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TeopeTu4eckne 0CHOBBI META/IAYPINN

YOK 621.778

BbiOop napameTpoB aedopmauum
BOJIOYEHUS MPOBOJIOKU HA OCHOBE
AOoNyCTUMbIX 3Ha4YeHU koadpPpuumeHTa
3anaca npoyHoctv U.J1. NMepnuHa mn
nokKasartens HanpsXKEHHOro COCTOSAHUSA
B. J1. KonamoroposBa

I'. H. TypbsiHos!, C. B. CMnpHoB?

"OAQ “HUMN METHU3"”, 2. Maznumoezopck. E-mail: ggnbelorhome@rambler.ru.
2BUaemumym mawunoeedenun YpO PAH, 2. Ekamepunbypa.

MpennoXeHb! 38BUCMMOCTY ANA YCTAHORMNEHAA B3aNMOCBA3M koadhhLMeHTa 2anaca npoydHoeTh .M. MepnnHa
W MoKasaTens HanpsxEHHoro cocToAHnA B.J. Konmoroposa npw BOMQYeHMM Kpyrmoro GrnoLuHoro npodius.
MoCTROSHB! MathHkM NOBERXHCCTER M NMHWA PABHOTO YPOBHA ANs KOGKDULMEHTA 3anaca MpOoYHCCTH U
MoKa3aTensl HaMPsKEHHOTO COCTORHUA MW BEPLUPOBAHUM KOSMULMEHTE BHITSHKM M YIMA BONOMEHUS.
MpeonaXeHo WCMonL30BaTe NMHWM PABHOTC YPOBHA KOHTYPHOrO rpadvka Ans Belgeneqns ofnacted o
3aAaHHBIM 3anacoM MEOYHCCTH. JIMHAM AONYCTUMOTO YPOBHA MPOYHOSTA W MWHMS OMTMMENbHBIX YIMOB
BONOYEHUA Ha KOHTYPHOM rpachiike Ans kosthdUUMEHTa 3anaca MpoMHOCTH UMW MOKA2aTerNs HarnpsMEHHoro
COGTOAHIS CIOCOOCTBYHOT paLnoHansHOMY BeIGOpY NapameTpos AediopMaLi MpoBOMNoKA.

KntoueBblE CNOBA: BOMOYEHWME, MPOBONCKA, MPYTOK, 3aNac NPQYHOCTH, KOSIPULIMEHT TREHNA, KOSMDMUMEHT
YMPOUHEHS, CTENeHb AehopMaLMK, KanMBPYHOLLWIA MOACCK BOMOKM, NPOTUBOHATSMEHUS, KOHTYDHBIRA rpadiik,
PALMOHATNBHLIE NEPaMETPLl BONCHEHMS.

Dependences are proposed for establishing the interrelation between L. Perlins' strength safety coefficient
and VL. Kolmogorovs' index of stressed state at drawing of a round continuous profile. Plots of surfaces and
lines of the equal level are sketched for the strength safety coefficient and the index of the stressad state under
varying the drawing coefficient and the angle of drawing. It is proposed to use lines of the equal level of the
contour plot for identifying regions with a given margin of safety. The lines of the permissible level of strength
and the line of optimal angles of drawing on the contour plot for the safety factor coefficient or the stressed state
index contribute to a rational choice of the parameters for the wire deformation.

Keywords: drawing, wire, rod, safety factor, friction coefficient, hardening cosfficient, deformation degres,
gauging dovetail, anti-tension, contour plot, rational drawing parameters,

TIPOBITEME! YEPHOW METAITYPIIMM 1 MATEPHASIOBELEHAA 2017 Ne 4 5



TexHonorndeckune fpodecchbl MeTainyprii

YAoK 621.771.001: 620.17

UccnepoBaHne ocobeHHOCTENn
pedopMauMOHHOIo BO34eNCcTBUSA

Ha CTPYKTYpY MeTasuia npy NnpoaosibHON
N BUHTOBOM NpoKaTKe

M. E. FTetmaHoBa, O. B. JiuBaHoea, H. O. JlusaHoBa,
A. H. Hukynun, I. A. ®uaunnoe

oryn “tiHunvepmem um. U.11. Bapduna’, 2. Mockea. E-mail: igs12@yandex.ru

QCYILECTRNEHD CONOCTABUTENEHOE MCCNEAOBAHNE MEXAHWUHECKMX CBOMCTE M MaKpOCTRYKTYRLI MeTanna
COPTOBBIX MPOCOUNed MpoAONEHOM W BUHTOBOW Mpokamku. CopToBble NMPodMnM BMHTOBOW MPOKATKM Mo
MEXaHUYECKAM CBOIMCTEAM MPEBCCXOAAT aHANOrMYHYI0 MPOAYKLMIO MPOAONLHON npokatku. Mpi npogonsHoi
W BWHTCROW NpoKaTke CCYLIECTBNASTCHA AshOPMALMOHHOE BO3AEGHCTBUE C PA3HOW HAaMpaBMeHHOCTLIO
GABWIOBLIX CMELLEHUIA METanNMa GTHOCUTENBHO OCK 3aroTOBOK. Pasniuie B GABMIOBBLIX MPOLECCAX NPW STUX
BMAX NPOKaTKM DOPMMPYET B COPTOBLIX MPOMAAX aHNIOTPOMAKY MEXaHWMECKMX GBOMCTE pasHOoro Twna,
YemM COBCTBEHHO W OGYCNOBNEHO NPEBOCXOACTBO COPTOBLIX MPODMNEA BUHTOBOW MOOKATKWY Had MPCAYKUMER
MPOACTEHOM MOOKATKM.

Kniovessle cnoga: NPOAONEHAA NPOKaTKa, BWHTOBaA MPOKATHA, MeXaHWvecKue CBOﬁCTEa, CABWIoBbIE
MPCLECCHI, MAKPOCTRYKTYDE, CUMMETDIA, HUA0TROMMA, AehopMAaLMA, COPTOBLIS MoK,

A comparative research of mechanical characteristics and macrostructure of the metal of high-quality profiles
produced be lengthwise and screw rolling is conducted. High-quality profiles of screw rolling surpass similar
production of lengthwise rolling in mechanical characteristics. The straining influencein the course of lengthwise
and screw rolling occurs with different directionality of shear displacement of the metal about the blanks axis.
The difference in shift processes at these types of rolling forms anisotropy of mechanical characteristics of
different type in high-quality profiles. This is responsible for the superiority of high-quality profiles of screw
rolling over products of lengthwise rolling.

Keywords: lengthwise rolling, screw rolling, mechanical properties, shift processes, macrostructure, symmetry,
anisotropy, deformation, high-quality profiles.

TIPOBITEME! YEPHOW METATYPIIMM 1 MATEPHATIOBELEHAA 2017 Ne 4 13



YOK669.18

BrangaHne KoMnnekcHoro
COBEpPLUEHCTBOBaAHNA TEXHONIOMNM
npousBoactTea ctanm 20KT

C NICNOJIb30BaHNEM BAKYYMHOM
oO6paboTKn Ha cocTaB
HeMeTaNIN4eCKUX BKJTIIOYEeHUN

A. . Crenanog', A. T. l'ynoge?, C. . Bypmacos?,
A. B. Mypsun', J1. E. ApeceaHkuHa', B. B. MenuHr!

'MAO “Ceeaepckut mpybHbiil 3a808”, 623388, 2. Noneackol, Ceepdnoeckan 0bn.
E-mail: DresvyankinaLE@stw.ru.

2prAQY BO “Ypanbckuil cheQepanbHbiil YHUSepcumem um. nepeozo fIpesudeHma
Poccuu B.H. Enbuuna’”, 2. Ekamepunbypz. E-mail: a.g.qudov@urfu.ru

KoMnnekcHoe COBEpLUSHCTBOBaHWE TexHonmord npowuseofcTea ctan 20KT, oCHOBHBIMW pesynbTarami
KOTOPOrQ ABNAKTCA NOBLILISHWE CTAOMNEHOCTH TEXHOMOMVYECKUX napameTpoB, CHWXEHWE OKWGNEeHHOCTKH
nonynpoaykta ACM W noeblleHWe fecynbdypauni, MouBeno K SnaronouaTHIM WU3MEHEHWAM cocTaBa
HEMETaNMU4ECKMX BKNIOMeHUA. OfiHAKO OTMEMEHHARA KOPPEKLMS TEXHONOMAM He pellmna OfHOM 13 Hanbonee
3HAYMMBIX  TEXHOMOMMYECKMX 33faqy — SbEKTUBHOTO MOAWDUUMPOBAHWA OKCWOHOW hasbl ¢ Lenkto
NOBbILWEHNA PaanMBasMoCT, TaK KaK COXPaHUNO NOHWMEHHBLIW YPOBEHL COMEpHaHns KanblUus B COCTABE
HEMETANMUYECKUX BKIIoMeHUA. KapaWHanbHO pelunTh 3Ty TEXHONorveckylo npobnemy yaanock 3a cueT
nepexana K TeXHOMorMW MoaVdMLMPOBaHWA Nepel BaKYYMUPOBaHWEM Ha 3aBepLIatoLLmMX STanax obpaboTku
Ha YBOC.,

KricveBble cnoea: cTank 20KT, HeMeTannMueckue BKIKOMEHWS, COCTAE, OKMGMEHHOCTL MONMYMPOAYKTa,
fecynsdypaums, pasnMBaeMocTs CTanw.

Complex perfection of the 20KT steel production technology, which basic results are increase in the stability of
technalogical parameters, decrease in oxidation degree of semiproducts of arc steel-melting furnace and rise in
desulfurization, led to favorable changes in the composition of nonmetallic inclusions, However the mentioned
correction of the production technology did not solve one of the most significant technological problems —
effective medification of oxide phases for the purpose of raising steels casting ability because it retained the
reduced level of calcium content in nonmetallic inclusions. It was possible to solve this technological problem
substantially by transferring to the modification technology before vacuum processing at the final stages of
treatment at ladle refining installation.

Keywords: 20KT steel, nenmetallic inclusions, composition, semiproduct oxidation degree, desulfurization,
steels casting ability.

TIPOBITEME! YEPHOW METATITYPIIM 1 MATEPHASIOBELEHAA 2017 Ne 4 25



MaTepwanose,qume 1 HOBbIE Marepnasibl

YOK669.14.018.292.

NMepcneKTBHbIE HanNnpaB1eHUs
NOBbILLEeHUS KOMIMNJIeKca CBOUCTB
N Ka4YeCcTBa COBPEMEHHbIX cTanen

A. 1. 3aiues
@ry “UYHuepmem. um. U.I1. GapBuna”, 2. Mockea. E:mail: aizaitsevi@yandex.ru

PaccMOTPSHL! 0CODBHHOCTI COBPEMEHHOMD COCTOSHUA MaTaNMypriMEcKOR TEXHOMOMMA U MATepManoBeIeHUA
MECCOBbIX BbICOKOKAUECTREHHBIX CTaned. MokasaHo, YTe NEpCreKTUBHBIM HaNpPAaBMEHWEM MPMHLWNMATBHOTO
YMYMLUBHVA KOMMNEKCa CBOWCTB, KAYESCTBEHHbIX XADAKTEPUCTUK CTAMW, B TOM 4MCNe TPYAHO GOYETASMbIX,
ABNAeTCA pazpaboTka afeKBaTHLIX (U3MKO-XUMUYECKMX MBTOJOB MPOrHOMPOBAHMA W AhdIBKTMBHIX
TEXHONOTMHECKMX MPHEMOB VTIDABNEHWA XaRaKTEPUCTMKAMM (TUMIOM, KOMMHYECTBOM, PA3MEPOM, MOpdOonoren,
pacripeaeneHenm no oGbemy METanmna) HEMETANMUMECKIX BRITIGMEHMIA, IOpM MPWCYTCTBIA NpUMEcei, hasoBbiX
BbIENEHWA, CTPYKTYPHLIX COCTABNAKOWK. [TokasaHa 0coGas pork KOMMNEKCHRIX HEMETANMMYECKIX BKIOUSHMI
(BbIJENEHWIA), BNMAHWE HA CBOWCTBA KOTOPLIX MOMET M3MEHSATECH OT OTPUUATEMNBHOTO Yepes HelTparbHoe
K BecbMa MONoMWTENbHOMY. TakoA Momxof, KPOME TOro, MO3BOMAST CYLUECTBEHHO CHWSWTL 3aTpaThl Ha
MPOW3BOACTRO, PACLIMPWTE ChipeBylo Gasy. Ero ohtheKTMBHOCTL MPOUMNIOCTRMPOBaHA  pasyTikTaTamu
MCCnefoBaHMiA U paspaBoTok, BLINOMHEHHBIX ANA PAAA TUMOB MaCCOBbIX BbCOKOKEYECTBEHHBIX CTANEH,

KnioueBkle CNoBa: MaCcCOBEl & BhICOKOKa4BCTBEHHLIE CTaNM, MeTannypru4eckne TeXHoNoru1, HeMmeTannuyeckne
BKMHOYEHNA, (Da30BLIS BblASNEHNS, MPUMECH, KOMMINEKCHBIA COCTAB, XMMUYECKaS OAHOROAHOCTL, CTRYKTYPHAA
0JHOPOAHOCTD, CTRYKTYHOE COCTOAHWE, cnyme6Hb|e CBOWCTBA, Ka4YeCTBEHHbIE XapaKTepucTUKK.

Features of the current state of metallurgical technology and materials science of mass high-quality steels are
considered. It is established that the perspective ways of radical improvement of steels properties complex and
qualitative characteristics, including difficultly-combined ones, consist in development of adequate physical and
chemical methods of forecasting and effective processing methods for controlling characteristics (type, amount,
size, morphelogy, size distribution) of nonmetallic inclusions, forms of impurities existence, phase precipitates,
microcanstituents. The special role of complex nonmetallic inclusion is shown, the influence of which on properties
might change from negative through neutral fo rather pesitive. Such approach, besides, allows essential reducing
production expenses, widening the raw material resources base. Its efficiency is illustrated by the results of
researches and workings-out performed for a variety of types of mass high-grade steels.

Keywords: mass high-quality steels, metallurgical technology, nonmetallic inclusions, phase precipitates,
impurities, complex composition, chemical homogeneity, structure homogeneity, structure state, service
properties, qualitative characteristics.
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YOK 621.785.6

UccnepoBaHve BIUSAHUA PEXXUMOB
TepMuyeckom oopaboTkv Ha
MUKPOCTPYKTYPY U MeXaHUu4YeckKue
CBOMCTBA BbICOKOMNPOYHOro IMCTOBOIro
npokata (400 — 450 HB)

U3 HU3KONEernpoBaHHOMU CcTanu

M. . MapTbiHos!, M. 0. Matpocos’, A. B. MutpodaHnos?,
K. 0. bapa6aw?, T. B. lopowko', H. U. KameHckas?®,
M. U. 3BepeBa'?

'oryn “yHuqyepmem um. U.11. bapduna”, 2. Mockea. E-mail:
pscenter@chermet.net

2 1AQD “Ceeepcmans”, 2. Yepenoeey, Bonozodckas ob1.

SMI'TY H.3. Baymana, 2. Mockea. E-mail: kamenskayab555@yandex.ru

MpeacTaBneHsl Pe3yNLTaTh MCCNEAORAHMA BIMAHAA PEXMMOB TEPMUYECKO 00padOTKM Ha MUKDOCTOYKTYRY,
pazmep W hopMy 23EPEH, MeXaHUYeCKWe CBOWCTEA BEICOKOMPOYHOT NMCTOBOM NPOKATA U3 HUZKONErMpOBaHHOI
C - Mn - Cr - Si — Mo cTanu, mukponervpoBaHHod Oopom. OnpeaseneHbl Bapuaumy OMTUMarnbHbIX
PENMMOR TepMIUUecKol ofpaloTiy, oDecneuMBaIOWLMX COMETAHWE BLICOKOTO YPOBHA YAAPHON BAIKOCTM Mpu
QTpHLATENEHEIX TEMNENATYPaX, TBEPACCTM M MPOYHOCTHLIX CBOWCTE NUCTOBOMO NpoKaTa.

KntoueBble CroBa; BLICOKOMPOYHaR CTanb, TepMuHeckast 00padoTka, MAKDOCTPYKTYPA, YAapHas BA3KOCTb.

The paper presents the results of investigation of the effect of heat treatment operation conditions on the
microstructure, size and form of grains and mechanical properties of high-strength rolled sheets from low-alloy
C - Mn — Cr - Si - Mo steel microalloyed by boron. Variations of optimum regimes of the heat treatment are
defined that provide a combination of high level of impact toughness at negative temperatures, hardness and
strength properties of rolled sheets.

Keywords: high-strength steel, heat treatment, microstructure, impact toughness.
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YOK 669 017

UccneporaHme v pa3padboTka
0ecCBUHLIOBOW aBTOMAaTHOMW cTanu ¢
3a4aHHOU CTPYKTYPOU U CBONCTBaAMU
ANa geTtaneun pacnpenenurtenen
3a)KUraHus aBTOMOOUNbHbIX
ABUrartenen

A. A. AnveB

@ryn “Hayavo-uccnedosamensCKuli U KCICPUMEHMANbLHBIL URCMUMym
asmomobunLHOL ANeKMPOHUKU U 3nexmpoobopydoeanus”, 2. Mockea.
E-mail: test-eng@mail.ru

BaameH ceuHelcoaepkalled aeTomaTHOW cTanu ACABI2 pazpaboTaHa DeccBWHLOBAA aBTOMATHASA CTalb
A352 ¢o CTPYKTYPOW W CBOMCTBAMM, HEODXCAMMBIMK ANA W3rOTOBNSHWA AaTanei pacnpeienurensii Banuka
Ha CTaHKAX-aBTOMATAX, KOTCPbIE 0BECNEYUBAIOT YACTOTY 7 — 8 KNacca Ha NOBEPXHOCTM U Ha LUNMLAX Banvika
nocne npoTarMeanus. MaroToeneHue kynavkos ua ctanu A35( 2 ¢ nocnedytollelt ux TepMudeckold obpaboTkor
TBMY BaameH cTanu 15 co cnoxHol Tepmuyeckor obBpaboTkod obecneuMBacT 3afaHHbIE XapaKTePUCTHKK
(rnyBuHa sakanenHoro cnod 1,7 — 2,0 MM, TeepaocTs HRC 47-50) U cHUKAET TpyOeMKOCTL B 3 pasa.

Kntoueskle croea: BanuK, Kynaqky, CTPYKTypa, YMCTCTa NOBEPXHOCTH, TEPMUYECcKan O6p860TKE!.

Instead of lead-bearing free-cutting steel AC45Mn2 a new non-leaded free-cutting steel A35Mn2 has been
developed with structure and the properties required for manufacturing details of distributors of rollers for
automatic machines, which provide cleanness of the 7 — 8 class on the surface and on the slits of rollers after
pulling through. Manufacturing of cams from the A35Mn2 steel with their subsequent heat treatment by high-
frequency current, instead of the steel 15 with complicated heat treatment, provides the required characteristics
(the depth of the hardened zone 1,7 — 2,0 mm, hardness 47 — 50 HRC) and reduces by labor content threefold.

Keywords: roller, cams, structure, surface cleanness, heat treatment.

MPOBSIEMbI YEPHOU METATITYPIINA 1 MATEPHASIOBEEHNA 2017 Ne 4 53



56

YAK669.15-194.56:669.14.018.292.

UccnepoBaHne nameHeHus
CTPYKTYPbl U MEXAHUYECKUX CBOUCTB
BbICOKOMPO4YHOM a3oTcoaepxKallen
ayCTEHUTHOM cTasin nocrne
ANHaMUYeCKOro Harpy>xeHus

T. B. Buxapeea, 0. B. Fnubenko, Q. B. ®omuHa, A. B. UnbuH

Hitl] “Kypyamoeckuil uncmumym® — HHWW KM “lIpomemelt”, 2. C.-[lemepbypa.
E-mail: npk3@mail.ru, oknir@crism.ru

PaboTocnocobHocTs MaTepKnanoe B YCNOBUAX 3KCTLeMarbHbBIX HarpysoK 00bIMHO OLEHMBAETCA C NOMOLLELID
AVHAMWHECKMX UCTbITaHMIA. PaboTa NoceALlleHa N3YHSHWUHO M3MEHSHUA CTRYKTYPE N MeXaHUYeCKuX CBOWCTB,
a TaKe MNOBSASHUID METANNa, MHOTOKPATHO OethOPMUPYEMOrO METOAOM BbICOKQCKOPOGTHOMG YIpYTo-
nnacTu4ecKorg ,D,erOpMMpOBEHMFI.

KnioueBble crioBa; [MHAMUHYECKOS HATPYMEHWS, ayCTEeHWTHas asoTCOJepMallan CTanb, MPOHHOGCTS,
JAMHAMUYECKAA NNACTMYHOCT, MUKDOCTRYKTYDE, ABOAHAKW dehapmaLiig,

The working capacity of materials in the conditions of extreme loadings is commonly estimated by means of
EBT in water backet. The work is devoted to studying changes in structure and mechanical properties, and also
to behaviour of metal repeatedly strained by the method of high-speed elastic-plastic deformation.

Keywords: explosion bulge test (EBT), austenitic nitrogen-containing steel, strength, dynamic plasticity,
microstructure, deformation twins.
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YAK.621.791.755.5

UccnepoBaHue napamMeTpoOB CBapKu
anliloMMHMUEBbLIX CMJiaBOB

I. M. ®etncos, [. A. lyxHOBCKUHA

@Irb0Y BO “Mockosckull asualyUoHRbIO UHCMUmMym
(HayuoHanbHbId uccnedosamennckutl yHusepcumem)”, 2. Mocksa.
E-mail: Dukhnovskiycalm@gmail.com

Hpe,D,CTaBJ'IeHbI pe3ynbTatel WCCNedCcBaHWA nNapameTpoB nnasmMeHHoN CBapkn antoMUHWEeBbIX CnnaeoB
CKATON AYTON NEPEMEHHOTO TOKa, & TaK e aproHO-AyTOBON CBApKA.

KniodeBele cnosa: nnasmeHHas CBapKka, pPemum Mna3sMeHHoN CBApKW, CXaTtad pyra nepemMeHHOro TokKa,
TeMneparypd, gaslerne.,

The paper presents the results of investigating parameters of plasma welding of aluminum alloys by compressed
a. ¢. arc and of argon-arc welding as well,

Keywords: plasma welding, conditions of plasma welding, compressed a. ¢. arc, temperature, pressure
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YOK 669.14.018.29

dakTopsbl, BAngowMne

Ha CONPOTUBAAEMOCTb TPYOHbIX
cTanem pacTtpeckmBaHM IO

B cepoBoaopoacoaepXxalmx cpepax

A. A. XonogHuiii', 0. U. Marpocos', U. . lWa6anos?,
4. C. KysHeueHko', B. 1. BenukogHes?

TQryr “LRvaepmem um. W1 Bapduna’, 2. Mockea. E-mail: pscenter@chermetnet.
2000 “TpybHbie UHHOSAUUOHHEBIE MexHonoaul”, 2. Mockea. E-mail: info@pipeintech.com.

PaccMOTPEHO BIMAHWE METANMYRTAYECKKMX haKTOPOB HA CONPOTUBNAEMOCTL NIMCTOR U3 HUSKONEMPOBAHHLIX
TpYBHbIX cTanei BopgoponHomy pactpeckuearuio (HIC) n cynbthupHOMY pacTpeckMBaHUI NMoZ HaNpsieHUaM
(88C) B H,S-copepwaiimx cpeax. lMoBbllweHuio CToMkocT mueTos npotue HIC n SSC cnocobetsyet
MHMHUMW3aLMA KOMMYECTBa W MognbMuMpyioLan obpaboTka HemeTannuqecknx BKIIOUYEHUN, YMeHbLLIEHWE
WHTEHCUEBHOCTW LiEHTpansHOM cerperauiy, YoTpaHeHWe nomnoc4aTocTy CTPYKTYpLl, Nervpoeanue Cu = 0,20 -
0,30 % {onA cpefel ¢ pH = 5), yBenMYeHne NPOYHOCTMI CTanwu.

Kntouessle CNoBa: HU3KOYTNEpoAWCTan ¢Tanb, ToyBHan cTarb, BOLOPOOHOS PACTRECKMBAHWE, CYNbHAHOE
pacTPECKMBaHIE MOf HAMPSKEHUEM, XUMMUECKMA COCTAB, HEMETANNNYECKOS BIMIOHUEHME, MUKPOCTPYKTYPA,
LisHTpankLHan cerperalus, TBepaoCTb.

The influence of metallurgical factors is examined on resistance to hydrogen induced cracking {HIC) and
sulfide stress cracking (SSC) in H,S-containing media of plates from low-alloy pipe steels. Increasing the
plates resistance to HIC and SSC is facilitated by minimizing amounts and modifying processing of nonmetallic
inclusions, decreasing the intensity of centerline segregation, eliminating the structure banding, alloying with
Cu = 0,20 - 0,30 % (for medium with pH = 5), increasing the strength of steel.

Keywords: low-carbon steel, pipe steel, hydrogen induced cracking, sulfide sfress cracking, chemical
compasition, nonmetallic inclusion, microstructure, centerline segregation, hardness.
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YOK 621.785.532

UccnepoBaHue 3aKOHOMEPHOCTEN
dopMUpoBaHNUA a30TUPOBAHHbIX
CNnoeB, UX CTPYKTYpPbl U CBOMCTB

Ha cTangax Ang Tena Ka4yeHus npm
razorepmodOapuyeckomn oopadoTke
B MOJIEKYNIIPHOM a30Te

. C. benoycos, A. B. benoycos, M. E., letTmaHoOBa,
. A. ®ununnos

&ryn “LiHhvepmem um. WU.I1. Bapduna”, 2. Mociea. E-mail: igs12@yandex.ru.

Neeneaosato hopMUpROBaHHE A30THPOBAHHLIX CNIOER, MX CTRYKTYRE M CBOWCTBA Ha CTanAX ANA TEN KaueHns
npw rasotepmoBapuueckod oBpaboTke B MOMEKYNsSpPHOM a30Te. YCTaHOBNEHO, YTO OABNEHWE B NepBylko
OMepeb NoBLILEET MUKPOTBEPAOCTL A30TUPOBAHHOTO GO, & TeMnepaTypa — ero IyGuHy. SddekTUBHaS
rMyGMHa a30TMPOBAHHOMD GNOA YMEHBILAETCA ¢ NOHUKEHWEM TEMMNEPATYbI HACKILLIEHHS.,

KnioueBkle cnoBa: a30TUPOBaHWE, MCNEKYMAPHBIA 830T, HUTPUAR, 3dxheKTUBHAS rMybuHa, NepexoHan 20Ha,
CTPYKTYPa, MUKPOTBEPAOCTE.

Formation of the nitrided layers, their structure and properties in steels for rolling bearings as the result of gas-
thermobaric processing in molecular nitrogen were investigated. It was found that the pressure first increases
the micrchardness of nitrided layer, and the temperature of its depth. The effective depth of the nitrided layer
decreases with reducing saturation temperature.

Keywords: nitriding, molecular nitrogen, nitrides, effective depth, transition zone, structure, microhardness.
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YOK 669-138.8

UccnepoBaHue ¢pa3oBoro cocrasa
M CTPYKTYPbI NOPOLUKOBLIX CMJ1IaBOB
Ha ocHoBe cuctembl NdFe

B 3aBUCMMOCTMU OT TEXHOJIONUU UX
N3roToBNEHNSNA

H. U. Kamenckasa', A. B. Kambinnn?, M. U. backakoBa'

'"MITY um. H.3. Baymana, 2. Mockea. E-mail: kamenskaya5555@yandex.ru.
AQ “Cneymaznum”, 2. Mockea. E-mail: magnit.works@yandex.ru.

MNpeacTaBneHa TEXHONOTUS W3rCTOBNEHWS U 0TpaloTkW NOPOLUKOBLIX MarHUTOTBEPLIX CNNABOB HA OCHOBE
cucTeMbl NdFe, , nervpoBaHHbIX TUTaHOM, C MOCTISAYHIOLAM 830TUPOBEHIEM MopoLUIKka, MEeTOAaMM OMTUHECKOM
W 3NEKTPOHHGH MUKDOCKOMMIA M peHTreHorpadun MocnedoBaHa MUKPOCTRYKTYPA W ha30Bkii COCTAE CNIABoR
HenoCpeACTEEHHO NOCNE BbINNSBKM, 8 TaKKE NOCNE roMOTEHU3aLMOHHOTO OTHWME. YCTaHOBMNEH ONTUMAaNbHGIN
PEXMM FOMOTEHN3ALIMOHHOM oMM, VceneoBaHe BAMAHWE PEXMMOB a30TUPpOBaHMA Ha (hasoBbid CocTaB
ouHTeanposaHHoro HuTpuga NdFe Ti N . YcTaHOBNEH OMTUMANbHBIA PEXMM a30TMPOBaHWA. YCTaHOBIIEH
OMTMMAEHBIA PEXM Pa3Mona NopoLLKa W OMTMMANbHBIA pa3Mep YacTuL, NOPOLLKE.

KnioyeBble ©NoBa: MarHUTOTBSPALIS MAaTepWank!, peAKosementHole METannbl, BLINMNABKA, WMIMENbHeHWe
CIUTKOB, A30TUROBAHME, MUKDOCTRYKTYPA, ha3cBbii COCTAB.

The article presents technologies of production and treatment of sintered magnetically hard alloys on the basis
of the NdFe, , system alloyed by the titanium with the subsequent nitriding of the powder. Methods of an optical
and electronic microscopy, X-ray metallography were used to study the microstructure and phase composition
of the alloys immediately after smelting and also after homogenizing. The optimum homogenizing regime was
established. The influence was investigated of nitriding regimes on the phase composition of the synthesized
NdFe,Ti,N, nitride. The optimum regime of nitriding was found. The optimum regime of powder grinding and
the optimum size of particles were established.

Keywords: magnetically hard materials, rare-earth metals, smelting, breakage of ingots, nitriding, microstructure,
phase composition.
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KOHTpOﬂb MeTasulyprimieckoro npon3sonCcria n MeTajanonpogykuinim

YAK 669.02.09

Ucnonb3oBaHne KOMOMHNPOBAaHHbIX
MeTOAO0B ANAarHOCTUKU rMApaBINYecKUX
CUCTEeM MeTaJUTyprudecknx arperaToB

C. H. PegHukoB

Yupexdenue dononHumenbHO20 APOPeCCUOHANBHO20 00pasoeanus
“Mexk QyHapoOubil UHCMUMym mexHuUYecKkux uHHosauuil”, 2. ExamepuHbypa.
E-mail: srednikov@mail.ru.

B ¢TaTbe PACCMOTPEHbI BONPOCH! OPraHUaLIMA AMATHOCTMUECKUX CNYHE Ha NDEAMOUATHAX YEPHOM K UBETHOI
MeTannyprau. OLI@HEHI:I 3OHBI MPUMEHEHMA W BO3MOXHOCTH KOMMNNEKCHBIX MEeTOQOB OUSHKK COCTOAHWA
MIpaBMM4eckoro oBopyAeBaHUA. PaccMOTPeHs! pesyrbTarsl UCMONb3oBaHWA TEMNOBUIMOHHBIX METOHOB
MRSABAPUTENBHON AMATHOCTAKM B KOMBUHALIMK G PACYETHBIM ONPEaENEHMEM BHYTREHHUX TENNOBLIX NONGH 1
pesyneTartaMmy aHannaoe pa60qu1x }KM,D,KDCTEIFI.

KnioyeBkle cnoBa: AMarHOCTHKE, TENOBbLIE NONS, pa60tme HWAKOCTH, o6opy,qosaH|ne.

The article deals with the organization of diagnostic services at enterprises of ferrous and nonferrous metallurgy.
Areas of application and possibilities of complex methods for assessing the condition of hydraulics equipment
are estimated. The results of the use of thermal imaging methods for preliminary diagnostics in combination
with the calculation of internal thermal fields and the resdilts of analyses of warking fluids are considered.

Keywords: diagnostics, thermal fields, working fluids, equipment.
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Nupopmauins

V MexayHapoaHaa KoHdepeHUuus
“CoBpeMeHHble TpeboBaHna u
MeTannypruyeckume acnekrbl
NMOBLILUEHUA KOPPO3NOHHON CTOUKOCTH
U APYrnx cny>XeOHbIX CBOUCTB
YyrnepoancTbiX U HU3KOJTIErmpoBaHHbIX

crtanen”*

A. A. Naenos

@ryr “YHuHqepmem um. W.11.6apduna”, Mockeéa. E-mail: bimt@rambler.ru

20— 21 cenradpa 2017 ¢ g O VII “ITHHNHuepmet
uM, WMIT, Bapauna™ coctoanack V. MesxayHapoaHas
koHepeHums " COBPEMCHHBIC TPCOOBAHH W MCTAI-
IYPIHYECKHE ACNEKTHl TOBHINEHHA KOPPOIHOHHOM
CTOHMKOCTH H APYTHX CHY:KeOHBIX CBOHCTR YIIRPOAH-
CTBIX M HH3KWICTHPOBAHHbIX Crancé”. [1o camsue-
meifcd TpaJumuK. UeNBI0 NMPOBEISCHUA KOH(ePSHIHN
SABMANOCEH OOBCAUHEHAE VCHITHI OpraHusatiif. saaei-
CTBOBAHHLIX B CICPC IKCILTYATALMH TPyOONPOBOIOE
IO TPAHCIIOPTHPOBKE He(TH. MpoH3BOIHTENEH TPYO H
HAYYHOTO COO0MECTR] B 00TACTH MOBHINSHHUS KOPPO-
JMOHHOH CTOHKOCTH CTAICH A1 HCQTCHPOMBICIOBbIX
TPy OOMPOBOIOE.

OTKpBBANH KOH()EPEHIHI) HAMATBHHE OTACNA
PA3BUTHS YCPHOH MCTATIVPruu. TpyOHOH npoMblu-
JCHHOCTH W MCTALIOKOHCTPYKUMH  JlcnmapramcHTa
METAUIYPTUH | Marepuanos Munrnpovropra Poccuu
AH. Cémun u 1-# saMecTurens I'eHepaIbHOTO TH-
pekropa YT “LHHHucpuet wm. ML Bapauna”
B.A. Yooe. B npuBETCTBEHHOM BBICTYIDICHHH OBLIA
OTMEYEHA BAKHOCTH IPOBSISHHA TAKOTO POJd KOH-

*Tnternational conference “Madern requirements and
metallurgical aspects of raising corrosion resistance and
other working properties of carbon and low-alloy steels™

(hepeHUII, X 3HATAMOCTD AT METATUIY PTHUSCKOH H
TPYOHOH NMPOMBINLICHHOCTH, HAYYHO-HCCICI0BATENb-
CKUX HHCTHTYTOB H pOCCHﬁCl{Oﬁ IKOHOMHKH B LICTOM.

TpagmmioHHO B KOH(bEpPEHLMH IPHHATH YHa-
CTHE  BGAYIIHE  METAUTYPIMUYECKHE  KOMOMHATHI
AQ "BM3", TIAQ “Ccecpcknit TpvOHBIH 3aBOA
[TAO "UTTI3" u TpyOubie xommaHun [TAO “TMK™.
MAQ “HIMK”, TTAQ “Tarmer”, AQ “Ypamscras
craaw”, [MAQ "Ceeepcrans”, a TAKKC HAYUHO-UC-
cneaoparensckue oprasmzanpun HUTY “MHMCuC™.
AQHIO HHHUUTMAIT, OO0  Tasnpou-
BHHHIAT”, Poccuiickoe 001UCCTBO MCTAIOBCACHHS
H tepmoodpadoTrn. Caukr [lerepdyprexui momurex-
HAvecKHi yHHBEpCHTET. PocHUTH B ap. BErmanmro
¥YACTHHKOB KOH(epcHU MK ObLIO NPEACTABACHO §o.1cC
15 A0KMAT0B, MOCBSTLUCHHBIX TPOSICMC KOPPO3HH TPY -

BOMPOBOIOB.
Pvroponnremu Llentpa ¢usHueckoH XHMHH.
MATCPHANOBCACHWA,  OWMCTATIOB W CHACIHANbL-

HEIX EBHIOB Kopposun @IVII “"HHHHHMuepser wy.
HUIL bapauua” AHM. 3atiues u HWI. PoanoHoBa
BEICTYNIHIW C J0OKJIAIAMH O TNCPCNCKTUBHLIN  HA-
IPABICHHAX TMOBBILICHHA KOMILICKCA CBOHCTE H
KAYECTBA COBPEMEHHBIX CTaleH. O COBPEMEHHEIX
N0AX0A3X K TIOBBILUCHHKD KOPPO3HOHHOH CTOHKO-
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A. A. MNaenoe V MexOynapodHas Kodghepenyus “CoepemenHeie mpebosanun. ..

CTH crateit mma He(TEmpOMBICIOBEIX TPYOOIPOBO-
Aok, [IpcacTaBHTCIN BKCILIVATHPYIOIUMX TPYOHY 1O
npoaykun  opranmauuit OAO “CyprytHedyrera?”
u 000 “TAJMNPOMHE®DTL™ cmeiamd cooOLIEHHA
00 aKTYAILHOCTH HOBBIX PA3palb0TOK M MCTOAMK A7
OTPCIACICHH KAUCCTBA TPYOHOH NPOAYKUMH M HCOD-
XOOMMOCTH IIOBBILICHHS PECYPCH IKCIUIVATAIME He-
(DTCTPOMBICIOBLIX TPYOONPOROAOE.

B mokiane AB. Kymawcea (AO “BM3)
“PesvyIsTarsl NMPOMEBICTIOBRIN HCHOBITAHHH TPYO M3
ctaan 05XTB” noxazaHo, 4to TpyOsl M3 3Toif CcTaam
¥CNCLUIHO IKCTYATHPY HOTCH BC3 KAKUX-THO0 OrpaHu-
YeHUH. 00SCIISHHBAA (HAYUTSIEHOS YBEIHUCHHE CPO-
KA SKCIIVATALMH, CHWKCHHC 3aTPaT HC(THHHKOB HA
JOTIONIHHTCIIBHBIC AHTHKOPPOSHOHHBIC MCPONPHATHA
H 3KO.IOTHYECKYRO 0€30IACHOCT He(hTera0100bIBAIO-
mmx peruonos Poccuiickoit deacpaitin.

B Beictynachnu B.B. Hayuenko (AO “"BM3™)
OBLIA MOKA3AHA MPHHUMIHATFHAL BOMOKHOCTE IPO-
H3BOACTBA  XIAJOCTOHKOrO PyJOHHOrO NpOKaTa M
TpyO U3 Hero Oc3 a0baBok HHOOUs B veaosusx JITTK
AQ “BM3". OnpeaeneHb COIEPKAHIA JETHPYFOIIIX
W MHKPONCTHPY FOLLUMX 2NCMCHTOB A/ IONYUCHHS TPC-
OVCMBIN KIIACCOB NPOMHOCTH.

E.C. Mypcerros (AO “BM37) coodwun o oco-
OCHHOCTIX BHCncHHOH 0OpaloTKM M HCOpPCPbLIBHOH
paziueku TPYGHBIX CTANCH C TPCOOBAHHCM N0 CTOHKO-
CTH K BOTIOPOIHOMY PACTPECKHBAHUIO.

B noxnanc A A, Tlpuacuua (AQ ~Ypaabckas
cTaib’) ObUIH NIPCACTABICHBI PC3Y.ILTATHI OPraAHM-
JAHM  TPOM3IBOACTBA  KOPPO3HOHHOCTOHKOTO — JH-
CTOBOIO MPOKATA H NOKAZAHO, UTO DAPAbOTAHHBLIC
PCAHMBl KOHTPOIMPYCMOH TIPOKATKH, BEIHMAKLCH
VCKOPEHHOS MOCIeIeOPMAITHOHHOE OXJIAAKICHHE C
OPOBCACHUCM NOCICAYHICID «BLICOKOMD OTOYCKAR
C KOHTPOJICM TCMICPATYPRL MCTAJIIA HA BbIXOIC H3
TEYH. 00SCTICYHBAKOT 33JJHHBEI! YPOBCHB MONAHM-
UCCKNX XAPAKTCPHCTHK KOPPOZHOHHO-CTOHKOMO JH-
CTOBOrO npokara w3 cra Mapok 09I'CO, 13XDA ¢
odecnedeHIEM BBICOKOI XITAI0 CTOHKOCTH.

JLE. Opccesnkuna (MAQ ~CT3") cacnana Ao-
K134 O BIWIHHH KOMIUICKCHOI® COBCPLUCHCTBOBAHHA
TEXHONOTHH npomseonacTea cTamd Z0KT ¢ menoms:so-
BAHHCM BAKYYMHOI 00palOTKH HA COCTAB HCMCTAIH-
YCCKHUX BEJIHMCHHH.

AB. Koigaes (DPI'VII “IHHHuepyveT
nv. LLT1. bapauua™) mpeacTaBun peiyabTaTsl BAMs-
HHA CTPYKTYPHOIQ COCTOAHHA MCTALTA, HCMCTAIIIH-
YeCKHX BKIIOUCHHH, TEXHOIOTHH IPOH3IBOACIBA Hi
AOKA3ATCIN CBOHCTE 1 KAUCCTBA KPYIIOI0 MPoKatTa H3
CNMCUHAIBHBIX TCTHPOBAHHBIX cTaci. YMCHBUICHHC
cozepixanna KAHB Broporo THIA H OKCHIHO-CYIIB-
(PUIHBLIX BKAQUCHHH ¢ OKCHAHOH COCTaBMSIOIICH Ha

ocHoBe cucTemel CaQ — ALO, — MgO ¢ ronmeHrpa-
umuc Si0, 10 5 Mace. % MOKCT 3HAUUTCIILHO VBCIH-
YHBATH KOPPO3HOHHYK CTOHKOCTE KPY [IOTO NPOKATA.

Ie1pro  mccmenoBammdE A A AMerxHOBA
(Oryn “LHWHucpser um, W.I1, Bapauna™) Obino
YCTAHOBJICHAC MCXAHH3MOB BIMSHHA HCMCTAITH-
YECKHX BRIFOYCHHH HA VCKOPEHHE IPOIECCOB KOp-
PO3HU CTANCH B BOAHLIX cpcaax, [IpcacTaBICHHBIC
PC3¥IBTATHI HCHBITAHWH N0 HCMO.Ib30BAHHOW B Pado-
T¢ MOTCHIHOCTATHYCCKOH METOIHKS MOKAZUIH XOpO-
HIVIO KOPPC/BLHIO C PC3yJbTaTaMH  AMHAMMHMCCKUX
KOPPO3HOHHBIX HCIBITAHHA. YTO CBHIACTCIIBCTBYCT O
NEePCIEKTHBHOCTH IMPHMEHEHHA 3TOH METOIHKH 114
OUCHKH KOPPO3HOHHON CTOHKOCTH COBPCMCHHBIX CTd-
ncii.

CB. Amyx (AO “Cesepcrams MeHemaMeHT )
OPCACTABKHI B CBOCM JOKMAAC MCPCOCKTHBHOCTE MPH-
MCHCHHSL MHOTO(A3HBIX BBICOKONMPOUHLIX CTancii c
MOBHIUEHHEIMHY IUTACTHYECKHMH XAPAKTEPUCTHRAMH U
OTLIT UX OPOM3BOACTBA. [TPCACTABHMTCIL MPOCKTHOMO
uHcTuTyTa AQ "BHUHHEDTEMALL™ B.I". Monsipos
JOTOAMI O HOBOM. DpaspabOTAHHOM COBMECTHO C
®TYI “LHHWHucpmer wv, H.I, Bapauug”, nep-
CTICKTHBHOM OHMCTAUTHYCCKOM MaTCPHAlC  BbICO-
KOH KOpPPOSHOHHOH CTOHKOCTH 111 HedTeXuMIH C
PABHOMPOUHLIMH CIOIMM 3 VA0V DICPOIMCTOR MHE-
Kposerupoeadioi cram STOOMC n nByxiazHoii ay-
CTEHUTHO-(DePPHUTHOH CTANH. JTETHPOBAHHOH A30TOM.
On TalKe OTMCTHI AKTYAILHOCTh OPOMBINLICHHOTO
OCBOCHHSA M MACCOBOTO BHCAPCHHS AAHHOTO MAarcpH-
QT B POMBIILIEHHOCT.

AA. Masaoe (Pryrl “LIHHHucpmeT
um. ML.I1. Bapamua™) npeacTaeui A0KIAA4 HA TCMY
“OneIT IPOMIBOICTBA H NEPCICKTHBBl MPHMEHEHHA
OMMCTATIMUCCKUNX KOPPO3HOHHO-CTOHKHX TPYO A1d
TOBLILUCHHSA CPOKA CJIy#0bl TPYOOIPOBOIOB PAIHY-
HOTO HABHAUYEHUA . B KOTOPOM MPEICTABHI JAHHBIE O
foacc uem 15-acTHeii ScsapapuiiHOoi akCmIyarauun
IUIAKHPOBAHHBIX TPYBONPOBOIOE CHCTCM HedrrecBopa.

A B. Mensnuroea (000 “Tasmpoym BHUHTAZ™)
pacckasaIa o pa3padoTKC HOPM A0MYCTUMbBIX AC(CK-
TOB CTPCCC-KOPPO3HOHHOIO MPOHCXMKICHHS 174
MATHCTPATIBHBIX TA30IPOBOI0B H IOKAAE, YTO IPH-
MCHCHUMC PACHCTHOH MCTOAMKM OLCHKH MPOUHOCTH
Tpy® ¢ nospeskacHusmMrd KPH no3Bonnio ycraHoBHTh
00IACTH JOMYCTHMBIX SHAYCHIH H paspadoTaTs mpea-
JOMCHHSL N0 HOPMHPOBAHHI) TPCACAbHbIX [AYyOHH
CTPCCC-KOPPO3HOHHBIX MOBPCHICHHH ans TpyG M3
CTATCH KOHTPOTHPY €MOH MPOKATKH ¢ ¥UETOM (POPMEL
OPHCHTALMH, MCCTOTOIMKCHHA OTHOCHTCILHO CRap-
HOTO LUBA H MCXAHHYCCKHX CBOHCTB TPYOHOT cTanm.

UI. Pogwomora (OI'VII “HHHHuepmer
um, M.T1, BapanHa™) npeacTaBuIa HOBY H) 2ICKTPONH-
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A. A. MNaenoe V MexOynapoOHas Kovghepenyus “CoepeMmenHeie mpeboganun. ..

MHYECKYI0 MEeTOIHEKY OLCHKH KOPDPOSHOHHOH CTOIKO-
CTH CTaIcH 1714 HC(TCOPOMBICIOBLIX TPYOONPOBOI0B
H TIOArOTOBICHHBIC IIPOCKTBI H3MCHCHHH K ACHCTBY KO-
ITHM TEXHAYECKHM ¥CIOBHAM H HOBBIC TSXHHYCCKHE
YCNOBHS HA NPOKaT H TPyObl NMOBBLIILICHHOH KOPPO3H-
OHHOH CTOMKOCTH 1JIsl HC(ITCHPOMBICIOBBLIN TPYDO-
IIPOBOIOE 3amagHoH CudupH.

B pavkax kpyrnoro CTo1a, NOCBILICHHOMO Dai-
pPabOTAHHOH HOBOW AICKTPOXUMHYCCKONH MCTOIMKC

OUEHKH KOPPO3HOHHOH CTOHKOCTH CTaneil A Hedire-
APOMBICIOBLIX TP¥OOMPOBOJOE, VYACTHHKAMH ObLIO
OTMCHCHO, YTO O CC PCATH3AUNH W BHCIPCHHSA MO~
TPeGVIOTCA CepPhe3HBIC YCHILA BOSX CTOPOH. A MOCTAB-
JCHHAs 32]a4a ABIACTCA aKTYalbHOH, r1o0anbHOl n
AMOHLHOBHOTI.

PesymeTar cOBMECTHOH padOTH ¥HACTHHKOB KOH-
(cpcHIMM — MOArOTOBKA MpockTa JloposHOi KapThl
0 BHCAPCHHH) BHCHTPOXHMH‘ICCI\'OI‘"I MCTOOHKH.
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