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Po3Burok Hayku 1 TeXHIKM HOCAT Ti€l
MEXi, KOJM  KJIAaCH4Hi  MaTepiaid  He
3aJOBUIBHSIOTE TOTPEOM Cy4acHOTO PpHUHKY.
ToMy 3aKOHOMIpHO BHHHKA€E MpoOiieMa MOUTyKY
MarepiamiB 3 SKICHO HOBHMH BJIACTHBOCTSIMH.
Cepen CKIagHUX HAMIBIPOBIIHUKOBUX CHCTEM
Ba)XJIUBE MicCIle 3aiiMalOTh TepHApHi Ta TETpapHi
XaJIbKOTCHIIHI CHCTEMH, YTBOPEHI OiHApHUMH
HaITiBIPOBITHUKOBHMH CIIOJTYKaMH,
KOMIIOHCHTAMH SIKHX BHCTYMaroTh pP- T1a d-
enementu |, |l rpym, p- enementu IV rpynu
ITepiogmanoi CHUCTEMU €JICMEHTIB
J.I. Menneneesa ta xanpkorenu [1].

XanpKOTeHiIW 3a PaxyHOK BHCOKOTO
MOKa3HUWKa 3aJIOMJICHHS, BHCOKOI BiJHOCHOT
IIUJIBHOCTI TUTIBOK Ha X OCHOBi, MO>JIHMBOCTI
BUKOPUCTAaHHS B BUAUMIH 1 iH(ppadepBOHii
obmacTsx, poOIATH ix He3aMiHHUMU
MarepiaaMu ISl BHpIIICHHS IUIOTO  PSIY
MaTepiajJo3HaBUYMX MHUTaHb. XalbKOTEHI] 0JIOBa
SnS - wmarepian  mIs  QOTOPE3UCTOPIB,
MepEMUKAdiB y 3amaM’ STOBYIOUHX TIPHUCTPOSIX;
Cynbdhing GeS BUKOPUCTOBYETHCS ISl ONTUYHHUX
enemeHTiB TexHonoriunnx COz-mazepiB  [2].
Tomy, mocmiKeHHS 00JacTeld CKIOYTBOPCHHS
cucrem ALSBYVSPS: ¢ aKTyaJIbHUM.

YucneHHi JOCHiKEHHs CKIIOYTBOPEHHS Y
kBa3ibiHapHiit cuctemi  AQS-Gel [3, 4]
HaBOJATh OJHM3BKI pPE3yNbTaTH TPO Te, IO
00acTh iCHYBaHHS CKJIa MPOCTSTaeThes Big 45—
50 mo 100 mon.% GeS. Asropu [5]
CTBEP/KYIOTh, IO TIO JaHOMY Mepepidy, cepen
ICHYIOUHX CIIOJIYK, Y CKJIOTIOAIOHOMY CTaHi
MokHa oxpepxkatn GeS I Ag,GeS, mpore
onepxkanHsa Ag10GeS;; B amopdHOMY CTaHi

3HaYHO yTpyaHeHe. OpHa 3 TpUYMH —
BIZICYTHICTb CTPYKTYPHO-XIMI4HOi OCHOBH Yy
BUTIIAI CITKH PI3HUM YUHOM 3’ €JHAHHUX

teTpaenpie [GeS]. Hatomicts, po3uieHyBaHHS
CTPYKTYPHOi CITKM Tpu 30UIBIICHHI BMICTY
cpibyia crnpusie 3HAYHOMY 3pOCTaHHIO 10HHOI
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npoBigHOCTI, Ak Le € y Bunagky AgsGeS.
JlitepaTypHHX JaHUX IIOJO CKIOYTBOPEHHS B
cuctemi CLLS-BSs Hemae, a B cuctemi Ag,S—
P,Ss Bimomo, mo npu 3arapryBanHi Big 1173K
icHye 00J1acTh CKIOYTBOpPEHHS B Mexax 45—65
M0i1.% AQS [6]

B cucremi Ge—P-S srimHo [7] mpwm
3arapryBanHdi Big 1273 K B cucremi crekna
ICHYIOTh B  TIOBHOMY KOHIICHTpAIliHHOMY
iHTepBani, a 3rigHo [8] BHamocs orpumaru
crekia B Mexax 100-25 mon.% repmaniit
mucyiabdiny. BimomMocTi mpo CKIOYTBOPSHHS B
JaHii cucTeMi — CyNepewInBi, IO MPU3BOAUTH
JI0 TIOBTOPHOTO JTOCIiPKEHHSI 00JIacTi iCHYBaHHS
CKJIa.

Crekiia 3 BEIMKHM BMicTOM (ochopy
JIETKO TiJIPOTI3yIOTh MiJ Ii€I0 BOJIOTH TOBITPS.

ExcnepuMeHTalbHA YaCTHHA

s BCTAHOBJICHHS obOnacreit
CKJIOYTBOPEHHS y CHCTEMax ALSBYS,PS
(A'-Cu, Ag; BY-Ge, Sn)spasku Buroropmsmm
CIUVIABJIIHHSM i3 pO3paxoBaHOi  KiJIBKOCTI
eleMEeHTapHuX  KommoHeHTiB: wmimi (99,99
Mmac.%), cpibma (99,99 wmac.%), repmasniro
(99,9999 wmac.%), omnoBa (99,999 wmac.%),
yepBoHoro ¢ochopy (99,998 mac.%) Ta cipku
(99,997 wmac.%) 'y BakyyMOBaHHMX [0
3amumkoBoro THcky 1,3310° Ila kBapmoBux
KOHTeMHepax.

CuHTE3 MPOBOJIWIN OJHOTEMIIEPATYPHUM
MeTogoM B medax tumy MII-52. 3anasni
aMIyau i3 3arajbHOI KIJTBKICTIO BHXIJTHOI
pedoBHHH — 1 T TIOCTYIIOBO HarpiBaigm 3i
mBuakicTio 30 Kiron o temmeparypu 673 K,
BUTpuMyBasucsi 48 roxm, ansg 3B s3yBaHHS
BUTbHOI cipku. [licis 1BOm0O0BOI BHTPUMKH
npoBoauBes HarpiB go 1173 K 31 mBHAKICTIO
10K/ron i BUTpUMYyBalHCS TPU MaKCHMAJbHIH
temneparypi 10 roauH, micias 4oro aMmmyid 3i
crutaBamu rapryBanucs y 25 %uit  po3uun
HaTpiil XJIopuAy 3 MoApiOHEHWUM JIbojoM. JlJis
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3ano0iraHHsl  po30pH3KyBaHHS pO3IMJaBy B
nporieci TapTyBaHHS, a TaKOX JJIsl 3MEHIICHHS
BTPaT Ha KOHJCHCAII0 MapoBOi (a3u CTIHKAMHU
aMIyJl BHUKOPHCTOBYBAJIM TEPMOCTATYBaHHS iX
IITHYPOBUM a30€CTOM.

AMopdHIcTh OTPUMAHOTO 3IUTKY
KOHTPOJIIOBAJIM Bi3yaJlIbHO MO XapakTepHOMY AJIs
CKJa 370Mi Ta 3a JONOMOIOI  JaHHX
peHTreHau(pakTOMETPUIHIX TIOCITIHKCHB
(JIPOH 4-13, CuK-BunpoMiHIOBaHHS, Tiama3oH
kyTiB 20=10+50°,kpok 0,05°,excrio3utist — 2¢).

Pe3yabTaTH Ta iX 00roBOpeHHA

B mocnmimxyBaHuMX ~— TrepMaHiiiBMiCHHX
cucTeMax Cu(AgrLS—GS,—P.S ICHYIOTH
HeTlepepBHI CMYTH CKIIOYTBOPEHHS Ha CTOPOHAX
GeS—P.Ss. ocnimkeno, mo 9 3paskiB cucteMu
GeS-RP.S CKJIOIO{10HI. Ha BCiX
TudpakTorpaMax  CHOCTEPITAIUCS  <«Tajlio»
XapakTepHi UIg  CKJIOMOAiOHOro cTaHy, a
BiJICYTHICTh MIKIiB CBIIUUTH po
HEBIIOPSAKOBAHICT,  aTOMIB  Ha  BIJICTaHi
HAaHOMETPHUYHOTO XapakTepy. OTpuMaHi CTEKiIa
Oynu MPO30pUMH >KOBTO-YEPBOHOTO KOJIBOPY 31
3]IaMOM XapaKTePHHUM JJIS CKJIa.

Jos JOCITIIKCHHS obuacti
ckioyTtBopeHHs B cuctemi Cu,S—-RBSs Oyno
CHHTe30BaHO 8 cmiaBiB. Bci 3pa3ku HOCATH
SICKPaBO BHpaXKCHUIH TTOTIKPUCTTIIHAT
XapakTep, 0 MiITBEPIKYEThCS PE3yJIbTaTaMu
peHTreHoda3oBoro aHaizy.

PesynmbraTu JTOCITI JPKEHHS obmacTi
CKJIOYTBOPEHHS B CHCTEMI CUZS—G:SQ—PZSCS
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u2$

npencrasieHi Ha puc. 1. Ilpm 3arapryBanHi
cmiasiB Bix 1173K maxcumansauii Bmict CUp,S
cranoButh 10Mmo011.%.

ObnacTk CKIIOYTBOpPEHHS B cucTeMi Ag,S—
GeS—P.Ss  BcraHoBieHO 3a  pe3ynbTaTaMu
JOCITI IHKEHHS 37 3pasKiB (puc. 2).
MaxkcumansHuii BMicT AQpS, 1m0 BXOAUTH A0
CKIIQJly CKJa y JaHild cuctemi, cTaHoBUTH 70
M071.%. [0JIOBHUM UYHHHHKOM € CXHIIbHICTh
Ge$S Tta P,S no ckioytBopenns. 1le npuBoauTh
JI0 3HAYHUX O0OJacTeld CKJIOYTBOPECHHS, IO
PO3IINPIOE MOKIUBOCTI 3MiHU (DI3MKO-XIMIYHHX

BJIACTUBOCTEH i3 pi3HUM BMICTOM
MoaudikaTopa.

O6macri CKIJIOYTBOPEHHS B
CTaHyYMBMICHUX CHCTEMax 3HAYHO  MEHIIi

MOPIBHSIHO 3 aHAJIOTIYHUMH TepMaHiMBMiCHUMH,
0 TIOB'S3aHO 3 TIOCHWJICHHSM METaJIiYHOTO
CKJIQJIHMKA XIMIYHOTrO 3B sI3Ky mpu 3MiHi GeS
Ha SNS. CranyMm aucynb(ig MOXHa BBaXKaTH,
CKJIOYTBOpIOBaUeM, Xoua 0e3nmocepeinbo SN y
CKIIONOMIIOHOMY CTaHi He oTpuMmMaHo. B
KBa31MoTpPiiHii CHCTEMI CUu,S-SnS-P.Ss
CHOCTepiraemMo ABi 00JIACTi CKIIOYTBOPEHHS, SIKi
3HAXOMAThCSA HA CTOPOHI SNS—P,S;: omHa B
obmacti 5-15 mon.% BSs, BKIOYamOud npu
pomy npubm3Ho 5 Mon.% CyS, inma — 35—-65
Mo1.% BS;, MakcumanpHuii  BMicT CWS
craHoBuTh 10mo01.%. KBasimoTpiiiHa cucTeMa
AQ,S-SNS-P.Ss  xapakTepusyeTbCs — TaKOX
JBOMa 00JacTIMU CKJIOYTBOPEHHS Ha Tiepepisi
SnS—P.Ss: ogna B o6macti 5-15 mon.% BS;,
igma — 35-65v01.% P.Ss.

O - ckiononxioHi
CILIaBU

@ - CKJIOKpUCTAIIU
Ta KpUCTaJIH

P,Ss

GCSZ

Puc. 1. O6nacts ckinoytBoperss B cucreMi CU,S—GS—P,Ss.



Hayk. sicnux Yoiceopod. yn-my (Cep. Ximis), 2020\ 2 (44) Sci. Bull. Uzhh. Univ. Ser. Chem., 20202 (44)
-43-

AgZS

O - CKJIOIOIIOHI
CILJIaBU

@ - CKJIOKpUCTAIIN
Ta KpUCTAIH

PZSS G€S2
Puc. 2. O6nacts ckinoytBopeHHs B cucteMi Ag,S—GS—PsSs.

glassesJ. Non-Cryst. Solids1996, 208(1-2), 21-28.

Caoucox BUKOPHUCTAHUX IZKEpeT Doi: 101016/80022'3093(96)00509'1

5.KoBau C.K., Koxam A.Il., Bopommmor IO.B.
1. A6pukocos H.X., bankuna B.®., TTopenkas JI.B., OnekTpoxumuueckoe — mosencHue  AgsGe§  wu
CkynHoBa E.B., UmxeBckas C.H. AgsGeSe. Vip. xum. srcypr. 1993, 59(4), 395-398.
ITonynpoBOAHUKOBBIE XaJIbKOTEHHUIIBI M CIUIaBbl Ha 6. Kmmyx T.JL, Masypeup LI, Omexcerox LI
ux ocHoBe. Mocksa: Hayka, 1975.C. 219. OGnacte ckin0yTBOpeHHs B cucremMax Ag,S-GaSy—
2.1Iemer B.4., Camoscbka [0.B. Xanbkorenimu y PSS ta AQS-InS—P,S. VI international
Cy4acHOMy MaTepianosHaBcTBi. Haykosi nomamku. conference «Relaxed, nonlinear and acoustic optical
2014, 44, 291-295. processes; materials — growth and optical

3. Kamitsos E.l., Kapoutsis J.A., Chryssikos G.D., Properties»Lutsk—Lake, “Svityaz’2014.

Taillades G., Pradel A., Ribes M. Structure and/- Bumorpagosa I'.3., Maiicamsumn  H.I.
Optical Conductivity of Silver Thiogermanate Mccienosanne —obmacreil  CTEKI000pasoBaHus B
GlassesJ. Solid State Chen1994, 112(2), 255-261. (ochopoconepammx XaibKOrCHUAHBIX CHCTEMAX.
Doi: 10.1006/jssc.1994.1301. JKypH. neopean. xumuu. 1979, 24(4), 1116-1117.

4. El Mkami H., Deroide B., Zanchetta J.V., Rumori 8. Hilton A. R., Jones C. E., Brau M. Nonoxide IVA—
P., Abidi N. Electron paramagnetic resonance studyVA-VIA chalcogenide glasses. Part I. Glass-forming

of Mn?* and C@* spin probes in (ABK(GeS):« regions and variations in physical propertiBys.
and Chem. Glasse$966, 7(4), 105-112.

Crarts Haniimia go pepakuii: 14.10.2020.
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The boundaries of the glass formation areas ofiguaary systems #S-B"S,—P.S; (A' — Cu,
Ag; BY — Ge, Sn) have been established by the methodraf/ ¥hase analysis. The compouneS&
can exist in a glass state, so that germaniumplhigig acts as a glass former in quasi-triple system
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The glass semiconductor alloys have been syntliebigeghe single-temperature method from
the elementary substances of copper (99.99 wt.Bser£99.99 wt.%), germanium (99.9999 wt.%),
tin (99.999 wt.%), red phosphorus (99.998 wt.%) sulflur (purity 99.997 wt.%). Maximum synthesis
temperature was 1173 K, followed by quenching ef &impoules in a saturated solution of sodium
chloride with crushed ice. Glasses with a high eohbf phosphorus are easily hydrolyzed under the
influence of moisture of the air.

Diffractograms have been recorded on a diffractemBiRON 4-13, Cukradiation, range of
angles B=10+50°, stepped scan 0,05°, exposure time 2 secémdorphousness of the obtained
alloyshas been controlled visually by the fracture chiaréstic of the glass and with the help of X-ray
diffraction studies. «Gallo» has been observed lbuliiractograms of glass samplestesence of
which indicates the absence of long-range ord#reralloy structure.

There are continuous bands of glass formation an gldes GeSP.Ss in the studied
germanium-containing systems,S—GeS,—P.Ss. The obtained glasses have been transparentywello
red color with the fracture characteristic of thasg. The main factor is the tendency of @&l BSs
to the glass formation. There has been found thatmples have polycrystalline nature in the syste
CwS—-GS,. Only Ge$ and AgGeS have been obtained in the vitreous state fromctbes section
Ag,S-GeS The maximum content of GB and AgS, which are a part of the glass in systems
Cu(AQ).S—GS—P,Ss, is 10 and 70 mol.% accordingly.

The areas of glass formation have been much smatierpared to similar germanium-
containing in the state-containing systems of tlesgjormation area, which is associated with the
strengthening of the metal component of the chdrbmad by changing Ge$o SnS.

We observe only two areas of glass formatiorgumsi-triple system€u(Ag),S—-Sn$-P.S
which are on the side SpF»Ss: one in the area 5-15 mol.%, including approximately 5 mol.%
Cw,S ta AQ,S, the other — 35-65 mol.%3, the maximum content of & and AgS is 13 and 4
mol.%.

Keywords: glassformation; chalcogenides; X-ray phase analysis
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