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Äîñë³äæåí³ òåìïåðàòóðí³ çàëåæíîñò³ ä³åëåêòðè÷íèõ ïàðàìåòð³â õàëüêîãåí³äíèõ ñòåêîë íà 
îñíîâ³ ñóëüôîéîäèäó ñóðìè. Ïîêàçàíî, ùî àíîìàë³¿ íà çàëåæíîñò³ ε ³ tgδ ïîâ’ÿçàí³ ç ïåðåõî-
äîì ñòåêîë ó ïîëÿðíèé ñòàí ³ íàñòóïíîþ ¿õ êðèñòàë³çàö³ºþ. Êðèñòàë³çàö³ÿ ñòåêîë ñóïðîâî-
äæóºòüñÿ ð³çêèì çðîñòàííÿì ä³åëåêòðè÷íèõ ïàðàìåòð³â, îáóìîâëåíèì óòâîðåííÿì ó ñêëî-
ïîä³áí³é ìàòðèö³ êðèñòàë³÷íèõ âêëþ÷åíü, íàä³ëåíèõ ñåãíåòîåëåêòðè÷íèìè âëàñòèâîñòÿìè. 
Ðîçì³ðè êðèñòàë³÷íèõ âêëþ÷åíü ³ âåëè÷èíà ä³åëåêòðè÷íî¿ ïðîíèêíîñò³ çàëåæàòü â³ä óìîâ 
òåðìîîáðîáêè. 
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Abstract 

ANOMALOUS BEHAVIOR OF DIELECTRIC PERMITTIVITY OF CHALCOHENIDE GLASSES 
IN CRYSTALLIZATION TEMPERATURE RANGE 

V. M. Rubish 

The temperature dependences of dielectric parameters of chalcohenide glasses on the sulphoio-
dide antimony basis were investigated. It was shown that anomalies on the dependences ε(Ò) and 
tgδ(Ò) are connected with glasses transition into polar state followed by their crystallization. The 
glasses crystallization is accompanied by a sharp increase of dielectric parameters conditioned by 
formation of crystalline inclusions in glassy matrix which are provided with ferroelectric properties. 
The size of crystalline inclusions and dielectric permittivity value depend on heat treatment condi-
tions. 
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1. Âñòóï 

Ðîçâèòîê ñó÷àñíèõ òåõíîëîã³é ³ ¿õ âèïðîâà-
äæåííÿ ó âèðîáíèöòâî ñòàâëÿòü âàæëèâó çàäà÷ó 
ïîøóêó íîâèõ òåõíîëîã³÷íèõ ìàòåð³àë³â, îñîá-
ëèâî â íàíîñòðóêòóðîâàíîìó âèä³, ç ïðîãíîçî-
âàíèìè ³ êåðîâàíèìè ïàðàìåòðàìè. Óí³êàëüí³ 
âëàñòèâîñò³ ð³çíîãî òèïó íàíîñòðóêòóð îáóìîâ-
ëþþòü ìîæëèâîñò³ ¿õ ïðàêòè÷íîãî çàñòîñóâàí-
íÿ â ÿêîñò³ ôóíêö³îíàëüíèõ åëåìåíò³â îïòî-³ 
ì³êðîåëåêòðîí³êè, íàíîñåíñîðèêè, ñåðåäîâèù 
äëÿ çàïèñó ³ îáðîáêè ³íôîðìàö³¿. Â öüîìó ïëàí³ 
çíà÷íèé ³íòåðåñ ïðåäñòàâëÿòü ñòåêëà íà îñíîâ³ 
ñóëüôîéîäèäó ñóðìè (SbSI), ÿêèé â êðèñòàë³÷-
íîìó ñòàí³ âîëîä³º ÿñêðàâî âèðàæåíèìè ñåãíå-
òîåëåêòðè÷íèìè âëàñòèâîñòÿìè [1, 2]. Äîñë³-
äæåííÿ ñòåêîë ñèñòåìè Sb-S-I ïîêàçàëè [3-5], 
ùî â ¿õ ìàòðèö³ ïðè ïåâíèõ ñï³ââ³äíîøåííÿõ 
êîìïîíåíò³â ³ óìîâàõ òåðìîîáðîáêè ³ñíóº ìî-
æëèâ³ñòü ôîðìóâàííÿ êðèñòàë³÷íèõ âêëþ÷åíü 
çàäàíèõ ðîçì³ð³â ³ îð³ºíòàö³¿. Çàðîäæåííÿ ³ 
ð³ñò êðèñòàë³â ñóïðîâîäæóºòüñÿ àíîìàë³ÿìè 
íà òåìïåðàòóðíèõ çàëåæíîñòÿõ ä³åëåêòðè÷íî¿ 
ïðîíèêíîñò³ (ε) ³ òàíãåíñà êóòà ä³åëåêòðè÷íèõ 
âòðàò (tgδ). Â çàêðèñòàë³çîâàíèõ ñòåêëàõ ñèñ-
òåìè Sb-S-I, ïî ñêëàäó áëèçüêèõ äî ñòåõ³îìåò-
ðè÷íîãî SbSI, â ä³ëÿíö³ òåìïåðàòóð 270-290 Ê 
ñïîñòåð³ãàºòüñÿ ðîçìèòèé ñåãíåòîåëåêòðè÷íèé 
ôàçîâèé ïåðåõ³ä. Ä³åëåêòðè÷íà ïðîíèêí³ñòü 
çàêðèñòàë³çîâàíèõ â åëåêòðè÷íîìó ïîë³ ñòå-
êîë ñèñòåìè Sb-S-I çðîñòàº äî 50-70 îäèíèöü, 
à ¿¿ òåìïåðàòóðíèé êîåô³ö³ºíò â ³íòåðâàë³ 300-
400 Ê ñêëàäàº ~0,02-0,04 Ê-1 [4, 5], ùî ñâ³ä÷èòü 
ïðî ìîæëèâ³ñòü îäåðæàííÿ â äàí³é ñèñòåì³ ñå-
ãíåòîñèòàë³â ³ç çàäàíèìè ïàðàìåòðàìè. Îäíàê, 
÷åðåç âèñîêó êðèñòàë³çàö³éíó çäàòí³ñòü ðîçïëà-
â³â, îäåðæàííÿ â äàí³é ñèñòåì³ ñòåêîë ç äîáðå 

â³äòâîðþâàíèìè ïàðàìåòðàìè ïîâ’ÿçàíî ³ç çíà-
÷íèìè òðóäíîùàìè [6, 7]. Çíà÷íî ï³äâèùèòè 
ñêëîóòâîðþâàëüíó çäàòí³ñòü ñïëàâ³â íà îñíîâ³ 
ñóëüôîéîäèäó ñóðìè ³, â³äïîâ³äíî, ðîçøèðèòè 
êîëî ìàòåð³àë³â, â ÿêèõ ìîæëèâî ðåàë³çóâàòè 
ñåãíåòîôàçó â ñêëîïîä³áí³é ìàòðèö³, ìîæíà 
øëÿõîì ââåäåííÿ â SbSI òðèñóëüô³äó ³ òðèñå-
ëåí³äó ìèø’ÿêó, ÿê³ ñåðåä õàëüêîãåí³äíèõ ñêëî-
ïîä³áíèõ íàï³âïðîâ³äíèê³â º îäíèìè ³ç êðàùèõ 
ñêëîóòâîðþâà÷³â [8-10]. 

Â äàí³é ðîáîò³ ïðèâåäåí³ ðåçóëüòàòè äîñë³-
äæåíü ä³åëåêòðè÷íèõ âëàñòèâîñòåé ñòåêîë ñèñ-
òåìè SbSI-As

2
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2. Åêñïåðèìåíòàëüíà ÷àñòèíà 
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. Ñóëüôîéîäèä ñóð-

ìè îòðèìàíî ó âèãëÿä³ ïîë³êðèñòàë³÷íîãî çëè-
âêó îõîëîäæåííÿì ãîìîãåí³çîâàíîãî ïðîòÿãîì 
72 ãîä. ðîçïëàâó â³ä 900 Ê ó ðåæèì³ âêëþ÷åíî¿ 
ïå÷³. As

2
S

3
 òà As

2
Se

3
 îòðèìàí³ ó ñêëîïîä³áíî-

ìó âèãëÿä³ îõîëîäæåííÿì ãîìîãåí³çîâàíèõ 
ïðîòÿãîì 48 ãîä. ðîçïëàâ³â â³ä 780 ³ 800 Ê íà 
ïîâ³òð³. Òåìïåðàòóðè ãîìîãåí³çàö³¿ ðîçïëàâ³â 
(SbSI)
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õ
 (õ=10; 20) 

ñêëàäàëè 870-920 Ê, à ÷àñ ãîìîãåí³çàö³¿ — 24- 
36 ãîä. Ïåð³îäè÷íî ðîçïëàâè ïåðåì³øóâàëèñü. 
Ãàðòóâàííÿ ðîçïëàâ³â ïðîâîäèëîñü ó õîëîäíó 
âîäó. 

Ìåòîäîì äèôåðåíö³àëüíî-òåðì³÷íîãî àíà-

Àííîòàöèÿ 
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Èññëåäîâàíû òåìïåðàòóðíûå çàâèñèìîñòè äèýëåêòðè÷åñêèõ ïàðàìåòðîâ õàëüêîãåíèäíûõ 
ñòåêîë íà îñíîâå ñóëüôîèîäèäà ñóðüìû. Ïîêàçàíî, ÷òî àíîìàëèè íà çàâèñèìîñòÿõ ε(Ò) è 
tgδ(Ò) ñâÿçàíû ñ ïåðåõîäîì ñòåêîë â ïîëÿðíîå ñîñòîÿíèå è ïîñëåäóþùåé èõ êðèñòàëëèçàöè-
åé. Êðèñòàëëèçàöèÿ ñòåêîë ñîïðîâîæäàåòñÿ ðåçêèì óâåëè÷åíèåì äèýëåêòðè÷åñêèõ ïàðàìåò-
ðîâ, îáóñëîâëåííûì îáðàçîâàíèåì â ñòåêëîîáðàçíîé ìàòðèöå êðèñòàëëè÷åñêèõ âêëþ÷åíèé, 
îáëàäàþùèõ ñåãíåòîýëåêòðè÷åñêèìè ñâîéñòâàìè. Ðàçìåðû êðèñòàëëè÷åñêèõ âêëþ÷åíèé è 
âåëè÷èíà äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè çàâèñÿò îò óñëîâèé òåðìîîáðàáîòêè. 
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ñåãíåòîñèòàëëû 
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ë³çó (ÄÒÀ) âèçíà÷àëèñü õàðàêòåðèñòè÷í³ òåìïå-
ðàòóðè òåïëîâèõ åôåêò³â T

g
, T

c
 ³ T

m
 (òåìïåðàòóðè 

ñêëóâàííÿ, êðèñòàë³çàö³¿ ³ ïëàâëåííÿ, â³äïîâ³-
äíî). Âèì³ðþâàííÿ ïðîâîäèëèñü ïðè øâèäêî-
ñòÿõ íàãð³âàííÿ 3 ³ 10 Ê/õâ ³ ïîâòîðþâàëèñü íå 
ìåíøå òðüîõ ðàç³â íà äâîõ íåçàëåæíèõ çðàçêàõ. 
Àáñîëþòíà ïîõèáêà âèì³ðþâàííÿ òåìïåðàòóð 
ñêëàäàëà ±2Ê. 

Ðåíòãåíîñòðóêòóðí³ äîñë³äæåííÿ ñêëîïîä³á-
íèõ, çàêðèñòàë³çîâàíèõ ³ êðèñòàë³÷íèõ ìàòåð³à-
ë³â ïðîâîäèëèñü íà óñòàíîâö³ ÄÐÎÍ-3 ç âèêîðè-
ñòàííÿì CuKα-âèïðîì³íþâàííÿ (λ=1,5418Å). 

Ä³åëåêòðè÷í³ ïàðàìåòðè (ε ³ tgδ) âèì³ðþâà-
ëèñü íà ÷àñòîò³ 1,0 ÌÃö ó âèì³ðþâàëüíîìó ïîë³ 
0,1 Â/ñì â ³íòåðâàë³ 293-500 Ê. Â ÿêîñò³ åëåêò-
ðîä³â âèêîðèñòîâóâàâñÿ àêâàäàã. Ïîõèáêà âèì³-
ðþâàíü ε ñêëàäàëà 3%, à tgδ — 10%. 

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ 

Äîñë³äæåííÿ òåìïåðàòóðíèõ çàëåæíîñòåé 
ä³åëåêòðè÷íèõ ïàðàìåòð³â ñâ³æîïðèãîòîâàíèõ 
ñêëîïîä³áíèõ çðàçê³â ïîêàçàëè (ðèñ. 1-3), ùî 
ïðè ï³äâèùåíí³ òåìïåðàòóðè äî T

g
 ä³åëåêòðè÷-

íà ïðîíèêí³ñòü ³ tgδ çì³íþþòüñÿ â³äíîñíî ñëà-
áêî. Ïðè ïîâòîðåíí³ öèêë³â íàãð³âàííÿ-îõîëî-
äæåííÿ â ä³ëÿíö³ òåìïåðàòóð â³ä ê³ìíàòíèõ äî 
T

g
 õàðàêòåð çàëåæíîñò³ ε(Ò) íå çì³íþºòüñÿ, à 

íàãð³âàííÿ äî á³ëüø âèñîêèõ òåìïåðàòóð ïðè-
çâîäèòü äî íåçâîðîòíî¿ çì³íè ε ³ tgδ. Âèì³ðþ-
âàííÿ ε ³ tgδ ïðîâîäèëèñü ïðè øâèäêîñò³ íàãð³-
âàííÿ ~10 Ê/õâ. 

Ðèñ. 1. Òåìïåðàòóðíà çàëåæí³ñòü ε ³ tgδ (âñòàâêà) 
ñêëà (SbSI)
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 ³ç 

çá³ëüøåííÿì q çñóâàºòüñÿ ó âèñîêîòåìïåðàòó-
ðíó îáëàñòü. Äëÿ q=3 ³ 10 Ê/õâ ð³çíèöÿ ó çíà-
÷åííÿõ T

g
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âèçíà÷åíèõ ïðè q=10 Ê/õâ. ïðèâåäåí³ â òàáë.1. 
Ïðè çá³ëüøåíí³ êîíöåíòðàö³¿ As
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ñ
 çðîñòàþòü. Ïðè öüîìó ³íòå-

íñèâí³ñòü åêçîòåðì³÷íèõ åôåêò³â çìåíøóºòüñÿ. 
Ñòåêëà ñèñòåìè SbSI-As
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øå 50 ìîë.% íå êðèñòàë³çóþòüñÿ. 

Ðèñ.2. Òåìïåðàòóðíà çàëåæí³ñòü ε ñêëà 
(SbSI)
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Ðèñ.3. Òåìïåðàòóðíà çàëåæí³ñòü ε ñêëà 
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Â îáëàñò³ òåìïåðàòóð T
g
-Ò

ñ
 ïðîõîäèòü íåçíà-

÷íà çì³íà íàõèëó çàëåæíîñò³ ε(Ò), îáóìîâëåíà 
ñòðóêòóðíîþ ðåëàêñàö³ºþ ïðè ðîçì’ÿêøåíí³ 
ñêëà. Äëÿ äåÿêèõ ñòåêîë ñòðóêòóðíà ðåëàêñàö³ÿ 
ñóïðîâîäæóºòüñÿ ïîÿâîþ ïëå÷à íà çàëåæíîñòÿõ 
ε(Ò) ³ tgδ(Ò) (ðèñ.1 ³ 3). Â îáëàñò³ öèõ æå òåì-
ïåðàòóð âèÿâëåíà çì³íà íàõèëó êðàþ âëàñíîãî 
ïîãëèíàííÿ ñòåêîë [8, 9]. 

Êðèñòàë³çàö³ÿ ñòåêîë ñóïðîâîäæóºòüñÿ ð³ç-



65

êèì çðîñòàííÿì ε ³ tgδ (ðèñ.1-3). Ïðè öüîìó òå-
ìïåðàòóðíå ïîëîæåííÿ àíîìàë³é ε ³ tgδ äîñèòü 
äîáðå ñï³âïàäàº ç òåìïåðàòóðàìè ïî÷àòêó ³ ìà-
êñèìóìó êðèñòàë³çàö³¿ ñòåêîë, âèçíà÷åíèìè ç 
êðèâèõ ÄÒÀ (q=10 Ê/õâ.) (òàáë.1). 

Òàáëèöÿ 1 
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æíà êåðóâàòè çì³íîþ òåìïåðàòóðè â³äïàëó. Çðî-
ñòàº ä³åëåêòðè÷íà ïðîíèêí³ñòü ³ ïðè çá³ëüøåí-
í³ ÷àñó â³äïàëó [8, 11]. 
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øëÿõîì íàïðàâëåíî¿ êðèñòàë³çàö³¿ ñêëîïîä³á-
íèõ ñïëàâ³â ó ð³çíèõ ðåæèìàõ òåðìîáðîáêè. 

Âèñíîâêè 

Àíîìàë³¿ íà òåìïåðàòóðíèõ çàëåæíîñòÿõ ä³å-
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Ïîëÿðíèé ñòàí âèíèêàº ó ðåçóëüòàò³ ñòðóêòó-
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ðíî¿ ðåëàêñàö³¿ ñêëà ïðè éîãî ðîçì’ÿêøåíí³, 
ÿêà ñóïðîâîäæóºòüñÿ ðîçðèâîì ³ ïåðåìèêàí-
íÿì õ³ì³÷íèõ çâ’ÿçê³â ó á³íàðíèõ ñòðóêòóðíèõ 
óãðóïóâàííÿõ, ùî ôîðìóþòü ìàòðèöþ ñòåêîë, 
³ óòâîðåííÿì ïîòð³éíèõ ëàíöþæêîâèõ ñòðóê-
òóðíèõ îäèíèöü SbS

2/2
I ç âèñîêîþ ïîëÿðèçîâà-

í³ñòþ. Êðèñòàë³çàö³ÿ ñòåêîë ñóïðîâîäæóºòüñÿ 
ð³çêèì çðîñòàííÿì ε ³ tgδ. Ñòðóêòóðà ôàçè, ÿêà 
âèíèêàº â ìàòðèö³ ñòåêîë âêàçàíèõ ñèñòåì ïðè 
¿õ êðèñòàë³çàö³¿, â³äïîâ³äàº ñòðóêòóð³ êðèñòà-
ë³÷íîãî SbSI. Ðîçì³ðè êðèñòàë³÷íèõ âêëþ÷åíü 
³ âåëè÷èíà ä³åëåêòðè÷íî¿ ïðîíèêíîñò³ çðîñòà-
þòü ïðè ï³äâèùåíí³ òåìïåðàòóðè â³äïàëó. 

Ë³òåðàòóðà 

1. Ãåðçàíè÷ Å.È, Ôðèäêèí Â.Ì. Ñåãíåòîýëåêòðèêè 
òèïà ÀVBVICVII. — Ì.: Íàóêà, 1982. — 228 ñ. 

2. Audzijonis A., Grigas J., Kajokas A.,Kvedaravieius S., 
Paulikas V. Origin of ferroelectricity in SbSI // Fer-
roelectrics. — 1998. — V.219. — P.37-45. 

3. Rubish V.M. Thermostimulated relaxation of SbSI 
glass structure // J. of Optoelectronics and Advanced 
Màt. — 2001. — V.3, ¹4. — P.941-944. 

4. Rubish V.M., Dobosh M.B., Rubish, V.V., Shtets P.P., 
Horvat A.A. Ferroelectric glass-ceramic based on 
glasses of antimony-sulphur-iodine system // Abst. VI 
Ukrainian — Polish and II East — European Meeting 
on Ferroelectrics Physics (UPEMEP 2002). — Uzh-
gorod — Synjak, Ukraine. — 2002. — P.79 

5. Øïàê À.Ï., Ðóá³ø Â.Ì. Ñêëîóòâîðåííÿ ³ âëàñòè-
âîñò³ ñïëàâ³â â õàëüêîãåí³äíèõ ñèñòåìàõ íà îñíî-
â³ ìèø’ÿêó òà ñóðìè. — Ê.: ²ÌÔ ÍÀÍÓ, 2006. — 
120ñ. 

6. Rubish V.M., Dobosh M.B., Shtets P.P., Shpak I.I., 
Rubish V.V., Yurkin I.M., Semak D.G., Fede lesh V.I. 

Crystallization parameters of non-crystalline anti-
mony chalcogenides // J. Phys.Studies. — 2004. — 
V.8, ¹2. — P.178-182. 

7. Ôåëüö À. Àìîðôíûå è ñòåêëîîáðàçíûå íåîðãàíè-
÷åñêèå òâåðäûå òåëà. — Ì.: Ìèð, 1986. — 556 ñ. 

8. Ðóá³ø Â.Ì., Ãóðàíè÷ Î.Ã., Ëåîíîâ Ä.Ñ. Ôîðìó-
âàííÿ ñåãíåòîåëåêòðè÷íèõ âêëþ÷åíü â ìàòðèö³ 
õàëüêîãåí³äíîãî ñêëà // Íàíîñèñòåìè, íàíîìà-
òåð³àëè, íàíîòåõíîëîã³¿. — 2005. — Ò.3, ¹4. — 
Ñ.911-920. 

9. Øïàê À.Ï., Ðóáèø Â.Ì., Ãóðàíè÷ Î.Ã. Íàíî-
ñòðóêòóðíûå ìàòåðèàëû íà îñíîâå õàëüêîãåíèä-
íûõ ñòåêîë // Ìàò. Ì³æíàð. íàóêîâî-ïðàêò. êîíô. 
“Ñòðóêòóðíà ðåëàêñàö³ÿ ó òâåðäèõ ò³ëàõ”. — Â³í-
íèöÿ, Óêðà¿íà. — 2006. — Ñ.97-98. 

10. Shpak A.P., Rubish V.M., Mykaylo O.A., Gura-
nich O.G., Rubish V.V., Stefanovich V.A., Guranich 
P.P., Rigan M.Yu. Nanostructural ferroelectric mate-
rials basis on chalcogenide glasses // Abstr. 1st Intern. 
Symposium on Innovations in Advanced Materials 
for Electronics & Optics (ISIAMEO — 1). — La Ro-
chell, France. — 2006. — V.3. — P.7. 

11. Øïàê À.Ï., Ðóá³ø Â.Ì. Íàíîñòðóêòóðí³ ñåãíåòî-
åëåêòðè÷í³ ìàòåð³àëè íà îñíîâ³ õàëüêîãåí³äíèõ 
ñòåêîë // Òåçè äîïîâ³äåé 2-î¿ Ì³æíàð. íàóêîâî-
òåõí. êîíô. “Ñåíñîðíà åëåêòðîí³êà òà ì³êðîñèñ-
òåìí³ òåõíîëîã³¿ (ÑÅÌÑÒ — 2)”. — Îäåñà, Óêðà¿-
íà. — 2006. — Ñ.34. 

12. Ðóáèø Â.Ì., Ãóðàíè÷ Î.Ã., Ñòåôàíîâè÷ Â.À., 
Ãàñèíåö Ñ.Ì., Øïèðêî Ã.Ì., Øòåö Ï.Ï., Ãó-
ðàíè÷ Ï.Ï. Äèíàìèêà ñòðóêòóðû è îïòè÷åñêèõ 
ïàðàìåòðîâ ñòåêîë ñèñòåìû As

2
S

3
-SbSI. // Ìàò. 

Ì³æ íàð. íàóêîâî-ïðàêò. êîíô. “Ñòðóêòóðíà ðå-
ëàêñàö³ÿ ó òâåðäèõ ò³ëàõ”. — Â³ííèöÿ, Óêðà¿íà. — 
2006. — Ñ.144-145. 

13. Grigas J., Talik E., Lazauskas V. Spliting of the XPS 
in ferroelectric SbSI crystals // Ferroelectrics. — 
2003. — V.284. — P.147-160. 


