N
()

iz wom
hgiy BA

L
I

..éw/
\:

TR
i Ty

[eoprun Arpukona «O ropHoM aene 1 MeTannyprum»
Georgius Agricola. De re metallica

BbIMYCKAETCS U3DATENbCTBOM «TOPHAA KHUTA» MPU NOAAEPXKE:

Cunbupckow yronbHoOM 3HepreTM4eckon KoMnaHuu,

Beicwero ropHoro coseta HIT «[opHonpombineHHnku Poccum»,

WNHBecTULMOHHOrO oHAa NOAAEPIKKU FOPHOTO KHUIrOM3AAHMS,
npoexkt T'MAB-3366-20




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

PEOAKUWOHHASA KONNErUA

naBHbIN pepakTop
B.H. 3AXAPOB -

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

3aM. rnaBHoro peaakTopa

B.JI. WUKYPATHUK -

H.A.TONYybLOB -

YneHbl pepkonneruu
A.A. ABPAMOB -

M.5. ABOEEB -
B.H. AMMHOB -

CU.APBY30B -
B.A. ATPYLLKEBMY -
A.A. BAPAIX -
CM.BAXAEBA -
A.N. BEPXAHCKMA
HOMpo-

C.J. BUKTOPOB -
B.A. BUHHMKOB -
BATATKMH -
BU.TATKMH -
ABOKABMH -
H.B. XYPAB/NEBA -
H.O. KANEOMHA -
L.P.KANNIYHOB -

H.M. KAHYPUH -
M. KPABYYK -

C.C. KYBPUH -

M.B. KYPNEHA -

A.A. NTABPUHEHKO -

N.A.HA3APOBA -

A.B. HACTABKWH -

L.T.H., npod.,

MI'MHUTY «MUCuC», Mockea
pyKOBOAMTENb pabouelt rpynnbl
TMAB, u3a-Bo «lopHast KHura»,
Mockga

A.T.H., npod.,

MI'M HUTY «MUCuC», Mocksa
0.T.H., npod., 3a6l'Y, Yura

O.T.H., npod., MeTpo3asoa-

ckmi 'Y, MeTposasoack
O.T.-M.H., npoo.,

Tomckwmn MY, Tomck

L.T.H., npod.,

MI'M HUTY «MUCuC», Mockea
akagemuk PAH, p.T.H., npod.,
Mepmb

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

MblLneHHuku Poccumny», Mocksa
4.T.H., npod., UMKOH PAH,
Mockga

4.0.-M.H., npod.,

MI'Y HUTY «MUCuC», Mockea
O.T.H., npod., HUMOIP,
YenabuHck

4.T.H., npod.,

MI'M HUTY «MUCuC», Mocksa
B.T.H., npod., Tynsckuit I'Y, Tyna
0.T.H., 3anagHo-Cubupckuii
MCMbITATENbHbIN LEHTP,
HoBoky3HeLk

A.T.H., npod.,

MI'M HUTY «MUCuC», Mocksa
uneH-kopp. PAH, a.T.H., npod.,
MMNKOH PAH, Mockea

L.T.H., npod., Tynbckui I'Y, Tyna
0.T.H., YenabuHckuit d-n

nra YpO PAH

A.T.H., npod., MMKOH PAH,
Mockga

akagemuk PAH, a.T.H., npod.,
WO vm. H.A. YnHakana

CO PAH, Hosocmbupck

0.T.H., npod., MMMKOH PAH,
Mocksa

A8.0.-M.H., UTL nm.

H.A. Yunakana CO PAH,
HoBocubupck

K.F.-M.H., goueHT, ODY,
PocToB-Ha-[oHy

B.H. OMAPUH -
C.H. MOOOBPAXNH-
M.10. PACCKA3OB -
B.B. PYOEHKO -
r.n.CMooPoOBA -
CA.CUMITIOTUH -
1.0. TEMKMH -

CAJMWTEAH -

uneH-kopp. PAH, a.d.-M.H.,
npod., U0 vm. H.A. YuHakana
CO PAH, Hosocubupck

4.T.H., PoctexHagzop, Mocksa
unen-kopp. PAH, a.T.H., npod.,
U4 ABO PAH, Xabaposck
A.T.H., npod.,

Ml HUTY «MUCuC», Mockea
A.T.H., npod., 3a6lY, Yuta

K.T.H., CY3K, Mocksa

O.T.H., npod.,

HUTY «MUCuC», Mocksa
A.T.H., npod.,

MI'MHUTY «MUCuC», Mockea

MEXAYHAPOOHbIN PEOAKLMOHHbIA COBET

A.B. AHUMOEPOB -
®.M. BOPOONY -

K. OPEBEHLUTEAT -

M. OYBUHCKMN -
B.J. CABATOPOBA -

M.B. UbIBYJIEHKO -

MAH ULLAH -
C. BYMWY -
M. IOBPOKA -
M. KOHMYEK -
C. MPYCEK -

XK. CAHYMIOPUAH -

UNeH-KOPPECTIOHAEHT, YKpanHa
Kapanddckuit yHusepcuTer,
Benukobputanus
TexHWYecKoro yHmMBepcuTeTa
«@panbeprckas ropHas
akageMmus», [epMaHus

[naBHbIV yHUBEPCUTET

ropHoro gena, Monblua
YHuueepcuteT Hesagbl,
Nac-Berac, CLLUA

Benopycckuin HaumoHanbHbIi
TEXHUYECKUI YHUBEPCHTET,
Benopyccus

JIA0OHUHCKMI YHUBEPCUTET,
Kurai

lopHbIf UHCTUTYT, Cepbus
MWULWKONbLKMUI TEXHUYECKUI
YHUBEpCUTET, MuLwKonbL,
BeHrpus

UHCTUTYT reoHnkm Yewuckon
Akapemun Hayk, OcTpasa, Yexus
LlenTpanbHbii [opHbIn
UHcTUTYT, Katosuue, MonbLua
Magapuackuin NoNUTEXHUYECKUIA
yHuBepcuTeT, Magpua, UcnaHus

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

1. TOTEB - [opHo-reonornyeckui
yHuBepcuTeT «CB. MBaH Puncku»,
Coowus, bonrapus

M. MAB/10B - [opHo-reonornyeckui
yHuepcuTeT «CB. MBaH Puncku»,
Coowms, bonrapus

NPEACTABUTE/IbCTBA

Danbhuit Boctok - WN.10. PACCKA30B

Kapenus - B.H. AMMHOB

MoHronus - M. O4YUPBAT

Tyna

u Tynbckas obnacte - A.b. XXABUH

Ypan - AA.BAPAX



XypHan ocHoBaH B 1992 r. ISSN 0236-1493

T'OPHbIN

NHO®OPMALMOHHO-
AHAJIUTUYECKUIA
BIOJIETEHD

(HAYYHO-TEXHUYECKUW XXYPHA)

MINING INFORMATIONAL
AND ANALYTICAL
BULLETIN

(SCIENTIFIC AND TECHNICAL JOURNAL)

A U3OATENBLCTBO 2 02 0
= «[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. ZAKHARQYV - Corresp. Member of the RAS,

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

DEPUTY CHIEF EDITOR

V.L. SHKURATNIK - Dr. Sci. (Eng.), Prof., National University of
Science and Technology «MISiS», Mining Institute, Moscow, Russia
N.A. GOLUBTSOV - Publishing house «Mining book»,

Moscow, Russia

EDITORIAL BOARD

A.A. ABRAMOV - Dr. Sci. (Eng.), Prof., National University of
Science and Technology «MISiS», Mining Institute, Moscow, Russia
P.B. AVDEEV - Dr. Sci. (Eng.), Prof.,

Transbaikal State University, Chita, Russia

V.N. AMINOV - Dr. Sci. (Eng.), Prof.,

Petrozavodsk State University, Petrozavodsk, Russia

S.I. ARBUZOV - Dr. of Geology and Mineralogy, Prof.,

Tomsk Polytechnic University, Tomsk, Russia

V.A. ATRUSHKEVICH - Dr. Sci. (Eng.), Prof.,

National University of Science and Technology «MISiS»,

Mining Institute, Moscow, Russia

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

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

Kuzbass State Technical University, Kemerovo, 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.M. KACHURIN - Dr. Sci. (Eng.), Prof., Tula State University,
Tula, 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

S.S. KUBRIN - Dr. Sci. (Eng.), Prof., Institute of Comprehensive
Exploitation of Mineral Resources RAS, Moscow, 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. NASTAVKIN - Cand. of Geology and Mineralogy,

Associate Prof., Head of Department, Southern Federal University,
Rostov-on-Don, Russia

Actual address:

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
I.Yu. RASSKAZOV - Corresp. Member of the RAS, Dr. Sci. (Eng.),
Prof., Institute of Mining, Far East Branch, RAS, Habarovsk, Russia
V.V. RUDENKO - Dr. Sci. (Eng.), Prof., National University of
Science and Technology «MISiS», Mining Institute, Moscow, Russia
G.P. SIDOROVA - Dr. Sci. (Eng.), Prof.,

Transbaikal State University, Chita, Russia

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

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

A.P. VERZHANSKIY - Dr. Sci. (Eng.), Prof.,

Chief Executive Officer, Noncommercial Partnership

«Miners of Russia», Moscow, Russia

S.D. VIKTOROV - Dr. of Physics and Mathematics, Prof.,

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

V.A. VINNIKOV - Dr. of Physics and Mathematics, Prof.,

National University of Science and Technology «MISiS»,

Mining Institute, Moscow, 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 Gdrniczo-Hutnicza im. Stanistawa Staszica
w Krakowie, Krakow, Poland
L. TOTEV - University of Mining and Geology St Ivan Rislki, Sofia
P. PAVLOV - University of Mining and Geology St Ivan Rislki,
Sofia
Publishing house «Mining book»

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»

No 5 - 2020



