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Beryn

Hocmimkennss  (a3oBUx  piBHOBar y
0araTOKOMIIOHEHTHUX CHCTEMaX € HayKOBOIO
OCHOBOIO ONTHUMi3alii yMOB cuHTE3y (a3, o B
HUX peami3yloThCs. BpaxoBylo4d BIUIMB YMOB
CHHTE3y Ha (i3U4YHI IapaMeTpyu PEeUOBHUH, Yepe3
CKNaa,  JNedeKTHICTh,  TOIIO,  BHBYCHHS
oco0mBOCTEM  (DI3MKO-XIMIYHOT B3aeMOMii Yy
CKJIaTHUX CHUCTEMaX € aKTyaJIbHUM 3aBIaHHSIM
HEOPraHIYHOTO MaTepialo3HABCTBA.

I'eomerpuunoio  ¢opmoio  300paskeHHS
yeTBepHUX cucTeM (y Hamomy BHmanky TI-Sb—
P-Se) € Terpaenp, omke MeTON AOCIIKECHHS
(ha3oBUX piBHOBar y Hiil € ToJieaparier i
BUKOHYETHCS  3TiIHO  3aralibHONPUHHITAM
npasmiam [1]. OgHak, MpH HasBHOCTI BEJIHUKOI
KUTbKOCTI (a3 XapakTep B3aeMonii 3HAYHO
YCKIIQMHIOETRCA 1 TIONenpariiss €  TOCUTh
3aTpaTHOIO, SIK CTOCOBHO Yacy, TaKk i CTOCOBHO
MatepianiB. J[o Toro xx He BCi 007aCTi CKIIATHUX
CHCTEM CTAHOBJIAThL HAYKOBUHM 1 MPaKTUIHUH
iatepec.  IlpioputeTHEM €  JOCTIIKCHHS
¢azoBux piBHOBar B 00JacTAX iCHYBaHHS
CTaOUIbHUX Ta MEPCIEKTHBHUX 3 TOYKH 30pYy
BJIACTHBOCTEH (a3.

AHai3 JiTepaTypHUX JaHUX ITOKa3aB, IO
cucrema TI-Sb—P-Seinnocurscs no cucreM i3
CKJIAJTHOIO B3aEMOIIE€I0. B SAKIH peai3yeTbes
3HaYHA KUTBKICTh CKJIAMHUX CIONYK. Y JaHii
cuctemi icHye 9 TepMiyHO CTaOiIBHUX CHONYK,
ICHyBaHHS SKHX JOCTOBIPHO TIiJTBEPIKCHO
HE3aJICXKHO OJIMH BiJ] OJTHOTO Pi3HUMHU aBTOPAMH.
Cepen nux 3 Ginapui: Tl.Se, TISemnapnsrecs
KOHrpyeHTHO 1pu 661 K Ta 603 K [2-6]
BigmoBigHo, Ta ShSe, 3 TeMmepaTyporo
KOHrpyeHTHOrOo TuiaBnenss 863 K [7-9].

Ha mepepizi Tl>Se-SbSe; TtepHapHoi
cucremu T|l-Sb—Se BcraHoBieHO iCHYBaHHS
IBOX TepMiYHO CTabimepHMX cmoiayk: TISbSe
(Tux = 748 K)ta TleSbSe (Tuw: = 743 K) [10-12].
B Ttepnapniit cucremi TI-P-Se icHyroTh 1Bi
conyka  TlaP:Se (T = 758 K) Ta TlsPSe
(Tun =738 K) 3 KOHIpYyEeHTHHM XapaKTEpOM
asnenHs [13-16].

Cucrema Sb—P-Se xapakrepusyerscs
HasgBHiCTIO  crabimeHOi  ¢asu  Shy(P.Se)s
(Tuwn = 652 K) [17].

VY rterpapHiii cucremi Tl-Sb—P-Seytso-
proeTeest crionyka TISbPRSE 3 KoHrpyeHTHHM
xapaktepoM tuiaBnenns npu 724 K [18,19],mo
BITHOCUTECS N0 ceneHorimoaudocdaris, ski
BOJIOJIIFOTH MIKaBUMH (DI3UIHIMH XapaKTePUCTH-
kamMd B iHdpauepsoniii ([U) cmexTpanbHii
obnacri [20-22].

Bpaxoyroun BUIIIECKAa3aHe, JUTS
JMOCTIDKEHHST  XapakTtepy  (i3HKO-XIMIYHOI
B3aemoii y cuctemi Tl-Sb—P—Sepns mouartky,
HEoOXiMHO OyJl0 BCTAaHOBUTH KBa3iOiHApHI
mepepi3u Ha ocHOBI TeTpapuoi dazu TISbRSe;,
mo i Oyino wMeroro pgaHoi poGotu. s
JIOCSATHEHHsI ~ Ii€l MeTH HEeoOXigHO  Oyio
MIPOBECTH SK aHAII3 JITEPATypPHUX TAHWX, TaK i
eKCTIepUMEHTaIbHE JTOCITI JKEHHS 3
BUKOpUCTaHHIM MeToxay [toptiepa [1].

IIpu mpoBemeHHI AOCTIIKEHHS O yBarw
Opamuch JaWIIe TepepaxoBaHi BUINE CKIIAIHI,
TEPMIYHO CcTabiIbHI CHONYKH, IO peaizyroThCs
y cuctemi TI-Sb—P-Se.

TakuM uywHOM 3a yuacTio TISbRSe Ta
CKJIQJIHUX  CIIONYK y CHCTEMi  MOKJIMBA
peamizamisi BOCbMH KBa3iOiHApHUX Tepepi3iB
(tabm. 1).

© Cabos B.I., IToropiit M.B., Kituk I.B., ®ingen M., oroxin A.L., Ca6os M.IO.
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Tadmmus 1. MoxouBi kBa3iOiHapHi nepepisu 3a ydactio TISbPRSe ta cknagnux crnonyk y cucremi

TI-Sh—P-Se

Ne CuctemMu Ha OCHOBI IlepeTunarodi cucteMu CrexioMeTpHYHI CITiBBiTHOIIICHHS

3/m TISbRSe KOMITOHEHTIB Y TOUKaX MEPETHHY

1 TISbRSe—TliP.Se; - -

2 | TISbRSe—Sh(P:Se)s - -

3 TISbRSe-TIsPSa - -
2TISbRSe:TlsSbSe

4 TISbRSe-TlsSbSe TI4P.Se—-TISbSe 2TIP,Se:3TISbSe
TISbR.Se:3TISbSe
TISbR.Se&:2TI.Se

6 TISbRSe—Tl.Se ThP.Se—-TISbSe TI.P,Se: TISbSe
4ATISbRSe:2TISe

7 TISbRSe~TISe TEPSe—-Shy(P.Se&)s 2TIPSe: Shi(P:Se):
3TISbRSe&:2ShSe

8 | TISbRSe-ShSe Shy(P,Se&):-TISbSe Shy(P:Se)s3TISbSe

I3 BOoCBMHM MOXIHMBHX KBa3iOiHApHHX
cucreM Ha ocHOBi TISbRSe mmme Tpu
(TISbRSe-TlsP:Se,  TISbRSe—Sh(P.Se)s,
TISbRBSe~TI:PSe) He mepetnHaroTh nepepizu
Ha OCHOBI CTaOIIBHUX CHOJYK 1 € OJHO3HAYHO
kBa3iOiHapauMu. KBa3i0iHApHICTh IHIIUX I SITH
nepepiziB  moTpedyBana eKCIePUMEHTATBHOTO
JOCIiDKEHHS.

EKCl'lepl/IMeHTa.leHa JacTHHA

s eKCepuMEeHTaTbHOTO BCTAHOBIICHHS
KBa310iHApHOCTI  cHCTeM HEoOXigHO  OyIo
3MIHCHUTH CHHTE3 Ta (ha30BUH aHaII3 3Pa3KiB,
110 BIJIITOBIIAIOTh TOYKaM MIePETUHY
BiJIITOBIAHUX nepepisis. MomsipHi
CIIBBIAHOIIECHHS BIANOBIIHMX KOMIIOHEHTIB
mpeactaBieHi |y Tabm.l. CuHTE3 3paskiB
3MIMCHIOBAIM 13  BIANIOBIAHUX, TIOMEPEIHHO
CUHTE30BaHMX CKIagHMX cronyk. CuHTe3
BUXIIHNX  KOMIIOHEHTIB  3iHCHIOBaNH 3
€JIEMEHTAPHUX PEUYOBHH BHCOKOI YHUCTOTH, Taiit
(99.999 wmac.%), ctubiid (99.9999 wmac.%),
dochop (99.999 mac.%) T1a cemen (99.999
Mmac.%), B3SITUX y CTEX1OMETPUIHOMY
criBBimHOmeHHI. CUHTE3  TIPOBOJUBCA
BakyymoBanux 10 0.13I1a kBaprioBHUX aMmiIyjiax
y OJIHO30HHHX TIe4ax Onopy. Y BUIIAJKY CHOJIYK,
mo He MicTuin (Gocop BUXigHI KOMIIOHEHTH
MOTIEPETHBO CIUIABJUTUCH Y TOJNYM'T Ta30BOTO
nanpHUKa. MakcuManbHa TeMIiepaTypa CUHTE3Y
BapitoBanack Big 653K, qna TISe, o 913K mnst
SkkSe; i Ha 50K mnepeBumiyBana temieparypu
TJIaBJICHHS TPOMYKTIB B3aemomii. OCKITbKH
Temneparypu IuiaBiends T1ISbSe, TleShSe,

TI4P.Se;, ta TIsPSe ta TISbRSe Bussumuch
ONMM3bKMMH BOHHM CHUHTE3YBAIUCh Pa30M IIPH
MakcuManbHii Temreparypi 798K. T'omoreni-
3yIOUMi BiAmal MPOBOAWIMA TPH TEMIEpaTypi
573 K mporsrom 5 ni6. Inentudikarmito
BUX1THUX KOMIIOHEHTIB 3/I1iICHIOBAJId METOJIaMHU
IuQepeHwianbHOro TEPMi4HOTO (ATA)
(xpomenb/amomeneBa KOMOIHOBaHa TepMOIIapa,
IIBUAKICTh  HAarpiBaHHA Ta  OXOJIOKEHHS
600 Kfrom) Ta peHTreHiBCHKOTO  (ha3zoBOTO
(PDA) (mudppakxTomerp JPOH 4-07,
BUITPOMiHIOBaHHS Cu Ky, MIBUIKICTH
ckanyBanHs kyra 20 - 0.02rpan., excmosuiris
0.5c¢) ananizis. Pegynbratu JITA ta POA nobGpe
Y3TO/KYBAIKCH 13 JIITEpaTyPHUMHU JaHUMH.

CuHTe3 3pa3KiB Ha TEpPETHHI Iepepi3iB
3nificHioBan  y BakyymoBanux g0 0.13[la
KBapIOBUX aMmimynax. MakcHMaibHa TeMIle-
patypa mnepesuilyBaia npuOinsno Ha 50K
TeMITepaTypy IUIaBICHHS HAWOUIBII TYTOIIIaB-
koro komroHeHTy i cranoBmia 900K. Bimman
smiticHioBanu npu 573K mporsrom 10 gio.
3pa3ku 3arapToBYyBalu B JILOASHY Boxy. Onmep-
JKaH1 3pa3Ku HOCHiPKyBaiu MeTogamu PDA.

®da3zoBuil aHami3 3pasKiB, MO JEXaTb y
TOYKAX TIIEPETHHY MOMJIMBUX KBa3i0iHApHUX
nepepi3iB  MiATBEPAUB KBa3iOiHAPHICTH JIUILE
nBox (TISbRSe~TISbSe ra TISbRSe—ShSe;)
i3 I'ITH MOXITMBUX CHCTEM 3a ydacTio TISbRSe
(puc. 1).

3a pe3yiabTaTaMu MPOBEIECHOTO JOCIHIJI-
J)KEHHS TaKOX BCTAHOBJICHO KBa3i0iHAPHICTH
IBOX TepepisiB He Ha ocHOBI TISbRSe;, a came:
TIP,Se—TISbSe ta  Tl:PSe-Sh(P.Se)s.
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V3aranbHeHHs IMX IaHUX a0 3MOTYy BCTaHO-
BUTH PsIJT KBA3iMOTPIHHUX cucTeM (puc. 2).

Se

KBa3ibiHapHuii nepepis
........... HekBasiGiHapHwuii epepiz

Tl
Puc. 1.KBa3i6inapHi Ta noyitepMiuHi nepepizu

cucreMu TI-Sb—P—-Seia ocuosi TISbR.Se; ta
TEPMIYHO CTAOIIBHUX CKIATHUX CIIOJIYK.

Tl
Puc. 2.Ksazi6inapHi nepepisu cucremu TI-Sh—P-Se
Ha OCHOBI TEPMIYHO CTAOUTBHHUX CKJIAIHUX CIIONIYK.

Jlo KBa3imoOTpiMHMX CHCTEM BITHOCSTH
cucTeMu CQOpPMOBaHI TphOMa KBa3iOiHAPHUMHU
CUCTEMAaMHU. 3a pe3yIbTaTOM aHaIi3y
OJIEpXKaHUX Ta JITEPATypHUX JAHUX [MIOJIO0
B3aeMomii y cucremi TI—-Sb—P-Se morpiiii
CHUCTEMH Ha OCHOBI CKJIQJHMX CIIOJYK MOJKHA
YMOBHO TMOJIIMTH Ha YTBOpEHI mepepizaMu
KBa3i0iHApHICTh, SKUX BCTAHOBJICHA EKCIICPH-
mentanbHo  (TISbRSe-TISbSe-ShSe; Ta
TISbBSe—TlP.Se—TISbSe) Ta chopmoani
mepepizaMu KBa3iOiHAPHICTh SKUX BHILIABAE 13
3arajJlbHAX TIPaBHIT TToJTiepartii. Crin
3ayBaXHUTH, IO JJIS OCTaHHIX TaKOX HEOOXi-
HUM € eKCICpUMEHTAJIbHE MiATBEPKCHHS
KBa3101HAPHOCTI CHCTEMOGOPMYIOUNX TIepepPi3iB.
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QUASIBINARY SECTIONS IN THE TI-Sb—P-Se SYSTEM
Sabov V.1, Potorij M.B., Kityk I.V., Filep M.J., Pogodin A.l., Sabov M.Yu.

The purpose of this work was to establish quasiiicaoss sections based on the TIS#
guaternary phase, in order to study the naturbeophysico-chemical interaction in the system T+Sb
P—Se. To achieve this, it was necessary to coruhbitt analysis of literary data and to provide an
experimental research using the Gutler methodhdéncourse of the study, only the above complex,
thermally stable compounds, which are implementedhe system TI-Sb—P-Se, were taken into
consideration. Thus, with the participation of TR2Be and complex compounds in the system,
formation of eight quasi-binary systems is possiBlely three (TISbPSe—TlLP.Se, TISbRSe—
Shy(P.Se)s;, TISbRSe—~TIsPSa) of eight possible quasibinary systems based @bRSe do not
cross the cross-sections based on stable comp@mbare quasibinary according to polyhedration
rules. The quasibinarity of the other five sectisaquired an experimental study. For this, it was
necessary to carry out synthesis and phase anafys@nples corresponding to the intersection point
of the corresponding sections. The synthesis opkzsiwas performed in vacuumed to 0.13 Pa quartz
ampoules. The maximum temperature exceeded aboub(0oK the melting point of the most
refractory component and amounted to 900 K. Anngalvas carried out at 573 K for 10 days. The
samples were hardened to ice water. The obtainetplea were investigated by X-ray powder
diffraction (XRD).

The phase analysis of samples lying at the poihtatersection of possible quasibinary cross
sections confirmed the quasibinarity of only twdSpR.Se—TISbSe and TISbPSe—~ShSe;) from
five possible systems involving TISE®. Additionally the quasibinarity of TP.Se—TISbSe and
TIsPSe—-Sh(P.Se) was established. The generalization of these whaide it possible to establish a
number of quasi-ternary systems. To quasiternarstesys refer to systems formed by three
quasibinary systems. Based on obtained and literatata analysis on the interaction in TI-Sb—P-Se
system quasiternary systems based on complex cordp@an be divided into formed by quasibinary
sections of which were established experimentaliSRP.Se~TISbSe-ShSe; and TISbPSe—
TI.P.Se—~TISbSe) and formed by sections the quasibinarity of wHilows from the general rules of
polyhedration. It should be noted that for theelatt is also necessary to experimentally confina t
quasibinarity of the system-forming cross-sections.

Keywords: Physico-chemical interaction; Quasibinary systeXaray powder diffraction;
Quasi-ternary system.



