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opaJBHOFO OIIIIOHeHTa Ha JIHCCepTaIYO BOTHKOBa Cepre AHaTOIBeBHa 

Ha TeMy: «Pa3pa60TKa KOMIIIeKCHO TeXHOJIOTHH IIOJIyHIeHH CTaI BIcoKOi 

IHCTOTLI B yCIOBHIX COBpeMeHHLIX TaIeIIJIaBJIEHLIX IIeXOB», 

IIpeJICTaBIeHHyHO Ha COHKaHHe yIeHO CTeIIeH IOKTOpa TeXHHHIeCKMX HayK IO 

CIeIMaJIBHOCT 2.6.2- «MeTaypr9 uepHIX, IBeTHLIX H peIIKX MeTaJ11OB» 

AKTya1LHOcTL pa60TL. 

I[po3BOJCTBO CTaJI C HH3KM COJIepaHHeM HeMeTaJJIeCKX BKJIHOIeH~ 

B HaCTOIIee BpeM BOTpe0BaHO, TaK KaK BC IIpOH3BOJIHMa 
BLICOKOKaIeCTBeHHa MeTaJJIOIIpOJIyKII JIOJIKHa COIepaTL MHHHMaJILHOe 

cOIepKaHe B CTaI, KaK Kc1OpOIa, TaK cepLI. KpOMe 9TOrO, cIeIyeT 

OrpaHH4BaTL B MeTaIe cOepaHe pocpopa, a B HeKOTOpLIX CJIyYaX a30Ta. 

HecMoTp Ha TO, ITO J1aHHa TeMa H3yaeTC B MeTaJIIypF JaBHO, aBTOp 
JIHCCepTaIHH IOIpO6HO IIpeJICTaBHJI TeKyIIIHe IIpO6IeMBI B CTaJIeIIIaBHILHLIX 
IIeXaX, CB3aHHLIe C COIIepKaHeM B CTaIH OKCHJIHBIX HeMeTaJIJIIeCKHX 

BKJIHOIeH~: 3aT9TBaHHe pa3JIBOIHLIX CTaKaHOB Ha yCTaHOBKe HeIIpepLIBHO 

pa31BKH CTaJI (VHPC), «yHOC» OTJIOXKeH~ BKJIHOeH B TeJIO 3arOTOBKH JI 
cn16a, 6paK MeTan1Ia IO BKJIHOIeHMM, aBapHHLIe OCTaHOBK VHPC Ip. Bce 3TO 
OJ1HO3HaIHO TOBOpT O TOM, HITO BLI6paHHa8 TeMa JIHCCepTaIHH BJ1eTC 
aKmya6no JI COBpeMeHHO MeTaJIIypIecKO OTpaCI. 

K nayuno~ nosu3ne ccepTaIIOHHOi pa60TBI CIeIyeT OTHeCT 
cIeyOIIee: 

l. IIpencTaBIeHO JaJILHeIIIee pa3BTe BO3MOXKHOCT npOrpaMMLI 

9BM - STM, B TOM ICJIe, CO3JaHHLe IpyTe IIpOIpaMMHLIe IIpOIIyKTLI Ha 

OCHOBe IM[pOBLIX peIIIeH, I1O3BOJIHOIe pa3pa6aTLIBaTB HOBLIe TeXHOJIOTHI 

IIpOH3BOIICTBa HIHCTBIX cTaIe~ B yCJIOBX CTaJIeIIaBHIBHOTO I1pOH3BOJICTBa. 

bbeKTBHOCTL pa6OTB IIpOrpaMMLI STM IOCTIHyTa C HCIOJ1B3OBaHeM 

IIOJIOKeHH O BeJIyIIeH pOJIH OKHCITeJIBHOTO IIOTeHIIMaJIa B CCTeMe «MeTaJIJI 

I1aK-ra3». TaKKe yHITeH KOHTpOJIL BHeIIIHeTO IIOCTyIIIeH KHCOpOJ1a 3 

aTMOcpepI, MaTepaJIOB, LI1aKa ]yTepOBK. IIpeyecTBO 9TO~ I1eH 

3aKIHOaeTc B 9bbeKTBHOM OIIpeIeJIeHe KpHTHIeCKHX TOIeK IIpH IIpO3BOJICTBe 

CTaJI IIO Bce~ TeXHOIOTHIeCKO IIeIIOIKe OT BBIIIIaBKH JIO pa3IBKH CTaJI, ITO 

nO3BO1eT pa3pa6oTaTL Ha6oee 9bbeKTBHLIe CIIOCOLI peIIIeHH 3a/1a¥ 

IIpO3BOJICTBa ITO CTaJI BepXcTO~ CTaI. 

2. yCTaHOBJIeHO H HayIHO O60CHOBaHO IIpeIeILHOe COIpKaHe 

Bpe/IHLIX 3IeMeHTOB B CTaJI, paCKHCJIeHHO~ aJIHOMHHeM H MOJI]HIIHpOBaHHO 

KaIBIHeM JI COOTHOIIIeH OKCHJIOB KaJIBIIH K aJIHOMHHIO OT 0,6 10 I,0: 06111ero 

KcOpOIa He 60.1ee 0,0020 Macc., cep- He 60nee 0,0030 Macc.% MarH 
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He 601ee 0,0008 Mac., IIpeBBIIIIeHe KOTOpLIX IIpBOJIT K CHHKeH1O KaecTBa 

rOTOBO MeTaJIIOIpOIIyKIIH 3a ceT pOpMHpoBaH 36BITOIHOTO KOJIMeCTBa 

HeMeTaJIIHHIeCKHX BKJIHOIeH~. 

3. yTO4H~H BK1aI orHeynopHorO MaTepaIa IIpOMeKyTOIHOTO KOBIa Ha 

OcHoBe MgO (85-90 Macc. %) c IpMecM SiO> (0Kon1o 5 Mace. %) Fe.O3 (0K0IO 

0,7-3,0 Mace. %) B npOIeC O61erO BTOpHHIHOTO OKHCIeH pacn1aBa I1pH 

IIpOH3BOICTBe BBICOKOKaIeCTBeHHO paCKHCJIeHHO~ aJIHOMHHHeM CTaJIH, TO J1a~T 

IIepcIeKTBy pa3BT TeXHOIOI IIOJIyIeH cTante C yJILTpaHH3KHM 

COJIepKaHHeM BKJIHOIeH. 

4. BnepBBIe BBeJIeHO HOBOe IIOHTe «CyIIepICTa CTa1L» (3a1IHIIIeHO 

naTeHTOM PocccKOi Denepa) - cTan, co/epKa11a8 B CyMMe MeHee 500 
aTOMOB Kc1OpOIa, CepLI, BOpOnIa, a30Ta pocpopa Ha I MJIH. aTOMOB KeJIe3a. 

5. [[OJIyueHa 3aBHCHMOCTB H3MeHeHA BeJIHIHL TeIIOBOrO nIOTOKa epe3 

CTeHK KpHcTa13aTOpa B IpOIeCCe HeIpepLIBHO~ pa3JIBKH CpeIHe 

HH3KOyTJIepOJIHCTIX MapOK cTanIe I IIOC c OHOBHOCTBIO (CaO/SiO) or 1,04 
110 1,25 14 B3KOCTLO OT 0,03 Jo 0,12 Ila·c Ha poppoBaHe IOBepXHOCTHLIX 

IIpOJIOJIBHLIX TpeIIHH Ha HeIIpepBIBHOJITOM MeTaIIe. OTO 1IO3BOJIeT B KOMIIeKCe 

H OJIHOBpeMeHHO OCyIIIeCTBJITL KOppeKTHpOBKy TeXHOJIOTHH IIOIIOTOBK MeTaJ1Ia 

Ha BHeneHO 06pa6OTKe H 1 pa3/1BK Ha VHPC c LeJIBIO IOJIyYeHM ITO 

CTaI 6e3 IIOBepXHOCTHLIX TpeIIH 6e3 aBapHBIX CTya B eXe. 

IpaxmuuecKan 3nauuocmo pa~om»l 3aKJIHOIaeTC B TOM, ITO 

IIOJIy HIeHHLIe B pa6OTe HayHIHLIe pe3yJILTaTB 6BII CI1OJ1B30BaHLI I pa3pa60TK 
BHeJpeH TeXHOIOI IIpO3BOJICTBa ICTHIX cTaJIei B IIpOMLIIIIeHHOCTH. 

IIpe/1oKeHLI HOBLIe TeXHOJIOIIeCKe peIIIeHS IIpH IIpOH3BOIITBe CBepXIHCTHIX 

cTaJIe, IO3BOJIHOIIIHe CyIIIeCTBeHHO CHM3HTB TpyJIO~MKOCTL H IIOBBICHTL TeXHKO 

9KOHOMHIeCKe I1OKa3aTeI Ha MeTaJIypIHIeCKHX IIpeJIIIpTX. K TaKHM 

peIIeHHM MOXKHO OTHeCT CIeJIyKOIIIee: 

1. cn0n130BaHue MeTO1OB yIJIy6.IeHHO~ aHaJIHTK MaIIIHHOTO 

O6yeHH C IIpHMeHeHHeM «6OJ1LIIHX JaHHBIX» JI COBepIIIeHCTBOBaHM 

TeXHOJIOT IIpOH3BOJICTBa HICTBIX cTae~. JI BLIBIeHH IIepBOIIpHIHHBI 

IIpO61eM IIpOH3BOICTBa HIHCTLIX cTaJIe yCTaHOBJIeHH Ha~OIee peJIeBaHTHBIX 

TeXHOIOIHYeCKX napaMeTpOB, B IIepBIO OIepe/IL peKOMeHJIyeTC IIpHMeH9TL 

CJIeJIyHOIIIHe IIpOTHO3HBIe MOJIeJI H aJITOpHTMLI MaIIIHHOTO O6yeHH: «QIepeBO 

IIpHT peIUIeH», MOJIeJI «CIya~HBI JIeC» H «Tpa/eHTHI~ 6yCTHr». C 

IeJIBIO IIOJIyHIeHH IIpKJIaJIHOTO IIpHMeHeHH IIpeJICTaBIeHHOrO I1OJ1XO[Ia 

HeO~XOJIMa IIpeJIBapHTeIBHa IIOIIIOTOBKa MaCCHBa JIaHHBIX, a TaKKe 

OCyIIIeCTBJIeHHe HHTepIIpeTaII pe3yJILTaTOB MaIIHHOrO O6yeHH, 

OCHOBBIBaHOIIIC Ha [yHJ1aMeHTaJIBHBIX 3aKOHaX hH3KO-XHMHIeCKX 

nIpOLeCCaXx, IIpOTeKaHOIIIHX B CTaJIeIIaBJIBHOM I1pOM3BOJICTBe. HKe 

IIpeJICTaBJIeHLI IIpHMepBI IIpHKJIaIHOTO 3HaIeH, paCCMOTpeHHLe B JICcepTaIIHH. 

CrpaHua 2 3 12 



IIpuwep I. B yCOB9x cTaenaBHOrO 1eXa CO3aHa MaTeMaTHIeCKa8 

MOJIeJIB IIpOIHO3HpOBaH TeMIIepaTypLI B IIpOMeKyTOIHOM KOBIIe IIpH pa31BKe 

KaKJO KOHKpeTHO IIaBK Ha IIpHHIIHIaX aJITOpTMa MaIIIHHHOIO O6y4eHH. 

Moen 6LIa HHTerpHpOBaHa B CTaJIeIIaBHJILHOe IIpO3BOJICTBO H IIpeJOCTaBJ1eT 

HpOpMa1HO B KaecTBe peKOMeHJaI JI IepcOHaIa eXa. Ilo pe3yn1TaTaM 

pa~OTBI CO3/IaHH H BHeJIpeHH JIaHHO~ MOJeI 6LL1a IIOJIyeHa 3KOHOMH 

31eKTpO39HepTHM J10 0,75 KBr·/r u pacxona rpapHTpoBaHHBX 9IeKTpOJ1OB Jo 1 % 
Ha yCTaHOBKe KOBIII-IIIB. 

IIpuwuep 2. B pe3y1TaTe HCCJIeOBaH~, BLIIIOIHeHHBIX C IIpHMeHeHeM 

IIpOFHO3HO~ aHaITHK 601HIIOTO MaCCHBa JIaHHBIX, yCTaHOBIeHLI 

TeXHOJIOIYecKe napaMeTpLI 06pa30BaHA CTaJIeIIaBHJIBHBIX ebeKTOB «IIIeHa» 

«IIy3LIpB-B3JIyTe»: BJIHe HeTa6JIBHOCT pa31BK MeTaJIIa Ha yVHPC 

uepe3 napaMeTp «no3g cTonopa» «ypoBeHL MeTa1Ia B KpcTa1I3aTOpe», 

XHMHIeCK~ COCTaB CTaJI H COJIepKaHe B He BpeJIHBX IpHMecei, pa6oTa 

060py/10BaH VHPC cTaHa rope~ IpoKaTK. 

IIpuwep 3. Mero/OM yr:Iy6IeHHOrO aHa13a JaHHLIX BBBIeHLI OCHOBHBIe 

napaMeTpLI (1Ip3HaK) TeXHOJIOFHIeCKHX IIpOIIeCCOB BLIIIaBKH IIOIyIIpOJIyKTa B 

IIeI, O6pa6OTK CTaJI Ha yCTaHOBKe KOBII-IIeHIL, BaKyyMaTOpe H pa3JIHBKH Ha 

yHPC, BIHOIe Ha ]OpMHpOBaHHe HeMeTaJIIHeCKHX BKJIHOIeH~ 

BO3HKHOBeHHe COIyTCTByHOIX epeKTOB rOTOBOrO IIpOKaTa. B pa6oTe 

OIIpeJIeJIeHBI OIITHMaJILHBIe HHTepBaJIBI H3MeHeHH HX BeJIHIH H IIyTH 

JIOCTHKeHH. 

2. KOMIIeKCHAI IIOJIXOnI pacI~Ta 1I1aKOO6pa30BaHH B cTaJIepa3J1HBOIHOM 

KOBLIIe IIO3BOJIHJI OIITHMM3HpOBaTB TeXHOIOTHHO Ha BBIIIyCKe II1aBKH H Ha 

BHeIIeHO 06pa6OTKe. VCTaHOBJIeHHLe OIITMaJILHBIe paCXOJIBI H BJIB 

MaTepHaJIOB Ha BBIIIyCKe IIaBKH IO3BOIJI yJIyHIIHTB TeXHOIOIIeCK IIpOIIeCC 

IIpOH3BOIICTBa CTaJI Ha BHeIeHO 06pa6OTKe C IIOJIyHIeHHeM 3KOHOM 

MaTepHaJIOB, peCypCOB H BBICOKOIO BLIXOa TOJIHO CTaJI. 

3. C IeJILHO CHKeHHI B MeTaJIIe 9HJIOIHHLIX H 3K3OIeHHBIX BKIHOIeH~, B 

cocTaB KOTOpLIX BXOIT MarHe3MaILHa9 IIIIHHeIL (MgO·Al3O3), npen1oKena 

cTa6I3aII XHMMeCKOrO COTaBa LIIaKa. B II1aKe HeOSXOJIMO I1OBLIIIIaTB 

KOHLeHTpaLIO AlO; He CI1OJ1B3OBaTL MaTepaJILI C IIOBBIIIIeHHBIM 

co/IepKaHeM MgO. KpoMe TOTO, JI IIOJIyIeH H3KOTO COJIepKaHM O6111erO 

KHCJIOpOJIa HeO~XO/IMO TaKe 06eCII€TB CHKeHHe KOHIeHTpaII SiO3 B 

IIaKe JIO ypOBH HKe 40 Macc. %. B MeTaJIIe CJIeIyeT MHHHMH3HpOBaTL 

KOHLIeHTpaIYO paTBOpeHHOIO a/IIOMHH. JOIIOIHITeJILHO eJIecOO6pa3HO 

BHeIpTB KOHTpOIB XMHHeCKOrO COCTaBa II1aKa H HCIIOJIB3yeMLIX MaTepHa1OB, 

JIOIIOJIHTeJIBHOe OIHhpOBBIBaHHe TeXHOJIOIHHIeCKHX napaMeTpOB 

cTaJIepa3JIBOIHOIO KOBIIa, yKeTOIeHe Tpe6OBaH~ K TeXHOJIOIH IIpHMeHeH 

OrHeyIIOpOB CTaJIepa3JIBOIHOIO KOBIIa, eTO IIOJITOTOBKa, CHHKeHe BpeMeH 

HaXOJIeHHA MeTaJ1Ia B CTaIepa3JIHBOIHOM KOBLIIe. 
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4. BHepeHe KOMIIBHOTepHLIX aBTOMaTHICKHX IIpOIpaMM CJIeKeHH 3a 

IO3IHOHHpOBaHeM cTOI1pa IO3BOJIIO OCyIIeCTBI9TL KOHTpOIL CTa6JIHOCTH 

pa3J1BKH MeTa1a Ha VHPC IOBLICTL 9dbeKTBHOCTL TeXHO.IOI 

IIpOH3BOJICTBa CTaIH C H3KM COJIepKaHHeM BKJIHOIeH~. 

5. Pa3pa~oTaHBI BHeIpeHB 9pbeKTBHLIe MepOIIpHTH, CHHKaHOIIe 

CIyaH IIOI1aJIaHH TyTOIIaBKHX HeMeTaIIeCKHX BKJIHOIeH~ C BHyTpeHHe 

IIOBepXHOCT pa3JIBOIHOTO TaKaHa IIpOMeKyTOIHOTO KOBIIa B TeJIO 3arOTOBK. 

6. Pa3pa6oTaHLI napaMeTpBI OIIepaTBHO~ OIIeHKM BTOpHHIHOFO OKHCIeH 

IIpH pa3/1HBKe HIHCTLX cTaIe Ha VHPC. OnepaTBHa OIeHKa OKHCJIeH Ha 

pa3/1BKe VHPC IO3BOIeT OCyIIIeCTBJITL IIOHCK IIpO6IeM B TeXHOIOTH 

IIpOH3BOICTBa ICTLIX cTaJIe~ C IeILHO 6LcTpOro 9pbeKTHBHOTO BO3JeiCTB Ha 

TeXHOJIOTHHO. 

7. Pa3pa6oTaHLI peKOMeHJIaIIHH IIO MHHHM3aLIH BO3HHKHOBeH IIpOpBIBOB 

KpHTaJIIM3yHOLIeiC KOpOIK MeTa1a Ha VHPC: IO IpHMeHeMLIM MaTepMaJIaM, 

06€1yKHBaHHO O60py/10BaH VHPC, MOHHTOpHHIy KOHTpOJIHO Ten1IOBO~ 

KapTBI KpcTaJI13aTOpa, COIepKaHHHO Ta3OB B MeTaIe (BOJOpOJI H a30T) H 

pea3a MeponpTu~, cKJIHOIaHOIIIX KOJIeaH ypOBH MeTa1Ia B 

KpcTaJ1I3aTOpe IIyT~M KOppeKTHpOBKH XHMHIeCKOTO COCTaBa CTaJIH H 

COIepKaHH B He HeMeTaJIIHIeCKHX BKJIHOIeH~, H CHKeHHHO IIpOIIeCCOB 

BTOpHHIHOTO OKHCJIeHH MeTaJIa BO BpeM pa3JIHBKH, a TaKKe CHKeHHO B 

MeTaIIe O611erO KC1OpOJIa IO ypOBH He 60ee 20 ppm. 
9. Ha OCHOBaH HCCJIeJOBaH 3yHeHM IIpHpOJILI edeKTOB MeTaJ11a 

IIpeJIOeHO pa3/1e1TL JepeKT «IIIeHa» Ha Tp Tna: l- IJIeHa H3-3a 

HeMeTaJIJIHIeCKHX BKJIHOIeH~; 2 IJIeHa H3-3a TpeIIIHH Ha IOBepXHOCTH 

HeIIpepBIBHOITOrO MeTa1a; 3 IIeHa, pOpMHpyHO1ac B IpOeCCe 

epopMa. Jo6aB.1eHa HOBa HHpOpMaH O paKTOpax TeXHOJIOFIeCKMX 

napaMeTpaX, BJIHOIIIHX Ha 06pa30BaHHe H pa3BTe JedeKTOB, a TaKKe HX 

TpaHcpopMao B npOecce IpOKaTK. KpoMe 9Toro, yuT~H JepeKT IIeHa 

«IIpOKaTHa» C IeJILIO OJIHO3HaIHOTO pa3/IeIeH IebeKTOB, He CB3aHHLIX CO 

CTaIeILIaBHJILHLIM IIpOH3BOJICTBOM H HeMeTaJIIHHIeCKHMH BKJIOIeHHM. TaKM 

06pa3OM, HCKJIHOIeHBI pa3HOIaCH IO HCTOIHKy BO3HHKHOBeH JepeKTa 3-3a 

HeMeTaJIIHICKHX BKJIHOIeH~, ITO IO3BOIT BLI~TH Ha HeO~XOJIMLIe 

MepOnIpHT. 

). VCTaHOBJIeHBI 26 KIHOIeBBX TeXHoIOrIecKX napaMeTp0B 

IIpOH3BOICTBa HIHCTBIX cTae~ OT BBIIIaBKH JIO pa3J1BK BHeJIpeHe MOHTOpHra 

KOHTpOI KOTOpLIX I1O3BOJIeT IIOJIHITB O611 ypOBeHL TeXHOJIOFH JIO 

nOKa3aTeIe JIyIIX MHpOBLIX I1paKTK. 

l1. Pa3pa~oTaHa TeXHHIeCKa JIOKyMeHTaIIH CKBO3HO TeXHOJIOTH 

IIpO3BOICTBa ICTLIX TaIei C H3KHM COJepKaHHeM HeMeTaJIIIeCKHX 

BKJIHOeH, B COOTBeTCTB c KOTOpO OCyIIIeCTBIeTC IIpOH3BOJITBO Tpy6HO 

cTa Ha AO «BM3» AO «IIHT3». 
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IIo pe3yraraM npOeKTa «HIMCTa CTaJIL» Ha AO «BM3» Io.yeH 

9KOHOMYecK 9pbeKT 269,1 MIH.py6. B TOM ICIe: CHKeHa OT6paKOBKa Tpy6 

no JebeKTaM CTaJIeIIaBJILHOIO IIpOHCXOKJIeH 6OJ1ee IeM Ha 45%; CHKeHBI 

nOTepH MeTa1a Ha VHPC 6o.1ee eM Ha IO00 T; CHKeHO yJIeILHOe ICJIO 

npOp1BOB Ha VHPC B 3,5 pa3a. 
12. Hay4HLIe IpKIaJIHLe pe3yJILTaTHI pa6OTBI CI1OJI13OBaICE B 

MoHOrpab «TexHo1or 060py/10BaHe VHPC. IIpo3BO/TBO COpTOBLIX H 

6511OMOBLIX HeIIpepLIBHOITBIX 3arOTOBOK» B y4e6HOM npOIece «I Ip03BOJTBO 

ITO cTaI B yCJ1OBAx JIIIK AO ««BM3». 

/uccepmauun cocmoum 3 BBeJIeHHI, IIeCTH IJIaB, 3aKJIHOIeH, CIICKa 

JITepaTypBI H IIpHJ1OXKeH~. MaTepHa1 3JIOKeH Ha 438 cTpaHLaX 

MaIIIHOIICHOrO TeKcTa, COIepKIT 80 pCyHKOB, 45 Ta6/1II, CIcOK TepaTypLI 

BKJIHOYaeT 442 ICTOIHKa. 

Co0epcanue asmopepepama oTpaKaeT OCHOBHBIe IIOJIOKeH 

JccepTa. B aBTOpepepaTe 3JIOKeHBI OCHOBHBIe HJIeH H BLIBOJILI 

JIHCCepTaHOHHOTO HCCJIeJOBaHH, CTeIIeHB HOB3HBI H IIpaKTHIeCKa 3HaIHMOCT 

pe3yJIBTaTOB HCCJIeJOBaH. 

Bo BBeIeHH IIpeJICTaBIeHa aKTyaJIBHOCTL IIeIL JHcCepTaLIOHHO~ pa6OTLI, 

IIOCTaBJIeHHBIe H peIIICHHBIe 3a/1a. Hay4Ha HOB3Ha CbOpMHpOBaHa H3 CeMM 

IIyHKTOB. IIpencTaBeHa TeOpeTeCKa H IIpaKTHIeCKa 3HaIHMOCTL H 

BLIHOCHMBIe IIOJIOKeH Ha 3aITy H3 IO IyHKTOB. TaKKe aBTOp pa6OTBI BO 

BBeJeHHH 1I1OKa3aJI MeTOJILI CCJIeJ1OBaHH, an1p06a1I1O pe3yn1TaToB pa6OTBI, 

J1OCTOBpHOCTL O60CHOBaHHOCTB pe3yJILTaTOB HI HayHBIX BL1BOOB pa6OTBI, 

I1y61KaHH, CTpyKTypy 06B~M JICCepTaIHH. 

B nepo~ r1aBe npBen~H IOIpO6HI~ aHaITeCK~ 0630p CO€TOH 

BOIIpOCa O BJIH HeMeTaIIIeCKHX BKIHOIeH~ (HB), IpMecei~ u ra30B Ha 

cBOcTBa cTae, pHpOJIe BKJIHOIeH MeTOJaX HX OIeHK. PaCCMOTpeHBI 

COBpeMeHHBIe IIpeICTaBJIeHH O ICTOTe CTaJI H IIpHBeJeH 0630p paHee 

OIy6IKOBaHHBIX pe3yJIBTaTOB IIOJIyIeH IIpOH3BOJITBa TaKO CTa/I, KaK B 

POcc, TaK 3a py6eKOM. OTJIeILHO B 063ope paccMoTpeHo IOH9Te «HICTa8 

CTaJIL» IIO COJIepKaHHIHO OKCHIIHBIX H CyIL[HIIHLIX HB, a TaKKe I1OBBIIIIeHHBIe 

Tpe6OBaH K COBpeMeHHOMy IpOH3BOIITBy IIOCK 6an1a1ca B 

IIpO3BOJICTBeHHO~ CCTeMe: Ce~eCTOHMOCTB-IIpOH3BOIHTeJIBHOCTL-KaIeCTBO. 

J[eTa1HO paCCMOTpeHLI IIpO6JIeMLI I1pOH3BOICTBa «HICTO CTaI» B COBpeMeHHLIX 

CTaJIeIIaBJILHLIX IeXaX. Ha OCH0Be MaTepHaJIOB HCCJIeIOBaH~ aBT0pa, 

IIpHBeJIeHHBX B r1aBe l, bopMyJIpoBaHBI IeJIB H 3a/1a HaCTOLIeFO 

JICCepTaIIHOHHOTO HCCJIeJOBaHH, IIpeJICTaBIeHHLIe BO BBeJIeH. JaHHBIe 3a/1a1 

TaKKe OTpaKeHLI B BLIBOJaX IJIaBL l. 
Bo BT0poi~ raBe IIpeJICTaBIeHO IIpHMeHeHe BLIHIHCJITeJILHOi 

TepMOIHHaMHKH H HOBBIX IH[pOBLIX TeXHOJIOr~ IIpHMeHHMBIX K MeTaJIypTHH H 

IIpOH3BOJICTBy BBICOKOKaIeCTBeHHOi CTaJI. 
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B 3Toi~ Ke rJIaBe aBTOp JICCepTaIMH IIpBeJI JITpaTypHBI~ 0630p o 

MHOKeCTBe BLIICJITeIBHBIX IIpOIpaMM JI pac~Ta TepMOJIHHaMHIeCKOrO 

paBHOBeCH, TaKX KaR BTAHTEPMO, TEPPA (ACTPA), MTDATA, Thermo 

Calc, FactSage, TBBC p. MeTo/Ka Tep0/HaMecKorO aHan13a 

paBHOBeCHOIO COCTOHH MHOTOKOMIIOHeHTHBIX TeTepOTeHHBIX CHCTeM C 

IIpHMeHeHHeM IpOIpaMM Ha 9BM 3BeCTHa JaBHO. HO CyIIIeCTByHOIIIe 

nIpOrpaMMLI JI pacI~Ta TpMOJIHHaMHIeCKOTO paBHOBeC CJIOXKHLI H Hey JO6HLI 

JI X 6LICTpOrO IIpaKTHHIeCKOFO IIpHMeHeHH Ha eCTByHOIIeM IIpOH3BOJICTBe. 

C Len1Lr oIepaTBHO aJeKBaTHO pa3pa60TK TeXHOJIOIHH ICTLIX 

cTanej~ 61/1a HeO~XOJIMOCTL B pa3BT BHeIpeH B pa60Ty 

yCOBepIeHTBOBaHHOrO I1pOrpaMMHOrO MOIyJI (I1porpaMMa SyTherMa 

paBHOBeCHe HI COKpaIIICHHO STM) JI IIpOMBIIIJIeHHBX pacI~TOB cOcTaBa H 

MaCBI MeTaJI1a, II1aKa H Ta3a C HCIIOJIB3OBaHHeM IIpHHIIHIIOB TepMOJIHaMHKH. 

Jo6aBIeHLI B 6a3y IpOrpaMML1 STM MaTepaJI, KOTOpLe cei~ac CI1OJI3y1OTC 

Ha IIpeJIIIpSTX epHO MeTaJIIypTH PD, a TaKKe paCIIpeHa 6a3a KOHCTaHT 

paBHOBeC~ XMeCKHX COeJIHHeH~ JI IIpOMLILIIIeHHLIX paCY~TOB J1O 85 
KOMIIOHeHTOB: pTOpHOB 2; OKCHJ1OB 58; Cy1L[JOB T; HTpH1OB 7; 
Kap6J1OB 7; 4CTLIX Ta3OB 4. JI IpOMBIIIIJIeHHBIX O61eKTOB pacqT 

KO9bpeHTOB aKTBHOCT MeTa1a B npOrpaMMe STM aBTOpOM JcepTa1IHM 

IIpOBOJIHIC C CI1OIL3OBaHeM napaMeTpOB B3aMOe~CTB BarHepa, a pacu~T 

KO9bbeHTOB aKTBHOCT II1aKa- IIO TeOp B.A. KoKeyp0Ba. 

TaKKe B rJaBe 2 B naparpabe 2.4 npencraBIeH npMep pa3pa6OTK 

MaTeMaTeCKO~ MOJIeI IIpOTHO3MpOBaH TeMIIepaTypBI MeTa1Ia B 

cTaIepa3JIMBOIHOM H IIpOMeKyTOIHOM KOBIaX. MOJIeJI I1OKa3a5la BBICOKyHO 

TOIHOCTB 6LL.1a peKOMeHJIOBaHa JI IIpOMBILIIIeHHOTO IIpMeHeH. IlO 

pe3y1TaTaM pa6OTBI CO3JIaHH BHeJIpeH aHHO~ MOJeII 6BLJIO JIOCTHIHyTO 

CHKeHe B 4,6 pa3a CJIyaeB pa3J1BK CI9OB C OTKJIOHeHM OT IeIeBOrO 

Jana30Ha IO IIeperpeBy Ha TeMIepaTypo JIKBJIy (15-30 °C) B CpaBHeHM CO 

CpeIHHM ypOBHeM 9TOTO I1OKa3aTeJI JO Haan1a IIpOBeJIeH pa6OTL. 

B rpere~ rraBe Ipe/cTaBIeH aHaJ13 BcerO KOMIIIeKca MepOIIpT 

IIpOH3BOICTBa pa3pa60TK TeXHOJIOTHH HIHCTLIX cTaJIe C CI1OJ1B3OBaHeM 

JIOIIOJIHHTeJIBHLIX HHCTpyMeHTOB. 3JIeMeHTLI MaTeMaTHIeCKHX, 

TepMOJIHHaMHHeCKMX MOJeIe, IIpOTHO3HLIe H CTaTHIeCKe MOIIeJIH, IIOCTpOeHHBIe 

C IIpHMeHeHHeM ]3HKO-XHMHHeCKHX OCHOB, TeXHOIOTHH MaIIIHHHOrO O6yeHHA H 

60/1BIIIX JaHHLIX. OCHOBHBIM HHCTpyMeHTOM pa3pa6OTK TeXHOIOIH BJIJIHCL 

BLIIIOJIHeHHBIe IIeCTL STM paceTOB OT BLIIIyCKa IaBK H3 IIeI J1O pa3JIHBKH Ha 

VHPC. KpoMe pacu~ToB STM JOIOIHTeJILHO 6BL/I IIOTpOeHLI IOBepXHOCT 

pacTBOpHMOCT KOMIIOHeHTOB B MeTaIe (IIPKM) ccTeML Fe-Mg Ca Al-Mn 

CO. JI CCJIe/1OBaHH BIHI COJIepKaHH OCTaTOIHOTO KaJILIH Ha 

MOpp1or1O O6pa3yHOIIHXC HeMeTaJIJIHeCKHX BKJIHOIeH~ IpOBeJ~H pacI~T I1pH 

KOHIeHTpaIIHX, XapaKTepHBIX JI TeXHO.IOI MOJI[HIHpOBaHH Tpy6HO CTaJI 
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20 cTan 09I2C,- [Ca] = 0,0020; 0,0025; 0,0030 Mace. % w renepaType 1560 

C. 
Corn1aCHO BLIIIOJIHeHHOMy STM pacu~Ty N4 «KpTHIeCKOe IIOCTyIIJIeHe 

KC1OpOJ1a H3BHe BO BpeM pa3/1BK Ha VHPC, BJIIOIIee Ha OIITHMaJILHOe 

MOJIHpHIHpOBaHHe BKIHOIeHK KaJILIHeM» IIOTpOeHHO~ IIPKM Fe Mg Ca 
Mn-AIO C cremaHI BBIBOIIBI, HMeHOIIHe BaKHL IIpKaHO XapaKTep. 

TaK, JI OIITHM3aH IpOIecca pa31HBK Ha yHPC He06xOJ1HMO 

06ecne4BaTL CO/IepaHe Ka/ILIA OT 0,0020 110 0,0025 Mac. a1HOM4HA He 

60.1ee 0,0250 Macc. %, a TaKKe IpeOTBpaIIaTL BO3MOKHOe BTOpHHIHOe OKCJIeHe 

MeTaIIa, IIOCTyIIJIeHe KHCJIOpOJ1a 3BHe B paCI1aB MeTa1Ia JO ypOBHe He 601ee 

0,04 Kr/T cTpeMTLC CHHKaTL MaIH~ B MeTaJIIe C IIeJIBIO MHHM3aIIHH 

popMHpOBaHH HeKeIaTeJILHLIX H TpyJIHOyJIaJIeMLIX aJ11OMHHaTOB KaJILLI H 

MaTH B IIpOMeKyTOIHOM KOBIIIe. C IIeJILHO O6eCIIeIeH 1IOI1aJaHH B 

OIITMaJILHyHO 30Hy IIO KaJIBIHHO, aJ1IOMHHHO H KHCJIOpOIy B MeTaIe, a TaKKe 

yJIyIIIIeH TeXHOJIOIHH MOIIH[HIIHpOBaHH BKJIHOIeH KaIBIIHeM, 6BLI 

IIpeJIOKeHLI CJIeJIyHOIIIHe KOMIIeKCHBIe peKOMeHJIaIHM MepOIIpHTH C yI~TOM 

Bce TeXHOJIOIIeCKO~ LIeIIOIKH: 

- MHHHM3aIHA IOI1aJaH CTaJIeIIaBJIBHOTO III1aKa B KOBIII (JIO ypOBH He 

6o1ee 2,0 Kr/r); 
- OIITHM3aLI pa€KHCJIeH CTaJI (KOppeKTpOBKy XMeCKOrO cOcTaBa 

CTaJIH III1aKa OCyIIeCTBITB OJIHOBpeMeHHO); 

- yIyHIIIeHe II1aKOO6pa30BaHH B KOBIIe CJIeJIyeT HaIHaTB C BBIIyCKa 

IJIaBKH H3 CTaJIeIIaBHJILHOrO arperaTa, a TaKKe OecIeeHe JOTaTOHO~ 

TO.IIIMHLI LIaKa (0KOJIO 90-130 MM) JI BaKyyMHO 06pa60TK MeTaJ1Ia B 

KaMepHOM BaKyyMaTOpe CO III1aKOM H CHKeHe BTOpHHIHOIO OKHCJIeH epe3 

IJIaK H BO3JIyX (3a CY~T OIITHM3aIIHH XMHIeCKOIO COCTaBa LIJIaKa erO 

KpaTHOCT); 

- BLIIOIHeHe IOI~Opa MaTepHaJIOB JI IIpOH3BOIICTBa CTaJI C yI~TOM 

BpeJIHLIX IIpHMece HeXKeIaTeIBHLIX COeJIHeH~ (SiO, Fe.O3, TiO,, S, P w p.); 
- COBepIeHCTBOBaHHe H OIITMH3aII TeXHOJIOI IIpOIIyBKH HHepTHBIM 

ra30M pacIIaBa B cTaIepa3JIBOIHOM KOBIIe (IIOCTyIIeHe KHCJIOpOJIa H3BHe He 

6o.1ee 0,2-0,4 Kr/r); 

- OpraH3a yJIyHIIeHHOIO BBOJIa B paCI11aB aIHOMHHS H KaJILIH, a 

TaKKe OIITM3al pacXOa Al Ca Ha IIaBKy C IeJIBIO IIOIIyeHS KHJIKHX H 

rJIO6y19pHLIX BKJIHOIeHK (OTHOIIIeHe CaO/Al3O3 B MeTaIIe cIeJyeT 

BLIJIepXKHBaTLC B HTepBanIe 0,6-1,0); 

- HeOOXOJIMO CTpeMHTB O6eCIIeITB B MeTaJIIe aJIHOMH Ha HKHeM 

JIOIIyCTMOM npeIeIe; 

- OpraH3a1 MepOIpgT no 3aTe MeTaJ1Ia OT BTOpHIHOTO OKHCJIeH 

Ha yaCTKaX pa3J1BK «CTaJIepa3IBOIHLI KOBIII IIpOMeKyTOIHBI~ KOBILD» 

«IIpOMeKyTOHLI~ KOBII KpHCTaJIIH3aTOp» (IIOCTyIIIeHe KCJIOpOJIa H3BHe He 
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6on1ee 0,010 0,003 Kr/T COOTBeTCTBeHHO Ha aHHLIX IIpOH3BOIICTBeHHIX 

yuacTKaX); 

- OIIeHKy 9bbeKTBHOCT TeXHOJIOFHH IIpOH3BOJICTBa ICTBIX cTanIe~ 

OCyIIIeCTBJ1TB Yepe3 KOHTpOJIB CTa6JILHOCT pa3J1BK MeTaIa Ha VHPC 3a cu~T 

BHeJIpeHH B pa60Ty KOMIILHOTepHLIX aBTOMaTHeCKMX IIpOIpaMM CJIeKeHH 3a 

IIO3IIHOHHpOBaHHeM CTOIIOpa-MOHO6JIOKa, TO I1O3BOJIT O6eCIIeITB 

CpaBHHTJILHBIe a/IeKBaTHBIe JIaHHBIe JI aHanI3a paCXOJIa KaJIBIIH. 

OTeIHO B TIaBe 3 61110 paCCMOTpeHO BIHe OrHeyIOpHO byTep0BK 

cTaIepa3J1HBOIHOTO KOBIa Ha bOpMHpOBaHHe HeMeTaJIIIeCKHX BKJIHOIeH, B 

OCHOBy KOTOpLIX BXOJIT MaTH~. ABTOp JICCepTaIIH HaIII~JI OIITHMaJILHBIe 

MepOIIpHITS H peIIIeHH IIO MHMM3aIIHH H CKJIHOIeHHO 06pa30BaH8 

MaTHHeBLIX BKIHOIeH~ B KOHeIHO~ MeTaJIIOIIpOIIyKIM. B 3TO~ Ke TIaBe 

nIpeICTaBJIeH BLI~op napaMeTpOB pa3/1eeHH IIpHpOIL 06pa30BaH 

MeTaJIJIypTHeCKX ebeKTOB H3-3a HeMeTaJIJIHeCKHX BKIHOeH~ baKTOpHLI 

aHa/I3 IIpHHIHH 06pa30BaHM IIpOpLIBOB KpMCTaII3yHOIIeC KOpOIK Ha VHPC. 

B uerepro~ r1aBe OncaH MeXaH3M H3MeHeHA CBO~CTB III1aKa B 

KpTa1I3aTOpe H paCCMOTpeHB IIpO6IeMLI pa3JIMBKH HIHCTLX cTaJIe~ Ha VHPC. 

IIpe/cTaBIeH ITepaTypHLI~ 0630p IO BO~cTBaM II1aKOO6pa3yHOIIIX CMece~ J1I 
KpcTa13aTOpa VHPC pacCMOTpeHI TeKyIIe IIpOH3BOIICTBeHHLIe IIpO6.1eML 

IpHMeHeH IOC nI KpTan13aTopa. 

BBIIOJIHeHO HCCJIeJIOBaHHe MeXaHH3Ma BIHM COJIepKaHH B MeTaJIe 

BpeIHBIX IIpHMece, BKJIHOIeH~ ra3OB Ha hH3KO-XMeKHe CBOiCTBa 1I1aKa 

B KpTa1I3aTOpe. ABTOp JIHCCepTaIH I1OJIpO6HO paCCMOTpeI H3yIII 

TeXHOJIOTeCKe OCO6eHHOCTH CBO~CTBa 1IIaKa B KpHCTaJ1I3aTOpe JUI pa3IHBKH 

cBepXITBIX cTaJIe~. IIpe/TaBJIeHLI TeOpeTHHIeCKHe H OIIBITHLe JIaHHBIe IIO 

KOHTpOIHO TeIIIOIIepeaI OT CJITKa K KpHTaJIIaTOpy C y~TOM hH3KO 

XHMHIeCKHX CBOCTB IIIaKa: OCHOBHOCTB TeMIIepaTypa IIaBIeH I1aKa. 

TaKe B rIaBe 4 IIpeJITaBIeH MaTepaJI IO b0pMHpOBaHHO JebeKTOB MeTaJI1a H3 

3a cBO~cTB II1aKa JI II1aKOO~pa3yHOIe CMeC (IIOC) B KpcTa13aTOpe 

yHPC yB3KO KaIeCTBa TaJI B cTaJIepa3JIBOIHOM H IpOMeKyTOIHOM KOBLIaX, 

TO eCTL COIepKaHHe B CTaI Ta3OB BKIOIeH. JOIIOJIHHTeJILHO 6BLIO yHITeHO 

BJIHHe IIT KpcTaJI3aTopa Ha popMp0BaHe IIpOJOIHOrO JepeKTa Ha 

JITOM MeTaJe. JaHHa rJIaBa BJIeTC IIpeIIIOCBIKOi pa3pa60TK aJIrOpHTMa 

no6opa IIOC KpcTan3aropa J1 pa3BK ICTLX cTavIe~ Ha 1HO6Lx VHPC. 

B nroi~ rrae npencraBena pa3pa6oTKa KIaCCH]HKaIIH ICTOTLI CTaJI 

IO COJIepKaHHIO B He 061ero Kc1opOna, a3Ta, BOJOpOJa, cepI, pocpopa. B 
naparpape 5.2 npeneHa pa3pa~orKa ppepeHpoBaHHoro I1OJXOna K 

Tpe~OBaHM TeXHOJIOTHH IIpOH3BOJICTBa «HIcTOi CTaJI» H HeOSXOJIMOMy 

Ha6Opy cTaJIeIIaBILHOrO 060py/1OBaHH B Iexe. B naparpabe 5.3 npencraBmeHa 

OeHKa ICTOTBI MeTaJ1Ia IIpMLIM MeTOJaMH HCCJIeJOBaH JI I1pO6 MeTaJ1Ia, 

OTO6paHHBIX H3 CTaIepa3JIBOIHOIO MI IIpOMeKyTOIHOrO KOBIe~. JI yCJ1OB~, 
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B KOTOpLIX 6LI1a BBIIOJIHeHa 9Ta pa6OTa yCTaHOBJIeHO, ITO 061eMHa J101 

BKIHOIeH~ B IIpOMeKyTOIHOM KOBIIe B CpeJIHeM I1OBBIIIaeTc Ha 40 %. B 3To~ 
rJIaBe 6BLJIO BBeJIeHO HOBOe IIOHITe «CyIIepIHCTa CTaJIB», KOTOpOe 6LL.IO 

3an1aTeHTOBaHO aBTOpOM JcepTa. JaHHOe IIOHTe 11OJ1pa3yMeBaeT CTaJIB, B 

KOTopo~ coepKaTC BpeJIHBe IpHMeC Ta3L, a Meno, [O], [S], [H], [P] [N], 
He 60/1ee 500 aTOMOB Ha I MJIH. aTOMOB KeJIe3a. 

B uecroi~ rrae npencraBreH pa3pa~oTaHHLI aBTOpOM ccepTaIIHH 

aJITOpTM KOppeKTHpOBK TeXHOJIOTHI I1pO3BOJICTBa HIHCTLIX cTaJIe~. 

PaccCMOTpeHBI BO3MOHL IIOTep B CTaJIeIIIaBHIBHBIX IeXaX H B TOM ICJIe Ha 

IIpOH3BOJICTBe MeTaJIIOIIpOIIyKIIHH H3-3a HeMeTaJIJIHHeCKX BKIKOIeH. B 
naparpabe 6.2 OIcaH HOBB MeTOII MOHHTOpHHra KOHTpOJI IIpOH3BOJICTBa 

HCTHIX cTae B CTaJIeIIaBJIBHOM I1pOH3BOICTBe. B pe3y.1TaTe Ip0Be/eHHoro 

JIHCCepTaIIHOHHOTO HCCJIeJIOBaHH H peIIIeHHI 3a/1a IIO MOHTOpHHIy H 

KOHTpOJIHO I1pOH3BOICTBa «CyIIepIcTO~ CTaJI» 6LI CO3/IaH IIepeIeHL H3 26 
KIHOHIeBLIX KOHTpOJIHpyeMBX napaMeTpOB (IIpHBeIeH B IIpJIOKeHH 

JIHCCepTaIIHH), KOTOpBIe BJI9HOT Ha KaIeCTBO, IIpOH3BOJITeIBHOCTL H 

ce6ecTOMOcTL cTan. B naparpabe 6.3 IpecTaBeH IOIIHLI KOMIIeKC 

TeXHOJIOTHHIeCKX MepOIIpHT IIpOH3BOJICTBa BBICOKOKaIeCTBeHHO CTaJI, ITO 

BJ1eTC TIaBHO LeILIO IHCCepTaHOHHOi pa6OTB IO pa3pa60TKe KOMIIeKCHO 

TeXHOJIOI IOJIyHIeH CTaJI C IIOBBIIIeHHBIM Tpe6OBaHIM K e~ cTOTe IIO 

COIepKaHHHO HeMeTaJIIHeCKHX BKJIHOIeH~, IIpHMece~ Ta3OB. B naparpabe 6.4 
IIpHBeIeH pa3pa0TaHHLI BHeJIpeHHLI aJIrOpHTM KOppeKTHpOBKM TeXHOJIOTH 

IIpOH3BOJICTBa HICTLIX cTaIe~ c yIeTOM paHee paCCMOTpeHHLIX IIOIOKeH~ B T1aBe 

34. 
B 3aKuouenuu O HCCepTaIIHH CpOpMyJIHpOBaHLI OCHOBHLIe HayHIHLIe 

IIOJIOKeH H 3JIOXKeHLI JIOCTTHyTLe IIpaKTIeCKHe pe3yJILTaTLI pa6OTB. 

Pe3yJ1TaTHI pa6OTBI JOCTaTOIHO IIOJIHO O6CyXKJIeHLI Ha peTHOHaJILHLIX, 

Bcepocc~cKX MeKJIyHapOIIHLIX KOH]epeHIX, popyMax KOHrpeccax. Ilo 

TeMe ICCepTaIHM OIIy6IKOBaHa MOHOrpab «TexHoJ1or 060py/10BaHe 

yHPC. I[po3BOICTBO COpTOBBIX 6/11OMOBLIX HeIIpepBIBHOITLIX 3arOTOBOK». 

Caap6proKKeH: LAP LAMBERT Academic Publishing, 2015.- 300 c. B 0611eM4 no 

TeMe JICCepTaIHM OIy6IKOBaHO 5l Hay4Ha pa6OTa, B TOM ICJIe B KypHaaX 

IIepeIHX BAK 16, 0/H IaTeHT Ha 3O6peTeHe H OIHO CBJeTeJILCTBO O 

percTpa nporpaMMI IL1 )BM, CTaTL B IpyTX KypHaJIaX C6OpHMKOB 

KOHpepeH JI KOHrpeccOB 32, 1 MoHorpad. B 3/1aHX, KOTOpLIX BXOIT 

B MeJyHapOIHLIe pepepaTBHLe 6a3LI JaHHLIX CHCTeM IIHTHpOBaHM, 

OIIy6/1KOBaHo IO pa6OT B IIepeBOJIHBIX IIepHOJIHIeCKHX H3JaHx: Steel in 

Translation» 4 (Scopus, KBapTIL Q2); «Metallurgist» 3 (Scopus, KBapTI Q3); 
«Chernye Metally» (SCopus, KBapTIL Q2)- 2; «Refractories and Industrial 

Ceramics» 1 (Scopus, KBapTIL Q3). 
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PaccMOTpeHHBI~ MaTepHaJI JIHCepTa cooTBeTcTByer IaIOpTy 

CIIeIIHaJILHOCT 2.6.2 - MeTaJIIypF IepHBIX, IIBeTHLIX H peJIKX MeTa1OB: n. 2 
TBp/1oe KJIKOe COCTOHe MeTaJIIeCKX, OKCHJIHBIX, CyJILpJIHLIX, 

XJIOpHIHLIX H CMeIIIaHHLIX CTeM; II. 4 TepMOHaMKa H KHHeTKa 
MeTaJIypTHHIeCKX IIpOIeCOB; II. II Mera1yprHecKHe CCTeMLI H 
KOJIIeKTBHOe IIOBeICHHe B HHX pa3JIHLIX 3IeMeHTOB; nI. 13 Ten.IO- H 
MaCOIIepeHOC B HM3KO- H BLICOKOTeMIIepaTypHBIX nIpOIeccaX; II. I4 
KpTaJ113a pacnaBoB MeTOIIB BO3JeCTB Ha 3aTBepeBaHe; n. 15 
HO1roToBKa CBIpLeBBIX MaTepHaJIOB K MeTaJIIypIHIeCKHM IIpOLIeCCaM H 

MeTaJIIypTHHeCKe CBO~CTBa CBIpL; II. 17- II4poMeTaJIypruecKe IIpOIeCCLI 
arperaT; n. 18- On1eKTpO- CIIeIOIeKTpOMeTaJIIypTHYeCKe IIpOIIeCCL; n1. 21 
Bene4Ha 06pa6OTKa MeTaJI1OB; I1. 22 Pa3JI4BKa IIpOJIyKTOB IIaBKH MeTOJIBI 
HeIIpepLIBHO pa31BK; nI. 25 I[po3Bon€TBO 0CO6O ICTLIX MeTaJL1OB 
cn1aBOB; n. 26- MareMaTecKOe MOIeJIHpOBaHHe IIpOIIeCCOB I1pOH3BOJICTBa 
epHBIX, IIBeTHBIX H peIKHX MeTaJI1OB, b0pMHp0BaHHe TeXHOTeHHBIX 

MeCTOpOJIeH CIIOCO6OB IX yTJI3aII. IIpaBJIeHHe H OIITHMH3a1IH 
MeTaJIIypIHIeCKHM IIpOIeCCaMM. 

Io pa6oTe CJIeJIyeT CIeIaTL HeKOTOpLIe 3aMe9aHM: 
l. B IyHKTe 2 Hay4Ho~ HOB3HLI O603HaIeHLI IIpeJIeJIBHBIe CO7IepKaH 

BpeIHBIX 3JIeMeHTOB B CTaJI, paCKHCJIeHHO aJIHOMHHeM MOJIMhHLIHpOBaHHO 

KaJILIHeM: O61II KC:IOpOJI - He 601ee 0,0020 Macc., cepa He 6o.1ee 0,0030 
Macc. MarH~ He 6o.1ee 0,0008 Macc., IpeBLIIeHe KOTOpBX IIpBOJIT K 
CHHKeHHHO KaIeCTBa TOTOBO~ MeTaJIJIOIIpOJIyKIIHH 3a cIeT b0pMpoBaHH 

36BITOIHOTO KOIHIeTBa HeMeTaJIIHIeCKHX BKJIHOIeHj. OTO J1I BCeX MapOK 
cTanI? HaBepHoe, He COBCeM KOppeKTHO TOBOpHTB O TOM, TO 9TO CIeIaHO 

BIIepBLIe. Heo~xOJ1MO IOCHTL TepMHH «H36BITOHOe KOJIIeCTBO 
HeMeTaIIIeCKHX BKIHOIeH». 

2. XoTen1oc 6L1 pa306paTL C TepMHO1Ore~. ABTOp JccepTa1IM 
BC.IeI 3a p/OM IpyTX aBTOpOB ([II] XaH, B.X. PacKJIeHe, [era3a, 
1erp0Bae Ta / B.X. Xan, H.. tyK- M.: Mera1ypr, 1965- 254 c.; [46] 
JIe~rec, A.B. 3a1Ta cTaI B IpOIeCe HeIpepLIBHO pa31BK /A.B. JIe~rec. 
M.: Mera1ypr9, 1984. 200 c.; [282] Abraham, S. Development of an inclusion 
characterization methodology for improving steel product cleanliness/ S. Abraham, 
J. Raines, R. Bodnar // AISTech.- 2013.- P.1069-1089) cuuraeT, ITO BKIHOYeHM, 
06pa3yHOIIIHeC B IIpOIIeCCe BTOpHHIHOTO OKHCJIeHH, OTHOCTC K 9K3OIeHHBIM, T.e. 

BHeCeHHBIMM B MeTaJII IpyTHM MaTepa1aM. JaHHLI IIpOIIeCC B IIpHHIIe MaJIO 

eM OTJIaeTC OT IIpOIIeCCa OKCJIeH B IIepHOII KHCIOpOIIHO IIpOIyBKH 

IIOCJIeJIyHOIIeTO paCKHCJIeHH, IIpOIyKTaMH KOTOpOTO BJIHOTC 3HJIOIeHHLIe 

HeMeTaJIIIeKHe BKJIHOIeHI. 
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3. B pa6oTe He paCCMOTpeHBI MepOIIpMT IIO BLII1aBKe KHJIKOTO 

IIOJIyIIpOIIyKTa B CTaJIeIIaBJIBHOM arperaTe, B HaTHOCTH OKHCJITeIBHBI 

IIepMOJI. 

4. B pa3en1e «IIocTpoeHe nporHO3HOK MOJIeI TeMIepaTypLI MeTaJ11a» 

no MapupyTraM JICI-VKI-VHPC JICII-VKI-BJE-VHPC oTevaeT, +To 

HaHJIyIee KaYe€TBO I1OKa3an1a MOIIeJIB, IIOTpOeHHa IO aJITOpHTMy Ipa/IHeHTHL 

6yCTIHT. ABTOp OTMeYaeT, TO B TOII 3HaIMLIX BOIII 13 15 baKTopoB 

COOTBeTCTBeHHO. CpeJI 06CyaeMLIX Ton baKTOpOB eCTL «OCHOBHOCTB LI1aKa 

CaO/(Al3O3 +SiO3) B KOBIIe» «CTO~KOCTLB OIHeyI1OpOB cTaJ1epa31HBOIHOrO 

KOBIIa «III1aKOBLI 11OC» (I1JIaBOK)». XOTeJIOCB 6BI IIOHITB, B IeM aBTOp BJIT 

p3ecK~ CMBICJI BIHM 3TX napaMeTpOB Ha TeMIepaTypy MeTa1a? 

5. B pa3Jene «BI9He TeOMeTpH CTaJIeBLIIIyCKHOFO OTBepCT B IeI 

Ha IIpOH3BOJITeJILHOCTB IIeXa» IIpOBOJITC O6CyKJIeHHe H3MeHeH KOHCTpyKIIH 

pa3Mepa 3pKepHoro orBepcT. Ha IepBoM 3Tane 61 IpeIOKeH 3pKep C 

MeHBIHM JIaMeTpOM BLIXOIIHOIO OTBepCT 160 MM (CyIIIeCTByHOLL 

IHIHJIpHIeCK~ MeeT aMeTp 180 MM). Ha oHoBaHu 3Toro aBTOp TaeT: 

«B pe3yILTaTe MeHLIa IIOIIaJIB CTpyH KOHTaKTHpyeT C BO3JIyXOM B CpaBHeH 

CO CTaHJIapTHLIM IHJIHHJIpHIeCKHM 3pKepOM, ITO IIOJIOKTeIBHO CKa3BIBaeTC Ha 

KaYecTBe MeTaJ1a» (cTp.155). To 3aKJIHOIeHHe BIeTC JIHCKyCCHOHHLIM. 

J[ei~cTBTeJIBHO MTHOBeHHOe B3aHMOJe~CTBe CTpy MeTaJa c aTMocpepo 

CTaHOBTC MeHBIIIe, HO eCJIH TOBOpHTB O6 HTerpaJIBHOM I1OKa3aTeJIe 

B3aHMOJeCTB pa31BaeMOrO MeTa1Ia c aTMOcbepo, To MOKHO OKHJIaTL, ITO 

OH BLIpacTeT. BJ1HMO 9TO H €Ka3aJIOCB Ha IIOCIeIIyHOIIHX pe3yJIBTaTax, KOrJa aBTOp 

6BL/I BLIHyKIeH yBeJIHIBaTL pa3Mep 3pKepHOrO OTBepCT. 

6. HacTp.198 1eK1appyeT, «Ha IpaKTKe 6LIO yCTaHOBIeHO, ITO J1I 

OIIepaTBHOIO KOHTpOJI HeKeJIaTeJIBHOIO IIpOIeCCa BTOpHIHOIO OKHCJIeH epe3 

IJIaK, CJIeJIyeT OCyIIIeCTBJITB MOHTOpHHT CHKeH Al B IIpOMeKyTOIHOM 

KOBLIIe, KOTOpOTO JIOJIKHO 6LITB He 60.1ee 0,0060 Macc. % 4 MOHHTOpHr nppocTa 

KpeMHM He 601ee 0,0050 Macc. %. B cIyuae IIpeBLIIIIeH 9TX nOKa3aTenIe 

HeO6XO/IMO BO3JeiCTBOBaTL Ha TeXHOIOIIeCK~ IIpOIIeCC». B 3T0~ cB93 

BO3HKaeT pJI BOIIpOCOB: BO-IIepBLIX, KaK IIpOBOITL peaJIBHLI HeIIpepLIBHLI 

MOHHTOpHHT 3a COIIepKaHeM aJIHOMHHH H KpeMHH H, BO-BTOpBIX, O KaKHX 

BO3Ie~CTBIX Ha TeXHOJIOIIeCK~ IIpOIeCC IeT peIL IIpH OTKJIOHeH OT 

3a/1aHHLIX apaMeTpOB? 

7. B IIp10KeH T OCHOBHLe pa3L1, KOTOpLIe 6BL1 O6HapyKeHLI B 

OT1OKeHHS9X OT pa3/1BOIHLIX cTaKaHOB: FeO·ALO; MgO·Al.O3; ALO;; 
CaO·2Al.0; CaO·6AIO; CaO·AIO; CaO·6Al.O. IIoveMy He 6L11 06HapyeH 

IerKOIL1aBK~ OKCn1 3CaO·ALO? 

8. XOTeJIOCB 6BI IIOHITB, KaKe H3 IIpeJICTaBJIeHHBIX BLIBOJ1OB H 

3aKoHOMepHOcTei aBTOp cTaeT byHJIaMeHTaJILBHLIMH, T.e. MOIyT 6BITB OTHeCeHBI 
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He TOJIBKO K IeXaM C HenpepLIBHOH pa3IHBKOH, HO H IIpOH3BOJILIHX IIOKOBOIHLIe 

CITKH /I OTIBK? 

Cen1aHHBIe 3aMeIaHH HOCT IaCTHLI XapaKTep H He MeH9HOT O6Lu1erO 

IOI0KHTeILHOrO MHeHA O peeH3pyeMO pa6ore. ABTOpepepaT ccepTau 

oTpaaeT e~ co1epKaHe. 

OBIIIEE 3AKJIIOIEHHE 

Ha ocHoBaHH pacMoTpeHHnx MaTrepa1o ICcepTaIIHOHHa pa6oTa 

IpeITaBIeT CO6O 3aKOHeHHOe HayIHOe HCC,IOBaHHe, IO3BOIBIee 

pa3pa6oTaTB KOMIIeKCHyHO TeXHOJIOTHHO IOIyeHH CTaJI C IOBBIIIeHHBIM 

Tpe~OBaHAMH K e~ IHCTOTe IIO COIepKaHHHO HeMeTaLIHeCKHX BKJIHOYeH, 

IpHMece H Ta3OB B yCIOBHX COBpeMHHBIX TaIeIIIaBHIBHBIX LIeXOB c y4~tOM 

Bce TeXHOIOreCKO LIeIOIK, a TaKKe CIOCO~ IIOHCKa KpTIeCKX TOIeK 

IOCTyIIIeH KC.IOpO1a B MeTaLI 3BHe B pa3pa6aTBIBaeMLIX Ie~CTByHOLIHX 

TeXHOJIOTHAX, HMeHOIIe IOCTaTOHO BBICOK ypOBeHL Hay4HO HOBH3HLI H 

nIpaKTHeCKO} 3Ha4HMOCT. C4TaHO, TO IIcCepTaLIHOHHa pa~OTa BOTHKoa 

Cepre9 AHaToIeBva cooTBeTeTByeT Tpe6OBaH9M n. 9, [lo1OKeHH O 

IIpHCy KIeHHH yYeHHIX cTeneHei (HlocraHoBeHe IlpaBure.1cTBa PD oT 

24.09.2013 r. N 842), a e~ aBrop 3a1yKBaeT IIpHCyKI1eH eMy y~Hoi 

cTeIeHH IOKTOpa TeXHIeKHX HayK IO CIIeUHaIBHOCT 2.6.2 eTaIy pFHA 

«epHLIX, IBeTHBIX H peIKHX MeTaL1OB. 

Oba1BHBI OnIIOHeHT, 1OKTOp 
TeXHHeCKHX HayK, COBeTHK 

TeXHYecKOTO IpeKTOpa 

OAO OIeKTpOcTaILCKi 3a01 
T9Ke.1OTO MaLIIHOTpOeHH» 

KocrpeB KOHcTaHTH IBBOBH, 

144000, MocKOBKa9 061., I. 
TeepoH: +7(496)577-72-42 
E-mail: eztm@eztm.ru 

91eKrpocTa1, y1. KpacHa, 19 

• KocupeB KOH IHru JIBBoBM9, corIaceH Ha aBTOMaTH3HpOBaHHyIO 06pa6OTKy 

Jpexiop no ynpa.1eH 
O6111 Bop0caM OA ,~ 
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