
       Международный научно-теоретический и производственный журнал                                  

№ 1 (122)
2016

Иɡɞɚɟɬɫɹ ɫ ɹɧɜɚɪɹ ���� ɝ�
Вɵɯɨɞɢɬ � ɪɚɡɚ ɜ ɝɨɞ                                                                                                                                                                                                 

ɊȿȾАɄɐɂɈɇɇАə ɄɈɅɅȿȽɂə
Ƚɥаɜɧɵɣ ɪеɞаɤɬɨɪ 

Ȼ. ȿ. ɉаɬɨɧ
ɋ. ȼ. Аɯоɧɢɧ, Ƚ. М. Ƚɪɢɝоɪеɧɤо (ɡаɦ. ɝɥ. ɪеɞ.), 

Ⱦ. М. Ⱦɹɱеɧɤо (оɬɜ. ɫеɤɪ.), ɂ. ȼ. Ʉɪɢɜɰɭɧ, 
Ʌ. Ȼ. Меɞоɜаɪ, Ȼ. А. Моɜɱаɧ, А. ɋ. ɉɢɫɶɦеɧɧɵɣ, 

А. ɂ. ɍɫɬɢɧоɜ, ȼ. А. ɒаɩоɜаɥоɜ 
(ɂɗɋ ɢɦ. ȿ. Ɉ. ɉаɬоɧа, Ʉɢеɜ, ɍɤɪаɢɧа), 

М. ɂ. Ƚаɫɢɤ (ɇМеɬАɍ, Ⱦɧеɩɪоɩеɬɪоɜɫɤ, ɍɤɪаɢɧа), 
Ɉ. М. ɂɜаɫɢɲɢɧ (ɂɧ-ɬ ɦеɬаɥɥоɮɢɡɢɤɢ, Ʉɢеɜ), 
ɉ. ɂ. Ʌоɛоɞа (ɇɌɍɍ «Ʉɉɂ», Ʉɢеɜ, ɍɤɪаɢɧа), 

А. ɇ. ɉеɬɪɭɧɶɤо (Ƚɉ «Ƚɇɂɉ ɂɧɫɬɢɬɭɬ ɬɢɬаɧа», 
Ɂаɩоɪоɠɶе, ɍɤɪаɢɧа), 

А. А. Ɍɪоɹɧɫɤɢɣ (ȾоɧɇɌɍ, ɍɤɪаɢɧа)
МȿɀȾɍɇАɊɈȾɇɕɃ 

ɊȿȾАɄɐɂɈɇɇɕɃ ɋɈȼȿɌ 
Ⱦ. Аɛɥɢɡеɪ 

(ɍɧ-ɬ Ʌоɬаɪɢɧɝɢɢ, ɇаɧɫɢ, Ɏɪаɧɰɢɹ), 
Ƚ. М. Ƚɪɢɝɨɪеɧɤɨ 

(ɂɗɋ ɢɦ. ȿ. Ɉ. ɉаɬоɧа, Ʉɢеɜ, ɍɤɪаɢɧа), 
Ʉ. ȼ. Ƚɪɢɝɨɪɨɜɢɱ 

(Мɂɋɢɋ, Моɫɤɜа, ɊɎ), 
А. А. ɂɥɶɢɧ 

(МАɌɂ-ɊȽɌɍ, Моɫɤɜа, ɊɎ), 
Ȼ. Ʉɨɪɨɭɲɢɱ 

(ɂɧ-ɬ ɦеɬаɥɥоɜ ɢ ɬеɯɧоɥ., Ʌɸɛɥɹɧа, ɋɥоɜеɧɢɹ), 
ɋ. Ɏ. Меɞɢɧа 

(ɇаɰ. ɰеɧɬɪ ɦеɬаɥɥɭɪɝ. ɢɫɫɥеɞ., Маɞɪɢɞ, ɂɫɩаɧɢɹ), 
А. Мɢɬɱеɥɥ 

(ɍɧ-ɬ Ȼɪɢɬаɧɫɤоɣ Ʉоɥɭɦɛɢɢ, Ʉаɧаɞа), 
Ȼ. ȿ. ɉаɬɨɧ 

(ɂɗɋ ɢɦ. ȿ. Ɉ. ɉаɬоɧа, Ʉɢеɜ, ɍɤɪаɢɧа), 
ɐ. ȼ. Ɋаɲеɜ 

(ɂɧ-ɬ ɦеɬаɥɥоɜеɞ. ɢ ɬеɯɧоɥ. ɦеɬаɥɥоɜ, 
ɋоɮɢɹ, Ȼоɥɝаɪɢɹ), 

ɀ. Ɏɨɤɬ 
(ɇаɭɱ.-ɬеɯɧоɥ. ɭɧ-ɬ Ʌɢɥɥɹ, Ɏɪаɧɰɢɹ), 

ɐɨɯɭа Ⱦɠаɧɝ 
ɋеɜеɪо-ȼоɫɬоɱɧɵɣ ɭɧ-ɬ, ɒеɧɶɹɧ, Ʉɢɬаɣ

ɍɱɪеɞɢɬеɥɢ 
ɇаɰɢоɧаɥɶɧаɹ аɤаɞеɦɢɹ ɧаɭɤ ɍɤɪаɢɧɵ 

ɂɧɫɬɢɬɭɬ ɷɥеɤɬɪоɫɜаɪɤɢ ɢɦ. ȿ. Ɉ. ɉаɬоɧа ɇАɇɍ 
Меɠɞɭɧаɪоɞɧаɹ аɫɫоɰɢаɰɢɹ «ɋɜаɪɤа» (ɢɡɞаɬеɥɶ)

Аɞɪеɫ ɪеɞаɤɰɢɢ 
ɍɤɪаɢɧа, 03680, ɝ. Ʉɢеɜ-150, 
ɭɥ. Ʉаɡɢɦɢɪа Маɥеɜɢɱа, 11 

ɂɧɫɬɢɬɭɬ ɷɥеɤɬɪоɫɜаɪɤɢ 
ɢɦ. ȿ. Ɉ. ɉаɬоɧа ɇАɇ ɍɤɪаɢɧɵ 

Ɍеɥ./ɮаɤɫ: (38044) 200 82 77; 200 54 84 
Ɍеɥ.: (38044) 205 22 07 

E-mail: journal@paton.kiev.ua 
www.patonpublishinghouse.com

Ɋеɞаɤɬɨɪɵ 
Ⱦ. М. Ⱦɹɱеɧɤо, ɇ. А. ɉɪɢɬɭɥа 

ɗɥеɤɬɪɨɧɧаɹ ɜеɪɫɬɤа 
Ʌ. ɇ. Ƚеɪаɫɢɦеɧɤо, Ɍ. ɘ. ɋɧеɝɢɪеɜа, А. ɂ. ɋɭɥɢɦа

ɋɜɢɞеɬеɥɶɫɬɜо о ɝоɫɭɞаɪɫɬɜеɧɧоɣ ɪеɝɢɫɬɪаɰɢɢ 
Ʉȼ 6185 оɬ 31.05.2002 

ISSN 2415-8445
ɀɭɪɧаɥ ɜɯоɞɢɬ ɜ ɩеɪеɱеɧɶ ɭɬɜеɪɠɞеɧɧɵɯ МɈɇ 

ɍɤɪаɢɧɵ ɢɡɞаɧɢɣ ɞɥɹ ɩɭɛɥɢɤаɰɢɢ ɬɪɭɞоɜ 
ɫоɢɫɤаɬеɥеɣ ɭɱеɧɵɯ ɫɬеɩеɧеɣ

ɉɪɢ ɩеɪеɩеɱаɬɤе ɦаɬеɪɢаɥоɜ ɫɫɵɥɤа ɧа ɠɭɪɧаɥ 
оɛɹɡаɬеɥɶɧа. Ɂа ɫоɞеɪɠаɧɢе ɪеɤɥаɦɧɵɯ ɦаɬеɪɢаɥоɜ 

ɪеɞаɤɰɢɹ ɠɭɪɧаɥа оɬɜеɬɫɬɜеɧɧоɫɬɢ ɧе ɧеɫеɬ
ɐеɧа ɞоɝоɜоɪɧаɹ

© ɇАɇ ɍɤɪаɢɧɵ, ɂɗɋ ɢɦ. ȿ. Ɉ. ɉаɬоɧа ɇАɇ ɍɤɪаɢɧɵ, МА «ɋɜаɪɤа», 2016

СОДЕРЖАНИЕ

Журнал переиздается в полном объеме на английском языке под названием
«Advances in Electrometallurgy» (ISSN 1810-0384)

издательством «Camdridge International Science Publishing», Великобритания
www.cisp-publishing.com

Ʉ 100-ɥеɬɢɸ ɫо ɞɧɹ ɪоɠɞеɧɢɹ Ȼ.ɂ. Меɞоɜаɪа  ........................................   3

ЭЛЕКТРОШЛАКОВАЯ ТЕХНОЛОГИЯ
Меɞɨɜаɪ Ʌ.Ȼ.� ɋɬɨɜɩɱеɧɤɨ А.ɉ.� Ʉаɣɞа ɉ.ɇ.� ɉɨɥɢɲɤɨ А.А.� 
Мɨɰɧɵɣ ȼ.ȼ.� Ƚɥаɞɢɥɢɧ ɋ.ɘ. ɇоɜɵɣ ɩоɞɯоɞ ɤ ɭɥɭɱɲеɧɢɸ ɤаɱеɫɬɜа 
ɡаɝоɬоɜɤɢ ɞɥɹ ɩɪоɢɡɜоɞɫɬɜа ɜɵɫоɤоɩɪоɱɧɵɯ ɪеɥɶɫоɜ  ............................   7
Ȼɢɤɬаɝɢɪɨɜ Ɏ.Ʉ.� ɒаɩɨɜаɥɨɜ ȼ.А.� Ƚɧаɬɭɲеɧɤɨ А.ȼ.� 
ɂɝɧаɬɨɜ А.ɉ.� Ƚɪɢɳеɧɤɨ Ɍ.ɂ. ɗɥеɤɬɪоɲɥаɤоɜаɹ ɧаɩɥаɜɤа ɦеɞɢ  ....... 16

ЭЛЕКТРОННО-ЛУЧЕВЫЕ ПРОЦЕССЫ
Ƚɪɢɝɨɪеɧɤɨ Ƚ.М.� Аɯɨɧɢɧ ɋ.ȼ.� Ʌɨɛɨɞа ɉ.ɂ.� Ƚɪɢɝɨɪеɧɤɨ ɋ.Ƚ.� 
ɋеɜеɪɢɧ А.ɘ.� Ȼеɪеɡɨɫ ȼ.А.� Ȼɨɝɨɦɨɥ ɘ.ɂ. ɋɬɪɭɤɬɭɪа ɢ ɫɜоɣɫɬɜа 
ɬɢɬаɧоɜоɝо ɫɩɥаɜа, ɥеɝɢɪоɜаɧɧоɝо ɛоɪоɦ, ɩоɥɭɱеɧɧоɝо ɫɩоɫоɛоɦ 
ɷɥеɤɬɪоɧɧо-ɥɭɱеɜоɝо ɩеɪеɩɥаɜа  ............................................................... 21
Мɢɤɢɬɱɢɤ А.ȼ.� Ɋɭɞɨɣ ɘ.ɗ.� Ƚɪɭɲеɰɤɢɣ ɂ.ȼ.� Аɯɬɵɪɫɤɢɣ А.Ɉ.� 
Ɋɨɦаɧеɧɤɨ ɋ.М. ȼɥɢɹɧɢе ɦɧоɝоɫɥоɣɧɵɯ ɤоɧɞеɧɫаɰɢоɧɧɵɯ 
ɩоɤɪɵɬɢɣ ɧа ɯаɪаɤɬеɪɢɫɬɢɤɢ ɞеɦɩɮɢɪоɜаɧɢɹ ɬɢɬаɧоɜоɝо 
ɫɩɥаɜа ȼɌ-6  ................................................................................................ 26

ПЛАЗМЕННО-ДУГОВАЯ ТЕХНОЛОГИЯ
ɒеɣɤɨ ɂ.ȼ.� Ƚɪɢɝɨɪеɧɤɨ Ƚ.М.� ɒаɩɨɜаɥɨɜ ȼ.А. Ʌеɝɢɪоɜаɧɢе 
ɫɬаɥеɣ ɢ ɫɩɥаɜоɜ аɡоɬоɦ ɢɡ ɞɭɝоɜоɣ ɩɥаɡɦɵ: ɬеоɪɢɹ ɢ ɩɪаɤɬɢɤа 
(Ɉɛɡоɪ. ɑаɫɬɶ 1)  ......................................................................................... 32

ОБЩИЕ ВОПРОСЫ МЕТАЛЛУРГИИ
Ƚɪɢɝɨɪеɧɤɨ Ƚ.М.� ɒеɣɤɨ ɂ.ȼ.� Ʉɨɡɢɧ Ɋ.ȼ.� ɉɨɦаɪɢɧ ɘ.М. 
ȼɡаɢɦоɞеɣɫɬɜɢе ɞɜɭɯаɬоɦɧɵɯ ɝаɡоɜ ɫ ɦеɞɶɸ ɜ ɭɫɥоɜɢɹɯ 
ɩɥаɡɦеɧɧоɝо ɧаɝɪеɜа  .................................................................................. 38

ЭЛЕКТРОМЕТАЛЛУРГИЯ СТАЛИ И ФЕРРОСПЛАВОВ
Ⱦɭɛɨɞеɥɨɜ ȼ.ɂ.� ɋɦɢɪɧɨɜ А.ɇ.� Ʉɭɛеɪɫɤɢɣ ɋ.ȼ.� Ƚɨɪɸɤ М.ɋ. 
ɂɧɧоɜаɰɢоɧɧɵе ɩоɞɯоɞɵ ɢ ɝɢɛɤɢе ɪеɲеɧɢɹ ɞɥɹ ɪаɡɥɢɜɤɢ ɦеɬаɥɥа 
ɧа ɦеɬаɥɥɭɪɝɢɱеɫɤɢɯ ɦɢɤɪо-ɡаɜоɞаɯ  ....................................................... 44

НОВЫЕ МАТЕРИАЛЫ
ɍɫɬɢɧɨɜ А.ɂ.� Ɏеɫɸɧ ȿ.ȼ.� Меɥɶɧɢɱеɧɤɨ Ɍ.ȼ.� ɏɨɯɥɨɜа ɘ.А. 
Ⱦеɮоɪɦаɰɢоɧɧое ɩоɜеɞеɧɢе ɜаɤɭɭɦɧɵɯ ɤоɧɞеɧɫаɬоɜ ɦеɞɢ ɢ ɧɢɤеɥɹ 
ɜ ɧаɧоɫɬɪɭɤɬɭɪɢɪоɜаɧɧоɦ ɫоɫɬоɹɧɢɢ  ...................................................... 51

ЭНЕРГОРЕСУРСОСБЕРЕЖЕНИЕ
Ȼɨɝаɱеɧɤɨ А.Ƚ.� Мɢɳеɧɤɨ Ⱦ.Ⱦ.� Ȼɪаɝɢɧеɰ ȼ.ɂ.� Ƚаɥɢɧɢɱ ȼ.ɂ.� 
ɇеɣɥɨ ɂ.А.� Ʌɸɬɵɣ А.ɉ.� Ɏɪɢɞɦаɧ М.А. ɗɤоɧоɦɢɹ ɷɥеɤɬɪо- 
ɷɧеɪɝɢɢ ɧа ɞɭɝоɜɵɯ ɫɬаɥеɩɥаɜɢɥɶɧɵɯ ɩеɱаɯ ɩоɫɬоɹɧɧоɝо ɬоɤа ɫ 
ɝɪаɮɢɬɢɪоɜаɧɧɵɦɢ ɮɢɬɢɥɶɧɵɦɢ ɷɥеɤɬɪоɞаɦɢ  ...................................... 58

ИНФОРМАЦИЯ
ȼɨɥɱеɧɤɨɜ ȿ.А. 6-ɹ Меɠɞɭɧаɪоɞɧаɹ ɤоɧɮеɪеɧɰɢɹ ɩо 
ɦоɞеɥɢɪоɜаɧɢɸ ɦеɬаɥɥɭɪɝɢɱеɫɤɢɯ ɩɪоɰеɫɫоɜ ɜ ɩɪоɢɡɜоɞɫɬɜе 
ɫɬаɥɢ «SteelSim-2015»  ............................................................................... 65
ɉаɦɹɬɢ Ƚ.А. Ȼоɣɤо  ..................................................................................... 68



            In ternat ional  Scient i f ic -Theoret ica l  and Product ion Journal                                  

№ 1 (122)
2016

Published since January, 1985
4 times a year

EDITORIAL BOARD
Editor-in-Chief

B. E. Paton
S.V. Akhonin, G. М. Grigorenko (vice-chief ed.),

D. М. Dyachenko (exec. secr.), I. V. Krivtsun,
L. B. Меdоvаr, B. А. Моvchan, A. S. Pismenny,

A. I. Ustinov, V. A. Shapovalov
(PWI of the NASU, Kyiv, Ukraine),

M. I. Gasik (NMetAU, Dnipropetrovsk),
O. M. Ivasishin (Institute of Metal Physics, Kyiv, Ukraine),

P. I. Loboda (NTUU «KPI», Kyiv, Ukraine),
А. N. Petrunko (Institute of the Titan,

Zaporozhye, Ukraine),
A. A. Troyansky (DonNTU, Donetsk, Ukraine)

THE INTERNATIONAL
EDITORIAL COUNCIL

D. Ablitzer
(Universite de Lorraine, Nansy, France),

G. М. Grigorenko
(PWI of the NASU, Kyiv, Ukraine),

K. V. Grigorovich
(MISIS, Moscow, Russia),

A. A. Iljin
(MATI, Moscow, Russia),

B. Koroushich
(IMT, Ljubljana, Slovenia),

S. F. Мedina
(CENIM, Madrid, Spain),

А. Мitchell
(University of British Columbia, Canada),

B. E. Paton
(PWI of the NASU, Kyiv, Ukraine),

Ts. V. Rаshеv
(Institute of Metals Science, Sofia, Bulgaria),

J. Foct
(Universite de Lille, France),

Zhouhua Jiang
North-Eastern University, Shenyang, China

Founders
The National Academy of Sciences of Ukraine

The E. O. Paton Electric Welding Institute
International Association «Welding» (Publisher)

Address
The E. O. Paton Electric Welding Institute, NASU,
11, Kazimir Malevich Str., 03680, Kyiv, Ukraine

Tel./Fax: (38044) 200 82 77; 200 54 84
Tel.: (38044) 205 22 07

E-mail: journal@paton.kiev.ua
www.patonpublishinghouse.com

Editors
D. М. Dyachenko, N. A. Pritula

Electron galley
L. N. Gerasimenko, T. Yu. Snegiryova, A. I. Sulima

State Registration Certificate
KV 6185 of 31.05.2002

ISSN 2415-8445
All rights reserved.

This publication and each of the articles contained here in
are protected by copyright

Permission to reproduce material contained in this journal
must be obtained in writing from the Publisher

© NAS of Ukraine, The E. O. Paton Electric Welding Institute, International Association «Welding», 2016

CONTENTS

«Sovremennaya Elektrometallurgiya» journal (Electrometallurgy Today)
is published in English under the title of «Advances in Electrometallurgy»

by Camdridge International Science Publishing, United Kingdom
www.cisp-publishing.com

To the 100th birthday anniversary of B.I. Medovar  ....................................    3

ELECTROSLAG TECHNOLOGY
0edovar /.B. � StovSchenko $.3.� Kaida 3.1.� 3olishko $.$.� 
0otsnyi V.V.� Gladilin S.<u. New approach to the improvement of 
Tuality of billets for manufacture of high-strength rails  ..............................    7
Biktagirov F.K.� ShaSovalov V.$.� Gnatushenko $.V.� ,gnatov $.3.� 
Grishchenko T.,. Electroslag surfacing of copper  ..................................... 16

ELECTRON BEAM PROCESSES
Grigorenko G.0.� $khonin S.V.� /oEoda 3.,.� Grigorenko S.G.� 
Severin $.<u.� Bere]os V.$.� BogoPol <u.,. Structure and properties 
of titanium alloy, alloyed with boron, produced by the method of 
electron beam remelting  ..............................................................................  21
0ikitchik $.V.� Rudoy <u.E.� Grushetsky ,.V.� $khtyrsky $.2.� 
RoPanenko &.0. Effect of multi-layer condensation coatings on 
characteristics of titatinium alloy VT-6 damping  ........................................  26

PLASMA-ARC TECHNOLOGY
Sheiko ,.V.� Grigorenko G.0.� ShaSovalov V.$. Alloying of steels 
and alloys with nitrogen from the arc plasma. Theory and practice 
(Review. Part 1)  ...........................................................................................  32

GENERAL PROBLEMS OF METALLURGY
Grigorenko G.0.� Sheiko ,.V.� Ko]in R.V.� 3oParin <u.0. 
Interaction of two-atom gases with copper under conditions of plasma 
heating  .........................................................................................................  38

ELECTROMETALLURGY OF STEEL AND FERROALLOYS
'uEodelov V.,.� SPirnov $.1.� KuEersky S.V.� Goryuk 0.S. 
Innovation approaches and Àexible solutions for metal pouring at the 
metallurgical micro-plants  ...........................................................................  44

NEW MATERIALS
8stinov $.,.� Fesyun E.V.� 0elnichenko T.V.� Khokhlova <u.$. 
Deformation behavior of vacuum condensates of copper and nickel in 
nanostructured state  .....................................................................................  51

ENERGY-RESOURCES SAVING
Bogachenko $.G.� 0ishchenko '.'.� Braginets V.,.� Galinich V.,.� 
1eilo ,.$.� /yutyi $.3.� FridPan 0.$. Saving of electric power 
at the arc steel melting furnaces of direct current with graphitized cored 
electrodes  .....................................................................................................  58

INFORMATION
Volchenkov E.$. VI International Conference on modeling of 
metallurgical processes in steel production «SteelSim-2015»  ....................  65
In memory of Boiko G.A.  ............................................................................. 68


