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Äîñë³äæåíî ê³íåòèêó, ìîðôîëîã³þ òà âëàñòèâîñò³ ôîòîîòâåðäíåíèõ îäíî÷àñíèõ åïîêñè-
àêðèëàòíèõ âçàºìîïðîíèêíèõ ïîë³ìåðíèõ ñ³òîê íà îñíîâ³ ä³àíîâèõ åïîêñèäíèõ ñìîë ³
òðèåòèëåíãë³êîëüäèìåòàêðèëàòó. Ðåçóëüòàòè ê³íåòè÷íèõ äîñë³äæåíü ôîòîïîë³ìåðèçàö³¿ ï³ä
ä³ºþ ÓÔ-ëàìïè òà ñîíÿ÷íîãî ñâ³òëà, ÿê³ îòðèìàí³ ìåòîäàìè ²×-ñïåêòðîñêîï³¿ òà ëàçåðíî¿
³íòåðôåðîìåòð³¿, ïîêàçàëè ñïðèÿòëèâèé âïëèâ âèñîêî¿ òåìïåðàòóðè òà ñîíÿ÷íîãî ñâ³òëà âë³òêó
íà ñòóï³íü ïåðåòâîðåííÿ åïîêñèãðóï. Äîâåäåíî, ùî â³ä óìîâ ôîðìóâàííÿ çàëåæàòü òàê³
âëàñòèâîñò³ âçàºìîïðîíèêíèõ ïîë³ìåðíèõ ñ³òîê ÿê ãóñòèíà, ãåëü-ôðàêö³ÿ, ìîëåêóëÿðíà ìàñà
ì³æ âóçëàìè çøèâàííÿ òà ôàçîâà ìîðôîëîã³ÿ. Çîêðåìà, ïðè ôîòîïîë³ìåðèçàö³¿ çà áåçêèñíåâèõ
óìîâ, íà â³äì³íó â³ä ïîë³ìåðèçàö³¿ â àòìîñôåð³ ïîâ³òðÿ, çðàçêè âçàºìîïðîíèêíèõ ïîë³ìåðíèõ
ñ³òîê âèÿâëÿþòü âèù³ çíà÷åííÿ ãóñòèíè òà ãåëü-ôðàêö³¿. Ó çàêðèòèõ ôîðìàõ ïåðåâàæíî
óòâîðþþòüñÿ îäíîôàçîâ³ ñèñòåìè, à ó â³äêðèòèõ – äâîôàçîâ³.

Êëþ÷îâ³ ñëîâà: åïîêñè-àêðèëàòí³ âçàºìîïðîíèêí³ ïîë³ìåðí³ ñ³òêè, ä³àíîâ³ åïîêñèäí³ ñìîëè, ôîòîïîë³ìåðèçàö³ÿ
ï³ä ä³ºþ ñîíÿ÷íîãî ñâ³òëà, ²×-ñïåêòðîñêîï³ÿ, ëàçåðíà ³íòåðôåðîìåòð³ÿ, äèíàì³÷íèé ìåõàí³÷íèé àíàë³ç.

Âñòóï.
Ôîòîõ³ì³÷íå ³í³ö³þâàííÿ – öå îäèí ç íàéåôåêòèâí³-

øèõ ìåòîä³â ³í³ö³þâàííÿ ðåàêö³¿ ïîë³ìåðèçàö³¿ çà äîïî-
ìîãîþ åíåðã³¿ ñâ³òëîâîãî, ïåðåâàæíî óëüòðàô³îëåòî-
âîãî, âèïðîì³íþâàííÿ [1–3]. Ôîòîïîë³ìåðèçàö³ÿ ï³ä
ä³ºþ øòó÷íîãî (ëàáîðàòîðíîãî) ÓÔ-âèïðîì³íþâàííÿ
– íàéá³ëüø äîñë³äæåíèé ³ ïîøèðåíèé ¿¿ òèï. Ïðîâåäåí-
íÿ ôîòîïîë³ìåðèçàö³¿ âèìàãàº íåñêëàäíîãî òåõíîëîã³÷-
íîãî îáëàäíàííÿ – ÓÔ-ëàìïè ç ïåâíîþ ³íòåíñèâí³ñòþ
âèïðîì³íþâàííÿ çà ïåâíî¿ äîâæèíè õâèë³ [4]. Ïðîòå îñ-
òàíí³ì ÷àñîì âñå á³ëüøîãî ïîøèðåííÿ íàáóâàº ôîòî-
ïîë³ìåðèçàö³ÿ ï³ä ä³ºþ ïðèðîäíîãî ñîíÿ÷íîãî ñâ³òëà –
íîâèé åêîëîã³÷íî ÷èñòèé ï³äõ³ä «çåëåíî¿» õ³ì³¿, ÿêèé
çáåð³ãàº îñíîâí³ ïåðåâàãè ÓÔ-³í³ö³éîâàíî¿ ïîë³ìåðè-
çàö³¿ òà äîäàòêîâî âíîñèòü ñâî¿ îñîáëèâîñò³. Òàê, â³í
äàº çìîãó âèêîðèñòîâóâàòè àëüòåðíàòèâí³ åíåðãåòè÷í³
ðåñóðñè áåç ìàòåð³àëüíèõ çàòðàò ³ øêîäè äîâê³ëëþ, à
òàêîæ ïîë³ìåðèçóâàòè îá’ºêòè çîâí³øíüîãî âèêîðèñ-
òàííÿ áåçïîñåðåäíüî íà ì³ñö³ ïîäàëüøî¿ åêñïëóà-
òàö³¿ [5].

Çà äîïîìîãîþ øòó÷íîãî òà ïðèðîäíîãî ÓÔ-ñâ³òëà
ìîæíà ³í³ö³þâàòè ðåàêö³¿ ïîë³ìåðèçàö³¿ ÿê çà

â³ëüíîðàäèêàëüíèì, òàê ³ çà ³îííèì ìåõàí³çìîì, ùî äàº
çìîãó îäíî÷àñíî ïîë³ìåðèçóâàòè áàãàòîôóíêö³éí³ ìî-
íîìåðè àáî îë³ãîìåðè â ñóì³ø³ ç óòâîðåííÿì âçàºìî-
ïðîíèêíèõ ïîë³ìåðíèõ ñ³òîê (ÂÏÑ) [1, 3, 5].

Ïîïåðåäí³ äîñë³äæåííÿ [6, 7] ïîêàçàëè, ùî äëÿ ôîð-
ìóâàííÿ åïîêñè-àêðèëàòíèõ ÂÏÑ íà îñíîâ³ öèêëîàë³-
ôàòè÷íèõ åïîêñèäíèõ ñìîë ç âèêîðèñòàííÿì ÿê åíåðã³¿
øòó÷íîãî âèïðîì³íþâàííÿ ÓÔ-ëàìïè, òàê ³ ïðèðîäíî-
ãî ÓÔ-âèïðîì³íþâàííÿ ñîíöÿ åôåêòèâíèì º âèêîðèñ-
òàííÿ ôîòî³í³ö³àòîðà êàò³îííî¿ ïîë³ìåðèçàö³¿ ñóì³ø
òðèôåí³ëñóëüôîí³é ãåêñàôëóîðîôîñôàòíèõ ñîëåé ó
ïðîï³ëåíêàðáîíàò³ (ÒÑÃÔÔÑ). Âèõîäÿ÷è ç òîãî, ùî
â³äïîâ³äíî äî ðåêîìåíäàö³é [8], öåé ôîòî³í³ö³àòîð ïå-
ðåâàæíî âèêîðèñòîâóþòü äëÿ ïîë³ìåðèçàö³¿ öèêëîàë³-
ôàòè÷íèõ åïîêñèäíèõ ñìîë, ö³êàâî áóëî ïåðåâ³ðèòè
åôåêòèâí³ñòü âèêîðèñòàííÿ ÒÑÃÔÔÑ äëÿ ôîòîïîë³ìå-
ðèçàö³¿ ÿê ä³àíîâèõ åïîêñèäíèõ ñìîë, òàê ³ ¿õ ñóì³øåé ç
àêðèëàòíîþ ñêëàäîâîþ. Çâàæàþ÷è íà öå, ìåòîþ ö³º¿
ðîáîòè áóëî âèçíà÷èòè ê³íåòè÷í³ îñîáëèâîñò³ ôîòîïî-
ë³ìåðèçàö³¿ åïîêñè-àêðèëàòíèõ ñèñòåì íà îñíîâ³ ä³àíî-
âèõ åïîêñèäíèõ ñìîë, à òàêîæ äîñë³äèòè âëàñòèâîñò³
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îòâåðäíåíèõ ÂÏÑ, çîêðåìà â’ÿçêî-ïðóæí³, çàëåæíî â³ä
óìîâ ôîðìóâàííÿ.
Åêñïåðèìåíòàëüíà ÷àñòèíà.

Äëÿ ôîðìóâàííÿ ÂÏÑ ó ðîáîò³ âèêîðèñòîâóâàëè
ä³àíîâ³ åïîêñèäí³ ñìîëè ÅÄ-20 òà Åï³êîò 828 (àíàëîã
ÅÄ-22), ä³àêðèëàò òðèåòèëåíãë³êîëüäèìåòàêðèëàò
(ÒÅÃÄÌ), ôîòî³í³ö³àòîðè ÒÑÃÔÔÑ ³ 2,2-äèìåòîêñè-1,2-
äèôåí³ëåòàí-1-îí (êåòàëü) ÿê ³í³ö³àòîð â³ëüíîðàäèêàëü-
íî¿ ïîë³ìåðèçàö³¿ âèõ³äíî¿ àêðèëàòíî¿ ñ³òêè.

Ê³ëüê³ñòü åïîêñèäíèõ ãðóï ó âèêîðèñòàíèõ åïîêñèä-
íèõ ñìîëàõ âèçíà÷àëè ìåòîäîì òèòðóâàííÿ çà ÄÑÒîì
12497-78 [9]. Çà ðåçóëüòàòàìè òèòðîìåòðè÷íîãî àíàë³-
çó âèÿâëåíî, ùî âì³ñò åïîêñèäíèõ ãðóï ó ÅÄ-20 ³ Åï³-
êîò 828 â³äð³çíÿºòüñÿ íåçíà÷íî ³ ñòàíîâèòü 22,10 ³ 26,59 %
â³äïîâ³äíî.

Äæåðåëîì øòó÷íîãî ÓÔ-âèïðîì³íþâàííÿ áóëà
ðòóòíî-êâàðöåâà ëàìïà ÄÐÒ-1000 ç ³íòåíñèâí³ñòþ âè-
ïðîì³íþâàííÿ ó ïëîùèí³ ðîçì³ùåííÿ çðàçêà 4,0 ìÂò/ñì2,
à äæåðåëîì ïðèðîäíîãî – ñîíÿ÷íå ñâ³òëî ç ñåðåäíüîþ
³íòåíñèâí³ñòþ âèïðîì³íþâàííÿ 1,4±0,5 ìÂò/ñì2

(50°27′ 00″ ïí.ø., 30°31′ 25″ ñõ.ä.). Òåìïåðàòóðà â ëàáî-
ðàòîð³¿ ñòàíîâèëà 20±1 °Ñ, à çà óìîâ äîâê³ëëÿ ó áåç-
õìàðíó ïîãîäó íà ñîíö³ âë³òêó – 44±5 °Ñ. ²íòåíñèâí³ñòü
âèïðîì³íþâàííÿ âèì³ðþâàëè ÓÔ-ðàä³îìåòðîì UV
Light Meter UV 340 B (ªÑ) â ä³àïàçîí³ 280–380 íì (UVA
òà UVB âèïðîì³íþâàííÿ).

Ê³íåòèêó ïîë³ìåðèçàö³¿ äîñë³äæóâàëè ìåòîäàìè ²×-
ñïåêòðîñêîï³¿ òà ëàçåðíî¿ ³íòåðôåðîìåòð³¿ – àíàëîã äè-
ëàòîìåòðè÷íîãî ìåòîäó [10].

²×-ñïåêòðè îïðîì³íþâàíèõ çðàçê³â, íàíåñåíèõ òîí-
êèì øàðîì ì³æ äâîìà ïëàñòèíàìè NaCl, ðåºñòðóâàëè
÷åðåç ïåâí³ ïðîì³æêè ÷àñó íà ²×-ñïåêòðîôîòîìåòð³
«Tenzor 37», Brucker (Í³ìå÷÷èíà) ó ä³àïàçîí³ ÷àñòîò â³ä
4000 äî 600 ñì-1.

Ê³íåòèêó ïîë³ìåðèçàö³¿ ìåòîäîì ëàçåðíî¿ ³íòåðôå-
ðîìåòð³¿, ÿêèé ãðóíòóºòüñÿ íà âèì³ðþâàíí³ óñàäêè ñèñ-
òåìè çà äîïîìîãîþ ëàçåðà (λ=633,1 íì), äîñë³äæóâàëè
çà ìåòîäèêîþ, îïèñàíîþ ó [11]. Çà äîïîìîãîþ öüîãî
ìåòîäó ìîæíà âèçíà÷àòè ãðàíè÷íî äîñÿæíó (Íî)

óñàäêó øàðó êîìïîçèö³¿ òà óñàäêó íà ìîìåíò ÷àñó (Íτ ),
â³äíîøåííÿ ÿêèõ º â³äíîñíîþ ³íòåãðàëüíîþ ãëèáèíîþ
ïîë³ìåðèçàö³¿: Ð=Íτ /Íî [10].

Ìåòîäîì äèíàì³÷íîãî ìåõàí³÷íîãî àíàë³çó (ÄÌÀ)
âèâ÷àëè çì³íó â’ÿçêîïðóæíèõ âëàñòèâîñòåé (ìîäóëÿ
ïðóæíîñò³ (Å′ ), ìîäóëÿ âòðàò (Å″ ) ³ êîåô³ö³ºíòà ìåõàí³÷-
íèõ âòðàò (tgδ), ÿêèé º â³äíîøåííÿì Å′  äî Å″ ) ïðè íà-
ãð³âàíí³ â ðåæèì³ ðîçòÿãó, âèêîðèñòîâóþ÷è çàòèñêà÷³
Tension film íà äèíàì³÷íîìó ìåõàí³÷íîìó àíàë³çàòîð³
Q 800 (TA Instruments, ÑØÀ). ×àñòîòà âèìóøåíèõ ñè-
íóñî¿äàëüíèõ êîëèâàíü ç àìïë³òóäîþ êîëèâàíü 15 µì
ñòàíîâèëà 10 Ãö, à øâèäê³ñòü íàãð³âàííÿ – 3 °Ñ/õâ.

Ìîëåêóëÿðíó ìàñó ëàíöþã³â ì³æ âóçëàìè çøèâàí-
íÿ ïîë³ìåðíî¿ ñ³òêè (Ìñ) âèçíà÷àëè çà åìï³ðè÷íîþ ôîð-
ìóëîþ Ë. Í³ëüñåíà äëÿ ãóñòîçøèòèõ ïîë³ìåð³â [12]:

lgG ≈  6 + T*ρ / Ìñ,
äå: T – òåìïåðàòóðà âèì³ðþâàííÿ â’ÿçêîñò³, Ê; ρ – ãóñ-
òèíà, ã/ñì3; G – ìîäóëü çñóâó, Ïà.

Çíà÷åííÿ G ðîçðàõîâóâàëè ç âåëè÷èíè Å′  ïîë³ìåðó
â ä³àïàçîí³ âèñîêîåëàñòè÷íîñò³ Åâå:

G = Åâå / 2(1+n),
äå: n – êîåô³ö³ºíò Ïóàññîíà, ÿêèé ïðèéíÿëè çà 0,35;
Åâå – âèñîêîåëàñòè÷íèé (ð³âíîâàæíèé) ìîäóëü (Ïà), çíà-
÷åííÿ ÿêîãî âèçíà÷àëè çà ïëàòîì ó ä³àïàçîí³ âèñîêî-
åëàñòè÷íîñò³.

Åêñòðàêö³þ â àïàðàò³ Ñîêñëåòà ïðîâîäèëè ó êèïëÿ-
÷îìó àöåòîí³ ïðîòÿãîì 24 ãîä. Çàëèøêè ðîç÷èííèêà
âèñóøóâàëè 3 ãîä. â ñóøèëüí³é øàô³ çà òåìïåðàòóðè
80 °Ñ. Ìàñîâó ÷àñòêó çîëü ³ ãåëü-ôðàêö³é ðîçðàõîâóâà-
ëè ÿê ñåðåäíº àðèôìåòè÷íå â³ä çíà÷åíü, îòðèìàíèõ äëÿ
òðüîõ ïàðàëåëüíèõ ïðîá.

Ãóñòèíó çðàçê³â âèçíà÷àëè ìåòîäîì ã³äðîñòàòè÷íî-
ãî çâàæóâàííÿ. Äëÿ öüîãî âèêîðèñòîâóâàëè âàãè Radwag
WPS 60/18C:C/2 ç âáóäîâàíîþ ôóíêö³ºþ àâòîìàòè÷íî-
ãî âèçíà÷åííÿ ãóñòèíè òà ³çîîêòàí ÿê ð³äèíó ç â³äîìîþ
ãóñòèíîþ.
Ðåçóëüòàòè äîñë³äæåííÿ òà ¿õ îáãîâîðåííÿ.

Ñòóï³íü ïåðåòâîðåííÿ ôóíêö³éíèõ ãðóï ó ñïîëóêàõ
êîíòðîëþâàëè çà çì³íîþ ³íòåíñèâíîñò³ ïîãëèíàííÿ õà-
ðàêòåðèñòè÷íèõ ñìóã íà ²×-ñïåêòðàõ: 1637 ñì-1 äëÿ
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Ðèñ. 1. Ê³íåòè÷í³ êðèâ³ ïåðåòâîðåííÿ ïîäâ³éíèõ çâ’ÿçê³â (1) òà åïîêñèãðóï (2) ïðè ïîë³ìåðèçàö³¿ ï³ä ä³ºþ
ÓÔ-ëàìïè: à – ÅÄ-20; ÒÅÃÄÌ; á – ÅÄ-20:ÒÅÃÄÌ=50:50
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ïîäâ³éíèõ çâ’ÿçê³â àêðèëàòíî¿ ñêëàäîâî¿ òà 916 ñì-1 äëÿ
åïîêñèãðóï åïîêñèäíî¿ ñêëàäîâî¿. Íà ðèñ. 1 ³ 2 ïîäàíî
ê³íåòè÷í³ êðèâ³ ïåðåòâîðåííÿ ïîäâ³éíèõ çâ’ÿçê³â ó
ÒÅÃÄÌ, åïîêñèäíèõ ãðóï ó ÅÄ-20 (ðèñ. 1) òà Åï³êîò 828
(ðèñ. 2) ïðè ïîë³ìåðèçàö³¿ âèõ³äíèõ îë³ãîìåð³â (ðèñ. 1 ³
2à) òà êîìïîçèö³é ç ìàñîâèì ñï³ââ³äíîøåííÿì åïîê-
ñèäíî¿ é àêðèëàòíî¿ ñêëàäîâèõ 50:50 (ðèñ. 1 ³ 2á) ï³ä ä³ºþ
ÓÔ-ëàìïè.

Ðåçóëüòàòè äîñë³äæåííÿ ïîêàçóþòü, ùî çà äàíèõ
óìîâ ïîë³ìåðèçàö³ÿ ÒÅÃÄÌ çà â³ëüíîðàäèêàëüíèì ìå-
õàí³çìîì ïåðåá³ãàº øâèäøå, í³æ åïîêñèä³â çà êàò³îí-
íèì. Ó ñóì³ø³ àêðèëàòíà ñêëàäîâà ïîë³ìåðèçóºòüñÿ
äåùî êðàùå, òîä³ ÿê äëÿ åïîêñèãðóï îáîõ ä³àíîâèõ åïîê-
ñèäíèõ ñìîë ³ñíóº ïðîòèëåæíà çàêîíîì³ðí³ñòü: ïîð³âíÿ-
íî ç âèõ³äíèìè åïîêñèäàìè ñòóï³íü ïåðåòâîðåííÿ åïîê-
ñèäíèõ ãðóï ó ÂÏÑ çíà÷íî çíèæóºòüñÿ. Öå äîö³ëüíî
ïîð³âíÿòè ç ïîïåðåäí³ìè ðåçóëüòàòàìè äîñë³äæåííÿ
ê³íåòèêè ôîðìóâàííÿ ôîòîòâåðäíèõ åïîêñè-àêðèëàò-
íèõ êîìïîçèö³é [7, 13], çà ÿêèìè öèêëîàë³ôàòè÷í³ é îñîá-
ëèâî àë³ôàòè÷í³ åïîêñèäè â ñóì³ø³ ïîë³ìåðèçóþòüñÿ
êðàùå. Íà ïðîöåñ ôîòîïîë³ìåðèçàö³¿ àë³ôàòè÷íî¿ åïîê-
ñèäíî¿ ñìîëè 1-(2′ , 3′ -åïîêñèïðîïîêñèìåòèë)-1-(2″ , 3″ -
åïîêñèïðîïîêñèìåòèë)-öèêëîãåêñ-3-åí (ÓÏ-650 Ä) äî-
äàâàííÿ àêðèëàòíî¿ ñêëàäîâî¿ ìàº ÿñêðàâî âèðàæåíèé
ñåíñèá³ë³çóâàëüíèé âïëèâ [13]. Öå ìîæíà ïîÿñíèòè òèì,
ùî îäíî÷àñíà ïîë³ìåðèçàö³ÿ àêðèëàòó çà â³ëüíîðàäè-
êàëüíèì ìåõàí³çìîì ñïðèÿº ðîçïàäó ôîòî³í³ö³àòîðà òà
óòâîðåííþ á³ëüøî¿ ê³ëüêîñò³ ðåàêö³éíîçäàòíèõ ÷àñòè-
íîê êàò³îííî¿ ïðèðîäè [14]. Ìîæíà ïðèïóñòèòè, ùî ó
âèïàäêó àë³ôàòè÷íèõ ³ öèêëîàë³ôàòè÷íèõ åïîêñèäíèõ
ñìîë ç íèçüêîþ â’ÿçê³ñòþ öå â³ä³ãðàº âèð³øàëüíó ðîëü,
òîä³ ÿê ó âèïàäêó ä³àíîâèõ åïîêñèäíèõ ñìîë ç âèñîêîþ
â’ÿçê³ñòþ ïåðåâàæàº ïðîñòîðîâå îáìåæåííÿ, ÿêå âè-
íèêàº âíàñë³äîê øâèäêîãî ôîðìóâàííÿ ãóñòî çøèòî¿
àêðèëàòíî¿ ñ³òêè.

ÓÔ-îïðîì³íåí³ ÂÏÑ íà îñíîâ³ ä³àíîâèõ åïîêñèäíèõ
ñìîë äîîòâåðäíþâàëè 30 õâ. â òåðìîøàô³ çà òåìïåðà-
òóðè 80 °Ñ, ùî ³ñòîòíî ï³äâèùèëî ñòóï³íü ïåðåòâîðåí-
íÿ åïîêñèãðóï: äëÿ ÅÄ-20 ç 45,0 äî 80,9 %, à äëÿ Åï³-
êîò 828 ç 45,1 äî 88,4 %. Âïëèâ òåìïåðàòóðè ñïðèÿº

çíèæåííþ â’ÿçêîñò³ òà ï³äâèùåííþ ìîëåêóëÿðíî¿ ðóõ-
ëèâîñò³ åïîêñèäíèõ ñìîë.

Íà ïðèêëàä³ ä³àíîâî¿ åïîêñèäíî¿ ñìîëè ÅÄ-20 ê³íå-
òèêó äîñë³äæóâàëè òàêîæ ìåòîäîì ëàçåðíî¿ ³íòåðôåðî-
ìåòð³¿, ìåòîþ âèêîðèñòàííÿ ÿêîãî áóëî âèâ÷åííÿ ïî-
÷àòêîâîãî åòàïó òâåðäíåííÿ. Öåé ìåòîä äàº çìîãó  âèâ-
÷àòè ïðîöåñ ôîòîïîë³ìåðèçàö³¿ íå ò³ëüêè â ðåæèì³
³ìïóëüñíîãî îïðîì³íåííÿ, à é áåçïîñåðåäíüî â ÷àñ³.
Íåäîë³êîì ëàçåðíî¿ ³íòåðôåðîìåòð³¿ º òå, ùî ïðè âè-
çíà÷åíí³ ³íòåãðàëüíîãî ïàðàìåòðà ñòóïåíÿ ïîë³ìåðè-
çàö³¿ óñ³º¿ êîìïîçèö³¿ àíàë³ç êîæíî¿ ðåàêö³éíîçäàòíî¿
ãðóïè îêðåìî íåìîæëèâèé. Ê³íåòè÷í³ êðèâ³ ïîë³ìåðè-
çàö³¿ íàâåäåíî íà ðèñ. 3.

×àñ òâåðäíåííÿ, âèçíà÷åíèé ìåòîäîì ëàçåðíî¿
³íòåðôåðîìåòð³¿, ìîæíà ïîð³âíÿòè ç òðèâàë³ñòþ ïî÷àò-
êîâîãî åòàïó ïîë³ìåðèçàö³¿, ÿêîìó â³äïîâ³äàº ä³ëÿíêà
íàéá³ëüø øâèäêîãî ïåðåòâîðåííÿ íà ê³íåòè÷íèõ êðè-
âèõ, îòðèìàíèõ çà äîïîìîãîþ ²×-ñïåêòðîñêîï³¿. Ðåçóëü-
òàòè âèì³ðþâàííÿ ï³äòâåðäæóþòü, ùî íàéøâèäøå ïîë³-
ìåðèçóºòüñÿ ÒÅÃÄÌ, à íàéïîâ³ëüí³øå – ñóì³ø ÒÅÃÄÌ
òà ÅÄ-20.

ÂÏÑ ç îäíàêîâèì ìàñîâèì ñï³ââ³äíîøåííÿì åïîê-
ñèäíî¿ é àêðèëàòíî¿ ñêëàäîâèõ áóëè òàêîæ ñôîðìîâàí³
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Ðèñ. 2. Ê³íåòè÷í³ êðèâ³ ïåðåòâîðåííÿ ïîäâ³éíèõ çâ’ÿçê³â (1) òà åïîêñèãðóï (2) ïðè ïîë³ìåðèçàö³¿ ï³ä ä³ºþ
ÓÔ-ëàìïè: à – Åï³êîò 828; ÒÅÃÄÌ; á – Åï³êîò 828:ÒÅÃÄÌ=50:50
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Ðèñ. 3. Ê³íåòè÷í³ êðèâ³ ïîë³ìåðèçàö³¿, îòðèìàí³
ìåòîäîì ëàçåðíî¿ ³íòåðôåðîìåòð³¿ äëÿ: ÅÄ-20: ÒÅÃÄÌ=
50:50 (1); ÒÅÃÄÌ (2); ÅÄ-20 (3)
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çà óìîâ äîâê³ëëÿ ï³ä ä³ºþ ñîíÿ÷íîãî ñâ³òëà âë³òêó. Ê³íå-
òè÷í³ êðèâ³ ïåðåòâîðåííÿ ôóíêö³éíèõ ãðóï, îòðèìàíèõ
çà äîïîìîãîþ ²×-ñïåêòðîñêîï³¿, íàâåäåíî íà ðèñ. 4.

Ðåçóëüòàòè ²×-ñïåêòðîñêîï³÷íèõ äîñë³äæåíü çàñâ³ä-
÷óþòü ñïðèÿòëèâèé âïëèâ ñîíÿ÷íî¿ åíåðã³¿ íà ïåðåá³ã
ïîë³ìåðèçàö³¿ åïîêñè-àêðèëàòíèõ êîìïîçèö³é. ßê ³ äëÿ
ÂÏÑ íà îñíîâ³ àë³ôàòè÷íèõ ³ öèêëîàë³ôàòè÷íèõ åïîê-
ñèä³â, öå ïîÿñíþºòüñÿ çðîñòàííÿì ðóõëèâîñò³ ìàêðî-
ëàíöþã³â âíàñë³äîê ä³¿ âèñîêèõ ë³òí³õ òåìïåðàòóð ³ ï³äâè-
ùåííÿì åôåêòèâíîñò³ ôîòî³í³ö³àòîðà âíàñë³äîê á³ëüøî¿
øèðèíè ñïåêòðà ñîíöÿ ïîð³âíÿíî ç³ ñïåêòðîì ÓÔ-ëàì-
ïè [7, 15].

Çà ðåçóëüòàòàìè åêñòðàêö³¿ ðîçðàõîâàíî ãåëü-ôðàê-
ö³þ (%) îòðèìàíèõ çðàçê³â ç ð³çíèì ñï³ââ³äíîøåííÿì åïîê-
ñèäíî¿ é àêðèëàòíî¿ ñêëàäîâèõ ó çàêðèò³é (áåç äîñòóïó

êèñíþ) ³ â³äêðèò³é ôîðì³, ÿêà õàðàêòåðèçóº ïîâíîòó ¿õ
îòâåðäíåííÿ (òàáë. 1).

Äîñèòü âèñîê³ ïîêàçíèêè ãåëü-ôðàêö³¿ âêàçóþòü íà
çíà÷íèé ñòóï³íü ïåðåòâîðåííÿ ôóíêö³éíèõ ãðóï ó ñïî-
ëóêàõ ï³ä ÷àñ ôîòîïîë³ìåðèçàö³¿. Íàéíèæ÷îþ ÷àñòêîþ
ãåëü-ôðàêö³¿ õàðàêòåðèçóþòüñÿ îòâåðäíåí³ ÓÔ-ëàìïîþ
çà íàÿâíîñò³ êèñíþ êîìïîçèö³¿ ÅÄ-20:ÒÅÃÄÌ=50:50 òà
Åï³êîò 828:ÒÅÃÄÌ=50:50 ç âèñîêèì âì³ñòîì àêðèëàò-
íî¿ ñêëàäîâî¿, ùî çóìîâëåíî ³íã³áóâàëüíèì âïëèâîì
êèñíþ íà ïåðåá³ã â³ëüíîðàäèêàëüíî¿ ïîë³ìåðèçàö³¿ [5,
6]. Íåîáõ³äíî çàçíà÷èòè, ùî äëÿ öèõ çðàçê³â ïîâíîòà
îòâåðäíåííÿ çðîñòàº ïðè âèêîðèñòàíí³ ñîíöÿ ÿê äæå-
ðåëà ÓÔ-âèïðîì³íþâàííÿ.

Çðàçêè âèõ³äíèõ ïîë³ìåðíèõ ñ³òîê ³ ÂÏÑ çà îäíàêîâîãî
ìàñîâîãî ñï³ââ³äíîøåííÿ êîìïîíåíò³â, ñèíòåçîâàí³ çà
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Ðèñ. 4. Ê³íåòè÷í³ êðèâ³ ïåðåòâîðåííÿ ïîäâ³éíèõ çâ’ÿçê³â (1) òà åïîêñèãðóï (2) ïðè ïîë³ìåðèçàö³¿ ï³ä ä³ºþ
ñîíÿ÷íîãî ñâ³òëà äëÿ: ÅÄ-20:ÒÅÃÄÌ=50:50 (à); Åï³êîò 828:ÒÅÃÄÌ=50:50 (á)

Ñêëàä ÂÏÑ Çàêðèòà ôîðìà Â³äêðèòà ôîðìà 
ÓÔ-ëàìïà Ñîí. ñâ³òëî ÓÔ-ëàìïà Ñîí. ñâ³òëî 

ÒÅÃÄÌ 99,45 99,16 – – 
ÅÄ-20:ÒÅÃÄÌ=50:50 95,08 96,40 75,68 93,59 
ÅÄ-20:ÒÅÃÄÌ=75:25 88,39 96,94 91,00 95,92 
ÅÄ-20 92,99 94,48 92,78 94,57 
Åï³êîò 828:ÒÅÃÄÌ=50:50 96,16 95,08 79,21 94,06 
Åï³êîò 828:ÒÅÃÄÌ=75:25 96,02 95,51 96,38 94,77 
Åï³êîò 828 97,19 97,23 97,20 97,13 

Òàáëèöÿ 1. Ãåëü-ôðàêö³ÿ çðàçê³â
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Ðèñ. 5. Òåìïåðàòóðí³ çàëåæíîñò³ Å′  äëÿ: ÅÄ-20 (1); Åï³êîò 828 (2); ÒÅÃÄÌ (3); ÅÄ-20:ÒÅÃÄÌ=50:50 ç.ô. (4);
ÅÄ-20:ÒÅÃÄÌ=50:50 â.ô. (5); Åï³êîò 828:ÒÅÃÄÌ=50:50 ç.ô. (6); Åï³êîò 828:ÒÅÃÄÌ=50:50 â.ô. (7)
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Ôîðìóâàííÿ òà âëàñòèâîñò³ ôîòîîòâåðäíåíèõ ä³àíîâèõ åïîêñèäíèõ ñìîë ³ åïîêñè-àêðèëàòíèõ ÂÏÑ íà ¿õ îñíîâ³

äîïîìîãîþ ÓÔ-ëàìïè ÿê ó çàêðèò³é, òàê ³ ó â³äêðèò³é
ôîðìàõ, äî-ñë³äèëè ìåòîäîì ÄÌÀ. Íà ðèñ. 5 ïîäàíî
ãðàô³êè çàëåæíîñò³ Å′  â³ä òåìïåðàòóðè.

Ðåçóëüòàòè ÄÌÀ ïîêàçóþòü, ùî âíàñë³äîê ïîä³á-
íîñò³ õ³ì³÷íî¿ ñòðóêòóðè òåìïåðàòóðí³ çàëåæíîñò³ Å′
âèõ³äíèõ åïîêñèäíèõ ñ³òîê äóæå áëèçüê³, òîä³ ÿê äëÿ
ÒÅÃÄÌ âîíà çíà÷íî â³äð³çíÿºòüñÿ ÿê çà çíà÷åííÿìè,
òàê ³ çà ôîðìîþ êðèâî¿. Ïî÷àòêîâ³ çíà÷åííÿ Å′  ÂÏÑ,
îòðèìàíèõ ó áåçêèñíåâ³é àòìîñôåð³ íàáàãàòî âèù³
îòðèìàíèõ â àòìîñôåð³ ïîâ³òðÿ. Öå ñâ³ä÷èòü ïðî êðàù³
ìåõàí³÷í³ âëàñòèâîñò³ òàêèõ çðàçê³â âíàñë³äîê á³ëüøî¿
ïîâíîòè îòâåðäíåííÿ àêðèëàòíî¿ ñêëàäîâî¿, à îòæå ³
íèæ÷î¿ äåôåêòíîñò³ ñ³òîê.

Ìåòîä ÄÌÀ – îäèí ³ç íàéá³ëüø ÷óòëèâèõ äî ðåºñò-
ðóâàííÿ ðåëàêñàö³éíèõ ïåðåõîä³â, îñîáëèâî äëÿ òàêèõ
çðàçê³â ÿê ÂÏÑ [16]. Íà òåìïåðàòóðí³é çàëåæíîñò³
α-ðåëàêñàö³éíèé ïåðåõ³ä ó ïîë³ìåðíèõ ñèñòåìàõ â³äïî-
â³äàº òåìïåðàòóð³ ñêëóâàííÿ (Òñêë.), çíà÷åííÿ ÿêî¿ âè-
çíà÷àëè çà ìàêñèìóìîì ïàðàìåòðà tgδ, íàâåäåíîãî íà
ðèñ. 6.

Çíà÷åííÿ Òñêë. ÂÏÑ çàéìàþòü ïðîì³æíå ïîëîæåííÿ
ì³æ Òñêë. âèõ³äíèõ êîìïîíåíò³â, ùî ñâ³ä÷èòü ïðî ï³ä-
âèùåííÿ ñóì³ñíîñò³ ñêëàäîâèõ ïðè ¿õ îäíî÷àñí³é

ôîòîïîë³ìåðèçàö³¿ [1]. ÂÏÑ, îòðèìàí³ áåç äîñòóïó êèñ-
íþ õàðàêòåðèçóþòüñÿ íàÿâí³ñòþ îäíîãî α-ðåëàêñàö³é-
íîãî ïåðåõîäó, à ÂÏÑ, îòðèìàí³ ó ïîâ³òðÿí³é àòìîñ-
ôåð³ º ôàçîâîïîä³ëåíèìè, íà ùî âêàçóº íàÿâí³ñòü íå-
âåëèêîãî äîäàòêîâîãî ï³êà àáî ïëå÷à. Òàê³ ðåçóëüòàòè
ìîæíà ïîÿñíèòè äîñÿãíåííÿì âèìóøåíî¿ ñóì³ñíîñò³
ñêëàäîâèõ ó ïðîöåñ³ ¿õ øâèäêî¿ ïîë³ìåðèçàö³¿ â çàêðèò³é
ôîðì³.

Çíà÷åííÿ ãóñòèíè çðàçê³â (ã/ñì3) íàâåäåíî ó òàáë. 2.
Ðåçóëüòàòè âèì³ðþâàííÿ ïîêàçóþòü, ùî íàéá³ëüøó

ãóñòèíó ìàþòü çðàçêè ÒÅÃÄÌ. Ãóñòèíà ÂÏÑ, îòðèìà-
íèõ áåç äîñòóïó êèñíþ, çàéìàº ïðîì³æíå ïîëîæåííÿ
ì³æ ãóñòèíîþ àêðèëàòíî¿ òà â³äïîâ³äíî¿ åïîêñèäíî¿
ñ³òîê. Ð³çíèöÿ ì³æ ãóñòèíîþ çðàçê³â îïðîì³íåíèõ ÓÔ-
ëàìïîþ òà ñîíÿ÷íèì ñâ³òëîì (áåç ÷³òêî¿ çàëåæíîñò³),
íå íàñò³ëüêè ³ñòîòíà, ÿê ð³çíèöÿ ì³æ ãóñòèíîþ çðàçê³â,
ñôîðìîâàíèõ ó çàêðèò³é ³ â³äêðèò³é ôîðìàõ, ïðè çíà÷-
íîìó âì³ñò³ ÒÅÃÄÌ – ó â³äêðèò³é ôîðì³ âîíà íèæ÷à.

Âèêîðèñòîâóþ÷è çíà÷åííÿ ãóñòèíè ³ ð³âíîâàæíîãî
ìîäóëÿ ïðóæíîñò³, äëÿ ÂÏÑ ³ âèõ³äíèõ ïîë³ìåðíèõ ñ³òîê
ðîçðàõóâàëè Ìñ – ìîëåêóëÿðíó ìàñó ëàíöþã³â ì³æ
âóçëàìè çøèâàííÿ (òàáë. 3), ÿêà º ïîêàçíèêîì ãóñòèíè
çøèâàííÿ ñ³ò÷àñòèõ ïîë³ìåðíèõ ìàòåð³àë³â [17]. Äëÿ
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Ðèñ. 6. Òåìïåðàòóðí³ çàëåæíîñò³ tgδ äëÿ: ÅÄ-20 (1); Åï³êîò 828 (1); ÒÅÃÄÌ (3); ÅÄ-20:ÒÅÃÄÌ=50:50 ç.ô. (4);
ÅÄ-20:ÒÅÃÄÌ=50:50 â.ô. (5); Åï³êîò 828:ÒÅÃÄÌ=50:50 ç.ô. (6); Åï³êîò 828:ÒÅÃÄÌ=50:50 â.ô. (7)

Ñêëàä ÂÏÑ Çàêðèòà ôîðìà Â³äêðèòà ôîðìà 
ÓÔ-ëàìïà Ñîí. ñâ³òëî ÓÔ-ëàìïà Ñîí. ñâ³òëî 

ÒÅÃÄÌ 1,2414 1,2407 – – 
ÅÄ-20:ÒÅÃÄÌ=50:50 1,2380 1,2447 1,2086 1,2079 
ÅÄ-20:ÒÅÃÄÌ=75:25 1,2254 1,2150 1,2255 1,1965 
ÅÄ-20 1,2278 1,2107 – – 
Åï³êîò 828:ÒÅÃÄÌ=50:50 1,2244 1,2025 1,1641 1,1680 
Åï³êîò 828:ÒÅÃÄÌ=75:25 1,2191 1,1954 1,2135 1,2084 
Åï³êîò 828 1,2148 1,1918 – – 

Òàáëèöÿ 2. Ãóñòèíà çðàçê³â

Ñêëàä ÂÏÑ Òñêë., °Ñ Ïëå÷å, °Ñ Ìñ 
ÒÅÃÄÌ 177 – 241 
ÅÄ-20 102 – 717 
ÅÄ-20:ÒÅÃÄÌ=50:50 ç.ô. 125 – 424 
ÅÄ-20:ÒÅÃÄÌ=50:50 â.ô. 122 157 502 
Åï³êîò 828 100 – 847 
Åï³êîò 828:ÒÅÃÄÌ=50:50 ç.ô. 120 – 619 
Åï³êîò 828:ÒÅÃÄÌ=50:50 â.ô. 120 172 375 

Òàáëèöÿ 3. Çíà÷åííÿ ìîëåêóëÿðíî¿ ìàñè ì³æ âóçëàìè çøèâàííÿ
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ãóñòîçøèòèõ ñ³òîê Ìñ ìàº íèçüê³ çíà÷åííÿ, à ð³äêîçøè-
òèõ – âèñîê³.

Íàéá³ëüøó ãóñòèíó çøèâàííÿ ìàº àêðèëàòíà ñ³òêà,
à íàéìåíøó – åïîêñèäí³, îñîáëèâî Åï³êîò 828, ùî
óçãîäæóºòüñÿ ç ë³òåðàòóðíèìè äàíèìè ùîäî Ìñ äëÿ ä³à-
íîâèõ åïîêñèä³â [18], à òàêîæ – ç íåäîñòàòíüî âèñîêèìè
çíà÷åííÿìè ñòóïåíÿ ïåðåòâîðåííÿ åïîêñèãðóï ïðè ¿õ
ôîòîïîë³ìåðèçàö³¿. Ìñ ÂÏÑ çàéìàº ïðîì³æíå ïîëîæåí-
íÿ ì³æ Ìñ ñ³òîê âèõ³äíèõ êîìïîíåíò³â. ×³òêî¿ çàëåæíîñò³
ì³æ Ìñ äëÿ ÂÏÑ, îòðèìàíèõ ó çàêðèò³é ³ â³äêðèò³é ôîð-
ìàõ, íå ñïîñòåð³ãàëè.
Âèñíîâêè.

Âèÿâëåíî, ùî äîñë³äæåí³ ä³àíîâ³ åïîêñèäí³ ñìîëè
ÅÄ-20 òà Åï³êîò 828 âíàñë³äîê âèñîêî¿ â’ÿçêîñò³ ïîòðå-
áóþòü ïîäàëüøîãî òåðì³÷íîãî äîîòâåðäíåííÿ àáî æ
ïðîãð³âàííÿ áåçïîñåðåäíüî ï³ä ÷àñ ïîë³ìåðèçàö³¿ (ÿê ó
âèïàäêó îïðîì³íåííÿ ñîíÿ÷íèì ñâ³òëîì âë³òêó). Äîâå-
äåíî, ùî ó ïðîöåñàõ ôîòîïîë³ìåðèçàö³¿ åíåðã³ÿ ñîíöÿ
ìîæå áóòè åôåêòèâíèì çàì³ííèêîì åíåðã³¿ øòó÷íîãî

ÓÔ-âèïðîì³íþâàííÿ. Ïîêàçàíî, ùî ê³íåòè÷í³ çàêîíî-
ì³ðíîñò³ ïîë³ìåðèçàö³¿ òà âëàñòèâîñò³ ÂÏÑ, ÿê³ â³äð³çíÿ-
þòüñÿ ì³æ ñîáîþ ò³ëüêè òèïîì âèêîðèñòàíîãî åïîêñè-
äó, ïðàêòè÷íî îäíàêîâ³ âíàñë³äîê ïî-ä³áíîñò³ õ³ì³÷íî¿
ñòðóêòóðè òà íåâåëèêî¿ ð³çíèö³ âì³ñòó åïîêñèäíèõ ãðóï.
Ï³äòâåðäæåíî, ùî âëàñòèâîñò³ ôîòîîòâåðäíåíèõ ÂÏÑ
³ñòîòíî çàëåæàòü â³ä óìîâ ôîðìóâàííÿ, çîêðåìà ÂÏÑ ç
âèñîêèì âì³ñòîì ÷óòëèâî¿ äî êèñíåâîãî ³íã³áóâàëüíî-
ãî âïëèâó àêðèëàòíî¿ ñêëàäîâî¿, îòðèìàí³ áåç äîñòóïó
êèñíþ, õàðàêòåðèçóþòüñÿ âèñîêèì âì³ñòîì ãåëü-
ôðàêö³¿, ìîäóëÿ ïðóæíîñò³ òà êîåô³ö³ºíòà ìåõàí³÷íèõ
âòðàò, à òàêîæ îäíîôàçîâîþ ìîðôîëîã³ºþ ïîð³âíÿíî ç
îòðèìàíèìè çà íàÿâíîñò³ êèñíþ. Çà ðåçóëüòàòàìè ÄÌÀ
âèÿâëåíî, ùî çì³íþþ÷è ðåàêö³éí³ óìîâè, ìîæíà óòâî-
ðþâàòè ÿê ôàçîâîïîä³ëåí³ åïîêñè-àêðèëàòí³ ÂÏÑ (ïîë³-
ìåðèçóþ÷è êîìïîçèö³¿ íà ïîâ³òð³), òàê ³, âíàñë³äîê âè-
ìóøåíî¿ ñóì³ñíîñò³ çà óìîâ øâèäêîïëèííèõ ðåàêö³é
ôîòîïîë³ìåðèçàö³¿, – îäíîôàçîâ³ (ïîë³ìåðèçóþ÷è êîì-
ïîçèö³¿ áåç äîñòóïó êèñíþ).

Ë³òåðàòóðà
1. Áðîâêî Î. Î., Ãîí÷àðîâà Ë. À., Øòîìïåëü Â. ².,
Ñåðãåºâà Ë. Ì., Êî÷åòîâ Î. Î., Áîíäàðåíêî Ï. Î.
Åïîêñè-àêðèëàòí³ âçàºìîïðîíèêí³ ïîë³ìåðí³ ñ³òêè:
ñèíòåç, ì³êðîôàçîâà ñòðóêòóðà òà âëàñòèâîñò³ //
Ïîë³ìåð. æóðí. – 2005. – 27, ¹ 1. – Ñ. 45-50.
2. Decker Ñ., Decker D., Viet T. N. T., Xuan H. L.
Photoinitiated cationic polymerization of multifunctional
systems // Macromol. Symp. – 1996. – 102. – P. 63-71.
3. Sharma A., Agarwal D., Singh J. Study of curing
kinetics and thermal degradation of UV curable epoxy
acrylate resin // E-J. of Chemistry. – 2008. – 5, ¹ 4. – P. 904-
913.
4. Áàáêèí Î. Ý.  Ïîëèìåðíûå ïîêðûòèÿ ÓÔ-
îòâåðæäåíèÿ. – ÑÏá.: èçä. ÑÏáÃÓÊèÒ, 2012. - 47 ñ.
5. Decker C., Bendaikha T. Interpenetrating Polymer
Networks. II. Sunlight-Induced Polymerization of
Multifunctional Acrylates // J. Appl. Polym. Sci. – 1998. –
70. – P. 2269–2282.
6. Ñàìîéëåíêî Ò. Ô., Áðîâêî O. O., ßðîâà Í. Â.,
Ìåíæåðåñ Ã. ß. Ê³íåòèêà ÓÔ-³í³ö³éîâàíîãî
ôîðìóâàííÿ åïîêñè-àêðèëàòíèõ âçàºìîïðîíèêíèõ
ïîë³ìåðíèõ ñ³òîê çà ð³çíèõ óìîâ òâåðäíåííÿ // Óêð. õ³ì.
æóðí. – 2014. – 80, ¹ 6. – Ñ. 110-116.
7. Ñàìîéëåíêî Ò. Ô., Áðîâêî O. O, ßðîâà Í. Â.,
Ìåíæåðåñ Ã. ß. Ê³íåòèêà ÓÔ-³í³ö³éîâàíîãî
ôîðìóâàííÿ åïîêñè-àêðèëàòíèõ âçàºìîïðîíèêíèõ
ïîë³ìåðíèõ ñ³òîê çà ð³çíèõ óìîâ òâåðäíåííÿ // Äîï.
ÍÀÍÓ. – 2014. – ¹ 7. – Ñ. 122-125.
8. Hara O. Curing agents for epoxy resin // Three Bond
Technical News. – 1990. – Ð. 1-10.
9. ÃÎÑÒ 12497-78 Ïëàñòìàññû. Ìåòîäû îïðåäåëåíèÿ
ñîäåðæàíèÿ ýïîêñèäíûõ ãðóïï. – Ìîñêâà, 1978. – 12 ñ.

10. Ãðèùåíêî Â. Ê. Ìàñëþê À. Ô., Ãóäçåðà Ñ. Ñ. Æèäêèå
ôîòîïîëèìåðèçóþùèåñÿ êîìïîçèöèè. – Ê.: Íàóê.
äóìêà, 1985. – 208 ñ.
11. Äåì÷èíà Î. ². Çîëü-ãåëü ñèíòåç ³ âëàñòèâîñò³ îðãàíî-
íåîðãàí³÷íèõ íàíîêîìïîçèò³â íà îñíîâ³
òåòðàåòîêñèñèëàíó Äèñ. … ê.õ.í. 02.00.06 – õ³ì³ÿ
âèñîêîìîëåêóëÿðíèõ ñïîëóê. – Ëüâ³â, 2014. – 149 ñ.
12. Íèëüñåí Ë. Å. Ìåõàíè÷åñêèå ñâîéñòâà ïîëèìåðîâ è
ïîëèìåðíûõ êîìïîçèöèé. – Ìîñêâà.: Õèìèÿ, 1978. –
312 ñ.
13. Samoilenko T., Iarova N., Menzheres H., Brovko O.
The Sensitization of Aliphatic Epoxy Photopolymerization
in Epoxy-Acrylate Interpenetrating Polymer Networks //
Fr. Ukr. J. Chem. – 2014. – 2, ¹ 1. – P. 5-9.
14. Tehfe M.-A., Lalevåe J., Gigmes D. et al. Green
Chemistry: Sunlight-Induced Cationic Polymerization of
Renewable Epoxy Monomers Under Air // Macromolecules.
– 2010. – 43, ¹ 3. – Ð. 1364-1370.
15. Samoilenko T., Iarova N., Menzheres H., Brovko O.
Sunlight Induced Photopolymerization of Epoxy-Acrylate
Interpenetrating Polymer Networks // The 2nd CEEPN
Workshop on Polymer Sci. – Iasi, Romania, 2014. – P. 221-
224.
16. Li L. Dynamic Mechanical Analysis Basics and Beyond
Thermal Analysis // PerkinElmer Inc. – 2000. – 53 ð.
17. Ëèïàòîâ Þ. Ñ., Ñåðãååâà Ë. Ì. Âçàèìîïðîíè-
êàþùèå ïîëèìåðíûå ñåòêè. – Ê.: Íàóê. äóìêà, 1979. –
160 ñ.
18. ×åðíèí È. Ç., Ñìåõîâ Ô. Ì., Æåðäåâ Þ. Â. Ýïîêñèä-
íûå ïîëèìåðû è êîìïîçèöèè. – Ìîñêâà: Õèìèÿ, 1982.
– 232 ñ.

Íàä³éøëà äî ðåäàêö³¿ 25 ñ³÷íÿ 2016 ð.



46

Ôîðìóâàííÿ òà âëàñòèâîñò³ ôîòîîòâåðäíåíèõ ä³àíîâèõ åïîêñèäíèõ ñìîë ³ åïîêñè-àêðèëàòíèõ ÂÏÑ íà ¿õ îñíîâ³

Ôîðìèðîâàíèå è ñâîéñòâà ôîòîîòâåðæäåííûõ äèàíîâûõ ýïîêñèäíûõ
ñìîë è ýïîêñè-àêðèëàòíûõ âçàèìîïðîíèêàþùèõ ïîëèìåðíûõ ñåòîê íà
èõ îñíîâå

Ò.Ô. Ñàìîéëåíêî1, Í.Â. ßðîâàÿ1, Ñ.Í. Îñòàïþê1, Ì.Ã. Òêàëè÷1, Î.È. Äåì÷èíà2, È.Þ. Åâ÷óê2, À.À. Áðîâêî1

1Èíñòèòóò õèìèè âûñîêîìîëåêóëÿðíûõ ñîåäèíåíèé ÍÀÍ Óêðàèíû
48, Õàðüêîâñêîå øîññå, Êèåâ, 02169, Óêðàèíà. Å-mail: s_t_f@ukr.net
2Îòäåëåíèå ôèçèêî-õèìèè ãîðþ÷èõ èñêîïàåìûõ Èíñòèòóòà ôèçèêî-îðãàíè÷åñêîé õèìèè è óãëåõèìèè
èì. Ë.Ì. Ëèòâèíåíêà ÍÀÍ Óêðàèíû
3a, óë. Íàó÷íàÿ, Ëüâîâ, 79060, Óêðàèíà.

Èçëîæåíû ðåçóëüòàòû èññëåäîâàíèÿ êèíåòèêè, ìîðôîëîãèè è ñâîéñòâ ôîòîîòâåðæäåííûõ
ýïîêñè-àêðèëàòíûõ âçàèìîïðîíèêàþùèõ ïîëèìåðíûõ ñåòîê íà îñíîâå äèàíîâûõ ýïîêñèäíûõ ñìîë
è òðèýòèëåíãëèêîëüäèìåòàêðèëàòà. Ðåçóëüòàòû êèíåòè÷åñêèõ èññëåäîâàíèé
ôîòîïîëèìåðèçàöèè â ëàáîðàòîðíûõ è ïðèðîäíûõ óñëîâèÿõ ïîä. äåéñòâèåì ÓÔ-ëàìïû è
ñîëíå÷íîãî ñâåòà ñîîòâåòñòâåííî, ïîëó÷åííûå ìåòîäàìè ÈÊ-ñïåêòðîñêîïèè è ëàçåðíîé
èíòåðôåðîìåòðèè, ïîêàçàëè áëàãîïðèÿòíîå âëèÿíèå âûñîêîé òåìïåðàòóðû è ñîëíå÷íîãî ñâåòà
ëåòîì íà ñòåïåíü ïðåâðàùåíèÿ ýïîêñèãðóïï. Äîêàçàíî, ÷òî îò óñëîâèé ôîðìèðîâàíèÿ çàâèñÿò
òàêèå ñâîéñòâà âçàèìîïðîíèêàþùèõ ïîëèìåðíûõ ñåòîê êàê ïëîòíîñòü, ãåëü-ôðàêöèÿ,
ìîëåêóëÿðíàÿ ìàññà ìåæäó óçëàìè ñøèâêè è ôàçîâàÿ ìîðôîëîãèÿ. Â ÷àñòíîñòè, ïðè
ôîòîïîëèìåðèçàöèè â áåçêèñëîðîäíûõ óñëîâèÿõ, â îòëè÷èå îò ïîëèìåðèçàöèè â àòìîñôåðå
âîçäóõà, îáðàçöû âçàèìîïðîíèêàþùèõ ïîëèìåðíûõ ñåòîê ïðîÿâëÿþò âûñøèå çíà÷åíèÿ ïëîòíîñòè
è ãåëü-ôðàêöèè. Â çàêðûòûõ ôîðìàõ ïðåèìóùåñòâåííî îáðàçóþòñÿ îäíîôàçîâûå ñèñòåìû, à â
îòêðûòûõ – äâóõôàçîâûå.
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The paper represents the results of investigation of kinetics, morphology and properties of photocured
epoxy-acrylate interpenetrating polymer networks on the base of dyane epoxy resins and triethylene
glycol dimethacrylate. The results of kinetic research of photopolymerization in laboratory and natural
conditions under UV-lamp and sunlight respectively, obtained by means of IR-spectroscopy and laser
interferometry, showed a favorable effect of high temperature and summer sunlight on the epoxy
groups conversion. It was demonstrated that reaction conditions influence such properties of
photocured interpenetrating polymer networks as density, gel fraction, molecular mass between cross-
links, and phase morphology. In particular, under photopolymerization in oxygen-free conditions
unlike under polymerization in the atmosphere of air the samples of interpenetrating polymer networks
have higher values of density and gel fraction. The systems that consist of one phase form mainly in the
close forms, whereas the systems that consist of two phases form in the open one.

Key words: epoxy-acrylate interpenetrating polymer networks, dyane epoxy resins, sunlight induced
photopolymerization, IR-spectroscopy, laser interferometry, dynamic mechanical analysis.


