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AHOTANLIA
KmumoBua O. C. ®a3oBi piBHOBarm Ta CKIOYTBOPEHHS Yy CHCTEMax
Cu(Ag),Se — Ge(Sn)Se, — As,Ses. — KamidikariiiHa HaykoBa Ipails Ha ImpaBax
PYKOTIHCY.
Jluceprariis Ha 3100yTTS HAYKOBOTO CTYNCHS KaHAMIAaTa XIMIYHUX HAyK 3a
cunemianpHicTIO  02.00.01 «Heopraniuna xiMmis». — CX1IHOEBPOIIEHUCHKHIA
HaIllOHAMBHUM yHiBepcuTeT imeHi Jleci VYkpainkm, M. Jlympk, 2020. —

JIpBIBCHKMIA HallIOHATLHUHN yHIBEpCUTET iMeH1 [Bana dpanka, JIbBiB.

3micm anomauyii-

VY nuceprtariiiHii  poOOTI BHBYAJIKMCHh (pa30BI PIBHOBArW, KPUCTAIIYHA
CTPYKTypa MPOMIKHUX (pa3, CKIOYTBOPEHHS Ta BJIACTUBOCTI CKJa B CHUCTEMax
Cu(AQ).Se — Ge(Sn)Se, — As,Se;. Brmepiie 3a oTpuMaHMMHU pe3yJbTaTaMu
noOynoBaHo 4 i3oTepmiuni nepepisu cucreM Cu(Ag),Se — Ge(Sn)Se, — As,Se;
npu 513 K, 6 mgiarpam crany Ta 11 momiTepMidHHMX Tepepi3iB CHUCTEM
Cu(AQ).Se — Ge(Sn)Se, — As,Ses, mpoekilii MOBEPXOHb JIKBIAyCy 3 CHUCTEM
Cu(Ag),Se — Ge(Sn)Se, — As,Se; Ha KOHIICHTPALIMHUNA TPUKYTHHUK, YTOYHEHO
nmiarpaMmy cTtaHy cucremu Ag,Se — AS,Se;. Bmepine BuzHaueHi 00acTi
NEepBUHHOT KpHUcTam3aiii (a3, TUMH 1 KOOPAMHATH HOH- 1 MOHOBApIaHTHUX
piBHOBar. Bmepiue I0CHIIKEHO KpPUCTAIIYHY CTPYKTYpY HOBOi TETpapHOi
cionykun Ag,SNASgSe;,, M0 YTBOPIOEThCS B KBa3IMOTPINHINA cuctemi Ag,Se —
SnSe, — As,Se; Ta TepHapHOi crnolyku AgAsS3SE€s, 1110 YTBOPHOETHCS
B KBa310iHapHii cuctemi Ag,Se — As,Se;. Briepie Bu3HaueHo Mexi o0nacTeit
ckioyTBopeHHs y cuctemax Cu,Se — Ge(Sn)Se, — As,Se; Ta Ag,Se — SnSe; —
As,Se3, a TakoK BU3HAYEHO XapAKTEPUCTUIHI TEMIIEPaTypH OTPUMAHUX CTEKOI,
BUMIpSHA  MIKpOTBEpJICTh, JOCHIDKEHI ONTHYHI  Ta HEJHIHHO-OITHYHI
BJIaCTUBOCTI cTekoia cucteMu Cu,Se — GeSe, — As,Ses.

[30TepMiunmii Tiepepi3 kBazinmoTpiiiHOT cuctemu Cu,Se — GeSe, — As,Se;
npu 513 K nobynoBanuii 3rimHo 3 pesyabratamu POA ta MCA 137 3paskis.

KgBazinotpiitna cuctema npu 513 K kBazibinapaumu piBHoBaramu CugGeSeg —



CuAsSe,, CuAsSe, - Cu,GeSe;, Cu,GeSe; — As,Se; pos3OuBaeThCs
Ha 4 miacucremu: Cu,Se — CugGeSes — CuAsSe,, CugGeSes — CuAsSe, —
Cu,GeSe;, CuAsSe, — Cu,GeSe; — As,Se; ta Cu,GeSe; — GeSe, — As,Ses.
['pannuHi TBepAl PO3UYMHU BEIUKOI MPOTSKHOCTI BIACYTHI, PO3YMHHICTH
Ha OCHOBI OIHApHUX 1 TEPHAPHUX CHOIYK MeHIe 2 MoJl. %0.

[Tpoekiis dikBigycy KkBasimoTpiiHoi cuctemu Cu,Se — GeSe, — As,Se;
CKIAJA€ThCs 3 TMOJIB TepBUHHOI Kpucrtamizamii Cu,Se, CuAsSe,, HTM-
CugGeSes, BTM-CugGeSes, Cu,GeSes, GeSe, ta As,Ses. LI momnst posiiieHi
11 MoHOBapiaHTHUMU KpuBUMH 1 13 HOHBapiaHTHUMH ToukaMu. Ilepepi3
Cu,GeSe; — As,Se; € kBazibiHaApHUM 1 po30MBa€E MOCTIKYBaHy KBa3iMOTPiHHY
cucremy Ha nBi migcuctemu: Cu,Se — Cu,GeSe; — AsSes (1) ta As,Ses —
Cu,GeSe; — GeSe;, (I1).

BignoBimno mo pesynbraTiB POA 1a MCA 110 3paskiB moOy10BaHO
130TepMiyHUI Tepepi3 KBas3inoTpiiHoi cuctemu Cu,Se — SnSe, — As,Se; mipu
513 K. Kgazibinapui piBHOBarn MiK cromxykamu Cu,SnSe; ta CuAsSe,,
Cu,SnSe; ta As,Se; po30MBarOTh AOCHIHKYBaHY KBa3IMOTPIAHY CUCTEMY MpU
513 K na 3 miacucremu: Cu,Se — Cu,SnSe; — CuAsSe,, Cu,SnSe; — CuAsSe, —
As,Se; Ta As,Se; — Cu,SnSe; — SnSe,. Ha ocHOBI BUXITHUX OlHApHUX
Ta MPOMDKHUX TEPHAPHUX CTOJYK BIJCYTHI 007aCTl 3HAYHOI PO3YMHHOCTI.

JlikBigyc kBasimotpiiiHoi cuctemu Cu,Se — SnSe, — AS,Se; cKitamaeThes
3 moJiiB mepBUHHOI Kpucrtamzaiii Cu,Se, Cu,SnSes, SnSe;, As,Ses, CuAsSe,.
VYci obnacTi po3ainieHi 8 MOHOBapiaHTHUMHM KPUBUMH 1 9 HOHBapiaHTHUMH
toukamu. Cucrema Cu,SnSe; — As,Se; AUMTH IOCTIHKYBaHY KBa3lMOTPIAHY
cucreMy Ha aBi migcucremu: Cu,Se — Cu,SnSe; — As,Se; (1) Ta Cu,SnSe; —
As,Se; — SnSe, (11).

[30TepMiuHMiA TIepeTHH KBa3imoTpiHOiI cuctemu Ag,Se — GeSe, — As,Se;
npu 513 K nobynoBano, BpaxoBytoun pesynbratu aociixeHass POA ta MCA
122 3pa3kiB. MeTOJOM TOPOIIKY IMiJATBEPKEHO iCHYBaHHS Ta BH3HAYCHO
KPUCTAIIIYHY CTPYKTYpy croinyku AgAS;Ses, sika KpUCTali3yeTbcs B Tp. IP.

R3m, a = 0,38195(1) um, ¢ = 5,0082(2) um. YV HocCiimpKyBaHiil KBa3inoTpiiHii



CHUCTEMI BCTAHOBJICHO HAsBHICTh YOTHUPHOX ABOGa3Hux piBHOBAr: AgsGeSes —
Ag:AsSe;, AgsGeSes — AgASSe,, GeSe, — AgAsSe, ta GeSe, — AgASzSes. Born
NOAUISIOTh KBa3IMOTPIHY cHCTeMy Ha 5 oOnactedt TpudasHUX piBHOBAr
Ag,Se + AgsGeSeg + AgsAsSes, AgsAsSes + AgsGeSes + AgAsSe,, AgAsSe, +
AgsgGeSes + GeSe,, AgAssSes + AgAsSe, + GeSe, ta As,Se; + AgASsSes +
GeSe,. Ha ocHOBi OiHapHMX Ta TEpPHAPHUX CIOJIYK 0O0JacTi 3HAYHOI
PO3UYMHHOCTI BIICYTHI.

JlikBigyc kBasinotpiiiHoi cuctemu Ag,Se — GeSe, — As,Se; ckinamaeTbes 3
obOnmacteit mepBuHHOI KpucTam3amii Ag,Se, AQs;AsSe;, BTM-AgAsSe,,
AgAs3Ses, As,Ses, AggGeSes Ta GeSe, (HaWOLIBIII IOJS BiAIOBITAIOTH
nepBUHHIN Kpuctamizamii cnoiayk AgsGeSes ta GeSep). [lons mnepBUHHOT
KpucTamizauii  po3auieHi 13 MOHOBAapIaHTHMMHM  KPUBHUMHM  OlHapHHUX
€BTEKTHUYHUX, TMEPUTEKTUYHUX TMPOIECiB Ta 14 HOHBApIaHTHUMH TOYKAMHU.
[Tepepizu AgsGeSes — AgAsSe, ta GeSe, — AgAsSe, € kBaziOiHapHUMU
1 po30MBalOTh AOCHIKYBaHY KBa3IMOTPIHHY CHCTEMY Ha TpPH MIJICUCTEMH:
Ag,Se + AgsGeSes + AgAsSe, (1), AgAsSe, + AgsGeSes + GeSe, (II)
ta AgAsSe, + GeSe, + As,Se; (I11).

[30Tepmiunmii Tiepepi3 KBa3IMOTpiiHOI cuctemMu Ag,Se — SnSe, — As,Se;
noOymoBaHo 3rigHo 3 pesyiabraramu POA ta MCA 81 3paska. BceranomieHo
ICHyBaHHS HOBOi  TeTpapHOi CHONyKH ckiaamy  Ag,SnASsSe;p,  ska
KPHCTAIli3yeThCsl B Ip. Tp. R3mM, 3 mepiogamu  eJleMEHTapHOI KOMipKH
a =0,38124(2) um, ¢ = 3,9733(3) um Ta sika ipu 513 K nepedyBae y npodazHux
piBHOBarax i3 TepHapHuUMH cronykamu AgAsSe,, AgAS;Ses Ta OiHapHUMU
cnomykamu SnSe, 1 As,Se;. Kpim Ha3Banux aBoga3HUX piBHOBAr, ICHYIOTh
nBo(dazni piBHOBaru AggSnSes — AgsAsSes, AgsSnSes — AgAsSSe; ta Ag,Se —
AgAsSe,. JIBodazHi piBHOBAru po3AULIIOTE CHUCTEMY Ha 7 TMOJIB TpudaszHux
piBHOBar: Ag,Se — AQsSNSes — AQsAsSes, AgsSNSes — AgsAsSe; — AgAsSe,,
AggSnSes — SnSe;, — AgAsSe;, AgAsSe, — SnSe, — Ag,SNASgSer,, AgAsSe; —
AgoSnASgSe;, — AgASsSes, AgASsSes — AgoSNASsSe, — As,Ses, Ag,SnASsSer,
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— SnSe; — AS,Se;. 3naunoi po3umHHOCTI (OuUtbmie 1 — 2 mMon%) Ha OCHOBI
O1HapHUX 1 TEPHAPHHUX CHOJYK B CUCTEMI HE ICHYE.

BcranoBieno o6iacti yrBopeHHs ckia B cuctemax Cu,Se — Ge(Sn)Se, —
As,Se; ta Ag,Se — SnSe, — As,Se; mpu 3arapryBanHs Bim 1073 K. Opepikani
CKJIONOAIOH]1 CIUTaBU SIBJISUIM COOOIO TEMHO-CIpl OJIMCKYy4l MOHOJITHI 3pa3KH.
OO6nacTe CKJIOYTBOpPEHHS B KBazinmoTpiiHiN cuctemi Cu,Se — GeSe, — As,Se;
pwITae 10 KBasimoaBiiHOi cuctemMu GeSe, — AS,Se3, CyTTEBO PO3IMIHUPIOIOYHCH
npu 3poctanHi BMicTy AS,Ses. Ilpu Bmicti AS,Se; 0 — 45 mon. % oOnacth
CKJIOYTBOpPEHHS TapajnenbHa 10 croponn (GeSe, — AS,Se;, Bmict Cu,Se mpwm
oMy MeHme 10 mon.%. IIpu 60 — 100 mon. % AS,Se; MakCHMaIbHUN BMICT
Cu,Se nocsarae 35 moit. %. O61acTi CKIOYTBOPEHHS B KBA3IMOTPIHHUX CUCTEMAaX
Cu(Ag),Se — SnSe, — As,Se; 3ocepe/keHi B KyTi Ot AS,Se; 1 € MEHITUMHU
B MOPIBHSHHI 3 AHAJIOTTYHUMH T€PMaHIMBMICHUMH, 1O MOB’A3aHO 3 TOCUJICHHIM
METaJIIYHOI CKJIAJ0BOi XIMIYHOTO 3B’A3KYy MpU 3aMiHI TepMaHiid JHCENICHITY
Ha CTaHyM juceneHis. Ha Oi4HHMX CTOpOHaxX CKIOYTBOPEHHS B 1HTEpBaIi:
0 — 55 moa. % SnSe, mis cuctemu SnSe, — As,Ses, 0 — 35 moin. % Cu,Se s
cucrtemu Cu,Se — As,Ses, 0 — 30 moir. % Ag,Se ms cuctemu Ag,Se — As,Ses.

BusnaueHo XapakTepuCTUYHI TeMIIepaTypy pO3M AKIICHHS, KpUcTasizaiii
Ta IUIABJCHHS OTPHUMAaHUX CKJIOMOMIOHMX B3IpIiB. CXWIBHICTh CILJIaBIB
JI0 CKJIOYTBOPEHHSI OXapaKTePU30BaHa 3a JOTIOMOTOI0 MPUBEICHOT TeMIIepaTypHu
ckiyBaHHS (Ty = To/Tr). Just GinmbmiocTi 3paskiB Lel MOKa3HUK Mae 3HaYCHHS
0,64 — 0,7, 1m0 BKa3ye Ha BUCOKY 3/IaTHICTh CIUIaBIB JI0 CKJIOYTBOPEHHS.

JlocnipKeHO CHEKTpU ONTUYHOTO TOTVIMHAHHS —CKJIOMOJIOHUX 3pPa3KiB
KBa31MmoTpiiHoi cucremu Cu,Se — GeSe, — As,Se; 1o 13okoHIeHTpaTax 60 moi. %
As,Se;, 5 mon% Cu,Se ta 15 mon% Cu,Se. 3a naHuMU  CHEKTPaJIBHOTO
posnoairy KoedillieHTa TOTJMHAHHA B O0JAacTl Kparo TOTJIMHAHHS OI[IHEHO
ix mmpuHy 3a00poHeHOi 30HM Ey mpu Temmepatypi 292 K. BcranoBieHo,
110 IIIMPHUHA 3a00POHEHOT 30HU B CKJIONOAIOHUX criiaBax cuctemu Cu,Se — GeSe,
— As,Se; 3MeHIITyeThes 31 30UTbIIeHHSIM BMicTy CU,Se Ta 3pocTae 31 301IbIIEHHIM

BMmicTy GeSe;, a Takox, 110 31 30UIBIICHHSIM TeMIIepaTypy IIUpUHA 3a00pOHEHOT
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30HM 3MCHIIYETHCA. 3 CHEPreTUYHOI 3aJIEKHOCTI KoedillieHTa TOTJIMHAHHS
Ta paBiia  YpGaxa BusHadeHa xapakrepucrmuna emepris (A=d(hv)/d(Ina)),
IO ONUCYE  CTYMiHb  PO3MHUTTS  Kpar0 TOIJIMHAHHSA 1 BHU3HAYa€e  MIpy
pPO3YNOPSAIKYBAaHHS ~ MaTepialy. XapakTEepUCTUYHAa €HEpris TUIOBA  JUIs
HAIIBIOPOBITHUKOBUX  CKJIOMOMIOHMX MaTepiaiB  Ta JISKHTHh B Jiama3oHi
0,05-0,16 eB.

[TpogeMOHCTPOBaHO MOXJIHMBICTh BUKOPUCTaHHS cTekon cuctemMu Cu,Se —
GeSe;, — As,Se; sk maTepialliB Jisl TeHepallii TPEeThO1 TapMOHIKH.

Knirouosi cnosa: xanvkoreHiau, $ha3oBi piBHOBAru, 130T€pMIYHI Mepepisu,
IPOEKIIi TOBEPXHI JIKBIAYCY, KpHUCTalIl4HA CTPYKTYpa, CKJIOYTBOPEHHS,

ONTHYHI BJIACTUBOCTI.
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Content of the summary:

The dissertation is devoted to the study of phase equilibria, glass formation
and properties of intermediate phases and glasses in the Cu(Ag),Se — Ge(Sn)Se,
— As,Se; systems. The original results of the work are 4 isothermal sections of
the Cu(Ag),Se — Ge(Sn)Se, — As,Se; systems at 513 K, 5 phase diagrams and
12 vertical sections of the Cu(Ag),Se — Ge(Sn)Se;, — As,Se; systems, 3 liquidus
surface projections of the Cu(Ag),Se — Ge(Sn)Se, — As,Se; systems onto the
concentration triangle, re-investigated phase diagram of the Ag,Se — As,Se;
system. Fields of the primary crystallization of phases, types and coordinates of
mono- and invariant equilibria were determined for the first time. The crystal
structure of a new quaternary compound Ag,SnAsgSe;, formed in the quasi-
ternary system Ag,Se — SnSe, — As,Se; and a ternary compound AgAszSes
formed in the quasi-binary system Ag,Se — As,Se; were investigated for the first
time. The glasses of the Cu,Se — Ge(Sn)Se, — As,Se; and Ag,Se — SnSe; —
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As,Se; systems were obtained for the first time, the characteristic temperatures
of the obtained glasses were determined, and the optical and nonlinear optical
properties of the glasses of the Cu,Se — GeSe, — As,Se; system were studied.

Isothermal section of the quasi-ternary system Cu,Se — GeSe, —As,Se; at
513 K was constructed by XRD and microstructure analysis results of
137 samples. The quasi-ternary system at 513 K is separated into 4 sub-systems
Cu,Se — CugGeSeg — CuAsSe,, CugGeSeg — CuAsSe, — Cu,GeSe;, CuAsSe, —
Cu,GeSe; — As,Se; and Cu,GeSe; — GeSe, — As,Se; by the quasi-binary
equilibria CugGeSeg — CuAsSe,, CuAsSe, — Cu,GeSe;, Cu,GeSe; — As,Ses.
No large solid solutions were found, solid solubility in the binary and ternary
compounds is less than 2 mol. %.

The liquidus surface projection of the Cu,Se — GeSe, — As,Se; system
consists of the fields of the primary crystallization of Cu,Se, CuAsSe,, LT-
CugGeSes, HT-CugGeSeg, Cu,GeSe;, GeSe, and As,Se;. The sefields are
separated by 11 monovariant curves and 13 invariant points. The Cu,GeSe; —
As,Se; section is quasi-binary and splits the system in to two sub-systems,
Cu,Se — Cu,GeSe; — As,Ses (1) and As,Se; — Cu,GeSe; — GeSe; (11).

Isothermal section of the quasi-ternary system Cu,Se —SnSe, —As,Se;
at 513 K was constructed by XRD and microstructure analysis results
of 110 samples. The quasi-binary equilibria of the compounds Cu,SnSe; and
CuAsSe;, Cu,SnSe; and As,Se; splits the investigated system at 513 K into three
sub-systems, Cu,Se — Cu,SnSe; — CuAsSe;, Cu,SnSe; — CuAsSe, — As,Se; and
As,Se; — Cu,SnSe; — SnSe,. No large solid solution ranges of the initial binary
and intermediate ternary compounds were found.

The liquidus of the quasi-ternary system Cu,Se — SnSe, — As,Se; consists
of the fields of the primary crystallization of Cu,Se, Cu,SnSes, SnSe,, As,Ses,
CuAsSe,. All fields are separated by 8 monovariant curves and 9 invariant
points. The Cu,SnSe; — As,Se; system splits the investigated quasi-ternary
system into two sub-systems, Cu,Se — Cu,SnSe; — As,Se; (I) and Cu,SnSe; —
As,Se; — SnSe, (11).
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Isothermal section of the quasi-ternary system Ag,Se — GeSe, — As,Se;
at 513 K was constructed from results of XRD and microstructure analysis
of 122 samples. The existence of the AgAsz;Ses compound was confirmed using
X-ray powder method, and its crystal structure was determined as S.G. R3m,
a= 0.38195(1) nm, ¢ = 5.0082(2) nm. The existence of four quasi-binary
equilibria, AggGeSes — AgzAsSes, AgsGeSes — AgAsSe,, GeSe, — AgAsSe, and
GeSe, — AgAs3Ses, was established in the investigated quasi-ternary system.
They split the quasi-ternary system into 5 fields of three-phase equilibria
Ag,Se + AgsGeSeg + AgsAsSes, AgsAsSes + AgsGeSes + AgAsSe,, AgAsSe, +
AggGeSeg + GeSe,, AgAs;Ses + AgAsSe, + GeSe,, and As,Ses + AgASs:Ses +
GeSe,. No large solid solution ranges of the binary and ternary compounds were
found.

The liquidus of the quasi-ternary system Ag,Se — GeSe, — As,Se; consists
of the fields of the primary crystallization of Ag,Se, AgsAsSe;, HT-AgAsSe,,
AgAs;Ses, As,Ses, AgsGeSeg and GeSe, (the latter two have the largest fields).
The fields of the primary crystallization are separated by 13 monovariant curves
of the binary eutectic and peritectic processes and 14 invariant points. The
AggGeSes — AgAsSe, and GeSe, — AgAsSe, section are quasi-binary and split
the system in to three sub-systems, Ag,Se + AgsGeSes + AgAsSe, (1), AgAsSe,
+ AgsGeSes + GeSe, (1), and AgAsSe; + GeSe, + As,Se; (I1I).

Isothermal section of the quasi-ternary system Ag,Se — SnSe, — As,Se; was
investigated by XRD and microstructure analysis on 81 samples. The existence
of a new quaternary compound Ag,SnAssSe;, was found that crystallizes
in S. G. R3m, with the unit cell periods a = 0.38124(2) nm, ¢ = 3.9733(3) nm.
This compound forms at 513 K two-phase equilibria with the ternary
compounds AgAsSe,, AgAssSes and binary compounds SnSe, and As,Ses.
Additionally, two-phase equilibria AggSnSes — AgzAsSes, AggSnSes — AgASSe,,
and Ag,Se — AgAsSe, were found. The two-phase equilibria separate the system
into 7 fields of three-phase equilibria, Ag,Se — AgsSnSes — AgsAsSes, AgsSnSes
— AgszAsSe; — AgAsSe,, AgsSnSes — SnSe, — AgAsSe,, AgAsSe, — SnSe, —
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AgoSnAsSgSe;,, AgAsSe, —  AQSnNAsgSe;, — AgAssSes, AgAs:Ses; —
Ag,SNAssSe;, — As,Se;, AgrSnAsgSe;, — SnSe, — As,Ses. Notable solid
solubility (over 1 — 2 mol.%) in binary or ternary compounds of the system was
not found.

Glass formation regions in the Cu,Se — Ge(Sn)Se, — As,Se; and Ag,Se —
SnSe, — As,Se; systems were determined by quenching from 1073 K. Obtained
glasses were dark gray shiny monolithic samples. The glass formation region in
the quasi-ternary system Cu,Se — GeSe, — As,Se; is adjacent to that of the quasi-
binary system GeSe, — As,Ses, significantly expanding with increasing As,Ses
content. The glass formation regionis parallel to the GeSe, — As,Se; side for the
As,Se; content below 45 mol. %, and the content of Cu,Se is less than
10 mol.%. The maximum Cu,Se content reaches 35 mol. % at 60 — 100 mol. %
As,Sez. The glass formation regions in the quasi-ternary systems Cu(Ag),Se —
SnSe, — As,Se; are located in the angle near As,Se; and are smaller than in the
analogous germanium-containing systems due to increased metallic component
of the chemical bonding from germanium diselenide to tin diselenide. The glass
formationis observed at the side systems in the range of 0 — 55 mol. % SnSe, for
the SnSe, — As,Se; system, 0 — 35 mol. % Cu,Se for the Cu,Se — As,Se;z system,
0 — 30 mol. % Ag,Se for the Ag,Se — As,Se; system.

The characteristic glass transition, crystallization and melting temperatures
of the obtained glassy samples were determined. The tendency of alloys to glass
formation is characterized by the reduced glass transition temperature
Tg=T4/Tr. For most samples, this value is 0.64 — 0.7, which indicates the high
ability of alloys to form glass.

Optical absorption spectra of the glassy samples of the quasi-ternary
system along the concentration lines of 60 mol. % As,Sez, 5 mol. % Cu,Se, and
15 mol. % Cu,Se were investigated. Their bandgap energy E, at temperature
292 K was estimated from the spectral distribution of the absorption coefficient
near the fundamental absorption edge. It was determined, that the bandgap in the

glassy alloys of the Cu,Se — GeSe, — As,Se; system decreases with increasing



X1

Cu,Se content and increases with increasing GeSe, content; E, also decreases
with increasing temperature. Using Urbach's rule and the energy dependence of
the absorption coefficient, the characteristic energy A:d(hv)/ d(In a) was

determined which describes the degree of tailing of the absorption edge and
determines the measure of disorder of the material. The characteristic
Urbach'senergy lies in the range of 0.05 - 0.16 eV.

The possibility of using the glasses of the Cu,Se — GeSe, — As,Se; system
as materials for third harmonic generation was demonstrated. These glasses can
be considered as promising non-linear optical materials.

Keywords: chalcogenides, phase equilibria, isothermal sections, liquidus

surface projections, crystal structure, glass formation, optical properties.
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HEPEJIIK YMOBHUX ITO3HAYEHb
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BCTYII

AKTyasbHicTh TeMH. [lomyk HOBUX Ta BAOCKOHAJIEHHS BXKE€ 1CHYIOUMX
(GYyHKI[IOHaTPHUX MaTepialiB 3 HAO0OPOM HEOOXIMHUX XIMIYHHUX, (I3MYHUX
Ta eKCIUTyaTallliHUX XapaKTEPUCTUK 3AIMINAETHCA OJHUM 3 TPIOPUTETHUX
HanpsMKIB Cy4dacHOi XiMii. BaxnuBuMm eramoM po3poOKH HEOpPraHidHUX
MaTepialiB € JOCHIIKEHHS 3aKOHOMIPHOCTEH (PI3MKO-XIMIYHHUX B3a€EMOJIIH
y 0araTOKOMIOHEHTHUX CHCTeMaX, BHUBUYEHHSA CTPYKTypH Ta (PI3UYHUX
BJIACTUBOCTEN OTpumaHux (a3, 1o, KpiM TOTO, JO3BOJSIE POOUTH TEOPETUUHI
y3araJibHeHHs Ta CHUCTEMaTH3allll0 3HaHb B 00JIaCTI HEOPraHi4HOi XIMii
Ta Cy4aCHOT'0 MaTepiajio3HaBCTBA.

Ckia/iHI XaJbKOTEHIIN, O YTBOPIOKOTECS B cuctemax Ge(Sn) — As — Se
BIJIIFPAIOTh BAXKIMUBY pOJIb B 00JIACTI HENIHIAHOI ONTHKH, ONTOCIIEKTPOHIKH
ta [U-npumagoOynyBaras. Ctekna cuctemun Ge — AS — Se BigHOCITBCS
710 IIMPOKO-BIAOMUX Ta KOMEpUIMHO-I[IKaBUX MarepiaiiB. B mopiBHSIHHI
3 OKCHUJIHMMH 4YHM TaJOr€HIOHMMH, XaJIbKOIE€HIOHI CTEK/JIa BIIOMI 3aBIIKHU
BenuKii mpo3opocti B [Y-uactuni criektpy (mo 13 MM s ceneHiniB). Bonw,
TaKOX, BHKOPUCTOBYIOTbCS IS TEHepallli CYNepKOHTUHYYMY 3aBISKH
BUCOKOMY HEJHIHHOMY 1HJEKCYy 3anomieHHs (2,4 — 3,0 s ceseHidiB)
Ta BUCOKIM ONTUYHIN HeliHIAHOCTI (mpubau3Ho B 500 pa3iB BUIIIil 3a CUITIKATHE
ckio). Crekma cuctemu Ge — AS — Se BOJIOZIIOTH TaKOK B’SI3KICTIO, sIKa
CIPOILIY€E€ BHUTOTOBJICHHS BOJIOKOH 3 BHUCOKMM KputepieM no0potHocTi. Kpim
TOTO, 3 XaJIbKOTEHITHUX CTEKOJ BUTOTOBJISIOTH 10H-CEIEKTHBHI MEMOpaHU st
BmHavennss Ag', Cu®*, Pb®* ta Fe*. JloGaka Cu(Ag),Se mo crexon
Ge(Sn)Se, — As,Se; Moxke TIABHUINUTH iX IPOBIIHICTD, 110 3pOOHTH TX HIKABUMH
JUTS TIOJIAMTBIIHAX JOCIIHKEHB B IbOMY HAIIPSIMKY.

Omxe, Bce  BHUIICHaBeJAeHE  OOYMOBJIIOE  BHCOKHMN  1HTEpec
1o kBazinoTpirinux cucreM CU(AQ),Se — Ge(Sn)Se, — As,Se; Ta HEOOXiIHICTh
iX MTOCHiHKeHHs, SK Yy CTalblapHOMY, TaK 1 MeTacTablIbHOMY CTaHax,
110 O3BOJIUTh BCTAHOBUTU TEMIIEpaTypy JIKBIAYCY B ILHMX CHUCTEMAaX