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I'maBHOI 3amaueil GU3NMKO-XMMHUUECKOTO aHAIn3a SIBJISICTCS UCCIeOBAaHNE MHOTO-
KOMIIOHEHTHBIX CCTeM. 3HaHMe (ha30BBIX YPOBHEH 1 MX 3aKOHOMEPHOCTEN B MHO-
TOKOMITOHEHTHBIX CUCTEMaX HEOOXOIMMO ISl pa3pabOTKKM ONTHUMAJIbHBIX YCIOBUIA
MOMCKa COCTAaBOB C 3aJaHHbIMU ycaoBUsMU. C 3TOM 11e/1bl0 HAMU M3yYeHa Tpoii-
Hasg okcuaHas cuctema Cs,0—V,0,—MoO,. I1o pesynbTaTaM 3KCIEPUMEHTATbHBIX
WCCIeNOBAHUI TIOJIydeHBI TIepBbIe TEepPCIeKTUBHBIE 007acTh (ha3oBO AMarpaMMbI
IUTS CMHTE3a BaHaIW-MOJMOACHOBBIX OpoH3 1e3us. KoMITo3uimm, moixydeHHbIe
Ha OCHOBE CHUCTEMBI, SIBJISIOTCSA IEPCIIEKTUBHBIMU TIPU pa3paboTKe HOBBIX MaTe-
pUAJIOB, B YACTHOCTHU: aHTUKOPPO3MOHHBIX MOKPHITUI, MOHHO-3JIEKTPOHHBIX MTPO-
BOJIHUKOB C BBICOKOI aKTUBHOCTbIO. TeopeTuuecku, Mo pe3yabTaTaM MOJy4YEeHHbIX
NAHHBIX, TOKa3aHO, YTO MPU CUHTE3e HOBBIX MaTepUaIOB U3 CIIOKHOOKCUIHBIX (ha3
MeTOIaMM KPUCTAIN3AIlN U3 paciiaBa U TBepAoGha3HOTO CMHTE3a MOXHO ITpO-
BECTU Pa3OMEHME TPEXKOMITOHEHTHOH okcuaHoi cucteMbl Cs,0—V,0,—MoO,,
BBISIBUTb 3aKOHOMEPHOCTH TOIOJIOTMH 1 (pa30006pa3oBaHne B HUX. TOMOIOrMUeCKuUin
o0pa3 (a3oBoil auarpaMMmbl, TMOCTPOEHHBIN COYETAaHMEM HTAHHBIX OTPAHSIOIIUX
ee 2JIEMEHTOB, XapaKTepU3YIOTCSl HATMYMEM Ha I'paHsIX TpeX KOHTPYIHTHO U YeThIpex
MHKOHTPYIHTHO TUIaBSIIMXCS OMHAPHBIX COEAMHEHUI, KOTOpbIE AEJIST ee Ha YeThIpe
nioncucteMbl (I-1V), Hauboslee MHTEPECHBIX Ha HAIl B3IJISII BapUaHTa TPUAHTYJISIIAN
JTAHHOU CUCTEMBI, COTJIaCHO KOTOPBIM B HEi BBISIBUJIN B TPUAHTYJIMPYIOIINX CEUCHUSIX,
KOTOpbIE IeT ee Ha 10 moacucTeM, SIBISIIONINXCST KBA30TPEXKOMIIOHEHTHBIMM M TPOIA-
HBIMM CUCTEMaMM, CJIeIOBaTeJIbHO OHM MOTYT OBbITb M3Y4eHBl CaMOCTOSITeNIbHO. JIst
yI0OCTBA BBIMOJHEHUSI SKCTPEMAIbHON pabOThl KakK MPU CUHTE3e MHIWBUAYATbHBIX
coemnHennii (D, — D,), Tak ¥ Ipy TEPMUYECKOM aHAIM3€ CUCTEM, CUCTEM UCIIOIb30-
BaJIM KOMIDIEKC METONOB (hM3MKO-XMMHUYECKOTO aHam3a. B yacTHOCTH, MPUMEHSITHCH
BU3YaJTbHO-TIOIUTEPMUUCCKII U nr(PepeHIINATBHO-TePMUIECKIIA METOIBI aHAIN3A.
HaxkoHelr, T71aBHBIM B TaHHOU paboTe SBIISIOTCS IPOTHO3UPOBAHNE, MOAEINPOBaHNE
M 3KCTIEPUMEHTAIbHOE TOATBEPXKAcHUE (hasoobpasosanusa B cucreme Cs,0—V,0.—
MoO,, uccienoBaHue CTaOUIbHBIX M METACTAOMIIBHBIX MIPOLIECCOB, YCIOBUM 06paso-
BaHUs U pacnana a3, ux Ka4eCTBEHHOTO U KOJIMYECTBEHHOTO COCTaBa.

Knrouesoie crosa: coenuHeHNe, KOHTPYSHTHOE, MHKOHTPY HTHOE, AMarpaMmma, ¢as3o-
BbIli KOMILJIEKC, TTPOEKIIMS, TUKBUAYC, MOMIE/b, IEPUTEKTUKA, OTPE3OK, KOMILIEKC,
CHCTeMa, IIPOTHO3, MOJIUTEpPMa, CTAOMIIBHBIN KOMITJIEKC, TBEPAbIC PACTBOPHI, TTOICH-
cTeMa, OpOH3bI, KBa3MOMHAPHBIN, KpUCTATA3ALIAS
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BBEJEHHWE

CoBpeMeHHas HayYHO-TeXHUYeCKasl peBOJIOLIMS TECHO CBs3aHa C pa3BUTHEM MaTe-
praioBeneHMS. YCIIEX B OCBOCHUHM KOCMOCA, B pa3BUTUM aTOMHOM SHEPTETUKHU U THO-
KHX aBTOMaTU3MPOBAHHBIX CUCTEM, a TAKXKE CO37aHMe HOBBIX HAHOTEXHOJIOTUIA HEMBIC-
JIUMBI 0€3 IIHPOKOro MPUMEHEHHs CI0XHOOKCHIHBIX MaTepUaJiOB CO CIICIMATbHBIMU
CBOMCTBaMMU.

ITpu pa3zpaboTke MHOTOKOMIIOHEHTHBIX OKCUIHO-COJIEBBIX KOMITO3ULIMIA, IPUMEHSI -
€MBIX KaK B pacIUIaBJICHHOM, TaK M B TBEPAOM COCTOSIHMM, BaxXHOE 3HAYCHUE MMEIOT
(buzuKo-xuMHUUYecKre TPUHIIUILI CMHTE3a MaTeprayioB. YeM oOIMIMpHENW CTaHOBUTCS
MHOECTBO MaTepPHAaJIOB U CIIOCOOOB UX TOJyYEHUsI, TEM TPYIHEE BhIOPATh ONTUMAJIb-
HBI TEXHOJIOTUYECKWI BADUAHT, €CJTU HE OMMPAThCS Ha 3aKOHOMEPHOCTH,, BEITEKAIOIINE
13 OOIIHOCTU (PUBMKO-XMMUYECKON TPUPOABI, PAa3HOPOAHBIX IpoleccoB ¢a3oo0pa-
3oBaHusA. Hanbomnee s3(pHeKTUBHBIM SBJISICTCS BBISIBICHE 3aKOHOMEPHOCTEH IIPOTHO-
3UPOBaHUsI, MOACIMPOBAHUS U IKCIIEPUMEHT B DSy COCTaBOB-CTPYKTYP — CBOMCTBO
MHOTOKOMITOHEeHTHBIX cucTeM (MKC). KirfoueBBIM MOMEHTOM B BBISIBJICHHU 3aKOHOB
sIBJIsIETCS oOpa3oBaHue (a3s.

IMosToMy s pelieHUs 3amadd IMOMCKa MaTepHUAIOB C OIpeNcICeHHBIMU IapaMeTpa-
MU CBOWCTB Iiesiecoo0pa3Ho Havath ¢ (popmupoBanusg MKC ¢ mocienyonmm nu3ydyeHueM
ee ToroJioruu, ¢a3zooopa3oBaHus B HEM U (PUBMKO-XMMUUYECKUX CBOMCTB KOMIO3ULIUIA,
YTO 6a3MpyeTcs Ha M3yYeHUU JUarpaMM.

OKCIHHEPUMEHTAJIbHAA YACTb

C nmpuMeHeHHEeM KOMILIeKCa METOMOB (hPM3UKO-XMMUUYECKOTO aHajanu3a, B YaCTHO-
ctu, nuddepeHuranbHo noautepmuueckoro (ATA) [1], BU3yaabHO-TTOJIUTEPMUUECKOTO
BIIA [2] ¢ ucmoiap30BaHUEM MIPOEKIIMOHHO-TepMorpadmaeckoro meroma (IITIM) [3]
W TUIATUHOBBLIX TUIJIEH, udMepuTeneM TeMnepaTypbl cayxuiau Pt-Pt/Rh tepmonapsbl.
Hng 3anmucu KpuBbix JITA pUMeHSIJIM YCTAHOBKY Ha 0a3e 3J1€KTPOHHOIO aBTOMaTHU4e-
ckoro noreHmomeTpa KCII-4 ¢ ycunurenem HanpsikeHust F-116. I'pangyupoBka ycTa-
HOBKM IIpOBeJieHa T10 TeMIiepaTtypaM (pa3oBbIX MEPEXOA0B MHAMBUAYAIbHBIX COJIEH U UX
9BTEKTHUECKUX cMeceit [4]. Ha ycTaHOBKe CMHXPOHHOTO TEpMUYECKOTO aHAJIM3aTopa,
STA 409 PC (Luxx) ¢dupmbl «Netsch», BBHINOJHUIM AepuBaTOrpacdUUECKUl aHAIN3,
MpeTHa3HAYeHHBIN 111 OMHOBPEMEHHOTO M3MEPEHUS TEMIIEPATyPhl, a TAKXKE perucTpa-
UM U3MEHEeHMII MacChl HaBECOK B IIMPOKOM AuarazoHe Temiiepatyp (25—1500 °C).
KoHTpoJib 32 X010M U3MEPEHMS OCYIIECTBIISIIIM BCTPOCHHBIM IPOIIECCOPOM, TTOACOEAM -
HEHHBIM K TIepCOHABHOMY KOMITBIOTEPY.

ITo nanHBIM IUTEPATYPHI [6—8], B IBOMHBIX CUCTEMaX UCCIIEAyeMOil HaMU OKCUIHOMI
CHCTEMBI, OTPAHSIONINX KOHIIEHTPAIIMOHHBIM TPEYyTrOIbHUK, obpa3yercs 14 HOBBIX (a3
(13 monukcoconu u 1 6poHsa). Cpenu HUX 9 COENMHEHU ¢ KOHTPYSHTHBIM U 5 ¢ UHKOH-
TPYSHTHBIM XapakTepoMm. B maHHOI cucteme peanusyercsi 14 HOHBapMaHTHBIX TOYEK
(HBT), B ToM uncne 10 3BTeKTUYECKOTO U 4 MEPUTEKTUIECKOTO TUTIA.

C 1cnosib30BaHMEM DPE3yJbTaTOB MCCIEIOBaHUS HaMU MOCTPOEH TOMOJOIMYEeCKUi
00pa3 a30Boii quarpaMMBl TaHHOM crucTeMbl (puc. 1). Cioga BKIIIOYEHBI TOJTBKO KOHTPY-
SHTHOTIUIABSIIIMECST COSIUHEHMST, KaK pa3 OHU HYKHBI J1JTsI TPUAHTYJISIIAH.
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Puc. 1. Tononornyeckuit o6pas a3zoBoii AuarpaMMabl.

PE3VJIBTATBI U UX OBCYXKAEHUE

HawnGonee wHTepecHBbIE, HAa Hall B3IJISIA, BAPUAHTHI TPUAHTYJSALIMU TIPEACTABICHBI
Ha puc. 2. 3AeCh HAaMU BBISIBIIEHBI 9 TpUaHTYIUpYIOIUX ceueHuit. Ouu aenst ee Ha 10 moa-
CHCTEM, SIBJISIIONIMXCSl KBa3UTPEXKOMITOHEHTHbIMU. CienoBaTesibHO, TPOWHBIE CUCTe-
MBI MOXHO HM3y4aTh CaMOCTOSTEIbHO. ISl BBITIOJIHEHUS SKCIIEPUMEHTAbHBIX PabOT
NpY CUHTE3e MHIMBUIYATbHBIX coenuHenuit ([1,—/1)) u TepMuyecKoro aHaamMsa CUCTEM

Mailly

Csail 1R

Puc. 2. BapyaHThl TPUAHTYJISILIMM CUCTEMBI.
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HCITOJIb30BaHbI U COBPEMEHHBIE METOAbI TEPMUYECKOTO aHAJIM3a, B YACTHOCTU BU3yaJIbHO-
MOJIUTepMUIEeCKI, T hepeHINATBHO-TEPMUYECKII, CHHXpOHHO-TepMuaecKuii (STA)
aHaim3 [9—12]. Y3 aTux BapraHTOB HaMU BbIOpaH TOIMOJOrMYecKuii oopas dha3zoBoii qua-
rpamMebl (puc. 1). ITo pe3yabTaTam BbIIeIeHBI 4 OCHOBHBIX ITOJACHUCTEMBI, KOTOPBIE 00b-
emHsAoT octaiabhbie: I-II — CsVO,—MoV,0,—V,0,; III — CsVO,—Cs,M0o0O,—MoV,0;
IV-VI — CsVO,-Cs,M00,—-Cs,0; VII-X — Cs,M00O,—MoV,0,—Mo0,.

s coemuuenns MoV, 0, ¢ Cs,MoO, u CsVO, niposenn TBepaoGhasHbIii CHHTES, TTPU
KOTOPOM MOJIEKYJIbl KOBAJIEHTHO CBsI3aHbI Ha TBEPAOM HOCUTENIEe U CUHTE3UMPOBAHBI I11ar
3a IIIaroM B OTHOM peakIMoOHHOM cocyne [13].

Tormosornyeckunii aHaIM3 U 0030p rPaHEBBIX 3JIEMEHTOB TPOMHOM OKCHIHOM CUCTEMbI
C IIOCJICOYIOIIEHN €€ TPUAHTYJISIUME BBISIBUIN, UTO B HEM PEaIM3yeTCs NBOMHASA U IBYX-
KOMITOHEHTHas, a Takke 10 TpOMHBIX M TPEXKOMIIOHEHTHBIX cucTeM (puc. 3).

BriGpannas Hamu B KauecTBe 6a30Bo¥i crctema i uccnenosanus Cs,0—-V,0,—MoO,
(puc. 1) Bxmouaer 11 mBoitHbix (1-11), 10 xkBazuaByxKOoMIOHEHTHBIX (12-21), 3 TpoliHbBIX
(IV-VI), 7 xBazutpexkoMnoHeHTHbIX (I-VI, VIII-X) cuctem, U3 KOTOPBIX 5 KBa3UOMHAPHBIX
(5, 12, 13, 20, 21) u3 xBasubmHapHBIX (I, VI, X) SBISIOTCS OKCUIHO-COJICBBIMM CUCTEMaMHU,
OCTaJIbHbIE BKITIOYAIOTCA B CJIOKHOOKCHUIHbIE (Dasbl, sABAtoIMecsd nmonuBaHagatamu (J.—I1,)
U TIOIMBAHANATHBIM MoOaeHoM ([L). TIpoBeneHo pasoueHHe TPEXKOMIIOHEHTHOM OKCHI-
Hoii cuctemsbl Cs,0—V,0,—MoO.,.

BoIsiBUIM 3aKOHOMEPHOCTHU TOMOJOTUM U (Pa3000pa3oBaHUsI B HUX, HA UX OCHOBE
cO3IaHa HayyHasl OCHOBAa XMMMYECKOU TEXHOJIOTMH. B pamkax oOImero mcciaemoBaHUS
MHOTOKOMITOHEHTHBIX CUCTEM C MCITOJIb30BaHMEM DPa3pabOTaHHBIX METOIOB ITPOBEIEH
TOIOJIOTUYECKMIA aHAJI3 U caMOii cucTeMbl [14—15].

M30paHHBIIA HAMU METOIOJIOTUUECKUM ITOAXOM BTOPUYHOTO OOBEOTUHEHMS ITONCH-
cTeM (puc. 4) N0 NPUHLUUIY MUHMMU3ALUKA TPYIOEMKOTO IKCIIEPUMEHTA U JOCTUKEHUS
MaKCHUMaJIbHO MH(pOpMaIINK I10 mporeccaM (a3000pa30BaHUS B CUCTEME, ITO3BOJIMIN
pemuTh 3ana4u. J{pyruM BapraHTOM TPUAHTYJISILIMM MaKCUMaJIBHOTO Habopa COJIEBBIX MO -

Moy

a0 o, [ o, D Va0

Puc. 3. Tononornueckuit 06pa3 rpaHeBbIX 3JIEMEHTOB.
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Moy

Puc. 4. BapraHTbl pa3oueHUsI CUCTEMbI Ha TTOJCUCTEMBI.

cucteM sBisieTcs (puc. 5) (1-4, 6-11; VI, 111, V-1X) ¢ yuyeToM OrpaHSIOIIMX OKCHUIHBIX
CHCTEM, YTO OOeCTIeunBaeT IMTPOTHO3MPOBAHNE U TJITaHUPOBAaHUE SKCIIEPUMEHTA.

Lenbio gaHHOI pabOTHI SABISETCS MPOrHO3UPOBAHKME, MOIEIUPOBAHUE U IKCIIEPH-
MEHTaIbHOE MOATBEPXAeHIE (hazoobpasoBanus B cucteMe Cs,0—V,0,—MoO, c ero cra-
OMJIBHBIMM M METacTaOMJIbHBIMM IIpolleccaMy. MaKCHMMaabHO PAaCKPBITHI MEXaHU3MBI,
TpUpOoJIa, yCIIOBUST 00pa30BaHUsI U pacmal, Ka4eCTBEHHO-KOJTMYECTBEHHBII COCTaB HOBBIX
a3. Tpuanrysaus (puc. 1) ¥ mpeaBapuTeIbHbIM IPOrHO3 COCTABJIEH HAMU Ha OCHOBAaHUU

Moy

Ce0 D, Iy o o, Vally

Puc. 5. [IporHos monenposanus n pasouenns cuctembl Cs,0—V,0,—MoO.,.
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aHaIM3a IMarpaMM COCTOSHMM TpvaHry/mpyromx ceyennid D (Cs,MoO,—V,0,) (puc. 3)
u D, (CsVO,) (puc. 2) u D, (MoV,0,) (puc. 2), cocTaBbl KOTOPBIX MOATBEPIUIN TEPMUYE-
CKUM aHaJIM30M C MOCIEAYIONIUM TEPMOTPaBOMETPUUYECKUM U PEHTreHO(a30BbIM aHaI-
30M [15—16]. I1pn pa3doreHnM MEPBBIX ABYX M3 HUX IOJyJYaeM IOJIHbIE (Pa30BbIe JUarpaMMBbl,
B HUX 00pa3yeTcst 7 HOBBIX (ha3, C MHKOHTPYSHTHBIM XapaKTepPOM TUIaBJICHMUSI TTO TIEPUTEKTH -
YECKMM peaklMsIM. DTO CBUAETEILCTBYET 00 MX MeTacTadumibHOCTH. CTabUibHasl KapTHHA
Habmonaercs B ceuennn [ Cs,0, TIOCKOIIBKY TIPeo0IaIaioT 9BTEKTHIECKHUE TIPOLIECCHI.

SAKJIIIOYEHUE

Ha ocHOBaHWM TEOPETUYECKOTO aHAIN3a U IKCIIEPUMEHTAIbHBIX JaHHBIX TIPOBEIe-
HO pa3OueHne TPEXKOMIOHEHTHOM okcuaHoi cucteMbl Cs,0—V,0.—MoO,. Boiasuiu
3aKOHOMEPHOCTU TOTOJIOTUU U (pa3000pa3oBaHUs B Heil, BIIEpBbIE B paMKax OOIIEro
aJTOPUTMA KCCIIETOBaHUsI MHOTOKOMIIOHEHTHBIX CUCTEM C UCMOJIb30BAHUEM pPe3yIbTa-
TOB MPOBEJAEHA TPUAHTYISIUS CUCTeMbl. BoineneHbl 10 TpUaHTYISIIMOHHBIX CEYEHUH,
kotopelie nenat e€ Ha 10 moacucteM. IIpoBeneH TBepmoda3HbIl CUHTE3 MOJTYYEHHBIX
WHAVBUIYaTbHBIX COEAMHEHUI. Pa3nnuHbie OKCUIHO-COJIEBbIE KOMITO3ULIMU HA OCHO-
Be cucteMbl Cs,0—V,0,—MoO, mepcrneKTUBHBI TPH pa3paboTKe HOBBIX MaTepHaoB,
B YaCTHOCTU AaHTUKOPPO3UOHHBIX TMOKPBITUI, WOHHO-3JEKTPOHHBIX TMPOBOJAHUKOB
C BBICOKOU aKTUBHOCTHIO, KaTaJIM3aTOPOB, JIEKTPOMOB CPABHEHUS ISl TTOTEHIIMOME-
TPUYECKUX OKUCITUTEIHHO-BOCCTAHOBUTEIBHBIX M KMCJIOTHO-OCHOBHBIX TUTPOBaHUIA,
9JIEKTPOONITUYECKUX MATEPUATIOB.
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STUDY OF THE TERNARY SYSTEM CS,0-V,0,—MOO,
AND ITS TRIANGULATION

A. M. Gasanaliev*

Research Institute of General and Inorganic Chemistry, Dagestan State Pedagogical University
named after Rasul Gamzatov, Makhachkala, Russia
*E-mail: abdulla.gasanaliev@mail.ru

The main task of physicochemical analysis is the study of multicomponent systems.
Knowledge of phase levels and their regularities in multicomponent systems is neces-
sary for the development of optimal conditions for the search for compositions with
given conditions. For this purpose, we studied the ternary system Cs,0—V,0,—MoO,.
Based on the results of experimental studies, the first promising areas of the phase dia-
gram for the synthesis of vanadium-molybdenum bronzes of cesium were obtained.
Compositions obtained on the basis of the system are promising in the development
of new materials, in particular: anti-corrosion coatings, ion-electronic conductors with
high activity. Theoretically, based on the results of the data obtained, it was proved that
the synthesis of new materials from complex oxide phases by crystallization methods
from a solid-phase fusion melt can be used to break down a three-component oxide
system Cs,0—V,0,—MoO,, to identify topology patterns and phase formation in them.
The topological image of the phase diagram constructed by a combination of data
from its faceting elements is characterized by the presence of three congruent and four
incongruently melting binary compounds on the faces, which divide it into four sub-
systems (I-IV), the most interesting, in our opinion, variants of triangulation of this
system, according to which it was identified in triangulating sections, which divide
it into 10 subsystems, which are quasi-three-component and triple systems, hence,
they can be studied independently. For the convenience of performing extreme work
both on the synthesis of individual compounds (D,—D,) and thermal analysis of sys-
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tems, a set of methods of physical and chemical analysis was used. In particular, visual
polythermic, differential thermal analysis. Finally, the main thing in this work is the
prediction, modeling and experimental confirmation of phase formation in the system
Cs,0—-V,0,—Mo0,, its stable and metastable processes, which will make it possible
to maximize the mechanism of the conditions for the formation and decay of the qual-
itative and quantitative composition of the phases.

Keywords: compound, congruent, incongruent, diagram, phase complex, projection,
liquidus, model, perithectics, segment, complex, system, prognosis, polytherm, stable
complex, solid solutions, subsystem, bronzes, quasibinary, crystallization
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