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SHEPIOCBEPETAIOIIUIA T'PAJIMEHTHBIA HATPEB
N MOJAEJMPOBAHUE OCTBIBAHUSA HEPABHOMEPHO
HATPETOM 3ATOTOBKH HA IITAMIIE

E.IO. bananaesa, doyenm, B.B. Kyxapv, npogheccop, O.A. Tyszenro, doyenm,
I'BY3 Il TV»

CokpallleHHe SHeprozaTpar NpH TIPaJUEeHTHOM HArpeBe JOCTUTArOT
Oaromapsi MEHbIIEMY MPOTPEBY TEX Y4aCTKOB 3arOTOBKH, KOTOPHIM HEOO-
XOIMMO TPHUAABATh MEHBINYIO Ne(opMaliiio, JOKAJIBHO Mepepacnpenenss
(opMon3MeHeHue corigacHo TpeOyeMol 3akoHOMepHOCTH. Bribop Tepmo-
MEXaHHUYECKHX PEKUMOB TP PEaNU3alUK IPaJUCHTHOTO (HEpaBHOMEPHO-
T'0) HarpeBa 3aroTOBOK MO MOCIEAYIONIYI0 00paOboTKy JaBJIeHUEM SBIISET-
csl BeChbMa CIIOKHOM 3a/aueid. Takas 3aaua CylIECTBEHHO YCIOXKHSACTCS Ha
JTamax HavyalbHOTO OCTHIBAHHS 3arOTOBKHM TEM, YTO HEOOXOMUMO YYHUTHI-
BaTh HCXOJHOE PACIpPEACICHHE TEMIIEpaTyp B 3aroTOBKE, TEIUIOBBIC MPO-
[IECChl HAa KOHTAKTE HEPABHOMEPHO HATPETHIX YACTel 3arOTOBKU C BO3JY-
XOM U HHCTPYMEHTOM.

Lenbto paboThl ObLTa pa3pabOTKa, KOMITLIOTEpHAS peaju3aius U Te-
CTUPOBaHHE MAaTEeMaTHYECKOW MOJETH TEPMOTUHAMHYCCKHX TMPOIIECCOB,
MPOUCXOMAIIMX NPH KOHTAKTe M OCTHIBAHUM HEPABHOMEPHO HAIPETOH MO
BBICOTE 3arOTOBKH Ha IJIOCKOM IITaMIIe repe e OpMUPOBAHUEM.

Jis pa3paboTKu MaTeMaTHYECKOH MOJIEIH BEIOpaH METOJ dJIeMeHTap-
HBIX TEIUIOBBIX OanaHcoB. [IpMMEHUTENBHO K 3arOTOBKE PacCMaTpPHBAIIH
OJITHOMEPHYIO MOJIETIb, T.€. IUIOTHOCTh TEIUIOBOrO MOTOKA SIBISIETCS (YHK-
el KOOPANHATHI IO OCH 3aTOTOBKH U BpeMeHH. [IpUMEHHTEBHO K IITaM-
My paccMaTpUBaIH JBYXMEPHYIO MOJENb C €ro MPOrpeBOM BIIIyOb U B CTO-
posbl. [TomydeHbl peKyppeHTHbIE 3aBHCHMOCTH, KOTOPbIE COCTABISIFOT OC-
HOBY aBTOMAaTH3UPOBAHHOI'O pacuera pachpe/eliCHUs TeMIepaTypsl B 3aro-
TOBKe ¥ mtamre. Ha Ga3e MaHHBIX 3aBUCUMOCTEll ObLia COCTaBIIeHA MPO-
rpaMma, MO3BOJISIIONIAS HCCIEA0BAaTh TEPMOJMHAMHYECKHE TPOIECCHl B
HEPaBHOMEPHO HATPETOH 3ar0TOBKE U IITAMIIE.

Takum 00pa3oM, pazpaboTaHHAs MaTeMaTH4eCKas MOJEeIb H3MEHEHHUS
TEeMIIEPATYPHBIX MOJICH B HEPaBHOMEPHO HArPETOH IO JJHMHE 3arOoTOBKE U
LITaMIie, Ha KOTOPBII OHA YCTAHOBJICHA, MO3BOJSAET PACCUMTHIBATH PAIIUO-
HaJlbHOE HAYaJbHOE PACIpEeCliCHHEe TEMIIepaTyp Mo JUIHHE 3arOTOBKH, He-
00X0MMOe TSl IPOSKTUPOBAHUS CIICLHABHBIX 3HEProcOeperaronmx uH-
JYKIIMOHHBIX HAarpeBaTeseil.
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YIPABJIEHUSI KOHBEPTEPHOM IJIABKOM B PEXKUME
SHEPIOCBEPEIAIOIIENA TEXHOJIOTUHA

B.C. boeywesckuti, npogheccop, B.FO. Cyxernko, cm. npenooasamerv,
b.B. Bacunenxo, cmyoenm, HTYY «Kuesckuii nonumexsuiecKuii UHCIuniymy

B Hacrosiiee BpeMsi KOHBEPTEPHBIH NPOLECC SBISETCS OCHOBHBIM
crocoboM Mpou3BOJACTBa CTajd. Ha kKadecTBo crajiM, BBIXOA T'OJHOTO Me-
Taa, IUIAKOOOpa3oBaHHWE, CTOMKOCTh (DyTEpPOBKH BIIMSET TEILIOBOH pe-
KMM TUIaBKU. Hawmmydime nokasaTenayn KauecTBa CTajllk U CIIUTKA TTOIyqatoT
OOBIYHO TIOCTIE TOCTIDKEHUS! B KOHIIE MPOJYBKH HEKOTOPOW ONTHUMaIbHON
TEMIIepaTyphl MeTajula, KOTopasl M3MEHSETCS ISl Pa3HbIX MapoK CTald U
croco0oB ee pa3iauBky. ONTHMANIBHBIH MEperpeB MeTaljIa Mepe]] BHITYCKOM
OTHOCHTEIILHO TEeMIIEpaTyphI ILIaBIeHus Konebnercs ot 80 po 150 °C.

VYupuTeIBas, 4YTO Ta3bl, BBIXOAAIIME W3 KOHBEPTEPA, COCTOST
npubimsutensHo u3 90 % CO u 10 % CO,, a TemnoBoit 3¢ dHexT ToKUTaHUS
CO cocraBnstier okono 21000 xJ[x/kr yrimepoma, OoJibINe pe3epBBI
Tpoliecca HaxoAsTCs B yBeNMUeHUH crerneHn aoxuranus CO B KOHBepTepe.

OCHOBHBIM PETYIUPYIOLIUM Bo3eiicTBHeM Ha noxkuranue CO sBnsgeTcs
N3MEHEHNE PACCTOSHUS COIUIa MPOILYBOYHON (DYpMBI 0 YPOBHSI CIIOKOHHOTO
MeTaJla. YBENNYUBAsl PacCTOSTHUE, MOXKHO TOBBICUTH CTENEHb JOXKHTAHUS
CO ngo CO, B momocTH KOHBEpPTEpPa, HO TPHU ATOM OJHOBPEMEHHO
YBEIMYMBACTCS KOJIMYECTBO JKENe3a, OKMCISIONIErocsl M TEpeXO/IIero B
nuiak. [locnenHee yMeHbIIAeT BBIXOJA TOJHOTO, CHIDKast 3()(EKTUBHOCTD
npotiecca. CieoBaTebHO, CYIIECTBYET ONTHMAaNbHOE 3HAUEHNE PACCTOSIHUS
(GypMBI, IPH KOTOPOM TIOBBIIIEHUE IOKa3aTeNed 3(eKTHBHOCTH Tporiecca
3a CYET JIONOJIHUTEIBHOTO BBIICJICHHUS TEIJIa HE TIPUBOJMT K CYILIECTBEHHBIM
MOTepsiM TIpoliecca IO JAPYTMM CTaTbsM. Kpome TOro, HM3BECTHO, 4YTO
xapakrep foxkuraaust CO, Ipy OCTOSTHHOM TIOJIOXKEHUH (DypMBbI, H3MEHSIETCS
B TIpoIIecce MTPOYBKH, BHOCS HEONPEIEIEHHOCTH B TIPOIIecC yrpasieHus. B
9THX YCIOBMSX JUISl PEIISHUs 3aJa4yd NPUMEHEHO YyNpaBJIeHWE HAa OCHOBE
HeyeTKoW JiorMku. Takoe ympaBineHue He TpeOyeT 3HaHMH CTPOTOH
MaTeMaTHIeCKOH MOyIeNIn 00bEeKTa.

Crenenp aoxuranusi CO B CO, B MOJNOCTH KOHBEpTEpa ONPEeIIsIn
110 OaaHCy COCTABIISIONIIUX B TyTh€, OTXOASAIIEM Ta3e U BO3IyXe
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rie CO,, N,, Ar — coneprkaHHe COOTBETCTBYOIICH cocTaBIstorei (“1°, “B”,
“JU” — MHJIEKCBI COOTBETCTBEHHO Ia30X0/1a, BO3/LyXa M AYThsL, %05 Vi, Vi, V. op — PAcXoI
OTXOJSIIMX Ta30B, IyThsl M Pacxo]] KHUCIopoaa Ha peakimio okucineHns CO B
ra30X0J1e, M°/MHH.

B pesynbrare ymnpasienus (puc. 1) ymaercsi IOBBICUTh CTEIICHb JIOXKHU-
ranust CO B nonocty kKoHBepTepa Ha 3 — 5 %.
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BpeMs poIyBKH, MHH

Pucynox 1 — 3menenue maccoBoit nonu CO, npu NOCTOSTHHOM
TIOJIO’KEHUH (YpMBI OTHOCUTENBHO paciuiaBa (1) v mpu peryJaupoBaHUN
paccTosiHUsL QypMBI Ha IPOTSDKEHUH BCETo Mepro/ia IPOAYBKH (2).

ABTOMaTH3MpOBaHHOE pabodee MecTO olepaTopa KOHBEpPTEpa II0
YIPaBJICHUIO TyTHEBBIM PEKUMOM BBINOIHEHO Ha ocHoBe IIEOM. Monu-
Top M O6ecnipoBoHBIN TpekOoI yCTaHOBJIEHBI Ha MyJIbTE KOHBEPTEPA, a CH-
CTEMHBI OJIOK — B MOMENICHNH BBIYUCIUTEIbHON TeXHUKH. CoelMHeHue ¢
CHCTEMHBIM OJIOKOM BHINONIHEHO uepe3 yeunutenan curHana ATEN CE-250.
OOmen nH(pOpManueld MeXy KOHTPOJIEPOM YIIpaBJIeHHs MoioKeHus (yp-
MBI (QUANTUM c¢ cootBerctBytonmM [130) u KOHTPOJIEPOM YIpPaBICHUS
pacxoza kucnopoza (mpoMblnuieHHbIH KoHTposep ROC-809) npoucxoaut
o cetu Ethernet. JIns Hane)HOCTH, HHPOpMAIUS O Pacxo/e KUCIopoaa Ha
MIPOYBKY AyOnupyeTcsl aHaJIOrOBBIM CHI'HAJIOM. BBIOOp MoOIIHOrO KOHTpO-
jepa Uil PEryJHpOBaHMS TOJOXKEHHS (GYpMBI OOYCIOBIIEH TeM, 4TO
QUANTUM OnHOBPEMEHHO C PEryJUpOBaHHEM MOJIOXKEHUS! (ypMbI H3Me-
pSIeT TEXHOJIOTMYECKUE TapaMeTpsl U ONpeJessieT He0OX0AUMOCTb OJIOKH-
pOBaHUS MpoLecca B CIy4yae BOSHUKHOBEHUS aBapUIHHON CUTYaIUH.
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TEXHOJIOT' A1 OBKUI'A OKATBIIIEN C HOBBIIIEHUEM
SHEPTO3®PEKTUBHOCTH UX JAJTBHEUIIETO
IPUMEHEHHUA B JOMEHHOM IIJIABKE

@.M. JKypaenes, ooyenm, B.I1. Jlamox, npogpeccop, E.B. Yynpunos, acucmernm,
I A. Kaccum, ooyenm, ML A. Jlxosa, ooyenm, B.O. Kapoaw,
Kpusopoorcckuii memannypeuveckuu uncmumym, I'BY3 «KHY»

[penMyIecTBO OKYCKOBaHHOTO JKENE30pPYJHOr0 MaTephana ¢ OCTaTou-
HBIM YIJIEPOZOM 3aKIIFOYaeTCsl B €ro0 YaCTHYHOM U Ooree OBICTPOM BOCCTaHOB-
JIEHWH B XOJIe JOMEHHOH IUIaBKM 3a cueT ra3u(MKalyy 3aKaTaHHOTO BHYTPb
yIiepoga TBEPAOro TOIUIMBA. BakHBIM yCIIOBHEM ITONY4YEHHs BBICOKOKaye-
CTBEHHOTO OKYCKOBaHHOI'O Marepuaja C OCTaTOYHBIM YIJIEPOJOM SIBISETCS
3((deKTIBHOE HAKaTHIBAHKE M CLEIUICHHE MEIKUX KOMIIOHEHTOB IIMXTHI, KaK
MeXTy coOOM, TaK U C MOBEPXHOCTHIO KYCOYKOB TBEPJIOrO TOIUIMBA Pa3MepoM
1,5-10 MM, KOTOpBIE BBITIOJHSIOT POJIb 3apOABILIEH sl 00pa30BaHUsl MPOYHBIX
CBIPBIX OKAaTBIIIEH.

HcnbrTanus IpOBOVIINCE B TIOMYTIPOMBIIUICHHBIX YCIIOBHSX. Bbinenen-
HBIA aHTpanuT KpyrmHOcThio 0-10 MM 00pabaThiBalli HATPHEBBIM JIMTHOCYIIb-
(hOHATOM U TIONTyHYaliM ChIPbIE OKATHIIIN, COOTBETCTBYIOIINE TPeOOBAHHSIM TIO-
CIIEYIOIIEr0 WX TEPMOYNPOYHEHHSI MO TPaHyJIOMETPUYECKOMY COCTaBy H
MIPOYHOCTHBIM MOKA3aTeNIsIM.

Beumn MCTIBITaHBI pa3MyuHBIE PEXHMMBI TEPMOYIPOYHEHHS CHIPBIX OKa-
ThIlIEH. B X0/le UCIbITaHUii TOKa3aHO, YTO NP YBEIMUEHUH CKOPOCTEH Harpe-
Ba (500 °C/mun.) u oxiaxaeHus (600 °C/MHH.) YMEHBIIIOCH O0IIee BpeMs
TEPMOYNPOYHEHHS OKATBIIIEH, YTO TIO3BOJIMIIO CHU3UTh CTETICHb BHITOPAHUS B
HUX yriiepona TBepaoro torumsa ¢ 82,1 % a0 10,3 %, yBenuuuTs Npou3BOU-
TELHOCTH 00KHTOBOro arperata ¢ 0,87 10 1,67 T/M*-4 M COKPATHTh YIETbHbIH
pacxoz raza ¢ 21,3 10 17,9 /1. TIpouHOCTHBIE XapaKTEPHCTUKH 0OOMIKEHHBIX
OKaThIIIEH C OCTaTOYHBIM YIJIEPOIOM M WX CBOMCTBA NPU BOCCTAHOBJICHHH
(TIpOYHOCTP, TA30MPOHMLIAEMOCTh U yCajKa CIOsl) OCTAINCh AHAJIOTMYHBIMHU
OOBIYHBIM OKaThIIIaM, & CTEIEHb MX BOCCTAHOBJICHHMS BO3POCHA 33 CUET ras3u-
¢ukanum yriaepona, oopasoBanusi CO BHYTpPH OKaThIICH M BOCCTaHOBJIEHHUS
nx W3HyTpU. Taroke B pa3pabOTaHHBIX OKAaTBIMIAX C OCTATOYHBIM YITIEPOAOM
HaOJTroIaeTCsl yBEITMUCHUE 001ero xenesa (¢ 62,2-65,8 % mo 63,5-65,9 %) u
3akucu xenesa (¢ 1,3-2,7 % no 7,6-18,4 %)

Takum 0Opa3oM, pa3paboTaHbl TEXHOJIOTHUYECKHE PEXUMBI TEPMOYIPOU-
HEHHMS! CHIPBIX OKATHIMIEH ¢ 3aKaTaHHBIM BHYTPb TBEP/IBIM TOILUTMBOM (@HTpaIIH-
TOM), TIO3BOJISIFOIIME TIOJIYYUTh B OKHUCIHUTEILHON aTMOc(epe TeruIOHOCHTEIS
KOHBEHEpHOH OOKWUTOBOM MaIlIMHBl OOOXOKEHHBIE OKATBIIIM, COJEpIKaIHe
ocTatouHblil yraepoj B konudectse ot 0,7 mo 3,5 %, 4To MO3BOJMT CHU3UTH
YIEBHBINA Pacxoyl KOKca B JIOMEHHOH TIIaBKe.
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PA3ZPABOTKA TEXHOJIOTUHU NOJYYEHUSA
OKATBIIIEN C 3AKATAHHBIM BHYTPH TOILIMBOM
B CJIABOOKHUCJIUTEJBbHOM ATMOC®EPE

@.M. JKypaenes, ooyenm, B.I1. Jlamox, npogpeccop, E.B. Yynpunos, acucmernm,
I A. Kaccum, doyenm, U A. Jlixosa, doyenm, K.B. Yyxan,
Kpusopoorcckuii memannypeuueckuu uncmumym, ['BY3 “KHY”

CJI0OKHOCTh TEXHOJIOTHH TIOJI'OTOBKH OKYCKOBAHHOTO JKEIe30pYyIHOTO
CBIPbSI C OCTATOYHBIM YTJIEPOIOM 3aKITFOYAETCS B JIBYX acIeKTaX: COXpaHEHHH
MaKCHMaJIbHOTO KOJIMYECTBa HE CrOPEBILIET0 TBEPOT0 TOIUTHBA B OKHUCITUTEIb-
HOM aTMocepe Tpy CrieKaHWH arioMepaTa U 00XKHIe OKaTHIIIEH, a Takxke IpH
WX OXJIXKICHWH; HEKOHTPOIMPYEMOM Da3BUTHH BBICOKHMX TEMIIEpaTyp IpH
CrOpaHHH TBEPJIOTO TOIUIMBA BHYTPH JKEIE30PYIHOr0 MaTepuala, pUBOIsIIee
K €r0 pacIuIaBJICHHIO M HApYIICHHUIO TEXHOIIOTMYECKOro Mpoliecca.

Jlnst obecriedeHrs: MAUHUMAJIBHOTO BBITOPAHMS YIJIEposia 3aKaTaHHOTO B
OKaTBIIIH TBEP/IOrO TOIUIMBA BO BPEMSI X TEPMOYIPOYHEHNS, KPOME YMEHbIIIe-
HUS1 BDEMEHH NPEObIBAHMS OKATBIIIEH B BBICOKOTEMIIEPATYPHBIX 30HaX O0XKHIO-
BOT'0 arperata 3a C4eT yBEJIMUYEHHUsI CKOPOCTH MX HarpeBa U OXJIaKICHHsI, UCIIbI-
TBHIBAJIACH BO3MOYKHOCTh CHIDKEHHSI COZIEpYKAaHMS KHCJIOpOJa B TEIUIOHOCUTEIE
9TUX 30H. VICTIBITaHMs IPOBOIINCH B JTAOOPATOPHBIX YCIOBUSX MaKCHMAIBHO
MPUOITDKEHHBIX K TPOMBIIUICHHBIM. AHTpaImT KpymHocThio 0-10 MM 0Opaba-
TBHIBAJIM HATPUEBBIM JIMTHOCYJIB(OHATOM, CMEIIMBAIN C IIMXTOW M TIONydYasd B
YaIeBOM OKOMKOBATEJIE B HEMPEPHIBHOM PEXVME ChIPBIE OKATBIIIIH.

Pe3ynbTaThl HCTIBITAaHMH PA3IIMYHBIX PEXXUMOB MOKa3aIH, 9TO MPH yBEJH-
YEHNH CKOPOCTH HarpeBa BHICYIIEHHBIX okathier 10 500 °C/MUH. 1 CKOpoCcTH
OXJaXIeHNs] 000X OKeHHBIX oKathiied 10 600 °C/MUH. M OZHOBpEMEHHOM
CHWKEHHH COJIEPyKaHMsI KUCIOpO/a B 3a0aiIacTHPOBAaHHOM BO3/IYX€ JUIs rope-
HUS B 30HaX HarpeBa u o0xwura ¢ 21 1o 6,9 %, a Taroke B 0TpabOTaHHOM rase
JUTSL OXJTXKACHUS 000MOKEHHBIX OKaThIiiel ¢ 21 10 3,8 % nMpoyHOCTHEIE Xapak-
TEPUCTUKN 000XKEHHBIX OKATHIIIEH C OCTATOUYHBIM YTIIEPOIOM I10 CPaBHEHHIO
C aHaJOTMYHBIMU OKaThIIaMH Oe3 yriiepona (IIPOYHOCTh Ha CXKaTHe, yuap |
WCTHPAEMOCTh) HE3HAYMTENBHO YXYIIIINCh, @ TIPOYHOCTh M HCTUPAEMOCTD
TIPH BOCCTAHOBJIEHUH — YITy4IIIIHCh, TIOBBICHIIACH U CTETIEHh NX BOCCTaHOBJIE-
HuUsl. YJenbHas TPOM3BOAMTENBHOCTh YCTaHOBKM Bospocia ¢ 0,87 mo 1,67
T/M’'4, a CTeNeHb BBIFOPAHMS YIVIEPOJA TBEPAOTO TOILIMBA YMEHBIIMIACH C
79,5 no 5,1 %. Ilpu 5TOM yBeNMYHTCS B HUX COZIEp)KaHME OOIIero xenesa (¢
62,2-65,8 % 1o 63,5-65,9 %) u 3akucu xenesa (¢ 1,3-2,7 % no 7,6-32,7 %) 3a
CUET YaCTHYHOTO BOCCTAHOBJIEHHSI OKCHIOB JKejle3a BHYTPH OKAaThILIEH B Ipo-
LIecce TEPMOYIIPOYHEHHSI ChIPBIX OKaTHIIIEH.
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ONITUMIBALIA HAPAMETPIB EJJEKTPOMEXAHIYMHUX
CUCTEM METAJIYPTTAHUX MAIIIUH 3 METOIO
EHEPI'OPECYPCO3BEPEXXEHHSA

1LM. 3a0opoorcrs, doyenm, M.O. 3adopooichiti doyenm,
0.0. Pebeoax, acnipanm, J[JJMA

ITpn npoekTyBaHHI Cy4acHHMX 1 MOAEpHI3alii Ail0YHX €JIEKTPOIPUBO-
JIiB OCHOBHUM 3aBJaHHSM € TOYHE BiATBOPEHHS 33JaHUX 3aKOHIB PYXY BH-
KOHAaBYMX OpraHiB MallMHHU. B eJeKTponpuBOAaX TEXHOJIOTIYHHUX MAalliH
BHCOKa TOYHICTh 1 MaKCHMaJbHO MOXIIMBA IIBHIKOAIS 3a0e3IedyeThcs,
SIKIIIO TIPY TIPOEKTYBaHHI aHai3yeThCs BILIMB Ha JUHAMIKY NPYXHUX BJIac-
TUBOCTEH MEXaHIYHUX Mepesad Ta 3AIHCHIOETHCS ONTHMI3allisl mapamMeTpiB
CHCTEM PETYIIOBAHHS 3 METOI0 JIeMII(hipyBaHHS NPYKHUX MEXaHIYHO KOJIH-
BaHb 32 PaXyHOK MOCHJICHHS €JIEKTPOMEXaHIYHOTO 3B'S3KY BiIOBIITHO 10
Teopii eleKTpOMeXaHigYHOI CyMICHOCTI.

MexaHi4Ha YacTHHA EJIEKTPONPUBO/A € CHCTEMOIO 3B'SI3aHUX Mac, 10
PYXaloThes 3 PI3HUMH IIBUAKOCTSIMH MOCTYNAIbHO ab0 obepTatounch. [Ipu
HaBaHTa)XEHHI €JIEMEHTH CHCTeMHU JIe(QOpPMYIOTHCS, TOMY IO MeXaHidHi
3B"SI3KH HE € a0CONIOTHO >KOpcTKUMHU. [Ipn 3MiHaX HaBaHTa)KeHHsI €JIEMEHTH
MIPUBOAA MAaIOTh MOKJIMBICTH B3a€EMHOT'O NEPEMIIEHHS, sIKE BU3HAYAETHCS
YKOPCTKICTIO 3B's13Ky. 3a PaXyHOK X SIBUIIl B MEXaHIYHIH YaCTUHI IPUBOIY
30yIKYIOThCSl KOJMBaHHS, SIKI IIPHCKOPIOIOTH BTOMHHI 3HOC MEXaHi3MiB.

JluHamiuHI HaBaHTaXEHHsS MiJ Yac MepexiJHUX IPOLECiB MOXYTh
B 2-4 pa3u IepeBHIIYBaTH CTATUYHI HABaHTA)KEHHS, IO HEOOXiTHI IS
3IICHEHHS! TEXHOJIOTIYHNX MPOLECIB, TOOTO HASIBHICTh JMHAMIYHHX HaBa-
HTa)XEHb KOJIMBAJILHOTO XapaKkTepy MPU3BOIHUTH J10:

— 301IbIIEHHS] BTOMHHX PYHHYBaHb €JIEMEHTIB MEXaHIYHUX Tepeaay;

— 3MEHIIEHHS! CTPOKY EKCIUTyaTalii MeXaHiYHOrO Ta eJIeKTPUYHOI'O
00J1aJHAHHS,

— MIJBUIIEHHS TEIUIOBOIO HABaHTAXXCHHS HA JBHI'YH Ta KEpOBaHHM
BUTIPSIMIISIY;

— 30UIBIIeHHsT HMOBIPHOCTI BUHUKHEHHS aBapiiHUX CUTYaliH, ITOJIOM-
K{ Ta IPOCTOIO0 00J1aIHaHHS;

— 3HIDKEHHS CTIKOCTI CUCTEMH,

— 30UIBLICHHS SHEPreTHYHHUX BTPAT y MEPEXiTHUX pexuMax poOoTH
o0J1aiHaHHS Ta TPUBAJIOCTI EPEXiTHUX MPOLECIB;

— BUHUKHEHHSI HEY3TOJKEHOCTI B pyci poO0Y0ro opraHy Ta JBUTYHa.

AHai3 BEeIMKOI KUTHKOCTI ITyOMIKAIli MO MPaKTAYHIA ONTHMI3arlii JeMII-
(yrodoro e(eKTy eNeKTpONpPHUBOAY B EIEKTPOMEXaHIYHUX CUCTEMAax CBITUUTH
PO Te, IO MUTAHHS CHHTE3Yy CHCTEM KEpYyBaHHS MM peari3aiii MpUHIHIIB
AKTUBHOT'O MPUJTYIICHHS TPY)KHUX KOJIUBAHb 3AJIMILAIOTHCS aKTYaIbHUMHU.
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3rigHO 3 BiJIOMHMH METOIAaMHU ONTHMI3aIlii eIEKTPOIPUBOIY IUITXOM
HACTPOIOBAHHS CHUCTEM PETYITIOBAHHS CTAa€ MOXIIMBUM 3HauyHE OOMEXEHHS
JUHAMIYHUX HaBaHTAa)KEHb, ajie BOHM HECIIPOMOXKHI 3MEHIIUTH iX y MaKCH-
MaJIbHO MOXKJIMBOMY CTYII€HI, TOMY IIIO NPH TAKOMY HaJIAIITYBaHHI OBHic-
TIO HE BUKOPUCTOBYIOTHCS leMII(pyrounii epekT eIeKTponprBoa.

OpHUM i3 IPIOPUTETHUX HANPSIMIB aKTHBHOTO TPHUIYLIEHHS TPYKHUX
MEXaHIYHUX KOJIMBAHb € CHHTE3 €JIEKTPOMEXaHIYHUX CHUCTEM 3 peaizalliero
nemripyrodoi aii enekrponpusosaa. OqHaK BUKOPUCTOBYBaHI B IIbOMY 3MICTi
Ha TIpaKTHII METOOWKH CHHTE3Y IlapaMeTpiB 1 CTPYKTYp eJeKTpo-
MEXaHIYHUX CHCTEM IPUITYCKAIOTh MIHIMI3aIlI0 peakilii eleKTpOonpruBoIa
Ha JII0 KOJMBaHb MEXaHIYHOI YaCTUHHM, y AIHCHOCTI B €JIeKTPOMEXaHIYHiN
CHUCTEMI HEOOX1THO pO3TIISIIATH B3aEMOJIIF0 KOJTUBAHb.

[NpaxTraHo 3aa4ya aeMrdyBaHHS MPYKHUX KOJIMBaHb PO3TIIsLAANIacs Jyist
MEXaHIYHOI YaCTHHH PUBOY Cisi00BOro mifiiomuunka. [Ipu nocmipkeHHi Oyimo
PO3MIISIHYTO crienMdivHy 0COONMBICTD IMHAMIYHUX CHCTEM — TICHUH B3a€EMO3-
B'SI30K IPOLIECIB B €JIEKTPUYHIN 1 MeXaHiuHil mifcucremax. [Ipaktuuno peai-
3yBaTH MOTEHIIHI MOYKJIMBOCTI €IEKTPUYHUX JIBUT'YHIB, CUJIOBOI €JIEKTPOHIKH,
3ac00iB 00YMCITIOBAJIBHOI i BUMIpIOBAIBHOI TEXHIKH BHSBHIIOCS IPOOIEMaTH-
YHHMM Yepe3 BIUIMB Ha IMHAMIKY IPUBOAY MPYXKHUX MEXaHIYHHX JIAHOK.

VY pesynbTaTi IOCHi/DKEHh CHHTE30BaHAa CHUCTeMa KepyBaHHsS 3 oOMe-
KEHHSIM JAMHAMIYHUX HABaHTa)XEHb 13 BUKOPHCTAHHSM aJIallTUBHOTO PEryJIsi-
TOpa, IIO paHille B CII00BOMY ITiJHOMHHUKY HE BUKOPHCTOBYBAJIOCS, MEpEBi-
peHo (YHKITIOHYBAHHS MiTHOMHHKA B PEKUMI MaKCHMAIILHOTO TPHTYIIICHHS
NIPY)KHUX KOJIMBaHb, MPOBEIEHO JOCH/KeHHs BIUTMBY Koedimientis [T1/1-
peryinsTopa IBUIKOCTI HA PO3TAalllyBaHHS KOPEHIB 0a)KaHOTO XapaKTepUCTH-
YHOT'O ITOJIIHOMAa 3aMKHYTOI CUCTEMH KEepyBaHHS Ta Ha 1l XapaKTEepHUCTHKH.

BukoHnaHi JTOCIi/PKEHHS! JO3BOJSIFOTh BUKIIOYMTH OJMH 3 OCHOBHHUX
HEJIOJIKIB NpU poOOTI CIIsI00BOro MiIHOMHMKA — BEJTUKI AMHAMIYHI ITepeBa-
HTa)XEHHSI MEXaHIYHOI Ta eJIEKTPUYHOI YaCTHH IPHUBOLY.

ITpoBenene MopentoBaHHS PO3POOIEHOI CUCTEMH MiATBEPAMIO edek-
TUBHICTh (DYHKI[IOHYBaHHS €JIEKTPONPHUBOIY CIIO00OBOrO IiHOMHHKA Bep-
TUKAJILHOI MaIMHKA Oe3NepepBHOrO JIMTTS 3aroTiBeNb NPU HANAIITyBaHHI
mapaMeTpiB Ha MIHIMYM KOJIMBaJbHOCTI, IO JO3BOJIUTH IMOKPAIIUTH TEXHi-
KO-€KOHOMIYHI MOKa3HUKH (DYHKI[IOHYBaHHS TEXHOJIOTIYHOI MalluHH, 3Me-
HIIUTH MaTepiaybHi Ta eHepreTUYHI BTpaTy.
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PO3POBKA BOJIJHEBOI'O TEILIOYTHJIIBAIIIMHOI'O
KOMIIVIEKCA TOMEHHOI'O BUPOBHUIITBA

O.B. Kowenvhix, ooyenm, HTY «XTII»

PiBeHp HarpiBy raps4oro AyTTs, SIKMH CHOTOJHI  CKJIQJa€e
1150 — 1250 °C, Bu3Ha4Yae NMUTOMY BHUTPATy KOKCY i IPOXYKTUBHICTh
JIOMEHHUX Tredeld. TemmepaTypa OUMOBHX ra3iB, IO BiOXOAATH, MIiCIs
noBiTpoHarpiBaviB ctaHoButh 250 —400 °C. Ile cBiguuTh Mpo 3HAYHHUI
HEBUKOPUCTAHWH IIOTEHIial BTOPUHHUX EHEPropecypciB JIOMEHHOTO
BUpoOHMLTBA.  JIIs1 ~ BHKOPHCTaHHS  TEIUIOTH  TakOro  HHU3BKOTO
TEMIIEpaTypHOTO TOTEHIIally MOXJIMBO BBEICHHS JI0JaTKOBOTO CTYIEHS
yTHITi3anii TeIIOTH, IO J1a€ MOXJIMBICTh 3MIHCHUTH MiJTrPiB KOMIIOHEHTIB
TOpiHHSA U1l pereHepaTUBHOrO IOBITpOHArpiBadya — JOMEHHOTO Tra3y Ta
moBiTpss — o Temmeparypu 150 — 180 °C, 1o B CBOI0 Yepry J03BOJHTH
ABUIINTH TeMIepatypy rapstaoro ayrrs g0 1300 — 1350 °C.

Haii6inbi e)eKTHBHUM 3 TOYKHU 30py OLIBII TIOBHOTO 3aCTOCYBAaHHS
€HEepreTUYHOro TMOTEHI[iaJly OpraHiYHOro TajMBa € BHKOPHCTaHHS
yTWIIi3aliiHAX CXeM 3 KoreHepamielo abo TpureHepaumiero. Bucoka
TepMoAMHaMiuHa e(EeKTHBHICTb BOJIHIO € MEPEIyMOBOI0 PO3IIISLY HOro B
SIKOCTI p0o00YOro Tija JJIsl TEIUIOYTWITI3aliiHUX €HepronepeTBOPIOBAIBHIX
KOMIUTEKCiB. TeXHIYHI MOMJIMBOCTI TEIUIOEHEPTeTHYHHUX YCTaHOBOK 3
BOJHEBUMH TypOoarperaTaMu Ta TEPMOCOPOLIHHIUMU KOMIIPECOpaMH,
crnoci0 poOoTH SKUX 0a3yeTHCs Ha BIACTHBOCTI OOOPOTHUX METAJIOTIIPH/IIB
TIOTJIMHATH BOZAEHb HU3BKOT'O THCKY 1 BHAUIATH WOTO NMpH HarpiBaHHI ITij
IiIBUIIEHAM THCKOM, BiJIKPHBAIOTH IPHHIMIIOBO HOBHH HUISX CTBOPEHHS
€HEPreTUYHNX YCTAHOBOK, IO 3MOXYTh 3a0€3ME€UYUTH OTPUMaHHS Pi3HHX
BUJIIB €HEPrii 32 paXyHOK CIIOXKMBaHHS TEIUIOTH HU3bKOT'O TEMIIEPATypPHOI'O
MTOTCHITIATTY.

[IpoBeneHe  po3paxyHKOBO-TEOPETHYHE JOCTIDKEHHS  poOOTH
BOJTHEBUX TETUIOYTHIII3AI[IHHIX €HEPronepeTBOPIOBAIbHUX KOMIUIEKCIB JUIs
OJJHOYACHOTO0 OTPHUMAaHHS TEIUIOBOI Ta EJEKTPUYHOI eHeprii mokaszalo
eQEeKTUBHICTh IX BHKOPUCTaHHS B TEXHOJOTIYHHX CXEMax JIOMEHHOIO
BHUPOOHUIITBA.
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HOBBI METO/ BHEIIHEI'O BO3JIEICTBUS HA ®OPMHUPO-
BAHUE HENNPEPBIBHOJIUTBIX 3ATOTOBOK

C.JI Maxypos, npogpeccop, b.B. Egppemenko, acnupanm, I'BY3 «III'TV»

MeTonuky BHEIIHUX BO3JAEUCTBUN HAa KPUCTAILTU3YIOIIMICS METAT B
MIPOLIECCE HETIPEPLIBHOW PA3JIMBKUA MPUMEHSIOTCS MOBCEMECTHO Ha OTeYe-
CTBEHHBIX M 3apyOSKHBIX Mpeanpuatusx. CaMbIM pacrpoCTpaHEHHBIM Me-
TOJIOM SIBJISIETCSI METOJ1 KauaHusi Kpuctayuzaropa MHJI3.

HoBpiif MeTo/1 BHELTHETO BO3JEUCTBUSI MPEANoiaraeT UCIoab30BaHNe
YIapHO-UMITYJIBCHBIX BO3JCUCTBHUI IS YIUTOTHEHUSI KOPKOBOM 30HBI (pop-
MUPYIOIICHCS HETPEPhIBHON 3aroToBkH. J[aHHOE BO3jelicTBHE (HOPMUPY-
FOTCS C TIOMOIIIBIO JISTKOUCTAPSIONIUXCS T0OABOK, BBOJUMBIX B PacCIUIaB B
mporiecce pa3iuBKH. BecbMa OBICTpOE W MHTEHCHBHOE HCIIAPCHUE BBOJIH-
MBIX J100aBOK 00pa3yer (hpOHT M30BITOUHOrO JABJICHUS, KOTOPHBIH pacmpo-
CTpaHssICh BO BCEM OOBEME CIUTKA BO3JCHCTBYET Ha pACTYIIHE BETBU
JIEHIPUTOB. B pe3ynbraTe MHTEHCHBHOTO BO3CHCTBUS MPOUCXOIUT 00Ja-
MbIBaHHE JNeHapuToB. [lociae oOIaMbIBaHuS JACHIPUTOB KOHBCKTHBHEIC TO-
TOKHA YBOJST OCKOJKH JCHJPHUTOB B KUJAKYIO CEpJILIEBUHY 3aroTOBKH, a
OCTaBIIHMECS JICHAPUTHI ASHOPMHUPYIOTCS, TEM CaMBIM YILIOTHSS KOPKOBYIO
30HY 3arOTOBKH. BbIBEIEHHBIE B )KUIKYIO CEPJLIEBUHY OCKOJIKH JIEHAPUTOB,
BIIOCIIEJICTBUH, CIYXKAT JONOJHUTEIbHBIMH LIEHTPAMH KPUCTAJUTU3AINH.

JlaHHO€ BO3/I€iCTBHE MO3BOJISIET OTPAHUYUTH POCT JEHAPUTHOTO Kap-
Kaca, 4TO B CBOIO OY€pE/lb MOI0KUTEIBHO CKa3bIBAETCS HA CTPYKTYpE TOTO-
BOI'O MOJYMNPOAYKTa B BUJI€ HEMPEPHIBHO JINTOM 3arOTOBKU. J[OMONIHUTENb-
HOE TMEepeMEelMBaHNEe KUJIKON CEepJIIeBUHBI YAyUYllIaeT YCpEeJHEHUE XUMHU-
YeCKOI'o COCTaBa MeTajlja 3aTOTOBKU.

Kommneke 3¢ dekroB, KOTOphie OKa3bBaeT yAapHO-UMITYIIECHOE BO3-
JIEHCTBHE, MO3BOJISIET YBEJIWYHUTH MPOYHOCTH KOPKOBOM 30HBI, YTO B CBOIO
ouepeib CHIKACT BEPOSTHOCTh 00pa3oBaHUs JE(EKTOB W BO3HUKHOBCHUS
MPOphIBa METaJIa, KOTOPBIA OOBIMHO BO3HUKACT 32 CUCT MAJOH MPOYHOCTH
KOPOYKH 3aroTOBKH. J[OmomHHUTENTFHOE OOJaMBIBaHME BETBEH JICHAPHUTOB
OJaronpusATHO CKa3bIBaeTCS Ha (POPMHUPOBAHUU CTPYKTYPHI 3arOTOBKH, 00pa-
3ysl HOBbIE LIEHTPBI KPUCTAIIM3AIMY HETIOCPEICTBEHHO B CpeJie paciuiaBa.
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INPOYHOCTHBIE U TEOMETPUYECKHUE XAPAKTEPUCTUKHU
XOJIOJHOTHYTBIX TPO®UJIENA

H.H. Haenubeoa, cmyoenm, B.B. Kyxapo, npogpecop, [BY3 «[II TV »

OCHOBHBIMH XapaKTEPUCTHKaMU THYTHIX TNPOQMIEH SBISIOTCS Teo-
METpPHYECKHE U IIPOYHOCTHBIE MapaMeTphl. B kauecTBe 0a30BBIX MPOYHOCT-
HBIX XapaKTEPUCTHK UCIONB3YIOT MpeAen TeKy4eCTH U Mpenaen MPOYHOCTU
MaTepuana 10 W Iocie jaedopManud. ['eoMeTpudecKkue XapakTepUCTHUKH:
TUTOLIAIb TIONEPEYHOr0 CEYEHUsI, OCEBOH, IMOJSIPHBIN, LEHTPOOSKHBIH MO-
MEHTHI HHEpPIMHU U Ap. [ MoayyeHHs JaHHBIX O 3HAYEHUSX MPOYHOCTHBIX
XapaKTEePUCTUK MPOBOJAT MCHBITAHUS: HA PACTSDKEHUE (IS apMHUPYIOIIHX
npoduei), kpydenue, u3rud. s nonrydeHus: nHGOPMAIMd O TSOMETpPU-
YECKUX XapaKTEPUCTHKaX MPOBOMAT (PU3MKO-TeOMETpHUYECKUI aHaH3 I10-
MIEPEYHBIX CCUCHUN PO e

[Tpon3BoACTBO THYTHIX MpouiIel XOIOIHON MPOKATKOW CYIIECTBEHHO
pacHmpsieT TEXHOJIOTHYECKHEe BO3MOKHOCTH crioco0a M TI03BOJISIET MEHSThH
KOH(Urypauio npodusst B 3aBUCUMOCTH OT TEXHUYECKHX TpeOOBaHUH, Tpe-
0oBaHMIi 3aKa34MKa, TEOMETPHYECKIUX N3MEHEHUH B UCXO/THOM CBHIPBE.

WcnbiTannst 1 HEOOXOAMMBIE PacdeTbl OBUTH BBITIOJHEHBI B COOTBET-
CTBUM C JEHCTBYIOIIMMH HOPMAaTHBHBIMH JoKyMeHTaMu. Ilocne Bbrumcie-
HUSI KOOPJUHAT IIEHTPa MAacc M IUIOLIAJH ITONEPEYHOro CeUeHUs POt
OTIpEeIeNIAIN BEINYMHBI TAKUX XapaKTEPUCTUK, KaK paauyChl HHEPLIUH, OCe-
Bble MOMEHTHI MHEPIIMH, MOJISIPHBIC, TJIaBHbIE W LEHTPOOEKHBIE MOMEHTHI
WHEPLUUH, MOMEHTHl COIPOTHBIICHUS IMPOQHIS Ha H3THO B Pa3IMUHBIX
HaIpaBJICHUAX, @ TAKXKE MOMEHTBI UHEPLIUU U COTPOTUBJICHUSL.

ITokazaHa HKOHOMHKO-IKOJIOTHYECKasi 0OOCHOBAHHOCTH M3T'OTOBJICHHS
XOJIOJTHOTHYTBIX MpOGHIIeH criocoOoM IMOCIe0BaTeIbHOrO NpoduIInpoBa-
Hus B Bankax. OnpeneneHsl reOMeTpUUecKrue U MPOYHOCTHBIE TOKA3aTeNn
CTaJIbHBIX THYTHIX Npoduiieli HoBoH KoH(uryparmu. KoppekrupoBka KoH-
CTPYKUMH Tpoduis He TPeOYeT CYIIECTBEHHBIX W3MEHEHHH TEXHOJIOTHH,
OJTHAKO TeOMETPUYECKHE OTKIOHEHUsI OyayT OoJjiee YyBCTBHUTEIbHBI K TOU-
HOCTH HACTPOMKU CTaHa.
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INPOI'HO3UMPOBAHUE OU3NYECKUX U TEIIVNIO®PU3ZNYECKUX
CBOMCTB ®EPPOCUJIMKOMAPIAHIIA MAPKHU MuC17

A.®@. [lempos, Hayunviii compyoruk, 3.B. [Ipuxoodvko, npogeccop, JLA. I'onosko,
Hayunwlil compyoHux, H.E. Xooomoea, Maaduiuil HayuHblii compyOHUK,
Hnemumym uepnoti memannypeuu um. 3.1.Hexpacosa HAH Yipaunul

B o6mieit cTpykType Npon3BOIMMBIX B MUpE (heppocIiiaBoB — KOMILIEKC-
HBIX PaCKUCITUTENEH W JIETUPYIOMINX Ul CTANEIUIaBIILHON MPOMBIIIICHHOCTH
MapratieBble (peppocIuiaBbl 0 TOHHAXKY WX BBIIUIABKH M YJIETBHOMY PAacXomy
TIPH TIPOM3BOJICTBE CTAIN 3aHMMAIOT JIUIUPYIOLIIEe MOJIOKEHHE.

XapakTepHoll 0COOEHHOCTBIO (heppOCHIIMKOMapraHIia, Mpou3BOIMMO-
T'O 3aBOIaMU Y KpauHbI, SIBJISETCS MOBBIIICHHOE, 110 CPABHEHUIO C TPOJIYK-
el 3apyOeKHBIX MPOU3BOAUTENEH, ColepKaHle MapraHiia Ha ypoBHe 72-
75 %, npotuB 66-68 %. ITO MOBHIIAET KOHKYPEHTOCIOCOOHOCTh CILIaBa
Ha MEXJIYHapOJHOM pbIHKE, OJHAKO BOIPOC BHIOOpA pPAIlIOHAJIBLHOTO CO-
cTaBa clulaBa TpeOyeT AETaJbHOTO M3YYEHHs, MPEXIEe BCETO KOMILIEKCa
morpeOuTensckux cBoiictB [1]. Hambonmee BoOCTpeOOBaHHBIM SBISCTCS
crutaB Mapku MHC17 (15-25 % Si, e menee 65 % Mn).

Nmeromasicst paKTHKa 3KCTIEPUMEHTAIBHOTO ONPEIEIICHHsT CBOHCTB (heppo-
CIUTIABOB B HACTOSIIIMK MOMEHT TpoOIeMaTHYHa 110 IPUYHUHAM CIIOKHOTO arapa-
TYPHOTO M OpPraHM3alIOHHOTO O(OPMIIEHHS], a TAakoKe BBUY TPeOYEeMBIX 3HAYM-
TENBHBIX (PUHAHCOBBIX 3aTpaT. [109TOMY Hay4HBIH 1 IPaKTHYECKHI HHTEpeC Ipe/-
CTaBJISIOT PacueTHBIE METOJIBI ONPEIIENICHNSI CBOMCTB (heppOCIUIABOB, MO3BOJISIO-
IIIME POrHO3UPOBATH COCTABBI C LENBIO ONTHMHU3ALINHN HX XapaKTePHCTHK.

B Hacrosmieli pabote, /U1t MPOrHO3HOM OLEHKN (PU3NYECKHUX W TEILIO-
(u3MYecKnX CBOMCTB Ha mpuMepe Qeppocuiaukomapranina Mapku MuC17
aBTOPbl PAacCMaTPUBAIOT BO3MOXKHOCTH HCIIONIB30BaHUs pa3paboTaHHON
METOJIMKH, OCHOBAaHHOW HAa OINMCAHWU CTPOEHHS M CBOMCTB MHOTOKOMIIO-
HEHTHBIX PacIIaBOB M TBEpABIX pacTtBopoB [2]. MHdopmauus o cocraBe
CIUIABOB 3aKOJMPOBAHA B BHJE Napamerpa Z» , ABJISIONIETOCSA €O DIIEK-
TPOHHBIM XMMHUYECKHM 3KBHUBAJIEHTOM, CTPYKTYPHOrO mapamerpa d, Xxapaxk-
TEPU3YIOIIETO CPEJHECTATHCTHYECKOE PACCTOSIHUE MEXAY aToMaMH M U3-
OBITOUHBIX MApaMeTpoB AZ” U Ad, YYUTHIBAIONIUX MHKPOHEOTHOPOJI-
HOCTB CTPYKTYpPHI COOTBETCTBYIOLINX PACILIaBOB.

Io paccMOTpeHHOI METOIMKE MOJENUPOBAHKS C UCTIOIBE30BAHUEM IIpe.-
naraeMbIx (pU3MKO-xuMudeckux kpurepues Z” , d, AZY w Ad , GbUTM CIPOrHO-
3MpOBaHbl  CIEAYIOIME XapaKTepUCTHKH  (eppOCHIIMKOMApraHia MapKH
MuC17: Temneparypa miasnenns (T, °C), wiotHocts (D-10°, kr/v’), Termonpo-
BoHOCTH (4, BT/M-°C), Temnoemkocts (C,,, Jx/kr-°C), Teruora mwiasieHus (Q,,,
kJ[x/Kr), KoadbHImMeHT TemmepaTyporpoBoHocTH (o107 M7/c).
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B Tabnuue mpuBeneHbl paccuuTaHHbIE (U3MYECKUE W TeIuIopU3nye-
cKkue cBoiicTBa (heppocunukomapranna Mapku MHC17. MHTepBan nmero-
IIUXCSl B HAyYHOH JHUTEpaType SKCIEPUMEHTAJIbHBIX 3HAYEHUH CBOWCTB,
HAXOJAUTCSI BHYTPH MHTEpBaja UX PaCUETHBIX 3HAUCHU.

Tabnuna 1 — [Iporao3Hbie 3HaUeHUS] CBOWCTB (heppoCcHiIMKoOMapraHia
crarnaptHbIX Mapok ( JICTY 3548-97)

Ne |l D | T | Co | 0| 4 | a0
n/n PP Kr/m’ K Jx/xr-K| xJlx/kr | BomK | e
CcIiaBa
1 | MuC17 | 6210 1533 717 477 21,6 4,7

[lomyueHHble pacyeTHHIM IyTE€M 3HAYEHUs] CBOMCTB (hEeppPOCHITHKO-
Mapranena Mapkd MHC17 MOryT OBITh MCIIONB30BaHBI B Ka4eCTBE MCXOJI-
HBIX IIapaMeTpOB NPH MaTEMaTH4eCKOM, (H3MKO-XMMHUECKOM M (Qu3nde-
CKOM METOJaX MOJAETHPOBAHUS MPOLECCOB, MPOUCXOAAIINX B IJIABMJIBHOM
arperarte WiH CTalepa3IMBOYHOM KOBIIE.

Jluteparypa

1. PynoBoccTaHOBUTENBHBIE 3JIEKTPONEUNM M TEXHOJIOTHMH TPOU3BOJI-
ctBa  MapranieBbix  ¢eppocmiaBoB.  B.C. Kymun, bB.®. Benmnuko,
M.U. Tacuk, B.A. I'mankux u ap. — JuenponetpoBck: HMeTAY, 2011. —
508 c. —ISBN 978-966-2596-03-8.

2. Ilpuxoapko 3.B., IlerpoB A.D. du3UKO-XUMHYECKUE KPUTEPUU AT
OLIEHKH CTENEeHW MHUKPOHEOTHOPOIHOCTH METANIMYECKUX pacIuIaBoB. //
Meramnodusnka 1 HoBelmme Texnonoruu. — 1998. — 1.20. - Ne7. —C.64-74.

ONTUMM3AINA PEXXUMOB OBKATHM MOJIOC
HA HENIPEPBIBHBIX CTAHAX XOJIOJ{HOM ITPOKATKH

AT Hpucsiocnont, doyenm, HA. Cesmoi, acnuparnm, TBY3 «IIT'TY»

OnHol M3 aKTyaJbHBIX 33aJa4 IPOM3BOACTBA XOIOIHOKATAHBIX IOJIOC
tonmmHoi Meree 0,3-0,4 MM Ha HENPEpPBIBHBIX CTaHaX SBISIETCS oOecrieueHune
TpeOyeMbIX IOKa3aTenell TOYHOCTH Pa3MEepPoB U INIOCKOCTHOCTH IpPOKaTta, a
TaKKe CHIKEHUE YEIbHON SHEPrOEMKOCTH MPOLecca MPOKATKH.

Jlns peneHus yka3aHHOM 3ajauu pa3paOoTaiyd aJrOPUTM U COOTBET-
CTBYIOIYIO €My KOMIBIOTEPHYIO NMPOrpaMMy ONTUMH3AIUH PEKUMOB 00-
JKaTHU TT0JIOC Ha HENPEpBIBHBIX cTaHax xonoaHoi npokatku (HCXII). Tlpu
9TOM B Ka4eCTBE KpUTEPHS ONTUMAIBHOCTH HCIOIb30BAIHN 3aJaHHOE COOT-
HoureHne cui npokatku B kiersix HCXII. Pa3paboraHHass KOMITbIOTEpHAs
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IporpamMma I03BOJISIET HAWTH TAaKOe paclpelelieHne O0KaTHi MeTajuia 1o
xieraM HCXII, koTopoe COOTBETCTBYET NaHHOMY KPUTEPHUIO ONTUMANBHO-
CTH, @ TAaK)K€ CUCTEME TEXHOJIOTMYECKMX OTPaHUYCHUN MO PEXUMY MEX-
KJIETEBBIX HATSDKEHWH, MPOJONBHONW YCTOWYHMBOCTH MOJIOCHI, KOHTaKTHOW
MIPOYHOCTHU BAJIKOB, JAOMYCTUMBIM 3HAUYEHUSIM 3HEPrOCHWIOBBIX MapaMeTpoB,
CKOpPOCTH, TeMIepaTypbl MPOKATKU U APYruUM nokasatensm. [Ipu stom uc-
XOIWIIM M3 YCJIOBHS, IO KOTOPOMY OOECHEeYMBAETCS MOCTOSHCTBO CHIIBI
mpokaTku oT 1-o# g0 n-oi ket HCXII, 1.e. P=const (i — HOMep KieTH
crana, 1<1 < n; n — KOIUYECTBO KieTell craHa; P; — cuia mpokaTku B i-od
kietu crana). CoOmoJieHHe yKa3aHHOT'O YCJIOBHSA, KaK IMOKAa3ald BBIIOI-
HEHHBIE PACYeThl HAINPSHKEHHO-Ie(OPMUPOBAHHOTO COCTOSIHUSI BAJIKOBBIX
Y3JI0B, NO3BOJISIET MUHUMU3HPOBAThE HECOOTBETCTBUE APYT APYrYy 3HAUCHUN
YIpyrux mnporu6oB BaynkoB otnensHeIx kiereit HCXII. Oto, B cBoto ove-
penb, obecrieunBaeT Takue yCcioBHs JedopManyi monoc, KOTopsle Crocoo-
CTBYIOT CHIXKEHHIO HEIUIOCKOCTHOCTHU MPOKATa.

C noMoIIbio pa3paboTaHHONW KOMITBIOTEPHOH MPOrpaMMBbl BBITIONHIIIN OI-
THUMH3ALHIO peKrUMa o0kaTHii riostockl cedeHreM 0,35x1020 MM 13 cranu Mapku
08kn Ha uetsipexkiiereBomM HCXIT 1700 [TAO «MMK wum. Wnbuday. Ananus
TIOJTY4EHHBIX PEe3YJbTAaTOB MOKa3ajl, YTO paclpesiesieHHe OTHOCHTENBHBIX O0Ka-
il Metawia no kieraMm jgaHHoro HCXII, cooTBercTByOIee paBEHCTBY
P=const, mo cpaBHeHHIO cO citydaeM, B KoTopoM PZconst, criocoOcTByeT He
TOJBKO YMEHBILEHHUIO HETUIOCKOCTHOCTHU MOJTy4aeMOr0 MPOKaTa, HO ¥ CHIDKEHHIO
TIOKa3aTelsl y/elbHON SHEProeMKOCTH Tporiecca JedopMary.

CIIOCOBBI DHEPTOCBEPEXXEHUSA
IIPU IMMPOU3BOACTBE XOJIOJHOKATAHBIX ITOJIOC

H.A. Ceasmou, acnupanm, T BY3 «[II'TY»

W3 Bcex crocoboB rmacTuyeckoil aedopMalii METJUIOB XOJIOIHAs TPo-
KaTka siBIsieTcs Hanbosee sHeproeMKkoid. CriesoBaTellbHO, COKpallleHHe pacxo/a
ANIEKTPOIHEPTHH HA JINCTOBBIX CTAHAX XOJIOIHOM TPOKATKH SIBJISETCS aKTyaslb-
HOM 3a/ia4eil. B COOTBETCTBUM C 3THM MPOAHATM3UPOBATIM HEKOTOPBIE U3 U3BECT-
HBIX CIIOCOOOB SHEProcOepeKeHHs! TIPY PONU3BOJICTBE XOJIOJHOKATAHBIX TTOJIOC.

B pesynbraTe aHamm3a BBIICTWIN TaKUE CIIOCOOBI YMEHBIICHUS SHEp-
ro3aTpar Ipy JIMCTOBOM NIpokKaTke: 1) acMMMeTpu4Has MpOKaTKa C pacco-
TJIACOBAHUEM OKPYXKHBIX CKOPOCTEH BEPXHETO U HIDKHETO PabOounX BAJIKOB
B KJIETSAX, UMCIONINX HWHAWBHUIYATbHBIH NPUBOM (KHHEMATHYCCKas acHM-
METpHs), WIU C Pa3HBIMU KO3 QUIIMECHTAMU TPSHUS HA BEPXHEH U HIKHEH
KOHTAKTHBIX TMOBEPXHOCTSAX (KOHTAKTHAs aCUMMETPHs); 2) YMCHBIICHHC
nuaMerpa pabodyMx BajKOB B 2-3 pasa IO CPABHCHUIO C TPATUIIMOHHBIMU
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KOHCTPYKIUSIMH LIMPOKOITOJIOCHBIX CTAHOB M MEPEHOC INIABHOTO IMPHBO/IA C
pabounx Ha ONOpPHBIE BAJIKW; 3) ONTUMH3ALUS PEXUMOB O0XKATHUH U MEX-
KJIETEBBIX HATSHKEHHH; 4) TPUMEHEHNE TEXHOIOTHIECKIX CMa30K.

ITo nanueiM B.A. HuxonaeBa ncnonb3oBaHie KUHEMATHYECKON U KOH-
TAKTHOM aCMMMETPHM NpH JIMCTOBOM MpokaTke (cM. crocod 1) cHmkaer
CHJIOBBIE TapaMeTphl mponecca Ha 5—15%. M3meHnenne KOHCTpYKIMK pado-
YUX KJIETEH JINCTOBBIX CTAaHOB XOJIOJAHOW MPOKATKHA (CM. CIOCO0 2), Kak
ormeuaer J.A. ['apOep, obecrieunBaeT IKOHOMHIO 3JIEKTPOIHEPTHU OT 5 10
40%. Uccnenosanus S1.J1. Bacunesa (cM. criocod 3) mokasaiu, 4ToO yBElH-
YeHHE OTHOCUTEJIBHBIX HANPSHKEHUH HATSHXKEHUS OT TIEPBOTO K MOCIEAHEMY
MEXKKJIETEBBIM MTPOMEKYTKAM CHIDKAET pacxo/] dJeKTposHeprun Ha 2-10%,
a yMEHbBIIICHHE OTHOCHTEIIBHOTO O0KaThsl OT IIEPBOM KIIETH K IMOCIEaHEeH
obecrieunBaeT MOHKEHNE CyMMapHOH MOIITHOCTH UX NPUBOIHBIX JIBUTaTe-
neid. Beicokas sdexruBHOCT 4-T0 criocoba sHEprocOepeXeHHus IpH XO-
JIOMHOM MpOKaTKe JoKa3aHa pe3yabTaramMu 3kcrepumeHToB A.IL I'pynesa,
B.T. Tunuka, O.I1. Makcumenko, B.W. KannanoBa u 1pyrux y4eHsbIX.

Hcnonp3oBanue 1-ro u 2-ro criocoboB sHeprocoepexeHus: 3PpQPpexTrB-
HO, HO JUIsl HENPEPBIBHBIX cTaHOB XonoAHoi npokatku (HCXII) Ykpaunsr
TpeOyeT (PMHAHCOBBIX 3aTpat, NPEkKAE BCEro M3-3a HEOOXOAMMOCTH U3Me-
HEHUS! KOHCTPYKIMH KiieTed. [103TOMy CHIKEHHe SHepro3arpar B YCIOBHSIX
nmauaabeix HCXII menecooOpa3Ho B MEPBYIO OYEpENb 32 CUST ONTHMH3AIIUS
PEKUMOB 00KaTHUil M MEXKIIETEBBIX HATSHKEHHH, a TaKKe HCITOIb30BAHMS
3¢ (EKTUBHBIX TEXHOJIOTHYECKIX CMa30K.

HNCCIIEJOBAHUME BJINSAHUSA ITIOPAJIKA 3ATPY3KHU
MUXTOBBIX MATEPUAJIOB ITPU ®OPMHUPOBAHUUN UX
BBICOKHUX CJIOEB HA PACIIPEJEJIEHUE PY/IHBIX HAI'PY-
30K IO PAJIANYCY KOJIOIITHUKA TOMEHHOM NEYX

B.B. Cemaxos, accucmenm, I BY3 «[II'TY»

@dopmHpoBaHHE BBICOKHX CJIOEB KOKCA M IKEJIE30PYJHOTO CHIPhS B
CTOJIOE IIMXTOBBIX MaTEPHAJIOB CIIOCOOCTBYET MOBBIIICHUIO MPOU3BOIUTEINb-
HOCTH JoMeHHBIX nieuedt (JII1) u cHmKeHuIo yaeapHOro pacxona kokca. J{s
obecrieueHns! palMOHAIBHOTO PacIpeIeieHUsl Ta30BOr0 MOTOKA 110 pajuycy
KOJIOIIHUKA HEOOXOJJMIMO BBIJIEP)KUBATH OIPEAEIEHHOE COOTHOLIEHUE MEXITY
KOJIMYECTBOM PYAHOW IMUXTHI M KOKCA, XapaKTEPHU3YIOIICeCS BEITUUMHON
pyanoii Harpysku (PH).

B naGopaTOpHBIX YCIOBHSX HA CEKTOpHOW Momenu KomomrHuka J[IT
(M 1:10) uccnenoBaHo paauabHOE pacIpenesieHue oTHoCUTebHbIX PH mpu
Pa3IMYHBIX IUKIIAX 3arPy3KH, 0OECIIEUNBAIOIINX IT0CIEI0BATEIBHYIO MTOJaqy
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B I1€Yb 4 CKUTIOB OTHOPOIHBIX MaTepHalioB (puc.):
AAAA _2_AAA¢ 3 KAAL _4_KKA¢ s A4

9 s 2 9 s~ s

KKKKL  AKKKKL  AAKKKL  AAAKKY  AAKKKK
YTO MO3BOJISIET (POPMHPOBATH BEICOKUE TA30IPOHHIIAEMBIE POCIIONKH KOKCA.
Pe3ynbraThl 3KCIIEPUMEHTOB, NPEACTABICHHBIE HA PUCYHKE, MOKA3ajH,
YTO pasfenabHas 3arpy3ka yBEIMUYEHHBIX IIOpIMHA arjiomepara U KoOKca
(tmka 1), kotopast npumensercs B foMeHHOM 1iexe [TAO « MMK um. Unbu-
ya» ¢ 2001 r., Ipy NOBBILIEHUH PYAHONW HArpy3ku 10 4,8 Kr / KI' KOKca CIio-
COOCTBYET OTHOCHTENIHFHO PaBHOMEPHOMY €€ paclpe/ielieHHIO TI0 CEKTOpaM
KOJIOIIHMKA C HECKOJIBKO pasrpyxeHHoil mnepudepueir PH; = 0,79 n. en.
(xpuBast 1). IlpuHMManoch, YTO TPHU OTHOCHUTEIHHOW pPYIHOH Harpyske
PH < 1, koropas paccuuTbiBajiach Kak oTHomeHue ¢axrnieckoid PH B i-om
CEKTOpe K PYAHOM Harpys3ke 3a MOJHBIMA IMKI HOAay, ra30lpOHHIAEMOCTh
CIOsI IIMXTHI TOBBIIIEHHAs, a pu PH > 1 — noHmwkenHas. OgHako upe3Mep-
HOE pa3BHUTHE Nepru(epuifHOro MOTOKA Ta30B MPHUBOAUT K MEPepacxoy KOK-
ca. Kpome Toro, 3arpy3ka medu pas3ielbHbIMU YTSDKEIEHHBIMU IOJa4YaMU
HCKIIIOUAeT PEeryJupoBaHHUE paclpeesIeHUs] MaTepuajoB IO pajuycy Ko-
JIOUTHHMKA U3MEHEHHUEM MOpAKa 3aTPy3KH PYAHBIX U KOKCOBBIX CKHIIOB.

CcopmupoBaTh BBICOKHE CIIOW OJHOPOJHBIX MaTepHalioB BO3MOXKHO
MOCTIEI0BATENBHON 3arpy3K0il HECKONBKUX CKUIIOB PYAHBIX MAaTEPUAIOB WIN
KOKCa B LIUKJIE MOfay, HAlPUMEp, YETHIPEX CKUIIOB OJHOPOJHOrO MaTepuaa
B IIUKJIE U3 JIBYX Nojad. Pa3iauuHble [UKIIBI, COCTOSIINE U3 TPEXCKUIIOBOH U
MATUCKUIIOBOM MOfay, NpuBeieHs! Boite: Ne 2-4.

3arpyska pa3aeiabHON TPEXCKUIIOBOW MOJauu arimomMepaTa COBMECTHO CO
CMEIIaHHOM MATUCKUIIOBON Mojavyel, B KOTOpOi MEPBHIM 3arpyxKaercs OfuH
CKUII arjioMepara, a 3aTeéM YeThlpe CKUMa KOoKca (LUK 2), pa3rpyxaeTr Cek-
Top, Haxomsamuiics y ocu AI1 (OIT), PHs = 0,18 1. en., moarpyxas nepude-
puto PH, =1,07 1. en., u xapaktepuzyercsi IBYMsI PYAHBIMH TpeOHIMHU
PH, = 1,37 n. en. u PH, = 1,07 1. en. (BonmrOBOE pacnpenencHue PH). B npo-
H3BOJICTBEHHBIX YCIOBHUAX MPUMEHEHUE JAHHON CHUCTEMBI 3arpy3KU HECKOJb-
KO CHI)KAeT NPOU3BOAUTENBHOCTh Meuu. PalmoHanbHOE paaualibHOE pac-
npenencane PH obecnieunBaer mukn Ne 3, Goiee paBHOMEPHO TOATPYXKA0-
mui nepudepuitHyIo U pacKpbIBaIOLIUN OCEBYIO 30HBI, MPU OOJBIIEM pac-
kpoituu nentpa (PHs = 0,15 1. en.) ¢ makcumansaoli PH; = 1,24 n.en. B
MIPOMEXYTOYHOH 30HEe U NOoHWKeHHOoH y creH PH; = 1,03 1. exn., uTo croco0-
cTByeT ()OPMHUPOBAHUIO YMEPEHHO pa3BUTOro mepudepuitHo-oceBOro raso-
BOro 1ortoka. llenecooOpa3Ho MPUMEHSITh JaHHBIA UK M0Ja4 COBMECTHO C
MEPUOINUECKON 3arpy3Koi pa3felbHOM ABYXCKUIIOBOM MOJA4M arjioMepara
AA |, moarpyxatoiei nepudeprio, HapuMep, NOCe MSTH TTOTHBIX IUKIIOB.
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Pucynok 1 — Pacnpenenenue pyaHbIX Harpy30k o CEKTOpaM MOJENIH KO-
JIOUTHHKA

Hukn Ne 4 B Gonbleid Mepe pasrpyxaer nepudepuitHyro 30Hy, MaKCH-
MaJbHO MOArpYyKas mpomexxyTrounyo — PH; = 1,66 1. ea. u mpuseraromyo
Hel 4acTh LEHTPaIbHOM, IpH packpbITHu oceBoi 30HbI (PHs = 0,23 1. en.).

HawnbGonpiemy packpbITHIO IIeHTpa crocoOcTByeT UKy Ne 5, coctosi-
U U3 pa3JesIbHON JIBYXCKUIIOBOM MOJAYM arjoMepaTa U CMELIaHHOW Iie-
CTHCKHUITOBOM MOAA4YM, B KOTOPOH IEPBBIMU 3arpyXaroTcsi ABa CKUIIA aryio-
MepaTa, a 3aTeM 4YeThIpe CKHIa Kokca. [Ipy 3TOM OTHOCHTENbHas pyaHas
Harpy3ka B rmeHtpe cocraBisier 0,04 m. en., a Ha mepudepun — 1,16 1. en.
JlaHHas cucTeMa 3arpy3ku CrocoOCTBYeT (POPMHUPOBAHUIO OCEBOTO I'a30BOTO
TIOTOKA, CIOCOOCTBYIOIIEro Oonee SKOHOMUYHON paboTe IedH.
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BAKHOCTD PASPABOTKU HOBBIX EHEPI'O®®EKTUBHbIX
TEXHOJIOT' A BHIIIVIABKM KOHBEPTEPHOM CTAJIA

11.C. Xapnawwun, npogpeccop, C.A. I'epacun, acnupanm, I BY3 «[II'TY»

B Hacrosimiee BpeMsS B METAJUTYPrUYCCKON MPOMBIIIICHHOCTH 3HAYH-
TENIHO 000CTpUIIach KOHKYPEHIUSI U CTPEMJICHHE CHU3UTH Ce0eCTOMMOCTh
METAJIONPOIYKIIMU MTyTEM 3KOHOMHHU JHEPrOpECypCOB, MaTepPHajoOB, TOBEI-
IICHUEM KOMIDICKCHBIX eHeprod((eKTHBHBIX TEXHONOTHIA BEHIIUIABKU CTAJIH,
YMCHBIIICHUS TPOJIOJDKUTEIEHOCTH MPOCTOEB, CHMKEHUS OTXOJOB H TOBHI-
IIEHHs] KauecTBa TOTOBOM MpPOAYKIMH. TakuM oOpa3oM sHepropecypcocoe-
PEXEHHE BBIXOIUT MPAKTUYCCKH Ha MEPBBIN IUIaH B pabOTe MPOU3BOJICTBCH-
HBIX TIPSINPUATHA U HAYIHO-UCCIIEIOBATEIBCKIX OpPTraHU3aIHi.

[MoTpedHOCTH MeTanonoTpeONAomuX oTpacield HPOMBIIUIEHHOCTH
HETPEPHIBHO BO3pacTaroT. J[si MoydeHUs BBICOKOKAYECTBEHHBIX MAapoK
CTaJli HEOOXOJMMO YYUTHIBATH MHOXKECTBO (DAKTOPOB, KOTOPBIC BIHSIOT Ha
KOHEUHYIO IPOAYKIHWIO. YIIydllleHHe KayecTBa MOIy4aeMOW MeTasuIonpo-
JIYKIIMA HEMOCPEICTBCHHO CBSA3aHBI C Pa3BUTHEM U COBEPIICHCTBOBAHHUEM
TEXHOJIOTUH BBHIIUIABKU CTAM B KUCIOPOIHBIX KOHBEPTEPax, BHEMCUHOU 00-
paboOTKK METaJUIOB M pa3yiuBku cTamu Ha MHII3.

I'pamMOTHBII aHaNKM3 CTaJIEIUIaBUIILHOTO MpoOIiecca, a TaKXKe MUCCIenoBa-
HUE U pa3paboTka KOMIUIEKCHON 3HEepProd((eKTUBHOW TEXHOJIOTHH KOHBEP-
TEPHOTO IPOU3BOJCTBA CTAIH, MOXET JaTh BO3MOXKHOCTH JIOCTHYH OIITH-
MaJbHBIX KOHEYHBIX MapaMEeTPOB TEXHOJIIOTHYECKOro Mpollecca MpU MUHU-
MaJbHBIX MAaTEPUATBHBIX U SHEPTCTUUCCKUX 3aTpaTaX, a MPUMEHCHHE HOBOU
TEXHOJIOTHH B MPOU3BOJICTBO MTO3BOJIHT:

— CHU3HTH Ce0CCTOMMOCTh KaYECTBEHHBIX U IPYTUX MAapOK CTally;

— COXPaHUTh JHEPTETHICCKUE U MATEPUATBHBIC PECYPCHI;

— YIYYIIATH TApaMETPBI TEXHOJIOTMIESCKOTO TPOIECCa BBITUIABKU CTaJIH.

OBECIHEYEHUE MOBBIILIEHHON OBPABATBIBAEMOCTH
PE3AHUEM BBICOKOXPOMUCTBIX YYT'YHOB C AYCTEHUT-
HOM CTPYKTYPOU

FO.I". Yabak, cmapuni npenodasamenv, [ BY3 « [II'TY »

BBICOKOXPOMHUCTBIC YYT'YHBI C AYCTCHUTHOH CTPYKTYPOH MATPHIBI 00-
JaJaloT IUIOXOH 00pabaThIBa€MOCTBIO PEe3aHHEM, YTO CBSI3aHO C BBICOKOM
CKJIOHHOCTBIO ayCTeHHUTA K YIpouHeHHIo rmpu aedopmanun. [Ipodbnema mpu-
CYTCTBUSI ayCTEHHTa B CTPYKType OCOOEHHO aKTyaibHa Juisi oOpabaThiBae-
MOCTH PE3aHHEM BBICOKOXPOMHCTBIX UYI'YHOB, JOITOJHHUTEIHHO JIETUPOBAH-
HBIX 3JIEMEHTaMH, PAaCHIUPSIOMUMH Y-001acTh (Mn, Ni, Cu) U CHIKaroum-
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MU TOYKY Hayaja MapTeHcuTHoro mpespamenus (290X12I5, 220X 1412H,
330X18T3CM, 210X12I'5, UX15T4TIO u 1.1.); conepkaHue ayCTEHHTa B
METAJIMYECKON MaTpulle TakuX 4yryHoB MoxkeT gocturath 100 %. Cran-
JIApTHBIE PEXUMBI CMsTYaroniel TepMooOpaboTKy He TPUBOIAT K TIOTHOMY
Pa3JIOKEHUIO aYCTEHHWTa BBHIY €TI0 BBICOKOW YCTOWYHMBOCTH K pacmany o
TIEPIINTHOMY MEXaHU3MY.

Lenbro paboTHI SIBJISIICS MOMCK HOBBIX HEProcOEperarommx pexuMoB
TIpe/IBApUTEIBHON CMsIrJaromieil TepMuueckoil o0paboTku, obecneynBaro-
KX TIOBBIIIEHNE 00pabaTHIBAEMOCTH pEe3aHHEM OTJIHMBOK 3a cYeT (HhopMH-
pOBaHMSI ONTHMAaJBHON MHKPOCTPYKTYpHl. B Xone wuccnemoBanuii Obuin
WCIIONIb30BaHbl MeTaiiorpaduuecknii aHajau3, UCIIBITaHUsI Ha TBEPJOCTh U
00pabaTHIBAEMOCTh PE3aHUEM.

B pesynbTate npoBeneHus SKCIIEPUMEHTOB H3yYHIIN KHHETHKY (ha30Bo-
CTPYKTYPHBIX U3MEHEHUH B JIATOM BBICOKOXPOMHCTOM YYI'YHE B XOJE BBI-
NIEPXKKH B CyOKpUTHYECKOM HHTepBasie Temmeparyp (350-700 °C). Ucciemo-
BaH 4uyryH cocrara: 2,70 % C; 2,20 % Mn; 0,55 % Si; 14,55 % Cr; 0,93 %
Ni; 0,39 % Mo; 0,38 % V; 0,11 % Ti. C npuMeHeHHeM MHUKPOCTPYKTYPHOTO
Meroja nocrpoeHa C-nuarpaMma pacrazia nepBOpoIHOro (JIUTOr0) aycTeHHU-
Ta B YyryHe. Y CTaHOBJICHO, YTO B MpeJesiax BBIIEPKKH 10 25 4 mpeBparie-
HME ayCTEHHTAa MPOTEKAET JIMIIE B obnact Temmeparyp 550-700 °C ¢ o6pa-
30BaHUEM 3BTEKTOMJIA, COCTOSILEro M3 (eppura 1 KapOUAOB IEMEHTUTHOTO
TUITa BOJIOKHUCTOW WM IIacTUH4YaTod Qopmbl. KuHerndecknii Makcumym
npespanienust coorBerctByeT 650 °C, MHKYOAIMOHHBINA IIEPUOM HPU 3TOU
TEMIIepaType COCTAaBJSIET 5 MHH, 3aBEpIIEHUE NMpEeBpalleHHs] (PUKCUPYETCS
nocie 8 4 Beiiepxkku. O6pasoBanue 3BTexTonna npu 700 °C conpoBoxaaeT-
cs BBIJICTICHUEM U3 ayCTEHWTa BTOPHYHBIX KapOunoB. [ToBTOpHAs BIIEpkKa
4yryHa ¢ 3BTEKTOMIHOM Matpuiei mpu 650-700 °C B Teuenue 10 25 4 co-
TIPOBOXKAAETCS TONHOM ceponansaneld ¥ Koaryisiued 3BTEKTOMIHBIX
BKJTFOYEHUH, YTO NMPUBOAUT K (POPMHUPOBAHHIO (DEPPUTHOM MATPUIIBI C 3EPHU-
CThIMU KapOupmamu cpeqauM nuamerpom 0,225-0,280 mxMm. B mpomnecce mo-
BTOPHOH BBIJIEPKKH M3MEHEHHSI THIA KapOHUIOB HE TIPOUCXOJIHT.

DHeprust akTuBaly (popMOU3MEHEHHUsI KapOUTHBIX YaCTHUI] COCTABIISIET
73,14 x/I>x/Moi1b, UTO yKa3bIBa€T HA KOHTPOIUPYIOLILYIO poiib (dy3un yr-
nepona B (eppure B mporieccax CEpOUTU3aUN U KOATYJISAIIHA YBTCKTOH/I-
HBIX KapOumoB. B pe3ynbTare ABOIWHOI BBIAEPKKH B 00JIACTH CYKPUTHYECKHX
TeMIIepaTyp TBEpJOCTh uyryHa cHinkaeTcs 110 38-41 HRC, uto obecrieunBaer
YYT'YHY yIOBJIETBOPUTEIBbHYIO 00padaThIBAEMOCTh PE3aHHEM.
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OKATHBIIIEN C 3AKATAHHBIM BHYTPb TBEP/IbIM TOILIMBOM

E.B. Yynpunos, accucmenm, @.M. JKypaenes, doyenm, B.I1. Jlantoxk,
npogeccop, /[.A. Kaccum, doyenm, U.A. Jlaxosa, doyenm, M.O. /lroba,
Kpusopoorcckuti memannypeuueckuii uncmumym, I BY3 «KHY»

VY enbHbI pacxo/l KOKCa Ha CEroHSIIHUM JeHb SIBJISETCS CaMOM TIaBHOM
3aTpaTHOM CTaThel NpHU BBIUIABKE YyTryHA. B CBS3U ¢ 3TMM, TEXHONIOIMM YacTHU-
HOH 3aMeHBbI METAJUTYpPrUdecKoro KOKCa B JIOMEHHOW IUIaBKE APYTMMH BHIAMH
MeHee Je(UIMTHBIX U MEHee JIOPOrOCTOSIIIMX TOTUIMB — MEPCIIEKTHBHOE HaIpaB-
nieHvie. BBoz B IOMEHHYIO 11e4b TOIUIMBA B COCTABE OKYCKOBAHHOTO JKEJIE30py/IHO-
ro Marepuaia SHeprod(eKTHBHO MPH YCIIOBUH COXPAHEHHS WIH YIIydLICHHS Me-
TAJUTYPrHYECKUX XapaKTEPHCTHK 3TOr0 MaTepuaia. J{Jist CoBepIIeHCTBOBaHHS TeX-
HOJIOTMH TIPOM3BOJICTBA M CHIDKEHMSI KOITMYECTBA BBIT'OPAIOIIErO YIIeposia BHYTPH
OKATBIIIEH TPOBE/ICHBI UCTIBITAHKS, TIOKa3aBIIle BO3MOKHOCTD TTOTYYEHHs] OKa-
TBHILIEH, OTBEYAIONIMX TPEOOBAHMSIM JOMEHHOH IUIABKH C MHHUMAIBHBIM YCIIOK-
HEHHEM TNPHUHSATOrO POMBIILIEHHOH TEXHOIOTHH TTOTYYEHHUS ¥ TEPMOYTIPOYHEHHUST
OKATBIIIEH, a TAKKEe MAKCUMAIbHBIM COXpPaHEHHEM OCTATOYHOTO YIJIeposia TBEpIO-
T'O TOIUIVBA B COCTAaBE OKATHIIIIA [TOCIIE €r0 TEPMOYIPOYHEHHS M OXJIAXKICHHL.

JL1st Mcnomnb30BaHus B OKAThIIIAX BBIIESIICS aHTpalUT KpymHocThio 0-10
MM. YacTuiis! KpymHOCTBEO 1,5-10 MM BBITIONHSIIN PONb 3apoAbler, a < 1,5 MM -
HAKATHIBAJIMCh HA HUX BMECTE C IIMXTOH. BhyIeieHHOE TOHBO 00padaThBAIOCh
BOJIHBIM PacTBOPOM HATPUEBOrO WM aMMOHHEBOI'O JIMTHOCYITh()OHATA ISl TIOBBI-
IIEHNS THAPOQWITBHOCTH MOBEPXHOCTH YrONBHBIX YacThil. CMellaHHasi C aHTpaly-
TOM HIMXTa JI03UPOBATIACH B OKOMKOBATEJb, T/ ITOTYYaJIH ChIPIE OKATHIIIIH.

HcnbITanmst mokasaiy, 9to rociie 00paboTKH aHTpaITa peareHToM IIpH Oll-
THMAJIEHOM €r0 YIEJIEHOM PacXojie, B MPOLIEcce TTOTyYeHHsI OKaThIIIEH B YallleBOM
OKOMKOBATeJe, PY OJMHAKOBOW €ro MPOM3BOAMTEILHOCTH M TPU TPAKTUIECKH
OJIMHAKOBOHM BJIQYKHOCTU TIONYYEHHBIX CBHIPBIX OKATHINICH, KOJMYECTBO T'OIHOM
(paximn (8-20 MM) B CBIPBIX OKATHIIIAX C TIOTHOCTHIO 3aKATAHHBIM aHTPAITUTOM
cocraBmwio 92,3-94,1 %, a MX NPOYHOCTHBIE XAPAKTEPUCTUKH MPAKTUIECKH ObUTH
AHAJIOTMYHBI CHIPHIM OKATHIIIAM O€3 TBEpOro TOIwvBa. bez 0OpaboTku TommBa
JIMTHOCYITH(h)OHATOM B OKATBIIIIH 3aKaThIBATIOCH BCero 32,8 % KyCOUKOB aHTpalyTa,
a UX MPOYHOCTHBIC XapaKTECPHUCTHKY ObUTH HIDKE 0a30BBIX.

B xone ncnibiTanmii onpenenieHbl ONTUMAaTbHBIE 3HAUEHHs! YIIEBHOTO Pacxo-
Jia peareHTa Jyisi 00paOOTKH aHTPAIUTA W HAKATHIBAHKS IIIMXTHI HA BCE €ro KyCOU-
KH, 0TpabOTaHbI TEXHOJIOTMYECKHE MapaMeTpbl M3MEHEHHs THIPOQOOHOI MoBepX-
HOCTH aHTpalTa Ha THAPO(QWIPHYIO W PEXKUMBI TOTYYEHUsT CHIPhIX OKATBIIIEH
HEOOXOMMBIX TPAaHYJIOMETPHYECKOr0 COCTaBa M ITPOYHOCTHBIX XapaKTepPHCTHK
JUTs1 TIOCTIETYIOIIETO MX TEPMOYITPOYHEHHSI.
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E.B. Yynpunos, accucmenm, @.M. JKypaenes, doyenm, B.I1. Jlmok,
npogeccop, /[.A. Kaccum, doyenm, U A. Jlaxosa, doyenm, H U. Kpaguyx,
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IpoBeneHa oTpaOOTKAa TEXHOIOTMH TMOMYdEHUsS O(IIIOCOBAHHOTO OKYCKO-
BaHHOTO MaTepHaja, B MAaKCUMaJIBHOW CTETICHH OTBEYAIOLIEro TPEOOBAHHSM
JIOMEHHOH Tu1aBKu. [10oAroTaBIMBAINCE JIBE IMXTHI ISl TIOMYYESHHs ChIPBIX OKa-
THIIIEH C BBICOKOM M HU3KOW TemmepaTypamu IuaBneHus. [lluxra mist nomyde-
HHMS! CBIPBIX OKATHIIIEH C B.T.I.. ObUIa HU3KOOCHOBHOW, CMEILIMBAIACH C aHTpallH-
TOoM KpyrnHOcThio 0-10 MM, 00paboTaHHbIM pearenToM. [lluxTa 1 momydeHust
CBIPBIX OKATHIIICH C H.T.I.. ObUIa BRICOKOOCHOBHOM. I3 KaXKI0i IIMXTHI MMOTy4Ja-
JIM CHIPBIE OKATBIIIN HEOOXOMMOM KPYIHOCTH: C B.T.IL. - 14-20 MM, a ¢ H.T.II. - 8-
14 MM, TIOCITE Yero MX CMEIINBAIIH TIepe]] TEPMOYIIPOYHEHHEM B OIPE/IE/IEeHHOM
COOTHOIICHHH TSI TIOJTYYEHHsI TIPOAYKTa 3a/ITAHHOH OCHOBHOCTH.

CMech CHIPBIX OKATHIIIEH 3arpyskajiack cioeM Bbicotoi 300 MM B 00KHTO-
BYIO Yallly M ITTOABEprajiach TEpMOOOPaOOTKE, BKIIOYAOIIYIO CYIIKY, HArpes,
BBICOKOTEMITEPATYPHBIN 00KUT 1 oxJaxaeHne. OTpabaThIBaIN pa3HbIE PEKIMBI
HarpeBa 1 OXJIOKACHHS TIPY OIMHAKOBOH MPOJOIDKUTENBHOCTH 00xwura. [lokasa-
HO, YTO NPH YBEJIMYEHNN CKOpPOCTel HarpeBa 1 oxiaxaenus 10 500-600 °C/Mun.
cojiepkKaHMe OCTaTOYHOTO YIVIEpo/a B CHeKax Bo3pacrtaer Jio 2,5 %, yBennuuBa-
eTcsl colepyKaHue JKellesa M 3aKUCH JKene3a B TOTOBOM MPOJYKTE, BO3pPAcTaeT
yJe/TbHas MPOM3BOIUTENLHOCTE ofkuroBoro arperata (¢ 0,87-0,96 ™4 10
1,51-1,67 T/M*4) ¥ CHIDKAIOTCS Y/ICNBHBIE PACXOJIBI SHEPTOHOCHTEIIEH.

[IpouHOCTHBIE XapaKTEPUCTUKH CIIEKOB C OCTATOYHBIM YIJIEPO/IOM MPAKTH-
YeCKH OCTAIOTCS TAKUMHU e, KaK M CIIeKoB Oe3 yIiieposia, a CBOICTBA B IpOLECcce
BOCCTQHOBHTEJILHO-TEIUIOBOM OOpaOOTKHM CIEKOB C OCTaTOYHBIM  YIIIEPOJIOM
yayumarores. Tak, IpoYHOCTs NPHU BOCCTAHOBNIEHUH Bo3pactaer ¢ 92,3 % no
92,8-95,4 %, a ucTupaeMoCTh MPU BOCCTAHOBJIEHUU CHIKaeTcs ¢ 4,7% 1o 4,6-2,7
%. YBenuuuBaeTcs MpU 3TOM M CTENEHb BOCCTAHOBIIEHUS CIEKOB ¢ 87,5 % 1o
90,2-93,8 %. YTOI eCTECTBEHHOTO OTKOCA CIIEKOB C OCTATOYHBIM yIiteposioM (37-
41 rpaj.) aHaJIOrMUEH arjioMepary | criekam 0e3 yriepoza. Mcxoxns u3 momyueH-
HBIX JIAHHBIX NP UCTIBITAHUH PEKHMOB TEPMOOOPAOOTKH CMECH BBICOKOTEMITE-
PaTYpHBIX ¥ HU3KOTEMITEPATYPHBIX CBHIPBIX OKATHIIIEH, BO3SMOKEH BBHIOOp OINTH-
MaJIbHBIX TapaMeTpoB JUIsl TOMYYEHWsI TOTOBOTO IPOJYKTa - O(IIIOCOBaHHBIX
JIOKAJIbHBIX CIIEKOB C OCTATOYHBIM YIJIEPOIIOM C IIENTbI0 00ECTIeueH s 3aJaHHbIX
PEKUMOB JIOMCHHO! TTABKH, 0OCCIICYMBAIOIINX €€ MAKCHMATBHYIO TIPOM3BO/IH-
TEJBHOCTh M MUHUMAJIBHBIH YACNBHBIA pacxo]] KOKca.
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