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[octynuna B penakiuto 18.09.2018 .

AnHoTanus. MetonamMn (pHU3MKO-XHUMHUYECKOTO aHaimM3a: AuddepennnarbHo-Tepmuaeckoro (HTP-
73), pentrenodasosoro (IPOH-3, CuK  -m3myuenwme, Ni - ¢unbrp), Mukpoctpykryproro (MUM-7),
mmeperus Mukporeepaoctu (IIMT-3) u ompezneneHus IIOTHOCTH M3ydYeHa TpoifHas cucrema SnS—
Bi,S.~PbS u mocTpoena mpoeKkuus MOBEPXHOCTH JUKBUIYCA. YCTAHOBJIEHO HANMYHE TPEX YETBEPHBIX
cymbumos cocraa PbSnBi S, PbSnBi, S, m Pb,SnBi,S,, nnaesmuxcsa xourpysutHo. Coenunenne
PbSnBi,S, xourpysnTHO nmuasutcs npu Temneparype 825 K. Coennnmenume PbSnBi,S, otnocures x op-
TOPOMONYECKOI CHHTOHUH (B TeKCarOHAJIHHOM acriekTe) ¢ mapamerpamu a=19.68; c=7.91 A Pesynbrars
PEHTIEHOCTPYKTYPHOTO aHaju3a MOKa3aly, YT0 YeTBEpHOE coenunuenne Pb,SnBi,S, xpucrammsyercs B
POMOWYECKON CHHTOHHH C TapaMeTpaMu pemietku: a= 15.60; b=7.8, c=4.26 A, mp.rp. Pbmm. Yersep-
Hoe coenunenne Pb,SnBi,S, kourpysuTHO muasutcs npu temneparype 1000 K. udpakrorpammser (aser
PbSnBi S, mnpownanimpoBana B pOMOMYECKONH CHHTOHHMH C TApaMETPaMH JJIEMEHTAPHOW SYEHKH: a=
11.18; b=4.12, c=11.54 A. Yetsepnoe coennnenne PbSnBi S, KOHIpy>HTHO MIABUTCS NPHU TEMIIEPATYpe
880 K u sBnsercs hazoif mepeMeHHOTO COCTaBa.

Metonamu (hU3NKO-XMMHUECKOTO aHAIN3a YCTAHOBJICH XapaKTep XMMHUECKOTO B3aUMOJICHCTBHS B HC-
CIICZIOBAaHHBIX CCUCHHUAX KBAa3UTPOWHON CHCTEMBI SnSfBiZS;PbS. VYeranosieHo, yTo 10 M3 HUX SIBIISIOTCS
KBa3MOWHAPHBIMH CEUCHUSIMU.

ITo naHHBIM M3yYeHHs ONMMCAHHBIX BBIIIEC KBAa3W- M HEKBAa3HOMHAPHBIX Pa3pe30B MOCTPOCHA MPOCKIUS
TOBEPXHOCTH JIMKBUyCa KBa3UTPOWHOM cuctembl PbS-Bi,S.—SnS.

JluHUM BTOPUYHBIX BBIJCICHUH ITOCTPOEHA IT0 TOUYKaM MEPECEUCHUs] COOTBETCTBYIOIINX KPUBBIX IEp-
BUYHOW KpPUCTAITH3aLUH (Da3 B CHCTEMAX.

OKcTpanonsuued u NPoeKIrer y3noBbIX Touek Ha ctopory Bi,S.~SnS, Bi,S.— PbS u PbS—SnS kon-
LIEHTPALMOHHOTO TPEYTroJIbHUKA I'paduiyecKn ONpe/eeHbl COCTaBbl M TEMIIEpaTypbl HOHBApPHAHTHBIX TO-
yek. Temrieparypbl 1 COCTaBBI HAlJICHHBIX TOYEK OBUTH COMOCTABIICHBI C JaHHBIMH, MOTyYSCHHBIMH IIPH U3~
YUCHWH HEKBAa3MOMHAPHBIX Pa3pe3oB, a TAKIKE TEPMOIPaMMaMH CIIIIABOB BOJIM3H ITPEAIIOIAraeMbIX TOUCK.
[Ipu sTOM HabMIONANOCH COOTBETCTBHE IpaduuecKnX M SKCIIEPUMEHTAIBHBIX JaHHbIX. [Tyrem rpaduue-
CKOM MHTEPIIOJISIIIMY KPUBBIX IEPBUYHON KPUCTAIIM3ALUH Pa3JIMIHbIX (a3 v MPOeKINH JIMHUNA BTOPUYHBIX
BBIJICJICHUH HA TPEYTOJILHUK COCTaBa ObIIM HaHEeCEHbI n30TepMbl Yepe3 kaxsle 100 K.

B Tpoiinoii cucreme PbS-Bi,S.~SnS umeetcs 13 noseit nepBUYHON KPUCTAIIH3AIMN OTAEIbHBIX (a3.
B cucreme PbS-Bi,S.—SnS camMbiMu oO1MpHBIME ABIAIOTCS 10, 0— 1 f-SnS u Pb,SnBi,S,.

B cucreme PbS—Bi,S.—SnS umerorcs 32 TOUKH HOHBAPMAHTHBIX PABHOBECHH, U3 HUX 10 ToUeK TPOHHOM
9BTEKTUKH, 3 TOUKH TPOHHOI NEPUTEKTUKH, 17 TOueKk NBOMHON 3BTEKTHKHU U 2 TOUKH ABOHHOHN MEPUTEK-
THUKH.

KiroueBble ci10Ba: IpoeKuysi IOBEPXHOCTH JMKBHIYCA, OJIMTEPMUYECKUE Pa3pe3bl, KBAa3UTPOHHAsS
cHcTeMa, YETBEPHbIE COCANHEHNSI.

OnuH 13 HOBBIX OBICTPO PA3BHUBAIOIIUXCS B Ha-
CTOsIBILIEE BpeMsi HampaBlieHHH moucka 3(dexTus-
HBIX MaTepUaJIOB ABJSETCS CO3/IaHUE TPOIHBIX HIIN
YETBEPHBIX MMOITYIPOBOIHUKOB.

B nocnennee BpeMst 3HaUUTENILHO BO3POC UHTE-
pec K HCCIEJOBaHUIO IOJYIPOBOJHUKOB CO CIIOU-

© I'ypbanos I. P.,, Anpirezanosa M. b., Mcmammosa P. A., 2019

CTOM CTPYKTYpOM, K KOTOPBIM OTHOCUTCS SnS,. ITOT
MHTEpec OOYCIOBIEH HIMPOKHUMH BO3MOXKHOCTSMU
WCTIOJIH30BAHUS CIIOMCTHIX TOJYIPOBOAHUKOB B OII-
TOZJIEKTPOHHUKE W HAJIMYHEM y HUX CIIEIU(PUIECKIX
(U3UKO-XMMHUYECKUX CBOKMCTB [ 1-8].
[Monynposoxruku rpynmel V, VI, npusiexkaror
MpHCTaJbHOE BHUMAHNE HCClienoBaresiei omarogaps
YHUKQJIbHBIM CBOWCTBAM M TIEPCHEKTHBE MPHUKIIAI-
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HBIX IPUMEHEHUH. Sb,S. BBI3BIBAIOT HHTEPEC C TOUKH
3peHHs] UX MPUMEHEHHs B MUKPOBOJIHOBBIX, KOMMY-
TAllMOHHBIX M OITHUKO-DJIEKTPOHHBIX yCTPOWUCTBAX.
Coenunenus Sb,Se, u Sb,S, sBustorcs crnoucro-
CTPYKTYPUPOBAHHBIMH TOJYTIPOBOJHUKAMHU C OPTO-
POMOUYECKOI KPHCTAIITMYECKOH CTPYKTYpPOH.

Cynbhuapl BUCMYTa, 0JIOBa M CBUHIA SIBIISIOTCS
OHMMHU W3 TEPCIEKTHUBHBIX MOIYIPOBOTHHUKOBBIX
COCAMHEHHH, 00NafarmuX (OTOUYBCTBUTEIBHBIM
cBoiictBom [9-17]. IlosTomy wu3ydeHue Xapakrepa
B3aUMOZCUCTBHI U (a30BbIX PABHOBECHI B TPOMHOM
cucreme SnS-Bi,S.-PbS mpencrasnser He TONBKO
Hay4HBbIH, HO U IPAaKTUYECKUH UHTEpEC.

BokoBbIe CTOPOHBI KBa3UTPOIHOM cucteMy SnS—
Bi,S,~PbS 6bu1u u3yueHs! mogapo6Ho aBTopamu pabo-
ThI [18-21].

Lenp Hacrosimield pabOTHI - M3y4eHHE XHUMUYeE-
CKOTO B3auMozielcTBHs B cucteme SnS-Bi,S.—PbS n
MIOCTPOEHHE €€ MPOEKINH TOBEPXHOCTH JINKBUTyCA.

METOAUKA DJKCIIEPUMEHTA

CrutaBel 17151 KCCIEOBaHMsI ObUTH CHHTE3HPOBa-
HBI U3 OMHAPHBIX CyNb(QuI0B SnS, Bi S, 1 PbS B 3BaKy-
HMPOBAHHBIX KBApIIEBBIX aMITylax MpU TeMIeparype
950-1000 K. YcnoBus cuntesa BHIOMpau Tak, YTOOBI
n30exkarh NOTeph Cepbl BCIEACTBUE TEPMOJHCCOLIH-
aruu o0pasioB. [IpomomkuTenbHOCT, 00pabOTKH
JWUTBHIX CIUIABOB, OO0ECIEUUBAIONIYIO JIOCTHKEHHUE
paBHOBECHs B JAHHBIX YCJIOBHUSIX, ONMPENENISUIH IKC-
MEPUMEHTAIBHO, KOHTPOJHUPYS (a3oBbId COCTaB H
MHUKPOCTPYKTYpY 00pa3ioB. Bpems oTxura npu 550-
600 K —240 u.

HccnenoBanue OTOXOKEHHBIX CIUIABOB MPOBOIM-
mn merogamu JITA, POA, MCA, nytem uzmepeHus
MHUKPOTBEPIOCTH H ONPEETICHNs TNIOTHOCTH.

HATA ocymectensimn Ha nupomerpe HTP-73 ¢
npumeHennem Pt—Pt/Rh Tepmonapel. 3amucek kpu-
BBIX HArpeBaHUs U OXJIQKICHHUS MPOBOAMIM B OT-
kaganHbix g0 0,1 Ila kBapueBsix cocymukax Crema-
HoBa. OOmas HaBecka cocTaBmsula 1 . DTanoHoM
cmyxun npokanennsii ALO,. POA ocymecTsisim
Ha audpaxromerpe APOH 3 (CuKa-uznyuenue, Ni-
¢bunbTp, 20=100°), MUKPOCTPYKTYPHBII aHAIM3: Ha
Mukpockone MM 7.

Muxpotepaocts usMepstin Ha [IMT 3. Ilnot-
HOCTh CIUIABOB ONPENEISIM  MUKHOMETPHYESCKUM
METO/laM; B KaueCTBE HAIOJHHUTENS HCIOJIb30BaIH
tosyoun (C,Hy).

PE3VYJIBTATHI U UX OBCYXKJIEHUE
MetogamMu (U3UKO-XMMHUYECKOTO aHak3a ycTa-
HOBJICH XapaKTCp XUMHYECKOI'O BSaHMOI[eP'ICTBI/Iﬂ

Ilpoexyus nogepxnocmu 1uKeudyca

B HCCIIEJOBAaHHBIX CEUEHHUAX KBA3UTPONHON cHUCTe-
Mbl SnS-Bi,S.~PbS. Vcranosneno, uro 10 u3 nHux

SBJSIFOTCS.  KBa3sMOMHAPHBIMH ~ cedeHusiMu: PbS—
Pb,SnBi S, SnS-Pb,SnBi,S,, PbBi,S-Pb SnBi,S,
Pb,SnBi,S ~PbSnBi,S,, SnS-PbSnBi,S,, PbBi,S -

PbSnBi,S

478

PbBi,S -SnBi,S,,
PbBi,S,—SnBi,S,, PbBi,S —PbSnS,.

B kBasurpoiinoi cucreme PbS-Bi,S,~SnS o6pa-
3YIOTCSI TPU KOHI'PY3HTHO IUIABAIIMECS COCIUHEHUS
Pb,SnBi,S (1000 K), PbSnBi,S,, (820 K), PbSnBi,S,
(950 K) [22-25].

Coennnenus

Bi,S,~PbSnBi,S

6117

PbSnBi, S, , PbSnBi,S, u
Pb,SnBi,S,, umeromme KpUCTaIMIECKHE CTPYKTY-
PBI POMOMYECKON CHHTOHUY C MTapaMeTPaMHu dIEMEH-
TapHOU sueiiku, a=15.60, b=7.80, c=4.26; a=21.78,
b=7.52, c=4.20; a=11.18, b=4.12, c=11.54 A.

Ha ocHoBaHMM pe3yJIbTaTOB HAIIMX HMCCIEI0BA-
HUUW U1 MU3BECTHBIX U3 JINTEPATYPHI TAHHBIX MPOBEIC-

Ha TPUAHTYJIAUMS TPOHHO#H cucTembl SnS-Bi,S.-PbS
(puc.1).

D - PbSnBigSy;
D; - PbSnBiySg
D3 — PbySnBisSs

PbBi;S¢

|

PbS 20 20 60 80
PbSnS,

SnS

Puc. 1. TpuanrTynsmusi KBa3UTPOHHOW CHCTEMBI
PbS-Bi2S3-SnS (cocTtaB KOMIOHEHTOB TNpPHUBEJEH B
Mol %)

JlarnHas KBa3UTpOIHAS CHCTeMa MOYKET OBITH pa3-
OuTa Ha 1ecATh BTOPUYHBIX TPOWHBIX CHCTEM:

Pb,SnBi,S ~PbS-PbSnS,

PbSnS_ ~PbS-Pb,SnBi,S,,
Pb,SnBi,S ~SnS-PbSnBi S,
PbSnBi,S,~SnS-SnBi,S,,
PbBi,S ~PbS—-Pb,SnBi,S,

PbBi,S ~Pb,SnBi,S ~PbSnBi,S,
PbBi,S ~PbSnBi,S ~PbSnBi, S |

PbSnBi S, ~PbSnBi,S,~SnBi,S,,
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PbBi,S,-Bi,S,~PbSnBi S

611

PbSnBi S, -Bi,S -SnBi,S,.

JU1s1 TOUHOTO YCTaHOBJICHUSI KOOPJHHAT TPOMHBIX
HOHBapUAHTHBIX TOYEK, TPAHUIl U U30TEPM B IMOJISIX
MEPBUYHON KpucTaM3auuu (a3, a TakkKe JIMHUH
BTOPUYHBIX BBIICICHUH ObUTH MCCIeI0OBaHbl HEKBa-
3MOMHAPHBIE CEYCHUSI.

Paspes  PbBi,S.~(SnS)  (BL,S)) (e, )(puc.2).
ComacHo Tpuanrynsuuu cucteMel PbS-Bi S —SnS,
paspe3 PbBi,S. (e) mepecekaer aBe MOmYMHEHHbBIE
Tpoiinble  cuctembl  PbBi,S ~Bi,S.-PbSnBi S  wu
Bi,S.~PbSnBi S, —SnBi,S, mostomy ero nuarpamma
COCTOUT U3 ABYX YacTeH.

JlukBuzyc paspesa mpeicTaBiIsieT coOoi Tpu
MEPECEKaroIMecs] BETBU MEPBUYHOTO BBIJCICHUS
PbBi,S., PbSnBi, S  u o-tBepnoro pactsopa Ha oc-
Hose Bi,S..

Yacth paspe3a B HHTEpBaje KOHLEHTpaUUl
0-33 mon.% e, mepeceKkaeT MOMYMHEHHYIO TPOHHYIO
cucremy Bi,S ~PbBi,S -PbSnBi S, .

BokoBbie  CTOPOHBI PbBi4S7—BiZS3, BXOJISIIIIEN

B COCTaB BTOPHYHOM TPOWHOH cucTeMbl Bi S —

PbBi,S ~PbSnBi, S |, o0pasyercs HHKOHIPYIHTHO
iassnieecs coenunenue PbBi S, .

Kak Buano u3 puc.2, npu 25 mon.% e, u 750 K
NPOTEKAeT HOHBapUAHTHAS PEaKIIHS:

XK+ Bi,S, <> PbBi S +PbSnBi S

CniaBbl B UHTEpBaje koHUeHTpauui 0-33 moin.%
€, Tpex(asHble, U OHM 3aKAHYMBAKOT COBMECTHYIO
KPUCTAIUTH3AIHIO TP TeMITepaTrype TPOWHON DBTEK-
Ty E,, pasroit 650 K:
K <> Bi,S,+ PbBi S, +PbSnBi S npu 650K (E,)

Bropas 4acts paspesa PbBi,S — e mpoxomut ue-
pe3 Moa4MHeHHbIA Tpeyronbuuk Bi,S ~PbSnBi S, —
SnBi,S,. JIukBumyc cucTeMBI B 3TOH 4acTH COCTOMT
U3 BETBEW NEpBUYHON KpucTaum3aui PbSnBi S, u
PbSnBi,S , u Bi,S,, rne nepecexarorcs mpu 60 moi.%
€,, IOCJI€ Yero HaYMHAETCA X COBMECTHAs KPUCTAJI-
TU3anusl.

Bce Tpu CTOpOHBI 3TOT0 COCTABHOTO TPEYTOJIBHH-
Ka MMEIOT JAHarpaMMbl BTEKTHYECKOro THuma. Kpu-
CTaJUTM3alUsl CIUIABOB 3aKaHUMBAETCS MIPH TeMIlepa-
Type TpoiHoii sBrekTHKH E (680 K) B pesynsrare

peaKIum:

T.K
1060 4 | x
*%+PbBisS
1000 w7 &+PbSnBisS 1,
900 |
#-+PbSnBicS11 875
800 | .
750 | | x+BI2Ss
| - o .
700 |- L . .
650| l.irTr i | —e
ne:aanEE .
600 8 a 2| 3 ?
L 2 a la | 2 2
m « = . + =
= = 2 124 t 5 =z
A~ A~ 2 ezl = e .
500 = + t A~ [72) aa} n o= X
=3 = |~ = /M = 2]
m A L 1R85 T =
O el A Q [5Q
400 = 5 e 93| = & X2 ;
B X cwn 3-‘ % ?F +§ (IC:) a
< X Jx= X |
= |
1 1 1 1
PbBIsS; 20 40 60 80" (SnS)01sBixSoss(er)
mMon% —

Puc. 2. Paspes PbBi,S.~(SnS), .(Bi2S3), . (e))

0,15
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K <> Bi,S,+PbSnBi, S  + SnBi,S, npu 680K (E, )
Taxum o6pasom, paspes PbBi,S —¢, saBusercs He-
KBa3HOWHAPHBIM CEUCHHUEM KBAa3UTPOWHOW CHCTEMBI
PbS-Bi,S.—SnS. Ha ocHOBE KOMIIOHEHTOB PacTBOPH-
MOCTbH MPaKTHYECKH He OOHApyKeHa.
Pa3p63(SnS)0.43(Bizs3)0.57(ez)7(PbS)OJO(SHS)OJO(CG)
(pmuc.3.). UTtoOBl TIpOCIeqUTh 32 XapaKTepoM KpH-
CTaJUIM3alMU CIJIABOB B TaKOH CJIOXHOU cucTeMme,
pazbepem STOT mporecc Mo 4actsaM. YacTe paspe-
3a €,—€, TIEPECEKAET BTOPHYHYIO TPOHHYIO CHCTEMY
SnBi,S,~SnS-PbSnBi,S,, na Tpex cToponax koropoi
(SnB4i,S,~SnS, SnBi,S,~PbSnBi,S,, PbSnBi,S~SnS)
MEXIy WCXOJAHBIMH KOMIIOHEHTaMH HMEET MECTO
TOJBKO D3BTEKTHYECKOoe paBHOBecwe. I[loaTomy BO
BTOpHYHOM cucteme SnBi,S ~SnS-PbSnBi,S, nmeer-
Cs1 OIHa TPO¥iHas sBTeKTHUECKas Touka (E.), re mpo-
TEKaeT peaKIIus:
XK <> SnBi,S, +SnS + PbSnBi,S, npu 715K (E,)
UYacTp pa3zpesa B MHTepBaje KoHUEHTpanuil 20-
53 mon.% (PbS) . (SnS) ,, mepecekaeT BTOPHYHYIO
TpoiiHyto cuctemy PbSnBi S —-SnS-Pb,SnBiS. B
9TOH BTOPUYHOH CHCTEME UMEET MECTO TOJBKO IB-
TEKTHYECKOE TMpeBpalleHHe, MOSTOMY OKOHYATEIb-
Has KpUCTaJUTM3alusl CruiaBoB mpotekaeT npu 730 K

Ilpoexyus nogepxnocmu 1uKeudyca

B TPOWHOM HOHBAPUAHTHOW YBTEKTUYECKOM TOUKe E :
XK <> SnBi,S, + BSnS + Pb,SnBi,S, npu 730K ( E,)

AHaNOTWYHBINA XapakTep B3aUMOJICUCTBUS KOM-
MTOHEHTOB HMMEET MECTO TaK)Ke BO BTOPUYHON CH-
creme PbSnS, —SnS— Pb,SnBi,S, Bo Bcex croponax
KOTOPOW TPOTEKAET TOJIBKO IBTEKTUYECKOE MPEBPa-
nieHue. Huoke nuHUMI conuayca Bce CIUIaBbl Ipen-
CTaBJIIOT COOO0H cMech Tpex ¢a3:

K <> PbSnS,+ BSnS + Pb,SnBi,S, npu 680K (E))

HccnenoBanue MUKpOCTPYKTYPBI ITOKa3aJio, YTO
MOYTH BCE CIUIABBI MPEICTABISIOT cO00# Tpexdas-
HbIE MEXaHHUUECKUE CMECH, KpoMe CIutaBoB ¢ 20, 53 u
73 mon.% (PbS), . (SnS), ., cOCTaBbI KOTOPBIX COBMA-
JAIOT C TOYKAMHU TIEPECEUEHHS Pa3pesa €,—€, CO CTa-
OwnbHbIME paspeszamu PbSnBi,S.~SnS, Pb,SnBi, S, u
SnS—PbSnS,, B cBA3M ¢ YeM MO MUKPOCKOIIOM BHUJI-
HBI JIBE (Pa3bl.

JlukBujyc 4vactu paspesa e€,—€,, MEpeceKaro-
IWMA  TOMYMHEHHBIH TpeyronbHuK PbS-PbSnS —
Pb,SnBi,S., cocrour u3 aByX BETBEH NEPBUIHON
kpucrammusaiuu Pb,SnBi,S, n PbS, xotoprie nepe-
cekarores ipu 79 mon.% e, u temneparype 750 K,
IJe HaYWHACTCS WX COBMECTHAs KPHUCTAILIH3aLusl.
3arBep/IeBalOT CIIaBbl 3TOW TPOHHOW CHUCTEMBI IpHU

T,
K | |~ I
| | |
1000 [ | | |
900
)
800 |
E
700
ki | = 620, | I
24 414 4 414 21 | E |
WL EE E12 & B2 2| 3 § 3
S D L~ A A e % 7 = &
2 gls + © | % 51 2 2 32
2% fR 2 < | % S & 2 &
500 F @ & 2, »n o A M = n S
o g B = = = 4 | o A o
T A 5 ,% " @ 2 S A N A
= = s | = & S | 2 ~ % %) b
T 9D = ~ & % &
wrooe el® g Ll R £
A & & | 4 I o
A & A £
I . [ =
(SnS)o.43(BiaS3)os7(e2) 20 40 60 80  (PbS)o70(SnS)o.30(es)
Mon% —

Puc. 3. Paspes (SnS), ,.(Bi,S)), .,(e,)-(PbS), ,(SnS), . (e,)
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Temneparype TpoiHoi »BrekTuku 620 K no cxeme:
K <> PbS + PbSnS, +Pb,SnBi,S, mpu 620K ( E,)

Taxkum 00pa3oM, yCTaHOBJIEHO, YTO paspes €,—€,
SIBIISIETCSl HEKBa3MOWHAPHBIM cedeHneM. M3otepmu-
YeCcKUe TOpU30HTaIu Ipu temmeparypax 715, 730,
680 1 620 K oTpaxkaroT 3BTEKTHUYECKHE TpeBpaliie-
HUSL.

[To maHHBIM M3yUYeHUsS OMHMCAHHBIX BBIIIE KBA3H-
Y HEKBa3MOWHAPHBIX Pa3pe30B IMMOCTPOEHA MPOESKITUS
MOBEPXHOCTU JIMKBUAYCAa KBa3UTPOUHOW CHCTEMBI
PbS-Bi,S.—-SnS (puc. 4).

JIMHUM BTOPUYHBIX BBIJIEJICHUN TMOCTpOEHa IO
TOYKaM TIEPECEYCHHsI COOTBETCTBYIOIIMX KPUBBIX
MIEPBUYHON KpUCTAIDTH3AINH (Da3 B cUCTeMax.

OKCTpanoysiiued U MPOEKUUEH Y3JIOBBIX TOYEK
Ha cTopony Bi,S.—SnS, Bi,S.—PbS u PbS-SnS kon-
LIEHTPAIMOHHOTO TPEYTOJIIbHUKA TpaUIecKu OIpe-
JIEJIEHBI COCTaBBl M TeMIIepaTypbl HOHBaPHMAHTHBIX
Touek. TeMmepaTrypsl U COCTaBbl HAWJIEHHBIX TOYEK
OBUTH COTOCTABJIEHBI C JIaHHBIMH, ITONyYE€HHBIMU
MIpH U3Y4YCHUN HEKBa3MOMHAPHBIX Pa3pe3oB, a TAKKe

PbS

TepMOIpaMMaMH CIUIABOB BOJM3M MpeIoaraeMbiX
Touek. Ilpu 5TOM HaOIOAANOCh COOTBETCTBUE Tpa-
(uuecKuX M IKCIEPHUMEHTAIBHBIX NaHHBIX. [lyTem
rpadMuecKkodl WHTEPHIONSIIUH KPUBBIX IEPBUYHOM
KPHUCTAJUTM3AIMN Pa3InYHBIX (ha3 ¥ MPOCKLUUH JTUHUH
BTOPDUYHBIX BBIACJICHUH Ha TPEYrOJbHUK COCTaBa
ObUIM HaHeceHBI M30TepMbl Yepe3 kaxabie 100 K.

B tpoiinoii cucreme PbS-Bi,S.—SnS umeercs 13
noJiel NepBUYHON KPUCTAIIM3AINN OTACIbHBIX (a3.
B cucreme PbS-Bi,S.—SnS cambivu 00mmpHBIMY 51B-
nsroresnons(11),a-uB-SnS(9,13)uPb,SnBi,S (10).

Crutagbr  cucrembl  PbS-Pb,SnBiS,,  SnS-
Pb,SnBi S, Bi,S,-Pb,SnBi,S,, PbBi,S ~Pb,SnBi,S,
MMEIOT MaKCUMaJIbHbIE [JI JaHHOW TpPOHHOH cH-
CTeMBbI TeMIeparyphl IUIaBICHHUS, KOTOpBIE MOCTe-
neHHo cHmwkawrtes ot PbS (11) k o u B- SnS (9,
13), PbBi,S, (5), Bi,S, (1), PbBi,S, (7), Pb,Bi,S, (8),
PbBi S, (2), Pb,SnBiS, (10), PbSnBiS, (6),
PbSnS, (12) u SnBi,S, (4).

W3 deTBepHBIX COCJMHEHUH, OOHApYXKEH-
HBIX B KBa3UTPOWHOW cucteme PbS-Bi,S -SnS,

1100
/ \ SnS

Puc. 4. [Ipoeknust MOBEPXHOCTH JIMKBHYCa KBAa3UTPOHHOM cuctemMbl PbS-Bi,S ~SnS.

2—-PbBi S

O6o3nauenus: 1 —Bi S 6100

. 273
8 — Pb,Bi,S,, Se

3 —-PbSnBi S

6-11°

9 — a-SnS, 10 - Pb,SnBi,S,, 11 - PbS, 12— PbSnS,, 13 — BSnS

4 -SnBi,S

,S,» 5—PbBI,S,,

6 —PbSnBi,S

47

7-PbBi,S,,
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Pb,SnBi,S (10) 3anumaer nocne PbS (11) u a-SnS (9)
OOIIMPHYIO YaCTh KPUCTAIUIN3AHOHHOTO TIOJIsl TPOHi-
HOMW CHCTEMBI U 3aHIUMAET €€ LEHTPAIbHYIO YacTh.

B Tpoiinoii cucreme PbS - Bi,S, - SnS umerorcs
23 nTUHUM BTOPUYHBIX BblAeneHUHA. CoBMeCTHas KpH-
crajumsamus PbS (11) ¢ Pb,SnBi,S, (10) nponcxonur
no kpusoii P e E,. Coenunenue Pb,SnBi,S, (10) co-
BMECTHO Kpuctammsyercs ¢ PbSnS, (12) no xpusoit
EeE, canb—SnS (9, 13) mo kpusoii EeE,, ¢
Pb.Bi,S, (8) mo kpusoii P E,, ¢ PbBi,S, (7) no xpu-
Boit E.e E,. CoemectHoe Boinenenue Pb.Bi,S. (8) u
PbB4i,S, (7) nabmromaercs no kpupoii €,E..

CosmecTHas kpucramsamus PbSnBi,S, (6) ¢ a-
SnS npoucxonut no kpusoi E € E., ¢ SnBi S, (4) no
kpusoil E e E., ¢ PbBi S, (5) mo kpusoii P,e E . Ilo
kpuBoi p,P, coBmecTHO KpucTammsyorcs PbBi,S,
(5) m PbBi S (2). CoBmecTHas KpuCTaM3aLus
Bi,S, (1) ¢ PbBi S, (2), PbSnBiS, (3) u SnBi,S, (4)
npoucxonut 1o kpusbimM ¢ E, Ee E uekE, .

Cosmectnas kpucraumsanus PbSnBi S, (3)
¢ SnBi, S, (4) npoucxonut no xpusoii Ee E , c
PbSnBi,S, (6) mo kpusoii E e E,, Pb,SnBi,S, (10) ¢
PbSnBi,S, (6) o xpusoii E ¢ E..

4el]

Ilpoexyus nogepxnocmu 1uKeudyca

CoBmecTHOe BbIienenue o 1 3— SnS (9, 13) u Sn-
Bi,S, (4) mabmonaercs no kpusoi e,E., o u f— SnS
(9, 13) u PbSnS, (12) mo xpusoit e,E. u PbS (11) n
PbSnS, (12) no xpusoii e E,.

Kpussie p P, p,P, u p,P, orpaxator nepurek-
TUYECKHE MPEBPALICHUs, 0 KOTOPHIM 00pa3yloTCs
MHKOHTPY9HTHO IUIaBsIuecs coemunenus Pb.Bi,S,,
PbBi,S, n PbBi,S, .

Jluauu nl, n2, n3, n4 oTpaxkarOT MPOLECCHI C
ydacTheM MOIUMOp(HBIX Moaudukamuidi o SnS u
B(SnS).

B cucreme PbS-Bi,S.—-SnS wumerorcs 32 Toukn
HOHBapUaHTHBIX paBHOBecHil, 3 HUX 10 Touek Tpoii-
Ho# sBrekTuky (E, + E| ), 3 Touku Tpo¥HON nepuTek-
tuku (P, + P.), 17 TO4eK IBOMHOM IBTEKTUKH (€, — €,
¥ 2 TOYKH JIBOHHON MEPUTEKTUKH (P, —P,). B Tabm. 1 n
2 MPUBOASATCS TMHUM BTOPUYHBIX BBIZEICHHI, HOHBA-
PHAHTHBIE TOYKHK TPOHHOM cucTembl PbS-Bi,S ~SnS u
PEaKLUH, COOTBETCTBYIOINE 3TUM PABHOBECHSIM.

Takum o00pa3oMm, MeTogamMH (QHU3HKO-XHUMHUYe-
CKOr0 aHajM3a Hu3y4YeHa TpolHas cuctema PbS—
Bi,S.-SnSu moctpoena mnpoekuus MOBEPXHOCTH
mukBuayca. OnpeesieHbl 00JacTH MEPBUYHON KpH-

Ta6bmmua 1. crayumm3anuu (a3,
Jlunuu B6MOPUUHBIX 6blaeﬂeHMlZ, npomexkarouwux
6 cucmeme SnS-Bi,S ~PbS 3AKJIIOUEHUE
OGosnauenne Peakiiis Temmneparypa, 1. Metonamu qudhepeHInaaIbHOr0 TEPMHYECKO-
KPHBBIX K ro, peHTreH0(}a30BOro, MUKPOCTPYKTYPHOTO aHAJH-
By K o BiS, + SnBi S, 875-680 30B, a TAKXKE U3MEPCHUEM MHUKPOTBEPIOCTH U TLIOT-
e,k K o Bi,S, + PbBiS, 955-650 HOCTH U3y4eHbI (ha30BbIE PABHOBECHUS KBA3UTPOUHOM
p,P, K PbBi S +PbBi,S, 990-700 cucrems! PbS-Bi,S.~SnS.
¢E DKo SnBiS, +PSnS 850-715 TaGua 2
p,P, PK < PbBi,S, + PbBi,S, 1000-750 Honseapuanmmuuvle mouxu u peaxyuu,
¢.E, PK <> Pb,Bi,S, + PbBi,S, 865-810 npomexaiowjue 6 cucmeme SnS—Bi,S ~PbS
pP, DKo PbS+PbBiS, 1055-800 Ho-
eE DK < PbS + PbSnS, 850-620 Bapy- Temrnepa-
¢E, DKo PbSnS,+bSnS 800-680 . Peau Typa, K
Ee. E, DKo BiS, +PbSnBiS, 650-700-680 TouKn
Ee[E, PKo SnBiS,+PbSnBiS | 680-720-620 E, K< B-SnS+PbSnS +PbSnBiS, 680
PE,  PKo PbBiS, +PbSnBiS, |  750-650 E, K< PbS+PbSnS, + Pb SnBiS, 620
Ec.E, DK< SnBiS,+PbSnBiS, | 700-800-715 E, DK PbBiS, +PbSnS, +PbSnBiS, 810
Pe,E, DKo PbBiS+PbSuBi,S, | 850-770-700 E, Ko B-SnS+PbBiS,+PbSnBiS, 730
Pe, Ko PbBiS,+PbSnBiS, 850-700 E. Ko B-SnS+PbSnS, + PbSnBiS, 700
Ee,E, DKo p-SnS -+ PbSnBiS, 715-750-700 E, [Ko PbBi,S, +PbSnBiS, +SnBiS, 715
Ec E, PKo p-SnS+PbBiS, 700-840-730 E, [K < p-SnS+SnBiS,+ PbSnBi,S, 715
Ee.E, DK< SnBiS,+PbBiS, 700-740-715 E, [Ko PbBiS, +PbSnBiS, +SnBiS, 620
EeFE, DK< p-SnS+PbSnBiS | 680-750-730 E, [Ko BiS,+PbBiS, +PbSnBiS, 650
Ee.E, PKo PbBiS,+PbSnBiS, | 810-855-730 E, K< Bi,S,+SnBiS,+PbSnBiS,, 680
PE, K< PbBiS, +PbSnBiS,  840-810 P, DK+ PbS o Pb,Bi,S, + Pb,SnBi,S, 800
PeE, DKo PbS+ PbSnBiS, 840-680-620 P, DK+SnBiS, — PbBiS, + PbSnBiS, 750
E.E, DKo PbSnS,+PbSnBi,S,  680-850-620 P, [PK+BiS < PbBiS, +PbSuBiS, 700
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2. Ioctpoens! (azoBbie JHArpaMMbl HEKOTOPBIX
MOJMTEPMUYECKUX Pa3pe30B U MPOEKLUS TOBEPXHO-
CTH JIMKBHYCA.

3. YcraHoBIIeHO 00pa30BaHUE YETBEPHBIX COE/IHU-
HEHMH PbSnBi S, , PbSnBi,S, 1 Pb,SnBi,S, IUIABAILIUXCH
KOHTPYSHTHO. 7

4. Ilpoekuusi MOBEPXHOCTH JTUKBUAYCA CHCTEMBI
PbS-Bi,S,~SnS umeer 32 TOUKM HOHBAPHAHTHBIX

paBHOBECHIA.
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PROJECTION OF THE SURFACE OF LIQUIDUS
THE QUASI-TEROIN SYSTEM

G. R. Gurbanov, M. B. Adygezalova, R. A. Ismailova

Azerbaijan State University of Oil and Industry

Absrtact. The methods of physicochemical analysis: differential thermal (NTR-73), X-ray phase
(DRON-3, CuKa —radiation, Ni-filter), microstructural (MIM-7), microhardness measurement (PMT-3)
and determine the density and built a projection of the liquids surface. It is established that three quaternary
sulfides - PbSnBi S, , PbSnBi,S, and Pb,SnBi S, of the composition, and melting congruently. The
compound PbSnBi, S, melts congruently at a temperature of 825 K. The compound PbSnBi,S, belongs to
the orthorhombic system (in the hexagonal aspect) with parameters a=19.68; ¢ = 7.91. The results of X-ray
analysis showed that the quaternary compound Pb,SnBi S crystallizes in thombic syngony with lattice
parameters: a= 15.60; b= 7.8, c =4.26, avg Pbmm The quadruple compound Pb,SnBi S melts congruently
at a temperature of 1000 K. The phase diffractograms PbSnBi S, are indexed in a rhombic syngony with
the parameters of the unit cell: a = 11.18; b = 4.12, ¢ = 11.54. The fourth compound PbSnBi S, melts
congruently at a temperature of 880 K and is a phase of variable composition.

By the methods of physicochemical analysis, the nature of the chemical interaction in the studied
sections of the SnS—-Bi S.—PbSquasithreefold system  has been established. It is established that 10 of
them are quasi-binary sections.

According to the study of the above-described quasi- and non-quasibinary sections, a projection of the
liquidus surface of the SnS—-Bi S.—PbSquasithreefold system was constructed.

The lines of secondary excretions Bi,S,-SnS, Bi,S,— PbS and PbS-SnS are constructed from the
intersection points of the corresponding curves of the primary crystallization of the phases in the systems.

The composition and temperature of the invariant points are graphically determined by extrapolation
and the projection of the nodal points to the side, and the concentration triangle. The temperatures and
compositions of the points found were compared with the data obtained from the study of non-quasi-binary
sections, as well as with the thermograms of the alloys near the assumed points. At the same time there
was observed a consistency of graphic and experimental data. By means of a graphical interpolation of the
primary crystallization curves of various phases and projections of the secondary discharge line, isotherms
were deposited every 100 K on the composition triangle every 100 K.

In the PbS-Bi,S.—SnS ternary system there are 13 fields of primary crystallization of individual phases.
In the system, PbS-Bi,S.— SnS the most extensive are the fields, a—and B-SnS and PbS-Bi,S,— SnS.

The PbS-Bi,S.— SnS system has 32 points of invariant equilibria, of which 10 are points of triple eutectic,
3 are points of triple peritectic, 17 are points of double eutectic, and 2 are points of double peritectic.

Keywords: projection of the liquidus surface, polythermal sections, quasi-ternary system, quaternary

compounds.
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