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O01mas xapakTepucTuKa padoThl M ee AKTYAJIbHOCTD.

B ocHOBe co3/1aHus U COBEPLIEHCTBOBAHUS JIFOOOH XUMUYECKONW TEXHOJOTUHU J10JI-
KEH JIekKaTh CUCTEMHBIN MOJXO0] K peleHuto mpobaembl. Hanbospme BO3MOKHOCTH
MOJEJIUPOBAHUS CIOKHBIX XUMUYECKUX MPEBPALIEHUI HA 3Tare TEPMOJAUHAMHYECKO-
ro aHaju3a MPEeACTABIISIIOT CBEAEHUS O JUarpaMMax COCTOSIHUS, CBSI3BIBAIOIIUE YCIIO-
BUA peanu3aluu (Pa3oBbIX M XMMHUYECKHUX TMPEBPAICHUN C XUMHYECKUM COCTaBOM
M3y4aeMoOil CUCTEMbI M BHEIIHMMHU MapaMeTrpaMu. HanOoublIyto CI0KHOCTh MPHU HC-
CJIEIOBAHUSX MPEACTABISIET MOCTPOCHUE BBICOKOTEMIIEPATYPHBIX JHArpaMM COCTOS-
HUS C yYaCTHEM KHUJKHX METAJUNIMYECKUX, XKUAKUX U TBEPABIX OKCUAHBIX (a3, (a3 me-
pemeHHoro coctaBa. C Apyroil CTOPOHBI, € MPAKTUYECKOW TOUKH 3PEHMSI BECbMa UHTE-
PECHBI BBICOKOTEMIIEPATYPHBIE AUATPAMMBI COCTOSIHUS, XapaKTEPU3YIOIINE COCTOSIHUE
CUCTEMBI B 00JIaCTAX CONPSDKEHUS METAUIMYECKUX U HeMeTalnyeckux ¢a3. Cucrem-
HbI€ CBEJICHUS O TAKMX (DA30BBIX PABHOBECUSAX MEXIY KUJIKUMU METANIMYECKUMH U
PaBHOBECHBIMU C HUIMHM HEMETAJUIMYECKUMHU (pa3aMu NMPAKTUYECKU OTCYTCTBYIOT B Ha-
YYHOM M TEXHOJIOTMYECKOW juTepaTrype. IloaTomy mocTpoeHue Takux AuarpaMmm Co-
CTOSIHUSI, KOTOpPBIE MO3BOJISIOT CBS3aTh COCTaB >KUJIKOTO METalljla ¢ COCTaBaMU oOpa-
3YIOIUXCS HEMETANTMYECKUX (a3, MpeACTaBIsIeT aKTyaJbHYI0 HAYYHYIO 3a/ady, pe-
HIEHWE KOTOPOM MMEET HAYYHBIN U ITPAKTUYECKUN HHTEPEC.

Leab padoTbl. BEINOIHUTE TEPMOJIMHAMUYECKUN aHAN3 (Pa30BBIX PaBHOBECUH B
cuctreMe CU-Si-Ni—-O ¢ wucronb30BaHNEM KIACCHYECKUX METOJIOB TEPMOIMHAMUYC-
CKOI'0 MOJEIHMPOBAaHUSA U OCOOOM METOJMKM MOCTPOEHUS AUArpaMM COCTOSIHHS, IO-
3BOJISIIOLIEH CBSA3aTh PAaBHOBECHBIE COCTAaBBI )KMJIKOI'O METajlla ¢ 00pa3yoIUMUCs He-
MeTannyeckuMu ¢azamu. [IpoBepuTh 1OCTOBEPHOCTh MOIYYEHHBIX PE3YyIbTaTOB IKC-
[IEPUMEHTAIbHBIMH HCCIICIOBAHUSMH.

JUis [OoCTHKEHUSI LIeTN paboThl ObLIN PELIEHBI CIEAYIOIINE 3aJauH.

1. ITyrem KJ1accHY€CKOro TEPMOJMHAMUYECKOIO MOJIEIMPOBAHUS ONIPENEIIEHBI KO-
OpAMHATHI JINHUWA JIMKBUAYC JHArpamMM COCTOSIHHMSI OKCUIHBIX U METAJUIMYECKUX CHC-
TEM.

2. CucteMaTH3MPOBaHbl UMEIOIIMECS Pa3pO3HEHHBIE JaHHBIE TIO0 (Da30BBHIM paBHO-
BECHSIM JIJISl UCCJIENYEMBIX CUCTEM M MOCTPOEHBI JUArpaMMbl pACTBOPUMOCTH KOMIIO-
HEeHTOB B xujakoM Mmetayie (IIPKM) ¢ uenbto noiayyeHus MoJHON KapTUHBI (Pa3oBbIX
PaBHOBECUI MEX]ly METAJUIMYECKUMU PacljlaBaMi Ha OCHOBE MEJIU U COMNPSKEHHBIMU
HEeMeTaJuInueckuMu (pazamu.

3. PazpaboTaHbl METOIMKHU ¥ MPOBECHBI IKCIIEPUMEHTATbHBIC UCCIEAOBAHUS IS
MOATBEPKIAEHUS aJIEKBATHOCTH BBIITOJIHEHHOI'O MOJEIMPOBAHU.

Hayunas HoBm3Ha. 1. Ha ocHOoBaHMM aHa/iv3a AMarpaMM COCTOSIHUS CHCTEM
Cu,O-NiO, Cu,0-SiO, u NiO-SiO, BrepBbic MOCTPOEHA TEPMOAMHAMHYCCKAS MO-
JeNb U TOJHAs MPOEKIMs MOBEPXHOCTH JIMKBUAYC AWArPAMMbI COCTOSIHHMSI CHUCTEMBI
Cu,0-SiO,—NiO. 2. Pa3paborana meToAuKa cuHTE3a 00pa3ioB Ha ocHoBe Cu,0, sKC-
MEPUMEHTAILHO OLCHEHBI JaHHBIE O COCTAaBE TOYKHU IBTEKTUKH B cucTteme Cu,0O-Si0.,.
3. BriepBble mocTpoeHa NoBepXHOCTh pacTBOpUMOCTH kKomnoHeHToB (IIPKM) Si, Ni u
O B xuakoit meau. 4. TeopeTuyecku U HKCIIEPUMEHTAIBLHO CPOPMYIUPOBAHBI YCIOBUS
00pa3oBaHMs CUJIMLIUIOB HUKEIS B KUIKOW MEJTH.
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IIpakTuyeckoe 3Havyenme. 1. PazpaboTanHbie METOABI SKCIIEPUMEHTAIBHOIO HC-
CJIeIOBaHUSI BBICOKOArpeCCUBHBIX paciuiaBoB, coxaepxammx Cu,O, MOryt OBbITH HC-
MIOJIB30BAHBI JIJISI UCCIACAOBAHINI MHOTOKOMITOHEHTHBIX OKCHJIHBIX CHCTEM (peahbHBIX
nutakoB). 2. PacmmpeHHbie 0a3bl COTJIACOBAHHBIX TEPMOAMHAMUYECKUX IaHHBIX W
MPEIIOKEHHBIC METOIbI TIOCTPOCHUS MTOBEPXHOCTEH PACTBOPHUMOCTA KOMIIOHCHTOB B
KUIKON MEIU MOTYT JieYb B OCHOBY MOJICTTUPOBAHMSI TIPOIIECCOB OTHEBOTO PaGUHUPO-
BaHMSI MHOTOKOMITOHEHTHBIX PEaJTbHBIX PACIIaBOB, a TAK)Ke OBITh MCIOIB30BAHBI MPU
MPOCKTUPOBAHUH U COBEPIICHCTBOBAHUHM TEXHOJIOTHH TIOJYYCHHUS CIIABOB HA OCHOBE
MEJIH.

Ha 3amuTty BhIHOCATCS CJIeYIOIIHeE MOJT0KEHUS S

* Pe3ynbTaThl TEPMOAMHAMUYECKOTO MOJICIUPOBAHUS JIMHUM JTUKBUAYC CHC-
tem Cu,O-NiO, Cu,0-SiO, u NiO-SiO; 1 MOBEpXHOCTH JIMKBUIYC CHCTEMBI
CUZO—SiOZ—NiO.

 Mertoauka moaydeHuss oOpas3noB Ha ocHoBe CU,0, skcnepuMeHTaIbHBIE
JAaHHBIC O COCTAaBEe TOYKHU IBTEKTUKH B cucteme Cu,0-SiO,.

* JluarpamMmbl paCTBOPUMOCTH KOMIOHEHTOB B kujakoM metaiuie (ITPKM) ans
cucteM Cu—Ni-O, Cu-Si-O u Cu-Si—Ni—0, a Takxe pe3yJabTaThl dKCICPH-
MEHTAJbHBIX UCCICIOBAHUMN JJIs1 OTUX CUCTEM.

* PesynpTaThl TEPMOAMHAMHUYECKOTO MOJCIUPOBAHUS JIMHUM JIMKBUIYC IS
cucteM Cu—Ni, Cu-Si u Ni-Si, a Takke U30TepPMUUECKUX U MOTUTCPMHUCCKUX
ceuenuit ;ursg cucteMbl CU-Si—Ni. Pe3ynpTaThl SKCIIEPUMEHTATIBLHOTO UCCIIET0-
BaHUS MPOIECCOB 00pa30BaHUS CUIUIINI0B HUKEIS.

Iyonukanuu u anpodanusa padoTbl. OCHOBHBIE pPE3yNbTaThl AUCCEPTALUU
omy0nuKoBaHbl B 23 cTaThsx, n3 HuX 10 — B )xypHanax, pekomengoBanusix BAK. Ma-
TepHUaJbl AUCCEPTALUU JOJIOKEHBI U 00CYkIeHbI HA 12 HaydHO-TEXHUYECKUX KOH(e-
pennusx (Poccuiickux u Mexaynaponnsix): X1l Poccuiickoit kondepenimu «Ctpoe-
HUC M CBOWCTBA METAUIMUECKHUX U IIJIAKOBBIX paciuiaBoB» (ExarepunOypr, 2008);
62-it nayunoit kondepennuu «Hayka FOYpI'Y» (Uensounck, 2010); VIII u X Poccwii-
cknx cemuHapax «KOMITBIOTEpHOE MOACIUPOBAaHUE (PU3UKO-XUMHUYECKUX CBOWCTB
ctékon u pacmiaBoBy» (Kypran, 2006, 2010); Xl u XIV MexayHapoaasix KoHbe-
peHIuax 1o xuakuM u amopduaeiM Metamuiam (LAM-13, LAM-14) (ExatepunOypr,
2007; Pum, 2010); XVI, XVII u XIX MexayHapoaHbix KOHQEpEHIUAX M0 XUMHUUE-
ckoit repmoaunamuke (Cysmans, 2007; Kazans, 2009; Mocksa, 2013); 9 u 10 Mexy-
HAPOJHBIX HAYYHO-TEXHUYECKUX KOH(pepeHIusax «CoBpeMeHHbIE METAIUTHYECKUE Ma-
tepuanbl 1 Texuosoruu (CMMT)y» (Cankt-IleTepOypr, 2011, 2013); XIV MexayHa-
pomHON KOHGEpPEHIMU 10 TEepMUYECKOMY aHanmu3y U kajnopumerpun (CaHKT-
[TeTepOypr, 2013).

Ctpykrypa u 00bem padoThl. J(uccepraiusi COCTOMT U3 BBEJICHHUS, YETHIPEX TJIAB,
3aKJTIOYEHUS, CIIUCKA JUTeparypsl u3 117 HauMeHoBaHuii U mpwiioxeHus. Pabora co-
nepxut 160 ctpanwil, B Tom yncie 74 pucynka u 30 Tabiuil.

OcHoOBHoOE coJiep:kaHue padoThI

Bo 66edenuu 060CHOBBIBACTCS aKTyaIbHOCTh MCCIICIOBAHUS (PAa30BBIX PAaBHOBECHIA
B cucremax Cu—Si—Ni-O.



B nepeoii 2nase obcyxnaercs cocTossHue Bompoca 0 PU3NKO-XUMHUIECKUX ac-
NeKTaxX yJaJIeHUs HUKEIS B X0/I€ OKUCIUTEIBLHOTO padUHUPOBAHUS MeIH, PU3HKO-
XUMUYECKHE OCOOEHHOCTH BBIMJIABKM MEIHOHHMKENEBBIX CIJIAaBOB, KPEMHHUCTBIX
OpOH3, MPUBOAATCS NTUTEPATypHBIC JaHHBIE TIO JUarpaMMaM COCTOSHUSI OKCHUJIHBIX
U METaJUTMYECKUX cucTeM, coctapisitonux cuctemy Cu—Si—Ni-O. Paccmotpenst
pa3IMYHbIe TEPMOJIUHAMUYECKHUE TEOPUHU, MO3BOJSIONINE MOJACIHUPOBATh CBOWCTBA
OKCHUJIHBIX U METAJNINUYECKUX CHUCTEM, YKa3bIBACTCs, YTO B KAUeCTBE MHCTPYMEHTA
IJIs1 TEPMOJIMHAMUYECKOTO aHaJIN3a METAJLTyPTHUYECKUX MPOIECCOB Iiesiecoo0pas-
HO CTPOUTH 0COOOTO poJia AUATPAMMBI COCTOSIHUS — TOBEPXHOCTH PACTBOPUMOCTH
koMmIoHeHTOB B MeTayuie (IIPKM).

Bmopas 2nasa nuccepraiiuy OCBsIIIIEHA TEPMOJIUHAMHYECKOMY aHAIIU3Y U JKCITe-
PUMEHTAIIbHBIM HccienoBanusaM cBoictB cucteM Cu,O-NiO, Cu,0-SiO,, NiO-SiO,,
Cu,0-SiO,—NiO.

st TEpMOAMHAMUYECKOTO MOJICITUPOBAHUS JIMHUN JIMKBUJIYC OKCHJIHBIX CHCTEM
Cu,O0-NiO, Cu,0-SiO,, NiO-SiO,, Cu,0-SiO,—NiO wucmosb30BaIu TEOPHIO CyOpe-
T'YJSIPHBIX HOHHBIX PacTBOPOB.

Pesynbratel pacuera muHmid ukBuayc cucteM Cu,O—-NiO u NiO-SiO, xopomro
coracytotrcs ¢ aureparypHbeiMu nanHbiMH. Cructema Cu,O—NiO mpencrasisieT codoit
IUarpaMMy COCTOSTHHS DBTEKTHUECKOTO THIIA, KOOPAWHATHI TOYKH IBTEKTHKHU: 4,55
Mmac. % NiO, T = 1220 °C coriacHO pacueTHOW JUHHMH JUKBHIYC; 3,92 mac. % NiO,
T=1219 °C cornacHo 3kcniepuMeHTaIbHBIM JaHHbIM J.P. Neumann u nap. B cucrteme
NiO-SiO, umeroTcs 0JjHa TOYKA IBTEKTUKH, a TAK)KE PACCIIOCHUE OKCHUIHOIO paciuia-
Ba. [lonmokeHne pacueTHBIX JIMHUNA JIMKBUIYC COBMAJACT C JKCHEPUMEHTAIbHBIMU
narabIMU paboTtel B. Phillips u ap. Oco60 cieayer OTMETUTh CYIIECTBOBAHUE COCIH-
Henust NipSiO4, KOTOpOe B OMHAPHOW JUarpaMMe COCTOSHHS paclajacTcs B TBEPAOM
coctosiHuu (0€3 BbIXOJa Ha JIMHUIO JIMKBUIYC) Tipu Temneparype T = 1545 °C.

Cornacno A.C. bepexxnomy u JL.LU. KapskuHy nuarpaMma COCTOSIHUSI CHCTEMBbI
Cu,0-SiO; B obnactu Temmepatyp Hrke 1200 °C uMmeeT ofHy TOUKY IBTEKTHKH C KO-
opaunatamu 8 Mac. % SiO,, 1060 °C; npu OoJiee BBICOKMX TeMIepaTypax U OOJBIIHX
KOHIeHTpausax Si0, UMeeT MeCTO KYTIOJ paccianBaHus OKCUIHOTO pactuiaBa. [1o pe-
3yJIbTaTaM IPOBEICHHOTO MOCIUPOBAHMS TOYKA IBTEKTUKU B cucteme Cu,0-SiO,
umeeT koopauHathl 11,05 mac. % SiO,, 1060 °C, 1 B 1eJI0M JIMHUW JTUKBUIYC UMEIOT
0oJiee KpyToil yrosi HakjioHa, 4YeM JUHUHU JuarpaMmbl cocTosiHus o A.C. bepexnomy
n JLU. Kapskuny. Cinenyer OoTMETUTh, UTO JUTEPATypHBIE NAHHBIE JJISI KOOPIAMHAT
TOYKH IBTCKTHKH B OuHapHOo# cucteme Cu,O-SiO, pasHsarcs mexay coboii. Ha Bo3-
MOKHOCTb 00Jie€ BBICOKOTO COJIEp’KaHusl TUOKCUAa KpeMHus, yeM 8 mac. %, B IBTEK-
TUKe OMHApHO# cuctembl ykasbiBatoT A.M.M. Gadalla u ap. ITpu aTomM oHM OTMEUarOT,
9TO BO3MOXXHO M TeMIleparypa 3BTEKTHKH JOJDKHA ObITh BhImie, yem 1060 °C.
U. Kuxmann u K. Kurre n3mepsiinu cogep:kaHue OKCHIa KPEMHHUS B COCYIIECTBYIOIINX
OKCHJTHOM M METAJZTMYECKOM pacIliaBax MPH MX HACHIICHUH KpemHe3eMoM. CorjacHo
MOJTYYCHHBIM JaHHBIM TOYKA ABTEKTHKH cooTBeTcTBYeT 10,5 Mac. % SiO, npu Temre-
parype 1186 °C. I'pynma aBropoB moa pykoBojactBoMm B. Sikora msyuanu oGpasiisr ¢
cojiep>kaHreM Jauokcuaa kpeMuus B uHtepBaie 0—15 mac. %. MccnenoBanue mpoBo-
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JUJIOCH C UCTIOJIb30BAaHUEM BBICOKOTEMIIEPATYPHOTO MUKpPOCKONA B aTMoc(epe Bo3ay-
xa. CorjacHo 3TUM JIaHHBIM TOYKA IBTEKTUKHU JISKUT B MHTepBase 7—8 mac. % SiO;
npu temneparype 1035 °C. M.JI. CopokuH U JIp. IPUBOAAT PE3yJIbTAaThl pacyera 1o
TEOPHUH ACCOITMUPOBAHHBIX PACTBOPOB. TOUKAa IBTEKTHUKU COTIACHO MPEIIOKCHHOMY
noxoay uMeet koopauHatel: 8,97 mac. % SiO,; 7= 1084 °C. Cnenyetr OTMETUTh, YTO
pacueT aBTOpaMH MPOM3BOJMIICS HE IS BceX KOHIeHTparuii Si0,, a ToJabKo I He-
OOJBIIIOr0 MHTEpBAJA, M, TAKUM 00pa3oM, B pabOTe HE MPUBOIUTCS BBHICOKOTEMIIEpa-
TypHasi 00JIacTh AUarpaMMbI COCTOSTHUA. B TO BpeMs Kak pacyeT 1Mo TEOpUHu CyOopery-
JISIPHBIX MOHHBIX PaCTBOPOB HalIel pabOThI OMUCHIBAET TUATPAMMY COCTOSIHUS CUCTE-
MbI Cu,0-SiO, rienukom.

[TonHast MpOEKIUs MOBEPXHOCTH JHMKBUAYC mias auarpammbl Cu,O-SiO,—NiO B
JUTEpaType HE MPUBOIUTCS. Pe3ynbTaTthl TEPMOAMHAMUYECKOTO MOJEIMPOBAHUS KO-
OpAMHAT MOBepXHOCTH JHKBUAYC cucteMbl CU,O—-Si0O,—NiO npuBeaens! Ha puc. 1, u3
KOTOPOTO CJIEIyeT HaJU4Khe B ATOM CUCTEME pacCIauBaHUs B KUIKOW OKCHUIHOU (aze
(OK; 1 XK5), a Takxke Hajgu4due o0acT paBHOBecHs coeauHeHHus NipSiO4 ¢ OKCHIHBIM
pacriaBoM. Ha amarpamMme oTpaXeHbI M30TEPMHUYCCKHAE CEUCHHsS MOBEPXHOCTH JIUK-
sunyc musa 1= 1200, 1400 u 1600 °C. B uHTEpBane teMneparyp, XapakTepHBIX IS
MenemtaBuibHOro ponsBoacTsa (1100 — 1300 °C), B paBHOBECHH HAaXOIATCS: OKCHI-
Heid pacmiaB (0Ky), |Cu,O| (mo 1242 °C), |SiO,], INIO| 1 |Ni,SiO4|. O6nacts paBHOBe-
CHSI OKCHTHOTO paciijiaBa ¢ HUKEJICBBIM OJITMBUHOM OYEHB Majla, HO UMEET MECTO.

Ha puc. 2 npencraBnen npumbikaronmii K Cu,O yroa nuarpammsl B IpyroM Mac-
mrabe, HAa KOTOPOM XOpPOIIO BHJHBI TPaHUIl OOJACTH «OKCHUIHBIM pacruiaB —
Ni28i04».

[ToHmxeHue TeMnepaTypbl JUCCOIMAIIMTN HUKEIEBOTO OJIMBHHA U PABHOBECHE €T0 C
OKCHJIHBIM PacCIlJIaBOM MOKHO CBSI3aTh C MEPUTEKTHUUECKUMHU PEaKIUsIMU B 00JacTu
1-2-3, xorga U3 HACHIIIIEHHOTO OKCUJIHOTO pacIijlaBa MPHU OMPEICTICHHBIX TeMIIEpaTy-
pax BeIMagaroT KpUcTamibl NipSiOy.

Tak Kak JijI1 KOOpJUHAT TOYKH 3BTEKTHKH cucteMbl CU,O—Si0O, uMeroTcss HeKOTo-
pBIe pasHOTJIIACUS MEXAY JUTEpaTypHBIMH JAaHHBIMH, W, B TO )€ BpeMms, JuarpaMmma
Cu,0-SiO; sBusieTcs oaHON M3 0a30BBIX JUISI TEPMOJINHAMUYECKOTO MOJICIUPOBAHUS,
OBLITM TTPOBEACHBI IKCIIEPUMEHTATIBHBIC UCCIICIOBAHMS JJIsI OTIPEICIICHHS COACPIKAHMS
JTMOKCHJIA KPEMHUS B TOUKE IBTEKTHKH.

Jl7is IpUrOTOBJICHUST 00pa3IoB UCTIOIb30BaTUCh Topoiku CuU,O u SiO; yrcroToit
«oc. 4.». CMech MOPOLIKOB pacTUpajach B araToBou crymnke. Jlanee n3 monydyeHHON
CMECH MPECCOBANUCH TAOJETKU JUAMETPOM 5 MM.

Cornmacio «p—T»muarpamme s cuctembl Cu—O (mamneie H. Amekura,
N. Kishimoto; a taxxe cupaBounbie ganubie A.I'. Mopauesckoro) okcug mean Cu,O
pU HarpeBe / OXJIAXACHUHM: HAa BO3AYXE MOXKET OKHUCIUTHCS 10 okcuaa CuO, a mpu
MaJIbIX MapIUATbHBIX AABICHUSIX KHCIOPOJa MOXKET JUCCOIMHUPOBATH HA MENIb U KH-
CIOpOJI. DTO CO3MAET ONMPECICHHBIC TPYIHOCTH JIJII CUHTE3a 00pa3IioB, OTHOCSIIIUXCS
K UCTHHHO OWHapHOW cucteme Ha ocHoBe CU,O. [Tocie mpenBapuTeabHBIX SKCIEPH-
MEHTOB CHHTE3 OKCHIHBIX 00pasmoB OBLIO MPEAIOKEHO MPOBOAWTH B KarcCyjax M3
miatuHOBOM (poseru. [Tocie pa3menieHus oOpa3IioB KarcyJsbl TOJDKHBI 3aBapUBATHCSL.
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Jist crutaBiienust o0pasioB ObLTa CIPOEKTUPOBAHA U COOpaHa IKCIIEpUMEHTaIbHAs
ycTaHoBKa. CxeMa 3KCIepUMEHTabHOM YCTaHOBKH MPUBEIEHA Ha pUC. 3.
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Puc. 3. Cxema 3KkCiepuMEHTaIbHON YCTAaHOBKU: | — METaNTMYECKUil KOPITyC TIeUH;
2 — terion3ossinus; 3 — HarpeBaTenu u3 SiC; 4 — TEIION30IMpYOIIKe MPOOKH U3 Te-
HOILIAMOTa; 5 — KBapleBas TpyOKa B peaKTUBHOM 30HE meuu; 6 — mpoOku; 7 — 3aTBOpP;
8 — xopyH0Bas JI004YKa ¢ oOpasiamu; 9 — kBapieBast TpyoOka; 10 — moABMKHBIN TOJ-
karenb; 11 — poramerp; 12 — peaykrop; 13 — 6anioH ¢ aproHom

MeTonuka sKCIiepuMEHTa 3aKirovanach B cienytonieM. M3 muatuHoBo# donbru
M3rOTaBIMBAIUCH Karcylibl. [lanee B KancyJsibl MOMEIAIUCh 00pa3Lbl OMpeaeIeHHOTO
COCTaBa B BHUJIE CITPECCOBAHHBIX M3 MOPOIIKOB Ta0JIeTOK (Maccoi 1,5 r) u Kamncyibl 3a-
BapuBaimuch. Kamncynbl ¢ o0pa3liaMu yCcTaHaBIMBAJId B KOPYHJIOBYIO JIOJOUYKY, KOTO-
pyIo TOMEIalii B AKCIIEPUMEHTAIIbHYIO YCTAHOBKY BHE 30HBI MeUd. B yCTaHOBKY MO-
naBayiin aprod. Ileur HarpeBamu no temmnepatypsl 1200 °C, nomouky ¢ oOpasumamu
BBOJIWJIU B «TOPSYYIO 30HY» IEUYM U BBIJIECPKUBAIA B aTMOc(epe aproHa B TEUCHHE
40 muH. Jlanee 10I0YKY C KallCyJIaMU BEIHUMAIH U3 «TOPSYEH 30HBD» U OXJIXKIaHU 10
KOMHATHOHM TeMIIEpaTyphl B TEUEHUE TIoJTydaca B arMoc(epe aproua.

Kancynel paspe3anuch W U3 MOMYYEHHBIX OOpa3lOB HM3TOTABIMBAIUCH HUTH(QHI.
HccnenoBanre mpoBOAMIOCH HA PACTPOBOM 3JIEKTpOHHOM MuKpockone JEOL JSM-
6460LV, ocHallleHHOM CIIEKTPOMETPOM dHepreTuyeckoi aucnepcuun Gpupmsr «Oxford
Instruments» nnst mpoBeneHUs KAYECTBEHHOTO U KOJIWYECTBEHHOTO PEHTIE€HOCIEK-
TPaJIbBHOTO MHKpOaHanu3a. Pe3ymbrarel mpeactaBiensl Ha puc. 4. [lomydeHHsie 00-
pasibl AJi1 KOHTPOJIs ()a30BOr0 COCTaBa MOCIE CUHTE3a MOJBEPrajid TakKe U peHTre-
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HodazoBoMy aHaiau3y. Ilo ero pesynpTaTam MOXHO ckaszarb, yTo (azer CuO m Cu
MPAKTUIECKH OTCYTCTBYIOT.

18 55 BES

B)
Puc. 4. ®otorpaduu cTpykTyp 00pa3noB, molydyeHHbIe Ha POM:
a) coctaBa 92 mac. % Cu,0 u 8 mac. % SiO,; 6) coctaBa 90 mac. % Cu,O u 10 mac. %

SiOy; B) cocrana 88,5 mac. % Cu,O u 11,5 mac. % SiO;

st o6pasnoB ¢ comepxkanusimu Si0O, 8 u 10 mMac. % xapakTepHbl CTPYKTYpPHBIC
AJIEMEHTHI ABYX Pa3HOBUIHOCTEH: KPYITHbIE 00pa3oBaHuUs U sIBHAS DBTEKTHYECKAsl CO-
craBistoniass Mexay Humu. [Tpudaem B obpasie ¢ 10 mac. % SiO, 3BTEKTHYECKOH CO-
cTaBJjsitolel Oospie, yem B oOpasie ¢ 8 mac. %. [Io cOOTHOIIEHUIO aTOMHBIX KOH-
IIEHTpAIMil AJIEMEHTOB, BXOJSANIMX B COCTaB KPYITHBIX TOMOTCHHBIX OOpa30BaHWUM,
MOYHO CJIeJIaTh BBIBOJ O TOM, UTO OHU cocTosT u3 Cu,O. CtpykTypa oOpasiia, conep-
xamero 11,5 mac. % SiO,, MoxxeT OBITH OIlCHCHA KaK 3BTCKTHUYECKAsl, 4TO MOATBEP-
KIaeT MPOBEJCHHBIN paHee pacyeT JTUHUH JTUKBHUIIYC.

B mpempweit 2nage nyccepraiuy NpUBEIACHBI PE3yIbTaThl UCCIEN0BAHUN (a30BBIX
paBHoBecuii B cuctemax Cu—Ni—O, Cu-Si—O, Cu-Si—Ni-O.

[Tpu npoBeneHnn pacueToB (a30BbIX PABHOBECUHN B CUCTEMAX «KHUAKHI MEeTayll Ha
OCHOBE M€ — PAaBHOBECHBIC OKCHTHBIE (Pa3bl» UCIIOJIL30BATUCH: 1) 11t ONUCAHUS aK-
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TUBHOCTEW XHUAKUX OKCUAHBIX (a3 — TeopHsl CyOperyssipHbIX MOHHBIX PacTBOPOB C
napaMeTpuuecKUM 00eCrieYeHNEM, NTOJIyYEHHbBIM BO 2 IJ1aBe AUCCEpPTALUM; 2) Ui 10-
JTy4YeHHS BBIpAXKCHUHN 171 KOA(PPUIIUECHTOB aKTUBHOCTEH KOMIIOHEHTOB HJIKOTO Me-
Tauia — npubmmxeHue Barnepa u mapamerpsl B3aumoaencTBua 1-ro mopsiaka. Ha
puc. 5 mpusenena [TIPKM ms cuctembr Cu—-Ni—O, Ha puc. 6 — s cuctemsr Cu—Si—O,
Ha puc. 7 — st cuctembl Cu—Si—Ni-O.

[Tpu uccnenoBanuu cucrembl Cu—Ni—O OKcHIBI, pABHOBECHBIC C YKHJIKAM METAJl-
JIOM, OTIPEIEISAIOTCS Ha KBa3MOWMHAPHOM CEUEHUU TUArpaMMBbl COCTOSHUSI 3TOM CUCTe-
Mbl. B COOTBETCTBHU C pe3yJIbTaTaMH PacyETOB IVIABbI 2 PABHOBECHE C KUAKUM Me-
TaJJIOM OyJIeT OMUCAHO CIAEAYIOUMMH XUMUYECKUMU PEAKIIUSIMHU

(Cuz0) =2 [Cu] + [C]; 1)
(NiO) = [Ni] + [C]; (2)
ICuz0| =2 [Cu] + [O]; ©)
INiO| = [Ni] + [O]. 4)

[IpsambiMu ckoOKaMKu 0003HAYEHBI YUCTHIC TBEPJbIC BEIIECTBA, KPYTIbIMU CKOOKa-
MU — KOMIIOHEHTBI OKCHJTHOTO paciuiaBa, KBaJIpaTHBIMU CKOOKaMU — KOMIIOHEHTBI Me-
TaJUIMYECKOro pacIuiaBa.

s peaxuuid (1) — (4) MOXHO 3amucaTh CIEIYIONIUE BBIPAXKEHUS JJIi KOHCTAHT
paBHOBECHS:

. _ a‘[:(jfu] “dio] ﬁf[o] ' [(;)] ‘

(Cu,0) — -7 3 5
a{(ﬁ?uz(}] x[:(j,‘lf':} ' Y{_le’ F ( )
K. = il "] _ f[Ni] ' [Ni]' f[o] ' [O] _
(N1O) R . (6)
a4 (io) X (nizt) " Y (wiz*)
K|C.‘u20| = a[:Cu] "do) = f[o] ' [O]'. (7)
Kol = i) o = sy [NI] fje - [O]. ()

Koadduunentsr f iNi] U f [0] MOXKHO BBIpa3UTh 4Yepe3 mapameTpsl B3aUMOACHCT-

BHJA IICPBOI'0 IMmopAaKa:
Ig jiNi] =en - [Ni_. %]+ ey - [O. %]; (9)
lg fio) = €5 - [0.%]+ e - [Ni. %), (10)
Takum o6pa30M, HCHU3BCCTHBIMHU BCIMYMHAMMU SABIAKOTCA COCTABbl OKCUIHOI'O pac-

IiaBa M JXHAKOI'O MCTalllla, KOTOPBLIC OIIPCACIIAIOTCA B XOAC TCPMOIHMHAMHYCCKOI'O
MOACIUPOBAHUA.
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Puc. 5. [TIPKM cucrembr Cu—Ni—O mis uaTepBana 1100-1300 °C: 1 — skcnepu-
MEHTaJIbHBIE JaHHble paboTel B.A. Ko3noBa; pacdyeTHbie MaHHBIC TPYIIIBI aBTOPOB
C.JI. JlutBunoBa, B.Il. bypsuieBa, JLII. Ilemexmana: 2 — mna 1100 °C; 3 — mus

1250 °C; skcnepumenTaibuble AaHHble B.B. YToukuna: 4 — qua 1124 °C; 5 — nua
1142 °C; 6 — mnst 1162 °C; 7 — gna 1194 °C

Omnucatb [TPKM cucrembr Cu—Ni—O (puc. 5) MmokHO ciaenyronium odpa3om. B 06-
nactu [ Ha I[TPKM yka3zaHbl cocTaBbl MeTaJIIa, HAXOASIIETOCS B PABHOBECUU C YUCTHIM
tBepabiM Cu,O. B obnactu | ¢ yBennMdeHHeM KOHLEHTpAlMU HUKENS B METajule He-
MHOT'O pacTeT KOHLIEHTPALUs PACTBOPEHHOTO B MEAX KHUCIOPOJa. DTO CBI3aHO C TEM,
YTO C YBEJIIMYCHHEM KOHIEHTPALWU HUKENS B METAIJIE HECKOJBKO YMEHBIIAETCA KO-

Ni
b PUIMEHT aKTUBHOCTH KHUCIIOPOa, TaK Kak rmapamerp €, — orpunarenes. B obmiac-

tn Il ykazaHbl cocTaBbl MeTallIa, HAXO/SIIETOCS B PABHOBECHH C OKCHIHBIM pacrijia-
BoM (Cu,0, NiO). B ob6nactu III 3agaHbl cocTaBbl MeTalIa, HAXOAIIETOCS B PAaBHOBE-
cun ¢ yuctbiM TBepabIM NiO. B obnactu Il koHIEeHTpanys pacTBOPEHHOTO B MEIU
KHCJIOPOJIa CHJIBHO YMEHBIIAETCS C YBEIMYCHHEM COJCPIKAHUS HUKEIS B METallle.
DTy auarpamMmy MOXKHO PacCMaTpuBaTh W C TOYKU 3PEHUS BO3MOXKHOCTH yNaJCHUS
HUKEJS B X0Jie OTHEBOTO padunupoBanus meau. U3 puc. 5 cnenyet, uro npu 1100 °C
MHHHUMAaJIbHas KOHIICHTpalus HuKens B Meau cocrasiser 0,35 mac. %, a miist Temriiepa-
typbl 1200 °C — 0,62 mac. %, 4T0o cormacyercss ¢ TEXHOJOTUYECKUMH TapamMeTpaMu
padbUHUPOBAHUS METH.
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Puc. 6. ®parmentsl [IPKM cucrembr Cu—Si—O (B norapudmudeckux KOopauHa-
tax) ans uaTepsana 1100-1300 °C:
a) yBEJIWYEHHBIH (PparMeHT BbiCOKOKuciopogaHoi yactu [IPKM; 0) yBennueHHBIM
dbparment Hu3KokuciopoaHou yactu [TPKM; mrpuxoBas nunus — nanusie b.B. JIun-
4yeBCKOro Juist remnepatypsl 1250 °C

—8,0 1

>

AnanornyHbiM MeTojoM Obuta moctpoeHa [IPKM mis cucremsr Cu-Si—-O (cwm.
puc. 6). B obmactu | ykazaHbl cocTaBbl METaJllla, PABHOBECHOTO C YHCTBHIM TBEP/IBIM
Cu,0. B o6nactu Il — coctaBbl MeTaia, HAXOASIIETOCS B PABHOBECHUU C OKCHIHBIM
pacruiaBoM. B o6mactu Il — coctaBel MeTasnia, paBHOBECHOTO C YHCTBHIM TBEPIbIM
SiO,. B o6usactu I1I xoHIIEHTpaIusi paCTBOPEHHOTO B MU KUCIIOPOJa PEe3KO YMEHbB-
[IaeTCsl C YBEJIMYEHUEM COJIEpKaHUsI KpeMHUs B MeTaiie. Takum oOpa3oM, KpeMHUN
SIBISICTCSL CHIIBHBIM PACKHCITHTENEM sl Mequ. Yoke mpH koHnertpamuu [Si] = 107°
Mac. % B paBHOBECHMM C METAUIOM OYJET HAXOAMTHCS UYUCTHIA TBEPIbI IHOKCH]
kpeMHud. B obnactu IIl koHLEHTpanusi pacTBOPEHHOTO B MEW KUCJIOPOJia YMEHbIIa-
€TCS Ha HECKOJIBKO MOPSAIKOB OT [O] = ~ 10 10 107 mac. %. MakcumaibHOM packuc-
JUTEILHON CIOCOOHOCTH KpeMHHH aocturaer npu koHueHtpauuu B 0,3 mac. %.
JanpHeliye 100aBKM KPEMHHSI HE TIPUBOASAT K YMEHBIIICHUIO COACPKaHUsI KUCIOPO-
na.

Tepmoaunamudeckuii ananu3 cucteMbl Cu—Si—Ni—O npoBesieH Ui TeMIepaTyphbl
T = 1200 °C (cMm. puc. 7). Ob6aacts | 3amaeT coctaBbl MeTajIa, PABHOBECHOTO C TBEP-
JIBIM OKCHUJIOM MeJr, o0acTh Il — cocTaBbl MeTasnia, paBHOBECHOTO C OKCHUIHBIM pac-
mwiaBoM (O.p.), o6aacts Il — coctaBel MeTaina, pasHoBecHOro ¢ TBepAbIM NiO. O6-
nacth IV cooTBeTcTByeT 00pa3oBaHuio HuUKeneBoro oymBuHa. O6nacts V, Haubosee
oOmmpHasi U3 BCeX, TEMOHCTPUPYET COCTaBbI METaJlJia, PABHOBECHOTO C JHOKCHIOM
kpemHuda. Ha [IPKM Ttakxe HaHECEHBI M30KUCIOPOIAHBIC CEUCHUS JISI COICPKAHUU
kuciopona B merasuie 1g [O, %] ot +0,2 no —1,5. U3 puc. 7 cienyer, yTo KpeMHUH 00-
JajaeT OOJbIIUM CPOJICTBOM K KUCIOpPOAY, 4eM HHKeIb. CieaoBaTellbHO, OKUCICHHE
HUKeld U yaaieHue ero B Buae NiO B 1IIaK MOXKET Ha4aThCsl TOJIBKO IMOCIE SKCTpe-
MaJbHOTO TOHMXKEHUS COJEp)KaHMUsl KpeMHusi B Metayie. OOpa3oBaHHe HHUKEIEBOIO
OJIMBMHA BO3MOXKHO JIMIIb MPHU OYECHb MAJIBIX COJCP)KAHUSX KPEMHHUS B MeETajlie U
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JIOCTATOYHO OOJIBIIUX cojaepKaHusax Hukens. OoOpazoBanue Cu,O BO3MOXKHO TIpHU

OYCHb MAaJIbIX COJEPKAHUSAX KPEMHUsS, W TpPH COAEpKaHUSAX HUKenss meHee 0,62
0

mac. %.

lg [N1,%] 12
~1,0
0,5 ——III—|NiO| -0,8
~0,6
~0,4
0,2 o
0.0 Ig [0,%]=0 —— INLSIO,|
a b oy
Q
-0,5 | z
S
N
I ? -
-1,0 | B = . 5
3 5 \Y% Si0)
-15 F S o =
_2 O | IC | g | |
-16 -15 -14 -13 lg [S1,%]

Puc. 7. TIPKM cucrembl Cu—Si—Ni—O (B jorapupMu4eckux KOOpAWHATAX) IS
temrepatypsl 7 = 1200 °C

Tak kak cuctema Cu—Ni—O npezacraBisier OOJIBIION WHTEPEC IS CHCIUATMCTOB
MEJeTIaBUIILHOTO MPOU3BOJCTBA, TO JUIS ATOW CHCTEMbI Obljla MOCTaBJI€HA 3ajayda
DKCIEPUMEHTAIIBHO MOATBEepAuTh pacueT quHuM [IPKM. [Insg nmpoBeneHus skcnepu-
MEHTa HCIIOJIb30BAUCH: Menb (unuctoTa 99,99%), Hukens (uucrora 99,99%), Cu,O
(unctoTa «oc. 4.»). [lnaBiaenue Metayyia mpoBOAWIM B aTMocdepe Meun COMpOoTUBIIe-
HUS ¢ TpaHUTOBBIM HarpeBaTelieM B JBE cTaauu: 1) HABECKy HUKENS U TMOJIOBUHY HE-
00XO0MMOT0 KOJHMYECTBA MEIW PACIUIaBILIN B alyHIOBOM THUTJIE MPHU TeMIepaType
1320-1350 °C; 2) u3 ocraBIieiicss BTOPOH MOJIOBHHBI HaBeCKH Meau (B Buae (Hoybru
Win TpyOku) GopMUpOBaIK Karcyily, B KOTopyo momemainu HaBecky Cu,O. Kancymy
C OKCHJIOM MeJIM BBOJIIM IO KBaplEBOW TPyOKe Ha HUTKE B MOJYyYEHHBIH METHO-
HUKeNEeBbI pacruiaB. OZHOBPEMEHHO MOHWXAIU TeMmIepaTypy pacimiaBa go 1200—
1220 °C. PacmiaB BblIEpKUBAIA NIPU 3TOM TemIepaType A0 TeX IMOp, MOKa 3epKajo
MeTajljla He CTaHOBWJIOCH TJIAJKUM U CHOKOMHBIM. Oxiakaanu oOpaslbl Ha BO3AyXE.
[Tommyuennbie oOpa3ipl pa3pe3aiuCh U U3 HUX H3rOTABIMBAIMCH IUTU(BI, KOTOPHIE
aHAJIM3UPOBAIMCH HA PACTPOBOM 3JIEKTPOHHOM MHUKpOCKOIe. Pe3ynbrarsl npuBeaeHbI
Ha puc. 8.
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Puc. 8. ®oTorpaduu cTpyKTypbl ONEPEYHOTO ceueHus (HuI¢oB) 0Opa3IoB CHC-
tembl CU-NIi—O, nosyuennsie Ha POM

Ha puc. 8a npencraBinena ¢ororpadusi cTpykTypsl oOpasiia, COCTaB KOTOPOIO
NPUHAUIKUT 00JacTh paBHOBeCHs ‘“‘MeTayul — 4ucThiii TBepasii Cu,O” ma TIPKM
cuctembl CU-Ni—O, u HeMeTa/UIMYeCKUe BKJIFOYCHHS COOTBETCTBYIOT CU,O (Touka
ananu3a 1). Haubonee uHTepecHa cTpykTypa oOpasia Ha puc. 80, Tak kak Ha [TPKM
cocTaB o0Opa3la JIeKUT Ha JIMHUKM TPOMHOTO paBHOBECHS ‘“‘METAJIII — YUCTBIA TBEPABIN
Cu,0O — ywucteiii TBepapiii NiO”. CoryiacHO JaHHBIM MHUKPOPEHTTEHOCIICKTPAIBHOTO
aHaJln3a B 3TOM oOpas3lie BCTpPEeyaroTCs JBa BUJAa HEMETAIIMUECKUX BKIIFOUEHUH: KaK
OKpyrJible HeMeTaunyeckue BimoueHus: Cu,O (Touka aHanmuza 2), TaKk ¥ 4Y€TKO Orpa-
Hennble BrIroueHus NIO (Ttouka anamusa 3). CoctaB oOpasiia Ha puc. 8B MpUHAIC-
KHUT 00J1acTH paBHOBecus “Metaur — uucThlii TBepablii NiO”, u HemeTauMYecKkue
BKJIIIOYeHHs (Touka aHanmu3a 4) mpencrtaBieHbl NiO. Takum o0pa3oM, SKCHEPUMEH-
TaJbHbBIE UCCIIEAOBAHMUS MOITBEPKIAI0T IPOBEJICHHBIN paHee pacyer.

Yemeepmasn 2naea TUCCEPTAIMH IMOCBSAIICHA HCCICIOBAaHUIO ()a30BBIX pPaBHOBE-
cuii B cucreMax Cu—Ni, Ni—Si, Cu-Si, Cu-Si—Ni.

14



Jlns pacueta muarpammbl coctosiHusi CU—NI HCITONIb30BaIM TEOPHIO COBEPIICHHBIX
pacTtBopoB. [l pacuera nuHuN TUKBUAYC auarpamm coctosaus Ni—Si, Cu-Si u pis
pacdera M30TEPMHUYCCKHUX CEUCHHMH JHarpaMMbl cocTosiHus cucteMbl CU-Si—Ni uc-
MOJIB30BAI TEOPHIO CYOPETYISIPHBIX pacTBOPOB. Taxke, HUCIONB3Ys MPOTPAMMHOE
obecrieuenue «FactSage» (Bepcus 5.4.1), ObUTM pacCUUTaHBI TOJUTEPMHUYECCKUE CEUe-
Husa B uHTepBaie temmepatyp 700—1200 °C m koHueHTpauuid kpemHus ot 0 g0 8
Mac. % mia GUKCHPOBAaHHBIX cojaepkaHui HuKens B Metauie B 2; 1 u 0,5 mac. %. Ha
puc. 9 mpuBeIEHO MOTUTEPMHUIECKOE CeUSHUE IS coaepxkanus Hukens 1 mac. %.

T, °C
1100
1000
900 TLIK+Ni,Si
TK+OLIK+Ni,Si - OLIK+NipSi
800 ’|_—OLIK+CugSis
+NiySi
PR [LIK+NipSi+NisSis +NipSi | IIIV+NisSi;
+NisSia +CugSia
700 . i | i | i
0 0,016 0,032 0,048 0,064 0,08

[Si], mac. goms 1Y NisSizNizSi FIVINISSE  pry s Cunssiy
Puc. 9. Pe3ynbrarsl MoeTupoBaHus — MOJUTEPMUYECKUN pa3pe3 auarpaMmmbl CO-

crosiaust cucteMbl Cu—Si—Ni 1 koHIeHTpanuu Hukens 1 mac. %

CornacHo pe3yJbTaraMm MPOBEICHHOTO MOJICTUPOBAHUS Ha TMOJUTEPMHUUYECKUX
paspes3ax auarpamMmbl COCTOSIHHS cucTeMbl Cu—Si—Ni NPUCYTCTBYIOT ciieayronue da-
3bl: ['LIK — TBepapiii pactBOp Ha ocHOBe Menn; OLIK — TBepaplil pacTBOp, Ha JIUTEpa-
TypHOU Iuarpamme coctosiHus cuctembl Cu—Si 3To HectexuoMerpuuHas ¢aza f3; I'TIY
— TBEPJBIH PacTBOP, HA JIMTEPATYPHOU JHAarpaMMe COCTOSIHUS cucTteMbl CU—Si 3TO He-
crexuometrpudHas ($asza k; cuunug CugSiy (HECTEXHOMETPUUYCCKUN CHTUIINI O C IITH-
POKOI 007aCThI0 TOMOTEHHOCTH); CHIUIUA CussSi; (HECTEXHOMETPUUECKHI CHITHIIH
Y C y3KO# 00JacThi0 TOMOTE€HHOCTH); cHIuiua NisSi, (cumunun y); cuauima NipSi
(cumunug 0); cuaumug NigSiy (HECTEXHOMETPHUSCKUN CHITUIM € ¢ Y3KOM 00J1acThIO
TOMOT'€HHOCTH).

ITo pe3ynbTaTaM pacyeTa MOKHO CIE€JIaTh BBIBOJ O TOM, YTO HUKEJIb BIMUSET Ha
pacTBOpUMOCTh KpemHus B TBepAoM pactBope ['TIK. IIpu oHOM U TOM ke TeMnepary-
pe (manpumep, 700 °C) yBenudeHHE COAEPKaHMs HUKETS BICYET 3a COOOM MOHMKEHHE
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pPacTBOPUMOCTUA KpeMHHUA. Pe3yibTaThl pacdera MOJUTEPMUUYECKUX Pa3pe30B TAKKE
MOKAa3bIBAIOT, YTO MPHU KPUCTAIUIU3AIMU C YBEJIMUYECHHUEM COJEPKAHUSI KPEMHUS IS
BCEX TPEX KOHIICHTpAIlMi HUKEJNsl cHadayia oopa3yetcst TBepAnlil pactBop ['TIK, 3atem
CUJIMITUIBI HUKEJISI ¥ TOJBKO 3aTEM IPH JOCTHKEHUU JOCTATOYHO OOJIBIIION KOHIICH-
Tpamuu KpeMHus (mpuMepHo 5 Mac. %) HaunHaroT 00pa30BBIBaTHCS (Pa3bl HA OCHOBE
CUJIMITHIOB MEIH.

JIist M3ydeHus IPOIIeCCOB BBIJICTICHUS CHJIMITUAOB HUKEIS B PaciylaBe HA OCHOBE
MeU U JUTs onpeiesieHnst (a30BbIX paBHOBECHI MEIHOTO YIJIa TUarpaMMbl COCTOSTHUS
cucteMbl Cu—Si—Ni ObUT MPOBEJCH PsJT SKCIICPUMEHTAIBHBIX IUIABOK. JIJis mpoBee-
HUSL DKCIEPUMEHTA HCIMONb30BaIUCh: Menb (uncrtota 99,99%), Hukenb (4ucroTa
99,99%), kxpemuuit (uucrora 99,99%). Conepxanue kpemHusi BapbupoBaiu ot 0,1 1o
3 mac. %, aukens — ot 0,5 no 2 mac. %.

[1naBky Benu B rpadguToBbix TUMIIIX nipu 7' = 1190 °C B neuu conpotuBienus (at-
Mocepa BHyTpH ey BocctaHoButenbHas — CO, CO,). PacmiaB BbIIep)KUBAJICS TPH
3TOM TeMriepaType B TeueHue 15 MuHyT. [lanee oOpas3iupl BHIHUMAIU U3 M€Y U OXJia-
XKOand Ha Boznyxe. OOpasibl pa3pe3anuch U U3rOTaBIMBAIUCH NUIA(BI, KOTOPHIE HC-
CJIETOBAIMCH HA PACTPOBOM DJIEKTPOHHOM MHKPOCKOIIE.

ITo pe3ynapTaTaM MpPOBEICHHOTO HMCCIICIOBAHUS YCTAHOBIICHO, YTO TPHU COAEpKa-
aun kpemuus 0,1 mac. % mpu mo00M cofiep>KaHUHM HUKENSI B MEIH CHIJTHITHIBI HE 00-
pasyroTcs, HEMETAUTMYECKUE BKIIIOUCHUS TPEACTaBICHBI B OCHOBHOM Si0,, 4TO CO-
riacyercs u ¢ [IPKM cucrembr Cu—Si—Ni—O. Hauunas ¢ 0,7 mac. % [Si], B MmeTame
BCTpEYAIOTCS CHIMIUIBI Hukens. MHTepecen oOpasen coctaBa 1 mac. % [Ni], 3
mac. % [Si] (puc. 10). O4yeBuaAHO, YTO IO TPAaHHUIAM 3€pEH TBEPJOrO pacTBOpa Ha OC-
HOBE Meau Bbinana BTopas (asza. [lo pesynbraTaM MHUKPOPEHTIC€HOCIEKTPAIBLHOTO
aHanu3a 3Ta (aza COACPKUT KPEMHUH, HUKEIh U JOCTATOYHO OOJBIIOE KOJIMYECTBO
MEJTH, YTO YKa3bIBaeT Ha 00pa30BaHKE B OCHOBHOM CHJIMIIMIOB ME/IH.

Puc. 10. ®ortorpadus crpykrypsl nuiuda, noaydyeHnas Ha POM, mocne Tpasie-
Hust: oopaser; coctaBa 1% [Ni], 3% [Si] — BxaroueHus cumuiuaoB mpu %500
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Jlns BeIsicHeHHsT (Pa30BOTO COCTaBa CHIIMILIUAOB JIJISl TOrO 00pasiia MpOBEH PEHT-
reHoda3oBbiii aHaau3. ChbeMKy BEJIM Ha JU(PPAKTOMETPE PSHTTCHOBCKOM OOIIEro Ha-
snaueHust JJPOH-3M. Ilo pe3ynpTaTtam peHTreHo¢a3oBOTr0 aHajan3a MOXHO CIENaTh
BBIBOJT O TOM, 4TO B 0oOpasie coctaBa 1% [Ni], 3% [Si] mo rpanumam 3epeH BbIICTHICS
cuuIa Mean y-¢aza. CormacHo pe3yiabTaTtaM MUKPOPEHTTCHOCTIEKTPAIIBHOTO aHAJIH-
32 B 3TOM CWJIHIUJE PACTBOPSIETCS W HEKOTOPOE KOJIMYECTBO HUKens. O HaIWIuu
TBEPJIOTO PACTBOPa CBUJICTEIILCTBYET TAK)KE HEKOTOPOE CMEIIEHUE IMMKOB HAa PEHTIe-
HOTpaMMe.

W3 pe3ysIpTaToB MPOBEICHHOTO UCCIIEAOBAHUS CIEAYET, YTO paUHUPOBAHUE ME/IH
OT HHKEJS MyTeM IepeBojia HUKENS B CHIIMLIUAHYIO a3y He SIBJISETCS MEPCICKTHB-
HeIM. [lonmy4aercs, 4TO aHOIHYIO MeIb HEOOXOIUMO JIeTMpoBaTh KpemHueM (1-3
Mac. %), 4TO BBI30BET 3aTPYJHCHHUC SJICKTPOJIM3a U 3arps3HEHHE IUIaMa KpPeMHeE3e-
MOM.

B 3axnrouenuu 060011eHBl TaHHBIE PAa0OTHI, MO pe3yJbTaTaM KOTOPBIX MOKHO
ClIeNaTh CICAYIONINE BEIBOIBI.

1. ChopmupoBaHa U3 pa3pO3HEHHBIX JMTEPATYPHBIX CBEAEHUHN 0a3a corjacoBaH-
HBIX TCPMOJMHAMUYCCKUX JIAHHBIX. TCIUIOTHI U TEMIIEpaTyphl TUIABJICHUS YHCTHIX Be-
IIECTB M COSJMHEHUI, KOHCTAHTHI PABHOBECHSI TIPOIIECCOB MEPEX0/Ia YHCTHIX BEIICCTB
n coenuHennii B xunakoe cocrosaue g cucreM Cu,O-SiO,—NiO u Cu-Si—Ni; koH-
CTaHTBI PAaBHOBECHUsS MPOTEKAIONINX B METAUTMYECKOM M OKCHIHOM pAaCIUIaBaX peak-
IIUH, MapaMeTpbl B3aMMOJICHCTBHS MIEPBOTO MOPSIKA B METALIMYCCKOM pacIiiaBe Jis
cucteMbl Cu—Si—Ni—O.

2. OmpeneneHa NPUMEHUMOCTh TEPMOJIMHAMUYECKOW MOJICTH CyOperyIsspHBIX
MOHHBIX PACTBOPOB JUII OKCHIHBIX PacIUIaBOB Ha ocHOBe okcuaa menu Cu,O. IIpose-
JICHO TEPMOJUHAMHUYECKOE MOJICIUPOBAHNE JTUHHUHA JIMKBUAYC JUArpaMM COCTOSHUS
okcuanbix cucrem Cu,O-NiO, Cu,0-Si0O,, NiO-SiO, u moBepXHOCTH JIMKBUAYC CHC-
tembl CU,0-SiO,—NiO. OnpenencHpl 3HEPreTHYECKUE MapaMeTpbl TEOPUH CyOpery-
JSIPHBIX HOHHBIX PACTBOPOB JIJISl PACCMATPUBAEMBIX CHCTEM.

3. Pa3paboTana MeTouKka SKCIIEPUMEHTAITLHOTO UCCIICOBAHUSI CUCTEM Ha OCHOBE
Cu,0 B yCIIOBUSIX CYIIECTBOBAHUS OKCUIHOTO pacIuiaBa. DKCIICPUMEHTAIBHO OIpeie-
JIEH COCTaB dBTeKTUKH B cucteme Cu,O-SiO..

4. PaccunTaHbl KOOPAWHATHI MMOBEPXHOCTEH PACTBOPUMOCTH KOMIIOHCHTOB B Me-
tauie (ITPKM) mis cuctem Cu—Ni—O, Cu—Si—O u Cu—Si—Ni—O. C nomoIpko mocTpo-
SHHBIX JUarpamMM MPOaHATU3UPOBAHbI X0/ U Pe3yJIbTaThl MMpollecca YAaICHUs TIpUMe-
ceit (Ni u Si) U3 MEIHOTO pacIijiaBa NPH OKUCIUTEIHHOM papUHUPOBAHHUH, a TAKKE
npoliecca pacKUCICHHUsI MEIHOTO PacIulaBa STUMH dJieMeHTaMH. J[oka3zaHO COOTBETCT-
BHE MCXKIY pe3y/IbTaTaMH MOJICITHPOBAHMS, TIOJYYSHHBIMHA B pabOTe, U NMEIOIIUMUCS
OKCIIEPUMEHTAILHBIMI JAaHHBIMHU (B TOM YHCIIC U C TEMH, KOTOPBIC TAKXKE IMOJTyYCHBI
IIpY BBIMOHEHUH qaHHO# padoThl) it cuctem Cu—Ni—O, Cu-Si—0O, Cu-Si—Ni-O.

5. OmnpezeneHa NPUMEHUMOCTh TEPMOJWHAMHYCCKON MOJCIH CyOperyJsipHbBIX
pactBopoB miist cucteMbl Cu—Si—Ni B YCIOBHUSAX CYIIECTBOBAHUS METALIMUECKOTO pac-
wiaBa. [IpoBeeHO TepMOANHAMUYECKOE MOJISIIMPOBAHUE JIMHUHN JTMKBUAYC JHArpaMm
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cocrostaust Cu—Ni, Cu—Si, Ni—Si, a Takke MoCTpOSHBI Ha OCHOBAHHUHU MOJYYCHHBIX pe-
3yJIbTaTOB HM30TEPMHUYECKHE M TOJUTEPMHUECKUE CEUYEHHUS TUarpaMMbl COCTOSIHUS
Cu-Si—Ni. OmpeneneHbl YJHEPTeTHYECKUE TapaMeTPhl TEOPHH CyOperysipHBIX pacTBO-
POB ISl pacCMaTPUBAEMBbIX CUCTEM.

6. DKcrepuMEHTaNBFHO MCCIEIOBaHbl MpoIecchl B3auMoaelicTBus Ni ¢ Si B pac-
IUTaBe HA OCHOBE MEAM IpU TemrepaTypax CYLIECTBOBaHMsS MeTHOro paciuiaBa. Mc-
MOJIB3YSl PE3YJIbTAThl MOJEIMPOBAHMS, a TaKKE MPOJEIAHHBIX SKCIIEPUMEHTOB, I10-
CTpoeHa cxema (pa3oBBIX PaBHOBECHI JJII MEJAHOTO YIJia AUArpaMMbl COCTOSIHHS CHC-
tembl Cu—Si—Ni. [Toka3zaHo, YTO TpW KOHIEHTPALMUSX HUKENS, COOTBETCTBYIOIIUX
4epHOBOM Meau, JUIsi 00pa30BaHUs CUIMIIMIOB HUKENIS HEOOXOIUMO CO3/1aTh KOHIICH-
Tpauuio KpeMHus 6ojee yem 2 mac. %. Takue KOHIEHTpaIMU KPEMHHSI MOTYT CIIOCO0-
CTBOBATh YXYAUICHHUIO TOKa3aTejel mpolecca AIEKTPOIUTHIECKOTO papUHUPOBAHUS
IpY TOJTY4YEHUU KaTOAHON MeH.
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