HayuHo-TexHMYeCKOMY KypHa/Ty
I'MAB 30 net!

TOPHbIN

1992-2022

eopeaeGD SXATTESOCIAA N>
........

TEOPUS N ITPAKTUKA I'OPHBIX HAYK

TEMbI HOMEPA:

[eoMexaHKWKa, pa3pyLUEHNE FOPHbIX NMOPOA,

PynHu4yHas asporasoguHamuka, ropHas Tennobmsmka
Meoskonorusa

FopHble MaLLKHBI

DHepreTmka u 3HeproadheKTUBHOCTb FOPHOM MPOMBbILLIEHHOCTU

besonacHOCTb B Upe3BblYaMHbIX CUTYaLUSAX

BbIMYCKAETCS U3DATENNIbCTBOM «TOPHAA KHUTA» MPU NOAAEPXKE:

) ) ) 751 CYaK
Cubupckori yrobHOM 3HEePreTMYecKor KoMnaHum,
Q‘,o|“"~'lll,,

e of

Bubicwero ropHoro coseta HI «[opHonpombiwneHHuky Poccum», st

MHBeCcTULMOHHOIrO (poHAa MOAAEP)KKM FOPHOr0 KHUrOM3AaHus,
npoekt MAB-3549-2022




TOPHBI I/IHd)OPMAI_[I/IOHHO-AHAJ'II/‘IJTI/ILIECKHﬁ BIO/IVIETEHDb
(HAYYHO-TEXHUYECKUU JKYPHAJI)

PEOAKLUUOHHASA

naBHbIN pepakTop
B.H. 3AXAPOB

KONNErus

- uneH-kopp. PAH, o.T.H., npod.,
MMNKOH PAH, Mockea

3am. rnaBHoro peapakTopa

B.A. BUHHMKOB

- 0.0.-M.H., npod.,
' HUTY «MUCuC», Mocksa

3aM. rnaBHoro peaakTopa

H.A.TONYbLIOB

YneHb! peakonnerumn
M.b. ABOEEB

B.B. ATA®OOHOB
C.B. ANIEKCEEB
C.1. APBY30B

A.A. BAPAX

C.MN. BAXAEBA

B.A. BE/INH

B.A. TAJIKNH
B.N. TAJIKMH

AB.KABUH
H.B. XYPAB/NIEBA

A.B. 3ATOHCKUH

H.O. KAIEANHA
0.P. KAMNYHOB
M.N. KPABYYK

M.B. KYP/IEHA

A.A. NABPUHEHKO
A.B. NAXOMCKUW
B.B. MOP0O30B
N.A. HA3APOBA
A.B. HACTABKMH
B.H. OMAPUH

C.H. NOOOBPAXWMH
A.B.ON1AKOB

- pykoBoaumTenb paboyert rpynmbl
"'MAB, u3a-Bo «lopHast KHura»,
Mockga

- [L.T.H., npod., 3a6l'Y, Yuta

- A.T.H., npod.,
'M HUTY «MUCuC», Mockea

- [.M-M.H., MIHCTUTYT 3eMHOW Kopbl
CO PAH, UpkyTck

- A.L-M.H., npod., Tomckuit MY, Tomck

- akagemuk PAH, o.T.H., npod., MNepmb

- A.T.H., npod., Ky3['TY, Kemeposo

- O.T.H., npod.,
'M HUTY «MUCuC», Mocksa

- A.T.H., npod., HUMAOTIP, YenabuHck

- A.T.H., npod.,
'M HUTY «MUCuC», Mocksa

- A.T.H., npod., Tynbckuii I'Y, Tyna

- 0.T.H., 3anagHo-Cubupckuii ucnbi-
TaTenbHbIN LeHTp, HOoBOKYy3HeLK

- [O.T.H., npod., MepMckuit Haumo-
Ha/lbHbIM UCCNEeA0BaTeNbCKUIA
MONUTEXHUYECKUIA YHUBEPCUTET,
BepesHukoBckuit dpunman

- A.T.H., npod.,
'M HUTY «MUCuC», Mockea

- uneH-kopp. PAH, a.T.H., npod.,
MIMKOH PAH, Mocksa

- A.T.H., YenabuHckuit d-n
Mra YpO PAH

- akagemuk PAH, a.T.H., npod.,
IO um. H.A. YuHakana
CO PAH, Hosocwmbupck

- A.T.H., npod., MMIKOH PAH,
MockBsa

- A.T.H., npod.,
M HUTY «MUCuC», Mocksa

- O.T.H., npod.,
'M HUTY «MUCuC», Mocksa

- a.0.-M.H., UTO um. H.A. YuHakana
CO PAH, HoBocwmbupck

- K.F.-M.H., goueHT, KODY,
PocTos-Ha-[loHy

- uneH-kopp. PAH, o.b.-M.H.,
npod., U um. H.A. YuHakana
CO PAH, Hosocwnbupck

- A.T.H., PocTexHagzop, Mocksa

- 0.T.H., uneH ATH, komMnanua
«DKCMepTM3a NPOMbILLEHHON
BesonacHocTu», Mocksa

U.10. PACCKA30B

A.l. CEKMCOB
r.n. CWooOPOBA
C.A. CMNTIOTUH

0.B. CKOMWUHLEBA -

1.0. TEMKMH

O.H. WYPbITNMH

C.A. 3MWTENH

- unen-kopp. PAH, A.T.H., npod.,
WA ABO PAH, Xabaposck
- A.T.H., npod., 3a6l'Y, YuTa
- A.T.H., npod., 3a6l'Y, YuTa
- K.T.H., CY3K, Mocksa
A.T.H., npod.,
' HUTY «MUCuC», Mocksa
- A.T.H., npod.,
HUTY «MUCuC», Mockea
- A.T.H., npod.,
FOPI Y (HMW) um. M.W. Mnatoga,
Hosouyepkacck
- A.T.H., npod.,
' HUTY «MNUCuC», Mocksa

MEXXAYHAPOOHbIN PEAAKLIMOHHbINA COBET

A.B. AHUM®EPOB
®.M. BOPOOMY

K. OPEBEHLWUITEAT

M. YBUHCKMN
B.J1. CABATOPOBA

M.B. LbIBYJIEHKO

MAH ULLAH
C. BYnny

M. IOBPOKA
M. KOHMYEK
C. NPYCEK

XK. CAHYMOPUAH

— UNeH-KOpPeCroHAEHT, YkpanHa

- Kapanddcknin yHusepcuTer,
BenukobpuTaHus

- TexHWYeCKoro yHuBepcuTeTa
«®paitbeprckas ropHas
akagemus», FepManus

- [naBHbIV yHUBEpCUTET
ropHoro fena, Monblua

- Yuusepcutet Hesagbl,
Nac-Berac, CLLUA

- benopycckuit HaumoHanbHbI
TEXHUYECKUI YHUBEPCHTET,
Benopyccus

— JISOHUHCKUIA YHUBEPCUTET,
Kwuai

- TopHblt UHCTUTYT, Cepbus

- MULWKONbLKMUI TEXHUYECKUI
yHuBepcuTeT, MuLwKonbL,
BeHrpus

- WHCTUTYT reoHmkm Yewwckon
Akagemun Hayk, OcTpaga, Yexus

- LenTpanbHbii [opHbIn
uHcTuTyT, Katosuue, MonbLua

- Magpuackuii NoAMTeXHUYECKMIA
yHuBepcuTeT, Magpug, Mcnanus

M. CALA - TopHo-MeTannypruveckas
Axagemusa uM. Ctanucnasa
Crawwuua B Kpakose, Kpakos,
MonbLua

1. TOTEB - [opHO-reonornyeckui
yHuBepcuTeT «CB. MBaH Punckn»,
Codus, bonrapus

M. MABIOB - TopHo-reonoruyeckmit
yHuepcuteT «CB. MBaH Puncku»,
Codus, bonrapus

NPEOCTABUTEJ/IbCTBA

HanbHuit Boctok - W.KO. PACCKA30B

Kapenws - B.H.AMWUHOB

MoHronus - M. O4YUPBAT

Tyna

n Tynbckas obnacts - A.b. XXABMH

Ypan - AA BAPAX



XypHan ocHoBaH B 1992 r. ISSN 0236-1493

TOPHbIN

NMHOOPMALMOHHO-
AHAJINTUYECKNIA
BIOJUIETEHD

(HAYYHO-TEXHUYECKUW XXYPHA)

MINING INFORMATIONAL
AND ANALYTICAL
BULLETIN

(SCIENTIFIC AND TECHNICAL JOURNAL)

A U3OATENBLCTBO 2 02 2
= «[TOPHAA KHUT'A»




The journal has been published since 1992

ISSN 0236-1493

MINING INFORMATIONAL
AND ANALYTICAL BULLETIN

(SCIENTIFIC AND TECHNICAL JOURNAL)

With assistance of the Publishing house «Mining book», Investment support Fund mining publishing

CHIEF EDITOR

V.N. ZAKHAROQV - Corresp. Member of the RAS,

Dr. Sci. (Eng.), Prof., Institute of Comprehensive Exploitation
of Mineral Resources RAS, Moscow, Russia

DEPUTY CHIEF EDITOR

V.A. VINNIKOV - Dr. of Physics and Mathematics, Prof.,
National University of Science and Technology «MISiS»,
Mining Institute, Moscow, Russia

DEPUTY CHIEF EDITOR
N.A. GOLUBTSOQV - Publishing house «Mining book»,
Moscow, Russia

EDITORIAL BOARD

V.V.AGAFONOV - Dr. Sci. (Eng.), Prof., National University of
Science and Technology «MISiS», Mining Institute, Moscow, Russia
S.V. ALEKSEEV - Dr. Sci. (Geol. Mineral.), Institute of the Earth's
Crust, Siberian Branch, RAS, Irkutsk, Russia

S.I. ARBUZOV - Dr. Sci. (Geol. Mineral.), Prof.,

Tomsk Polytechnic University, Tomsk, Russia

P.B. AVDEEV - Dr. Sci. (Eng.), Prof.,

Transbaikal State University, Chita, Russia

S.P. BAKHAEVA - Dr. Sci. (Eng.), Prof.,

Kuzbass State Technical University, Kemerovo, Russia

A.A. BARYAKH - Academician of the RAS, Dr. Sci. (Eng.), Prof.,
Mining Institute, Ural Branch, RAS, Perm, Russia

V.A. BELIN - Dr. Sci. (Eng.), Prof., National University of Science
and Technology «MISiS», Mining Institute, Moscow, Russia

S.A. EPSHTEIN - Dr. Sci. (Eng.), Prof., National University of
Science and Technology «MISiS», Mining Institute, Moscow, Russia
V.A. GALKIN - Dr. Sci. (Eng.), Prof., Research and Design
Institute for Open Pit Mining, Chelyabinsk, Russia

V.I. GALKIN - Dr. Sci. (Eng.), Prof., National University of
Science and Technology «MISiS», Mining Institute, Moscow, Russia
N.O. KALEDINA - Dr. Sci. (Eng.), Prof.,National University of
Science and Technology «MISiS», Mining Institute, Moscow, Russia
D.R. KAPLUNOV - Corresp. Member of the RAS,

Institute of Comprehensive Exploitation of Mineral Resources RAS,
Moscow, Russia

I.L. KRAVCHUK - Dr. Sci. (Eng.), Chelyabinsk branch

Mining Institute, Ural Branch, RAS, Chelyabinsk, Russia

M.V. KURLENYA - Academician of the RAS, N.A. Chinakal
Institute of Mining, Siberian Branch, RAS, Novosibirsk, Russia
A.A. LAVRINENKO - Dr. Sci. (Eng.), Prof., Institute of
Comprehensive Exploitation of Mineral Resources RAS,

Moscow, Russia

A.V. LYAKHOMSKY - Dr. Sci. (Eng.), Prof., National University of
Science and Technology «MISiS», Mining Institute, Moscow, Russia
V.M. MOROZOQV - Dr. Sci. (Eng.), Prof., National University of
Science and Technology «MISiS», Mining Institute, Moscow, Russia
A.V. NASTAVKIN - Cand. Sci. (Geol. Mineral.), Assistant Prof., Head
of Department, Southern Federal University, Rostov-on-Don, Russia

L.A. NAZAROVA - Dr. of Physics and Mathematics, N.A. Chinakal
Institute of Mining, Siberian Branch, RAS, Novosibirsk, Russia
V.N. OPARIN - Corresp. Member of the RAS,

Siberian Branch, RAS, Novosibirsk, Russia

S.N. PODOBRAZHIN - Dr. Sci. (Eng.), Russia Federal Service for
Ecological, Technological and Nuclear Supervision, Moscow, Russia
A.V. POLAYKOV - Dr. Sci. (Eng.), Prof., Industrial Safety
Expertise JSC, Tula, Russia

I.Yu. RASSKAZOV - Corresp. Member of the RAS, Dr. Sci. (Eng.),
Prof., Institute of Mining, Far East Branch, RAS, Khabarovsk, Russia
A.G. SEKISOV - Dr. Sci. (Eng.), Prof.,

Transbaikal State University, Chita, Russia

D.N. SHURYGIN - Dr. Sci. (Eng.), Prof., Platov South-Russian
State Polytechnic University, Novocherkassk, Russia

G.P. SIDOROVA - Dr. Sci. (Eng.), Prof.,

Transbaikal State University, Chita, Russia

S.A. SILYUTIN - Cand. Sci. (Eng.), SUEK, Moscow, Russia

0.V. SKOPINTSEVA - Dr. Sci. (Eng.), Prof.,

National University of Science and Technology «MISiS»,

Mining Institute, Moscow, Russia

1.0. TEMKIN - Dr. Sci. (Eng.), Prof., National University of
Science and Technology «MISiS», Moscow, Russia

A.V. ZATONSKY - Dr. Sci. (Eng.), Professor of the Russian
Academy of Natural Sciences, Berezniki Division of the Perm
National Research Polytechnic University, Berezniki, Russia

A.B. ZHABIN - Dr. Sci. (Eng.), Prof., Tula State University,

Tula, Russia

N.V. ZHURAVLEVA - Dr. Sci. (Eng.), West-Siberian

Test Operations Center, Novokuznetsk, Russia

INTERNATIONAL EDITORIAL BOARD

A. ANTSIFEROV - Ukrainian State Research and Design Institute
of Mining, Geology, Rock Mechanics and Mine Surveying, Ukraine
F. BORODICH - University of Cardiff, United Kingdom

C. DREBENSTEDT - Technical University Bergakademie Freiberg,
Germany

J. DUBINSKY - Central Mining Institute, Poland

V. SAVATOROVA - University of Nevada, Las Vegas, USA

P. TSYBULENKO - Belarus National Technical University, Belarus
PAN YISHAN - Liaoning University, China

S. VUJIC - Rudarski institut, Belgrade, Serbia

M. DOBROKA - University of Miskolc, Miskolc, Hungary

P. KONICEK - The Czech Academy of Sciences,

Institute of Geonics Studentska, Ostrava, Czech Republic

S. PRUSEK - Central mining institute, Katowice, Poland

José A. SANCHIDRIAN - Universidad Politécnica de Madrid,
Madrid, Spain

M. CALA - Akademia Gorniczo-Hutnicza im. Stanistawa Staszica
w Krakowie, Krakow, Poland

L. TOTEV - University of Mining and Geology St lvan Rislki, Sofia
P. PAVLOV - University of Mining and Geology St Ivan Rislki, Sofia

Publishing house «Mining book»

Actual address: Russia, Moscow, Leninskiy prospect, 6, build.7 of. 3

Phone: +7 (499) 236-15-01, +7 (495) 737-32-64

E-mail: info@gornaya-kniga.ru, Internet: www.GIAB-online.ru
Printed in JSC «First Exemplary printing house» Branch

PUBLISHING HOUSE
«MINING BOOK»

JAN

=

«Chekhov Printing House»

No11.2022





