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Âñòóï
Ðîáîòè íàóêîâö³â ñüîãîäåííÿ ñïðÿìîâàí³ íà

ñèíòåç íîâèõ ñïîëóê, äîñë³äæåííÿ ¿õ âëàñòèâî-
ñòåé, òà ïðèêëàäíå âèêîðèñòàííÿ. Ñåðåä íèõ –
ïëàñòèô³êàòîðè ³ ìîäèô³êàòîðè ïîë³ìåð³â, åôåê-
òèâí³ñòü çàñòîñóâàííÿ ÿêèõ ïîòðåáóº åêñïåðè-
ìåíòàëüíèõ äîñë³äæåíü. Â³äîìî, ùî ì³æàòîìí³
òà ì³æìîëåêóëÿðí³ âçàºìîä³¿ â ïîë³ìåðàõ òà íèçü-
êîìîëåêóëÿðíèõ îë³ãîìåðàõ, çà ñâî¿ì õàðàêòå-
ðîì, íå ìàþòü ïðèíöèïîâèõ â³äì³ííîñòåé. Ñïå-
öèô³÷í³ñòü ïîë³ìåð³â ïîëÿãàº â ¿õ äîâãîëàíöþ-
ãîâ³é àáî ñ³ò÷àñò³é (äëÿ çøèòèõ ïîë³ìåð³â) áó-
äîâ³ ³ â íàáàãàòî á³ëüø³é ê³ëüêîñò³ îäíàêîâèõ

ëàíîê ó êîæí³é ìàêðîìîëåêóë³. Òîìó êîãåç³éí³
âëàñòèâîñò³ ïîë³ìåð³â âèçíà÷àþòüñÿ âñ³ºþ ñóêóï-
í³ñòþ âçàºìîä³é àòîì³â, õ³ì³÷íèõ çâ’ÿçê³â, ãðóï
äëÿ ëàíîê ÷è ñåãìåíò³â ìàêðîìîëåêóë [1–3].

Õ³ì³÷íèé çâ’ÿçîê º íàïðàâëåíèì ³ áëèçüêî-
ä³þ÷èì (â³äñòàíü ì³æ êîâàëåíòíîçâ’ÿçàíèìè àòî-
ìàìè íå ïåðåâèùóº 1–5 Å). Ì³æìîëåêóëÿðí³
ñèëè òÿæ³ííÿ (ñèëè Âàí äåð Âààëüñà) º íàéá³ëüø
óí³âåðñàëüíèìè. Âîíè ïðîÿâëÿþòüñÿ ó âñ³õ àã-
ðåãàòíèõ ñòàíàõ ðå÷îâèíè. Åíåðã³ÿ òàêèõ çâ’ÿçê³â
ëåæèòü ó ìåæàõ â³ä ê³ëüêîõ äåñÿòèõ ÷àñòîê äî
ê³ëüêîõ êêàë/ìîëü. Ïðè÷îìó òàê³ ñèëè òÿæ³ííÿ
çìåíøóþòüñÿ îáåðíåíî ïðîïîðö³éíî ñüîìîìó
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à ÄÂÍÇ «Óêðà¿íñüêèé äåðæàâíèé õ³ì³êî-òåõíîëîã³÷íèé óí³âåðñèòåò», ì. Äí³ïðî, Óêðà¿íà
á Äí³ïðîâñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ Îëåñÿ Ãîí÷àðà, ì. Äí³ïðî, Óêðà¿íà

Â³äîìî, ùî âèðîáè ç ïîëÿðíèõ, êðèñòàë³çîâàíèõ, âèñîêîì³öíèõ ïîë³ìåð³â (ïîë³àì-
³äè, ïîë³åô³ðè, òðèàöåòàòöåëþëîçà, ïîë³â³í³ëõëîðèä òîùî) â ïðîöåñ³ åêñïëóàòàö³¿ ³
íàâ³òü ó ðàç³ òðèâàëîãî çáåð³ãàííÿ çà ðàõóíîê çðîñòàííÿ â íèõ âíóòð³øí³õ íàïðó-
æåíü, îáóìîâëåíèõ ïðîò³êàííÿì ïðîöåñ³â êðèñòàë³çàö³¿ â ÷àñ³, âòðà÷àþòü ñâî¿ ïî-
÷àòêîâ³ âëàñòèâîñò³, çíèæóþòü íàä³éí³ñòü ³ äîâãîâ³÷í³ñòü ïðè åêñïëóàòàö³¿. Äëÿ çìåí-
øåííÿ âïëèâó òàêèõ ïðîöåñ³â íà âëàñòèâîñò³ âèðîá³â ç ïîë³ìåð³â äî ¿õ ñêëàäó ââî-
äÿòü ñïåö³àëüí³ ðå÷îâèíè – ïëàñòèô³êàòîðè, ï³äá³ð ÿêèõ çàçâè÷àé çä³éñíþþòü åì-
ï³ðè÷íèì ñïîñîáîì, ÿêèé íå çàâæäè º âäàëèì. Ïðîïîíóºòüñÿ âåëè÷èíó â³äíîøåí-
íÿ ðîçðàõóíêîâî¿ ïîâíî¿ ìîëüíî¿ îá’ºìíî¿ åíåðã³¿ êîãåç³¿ ñïîëóêè (ñóêóïíà âçàºìî-
ä³ÿ ì³æàòîìíèõ ³ ì³æìîëåêóëÿðíèõ ñèë ó ñêëàä³ ñïîëóêè) äî ¿¿ ìîëåêóëÿðíî¿ ìàñè,
âèêîðèñòîâóâàòè ÿê ïèòîìó ìàñîâó ïîâíó åíåðã³þ êîãåç³¿ ³ ïîð³âíþâàòè ç àíàëîã³-
÷íèì ïîêàçíèêîì äëÿ ïîë³ìåðó, ùî ïëàñòèô³êóºòüñÿ. Âèêîðèñòàííÿ òàêîãî ï³äõîäó
äîçâîëÿº ö³ëåñïðÿìîâàíî, ùå äî åêñïåðèìåíòàëüíî¿ ïåðåâ³ðêè, îö³íèòè äîö³ëüí³ñòü
çàñòîñóâàííÿ ÿê ïëàñòèô³êàòîðó (àáî ìîäèô³êàòîðó) ò³º¿ ÷è ³íøî¿ ñïîëóêè, îë³ãî-
ìåðó àáî ïîë³ìåðó, àáî æ ï³ä³éòè äî ðîçðîáêè ñòðóêòóðè ìîëåêóëè íîâî¿, íåîáõ³ä-
íî¿ ñïîëóêè, ç âêëþ÷åííÿì äî ¿¿ ñêëàäó ïåâíèõ ãðóï ³ çâ’ÿçê³â, ç ìåòîþ ïîäàëüøîãî
âèêîðèñòàííÿ ÿê ïëàñòèô³êàòîðó àáî ìîäèô³êàòîðó. Êð³ì òîãî, ç’ÿâëÿºòüñÿ ìîæ-
ëèâ³ñòü â³äñë³äêîâóâàòè âïëèâ îêðåìèõ ñòðóêòóðíèõ ñêëàäîâèõ íîâî¿ ñïîëóêè, îë³-
ãîìåðó àáî ïîë³ìåðó, ¿¿ ìîëåêóëÿðíî¿ ìàñè, á³÷íèõ çàì³ñíèê³â òà ¿õ ïðèðîäè íà
âåëè÷èíó ïèòîìî¿ ìàñîâî¿ ïîâíî¿ åíåðã³¿ êîãåç³¿, à òàêîæ ñêîðîòèòè ÷àñ íà âèêî-
íàííÿ íàóêîâî-äîñë³äíèõ ðîá³ò ó äàíîìó íàïðÿìêó òà âèòðàòè íà ¿õ ïðîâåäåííÿ.

Êëþ÷îâ³ ñëîâà: ïîâíà ìîëüíà îá’ºìíà åíåðã³ÿ êîãåç³¿, ïèòîìà ìàñîâà åíåðã³ÿ êîãåç³¿,
êîãåç³éíà âçàºìîä³ÿ, ïëàñòèô³êàö³ÿ, ìîäèô³êàö³ÿ.
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ñòåïåíþ â³äñòàí³ ì³æ âçàºìîä³þ÷èìè ìîëåêóëà-
ìè àáî çâ’ÿçêàìè, àáî óãðóïîâàííÿìè ìîëåêó-
ëÿðíîãî ëàíöþãà.

Âîäíåâèé çâ’ÿçîê âèíèêàº ì³æ äâîìà åëåê-
òðîíåãàòèâíèìè àòîìàìè ÷åðåç ïîñåðåäíèöòâî
àòîìà âîäíþ, ÿêèé âàëåíòíî çâ’ÿçàíèé ç îäíèì
ç åëåêòðîíåãàòèâíèõ àòîì³â ³ îäíî÷àñíî âçàºìîä³º
ç íåïîä³ëåíîþ ïàðîþ åëåêòðîí³â ³íøîãî. ̄ ¿ åíåð-
ã³ÿ ïåðåâèùóº åíåðã³þ Âàí äåð Âàëüñîâî¿ âçà-
ºìîä³¿, à ñèëè âçàºìîä³¿ ä³þòü íà á³ëüø êîðîò-
êèõ â³äñòàíÿõ (2,4–3,2 Å).

Òîìó ó ïîëÿðíèõ ïîë³ìåðàõ á³ëüøà âåëè-
÷èíà êîãåç³¿, ùî âëàñòèâà ¿ì, ³ çóìîâëåíà îäíî-
÷àñíèì ïðîÿâîì ñèë ð³çíî¿ ïðèðîäè òà õàðàêòå-
ðèçóºòüñÿ á³ëüøîþ âåëè÷èíîþ âçàºìîä³é ì³æ
ìàêðîìîëåêóëàìè, ùî ïðîÿâëÿºòüñÿ ÿê ó âèñî-
êèõ ïîêàçíèêàõ ô³çèêî-õ³ì³÷íèõ õàðàêòåðèñòèê,
òàê ³ ó ñõèëüíîñò³ äî ôîðìóâàííÿ íàäìîëåêó-
ëÿðíèõ óòâîðåíü, òîáòî äî êðèñòàë³çàö³¿.

Ðåàë³çàö³ÿ îñòàííüîãî ÿâèùà ñóïðîâî-
äæóºòüñÿ óñàäêîþ ïîë³ìåðó, ùî º ïðîÿâîì ³ çðî-
ñòàííÿì âíóòð³øíüîãî íàïðóæåííÿ â ñàì³é ïîë³-
ìåðí³é ìàòðèö³; ïðèçâîäèòü äî ÷àñòêîâîãî çíè-
æåííÿ ïîêàçíèê³â ì³öíîñò³ âèðîá³â ç òàêèõ ïîë³-
ìåð³â íà ðîçðèâ, ñòèñêàííÿ, âèãèí, óäàð òîùî.

Äëÿ çíèæåííÿ âêàçàíèõ íåãàòèâíèõ
íàñë³äê³â, ó òîìó ÷èñë³ îáóìîâëåíèõ ïðîöåñàìè
êðèñòàë³çàö³¿ â ïîëÿðíèõ ïîë³ìåðàõ, â íèõ, ó
ïðîöåñ³ âèãîòîâëåííÿ âèðîá³â, ââîäÿòü ñïåö³àëüí³
ñïîëóêè – ïëàñòèô³êàòîðè [4–7]. ¯õ íàé÷àñò³øå
ââîäÿòü ó âèãëÿä³ îë³ãîìåðíèõ ñìîë àáî íàâ³òü ³
âèñîêîìîëåêóëÿðíèõ ñïîëóê.

Ðîçòàøîâóþ÷èñü íà ìåæàõ íàäìîëåêóëÿð-
íèõ óòâîðåíü, àáî ïðîíèêàþ÷è ì³æ ìàêðîìîëå-
êóëàìè óñåðåäèíó ¿õ, ïëàñòèô³êàòîð ÷àñòêîâî
ðóéíóº ô³çè÷í³ çâ’ÿçêè ì³æ íèìè. Çàâäÿêè öüî-
ìó ñòâîðþºòüñÿ ìîæëèâ³ñòü âïëèâó ÿê íà ðå-
îëîã³÷í³ (â’ÿçê³ñí³) õàðàêòåðèñòèêè ïîë³ìåð³â ó
ïðîöåñ³ ôîðìóâàííÿ íà ¿õ îñíîâ³ êîìïîçèö³é-
íèõ ìàòåð³àë³â (ó ëàêîôàðáîâ³é ïðîìèñëîâîñò³,
âèðîáíèöòâ³ ïë³âêîâèõ ìàòåð³àë³â, âîëîêîí òà
³í.), òàê ³ íà ô³çèêî-ìåõàí³÷í³ âëàñòèâîñò³ ñà-
ìèõ ìàòåð³àë³â (òîáòî ìîæëèâ³ñòü çä³éñíþâàòè
¿õ ìîäèô³êàö³þ).

Äëÿ åôåêòèâíîãî ï³äáîðó ñïîëóê, ÿê ïëàñ-
òèô³êàòîð³â, ùîðàçó äîâîäèòüñÿ âèêîíóâàòè âå-
ëè÷åçíèé îáñÿã åêñïåðèìåíòàëüíî¿ ðîáîòè, ÿêà
÷àñòî íå ãàðàíòóº äîñÿãíåííÿ îïòèìàëüíîãî ïî-
çèòèâíîãî ðåçóëüòàòó.

Ó ñòàòò³ ïðîïîíóºòüñÿ çàì³ñòü øèðîêî çàñ-
òîñîâóâàíîãî åêñïåðèìåíòàëüíîãî ï³äõîäó â ïî-
øóêàõ ïëàñòèô³êàòîðà, âèêîðèñòîâóâàòè ðîçðà-
õóíêîâèé ìåòîä. Íà ïðèêëàä³ ïîë³â³í³ëõëîðèäó
òà ïðîìèñëîâî âèãîòîâëþâàíèõ ³ âèêîðèñòîâó-

âàíèõ äëÿ öèõ ö³ëåé ñêëàäíèõ îë³ãîåñòåð³â ïî-
ð³âíÿºìî îòðèìàí³ ðîçðàõóíêîâèì øëÿõîì çíà-
÷åííÿ ïîâíî¿ ìîëüíî¿ îá’ºìíî¿ åíåðã³¿ êîãåç³¿
ñàìîãî ïîë³ìåðó òà òðüîõ ð³çíèõ åñòåðíèõ ïëàñ-
òèô³êàòîð³â.

Äëÿ êîæíî¿ êîíêðåòíî¿ ñïîëóêè â³äîìèì
ìåòîäîì ðîçðàõîâóâàëè âåëè÷èíó ïîâíî¿ ìîëü-
íî¿ îá’ºìíî¿ åíåðã³¿ êîãåç³¿. Îäíàê, îòðèìàí³
ïîêàçíèêè ñòâîðþþòü ñêëàäíîù³ â ïîð³âíÿíí³
òà òðàêòóâàíí³ âåëè÷èíè ïîâíî¿  ìîëüíî¿ îá-
’ºìíî¿ åíåðã³¿ êîãåç³¿ ÿê ïðè âèáîð³ ïëàñòèô³êà-
òîðó (îë³ãîìåðà àáî ïîë³ìåðà), òàê ³ ïðè âèáîð³
ìîäèô³êàòîðà.

Ñêëàäíîù³ çóìîâëåí³ òèì, ùî îòðèìàíà
ðîçðàõóíêîâà âåëè÷èíà ïîâíî¿ ìîëüíî¿ îá’ºìíî¿
åíåðã³¿ êîãåç³¿, çíà÷íîþ ì³ðîþ, çàëåæèòü â³ä
ìîëåêóëÿðíî¿ ìàñè ñïîëóêè, îáðàíî¿ ÿê ïëàñòè-
ô³êàòîð. Íàâ³òü, íàïðèêëàä, äëÿ ïîë³åòèëåíó,
âèáðàíîãî ÿê ïëàñòèô³êàòîð, ùî ñêëàäàºòüñÿ ç
n ìàëîïîëÿðíèõ (–ÑÍ2–ÑÍ2–)n ëàíîê, àëå íà-
áàãàòî á³ëüø³é ìîëåêóëÿðí³é ìàñ³, âåëè÷èíà ïî-
âíî¿ ìîëüíî¿ îá’ºìíî¿ åíåðã³¿ êîãåç³¿ ìîæå ïåðå-
âèùóâàòè âåëè÷èíó ïîâíî¿ ìîëüíî¿ îá’ºìíî¿
åíåðã³¿ êîãåç³¿ ïîëÿðíîãî ïîë³ìåðó, ÿêèé ï³äëÿ-
ãàº ïðîöåñó ïëàñòèô³êàö³¿. Òîìó çä³éñíèòè â äà-
íîìó âèïàäêó îäíîçíà÷íèé àäåêâàòíèé âèñíî-
âîê íåìîæëèâî.

Òîìó, íàìè çàïðîïîíîâàíî âèêîðèñòîâóâà-
òè âåëè÷èíó, ùî º â³äíîøåííÿì ïîâíî¿ ìîëüíî¿
îá’ºìíî¿ åíåðã³¿ êîãåç³¿ ñïîëóêè äî ¿¿ ìîëåêó-
ëÿðíî¿ ìàñè ³ íàçâàòè öþ âåëè÷èíó – ïèòîìà
ìàñîâà åíåðã³ÿ êîãåç³¿ (ÏÌÅÊ). Ïîð³âíþþ÷è òàê³
ðîçðàõóíêîâ³ âåëè÷èíè ÏÌÅÊ äëÿ ïåðåäáà÷ó-
âàíî¿ ÿê ïëàñòèô³êàòîð ñïîëóêè ³ äëÿ ìàòðèö³ –
ïîë³ìåðó, ùî ï³äëÿãàº ïëàñòèô³êàö³¿, ìè îòðè-
ìàºìî ÷³òêó êàðòèíó ïðî òå, ÷è îáðàíà íàìè ÿê
ïëàñòèô³êàòîð ñïîëóêà áóäå â ìàéáóòíüîìó êîì-
ïîçèö³éíîìó ïîë³ìåðíîìó ìàòåð³àë³ âèêîíóâà-
òè ôóíêö³þ ïëàñòèô³êàòîðó (ÿêùî éîãî
ÏÌÅÊÏÌÅÊ ìàòðè÷íîãî ïîë³ìåðó), ÷è ôóí-
êö³þ ìîäèô³êàòîðà (ÿêùî éîãî ÏÌÅÊ>ÏÌÅÊ
ìàòðè÷íîãî ïîë³ìåðó).

Ðåçóëüòàòè òà îáãîâîðåííÿ
Ðîçðàõóíîê çíà÷åíü ïîâíî¿ ìîëüíî¿ îá’ºìíî¿

åíåðã³¿ êîãåç³¿ äëÿ ðÿäó ñïîëóê, ùî ðîçãëÿäàºòü-
ñÿ, çä³éñíþâàëè ç âèêîðèñòàííÿì çíà÷åíü âåëè-
÷èí ïîâíî¿ ìîëüíî¿ îá’ºìíî¿ åíåðã³¿ êîãåç³¿ ãðóï
³ çâ’ÿçê³â.

Äëÿ ïîÿñíåííÿ òà îá´ðóíòóâàííÿ çàïðîïî-
íîâàíîãî ìåòîäó ÿê ïëàñòèô³êàòîðè âèêîðèñòî-
âóâàëè íàñòóïí³ ðÿäè îë³ãîìåðíèõ ñïîëóê:

– ñêëàäí³ îë³ãîåñòåð³â, ùî âèãîòîâëÿþòüñÿ
â ïðîìèñëîâîìó ìàñøòàá³, çàãàëüíî¿ ôîðìóëè:
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R'OOC R COOR'

äå R – çàëèøîê àë³ôàòè÷íî¿ àáî àðîìàòè÷íî¿
äèêàðáîíîâî¿ êèñëîòè àáî àíã³äðèäó êèñëîòè
ðÿäó Ñ4–Ñ8;  R’ – çàëèøîê àë³ôàòè÷íîãî ñïèðòó
íîðìàëüíî¿ áóäîâè ðÿäó Ñ4–Ñ8;

– ñèíòåçîâàí³ â ëàáîðàòîðíèõ óìîâàõ îë³-
ãîóðåòàíè çàãàëüíî¿ ôîðìóëè:

H3C

R'OOCHN

NHCOO R'' CH3

NHCOOR'

OOCHN

äå R’ – çàëèøîê àë³ôàòè÷íîãî ñïèðòó íîðìàëü-
íî¿ áóäîâè ðÿäó Ñ4–Ñ11; R’’ – çàëèøîê àë³ôà-
òè÷íîãî ä³îëó (³íäèâ³äóàëüíîãî àáî îë³ãîìåðíî-
ãî) ç ìîëåêóëÿðíîþ ìàñîþ â³ä 90 äî 1000 îä.

ßê ïîëÿðíèé ïîë³ìåð, ÿêèé ï³äëÿãàº ïëàñ-
òèô³êàö³¿, âèêîðèñòîâóâàëè ïîë³â³í³ëõëîðèä
(ÏÂÕ) ôîðìóëè (–ÑÍ2–ÑÍÑl–)n.

Ñòðóêòóðí³ ôîðìóëè âèùåïåðåë³÷åíèõ ñïî-
ëóê òà îòðèìàí³ äëÿ íèõ ðîçðàõóíêîâ³ çíà÷åííÿ
ïîâíî¿ ìîëüíî¿ îá’ºìíî¿ åíåðã³¿ êîãåç³¿, à òàêîæ
ïèòîìî¿ ìàñîâî¿ åíåðã³¿ êîãåç³¿ íàâåäåí³ â òàá-
ëèö³.

Aíàë³ç îòðèìàíèõ îá÷èñëåíèõ äàíèõ ïîêà-
çóº, ùî ó ðÿäó ñêëàäíîåñòåðíèõ ïëàñòèô³êàòîð³â
(ñïîëóêè 1–3, òàáëèöÿ), çà ðàõóíîê ïðèñóòíîñò³
â ¿õ ñòðóêòóð³ ïîëÿðèçîâàíèõ åñòåðíèõ çâ’ÿçê³â
ïîâíà ìîëüíà îá’ºìíà åíåðã³ÿ êîãåç³¿ çðîñòàº ç
72,40 êÄæ/ìîëü äëÿ äèáóòèëôòàëàòó (ñïîëóêà 1,
òàáëèöÿ) äî 90,70 êÄæ/ìîëü äëÿ ä³îêòèëàäèï³-
íàòó (ñïîëóêà 2, òàáëèöÿ) òà äî 101,30 êÄæ/ìîëü
äëÿ ä³îêòèëñåáàöèíàòó (ñïîëóêà 3, òàáëèöÿ). Òîá-
òî, çðîñòàº ñèíõðîííî ³ç çá³ëüøåííÿì ìîëåêó-
ëÿðíî¿ ìàñè ñïîëóêè. Ïðè÷îìó ç äâîõ îñòàíí³õ
ñïîëóê (ñïîëóêè 2 ³ 3, òàáëèöÿ) âåëè÷èíà ïî-
âíî¿ ìîëüíî¿ îá’ºìíî¿ åíåðã³¿ êîãåç³¿ ó ä³îêòèë-
ñåáàöèíàòó íà 10,60 êÄæ/ìîëü âèùå, í³æ ó ä³îê-
òèëàäèï³íàòó. Ëîã³÷íî áóëî á ÿê ïëàñòèô³êàòîð
âèêîðèñòîâóâàòè ñïîëóêó ç íàéìåíøîþ âåëè÷è-
íîþ ïîâíî¿ ìîëüíî¿ îá’ºìíî¿ åíåðã³¿ êîãåç³¿ (ñïî-
ëóêè 1 ³ 2, òàáëèöÿ), à ÿê ìîäèô³êàòîð – ñïîëó-
êó 3.

Îäíàê ìàëà ìîëåêóëÿðíà ìàñà äèáóòèëô-
òàëàòó íå ãàðàíòóº òðèâàëó ñòàá³ëüíó åêñïëóàòà-
ö³þ ìàòåð³àë³â àáî âèðîá³â ç éîãî âèêîðèñòàí-
íÿì, ùî îáóìîâëåíî ï³äâèùåíîþ ñõèëüí³ñòþ
äèáóòèëôòàëàòó ì³ãðóâàòè â ïðîöåñ³ åêñïëóàòàö³¿
ç êîìïîçèö³éíîãî ìàòåð³àëó âèðîáó, îñîáëèâî
çà ï³äâèùåíèõ òåìïåðàòóðàõ, ³ ñóïðîâîäæóºòüñÿ
öå çðîñòàííÿì êðèõêîñò³ îñòàííüîãî.

Õî÷à çíà÷åííÿ âåëè÷èíè ïîâíî¿ ìîëüíî¿
îá’ºìíî¿ åíåðã³¿ êîãåç³¿ äëÿ ä³îêòèëñåáàöèíàòó

(ñïîëóêà 3, òàáëèöÿ) âèùå, àëå ³ çíà÷íî âèùà
éîãî ñîá³âàðò³ñòü. ² öåé îñòàíí³é ôàêòîð ñâ³ä÷èòü
íà êîðèñòü øèðîêîãî âèêîðèñòàííÿ ÿê ïëàñòè-
ô³êàòîðó ä³îêòèëàäèï³íàòó (ñïîëóêà 2, òàáëèöÿ).

ßêùî â ñòðóêòóðó ïëàñòèô³êàòîðó ââåñòè
çàì³ñòü åñòåðíèõ á³ëüø ïîëÿðèçîâàí³ çâ’ÿçêè,
íàïðèêëàä, óðåòàíîâ³, âåëè÷èíà ðîçðàõóíêîâî¿
ïîâíî¿ ìîëüíî¿ îá’ºìíî¿ åíåðã³¿ êîãåç³¿ çðîñòàº
(ïîð³âíþþ÷è ñïîëóêè 3 ³ 4, òàáëèöÿ). Óðåòàíîâ³
ãðóïè çäàòí³ ðåàë³çîâóâàòè â ïîë³ìåðí³é ìàòðèö³
ãóñòó ñ³òêó ð³çíèõ çà ñèëîþ ô³çè÷íèõ âçàºìîä³é,
íàïðèêëàä, ó ðàç³ çì³íè ìîëåêóëÿðíî¿ ìàñè ñïèð-
òó, â³ä 252,40 êÄæ/ìîëü äëÿ ñïîëóêè 10, òàáëè-
öÿ, ó ÿêî¿ (–R’)– çàëèøîê ãåêñèëîâîãî ñïèðòó
äî 291,40 êÄæ/ìîëü äëÿ ñïîëóêè 7, òàáëèöÿ, ó
ÿêî¿ (–R’)– çàëèøîê îêòèëîâîãî ñïèðòó, à ïîò³ì
ñïîñòåð³ãàºòüñÿ ïàä³ííÿ öüîãî ïîêàçíèêà äî âå-
ëè÷èíè 285,60 êÄæ/ìîëü äëÿ ñïîëóêè 11, òàá-
ëèöÿ, ó ÿêî¿ (–R’)– çàëèøîê óíäåöèëîâîãî ñïèð-
òó, â³äïîâ³äíî.

Ïðè çàì³í³ â ñòðóêòóð³ îë³ãîóðåòàí³â ³íäèâ-
³äóàëüíèõ ä³îë³â íà îë³ãîìåðí³ ³íøî¿ ïðèðîäè (íà
ïîë³îêñèïðîï³ëåíãë³êîë³ ð³çíî¿ ìîëåêóëÿðíî¿
ìàñè) ç á³ëüø ïîëÿðèçîâàíèì ïðîñòèì åòåðíèì
çâ’ÿçêîì ó ñòðóêòóð³ (ñïîëóêè 12, 13, 14 ó ïî-
ð³âíÿíí³ ç³ ñïîëóêîþ 7, òàáëèöÿ) âåëè÷èíà ïî-
êàçíèêà ïîâíî¿ ìîëüíî¿ îá’ºìíî¿ åíåðã³¿ êîãåç³¿
çðîñòàº ³ ñòàíîâèòü 310,37 êÄæ/ìîëü, 347,27 êÄæ/
ìîëü, 509,60, â³äïîâ³äíî, ïðîòè 291,40 êÄæ/ìîëü
äëÿ ñïîëóêè 7.

Äëÿ ïîë³â³í³ëõëîðèäó, ùî ï³äëÿãàº ïëàñòè-
ô³êàö³¿, ïîâíà ìîëüíà îá’ºìíà åíåðã³ÿ êîãåç³¿
ñòàíîâèòü 12,8 êÄæ/ìîëü, çà ìîëåêóëÿðíî¿ ìàñè
ëàíêè 62,52. Âðàõîâóþ÷è, ùî íàéìåíøà ìîëå-
êóëÿðíà ìàñà ïîë³â³í³ëõëîðèäó, íàïðèêëàä îäåð-
æóâàíîãî ñóñïåíç³éíèì ñïîñîáîì, ñòàíîâèòü íå
ìåíøå 25000–30000 îä., ê³ëüê³ñòü ëàíîê â òàêî-
ìó ïîë³ìåð³ áóäå 25000/62,52=399,87 ëàíîê, à
ïîâíà îá’ºìíà åíåðã³ÿ êîãåç³¿ ñòàíîâèòèìå
399,8712,8=5118,34 êÄæ/ìîëü.

Îòæå, ó âñ³õ âèïàäêàõ, âèêîðèñòîâóâàí³ ÿê
îë³ãîåñòåðè òàê ³ îë³ãîóðåòàíè, ìàþòü ïîâíó
ìîëüíó îá’ºìíó åíåðã³þ êîãåç³¿ íàáàãàòî ìåíøó
çà öåé ïîêàçíèê äëÿ ïîë³ìåðó (ÏÂÕ, ÿêèé ï³äëÿ-
ãàº ïëàñòèô³êàö³¿) ³ â óñ³õ âèïàäêàõ ìîæóòü âèñ-
òóïàòè ò³ëüêè ÿê ïëàñòèô³êàòîð.

Ðàçîì ç òèì, îòðèìàí³ áåçïîñåðåäíüî ðîç-
ðàõóíêîì âåëè÷èíè ïîâíî¿ ìîëüíî¿ îá’ºìíî¿
åíåðã³¿ êîãåç³¿ äëÿ ðÿäó ñïîëóê, ùî ðîçãëÿäàºòü-
ñÿ, íå äàþòü íàî÷íî¿ êàðòèíè âïëèâó ðîçãëÿíó-
òèõ ôàêòîð³â íà êîãåç³éí³ âçàºìîä³¿ â ïëàñòèô³-
êîâàíîìó íèìè ïîë³ìåð³, îñê³ëüêè ¿õ âåëè÷èíà
äóæå ñèëüíî çàëåæèòü â³ä ìîëåêóëÿðíî¿ ìàñè
ñàìîãî îë³ãîìåðó.
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Õî÷à âèñîêà ìîëåêóëÿðíà ìàñà âèêîðè-
ñòàíîãî ÿê ïëàñòèô³êàòîð îë³ãîìåðó, öå ãàðàíò³ÿ
éîãî ìàëî¿ ì³ãðàö³¿ ç êîìïîçèö³éíîãî ïîë³ìåð-
íîãî ìàòåð³àëó àáî ïîâíî¿ ¿¿ â³äñóòíîñò³, âñå æ
îïåðóâàòè íàâåäåíèìè ïîêàçíèêàìè ïîâíî¿
ìîëüíî¿ îá’ºìíî¿ åíåðã³¿ êîãåç³¿ ï³ä÷àñ âèáîðó
êîíêðåòíîãî ïëàñòèô³êàòîðó äóæå íåçðó÷íî ³
íåêîðåêòíî (äóæå âåëèêà ð³çíèöÿ â ìîëåêóëÿðí³é
ìàñ³, ùî ïðèïàäàº íà êîæíó ìîëåêóëó âèêîðè-
ñòàíîãî îë³ãîìåðíîãî ïëàñòèô³êàòîðà ó ïîð³âíÿíí³
ç ìîëåêóëÿðíîþ ìàñîþ ïîë³ìåðíî¿ ìàòðèö³).

Íà íàø ïîãëÿä, á³ëüø îá’ºêòèâíèì ïîêàç-
íèêîì, çà âïëèâîì çì³ííèõ ôàêòîð³â íà âëàñòè-
âîñò³ ïëàñòèô³êîâàíîãî ïîë³ìåðíîãî ìàòåð³àëó,
áóäå ïîêàçíèê «ïèòîìî¿ ïîâíî¿ ìîëüíî¿ åíåðã³¿
êîãåç³¿», ùî ïðèïàäàº íà 1 ãðàì ìàñè âèêîðèñ-
òîâóâàíîãî ïëàñòèô³êàòîðó (îë³ãîìåðíîãî àáî
ïîë³ìåðíîãî),  ÿêèé îá÷èñëþºòüñÿ ä³ëåííÿì âå-
ëè÷èíè ïîâíî¿ ìîëüíî¿ îá’ºìíî¿ åíåðã³¿ êîãåç³¿
ñïîëóêè íà âåëè÷èíó éîãî ðîçðàõóíêîâî¿ ìîëå-
êóëÿðíî¿ ìàñè ³ âèðàæàºòüñÿ â êÄæ/ã (òàáëèöÿ).

Ó öüîìó âèïàäêó ñïîñòåð³ãàºìî äåùî ³íøó
êàðòèíó, à ñàìå:

– ïðàêòè÷íî âñ³ (â àíàë³çîâàíèõ ðÿäàõ) ñïî-
ëóêè ìàþòü á³ëüø âèñîêå çíà÷åííÿ ïèòîìî¿ âå-
ëè÷èíè ïîâíî¿ ìàñîâî¿ åíåðã³¿ êîãåç³¿ ó ïî-
ð³âíÿíí³ ç àíàëîã³÷íèì ïîêàçíèêîì äëÿ ÏÂÕ, ³,
êð³ì ôóíêö³¿ ïëàñòèô³êàö³¿ ïîëÿðíîãî ïîë³ìå-
ðó, áóäóòü îäíî÷àñíî çàáåçïå÷óâàòè  ùå é ìîäè-
ô³êàö³þ éîãî âëàñòèâîñòåé ó á³ê ï³äâèùåííÿ
ô³çèêî-ìåõàí³÷íèõ õàðàêòåðèñòèê, îñîáëèâî íà
ïåðø³é ñòàä³¿, ùî ñòîñóºòüñÿ ïëàñòèô³êàö³¿ íàä-
ìîëåêóëÿðíèõ ñòðóêòóð;

– ÿêùî ïîð³âíþâàòè ïèòîì³ âåëè÷èíè ïî-
âíî¿ ìàñîâî¿ åíåðã³¿ êîãåç³¿ äëÿ ñïîëóê 2 ³ 1 (òàá-
ëèöÿ), òî ¿¿ âåëè÷èíà äëÿ ñïîëóêè 1 íà 0,15 êÄæ/ã
âèùå, í³æ äëÿ ñïîëóêè 2, ùî ìîæå áóòè îáóìîâ-
ëåíî íàÿâí³ñòþ â ñòðóêòóð³ ñïîëóêè 1 äîäàòêîâî
ùå é ïîëÿðíîãî, åëåêòðîíî-àêöåïòîðíîãî ôåí³-
ëåíîâîãî ðàäèêàëó;

– ÿêùî ïîð³âíþâàòè ïèòîì³ âåëè÷èíè ïî-
âíî¿ ìàñîâî¿ åíåðã³¿ êîãåç³¿ äëÿ ñïîëóê 2 ³ 3 (òàá-
ëèöÿ), òî, íåçâàæàþ÷è íà á³ëüø âèñîêå çíà÷åí-
íÿ àáñîëþòíî¿ âåëè÷èíè ïîâíî¿ ìîëüíî¿ îá’ºìíî¿
åíåðã³¿ êîãåç³¿ äëÿ ñïîëóêè 3 (101,3 êÄæ/ìîëü),
ó ïîð³âíÿíí³ ç³ çíà÷åííÿì àíàëîã³÷íîãî ïîêàç-
íèêà äëÿ ñïîëóêè 2 (90,7 êÄæ/ìîëü), éîãî çíà-
÷åííÿ ïèòîìî¿ âåëè÷èíè ïîâíî¿ ìàñîâî¿ åíåðã³¿
êîãåç³¿ íèæ÷å ³ ñòàíîâèòü 0,24 êÄæ/ã ïîð³âíÿíî
ç 0,245 êÄæ/ã äëÿ ñïîëóêè 2.

Òàêèé ôàêò äàº ï³äñòàâó äîäàòêîâî ï³äòâåð-
äèòè ðàí³øå çðîáëåíèé âèñíîâîê, ùî äëÿ íèçêè
îë³ãîìåð³â (1–3, òàáëèöÿ), ÿêèé ðîçãëÿäàºòüñÿ,
ç³ çá³ëüøåííÿì äîâæèíè àë³ôàòè÷íîãî ðàäèêàëà

äèêèñëîòíî¿ ñêëàäîâî¿ â ñòðóêòóð³ åñòåðíîãî
îë³ãîìåðó, âåëè÷èíà ïèòîìî¿ ìàñîâî¿ ïîâíî¿
åíåðã³¿ êîãåç³¿ çíèæóºòüñÿ. Ïðè öüîìó òàê³ ñïî-
ëóêè á³ëüøîþ ì³ðîþ âèêîíóâàòèìóòü ôóíêö³¿
ïëàñòèô³êàö³¿ òà ìåíøîþ ì³ðîþ âïëèâàòèìóòü
íà ìîäèô³êàö³þ (ï³äâèùåííÿ ô³çèêî-ìåõàí³÷íèõ
õàðàêòåðèñòèê).

Àíàëîã³÷íà çàêîíîì³ðí³ñòü ñïîñòåð³ãàºòüñÿ
³ ï³ä÷àñ âèêîðèñòàííÿ ÿê ïëàñòèô³êàòîðó íèçö³
îë³ãîóðåòàí³â (4–15, òàáëèöÿ), ùî ðîçãëÿäàºòü-
ñÿ.

Íàéá³ëüøà âåëè÷èíà çíà÷åíü ïèòîìî¿ ïî-
âíî¿ ìàñîâî¿ åíåðã³¿ êîãåç³¿ õàðàêòåðíà äëÿ îë³-
ãîóðåòàí³â 6 ³ 7 (òàáëèöÿ), â ÿêèõ ó ñòðóêòóð³ ÿê
ðàäèêàë (–R’’–), âèêîðèñòàí³ çàëèøêè ³íäèâ³-
äóàëüíèõ ä³îë³â (òðè-³ òåòðàåòèëåíãë³êîëþ). ¯õ
âåëè÷èíè ïèòîìî¿ ïîâíî¿ ìàñîâî¿ åíåðã³¿ êîãåç³¿
ñêëàäàþòü 0,369 êÄæ/ã òà 0,384 êÄæ/ã, â³äïîâ³ä-
íî.

ßê çá³ëüøåííÿ, òàê ³ çìåíøåííÿ äîâæèíè
ðàäèêàëà (–R’’–), â ïîð³âíÿíí³ ç îïòèìàëüíèì
çíà÷åííÿì, ïðèâîäèòü äî çíèæåííÿ âåëè÷èíè
ïîêàçíèêà ïèòîìî¿ ïîâíî¿ ìàñîâî¿ åíåðã³¿ êî-
ãåç³¿.

Òàêà æ çàëåæí³ñòü âåëè÷èíè ïîêàçíèêà
ïèòîìî¿ ïîâíî¿ ìàñîâî¿ åíåðã³¿ êîãåç³¿ ñïîñòåð³-
ãàºòüñÿ ³ ó ðàç³ çì³íè äîâæèíè ñïèðòîâîãî çà-
ëèøêó (R’–) ó ñòðóêòóð³ âèêîðèñòàíîãî ðÿäó
îë³ãîóðåòàí³â. Íàéá³ëüøå çíà÷åííÿ âåëè÷èíè
ïîêàçíèêà ïèòîìî¿ ïîâíî¿ ìàñîâî¿ åíåðã³¿ êî-
ãåç³¿ îòðèìàíî ó òîìó âèïàäêó, êîëè ÿê (R’–)
âèêîðèñòàíèé çàëèøîê îêòèëîâîãî ñïèðòó (ñïî-
ëóêà 7, òàáëèöÿ) ³ âîíà ñòàíîâèòü 0,384 êÄæ/ã.

Âèñíîâêè
Ðåçóëüòàòè âèêîíàíèõ ðîçðàõóíê³â ïîêàçó-

þòü, ùî:
– äëÿ çä³éñíåííÿ ïëàñòèô³êàö³¿ ïîëÿðíîãî

ïîë³ìåðó, íàïðèêëàä, ç ìåòîþ çíèæåííÿ éîãî
òåìïåðàòóðíîãî ïåðåõîäó ó â’ÿçêî-òåêó÷èé ñòàí
äî ð³âíÿ íèæ÷å òåìïåðàòóðè äåñòðóêö³¿ ïîë³ìå-
ðó (äëÿ ïîë³â³í³ëõëîðèäó, àðîìàòè÷íèõ ïîë³àì³ä³â
òà ³í.), ÿê ïëàñòèô³êàòîð íåîáõ³äíî âèáèðàòè
ñïîëóêè ç íàéìåíøîþ âåëè÷èíîþ ïîâíî¿ ïèòî-
ìî¿ ïîâíî¿ ìàñîâî¿ åíåðã³¿ êîãåç³¿. Òàêà æ ðåêî-
ìåíäàö³ÿ ö³ëêîì ñïðàâåäëèâà ³ ó ðàç³ âèãîòîâ-
ëåííÿ ïëàñòèçîë³â íà îñíîâ³ ÏÂÕ;

– äëÿ çä³éñíåííÿ ïëàñòèô³êàö³¿ ïîëÿðíîãî
ïîë³ìåðó ç ìåòîþ ï³äâèùåííÿ éîãî â³äíîñíîãî
ïîäîâæåííÿ òà åëàñòè÷íîñò³, à òàêîæ çáåðåæåí-
íÿ íà ìàêñèìàëüíîìó ð³âí³ ³íøèõ ô³çèêî-ìåõà-
í³÷íèõ ïîêàçíèê³â, ÿê ïëàñòèô³êàòîð íåîáõ³äíî
âèáèðàòè ñïîëóêè ç íàéá³ëüøîþ âåëè÷èíîþ
ïèòîìî¿ ïîâíî¿ ìàñîâî¿ åíåðã³¿ êîãåç³¿;

– ç’ÿâëÿºòüñÿ ìîæëèâ³ñòü âèêîðèñòîâóâàòè
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îòðèìàí³ äàí³ çà ðîçðàõóíêàìè âåëè÷èíè ïèòî-
ìî¿ ïîâíî¿ ìàñîâî¿ åíåðã³¿ êîãåç³¿ äëÿ âèáîðó
ïëàñòèô³êàòîð³â àáî ìîäèô³êàòîð³â äëÿ ³íøèõ
âèä³â ïîëÿðíèõ ïîë³ìåð³â (òîáòî ìîæíà ñòâîðè-
òè áàíê äàíèõ çà âåëè÷èíàìè ïèòîìî¿ ïîâíî¿
ìàñîâî¿ åíåðã³¿ êîãåç³¿ äëÿ áóäü-ÿêèõ ñïîëóê, ÿê³
âèêîðèñòîâóþòü ÿê ïëàñòèô³êàòîðè);

– â³äêðèâàºòüñÿ øëÿõ äëÿ ö³ëüîâîãî êîíñò-
ðóþâàííÿ ìîëåêóë ìàéáóòí³õ îë³ãîìåðíèõ ñïî-
ëóê ç îïòèìàëüíîþ ñòðóêòóðîþ òà ïëàñòèô³êó-
þ÷èìè âëàñòèâîñòÿìè.
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USING THE METHOD OF CALCULATING THE TOTAL
MOLAR ENERGY OF COHESION TO CHOOSE THE
MOST EFFECTIVE PLASTICIZER
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It is known that products made of polar, crystallized, and
high-strength polymers (polyamides, polyesters, cellulose
triacetate, polyvinyl chloride, etc.) lose their initial properties
that reduce reliability and durability in the process of operation
and even during long-term storage due to the increase in internal
stresses in them caused by crystallization processes over time. To
reduce the impact of such processes on the properties of polymer
products, special substances are introduced into their composition,
plasticizers, the selection of which is usually carried out
empirically, which is not always successful. We proposed in this
study to use the ratio of the calculated total molar volumetric
energy of cohesion of the compound (the cumulative interaction
of interatomic and intermolecular forces in the composition of
the compound) to its molecular weight as the specific mass total
energy of cohesion, which can be compared with a similar indicator
for a plasticizing polymer. The use of such an approach makes it
possible to purposefully, even before experimental verification,
evaluate the suitability of using this or that compound, oligomer,
or polymer as a plasticizer (or modifier), or develop a molecular
structure of a new, necessary compound with the inclusion of
certain groups in its composition for the purpose of further use as
a plasticizer or modifier. In addition, there is an opportunity to
monitor the influence of individual structural components of a
new compound, oligomer or polymer, its molecular weight, side
substituents and their nature on the value of the specific mass
total energy of cohesion, as well as to reduce the time for
performing research works in this direction and expenses for their
implementation.

Keywords: total molar volume energy of cohesion; specific
mass energy of cohesion; cohesive interaction; plasticization;
modification.
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