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Äîñë³äæåíî âïëèâ äîì³øêîâèõ ìîëåêóë íà ñòðóêòóðó îïòè÷íî-ïðîçîðèõ ïîë³ìåðíèõ ïë³âîê ïðè
îáðîáö³ ìàãí³òíèì ïîëåì. Ðîçðîáëåíà åêñïåðèìåíòàëüíà ìåòîäèêà äëÿ âèçíà÷åííÿ åôåêòèâíèõ
êîåô³ö³ºíò³â äèôóç³¿ ìîëåêóë ãàçó êð³çü äîñë³äæóâàíèé ìàòåð³àë. Íà îñíîâ³ çàïðîïîíîâàíî¿
ìåòîäèêè âèçíà÷åíî åôåêòèâí³ êîåô³ö³ºíòè äèôóç³¿ äëÿ ïë³âîê ç ð³çíèì âì³ñòîì Ñ–Î òà Ñ=Î
çâ’ÿçê³â. Âñòàíîâëåíî, ùî ä³ÿ ìàãí³òíîãî ïîëÿ çì³íþº äèôóç³þ äîì³øêîâèõ ìîëåêóë, ÿêà
âèçíà÷àºòüñÿ çì³íîþ êîíôîðìàö³é íåâïîðÿäêîâàíèõ îáëàñòåé ïîë³ìåðíî¿ ìàòðèö³. Çà äîïîìîãîþ
ìåòîäó àòîìíî-ñèëîâî¿ ì³êðîñêîï³¿ äîñë³äæåíî ñòðóêòóðó ïë³âîê. Ïîáóäîâàíî êðèâ³ ðîçïîä³ëó
òîâùèíè äîñë³äæóâàíèõ çðàçê³â. Âñòàíîâëåíî, ùî ïîïåðåäíÿ îáðîáêà ïîñò³éíèì ìàãí³òíèì
ïîëåì ïðèâîäèòü äî çì³íè ðîçì³ð³â ä³ëÿíîê íåâïîðÿäêîâàíî¿ ôàçè. Çàïðîïîíîâàíî ã³ïîòåçó ïðî
âïëèâ ïîñò³éíîãî ìàãí³òíîãî ïîëÿ íà ïåðåðîçïîä³ë äîì³øêîâèõ ìîëåêóë ì³æ çà÷åïëåííÿìè
ëàíöþã³â ó íåâïîðÿäêîâàí³é ôàç³ ïîë³ìåðíèõ ñòðóêòóð.

Êëþ÷îâ³ ñëîâà: åïîêñèäí³ ñìîëè, Ñ–Î-çâ’ÿçîê, Ñ=Î-çâ’ÿçîê, ìàãí³òíå ïîëå, ñóïåðâàêàíñ³ÿ.

Âñòóï.
Ðîçðîáêà çàõèñíèõ ìàòåð³àë³â äëÿ îïòè÷íèõ ïðè-

ëàä³â, ó òîìó ÷èñë³ åëåìåíò³â ñîíÿ÷íèõ áàòàðåé ³ ðîáî-
÷èõ ïîâåðõîíü ôîòîïåðåòâîðþâà÷³â – îäèí ³ç âàæëèâèõ
íàïðÿì³â ô³çèêè ïîë³ìåð³â. ßê â³äîìî, îäí³ºþ ³ç ïðè-
÷èí, ùî ïðèâîäèòü äî ïîðóøåíü ó ðîáîò³ öüîãî îáëàä-
íàííÿ, º ¿õ íåñò³éê³ñòü ïðè âçàºìîä³¿ ç âîëîãîþ, êèñíåì
òà ç ³íøèìè çîâí³øí³ìè ôàêòîðàìè [1, 2]. Çàçíà÷åí³ âçàº-
ìîä³¿ ñïðè÷èíÿþòü äåñòðóêö³þ ïîë³ìåð³â ³ ïîÿâó ð³çíî-
ìàí³òíèõ äåôåêò³â, ÿê³ ñïðèÿþòü ïðîíèêíåííþ âîëîãè,
ìîëåêóë êèñíþ òà ³í. Çàëåæíî â³ä ñòóïåíÿ òà ãëèáèíè
ïðîíèêíåííÿ ÷àñòèíîê ó ñòðóêòóðó ìàòåð³àëó îñòàíí³é
ìîæå óòâîðþâàòè ñóêóïí³ñòü îêðåìèõ øàð³â, ÿê³
â³äð³çíÿþòüñÿ îäèí â³ä îäíîãî ïåâíèìè ïàðàìåò-
ðàìè, ùî õàðàêòåðèçóþòü ñèñòåìó, â ÿê³é â³äáóâàºòüñÿ

äîñë³äæóâàíèé ïðîöåñ.
Âàæëèâîþ õàðàêòåðèñòèêîþ îïòè÷íèõ ïðèëàä³â º

ÿê³ñòü çîáðàæåííÿ. Â³äîìî [2], ùî ïîøèðåííÿ ñâ³òëî-
âèõ õâèëü çàëåæèòü â³ä ñòðóêòóðè ïîë³ìåðó, à âïëèâ
ìàãí³òíîãî ïîëÿ íà ïîë³ìåðíó ìàòðèöþ ïðèâîäèòü äî
ïåðåîð³ºíòàö³¿ ¿¿ íåâïîðÿäêîâàíèõ çîí – ìåçîìîðôíî¿
ôàçè [3]. Ïðèðîäó ³ñíóâàííÿ òàêèõ íåâïîðÿäêîâàíèõ çîí
äëÿ ïîë³ìåð³â ìîæíà ïîÿñíèòè íà îñíîâ³ óÿâëåííÿ ïðî
ñïåöèô³÷í³ äåôåêòè – ñóïåðâàêàíñ³¿, ùî º ïîðîæíèíà-
ìè, çàïîâíåíèìè íåâïîðÿäêîâàíèì ìàòåð³àëîì [4].
Â³äîìî, ùî íà ðîçïîä³ë äîì³øêîâèõ ìîëåêóë, ó òîìó
÷èñë³ êèñíþ, â ñòðóêòóð³ ïîë³ìåðó âïëèâàº êîíôîðìà-
ö³ÿ çâ’ÿçê³â Ñ=Î òà Ñ–Î [5]. Ìåòîþ ðîáîòè º âèçíà÷åí-
íÿ ìîëåêóëÿðíîãî ìåõàí³çìó ðîçïîä³ëó äîì³øêîâèõ

 
 

à á 

Ðèñ. 1. Ñòðóêòóðí³ ôîðìóëè ÓÏ-650Ò (à) ³ ÒÅÃÄÌ (á)
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ìîëåêóë ó ñòðóêòóð³ îïòè÷íî ïðîçîðèõ ïîë³ìåðíèõ ìà-
òåð³àë³â.
Ìàòåð³àëè ³ ìåòîäè.

Îá’ºêòàìè äîñë³äæåííÿ áóëè ïîë³ìåðí³ ïë³âêè, ùî
óòâîðþâàëè ñèñòåìè ç ð³çíèì âì³ñòîì Ñ–Î–Ñ ³ Ñ=Î
çâ’ÿçê³â ï³ñëÿ ïîë³ìåðèçàö³¿. Ïðè ñòâîðåíí³ ïë³âîê ÿê
ìîíîìåðè âèêîðèñòîâóâàëè òðèåïîêñèä 1-(2’,3’-åïîê-
ñèïðîïîêñèìåòèë)-1-(2’’,3’’-åïîêñèïðîïîêñèìåòèë)-
3,4-åïîêñèöèêëîãåêñàí (ÓÏ-650Ò) ³ ä³àêðèëàò òðèåòè-
ëåíãë³êîëüäèìåòàêðèëàò (ÒÅÃÄÌ). Ñòðóêòóðè ÓÏ-650Ò
³ ÒÅÃÄÌ çîáðàæåí³ íà ðèñ. 1à ³ á â³äïîâ³äíî.

Ïðè äîäàâàíí³ ó ïðîï³ëåíêàðáîíàò òðèôåí³ëñóëü-
ôîí³é ãåêñàôëóîðîôîñôàòíèõ ñîëåé (ÒÑÃÔÔÑ) ÿê
ôîòî³í³ö³àòîðà ïîë³ìåðèçàö³þ öèõ ñïîëóê ïðîâîäèëè
çà äîïîìîãîþ ÓÔ-ëàìïè. Ïîë³ìåðèçàö³ÿ ÓÏ-650 Ò
â³äáóâàºòüñÿ çà êàò³îííèì ìåõàí³çìîì ç ðîçêðèòòÿì
îêñèðàíîâèõ ê³ëåöü òà óòâîðåííÿì åòåðíèõ çâ’ÿçê³â
Ñ–Î–Ñ, à ïîë³ìåðèçàö³ÿ ÒÅÃÄÌ – çà â³ëüíîðàäèêàëü-
íèì ìåõàí³çìîì ç ðîçêðèòòÿì ïîäâ³éíèõ çâ’ÿçê³â Ñ=Ñ
òà îäíî÷àñíèì çáåðåæåííÿì êàðáîí³ëüíèõ çâ’ÿçê³â
Ñ=Î.

Äîñë³äæóâàëè ïë³âêè, ñôîðìîâàí³ ÿê íà îñíîâ³
ÓÏ-650 Ò, òàê ³ éîãî ñóì³ø³ ç ÒÅÃÄÌ çà ìàñîâîãî
ñï³ââ³äíîøåííÿ, ð³âíîãî 1:1. Ó ïåðøîìó âèïàäêó óòâî-
ðþºòüñÿ ãîìîïîë³ìåðíà åïîêñèäíà ñ³òêà, à ó äðóãîìó
– åïîêñè-àêðèëàòíà âçàºìîïðîíèêíà ïîë³ìåðíà ñ³òêà.
Îäíà ç â³äì³ííîñòåé ïë³âîê ïîëÿãàº â òîìó, ùî âîíè
ìàþòü ð³çí³ òèïè îêñèãåíîâì³ñíèõ çâ’ÿçê³â: Ñ–Î–Ñ ó
ïë³âö³ íà îñíîâ³ ÓÏ-650 Ò òà Ñ–Î–Ñ ³ Ñ=Î ó ïë³âö³
ÓÏ-650 Ò:ÒÅÃÄÌ.

Ãîëîâíèì ïàðàìåòðîì, ùî õàðàêòåðèçóâàâ âì³ñò
äîì³øêîâèõ ìîëåêóë, áóâ âèáðàíèé åôåêòèâíèé êî-
åô³ö³ºíò äèôóç³¿ (Def) ÿê êðèòåð³é äåôåêòíîñò³ ìàòåð³à-
ëó, ùî âèçíà÷àâñÿ çà òàêîþ ìåòîäèêîþ. Äëÿ åêñïåðè-
ìåíòàëüíèõ äîñë³äæåíü âèêîðèñòîâóâàëè ëàáîðàòîðíèé

ñòåíä, ñõåìà ÿêîãî çîáðàæåíà íà ðèñ. 2.
Ñõåìà ðîáî÷î¿ êàìåðè (2) íàâåäåíà íà ðèñ. 3.
Äîñë³äæóâàíèé ïîë³ìåð ó âèãëÿä³ ïë³âêè (3) ðàçîì ç

ãåðìåòèçóþ÷èìè ïðîêëàäêàìè (12) çà äîïîìîãîþ ïëàñ-
òèíè (13) ³ ãâèíò³â (14) ïðèòèñêàºòüñÿ äî ïîâåðõí³ ðî-
áî÷î¿ êàìåðè (2). Òåìïåðàòóðà íàâêîëî çðàçêà çàëè-
øàºòüñÿ ñòàëîþ çà ðàõóíîê òåðìîðåãóëÿòîðà (15), ùî
ðåãóëþºòüñÿ òåðìîäàò÷èêîì (14). Ó êàìåð³ ñòâîðþâàâ-
ñÿ òèñê (Ð0), ùî ïåðåâèùóº àòìîñôåðíèé òèñê (Pl). Òèñê
Ð0 âèì³ðþâàëè ð³äèííèì ìàíîìåòðîì. Â åêñïåðèìåíò³
âèçíà÷àëè òèì÷àñîâó çàëåæí³ñòü Ð0.

Äëÿ ðîçðàõóíêó åôåêòèâíîãî êîåô³ö³ºíòà äèôóç³¿
ïîçíà÷èìî ÷åðåç c’ êîíöåíòðàö³þ ìîëåêóë ãàçó â ïë³âö³.
Ïðîâåäåìî â³ñü x ïåðïåíäèêóëÿðíî ïîâåðõí³ ïë³âêè â
íàïðÿìêó ïîòîêó ãàçó, âèáðàâøè ïî÷àòîê êîîðäèíàò
íà ïîâåðõí³ ïë³âêè, ùî êîíòàêòóº ç ðîáî÷îþ êàìåðîþ.
Ïîçíà÷èìî òàêîæ POB òèñê ó ðîáî÷³é êàìåð³ çà t = 0.
Âèõ³äíîþ ôîðìóëîþ â íàøîìó ðîçðàõóíêó âèáåðåìî
ôîðìóëó, ùî âèðàæàº â³äîìèé çàêîí Ô³êà:

x
cDj

∂
′∂−= ,

äå: j – ïîò³ê ìîëåêóë ãàçó ÷åðåç ïë³âêó; D – êîåô³ö³ºíò
äèôóç³¿ ìîëåêóë ãàçó â ïë³âö³.

Îñê³ëüêè òîâùèíà ïë³âêè ìàëà âåëè÷èíà, âèðàç (1)
ìîæíà ïåðåïèñàòè ó âèãëÿä³:

l
lccDj
′−′

−= 0 ,

Ðèñ. 2. Áëîê-ñõåìà ëàáîðàòîðíîãî ñòåíäó: íåðóõîìà
îñíîâà (1), ðîáî÷à êàìåðà (2), äîñë³äæóâàíå ïîêðèòòÿ
(3), ñèñòåìà ç’ºäíàíèõ ñêëÿíèõ òðóáîê (4), ïåðåêðèâàþ÷³
êðàíè (5–8), íàêà÷óþ÷èé ïðèñòð³é (9), ìàíîìåòð (10,
11), òåðìîêàìåðà (12) ç íàãð³âà÷åì (13), òåðìîäàò÷èê (14)
ç òåðìîðåãóëÿòîðîì ÒÐ-2 (15), äæåðåëî æèâëåííÿ (16)

Pl
PO

Ðèñ. 3. Ñõåìà ðîáî÷î¿ êàìåðè

Ðèñ. 4. Ñõåìà ïðèéíÿòèõ ïîçíà÷åíü. Íàéìåíóâàííÿ
ïîäàíî â òåêñò³

Pl , S, cl

x

cl
’ cO

’

l

cO , PO, N, V

1 5

(2)

(1)
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äå: l – òîâùèíà ïë³âêè; c’O òà c’l – â³äïîâ³äíî êîíöåíòðà-
ö³ÿ ìîëåêóë ãàçó íà ïîâåðõíÿõ, ùî â³äïîâ³äàþòü x = O ³
x = l. Ñõåìó ïðèéíÿòèõ ïîçíà÷åíü íàâåäåíî íà ðèñ. 4.

Äèôóç³ÿ ãàçó â ïîë³ìåð³ â³äáóâàºòüñÿ äîñèòü ïî-
â³ëüíî, òàê ùî â êîæíèé ìîìåíò ÷àñó âñòèãàº âñòàíî-
âèòèñÿ ð³âíîâàãà ì³æ ê³ëüê³ñòþ ìîëåêóë ãàçó, ùî âèïà-
ðîâóþòüñÿ ç ïîâåðõí³ òà ìîëåêóë, ÿê³ îñ³äàþòü íà í³é.
Â³äïîâ³äíî äî ðîáîòè [6], ìàºìî:

kT
U

ecc ll =′ ,

kT
U

ecc 00 =′ ,

äå: ñÎ ³ cl – êîíöåíòðàö³ÿ ìîëåêóë ãàçó â ðîáî÷³é êàìåð³
³ íàâêîëèøíüîìó ñåðåäîâèù³ â³äïîâ³äíî (ðèñ. 5); U –
åíåðã³ÿ çâ’ÿçêó ìîëåêóëè ãàçó ç ïîâåðõíåþ ïîë³ìåðó;
k – ïîñò³éíà Áîëüöìàíà; T – òåìïåðàòóðà.

Ç óðàõóâàííÿì âèðàç³â (3) ³ (4) ôîðìóëà (2) íàáóâàº
âèãëÿäó:

l
lccDej kT

U −
−= 0 .

Ïðèïóñêàþ÷è, ùî ãàç ïîçà ïë³âêîþ ³äåàëüíèé, ïå-
ðåïèñóºìî ôîðìóëó (5) ó âèãëÿä³:

l
l

kT
ÐÐDej kT

U −
−= 0 ,

äå: Ð0 – òèñê ó êàìåð³; Pl – àòìîñôåðíèé òèñê â³äïîâ³äíî
äî ïðèéíÿòèõ ðàí³øå ïîçíà÷åíü.

Ïîçíà÷àþ÷è t – ÷àñ, N – ê³ëüê³ñòü ìîëåêóë ó ðî-
áî÷³é êàìåð³, V – ¿¿ îá’ºì, à S – ïîïåðå÷íèé ïåðåð³ç
ðîáî÷î¿ ÷àñòèíè ïëàñòèíè (îòâ³ð ó ñò³íö³ ðîáî÷î¿ êà-
ìåðè), çàïèñóºìî âèðàçè:

Sdt
dNj 1= ,

kT
V
NP =0 ,

ç óðàõóâàííÿì ÿêèõ ìàºìî çìîãó íàïèñàòè ôîðìóëó:

Sdt
dP

kT
Vj 10= .

Ï³äñòàâëÿþ÷è ð³âí³ñòü (9) ó ôîðìóëó (6) îòðèìóº-
ìî ð³âíÿííÿ:

τ
lPP

dt
dP −

−= 00 ,

äå:

SD
V

ef

l=τ ,

kT
U

ef DeD = .
Ðîçâ’ÿçîê ð³âíÿííÿ (10) ìàº âèãëÿä:

( ) 




 −−=−

τ
tPPPP B exp00 ll ,

äå: ÐÎÂ – òèñê ó ðîáî÷³é êàìåð³ çà t = O (â³äïîâ³äíî äî

  
à á â ã 

 Ðèñ. 5. Çîáðàæåííÿ çðàçê³â: (ÓÏ-650Ò:ÒÅÃÄÌ ³ ÓÏ-650Ò, íåîáðîáëåíèõ (à, â) ³ îáðîáëåíèõ ó ìàãí³òíîìó ïîë³
(á, ã) â³äïîâ³äíî

N
m
, ó

ì.
îä

.

N
m
, ó

ì.
îä

.

Lm, íì Lm, íì
Ðèñ. 6. Ðîçïîä³ë òîâùèíè (Lm) ó ïë³âö³ ÓÏ-650ÒÒÅÃÄÌ, ùî íå ï³ääàâàëàñÿ ä³¿ ìàãí³òíîãî ïîëÿ (à) òà âèòðèìàí³é

â ïîñò³éíîìó ìàãí³òíîìó ïîë³ (á)

à á

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)
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ïðèéíÿòèõ ðàí³øå ïîçíà÷åíü).
Ôîðìóëó (13) ìîæíà ïåðåïèñàòè ó âèãëÿä³:






 −=

τ
thh B exp ,

äå: h ³ hB – ð³çíèö³ âèñîò ñòîâï³â ð³äèí ó ìàíîìåòð³ â
ïîòî÷íèé ³ ïî÷àòêîâèé ìîìåíòè ÷àñó.

Ç åêñïåðèìåíòàëüíèõ çàëåæíîñòåé h(t) âèçíà÷èëè
çíà÷åííÿ âåëè÷èíè τ , à çà ôîðìóëîþ (11) ðîçðàõóâàëè
åôåêòèâíèé êîåô³ö³ºíò äèôóç³¿ ÿê êðèòåð³é äåôåêòíîñò³
ìàòåð³àëó, ùî áóâ ïðèéíÿòèé êðèòåð³ºì îá’ºìíî¿ ³ ïî-
âåðõíåâî¿ äåôåêòíîñò³ ïîêðèòòÿ.
Ðåçóëüòàòè åêñïåðèìåíòó òà ¿õ îáãîâîðåííÿ.

Âèì³ðþâàííÿ åôåêòèâíèõ êîåô³ö³ºíò³â äèôóç³¿ ïðî-
âîäèëè çà òåìïåðàòóðè 293 Ê. Ïåðåä åêñïåðèìåíòîì
äîñë³äæóâàí³ çðàçêè áóëè ðîçä³ëåí³ íà äâ³ ãðóïè. Äî
ïåðøî¿ ãðóïè â³äíåñëè çðàçêè, ÿê³ ïîïåðåäíüî íå âè-
òðèìóâàëè ó ìàãí³òíîìó ïîë³. Äî äðóãî¿ ãðóïè â³äíåñ-
ëè çðàçêè, âèòðèìàí³ â ïîñò³éíîìó ìàãí³òíîìó ïîë³,
âåëè÷èíîþ ≈  0,5 ìÒë ïðîòÿãîì 15 õâ. Âåëè÷èíà òà ÷àñ
âèòðèìóâàííÿ âèçíà÷åí³ íà îñíîâ³ ðîá³ò [7, 8], â ÿêèõ
íàâåäåí³ äàí³ ùîäî ê³íåòèêè ðîçïîä³ëó äîì³øêîâèõ
ìîëåêóë ó ñ³ò÷àñòèõ ñòðóêòóðàõ ³ âåëè÷èí ìàãí³òíîãî
ïîëÿ, çà ÿêèõ â³äáóâàþòüñÿ çì³íè ê³ëüöåâèõ ñòðóêòóð ó
ìîëåêóëÿðíèõ ñèñòåìàõ. Ðåçóëüòàòè åêñïåðèìåíòó íà-
âåäåí³ â òàáëèö³.

Òàêîæ ïðîâîäèëè äîñë³äæåííÿ ñòðóêòóðè çðàçê³â çà
äîïîìîãîþ àòîìíî-ñèëîâî¿ ì³êðîñêîï³¿. Íà ðèñ. 6 íà-
âåäåíî çîáðàæåííÿ äîñë³äæóâàíèõ çðàçê³â ó ìàñøòàá³
15× 15 ì³êðîí. Ïðè îáðîáö³ ðåçóëüòàò³â çà äîïîìîãîþ
ïðîãðàìè Nova îòðèìàí³ êðèâ³ ðîçïîä³ëó òîâùèíè çðàç-
êà. Íà ðèñ. 6 çîáðàæåí³ êðèâ³ ðîçïîä³ëó òîâùèíè ïë³âêè

ÓÏ-650ÒÒÅÃÄÌ, íåîáðîáëåíî¿ (à) òà ïîïåðåäíüî îá-
ðîáëåíî¿ â ïîñò³éíîìó ìàãí³òíîìó ïîë³ (á).

Íà ðèñ. 7à, á çîáðàæåí³ êðèâ³ ðîçïîä³ëó òîâùèíè
ïë³âêè ÓÏ-650Ò, ÿêó ïîïåðåäíüî íå âèòðèìóâàëè (à) òà
âèòðèìóâàëè (á) ó ïîñò³éíîìó ìàãí³òíîìó ïîë³.

ßê âèäíî ç ðèñ.6 ³ 7, ðîçì³ðè ä³ëÿíîê íåîäíîð³ä-
íîñòåé â ÓÏ-650Ò:ÒÅÃÄÌ ³ â ÓÏ-650Ò â³äð³çíÿþòüñÿ
çà âåëè÷èíîþ òà ê³ëüê³ñòþ. Òàê çà íàÿâíîñò³ íå ò³ëüêè
Ñ–Î–Ñ, à é Ñ=Î çâ’ÿçê³â ñïîñòåð³ãàëè ìàêñèìàëüíó
ê³ëüê³ñòü ä³ëÿíîê ðîçì³ðîì 50 íì, à çà ìåíøî¿ ìàºìî
ñï³â³ñíóâàííÿ ä³ëÿíîê ðîçì³ðàìè 300 òà 400 íì. Ï³ñëÿ
îáðîáêè â ïîñò³éíîìó ìàãí³òíîìó ïîë³ äëÿ ïë³âêè ç
íàÿâí³ñòþ ÓÏ-650Ò Ñ=Î çâ’ÿçê³â ðîçì³ð ä³ëÿíîê çìåí-
øóºòüñÿ äî 40 íì. À ó âèïàäêó ÓÏ-650Ò ïåðåâàæàþòü
ä³ëÿíêè ç ðîçì³ðàìè 50 ³ 150 íì.

Òàêà çì³íà ðîçì³ð³â ä³ëÿíîê, ÿê ìîæíà ïîì³òèòè ç
ðèñ. 6 ³ òàáëèö³, ïîâ’ÿçàíà ç ðîçì³ùåííÿì ³ ïåðåðîçïî-
ä³ëîì äîì³øêîâèõ ìîëåêóë ó ïîë³ìåðí³é ñ³òö³. ßê âèä-
íî ç òàáëèö³, çà íàÿâíîñò³ Ñ=Î çâ’ÿçê³â äèôóç³ÿ çìåí-
øóºòüñÿ. Íà íàø ïîãëÿä, öå ïîâ’ÿçàíî ç ìîæëèâ³ñòþ
ëàíöþã³â óòâîðþâàòè äîäàòêîâ³ çà÷åïëåííÿ ó íåâïîðÿä-
êîâàí³é ìåçîìîðôí³é ôàç³. Ïðè öüîìó îá’ºì ðîçì³-
ùåííÿ äîì³øêîâèõ ìîëåêóë çìåíøóºòüñÿ. Òàêîæ ç äà-
íèõ òàáëèö³ ìîæíà ïîì³òèòè, ùî ó âèïàäêó îáðîáêè â
ìàãí³òíîìó ïîë³ åôåêòèâíèé êîåô³ö³ºíò äèôóç³¿ (Def)
äëÿ îáîõ ïë³âîê çìåíøóºòüñÿ. Îäíàê ó âèïàäêó ç äîäàò-
êîâèìè Ñ=Î çâ’ÿçêàìè Def çìåíøóºòüñÿ ïðèáëèçíî ó
2 ðàçè, à çà ìåíøî¿ ¿õ ê³ëüêîñò³ âåëè÷èíà Def çìåíøóºòü-
ñÿ ïðèáëèçíî ó 20 ðàç³â. Öå îçíà÷àº, ùî ìàãí³òíå ïîëå
â ïîë³ìåðàõ, ùî ìàþòü ë³í³éí³ òà ê³ëüöåâ³ ñòðóêòóðè, â
îñíîâíîìó âïëèâàº íà êîíôîðìàö³þ ê³ëüöåâî¿ ãðóïè,
ùî ïðèâîäèòü äî çìåíøåííÿ ê³ëüêîñò³ çîí, ÿê³ ìîæóòü

Çðàçîê 
ÓÏ-650Ò:ÒÅÃÄÌ, 

íåîáðîáëåíèé 
ÓÏ-650Ò:ÒÅÃÄÌ, 

îáðîáëåíèé 
ÓÏ-650Ò, 

íåîáðîáëåíèé ÓÏ-650Ò, îáðîáëåíèé 

ó ìàãí³òíîìó ïîë³ 
Def, ì2/c (0,0078±0,0008)·10-9 (0,0042±0,0008)·10-9 (0,221±0,0043)·10-9 (0,00937±0,0031)·10-9 

Òàáëèöÿ. Âåëè÷èíà åôåêòèâíîãî êîåô³ö³ºíòà äèôóç³¿

N
m
, ó

ì.
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Lm, íì Lm, íì

à á

Ðèñ. 7. Ðîçïîä³ë òîâùèíè (Lm) ó ïë³âö³ ÓÏ-650Ò, ùî íå ï³ääàâàëàñÿ ä³¿ ìàãí³òíîãî ïîëÿ (à) òà âèòðèìàí³é ó
ïîñò³éíîìó ìàãí³òíîìó ïîë³ (á)

(14)
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áóòè çàéíÿò³ äîì³øêîâèìè ìîëåêóëàìè [9].
Âèñíîâêè.

Âïëèâ ìàãí³òíîãî ïîëÿ íà ðîçïîä³ë äîì³øêîâèõ
ìîëåêóë ó ïîë³ìåðíèõ ïë³âêàõ ïîâ’ÿçàíèé ç³ çì³íîþ òà
ðîçì³ðîì çîí, çàéíÿòèõ öèìè ìîëåêóëàìè. Åêñïåðè-
ìåíòàëüíî ïîêàçàíî, ùî êîíôîðìàö³ÿ çàçíà÷åíèõ
îáëàñòåé ïîâ’ÿçàíà ³ç âïëèâîì ìàãí³òíîãî ïîëÿ íà

êîíô³ãóðàö³þ ìîëåêóëÿðíèõ êîìïëåêñ³â, ÿê³ ì³ñòÿòü Ñ=Î
çâ’ÿçêè, ùî ïðèâîäèòü äî çíà÷íîãî çìåíøåííÿ åôåê-
òèâíîãî êîåô³ö³ºíòà äèôóç³¿. Äëÿ ðîçðàõóíêó çàçíà÷å-
íîãî ïàðàìåòðà çàïðîïîíîâàíî ìåòîäèêó, ùî áàçóºòü-
ñÿ íà âèì³ðþâàíí³ òèñêó ì³æ øàðàìè òâåðäèõ ïîë³ìåð-
íèõ ìàòåð³àë³â.
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Âëèÿíèå ìàãíèòíîãî ïîëÿ íà ðàñïðåäåëåíèå ïðèìåñíûõ ìîëåêóë â
ñòðóêòóðå îïòè÷åñêè-ïðîçðà÷íûõ ïîëèìåðíûõ ïë¸íîê
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Èññëåäîâàíî âëèÿíèå ïðèìåñíûõ ìîëåêóë íà ñòðóêòóðó îïòè÷åñêè ïðîçðà÷íûõ ïîëèìåðíûõ ïëåíîê
ïðè îáðàáîòêå ìàãíèòíûì ïîëåì. Ðàçðàáîòàíà ýêñïåðèìåíòàëüíàÿ ìåòîäèêà äëÿ îïðåäåëåíèÿ
ýôôåêòèâíûõ êîýôôèöèåíòîâ äèôôóçèè ìîëåêóë ãàçà ÷åðåç èññëåäóåìûé ìàòåðèàë. Íà îñíîâå
ïðåäëîæåííîé ìåòîäèêè îïðåäåëåíû ýôôåêòèâíûå êîýôôèöèåíòû äèôôóçèè äëÿ ïëåíîê ñ
ðàçëè÷íûì ñîäåðæàíèåì Ñ–Î è Ñ=Î ñâÿçåé. Óñòàíîâëåíî, ÷òî äåéñòâèå ìàãíèòíîãî ïîëÿ
èçìåíÿåò äèôôóçèþ ïðèìåñíûõ ìîëåêóë, êîòîðàÿ îïðåäåëÿåòñÿ èçìåíåíèåì êîíôîðìàöèè
íåóïîðÿäî÷åííûõ îáëàñòåé ïîëèìåðíîé ìàòðèöû. Ñ ïîìîùüþ ìåòîäà àòîìíî-ñèëîâîé
ìèêðîñêîïèè èññëåäîâàíà ñòðóêòóðà ïëåíîê. Ïîñòðîåíû êðèâûå ðàñïðåäåëåíèÿ òîëùèíû
èññëåäóåìûõ îáðàçöîâ. Óñòàíîâëåíî, ÷òî ïðåäâàðèòåëüíàÿ îáðàáîòêà ïîñòîÿííûì ìàãíèòíûì
ïîëåì ïðèâîäèò ê èçìåíåíèþ ðàçìåðîâ ó÷àñòêîâ íåóïîðÿäî÷åííîé ôàçû. Ïðåäëîæåíà ãèïîòåçà
î âëèÿíèè ïîñòîÿííîãî ìàãíèòíîãî ïîëÿ íà ïåðåðàñïðåäåëåíèå ïðèìåñíûõ ìîëåêóë ìåæäó
çàöåïëåíèÿìè öåïåé â íåóïîðÿäî÷åííîé ôàçå ïîëèìåðíûõ ñòðóêòóð.

Êëþ÷åâûå ñëîâà: ýïîêñèäíûå ñìîëû, Ñ–Î ñâÿçè, Ñ=Î ñâÿçè, ìàãíèòíîå ïîëå, ñóïåðâàêàíñèÿ.
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Influence of magnetic field to the allocation of imputiry molecules in the structure
of optically transparent polymer films

L.A. Bulavin1, Yu.F. Zabashta1, Î.Î. Brovko2, L.Yu. Vergun1, N.V. Yarova2, T.F. Samoylenko2, A.V. Oliynik1

1Taras Shevchenko National University of Kyiv, Faculty of Physics
64/13, Volodymyrska str., Kyiv, 01601, Ukraine
2Institute of Macromolecular Chemistry NAS of Ukraine
48, Kharkivske shose, Kyiv, 02160, Ukraine

The influence of impurity molecules to the structure of optically transparent polymer films at magnetic field
processing is investigated for elaboration of new technologies of the protective coats for solar battery.

As you know, one of the reasons leading to the malfunction of this equipment is their instability in the interaction
of moisture, oxygen and other external factors [1,2]. These interactions are the cause of degradation of polymers
and determined by the presence of various defects. Depending on the extent and depth of penetration of particles in
the material structure can form a last set of individual layers which differ from each other certain parameters
characterizing the system, which runs the study process.

An important characteristic of optical devices is the image quality. From the literature it is known [2] that the
spread of light waves depends on the structure of the polymer. We also know that the influence of magnetic field on
the polymer matrix leads to a shift of disordered zones - mesomorphic phase [3]. The nature of the existence of such
disordered zones for polymers can be explained based on the idea of   specific defects – supervacansies These defects
are voids which are filled with disordered material [4]. It is known that the conformation of          C = O and C-O
bonds influences to the distribution of impurity molecules, including oxygen, in the polymer structure [5]. The aim
of this study is to determine the molecular mechanism of distribution of impurity molecules in the structure of
optically transparent polymer materials.

It is known that the certain values of magnetic field  changes the distribution of the impurity molecules in the net
structures of polymers [7,8].

The experimental method for determining of the effective diffusion coefficient of gas molecules through the
material is developed. Based on the proposed methodology the effective diffusion coefficient for films with different
content of C-O and C = O bonds is defined. The action of static magnetic field changes of diffusion of impurity
molecules was established. This effect connects with changing conformations of the disordered regions in the
polymer matrix. The structures of polymeric films by atomic force microscopy methods are investigated. The curves
of thickness distribution for samles was built. The pretremnent of a constant magnetic field leads to changes of the
sizes of disodered phase regions is established.The hypothesis about influence of constant magnetic field to the
redistribution of impurity molecules between engagements chains in a disordered phase polymer structures is
proposed.

Keywords: Epoxy resin, C–O bond, C = O bond, magnetic field, supervacancy.


