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NOBEPXHOCTDb JINKBUAYCA CUCTEMbI Cu-Ni-Si

E.A. Tpogumos, C.B. Pabowyk, O.B. HukoHoea

Ocy1ecTBIeHO MOJIeIMpOBaHue (Pa30BbIX PaBHOBECHH, PEATU3YIOMIUXCA B MEIHOM YIIIy JHa-
rpaMmbl cocTosiHusl cucTeMbl Cu—Ni—Si, B YCIIOBUSX CYIIECTBOBAHUS METAIMYECKOTO pacIuiaBa.
PesynbTathl peacTaBiIeHbl B BUE NPOSKIMH TOBEPXHOCTH JIMKBUIYCA ISl 9TOM cUCTeMBI. Pe3yib-
TaThl pabOThI MOTYT OBITH HCIOJIB30BaHbI [UIS1 AHAIIM3a TEXHOJIOTMYECKHX IIPOLECCOB POU3BOICTBA

MCIU U CIIJIaBOB Ha €€ OCHOBC.

Knrouesvie crosa: pazoBble paBHOBECHs, TOBEPXHOCTh JHKBHUAYCa, cucteMa Cu—Ni—Si, cum-

LMI6I HUKEIIS.

W3BecTHO, YTO KPEMHHUCTO-HHUKEICBBIC OPOH3BI
(HM3KOJIETHPOBaHHBIE CIUIABBI cUCTeMBl Cu—Ni—Si)
MPECTABIIOT MHTEPEC KaK MaTepHalbl C YIaYHBIM
COUYCTAHHUEM BBICOKOW MPOYHOCTH, MKAPOIPOYHOCTH,
TEIUIO- U JICKTPONIPOBOHOCTH. Takue OpOH3BI HaXO-
AT IPUMEHEHUE MPU MPOU3BOACTBE aHTH(MPHKIIHOH-
HBIX JleTajieil, B aBUaMOTOPOCTPOCHUHU H 3JIEKTPOTEX-
Huke [1-3].

CBolicTBa ATUX CIIJIABOB B 3HAYMTENILHOH CTere-
HU 00yCIIOBIICHBI B3aMMO/ICHCTBHEM MX KOMIIOHEHTOB
B XHJIKOM METaJlIe B IIPOIECCe X BBIILIABKH, a TAKXKE
B IpOIlecce KPUCTAIUTN3AIUH METallIa.

Panee [4—6] HaMu pa3IMIHBIMU METOJAMH OBLIO
BEITIOJTHEHO TEPMOJMHAMHYCCKOE MOJICIUPOBAHUE U
AKCICPUMCHTAIEHOE HCCIIEeOBaHNE (ha30BBIX PaBHO-
Becuid, peammsyronuxcs B cucreme Cu—Ni—Si. Pe-
3yJbTaThl PAcueTOB OBLIM MPEACTABICHBI B BHIC
T—x-(a30BbIX AMArpaMM TPaAMIHOHHOTO BUIa. B Xo-
ne apyrux padot [7-9] 6sutu moctpoens! [IPKM cuc-
teM Cu—Ni-O, Cu-Si—O u Cu-Ni—Si—-O. Takum o6pa-
30M, (a30Bble PaBHOBECHS B AITHX CHCTEMax ObUIH
MIpeJCTaBICHbI B (hopMe, yIOOHOH I PacCMOTPEHUS
TOT0, KaK U3MCHCHHS B COCTABE METAILUTHYECKOTO pac-
IUTaBa CKa3bIBAIOTCS Ha KaYCCTBEHHBIX M3MCHEHUSIX B
COCTaBE PAaBHOBECHBIX C METAJIOM CIIOKHBIX (a3.

Henp HacTOsMIEH PabOTHI — IPEICTABUTH PE3YIIb-
TaThl MOJCIUPOBaHUS (Da30BBIX PaBHOBECHH B CHCTE-
Me Cu—Ni—Si B aHANOTWYHOH, YIOOHOH AN aHAIM3a
(dbopme — B BU/C ITPOCKITUH TOBEPXHOCTHU JINKBHIYCA.

B xozxe Hacrosmiel paboTsl IS pacdeToB cocTa-
BOB PaBHOBECHBIX (ha3 M BU3yaJH3alMH PE3yIbTaTOB
TaKMX PacyeToOB HCIIOJIL30BaH MPOTPAMMHBIA TMaKeT
FactSage (Bepcus 6.0) mpousBoactea GTT Technolo-
gies (Kanana, Tepmanust)'. B mporiecce pacuera uc-
nojb3oBaHa 0a3a nanaeix SGTE.

AJICKBaTHOCTH MOJICIUPOBAHUS TPEXKOMITIOHCHT-
HOW CHCTEMBI B 3HAYUTEIBHON CTCIICHU 3aBUCHT OT
KOPPEKTHOCTH MapaMEeTPHUECKOro OOECTCUeHHs pac-
gera (pa30BBIX PABHOBECHH B IPAHIMYHBIX JIBYXKOMIIO-
HEHTHBIX cucTteMax. C meiapio MPOBEPKH CTEIICHH OTI-
TUMU3UPOBAHHOCTH MOJIETHHBIX MAapaMeTpoOB Mpe/Ba-

Bepcust makera, mpuHamnexamas ®I'BOY BIIO
«Cankr-IleTrepOyprekuil  TOCYAapCTBEHHBIA ITONHUTEXHHUYIE-
CKHi{ YHHBEPCHUTET.

PUTEJIBHO OBIIM PACCUUTAHBI THATPAMMBI COCTOSHHS
nmBoiHeIX cucteM Cu—Ni (puc. 1), Cu-Si (puc. 2) u
Ni—Si (puc. 3). ComocraBieHne pe3ysbTaToOB pacdeTa
C IaHHBIMHU TI0 TMarpaMMaM COCTOSIHUS IBOWHBIX CHC-
Te€M, NPEICTABIECHHBIMU B clpaBoyHukax [11-14],
CBHJIETEIBCTBYET O KOPPEKTHOCTH HCIIOIb3yeMOi
napaMeTpHUIecKoi 6assl.

B mpornecce pacuera KOOpPAMHAT MOBEPXHOCTH
JMKBHUIYCAa TPEXKOMIIOHEHTHOW CHCTEMbl YUYHUTBHIBA-
Jach BO3MOYKHOCTh CYILECTBOBAHHS BCEX CHJIMIUJIOB,
XapaKTepHbIX MIJIsl JBOMHBIX IUarpamMM COCTOSIHHUS
cucteM Cu—Si u Ni—Si, 1 He yYUTHIBaJIacCh BO3MOXK-
HOCTb 0Opa30BaHUS COCIMHEHHS MEXIY TpeMs 3je-
MEHTaMH.

Ha puc. 4. mpencraBiaeHsl pe3ysbTaThl HpOBe-
JEHHOTO pacueTa. MHTepBasn KOHLEHTpAIMH, s KO-
Toporo mpoBezneH pacder: 0-10 mac. % Ni u
0-5 mac. % Si.

Ha puc. 4 npencraieHbl U30TEpMbl, TIPHHAJLIC-
Karue uHTepBany Temmneparyp 1100-1250 °C ¢ ma-
rom 25 °C. CoryacHO TPOBEJIECHHOMY pacyiery, B HC-
CJIC/IOBAHHOM HMHTEpBAJIE TEMIIEpaTyp W KOHLEHTpa-
IIMH B PaBHOBECHH C METAJUIMYECKHM pACIZIABOM MO-
TYT HaXOAWUTCS YETHIpE PA3HOBUIHOCTH CHIIMIMIHBIX
¢a3. Bce omm — cumumuner Hukens: NizSi, NisSip,
Ni,Si n 0-aza mepemeHHOro cocraBa, paHHUIBI CY-
IIECTBOBAHUS KOTOPOW MPH PA3IHYHBIX TEMIIEPATYPax
JeXaT MEXKAY CTEXHOMETpHIecKUMH cocTtaBaMu NipSi
u N13Slz
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Puc. 1. Pe3ynbTaThl pacyeTta guarpammMbl COCTOSIHUS
cucrembl Cu-Ni
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Puc. 2. Pe3ynbTaTthl pacyeTa guarpaMmMmbl COCTOSIHUSA cuctembl Cu-Si
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Puc. 3. PesynbTaThl pacyeTa guarpammbl cocTosiHuA cuctembl Ni—Si
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Puc. 4. NMpoekumns noBepxHocTH nukBuayca ans cuctembl Cu-Ni-Si

BecTHuk KOYpl'Y. Cepus «MeTtannyprus»



Tpochumoe E.A., Ps6bowyk C.B.,
HukoHoea O.B.

IMoeepxHocmb nukeudyca cucmembi Cu—Ni-Si

3aki04yeHue

OcymectBineH pacdeT (a3oBBIX paBHOBECHH,
peaTM3YIONMXCS B MEAHOM YIJIy IHarpaMMBl COCTOSI-
Hust cucreMbl Cu—Ni—Si. Pe3ynbraTsl npencTaBieHs! B
BU/IC TPOEKIMH IOBEPXHOCTH JHMKBHAYCA IJISI STOH
CHCTEMBI, KOTOpasl IO3BOJIAET CYAUTH O TOM, KaK H3-
MEHEHHS B COCTaBE METAJUINYECKOTO paciiaBa CKa3bl-
BAlOTCS Ha Ka4yeCTBEHHBIX H3MCHEHHUSIX B COCTaBe
PaBHOBECHBIX C METAJIJIOM CHJIMIHUIHBIX (as3.

Padora ocymecTBiieHa npu (pUHAHCOBOH NMOIEPIK-
ke PODU, rpant Ne 13-08-00545.
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LIQUIDUS SURFACE OF THE Cu-Ni-Si SYSTEM

E.A. Trofimov, South Ural State University, Zlatoust Branch, Zlatoust, Chelyabinsk region,
Russian Federation, tea7510@gmail.com,

S.V. Ryaboshuk, St. Petersburg State Polytechnical University, St.Petersburg,

Russian Federation, cmd_84@mail.ru,

O.V. Nikonova, South Ural State University, Zlatoust Branch, Zlatoust, Chelyabinsk region,
Russian Federation, nikonovaolga90@mail.ru

Modeling of phase equilibria for the copper corner of the phase diagram of the Cu—Ni—Si system
is carried out. Results are shown as projections of the liquidus surface of the system. These results
can be used to analyze the production process of copper and copper-based alloys.

Keywords: phase equilibrium, liquidus surface, Cu—Ni—Si system, nickel silicide.
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