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HaBenmeni pesyipraTu AOCHIIKEHb TEMIEpATypHHX Ta OapUYHUX 3aIEKHOCTEH Kpar (yHIaMEHTaIbHOTO
MOTIIMHAHHS CTEKONT Asy0Seo.xSex (0<x<20). BcraHOBieHO, 1m0 30UIBIICHHS BMICTY CElCHy y CKJIaJl CTEKOJ,
TeMIIepaTypH, TUCKY HPHU3BOAUTH JO 3CYBY Kparo NOTJIMHAHHS Yy JOBTOXBIIIBOBY oOyacTs. Bu3HadeHi 3Ha4eHHs

C€HEPTeTHYHOTO TIOJIOKEHHS KPalo MOTIWHAHHS EZ Ha i30a0copOuiiiHux KpuBUX E‘;‘ ~f(p) HeBiAMaNEHNX CTEKOI

IpHU NEBHUX THCKax P, BUSBJIEHI 371aMM, 3yMOBJICHI BUKIIOUEHHSIM BIUIMBY (IYKTyallifHOTO BIIBHOTO 00’€My Ha X

CTPYKTYpHE yIOPSAAKYBaHHS.

KnrouoBi cioBa: xajbKOreHifHI CTeKia, CTPYKTypa, Kpail (yHIaMEHTAIBHOTO MOIJIMHAHHA, KoedilieHT

MOTTIMHAHHS, ITUPHUHA TICEBA03a00POHEHOT 30HH.
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Beryn

VYHiKaJbHE MOE€JHAHHS PI3HOMaHITHUX BJIACTUBOCTEN
B XQJIBKOTEHIJHUX CTEKJIaX, MOXKJIUBICTh CYTTEBOI 3MiHU
napaMeTpiB  IpM MoOIU]iKyBaHHI (3MiHAa XiMIYHOTO
CKJamy Ta TEXHOJOril ofep)KaHHS, i 30BHIIIHIX
YMHHHKIB) 3yMOBIIIOE IIMPOKUH CHEKTP 1X MPaKTUYHOI'O
3acTtocyBaHHA B Tosorpadii i mikpomitorpadii, cucremax
3amucy 1 BIATBOpeHHs iH(oOpMamii, ONTOEIEeKTPOHIII,
iHQpadepBOHIH 1 HENIHIWHIA ONTHII, CEHCOPHII],
eJNIeKTpOHHIM  TexHimi [1-6]. B  nmpomy  miaHi
0e3cyMHIBHHH IHTEpeC MPEACTaBISIIOTh CTEKIIA CHCTEMH
As-S-Se. Opnak, Ha pmaHuii dwac OimpIma yBara
MPUIUISLIACH JOCITIHKEHHIO BIIACTHBOCTEH CKIOMOIIOHMX
As,)S; 1 As,Se; Ta crekiiaM 3 MIiABUIIEHHM BMICTOM
ceieHy. Crekna kK AsySe.xS€x 3 MalUM BMICTOM
Se(0<x<20) npakTUYHO HE BUBYEHI.

B naniii poboTi nmpuBeneHi pe3yibTaTH JOCIiIKEHb
XapakTepy 3MiHH Kpar BIIACHOTO MOIJIMHAHHS CTEKOJI
As40Se0xSex B 3aNIeKHOCTI BiJl TEXHOIOTII OIep KaHHS,
TEeMIIEPaTypPH Ta TiPOCTATHYHOTO THCKY.

I. ExcnepuMeHTaJbHA YaCTHHA

CkionoziOHi 3pa3ku cucreMu As-S-Se roTyBanucs
IUIIXOM TIPSIMOTO  CHHTE3y 3 OCOOJHMBO  YHCTHX
eneMeHTapHHX  KommoHeHTiB  (OCY 17-4) y
BaKyyMOBaHMX KBapLOBHX aMmIyjiax. Temmeparypa
roMoreHizamii pos3mnaBy Ty, BuOupamacs s KOXXHOTO
CKJIaly 1 He MepeBHIlyBaja TEeMIeEpaTypy IIIaBICHHS
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oineine, Hixk Ha 50-100 K. Yac romorenizamii — 24-
30roxg. IlepiogmuyHo  poO3MIaBH  IEPEMIIIyBajIH.
OXO0JIOKEHHS PO3ILIaBiB MPOBOAMIOCS Ha MOBITpi. Jls
3HATTS 3aIMIIKOBUX MEXaHIYHHX HalpyXeHb CTeKia
BignanoBany npotarom 1-2 roa. npu temneparypax T, —
20 K (T, — Temneparypa CKIIyBaHHs).

a
EHepreTnuHe MOJNOKEHHA Kpaw MNOMMHaHHS B <

BU3HAYAJIOCh 13 BUMIPIOBAaHb CIIEKTPAIBHOI 3aJI€KHOCTI
Kparo Ha PiBHI MOTJIMHAHHS O, SKUH BiJIOBIIa€ CEPEIUHI
intepBaty 0,3 <ad<3 (d — ToBmmHa 3paska). Ilpu
IIOMY BHKOPHUCTOBYBABCS METOJI, CYTh SKOT'O HOJIATAE Y

M ATPAMITL [IOCTIIHOTO 3HAYEHHS BEJIMYUHHA
NPOIyCKaHHS CBITJIa 3pa3KOM Ha IIEBHOMY piBHI
MOTJIMHAHHA TpH  3MiHI 30BHImEBOT mii [7]. Le

JIOCATAETHCS 3 JOMOMOTO0 3MiHH Y TIPOIIeCi BUMipPIOBaHb
MOBKMHH XBWJII Tmamaiodoro cBiTna. CrekrpaibHe
posminennst ckmagano He Oimbure 107 eB. Bapuumi
3aJIEKHOCTI  Kpalo  JOCTIKYBAIHCh 3a JOIOMOTOIO
TPHLOXBIKOHHOT ONTUYHOT Kamepu BHCOKOTO
TiIPOCTATUYHOTO THCKY. JlOCHiIPKeHHSI MPOBOAMINCS B
inTepBaii Temneparyp 290-350 K i tuckiB Big 0,1 no
350 MITa.

II. Pe3yabTaTn Ta ix 00roBopeHHst

JociniKeHHsT Kpalo BJIACHOTO IIOTJIMHAHHS CTEKOJI
As4S¢0xSex TOKazanu, IM0 Yy BKa3aHUX IHTEpBaJiaX
TeMIepaTyp 1 THCKIB Ta IpU PIBHIX MOTIMHAHHS
0. < 100 cm™' Bin Mae ypGaxiBehKy (opMy, a CIeKTpabHi
3aJIeKHOCTI  KoedillieHTa TOITMHAHHS  OIUCYIOTHCS
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Inci, (CM‘I)

na
1

1 ,:32
hv, eB
Puc. 1. CnektpainbHi 3anexxHOCTI Ino ckima AsygSseSerg
mpu pi3HEX Temmneparypax. T, K: 1 -291;2 —-307; 3 —
316; 4 — 333.

1,98

CIiBBiIHONICHHSM [ 8]

(hv-E;)
a(hv)=a exp Té' ,

(M

e W

Bemnumny E Z

CHCPIreTU4YHa IIHWPHUHA Kpar [OTrJIMHAHHA.

npu o = 1000 cM™' BBaXKaKOTh ONTHYHOKO

WMPHMHOIO [ICeB103a00poHeH0i 3001 B .

Ha puc. 1 1 2 mHaBemeHi THUMNOBI JuIs BCIX
JOCTIDKEHUX CTEKOJI CIEKTPaIbHI 3aJeKHOCTI Kparo
MOTJMHAHHA CKIIa AS4Ss505€19. Caig 3a3HayuTH, 10
ypOaxiBcbKy (OopMy Kpail MOTIIMHAHHS CTEKOJ CHCTEMH
As—S—Se Mae i mpu piBHsIX norauHaHHA o= 100 cm’
[9,10]. IIpu 306imbiIeHHI BMIiCTYy Se y CKIaai CTEKOJ
As40Se0xS€x Kpall TOTTHMHAHHS 3CYBa€TbCcs B OOJIACTH

MEHIIMX €HEeprii, BigoOpakarouM 3MEHIIEHHS IX
OIMpUHA  TIceBI03a00poHEHOi 30HHW. BusHaueHi mpu
P=0,1 MIla 3HaueHHs EZ CTEKOJT  AS40S60.x5€x

cknamgaroTh 2.34 (x=0), 2.18 (x=10), 2.13 (x=15),
2.08 (x=20) i 1.77 eB (x =60). 3McHIIICHHSA ONTHYHOL
IIUIMHA BUKJIMKAaHE CTPYKTYPHOIO Iepe0yloBOI0 NpHU
nepexoi Bix As,S; 10 As,Ses. Haxun kparo moryimHaHHS
IIPY 3pOCTaHHI KOHLEHTpaLii Se Mai’Ke He 3MIHIOEThCS.
Ile o3Hawae, 1m0 THUN CTPYKTYpHOI MAaTpHIi CTEKOJ
As40S60xS€x TpU 3aMiHI CIPpKM Ha CEJeH IPaKTHYHO
oJHaKOBHHA. OCHOBHUMH CTPYKTYPHUMH OJUHUILIAMH, SIK1
(OpMYIOTH TIPOCTOPOBO PO3TATy’KEHY CITKYy CKIa, €

TpuroHanbHi mipamimn  AsS;, (AsSesp). Hesnaumi
BIIXWIEHHS BIJ aIMTUBHOCTI CBIIUATH po
CTAaTUCTHYHHMH  XapakTep PpO3MOIAUTY  CTPYKTYpHHX

YIPYNOBaHb y MATpPHIl CTEKOJI 1 HAgBHOCTI IEBHOL
KIJIBKOCTI MOJIEKYJISIPHUX (DparMeHTiB 3 TOMOIOJISIPHUMHU
3B’ SI3KaMH.

3 puc. 1 i 2 BuAHO, IO 31 30UIBIICHHAM
TEeMITEpaTypy 1 TUCKY Kpall IOTJIMHAHHS 3MILLYETHCS Y
JIOBrOXBWJILOBY 00nacTh. IIpu mpomy OapuuHuMii 3cyB
MPOXOAWTH ©Oe3 3MIHM Haxwmwiy Kpam IIOTIHHAHHS.

Banexuicte E; Bin P moxke Oytu onucana Bupaszom [11]

OE!
E,(P.T,)=E; (O,TK)+(6—;)TP, 2
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102 196 200

hv, eB

2,04

Puc. 2. CiektpanbHi 3aieXHOCTI KoedimieHTa
MTOTJIMHAHHSA CKIa AS49SsoSeo pu T = 293 K Ta pizHHX
3HAYECHHAX TiAPOCTaTUIHOTO THUCKY. P, MIla: 1 - 0,1; 2
—70;3-90;4-150;5-250; 6 —290; 7 — 350.

ne T,=293 K; (OE /OP) — koediuient 6apuunoi 3minu
€HEePreTUYHOr0 MOJIOKEHHS Kpar MoriuHaHHs. Jljis
Bimnanenux npu T,-20 K crekonm AsyoSeoxSex EZ

MPAaKTUYHO JIHIAHO 3MEHIIYETHCS 3 POCTOM THCKY
(puc. 3, xpuBi 3,4). dua crekon AsgSsoSerp 1
As4S45Se s 3HaueHHs KOe(IIiEHTIB OapUYHOTO 3CYBY
Kpato nornuHanHs B iHTepBaii 0,1-350 MIla cknanatoth
-0,095 1 -0,108 eB/I'Tla, BigmoBimHO. Po3paxyHku
noKaszanu, o npu 30umbmieHHi THCKy m0 350 MIla
€HepreTuyHa MIMPHHA Kparo MorMHaHHA W, sKa €
MIpOIO CTYTIEHSI PO3YITOPSAKOBAHOCTI CTPYKTYPHOI CITKH
CKJIa, TIPAaKTUYHO HE 3MiHIOeThCA. Lle cBimumThs mpo Te,
IO TPHKIAJCHHS TiAPOCTATHYHOTO TUCKY CYTTEBO HE
BIUIMBA€E HA CTPYKTYPY OJIMXKHBOTO IOPSAKY CTEKOJ i€l
cuctemMu. 30inblieHHS P mpu3BOAWTH 10 3MEHIICHHS
MIXKaTOMHHX BIJICTaHEH 1, SIK HACTIJOK, 0 3POCTaHHS
NEepeKpUBaHHS  XBWIBOBUX  (yHKUIH  BaJleHTHHX
€JIEKTPOHIB.

JUts HeBIAMANEHUX CTEKON ASz0S60.xS€x MPH MEBHUX
THCKaX P,, BemUYMHA SKUX 3aJICKUTh BiJ XIMIYHOTO

. Y o
ckinany, Ha o i30abcopOuifinmx  kpusux  Ej ~f(P)
1,98
1,96
<
C
=
-7 1,84
L
1,92
4
1,904 T T T
0 100 200 300 400
p, MMa

Puc. 3. bapuuni 3amexHOCTI E; (a=23 cm™) crexon

AS4()SG()_XS€X. 1, 2, 3 - AS40$5()S€10 (l —  CBIXO-
MIPUTOTOBAHOTO, 2 — micist 3HATTS THUCcKY 350 Mlla, 3 —
BiAManaeHoro), 4 — As4oS4sSe s (BiIanseHoro).



Kpait pyHnaMeHTaNbHOTO MOTIIMHAHHS CTEKO AS40S0S€x

crocTepirarotecst 310Mu (puc. 3, kpuBa 1). B obGmacri
KPUTHYHHUX THCKIB P, 3MIHIOIOTBCS 1 KoedimieHTH
Oapu4yHOro 3CyBYy Kparo moriuHaHHs. Hampukmanm, s
HEBIAMAJIEHOTO cKia AsSsSs0S€;o 3HaueHHs P, cxiamae
~70 Mlla, a koediuient (0 E; /0P) = -0,070 eB/I'lla npu

P<Pii -0,112 eB/T'Tla ipu P > P, .3 poctom BMicTy Se
y ckiami crexonl BemuwunHa P, 3MeHmyerscs. [lomiOwi
pe3ynpTaTu Oymm oJleprKaHi pu BHBYCHHI
CKJIOTIO/IIOHOTO CEJIeHY, OJICPIKAaHOTO B PI3HUX PEXKUMAX
(Bin pizHMX Temmeparyp romorenizauii Ty, 1 3 pi3HHUMH
MIBUAKOCTSAMU OXOJOJKEHHS po3miaBy (), Ta CTEKOI
cucremu Sb-Se [11,12]. Ilpu upoMy 3Ha4yeHHsS
KPUTUYHOTO THCKY P, mnst Hux 3HauHo Bumi (230-
250 MITa gs Se 1 160-170 MIla gis crekoir SbeSe;go.x
(x =5-15)). Taka noBeaiHKa OAPHYHKX 3ATCKHOCTEH E¢

CTEKOJI MOKe OyTH OOyMOBIIEHa BUKJIIOYEHHSM BIUIMBY
¢iyKkTyaniiHOro BiIBHOTO 00’€My Ha iX CTPYKTypHE
VOOpSIIKYBaHHA. 3  yCiX  BHBUCHHX  MaTepialiB
HalOUTBIMUM  BITBHUM 00’eMoM  Vy  (HaHOULIBIIOIO
KUTBKICTIO MIKpPOIIOPOKHUH) BOJOZI€ CKIIOTIOMiOHIIA
cened (3,0-3,7 um). IIpu ipomMy BinbHUIT 00°€M BHIHHA Y
CTEKOJ, OJEpP)KaHUX y PEXKUMI JKOPCTKOTO TrapTyBaHHS
posmiaBy (Bucoki T, 1 Q). Hampukmax, s
ckionofionoro Se, oxonomkenoro Bim T,=770 K 3i
mBuAkictio Q =5 K/c, Benuunna V, ckmagae 3,7 HM.
Jemo MeHmi 3HaueHHS V) XapakTepHi JJsl CTEKOJ
cucremMu Sb-Se Ta As-S-Se [13,14]. 3Bincu BUILIMBAE,
10 YUM OLIBIIUI 00’€M MIKPOIIOPOKHUH i, BIAMOBIIHO,
OiNbIIa PO3YMOPSAKOBAHICTE CTPYKTYPHOI CITKH CKJIa,
THM BHIIUM € 3HAYCHHS KPUTUIHOTO THCKY.

Ha ocHOBi chiBBigHOMIEHHS (2), TeMIepaTypHy
3MiHy Kpar HOIIMHAHHA JOCIIDKCHHX CTEKOJ MOXKHA
OMMHKCATH EKCIIOHEHINIAJIBHOIO 3aIeXkKHICTIO [15]

o (T)
a=aoexpT(hV—E0), 3
e ag, Eo, o (T) — mapamerpu criBBigHomeHHs Yp6axa,
MPUIOMY 0*(T)/kT=W. It ckima  AsySsoSeyg mpu
P=0,1 MIla Ttouka 30ikHOCTI 3anexuHocrerd Ina(hv)
3HAXOJUTHCS NpU 3HaueHHi Ino = 12.7. [[boMy 3HaUCHHIO
BimmoBigae BeaumunHa Eg=2,4 eB. YmoBHo E, moxe
OyTH CHIBCTaBJICHa 3 IIUPUHOK IICEBI03a00POHEHOT
3o npu T =0K. 3pocTaHHs TuUCKy NOpU3BOAUTHL 10
3MIIIEHHST TOYKH 30DKHOCTI B 00JaCTh MEHIIMX E€HEeprii
IpU OJJHOYACHOMY 3MEHIIEHHI Inoy. AHaJi3 3a1eXHOCTI
6 (T) moKasaB, MO 3 POCTOM TEMIEPAaTypH Iapamerp
o (T) 3pocrae i anmpokcuMyeThest hopmyoro [15]

s . 2kT | hv
&' (T)=o, 2L th o | @

hv, 2kT
TyT o, — KOHCTaHTa, SIKA XapakTEpU3ye CHILy
esneKkTpoH-poHOHHOI  B3aemonii; hvy —  eHepris

edexTuBHOrO POoHOHA, SIKMH (HOopMy€e Kpai NMOTIIMHAHHS.
.
3HayeHHA O, Ul CTEKON AS4Seo.xSey ckiaanaoTs 0,41-

v . * .
0,45. 3naiineni 3HaueHHs G, <1 cBi4aThb Ha KOPUCTh

nepeBakaHHs y  (opMyBaHHI
€JIeKTPOH-(OHOHHOT B3aEMOII1.

Ha puc.4 wHaBemeHO TeMmrepaTypHi 3aJ€KHOCTI
CHEPreTUYHOrO0  IMOJIOKCHHS  ypOaxiBCBKOIO  Kparo

(@=23cvm") (xkpuBi 1, 2)

Kparo TIOTJIMHAaHHA

noryivHa"es E Z Ta
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0,070
11,96

0,068

0,066 .94
m 1 m
T 0,064 4
z 41,9219

0,062

0,060 11,80

OJOSQ T T T T T T T

290 300 310 320 330 340 350
T K

Puc. 4. TemneparypHi 3anexsocti E Z (1, 2) TaW(1°,2°)
JUTsE CTEKOT Asy0Ss0Seqo (1, 17) 1 AsgSseSers (2, 27).

eHeprernynoi wmwmpuan W (kpuBi 1', 2') kparto
NOTJIMHAHHA. BuaHO, Mo i3 301NBIIEHHAM TeMIlepaTypu

o
Eg
(aEg/ O0T)300x BHIIMH Yy CTEKNaxX i3 OUIBIIMM BMICTOM

aromiB  Se (-1,16:10° eB/K  mms  AsgSsoSeio Ta
-1,49-107 eB/K st As40S45Se;s). Bennunna W 3pocrae
SIK TIpU 30UIBIIEHHI TEMIIePaTypH, TaK 1 IpH 301IbIIEHH]
KOHLIEHTPAIIIT CeJIeHY Y CKJIa i CTEKOI.

AHaniz oIep)KaHUX Ppe3yNbTATIB [MOKa3aB, IIO
TeMIepaTypHi 3anexHocti E,” Ta W no6pe onucyrorses

3MEHIIYETHCS, TPUIOMY TeMITEpaTypHIA KOeimieHT

y pamkax wmozeni EiHmrTeliHa miasd  cucTeMH
HEB3aEMOIFOUNX OCHIATOPIB [16, 17]
EZ (T)=Eg (O)—SgkﬁE [ —exp(OlE ol ] 5)
_ 1
W=WtWi[ o | (6)

e S,— Oe3po3MipHa KOHCTaHTa B3aeMopii, 0p —
TemnepaTtypa EifHmTeliHa, sSKa BIAMOBiIAE ycepemHeHIH
4acTOTi POHOHHUX 30YPKEHb CHCTEMH HE B3a€MOIIIOUNX
ocuwratopiB, W, Ta W, MOCTIiiHI BEJIMYMHH,
Po3paxyHku noka3zany, mo Og 3 pocToM KOHIIeHTpaii Se
MOHOTOHHO 3MeHmnyeTbest (Bimf 510 K mus AsgSe a0
267 K s AsgSeq). Benmuunna S, cTekon AsgSeoxSex
miniManbeHa Ui x = 0 (10,7) ta x = 60 (8,1). s crexon
MPOMDKHUX CKJIaJiB 3HAYCHHS I[i€i KOHCTAHTH 3HAYHO
Bumi (15,6 mmst AsySsoSeg 1 17,8 mmst AsyoS4sSe;s). s
cTeKOII AS4Sep Ta AS4Segy MIHIMATLHUMM € 3HAYECHHS
W(0,051 i 0,048eB) Ta i ckmamoBux W, i W,.
[TigBuIeHAS TeMIIepaTypu Ta BMICTY aTOMIB CEJICHY Y
CKIaNli CTEKON AS40S60xS€x MPUBOAUTH IO 30LTBIICHHS
eHepreTnyHol mmpwHA W Kparo TMoriauHaHHS (puc. 4,
kpuBi 1, 2') 3a paxyHOK TeMIepaTypHOro Ta
KOMITO3HLIITHOTO PO3y MOPSAKYBaHHS, BiIIOBIIHO.

BucunoBkn

B obmacti kpato (yHIAMEHTAIFHOTO MOTIUHAHHS
CHEKTpaJbHI  3aJIKHOCTI  KoedillieHTa IOTIMHAHHS
cTekon cucteMu As-S-Se ONUCYIOTBCS MPaBHIOM
VYpbaxa. YV  QopMmyBaHHI  Kpar  IOIJIMHAHHS
nepeBakaroya poJiib  HAJEKHUTh  EIEKTPOH-POHOHHIN
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B3aemonii. [Ipm 30iLMBIICHHI BMICTY CEleHy y CKIai
CTEKOJN, TEeMIepaTypd 1 THCKYy Kpai IOINIMHaHHA
3MIIIYETHCS Yy JOBrOXBUIILOBY 00JIacTbh, BioOpaxkarodn
3MEHIIEHHS  INUPMHU  IIceBA03a00pOHEHOI  30HH.
TemneparypHi 1 6apuuni koedinientn (OEg*/0T) 300 K i

(OEg*/0P) T Ginpmi y cTekiIax 3 BHIOIO KOHIIEHTPAIII€I0
ceneHy. 3JIoM Ha i30a0copOuiitnux kpuBux Ega ~ f(P)
HEBIJMAJICHUX CTEKON OOyMOBIICHUH BHKJIIOUCHHSIM
BIUIMBY (QIyKTyariifHOro BimbHOTO 00’e€My Ha ix
CTPYKTYPHE YIOPSIKYBAHHS.
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The investigation results of temperature and baric dependences for absorption edge of AsSeoxSey glasses
(0<x<20) are reported. It's been determined that the increase of Se content in the glass composition, of temperature
and pressure results in absorption edge shift towards the longwave spectrum range. The energy positions values of
E? absorption edge have been determined. Breaks caused by exclusion of fluctuation free volume effect on their

structural order were found out on isoabsorbing curves E; ~ f(P) of unannealed glasses at certain pressures Py.
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