B

MEIT nas J J.J

v 1084) <Uss

C/AHem KocmoHaemuku!




COLEPXAHUE

Mpous3BoacTBO YyryHa

K. B. lonowanos, O. A. Kobenes, A. E. TutnsaHos, P. KO. Kazbekos. Pa3paboTka TeNNonsonvpyioLLien
BCTaBKM1 B [yTbEBOW KaHan BO3AYLLUHOU GYyPMbl JOMEHHOM NeYu C NPUMEHEHMEM MaTEMATUYECKOr0
MOOERMpOBaHNS . ... = ==, . . . s 4

MpouszBoacTBO cTanu

P. A. lnsarynuH, A. . Mycarosa, H. B. Maptiowes, []. B. Banyes, A. V. KapnuHa. Pa3paboTka u
NPYMEHEHNEe HOPMAaTUBHbIX TAKTOBbIX MOAENEN AN\ MOAEPHM3aUMM SNEKTPOCTanennaBuibLHoro uexa. . . 10

JinteiHoe NponM3BOACTBO
U. O. JleywmH, A. H. [payes, J1. Y. Jleywumna, 1. M. SBTyLueHko. XnakonoasuxHasa caMoTBepaeoLLas

CMECH YNTYHLLIEHHOM TEXHOOMMYHOCTY A1 U3rOTOBNEHUA POPM N CTEPXKHEN CTANIBHOIO JINTBA. . . . . . . . 17
T. P. TmnbmaHwuHa, A. A. Koeanesa, C. A. XyaoHoros, 4. KO. Kpuukuii. icnonb3oBaHue
rpaducogepxallero wnama B COCTaBe NPOTUBONPUIAPHBIX MOKPBITUM . . .. oot v e e e eeea e 23

MpokaTka u TepmoobpaboTka
A. J1. Wsapuy, A. M. Muxaiinerko, E. V. CanuxsHoBa. OnTuMmmnaaums KanmbpoBOK BanKoB A4S

npokatku weennepoB. CoobuieHne 2. NPOoCTPaHCTBO LWBENNEPHBIX KAUOPOB . . . . oo v ov v v e e 27
O. B. Kproukos, A. B. Kpoxanes, 1. U. ManeHko, 3. B. CegoB. 9KCNepuMeHTanbHO-pacyeTHoe
nccnenoBaHne 3KBUBANIEHTHOMO KOadduLMeHTa TenIonpoBOAHOCTY NPU HArPEBE PYJIOHA IEHTHI. . . . . 34

XuMuyeckume TeXHonormm

U. B. CkBopuosa, E. A. Enuceesa, C. J1. bepesauHa, B. C. bonabipess. OCOOEHHOCTM aHOAHOIO
NOBEACHUAXPDOMABKUCIIOTHOMIMIEKTIPOJINTE .. . ... .~ i ... . . . . e e s 41

HaHeceHue nokpbiTuii U 06paboTka NOBEPXHOCTU

0. H. lovixeH6epr, 4. C. MonyxuH. CTpyKTypa, CBOMCTBA U KAYECTBO KOMMO3UTHOIO HUKESb-
$oCcHOPHOro NOKPbLITUSA, HAHOCUMOTO Ha CTaslbHbl€ MOASIOXKM PA3NIMYHOTO COCTaBA . . . . o o v e v v e ... 46

3Hepre'rm<a M 3Konorus

U. A. CyntarrysuH, I1. A. LLlomos, A. B. Eropos, U. B. EBceeHko, KO. B. SiBoposckuii. TONNNBHO-
aHepreTuyeckuii 6anaHc aNeKTPOMETANINYPIrNYECKOrO MUHU-KOMIMIIEKCA . .. o vvvv oo e e e e 50

B. C. Ayb6uHuH, T. A. CtenaHoBa, C. O. LLikapyna, B. 1. Kpynckuii. HoBble crnocobbl Npou3BoacTsa
3NIEKTPO3HEPI UM C UCMOIb30BaHMEM Napa CUCTEM UCNAPUTENTbHOIO OXJ1aXAEeHUS
BbICOKOTEMMNEPATYPHbIX YCTAHOBOK HEPHOM METAIITYPIMM .« & ¢ o vv v e e e e e et e e eneeeans 57

MawuvHOCTPOUTENbHbIE TEXHOJIOTUMN
B. [. Kyxaps, B. A. KopoTtkos, C. C. Slkosnes, A. A. LLniiknHa. AHann3 HanpsxXeHHO-
nedopMmnpoBaHHOro COCTOSHUSA NPKY NoyYeHn pudnen B CTanbHOM LMIMHOPUYECKOW 3aroTOBKE . . . . 62

E. A. lanuneHrko, A. C. SIMHukoB, A. A. Manuvkos. BnusHue ynpyrux gedopmMaLmin HeXeCTKOM
Kopo64aTon 3aroToBKM, IMMUTUPOBAHHbLIX KOHCTPYKLMEN NMPUCNOCOBNEHUs, HA TOYHOCTb
OOpPaboTAHHBIXTIOBEPXHOCTEW. . .« . . ... . s e i e 66

B. B. Uctoukui. KOHCTPYKTUBHbBIE OCOBEHHOCTU KOHLEBBLIX PPE3 C KOMOUHALMEN PEXYLLIUX U
nedopmMmupyoLmx 3ybbeB s 06paboTKUM BA3KO-MNACTUYHBIX CMIABOB . . . . v v v eve e e e ee e ee e ns 71

Kypuan «Yepubie MeTauib» no pemennio BAK MunncrepcTBa odpazoBanusi 1 Hayku P® Brmouen
B «Ilepeuenb BeayIMX pelieH3UPYeMbIX HAYYHbIX KYPHAJIOB M U3/1aHHi, B KOTOPBIX JOJIKHBI ObITh OMYy0JIMKOBAHbBI
OCHOBHbIE Hay4YHble Pe3Y/IbTAThI JUCCEPTANMI HA COUCKAHNE YYEHOMH CTeNeHH JOKTOPA M KAaHIMIATA HAYK» [0 MeTAJLIYPIHH

Kypuan «Yepnbie MeTauIbl» BKTIOYeH B Mexnynapoanyio 6a3y nannbix Chemical Abstracts Service
Kypuan «YepHble MeTaLuibl» BKIIOYeH B MexayHapeanyio 6a3y aanubix Scopus, I kBaprwms (2020)
(mo Bepcun SCIMAGO)

«YepHble meTannsl», anpenb, 2022




“CHERNYE METALLY”/“FERROUS METALS” 4 (1084)-2022

Monthly scientific-technical journal on the actual problems of metallurgy and machine-building

Founders With participation of

« “Ore and Metals” Publishing House » Magnitogorsk Iron and Steel Works

- National University of Science and Technology - Byelorussian Steel Works — Management Company
“Moscow Institute of Steel and Alloys” of “Byelorussian Metallurgical Company” holding

- Nosov Magnitogorsk State Technical University - The State Hermaitage museum

Editorial Board Editorial Staff

Chief Editor: Valeriy Kolokoltsev Deputy chief editor Evgeny Tsirulnikov

1st Deputy chief editor: Konstantin Kosyrev Responsible secretary: Elena Rakhmanova

Deputy chief editors: Alexandr Vorobiev, Evgeny Tsirulnikov, Editor: Elvina Babali

Anatoly Belenky, Wolfgang Bleck (Germany), Yuriy Bobarikin

(Belarus), Oleg Boriskin, Irina Butorina, Nikolay Chicheney, Editorial Address . .
Mikhail Chukin, Dmitry Elansky, Sergey Galkin, Evgeny Goly- Actual address: Moscow, Leninsky prospekt 6 bld. 2, office 617

Mailing address: 119049, Russia, Moscow, P.O. Box # 71
Phone/fax: +7-495-955-01-75

E-mail: chermet@rudmet.ru; tsirulnikov@rudmet.ru
Internet: www.rudmet.com

Oglu (Denmark), Yakov Gordon (Canada), llya lllarionov,

Ludmila Kaputkina, Alexandr Kazakov, Alexandr Kolikov,

Alexey Korchunov, Alexey Kushnarey, Igor Leushin, Igor Mazur,

Yury Piotrovsky, Piotr Scheller (Germany), Anatoly Savenok (Belarus),

Andrey Serebryakoy, lidar Sultanguzin, Stanislav Tkachenko, Printed: “Kancler” Printing house
Andrey Travyanov, Rafael Valeev, Ekaterina Volynkina, Russia, Yaroslavl, ulitsa Polushkina Roshcha, 16, str. 66A
Alexandr Vydrin, Elena Yatsenko, Nikolay Zyuban Publisher: “Ore and Metals” publishing house

Phone/fax: +7-495-638-45-18
E-mail: rim@rudmet.ru

CONTENTS
Production of Cast Iron
K. V. Goloshchapov, O. A. Kobelev, A. E. Titlyanov, R. Yu. Kazbekov. Development of a heat-insulating insert in the
blast channel of the blast furnace air tuyere using mathematical modeling ..o, 4
Pipe Production
R. A. Gizatulin, A. I. Musatova, N. V. Martyushev, D. V. Valuev, A. I. Karlina. Development and application of
normative timing models for the modernization of an electric steel-smelting shop..............ocooiiiiiiin. 10

Foundry Production
1. O. Leushin, A. N. Grachey, L. . Leushina, P. M. Yavtushenko. Liquid self-hardening mixture of improved technology

for manufacture of moldsandcoresof steelcastings ............ ... . o e il 17
T. R. Gilmanshina, A. A. Kovaleva, S. A. Khudonogov, D. Yu. Kritsky. Use of graphite-containing sludge in
thecompositionofnon-stickcoatings .. ... . = ..o ... ool oo en s e 0 23

Rolling and Heat Treatment
D. L. Shvartz, A. M. Mikhailenko, E. I. Salikhyanova. Optimization of roll calibrations for beam channel rolling.

PartZiSpaceofchanneligatiges v =~ =~ o o o e e e 27
O. B. Kryuchkov, A. V. Krokhalev, P. I. Malenko, E. V. Sedov. Experimental and computational study of the equivalent
thermal conductivity coeficientwhen heatingastripcoil. ... .o .. . 0 i 34
Chemical Technologies
I. V. Skvortsova, E. A. Eliseeva, S. L. Berezina, V. S. Boldyrev. Features of the anodic behavior of chromium in
anacidicelectrolyte = i00 L o 0 = . e S il L s e W 41

Coating and Surface Treatment
Yu. N. Goykhenberg, D. S. Polukhin. Structure, properties and quality of a composite nickel-phosphorus coating

deposited on steel substrates ofivariouscompositions . .....c0 oo . L i a Tt s aiaan 46
Energy and Ecology
I. A. Sultanguzin, P. A. Shomov, A. V. Egorov, . V. Evseenko, Yu. V. Yavorovsky. Fuel and energy balance of
electrometalliirgicalminiccomplex.=. == = . 0 o n T o e T, 50
V. S. Dubinin, T. A. Stepanova, S. O. Shkarupa, V. P. Krupsky. New ways to generate electricity using steam
evaporative cooling systems for high-temperature iron and steelplants .........c.ooiiiiiiiiiiiiiiiiiiiiiiiin., 57

Mechanical Engineering Technologies
V. D. Kukhar, V. A. Korotkov, S. S. Yakovlev, A. A. Shishkina. Analysis of the stress-strain state when knurling riffles in

asteeleylindricalshell oo oo o i 62
E.A. Danilenko, A. S. Yamnikov, A. A. Malikov . Influence of elastic deformations of a non-rigid box blanks, limited

by the fixture design, on the accuracy of machined surfaces........ ..o oot i iitinaiaias 2t iavas 66
V. V. Istotsky. Design features of end mills with a combination of cutting and deforming teeth for machining

foughplasticalioys .t - =0 .1 L - e W e s 71

“Chernye metally”, April 2022




