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AHANU3 BNNAHUA NETUPYIOWWX SNIEMEHTOB
HA NMNIOTHOCTb CTAJIU

BapBapa lNetpoBHa Qununnosa’, kaHa. ¢us.-mar. Hayk, UBaH Bopucosuy Yyaakos',
KaHA. du3.-mart. Hayk, EneHa HukonaeBHa bnuHoBa’, kaHg. dpur3.-maT. Hayk,
CraHucnas leopruesuy lonosaues’, Oner AnekcaHgpoBuy baHHbIX?, O-p TexH. HayK, akad. PAH

"HNNuepmem um. N.M1.bapouHa, Mockaa, Poccus
2 lHcmumym memarnnypauu u MmamepuanogedeHus um. A.A. batikoea PAH, Mockea, Poccus
E-mail: varia.filippova@yandex.ru, i-chudakov@yandex.ru, blinova_en@rambler.ru, golstar@mail.ru

AHHoOTaumA. Pa((ManI/IBaIOT(ﬂ d)aKTOpr, OTBETCTBEHHbIE 3a BINAHIE NETUPYIOLLX INEMEHTOB Ha NNOTHOCTD CTajn. I'IpennaraETCﬂ KpuTepuid,
MO3BONALLNIA OLEHUTb NAOTHOCTb CTAN B 3aBUCUMOCTIA OT XMMIYECKOrO COCTABa 1 COOTHOLLIEHNSA CTPYKTYPHbIX KOMMOHEHTOB. ”pMBOAﬂTCH
MCX0MIHbIE CNPaBOYHbIE AdHHbIE ANA KONMYECTBEHHbIX PAaCYETOB MJIOTHOCTY CTaNN.

KntoueBble cnoBa: CTarib, NII0THOCTb, JlETMpyIoLLVe 3neMeHTbI, Ga30Bblii COCTAB, KPUCTANIMYECKAR CTPYKTYPa

ANALYSIS OF THE INFLUENCE OF ALLOYING ELEMENTS
ON STEEL DENSITY

Varvara P. Filippova’, Ivan B. Chudakov’, Elena N. Blinova', Stanislav G. Golovachev’,
Oleg A. Bannyh?

"I.P. Bardin TSNIIChermet, Moscow, Russia
2 Baikov Institute of Metallurgy and Materials Scince, Moscow, Russia

Abstract. The factors responsible for the influence of alloying elements on the density of steel are considered. A criterion is proposed to
evaluate the density of steel depending on the chemical composition and the ratio of structural components. The initial reference data for
quantitative calculations of steel density are given.

Keywords: steel, density, alloying elements, phase composition, crystal structure
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OOPMUPOBAHUE PACLLEMJIEHUI B MPOLIECCE YOAPHbIX
NCNbITAHUWN U UX BAVUAHWUE HA CONPOTUBNEHUE
PA3PYLLEHUIO MAJNIOYTNIEPOAUCTbIX TPYBHbIX CTAJEN

Opuir UBaHoBMY MaTpocoB’, i-p TexH. Hayk; Onbra HukonaesHa YeBckasn';
Hatanbsa BanepbeBHa KonsicHukoBa', KaHz. TexH. Hayk; Oner AnekcaHgpoBuY baHHbIX?,
O-p TexH. HayK, akag. PAH

"HNWNuepmem um. U.M. bapouHa, Mockea, Poccus
2 MlHcmumym memaninypeuu u mamepuanosedeHus um. A.A. batikosa PAH, Mockea, Poccus
E-mail: nkolyasnikova@yandex.ru

AHHOTaLMA. PaccMOTPEHbI YCI0BIA BO3HUKHOBEHINA pacLLiennieHuii B n3nomax yAapHbIX 00pa3LioB, 0TOOPaHHbIX OTINCTOB HU3KONETMPOBAHHbIX
(—Mn—, (-Mn—-V—Nb n (—Mn—Mo—-V—Nb-ctaneii, noaBeprHyTbIX KOHTPONMPYEMOIl NPOKaTKe. YCTaHOBINEHO, UTO B pe3ynbTate AedopmaLinm B
y+0- 11 0-06MacTAX B CTaNM BO3HUKaeT TekcTypa {100}< 110>, obycnanuBaloluas 06pasoBaHue pacLueneHuii, NPUBOAALLYMX K Pa3pyLUeHMH
110 TUNY «eCTECTBEHHOTO MHOTOCTIOAY, YTO CNOCOBCTBYET MOHIKEHUI0 TEMAEPATYPbl NePexoza K XpyNKoMy paspyLUeHto B NpoLiecce UCMbITaHui
Ha yapHyt BA3KOCTb.

KntoueBble cnoBa: HI3K0NETMPOBaHHbIE CTa/K, KOHTPOAMpYEMan NPOKaTKa, TeKCTYpa, paciLennieHus, MUKpPONEernpoBaHIe, aHu3oTponus,
XNafioCTONKOCTb

THE FORMATION OF DELAMINATIONS DURING IMPACT TESTING
AND THEIR INFLUENCE ON THE FRACTURE RESISTANCE
OF LOW-CARBON TUBULAR STEELS

Yuriy I. Matrosov', Olga N. Chevskaya', Nataliya V. Kolyasnikova', Oleg A. Bannyh?

"I.P. Bardin TSNIIChermet, Moscow, Russia
2 Baikov Institute of Metallurgy and Materials Scince, Moscow, Russia

Abstract. The conditions for the occurrence of delaminations in the fractures of impact samples taken from plates of low-alloy C-Mn-,
(-Mn-V-Nb and C-Mn-Mo-V-Nb steels subjected to controlled rolling are considered. It was found that as a result of deformation in the
y+a- and a-regions, a texture {100}< 110> appears in steel, causing the formation of delaminations leading to destruction by the type of
"natural multilayer", which contributes to a decrease in the temperature of transition to brittle fracture during toughness tests.

Keywords: low-alloy steels, controlled rolling, texture, cleavage, delaminations, microalloying, anisotropy, cold resistance
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AKTYAJIbHbIE BOMPOCDHI YTYHLLEHUA KAYECTBA
N CBOUCTB PEJIbCOBOW CTAJNIN*

Feopruii AHaTonbeBuy Gununnos’, 4-p TexH. HayK, Hapexxaa OneroBHa JiuBaHoBa',
Oner AnekcangpoBuy baHHbIX?, O-p TexH. HayK, akad. PAH

"UHUWNuepmem um. N.IT. bapouHa, Mockea, Poccus

2 lHcmumym memarnnypauu u MmamepuanogedeHus um. A.A. batikoea PAH, Mockea, Poccus

E-mail: igs 12@yandex.ru

* Cmamoes no Mamepuasnam 00k1a0d Ha 139 3ace0aHuu HeKoMMep4Yecko2o hapmHepcmaea «Pesibcosas
Komuccusi» 8 ceHmsbpe 2023 a.

AnHoTaums. B cTatbe paccMoTpeHbl BOMPOCHI POSIA UCMEPCHOCTIA CTPYKTYPbI BbICOKOYIMEPOAUCTO PenbCoBOiA CTanu B (OpMUPOBAHIM
MEXaHUUECKIX XapaKTepUCTUK PENbCOB, MEPCNEKTUBHbIX TEXHONOMI MIAKDONErIPOBAHIA, KaK CPE/ICTBA MOBbILLIEHNUS KCMNYATALIMOHHOI
CTOIKOCTY ¥ CONPOTUBNIEHNA 3aME/NEHHOMY XPYTIKOMY Pa3pyLLIEHIIo B CBA3U C 0C00EHHOCTAMIN 06pa3oBaHs CTPYKTYPHOI HEOAHOPOAHOCTH
NPV NPOU3BOAICTBE PENbCOB U3 HEMPEPbIBHONMUTOI 3ar0TOBKM.

KnioueBble cnoBa: pesibC0Bas CTajlb, HenpepbIBHONUTASA 3ar0TOBKA, MUKPOJIErPOBAHIE, MAPTEHCHT, NepsnT

TOPICAL ISSUES OF IMPROVING THE QUALITY AND PROPERTIES
OF RAIL STEEL

Georgiy A. Filippov', Nadezhda O. Livanova’, Oleg A. Bannyh?

"I.P. Bardin TSNIIChermet, Moscow, Russia
2 Baikov Institute of Metallurgy and Materials Scince, Moscow, Russia

Abstract. The article considers the role of the dispersion of the structure of high-carbon rail steel in the formation of mechanical charac-
teristics of rails, promising micro-alloying technologies as a means of increasing operational resistance and resistance to delayed brittle
fracture due to the peculiarities of the formation of structural heterogeneity in the production of rails from continuously cast billets.

Keywords: rail steel, continuous cast billet, microalloying, martensite, perlite
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PA3PABOTKA TEXHOJIOTMA CBAPKU TPEHUEM
AJNNIOMUHUEBDBIX CINJIABOB

Anppeir EBreHbeBny BanaHoBcKMiA, KaHA. TexH. HayK, Bnagumup IOpbeBny KoHloxos,
KaHA. TexH. HayK, Unba CepreeBny PemesoB

Upkymckul HayuoHaneHell ucciedosamesnbckuli mexHudeckut yHugepcumem, 2. ipkymck, Poccus
E-mail: fuco.64@mail.ru, konyukhov_vyu@mail.ru, remezilia@bk.ru

AHHoTaumA. PaccmoTpeHbl NpaKkTUYecKMe BOMPOChI CBAPKM TPeHWeM nepemeLLBaHieM anloMUHIEBBIX CNNaBoB. [na uccneosanna Goin
BbIOpaH NPOMBbILLAEHHBII TEPMUYECKM HeynpouHAeMblil AedopMupyemblil antoMUHIeBO—MarHueBblii cinas AMIS (3apybexHblii aHanor
— cnnaB 5083) B Bue NMPOKATaHHbIX MAACTUH TOALMHOIA 4,5 MM. JKCNEPUMEHT OCYLLECTBAANCA HA YHUBEPCaNbHOM (pe3epHOM CTaHKe,
U3MepeHna Temnepatypbl B 30He Harpea MpoBOAWMUCH C NOMOLLBI NUPOMETPA. MHCTPYMEHT, BpaLLaLMiicA No YacoBOil CTPeNike, C
Pa3NUYHON Yr0BOR CKOpOCTbIo 3arnybnanca B obpasel 0 KacaHuA 3anieuuka, Noce Yero BKAKUanacb NpofonbHas Nojaya ctona u
0CyLLeCTBAANACH (BApKA. Pe3ynbTaT UCMbITAHMA N0 KaX0My PeXuUMy CBapki npeacTaBAAn coboil cpefHee apudmeTuueckoe 3HaueHmit
npenena npoYHOCTI Tpex paspyLUeHHbIX 06pa3LioB. cnbiTaHuA Ha cTaTuyeckuii u3rub npoBoAWIN ANA onpeaeneHna CnocobHOCTIA (BapHOTO
C0e[IMHEHNA BbIAEPKIBATb 3aJaHHYH0 MAACTUYECKYlo AedopMaLiio ANA OLEHKU NpefenbHOR NNacTMYHOCTM MeTanna npu usrube. B xope
MPOBEAEHHbIX UCCNIeZ0BAHMIA YCTAHOBNIEHO, YTO BO BPEMA MPOLIeCca CKOPOCTb BPALLEHUA UHCTPYMEHTA U CKOPOCTb Nofaull 06beanHAITCA
TaKiM 06pa3oM, yTo NONYYeTCA aCUMMETPUYHBIA NOTOK MeTanna. B yacTHoCTy, HabniofalTcA NPOABUTAtOLLAACA CTOPOHA U OTCTYNaKLLAA
(TOPOHA: NepBas XapaKTePIU3yeTCA «MONOXKUTENbHOI» KOMOMHALIMEN CKOPOCTY MOAAUM UHCTPYMEHT U CKOPOCTY NEPUGEPUIHOTO UHCTPYMEHTa,
B TO BpeMA KaK BTOPas MeET BEKTOPbI CKOPOCTY NOAAUM U BPALLEHMA, NPOTUBONONOKHDBIE APyr ApYry. ACUMMETPUA CBAPHOTO COEANHEHNA
ABNAETCA YHUKaNbHOI XapakTepucTukoit Metoga FSW. OcHoBHble napameTpbl mpouecca FSW: cKopocTb BpalLeHua UHCTPYMeHTa, CKOpOCTb
nepemeLLeHua, MybuHa NOrpyeHns UHCTPYMEHT, YTON HaKNOHA WNMHAENA W YCIOBUA 3axiUMa npucnocobneHns. [Ina ocylecTneHns
FSW tpebytoTca 0THOCUTENbHO BbICOKWIA KpYTALLWIA MOMEHT 11 CANA BPE3aHUA ANA afeKBATHOTO pa3MAryeHua Matepuana ana GopmupoBaHua
KauecTBEHHOIA CTPYKTYpbl (BAapHOTO LWBA. OTHOCUTENbHO BbICOKOE HanpAXeHUe, Bbi3biBAEMOE UHCTPYMEHTOM, BbI3bIBAET CWAbHbIN U3HOC
HCTPYMEHTa 1 NpeX AeBPeMeHHbIN BbIXOZ U3 CTPOA UHCTPYMEHTa.

KntoueBble cnoBa: (BapKa TpeHiem C nepemeLinBaHueM, anloMIUHIEBbIE CTNaBbI, CKOPOCTb BPALLEHNA, MHCTPYMEHT

DEVELOPMENT OF FRICTION WELDING TECHNOLOGY
FOR ALUMINUM ALLOYS

Andrey E. Balanovsky, Vladimir Yu. Konyukhov, llia S. Remezov
Irkutsk National Research Technical University, Irkutsk, Russia

Abstract. The practical issues of friction stir welding of aluminum alloys are considered. For the study, an industrial thermally non-hard-
ening deformable aluminum-magnesium alloy AMg5 (foreign analogue — alloy 5083) in the form of rolled plates with a thickness of 4.5
mm was chosen. The experiment was carried out on a universal milling machine; temperature measurements in the heating zone were
carried out using a pyrometer. The tool, rotating clockwise, at different angular speeds was buried into the sample until it touched the

shoulder, after which the longitudinal feed of the table was turned on and welding was carried out. The test result for each welding mode
was the arithmetic mean of the tensile strength values of three destroyed samples. Static bending tests were carried out to determine the

ability of a welded joint to withstand a given plastic deformation to assess the ultimate ductility of the metal in bending. In the course
of the research, it was found that during the process, the rotation speed of the tool and the feed rate are combined in such a way that an
asymmetric metal flow is obtained. In particular, an advancing side and a retreating side are observed: the former is characterized by a
“positive” combination of tool feed rate and peripheral tool speed, while the latter has feed rate and rotation vectors that are opposite to
each other. Weld joint asymmetry is a unique characteristic of the FSW method. The main parameters of the FSW process are: tool rotation
speed, traversing speed, tool immersion depth, spindle angle and fixture clamping conditions. FSW requires relatively high torque and
cutting force to adequately soften the material to form a good weld structure. The relatively high stress generated by the tool causes severe
tool wear and premature tool failure.

Keywords: friction welding with stirring, aluminum alloys, rotation speed, tool
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OCOBEHHOCTU ®OPMUPOBAHUA CTPYKTYPbI CYNEPCIJIABA
CUCTEMbI Co-Ni-Cr-W-AI-Ti MOCJIE SJIEKTPOHHO-JIYYEBOIO
NMEPEMJIABA

Bnagumup BnagumupoBuy COCHUH, KaHg. dur3.-MaT. HayK, AneKkcaHgp MuxaiinoBuy JIOHrMHOB,
KaHA. TexH. HayK, Cepren AnekcaHgpoBuy 3umunyes, Amutpuii JibBoBnY [IbAKOHOB,

EneHa HukonaeBHa bnuHoBa, kaHA. dus.-maT. Hayk, Hagexga AnekcaHgpoBHa LUypbirvHa, kaHg,.
¢du3.-maT. HayK

LHWWuepmem um. W.I1. bapouHa, Mockaa, Poccus
E-mail: vvsosnin@gmail.com, blinova_en@rambler.ru

AHHoTauma. MeTofom npocBeuvBatoLLeli NeKTPOHHOI MIUKPOCKONIM POBEAEHO UCCe[0BaHNE CTPYKTYpbl 00pa3LoB CynepcniaBa cUcTemb
Co-Ni-Cr-W-AI-Ti nocne 3neKTpoHHo-NTyueBoro nepennasa B 06nacTin CylLeCTBOBaHMA YNopAR0YEHHOI Ga3bl o CTPyKTypoid Tvna L12 nocne
Pa3NUuHbIX PEXMMOB TepMUyeckoil 06paboTku. JKcnepuMeHTanbHo onpefeneHa TemnepaTypa Hauana peKkpucTanin3aLim, TemnepaTypHbli
WHTEpBaN CyLiecTBOBaHUA Y'-Gasbl M Temnepatypa conbByca. O6HapyeH NpoLeCC «BTOPUYHOrO» BblAeNeHUa yacTy y'-Gasbl npu
TepmoobpaboTke B onpezeneHHOM UHTepBane TemnepaTyp. YCTaHOBAEeHa 3aBUCMMOCTb CTPYKTYPHO-(a30BbIX COCTOAHMI OT PEXIIMOB 3aKaNKU
1 0TMYCKa X0NOAHOAEDOPMMPOBAHHBIX 06pa3LL0B.

KnioueBble cnosa: cynepcniaB Ha 0CHOBe Kobanbra, MUKPOCTPYKTYPa, MaponpoyHOCTb, TBEPLOPACTBOPHOE YNPOUHEHNE, ANCNEPCUOHHOE
YNPOYHEHNE, UHTEpPMETANIINAHAA ¢a3a, npocBeYymnBatoLLad INeKTPOHHAA MUKPOCKONKA, 3ﬂeKTp0HH0-J'Iy‘-IEBOI7I nepennas

FEATURES OF THE FORMATION OF THE SUPERALLOY
STRUCTURE OF THE Co-Ni-Cr-W-AI-Ti SYSTEM
AFTER ELECTRON BEAM REMELTING

Vladimir V. Sosnin, Alexander M. Longinov, Sergey A. Zimichev,
Dmitry L. Dyakonov, Elena N. Blinova, Nadezhda A. Shurygina

1.P. Bardin TSNIIChermet, Moscow, Russia

Abstract. Transmission electron microscopy was used to study the structure of superalloy samples of the Co-Ni-Cr-W-AI-Ti system after
electron beam remelting in the region of the existence of an ordered phase with an L1, type structure, after various heat treatment modes.
The temperature of the beginning of recrystallization, the temperature range of the existence of the y' phase and the solvus temperature
were determined experimentally. The dependence of the structural-phase states on the tempering regime of cold-deformed samples has
been established..

Keywords: cobalt-based superalloy, microstructure, heat resistance, solid-solution hardening, dispersion hardening, intermetallic phase,
transmission electron microscopy, electron beam remelting
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NMOBbIWEHUE MPOYHOCTU FOPAYEKATAHDIX
HU3KOYTNEPOAUCTbIX MUKPOJIETUPOBAHHbIX
TUTAHOM CTANIEM NYTEM ®OPMUPOBAHWA CUCTEMDbI
HAHOPA3MEPHbIX ®A30BbIX BblAEJIEHUA

Anekcen UropbeBuuy [larmaH’, KaHz. TexH. Hayk, AnekcaHap lOpbeBuy KasapuH’,
AHTOH BukropoBuu Kongaes?, kaHf. du3.-maT. Hayk, Hatanna AHpreBHa ApyTIOHAH>?,
KaHa. du3.-mat. Hayk, Cagaam 3oxupgoHosuy Mawapunos?, Amutpuii JibBoBuY [IbAKOHOB?

"HJIMK, 2. Jluneuk, Poccus

2 [JHWNuepmem um. N.I. bapouHa, Mockea, Poccus

3 Xumuyeckuti pakynemem, MY umeHu M.B. JlomoHocosea, Mockea, Poccus

E-mail: dagman_ai@nlmk.com, kazarin_ay@nlmk.com, koldaevanton@gmail.com, naarutyunyan@
gmail.com, masharipov.saddam@mail.ru, aberkas@yandex.ru

AnHoTauua. lpoBeseHo WcciefoBaHNe CTPYKTYPHOTO COCTOAHUA M MeXaHUYeckuX CBOICTB ropAYeKaTaHoro MpoKata BbiCOKOMPOYHbIX
HIU3KOYrNepOANCTbIX MUKPOErPOBAHHDbIX TUTAHOM CTaneli, Npou3BeAeHHbIX B IPOMbILLAEHHBIX YCIOBIAX € Pa3ANYHbIMU PeXIMaMi ropayeit
NPOKATKY. YCTaHOBNEHO GnaronpuATHoe BAMAHUE TUTaHA Ha GOpMUPOBaHIe CyNbGUAHBIX BKAOUeHiA robynapHoii dopmbl. MokasaHo,
410, KOHTPONMPYA TeMNepaTypbl KOHLA MPOKATKM 1 CMOTKI, MOXHO BapbipoBaTb KOANYeCTBO 11 pa3mep (a3oBblx BblAeneHui u BMATb
Ha peanin3aLuio MexaH3MOB 3epHOTPaHYHOTO YMPOYHEHNA U JUCTIEPCMOHHOTO TBEPAEHNA. IT0 MO3BONAET NPON3BOAUTD SKOHOMUYHbIE
BbICOKOMPOYHbIE aBTONNCTOBbIE CTaN C pefenom Tekyuecty ot 315 o 420 MIla, MukponerupoBaHHble ToNbKO TUTaHOM.

KnioueBble c0Ba: BbICOKONPOYHAA HIU3KONErMPOBAHHAA CTallb, FOPSYEKaTaHbIii NPOKAT, MUKPOIErupoBaHIe TUTAHOM, HEMETANNNYeCKile
BKMIOYeHIs, (a30Bble BblAeNeHNs, MeXaHinueckme CBOiiCTBa

INCREASING THE STRENGTH OF HOT-ROLLED LOW-CARBON
TITANIUM MICROALLOYED STEELS BY FORMING A SYSTEM OF
NANO-SIZED PHASE PRECIPITATES

Aleksey I. Dagman’, Alexandr Yu. Kazarin’, Anton V. Koldaev?, Nataliya A. Arutuinyan?3,
Saddam Z. Masharipov?, Dmitriy L. D'yakonov?

"Novolipetsk Steel, Lipetsk, Russia
2|.P. Bardin TSNIIChermet, Moscow, Russia
3 Faculty of Chemistry, Lomonosov Moscow State University, Moscow, Russia

Abstract. The structural state and mechanical properties of hot-rolled high-strength low-carbon titanium microalloyed steels produced
under industrial conditions with different hot rolling modes were studied. The favorable effect of titanium on the formation of globular

sulfide inclusions was established. It was shown that by controlling the temperatures of the rolling end and the coiling, it is possible to
vary the number and size of phase precipitates and influence the implementation of mechanisms of grain boundary strengthening and

precipitation hardening. This allows producing economical high-strength automotive sheet steels with a yield strength of 315 to 420 MPa,
microalloyed only with titanium.

Keywords: high-strength microalloyed steel, hot rolled products, titanium microalloying, non-metallic inclusions, phase precipitates,
mechanical properties
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NCCNEAOBAHUE MUKPOCTPYKTYPbI W TBEPAOCTHN
FOPAYEKATAHON KOHCTPYKLIMOHHOW XPOMUCTOW CTANU
MOCJIE PA3JINYHDLIX TEMMNEPATYPHbIX PEXKUMOB OTIMYCKA

NBaH AmutpuesBuy NMocnenos, nHa BarnposHa MaTBeeBa

Yepenoseykuti cocyoapcmeeHHbIl yHUsepcumem, 2. Yepenoseu, Poccus
E-mail: idpospelov@chsu.ru

AnHoTauua. MccnefoBaHo BMAHME Pa3iNyHbIX TeMnepaTyp 0TNycka Ha MUKPOCTPYKTYPY U TBEPAOCTb ropAYeKaTaHoii KOHCTPYKLMOHHOI
cTanu 35X cucxoaHoii eppuTo-nepuTHoii CTpyKTypoit. llocne npoBeAeHNA SKCNepUMEHTOB ONPeEeNeH ONTUMaNbHbIiA TeMnepaTypHbIi pexim
0TNyCKa ANA NONyYeHUA JONONHUTENbHOTO TpeboBaHNA K TBepaocTH He 6onee 197 HB no MOCT 4543—71 npumeHUTeNbHO K ropAYeKaTaHoMy
TONCTOANCTOBOMY NPOKATY.

KnioueBble ¢noBa: KOHCTPYKLMOHHAA TONCTONMCTOBAA CTanb 35X, TBepAOCTb No bpuHennto, peXumbl BbICOKOTEMNEPATYPHOTO OTMYCKa,
MUKPOCTPYKTYPa, KapbuaHaa ha3a, ypaBHeHue perpeccun

INVESTIGATION OF THE MICROSTRUCTURE AND HARDNESS OF
HOT-ROLLED STRUCTURAL CHROMIUM STEEL AFTER VARIOUS
TEMPERING TREATMENT

Ivan D. Pospelov, Dina V. Matveeva
Cherepovets State University, Cherepovets, Russia

Abstract. The effect of different tempering temperatures on the microstructure and hardness of hot-rolled 0.35-Cr structural steel with an
initial ferrite-pearlite structure has been studied. After the experiments the optimal tempering temperature was determined to obtain an
additional hardness requirement of no more than 197HB according to GOST 4543-71 in relation to hot-rolled plate products.

Keywords: 0.35-Cr structural steel, Brinell hardness, high temperature tempering modes, deformation-temperature schedules, micro-
structure, carbide phase, regression equation
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CTPYKTYPA, ®YHKLIMOHAJIbHbIE CBONCTBA
M AEGOPMALVNOHHOE MOBEAEHNE JIEHT AMOPQ®HbIX
CNJIABOB CUCTEMbI Fe-Co-Si-B-P

AnekcaHgp MetpoBuny CeMuH', KaHA. TexH. HayK, BukTop EBreHbeBuy MpomoB’, a-p ¢us.-mar. Hayk,
Opuir ®egopoBuy MBaHoB?, a-p ¢us.-maTt. Hayk, Cepreit BuktopoBuy MaHuH?, a-p TexH. Hayk,
Bnagumup BnagumupoBuy CocHUH*, KaHf. TexH. HayK, MaBen CepreeBny MorunbHUKoB*?,

KaHA. TexH. Hayk, Uropb IOpbeBunY JInToBUeHKO?, A-p duU3.-maT. HaykK,

Unba OmutpueBny CennBaHoB'

"Cubupckuli 2ocydapcmeeHHbIt UHOYCMpuUasbHbIl yHUsepcumem, 2. HosokysHeuk, Poccus
2WHcmumym cunbHomoyHoU 3nekmpoHuku CO PAH, 2. Tomck, Poccus

3 VIHcmumym ¢u3uku npoyHocmu u MamepuasnosedeHus, 2. Tomck, Poccus

*lHWNvepmem um. W.M. bapouHa, Mockea, Poccus

*MWCHUC, Mockea, Poccus

E-mail: syomin53@bk.com, gromov@physics.sibsiu.ru, yufi55@mail.ru, paninsergey7 1@mail.ru,
vlsosnin@yandex.ru, pavel_mog@mail.ru, litovchenko@spti.tsu.ru, ilyselivanov@mail.ru

AHHoTauma. MeToaamu coBpeMeHHOro G13nyeckoro MatepuanoBefeHus BbINOAHEH aHani3 CTPYKTYPHO-Ga30BbIX COCTOAHMIA, MEXaHUYeCKMX
11 MarHUTHbIX CBOACTB amopdHbix cnnasos FeCoBSi n FeCoBSIP, nonyyeHHbIX MeToA0M CHHIHTOBaHIA. MeTOAOM KapTpOBaHIA NPOCNEXeHO
pacnpeeneHine 31eMeHTHOT0 COCTaBa M 0TMEYeHO PaccoeHue CrinaBa no KpemHuto 1 6opy. MokasaHo, uto onpeeneHHble JKCnepuMeHTanbHo
3HaueHUA UHAYKWAM Hacbiwenua (1,7-1,8 Tn) v KospumuTUBHOA cunbl (18—20 A/M) NpaKkTUYeCKY He 3aBUCAT OT U3MeHeHWA COCTaBa JIeHT B
WCCNe0BaHHOM JMana3oHe COfepXaHuA InemeHToB. MpoBefeHHaA OLeHKa 3HaueHnA npeaena npouHocTn (~162 MMa) u yanuxerua go
pa3pywwexna (~0,23 %) CBMAETENbCTBYET 0 HU3KOI MAACTUYHOCTY CCNeAyeMbIX NeHT. OfHAKO BeNYMHA MOZYNA YNpYrocTi UMeNa BblCoKoe
3HaueHue Ha yposHe 81,5 MIMa. MeTogom koppenauwn LundpoBbIx 1306parkeHIii PacCunTaHbl KapTuHbI pacnpegeneHna noneil NpogonbHoi,
ronepeyHoil 1 CABUroBoI AedopmaLim.

KnioueBble ¢J10Ba: MarHuTomArkue Cnaebl, CIMHHUHIOBAHWE, CTPYKTYpa, MeXaHu4eckne (BOICTB, ﬂe(bOpMaLlVIOHHOQ nosejeHne

STRUCTURE, FUNCTIONAL PROPERTIES AND DEFORMATION
BEHAVIOR OF AMORPHOUS ALLOY TAPES
OF THE Fe-Co-Si-B-P SYSTEM

Alexander P. Semin’, Viktor E. Gromov', Yuriy F. Ivanov?, Sergey V. Panin?, Vladimir V. Sosnin?,
Pavel S. Mogilnikov **, Igor Yu. Litovchenko?, llya D. Selivanov'

'Siberian State Industrial University, Novokuznetsk, Russia

2Institute of High-Current Electronics SB RAS, Tomsk, Russia
3 Institute of Strength Physics and Materials Science, Tomsk, Russia

41.P. Bardin TSNIIChermet, Moscow, Russia
> NUST MISIS, Moscow, Russia

Abstract. The methods of modern physical materials science were used to analyze the structural-phase states, mechanical and magnetic
properties of amorphous alloys FeCoBSi and FeCoBSiP obtained by spinning. The distribution of the elemental composition was traced using
mapping method, and the alloy stratification by silicon and boron was noted. It was shown that the experimentally determined values of
saturation induction (1.7-1.8 T) and coercive force (18—20 A/m) are practically independent of changes in the composition of the tapes
in the studied range of element content. The conducted assessment of the tensile strength (~162 MIla) and elongation before failure
(~0.23%) indicates low ductility of the studied tapes. However, the elastic modulus had a high value of 81.5 MMa. The distribution patterns
of longitudinal, transverse and shear deformation fields were calculated using the digital image correlation method.

Keywords: soft magnetic alloys, spinning, structure, mechanical properties, deformation behavior
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CTPYKTYPA 1 CBOUCTBA HAMJIABKW BbICOKOSHTPOMUAHON
MOJINBAEHOBOW BbICTPOPEXYLLEWN CTAJIN, MOABEPTHYTOW
MHOTOKPATHOW TEPMUYECKOW OBPABOTKE

Opuit PegopoBuy UBaHoB', 1-p Ppu3.-maT. HayK, BukTop EBreHbeBuy N(pomoB?, a-p ¢u3.-mar. Hayk,
Ceprein CepreeBuy MuHeHko?, AnekcaHgp Cepreesuy Yanaiikun?, TatbsiHa NaBnoBHa lNyceBa?,
OeHunc AHaTtonbeBu4 POMaHOB?, 1-p TEXH. HAYK

"MIHcmumym cuneHomoyHoU snekmpoHuku CO PAH, 2. Tomck, Poccua

2 Cubupckuli 2ocy0apcmeeHHbIl UHOycmpuasbHell yHUgepcumem, 2. HogokysHeyk, Poccus
E-mail: yufi55@mail.ru, gromov@physics.sibsiu.ru, mss121278@mail.ru, thapajkin.as@yandex.ru,
guseva_tp@sibsiu.ru, romanov_da@physics.sibsiu.ru

AnHoTauwma. Ha cranu 30XICA MeToZ0M Nna3mMeHHOI HannaBKI B cpefie a30Ta ChOPMUPOBaH (101 BbICOKOIHTPOMMIAHOI ObICTpOpeEsKyLLeil
cTany Ha 6ase M10 TonwmHoii 4o 9 Mm. OcyLuecTBneHa KoMmnnekcHada 06paboTka cnos, coueTaloLLas ABYKPaTHbIi BbICOKOTEMMEPATYPHbIN
0TNYCK 1 nocnefytoLee 0bnyyeHune B BaKyyme HTEHCUBHBIM UMMYNbCHBIM SNEKTPOHHbBIM MyYKoM CYOMUANNCEKYHAHOI AANTENBHOCTA
Bo3gelicTBuaA (30 [x/cm?, 50 Mkc, 0,3 ¢, 10 umn.). YctaHoBneHo, uTo 06paboTKa CUCTEMbI <HaMMaBKa/MOAN0MXKA» CONPOBOXAAETCA YBe-
NYeHreM MIKPOTBEPAOCTU HaNNaBNEeHHOro MeTanna Ao 8,4 [Mla, uTo npeBbiwLaeT B 2,8 pa3a MUKpOTBEpAOCTb NoAnoxKKM (cTanb 30XICA).
[oka3aHo, YTo MUKPOTBEPAOCTb HaNNaBNEHHOTO (1104, NOABEPTHYTOr0 KOMM/EKCHOI 00paboTke, NpaKTUYECKM He 3aBUCUT OT PacCTOAHIA
[0 nopnoxku. 06myyeHne HannaBKy CONPOBOXAAETCA GOPMUPOBAHIEM YPOUHEHHOTO NOBEPXHOCTHOrO (1104 TONLLMHOM =100 MKM, UTO
00yCnoB/eHO 3aKanouHbIM GGeKToM, COUETaIOLLMM U3MeNbueHIe 3ePeHHON 1 Cyb3epeHHOl CTPYKTYpbI.

KnioueBble cnoBa: BbICOKOIHTPOMMIHbI CNNaB, HannaBKa ObICTPOPeXyLLeli CTanu, BbICOKOTeMNEPaTYpHbIii 0TMYCK, 061yyeHue, UMNyNb-
CHbII 3NMEKTPOHHbIi MYYOK, CTPYKTYpa, (BOMCTBA

STRUCTURE AND PROPERTIES OF HIGH-ENTROPY
MOLYBDENUM HIGH-SPEED STEEL SURFACED BY
MULTIPLE HEAT TREATMENTS

Yuriy F. lvanov’, Viktor E. Gromov?, Sergey S. Minenko? Alexander S. Chapaikin?
Tatyana P. Guseva?, Denis A. Romanov?

"Institute of High Current Electronics SB RAS, Tomsk, Russia
2 Siberian State Industrial University, Novokuznetsk, Russia

Abstract. A layer of high-entropy high-speed steel based on M10 with a thickness of up to 9 mm was formed on 30KhGSA steel using the
method of plasma surfacing in a nitrogen environment. Complex processing of the layer was carried out, combining double high-temper-
ature tempering and subsequent irradiation in a vacuum with an intense pulsed electron beam of submillisecond duration of exposure (30
J/em2, 50 ps, 0.3 s-1, 10 imp.). It was found that the processing of the "surfacing/substrate" system is accompanied by an increase in the
microhardness of the deposited metal to 8.4 GPa, which is 2.8 times higher than the microhardness of the substrate (30KhGSA steel). It
is shown that the microhardness of the deposited layer subjected to complex processing is practically independent of the distance to the
substrate. Irradiation of the weld is accompanied by the formation of a hardened surface layer with a thickness of =100 um, which is due
to the hardening effect, which combines the refinement of the grain and subgrain structure.

Keywords: high-entropy alloy, high-speed steel surfacing, high-temperature tempering, irradiation, pulsed electron beam, structure,
properties

IPOBJIEMbI YEPHOW METATINIYPTV M MATEPUAJTIOBELEHNA + No4 « 2024



KOHTPOJIb METAJIJTYPTUYECKOIO NMIPOU3BO/CTBA U METAJIJZIONPOAYKLUN

90

DOI 10.52351/00260827_2024_4_90
YAK 669.15-194.2:621.785.735

NCCNEQOBAHUE COOTBETCTBIUA PE3YJIbTATOB
KOPPO3UOHHbIX UCMbITAHUY MO NABOPATOPHOI
OKCMNMPECC-METOAUKE U B OKCIMJTYATALMOHHDbIX YCNOBUAX.
Yactb 1

3nuHa CraHncnaBoBHa MpaHunuHa', KoHctauTH Anekcangposuy bykos',

AnekcaHgp CemeHoBuY MenbHUUYEHKO', KaHA. TexH. HayK, AmuTtpuii Fpuropbesuny Pysaes?,
TaTbAHa BanepuneBHa NMumeHoBa?, Jlio6oBb ViBaHOBHa Hukonbckas',

lOnusa CepreeBHa MagueHKoBa', KaH[. TEXH. HayK

"UHNWNuyepmem um. W.M. bapouHa, Mockea, Poccus

2A8moBA3, 2. Toneammu, Poccua

3 UHUNTMALLL, Mockea, Poccus

E-mail: elinagranilina@gmail.com, bukov.kostya@gmail.com, asmeln@yandex.ru, dmitriy.ruzaev@vaz.ru,
tvpimenova@cniitmash.com, l.nikolskaya@chermet.net, jubykova@yandex.ru

AnHoTauma. [Inq yCTaHOBEHNA B3aUMOCBA3M MeXAY CKOPOCTbIO KOPPO3WH, NOyYaeMOii U3 3KCNepUMeHTOB No nabopaTopHoil Kcpecc-
METOAVKe, W CKOPOCTbIO KOPPO3WI NP HATYPHbIX WCMIbITAHUAX HA OTKPLITON MNOLAAKe B TeYeHUe OFHOTO W ABYX MeCALEB NPOBEAEHbI
napannenbHble nabopaTopHble U HaTypHble WCMbITaHUA 06pa3L0B aBTONMCTOBOrO MPOKaTa PasfinyHbIX MapoK Ctaneii (Yactb 1 pabotbi).
YcTaHoBMIEHO, 4TO 3HAYEHMA CKOPOCTV KOPPO3UH, NONTYYEHHbIE NPY CMIbITaHNAX N0 NabopaTopHOI SKCNpecc-MeTopuKe, pasHble 0,2-0,6/ (M%),
yTocooTBeTCTByeT3HaueHnaAMO0,005-0,017 MM/roANpUHATYPHbIXUCMbITAHUAXHAOTKPbITOMNNOLAZKe. [l0Ka3aHo, uTonope3yNibTaTaMHaTypHbIX
UCNbITAHUIANPOLOMKUTENbHOCTbIA0/IBYXMECALIEBMOXHOPA3ALNUTbUCCIe0BAHHbIECTNNHAABETPYNMbI:CTANNCMOBbILLEHHOAKOPPO3VIOHHOI
CTOfKOCTBI0 (CkopocTb koppo3un 0,005—0,009 MM/rop) 1 CTanu C NOHWXEHHON KOPPO3UOHHOI CTOAKOCTbIO (CKOPOCTb Koppo3un Bonee
0,010-0,017 mm/rop).

KnioueBbie cnoBa: KOPPO3MOHHbIE UCNbITaHNA, METOA NEPEMEHHOIO NOrpyKeHus, CTOMKOCTb npoTus aTMOC¢epHOI7I KOppo3ui1, aBTONIUCTOBbIE
CTaNu, X0NOAHOKATaHbIA NCTOBON NpoKaT, HU3KOYrNepoanCTbIe 1 CBEPXHIU3KOYrNEPOANCTbIE CTalh, MUKPONIEripOBaHHbIE (T

STUDY OF CONFORMITY BETWEEN THE RESULTS OF
CORROSION TESTS USING THE LABORATORY EXPRESS METHOD
AND FIELD TESTS. Part 1

Elina S. Granilina', Konstantin A. Bukov’, Alexandr S. Melnichenko', Dmitriy G. Ruzaev?,
Tatyana V. Pimenova3, Lyubov I. Nikolskaya', Yuliya S. Gladchenkova'

".P. Bardin TSNIIChermet, Moscow, Russia

2 AvtoVAZ, Tolyatti, Russia

3 TSNIITMASH, Moscow, Russia

Abstract. In order to establish the relationship between the corrosion rate obtained in the experiments using the express laboratory meth-
od and the corrosion rate during full-scale tests in the open air for 1 and 2 months, parallel laboratory and full-scale tests of automotive
sheet metal samples of various steel grades were carried out (Part 1). It was found that the corrosion rate values, obtained in the tests using
the express laboratory method, equal to 0.2—0.6 g/(m?h), correspond to the values 0.005-0.017 mm/year during full-scale tests in the
open air. It is shown that, based on the results of full-scale tests lasting up to 2 months, the studied steels can be divided into two groups:
steels with increased corrosion resistance (corrosion rate of 0.005—0.009 mm/year) and steels with reduced corrosion resistance (corrosion
rate of more than 0.010-0.017 mm/year).

Keywords: corrosion testing, alternating immersion method, atmospheric corrosion resistance, automotive sheet steel, cold-rolled sheet
metal, low-carbon and ultra-low-carbon steels, microalloyed steels
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OUEHKA MPUMEHUMOCTWN METOAUKU USMEPEHUA
MNIOTHOCTU TOKA HACBILWEHUA AHOAHOIO
PACTBOPEHWA CTAJIN B KOPPO3MOHHOW CPEAE C LEENbIO
ONPERENEHNA KOPPO3UOHHOW CTOMKOCTU CTANEN
ANA HEOTENPOMbIC/IOBbLIX TPYBONMPOBOAOB

AHppein Bnagnmunposny AMeXXHOB, KaHA. TeXH. HayK

LHUWNuepmem um. WN.I1. bapouHa, Mockea Poccus
E-mail: amejnov@mail.ru

AnHoTaumA. B pabote npuBefeHbl pe3ynbTaTbl YCTaHOBMEHMA MPUMEHMMOCTU «MeTOAMKM OnpefeneHiss KOpPO3MOHHOA CTOIKOCTU
YINEPOAVCTbIX 1 HUKONETVPOBAHHbIX CTaell U U3MENNA U3 HUX NyTeM U3MepeHus MIOTHOCTIA TOKA HacbiLLeHNs aHOLHOTO PacTBOPeHMA
CTany B KOPPO3UOHHOI CPefie NEKTPOXMMUYECKUM METOLOM» LA OnpeieneHis Koppo3MoHHON CTOMKOCTY CTaneit A HedTenpoMbICTIOBbIX
Tpy6onpoBozoB. MpoBezeHbl UCCNEN0BAHUA MATU BAPUAHTOB ropAYEKaTaHbIX MUKPONErpoBaHHbIX TPYOHbIX CTaseld, OTNMYaLLNXCA No
XMIMInYecKoMy ocTay. MpoBeeHbl UCMbITaHNA MO OLieHKe KOPPO3MOHHOI CTOMKOCTU UCCneayeMbIX CTaeil Mo ABYM PasHbIM METOAMKaM:
V3MepeHNa NNOTHOCTI TOKA HACbILLEHVA U NIHeIHOI aHOAHOI nonApu3aLmm. iccnefoBaHa CXOBMMOCTb Pe3yribTaToB ABYX PasHbIX METOLNK,
Ha OCHOBE Yero yCTaHOBIIEHO, UTO CKOPOCTY KOPPO3WM, MOMYYEHHbIe ABYMA PasHbIMU METOAAMM, ANA KaXz0ro U3 06pa3LioB UMeloT Mexay
€060l 0ueHb 6M3KVe 3HaUeHNA 1 NOKA3bIBAKT CXOXKYH TEHAEHLMIO.

KnioueBble cnoBa: KOppo3uoHHas CTOVKOCTb, METOAbI OLEHKM KOPPO3UOHHOI CTOMKOCTM, MAOTHOCTb TOKA HACbILLEHUS, aHOAHaA
NonApu3aLa, TpyOHble CTanu, HehTeNnPOMbICNOBbIE CPEfibl, YINEKUCTIOTHAA KOPPO3Us

EVALUATION OF THE APPLICABILITY OF THE METHOD FOR
MEASURING THE SATURATION CURRENT DENSITY OF ANODIC
DISSOLUTION OF STEEL IN A CORROSIVE ENVIRONMENT FOR
THE PURPOSE OF DETERMINING THE CORROSION RESISTANCE
OF STEELS FOR OIL FIELD PIPELINES

Andrey V. Amezhnov
I. P. Bardin TsNIIChermet, Moscow, Russia

Abstract. The paper presents the results of establishing the applicability of the "Methodology for Determining the Corrosion Resistance of
Carbon and Low-Alloy Steels and Their Products by Measuring the Saturation Current Density of Anodic Dissolution of Steel in a Corrosive
Environment Using the Electrochemical Method" for determining the corrosion resistance of steels for il field pipelines. The studies of 5
variants of hot-rolled microalloyed pipe steels with different chemical compositions were conducted. Tests were conducted to assess the

corrosion resistance of the steels under study using two different methods: measuring the saturation current density and linear anodic po-
larization. The convergence of the results of two different methods was studied, on the basis of which it was established that the corrosion
rates obtained by two different methods for each of the samples have very close values to each other and show a similar trend.

Keywords: corrosion resistance, methods of corrosion resistance assessment, saturation current density, anodic polarization, pipe steels,
oil field environments, carbon dioxide corrosion
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BIINAHWNE NETUPYIOLLNX SJIEMEHTOB HA XAPAKTEPUCTUKU
CTANEWN, NPEAHA3HAYEHHbIX ANA NPUMEHEHUA
B YCNIOBUAX HU3KUX U KPUOTEHHbIX TEMIMEPATYP

ApTtem Bnagumuposuu lNonos, Bunena AnekcanaposHa XyaaKoBa,
Feopruit MammneBuy CeBacTbAHOB, KaHA. GU3.-MaT. HayK,
Oner HukonaeBuny KomapoBs, KaHA. TEXH. HayK

Xabaposckuti ®edepanbHbili uccnedosamensckuli yeHmp [JBO PAH, Hcmumym mawuHogedeHusA u
memannypauu []BO PAH, 2. Komcomonsck-Ha-Amype, Xabapoeckul kpad, Poccus

E-mail: popov.av@live.com, ms.viliena@mail.ru, akela.86@mail.ru, olegnikolaevitsch@rambler.ru,
mail@imim.ru

AHHoTauuA. ViHTeHc1BHOE 0cBOEHMe ApKTIKI 1 pa3BuTie CeBepHoro mopckoro nyTu (CMIT) oTKpbIBatOT HOBbIE NEPCNEKTIBbI SKOHOMUYECKOTO
pocTa v GopMuUpYHT aKTyanbHble 3aaun ANA LeNoro pAfa oTpacneil NPOMbILLAEHHOCTY 11 Hayku. (MeLLeHe BEKTOpa BHUMaHIA B CTOPOHY
NONAPHBIX M CeBepHbIX 06nacTeli 06ycnoBAMBAETCA COCPESOTOYEHUEM Tam bOraTelilunx NPUPOAHbIX 3aNacoB, CMOCOOHBIX YAOBNETBOPUTL
CyLLeCTBYIOLLYME U NPOTHO3HbIE NOTPEOHOCTY, a TaKXKe BO3MOMHOCTbIO TPaH3UTHOI nepeBo3ky rpy3o no CMI, cokpaluatoLuero pacctosHue
mexzy EBponoit u Aueil npumepHo Ha TpeTb. Jlobblua pecypcoB, TpPaHCMOPTUPOBKA PY30B, a TaKKe MHble COMYTCTBYIOLLME MEPONPUATUA
B YCNIOBUAX aPKTUYECKOTO X010l TpebytoT npumeHeHne 06beKToB MHGPACTPYKTYPbI, MALUIMH U MeXaHU3MOB, UHCTPYMEHTA, OCHACTKI U T.4.,
BbINOMHEHHbIX U3 CMIeLManbHbIX MaTepuanos, CnocobHbIX 6e3aBapuitHo GYHKLMOHMPOBATH B CIOXKHBIX YCIOBIAX OTPULATENbHbIX TEMAepaTyp.
OcHOBHbIM MaTepianom Ana npou3B0ACTBA yka3aHHOro 060pyA0BaHNA ABNAKTCA XNAZOCTOIKIe CTaNK, KOTOPbIe HEMMOX0 3apeKoMeH0BaM
ceba npu paboTte B CYpOBbIX KNUMATUueCKuX paitoHax. OTanuuTenbHol 0CobeHHOCTbIO paccMaTpUBaeMblX MaTepuanoB OT TPAANLMOHHO
NPUMEHAEMbIX Xene30yrNepoANCTbIX CMNaBoB ABNAETCA MX HU3KaA TemnepaTypa nepexoda 3 nnacTuyeckoro coctoaHna B xpynkoe (DBTT),
onpegendiolas HuskotemnepatypHyio BaskocTb (CIT). Yka3aHHaA xapakTepucTika 00yCnoBAMBAeTCA MUKPOCTPYKTYPOW CTanu, KOTOpOi
YNPaBNAIOT B OCHOBHOM GOPMIPOBAHIEM ONPeeNeHHOr0 XMMUYECKOro COCTaBa 11 PeXUMamMu TEPMUYECKON, TepMOMEXaHNYeckoi 00paboTkin
(TMCP) n ynbpa3sBykosoii npokatku (USRP), cnocobcTytoLyumi nonyyeHnio onpeaeneHHOro pasmepa 1 TUna CTPYKTYPHbIX COCTaBAAOLLAX,
a Takxe Gopmbl 1 pa3mepoB BKAtoueHii. ObecrneyeHie ONTUMANbHOTO COOTHOLUEHMA MAACTUYECKIX W MPOYHOCTHBIX CBOICTB MaTepuana
ABNAETCA BaXHbIM YCN0BMEM NOAOOPa NerupyloLwLyx dneMeHTOB, BUAOB 1 pexumoB 06paboTki. (0BepLIEHCTBOBAHNE CBOVCTB He TOMbKO
MPOMEXYTOUHOro MPOAYKTa B BMAE METannonpokara, nocobHoro QyHKLMOHMPOBATb B YCMOBUAX PE3KO OTpULATENbHbIX TemnepaTyp,
HO M Hepa3beMHbIX COBAMHEHWI 1 NUTbIX 3aroTOBOK NPeACTABAAETCA aKTyanbHO 3ajayei. [Tpu 3T0M ynpasneHue (BOICTBaMU U3genmii
BO3MOXHO Ha CTajuy (BapKi, BbIMNABKM, KpUCTANAM3aLMM U OXNAXAEHNA, @ TaKXKe MOCNeAYIoLLyX onepaLuax Tepminyeckoil obpabotku. B
paboTe npuBezieH MUPOBOIA OMbIT NPUMEHEHA IErMPYIOLLIAX KOMMOHEHTOB, a Tak»e COMYTCTBYIOLLYX BUAOB U pexnmoB TepmoobpaboTku and
NoNyYeHus cTaneii C HU3Koli TeMnepaTypoil BA3KO-XPYNKOro nepexofia NpUMeHUTeNbHO ANA NPOU3BOACTBA TEXHUKIA, CNOCOBHON I deKTUBHO
YHKLMOHMPOBATH B YCNIOBUAX APKTUKIA.

KnioueBble cnoBa: nervpylolit aNemMeHT, BKMIoYeHs, 00paboTka, MUKPOCTPYKTYpa, CTallb, Temnepatypa nepexofa, NMPOYHOCTb,
ylapHas BA3KOCTb
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INFLUENCE OF ALLOYING ELEMENTS ON THE CHARACTERISTICS
OF STEELS INTENDED FOR USE AT LOW AND CRYOGENIC
TEMPERATURES

Artem V. Popov, Vilena A. Khudyakova, Georgy M. Sevastyanov, Oleg N. Komarov

Khabarovsk Federal Research Center, Institute of Mechanical Engineering and Metallurgy, Far Eastern
Branch of the Russian Academy of Sciences, Komsomolsk-on-Amur, Khabarovsk Territory, Russia

Abstract. The intensive development of the Arctic and the development of the Northern Sea Route (NSR) open up new prospects for
economic growth and create urgent tasks for a number of industries and sciences. The vector of attention is shifting towards the polar
and northern regions due to the concentration there of the richest natural resources capable of meeting existing and forecasted needs, as
well as the possibility of transit transportation of goods along the NSR, reducing the distance between Europe and Asia by about a third.
Resource extraction, cargo transportation, as well as other related activities in the Arctic cold conditions require the use of infrastructure
facilities, machinery, tools, equipment, etc. made of special materials capable of trouble-free operation in difficult conditions of subzero
temperatures. The main material for the production of this equipment are cold-resistant steels, which have proved themselves well when
working in harsh climatic regions. A distinctive feature of these materials from traditionally used iron-carbon alloys is their low transition
temperature from plastic to brittle (DBTT), which determines the low-temperature toughness (CIT). This characteristic is determined by the
microstructure of steel, which is controlled mainly by the formation of a certain chemical composition and modes of thermal, thermome-
chanical processing (TMCP) and ultrasonic rolling (USRP), which contribute to obtaining a certain size and type of structural components,
as well as the shape and size of inclusions. Ensuring the optimal ratio of plastic and strength properties of the material is an important
condition for the selection of alloying elements, types and modes of processing. Improvement of properties not only of the intermediate
product in the form of rolled metal products capable of functioning under conditions of sharply negative temperatures, but also of per-
manent joints and castings seems to be an urgent task. In this case, the control of product properties is possible at the stage of welding,
melting, crystallization and cooling, as well as subsequent operations of heat treatment. The paper presents the world experience in the
use of alloying components, as well as associated types and modes of heat treatment to obtain steels with low ductile-brittle transition
temperature for the production of equipment capable of efficient operation in the Arctic.

Keywords: alloying element, inclusions, treatment, microstructure, steel, transition temperature, strength, impact toughness
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NMEPEBUPAA CTAPbIE BYMATW, U UCNPABNEHUE OLLUBKU
YEPE3 NOJIBEKA

Bnapgumup BacunbeBuy 3anapuii’, o-p uct. Hayk, Bacunuin Bnagumuposuy 3anapwii’,
KaHA. UCT. HayK, Oner IOpbeBuy LLlewykoB'?, o-p TexH. HayK

" Ypaneckut hedepaneHeili yHusepcumem umeHu nepgozo lpeaudeHma Poccuu b.H. EneyuHa,
2. Ekamepunbype, Poccus

2 VlHcmumym memannypauu YpO PAH, 2. EkamepuH6ype, Poccus

E-mail: vvzap@mail.ru, pantera.zap@gmail.com, o.j.sheshukov@urfu.ru

AHHoOTaLuA. ABTOPbI (TaTbil HA OCHOBE HalileHHOro B NYHOM apxue BaiicbeproB mucbma J1.3. Baitcbepra Ha uma M. KasaHua
YTOUHAET GamMUnNA MHXEHEPOB U METannyproB, CbIrpaBLUMX OCHOBHYIO Pofib B OCBOEHUM MPOU3BOACTBA TaHKOBOA GPOHM Ha Ky3Hewkom
MeTanypriyeckom kombuHare B rogbl Benukoit OTeuecTBeHHOi BOiHbI. Kak cnepyet u3 fokymeHTa, B xope paboTbl Hap nybnukaumeit
0bo6Latowieit kHuru no ncropui yéptoit metannyprim CCCP B ee TeKcT BKpanuch owwnbKin. ABTOpbI CTaTbi BHOCUT KOPPEKTUBbI 1 NCNPaBAAeT
3Ty UCTOPUYECKYH OLLNOKY, T. K. NUCbMO HUKOTAA He NyBANKOBANOCh, a TEKCT KHUTW HUKTO He NepeneyarbiBa.

KnioueBble cnoBa: uepHas metannyprua CCCP, Benukas oteuecTBeHHaA BOitHa, TaHK0BasA OpoHS, Ky3Hewkuii MeTannypruyeckuii KOMOUHar,
HOBbIe TexHonoruy, JleoHus Immanyunosuy Baiicbepr

WccnedosaHue 8binosiHeHO Npu hoddepxKe 2paHma Pocculickozo Hay4Ho20 poHOa Ne 24—-28—-00837

GOING THROUGH OLD PAPER, OR CORRECTING AN ERROR
AFTER HALF A CENTURY

Vladimir V. Zaparii', Vasiliy V. Zaparii', Oleg Yu. Sheshukov'?

"Ural Federal University named after the first President of Russia B.N. Yeltsin. Yekaterinburg, Russia
2 Institute of Metallurgy, Ural Branch of the Russian Academy of Sciences. Yekaterinburg, Russia

Abstract. The author of the article, based on a letter from L.E. Weisherg to I.P. Kazants found in the personal archive of the Weisbergs,
clarifies the names of the engineers and metallurgists who played a major role in mastering the production of tank armor at the Kuznetsk
Metallurgical Plant during the Great Patriotic War. As follows from the document, during the work on the publication of a general book
on the history of ferrous metallurgy of the USSR, errors crept into its text. The author of the article makes adjustments and corrects this
historical error, since the letter was never published, and no one reprinted the text of the book.

Keywords: Ferrous metallurgy of the USSR, Great Patriotic War, tank armor, Kuznetsk Metallurgical Plant, new technologies, Leonid Em-
manuilovich Weisberg
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1 nexabpst 2024 r. ucnonunnocs 90 et co gHs
POXXIEHNS BBIAIOIETOCs YYEHOTO-MeTaIypra,
akagemuka PAH Jleontbesa Jleononbaa Vropesu-
va. [IpuBefeM HeKOTOpbIe CBEfIeHN I O )KU3HEHHOM
nyTH 0unspa.

Jleononbp Viropesuy popucs 1 nexabps 1934
roga B I. CBeppnoscke (roc. Iapram). [Tockomnb-
KY JJeTCTBO IIPUILIOCH Ha TPYIHbIE BOCHHbIE TOJBI,
Jleomonbp, VropeBud ¢ paHHUX /€T ObUI IpUydeH
K CaMOCTOATENbHOCTU U TPYAY, HEC OTBETCTBEH-
HOCTb 32 M/IaJIINX OpaTa ¥ cecTpy, IOMOTan po-
IUTeNSIM 1O X03sMcTBY. [lo ceMeltHBIM 06CTOS-
Te/IbCTBAM OH CMEHM/I HECKOJIBKO IIKOJ, HO ObII
OTIMYHMKOM IIOYTH IO BCEM IIpEAMETaM.

B 1952 r. Oymymwit ydeHbll MOCTyHaeT B
YpanbcKuil IOMNTEXHUYECKUIT MHCTUTYT UM.
C.M. Kuposa (YIIJ) na meTannyprudeckuit da-
Ky/nbTeT. B utone 1957 1. OH 3a1uTuiI Ha OT/INYHO
IUIUTOMHBI TIPoeKT «JocTpoiika armodadpukn
YepenoBenKoro MeTauIy pru4ecKoro 3aBoja I
obecriedeHnsi JOMEHHOTO IjeXa arIoMepPaToM» 1
eVHCTBEHHBbIM M3 CBOEJ TPYIIIbI IOMTYyYUT JU-
I7IOM C OTJIMYMEM TIO crenuanbHocT «Merar-
TypIrus YepHBIX METAJIOBY.

ITocne y4e6nr JI.VI. JleoHTbeB IO pacipe-
OeNeHMI0 IoNan B VIHCTUTYT MeTalmTyprum
Ypanbckoro ¢pummana Axkagemyn Hayk (YOAH
CCCP) Ha [O/DKHOCTH cTapuiero jaabopaHTa

AKAJEMURY
JNIEONOJIbAY NTOPEBUYY
JNEOHTbEBY - 90 JIET

B J1a0OpaTOpMIO MCCIEOBAHNS CBIPbSl U IPO-
LIeCCOB €ro MOATroTOBKM. Ero mepBble Hay4dHbIe
UCCTIeIOBAaHMS TIOJ, PYKOBOACTBOM Ipodec-
copa B.JI. Munnepa cBsizaHbl ¢ IepepaboTKOI
pya JIncakosBckoro mectopoxpenusa. B 1961 r.
JLU. JleoHTbeB OBUI 3a4MCIE€H B ACHMPAHTYPY
no crnenuanbHocTH «Teopmsa MeTayryprude-
CKJX IIPOLIECCOB» IOJ, PYKOBOACTBO 4/I€Ha-KOP-
pecnonsienta AH CCCP T'M. Yydaposa. B
1964 r. B YIIN ycnemno npouiia sammuTa KaHgu-
TAaTCKOM AuccepTanuy Ha TeMy «O MexaHM3Me
U KMHETUKEe BOCCTAHOBJICHMA (eppUTOB Kajlb-
nusi». C 1964 1. oH mpofo/mKuI paboTy B mabo-
paTopuy MpsMOTO HOMTydeHNs cTanu (Io3fHee —
mabopaTopus MpPOLECCOB KOMIUIEKCHON Iepe-
paboOTKM MMHEpaIbHOTO ChbIpbA) JIHCTUTYTA
metatyprun YPAH, rae saHuMan DOMKHOCTDb
CTapLIero Hay4yHOro coTpypgHuka. Hay4unere nc-
cnepoBanusa Jleononbpa Vropesuda sToro Bpe-
MeHI HAIpaBjIeHbl Ha IepepaboTKy KpacHBIX
II/TAMOB, JKeTIe3MCTBIX OOKCUTOB, KpeMHe3EMM-
CTBIX JK€/IE3HBIX PYJI, TUTAHOMArHETUTOBBIX DY/,

B 1978 r. B VIHCTUTYTE META/UIypTUM M
VICCIIEJOBAaHMII M VCIBITAHUI B YKPYIHEHHBIX
Macmrabax paspabaTbiBaeMbIX TEXHOIOTUII 00-
pasoBaHa /1abOpaTOpMsl TEXHOMOTMYECKOTO MO-
TenMpoBaHusA, IEpBbIM PYKOBOAUTENIEM KOTOPOII
cran JI.V. JleontbeB. B 1983 1. J/Ieononbg, Vrope-
BIY 3AIUTIUI JOKTOPCKYIO IUCCEPTALIUIO 110 TeMe
«TeopeTnyeckye OCHOBBI M pPa3pabOTKa TEXHO-
JIOTMYM OKYCKOBAaHNA M IMPOMETa/TypPruiecKo-
ro oborauieHns KOMIIIEKCHOTO >Kele30PyHLHOTO
coipbsi». C 1984 1. JL.U. JleoHTbeB CTaHOBUTCS
3aMecTuTeneM AupeKkTopa VIHcTuTyTa MeTamnyp-
ruu YHIT AH CCCP. C 1987 1o 1993 rr. oH 6511
npodeccopoM Kadeappl MeTa/UTypruu, a 3aTeM
Kadenpel pygHOTepMUYecKux Texuomornit YIIN.

B 1990 r. 6b1 m36paH ureH.-kopp. AH
CCCP. B sto Bpemsa Jleononbn Vropesuu yxe
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ObUI M3BECTHBIM YYEHBIM B O0/IACTV KOMIIIEKC-
HOII 0e30TXOHON IIepepaboTKM >Kele30pyh-
HOTO CBIPbSl C/IOKHOTO COCTaBa: J>Kele30-BaHa-
IVI-TUTAaHUCTBDIX, JK€/1e30XPOMOHNKENEBBDIX,
BBICOKOIIMHO3EMMCTBIX M  BBICOKOMAarHe3u-
a/lIbHBIX PYZiI ¥ MaTepuasnoB. VIM IpefnoKeHbl
CXeMbl MMPOMEeTa/UTypriM4ecKoro oforalieHns
TAKOT'O CBIPbs C IIOJTy4eHNEeM SKe/Ie3HBIX 1 JIeTU-
POBAaHHBIX KOHIIEHTPATOB, NPUTONHBIX I W3-
BJIeYeHNA OKCU[IOB TUTAaHA U alIOMUHMA, OPU-
TMHAJIbHbIE ~ METOfIbl  BOCCTaHOBUTETbHOII
arzioMepalyy, IONy4YeH)s OKaTbIIlell ¢ MeTasl-
JIOM, CKOATy/IPOBaHHBIMBHY TPUIIITAKOBO1060-
JIOYKY, CIOCOOBI IPSMOro MOMy4eHns xenesa. B
1993 r. eMy IpUCBOEHO 3BaHMe Ipodeccopa.

B 1993 r. Jleononbn Mropesuu JleoHTbeB
CTAaHOBUTCA IIEPBBIM 3aMecTuTeneM MMHUCTpa
HayKM U TexHudeckoll nomutuku PP. B muum-
CTepPCTBE 3aHMMAJICA MHHOBALMOHHON JeATeNb-
HOCTBIO, IPOBEPSUI peanusanuio pabot, puHaH-
CUPYEeMBIX MUHIUCTEPCTBOM. B TO ke BpeMs OH
He IpepblBal 3aHATHUA HAyKOMl U TIPOAOJDKall
pabory B MHcturyTte Metamnyprun YpO PAH
B O/DKHOCTHM IJIABHOTO HAy4HOT'O COTPY/IHMKA
nmaboparopuy NUPOMETA/UTYPIUU BOCCTAHOBU-
TeJIbHBIX NIPOLIECCOB 110 COBMECTUTENBCTBY, ITie Y
Hero ObUIN aCIIMPAHTBI, COMCKATeNN, JOKTOPAHT.

ITocne oxoH4aHUsA pabOTHI B MUHUCTEPCTBE
B 1996 1. Jleononbp Vropesud Bo3ppalaercs B
ExarepunOypr, rie monaydaer JO/DKHOCTb Iep-
Boro samecturens mpepceparenss YpO PAH mo
Hay4HOU pabore. B 1997 r. 6bu1 u3bpan neii-
cTBUTeNbHBIM WwieHoM PAH 1o orpenenuio ¢u-
3MKOXMMUM ¥ TEeXHOJOTMM HeOPraHUYeCcKUX
MaTrepuanos, a ¢ 1998 r. cran pupexropom VH-
cruryta Metamryprun YpO PAH. C 1998 1. 66t
TVPEKTOPOM ATEHTCTBA IO YIPABJIEHUIO VIMY-
mectBoM PAH, KoTopoe HECKOTBKO pa3 MEHATIO
cBo€ HasBaHMe. JIo 2014 I. akaJileMUK PyKOBOIWII

Pedaxuyus  xcypuana,

aTOit CTpYyKTYpOIL. JL.V. JleoHThEB BHEC 6O/BLION
BK/Iafi B obecreuyeHne coxpaHHOCTH U 3 dek-
TUBHOTO JCII0/Ib30BaHMA uMyljecTsa PAH.

B 1999 r. akapgemuk JL.V. JleonTheB M36paH
yieHoM [Ipesupnyma PAH u 3aHMMan sty nomxk-
HOCTb 1o 2013 1. C 2010 r. o HacToAIIee BpeMA
OH ABnAeTcs npefcenareneM Hayanoro Cosera
10 MeTa/UTypIUU U MeTajinoBeieHnIo OTaeneHus
XUMUU U HayK o MaTepuanax PAH, cospanHbIM
II0 €T0 MHUIMATHBE.

JIJ. JleontbeB — aBTOp 6oOmee 500 Hayd-
HBIX paboT, 11 Mmonorpadmii, 6omee 120 aB-
TOPCKUX CBUJIETe/IbCTB U TaTeHTOB. Ilopx ero
PYKOBOACTBOM 3amyuieHo 11 KaHgugaTCKuX
U OBe HOKTOopckme muccepraumu. OH ABIsAeT-
cs1 wieHoM 610po OTzeneHMs XVUMMM M HayK O
matepuanax PAH, unenom Ilpesmpgmyma Ha-
yuHoro 1eHTpa PAH B YepHorosnoske, 4j1eHOM
mpaBieHnss POCCHMIICKOro XMMMUYECKOro obie-
ctBa uM. JI.VI. MeHpeneeBa, 4IeHOM 3KCIEPT-
Horo cosera QO6mecTBeHHOM mayiatel P® 1o
9KOJIOTUH, 3aMeCTUTeNeM IIpefcefaTesid coBeTa
PAH mo rmo6anbHBIM 3KOTOTUYECKUM MPOOTIe-
MaM, IIpeficefiaTelieM SKCIIEPTHOTO COBeTa IIO
npucyxjgenuto npemuii Ilpasurenbcrsa PO
B 007IaCTM MeTa/UTypruy, WIEHOM COBeTa CTa-
perima PAH, Bune-npesugenToMm MexgyHa-
POHOTO COI03a MeTa/mypros, CoBeTa ITaBHBIX
MeTaJUIyproB BeAyLuX npepnpuATuit Poccum,
y1eHoM Coro3a Mertanypros CBeppIoOBCKOI
0071aCcTH, YIEHOM peNaKIVOHHBIX KOJUIETUI U
PYKOBOAMTENEM peflaKLUil HayYHBIX >KYpHAsIOB
«Hayka B Poccun», «Xummdeckas TeXHOIOTHUA»,
«ITpOMBILIIEHHOCTD U 3KO/MOTUA», «MeTasbl
EBpasumn», «PecypcocbepesxeHne 1 3KOIOTYS»,
«IIpo6meMbl 4epHOI MeTa/UTypruyu U MaTepu-
asoBegennsa», «Cranb», «Mertamnbl», «Pacrma-
BbI», «VI3BecTusI BBICIINX yqe6Hblx 3aBeIeHNI.
Yepnasa meTamnyprus», «Pegkue semmm».

konnexmue Hayunoeo uenmpa KomniekcHol nepepabomku — Colpbs

um. H.II. J/Iakuwesa cepoeuro nosopasnsiom Jleononvoa Veopesuua ¢ tobuneem, ienarm emy u ezo
O7U3KUM KPeNnKozo 300p06bs, 671a20N0yHUs 6 CeMbe, YOauu 6 0enax, ycnexa u 0anvHeuumux ceepuieHuil

8 HayuHoti pabome!
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Ak A YBa)kaemblie aBTOpPDbI!
7 4N P

NPOBJIEMbI YEPHOW
METARNYPIVN [Mpuraamaem Bac omy0AMKOBaTh pe3yAbTaThl CBOMX MCCAe-
ME TR /¥

Y MATEPUANOBEMEHNS AOBaHUI B XypHaAe «[IpoOaeMbl YepHOIT METAAAYPTUM U MaTe-
{ puasoBepeHus». JKypHaa myOAMKyeT Ha 6€3BO3Me3AHON OCHOBE
OpUTVHAABHBIE CTAaTb/ M 0030pBbI, CBsI3aHHbIE C IepepaboTKON
PYAHOTO ¥ TEXHOTE€HHOTO CBIPbs, IOAYYEHMEM YYI'YHA, CTAAU U
beppocnraBoB, CBOMICTBAM CIIAABOB Ha OCHOBE >KeAe3a, MaTepua-
AOBeAeHVEeM 1 Pp131KOI METAAAOB, BOIIPOCAaMU pecypcochepexe-
HUSI, 9KOAOTUM, CTPATeruy pasBUTUS I SKOHOMUYECKON addek-
TUBHOCTM METaAAYPIrU4ecKoil oTpacan. V3paHue BXOAUT B Iepe-
YeHb KYPHAAOB, pekoMeHAyeMbIX BAK Aast mybOAuKanum TpyaoB
COMCKaTeAell YYEHBIX CTeIleHell, B SAEKTPOHHOM BMAE CTaTbU
pasMelneHbl B HAy4YHOU 5AEKTPOHHOM OmbAumoreke elibrary.ru,
PVIHLI, xxypHaa BXxoAuT B 6a3y aaHHbIX «Russian Science Citation
Index» (KOAAEKLIMS AYYIIMX POCCUIICKMX KYPHAAOB Ha MAaTdop-
me Web of Science).

JKypHaa Bbimyckaercsa ¢ 2007 1. Ero yupeauTeaeM sBasgeTCA
LleHTpaAbHBINI HAyYHO-MCCAEAOBATEABCKUII MHCTUTYT YEpPHON
MeTaAAyprum uMm. VL.IT. bapauHa. AAs oBbllleHNs KauecTBa ITy-
6AMKaumit, obecrieyeHrst BBICOKOTO HAayYHOTO YPOBHs, IPaKTHU-
YeCKOI1 3HAUMMOCTH, OCBell|eHNs TOCAEAHX HayUHbIX AOCTIVKe-
HUJ TIPOBOAUTCS Cepbe3Hasi paboTa Mo MPUBAEYEHMIO aBTOPOB,
00CY>KAEHMIO, PeLleH3VIPOBAHMIO PYKOIIVCEIL.
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HL OFYI SUHVVIepMeT UM T, apRWHas

BHUMAHUE! NPOAOIMAETCA NOAMUCKA Ha xypHan

«MTPOBNEMbI YEPHOWU METANINYPT W U MATEPUAJIOBEAEHUA»

[Modnucky Ha XypHan MoXXHO ogpopMmume:

o Ha cante «<O6begnHeHHoro Katanora «lpecca Poccum» www.pressa-rf.ru
MopnucHon uigekc — 58999

o [Nopgnucatbca Yepes UHTepHeT-MarasuH «lpecca No NoANUCKe» MOXXHO Ha canTe
https://www.akc.ru;
o [lopnwucka B pegakymn.
Ha aneKkTpoHHYt0 Bepcuio XypHasia MOXHO NMoAnMcaTbea
Ha canTte HayuHon dneKkTpoHHol brubnuotekn (H3B) http://www.elibrary.ru

MpurobpecTu xKypHanbl 3a 6e3HaNMUHbIN pacyeT MoxkHO B THLL OIYM «LUHWWYepmeT um. WM. BapgunHa».
[na odopmneHns NoANUCKM Ha »KypHas No 6e3HaNNYHOMY pacyeTy HeobXoAMMO NpUCaTh 3asABKY
C YKa3aHneM HoMepa »KypHarna ¥ KonnyecTBa 3K3eMMJIsipoB, afpec 1 6aHKOBCKUE PEKBU3UTBI.

Bcio undopmauuio cnepyet oTNpaBUTb N0 NEKTPOHHOI NoUTe:
E-mail: ntphm@yandex.ru,
Ten. pepakuun: (495)777-94-98; (495)777-93-02; (495)777-95-13

www.chermet.net






