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I. Beryn

BHyTpimHIE THCK XapakTepu3ye MiKAaTOMHY
B3a€EMOMII0 1 € TIPYXKHOI PEaKIi€l0 TpaTKd Ha
nedopMarlito  BCECTOPOHHBOTO PO3TATY ab0 CTHCKY
[1,2]. 3a BuW3HAYeHHsAM BiH JOPIBHIOE MOXIAHIN TIO
00’eMy 3a He3MmiHHOI Temmeparypu p = (0U/0V)r, ne
BenuunHa U(V) cKiamaeThcs i3 eHepriid 3B’s3KiB, sKi
00’€THYIOTh aTOMH B TBEPJE TiNIO.

3a  OJHOBICHOTO  pPO3TATY  TBEPAOro  Tija
BHYTPIIIHII THCK p;, KOTPHI HamaraeTbcs MOBEPHYTH
TIIO B HeaepOpMOBaHWA CTaH, 3a aOCOJIOTHUM

3HAQUEHHAM pIBHUM  30BHIIIHBOMY  MEXaHIYHOMY
Halpy>KEeHHIO
Ar
pi=E|l— |, )
T

(8]
ne E — murTeBMil NMOB3NOBXKHIN MOJIYNb MPYXKHOCTI,
(Ar/t,) — BiJHOCHE MOJIOBXKEHHS MDKATOMHOTO 3B’SI3KY,
I,— CepelHs PIBHOBAYKHA Bi/IaIb MK aTOMaMH.

B poboti mis po3paXxyHKy MaKCHMAlIbHOTO
BHYTPIUIHBOTO THCKY Pim= Pi(Tm), SIKUH BiImoBinae
rpannuHiil nedopmanii MiKAaTOMHOTO 3B’SI3KY Ary,, B
XaNbKOTEHIIHUX ~ CTEKJAX, 3aCTOCOBAaHO  IMiJIXi,
anpoOoBaHWi TSI KHUCHEBMICHHUX CTeKoOm [2-4]
Pesymbrat;  OO4YMCIIEHB  Pi, TOPIBHIOIOTBCA 3
BIIIOBIMTHIMH 3HAYCHHSAMH MIKPOTBEPIOCTI Ta MeXi
MJIaCTHYHOCTI (TUIMHHOCTI) cTekon cucteM Ge-As-S,
As-Se, Cd-As. 11i cucremu BuOpaHi 3 Orsiy Ha Te, 110
CIIOJIYKH, sIKI B HUX yYTBOPIOIOTHCS, XapaKTePU3YIOThCS
MEPEBAXHO KOBAJICHTHHM THUIIOM 3B’SI3Ky, a CEpEIHE
KOOpIMHalliiiHe 4ncino Z, 3MiHIO€ThCA Big 2,4 B
MOJBIMHUX XaNbKOTEHITHHX CTeKIax 10 Z,, =4 B
crekiax cuctemMu Cd-As. Tomy mikaBo BiACHiAKyBaTh
3aJICKHICTh JOCIIDKYBAHUX MApaMETPIiB Bi XIMIYHOTO
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CKJIany (THITy CTPYKTYPHHUX OAMHHIIB) CKJIA.

II. Teoperuuni BitomocTi

3 Teopii MakCHMMalbHOTO BHYTPIIIHBOTO THCKY
BiIOMO, 10 BiZHOCHAa TpaHM4YHA Jedopmais
MDKaTOMHOTO 3B’s13Ky (Ar,/r,) Moxke OyTH 3amucaHa
yepe3 nmapametp [ 'pronaiizena y [1,2]:

Ar 1
& 6 @
0 Y
[pumyckaroun, mo 3akoH ['yka (1) cipaBenuBuit
no rpanmyHOi  gedopmartii  (2), ST OIIHKH
MaKCUMAJIbHOTO BHYTPIIIHBOTO THUCKY TBEPIOTO Tija B
[1-4] oTpuMany criiBBiAHOIIECHHS:

1
Pim = —E. 3)

6y
B pamkax Teopii ¢uykTyamiiHOTO BITEHOTO
00’emy [3,4] BcraHOBIEHO Oe3mocepeaHill 3B'SI30K
napameTrpa [I'proHali3eHa 7Y CKIOBHIHUX CHUCTEM 3
koedimienTom Ilyaccoma P 1 00’€eMHOI0 YacTKOIO
¢nykryaniiinoro BimeHOro 06’eMy fy=(V¢/V)r,, Akuit

3aMOPOKYEThCS IPH TEMIEPATypi CKIyBaHHA Tg:

_ 2In(l/f) 1+p
! 9 1-2u
[MincraBuBiim (4) y criBBigHoweHHs (3), aBTopu

[3] oTpumanu piBHSHHA JJISI  MaKCHMAJbHOIO
BHYTPIIIHBOT'O TUCKY CKJIOBUJHUX TBEPIUX TiJ:

(-2 o )
6(1+p)

ne semmanHa A = 9/[2In(1/f,)] ans crexon ogHOTO BUIY
craia 1 O0iam3bka 70 oauHMIl. OCKUIBKH I OlIbIIOCTI

“4)

Pim = A
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crexon 3HaueHHs f, HeBimome, koedilieHT A 'y
po3paxyHKax NPHUPIBHIOOTH a0 oxmHumi (A=1). B

paMKax  Takoro  HaOJNWKEHHS  MaKCUMaJbHUI
BHYTpIlIHIM THCK (5) € (YHKII€ TUIBKU NPYNKHUX
cramux [3]:
o 0=2w
m= "_"" E (6)
6(1+p)

VY TakoMy JK BUIVISAI PIBHSHHS JUIL PO3PAXYHKY Dim
OTpUMaHO 1 aBTOpamu [2,5] NIUISIXOM BHKOPHCTAHHS
notermiany Mi (W = Ar™ + B r™):

1

pim i — E7 (7)
mn

Ta HaTBeMITipHIHOTO CIIIBBITHOIIIEHHS MDK
MOKa3HUKaMH MoTeHLiany 1 koegimnienTom Ilyaccona p
[6].

B [7] mokasanmo, mo BemmumHa (1/mn) y
cuiBBigHomenHi  (7) 3a 3MicTOM €  KpUTHYHA
nedopmaltis, 3a SKOi TBEpPAE TLIO BTPavae CTIHKICTh
NpH 3CyBi. A MakCUMaJbHUI BHYTPILIHIM THUCK Py (7)
32 BEJIMYMHOIO 30iraeTbCs 3 MEXKEH IUIMHHOCTI
(TUTaCTUYIHOCTI) O = Pim [8].

006’emua ITaCTHYHA nedopmartis 3a
BCECTOPOHHBOTO PO3TATY ab0 CTHUCKY B TPH pasu

A\

OinbIua 3a JiHilHY =3gp, TOOTO IUIACTHYHA
nedopmariisi CKIOBUAHUX TBEPAMX Tl €, OOEpHEHO
MPONOPIIHHO 3aleXUTh Bill BENMYWHU Tapamerpa

I'pronaiizena [9]:
e

& =% ®)
VY mnpomeci mractuyHoi aedopMariii OpraHigHHX
nojiMepiB  BinOyBaeTbcsi HemepepBHa 3MiHA  iX
CTPYKTYPH, sIKa TOJIOBHUM YHMHOM, BUPAKAETLCA YEPE3
(o]
=
=
-E
£
30F
20f
1or e
1D
ol
286 7
J
1

3pOCTaHHsI CTYIEHS aHrapMOHI3MY MIXMOJICKYJISIPHUX
3B’SI3KIB i, K HACIIIJIOK, rociaadIeHHs
MbKMoJekyisipHoi  B3aemomii  [3,4,8]. Lle moxHa
BpaxyBaTd B3sBIIM JO YBard 3B’S30K IapaMmerpa
I'pronaiizena vy, sKUH XapakTepu3ye aHrapMOHI3M
MDKMOJIEKYJISIPHUX 3B’s13KIB, 3 KoedinienTom [lyaccona
1 (4). Mexa IUIMHHOCTI G, BIANOBIAAa€ BEIMYMHI
MaKCHMaJIbHOI'O BHYTPILIHBOI'O THUCKY Ae(opMOBaHOI
CTPYKTYpH ToJiMepa P, (On = Pb), KA 3HAYHO MEHIIA
32  Pim HenepopMoBaHOI CTPYKTYpH  (Pp = Pim [1-
-2&5Y] = pim[1 = (2/9) In (1/£p)]).

Jlnga HeopraHIYHMX CTEKON 3a G, HNPUHAMAIOTH iX
MikporBepaicte 3a Bikepcom H. 3meHiueHHs pj, o

piBHA  MEXI IUIMHHOCTI P, =0, BHPAKAETHCA
criBBinHomIeHHsM [3,4,8]:
2

Oy = Pim[l—gln(l/fg) ] ©)

B pamkax koHuenuii BiIbHOro 00’eMy BelW4HMHA
MaKCUMAaJIbHOTO BHYTPIIIHBOTO THCKY Pim = En /Vj
OOYHCITIOETECS 3 PIBHAHHSA [2]:

_ /e
3(1-2p)

Hikve HaBe#eHO pe3yinbTaTH —3aCTOCYBaH-Hs
piBasHB (5), (6), (9) Ta (10) Ansg Xamb-KOTCHITHHUX
CTEKOJI Ta OJM3bKUX 33 BIACTHBOCTSAMH [0 MOTPIHHUX
xanpkoreninis crekon cucremMu Cd-As. HeoOxinni nani
npo H, T,, E, u Ta mapameTpu Teopii BilbHOro 00’ eMy
(tabn. 1, 2) B3sTo 3 myOmikaniit [10,11].

(10)

im

III. O6roBopenHs pe3yabTaTiB

Sk BuaHO 3 Tab. 3 pe3ynbTatu 00YHCICHD Pjy, 33
piBastHHsAMH (6) 1 (10) y3romxyroTbest Mixk co0or0 st

18,17

10 20

30 H10°%, a

Puc. 1. Kopemsinist Mi>k MAKCUMaJIbHUM BHYTPIIIHIM THCKOM iy, 1 MIKpOTBepAicTIo H XaJlbKOTeHITHUX CTEKOII.
Howmepu Touok BimmoBimaroTh HOMepaM CTeKo B Ta0I. 1. 1 — Asjg Sgp; 2 — AS0Sgo;
3 — Asys572; 4 — AsySe0; 5 — AsgsSeos ; 6 — AsigSego; 7 — Asyg Sego; 8 — Aszg Seqg; 9 — Asgg Seso; 10 — AssoSeso;
11 — Geg7 Aszy Se1; 12 — Ger3 Asyy Sgz; 13 — Geng Asig Ses; 14 — Gerg Aso Seg 3 15 — Gesz3Ses.65 16 — Cd 49 Aseo;
17 — Cd333 Asge7; 18 — Cdsg Asy .
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Tao6aunsa 1

Mikpotsepaicte H, Temnepatypa ckinyBanHs T, cepe/iHe KOOpAMHALIHHE YNCO0 Z,, NPYKHI MOJYJIi Ta MapameTp

I'pronaiizena y crexon B cucremax Ge-As-S Ta Cd-As

Ne Cknan T,, Zep H-10%, n E-10%, Y
/1 at. % K Ila Ila
1 As10Sg0 302 2,10 0,8 0,376 55,0 6,80
2 As,0Sg 362 2,20 5,0 0,305 52,0 3,21
3 AsyS7, 408 2,30 9,5 0,289 110,0 2,77
4 As40Ss0 459 2,40 11,0 0,290 162,1 2,80
5 AspsSeos 316 2,05 6,1 0,326 103,4 3,91
6 As10Seq 353 2,10 6,4 0,331 109,5 4,09
7 AsySeg 378 2,20 8,5 0,308 130,0 3,29
8 As3Seq 406 2,30 9,8 0,290 149,8 2,80
9 As4oSes 456 2,40 14,7 0,260 171,2 2,16
10 AssoSesg 442 2,50 9,5 0,300 129,3 3,06
11 Gegr7As3y S 533 2,46 18,64 0,280 170,2 2,56
12 Ge3Asy4 S¢3 533 2,50 20,11 0,250 181,5 1,99
13 GeyASsis Ses 593 2,56 21,09 0,232 192,9 1,72
14 GepAsos Ses 633 2,60 22,56 0,177 208,9 1,11
15 Ges33Se66 758 2,66 26,49 0,149 200,4 0,88
16 CdoAsg 563 3,80 31,00 -0,113 681,1 0,72
17 Cds33 Asgs 7 568 4,00 32,30 -0,104 650,0 0,74
18 Cd;y Asyy 570 4,09 30,00 -0,101 637,5 0,75
Taoaunsa 2

BinnocHa rpaHn4Ha gedopMariist pO3pUBY 3B 3Ky MK YaCTHHKAMH € , JTiHIHHA IeOpMallis CKIIa €, Ta MapaMeTpu
Teopii BibHOTO 00’ eMy st ctekoi B cucremax Ge-As-S ta Cd—As

Cknan € A €p n;, 107, fy Es, Vi 108,
at. % M kJIx M3

MOJIb MOJIb
Asio Soo 0,03 0,82 0,11 0,3 0,004 13,8 82,6
Asyo Sgo 0,05 1,04 0,14 3,0 0,014 13,0 28,2
Asys Sty 0,06 1,10 0,15 4,4 0,017 13,8 23,1
Asy Seo 0,05 1,10 0,15 5,7 0,017 15,4 17,6
Asgs Seos 0,04 0,97 0,13 2,2 0,010 12,1 26,8
Asqg Seq 0,04 0,96 0,13 1,2 0,009 13,8 29,5
Asy) Segg 0,05 1,04 0,14 3,5 0,013 13,6 21,5
As3g Serg 0,05 1,10 0,15 6,0 0,017 13,8 17,0
Asyg Sego 0,06 1,22 0,15 11,5 0,025 14,0 12,9
Assg Sesg 0,05 1,06 0,14 4,0 0,015 15,6 23,4
Gegy Assy Sei 0,06 1,25 0,15 6,1 0,019 17,5 18,0
Gej3 Asyy Se3 0,07 1,25 0,16 12,0 0,028 16,5 13,6
Geyg Asig Ses 0,07 1,33 0,16 18,0 0,035 16,6 11,9
Geog Asgg Ses 0,09 1,61 0,17 243 0,065 14,4 7,5
Gesss Sess 0,10 1,84 0,16 66,0 0,088 15,3 7,5
Cdyo Asgo 0,23 0,91 0,76 1,2 0,007 22,9 343
Cds;5 Ases.7 0,23 0,92 0,73 1,4 0,008 23,1 34,7
Cdzy Asy 0,22 0,92 0,70 1,4 0,008 23,1 34,9

XaJbKOTeHIMHNX crekoi. B crexmax cucremn Cd-As
3HAYEHHS i, AKi o0uncioBanucs i3 Gopmynu (10), Ha
0araTo MEHII 33 3HAYEHHS Pin,, AKI OOYMCITIOBANHCS 13
¢dopmymu (6). OOuncieHi 3HAYCHHS MaKCHMAllbHOTO
BHYTPIIIHEOTO THCKY 3a JaHUMH TIPO KOEQIiImieHT
Ilyaccona p, Momymp mpyxHocti E Ta wactky
¢nyxryauiiiHoro BineHOro o0’emy f, (dopmyna (5))
JeII0 BHIUI JJIs XaJbKOTEHIAHMX CTEKOJ 1 MEHIUI I
crekon B cucremi Cd-As.

Ha puc. 1 HaBEIEHO CIIIBBIHOIIIEHHS
MaKCHMaJIbHOTO  BHYTPIIIHBOI'O  THUCKY  Pj, Ta
MiKpoTBepJocTi H cTekos InocmipKyBaHHX CHCTEM.
3HauyeHHS BEIWYUHHU Py, SKI Oyiaum oOumcieni 3
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piBHAHHS (6), U1 OaraTbOX CTEKOJ B MEXaxX PO3KUIY
Omu3bKi 10 1x MikporBepaocTi (piy,= H). JliHis, sika
MpOBe/ICHA Ha pHC. | BIAMOBiNAE MPsMiA 3 HAXWIOM
pi/H=1. B creknax cucremu Cd-As MakCHMalbHUI
BHYTPIIIHIA THCK Py, 3HAYHO BHIMMA 33 iX
MikporBepmicte H (tabm. 1,2). 3 pocrom BMmicTy
MHII’ Ky B cTekiax As-S (Se) koedinient ITyaccona p
IUTABHO 3MEHIIyeThes (Tabm. 1) g0 MiHIManbHUX
3Ha4YeHb Ipu BMicTi Munr’ sky 40 % at. (Hasss = 0,290 1
W asases = 0,260) 1 3HOBY 3pocTae 3a IMOAAIBIIOTO
30UTPIICHHS BMICTYy MUII'SIKY B CcKii. Moayib
npyxHocti E mpoxogute uyepe3 MakcHMyM y CKIi 3i
ckaanom 40 at. % As 60 at. % Se(S). Y 3B’s3Ky 3 UM
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Puc. 2. Kopermsist Mixk MIKpOTBEpIICTIO 1 TEMIIEPATypOIO CKIIyBaHHS XaJIbKOTEHITHUX cTekosl. Homepn Touok
BiJIIOBiTafOTh HOMEpaM CTekod B Tabmwi 1. 1 — As 9Sep; 2 — ASyoSgo; 3 — AsrgS7;
4 — As40Se0; 5 — AspsSeos ; 6 — AsigSego; 7 — AsySeg ; 8 — AszpSer ; 9 — AsypSeso ; 10 — AsspSeso;
11 — Geg7 Aszy Se1; 12 — Gey3 Asyy Sg3; 13 — Gegg Asig Ses; 14 —Gegs Asog Ses; 15 — Gesz 3 Sese.

1 MAKCUMAaITbHUIA BHYTPIIIHIA THUCK IIMX CTEKOJ TaKOX
NPOXOIUTh Yepe3 MakcuMyM. Takum 4MHOM Bexe cebe
1 ix mikpoTtBepmicTs [12]. BenmumHa mMakcHManbHOTO
BHYTPIIHBOTO  THUCKY  JOCHTh  OJIM3bKAa 10
MIKPOTBEPJIOCTI B CTEKJIAX MOJBIMHUX XaJIbKOTEHITHUX
cucreM (pi/H=0,63 +0,92). V crexmax moTpiiHHX
cucteM Ge-As-S  He  cmocrepiraeTbCsi  Takoi
3aKkoHOMIpHOCTI. B wmiii cucremi 3a Mamoro BMmicTy
MUKy MaKCUMaJbHUI BHYTPILIHIA TUCK BEJMKHH 1
3a BEJIMYMHOIO OJM3BbKUH 10 MIKPOTBEPIOCTI. 3 POCTOM
BMICTy MHII'SIKy BEJIMYMHA i, 3MEHIIYETHCS 1
3MEHILIYEThCS IIBUAIIE, HDX MikpoTBepuicte H, mpo
IO CBIAYMTH 3MEHIIEHHS TAHT€HCY KyTa Haxuiy
3aNIEKHOCTI  Piy H Bin pi/H=0,85 y cxm 3
MaKCHUMAaJbHAM BMICTOM MUII SKY, 0 Pin/H = 0,53, y
CKJIi 3 MiHIMAJIbHUM BMiCTOM MU SIKY.

Mexa mmacTHIHOCTI (IUNIMHHOCTI) G , sAKa Oyna
obuucnena 13 Qopmynu (9), He cmiBnamae 3
MIKpOTBEPIICTIO H JIOCII/PKYBaHHX CTEKOJI
(tabm. 1, 3). Po30DKHICTD IMX BEIMYHH 3POCTAE 13
30UIBIICHHSIM KOPCTKOCTI CITKM ckia. Skimo B
XaJIbKOT€HIIHMX CTEKJIaX MeXa IJIACTHYHOCTI CKIIA/IAE
MOJIOBMHY BEJIMYMHH MIKPOTBEPAOCTi, TO U CTEKOJ
cucremn Cd-As 3a aOCOJIOTHOIO BEIMYHMHOIO BOHA B
Kibka pas3iB menma 3a H. IIpuumboro Ttakoi
PpO30iXKHOCTI, MOXKJTUBO, € mocna0IeHHS
MDKMOJIEKYIIIDHAX 3B SI3KIB Y TPOIECi IDIACTHIHOL
nedopmanii. Oninka G, i3 ¢opmynu (9) BiTHOCHTBCS
10 He 1ehopMOBaHOI CTPYKTYPH, a EKCIIEPHMEHTAIBHI
JaHi — 10 1eOopMOBaHOI CTPYKTYPH.

IlikaBo 3a3HauWTH, 110 IieH (aKTOp HE Bimirpae
BOXIMBOI pOJi B HEOPraHIYHUX KHUCHEBMICHUX
CTeKJax, Je TIuacTudHa naedopmaiis 1OB’si3aHa
TOJIOBHUM YMHOM 3 NIPUPOJIOI0 10HHUX 3B’s13KiB [8]. Ha
BIIMIHY BiJl OKCHJHHX OaraTOKOMIIOHEHTHHUX CTCKOJ B
XaﬂbKOFeHiﬂHMX CTCKJIaX BKJaJ LOCHTPAJIbHUX CHUII
30BCiM He3HauHu# [13].

[Tnactnyna nedopmartis €, JOCIIIKYBAaHUX CTEKOJ

nmemo Bumia (Tali. 2) 3a €, CKIOBHAHUX MOJIMEpiB
(ep=0,1 [4]). KpiMm TOro, rpaHuyHe NOAOBXKEHHS
MDKaTOMHHX 3B’SI3KIB € Y XaJIbKOTCHIIHUX CTEeKJIax
3MIHIOETBCS B 3aJIe:KHOCTI Bij ckinany Bin 0,03 no 0,10 i
B ABa pasu Oimpmie B ckiax cuctemu Cd-As. Sxmio
TpPaHWYHE TIOJIOBXEHHS MDKAaTOMHUX 3B SI3KIB €
XaIBKOTEHITHUX CTEKON OJIM3bKE 110 TPaHUIHOTO
MOTOBKEHHSI MDKATOMHHX 3B’S3KiB B aMOp(HHX
momimepax (€= 0,1 [2]), To 3HAYCHHA € y CTEKJIaX
cuctemu Cd-As Onm3bKi 10 € I METaliB, 10HHHX
KpPHCTAJIIB Ta JYXHO-CWIIKaTHUX crekon (g=0,2
[2,14]). Lei#t daxr aBropu [14] MOSCHIOIOTH THUM, IO
rapaMmeTp Y B IIMX MaTepianax 0JHAKOBHH 1 BioOpakae
aHTapMOHI3M KOJIMBaHHs 10HHOI mmiarpatku [2,14], a
y=4 B aMoppHHMX TONIMEpax IOB’s3aHUNA 3
aHTapMOHI3MOM MIKMOJEKYISIpHHX 3B’s3kiB. OTxke,
kpuTH4Hi gedopmarii g, (y) 3aiexaTh Bif XiMi4HOT
MPUPOIN MDKATOMHHX 1 MDKMOJEKYISPHHUX 3B’SI3KIB.
Jns omHoOTO KIMacy (CTPyKTYpPHOTO THITY) CTEKOJ BOHA €
BEJIMYMHOIO CTaJIOI0, LIO 1 CIIOCTEPIraeThCsl B HALIOMY
BHIAAKY &,= f(€): B XaJbKOTCHITHUX CTEKJAaX, CiTKa
SAKHX YTBOPIOETBCS 32 PaXyHOK KOBAICHTHUX 3B’S3KiB,
g, =0,1, a B crexmax cucremu Cd-As, e € ioHHa
migrparka [15,16], — ,= 0,2.

BennuuHa BHYTpIIIHBOTO THCKY BH3HAYa€THCS
MOTEHLIAJIbHUM TOJIEM, 110 CTBOPIOETHCS HAHOIMKINM
OTOYEHHSIM aTOMiB (OJMXKHIM TOPSIAKOM), TOMY DPim
YyTIMBE JI0 CTPYKTYPHHX 3MiH 1 TICHO MOB’si3aHe 3
BJIACTHBOCTSIMH TBEPAUX TUI, SIKI 3YMOBIIOIOTHCS
MDKaTOMHOIO B3a€MOJIi€I0 (HAaNpuKiIad, Ui 0araTtbox

HEOpraHIYHUX  CTEKOJ  CIIOCTEpIraeTbesi  JIHIHHA
Kopensuis MiX Py, H 1 Ty [2,4]). Ha puc.2 i 3
HaBeJeHo 3anexHictb T, Bil  MakCHMalbHOIO
BHYTPIIIHEOTO  THCKY Ta  MIiKpOTBEPIOCTI  JJIA

XaJbKOTEHIHUX CTeKoJ. SIK BHIHO 3 DPHUCYHKIB, IIs
3aeKHICTh NiHiiHa. Bimmomenns H/T, y moasiitaux
cucremax As-S(Se) 3minroerses Bin 0,02 107 ITa/K mo
0,33 10’ [MTa/K, nist mOTpidHUX XaJIbKOTCHIIIB CKIaaae
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Puc. 3. Kopesiiis Mixk MAaKCHUMaJTbHAM BHYTPIIIHIM THCKOM i TEMIIEPaTyporo ckiryBaHHSI. Homepn Touok
BiI[HOBi,Ha}OTL HOMEpPaM CTEKOJ B Tabm. 1.1 - ASlO 590;2 — ASZO Sgo; 3-— ASQgS72;4 — AS40 S60; 5-— ASO5S€595; 6— A510
Segg; 7 — Asoyg Sego; 8 — As3p Seqp; 9 — Asag Sego; 10 — Assg Seso; 11 — Gegr Aszy Ser; 12 — Gez Asas Sez; 13 — Geyg Asyg

Sea; 14 — Geze Asgg Ses; 15 — Gesz 3 See.6-

Taoauna 3
MaxkcuMaIbHAN BHYTPILNIHIA THCK Pj, Ta MeXa IUNIACTHYHOCTI G, cTekon B cuctemax Ge-As-S Ta Cd-As
Cknan pim/Tg H/Tg Pm Pim Pim [e% Pim/H
(10) (6) (5)
ar. % 107, Tla/K 10%, Tla
As10Sgg 0,05 0,02 1,6 1,6 1,4 -0,40 2,00
As0Ss0 0,13 0,14 4,6 4,6 4.8 0,24 0,92
Asy3S7, 0,15 0,17 6,0 6,0 6,6 0,57 0,63
As40S60 0,19 0,24 8,8 8,8 9,9 0,83 0,80
AspsSeos 0,14 0,09 4,5 4,5 4.4 -0,14 0,74
As;pSeq 0,13 0,18 4.7 4.7 4.5 -0,19 0,73
ASzosegO 0,17 0,24 4,6 6,4 6,6 0,19 0,75
As3pSer 0,20 0,27 8,1 8,1 8,9 0,73 0,82
As4Seq 0,24 0,33 10,9 10,9 12,9 1,96 0,74
AssoSes 0,15 0,22 6,6 6,6 7,0 0,40 0,70
Geg7AS3,S61 0,18 0,35 9,8 9,8 11,0 1,20 0,53
GelgAS24SG3 0,23 0,36 12,1 12,1 15,1 2,49 0,65
GeyAsis Ses 0,24 0,36 14,0 14,0 18,9 3,57 0,70
GepAsog Ses 0,30 0,36 19,1 19,1 31,6 7,50 0,85
Ges33 Se6.6 0,26 0,35 20,4 20,0 37,0 9,40 0,77
Cd4oAsg 0,29 0,59 6,7 156,9 142,0 -16,10 14,50
Cds33AS66.7 0,28 0,59 6,6 146,2 133,0 -10,80 4,53
CdzpAsyg 0,26 0,59 6,6 1421 133.,0 -10,41 4,73
0,37'107 IMa/K, a pmua crekon cucremu Cd-As — KOOpAHMHAIIiITHEe YHCIIO JIBOKOMIIOHECHTHHX

0,60-10" ITa/K. BinHomeHHs H/T,, oOuucnene i3

XaNbKOTeHINIB (Z,,=2,4) 1 O6aM3bKe 10 CEpesHbOro

eKcrepuMeHTanbHuX Janux npo H i T, noOpe KOOpJHMHAILIHHOrO uucia ciuaBiB cucremu Ge-As-S
Y3TOJKYEThCS 3 pe3yiibTaTaMu 004rCIeHb 2,1 <Z,<4).
CIIiBBiTHOIIEHHS Pim/ Tg = RIn(1/£,)/Vy, UL 3Beprae Ha cebe yBary HeCyTTeBA 3MiHA BEJIMUMHU

XaIBbKOTEHITHAX CTEKON 1 TpUOIM3HO B OBa pasu
Oimpmie gns crekon Cd-As (tabm. 3). Bemnmumna H/T,
UIA  JTOCTIKYyBaHMX CTEKOJ TIOMajae B 1HTEpBAJ
3HaUYe€Hb MDK 3HA4eHHSIMH, SKi XapakTepHi s
JHIAHAX CTPYKTYD (0,10-0,25-10" TTa/K), i
3HAYEHHSMH ISl CTEKOJI 3 IIPOCTOPOBO-PO3TallyKEHOIO
crpykryporo (0,50-0,70-10" TTa/K).

Cronyky, siki yTBOprowoThesi B cucteMi Cd-As,
AHAJIOTIYHO [0 XAaJbKOTCHITHHUX, XapaKTePU3YIOThCS
MEPEBAXHO KOBAJICHTHUM THIIOM 3B’s3Ky. s HEX
XapakTepHa TeTpaeApUYHA KOOPIHMHAIS (PparMeHTiB
rpatku. CepejHe KOOpAMHALIMHE YUCTIO Zyp, Y CTEKNAX
cucremu Cd-As (Z.,=4) 3HaYHO NEPEBUILYE CEPETHE
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NpY)KHUX MOIYJTIB 1 TeMmMmepaTypu CKIyBaHHA i3
3MIHOIO  CKIaay  (CTPYKTypH), IO, OYEBUIHO,
MOSICHIOEThCSL BIUIMBOM HE TUIBKM €Heprii 3B s3Ky 1
CTyIeHsI 3B’S3HOCTI CKJIOBHAHOTO Kapkacy, aie i
CTyIIeHEM 3allOBHEHHS IPOCTOPY B JOCIHiKYyBaHHX
CTEKJIaX Ta MEPCHANPYKEHICTIO 3B'SI3KIB, OCOOJIHBO B
cucremi Cd-As. CTpykTypa CepeHhOrO MOPSAKYy (Ha
JIEKITBKOX MDKATOMHMX Bimmayei) y crekinax Ge-As-S
3MIHIOETBCSI BiJl JJAHIFOXKKOBOI JIO MIAPYBaTOi 1 Jaii 10
mpocTopoBo  —  3B’s3aHol.  OcTaHHIA — mepexif
crocrepiraeTbcss npu Z.=2,67 1 CyHpOBOJUKYETHCS
Pi3KOI0 3MiHOIO (DiI3UIHHUX BIIACTHBOCTEH, B TOMY YHCIIi
i CTpUOKOMOIIOHUM POCTOM TPYKHUX TOCTIHHUX Yy



BHyTpiniHiit THCK, MIKPOTBEpAICTh Ta MEXa IIMHHOCTI. ...

crexnax cucremu Cd-As.

Crexna, B SKMX Zg,<Z,, XapaKTepH3yIThbCs
cJ1a0KOI0 3aJISKHICTIO MIPYKHOCTI BiJ| ckiaay (tadm. 1).
VY HekpucTalniuHMX MaTepianiB 3 Zg, = Z. NPYKHICTh
pi3KO BUpOCTa€, BOHHM CTAIOTh HEYYTIMBUMHU JIO
30BHIMNIHIX BIUIMBIB, MPO IO CBIIYHTH 3aJICKHICTH
ontuyHoro koedimienra namnpyxenus Bl (OKH) Bin
Z,, (OKH € moximHOI0 MOKa3HHKA 3aJlOMICHHS Bil
MeXaHIYHUX HalpyxeHb). Y crekinax Cd-As BennuuHa
OKH 3pocrae i3 30UIbIICHHSIM BMICTY KaaMito Bij -7
1o -10 TIIa, mo € menme, HiX y crekinax Ge-As-S i Ha
OGararo MeHIIe, HDK B  HHU3bKOKOOPIMHOBAHUX
XaJbKOTEeHITHUX cTeKaax [17].

Bennunna y (Tabm. 1) mMano 3aiexurs Bif CKiamy
CTEKOJ. 3 POCTOM CTYIEHS 3B’S3HOCTI CKIOBHIHOTO
KapKacy ckja (IIpH 3aMilieHHI MHII IKy Ha TepMaHiil B
cucreMi As;S;-GeS,) i mpu 301IbIICHAI BMICTY KaJMilO
B citmi ckia B cuctemi Cd-As y Ta L 3MEHIIY€ETHCS, a
NpyXKHIiCTh 3poctae. Bemuuumna A B dopmyni (4)
0sn3bKa 10 OAMHUIN (Tad1. 2), SIK 1 IS IHIIKAX CTEKOJL.

SAxmo ana crexon Cd-As f, i y 3MiHIOIOTBCA
CHUMOATHO 13 3MIHOIO CKJIJly, TO JUIS XaJIbKOTCHIJIHUX
CTEKOJI CIIOCTEpIraeThes iHmA KapTuHa. Bemmumna f,
pocre i3 30UIb-IIEHHSM BMICTY TepMaHil0 B CKIi
(>xopcrtkocti), a y cnangae (tabm. 1, 2). Ile, oueBuaHo,
MOXKHa MOSICHUTH CBOEPIIHICTIO OyZ0BH KapKacy CiTKH
CKJa: B XaJlbKOTCHIJHUX CTEKJIAaX CiTKa CKJa
YTBOPIOETHCSI TIEPEBAKHO KOBAICHTHUMH 3B’SI3KaMH 1
HE  CIIOTBOPIOEThCA  MOJAU(DIKYIOUMM  JI0JaTKOM
KaTiOHIB, K II¢ Ma€ MiCIle B CHIIKaTHUX cTeknax [18] i
creknax cuctemu Cd-As [15,16] .

BinxunenHs dvactku QaykryaniiiHoro o6’emy f,
(fy=Vuny), sxumit  3amopoxyerbcss npu T, Big
MOCTIMHOTO 3HAYEHHST MOXXE OyTH 3yMOBJICHE 3MiHOIO
abo BeNMuMHM 00’€My MIKPOIIOPOXKHUHU Vi, abo
KOHIIEHTpaIlii mipok n, [8]. AHam3 OTpUMaHHX
pe3ynpTaTiB MOKa3ye, 10 picT f, CympoBOMKYeThCS
3MeHIeHHsM Koediienta Ilyaccona p, rpaTtkoBoro
napameTpa ['proHaiizeHa y, 00’€My MIKPOIIOPOKHUHU
Vi, 1 30UbIIeHHAM 1y, (Tabu. 1, 2). Crix 3a3Ha4uTH, 110
3aMiHa ~ MUII'IKYy Ha TepMaHidi y  CTeKiIax
XaIlbKOTEHITHOT CUCTEMU MPHU3BOIUTH JIO 3MiHU Vi, i ny,
y KiJIbKa pasiB, Toai K y crexiax cucremu Cd-As Vy i
Ny, IPaKTUYHO HE 3aJICKUTH BiJ ckiamy. Lli pesynpratu
Y3rOJDKYIOTBCS 3 PE3yJIbTATAMHU JTOCHI/PKEHHSI CUCTEMH
Ge-As-S B pobori [13], ge moka3zaHO, MO B CTEKJIaX
i€l CHCTEMH CTPYKTypa HEKPUCTATIYHIX MaTepialiB i3
3HAYEHHSIM cepeIHbO1 KOOpAWHAMI{ Zp<Z,

XapaKTepU3yIOThCS HASBHICTIO 3HAYHOI  KITBKOCTI
obOjacTell 13 3HIKEHOIO JKOPCTKICTIO  (BEIMKOIO
TYCTHHOIO CTPYKTYpHHX JAe(eKTiB), a npu Zg, > Z,
Marepianyd 1moOyJoBaHi B OCHOBHOMY 13 “)KOPCTKHX
obuacreir”, Ta 3 OJHUM i3 BUCHOBKIB MoJeNl “M’IKuX’’
koHpirypamiii [19] mpo He3HauHy pOJIb M’ SIKHUX
KOH(}Irypariif y HeKpUCTaliuHUX MaTepianax 3 Z, = 4.

Came y mux, Tak 3BaHUX, M SIKUX KOHQIrypamisx
BiZI0OyBalOThCS JOKAJIBHI JedopManii KBa3irpaTkH, 1o,
3rimHO [4], MoOB’si3aHi 3 yTBOPEHHSIM (UIyKTyaliitHUX
MIKpPOIIOPO’XKHMH 1 camMeé B TakuXx ‘M SIKuX’
MIKpOOOJIacTAX aHTaPMOHI3M KOJMBaHb MOBUHEH OYTH
BHP&KEHHUN CHIBHINIE, HDK B HOPMANbHIN citmi abo
JMAHIIOKKY cHIbHUX 3B s3KiB. L]0 i1 crocrepiraeTscs y
CTEKJIaX JIOCIHIUKYBaHHX CHCTEM: y CTEKIax 3 MaJuM
Z., (cucremu As-S (Se) [12]) y 3HauHO Oinblue, HiXK y
crexnax cuctemu Cd-As, ne Z, = 4 (tabm. 1).

CxilyBaHHA KOBQJEHTHHX CIONYK 3 BHCOKHM
KOOpI[HHaL[iﬁHHM YUCJIOM J03BOJIA€ OTpUMATH TakK
3BaHI “nepeHanpyeHi” HamiBIPOBIIHUKOBI CTeKa,
sIKI 32 CBOIMH BJIAQCTHBOCTSMH 3aiMarOTh MPOMIKHE
MOJIOKEHHS MK HATIBIPOBITHUKOBUMH
XaJbKOTEHITHUMU Ta METAJIeBUMHU CTEKJIaMH. B HHX
3aMiCTh TPHPOAHO-BapiallitHOro ONMKHBOTO MOPSIZIKY,
o0 Mae€ Miclle B XalbKOTeHimaX, (opMyeThCs
MIPUMYCOBO-BapiallifHIH ONIKHIN MOPSIOK 3 CHIIEHOIO
nedopMaliero CTpYKTYPHUX OJUHHIG Pi3HOTO THUIY, B
3aJIeKHOCTI BiJl CKIaoy, Ta IEpeHANpyrd XiMid4HOTO
3B 3Ky [15,16].

IV. BucHoBkun

OTXe, MaKCHUMaJbHUH BHYTPINIHIH THUCK Pip
JIOCHI/PKYBaHMX ~ CTEKOJ  TUIBKM Yy  IEpHIOMY
HaOnkeHHi 30iraeThbes 3 iX MikpoTBepaictio H. Mexa
IUTACTUYHOCTI G, JOCHIPKYBaHMX CTEKOJ MEHIIa 3a
MiKpoTBepIicTh H 1 3a MakcUManpbHHN BHYTpIIIHiI
THUCK Dim.

[IpocminKoByeTbCS TEBHUH 3B’S30K  MPYIKHHUX
CTaJMX Ta mNapaMeTpiB Teopii  (UIyKTyaliitHOro
BUJIBHOTO  00’€My 3  BEJIMYMHOK  CEPEJHBOrO
KOOPAMHAIIHHOTO yncia Zg, Ta XapakTepoM XiMidHOTO
3B 513Ky B CKJli. OTpHUMaHi pe3ysibTaTH y3romKyThCs 3
IAHUMH JIOCIIIUKEHD JUIs 1HIIUX CTEKOIL.
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Through the data of elastic constants maximal internal pressure p;, is calculated for chalcogenide glasses and
fluidity limit o, . It was shown, that value of p;, not corelates with microhardness H after Vikkers in all of
glasses. Fluidity (plastic) limit 6, more little then microhardness and maximal internal pressure pi,.

Elastic constants and fluctuation free volume parameters in observed glasses largely depend on mean
coordination number Z,.



