MIHICTEPCTBO OCBITH I HAYKU YKPATHU
AKAJIEMISI IHKEHEPHUX HAVK YKPATHU
HALIIOHAJIbBHA METAJIYPITMHA AKAJIEMIS YKPATHU

Mol
TEOPISI I IPAKTHKA | (15

METAJYPIII 2021

3ATAJIBHOJIEPKABHUI HAYKOBO-TEXHIYHUM )KYPHAJI

Bunaerbcs 3 6epe3nst 1997 poky
Buxoauts 6 pasiB Ha pik

3acnoenuku:  HarionanbHa MeTanypriiiHa akazemis YKpainu
Binninenns marepiano3HaBcTBa Ta METATyprii
Axaznemii iHKEHEpHHUX HayK YKpaiHU

Buoasui: Hanionanena meTanypriiiHa akaaemist Y Kpainu
BigainenHs Mmatepiano3HaBCTBa Ta METaIyprii
AxaneMii IHKEHEpHUX HayK YKpaiHu

Juinpo
2021



MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE
ACADEMY OF ENGINEERING SCIENCES OF UKRAINE
NATIONAL METALLURGICAL ACADEMY OF UKRAINE

#1
THEORY AND PRACTICE | (126)

OF METALLURGY 2021

GENERAL STATE SCIENTIFIC AND TECHNICAL JOURNAL

Issued since March 1997
Released 6 times a year

Founders: National Metallurgical Academy of Ukraine
Department of Materials Science and Metallurgy
Of the Academy of Engineering Sciences of Ukraine

Publishers: National Metallurgical Academy of Ukraine
Department of Materials Science and Metallurgy
Of the Academy of Engineering Sciences of Ukraine

Dnipro
2021



MIHICTEPCTBO OCBITU I HAYKH YKPAIHU
HAIIIOHAJIbHA METAJTYPITHHA AKAJIEMISI YKPATHA
AKAJIEMISA IHOKEHEPHUX HAYK YKPATHU

3aranbHogepkaBHMi
HaYKOBO-TEXHIYHUW XXypHar
ISSN 1028-2335
Bunyck 1 (126) 2021p

3aCHOBUMHUKN;

LleHTp (BigaineHHs1) maTepianosHaBscTBa i MeTanyprii Akagemil
iHXXeHepHUX Hayk YKpaiHu

HauioHanbHa MmeTanypriinHa akagemia YkpaiHu

CBIIOIITBO PO PEECCTPAIIIFO:
cepis KB Ne 21962-11862I1P
Big 23 6epe3ns 2016 poky

Hakasom MIHICTEPCTBA OCBITU |
HAYKM YKPAIHW Ne157 sin
09.02.2021 p. xXypHarn BKITHO4EHO [0
kaTeropii «b» nepeniky HaykoBux
daxoBux BuaaHb YkpaiHu, no
cneujianbHOCTAM:

133 — lanyseBe mawmHOOyAyBaHHS;

136 — MeTanyprisi;
161 — XimivHi TexHonorii

PekomenpgoBaHo BueHoto
Papoto HauioHanbHOI
MeTanyprinHoi akagemii
Ykpainm Ne3 Big 22.02.2021

dopmart 60x84Y/;.
Ym.apyk.apk. 5,12
Appeca pepakuii Ta BuaaBus: HauioHanbHa
mMeTanypriiiHa akagemis YkpaiHu,
np.larapina, 4, m.[Hinpo, 49006
T.(0562) 47-44-42; (067)719-37-51
Tupax 100 npum.

PepakuinHa koneris

lonosHutli pedakmop

0.T.H., npod. Mponaak KO.C. (YkpaiHa)
BacmynHuk 2or108Ho20 pedakmopa

A0.T.H., npod. Kamkina J1.B. (Ykpaina)

A.T.H., npod. binoaigenko C.B.
A.T.H., npod. Bonkosa O. .
O.T.H., npod. MHaTyweHko B.B.
O.T.H., npod. KHannHcbknin M.A.
A4.T.H., npod. Kyuoea B.3. Ykpaina)
A.T.H., npod. JlexxHes C.M. KasaxctaH)

(YkpaiHa)
(
(
(
(
(
A.T.H., npod. Jlantok B.IT. (Ykpaina)
(
(
(
(
(
(

HimeuunHa)
YkpaiHa)
MonbLa)

A.T.H., npod. Manun €.1. Ykpaina)
0.T.H., npod. Megosap J1.b. YkpaiHa)
A.T.H., npod. Cirapsos €.M. Ykpaina)
A.T.H., npod. CtoBn4eHko I".I1. YKkpaina)
A.T.H., npod. ®pornos A.B. Ykpaina)
O.T.H., npod. LLaTtoxa B.I. YkpaiHa)

Mepenpyk nuwe 3a JO3BONIOM pedakuil
Mpun BUKOpUCTaHHI MaTepianiB NOCUNaHHA Ha XXypHan o6oB’a3koBe
BuaaBHULTBO He Hece BiAnNoBiAanbHICTb 3a 3MIiCT MmaTepiany,
HagaHoOro aBToOpom A0 APYKY
MaTtepianu ny6nikyloTcsi Ha MOBI opuriHany
3a aKicTb nepekragy crtaten Ha aHrmMiNCbKy MOBY peAakuis BianoBiganbHOCTI He Hece
PepakuinHa paga 3anuwae 3a co60r npaBo 3MiHIOBATU TEKCT cTaTen,
He BMSIMBaKO4M Ha 3arafibHUM 3MIiCT HagaHoro martepiany

Komn’totepHe BepctaHHsa O.I.besLkypeHko

http://tpm.nmetau.edu.ua OHMerTAY 2021




MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE
ACADEMY OF ENGINEERING SCIENCES OF UKRAINE
NATIONAL METALLURGICAL ACADEMY OF UKRAINE

National scientific journal

ISSN 1028-2335
Edition 1 (126) 2021 year

Founders:

Center (Department) of Materials Science and Metallurgy of the
Academy of Engineering Sciences of Ukraine
National Metallurgical Academy of Ukraine

Certificate of registration:
KB Ne 21962-1186211P
23.03.2016
By the order of the MINISTRY OF

EDUCATION AND SCIENCE OF
UKRAINE Ne157 from 09.02.2021,

the journal is included in category "B"

of the list of scientific professional
publications of Ukraine, by
specialties:
133 - Industry engineering;
136 - Metallurgy;
161 - Chemical technologies

Recommended Academic
Council of the National
Metallurgical Academy of
Ukraine #3 22.02.2021

Format 60x84%/s.
CPP. 5,12
Editorial address and publisher: National

Metallurgical Academy of Ukraine, Gagarina,

4, Dnipro 49006
7.(0562) 47-44-61; 0662911534
Copies of 100.

Editorial board

Editor in Chief

D.Tech.Sc., prof. Proydak Yu (Ukraine)

Honorable Editor

D.Tech.Sc., prof. Kamkina L. (Ukraine)

Prof., d.t.s. Bilodidenko S.
Prof., d.t.s. Volkova O.
Prof., d.t.s. Gnatushenko V.
Prof., d.t.s. Knapinskij M.
Prof., d.t.s. Kutsova V.
Prof., d.t.s. Lezhnyev S.
Prof., d.t.s. Lyalyuk V.
Prof., d.t.s. Malij Ye.
Prof., d.t.s. Medovar L.
Prof., d.t.s. Sigarov Ye
Prof., d.t.s. Frolov Ya.
Prof., d.t.s. Shatoha V.

(Ukraine)
(Gemany)
(Ukraine)
(Poland)
(Ukraine)
(Kazakhstan)
(Ukraine)
(Ukraine)
(Ukraine)
(Ukraine)
(Ukraine)
(Ukraine)

Reproduction only with permission of the publisher
With reference to the journal is obligatory
Publisher is not responsible for the content of the material,

by authors for publication

Publikuyutsya materials in the original language
For quality translations of articles on English version is not liable
Editorial Board reserves the right to change the text of the articles without affecting
the overall content of the material

Computer layout by Olexej Bezshkurenko

http://tpm.nmetau.edu.ua

©ONMetAU 2021




