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Crnonyku Tty MoP,Xs Ha ocHOBI
xanpkoredrinodocdarie (ne M — Mn, Fe, Co,

Ni, Cd, V, Mg, Pb, Hg, Sn; X — S, Se),

XapaKTePU3YIOThCS PI3HOMAHITHUMH (i3WIHUMHU
(cermero-, m'e30-, TMIpOETEKTPUUHI, TEPMO-
ENIEKTPHUYHI, TOI0) BIACTHBOCTAMH, 1[0 POOUTH
ix MOTEHIIIHO [[iIKaBUMU 00’ ekTamMu
ONTOCTIEKTPOHIKH, HAITIBIPOBITHAKOBOI TEXHIKH
B uizomy [1]. Crimerum m1a mHux e [PSe)*
CTPYKTYpHHI MOTHB, a TakoX IiapyBata 2D
CcTpykTypa. HasBHicTe 1ii cTUMyNmOBajgo B
OCTaHHI pIK-Ba JOCTIJKCHHS  XaJIbKOTCH-
rinogudocdatiB y SKOCTIi poOOYHX €NEeMEHTIB
i craiatporiku [2]. Crix BigMitaTh, 1m0 10
ciMeiicTBa  xanpKoreHrimoaudocdarie  okpiMm
TEPHAPHUX, HAJIEXKaTh TeTpapHi (a3u 3araabHOI
dopmymn M()M(IINP ,S4(Se;), 3 THMU camumu
CTPYKTYPHHM OCOOJMBOCTSIMH, IO Y TEPHAPHUX.
BpaxoBytoun 6inpiry BapiaTHBHICTH MO CKIAZy
TETPapHUX  MPEACTABHUKIB  CIIJ  TaKOX
OYIKyBaTH y HHX OUIBII IIHPOKHH CIEKTP
IMiKaBUX (i3MIHUX BIIACTUBOCTEH.

PazoMm 3 THM, He3BakaO4M Ha 3HAYHY
KUIBKICTh ~ BIIOMHX  XajbKoreurimodocdaris,
JaHi 1momo yMoB iX  QopMyBaHHS Ta
TEPMOJMHAMIYHOI CTabiIbHOCTI oOMexeHi. He €
BUKJTFOUCHHSM B IIbOMY acmekTi sk Tl4P,Se; Tak
i TISbRSe. 3rigHo miTepaTypHHX [JaHHX
TI,P,Se; kpucramizyerbcsi 'y  MOHOKIIHHIN
CHHTOHIii, TmpocropoBa rpyma P2/c, 3

mapamerpamu pemitku a = 1.2216(5hm, b =
0.9038(3)um, ¢ = 1.2300(5hm, B = 98.9(1)°ra
wiaBuThcs kKoHrpyeHTHo [3]. TISbR.Se takox
BITHOCUTBCS JI0 CIIONYK 3 KOHTPYECHTHUM
XapakTepoM IUIaBICHHS, KPUCTANI3YETbCA Y
MOHOKIIIHHIM CHHTOHIi, mpocTopoBa rpymna P2,
mapamerpu pemritkn a = 0.6843(1ljm, b =
0.7841(1)am, ¢ = 0.99885(1)m, B =99.72(2)°
[4]. HesBaxaroum Ha  BiZMIHHOCTI Yy
MPOCTOPOBHX TPyIaX, 00'¢ IHYIOYNM € HASBHICTh
XapaKTePHUX TUIS cenenorinodocaris
eTaunonibuux  okraempie  [P,Se]*. Bimsm
JICTAIHUN aHaJi3 CTPYKTYP JIaB 3MOTY BUSIBUTH
IHITI CIIUJTBHI PUCH Y CTPYKTypax, 30Kpema,
MOAIOHICTh aHIOHHOI MATPATKH, a caMe — ApyTe

KOOpAMHALifHE OTOYEHHS AaHIOHHHX TPyl
(rexcacenenrinomudochar  Houu)  dopmye
pombomonekaenp (puc. 1).

Takox aHaji3 JiTEpaTypHUX JaHHX

nokasas, 1o nepepiz T14,P.Se — TISbRSe He
MIepETHHAE YKOJCH Mepepi3 Ha OCHOBI CTA0LTLHUX
¢a3 cucremu Tl — P — Se — Sl sxomy Bin
peanizyetbest [5]. BpaxoByrouu BuIllecKasaHe,
cucrema T1,P.Se — TISbBSe; € xBazibinapHoIO,
a BPaxOBYIOYHM OJHM3BKICTh CTPYKTYp TEepHAPHOL
Ta TeTpapHOi (a3 icHyBama HMOBIPHICTB
B3a€MHOI PO3YMHHOCTI BUXIJTHUX KOMIIOHCHTIB,
0 3YMOBWIIO METy JIAHOTO JIOCIIJKCHHS:
BUBYUTH (Pi3MKO-XiMiUHY B3a€MOZII0 B CHUCTEMi
TI4P,Se — TISbRSe..
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Puc. 1.B3aemo3B's130k ctpykryp Tl4P,Se ta TISbRSe;:
a) Apyre KOOpAHHAIIIHE OTOYCHHS aTOMIB aHIOHHOI TPYITH B CTPYKTYpi crionyku Tl4P.Se;
6) apyre KOOpAWHAIlIMHE OTOYEHHS aTOMIB aHIOHHOI TPYTIH B CTPYKTYpi crioiyku TISbR.Se.

ExcnepumeHTaJbHA YACTHHA HarpiBy 6 K/XB) Ta peHTreHiBCHKOTO (a3oBOro
a”anizy (mopomkosuii qudpakromerp APOH 4,
Cunres Buxigaux kommoHenTiB T14,P,Se  Cu Ko sumpominroBanns). Ha mudpakrorpamax
ta TISbRSe 3pilicHoBaNM i3 moIEpeIHHO OllepKaHUX  3pa3KiB  cCIOCTEepirajuch  JBi
cHHTe30BaHOTO  T1,Se Ta  enemeHTapHHX cucteMu pedUIeKCiB, IO BiAMOBIAATN BUXITHUM
KOMITOHEHTIB, B3ATHX y CTEXIOMETPUIHHUX crojiykaMm. OO0acTh TOMOTEHHOCTI 3 00Ky 000X
CIIIBBIIHOLIECHHX. Tl,Se3aMicTh YUCTOTO TANIIO BUXIJHUX cTaHoBWwia MeHme 5wmon.%, 1o
Opain B 3B'YI3KY 3 IIBUAKHUM OKHCJICHHSIM migrBepkyerses JITA Ta POA.
ocTaHHROTO Ha TOBITpi. IlluxTy y momepeaHno T T
MPOTPABJICHUX, IMOMUTHX Ta  MPOKAJICHHX [ ]
KBapIOBUX aMmyjax, BakyymoBanux a0 0,13I1a
NOMIIIATHN Yy MY Ta CHHTE3YBAIM 338 HACTYIHHX r ]
yMoB: HarpiB g0 670 Knporsrom 5 roz, Bignain o T
mpu i Temmeparypi — 4 104, HarpiB 1o
MakcuMaibHOl Temmnepatypu cuate3y (900 K)3a ]
3 roj i nozjanpia BUTPUMKA PU MaKCUMAIbHII r ]
temreparypi 48 roa. ['oMoreHizyroumii Bigmai 5 .

npoBoAuan npu Temrepatypi 570 K mpotsrom - 3]
120  rogm. Heo0ximHicTh MIEPEBUILICHHS L h I 1
MaKCHMaJIBHOI TeMIIepaTypu cuHTe3y (Oimbime L ]
50 K), a Takox mepiogMYHEe MepeMilIyBaHHS [ W PRI

posmiaBy OyJg0 BHKIMKaHE 3HAYHOI HOro e —

N L i
B’ SI3KICTIO. - 1

CuHTe3 CIUIaBiB B CHCTEMi ITPOBOIUBCS A ]
yepe3 10, a Oinsg BuXigHUX cnoiyk 5won.% y I T ]

BaKyyMOBaHMX  KBapLOBHUX  aMIlyjJaX IpH bl et 0
TeMHepaTypl CI/IHTCSy 850 KHpOTHFOM 48 FOI[ Ta 5 10 15 20 25 30 35 40 452;() 55 60 65 70 75 80 85 90 95
Bignaiy 570 Knpotsrom 240rox 3 moxaisimmm

3arapTOBYBaHHSM Yy JThOJISHY BOJY.

Puc. 2. ludpaxrorpamu BUXiTHUX CIIOJIYK:
TI4P,Sey(1) ta TISbR.Sey(4) i crutagis:
S —— 95 mon.% TI,P,Se;— 5mom1.% TISbRSe(2) Ta

Y p 5 moi.% TI1,P,Se; — 95m011.% TISbRSe(3).

OnepxkaHi  3pa3Kd  JTOCIIKYBQJIHChH 3a  pesymratamu  JITA Ta PDA

METO/IaMH HHQ)epeHglaanoro . TCPMITHOTO no0OyI0BaHO Jiarpamy crany cucrtemu 114P,Ses —
(ATA) (BakyymoBaHi KBapLOBi COCYAHKH, TISbR.Se, (prc. 3)
XpOMENb-aIOMENEBA  TEPMONapa, MIBUIKICTh o
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TIpSe, 10 20 30 40 50 60 70 80  90mighpge

mol.% TISbP,Se,
Puc. 3. Jliarpama ctany cucremu T1,P,Se —
TISbR.Se;.

iarpama  cTaHy  BIIHOCHUTBCSA [0
EBTEKTUYHOTO THITy 3 BY3bKHUMHU OOJACTIMHU

poszumHHOCTI (MeHmEe 5M01.%) Ha OCHOBI
BUXIJTHUX KOMIIOHEHTIB. Bzaemonis
KOMIIOHGHTIB Yy  CHCTEMi  YCKJIaTHIOETHCS

HasIBHICTIO TPhOX TNONIMOpGHHUX Moaudikamiit
TI4P,Se, mo o0yMoOBIIOE Ha miarpami cCTaHy

HPUCYTHICTh ~ YOTHPHOX  TIJIOK  IEPBUHHOL
KpHCTami3alii: TpH HAa OCHOBI  HH3BKO-
TEMIIEPATyPHOI (a-chaza), CepeHbO-
TeMIepaTypHOl (a/-q)a3a) Ta BHCOKO-

TemreparypHoi (o -dasza) mogudikamii Tl4P,Se;,
a Takox TISbRSe (B ¢aza). Temmeparypa
eBTekTHYHOr0  mpouecy (678 K)  Hmxua
TEMIIEPATyp MOTIMOPPHHUX MEePETBOPEHb. I 'UIKK
NEPBUHHUX KpHUCTamzamii o Ta f da3
NEPEeTHHAIOTECA Y HOHBApiaHTHIN €BTEKTHUYHiM
touli 3 koopamHatamu. 678K, 55mon.%
TISbP.Se. MeratekTnuHi TpOLECH 3a Y9aCTIO
BHCOKOTEMITEPATYpPOI (oc”-(basa) Ta
CepeAHbOTEMIIEpaTypHOI (a/-q)a3a) Moudikamii
TI,P,Se; peani3yroTbess mpu TemmepaTypax —
746 K ("—L+d) 1a 708 K @' —L+0).

Crarrs Hagivinma no pepakmii: 02.02.2020.

BucnoBku

Metomamu JTA Tta P®DA pocmimkeHO
MOTIEPEIHBO  CHHTE30BaHI  3pa3Kd  CHCTEMHU
TIP.Ses — TISbRSe. 3a pesynbraTamu
NPOBEJICHUX JIOCHI/PKEHh BCTaHOBJICHO, IO
(asoBa miarpama cucremu T1,P.Se — TISbRSe
BITHOCUTHCS JI0 C€BTEKTUYHOTO THUMIY i3
BY3bKUMH 00JaCTIMHU pO3dMHHOCTI < 5 M0i.%,
mo BKa3ye Ha Te, MmO Moxaudikaiito
CTEXiOMETPUYHOTO CKJIay, O6e3 3MiHu (Pa3oBOro
CKJIQJly, HA JTaHOMY Iiepepi3i MOXKHA JIOCATTH
TP 3aCTOCYBaHHI ACKIJIBKOX BIACOTKIB APYTroro
KOMIIOHEHTY. Pa3oM 3 TUM, BCTaHOBJICHO
KOOPJMHATH HOHBAPiaHTHOI €BTEKTUYHOI TOUKH,
MO  BIAKPHBAE  TEPCHEKTHBH  PO3POOKH
ONTUMAIILHUX YMOB OJICpP’KaHHS EBTEKTHYHOTO
KOMITO3UTHOTO Matepiainy Ha ocHOBI T1,P,Se Ta
TISbPR.Se;.
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PHASE EQUILIBRIA IN THE Tl 4P,Se - TISbP,Se; SYSTEM

'Sabov V.1.,%Potorij M.V., *Piasecki M.,*Fedorchuk A.A., ‘Filep M.J., *Pogodin A.l.,
’Sabov M.Yu.

YUzhhorod National University, Research Institutd®bf/sics and Chemistry of Solid States,
88000, Uzhhorod, Voloshyna str. 54;
?Uzhhorod National University, Department of Inorg@@hemistry, 88000, Uzhhorod,
Pidhirna str. 46;
3).Dlugosz University, Department of Theoretical $tby, Armii Krajowej Str., 13/15,
42200 Cestochowa, Poland
“*National University of Veterinary Medicine and Biohnologies, Department of
Biological and General Chemistry, Pekarska St.,Am10 Lviv, Ukraine
e-mail:vitasabov@gmail.com

Analysis of the literature and previous studieshef authors showed that the sectiofPi3e; -
TISbRSe; is quasi-binary, and given the closeness of thectsires of the ternary and quaternary
phases, there was a probability of mutual solybiht the initial components. All syntheses were
carried out in vacuumed up to 0.13 Pa quartz anggoulhe synthesis of the samples in the system
was carried out from the previously synthesizedP;Be and TISbBESe at 850 K (48 hours).
Annealing was carried out at 573 K (240 h), followey quenching into ice water. The starting
components were synthesized from pre-synthesize8eThnd elemental components taken in
stoichiometric ratios. 11 samples were synthesigigain the system (10 and 5 mol% at the starting
compounds).The obtained samples were investigajed DA methods (vacuum quartz vessels,
chromel-aluminum thermocouple, heating rate 6°Cjyraimd XRD (DRON 4, Cu K radiation). On
the diffraction patterns of the samples obtainedy teflex systems corresponding to the original
compounds were observed. ThaPrbe — TISbBSe phase diagram is based on the DTA and XRD
results with areas of solubility less than 5 molé&sdd on the initial components. Three polymorphic
modifications of TJP,Se cause four lines of primary crystallization: thiggsed on low-temperature
(o-phase), medium-temperature’ (-phase) and high-temperature” (- phase) modifications of
TI4P.Se, as well as TISbfSe. The eutectic process temperature (678 K) is lotem the
polymorphic transformation temperature. The linéshe primary crystallizations of the and 8
phases intersect at the non-variant eutectic pwitht the coordinates: 678 K, 55 mol% TISE®,.
Metatectical processes involving high-temperatafe- (phase) and medium-temperatuse-(phase)
modifications of TJP,Se; are realized at temperatures of 746K«L + o) and 708 K ¢ oL + ).

Keywords: differential thermal analysis; X-ray powder diffteon; eutectic type system; phase
diagram; phase equilibria.
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