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OBLUAA XAPAKTEPUCTUKA PABOTBI

Axmyansnocmes pabomei. B 2008 roxy ucnionnunoch 60 eT ¢ TOro MOMEHTa, Kak
BrepBhie 6bLI0 IMy6IHYHO COOGINEHO O MOJYYEHUH BbICOKONPOYHOTO YyryHa ¢ mapo-
BHAHBIM rpaduTom. B Hacrofinee BpeMa 9yryH — HauOosiee pacnipoCTPaHEHHBIH NH-
TelHbIi KOHCTPYKUMOHHBIH MarepHal. B cTpyKType MHPOBOro BBIIYCKa JIMTHIX H3/e-
muit 75 % COCTABIIOT HYryHHbie OTIMBKM. B MHpOBOH nuTeiiHOH mnpakTuke Gosee
50 % OTAHBOK BHINONHAIOTCA H3 YYTyHa ¢ WapoBHAaHBIM rpadurom (HIUI), xoTopsii
[0 MEXaHHYECKUM CBOKHCTBAM HAaXOJMTICA HA YPOBHE YINEPOAMCTBIX H HU3KOJEIHpO-
BaHHBIX CTaleH, a 1o JHTCHHBIM U paly CNCUHATBHBIX CBOACTB 3HAYHMTEILHO UX Mpe-
BOCXO[HT.

B npouecce npoussoactsa YL B xauecTBe chepona€3aTOpoB MIMPOKO MPHMEHS-
10T 3/IEMEHTAPHBIA MarHHi, MarHuiicoaepxallue MORH(GHKATOPH! K IUTaTyphl. B 3TOM
OTHOINEHHH ISl TEOPHH Y NPAKTHKHM JIKTEAHOro NPOH3BOACTBA NIPEACTARIAET HHTEPEC
HH(OpMalMs O PaBHOBECHBIX NTAPAMETPaX PACTBOPEHHA (PACTBOPHMOCTh H TEPMOJIHM-
HaMHi€eCKas aKTHBHOCTh) MarHua B 94yryHax.

3HaHWE YCNOBUH DacTBOPCHHA MarHUs NO3BOJMT Golee MOJHO AHANM3HPOBATH
HpOLECCH!, NPOTEKAIOMMe NPH chepOHAEIUPYIOMiEM MOIU(HIIHPOBAHHH TyTYHA, Bbi-
paGoTaTk peKOMeHAAHMH N0 ONTHMH3ALMH COCTABOB MOANU(HKATOPOB C LEABIO YBEIH-
YEeHHS YCBOCHHA MarHus JyI'YHOM M YCTpaWeHus NmMpod3(@iKTa, ONTHMH3HPOBaTh
TEXHONOTHH NIPOH3BOJCTBA MOAH(DHKATOPOB.

He u3ytdeHbl peakuny B3aMMOJEHCTBHA MarHHWA C PaCTBOPEHHBIMH B YYI'YHE KH-
CIOPOROM H a30TOM. MarHuH MOXeT PacXOZOBaThCA Ha PACKHCICHHME H JEA30TALHUIO
4YryHa, BCIEACTBHE YETr0 €ro KOHUCHTPAlHA CHU3HTCA A0 3Ha4€HHH, KOTOpble MOTyT
0Ka3aThCs HEAOCTATOYHLIMH JJIs MONydeHHs rpadura maposunHoi ¢popmel. Onpene-
JIMB PAaBHOBECHLIE KOHLEHTPAUMH KMCIOPOJA M a30Ta ¢ MarsHueM B paclulaBax uyry-
HOB, CTAQHET BO3IMOXHBIM KOPPEKTHPOBATh KOJHUECTBO BHOCHMOTO MAarHusi ¢ LEAbIO
NpefoTBpalleHHs Opaka KOHEYHOM MPOXYKLMH.

B uTEHOM INPOM3BOACTBE IIMPOKO NPHMEHSIOT H3rOTABIHBAEMBIE Ha OCHOBE
GbeppoCHIMIINA «IETKHE» H «TAXKENIbIE» HHKENb, MEABHUKENb M XKEICIOHHKEabMar-
HMEBBIC NTHIATYphl. «Jlerkue» MOAMGHKATOPH NIUPOKO MPHMEHAIOTCS IS BHYTPH-
(OpMEHHOTO M KOBIIEBOIO MOJU(QHUMPOBAHKMA YyryHOB, HX COCTABH ONTHMU3HPOBa-
HBl ¥, BUAHMMO, AanbHelmed KoppeXTUpoBKe NoABeprarbcs He OyayT. Bpicokas CTOH-
MOCTh HUKEJbMArHUEBhIX M HHU3KOE YCBOCHHE MAarHWA M3 MEIbMAarHMEBBIX IIMFaTyp
TpeOyIoT pa3paboTKH HOBBIX COCTABOB COHEPOUAH3MPYIOIHX MOAH(HKATOPOB Ha OC-
HoBe Hukesst W MeAH. Hemeukas ¢upma SKW Gisserei-Technic GMBH, Hanpumep,
BBIMyCKAeT [BE MAPKH MarHMERBBIX JHIATYP, COAEPHKAILHMX B CBOEM COCTABE KPOME HH-
kenq 18...32 mac. % Si u 15...17,5 mac. % Mg. OAO «<HUMM» msrotasnusaet bep-
POCHIMIMA ¢ MeIbl0 M MarHHWeM, KOHLEHTpAilMs KPEMHHS B KOTOPOM COCTaBJSACT
35...55 mac. % Si. CocTaBbl BHILEYTIOMAHYTHIX JATATYP NOSYYEHBI IMIHPHHECKHM
nmyreM. B ToXe Bpema Hcnonb3oBaHue HHOOPMALMU 00 AKTUBHOCTH MarHus B paciuia-
Bax cucteM Ni-Si-Mg-Fe n Cu-Si-Mg-Fe no3soawio Gbl CymeCTBEHHO COKPaTHTh
KOJIHYECTBO 1a00OPaTOPHLIX M IPOMBILUICHHBIX 3KCIEPUMEHTOB OpH pa3paGoTke Ho-
BLIX COCTaBOB CHEpOMAMIHPYOMMX MoAuHKaTOpoB 4yryHa. [loaTtoMy onpeneneHue
TEPMOANHAMMYECKMX XAPAKTEPUCTHK PAacTBOpeHUs MarHus B ero cmiasax ¢ Ni, Cu, n
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Si, a Tarke B yKa3aHHBIX BHIIe Gojee CIONHEIX JETHIPEXKOMIIOHEHTHBIX CIUIABaX
SABJISETCS aKTyalbHOMN 3aaden.

ITpy MpoH3BOACTBE OTIHBOK C NEPNUTHON CTPYKTYpPOM METAIMIECKOH OCHOBHI B
TyI'yH JONONMHATENBHO BBOLAT 0710B0. Kak noxaspiBaeT TIPOM3BOACTBEHHAs NMPAKTHKA,
9HCTOE METANIMIECKOE OJIOBO HEYXOBJICTBOPHTENBHO YCBAaUBAETCs JKUIKHM TyTYHOM.
Bonee mosHOro yCBOGHHS 0JI0Ba YAAETCS ROCTHYD, €CHE YYTYH JerHpoBaTh 0J0BOCO-
JepamyuMy JmraTypaMa. OoBo MOxHO ObUIO Onf BBOAWTH B YTYH B COCTaBE Mar-
HMEBRIX MOmAGHKaTOpoB. OOHAKO OTCYTCTBHE HH()OPMAIHM O TEPMOAHHAMHKE B3au-
MOJEHCTBASA OJIOBA C MarHMeM 3aTpyJHAET pa3paloTKy COCTABOB CHEPORTUIHPYIOMMX
MOZH(HKAaTOPOR ¢ ZOGABKAMH 0510Ba.

Henu u 3aoavu pabomsi

1) onpenemats HapamMeTphl B3aUMOJeHCTBYS Marius ¢ JeMEHTaMH| JyTyHa ¥ 9HeEp-
T'A¥ B32MMOOOMEHa 3]IEMEHTOB;

2) onpenesTs PaCTBOPAMOCTL M aKTHBHOCTH MATHYS B paciuiapax cocrapa YLIF
TIPOMBIIUIEHHBIX MapoK. PaccaWrars paBHOBeCHOe NABJICHHE IJapa MarHus Haj pac-
TL1aBaMH 9YT'YHOB;

3) #3y9nTh PABHOBECHE PEAKIMH B3aUMOJEiCTBHAA Margus ¢ KHCJIOPOIOM H a30TOM
B XHIKHX 9yTYHAX;

4) onmpeaenATL TEPMOIMHAMMUCCKUE XaPaKTEPUCTUKN 00pa30oBaHMs CIUIABOB Mar-
HYsE ¢ KPEMHHUEM, HHKEJIEM, MEJILIO U ONIOBOM;

5) paccauTaTh aKTHBHOCTb W JaBjieHWE Iapa MarHMs HaJl pacillaBaMH CHCTEM
Ni-Cu-Mg, Ni-Si-Mg-Fe u Cu-Si-Mg-Fe;

6) paspaboTaTh peKOMEH/IAIMHE IIO BLIOOPY COCTAROB COHEPOHAUMPYIOMIHX MONH-
(UKaTOpOB, M3rOTAaBIMBAEMBIX Ha ocHOBe cucreM Ni-Cu-Mg, Ni-Si-Mg-Fe
u Cu-Si-Mg-Fe.

Hayunas Hosusna

1. Boepeele onpejenesa pacTBOPUMOCTh MarHus B XHAKMX YyTyHaxX cocrasa YILIT
POMBIIIIEHHEIX MAPOK IPH TeMuepatypax 1200...1600°C.

2. Briepsbie OUEHEHb! 3Ha4eH1A TaBICHUS fTapa MaTHUA Hall paciiiaBaMy qyTyHOB.

M, M,
3. YcraHOBNEHH! 3Ha4€HAA NapaMeTpoB B3auMoIeiCTBHS SNg H £0g ¥ HCCIENo-

BaHO PAaBHOBECHE Peakmui B3aUMOJCHCTBHA MarHWg ¢ a30TOM M KHCIOPOZOM B XKHI-
KHX 9yTyHaX.

4. Onpenenensl TepmoAuHaMudeckue GyHkimn o6pa3osanus GUHAPHBIX CILIABOB
MarHusg ¢ KpEMHMEM, HUKEJIEM, OJOBOM H MeIbI0. YTOUHEHO CTPOCHAE OHATPaMM CO-
CTOsIHUA OMHapHBIX METAUIMIECKHAX CUCTeM. PaccudTaHo JaBJieHHE napa Marsas Hax
€ro XUIKUMH crutasami ¢ Si, Ni, Sn u Cu.

5. Brepsble paccamTaHbl KOOPAMHATH! IUENY W30aKTUBROCTE MarHus B pacmia-
Bax cucTeM Ni-Si-Mg-—Fe u Cu-Si-Mg-Fe.

Hpaxmuueckas 3nauumocms. OCHOBRBIE HAyYHBIE MONOKEHHA AACCEPTAIHA AB-
JAOTCE TEOPETHIECKOH OCHOBOM 1711 pa3pabOoTKu HOBBIX COCTABOB M COBEPIICHCTBO-

BaHusy TCXHOJOIHIECKHX IPOLECCOB IIPOU3BOACTBA MOJJ;H(I)I/IKaTOpOB. Onpenenemﬂ
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coctaBnl cucteM Cu-Ni-Mg, Fe-Cu-Si-Mg u Fe-Ni-Si-Mg, Ha 0CHOBE KOTOPBIX
MOryT ObITh pa3paGoTaHbl HOBbI¢ CHEPOHAM3UPYIOIIHE MOAMPHUKATOPLI H THTATYpPhI.
. INoka3ano, 4T0 HUKEJbCOAEpKAIIHE MOLH(HUKATOPEI cocTaBoB ccTeMbl Fe-Ni—Si-Mg
MOTYT OBITh 3aMeHeHbl O0JIEE AEIEBLIMH MEABCOAEPXKAIMMH, 9TO [O3BOJIMT CYyIIECT-
BEHHO CHM3HTH 3aTparThl Ha NPOH3BOIACTBO YYTI'YHHOTO JIMThA. PeKOMeHAaUMH HCNOJIb-
3oBatbl Ha OAO «ABTOBA3» npu BbiOOpe AHraTyphb! JUIA NPOH3BOJACTBA OTIHBOK
«Ban koneHuyatsli». C MCIONb30BAHNEM MPEUIOKEHHBIX JIATATYP MONYYEHbl OTJIHBKH
¢ HeobX04iMO#M CTPYKTYpO# U TpeOyeMbIM YPOBHEM MEXAHHYECKMX CBOHCTB.
IpenaraemMbie METOIMKH aHATH3a (UIMKO-XUMHYECKHX HPOLECCOB H CHCTEM H
nporpaMMHoe ofecrieyeHHe MOTYT ObITh HCNOJNB30BaHbl IS MOATOTOBKH CHELHAJH-
CTOB B 001aCTH dU3M4IEeCKOH XUMHMH META/LIOB H CIUIABOB.

Ha 3awmumy evinocamcAa: 1) pe3ynbTaThl ONpeACICHHS PACTBOPHMOCTH M aKTHB-
HOCTH MarHus B paciyiaBax coctasa YllII' mpoMbiLIEeHHBIX MapoK, OHHapHBIX CIUIa-
BaX MarHus ¢ HHKeNleM, MeZbIo, OJIOBOM H KpeMHHEM M XHIKHX ciutaBax Ni-Cu-Mg,
Fe-Mi—Si-Mg u Fe-Cu-Si-Mg, pe3ynsrarsl pacyeTa paBHOBECHOTO HaBJCHHUA I1apa
MarHus Haj paciuiaBamu 9yTYHOB H HCCIIEJOBAaHHBIX METALUIMYECKUX CHCTEM, 2) Tep-
MOAHHAMIYECKHE XapaKTepHCTUkH o6pa3oBanus crnaBoB Mareus ¢ Ni, Cu, Sn u Si, 3)

.~ M M
3HA4Y€HHUA MapaMeTpoB B3aUMOAEHCTBHA &£ & u £ £ H pe3vabTaTthl UCCACIOBAHHA
N o 4

peakuMi B3aUMONCHCTBHA MAarHHA C KHCJIODOJOM H a30TOM B XHIKHX YyTyHax, 4)
PEKOMEHAALHUH F0 BLIGOPY COCTABOB CPEPOUAH3HPYIOMIHX MOIH(PHKATOPOB.

Hly6ruxkayuu u anpobayus pabomei. Ilo teme muccepraiuu omy6iukoBaHo 15
pabort, B ToM uuciie 4 paboThl B H3AaHHAX, pekoMeHIoBaHHBIX BAK. OcHOBHbIE pe-
3yAbTaThl paboThl JONOMEHB H 06CYKIEHB Ha MEXKIYHAPOIHOM HayYHO-TEXHHYECKOH
koHepeHuuH «JIuthe # MeTawtyprus 2010. Benapyce» (r. Munck, 2010 r), Ha IX
Poccuiickom cemuHape «KOMNBIOTEPHOE MOZENHPOBAHHE (UIUKO-XHMHAYECKHX
CBOHCTB cTekon U pacmiaBoB» (r. Kypran, 2008 r.), sa X Poccmiickom cemuHape
«KoMrbroTepHoe Mo/ie1dpoBaHte (PH3HKO-XUMHYECKHX CBOMCTB CTEKO U PaciLIaBOB»
(r. Kypran, 2010 r.), va IX cbe3pe mureiinpxoB Poccuu (r. Ya, 2009 r), Ha Mexay-
HAapOOHOW HayYyHO-TEXHMYECKOH KOH(QEPEHLHH NOCBAIICHHOH 55-meTHio Kadelpel
«MaiuuHe ¥ TexHonorus JuTefitoro npoussoactea» BHTY «Jlutelinoe nponspoact-
BO H MeTajutyprua. 2009. benapyce» (r. Munck, 2009 r), na XVII mexxyHapoaHo#
KOH(ePEHIUMH N0 XHMuYecKol TepMoauHamuke B Poccun RCCT 2009 (r. KasaHs,
2009 r).

Cmpyxmypa u o6vem pabomesi. JluccepraunoHHas paboTa COCTOMT M3 BBENCHHA,
5 rnaB, 6ubnuorpaduueckoro crucka w3 81 HaMMeHOBAHHMS H 7 MPUIOKEHHH, H3/I0-
XKEHHbIX Ha 145 cTpaHuuaX MALUMHOMHCHOTO TEKCTA, CONEPXHT 72 pucyHka u 35 Tab-
JMn.



OCHOBHOE COIEPAKAHUE PABOTHI
Bo BBeaeHHH 06GOCHOBaHa aKTyaqbHOCTh ANCCEPTALMOBHON paboTH, €¢ HaygHas
HOBH3HA U MPAKTHIECKas 3HAYMMOCTb, Ope/IeiieHB! TIeTU U 33ia49M HCCIICOBAHNA.
IlepBan riaBa NOCBAIMEHA AHATH3Y MMEIOLIMXCA B JUTEPaType JaHHBIX 11O TeMe
paboThl, NOKa3aHa CYMIECTBEHHAs OIPaHHMIEHHOCTh B HEMOJIHOTA CBEACHAH IO BONPO-
cy chepOrAM3HpYIOMETe MOAHGHIMPOBAHNA YYTYHOB. XOTs# IPHMEHEHHE MarHAs Ui
06paboTky YyTyHOB B HACTOSINEe BpeMs HIUPOKO PACIPOCTPAHEHO, OTCYTCTBYET ¥H-
topMalMs O ero akTHBHOCTH M PAacTBOPHMOCTH B UyTyHaX, KOTOPEIE ABIAIOTCH Bax-
HeMmuMH napaMeTpaMil IIPH paspaboTKe TEXHOJIOrMIECKOro Ipouecca MoMHIHpO-
BaAMS 4YryHoB. HeJOCTaTO9HO WCCC0BaH BOMPOC O B3AMMORCHCTBME MarmEus ¢
OpHMECHbIMH 3JIeMEHTaMH HyryHa. TepmojuHaMH9ecKHe NapaMeTpsl obpazoBaHus
pacrnaBoB YeTHIPEXKOMITOHeHTHBIX cucTem Fe-Ni-Si-Mg u Fe-Cu-Si-Mg ne ompe-
NSNICHB!, @ CBEICHHA O TepMOaMHAaMuxe oOpa3zopanug GWHAPHBLIX CIUIABOB MarHus c
HUKEJEeM, KPeMHUEM, MEIbI0O U OJIOBOM HYXHAIOTCA B JONONHMTEILHOM HCCIEA0Ba-
HMI, TOCKONBKY NONYYEHbI A8 Y3KOro WHTepBala TeMneparyp. B sroit xe riape us-
TIOKEeHbl HCOTB3VEMBIE B paloTe METONHMKH PacyeTa.
Bo BTOpOii rnase npeacTaBieHbl pe3yIbTaThl PACUeTa PACTBOPAMOCTY H aKTHBHO-
CTH MarHud B 9yryHax.
PacTBOpAMOCTL MarHys DPH YCIIOBAM PABHOBECHA C WHCTBIM KHIKHM MarHueM
PAaccUATHIBATH 1O hopMyITe:
RTInx, _—Z'x'QI ZX’Q +ZZxe], LA &
i=l+1 i=t j=+
TIe Xx; — MOJbHas JONA KoMToHeHTa i, Q; — YHeprud B3auMOOOMeHa KOMIIOHEHTA i C
KkoMIIOHeHTOM j, T — Temueparypa (K).
TparcnennenTHoe ypaBHeHue (1) pemany 4HCICHHBIM METOJACM 1O paspalboTaH-
HOH IIPOrpaMMme.
PacTropEMOCTL Marsus Npu JaBJIeHAH €0 [apa, paBHOM ONHOH atMocepe, onpe-
JETATA 03 COOTHOMECHMA:
Py,

YVaumbsas, 9410 Py =1, 8 ay, = Xy, - Yy, MOTGEYIO JOMO MarHus B pacniape

paccuHTHBATE 10 hopMyIIe:

= ay, ~P)‘,}g . 2)

“iﬁf’ T
Pme o

rie kod(pGUIHeHT aKTHBHOCTH MArHNA },,, OLCHMBAIIH C nouom.m ¢opuy1m TeOpHHN

PETYJHAPHBIX pacTBOPOB C -

Xmg =

.

RTln;y ZxQ,,+ZxQ, ZZx Q,] @)
i=l+1 f=l j=i+l
a JaBIeHHC napa gaa YUCThIM XHAKUM MArdueM P;;x OIIPEAEIHIH A3 COOTROIMICHMU:
6 920 } , (5

Ig Py ==———+5,032.



Tabnnua 1
CocTasbl HCCIICJOBAHHBIX CILIaBOB
. OAepKAHHE INEMEHTOB, Macc. %“ 4
e onias Si[Mal| S | CrlCalmi| Praymyna
1 3,55|2,4(0,410,02{0,1 | —|—|BY 35..BY-50
2 3,4 12,7510,5510,0210,15{0,3{0,4 BY-60
3 3.4 12,7510,55{0,0110,15}0,610,6 BUY-80
4 343,4(055(0,01/0,15/0,6/0,8] BY-100
Tabnnua 2
PactsoprmMocTb MarHus
B HCCJIC1OBAHHBIX pacluiaBax
o e Pacrsopumocts Maruus, mace. %
s ABHOBCCHH C HMCTHIM
cnnasa pmmxum N {lpu p,, = lamm
1200 2,10t 0,822
1300 1,928 0,369
1 11400 1,792 0,187
1500 1,682 0,103
1600 1,592 0,061
1200 2,177 0,846
1300 2,002 0,380
2 {1400 1,865 0,193
1500 1,754 0,106
1600 1,663 0,063
1200 2,300 0,884
1300 2,102 0,393
3 11400 1,948 0,199
1500 1,824 0,110
1600 1,723 0,065
1200 2,579 0,968
1300 2,307 0,424
4 11400 2,10t 0,21l
1500 1,940 0,116
1600 1,811 0,068

B pacuetax NpHHHManH cpel-
HUE 3HAYEHHA DPEKOMCHIOBAHHBIX
colepXaHHii KOMIOHEHTOB 4YyryHa
IJIA OTNHBOK TOJIIHHOH < 50 MM
(Tab6n. 1). PesyneTatel pacuera pac-
TBOPHMOCTH Marius B pacIulaBax
coctasa YIII wmapok BY35...
BY 100 npu temneparypax 1200...
1600°C npencrarneHs! B Tabn. 2.
Jluteitusie uyryunsl mapok BY 35
...BY 100 HecymieCTBEHHO pas.iH-
YaTCA N0 XUMHYECKOMY COCTaBy.
Jna uMX nonyveHbl MPaKTHYECKH
ONHHAKOBBIE 3HAYCHHSA paCTBOPH-
MOCTH ¥ NO3TOMY B Tabn. 1 1 2 onu
00beAUHEHDI B OIHY TPYIILY.

H3 paHHbiX Taba. 2 caeqyeT, 4To
PacTBODUMOCTh MalrHMs B paBHOBe-
CHHM C YHCTHIM XHIKAM MarfueM H
KO3(QGHIHEHT aKTUBHOCTH MarHus
TIPH €ro NMOCTOSHHON KOHLEHTPaLHH
B KHIAKOM 4yryHe cnafo u3MeHs-
10TcA ¢ TeMreparypoit. B To X*e
BpeMs pacTBOPUMOCTL MAarHMA MpH
AaBJIEHUH €ro rapd, PaBHOM OJHOH
atMocdepe, CYIECTBEHHO 3aBHCHT
OT TEMIIEPATYDhI, YMeHbasch 60-
Jiee 4eM Ha MOPAAOK C MMOBLIIEHHEM
Temnepatypsi ot 1200 ao 1600°C.

Jng npakTHKW JHTEHHOro npo-
H3BOACTBa GONbIIOE 3HAUEHHE HME-
eT HHpOpMaLKHd O pPABHOBECHOM
JlaBlIEHHH Tlapa MarHusi Haj pac-

NAaBaMH YYTYHOB. DTH JaHHbIE MOIYT OKa3aThcsi MOJIE3HBIMM NPH ONTHMH3ALWH INIPO-
uecca MOAMGHLMPOBAHUA 4YTYHOB MarHMiicogepxamuMu craBaM. OcTaTodHas
KOHIEHTPaUHs MarHHsi B BLICOKOMpPOYHBIX YYTYHaX ¢ ulapoBHAHOH dopmoli rpadurta
00brvHO MopaepxkuBaerca Ha yposne 0,02...0,07 mMac. %. B 3ToM ciydae npencTaBiis-
€T MHTEPEC MH(pOpMAIMA O JABJICHHH Mapa MaruHusA IPH 3THX ero cojcpxXaHusx. Pac-
CYMTaHbI PaBHOBECHBIC JABJEHHA NApa MarHWs Haj pacruiaBaM cocTasa YILIT mpu
ero coaepkanuax 0,02...0,07 Mac. % B TeMnepatypHoM mHTepsane 1200... 1600°C.
TlosnyyeHnl NpakTUdeCKH OLHHAKOBbIE 3HAYCHUA AaBJICHHA fapa Mar{Ms Hai paciua-
BaMM YYTYHOB pa3iH4HbiXx Mapok. Ha puc. 1 npeacraBiesbl pe3yjabTaThi pacyera A
pacruiasa cocTasa yyrysa Mapku BY 60.

" Yyryn / Cnpasounux // [Ton pen. A.Jl. Lllepmana, A.A. Xyxosa. — 1991, - 576 c.
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12 C yBenugenueM TemrepaTyps! IpH
OOCTOSHHOM COMEpKaHMH Margus B
paciuiase HabnIOAacTCAd MOBLINICHAC
JaBJIeHus €ro mapa, npudeM, Hal pac-
mraBamu coctapa YUIT ¢ Gonee BbI-
COKMMH TIPOYHOCTHBLIMA XapaKTepH-
CTHKaMH{ 3HA4YeHUd JaBJEHHS TIapa
Mar#ps Ipy OJIMHAKOBHIX €r0 cojiep-
JKARUAX OKashBaloTcs Gonce HU3KH-
MHU. JlapHBIe PACYETOB TIO3BOJIAIOT
Py e — — — CKOPpEeKTHpOBaTh TEMNepaTypy obpa-
o T Ee G, R R % GoTKW paciiaBa B 3aBUCHMOCTH OT
Puc. 1. 3aBHCHMOCTDb NaBNeHUs napa MarHus HEOOXOAMMBIX OCTAaTOWHBIX KOHLEH-

Han paciuiaBoM coctasa YINT mapin BY 60 TPALWH Marsms.
B Tperneil rnaBe onpencicHb

H‘apaMeprl B3aMMOJCHCTBUSY MArHUs C a30TOM H KHUCJIOPOAOM, @ TaKXKe HCCNCXOBAHO
paBHOBECHE pCaKHEI;'I B3aHMOACUCTBHA MarHui C a30TOM H KHCIIODOAOM B paciulaBax
cocrasa YT,

Jlas onpeneneHys napamMeTpoB B3aHMOJEHCTBHIS MArHKA ¢ a30TOM H KHCIIOPOAOM B
paciuiase xejes3a HOoNyCTUIH, yro npeanoxkennoe b.I1. ByppuleBbiM ULt MeTaiHde-
CKHX pacIUIaBoB COOTHOMIEHHE

044 -

0.2 4

&l =Qi—j_QFc—j—QFe~i 6)
! RT
CIIPaBEVIMBO H /Ui PACTBOPOB KHCIOPOa H a30Ta B XKeJie3€. Bplio NpHHATO, 4TO
Hom = APg, 0 ™

rae A u k — HeKOTOphIE IOCTOSHHBIE, P, M P, — PaBHOBECHBIC JABNEHUS KHCIOPOIa
2 2
¥ a30Ta B CHCTEME WUIKUN METAI — TBepAblH OKCH/{ WM HUTPHI COOTBETCTBYIOMETO
Mertania. Torna
Qoney = RTInYopy =RT(InA+kIn By ). (®)
Tak xak o

_2 AGJO,.Nn . 9

RTInP, :—EAGf’mOR,RTlnPNZ =

Hocie HOACTAHOBKH 3HaYenmii O B Bupaxenne (6) nonqun s pacqe'xa ¥HTEpE-
CYIOIHX Hac MapaMeTpoB, crexyomme GopMyIb::
2k (4G~ 4G} )

ST eyt = _T ~ 10y » (10
e 2k(%AGS,gSN -463, ) e
N = —Inygr © - -~ Db
RT
3neck AG® - m3menenne H3063pHO-HIOTEPMHIECKOI0 TTOTEHIY: VA npn o6pas013a}mn
OKCHIa WIH HATPHJIA I10 PCAKLIMAM: N e e T P T e



Mg+—;-02=MgO, 3Mg+N,=Mg,N,. . (12)

. M M
Jins onpefeneHUs NAPAMETPOB B3ABMOJCHCTBUA €,° W £y° CTPOMIA 3aBHCHEMO-

2 O 0 1,0 0
4G, —2AGY,, 2 AGY, —2AGy
e (&) +Inyj, ) or n_ % (&) +InySpy) ot n e
RT RT
Honyqemme Pe3yALTaTHI IPEACTABIICHB] Ha pHc. 2 B 3.
(§,+h;/,)
250 £

i
H

10 ° mlm; ~AtZ x 5 © ;51 2 = )
‘2{“*‘——'; J q[fﬁ;“i}
&
j i j o
Puc. 2. 3aBucrMOCTE gl +1ny o) Pruc. 3. 3aBHCUMOCTS ¢}, +1ﬂ)’j<r.e)
Y LR . . 0 0
'{ —AG]  —BGieg SREUS > —-AGJmN -24Gg,
oT A" ——1. L oT ————ﬂ————-ﬂ” .

Hcnonesys noayueHHsle 3aBECAMOCTH (pHC. 2 H 3), 00 H3BECTHBIM 3HAYCHUIM
0
AG 00pasoBaHys OKCHA ¥ HUTPHIA MATHMA, @ TAKKE ¢ HCIOb30BaHNEM M3BECTHO-
TO 3BA9EHUA Yoy PACCUHTATM NAPAMETPhl B3AHMONCHCTBUA MAarHus C asoToM H

KBCIOPOAOM: £5% =177, ey® =~13,97 Wi ¢} = ~1,77, ey =—0,15.

KoHueHTpaummio KHCIopoaa ¥ a30Ta B paciuiasaX BHICOKONPOUHBLIX UYTYHOB, paB-
HOBECHYIO ¢ PACTBOPEHHBIM MATHHMEM, PACCUMTHIBANM U3 3aKOHA NEHCTBYIOHIMX MAacC
CIICOYIOIIMX peaKITHi:

Mg, +[0]= MgO,, A (13)
AGY =492 511+110,58T(ffxc), (14
3Mg,, +2[N]=Mg,N, - T (15)
4G = =502 532 +183, 18T(11x<) (16)
Keadpmenm mnocm Kncnopozla ¥ a307a OnpeeiM B3 COOTHOIIEHHAL
18fon; = ZeoN[’ mac. %] - an

B cB#3m ¢ Te€M, 9TO He H})CJ]CT&BJISIGTCX BO3MOXKHBIM OIPECACIINTL TEMIECPATYPHbIC
3aBHCAMOCTH I11apaMETPOB B3aNMOAEHCTBHA KHCIOpOJa € OCHOBHBIMH JII€MCHTAMH
9



9yryHa, i1 OUEHKH pacrsopmaocm KHCJI0POAA B BBICOKOIIPOYHBIX YyTYHRaX HCMOJib-
30BaJIH MX 3HadeHus np# 1600 °C. Pacuersl, pe3ybTaThl KOTOPBIX MpecTaBieHbl Ha
pHC. 4, BBINOJIHEHSB! 1S TeMIepaTypst 1450 °C

Kax suaso (puc. 4), KpHBhle PaCKHCIHTENbHOM CIOCOOHOCTH MarHMA HMEIOT MH-
HHMYM KOHLICHTPAOWHU KUCJIOpoJa NpH coaepskanuu Maraus 0,25 mac. %.

t2Owac. %1 C HCIONb3OBAHHEM JIMTEPATYPHBIX
40 e JNAaHHBIX H TIOJIyUEHHOH TeMrepaTypHOH
41 o 3aBHCHMOCTH TIapaMeTpa B3aHMOZAEHCT-
:j B4 100 ’ BHs a30Ta C MarHHeM, Bhipaxarole#ca
o] BYB0 ; COOTHOUIEHHEM
s o eve = 17056 (039, (18)
4.8 1 (T)
:; ] pacCcuUHTaHO [pOU3BENEHHE
53] BU 60 [Mg, macc. %]-[N, macc. %], npu KOH-
70 : b3 LEHTPALHUAX MATHUA, XapaKTEPHbIX L%
-7.1{0 48 a6 a4 a2 40 08 08 o4 4YTYHOB C INApOBHMIHOW M BEpMHUKY-
lefMg; mac. %] nspHOH# Qopmoii rpaduTa, MpH pasnud-
Puc. 4. 3aBHCHMOCTS JIOTapHOMa -+ HbIX Temnepatypax. PesyabtaTthl pac-
PacTBOPAMOCTH KHCIOpOJa . 4eTa MpeACTaBNeHs! Ha puc. 5. Buano,
OT KOHIEHTPALMH MarHus 910 sorapudm NpOM3BEICHHUS
B pacruraBax coctasa YL [Mg, mac. %]-{N, mac. %] Haxommrca B

TIPAMOIIPOTIOPLUHUOHANBHOH  3aBHCHMO-
CTH OT 00paTHOH TeMNepaTypPhi, YMEHBIIAICH ¢ IOHIXEHNEM TeMIIepaTyphl YyryHa.
Ha puc. 6 B npuseJcHH! pe3yJibTaThl pacdeTa PaBHOBECHOH C HUTPHIOM MarHHA
KOHLEHTPai# M PaCTBOPHMOCTH a30Ta 0T TEeMIIEpaTypsl JUIA pacriasa cocrasa YLUI
mapku BY 60.

ldM&m%INm%; . 1ol Nomac )
i H HEEERE a5 ~ - -
250 \\ i HI 10 . ‘ . -
N | /wf’“/
e S N /mﬁ‘“‘/
N -
a0 N :
H % 100 25 / : .
? : -
280 4 N - =
: : =
375 d i \\ AD H /
57 53 59 &0 61 62 €3 64 65 65 67 88 69 70 T . : - : i
Lk 10 @0 120 130 130 0 a0
T T

Puc. 5. 3asucumocts Ig([Mg]-[N]) ot o6paTHOit TeMniepaTyph
Puc. 6. TemnepatypHas 3aBHCHMOCTE J0orapu()Ma paCTBOPUMOCTH H PaBHOBECHOMH
C HUTPUJIOM Marsuf KOHIEHTpAalHy a3oTa B paciuiase cocrasa YIIIT mapku BY 60

Pacuer noka3sbiBaeT, 4T0 MPH COACPXKAHHM MArHHA B PaciUlaBe BLICOKOIPOYHOTO
swyryna 0,045 mac. % ero HMTPH/ CTAHOBMTCS YCTONYMBLIM IIPH TEMIIEPATypax HHXe
0
4230°C.
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Conepxanue a3oTa B 4yryHax o6siado cocrasasger 0,005...0,013 mac. %. Pasno-
BECHad ¢ HUTPHAOM MAaTHHA KOHUEHTPALHA a30Ta, COINIACHO pacderaM, NpH TeMAepa-
Type 3aTBepiacBaHHsA dyryHa coctaBiseT 0,002 mac. %. Ecau xoHuUeHTpauus asora B
yyryHe OH3Ka K BEDXHeMY Mpefeily ero oOb[YHOrO COAEP)KaHMA, TO NOAABJIIOWas
ero 4acts (~0,01 mac. %) ceaxeTcs ¢ MarHueM, Ha uto 6yaer 3arpaueso 0,026 mac. %
MmarHusa. Takum o6pasoM, mpu CPaBHHTENLHO BbICOKMX COJEPXKaHMAX a30Ta B 4yryHe
CYILECTBEHHAA JONA BROAUMOTO MarHHs, COIJIACHO pacueraM, OyaeT CBA3aHA B HHTPH-
A¢, 9TO MOXKET NPHBECTH K MOTYYCHMIO YyTyHa C IUIACTHHYATOH WK BEPMHUKYIAPHOH
¢opmolii rpapuTa, BMECTO YyryHa ¢ IApOBHIHBIM rpapuTOM. PesynpTaThl pacdeToB
CBHAETENLCTBYIOT O TOM, YTO COAEPHKAHHE a30Ta B BBICOKONPOYHBIX TYTYHAX NOINKHO
KOHTPOJIHpOBATLCA M TIOAAEPKUBATLCA HA HEKOTOPOM ONTUMAJIBHOM YPOBHE.

B uerBeproii riaBe npopencH TEPMOIHHAMUYECKUH aHAIM3 MPOLIECCOB PacTBO-
peHus MarHus B ero OuHapHbix cmiaBax ¢ Ni, Cu, Si M Sn ¥ pacmnaBax cHCTeM
Ni-Cu-Mg, Fe—Cu-Si-Mg u Fe-Ni-Si-Mg.

KoOHUEHTpalMOHHbIE H TEMIIEPATYPHbIE 3aBUCHMOCTH OCHOBHBIX TEPMOIMHAM HYe-
CKHX XapaKkTepHCTHK pacwiasoB Maruus ¢ Ni, Cu, Sn u Si (Tabn. 3) nomydgeHsl MeTo-
JIOM KOMILIEKCHOTO TEPMOIHHAMHHYECKOr0 MOACTHPOBAHHS .

Tabmuua 3
TepMomuHaMHYeckHe XapakrepucTiky pacruiaBoB Mg ¢ Ni, Cu, Sn 1 Si
TepmoauHamsieckas Meranneckas 3HaueHHe QYHKUHH TPH MOBHON noNe
dlyHK HHA cHcTeMa BTOPOro KOMIIOHCHTA B paciLiane

0 0,1 0,3 0,5 0,7 0,9 1
1 2 3 4 5 6 7 8 9
Mg-Ni 0 3,57 8,32 99 | 832 | 3,57 0
—AH K/l Mg—Cu 0 2,43 743 1109411095} 545 0
g Mg-Sn 0 | 613|129 {1369]101 373 | 0
Mg-Si 0 4,88 | 1093 |12,47110,02 | 4,11 0
. Mg-Ni 0 1,99 343 38 1343119 0
AS Lo Mg-Cu 0 2,07 2,54 | 1,48 {0,421]0,253 0
"more K Mg-Sn 6 | 207 { 361 {401 361 [207] 0
) Mg-Si 0 | 205 | 354 | 394354205 0O
Mg-Ni 0 0,71 1,65 {197 ] 1,65 | 0,71 0
_ASE Mo Mg—Cu 0 0,64 2,54 1429 |1 466 | 2,45 0
*vors-K Mg-Sn 0 {063 147 [1,75] 1470631 0
Mg-Si 0 0,66 1,54 | 1,83 | 1,54 | 0,66 0

Mg-Ni 0 0,396 | 3,566 | 9,905 119,41 | 32,09 | 39,62

_ml’ ke Mg-Cu 0 |-0,107] 0,547 {5,703 19,39 145,62 | 64,7

MONL Mg-Sn 0 0,98 7,63 |17,87128,47 136,25} 38,08

Mg-Si 0 0,64 5,36 |13,81]24,96137,78 | 44,49

WL e,

-

* —B.H. Bnacos, C.B. Bynasirun, B.U. Hikypkun, I0.A. Arees. KommiekcHoe Mo-
aenupoBaHue (a3zoBbIX PaBHOBECHH W TepMOAMHAMHYECKHMX XapaKTEPHCTHK paciuUla-
BOB B CHCTeMe MarHui-nukens // H3s. BY3oB. YepHas Metaryprus. — 2009, — Ne 2. —
C. 39

11



TIpookenue Tabnmim 3

1 2 3 4 5 6 7 8 9
Mg-Ni 39,62 1 32,00 | 19,41 19,505 13,566 [0396| 0

XA, Ko Mg-Cu 22,811 25,26 | 23,49 [16,18]7,331[0982] 0
" Monb Mg-Sn 7146] 5248 1 252 95222310111 0
Mg-Si 55,26 | 43,01 | 2391 111,12} 3,62 1 036 | 0

Mg-Ni D | 0,079 | 0,708 |1,967 | 3,855 | 6,372 | 7,867

_ASE Ao Mg—Cu 0 [-0,156 [ 0,497 | 1,138 { 7,166 | 20,00 [ 29,73
" mone-K Mg—Sn 0 | 007 | 063 | 1,751 344|568 1701
Mg-Si 0 | o007 | 066 [183]358] 5921731

Mg-Ni 7.8671( 6,372 { 3,855 11,967 {0,708 { 6,079 0

At Hoe Mg—Cu 4,552 7,766 | 9,633 | 7,43313,582:10499}| 0
monv- K Mg-So 7,01 ] 568 | 344 | 1,75] 063007 | ©
Mg-Si 731 | 592 | 358 | 1831066007} 0

3nece AH,AH:,AH2 - uHTerpaibHas SHTanbLIuUs OOpasOBAHHMSA PACTBOPOB U

E
HApIHATLHEIC IHTATLIMA KoMuoreHToB, AS,4S” — uurerpambHas W u30biTOYHAs
—.—.E ———
suTpormn pacteopa, AS1,4S2 — napumansHbe UIGHITOTHbIE YHTPOIHY KOMIOHEH-
TOB PACILIABOB.
C noMompbIo AaHHEIX Tabjl. 4 OLEHHIM aKTHBHOCTh MarHMs B yKa3aHHBIX OUHAp-
HBIX paciuiaBax IpH pasiiHuHLIX TEMOEPATYPax 0 YPaBHEHHIO

RTlna,, = AH v - TASws + RTInxy, . (19)

C ucnons3osannem cootHomiedns (2), paccuuTaiyd paBHOBECHOE AaBICHHE IMapa
MarHud HajZ ero OMHAPHBIMH CILIABAMHE C HHKEJIEM, MEIbIO, 0J0BOM H KpeMHHEM IpH

35 . ; conepxanun Maraus 14 u 18 Mac. %.
304 MeCa PesysnntaThl pacdera Ansd KOHIEH-
Mg-S ; . Tpaman Mareug 18 mac. % mpen-
25 e . 1
Mg Ni cTaBeHbl HA pHc. 7 B BUJIE TeMIepa-
E_zo : TYpHOH 3aBHCHMOCTH PaBHOBECHOIO
oF napneHus napa marsua. Kak Bunso
' ms puc. 7 B paxy Si, Ni, Sn, Cu B, B
fat : ero GHHAapHBIX CHABaX C OTHMH
08 3 o e 3JIeMEHTaMM YBEJIHMIUBACTCH OT St K
e
00 ; . : :
o v re a0 . 0 w0 weo 10 PacyetHple 3HaueHHs MaBICHHA
L napa Marsus MoTyT ObITh HCOOAB30-
Puc. 7. PaBHOBECHOE IABNCHNUE IApa MATHHA  pavs OpE  BEIGOpE ONTHMAIbHBIX
Haj ero OHHApHBIMU CTIIaBaAMU TEMIEpATyp IIABKH NPH H3TOTOBE-
1IpU coaep:kanuM maruana 18 mace. % Y MarHKACO IePKALIHX JIATATYP.

Ha OAO «ABTOBa3» m1d cOEPORIUUPYIOMEr0o MOAHGHIHPOBAHAA UPH HPOH3-
BOACTBE OTIMBOK «Bal koneH4aThiil» 00LITHO HCHONB3YIOT HUKEIbMArHUHNEPHEBYIO
JIAFaTypy C cofiepKanueM Marausa 14—18 mac. %. C uenblo CHDKEHHS 3aTpar Ha Hpo-
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HM3BOJCTBO OTJIMBOK B PAAE OIBITHBLIX IVIABOK 3/16Ch ONPOOOBAIH MeAbMArHHERYIO JIH-
ratypy. CogepxaHue MarHud B MEILMAarHHEBOH NHTATYpE, TAKKE KaK ¥ B HUKEIbMAr-
HueBoi, cocTaBmaer 14—18 macc. %. Tlepen BuIITYCKOM dyryHa U3 TIE9H JIUTATYpy IIO-
MemaM equHol nopiued Ha aHo xoBma. Jlocne 3anMuBKY 9yryHa B koBm Habmioma-
JIOCH MHTEHCHBHOE KHIEHME JyTYHA, COMpoBOXIatomeeca nupodddexrom. B cesa3u ¢
TEM, YTO 3HATHTENIbHAA 9aCTh Martyd cropaja Ha BO3AYXE L1 NOTYyYeHBs TpeGyeMo-
TO €ro CONAEPIKAHUA B YYTYHE HABECKY MEXbMArHMeBOH JHIaTyphl, O CPAaBHEHHIO C
HHUKEIbMarHUEeBO#H, MPUUIIOCH YBEJIMYHATE B 1,8 paza.

BHenrsee JaBleHHE Hall HAXOJAMEHCs Ha JHE KOBINA JMIaTypod onpenensercs
COOTHOHICHHEM: :

Fy. = o+ Fon» (20)

rae " C
P =p-h10%amm). - ‘ 21
[pw BBIcOTE cTONGA h, PABHOMN OHOMY METPY, M p=6700ke/ s’ BHEIIHEE NaBieHHe

pasHo 1,67 at™. /laBleHHde Mapa Mardus Hajl MeAbMarHMeBOH nWraTypoii, o pesyms-
TaTaM pacuera, IpH 1470°C pasno 2,82 arm, T.e. 3HATHTEILHO BHINE BHEILIHETO JAB-
JIEHMS HaJl JIMTATYpol, YT0 B NPMBOAMT K ee kumenmo. Kunesue JuraTypsl NOMKHO
[IPEKPaTHTHCA, KOTAA PABHOBECHOE JaBlICHNE Napa MarHHg B JIMMAaType CTaHeT PaBHbIM
pHemEeMy. TIpE 3TOM, KaK OOKAa3bIBAIOT pacdeTsl, KOHICHTPAOWs MarHus B JMrarype
Jonxkua ymensmmTed ¢ 18 g0 11,26 macc. %. B atoM cxydae

Mg, Pl _ 18 _ 60 R, (22)

Mg %o e 1126 -

Pacuer moxaspiBaeT, 4TO I HOMy49eHHS OJMHAKOBOH KOHIICHTpAallMK Maradus B UyryHe
MeabMardueBol nuratypsl Tpedyercs B 1,6 pasa Gonpine, ueM HUKEIbMarHHEBOi, 9T0
XOPOIIO COryacyercs ¢ JaHHLIMK ONBITHO-POMBIUUICHBLIX UcnbiTanmif. Taxum obpa-
30M, /U1 IPOBEIEHUA CHepOHAMIAPYIONICTo MOIAGHIAPOBAHAL TyTyHa MebMarHne-
BOM nuratypoll B ycnopmax auTeinoro npomsoactsa OAO «ABTopas» nenecooGpas-
HO KCIIO/R30BATH JIATATYPY ¢ conepxanvem maraus 10—12 mace. %.

Ouedxy aKTMBHOCTA MarHHs B pacmmasax cucrem Cu-Ni-Mg, Fe-Si-Cu-Mg n
Fe—Si-Ni—Mg BbINOIHIIA C HCIIOIL30BaHNEM MOJIETLHOTO YDABHCHAA BH/AA:

Ina, =1n x;&;l?{z xi[(Ai‘:o’—T-BLO))+(xi—2-x,.)A(A,.‘S” —T~B,ﬁ.”)]+ .

+f X, [(A,‘IO’-—TAB,.‘:‘”)+(xi -2-x)- (AP —T~B;;>)]+ Bk

i=1

+i x[(AY-T-BY)+(x -2-x)- (AP -T-BY)]- ' (23)

FI LR BESUN
ne -1k
Y Y ax [(A-T B )+ (x—x, ) (A —T-B,;.”)U
i=1 j=1+1
3nech «s» — MOPANKOBBI HOMEP HCCIENYEMOTO KOMIOHEHTA paciuiaBa, k — obmee
JHUC/I0 KOMIOHEHTOB B PAaciLIaBe, X; — aTOMHBIE JIOMM KOMIOHEHTOB, R — yHuBepcab-
Ha# rasosas nocrosHHas, A", AV - owtansmminee n B, B - snTponmitbic napa-

METpPhI MOZE:IH.
- 13



PaBHOBecHOe naBiieHMe mapa MarHua Haj paciuiaBami cuctemel Cu-Ni-Mg pac-

CYHMTAHO MO OMMCAHHOMN BhIIE. METOAHKE C MCMONB30BaHHEM ypaBHEHHA (23). Pesyns-
% : TarThl MpUBEACHBI Ha puc. 8.

Beenenne B 4YyryH Jurartyp,

COCTaBBl KOTOPbIX OTBEYalOT TOY-

KaM, PAacrONOXEHHBIM Ha puc. 8

- *s  Huxe uzobapsr 1,67 arm, He Oy-

‘' jeT TMPHBOAWTH K KHIIEHHIO JIHra-

Typbl notepsam Maruui. s ce-

pouan3Hpylouleit o6paboTkn 4dy-

ryHoB npu Temneparype 1450°C

MOryT ObiTh HCIMOJIb30BaHbl Hu-

° 0 2 3 4 o e 7 s % 10 KegbMEJbMarHHeBblE JHFATYPHI C

25 4

167 ari

(Mg}, mac. %

B iCul, wac. % conepxaHueM Mead Menee 50
Puc. 8. Msobapsi napa 1‘;?”({:“" I\l/{laﬂ Mac. % TIPH KOHLEHTPAaLMH Mar-
pacruiaBamu cuctemsl Ni-Cu-Mg

npH Temnepatype 1450 °C Hitd 18 macc. %.
TYP . C HCnIONb3OBAHHEM COOTHO-

menHit (2) 1 (23), BLINOJNHEH pacdeT aKTUBHOCTH M AABJIEHWA Napa MarHug Haj pac-
nnaBaMH cucteM Ni-Si-Mg-Fe n  Cu-Si-Mg-Fe npH NOCTOSHHBIX COAEPKaHHUAX
Marnus 6, 10, 14 u 18 mac. % u reMneparypax 1350 1 1450°C, xapakTepHbIX COOTBET-
CTBEHHO AJ1 BarpaHO4HBIX YYTYHOB H YyTYHOB, BHIIUIAB/LIEMbIX B AYFOBRIX HAH HH-

AYKUHOHHBIX m€4yax. Pe3yanaT1>1 Pac4eTOR NPEACTABJICHbI HA PUC. 9.
55 3 8 1

[Si), macc. %
[Si], macc. %
3 % 8 8 &8 & 8 % 8

1 15 20 25 30 35 40 45 S50 55 60 @
[Cu, Ni], macc. %

=3
'

o 10 20 ] “«© 50 60 70 80 80

Puc. 9. H306appl napa MarHus Haa CHJ4aBaMH
Ni-Mg-Si-Fe u Cu-Mg-Si-Fe npu temne- -
patype 1450 °%C, a - 10 mac.% Mg, 6 —
14 Mac. % Mg, 6 — 18 Mmac. % Mg. | — Py =
1 aT™ Asis CIUIABOB C MEABIO M HUKE!IEM, 2 —
Pue=1,35 aT™ 2514 CINABOB C MEALIO M HHKC-
€M, 3—Py,=1,67 arm aaa cinapos Cu-Mg—
Si—Fe, 4-Pjg=1,67 at™ ana cinasos Ni-Mg—
Si-Fe, 5 — Py, =1,67 at™M 114 CONaBos ¢ Me-
ABIO M HHKEAEM

{Sil, macc. %

0 vr T T



CpaBHEeHHE NOKa3LIBAET, 9T0 M300aphl Napa Mardui Haj ciuiaBaMH of0emnx Mertal-
AEYECKHX CHCTEM MMEIOT OAHE M Te K€ MM GJUr3Kae KOOPAHHATH. 3T0 00CTOSTENb-
CTBO NPENCTABRAACT ONPEIENEHHBIH MHTEpec JNIA IPOM3BOJCTBCHHON NMPAKTHKH, T.K.
fI03BOJIACT JIOPOrMe HHUKEILCONEPKANIME IHraTypsl 3aMEeHHTh Ha Gonee Jemeshie
Menkconepxamue. COrnacHo JaHHbLIM PHC. 9, O7Ha W3 BhIMyckaemblX ¢upMoit SKW
JYTaTYp © coiepxamnem kpemmams 28-32 mac. % MOXKeT TIPHMEHATHCA 18 MOTH(pH-
IEPOBaHKsS YyTYHOB TpH Temmepatype a0 1450°C, T.x. maBnenwme mapa MarHms Haj
Hell NpA 5TOH Temieparype He mpeesimaet 1,67 atm. Bropas nurarypa ¢ cogepxanu-
eM kpemuna 18-20 mac. %, BUAAMO, MOXET 6bITh MCIIONB30BAHA TOBKO Ut 06paboT-
KY BarpaHoOYHBIX YYTyHOB, IIOCKOJBKY JABIICHHE [apa Maraud B HEH oIyckaeTcs 1o
3Hadenna 1,67 atm npu cHXeHME TemmepaTypl gyryHa fo 1350°C. Memsconepika-
IHHe JUratypsl, wsrotarmBaeMele OAQO «HHUHMM», MOTYT OpUMEHSATLCA TIPH TEMIIE-
paTypax 4yrysa 1450°C u 6onee Husxux. B Tabu. 4 TIPEACTaBIICHBl COCTABBI JIATAaTyp U
COOTBETCTBYIOINHE MM pacieTHbIE JaBJCHHA apa Maraus.

Tabnvaia 4
PagHOBeCHO® AaBlIeHHe Napa MArHMg Haj UCHIONbL3YEMBIME
B JIMTEHHOM HPOM3BOACTBE JHTAaTYpaMH

N Cocras uraryp, mac. % PR, atm
Cu Ni Si Mg Fe 1350°C 1450°C
1 82-86 — — 14-18 — 0,98-1,34 1,89-2,5
2 82-86 — 14-18 — 0,590,883 1,15-1,63
3 — 47--51 28-32 15-17,5 ocT 0,96-1,1 1,67-1,9
4 - 48-52 18-20 15-17,5 ocT 1,68-1,75 2,6-2,9
5 7-10 — 30-55 14-16 ocT 0,65-0,7 1,15-1,35
6 <35 — 3445 9-11 ocT 0,41-0,76 0,73-1,4

s Momm@HIMpOBaHKS YYTYHOB B OTKPHITOM KOBIIE TTyTeM Jadu JUTaTyphi €Ju-
HOW nOpImMel Ha JHO KOBMA MOryT GbITh HCHONBb30BAHBI BCC «TSDKETBIE» JIMIATYPH,
PaBHOBECHOE JTaBj€HHE apa Mar#us Hajl pacIUlaBaMH KOTOPBIX IIpH TEeMIIEpaType HX
pacTBOpPeRMS B 4yI'YHE HE OpEBHIMIACT BHEIIHEE NaBICHHE, CO3NABAEMOE CTONOOM
XKUAKOTO UyryHa H BO3ayurHoN atMocdepoii. BHeInHee naBiieHHe J€rKO HOCIUTATE TI0
dopmynam (20) u (21), a paBHOBecHOe NaBjeHME Napa Marms — no opmyne (23).
Ecin, HanpuMep, BeIcOTa CT00a KHUAKOTO YyryHa COCTABIAET 1 MeTp, TO BHEINHEE
JlaBNeHHe HaJl PacTBOPAIOIMEHCA Ha THE KOBIa Juratypoil cocrasmier 1,67 atm. O1H
JITATypsl conepxar B cBoeM cocrase 0,4...0,6 mac. % Ce wm 0,8...1,2 mac. % P3M
LIEpHEBOH Py MIbL.

Temnepartypa gyryna mepen ero BHIIYCKOM M3 NeTd OOBIYHO IOMNEPKMBAETCA B
npeznenax 1500...1580°C. B mpouecce BhINycka UyryHa H 3alOJHEHHS KOBIIA TEMIIE-
parypa gyryHa camkaerca 1o 1450...1490°C. TIpu 37HX TeMmeparypax H [MPOHCXOIUT
PAacTBOPEHUE JIATATYD B 9yTyHE.

Huxenbxenezo u MempKene3oMarHueBHe JAraTypbl C KpEMHHEM TaloKe MOTYT
ObITH KCTIONBL30BAHB! [ KOBIEBOTO MOAM(UIMpoBanys JyTyHoB. [IpH 3ToM aydime
HCIOMh30BATh JTHIaTyPhl, H3TOTOBIEHHbIE HAa OCHOBE CIJIaBOB cucteMnl Cu-Si-Mg-Fe
BCIIEACTBAE BX Doliee HA3KOM CTOMMOCTH. DTH JIMraTyph! Jerye uyryHa, no3ToMy Mo-
IAQUIHEPORaHEE HYXKHO NPOM3BOATL «CIHIBHU»-IPOHECCOM U IPH 3T0OM Heobxom-
MO WCTIONS30BaTh JIMTATyPhl TAKHX COCTABOB, IABJICHHAE apa MATHAS HAJ PacTijiaBaMu
KOTODBIX TaxKe He TpeBbiiiaeT pHelmBee nasnenne. Takum oOpazom, mpH BeIGOpE cO-
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CTaBa JIMraTyphbl A8 KOBIIECBOro MOAMGMUUMPOBAHUA YYT'YHA HY)KHO YYWTBIBATh TEM-
neparypy MOAMQHLHPOBAHUA H Pa3MePhI KOBLUA.

Kax BHAHO H3 Tabl. 4 NpakTHYECKH BCe UCMONb3yeMble B TUTEHHOM NPOM3BOACTBE
JIAFaTYpbl MOTYT NPHMEHATCA AJI1 KOBLIEBOro MOAMGHULMPOBAHUA UYTYHOB 1IpH TEM-
nepatype 1350°C u rmyGune kosma 1 MeTp. MelbpmarnaeBas nuratypa He MOXeT
OBITH HMCMONB30BaHA 1A MOAMGULMPOBAHMA JyryHOB MNpH Temmepatype 1450°C u
ry6uHe xoBma 1 MeTp. [ins MOTYYCHHs YIOBJIETBOPHTEIILHBIX PEe3Y/LTaTOB IO YC-
BOGHMIO MarHHs M3 MeJLMarHHeBOH JMraTypsl HyXHO JHOO CHMXKAaThb TeMIlepaTtypy
4yTyha, 1160 nmponsBoauTh MoaMdUIMpoBanne B Gonee rybokux koswax. Hukenb u
MEAbKEeIe30MArHHEBbIE AMIATYPHl ¢ KPEMHHEM MOrYT ObiTh HCMOIB30BAaHBI U JJIA
BHYTPH(OPMEHHOTrO MOIH(PHIUPOBAHHUS UyryHOB. U3roTasnineaeMbie Ha OcHOBe (ep-
pocHiHIMs chepoHaH3UpYIOLIHE MOTHGHKATOPHL OGBLIYHO COLEPKAT B CBOEM COCTaBe
44...48 mac. % kpemHH4. B HacTosAlIee BpeMs Ha OTEYECTBEHHBIX MAIMHOCTPOMTE Tb-
HbIX Y JMTEHHBIX 33B0OJaX LIHPOKO MCMNONB3YIOT Moaubuxaropsl ¢ 5...7 mac. % Mar-
Husi. Temneparypa 3anuBaeMoro B JHTeliHbie QOPMBI 4yTYHa Ha pa3sHbIX 3aBOJAX KO-
nebnercs B npenenax 1390...1465°C. Ha GONBIIMHCTBE 3aBOJOB OHA COCTABISET
1440...1460°C. Pacuer nokasbiBaer, 4TO PaBHOBECHOE JABJICHUE Ilapa MarHus Haj
XKEJIE30KPEMHUAMAarHUEeBbIMH  MOIM(HKATOpaMH YKa3aHHOTO COCTaBa COCTaBJIAET
- 1,0...1,35 atm. Bumumo, ¥ Hal HCTIO/Ib3yeMbIMH 1A BHY TPHGOPMEHHOTO MOAHGHLLH-
. POBaHMA HHUKEJb U MEABKEIC30MArHKEBRIMH JIHTATypaMH C KPEMHHEM DaBHOBECHOE
HaBieHME Napa MarHus npu Temnepatype ~1450°C Taike N0MKHO OBITH PaBHBIM
1,0...1,35 atm. CocTaBbl 3THX JIMTaTyp OTBE4AIOT TOUKaM Ha puc. 9 a, 6 ¥ 6, pacnono-
KEeHHBIM MEXKTY U306apaMH, COOTBECTCTBYIOLIMMH PaBHOBECHOMY JIABJICHUIO Napa Mar-
Hua 1,0 1 1,35 atm.

) Jl1s NpoBEpKH NPHUMEHHMOCTH METOAHKH pacieTa COCTaBOB CPEePOHAH3ATOPOB Hy-
. TyHa, yYHTHIBAIOUIC OCHOBHOE K HHM TpebGOoBaHMeE, 3aK/I0YalOmEecs B TOM, YTO A
;- Cbeponausmpytomei 06paboTk MOTyT NPUMEHSATBCS TOJIBKO T€ MoAH(HKATOpH M
. IMraTypel, PaBHOBECHOE [ABJICHHE Napa MarHHA HAlJ KOTOPhIMH IIpH TEMINepaType
;. WHUAKOrO YyryHa HE NpeBbillacT BHELIHEE AABICHHE, ONPENCNEHBI COCTABBI «TshHKE-
- Joi» Ni-Cu-Mg-P3M u «nonyrsxkenoii» Si-Cu-Mg—P3M nuratyp ang HX HCONb-
,§ 30BaHHs NIPH MPOHM3BO/CTBE OTAMBOK «Ban KosieH4aThblit» B YCIOBHAX AUTEHHOrO 1po-
u3poiacTtBa OAO «ABTOBA3». CornacHo pacdery «TsKejas» JMraTypa IOJuKHa Co-
AepxaTk B cBoeMm coctase 15-17 mac. % Mg, 40-45 mac. % Ni, Cu — ocTajbHOe, a
_ «nomyTtsxkenas» 12-15 mac. % Mg, 30-35 Mac. % Si, Cu — ocranpHoe. CocTaBbl
. ombiTHbIX mapTuit Ni-Cu-Mg-P3M (32,5 kr) # Si-Cu-Mg—P3M (35,5 kr) nuraryp,
~ u3roToBieHHbIX OAO «HHUHM», npeacTapneHs! B Tabm. 5.

.

Tabnuua S
Xumuuecknii coctaB Ni-Cu-Mg-P3M u Si—Cu-Mg-P3M nuraryp

Turarypa Xumudeckuii coctas, Mac. %
Ni Cu Al Ca Si Mg P3M
Ni—Cu-Mg-P3M 38,6 ocrt. 091 1,09 - 16,3 1,11
Si-Cu-Mg-P3M | - OCT. 1,02 1,02 33,6 13,0 1,20

2 B npouecce HenbiTaHui 66L10 MPOBEACHO 6 IKCNIEPUMEHTOB — 110 3 Ha KaxKJO0H JIu-
- rarype. B KaxnoM 3KCnepuMEHTE B COOTBETCTBHH C TEXHOJOIHYECKOH CXeMOH «3a-
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JIMBKa CBEPXY» HCCJENOBAHO [0 JBE OTIMBKY, OJHA M3 KOTOPBIX MCCAEN0BANACH B JTH-
TOM COCTOSIHHE, a BTODast — I0cJie HOpMaN3aHHy [IPH TeEMIEpaType 900°C.

B pe3ynbTare BLINOJIHEHHBIX HCITBITAHMH yCTAHOBIECHO:

1. Chepovmsupyroman ofpaboTka pacruiasa JyryHa HCXOJHOIO COCTaBa JIMTaTy-
poit Ni-Cu-Mg-P3M B COOTBETCTBHEM ¢ TEXHOIOTHYECKON CXeMOU «3aJIABKa CBEPXY»
npH koBmEeBOM pacxoje 0,95 % nospoinset noxysark BU B ormmBkax aeraneii ¢ moka-
3aTeIsIMM MCXAHUYECKHX CBOHCTB H MHKPOCTPYKTYDHL, COOTBETCTBYIOIIMMH MapKaM
BY 70 B nmToM coctosuny u BY 80 nocne onepaimy RopMaTH3al@y.

2. Cdepoummupyromasn 06paboTka paciuiaBa 9yTryHa HCXOIHOTO COCTaBa IHrarTy-
poif Si-Cu-Mg-P3M B cOOTBETCTBHH ¢ TEXHOJOIHIECKOH CXeMOH «3aHBKa CBEPXY»
NpH KOoBIWIEBOM pacxoze 1,27 % no3sonsder nomy4ars BY B omimBkax seranef ¢ noxa-
3aTeAMH MEXAHHMYECKHX CBONCTB H MHKDOCTPYKTYPhI, COOTBETCTBYIOMMHU MapKam
BY 80 B mutom cocrosaun u BU 100 nocne onepanmy nopMammszanan.

[TprmeHeRRe oberx AUraTyp NO3BOJMANO NONYIHTH OTAMBKHA «Ban konmeHdaTsiit» ¢
TpeGyeMbIM YPOBHEM MEXaHWIECKUX CBOMCTB U HeOOXOAMMO# CTPYKTYpO# TyTYyHa.

OBHIME BbIBO/JbI 110 PABOTE

1. Omnpenenens SHepruH B3aEMOOOMEHA MarHUsA € MeEIbIO, HAKENEM, MapraHuem,
XpOMOM H KpeMHHeM. YCTaHOBJCHO, 910 Mejib, HHKEIh M KpeMHMM yMEHBIIAIOT, a
MapraHer, ¥ XpOM YBenH4uBaroT Kod(Q(OHHHUEHT aKTEBHOCTH MarHps B PaciuiaBax co-
€TaBa YyTYHOB ¢ MApOBHAHLIM rpadurom (UIHT).

2. PaccyuTana pacTBOpPMMOCTh Mareus B 4yryHax Mapok BY 35...BY 100. B 3asu-
CHMOCTH OT COCTaBa YyTyHa B PABHOBECHH C YHCTHIM XHIKMM MATHHEM ETO pacTso-
prMOCTh TIpu TeMreparype 1200°C cocrapnser 2,1...2,6 Mac. %. C pocToM TeMriepa-
Typhl OHa He3BaYMTeTbHO yMeHbmaeTcs i npr 1600°C AocTHTaET sHavenmit 1,6...1,8
mac. %. Tlpn aasnesyy napa Marsus | atm u Temneparype 1200°C B paciiasax qyry-
HOB MCCNIEIOBAHHBIX cocTtaBoB pactBopsercs 0,82...0,97 mac. % maruma. C noBwime-
HHMEM TEMIEpPATYPHl PAacTBOPMMOCTb MArHus IIpH NOCTOSHHOM [aBIE€HHW €ro rapa
ymensmaerest. [Tpu Temmeparype 1600°C m Pyg=1 at™ oma cocrasiser 0,06...0,07
Mmac. %.

3. PaccyuTansl aKTHBHOCTH Marty¥sd B pacIuiaBaxX MoIMdHIMPOBAHHBIX ‘IyI‘yHOB
mapok BY 35...BY 100, coaepxammx 0,02...0,07 Mac. % Maraus, OpH TeMIiepa
1200...1600°C. Ilpu temmepaType 3ai¥BKK uYTYHa B JATeiHbie (opMbl (~1450 C)
JaBjCHAE Mapa MarsMs B 3aBUCHMOCTH OT €r0 cojiepxaHus cocrasnger 0,16...0,54
aT™. BsicoKoe naBicHMe napa MAarHns SBIsAETCA OCHOBHOHN NPHUYMHON €ro noTeph npu
BBLIEPXKE TyTyHa B KOBIIE HOCHIE MOAHGULMPOBAHMA.

4. OmnpeaeneHsl 3HageHMS TAPaMeTPOB  B3auMoOJeHCTBHA gg‘g =—177 =

gMg =-14,0 B xHIKOM KeJe3e U HCCIENOBAHO PABHOBECHE peaklii B3auMoaeiicT-

BAS Mare@d C 430TOM M KUCJIOPOAOM B XHAKMX JYI'YHAX. Y CTAHOBJICHB! 3aBHCHMOCTH
KOHUECHTPalMi MaruMs ¥ a30Ta B IyTryHaX OT TeMneparyphl. [lokasaHo, 4To B pacmna-
Bax YyTYHOB BO3MOXHO 00pa30oBaHue HUTPH1a MarHuA.

5. MeronoM KOMINEKCHOI'O TEPMOIHMHAMUMECKOrQo MOACIMPOBAHUA ONpENeNeHb)
TepMonMHaMpdeckne GyHKIMN 00pa3oBaHHd OMHAPHLIX PACIUIaBOB MAarHus ¢ HHEKe-
AeM, MEIbIO, OJIOBOM M XpemHUeM. PaccunTanbl akTHBHOCTH MarHuA B 5THX pacruiaBax
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H nokasaHo, 4To B pagy Si, Ni, Sn 1 Cu akTHBHOCTh MarHus yBEJHYHBAETCA OT KpeM-
HHA K MEJH.

6. PaccunraHa akTHBHOCTb MarHHR B ciUiaBax cucteMsl Ni-Cu—Mg npy Temnepa-
Type 1450°C. Ioxasano, uto Ang MOJIU(DUIIMPOBAHHA UYTYHOB B KOBILE MOTYT ObITh
HCHIONB30BaHbl JIKTATYpPhi C COAEpKaHHeM Medn MeHee S0 Mac. % NpH KOHUEHTpAaLMH
Marnui 18 mac. %.

7. PaccuuTaHbl KOOpAHHATHL JIMHHH M30aKTUBHOCTEH M M300ap napa marHusa ajis
pacmiasoB cucteM Ni-Mg-Si-Fe u Cu-Mg-Si-Fe upu temneparypax 1350 » 1450°C
H colepXKaHuAx Maruus 6, 10, 14 1 18 Mac. %.

8. PaspabotaHbi TpeGoBaHHA K cCOCTaBaM JIMIaTyp Ha OCHOBE CILIABOB
Ni-Mg-Si-Fe u Cu-Mg-Si-Fe ans cdepommmupyromeit o6paborku ayryHos. [l
xoBmeRo# chepounusupylomeii o6paboTkd MOryT ObiTh KCHONB30BaHBI TOJNBKO T
JIMTaTypPBi, PaBHOBECHOE AABJICHHE T1apa MarHus Haj paciulaBaM#M KOTOPbIX MPH TeM-
nepaType XHAKOro YyryHa HUKE BHEIIHEr0, ONpesieIAEMOro cToinboM XUAKOTo JyTy-
Ha ¥ aTMoctepHbIM fasieHHeM (TIpH YPOBHeE paciiaBa | M B aTMOCGEpHOM JaBIeHHH
I at™ Ppe<1,67 at).

O6nacTe cocTaBOB NPUMEHACMBIX VI BHYTPHGOPMEHHOTO MOAUGMUIIMPOBaHHUS [H-
ratyp, H3roTaBjiMBaeMeIX Ha OCHOBe ciuiaBoB Ni-Mg-Si-Fe u Cu-Mg-Si-Fe, pacno-
Jlaraetca Mexay u3obapamu napa maraus 1,0 u 1,35 atm.

Pexomennaimu paboTel Henosb3oBaHel Ha OAO «<ABTOBA3» mpu Bei6ope cocra-
Ba JIMFATYPH! Ui IPOM3BOICTBA OTIMBOK «Baui KoeHuaThiii».

9. B ycnosuax OAO «ABTOBA3» npu npousBoicTBE OTIHBOK «Bam KoneHua-
TbIH» NPOBEJACHb! OMBITHO-NPOMBIIIUICHHbIE HCIBITAHHA PEKOMEHXYEMBIX «TsXKenoH»
Ni—-Cu-Mg u «noxyrsxenofi» Si-Cu-Mg nuratyp, ¢ nobasxamu P3M,. [omyuens!
OTIIMBKH ¢ TpeOyeMbIM YPOBHEM MEXaHMIECKHX CBONCTB M HEOOXOIMMO# CTPYKTYpO#
YyryHa. 3To CBHAETENAbCTBYET O JOCTOBEPHOCTH METOAMKH BblOOpa ymratyp ams cde-
POMAM3HPYIOHIEr0 MOAU(HLUHPOBAHNA TyTYHOB.
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