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®A30BI PIBHOBAT'U B CUCTEMI PbS-La(Pr),S,-Y(Er),S,

Hocnioxcenns ghazosux pienosae y keasinompiuHux Cucmemax — 8axciusui eman st pOpMy6aHHs YyHOAMEHMATbHUX
3Hanb npo mamepian. Kojicna kpucmaniuna cmpykmypa — ye HOGUil MOMUS OP2ai3ayii amomis, akuil 003607151€ NOSICHIO-
6amu 0eAKi 3aKOHOMIPHOCII YMBOPEHHA Hul He YMEOPeHHs OLbutL CKIaoHUxX Gas. Y pobomi npoedeno 00CniodHcenHs Keasi-
nompiuinux cucmem PbS-La(Pr) S ~Y(Er) S, 3 memoio suguentsn cKiaOHux 63acMooitl Misc 6lHapHuMu ma mepHapHUMU
Gazamu, wo ymeoporomocs Ha Giomosionx K8a3I0IHApHUX nepepizax. 3pasku Os aHanizy OMmpUMAaHi RPSMUM CUHIME30M
3 elleMeHmMapHux KOMROHeHmig gucokoi yucmomu. Makcumanvna memnepamypa cunmesy cmanosuna 1323 K. 3a yiei mem-
nepamypu 3pasku sumpumysanucs npomseom 2 200. B nooanvwomy 3a 770 K nposoounu gionan, 0ns Kpaujoi comozenizayii.
Onicna eumpumKky amnyiu 2apmyeanucs y 600i 3a Kimuamuoi memnepamypu. Hugpaxmozpamu 3paskie 0yau ompumani
na JIPOH-4-13. 3eiono 3 penmzenoqbasoeu/w AHAI30M, Y CUCTEMAX HE CNOCMEPI2AEMbCA YMBOPEHHs HOBUX MEMPAPHUX
as. Taxuii momus azosux pieHosaz NOACHIOEMbCS, BUXOOSUU 3 opeammuleio amomig y oinapuux cnoaykax. Ipu ananisi
OiHapHux cnonyk, wo ymeopioioms Keasivinapui nepepisu SnS, — Y(Er) S, ecmanosneno, wjo sMomusu opeanisayii amo-
Mi6 He 00 €0HylombCs Ol YMBOpents. mepHapHoi gasu, Hanpamu y eunadky SnS, - La(Pr) Momugu 00 cOHylombcs
3 YMEOPEHHAM MePHAPHUX ¢as La,SnS; ma Pr,SnS. ®axmuuno momue Cmarnym- icHoi qbaau 6X00UMb y cmpykmypy
La-emicroi i six Hacniook napazwempu KOMIpOK Oeu;o 361/1bzuyi0mbc;z Cyxynio, npu nepexodz 00 K6a3INOMpIiinoi cucmemy,
BHACTIOOK BUE 32A0AH020 ONUCY, MOMUBU YKIAOOK AMOMI6 He 00 €OHYIOMbCA | HO8I MeMpAapHi CHOTVKU He YMBOPIoionib-
ca Y p060ml 3a pe3yﬂbmamaMM peneenohazoe020 ananizy n06y006aH0 130mepmiuni nepepi3u Keasinompiﬁnux cucmem
PbS-La(Pr),S ~Y(Er),S, 3a meynepamypu 770 K. Mixc cnonykamu Y(Er) S, La(Pr) SnS., icryiome K6a3i0iHapHi pinosazu.

Kniouosi cnosa: Kpucmaﬂmna CMpYKmypa, enemMeHmapHa Komipka, zsomepMmHuu nepepz3 K8a3iOiHapHa pisHosaza.
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THE PHASE EQUILIBRIA OF THE PbS-La(Pr),S,-Y(Er),S, SYSTEMS

Research of phase equals in quasi-ternary systems — creation of a stage of formation of basic knowledge about materials.
Each crystal structure is a new motive for the organization of atoms, which allows us to explain some patterns of forma-
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tion without creating more complex phases. During the research of the quasi-ternary systems PbS-La(Pr) S ~Y{ (Er) S, by
studying the complex interactions between binary and ternary phases, which are created on the correspona’mg quasi- émary
transfers. Samples for analysis are obtained by direct synthesis from elementary components of high purity. The maximum
synthesis temperature was 1323 K. For this temperature, the samples are maintained for 2 hours. Subsequently, annealing
was performed at 770 K for better homogenization. After aging, the ampoules are hardened in water at the room tempera-
ture. Diffractograms of the samples were obtained on DRON-4-13. According to X-ray phase analysis, the creation of new
quaternary phases is not observed in the systems. This motif of phase equilibria is explained by the organization of atoms
in binary compounds. In the analysis of binary compounds that create quasi-binary transitions SnS, - Y(Er) S, it was found
that the motives of the orgamzatlon of atoms are not reproduced for the formation of the ternary phase, in contrast to
the case of SnS, - La(Pr),S, motifs are combined with the formation of ternary phases La,SnS; and Pr,SnS.. In fact, the motif
State-content of the phase is part of the structure of the La-content and as a result, the parameters of the cells increase slight-
ly. Collectively, during the transitions to the quasi-ternary system, as a result of the above-mentioned description, the motifs
of the atoms are not combined and new quaternary compounds are not created. At work, the results of X-ray phase analysis
constructed isothermal sections of the quasi-ternary systems PbS —La(Pr),S, - Y(Er),S, at the temperature 770 K. Between
the compounds Y(Er),S,— La(Pr) SnS there are quasi-binary equilibria.

Key words: crjystallme structure a unit cell, isothermal section, quasi-binary section.

[Tomryk HOBHX TIEPCIIEKTUBHUX MaTepiajiB
3yMOBIIIOETHCSI HAacaMIepell PO3BUTKOM TEXHO-

SnS, — Y(Er),S,, SnS, — La(Pr),S, Ta Y(Er),S,
La(Pr),S,

€ JIMIIe KopOTKi BIJIOCT1 PO YTBOPEHHS

JIOTIYHOTO O0JaJIHaHHA. 3a OCTaHHI JeCATHPITYS
XaJBKOTCHIIM 3aliMaloTh YiJIbHE MICIE Cepel
MarepianiB, SKi I[IKaBISITh HAyKOBIIB. 3TiIHO
3 pe3yyibrataMy 0ararbox JIOCHiPKEHb, BCTAHOB-
JICHO IO XaJIbKOTCHIIHI Marepialv MPOSBISIOTH
enekTpoHHi [1-2], Tepmoenekrpuudi [3], onTUyHI
[4], maniBipoBimHUKOBI [5,6] Ta MarHiTHI [7] Bimac-
TUBOCTI.

BuBueHHA 3aKOHOMIpHOCTEH B3a€EMO-
aii  KOMIIOHEHTIB 'y cuctemax PbS-La(Pr),S,
Y(Er),S, € omHum i3 eTamiB CHUCTEMATUYHOTO
JOCTIDKCHHST B3a€MOJIl  XaJNbKOTEHIIIB piJIKic-
HO3EMEJIbHUX MeTaliB, Ta eneMmeHTiB [VA rpynu
[Tepionnunoi cucremu [8].

Buxingai ¢a3u MaroTh €BTCKTHYHUN THI TIAB-
nenns. Ix giarpamu crany 306paxeni Ha puc. 1-3.

Hiarpama crany cuctemu Y (Er) S He
noOynoBaHi. 3riHO 3 JITEpaTypHUMH JaHHX,
y JOCTYyMHHX JpKepenax iHdopmariii BiaCyTHS
iHpopMarlliss npo (a3oBi pIBHOBaru y cucreMax

okpemux a3 La(Pr),SnS,, mo yTBOprorOTECS TIpH
CTEXIOMETPUYHOMY  CIIBBIJHOIICHHI BHXIJIHUX
KOMITOHCHTIB. BUKOpPUCTOBYIOYM peHTreHO(ha30-
BHIA aHAJTi3, HAMH TIPOBEJICHO JIOCITiPKCHHS 3pa3KiB
BIJIMIOBITHOTO CKJIay 1 MiITBEPHKCHO ICHYBaHHS
Takux cronyk. [Hmi tepHapHi (a3u Ha HUX KBa-
310iHapHHUX TIepepizax He YTBOPIOKOThHCA. Jlerans-
HUI aHami3 3pa3kiB KBa3IMOTPIHHOI CUCTEMH
PbS-La(Pr),S.~Y(Er),S, Bkasye Ha icHyBaHHA
kBasibinapuux nepepisie Y (Er),S, - La(Pr),SnS..
CamMooprasizaiiisi aToMiB y CTIHKy KpUCTaTiuHy
CTPYKTYpPY B KBa3iNOTpilHINA cucTeMi He BinOyBa-
eTbest. [l Toro, moOu AeTanbHINIe IpoaHaizy-
BaTH 1€ MUTAHHS, PO3IIIIHEMO JEsKi CTPYKTYpHI
0CcoONMMBOCTI BHXiAHHX (a3 Ta mMpoaHaIi3yeMO
MOTHB Oprasizaiii aroMiB Ha KBa3i0iHaApHUX
nepepizax SnS, — Y(Er),S, Ta SnS, — La(Pr),S,
ockiyibku mipupona aromiB Y, Er, La, Pr € moniOHa,
ajyie TepHapHI CTPYKTYpH YTBOPIOIOTHCS JIMIIE 32
y4acrti SnS, i La(Pr),S,

Tabmui 1
Kpucranorpadgivuni xapakrepucTuk 6GiHApHUX Ta TEPHAPHUX CIIOJYK
SnS,Y, S, Er,S,LaS, PrS, LaSnS_ta PrSnS_
Croayxa Ir l'[eplozm KOMIPKH, HM Jlit-pa
a b c

SnS, P6,mc 3.645 - 11.802 [9]
Y8, P2,m 17.5334 B 08.001° 101736 [10]
ErS, P2m 17.4418 A ﬂ3:'998§%81380 10.1013 A [11]
LaS, Pnma 7.66 4.22 1.595 [12]
Pr,S, Pnma 7.49 A 410 A 15.69 A [13]
La,SnS; Pbam 11.22 7.915 3.96 [14]
Pr,SnS, Pbam 7.8195 11.2145 3.9462 [15]
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3 METOI0 OUTBII ACTATLHOTO aHAi3y KpUCTaTI-
HOI CTPYKTYpH HaBEAEMO MPOEKIIil iX eIeMeHTap-
HUX KOMIPOK, y SIKMX BKJIIOYEHO KOOpIWHALIHHE
OTOYEHHSI JUIs KaTiOHiB.

Tepnapna Qasa La,SnS, yTBoproeTbes Ha mepe-
pisi La,S, — SnS,. Cnonyxka La,SnS, orpumana 3a
paxyHOK TBepaoha3Hoi XiMIYHOT peakilii (CUHTE3
MIPOBOJIMBCS Y BAKYYMOBAHUX KBAapIICBUX aMITyJiaX
710 3aJTMIITKOBOTO TUCKY 1072 [Ta):

1323 K
LazS3+SnS2 - LaZSnS5

Tepnapna ¢asza Pr,SnS, yTBoproeTbest Ha mepe-
pi3i Pr,S, —SnS i orpumyeThes Bpe3ynsTari TBEp-
nodasHoro cuaTe3y 3a Temneparypu 1323 K:

/20 40 60 80
Moi.% La,S;

La,S,
Puc. 5. [3oTepmiunuii nepepis cucremu
SnS,-Y,S,-LaS;:1-SnS,;2-Y,S;;3-LaS

2 3; 2 3;
4-LaSnS;5-SnS,+Y,S;6-Y,S,+LaS

2 3;
7-La,S, +La,SnS_; 8 —SnS, + La,SnS;
9-Y,S,+LaSnS; 10— SnS, +Y,S, + La,SnS;
11-Y,S,+La,S, +La,SnS..

1323K

PrZS3+ SnS2 - PrzsnS5

Kommiiekc  mpoBeaeHHMX — €KCIepUMEHTAb-
HUX JIOCHIJDKEHb JO3BOJIMB TOOYIyBaTH 130-
TEPMiUHI  Tepepi3M  KBa3IMOTPIHHUX  CHUCTEM
PbS-La(Pr),S,~Y(Er),S, 3a remneparypu 770 K.

v KBa31MOTPIHUX CUCTEMax
PbS-La(Pr),S~Y(Er),S, cunresoBano moHan

60 3pa3KiB Ta MPOBEICHO 1X peHreHo(da3oBuii aHa-
7113, 32 IOT0 pe3yapTaTaMu MoOya0BaHO 130TEpPMIYH1
niepepizu 3a remneparypu 770 K. Cknagauii MOTHB
opranizaiiii aromis 3a Temneparypu 770 K ne npu-
3BOJIUTH JI0 YTBOPEHHS HOBHUX TETPapHUX (a3.

20 40 60 80
Mon.% Pr,S, 6

Y5852

Puc. 6. I3oTepmiunuii mepepis cucremn
SnS,-Y,S,-Pr,S;:1-SnS,;2-Yr,S;;3-PrS

2 3; 2 3;
4-PrSnS;5-SnS,+YS;;6-Y,S, +PrS

2 3;
7-Pr,S,+Pr,SnS; 8-SnS, +Pr,SnS
9-Y,S, +Pr,SnS; 10 —SnS, + Y, S, + Pr,SnS;
11-Y,S,+Pr,S, +PrSnS,_.
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/ /20 40 60 80 '
Er,S; » 6 La,S Er,S Pr,S
23 Mon% La,S, 273 293 6 »01.% Pr,S, 273

Puc. 7. I3oTepmiunnii mepepis cucremMu Puc. 8. I3oTepmiunmii mepepis cucremMn
SnS,-Y,S,-LaS.:1-SnS;;2-Er,S SnS, -Er,S, - Pr,S;: 1-SnS; 2 - Er,S

2~39 2~39

3-LaS;4-LaSnS;5~-SnS, +Er,S;6- 3-Pr,S;;4-Pr,SnS_;5—-SnS, +Er,S;; 6 -
ErS,+LaS;7-LaS, +LaSnS;8—SnS, + Er,S, +Pr,S;7-Pr,S, +Pr,SnS; 8 —SnS, +
La,SnS; 9 - Er,S, + LaSnS; 10 —SnS, + Er,S, + Pr,SnS_;; 9 - Er.S, + Pr,SnS_; 10 — SnS, + Er,S, +
La,SnS 11 - Er,S, + La,S, + La SnS,. Pr,SnS; 11 - Er,S, + Pr,S, + Pr,SnS_.
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