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[Ipu BuBYeHHI mpupoan (izMko-XiMiYHUX B3aemoniil y cuctemi Ag — Sb — P — SecHoBHa
yBara IpUALTUIACS cucTeMaM Ha ocHOBI AQSbRSe 3a yuacTio cTabimbHUX MOABIMHUX i MOTPIHHUX
cnonyk. Ilepenbauanocs, 1o nepepizu Ha OCHOBI CTaOUTFHUX CIIONYK OynyTh KBa3iOiHapHUMH. [IpoTe
Oyno moBeneHO HekBasiOiHapHICTh cucteM Ag,Se — AgShESe ta Ag,PSe — AgSbRSe,. Ocranwiit
nepeTrHAE ABi KBasirepHapHi cucremu AQ.P.Se — AgSbSe — Sei Ag/P.Se — ShSe — Serta
MIPOXONUTH Yepe3 TpU KBasiTeTpapHi cucreMu. KBaziTepHapHI Ta KBa3iTeTpapHa CHUCTEMH YTBOPEHI
HACTYIIHUMH KBa3iOiHapHuME niepepizamu: Ag/PSe — Ag,P.Se, Ag;PSe — AgSbSe Ag/PSe — Se,
Ag.P.Se, — AgShSe AgiP.Se — Se, AgShSe- Se, AgP,Se — ShSe, AgSbSe — ShSe, ShSe —
Se, AgShESe — AgiP.Se;, AQSbRBSe — ShSe, AgSbRBSe, — Se.3a nonepenuiMu TaHNMH, TIEpepi3
Ag,Se — AgSbESe mnepernnae onny kBasitepHapHy (Ag;PSe — AgSbSe — Ag) Ta oany
kBa3iOiHapHy cuctemy (AgsP.Se — AgSbSe). Ilpore He Oyno BpaxoBaHo, mo mepepiz Ag,Se —
AgSbRSe, nepernnac kBasibimapumii mepepis AgsP.Se — SBSe. Vroumroroumii aHamiz JaHUX
miarBepauB, mo nepetnH Ag,Se — AgSbESe mepernHae BuUIEBKa3aHi KBasiTepHapHy Ta [IBi
KBa3i0iHapHI cucTeMH. Y TOYHIOIOUHMI aHaji3 JaHuX, MIOA0 XapakTepy B3aeMofil Ha mepepiszi Ag,Se —
AgSbRSe, minTeepanna kBazibinapuicts yoTHprOX cucteM (Ag/PSe — AgSe, AgSe — Ag, AgSe —
AgSbSe ta Ag — AgSbSe Ta momatkoBo cuctemu AQSbBSe — Sh(P.S&)s. Takum umnoM, 6yiio
BCTaHOBJICHO KBa3i0iHAPHICTh CIMHAANATH miepepisiB. CIniJl 3a3HAYUTH, 10 ACSKi 3 HUX OYyJM BiZOMi B
mitepatypi. [lepepizu Ag,Se — Agra ShSe; — See yacTkoBruMu nozBilHUX cucteM Ag — Sera Sb —
Se BigmnosiaHo, a nepepizu Ag,Se — AgShSera AgShSe — ShSe e wactkoBuMmE KBazibGiHAPHOTO
nepepizy Ag,Se — SBSe. [pumitHo, mo AgSbRBSe He yTBOproe KBaziOiHapHUX mepepisiB i3
CcpiOJIOBMiCHUMHU crionykamu. BuHATOK craHOBUTH AQ,P,S€, sAKuili 4YacTto € KIiHIICBUM, 1HOI
MPOMIKHUM MIPOIYKTOM B3aemoii AGSbRSe; 3 iHmmMu cpibIOBMICHUME CITOIYKaMH.

Kurwo4osi cioBa: ¢izuko-xiMidHa B3aeMOIisl; KBa3iOiHApHUM po3pi3; (ha30BHiA CKIIAI.

Bupuenns cenenodocdariB 3 HETiHIHHO rmapamMeTpaMu TEPMOCTIEKTPUIHOI (hEeKTUBHOCTI
ONTUYHUMH, CUUHTHJISAII HHUMH, TepMO- [2-5], Ag.Se ta Ag/PSe € cymepionikamu 3i
CNICKTPUYHUMH BJIACTUBOCTSAMH € I[IKaBUM 3  3MIIIaHOK EJICKTPOHHO-IOHHOIO TIPOBIIHICTIO
TOYKH 30py TIOIIYKYy HOBHUX MaTepiaiB. [6,7]. AglP,Se Ta Sh(P.Se); pasom i3
30kpeMa, mpochmimkeHHs crooaykun AQSbRSe  sramanoro Bume AgSbRSe € mpencraBHMKaMu
JIOBEJH ii TEPCIEKTUBHICTh y SKOCTI €leMEeHTa  rekcaxaibkorinogudocdariB, Mo MPOSBIAIOTH

onToeneKTpoHHnx npuctpoiB 4 obnacri [1]. pi3HOMaHITHI OIITOCNEKTPUYHI Ta
Cronyka AgSbRSe (hopMyeThes y  HeNiHIAHOONTHYHI BIacTUBOCTI [8].
moyerBepHiii cucremi Ag-Sbh—-P-Se,B sxiii, MOXIIHBICTE TTO€THAHHS pi3HUX

OKpiM Hei pealnizyeTbCsl mie pAn OiHApHUX Ta  BJIACTUBOCTEH MarepialmiB B MeXax OJHI€l
TeTpapHUX (a3 MEepCHEeKTUBHUX 3 TOYKH 30pY iX  CHCTEMH CIIOHYKaJlO JOCHIIKCHHS XapakTepy
NPakTHYHOTO BHKOpucTaHHsA. Tak, AQSbSe, (di3uko-XxiMiuHOT B3aeMomii y cHUCTeMax 3a
SbSe, Tta AQ,Se BoNOIIOTE BHCOKMMH  y4YacTIO CTa0UIbHUX TETpapHOi, TEpPHAPHHUX Ta

© Cabog B.1., bapuiii 1.€., [T'sceuki M., ®inen M.H., Toroxiu A.l., Ca6or M.IO.
DOI: 10.24144/2414-0260.2022.1.33-37
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OinapHux ¢a3. BpaxoByroun te, mo AgSbRSe
TUIAaBUThCS KOHTPYCHTHO Ta 3aiiMae Micie
Bcepeauui cucremu Ag—Sb—P-Se, ocHoBHa
yBara NpHIIAiIack CHCTeMaM Ha ii OCHOBI 3a
y9acTIO CTaOUThHUX OIHApHUX Ta TETPAPHUX
cronyk [9-11]. ITepeabauarocs, 1mo mepepizu 3a
Yy4acTIo CTaOUIBHUX CIOIYK OyayTb
kBa3iOiHapHumu. OpnHak, OyJno  JIOBEOCHO
HeKkBa3iOiHapHicTh mepepizie Ag.Se—-AgSbbSe
ta Ag;PSe-AgSbRSe; [10, 11], mo BkazyBaio
Ha CKJIaJHy B3aemonito y cuctemi Ag—Sh—P-Se.
CxiaaHoII BUKJINKAIO0 (OpMyBaHHS B IIpOIIECi
CHUHTE3Y 0araTOKOMITOHEHTHHUX CyMiTIeH,
BU3HAYCHHS (hazoBoro CKIIay SIKUX
YCKJIaIHIOBAJIOCS HAasBHICTIO peduiekciB  Ha
MOPOIIKOrpamMax pi3HUX (a3 Mpu OJHAKOBHX
KyTax. Y B3B'S3Ky 3 IIUM, JOLUIBHUM CTaJo
y3araJlbHUTH CKCIICPUMEHTANIBHI JIaHl 070
xapakrepy  (isuko-ximMiuHOT  B3aeMonii  Ha
nepepizax cuctemu Ag—Sb—P—-Sdle no3onuno
O BCTaHOBUTH KBa3iOiHapHi, KBa3iTepHapHi Ta
KBa3iTeTpapHi CHUCTEMH B MeEXaX CHCTCMH
Ag—-Sb—P-Sejio i cramo meToro miei poboTH.

ITepmr 3a Bce HEOOXiTHO 3a3HAYUTH, IO
OCKiTbKM (a3oBuil cKIag y BCiX cHCTeMax
BH3HAYABCS IS BiMMAJCHUX y TBEPAOMY CTaHi
3pasKis, TO BCTAHOBJIEH] KBa3i0iHApHI,
KBa3iTEpHApHI Ta KBa3iTeTpapHi CHCTEMH,
OJTHO3HAYHO € TAKUMH Y MICONIyCHIN YacTHHI
BIJIITOBIIHUX CUCTEM.

3a pe3yibTaTaMd KOMIUIEKCHOTO JOCIiA-
’)KeHHS ¥ BCHOMY KOHIICHTpAIlifHOMY iHTEpBaii
BCTAHOBJICHO  HEKBa3iOIHApHICTE  Tepepizy
Ag-PSe — AgQSbRSe. 3rigzno [11] mnepepi3
niepeTuHaE JIBi kBaziTepHapHi cuctemu Ag P,Se
— AgSbSe — Sera Ag,P.Se — ShSe — Se.
Ksasitepnapnicte iX  goBemeHo  ¢a3oBUM
aHai30M 3pa3KiB CKJajay, IO BiANOBITAIOTh
TOUukaM  TepeTuHy  mepepisy  Ag/PSe—
AgSbRSe; i cucrem AgsP.Se — AgShSe — Se
ta AQ.P.Se — SBSe — Se, cuHTe30BaHUX i3
Ag-PSe ta AgSbBSe,. V BimmoBigaux To4Kax
MEepeTHHY BiAOYBAIOTHCSA HACTYIHI  XiMidHI
peaxii:

4Ag,PSe + 5AgSbRSe; =

= 7AgP,Se + 5AgShSe+ 2Se
6Ag,PSe + 10AgSbRSe, =

= 13AgP.Se + 5ShSe + 3Se.

[ami  3pasku  mepepily — BUSIBUIIMCS
4OTUpU(a3HUMH, Y KOXHOMY i3 SKHX OKpIM
TPHOX CKJIaJHHUX CHONYK OYyJIO BHSBIECHO CEJICH.

Tomy noriyHo OyJO NPHUIYCTUTH, IO Ha3BaHI
KBa3iTepHapHi CHUCTEMU € CHUCTEMO
dbopMyrOUMMH  Ta  PO3AUIAIOTH  HACTYIIHI
kBaziteTpapHi cuctemu: AgQ,PSe — AgP.Se —
AgSbSe — Se; AgP.Se — AgSbSe — ShSe —
Se; AgSbESe, — AglP.Ses — ShSe — Se.
[epepaxoBani KBa3iTeTpapHi CUCTEMHU
(hopMyIOThCS  BIATMOBITHUMH KBa3iOiHApHUMU
nepepizamu (puc. 1).

Sb

Puc. 1.Ksazi6inapui cuctemu Ag—Sh—P-Se
BCTaHOBJIEHI 3a qanumu [11].

OTxe, B pe3ynbTari OyJo MiATBEPIKEHO
KBa310iHApHICTH ABaHAALATH NEPEPi3iB CUCTEMHU
Ag-Sb—-P-Se: AfPSe — AgP.Se, Ag:PSe —
AgSbSe, Ag,PSe — Se, AgP.Se, — AgShSe
Ag.P.Se, — Se, AgSbSe - Se, AgP.Se —
ShSe, AgSbSe — ShSe, ShSe - Se,
AgSbRSe, — AgP.Se, AgSbRBSe — ShSe,
AgSbRSe, — Se,mo GopMmyroTs Ha3BaHi BHUIIE
KBa3iTEpHApHi Ta KBa3iTETpapHi CUCTEMHU.

[lpu pocmimxkenni mnepepizy Ag,Se —
AgSbRSe, 6y510 BcTaHOBIEHO, IO BiH TAKOX HE
€ KBaziOiHApHMM Ta  TEpPETHHAE  OAHY
kBasitepHapny (Ag;PSe — AgSbSe — AQ) Ta
omHy KBasibimapuy — cuctemy (AgsP.Se —
AgSbSe) [10]. Omnak, HEe BpaxOBaHO Te, IO
cucremMa Ag,Se — AgSbESe takox nepernHae
cucremy AgsP.Se — ShSe, ska srigao [11] €
KBa3i0iHApHOIO. YTOUYHIOIOYHMHA aHaNi3 JaHHUX
miaTBepauB, 1o mepepis Ag,Se — AgSbESe
NepeTHHAE BUIEC HABEACHI KBa3iTEepHAPHY Ta JBi
KBa3i0iHApHI CUCTEMHU.
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Y rtoukax meperuHy mnepepizy Ag.Se —
AgSbRSe, i3 Ag:PSe — AgSbSe - Ag
kBaszitepHapuoro Ta AgsP.Se — AgSbSe i
Ag.P,Se, — ShSe kBazibiHapHUMK CHCTEMaMU
BiIOYBAIOTHCS BIMOBITHI XiMiTHI peakIii:

8Ag,Se + AgShFSe; =
= 2Ag,PSe + AgShSe + 2Ag

2Ag,Se + AgSbESe; =
= AgsP.Se + AgSbSe

3Ag,Se + 2AgSbFSe =
= 2AgP,Se + ShSe.

Cucrema Ag,PSe — AgSbSe — Ag ¢
CIIITFHOIO TPaHHIO JBOX  KBa3iTEpHAPHUX
cucreM, a came Ag;PSe — AgSbSe — Ag.Se —
Ag ta Ag;PSe — AgSbSe — AgP.Se — Ag,
cucrema AgsP.Se — AgSbSe criimsarM pedpom
KBasiteTpaHoi cuctemu AgQ/PSe — AgSbSe —
Ag4sP.Se — Ag Ta kBasitepnapHoi AgSbSe —
Ag.P.Se, — ShSe, a cucrema Ag,P.Se — ShSe
CITITFHOIO TPaHIO JABOX KBa3iTEPHAPHUX CHCTEM
AgSbSg — Ag/P,Se, — ShSe Ta AgSbRSe —
Ag4PZS% - SQSQ}

Sb
Puc. 2. KBazi6inapui cucremu Ag—Sh—P—-Se
BCTaHOBICHI 3a manumu [9-11].

TakuMm  9MHOM, 32  pE3yJbTaTaMu
JIOCITIDKEHHST XapaKTepy B3aeMOMil Ha mepepisi
Ag.Se AgSbESe Bmamocs mimTBepauMTH
JIOaTKOBO JI0O BHSBJICHUX JIBAHAALATH, IIE
qoTupu KBasiOiHapHi cuctemu (Ag/PSe

Ag.Se, AgSe — Ag, AgSe — AgSbSera Ag —
AgSbSe) a i3 ypaxyeammsm [9], me oxmmiei
AgSbRSe — Sh(P.Se)s (puc. 2).

OTke, 3a pe3yabTaTaMH aHami3y TaHUX
[9-11] BCTaHOBIIEHO KBa3i0iHApHICTD
ciMHammATH Tepepi3iB. Clix 3ayBakHTH, IO
yacTMHa 13 HUX Bigomi B miteparypi. Tax
cucremu AQ,Se — Ag ta ShSe — Se e
mijicucTeMaMu moBiiHuX cucteM Ag — Sera Sb
— Se,BianoBiano, cuctemu Ag,Se — AgSbhSgera

AgShSge - ShSe €  migcucremamu
KBasibinapHoi cuctemu Ag,Se — SkSes.

Binrak, mo  ¢akTy  BCTaHOBIEHO
KBa310iHApHICTb  TPUHAAUATH  CHUCTEM Y
MTOYETBEPHIM cucTeMi

Ag-Sb—-P-Se,a came: Ag/PSe — AgP.Se,
Ag-PSe — AgSbSe Ag,PSe — Se, AgP.Se, —
AgSbSe, AgP.Se — Se, AgSbSe — Se,
Ag.P.Se; — ShSe, AgSbRSe - AgP:Se,
AgSbRSe — SBhSe, AgSbRSe — Se, AgPSe
— AgSe, Ag — AgSbSe Tta AgSbRSe -—
Shy(P,S&;)s. 3Beprac Ha cebe yBary i Te, IO
teTpapHa crnonyka AQSbBSe He dopmye i3

CpiOJIOBMILIYIOYMMH ~ CKJIQAHUMH  CHOJTYKaMHU
kBa3iOiHapHi cuctemMu. Bunsatkom € AgQ.P.Se;,
SKAHA  HaW4acTilme €  KIHIEBUM,  piJIie

IPOMDKHUM TNpoxykToM B3aemonii AGQSbRSe; i3
IHIIUMH CPiOIOBMILYIOUMMH CTIOTyKaMHU.
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QUASIBINARY SECTIONS FORMATIO IN THE Ag—Sb — P — SeSYSTEM
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The possibility of combining different propertieroaterials within Ag — Sb — P — Se system
prompted the study of the nature of physicochemidatactions in it. The main attention was paid to
systems based on AgSide; with the participation of stable binary and tesnaompounds. It was
assumed that the cross sections involving stabtepoands would be quasi-binary. However, the
nonquasibinarity of the sections Ap — AgSbESe and AgPSe- AgSbRSe was proved, which
indicated a complex interaction in the Ag — Sb — ISe system. Difficulties were caused by the
formation in the process of synthesis of multicongrt mixtures, the determination of the phase
composition of which was complicated by the presesicreflexes on the powder patterns of different
phases at the same angles. In this regard, it wasdeent to summarize the experimental data on the
nature of physicochemical interactions in the cresstions of the Ag — Sb — P — Se system. This
would allow the establishment of quasi-binary, dgsiary and quasi-quaternary systems within the
Ag — Sb — P — Se system, which was the aim ofviioik.

It was established the nonquasibinarity of,R8e — AgSbRSe; system. It intersects two quasi-
ternary systems AE.Se — AgSbSe — Se and AgP,Se; — ShSe — Se. Other samples consist four-
phases, in each of which, in addition to three demmompounds, selenium was detected. The
quasiternary and quasiquaternary systems were tbrine following quasibinaries: ABSe —
Ag.P.Se, Ag/PSe — AgSbhSe Ag,PSe — Se, AgP,Se; — AgSbSe Ag.,P.Se — Se, AgShSe- Se,
Ag.P.Se, — ShSe, AgSbSe — ShSe, ShSe — Se, AgSbFSe, — Ag,P.Se, AgSbRSe — ShSe;,
AgSbRSe — Se.
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In the study of the cross section,$g — AgSbESe; it was found that it is also not quasi-binary
and intersects one quasi-ternary {R8e — AgSbSe — Ag) and one quasi-binary system (Rgpe; -
AgSbSe). However, it is not taken into account that ttgp@e — AgSbESe; system also intersects the
Ag,P,Se — ShSe system, which is quasi-binary. A refining analysisthe data confirmed that the
cross section of Age - AgSbESe; intersects the above quasi-ternary and two quaaiRp systems.

In addition to the identified twelve, the study the nature of the interaction in the cross section
Ag,Se — AgSbESe confirmed the quasibinarity of four systems {R§e — AgSe, AgSe — Ag,
Ag,Se — AgSbSeand Ag — AgSbSg and additionally a system AgSige — Sh(P.Se)s.

Thus, were established seventeen quasi-binaryoseactit should be noted that some of them
were known in the literature. A8e — Ag and Si$e — Se systems are partial of the Ag — Se and Sb —
Se systems, respectively, the,8g — AgSbSeand AgSbSe— ShSe; systems are subsystems of the
quasi-binary AgSe — SkSe system. So, by fact thirteen quasi-binary systémshe quaternary
system are established.

It is noteworthy that the quaternary compound AgSlaPdoes not form quasi-binary systems
with silver-containing complex compounds. The etigpis AgP.Se, which is often the final,
occasionally intermediate product of the interactiof AgSbRSe with other silver-containing
compounds.

Keywords: physic-chemical interaction; quasibinary sectidmage composition.
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