomeric modifiers, photo-adhesives, nanocomposite, organosilicon, polymer
matrix, adhesion.


