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Äàíå äîñë³äæåííÿ º ôðàãìåíòîì ïëàíîâî¿ ÍÄÐ 
«Ñòîìàòîëîã³÷íà çàõâîðþâàí³ñòü ä³òåé ç óðàõóâàí-
íÿì åêîëîãî-ñîö³àëüíèõ ÷èííèê³â ðèçèêó òà îá´ðóí-
òóâàííÿ äèôåðåíö³éîâàíèõ ìåòîä³â ë³êóâàííÿ òà 
ïðîô³ëàêòèêè», ¹ äåðæ. ðåºñòðàö³¿ 0110U002147. 

Âñòóï. Øèðîêå âèêîðèñòàííÿ êîìïîçèö³éíèõ 
ïîë³ìåðíèõ ìàòåð³àë³â â ñòîìàòîëîã³¿ âèêëèêàº çíà-
÷íèé ³íòåðåñ äî âèâ÷åííÿ ô³çèêî-õ³ì³÷íèõ ïðîöåñ³â 
¿õ ö³ëüîâî¿ ìîäèô³êàö³¿ çîâí³øí³ìè ÷èííèêàìè, ñåðåä 
ÿêèõ ôîòîåêñïîíóâàííÿ, ïðèðîäíå ñòàð³ííÿ òà òåð-
ì³÷íèé âïëèâ [5,18]. Ö³ ìàòåð³àëè ïîºäíóþòü ó ñîá³ 
ðÿä ïîçèòèâíèõ âëàñòèâîñòåé, ÿê³ äîçâîëÿþòü â³äíî-
âèòè àíàòîì³÷íó áóäîâó çóáà. Òèì íå ìåíø, ïðîáëåìà 
óñàäêè òà óñàäêîâîãî ñòðåñó ïðè ïîë³ìåðèçàö³¿ çàëè-
øàºòüñÿ àêòóàëüíîþ, ùî ñêëàäàº îäèí ç ãîëîâíèõ íå-
äîë³ê³â êîìïîçèö³éíèõ ìàòåð³àë³â [1,2]. Ïîë³ìåðèçà-
ö³éíà óñàäêà òà óñàäêîâèé ñòðåñ ò³ñíî ïîâ’ÿçàí³ ì³æ 
ñîáîþ. Ïî ñóò³ ñïðàâè, íåãàòèâí³ ïðîÿâè óñàäêè º íà-
ñë³äêîì ïîë³ìåðèçàö³éíîãî ñòðåñó. Ó êîìïîçèò³â ïî-
ë³ìåðèçàö³éíà óñàäêà (òîáòî ïðîöåíòíå çìåíøåííÿ 
îá’ºìó) âèçíà÷àºòüñÿ âëàñòèâîñòÿìè íàïîâíþâà÷à, 
âïëèâàþ÷è ñóòòºâî íà ì³öí³ñòü, åñòåòè÷í³ñòü, ïîë³ðó-
âàííÿ òà ñòóï³íü ðîçñ³þâàííÿ ñâ³òëà [2-4]. 

Â çíà÷í³é ì³ð³ ôóíêö³îíàëüí³ñòü ñòîìàòîëîã³÷íèõ 
á³îïîë³ìåðíèõ ìàòåð³àë³â âèçíà÷àºòüñÿ ìîæëèâ³ñ-
òþ àêòèâíîãî âïëèâó íà ð³âí³ ñòðóêòóðíèõ êîðåëÿö³é, 
ùî îõîïëþþòü íå ëèøå îáëàñò³ ïðÿìî¿ ì³æàòîìíî¿ 
âçàºìîä³¿, àëå é ïåðåðîçïîä³ëó â³ëüíîãî îá’ºìó ì³æ 
ïåâíèìè àòîìíèìè óãðóïóâàííÿìè â ìåæàõ ïîë³-
ìåðíîãî êàðêàñó. ßñêðàâèì ïðèêëàäîì òàêî¿ ñòðóê-
òóðíî¿ ôóíêö³îíàëüíîñò³ º ïðîöåñè îá’ºìíî¿ óñàä-
êè, âèêëèêàí³ ïåðåðîçïîä³ëîì âíóòð³øí³õ õ³ì³÷íèõ 
çâ’ÿçê³â ìàòðèö³ – ¿¿ ïðîñòîðîâèì «çøèâàííÿì» [6]. 
ßê ïðàâèëî, ì³æàòîìí³ ñòðóêòóðí³ êîðåëÿö³¿, ùî â³ä-
ïîâ³äàþòü òàêèì ïîë³ìåðèçàö³éíèì ïåðåòâîðåííÿì 
îõîïëþþòü ñóáíàíîìåòðîâèé ä³àïàçîí òèïîâî íà 
ð³âí³ âíóòð³øí³õ îá’ºì³â ïîðÿäêó äåê³ëüêîõ ñîòåíü Å3, 
â çâ’ÿçêó ç ÷èì âîíè ÷àñòî íå ï³ääàþòüñÿ àäåêâàòíî-
ìó êîíòðîëþ òà â³äòâîðåííþ. Îñü ÷îìó, äëÿ âèâ÷åí-
íÿ òàêèõ ïðîöåñ³â âñå ÷àñò³øå âèêîðèñòîâóºòüñÿ 
íåïðÿì³ ñòðóêòóðíî-÷óòëèâ³ ìåòîäè, ñåðåä ÿêèõ îñî-
áëèâå ì³ñöå çàéìàº òåõí³êà õàðàêòåðèçàö³¿ ì³æàòîì-
íèõ ïóñòîò â ïîë³ìåðàõ (òàê çâàíèõ â³ëüíèõ îá’ºì³â) 
ç âèêîðèñòàííÿì ÿâèùà ïîçèòðîííî-åëåêòðîííî¿ 
àí³ã³ëÿö³¿ â îäíîìó ç íàéá³ëüø âèñîêî³íôîðìàòèâíèõ 

ñâî¿õ ïðîÿâ³â – ñïåêòðîñêîï³¿ ÷àñ³â æèòòÿ àí³ã³ëÿö³é-
íèõ ïîçèòðîí³â (×ÆÀÏ) [8,15,17]. 

Òåõí³êà ×ÆÀÏ ìîæå óñï³øíî çàñòîñîâóâàòèñü äî 
ð³çíîìàí³òíèõ òâåðäîò³ëüíèõ îá’ºêò³â, íåçàëåæíî â³ä 
îñîáëèâîñòåé ¿õ ñòðóêòóðíî¿ îðãàí³çàö³¿, çîêðåìà 
êðèñòàë³â òà ö³ëî¿ íèçêè íåâïîðÿäêîâàíèõ òà ÷àñòêî-
âî-âïîðÿäêîâàíèõ ìàòåð³àë³â òèïó àìîðôíèõ ñïëà-
â³â, ïîë³ìåð³â, ñòåêîë ³ êåðàì³êè. Ïðîòå àäåêâàòíå 
çàñòîñóâàííÿ ö³º¿ òåõí³êè ç âðàõóâàííÿì â³äïîâ³äíèõ 
ñòðóêòóðíèõ îñîáëèâîñòåé â³äïðàöüîâàíî, ãîëî-
âíèì ÷èíîì, ëèøå äëÿ ïåâíèõ êàòåãîð³é ïðîñòîðî-
âî-âïîðÿäêîâàíèõ òâåðäèõ ò³ë (êðèñòàë³â). Ó âèïàäêó 
ñòðóêòóðíî-íåâïîðÿäêîâàíèõ ìàòåð³àë³â, äî ÷èñëà 
ÿêèõ â³äíîñÿòü ³ á³îïîë³ìåðè, ìîæëèâîñò³ öüîãî ìå-
òîäó ðîçêðèòî íåäîñòàòíüî. Çíà÷èì³ ìîäåë³ äëÿ 
ôåíîìåíîëîã³÷íîãî îïèñó åâîëþö³¿ â³ëüíîãî îá’ºìó 
â òàêèõ íåâïîðÿäêîâàíèõ ìàòåð³àëàõ âäàºòüñÿ ðîç-
âèíóòè ëèøå íà îñíîâ³ íàï³âåìï³ðè÷íèõ ï³äõîä³â, ÿê³ 
âñòàíîâëþþòü àäåêâàòí³ ê³ëüê³ñí³ êîðåëÿö³¿ ì³æ ìîæ-
ëèâèìè êàíàëàìè ïîçèòðîííî¿ àí³ã³ëÿö³¿. Äóæå ÷àñòî 
ïðîöåñè, ùî âèçíà÷àþòüñÿ óù³ëüíåííÿì ïîë³ìåðíî¿ 
ìàòðèö³, ïîÿñíþþòüñÿ ïðèíöèïîâî ð³çíèìè âçàºìî-
ä³ÿìè àí³ã³ëÿö³éíèõ ïîçèòðîí³â ç îòî÷åííÿì – çàõî-
ïëåííÿì íà äåôåêòí³ ñòàíè âàêàö³éíîãî òèïó (âàêàí-
ñ³¿ òà ¿õ àãëîìåðàòè – âàêàíñ³éí³ êëàñòåðè, âíóòð³øí³ 
ïóñòîòè, ïîðè, êàñêàäè ïóñòîò, òîùî) òà ðîçïàäîì 
çâ’ÿçàíèõ ïîçèòðîííî-åëåêòðîííèõ ïàð (òàê çâàíèõ 
àòîì³â ïîçèòðîí³þ) [8,15,17]. 

Ìåòà ðîáîòè – ïðîàíàë³çóâàòè ìåòîäîëîã³÷í³ 
îñîáëèâîñò³ ñïåêòðîñêîï³¿ ×ÆÀÏ äëÿ ³äåíòèô³êàö³¿ 
ïðîöåñ³â åâîëþö³¿ â³ëüíîãî îá’ºìó, âèêëèêàíèõ ôî-
òî³íäóêîâàíèì óù³ëüíåííÿì â ñòîìàòîëîã³÷íèõ ïî-
ë³ìåðàõ àêðèëîâî¿ ãðóïè «Äèïîëü». 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Ïîë³ìåðèçà-
ö³éí³ ïåðåòâîðåííÿ âèâ÷àëè íà ñòîìàòîëîã³÷íèõ 
ìàòåð³àëàõ àêðèëîâîãî òèïó «Äèïîëü», ôîòîåêñïî-
íîâàíèõ âèïðîì³íþâàííÿì ãàëîãåííî¿ ëàìïè ç äî-
âæèíîþ õâèë³ áëèçüêî 450 íì. Äëÿ äîñë³äæåíü â³ä-
áèðàëèñÿ íåôîòîïîë³ìåðèçîâàí³ çðàçêè (ñòàí 1), à 
òàêîæ ïîë³ìåðè, ôîòîïîë³ìåðèçîâàí³ ïðîòÿãîì 20 ñ 
(ñòàí 2), òà 60 ñ (ñòàí 3). ßê â³äîìî, â òàêèõ óìîâàõ 
ôîòîåêñïîíóâàííÿ àêðèëîâèõ ìîíîìåð³â ³í³ö³þ-
þòüñÿ íå ëèøå ïðîöåñè ¿õ îá’ºìíî¿ óñàäêè, àëå é 
ïîÿâëÿþòüñÿ òà ðîçïîâñþäæóþòüñÿ âíóòð³øí³ íà-
ïðóæåííÿ òà ñòðåñè [6,14]. Êð³ì öüîãî, ã³ãðîñêîï³÷í³ 
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òà ã³äðîë³òè÷í³ ïðîöåñè ìîæóòü âèÿâëÿòè ñóòòºâèé 
âïëèâ íà ê³íöåâèé ñòàí ôîòîïîë³ìåðèçîâàíîãî ìà-
òåð³àëó [10,11,19]. Î÷³êóºòüñÿ, ùî âñ³ ö³ ôàêòîðè 
áóäóòü ñóòòºâèìè ³ ó âèçíà÷åíí³ óìîâ ñòàá³ë³çàö³¿ 
çâ’ÿçàíèõ äîâãîæèâó÷èõ ñòàí³â àòîì³â îðòîïîçèòðî-
í³þ â ïîë³ìåðí³é ìàòðèö³. 

Â äàí³é ðîáîò³ äîñë³äæåííÿ ïðîâîäèëèñü ç âè-
êîðèñòàííÿì åêñïåðèìåíòàëüíî¿ óñòàíîâêè äëÿ 
âèì³ðþâàííÿ ñïåêòð³â ×ÆÀÏ ORTEC, â ÿê³é âèêî-
ðèñòîâóºòüñÿ ðåºñòðàö³éíà ñèñòåìà «ñàíäâ³÷» òèïó 
(áëîê-ñõåìà óñòàíîâêè ïîêàçàíà íà ðèñ. 1), êîëè äâà 
³äåíòè÷í³ äîñë³äæóâàí³ çðàçêè ïîâí³ñòþ çàêðèâàþòü 
äæåðåëî ïîçèòðîí³â ç îáîõ ñòîð³í [17]. Ïðè öüîìó çà-
ñòîñîâóþòüñÿ ïîçèòðîíè, îòðèìàí³ çàâäÿêè â³äîì³é 
ðåàêö³¿ b+-ðîçïàäó ³çîòîïó 22Na [8,15]. Öåé ïðîöåñ 
çàê³í÷óºòüñÿ âèïóñêàííÿì îäíîãî g-êâàíòà ç åíåð-
ã³ºþ 1,275 ÌåÂ. Òàê ÿê çàãàëüíà òðèâàë³ñòü öüîãî 
ïðîöåñó ñêëàäàº 3,7 ïñ, âîíà ìîæå áóòè ïðèéíÿòà â 
ÿêîñò³ ïî÷àòêîâî¿ òî÷êè â³äë³êó ó âèì³ðàõ, ôîðìóþ-
÷è òàê çâàíèé ñòàðò-êàíàë (ðèñ.). Äàë³ ö³ ïîçèòðîíè 
äèôóíäóþòü ³ çàõîïëþþòüñÿ âíóòð³øí³ìè äåôåêòàìè 
çðàçêà (ïîçèòðîííèìè ïàñòêàìè ç õàðàêòåðíèì â³ëü-
íèì îá’ºìîì), ôîðìóþ÷è ïðè öüîìó îñíîâíèé âèì³-
ðþâàëüíèé àáî ñòîï-êàíàë àí³ã³ëÿö³¿, ïðè÷îìó â ðå-
çóëüòàò³ öüîãî ïðîöåñó âèïðîì³íþºòüñÿ äâà g-êâàíòè 
ç åíåðã³ºþ 0,511 ÌåÂ. Òàêèì ÷èíîì ðåàë³çóºòüñÿ åëå-
ìåíòàðíà àí³ã³ëÿö³éíà ïîä³ÿ, ÷àñ òðèâàííÿ ÿêî¿ t âè-
çíà÷àºòüñÿ â ìåæàõ îäíîãî àêòó b+-ðîçïàäó [8,15,17]. 

Åêñïåðèìåíòàëüí³ äàí³ íàêîïè÷óþòüñÿ, ôîðìó-
þ÷è ìàñèâè ì³ëüéîí³â àí³ã³ëÿö³éíèõ ïîä³é. Äëÿ âè-
çíà÷åííÿ ÷èñåëüíèõ çíà÷åíü êîæíî¿ ç êîìïîíåíò 
àí³ã³ëÿö³¿ (÷àñ³â æèòòÿ ïîçèòðîí³â t

i
 ³ â³äïîâ³äíèõ ³í-

òåíñèâíîñòåé I
i
), âèêîðèñòîâóºòüñÿ ìîäèô³êîâàíà 

âåðñ³ÿ êîìï’þòåðíî¿ ïðîãðàìè LT [11]. 
Äîïóñêàþ÷è ñïðàâåäëèâ³ñòü ìîäåë³ äâîõ íå-

çàëåæíèõ àí³ã³ëÿö³éíèõ ñòàí³â ç îäíèì òèïîì äå-
ôåêòíèõ ïàñòîê â äîñë³äæóâàíèõ ïîë³ìåðàõ (ÿê öå 
õàðàêòåðíî äëÿ ³íøèõ íåâïîðÿäêîâàíèõ ìàòåð³àë³â 
ïîë³ìåðíîãî òèïó) [6,14,16], ô³çè÷í³ ïàðàìåòðè çà-
õîïëåííÿ ïîçèòðîí³â, à ñàìå ñåðåäí³é ÷àñ æèòòÿ t

av.,
 

÷àñ æèòòÿ ïîçèòðîí³â â áåçäåôåêòíîìó ñòàí³ t
b
, à 

òàêîæ øâèäê³ñòü çàõîïëåííÿ ïîçèòðîí³â äåôåêòàìè 
k

d
, ìîæóòü áóòè âèçíà÷åí³ ÿê

  (1)

  (2)

  (3)

Ó âèïàäêó ïîë³ìåð³â î÷³êóâàíèé âêëàä â³ä êàíàëó 
çàòóõàííÿ îðòîïîçèòðîí³þ îö³íþºòüñÿ âåëè÷èíîþ 
êîìïîíåíòè I

3 
³ îïèñóºòüñÿ â³äîìèì ð³âíÿííÿì Òàî-

Åëüäðóïà, ùî âèçíà÷àº çàëåæí³ñòü íàéäîâøî¿ êîì-
ïîíåíòè ÷àñó æèòòÿ ïîçèòðîí³â τ

3
 â³ä ðàä³óñó ïîðîæ-

íèíè R (àáî â³äïîâ³äíî ¿¿ îá’ºìó  )[7,8,9,15, 
16,20]:

  4)

äå ΔR = 0. 166 íì º åìï³ðè÷íî âñòàíîâëåíèì 
ïàðàìåòðîì. 

Ðåçóëüòàòè äîñë³äæåííÿ òà ¿õ îáãîâîðåí-
íÿ. Ïàðàìåòðè, ùî îïèñóþòü ïðîöåñ ïîçèòðîííî¿ 
àí³ã³ëÿö³¿ â äîñë³äæóâàíèõ ïîë³ìåðàõ, ïðèâåäåíî â 
òàáëèö³. ßê âèäíî, îá’ºìíà óñàäêà â öèõ ïîë³ìåðàõ 
íàáóâàº ñêëàäíî¿ ïðèðîäè, îñê³ëüêè ï³ä ä³ºþ ôîòî-
åêñïîíóâàííÿ â íèõ ³í³ö³þþòüñÿ ÿê ïðîöåñè çàõî-
ïëåííÿ ïîçèòðîí³â íà âàêàíñ³éí³ äåôåêòè (ïåðøà 
òà äðóãà ñêëàäîâ³ àí³ã³ëÿö³éíîãî ñïåêòðó t

1
,I

1 
òà t

2
,I

2
), 

òàê ³ çàòóõàííÿ çâ’ÿçàíèõ åëåêòðîí-ïîçèòðîííèõ ïàð 
– àòîì³â ïîçèòðîí³þ (òðåòÿ äîâãîòðèâàëà ñêëàäîâà 
àí³ã³ëÿö³éíîãî ñïåêòðó t

3
,I

3
). 

Â³äíîñíî âèñîêå çíà÷åííÿ ïàðàìåòðà t
2 

(òàê çâà-
íîãî äåôåêòíîãî ÷àñó æèòòÿ ïîçèòðîí³â) â ïîð³â-
íÿíí³ ç òèïîâèìè íàï³âïðîâ³äíèêàìè [15] ñâ³ä÷èòü 
íà êîðèñòü ïðèïóùåííÿ ïðî ðîçøèðåíó ïðèðîäó 
âàêàíñ³éíèõ öåíòð³â çàõîïëåííÿ ó âñ³õ òèï³â àêðè-
ëîâèõ ïîë³ìåð³â, ÿê³ ìîæóòü áóòè ³íäåíòèô³êîâàí³ 

Ðèñ. Áëîê-ñõåìà «ñàíäâ³÷» ñèñòåìè (çðàçîê-äæåðåëî-çðàçîê) 

äëÿ ðåºñòðàö³¿ ñïåêòð³â ×ÆÀÏ ç âèêîðèñòàííÿì óñòàíîâêè ORTEC. 
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Ïàðàìåòðè, ùî îïèñóþòü ïîçèòðîííó àí³ã³ëÿö³þ â 
äîñë³äæóâàíèõ çðàçêàõ ñòîìàòîëîã³÷íèõ ïîë³ìåð³â 

«Äèïîëü»

Ñòàíè 
çðàçê³â
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Ñòàí 1 0,25 73,8 0,81 14,4 2,68 11,8 0,62 0,28 0,46 3,45 172

Ñòàí 2 0,22 70,1 0,60 23,4 2,09 6,5 0,43 0,26 0,72 2,95 108

Ñòàí 3 0,21 74,4 0,60 18,2 1,97 7,4 0,41 0,24 0,63 2,85 97

ÿê âàêàíñ³éí³ êëàñòåðè. Ïî÷àòêîâà 
ñòàä³ÿ ôîòîïîë³ìåðèçàö³¿ (ïåðåõ³ä ç³ 
ñòàíó 1 â ñòàí 2) ïðèâîäèòü äî ð³çêî-
ãî çðîñòàííÿ øâèäêîñò³ çàõîïëåííÿ 
ïîçèòðîí³â íà âàêàíñ³éíèõ äåôåêòàõ 
k

d
 (ïîíàä 65 %), âèêëèêàíîãî âòðàòîþ 

¿õ â³ëüíîãî îá’ºìó (âèçíà÷àºòüñÿ, ãî-
ëîâíèì ÷èíîì, âåëè÷èíîþ t

2
). Ïðè 

öüîìó òàêîæ ñóòòºâî çìåíøóºòüñÿ 
÷àñ æèòòÿ ïîçèòðîí³â â áåçäåôåê-
òíîìó ñòàí³ t

b
, ùî ñâ³ä÷èòü ïðî ñóòòº-

âå óù³ëüíåííÿ ñòðóêòóðíîãî êàðêàñó 
ïîë³ìåðó. Â òàêèõ óìîâàõ ³íòåíñèâ-
í³ñòü äðóãî¿ êîìïîíåíòè I

2 
âòðà÷àº â 

òî÷íîìó ðîçóì³íí³ ñåíñ êîíöåíòðàö³¿ 
â³äïîâ³äíèõ öåíòð³â çàõîïëåííÿ [15]. 
Îäíàê, çâàæàþ÷è íà çíà÷íó âåëè÷èíó 
çðîñòàííÿ öüîãî ïàðàìåòðó (â³ä 14,4 
äî 23,4 %), ìîæíà ââàæàòè, ùî âêëàä 
öåíòð³â çàõîïëåííÿ â ïðîöåñ³ íîð-
ìàëüíî¿ ïîë³ìåðèçàö³¿ áåçñóìí³âíî 
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çðîñòàº. Öÿ æ òåíäåíö³ÿ ïðîÿâëÿºòüñÿ ³ ó ôîòî³íäó-
êîâàí³é çì³í³ âíóòð³øí³õ ïóñòîò, ùî çàõîïëþþòü ïî-
çèòðîí³é, – âåëè÷èíè t

3
 ³ I

3 
çìåíøóþòüñÿ ó â³äïîâ³-

äàëüíîñò³ äî çìåíøåííÿ â³ëüíîãî îá’ºìó âíóòð³øí³õ 
ïóñòîò. 

Â òîé ñàìèé ÷àñ, âíóòð³øí³ ñòðåñè, âèêëèêàí³ ôî-
òî³íäóêîâàíîþ óñàäêîþ ñòîìàòîëîã³÷íèõ ïîë³ìåð³â 
«Äèïîëü» â óìîâàõ ¿õ òðèâàëîãî åêñïîíóâàííÿ (ñòàí 
3) íå ïðèçâîäÿòü äî ñóòòºâèõ çì³í ó ÷àñòö³ â³ëüíîãî 
îá’ºìó, äå â³äáóâàºòüñÿ ñòàá³ë³çàö³ÿ àòîì³â ïîçè-
òðîí³þ (íå çàô³êñîâàíî ñóòòºâèõ çì³í ó â³äïîâ³äíèõ 
ïàðàìåòðàõ t

3
 ³ I

3
), âèêëèêàþ÷è ò³ëüêè çìåíøåííÿ 

³íòåíñèâíîñò³ I
2
. Öåé ôàêò ñâ³ä÷èòü ïðî ìîæëèâó 

äåñòðóêö³þ öåíòð³â çàõîïëåííÿ ïîçèòðîí³â ç ¿õ íà-
ñòóïíîþ òðàíñôîðìàö³ºþ ó âíóòð³øí³ ïîðè á³ëüøî-
ãî îá’ºìó, ÿê³ íå º ÷óòëèâèìè äî ïðîöåñ³â àí³ã³ëÿö³¿ 
ïîçèòðîí³â. 

Âèñíîâêè. Òåõí³êà ïîçèòðîííî-åëåêòðîííî¿ 
àí³ã³ ëÿ ö³¿ â ìîäèô³êàö³¿ ñïåêòðîñêîï³¿ ÷àñ³â æèòòÿ 

àí³ã³ëÿö³éíèõ ïîçèòðîí³â º åôåêòèâíèì ìåòîäîì äî-
ñë³äæåííÿ ïîðóâàòî¿ áóäîâè ñòîìàòîëîã³÷íèõ êîìïî-
çèò³â “Äèïîëü” ï³ä ä³ºþ ôîòîåêñïîíóâàííÿ. Îá’ºìíà 
óñàäêà äàíèõ ìàòåð³àë³â, âèêëèêàíà ¿õ ôîòîïîë³ìå-
ðèçàö³ºþ, âêàçóº íà ÷³òêî âèðàæåíó òåíäåíö³þ äî 
ôðàãìåíòàö³¿ âíóòð³øí³õ ïîðîæíèí, ùî ï³äòâåðäæó-
ºòüñÿ ð³çêèì çðîñòàííÿì øâèäêîñò³ çàõîïëåííÿ ïî-
çèòðîí³â. Âñòàíîâëåíî, ùî íàäì³ðíå ôîòîåêñïîíó-
âàííÿ êîìïîçèò³â âèêëèêàº ïðèãí³÷åííÿ ïîðîæíèí, 
ùî çàõîïëþþòü ïîçèòðîíè. 

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Ïî-
äàëüø³ äîñë³äæåííÿ íåîáõ³äí³ ç ìåòîþ ðîçâèòêó 
ìåòîäîëîã³¿ çàñòîñóâàííÿ äàíî¿ òåõí³êè äëÿ õàðàêòå-
ðèçàö³¿ ïðîöåñ³â âíóòð³øíüî-ñòðóêòóðíèõ çì³í ïîðó-
âàòî¿ áóäîâè ñòîìàòîëîã³÷íèõ ïîë³ìåð³â, âèêëèêàíèõ 
çîâí³øí³ìè ÷èííèêàìè, â óìîâàõ ä³¿ ñóïóòí³õ ôàêòî-
ð³â, çîêðåìà òàêèõ, ùî âèêëèêàþòü ñóòòºâ³ åôåêòè 
ã³äðîë³òè÷íîþ äåãðàäàö³¿. 
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Research Microstructure Dental Composite «Dipole» using the Technique of Positron-Electron 

Annihilation
Shpotyuk O. O., Bezvushko E. B, Filipetski J. 
Abstract. Polymer materials based on acrylic monomers are commonly used in the dentistry. That is why the 

structural studies of these dental filling materials during their prolonged ageing is of high importance. 
This work in aimed on positron annihilation lifetime spectroscopy (PALS) applied to study free volume evolution 

in the structure of acrylic-based dental materials known also as DipolÒ. This material is light-cured three-phase 
nanocomposite filler contained dental base monomers (matrix of 1,6-bis(methacryloxy-2-ethoxycarbonylamino)-
2,4,4-trimethylhexane – UDMA and 2,2-bis [p- (2¢- hydroxyl – 3¢ -methacryloxypropoxy) phenylene]propane – Bis-
GMA) and 72 % of high-active filler with individual nanoparticles scaled from 1 to 103 nm. Since significant shrinkage 
and contraction stress are important features of light curing of these dental filling composites, it is recommended 
the layer-by-layer covering of this material followed by 20-40 s photoexposure of each layer (1-2 mm in a thickness). 
The finishing 60 s light treatment is needed to eliminate the remainders of inhibitors used for interlayer linking. 

The PALS study was performed using fast-fast coincidence system ORTEC of 230 ps resolution at the temperature 
T = 22 oC and relative humidity RH = 35 %, provided by special climatic installation. Two identical samples were used 
to build a sandwich structure needed for PALS measurements. Each spectrum was measured with a channel width 
of 6. 15 ps (total number of channels was 8000) and contained ~106 coincidences in total, which can be considered 
as a signature of normal measurement PALS statistics. Isotope 22Na (~50 kBq) was used as a source of positrons 
(prepared from aqueous solution of 22NaCl, wrapped by Kapton® foil of 12 mm thickness and sealed), which was 
sandwiched between two identical samples. The raw PALS spectra were processed with standard LT program. 

As a result of the conducted measurements, the curves describing numbers of counts of the annihilation 
events in a time were registered. These studies revealed existence of four components in the reconstructed PALS 
spectra. The positron trapping was calculated by accepting two-state positron trapping model and free volume 
holes were determined from empirical relationship between the radius of free volume and long-lived positronium 
lifetime components. This research revealed the increased values of free volume holes (which corresponded to 
third component) and the emergence of new type of free volume holes (which corresponded to fourth component). 
It may be inferred that this new kind of free volume holes is associated with the aging process of the stored dental 
materials. Furthermore, the influence of time of the polymerization process on the sizes of free volume holes in the 
studied material was detected. 

This research justifies comprehensively and systematically the methodological possibilities of PALS technique 
to study free-volume defects in dental acrylic-type polymers. 

Keywords: dental composites photoexposure, light-cured, annihilation of positrons, cavity, shrinkage of dental 
materials, defects, microstructure of composite materials, free volume. 
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