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CoipbeBasi 6a3a 4epHoOV meTannypriv

YAK 662.74.012:658.562

MoaenupoBaHue npouecca KOHTpPoOns
CbIpbsl HA MeTaJUTypPrm4eckom
npou3BOACTBE Ha npumepe
CYLLEeCTBYIOLLEero nokasartens cTeneHu
OKUCJIEHHOCTU yIrfien u BO3MOXHble
Mepbl N0 ero MmoaepHM3auumn

A. . Anekcees', A. H. CMupHoB?

"Hoeompouukut ¢hunuan HUTY MUCUC, 2. Hoeompouuk.
E-mail: alekseev41047@mail.ru

2Maz2Humozopckuli 20cydapcmeeHHbIl mexHu4eckuli yHueepcumem um. I U. Hocoea,
2. Maznumoezopck. E-mail: sman@magtu.ru

B HacTosee Bpemsi GOMBLUIMHCTBO METANMMypryUyeckux NpeanpusaTuii UMEKT CUCTEMbI MOHWUTOPWHrA
MOCTYNAloLLEro Ha NpoK3BOLACTBO Cbipbst. CUCTEMbI MOHUTOPUHIA Chipbs, Kak 1 Mtobble Apyrue, HyxaaoTcs
B MEpUOAMYECKOV NpoBEpKe N MoZepHu3aumu. B cTaTbe nokasaHa mpoBepka CPEACTBAMM MMMTALMOHHOIO
MOZAENMPOBaHMs OAHOMO M3 JENCTBYIOLMX NOKa3aTenel KayecTsa yronbHOMO Cbipbst — MoKa3aTens CTenexm
OkucreHHocTH yrneid . YCTaHOBMeHo, YTo nokasatenb 1 AOCTATOYHO SDEKTUBEH, HO MOXET UMETb
HEKOPPEKTHBIE 3HAYEHNS MPK OLIEHKE TaKuX yronbHbIX Mapok, kak OC, KC, KK. K, KO. Ha ocHoBe pesynbTtaTos
MO[IENMPOBaHIS NPEANOXeHbI Mepbl Mo MoaepHusauma . TpeAcTaBneHHbIA NPUMEP MMUTALMOHHOTO
MOZAENMPOBaHMst MOXET ObITb PacNPOCTPaHEH Ha aHann3 Apyrvx NokasaTener MeTanyprinieckoro Chipbs.

KntoueBble crioBa: yrorb, CTEMEHb OKUCINIEHHOCTW YITS, MEHEMKMEHT KayecTBa METarlypruyeckoro
NPeAnpUSITUS, UMUTALMOHHAs MOLEb, Chipbe.

Currently, most metallurgical enterprises have monitoring systems for raw materials. Raw materials monitoring
systems need periodic checks and upgrades. The article by means of simulation modeling provides verification
of the coal quality indicator namely an indicator of the degree of oxidation of coals .. It has been established
that the I indicator is quite effective, but may have incorrect values at such coal grades as OS, KS, KZh. K,
CO. Based on the simulation results, measures are proposed to modernize 1. The example of simulation
presented in the article can be extended to the analysis of any indicators of metallurgical raw materials.

Keywords: coal, coal oxidation level, quality management of a metallurgical plant, simulation model, raw
materials.
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TexHosorn4yeckue rpowuecchbl MeTaanypruv

YAK 669.187.56:62-419.4

UccnepnoBaHus ycJioBuUM,
oO0ecneuynBalOLNX MUHMMU3ALMIO
yrapa TutaHa npmu 3J1IeKTpPoLU1aKOBOM
nepensaese KOPPO3NOHHOCTOUKOM
ctanu Tvna X18H10T

A. B. AmMexHoB', B. A. KytopkuHa?, J1. 4. JleBkoB?3,
O. H. BaknaHosa', A. A. Naenos', A. B. Co6ones?,

C. A. Banawos?, . C. 9kosneBa*, U. . PognoHosa'

T @IyYri “LIHWqepmem um. U.11. BapduHa”, Mockea, E-mail: amejnov@mail.ru, igrodi@mail.ru

2 HayuoHaneHbIl uccriedosamerbckuli mexHonoauveckudl yHusepcumem “MUCuC”, Mocksa,
E-mail: v_kutorkinaOO@mail.ru

3 AO “HINO “LUHUNTMALL, e. Mocksa, E-mail: 6758745@mail.ru

4 AO “Cesepcmanb MeHedxmeHm”, e. Yepernoseu, E-mail: av.sobolev1@severstal.com

lMokasaHo, YTO AN MUHUMW3ALMN yrapa TUTaHa B NpoLiecce anekTpoLLnakosoro nepennasa (ALUM) cranei,
copepxaluux TuTaH, 0bs3aTenbHbIM YCNOBMEM SBNSETCA BBOA B UCXOAHbIN (PrIHOC HEKOTOPOrO KONM4YecTBa
Jvokcuaa TuTaHa. Tak, Mpu COLepXaHuM 1OKCMAA TUTaHa B UCXOOHOM (hiitoce Ha YpoBHE 5 % yrap TUTaHa
cHkaeTcs B 1,5 pasa. [JononHuTeNnbHOE packucreHe Lunaka no XO4y MiaBKu armoMUHWEM W TUTAHOM B
konmyectee 6 r Al u 1 1 Ti Ha 1 KT NepennaenseMoro MeTanna cnocobCTBYET CHIKEHUIO yrapa TUTaHa no
cpaBHeHuto ¢ dmtocom 6e3 fobasku amokcuaa TntaHa Gonee yem B 3,5 pasa (¢ 82 % 1o 23 %) u ¢ pobaskoil
anokcmaa TuTaHa 6e3 JOMOMHUTENBHOTO packucnerns — B 2,5 pasa.

KritoueBble crioBa: aneKTpoLLnaKkoBbIl Nepenna, ANeKTpoLLakoBas Hanmaska, KOpPO3MOHHOCTONKas CTarb,
GumeTans, yrap TUTaHa, packucreHue Lraka, NnakupyoLLui Croi.

It is shown that in order to minimize the carbon monoxide of titanium in the process of electroslag remelting
of steels containing titanium, the introduction of a certain amount of titanium dioxide into the initial flux is a
prerequisite. Thus, when the content of titanium dioxide in the initial flux is at the level of 5%, the carbon
monoxide of titanium is reduced by 1.5 times. Additional deoxidation of slag during melting with aluminum and
titanium in the amount of 6 grams of Al and 1 gram of Ti per 1 kg of the melted metal reduces the metal loss of
titanium compared to the flux without the addition of titanium dioxide by more than 3.5 times (from 82% to 23%)
and with the addition of titanium dioxide without additional deoxidation — by 2.5 times.

Keywords: electroslag remelting, electroslag surfacing, corrosion-resistant steel, bimetal, metal loss of titanium,
slag deoxidation,cladding layer.
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NMoBbiLLEeHe CTOMKOCTU NPOTUB
BOAOPOAHOIO pacTtpeckvuBaHusa npokarta
M NPSMOLLOBHbIX TPYO, cBapeHHbix TBY,
N3 KOHCTPYKLMOHHOM CTanm

B. B. HaymeHko':2

1 AO “BbikcyHckuli Memasuypau4veckull 3a8o0”, 2. Boikca. E-mail: naumenko_vv@vsw.ru
2 HUTY MUCuC (BbikcyHckul ¢punuarn), 2. Boikca

lMpeacTaBneHbl pesynbTaTbl UCCNEnoBaHUS CTOMKOCTW MPOTUB BOLOPOAHOMO PAaCTPECKMBaHWS npokaTta u
NPSIMOLLIOBHBIX TPYD, CBapEHHbIX TOKaMM BbICOKON YaCTOTbl, U3 KOHCTPYKLMOHHOW cTanu, cogepxatyen 0,16 —
0,22 % yrnepopa, NPOU3BEAEHHbIX N0 ABYM PasnnyHbIM TEXHOMOTUAM BHENeYHon 0bpaboTku B yCrnoBusX
AO “BbIKCYHCKMIn METaNNypruyecknin 3aBog”. YCTaHOBMNEHO, YTO MPW HANMYMK B MeTanne HeMeTannyeckmnx
BKITIOYEHMI BbITAHYTON (MPOTSKEHHO) Mopdonorn gedopmanns B X0NOAHOM COCTOSHUM Npu hOPMOBKe
npokata B Tpyby CHMXAeT KOPPO3WMOHHYI0 CTOMKOCTb B CEpOBOAOPOACOAEPKALLMX Cpedax daxe npu
nocneaytoLen OBOMHON Tepmuyeckon 0bpaboTke B BuAe 3akanmkv W3 ayCTEHUTHOM 0BnacTu 1 BbICOKOrO
OTnycKa. YCTaHOBMNEHO, YTO Ans obecreyeHnst CTOMKOCTU NMPOTUB BOLOPOAHOMO pacTpeckuBaHus TpybHON
NPOAYKLMM He0OX0AMMO KOMOMHMPOBAHHOE BO3AEMCTBIE Ha MeTan: MOAUULMPOBAHNE HEMETAMNMYECKNX
BKIMKOYEHWI NP NPOM3BOLCTBE CTanM 1 hOPMMPOBaHME ONTUMAbHON CTPYKTYPbI GEHNTa OTNyCKa C YPOBHEM
MukpoHanpsikeHuit meHee 0,08 — 0,075 % n nnoTHoCTbHo aucnokauuid mexee 1,20-10" M2 nyTem npumeHeHus
[BOWHO TepMUyeckor 0bpaboTky.

KntoueBble crioBa: KOHCTPYKLMOHHAS CTarnb, NpokaT, Tpy6a TBY, Tepmuyeckast oGpaboTka, 3akanka, oTnyck,
BOJOPOAHOE pacTpeckiBanme B H,S-cpee, TpelwyHa, MUKPOCTPYKTYpa, HeMeTannnyeckne BKIUeHMs.

The results of a study of the resistance against hydrogen cracking of rolled products and straight-seam pipes
welded by high-frequency currents from structural steel containing 0.16 — 0.22 % carbon produced using two
different technologies of out-of-furnace processing in the conditions of “Vyksa Steel Works” are presented. It
is established that in the presence of non-metallic inclusions of elongated (extended) morphology in the metal,
cold deformation during forming of rolled products into a pipe reduces corrosion resistance in hydrogen sulfide-
containing media even with subsequent double heat treatment in the form of quenching from the austenitic
region and high tempering. It is established that in order to ensure resistance against hydrogen cracking of
pipe products, a combined effect on metal is necessary — the modification of non-metallic inclusions in the
production of steel and the formation of an optimal structure of bainite with a micro-stress level of less than
0.08 - 0.075 % and a dislocation density of less than 1.20-10™ m=2 by applying double heat treatment.

Keywords: low-alloy structural steel, rolled products, HFC pipe, heat treatment, quenching, tempering, hydrogen
cracking in H,S medium, crack, microstructure, non-metallic inclusions.
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MepepaboTka TeXHOreHHOro CbiPbs

YAK 546.881:661.888.1

UccnepoBaHue BeWECTBEHHOro
COCTaBa 30J1bl OT CKMIraHUNA TAXeNbIX
$dpakun HepTU N NPUPOAHOIro OTyma
B Ka4yecTBe Cbipbs OJ19 U3BJIeYEHUS
BaHaaua

A. . Bonkos, Y. A. Konorpuesa

@ryi “UHnqyepmem um. U.I. BapouHa”, 2. Mockea,
E-mail: rhenium@list.ru, ufowka@mail.ru

Metopamu POA n ASC-MBIT n3y4eH XuMU4eCkui COCTaB 301Tbl, NOMYYEHHON CXMraHMEM PasnnyHbIX NPOAYKTOB
nepepaboTtkm HedhTn N NpupogHoro Gutyma. MokasaHo, Y4TO XMMMYECKMIA COCTaB 30Mbl HEMOCTOSHHBIN, OH
MEHSIeTCS B 3aBUCMMOCTY OT BUAA M MECTOPOXAEHNS CXOAHOTO YrNepoaHOro Mateprana, a Takke oT yCroBuiA
unx nepepabotku. V3yyerne cnektpos POIC no3sonumno ycTaHoBUTb COEAMHEHNS SNEMEHTOB B 0BpasLie 301bl
OT CXUraHus MasyTa. B u3yyeHHom obpasLie 301bl 0T CKUraHWs Ma3yTa 06HapyxeHbl CriedyioLLme COeauHEeHUs:
FeSO,, Fe,0,, Ca0, Al,O,, BaHazuit B hopme coeimHeHnn Vo, V+, V¥ V™, 0 < n < 3; ancopbuposanHbie
yrnesogopoasl C H_, yrnepog B BuAe opraHuyeckux coeguHermi co ceazamn O — C, O = C.

n-m

KntoueBble criosa: 3ona, HepTb, BUTYM, HEGHTSIHOI KOKC, BaHaAWIA, XMMUYECKWIA aHanN3, POPMbI ANIEMEHTOB,
CTEMEHb OKUCMEHWS, PEHTTEHO(NYOPECLEHTHBIN aHamM3, aTOMHO-3MUCCUOHHAs CMEKTPOMETpUS C
MWKPOBOITHOBOW MNa3MOoi, PEHTrEHOBCKast (DOTO3NEKTPOHHAS CMEKTPOMETPYS.

The chemical composition of ash obtained by burning various products of oil refining and natural bitumen was
studied by the methods of XRF and AES-MWP. It is shown that the chemical composition of ash is unstable
and varies depending not only on the type and deposit of the initial carbon material, but also on the conditions
of their processing. The study of the XPS spectra made it possible to establish the compounds of elements in
a sample of ash from the combustion of fuel oil. The following compounds were found in the studied sample of
ash from the combustion of fuel oil: FeSO,, Fe,0,, Ca0, Al,O,, vanadium in the form of compounds V**, V*,
V¥, V™, 0 < n < 3; adsorbed hydrocarbons C H_, carbon in the form of organic compounds with O — C bonds,
0=C.

Keywords: ash, oil, bitumen, petroleum coke, vanadium, chemical analysis, forms of elements, degree of
oxidation, X-ray fluorescence analysis, atomic emission spectrometry with microwave plasma, X-ray
photoelectron spectrometry.
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MarepuanosegeHue n HoBbie MaTepualibl

YAK 669.539.382:669.17:625.1

ABONIOUNSA CTPYKTYPHO-(PaA30BbIX
COCTOSIHUM 1 cBoMCTB andpdepeHUnpoBaHHO
3akaneHHbix 100-meTpoBbLIX pesibCoB Npu
3KCTPeMasbHO ANUTENIbHON SKCcnyaTauun.
CoobwieHune 4. PopmupoBaHue rpagneHToB
CTPYKTYPHO-(}a30BOro COCTOSHUS MeTasnna
roJIOBKU PesibCOB MO LLeHTPaJsIbHON OCU
nocJse NPonyLweHHoro ToHHaxa 1770 MaH T
opyTTO

P. B. Ky3sHeuos', B. E. lpomog’, 0. ®. UBaHOB?,
B. E. Kopmbiwes', HO. A. LLinapoea’, E. B. MoneBoit®,
A. A. IOpbeB?

Cubupckuli 20cydapcmeeHHbIlU UHOycmpuanbHbIl yHueepcumem, HoeoKy3Heuk,
E-mail: gromov@physics.sibsiu.ru

2MHcmumym cunbHomo4Hou anekmpoHuku CO PAH, 2. Tomck,

3AO “Eepa3s-3anadHo-Cubupckuli Mmemarsnsypaudeckuli kom6uHam”, 2. Hoeoky3Heuk

MeTogamu COBPEMEHHOTO (PM3NYECKOTO MaTepuanoBefeHns WccrefoBaHo (hopMUPOBaHME TPafyeHTOB
CTPYKTYpbl, pa30BOr0 COCTaBa, AMCMOKALMOHHONM CYOCTPYKTYpbl, 4ONM yrnepoda v kapbugHon ¢asbl B
ronoske AnddepeHLpoBaHHo 3akaneHHbIx 100-M penbcos Ha rnybuHe fo 10 MM No LeHTpansHoM ock nocne
nponyLeHHoro ToHHaxa 1770 mnH T 6pyTTO Ha 3KcnepuMeHTansHoM konbue PXK[. MposefeHo cpaBHeHe ¢
[aHHbIMK BOOMb pagunyca ckpyrieHns paboyei BbIKpYXKU.

KroueBble croBa: penbCbl, rpadneHTbl, CTPYKTYypa, d)a3OBbIl7I COCTaB, Aucnokauuu, nepepacnpeneneHune
yrmepoda.

Using the methods of modern material science the investigations of gradient formation of structure, phase
composition, dislocation substructure, parts of carbon and carbide phase in the head of differentially quenched
100-meter rails at the depth up to 10 mm along the central axis after passed tonnage 1,770 min. tons brutto
on the experimental ring of Russian railways are carried out. The comparison with the data along the working
fillet symmetry axis is made.

Keywords: rails, gradients, structure, phase composition, dislocations, carbon redistribution.
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YAK 672.88.02: 669.15-194

UccnepoBaHue 3aKOHOMEpPHOCTEN
dopMUupoBaHUa CTPYKTYpPbI
creuuanbHbIX JIerMmpoBaHHbIX CTasNen
ANY NPou3BOACTBA BbICOKOMNMPO4YHbIX
KpeneXHbIX uaaenvm metonom
XOJNIOA4HO 00bEeMHOM LUITaMMNOBKM

A. B. Konpaes, A. B. CtenaHoB, A. 1. 3anues
@ryn “UHnqyepmem um. U.IN. BapduHa”, 2. Mockea, E-mail: aizaitsev1@yandex.ru

BbinonHeHo nccnegoBaHme 3akoHOMEPHOCTEN (OPMUPOBaHIS CTPYKTYPbl COPTOBOTO MpOKaTa M3 creLmanbHbIX
NErMpoBaHHbIX CTanei pasnuyHoro coctaBa Npy pasHbix NapameTpax TepmoaedopMaLmoHHoi 06paboTkm ¢
Lienbto YCTaHOBMEHNS YCMOBUIA (HOPMUPOBAHMNS OMTUMANbHOM MUKPOCTPYKTYpbI MeTanna Ans N3roToBneHns
METOAOM XONIO[HON 06 LEMHOM LUTAMMOBKM BbICOKONPOUHbBIX KPENEXHbIX U3AEeNniA 40 Knacca NpoyHocTy 14,9.
lokasaHo, YTo Hanboree onTUManbHLIM SBASETCS NOMyYEHUe ropsHEKaTaHoro NpokaTta ¢ NPeNMyLLECTBEHHO
OEeNHUTHOM MUKPOCTPYKTYPOI 1 MUHUMAMbHBIM COAEPaHUEM CTPYKTYPHO HECBS3aHHbIX (DEPPUTHBIX 3EPEH.
lMpon3BeaeHo KOMMbITEPHOE MOAENMPOBAHIE TEPMOKMHETUYECKUX AnarpamMmm pacnaga nepeoxnaxaeHHoro
ayCTEeHWTa CneuuanbHbIX IervpoBaHHbIX CTanel pasHoro CcocTaBa (Mapok), a Takke napameTpoB
NPOKan1BaeMoCT C MOMOLLbK pa3paboTaHHOro MporpaMMHoro obecneyeHns. BoibpaHbl onTuMarbHble
COCTaBbl CTanen 1 nokaaHo, YTO BaXHbIM (hakTOPOM ANs MOMy4YeHUs B MUKPOCTPYKTYPE ropsivero npokarta
OeiH1Ta nocne NpoKaTky MPW CKOPOCTSX OXNaxaeHUst OYHTOB Ha KPYMHbIX COPTOBbIX CTaHax B AvanasoHe
0,1 - 0,4 °Clc siBnsieTcst Hannume monmbaeHa B cocTaBe cTanu. [ns JOCTUXEHUS! BbICOKMX MOKasaTenen
NPOKaN1BaeMOCTM 1 MEXaHUYECKMX CBOWCTB HEODXOAMMO NErMpoBaHME MapraHUeM, XpOMOM U HUKENEM B
koHueHTpauwsx 0,5 — 1,5 %, a Tarke 6opom B guanasore 0,003 - 0,005 %.

KnioyeBble CrioBa: BbICOKOMPOYHbIA KPEMeX, XOroaHas OObEMHas LuTamnoBka, COPTOBOW MpPOKAT,
Bopcoaepkallye cTanu, creumanbHble NervpoBaHHble CTanu, MOAENMPOBaHWE TEPMOKMHETUYECKMX
Avarpamm, MOAENMpOBaHe NapamMeTpoB NpoKanMBaeMocTy

A study of the regularities of the formation of the structure of round roll products from special alloy steels of
various compositions at different parameters of thermal deformation processing was carried out in order to
establish the conditions for the formation of an optimal microstructure of metal for the manufacture of high-
strength fasteners up to strength class 14.9 by cold stamping. It is shown that the most optimal is to obtain
hot-rolled products with a predominantly bainitic microstructure and a minimum content of structurally unbound
ferrite grains. Computer simulation of thermokinetic diagrams of decomposition of supercooled austenite of
special alloy steels of different composition (grades), as well as hardenability parameters, was carried out
using the developed software. Optimal steel compositions were selected, and it was shown that an important
factor for obtaining bainite in the microstructure of hot rolled products after rolling at coil cooling rates on large
section mills in the range of 0.1 — 0.4 °C/s is the presence of molybdenum in the steel composition. To achieve
high hardenability and mechanical properties, it is necessary to alloy with manganese, chromium and nickel in
concentrations of 0.5 — 1.5 %, as well as boron in the range of 0.003 - 0.005%.

Keywords: high-strength fasteners, cold stamping, round roll products, boron-containing steels, special alloy
steels, modeling of thermokinetic diagrams, modeling of hardenability parameters.
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YAK 669.15-194.2:621.785.375

UccnepnoBaHe mMmexaHU3mMoB
dopmMupoBaHmna CTPYKTYPbl U CBOUCTB
XOJIOA4HOKaTaHOU HU3KOoJIermpoBaHHOM
ctanu (tuna HSLA) BbICOKUX K/1aCcCOB
NMPOYHOCTM

U.T. PoonoHosa', A. A. lNaenos’,
H. A. KapambiwieBa', B. E. Tenerun?,
C. B. OeHuncos?, C.T. Augpees?, A. A. Nanwes'

1 orynmn “UHnngepmem um. U.I. BapduHa”, 2. Mockea, E-mail: igrodi@mail.ru,
NKmet20@yandex.ru

2 [TAO “MazHumoezopckuli Memasuypaudeckuli kKombuHam”, 2. MazHUMO20pPCK,
YenabuHckas o611.

Mo pesynbTatam BbiMycka OMbITHO-NPOMBILMEHHbIX MAPTUIA XOMOLHOKATAHOTO M FOPSYEOLMHKOBAHHOIO
MIMCTOBOrO MpoKaTa, a Takke abopaTopHOro MOZENMPOBaHWS Pa3NnyHbIX PEXMMOB OTXUra B arperate
HenpepbiBHOro omkura (AHO) u B arperate HenpepbIBHOrO ropsyero umHkoBaHust (AHILL) nccnenoBaHb
MeXaHN3Mbl POPMMPOBAHMSI CTPYKTYPbI 11 CBOWMCTB XONOAHOKATAHOM HU3KONErMpoBaHHomn ctanu (tuna HSLA)
BbICOKMX KNacCoB MPOYHOCTM C Npeaeniom TekyvecTu He meHee 380 Mla.

KntoyeBble CnoBa: BbICOKOMPOYHbIE XONIOAHOKATAHbIE U TOPSYEOUMHKOBaHHble cTanu Tuma HSLA,
XUMUYECKUiA cocTas, 06paboTka B arperatax HEeMpPepbIBHOTO OTXMra 1 HENPEPbIBHOTO rOPSYEro LMHKOBAHMS,
TEXHOMOrMyeckue napameTpbl, MexaHU4eckne CBOWMCTBA, XapakTEPUCTUKA MUKPOCTPYKTYpbI, abopaTopHoe
MOZennpoBaHue.

Based on the results of the production of pilot batches of cold-rolled and hot-dip-galvanized sheet steel, as well
as laboratory modeling of various annealing modes in a continuous annealing unit (CAU) and in a continuous
hot-dip galvanizing unit (CHDG unit), the mechanisms of formation of the structure and properties of cold-rolled
low-alloy steel (HSLA type) of high strength classes with a yield point of at least 380 MPa.

Keywords: high-strength cold-rolled and hot-dip galvanized steels of the HSLA type, chemical composition,
treatment in a continuous annealing unit, technological parameters, mechanical properties, microstructure
characteristics, laboratory modeling.

- MITa).
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UccnepoBaHne CTPYKTYPHbIX
XapaKTepucTuk ctanum, BIUSIOLLNX
Ha ee KOPPO3MNOHHYIO CTOMKOCTD,
B TOM Yucne opmumpoBaHue
3aLUTHbIX NMNJIEHOK

U.T. PoonoHoBa', A. B. AmMexHoB',

10. C. MapyeHkoBa?, U. A. BaceukuHa?®

'FHY oryri “LUHNyepmem um. U.I.bapduHa”, Poccusi, Mockea,
E-mail: igrodi@mail.ru, amejnov@mail.ru

2Mockoeckuli 2ocydapcmeeHHbIl yHueepcumem umeHu M.B.J/lomoHocoea.
Xumuyeckuti gpakynsmem. Poccusi, Mockea, E-mail: jubykova@yandex.ru

SHayuoHanbHbIlU uccriedosamesibCkuli mexHosno2u4eckull yHueepcumem “MUCuUCy».
Poccus, Mockea, E-mail: i.vasechkina@chermet.net

MpoBeaeHbl KOMMNEKCHble MCCNIeA0BaHUS CTPYKTYPHbIX XapaKTepUCTUK cTaneil NabopaTopHON BbinyaBku
Pa3NMYHbIX MapoK, UCMONb3yeMblX B HacTosilee Bpems Anst TPy He(TEnpoMbICIIOBOrO HasHaYeHws.
MpoBeaeHbl AMHaMUYECKNe KOPPO3WOHHbIE MCTbITaHWS YKasaHHbIX CTanel B cpede, MOAenupytoLen
HehTENpPOMBICTOBYIO BOLHYHO Cpeay XNopUaHO-KamnbLMeBoro Tuna, MokasaHo, YTo KOPPO3MOHHasH CTOMKOCTbL
CTanu B TaKoil BOAHOI Cpeae 3aBUCKT He TONbKO OT COAEpXKaHWs XpoMa, y4acTBYILLEro B 06pasoBaHum
Ha CTanbHOIl MOBEPXHOCTW 3alUMTHBIX MIIEHOK MPOAYKTOB Koppoauu. Heobxomumo Takke npedynpeauTb
MPUCYTCTBUE B CTPYKTYpe CTanM KOMMOHEHTOB, BbI3bIBAIOWMX MOBLILIEHHbIA YPOBEHb HAMPSHKEHWIA U,
TEM CaMbIM, CMOCOBCTBYIOLMX Pa3PyLUEHWIO 3aLLUTHBIX MIEHOK. K TakuM KOMMOHEHTaM CTPYKTYpbl MOryT
OTHOCUTBCS, B YaCTHOCTM, HEMETaNnM4Yeckue BKIIOYEHWUs HeBNaronpusTHOrO XMMMYECKOTO COCTaBa,
(heppuTHO-NEPNNTHAsH NONOCYATOCTb, @ Takke BblgereHns U3BbITOUHbIX KapbOHUTPUAHBIX (a3, B NepByio
o4epenb, HaHopasmepHble MexdasHoro Tuna.

KnioueBble CroBa: HM3KONErMPOBaHHbIE CTanM, He(hTENpOMbICIOBbIE TPYBOMPOBOALI, KOPPO3WUOHHAS
CTOMKOCTb, MUKPOCTPYKTYPA, XUMUYECKUI COCTAB, HEMETANNMYECKUE BKITOUEHUS, BbIAENEHUS N3ObITOUHBIX
a3, NPOAYKTbI KOPPO3UHK, 3ALLUTHBIE MAEHKN.

Comprehensive studies of the structural characteristics of laboratory-smelted steels of various grades, which
are currently used for oilfield pipes, have been carried out. Dynamic corrosion tests of these steels were
carried out in an environment simulating a calcium chloride-type oilfield water environment.It is shown that the
corrosion resistance of steel in such an aqueous medium depends not only on the chromium content involved
in the formation of protective films of corrosion products on the steel surface. It is also necessary to prevent
the presence in the steel structure of components that cause an increased level of stresses and, thereby,
contribute to the destruction of protective films. Such structural components can include, in particular, non-
metallic inclusions of unfavorable chemical composition, ferrite-pearlite banding, as well as precipitation of
excess carbonitride phases, primarily, nanosized interphase type.

Keywords: low-alloy steels, oil-field pipelines, corrosion resistance, microstructure, chemical composition, non-
metallic inclusions, precipitation of excess phases, corrosion products, protective films.
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HaHomaTepuasibl U HAHOTEXHOJ10ruv

YAK 53.09:538.9:539.2:539.4

MeToAab! YNPOYHEHUS COBPEMEHHbIX
MaTepunasioB NyTemM 3KCTPeMasibHbIX
BO34EeMCTBUM

A. M. NMes3ep
@ryrn “UHUNq4epmem um. U.IN. BapouHa”, 2. Mockea, E-mail: a.glezer@mail.ru

B kpaTkom 0630pe cuctematiyeckm paccMOTpeHb! Cnocobbl SKCTpeMarbHbIX BO3LEACTBUN HA METANINYECKIE
TBEPAbIE TeNa C LieMNbto CO3AaHNS NpeaesibHbIX CTPYKTYPHBIX COCTOSHWM 1 YHUKaMNbHbIX (PU3NKO-MEXaHNYECKIX
CBOWCTB. PaccmMOoTpeHbl MPUHLMMbI KOMMEKCHbBIX SKCTPEManbHbIX BO3AENCTBUI N UHXEHEPUN TPaHUL, 3EPEH,
NO3BONSOLLME MOMYUMTb NEPCMEKTUBHBIE MHOTOMYHKLMOHAMbHbIE MaTepuanbl ¢ NPOYHOCTBI, GnmM3Kon K
TEopeTNYECKOMY Npeaeny.

KnioyeBble crnoBa: amopdHbIi CMaB, HAHOKPUCTANIMYECKUA CMNaB, YMPOYHEHMe, 3akarka W3 XKWOKOro
COCTOSHWS, MerannacTiyeckast AedopmaLms, kpuoreHHast AedopmaLys.

In a brief review, methods of extreme actions on metal solids are systematically considered in order to create
limiting structural states and unique physical and mechanical properties. The principles of complex extreme
actions and engineering of grain boundaries are considered, which make it possible to obtain promising
multifunctional materials with a strength close to the theoretical limit.

Key words: amorphous alloy, nanocrystalline alloy, hardening, quenching from a liquid state, megaplastic
deformation, cryogenic deformation.
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KoHTposib MeTannypruyeckoro rnpon3Bo4CTBa U MeTaslJiIonpoayKunn

YAK 669.056.99:620.1

MeTannorpadpunyeckKkue mccriegoBaHus
pe3b00BbIX NOKPbITUA MYPT
HAaCOCHO-KOMIMPECCOPHbIX TPYO

nocrJsie ncnbiTaHug

Ha My TOHABEepPTO4YHON MaLLUNHE

J1. C. BeneBckuin', 0. 0. Epumosa’,
K. B. lpuropoeuy?, P. P. Aema’, C. U. NnatoB’,
M. A. Butase?, B. J1. BacuHiok*, M. A. JleBaHUueBn4?,

A. B. Tusarynnun®

" @IrboOY BO “MI'TY um. I"A. Hocoea”, . MazHumozopck, E-mail: demarr78@mail.ru
2 UMET PAH um. A.A. Bbatikoea, 2. Mockea

3 HAH Benapycu, 2.MuHck

4 06beduHeHHbIU uHcmumym mawuHocmpoeHusi HAH Benapycu, 2.MuHck

5 AO “TIHT3”, 2. lMepeoypasibck

lMpoBegeHbl MeTannorpaduyeckne WUCCrefoBaHNs MOKPLITUA W3 NaTyHW, NOMyYeHHbIX (PUKLMOHHBIM
NnakupoBaHUeM, Ha BHyTpeHHel pesbbe MydT HacocHo-komnpeccopHbix Tpy6 (HKT). Wccneposanus
npoBedeHbl Nocne UcmbiTaHuii MydT Ha MydToHaBepTouHOM MalimHe CKR-500. MonyyeHHOe NOKpbITME
CMIOLWHOE, TONMWWMHOM OT 6 80 25 MkM. TMog MOKPbITMEM Ha MOBEPXHOCTM BHELUHeN pe3bbbl obpasyeTcs
BOJTOKHUCTBIN CFI0M NPOTSKEHHOCTBIO 0 6 MKM, COCTOSILLMI 13 BBITSHYThIX 3epeH (peppuTa, OpUEHTUPOBAHHbIX
napannenbHO NoBepxHocTH 0Bpasua. MoBbILLEHe TBEPAOCTW MOBEPXHOCTHOMO AeOPMUPOBAHHOTO CIIOS MO
OTHOLLEHMIO K OCHOBHOMY MeTanny coctasmio 16 %.

KntoueBble crnosa: mydptbl HKT, hpuKLMOHHOE NnakupoBaHue, MeTannorpadnieckoe nccneaoBaHue.

Metallographic studies of brass coatings obtained by friction cladding on the internal thread of tubing couplings
have been carried out. The studies were carried out after testing couplings on a CKR-500 coupling makeup
machine. The coating obtained is continuous with a thickness of 6 to 25 pym. A fibrous layer with a length of up
to 6 ym is formed under the coating on the surface of the external thread, consisting of elongated ferrite grains
oriented parallel to the surface of the sample. The increase in the hardness of the surface deformed layer in
relation to the base metal was 16%.

Keywords: tubing couplings, friction cladding, metallographic research.
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