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TeopeTnyeckne 0CHOBbI MEeTaulypriv

YAK 548.0:669.14.018

CTpPpYyKTYpHO-CUMMETpPUNHbIE
OCHOBbI 00pa30BaHNs CPOCTKa
HeMeTaJlJIn4eCcKnX BKII0OYEeHU B cTansax

A. J1. Tanuc', B. C. Kpanowwun?, H. Cumny-Jladpuukunin?,
A. U. 3aiiues®

" Uhcmumym 3nemeHmoopzaHu4deckux coeduHeHutl um. A.H. HecmesiHosa
Poccutickoli akalemuu Hayk (MH3OC PAH), 2. Mockea. E-mail: talishome@mail.ru.
2 MI'TY um. H.3. BaymaHa, 2. Mockea. E-mail: kraposhin@gmail.com.

3@oryn “UHnNqepmem um. U.I1. BapduHa”, 2. Mockea. E-mail: aizaitsev@yandex.ru.

[ins onpeneneHus CTPYKTYPHO-CUMMETPUIHBLIX YCNOBUA CpaLLMBaHWs [BYX KPUCTanmoB MpeasoxeHo
NpeacTaBnsTh KpUCTANIMYECKNE CTPYKTYPbI KOMMOHEHTOB CPOCTKA kak 0ObeaNHEHUS He UMELLMX OBLLmMX
BEPLLUMH CnMparnei, COCTaBMEHHbIX U3 TPUaHTyNMpPOBaHHbIX NONW3ApoB. Bee paccmaTtpuBaemble cnvpanu w3
TPUaHTYNMPOBaHHBIX NONM3APOB [OMYCKAIOT TPaHCHOpMAaLMK CUMMETPUIHO-BO3MOXHOMN Nepebpockor pebep
B CupanbHble 06beanHeHNs TeTpasgpoB Mo rpaHsamM. CpoCTOK ABYX KPUCTaNMOB OnpeaenseTcs Kak eanHas
(r, R)-cuctema lenore, obpasyemas cnmpansamu 13 nonuaapoB CPacTaloLLMXCs KpUCTANIOB M PACcnoNOXKeHHOro
MeXIy HUMKU NpoMmexyTouHoM cnosi. [edopmauun pebep NOnMMIAPOB WCXOAHBIX KOMMOHEHTOB CPOCTKA
orpaHnyeHbl BenuumHo 10 % B COOTBETCTBUW C W3BECTHBIMI KPUTEPUSIMW NNABNEHUS NO MaKCUMAIbHO
BOMYCTUMOMY TEPMUYECKOMY YATMHEHUIO MEXATOMHbIX (MEXWNOHHbIX) CBSA3eN. Ecnu eanHas cuctema [enoxe
He BO3HWUKAET, TO CTPYKTYPHO - CUMMETPUIAHBIX YCMOBMIA ANS CLUMBKM HET.

KrioyeBble cnosa: KpVICTaJ'IJ'IOFpad)quCKaﬂ CUMMETPKNA, cuctema [enoHe, Kpuctannn4eckne CpocCTKu,
HeMeTanim4yeckne BKNo4eHus, ctanb

Aiming to the determination of structural-symmetrical conditions for splice (intergrowth) of two crystals, crystal
structure of both spliced components is represented as a join of spirals composed from triangulated polyhedra,
the said spirals are not sharing common vertices. All considered spirals allow transformations into spiral joining
of tetrahedra in the face-to-face mode by the symmetrical admissible edge flipping. The splice of two crystals is
determined as the common single (r; R)-Delaunay system formed by polyhedral spirals of spliced crystals and
an intermediate layer between two crystals. Edge strains of initial polyhedra in the crystal splice are bounded
above by 10% value in accordance to the known melting criteria by the maximal permitted thermal elongation
of interatomic (interionic) bonds. Where the common single (r,R)-Delaunay system does not formed the
structural-symmetrical conditions to crystals splicing are absent.

Keywords: crystallographic symmetry, Delaunay system, crystal splicing, nonmetallic inclusions, steel.
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YAK 621.771.65: 534.1

AHanuTunyeckoe mogenumpoBaHue
BUHTOBOMW NPOKAaTKN 3aroToBOK UX
nonepe4yHou ocagkom C rpuBJIe4EeHNEM
Teopum KosiedbaHumn

A. H. Hukynun', M. A. Cepexkun?

T orynmn “LUHUN4epmem um. U.I1. BapduHa”, 2. Mockea. E-mail: iqs12@yandex. ru.
2 MI'TY um. H.3. baymaHa, e. Mockea

OcyLyecTBNeHO aHanUTYeCKoe MOAENMPOBAHME BUHTOBOW MPOKATKM 3arOTOBOK WX MOMEPEYHON OCamKom
C npuBreYeHnem Teopumn konebaHuin. PacCMOTpeHbI MexaHu3M (hOPMMPOBaHWS B 3arOTOBKE CTPYKTYPHO-
e opMaLMOHHbIX 3NeMEHTOB ¢ 06pa3oBaH1eM NNACcTUYHBIX U XXECTKUX 30H, UX y4acTie 1 pofb B npoLecce
aedopmauun. C y4eToM Hamuums NacTUYHBIX U XXECTKUX 30H B 3aroTOBKE OMPEAENeHO pasBuUTHe B HeWl
npu gedopmauuy ynpyrux 1 AUCCUNATMBHBIX CUN B BWAE OTHOLIEHWS KOIGULMEHTOB € /m, KOTOpoe
ObINO MCMONb30BAHO B KAYeCTBE OLEHOYHOrO napameTpa Npu aHanMTUYECKOM WCCMEeAOBaHWW BMSHWS
TEXHOMOTMYECKNX (hakTOpoB M PEXUMOB edhopMaLMM Ha HaNpshKEHHOE COCTOSIHUE MeTanna npu OCagke.
Vicnonb3oBaHwe Teopui konebaHuin 4ns MOgenMpOBaHMS 1 aHan3a BUHTOBOW NPOKATKW NO3BOAMAO NOMY4nTb
HOBble Hay4Hble MPeACTaBneHUst 0 TEXHONOrMYECKOM NpoLiecce.

KnioueBble croBa: nonepeyHass ocafka, BWHTOBas MpokaTka, 3aroToBKa, konebaHus, HampsikeHus,
MacLUTabHbIN thakTop, oyar Aedopmauui, obxaTie, 0CEBOe paspyLLeHie.

Analytical modeling was performed of screw rolling of billets by their transverse deformation with invoking of the
vibration theory. The mechanism was considered of formation in the billets of structure-deformation elements
with generation of plastic and rigid zones, their involment and role in the course of deformation. Taking into
account the presence in the billet of plastic and rigid zones, development of elastic and dissipative forces was
defined in the course of the billet deformation in the form of the relation of coefficients € /. This relation was
applied as the evaluation parameter for analytical research of influence of technology factors and the modes
of deformation on the metal stressed state at deformation. The use of the vibration theory for modeling and
analysis of screw rolling allowed receiving new scientific ideas about the technological process.

Keywords: transverse deformation, screw rolling, billet, vibrations, stresses, scale factor, deformation center,
draft, axial fracture.
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Oco0eHHOCTH NpoLecca pa3/IoXXeHus
deppuTa UMHKa U3BECTbIO B NbINN
3/1eKTPOAYroBOM NNAaBKU CTanmn

C. A. SikopHos', A. M. NMaubwumn’, M. U. TpyamHCKniA?,
B. I'. lio6aHoB?, J1. U. JleoHTber?, . A. Kosnos', 1. A. UBakun®

000 “YI'MK-XonduH2”, 2. BepxHsisi [Ibiwuma, Ceepdnoeckasi obnacms,
YcneHckul npocrniekm, 1.

20I'BbYH “UHcmumym memannypauu u mamepuasosedeHusi um. A.A. balikoea”
Poccutlickol akademuu Hayk, 2. Mockea. E-mail: dyuba@imet.ac.ru

3[TAO “YensibuHckull YuHKo8bIlU 3a800”, 2. Yenss6uHck. E-mail: pak@zinc.ru

ViccnepoBaHbl OCOBEHHOCTM MpoLecca pasfoxeHus Qepputa LMHKA W3BECTbIO NPWU MpoKanke Mbinu
3NeKTPOCTaNennaBnIbLHOMO  NPOU3BOACTBA.  BbinonHeHsl nabopaTopHble  OMbIThl € UCMOMb30BAHUEM
YUCTBIX PEaKTUBOB M CMECeN TEXHOTEHHbIX MaTepuanos. Pe3ynbTaTbl NabopaTopHbIX OMbITOB NPOBEPEHDI
C MOMOLLbI0 YKPYMHEHHBIX 3KCMEPUMEHTOB. MMonyyeHHble AaHHble NOATBEPAUIN BOIMOXHOCTb Pa3noXeHus
tepputa UmHka nssectbio npu Temnepatype 1000 °C ¢ obpasoBaHneM okcuga LuHKa 1 ABYXKanbLMEBOrO
theppuTa. /cnonb30BaHHbIN METOL UMEET Psf TEXHOMOTUYECKMX MPEUMYLLECTB N0 CPABHEHWIO C U3BECTHON
TEXHONOrMe BenbLeBaHNs LIMHKCOAEPXKaLLMX MeTannypruieckux nbinen.

KntoueBble crosa: heppuT LyHKa, DeppuT KanblLins, OKCUA KanbLysl, OKCUA LMHKA, OTFOHKA CBYHLIA, BErbLl-
npoLecc.

Special features were investigated of the process of decomposition of zinc ferrite by lime in the course of
calcinating dusts of electric - steelmaking. Laboratory experiments with the use of pure chemical agents and
mixes of technogenic materials were carried out. The results of the laboratory experiments were verified by
means of enlarged experiments. The obtained data confirmed possibility of decomposition of zinc ferrite by lime
at temperature 1000 °C with formation of zinc oxide and dicalcium ferrite. The applied method has a number
of technological advantages in comparison with the known Waelz process of zinc containg metallurgical dusts.

Keywords: zinc ferrite, calcium ferrite, calcium oxide, zinc oxide, lead sublimation, Waelz process.
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NMpou3BoacTeo 6e3pedeKTHON
HenpepbIBHOJIUTON KOJIECHOMN
3arotoBku mapku ER7 eBponenckoro
ctaHpapTta NF EN 13262+A1

A. M. NlouruHos'-2, B. B. Tunskos'-2, B. B. CocHuH',
H. A. Wypsbiruna', U. B. Hekniopog?, 10. J1. KopHes?,
A. H. BoxeckoBs?

"@ryi “yHnnyepmem um. U.I1. bapouHa”, e. Mockea. E-mail: info@corad.ru

2000 “KOPAL” 105005, 2. Mockea, a/s18, E-mail: tvv@corad.ru

3 AO “Bosmxckuli mpy6HbIU 3a800”, 2. Bosmkckul, Bonzozpadckasi obrnacme.
E-mail: vtz@vtz.ru

WccnepoBaH [OedekT KenesHOLOPOXKHOrO  Komeca, BbISBMEHHBIA  MPWU  yNbTPa3BYKOBOM  KOHTPOIE.
MeTannorpadmyeckne uccnefoBaHus nokasanu, 4T0 AedeKT COCTONT W3 CTPOYEK HeMeTanimyeckux
BKIMIOYEHUI, COfepKalluX OKCWUA amoMuHus. 10 CepuinHOi TEXHONOMM METans packUCnsanu amoMUHUEM
Ha Bbinycke W B MpoLecce KOBLUOBOM 0bpaboTku. PaspaboTaHa HOBasi TEXHOMOrMS MPOW3BOACTBA
HenpepbLIBHOMUTON 3arOTOBKW KOMECHOW CTamu C nepeHocoM A00aBOK anMUHWS Ha 3aKMHOUMTENbHbIN
aTan KoBLIOBOW 06paboTk W nogaepkaHuu B NpoLecce KOBLUOBOM 0BpaboTkM MUHUMANBHO BO3MOXHOMO
COAEPXaHWs antoMIUHUS B XXuakomn ctani. Konéca, n3rotoeneHHbIe U3 MeTanna, npou3BeaeHHOro Mo OMbITHOM
TEXHOMoruu, He umenu fedekTos pasmepom bonee 1 MM. Hemetannuyeckue BKIHOYEHUS B METAIIIE OMbITHON
TEXHOMOrMM MMENN MeHbLUNE pa3mepbl 1 Gonee BnaronpusTHY0 MOPEONOruio, YeM B CEPUMHOM MeTanse.

KrtoueBble cnoBa: KonécHas cTanb, HenpepbIBHONUTAA 3aroToBKa, yanpaseyKOBon KOHTPOI1b, PacKUCIEHNE,
HeMeTannM4eckne BKIOYEHNS, antoMUHIIA, KaﬂbLlVII;I, Kap6VID, KanbLus.

The defect of a wheel revealed at ultrasonic control was investigated. Metallographic examinations showed
that the defect is comprised of lines of the nonmetallic inclusions containing aluminium oxide. According
to the accepted production technology the metal was deoxidized with aluminium in the course of tapping
and ladle treatment. A new production technology of continuously cast ingots from a wheel steel has been
developed in which aluminium additions are moved to the final stage of ladle treatment with maintenance of
minimum possible aluminium content in the liquid steel in the course of ladle treatment process. The wheels
manufactured from the metal that was produced according to the experimental technology had no defects of
the size more than 1 mm. The nonmetallic inclusions in the metal of the experimental technology had smaller
sizes and more favorable morphology than serial metal.

Keywords: wheel steel, continuously cast ingot, ultrasonic control, deoxidation, nonmetallic inclusions,
aluminium, calcium, calcium carbide.
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UccnepoBaHue u packpbiTue
MexaHu3mMa BO3HMKHOBEHUS BUGpauunmn
B KJ1IeTSAX HenpepbIBHOro CtaHa
XOJIO4HON NPOKaTKu

U. A. KoxeBHukoBa, A. B. KoxesHukos, H. J1. Bono6aHoBa

@by BO “Yepenoeeykuli 2cocydapcmeeHHbIl yHueepcumem?,
2 Yepenoeeu, Bonozodckas 06s. E-mail: kojevnikovaia@chsu.ru; avk7777@bk.ru;
bolobanovani@chsu.ru

Ha ocHoBe aHanu3a NpOMbILLMEHHbIX JaHHbIX aBTOPaMW PacKpbIT MEXaH3M BO3HWUKHOBEHUS PE3OHAHCHBIX
BMOpaLuit B paboumx KneTsix CTaHOB XONoAHOW npokaTki. CaenaHbl BbIBOLAG! O MPUYMHAX BO3HWKHOBEHMS
MOBEPXHOCTHbIX AedeKTOB U NPOBYKCOBOK BAMKOB.

KroyeBble cnosa: xonogHast npokaTka, BI/I6paLI|I/IVI B pa6qu|x KneTax

Using industrial data as a base, the authors have disclose the mechanism of occurrence of resonant vibrations
(the chatter phenomenon) in the operating stands of cold sheet rolling mills. The conclusions have been
reached about the causes for the occurrence of surface defects and slip of rolls.

Keywords: cold rolling, vibration in operating stands.
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MdopmMmumpoBaHue Ha padbo4MxX MOBEPXHOCTAX
nap CMeLUaHHOro TpeHus PyHKLMOHASNbHbIX
NOKPbLITUA U3 LIBETHbLIX METaJIJIOB U
cruiaBoB Metoaom aedopmMmaumoHHOro
rNJ1IaKNMPOBaHUS C LIEJ1bIO NOBbILLEeHUS UX
padboTocnocobHOCTU

P.P. Oema', C. . Hedenben', M. B. XapueHko', A. B. 3010B?,
M. A. JleBaHueBu4®, H. H. Makcumuenko?, E. B. Muannuyk*

1@IMBOY BO “MazHumozopckuli 20cydapcmeeHHbIl mexHuYeckuli yHueepcumem um. I Hocoea”,

2. MazHumozopck, YensibuHckasi 06:n. E-mail: kharchenko.mv@bk.ru, www.magtu.ru, demarr78@mail.ru
2 9IrbOY BO “TonbssmmuHcKuli 20cydapcmeeHHbIt yHueepcumem”, 2. Tonbssimmu, Camapckasi o6i1.

3 O6BeOuUHeHHb I uHCMumym mawuHocmpoeHusi HAH Benapycu, 2. MuHck, benapycb.

4 Beropycckull HayuoHasbHbLIU mexHuU4YecKul yHusepcumem, 2. MuHck, benapycs.

MoBblIlEHNe KayecTBa, HAAEKHOCTW M KOHKYPEHTOCMOCOOHOCTM W3AEnUi MALLMHOCTPOEHUS HepaspblBHO CBS3aHO
C pelueHneM npobnembl MOBbILEHNS pecypca paboTocnocobHOCTM TpuboconpshkeHuit. W3BECTHO, YTO peanbHbIi
pecypc paboTbl feTanei TpubOTEXHNYECKOTO Ha3HAUYEHNS! B 3HAUUTENBHOM CTEMNEHWN 3aBUCUT OT HECyLLen CrocoBHOCTH
conpsraemblx pabounx nosepxHocten. Mpu bonbLom pasHoobpasun ycnosuit paboTbl 3TUX AeTanen Bo BCeX Crnyyasx
Hanbonee HarpyxeHHbIM Oka3blBaeTCH NMOBEPXHOCTHBIN CrOK. [103TOMY C LIeNbIo MOBbILLEHNS pecypca TPUBOCONPSKEHNs
NCNOMb3YITCH TEXHOMOTN MOBEPXHOCTHOTO ynpoyHeHns. OfHako Ans UX peanusauum BO MHOMX cryyasx Tpebyetcs
CrOXHOe, 3Heproemkoe W  poporoctosiee obopyaosaHune, 06CnyxWBaemoe — BbICOKOKBANM(MLIMPOBAHHBIMM
cneLyanncTamm, Y4To OTpULIaTENbHO CkasblBAETCA Ha CebeCTOMMOCTY U3rOTOBMEHMS YIPOUHEHHBIX AeTanelt. B nocneaHne
rogbl CTanu nonyyatb pas3BuUTME PasnuyHble KOMOWHMPOBaHHbIE CNOCOOLI MOBEPXHOCTHOMO YMPOYHEHWS!, OCHOBAHHbIE
Ha MCMOMb30BaHNN TEPMOMEXaHUYECKOTO BO3LENCTBUS HA MOBEPXHOCTHbIA CIIOW W3LEenus, COueTaloLine npoLecchl
MOBEPXHOCTHOrO NIACTUYECKOro AehOPMUPOBAHHNS C HAHECEHUEM MOKPBITUI PA3NNYHOTO (hYHKLIMOHANBHOIO HA3HAYeHWS.
A3 HUx BCnefCTBIE MPOCTOTbI MCMOMHEHMS, TEXHUYECKON 1 3KOHOMUYECKOI LienecoobpasHoCTy, 3KOMOrMYECKoi YUCTOTbI
BblaenseTcs cnocob AedopMaLMOHHOTO NaKMPOBaHNSA TMOKAM WMHCTPYMEHTOM, B KayecTBe KOTOPOTO MCMOMb3yeTcs
BpaLLatLLanca MeTannmyeckas LLeTka ¢ NpoBOMOYHbIM BOPCOM. MoKpbITME (DOPMUPYETCA 3@ CHET NepeHoca LeTkamu
MUKPOYACTUYEK KOHTAKTUPYIOLLEro C HUMKW MaTepuana-[oHopa Ha noBepxHoCTb obpabatbiBaemon aetanu. B pabote
npeAcTaBneHbl pesynbTaTbl WUCCME[0BaHNS Ae(OPMALMOHHOTO NnakMpoBaHUst TMOKUM WMHCTPYMEHTOM C  Liefblo
YNyYLEeHNs 3KCNyaTaLMOHHbIX CBOWCTB AeTanel nap CMeLaHHOro TpeHus.

KrtoyeBble cnoBa: napbl TPEHUS, NOBEPXHOCTHBIA CIOM, NOBEPXHOCTHOE YNPOYHEHWE, MOKPbITHE, NakMpoBaHue, rnoKkui
WHCTPYMEHT, Ha1eXXHOCTb.

Improving the quality, reliability and competitiveness of products of engineering industry is inextricably connected with
solving the problem of increasing the working capacity of friction units. The real life of the tribological components is known
to depend largely on the bearing ability of the mated working surfaces. Under a wide variety of operating conditions of these
details in all cases the most loaded appears to be the superficial layer. Because of this, surface strengthening technologies
are applied for increasing the resource of friction units. However, theirs implementation in many cases requires complex,
power intensive and expensive equipment, which is manned by highly qualified specialists. This negatively affects the
production cost of hardened details. Recent trends are towards the development of various combined methods of surface
hardening based on the thermomechanical actions on the products surface layer, which combine processes of superficial
plastic deformation with coating of various functional purposes. From them, owing to the simplicity of implementation,
technical and economic feasibility, ecological safety the deformation cladding technique with flexible tools stands out, where
a rotating metal brush with wire bristles is used as a flexible tool. The coating is formed through transferring by brushes
microparticles of a donor material contacting with them to the surface of the workpiece. The article presents the results
of research into deformation cladding with flexible tools with the aim of enhancing service characteristics of the details of
mixed friction pairs.

Keywords: friction pairs, superficial layer, surface hardening, coating, cladding, flexible tool, reliability.
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CTpyKTypHbIe NpeBpaLLeHns
Nnpuv oxJiaXkaAeHUU MaJioyrnepoancTbix
HU3KOJIerMpoBaHHbIX TPYOHbIX cTanemn

A. A. Epumos', A. A. Xonopnuiia', U. M. Wabanos?,
0. U. Matpocos', B. 1. Benukognes?, M. 0. Matpocos'

1@ryri “LUHNyepmem um. U.M. BapduHa”, 2. Mockea. E-mail: pscenter@chermet.net
2000 “Tpy6Hble uHHOBayUOHHbIe mexHosioeuu”, 2. Mockea.
E-mail: info@pipeintech.com

VccnepoBaHa KuHeTuka (Da3oBbiX MPeBPALEHU  HU3KOMErMPOBaHHbIX TPYOHbIX CTamnei pasnnyHbix
KOMMO3MLMIA XMMUYECKOTO cocTaBa. 1ocTpoeHb! AnarpamMmbl pacnaga ropsyeneopMmMpoBaHHOTO ayCTeHnTa
MpU HENPepbIBHOM OXMaXOeHWW. YCTaHOBMEHO BMWSHWE XUMWYECKOrO COCTaBa Ha MUKPOCTPYKTYPY M
NPOYHOCTHbIE CBOWCTBA CTanen Ans XnafoCTOMKMX W CepoBOLOPOAOCTOMKMX Tpy6 Gomblioro anameTpa
kaTeropuit npoyHocTn X52-X70.

KntoueBble crioBa: Hiu3konerMpoBaHHas Tpy6Has CTanb, XMMUYECKUA COCTaB, CKOPOCTb OXNAXAEHWS, (a30Bble
MpeBpaLLeHns, MAKPOCTPYKTYpa, TBEPAOCTb.

The kinetics of phase transformations of low-alloy pipe steels of various chemical compositions was studied.
The CCT-diagrams of hot-deformed austenite decomposion were constructed. The influence of the chemical
composition was determined on the microstructure and strength properties of steels for cold- u H,S-resistant
large diameter pipes of the X52-X70 grades.

Keywords: low-alloy pipe steel, chemical composition, cooling rate, phase transformations, microstructure,
hardness.
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CpaBHMTENbHbIA aHANIN3 BJINAHUS
cnoco6a GopMOBKU HA KOMIMNEKC
MeXaHN4YeCKnUx CBOUCTB U
COMNpPOTUBJIEHNE pa3pyLUEeHUIO MeTasnna
3N1EKTPOCBapPHbIX TPYO OoNbLUOIO
anameTtpa

I. A. ®umnnos, O. B. JingaHoga, [l. M. Conosbes, U. M. LLiabanos

oryri “UHUNyepmem um. U. . BapduHa”, 2. Mockea. E-mail: iqs12@yandex.ru

[MpoBeaeH CpaBHUTENbHBIN aHANU3 SKCNEPUMEHTANbBHBIX AAHHbIX MO BIUSHUIO Pa3fNYHbIX CxeM hOPMOBKM
Tpy6 60MbLIOrO AnaMeTpa Ha YPOBEHb OCTATOYHbIX HAMPSHKEHWA, MEXaHNYECKUE CBONCTBA, COMPOTUBIEHNE
paspyLUEeHMI0, XNagoCTOMKOCTb, CKIOHHOCTb K AePOPMALMOHHOMY CTApEHWI0 B WCXOQHOM COCTOSIHUM 1
nocne MOAENMPOBaHNS CTapeHNs. YCTaHOBMNEHbI 3aKOHOMEPHOCTY N3MEHEHWSI CONPOTUBIIEHNS Pa3pyLLIEHNIO
MeTanna anekTpocBapHbIx Tpyb B pesynbTate AeOPMaLMOHHOrO CTapeHns A1 CO34aHNs Hay4HbIX OCHOB
NPOrHO3MPOBAHUS WX 3KCMTyaTaLMOHHOM CTONKOCTM B 3aBMCUMMOCTM OT cnocoba AeopMMpoBaHNUs UCXOAHOM
NIMCTOBOI 3ar0TOBKM.

KntoyeBble crioBa: anekTpocBapHble TpyGbl, CXeMbl (DOPMOBKM, MEXaHYEeCKIe CBOICTBA, Ae(OPMaLMOHHOE
CcTapeHe, 0CTaTOUHbIE HAMPSKEHHs, COMPOTUBIEHME Pa3pyLLEHNIO.

A comparative analysis has been performed of experimental data on the effect of various schemes of forming
large diameter pipes on the level of residual stresses, mechanical properties, resistance to fracture, cold
resistance, propensity to strain ageing in an initial state and after strain ageing modelling. Regularities of
changes have been established in resistance to facture of the metal of electric welded pipes due to strain
ageing that are necessary for development of scientific bases for forecasting of their operational durability
dictated by the scheme of deformation of initial sheet bars.

Keywords: electric welded pipes, forming schemes, mechanical properties, strain ageing, residual stresses,
resistance to fracture.
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UccnepnoBaHue KMUHETUKM pacnaga
ayCTeHUTa NPU OXJ1aXXAEeHUUN KOJIECHbIX
CTajier pa3J/IN4yHbIX MapoK

A. C. 'puHwnon’, E. M. Bacenuna', A. U. Ceppiwies’,
M. A. Tkauyk', I'. A. dununnos?

A0 “BbikcyHckuli Memasnypau4yeckuli 3aeo0”, 2. Boikca, Huxezopodckasi o6i.
E-mail: sedyshev_ai@vsw.ru.
2@ryr “4yHUNyepmem um. WU.MN. bBapduHa”, 2. Mockea. E-mail: iqs12@yandex.ru.

Llenbto nccreqoBaHus SBRANOCH M3yYeHUE KWMHETWKM pacnaja HeaedopMUpOBaHHOTO aycTeHuTa W
onpeseneHe ONTUMarbHON CKOPOCTH OXMaXAEHUS NPY TEPMUYECKOM YNIPOYHEHNM KeNe3HOLO0POXHBIX KOMNéc,
N3roTOBNEHHbIX 13 Pa3NNYHbIX MAPOK KONECHbIX cTanen. 3To HeobXo4UMO NS NOBbLILLEHNS KayecTBa Korec
NyTeM WUCKMIOYEHUs NOSIBIEHUS B NOBEPXHOCTHbIX CMosix 060Aa CTPYKTYp, 06pasyoLmxcs No COBUrOBOMY
N Onddy3MOHHO-COBUIOBOMY MeXaHu3My, W MOfy4YeHUss OOHOPOLHOM MEPAWUTHON CTPYKTYpbl MO BCEMY
ceyeHuto. Mccnenosanme (hasoBbix NpeBpaLLeHnin NPOBOAMIY MOCPEACTBOM NOCTPOEHUS TEPMOKMHETUHECKMX
Auarpamm pacrnaga ayCcTeHura.

KrtoueBble cnosa: KENe3HOL0POXHOE KONeco, CTalb, MUKPOCTPYKTYPA, CKOPOCTb OXNaxXAeHWs, TBépﬂOCTb.

The aim of this investigation was to study the kinetics of the decomposition of non-deformed austenite and to
determine the optimal cooling rate for thermal hardening of railway wheels made from various types of wheel
steels. This is required for improvement wheels quality through eliminating the occurrence in the rims surface
layers of structures formed by shear and diffusion-shear mechanism and obtaining a homogeneous pearlite
structure across the section. The phase transformations were studied by constructing thermokinetic diagrams
of austenite decomposion.

Keywords: railway wheel, steel, microstructure, cooling rate, hardness.
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BavgHve napaMeTpoB TepMO0o0OpadoTKu
M HaTS)KEeHUs NOoJI0OCbl HA MeXaHU4YecKue
CBOMCTBA X0JIOAHOKaTaHbIX ABYXda3HbIX
deppuTo-MapTEHCUTHbIX cTanen

M. A. Muwnes', E. H. Kpoirtop', A. B. Huwmk?,
U. T. PoanoHoBa?

AO “Ceeepcmanb MeHedxmeHm”, cpunuan “Poccutickasi cmanb”, 2. Mockea.
E-mail: pamishnev@severstal.com, en.kroitor@severstal.com

2rynm “LUHUN4epmem um. U.M.BapduHa”, 2. Mockea.

E-mail: nischik-alexandr@yandex.ru, igrodi@mail.ru

B pabote npeactaBneHbl pe3ynbTaTthl UCCNeLoBaHNS BUSHWS NapamMeTpoB TepMoobpaboTki 1 HaTsKeHNs
nornockl Ha MeXaHuYeckue CBOWCTBA XONOAHOKATaHOro npokaTa ABYX(hasHoW (heppuTo-MapTEHCUTHOM
ctanu. Mpu Tepmmyeckoin obpaboTke MeTanna NPOMbILLIEHHOMO NPOU3BOACTBA B NABOPATOPHbIX YCMOBUSX
BapbMpoBanK TemnepaTypy OTXuWra, CKOpPOCTb MOMOChI, HATSHKEHWe MOMochl B npegenax, 4Onyckaemblx
B arperate HENpepbIBHOTO TOPSYero LMHKOBAHUS Mpu Bbinycke nofobHbIx ctanen. Mo pesynbTatam
MeXaHUYeCK/X UCMbITaHWA OMpedeneHbl onTManbHble TemnepaTypbl 06paboTki U BENUYMHA HATSKEHNS
nonocel, obecneynBatoLLme TpebyeMblil KOMMEKC MexaH4eckux cBocTB ctanu mapku HCTI80X.

KntoueBble cnoBa: (heppUTHO-MapTEHCUTHAS CTalb, XONOAHOKaTaHbIA NPOKaT, arperaT ropsYero LMHKOBaHWS,
TEMnepaTypa OTKWra, CKOPOCTb ABWXEHWSI MOMOChI, HATSHKEHWE MOMOCHI, MUKPOCTPYKTYpa, MexaHUYeckne
CBOWCTBA.

The article presents the results of a research on the influence of thermal treatment parameters and strip tension
on the mechanical properties of a cold-rolled two-phase ferritic-martencitic steel. At heat treatment of a metal of
industrial production in laboratory experiments the following parameters were varied: annealing temperature,
strip speed and strip tension within conditions characteristic for continuous unit of hot zink plating of similar
steels. By the results of mechanical tests the optimum temperatures of thermal treatment and the level of
strips tension were determined that provided the required complex of mechanical properties for the steel of the
HCT980X brand.

Keywords: ferritic-martencitic steel, cold-rolled stock, unit of hot zink plating, annealing temperature, strip
speed, strip tension, microstructure, mechanical properties.
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AHanun3 mexaHnamos aedopMaLNOHHOro
yrnpo4YHeHus penibCoOBOM CTanin
B nNpoLuecce oJINTeNIibHOM 3KCcrJiyaTauvm

B. E. N'pomos', A. A. IOpbeB’, 0. ®. UBaHoB?2, H. A. NonoBa*,
0. A. Neperynos®, A. M. Tnesep®, C. B. KonoBanos’

"Cubupckuli 2ocydapcmeeHHbIlU UHOycmpuasbHbIl yHUgepcumem, 2. Hoeoky3Heuk.
E-mail: gromov@physics.sibsiu.ru.

2MHcmumym cunbHomoyHou 3nekmpoHuku CO PAH, e. Tomck. E-mail: yufi55@mail.ru.
3Tomckuli nonumexHu4eckull yHueepcumem, 2. TOMCK.

“Tomckutli NocydapcmeeHHbIl ApxumekmypHo-CmpoumerbHbIl YHueepcumem,

2. Tomck.

50Omckull 2ocydapcmeeHHbIl mexHuYeckul yHueepcumem, 2. OMCK.
SHayuoHanbHbIlU uccnedosamesibCKUll mexHosio2u4deckull yHusepcumem “MUCuC?,
2. Mockea.

"Camapckutl HayuoHasIbHbIU uccriedoeamesibCKull yHueepcumem umM. AkademMuka
C.I1. Koponesa, 443086, 2. Camapa.

MeTogamu NpocBeYMBaKOLLEN NEKTPOHHON ANPPAKLMOHHON MUKPOCKOMUM U3YYeHbl CTPYKTYPHO-(ha3oBble
COCTOSIHUS 1 fedbekTHas CyBCTPYKTYpa NOBEPXHOCTHBIX CroeB ronosku 100-meTpoBbix AnddepeHLMpoBaHHO
3akaneHHbIx penbcos kateropun AT 350 nocne nponyLieHHoro ToHHaxa 691,8 mnH T BpyTT0. PaccmoTpeHs
MexaHu3Mbl YNPOYHEHUs MeTanna penbcoB U MPOBEeAEHbl TEOpPETUYECKe OLEHKM Npedena TeKyyecT.
lMoka3aHo, YTO OCHOBHOW BKMaf B YNPOYHEHWE PErbCOBON CTanu BHOCUT AMCMOKALMOHHas Cy6CTpykTypa,
hopmMuMpyIoLLascs B MPOLIECCe SKCMnyaTaLum.

KroueBble crosa: CTPYKTYpa, d:)a30BbIl7I COCTaB, PelibCbl, MEXaHM3Mbl YNIPOYHEHWUA, ANUTENbHAA 3KCNNyaTaLluna.

Using methods of transmission electron diffraction microscopy the structure-phase states and defect
substructure of 100 m differentially quenched rails DT 350 after passed tonnage 691.8 min tons have been
studied: Mechanisms of rail metal strengthening were considered and of yield stresses were theoretically
evaluated. It has been shown that the dislocation substructure forming during the long-term operation makes
the main contribution to the rail steel strengthening.

Keywords: structure, phase composition, rails, strengthening mechanisms, long-term operation.
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LleHTpanbHaa cerperaumMoHHas
HeoAHOPOAHOCTb U CONPOTUBNIEHUE
BOAOPOAHOMY pacTPpeCKMBaHUIO
JINCTOB U3 TPYOHbIX CTanem.

YacTtb 2. BmssHne tTepMmomMexaHn4eckomn
00paboTKMN

9. C. KysHeuenko', U. . lLla6anos?, A. A. XonopHblit',
0. U. Matpocos', B. 1. BenukogHes?

1@ryri “LiHWNqsepmem um. U.I1. BapduHa”, 2. Mockea. E-mail: pscenter@chermet.net.
2000 “Tpy6Hbie uHHOBaUUOHHbIe mexHosoauu”, 2. Mockea. E-mail: info@pipeintech.com.

PaccMoTpeHO  BnMsiHME  TepmoMexaHuyeckoi 06paboTkm Ha  MWKPOCTPYKTYPY 30HbI  LiEHTpanbHom
cerperauum n CTOMKOCTb MPOTUB BOLOPOAHOTO PacTpeckuBaHusi NUCTOB M3 TPyOHbIX ctanen. [okasaHbl
NpevnMyLLecTBa NPUMEHEHUS YCKOPEHHOrO OXMakAEHWS NUCTOB MOCNE KOHTPONMWPYEMOW npokaTku no
CpaBHEHMIO C OXNaxpaeHnem Ha Bosgyxe. OnpegeneHbl ONTUManbHbIE PEXUMBI YCKOPEHHOTO OXMaXAEHNS,
obecneumBatoLLe CHKEHNE MHTEHCUBHOCTW LIEHTPambHOW Cerperaumm 1 noBbileHWe CTOMKOCTY MpOTUB
BOAOPOAHOr0 PacTpeCcKMBaHUs INCTOB.

KnioueBble criosa: HuU3koyrnmepomuctast TpybHas cTanb, TONCTOMMCTOBOM MNpokaT, TepMoMexaHudeckas
06paboTka, MUKPOCTPYKTYpa, LiEHTparbHas cerperauusi, TBepaoCTb, BOAOPOAHOE PacTPeckuBaHue.

The effect of thermomechanical treatment was considered on the microstructure of the centerline segregation
zone and resistance to hydrogen induced cracking of rolled plates from pipe steels. Advantages of the plates
accelerated cooling after controlled rolling over air cooling were shown. Optimum modes of accelerated cooling
have been determined, which ensure a decrease in intensity of centerline segregation and an increase in
resistance to hydrogen induced cracking of plates.

Keywords: low-carbon pipe steel, rolled plate, thermomechanical treatment, microstructure, centerline
segregation, hardness, hydrogen induced cracking.
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YIK 669-419.4

OueHka adpPeKTUBHOCTN NPUMEHEHUN
HOBbIX BbICOKOMNMPO4YHbIX CTaNen

B Ka4eCcTBe OCHOBHOrO CJ109 OMMeTannos,
noJly4aeMmbiX Mo TeXHONIOrMm
3N1EeKTPOoLU1aKOBOW HaMJ1aBKku

A. A. NaBnos
oryri “UHUNqyepmem um. U.lM.6apduHa”, 2. Mockea. E-mail: bimt@rambler.ru

B pabote npuBedeH aHanM3 CylecTBYKOLMX CTanei WCMomnb3yeMblX B KayecTBe OCHOBHOMO Cros
KOPPO3MOHHOCTOMKMX BuMeTannoB Ans obopygoBaHus HeTexMMUYeckx Npon3BoACTB. [lokasaHo, uTo
pa3paboTaHHble HOBbIE MapKi BbICOKOMPOYHOrO BUMETANNMYECKOro npokata SBMATCS NEPCneKTUBHLIMM
Matepuanamu [Ons WU3roTOBMIEHUS W TPAHCMOPTMPOBKM OOOPYOOBaHWS C TOUKM 3PEHWS  CHUXKEHWS
MeTarnnoeMKoCTI M 3aTpaT Ha PoM3BOACTBO. Ha npoBeeHHOM NPOYHOCTHOM pacyeTe NokadaHa BO3MOXHOCTb
CHVKEHWS! TOMLLMHbBI CTEHOK, EMKOCTU XpaHeHus yrneBoAOPOAHOTO KOHAEH aTa.

KroueBble cnosa: BbICOKOI'IpOHHbIVI KOppO3MOHHOCTOl7IKI/Il7I Oumetann, ANEeKTpoLLUNaKoBas HannaBka, pacyeT Ha
NPOYHOCTb, COCYAbl U annapaTbl, CHUXEHME 3aTpaT, MeTarflIoeMKOCTb.

The existing steels used as the main layer of corrosion-resistant bimetals for the equipment of petrochemical
industries were analyzed in the paper. It is shown that the developed new brands of high-strength bimetallic
rolled products are promising materials for manufacturing of transporting equipment from the standpoint of
reducing metal consumption and production costs. On the basis of the strength analysis the possibility is shown
of reducing the wall thickness and the storage capacity of hydrocarbon condensate.

Keywords: high-strength corrosion-resistant bimetal, electroslag surfacing, strength calculation, vessels and
apparatus, cost reduction, metal consumption.
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Il MexxpyHapoaoHaa KOHpepeHUuus
“CTtaHpapTtv3aumna — KJ1lo4eBOoM
MHCTPYMEHT MNOBbILLEeHUs
3KOHOMUNYECKON 3PPEKTUBHOCTH
MeTannyprumyeckom orpacnum Poccun”

26 okt6ps 2017 roga B Mockse NpoiaeT 04HO 13 3HAYMMBbIX MEPOMPUATUIN AN METANNYPrUYECKOro
komnnekca cTpaHbl — Il MexayHapogHas koHgepeHums “CTaHaapTu3aLmns — KItoYeBON UHCTPYMEHT
MOBbILIEHNS SKOHOMUYECKON 3GhHEKTUBHOCTI MeTanNyprudeckoin otpacnm Poccun”.

Opranuaatopamu koHdepeHuun senstotea OrYT “‘UHUAvepmet um. W.MN. bapauHa”, Accoumaums
“‘Pycckas Ctanb” u Komutet PCIIT no TeXHMYeCKOMy perynupoBaHuIio, CTaHaapTu3aLmumn 1 oLeHke
cooTBeTCTBMS. Meponpustue npoBOAWTCS MW HEMOCPEACTBEHHOM noAaepkke EBpasuiickoit
9KOHOMUYECKO Komuccun, MUHUCTepCTBa NPOMBILLNIEHHOCTY 1 Toproenmn Poccuidickoit deaepauimnn
1 ®eaepanbHOro areHTCTBa No TEXHUYECKOMY PerynmpoBaHnio U METPOSIOTUN.

Llenb KoHhepeHUMn — WHGOPMUMPOBaHUE PYKOBOAMTENEN W CMELMAnUCTOB MeTannypruieckoro
Komnrekca cTpaHbl 06 akTyarnbHbIX U3MEHEHWSX 3aKOHO4ATENbHON, HOPMATUBHOM U TEXHUYECKOM
Basbl B cdepe TEXHMYECKOTO PErynupoBaHMA M CTaH4apTU3auuW, a Takke aKTuBM3auus
MeXOoTpacrneBoro  COTpygHu4ecTBa  npu  pas3paboTke  COBPEMEHHbIX  HaLMOHambHbIX,
MEXroCyaapCTBEHHbIX 1 MeXAYHapPO4HbIX CTaHAApPTOB, 0B6MeH onbIToM. [porpaMMol MeponpusaTUs
npegycMoTpeHo  OBCyXaeHWe aKTyanbHbIX BOMPOCOB  Pa3BUTUS  CUCTEMbl  TEXHUYECKOro
perynmpoBaHns M CTaHgaptmsaumm B Poccum m ctpaHax EASC, HopmaTtuBHO-NpaBOBOMO
perynupoBaHnsa B 0bnacti ctaHgapTu3aummn, NpakTUYeckux BOMPOCOB JKCMOpTa MEeTannonpoayk-
LK, ponu cTaH4apTM3aLmMm B peLLeHnM KNKYeBbIX BOMPOCOB KOHKYPEHTOCNOCOBHOCTM NPeanpusaTui
MeTannypriyeckoro komnnekca Poccum.

K y4acTuo npurnalleHbl npencraBuTenu (beuepaanblx N PEernoHalbHbIX OpPraHoB BNacTtw,
pykoBoauTenu u segywme cneumanncTbl Metannyprivyeckmx KOoMnaHui, OpFaHMSaLl'VIVI, yqe6Hb|x "
ncenenosaTenbCkNX MHCTUTYTOB, NPEACTaBUTENTM CMEXHbIX 0Tpacnel7| NPOMBILLJTIEHHOCTU.

MecTto npoBeaeHust koHdepeHumm: r. Mockea, yn. Pagno 23/9, cTp. 2, koHdepeHu-3an OIrYT
“‘UHNWNyepmeT nm. W.I. bapanHa”.

Tenedowbl: +7 (495) 777-93-12, +7 (495) 777-93-13.

E-mail: omv@chermet.net



26 Hos16ps 2017 1. ucnonusercs 70 et Buxropy
EBrenseBuuy I'pomoBy — wuzBectHomy B Poccuu u
3a pyOeXoM MeTauTOQH3HUKY, 3aCITy)KCHHOMY JesiTe-
mo Hayku PO, IlouetHomy meramnypry P®, uneny
MeXrocyapcTBEHHOTO COBETa 1O (DPU3UKE IHPOYHO-
CTH W TIACTHUYHOCTH MaTepHanoB, wieHy HaydHoro
CoBera PAH mo ¢u3nke KOHAEHCHPOBAHHBIX CpEI,
JOKTOPY (PU3MKO-MaTEeMaTHUECKUX HayK, mpodeccopy,
3aBenyromiemy kadenpoir EHJI Cubupckoro rocymap-
CTBEHHOTO MHJyCTPHAJILHOTO YHUBEpCHTETA. BukTOp
EBrenseBuu 3apeructpupoBaH B DenepalbHOM pe-
€CTpe DJKCIIEPTOB B HAyYHO-TEXHHUYECKOH cdepe
MunncrepcTBa 0o0pazoBanus n Hayku U PAH, on —
YIIeH pelKoJuIernii 4-X KypHaioB u3 crucka BAK.

Kak BBICOKOKBaNMH(UITMPOBAHHBINA CIICIIHATUCT
mpoxoro mpodwist, Buktop EBrenbeBnd mo mpasy
3aHUMAET BEAYIIEE MECTO Cpelu y4ueHbIX Poccum B
o0IracTl MaTepHaoBEACHNS, (U3UKH MPOYHOCTH H
ITACTUYHOCTH CTallell M cruiaBoB. Ha mpoTsxeHnn
JIOJITOM HayYHOW AESTEIbHOCTH €r0 YUMTEISIMU U CO-
paTHUKAaMM SIBJISIOTCS W3BECTHBIE POCCHICKHE yde-
HbIe-MeTauTopM3uKH 1 MarepuanoBensl B.E. ITanun,
JL.B. 3yes, 2.B. Koznos, A.M. I'nezep, }0.®. BaHoB.

NHpopmaums

K70-netuio
Buktopa EBreHbeBu4a
pomoBa

OKCTepUMEHTAIBHBIE U TEOPETUIECKNE UCCIIEN0-
BaHMs B 00s1aCTH (PU3MKU MTPOYHOCTH M TUIACTUIHOCTH
MaTepHajoB B YCIOBHAX BHEIIHUX 3HEPreTHUECKHX
BO3/ICHCTBHUN (DIEKTPHUSCKUX TOJNEH M TOKOB, IIIa3-
MEHHBIX 1 IEKTPOHHBIX ITyYKOB), BEITTOTHEHHEIE 3a 40
net B.E. [poMOBBIM U €ro y4eHUKaMH, IOTYYWIN LIH-
POKYIO U3BECTHOCTD U IIPU3HAHUE B HAYIHBIX KPyTax U
MPUBEIH K CO3JJAHUIO HOBOTO HAYYHOTO HAIPaBICHNUS.
Pe3synbraThl HccneioBaHNUI HALIM TPUMEHEHHE KaK B
aKaJIEMUIECKHX, OTPACIIEBBIX M YUE€OHBIX HHCTUTYTaxX
MPU U3ydEHUH TPUPOALI (OPMON3MEHEHHS METAIIOB
U CIIJIABOB, TAK U Ha psifie NPEINIPHUSITUI METaJITypIHy-
YEeCKOW MPOMBINIJIEHHOCTH W MAIIMHOCTPOCHUS HPH
pa3pabOTKE COOTBETCTBYIOUIMX 3JIEKTPOTEXHOJIOTHHA.
OHM BHEIPEHBI CO 3HAYUTEIBHBIM JKOHOMHUYECKHM
a¢dexTom Ha penmpuaTusax Kysodacca.

3a mmka paboT TO BHEAPEHUIO OE3KUCIIOT-
HOM TEXHOJNOTMM yHAJeHHWs OKaJWHbI TIPpH TIpoO-
W3BOJACTBE IIPOBOJIOKM W3 MAJOYDIEPOAMUCTBIX U
HHU3KOJIETUPOBAHHBIX CTajllell Ha TPEANPHUATHIX Me-
Tajutyprudyeckoi orpaciu B.E. ['pomoB ynocroen mpe-
mun [IpaBurensctBa PO B 061acTi HayKw W TEXHUKH.
B 2013 1. on cran maypeatom npemun PAH nm. axa-



nemuka W.II. Bapauna. B mocnennue roas! HaydHas
mkona “IIpoYHOCTh U MIACTUYHOCTH MaTepUajoB B
YCJIOBUSIX BHELIHUX YHEPreTUYECKUX BO3ACHCTBHIL”,
Bo3masisieMasi npod. B.E. 'poMoBbIM, 11010TBOPHO
paboraer B 001aCTH HAHOCTPYKTYPHOTO MaTepHaoBe-
nenus o rpantam POOU, PHO u nieneBbIM nporpam-
MaM MuHOOpHayku. 3a nepuopa paboTel B BhICHICH
mkosie B.E.I'pomMoB mposiBui KadecTBa TaJaHTIMBO-
TO Iejarora M OpraHu3arTopa BBICILETO 00pa30BaHMSI.
B.E. I'pomoB umeer 3aciyxeHHble 3BaHus: Jlyummnit
npogeccop Kyszdacca — 2003, [ToueTnsrit mpodeccop
Kyzbacca — 2015. On oquu U3 Bexynux mnpodecco-
POB YHHMBEpPCHUTETA, IMOJIb3YETCSl 3aCIyKEHHBIM YBa-
JKEHUEeM CTYAEHTOB M KoJuier. Ero jiekuuu otiauyaer
COYETaHHE BBICOKOTO TEOPETHUECKOTO YPOBHSI C SICHOI
(hopMoit H3ITOKEHUSI.

Bukrop EBrenbeBrY BOCIIUTAI TUICSY TaJIAHTIIH-
BBIX HAYyYHBIX COTPYIHUKOB — & JOKTOPOB U CBBILIE
35 KaHIMIATOB HAyK, IUIOJOTBOPHO pPaOOTAIONIMX B

BBICIIICH IIKOJIE, HA TIPOM3BOACTBE, B Ou3Hece. OH aB-
Top Ooniee 3300 HAay4YHBIX MyOJUKAIMKA, B TOM YUCIIC
25 narentoB u 70 MmoHOrpaduii.

B.E. IpomMoB —  [EHCTBUTENbHBII  4JeH
MexayHapOoIHOW aKaJeMHU SHEPro-uH(OPMAIIMOH-
HbIX Hayk U Poccuiickoll akajeMuu eCTEeCTBEHHBIX
Hayk. Ero 3acinyru orMeueHbl MeaisiMu ““3a Clly>KeHue
Kysbaccy”, “3a ocoObrii Bkian B pasputue Kysbacca”
2 u 3-#1 creneHy, APYrUMU HarpajaMu ¥ rpaMoTaMu
aamuuuctparmu KemepoBckoit obnactu. 70-netHuit
1o0uinell Bukrop EBreHneBuu BcTpedaeT B pacipere
TBOPYECKUX CHJL.

Komnextus LIHUWuepmer um. W.I1.bapauna, pe-
JIaKIMOHHas Koyuierus xypHaya “TIpoGiemsl uepHOi
METAJUyprUl M MaTepuanoBe/leHUs” CEepAedHO IOo-
3apasisitoT Bukropa EBrenbeBrnya ¢ roduiieeM 1 xxemna-
10T eMy J00pOTro 3/10pOBBSI, CHACTHS U HOBBIX HAyYHBIX
CBEpILIECHUH.
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