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JKypHaa BLIXOAUT 4 pasa B roa

N3Bectsi YpaAbCKOro roCyAapCTBEHHOTO TOPHOro
YHUBEPCUTETA — PELEH3MPYEMDLI Hay4YHO-TEXHUYEe-
CKUI >KYPHaA, B KOTOPOM HAaXOASIT OTPKEHME aKTy-
AaAbHbLIE BOMPOCHI U3YY€HUsl, OLIEHKM U TMPOMbILAEH-
HOrO OCBOEHMSI MMHEPAALHO-CLIPLEBLIX |PECYPCOB
YPaALCKOro pervoHa 1 COnpeAeAbHbIX Tepputopuin. B
MX YMCAE MPOOBAEMDI FEOAOTMM U PA3BEAKM HEAP, reo-
(PUBNYECKMX UCCAEAOBAHMUI, TOPHOTO A€AA U TOPHOM
MeXaHWKU, SKOHOMMKU MPUPOAOTIOAL3OBAHMSI.

K nyGAMKaLmm MpUYHUMAIOTCS CTaTbM HA PYCCKOM M aH-
TAMACKOM sI3bIKaxX.

[MoAHOTEKCTOBAasT BEPCUST SKypHaAA Pa3MeLlaeTcsl B CBO-
60AHOM AocTyne Ha Hawem caite https://iuggu.ru,
B CUCTEME >KYPHAAOB OTKpbiToro Aoctyna DOA] u
ROAD, a 1aroke Ha naarcpopme Poccuiickoro nHaekca
Hay4dHoro umtupoBanust (PMIHLL) H2G. boaee noaAHas
MHpopMaLMsl U NMpaBruAa OCOOPMAEHMSI CTaTeN pasme-
IIEeHDI HA calTe >KypHaaa.

Ural State
Mining University

News of the Ural State
Mining University
2019, issue 2(54)

. G o

RGAD: yogle

HAY4YHYHAA SNEKTPOHHAA
EVGINVIOTEKA

cLIBRARY.RU

Published 4 times a year

News of the Ural State Mining University is a peer-
reviewed scientific and technical journal, which
reflects topical issues of the study, evaluation and
commercial development of mineral resources of the
Ural region and adjacent territories. These include
problems of geology and subsoil exploration,
geophysical studies, mining and mining mechanics,
environmental economics.

We accept for publication articles in Russian and
English languages.

The full-text version of the journal is in the public
domain on the website of the journal https://iuggu.ru,
in DOAJ, ROAD and in the database of the Russian
Science Citation Index of the Russian Universal
Scientific Electronic Library.

Website of the journal contains a detailed
information about the journal, as well as guidelines
for authors.

BratoyeH B «[lepeyeHb peLeH3pyeMbIX HayYHBIX M3AAHMI, B KOTOPbIX AOAXKHDBI ObITh OMyOAMKOBAHLI OCHOBHLIE
Hay4yHbl€ Pe3yALTaTbl HA COMCKaHME YYEHOM CTEMEHU KaHAMAATa HayK, Ha COMCKaHME y4€HOM CTEMNEHM AOKTopa
HayK», AevictBytoumii ¢ 1.12.2015 .

[Toanucka Ha >KypHaA OCYLIEeCTBASIETCS MO Kataaory AreHtcrBa «Pocneyarnb»
«Jfazetbl. JKypHaAbl», MOANMUCHOM MHAEKC 25145.

Ceuaeteanctso o perucrpaumm [N N2 dC77-75290 ot 05.04.2019,
BbIAQHO DeAaeparbHOM CAY>KOOW MO HaA30pY B chepe CBsI3M, MHAPOPMALIMOHHDIX TEXHOAOTMIA M MACCOBDIX
KOMMyHMKaumii (PockomHaazop)



N3Bectnst YpaabCKOro roCcyAapCTBEHHOTO ropHoro yHuBepcuteta. 2019, Bbin. 2(54)
News of the Ural State Mining University. 2019, issue 2(54)

YupeAuTeAb M U3AATEADL
YPANbCKUW FOCYAAPCTBEHHbIA FOPHbIA YHUBEPCUTET

TAaBHBLIN peAaxkTop
KOCAPEB H. M. — a-p TexH. Hayk, npod., Ypanbckuil rocyaapCTBEHHbIN FOpHbI yHUBepcuTeT, EkatepuHbypr, Poccust
3amecTMTEAb TAABHOTO PEAAKTOPA
FPA3HOB O. H. — a-p reon.-MmuHepan. Hayk, npod., YpanbCkuii rocyAapCTBEHHbIV FOPHbIN YHUBepcuTeT, EkatepuHbypr, Poccus
Y4yeHbIN ceKperaph
MONEHOB 0. A. — o-p reon.-MuHepan. Hayk, Npod., YparnbCkuii rocyAapCTBEHHbIN ropHbI yH1BEpcUTeT, EkatepuHbypr, Poccus

PeAaKLIMOHHASI KOAAEIUSA

MAKAPOB A. B. — g-p reon.-mvHepan. Hayk, npod., YpanbCkuin rocygapCTBEHHbIN FOPHbIN yHUBEpcuTeT, EkamepuHbype, Poccusi (Hayku o 3emne)
OABDBIJOB B. A. — kaHA. reomn.-MuHeparn. Hayk, CT. Hay4. coTp., MIHCTUTyT reodumsnkun nmenn 0. M. bynawesunya YpO PAH, ExamepuHbype,
Poccus (Hayku o 3emne)

OALLKO P. 3. — go-p reon.-MuHepan. Hayk, npod., CaHkT-leTepbyprckuii ropHbli yHuBepcuteT, CaHkm-llemepbype, Poccusi (Hayku o 3emne)
AYLWWH B. A. — a-p reon.-mvHeparn. Hayk, npod., YpanbCkuil rocyAapCTBEHHbIN rOpHbIV yHuBepcuTeT, EkamepuHbype, Poccus (Hayku o 3emne)
EPOXWH 10. B. — kaHg. reon.-mvHepan. Hayk, IHcTuTyT reonorum n reoxvmmm um. A. H. 3aBapuukoro YpO PAH, EkamepuHbype, Poccusi (Hayku o 3emne)
MBAHOB K. C. — g-p reon.-mvHepan. Hayk, IHcTutyT reonorum 1 reoxummnmn um. A. H. 3asapuukoro YpO PAH, EkamepuHbype, Poccusi (Hayku o 3emne)
WIONIKUHATT. B. — a-p reon.-muHepan. Hayk, IHCcTuTyT reodumsnku um. tO. M. bynawesuya YpO PAH, EkamepuHbype, Poccus (Hayku o 3emne)
KOPOTEEB B. A. — akagemuk PAH, g-p reon.-mvHepan. Hayk, npod., MHCTUTYyT reonorum n reoxumun umenn A. H. 3asapuukoro YpO PAH,
EkamepuHbype, Poccusi (Haykn o 3emne)

MAINY K. H. — kaHg. reon.-myHepan. Hayk, IHCTuTyT reonorum un reoxummmn um. A. H. 3aBapuukoro YpO PAH, ExamepuHbype, Poccusi (Hayku o
3emne)

HAYMOB B. A. — g-p reon.-mvHeparn. Hayk, gou,., llepMckuii rocyaapCTBEHHbIV HALMOHanbHbIV CcregoBaTenbCkuii yHusepeuteT, [lepmb, Poc-
cusi (Haykn o 3emne)

MUCELKWW B. B. — g-p reon.-muHepan. Hayk, npod., Ypanbckuii rocyAapCTBEHHbI FOpHbIV yHUBepeuTeT, EkamepuHbype, Poccusi (Haykv o 3emne)
MYYKOB B. H. —uneH-kopp. PAH, a-p reon.-muHepan. Hayk, MIHCTUTYT reonorum Ydumckoro HayyHoro ueHtpa PAH, Yeba, Poccusi (Hayku o 3emne)
PUXBAHOB 1. N. — g-p reon.-muHepan. Hayk, npod., HaunoHanbHbIN nccnegoBaTenbCkuii TOMCKUIN NONUTEXHUYECKUIA yHUBEPCUTET, TOMCK,
Poccus (Hayku o 3emne)

CYHIATYINIWH P. X. — g-p reon.-mvHepan. Hayk, Aou., KasaHckun (Mpusormkckuii) dpegepanbHbivi yHuBepcuteT, KasaHb, Poccusi (Hayku o 3emne)
XOMEHKO B. M. — g-p reon.-muHepan. Hayk, npod., HaumoranbHbIN nccnegoBatenbckunii MOCKOBCKUIA rOCyAapCTBEHHbIN CTPOUTENbHBIN YHU-
BepcuteT, Mockea, Poccus (Hayku o 3emne)

LLAMNOB B. A. — o-p reon.-MvHeparn. Hayk, CT. Hay4. coTp., MIHcTuTyT reodmaunkn nm. 0. M. bynawesunya YpO PAH, EkamepuHbype, Poccusi
(Hayku o 3emne)

XABKO A. B. — KaHA. TexH. Hayk, [ol., YpanbCkuii rocyfapCTBEHHbIN TOpHbIA yHUBepcuteT, EkamepuHbype, Poccus (TexHndYeckue Hayku;
Hayku o 3emne)

BAJIMEB H. I'. — g-p TexH. Hayk, npod., NepBbIi NPOPEKTOP, YpanbCKuii rocyAapCTBEHHbIN FOpPHbIA YHUBEpcuTeT, EkamepuHbype, Poccus (Tex-
Huyeckme Hayku; Hayku o 3emne)

FOJIUK B. WN. — a-p TexH. Hayk, npod., CeBepo-KaBka3ckuii ropHO-MeTannypruieckuii UHCTUTYT, Briadukaskas, Poccusi (TexHu4eckne Hayku)
FOPOEEB B. A. — o-p TexH. HayK, Npod., YpanbCkuii rocyAapCTBEHHbIV TOPHBIN YHUBEpCUTET, EkamepuHbype, Poccus (TexHnyeckvue Hayku)
30TOB A. H. — g-p TexH. Hayk, Npod., YumMckuil rocyaapcTBeHHbIN HEPTAHON TEXHUYECKUIN yHUBEpcUTeT, Yoba, Poccusi (TexHn4eckre Hayku)
MOTAINOB B. A. — g-p TexH. Hayk, Aou., YpanbCkui rocyaapCTBEHHbIN FOPHbIV YHUBepcuTeT, EkamepuHbype, Poccusi (TexHu4eckne Hayku)
WUIHATBEBA M. H. — o-p 3KkoH. Hayk, Mpod., YpanbCkuii rocyAapCTBEHHbIN FOpPHbIN yHUBEPCUTET, ExkamepuHbype, Poccusi (SKOHOMMYECKVEe HayK)
FMA3bIPUHA W. . — g-p 3KkoH. Hayk, KaHA. dur3.-MaT. HayK, VIHCTUTYT NpMpOAHbIX pecypcoB, akonorum u kpuonorum CO PAH, Yuma, Poccus
(OKOHOMUYECKNE HayKK)

AOPOLLEHKO 0. A. — a-p 3KOH. Hayk, npod., benropoackuii rocyaapcTBeHHbIN TEXHOMOrMYecknii yHusepcuteT nmenn B. . LLlyxosa, berrzopod,
Poccus (QkoHOMUYecKue Hayku)

OYLWWH A. B. — o-p 9KOH. HayK, peKkTop, YpanbCKuin rocy4apCTBEHHbIN FOPHbIN yHUBEpPCUTET, EkamepuHbype, Poccusi (SKOHOMUYECKMe Hayku)
NIAPUYKHWH &®. 1. — O-p 3KOH. Hayk, M. Hayy. coTp., MHCTUTYT akoHoMuyeckux npobnem um. I. T1. JlyanHa Konbckoro Hay4Horo ueHTtpa PAH,
Anamumsi, MypmaHckasi 0611., Poccusi (QKOHOMUYECKUE HayKu)

HA3APOBA 3. M. — g-p 9KOH. Hayk, npod., Poccuickuin rocyaapcTBeHHbIV reonioropa3seoyHbin yHnsepeuteT nmeHn C. OpgxoHuknase, Mo-
ckea, Poccus (QkoHOMUYeCcKne Hayku)

YreHbI MEIKAYHAPOAHOWM PEAKOAAETMM

AB[OEJIb FTABA[ A. E. — Dr, YnpaBneHuve sgepHbix Matepuanos, Kaup, Eeunem (Hayku o 3emne)

MEPKINE Ponang Kapn Bunnu — Dr, Prof., YHusepcutet MNpetopun, lMpemopusi, KOxHas Agpuka (Haykn o 3emne)

CAJOBEHKO WM. A. — o-p TexH. Hayk, npod., HaunoHanbHbI ropHbIn yHuBepeuTeT, [JHenp, YkpauHa (Haykun o 3emne; TexHuyeckue Hayku)
BYW C. H. — Dr.-Ing., accou. npod., npopekTop, XaHOWCKWNIA YHUBEPCUTET FOPHOTO Aena u reonorun, XaHol, BoemHam (TexHn4eckue Haykm)
BEKCIJIEP 1O. A. — Dr.-Ing.habil, Prof., Marco Systemanalyse und Entwicklung GmbH, [axay, [epmaHus (TexHn4eckme Hayku)
APEBEHLWUTEAT K. — Prof., Dr.-Ing., ®panbeprckas ropHas akagemus, @patibepe, lepmaHus (TexHn4Yeckme Haykn)

WNWALL H. — Dr of Technical Science, Prof., lNeTpoLwuaHckuin yuusepcutet, lTempowaHsb, PymbiHusi (TEXHUYECKUE HayKK)

MOPKYH B. C. — o-p TexH. Hayk, npodeccop, NPOPEKTOpP Mo Hay4Hon paboTte, KprBOPOXKCKUIA HaumoHanbHbI yHuBepcuTeT, Kpusoli Poe, YkpauHa
(TexHnyeckne Haykm)

CAKCEHXO®EP P. ®. — Univ.-Prof., Mag.rer.nat., Dr.mont., lopHbIli yHuBepcuTteT JleobeHa, SleobeH, Aecmpusi (TexHUYecKkue Hayku)
®EPPEPO A. M. — PhD, TypuHckui yHusepcuteT, TypuH, Umanus (TexHn4eckme Haykm)

BEPLUKOB A. ®. — g-p 3KoH. Hayk, [lenaptameHT reonornn AO «Bonkosreonorusi», Anvmamsi, KazaxcmaH (Hayku o 3emne; OKOHOMUYECKMe Hayku)
CAO @. — PhD, Prof., XanyHU3sHCKWN YHUBEPCUTET HayKun 1 TexHornoruun, XapbuH, Kumad (TexHudeckue Hayku; Hayku o 3emne)
TAMBOBLUEBA T. T. — a-p 3KOH. Hayk, accol,. npodeccop, Pyxckuii TexHuieckmin yHnsepcuTtet, Puza, Jlameusi (OkOHOMUYeCcKne Hayku)
PALA E. K. — Dr, Prof., YHuBepcutet NHcybpun, Bapece, Vimanus (SKOHOMUYECKME HayKn)



N3BecTnst YpaabCKOro rocyAapCTBEHHOTO ropHoro yHmsepcuteta. 2019, Boin. 2(54)
News of the Ural State Mining University. 2019, issue 2(54)

Founder and publisher
URAL STATE MINING UNIVERSITY

Editor-in-Chief
N. P. KOSAREYV, Dr, Prof. (Ekaterinburg, Russia, Ural State Mining University)

Deputy Editor-in-Chief
O. N. GRYAZNOV, Dr, Prof. (Ekaterinburg, Russia, Ural State Mining University)

Academic Secretary
Yu. A. POLENOV, Dr, Prof. (Ekaterinburg, Russia, Ural State Mining University)

Editorial board

A. B. MAKAROV, Dr, Prof., Ural State Mining University, Ekaterinburg, Russia (Earth sciences)

V. A. DAVYDOV, PhD, Institute of Geophysics, Ural Branch of Russian Academy of Sciences, Ekaterinburg, Russia (Earth sciences)

R. A. DASHKO, Dr, Prof., Saint-Peterburg Mining University, Saint Petersburg, Russia (Earth sciences)

V. A. DUSHIN, Dr, Prof., Ural State Mining University, Ekaterinburg, Russia (Earth sciences)

Yu. V. EROKHIN, PhD, Zavaritsky Institute of Geology and Geochemistry, Ural Branch of Russian Academy of Sciences, Ekaterinburg, Russia
(Earth sciences)

K. S. IVANOV, Dr, Zavaritsky Institute of Geology and Geochemistry, Ural Branch of Russian Academy of Sciences, Ekaterinburg, Russia (Earth sciences)
G. V. IGOLKINA, Dr, Prof., Ekaterinburg, Russia, Institute of Geophysics, Ural Branch of Russian Academy of Sciences (Earth sciences)

V. A. KOROTEEYV, Academician of the RAS, Dr, Professor, Ekaterinburg, Russia, Zavaritsky Institute of Geology and Geochemistry, Ural Branch
of Russian Academy of Sciences (Earth sciences)

K. N. MALITCH, PhD, Zavaritsky Institute of Geology and Geochemistry, Ural Branch of Russian Academy of Sciences, Ekaterinburg, Russia (Earth sciences)
V. A. NAUMOV, Dr, Assoc. Prof., Perm State University, Perm’, Russia (Earth sciences)

V. B. PISETSKI, Dr, Prof., Ural State Mining University, Ekaterinburg, Russia (Earth sciences)

V. N. PUCHKOV, Corresponding member of the RAS, Dr, Institute of Geology, Ufa Federal Research Centre of the Russian Academy of Sciences,
Ufa, Russia (Earth sciences)

L. P. RIKHVANOV, Dr, Prof., Tomsk Polytechnic University, Tomsk, Russia (Earth sciences)

R. Kh. SUNGATULLIN, Dr, Assoc. Prof., Kazan Federal University, Kazan', Russia (Earth sciences)

V. P. KHOMENKO, Dr, Prof., Moscow State University of Civil Engineering, Moscow, Russia (Earth sciences)

. A. SHCHAPOV, Dr, Prof., Institute of Geophysics, Ural Branch of Russian Academy of Sciences, Ekaterinburg, Russia (Earth sciences)

. V. ZHABKO, PhD, Assoc. Prof., Ural State Mining University, Ekaterinburg, Russia (Engineering sciences; Earth sciences)

. G. VALIEV, Dr, Prof., First Vice-Rector, Ural State Mining University, Ekaterinburg, Russia (Engineering sciences; Earth sciences)

. GOLIK, Dr, Prof., North Caucasian Institute of Mining and Metallurgy, State Technological University, Vladikavkaz, Russia (Engineering sciences)

. A. GORDEEYV, Dr, Prof., Ural State Mining University, Ekaterinburg, Russia (Engineering sciences)

. Ya. POTAPOV, Dr, Prof., Ural State Mining University, Ekaterinburg, Russia (Engineering sciences)

A. N. ZOTOV, Dr, Prof., Ufa State Petroleum Technological University, Ufa, Russia (Engineering sciences)

M. N. IGNAT’EVA, Dr, Prof., Ural State Mining University, Ekaterinburg, Russia (Economic sciences)

I. P. GLAZYRINA, Dr, Prof., Institute of Natural Resources, Ecology and Cryology of the Siberian Branch of the RAS, Chita, Russia (Economic sciences)
Yu. A. DOROSHENKO, Dr, Prof., Belgorod State Technological University named after B. G. Shukhov, Belgorod, Russia (Economic sciences)
A. V. DUSHIN, Dr, Rector, Ural State Mining University, Ekaterinburg, Russia (Economic sciences)

F. D. LARICHKIN, Dr, Luzin Institute for Economic Studies — Subdivision of the Federal Research Centre «Kola Science Centre of the Russian
Academy of Sciences», Apatity, Murmansk region, Russia (Economic sciences)

<

<<zZ>

<

International members

A. E. ABDEL GAWAD, Dr, Nuclear Materials Authority, Cairo, Egypt (Earth sciences)

R. K. W. MERKLE, Dr, Prof., University of Pretoria, Pretoria, South Africa (Earth sciences)

I. A. SADOVENKO, Dr, Prof., National Mining University, Dnepr, Ukraine (Earth sciences; Engineering sciences)

X. N. BUI, Dr.-Ing., Assoc Prof., Vice Rector, Hanoi University of Mining and Geology, Hanoi, Vietham (Engineering sciences)

Ju. A. VEKSLER, Dr.-Ing.habil, Prof., Marco Systemanalyse und Entwicklung GlbH, Dachau, Germany (Engineering sciences)

C. DREBENSTEDT, Prof., Dr.-Ing., Technical University Bergakademie, Freiberg, Germany (Engineering sciences)

N. ILIAS - Dr, Prof., Universitatea din Petrosani, Pefrosani, Romania (Engineering sciences)

V. S. MORKUN, Dr, Prof., Vice-Rector for scientific work, Kryvyi Rih National University, Krivoy Rog, Ukraine (Engineering sciences)
R. F. SACHSENHOFER, Mag.rer.nat., Dr.mont., Univ.-Professor, University of Leoben, Leoben, Austria (Engineering sciences)
A.-M. FERRERO, PhD, University of Turin, Turin, Italy (Engineering sciences)

A. F. VERSHKOV, Dr, Prof., Geology Department in Uranium Exploration Company «Volkovgeologiia», Almaty, Kazakhstan (Earth sciences;
Economic sciences)

F. XIAO, PhD, Prof., Heilongjiang University of Science and Technology, Harbin, China (Engineering sciences; Earth sciences)

T. T. TAMBOVCEVA, Dr, Assoc Prof., Riga Technical University, Riga, Latvia (Economic sciences)

E. C. RADA, Dr, Prof., Insubria University, Varese, Italy (Economic sciences)



N3Bectusi YpaabCkoro rocyAapCTBEHHOrO ropHoro yHmeepcuteta. 2019, Boin. 2(54)
News of the Ural State Mining University. 2019, issue 2(54)

COAEP)KAHUE

HAYKN O 3EMAE

Untepnperaums AAHHLIX MATHATOPA3BEAKV AAS
ONpPEAEAEHMS TAYOMHDLI MOPOA KPUCTAMMHYECKOTO
(hbyHAAMEHTA M CTPYKTYPHBIX SA€MEHTOB PalfioHA
Manamua, oasmc Iu-baxapys (3anaaHas imycrsHs, Envmer)
B. P. TaBenw, X. X. Mapayk, A. B, lerpos, V. A. Mapaes
(In English)

MuHepanorms caanueB u3 (pyHaaMeHTa
I0ro-3anaaHomn 4acrm TasoBCcKoro moayocrposa
3anaaHo-Cnbmpckoro merabacceHa

(AeH3urckan HepTepasBeAoUYHAs NAOWAAL, SIHAO)
B. C. NoHomapes, K. C. MBaHoB, B. B. Xuarep

(In English)

XvmnyecKkas 30HAALHOCTbL HOAYAEH XPOMOBOW
INVHEAN M OKCUTEPMOOAPOMETPHS HOAYASIPHLIX
XPOMMTMTOB pyAonposiBAeHus Enranickoe-3
maccuBa Pan-Us (Moaspubiv Ypaa)

1. b. Wupses, H. B. Baxpywesa

(In English)

JAMakapckas payHa B ApEBHMX TOAIIAX
MoaspHoro Ypanra
A. @. llaapuH

O reHeTMYECKMX TMNAX AYHUTOB

B YALTPAMA(PMTAX CKAAAYATLIX OBAACTEN
(Ha npumepe Ypana)

. C. YawyxuH

Wa6asuT-Mg n3 ra66ponaos baxkeHOBCKOro
ogpmorntToBoro komnaekca (Cpeanmit Ypan) —
nepsBasi HAXOAKA B Poccum

1O. B. EpoxuH, A. I. lopwuH, A. B. 3axapos,
A. E. Yyraes, A. B. AeoHoBa, O. A. Taraxoa

MeTtannbl B He(hTM MECTOPOIKAEHMN
OpeHbyprckoi o6aacTn
. A. lNoHomapesa

IporHo3upoBanne neTpopnnyecKknx CBONCTB
LIeA€BOI0 MHTEPBAAA OTAOKEHMI MECTOPOIKAEHMS
TazaH6yAaK Mo aTpMGYTHOMY aHAAM3Y CEMCMMHYECKMX

AaHHBIX 3D B Komnaekce ¢ TMC
T. P. AxmeaoB, M. A. Araesa, C. P. MameaoBa

IMpumeHenne 1D-2D vHBepCHit SAEKTPOMATHATHBLIX
30HAMPOBAHMI NPU U3Y4E€HNM IPYHTOBLIX MAOTMH
B. A. Aasbiros, O. N. deaopoea, C. B. banakos

TEXHNYECKME HAYKU

OcCHOBHbBIE TEHA€HLIMM PA3BUTHS JKEAE3OPYAHON
orpacam Poccnn

B. A. Kantemmpos, P. C. Tutos, A. M. SIkoeaes,

M. B. Koznrosa

(In English)

OnpeaeAeHMe PALMOHAALHLIX NAPAMETPOB
IHEKOBLIX IPY34YMKOB NMPOXOAYECKO-OYMCTHBIX
KOoMOaiHOB «Ypaa-20P»

A. b. Makcumos, A. U. nasiHHmkoB, H. B. Yexkmacos

20

28

34

42

49

56

63

72

80

87

CONTENTS

EARTH SCIENCES

Magnetic data interpretation to determine

the depth of basement rocks and structural elements
of Mandisha village, El Baharia Oasis, Western
Desert, Egypt

W. R. Gaweish, H. H. Marzouk, A. V. Petrov, I. A. Maraev
(In English)

Mineralogy of schists from the basement

of the southwestern part of the Tazovsky peninsula
of the West Siberian megabasin (Lenzitskaya oil
exploration area, YNAD)

V. S. Ponomarev, K. S. Ivanov, V. V. Khiller

(In English)

Chemical zoning of chrome-spinel nodules

and oxythermobarometry of nodular chromitites

of the Engayskoe-3 occurrence in the Rai-lz massif
(Polar Urals)

P. B. Shiryaev, N. V. Vakhrusheva

(In English)

Ediacarian fauna in the ancient strata
of the Polar Urals
L. F. Shadrin

About the genetic types of dunites in folded
ultramafites areas

(using the Urals as an example)

I. S. Chashchukhin

Chabazite-Mg from gabbroids of the Bazhenovskiy
ophiolite complex (Middle Urals) is the first find

in Russia

Y. V. Erokhin, A. G. Shorin, A. V. Zakharov, A. E. Chugaev,
L. V. Leonova, O. L. Galakhova

Metals in oil of the deposits of the Orenburg
region
G. A. Ponomareva

Forecasting of the petrophysical rock properties

of the target interval of sediments of the Gazanbulak
field according to the 3D seismic attribute analysis

in combination with GIS

T. R. Akhmedov, M. A. Agaeva, S. R. Mamedova

Application of 1D-2D inversion of electromagnetic
sounding in the study of ground water dam
V. A. Davydov, O. I. Fedorova, S. V. Baidikov

ENGINEERING SCIENCES

The main trends of development of the iron ore
industry in Russia

V. D. Kantemirov, R. S. Titov, A. M. Yakovlev,

M. V. Kozlova

(In English)

Determination of the rational parameters of screw
loaders of the Ural-20R heading-and-winning
machines

A. B. Maksimov, D. I. Shishlyannikov, N. V. Chekmasov



Pa3pa6oTKa M1 METOAMKA ONMPEAEAEHMS NAPAMETPOB
BMGPALMOHHOIO CTEHAA C KOHCOALHOM MPOCENBAIOWIEN
NOBEPXHOCTLIO

A. B. OanH, M. K. Abayakapumos, A. I. [Toros,

B. C. lecrakos

O eAVHOM AMArHOCTMYECKOM KPUTEPHM AASI BLISIBACHMS
Ae(PEeKTOB AEKTPUUECKMX MALIMH MO NapaMeTpam
MeXaHM4YeCKMX KorebaHmm

[1. b. lepuke

Cnoco6ul CHMIKEHMs M3HOCA KOAECHBIX map
MOABMIKHOTO COCTaBa
A. B. ThasyHOB

Pa3pa6oTka ABTOMATM3NPOBAHHOM CMCTEMBI
nokaporymenus waxrtol Tperbero CoAMKamckoro
KAAMMAHOIO-PYAHMKOBOTO YNPABACHMS

T. I. Cepeaa

SKOHOMMYECKUE HAYKA

OnpeaeAreHne CTaBKM AMCKOHTMPOBAHMS AASl YCAOBMH
NPEeANnPUATHUI MMHEPAALHO-CLIPLEBOTO KOMMAEKCA:
ANCKYCCMOHHBIE BONPOCLI

B. H. lNoakopuitos, A. A. Moyarosa

(In English)

TpupoaAHbie pecypchl C NO3MLMM yYeTa B
COCTaBe HAUMOHAABHOTO 6orarcrea
O. A. AoreuHeHKo, B. E. CtpoBckuii

MeToAmKa pacueta pe3epsa pabouero Bpemenn
NMEePCOHAAA YIAEAOOLIBAIOIETO MPEANPUATHA AASI €10
pasBuTHA

B. A. TaakuH, A. M. Makapos, C. U. 3axapos,

M. H. lMoaewyk

HopmupoBanme TpyAOBO# A€ATEALHOCTM PA6GOTHMKOB
rOPHOAOGLIBAIOWIErO NMPEANPUATHS: MPUHLUMIDLI

M METOABI

O. A. AanaeBa

OCO6EHHOCTM CMCTEMHOTO MOHUTOPHHIA A€CONMOKPLITBIX
AQHAA(TOB B NPOMLILIAEHHBLIX pafioHax Ypaaa
T. A. AebeaeBa

NCTOPUA TOPHOTO AEAA

B. H. ABAoumH (1925-2017) v AaBAOHMHNUT
B. . EpmoaeHko, 1O. A. INoaeHos, B. H. OropoaHykos

dopmmMpoBaHNEe MyCyALMAHCKMX OOIIMH B
rOpHO3aBOACKMX noceAenmsix Ypara n Cnbmpm B
KoHue XIX — nayane XX B.

A. H. CrapoctuH

107

115

121

93 Development and methods for determining the
parameters of a vibration stand with an open-end
deck plate
A. V. Yudin, M. K. Abdulkarimov, A. G. Popov,

V. S. Shestakov

100 About a single diagnostic criterion for detecting

defects of electric machines by the parameters of
vibrations
P. B. Gerike

Ways to reduce wear of wheelsets of carriage
rolling stock
D. V. Glazunov

Development of an automated fire-fighting system
for the mine of the Third Solikamsk potash-mine
administration

T. G. Sereda

ECONOMIC SCIENCES

Determination of the discount rate for the
conditions of enterprises of the mineral resources
sector: argumentative issues

V. N. Podkorytov, L. A. Mochalova

(In English)

126 Natural resources as part of national

wealth
O. A. Logvinenko, V. Y. Strovskiy

134 Method of calculating the reserve of the working

time of the coal producer staff for the purpose of
its development

V. A. Galkin, A. M. Makarov, S. I. Zakharov,

M. N. Poleshchuk

146 Performance standards of workers of a mining

enterprise: ground rules
and methods
O. A. Lapaeva

159 Features of system monitoring of forested areas

in industrial regions of the Urals
T. A. Lebedeva

HISTORY OF MINING

166 V. N. Avdonin (1925-2017) and avdoninite

V. I. Ermolenko, Y. A. Polenov, V. N. Ogorodnikov

173 The formation of Muslim communities in the mining

settlements of the Urals and Siberia in the late XIX —

early XX century
A. V. Starostin



Hzsecmus Ypaasckozo zocydapcmeenozo 20prozo ynusepcumema. 2019. Bon. 2(54). C. 7-19

Hayku o 3emae
Earth sciences

YK 550.389.1 https://doi.org/10.21440/2307-2091-2019-2-7-19

Magnetic data interpretation to determine the depth of basement
rocks and structural elements of Mandisha village, El-Bahariya Oasis,
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Relevance. The study area is located at Mandisha village, El-Bahariya Oasis, Western Desert, Egypt. It is suffering from lack of surface water. So it’s
important to search for another source of water (as groundwater) that important for everything for live. Based on the literature studies; the main aquifer
in the study area is located in the Nubian sandstone aquifer, which located directly on the upper surface of the basement rocks. So the depth of the
lower surface of the Nubian sandstone aquifer is equal to the depth of the upper surface of the basement rocks in the study area.

Objectives of the study. This study is used the analysis and interpretation of magnetic data to determine the depth of the basement rocks and the
structural elements that affected on the basement rocks at Mandisha area in El-Bahariya Oasis, Western Desert, Egypt.

Research methodology. The Magnetic methods were applied to achieve these goals. One hundred and seventy four magnetic stations were acquired
by Overhauser magnetometer instrument (GSM-19 “V7.0”). The magnetic data were processed by using Geosoft Oasis Montaj program. 2D Magnetic
Profiles and 3D Magnetic Modeling were established to construct basement relief map in the study area. First Vertical Derivative Technique, Source
Edge Detection Method and 3D Euler Deconvolution method were established to determine the locations and directions of faults that affected on the
Basement Rocks in the study area.

Work results. The most important results of this study: 1. The depth of the basement rocks in the study area ranges from 1200 m to 2000 m. 2. The
northeastern, northwestern and western parts of the study area are characterized by shallow depth of the basement rocks, while the southern and
eastern parts of the study area are characterized by deep depth of the basement rocks. 3. Deep faults (more than 2000 m) were located at northern
part of the study area. 4. The main direction faults in the study area are NE-SW and E-W direction.

Keywords: Magnetic Data Interpretation, 3D Euler Deconvolution, 2D Magnetic Profile, 3D Magnetic Modeling, Basement Rocks, faults, Geosoft,
El-Bahariya Oasis, Western Desert, Egypt.

ntroduction
The study area is located at Mandisha village in El-Bahariya Oasis, Western Desert, Egypt. It is located between lati-
tudes 28°16'22" "N-28°19"14" "N and longitudes 28°55'40" 'E-28°59'50" 'E with an area of 36.13 km? (Fig. 1).

The study area is suffering from lack of surface water. So it's important to search for another source of water that important
for living and everything for live as groundwater. Based on the literature studies; the main aquifer in the study area is located in
the Nubian sandstone aquifer (Cenomanian age), which located directly on the upper surface of the basement rocks [1]. So the
depth of the lower surface of the Nubian sandstone aquifer is equal to the depth of the upper surface of the basement rocks in the
study area.

The analysis and interpretation of magnetic data were used for mapping the relief of the basement rocks in the study area. So,
the main purpose of this study is to analyze and interpret the magnetic data for determining the depth of basement rocks in the
study area and the structural elements (Faults and/or cracks) that affected the study area.

Our pattern recognitions criteria are based on the interpretation of magnetic data that applied on the total intensity magnetic
map reduced to the pole (RTP Map). The interpretation of magnetic data includes five techniques which applied by Geosoft pro-
gram: these techniques including First Vertical Derivative Technique, Source Edge Detection Method, 3D Euler Deconvolution,
2D Magnetic Profiling and 3D Magnetic Modeling. After that; the Magnetic interpretations have been compared with each other
to determine the location of faults with high resolution.

Geology of the study area

The geology of the study area was described from the geological map of El-Bahariya Oasis and the stratigraphic succession of
well No. 1 (Box-1) that located at El-Bahariya Oasis. These geological study includes surface and subsurface geology of the study area.

a) The surface Geology of the study area has been described from the geological map of Egypt, Sheet No. (NH 35 SE BA-
HARIYA) with a scale of 1 : 500 000 [2]. It was built by the Egyptian General petroleum Corporation in 1986 (Fig. 2). Surface
Geology of the study area refers to the upper Cretaceous “Cenomanian age” and Quaternary age: 1. Upper Cretaceous deposits
were represented by Bahariya Formation (Early Cenomanian age). It has deposited at widespread of the study area. Bahariya
Formation consists of fine to coarse Ferruginous Sandstone intercalated with Shale. 2. Quaternary deposits were represented by
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Figure 1. Location map of the study area.
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Figure 2. Geologic map of the study area [2].
PucyHok 2. l'eonornyeckas kapTta usy4yaemoro pavioHa [2].

Sabkha deposits (which composed of Shale, Clay and Evaporate deposits). Sabkha deposits are concentrated at North Central part
of the study area. 3. Structural elements which presented in the study area as cracks and/or fractures. The main direction of these
fractures is NE-SW direction.

b) Subsurface stratigraphy of El-Bahariya Oasis were collected from well No. 1 (Box-1) that located at El-Bahariya Oasis
with latitude 28" 19' 27.5" N and longitude 28 58' 00" E with an Elevation 122 M (after [1, 3, 4]). A Brief description of the sub-
surface stratigraphic section of El-Bahariya Oasis from top to bottom layer is shown in (Table 1 and Fig. 3).

Methodology

In this study, the magnetic data were analyzed and interpreted for determining the depth of the basement rocks and the
structural elements that affected on the basement rocks of the study area.

1. Magnetic data acquisition

One hundred and seventy four magnetic stations were measured to cover the study area (Fig. 4, a). Magnetic data were
carried out using one Overhauser magnetometers for both field survey and base station recordings. The model of Overhauser
magnetometer, which used for magnetic acquisition, is ((GSM-19) V7.0), made in Canada (since 1980), with sensitivity 0.022 nT
(Fig. 4, b and Fig. 4, ¢) [5]. Magnetic stations were measured in the study area every 300-500 m. The base station was recorded
every 3-5 hours during field measurements. It was located at the Eastern part of the study area with longitude 28°59°30.99”E and
latitude 28°17°57.4”N with an absolute value of 42592.5y.

8 Taseuw B. P. n gp. Magnetic data interpretation to determine the depth of basement rocks and structural elements of Mandisha
village, El-Bahariya Oasis, Western Desert, Egypt // U3Bectusa YITY. 2019. Boin. 2(54). C. 7-19. DOI10.21440/2307-2091-2019-2-7-19
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Table 1. Composite stratigraphic section of El-Bahariya Oasis (after [1, 3, 4]).
Ta6nuua 1. Ctpaturpacmyeckun paspes oasuca dnb-baxapus (no aaHHbIM [1, 3, 4]).
Formation name Age Lithology Thick- Note
ness, m
Olivin Basalt Early Miocene  The olivine basalt consists of basalt flows and sills 20 Neogene rocks are
represented by volcanic
rocks “Olivine Basalt”
Radwan Oligocene Radwan Formation consists of dark brown Ferruginous 35 Olivine Basalt lies on
Formation Sandstone Radwan formation
Hamra Middle & Late  Hamra Formation is composed of Limestone intercalated 60 Radwan Formation lies
Formation Eocene with clastic rocks, forming reef-like structures with dips on Hamra formation
of 10-40°
Qazzun Middle Qazzun Formation consists of white Limestone intercalated 32 Hamra Formation lies on
Formation Eocene with hard Dolomitic Limestone Qazzun Formation
Nagb Formation Early-Middle Nagb Formation consists of chalk intercalated with 67 Qazzun Formation lies
Eocene Dolomitic Limestone on Nagb Formation
Disconformity because the absence of Paleocene Sediments
Khoman Chalk Maastrichtian Khoman Chalk Formation consists of Chalk and limestone 42 Nagb Formation lies
Formation with hard dolomitic limestone at the top on Khoman Chalk
Formation
El-Hefhuf Turonian- El-Hefhuf Formation consists of carbonate rocks 43 Khoman Chalk
Formation Santonian intercalated with Dolostone rocks Formation lies on
El-Hefhuf Formation
El-Heiz Late Ceno- El-Heiz Formation is composed of carbonate rocks 30 El-Hefhuf Formation lies
Formation manian intercalated with Dolostone rocks on El-Heiz Formation
El-Bahariya Cenomanian El-Bahariya Formation consists of Sandstone intercalated 702 El-Heiz Formation lies
Formation with Shale. El-Bahariya Formation consists of 4 zones. on El-Bahariya

Formation

Disconformity because the absence of Ordovician, Silurian, Devonian, Carboniferous, Permian, Triassic and Jurassic Sediments

Cambrian rocks Cambrian Cambrian rocks, composed of dense granite, with a depth - -
of Basement rocks 1822 m
Depth (M) Lithology Legend
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Figure 3. Composite stratigraphic column of El-Bahariya Oasis, Western Desert, Egypt (after [3, 4]).
PucyHok 3. CtpaTturpaduyeckunn paspes oasuca dnb-baxapus, 3anagHas nyctbiHs, EruneT (no AaHHbIM [3, 4]).
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Figure 4. Magnetic Data Acquisition. a — location Map of Magnetic Stations, base station and magnetic profiles in the study area; b — when
measuring magnetic data in the study area; c — Overhauser magnetometer system (GSM-19 v7.0).

PucyHok 4. Nony4yeHne marHmtopa3BefoyHbIX AaHHbIX. a — 0630pHas KapTa MarHUTHbIX MYHKTOB, OMOPHbIX MYHKTOB U MarHUTOPasBeAo4HbIX
npodunen B parioHe NPoBEAEHNS nccnegoBaHnin; 6 — npouecc NonyYeHns AaHHbIX MarHUTopasBeaku B paioHe NpoBeAeHNS UCCNefoBaHni; B —
MarHuTomeTp ¢ gatdymkom OBepxaysepa (GSM-19 v7.0).

Table 2. Examples of magnetic data that exported from an Overhauser magnetometer to the computer — in file format: XYZ format (linear
oriented).
Tabnuua 2. NMpumepbl AaHHbIX MarHMTOpa3BeAKU, UMNOPTUPOBAHHLIX C MarHUTOMETpa Ha KomnbioTep, — B hopmarte XYZ (npsamonu-
HelHble).

/ Gem Systems GSM-19GW 0103903 v7.0 15 11 2011 M ew5fpl.v7s
/1D 0 file 01survey.m 23 |l 96
/

/ X Y Elevation nT sq cor-nT Sat Time Picket-X Picket-Y
Line 000020
028.2996220 028.9952480 000150 42594.40 99 000000.00 07 045644.0 0.00 0.00
028.2996216 028.9952480 000150 42594.39 99 000000.00 07 045650.0 0.00 0.00
028.2996421 028.9952438 000150 42595.68 99 000000.00 07 045659.0 0.00 0.00
028.2996416 028.9952438 000150 42595.76 99 000000.00 07 045705.0 0.00 0.00
028.2996472 028.9952860 000152 42594.48 99 000000.00 07 045717.0 0.00 0.00
028.2996463 028.9952848 000152 42594.46 99 000000.00 07 045723.0 0.00 0.00
028.2996054 028.9952498 000152 42594.09 99 000000.00 07 045738.0 0.00 0.00

Magnetic readings were stored in the memory of Overhauser magnetometer, after that; all data were loaded from Overhauser
magnetometer to the computer (Table 2) for preparing magnetic data for necessary corrections and interpretations.

2. Magnetic data processing

Magnetic data were corrected for daily variations correction before starting the interpretation. Daily variations in the Earth’s
magnetic field sometimes had an amplitude more than 10 gammas (which caused by sunspots). Therefore, the base station was
used for magnetic correction. The daily variations of the geomagnetic field were subtracted from the Magnetic field data. The cor-
rected magnetic values were contoured by Geosoft program with contour interval 2 nT [6] and represented by the total intensity
magnetic map (Fig. 5, a).

Total Intensity Magnetic Map (TIM Map). TIM Map is a reflection of lateral changes in the magnetic properties of the
Basement Rocks in the study area (Fig. 5, a). Thus, the magnetic expression of various structural features depends on the existence
and magnitude of their magnetic contrasts. The qualitative interpretation of the Total Intensity Magnetic Map begins with a visual
inspection of the forms and directions of the main magnetic anomalies. TIM Map has magnetic anomaly values between 42 500
nT and 42 620 nT. The high magnetic anomalies indicate that the depth of basement rocks is shallow depth, so the thickness of
sedimentary cover is thin. The high magnetic anomalies are represented at Northeastern part of the study area. On the other side,
the low magnetic anomalies indicate on a deep basement rocks (thick sedimentary cover). The low magnetic anomalies are locat-
ed at the Southeastern part of the study area. Generally, the magnetic anomaly increases from Southeastern part to Northeastern
part of the study area, which indicate that the depth of basement rocks increase from Northeastern part to Southeastern part of
the study area.

10 TlaBewnw B. P. n gp. Magnetic data interpretation to determine the depth of basement rocks and structural elements of Mandisha
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Figure 5. Magnetic Data Processing. a — Total Intensity Magnetic Map (TIM Map); b — the Total Intensity Magnetic Map Reduced To the Pole
(RTP Map).

PucyHok 5. O6paboTka AaHHbIX MarHUTOpa3BeAKN. @ — MarHUTHasi Kapta cymmapHon nHteHcmBHocTn (TIMMap); 6 — MarHMTHas kapTa cym-
MapHOW MHTEHCUBHOCTW, NpuBeaeHHoN k nontocy (RTPMap).

The Total Intensity Magnetic Map Reduced to the Pole (RTP Map). The total intensity magnetic data were reduced to the
magnetic pole (Fig. 5, b) to overcome the distortion in anomaly appearance. This appearance depends on the magnetic latitude
of the survey area and depends on the dip angle of the magnetization vector in the body using magnetic parameters such as incli-
nation angle (41.2177°), declination angle (3.9282°), magnetic field strength (42488.2 nT) and the height of device’s sensor from
earth surface (1 m). This mathematical procedure was first described by [7-11].

A general outlook to the magnetic map reduced to the magnetic pole (Fig. 5, b) in comparison with the total magnetic
intensity map (Fig. 5, a) reflects the northward shift in the positions of the inherited magnetic anomalies due to elimination of
inclination of magnetic field at this area. The RTP map exhibits different magnetic anomalies while ranging from 42 512 nT to 42
607 nT. The northeastern and northwestern parts of the study area reveal high magnetic anomalies where the eastern, southern,
and southeastern parts exhibit low magnetic anomalies.

3. Magnetic data interpretations

Interpretation of magnetic data includes five Techniques which applied by Geosoft program to determine the structural el-
ements (Faults) and the depths of the upper surface of the basement rocks that caused the magnetic anomalies in the study area.
These techniques include (First Vertical Derivative Technique, Source Edge Detection Method, 3D Euler Deconvolution, 2D
Magnetic Profiles and 3D Magnetic Modeling).

a) First Vertical Derivative Technique (FVD Technique). Many authors were calculated First Vertical Derivative of poten-
tial data (Gravity and/or Magnetic data) as [12-17 and others].

The working equation of Rosenbach [17], equation (1):

B CTIORDWFIOR WA TS R e0)

oz’

(1)

aZ
where a—‘g is the first vertical derivative of gravity or magnetic potential field. S is the grid spacing. g (0) is the gravity or magnet-
4
4 4 8
ic value at the point of calculation; Zizl gi (S) -8, Zl_:l gi (S\/E ), Zl_:l gi (sx/g ) are summation of gravity or magnetic data

values at the 4, 4 and 8 points lying on the three concentric circles of radials, (sx/g ) and (S\/g ) respectively.

FVD Technique acts as a filter. FVD Technique emphasizes the expression of local features of magnetic anomalies and elim-
inates the effect of regional anomalies. The first vertical derivative map was applied on RTP Map. In FVD Map (Fig. 6), zero con-
tour lines show the contact lines between highly polarized sources (which indicate that the depth of basement rocks are shallow)
and less polarized sources (which indicate that the depth of basement rocks are deep) at the same level of measurement. These
Zero contour lines indicate on the faults that affected on the basement rocks in the study area. The main directions of these faults
are N-S, NE-SW and NW-SE directions. Negative magnetic values show deep basement rocks, which located at the Eastern and
Northwestern parts of the study area. Where, the positive magnetic values show shallow basement rocks, which located at north-
eastern and western parts of the study area.

b) Source Edge Detection Method (SED Method). The source edge detection (SED) system is used to locate the approximate
edges and down-gradient directions of source bodies from magnetic or gravity gridded data sets [18]. Blakely and Simpson were
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Figure 6. First Vertical Derivative Map (FVD Map).
PucyHok 6. Kapta nepBbix npousBoaHbix (FVD Map).

used SED Method to calculate reduction to the pole grid and total horizontal derivative grid from the total magnetic field grid
[18]. The Geosoft program was used to calculate RTP Grid and its horizontal gradient. Two maps were created by applying SED
Method: First map is horizontal gradient Map of RTP Grid, which containing on oval-shaped magnetic anomalies and their axes
indicate on the direction of faults that appeared in the study area (Fig. 7, a). Second Map is geological contacts Map (faults) that
detected on RTP Map. This map shows the locations and directions of faults in the study area. The main directions of faults are
NE-SW and E-W directions (Fig. 7, b).

¢) 3D Euler Deconvolution. Recently, 3D Euler Deconvolution method has been widely used in the automatic interpretation
of Magnetic and Gravity data. It has emerged as a powerful tool for direct determination of depth of the gravity and magnetic
bodies. Also, it uses for determination the dykes and contacts with remarkable accuracy [19-24].

Usually the locations and depths of any sources (x,, y,, z,) can been determined by using the following equation (2):

d 0 g
T (s Liyop)+ Lez) = s1(8-), @
Ox 6)/ 0z

where f is the observed field at location (x, y, z) and B is the base level of the field [regional value at the point (x, y, z)] and SI is
the structural index or degree of homogeneity [19]. The equation (2) is solved for the source position by least-squares inversion
of a moving window of data points. To obtain an accurate estimation of the source location, the field data used must adequately
sample the anomalies present in the data.

In the present study, the 3D Euler Deconvolution technique was applied to determine the locations and depths of the faults
in the study area. The obtained solutions of the interpretations of 3D Euler Deconvolution of magnetic data are shown in Fig. 8.
Euler solutions were applied on RTP Grid by structural indexes 0, 1, 2, and 3 to select the best solution. Structural index zero “SI
= 0” indicates on Contact/Step (Fig. 8, a), structural index one “SI = 1” indicates on Sill/Dyke (Fig. 8, b), structural index two “SI
=27 indicates on Cylinder/Pipe (Fig. 8, ¢) and structural index three “SI = 3” indicates on Sphere/Barrel/Ordnance (Fig. 8, d) [6].
The structural index SI = 0 gives better solutions than the structural indices 1, 2 and 3, because the data is concentrated in the
study area (Fig. 8, a).

d) 2D Magnetic Profiles. 2D magnetic profiles were applied by GM-SYS program on RTP Map [25]. GM-SYS program pro-
vide an easy interface for creating and managing models to fit observed magnetic data.

GM-SYS program was used to estimate the depth of the upper surface of the basement rocks using the following parameters:
1. International Geomagnetic Reference Field (IGRF) for a point in the study area (which located at longitude 28°57°29.988”E,
latitude 28°18’00”N with Elevation 134 M, time of measurement 09.10.2015) to obtain the Total Magnetic Field = 42488.2 nT,
Inclination Angle = 41.2177° and Declination Angle = 3.9282°. 2. The used Parameters for the sedimentary layer (almost
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Figure 7. Source Edge Detection Method. a — horizontal gradient Map of RTP Grid; b — geological contacts Map (faults).
PucyHok 7. MeToa onpeaeneHus rpaH1L, MICTOYHUKA. @ — KapTa ropu3oHTanbHoro rpagueHta RTP; 6 — kapTa reonornyeckoro KoHTakTa (pasnombi).
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Figure 8. 3D Euler Deconvolution method. a — Euler Solutions of Structural Index = 0; b — Euler Solutions of Structural Index = 1; ¢ — Euler
Solutions of Structural Index = 2; d — Euler Solutions of Structural Index = 3.
PucyHok 8. 3D meTon AeKOHBoMOLUMK direpa. a — peLleHnst ypaBHeHui diinepa CTpykTypHoro uHaekca = 0; 6 — pelueHns ypaBHeHuWin diinepa
CTPYKTYPHOTO MHAEKCa = 1; B — peLLeHNs ypaBHEHWI Jiinepa CTPYKTYPHOrO MHAEKCa = 2; I — peLleHns ypaBHEHWI dnepa CTPYKTYpHOro nHaekca = 3.
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Figure 9. 2D Magnetic profile “P1” and used parameters in GM-SYS program for the sedimentary layer and Basement layer.
PucyHok 9. 2D marHuTopasBefo4HbIn npocdunb P1 1 npumeHsiemblie napameTpbl B nporpamme GM-SYS ansi cnos ocafo4vHbIX nopoa n
CIosi NOACTUNAOLLUX MOPOA.

Sandstone intercalated with Shale, Clay and Limestone): the average Density of the Sedimentary Layer is 2.5 gram/cm?, Magnetic
Susceptibility = 0 CGS, Remanence Magnetization = 0 emu/cm?, Remanence Inclination= 0° and Remanence Declination = 0°
(Fig. 9). 3. The used parameters for the Basement layer (almost Granite): the average Density of the Basement layer is 2.8 gram/
cm’, Magnetic Susceptibility = 0.00075 CGS, Remanence Magnetization = 0.00398 emu/cm?, Remanence Inclination = 41.2177°
and Remanence Declination = 3.9282° (Fig. 9).

Seven magnetic profiles were applied on RTP Map (Fig. 4, a). The first profile (P1) passes through well (BOX_2) with di-
rection from South to North and other profiles (P2, P3, P4, P5, P6 and P7) were oriented from West to East. Profile “P1-P1" is
perpendicular on other profiles; it has a direction from South to North with a length of 6130 M. This profile passes through the
borehole (Box_2), which is located at 28" 19" 27.5" N and 28" 58' 00" E with depth of Basement rocks 1822 M. The depth of Base-
ment Rocks along profile P1-P1" varies from 1822 m to 1963 m (Fig. 9).

The other profiles (P2, P3, P4, P5, P6 and P7) were oriented from West to East. The second Profile “P2-P2" has a length 7187
M. Profile P2 passes through Profile P1 with depth of Basement 1929 M. The depth of Basement Rocks along Profile P2 ranges
from 1820 m to 1998 m (Fig. 10, a). The third Profile “P3-P3"” has a length 7161 M. Profile P3 passes through profile P1 with
depth of Basement 1960 M. The depth of Basement Rocks along Profile P3 ranges from 1630 m to 2150 m (Fig. 10, b). The fourth
Profile “P4-P4" has a length 7174 M. Profile P4 passes through Profile P1 with depth of Basement 1847 M. The depth of Basement
Rocks along Profile P4 ranges from 1580 m to 1996 m (Fig. 10, c). The fifth Profile “P5-P5" has a length 7161 M. Profile P5 passes
through profile P1 with depth of Basement 1957 M. The depth of Basement Rocks along Profile P5 ranges from 1714 m to 2065
m (Fig. 10, d). The sixth Profile “P6-P6" has a length 7161 M. Profile P6 passes through profile P1 with depth of Basement 1701
M. The depth of Basement Rocks along Profile P6 ranges from 1588 m to 1742 m (Fig. 10, e). The seventh Profile “P7-P7"” has a
length 7174 M. Profile P7 passes through profile P1 with depth of Basement 1500 M. The depth of Basement Rocks along Profile
P7 ranges from 1274 m to 1564 m (Fig. 10, f).

The results of 2D magnetic profiles were used to construct a depth map of the basement rocks in the study area by Geosoft
program with contour interval 20 m (Fig. 11). The depth of the basement rocks in the study area is ranging from 1300 m to 2100
m. The northeastern, northwestern and western parts of the study area are characterized by shallow basement rocks, while the
southern and eastern parts of the study area are characterized by deep basement rocks. Thus, the depth of basement rocks is in-
creasing from northeastern, northwestern and western parts toward eastern part of the study area (Fig. 11).

e) 3D Magnetic Modeling. 3D Magnetic modeling was carried out on RTP Grid by GMSYS-3D software. GMSYS-3D is a
package for 3D modeling of gravitational and magnetic grids. The model is determined by number of surface layers, with its den-
sity, magnetic susceptibility and Remanence magnetization that distributed and defined for each layer [26].

The GMSYS-3D program is used to perform 3D magnetic modeling in order to obtain the relief of the basement rocks and
relief of the earth’s surface relatively to sea level using the following parameters: 1. The used parameters for Earth’s surface
layer are: average Density 2.5 gram/cm’, Magnetic Susceptibility = 0 CGS, Remanence Magnetization = 0 emu/cm’, Remanence
Inclination = 0° and Remanence Declination = 0° (Fig. 12, a). 2. The used parameters for Basement Layer are: average density
2.8 gram/cm’, Magnetic Susceptibility = 0.00075 CGS, Remanence Magnetization = 0.00398 emu/cm?®, Remanence Inclination =
41.2177° and Remanence Declination = 3.9282° (Fig. 12, c).
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Figure 10. 2D Magnetic Profiles. a — 2D Magnetic Profile P2; b — 2D Magnetic Profile P3; ¢ — 2D Magnetic Profile P4; d — 2D Magnetic Profile
P5; e — 2D Magnetic Profile P6; f — 2D Magnetic Profile P7.

PucyHok 10. 2D marHuTopa3BeAo4Hble npodunu. a — 2D marHMTopasBefoyHbI npodune P2; 6 — 2D MarHutopassefoYHbIvi npoduns P3;
B — 2D marHutopassenouHbin npoduns P4; r— 2D marHuTtopassenoyHbin npoduns P5; o — 2D marHuTopassefoydHbin npoduns P6; e — 2D mar-
HUTOPa3BedouHbIV Npochunb P7.

After applying 15 iterations by GMSYS-3D software, the results of 3D Magnetic Modeling shows that the thickness of the sed-
imentary layer in the study area is ranging from —-1200 m to -2000 m. The thin thickness of the sedimentary layer is located at
the northeastern, northern and western parts of the study area (the depth of the basement rocks is more than —-1450 m). While
the thick thickness of the sedimentary layer is located at the eastern part of the study area (the depth of the basement rocks is less
than -1700 m) (Fig. 12, b).

Discussion
In this study, the depth of the basement rocks determined by 2D magnetic profiles and 3D magnetic modeling. The matching
between the Basement Depth Map (Fig. 11) and 3D magnetic modeling (Fig. 12, b) is very high. The Basement Depth Map and
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Figure 11. Basement Depth Map.
PucyHok 11. KapTa rny6uHbl 3aneraHus doyHaameHTa.
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Figure 12. 3D Magnetic Modeling. a — used parameters in the GMSYS-3D program for the earth’s surface Layer; b — 3D magnetic modeling,
including Basement layer, Earth’s surface layer and RTP Map; ¢ — used parameters in the GMSYS-3D program for Basement layer.

PucyHok 12. 3D mogenupoBaHue MarHATOpa3BeAoYHbIX 3afay. a — NpUMeHsiemMble napameTpbl B nporpamme GMSYS-3D ansi cnosi 3eMHol no-
BepxHocTh; 6 — 3D mMogennpoBaHve MarHUTOPa3BedOYHbIX 3a[ad, BKIOYas CMoW NOACTUNAOLLMX MOPOA, CIION 3eMHOWM MOBEPXHOCTV U MarHUTHOWM
KapTbl CyMMapHOW MHTEHCUBHOCTW, NPVIBEAEHHON K NOSMIOCY; B — NPYMeHsieMble napameTpbl B nporpamme GMSY S-3D ans cnost noacTvnaroLyx nopoa.
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Figure 13. Integrations between the interpretation methods. a — integration between SED technique and RTP Map; b — integration between
FVD method and 3D Euler Deconvolution with a structural index = 0; ¢ — integration between 3D Euler Deconvolution with a structural index = 0
and Basement Depth Map.

PucyHok 13. UHTerpauumu mexxay Metogaammu mHTepnpeTauuu. a — uHterpaums mexagy SED metogom u marHutHol kaptot RTP; 6 — nHterpa-
ums mexay metogom FVD n 3D meTogom AekoHBOMOLMM Jiinepa co CTPYKTYPHbIM MHAekcoM = 0; B — nHTerpaumsa mexay 3D meTogom AeKoHBO-
nounm Annepa co CTPYKTYPHbIM MHAEKCOM = 0 1 KapTow rmybuHbl 3aneraHns yHaameHTa.

3D magnetic modeling shows that; the deep depth of the basement rocks are located at the eastern part, and many places in the
southern part of the study area. But the shallow depth of the basement rocks are located at northeastern, northern and western
parts of the study area.

The basement rocks in the study area were affected by many faults that determined by First Vertical Derivative technique
(FVD), Source Edge Detection method (SED) and 3D Euler Deconvolution method. The integration between results of SED
method and RTP Map shows that; the down-through of faults were directed to low values of magnetic anomalies of RTP map (Fig.
13, a). The Results of FVD method and 3D Euler Deconvolution with structural index (SI) = 0 determine the locations of faults in
the study area (Fig. 13, b). Zero contour lines at FVD Map are show the contact lines between shallow and deep basement rocks
at the same level of measurement. These Zero contour lines indicate on the locations of faults that affected on the basement rocks
in the study area. 3D Euler Deconvolution with structural index (SI) = 0 also used to determine the locations and depths of these
faults in the study area. The results show high matching between two methods. The main direction of these faults in the study area
are NE-SW and E-W directions (Fig. 13, b).

The comparing between 3D Euler’s Deconvolution with a structural index = 0 and Basement Depth Map is showing that;
many faults are deep faults (their depth more than 2000 m) and reaching to the basement rocks. These deep faults were deter-
mined at northern part of the study area (Fig. 13, c).

Results

As mentioned in this research, the most important results of this study: 1. The depth of the basement rocks in the study area
ranges from 1200 m to 2000 m. 2. The northeastern, northwestern and western parts of the study area are characterized by shal-
low depth of the basement rocks, while the southern and eastern parts of the study area are characterized by deep depth of the
basement rocks. 3. Many faults are deep (their depth more than 2000 m) and dissect the basement rocks, these faults located at
northern part of the study area. 4. The main direction faults in the study area are NE-SW and E-W direction.
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VIHTepripeTaumsi AQHHBIX MArHUTOPA3BEAKU AASI OMPEAEAEHMSI TAYOUHDI
MOPOA KPUCTAAAMYECKOTO (PYHAAMEHTA U CTPYKTYPHLIX SAEMEHTOB
paroHa MaHama, oasnc DAb-baxapus (3anaaHast mycCTbiHs, Ermner)

Baanb Para6é TFABEULL" 2",

Xoccam XaccaH MAP3YK?,

Anekcei Bnagumuposuu NETPOB',
Uropb Anekceeeuy MAPAEB'

"Poccuiicknin rocyaapCTBEHHbIV reonoropasBeodHbli yHBepcuTeT, Poccusi, MockBa
2HaumoHanbHbIN Hay4YHO-UCCeaoBaTenbCKUA UHCTUTYT acTPOHOMMU U reodmanku, Erunet, Kanp

AKTYaABHOCTD. PalioH MCCA€AOBaHMs1 PACTIOAOKEH B AepeBHe MaHama, oasmc Iab-baxapwusi, 3anaaHas nycroisl, Ervner. OH cTpaaaet oT HeaocTaTka rno-
BEPXHOCTHBIX BOA. [103TOMY BaYKHO OTBLICKATL APYTOi MCTOYHMK BOABI (HAMPUMED, FPYHTOBLIE BOALI), HEOOXOAVMDINA AASI KM3HEAESITEALHOCTU BCETO XKMBO-
ro. Ha ocHoBaHuy MH(hopmaLmm 13 AMTepatypbl OCHOBHOM BOAOHOCHbIM TOPU3OHT HA MCCAEAYEMOM TEPPUTOPUM HAXOAUTCs1 B HyOuiickom necyaHMkoBom
BOAOHOCHOM TOPM3OHTE, KOTOPLI PACMIOAOXKEH HEMOCPEACTBEHHO HA BEPXHEN MOBEPXHOCTM MOPOA KPUCTAAMHECKOTO (hyHAAMeHTa. Takum obpasom,
B PAiOHE MCCAEAOBAHMIA TAYOMHA HVDKHEN MOBEPXHOCTM BOAOHOCHOTO FOPU30OHTA HYOUICKOTO MecHaHuKa PaBHa rAyOMHE BEPXHEN MOBEPXHOCTN MOPOA
KPUCTAAAMYECKOTO (hyHAAMEHTA.

3aaaum mccaeaoBanms. B AaHHON paBoTe MCMOAL3YIOTCS AHAAM3 U MHTEPTPETALMsl AAHHBIX MArHUTOPA3BEAKM AASI OMPEAEAEHMS TAYOUHDI MOPOA Kpu-
CTAAAMYECKOTO (PYHAAMEHTA M CTPYKTYPHLIX SA€MEHTOB, KOTOPbIE BO3AE/CTBOBAAM Ha MOPOALI (hyHAAMEHTA B paiioHe MaHamua oasnca Iab-baxapus,
3anaaHasi nycrTbiHsi, Ervner.

MeToAororms mccaeAoBaHMsI. A\ BLINMOAHEHWsI OCTABAEHHLIX 3aAa4 ObIAM MPYMEHEHDbI MArHUTHLIE METOALI. COBPAHLI AAHHBIE CO CTa CEMUAECSITU Ye-
TBIPEX MArHUTHLIX CTAHLMIA MPY MOMOLLM MarHuTomeTpuyeckoro rnpubopa Overhauser (GSM-19 «V7.0»). AaHHble MarHMTOpasseaky Obiav obpaboTaHbl
ncrnoAb3oBaHmem rnporpammbl Geosoft Oasis Montaj. MokasaHbl 2D marHMTopasseAoHHbI NPOUAL U 3D MOoA@AMpPOBaHNE MArHUTOPA3BEAOYHDLIX 3aAay
AAs1 TIOCTPOEHMSI PeAbeddHOM KapTbl (hyHAAMEHTAa B PailoHe MCCAEAOBaHMsl. A€PUBATMBHLIA METOA, METOA OMNPEAEAEHMs! FPaHuL UCTouHMKa, 3D meToa
AEKOHBOAIOLIMM DAEPA ObIAV MPUMEHEHDI C LIEABIO OTIPEAEAEHMSI MECTOMOAOXKEHMI U HAMPABAEHMI PA3AOMOB, KOTOPLIE MOBAMSIAM HA MOPOAbLI KPUCTAA-
AVMECKOTO (PyHAAMEHTA B OOAACTU UCCAEAOBAHMSI.

PesyAnTaTel pa6otil. Hanboaee BAXKHBIE PESYALTATLI STOTO UCCAEAOBAHMS: 1. TAYyOMHA MOPOA KPUCTAAAMHECKOTO (DYHAAMEHTA B PAViIOHE MCCAEAOBAHMSI
Koaebaercst ot 1200 Ao 2000 m. 2. CeBepO-BOCTOHHAsI, CEBEPO-3AraAHas M 3amnaAHasl 4acTyi PaioHa MCCAEAOBAHUM XaPaKTEPU3YIOTCSI MAAOM TAYOUHOM
MOPOA (hyHAAMEHTA, & KOXKHASI M BOCTOUHASI YaCTU PalioHA MCCAEAOBAHMIA — GoAbLET TAYyOMHOIA. 3. TAy6okme pasrombl (6oree 2000 m) 6biAr OBHAPYKEHDI
B CEBEPHOI YacTu paiioHa UccAeaoBaHmil. 4. OCHOBHLIMM HArPABA€HUSIMM PA3AOMOB B PAlilOHE MCCAEAOBAHMS SIBASIIOTCST CEBEPO-3aMaAHOE U BOCTOYHOE.

KaroueBble croBa: MHTEpIIpeTaLmsl AAHHLIX MarHuTopasseaky, 3D MmeToa AeKOHBOAIOLIMM Diirepa, 2D MmarHMTopasBeAoUHbIV MPodrAb, 3D moaeAMpoBaHue
MarHMTOPAa3BEAOYHDLIX 3aAay, MOPOAA KPUCTAAAMYECKOTO (hyHAAMeHTa, pasaombl, Geosoft, oasnc Ian-baxapus, 3anaaHas mycruiHs, Eruner.
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Mineralogy of schists from the basement of the southwestern part
of the Tazovsky peninsula of the West Siberian megabasin (Lenzitskaya oil
exploration area, YNAD)

Vladimir Sergeevich PONOMAREV',
Kirill Svaytoslavich IVANOV",
Vera Vital’evna KHILLER™

Zavaritsky Institute of Geology and Geochemistry of the Ural Branch of RAS, Ekaterinburg, Russia

Relevance of the work. The crystalline basement of Western Siberia is a promising site in the search for oil and gas, but not a sufficiently studied
subject. Promising rocks are granitoids and partly their metamorphic margins. Core samples from wells, which uncovered rocks of the basement of
Western Siberia, are unique because they are rare and extremely difficult to access, so it is necessary to conduct a comprehensive detailed core study
for geodynamic reconstructions and to consider the geological evolution of the region.

Purpose of the work. The determination of the material composition of quartz-chlorite-mica schists from the pre-jurassic basement of the northern
(Arctic) part of the West Siberian megabasin uncovered by the Lenzitskaya well No 77 (depth is 3516-3502 m) 265 km east of Salekhard within the
Yamalo-Nenets Autonomous District (YNAD).

Results. The studied quartz-chlorite-mica schists are fine-grained rocks of a greenish-gray color; they have an interdigitation of thin beds of rock
enriched in mica-quartz-carbonate substance (up to 2 mm thick) with a small amount of chlorite, and layers of quartz-chlorite-mica composition (up
to 3 mm) with the presence of carbonate boudin. Intimate crumpling is often observed in the rock. In the lower part of the section (depth is 3516
m), the rocks have a medium-grained structure and are composed of calcite (60%), quartz (25%), mica (10%) and chlorite (5%). The quartz-sericit-
ic-chlorite-carbonate rock has a schistous form due to light layers of quartz-calcite composition with a thickness of up to 2 cm and thin layers of a
chlorite-mica aggregate with a thickness of up to 2 mm. The following was established using X-ray electron probe microanalyzer CAMECA SX 100:
muscovite, aluminoceladonite, quartz, chamosite, calcite, plagioclase, pumpellyite-(Fe? *), rutile, fluorapatite, monazite, zircon, pyrite and chalco-
pyrite. Quartz-sericitic schists similar in composition were found by us in the basement rocks of the Priuralsky part of the West Siberian plate in the
Shaimsk-Kuznetsovsk megaanticlinorium.

Conclusion. The mineralogy of quartz-chlorite-mica schists from the pre-Jurassic basement of the northern part of the West Siberian megabasin (Len-
zitskaya 77 well, depth is 3502-3516 m) was first described. It was established that the formation of quartz-chlorite-mica schists took place under
the conditions of the upper prehnite-pumpellyite facie of metamorphism along the sedimentary substance. Later the rocks underwent changes in the
process of propitilization.

Keywords: quartz-chlorite-mica schists, mineralogy, metamorphism, basement, West Siberian megabasin, YNAD.

ntroduction
The study of the geology, tectonics and material composition of the pre-Jurassic basement of the West Siberian mega-
basin was carried out by many researchers [1-5 and others]. At the same time, studies of the geology of the Arctic and the
Arctic part of Western Siberia are of great importance in connection with possible oil-and-gas content of this vast and still insuffi-
ciently studied territory and its possible upcoming division between countries. It is known that the most important criterion here
is the results of the study of the basement of the sedimentary basins of the Arctic. The Yamal Peninsula and its nearest margins are
the main gas provinces of our country and one of places where the crystalline basement is available for direct study (albeit with
great difficulty). The basements of oil and gas provinces are still one of few promising, but insufficiently studied objects. Interest-
ingly, the granitoids of basements (in part, their metamorphic margins) are the most promising in the search for oil and gas [6-8
et al]. Core samples from wells, which uncovered rocks of the basement of Western Siberia, are unique because they are rare and
extremely difficult to access, so it is necessary to conduct a comprehensive detailed core study for geodynamic reconstructions
and to consider the geological evolution of the region. In this paper, the mineralogy of quartz-chlorite-mica schists from the
pre-Jurassic basement of the northern (Arctic) part of the West Siberian megabasin (uncovered by the Lenzitskaya No 77 well at
a depth of 3516-3502 m) is examined in detail for the first time.

Geological setting of the Lenzitskaya area

The Lenzitskaya oil and gas exploration area (on the territory of which the Lenzitsky oil field was discovered during the drill-
ing of the exploratory well No. 70 in 1985) is located in the south-western part of the Tazovsky peninsula at the southern coast of
the Gulf of Ob 265 km east of Salekhard within the Yamalo-Nenets Autonomous District (Fig. 1).

Historical [9], the well of Lenzitskaya No 70 at a depth below 3500 m helped to reveal rocks of the pre-Jurassic basement
represented by green schists. The explanatory note to the State Geological Map of the Russian Federation [9] indicates that Upper
Proterozoic undivided metamorphic formations are established at the Lenzitskaya area. It is noted that in the Medvezhye oil and
gas exploration area located southward, the schists similar in mineral composition were found by wells No 1001 (within the in-
terval of 4458-4605 m), as well as Sosninskaya (well No 16) and Ugutskaya (well No 73) oil and gas exploration areas. The Upper
Proterozoic age of metamorphic schists is determined based on their similarity in composition and level of metamorphism with
the metamorphites of the lower subsequence of the Sukhopit suite of the Upper Proterozoic of the Yenisei Ridge [10 et al.].
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Figure 1. Schematic map of the location of the Lenzitskaya well No 77. 1 — residental area, 2 — well.
PucyHok 1. CxemaTuueckasi KapTa pacnosioXxeHus CkBaXuHbl JleHautckast N2 77. 1 — HaceneHHbIN MyHKT, 2 — CKBaXXMHa.

Research results and their discussion

The studied core is represented by fine-grained, highly deformed quartz-chlorite-sericitic shales (samples from a depth of
3502-3509 m, Fig. 2) and quartz-chlorite-sericitic-carbonate rock (depth of 3515-3516 m, Fig. 3). Microscopically, rocks have a
grano-lepidoblast and granoblast structure. The mineral assemblage of the rocks is as follows: muscovite, aluminoceladonite, quartz,
chamosite, calcite, plagioclase, pumpellyite. Rutile, fluorapatite, monazite, zircon, pyrite and chalcopyrite are found among acces-
sory and ore minerals.

The rocks are fine-grained, greenish-gray in color; they have an interdigitation of thin beds of rock enriched in mi-
ca-quartz-carbonate substance (up to 2 mm thick) with a small amount of chlorite, and layers of quartz-chlorite-mica composi-
tion (up to 3 mm) with the presence of carbonate boudin. Intimate crumpling is often observed in the rock. In the lower part of
the section (depth is 3516 m), the rocks have a medium-grained structure and are composed of calcite (60%), quartz (25%), mica
(10%) and chlorite (5%). The quartz-sericitic-chlorite-carbonate rock has a schistous form due to light layers of quartz-calcite
composition with a thickness of up to 2 cm and thin layers of a chlorite-mica aggregate with a thickness of up to 2 mm.

In quartz-chlorite-sericitic schists, quartz is represented by polygonal grains with the inclusion of muscovite and apatite.
Some of the grains have an undulatory extinction. Grains size is up to 0.5 mm. Micro-folding is shown in the beds enriched with
quartz material (Fig. 4). In the superposed folds of the straticules, grains of quartz, mica and chlorite are perpendicular to strati-
fication in the rock. Quartz contains fine grains of short prismatic apatite and zircon as inclusions.

Mica forms fine-grained banded and crimped aggregates usually deformed and folded; it is often observed together with the
laths of chlorite. The size of individuals is up to 0.5 mm. Individuals of accessory minerals such as zircon, monazite, apatite and
rutile can be found among the chlorite-mica aggregate. According to the modern classification of micas [11], the obtained com-
positions correspond to muscovite (Table 1, an. 1, 3, 4) and aluminoceladonite (Table 1, an. 4). The content of SiO, in micas varies
from 44.97 to 46.86 wt. %, AlO, from 29.94 to 35.33 wt. %. The content of FeO and MgO in aluminoceladonite is 5.91 and 2.86
wt. % respectively. The content of FeO impurities in muscovite is up to 4.62 wt. % MgO to 2.14 wt. %. In the micas, a constant
admixture of Na, O to 0.94 wt. % and TiO, to 0.45 wt. % is observed.

Chlorite in the rock tends to the mica aggregate, where it forms self-contained strips or lenses; the mineral also occurs in
the form of elongated curved laths in the interstice of quartz and carbonate. Chlorite flake size does not exceed 0.7 mm. Mineral
is pleochroic from yellow-green to bluish-green. In terms of composition, chlorite corresponds to magnesian high-alumina cha-
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Figure 2. Quartz-chlorite-sericitic schist. The Lenzitskaya well No 77, depth is 3509 m. Incident light. The size of the field of vision is 3 mm.
PucyHok 2. KBapu-xnoput-cepuuuToBbIn crniaHel. CkBaxuHa JleHautckas Ne 77, rmy6una 3509 m. Mpoxopswmn ceet. Paamep nonsi 3peHus 3 Mm.

Figure 3. Quartz-chlorite-sericitic-carbonate rock. The Lenzitskaya well No 77, depth is 3516 m. Incident light. The size of the field of
vision is 3 mm.

PucyHok 3. KBapu-xnopur-cepuumnt-kap6oHaTtHas nopopa. CkBaxuHa JleHautckaa Ne 77, rny6uHa 3516 m. MNpoxoasawmn ceet. Pasmep
nons 3peHusi 3 MM.

mosite (Table 1, an. 5-8). MgO content in chamosite is up to 13.99 wt. %. One can note MnO up to 0.31 wt. % and Cr,O, to 0.37
wt. % among impurities in the mineral.

The studied rocks contain a large amount of carbonate (5-10%, sometimes up to 60% of the rock volume), which is often
confined to areas with fine-grained quartz and forms quartz-carbonate accumulations and veinlets. Carbonate is represented by
elongated and isometric, twinned grains up to 1 mm in size. According to microprobe analysis, carbonate corresponds to calcite.
Among impurities in the mineral, FeO is noted up to 1.83 wt. %, MnO to 1.22 wt. % and MgO to 0.96 wt. % (Table 1, an. 14-17).
There is a small amount of tabular grains of plagioclase with polysynthetic twinning of up to 0.2 mm in size among the quartz-cal-
cite aggregate. By chemical composition, the mineral corresponds to pure albite (An_, ). The content of CaO in albite is up to
0.13 wt. % (Table 1, an. 9-12).

Pumpellyite-(Fe?*) was found by us in thin sections in the form of a fine-grained aggregate of green color in association with
calcite and chlorite. It has been established by microprobe analysis that the content of FeO in the mineral reaches 9.71 wt. %. It
can be confidently identified as pumpellyite-(Fe?*) by chemical composition with a high content of the pumpellyite-(Al) minal
up to 34%. The crystallochemical formula of this pumpellyite is as follows: Ca, , (Fe**, Al , Mn  Ti ) AL (Si O,)(Si, O.)

0.0171.02" 772.00

0.2-0.6

22 ToHomapes B. C. n gp. Mineralogy of schists from the basement of the southwestern part of the Tazovsky peninsula of the West Siberian
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field of vision is 3 mm.
PucyHok 4. Mukpocknag4yatocTb B KBapL-XNopuT-cepMLMUTOBbIX craHuax. CkBaxuHa JleHautckas Ne 77, rmy6unHa 3505 m. NMonsipusoBak-
HbIN cBeT. Paamep nons 3peHus 3 Mm.

Table 1. Chemical composition of minerals from metamorphic schists, wt.%.
Ta6nuua 1. XuMnyeckmit coctaB MMHepanoB U3 MeTamopduyeckux cnaHues, mac.%.

Analysis No SiO, TiO, ALO, Cr,0, FeO MnO MgO CaO Na,O K,O F Total
Muscovite
1 46.86 0.45 32.41 0.04 2.51 0.04 1.25 0.03 0.94 9.73 0.21 94 .47
2 44.97 0.28 32.92 0.07 4.62 0.01 2.14 - 0.80 8.68 0.18 94.67
3 46.42 0.28 35.33 0.05 242 0.07 0.57 0.02 0.96 9.54 0.13 95.79
Aluminoceladonite
4 46.19 0.22 29.94 0.08 5.91 0.01 2.86 0.02 0.73 8.29 0.20 94.45
Chamosite
5 25.04 0.12 21.88 0.17 26.85 0.21 13.37 0.01 0.02 0.01 0.17 87.85
6 25.02 0.14 22.06 0.07 26.84 0.31 13.39 - 0.03 - 0.18 88.04
7 2517 0.07 21.86 0.05 26.30 0.14 13.99 0.01 - 0.01 0.16 87.76
8 24.73 0.13 22.60 0.37 26.50 0.27 13.20 0.04 - 0.02 0.15 88.01
Albite
9 68.21 - 19.32 - 0.40 0.02 0.01 0.13 11.77 0.02 - 99.88
10 67.83 - 18.94 - 0.22 - 0.01 0.07 12.08 0.03 - 99.18
1 68.58 - 19.32 - 0.51 - - 0.07 12.11 0.01 - 100.60
12 68.32 0.06 19.27 - 0.42 - - 0.05 12.38 0.04 - 100.54
Pumpellyite-(Fe?*)
13 38.10 0.08 2474 0.04 9.71 0.23 0.01 22.37 0.00 0.01 0.06 95.35
Calcite
14 - - - - 1.73 0.86 0.83 52.33 - - - 55.75
15 - - - - 1.82 0.73 0.73 51.81 - - - 55.09
16 - - - - 1.77 1.22 0.84 51.33 - - - 55.16
17 - - - - 1.83 0.97 0.96 51.91 - - - 55.67

Note: here and in tab. 2 analyzes were performed in the laboratory of the Zavaritsky Institute of Geology and Geochemistry of the Ural Branch
(UB) of the Russian Academy of Sciences (RAS) using the CAMECA SX 100 microanalyzer.

MoHomapes B. C.  gp. Mineralogy of schists from the basement of the southwestern part of the Tazovsky peninsula of the West Siberian 23
megabasin (Lenzitskaya oil exploration area, YNAD) // Uzectusa YITY. 2019. Boin. 2(54). C. 20-27. DOI10.21440/2307-2091-2019-2-20-27



HAVKH O 3EMAE B. C. Ionomapes u dp. / HUssecmus YITY. 2019. Bon. 2(54). C. 20-27

(OH), - H,0O (when converted to cationic method). The increased content of AL O, (24.74 wt.%) is observed in the mineral; the
content of FeO is slightly underestimated and there are almost no impurities (Table 1, an. 13). The presence of pumpellyite-(Fe**)
may indicate that the rocks were formed under conditions of prehnite-pumpellyite facie of metamorphism.

Rutile in the rock is the main accessory mineral; it is found both in the form of single individuals up to 0.5 mm in size and in
clusters in the chlorite-mica aggregate. Almost all mineral individuals are oriented along schistosity. In thin sections, the mineral
forms prismatic and acicular translucent grains of brown color with high relief. The content of TiO, in rutile varies from 98.54 to
99.91 wt. %. The composition of the mineral has an admixture of Fe O, to 0.98 wt. %.

Apatite can be found in the interstice of quartz grains forming isometric and short prismatic grains, the maximum size of
which does not exceed 70 pm by elongation. Moreover, the mineral is found in the form of clusters of grains of irregular shape in
calcite. The chemical composition of phosphate corresponds to fluorapatite. There are FeO up to 0.33 wt. % and SiO, up to 0.40 wt.
% among the impurities in the mineral. The fluorine content in the apatite is up to 4.21 wt. %; chlorine is not found.

Monazite in the rock is represented by single grains of irregular shape in the chlorite-mica aggregate. Grain size is up to 20
microns by elongation. According to microprobe analysis, the mineral corresponds to monazite-(Ce) with a Ce,O, content of 27.0
wt. % and La O, 11.9 wt. %. Zircon forms widely-spaced and small short prismatic grains up to 30 microns in size by elongation.

Sulfide mineralization of the studied rocks is represented by pyrite and chalcopyrite. The dominant among the rocks is pyrite.
The mineral forms widely-spaced isometric grains and chains located along the schistosity of the rock (Fig. 5). The size of the
individuals of pyrite does not exceed 250 microns. The chemical composition of the mineral contains Co impurities up to 0.79 wt. %
and Pb up to 0.29 wt. % (Table 2, an. 1-4).

Chalcopyrite occurs in the form of small elongated, irregularly shaped grains up to 40 microns in size in the interstice of
pyrite. A small amount of Pb impurity is present in chalcopyrite (up to 0.18 wt.%, Table 2, an. 5-8).

ES

200 mkm

Figure 5. A chain of pyrite individuals (white) in quartz-chlorite-sericitic schist. The Lenzitskaya well No 77, depth is 3509 m. BSE-image,
CAMECA SX 100.

PucyHok 5. Lienoyka nHaneuaoB nupuTa (6enoe) B KBapL-XfiopuT-cepuumuToBOoM cnaHue. CkBaxuHa JleHsutckas Ne 77, rny6unHa 3509
M. BSE-n3obpaxenne, CAMECA SX 100.

Table 2. The chemical composition of sulfides from metamorphic schists, wt. %.
Tabnuua 2. Xumnyeckum coctaB cynbppunaoB U3 metamopduyeckux cnaHues, mac. %.

Analysis No Fe Ni Co Zn Cu Pb Cd S Total
Pyrite
1 46.45 0.03 0.20 0.02 0.01 0.06 - 53.52 100.29
2 46.54 0.01 0.02 - 0.01 0.24 - 53.12 99.94
3 46.12 - 0.66 0.07 - 0.29 - 53.80 100.94
4 45.80 0.02 0.79 0.02 0.02 - - 53.69 100.34
Chalcopyrite
5 30.00 - - - 34.83 0.18 0.07 34.69 99.77
6 30.15 0.02 - - 34.62 0.05 0.03 34.52 99.39
7 29.41 0.02 - - 34.28 0.08 - 34.46 98.25
8 30.55 - - - 34.81 0.08 - 35.42 100.86
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The temperature of rock formation in the range of 350-360 °C is calculated using a chlorite thermometer [12]. The obtained
estimated data are close to the upper boundary of the prehnite-pumpellyite facie of metamorphism.

The mineralogy of metamorphic schists from the Lenzitskaya well No 77 differs from the previously studied quartz-pla-
gioclase-mica-chlorite schists from the pre-Jurassic basement of the southern part of Yamal (the West-Yarotinskaya well No
300) by the presence of chamosite, calcite, pumpellyite-(Fe?*), chalcopyrite and monazite. At the same time aluminous chlorite
(donbassite), goyazite, dolomite, sphalerite, galena, cobaltite, native copper and silver were found in the schists from the Za-
padno-Yarotinskaya well No. 300 [13]. Sulphide mineralization, as well as a large amount of calcite and rutile in quartz-carbon-
ate-chlorite-mica schists, could have formed after the rocks were worked out by late low-temperature solutions with propylitic
alteration along cracks at the boundary of two media, metamorphic rocks of the basement and the superincumbent Jurassic-Ce-
nozoic sedimentary strata [14]. Such metamorphic schists are established in the basement of the Priuralsky part of the West Sibe-
rian plate, where they have margins for granite massifs and make up the major Shaimsk-Kuznetsovsk megaanticlinorium [15-17].

Conclusions

Thus, we first described in detail the mineralogy of quartz-chlorite-mica schists from the pre-Jurassic basement of the north-
ern part of the West Siberian megabasin (Lenzitskaya well No 77, depth is 3502-3516 m). The mineral assemblage of rocks is
represented by muscovite, aluminoceladonite, quartz, chamosite, calcite, albite, pumpellyite-(Fe?*), rutile, fluorapatite, monazite-
(Ce), zircon, pyrite and chalcopyrite. Quartz-sericitic schists similar in composition were found by us in the basement rocks of
the Priuralsky part of the West Siberian plate in the Shaimsk-Kuznetsovsk megaanticlinorium. The formation of rocks occurred
under the conditions of the upper prehnite-pumpellyite facie of metamorphism along the sedimentary substance. Later the rocks
underwent changes in the process of propitilization.
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MuiHepanaorusi caAaHueB U3 pyHAAMEHTA 10ro-3arnaaHom 4yacty TasoBCckoro
NMoAyocTpoBa 3anaaHo-Cnbupckoro merabacceita (AeHautckast
HedpTepa3BeaoyHas naowaab, AHAO)

Bnagumup Cepreesny MOHOMAPEB',
Kupunn Ceatocnaesun4y UBAHOB™,
Bepa ButanbeBHa XUITNEP™

WHcTuTyT reonorum n reoxummmn um. A. H. 3aeapuukoro YpO PAH, Poccusi, EkatepuHGypr

AKTYaALHOCTL pa6oTel. Kpuctaaamyeckmii pyHAamMeHT 3anaaHoi CrOMpK SIBASIETCS MEPCTIEKTVMBHLIM HA MOWMCKM HEPTU U rasa, HO HEAOCTATOYHO U3-
YUYEHHBIM OOLEKTOM. [epPCreKTUBHLIMM MOPOAAMM SIBASIIOTCSI IPAHUTOMABI M OTHACTU MX MeTamophuyeckoe obpamaeHme. OBpasLisl KepHA U3 CKBAKMH,
BCKPLIBLWMX MOPOALI (hyHAAMEHTA 3araaHoi Cubupwm, SIBASIIOTCSI YHUKAALHBIMM, TaK KaK SIBASIOTCS] PEAKMMM M KPAMHE TPYAHOAOCTYTHLIMU, MO3TOMY HEOO-
XOAMMO TMPOBOAUTL BCECTOPOHHEE A€TaALHOE MCCAEAOBAHME KEPHA AAs F€OAMHAMMYECKMX PEKOHCTPYKLMI M PACCMOTPEHMS FTe€OAOTMYECKOM 3BOAIOLIMM
pervoHa.

Lleab pa6otpl. OrpeseAeHe BELECTBEHHOTO COCTaBa KBAPLI-XAOPUT-CAIOAMCTBLIX CAAHLIEB M3 AOIOPCKOTrO (hyHAAMEHTA CEBEPHON (ApPKTUYECKON) YacTu
3anaaHo-Cubupckoro merabacceinta, BCKPLITLIX CKBaKMHOM AeH3utckast N2 77 Ha raybure 3516-3502 m, KOTopasl PACrOAOYKEHA B FOrO-3aMaAHOM YacTtu
Ta30BCKOrO MOAYOCTPOBA Ha I0)KHOM rnobepeskne O6cKoi ry6nl, B 265 KM K BOCTOKY OT . Carexapa B npeaeAax SIMaro-HeHeLKoro aBToHOMHOrO oKpyra.
Pe3yALTaTnl. VIccareayemble KBAPLI-XAOPUT-CAIOAMCTBIE CAAHLIbI — TOHKO3EPHMCTLIE MOPOALI 3EAEHOBATO-CEPOTO LIBETA, B KOTOPLIX HAGAIOAAETCSI YEPEAO-
BaHME CAOMKOB, OBOraleHHLIX CAIOAUCTO-KBAPLI-KAPOOHATHLIM BEIECTBOM (MOLHOCTLIO A0 2 MM) C HEOOABLUIMM KOAMYECTBOM XAOPUTA, U CAOEB KBapLI-
XAOPUT-CAIOAMCTOTO COCTaBA (MOWHOCTBIO A0 3 MM) C HaAndMem ByanH kapboHata. Yacto B mopoae HaBAIOAAETCSI MUKPOCKAAAYATOCTb. B HYDKHEN YacTn
paspesa (raybvHa 3516 M) MOPOALI UMEIOT CPEAHE3EPHUCTYIO CTPYKTYPY U CAOKEHBI Ha 60 % KaabLmToM, 25 % keapLem, 10 % caloaoi 1 5 % XropUTom.
KBapLi-XAOPUT-cepULIMT-KAPOOHATHASI MOPOAA MMEET CAAHLIEBATLIM OOAMK 3a CHET CBETABIX CAOEB KBAPLI-KAALLIMTOBOTO COCTABA MOWHOCTLIO AO 2 CM U
TOHKMX CAOEB XAOPUT-CAIOAUCTOrO arperara MOWHOCTLIO A0 2 MM. C MOMOILLIO PEHTTEHOCNEKTPAALHOIO SAEKTPOHHO-30HAOBOTO MMKPOaHaAu3aropa
CAMECA SX 100 B MopoAax yCTaHOBAEHDLI: MyCKOBUT, AAIOMMHOCEAAAOHUT, KBAPLL, WAMO3UT, KAALLIUT, MAATMOKAA3, MyMreamnmnt-(Fe*), pytma, cpropana-
TWUT, MOHALIT, LMPKOH, MUPUT U XaALKONUPUT. bAM3KMe rno coctaBy KBapL-CEPULIMTOBLIE CAQHLILI BCTPEYEHBI HamMM CPeAm MopoaA chyHAameHTa [puypans-
cKoM Yactm 3anaaHo-Cubupckoi namtol B Llammcko-Ky3HELIOBCKOM MEraHTUKAMHOPUM.

BLIBOA. BriepBbie OMvcaHa MMHEPAAOTUsI KBAPLI-XAOPUT-CAIOAUCTLIX CAAHLIEB M3 AOIOPCKOTO OCHOBAHMS CEBEPHOI YacTh 3anaaHo-Cubupckoro merabac-
ceiiHa (ckB. AeHsutckas 77, tA. 3502-3516 m). YCTaHOBAEHO, YTO OBPA30BaHME KBAPLI-XAOPUT-CAIOAUCTBLIX CAAHLIEB MPOVICXOAMAO B YCAOBMSIX BEPXOB
MPEHUT-TTYMIMEAAMMUTOBOV (haLmm MeTaMoPM3Ma Mo OCAAOHHOMY CyOCTpary, Mo3jKe MOPOALl MOABEPIAMCH M3MEHEHMIO B MPOLIECCE MPOMUAUTUSALIMM.

KatodeBble cAOBa: KBAPLI-XAOPUT-CAIOAVCTBIE CAAHLIbI, MUHEPAAOT WS, METAMOPMM3M, (PYHAAMEHT, 3arnaaHo-Cubupckmii merabacceiiH, IHAO.
Hccnedosanust nposedetvt npu ¢punarcosoii noddepicxe PODU (npoexm Ne 18-05-70016).
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Chemical zoning of chrome-spinel nodules and oxythermobarometry
of nodular chromitites of the Engayskoe-3 occurrence in the Rai-lz
massif (Polar Urals)

Pavel Borisovich SHIRYAEV" 2",
Nadezhda Vladimirovha VAKHRUSHEVA" 2 ™

Zavaritsky Institute of Geology and Geochemistry of the Ural Branch of RAS, Ekaterinburg, Russia
2Ural State Mining University, Ekaterinburg, Russia

Relevance of the work. Chromitites of nodular texture are found in all chromite-bearing alpine type ultramafite massifs of the world. The question
of the geological and thermodynamic conditions of their formation still remains debated. The geology, mineralogy and petrogenesis of the nodular
chromitites of the ophiolitic massifs of the Polar Urals, the results of studies of which are presented in this work, are slightly highlighted in Russian
and foreign literature.

Purpose of the work. To study the chemical zoning of chrome-spinel nodules from the chromitite of the Engayskoe-3 occurrence of the Rai-lz massif
(Polar Urals), to establish the patterns of changes in the content of chemical elements in the core and rims of the nodules, to determine the T-fO,
parameters for the formation of the studied chromitites.

Results. The nodules of chromitites of the Engayskoe-3 occurrence consist of the core composed of interspersed chromite, which is surrounded by a
solid rim of chromite. The change in the ratio of trivalent cations in the spinels of a nodule rim (from its inner part towards the edge and core) occurs
mainly by replacing AlI*> « Fe', as indicated by the inverse proportionality of the number of these cations in the unit cell of the mineral. Similarly,
the composition of spinel grains changes forming an impregnation in the space between the nodules. For chrome spinels from the nodule core, the
change in the composition of the mineral grain from the center to the edge is due to the isomorphic replacement of Al** <> Cr**. The central parts
of the spinel grains from the nodule core have the oxygen fugacity values to 0.7 logarithmic units above the FMQ buffer, on average, about FMQ
+2 logarithmic units. The edge parts of the grains are much more oxidized: oxygen fugacity (determined for them) is FMQ + 3.1...+ 3.3 logarithmic
units. The inner part of the nodule rim is recomposed (fOZ(FMQ) = +1.2...+1.7 logarithmic units) compared to the marginal (fO2 (FMQ) = +3.3...+3.6
logarithmic units above FMQ buffer). The temperature of olivine-spinel equilibrium is at the level of 550-600 °C.

Conclusion. It was assumed that the core of the studied nodules are fragments of earlier disseminated chromitites. The formation of nodules rims is
associated with a stage of metamorphism, in which the paragenesis of chlorite, amphibole, and talc was formed in the silicate part of chromitites; and
olivine retained its plasticity.

Keywords: nodular chromitites, chemical zoning, the Polar Urals, ophiolites, oxythermobarometry.

ntroduction
Nodular chromitites structure are common in chromite-bearing ophiolite massifs around the world. Despite the fact
that chromitites of this type have been studied for more than a century and having a variety of their models [1-38, etc.],
their genesis remains debated. One of the first models was proposed by A. P. Karpinsky [1], a well-known Russian geologist, who
considered nodular chromitites as pebbles formed during the mechanical movement of ore material at high temperature and in a
short period of time. In the 1950s-1960s, most scientists (including a major researcher of chromitites of the Kempirsaysky massif
N. V. Pavlov [2]) adhered to the point of view, according to which nodules are formed as a result of the segregation of ore-silicate
melt. Nowadays, several possible ways for the formation of nodular chromitites are being considered.

The first of them was proposed by K. Ballhaus [4]. From the point of view of the author, the formation of nodular chromitites
occurs by mixing of melts with different SiO, content and, as a result, viscosity. More basic and less viscous melt forms droplets in
a more acidic and more viscous melt. Chrome spinel crystallizes within these droplets. The mineral grains are filled with drops,
which leads to the formation of a nodule.

According to the second concept [6], nodular chromitites are formed under the influence of the fluid phase. Fluid bubbles
in the basaltic melt collect chromite microcrystals and lift them to the upper part of the magmatic column. Here, the crystals
accumulate in segregation, the density of which is higher than the density of the basalt melt; then they descend to the bottom of
the magma chamber forming an ellipsoidal shape in the melt.

The latest study [7] is based on the results of X-ray tomography of the nodular chromitites of the Oman massif and the deter-
mination of the orientation of the chrome-spinel grains using the EBSD attachment. The authors found that the nodules studied
by them are formed by solid chromitite rims growing on skeletal spinel crystals or segregation of mineral grains. The rounded
shape of the nodule is a consequence of their partial dissolution. Formation of chromite rims occurs in a Cr-saturated melt.

The members of the Institute of Geology of Ufa Scientific Center of the Russian Academy of Sciences (Ufa) are engaged in the
study of nodular chromitites. So, D. E. Saveliev studied one of the deposits of the Kraka massif, within which both nodular and
solid chromitites are found [3]. The author concluded that nodular chromitites have a tectonic origin and are formed during a
shear flow due to massive ones. Inside the body of massive chromitites, nodular ores trace weakened zones and are associated with
the most rheologically weak dunites. The rounded shape of the nodule is formed due to the high total pressure and temperature
at which breccia would form under surface conditions.

The nodular chromitites of the Engayskoe-3 occurrence, which are the subject of discussion of this work, were previously
studied using electron microscopy by V. Yu. Alimov and L. A. Sherstobitova [9]. According to the results of the study, it was
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Figure 1. Exposure of nodular chromitites. Ore body no. 11, Engayskoe-3 occurrence, left bank of the Enga-Yu river.
PucyHok 1. KopeHHol Bbixoa HOAynsipHbIX XpoMUTUTOB. PyaHoe Teno Ne 11, pyaonposiBneHue EHranckoe-3, neBbiv 6eper p. EHra-10.

Figure 2. The development of talc Tlc, chromic clinochlore Chl, serpentine Srp and tremolite Amf in pressure shadows at the nodule
border of chrome-spinel Spl with serpentinized olivine OI. Thin section photo in cross-polarized light.

PucyHok 2. PazButue Ttanbka Tlc, xpoMoBoro knuHoxmnopa Chl, cepneHTuHa Srp u Tpemonuta Amf B TeHAX AaBfE€HUA Ha rpaHuue
HOAynNsi XpOMOBOW WNUHeNu Spl ¢ cepneHTUHU3UPOBaHHbIM onuBuHOM Ol. ®oTo Wwnuda c aHanusaTtopom.

established that the marginal part of the nodule is composed of a colloform aggregate of chromite. As it approaches its center,
nucleation of the octahedron [111] faces, represented by triangular sub-individuals, is observed on the surfaces of the colloform
formations. The morphology of the colloform aggregate changes, microspheroidization is observed. Aggregation of small (0.5-1
pm in diameter) globules into larger ones (3-5 pm) and the presence of a surficial facet is typical of microglobules. With a further
approach to the center of the nodule, subindividual fusion occurs, the degree of crystallinity of chrome-spinel increases.

The purpose of this work is to study the chemical zoning of the chrome-spinel nodule from chromitites of the ore body no.
11 of the Engayskoe-3 occurrence.

Chemical compositions of ore-forming chrome-spinels and olivines were determined using electron probe microanalysis
(microanalyzer CAMECA SX 100, Ural Branch of the Russian Academy of Sciences, analyst is A. V. Mikheeva).

The mineral composition of chromitites

Within the ore body No 11 represented by chromitites of a disseminated-banded texture, podiform separation of nodular
chromitites with a visible thickness of 55 cm is exposed (Fig. 1). The lens is oriented submeridionally, in accordance with the
banding of slightly disseminated chromitites, and has a subvertical dip.

The body of nodular chromitites lies in the dunite body, in which jets, packs, disseminated-banded, slightly impregnated ores
occur fixing fracture zones.

In the cross-section, the nodules have an oval shape with a length to width ratio 3:2, at least 2:1. Nodule sizes range from 6
to 20 mm along the long axis averaging 14-16 mm. Most large nodules have a zonal structure and consist of two zones. The in-
ner zone (core) is represented by a medium or rare impregnation of chrome-spinel crystals, whose dimensions are 0.3-1.0 mm,
located among the grains of olivine and chlorite. In the general case, the core configuration corresponds to the nodule form [10].
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The outer zone is represented by a single crystal rim of a 3-4 mm chrome-spinel. As you can see in the photograph of the thin
section, the rim is not developed along the entire periphery of the studied nodule - it is absent in its upper part (Fig. 3, profile b-b’).
The single-crystal structure of the outer zone is traced due to the identical orientation of the individual cracks. Cracks in the rims
of the nodule are often filled with serpentinized olivine. In addition to them, there are stepped cracks, which cut the entire nodule
(not going beyond its limits) and are made by a parallel-columnar chlorite aggregate.

The nodules are immersed in a silicate matrix, which is represented by serpentinized olivine with separate long-prismatic amphi-
bole grains. At the outer boundary of the nodule, in the pressure shadows, a parallel-columnar aggregate of chrome clinochlore,
tremolite and talc is developed (Fig. 2). In the space between the nodules, lenses, and chains of chromium, spinel crystals of
0.1-1.0 mm in size are distinguished.

Chemical zoning of nodules. Oxythermobarometry of nodular chromitites

Variation in the composition of chrome-spinel within a nodule were studied in two mutually perpendicular directions -
along the long and short axes (Fig. 3). The compositions of chrome-spinel in the core and rim of the nodule are different. The content of
Cr,0, in the rim gradually decreases to the edge of the nodule and to the contact of the rim with the core; it varies within 61-62 wt. %. The
contents of MgO and Al O, change in a similar way. Along the short axis of the nodule (Fig. 3, profile a-a ), Cr,O, content and Fe**/
(Fe’*+Fe?) (herein after, Fe#) in the spinel edge is higher than along the long axis (Fig. 3, b-b’ profile). Such zoning cannot be
explained by the kinetic redistribution of components inside the spinel grains under the action of stress similar to [11, 12] since
chromium enrichment would occur in a different way than in the studied nodule: Cr - along the compression axis (short), and
Al - along the axis of stretching (long). It is possible that chromium enrichment along the long axis occurs due to the removal of
aluminum from the mineral, which was redistributed to chlorite forming a parallel-columnar aggregate (together with talc and
tremolite) in pressure shadows along the axis of stretching of the nodule (Fig. 2).

The composition of spinel in the nodule core is noticeably variable. From the center to the edge of the grains of the mineral
the content of Cr O, increases from 61-62 wt. % to 6266 wt. % (it averages about 64 wt. %), at the same time, the content of AL O,
decreases from 6-8 wt. % to 2-5 wt. %. Fe# in the edges of the spinel grains is 3-5% lower than in the central parts.

The chrome-spinels that compose the core of the investigated nodule have a higher Cr-content compared to the ore spinels of
the Tsentralnoye deposit (Fig. 4). The spinels that make up the nodule rim, on the contrary, have a similar compositions. The spi-
nel grains forming an impregnation in the space between the nodules are close in composition to the marginal parts of their rim.

The change in the ratio of trivalent cations in the spinels of the nodule rim (from its inner part towards the edge and core)
occurs mainly by replacing AI’* <> Fe**, as indicated by the inverse proportionality of the amounts of these cations in the unit
cell of the mineral (Fig. 5, a). Grains of spinel forming an impregnation in the space between nodules (one of the studied grains
is in direct contact with tremolite grain) have a similarly chemical zoning (one of the studied grains is in direct contact with the
tremolite grain). This type of isomorphism may be due to late processes, which spinel has undergone during serpentinization [13].

For chrome-spinels from the nodule core, the change in the composition of the mineral grain from the center to the edge is
due to the isomorphic replacement of Al>* < Cr** (Fig. 5, b). This type of isomorphism in ore-forming spinels is associated with
the development of chlorite during the secondary transformation of mineral [14].

Olivines from the inner part of the nodule have the lowest Fa-content within the studied sample of chromitite (Fa = 2...3%).
Fa outside the nodule increases slightly with distance from it, reaching values of up to 3.5%.

Using the geothermometer and oxybarometer [15], the temperature of the olivine-spinel equilibrium and oxygen fugacity
were calculated. The central parts of the spinel and olivine grains from the nodule core fix the lowest oxygen fugacity values to
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§ 207F 20 Figure 4. The compositions of ore-forming chrome-spinels from
nodular chromite ores of the Engayskoe-3 occurrence. 1 —nodule rim;
10 10 2 —nodule core; 3 — chrome-spinel impregnation in the space between the
nodules; a, b —fields of ore-forming chrome-spinel compositions according
to [10]: a — Tsentralnoye deposit, b — Engayskoe-1 occurrence.
. 1 MM 1 IMM  PucyHok 4. CocTaBbl pyAooOpasyolmnx XPOMOBbIX LINUHenen
0 5 100 5 10 M3 HOAYNSPHbIX XPOMWUTUTOB pygonposierieHusi EHranckoe-3.

Figure 3. Changes in the chemical composition of chrome-spinel 1 — kanma Hoayns; 2 — a4po HoAyns; 3 — BKpPaniieHHOCTb XPOMOBOW
within the nodule from the chromitite of the Engayskoe-3 occurrence.  LUNWHENX B NPOCTPaHCTBE Mexy Hooynsmu; a, 6 — nons cocrtaBos
PucyHoK 3. UaMeHeHne XMMUYeCKOro CocTaBa XpOMOBOWA WNUHeNn  Pyaoobpasytoux XpoMoBbIx WwnuHenen no [10]: a — mectopoxaeHne
B Npepgernax HoAyns U3 XxpoMuTUTa pyaonposiBrneHus EHraickoe-3.  LleHTpanbHoe, 6 — pygonposieneHue Exranckoe-1.
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Figure 5. The ratio of trivalent cations in octahedra of chrome-spinel, which composes the nodule from chromitites of the Engayskoe-3
occurrence. Legend keys - see figure 4.

PucyHok 5. CooTHOLLIEeHMe TpexBaneHTHbIX KaTUOHOB B OKTad4pax XpOMOBOW LUNMUHENW, cnaratoLen Hogynb U3 XPOMUTUTOB PyAONPOSIBIEHUs
EHraiickoe-3. YcnoBHble 0603Ha4YeHusi — CM. puc. 4.

0.7 logarithmic units above the FMQ buffer, on average, about FMQ +2 logarithmic units. The edge parts of the grains are much
more oxidized: oxygen fugacity, defined for them, is 3.1-3.3 logarithmic units above FMQ buffer. The central parts of the nodule
rim and olivine grains in contact with the nodule are also more reduced (fO, = FMQ + 1.2...+ 1.7 logarithmic units) as compared
to the marginal (fO, 3.3-3.6 logarithmic units above FMQ buffer). The temperature of olivine-spinel equilibrium is at the level of
550-600 °C.

Conclusion

As described above, chrome-spinels from the core and rims of the chromitites nodule of the ore body 11 of the Engayskoe-3
occurrence have different compositional trends, as well as different microstructure. This indicates the different conditions of their
formation. The parameters determined in our work correspond to the stage of the crustal (metamorphic) transformations of ul-
tramafites. The core of nodules often have an angular shape; then the rim will have the same shape. The boundary of the core and
rim is sharp, without a gradual change in the density of the chrome-spinel impregnation. The thickness of the rim is stable and
does not depend on the size of the core. These observations together with the obtained data suggest that the core of the studied
nodules (like the nodules from the chromitites of the Oman massif studied in [7]) are fragments (chips) of earlier embedded
chromitites. The symmetric zoning of the rim indicates that its composition has not undergone changes due to the superimposed
processes, but it is basic one. Its variation from internal parts to external occurred against the backdrop of changes in the fugacity
of oxygen and chemical properties of the ore-forming system. The formation of nodules rims is associated with a stage of meta-
morphism, in which the paragenesis of chlorite, tremolite, and talc was formed in the silicate part of chromitites; and olivine re-
tained its plasticity. In addition, the results obtained in this work show that large-scale redeposition of the ore substance is possible
(when the metamorphism of ultramafites) without a significant change in the chemical composition of the ore-forming spinel.
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XMmyeckast 30HaAALHOCTbL HOAYAE€M XPOMOBOM LIMMHEAU
N OKCUTEPMOOAPOMETPUST HOAYASIPHLIX XPOMMUTUTOB PYAOTPOSIBAEHMSI
EHranckoe-3 maccuea Pan-U3 (ToAsipHbIi Ypaa)

MNaBen Bopucosuy LUIUPAEB' 2",
Hapexpaa BnagumuposHna BAXPYLUEBA' 2~

"MHCTUTYT reonorum n reoxumum um. akag. A. H. 3asapuukoro YpO PAH, Poccusi, EkatepuHbypr
2YpanbCKuii rocyaapCTBEHHbIN FOpHBIA YyHUBepcuTeT, Poccus, EkatepnHbypr

AKTYaABHOCTB Pa60TbI. XpOMUTUTLI HOAYASIPHOM TEKCTYPbI BCTPEYAIOTCS HA BCEX XPOMMUTOHOCHDIX AALIMUHOTUITHBIX YALTPAMAIUTOBLIX MACCHMBAX MUPA.
BOMNpoc 0 reoAOrM4eckMx U TEPMOAMHAMMYECKMX YCAOBMSIX MX OBPA30BaHMsl HA MPOTSPKEHMM CTOAETHS 3AaHMMAET MCCAEAOBATEAEN U MO-TIPEKHEMY OCTa-
€TCs1 OTKPLITLIM. [€0AOTUSI, MMHEPAAOTUS U METPOreHE3NC HOAYASIPHLIX XPOMUTUTOB STAAOHHLIX OCOMOAUTOBLIX MACCUBOB [ToAsIpHOTO Ypaaa, pesyAbtarbl
MICCAEAOBAHMI KOTOPLIX MPEACTABAEHDI B HACTOSILEN paboTe, cAabO OCBELIEHDLI B OTEYECTBEHHON U 3apyOesKHON AUTEpaTypeE.

LleAb pa6oTel. VI3yunTh XMMMYECKYIO 30HAALHOCTL HOAYAEH XPOMOBOM IWIMMHEAM U3 XPOMMUTUTOB PYAOMNPOsiBA€HMs EHrarckoe-3 maccua Paii-U3 (Mo-
ASIPHBIA YPaA), YCTAHOBUTDL 3aKOHOMEPHOCTM U3MEHEHMSsI COAEPIKAHMS XMMMHECKMX SAEMEHTOB B SIAPAX M KaiMax HOAyAel, onpeaeanth T-fO, napamerpul
06PA30BaHNSI UCCAEAOBAHHBIX XPOMUTUTOB.

PesyAbTraTbl. HOAYAM XPOMUTUTOB PYAOTPOsiBA€HMsT EHraickoe-3 coCTosiT U3 siapa, CAO’KEHHOTO BKPAMNAE€HHBLIM XPOMUTOM, KOTOPOE OKPY>KEHO Kaimon
CIMAOWHOrO. Mi3MeHeHne COOTHOIEHMSI TPEXBAAEHTHDLIX KATMOHOB B LIMUHEASIX KaMbl HOAYAS! (OT ee BHYTPEHHEN YacTu MO HArMpPAaBAEHMIO K KPato U SIAPY)
MPOVCXOAUT TAQBHBLIM 0Opazom nytem 3amelneHnsi AP+« Fe**, Ha 4To yKkasbiBaeT obparHasi MPONOPLMOHAALHOCTL KOAMYECTBA STUX KATMOHOB B SAEMEH-
TAPHOIA sIYEiKe MUHEPAAA. AHAAOTMHYHO U3MEHSIIOTCS COCTABLI 3€PEH LWIMMHEAM, 0OPa3syiolme BKPANAEHHOCTb B MPOCTPAHCTBE MEXKAY HOAYASIMU. AAst XPO-
MOBBLIX WIMMHEAEN U3 SIAPA HOAYASl M3MEHEHME COCTaBA 3€PHA MMHEPAAA OT LIEHTPA K KParo 0BYCAOBAEHO M30MOPOHLIM 3amelieHrem AP+« Cr3*. LleHT-
PAALHBIE YACTU 3€PEH LIMMHEAEN U3 SIAPA HOAYASI (PUKCUPYIOT 3Ha4Y€HUsl (PYrUTUBHOCTU KMCAOPOAA A0 0,7 Aor. ea. Boie Bychepa FMQ, B cpeaHem oKkoAO
FMQ +2 Aor. ea. KpaeBble yactv 3epeH 3HaYMTEALHO HOAEE OKMCAEHDI: (DYTUTMBHOCTL KUCAOPOAQ, OTIPEAEAEHHAs AAST HMX, cocTaBasieTr FMQ +3,1...+3,3
AOT. €A. BHYTPEHHSsIs 4acTb KaiMbl HOAYAS SIBASIETCSI GOAEE BOCCTAHOBAEHHOW (fOZ (FMQ) = +1,2 ... +1,7 AOT. €A.) MO CpaBHEHMIO C KPaeBOM (fO2 (FMQ) =
+3,3 ... +3,6 Aor. eA. Boiwe Bydepa FMQ). Temneparypa OAVMBMH-LINMMHEAEBOTO PABHOBECUSI HAXOAUTCST HA ypoBHe 550-600 °C.

BbiBoA. CAEAQHO MPEANOAOXKEHUE, YTO SIAPA M3YYEHHDLIX HOAYAEM SIBASIIOTCSI (pparmeHTamy GOAee paHHMX BKPAMAEHHLIX XpomututoB. OBpasoBaHue
KaiM HOAYAEM COMPSKEHO C 3TAaroM MeTaMopu3mMa, Ha KOTOPOM B CUAMKATHOM YacT¥ XPOMMUTUTOB (DOPMUPOBAACS MAPAreHe3nc XAOpHTa, ampnboaa
M TaAbKA, @ OAVIBUH COXPAHSIA MAACTUYHOCTD.

KAtoyeBble CAOBA: HOAYASIPHLIE XPOMUTUTDLI, XMMUYECKAs 30HAALHOCTL, TTOASIPHDIN Ypaa, OOMOAUTDLI, OKCUTEPMOBAPOMETPYSI.

Hccnedosanus nposedenvt npu uacmuunoii nodoepicxe PODI (Ne 18-05-70016, I1. b. Iupsies) u KomnnexcHoii npozpammot
YpO PAH (Ne 18-5-5-32, H. B. Baxpyuiesa).
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DAmakapckast payHa B ApeBHMX ToAlax [loasipHoro Ypaasa
TNeonug ®epoposuny LUAOPUH"
Bormxckui kpaeseyeckmin mysen, Poccus, Bormxek

AKTYaABHOCTL PA60TLI. B MOArOTOBAEHHLIX Matepuanax K Tpetbemy Me>KBEAOMCTBEHHOMY YPaALCKOMY CTPATUMPAIMUECKOMY COBELLAHMIO OTMEYAAOCD,
YTO PACYAEHEHME AOTMAAEO30MCKUX TOALL YPAAA U BLIAGAEHWE OTAEABHLIX MOAPAZAEAEHUI CBSI3aHO C GOABLIMMM TPYAHOCTSIMM, YTO OBBLSICHSIETCS HEBO3MOXK-
HOCTBLIO MCTMOAL3OBaHMST GUOCTPATUIPACIMHECKOTO METOAA C TAKOWM JKE AOCTOBEPHOCTLIO, KAK AAsI MAAE0305], & TAKOKE OTCYTCTBUEM APYIMX OOLEKTMBHLIX
KPUTEPUEB AAS CTPATUTPACPUUECKOTrO PACHAEHEHMSI U KOPPeAsLmMn. M TOALKO NMOAPa3A€A€HMsI BEPXHETrO MPOTEPO30sl (BEHAA) OXapaKTePU30BaHbl COOTBET-
CTBYIOLIMMM KOMIAEKCAMM CTPOMATOAUTOB, OHKOAUTOB, Katarpacuii, akputapx 1 MUKPOUTOAUTOB.

Lear pabotel. B npouecce reororo-cbeMouHbix pabor 1960-x rr. Ha Tepputopum MOASpPHOrO Ypara HAXOAKM MCKOMAEMbIX OCTAaTKOB ObIAM BeCbMa
PEAKM U CTPATUrPAIMHECKOE PACUAEHEHNE KAPTUPYEMBIX TOALL YACTO MPUBOAMAO K OMPEAEAEHHLIM OWMOKAM M HEAOPA3YMEHMSIM MPY YBSI3KE IPAHMLL U
BO3pacTa OTKapPTUPOBAHHLIX CTPATUrPAONHECKMX MOAPASAGAEHUI Ha CTbIKE F€OAOrMYECKMX KapT, COCTAaBAEHHbIX COCEAHVMM CLeMOYHLIMM NapTusmu. He
OKOHYATEALHO ObIA PELIEH BOMPOC OTHOCUTEALHO BO3PACTA AMAOBLIX KBAPLIMTOMECHAHMKOB MUHUCEVCKOM M MAHWUTAHLIPACKOW CBUT, KA3aAOCh Obl, AULIEH-
HbIX OPraHNYeCcKMX OCTaTKOB.

Pesy/u.raru. anIBEAeHHble B CTaTb€ AAHHDLIE O HAXOAKE OTrnevYarka APEBHETO MCKOMNMAaeMoro opraHmsma B AMAOBLIX KBAPUMUTOMECHAHUKAX MAaHUTAHDLIPA-
CKOM CBUTbI, CXOAHOTO MO CTPOEHUIO C MOPCKMMM MEPLIMU, XXUBIIMMU B MEAKOBOAHOW MOPCKOW CPEA€ B 3MOXY BEHACKOM CEAVMEHTaLMM, MO3BOASIIOT
BLIMOAHUTL MOBTOPHbLIE C60pbl MAAEOHTOAOTMYECKMX OCTATKOB B OTAOXKEHMSIX MUHUCENCKOM U MaHVlTaHprACl(OVl CBUT, CYUTABLUMNXCST «<HEMDBIMW» . Ha ceroa-
Hsl MUHUCENCKME M MAHUTAHDIPACKME KBAPLIMTOMECHAHVKM AATUPYIOTCS OPAOBUMKOM, HO B OTAMYME OT OPAOBUKCKMX OTAOXKEHUM MMEIOT BOAEE BLICOKYIO
cTerneHb MeTaMopuama M MaACOHTOAOTMUECKM MOKa HE OXapaKkTrepusoBaHbl. HecMoTpsi Ha BLICOKYIO CTeNeHb MeTamMopu3Ma, BEHACKas payHa, Mo
MHeHuo M. A. deaoHKMHaA (>kypHaa «[Tpupoaar, 1989), coxpaHmaach Mo NpUYMHE HEKOTOPLIX (PAKTOPOB, U3 KOTOPLIX OH BLIAGASIET B KAYECTBE YCAOBUIA
IUraHTCKME MOPCKME OTMEAM, CAY)KMBLIME AOBYLIKAMM AASI SKMBbIX OPFraHM3MOB BO BPEMSI MOCTOSIHHBIX OTAMBOB. OBMAME AOHHOTO HACEAEHMS U BLICOKAsI
MOABMYKHOCTb BOAbI CTOCOBCTBOBaAM BLICTPOMY MOrpebeHmMo OpraHukm, OCOBEHHO BO BPeMsl GOABLIMX LITOPMOB.

BoiBoAbI. HaxoAka oTriedarka SAMakapckoii ¢hayHbl KBAPLIMTONECYAHMKOB MAHWUTAHBIPACKOM CBUTLI B paiioHe [MaiinyasiHckoro xpebra Ha MoasipHom Ypa-
A€ AAET HAAEXKAY HA HOBbIE HAXOAKM, YTO MO3BOAWT STUM APEBHUM TOAILAM MPUOBPECTV UCTUHHDBI TEOAOrMHYECKUI BO3PACT M UCKAIOUMUTB MX M3 COCTaBa
MAA€O30MCKMX OOPA3OBAHMIA.

KatoueBble croa: crpaturpacpust, MoAspHbIf Ypaa, AOKeMOPUii, OPAOBMK, AMAOBbIE KBAPLIMTOMECHAHVIKM, MUHUCENCKAsT M MAHUTAHBIPACKAs! CBUTDI, 3EAe-
HOCAaHLeBbIe halmu, saMaKapckas ayHa, Meramopusm.

BEeA€HMEe
Teonornyeckas kapTa Ypana CBOMM PUCYHKOM HAallOMMHAET JIOCKYTHOE OJESIO, YTO OOYCIOB/IEHO TEKTOHMYE-
CKVIMU IBIJDKEHUAMM B ITpoliecce ropooOpasoBanys. I1onapHblil Ypas B 95TOM OTHOLICHNN He ABJIAETCA VICKTIOUeHN -
eM [1]. Ero 6710k0BO-HaABUrOBO€E CTPOEHIE YACTO 3aTPYAHSIET CTPATUTPAPIIECKOE PACIIEHEHNE PEBHIX TOJILI, YTO IPUBOANT
K LIYMHBIM 6aTa/InsM CPefy Fe0JIoroB, 0COOEHHO B OTHOLICHNUY «HEMBIX» TOJILL, TNIIEHHBIX OPTaHNYECKIX OCTATKOB.

B 1985 1. B Cpepte- YpambcKOM KHIDKHOM M3/IATeIbCTBE BBILIIA KHIUTA « YPaIbCKIIT Te0IOTNYeCKIil Myseit» [2]. ABTOp aToil
XOpOIIO MMIOCTpupoBanHoil KHuru JI. A. IIpoHMH npy XapaKTepuUCTHMKe IIPOTEPO3OJICKOTO 3Tama pasBUTHA Ypajia Ha CTp.
33 conpoBoam TeKcT QoTorpacdueit KBapIUTOB BEPXHETo (II03[HEr0) MPOTepO30s C YETKO BHIPAYKEHHBIMM BOTTHOIPUOOIHBI-
MU 3HaKaMI ps0u Ha IOoBepXHOCTY HacnmoeHusA. O6paser; npuseseH ¢ IOxuoro Ypana. 3Haky psOyu yKaspIBaloT Ha 0CaJjOYHOE
IIPOMCXOX/eHNE KBAPIITOB B YCTIOBVIAX IPUOPEXKHBIX MEIKOBOIMIL, @ Ha3BaHIe TOPHOI IOPOJbI TOBOPUT O BBICOKOI CTEIIEHN
MetaMmopduama ocafouHbx 06pasoBannit. O60CHOBaHNMe BO3PACTa ITUX TOPHBIX IOPOJ, U COOTHOLICHNME UX C T1a/Ie030ICKIMU
TO/IIAMH He IIPUBENIEHO, HO MX I'eHe3)C BIIOTHE ACEH.

Vctopust mpobaembl

Tak HasbpIBaeMble TMIOBOOKPAIIEHHBIE KBAPIMTOIIECYAaHVKI C BOTHOIIPUOOITHBIMY 3HaKaMM psA6u KapTupytorcs u Ha Ilo-
nsipHoM Ypase. OHM BBIJIETSIIOTCS B COCTaBe CBUT — MUHMCENICKOI [3] Ha ceBepe 1 MaHUTaHBIPACKOI [4, 5] Ha tore. B cepenune
XX B. Ha Teppuropun JIsnuHckoro Ypaa Obin 3aBepliieHsI cTpaturpaduaeckie uccuegoBansi, mposoanmbie K. A. JIbBOBBIM.
Jly1s1 OpHOBMKCKMX 0Opa3OBaHMII 9TOTO paitoHa MM OBUINM BbIEIEHBI TebIIOCCKAsI, XBIEIICKAsI U IYTOPCKast CBUTHI, KOTOPbIE
BIIOC/IEAICTBIUN B BIJI€ COOTBETCTBYIOLIVX TOPMU3OHTOB OBbUIN IIPEIIOXKEHBI /I YHUPUIMPOBAHHON YacTU KOPPEALMOHHBIX
cTpaTurpadMIecKnx cxeM Ypanbckoro cybpernona [4].

ITpocToTa B MpaKTM4YeCKOM MCIONb30BaHUM cxXeMbl b. A. JIpbBOBa IO pacd/ieHeHNIO OPIOBUKCKMX OT/IOXKEHMII 3aBOeBaa
0cO0YI0 CUMIIATUIO Y Te0I0OroB-CheMInkoB Ha [Toapraom u [Tpunonapaom Ypane. b. A. JIbBOB cuuTai, 4T0 paspes3 OpfoOBUKa
B II€/IOM COOTBETCTBYET IOTHOMY LMKy CeIMMEHTAllM OT KOHIIOMEPAaTOB ¥ NIeCYaHMKOB TEIbIIOCCKOI CBUTBI PAaHHETO Op-
IOBIUKA {0 KAPOOHATHBIX IIOPOJ, LIYTOPCKOI CBUTBL IIO3JHETO OPHOBMKA. DTOI XK€ TOYKM 3PeHIs MPUAEP)KUBA/INCH MHOTVIE
MCCTIefloBaTe I, M3y4YaBliye Teosornieckoe crpoenue Iomsaproro Ypama [6-9], n oHa oTpajkeHa B JOKYMEHTAX PerMOHATbHBIX
coBemtanuit [10] 1 Ha cepuu ony6IMKOBaHHBIX F€ONMOIMIeCKMX KapT [1].

MuHnncerickas cuta Brepsble BbifeneHa b. 1. OcaguesbiM B 1949 . Ha cesepe [TonsapHoro Ypana [3] as Tonmu TeppureH-
HBIX ITOPOJ], OTHOCUMBIX YCTIOBHO K HVDKHEMY OPJOBMKY Ha OCHOBaHMM COIIOCTAB/IEHNA C TENbIIOCCKON cBuTOM [Ipunonsapuoro
Ypaia, cogepxxaliell KOMIUIEKC PaHHeOPHOBUKCKOIL dayHBI [5]. KocBeHHBIM 0Ka3aTeIbCTBOM OPJOBMKCKOIO BO3pacTa MUHU-
cerickort ceutsl gyt B. fI. OcapgueBa mocmyxmia Takxe Haxoaka 6paxuomnon Billingsella sp. B 3e/ieHoBaTO-CepbIx M3BECTKOBHU-
CTBIX ITECYAHMKAX, 3aJIETAOLINX BbIIIIE IMIOBO-CEPhIX KBAPIMTONIECYaHNKOB.

B 1965 r. B. II. EpemuH, usydasi paspesbl TeppUIreHHBIX TONMIL 6acceiiHoB pek Tamora u CAHTYp, IpHUILeN K BBIBOAY, YTO
Tritoechia lermontovae (Less.), paHee ompenenennas kak Billingsella sp., HaxoguTcs 3a mpefenamMy pacipoCTpaHeHNst IOPOS,
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MMHUCEIICKOI CBUTBI B €¢ CTPOTOM JIMTOMOTMYECKOM IMOHMMAHNUM M 06OCHOBAHMEM BO3PACTa IOC/IENHEN CIYXUTh He MOXET.
Kpome Toro, MuHuceiickye KBapIMTOIECYaHUKN OTAEIEHbI OT TPEMaJOKCKIX CIIoeB ¢ dayHoit 6paxyomnoy 6asaabHBIMMU TIOTHN-
MUKTOBBIMM KOHITIOMEPATaMM C Ta/IbKOI TOACTU/IAIOIMX TOPHBIX opof [11, 12].

B mpoecce cheMOYHBIX 1 TeMaTHYECKNX pabOT cOOpaH 3HAUNTEIbHBII MaTepyas 110 Pa3pe3aM OPHAOBUKCKIX OTIOKEHMUIL,
KOTOPBIII He IO TBEPIK/IaeT HeIIPePhIBHOCTD UX pa3pesa. Paspes opioBuKa pacrajjaeTcs Ha IBe CAMOCTOSTE/IbHbIE CEPUU € CO0-
CTBEHHBIMM 6a3a/IbHBIMI CTIOSIMI,  JIMIOBOOKpAIIIeHHbIE KBAPLUTOMEeCYaHIKIE MIHUCEIICKOIT, MAHUTAHBIPACKOI 1 XON/BILIOP-
CKOIJI CBUT C YITIOBBIM U a3MIMYTa/IbHBIM HECOITIACHEM IIePeKPBIBAIOTCS OPIOBUKCKUMI OTIOKEHUAMI C (hayHOII TpeMaoKCKOTo
Y apeHUTCKOTO ApycoB. POpMaIMOHHBII aHA/IN3 [JOIA/IE030CKMX U MTaie030iickux Tomuy [lonAapHoro Ypana nogTeepKiaer 3Ty
TOYKY 3peHus [12].

MecTO AVAOBbLIX KBAPLIMTOMECHAHMKOB B (POPMALIMOHHOM PsiAy Oaikaama

3a ¢nmreo6pasoBanueM (OpaHICKast 1 XyyTHHCKAsS CBITHI) IIOC/IE0BA IHBEPCUOHHBIIN LMK/ 6alIKa/TbCKOrO TEKTOreHe3a
C HaKOIUIEHMEM MOJIACC, 3aBEPLIAIONINX CTPYKTYPHO-(OPMALVOHHBII PsIl, COCTaB KOTOPBIXCBUAETEIbCTBYET 00 YCTONIMBOIL
TEHJICHIINYU K ITOJHATIIO 00/IaCTY ¥ BO3HMKHOBEHUIO IIPEATOPHBIX IPOrn6oB. B mpenenax sTUX CTPYKTYp IPOUCXOAUIO Pop-
MMPOBaHME MOPCKUX (XOIbIIIOPCKasA M MAaHUTAHBIPACKAsA CBUTHI) ¥ KOHTMHEHTA/NIbHBIX (Oaligapalikas 1 MUHICEICKas CBUTHI)
Mortacc. JIys epBbIX XapaKTePHbI BOMTHOIPUOOJIHbIE 3HAKM psA0M HA IOBEPXHOCTAX HACTIOCHN, a JI1 BTOPBIX — KOCOCIOUCTBIE
cepuu pycroBbIX (aruii, KapMaHbl Pa3MbIBOB Y IPU3HAKY 50JIOBOIO IPOMCXOXAeHNA [3].

HecmoTps Ha KaKyIIyI0Ccsd MOHOTOHHOCTDb JMTOTOTMYECKOTO COCTAaBa, MMIOBOOKpAIeHHbIe KBAPIMTOIECUYaHNKY HaKa-
IUIMBA/IICh B HEOHOPONHOI cpefie. B partone ropsl Koncrantunos Kamens b. fI. OcagyeBbIM onycaHbl KBapIIUTOIECUYaHUKI
MMHUCEIICKOI CBUTBI, Ha IIOBEPXHOCTSX MECUNHOK KOTOPBIX BUIHBI C/IEfIbI LIapalyH, 00pa3oBaBIINXCS TIPY BETPOBOM JIBIDKeE-
Hyu neckoB. Ha 3amagHoM ckmoHe ropbl bor. XyyTa B KBapIiMTOnecyaHMKaX HaOMIOaI0TCA KOCOCTOUCTBIE CEPUM PYCIIOBBIX da-
LVIT ¥ TTTyOOKVIe KapMaHbl PeYHO 9PO3NM, pacceKarolyie KOCOCTONUCTbIE CEPUY OTIOXKEHNIL. B BepXoBbsX pydbeB PasBIIbHbII
1 MepnBe>xnil HaOMIOAIOTCA BOMTHOIPUOOIHbIe 3HAKY psiy, a B paitoHe xpe6ToB Canryp-Xoit u Hapanpeit-Xoi 0610MOYHBII
MaTepyaJl IMI0BO-CEePhIX KBAPLUNUTOIECYaHNKOB CLIeMEHTMPOBAH M3BECTKOBUCTBIM BeIleCTBOM, YTO YKa3bIBaeT Ha GOpMUpPO-
BaHMe VX B YCIIOBIUSIX MOPCKIX MeNKOBOAMIL B BepxoBbsax p. Hsapanpeii-fIxa, nepecexaroreil xpebet CsiHryp-Xoii, B IMIOBOO-
KpalIeHHbIX M3BEeCTKOBUCTBIX KBAaPIUTOIECYAHNMKAX MIHMCEIICKOI CBUTBI HAMJ BCTPEUYEHBI OTIIeYATKI IPa/IVINI, CXOTHBIX C
KeMOpuitckumu [12].

KBapuunronecyaHNKy MIHUCENCKON cBUTHI Ha 90 % COCTOAT U3 KBapIa. [IprcyTCTBYIOT IojIeBbIe MINAThI, IPefCTaB/IeHHbIe
ampburom. HabrroaeTcst Mamoe KONMM4ecTBO MyCKOBITA, OMOTHTA I JIEIIKOKCeHA. 3epHa KBaplja NMEIT 3y0daTbie O4epTaHs,
ob6pasyrole rpaHO6/IACTOBbIE CTPYKTYPbI; YACTO HAOIIOAAIOTCS CTPYKTYPhI COMPUKOCHOBEHNS I KPYCTU(DUKAI[MOHHBIE KaeM-
KI1 BOKPYT 3epeH KBapua. [lopofsl cuIbHO OKBapIIOBaHBI, YTO BBIPaXKaeTCA B IPOABICHNUN BTOPMYHOIO KBapLa, C/IATAIOLIETO
HIOPOBBI LIeMEHT KBapI[MTOIeCYaHNKOB. VIX MumoBast OKpacka o6yc/IoB/IeHa HaIM4d1ieM TOHKOPACIbIIEHHOTo reMaTuTa [12].

Tommu sTMX KBapIUTONECYAaHNKOB COOPAHBI B M30K/IMHAIbHbIE CKJIAJKM U C/IATAI0T Y3KOBBITAHYTbIE XPeOTDI B CyOMepu-
IyoHanbHOM Harpasiennu (ropsl Koncrantunos Kamens, bonbioit 1 Mansiit Munuceit, xpe6ter Cauryp-Xoit, Hsaprama-Xoit
u fp.) O6BIYHO 3aIaHbIe CKIOHBI XPeOTOB OCTIOXKHEHbI TEKTOHMYECKIMI HAPYIIEHVSIMY, @ BOCTOYHbIE IIPECTABIEHbI INIO-
BBIMU KBapILUTOIIeCYaHMKAMY, C/IATAIONIVMY BOCTOYHBIE KPBUIbA aHTUK/IVMHAJIEl. K HYM IIPUMBIKAIOT 3eJIeHOCTaHIeBbIe parumn
OPHOBUKCKIX OTJIOXKeHUIT ¢ payHOIl TpeMagoka (TpuUTeXMeBblit KOMIUIEKC; MuHICceltcKuit xpebeT) 1 apeHura (aHrapeToBbIil
KOMIUTEKC; 6acceitt p. [Taitnynbina).

B mporjecce reonorndecknx cbeMok 1960-X IT. ¥ TeMaTM4YeCKUX MccaefoBanuii Teppuropun IlonapHoro Ypama numnosble
KBapIMTOIIECUYaHNKY KapTUPOBAINCh B COCTaBe OPHOBUKCKMX OT/IOXKEHUI KaK MUHNCEVICKasd MM MaHUTAHBIPACKAsA CBUTA.
OpHako Ipy U3y4eHUN CTpaTUrpapuu OpEOBUKCKIUX oT10xeHnit [TonsapHoro Ypana B 1977 I. Ha 3aJjlepHOBaHHOM y4acTKe IIpa-
Bobepexbst pyd. Passmipuslit, B 500 M K 3aIafy OT YCThsI HAMM BCTPEYeHA I/IbI0A IMIOBO-CEPBIX KBAPIIUTOIECIAHIKOB MaHI-
TaHBIPJCKOI (XOM/IBIIIOPCKOIT) CBUTHI, HA IOBEPXHOCTM KOTOPO BUIEH JOBOIBHO YETKMUII OTIIEYATOK MCKOIIaeMOro OpraHyu3Ma
(puc. 1), o4eHDb MOXOXKEr0 Ha PEKOHCTPYKIMIO OFHOTO U3 BUIOB MOpcKux mepbeB (Randea) Benpa (puc. 2), poto kotoporo
nomeieHo M. A. ®efonkuHbIM B xXypHane «IIpupopa» [13] u A. FO. PosanoBsiM B ero MoHorpaduu [14].

BeposTHO, 9TO IepBas MajeoHTONIOrMYeCcKas HaXOfIKa B JIMJIOBOOKPAIIeHHBIX KBAPLMTOIECYaHMKAX MAaHNTAHBIPACKOI CBU-
TBI, KOTOPas CYMTA/NACh HEMO» B OTHOIIEHNM MICKOIIaeMbIX OCTaTKOB. OIHAKO eCTb Hafe)X/ja Ha HOBbIE ITaJIEOHTOIOTMIeCKIIe
HAaXOIKM B OT/IOKEHVIAX MUHVCEICKON ¥ MaHUTAHBIPACKON CBUT, BK/IIOYas SAMAKapPCKYIO (payHy, ONMCAHHYIO aBCTPalIUIICKU-
M Teo/IoraMu B MecTedke Onmaxap. Ilyrem mpociexxusanus aliaabHbIX 00CTAHOBOK OCaAKOHAKOIUIEHMIT KPACHOLIBETHBIX
TOJILL, HAUMHAS C PYCTIOBBIX KOCOCTIOUCTBIX CePMit, K IPUOPEKHBIM (aliusaM ¢ BOTHONPUOOITHBIM 3HAKaMM PO U fajiee, MOKHO
HpUitTY K (hanmsaM 6oree CIIOKOITHOTO 0CaJKOHAKOIIEHNA, T/ie 00MTaNIu MOPCKMe TIepbs BEH/IA.

PasHoobpasue ¢anmanbHbIX 00CTAHOBOK B TOKeMOpUM 0ODBACHAETCS YaCTO NMOBTOPSIOLIMMMCS SIOXaMU ONefieHeHNUs U
MEeXJIETHUKOBBIX cTajuii [15]. DTo oTpaxkaoch Ha XapaKkTepe pa3sBUTHA 6110C(hePHBIX COOOIECTB, YTO MOATBEP>KAALTCS CpaB-
HUTEIbHBIMY TaHHBIMU I10 I1a/Ie030JICKIM O/IefleHeHVAM [16].

Pornb DoKeMOPUIICKMX O/TeIeHeHNIT B UICTOPUM PasBUTHA 6Hocdepsl 1 (aljnaabHbIX 06CTAHOBOK PAcCMaTPUBAIACh B Psijie
3apybexxHbIX pabot [16-18] u B paboTax Hammx cooTedecTBeHHNKOB [15, 17]. ITo muennio H. M. YymaxoBa [15], Kax/blit
JIeTHUKOBBIII 91130 3aBepIIajcs ObICTPOIT iernAlyanyeir. B 06pa3oBaBIINXcsa MeXXIETHUKOBBIX OCaJJOUHbBIX OaccelfHax HaKa-
IUIMBA/INCh KapOOHATHBIE TOMIM, KOTOpBIM Ha [TorsapHOM Ypase cOOTBETCTBYeT HeMyploraHcKas cBuTa. Berep 3a kapbonaTamu
00BIYHO OT/IaTa/INCh OOOrallleHHbIE YIIEPOLOM U KPeMHe3eMOM IIOPOJbL, IIPeACTaBIeHHbIe TOHKOCTOMCTBIMI I TOHKO3EPHU-
CTBIMU YITIMCTO-KPEMHUCTBIMY C/IaHLAMM [15], KOTOPBIM MOT'YT COOTBETCTBOBATh Ha IlomApHOM Ypase yIncTO-KpeMHUCThIe
CJTQHIIBI HAPMIHCKOJL CBUTBI, 06oralieHHbIe TMPUTOM. II0pOfb 9TO CBUTBI CUIBHO PACKIMBAXXMPOBAHBI, UYTO He HAOIIOaeTCst
B (payHMCTHYECKN OXapPaKTePU30BAHHBIX I1aJIE030/ICKMX TOJIIAX.

[TospHexeMbpuiickye 6oraThle yIIepoOoM ¥ MUPUTU3UPOBAHHBIE YITNCTO-KPEMHICTbIE CIaHIIbI, HEePeKO oborallieHHbIe
¢docharoM U TAXKEIBIMY MeTajIaMy, YTO XapaKTePHO /I HAPMMHCKOM CBUTBI, BCTPEYAIOTCS BO MHOIMX IOCTIETHMKOBBIX
paspesax IlomonosBa Kpsoka, Asmarckoro KoHTUHeHTa, Ha ITaroMckoMm Haropbe, B 3amajgHolt Adpuxe u B ABctpamn [15].
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PucyHok 1. OTneyaTtok UCKOMaemoro opraHusma, npeanosioku- PucyHok 2. PeKOHCTPYKUUA agnakapckon dayHbl BeHAA, TaK Ha3bl-
TeJlbHO BEHACKOro MOPCKOro nepa B JIMINIOBLIX KBapuuTonecia-  gaembix Mmopckux nepbeB (Randea), no M. A. ®epgoHkuHy, 1989 [13].

HUKaxX MaHWTaHbIpackon cBuTbl MonspHoro Ypana. ®oto aBTopa. : ; i :
Figure 1. The imprint of a fossil probably of the Vendian marine ~Figure 2. Reconstruction of the Edianian fauna of the Vendian, the

{:en in the lilac quartzite sandstone of the'Manitanyrd formation of  so-called sea pens (Randea), according to M.A. Fedonkin, 1989 [13].
he Polar Urals. Author's photo.

B mocTegHMKOBBIE TIePHOAbI BO BPeMsI JeI/IALMALINI HACTYIIA/ PAacliBeT (pUTOIIAHKTOHA, 9TO OBIIO 0OYC/IOB/IEHO CTOKOM OT-
POMHOII Macchl 6M0(UIbHBIX 97IEMEHTOB B MO3HeOKeMbOpuiickite Mopsi [15].

B panHeM fjokeMOpuM BBbITEISAETCSA TaK HasblBaeMas TyPOHCKas ITIALMO3Pa, 3a KOTOPOI! MOC/IejoBala MEK/IeTHUKOBAs
naysa. Ha mpoTshkeHMU aToll MeXIIefHMKOBOI Iay3bl He 0OHAPY)KEHO JOCTOBEPHBIX JIEHHMKOBBIX OTIIOKEHNUIT, XOTs N3PefiKa
OTMeYa/INCh JUAMUKPUTBI, KOTOPble MOI/IM OBITh 00pa30BaHbI B Pe3y/IbTaTe OIOI3HEBBIX IIPOL[ECCOB MM CE30HHOTO JIeOBOTO
pasHoca [19]. Takue CTPyKTYpbI ONONI3aHV CYIBHO OOBOZHEHHBIX OCaJIKOB MOXXHO BCTPETUTD Ha IOBEPXHOCTAX HAIlIACTOBA-
HMA OT/IOKEHUIT MaHUTAHbIPACKOI cBUTHI IlonsapHoro Ypaa.

Bemmeck pasBuTHsA KMBBIX OPTAHM3MOB B IIO3[HEM TOKeMOpuu 06yCIaBINBajICs CKAUKOOOPA3HbIM HOBbILIEHNEM COAEP-
JKaHMs KUCIOpofa B aTMocdepe, 4To GUKCUPYeTCsl pasHbIMU MeTofami [15]. Peskoe moBbIIIeHNe COfEp)KaHNA KICTIOPOfia B
arMocdepe IoCeoBao 3a onefeHeHeM [ackbe (0komo 580 MH et Hasay) [20-23 1 [p.] B MeXX/IETHUKOBYIO SII0XY, KOTOpas
O3HaMeHOBasach OYPHBIM Pa3BUTMEM >KUBBIX OPraHM3MOB, BK/IIOYas BEHIOTEHI, MACCOBOE Pa3BUTHE CabeIMTH], IEPBBIX
BEHJCKMX MUKPOCKOIIMYECKIX BOJOPOCTIeN, 9MOPMOHOB MHOTOK/IETOUHBIX )KMBOTHBIX 11 9f[1IaKapCKO-0eIOMOpPCKOIi (hayHBI, OT-
eYaToK KOTOPOIl BIEepBbIe 6T HalimeH Ha [lomsipHoM Ypare. EcTb Hafexx/ja, 9To 9Ta HAXOf[KA HE OKKETCS eIMHCTBEHHOI U
BO3PACT IMIOBOOKPAIIEHHBIX KBAPLUTOIECYAHNKOB MITHICEIICKOI I MAHITAHBIPACKOI CBUT OyfieT yCTAaHOBJIEH HAa OCHOBAHNI
a/IEOHTONIOTMYECKUX JAHHBIX.

Paspes opaosuka

YTo e KacaeTcsA OTI0XKEH!IT OPJOBUKCKOTO BO3PACTa, TO OHM HAYMHAIOT CeMMEHTALIMIOHHBIN LIMKII C/Ie[yIOIIero KajeqoH-
CKOTO 9TaIma pa3BuTys Ypana. OHM XOPOIIO 0XapaKTepr30BaHbI MCKOIIaeMoll (ayHoll. BrInomHeHHbIe TeMaTIdecKye MCCIefo-
BaHIA BO BTOpOI1 nonoByHe XX B. IOKa3a/1, YTO CEAVMEHTALMIOHHBIN IIPOLeCC B OPOBUKCKOM Iiepuope Ha Ilonsaprom Ypane
He OBUI e[UHBIM, KaK 9TO IIPEAIIOIAraloch paHee, a pasfie/ieH Ha JIBa 9Talld MOPCKOIT TPAHCTPecCuy, B pesy/IbTaTe 4ero cop-
MUPOBAJIICh JIBE CEPUU OCA[JOYHBIX TOJIIL, Pasfie/IeHHBIX HeOOMBIINM CTpaTUrpadpuuecKiM IepepbIBOM Ha TpaHMNIle TpeMa-
IOKCKOTO 1 apEeHNUTCKOro ApycoB. OpIOBMKCKOE 0CaIKOHAKOIUIEHNEe IPOMCXOIIO B IBYX Pa3HOBO3PACTHBIX ManeobacceiiHax,
OT/INYABILINXCA peXUMaMy cefuMeHTanuy [11]. 3to cnocobcTBOBaIO GOPMUPOBAHNIO ABYX CEPUIl OPIOBUKA — HIDKHE C IPU-
3HaKaMJ MOJIACCOMTHBIX (OpMaLVil 1 BepXHell, ITOJ0OHOI (IUIIONIHBIM 00pa3oBaHUAM IIepPMMI, OIIMICAHHBIM B OOHaXKEHVIAX
pex Illyrop u Vinera H. H. Kysbkosoit u B. V1. HableBpIM, HO OTIMYAIOMIVMCA IIOJIO>KEHIEM B TUIIOBOM (GOPMAIVIOHHOM PALY.

MornacconpHblIit XapaKTep TOJILL HIDKHET Cepyi OPOBUKA OIpefie/leH HAKOIUIEHIIeM X B YCIOBUSIX PUGTOreHHON CTafun
PV PACKPBITUY OJHOI 13 IPabeHO0OPa3HBIX CTPYKTYP, BKIMHYUBILIEHCS ¢ BOCTOKA B OyAYIIYIO IIeTb(OBYIO 30HY IaTe030U .
DopMaLMOHHBII P, PUPTOreHHBIX 00pa30BaHNIT HAUMHAETCA C TPYO006I0MOYHOI KOHITIOMEPATO-IIeCIaHUKOBOI (pOpMAINIL,
OT/INYAIOIIEIICS MOMMMMUKTOBBIM COCTaBOM OOJIOMOYHOTO MaTepyaja, KOTOPbIJl HAKAIUIMBAJACA B YCIOBMAX PaCYICHEHHOTO
ropHoro penbeda. [Tocneguuit ABMICA 061aCTbI0 Pa3MBIBA, IOCTAB/LABIIE OTPOMHOE KOMYECTBO 0OJIOMOYHOTO MaTepuaa,
KOTOPBII 3aXOPOHAJICSA, HE YCIIEB IO/IBEPTHYThCA MEXaHNIeCKO obpabotke. MomHOCTh hopmaruy gocturaet 450 M 1 6ornee.
B ornoxenusix rpyboreppurenHoit gpopmarun cobpana dayna 6paxmonon Tritoechia lermontovae (Lessn.), T.sp., Altortis sp.,
A kinderlensis Andr., alimbella sp., Medessia sp., M.uralica Andr., Aphorhtis sp., Alimbella cf. Armata Andr. u gp., ykassiBarougas
Ha paHHeTPeMaJOKCKIII BO3PacT OTIoXKeHumit [11].

Hap mecyanmkamm 3ajeraeT TOJIIA CEPHIX, 3€/ICHOBATO-CEPBIX KBAPIEBO-CEPUIMTOBBIX, KBapleBO-XTOPUT-CEPUIIUTOBBIX
CIaHIIeB C IMH3aMM M3BECTKOBMCTBIX 0OpA3oBaHMIT B BepXHe yacTy paspesa. MOIHOCTD C/TaHI[eBON TOMIm gocturaet 400 M.
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PucyHok 3. Cxema reonormyeckoro ctpoeHus 6acceiiHoB pek bon. u Man. NannyabiHa. CocTaBneHa no Matepuanam aBTopa U reororo-
CbeMOUHbIX paborT. [noLaab pasBUTUS OTNOXEHUIA. 1 — YETBEPTUYHOTO, 2 — KAMEHHOYTONBHOTO, 3 — CPEIHEAEBOHCKOTO, 4 — CUIYPUNCKO-PaHHE-
[EBOHCKOr0, 5 — apeHUrckoro—aLUrmnbCKoro, 6 — TpemMagokckoro (?), 7 — bagapaLkon U XOMAbILLOPCKOW CBUT BEHACKO-keMBPUINCKOro Bo3pacTa,
8 — 6egamenbcKon CBUTBI MO3aHero pudes. [JU3bloHKTMBHbIE HapyLleHus. 9 — pasnomel, 10 — HagBurn (dparmeHT 3anagHoro rmyGuHHOro pas-
noma no B. H. OxotHukoBy, 1968), 11 — nuTonoro-ctpaturpadguyeckne paspesbl BEPXHEN cepun opaoBuka u nx Homep. | — no py4. Megsexun,
Il = no pyuy. Jlocunein Por, [l — no py4. Onenuit, no pyy. PassuneHein, V — no pyy. OpaBonbckuid, 12 — Mecto obHapyKeHus rmblbbl IMNIOBO-CEepbIX
KBapLMTONec4YaHWKOB MaHUTaHbIPACKOW CBUTbI C OTNEYaTKOM BEHOCKOro Mopckoro nepa (?).

Figure 3. Scheme of the geological structure of the Bolshoy and Maliy Paipudyn river-basins Based on the author's materials
and geological survey work. The area of development of deposits. 1 — Quaternary, 2 — carboniferous, 3 — middle Devonian, 4 — Silurian-early
Devonian, 5 — Arenigian — Ashgillian, 6 — Tremadocian (?), 7 — Baidarak and Khoydyshor suites of Vendian-Cambrian age, 8 — bedamel Suite of
late Riphean. Disjunctive dislocations. 9 — faults, 10 — overlap fold (fragment of the Western deep fault according to V. N. Okhotnikov, 1968), 11
— lithologic-stratigraphic sections of the upper Ordovician series and their number. | — no py4. Medvezhiy, Il — no pyu. Losiniy Rog, Il — no pyu.
Oleniy, no pyy. Razvilniy, V — no py4. Diabolsky, 12 — the place of discovery of a block of purple-gray quartzitic sandstones of the Manitanyrd
formation with the imprint of a Vendian sea pen (?).

Belmre 1o paspesy C/IaHILIbI CMEHSIOTCS CBET/IO-CEPBIMU KOMKOBATBIMI 1 CEPBIMU KPEMHNCTBIMU M3BECTHAKAMU C (ayHOIt
Tpuno6uros Apatocephalussp., Niobe sp. mosgHero TpeMazgoxa. 3a TOIel M3BECTHIKOB CIefyeT adKa YePHBIX 1 TEMHO-Ce-
PBIX TOHKOPACC/IaHIIOBAHHBIX YITIMCTO-KPEMHIUCTBIX VI YIIUCTO-I/IMHICTO-KapOOHATHBIX C/IaHLIeB 0011ell MOLHOCTHIO OKOTIO
200 M.

YII0BOe Hecormacue TpeMaJOKCKIX OT/IOKeHMI ¢ ITOACTIAIONMIMMY TOJIIaM! Hab/iofiaeTcA B pa3pesax Xopa-Mora, Xypu-
nara-ITs u Ha ceBepo-3amagHOM ckoHe ropel Koncrantnnos Kamens [3]. O TeHfeHIMM K 3aMBIKaHMIO TPEMaJOKCKOTO 0Caloy-
HoOro OacceitHa CBUJETENbCTBYIOT IIOSABYBIINECS TOPM3OHTDI CIAHIIEB, COTEP)KAIINX YINUCTOE BEIeCTBO (CeBepO-BOCTOYHBDIN
ckioH I. KoncrautnHoB Kamens, p. Ocoseii-fIxa, pyd. Munuceii-Illop) u Hamm4me cBoOeoOPasHOIl «IIeTeIbYATON» TEKCTYPbI
YCBIXaHMA M3BECTHAKOB B pajioHe ropsl Ilapuceii-Ils, cogepxxammx gpayHy TpeMagoKcKkux 6paxmomnox [3].

Crenyrowas MOpcKas TPaHCTPeccys, OXBAaTUBILIAs BCIO MIOT€OCHHK/INHATIBHYIO 00/1acTh Iajeo3ousi, o6ycioBmna obpa-
30BaHIe BepXHell cepuyl OpHoBUKa. basalbHOI YacTbIO TOI CepyM CIIyKUT MajioMolHas ¢anaxoasd GopManus, IpefcTas-
JIEHHASI CEePOL[BETHBIMMU CPEHEe- U METKO3EPHUCTBIMY TeCIAHMKAMU C KBAPIIEBBIM COCTaBOM OOIOMOYHOrO Martepnana. Ha-
O/TI0AI0TCSI IPOCION TPABENTNTOB I MENKOTa/IEYHBIX KOHIJIOMEPATOB KBApLeBOr0 COCTaBa. ba3abHBII TOPU3OHT C YIIOBBIM I
a3MMYTaIbHBIM HECOITIACIEM ITepeKPbIBaeT OTIOXKEHISI HYDKHEN Cepuyt OpPIAOBMKA ¥ pasIMIHbIe JOIane030/CcKue 00pa3oBaHms,
BKJII0Yas MMIOBOOKpalIeHHble KBapLUMUTOINEeCYaHNKY MUHICENCKOI I MAaHUTAHBIPAICKOI CBUT, YTO B psifie CTyyaeB 3aTPySHAET
nx pas,[[eneHI/Ie Hp]/[ T€OJIOTNYECKOM KapTI/IpOBaHI/H/I " BHOCUT HYTaHI/IHy B CTpaTI/II‘pa(i)I/I‘-IECKI/IC HOCTpOCHI/IH. HeCMOTpH Ha Ma-
JIyI0 MOIIHOCTD 0a3a/IbHBIX C/10€B, dataxopasd GopMalys IPUCYTCTBYET BO BCeX pa3pe3ax BepXHell cepyi OpLOBUKa, HaYlMHAs
C pa3pe3oB BEPXHETO CEAVMEHTAI[MIOHHOTO I[MKIA.
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Boree monHble paspesbl OT/IOXKEHNIT BepXHell cepyyt OpOBUKa M3y4YeHbI B 6acceitte pex bom. n Man. [TasmynsiHa (pydasn
Mensexuit, [Tpsamoii, Jlocuusiit Por, Pa3BuibHblil, JbsABONBCKUIL U AP., PUC. 3). MenKorane4Hble KOHIIOMEPAThl OCHOBAHIS
paspesa He BBIIEPKaHbI 110 IIPOCTUPAHNIO ¥ YaCTO BBIK/IVMHUBAIOTCS, 3aMeIasACh TeCYaHMKAMI C pas3IIHbIM I'PaHYTIOMEeTpPU-
YeCKIM COCTaBOM. Bbilire mauky rpy60TeppureHHbIX MOPOJ; CIIEAYeT PUTMIIHO IIOCTPOEHHAsI IIECIaHIKOBO-A/IEBPOJIITO-CIIAH-
1eBast TO/MIA. MOIIHOCTD C/IONKOB, 0OPA3YIOIIUX Yepefyonecs: pPUTMBIL, KOlebIeTcsl OT HePBBIX CaHTUMeTPOB 10 0,6 wm 1,0
M U PefKO HocTHraet 3 M. B BepxHeit 4acTy TOJIIM MOSBIAIOTCS IIPOCTION KBAPI[EeBO-U3BECTKOBIUCTBIX ITOPOJ, B KOTOPBIX 0OHa-
PY>KeHBI PaKYLIHIKY, COTep)Kalliyie PaKOBIHBI 0e33aMKOBbIX Opaxuonon Angarella cf. Jawarowskii Assat., A. cf. lopatini Assat.,
A. cf. laevis Koloskov, Lingula (?) sp. indet. [11].

B. I. YeruHOBBIM (1960) 113 oTHX OTIOXKeHMIt B pajtoHax pek Hua-10 u Ecto-Buc 6bima cobpana dayHa aHTapemt u [pyrux
OpraHMYeCK)X OCTATKOB, YKa3bIBAIOLIMX Ha apEeHUICKUII BO3PACT OCaJOYHBIX 00pa3oBaHMil. MOIIHOCTD TePPUTEHHON TOIIIN,
BKJIIOYast aHTape/IOBbIe C71ou, Koebmercst ot 350 o 450 m.

XapakTepHOiT 0COOEHHOCTDIO OIIMCBIBAEMOII TOMIIMN, PasBUTOI B bacceriHe pek bom. u Ma. [TaitmygpiHa, sIBISIOTCS 9aCcTO
BCTpevaloluecs 3HaKM psi611, ruepornudsl, cepui IepeciayBalolXCcsl MapajyIe/IbHON U KOCOI CIOUCTOCTH, penbedbl BIAB/N-
BaHIs, yKasbIBalollye Ha OIIbIBaHE TIeCYaHbIX MacC. PeIko BCTpeyaroTcsA MaIOMOLIHbIE IIPOC/ION MEIKOTa/€YHbIX KOHITIOMe-
PaTOB C Ta/IbKOIL CEPOro KBaplia, MeJIKO3ePHIUCTBIX IIeCYaHMKOB U YePHBIX (PM/UIMTOBUHBIX C/IaHLIEB, YTO YKasbIBaeT Ha (op-
MUPOBaHNE OCAJKOB B YCTIOBYAX KOJleOaTe/IbHBIX IBVDKEHUI 3 MHOJ KOPBI, IIPUBOJAIINX K MECTHBIM pa3MbiBaM. Ha Mopckoit
PEXIM OCaIKOHAKOIUIEHNSI YKa3bIBaeT IIPUCYTCTBIE MCKOMaeMbIXx 6e33aMKoBbIx Opaxmomon. Ognako 6acceitn 6bU1 Hermy60-
KIUM, C HOCTOSIHHBIM COCTaBOM I 00'beMOM ITOCTYIIAIOI[Er0 B HEr0 B OCHOBHOM ITeCYaHO-NIMHUCTOTO MaTepuaa. IT0 TOBOPUT O
CITIAXKeHHOCTY OKpY>Kaiolero penbeda. Bes 06cTaHOBKA HAKOIUIEHIST ap@HUTCKOI TOMIIM 06YCTIOBIIA (IMIIONHBII XapaKTep
CTpOEHNsA paspesa.

BbImte 1o paspesy CcylecTBEHHO TeppUIeHHas TOJIA CMEHATCS MavKOil CePhIX U TEMHO-CePbIX I3BECTKOBUCTDIX ITeCYaHM-
KOB 1 [IECYAHMCTHIX U3BECTHIKOB, B KOTOPBIX COOpaHbl ocTaTKy Tpmnoburtos Pliomera sp.,Goniophris sp., Pseudosphaerexochus
sp. indet., konoponTos Distacodusef. expansis (Graveset Ellison), Scandodus sp. nov. u np., kpurongeit Trigonocyclicus sp. indet.,
LMCTOM/IEl ¥ MIIAHOK, YKa3bIBAIOIIMX Ha IO3[JHEAPEHUTCKO-/I/TAHBMPHCKIUIT BO3PACT TOPHBIX NMTOPOJ,. MOIIHOCTD 3TUX OT/IOXKeE-
Huit coctasnsger 100-200 m.

Emre Bpllle 3a71€raloT OT/IOXEHMA NIAHTENNIbCKOTO Apyca. OHM IpefCcTaBIeHbl TaYKO M3BECTHAKOB MOIIHOCTDHIO 10-20 M,
obHaxaomuxcs B pycie pekyt Ma. [TajimypiHa u 1o pyubio PasBuIbHBIA. VI3BeCTHAKY IETKO Y3HAIOTCA B IIOJIE IO HATNYMIO
B HUX OO/IMTOBBIX 0Opa3oBaHNII OKPYIJION U OBaIbHOI GopM J0 2 cM B guaMerpe. LeHTpabHbIe YacTI OOIUTUH COCTOAT 13
IVPUTOBBIX (MapPKa3UTOBBIX) CTSDKEHUIT B (POPMe M30THYTHIX «IEPBSIYKOB», 0OBOTTAKMBAIOMINXCS CTIOSIMU KPEMHICTO-U3BECT-
KOBMCTOTO COCTaBa. BCKpbIThIe 110 py4bi0 PasBMIbHbIN TEMHO-CEPbIE OONIUTOBbIE U3BECTHAKN COJEPIKAT JIIAH/EIbCKII KOM-
I7IEKC KOHOJOHTOB [11].

OTnoxeHns KapagoKCKOTo sApyca BepXHeil IIOJIOBUHbBI OPJIOBMKA 0OHa)KEHBI B paspese 1o pyubio OpaHrioraH, rae 250-me-
TPOBasA TOJIIIA IIeCIAaHNKOBO-aJIEBPO/IMTOBBIX CTAHI[EB BK/IIOUAET IIPOC/ION OPraHOT€HHO-IeTPUTOBDIX M3BECTHAKOB, COflep)Ka-
mux ocTaTKy KpuHompeit Trigonocyclicus vajgatschensis Yelt. et stuk., cTonmeit Hemicosmites sp., BcTpeuarommxcs B paspe-
3aX KapafOKCKIX 0CaJKOB 3amafHoro ckioHa CpenHero Ypama. DT ske OTI0XKeHMsT 0OHAXKEHbI B CeBepHOM 60pTy 03epa Xaja-
ta-l0ran-Jlop. 31ech OHM UMEIOT PUTMUYHOE CTPOEHNE, 00YCTIOBIEHHOE YepefloBaHIeM [IeCIaHNKOB, A/IEBPOINTOB, ITTMHUCTBIX
C/IaHLIeB ¥ U3BECTHAKOB. B IoceqHNX coOpaHbl OCTATKM LIMUCTOU/EN U KPUHOMIET, Cpefiu KOTOPBIX IPUCYTCTBYIOT Trigonocy-
clicus vajgatschensis Yelt. et stuk., Apertocrinus cf., Apertus Yelt. et stuk.

3aBepIaeT paspes OpAOBUKCKMX OTIOXKEHMII alITMIbCKUIL ApYC, KOTopbiii B Iaiimynpiacko-CayperickoM parione Ilomap-
HOTO Ypajla He MMeeT HIMPOKOTO pacIpocTpaHeHMA. B Bepxosbe pexn bon. Ilajimynbina oT/Io)KeHNA NpefCcTaBIeHbl TaYKon
TNIepecIanBaOIMXCS CBET/IO-CEPDIX, PO30BATO-CEPBIX U TEMHO-CEPBIX M3BECTHAKOB, MECTAMI HEOTHOPOJHOTO C/IOXKEHN, C TO-
PU3OHTOM OpeKUMeBUAHBIX PA3HOCTell. B TeMHO-cepbIx M3BeCTHsKAX MPUCYTCTBYIOT ocTaTku KpuHoupeit Dentiferocrinus cf.
Subdividuus Milicina (c6opst B. C. MutionieBoit), xapakTepHble [/I OTTIOKEHNUI allTMIBCKOTO sIpyca 3amagHoro ckinoHa Cpep-
Hero Ypana [11].

HWrak, Becb paspes OpHOBUKCKUX OTIOXeHUN IlomsapHOro Ypama 0CTaTOYHO OXapaKTepU3OBaH B Ma/IeOHTONOIMYECKOM
OTHOUIEHNM JJI VX HafI©XKHOTO KapTypoBaHsA. [Tale0HTONOrMIecKy He 0XapaKTepM30BaHbI IMIOBO-CePbIe MOIACCHI, 3aBepIla-
1omiue paspes 6aKaTbCKOro CTPYKTYPHO-(HOPMALVIOHHOTO KOMIUIEKCA, XOTSI X JIMTOIOTMYeCcKask XapaKTepUCTHKA ¢ Habopom
(annanbHBIX 0CO6EHHOCTEN 0CaJKOHAKOIIEHNI 11 CTeIIeHb MeTaMop(u3Ma IMO3BOJISIIOT OT/INYATD UX OT [1a/Ie030/CKIUX TOJILI.
[TpuBefeHHBIN B cTaThe (GaKT IPUCYTCTBYA B TMIOBOOKPAIIEHHBIX KBAPIMTOIIECIaHNKAX OTIIEYaTKOB OPTAHNYECKIX OCTATKOB,
OYeHb ITOXOKMX Ha HEKOTOPBIe BUbI BEHICKOII 9/[aKapCKoil payHbl — TAaK Ha3bIBaeMbIX MOPCKIUX IepbeB (Randea), maer Haz-
©XJly Ha UX IIOBTOPHOE OOHapy>KeHMe U Ja/IbHelilllee N3ydeHMe C YIacTyeM CllellaTCTOB-II1aJIeOHTO/IOTOB.

He ncximoueHo, 4To KBapIMUTONECYAHNKY MIHIICEIICKOI ¥ MaHUTAHBIPAICKOI cBUT [lomsapHoro Ypama MOryT COOTBETCTBO-
BaTb 9MAKAPCKOIL crcTeMe MeXX[yHapOFHOI! IIIKa/Ibl HEOIIPOTep030s [24-26] wn 3AMaKapCcKOMY sIPYCy JOKeMOpUs, IpUHS-
ToMy B Poccum.

Cyps 1o ony6MMKOBaHHBIM JaHHBIM, KacaIOIMMCA 31aKapcKoli ¢payHsl, HalifeHHbI Ha [TonsapHoM Ypase oTIeYaToK MOp-
CKOTO IIepa B OTJIOKEHIAX MaHUTaHBIPJCKOJ CBUTBI OTHOCKUTCA K Tuny Proarticulata. ITo mHenuio M. A. ®enonknHa [13] atn
JKMBOTHbBIE NIPENCTAB/IANMN CIENYI0 BETBb, OINH 13 «9KCIEPYMEHTOB IPUPOMbI», KOTOPbIE YacTO NMPOBOAMINACH €10 HAa PAHHUX
3TaIax pasBUTUsA OPTAaHNYECKOIO MUPA.

JIMTEPATYPA
1. Oywwmn B. A. ObLiereonornyeckas adpekTMBHOCTb paboT — 3anor nx NONCKOBOWN pe3ynsTaTMBHOCTU (Ha npumMepe Ypanbckoro Cesepa) // Pe-
rmoHanbHas reonorust u metannorexduns. 2013. Ne 56. C. 5-11.
2. MponuH J1. A. Ypanbckuii reonorndeckuii Mmysen. Ceepgnosck: Cpea.-Ypan. kH. u3a-so,1985. 288 c.
3. Ocapues b. A. leonornyeckoe cTpoeHne paiioHa ropbl KoHctaHTMHOB KameHb ([MonspHbii Ypan). M.; J1.: M3a-Bo «'maBceBmopnyTby, 1951. 72 c.
4. MapxaHos M. H. K cTpaturpadumun gpeBHux TosL, 3anagHoro ckroxa lMNonspHoro Ypana // Matepuansl no reonorny u nonesHbIM UCKonaembim
CeBepo-Boctoka EBponerickoit yactu CCCP. 1962. Bein. 2. C. 7-16.

38 LappwuH 1. ®. 3guakapckasn dayHa B opeBHWxX Tonwax MonspHoro Ypana // 3sectus YITY. 2019. Boin. 2(54).
C. 34-41. DOI10.21440/2307-2091-2019-2-34-41



L. F. Shadrin / News of the Ural State Mining University. 2019. Issue 2(54), pp. 34-41 EARTH SCIENCES

5. NbBoB K. A. CtpaTturpadusi npotepo3os 1 HmxHero naneos3os MpunonsipHoro u MonsipHoro Ypana // C6opHWK cTaten no reonornm ApKTUKN:
TPYAbl HAYYHbIX UCCMEeAoBaHUA MHCTUTYTa reonorumn ApkTuku. 1959. T. 105, Bein. 11. C. 51-73.

6. JemboBckuin Bb. . BHyTpeHHee cTpoeHue JleMBUHCKOro annoxToHa (3anafHsbli ckroH MNonsipHoro Ypana) // FfeotektoHmka. 1981. Ne 6. C. 48-53.
7. OxoTtHukoB B. H. Mpobnembl kanegoHua cesepa Ypana / MNpobnemsl reonorun Eeponerickoro Cesepa CCCP. 1983. C. 76-92.

8. EBpokmmos 0. B., BapraHos B. I, AHubirvH H. A. OpgoBukckasi cuctema / MNpobnembl ctpaturpacdun Ypana. Ceepanoeck: AH CCCP, 1977.
C. 34-44.

9. KntoxxunHa M. J1. Maneorpacus Ypana B opaosuKkckoM nepuoge. M.: Hayka, 1985.190 c.

10. YHndm1UmMpoBaHHbIE 1 KOPPENSLMOHHbIE CTpaTurpaduyeckne cxemsl Ypana (apxen, npotepo3son, naneosou). Ceepanosck, 1993. 152 c.

11. WagpwuH J1. . OpaoBukckme OTNOXEHNUS ceBepHON YacTu [MonsipHoro Ypana v nx Koppensiuusi ¢ opAoBMKOM YpanbCckux cybpernoHoB u apyrnx
obnacrew: aBToped. AuC. ... KaHA. reon.-MmvHeparn. Hayk. Ceepanosck: VIH-T reonorun n reoxummn YOAH CCCP, 1979. 24 c.

12. WagpwuH J1. ©. dopmaumoHHble psabl U MuHepareHust Garikanug u paHHux naneosound cesepa MonsipHoro Ypana // CoB. reonorusi. 1985. Ne 7.
C. 102-108.

13. ®egoHkmH M. A. 3aragku BeHackon dayHbl // Mpupoga. 1989. Ne 8. C. 59-72.

14. Po3aHos A. HO. Yto npousowuno 600 munnunoHos net Hasaa. M.: Hayka, 1986. 96 c.

15. YymakoB H. M. [Jokembpuiickme onefeHeHus 1 conyTcTBytome um bruocdepHble cobbitus // Ctpaturpadus. Meonornyeckas Koppensums.
2010.T. 18, Ne 5. C. 3-15.

16. Stanley S. M. Paleozoic mass extinctions: shared patterns suggest global cooling as a common cause // Amer. J. Sci. 1988. Vol. 288. P.
334-352. http://dx.doi.org/10.2475/ajs.288.4.334

17. XomeHToBCkui B. B. KOpomuin Cnbupu, BeHA 1 3amakapckas cuctema MexayHapofHon ctpaturpaduyeckon wkanbl // CTpaturpadus. Meono-
rmyeckas koppensuus. 2008. T. 16, Ne 5. C. 3-21.

18. Kirschvink J. L. Late Proterozoic Low-Latitude Global Glaciation: the Snowball Earth // The Proterozoic Biosphere: a multidisciplinary Study.
Cambridge: Cambridge University Press, 1992. P. 51-52.

19. Hoffman P. F. Pan-glacial — a third state in the climate system // Geology Today. 2009. Vol. 25, issue 3. P. 100-107. https://doi.org/10.1111/
j.1365-2451.2009.00716.x

20. Hoffman P. F., Schrag D. P. The snowball Earth hypothesis: testing the limits of global change // Terra Nova. 2002. Vol. 14. P. 129-155. https://
doi.org/10.1046/j.1365-3121.2002.00408.x

21. Williams G. E. The Paradox of Proterozoic Glaciomarine deposition, open seas and strong seasonality near the Palaeo-Eqiator: Global Impli-
cations // The Precambrian Earth: Tempos and Events. Amsterdam: Elsevier, 2004. T. 12. P. 448-459.

22. Halverson G. P., Hoffman P. F., Schrag D. P. et al. Toward a Neoproterozoic composite carbon-isotope record // Bull. Geol. Soc. Am. 2005.
Vol. 117. P. 1181-1207.

23. Fairchild I. J., Kennedy M. J. Neoproterozoic glaciation in the Earth system // Journal of the Geological Society. 2007. Vol. 164. P. 895-921.
https://doi.org/10.1144/0016-76492006-191

24. Jenkins P. J. F. The concept of an “Ediacarian Period” and its stratigraphic significance in Australia // Trans. R. Soc. South Australia.1981. Vol.
105. P. 179-194.

25. Knoll A. H., Walter M. R., Narbonne G. M., Christie-Blick N. The Ediacaran Period: a new addition to the geologic time scale // Lethaia. 2006.
Vol. 39. P. 13-30. https://doi.org/10.1080/0024 1160500409223

26. Zhang Q. R., Chu X. L., Feng L. J. Discussion on the Neoproterozoic glaciations in the South China Block and their related paleolatitudes //
Chinese Sci. Bull. 2009. Vol. 54, Ne 10. P. 1797-1800. https://doi.org/10.1007/s11434-009-0139-x

Cmamabsi nocmynuna e pedakyuto 01 cpespans 2019 e.

WagpuH 1. ®. damakapckas payHa B apeBHUX Tonwax MonapHoro Ypana // U3sectus YITY. 2019. Boin. 2(54). 39
C. 34-41. DOI10.21440/2307-2091-2019-2-34-41



HAYKU O 3EMAE A. ©. Hladpuw / Ussecmus YITY. 2019. Boin. 2(54). C. 34-41

YOK 56.016.3 https://doi.org/10.21440/2307-2091-2019-2-34-41

Ediacarian fauna in the ancient strata of the Polar Urals
Leonid Fedorovich SHADRIN®

Volga Museum of Local Lore, Russia, Volzhsk

The relevance of the work. The materials for the Third Interdepartmental Ural Stratigraphic Meeting noted that stratification of the pre-Paleozoic strata
of the Urals and the separation of individual blocks is difficult due to the impossibility of using the biostratigraphic method with the same reliability
as for the Paleozoic, as well as the absence of other objective criteria for stratigraphic stratification and correlation. And only units of the Upper
Proterozoic (Vendian) are characterized by the corresponding complexes of stromatolites, oncolites, katagraphies, acritarch and microphytolites.

The purpose of the work. During geological surveys of the 1960s in the Polar Urals, fossil finds were rare, and stratigraphic stratification of
mappable strata often led to certain errors and misunderstandings when linking the boundaries and ages of the logged stratigraphic units at the
junction of geological maps compiled by neighboring survey units. The question of the age of the purple quartzitic sandstones of the Minisey and
Manitanyrd formations (seemingly devoid of organic remains), was not finally resolved.

Results. The data presented in the paper about the discovery of an ancient fossil in the lilac quartzite sandstone of the Manitanyrd formation,
similar in structure to the sea feathers that lived in the shallow sea environment during the era of the Vendian sedimentation, make it possible
to carry out repeated gathering of palaeontological remnants in deposits of the Minisey and Manitanyrd formations. At present, the minisey and
manitanyrd quartzitic sandstones date from the Ordovician, but, unlike Ordovician deposits, have a higher degree of metamorphism and are not
yet paleontologically characterized. Despite the high degree of metamorphism, the Vendian fauna, according to M. A. Fedonkin (Priroda magazine,
1989), has been preserved due to several factors; he highlights conditions of giant sea shallows, which served as traps for living organisms during
constant ebbs. The abundance of the benthic inhabitants and the high mobility of water contributed to the rapid burial of organic matter, especially
during large storms.

Conclusion. The discovery of the imprint of the Ediacian fauna of the quartzitic sandstones of the Manitanyrd formation in the region of the Paipudyn
ridge in the Polar Urals gives hope for new finds, which will allow these ancient strata to acquire true geological age and exclude them from the
Paleozoic formations.

Keywords: stratigraphy, Polar Urals, Precambrian, Ordovician, lilac quartzitic sandstones, Minisey and Manitanyrd formations, greenschist facies,
Ediacarian fauna, metamorphism.
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O reHeTn4ecKkMX TUrnax AYHUTOB B YALTPaMadoUTax CKAQAYATLIX
obaacrei (Ha npumepe Ypaaa)

Uropb CtenaHoBuy YALLYXUH"

WHCTUTYT reonorum n reoxummmn num. akag. A. H. 3aBapuukoro YpO PAH, Poccus, EkatepnHbypr

Lleab pa6oTbI: OLEHKA COOTHOLIEHMSI MArMaTMYECKMX M METACOMATUYECKMX MPOLIECCOB MPY (POPMMPOBAHMM AYHUTOB B MACCMBAX CKAQAYATLIX OBAACTEVA.
AKTYaAbLHOCTb PaBOoThl OBYCAOBAEHA HEOOXOAMMOCTBIO KOPPEKTUPOBKM AEFE€HABI MPY FEOAOTMYECKOM KAPTUPOBAHUM M MPU MOMCKAX XPOMUTOBbLIX PYA.
MeToaororms npoBeaeHHO pPaboTbl: 0606LEHIE MHOTOAETHETO M3YY€HMsI TEOAOTMUYECKOTO CTPOEHMSI, MUHEPAAOTUM, METPOXUMMM M FEOXMMUMN XPOMM-
TOHOCHBIX YALTPamMahuTos Ypaaa C MpPUBA€HEHUEM MUPOBBIX METPOAOTMYECKMUX U SKCMIEPUMEHTAALHLIX AAHHDIX.

Pe3yaLTaTpl. MaHTUMHDBIE YALTPAMADUTLI TPEACTABAEHDLI AByMsI OCHOBHLIMYM TUMAMU — MOAKOHTYHEHTAALHLIM M OCOVMOAMTOBLIM. AYHUTLI Pa3BUTLI B 060MX
TMNax. AyHUTBbI B MOAKOHTMHEHTAABHLIX YALTPAMaUTax OOHAKAIOTCSI B HAMOOAEE 3POAMPOBAHHBIX YACTSIX MACCMBOB. KOHTAKTbI C BbllEAEXKAWMMM rap-
LBYpPruTamm v AEPLIOAUTAMU MOCTENEHHLIE, YTO MPEANOAAraeT (hOPMMUPOBAHME BCETO PAa3pe3a B XOAE OAHOAKTHOTO MPOLIECCA C OOPA30BAHMEM EAMHOA
AYHUT-TapLBYPruT-A€PLIOAUTOBON cepum. [1poLeccom, OTBETCTBEHHLIM 3a €€ (POPMUPOBAHME, OLIAO HYACTUHHOE MAABAEHMSI MUPOAUTA MAHTUM, O YEM
CBUAETEALCTBYIOT PE3YALTATLI SKCTIEPYMEHTOB, MOATBEP)KAEHHLIE OPUTMHAALHLIMY UM OMYyOAMKOBAHHLIMY B OBWMPHON MUPOBOI AUTEPATYPE AAHHLIMM M3-
YUYEHMS COCTaBa MOPOACODOPA3YIOMWMX MUHEPAAOB YALTPAMAUTOB. AYHUTBI CAEAYET PACCMATPUBATL KAK KOHEYHbIM MPOAYKT MPOLIECCA YACTUYHOTO MAAB-
A€HWS1 IMPOAUTA MAHTUM. AYHUTBI OCPMOAMTOB UMEIOT MPUHLMITUAALHO MHYIO MPUPOAY; OHM OOPA3YIOTCS MO PECTUTAM — MPOAYKTAM YACTUYHOTO MAABAEHMSI
M BXOASIT B COCTaB AByX KOMITAEKCOB: BEOCTEPUT-AYHUTOBOTO U rabBpo-KAMHOMUPOKCEHNUT-AYHUTOBOTO. AYHUTLI MEPBOrO KOMIMAEKCA 0OPA3YIoTCs B XOAE
CMHKMHEMATMHECKON MeTaMophUIeckoi AMdpdpepeHLMaLmMy PECTUTOB, BTOPOTO — Kak MPOAYKT peakumm rabopo ¢ pectutamu.

BoIBOABI. B CTPOEHUM MAHTUIHDBIX YABTPAMAUTOB CKAQAYATLIX OBAACTEN MPUHUMAIOT Y4ACTUE TPU FTEHETUHECKMUX TUMA AYHWUTOB: 1) MPOAYKTbI YACTUHHOTO
MAABAEHMS] MAHTUIHOTO MUPOAMTA, 2) MPOAYKTbI CUHKMHEMATMUYECKON METaMOpPUHeCcKol AucdepeHLmaumm rapubypritos, 3) MPOAYKTLI peakumm rab-
6povaos ¢ rapubypruramu. [prypoY4eHHOCTb MEPBBIX K MOAKOHTUHEHTAALHBIM YALTPAMAUTAM, OCTAALHBIX — K O(PMOAMTAM CBUAETEALCTBYET O PA3HONA
rEOAMHAMMYECKOM OBCTAaHOBKE (DOPMMPOBAHMSI YALTPAMAIUTOB U CBS3AHHBIX C HUMU XPOMMUTOBbIX KOHLIEHTPALMIA: YHUKAALHLIE MECTOPOXKAEHMSI BLICO-
KOXPOMMCTBIX PYA 3aAETAIOT B MOAKOHTMHEHTAALHLIX YALTPaMachutax, MHOTOUMCAEHHbIE MEAKME PYAOTIPOSIBAEHMSI CPEAHEXPOMUCTLIX PYA — B OCOMOAUTAX.

KaroyeBble croBa: AYHUT, 4HaCTUHHOE MNMAABAE€HUE, NMUPOAUT, PECTUT, NMOAKOHTUHEHTAAbLHbLIE yApraManMTbl, OCbVIOAVlT.

BeAeHMe
ManTnitHble («alTbIMHOTHUITHBIe» 10 Knaccudukanym e Tekca [1]) ymprpaMaduThl MpefcTaBIeHbl ABYMs
OCHOBHBIMM TUIIAMU — TIOAKOHTMHEHTATbHBIM (OPOTeHHbIE YIbTPaMapUThl KOPHEBBIX 30H) U OPUOMUTOBBIM. [IyHNU-
THI PasBUTHI B 000MX TUIIAX, HO HA YPOBHE COBPEMEHHOTO 3PO3JMOHHOTO Cpe3a 3aHMUMAIOT TOAYMHEHHOEe TOJIOKEeHe OTHOCH-
TE/IbHO JIPYTUX MAaHTUIHBIX YIbTPaMapUTOB — TapLOyPIUTOB U JIEPLONTUTOB.

B HacrosIlee BpeMs TOMUHUPYET MHEHIe, 4TO BCe PasHOOOpasiie ynbTpaMadUTOB KOHTVHEHTOB U OKEaHOB €CTh Pe3y/IbTaT
He CTOJIBKO YaCTUYHOTO IUIABJIEHVs MMPONNTA MAaHTUM [2], CKOTBKO MOCTIEAYIOLell peaKIiy TYTOIIaBKOTO OCTaTKa C IIPOHMU-
KalOIIMMY CHMU3Y IO TMIIOTeTUYECKVM JYHUTOBBIM KaHa/laM pacIlaBaMM HPeMMYIIeCTBEHHO 6asuToOBOro cocTasa. IIpu aTom
COCTaB ITPOAYKTOB 3TON peaKIUy B3aMMOUCKTIoYaomuit. Ilo MHeHNUIO YacTy MccIefoBaTeneli, B X0fie MHKOTPYSHTHOTO II/IaB-
JIEHUS VU B3aMIMOJIEVICTBYSA C HE[OCHIIEHHO KPeMHe3eMOM MarMoil MPOUCXOAUT PacTBOPeHMe MUPOKCEHOB ¥ KPUCTATIIN-
3alyst ONMBYUHA [3-5], MO MHEHMIO PYTUX, 9Ta PeaKLUsA COMPOBOXKAAETCA KPUCTA/UIM3alMell MMPOKCEHOB 3a CYeT ONIMBJHA B
accouyanyy (B 3aBUCHMOCTH OT JIaBJIEHN:) C LINMHE/bIO, TPAaHATOM W/IM IUIarnoknasoM [6-8]. Takum ob6pasom, B pesy/bTaTe
PeaKIMOHHOTO B3aMMOJIe/ICTBHA MIePBOTO TIUIIA IIPOMCXOMUT AajbHellllIee MCTOIIeHNe YIbTPaMadUTOB ITIMHO3eMOM, U3BECThIO
Y KPeMHEKICIOTOl, B Pe3y/IbTaTe BTOPOI peakiuy — oboramieHue sTuMu sneMenTami. I1. Kenemen yTBepxpaert, 4to mpu obpa-
30BaHMM O(UOMNTOBBIX VM MOJKOHTHHEHTAIbHBIX YIbTPaMa(UTOB peaKIMOHHO-MaHTUITHBII IIPOIIeCC MOXKET ObITh He TOJIBKO
[JIaBHBIM, HO ¥ €VHCTBEHHBIM [3].

PesyAstatnl

B HeHapyIIeHHBIX TEKTOHUKOIN U JeHyAaIMell MacCUBaX ITOIKOHTMHEHTANbHbBIX YIbTPaMapNUTOB AYHUTHI CIAral0T Hau-
6oree TTyOMHHBIE YacTy pa3pes3os (Hampumep, Maccusbl Cpegunit Kpaka, Hypanu u roro-socrounsrit 6ok Kemmmpcaiickoro
MmaccuBa Ha FOxxHoM Ypane [9]; maccus XopomaH, SInonus [10]). B mepBbIX ABYyX 0O0Ha)aeTCsI, a BO BTOPBIX BCKPBIT ITTyOOKIMI
CKBa)XMHAaMM TIOJTHBIN paspes CBePXY BHU3: IUIATMOK/Ia30BbIe JIePIIOIUTHI-IIIIHEIeBbIe TepPIIONTI-TapLIOyPIUTHI-LYHUTHL. B
OOJBIINMHCTBE CTyJaeB Ha TOBEPXHOCTI HAOMIONAETCA CPeHAA YacTh pa3pesa, CIOKeHHas IIMIHeTeBbIMY JIEPLIOTUTAMM U Tap-
110y pruTaMy, MIar1MoKIa30oBble JIEPLIOMUTEI 0OBIYHO MO0 MOTHOCTBIO OTCYTCTBYIOT (Y3sHCKMiT Kpaka), m6o 06pa3yioT TUH3bI,
BCTPOEHHbIE B CTPYKTYPY IINMHENEBBIX JePILOINTOB. JJyHUTH 0OHa)XAIOTCA B Hambomee SpoaypOBaHHbBIX YaCTAX MAcCHBOB:
HaIlpuMep, B BOCTOYHOIT yacTu HypanuHckoro maccusa 1 B 1oro-3amagnoit vactu Cpegnero Kpaka. KoHTakTbI MeX[y ynbTpa-
Ma(duUTaMM IOCTETIeHHbIe, YTO MpeATonaraeT (opMUpOBaHIe pa3pesa B X0fie OGHOAKTHOTO IPOLiecca, UTOTOM KOTOPOTO CTaJio
obpasoBaHNUe eAMHON JYHUT-TapL[0yPrUT-N1epIOUTOBON CepUN.

TakuMm mporeccoM, HECOMHEHHO, OBUIO YaCTUYHOE IUIAB/IEHNUe MUPOINTA MAHTUN, O YeM CBUJCTENbCTBYIOT Pe3y/IbTaThl
9KCIepUMeHTOB [11-13], HOATBep)K/IeHHbIe OPUTMHAIBHBIMY 1 OYOIMKOBAHHBIMYU B OOIIMPHOI MMPOBOII IUTEPAType JaHHbI-
MM M3Y4YeHMs COCTaBa MIOPOf000PasyIOIIX MIHEPAIOB OJKOHTUHEHTAIbHBIX yIbTpaMaduTos (Hampumep, [10, 14-16 u ap.].
B xofie YaCcTUYHOTO IUIABIEHNUA MMPOMUTA MAaHTUY 6a3aTbTOMIHBIE BBIIUIABKI SKCTPATUPYIOT GOMBIIYIO YaCTh JTETKOIIABKIX
xommoneHToB — AL O,, Ca0, SiO,, menoyeit 1 pefjKo3eMeNbHBIX 3/1EMEHTOB, B TYTOITIABKOM OCTaTKe Hakarinsaiorcs MgO, NiO,
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PucyHok 1. CocTaBbl aKLLeCCOPHOM XPOMLUMUHENM B YpanbCKuX yneTpamadurax. a — 1-3 — NogKOHTUHEeHTanbHas AyHUT-rapudyprut-nep-
LonuToBasi cepusi, MaccuBbl Hypanu n CpeaHui Kpaka cooTBETCTBEHHO: 1 — LUNUHeneBble NepuonuTbl, 2 — rapubyprutbl, 3 — OyHUTbI, 4 — OYHUT-
rapubypruT-nepLIonMToBas cepus toro-BoctoyHoro 6rnoka Kemnupcaiickoro maccuea; 6 — 1-3 — 30-cCaHTMMETPOBbLIN MUKPOPa3pes Yepes AyHUT-
rapubypruT-nepLOnNMTOBYIO CEPUID HOrO-BOCTOMHOrO 6noka Kemnupcarnckoro maccuea, mectopoxgeHve Anvas-XemuyxuHa, cks. 245, rmybuHa
1159 m: 1 — nepuonuTel, 2 — rapudypruTbl, 3 — AyHUTbI; 4—5 — 30-CaHTUMETPOBLIV MUKPOPa3pe3 Yepes KOHTaKT Wbl METaCOMaTU4eCKOro AyHUTa
¢ rapudyprutom Boikapo-CbIHbUHCKOro MaccuBea, onvMHa NpuToka p. Xonnbl: 4 — rapubyprut, 5 — oyHUT; 6 — 7 — Ba MUKpopaspesa (3akpalleH-
Hble 3NMUMChl) Yepe3 KOHTaKTbl XU MeTacoMaTU4ecknx AyHUTOB C rapubyprutamm Ananaesckoro maccusa, KypmaHOBCKOe MeCTOpoXaeHue
XPOMUTOB: 6 — rapudypruTbl, 7 — AyHUTbI; B — Bonkapo-CbIHbUHCKMUI MaccuB: 1-3 — BHYTPEHHSAS YacTb: 1 — rapubyprutsl, 2 — anorapudyprutoBble
OYHWTBI, 3 — XPOMUTUTBI; 4—5 — KpaeBow KOMMNNEKC: 4 — AyHUTBI, 5 — XxpoMuTUTLI. Cepoe none — none CocTaBoB NOAKOHTUHEHTANbHON AYHUT-rap-
LBypruT-nepuonuToBoi cepum (puc. 1, a).

Figure 1. Compositions of accessory chromespinel in the Ural ultramafites. a — 1-3 — subcontinental dunite-harzburgite-lherzolite
series, Nurali and Middle Kraka massifs respectively: 1 — spinel Iherzolites, 2 — harzburgites, 3 — dunites, 4 — dunite-harzburgite-lherzolite
series of the south-eastern block of the Kempirsai massif; b — 1-3 — 30-centimeter micro-section through the dunite-harzburgite-lherzolite
series of the southeastern block of the Kempirsai massif, Almaz-Zhemchuzhina deposit, well. 245, depth is 1159 m: 1 — lherzolites,
2 — harzburgites, 3 — dunites; 4-5 — 30-centimeter microsection through the contact of a metasomatic dunite vein with a harzburgite of the
Voikar-Syninsky massif, valley of the Hoily river: 4 — harzburgite, 5 — dunite; 6—7 — two microsections (filled ellipses) through the contacts of
metasomatic dunites veins with the harzburgites of the Alapayevsky massif, the Kurmanovo chromite deposit: 6 — harzburgites, 7 — dunites;
¢ — Voikar-Syninsky massif: 1-3 — the inner part: 1 — harzburgites, 2 — apoharzburgite dunites, 3 — chromite; 4-5 — marginal complex:
4 — dunites, 5 — chromitites. The gray field is the field of compositions of the subcontinental dunite-harzburgite-lherzolite series (Fig. 1, a).
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PucyHok 2. CooTHOLLEHWSA BENMYMH XKene3mcTocTy onuBuHa Fa n cogepxaHuii rmmHo3sema B ynbTpamadutax Ypana. a — AyHUT-rapubyp-
rMT-nepuonuToBble cepum maccueoB: 1 — HypanuHckoro, 2 — KOxHoro Kpaka, 3 — Kemnupcaiickoro, 1ro-BocTouHbI 6rok; 6 — Boikapo-ChIHbWH-
ckuii maccmB: 1 — rapubypruTbl, 2, 3 — AyHUTBI: 2 — CETYATOrO KOMMMeKkca, 3 — KpaeBble.

Figure 2. The ratio of the ferruginosity values of Fa olivine and alumina content in ultramafite rocks of the Urals. a — dunite-harzburgite-
Iherzolite series of massifs: 1 — Nuralinsky, 2 — South Kraka, 3 — Kempirsai, southeast block; b — Voikar-Syninsky massif: 1 — harzburgites, 2, 3 —
dunites: 2 — reticulated group, 3 — marginal.

Yawyxumx M. C. O reHeTUYECKMX TUMAX YHUTOB B ynibTpaMaduTax ckiapyaTtbix obnacren (Ha npumepe Ypana) // Ussectua YITY. 43
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PucyHok 3. HopMupoBaHHbIe Ha XOHAPUT CNEKTPbl COCTaBOB peAKUX 3emernb B ynbrpamadmtax Ypana. 1-3 — HypanuHckun maccus:
1 — WnNuHeneBble NepuonuThl, 2 — NNarMoknasoBble NepLUonnTbl, 3 — AyHUT; 4, 5 — Boikapo-CbIHBUHCKMI MaccuB: 4 — HECePNEeHTUHN3UPOBaHHbIN
nepLonuT, 5 — HecepneHTUHN3NPOBAaHHBIN AYHUT. Lindpbl — cTeneHb YacTUYHOTO NraBneHus.

Figure 3. Spectra of rare-earth compositions in ultramafite rocks of the Urals sized for chondrite. 1-3 — Nuralinsky massif: 1 — spinel
Iherzolites, 2 — plagioclase Iherzolites, 3 — dunite; 4, 5 — Voikar-Syninsky massif: 4 — non-serpentized lherzolite, 5 — non-serpentized dunite. The
numbers are the degree of partial melting.

Cr,0,. B ntore senmmunna xpomucroctu (Cr/(Cr + Al)) akiieccopHoit XpOMILTIMHENM TOCTe0BATeNIbHO YBEeMMYUBaeTcs oT 15-35
% B IepLONNTAX K0 35-65 % B rapuOyprurax i gajuee BIVIOTh 40 85 % B IYHUTAX; BKHO TO, YTO JAHHAS 3aKOHOMEPHOCTb IIPO-
CTIeKMBACTCSI He TOIBKO CTATUCTUYeCKH (puc. 1, a), HO 1 IpocTpaHCcTBeHHO (puc. 1, 6). 3a cuer HakomteHus B pecture MgO u
OTHOCHUTE/IbHO MHEPTHOTO MOBEEHIIs XKejle3a IOCTeNIeHHO CHIDKaeTcs sKenesucTocts (Fe?*/(Fe** + Mg) rmaBHOro nopogoobpa-
3yI0LIero MuHepasa yIbTpaMaduToB — OIMBUHA, OT 9,5-11 % B mepronuTax o 7,7-8,5 % B myHurax (puc. 2, a). B xoze mpouecca
KOHIIEHTpALy Hanboee MHEPTHBIX TYTOIIaBKux P39 ymenbinaoTcs B 4 pasa [16]. Ypanbckue faHHbBIE TIOATBEPXKAAIOT 9TOT
BBIBOJI: COfIepyKaHNe TsKeIIbIX TAHTAHOU/IOB B PAAY JIepLOIUT—[YHUT YMEHbLIAeTCA Ha IOIopAnKa (puc. 3).

HermpepbIBHOCTD M3MEHEHNSI COCTAaBA MUHEPA/IOB IIOAKOHTIHEHTA/IbHBIX YIBTPAMa(pUTOB B COOTBETCTBIN C IKCIIEPUMEH-
TaMI 110 YaCTMYHOMY IUIABJICHUIO MOJETbHOTO IMVMPOINTa MAHTUM He COITIACYeTCA C M3/IOXKEHHOI paHee peaKI[IOHHO-MeTa-
COMATHYeCKOI MOfe/bi0. BHenpeHe B yabTpaMaduThl OTHOCUTEIBHO «KICIOr0» 6asUTOBOTO BEIECTBA B YIbTpaMa(uTOBbIe
PEeCTHUTBI IO/DKHO IPUBECTY K HapYLICHNIO IIePBUYHBIX COOTHOLIEHNII IeTPOreHHbIX KOMIIOHEHTOB, YTO B IeJICTBUTE/IbHOCTH
He HAO/II0aeTCsl; B AEICTBUTEIBHOCTI STV COOTHOIIEHNUS COOTBETCTBYIOT XOH/IPUTOBBIM [17] U MOfIe/IbHBIM COCTaBaM MCXOJ-
Horo nyposura [18-23] (puc. 4). Bce usno>keHHOe O3BOISIET: 1) MCKTIOUUTD YYaCTHe TUIIOTETUYECKIX 6a3UTOBBIX PACIIABOB B
(b opMIpPOBaHNY TOAKOHTVHEHTA/IbHBIX YIbTPaMa(ITOB; 2) paCCMATPUBATh AYHUTHI KAK KOHEUHBIIT IIPOAYKT IPOLjecca YaCcTud-
HOTO IIVTaBJIeHI IMPOINATA MAaHTUN.

B 0¢momnToBBIX KOMITIEKCAX IPOAYKTHI YACTUYHOTO IIAB/IeHs IPefCTaBIeHbl ¢1abo auddepeHnpoBaHHbIMY rapLOyp-
rutamn. JIepronnTel, Kak MpaBUIO, OTCYTCTBYIOT, @ HaMMeHee [eIUIeTPOBAHHbBIE YIbTpaMa(uThl MPeCTaB/IeHbl «IIPefe/ib-
HBIMI» TapLOypruTaMu ¢ Cofep)KaHyeM IIepBUYHOrO0 KIMHOMMPOKCeHa He 6ojiee 5 mac. % — TpaHMIa MeXAY rapuoyprura-
mu n nepuonutamn [9]. Ilo Mepe yBenndeHns cTelleH) YaCTUYHOTO IUIABJICHNA TI0JIe COCTAaBOB aKIeCCOPHOI XPOMIINHENN B
rapr0yprurax OTHOCUTEIbHO IIOAKOHTIHEHTA/IbHBIX CEPUIT CMEIAETCsI B CTOPOHY YBEIUUEHNsI XKene3uctocTu (puc. 1, B). 1o
HapsAy C OTKJIOHEHNEM OT XOHApuToBoil Bemmunuel Al-Ca-otHomenns (1,22 o [17]) — puc. 4, B — MOXXeT CBU/IeTe/IbCTBOBATh
0 CyIIeCTBEHHO MHBIX YCIOBUAX IIPOLiecca.

JyHnuTbl 0UOINTOB BXOAAT B COCTAB ABYX KOMIIIEKCOB: BEOCTEPUT-[YHUTOBOTO ¥ KIMHOINPOKCEHUT-AYHUTOBOrO. y-
HITBI IEPBOTO KOMIUIEKCA MIMEIOT, HECOMHEHHO, alloraplioyprutosyio npupony [24]. OHu 06pasyror ceTh AUCKOPAAHTHBIX OT-
HOCHUTE/IBHO AVPEKTUBHOCTH U IOJIOCYATOCTI BMEIIAONINX rapLi0yPrUTOB XKII ¥ IIPOTSHKEHHBIX TeJl, OKaiIMIEHHBIX XXITAMI I
OTOPOYKaMy BeOCTEPUTOB 1 OPTOMMPOKCEHUTOB, pexke XpoMUTUTOB. COOTHOLIEHNMST Pa3MEPOB [YHUTOBBIX Te/l M MIIPOKCEHN-
TOBBIX OTOPOYEK NPUOTUSUTEIBHO COOTBETCTBYIOT IPOIOPLU ONMBIHA 1 IMPOKCEHOB B MATEPUHCKUX rapuoyprurax. [Ipu-
3HAKM NIPOMCXOXKIEHNS [YHUTOB KaK MPOAYKTa YaCTUYHOTO IUIABIEHNSI MAHTUITHOTO CyOCTpaTa OTCYTCTBYIOT. Tak, COCTaBBI
aKIIeCCOPHOIT U PYAHOI XPOMIIIIMHE/N B HUX HACTEAYIOT COCTAB XPOMIILIINHEIN BMellaoiero rapudyprura (puc. 1, 6, 8). Mar-
MaTH4YecKye TPeHIbl COCTaBa OMBMHA (pIC. 2, a) He BBIPAXEHDBL: BE/IMYMHA SKeJIe3UCTOCTY OIVMBMHA B NYHUTAX aHA/IOTMYHA
raprbyprurosoit (puc. 2, 6) — cpegHue BenuuuHbl Fa B rapii0yprurax u >KWIbHBIX AYHUTaX OZMHAKOBBL 1 paBHBI 9,1 + 0,4.
HopmuposanHbie criekTpsl P33 He3aTpOHYTHIX CepIeHTHHM3ALMel TapOypriTa i IyHUTA IOFOOHBI I B y4acTKe Terkux P39
IVICKOPJIJaHTHBI MarMaTudeckum Tpesjam (puc. 3).

44 YawyxuH W. C. O reHeTUUECKMX TUMAX LYHUTOB B ynbTpamMaduTax cknaguatbix obnactei (Ha npumepe Ypana) // UsBectus YITY.
2019. Boin. 2(54). C. 42-48. DOI10.21440/2307-2091-2019-2-42-48
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PucyHok 4. CooTHOLWEeHUe U3BeCcTU U rMUHO3emMa B NOAKOHTUHEHTaNbHbIX ynbTpaMaduTtax. a — 1-3 — maccus PoHaa, Vcnanus [4, 6, 18],
daymun: 1 — rpaHaToBas, 2 — WnuHeneeas, 3 — nnarvoknasosas, 4 — 0. 3abapraa, KpacHoe mope, wnuHenesasa dauusa [25], 5-7 — XopomaH,
Anonus [10], paunmn: 5 — wnuHenesas, 6—7 — nnarnoknasosas, Tun: 6 — E, 7 — N; 8 — wnuHenesble ynsTpamaduTel Maccusa Jlepu, Mepmarus
[8]. Onnunc xenToro useta — none coctaBoB nuponuta [2, 18-23], cuHAa nonoca — xoHApPUTbI [17]; 6 — NOAKOHTUHEHTanNbHbIE yNbTpaMaduTbI
Ypana: 1-4 — maccuBbl Kpaka: 1 — CeBepHbliii, 2 — CpeHuid, 3 — Y3sHckui, 4 — KOxHbIA, 5 — HypanuHckuii, 6 — MofenbHble cocTaBbl MMponuTa
MaHTuKn. Cepoe none — coctaBbl yNsTpamaduToB maccua PoHaa; B — odunonutosble ynbtpamadutbl Ypana: 1 — Boikapo-CbIHBUHCKMI MaccuB,
2 — 3anapHbii 6nok Kemnupcaickoro maccvsa. LLTpuxoBon nuHmen okoHTypeHo none coctaBoB oduonutoB OTtpuca, BypuHoca, Mpeuuns [26] n
r. Byppo, CLUA [27].

Figure 4. The ratio of chalk-stone and alumina in the subcontinental ultramafites. a — 1-3 — Ronda massif, Spain [4, 6, 18], facies: 1 — garnet,
2 — spinel, 3 — plagioclase, 4 — island Zabargad, Red sea, spinel facies [25], 5-7 — Horoman, Japan [10], facies: 5 — spinel, 6-7 — plagioclase,
type: 6 — E, 7 — N; 8 — spinel ultramafites of Lerz massif, Germany [8]. The yellow ellipse is the pyrolite composition field [2, 18-23], the blue bar is
chondrite [17]; b — Ural subcontinental ultramafites: 1-4 — Kraka massifs: 1 — North, 2 — Middle, 3 — Usansky, 4 — South, 5 — Nuralinskiy, 6 — model
compositions of pyrolite mantle. The gray field is the ultramafic composition of the Ronda massif; ¢ — the Ural ophiolitic ultramafites: 1 — Voikar-
Syninsky massif, 2 — West block Kempirsai massif. The dashed line outlines the field of the compositions of the ophiolites of Otris, Vurinos, Greece
[26] and the city of Burro, USA [27].
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PucyHok 5. CooTHoweHne koHueHTpauui TiO, u XxpoMucToCTU XpomwnuHenu B ynbrpamadgurax HypanuHckoro (a) u Borkapo-ChiHb-
MHcKoro (6) MaccuBoB. a — 1 — LWNyHeneBble NepLonuTbl, 2 — rapubypruTbl, 3 — AyHUTbI, 4 — XpOMUTUTBI; 6 — 1 — rapubyprutsbl, 2—3 — QYHUTBI:
2 — anorapubyprMToBOro KoMnnekca, 3 — Ha KOHTaKTe C KIMHOMUPOKCEHUT-rabbpoBbIM KOMMIEKCOM, 4 — XPOMUTUTbLI U3 AYHUTOB 3TOrO KOMMIEKca.
Figure 5. The ratio of concentrations of TiO1, and chromium spinel in ultramafites of Nuralinsky (a) and Voikar-Synyinsky (b) massifs. a
— 1 — spinel Iherzolites, 2 — harzburgites, 3 — dunites, 4 — chromitites; b — 1 — harzburgites, 2—3 — dunites: 2 — apoharzburgite complex, 3 —in
contact with the clinopyroxenite-gabbro complex, 4 — chromitites from dunites of this complex.

JlyHUTBI BTOPOrO KOMIUIEKCA IIPOCTIEXMBAIOTCA B XOPOLIO obHaKeHHOM Borikapo-Ceiabpuackom maccuse (IlomspHsiin
Ypai), okaiiM/Isist rapIOypriuThl ¢ BOCTOKA I 3allafia B BUJe IIPEPHIBUCTBIX O/IOC [24]. TecHast IpoCcTpaHCTBEHHAS IPUYPOUEH-
HOCTb [[yHWITOB, C OFHOI CTOPOHBL, K TapLOypruram, ¢ APyroi — K KIMHOMMPOKCEHNTAM 1 rabOponiaM MOXKeT CBUETebCT-
BOBATb O PEAKI[MOHHO-MarMaTN4ecKol MpMpoje 3TOro Tuma KyHnToB. COCTaB aK1eCCOPHOI XPOMIIIIVMHEIN B HUX OT/IMYAeTCs
OT OCTAJIbHBIX [YHUTOB IOBBIIICHHON BEIMYMHON XPOMICTOCTI Y XKeIe3UCTOCTH (pucC. 1, B), a TaKkKe CYIeCTBEHHO OOIbIINM
comeprkaHmeM TutaHa (puc. 5, 6), cocTaB onuBMHA — 6O/bIIEN BermanHoit Fa (puc. 2, 6).

Ilenp HACTOSIIEN TYOIMKALIMI — OLIEHNTh COOTHOIIEHIE MATMATIIeCKIX I METACOMATUYEeCKIX IIPOLIECCOB IIpK GOpMIPO-
BaHUM JYHUTOB B IOZKOHTMHEHTA/IbHBIX 1 O(PMONINTOBBIX MacCHBaxX. PellleHye 3ajaun 1MeeT BaXKHOE IIPAKTIIeCKOe 3HAYCHIIe
IIPY ITOMICKAaX XPOMUTOBOTO OPY/I€HEHMA.

BuiBOADI

B cTpoeHny MaHTUITHBIX YIbTPaMa(uTOB CKIAAYaThIX 00/IACTEl IPUHIMAIOT YIACTIIE TPY F€HETUIECKIX TUIIA [YHITOB: 1)
MPOAYKTHI YACTMYHOTO IUTAB/ICHIST MAHTUITHOTO IMPOJINTA, 2) IPOAYKTHI CUHKIHEMATIYeCKOoil MeTaMopduaeckoit suddepen-

Yawyxumx W. C. O reHeTUYECKMX TUMAX YHUTOB B ynibTpaMaduTax ckiapyatbix obnacren (Ha npumepe Ypana) // Ussectua YITY. 45
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LYALUN FapL0ypruToB, 3) IPOAYKTHI peakuny raboponsos ¢ rapubypruramu. [IpnypodeHHOCTD MepBbIX K HOJKOHTHHEHTA Ib-
HBIM y/IbTpaMaduTaM, OCTAIbHBIX — K 0(MONNTaM CBUIETEbCTBYET O PA3HON eOAMHAMIYECKOil 06CcTaHOBKe (POpMUPOBAHIL
IAYHUTOB U CBSI3aHHOTO C HYMI XPOMUTOBOTO OPY/ieHeHNA: YHUKa/IbHbIe MECTOPOXK/IeHNA BBICOKOXPOMUCTBIX Py 3a7IeTal0T B
HOJKOHTVHEHTA/IbHBIX YIbTpaMadUTaX, MHOTOYMCICHHBIE MeJIKIIe PYAONIPOsIBICHIIsI CPEIHEXPOMIUCTBIX PYH — B oduonmurax [9].

Paboma evimonnena 6 pamxax eocydapcmeenrozo sadanus MIT YpO PAH (zo0c. peeucmpayus Ne AAA-A18-118052590026-5).
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About the genetic types of dunites in folded ultramafites areas
(using the Urals as an example)

Igor’ Stepanovich CHASHCHUKHIN®

Zavaritsky Institute of Geology and Geochemistry of the Ural Branch of RAS, Ekaterinburg, Russia

The purpose of work: estimation of the ratio of magmatic and metasomatic processes during the formation of dunites in arrays of folded areas. The
relevance of the work is due to the need to adjust the legend during geological mapping and when searching for chromite ores.

Methodology of the work: generalization of a long-term study of the geological structure, mineralogy, petrochemistry, and geochemistry of chromite-
bearing ultramafites of the Urals with the involvement of world petrological and experimental data.

Results. The mantle ultramafic rocks are represented by two main types — subcontinental and ophiolitic ones. Dunites are developed in both types.
Dunites in the subcontinental ultramafites are exposed in the most eroded parts of massifs. Contacts with overlying harzburgites and lherzolites are
gradual, which implies the formation of the entire incision during a nonrecurrent process with the formation of a single dunite-harzburgite-lherzolite
series. The process responsible for its formation was the partial melting of pyrolite of the mantle, as evidenced by the results of experiments confirmed
by the published data studying the composition of rock-forming ultramafite minerals. Dunites should be considered as the final product of the process
of partial melting of pyrolite mantle. Dunites of ophiolites have a fundamentally different nature; they are formed according to restites, products of
partial melting, and they are part of two complexes: websterite-dunite and gabbro-clinopyroxenite-dunite. Dunites of the first complex are formed
during the synkinematic metamorphic differentiation of restites; dunites of the second complex — as a result of the reaction of gabbro with restites.
Conclusion. Three genetic types of dunites take part in the structure of mantle ultramafites of folded areas: 1) products of partial melting of mantle
pyrolite, 2) products of synkinematic metamorphic differentiation of harzburgites, 3) products of the reaction of gabbroids with harzburgites. The
association of the first type with subcontinental ultramafites and the rest with ophiolites indicates the different geodynamic setting for the formation
of ultramafites and the associated chromite concentrations: unique deposits of high-chromous ores occur in subcontinental ultramafites; numerous
small ore occurrences of medium-chrome ores — in ophiolites.

Keywords: dunite, partial melting, pyrolyte, restite, subcontinental ultramafites, ophiolite.

The work was performed within the framework of the state assignment of the Institute of geology and geochemistry of the Ural
Branch of the Russian Academy of Sciences (state registration number AAA-A18-118052590026-5).
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Llabasut-Mg 13 rab6ponaoB baskeHOBCKOro OPMOAUTOBOIO KOMITAEKCA
(CpeaHun Ypaa) — nepsasi Haxoaka B Poccum

KOpwuit BuktopoBuy EPOXUH" ,
AnekcaHpp Meopruesuy LUIOPUH? ",
AHaTtonun Bnagumuposuy 3AXAPOB™" ™,
AHppen Eroposuy YYTAEB?® ™,

NM6oBL BnagummposHa JIEOHOBA',
Onbra JibBoBHa FTAJIAXOBA'

"MHCTUTYT reonorum n reoxvmum um. akag. A. H. 3asapuukoro YpO PAH, Poccusi, EkatepuHbypr
2YpanbCKuii rocyaapCTBEHHbIN FOpHBIA yHUBepcuTeT, Poccus, EkatepnHbypr
3Ypanbckas reonoro-cbemodHas akcneauums, Poccusi, EkatepuHbypr

AKTYaALHOCTL Pa60oTLI 06YCAOBAEHA HEOOXOAMMOCTLIO U3yUeHWsl GOABLION M PA3HOPOAHO IPYIbI LLEOAWUTOB, B YACTHOCTM KPAHE PEAKOTO €€ YAEHA —
wabasuta-Mg. AaHHLI MUHEPaA ObiA OTKPLIT B 2010 1. B 6asaastax BeHrpum, 1 Halwa HaxoAKa SIBASIETCSI BTOPOM B MUPE M repBoii B Poccuu.

Llean pa6oTbI: KOMIMAEKCHOE UCCAEAOBaHME wabasuta-Mg 13 raboponaos baKeHOBCKOro ohMOAUTOBOTO KOMIAeKca (Cpeatuin Ypan).

MeToAorOIHMsT MCCAEAOBAHMS: XVIMUYECKMI COCTaB LIEOAMTA YCTAaHOBAEH C MOMOILLIO CKAHMPYIOIIEro SAeKTPOHHOro MuKpockorna JSM-6390LV cupmbl
Jeol ¢ sHeproancrniepcronHon npucraskoit INCA Energy 450 X-Max 80 chupmbt Oxford Instruments (UIT YpO PAH, r. ExarepunOypr). Aasi aHaam3a
BLIOMPAAUCH FPAHU KPUCTAAAOB C POBHOM M MEPMNEHAUKYASIPHOM K AHAAM3BATOPY MOBEPXHOCTbIO. [TOAYYEHHDIE KOAMYECTBEHHbBIE AHAAM3DI MEPECUUTAHDI C
YYETOM TEOPETUUECKOTO COAEPIKAHMSI BOALI B MMHEPAAe. PEHTTEHOCTPYKTYPHOE M3y4eHME LIEOAUTA MPOBEAEHO Ha PEHTTEHOBCKOM AndbpakromeTpe XRD-
7000 chupmbl Shimadzu (UIT YpO PAH, r. EkatepuHOypr). YCAOBHMSI CLEMKM LIEOAUTA: MEAHOE m3AydeHue, V = 40 kV, | = 30 mA, pasmep wara — 0,02.
PesyAbTaThl. B MO3AHKX TpelMHAX OTPLIBA B ACCOLIMALIMM C KAALLIMTOM, MUPUTOM M AOMOHTMTOM Ha TAMHMCTOM MaTepyuaAe BCTPEYaloTCsl BOASIHO-TPO3pauy-
HbIE KPUCTaAABI KYOOBMAHOM (POPMBI pasmMepom A0 0,2 MM, & TaloKe MX KOPKOBUAHBIE CKOTMAEHMS PA3MEPOM AO 2—3 MM. KpUCTaAALI CAOXKEHBI OCHOBHBIM
pomboaapom r{1011}, a TaKke TUMNMYHLIMU AAsl WABA3NTA ABOHMKAMM MPOPACTaHUsl C ABOVHMKOBOM ocbio [0001]. AudppakromeTpryeckoe msydeHme
OTOBPAHHLIX KPUCTAAAOB MOKA3aA0, YTO OHM MPEACTABAEHDLI LIEOAUTOM M3 rpynmbl wabasuta. OCHOBHbIE oTpaskeHus ueoanTa (B A) — 9,29; 6,88; 5,53;
4,96; 4,31; 3,85; 3,55; 3,44; 2,922; 2,868 u 1. A. [TapameTpbl SA€MEHTAPHOM sSIHEiKkM, PAaCCHUTAHHDbIE HA OCHOBE AUPPAKTOrPAMMbI U B F€KCArOHaALHOM
YCTaHOBKe, CAeAytoume (B N a, = 13,73(4); Cy = 14,83(4); V = 2437,45(5). Xumnyeckuii cocTaB MMHEPaAa AOCTAaTOYHO OAHOPOAHDIV U BITOAHE yBe-

PEHHO MePeCcIUTLIBAETCS Ha WabasuT-Mg. YcpeAHeHHas KPUCTAMOXMMMIECKas (hopMyaa MuHepara — (Mg, ..Ca. , K, ), ,I(Al, Fe  Si ), O, 1x 10

HZO (B mepecyere Ha 24 aToMa KMCAOPOAQ). B 6askeHOBCkOM ma6a3wre-Mg oTmeyaetcs Boicokoe Si/(Si + Al) oTHoweHue B cpeaHem okoao 0,75, yto B
LIEAOM XapPAKTEPHO AASI AQHHOTO LIEOAMTA (B 3TaroHe — 0,74).

BriBoAbl. Hamy B rab6ponaax bayKeHOBCKOro OhMOAUTOBOTO KOMIMAEKCA YCTAaHOBAEH wwabasut-Mg. Haxoaka AQHHOrO MMHEPAaAA CBsi3aHa C GoAee Mo3A-
HUMU KaPOOHAT-CYAL(OPUAHLIMM MPOXKMAKAMM, T. €. WaBa3UT-Mg (PUKCUPYET 3aKAIOUUTEALHYIO CTAAMIO PA3BUTUSI LIEOAUTOB B rabOpoMAax, YTo pacwmpsier
HalW MO3HAHWSI O LIEOAUTOBOW MMHEPaAM3aummu DakeHOBCKOTO OOMOAUTOBOTO KOMMAEKCA. [TpyMeYaTeAbHO, YTO HAMAEH LEOAUT He B Hasaastax, a B
OPMOAUTOBLIX rabbpomaax.

KatoyeBble croBa: wabasnt-Mg, LeoAnT, rabbpomabl, bakeHOBCKM OPMOAUTOBLIN KOMIMAEKC, CpeaHmni Ypaa.

BEAEHME
[[Ta6asuT ABIACTCS OFHUM U3 CAMBIX PACIIPOCTPAHEHHBIX MUHEPAJIOB 113 60/Ib11I0 TPYIIEI IleonuToB. OH BCTpe-
YaeTCsl B Pas/IMYHBIX TOPOJIAX — NHTPY3UBHBIX, BYJTIKAaHIYECKUX, METaMOPPIIECKUX U METACOMATUIECKUX U JaXe B
OCaflouHbIX. brrarogapsa mmpokoMy pasBUTHIO M CBOMM YHMKAIbHBIM CBOJICTBAM, JAHHDBI MUHEpal aKTMBHO MCIIONIb3yeTCA B
TEXHOTIOTMYEeCKMX TPOM3BOJCTBAX IO OUMCTKE OKPY>KaIOlIell Cpefibl, B CENbCKOM X03AMCTBE U )KMBOTHOBOJICTBE.

Ipynma nmrabasuTa Ha CeTONHALIHUI [eHb MpeCTaB/IeHa IIATbIO KpallHUMM WwieHaMmu — Inabasurt-Na u mab6asut-Ca [1],
mab6asnut-K [2], mrabasut-Sr [3] u mabasut-Mg. IToc/mefHMit 1IEOMNUT SIB/SIETCA JOCTATOYHO PeaKuM MuHepanoM. Ero oTkpsuin
CpaBHMTENbHO HeJaBHO, B 2010 . B 6a3anprax paitona lllromer (roxxHas okpanHa fepeBun baxn, 3anagusiit Becripem, Berrpus)
B accolManuy ¢ GUIMIICUTOM, aparOHMTOM, Ka/lIbILUTOM ¥ CalloHNToM [4]. Ha aHHbIT MOMEHT 9TO eIMHCTBEHHAs B MUpe
TOCTOBEpHasl HaXOJIKa, XOTSA M3BECTHO MHOTO YIOMUHAHMII B TUTepaType 06 oboraleHHOM MarHueM Inabasute. Tak, mopo6-
Hble 11eO/INTHI OIMChIBAMUCD B 6asanbrax Vtamum, lepmannn, @pannum, Yexun u ABctpanuu [5-7 u ap.], Ho o pesynbrataM
KPUCTATIOXMMIYECKIX ITePeCYeTOB OHM BCerfia OKa3bIBaIMCh MarHuricogepskamumm mabdasurom-Ca [7]. VinTepecHo, yto B 1986
I. Ha ocTpoBax VpmaHauy 65U1 06HapyKeH 11abas3uT ¢ mpeobIafaHreM MarHus Haj Ka/IbliMeM I OH Y>Ke TOTZA IIPeAIonarajucs
KaK HOBbIIT MUHepaIbHBII BUf (8], HO, BUAMMO, MUHepAJI TaK 1 OCTAJICA Hen3ydeHHbIM. HaM mpu uccnenoBaHmm MIHEPaIornu
BakeHOBCKOTO 0(MONMUTOBOTO KOMIIZIEKCA YAATIOCh 0OHAPYXUTD 11abasuT-Mg, KoTopblit paHee B Poccym He ONMCBIBANICA 1, IO
BCell BUIIMOCTY, 9TO BTOPas HAXO[Ka JAaHHOTO LI€O/INTa B MUpE.

TeoAOrnyeckoe MoAoXKeHMe OObLEKTA MCCAEAOBAHMIA

basxeHOBCKMIT 0(MOMUTOBBII KOMIUIEKC ABJIAETCA CAMBIM IOKHBIM B ACOeCTOBCKO-AJIaNIaeBCKOM II0sICE YILTPAOCHOBHBIX
MACCHBOB I PacIOJiaraeTcsi B mpefenax BocTounoit yactu Cpenxero Ypama (B 80 kM ceBepo-BocTouHee I. Exatepunbypra).
Teonmornyueckoe cTpoeHne KOMITIEKCA OMMCaHo B paborax [9, 10 u gp.]. BaxxeHoBCcKmit rab6po-ynpTpabasuTOBbIT MaCCUB Ha 3a-
Hajie KOHTAKTUPYeT C AJy/ICKVM I'PaHUTHBIM, MaJIbIIIeBCKIM JIeIKOTPaHUTHBIM 1 Jleco3aBOACKIM rab6po-a1OopUTOBBIM Mac-
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PucyHok 1. PacnonoxeHue u reonorunyeckasi kapta BaxeHoBckoro ocmonutoBoro komnnekca (no [11]). 1 — rpaHogvoputsl, agamen-
nuTel KameHckoro komnnekca (C, ,); 2 — ToHanuTel, rabbpo-amMopnTel 1 nnarvorpaHuTel PedTuHekoro komnnekca (S,-D.,); 3 — rab6po-HopuTbl
AcbecTtoBckoro komnnekca (S,); 4 — rapubypruTbl BaxkeHoBckoro ochronuTosoro komnnekca (O, ,); 5 — KIIMHOMMPOKCEHUTbI, BEGCTEPUTLI 1 BEPSU-
Tbl NOCIIE0UOINTOBOTO KoMMsekca (S); 6 — 6asansTbl U KpeMHUCTo-6azasnsToBble 06pasoBaHus (O,—S,); 7 — paspbiBHbIE HapyLWeHUst; 8 — MecTo
Haxogku WwabasuTa-Mg.

Figure 1. Location and geological map of the Bazhenovskiy ophiolite complex (according to [11]). 1 — granodiorites, adamellites of
the Kamensky complex (C, ,); 2 — tonalites, gabbro-diorites and plagiogranites of the Reftinsky complex (S, — D,); 3 — gabbro-norites of the
Asbestovsky complex (S,); 4 — harzburgites of the Bazhenovskiy ophiolite complex (O, _,); 5 — clinopyroxenites, websterites and werlites of the
post-ophiolitic complex (S); 6 — basalts and siliceous-basalt formations (O, — S,); 7 — faults; 8 — found of chabazite-Mg.

CMBaMU, a TaK>Ke C TEKTOHM3MPOBAHHBIMYU (pparMeHTaMI BY/TIKAHOT@HHO-0CaI0YHBIX TOII OPAOBIKaA 1 AeBoHa. C fora 1 fora-3a-
mazia 6710k 0h1omMTOB rpaHN4NT ¢ KaMeHCKMM IpaHUTHBIM M YaCTUYHO ¢ PepTMHCKUM rab0po-I1arnorpaHUTHBIM MacCHBaMIL,
a ¢ BOCTOKa — Takxe ¢ PedTurckuM 1 HexpacoBckym rab6po-rpanutHbeM MaccBaMu. C ceBepa baskeHOBCKMIT 0pUOMTUTOBBI
KOMIUIEKC 00paM/IAeTcsl pa3HOOOPa3HBIMY BY/IKAaHOTEHHBIMI 1 BY/IKAHOT€HHO-OCATOYHBIMI TOJIIIAMY KaMEHHOYTOJIBHOTO 1
IeBOHCKOro Bo3pacta (puc. 1). BospacT opnonmmnToBoro KOMIIEKCa JO CUX IOP JOCTOBEPHO HE YCTAHOBJIEH, HO M3BECTHO, YTO
yIBTPaba3nThI IPOPBAHBI (3aIl€YaTaHbl) PAHHECHIYPUIICKIMI JaiiKaMu TpaHnTOUAOB [11], T. e. BodpacT BaxkeHOBCcKOrO 0d1ro-
JINTOBOTO KOMIIJIEKCA MOXKeT OBITh TOIbKO peBHee PaHHEero CUIypa.

MeToAbI CcAerOBaHMT

XUMMYECKIIT COCTAaB LIEO/IUTa YCTAaHOBJIEH C ITOMOIIBI0 CKaHMPYIOLIETO STeKTPOHHOTO MUKpOcKoma JSM-6390LV ¢up-
Mol Jeol ¢ sHepropucnepcuonnoit npucraskoii INCA Energy 450 X-Max 80 ¢upmer Oxford Instruments (MIIT YpO PAH, r.
ExatepunoOypr, anamutuk JI. B. JleonoBa). 1 aHami3a BbIOMpPaIUCh I'PaHM KPUCTAJUIOB C POBHOI U IEPIEHAVKY/LAPHON K
aHaIM3aToPy MoBepXHOCTbIO. K coxanennio, S/IC-npucraBKa He M3MepseT BOY, IO9TOMY IIOTy4YeHHbIE aHA/IN3bI IT€PeCunTaHb
C Y4€TOM TE€OPETUIECKOTO COfiepyKaHMsI BOJbI B MIHEpaJIe.

PeHTreHOCTPYKTYpHOE U3yUeHNe 1Ie0INTa IIPOBEAEHO Ha PEHTTeHOBCKOM Andpakromerpe XRD-7000 ¢pupmsr Shimadzu ¢
HOIMKAIVIIPHON OIITHKOIL U BhIcOKoTeMIepaTypHoit npucraskoit HTK-1200N ¢upmbr Anton Paar i paboTel B uanasoHe
temuepatyp 25-1500 °C (IIT YpO PAH, r. Exarepun6ypr, anamutuk O. JI. [anaxoBa). Yc/IoBuUA CheMKY LeOINTa: MEJHOE U3JTY-
vyenne, V =40 kV, I = 30 mA, pasmep mara - 0,02°.

50 EpoxwH (0. B. v gp. La6a3nuTt-Mg u3 rabbpovpos baxkeHoBcKoro oduonuToBoro komnekca (CpegHun Ypan) -
nepeas HaxopaKa B Poccuu // Ussectua YITY. 2019. Boin. 2(54). C. 49-55. DOI10.21440/2307-2091-2019-2-49-55
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PucyHok 2. CoBOWHMKOBaHHbIE KpUCTansbl Wwaba3uta-Mg Ha noBepxHOCTU rabbpounpga. ®oto nog GMHONYNOW, pa3Mep KpucTannoB
okono 0,2 mm.

Figure 2. Twinned crystals of chabazite-Mg on the surface of the gabbroid. Photo under the binocular microscope, the size of the
crystals is about 0.2 mm.

20kV X350 50pm 10 62 BES

PucyHok 3. Kpuctannei wa6asuTta-Mg B KOpKOBUAHbLIX arperatax Ha NOBEPXHOCTU FMIMHUCTOrO MUHepana. ®oTo B OTPaXeHHbIX 3nek-
TpoHax, CAMECA SX 100.
Figure 3. Chabazite-Mg crystals in crustaceous aggregates on the surface of a clay mineral. BSE-image, CAMECA SX 100.

[MoAy4€eHHblE PE3YALTATDLI U MX OOCY)KAEHME

Ocenbio 2014 1. g mpousBoacTBeHHBIX HY X OAO «Ypamacbect» B MaccyBe rab6ponos 6bina mpobypeHa cepysA CKBa-
XKIH, KepH KOTOPBIX Hamy n3ydancss. Mecto or6opa mpob: 3amapusiit 60pt LlenTpanpHoro kapbepa bakeHOBCKOro MecTopo-
XKeHUst Xpu3oTuI-acbecrta (10ro-samajHas 4acTb Kapbepa, 2-11 yCTYI cBepxy; koopauHarsl ¢ GPS-npremunka — 57°01°77,8” c.
1.; 61°48°13,9” B. 11.). [a66pouns! (B mepecyeTe HOpMATUBHbIE TAGOPO-HOPUTDI) ITOTHOCTHIO METAMOP(U30BAHBI B COCCIOPUT-
aM(pu60IOBbIe TIOPOADI 1 COFEPIKAT PASIMIHBIE II0 MOIHOCTIL ITPOXKVIKY IIOM3NTA, KBAPLjd, IOMOHTHUTA 1 KanbuuTa [12 u mp.].
MectaMu B IOpofie OTMEYAIOTCS TPEIIMHBI OTPBIBA, YACTUYHO BBIIOTHEHHbBIE arperaTaMyl KaabLUTa, MMPUTA U [IIMHUCTOTO
Marepuasa. TN TPELUVHBI AB/AITCS 60/lee MO3HNMI 1 CEKYT KaK KpymHble (0 1 CM TOJIIMHON) MPOXXWIKY I{OM3UTA, TaK
U TOHKMe (TOJILIMHON B JOIU MM) IIPOCEYKH TOMOHTHUTA. CKOIUIEHVsI CynbMAa YaCTUIHO 3aMEI[eHbI TMMOHUTOM, IO9TOMY
[IOBEPXHOCTD TPELIVH MMeeT KOPUIHEBATYI0 OKpacKy. Ha IIMHMCTOM MaTepuasie BCTPEYAOTCs BOASIHO-IIPO3PAYHbIe KPUCTATI-
bl Ky60BUAHOI opMBI pasmepoM fo 0,2 MM (piuc. 2), a TaK)XKe UX KOPKOBUIHBIE CKOIIEHNS pasMepoM Ao 2-3 MM (puc. 3).
Kprncrasibl cio)eHbl OCHOBHBIM poM6037poM r{1011}, a Tak>ke TMIMYHBIMY A1 [1abasyTa ABOVHMKAMI IPOPACTAHNS C ABOJI-
HMKOBOIT ocbio [0001].

EpoxuH 1. B. u gp. LLlaba3ut-Mg 13 rab6ponpos baxxeHoBCcKoro opuonutosoro Komnnekca (CpegHuit Ypan) - 51
nepBas HaxogKa B Poccuu // U3BecTus YITY. 2019. Boin. 2(54). C. 49-55. DOI 10.21440/2307-2091-2019-2-49-55
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Xumunyeckui coctas Wwabasuta-Mg n3 rab6ponaos BaxeHoBckoro ononMToBoro komnnekca, mac. %.
The chemical composition of chabazite-Mg from gabbroids of the Bazhenovskiy ophiolite complex, wt. %

Homep aHanusa SiO, ALO, Fe,O, MgO CaO K,0 H,0 Cymma
1 56,85 15,96 0,41 3,21 4,29 0,98 18,30* 100,00
2 57,00 16,14 0,42 3,50 4,20 0,42 18,30* 100,00
3 56,89 16,51 0,32 3,29 4,04 0,65 18,30* 100,00
4 57,18 16,04 0,44 3,80 3,81 0,43 18,30* 100,00
5 56,70 16,08 0,36 3,24 4,33 0,99 18,30* 100,00
6 57,37 15,57 - 3,67 4,69 0,40 18,30* 100,00
7 56,00 16,90 0,02 2,85 2,80 2,50 18,30 99,96*

®opmyrbl ueonuma e nepecyeme Ha 24 amoma Kucriopoda
(Mg, 75Ca, 7,K 201 67[(AL 6,F €4 05Sig 66)11.66C24] - 10 H,O
(Mg,6,Ca,4 71Ky 0)1 2l (Al 65F € 0S5 65)12.00024] - 10 H,O
(Mg,;,Ca, 66K, 1) 56l (Al o5F €4 0, Si -10H,0
(M 66C a4 64K0 00)1.62[ (AL 06 €6,06S 5 66)11.66 24l - 10 H,O
(M8y76Ca, 75Ky 20)1 60l (AL 0P €6 05Sis 04)11.66C2al - 10 H,O

(M, 5,C20 76Ko 06)1 73l (Aly 5Sg 00)1,86 O] - 10 H,O
(Mg, 6,K5,C8, 4sNa 45ST, [(Al ¢Si 1-9,68 H,0

0,03)1,78

-

8,93)1 2,03024]

N O o A W N

0,52 8.89)12,05024

lMpumeyaHue: aH. 1-6 — HaWwW gaHHbIe, aH. 7 gaH no [4]; *Konm4ecTBOo BOAbI B LieonuTe AaHo no [4]; **B AaHHOM aHanuse elle npucyTcTByoT SrO
-0,30; Na,O - 0,27; BaO - 0,02 (B mac. %).

Judpaxromerpudeckoe 13ydeHre 0TOOPAHHBIX KPUCTA/IIOB II0KA3a/I0, YTO OHU IPeACTAB/IEHBI 1{eO/IIITOM 13 TPYILIIbI 1I1a-
6asura (Tak KaK KPMCTa/UIbl ME/IKNe, TO Py MOATOTOBKe IIperapara B Mpo0y IOMaay MpuMecHble MUHEPAIbl — Ka/IbLUT, JIO-
MOHTHT, a TaKkxxe aM¢pu601 ¢ xmoputom). OCHOBHBIE OTPasKeHNUS [jeonnTa (B A): 9,29; 6,88; 5,53; 4,96; 4,31; 3,85; 3,55; 3,44, 2,922;
2,868 u 1. 1. [TapaMeTpsl a/1eMeHTAPHOI SYEIIKY, pacCYNTAaHHbIe Ha OCHOBE AM(PaKTOIPaMMBbI I B FeKCarOHA/IbHOI YCTaHOBKE,
cnepyromue (B A): a, = 13,73(4); ¢, = 14,83(4); V = 2437,45(5), 4TO BIOTHE COOTBETCTBYET 3TA/IOHHBIM JJAHHBIM ITabasuta-Mg
[4], M OHM JOCTATOYHO CUIBHO OTIMYAIOTCA OT 3HAYEHUII APYTUX LIeOJMTOB M3 IPYIIIbI Iabas3nura. PaHee mpy ncciegoBaHmuu
KprcTa/IoxuMun mabasntos [1] 66110 ZOKa3aHO, YTO IMapaMeTp /IEMEHTAPHOI SIYEIIKY ¢ (B T€KCArOHAIbHOI YCTAHOBKE) yBe-
MIUYUBAETCSA C POCTOM COfIepXKaHNA aMOMIHNA. B COOTBETCTBIM C 9TUM UCCTIEIOBAHIEM TIAPAMETP C,, 1 CaM 00'beM 371eMeHTap-
HOJI sT4eliKy B mrabasurax-Mg caMblit HU3KWIT CPeAY APYTUX LI€OMUTOB 3TON TPYIIIBL.

XUMMYeCKui COCTaB MUHepaja JOCTaTOYHO OJ[HOPONHBIN ¥ BIIOJIHE YBEPEHHO IepeCUNThIBaeTCA Ha Iabasut-Mg (Tab-
ymua). IIpy 9TOM 10 COOTHOLIEHNI0 KOMIIOHEHTOB OH JOCTaTOYHO CMJIBHO OT/IMYAeTCSA OT 9TAJIOHHOTO 1IeO/INTa, HallIeHHOTO
B Benrpunu [4], Tak KaKk cofepxuUT 60Jbllle KpeMHe3eMa, MarHV Y KaJIbliyA, HO MEHbIIIe a/IIOMIHNA U Ka/usd, YTO, BEPOATHO,
CBA3AQHO C XMMU3MOM BMELIAIOIIX rab0ponioB, KOTOPbIE, K IPUMepY, CIIBHO OOeIHeHbI KajeM. B 6axeHOBCKOM Iabasure
otMevaeTcst Bbicokoe Si/(Si + Al) oTHotreHne B cpeHeM 0Koy10 0,75, UTO B 11€/IOM XapaKTEPHO IJIs JAHHOTO [[eonTa (B 9TaNOHe
- 0,74 [4], a B pa3HbIX MarHe3uanpHbIX Mabasutax-Ca B mpegenax 0,65-0,75 [7]).

B nenom msa rab6ponsoB baskeHOBCKOro 0(MOMMTOBOTO KOMIUIEKCa XapaKTePHO NMPUCYTCTBHUE LIEOTMTOBOI MMIHEPan-
3aluy, MeCTaMyl B COCCIOpPUT-aM(uOOIOBBIX IOPOLAX OTMeYaeTCsl MHTEHCYBHASA TOMOHTUTHU3AIMA (MOIHOCTBIO 1o 10-15 M)
BOKPYT CTWIbOUT-TeJ/TaHUTOBBIX IPOXKIIKOB. IIpy 3TOM BOKPYT COOCTBEHHBIX IIPOXKVIIKOB IOMOHTUTA HUKAKON L[eO/IUTH-
sanuy He HabOmoaercs. Haxonka mrabasura-Mg cBsisaHa ¢ Hanbosee MO3THNUMI KapOOHAT-CYIbQUIHBIMIU IIPOXIJIKAMI, T. €.
MUHepas GUKCUPYET 3aK/ITI0UNTEIbHYIO CTA/{UI0 Pa3BUTI LIEONTUTOB B rab0ponax, YTO paciInpsieT HAIlM IIO3HAHMS O 110N -
TOBOII MUHepamm3anun baxxeHoBckoro oguomnrosoro Komirekca. K npumepy, sfech e B yIbTpabasiuToBOM MacCuBe MIUPO-
KO PacIpOCTPaHEeHBI XUIbHbIE POIVMHINUTHI (6OMbIIIell YaCThI0 3TO METACOMATHYeCKM IIPpeoOpasoBaHHbIE JaliKu rabOponoB) ¢
PasHOOOpasHOI M YHUKA/IbHON MuHepaoryeir. Cpefy MpoYero 3fech BCTPEYaloTcs IpeKpacHbIe KOJUIeKIMOHHbIE 00pasLibl ¢
LIeOJIUTaMI — HaTPOJILTOM, CKOJIELIITOM, Me30/INTOM, TOHHapAuUTOM, abasuroM-Ca, GuUmncuTaMu 1 JpyruMy MyHepaaIaMu
[13-15 u gp.]. VIHTepecHO, 4TO B 6a)K€HOBCKUX POAVHIUTAX PaHee ObUI YCTAHOBIIEH MarHmitcoaepskait mabasnut-Ca ¢ cogep-
xanneM 1,3 Bec. % MgO [16], Ho 10 HeflaBHETO BpeMeHM K 3TOMY aHa/IM3y OTHOCUIUCD C HelOBEPUEM.

BuiBoab

Takum obpasom, Hamm B rabb6ponpax bBa>keHOBCKOro OQUOMMTOBOrO KOMIUIEKCA YCTaHOBIEH mrabasut-Mg. Haxopmka
INaHHOTO MUHepajia CBs3aHa ¢ 0ojee IMO3JHVMMU KapOOHAT-CyNbOUIHBIMM NPOXIIKaMY, T. e. Mabasut-Mg ¢ukcupyer 3a-
KIIOYUTENIbHYIO CTAIVIO PasBUTHUA LIEOIUTOB B rabOponiax, 4To pacliypseT Halll IO3HAHV O [IeOJMTOBOI MIHEpaIU3an
baskeHOBCKOT0 0(p110MMTOBOrO KOMIUIEKCa. ITO IepBast HaXoika MuHepaa B Poccun 1, 1o Beell BUAVIMOCTY, BTOpast B MUpe.

Asmopui 6nazodapHol pykosodcmsy kombunama OAO «Ypanacbecm» 3a 603mMOHHOCHb 0MmMOOpa npob, a makie KaHo. 2eoJL.-
munepan. nayk B. C. ITonomapesy 3a nomousp 8 n00201mosKe pyKonucu.
Paboma evinonmena npu punarncosoii noodepixe Komnnexcroti npoepammot YpO PAH (npoexm Ne 18-5-5-32).
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Chabazite-Mg from gabbroids of the Bazhenovskiy ophiolite complex
(Middle Urals) is the first find in Russia
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The relevance of the work is due to the need to study a large and diverse group of zeolites, chabazite-Mg, in particular, it's an extremely rare member
of that group. This mineral was discovered in 2010 in the basalts of Hungary, and our discovery is second in the world and first one in Russia.

The purpose of the work: a comprehensive study of chabazite-Mg from gabbroids of the Bazhenovskiy ophiolite complex (Middle Urals).
Methodology of research: The chemical composition of the zeolite is determined using a JSM-6390LV scanning electron microscope by Jeol with
the INCA Energy 450 X-Max 80 energy dispersive device by Oxford Instruments (Ural Branch of the Russian Academy of Sciences, Ekaterinburg). We
chose the faces of the crystals with a flat surface and perpendicular to the analyzer. The obtained quantitative analyzes are recalculated taking into
account the predicted water content in the mineral. X-ray diffraction study of the zeolite was carried out with an XRD-7000 X-ray diffractometer by
Shimadzu (Ural Branch of the Russian Academy of Sciences, Ekaterinburg). Conditions for survey of zeolite: copper radiation, V = 40 kV, | = 30 mA,
step size — 0.02.

Results. In late ruptures in association with calcite, pyrite, and laumontite, clay-like material contains water-transparent cuboid crystals with a size of
up to 0.2 mm, as well as their crustaceous segregation with a size of up to 2-3 mm. The crystals are composed of rhombohedron r {1011}, as well as
the typical chabazite twins intergrowth with twining axis [0001]. A diffractometric study of the selected crystals showed that they were represented
by zeolite from chabazite group. The main reflections of zeolite (in A) are 9.29; 6.88; 5.53; 4.96; 4.31; 3.85; 3.55; 3.44; 2.922; 2.868, etc. The unit
cell dimensions calculated on the basis of the X-ray diffraction pattern in the hexagonal positioning are the following (in A- a, =13.73(4);c,=14.83
(4); V = 2437.45 (5). The chemical assemblage of the mineral is fairly uniform and quite confidently recalculated for chabazite-Mg. The average crystal-
chemical formula of the mineral is (MgO.SZCaWI1(0'09)1.62 [(Al2.99Fe‘).[x’Si&%)I Z.OOOM]IO H,O (based on 24 oxygen atoms). In Bazhenovskiy chabazite-Mg, a
high Si / (Si + Al) ratio is about 0.75, which is generally characteristic of a given zeolite (0.74 in reference).

Conclusion. We have determined chabazite-Mg in the gabbroids of the Bazhenovskiy ophiolite complex. The discovery of this mineral is associated
with later carbonate-sulphide veinlets, i.e., chabazite-Mg captures the final stage of development of zeolites in gabbroids. This fact expands our
knowledge of the zeolite mineralization of the Bazhenovskiy ophiolite complex. It is noteworthy that zeolite was found not in basalts, but in ophiolite
gabbroids.

Keywords: chabazite-Mg, zeolite, gabbroids, Bazhenovskiy ophiolite complex, Middle Urals.
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Mertaanbl B HedpT MecTtopoykaeHnii OpeHbyprckoi obaactm
FanuHa AnekceeBHa TOHOMAPEBA®
OpeHbyprckuin rocygapcTBeHHbin yHuBepcuteT, OpeHbypr, Poccus

Crarbsi MOCBSILEHA U3YYEHMIO COAEPIKAHMSI METAAAOB B HE(PTM OPEHBOYPrCKMX MECTOPOYKAEHMUIA.

AKTYaALHOCTb MHOTOAETHMX CUCTEMATMHYECKMX MCCAEAOBAHUIT METAAOTEHNMM HE(PTENM, BEAYLIMXCST B AAGOPATOPHM (PU3MHECKMX METOAOB MCCAEAOBAHMSI
OpeHBYPrckoro rocyAApCTBEHHOTO YHUBEPCUTETA, CBSI3AHA KaK C TEOPETUHECKMMM acrekTamu — MPOBAEMaMM MUrPALIMM SAEMEHTOB, FeHe3Nca METAAAOB
M camoli He(hT!,— TaK U C MPAKTUHECKMMM — F€OAOTO-TEOXMMMHECKMMM BOMPOCAMM OLIEHKM MEPCMNEKTMB HE(HTEra30HOCHOCTM TEPPUTOPUIA, MPOMDILIAEH-
HO-CLIPLEBLIM aCMEKTOM U SKOAOTMYECKMM.

Leasbto HacTosiwen PaBoThl SIBASIETCS BLISIBAEHUE KOHLIEHTPALIMI PSIAA METAAAOB, B TOM UMCAE M OAArOPOAHBLIX, 3AKOHOMEPHOCTEN MX PACMPEAEAEHMs! U
MepPCreKTVB MOCAEAYIOIErO U3BAEHEHUS! B LIEASIX KOMIAEKCHOTO MCMOAL30BAHMs OPraHOMUHEPAALHOTO CLIPLSI U AASI CHUDKEHMST HETaTUBHOTO 3KOAOTMYe-
CKOTO BAMSIHMSI HA TEPPUTOPUM HE(PTETa30HOCHLIX PaitoHOB. OBLEKT MCCAEAOBAHMSI — KOHLIEHTPALIMM METAAOB B HE(PTSIX.

IpeameTt — 3aKOHOMEPHOCTU PACMIPEACAEHNST METAAAOB U MEPCMNEKTUBLI UX UBBAEHEHMSI.

3aAa4m pa6oTLI — OIPEAEAEHNE COAEPIKAHMI METAAAOB B MPOGax HE(TU, BLISIBAEHME aCCOLIMALIMI METAAOB M OCOBEHHOCTEN PACMPEAGAEHMS X B AUTO-
AOTO-CTPATUrPAPMHECKMX YPOBHSIX. OBPA3LIbI YTAEBOAOPOAHOTO ChIPbsi OTOMPAAUCDH UCTILITATEAEM MAACTOB B TEPPUTEHHBIX M KAPOOHATHBIX KOAAEKTOPAX
by3yAykckor BnaauHbl (KOskHO-DBy3yaykckoro n MyxaHo-EpoxoBckoro HedbTerasoreoAorm4eckmx pPanoHOB), B KOTOPLIX COCPEAOTOYEHDI KpyMnHewme
MecTopoykAeHmsl HedpT B oBAacTU. OnpeseaeHre GAArOPOAHBIX METAAAOB, KOBAALTA M HUKEASI BLIMTOAHEHO aTOMHO-aBCOPOLIMOHHOM CNEKTPOMETPUEN (C
MPYMEHEHNEM ABTOPCKOTO MATEHTOBAHHOTO Crocoba ornpeAeAeHusi GAATOPOAHLIX METAAAOB B YTA€POAMCTLIX MOPOAAX), OCTAALHLIE METAAALI OMPEAEAEHDI
CreKTPaALHLIM SMUCCUOHHLIM aHAAU3OM.

Pesyfu.raru. nOI\y"IeHbl AOTIOAHUTEALHDLIE AQHHDLIE MO MOBLILEHHLIM COACPIKAHUSIM PSIAQA METAAOB — TUTAHA, BaHAAMS, LUMPKOHMSI, YTO MO3BOASIET pacCMma-
TpUBATL HETH U HEPTEMPOAYKTbI KAK OPraHOMUHEPAALHOE ChIPLE MPU Pa3PaBOTKe TEXHOAOTHI MX UBBAUEHMsI. BLISIBAEHO, YTO MOBLILEHHOE HAKOTAEe-
HME AAQHHBIX METAAMOB B HE(PTM YKA3AHHLIX MECTOPOYKAEHMUI XaPAKTEPHO AASI 3AAEKEV BEPXHETO AEBOHA M HMXKHETO M CPEAHEro KapOoHa. Xapakrep
pacrpeAeAeHnsi METAANOB, MX BAM3KME COAEPIKAHUS U (DU3UKO-XMMUYECKME CBOMCTBA HE(PTU B MAACTAX PABAMYHBIX MECTOPOXKAEHMI MOTYT CBUAETEALCT-
BOBAaTL O CXOAHLIX YCAOBMSIX MX (HOPMUPOBAHMS Y1 BO3MOXKHOCTM KOPPEASILIMM MAACTOB MO MUKPOSAEMEHTHOMY COCTaBy.

KaroyeBble choBa: METaAAbl, HeCIDTb, 3aKOHOMEPHOCTU PACIPEAEAEHUST, SKOAOTUHECKUE MOCAECACTBUSI, U3BAEYEHUE.

BEAE€HMe
B Hedtu K HacrosiIeMy BpeMeHM 06Hapy>keHO 60siee 70 pas3IMIHBIX 7IEMEHTOB, B TOM 4MC/Ie U METAJIIOB, KOH-
LIeHTPAIMI KOTOPBIX M3MEHAIOTCA B OUEHb MINPOKUX IpefiesiaX — OT CIefOB [I0 COTeH I'PaMMOB Ha TOHHY He(TH, UTO
CTaJI0 BO3MOXKHBIM B pe3y/ibTaTe PasBUTHA aHATUTUIECKUX MeTo/IoB. IIoBbILIEHHOE COfiep)KaHUe MUKPOSTIeMEeHTOB, KaK Ipa-
BIJIO, XaPAKTEPHO /151 BBICOKOBSI3KVX TSDKETIBIX HepTell ¥ IPUPOAHBIX OUTYMOB. VI3ydeHne MpupOAHbIX KOHIIEHTPALNIT MeTaI-
JI0B B He(ITI MMEET KaK TEOPETUIECKOe, TAaK I IPMKIAfHOe 3HadeHe. Tak, B OpeHOyPrcKoil Hep Ty 3aK/II0UEHBI 3HAUNTETbHbIE
KO/IMYeCTBA BaHA/VS, TUTAHA U Psifia APYIMX META/IIOB [1, 2], 4TO MOXKeT IIO3BOMUTD B O/yoKaliiieM OyLyiieM paciiMpyuTh UX
MIHepaIbHO-ChIpbeByIo 6a3y. Ilo-BuanMoMy, Hanboee 3aMeTHas pojib OyfeT IpMHA/JIEKATh BAaHA/UIO, HUKEIO [3], HOCKONbKY
B HACTOsIIIIee BpeMs y)Ke CYIIeCTBYIOT TeXHOJIOTUM X U3B/IeYeHNA U3 HePTH.

C apyroit CTOpOHBI, IPUCYTCTBYE STUX METAIOB B He(TH, HepTePOAYKTaX, IPUPOTHBIX OUTYMaX, acanbTUTaX 1 IPY-
TUX OPOAYKTaX HaTOMFHOTO Psifia CUIBHO OCTIOXKHSIET IIpoLiecchl Hedrenepepaborkn. Hammdne MeTaIoB B yI7IEBOJOPOSHOM
ChIPbe OTPHUIIATEIBHO CKAa3bIBAETCSI HA OMEPALMSX OUMCTKI 13-32 TOTO, ITO OHN HPEACTABIAIOT OIACHOCTD /IS KATa/IN3aTOPOB,
JICIIO/IB3YEMBIX BO MHOTMX IIPOLjeccax HepepaboTkyt HeTu u HepTEIPORYKTOB (KaTa/IMTHIECKOM KPEeKIHTe, TUPOreHU3alNI,
rupgpoobeccepuBanyy u fp.). Tak, BaHaAMI, HAXOMALINIICS B HeDTIHOM TOIUIMBE, KaTaIM3UPYeT OKMCIeHne oKcrpa cepsl (IV)
SO, no okcupa cepsr (VI) SO,, 4TO B KOHEYHOM UTOTE BeIET K KOPPO3UM, IPUHOCUT 60/IbINOoii yiiep6 HedTenepepabarbisaio-
meMy 060py/IOBaHNUIO, YCTAHOBKAM, CHYDKAET CPOK CITY>KOBI Pas/TMYHbIX IBUTATE/Iell U KOTeNbHBIX YCTAHOBOK, a TAKXKe BeJeT K
3arpsI3HEHNIO IIPUPORHOIN OKpy»XKaroieil cpenpl. CriefyeT TakKe OTMETUTH, YTO MHOTVE (POPMBI METAJIIOB, COAEPIKALIIXCS B
Hed Ty, HeTAHBIX OTXOHAX U HepTeIIPOyKTax, IPeXK[ie BCEro BaHAANA, IPeCTaB/LAI0T CePbe3HYI0 9KOTOIMYECKYIO OITACHOCTb.
CoenyHeH s META/IIOB TOKCHYHBI, OHJ MOTYT IIOPAXKaTh OPTaHbI {bIXaHI, [IUIII€BAPEHIIsT, KPOBEHOCHYIO U HEPBHYIO CUCTEMBI,
a TaK)Ke BbI3bIBATb BOCHAINTENbHbIE U ajIeprudeckie 3aboneBaHmst KOXi. [Ipo61eMbl 9KOMOTMYeCKMX TTOC/IefICTBIUIL IIPK Pas-
paboTKe HeTEra3oBbIX MECTOPOXKCHNUI OYEBUIHBI [4].

B cBs3u ¢ TeM, 4TO 671arOpOHbIE META/IIbI (30710TO, IJIATIHA, A/IIA/IUIL, CepeOpo) ABTIAIOTCA BBICOKOTMKBUTHBIM ChIPbEM,
BecbMa aKTYa/IbHO M3ydeHNe X coflep>kanusi B HepTsx. InatiHa 1 majurafgmii sIB/IIOTCS YHUKA/IBHBIMY KaTaIN3aTOPaMy BO
MHOT¥IX IIPOLfeccax IepepaboTky HedTH, OUeBIHA IKOHOMIIECKAS [[e1eCO0OPaSHOCTD M3YUEHMsI X KOHI[eHTPALIL.

ITomumo TOrO, YTO U3 He(TV IPOU3BOAAT PasINIHbIE BUBI TOIUIMB, CMA30YHBIX Maces, nmapaduHa, MasyTa, IygpoHa U
MHOTMX APYIUX XUMUYIECKUX BelleCTB, He(pTh MOXKET OBITh HETPAANIIVIOHHBIM MICTOYHUKOM MOTYYeHVsI Pa3/INMIHBIX METAJIIOB.
VsBecTHO, 4TO cepy fOOBIBAIOT 13 HedTH, a TAKXKe Me/b, BAHA/IWIT, HUKENb, PTYTh 1 Apyrue Mertasisl [5]. B CIIIA nBe Tpetn
IIPOM3BOACTBA BaHA/UA CBA3AHO C €ro monmydeHneM n3 Hedru [5, 6]. B KamndopHnunu skcrryaTupyroTcs 3010TOHOCHBIE Hed-
T [5]. B papme mecTopoxxpennit Hept OpeHOyprckoit obmacty B Heil comepxurcs fo 150 r/t Banapusd, go 100 r/t TuTaHa
U HECKOJIbKO MEHbIIle HUKE/IS U [PYTUX META/UIOB, a TAK)Ke COleprKaTcs IUIATHHA, MTA/UIafNIL, 30/I0T0 1 cepebpo [1, 2 u ap.].
C TeopeTndecKoil TOYKM 3PeHNUs] META/UIbI B He(pTV IPENCTABILAIOT TAKXKe MHTepeC B CBSI3U C M3ydYeHNeM MeTa/VIOHOCHOCTHU
yrnepopcoiepkaux gpopmaruit Bocrounoro OpeHOypixbst U pellleHneM BOIIPOCOB reHe3rca U IPUPOfbl caMoit HepTu [7-9].
Ocob6oe BHUMaHNe yeNAeTCs BaHAINIO, HUKEITI0, Mefi, CBUHILY, TUTaHY, 307I0TY, a/UTafINIO, IUIATVHE U APYTUM s71eMeHTaM [10].

Llenmpio paboTLI ABIANOCH ONpefeNieHNe COTeP KaHNil MeTa/IOB B He(TH, OlleHKa MX COIep>KaHMIl, 3aKOHOMEPHOCTelT pac-
IIpefie/ieH sl U [IePCIEKTHB UX IIOC/IEAYIONIEro N3B/IeYeH s B Ie/ISIX KOMIIEKCHOTO VCIIO/Ib30BAHNISI OPraHOMUHEPA/IBHOTO Chl-
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KAPTA HE®TEI'A30HOCHOCTH
OPEHBYPICKOM OBJIACTH
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PECIYBIHKA KASAXCTAH

PucyHok 1. BblkonupoBKa U3 kapTbl HedpTerasoHocHocTu OpeHGyprckon obnactu (no aaHHbiM B. A. ConoBkeBa, H. I. NMoakopkiToBa,
E. B. Puge, B. C. KopwxkuHa). TekToHnyeckoe paiioHnposaHue: b — Tatapckuit ceog, b, — KOxHo-TaTapckuii ceog, B,' — BonblueknHensckumi
Bas; I — toxHas vacTb Mpeaypanbckoro npornba, I', — Mpakosckas aenpeccus, I, — Ypano-Wnekckas ceanosuna; C — bysynykckas Bnaguna, C, —
Kunernbcko-CamapkuHckas cuctema sanos, C, — Kynewosckas cuctema sasnos, C, — bobposcko-okposckui Ban, C; — Kamernuk-YaraHckas 3oHa
NOAHATUNA, CJ — Cupoposcko-3emnsHckuii Bas, C, — Mpruscko-Py6exuHckuin naneonpornb, C; — YuHapesckuii BoicTyn, C, — MyxaHo-Epoxosckuit
HanoxeHHbIn npornd; T — BocTouHo-OpeHbyprckoe nogHatue; Y — Canmblwckas BnaguHa; ® — Conb-Mneukun BeicTyn. Hedpterazoreonornye-
ckoe panoHupoBaHue: 7 — KOxxHo-TaTtapckast HIO, 10 — byaynykckas HIO, 11 — OpeHnbyprckas HIO, Il — Mpukacnuickas HIT1, 1 — Ceepo-Mpu-
kacnumnckas HIO.

Figure 1. Extract from the plan of petroleum potential of the Orenburg region (according to B.A. Solovyov, N. G. Podkorytoyv, E. B.
Ride, V. S. Kovrizhkin). Tectonic classification plan: B — Tatarian dome fold, B1 — Yuzhno-Tatarian dome fold, B11 — Bolshekinelsky arch; G — the
southern part of the Pre-Ural downwarp, G3 — Mrakovskaya depression, G4 — Uralo-llekskaya structural low; S — Buzulukskaya depression, S1
— Kinelsko-Samarkinsky arch system, S2 — Kuleshovsky arch system, S5 — Bobrovsky-Pokrovsky arch, S6 — Kamelik-Chaganskaya uplifts, S7 —
Sidorovsko-Zemlyansky arch, S8 — Irgizsko-Rubezhinsky palaeodepression, S9 — Chinarevsky outshot, S10 — Mukhano-Erokhovskysuperimposed
depression; T — Vostochno-Orenburgskoye uplift; U — Salmyshskaya depression; F — Sol-lletsky outshot. Geological oil and gas zonation: 7 —
Yuzhno-Tatarian petroleum bearing region, 10 — Buzulukskaya petroleum bearing region, 11 — Orenburgskaya petroleum bearing region, Il —
Caspian oil-and-gas province, 1 — North Caspian petroleum bearing region.

PbA U A CHIDKEHUS HEraTMBHOTO SKOJIOTMYECKOTO BIMAHMA Ha TepPUTOPUM HedTerasoHOCHBIX palioHOB. B cBA3M ¢ aTMm
U3YYaNIICh MX COflep>KaHUA U paclpefiefieHNie MeTanaoB B HedTy MecTopoxpaeHnit bysymykckoit smagussl (FO>xHO-Bysymyk-
cknit 1 MyxaHo-EpoxoBcknit HeprerasoHocHbIe paitoHbl) B OpeHbOyprckoit obmactu. CegyeT OTMETUTD, YTO MMEHHO 371eCh
COCpefIOTOYEHbI KPYITHEIIINe MeCTOPOXX/ECHNA YITIeBOJOPOTHOTO CHIPbS 0OIACTH.

MeTOALI MCCAEAOBAHMSI M PE3YALTATDI

B ocHOBY aHa/mM3a 0COOEHHOCTeIT pacIpefie/ie st METa/UIOB IIOI0XKEHbI IAaHHBIE [0 MeCTOpoXxaeHsIM HepTn OpeHbypr-
ckoit yacty Bonro-Ypanbckoit HepTerasoHOCHOI IIPOBUHIINM, PACIIONOXKEHMEe KOTOPBIX IIOKa3aHO Ha BBIKOIMPOBKE 113 KapThI
HedrerazonocHocty Open6byprckoit obmactu (puc. 1).

B permonambHOM ITaHe OHY NIPUYPOUYEHBI K By3ymyKcKoii BrafyHe (CTPYKTypa MepBOTo IOPs/Ka 10 MOBEPXHOCTU KpH-
crajummdeckoro GpyHgaMenTa 1 ocafodHoMy dexiy) [11]. Hamu nccnenosansl mpo6bt HedTy Ha cofiepyKaHue MeTa/lIoB U3 CIIeNy-
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CopepkaHue MeTannoB B HepTu mecTopoxaeHuin OpeHOyprckon obnacTu, r/T.
The metal content in the oil deposits of the Orenburg region, gi/t.

Co,qep)KaHme TSKeNbIX MeTanmnos, r/T

OObeKT uccrnenoBaHusi

Cu Pb Ni Cr Co, mr/t \Y Ti Mo Zr
R 1-4* 34 37-799 3-15  1-63 5150 50100 155 10-30
POXA y3yny A 2 2 13 3 12 43 76 3 18

*B yncnuTene ykasaH guanasoH coepkaHui MeTansos, /T, B 3HameHaTtene — cpegHee 3HavyeHve.
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PucyHok 2. Metannbl B mecTopoxaeHusax HecpTn OpeHOyprckon obnactu. Ocb opavHaT — nnorapuMmUyYeckuin macluTtab.
Figure 2. Metals in the oil fields of the Orenburg region. Axis of ordinates — logarithmic scale.

IOLIMX ITACTOB: BOOPOBCKOE MeCTOPOXK/eHNE, T/IACTH O2 n 03, IToxposckoe — A3, A b, TaHaHBIKCKOE MECTOPOXK/IEHNE — b,
[lonroeckoe mectopoxpenue — T , [Iponbkunckoe - A,, Caxaposckoe - I, lapmnnckoe — A, T, u T,, Poctamnuckoe - b, [T,
I, I, [11].

CpepHite cofiep)KaHusA psfia MeTayIoB B He(Ty MecTOpokaeHnit OpeHOYyprckoit 06acTu npefcTasieHsl B Tabmnie. [
OIpefie/IeHNIs 307I0Ta, cepeOpa, Ma/UIafyisl, IIATHHBL, KOOA/IbTa 11 HUKE/LS B He(TH UCIIOIb30BAH METO/ AaTOMHO-a0COPOIMOHHOIT
criektpoMerpun (AAC), ciexkrpometp ¢upmsr «J/Iromake» MI'A-915 ¢ anekTporepMuueckuM aromuszatropom. HaBecky Hedru
20 r obpabarbIBamM KUCIOTAMMY, 3aTeM 030/LUIM B MydenbHoIl meun. [ToCKONBKY OIIpefielieHne MeTalIoB Ha CIEKTpOMeTpe
BBITIONIHAETCA U3 PACTBOPOB, METAJIIbI U3 30/IbHOTO OCTAaTKa MePEeBOANIN B MUHEpaIbHble PAaCTBOPDI C MOMOIIbIO KUCTIOTHOTO
TpaBieHys. [Ipy HUSKUX cofep)KaHMAX OTaTOPOSHBIX META//IOB IPUMEHS/IM KOHLEHTPUPOBaHNe, 03BOJIAI0IIee TaKXXe CHU-
3WUTD BIVISTHVE MaTPUYHBIX 3/1eMeHTOB. [Ip1 ompeyiesieHny MeTayIoB UCIIONb30Ba/IACh METOAVIKA BBIIIONHEH A n3Mepennit MBI
M 01-29-2006. Iyst onpenenenns 6maropofHsix Metamios — Metopnka KXA Ne 430-X ¢ mpuMeHeHeM cOGCTBEHHOTO MATeH-
TOBAHHOTO CII0c06a OKucteHus yrinepopHoit ocHoBsl (ITarent PO Ne 2409810). ComeprkaH1st OCTaIbHBIX META/UIOB OIIpeferie-
HbI 9MJICCHOHHBIM CIIEeKTPa/IbHBIM MonykonundecTBeHHbIM aHamm3oM (IIKCA). CrenyanbHO MOATOTOBICHHBI CYXOJ OCTATOK
HedTu aHaMM3MpoBamn Ha criekTporpade CTI-1. 3aBepka pesynpratoB I[IKOCA 1o HMKeIIO IPOBOAMIACH METOLOM aTOMHOI
abcopbuyy 1 IoKasasa XOPOIIYI0 BOCIPOM3BOAUMOCTD pe3y/IbTaToB aHanu3a. CpefHyie 3HaUYeHNU A KOHIIEHTPALMil METa/lJIOB B
IIATHAZLATY IPO6ax 13 IEBOHCKUX M KAMEHHOYTO/IBbHBIX OTIOXKEHNIT cocTaBy, Mr/T: Pt — 29; Pd - 9,5; Au - 22; Ag - 31; Co -
12; v/1: Ni - 13 (AAC), 4 (IIKCA); Cu - 2; Pb - 2; Cr - 3; V - 43; Ti - 76; Mo - 3; Zr - 18.

OO6cy>kAEHME PE3YALTATOB

CorylacHO MONTy4eHHBIM JaHHBIM, He()Tb oborallieHa TUTAHOM, BaHafiueM, IypKoHueM (76, 43 u 18 r/T COOTBETCTBEHHO).
CopepxaHue Mefu, CBUHIA, MONMMO/ieHa, XpoMa cocTab/sieT okomo 2-3 r/T. KoHljeHTpanusa kobanbTa B HeTy camast HU3Kas
U3 [IepeyyICIeHHBIX MeTA/IOB. XpOM OOHapy»KeH TONMbKO B 7 mpobax Hedru. HedTb, Kak ciefcTBME, YCIOBHO IOAPA3AE/AIOT Ha
reOXMMMYeCcKIe TUIbI (HUKeIeBbIl, BaHaMEBBI U T. i), Ipu 9ToM Hedptu Bonro-Ypanbckoit Hedprera3oHOCHOI IPOBMHLIMYI
OTHOCATCA K BaHAIMeBOMY THITY [3, 5, 12 1 [ip.] 4TO 1 OATBep>KAaeTCs OTyYeHHBIMI JAHHBIMIL.

CopeprkaHue 6/1IarOpOIHBIX META/IIOB B HE(PTI — OKOJIO #1 - 10 MI/T, 9TO IPEBOCXOAUT CpeHIe KOHIIEHTPALNI UX B 0Cafj04-
HBIX IOPOfax (B YepHbIX CIaHIaX 1 yIysix) — 1 - 0,1- # - 1,0 mMr/t [6].

XapakTep pacrpesesieHyisi MeTa/UIoB B He(DTAX HeBOHCKMX U KAMEHHOYTOMbHBIX KOJUIEKTOPOB MeCTOpOKAeHnit OpeHOypr-
CKOJT 00/macTy IpefcTaBIeH Ha puc. 2—4. Ha auarpaMmmax oT4eTIMBO BBIfieseTCs accouyanus aneMeHToB Ti + V + Zr + Ni B
BIJie IX MaKCUMyMa. B oT/1oxeH1AX KapOOoHa Hab/TI0al0TCs IIOBBIIICHHBIE COIePKaHNs, KaK IPaBIUIO, BCeX MeTaJUIOB II0 CpaB-
HEHUIO C IeBOHOM (McKIodeHne cocTapyAaT Cu, Mo). IIpakTideckyr BO BceX KO/UIEKTOpax KapOOHa YCTaHOBJIEHO IPUCYTCTBIE
Cr, Torga Kaxk B OT/IOXKEHISIX [JeBOHA OH OTCYTCTBYeT. Accormanys 61arOpOJHBIX META/IOB B OTIOKeHMsX Kapbona (Pt + Ag
+Au) ortimyaercs ot TakoBoit geBona (Pt + Au) (puc. 2).

Ha gmarpamme (pric. 3) n306pakeH XapakTep pacipefeneHns MeTa/ioB B HeTu KapOOHATHBIX U TEPPUTEHHDBIX OTIOXKe-
HIIJT KAMEHHOYTO/IBHOTO BO3PACcTa, KOTOPBI BO MHOTOM CXOX (pIic. 3, @), HO B TEPPUI€HHBIX KOMTIEKTOPaxX HAO/MI0faeTCs HaKO-
wrenre Ag, Ni, V u Cr, a B kap6oHaTHbBIX Au 11 Pd.

B TeppureHHOM [eBOHe cofepKaHMA OONBIIMHCTBA META/UIOB B He(THU BbIIe, YeM B IeBOHCKMX KapOOHATHBIX (aIysiax.
Hcxkmouenne cocrasmsaot Niu Cu (puc. 3, 6).
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PucyHok 3. Metannbi B MecTopoxaeHusx HecdhTn OpeHByprckon obnacTtu. a — kapoboH, 6 — AeBOH; 0Cb OpAnHAT — norapudmMmmuyeckunii macLutao.
Figure 3. Metals in the oil fields of the Orenburg region. a — carbon; b — devon; axis of ordinates — logarithmic scale.
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PucyHok 4. KoHueHTpauuu metannos B nnactax O, u O, Bo6poeckoro mectopoxaeHusi Bysynykckon BnaauHbl. Ocb opavHaT — nora-

pudMmnyeckuin macwTab.
Figure 4. Concentrations of metals in the O, and O, strata of the Bobrovsky deposit of the Buzulukskaya depression. Axis of ordinates
- logarithmic scale.

Vsy4eHue reoXuMuy MeTa/UIOB B JIMTONIOTO-CTPATUTPAPUIECKUX Padpe3aX MEeCTOPOXK/IEHNUIT T03BOJISIET BBIABUTD CIIELY-
foitee. B Pocramnickom HeTera3oKoHIEHCATHOM MECTOPOXKAEHNM CaMble BBICOKMeE UX comepykanus (Au, Pd, Pt, Ni, Cu, Ti)
TpUypoYenbl K iacty [, (TeppurenHble OTIOKEHNs) BEPXHETO JIEBOHA,  BbIIIIE TIO paspesy (TeppUTEeHHbIE OT/IOKEHMS HIK-
Hero Kap6oHa, mact b,) oHn, Kak mpasuso, cHyskanTcsa. CoziepykaHne HUKeNA IPAaKTUYeCKy He MeHAeTCA oT maacTa [l (kap-
6OoHaTHbIE OT/IOXKEHNA) K TI/IACTy b, XOTsA HeACHO BbIPaXKeHHbI MaKCMMYM Npuxoputcs Ha miact b,. Ha [TokpoBckom mecTo-
POXZIEHUM MaKCHMa/ibHasi KOHL[EHTPAIMA MeTa//IoB NPUXOUTCA Ha TacT A, (kap6oHaTHbIE IOPOMIbI CPEfHErO Kapb6oHa) B
CPaBHEHWN C TITacTamu A, u b, HIKHETo i cpeiHero kap6oHna (TeppureHHble OTIOKeHNSA). [l HedTH mmacTa A, XapakTepHO 1
6071ee BBICOKOE COflep)KaHIE HUKETTS.

Mnsa nedtu TaHAHBIKCKOTO MECTOPOXK/IEHMs ITacTa b, XapaKTepHbI TIOBbIIIEHHbIE COfIEPXKAHNA TPAKTUYECKM BCEX MeTaJl-
JIOB: HUKeJIsI, XpOMa, BaHaIsI, TUTaHa, MOMUOeHa, MeI, IVPKOHMS U 67TarOPOIHBIX META/IIOB — IUIATMHBI U 30/I0TA.

Takum 06pasoM, HaKOIUIEHVE YKa3aHHBIX META//IOB HA M3YIEeHHBIX MECTOPOXXAEHMAX IIPOUCXOAMIO B BEPXHEM J€BOHE I
HIDKHEM 11 CpefiHeM KapOoHe.

CXORHBIN XapaKTep pacIipeeeH st TSHKENbIX METAIOB U UX 6/M3Kue cofep>kaHyst U GU3UKO-XMMUIeCKue CBOCTBA Hed-
™ B wiactax O, n O, [13] (kap6oHaTHbIE OT/IOXKEHUA HIXKHETo kKap6oHa) Bo6POBCKOTo MeCTOPOXX/IEHMs MOTYT CBUJIETENNbCTBO-
BaTb O CXOJIHBIX YCTIOBYAX UX popMupoBanus (puc. 4).

[Tpu aHanmu3e cofep>KaHmil META/UIOB B KO/UTEKTOPAX LEBOHCKMX U KAPOOHOBBIX OCA/JOYHBIX (POPMAIINIT BBISIBISETCS KOP-
penAnys KOHIEHTPAINil TAXKEMbIX MeTajIoB 1o mwiactam [, (teppurennsie otnoxenns) Caxaposckoro u PocrammHckoro me-
cropoxennit (puc. 5), mo mnacram b, (teppurennbie otnoxenus) Tananbikckoro u [TokpoBckoro MecTopoxenuit (puc. 6).
[Tnact b, PocTammHcKoro MecTOpoXKieHns KOppenmpyeT IMPaKTUYeCcKy 0 BceM MeTasnaMm ¢ mnactamu b, ITokposckoro n Ta-
HAHBIKCKOTO MECTOPOXK/IEHUIL.

CrefiyeT OTMETUTb, YTO HPY CKUTAaHUM HePTHU U HepTEIIPOXYKTOB IPOMCXOAUT KOHIIEHTPUPOBAHNUE COflePXKAIINXCS B UC-
XOZHOM ChIpbe TSDKEIBIX MEeTa/IOB. 30/IbHOCTb HedTell COCTAB/sIET OT COTBIX IIPOLIEHTA, TAKUM 00pa3oM, 3071a COLEPXKUT Ha
IOPSANIOK ¥ 60Jee KOMMYeCTBA MeTa/UIOB II0 CPAaBHEHUIO C MICXORHBIM ChIpbeM. IIpu 9TOM HoNMydeHMe MeTa/ioB U3 HedTH U
He(TENPOLYKTOB He TPebyeT BCKPBITIS 3a/IeXKeNl, B3PHIBHBIX PA0OT, BBIBO3a PY/BI U3 KAPbEPOB, [POO/IeH ST, 000TaIe IS PY/BL
U IPYTUX TEXHOTIOTMYECKIUX IIPOo1ieccoB. [I09TOMy B HacTosIee BpeMs IPECTABIIAETCS 9KOHOMIYECK! 1e1eCO00PasHbIM IONCK
TEXHOJIOIMII [TOTyYeHIsI MeTa/INIOB U3 HeTy 1 HeTEeIPOLYKTOB.
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Figure 5. Concentrations of metals in the D, strata of the Sakharovskoe and Rostashinskoye deposits of the Buzulukskaya depression.
Axis of ordinates — logarithmic scale.
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PucyHok 6. KoHueHTpauun metannoB B nnactax b, TaHaHblikckoro, PoctawmHckoro un NokpoBckoro mectopoxaeHun Bysynykckon Bna-
AvHbl. Ocb opauHaT — norapudmMmyeckui macwtab.

Figure 6. Metal concentrations in the B2 formations of the Tananykskoe, Rostashinskoe and Pokrovskoe deposits of the Buzulukskaya
depression. Axis of ordinates — logarithmic scale.

V3 1m1aMoB, OTyYaeMbIX TIpH IepepaboTKe BHICOKOBSISKMX HedTell 1 GMTYMOHOCHBIX [IECKOB, U3B/IEKAeTCs OKOIo 70 %
BaHazus B mupe. HexoTopsie crpansl (Kanaza, SImoHMs) MOMTHOCTHIO MOYYAIOT BaHAMIT U3 TsDKebIX Hedreit. [IoaToMy OBBI-
IIeHHbIe KOHI[eHTPALNy METa/I/IOB B OPEHOYPICKUX HePTAHBIX MECTOPOXCHNAX TAKXKe IPENCTABIAIT MHTEPEC KaK IOy THbIE
KOMIIOHEHTBI. B Hallleif cTpaHe TakKe BeLyTCA pabOTBHI 110 MOMCKY TeXHOJIOTMIT M3BJIeUeHN MeTa//IOB 13 HeTH U HeTempo-
IYKTOB, HO ITI0Ka 9 PeKTUBHBIX CIOCOOOB He HaiifeHo [14].

3axkaloueHne

B pesynbrare IpOBeIeHHBIX MCC/IEIOBAHNIT IIOTyYeHbl JOIOHITEIbHbIC JaHHbBIE II0 COTePXKAHUIO PAfja MeTa/lIoB (Mefib,
CBIHeL, XPOM, TUTAH, MOTIMOMEH, INPKOHNMIL, BaHA/MIT, HUKEJIb, KOOAIbT — OMOTeHHbIe, COIIACHO [15], a TakKe 30710Ta, cepebpa,
Ha/UTafius U IUIATUHBI) B HeTAX MecTopoxeHuit bysymykckoit Buaguubl OpenOyprckoit yactu Boro-Ypanbckoit Hedreraso-
HOCHOJ IIPOBMHIMM. AHA/IN3 COfIEP>KaHMIi METATI/IOB B 3TUX MECTOPOXXIEHNUAX MO3BOMAET CHENaTh BRIBOJBI O PacIpe/ie/IeHIn
U3Y4EHHDBIX 37IEMEHTOB!

- HepTH OPEeHOYPICKIX MECTOPOXKIEHNUIT 0OOTAIeHBI PSIIOM META/IIOB, TAKMX KaK TUTAH, BAHA/MIA, [N PKOHIL.

- HaubosIee BBICOKME COTEP)KaHNUA MeTa/UIOB IIpUXonATca Ha TaHaHbIKCKOe, [TokpoBckoe, IIpoHbkiHCKOE 1 bo6poBCcKkoe
He(TerasoBble MECTOPOXKICHIS;

— Pa3HOBO3PACTHbIE YPOBHY OT/IMYAIOTCA XapAaKTEPOM HAKOIIJIEHNSA M PacIpe/ieNieHNs M3y4eHHbIX MeTalNI0B; CPaBHUTE/Ib-
HO BBICOKJE KOHLIEHTPAllMy B HedTV MeTa/I0B OOHApY>XeHbI B OTIOKEHUAX HYDKHETO U CpefHero KapboHa.
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[Tony4yeHHBIE Pe3yIbTAThI IO3BOJIAIOT PACCMATPUBATh He(Thb U HeTEIPORYKTHI IIaTopMeHHOro OpeHOYPxKbsI KaK LjeH-
HOe OpTraHOMUHEPAIbHOE ChIPbe.
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Metals in oil of the deposits of the Orenburg region
Galina Alekseevha PONOMAREVA’

Orenburg State University, Orenburg, Russia

This paper is devoted to the study of the content of metals in oil of the Orenburg fields.

The relevance of continuous research on the metallogeny of petroleum conducted in the laboratory of physical research methods at the Orenburg
State University is connected both with theoretical aspects (problems of element migration, the genesis of metals and the oil itself) and practical
aspects (geological and geochemical issues of estimating oil and gas potential of territories, industrial raw material aspect and environmental issues).
The purpose of this work is to identify the concentrations of a number of metals, including noble ones, the patterns of their distribution and prospects
for subsequent extraction in order to comprehensively use organic raw materials and to reduce the negative environmental impact on the territory of
oil and gas regions. The object of study is the concentration of metals in oil.

The subject is the patterns of distribution of metals and the prospects for their extraction.

The tasks of the work are to determine the content of metals in oil samples, to identify associations of metals and their distribution in lithologic and
stratigraphic levels. Samples of hydrocarbons were selected by a reservoir tester in terrigenous and carbonate reservoirs of the Buzulukskaya depression
(Yuzhno-Buzuluksky and Mukhano-Erokhovsky oil, gas, and geological regions), which contain the largest oil fields in the region. The determination of
noble metals, cobalt, and nickel was carried out by atomic absorption spectrometry (using the author’s patented method of determining noble metals
in carbonaceous rocks); the other metals were determined by spectral emission analysis.

Results. Additional data were obtained on the elevated concentrations of a number of metals — titanium, vanadium, and zirconium, which makes it
possible to consider oil and oil products as organic minerals when developing technologies for their extraction. It was revealed that the increased
accumulation of these metals in the oil of these deposits is typical for the deposits of the Upper Devonian and the Lower and Middle Carboniferous.
The way of the distribution of metals, their close contents and the physical and chemical profile of oil in reservoirs of various fields may indicate similar
conditions of their formation and the possibility of reservoir correlation with the mineral assemblage.

Keywords: metals, oil, patterns of distribution, environmental consequences, extraction.
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[TporHo3upoBaHue NeTpodon3nyeCckmx CBOMCTB LIEAEBOIO MHTEPBaAQ
OTAO’KEHUI MECTOPOKAEHMST [a3aHOyAaK MO aTpPUOYTHOMY aHAAM3Y
cemcMmmuyecknx AaHHLIX 3D B komnaekce ¢ TMC

Toduk Pawmp ornbi AXMELOOB',
Maneiika Aranu kbisbl ATAEBA'"",
CeBuHax Paxum kbisbl MAMEOOBA?™

'AsepbaiikaHCKUA ToCyAapCTBEHHbIN YHUBEPCUTET HEDTM U NPOMBILLNEHHOCTH, AsepbanaxaH, Baky
2ynpasneHue reonorum n reogpusnkm SOCAR, AsepbaingxaH, baky

AKTyaAbHOCTL pa6oTii. CraTbsl MOCBSLEHA AKTYAALHBIM BOMPOCAM BLIAGAEHMS! MEPCMNEKTUBHLIX MHTEPBAAOB, GAArONPUSITHLIX MO METPOUBNUECKUM
CBOWICTBaM AAsl CKOTIA€HMI YTA€BOAOPOAOB, C UCTMOAL30OBAHMEM AAHHLIX ceiicmopasbeakmn 3D.

LleAbro HACTOSILMX MCCAEAOBAHMI SIBASIETCSI YCTAHOBAEHUE 3(PPEKTUBHBIX ATPUOYTOB CEMICMUYECKOrO BOAHOBOTO TMOASI AASI OTIPEAEAEHMsI METPOdM3NYE-
CKMX CBOWCTB MAMKOMCKUX OTAOKEHMI, MMEIOWMX LIEALIO BOCCTAHOBAEHME AOOLIUM HETH M rasa Ha naowaan fazaHOyAak.

IMpeameTamym MCCAEAOBAHMI SIBASIIOTCS] KEPHOBLIE MATEPUAABI, AAHHDLIE F€OPUBNYECKMX UCCAEAOBAHUIM CKBXKMH M cecMmuueckune arpubyTbl, a Takoke
3aBMCHMMOCTH, MOCTPOEHHBIE MEXAY KEPHOBLIMM AAHHLIMM M MATEMATMHECKMMM MpeobpasoBaHusiMu AaHHbIX 1C. Kpusbie TC TpaHcopMMpOBaHL! B
3Ha4YeHWs1 MOPUCTOCTU OTAOXKEHMI LIEABOTO MHTEPBAAA U AAs MAOILAAM UCCAEAOBAHMIA MOAYHEHO PErpeccMOHHOE YPaBHEHME, yCTaHaBAMBAlOLIEE CBsI3b
MEXKAY KO3(D(HOULMEHTOM MOPUCTOCTU U 0.

O6LEKTOM MCCAEAOBAHMI SIBASIETCSI MECTOPOXKAEHME [asaHOyAak. B cratbe mpuBeAeHa KPATKasi FeOAOTO-reoU3NIecKasl XapakTepPUCTMKA, CTpaTurpa-
buyeckoe u AUTOAOTMUECKOE OMNMCAHME MOPOA, CAAraloWMX pPa3pes AAHHOrO MeCTOPOXKAeHMsl. HecmMoTpst Ha To, YTO AAHHOE MECTOPOYKAEHME HEOAHO-
KPATHO U3Y4aAOCh PA3AMYHLIMU FEOAOrO-Te0hU3NYECKMMM METOAAMM, MHOTME OCOBEHHOCTU €r0 CTPOEHMSI OCTAIOTCSI HE AO KOHLIA BbisSICHEHHbIMM, 1 2014
r. 3Aech GbiAa NpoBeAeHa ceficmopaseeaka 3D.

PesyALTaTnl mccaeaoBaHmi. [TpYBEAEHD OCHOBHLIE PE3YALTATL MICCAEAOBAHUI MO U3YHEHMIO METPOMU3NUECKMX CBOMCTB ra3aHGYAAKCKOro ropusoHTa Il
MAaVIKOMCKOW CBUTLI C UCTTOAL3OBAHUEM AAHHLIX celicmopasseakn 3D u TMC. CocraBaeHbl KyObl M KAPThl KOAEKTOPOB M MOPUCTOCTH, MO KOTOPLIM BbisSICHE-
HO, YTO B LIEA€BOM MHTEPBAAE MPOLIEHTHOE COAEPKAHME MECKOB BLICOKO M AOCTUraeT 62 %, CPEAHME 3HAYE€HMsl KKYIIErocs YAEALHOrO COMPOTUMBAEHMSI
U3MEHsIoTCs B npeaerax 3,0-8,4 Om - M. [ToKasaHo, YTO PAcCUMTAHHDIE 3HAYEHMSI 0. MO MAOWAAKN YBEAVUHMBAIOTCS B IOXKHOM M BOCTOYHOM YacCTsIX MAO-
WaAM 3MsIAXaH, & MPOrHO3HbLIE AQHHBIE MOPVCTOCTU HABAIOAAIOTCSI B LIEHTPAABLHOM HaCTV MAOIIAAM 3MSIAXaH, B CEBEPHOM U LIEHTPAALHOM YAaCTSIX MAOILAAM
[a3aHOyAaK. PaccuMTaHHbIE AASI MIHTEPBAAQ MCCAEAOBAHMI 3HAYEHMsI KOS(PULIMEHTA MOPUCTOCTU COCTABASIIOT MpuMepHO 10-22 %. TNpuBeAeHb! Pe3yAb-
TaTbl MPOrHO3a MOPUCTOCTU MO CECMUYECKOMY aMNAUTYAHOMY aTpnbyTy RMS Amplitude. CpaBHeHMe NOCTPOEHHLIX pasHbiMM criocobamm kapT (TMC u
aHaAM3 amnAuTyA RMS) MoKasbiBaeT, YTo AQHHbBIE, MOAYYEHHDIE PA3HLIMM CMIOCOBaMM BLIYMCAEHMM, CXOAHDBI M AOCTATOHHO XOPOLLO COBMAAAIOT U MOTYT ObiTh
MPUMEHEHDI MPU OMPEeASAEHUN MeCTa 3aA0XKEHMSI OYEPEAHON SKCMAYATALIMOHHOM CKBaYKMHDI.

BriBoA. CelicMMYeCKUi aMNAUTYAHDIA arpubyT RMS Amplitude MOXKET C yCriexom MPUMEHSITLCS AASI ONIPEAEAEHUsI METPOMU3NIYECKMX CBONCTB OTAEALHDIX
KOMIAEKCOB OTAOXKEHUI MECTOPOYKAEHMUH, UMEIOILMX MOAOBHLIE CEICMOr€OAOrMUECKME YCAOBMSI.

KAlo4yeBbie cAoBa: BEPXHUM MEA, MaAeoLIeH, d0LIEH, MaKONCKasi CBUTA, NMeTPohusmyeckme MCCAEAOBaHMs1, Kakylueecsi conpotueaeHune (KC), moreHuman
cxBakuHbl (MC), KyObl U KAPTLI MOPUCTOCTM OTAOKEHMIA, CEMCMUYECKUE aTpUbyTLI.

BEA€HMEe
B pe3synbraTe IpOBefeHHBIX paHee reoIoro-reopu3nyecKyx UCCIe0BaHNUIT BbIABIeHHOe B ropusonte 111 ¢opa-
MUHM(}EPOBBIX C/10€B (90L[eH) MecTOpoXkaeHIe [asaHOyIak OTHECEHO K 3ajle>kaM HedT! ¥ ra3a B JIOBYIIKAX 3pO3MN-
OHHBIX BBICTYIIOB I cTpaturpaduieckux skpanos (puc. 1) [1, 2].

MecTopoxx/ieH1e PacIonoXXeHo K BOCTOKY OT I. IsTHIXa U K ceBepo-3amafy ot KypopTa Hadranan, Ha 11aTo, 0C/I0OXXHEHHOM
He6ompIIMMy XonMaMu 1 6ankaMu. B 1945-1947 IT. 3fech OCyIIeCTB/IAIACh IPOMBIIIICHHAs pas3BefKa, B pe3y/ibTaTe KOTOpOil
ObL/IN BBISIBTIEHBI 3a/1eX1t He()TI B ABYX IeCYaHBIX TOpM30OHTaX HiDKHero Marikomna (I u II rasanbOymakckue ropusontsr). Iloce
Hepefauy IIOMAAY B pa3paboTKy Oblla yCTaHOB/IEHA IPOMBIIIICHHAs! HePTEHOCHOCTD OIHOI MeCYaHol MauKy B paspese ¢o-
pammHudeposrix cnoes (III rasanbymaxckuit ropusoHT). [IpoBefieHHBIE T€0IOr0-M0MCKOBbIE PA6OTHI BBIABIIN, YTO B CBOTHOM
TeO/IOrMYeCKOM paspese IUIOIafy IPYHUMAIOT YYacTIe ellje MeJIOBbIe U ITa/le0reHoBbIe OTIoXKeHu [1, 3]. OHu npencTaBIeHb!
IIe/IMTOMOP(HBIMY TPEIVHOBATHIMI M3BECTHAKAMY C MAJIOMOIIHBIMY IIPOC/IOAMI IJIVH U MepTeriell, U3BeCTHAKAMI, Mepresii-
MU, ¥3B€CTKOBYMCTBIMYU ME€CYAHMKAMU, MEPre/IAMU U IIMHAMM, KPYITHO3EPHUCTBIMY TIeCKaMM M TTecYaHMKaMiu. ATIIepOHCKUIt
APYC ¥ aHTPOIIOTEH CTI0’KE€HBI KOHTVHEHTATbHbIMM IIOPOfIaMM.

B 1993-1994 rr. Ha CB xpbute [asaHOymakcKoil CKIagKy OblIM IPOOYpeHsI [1Be I0MCKOBO-pasBefOYHble CKBXXMHBI — 201 1
202, HO MPOMBIILJIEHHbIE IPUTOKN He(bTM He nony4eHbl. B 1994 1. Ha ceBepO-BOCTOYHOI, pABHMHHO YaCTH IUIOIA/IM IIPOBefie-
HbI ceficMopasBefouHble paboTsl MOI'T, B pesy/braTe KOTOPBIX KapPTHPOBAHbI OTIOXKEHNS BEPXHETO Me/a—IIaeoreHa.

B cTpykTypHOM OTHOMIEHNN TUIoazb [a3aHOY/IaK MpefcTaBAeT COO0I aCMMMETPUYHYI0 aHTUK/IMHATIBHYIO CK/IAJKY CeBe-
PO-3aIaTHOrO IPOCTUPaHMsA C HONIOrUM (Ho 10°) ceBepO-BOCTOYHBIM 1 OTHOCUTEIBHO KPYThIM (15°-16°) 10ro-3amajHbIM Kpbl-
nbsmMi. 1o C/10SIM HIDKHETO MAlKoIa CK/IafiKa COCTOUT 13 ABYX Hebombuyx nogustuit: lageimuckoro u fasanbymakckoro. ITo
JaHHBIM CTPYKTYPHO-KapTHPOBOYHBIX CKBOKNH, [a3aHOYIaKCKas CKIafiKa OCTIOXKHEHA YeThIPhbMs HOIePEeYHbIMY PaspbIBAMIL,
HPYBEIIMMY K 00pa30oBaHNIO OTHETbHBIX TEKTOHNYECKNX TIOTIeIL.

Ha I'a3zan6ymakckoM MeCTOPO>KIEHMM OCHOBHBIMM 0O'beKTaMM /L1 IOYICKOB TaK ke, KaK I Ha Apyrux wiomaax CpegHeky-
PUHCKOI He(Tera30HOCHOI 06/1aCTI, CITy)KaT BepXHEMeTOBbIe KapOOHATHBIE TIOPOJIBI U [IECYAHO-A/IEBPUTOBBIE TIOPOJBI [1aJIE0-
reHa. Bcero Ha momazu fazan6ymak B Me30KaifHO30€ BBLIB/ICHBI 7 IIPOMBIIIIEHHO-He(DTEHOCHBIX 0O'beKTOB.
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PucyHok 1. MectopoxaeHue MazaH6ynak. a — CTpyKTypHas kapTa Mo KPOBIe HUKHEro aoLueHa (HUkHUe dpopamuHudepoBsle crioun); 6 — reono-
rMyecknin npoduneb.
Figure 1. The Gazanbulak field. a — structural map of the roof of the lower Eocene (lower foraminifera layers); b — geological profile.

HecmoTpst Ha HEOTHOKPATHOE M3yUeHNe U TOCTATOYHO IINTEIbHYIO 9KCIUTyaTalNio MeCTOpOoXKieHust [azan6ymak, MHOTIVIe
0COOEHHOCTH €ro CTPOEHMs O CHX IIOpP OCTAIOTCS He /10 KOHIIA BBLICHEHHBIMI, 109TOMY B 2014 I. 10 3akasy I1O «AsuedTnb»
CelicMIYeCKOlt 9KCIIefuImeil Ypasnenns passefounoit reodusuxu (YPT') 66111 BoimonHeHbI TpexmepHble (3D) ceficMuueckue
paboTel Ha 1romanyu [azaHOyMaK-3MANXAH C LebI0 U3YYEHVS T€0IOTMYEeCKOTO CTPOEHMA BePXHEMETOBBIX-11a/IeOTeHOBBIX OT-
JI0KeHui [3, 4].

MeToAoAOI Vsl MCCAEAOBAHM

VicxopHbIMu 15t TTeTPO(USMIECKNX MCCIEOBAHMIT OCTYXXIIN AaHHbIE TPEXMEPHBIX CEIICMMYeCKUX HaOmofeHuit (T. e.
cericmopassenku 3D) u ganusle ['VIC npo6ypeHHBIX 31eCh MHOTOYMCIIEHHBIX CKBXIH [5, 6]. [l06bI4a B 9TOM MECTOPOXXAEHNI
KOMMepuecKoit HedTn 13 razaHbymakckux ropn3oHToB I u II MalfKoICKoI CBUTHI, a TaK)Ke OTOOP KEPHOB IIOPOJ 13 Iie/TeBbIX
MHTEPBAIOB MOCTYXWIM 633011 poBefeHNs MeTPodU3NIECKUX MCCIeTOBaHWII C UCIIONb3oBaHMeM MeTona «kepH-TTICy». s
obecrieyeH s JOCTATOYHO BHICOKOI TOYHOCTH Pe3y/IbTaTOB BBIUNC/IEHNIT MaTepUaIbl, TOMTyYeHHbIe U3 CKBaYKIH, HaXOMAIIIXCS
B KOHTYpe IUIOIIa/iV MCCIIeOBAaHNUIL, 00pabOTaHbl, aHA/IM3MPOBAHBI 1 VICCTIEOBAHbI OT/IE/IbHO, B IPOOYPEHHBIX Ha IUIOLIA/
CKBa)KMHAX IIPOBeIeHbl M3MepeHMs Kaxyllerocs yaenbaoro conpotusienn (KC) u notenunana ckpaxussl (I1C).

OcHOBHasI 1je/Ib JAHHBIX MCCIETOBAHNI 3aK/II0Ya/IaCh B ONPee/IeHNN ITeTPO(USNIeCKIX CBOICTB ra3aHOyIaKCKOro Topu-
3o0HTa Il MaKOIICKOV CBUTHI ¥ B M3Y4E€HUN pacIipefie/IeHIs MX MO IO/ € MCTIoNb3oBaHMeM faHHbIX [ VIC u ceitcMopasBenku
3D (7, 8].

[leTpodusnyecknmm UccnefoBaHUAMY OXBaueH MHTEPBaT MeX]y celicMmueckumu ropuzontamu I'b-11 n I'B-11, rasan6y-
JTAKCKOTO ropn3oHTa II MailKoIICKOIT CBUTHI, IIPOC/IeKeHHBIMM ceticMopasBenkoit 3D. K nccneoBanmaM npuBiedeHbl perpeccu-
OHHBIE 3aBUCUMOCTH, IOCTPOEHHBIE MEXXy KEPHOBBIMI TAHHBIMI U MaTeMaTndecKyuMu mpeobpasoBanusivu ganubix [1C [8],
[IOJTyYeHHbIX B IIPOOYPEHHBIX Ha IUIOMA/N CKBXMHAX (p1C. 2). MOIHOCTD M3y4aeMOro MHTepBajIa Ha I0r0-3amaje COCTaB/IsieT
30 M, a Ha ceBepo-BOCTOKe 230 M [3].

[MeTpodusmyeckie MccnefoBaHNsA 37eCh IPOBEJECHbI HA OCHOBE MaTeMaTndecknx npeobpasosanmit faHHbIx KC n I1IC (pac-
CYMTAHHOI KPUBOIA O, ) U ]AHHBIX KEPHOB MOPOI. Vicc/ienoBanms mpoBe/ieHbl B CeyIoleli Moc/efoBaTenbHoCTH [9]:

— xpusble I1C TpaHchOpMUPOBAHBL B 3HAYEHV IOPUCTOCTH (pUC. 3); € 3TO Lenbio Kpusble [IC HOPMUPOBAHBI C UCIIONb30-
Banuem Bbipaxenns o, .= ([IC_ - TIC)/(IIC_ - TIC . ) 1 Ha OCHOBE KPOCCIIOTA, CBA3BIBAIOIIETO O, . C KEPHOBBIMY JIAHHBIMM,

min

1A IO AN I/ICCHQHOBaHI/Iﬁ HOHY‘ICHO CHeJIyIOH.[ee PpeTpeCCMOHHOE ypaBHeHI/Ie [6, 10]
K =13,429 a__+ 9,0845.
op TIC

CrenyeT OTMETUTD, YTO C LIeJIbI0 0OeCIIeYeHN A JOCTaTOYHO BHICOKOJ TOYHOCTY BBIIIOJTHEHHBIX PacyeTOB IIPY IOCTPOECHNUN
rpaduka 3aBUCKMOCTH 113 KePHOBBIX IAHHBIX OTOOPAHBI TOTIBKO KO3 PUIMEHTbI HOPUCTOCTY J/IA M3Y4aeMOr0 MHTEePBaJIa;

~ PAcCYMTAHBI KPUBBIE MIECYAHO-TTMHUCTOCTY HA OCHOBE KPUBBIX 0 ; TIPU PACY€TaX B KPUBBIX (. MHTEPBAJI C YUC/IEHHBI-
M 3HaUeHVIMY, MpeBbliratoumu 0,5, IPUHAT 3a NHTEPBaJl KOJUIEKTOPOB, a MeHblIie 0,5 — HeKO/UIeKTOpoB [5, 8].

PesyAbTaTnbl MccaeaoBaHUiM

ITo pesymbraTaM neTpopU3NIECKUX UCCIEHOBAHNUIT COCTABIEHBI KYOBI M KapPThI IOPUCTOCTU KOTIIEKTOPOB (puc. 4, 5). Ipu
IIOCTPOEHUY MOJIeTIeN 1 ISl OIIpefeNIeHNs IPOCTPAHCTBEHHOIO TI0JIO>KEHNA UCIIONb30BaHbI CTOXAaCTIYeCKIe alTOPUTMBI (Me-
TOJ, MHTEPIIOJLALMI TPV MOJEINPOBAHNY KYOOB JIMTONIOTUY Y IIOPUCTOCTH). 3HAUSHNUA JIUTOJIOIMYECKOTO Kyba II0Ka3bIBalOT
(puc. 4), 9TO B 3TOM MHTEpBaJIe IPOLIEHTHOE COflepyKaHMe IIeCKOB BBICOKO U OCTHUTAeT 62 %.

Apeas pacIpocTpaHeHNs MeCYAHbIX MacC JJIA 3TOTO MHTepBasla XapaKTepU3yeTcss He3HAUMTEIbHBIMM YMC/IEHHBIMM M3Me-
HEHMAMMY ¥ TIOBTOPsET GOPMY 3a/leraHys HaXOJAIIelics 31eCh CTPYKTYPHI.

Cpepnue 3navenyss KC o usygaemomy MHTepBany Bapbupyet B Ipepgenax 3,0-8,4 OM - M (puc. 5). AHaIM3 U3MepeHHBIX
3HAYEHMIT KOKYIUXCSA YAENTbHBIX COIPOTUB/IEHNIT B CKBa)KMHAX ITOKa3bIBAET, YTO MCCIENYEMbIN MHTEPBaI MPEJCTaB/IEH Yyepe-
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PucyHok 2. BepTukanbHbIl cpe3 Ky6a 3D nnowaau MNaszaH6ynak co cTpaturpacduyeckum MHTepBanomM neTpodmanyekux nccriefoBaHUm.
Figure 2. Vertical section of the cube of 3D Gazanbulak area with a stratigraphic interval of petrophysical studies.
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PucyHok 3. lluHeiiHas saBucumocTb mexay koadduumeHTamm NOPUCTOCTU NO KEPHY U PACCUUTAHHLIMU 3HAYEHUAMM O .
Figure 3. Linear function between the porosity coefficients for the core and the calculated values of a.

JoBaHMeM neckoB U ImnH. Kak BugHO U3 Kyba (puc. 5) KaKyLMXcs yIelIbHbIX CONPOTUB/IEHNIT B LIeHTPaIbHOI YacTy [a3aH-
Oy/IaKCKOIT IUIOLIAZN, @ TAK)XXe B IIEHTPAIbHON, I0)KHOI U I0r0-3aMafHoi JacTsx 3usaxaHckoil wiomaa, KC npexcrasieHo
OTHOCUTEIbHO BBICOKMMMU YNC/ICHHBIMU 3HAYECHUAMU.

OrmnpeneneHHble IPOTHO3HbIE JaHHBIE MOKA3bIBAIOT, YTO OTHOCUTEIBHO BBICOKNME 3HAYEHMs MOPUCTOCTU HAOGMIONAIOTCSA B
LIeHTPA/IbHOI YacTy IUIOaay 3MsAXaH, B CeBEPHOI M LIeHTPaIbHOI YacTAX Ivouiaay [asaHOyIak, a Takke B CUHK/IMHAIIM,
pasgesstiomelt CTpykTypy 3usigxan or Haimmackoil aHTukmnHanm. Ha samage mromaay TasaH6yak 0TMevaeTcst OTHO-CUTENIb-
HOe yMeHblIIeHe TaHHOTO mapamerpa (puc. 6). IlomydeHHble pesyabTaTsl HarbosIee HAITIIAHO U SICHO IEMOHCTPUPYET KapTa,
XapaKTepusyIolias CpefHIe 3HaYeHVsI HOPUCTOCTH. PaccunTaHHble /I MHTepBaja UCCIeNOBaHMII 3HaYeHNs KoadduiyenTa
MOPUCTOCTYU COCTAB/AIT IpyuMepHO 10-22 % (puc. 7).

EcTecTBeHHO, Y4TO CKOIIIEHVS YITIEBOLOPOJOB TECHO CBS3aHBI TAKXKe C YC/IOBUAMM OCaIKOHAKOIUIeHuA [6, 11]. OTMeTnm,
9TO B IIPOLECCe HAKOIUIEHVSI MAKOIICKOTO KOMIIIEKCA OT/IOXKEHMI IIPOMCXOAUIO OBICTPOE IOrpysKeH1e bacceilHa U IOITOMY
TJIMHUCTOCTD 3TUX OTIIO)KCHI/II‘/‘I yBeIII/I‘H/IBaeTCH, YTO CKa3bIBA€TCA Ha UX He(l)TeI‘a30HaCbIH.IeHHOCTI/I, KOTOpaH yxynmaeTCH C yBe-
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PucyHok 4. Ky6 konnekTopckux CBOWCTB Niowaam —a u ero npo.qonbubm 1 nonepeyHbli pa3pesbl — 6.
Figure 4. The cube of reservoir characteristics of the area — a and its longitudinal and transversal sections — b.

PucyHok 5. Ky6 nporHo3Hbix 3HauyeHuit KC — a 1 ero npogonbHbie M nonepeyHblie paspesbl — 6.
Figure 5. Cube of predicted values of reservoir characteristics — a and its longitudinal and transversal sections - b.
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PucyHok 6. Ky6 nopuctocTn nnowaam — a 1 ero npoAosibHOe U nonepevyHoe ceyeHus — 6.
Figure 6. The cube of porosity of the area — a and its longitudinal and transversal section - b.

JIMYEHNEM TIMHUCTOCTHU. VI3BECTHO, YTO BIAMAHME CKOIJIEHWII YITIEBOIOPOZIOB Ha CEMICMMYECKOE BOIHOBOE II0/I€ IPOMCXOANT
Ha YpOBHe MOP(O/IOTUM, CUHTAKCICA CeIICMIYecKolt 3ammcu [12-14], 4To HeBO3MOXXHO 0OHAPYXUTb HELIOCPECTBEHHO BU3Y-
a/IbHO U UAeHTU(UIPOBATD NIPY MHTEPIIPETALNM CeIICMIYEeCKUX JaHHBIX [1, 15]. B mocmenHme rofgsl mMupoKoe MpyMeHeHe
HOTY4M/T aTPUOYTHBII aHA/IN3 C IIPYIMEHeHyeM IporpaMMHoro Komiiekca Ilerpen [12, 16, 17]. ViccnenoBanus NOCTIeRHNX TeT
II0KAa3aJIM, YTO Cpefyl 46 MOBEPXHOCTHBIX aTPUOyTOB CaMbIM YyBCTBUTETIBHBIM K M3MEHEHMAM HeTPO(U3NIECKUX CBOJICTB Te-
OJIOIMYeCKOII Cpeibl, B YaCTHOCTY K BapMaIVAM OTHOLICHN ITeCOK/I/INHA, SAB/IACTCSA OfVH U3 aMIUIMTYIHBIX aTpu6yToB RMS
Amplitude, paccurTaHHBII 110 JAHHBIM II0JIS1 OTPAXKEHHBIX BOH. ITOT aTp1OyT MOKHO HANIPSMYIO UCIIO/IB30BATh [i/Is IOMICKOB
YB 1 1301MPOBAHHBIX T€OJIOTNYECKIX TeJI, IPOSIB/IIONINXCS B BOTHOBOM Io7te [18, 19]. OmmbIT npuMeHeHMst aTpuOyTHOTO aHa-
NM3a TOKa3bIBAET, YTO BBICOKIE 3HAYEHNUS aMIUINTYR RMS cOOTBETCTBYIOT 06OraimieHHbIM Ieckamu GanysM 1, Ha060poT, K
IIMHUCTBIM (alVisiM IpUypodeHsl c1abble aMmmuTynsl RMS [17]. B ceiicmuueckoM Kybe IUIOLaAy UCCIESOBAHMI B MHTEPBa-
Jie, COOTBETCTBYIOLEM IIe/IeBBIM TOPM3OHTAM, Hapsy C APKOJ aHOMasIVell HaO/MIofA0TCs MHTePPEePEHIIVIOHHDIC 30HBI M 30HbI
CMabBIX aMIUIUTYZ. ATpUOYTHBII aHAIN3 TPOBOAVIICS MMEHHO /ISl BBLICHEHVSI IIPUPOJBI 3TUX aHoMasuit. CpaBHeHIe ITOCTPo-
eHHbIX pasHbiMu crocobamu (I'VIC u ananus ammntys RMS) KapT IIOKa3bIBaeT, 9TO IaHHBIE, IOy Y€HHbIE PAa3HbIMY BBIYNCIIE-
HISIMU, CXOJHBI MEX/Y COO0II U JOCTATOYHO XOPOLIO COBHAAAIOT (PIC. 7).

BuiBOADI

o pesynpTaTam IpoBefeHHBIX MCCIeOBAHNII TIONy4Y€eHbl LIeHHbIe CBeJIeHM s O IIPOTHO3HBIX 3HAYEHMAX M0 TUIOLa/IU TeTPo-
(busMYeCcKUX CBOJICTB OTIOXEHMIA, CIAralOLNX Lle/IeBO MHTepBasl MajlKOIICKOJ CBUTHI II0 JaHHBIM celicMopassenku 3D u I'VIC.

1. KomekTopckye CBOVICTBA OTIOXEHMIT MCCIeflyeMoro MHTepBaa II rasanOy1akckoro ropu3oHTa Majikolla YacTo MeHs-
1otcst 110 wiomaay. [To pesyabpraTaM MCC/IEfOBAHMIT MOXKHO KOHCTATHPOBATh, YTO C1ab0CTh HeTEOTHAAUM [/IACTAa BBI3BAHA HE
TO/IBKO CTEIeHbI0 HepTeHACHIIIEHNsI KOMIEKTOPa, HO 1 ero MeTpOoQU3NIECKIMIU CBOMCTBAMI ¥ IMTOIOTUYECKIM COCTABOM.
Apean pacripocTpaHeHns HepTy B MECTOPOX/JEHIN PETYIMPYETCsl HapARY CO CTPYKTYPHBIMY 0COOEHHOCTSAMM IUIOIA/M ellie 1
Ha/IM4yeM B paspe3e KapOOHATHBIX OT/IOXKEHMUIL.

2. VI3BeCTHO, YTO IIMHUCTO-TIECYaHble IPOIIACTKM, COCTOSIIIVE U3 TIECKOB 1 KOHITIOMEPATOB, 00/Ia/JAI0T XOPOIINMU KOJIIEK-
TopcKuMU cBovicTBamu [11, 20]. ITo murodanmanbHOMY COCTaBy OTIOKEHVA MaiIKOIICKON CBUTBI 3[1eCh IIPeiCTaB/IeHbI IIPOIIACT-
KaMJ YepelyIomMXcsA eCKOB 1 IINH (depefioBaHye IOPOJ, COCTOSAIINX 13 IIeCKOB, IVIVH I aIeBPOINTOB). B 1ie/oM cyujecTBoBaHme
B paspese TaKMX ITPOIUIACTKOB CBUJETEILCTBYET O TOM, YTO B MIHTEPBaJIe MCCIENOBAaHNI 0Ca/JKOHAKOIJIEHNE B MAIKOIICKII TIEPHO,
IIPOMCXOAIO B YCIIOBUAX MENKOBOAbA. HaKoruienue 31ech rOpM30HTOB IIECKOB MOXKHO CBA3BbIBaTh C y4acTMEM B 9TOM IIpoliecce
MHOTOYMC/IEHHBIX ITajsieopeK. VI3BecTHO, 4TO B Iepyof HAaKOIITIEHN S OT/IOKEHMI MaiiKOIICKOJ CBUTBI TPAaHCTPeCCHs MOPS JOCTUIIA
CBOETO MaKCHMMyMa, YTO B CBOIO O4Yepelb CO3/IAJI0 3[,eCh BOCCTAaHOBUTEIbHDIC OYOXMMIYECKIE YC/IOBY.
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PucyHok 7. ConocTtaBneHue kapT amplitudes RMS u cpegH1x 3Ha4eHU NOPUCTOCTM.
Figure 7. Comparison of maps of RMS amplitudes and average porosity.

ITo xy6y KO/IEKTOp—HEKOJUIEKTOP, IONTy4eHHOMY A/ Ivtonaay [a3aHOymak B MHTepBajie UCCIELOBAHS, IECIAHUCTOCTD
OTJIOXKEHMIT focTuTaeT 62 %, Torga Kak IMIMHUCTOCTD cocTaBsAeT 38 %. PacueTHble MpOTHO3HBIE 3HAYECHNIS IIOPUCTOCTI BapbU-
PYIOT B Ipefiennax mpuMepHo 10-22 %.

Hannas paboma svinonnena npu punancosoti noddepucke Ponda passumus nayku npu Ipesudernme Azepbaiionarckoii Pe-
cny6bnuku — Qrant Ne EIF-KETL-2-2015-1(25)-56/33/2.
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Forecasting of the petrophysical rock properties of the target interval
of sediments of the Gazanbulak field according to the 3D seismic
attribute analysis in combination with GIS

Tofik Rashid ogly AKHMEDOV"",
Maleika Agali kyzy AGAEVA" ~,
Sevindzh Rakhim kyzy MAMEDOVA? ™

'Azerbaijan State University of Oil and Industry, Baku, Azerbaijan
2Socar Geology and Geophysics department, Baku, Azerbaijan

The relevance of the work. This paper is devoted to topical issues of identifying promising intervals favorable for petrophysical properties for
hydrocarbon accumulations using 3D seismic data.

The purpose of these studies is to establish the effective attributes of the seismic-wave motion to determine the petrophysical properties of Maikop
sediments aimed at restoring oil and gas production in the Gazanbulak area.

The subjects of research are core materials, well geophysical survey data and seismic attributes, as well as relationships between core data and
mathematical transformations of petrophysical properties data. The PP curves were transformed into the porosity values of the sediments of the target
interval, and a regression equation was obtained for the research area, which establishes a relationship between the porosity coefficient and 0,

The object of research is the Gazanbulak field. The paper gives a brief geological and geophysical characteristic, stratigraphic and lithological
description of the rocks composing the section of this field. Despite the fact that this field has been repeatedly studied by various geological and
geophysical methods, many features of its structure are not fully clarified; in 2014, 3D seismic surveys were carried out.

Result of the studies. The main results of studies on the petrophysical properties of the Gazanbulak horizon Il of the Maikop suite using 3D seismic
and GIS seismic data are presented. The cubes, reservoir maps, and porosity maps were constructed according to which it was found that the
percentage of sands is high and reaches 62% in the target interval; the average values of apparent resistivity vary from 3.0-8.4 ohm m. It is shown
that the calculated 0, values by area increase in the southern and eastern parts of the Ziyadkhan area, and the predicted porosity data are observed in
the central part of the Ziyadkhan area, in the northern and central parts of the Gazanbulak area. The values of the porosity coefficient calculated for the
research interval are approximately 10-22%. The results of the forecast of porosity using the seismic attribute RMS Amplitude are given. Comparison
of maps constructed by different methods (GIS and RMS amplitude analysis) shows that the data obtained by different computation methods are
similar and coincide quite well and can be used in determining the location of the next production well.

Conclusion. RMS Amplitude can be successfully used to determine the petrophysical properties of individual sediments of deposits with similar
seismic and geological conditions.

Keywords: Upper Cretaceous, Paleocene, Eocene, Maikopskaya suite, petrophysical studies, apparent resistivity (AR), production potential of the well
(PP), cubes and porosity maps, seismic attributes.
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[MpumeHeHne 1D—-2D-nHBEpPCUI SAEKTPOMArHUTHBLIX 30HAMPOBAHMUM
MPY U3yY4E€HUU IPYHTOBLIX MAOTUH

Baaum AHaTtonbesuy [JABbIOOB’,
Onbra UeBaHosHa ®E[JOPOBA”,
Cepren Bnagumuposny BAUOUKOB™

WHcTtuTyT reocpusmkm um. FO. M. Bynawesunya YpO PAH, Poccus, EkatepuHbypr

AKTYaALHOCTL PAGOTLI OBYCAOBAEHA BO3PACTAIOLIMM MHTEPECOM K UCTIOAL3OBAHMIO FEOOUBNUECKMX TEXHOAOTUI AASl HEPA3PYLLAIOWErO KOHTPOAS! TMAPO-
TEXHNYECKMX COOPY KEHMIA.

OCHOBHas1 HeAb PA6OT 3aKAIOHAAACh B OMPEAEAEHNM BO3MOXKHOCTEN GECKOHTAKTHBLIX METOAOB SAEKTPOMArHUTHLIX 30HAMPOBAHUI, MPY OOCAEAOBAHMSIX
IPYHTOBLIX MAOTVH. 30HAUPOBAHMSI MPOBOAVAUCL MHAYKLIMOHHLIMU YCTAHOBKaMM C BEPTMKAALHLIMM MarHUTHLIMU AMMTOASIMMA M HaCTUHHO C NMOMOILLIO SAEK-
TPUYECKMX YCTAHOBOK C EMKOCTHBLIMM CTEAIOIMMMCS AMHUSIMUA. B KauecTBe CPaBHUTEALHOTO apOUTPAXKHOTO METOAA UCTTOAL3OBAAUCH BEPTUKAALHLIE SAEK-
Tpuyeckme 3oHAMpoBaHusl. K 3aaauyam mccreroBaHMini OTHOCUAUCH BLIAGAEHNE OCHOBHDLIX CTPYKTYPHBIX SAEMEHTOB MAOTUH M MAEHTUCOUKALIMS AHOMAALHBIX
30H MO XapPaKTEPY €OSAEKTPUYECKMX PA3PE3OB, MOAYHEHHBIX PASAMYHLIMM METOAAMM SAEKTPOMArHUTHLIX 30HAMPOBaHUi. KoanvectseHHas o6paboTtka
SAEKTPOPA3BEAOYHDLIX AAHHBIX OCYLIECTBASIAACL B (POPME OAHO- 1 AByXMePHbIX (1D-2D) MHBEPCHIA C MPUMEHEHVEM MPOrPAMMHOTO obecriedeHust PasHbiX
npou3soanTeAei. [py TECTMPOBAHMM AATOPUTMOB PelueHmsi OBPATHLIX 3aaad ObIA ONpeAereH HaMbOAEe OMTYMAALHDLIN MO OLICTPOAECTBUIO M KAYECTBY
VIHTEPIPETaLMM METOA ABYXMEPHOM MHBEPCUM, PeaAn3oBaHHOM B nporpamme RES2ZDINV. C nomolubio AAHHOTO MPOrpPamMmMHOro obecriedeHus BriepBble
BLINMOAHEHA OBPABOTKA AUCTAHLIMOHHDBIX MHAYKLUMOHHBIX 30HAMPOBAHUI C MOAYYEHUEM SAEKTPOTOMOTPAIMUECKMX PA3PE3OB IPYHTOBLIX MAOTHH. B crathe
NPUBEAEH CPABHUTEALHbLIM aHaan3 1D- u 2D- MHBEpPCUM SA€KTPOMArHUTHLIX 30HAMPOBAHMIA, MOAYHEHHLIX Ha TPeX IPYHTOBLIX NAOTMHax CBEPAAOBCKOW
obAactn. CpaBHEHME PESYALTATOB SAEKTPUHECKMX U MHAYKLMOHHLIX 30HAMPOBAHMI MOKA3aA0 XOPOLLYIO COMOCTABUMOCTL SAEKTPOIM3NIECKMX CBOVICTB,
XOTsI B PSIA€ CAYYA€EB HAOAIOAAETCSI OTAMUME BEAUUMH YAEALHBIX SAEKTPUYECKUX corpoTveaeHuit (YOC) Ha MOCTOSIHHOM M MEPEMEHHOM TOKE U3-3a Pa3HOro
XapakTepa NMPOBOAMMOCTY U3y4aeMbiX 06bLeKTOB. OBpaboTka pesyALTaToB C npumeHeHrem 1 D—2D-uHBepcuii No3BoAsIET onpeaeAsTs o YIC (opmy 1
CTPYKTYPY @HOMaALHLIX 30H, Y4aCTKM MOBbLILIEHHON BOAOHACLIILEHHOCTU M BO3MOJKHLIE MecTa yTeyeK. [TpoBeAeHHbIe MCCA@AOBaHNS MOATBEPIKAAIOT BLICO-
K0 3(PPEKTUBHOCTL SAEKTPOMArHUTHLIX METOAOB MPY OOCAEAOBAHMM TMAPOTEXHUYECKMX COOPYIKEHMIA.

MeToaororms nposeaeHmsl PAbOTbI: UCMOAL3OBAANCH SAEKTPOMATHUTHLIE METOALI AUCTAHLIMOHHLIX 30HAMPOBAHMI MHAYKLIMOHHBLIMM YCTAaHOBKAMM C BEP-
TUKAALHLIMM MAarHUTHLIMU AUTTOASIMU U C TIOMOLUILIO SAEKTPUYECKMX YCTAHOBOK C EMKOCTHLIMU CTEAIOIIMMUCS AUHUSIMA. B kauectBe CPAaBHUTEALHOTO ap6v1—
TPAKHOTO METOAA UCTOAL30BAAUCH BEPTUKAALHBIE SAEKTPUYECKME 30HAMPOBAHMSI. KoAndecTBeHHast 06paboTKa SAEKTPOPA3BEAOHHBIX AAHHLIX OCYILIECTB-
ASIAACh B (POPME OAHO- U AByXMePHLIX (1D—2D) MHBEPCHIT C MPUMEHEHMEM MPOrPAMMHOIO OOEeCreYeHMs Pa3HbIX MPOU3BOAUTEAEN.

Pe3yaLTatpl. HayuyHo-1ccAer0OBaTeALCKME PABGOTLI, MPOBEAEHHBIE HA TPEX MPYHTOBLIX MAOTMHAX CBEPAAOBCKOM OBAACTH, MOKA3aAM, YTO BCE MOAYHYEHHbIE
Ha MOCTOSIHHOM U NMEPEMEHHOM TOKE F€03AEKTPUUYECKME PAa3Pe3bl CXOXKM MO MOPEOAOTMMN. AOCTATOUHO YETKO BLIAEASIIOTCSI OCHOBHbLIE SAEMEHTLI MAOTMH:
HacbIMHast 4acTh, OCHOBaHME, BOAOCAMB, a TaloKe MH)KEHEPHLIE KOHCTPYKLMM (KOAOALILI U T. A.). OaHomepHble (1D) n AByxmepHble (2D) reoaaekTpuyeckme
paspesbl, MOCTPOEHHbLIE C MOMOLIBLIO PA3HLIX METOAOB 30HAMPOBAHUM, OKA3aAMCDh MOXOXKUMM APYT HA APYra, HO CO CBOMMM XapaKTEPHLIMU OCOBEHHO-
criMu. B psiae cayuaeB HAOAIOAQETCS OTAMUME BEAVUMH YAEABHDIX SAEKTPUYECKMX COMPOTUBAEHMI HA MOCTOSIHHOM M MEPEMEHHOM TOKE M3-3a PasHOro
Xapaktepa MPOBOAMMOCTM U3y4aeMbiX OOLEKTOB, OAHAKO OBwME YEPThl CTPYKTYPHOrO CTPOEHUsI MAOTMHBI YBEPEHHO BMAHLI HA BCeX paspesax. [1pu
TECTUPOBAHUM AATOPUTMOB PelleHMsi OOPaTHLIX 3aaad ObIA OrpeAeAeH HauboAee ONMTUMAALHDINA MO BLICTPOAENCTBMIO U KAYECTBY MHTEPPETALIMM METOA
AByXMepHOM nHBepcuu. C ero NMoMoLbio BriepBbie BLIMOAHEHA OOPABOTKA AUCTAHLIMOHHBIX MHAYKLMOHHBIX 30HAVPOBAHMIA C MOAYYEHNEM SAEKTPOTOMO-
rpachmyecknx paspesos rPYHTOBLIX MAOTMH.

BriBoAnl. OTMEUYAETCsl XOPOoLWasi COMOCTaBUMOCTL TE€OSAEKTPUYECKMX PA3PE30B AASI BCEX METOAOB SAEKTPOMATHWUTHLIX 30HAMPOBaHuii. ObpaboTka pe-
3YALTATOB C MpUMeHeHuem 1D- 1 2D- nHBepcuii Mo3BOAsIET ONPEAEASTL CTPOEHME MAOTVH MO YAEALHOMY SAEKTPUYECKOMY COMPOTUBAEHMIO, B TOM YMCAE
chopmMy U CTPYKTYpPY @aHOMAaALHLIX 30H, YHaCTKM MOBbLILEHHON BOAOHACLIILEHHOCTM M BO3MOXXHbLIE MecTa yTedeK. [TpoBeAeHHbIE CCA@AOBaHMS MOATBEP-
SKAQIOT BLICOKYIO 3(PPEKTUBHOCTL reOhU3NYECKMX METOAOB MPU OOCACAOBAHUM TMAPOTEXHUYECKMX COOPYIKEHWIA.

KAloyeBble CAOBa: TPYHTOBAsi MMAOTMHA, SAEKTPUYECKME 3O0HAMPOBAHMSI, AUCTAHLMOHHBIE WMHAYKLMOHHBIE 3OHAMPOBAHMUs, WHBEPCHS, YAEALHOE
SAEKTPUYECKOE COMPOTUBAEHUE, TEOIAEKTPUYECKMIA Pa3pes, reoToMorpacusl.

BEAEHVE
Teoduanueckie TeXHOIOTUN JOBOIBHO YCIEIIHO UCIIOMB3YIOTCS AJIsI U3YIeHNUS COCTOSIHIUS TPYHTOBBIX IUIOTHH.
[TpenmoyTeHe OTHAETCS TEOIMEKTPUIECKIM METOLMKAM, II03BOJISIIOLIMM IT0 37IEKTPODUSIYECKIM XapaKTEPUCTIKAM
rpyHTa 0OHAPY>KMBaTb 0OBOJHEHHBbIE YIACTKI Y MeCTa TOBBILIeHHOI (yibTparuy Boxsl [1]. [TpuMeHI0TCsE KaK KOHAYKTVBHBIE
MeTO/BI 30HAMPOBAHMIL, TaK U MHAYKTUBHbIE. K Hanboee MCIIo/b3yeMbIM KOHTAKTHBIM METOJAM OTHOCSITCSI BEPTHUKA/IbHbIE
anekTpudeckye 3oHAMpoBaHyA (BIO3). ITo rpe6HIO IUIOTMHBI YacTo OOYCTpaMBAaIOT JOPOTH, OTCHIIAHHbIE IeOEHKO WU
3aac¢apTIpOBaHHbIE. B CBSI3Y € 9THM BOSHMKAIOT TPYLHOCTH C 3a3eM/IEHIEM /IEKTPOJOB TP Fa/IbBAHNYECKOM BO30Y K A€HNN
TOKa. B 9TOM Ciydae 1e1ecooOpasHO IpMMEHEHNe a/lIbTePHATUBHBIX METOf[OB, TAKMX KaK OECKOHTAKTHbBIE INEKTPUUECKIE
souaupoBanus (BI3) ¢ eMKOCTHBIMY IMHMAMMY [2] 1 [UCTAaHIMOHHbBIE MHAYKUMOHHBIe 30HAUpoBanus ([V3) [3].

PesynbTaTbl 30H1MpOBaHMIL, KaK IIPAaBIUIO, TPE/ICTAB/AKTCA B BUJIE PA3PE30B KaXKYIMXCs COMPOTUBIEHWIA P, [T BCEX BUIIOB
Mmetopuk. OljeHKa 3/IEKTPOCOIPOTUBIIEHNSI TPYHTOBOrO MaTepuasa Ha HEKOTOpoil 3¢ (GeKTUBHOI I/TyONHe HaeT KaueCTBEHHOE
IpefcTaBieHne 06 M3MEHEHNN COCTOSIHMS IIOJIOTHA IUIOTVHBI, B IIEPBYI0 OYepefb OT MOBBIIIEHNsI BIKHOCTU IPYHTA. DTO
[103BOJISIET OIPEeAe/ISITh MECTOIIONIOKEHE AHOMA/IbHBIX YIACTKOB B HACBIII ¥ JIOKQ/IM30BATh IIOTEHI[MA/IBHO OIIACHBIE YIACTKI
IUIOTVHBI, B TOM YHC/Ie 30HBI COCPefoTOueHHOI (uibTparyn [4]. OfHako XapakTep IPYHTa U CTEIEHb €ro YBIKHEHUS 110
K)KYIeMYCs COMPOTUBIIEHNIO OLIeHUTD TPYAHO. Heo6X0a1MMO Oy4nTh KONMMIeCTBEHHbIE TOKa3aTe/ll BbIsIBIEHHBIX aHOMAaJINIL:
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yaenbHOe aneKTpudeckoe conporusaenne (YOC) rpyHTa 1 MuHelHbIe pasMepbl (BepTUKANIbHYIO0, TOPM30HTAIbHYIO MOIIHOCTH)
aHOMAJIbHON 00JIaCTM B paMKaxX SKBMBAJIEHTHOCTM pelleHMsA OOpaTHOI 3afjadM A BOCCTAHOBIICHUS TI'€O3TIEKTPUYECKOTO
paspesa. KomuecTBeHHass MHTepIpeTanysa IPOBOAUTCS Yallle BCETO IO IIporpaMmaM ofHoMepHol (1D) muBepcuy, ofHako
C pacIpocTpaHeHMeM TOMOrpaMYeCKMX TEXHONOTMII MOSIBUIACh BO3MOXKHOCTH ABYXMepHON (2D) 06paboTky IoIeBBIX
30HAMPOBAHUIT, B TOM 41C/Ie 6€CKOHTAKTHBIX METOJIOB 9/IEKTPOPA3BEMKIL.

OcHoBHasi 1efb paboT 3aK/II0YANach B OIpEHeNeHNM BO3MOXKHOCTENl OECKOHTAKTHBIX METONOB 3IeKTPOMArHUTHBIX
30HAMPOBAHUIL PV 0OCTETOBAHNAX IPYHTOBBIX IUIOTVH. B IepByI0 ouepenb paccMaTpUBAIOTCS Pe3y/IbTAThl KOMUYeCTBEHHOI
06pabOTKM IVICTAHIIOHHBIX MHIYKIVOHHBIX 30H/IVPOBAHNII B T/IaHE JJOCTOBEPHOCTH ITOTyYaeMbIX F€03TIEKTPUYECKIX Pa3pe3oB.
K 3ajauam uccnefoBaHMII OTHOCUIOCH BbIfIe/IEHME OCHOBHBIX CTPYKTYPHBIX 37IEMEHTOB IIJIOTMH M aHOMAJIbHBIX 30H
KOHIYKTUBHBIMU U MHAYKTVBHBIMY METONAMN 30HAVPOBaHMIL. B cTaTbe ImpuBesieHbI CpaBHUTENbHBIE pe3ynbraTsl 1D- u 2D-
VMHBEPCUU OCHOBHBIX THUIIOB T€OMETPMYECKNX 3TeKTPOMArHUTHBIX 30HAVPOBAHMII, MOTyYeHHBIX HA Pa3MIMIHBIX IPYHTOBBIX
wioTrHax CBep//IOBCKOI 006TacTIL.

MeToAbI CCAEAOBaHMIA

ONEKTPOMETPUYECKME JCCIENOBAHMA IUIOTMH IPOBOJVMINCH KOMIIJIEKCHBIMM 3OHIMPOBAHMAMM Ha IOCTOSHHOM I
IIlepeMeHHOM TOKe C MCIIONb30BaHMeM 3/IEKTPUYECKMX U MarHUTHBIX Mo7ell. PaGOTbI METOIOM BepPTUKA/IbHBIX 9MeKTPUYECKUX
30HAVPOBAHNII BBIIOMHAIN KOMIUIeKTOM anmaparypbl OPA-MAKC (HIIII «39PA», r. Cankr-IleTepbypr) cumMMeTpu4HON
ycranoskoit [Ilmombepske 1o craHmapTHOI MeTofuKe. JinHa npuemHoi muanu MN paBHsIach 2 M, MUTAOLYE 3TIEKTPOMBI
pasHOCHINCD Ha paccrosiHne AB/2 no 100 m. VismepeHnus mpoBopmiuch Ha dactoTe 4,88 I mpu cTabuIn3upoBaHHOM TOKe B
nuTanoeii mHuK oT 10 go 50 MA. Ha xa>kom pasHOCe pacCUUThIBAIOCh KaXKyIlleecs yie/IbHOe 37IeKTPUUYECKOE COITPOTUBIIEHNE
TIO CTaHJAPTHOII popMyIie. PesymbraThl 3aHOCUIINCH B >KYPHAI M OTCTPAanBaIICh Ha 61orapudmudeckoM 6anke. [TorpermHocTb
TIO/IEBBIX MI3MEPEHMII COCTaBUIa OKOIO 3 %.

DeckOHTaKTHBIE 9JIEKTpIYeCKYe 30HANPOBAHMA IPOBOMIIIICH KOMIUIEKTOM anmaparypsl «Inekrporect EVIC-3mx» (HTK
«IVIOT'EH», 1. MockBa) Ha gacrore 16,5 xI11. JVicronp3oBaHa OMIIONBHO-0CEBasA YCTAHOBKA C €MKOCTHBIMM 3/I€KTPUYECKUMU
aHTeHHaMM JHON 10 M. B nanydvaromeM anmnose Moaaep>KuBascs CTabMIN3NpOBaHHBIN TOK 3 MA, ITO HO3BOIUIIO JOOUTHCS
MAaKCMMaJIbHOTO Pa3HOCa MeX/Y LieHTpaMy yCTaHOBOK B 50 M. Bce moxasaHmst mpubopa BMecTe co cry>ke6HOiT MHpOpMalmert
3allOMMHAINCh B 9HEPrOHE3aBMCUMON IaMATKM IpMeMHOro Ormoka B Bupme ¢aiima maHHbIX. Kaxyijeeca compoTusieHue
PaccYUTBIBANIOCH IO GopMyIIe, aHATOIM4YHOI B3, co cBoMMU reoMeTpudecKuMy KoappuijeHTamu, KOTOpble OIpee/sIiICh
B COOTBETCTBUM C [5].

11 [ICTaHIMOHHBIX IHAYKIVOHHBIX 30H/IMPOBAHII MICIIO/Ib30BA/IaCh BBICOKOYACTOTHAA anmnaparypa MY3-8, paspaboTanHas
B Mucturyte reopusuxkn YpO PAH [6]. TeneparopHas M IpueMHas YacTy ammaparypbl paboTaoT IO YIpaBlIeHUEM
MUKPOIIPOLIECCOPOB ¥ CBSA3aHBI IO pafiiOoKaHaly, II03TOMY MHOTME OIepalyy IPOM3BOJATCA B aBTOMATUYECKOM PEXIMMeE.
Teneparop umeer 8 paboumx dyacrtor (or 1,25 mo 160 kIw), BosOyxparolee SMeKTPOMArHUTHOE IOJI€ TEHEPUPYETCA C
IIOMOIIBIO BepTUKAIBHOIO MaruuTHOro fumosnd. HabmroneHnsa o6bIYHO Bemuch Ha 2-3 9acTOTax, M3MepsIach aMIUIUTY/AA BYX
OPTOTOHA/IBHBIX COCTAB/IAONINX [IEPEMEHHOTO MATHUTHOT O TIO/IA — BepTnKanbHas H uropusonTanbhas H . Touku sonampoBanus
pacrmonaracs 1o npoduo yepes 10-20 M, Ipy 9TOM IPUEMHUK OCTaBaJICS HA MECTe,  TeHePATOP IT0C/IEJOBATENIBHO OTHOCUIICS
Ha paccTostHue r oT 5 0 80 M 10 MMHUM NPodWIst ¢ IepeMeHHbIM InaroM. Kaxylieecst COMpOTUBIIEHNE PACCIUTHIBATIOCH TI0
peKoMeH/yeMoit popMyJIe C yIeTOM BOTHOBOTO MapaMeTpa moss [7]. Bce maHHBIe IONIEBBIX M3MEPEHNUIT BMECTe CO CITy>KeOHOIT
nH(OpMaIVeil 3aIIChIBAIMCh BO BHYTPEHHIOK (D/I3LI-ITaMATh IPUEeMHUKA.

OpHOMepHYI0 KOMMYeCTBEHHYIO VHTepIpeTanyio B3 mpoBopmin ¢ momoupio nporpammbl IPI2Win, paspaborannoit
B MOCKOBCKOM TOCYapCTBeHHOM YHMBepcuteTe [8]. [l [ByXMepHOI MHBepcuM INpMMeHsIM Iporpammy KammHckoro
ZondRes2D [9] u pacmpocrpaHeHHOe mporpamMmHOe obecnedenne mist reoromorpadunu RES2DINV (Geotomo Software,
Mapnaitaus) [10]. Jna onruMusanmy mporecca o6paboTKM MPOBEREHO TeCTUPOBaHME (YHKIMOHATBHBIX BO3MOXKHOCTEN
UCIIO/Ib3yeMBIX IIPOrPaMM Ha IIPefMeT OBICTPOTBI PACUETOB U JOCTOBEPHOCTH pe3ynbTaToB. OCHOBHOI 3afadeil IporpaMm
MHBEPCUU ABJIACTCS BOCCTAaHOB/ICHNE TAPAMETPOB Ie03/IeKTPUIECKOT0 paspesa 10 MOTyYeHHbIM JaHHBIM ITOJIEBBIX HAOMIOIeHNIL.
CylecTByeT HECKOTbKO BAapMaHTOB pelleH)s OOpaTHOJ 3ajauyl, BaKHENIIMMM M3 KOTOPBIX SBJIAIOTCA CIIAKUBAIOIAS U
¢doxycupylomas NHBepcHs — /LA MOTydeHNs IJIaJIKOrO ¥ KyCOYHO-IVIAKOTO pacIpeie/ieHNs Te0IeKTPUYeCcKIX lTapaMeTpoB
¢ mrybunoit. Hanbosee mopxopsimmm 1mo GbICTPOLEICTBIIO 1 KAa4eCTBY MHTepIIpeTanny ObUI MPU3HAH METOJ HAaMMEHbIINX
KBQ/[paToB C KBasu-HbioToHOBCKOI omTmMumsanyeir [11], Ha xoTopom 6asupyercs mporpamma RES2DINV. IlepcrekTusst
Ja/IbHeIIIero pasBUTYs re0TOMOrpaduy ¥ BHEIpEHe IBYMEPHOI MHBEPCHUY B 6€CKOHTAKTHBIX METOJaX 97IeKTPOMETPUM TAKXKe
CBA3aHBI C STUM HOIIYIAPHBIM IIPOrPaMMHBIM obecriedenneM [12-15]. Ha ocHOBe MMeroMUXcs aITOPUTMOB ObIT peanns3oBaH
croco6 npeoOpasoBaHMs MONTYyYeHHBIX NaHHBIX B ¢opmaT mporpammbel RES2DINV, a raxxe paspaboTaHa u ompo6OoBaHa
MeTOJMIKa IBYXMEPHOI MHTEPIIPeTALNN AVICTAHIIVIOHHBIX MHAYKIIOHHBIX 30HAVPOBAHMIL. DTO ITO3BON/IO BIIEpBble IPOBECTI
2D-uuBepcuio [IV13 Ha TpyHTOBBIX IVIOTMHAX C IOTy4YeHVeM KOTNYeCTBEHHBIX Te0TOMOrpa(puiecKix pa3pesos.

Pesyautatsl pabort

Hay4Ho-1cceoBaTenbckye paboTbl BHIIOTHSANICD Ha TPEX TPYHTOBBIX INTOTIHAX CBeP//IOBCKOI 06/1aCTH, PACIIONOKEHHBIX
Ha pekax CrpicepTb, EnpyeBka 1 Apamunka.

ITnoruna BepxuecbicepTckoro npyna 6suta Bo3efieHa B 1849 r. O6mas yinHa faMObl COCTaBIsgeT 0Kolo 350 M, MupuHa
Mo rpe6HI0 6ormee 15 M, BbicoTa gocTnraerT 10 M B I[eHTPAIbHOI YacTU. SIAPO TIOTUHBI COCTOUT W3 yTpaMOOBaHHO IIVHEI,
OCHOBAHIEM CJTy>KaT CKa/IbHble TPYHTBI METAMOP(UYECKIX IIOPOJ [IaIe030IICKOr0 Bo3pacTa. [1o rpe6HIO IIOTHHBI BBIITOTHEHB
BepPTHKa/IbHbIE 9/IEKTPUUECKIe U JUIIONbHbIe MHAYKIVOHHbIE 30HAMpOBaHys. PesynbraTel BO3 obpaboTaHbl mporpaMMamu
1D-2D unBepcun, VI3 - 2D-unBepcueii. [eoanekTpudeckne paspessl IO TaHHBIM 30HAVPOBAHUIT UMEIOT CXOXYIO CTPYKTYPY
(puc. 1).

Ilo pesynbraram ogHOMepHON MHBepcuy B3 cpefHee yriebHOE aNIeKTpUYecKoe COPOTYBIEHNE ITMHICTOrO MaTepyasia COCTaB/IAeT
25-300m-m. [IByxmepraavaBepcyusa BO3u [IVI3 nokaspiBaet 6omee Bbicokye 3Ha9eHE: 30-50 OM- M1 60-100 OM- MCOOTBETCTBEHHO. DT
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PucyHok 1. NleoanekTpuyeckue paspesbi BepxHecbicepTckom NNOTUHBI. @ — ogHOoMepHbIN (1D) paspe3 B33 (undpamu Ha paspese oTMeyeHb!
3HaveHuss YOC B ykasaHHOM MecTe); 6 — aAByxmepHbIn (2D) paspes BO3; B — 2D-pa3pe3 N3 Ha yactoTe 2,5 kY. YepHol nuHmein nokasaHa
rpaHvla OCHOBaHUSI MIOTUHBI MO AaHHbIM OJHOMEepHOW uHTepnpetaumn B33. KpacHow nuHuen BbligeneH npegnonaraembivi KOHTaKT MOPOA,
pasHoro cocTasa.

Figure 1. Geoelectric sections of the Verkhnsysertskaya dam. a) one-dimensional (1D) VES section (numbers on the section indicate the
specific electrical resistance values at the specified location); b) two-dimensional (2D) VES section; c) 2D-section of DIZ at a frequency of 2.5 kHz.
The black line shows the dam base boundary according to one-dimensional interpretation of VES. The red line indicates the intended contact of
rocks of different composition.

II0Ka3aTe/Ny sB/II0TCSA HOPMaTbHBIMU 1 YKa3bIBAIOT Ha XOpOIllee COCTOSIHIE IIOTUHBI, 38 MICK/TIOUeHeM aHOMaJIbHBIX 06/macTeit
(p=9-11 OM - M), B KOTOPBIX ITPOVCXOANT MOBBIIIEHHASA (UIBTPALVIA BOAbI U3 BOJOXPAHIINIIA. BIIeNAI0TCS IBe OCHOBHBIE
aHOMaJ/IbHble o0macTy B paiioHe unto30B (IIK12-16) u Ha mukerax 18-20, KOTOpbIe MMEIOT IIOHVDKEHHBIE COPOTUBIECHNS 110
CPaBHEHMIO C TPYHTaMM OCTA/IbHON YacTM IJIOTHHBI. DIeKTPOCOIPOTUBIIEHNE CPebl, BBIYNC/IEHHOE 1I0 laHHBIM 1113, nmeet
6071ee BBICOKIIE 3HAUEHVSI B CHUTY MHYKTUBHOI IIPMPOJBI BO3OYXK/IEHISI 9/IeKTPOMATHITHOTO II0JIsI B cpefie. HachIHbIe IPYHTBI
BEepXHelT YaCTH IVIOTUHbI XapaKTepu3yoTcs mmpokuM pazépocom YIC ot 50 go 340 OMm - M. OcHOBaHIMe ITIOTUHBI, CTIOXEHHOE
KPUCTA/UINYECKUMI CTTAHIJAMY, OT/IMYAETCsI BBICOKVMMIU 3HaUYeHMsAIMU copoTnBiernit (p = 300-2000 OMm - m). B paitone ITK30
IPEZIIIONIOKUTEPHO HaXOAMUTCA KOHTAKT IIOPOJ, Pa3HOIO COCTaBa, 3aMETHO BBIJIEIAIOMINIICA Ha Te03/IEKTPUYECKUX paspesax
IIOHVDKEHHBIMY CONpOTUBAeHNAMM (puc. 1, a, B). CregyeT OTMETUTD, 4TO feTamusauusa 1 D-unsepcun BO3 6oiee Bbicokas, yeM
Ha IOy 4eHHbIX 2D-paspesax. IT0, 10-BUAMMOMY, CBSI3aHO C M30BITOYHBIM CIIAKMBAHIEM B /ITOPUTMAX ABYMEPHOI IHBEPCHUIL.
OnHaKo B IIe7TOM HOMyYeHHbIe Te03NIEKTPUYECKIe Paspessl JOBOMTBLHO XOPOIIO COMOCTABMMBI MEXKY CO00if 1 COOTBETCTBYIOT
peabHOIT (PUSNKO-Ie0IOrNYecKOil 0OCTaHOBKe.

AHasnornvHble paboTbl 6bUIM IpOBefeHbl Ha EnpueBckoit mnoTnHe. EnbdeBckuil mpyy IBIsAETCA OTCTOMHIKOM-HAKOINUTEIeM
IOHHBIX OTJIOKEHWIT, 0OPasyIOIVXCs B pe3y/lbTaTe HEMTPaIM3alMy KVUCIBIX BOJ, M3IMBAIONIVXCA M3 3aTOIUICHHBIX IIAXT
Hertapckoro pynHuka. IInotuna Ha peke EnbdyeBKe BBefleHa B 9KCIUTyaTanuio B 1954 I. u pexoHcTpyupoBaHa B 1979 . OHa
CTIOXKEHA IIPEMMYLIECTBEHHO CYIIMHKOM C IIPUMEChIO IfeOHS M MMeeT MPOTSDKEHHOCTh oKomo 700 M. MaxcmmasnbpHast
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PucyHok 2. leoanekTpuyeckue paspesbl EnbyeBckon NNOTUHbLI Ha reomnormyeckon ocHoBe. a — 1D-pa3pe3 B33 (umdpamu oTmeyeHbl
3HayeHus YOC); 6 — 2D-pa3pes3 B33; B — 2D-pa3pes A3 Ha vacToTe 10 kl'L; 1 — TeNo NNOTuHbLI; 2 — anntoBuarnbHble OTNoxeHus; 3 — 6a3ansThbl;
4 — pentoBuUanbHble CYrMUHKK ¢ LWebHeMm; 5 — antoBuanbHble cynecu; 6 — M3BECTHSKW; 7 — IMUHbI.

Figure 2. Geoelectric sections of the Elchevsk dam on a geological basis. a — 1D — VES section (figures indicate the values of resistivity);
b — 2D — VES section; ¢ — DIZ 2D-section at a frequency of 10 kHz. 1 — dam body; 2 — alluvial deposits; 3 — basalts; 4 — deluvial loam with rubble;
5 — eluvial sandy loam; 6 — limestone; 7 — clay.

BBICOTA HACBIM COCTaB/AeT 13 M. [eonmormdecknii paspes B paiioHe TUIOTHHBI IIPEJCTAB/IEH TPEMs TUIIAMM KOPEHHBIX IOPOJ,
CyOBepTUKAIbHOTO 3ajeraHys:: 6asambramu, Tydpamm u usBecTHsKaMu. lIIMPoKo pa3BUTa TPELINHOBATOCTh CKA/IbHBIX OO,
a KOHTaKTbl TypoB ¢ 6as3anbTaMy OCTOXKHEHBI TeKTOHMYeCKMMM HapyileHusmu. OcafouHble oOpasoBaHMs COCTOSAT U3
STIOBMA/IBHBIX U JIEMIOBUAJIbHBIX OT/IOXKEHMIT KOPbI BBIBETPYBAHMA KOPEHHBIX TOPOJ, TOP(a 1 a/UTIOBYs HONMMHbI p. EnbueBKu.
EnpueBckas mnoTMHA Ha MPOTKEHUM HECKONbKUX JIET CAY)XKMIA XOPOIIMM ITOJIMTOHOM [ JleTalbHbIX MCCIefOBaHMUI
pasmuaHbIMK TeoduandeckuMu Metoamu [16]. ITpu KoMIUIEKCHOI 00pabOTKe 3/IeKTPOMArHMTHBIX 30HAMpoBaHmit (B33,
JIV13) B pamxax AByxMepHOI Mopenu (2D-uHBepcrst) mpub/HKeHHas HadaIbHAsi MOJEIb Oblla BBIOpAHa MCXOMsI M3 M3BECTHOIL
reonornvecKoit nHGopMaLum.

Bce nornyueHHble re0aeKTpIIecKue paspessl CX0xU 110 Mopdonoruiu (puc. 2). JlocTaTOYHO 4eTKO BBIJIe/NAETCSI OCHOBAHME
IJIOTVHBI, OCaJlOYHbIE I KOPEHHbIE TIOPOZIBI. ITO OCOOEHHO 3aMEeTHO IIPY HAJIOKEHNUM Ha Te03IeKTPUYECKNil paspes KOHTypa
Te0JIOTMYECKOI CUTYallMMi C HAHECEHHBIMY OCHOBHBIMM TPaHMIIAMM PasfieNioB. [eosnexTpuyeckue aHoManny Ha paspese B93
BBIIEJISIIOTCST O07ee JTIOKanbHBIMU OOmacTsiMu, Hexxenmu Ha paspese [IVI3. Cpengune snadenyss YOC HACBIITHOTO TPyHTA IIPU
IBYMepHOJT MHBepcuu cocTasAaloT 40-60 OM - Mo BO3 1 60-120 Om - M o [1V13. Ha reoanextpuueckom 1D-paspese BI3 (puc.
2,a) IIOIOTHO IUTOTYHBI IIPEfiCTaB/IsIeTCsA G0lee HeTanbHO, HO MeHee KOHTPACTHO. BepxHumit 1,5-2-MeTPOBbIIT C/I0I COOTBETCTBYET
30He a9paliun, Jajee BbIAEACTCA IOl cpeHuX conpoTysienuit (80-150 OM - M) o rny6uHbI 5 M (ypOBEHb BOAIBI B BOfjOEMe).
MoOIHOCTD /1051 BOIOHACHIIIEHHBIX TPYHTOB IJIOTUHDI COCTABAET 5-6 M, cpegHue sHaueHnsa YOC: 40-60 Om - M. 3HayeHus
9JIEKTPUYECKIX COIPOTUB/ICHMII B aHOMaJIbHBIX 30HaX CHIDKAIOTCA 1o 10-15 OM - M. [panuna Ha mry6uHe IpuOIM3UTENIbHO B
9-11 M OTBevaeT MOJOIIBE HACHIIHBIX IPyHTOB. CpaBHMBasA 1D- 1 2D-pa3pessl, MOXKHO 3aMeTHUTD, YTO OCHOBHbIE aHOMa/IbHbIE
mpoBopsiiye o6macTy (3amagHast ¥ BOCTOYHAs) B TeJle IVIOTVHBI COBIIA/IAI0T, HO OT/IMYAIOTCS 110 e TA/IbHOCTH I 10 3HAYEHNSM
VIeTbHBIX COIMPOTUBIIEHNII, YKasbIBast Ha 00/IaCTI peabHO CYILeCTBYIOLMX yTedeK. HypkHss qacTh paspesa (1o 2D-uHBepcnn)
6oee TOCTOBEPHO M HAITIAHO OTPaKaeT TeoJIoTMIecKue U CTPYKTYpHbIe 0COOEHHOCTI CPefbL.
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PucyHok 3. leoanekTpuyeckune paspesbl NNOTUHBLI Ha p. Apamunke. a — pa3pe3 B33 (1D-nHBepcus); 6 — 2D-paspe3 B33 Ha yacTtoTe 16,5 kl'w;
B — 2D-pa3pes [IN3 Ha yacToTe 20 kL. YepHon NnHMel nokasaHa rpaH1ua OCHOBaHMS MIOTUMHbI MO AAaHHbIM O4HOMEPHON nHTepnpeTauun BA3.
3aLTpuxoBaHHbIM NPSMOYTONIbHUKOM BblAeNneH BOAOCNMB NMOTUHBI.

Figure 3. Geoelectric sections of the dam on the Aramilka river. a — VES section(1D inversion); b — 2D — BEZ section at a frequency of 16.5
kHz; ¢ — DIZ 2D-section at a frequency of 20 kHz. The black line shows the dam base boundary according to one-dimensional interpretation of
VES. The shaded rectangle highlights the dam spillway.

Crepyromuit 06beKT MCCIE[OBAHMII — MAaJOBBICOTHAs TPYHTOBas IUIOTMHA HA peke Apammike. [IIMHAa IUIOTMHBL
He6O/IBIIIOr0 CEIbCKOTO Mpy/Aa 4y Th Gombie 120 M, BBICOTA B CpefiHeM 5-7 M. B 0CHOBaHMY 3a/1eraioT CepreHTHHN3MPOBAHHbIE
HOPOJbI YIBTPAaOCHOBHOTO cocTaBa. Kpome MeTonos BI3 u [IVI3, ee 06cmefoBany ¢ MOMOIIbIO 6€CKOHTAKTHBIX 97IEKTPUIECKIX
soupuposanuit (b33). Ilpuyem pabouas yacToTa MHAYKUMOHHBIX 30HAMpoBaHmii (20 kIij) 6p1a BelOpaHa MaKCUMaabHO
6/113K0 K paboyelt 4acToTe INMEKTPUIECKIX 30HAMpoBaHuMii (16,5 kI1r). DTo 6BUIO CAEMAHO A1 HPOBEPKU ITOK0OMSA TOTTydaeMbIX
BemuuH YOC 1pu Bo3OY>XHeHMM ¥ IpyeMe IepeMeHHOro anekrpudeckoro noma (b33) kK coOTBETCTBYIOMMM pe3ynibTaTaM
Ha6/MIoNeHnI! B IepeMeHHBIX MarHuTHbIX no/uix (JVI3). B ugeanpaoMm caydae reosnekrpudeckue paspesst B33 u VI3 fo/mKHbL
COBIIAJIaTh, HA IPAKTUKE OHM OKAa3a/IMCh IIOXOXVMIU IPYT Ha APYra, HO CO CBOMMI OCOOEHHOCTSIMI U PAa3/IN4MeM B 3HAUEHUSIX
9NEKTPUUECKIX CONPOTUBIEHN (puc. 3).

OcHOBHOe OT/IMYMe 3aKII0YaeTcsi B 6omee BBICOKOM ypoBHe YOC mpM MHAYKUMOHHBIX 30HAMpoBaHMAX. Hebonbluas
pasHMIa B pabO4MX YaCTOTaX CTAHLUII He JaeT TaKoro apdexra. Bo3MOXKHOI IPUYNHOI MOXKET CIIYXKUTDb pasHMULA B YCIOBUAX
rpremMa MOMe3HOr0 CUTHAIA, Ha KOTOPBIT OKa3bIBAIOT BIVSIHIIE aHM30TPOIIHbIE CBOJICTBA CPEMbl B IPOO/IBHOM I IIOIEPEYHOM
HaIpaBIeHUM IUIOTUHBL. Ha BceX reoaneKTpuyecKux paspe3ax HM3KUMU 3HAYEHVSIMM COIPOTUB/IEHMIT JJOBOIBHO XOPOILIO
BBIJIE/ISIETCS BOXOCINB IIOTHHBL HekoTopoe oTkoHeHre aHoMamy B3 oT 1ieHTpa BOFOC/IMBA MOXKHO OOBACHITD CMEIljeHIeM
TOYUKM 3aIIMCHU 34 CYET GIM3KOTO BIAMAHUA MeTa/UIMYeCKUX KOHCTPYKUNMIT LITI030B. YjelIbHOe 37IeKTPUYeCKOoe COMPOTUBIICHIE
MaTepuasa IVIOTUHBI COCTABAET, Mo AaHHBIM B33, 15-20 OM - M; o ganubiM b33 u [IM3, 20-30 OM - M. ITO yKa3biBaeT Ha
IIMHYICTBII COCTaB HACBIITHOTO MaTepyaIa M €r0 BHICOKYIO BIarOHACHIILEHHOCTb. SHAYEH S 9/IeKTPOCOIIPOTUB/IEHII 3a/IeTAIOII X
B OCHOBaHUM CEPIIEHTMHUTOB CUJIbHO OT/IMYAIOTCS IIPU M3MEPEHMSIX pasHbiMu MeTomamu. 1o anupiM BO3, kopeHHbIe TOpo/ibI
uMeroT o4eHb Bbicokye YOC (mo 4000 OM - M), ofHaKo, 110 pesynbrataM b33 u [IVI3, conporusnenus He mpespimaiT 200-300
OM - M. ITO 00BSICHSIETCS AK1[ECCOPHOI BKPAI/IEHHOCTBIO MATHETITA B CEPIIEHTVHUTAX, He 00PasyIoIero IpOBOASIINX {eIT0YeK
Ha IOCTOSIHHOM TOKe (BO3), HO sAB/IsIIOIIerocs cabbiM IPOBOLHUKOM B IIepeMEHHOM 3/IeKTPOMAarHuTHOM monte. HecmoTpst Ha
CYLLeCTBYIOLIVIE OTINYMSA, OOIIVIe YePThI CTPYKTYPHOTO CTPOEHMS ITIOTUHBI BUAHBI Ha BCEX Te0TIEKTPUIECKUX paspe3ax.

BLIBOADI

CpaBHeHUe pe3y/IbTaTOB Pa3MYHbIX 9TeKTPOMATHUTHBIX 30HAVPOBAHUII II0KAa3a/I0 XOPOLIYI0 CONOCTaBUMOCTb 1D-2D-
re0sIeKTPUIECKNX Pas3pe3oB. B To ke Bpems B psifie cIydaeB HabmofaeTcst oTindue Benndud YOC 13-3a pasHOro xapakrepa
IIPOBOAVMOCTH M3Yy4aeMbIX 00BEKTOB HA MOCTOSIHHOM U HepeMeHHOM Toke. O6paboTka pesynbTaToB ¢ mpuMeHeHueM 1D- u
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2D-uHBepcnit HO3BOMACT ONPEENATh CTPOEHIE ITIOTUH 10 YAETbHOMY /IEKTPUYECKOMY COIPOTUB/ICHIO, B TOM 4nciIe GopMy
U CTPYKTYPy aHOMAa/IbHBIX 30H, YYaCTKJM IIOBBIIIEHHO} BOJJOHACHINIEHHOCTM ¥ BO3MOXKHble MecTa yTedek. IIpoBeneHHbIe
yccnenoBanyAa IMOATBEPKAAIT BBICOKYIO 9(1)(1)6KTI/IBHOCTB I‘eOd)I/ISI/I‘{eCKI/IX METOAOB IIpU O6C}'Ie,‘£[0BaHI/H/I TUIAPOTEXHNMIECKUX
COOPY>KEHUIL.

Aemopul evipaiam npusHamenvHocmv céoum Konnezam u3 Mucmumyma ceopusuxku YpO PAH B. IO. Iopuixosy
u A. B. Manukosy 3a yuacmue 6 COBMeCHHbLX 107Ie6bLX padOmMax.
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Application of 1D-2D inversion of electromagnetic sounding in the
study of ground water dam

Vadim Anatol’evich DAVYDOV',
Ol’'ga Ivanovna FEDOROVA”,
Sergey Vladimirovich BAIDIKOV™

Bulashevich Institute of Geophysics of the Ural Branch of RAS, Ekaterinburg, Russia

The results of the use of geophysical technologies for the study of hydraulic structures are considered. The main purpose of the work was to determine
the possibilities of noncontact methods of electromagnetic sounding during surveys of ground water dams. Soundings were carried out by induction
installations with vertical magnetic dipoles and, in part, using electrical installations with capacitive parallel lines. VES surveys were used as a
comparative reference method. The objectives of the research included identifying the main structural elements of dams and identifying anomalous
zones by geoelectrical sections obtained by various methods of electromagnetic soundings. Quantitative processing of electrical data was carried out
in the form of one- and two-dimensional (1D — 2D) inversions using software from different manufacturers. When testing algorithms for solving inverse
problems, the method of two-dimensional inversion implemented in the RES2ZDINV program was found to be the best in terms of speed and quality of
interpretation. With the help of this software, for the first time, the processing of remote induction soundings was performed with obtaining electro-
tomographic sections of ground water dams. The paper gives a comparative analysis of 1D and 2D inversion of electromagnetic soundings obtained
at three ground water dams of the Sverdlovsk region. Comparison of the results of electrical and induction soundings showed good comparability
of electrical properties, although in some cases there is a difference in the values of specific electrical resistances (CER) for direct and alternating
currents due to the different nature of the conductivity of the objects under study. Processing the results with the use of 1D — 2D inversions allows
us to determine the shape and structure of anomalous zones, areas of high water saturation and possible leak points according to specific electrical
resistance. Studies have confirmed the high efficiency of electromagnetic methods in the inspection of hydraulic structures.

The relevance of the work is due to the increasing interest in the use of geophysical technologies for non-destructive testing of hydraulic structures.
The purpose of the work: to find out the possibilities of using non-contact methods of electromagnetic sounding during surveys of ground water
dams.

Methodology of work: electromagnetic methods of geometrical soundings were used out by induction installations with vertical magnetic dipoles as
well as using electrical installations with capacitive parallel lines. VES surveys were used as a comparative reference method. Quantitative processing
of electrical data was carried out in the form of one- and two-dimensional (1D — 2D) inversions using software from different manufacturers.
Results. The research conducted at three ground water dams in the Sverdlovsk region showed that all the geoelectrical sections obtained on direct
and alternating currents are similar in morphology. The main elements of the dams are clearly distinguished: embankment, base, spillway, as well
as engineering structures (wells, etc.). One-dimensional (1D) and two-dimensional (2D) geoelectrical sections constructed using different sounding
methods, turned out to be similar to each other, but with their characteristic features. In some cases, there is a difference in the values of specific
electrical resistances for direct and alternating currents due to the different nature of the conductivity of the objects under study; however, the general
features of the structural architecture of the dam are clearly visible on all sections. When testing algorithms for solving inverse problems, the method
of two-dimensional inversion was found to be the most optimal in terms of speed and quality of interpretation. For the first time, remote induction
soundings were processed to produce electro-tomographic sections of ground water dams with the help of that method.

Conclusion. There is good comparability of geoelectrical sections for all methods of electromagnetic sounding. Processing the results with the use of
1D and 2D inversions allows determining the structure of dams by their specific electrical resistance, including the shape and structure of anomalous
zones, areas of high water saturation and possible leak points. The conducted studies confirm the high efficiency of geophysical methods while the
survey of hydraulic structures.

Keywords: ground water dam, electrical sounding, remote induction sounding, inversion, electrical resistivity, geoelectrical section, geotomography.
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The main trends of development of the iron ore industry in Russia
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Introduction. Today, the Russian Federation leads the world in its proven reserves of iron ore, and ranks 5th in the world in production of marketable
iron ore (enriched in iron). However, currently, there is an imbalance in location of metallurgical complexes and their raw material base that leads to
negative economic consequences. At mining enterprises, the trend of permanent deterioration of the geological and mining technical conditions of
the development of deposits is maintained. Thus, the trend analysis of iron ore extraction and availability of reserves of mining enterprises to estimate
the level of production and consumption of iron ore is an important task in modern economic conditions.

Results. Based on the trend analysis for mining, production and consumption of iron ore in Russia for the period 1990-2016 taking into account the
contribution of regions to the extraction of raw ore and the production of marketable products, the dynamics of a decrease in the yield of marketable
ore was determined due to deterioration of the quality characteristics of raw iron ore. Some patterns and supply behavior of iron ore within the regions
of Russia and in foreign countries were analyzed. The structure of iron ore supplies for export has been determined. The distances of iron ore transpor-
tation between the regions of Russia are specified. Evaluation and the projected growth of the iron ore industry for the coming years are given. It was
shown that over the past 5-7 years, there has been a stabilization of the supply of iron ore raw materials to metallurgical enterprises and for export at
the level of 101-107 million tons/year; the growth in raw ore production (up to 2-7% annually) is primarily due to reducing its quality and reducing
the yield of marketable ore with existing technologies of beneficiation.

Conclusions. It was established that the supply of iron ore raw materials for export reaches 30% of the volume of its production in Russia and amounts
to 20-30 million tons/year. Estimated performance of mining enterprises indicate a stable position of the industry in 2010-2016 and for the short-
term; there is an increase in raw ore production, maintenance a high level of output of marketable ore, improvement financial performance, and a
strong position in the markets to the product.

Keywords: iron ore, raw ore, ore mining and dressing plant, headings, steel pellets, supply structure, production ouput, raw materials supply.

ntroduction
The extraction of raw iron ore and the production of iron ore raw materials (IORM) for iron and steel industry (head-
ings, agglomerates, steel pellets, etc.) are concentrated in the North-Western, Central, Ural and Siberian federal districts
of Russia. Iron ore reserves are unevenly distributed within regions: Central region ~ 59% of all-Russian balance reserves; respec-
tively, the Urals ~ 15%; North-West region ~ 4%; the Siberian region has ~ 13% of balance reserves; other regions ~ 9% of balance
reserves of ore [1, 2].

Mining enterprises of the Central Federal District that develop deposits of the Kursk Magnetic Anomaly provide more than
half of the output of marketable ore for pelletization and agglomeration (56.6% in 2016) and a significant part of raw ore pro-
duction (47.5%). In the North-West region, 20.7% of marketable ore was produced (with crude extraction at 22.8%), in the Urals
- 15.3% of marketable ore (23.5% of raw ore), in the Siberian region - 8.3% of marketable ore (6.2% raw ore).

Results

The dynamics of raw ore mining and commodity production, as well as the production of iron in Russia is shown in
Fig. 1.

The given data testify to the stabilization of the output of marketable ore in Russia at the level of 101-107 million tons/year.
At the same time, there is a negative trend of a decrease in the yield of marketable products in the iron ore sub-sector due to the
deterioration of the quality of the mined raw ore. Having existing beneficiation technologies for maintaining a stable production
of marketable ore this leads to an increase in production outputs and, consequently, unit costs. Compared to 1990, an increase in
raw ore production was ~ 13%, while marketable ore production fell by 1.2% (Fig. 2).

Iron ore is mined mainly with the help of open-cut mining (~ 93% of the total output) by ore mining and dressing plant
(OMDPs), which are part of the world’s leading metallurgical holdings, such as EvrazGroup, OAO Mechel, OAO Metalloinvest
Holding Company, OAO Severstal, etc. Among these enterprises, there are 8 largest mining companies producing over 85% of
Russia’s iron ore. The Table shows the main indicators of production and being provided with technological equipment for open-
cast mining within the group of the largest mining companies of Russia.
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Main indicators of production and technological equipment for opencast mining at the leading mining companies of Russia in 2015.
OCHOBHbIe NoKasaTenu A06blYM M OCHALEeHHOCTb TEeXHONOrM4yeckum obopyaoBaHMEM ANSA BeAeHWUS OTKPbITbIX FOpPHbIX paboT Ha
Beaywmx MOKax Poccum B 2015 T.

Production

Number of equipment, units

Average weighted distance

output, million tons (average) of transportation, km

Ore mining and dressing
plant
including rock drilling navy dump locomo- motor railway
rock mass ores machines excavators trucks tives vehicles transport

Mikhailovsky 123.6 49.8 16.1 73.6 56.8 81.2 23 14.6
Stoilensky 86.0 33.5 9.0 40.0 38.0 45.6 3.0 10.8
Lebedinsky 101.5 50.5 17.6 46.3 32.7 50.2 2.7 15.2
Kostomukshsky 141.7 347 20.0 44.0 55.3 18.0 3.1 14.3
Olenegorsky* 49.2 13.9(12.1) 10.0 18.0 26.8 9.0 2.7 11.6
Kovdorsky 28.8 19.6 7.7 14.0 58.0 0.0 3.8 0.0
Kachkanarsky 74.0 59.4 15.6 37.0 28.0 36.4 1.3 11.1
Korshunovsky 44.8 9.2 6.8 211 50.2 14.0 3.0 8.6
Total** 649.5 270.6(268.8) 102.8 294.0 345.9 254.4 2.7 10.8

*Ore mining: total (including open-pit mining);
**Ore production: total (including open-pit mining).
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Figure 1. Dynamics of production of raw iron ore, production of marketable ore and iron smelting in Russia for the period 1990-2016.
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Figure 3. International supplies output of iron ore in 2013-2016.
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For this group of enterprises, the capacity of a bucket of the average excavator is 9.4 m’, the average loading capacity of the
dump truck is 125.8 tons. In many respects, it is these enterprises that shape the future of the Russian mining industry in the field
of open-cut mining and beneficiation of ore raw materials [3-7].

Sales geography of iron ore by ore mining and dressing plants is quite wide and covers both Russian consumers in all regions
of Russia and foreign ones in the CIS countries, the European Union and Asia. Fig. 3 shows the dynamics of international ex-
port-import supplies of marketable iron ore in Russia for the period from 2013 to 2016.

Headings amount about 50% in supplies structure of iron ore for export, (Fig. 4), steel pellets are up to 40% and metallurgical
briquettes are ~ 10%. The leader in exports and the only supplier of briquettes is Lebedinsky ore mining and dressing plant (8.2
million tons in 2016, more than 35% of the total output). Sales geography of iron ore to Lebedinsky ore mining and dressing plant
is shown in Fig. 5 as an example of wide connections of industry leaders with consumers.

The given data show some growth in the supply of iron ore for export, which has reached a level of 20-26 million tons/year
over the past years; it is up to 25% of the production of iron ore in Russia. The main consumers of iron ore from Russia are met-
allurgical enterprises of China, they account for up to 30% of the total output of exports; a significant amount of iron ore (6-10
million tons/year) is supplied to EU countries (mainly to Central and Eastern Europe ); the CIS make export supplies to Ukraine
in the amount of more than 2 million tons/year (1.7 million tons in 2016); Turkey (1-2 million tons/year), Japan (0.2- 1 million
tons/year) and other countries are regular customers [8-13].

Import of iron ore to Russia is made only from Kazakhstan up to 10 million tons/year (6.8 million tons in 2016), which
amounts to 10% of the production output of marketable ore in Russia. Deliveries from Kazakhstan go to the metallurgical enter-
prises of the Southern Urals.

Fig. 6 shows the scheme of iron ore supply between the regions of Russia.

The main volumes of produced iron ore are sold within the territory of its production (Fig. 6). Thus, in the Central Region,
iron ore in the amount of 28.6 million tons/year is supplied mainly to Novolipetsk and Orsk-Khalilovsky metallurgical plants
within 300 km. In the Ural region, the distance for transportation of steel pellets and agglomerates from Kachkanarsky ore mining
and dressing plant (11.5 million tons) to Nizhny Tagil Iron and Steel Works slightly exceeds 100 km. Considerable distances for
transportation of the main iron ore volumes within the region in the North-West are ~ 1.3 ths km; in Siberia - more than 1.8 ths
km. The weighted average transportation distance of 1 ton of iron ore at Russia is ~ 670 km.
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Conclusion

1. Over the past 5-7 years, there has been a stabilization of the amount of delivery of iron ore to metallurgical enterprises and
for export at the level of 101-107 million tons/year. The production volumes of commercial ore in 2016 reached the level of 106.6
million tons (an increase of 1.5 million tons compared to 2015).

2. 'The growth in raw ore production (up to 2-7% annually) is primarily due to a decrease in its quality and a decrease in the
yield of marketable ore using existing technologies of beneficiation. This negative trend is seen for a considerable time and leads to
an increase in unit costs for the production of iron ore. In recent years, there has been a slight increase in the yield of marketable
ore to 35.8% of the volume of produced raw materials by introducing innovative technologies for mining and processing.

3. The main production of iron ore is concentrated in the Central and North-West federal districts of Russia (~ 75% of the
total Russian production). The remaining iron ore ~ 25% is produced in the Ural and Siberian Federal District. About 23% of
Russia’s crude iron ore with an average iron content of 15.7% is mined in the Urals region due to the development of the unique
Gusevogorsky titanomagnetite deposit (Kachkanarsky ore mining and dressing plant), which is also the raw material base for
extracting vanadium from smelter slags.

4. Iron ore is sold mainly within the region where it was produced. The distance for transportation from places of manufac-
ture to consumers ranges from 100-300 km to 1.3-3.5 thousand km with a weighted average transportation distance of 1 ton of
marketable ore in Russia ~ 670 km.

There is a rather high level of iron ore consumption by metallurgical enterprises in the Ural region — 32.8 million tons/year
(up to 35% of the total demand), which are covered only 40% by production within the region.

5. Supplies of iron ore for export measure up 30% of the volume of its production in Russia and amount to 20-30 million tons/
year. The main consumers of iron ore are Chinese metallurgical enterprises; they account for 7-12 million tons/year of raw materials
(30-50% of export supplies), as well as EU countries consuming raw materials up to 10 million tons/year (up to 40% of export).

Imports of iron ore are produced from Kazakhstan in volumes of 6-10 million tons/year, which is up to 10% of Russian
production. Iron ore from Kazakhstan is supplied to metallurgical enterprises of the Southern Urals that do not have their own
raw material base, - OAO MMK plant (Magnitogorsk) in volumes up to 8 million tons/year and Chelyabinsk Metallurgical Plant
- 2 million tons/year. In recent years, there has been a decrease in the supply of iron ore from Kazakhstan (a decrease of 1.1
million tons to the level of 2015 with Sokolov-Sarbai Mining Production Association) due to their replacement by supplies from
the center of Russia (Lebedinsky and Mikhailovsky ore mining and dressing plants).

One of the options for replacing imports of iron ore is the development of new promising raw materials areas, including the
Subpolar Urals, where the estimated resources of magnetite iron ore are estimated at level of 1.5-3 billion tons. Production of
8-10 million tons/year of iron ore in the Subpolar Urals can be carried out by open-pit mining to a depth of up to 250-300 m by a
group of quarries with an ore productivity of 1-3 million tons/year with preliminary beneficiation in place by the method of dry
magnetic separation and transportation of middlings to metallurgical enterprises of the Southern Urals'[1, 14].

6. Effective quality management of iron ore at ore mining and processing plants can be based on the following principles:

— continuous data validation on the quality characteristics of mineral resources based on the results of mining exploration,
magnetic well logging, chemical analysis of raw materials at all stages of its processing, etc.;

- continuous data validation in GIS with updated data on mineral resources; use of GIS in mining planning (on annual,
monthly, weekly, and daily basis);

— control the order of blasting of the drilled blocks of mineral resources; GPS positioning of excavation (the trajectory of a
bucket and the position of an excavator in the mine face) and transportation navigation (taking into account the quality of raw
materials in vehicles);

- implementation of automated control systems for the automated management of cargo flows in a quarry, taking into ac-
count the quality of raw materials;

— the use of pre-beneficiation in the quarry space on the basis of dry magnetic separation, and other innovations for cutting
off substandard raw materials.

7. To smooth the negative impact on the efficiency of the iron ore industry, reserves reduction and deterioration the quality
of iron ore in areas of traditional raw materials bases (especially in the Urals and Siberia), as well as to expand export opportuni-
ties, the organization of a new iron and steel industry in the east of the country is of great importance. The raw material basis for
its creation can be deposits of easily beneficiated magnetite iron ores of the Aldansky iron-ore province of Yakutia with reserves
approved by National Reserves Committee of the Federal Subsoil Management Agency: “Tarynnakhskoe” with reserves of cate-
gories B + C, - 1.1 billion tons, “Gorkitskoe” C, + C, - 1.9 billion tons, “Tayozhnoye” B + C, + C, - 1.25 billion tons, and deposits
of high-quality metallurgical coal as well (Neryungrinskoe, Elginskoe).

8. In general, the performance indicators of mining enterprises indicate a stable position in the industry in 2010-2016. In the
short term, there is an increase in raw ore production, maintenance a high level of the output of marketable ore, improvement
financial performance having a strong position in the markets to the product. Also worthy of mention is the insufficiently active
work on the modernization of fixed assets and increasing the productivity of mining equipment in quarries [5-16].
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OCHOBHbIE TEHAEHLIMU PA3BUTUSI JKEAE3OPYAHOM oTpacam Poccum

Banepui flanumnosny KAHTEMUPOB',
PomaH Cepreesuy TUTOB™,

AHgpen Muxavnosuy AKOBJIEB™,
Mapus BnagummpoBHa KO3JTOBA™

WHcTuTyT ropHoro gena YpO PAH, Poccus, Ekatepunbypr

BBeaenne. Ceroatsi P® o MoATBEPIKAEHHBIM GAAAHCOBLIM 3aMacam >KEAE3HBIX PYA SIBASIETCSI MUPOBLIM AMAEPOM, & MO 06LEMaM MPOU3BOACTBA TOBAPHOIA
SKEAE3HOM PyAbl (OBOraleHHOM 1 6Oratol ro >KEAe3y) 3aHMMAET MSIToe MeCTo B MUpe. OAHAKO B HACTOSILLEE BPEMSI UMEETCS U B BAVIKAMILEN NepcriekTiBe
COXPAHSIETCS AUCMPOMNOPLIMS B PA3MELLEHNN METAAYPIUYECKMX KOMOVHATOB M MX CbIPLEBOW 6asbl, YTO MPUBOAMUT K HETATUBHLIM SKOHOMUYECKMM MOCAEA-
CTBMSIM. Ha rOpHOPYAHBIX MPEANPUSITUSIX COXPAHSIETCS] TEHAEHLIMSI MOCTOSIHHOTO YXYAWEHUsI FEOAOTMUYECKMX M TOPHOTEXHUYECKMX YCAOBUM PaspaboTKu
MecTopokaeHui. Takum O0BpPa3oM, AHAAM3 AMHAMMKU AOOLIYM SKEAE3OPYAHOTO ChIpbsi U OBECMEYEHHOCTH 3aracamy FOPHOPYAHLIX MPEANPUSITUNA AAST
OLIEHKM YPOBHsI MPOU3BOACTBA M OBLEMOB MOTPEBAEHUSI KEAE30PYAHOTO ChIPbs SIBASIETCS] BAKHOM 3aAA4Y€EN B COBPEMEHHDLIX SKOHOMMYECKMX YCAOBMSIX.
PesyAbTaTnl. Ha OCHOBaHMM aHaAM3a OCHOBHBIX MOKA3ATEAEN AODLIUM YKEAE3HOW PYAbI, MPOM3BOACTBA U MOTPEBAEHUsI KEAE30PYAHOTO Chipbsi B Poccum
3a neproa 1990-2016 rT., BKAQAA PEMVIOHOB B AOObLIYY CIPOM PYAbl M MPOM3BOACTBO TOBAPHOM MPOAYKLIMM YCTAHOBAEHA AVHAMMKA CHUKEHMS! BLIXOAQ
TOBAPHOM PYAbl BCAEACTBUE YXYALIEHMS] KAYECTBEHHBIX XAPAKTEPUCTUK AOOLIBAEMOW CLIPOM >KEAE3HOM PYyAbl. [TpOAHAAMBMPOBAHDLI CXEMbI M AVHAMMKA
MOCTABOK YKEAE€30PYAHOTO Chipbsi MO pernoHam Poccum u B 3apybeskHble CTpaHbl. YCTAHOBAEHA CTPYKTYPa MOCTABOK KEAE30PYAHOTO ChIPbsi HA SKCMOPT.
OrnipeaeAeHbl PacCTOsIHUST TPAHCITOPTUPOBAHMST JKEAE30PYAHOTO CbIPbsl MEXAY permoHamm Poccun. AaHbl OLIEHKA U MPOrHO3 Pa3BUTUS XKEAE30PYAHOM
oTpacam Ha 6AamKanme roabl. MokasaHo, YTO Ha MPOTSKEHMM MOCAEAHUX 57 A€T OTMeYaeTcs crabyam3aumst OGLEMOB MOCTABOK YKEAE30PYAHOTO ChIpbsi
Ha METaAYpPryyeckme MPEeANnpuUsiTUs M Ha SKCMopT Ha ypoBHe 101-107 MAH T/roa, a poct 06beMOB AOBBIUM CLIPOW PYAbI (A0 2-7 % €KEroAHO) B MEPBYIO
ouepeAb OOYCAOBAEH CHMDKEHMEM €€ KAYECTBA M COKPALLEHMEM BLIXOAA TOBAPHOM PYAbI MPU CyIIECTBYIOWMX TEXHOAOTUSIX OBOraleHmst

BbIBOABI. YCTAHOBAEHO, YTO B HACTOSILLEE BPEMSI MOCTABKM JKEAE30PYAHOTO Chipbsi HA 3KCMopT aAocturaioT 30 % oT 06beMOB ero NpPousBoOACTBa B Poccun
1 coctaasiior 20-30 MAH T/roA. OLEHEHHDBIE MOKa3aTeAM PaBOTbi FOPHOAOBLIBAIOWMX MPEATPUSITUN CBUAETEALCTBYIOT O CTAGUALHOM MOAOXKEHMM OTPACAU
B 2010-2016 rT. 1 Ha GAMDKAALLIYIO MEPCEKTUBY, OTMEYAETCSI POCT OOGLEMOB AODLIUM CLIPO PYAbI, MOAAEPIKAHME HA BLICOKOM YPOBHE OGLEMOB BbIMYCKa
TOBAPHOM PYAbI, YAyHLIEHVE (PUHAHCOBLIX MOKA3ATEAEM, YBEPEHHOE MOAOXKEHME HA PLIHKAX CObITA MPOAYKLIMM.

KatoyeBble CAOBA: JKEAE30PYAHOE Chipbe, ChIPAsi PYAQ, FOPHO-0BOraTUTEALHBI KOMOMHAT, KOHLIEHTPAT, OKATLIWM, CTPYKTYPa MOCTABOK, OOLEMBI AOOLIHM,
MOCTABKM CbIPbsI.

Cmamus n0020mosneHa no Mamepuanam Uccne008anuli, 6binonHeHHbIX 6 pamkax Tocydapcmeenrnozo 3adanus 007-00293-
18-00. Tema Ne 0405-2018-0001. ITpoexm Ne 18-5-5-10. O60cH08aHUe MeMO008 U IMAN08 a0anmauuu 20PHOMeXHON0ZUHECKUX
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OripeAeAeHe PALIMOHAALHLIX MAPAMETPOB IHEKOBLIX MPY34MKOB
MPOXOAYECKO-OYUCTHLIX KOMBaMHOB «Ypaa-20P»

Anekcen Bopucosny MAKCUMOB",
OmuTtpuin Uropesuy LUIMLLINAHHUKOB™,
Hukonan Bacunsesny YEKMACOB™

[MepMckuin HauMoHanNbHbIA UCCNEAoBaTENLCKUIA NONUTEXHNYECKUA yHUBepcuTeT, Poccus, MNepmb

BBeaeHme. AAsi PEANPUSITUI, OCYILECTBASIOWMX AOBLIMY KAAMIAHLIX COAEM C MCMOAL30OBAHUEM MPOXOAYECKO-OUMCTHLIX KOMOANHOB «Ypaa-20P», akTyaAb-
HOVA SIBASIETCSI 3aAa4a CHUYKEHMSI KOAVYECTBA MBLIAEBUAHLIX HEOOOraTMMbIX KAACCOB B KAAMIHOM pyAe. PelueHne AQHHOM 3aAaun BO3MOXKHO MOCPEACTBOM
COBEPIIEHCTBOBAHMST KOHCTPYKLIMM WIHEKOBLIX MOTPY304HBLIX OPraHOB KOMOAHOB.

MeToAnKa onpeAereHyss PAUMOHAALHBIX MAPAMETPOB PA6OTLI INHEKOBOIO rpy3YMKa KoM6asiHa «Ypan-20P». BbiNOAHEH aHaau3 (pakTopoB, OKa-
3bIBAIOIIMX BAUSIHUE HA MHTEHCUMBHOCTL MPOLIECCa U3MEALYEHUST KAAMMHOM PYAbI MPU MOTrpy3ke WHEKOBLIM OPraHoM. YKasaHbl OCHOBHLIE KPUTEPUU Bbl-
60pa PaLMOHAALHLIX MAPAMETPOB WHEKOBLIX MPY34YMKOB MPOXOAYECKO-OUMUCTHLIX KOMOaHOB. [pMBEAEHbI MaTeMaTMyeckme 3aBUCMMOCTH, paspaboTtaHa
pacyeTHasi CXema OMPEAEAEHMS PALIMOHAALHOTO 3HAYEHUsl KOI(P(PULIMEHTA 3ANIOAHEHMS! MOMEPEYHOTO CEYEHUs LHEKA, MPY KOTOPOM 0BeCreYmBaETCs!
MMHUMAABbHAsST LIMPKYASILIMST PYABI B CMIMPAALHLIX KaHaAaX WHeKa. AOKasaHo, 4To paboTa WHEKOBLIX MPY34MKOB MPY HOMUMHAALHOW MPOU3BOAVUTEALHOCTH
KOMOBaiHOB «Ypaa-20P-11/12» conpoBOKAAETCsI MOBLILEHHOM CTEMEHDLIO 3AMTOAHEHMST MEXKAOTACTHOTO MPOCTPAHCTBA M LMPKYASILIMEN PYADI, YTO OBYCAOB-
AVIBAET YBEAVUYEHME KOAMYECTBA MLIAEBUMAHBIX HEOOOTAaTUMbBIX KAACCOB B MPOAYKTAX OTOOMKM.

OnpeaeaeHne PAUMOHAABHLIX MAPAMETPOB WIHEKOB KOMBAMHOB «Ypaa-20P». OripeaeAeHre PALMOHAALHBIX KOHCTPYKTMBHbBIX MAPaMETPOB WHEKOB
KOMOAMHOB «YPaa-20P» BLIMOAHEHO MCXOASl U3 YCAOBMSI OBeCreHeHns HOMMHAALHOW MPOU3BOAUTEALHOCTY BLIEMOYHLIX MALMH NPV HAMMEHDBLIEN Lmp-
KYASILMM PYADI B CIIMPAALHLIX KaHAAAX IMHEKOBLIX MPY34MKOB. YCTAHOBA€HA M MPOAHAAM3MPOBAHA 3aBUCUMOCTL U3MEHEHMs1 PaLMOHAALHOTO KO3(hhULIM-
€HTa 3arOAHEHMs1 U MPOU3BOAMTEALHOCTM LIHEKOBOTO OpraHa Mo fnorpyske. PacyeTHbIM MyTem ornpeAeAeHa paLMOHaAbHAsl BEAMYMHA AMAMETPa CTYTMULIbI
WHEKOBOTO rpy3umKa kombanHa «Ypaa-20P-11/12», npy KOTOPO 06EeCNEeUMBAIOTCS MUHMMAALHAST LIMPKYASILIVISI U NIEPEU3MEALYEHNE PYAbI B CIIMPAALHBIX
KaHaAax wHeka. [IpearoyKeHbl TeXHMYeCKMe PelleHsl MO COBEPIIEHCTBOBAHMIO KOHCTPYKLIMM LIHEKOB.

3axarouenne. CAeAaH BLIBOA O TOM, YTO KOHCTPYKTMBHbBIE MAPAMETPbl WIHEKOBBIX IPY34YMKOB CAEAYET PACCHUTLIBATL M3 YCAOBMsI OBeCreHeHsI MUHUMAAD-
HOVi LIMPKYASILIMM PYABI B MPU3aGONHOM MPOCTPAHCTBE U CMIMPAALHDLIX KAHAAAX WHEKOB. CHYIKEHME M3MEALYEHMsI PYAbl MOXKET ObiTh 06ecredeHo nyTem
YMEHbIIEHUs AMameTpa cTynuubl wHeka ¢ 0,4 m a0 0,35-0,37 m.

KatoueBbie cAOBa: MPOXOAYECKO-OYMCTHON KOMBAiH, PaLMOHAABLHLIE MAPAMETPLI WHEKOB BLIEMOYHLIX MAWMH, LUMPKYASILMSI PYAbl B MPU3aBoMHOM Mpo-
CTPAHCTBE, IPAHYAOMETPUYECKMIA COCTAB KAAMIAHOM PYADLI, MbIA€OBPa3oBaHMe Npu paboTe NMPOXOAYECKO-OYMUCTHOTO KOMBaHA.

BEAEHMe
Io6brya KaamitHoOM Pynbl OJA3EMHBIM criocob6om Ha npennpustusix Poccuu n crpan CHT OCYILIECTBIAETCSA C
UCIIONIb30BAHMEM IIPOXO/[4eCKO-OYMCTHBIX KOMOaHOB «Ypan-20P» npoussoacrea AO «Korericknil MaIimHOCTPO-
UTETbHBIN 3aBOO». HaHHbIe KOMOaltHbI OCHalllCHbI KOM6I/IHI/IPOB&HHI)IMI/I VICTIOTHUTENTbHBIMI OpTaHaMM 6ypOBOI‘O THUIIA N ryce-
HIYHBIM XO[JOBBIM 060pynoBaHmeM [1].

VcnonHuTeNbHBIE OpTaHbl KOMOaTHOB «Ypan-20P» coBMeIaloT B cBOeil paboTe IPOIecChl OTAEICHNA PYAbl OT MacCuBa
c ee HOFPYSKOI‘/'[ C IIOYBbI Bpra6OTKI/I Ha Cer6KOBbII7[ KOHBeﬁIep—neperpymaTenb, KOTOprI7[ OCYHIECTBIAET yaa/ieHNe oTbuToN
I‘OpHOf/l MacCcChbl U3 an3a6017[H0171 30HBI " naaneﬁmon BBITPY3KY B aKKYMY/INPYIOIINE€ EMKOCTU 6o CpencTBa Y4aCTKOBOTO
TPAHCIOPTa. B KauecTBe MOrpy309HO-TPAHCIOPTUPYIOLIET0 060pyoBaHMs B KoMbaitHax «Ypan-20P» MCIIONb3YIOTCS IIHEKM,
obecreynBaroIye paspylIeHre MacCuBa (3a4MCTKY OYBBI BBIPAOOTKIL) U IIepeMelleHIIe TOPHOIT MACChl K 3arPy309HOMY OKHY
CKpebOKOBOTO KOHBeltepa.

Pa6oTa coBpeMeHHbIX MOAMUKAIMiT KOMOaitHOB «Ypan-20P-11/12» mpyu HOMUHAIBHO TeXHUYECKOI IPOU3BOJUTEIBHO-
ctu Q = 8 T/MUH XapaKTepu3yeTCs MOBbIIIEHHOI CTENEHbI0 3alI0THEHM A ITHEKOBBIX TPY3YMKOB KanuitHON pynoit. B mpornecce
TPaHCIIOPTUPOBAHNA M IIOTPY3KN YaCTDb PYy[bI r[epe6paCbIBaeTc51 gepes3 CTynmny IIHEKa, He IIEPEMEIasACh B OCEBOM HallpaBJyIe-
Hyn [2]. LIMpKy/siiust TOpHOI MacChl B CHIMPAJIbHBIX KAHAJIAX IITHEKa U Pu3abOoiiHOM IIPOCTPAHCTBE 00YC/IOBINBAET fPO6IeHIe
YJACTHI] PYABL, YTO COIPOBOX/AETCS yBEMMYEHIIeM KOMNIeCTBa MEIKIX HeoOOraTMMBIX K/1accoB pyasl —0,25 MM (pasMep dacTury
MmeHee 0,25 MM) B mpoaykTax ot6orikn. Kmaccer pyasr —0,25 MM HpaKTU4eCcKy TIOJTHOCTBIO MOMAJAIOT B OTBAJIbL. Bbicokoe co-
Iep>kaHMe IbUIEBUIHBIX YaCTUL] fe/laeT He0OXOMMBIM IIPUMEHEHNe YCIOKHEHHDIX CXeM IepepaboTKIU ChIPbS /IS MOMTydYeHNUs
00eCIbIJIEHHOTO XIOPU/Ia KaJlusl, YTO MOBBIIIAET U3JeP>KKI TOPHOOOBIBAOIErO peanpusaTus [3-5].

AKTyaHbHOﬂ Hay‘-IHO-HpaKT]/I‘ieCKOf;I 3a11aqe171 ABIAETCA CHVDKEHNE CTENEHN IVPKYIANNN PyAbI IIPN IIEPEMEIIEHNN 1 OT-
rpy3Ke 13 Mpu3aboiiHOro MPOCTPAHCTBA IIHEKAMI IIPOXOYECKO-OUMCTHBIX KOMOaitHOB «Ypan-20P». CHuKeHMe CTeleHn 13-
MEJIbYE€HNA PYyIbl IO3BO/IUT YMEHDIINTD N3AEPIKKI FOpHOHO6bIBaIOH_U/IX HpC,[[HpI/IHTI/If/I I MUHNMU3NPOBATb KOIMYECTBO OTXO-
IoB 060raTUTENbHBIX HabpPUK.

MeToaMKa OMpeAEAEHMsT PALMOHAALHBIX MAPAMETPOB PABGOTLI WHEKOBOTO rPy34MKa kKombanHa «Ypaa-20P»

ITepemelieHne TOPHOIL Macchl LITHeKaMy KoMbaiiHa «Ypan-20P» AB/IsgeTcs CTI0)KHBIM MHOTO(AKTOPHBIM IIPOLIECCOM, KOTO-
prI7I XapaKTepU3yeTcAa CyHIeCTBeHHOI?'I V3MEHUYMBOCTBHIO 3HAYEH UL IIapaMeTpoOB, BANAIOINX Ha €T0 S(b(i)eKTI/IBHOCTI). CHIDKeHMe
U3MenbYyeHsI KamUumHON PYyZAbl IIpY IIOTPY3KE BBIITOTHAETCA PN YCIOBUM, YTO IIPON3BOAUTEIDHOCTD IIOPOJOPA3PYIIAIOIINX MIC~
IIOJTHUTE/IbHBIX OPTaHOB KOMOAJITHOB He OrpaHMYMBAETCA IPOMN3BOANTENIbHOCTDIO ITHEKOBBIX I'PY39MKOB. B IIPOTUBHOM Ci1ydae
MMeeT MECTO CYIIeCTBeHHOE BO3pacTaHMe CTeIeH ) 3alIOMHEeH VS ¥ UMPKY/IALUY PY/AbI MEXLY TONACTAMU ITHEKOB [6, 7].
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PucyHok 1. PacyeTHas cxema nonepeyHOro Ce4eHust LUHeKa, NPUHATas Ans onpeaeneHns paunoHanbHoro koadgguumerTa sanonHenuns K pa”
Figure 1. The design diagram of the cross-section screw for determination the rational coefficient of fullness K

z. rat”
[Tpon3BORUTEIPHOCTD HIHEKOBOTO IIOTPY304HOTO OpraHa OIpefensieTcs BblpakeHueM [8, 9]:

oN,

cosy )’

hiis WH' HIH ITH (1)

QMH:§<D2H—deH)ym n, KK |t —

rae Q - TexHuMYecKas IPOU3BOAMUTENBHOCTD ITHEKA 110 MOTPysKe, T/MUH; D — iMaMeTp ITHeKa 110 I0TIacTH, M; d — AmaMeTp
CTYIMIIBI IIHEKA, M; |, — YTOM HOJbeMa BUHTOBOI JIMHUN ITHEKA, TPajy.; £~ IIar IOMACTH ITHeKa, M; § — TONMIIMHA JIOTaCTH
ITHeKa, M; N, — YMC/IO 3aXO0[0B IOTIACTEN ITHEKA, IIT.; 71, — KOTMYECTBO ITHEKOB, IIT.; #,  — 9acTOTa BpallleHNs IHeKa, 06/MUH;
Y — HaCbIIHAsA IVIOTHOCTb Ka/IMIHOI pyapl, T/M* K| ~ K03 UIMeHT 3ar0/IHeHNs1 IONIEPEIHOTO cedeHus WHeka; K| — koaddnu-
LVIEHT LUPKY/IALUN PYABI B IIHEKe.

Onpepenenne paymoHanbHOI BenMaMHbl K09 duumenTa sanonnenns K, IIHeKa BBIONTHAETCA B COOTBETCTBUM C pac-
YeTHOJ CXeMOJl ITOIIEPEYHOr0 CedeHys IIIHeKa, IpefcTaBiIeHHoil Ha puc. 1. KoadduumeHT 3anonHeHns mHeka MOXeT ObITh
OIIpefie/ieH KaK IO/ IIOIa M 3aII0/THEHHOI YacT CeYeHMsA [IHeKa OT IIO/THO I/IOLIa i/ IIOTIePEYHOrO CeYeHNA MeX/IONacTHO-
rO IIPOCTPAHCTBA IIHEKA M paccYnTaH 1o ¢opmye [8, 9]:

K :L’ (2)

rae F, - Tiomanp 3alonHeH Ol 4acTy CedeHus IHeKa, M F, | — TIolaib He3anoIHeHHO YacTy ceveHs IHeKa, M>.
[Inomanp 3anomHeHHON YacTu MmHeKa F,  onpepenseTcs ¢ y4eToM yria 3, MpecTaBleHHOro Ha pacyeTHOil cxeme. Yron 3
OIIpefienAeT TPaHMIly, BbIlle KOTOPOJI Py/ia IOCTYIIaeT Ha BHIIIONIOKEHHYI0 TIOBEPXHOCTD CTYNMIIBI ITHEKA 1 He IIepeMeIaeTcs B
0CeBOM HaIlpaBJIeHNH, @ lepeOpachiBaeTCA Yepes CTYIINILY.
Yron B 3aBUCUT OT FeOMETPUUYECKUX U KMHEMATHIECKIX [TAPAMETPOB IIHEKOBOTO TPY34nKa, K09 UIMEHTa TPEHNS PY/bI
0 TTOBEPXHOCTH LIIHEKA U OIIPefiessieTCA CIeYIOMNM BbIpaskeHreM [10]:

2
n
H )\+ IH
g o meH ( 60 ] 2T[Rum 2 tl.lIH ’ :
= 1—f,|ctg Yy +| —=— | +1+4 fctgy,,. |sinp— f cosP, (3)
gcosh t 2nR

1IH 1IH

Ifie } — Ipefe/NbHbII yro BOB/ICYEHNA CTYNNUIIEN IIHeKa Ka/IMiTHON Py/bl B TaHTeHI[Ma/IbHOE JIBVDKEHME, TPafl.; ¢ — YCKOpeHIe
CBOOOHOTO MafieHust, M/c% A — yrOJI HAKJIOHA OCH IIIHEKa K TOPM30HTA/IBHOI IJIOCKOCTH, TPaf.; f — Koo uIfueHT TpeHus Ka-
JIUITHOI PYZIBI IO METATy; R = — pajinyc IIHeKa o IOTacTH, M; Y, — YTO/l HAK/IOHA 06Pasyrolmesi T0macTy HeKa OTHOCUTENbHO
OCIt BpallleHNs LIHeKa, IPaf.

PannonanpbroMy sHavennio koabuumenta sanonsenns mueka K, . onpeyiensiemomy npu pemennn ypasaenuii (2) u (3),
COOTBETCTBYET MMHIMMA/IbHOE 3HaYeHNe KOO uLMeHTa UMPKY/IALMM PYAbL B CIMPA/IbHBIX KaHatax mHeka K . Bospacranue
K09 duIenTa 3aTIO/HEHN IIHEKa Bblllle 06/1acTy panioHanbHbIX sHavermii (K, > K, ) 00ycnosmBaet ysenndene CTeneHn

LUPKY/AINMA PyAbl B HeM [11-13].
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PucyHok 2. 3aBMCMMOCTUN NPOU3BOAMTENBHOCTM WHEeKa QU paunoHanbHoro koaduumeHTa 3anonHeHus WHeka K pay OT AVAMeETPA
cTynuubl d.
Figure 2. Dependences of the screw performance Q the rational coefficient of fullness of the screw K. on hub diameter d.

shn and z. rat.

ITpon3BORUTEILHOCTD ITHEKOBOTO I'Py3ulKa KoMbaiiHa «Ypan-20P-11/12», onpenenennas BpipaxxeHusamu (1)-(3) u coot-
BETCTBYIOIAs MUHMMATbHOMY 3HAYEHNIO LUPKYIALMU PYIbl MEX/Y JIONACTAMM, cocTaBAeT Q = 7,5 T/mMuH. [Ipy HoMMHaIb-
HOJI TIPOM3BOAUTENBHOCTI KoMbaitHa «Ypan-20P-11/12» Q = 8 T/MUH MMeeT MeCTO TOBbILIEHIE CTEIIeHN 3allOMTHEHUSI MeX-
JIOTIACTHOTO TIPOCTPAHCTBA LIIHEKOB 1 LMPKY/IALVA PYAbl B CIMPANbHBIX KaHa/IaX IIHEKOBOTO IPY3UNMKa, YTO 0OYCIOBINBAET
yBemIYeHMe KOMMIecTBa MbIIEBUHBIX KaccoB —0,25 MM B IIPOAYKTaX OTOOIKIL.

V3 Bripaskenus (1) crefyeT, YTO IpY IOCTOSHHOM 3HaYCHMY HaPY>KHBIX Pa3MepoB IIHeka KoMbaitHa «Ypan-20P» (auameTp
nomactu D = 0,68 M) Hanborblilee BAUAHNIE HA €r0 TPOU3BOAUTENBHOCTD MO MOTPy3ke Q OKa3bIBAaeT BENMMUYMHA AMAMETPa
cTymuupl d , pariuoHanbHOe 3Ha4YeHe KOTOPOil He0OXOMMO OTIPe/IeNTh.

OrnpeAeAeHne paUMOHAALHLIX MAPAMETPOB LWHEKOB KOMOAHOB «Ypaa-20P»

Omnperenenne panyoOHaIbHBIX KOHCTPYKTUBHBIX IIaPaMeTPOB IITHEKOB KOMOaTHOB «Ypan-20P» BBIIOTHEHO MCXO/S 13 YC-
70BUA 0becredeHN A HOMMHAIbHOI TPOM3BOANTENbHOCTI ITPOXOAYECKO-OUMCTHBIX KOMOATHOB PV Ha¥MeHbIIel IVPKY/IAINN
U VI3METTbYEHNHM PY/bl MY TONACTAMM IIHEKOB.

C wuerbio oIpefieNieHIst PALIOHA/IBHBIX IIAPAMETPOB pabOThI IIHEKA, COOTBETCTBYIOIINX HAVIMEHbIIEMY M3MeTbYEHIIO TIe-
pemelaeMoli pyasl, K09 AUIMEHT UMPKY/LALNM PYAbL B LIHEKe IPMHIMaeM MUHIMAIbHO BOSMOXHBIM, T. €. K = 1.

3HaveHMe yr1a B [y TPAHCIOPTUPOBAHNS KA/IUITHON PyABI IHeKaMu KoMbartHa «Ypan-20P-11/12» npu pacdeTHOI cxeMe
3aII0JIHEHMs TIOIIEPeYHOTo CeueHNs IrHeka (puc. 1) onpeneneHo us BbipakeHus (3) u coctasmser B = 35°. Ipu B < 35° pyna
nepeOpacbiBaeTCA Yepes CTYINILY IIHEKa, 9YTO 00YC/IOBIMBAET MOBBILIICHVE MHTEHCYBHOCTH IVMPKY/IALNY M M3MeTbYeHNA Tiepe-
MeIllaeMbIX YaCTULL PY/bL.

ABTOpaMU IaHHOJ pabOTHI PACUETHBIM ITyTeM IIOTyYeHbl 3HAYEeHVS PALVIOHATbHON Be/IMYMHDI KO3 PMIIeHTa 3aIl0IHe-
Hust K| pa TPV TIPUHATOl PacyeTHOI cXeMe U onperieieHHoM yryte B (D, = const) B [uanasoHe 3HAYEHNI [MaMeTpa CTYTIHITbI
LIHEeKa de €[0,1 m; 0,6 M]. MeTOOM HMOMMHOMMA/IBHOI ANIPOKCUMALUIL OTyYeHa 3aBICMOCTD M3MEeHEeHVsI Pal{OHA/IbHOI
Be/uMHbl Koabduimenta sanonnenus K, pan OT IMAMETPA CTYTIMI{bI d . 1Heka:

K, . =-31,5d,, +56,11d,, —36,13d;,+9,57d;, —0,46d,, +0,5. (4)

[ToncraBus koaduiment sanonnennsa K, pyp OTIPE/ICTIACMBIiT 3aBUCHMOCTDIO (4), B BeIpakenne (1), momyyaeM 3aBUCHU-
MOCTb ITPOU3BOAUTENBHOCTY ITHEKOBOTO OPraHa émﬂ OT IMaMeTpa CTYIMIIBI ITHEKA d, , TTPEICTABIEHHYIO Ha PUIC. 2.

Vicxonst M3 yCloBMs, YTO NPOMSBOAUTENLHOCTD IIHEKA He NO/DKHA OIPaHMYMBATh IPOM3BONUTEIBHOCTD KOMOaliHa, Al
OTIpefleNien s PalMOHAIbHBIX 3HAYEHUIT [MaMeTpa CTynuibl npuanmaeM Q > 8 T/mun. Takum 06pasom, HeOOXOMMO, 4TOODI
BE/MYMHA IMaMeTpa CTYTNIbI TPUHA/TeXKasa inanasony sHadenmit d € [d_ 5 d__ ] (puc. 2).

I[Tpu Benuuune d = D/3 nabniofaercs akcTpemym dynkiun Q = f(d), cooTBeTCTBYIOIIMI HaM6ONMbIIIEMY 3HAYEHUIO TPOU3-
BOIMTENIbHOCTY MHeKa Q = 9,41 1/MuH.

YmeHbITeHNe aMeTpa CTYNUIBI HeKa MeHee d < D/3 BredyeT CHYKeHMe TPOU3BOAUTENbHOCTH IHEKa Q , COOTBETCT-
BYIOIell Pal[OHa/TIbHbIM 3aII0/THEHNAM KO duienTa 3anomHenns mHeka K pu B AMIATIA30HE 3HAYCHIIT {UaMeTPa CTYIIALIbI
uiHexa d € [d_, ; D/3] He o6ecnieunBaroTCA 3a/laHHble MPOYHOCTHbIE XaPaKTEPUCTUKM ITHEKOB KOMbaliHa «Ypan-20P-11/12».

ParoHanbHas1 BeMYMHA AaMeTpa CTYIMIbI IIHeKa d, oOecIeurBalolias HaMeHblllee epers3MebueHye PyAbl Py TPaH-
CIIOPTMPOBAHNY, /IS IPOXOAYECKO-OUMCTHBIX KOMOaitHOB «Ypa-20P-11/12» HaxopuTCs B AyanasoHe sHadeHuit d € [D/3; dmax],
YTO COOTBEeTCTBYeT Bemmunuam 0,23-0,37 M (ayaMeTp CTYIMIBI IIHeKa cepuitHoro koMmbaiina «Ypan-20P-11/12» d = 0,4 m).

Pabora nHexoB koM6aitHOB «Ypan-20P» XxapakTepusyeTcs OTCYTCTBMEM 3aMKHY THIX IPOCTPAHCTB B OKPYXKHOM HaIlpaBlie-
HYM. 3a30pbl MKy JIONACTAMY ITHEKOB, 3a00eM 1 LIJITOM OTPaXK/IeHVA 3HAYUTE/IbHBI, YTO AB/IAETCA IPUINHON HUPKY/IALY U
yTedeK PyAbI 13 30HBI Ie/ICTBISI HOTPY30YHBIX IOACTEl, POPMUPOBAHNS CIIOS IIPOCHIIN HA IIOYBe BHIPabOTKM [14, 15].
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Jlemex
Norpy304HbIn

PucyHok 3. BapyaHT ycTaHOBKM NOrpy304HOro fiemexa.
Figure 3. Version to install the loading share.

C 1enbI0 yCTpaHEeHNA YKa3aHHOTO HelOCTAaTKa IpeJjlaraeTcsl 3aMeHa LIMTa, YCTaHAB/IMBAEMOro 3a ITHEKOBLIM IOTPy304-
HBIM OpPraHOM KOMOailHa, Ha IIOPY30YHBIN /leMeX 3aKpYIZIeHHON (opmbl (prc. 3), 9TO MO3BOIUT YMEHBUINTh 00bEM PY/bI,
TepeMelaeMoll 3a pefieNlaMi KOHTYPa JIOTIACTel IIHEKa.

OpnHuM 13 Croco60B YMEeHbIIEHNsI MHTEHCUBHOCTY M3MeTbUeHNsI KaIUITHOI pyAbl pu paboTe KombaitHOB «Ypan-20P»
ABJIAETCA ISMEHEHME PACIIONIOKEHNsA pesliefiepKaTesiell Ha IHeKaX. PallioHaIbHBIM ABJIAETCA pasMelleHye KY/IaKoB C pesliaMi
Ha Hepabodyell CTOpOHe JIONACTH IITHeKa TaKMM 06pa3oM, YTOObI OHM He BBICTYIIAIN 3a IpefieNbl iuaMeTpa nomacty. Craegyer
y4eCcTb, YTO IIPU TAKOM PACIIONIOKEHUN pesliefiepKaTesiell HeoOXOMMO JCIIO/Ib30BaTh Pe3Lbl C IOBBIICHHBIM pajjuaIbHbIM
BBUIETOM.

3aKkAtoueHme

ITorpysouHoe 060pyfoBaHIe MPOXOAIECKO-OUNCTHBIX KOMOATHOB HEOOXOAMMO MPOEKTNPOBATh TAKUM 0OPa3oM, YTOObI
TeXHMYeCKas IPOU3BOJUTEIBHOCTb TPY3YMKOB IIPEBbIINIaNa OOIIyI0 IPOM3BOAUTENILHOCTD ITOPOOPA3PYLIAIOIIVX MCIIONHN-
Te/IbHBIX OPTraHOB BHIEMOYHBIX MallMH. KOHCTPYKTMBHbIE TapaMeTphl TOTPY30YHBIX OPTaHOB C/IeflyeT PACCUUTHIBATD U3 YCIIO-
BIA 06ecriedeHN s MUHYMA/ILHON HVPKY/IALMY PYAbI B IPKU3a60THOM IIPOCTPaHCTBeE.

IITrekn cepuitHoro KombaitHa «Ypan-20P-11/12» XxapaKTepusyOTCsl BBICOKMM KO3 UIVIEHTOM 3aIIONMHEeHNsI IpK paboTe
KoMObailHa C HOMUHA/IbHOJ IIPOU3BOJUTEIBHOCTDIO 8 T/MIH, YTO 0OYCIOBNIMBAET LIUPKY/LILNIO U IlepensMe/IbieHue PY/Abl Ipu
norpyske. CHIDKeHMe M3Me/TbUeHVS PYIbI MOXKET OBITh 06eCIiedeHO My TeM YMEeHbIIeHsI fuaMeTpa CTYNUIIbI IHeKa ¢ 0,4 M 1o
0,35-0,37 M. PacueTHBIM IIyTeM JOKa3aHO, YTO MaKCUMajIbHasI IPOMU3BOAUTEIBHOCTD LIIHEKA I10 TOIPY304YHOIT CIIOCOOHOCTHM 9,41
T/MVH IIPU 3aJJaHHOM JiaMeTpe nonacty 0,68 M obecrieunBaeTcs Ipy AvaMeTpe CTymmibl 0,23 M.

IToBpleHne 3P PEKTUBHOCTYU IOIPY3KI U YMEHBIIICHNe MIepen3MeTbueHNA KalUTHOI Pybl ITHEKaMy KOMOAITHOB «Ypasi-
20P» MoxeT ObITb 06ecIIedeHO IOCPECTBOM YCTaHOBKY pe3liefiepykaTeriell Ha Hepabodeli CTOpOHe JIOIACTH HIHeKa TaKiuM o0pa-
30M, YTOOBI OHU He BBICTYIIA/IN 3a IIPEMe/Ibl A1aMeTpa IOMACTIL.

3aMeHa IWTA, YCTAHABIMBAEMOTO 3a IIHEKOBBIM IIOTPY304HBIM OpraHOM KoMbaliHa «Ypas», Ha HOTPY30UHBII leMex 3a-
KPYIJIEHHOI1 (OpPMBI, IO3BOIUT YMEHBUINTh 0ObEM PY/bI, IlepeMeliaeMoll 3a IpefieNlaMy KOHTYpa JIOIacTell IIHeKa, CHUSUTD
LUVPKY/IALMIO U M3MeNbYeHNE PYIbl IPU IOTPY3Ke.
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Determination of the rational parameters of screw loaders
of the Ural-20R heading-and-winning machines

Aleksey Borisovich MAKSIMOV",
Dmitriy Igorevich SHISHLYANNIKOV™,
Nikolay Vasil’evich CHEKMASOV™

Perm National Research Polytechnic University, Perm, Russia

Introduction. The urgent task for enterprises engaged in the extraction of potash salts using the Ural-20R heading-and-winning machines is to reduce
the amount of pulverized rough classes in potash ore. The solution to this problem is possible through the improvement of the design of screw loading
bodies of combines.

The method for determining the rational parameters of the screw loader of the Ural-20R combine. The analysis of factors affecting the intensity
of the process of grinding potash ore when loading with an auger worm. The main criteria for the selection of rational parameters of screw loaders of
heading-and-winning machines are indicated. Mathematical dependences are given; the computational scheme has been developed for determining
the rational value of the coefficient of fullness of the screw cross section, which ensures minimum ore circulation in the spiral canals of the screw. It
is proved that the work of screw loaders with nominal productivity of combines “Ural-20R-11/12" is accompanied by a high degree of filling of the
interlobe space and ore circulation, which causes an increase in the number of dust-like rough classes in the breakage products.

Determination of rational parameters of screws of the Ural-20R combines. Determination the rational design parameters of the screws of the
Ural-20R combines is made on the basis of the condition of ensuring the nominal capacity of the excavation machines with the least ore circulation in
the spiral canals of the screw loaders. The dependence of the change in the coefficient of fullness and the productivity of the auger worm on loading
is established and analyzed. The rational size of the hub diameter of the screw loader of the Ural-20R-11/12 combined machine was determined by
calculation, which ensures minimum circulation and over-grinding of the ore in the spiral canals of the screw. Some technical solutions to improve
the design of the screws are offered.

Conclusion. It is concluded that the design parameters of screw loaders should be calculated from the condition of ensuring minimum ore circulation
in the face space and spiral canals of the screws. The reduction of ore grinding can be achieved by reducing the screw hub diameter from 0.4 m to
0.35-0.37 m.

Keywords: heading-and-winning machine, rational parameters of augers of excavation machines, ore circulation in the face space, granulometric size
composition of potash ore, dust formation during the work of a heading-and-winning machine.
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PazpaboTka 1 METOAMKA OTMPEAEAEHUSI MAPAMETPOB BUOPALIMOHHOTO
CT€HAA C KOHCOALHOM MPOCEMBAIOLLIEN MOBEPXHOCTLIO

Apkaguin Bacunbesuy IOQUH,

Maromen Kas6ekosuy ABOYIIKAPUMOB,
Anatonun Npuropsesuy MNOIMOB,
Buktop CtenaHoBuy LULECTAKOB®

YpanbCKknii rocyaapCTBEHHbIN FOpHbIA YHUBepcuTeT, Poccus, EkatepmHbypr

AKTYaALHOCTL PaboTbl OOYCAOBAEHA MOTPEGHOCTBLIO TOPHOM, CTPOUTEALHON OTPACAM B KAYECTBEHHOM MOATOTOBKE CbIPbsl, MOBLILEHNWM BLIXOAA KOHAM-
LIMOHHBIX (PPAKLIMIA, CHYKEHUM MOTEPD MOAE3HBLIX MCKOMAEMbIX MNPy paspaboTke KapOOHATHBLIX KapbepoB. [MPOBGAEMOil, C KOTOPOM CTAAKMBAIOTCS Ha
COPTUPOBOYHLIX (habpuKax, SIBASIETCS] CAOXKHOCTL PA3AEAEHMS FOPHOM MACChl, COAEPIKAILEN TAVIHUCTbIE BKAIOYEHMS!. CEpUiiHbIE MHEPLIMOHHDBIE IPOXOTLI C
KOAOCHVIKOBOVA MPOCENBAIOLLEN MOBEPXHOCTLIO YACTO 3aBMBAIOTCSI TAMHOWM M CHIYKAIOT CBOIO 3(P(HEKTUBHOCTD.

LleAb pa6oTLI: COBEPLIEHCTBOBAHME MPOCEMBAIOMX MOBEPXHOCTEN FPOXOTOB, MOBLILAIOWMX SPPEKTUBHOCTL FPOXOUEHUSI, CHVKAIOWMX CTerneHb 3abu-
BAE€MOCTU TAVHUCTLIMU BKAIOYEHMSIMUA TPV PASAEAEHMM TPYAHOTPOXOTUMOM FOPHOM MacChl; paspaboTka BUOPALIMOHHOTO CTEHAA AAsI POBEPKM TEOPETU-
YECKMX MOAOXKEHUIA MO COBEPLIEHCTBOBAHMIO MPOCENBAIOLIMX MOBEPXHOCTEN B SKCMIEPUMEHTAALHBIX YCAOBUSIX.

MeToAororns MccAeAoBaHMA: Pa3pPabOTKa METOAMKM pacyeTa napameTpoB CTeHAA Ha 6ase OAHOMACCHOWM M ABYXMACCHOW KOA€OATEALHOW CHUCTEMDI,
BLINMOAHEHME MPOEKTHOTO PELIEHUs M MOATOTOBKA METOAMKM M3MEPEHUsI KOAEBAHMI PAGOYEro opraHa 1 MPOCEMBAIOLIEN MOBEPXHOCTU.

PesyavtaTnl. PaspaboTaH BUOPALMOHHDIA CTEHA C YCOBEPLIEHCTBOBAHHO MPOCEMBAIOLEN MOBEPXHOCTbIO. CTEHA BKAIOYAET: pabounii opraH, BUOpo-
BO3OYAVTEAM HAMPABAEHHDLIX KOA€OAHWMIA, MPYKMHHBIE OMOPbI, OMOPHYIO Pamy, YIPYrylo AEMECTKOBYIO MyddTY, SAEKTPOMPUBOA MOCTOSIHHOTO TOKA, MyALT
YMPABAEHMSI, M3MEPUTEALHYIO ArMapaTypy MPUBOAA, CUCTEMY AATYMKOB AAsl U3MEPEHMS KOAeBaHUi U pervcTpupyolyio annaparypy. OcobeHHOCTbIO
CTEHAQ SIBASIETCSI TO, YTO MEXAY GOPTOBMHAMM PaBOYEro opraHa 3akpenAeHbl YeTbIPEe OMOPHLIX GAOKA, HA KOTOPbLIX YCTAHOBAEHDLI KOHCOALHBIE KOAOCHMKM
C M3MEHSIIoMMUCST napameTpamu. KOAOCHMKYM 0BpasyioT YeTbIPEXKACKAAHYIO MPOCEMNBAIOLLYIO MOBEPXHOCTD.

BriBoAbl. PaspabotaHa CXema 3KCMEePUMEHTAALHOMO CTEHAA BUOPALMOHHOTO POXOTa C YCOBEPLIEHCTBOBAHHOM MPOCEMBAIOLIENA MOBEPXHOCTLIO. Bbi-
CKasaHa rMroresa, YTo rpPoOXOT C KOHCOALHOW MPOCEMBAIOLLEVi MOBEPXHOCTLIO MPABOMEPHO PACCMATPMBATL KAk ABYXMACCHYIO KOAEOATEALHYIO CUCTEMY.
VI3A0keHa METOAMKA pacyeTa NapaMeTPOB TakOW CUCTEMBI. AAst OLIEHKM METOAMKM paspaboTaHa Mporpamma u BLIMOAHEH aHAAM3 Pe3yALTaToB. B kauectse
pe3yAsTata paboTbl MPUBEAEHDbI XaPAKTEPHCTVKA CTEHAA M OCHOBHBIE PACYETHLIE MAPAMETPBbI.

KatoyeBble cAoBa: BUOPALMOHHDIM CTEHA, FPOXOT, GOPTOBMHA, MPOCEMBAIOLASI TOBEPXHOCTD, KOAOCHMK, BaAKa, WapHMp, Yrpyras onopa, BUubparop, Mo-
A€Ab, AMIMAMTYAQ, YaCTOTa KOAEOAHMIA.

BEA€Hne
Ha xadenpe ropubsix mammH u komiiekcoB YITY mpoBopsTcs MccnenoBaHms 0 COBEPIIEHCTBOBAHUIO KOH-
CTPYKLMII TPOXOTOB M ONPENENEHNIO X ITapaMeTPOB JIJiA YCIOBUI 9KCIUTyaTalluy C TPYJFHOTPOXOTUMBIM MaTepua-
nom. TeopeTndeckue 1CCIENOBAHNs OMYOIMKOBAHbI B [1-5], a /s MpOBeeHNs 9KCIIePYMEHTA/IbHbIX CCTIeSOBaHNIT Ha Kade-
Ipe paspaboTaH BUOPAIMOHHDII CTeH/. VICC/IeoBaHN 110 MOBBIIIEHIIO 9P PEeKTIBHOCTU IPOXOUEHVsI IPOBOAATCA U FPYTUMU
HayYHBIMU U IPOU3BOICTBEHHBIMMU KOIEKTUBaMU [6—14].

PewieHre 3aaay nccreroBaHumsl

ITpepnaraeMas HaMM METOJVIKA UCC/IENOBAHNUI Ha pa3pabOTaHHOM CTeHJe IpeflycMaTpuBaeT ABa orana. Ha mepsom sramne
cTeHJ; 06ecIiednBaeT NCC/IefOBAHMsT KOIeOaHVsI OMHOMACCHOI CUCTEMBI ¢ MHEPI[MOHHBIM IIPUBOJOM U HAIIPABIEHHBIMI KOJIe-
6annsamu pabodero oprana. Ha BropoMm arame — MCCIegoBaHIs BYXMACCHOI KoebaTenbHOIL cuctemsl. IlepBast Macca — Kojie-
OaHne pabodero opraHa Ha OCHOBHBIX YIIPYIUX CBs3sX. Bropas mMacca — Kone6aHMe KOHCOMbHBIX KOJIOCHUKOB 32 CUeT YIIPYTUX
CBOJICTB MaTepyuasa KOJTOCHUKOB.

CreHpi IpefHa3HaYeH /I SKCIIePYMEHTATbHBIX MICCTIeTOBaHNiT BUOPAIIIOHHOTO IPOX0Ta ¢ KaCKaJ{HOII IIpOCeNBalolIeil Imo-
BepxHOCTbIO (IIIT), KOTTOCHMKY KOTOPOJI 3aKpeIlIeHbl KOHCONbHO. HasHaueHue rpoxora — pasfie/ieH1e TPyLHOIPOXOTIMON rop-
Holt Maccel (I'M), HanpyMep, cofepyKaliell ITIMHUCTDbIE BKIOYeHN s, Ha ¢ppakuuy £0,04 M ¢ HanOO/IbIINM pa3MepoM 3arpyska-
emoro Kycka 0,1 M. Ha xadeznpe paspabarsiBaeTcsi yCOBepILUIEHCTBOBAaHHAs KOHCTPYKLMs Ha 6ase cepuittoro rpoxora 'MT-51,
3¢ PeKTUBHOCTb IPOXOUeHNs U OyeT ucciefoBana Ha crensie. OOt Bujj CTeHa [IOKasaH Ha puc. 1.

Pa6ounit opran (PO) creHzia BKII04YaeT jBe OOPTOBUHBI, CBA3aHHbBIE 6aIKaMM, HOCPENCTBOM KPOHIITEITHOB OIMPAeTCs Ha
YIIpyTue IPY>XMHHDIE OIIOPBI, YCTAHOBJIEHHbIE HA OITIOPHOJ paMe IPOXO0Ta.

Hanpasnenusie kone6anus PO ocylecTBIA0OTCA [BYMs caMOOaTaHCHBIMY BUOpaTOpaMy, CBSI3aHHBIMY YIPYTUMM MygTa-
M 061muM BasioM. BubpaTopsl ycTaHOB/IEHBI Ha 0611ielt 6ajke 1 3aKperuieHs ¢ 06enx ctopor PO u mpuBOASATCS BO BpalleHye
anekrpoypBurarenem [1-42 MocToAHHOTO TOKA C peryniupyemMoit yactoToil. JIpuratens u PO cBsA3aHbI Yepes yIpyTylo JIeneCTKO-
ByIo My Ty. BubpaTropnl uMeloT jBa febaTaHCHBIX BaJa, yCTAHOB/IEHHBIX Ha cheprIecKyX MOAIINITHIKAX B CBAPHOM KOPITyCe,
Ha KOHI[AX PaCIIONIOXKeHbI flebaaHChl. Basbl cMeleHbl OTHOCUTENIBHO JIPYT APYTra IIPpK IIOMOIIY 3yO4aToil Mepefjadunm ¢ Iepe-
TATOYHBIM OTHOILIEHMEM, PaBHBIM 1, 4TO obecIieunBaeT BpallleHle MX B IPOTUBOIIONIOKHOM HAIlpaBlIeHUN. YIPyTas cHcTeMa
BK/II0YAeT YEThIPE OMOPbI, B KOTOPHIX HAXOJATCSA BOCEMb BMHTOBBIX NMPYXMH. CTeH[| BK/II0YaeT Iy/IbT yIpaBAeHUs, U3SMEPU-
TE/IbHYIO AIIIAPATYPY AJISI ITyCKa U peryInpoBanmst vactorsl Konebarnit PO. IIpocenBaroiast I0BEPXHOCTh 3aKpeIlieHa BHY TP
OOPTOBMH U IPEACTABIIAET COHO0IT KACKaTHYIO KOJIOCHIKOBYIO PELIeTKY.

IBmxerne PO Ha mepBoM 3Tarte NCCIEAOBAHNUIT PACCMATPUBAETCS KaK HAIpaB/IeHHbIe KOMeOaHsI OMHOMACCHOI CHCTEMBI
C 3ape30HAHCHBIM PEXVMMOM paboThl 1 ¢ yrinoM Bubpanuu 30°. [TapameTpst PO mopmo6paHbl Tak, YTO KOaQ@UINEHT pexxrMa
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PucyHok 1. O6wwumin BUp cteHpa rpoxora.
Figure 1. General view of the screen stand.

I’ coorBercrayer aBivkernio I'M no IIIT nogbpacsiBannem. HYactuma 'M 6ymeT nMeTb KOHTAKT C IOBEPXHOCTBIO 0 TeX IOP,
IIOKA COCTABJIAIOLIAsl CU/IBI MHEPIUY YaCTUIIbI, HOPMasbHas K IIOBEPXHOCTH, He IIPEBBICUT HOPMA/IbHYIO COCTABIIAIONIYIO CH/IbI
TSDKECTU

MAMu)zsin[S -sinwt > G sina, (1)

rae M — macca PO; G, - cuma Tsixectn vactunpl IM; A w? — ammmTypa yckoperns PO; B — yronm Bubparmi; o — yron Hak/oHa
PO K ropusoHTy; 0 — KpPyroBast 4acTOTa BBIHY>KIEHHBIX KO/IeOaHIL.

ITockonbKy B ycrosun (1) eBast 4acTb ypaBHEHMsI MMeeT MaKCUMaIbHOE 3HAYeHMe ITPYU Wt = T1/2, TO OTPBIB YaCTUI[BI HACTY-
IIUT TOTTa, Korfa koadduiyent pexxuma I' 6yner 6ombue 1:

r A, sinf

2)

g cosa

/3 ombITa paboTHI POXOTOB M3BECTHO, YTO HEOOXOAVMOE 110 MHTEHCUBHOCTY BCTpsixuBaHye ['M POMCXOANT, eC/t yro
Bubpanyu  npuHAT He MeHee 30°, a KoadduuuenT pexuma I' B auamasone 2,7-3,0. [To Bbi6panubiM apamerpam A , I a, f 1
PaBeHCTBY (2), pellleHHOMY OTHOCUTENBHO W, OLpefessieTcs: TpebyeMast 4acToTa KPyroBbix Komebaumit PO:

I'g cosa
w=_|[———.
A sinf

JIBI>KeHMe OHOMACCHOIT KO/mebaTeIbHOI CUCTEMBI C MHEPI[MOHHBIM IIPUBOJIOM OIIMCBIBAETCs IIpuBeeHHbIM nrddepen-
IMaIbHbIM YpaBHEHNEM
wé, . 6 m,o
+ y= rw sin wi, (3)
M+m, M+m, M+m,

y+

re j, , y — nepemeliienue, Ckopoctb 1 yckopenue PO; C. - koabduimeHT >KeCTKOCTI yIPYTOii CUCTEMBI IPOXOTa; W — K03 du-
IVIEHT BHY TPEHHUX CONPOTUBJIEHMI B MaTepyasie YIPYTUX CBsA3ell (ONpefieNseTCsl SKCIIepUMEHTANIbHO); 1M — BETMYMHA MacChl
IebanaHcoB BUOPOBO3OYAMTENIelT; r — PAaCCTOAHNUE OT OCY BpallleHMsA SO LieHTpa TsHKeCTH AebaaHca.

V3 (3) BBIYMCIIACTCSA aMIDIMTY/IA BBIHYXK/IEHHBIX KOJIeOaHNIT IPOX0Ta B YCTAaHOBUBIIEMCS pexXUMe 110 GpopMmyIie:

2
m rw
o

v \/Cr —(M+mo)u)2 +p.ZC:u)2 '

A
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PucyHok 2. InHamuyeckas pacyeTHas cxema rpoxora.
Figure 2. Dynamic design diagram of the screen.

Benmumna Maccpl 1e6amaHcoB 1, ¢ JOCTATOYHOI IS TPAKTUYECKUX PACIETOB TOYHOCTDIO OTIPENENseTCs U3 YCIOBUS PaB-
HOBeCHsA Macchl M, ecnu ee paccMaTpUBaTh Kak CBOOOTHO MOJBEIICHHYIO B ITpocTpaHcTBe. [Ipy 3TOM cymMMapHas cuma uHep-
MM, CO3/[aBaeMasi BpaljeHneM ie6amancoB ¢ Maccoii m , COCTaBuT P = m rw?, a uHepiuonHas cuna ot konebanuit PO ¢ ammu-
Tynoit A, u maccoit M cocrasur P, = MA . IIpupaBHuBas BeIpaXkeHus iisi Cuit P v P, 1 pemmB paBeHCTBO OTHOCUTENBHO 11 ,
nonyunm m_ = MA, /r.

OpHOI 13 OCHOBHBIX XapPaKTEPUCTUK MEXaHNYECKOI CUCTEMBI CTYXKUT ITapaMeTp — KPYroBasi 4acTOTa COOCTBEHHBIX KOJIe-
6aunii (p). B rpoxoTax ¢ MHEPIMOHHBIM IIPUBOLOM p OIIPENeNAeTCs O BBIPAXKEHUIO

C

r

Po\ Mam,

ITpn nHEPIMOHHOM BO36YXX/IEH!) OTHOIIEHNE w/p PeKOMEeH/IyeTCs IPMHMMATDb B MHTepBase oT 2 1o 3. [Ipn TakoM coot-
HOIIIEHNN CIIA, IIepeflaBaeMasi Ha OIIOPHYIO paMy IPOXOTa, COCTaB/sieT 15-35 % OT BeMYMHbI BO3MYIIAOLIElT CHIBI BUOPOBO3-
OynuTerneit.

OmBIT SKCIUTyaTan My KOMIUIEKCa OYMCTKY M3BECTHAKA OT IMMHBI Ha YaHbBMHCKOM Kapbepe (IlepMckmit Kpait) mokasar,
4yTO KonmocHuKoBsle IIIT Bubporpoxoros npu paspenenuu I'M Ha ¢pakiunu £0,04 M yacTo 3a6MBAOTCA IIMHUCTBIMU (pax-
LUAMY, IpU 9TOM 9P PeKTUBHOCTD rpoxodeHns cHipkaeTcsa [1]. KomocHukosble ITI1 cepuilHBIX TPOXOTOB OCYIECTBIIAIOT
Kormebaumst coBMecTHO ¢ PO, paccTosiHMe MeXLY KOJIOCHUKAMM BCErfia IOCTOSIHHO I He CHOCOOCTBYET MHTEHCHBHOMY BCTPSI-
xuBanuio I'M.

AHanus npo6eMHOI cUTyaryu mokasai, 4To I1I1 K0lTOCHUKOBBIX TPOXOTOB MOKHO YCOBEPLIEHCTBOBATD, 3a/jaBasi CMEX-
HBIM KOJIOCHVMKAM JIOTIOJTHUTENbHOE IBMYKEHIEe B BePTUKAIbHOI IIOCKOCTY OTHOCUTENLHO APYT Apyra. Takoe TexHMYecKoe pe-
IIeHMe MOXKHO peannsoBarh, eciu konebanys PO u 111 paccMaTpyuBath Kak ABVYKeHMe IBYXMAaCCHOI KO/ie6aTeIbHOM CUCTeMBL:
PO na cBOUX yIIpyI¥ux cBs3sX — llepBasi Macca; KOHCOIbHasA KonmocHykoBas I111 3a cyeT cBoeit yIpyrocTy 1 M3rnOHO )KeCTKOCTH
- BrOpas Macca [2].

ITpocenBaromias MOBEPXHOCTD CTEH/ A BK/IIOYAET YeThIPe KACKa/a, 3aKPEIIEHHbIX MKy OopToBrHamu. Kaxkapiit Kackaz
BKJ/IIOYaeT OTIOPHBII 0JI0K, Ha KOTOPOM TIOCPEACTBOM GOITOBBIX COEMHEHNMI 3aKpeIl/IeHbl KOHCObHBIe KonmocHuKu. [Ipenycmo-
TPEHO VICIIONb30BAHNE OTINYAOUINXCS KOJIOCHMKOB II0 Macce, XECTKOCTH, I/IHE, a TAK)KE YCTAHOBKA Ha HUX Ipy30B. Konocuu-
K1 HabpaHBbI U3 IIPY>KMHHOI IMCTOBOI cTany 651" TonmyHoi 1-3 Mm.

Bropas ¢asa paspaboTku cTeHfIa HaIlpaB/IeHa Ha peanusanyio copMyIpOBaHHOI MeY, pacyeTHas cXeMa CTeHJa IIpK-
BeJjeHa Ha puc. 2.

Bes yueTa Heynpyrux cOnpoTuBsIeHNt B CUCTEME YPABHEHUSA BVDKEHNS [T Mace M m m, TIPUHNMAIOT BIL:

My, =—-Cy, +C(y, —y,)+Pcoswt
; ’ @
m.y,=-C(y,—y,)

e y,, ., , — llepeMellenne u yCKopenue Maccol M; y ¥ - IepeMelenie 1 yCKOpeHye MacChl 711; 11, — TIPUBEIeHHASA Macca KO-
JIOCHUKOB, y‘{I/ITbIBaIOH_[aH MaCCY JOIIOJIHUTENBHOTO pr33. G n MaCCY COVHNIbI TJINHbI KOJIOCHMKA, (,i — JK€CTKOCTb KOJIOCHUKA,
P cos wt - Bo3aMymaoLast Cuia IpuBOja.

Bsopis o6osnauenne (C + C )/M=a; C /M = b; CK/mnpz ¢; PIM = d, ypaBHeHue (4) MOXKHO 3aIucaTb B KOMIIAKTHOI opMe:

y, +ay, —by, =dcoswt
(5)

V==V, Ty

YacTHOe peleHe cucteMsl (5) MMeeT BUJ:

Yy, =A,sinwty =A sinowt.
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Ta6nuua 1. UcxoaHble AaHHbIe napamMeTpoB cTeHAa Ansd pacyeTa.

Table 1. Initial data of stand parameters for calculation.

MapameTtp 3HavyeHve napameTpa
Paamep PO B nnaHe L x B, m 1,2x3
Yron HaknoHa PO q, rpag. 0
Yron Bubpauum B, rpag. 30
YacToTa BbIHY>XAEHHbIX KonebaHui w, Kon/mMuH 0-1500
Awvinnutyna konebanuii PO A, , Mm 3,0-4,0
O6wmin KoadhuUMeHT xecTkocTu ynpyrvx onop PO C, H/m 533100
Bosmywatowas cuna npusoga P, kH 6,5-8,5
KonwnyectBo kackagos MM N, wr. 4
KonmnyecTtso KornocHukos (obwee) N, wr. 32
Macca pa6oyero opraHa M, kr 300-350
Yacrota cobeTBeHHbIX Konebanunit PO w,,, 1/c 35-40
[nnHa KOHCOMNM KOMOCHUKOB /, M 0,25-0,3
TonLwmHa KornocHuka h, m 0,002; 0,003; 0,004
Bec fononHnTensHoro rpysa Ha kornocHukax G, H 5;10; 15
Tabnuua 2. Pe3ynkTaTbl YNCNIEHHOTO MOAENMPOBaHUA KorebaHuU ABYXMAaCcCHOW CUCTEMBI.
Table 2. Results of numerical simulation of oscillations of a dual-mass system.
MapameTpbl cTeHaa PacueTHble napameTpbl
/ h G, m C, w, w, A, A,
0,25 0,002 0,15 1,5 3276 354 476 -3,9 1,8
0,25 0,003 0,15 1,7 11 059 362 793 -15,5 187,9
0,25 0,004 0,15 2,0 26 214 362 1141 -3,3 -7,0
0,3 0,002 0,15 1,6 1896 314 395 -3,9 0,8
0,3 0,003 0,15 1,9 6400 357 586 —4.1 4,0
0,3 0,004 0,15 2,1 15170 359 833 -0,3 —44.5
AM/ACT 6 Am/Ac'r
6 16
"r 11
6 6
1 L ! L J 1 1 1 1
0 250 500 750 0 250 50
-4 —4
-9+ -9
_14}F -14
_19 -19

PucyHok 3. AMNnuTyaHO-4acTOTHas XapakTepucTuka. a — paboyero opraHa; 6 — npoceviBatoLLeil MOBEPXHOCTHU; A — CTaTU4ecKoe nepemetle-
HVe npocenBatoLLel MOBEPXHOCTY.
Figure 3. Amplitude frequency response. a — work tool; b — deck plate; Ast — static motion of the deck plate.

[Tocne IoOfCTaHOBKY y, , ¥, ¥, » ¥, B yPaBHeHMe (5) IOTy4UM CUCTEMY [/l OTIPefie/ieH s aMITUTYJ| Konebanuit A u A

(a—wz)AM -bA, =d

6
cAM+(c—w2)Am:0 ©)
rne A, A - ammmryna KO7Ie6aHNIT TIPOCENBAIOIIIell IOBEPXHOCTH IPOXOTA ¥ KOTTOCHUKA.
CoBMecTHOe pellleH1e ypaBHeH!It (6) maet cnepylolee 3HaYeH€ aMIUIUTY] KornebaHmit Macc M n m:
A, =P(C, /m_)-w’)/(MB);A, =PC/(Mm,_ B), 7)
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e
={[(C, +C)/M][(C Im )-w']-C./(Mm_)}. (8)

Berpakenue (8), BXofsiiiiee B 3HAMEHATe/Ib BEIpaXXeHs (7), IpeACTaB/IsieT cOO0iT KBaPATIIHOE YPAaBHEHE OTHOCUTEIBHO
® U OIIpefie/isIeT YACTOTHOE ypaBHeHNe cucTeMsl (6). Pellras 4acTOTHOe ypaBHEHIE OTHOCUTENIBHO W, OIIPENeNsIoT Be COOCT-
BEHHbIX YaCTOTbI BCEll CUCTEMBI W U W :

w’ =0,5[(C +C)/M]+{1/4[(C, +C )M ~CIm T +C/[(Mm )}". )

Amnymtynet A, M A CTaHOBATCA 6ECKOHEYHO 6onpuMn (ecu cucteMa He eMIpUPOBaHa), KOIa W = © WO = .
JIJ1st cuCTeMBI ¢ IBYMsI CTEIeHsIMM CBOOO/BI CYLIECTBYIOT /1BA YC/IOBMsI PE3OHAHCA, COOTBETCTBYIOLETO KaXK/[0I1 U3 IBYX YaCTOT
COOCTBEHHBIX KomebaHmil BCeil CUCTEMbI 0 uO

OrHommenue amnnutyg A, nu A BbIHy>K,E[eHHbIX KO7IeOaHMIT OIIpefensieTcs: 13 BeipaxeHus (7)

A 2
A—M =[(C/m )-w ]m IC, . (10)

B Boipakennsx (7)-(10) 3Ha4eHMsI HapaMeTPOB ONpeHeIeHs! 10 GopMyiaMm:

p, =[(C/M+m)]"5p, =[(C./m )" sm =m+um]

C_=3EJ /I’;C, =

raie p, P — 4acTOTa COOCTBEHHbIX KOmebanumit Macchl M ¥ KOIOCHUKOB; m, — IpUBE/IeHHas Macca KonoCHNKoBoit ITIL; p - K03 -
(1)I/IILI/ICHT IpUBeIeHMs MacChl KOJTOCHUKa, [ = 33/140 [15]; | - mmHa KOHCOTII/I KONOCHYKa; E — MOMy/b ynpyroctu; J — MOMEHT
VHEPLMM MOTIEPEYHOTO CeYEeHNM A KOMTOCHMKA.

PaspaboTke CTeHfja IPeEAIIECTBOBA/IN NCCIEHOBAHNS MOBEEHNUS TPOX0OTA KaK [IBYXMACCHOI KOebaTebHO CICTEMBI Ha
npuMepe cepuitHoro BubpanonHoro rpoxora Tuma ['MT ¢ u3MeHeHHOIT TpocenBarolelt TOBEPXHOCTHI0. AHAIN3 U YMCTIEHHOE
MOJIeNIMPOBaHe MOKa3a/iM, YTO MAcChl M 1 71 BBIONHAIOT Pa3HOAMIINTYHbIE Konebanusa A, v A ¥ OTHOIIEHNE aMIUTUTY]]
A, /A  3aBUCUT B OCHOBHOM OT TapaMeTPOB KOJTOCHUKOB 1 BBICIIE YaCTOThI PE30OHAHCHBIX KO/lebanmit w . PesynbraTel anammsa
mpuBeneHsl B padore [1]. Ha crenyrowmeM nccienoBanmy NocTaBIeHa 3aadya — IPOBEPUTD Pe3y/IbTaThl 9KCIIEPYMEHTAIbHO.

ITpu paccMOTpeHNM MOJe/N CTEH A KaK JBYXMACCHOI Ko/ebaTeIbHON CUCTeMBbI II0OCTaBJIeHa 1Ie/Ib — IOATBePAUTD IKCIIEPH-
MEHTA/IbHBIM Ty TeM I'UTIOTE3Y, YTO IIPU OTPE/IE/IeHHbIX COOTHOIIEHNAX MapaMeTpoB w, M, m, , C, C_m mip. IIIT ¢ KOHCONMbHBIMU
KOTIOCHMKaMM Oy/IeT COBEpIaTh HeaBTOHOMHbIE KOMeGaHMs C aMIIUTYO0M A , OT/IMIHOM or aMHHI/ITYJIbI A pabouero opraHa,
U 9TU KO/eGAHNs 3aBIUCAT OT MEXPE3OHAHCHOTO PaCCTOSHNA YaCTOT CO6CTBeHHbIX KO/eGaHii BCeli CUCTeMbI 0un.

[l MofenpoBaHNs ITapaMeTPOB KoebaHWIT CTeH/Ia B COOTBETCTBUM C PEJIOKEHHOI MeTOAMKOI pa3paboTaHa KOMIIbIO-
TepHas IporpaMMa Ha ajaropurmmdeckoM ssbike (poun xadenpor TMK YITY). VicxonHble faHHBIe JJIA pacyeTa apaMeTpOB
CTeH[a CBeleHbI B Ta0I. 1.

B pesynpraTe 4nC/IeHHOrO MOJENMPOBAHNA MOTYIEeHbI 3HAYE€HNA TaPaMETPOB SKCIIEPYMEHTATbHOTO CTeHa. PparMeHT
pacueTHBIX 3HaUEHMII IpuBefeH B Tabs. 2. Ha puc. 3 moKasaHbl pacrionoXKeHns pe30HAHCHBIX KPUBBIX.

ITo pesynbraTam Tabi. 2 BUSHO, YTO MAacChl M U 1 COBEPIIAIOT pasHOAMIUINTYAHbIE Konebanus. [Ipy aToM ABIDKEHME Mace
PV PasINYHbIX TapaMeTPax KOJTOCHVMKOB BHIIOMHACTCA B BUJE CMH(A3HBIX U aHTU(A3HBIX IIepeMelleHNI .

3akAlouyeHme

PaspaboTaH BUOPALVIOHHBI CTEH[, I IPOBEIeHNs 9KCIIePUMEHTaIbHBIX MCCIIEOBAHNUI IHEPIVIOHHOTO TPOX0Ta C YCO-
BEPIIEHCTBOBAHHON IPOCENBAIOLIEI TOBEPXHOCTBIO /I MMPOBEPKM IMIIOTE3BI O BO3SMOXXHOCTM pacCMaTpMBATh IIPOLECC KO-
nebaHNMIT Ha OCHOBE ABYXMACCHOI KojmebarenpHOIl crcTemsl. [IpyuBefieHa MeTOAMKA pacyeTa [IapaMeTPOB CTE€HJA U BBIIOTHEH
aHa/MM3 KomebaHmi MeTOJOM YNCIIEHHOTO MOJINIVIPOBAHMS aITOPUTMIUIECKON IIporpaMMoit. IIpuBeeHbl pesyIbTaThl aHAIN3A.
IToxasaHo, 4To pa3paboTaHHAsA METOAMKA pacyeTa 03BOJIAET IPOTHO3UPOBATh KolebaHusA pabodyero opraHa i mpocenBarolert
IIOBEPXHOCTH, pa3paboTaTh A1aNa3oH BapbyPyeMbIX IIapaMeTPOB KOJIOCHIKOBOJ IIPOCeVBAIOLell IOBEPXHOCTY B 9KCIIEPMEH-
TanbHBIX ycnoBusax Ha crengie (L h, G, G).
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Development and methods for determining the parameters
of a vibration stand with an open-end deck plate
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Viktor Stepanovich SHESTAKOV"

Ural State Mining University, Ekaterinburg, Russia

The relevance of the work is due to the need of the mining and construction industry in high-quality preparation of raw materials, increasing the
yield of standard fractions, reducing the loss of mineral resources in the development of carbonate open pit. A problem of screening plants is the
difficulty of separating rock mass containing clay inclusions. Serial inertial screens with a grizzly deck plate are often clogged with clay and reduce
their effectiveness.

The purpose of the work: improvement of screens deck plates, increasing screening efficiency, reducing the degree of clogging by clay inclusions
in the separation of a difficult-to-reach rock mass; development of a vibration stand for testing abstract theorems on the improvement of deck plates
under experimental conditions.

Methodology of the research: development of methods for calculating the parameters of a stand on the basis of the vibration system, the
implementation of the design solution and the preparation of methods for measuring the vibrations of the work tool and the deck plate.

Results. A vibration stand with an improved deck plate has been developed. The stand includes: work tool, controlled-angle vibration exciters,
flexible support, supporting frame, spring petal coupling, DC electric drive, control board, measuring equipment of the drive, sensor system for
measuring oscillations and recording equipment. The peculiarity of the stand is that there are four supporting blocks between the sides of the work
tool on which open-end grizzly are installed with varying parameters. Grizzlies form a four-stage deck plate.

Conclusion. A scheme has been developed for an experimental stand of avibrating grizzly with an improved deck plate. It is hypothesized that
the screen with a open-end deck plate can be rightfully regarded as a dual-mass oscillatory system. The method of calculating the parameters of
such a system is described. To evaluate the methodology, a program was developed and the results were analyzed. As a result of the work, the
characteristics of the stand and the main design parameters are given.

Keywords: vibrating stand, screen, side, deck plate, grizzly, beam, hinge, elastic support, vibrator, model, amplitude, oscillation frequency.
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O eAMHOM AMAarHOCTMHYECKOM KPUTEPUM AAS BLISIBAEHMST AeCPEeKTOB
SAEKTPUYECKMX MALIMH MO MapaMeTPam MeXaHMYECKMX KoAebaHMi

Masen Bopucoeuy FrEPUKE’
WHeTuTyT yrna degepanbHOro uccnegoBaTernbckoro ueHTpa yrns u yrnexummnm CO PAH, Poccus, Kemeposo

AKTYaALHOCTL pabotul. B HacTosiwel paboTe npuBEAEHB HEKOTOPLIE PE3YALTATH AHAAM3A METOAOAOTMYECKMX MOAXOAOB K PaspaboTke EAMHOrO AMar-
HOCTMYECKOTO KPUTEPMSI, MPUTOAHOTO AAsl BLIMOAHEHMST OLEHKM (PAKTUYECKOTO COCTOSIHMSI SAEKTPUUYECKMX MALMH M Pa3pabOTKM MPOrHO3HLIX AETPAAA-
LIMOHHDLIX MOAEAEA.

Lleas pa6oTur: 0606WMTL PE3YALTATH AHAAM3A MAPAMETPOB MEXAHMYECKMX KOAEOAHUM, reHepUPYeMbIX NPy PaboTe SAEKTPUYECKMX MAWWH PA3AUHHOMN
KOHCTPYKLIMM, YTO MO3BOAWT OCYILECTBUTL KAACCUMKALIMIO AECPEKTOB AAHHOTO 0OOPYAOBaHUs MO Ga30BLIM rPyMam 1 hOPMaAM30BaTL AMArHOCTUHECKUE
MPU3HAKM AAST YAOBCTBA MX MCMOAL3OBAHMS MPU Pa3paboTKe KOAA AATOPUTMA aBTOMATM3MPOBAHHOTO KOHTPOASI CAOXKHBIX CMCTEM MO YacTOTHLIM Habo-
Pam AMarHOCTUHYECKMX MPU3HAKOB; MOKA3aTh, YTO B YCAOBMSIX AO CUX MOP AEMCTBYIOWIEN HA MPEANPUSITUSIX YTOALHOWM M FTOPHOPYAHOM MPOMBILAEHHOCTU
Ky36acca cMcTeMbl MAAHOBBLIX PEMOHTOB MPUMOPUTET AOAXKEH BbITh OTAAH TOALKO KPATKOCPOYHLIM MPOrHO3HLIM MATEMATUHECKMM MOAEASIM, MO3BOASIIOLMM
OLIEHUTDL BEPOSITHOCTL BO3HUKHOBEHMSI ABAPUMHBIX OTKA30B TEXHUKM HA OAVDKAVALYIO MEPCreKTMBY; PaspaboTarh AArOPUTM CO3AAHMST EAMHOTO AMArHOCTH-
YECKOTO KPUTEPUs], MPUTOAHOTO AAS BLISIBAEHUSI M OLIEHKM CTEMEHU OMacHOCTM A€CHEKTOB SAEKTPUYECKO MPUPOALI HA O6OPYAOBAHUM FOPHLIX MALMH.
Meroabl nccreaoBanms. B pamkax MccreaoBaHusi OGOCHOBAHA HEOOXOAMMOCTbL UCTIOAL3OBAHUSI PE3YALTATOB KOMIMAEKCHOTO MOAXOAA K AMArHOCTUKE
SAEKTPUUECKVX MALIVH MO MapameTpam reHePUpPyeMOon Mpu 1x paboTe BUOpaLMy C OAHOBPEMEHHLIM MPYMEHEHNEM HECKOABLKMX AUATHOCTUHYECKMX METO-
AOAOTU, BKAIOHAs CIEKTPAALHLIV aHAAM3, aHAAU3 OrMOaloLLel, BEMBAET-TPEOOPA30BAHME, AHAAM3 XAPAKTEPUCTUKM BbiOera. [ToKasaHo, YTO KOMMAEKCHDINA
MOAXOA K AMArHOCTMKE MO MapameTpam BUOpaLmMm OTKPLIBAET WMPOKME BO3MOKHOCTU AASI CBOEBPEMEHHOTO AMArHOCTMPOBAHMST Ae(PEKTOB SHepromexa-
HUYECKOTO OGOPYAOBAHMSI FOPHLIX MALMH, B TOM YMCAE HAXOASIMXCS] HA CTAAMM 3aPOXKAEHMSI.

Pe3yALTaTel pa6oTnl. Pe3yALTaThl MPOBEAEHHDLIX MCCAEAOBAHWI YBEPEHHO AOKA3LIBAIOT MPUHLMMMAALHYIO BO3MOYKHOCTL CO3AAHMSI HOBOTO AA€KBATHOTO
€AVHOTO AMArHOCTMHECKOTO KPUTEPMSI AAsI BLISIBAEHMSI AECPEKTOB SAEKTPUYECKON MPUPOADLI, KOTOPLI MOXET ObiTh UCMOAL30OBaH B KayectBe 6a30BOro
SAEMEHTA CUCTEMBI OBCAYIKMBAHUST TEXHMKM MO €€ (DAKTUYECKOMY TEXHUHYECKOMY COCTOsIHMIO. MpMMEHEHME Ha MPaKTVKe pa3pabarbiBaeMoro Kputepust
MO3BOAUT MOBLICUTL SPEPEKTUBHOCTL YMPABAEHUSI TEXHUHECKMM OOCAY)KMBAHMEM CAOXKHDLIX MEXAHUYECKMX CUCTEM U OCYILECTBASITL MPOrHO3MPOBaHUE
MU3MEHEeHMsl (DAKTUYECKOTrO COCTOSIHMS SAEKTPUYECKMX MALIMH, SKCMAYaTUPYEMbIX B YTOALHOM Y TOPHOPYAHOW MPOMBILIA€HHOCTU.

KatoyeBble cAOBa: BUOPOAMArHOCTMKA, SAEKTPOABUTATEAN, AEPEKTbI SAEKTPUHECKON MPUPOALI, TOPHOE OBOPYAOBAHUE, YIPABAEHME TEXHUYECKMM OBCAY-
SKMBAHUEM.

BEAEHME
Ha ceropgusAmHmit fieHb 0 25 % OT 001ero KommdecTBa TeXHUYECKUX YCTPONCTB, 9KCIUIYaTUPYeMbIX Ha YTO/Ib-
HBIX paspesax 1 060raTuTenbHbIX Ppabprkax Kysbacca 1 mopmagaomux no 06:43aTembHyI0 IPOIefypy SKCIepTU3BI

IPOMBIIUIEHHOJI 6€30I1aCHOCTI KaK OTPabOTaBILVe CBOIl HOPMATUBHBIN CPOK, HAXOZATCSA B HEJOIYCTYIMOM TEXHIYECKOM COCTOS-
Hu [1]. [lanbHelias 9KCIUTyaTalysl TAKOTO TEXHOJIOTMYECKOro 000py/iOBaHNA HEMIHYEMO BlIedeT 3a COOOI PUCKY, CBSA3aHHBIE C
POCTOM 4YNC/Ia aBaPUITHBIX CUTYaLUII M YBe/IYeHIeM 9KCIUTYaTallIOHHBIX VI JIOTMCTUYIeCKIX M3JepyKeK MpenpuaTuii (2, 3].

B ocHOBY HacTos11IelT pabOTHI OJIO>KEHBI PE3Y/IbTAThI AHA/IN3a [TAPAMETPOB BUO DAL SHEPTOMEXAHITIECKOr0 060PYTOBaHIs
TOPHBIX MAIlVH, MONTy4YeHHble HpY OOCIefOBAHUM BBIOOPKM, COCTOSIIEN 13 9KCKAaBaTOPOB M JIPYTOTO TEXHOIOTMYECKOTO
obopynosaHus. VIHTepBan 06CIeOBaHNIT COCTAB/IAN OT ONHOTO O TpeX pas B TPU Tofia, BUOPOAMATHOCTUYECKNE PAabOTHI
BBINOJIHA/INCH B PaMKax IPOLEAYPbl 9KCIEPTU3DI IPOMBIIIIEHHO 0€30MaCHOCTY TEXHUYECKIX YCTPOICTB, SKCITYaTUPYEeMBbIX
Ha OITaCHBIX IIPOM3BOJICTBEHHBIX 00beKTaX, 00T leprof coopa nHpopMmanuu cocrasideT 6omee 10 1eT. AHaIN3 TOTY4eHHBIX
[AQHHBIX [T03BOJISIET 3AK/IIOUNTD, YTO B HEAOMYCTIMOM TEXHIIECKOM COCTOSIHUIL CETrOfHs Haxoputcst 5o 30 % ot ob1ero uncia
006C/Ie[IOBAaHHBIX TIEKTPUIECKNX IKCKABATOPOB.

Vsydenne mpoueccoB GOPMUPOBAHMA 1 PACHPOCTPAHEHNUsI BUOPOAKYCTUUIECKUX BOH MPOBOAMIOCH Ha BhIOOpKe n3 40
enyuuL akckaBatopos Tuna IKI' (9KI-4,6B; IKI-5A; DKTI-811; OKI-10; OKI-12,5; OKI-15) u 30 eguHML 9KCKaBaTOPOB-Apa-
raiiHoB (D11 10/70, D1 6/45, D11 11/70, D1 15/90). Kpome Toro, ganHas BbibOpKa BKIoo4daeT 150 equHNUIL IpOoOUIBHO-COP-
TYPOBOYHOT0, TOPHOTPAHCIOPTHOTO 1 YIZIe0OOraTUTEeNbHOrO 060pyRoBanus. [IarHocTupyemMoe 060pyoBaHme SKCIUTYaTupy-
eTCsI Ha YTO/IbHBIX pa3pesax, KAMEHHbIX Kapbepax 1 oborarurenpHbix ¢abpukax Kemeposckoit obmactn (pummansr [TAO «YK
«Kysbaccpaspesyronb»: Moxoscknii (B Tom uncie Kapakanckoe u CaprakuHckoe nose), Tangunckuit, Kegposckuit, bayarcknit
yronbHble paspesbl, OO0 «Paspes Kucenescknit», [TAO «KTK», paspes Bunorpapgoscknit, OO0 «KemepoBckuit KaMeHHBIIT Ka-
pbep», oboratutenbHble pabpuky «J/INCTBsDKHAS», «Pacmagckas» u fp.). [JuarHocTideckye n3MepeHus BBIOTHAICH C Y4eTOM
0c06EeHHOCTel! pabOThl 9HEPrOMEXaHNYECKOr0 000PYLOBaHNUA FOPHBIX MAIINH B COOTBETCTBUU C pa3pabOTaHHON MeTOLVIKOM
U C UCHO/Nb30BaHUEM IIPOrPaMMHO-ANIIAPATHOIO KOMIIIEKCA, YAOBIETBOPSIOIIEIO BCeM IPebsAB/IAeMbIM TPeOOBAHVAM IS
PaboThI B YC/IOBUAX YTOIBHO IIPOMBIIUIEHHOCTH [3] ¥ IPOLIEAIIEro B yCTAHOB/ICHHOM IIOPS/IKe IIPOLeAyPY FOCYAapCTBEHHON
IIOBEPKI METPOIOIMYECKIX XapaKTePUCTHK.

OddekTrBHOE pellIeHNe aKTyaIbHBIX HaYYHbIX 3a/1a, CBA3aHHBIX C Pa3pabOTKOI KOMIUIEKCa a[JleKBaTHBIX MaTeMaTUIeCKIX
Mojierneit pa3BUTHA leeKTOB S9HEPrOMEXaHIYeCKOro 000pyIoBaHNs TOPHbBIX MAIINH, He MOXKET ObITh ITOTTy4eHO 6e3 BbIABICHNUS
OCHOBHBIX 3aKOHOMEPHOCTE M3MEHEeHNU A TeXHUIECKOTO COCTOSIHMA 00beKTOB AMarHOCTUPOBAHMA 110 IapaMeTpaM IreHepupye-
MBIX IIpI MX paboTe MeXaHM4eCKIX Koebanuii [4].

Ha ceropsAIHNMII IeHb B MUpe He CYILECTBYeT eMHOr0 KPUTEepHs, OCHOBAHHOTO Ha aHa/lIN3e MapaMeTPOB MEXaHMIeCKIX
KO/Ie6aHNIT, OPUEHTVPOBAHHOTO Ha pellleHne 3aadll 110 BbIIBICHNIO 1e(DeKTOB /IEKTPUIECKOI IPUPOABL. ITO 00 bACHICTCS
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PucyHok 1. CoBnageHue 4acCTOTHbIX NPU3HAKOB Ae(eKTOB MeXaHU4YecKow (HapylleHue LeHTPOBKM, AucbanaHc) u 3neKkTpuyYeckon
(3amblkaHWe OBGMOTOK aCMHXPOHHOIO 3NeKTpoABUraTens) NpUpoabl Ha NpUMepe ceTeBOro ABUraTens akckaBaTopa JKI-5A.

Figure 1. The coincidence of frequency signs of mechanical defects (loss of alignment, imbalance) and electrical (short circuit of the
induction motor windings) defects is exemplified by the supply-line engine of the EGG-5A excavator.

HECKOJIbKMMI IIPMYVHAMY — HEOCTATOYHON N3yIeHHOCTBHIO BOIPOCOB AVHAMUKI S9HEPIOMEXAHIIeCKOr0 060PyOBaHNS TOP-
HBIX MAIINH ¥ OTCYTCTBUEM HPeACTaBUTEeIbHBIX 6a3 JAHHbIX, COePKAIIUX JUATHOCTUUECKYI0 MHPOPMALIUIO 110 OFHOTUITHBIM
00BbeKTaM MCCIeOBaHMs, B JAHHOM C/Tydae TeHepaTopaM U 37IeKTPOJBUTATE/SIM PasINYHOrO TUIIA, YCTAHOB/IEHHBIM Ha TOPHOM
0060pyROBaHMY, IKCIUTyaTaLysi KOTOPOTO BeHETCA B TSKENbIX YCIOBUAX (3aIBUICHHOCTD, IIepenajbl TeMIIepaTyp, BIaKHOCTD,
HapyILIeHVs perylaMeHTa TeXHUYECKOro OOCTy>KUBaHMsA, IIPOBefieHNe PEMOHTOB C UCIIONb30BaHMEM BOCCTAHOB/ICHHBIX U KOH-
TpadaKTHPIX 3alTaCHBIX YACTE, MaTEPUAIOB I T. IL.).

Pe3syabtatnl M X NPUMEHeHne

Perrenne 3aja4uyt 0 CO3TAHUIO KPUTEPUSA /IS OMATHOCTUPOBAHMSA 1eeKTOB MEKTPUYECKON IPUPOABI ObUTO 6B HEBO3-
MOYKHBIM 0e3 IIPOBeeHN JeTaTbHOTO aHA/IN3a IPUIMHHO-CIeCTBEHHOI CBS3M U 3aKOHOMEPHOCTEN I3MEHEHIsI TEXHUYECKOr0
COCTOSIHMS SHEPTOMEXaHIYeCKOro 060pyRoBaHNsA TOPHBIX MallMH. B paMkax HacTos1elt paboThl MCIIONb30BaH KOMIUIEKCHBII
IIOZIXOJ, K aHA/IM3Y NapaMeTPOB MeXaHMYeCKMX Ko/leOaHmIl, BKIIIOYAIOLINIL B ce0s IIPSIMOIL CIIeKTPaIbHbIIL aHa/IN3 B PacLIVpeH-
HOM 4YaCTOTHOM JMalia3oHe M aHamm3 ormbaromieil cnekrpa. Kpome Toro, paccMoTpeHa BO3MOXKHOCTD NPUMEHEHNUSI B PaMKax
HACTOSIEr0 NCCIeNOBAHNA Pe3y/IbTaToOB, IIOJIY9CeHHBIX C MICIIO/Ib30BAHIEM aHa/IM3a XapaKTepUCTUKI BblOeTra pOTOPHOrO arpe-
rata U BelBjIeT-IpeoOpa3oBaHIist MapaMeTPOB MCXOFHOI BIOPOAKYCTIIECKOI BOTHBL. VIMEHHO Takoe COYeTaHNe METOf{OB BU-
OPOAMATHOCTYKY ITO3BOJISIET C MAKCUMATIbHOI 3P (PEeKTUBHOCTDIO TONyYaTh 00 beKTUBHYIO MHYOPMALIMIO 06 M3MEeHEHUY TeXHU -
YECKOT'O COCTOSAHMA 3/IEKTPUYECKMX MALIMH IIPY MMHMMA/IbHbIX 3aTpaTaX BPeMEHM Ha IIPOBEJIeHE ISMEPEHMI U BbIIIOTTHEHME
IIOCIIEAYIONIETO aHa/IN3a IePBIYHBIX AUATHOCTUYECKUX HAaHHbIX [1, 2, 5].

PesynbraThl aHa/MM3a AMATHOCTUYECKUX TaHHBIX II03BOJIAIOT CAEIATH BBIBOJ O TOM, YTO Ae(eKThI 9/IeKTPUYECKOI IPUPOLIDI,
TaKMe KaK MeXBUTKOBBIE 3aMbIKAHVsI OOMOTKI POTOpa WM CMelleHNe B MATHUTHOM IIOJIe, ITOTY4I/IN JOCTATOYHOE PACIpPO-
CTpaHeHIe Ha SHEPrOMeXaHMYeCKOM 00OpPYAOBAHNUN TOPHBIX MAIINH. TaK, HAIpUMep, [0 MPUYNHAM, CBSA3aHHBIM C HaIN4U-
eM IedeKTOB MEeKTPUIECKOIl IPUPOABI, IPOUCXOAUT 10 10 % OT 061iero Ymcia aBapuitHbIX IPOCTOEB Te€HEPATOPHBIX IPYILI
KapbepHbIX 3KCKaBaTOpPOB Tuma fgpariaiH [1]. Janee Ha peaabHBIX IpyMepax IpUBefeHbl pe3yIbTaThl aHA/IN3a [IapaMeTPOB
IIO/IUTaPMOHIMYECKVIX BOJTH, COIEP)KAIMX MHPOPMALNIO O HA/IMYMY TeX VU MHBIX JleeKTOB 9/IeKTPIIeCKOll IPUPOAbI SHEPTro-
MeXaHI4YeCKOro 060pyHOoBaHNA FOPHBIX MalllMH (puc. 1-4).

OpuyM u3 (HaKTOpOB, 3HAUUTEIBHO 3aTPYNHAIONINX IIPOBOAMUMBIN aHA/IN3, AB/LAETCSA COBIIAJICHNE 3HAYAIVX IapMOHUK
CIleKTpa (TeHepupyeMBbIX IIPOLecCaMyl pas/IMYHOI IPUPO/bI, HAIIPYMep TPV HapYIIeHUN COOCHOCTI Ba/IOB arperara, Hapylie-
HUM YKECTKOCTHM CUCTeMBI U 3aMbIKaHMM 0OMOTOK cTaTopa) BnoTh fo 0,1 I. Kpome Toro, paboune 4acToTsl arperatoB u3-3a
0COOEHHOCTe! KMHEMATVKY ¥ KOHCTPYKLIMM TeXHUIECKMUX YCTPOICTB JOBOTIBHO YaCTO MOTYT IPOSIB/IATHCS Ha TApMOHMKAX Ya-
CTOTHOTO PsI/ja MUTAIOLIEl 3/IeKTpudecKoi cetn [6, 7]. Ha puc. 1 mpezcTaBien mpumep, HAI/SAHO MOATBEPXK AT HATNYMe
TaHHOII po6meMbl. COCTaBIIAONEe TAPMOHIYECKOTO psfia 000POTHON YacTOTHI Ha TeHepaTOPHOIL Ipymie akckaBaTopa DKI-
5A TIOTHOCTBIO COBIIA/INM C KOMIIOHEHTAMIL YaCTOTHOTO Psifia MUTAOMIEN MEKTPUIECKOIT ceTun. B mogoOHbIX cy4asx Haubomee
3¢ GeKTHBHBIM MOXET OKa3aTbCsl MCIOMb30BaHME AMTOPUTMA XapPaKTEPUCTUKY Bblbera pOTOPHOTO arperara, IO3BOJISIOLIEN
HOMTYYNTh YeTKYIO aCCOLMATUBHYIO CBSI3b C HAN4YMeM feeKTOB AMeKTPIIeCKON Ipupoast [2].

BonbLUIMHCTBO [UAarHOCTIYECKUX IPU3HAKOB BBIABIEHM ie(DeKTOB 3/IeKTPIIeCKOlt IIPUPOAbL IIPY IOMOLIM aHa/IM3a Hapa-
MeTPOB BUOpaLMy COCPENOTOYEHBI B 00IACTH CIIeKTpanbHOro aHamusa [1, 2]. JJomonHATh JaHHYI0 COBOKYIIHOCTb IPU3HAKOB
pesy/ipraTaMu aHa/IM3a OrnOAIOLell CIIEKTPA M XapaKTEPUCTUKOI pasroHa/BeIOera 1jenec006pasHo TONBKO B TeX CIy4asix, KOIAa
o/rydeHne 0ObEKTIBHOTO Pe3y/IbTaTa AMATHOCTUPOBAHNS CTAHAAPTHBIMY METORAMI 3aTPYAHEHO VN SIBJISIETCSI HEBO3MOX-
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PucyHok 2. NMpumep cnekTpa, UNnicTpUpYoLWmMii HapyLueHe cumMeTpum ¢has Ha reHepaTope noabema akckaBaTopa JKIr-10.
Figure 2. An example of a spectrum illustrating the disbalance of phase symmetry in the lifting generator of the EKG-10 excavator.

HBIM 113-3a KOHCTPYKTVMBHBIX VIV KMHEMAaTIYeCKIX 0COOEHHOCTell 06cIeyeMoro arperata. Bee medexTsl anekrpopBurarenei
BBI3BAHbI IPUYMHAMY MO0 MeXaHIIECKOI (TEIIOBask HeyPaBHOBELIEHHOCTb POTOPA, IIEPEKOCHI TAKETOB CTA/IN CTATOPa 11 PO-
TOpA, CMeIlleHIie MacChl JIaKa MY CYILIKe), MO0 3TeKTPUIECKOil IPUPObl (MEXBUTKOBbIE 3aMBIKAHMA 1 0OPBIBBI 0OMOTOK,
HEeCUMMETPUYIHOCTD BO3[YIIHOTO 3a30pa POTOPaA/CTaTOpa, HENPaBIIbHOE COeUHEHNE TIOMI0COB CMHXPOHHOrO 1 1 T. A.) U
VX Pa3/IMYHBIMU COYeTaHMAMI. {1 BBIIIOMHEHN A TOCTaB/ICHHBIX [Iepefl HACTOALINM MCCIeNOBaHMEM 3a5ad He0OX0AMMO OBIIO
pelnTh 3ajady KIMIIMPOBAHMA, T. €. OCBOOOXKIEHNA VCXOQHBIX CIIEKTPOB OT BCEX COCTABJLAIOIINX, IPUPOJAa BOSHUKHOBE-
HIA KOTOPBIX He CBA3aHa C pacCMaTpyBaeMoll IpyIIIoit edeKToB (IIpou3BecT! IMKBUIALNIO < IMIIHUX» TapMOHMK). B pamkax
HACTOsAIIel PabOThI MCIIONB30BA/ICS AITOPUTM KIUIIINPOBAHNSA, BK/IIOYAIOLINIT IPOLEAYPY YTOUYHEHMsI 060POTHOI YaCTOTHL,
OCHOBAaHHYIO Ha IIPMHIINIIE TI0JCKA COCTAB/IANINX CIIeKTPa ¢ MAKCUMAIbHBIMY aMIUIUTYaM) B HU3KOYaCTOTHOM JValla3oHe.
JlanHas mpolenypa, IpennoxeHHas B pabore [8], sapekomeHfoBana cebs B kKauecTBe 3P PEKTUBHOTO MHCTPYMEHTA, IIPUTOJ-
HOTO /IS peaiusalyiy aITOpUTMa KININMPOBaHKA NIpK paboTe O CIeKTpaMy BUOPOCKOPOCTI U BUOPOYCKOPeHMs MOALINII-
HUKOB Ka4yeHJis, Ile MaKCUMaJIbHble aMIUIUTY/AbI 3HaYaIMX FAPMOHUK allpXoOpY MOTYT He IPUHAJJIeXXaTb 000POTHOI 4acToTe.
EnuHbII AMarHOCTUYeCKMIT KPUTEPUII 11 BBIABICHNUA HeeKTOB /IeKTPIYeCKOl IPUPOAbI pa3paboTaH C y4eTOM pean3alun
MHOTOMEPHOT'O IIPOCTPAHCTBA AMATHOCTIYECKMX IIPU3HAKOB IIPY IIOMOIIN a/ITOPUTMOB CKajsApusanny [8], BKIIOYAI0MMX O-
IIArOBYIO CETMEHTAINIO TPYIIT 0O'bEKTOB C PAa3NNYHOI CTEIEHbIO PA3BUTHUSA HePEKTOB.

ITpoBenenHble nccnenoBanus [1, 3] MO3BONAIOT YTBEPXKaTh, YTO HAaMOOIbIIIee PACIIPOCTPAHEHNE Cpefy eeKTOB J/IeK-
TPUYECKOIT IPUPOADI Ha 000PYOBAHNY TOPHBIX MAIINH IIOTYYMIN CIIERAYIOLIVe IOBPEXIeHI:

— Me>XBUTKOBBIE 3aMbIKaHIA 00MOTOK (puc. 1);

— HapylIeHre cuMMeTpun (a3oBbIX TOKOB (puc. 2);

— 9KCLIEHTPMCUTET BO3YIIHOTO 3a30pa MEXAY CTaTOPOM 1 poTopoM (puc. 3);

— MMOBPEXIEHNUS CTep>KHel poTOpoB (0OPBIBBI, PaCTpeCKMBaHMUA) — PIC. 4.

OTuM yeTbIpeM 6a30BBIM edeKTaM 3MEeKTPUIECKOI IPUPOLBI COOTBETCTBYET 6o/ee 20 IMArHOCTUYECKUX IMPU3HAKOB B
00/1acTV IIPaKTIYeCKOro BUOpOaHanu3a, 4acTbh KOTOPBIX B3aMMHO II€pPeKpbIBAIOT ApyT Apyra [9, 10]. K coxanennto, o6beM Ha-
CTOSIIENI CTaTbJ He I03BOJIAET JeTa/IbHO I B IIOJIHO Mepe pacCMOTpPeTh BCe IIPM3HAKY IIPOSAB/ICHNA Je()eKTOB /IeKTPIIecKoil
IIPUPOBL, IPUCYLINX 000PYAOBAHIIO TOPHBIX MAlIMH. Jlajiee AL IpuMepa IpUBeeHbl HEKOTOPBIe IPU3HAKM, MCIIONb30BAHIE
KOTOPBIX [I03BO/ISIET BBLIBILITH Habo/Iee pacpOCTpaHeHHbIe U3 TePeINCIeHHBIX fe(eKTOB.

OpHUM U3 PacIpOCTPAaHEHHBIX JieheKTOB 3TIEKTPUUIECKOIl HPUPOJbI, KOTOPDIl BCTpevaeTcs Ha 0OOPYNOBAaHUU TOPHBIX
MalllMH, ABIAETCS HapylleHNMe CUMMeTpuy ¢as, KOTopoe IPOSBIAETCSA KaK IOCNIE/ICTBIE HEPAaBHOMEPHOTO pacIpefielleHNs
CONpOTHUBIIEHNSA OOMOTOK IO (pasaM M CeKLUMAM SKOPHBIX OOMOTOK. [laHHBIN [edeKT COMpOBOXAeTCs 3aMEeTHBIMU
TAaHT€HIMANBHBIMI KOMEOaHMAMY CTaTOpa M MpOsABNsAeT ceba Ha yacToTax 2f, + f/3; rje f. — nuHeiiHaa YacToTa MUTAMOIEN
cetu (puc. 2). ITomumo npoyero, IpoOBOAMMBIIL aHAIN3 3aTPYAHAET TOT (PAKT, YTO JOBOIBLHO YaCTO JieeKThl /IeKTPIIeCcKO
IIPUPOMBI COIPOBOXK/IAIOTCS OOPBIBOM IIPOBOJHUKOB, 113-32 4€T0 YACTUYHO TePSIeTCs MEKTPUIECKUIT KOHTAKT. B pesybraTe
AMATHOCTMYeCKMe IPU3HAKY HapyLIeHV CMMMEeTPUN TO MPOABJIAIOTCA B CIIEKTpe, TO HeT — IO IPMYMHE TOTO, YTO COef[HeHIe
9MEKTPUYECKOIT ceTH OyeT CIyJailHbIM.

EnuHCTBEHHBIN MeTOf, BUOPOAMATHOCTUKMA, ITO3BOIAIONINIL IPOBECTY OFHO3HAUHYIO acCOLMALNIO MEXAY IapaMeTpamiu
BMUOpaLMy U Ha/JM4yeM Ha arperare feeKTOB 9IeKTPUYeCKOIl IIPUPOADIL, ABAETCA HeMHPOPMATUBHBIM C TOUKI 3PEHMA OIIpe-
IeleHNs KOHKpeTHOTO TiIa gedeKTa (TpelfHa CTep)KHA POTOPa, MeXXBUTKOBbIE 3aMbIKAHNA U T. I1.). [laHHBIII METOJ II03BOJIAET
JIIIb TIOATBEPANUTD UMEIOIeecs IPeAIONIOKeHNe O HAIMYNI Ha 3TIeKTPUIECKOil MalInHe feeKTa 9MeKTPUIeCKO IPUPOIbL,
HO He [I03BOJIIET OIIPEee/INTh KOHKPETHDI TUII AedeKTa U CTelleHb ero pasBuTus. KpoMe Toro, peanmsanus JaHHOTO METOfA
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PucyHok 3. lnarHoctuyeckue npu3Haku Hanuuus 3KCLEHTPUCUTETa poTopa Ha reHepaTope NoBopoTa 3kckaBaTtopa JKIM-5A.
Figure 3. Diagnostic properties of the presence of the concentricity error of the rotor in the generator of the rotation of the EKG-5A
excavator.

oTpebyeT 3HAUNTENbHBIX 3aTPAT BPEMEHN, YTO HUBENNPYET ero IPENMYIIecTBa ¢ YYeTOM YCIOBIIT IPOBEIeHNs M3MEPEHMIT Ha
IIPOMBILUIEHHBIX IpennpusTusx [11, 12]. [laHHbIe HETOCTATKY He MO3BOJISIOT MCIIONb30BATh METO, AaHA/N3A XapaKTePUCTUKI
BhIGera py paspaboTKe eANHOrO ANATHOCTNYECKOTO KPUTEPYIS OLIEHKN He(EeKTOB 3TeKTPIIECKOI IPUPOBL.

Eirje ofHMM paciipocTpaHeHHBIM iepeKTOM 9/IeKTPUIECKOI IPUPOJIBI SIB/LIETCS HATMYle BPAIIAIOI[EroCs 9KCIIEHTPUCUTETA
POTOpa, XapaKTepM3yIOLIerocst 3MeHeHIeM BO3YIIHOTO 3a30pa MEXY CTATOPOM ¥ POTOPOM B IIpolecce paboTsl arperara,
9TO OOBIYHO CBA3AHO C HApPyIIEHNEM TEeXHOJIOTMM MOHTaXa poTopHoro arperara (puc. 3). Hambomee mupopMaTuBHBIM
AMATHOCTUYECKUM IIPU3HAKOM B 3TOM CIydae CIYXXUT Ha/IUdMe SPKO BBIPAKEHHBIX KOMIIOHEHTOB BMOpaLuy Ha yIBOEHHOII
JacTOTe MUTAIOIIEl CeTU U MepBOil TApMOHIKE 0OOPOTHOI YaCTOTHI IIPK YC/IOBUM OSIBTIEHNsI OOKOBBIX YaCTOT IIPOXOJA MOJLS
Jo £ 1,3 2f. % f,, tAe f, —4acToTa Bpamenus poropa; f, — 60K0OBas MOIOCA YACTOTI IPOXOKAEHMs MO, f, = Nfy; f. - nuneiinas
wacrora HI/ITaIOLueM ceTu; fg, — 4actoTa CKOMbIKeHIA (pasHOCTDb YaCTOTHI BpAIlleHUsI MaTHUTHOTO IOJIA " 060POTHOIT YaCTOTHI
poropa), f,,= f - f,; f — 4acToTa Bpalulenusa MarHMTHOTO N0, f = f, /p; p — YMC/IO TIap MOMIOCOB, p = N/2, N — 41C/IO TIO/IIOCOB.

OKCIIEHTPUCUTET CTATOPA, OCHOBHOJ MPMYMHON BO3HMKHOBEHNUA KOTOPOTO ABJIAETCA AedopMalusa CTaTopa K Harpese
[13, 14], xapakTepusyeTcs IOSBICHNEM B CIIEKTPe APKO BBIPaXKEHHOI PaiiaIbHOM KOMIIOHEHTBI 000POTHOI YaCTOTHI ¥ FapMO-
HITYECKOTO PsIjla YaCTOTHI IIMTAIOIIEl CeT! B TOM CJIydae, KOTfia XOTs ObI OJJHA M3 OCHOBHBIX OCEll POTOPHOTO arperara He COB-
IajaeT ¢ APYIUMU OCsIMU (HAIpUMep, OCh BpAIljeHNsI POTOpa ¥ reOMeTpIdecKas och craropa). Kpome toro, B cnydae Hammans
PasBUTOI ACMMMETPVM MAaTHUTHOTO OIS B CHEKTPe MOAB/IAIOTCA COCTaB/AIMMe ¢ yacTotamu f,  + 2kf uf,  + kf,, o6ycnosnen-
Hble MOTY/IAIell TADMOHMK MTa30BOI YacTOTHI (f - TMasosas 4acToTa, f, = Xf,; X - 4Mco masos poropa).

JIMarHOCTUYeCKMMY TIPM3HAKAMM HA/IMYMsI MIOBPEXAEHMII CTEPXKHEN POTOpa, TAKMX KaK OOPBIB WIM PAaCTPEeCKMBAHIE,
MOTYT BBICTYIATb SIPKO BBIP@XKEHHAs] aMIUIUTYAHAs MOLY/IALVS MapaMeTPOB PEIUCTPUPYEMBIX BUOPOAKYCTUUECKUX BOJIH, A
TaKKe IPUCYTCTBUE B CIIEKTPe HEKOTOPBIX XapaKTEPHBIX YACTOT:

Kf, £ nf (Kf, kf,,,  2f).

Kpome TOro, B kadecTBe [JOIONHNUTEIBHOIO AMATHOCTUYECKOIO IIPM3HAKA HAINYMA IOBPEKIEHMS CTEp>KHel MOXeT
JUCIIOIb30BAThCSA BE/IMYMHA OTHOLIEHVS aMIUINTYJ FAPMOHNK CIEKTpa IO IIapaMeTpy BUOPOCKOPOCTI Ha 4aCTOTaxX f u f,. 910
MIPaBIJIO MOXKHO 3aIVCaTh BbIpakeHyeM Buza A[V (fR)]/A v (f )] < 10. BeinonHeHNe JaHHOTO YCIOBYA IONTBEPXKAeT Haldue
Ha arperare pasBUTOro fepeKTa 3/eKTPUUECKON IPUPOMbL (nospemneﬂme CTep>KHsI, MOBJIEKIIIee 3a COOOIl IEKTPUIECKYIO
aCUMMETPUIO POTOPA).

V3BecTHO, UTO IOBpEX/EHIEe CTeP>KHell pOTOpa MpefoIpese/sieTcs: MpeBbIleHIeM KPUTUYECKOTo dicia nyckos [3]. B
3TOM CJIy4yae TOKOBasA HArpysKa, JeICTBYIOIIAsA Ha HeIIOBPeXX/IeHHbIe CTeP>KHY, YBeIn4MBaeTcs. B pesynbrare nMeeT MecTo He-
PaBHOMEpHbIJT HarpeB KaK OTHE/IbHbIX JeTasiell TaK U BCEr0 POTOPa, YTO MPUBOANUT K BO3HMKHOBEHMIO T/IACTUYHBIX TeMIIepa-
TYPHBIX AedopMaiuii poropa. ONMCaHHBIN MpoliecC IPUBOAUT K BO3HUKHOBEHMIO fuc6anaHca pOTOpa M BBIXOAA U3 CTPOs
HOJIINITHUKOB Ka4eHNs, USMEHEHMIO BPAIAlolller0 MOMEHTA ¥ YaCTOTHI BPAllleH!s POTOPA, MOABIEHNUIO B CIIEKTPe Crieudu-
YeCKMX FapMOHIYECKUX PSZIOB U 3HAUYMTEIbHON MORY/IALMY OOKOBBIX 4aCTOT. B JTaHHOM c/ydae B KauecTBe AMarHOCTUYECKUX
IIPU3HAKOB MOXKHO OBbIJIO GBI MCIIONb30BATh Pe3y/IbTAaThl TEIIOBOIO KOHTPOJIA U aHa/I3a BpeMEHHOII peausalyi apaMeTpoB
BUOpALNMI POTOPHBIX arPeraToB, OHAKO 9TO 3HAYUTENBHO YCIOKHUT Pa3pabaTbiBaeMblil KOMIUIEKC 6a30BbIX IIPM3HAKOB U IIpa-
BIUJL, pellleHNe 9TON 3aJaull JISKUT 33 paMKaMJ HACTOAIIETO VICCTIeJOBAHIIA.
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PVICyHOK 4. XapaKTep CrneKTpa npu Harim4inm pacTtpecCkMmBaHusa CTepPXXHA poTopa anekrpoaBurarTens cunoBson YCTaHOBKU 6ypOBOFO CTaH-

ka CBLU-250 MHA-32.
Figure 4. The nature of the spectrum in the presence of cracking of the rotor rod of the electric motor of the power plant of the SBSH-
250 MNA-32 drilling machine.

BuiBoab

Hamnbonee a¢hexTuBHBII Iy Th /151 pa3pabOTKM 06006IIEHHOTO efUHOrO AMATHOCTUYECKOTO KPUTEPIst IPEACTABIIAET pea-
NM3anysA ¢ IpUMeHeHHeM MHOTOMEPHOTO MPOCTPAHCTBA AUATHOCTUYECKNX IPUSHAKOB IIPJ MOMOIIYM aITOPUTMOB CKaJIsIpy3a-
mvn [8, 14, 15]. laHHas npoleaypa BKIOYaeT B ceOs MOLIATOBYI0 CerMEHTAINIO TPYII OffHOTUITHBIX 06'beKTOB (TeHepaTopoB
U 97IEKTPOJIBUTATEIEN CUHXPOHHOTO 1 aCHXPOHHOTO TUIIA) C Pa3/INYHOI CTEIIEHbIO Pa3BUTIs 6a30BBIX He(EKTOB dIEKTpUYe-
CKOIT IPVpPO/BI (3aMBIKaHMsI 0OMOTOK, HapyILIeHye CMMEeTPIH (a3oBbIX TOKOB, 9KCIIEHTPVICUTET BO3AYIIHOTO 3a30pa, IIOBpe-
XKIeHWsI CTEP)KHelT poTopoB). PopManusanys AUarHoCTUYeCKUX IPU3HAKOB U IIPABII C IPUMEHEHNEM Pe3y/IbTATOB KOMIUIEKC-
HOTO JMArHOCTMYECKOro MOAX0/a M03Bo/MmIa ChopMIPOBaTh 610K U3 25 6a30BbIX MPABWI, IPUHAIEKAIINX TPEM OCHOBHBIM
KpuTepusM (BUOPOCKOPOCTh U BUOPOYCKOpeHMe B PAaCUIMPEHHOM [IMAIla3oHe, CIeKTp ormbaromeri). Peamusalus arropurMa
TOJICKa 060POTHOI YaCTOTBI M KIUIINMPOBAHMA ITO3BO/IUT IPUCTYIINTD K CO3[aHNIO eJTHOTO AMAaTHOCTUYECKOTO KPUTePI /I
OLleHKY (paKTIYEeCKOTO COCTOSHIIS 9/IEKTPUYECKOIT YaCTI arperaroB FOPHBIX MAIlVH.

3araloueHme

IMony4yenHsle pe3ynbTaThl YOEAUTENIBHO HOKA3A/IN, YTO MCIIONb30BAHNE IIPUHINIIOB COBEPIIEHCTBOBAHNISI METOLOTOTUN
aHa/IM3a I HOPMATUBHO-METOANIECKOI 6aspl [0 MapaMeTpaM MeXaHNYeCKUX Ko/eOa it IPY YCIOBUM IINPOKOTO UCIIOIb30Ba-
HIisI COBPEMEHHBIX METOOB I CPeICTB BUOPOAHA/IN3a TO3BOIUT CBECTU K MMHIMYMY BEPOSITHOCTb BOSHUKHOBEHSI aBapuil Ha
IPOU3BOJICTBE, CBA3AHHBIX C (PAKTUYECKUM COCTOSHUEM 3KCIUTYaTUPYeMOTro ropHoro obopynosanus. [IpennoxeHHOe HalIpaB-
JIeHVe TI03BOJIUT CO3/aTh eMHbIIl KPUTEPUIl OLIEHKM, KOTOPBII MOYKET OBITh MICIIOJIb30BAH TPV Peajn3aliii alTOPUTMOB IPO-
THOCTMYECKOTO MOJIETMPOBAHNIS, YTO CTAHET 3/10TOM (€30IIaCHOI SKCIUIYaTALMM MALIMH U MEXaHU3MOB B CTIOXKHBIX YCTIOBISX
YTOJIbHOJ IIPOMBIIIIEHHOCTH [16].

TINTEPATYPA
1. lepuke IN. B. BbiCOKO4aCTOTHbIE POXOThHI Kak 06BbEKT ANArHOCTMKM NO napameTpam MexaHnyeckux konedanui // BectHuk KyslTY. 2017. Ne 1.
C. 59-67.
2. Shardakov |., Shestakov A., Tsvetkov R., Yepin V. Crack diagnostics in a large-scale reinforced concrete structure based on the analysis of
vibration processes // AIP Conference Proceedings. 2018. 2053, 040090. https://doi.org/10.1063/1.5084528
3. Hepa3spyLuatoLmmn KoHTponb: CnpaBoYHuK B 7 T. / oA pea. yn.-kopp. PAH B. B. Kntoesa. M., 2005. T. 7. 828 c.
4. Wang T., Han, Q., Chu F., Feng Z. Vibration based condition monitoring and fault diagnosis of wind turbine planetary gearbox: A review // Me-
chanical Systems and Signal Processing. 2019. Vol. 126. P. 662—685. https://doi.org/10.1016/j.ymssp.2019.02.051
5. Tse P., Peng Y., Yam R. Wavelet Analysis and Envelope Detection For Rolling Element Bearing Fault Diagnosis — Their Effectiveness and Flex-
ibilities // Journal of Vibration and Acoustics. 2001. Vol. 123, issue 3. P. 303-310. https://doi.org/10.1115/1.1379745
6. KpakoBckuit FO. M. MaTtemaTnyeckme 1 nporpamMmmMHble CPEeACTBa OLEHKM TEXHUYECKOTO COCTOsIHMS 0bopyaoBaHusi. HoBocnbupck: Hayka, 2006. 227 c.
7. KpaByeHnko B. M., Cugopos B. A., byuykuH B. A. lNoBpexaeHns NOALIMMHMKOB KayeHns B pesynbrate usHoca // fopHoe obopynoBaHue un
anekTpomexaHuka. 2013. Ne 2. C. 45-47.
8. Cywko A. E. PaspaboTka cneunanbHOro MaTeMaTuyeckoro U nporpaMMHoro obecnedyeHunst Anst aBTOMaTn3MpoOBaHHON ANArHOCTUKMN CITOXKHbIX
CUCTEM: OUC. ... KaHA. TexH. Hayk. M.: MN®U, 2007. 170 c.
9. Ewepkun IN. B. PaspaboTtka meToaMk/ AnarHOCTMPOBAHUS U MPOrHO3MPOBAHUS TEXHUYECKOrO COCTOSHWUS AM3eNb-TMApPaBnM4eckux OypoBbix
CTaHKOB: aBToped. AuC. ... KaHA. TexH. Hayk. Kemeposo, 2012. 18 c.
10. Puchalski A., Komorska I. Stable distributions and fractal diagnostic models of vibration signals of rotating systems // Applied Condition Moni-
toring. 2018. Vol. 9. P. 91-101. https://doi.org/10.1007/978-3-319-61927-9_9
11. Schreiber R. Induction motor vibration diagnostics with the use of stator current analysis // Proceedings of the 2016 17" International Carpathian
Control Conference (ICCC 2016). P. 668—672. https://doi.org/10.1109/CarpathianCC.2016.7501179

104 F'epuke M. b. O eAMHOM [OMArHOCTUYECKOM KpUTEPUU OISl BbiABMEHUS AepeKTOB 3/1eKTPUUYECKUX MalUMH MO napaMeTpam
MexaHuueckux konebanui // U3sectua YITY. 2019. Bein. 2(54). C. 100-106. DOI10.21440/2307-2091-2019-2-100-106



P. B. Gerike / News of the Ural State Mining University. 2019. Issue 2(54), pp. 100-106 ENGINEERING SCIENCES

12. Liu G., Parker R. Dynamic Modeling and Analysis of Tooth Profile Modification for Multimesh Gear Vibration // Journal of Mechanical Design.
2008. Vol. 130, issue 12. P. 121402/1-121402-13. https://doi.org/10.1115/1.2976803

13. l'epuike M. B. HoBble Noaxoabl K OLEHKE TEXHUYECKOTrO COCTOSIHUSI AnekTpuyecknx 6ypoBbix ctaHkoB // BecTHuk KyslTY. 2018. Ne 1. C. 118—
124. http://doi.org/10.26730/1999-4125-2018-1-118-124

14. Hunady R., Pavelka P., Lengvarsky P. Vibration and modal analysis of a rotating disc using high-speed 3D digital image correlation // Mechan-
ical Systems and Signal Processing. 2019. Vol. 121. P. 201-214. https://doi.org/10.1016/j.ymssp.2018.11.024
15. NykbsiHoB A. B. KnaccudukaTtop BubpoanarHocTmieckux npusHakoB AedeKToB poTopHbIX MaluunH. MpkyTcek: N3g-so NplTY, 1999. 230 c.

16. Knuwwun B. W., 3eopeirvH J1. B., llebepes A. B., Casuerko A. B. Npobnembl 6e30nacHOCTU 1 HOBble TEXHOMOMMW NOA3EMHON pa3paboTku
yronbHbIX MecTopoxaeHuii. Hosocubupck, 2011. 524 c.

Cmamabsi nocmynuna e pedakyuro 19 anpensi 2018 e.

Fepuke M. B. O eAMHOM AMArHOCTUUYECKOM KPUTEpUM NS BbISIBNIEHUSA AedeKTOB IEeKTPUUECKMX MaLlKMH No napameTtpam 105
MexaHuueckux konebanu // U3sectua YITY. 2019. Bein. 2(54). C. 100-106. DOI 10.21440/2307-2091-2019-2-100-106



TEXHUYECKUE HAYKI I1. B. Tepuke / Uzsecmus YITY. 2019. Bein. 2(54). C. 100-106

YOK 681.518.5 https://doi.org/10.21440/2307-2091-2019-2-100-106

About a single diagnostic criterion for detecting defects of electric
machines by the parameters of vibrations

Pavel Borisovich GERIKE’
Institute of Coal of the Federal Research Center of Coal and Coal Chemistry of Siberian Branch of RAS, Kemerovo, Russia

The relevance of the work. This paper discusses some results of the analysis of methodological approaches to the development of a single diagnostic
criterion suitable for performing an estimation of the actual state of electric machines and the development of predictive degradation models.

The purpose of the work: to summarize the results of the analysis of the parameters of vibrations generated by the operation of electric machines of
various designs, which will allow classifying some defects of this equipment by basic groups and formalizing diagnostic signs for ease of use when
developing the code of the automated control algorithm for complex systems according to frequency sets of diagnostic signs; to show that, under
the conditions of the planned repairs system still operating in the coal and mining industries of Kuzbass, priority should be given only to short-term
predictive mathematical models, which make it possible to assess the probability of the occurrence of equipment failures in the near future; to develop
an algorithm for creating a unified diagnostic criterion suitable for identifying and assessing the degree of danger of electrical defects of mining fleet.
Methods of the study. The study substantiated the need to use the results of an integrated approach to the diagnosis of electric machines according
to parameters of vibration generated during their work, while simultaneously using several diagnostic methodologies, including spectral analysis,
analysis of high-frequency vibration envelope, wavelet decomposition, and running down analysis. It is shown that an integrated approach to the
diagnosis of vibration parameters opens up broad opportunities for the timely diagnosis of defects in the electromechanical equipment of mining
machines, including defects that are still in their infancy.

Results of the work. The results of the studies confidently prove the fundamental possibility of creating a new relevant single diagnostic criterion for
identifying electrical defects, which can be used as a basic element of the maintenance system for machines according to its actual technical condition.
The application of the developed criterion will make it possible to increase the efficiency of the maintenance management of complex mechanical
systems and predict changes in the actual state of electric machines operated in the coal and mining industries.

Keywords: vibration monitoring, electric motors, electrical defects, mining equipment, maintenance management
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Crnocobbl CHMYKEHMSI UBHOCA KOAECHDIX rnap nmoABM>KHOIO CoCraBa

Omutpuin Bnagummnposuu MNMA3YHOB®

PocToBCKMI rocyaapCTBEHHbIV YHUBEPCUTET NyTen coobLleHusi, Poccusi, PoctoB-Ha-[oHy

AKTYAALHOCTL MPUMEHEHWS CNIOCOBOB CHMYKEHMSI M3HOCA KOAECHDIX Map MOABMYKHOTO COCTaBa HA MPEAMPUSITUSIX SKEAE3HOAOPOYKHOTO TPAHCMOopTa 06L-
SICHSIETCS1 MUHTEHCMBHLIM M3HOCOM PEALCOB M KOAECHDLIX Map MOABMIKHOIO COCTABA HA FTOPHLIX MEPEBAALHLIX YHaCTKaX C 3aTsPKHLIMU MOALEMAMU U CITyCKaMn
1 HA PaBHUHHbIX )KEAE3HDLIX AOPOrax. PacCMOTPeHbLI OCHOBHLIE HEUCTPABHOCTU KOAECHDLIX Map. OCHOBHLIE HEMCMPABHOCTM GAHAQXKEN KOAECHLIX Map Bbi3-
BaHLI MAPAMETPUYECKMMM OTKA3aMM, OWMOKAMM MPY BEAEHWM MOE3AA, HAPYLEHUSIMM TEXHOAOTMM U3TOTOBAEHMSI BAHAKEN 1 (POPMMPOBAHMSI KOAECHDBIX
nap. AAst orpeAeAeHMs1 OCHOBHLIX HEUCMPABHOCTEM MCMOAL3YIOT Py4YHbLIE M aBTOMATU3UPOBAHHLIE METOABI AMArHOCTUKM.

PesyALTaTel. B pabote paccMOTpeHLI OCHOBHBIE COBPEMEHHLIE COCOODLI CHYYKEHMSI MHTEHCMBHOCTM M3HALIMBAHMSI KOAEC MOABMXKHOTO cocTaBa. [puseae-
HbLI MPUMEPDLI TEXHOAOTUM MAA3MEHHOTO YIPOYHEHMST Ha MPUMeEPEe KOAECHLIX NMap rpy30BOro saeKkTposo3a cepum 23C4K AoHyak. PaccmoTpeH npuHLmM
AEWCTBMSI KOAECHO-TOKAPHOTO CTAHKA MO OBTOYKE KOAECHBIX Map BLbICOKOCKOPOCTHOTO 3AeKTporoe3aa «CaricaH» B YCAOBUMsIX MOTOPBArOHHOTO A€TO T.
Catkr-Tletepbypra (TY-10 «Metaaroctpoitr). B dIEOY BO PIYIIC paspaboTaH MPOU3BOACTBEHHDLIV MPOLIECC CO3AAHMSI TPMOOTEXHUYECKMX MATEPUAAOB,
MO3BOASIOWMIA OMTMMM3MPOBATL MPOLIECC AYOPMKALMK MyTEM HAHECEHUS] MUHUMAALHOTO KOAMYECTBA TPMOOTEXHMHYECKMX MATEPUAAOB, YMEHDLIAs MPU
3TOM M3HOC rpebHel KOAEC MOABMYKHOTO COCTaBa.

IMpnmenenne pesyavtatoB. O60pyAOBaHME AABOPATOPHOTO KOMIAEKCA WMPOKO UCMOAL3YETCS B HAy4YHO-MCCAEAOBATEALCKOM MPOLIECCE AASI ACTIMPAHTOB
crneuvaabHOCTH «TpeHMe U M3HOC B MALMHAX» U B YHEOHOM MPOLIECCE AAsI CTYAEHTOB CMELIMAALHOCTY «HaseMHble TPAHCOPTHO-TEXHOAOTMYECKMUE CPEACT-
Ba». OBOPYAOBAHME SKCMAYATALIMOHHOTO KOMIAEKCA YCMEWHO MpowAo anpobaumio Ha ydactke Cesepo-Kaskasckoli skeae3Hoim aoporm bataick—Anxasi—
baraiick Ha rpy30BbIX SAEKTPOBO3ax cepuu BA B 2016 r. PesyAstartsl anpobaLmy SKCMAYaTaLUMOHHOTO KOMIAEKCA MOATBEPIKAEHDLI AKTOM MPOMBILAEHHDBIX
VICTILITAHWA.

BriBoAbI. PaccMoTpeHa npobAemMa MHTEHCMBHOTO M3HOCA PEALCOB M KOAECHDLIX Map MOABVMYKHOTO COCTaBa, MPUBEAEHbI OCHOBHbLIE HEMCMPABHOCTU BaH-
AQKeMN KOAECHBIX Map, OMMUCAHLI PYYHON M ABTOMATM3MPOBAHHLIA COCOBbI M3MEPEHUsI MHTEHCMBHOCTM M3HAWMBAHUSI KOAECHLIX rap. MpoBeaeH 0630p
1 BLISIBAEHLI HEAOCTATKM COBPEMEHHDBIX CMOCOOOB CHUXKEHMST M3HOCA rPEOHEN KOAECHBIX Map COBPEMEHHOTO MOABMXKHOTO COCTABA, MCMOAL3YEMBIX HA
npeanpusitusix OAO «PXKA». B dIEOY BO PIYTIC paspabotaH NpOM3BOACTBEHHLIM KOMIMAEKC CO3AAHMsI TPUOOTEXHMHYECKMX MATEPUAAOB, MO3BOASIIOLINIA
ONTUMM3MPOBATL MPOLIECC AyOPUKALIMM KOAEC MOABMXKHOTO COCTaBA.

KatodeBble croBa: M3HOC, KOAeCHast rnapa, rnoBepPxXHOCTHOE YNpO4YHEHUE, Tle60TeXHVl‘leCKl4€ marepuaAnbl, ontMmmsaums l'lpOCl’JMA}‘I, I.Ua6AOH, TOALLMHA
l'pe6Hﬂ, MOABVM)KHOWM COCTaB, OTbITHASI YCTaHOBKAa, CMCTEMa BUACOMOHUTOPUHTA, rpe6Hecma3blBa‘re/\b, JKeAe3Hasl Aopora, l'OprlVl y4acrok.

BEAE€HMEe
YBenuueHne 06beMOB IePeBO30K Ha )KeTIe3HOJOPOXXHOM TPaHCIIOPTE B IIOC/IEIHIE IeCATUNIETUS YCIOXKHUIIO YC-
JIOBYISI 9KCIUTyaTalJ ITyTH 1 IIOABVDKHOIO COCTaBa, IIPUBEIO K 60Jee OBICTPOMY M3HOCY PEIbCOB M KOTIECHBIX IIap.
Ecnmu paHbllle MHTEHCUBHBII VISHOC PeIbCOB M KOJIECHBIX IIap HAOMIONA/ICA Ha TOPHBIX IlepeBa/IbHbIX YYacTKaX C 3aTSHKHBIMU
MIOZ'beMaMM ¥ CITyCKaMM, TO B ITOCTIEfIHIE TOAbI OH CTa/l PACIIPOCTPAaHEHHBIM 11 HA PAaBHUHHBIX JKeJIe3HBIX IOPOTax.

Ha MHTEHCMBHOCTD M3HOCA PEIbCOB U KOJIeC MOMBVDKHOIO COCTaBa BIMAIOT MHOIME (aKTOpPbl: HECOBEPLIEHCTBO Peccop-
HOTO ITO{BEIIMBAHNS; Pa3HOCTh JUAMETPOB IIOBEPXHOCTEN KaTaHMs GaH/jaXKell OJIHON KOJIECHOI! Mapbl; aCMMMETPUS KOTIECHBIX
Iap IpyU PACIONIOKEHNN UX B paMe TeIeXXKM; CTaTN4YeCcKas pasBecka KOJIECHDBIX Iap 1 MOBbIIIEHME Macchl oesfa. ITo MHeHmIo
MHOTYX CIIeLIMa/IUCTOB, [TTABEHCTBYIOLIYIO POJIb B IpoLiecce YBeMMYeHMsI U3HOCA OaHfjaXKell ChIrpao 3aBeplleHe IIepeBofia
9KCIUIyaTallJMOHHOTO BaTOHHOTO ITapKa Ha MOJIIMITHUKY KadeHs ¥ M3MEeHeHe IMPYHbBI Konen ¢ 1524 Ha 1520 mM. B mepsom
cnydae rpebHM GaHaKell KOTIECHBIX IIap ¥ PEIbCOB CTaIM PpaboTaTh B PEXKMMe CYXOro TPeHMs 13-32 [IPeKPaleHst IOCTYIIe-
HIA B 30HY KOHTAKTa KMIKOI CMa3Ky U3 IMOJIINITHIKOB CKONIbKeHM:. Bo BTopoM ciy4yae Ko/ecHbIe Iaphbl IPY CHIYKEHUN pac-
CTOSIHVSI MEXLY pebCaMii IIePeXOsAT Ha rpeOHeBble KOHTAKThI OfHOBPEMEHHOTO /A JIEBOTO U IIPABOT0O KOJIeC. ITO IPUBOJNUT
K ITOBBIIIEHHOMY M3HOCY He TOJIbKO TATOBOI YacTy OaHJaXka, HO 1 rpebHell KoJlec MOIBIDKHOTO cocTasa [1].

O630p CriocobOB CHMIKEHMST M3HOCA KOAECHBIX Map MOABMYKHOTO COCTaBa

OCHOBHBIe HeNCIIPaBHOCTY OaHIaXell KOJIeCHBIX Iap: MapaMeTpudeckye 0TKasbl (IIpefieIbHbII IIPOKAaT, U3HOC IPeOHA 10
TOJILIVHE; HAPYIIEH)E TEXHOJIOIMU PEMOHTA HMOABIDKHOTO COCTaBa, OUIMOKM IIPpK BeleHuu moesfa (06pasoBaHMe MIO/I3YHOB,
caBur GaHaXKa OTHOCUTENBHO KOIECHOTO I[eHTPa, HAPABHOMEPHDII M3HOC MOBEPXHOCTHU KATaHIs); HAapyIIeHIe TeXHOIOINI
M3TOTOBJIEHNsI OaHaXKelT 1 POpMUpOBaHMe KOmeCHbIX map (06pa3oBaHue paKOBUH, TPELUH, OClabieHne MOCcafKy 6aHmaxa).

Tl MsMepeHNs MHTeHCUBHOCTY M3HAIIMBAHMA IPOKaTa U TPeOHs KOJIECHBIX ITap MCIONB3YIOT PYYHOI 1 aBTOMAaTU3MPO-
BaHHBIIT CIOCOOBL. [I/11 py4HOro criocoba usMepeHms UCIONb3YI0T abCOMOTHBII 1aboH (puc. 1, a, 6).

AG6COTIOTHBIM IIA6JIOHOM M3MEPSIOT IIPOKAT, IOJI3yH, HaBap 1 TOMIIMHY Irpe6HA. [TpoKaT ompependioT o Kpyry KaTaHus,
PAacIIoNoXXeHHOMY Ha paccTostHny 70 MM OT BHY TPEHHelT rpaHm Korteca. I1py nsMepeHuyt [IyOuHbI TpOKaTa PUCKH 3 1 4 JO/DKHBI
cosnagarb. OMyCcTUB OMOPHYIO CKOOY 2 Ha BepLIMHY IpebHsI, HafI0 IPIDKATh BEPTUKA/IbHYIO TPAaHb [IA6/I0OHA 1 JIANIKY K BHYTPeH-
Hell rpaHy o6ozia Koneca. Onpefe/AoT MPOKAT 10 [e/IeHIIO IIIKa/Ibl Ha IBVDKKE 5 IPOTYUB PUCKY 7 Ha HOXKe 6. [TonsyH 1 HaBap
HaXOJIAT [0 PasHOCTM IOKa3aHUil B MecTe flepeKTa 1 B HEM3HOIIEHHOM MecTe. Eciu ledpeKT cMeleH OTHOCHTENTBbHO KpyTa Ka-
TaHMA KOJIeca, TO Iepef] M3MEPEeHUEM PeTy/IUpPYOT ABVDKOK 5.

Il onpepeneHnA TONMIIMHEL IpeOHA (puc. 1, a) JBIDKOK 8, yCTAaHOBJIEHHBII HAa PaCCTOAHUY 18 MM OT BepLIMHEI I'peOH:, Ha
KOTOPYIO OIMPAETCsI OMOPHAs CK0Oa 2, HaZlo MePeMEeCTIUTh 0 KACAHNS C IOBEPXHOCTBIO rpebHst. [To mkase Ha HAIIPaB/LIOIIENT
9, yCTaHOBMBILEIICS POTUB pUCKM 10, HAXOAAT TOMIUHY rpebHs. PasMep TOMIMHBL IpeOHA HO/DKEH COCTAB/ATh 25-33 MM.
Cpok peBusuu — 2 Mecsna. [lji1 aBToMaTn3alyy Mpolecca AMAarHOCTUKI U M3MePEeHMs OCHOBHBIX IIapaMeTPOB KOJIECHDIX T1ap
HOJIBVDKHOTO COCTaBa B [IBVDKEHMM MICHIONMB3YIOT guarnoctudeckuit komimrekc ARGUS kommannn Hegensheidt-MFD. lanHublit
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PucyHok 1. Cxema aGcontoTHOro wabroHa Ans u3MepeHus Komneca. a — npokarta; 6 — TonwnHbI rpedHs.
Figure 1. An absolute model for measuring a wheel. a — wear; b — flange thickness.

KOMIUIEKC ITO3BOJIAET OCYIIEeCTB/IATb MOHMTOPMHT COCTOSHNA KOJIECHBIX IIap HOcae COOPKY C NMpVMMEHEeHUeM IIPOrpaMMHbIX
CPeZCTB, UCKIII0Yas demoBedecknit pakrop [2].

B Hacrosiee BpeMsi yAAlI0Ch CHU3UTD MHTEHCUBHOCTD M3HAIINBAHN O YPOBHSI, IPY KOTOPOM IpOOer MOABIDKHOTO CO-
CTaBa MeXJy 3aMeHamu 6aHgaxelt coctasisiet 500-700 Toic. kM. B 85 % ciyvaeB usHoC rpeOHs 6aHIaXa IMeeT MHTEHCUBHOCTD
607IbIIYI0, YeM M3HOC MOBEePXHOCTH KaTaHms [1]. [na yBemudeHns pecypca 6aHfaxell KOMECHBIX Iap MOBIDKHOTO COCTaBa
MICTIIOTIb3YI0T MOBEPXHOCTHOE YIIPOYHEHNE, ONTUMU3ALNI0 Tpoduia 06TOYKM U TPUOOTEeXHUYeCKIe MaTepyansl. PaccMoTpyum
Hofipo6Hee KaXK/IbIil CIIOCO0 CHYDKEHVS M3HOCA IPeOHell KOJIeCHBIX Iap HOfBVDKHOIO COCTaBa.

YNpo4YHEeHNE KOAECHLIX nap MOABMXKHOIO cocraBa

YrpouHenne rpebHelt KOIECHBIX IIap HOABIDKHOIO COCTaBa MPOU3BOANTCS ¢ ydetoM TY 0943-218-01124323-2006 «ban-
Ta)KHbIE KOJIeca C TEPMUYECKIM YIPOYHeHeM TPeOHs». [/ 3TOro paspaboTaHbl U UCIIONB3YIOTCS TPU OCHOBHBIE TEXHOIOTHIA:
NasepHasi, I/Ta3MeHHas 1 37IeKTPOKOHTaKTHas. [IpyMeHeHMe MepBbIX [BYX (PaKTUIeCK! CBOJUTCA K 3aKaJIKe METaIa, TaK KaK
OCYIIIeCTB/IACTCA CHava/la ero HarpeB Ha IIOBEPXHOCTM IIOCTOSHHO JIEMICTBYIOIIMM MCTOYHMKOM TeIIa (CTpyeil IIa3Mbl MIU
JIa3ePHBIM JIY4OM), a 3aTeM II0C/IefyIolee ObICTpOe OXIAXK/IeHNe ITyTeM OTBOJia TeIl/Ia B ITTy0b MeTalta. UTo KacaeTcs Ma3epHOi
TEXHOJIOTMH, TO Ha CETH >Ke/Ie3HBIX JOPOT [IeIICTBYET /IUIIIb eANHCTBEHHBII yIaCTOK J1a3epHOIT 06paboTky Ha ToppKOBCKOII 10-
pore Ha 6a3e kommekca «Komera-2». JlasepHoe yIpOYHEeHIe OCHOBAHO HAa MIPOXOXEHNI CBETOBOTO IIOTOKA, KOTOPBIIT IIOITI0-
1[aeTCs1 CBOOOHBIMY 9/IeKTPOHAMH B IIPUIIOBEPXHOCTHOM cr1oe (TomunHou 0,1-1 MKM), 4TO IIPMBOANT K TIOBBIIIEHUIO VX 9HEP-
TUM ¥ MHTEHCUPMKAIIMU CTOIKHOBEHMIT MeX/y coboit. [IprMeHeHe na3epHOro KOMIIIEKca TpeOyeT BHICOKOI KBamupUKanu
06CTy>XMBAIOIIEro IIepCOHaIa, JOIIOTHUTEIbHBIX 3aTPaT, CBA3aHHBIX C POPMMUPOBAHMEM IIOITIOMIAIOIIVIX IIOKPBITUIT Ha IIOBEPX-
HOCTM YIIPOYHAEMOII feTamy (CHIDKeHNe oTpakaloleli ee ciocobnocty yBemmunBaeT KIIJT masepa), 0co6bIX KIMMaTHYECKUX U
CAaHUTAPHBIX YCIOBMII B IPOM3BOJICTBEHHBIX oMemleHyAX. Hanbosnee pacmpocTpaHeHHOI AB/IAeTCA IIa3MEeHHAasA TeXHONIOINA
(na npepnpuaTiax OAO «PXK]» BHenpeHo 0komo 90 ycTaHOBOK), puc. 2.

[Tpu BKIIOUEHNM YCTAHOBKM 4 B paboTy B I/Ia3MOTPOHE 2 MOC/IEZOBATENBHO BO30Y)KAAIOTCS HeXXypHas 1 pabodast (OCHOB-
Has) gyra. [Ipy B3auMopeicTBIUY ITOC/IeIHel! C TepeMEeHHBIM MAarHUTHBIM MOJIeM 9/1eKTPOMATrHUTHOTO CKaHATOPa 5 MPOMCXOINUT
CUHXPOHHOE TlepeMelleHNe (CKaHNPOBaHMe) C 3a/JaHHOJ aMIUIUTY/ON /IeKTPOTHOI IIPUBA3KM FYTH 10 06pabaThIBaeMoii Io-
BEPXHOCTH, BCIECTBYE Yero Hab/IIoaeTcsl CKOPOCTHON HarpeB IIOBEPXHOCTHOTO CJI0S 10 TeMIlepaTryp (a3oBbIX IIpeBpalleHIIL.
3areM 10 Mepe BpallleHNsA KONTeCHOI apbl YHMBEPCAIbHBIM BpalljaTesieM 3 1 yAaleH)s HaTPeThIX YIaCTKOB OT 30HBI CKAHMPO-
BaHMsA IIPOMCXOAUT X MHTEHCUBHOE OXIKMIEHNE 3a CYeT KOHAYKTUBHOIO OTBOJA TeIlIa B HIDKe/IeXalue, 60/ee X0MOfHbIe
C7IOM MeTaslla, T. €. MPOMCXOANUT Ipoliecc camo3zakanky. CynmopT 1 cayXuUT Al NpUAaHKsA 3aJaHHOTO IPOCTPAaHCTBEHHOTO
HOJIOXKEeHVS I/Ia3MOTPOHY 2 OTHOCUTENBHO 06pabaTbiBaeMol HOBEPXHOCTH IpebHs Koreca. B pesynbrare Ha o6pabarbiBaeMoit
TIOBEPXHOCTY KOJIECHOJT TTapBbl 32 OMH ee 060pOT 06pasyeTcs yIIPOYHEHHBIN CII0i C OIpee/IeHHBIMI TeOMeTPUYeCKIMU U (1-
3MKO-MeXaHIYEeCKUMM XapaKTepuCcTUKaMu. JJaHHBI CJIOV IpefcTaBiAeT cO60l MHOTOKOMIIOHEHTHYIO XMMUYECKU aKTVBHYIO
U BBICOKOTEMIIEPATYPHYIO CTPYIO IPOAYKTOB CTOPAHYISI YIIEBOZOPOJHOrO ra3a (MeTaHa, nmpomaH-6yrana). IIpu aToM kagecTBO
YIIPOYHEHHBIX C/I0€B 3aBUCUT OT PACXOfIHBIX MATepMajIOB, TEMIIEPATYPHI B IleXe, TeXHMYECKOTO COCTOAHMA YCTAaHOBOK I CTa-
OMIBHOCTY PEXXUMOB |3, 4].

YnyuieH1e XapaKkTepa IBVDKEHIS SKIMIIaXKa BO3MOXKHO /MO0 3a CYET MCIONb30BaHIe II0BEPXHOCTHOTO YIIPOUYHEHMs KOJIeC,
760 TOCPeACTBOM paspabOTKV HOBOTO MpoduIA Komeca.

O6T04Ka BaHAKEN KOAECHDIX MApP MOABUXKHOMO COCTaBa

B skcrryatupyeMoM IIOABIKHOM COCTaBe M3MEHEHVe ero >KeCTKOCTHBIX MM IeMI(UPYIOIUX ITapaMeTpoB TpebyeT 3Ha-
YUTETBHBIX 3aTPAT CPELCTB U BPEMEHN B OT/INYIE OT IEPETOUKY KOJ/IeC KOJIECHBIX [Iap Ha HOBBII MPOQIIIb, IIOCKOIBKY 06TOUKa
KOJIeC SIBJIAETCST OOBIYHOI TEXHOMOTMYECKOIT OIepaliueit Mpy SKCIUIyaTaluy BCeX BUOB IOABIDKHOTO cocTtaBa. B 2009 r. Ha
OaHaXKax KOJIECHBIX ITap 9meKTponoesnos «Carcan» BbIsABIeHa IIacTIYecKas fedopMalus HOBEPXHOCTHOTO CJIOs, pasBUTHE
B HEM MMKPOTPEIINH U, KaK CIefiCTBIEe, MHOTOUNC/IEHHbIX BBIILEPOVH, 4TO IIPUBEIO K KaTaCTPO(PUIeCKOMY U3HOCY KOJIeCHBIX
nap. TO BbI3BAHO Y3KOI 30HOM KOHTAKTMPOBaHN A IIOBEPXHOCTEN KaTaHNsA KOJIeC, YTO ABIAETCA Pe3y/NIbTaTOM B3aMMO/IEICTBIA
npodureit konec u penbcoB [5]. CospmaHre HOBOTO Mpod st KOMECHBIX Iap anekTporoesaa «Camncan» Ipy MOMOIIN 00TOYKM
CII0COOCTBOBAIO CHYDKEHMIO M3HOCA KOIECHBIX TP [0 JOIIYCTUMbIX CPeIHEeCTaTUCTHIeCKIX 3HadeHnIL. K ToMy >ke Ha IpakTiKe
4aCcTO BO3HMKAET HEOOXOMMOCTD BBIIIOMHUTD OOTOUKY B IIPOMEXYTKAX MEKIY PEMOHTAMI, T. €. 0OTOYNTD KOJIECHBIE Iaphl He3
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PucyHok 2. YcTaHOBKa nna3MeHHOro yrnpoyHeHus. 1 — cynnopT; 2 — nrna3MoTpoH; 3 — yHMBepcanbHbI Bpalwatenb; 4 — UCTOMHWUK MUTaHUs;
5 — Briok nogxura (Ha NpuMepe ynpoYHeHus rpebHel kornec rpy3oBoro anekTposo3a cepun 20C4K [oHyak).

Figure 2. Plasma-based hardening installation. 1 — cutter block; 2 — plasmatron; 3 — versatile rotator; 4 — power supply; 5 — ignition block (as
exemplified by hardening the flanges of wheels of an electric freight locomotive of the 2ES4K Donchak series).

BBIKaTKI M3-II0J] OJBVKHOTO COCTaBa, YTO CIOKHEE CeNaTh PV MOBEPXHOCTHOM YIIPOYHeHMM. TaKylo 0OTOUKY BBIIOTHAIOT
Ha CIelMaIbHbIX CTaHKax (puc. 3, a).

B Motopsarounnom perno Cankr-Iletep6ypra (TU-10 «MeTtanmocTpoit») ans 06Touky O6aHfaXKeil 6e3 BHIKATKM KOJIECHBIX
mmap ucronb3yoT craHok KXK-20M KpamMatopckoro cTaHKOCTPOUTEIBHOTO IPOM3BOACTBEHHOTO 06bearHeHys1. [JuarnocTude-
CKIIIT KOMIUIEKC CTAHKA OIIpefie/isieT OTKIOHEH S B TeOMETPUI KOJIeCa, O3UIMOHMPYs Ha CTAHKe U PAaCCINTHIBAS C/IOJ METAIIIA,
KOTOpBIIT Heo6xoxMMo cHATh. Ha 0607 Ko/meca KpennTcst MarHUTUK CO CBETOOTpakaleil mieHKoil. C ee IOMOIIbIO ONTIYe-
CKMII IaTYMK OTIpefieNiAeT fuaMeTp Kojeca. KomecHyio mapy 1 BpalaioT OIOPHO-IIPUBOJHbIE POIMKM 2, 4 pe3aHlie IPOU3BOMIAT
npodubHble Gppessl 3, uMernIe coOCTBeHHBbIT npuBof, (puc. 3, 6). Ha cnimpapHbIX rpaHAx Takoit Gpesbl B HIAXMAaTHOM IIO-
PsIKe PACIIONOYKEHBI LVUIMHAPIYECKIe TBEPLOCIUIABHBIE pe3libl, 0Opasyouue npoduib 6aHfaxa. [IpyKMMHOe yCTPOICTBO
aeT TaKXKe BO3MOXXHOCTb 00pabaThIBaTh GAH/aXI OMHOYHBIX KOIECHBIX I1aP, BHIKAYEHHBIX 13-II0f] IOKOMOTHUBA [6].

OCHOBHBIM HEIOCTATKOM JAHHOTO CIIOCO0A SB/IAETCS TO, YTO IIPY MOBBIIIEHHOM M3HOCE rpebGHel GaHmaxell it BOCCTa-
HOBJIEHVsI HOMVMHA/IBHBIX [€OMETPUYECKNX [TapaMeTpoB IMPODIIs KaTaHMs MPUXOFUTCS CTAYMBATh C IIOBEPXHOCTH GaHmaXKa
OOJIBIIYIO YaCTb €ro pabouero cnos, 06pasys Py 9TOM TeXHONTOTUYECKIIT M3HOC. B HACTOAI[MIT MOMEHT BeTMYMHA TEXHOJIOTU-
4eCcKOro M3HOCa GaH/ax el /IS TPY30BBIX TIOKOMOTUBOB focTuraet 60 41 (80 %) oT 0611[ero M3HOCA, YTO IPUBOAUT K IIPEXAEBpe-
MEHHOMY CHIDKEHUIO Ipobera ;0 CMEeHBI.

AybBpyKaLmsi KOAEC MOABMYKHOTO COCTaBa

Vcronp3oBaHye CMa3OYHOTO MaTePUasIa IIO3BOIsET MSMEHNTh CBOJICTBA TPETHETO Te/Ia IIPY TPEHNUM, ITO BeIeT K CHIDKe-
HIIO 3HAUEeHNsT KOO UIMEHTa TPEHNA U YMEHbIIEHNIO n3Hoca. JIybpukanmys rpe6Helt KOJECHBIX Iap 1 6OKOBOII TOBEPXHOCTHU
PEe/IbCOB JI/Is CHIDKEHNS MHTEHCUBHOCTY M3HAIIMBAHNA aKTUBHO NIPUMEHSETCs Ha POCCUIICKMX >Kele3HbIX JOPOrax ¢ Cepefu-
HbI XX B. Pasmuyaror 06paboTKy 60KOBOI HOBEPXHOCTH € HOMOIIIBIO IIEPEABIKHBIX PeTbcOCMasbIBaTeNIell I HaHeCeHVe CMas-
KI Ha IPeOHY KOJIECHBIX IIap C IOMOLIbIO ITePEfBIDKHBIX U GOPTOBBIX CHCTeM NTyOpuKanuu. B HacTosiIee BpeMs B KOHTaKTe
KOJIECO—PeJIbC MIMPOKO HMPUMEHSIOT paslIndHble CMa30dHble MaTepranbl. I10 CBOeMy arperaTHOMY COCTOSIHUIO OHU HeJISITCS
Ha >KnyKue (Macia), IIacTu4Hble 1 TBepable. JKuKme cMaso4Hble MaTepuajbl TPeOYIOT IOBBIIEHHON TepMeTU3ALIL CUCTEM
HOfa4M CMA3KM YISl IIPEIOTBPAIIEHNUS MX BBITEKAHNUS 1 3aTPsI3HEHUS TATOBOJ IIOBEPXHOCTU KOJIECA ¥ BEPXHETO CTPOEHUS
nyTi. [lepcreKTMBHBIMM CMa30uHBIMU MaTepyanaMy sABJISI0TCS TBep/ble 1 ITACTUYHbIe, TUIIeHHbIE IPUBEIeHHBIX BbIIIE He-
ZIOCTaTKoOB [7].

OmnpereneHHOrO ycIexa B paspaboTKe 1 BHEAPEHNN TBEP/BIX I IVIACTUIHBIX CMa30YHbIX MATEPUATIOB U TPUOOTEXHIIECKIX
CPECTB [Is CHYDKEHSI M3HOCA TPpebGHelT KOJIec U penbCoB HOOMINCh POCCUIICKIE U 3apyOexxHble yaeHble [8—13], a Takke ydueHble
PTYIIC [14-16].

PaspaboTka NMpPOM3BOACTBEHHOTO MPOLIECCA CO3AAHMSI TPMOOTEXHNHYECKMX MATEPUAAOB

JI/is yrry6/ieHHOrO M3ydeHusl Ipoliecca MCTUPAHNS, @ TAK)Ke Pa3pabOTKI HOBBIX TPUOOTEXHIIECKUX MATEpPIAIOB, YOB-
JIETBOPSIIOIIVX COBPEMEHHBIM YCIOBISIM 3KCIUIyaTalMy IOfBIDKHOrO cocraBa, B PI'YIIC paspaboTaH Mpon3BOACTBEHHBIN
KOMIDIEKC CO3JIaHMsI TPUOOTeXHMUeCKMUX MaTepuanoB. O6bekTaMu MCCIefoBaHMs SAB/SIIOTCS Mopudukaropel Tperus PAIIC,
IpYIMeHsieMble B PelbCOBOM TPAHCIOPTE IJIsI CMa3bIBaHMA TPpeOHelt KoJleC IIOABIDKHOTO cocTaBa. [Ipou3BOACTBEHHBIN IIPOLiece
BK/IIOYAeT [Ba TEXHOJOIMYECKNX JTana: pa3paboTka 1 arpobanns TpubOTeXHNIeCKNX MaTepuanos. st paspaboTkm Tpubo-
TEXHIYECKIX MAaTePUAJIOB MCIO/Ib3YIOT TA00PATOPHBIIT KOMIUTEKC (pIC. 4), BK/IIOYAIOLVIT OIIBITHYIO Tab0PATOPHYIO YCTAHOBKY
(puc. 4, a) ¥ IPUHIUITNATBHO HOBYIO CTEH/IOBYIO aHA/IOTUIO, IMUTHUPYIOLIYIO IIPOLIECC MCTUPAHMS TBEPABIX TPUOOTEXHUIECKIX
Mmarepuanos (puc. 4, 6).

BHenpeHne 1ab6opaTOpHOro KOMIIIEKCA obecednBaeT MIHIMaIbHbIE 3aTPaThl BpeMeH, YI00CTBO BBIIIOTHEHNUS M3Mepe-
HIIT, BO3MO>KHOCTD M3MEHEHNs Pas/IMIHBIX TAPAMETPOB, He TPeOYIOINX 3aHATHUS [TeperoHa M3MepITeTbHbIM IIOf{BYDKHBIM CO-
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PucyHok 3. KonecHo-TokapHbI/ CTaHOK N0 06To4Ke Korec (Ha npumepe KornecHbIX Nap BbICOKOCKOPOCTHOrO 3nekTponoesaa «Cancaxy»).
a — yCTaHOBKa 3MekTponoesaa Ha cTaHke: 1 — anekTponoess; 2 — cTaHoK; 6 — NpyuHUMN AeCTBUSI CTaHKka: 1 — korneco; 2 — ponuk; 3 — pesel.
Figure 3. Wheel-lathe machine for turning wheels (for example, wheelset of high-speed train “Sapsan”). a — installation of electric trains
on the machine: 1 — electric train; 2 — machine; b — mode of operation of the machine: 1 — wheel; 2 — roller; 3 — disc.

PucyHok 4. JlabopaTopHbIi i KOMMNIEKC. a — onbITHast NabopaTopHas yctaHoska: 1 — Tpybka; 2 — ocHoBaHuWe; 3 — Mofenb korneca; 4 — cynnopr;
6 — cTeHaoBasi aHanorms, MMMTUpPYoLL@si NPOLIECC NCTUPaHUSA TBEPAbIX TpMboTexHnYecknx matepmanos: 1 — gepxartens 060noyku; 2 — obonoyka
CMa304HOro anemeHTa; 3 — ponvK, UMUTUPYLoLLWIA rpebeHb koneca.

Figure 4. Laboratory facility. a — laboratory machine: 1 — tube; 2 — base; 3 — wheel model; 4 — cutter block; b — bench model imitating the process
of abrasion of solid tribotechnical materials: 1 — covering holder; 2 — lubricant element covering ; 3 — roller imitating the flange of the wheel.

CTaBOM. 3aTpadnBaeMble CPEACTBA IPU STOM 3HAYMTEIBHO HIDKe, YeM IPH IIOJIEBBIX MCIbITaHuAX. OTbITHaA ycTaHOBKa (puc. 4,
a), COCTOMT U3 TPYOKM 1, B KOTOPYIO IOMELIAIOT TPUOOTEeXHMYeCKMIT MaTepuas B popMe CTep>KHA, ¥ OCHOBaHMA 2. YCTaHOBKA
MOHTHPYETCS Ha CYIIIOPTe 4 TOKaPHO-BMHTOPE3HOro cTaHKa 1M61M u MMuUTHpYeT HMpOLjecc NCTUPAHNUS pa3pabaTbIBaeMOro
MaTepuaja 0 MOJeIIb Kojleca 3 IIOABIKHOTO COCTaBa. B mpoliecce MCIBITaHMIT MOXKHO 3a1aBaTh YTOJI IOAYN pa3pabaTbIBaeMoOro
Marepuaa, Harpys3Ky, CKOPOCTb BpalljeHIsI MOJIe/IU Kojieca 3, oIIpefienisiss BO3MOXHBIN pecypc. ObpasyeMslit C/10il B IpoLiecce
B3aMMOJIEJICTBI MaTepuasa C MOJIebIO KoJleca YAAIACTC ¢ MOJeNY Ko/leca IIPY IOMOIIY IeTKM, MIMUTUPYIOIIeil penbc. AHa-
JIOTUSA, UMUTHPYIOLIas MPOLecC UCTUPAHNA 000/T04YeK TPHOOTEXHNIECKIX MaTepHaoB O TpebeHb KoJleca MOBIKHOTO COCTaBa,
YCIIEIIHO MOJIeNMpPYeTCs B Tab0PaTOPHBIX YCIOBMAX Ha MalllHAX TPeHMA TUIIa « AMcriep» (puc. 4, 6). Ha BepxHuit Bay1 MallyMHbI
TpeHMs TuIa «AMCIep» 3aKpeIULAeTCs Jiep>KaTeb ¢ 000I0YKOM CMa309HOTO 9/IEMEHTa, 4 Ha HVDKHMIL — POJIMK, aHAJIOTMYHBII
IIMHe U MaTepuaty rpebus komeca. KoMIiekc nsMepuTeIpHOI alllapaTypbl II03BOJLIET PETUCTPUPOBATD: N3MEHEHNe MOMEHTa
TpPeHMs1; U3MEHEeHNe TeMIIepaTyphbl B KOHTAKTe; CKOPOCTD BPAIIIEHNs POJIVKA; IMHEIHBII MSHOC 000/IOYKM B IIPOLiecce MCIIbITa-
HMI; He3HAUNTeNbHYI0 Harpysky (mo 15 H) Ha 060mouxy cMa3ouHoro snemeHTa. brarofaps JaHHOI aHaIOTMN IIPECTaBIACTCS
BO3MOYXHBIM OIPEIeNNTD BIMAHNE HATPY3KI, CKOPOCTH, TEMIIEPATYPBhI, a TAK)Ke MaTepyara U TOMIIMHBI 000/I09KM Ha IIPOIecc
UCTUPAHUA U PacXof, 000JI0UeYHbIX TPMOOTEXHNYECKIX MaTepyaIoB. JTO MO3BOIUT ONTUMU3MPOBATD IIPOLecC rpeOHepesb-
COCMA3bIBAaHMs IIyTeM HAaHECEHNS] MIHIMAIBHOTO KOMMYeCTBA TPUOOTEXHNYECKUX MATepPMaToB, YMEHBIIIAsl IIPY 9TOM M3HOC
rpebHell Kojec MOBIDKHOTO coctasa [17].

Jis1 anpobaruy TprOOTeXHNYECKUX MaTepIaIoB UCIIONb3YIOT SKCITyaTallMOHHBIN KOMIIIEKC (puC. 5), BKTIOYAIOIINIT CUC-
TeMY BUACOMOHUTOPKHTA (puc. 5, @) U ONBITHBII rpebHecMasbIBaTeNb (puc. 5, 6).

CucreMa BUIEOMOHUTOPUHTIA II03BOJIAET MCCIEN0BATh COCTOSTHNUE TPeOHel Kolec IpU HaIMYMM CMa30qyHOrO MaTepuasa u
6e3 Hero B Te4eHIe BCEro Iepuoya aKCIvryaTanuy. Ha 60pTy TAroBOI eAMHUIIBI TOABIDKHOTO COCTaBa YCTaHAB/INBAIOT PEry-
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PucyHok 5. QkcnnyaTauvoHHbIN KOMMJEKC. a — NPOLLECC BUOEOMOHUTOPUHIA: 1 — cucteMa BUAEOMOHUTOPUHIA; 2 — KoHCTpykumusa MPC 20.07;
6 — OnbITHBIN rpebHecmMasbIBaTeNb.
Figure 5. Production side. a — video monitoring process: 1 — video monitoring system; 2 — GRS 20.07 systme; b — wheel flange lubricator.

CTpupyomuit 610K CHCTEMBI BUIeOHAOIONEHIsI, BK/IIOYAOIIIIT MHOTOKAHA/IbHBII 610K BUI€03aNNCH, BUJEOMOHITOP U CHC-
TeMy 9/IeKTPONUTAHNs OOPTOBOIT Temeanmaparypsl. [IporpaMMHast IOAAEP>KKA PETUCTPUPYIOLIEro 6710Ka [03BOJIsIET OBICTPO
BBIOpATh MHTEpeCyomuii BujeopparMeHT (Bpems BbibOpa He 6oree 20 MC) U IeTa/IbHO €ro IPOCMOTPETh B PA3HBIX PEKMMAX.
OrmepaTyBHBIN MIPOCMOTP BUJCO3AICY MOXXET BBINOMHATBCA Ha OOPTY MOJBVKHOI €VHUIIBI C MCIIONb30BAaHIEM PEeXIIMOB
«Crom-kagp», «Brepeny», «Hazan», «YBenndenne», «YCKkopeHme IpocMOTpar». VneHTnUKalMOHHBI 670K CUCTeMbI BUEOMO-
Hutopuura 1 (puc. 5, a) BKIIOYaeT KOPIYC, KaMepy BUeOHAOIONeHNA, CBeTOBYIO IUIATY VM aHTVBAaHJA/IbHBII KOoXyX. Kamepa
BIUIEOHAOTIONEH NS TIpeHA3HAYEHA /IS BUIEOMOHUTOPIHTA COCTOSHMS OaHJaXKeil KPaTHMX OCell TATOBON eMMHUIIBI I 3aIlli-
I[eHa aHTUBAH/JA/IBHBIM KOXKYXOM OT MHOPOIHBIX 00beKTOB (KaMHeit, Mycopa). CrcTeMa BII@OMOHUTOPIMHTA MOOMIBHA, TaK
KaK BpeMs ee MOHTaXKa YK/Ia/[bIBaeTCsI BO BpeMsI TEXHMYECKOT0 0cMOTpa. [IIs1 ycTaHOBKY 0060PYAOBaHNS JOCTATOYHO 060MTUCDH
IITaTHBIM 060PYAOBaHNEM 1 KPeIUICHUAMM TATOBOI eAnHuIbI [18].

Koncrpyxuus (puc. 5, 6) onbITHOro rpeGHecMasbIBaTens 1 3akpelieHa Ha OyKce Koteca 3 1 pacoo)XeHa MeX/y paMoii Te-
JIKKM 2 Y KOPIIYCOM IIOABYDKHOTO cocTaBa. ONBITHBI IpeOHecMa3bIBaTelb II03BOJLAET BapbUPOBATh YTOJI Oflady pa3paboTaH-
HOT'O MaTepuaja oy, COOCTBEHHBIM BeCOM Ha IpebeHb Komeca. J[laHHas yCTaHOBKA IIPpeJHA3HAYeHa /IS IPOBEeAeHNsT 9KCIUTyaTa-
L[IOHHBIX MCC/IEOBAHMII ¥ ONTUMU3ALNY IIPOLlecca POTAIPMHTHOIO HaHECEHNUs] TPMOOTEXHNYECKIX MaTepuaaoB Ha rpebeHb
KOJIeca MOJIBYKHOTO COCTaBa C YYeTOM Pas3/MYHbIX BAPMAHTOB CMasbIBaHMsA. PaspaboTka HayYHO 0OOCHOBAHHBIX IIOTIOKEHNIT HA
6ase CO3JJaHHOII OIBITHON YCTAaHOBKY ITO3BOIAT ONITMMM3NPOBATh TEXHOIOTMYECKNIT TIpoLiecc rpebHepenbcocMasbiBanms [19].

PesyAstatbl MpUMeHeH!s AAGOPATOPHOTO U SKCMAYATALIMOHHOTO KOMIMAEKCOB

Ob6opynoBanye 1ab60paTOPHOrO KOMITIEKCA MIMPOKO VICIIOIb3yeTCsI /Isl IIPOBENEHNST HAayIHO-MICCTIEA0BATeIbCKUX PAboT,
a TaxoKe 1ab0PATOPHBIX U MPAKTUYECKNX PABOT /IS CTYAEHTOB [0 AUCUMIUIMHAM ClenuanpHocT «HaseMHbIe TPaHCIIOPTHO-
TEXHOJIOTMYECKIE CPENICTBa».

CucreMa BU€OMOHUTOPMHTA 1 KOHCTPYKIUS OIBITHOTO IpabHeCMasbIBaTe/s YCIELIHO MPOLIIN alpoOaliifio Ha yIacTKe
Cesepo-Kaska3sckoii sxenesHorlt joporu bararick—JInxasa-baraiick Ha Tpy30BbIX anekTpoBo3ax cepun BJI B 2016 r. PesynbraThl
anpobanuy 9KCIUTyaTalIOHHOTO KOMILIEKCa IIOATBEPXK/IeHbl aKTOM IIPOMBIIIICHHBIX UCIIBITAHMUIL.

3axkaloueHne

Ha ocnoBaunu 0630pa CyIiecTBYOLIMX COBPEMEHHBIX CIIOCOOO0B CHIDKEHNSI MHTEHCUBHOCTY M3HALIMBAHIS KOJIEC IIOf-
BIDKHOTO COCTaBa OIpPefie/IeHO, YTO B HACTOsAIIee BpeMsI He CYIIeCTBYeT YHUBepCaIbHOro criocoba. Kaxplit crtocob addexrn-
BeH IIPM OIIPefie/IeHHBIX YCTIOBMAX PEMOHTA, 00CIy>KMBaHMA 1 9KcIiTyaranyu. OfHaKO MCIOIb30BaHMe HECKOTBbKIX CIIOCOO0B
Ha npegupuatuax OAO «PXK]II» mpy rpaMOTHOM MOAXOAE MOXKET HaTbh HEOOXOAVMBII SKOHOMUYECKIIT U TPUOOTEeXHNIECKIIA

s dexr.
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Ways to reduce wear of wheelsets of carriage rolling stock

Dmitriy Vladimirovich GLAZUNOV"

Rostov State University of Railway Engineering, Rostov-on-don, Russia

The relevance of the application of methods for reducing wear of wheelsets of rolling stock at railway transport enterprises is explained by the intense
wear of rails and wheelsets of rolling stock on highlands with excessive gradient and on flat gradient railway. The main malfunctions of wheelsets are
considered. The main malfunctions of wheelsets tyre are caused by failures as related to products parameters, errors in train operation, procedural
violations when making tires and forming wheelsets. The manual and computer-aided method diagnostic methods are used to determine the main
malfunctions.

Results. The paper discusses the main modern methods of wear reduction of rolling stock wheels. The illustrations of plasma-based hardening
technology are offered using the example of wheelsets of an electric freight locomotive of the 2ES4K Donchak series. The mode of functioning of the
wheel-lathe machine for turning wheelsets of the high-speed Sapsan electric train under the conditions of the St. Petersburg-based motive-power
depot (MPD-10 Metallostroy) is considered. The Rostov State Transport University has developed a production process for creating tribotechnical
materials, which makes it possible to optimize the lubrication process by applying a minimum amount of tribotechnical materials, while reducing the
wear of wheel flanges of the rolling stock.

Application of the results. The equipment of the laboratory facilities is widely used in the research process for graduate students at “Friction and wear
in machines” faculty and “Ground transport and technological means” faculty as well. The equipment of the production side was successfully tested
at the site of the North Caucasus Railway Bataysk — Likhaya — Bataysk for electric freight locomotives of the VL series in 2016. The results of testing of
the production side are confirmed by a test certification.

Conclusion. The problem of intensive wear of rails and wheelsets of rolling stock is considered; the main malfunctions of wheelsets are described;
manual and computer-aided methods for measuring the wear rate of wheelsets are highlighted. A review has been carried out. As a result, the
shortcomings of modern methods for wear reduction of the flanges of wheelsets of modern rolling stock used at the enterprises of Russian Railways
have been revealed. The Rostov State Transport University has developed an industrial complex for creating tribotechnical materials, which makes it
possible to optimize the process of lubricating the wheels of rolling stock.

Keywords: wear, wheelset, superficial hardening, tribotechnical materials, profile optimization, pattern, flange thickness, rolling stock, pilot plant,
video monitoring system, wheel flange lubricator, railway, highland.
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PazpaboTka aBTOMATM3NPOBAHHOM CUCTEMbI MOXKAPOTYIIEHMSI WAXTh
Tpetbero COAMKAMCKOro KaAMMHOTO-PYAHUKOBOTO YTPABAEHMSI

TaTtbAHa NleHHagbeBHa CEPEA’

Mepmckni rocyaapCTBEHHbIN arpapHO-TEXHOMNOrMYeckn yHmeepeuteT um. akag. . H. MpsaHuwHukosa, Poceus, MNepmb
Mepmckuin dunman Poccuiickon akagemmy HapoL4HOrO XO3SCTBa WM rocyaapCTBeHHONM cryx6bl npu MpesnaeHTte Poccuiickon
depepaumm, Poccus, Mepmb

AKTYaALHOCTL Pa60TBI OOYCAOBAEHA HEOOXOAVMOCTLIO YMEHDBLIEHUSI PUCKOB TMOEAN WAXTEPOB MPU MOXKape.

Llear pa6oTbr: pa3spaboTka aBTOMATU3MPOBAHHON CUCTEMDBI MOYXKAPOTYLEHWsI AAs1 0becriedeHmst 6e3onacHocTM paboTHUKoB TpeTbero COAMKAMCKOTO Ka-
AMHOTO PYAOYMNPABAEHMS.

MeTOAOAOIMs MCCAEAOBAHMSA: PELIEHVE 3aAA4M AHAAM3A U CMHTE3A KOHEYHOTO ABTOMATA, OMMCAHHOMO AOTUMECKMMY YPABHEHMSIMM PaboThbl AaBTOMATU3M-
POBAHHOM CUCTEMBI MOXKAPOTYIEHMSI; PaspaboTKa MPOrPaMMHOTO OBeCreHeHws AAsl POMBIIAEHHOTO KOHTPOAAepa Omron.

PesyabtaTsl. [POAHAAM3MPOBAHA CTATUCTMKA HECYACTHBIX CAYYAEB HA MPEANPUsTAM «Yparkaamitr. OBLEKTOM MCCAEAOBAHMIA SIBASIAACH YETBEPTAsl WaxTa
Tpetbero COAMKAMCKOTO KaAMMHOTO-PYAHMKOBOTO yripaBAeHusi. CKPY-3 — oaHa u3 Tpex waxt B COAMKAMCKeE, TA€ MOA3EMHLIM CrIOCOBOM Ha rAyOuHe ot
100 a0 500 m BeaeTcst AOObIYA KAAMMHO-MArHMEBLIX COAEM. DbIA BbISIBAEH HECHACTHLIA CAyHal CO CMEPTEALHLIM MCXOAOM, B PE3YALTATE 3AALIMAEHMS U
Mo)Kapa Ha YETBEPTON WAaxTe Ha TAyOuHe 363 M MornbAn 9 YeAOBEK — CTPOUTEAM MOAPSIAHOM OpraHu3aLmm. [TOAPSIA MO CTPOUTEALCTBY CTBOAQ BLIMOAHSIAU
cotpyaHuku DIYIT «Ynpaeaenune crpouteanctsa N2 30» u3 bawkoprocraHa. [Mpu paspaboTtke cucTeMbl MOXKAPOTYIEHNs] MOCTPOEHA (hYHKLIMOHAABLHAS!
cXema yrpaBA€HUsl MPUBOAOM APEHAKHBLIM HACOCOM U MOXKAPHLIM HACOCOM BLICOKOTO AQBAE€HMSI, B KOTOPOM MPEAYCMOTPEHO PYYHOE U aBTOMATU4ecKoe
yrpaBAeHMe Hacocamu. B pacumputeAbHoM 6adke U pacCOAOCOOPHMKE APEHAKHOTO HACOCA PEKOMEHAOBAHO YCTAHOBMUTL AATHMKM HYDKHETO U BEPXHErO
YPOBHsI U Apyroe 06OPYyAOBaHME: AATYMKM YMPABAEHMST HACOCAMM, AATYMK CUTHAAM3ALIMM YPOBHSI C AUCTAHLIMOHHOW MepeAayeii AaHHbIX. PaspabotaHbl
AOTMYECKME YPABHEHUSI M PEAEMHO-KOHTAKTHAsSI CXeMa paboThl 06OPYAOBaHMsl. B KOHCTPYKTOPCKOM YacTy MPEAAOXKEHO UCTIOAL3OBAHME MPOrPaMMHO-
anmnaparHoro o6ecreyeHmsi HA OCHOBE MUKPOKOHTPoArepa Omron. [poBEAEHO MMMTALIMOHHOE MOAEAMPOBAHME CXEMbI PABOTLI HACOCOB.
3akaroueHne. Asi yMEHBLEHWST PUCKOB TMOEAU AIOAEN M MOPYM MMYLIECTBA PAa3paboTaHa MOAEADL YIPABAEHMsI CUCTEMOM MOXKAPOTYIIEHMSI WAXTbI PYAO-
ynpaBAeHusi. PaspaboTaHbl MPUHLMIMAALHASI M PEAEHO-KOHTAKTHAsI CXEMBI YMPABAEHUsl Hacocamu. [TpeArosKeHHOE MPOrpamMmmMHo-annaparHoe obec-
reYyeHre NMOMOXKET MPEAOTBPATUTL BO3SHUKHOBEHME ABAPUMHDLIX CUTYALIMIA M HECYACTHLIX CAYYaeB M obecredmnT noBbiueHne 6e30nacHOCT! paBoTHUKOB
CKPY-3 npu pabore B waxre.

KaroueBble croBa: MOYKAPHAast ABTOMATUKA, PEAETHO-KOHTAKTHAsI CX€Ma, PYAHWK, MUKPOKOHTPOAAED, MPOU3BOACTBEHHDLIV TPABMATU3M.

BEAE€HNE
Ha crposmiemca yeTsBepToM cTBONE pygHMUKa «COMMKAMCK-3» OPEAIpUATHAA «YpanKaauii» IpoU30IITIO 3abIM-
NeHne, a 3ateM noxkap. OT 3a/[bIM/IeHNs, HOBBILICHHON TeMIIePaTyphbl M OTCYTCTBMA KUCIOPOJA IOrMOIN 9 4elloBeK
IIpY IOLTOTOBKE K e TOHMPOBAHNIO CTBOJIA IaXThl. CTBOJ LIAXTHI iaMeTPOM 7 M OblT 06paboTaH MONNypeTaHOM, BO3TOpaHue
IIPOM3OIIO MPENIONIOKIUTEIBHO B pe3y/IbTaTe ICKpOOOpa3oBaHMA IPU CTPOUTEIbHBIX padoTax [1]. B Houb Ha 23 pexabps
2018 r. crracaresnyt OOHAPY>KIIK Tea morubumx. JIBa Tera 6bIIM HallA€HbI HA IIEPBOM YPOBHE, Ha BTOPOM M TPETbEM YPOBHSIX —
elrie ceMb IPOXOAIMKOB-cTpoutereil [2]. C menbro 6€30ImacHOCTH SKCIUTyaTallny LIIaXThl TPeACTaB/IeHa padpaboTaHHas C1CTeMa
yIpaByIeHVsI HACOCaMU /ST TYLIEHNS [ToXKapa C MCIIOIb30BaHMeM pereifHo-KoHTaKTHbIX cxeM (IEC 61131-3).
PesyAnTartbl MCCA€AOBaHMsI
Kaaccndhmkaums cpeacts no>kapoTyLeHust
Pa6ora B pynHMKax CBA3aHa C OONIBIIVIMIU PUCKAMI JIA 3TOPOBbA U KU3HY IIAXTEPOB, OFHVMIU 113 CAMBIX OIIACHBIX (PaKTOPOB
ABJIAIOTCA B3PBIBBI U IOXKaphl [3, 4]. MopenupoBaHuio pasBUTUA Ipoliecca IO)Kapa B IIaXTe MOCBAIIEHbI paboTsl [5, 6]. B
crarbe [7] IpOBeeH HATYPHBII Ta60PATOPHBII KCIIEPUMEHT 110 MOAEIVMPOBAHUIO IIPOL[eCcca PACIIPOCTPAHEHNs IIIAMEHHU OT
HECKOJIbKIX MICTOYHMKOB BO3TOPaHUIL. VI3BeCTHBI pas/IiyHbIe CIIOCOODI TOKAPOTYIIEHN B IIAXTaX, KOTOPbIe KIacCUULUPYIOT
IO BUALY CPEJICTB TYIIEHN, METORY VX IOfjauyl 1 Ha3Ha4eHNI0. Bce crioco6bl ofipasyieNAioT Ha TOBEPXHOCTHOE TYIeHNe (Iofjada
CPeACTB TYLIEHNs HEIOCPEACTBEHHO B OYar IoXkapa) 1 o0beMHOe TylIeHte (co3faHye B 0071acTy OXKapa ra3oBOJl Cpefibl, He
HOfiiep>KMBaloliell ropeHne). IloBepXHOCTHOe TylIeHMe MPUMEHSAIOT IOYTY IIpK BceX Bupax moxkapa. s ero peamisanuu
HeOOXOIMMBI CPEfCTBA, KOTOPbIMI MOXXHO IOJAaBaTh OTHETYLIAIE MAaTePUaIbl B OYar IOXKapa Ha PACCTOSHUM (KUAKOCTH,
neHsl, mopoiuku). O6beMHOe TyIlleHne IPUMEHseTCsl B OTPaHNYeHHOM o0beMe (B IIOMEIeHNsX, oTcekax) [8, 9]. Paspaborke
TEXHOJIOTMII a3PO30JIBHOTO IOXKAPOTYIIeHNs MocBsleHa pabora [10]. Topsias ropHas BbIpabOTKA YCIOBHO pasfenseTcst
Ha yJacTOK BBITOPEBIIEll KPeIy, 30Hy ropeHns (COCTOSANIYI0 U3 y4acTKa 0ecI/IaMEHHOTO TOPEHMA M YYacTKa MHTEHCUBHOTO
IUIAMEHHOTO TOPEHYsI) 1 30HBI TEPMUYECKOII OTOTOBKI APeBEeCUHBL I MOACYIIKY fpeBecuHbl [11]. PaspaboTka crioco6os u
CpencTB 0OHApY)KeHMsA Hada/IbHOIL CTAaMV IIOfI3eMHBIX II0>KapOB OICaHa B gucceprauyu [12]. [ oleHKy pycKa IIOC/IefCTBIIA
[O’Kapa U AVHAMUKIL €T0 PAa3BUTIS B PyLHMKAX paspaboTaHBI ClennaabHble IporpamMmsl, Hanpumep Fire Dynamics Simulator
(FDS) [13].
AHaAM3 HECHYACTHOTO CAyYasl BO3ropaHusi B PyAHMKE M OCOBEHHOCTM NoXKapoTylleHus B waxtax COAMKaMCKOro KaAmii-
HO-PYAHVKOBOTO YMNPAaBAEHMsI
22 pexabps 2018 1. oko1o 12 4yacoB MPOM3OLIIO BO3ropaHie Ha cTposiieMcs ctBoe pygHuka CKPY-3. B MoMeHT BO3HMK-
HOBeHNA NIOXKapa paboyre HaXONWINCh Ha OTMeTKe 363 M, Ifie BBIIIONHAIN PAOOThI 10 0@ TOHMPOBAHMIO CTPOSIEIOCA CTBOJIA.
B crBoe maxtor 8 CKPY mpu nmoxape Ha rny6use 343 M temmeparypa gocrurana 70 °C, 9To Melajio IPOBOAUTD ClIACaTeIbHbIe
pabotel [2]. Vcronp3oBaHme ra30BbIX, IOPOIIKOBBIX 11 @9PO30/IbHBIX COBPEMEHHBIX CPECTB OKAPOTYIIEHNS B PY/JHUKAX OI-
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PucyHok 1. ®PyHKUMOHanNbLHaA cxeMa aBToMaTusauuu noxapotywenus. LIS (102a, 202a) — gatumnkv nameperusi yposHsi; LAS (1026, 2026) —
OaTynkn curHanmaaumm yposHsi; NS — gatumku ynpasneHust Hacocamu; H — pydHoe ynpaenenue; LT (101a, 201a) — gatyumku curHanusaumm ypoBHS C
OVCTaHLUMOHHOM nepefayen faHHblx; LIC (1016, 2016) — M-perynsaTop; LIR — peructpatop; G — MeMOpaHHbIi UCMOMHUTENBHBIV MEXaHU3M.
Figure 1. Functional flow diagram of fire-fighting automatic control. LIS (102a, 202a) — level gauges; LAS (102b, 202b) — level signaling
sensors; NS —pump control sensors; H — manual control; LT (101a, 201a) — level signaling sensors with remote data transmission; LIC (101b,
201b) — P-regulator; LIR — recorder; G — membrane actuating mechanism.

Ta6nuua 1. Jlornyeckue aneMeHTbl AJisi ONUCaHUA PaboTbl CUCTEMbI NOXKAPOTYLUEHUSA.
Table 1. Logic components to describe the operation of the fire-fighting system.

Apgpec buta B O3Y MaHenb

CurHan* O6o3HaveHne MosicHeHne
KOHTponnepa oneparopa
W4 4.00 Avt 4.00 ABTOMaTM4eCKoe/py4HOE ynpaBneHne
W5 5.00 Fire button (FB) 5.00 M3BeluaTens NoxapHbIA py4yHOU
X0 CI0 0.00 Smoke detector (SD) - [MoxapHbIn n3BeLlaTens
X1 CIO 0.01 Bottom Fire (BF) [aTymk HKHEro YpOBHS BOAbI B pacLLuMpuTenibHOM H6avke
- noxapHoro Hacoca
X2 CIO 0.02 Button Stop (BS) CIO 0.02 BbikntoyeHne noxapHoro Hacoca
X3 Cl0O 0.03 Top Fire (TF) - [laTymk BepXHero ypoBHs1 BOAbl B pacLuMputensHoM badke
noXxapHoro Hacoca
Y1 CIO 100.00 Fire-pump (FP) CIO 100.00 MoxapHbIn Hacoc
X5 CIO 0.05 Bottom Drine (BD) [laTymK HKHEro YPOBHS BOAbI B pacLUMPUTENbHOM bavke
- OpeHaxHoro Hacoca
X6 CIO 0.06 Top Drine (TD) - [laTymk BepxHero ypoBHs BOAbI B pacLuMputensHoM 6ayke
OpeHaxHoro Hacoca
Y2 CIlO 100.02 Drainage pump (DP) CIlO 100.02 [peHaxHbIA Hacoc

*Bxoa — X, Bbixog — Y.

PaHNYEHO B CBA3M C IPE/ICTABIEHNEM YTPO3BI I 3J0POBbSA U XKU3HM IIaxTepoB. [IpenMylecTBOM mmpepraraeMoi cXeMbl 10-
JKapOTYIIEHNs SIB/ISIETCS BOSMOXKHOCTD MCIIO/Ib30BAHNS TaKoKe (PUIBTPALMOHHBIX BOJ M PACCO/Ia [/IsI TYIIEeHMs IIoXapa, 06pa-
sytonuxcsa B COMMKaMCKUX KaaUIHBIX-PYAHMKAX. B KauecTBe ApeHaXKHBIX IMO>KAPHBIX HACOCOB MOYKHO JCIIONIb30BaTh HACOCHI
ITHKC 300-300, npumensaemble Ha CKPY u npegHasHadeHHbIe [/Is1 OTKAUMBaHUs KUC/IOTHBIX BOJ, C BOJOPOZIHBIM IIOKa3aTeneM
pH = 3,5...8,5, remneparypoii ot 1 go 45 °C, cofepkaHreM MeXaHU4eCKIX IpyuMeceit He 6oee 0,2 Mac. %, pa3MepoM TBEpPbIX
vacTuiy He 6oree 0,2 MM, MUKPOTBEePHOCTbIO He 6oree 1,47 ['Tla Ha BogooTnnBe YTONIbHBIX IIAXT [14].

PazpaboTka pyHKLUMOHAALHOM CXEMbI ABTOMATU3ALIMK MOXKAPOTYILIEHMS]

I/ ycTpaHeHus PUCKOB HECYACTHBIX C/Iy4aeB, CBSA3aHHBIX C TMOENbIO JTIOfel Ipy MoXkape B IIaxTe, paspaboTaHa aBTO-
MaTudeckas CUcTeMa IokaporyuieHys. OyHKIMOHa/IbHAA cXeMa aBTOMATHU3alny IpefcTaBaeHa Ha puc. 1. IIpuanum paboTs
3aK/II0YAeTCsI B CIEAYIOLIEM: II0XKAPHBIIT HACOC CPAbATBIBAET OT JATUMKA OOHAPYIKEHIIS [T0KAPA, TPEHAXKHBII HACOC 3aKaINBaAeT
BOJY 13 APEHAKHOTO MIPUAMKA B 6a4OK-PaCIIPUTE/b TOXKAPHOTO HAcOoca. B peHa)KHOM IpMsMKe U pacliMpUTENbHOM 6auke

116 Cepepa T. I. Pa3paboTka aBTOMATU3MPOBAHHOM CUCTEMbI MOXAPOTYLIEHWs WaxTbl TpeTbero COMMKAMCKOro KaniuiHoro-
pyaHvKoBoro ynpasnenus // Ussectua YITY. 2019. Boin. 2(54). C. 115-120. DOI 10.21440/2307-2091-2019-2-115-120
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PucyHok 2. Ipad cocTosiHMi U nepexodoB ynpaBreHus noxap- PucyHok 3. pad cocTosiHMiA U NepexofoB ynpaBneHus ApeHax-
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Figure 2. State graph and transition diagram of fire pump control.  Figure 3. State graph and transition diagram of drainline pump control.
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PucyHok 4. PeneiiHO-KOHTaKTHasi cxema ynpaBrieHUs1 yCTaHOBKOW MOXapoTYLUeHUS.
Figure 4. Relay contact circuit for control of the fire-extinguishing system.

MMEIOTCA JATYMKIU HUDKHETO U BEPXHETro YPOBHel BOAbI. B KadecTBe JOIONMHUTENbHBIX Pe3epByapoB MOXKHO UCIIONIb30BATh pac-
conocbopumkm [14]. [IpeHaXkHbIIT HACOC KO/DKEH OTKIIOYATHCS, €C/TM BOABL B PEHAXHOM IIPUSIMKe HeT MIU PaclIMpUTETbHbII
6a40K IOTHOCTDIO 3amoIHeH. [10yKapHbIT HACOC JO/DKEH OTKIII0YATbCs, eC/IM B PaclIMpUTEeNbHOM 6adke Boabl HeT. ITpenycmo-
TPEHO py4YHOE ¥ aBTOMAaTHYeCKOe yIIpaBlIeHNe YCTAHOBKON MOXXapOoTyIleHus. /11 perymmpoBaHns pacxofia BOAbI MPefyCcMO-
Tpe II-perymarop ¢ MeMOpaHHBIM MCIIOTTHUTEIBHBIM MEXaHII3MOM.

PazpaboTKa peAeiiHO-KOHTAKTHOM CXEMbI

B xauecTBe IpOrpaMMHO-aINapaTHOro obecreyeHus ObUT BbIOpaH KOHTpoaep Omron, MMEIOLIT XOpoliye TeXHUKO-
9KOHOMMYECKIe XapaKTepucTuki [15, 16]. Vcnonp3oBaHye JaHHOTO KOHTPO/IEPA B IIPOMBIIIIEHHOI 6€30I1aCHOCTH [TOKa3ajI0
VIOB/IETBOPUTE/IbHbIE Pe3y/IbTaThl. [I/Is1 omucanms paboThl yCTAHOBKM IIOKAPOTYIIEHNsI ObUIN BBEIEHBI HEOOXO/MIMbIE JTOrMYe-
cKite ameMeHTHI (Tab. 1). B mpemaraemoit cxeme ObII0 IPEAYCMOTPEHO PYYHOE 1 aBTOMATIYeCKOe YIIPaB/IeHle YCTaHOBKOII IO~
xkaporyurenys W4. [l py4HOro No>XapHOro M3BelaTe/Ls IpefHa3HadeHa KHOIKa W5, paciypuTeibHble 6auKyl [PeHaXKHOTO 1
MO>KapHOTO HACOCOB MMEIOT JJaATYMKM HVKHETO X5, X2 1 BepXHero ypoBHeii X6, X3.

Anroput™ paboThl HACOCOB CIEAYIOLNIT: OXKAPHBIT HACOC Y1 BK/IIOYAeTCsI OT JaTuMKa OOHapy>KeHus moxkapa X0 i ot
py4Horo moxxapsoro usseutarens W5. [ paboTsI HOXXapHOTO Hacoca HeoOXOAMMO Hatde BOABI B moxkapHoM 6auke X1. ITo-
JKapHBII HACOC OTK/II0YaeTCA OT KHOIKIU PYYHOTO YIpaBieHNA X2 UM OT JaTYMKa HYDKHETO YPOBHA BOJbI B PACIIMPUTETHbHOM
6auke nmoxxapHoro Hacoca X1. [IpeHaxHblil Hacoc Y2 3akauuBaeT BOAy (paccoi) U3 APeHaKHOTo NPMUAMKa B OauKu-pacIIupu-
TeN IPEHAKHOTO U MOXKapPHOTO HACOCOB [0 MX HamomHeHus X6, X3; 1 paboThl JpeHa)XHOro Hacoca HeOOXOAMMO Hajmde
BOfBI (paccorna).

Ipadel cOCTOAHMIT U IIEPEXOROB YIIPaBIECHNS IIOXKAaPHBIM Y1 1 IpeHa)kHbIM Y2 HacocaMy IOKa3aHbl Ha puc. 2, 3.

Jlormyeckue (yHKIVM, COOTBETCTBYIoIMe IpadhaM COCTOSHUIL M IePeXONOB YIpPaB/IeHNA IOKapHBIM Y1 M ipeHa>KHBIM
HacocaMM Y2, IpeJCTaB/IeHbl B C/IEAYIOIMX 3aBYCUMOCTAX:

Y1=(W4-X0vﬁ-wva1)-X1-ﬁYz:X5~(X6vY2)~X3.

PaspaboTaHHas peeiiHO-KOHTAKTHAs CXeMa yIIpaB/IeHsI yCTAHOBKOIT II0XKapOTYILIeHNsI TOKa3aHa Ha pic. 4.

OmnucaHne pabOTHI CXeMBI yIIPaBJIeHNsI HACOCAMU IPYUBEEHO B TaOL. 2.

BHepeHue HaHHOJ aBTOMATM3MPOBAHHOM CUCTEMBI IIOXKapOTYLIeHNs OyaeT Clioco6CTBOBAaTh 6€30IIaCHOCTY 1 yMeHbIlle-
HIIO TIOZOOHDBIX HECYACTHBIX C/IyYaeB B IIAXTe.
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Ta6nuua 2. OnucaHue paboTbl CxeMbl yNpaBreHUs HacocamMu.
Table 2. Description of the pump control circuit.
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3akAloueHue

PaccmoTtpeHa curyanys BosropaHus pygHuKa Tperbero CommKkaMcKOro KaauitHOTO PyAOYIIPaB/IeHN IPeANpUATIS «Ypai-
Ka/luii», B pe3y/ibTare 4ero Horu6mu 9 ropHsAKOB-IPOXOAINKOB. [/l yMeHbIIEHNsT PUCKOB b€/ I0felt U MOPYM MMYIeCTBa
IpeAnpuATHs pa3paboTaHa MOME/b YIIPABIEHNUS CUCTEMOI ToXKapoTyLIeHus 1axTbl COMMKaMcKoro pyfoympasienns. Paspa-
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60TaHbI IPYHININANbHAS U PeeifHO-KOHTAKTHAs CXeMbl YIIPaB/IeHUs HacocaMu. IIpeiokeHHOe IPOrpaMMHO-aINIapaTHOE
obecrieyeHe MOMOXET ITPEOTBPATUTh BOSHUKHOBEHE aBAPUITHBIX CUTYAI[UIT M HECYACTHBIX C/Ty4aeB M 06eCIeynT MOBBIIIe-
Hte 6e3omacHocTy paboTHMKOB CKPY-3 npu pabore B maxre.
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Development of an automated fire-fighting system for the mine of the
Third Solikamsk potash-mine administration

Tat’'yana Gennad’evna SEREDA’

Perm State Agro-Technological University named after Academician D. N. Pryanishnikov, Perm, Russia
Perm filial of the Russian Presidential Academy of National Economy and Public Administration, Perm, Russia

The relevance of the work is due to the need to reduce the risk of mortality of miners in case of fire.

The purpose of the work: development of an automation fire-fighting system to ensure the safety of employees of the Third Solikamsk potash-mine
administration.

Methodology of the research: solving the problem of analyzing and synthesizing the finite-state automation described by the logical equations of
the automated fire-fighting system; software development for the Omron industrial controller.

Results. The information about accidents at the Uralkali was analyzed. The object of research was the fourth mine of the Third Solikamsk potash-
mine administration. SKRU-3 is one of the three mines in Solikamsk, where the extraction of potassium and magnesium salts is carried out by an
underground mining method at a depth of 100 to 500 m. A fatal accident was identified. As a result of smoke generation and fire 9 people died,
the builders of the contracting organization, at the fourth mine at a depth of 363 m. The main contract work of the main shaft was performed by
employees of the Construction Management No. 30 Federal State Unitary Enterprise from Bashkortostan. When developing a fire-fighting system, a
functional scheme for motor control by a drainline pump and a high-pressure fire pump was built, which provides for manual and automatic control
of the pumps. It is recommended to install low and high-level sensors and other equipment in the expansion tank and the desalination tank of the
drainage pump: pump control sensors, level signaling sensor with remote data transmission. The logical equations and relay contact circuit of the
equipment were developed. It is offered the use of software and hardware based on the Omron microcontroller in the engineering section. The
simulation modeling of pumps was carried out.

Conclusion. To reduce the risk of mortality and damage to property, a model has been developed for managing the fire-fighting system of the mine
management. The principle and relay-contact pump control circuit have been developed. The proposed hardware and software will help prevent
alarm conditions and accidents and will increase the safety of the SKRU-3 employees when working in the mine.

Keywords: automatic fire-fighting equipment, relay-contact circuit, mine, microcontroller, occurrence rate of industrial injuries.
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Determination of the discount rate for the conditions of enterprises of
the mineral resources sector: argumentative issues

Vladimir Nikolaevich PODKORYTOV ",
Ludmila AnatoI’evha MOCHALOVA™

Ural State Mining University, Ekaterinburg, Russia

The relevance of this study is the need to improve the accuracy of calculations of indicators characterizing the value of companies and the effective-
ness of investments in various projects. The discount rate should accurately reflect market trends. The correctly calculated discount rate should play
a special role in assessing the market capitalization of enterprises of the mineral resources sector; securities of the largest companies are the most
popular among investors.

The aim of the work is a comparative analysis of definitions and methods for calculating the discount rate to identify its basic characteristics that
contribute to obtaining an objective value.

Results of work and their application. The authors analyzed various definitions of the discount rate and made the following conclusions. The dis-
count rate should be understood as the minimum rate of return which a typical investor can expect while investing his own money in an asset that
generates income at the current time (and/or assumes its receipt in the future). At the same time, it is necessary to have alternative (comparable) in-
vestment options on the market. Thus, the discount rate is not a return on the asset being valued, but an alternative return. The core statements of the
specified definition of the discount rate are as follows: “Minimum rate of return”, “alternative investment options”, “alternative yield”. When taking
into account the most significant aspects of this definition, the authors of this paper analyzed the existing methods of its calculation, which are most
often used in the framework of the valuation and investment analysis of enterprises of the mineral resources sector. The Capital Assets Assessment
Model (CAPM) was highlighted among other models, which most closely matches the specified definition of the discount rate. The model is based,
firstly, not on subjectivism when calculating risk premiums, but on statistically confirmed market data; secondly, it takes into account the average
market yield, providing for alternative options for capital investment and, accordingly, alternative yield; thirdly, it implies a minimal, reasonable yield
barrier for potential investors. In addition, this model applies the coefficient , which takes into account non-systemic risks of a particular field of ac-
tivity, allows to consider the peculiarities and specific risks of enterprises of the mineral resources sector.

Conclusion. Theory-based definitions of the discount rate (confirmed by statistical data) will allow building viable financial models of companies,
which in turn will contribute to increasing the objectivity of investment analysis and valuation.

Keywords: discount rate, enterprise of the mineral resources sector, cumulative building model, capital asset pricing model, investment analysis,
company valuation.

ntroduction
Currently, the mineral industry plays an extremely important role in the Russian economy. Eight blue-chip compa-
nies on the Russian stock market out of fifteen are enterprises of the mineral resources sector. In addition to these eight,
there are many other enterprises (the largest ones) that develop mineral deposits. Their activity is associated with a large number
of risks, especially if the deposits are located in hard-to-reach places. Hence there is the uncertainty of the value of money flows
received from the enterprise’s activities and the need to increase the objectivity and accuracy of the calculation of indicators char-
acterizing the efficiency of investments in projects for the development of new mineral deposits and securities of enterprises of
the mineral resources sector.

The determination of the discount rate is an integral part of the calculation within the framework of the evaluation of invest-
ment projects, as well as the valuation of enterprises of the mineral resources sector. It is necessary to note the correctness of its
calculations as an important issue. As we know, any method of calculation should be based on the theoretical basis of the indicator
being defined. Otherwise, any calculations will not make economic sense, giving distorted results. This situation also applies to the
discount rate that is widely used in financial calculations.

The aim of the work is a comparative analysis of definitions and methods for calculating the discount rate to identify its basic
characteristics that contribute to obtaining an objective value.

Results of the work and their application. Conceivably, there are a number of definitions of the concept of “discount rate”.
At the same time, it can be stated that many formulations reflect only the mathematical essence of the indicator under consider-
ation, which means that they are only of secondary importance. However, there are definitions of the discount rate that convey
its economic content.

For example, I. M. Kamnev and A. Yu. Zhulin gave several formulations at once [1]:

— “the discount rate is the interest rate used to recalculate future money flows into a single present value”;

—“the discount rate is a tool that is used to transfer the expected money flows generated by the asset into the present value
of this asset”;
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—“the discount rate is the rate of return on invested capital required by investors in investment objects of comparable risk
level or it is the required rate of return on existing investment alternatives with a comparable risk level at the date of valuation;
the discount rate should include the minimum guaranteed level of profitability not dependent on the directions of investments,
correction for inflation rates and the degree of risk of a specific investment (the risk of this type of investment, the risk of inad-
equate investment management, the risk of loss of liquidity of this investment, etc.)”. Thus, in the first and second options, the
discount rate is considered from the standpoint of mathematical calculations. The third option reflects the economic essence of
the concept and includes the important phrase “the required rate of return on the available alternative investment options with
a comparable level of risk at the date of valuation” Thus, the authors of this paper do not consider the discount rate as a return
on the asset being valued (or a business), but as some kind of alternative yield in the presence of comparable investment options
on the market. According to this, it can be assumed that any asset will be useful to an investor if his profitability exceeds certain
alternative profitability or at least equals to it. Otherwise, a wise investor will leave the project in favor of alternatives available on
the market. The phrase “comparable risk level” used by the authors means a high level of investment requirements for invested
capital leading to an overestimation of the calculated values of the discount rate.

Yu. V. Kozyr in his monograph [2] gives the following definitions:

— “the discount rate is a tool that allows you to compare different money flows and bring them to their present value”;

- “the discount rate is the cost of raising equity capital, that is, the return on investment in equity capital desired by share-
holders, taking into account the possibilities of the market and expectations for its change.”

The first version of the definition contains only the mathematical essence of the discount rate. The second version implies the
phrase “shareholders’ desired return on equity investments” that reflects the economic essence of the concept. However, it causes
uncertainty due to the lack of substantiation of the degree (or barrier) of profitability, which is necessary to enter the project for a
would-be shareholder. This is important because the desires or motives of different investors (average investor, cautious investor,
and risky investor) are different.

Yu. V. Efimova in her article [3] considers the economic content of the discount rate and defines it as the “rate of return on in-
vested capital required by the investor”. However, it does not specify which rate of return and which investor is required. Further,
there is a phrase “the discount rate should reflect the following economic parameters: minimum guaranteed rate of return, inde-
pendent of the type of investment, inflation rate and risk (risk ratio)”. It can be concluded that the discount rate should include
risk-free return, inflation rate, and risk premium. The authors would like to note that the risk-free return, as a rule, is nominal that
is, it indirectly includes inflation. Therefore, a separate assessment of inflation seems superfluous.

O. V. Malinovskaya, E. A. Sapko and A. V. Borovkina in their work [4] define the discount rate as “a specific economic stan-
dard that reflects the growth rate of the relative value of money when it is received earlier (or later spent)”. We consider it is incor-
rect since it does not imply the presence of an investor, alternatives, income standards and etc. They note that the discount rate
is an “exogenously defined key economic standard used in assessing the profitability of a specific investment project” (equating it
to the inflation rate).

A number of scientists, for example, A. N. Titov, R. E. Taziev, E. P. Fadeeva in their work [5] consider the discount rate as “the
comparison rate, the discount percentage rate, the opportunity cost, or the required rate of return”. Their phrase “the discount rate
reflects the alternative cost of capital, so it depends on the company’s capital investment opportunities” needs to be clarified, since
questions arise about the manner in which this dependence manifests itself and what it is about.

The most correct definition of the discount rate from all those reviewed was presented by a well-known expert in the field
of valuation activity S. V. Gribovsky, the author of [6]: “The discount rate is the minimum rate of return that an investor expects
when investing money in the purchase of a profitable asset” The “minimum rate of return” indicates a barrier of the rate of return,
and does not imply excessive demands, and therefore, high calculated values of the discount rate. In addition, profit seems to be
more significant for an investor than gross income, therefore the “rate of return” more accurately reflects his intentions compared
to the “rate of return”. The definition under consideration also implies the existence of alternatives on the market. Similar charac-
teristics of the discount rate are contained in the articles of foreign scientists and experts [7-9].

According to the authors of this paper, the discount rate should be understood as the minimum rate of return which a typi-
cal investor can expect while investing his own money in an asset that generates income at the current time (and/or assumes its
receipt in the future). At the same time, it is necessary to have alternative (comparable) investment options on the market. Thus,
the discount rate is not a return on the asset being valued, but an alternative return (!).

The core statements of the specified definition of the discount rate are as follows:

- “minimum rate of return”;

— “alternative investment choice”;

- “competing earning power”.

When taking into account the most significant aspects of this definition, the authors of this paper analyzed the existing meth-
ods of its calculation, which are most often used in the framework of the valuation and investment analysis of enterprises of the
mineral resources sector.

I. V. Filimonova, L. V. Eder, A. A. Babikov [10] described in detail the model of the cumulative building of the discount rate
expressed in the formula

rET T

where 7 is the discount rate, %; r - risk free rate, %; r, — cumulative risk premium, %.
When determining the cumulative risk premium, the following factors are taken into account: company size, financial struc-
ture, diversification of customers, profitability of the enterprise and the predictability of its income, quality of management, and

other risks.
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The authors of this paper propose to use the generally accepted boundaries of risk premium ranges used in this model (0-3%,
0-4%, 0-5%) and directly calculate risk premiums for oil and gas companies by ranking based on financial information for a
number of companies in the sector. In this case, in their opinion, the largest companies should accrue the smallest values and
vice versa. If we consider this model from the point of view of the theory, then, in this case, the types of risks do not take into
account either alternative returns, or alternative investments, or the minimum rate of return. Calculations are carried out on the
basis of the data of the estimated company, i.e. the discount rate is close to (or equal to) the return on equity, which contradicts
its very definition. So, the analysis of the compliance of the presented model of the cumulative building of the discount rate to its
previously selected key characteristics showed that it does not correspond to any of them: the minimum rate of return, alternative
investment options, alternative yield are not available.

V. 1. Nazarov in his work [11] also considers the model of the cumulative building of the discount rate. He proposes to add to
the base rate, which reflects “the usual industry-accepted rate of return on invested capital” (10%), the “risk rate of capital char-
acteristic of mining industries” Geographical, economic and geological risks are considered as additional risks when charging
premiums for which the following factors should be taken into account:

- infrastructure of the location of the mineral deposit (geographical and economic risk);

— categories of reserves (geological risk).

The range of premiums for risks offered by the author based on expert estimation. Thus, the geographic and economic risk
premium is recommended from 0 to 8%, the geological risk premium is from 0 to 7%. Once again, the model under consideration
does not correspond to the selected key aspects of determining the discount rate. In addition, risk premiums, based only on expert
estimation, make the discount rate too high and hardly grounded (up to 25%).

O. V. Eremenko in the work [12] specifies the main factors affecting the range of discount rates, including: the level of depen-
dence on suppliers and consumers; the level of innovation risk; capital structure; market returns; calculation method; financial
state; type and form of innovative technology; scope and duration of the project; the degree of depreciation of fixed assets; type
of cash flow, the purpose of innovation. It is clear from the list of factors that the range of the discount rate depends on various
indicators (financial, production, technology) of a particular enterprise or investment project for which it is calculated. Similar to
previous models, it is not supposed to take into account alternative returns. In addition, it indicates such a subjective factor as the
method of calculation. We can conclude that it is possible to calculate completely different discount rates for the same situation
by changing the calculation method (thus managing investment calculations).

Ukal Sari [13], S. A. Fokina [14] describe in their works the most well-known models for determining the discount rate: the
cumulative building model and the capital asset pricing model (CAPM). O. V. Eremenko in the mentioned article characterizes
many other models, including:

- modified capital asset pricing model (MCARM);

- model by E. Fama and K. French;

— M. Carhart four-factor model;

- Gordon growth model;

- models for calculation of a rate based on return on assets, net profitability of equity;

- market multiplier model;

- expert estimation model;

-methodology of the Government of the Russian Federation No. 1470, etc.

At the same time, the range of risk premiums calculated in different ways ranges from 1.8 to 61%. It can be assumed that the
overwhelming number of investment projects will fall into the number of ineffective ones with such overvalued discount rates
(50% or more).

For projects of development of hydrocarbon deposits, the author of the article [12] justifies the model of cumulative building
(as the most acceptable way to calculate the discount rate) taking into account the following types of risks: financial and economic,
technological and geological ones. Unfortunately, in terms of geological risks, the range of changes in premiums (3.75-7.54%)
is not supported by any calculated evidence-based materials. It should be noted that, in general, the presented risk-based model
does not meet the previously highlighted criteria of the definition of the discount rate: the minimum rate of return, alternative
investment options, alternative yield.

The works [15, 16] reveal the problems of risk analysis in the oil and gas sector of the mineral resources sector with regard
to exceeding the terms of investment projects and their appreciation under the influence of various factors. The main attention is
paid to the methods of expert risk estimation; the topic of estimating the discount rate is not affected. It can be assumed that the
influence of risks on an investment project, in the opinion of the authors of the works, consists of the forecasting of its future cash
flows. The authors encompass a risk-based problem when evaluating investments in the oil and gas sector of the Russian economy.

The following conclusions can be drawn from the analysis of the above scientific works:

— when calculating the discount rate for investment projects and business valuation within the mineral sector, the model of
cumulative building is mainly considered;

- the cumulative building model takes into account the risks of a particular project or business and is slightly linked to such
basic characteristics of the discount rate as the minimum rate of return, alternative investment options, alternative yield;

- risk estimation of an investment project can be carried out through the calculation of the discount rate (the accrual of the
corresponding risk premiums), as well as by direct accounting for forecasting of cash flows.

According to the authors of this paper, the most appropriate way of calculating the discount rate is the Capital Asset Pricing
Model (CARM) developed by W. Sharp:

i=R+B (R, -R),
where R is the risk-free rate of return; {8 is the degree of market risk reflecting the sensitivity of changes in the value of assets
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depending on market profitability; (R - R) is the premium for the risk of investing in stocks, equal to the difference in the rates
of market return and risk-free rate.

The presented model most closely matches the previously defined definition of the discount rate, since it is based, firstly, not
on subjectivism when calculating risk premiums, but on statistically confirmed market data; secondly, it takes into account the
average market yield, providing for alternative options for capital investment and, accordingly, alternative yield; thirdly, it implies
a minimal, reasonable yield barrier for potential investors. In addition, this model applies the coefficient B, which takes into ac-
count non-systemic risks of a particular field of activity, allows to consider the peculiarities and specific risks of enterprises of the
mineral resources sector. Additional risks of non-receipt of income should be considered directly while forecasting of cash flows.

Conclusion

Thus, the determination of the discount rate is an important stage of work carried out when building models of cash flow in
the framework of the valuation of enterprises of the mineral resources sector and analysis of the effectiveness of investments in the
development of mineral deposits. The discount rate should be understood as the minimum rate of return which a typical investor
can expect while investing his own money in an asset that generates income at the current time (and/or assumes its receipt in the
future). At the same time, it is necessary to have alternative (comparable) investment options on the market. The most appropriate
way to calculate the discount rate is the capital asset pricing model, which involves gathering objective market data. Theory-based
definitions of the discount rate (confirmed by statistical data) will allow building viable financial models of companies, which in
turn will contribute to increasing the objectivity of investment analysis and valuation.
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OnpeaereHne CTaBKU AUCKOHTUPOBAHMST AASI YCAOBUIA TPEATNTPUSITUN
MWHEPAALHO-CLIPLEBOTO KOMIMAEKCA: AUCKYCCUMOHHDIE BOMPOCDI

Bnagumup Hukonaesuu MOOKOPbLITOB',
Mrogmuna AHatonbeBHa MOYAJIOBA™

Ypanbckuii rocy4apCTBEHHBIN FOpHbIV YHUBEPCUTET, Poccusi, ExkatepuHbypr

AKTYaALHOCTb AAHHOTO MCCAEAOBAHMS 3AKAIOHAETCSI B HEOOXOAMMOCTY TMOBBILIEHMS] TOYHOCTM PACHETOB MOKA3ATEAEN, XaPAKTEPU3YIOWMX CTOMMOCTb
KOMIaHMit U 3¢pHEKTUBHOCTL MHBECTULIMOHHDLIX BAOKEHMI1 B PasAMYHbIe MPoeKTbl. CTaBKa AMCKOHTMPOBAHMSI AOAKHA TOYHO OTPaKaTh PLIHOYHLIE TEHAEH-
umn. Ocobyio POAb KOPPEKTHO PACCHUTAHHAS CTABKA AVICKOHTUPOBAHMST AOAXKHA UrPATh MPY OLIEHKE PLIHOYHOM KAMUTAAM3ALIMM MPEATPUSITUI MUHEPAAD-
HO-CLIPLEBOTO KOMIMAEKCA, LIEHHbIE ByMaryt KpyMHEMIWmMX M3 KOTOPLIX SIBASIIOTCSI HaMBoAee BOCTPEOOBAHHLIMU CPEAV MHBECTOPOB.

LleAbto pa6oTnI SIBASIETCS CPABHUTEALHDIV AHAAM3 OMPEAEAEHMI 1 CMOCOBOB pacyeTa CTaBKM AVICKOHTMPOBAHMST AAs BLISIBAEHMsI €€ Ga30BLIX XapaKkTepu-
CTUK, CMOCOBCTBYIOWMX MOAYHEHMIO OOLEKTUBHOM BEAUUMHDI.

Pe3yabTaTpl pa6oTnhl M MX NpMMeHeHme. ABTOPAMM CTaTby MPOAHAAMBUPOBAHDLI PASAMYHLIE OMPEAEAEHMSI CTABKM AVCKOHTMPOBAHMSI M CAEAAHDI CAe-
Aytoume BbIBOAbI. CTaBKy AMCKOHTMPOBAHMSI CAEAYET MOHMMAThL KaK MMHMMAALHYIO HOPMY MPUOLIAM, HA KOTOPYIO PACCUMUTLIBAET CPEAHMI MHBECTOP C
TUMUYHOM MOTUBALIMEN HA PLIHKE, MHBECTMPYSI COOCTBEHHDIV KAMUTAA B MOKYTKY aKTUBA, MPUHOCSIILErO AOXOA B TEKYILEE BPEMSI M/VAM MPEAMNOAArAIOLErO
€ro roAyyeHvie B 6yayuem. [1py 5ToMm HEOOXOAMMO HAAMUME Ha PLIHKE AALTEPHATUBHDLIX (COMOCTABUMBIX) BAPUAHTOB MHBECTULIMIA. Takum 06pasom, CraBka
AVICKOHTMPOBAHMSI MPEACTABASIET COOOM HE AOXOAHOCTbL OLIEHMBAEMOTO AKTHBA, & AALTEPHATHBHYIO AOXOAHOCTL. KAIOUEBLIMM (hpasamm yTOUHEHHOTO orpe-
AEAEHMsI CTaBKM AVCKOHTUPOBAHMSI SIBASIIOTCSI CAEAYIOLIME: «MMHUMAALHASI HOPMA MPUOLIAWY, «QALTEPHATMBHLIE BAPUAHTLI MHBECTULIMIY, «QALTEPHATUBHASI
AOXOAHOCTL». [1pU yyeTe HamboAee CylecTBEHHBIX ACMEKTOB YKA3aHHOW (DOPMYAMPOBKM ABTOPAMM CTaTbu OLIA MPOBEAEH aHAAM3 CyLIECTBYIOWMX CrO-
co6OB ee pacyeta, HaMbBOAEEe HYaCTO UCTIOAL3YEMDIX B PAMKAX CTOMMOCTHOM OLIEHKM U MHBECTMLIMOHHOTO aHAAM3a MPEANPUSITUI MUHEPAALHO-CLIPLEBOTO
Komnaekca. Cpeay MHOMMX APYr1X GbIAQ BLIAEAEHA MOAEAL OLIEHKM KArUTaALHLIX akTMBOB (CAPM), KoTopast HaMBGoAee TOYHO COOTBETCTBYET YTOUHEHHOMY
OMPEAEGAEHMIO CTABKM AUCKOHTMPOBaHMs. MOA€AL OCHOBLIBAETCSI, BO-TIEPBLIX, HE HA CYyOLEKTUBM3ME MPU HAYMCAEHUM MPEMUIT 3a PUCK, & Ha CTaTUCTUYE-
CKM MOATBEPYKAEHHDIX PLIHOYHBIX AAHHbIX; BO-BTOPLIX, YHUTLIBAET CPEAHEPLIHOYHYIO AOXOAHOCTD, MPEAYCMATPUBAST AALTEPHATUBHbLIE BAPUAHTLI BAOYKEHMSI
KarmTaAa 1, COOTBETCTBEHHO, AALTEPHATUBHYIO AOXOAHOCTD; B-TPETLUX, MPEANOAATAE€T MUHUMAALHLIM, OOOCHOBAHHLIE Gapbep AOXOAHOCTM AASI MOTEH-
LMaAbHLIX MHBECTOPOB. Kpome Toro, AaHHas MOA€AL MyTeM MPUMMEHeHMs KoadbumLmeHTa B, yHUTbIBAIOIErO HECUCTEMHLIE PUCKM TOW MAM MHOM chepbl
AESITEALHOCTU, MO3BOASIET YHeCTh OCOOEHHOCTM U CrieUMUIECKME PUCKM MPEATPHUSITUI MUHEPAALHO-CLIPLEBOTO KOMIMAEKCA.

3akaroyeHme. NOATBEPIKAEHHbIE CTATUCTUYECKMMM AAHHLIMM, TEOPETUYECKM OOOCHOBAHHDIE 3HAUEHMSI CTABKM AMCKOHTVPOBAHMSI MO3BOASIT CTPOUTL pe-
AAVCTMYHBIE (PMHAHCOBLIE MOAEAM KOMIAHMIA, YTO B CBOIO O4YepeAb OYAeT CrocoOCTBOBATL MOBLILEHMIO OOLEKTUBHOCTM MHBECTULIMOHHOMO aHaAM3a u
CTOMMOCTHOW OLIEHKM.

KalodyeBbie croBa: CTaBKa AUCKOHTUPOBAHMS, MPEANPUSITUE MUHEPAALHO-CLIPLEBOIO KOMIMAEKCA, MOAEAL KYMYASITUBHOIO MOCTPOEHUS, MOAEAL OLEHKU
KarnuraAbHbLIX AKTUBOB, MHBECTULIMOHHLIM aHAAU3, OLIEHKA CTOMMOCTU KOMIMAHUU.
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[MpupoAHbIe pecypchbl C MO3ULIMM YUYETa B COCTABE HALIMOHAALHOTO
Oorarcrsa

OkcaHa AnekcanaposHa JIOTBUHEHKO,
Bnagumup EBrenbeBuy CTPOBCKUN'

Ypanbckuii rocyAapCTBEHHBIN FOpHbIN YHUBeEpcuTeT, Poccus, ExkatepuHbypr

AKTyarbHOCTB. HauvoHaabHOe 6OratcrtBo BO BCE BPEMEHA UIPAAO POAL BAKHEWLETO MHAMKATOPA SKOHOMMUYECKOTO MOAOXKEHMsI rocyAapcTBa. C atmx
MO3MLUMI MOAHOTA U AOCTOBEPHOCTL OLIEHKM €r0 BEAMYMHDLI MPOAOAYKAET OCTABATLCS! AKTYAALHOWM 3aAayel MCCAEAOBAHMI M B HACTOsILLEE BPEMSI.

LleAL nccaeAoBaHms1. BuisiBAEHVE SBOAIOLIMOHHDBIX M3MEHEHM B OTOOPXKEHMM HALMOHAALHOTO BOraTcTBa, B TOM YMCAE C MO3MLMK YY€eTa B €r0 COCTaBe
MPUPOAHDLIX PECYPCOB.

Pe3yALTATLI MCCAEAOBaHMsA. AOKA3aHO OTCYTCTBME YHU(PMLIMPOBAHHOIO MOAXOAQ K MOHSITUIO HALIMOHAALHOrO Gorarcrsa B MMPOBOM coobuuectse. Pac-
KPLITO COAEPYKAHME METOAMK MO OLIEHKE HALIMOHAALHOIO BOraTcrsa HaYMHast ¢ koHua 1960-x rr., koraa 6uiaa npuHsita u oaobpeHa OOH meToamka, peko-
MEHAYeMasl B Ka4€CTBE OPULIMAALHOM AAsI MHOTMX CTPAaH MUPA. OTPakeHbl SBOAIOLIMOHHDLIE U3MEHEHMsI B METOAMKAX OLIEHKM HALMOHAALHOrO Horarcrsa.
Oco60oe BHUMAHME YAEAEHO YYETY MPUPOAHLIX PECYPCOB. B arpapHOi 3KOHOMMKE SAEMEHTOM HALIMOHAALHOTO BOrarcTBa BLICTYraAd 3eMAs (NaluHsl, Aec),
NPy 3TOM €€ LE€HHOCTb BbipaKarach B BUAE CTOMMOCTU CEALCKOXO3SIMCTBEHHbIX YrOAMA. B MHAYCTPMAALHON 3KOHOMMKE CTOMMOCTHOMY YY€eTY MOAAEXKaAU
MawHsl, AeC, PECYPCbl HEAP KaK UCTOYHMKM Cbipbsi. M, HAKOHELL, B MOCTMHAYCTPUAALHOM SKOHOMMKE BCTAAA 3aAa4a YYETa B COCTABE HALIMOHAALHOTO Gorar-
CTBA MPUPOAHOIO KarmtaAd, KOTOPLI paccMaTrpuBaeTcsl Kak COBOKYMHOCTb MPUPOAHLIX PECYPCOB U 3KOCUCTEMHDLIX YCAYT. CTaHOBSICh S3KOHOMUYECKUMM
AKTVBAMM M MPUHOCS OMPEAEAEHHDIE BLIFOALI, MPUPOAHLIE PECYPChl U SKOCUCTEMHLIE YCAYTU (SKOAOTMYECKMUE PEeCYypPCbl), TPAHCOPMUPYSICL B MOHITUE
MPUPOAHOIO KAarMTaAd, OKa3blBAIOT 3HAYUTEALHOE BAMSIHME HA BEAMHMHY HALMOHAALHOTO BorarctBa crpaHbl. OTCYTCTBUE AOCTATOYHOTO OFbITA, CAOXKHOCTD
SKOHOMMYECKOV OLIEHKM MPUPOAHOTO KarM1TaAd He MO3BOASIIOT AATh OGLEKTMBHYIO CTOMMOCTHYIO OLIEHKY HAUMOHAALHOTO Gorarcrsa.

BoiBoAbI. CTOMMOCTHAs1 OLIEHKA MPUPOAHOTO KarMTaAa B COCTABE HALMOHAALHOTO 6OrarcTBa AOAYKHA CTaTb OAHOW U3 MEPBOOYEPEAHDIX 3aAa4 POCCUIICKOA
cratucvku. Havboaee MepCrekTvBHOM AAsl OLIEHKM MPUPOAHOTO KAMMTAAA CAEAYET CUMTATL KOHLIEMUMIO OOLeN SKOHOMMYECKOW LEHHOCTM, KOTopasl
MO3BOASIET YYMTLIBATL HE TOALKO CTOMMOCTL UCIMOAL30BaHMsI PECYPCOB, HO M CTOMMOCTb CYIIECTBOBAHMS], YTO KpaiHe BaVKHO B PamMKaxX KOHLIEMLIMMU YCTON-
YMBOTO PA3BUTUSI SKOHOMUKM, B LIEASIX COXPAHEHUsI IPUPOAHOTO 6OratcTBa AAst ByAyLIMX MOKOAEHMUIA.

KaroyeBble caroBa: HaUMOHaAbLHOE 60[‘&TCTBO, CTOMMOCTHAas1 OLIEHKA, 3€MAs1, MPUPOAHLIE PECYPCDI, anlpOAHblVl KarnuTtaa, 3BOAIOLIMOHHLIE U3MEHEHMI.

BEAEHVE
TpapunyonHo HanyoHanpHOMY 6oraTcTBy (HB) 0TBOAAT QYHKIINIO OFHOTO 113 MHAMKATOPOB B MEXXYHAPOLHBIX
conocrabneHnAx. OfHAaKo, Ha HaIll B3IJLAJ], BaKHelell ¢pyHknyet Hb ABnsercsa ero BO3MOXXHOCTb OBITb BBIpasu-
TeJleM COBOKYITHOTO SKOHOMIYECKOTO IIOTEHIVAIA, OIIPeie/IeHHbIM Lje/IeBBIM OPUEHTIPOM Y OHOBPEMEHHO MCXOLHOI 6a3011
st oteHKM 3¢ GeKTMBHOCTY HAIMOHAMIBHO 9KOHOMUKN. HanmoHanpHOe 60raTcTBO BO BCe BpeMeHa SIB/ISIOCH BAKHEMIIINM
MHAMKATOPOM 3KOHOMMYECKOTO TO/0XKeHNA rocyAapcTBa. MecTo, KOTOpoe OHO 3aHMMaeT B MEXYHAPOJHbBIX CPAaBHEHUAX, BO
MHOTOM 33aBJMCUT OT €TO BeTMUYMHBL. DKOHOMIYECKas Teopus yaensdeT JOCTATOYHO MHOTO BHMMaHMA MeTOJ0/I0TMYeCKMM MOTI0-
JKEHISIM IO Ol[eHKe HallMOHATBbHOTO 6orarcTsa [1], 1 TeM He MeHee eIMHBIX MTOJXO/[0B K ONPeIeeHII0 er0 BeMNYMHbI, IPUHS-
TBIX Ha BOOPY>KeHVe OO/IBIINHCTBOM CTPaH MUPa, IO CUX IIOP He CYIIeCTBYeT.
CaMa MaKpOSKOHOMUYECKas KaTerOpMs «HAaIMOHa/JIbHOe OOraTCTBO» B OT/IMYME, CKaXKeM, OT HPYTUX ITOKa3aTe/ell, TaKNx
KaK BaJIOBOJI BHYTPEHHMII POJYKT VM/IM BaJIOBOJ HALMOHAIbHBIN JOXOJ, HE MMEET Ha CETOHAIIHMI IeHb eMHOTO MOJXO0a K
CBOeMy copiep>kaHmio. Kak creficTBme, OTCYTCTBYeET OOLenpUHATAsI METORMKA €0 CTOMMOCTHOI OLIEHK B Ie/IsIX BCECTOPOHHe-
TO TOCYIApCTBEHHOTO y4eTa. B aKoHOMMYecKoll HayKe MMEIOTCSA 3HaYMTeIbHbIe pacXOX/IeH!A B IoAXofiax K TpakToBke HbB Kak
B 17106a/IbHOM, TaK U B HAIMOHAaJIbHOM MaciiTabe. B mocieHme rofpl B MUPOBOM COOOIIIeCTBe HAMETU/IACh HEKOTOPAst OIpe-
IeIEHHOCTb B KOMIIOHEHTHOM COCTaBe HallIOHATIbHOTO OOTaTCTBA, OJJHAKO JI0 CUX IIOP HET eIMHOTO MHEHUS 110 COEePXKaHWI0
OT/I/IbHBIX 9/IEMEHTOB, 11e7IeCO00PA3HOCTH U MIPAKTIIECKOI BO3MOKHOCTH UX y4eTa B HAL[MOHAIbHBIX CTAHJAPTAX CTPAH.
PesyAbtaTnbl MCCA@AOBaHMs
[TombITKM M3MepUTh HAI[MOHATbHOE 6OTAaTCTBO MPEAIPUHIMANNCH JOCTATOUHO JaBHO. B eBpOIENCKMX CTpaHaX IepBbie
oduianbHbBIe OLEHKM OTHOCATCS Ko BTopoit monoBuHe XVIII B, B CIIA - k nagany XIX B., B Poccuu - k cepenune XIX B.
C 1853 r. MeToponOrMYecKye Mpo6IeMbl M3MepeHMsI HallMOHA/IBHOTO OOraTCTBa CTAHOBSATCSA TEeMOJ MEXKAYHapOIHBIX CTaTH-
CTr4YecKnx KoHrpeccos [2]. IlepBble CTOMMOCTHBIE OLIEHKM MOSIBMINCH B OTHenbHbIX cTpaHax (CIIA, Tepmannn, Smonnn u
mp.) B Havasre XX B. 1 HOCuu pparmeHTapHbI Xapaktep. Ha Me)XHAI[MOHAIBHOM YPOBHE IIPAKTHYECKOe IIPYMeHEeH e 00X
IIO/IXO/0B K y4eTy HallMOHATbHOTO 60raTcTBa HA4aI0Ch B IIOC/IEBOEHHBIE TOfibl, Korga akcrepTamu OOH 6b1in MOAroTOB/IEHBI
PEeKOMeHAIMI TI0 HAlMOHA/IbPHBIM cyeTaM Ha ocHOBe paspaborok CIIIA 1930-1940-x r. B 1953 r. 6pima mpuHsaTa «Cucrema
HaI[MOHAJIBHBIX CYETOB 1 BCroMoraTenbHbix Tabmu, OOH». Memoduka ouenku u yuema HAUUOHANbHO20 602amcmea 8 coom-
semcmeuu ¢ CHC crana opuimanbHOM /iss MHOTUX CTpaH Mupa ¢ 1968 1. (2-1 pegaxunsa CHC), B Tom uncre g Poccun ¢ 1991
I. ITo cymecTBy, oHa IpencTaB/Ia cOO0 MAKPOIKOHOMUYECKIII pasdpe3 OyXraaTepcKoro y4eTa, Ije HalMoHaJIbHOe OOrarTcT-
BO BBICTYIIAe€T HEKVMM aHAJIOTOM BeIMYMHBI COOCTBEHHOTO KamyTaja(KaliTama U pe3epBoB B COOTBETCTBUN C OYXTa/lTePCKIM
6asaHcoM) Ha 06IIeHANOHAaIbHOM ypoBHe. HecMOTps Ha 3aieK/IapypOBaHHbII [IEPEXOf] OTEIeCTBEHHOI CTATUCTUKN HA 9Ty
METOZOJIOTHIO, B IOMHOM 06BbeMe B Poccui OHa He MCIIONb30BaIach B CUIY PsAfa 00beKTUBHBIX M CYOBEKTUBHBIX IPUYINH [3].
YdeT IpUpPOSHBIX PECYPCOB (3eMJLs, /IeC) M3HAYAIbHO OCYIeCTBIIA/NCS B HATYpanbHbIX eguHuax. CTaHOB/IeHNe, pasBUTHE
U paclBeT IPOMBILIEHHOCTHU cO BTOopoli nonosyHbl XVIII B., BI/IOTH 0 cepeayHbl XX B., IOMUMO TPaAMUIIOHHOI, €CTeCTBEH-
HOJ /1A 4eloBeKa (PYHKIMY >KM3HeoOeCIiedeH s, IPOYHO 3aKPeIIO 3a IIPUPOSON (PYHKILIMIO OCTABIINKA CBIPbs U SHEPIUIL,
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HeOoOXOMMBIX [/Is1 YEOBTIETBOPEHNS HYX[ BCe 60/mee pasBUBAIOLIETOC MHAYCTPUAIbHOrO 061iecTBa. [IoHATHE «IIPUPOJHDBIX
pecypcoB» 3HaUNTeNbHO pacuypsiercs. OHO BKIII0YaeT B cebsl yoke IOMMMO 3eM/IU ¢ COOCTBEHHO ITOYBEHHBIM IIOKPOBOM, JIeca-
MU, BOJZHBIMY YyIOIbSAMMI TaKKe OOTaTCTBO Heflp, HeOOXOMVIMBIX PeCYPCOB JIA Pa3BUBAIOLIENICA MHAYCTPUATIbHON S9KOHOMMKIA.
Bosredyenne Bce 60IbIIIero 4ncia IPUPOJHBIX PECYPCOB B SKOHOMIUYECKNIT 060POT IIPUBEIO MIPOBOE COOOIIECTBO K OHMMA-
HIIO HEOOXOMIMOCTY COBEPIIEHCTBOBAHIIS IIOAXOA0B K MX yUeTy B HAlMOHANIbHOM OorarctBe. CTpaHbl, Hanboree pasBuTbIe
B 9KOHOMMYECKOM OTHOIIEHMN ¥ MMeBIIe GOTaThlil OMBIT HAIIMIOHATBHOTO CYE€TOBOJCTBA, TOCTEIIEHHO TIEPEXOMIN Ha CTOMU-
MOCTHOJI y4eT IPUPOIHBIX pecypcoB. Hamo otmetuts, uto B CHC-68 HE06X0AMMOCTD MaCIITAOHOTO CTOMMOCTHOTO y4eTa BCeX
9KOHOMMYECKVX aKTVBOB, BK/II0Yasl AKTUBBI IIPYPOZHOTO IIPOMCXOXAEHS, TI0 CYILeCTBY, ObIIa TONbKO 3afieK/IapypOBaHa, B TO
Bpemsa Kak CHC-93 cofep>xana y>ke IpaKTU4yecKlie peKOMeH ALY IO €T0 OCYILeCTBIEHNIO.

K ToMy BpeMeHM aKTVUBBI IPMPOTHOTO IIPOVICXOXK/IEHIIA, ITOTIAIaBIIIIIE IO, OIIpefie/ieHe SKOHOMIYECKNX, T. €. HaJlelIeHHbIX
IIpaBOM COOCTBEHHOCTY Ha HUX VI JICIIO/Ib3YeMBbIX JI/IA IIOJIy9eHNA BBITOJl, OLJeHNBAJIVICh B CTOMMOCTHOM BBIPQYKCHWM B OTPaHU-
YEeHHOM 41CTIe CTpaH [4]. BONbIIMHCTBO CTpaH Belo ux ¢GparMeHTapHO, B OCHOBHOM YYMThIBalach seMsi. B ABctpanuu, Tep-
mannn, Jauun, Kanage, Hugepnanpax, ®pannun, Ounnaupun, Hopsernu psje Apyrux cTpaH COCTAB/ISUIICD [IOTHbIE GalTaHChl
aKTMBOB M AcCUBOB [5]. VIX OIBIT cTas OCHOBOI y4eTa npupofHbIx pecypcoB B CHC-93 u cosepurencrsoBanubix CHC-2008
[6]. B xayecTBe mpyMepa NpUBeLEH Y4eT PeCcypcoB IPUPORZHOTo mporcxoxaenus B Hupepnanpnax, crpaHe, epeliefuieii Ha ux
CTOMMOCTHYIO OLICHKY OJHOJI 13 IIePBBIX B Mype. B Ta6y. 1 mpepcTaBien 6ananc He(h)MHAHCOBBIX aKTUBOB, BKIIOYABIIVXCA B
HAI[MOHAJIbHOE OOTATCTBO CTPAHbI 32 PSIJ JIET.

B Poccun Brimots 710 2017 T. OlleHKa HallMOHATBHOTO 6OraTCTBa OCYIEeCTB/IsIIach POCCTATOM 110 MPaduLuOHHOL METORUKE,
IpefCTaB/IABIIel COOO0IT Hac/efue COBETCKO HayIHOI IIKO/BI, CIOKMBILECs B 1970-1980-e rT. VIMeHHO TOr#a B 9KOHOMMYe-
CKOM CO3HaHMM 0003HAYM/ICS HEPEXOf C OTPAHMYMTENbHOI TeOPUM HAIMOHANIBHOIO 6OraTCTBa, TOCIOACTBOBABIIEH B COBET-
CKOJI 9KOHOMUKE, Ha PaCIIMpUTENbHYIO, KOTOpas IM03BOMNIA TpaKToBaTh HbB Kak COBOKYIHOCTD 3/1eMEHTOB IIPOU3BEEHHOTO
KaIliTasa, HAKOIJIEHHBIX HAIlYIOHATbHOM 9KOHOMIKOJ Ha YYETHYIO ATy, I IPMPOJHON cocTaBAeil. COITacCHO TaHHON Me-
TOJVIKE, B COCTaBe HAI[OHA/IBHOIO OOraTCTBA YUMTHIBAJICS OCHOBHOI 11 OGOPOTHBII KAlUTAI B CTOMMOCTHOII OL[eHKE, a TaK-
’Ke HeKOTOpbIe 97IeMEHTbI IPUPOJIHBIX PeCyPCOB B HaTypa/lbHOM BbIpaskeHMM. VIMyIeCTBO IOMAIIHUX XO3SMCTB OTPaXKanoch
cripaBouHO. HecMoTps Ha odunmanbHO IPOBO3ITIALLIEHHDII B Hadasie 1990-X IT. Tepexof OTeYeCTBEHHON CTATUCTUKI HAa METOLO-
noruto CHC, paccunTaHHOE TakyM 06pa3oM HallMOHaIbHOe 60raTCTBO, IpefCTaBsBIIee COO0II CKOpee BeMYMHY HallMIOHAIbHO-
IO VIMYILIECTBA, [a ¥ TO HEJOYYTEHHOTO [7], M OTpaXkasoch B 0UIIMaIbHON POCCUIICKON CTATUCTHKE BIVIOTD fo 2016 I. (Tab. 2).

B nacrosmee BpeMs B OOJBIIMHCTBE CTpaH Mupa ncrnonb3yerca pegakuyss CHC 2008 1., B Tom uncite n 8 PO. Cornac-
Ho CHC, Hb Ha koHel] Ka)X[[JOTO Y4eTHOTO rofia B O(UINMATbHOM CTATUCTIYECKOM y4YeTe JO/DKHO ONPeNeIATbCS BeIMYNHON
YUCTOrO HAI[VOHA/IBHOIO KAINTasIa, MOMY4aeMOro KaK pesyIbTaT BBIYMTAHUS M3 OOLIell CYMMbI aKTMBOB BCEX MMEIOLIVXCS

Tabnuua 1. HecbmHaHcoBbIe akTuBbLI HugepnaHgoB 3a pag net, Mnpg eBpo.
Table 1. Non-financial assets of the Netherlands for a number of years, billion euros.

[oabl
AKTUBBI

1996 2000 2005 2008
3emns 264 753 1042 1212
MwHepanbHble pecypcebl 68 71 110 178
3anacbl HeTK U rasa 66 66 103 172
[Mpoune nonesHble uckonaemble 2 4 6 6
MpupoaHbie pecypchbl 332 823 1152 1389
OcHoBHble hoHAbI 1052 1302 1651 1892
M3ameHeHue 3anacos 55 68 72 79
MoTpebutensckne ToBapsl
ONUTENbHOro NoMb30BaHNSA 98 126 146 157
Bce akTuBbI 1538 2319 3022 3518

WcTounumk: CoumanbHbivi n akoHoMmudeckuii coseT OOH, aoknap «M3ameperune npupodHbix pecypcos B Huaepnangax». ECE/20/2010/5.

Tabnuua 2. HaumoHanbHoe 6oratcTBo Poccun B 2012-2016 rr., mnppa py6. (Mo TpaaMLUMOHHOM MeToAuKe).
Table 2. Russia’s national wealth in 2012-2016, billion rubles (according to the traditional method).

B Tom uucne
OCHOBHble IOHAbI, CnpaBo4HO: HakomnneHHoe
et Beero BKIKOYas He3aBEPLUEHHOE CTPONTENLCTBO MarepuanbHele AomallHee MyLLecTBo
060pOoTHbIE CpeacTBa
Bcero M3 H1X OCHOBHblE OOHAbI

2012 153 901 137 531 121 269 16 370 28 108

2013 204 659 150 779 133 522 53 880 35193

2014 - - 146 468 - -

2015 - - 158 533 - -

2016 - - 171 764 - -

McTouHumk: Pocens B undppax 2017. URL: www.gks.ru
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o6sizarenbeTB. [lpumntenias Ha cMeny CHC-93 Texylyasi pefakijus 3HaYUTEIbHO PACIIMPseT BO3MOXXHOCTU CTPaH IO yYeTy
KaK MaTepua/bHOM, TaK ¥ HeMaTepuanbHoil coctaBnsamomeir Hb. Yto kacaercsa ydyeTra mpUpOAHBIX PecypcoB, OTPakaeMbIX B
KaTeropuu He IPOU3BeNeHHbIX MaTePUaTbHBIX AKTUBOB, TO MX ITOJTHOLEHHDBI CTOMMOCTHOM y4eT IO-IIPeKHEMY OCTaeTCA TPYH-
HopaspemmmMoit st Poccrara 3amadeit. OHa OCITOXHSIETCS TaK)Ke HEOOXOMMMOCTHIO BK/TIOUEHNS B COCTAB HAI[MOHAIbHBIX aK-
TUBOB €lle M TAKOTO 3/IEMEHTA, KaK 9KOCUCTEMHBIE VMM 9KOJIOTMYECKIE YCIYTH, KOTOPble HapALY C IPUPOJHBIMM pecypcaMu
CIIOCOOCTBYIOT KalMTaIN3aLUI IPUPOFHOro KamuTana B coctaBe HB B cOOTBeTCTBUM C KOHILIENIVET YCTONYMBOTO PasBUTIHS,
npososrnamenHoit OOH.

ITo cocrosiumio Ha 2018 r. opuumanpHas cratuctuka B BemuunuHe HB oTpakaeT oCHOBHBIe (POH/IBI IO IIOTHOM Y4eTHOI
CTOMMOCTH B CMEIIAaHHBIX I[€HaX, CTOMMOCTD JJOMAalIHero MMYIlecTBa MEeTOJOM HelpephbIBHOI MHBEHTapU3alluy U 4acTb 3e-
Me/IbHBIX ¥ BOJHBIX pecypcoB (B HaTypalbHOM BbIpakeHuu). JJaHHbIE 110 0O0OPOTHBIM CPEICTBaM, CTOMMOCTI MaTepHaIbHBIX
He IIPOM3BeJieHHBIX (IIPMPOIHBIM pecypcaM), HeMaTepyaIbHbIM 11 (PMHAHCOBBIM aKTUBaM B crouMocTy HB He yuTeHsl, 3a Hen-
MeHNeM IaHHBIX B TEKYILIMX PBIHOYHBIX LieHax [8].

B nensx comoctaBumocty ¢ pacdetramu HB B 2017 1. gaHHBIe 3a OC/IERHNE TOAbI OBUIM CKOPPEKTUPOBAHBI B CBSI3U C IIe-
PexXonoM Ha KIaccu(UKaIIII0 9KOHOMIYeCKUX akTUBOB B cooTBeTcTBUY ¢ CHC 11 He06XO[MMOCTBIO MCIIO/Ib30BAHNS TEKYIINX
PBIHOYHBIX 1IeH JIA y4eTa OCHOBHOIO Kamurtana. B Tabs. 3 mpuBefieHbI CBelleH sl O HallMOHaIbHOM 6oratcTe Poccuy, nepecun-
TaHHBIe B cOOTBeTCTBMM ¢ Knaccudukanyeit CHC 1o TeKyIuM peIHOYHBIM IieHaM. [IpupoiHble pecypchl (3eMiLa) IpUBeeHbl B
HATypaJbHOM BbIP@XXeHNN B TaOL. 4.

3HauMTeNbHOE VICTOLIEHNE PECYPCOB IIPUPOLDI, COKpallleHNe IPUPOJHBIX TAPKOB 1 PEKPEALMOHHBIX 30H, YXY/ILIeHe 3KO-
JIOTMYecKoil 06CTaHOBKY K Hadany XX B. IIPUBENO K PACIINPEHNIO IOHATHS IIPUPOJHBIX PECYPCOB U X PO B HALVIOHATBHOM
6orarctBe. TpaguumoHHas /I S9KOHOMUYECKMX OTHOLIEHWIT ChIpbeBasi (PYHKLMS JOIOMHACTCS 9KOTOTMYECKON MU 9KOCHC-
TeMHOI1. Ee 0CHOBHOII 3afadeil ABMAETCA MOBBILIEHNE KayeCTBa OKpY Kalollieil YeloBeKa MPUPOIHOI Cpefibl I COXpaHeHNe ee
IIOTeHIVa/Ia /1 OyRYLIMX IOKoMeHuiT. OCHOBOIIOJIOKHUKY COBPEMEHHOI! TeOpUIL IIPUPOJHOTO KaIllTa/la KaK 9/IeMeHTa Hal-

Ta6bnuua 3. HaumoHanbHoe 6GoratctBo Poccum B 2012-2016 rr, mnpa py6. (no knaccucdukaumm aktuoB B CHC).
Table 3. Russia’s national wealth in 2012-2016, billion rubles (according to the classification of assets in the system of national
accounts (SNA).

loapl
ATzl 2012 2013 2014 2015 2016
AKTUBBI 518 381 585 883 691 133 787 077 817 360
HedumHaHcoBbIe aKTUBLI 256 262 275 962 302 799 340 334 361430
OcHoBHoW kanuTan 256 262 275 962 302 799 340 334 361 430
XKunble 3gaHns 118 524 120 156 131437 138 764 142 216
Hexunble 3gaHus 39 382 46 090 47 928 56 596 61 306
CoopyxeHus 62 590 68 124 73 597 83 426 92 106
MalumHbl 1 obopynosaHue 22 874 25872 28 961 36 701 37 978
TpaHcnopTHble cpeacTaa 7087 8426 11 705 13 084 13 908
lMpoyne BMAbLI OCHOBHOIO KanuTtana 5805 7294 9171 11763 13916
®PuUHaHCOBbIE aKTUBbI 262 119 309 921 388 334 446 743 455 931
MoHeTapHoe 30070 1 cneuunarnbHble NpaBa 3aMMCTBOBaHUSA 1816 1596 3057 4114 4045
HanwuyHas Bantota n Aenos3nThbl 53 897 61 306 78 320 86 472 84 818
[onroBble UeHHble Bymaru 22 487 24 008 31642 38 559 34 085
KpeanTtbl n 3aiimbl 50 041 63 061 88 379 96 541 95 628
AKLUN 1 Npoyne hopMbl yHacTums
B KanuTtane 77 048 88 253 99 548 118 188 129 255
CTtpaxoBble 1 NEHCUOHHbIE pe3epBbl 2043 2657 2948 3682 4379
[ebuTtopckas 3afomKeHHOCTb 54 787 69 040 84 440 99 187 103 721
O6Gs3aTenbcTBa 257 796 305610 370 888 422 421 442 459
HauuoHanbHoe 6oraTcTBO 260 585 280 273 320 245 364 656 374 901
McTounumk: Poceus B undppax 2018. URL: www.gks.ru
Ta6nuua 4. MpupoaHbie pecypcbl PP (3emenbHas nnowaab), MIH ra.
Table 4. Natural resources of the Russian Federation (land area), million hectares.
3emenbHble pecypchbl FoAs!
2001 2006 2015 2016 2017
Bcero semenb 1709,8 1709,8 1712,5 1712,5 1712,5
B TOM yncne:
CENbCKOXO3ANCTBEHHbIE Yroabs 2211 220,7 220,2 2221 2220
TecHble 3eMnun 871,5 870,6 871,8 870,7 870,7
NOBEPXHOCTHbIE BOAbI, BKItoYas 6onota 219,0 2251 225,0 226,8 226,8
apyrve semnm 398,2 3934 392,9 392,9 393,0

McTouHumk: Pocens B undpax 2018. URL: www.gks.ru
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ArpapHadq MHaycTpuanbHan MNocTnHaYCcTpManbHasa
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PucyHok 1. OBonoLMOHHOE N3MEHEHNE CoAEepPKaHMsA NPUPOAHbBIX PECYPCOB KaK MCTOYHMKA HaLuMoHanbLHoro 6oraTcrea.
Figure 1. The evolutionary change in the content of natural resources as a source of national wealth.

oHa/IpHOTO 6orarcTBa aMepukaHnibl R. Costanza u H. Daly B [9] oz axocucTeMHbIMM yemyramiu B Hadasie X XI B. IOHMMaM Bbl-
TOJIBI, KOTOPBIE OOIIeCTBO MOMYYaeT OT 9KOCUCTEM. B COBpeMeHHOM MMpe 9KOCHCTeMHbIe YCIYTH CIIOCOOHBI aKKYMYIMPOBAaTh
HPYPOMHbI KaIIMTaJI TOYHO TAK e, KaK 9TO [IeNIaloT ChIpbeBbIe IIPYPOJHbIE PECYPCHI, @ 3HAYNT, MOTYT 1 JO/KHBI OBITH OL|eHEHBI
C 9KOHOMIYECKOI TOUKM 3peHnsA. Takum o6pa3oM, CTaHOBSICh 9KOHOMMYECKMM aKTVBOM ¥ IPMHOCA OIpefe/ieHHbIe BBITOJBL,
ChIpbeBbIe IPUPOJHbIE PECYPChI ¥ IKOCKCTEMHBIE YOIy, TPAHC(HOPMUPYACH B IOHATIE «IIPUPORHOTO KaIMTa/la», OKa3bIBAIOT
3HAYMTEIBHOE B/IVSIHIE HA BEIMYMHY HAIIMOHAIBHOTO GorarcTBa cTpaHsl (puc. 1).

C pasBuTHEM 9KOHOMUYECKIX OTHOIIEHIT B 0011eCTBEHHOM CO3HAHNN IIOHATIE 3€M/IN KaK IIPUPOJHOro 671ara, NCTOYHMKA
JKM3BHEHHO HeOOXOJ[VIMBIX PeCypCOB TPaHC(HOPMUPOBATIOCH CO BpeMeHeM B MCTOYHVK MOTyYeHNs1 6OTaTCTBa IIPU COXPAaHEHNU
byHKIUM >KusHeobecnedeHnA. PogoHaYaIbHUKN COBPEMEHHOIT sKOoHOMMYeckoit Teopun A. Cmut, JI. Pukappo u psg gpyrux
IIpUBEP)KEHIIEB KIACCUYEeCKON IIKOMbI BYUIEMN IVIABHBIMYU MCTOYHMKAMM OOraTtcTBa 3eM/I0, TPyh 1 Kamuran. CoBpeMeHHas
9KOHOMMYECKasA Teopus OIepupyeT NOHATUAMU IPUPOJHOTO, YETOBEYECKOTO U MPOM3BeJeHHOro KanuTana. I[Ipu atom oTo-
JK/IeCTBIIATH IIOHATHSI «3€M/Isl» KaK MCTOYHUK GorarctBa y CMUTA C «IPUPOFHBIM KAINTAIOM» B COBPEMEHHBIX KOHIIEIIIINSX
HAI[VIOHA/IBHOTO 6OraTcTBa He CIefyeT. Po/Ib IPUPOFHBIX PECYPCOB B arpapHOil 9KOHOMIUKE C JPeBHUX BpeMeH /10 Havama X VIII
B. BBITIOJTHsITA 3eM/Is KaK OCHOBHOII 1 €AV HCTBEHHBII ICTOYHMK )KM3HEHHO HeOOXOAMMBIX Ye/IOBeKy O/1ar. 3akpenuBuIasacs 3a
TEPMIHOM ChIpbeBas (YHKINA, ONpeNesolias OCHOBHOE COfiepXKaHNe IIPMPOHbIX PeCYPCOB B MHAYCTPUATbHOM O0IIeCTBe,
B HaCTOsIIlee BpeMs B CHJTY OObeKTUBHBIX IIPUYMH Bce OOIbIIe PACIINMPSETCS U HOMONHACTCA QPYHKLMAMY, CBI3aHHBIMU C 9KO-
JIOTMYECKO ¥ KYNbTYPHO-/[yXOBHOM COCTABJIAIOLIE. DTO He TOMbKO MPUBOAUT K U3MEHEHUIO COJlep>KaHMA JaBHO U3BECTHOTO
TTOHATHA, HO I CTAHOBUTCSA ITPUYMHOI TOABJIEHNA HOBOV 9KOHOMMIYECKOI KaTeTOPUH, CBA3aHHOM C MPUPOJIONIONb30BAHNEM U
Oy YMBILelT Ha3BaHMe npupooHoeo xanumana [10].

C ydeToM OIpefeNIeHHOI arpernpoBaHHOCTY akTuBOB B yueTe CHC f1s1 60mtee feTambHOI OLeHKU IPUPOSHO-PECyPCHOIL
JacTy HallMOHA/IbHOTO 6orarcTsa mapamienbHo ¢ CHC-93 6b1m paspaboTaHbl TaK HasbIBaeMble CaTe/UIMTHBIE CYeTa CUCTEMBI
9KOJIOr0-9KOHOMMYecKoro yueta (CO9Y) [11]. VX ncnonb3oBaHime, C OGHOI CTOPOHBI, He IIeperpy’kaeT caMy CUCTeMY HaIo-
HaJIbHBIX CYETOB V3/IMIIHEN JeTanusalell, ¢ ZPyroi — MO3BOJIACT YYUTBIBATb 9KOMIOT0-9KOHOMIYECKUIT aclieKT (opMUpoBa-
HIISI MAKPOSKOHOMMYECKIX II0Ka3aTesIell BO BCeM ero MHOoroo6pasnn. B ornmmane or CHC cucteMa 9K0IOro-3KOHOMIYECKNX
CYeTOB MO3BOJIIET HAPSAAY CO CTOMMOCTHBIMI ITOKA3aTe/IsIMU MCIOIb30BaTh (U3NMdIecKue cyeTa. VICmonb3oBaHme PhIHOYHBIX
OL[eHOK, 06s3atenbHbix it CHC, moxkeT 6b1Th fononHeHo B CODY HepbiHouHbiMu. Haunnas ¢ 2000-X IT., [[e/IbI0 9TOI BCIO-
MOTaTeNbHOI CHCTeMbI ABJIANCA HOMHBIA yYeT MPUPOSHBIX PECYPCOB U SKOMIOTMYECKOI COCTAB/IAIEN [JIA OMICAaHNA COBpe-
MEHHOT'O B3aMIMOJIeICTBIA S9KOHOMMUKI ¥ OKpy»Kamowieit cpensl [12]. [lekmaprpoBanoch, 4T0 OCHOBHOI Lie/bIo crcTeMbl COIY
CTaHeT pacyeT MaKpO3KOHOMMYECKUX MOKa3aTesell, CKOPPEeKTUPOBAHHbBIX Ha 9KOJIOTMYECKYIO COCTAB/IAIIYI0, M MHTETPaLMA
nx B CHC. OtmeTnm, 9TO B pAfe CTpaH TaKye CKOPPeKTHPOBaHHbIe TOKa3aTe/my cunTaioT. [IprMepoM CIy>KuT ro/maHyjcKas cn-
crema NAMEA, copep>kanias sKonornueckne moxKasaTeay 1 MpusBaHHasg OTCIeKNBATb BK/IAZ, Pa3/IMYHbIX OTpaciell B HarpysKe
Ha OKpy>Kaomyio cpeny [13]. Boimrenmras B 2012 r. o6HOB/IeHHas! Bepcus (B PyCCKOM afIaliTUPOBAHHOM IIepeBOJie 3BYUMUT Kak
IlentpanbHasa ocHoBa CucTeMbl HpUpPORHO-9KOHOMMYeckoro ydyera (CIIDY), mosBumach mumb B 2017 roxy) [14] copepxut
MeTOoAMYeCKIe YKa3aHMA 110 pacyeTy CKOPPeKTUPOBAHHOT0, 9KOIOTMYECKH aalITUPOBAHHOTO YMCTOTO BHYTPEHHETO POAIyKTa
(9YBII). KoppeKTHpOBKY IIpeIaraloT BbIIOTHATh B HECKO/IDKO 9TaoB. CHayaja YUCTHII BHYTPEHHUIT IIPORYKT KOPPEKTUPY-
10T Ha CTOMMOCTHYIO OLIeHKY MCTOLeHVsI IpUPORHbIX pecypcos (MIIC), a 3aTeM BBIYMTAETCSI OLJEHKA 9KOTIOTMYECKOro yiiep6a
(9Y). KoneuHoi1 1e/1bI0 KOPPEKTUPOBKY ABJIACTCA IMIOTyYeHUe KOOI MIeCK) CKoppeKTrpoBaHHoro BBIT mim «3enenoro BBII».
OpHako, B CuTy OTCTaBaHMA psfia CTPaH B Ilepexofie Ha CTOMMOCTHON y4eT HPMPOJHOTO KalMTajaa ¥ 3HAUUTeNbHbIE pacXo-
JKIeHNA B METOJIMKaX 3KOHOMMYECKOJN OLIEHKM COCTAB/AIOLINX MX aKTMBOB, MHTeTpauyusA faHHoro mnokasatend B CHC moka
He OCYIIEeCTB/AETCA. Y4eT 3KOCMCTEMHBIX yCNIyT NpeJIaraeTcsl BeCTY Ha CIIelMa/lbHbIX JJOTIOMHUTEbHBIX cYeTax «IKCIepu-
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PucyHok 2. CTpyKkTypa HauMoHanbHoro 6oraTcTea.
Figure 2. The structure of national wealth.

MeHTa/IbHbIe 9KocKcTeMHble cdeTa CIIOY» [15]. Takum 06pasom, ncropudeckas TpaHC(HOpMAaLyst TOHITH IIPUPOLHBIX PECYPCOB
OTpaXKaeTCs Ha KOHIETIMI X CTOMMOCTHOTO y4eTa B CCTeMe HAIIOHA/IbHbIX CYETOB I B OLIeHKe HAIMIOHAIbHOro 6orarcraa [16].

HecomHeHHBIT MHTepec MpeCcTaBIsieT «PacuupumenvHas» memoouka oueHKu HAuuoHAnbHo2o0 6oeamcmed. MeTonyka
OblTa IpefIoXKeHa crienmamictaMu BecemupHoro banka B kadyecTBe METOJO/IOTMYECKOT0 opxozia fnst ouenkn HB B cooTBeTcT-
BIU C pacIIVPUTEIbHOI MOieNIbIo, ofoOpeHHoll Opranusanyei o6begyHeHHbx Haumii (OOH), B paMKaxX KOHIIeIIIMM YCTON-
YJMBOTO Pa3BUTHUA MUPOBOI 9KOHOMMKI. OIHOI U3 ee 3ajiad ABJIACTCA OIpefieieHle KOHIIEITYaIbHBIX OCHOB OLIeHKI HAINO-
HaJIbHOTO 6OraTCTBa C Le/bIo coBepieHcTBOBaHMA MeToRuKY CHC Kak IIPaKTHYeCKOTO MHCTPYMEHTA PeaIn3aliiyt MEeTOLO0MIO-
TUYEeCKNX paspabOTOK COBPEMEHHOI 9KOHOMMUYECKON TeOpUM B 00/IaCTY HAI[MOHA/IBHOTO yueTa. YKPYIIHeHHas KIaccuUKaIs
397IEMEHTOB HALMOHAIBHOTO OOTaTCTBa MpeACTaB/IeHa Ha pIC. 2.

PacmmpurenbHas MeTOAMKA IIpeJIIoaraeT BK/IOUeH e IPUPOIHBIX pecypcoB B cocTas Hb B KayecTBe HAKOIJIEHHOTO -
pozHOro Kamnrana (MaTepuaabHOIO HEeIIPOU3BEeHHOT0) HapARYy ¢ TPafUIMIOHHBIM (IIPOM3BEEHHBIM) Y TaK Ha3bIBaeMBIM Ye-
JIOBeYeCKMM KallTaJoM (HeMaTepuaIbHbIM, HelIpOu3BeeHHbIM) [17]. [MnoTeTidecky yIOMIHAeTCA ellje COLMa/IbHBIN Kalu-
TaJI, IOTy4aeMbliT KaK pe3y/nbraT 9(p(eKTUBHOCTY PBIHOYHBIX MHCTUTYTOB, OTPAXKAIOLINX CTEIIeHb PAa3BUTOCTI IPAXKFAHCKOTO
obuiectBa B crpane. Hafio oTMeTUTD, YTO HEOOXOMMOCTD y4eTa MHTEIeKTa, YPOBHs 00pa3oBaHMs, Ky/IbTyPbI, JYXOBHOCTHU
Haluy, T. €. BCETO TOTO, YTO COCTAB/IsAeT HeMaTepyaabHYI0 CTOPOHY HAl[MOHAJIbHOIO OOraTCTBa, MpM3HABA/IAch B 00I[eCTBe
Bcerpa. [Ipuyem Hajo 0TMeTUTD, uTO B Poccum paxke B 60sblieli cTeneHy, yeM Ha 3amage. Bcnomunm xors 6et V. T. Tlocor-
xoBa 1 A. K. IlItopxa, koropsle eme B XVII B. BCTynanu B 3a049HyI0 II0JIeMUKY co CMUTOM 13-3a €ro Cyry0o MaTepuaabHOIO
MTOfIXOfIa K TOHSTMI0 6orarcTBa Hapomos [18]. OfHAKO CcTemeHb Pa3BUTOCTY HAIMOHAIBHOTO CIETOBOJICTBA HA TOT MOMEHT He
II03BOJIA/IA BECTY y4eT HeMaTepualIbHbIX aKTMBOB CTPaHbl B CTOMMOCTHOM BhIpayKeHU. [laxke B CeTOHAIIHEM Pa3BUTOM MH-
¢dbopManMOHHOM 001eCTBe MONyYeHHbIe CIelanucTamu BeemyupHoro 6aHka pacueTsl HeOECCIIOPHBI U HY>KAAIOTCS B OIpefie-
JIEHHBIX KOPPEKTUPOBKAX CO CTOPOHBI OT€YeCTBEHHBIX CIIELIMA/IIICTOB KaK [I0 METORMYECKOMY 00OecCIiedeHIIo, TaK ¥ 110 Ka4eCTBY
JICIIONIb3YeMOii B pacyeTtax MH$opManuu. B Tabi. 5 npusenena ctpykrypa Hb 1o HekoTopsim cTpanam Mupa. CTpaHbl pa3ouTb
Ha JiBe IPYIIIBI 110 00eCIIeYeHHOCTI IPUPORHBIMI pecypcaMit. IlpefcraBiieHHble JaHHbIe CBUIETENbCTBYIOT O 3HAYUTETbHBIX
pasmMuMsX B CTPYKTYpe HAL[MOHA/IBbHOTO borarcTBa Poccuu u Hanbonee pasBUTHIX B 9KOHOMIIECKOM OTHOLICHNY CTPAH.

ITocko/IbKy 9KOHOMUYECKasl OLlEHKA BCEX PecypcoB, M MPUPORHBIX B YaCTHOCTH, IIPEACTAB/IsIET COOOI MeXaHMU3M OIIpe-
elleHNs [ieHbl Ha HUX, a IOf] LIeHOI 0OBIYHO MOHMMAIOT IEeHeXXHOe BOIUIOIeHe LIeHHOCTU Pecypca, TO UCTOKMU ITOCTOSTHHBIX
TpaHcopMaLMit 3TOro IOHATUA CIEAYeT MCKATh B 9BOJIIOLVI B3I/ISAJOB Ha ITOHATIE LIEHHOCTY B 9KOHOMIYECKOIt Teopun. V3-
MeHeHNe B3IIALOB Ha COOTHeCeHNe IIOHATII «O/Iaro» U «1leHHOCTb» IPUMEHNUTETBHO K MCIIONb30BAHMIO IPUPOLHBIX PeCypCcoB
B 9KOHOMMYECKVUX OTHOIICHNAX HAIPAMYIO BIMsAET Ha IIOAXOAbI K X CTOMMOCTHOMY Y4eTY B HAallMIOHaJIbHOM CYEeTOBOZACTBE.
VI3amMeHeHNe KOHIENIUY LIeHHOCTY IPUPOJHBIX O/Iar OTpaXkaeTcs Ha METOJO/IOIMY UX OLeHKM Ha BceX ypoBH:AX. Hacrosmas
L[EHHOCTb NIPUPOJHBIX PECYPCOB B COOTBETCTBUY C KOHI[EIIIVEl! YCTOMIMBOrO PasBUTHSI ONIPEe/seTCs He TOIbKO HeOOXOomu-
MOCTBIO VX VCIIO/Ib30BAHMA /IS Y{OB/IETBOPEHIISI BCE BO3PACTAIOIINX HOTPeOHOCTEN HBIHEIIIHETO OKOJIeHsI, HO U CIIOCOOHO-
CTBIO YIOBIETBOPSTH HOTPEOHOCTY OYAYLINX [TOKOTEHNIT. TaKoi! B3IIAL Ha LEHHOCTb MPYPOFHBIX PeCYPCOB He BINCHIBAETCS
B COBPEMEHHYIO KOHIIEIIIIMIO IIOTPeOUTENbCKOI CTOMMOCTH. KpoMe Toro, lleHHOCTb 9KOCUCTEeMHBIX YCIYT, TPaHCPOPMUPYACH B
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Tabnuua 5. CTpykTypa HaumoHanbHoro 6oratctea P® u cTpaH Mupa B COOTBETCTBUM C pacluMpuTenbHOW KoHuenuuen (Ha Havano XXI B.), %.
Table 5. The structure of the national wealth of the Russian Federation and the countries of the world in accordance with the extensive
concept (at the beginning of XXI century), %.

CtpaHbl Mupa [MpupogHbIn kanuTan Yenoseyeckui kanutan [MponsBeneHHbIV KanuTan
Bozamble npupodHbIMU pecypcamu

Poccus 40 50 10
AscTpanus 12 66 23
KaHaga 1 69 20
Hopeerus 10 57 3
CaypnoBckasi ApaBusi 42 40 18

Hpyaue cmpaHbl

KuTan 7 77 16
CLIA 4 77 19
Wtannsa 1 73 26
Fepmanng 1 75 23
AnoHna 1 68 31

CTOMMOCTbD, IPU HEOOXOAMMOCTH MX SKOHOMUYIECKOIT OLIEHKY B COCTaBe MPUPOLHOTO KaINTama TAK>Ke He COOTHOCUTCS CO CTO-
MMOCTbI0 ToTpebenns. Hanbormee mpueMmeMoit I/1s1 OLIEHKY IPUPOSHBIX PECYPCOB NMPEACTABIETCS B HACTOsIIIee BpeMsl KOH-
nemnys o6utet skonomudeckoit nennoctyu (TEV), cormacuo kotopoii [19], 06111ast IEHHOCTD PECYPCOB OLPeeNsieTCsl He TONbKO
1eHHOCTD uconb30Bansi(UV), HO 1 LeHHOCThIO Heucnonb3oBauust (NV), T. e. IIeHHOCTBIO CyliecTBOBaHMs. Takoil mogxoy K
[[EHHOCTY 9KOHOMUYECKMX O/1ar B IepCIeKTIBE IO3BOJINT JABATh OL[EHKY 9KOCHCTEMHBIM YCIyraM, YTO ITO3BOJINT OLIEHVBATh
Be/IMYVHY IPMPOJHOTO KAINTA/Ia B HAIIMOHATIbHOM GorarcTBe 60rmee 06beKTrBHO [20].

CrouMocTHas OLieHKa I y4eT IPUPOFHBIX PECYPCOB KaK 37IeMEeHTa HAl[MOHA/IBHOTO 60OraTCTBa B 9KOHOMIYIECKOI IIPAKTIKe
HEIIOCPeCTBEHHO CBSI3aHBI C KOHIIEMIMell Hal[oHabHOro cyetoBoncTBa [21]. Ilpumenenne CHC a1 CTOMMOCTHOTO ydeTa
IPUPOJHBIX PECYPCOB, KaK M APYIMUX MaTepManbHbIX aKTUBOB B cocTaBe HbB, mpepmonaraer ux OLeHKY B TEKYLIMX PHIHOYHBIX
rieHax. He mMest JOCTaTOYMHOrO OIIBITA B 9TOM BOIIPOCE, POCCUIICKAs CTATUCTHKA MCIBITBIBAET 3HAYNTEIbHbIE TPYLHOCTI IPU
paspaboTKe METOANIECKOTr0 06eCIedeHysi CTOMMOCTHOTO y4eTa OT/e/IbHbIX KOMIIOHEHTOB IIPMPOJHOrO KallUTana B COOTBET-
crBun ¢ pekomergyembiMu CHC criocobamu onjenku [22]. 910 0cOOEHHO aKTyanbHO IS TOI YaCTU IPUPORHBIX PECYPCOB,
KOTOpast He sIBJIIETCS 00BEKTOM KYIIN-TIPOJAXI B COBpeMeHHOM ob1recTse [23]. KOMIIOHEHTHI IPUPOFHOIL Cpenbl, obecedn-
BaloLIVe 9KOCUCTEMHbIE YCIyTH, 00/IajaloT B COBPEMEHHOM O0IleCTBe He MEeHbIIIel [IeHHOCTHIO, YeM >KM3HeobeceuBaoLie
(HampyMep, MALTHK U TaCTOMINA, MCIIONb3yeMble [/Is IO/IyYeHMs IPOSYKTOB IIUTaHMs), @ 3HAYUT, X SIKOHOMUYECKas OL[eHKa,
C IIO3MIM HALMOHATILHOTO 6OraTcTBa, TAK)Ke HEO0OXOMMa OOIIECTBY, KaK 1 OLleHKA PECYPCHO-CBIPbeBOro HoTeHIyana. Vic-
I10/Ib30BAHNE PHIHOYHBIX II€H B 9TOM C/Iy4ae, 6€3yC/IOBHO, KpallHe 3aTPyAHNUTENbHO B PO, HO MMEIOILNIICS y>Ke B HEKOTOPBIX
CTpaHaXx IIOIOXKNUTE/IbHBII OIIBIT TAKOJ OLIEHK IO3BOISET IPENIIOIOKUTD, YTO B HEffa/IEKOM OyAyIeM OH OyeT [OCTYIIeH It B
OTEYECTBEHHOI IPAKTHUKE.

3akAtoueHve

PaccmoTpeB HeKOTOpbIe IIPO6IEMBI OLIEHK) IPUPORHBIX PECYPCOB C IMOSVUILMM HALMOHAIBHOTO 6OTaTCTBa, MOXKHO OTMe-
TUTH CTIEAYIOLIee.

1. CroMMOCTHasI OLleHKa IPUPOJHBIX PECYPCOB, YINTHIBAs 06€CIIeYeHHOCTh VMU HALMOHAIBHOI SKOHOMVKY, HO/DKHA
CTaTh OJIHOII U3 IEPBOOYEPENHBIX 3aad POCCUIICKOI CTATUCTUKIL

2. TIoHsITHE «IIPVUPOJHBIE PECYPChI» TAK JKe, KAK M KATErOPYsI «HAIMOHA/IBHOE GOraTCTBO», TOCTOSHHO 3BOMIOLMOHNPYET,
PaCUINPSACh U TOIOHISCH HOBBIMMU 3/IEMEHTaMH, II09TOMY ¥ CITOCOOBI 9KOHOMIYECKOI OL[eHKI JJOIDKHbBI BUFOMU3MEHATHCS,
4TOOBI MAKCUMAIBHO 0OBEKTUBHO U IIOTHO YYUTBIBATh VX B COCTaBe HallMIOHA/IbHOTO OOraTCTBa.

3. Hauboree mepcrieKTMBHOI JUIs OLIEHKY IIPYPOSHBIX PECYPCOB M 9KOCUCTEMHBIX YCIyT HA CETOAHSAIIHWIL IeHb CTIefyeT
CYMTATh KOHIIEIINIO 00IIeil 9KOHOMIMYECKON IjeHHOCTY. OHa II03BOJISIET YYUTHIBATH HE TOTBKO CTOMMOCTD VCIIOTIb30BAHIIS
PecypcoB, HO 1 CTOMMOCTD X CYyIeCTBOBAHIS, YTO KpallHe Ba)KHO B PaMKaX KOHIIEMI[UI YCTOMYINBOTO PA3BUTISI 9KOHOMUKIA,
yrBep>kzenHolt Opranusaryert O6beanHeHHbIx Haruil, B IIe/1X COXpaHEHMsI HBIHEIIHETO IPUPOZHOro 6orarcTsa Ajst 6yay-
LIUX ITOKOJIEHUIA.

4. Hepas3BUTOCTb phIHKA MPMPORHBIX PECYPCOB U IKOYCIYT CHEP>KUBAET IpUMeHeH)e TeKYII/X PHIHOYHbIX 1IeH B OLleHKe
IPYPOFHOTO KAIIMTA/IA, YTO He ITO3BOJLIET IIPOBOYUTD CTOMMOCTHOIT yUeT IPUPOSHBIX PECYPCOB M 9KOYCIYT B HALIVIOHAIBHOM
6orarctBe B cootBeTcTBMNU ¢ HOpMamyt CHC.

5. IToaramHoe pelenre 3TuUX NPOOIeM TO3BOIUT OCYIIECTB/LITh [OTHOLEHHYI0 9KOHOMIYECKYIO OLIEHKY I YYeT IIPUPOJ-
HBIX PECYpPCOB C HMO3MUIINYU HALMOHATBHOIO GOTaTCTBA B LEJIAX HOAYYEHUs HOCTOBEPHON U 0OBEKTUBHON MH(pOpMALMM /I
paspabotku 3 HeKTUBHOIT, COLMANTPHO OPMEHTHPOBAHHO 9KOHOMIYECKON ITOMMTUKIA.
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Natural resources as part of national wealth

Oksana Aleksandrovna LOGVINENKO,
Vladimir Evgen’yevich STROVSKIY"
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Relevance. At all times national wealth played the role of the most important indicator of the economic situation of a state. From this point of view,
the completeness and accuracy of the assessment of its magnitude continues to be an actual research task to this day.

Purpose of research. Identifying evolutionary changes in the mapping of national wealth from the perspective of its natural resources.

Research results. The absence of a unified approach to the concept of national wealth in the world community has been proved. The content of methods
for assessing national wealth has been disclosed since the late 1960s, when the UN approved the methodology recommended for many countries around
the world. Some evolutionary changes in the methods of assessing national wealth were reflected. Particular attention is paid to the accounting of natural
resources. In the agrarian economy, land (arable land, forest) acted as an element of national wealth, while its value was expressed in the form of the value
of agricultural land. In the industrial economy, arable land, forest, and mineral resources as sources of raw materials were subject to monetary recording.
And finally, in the post-industrial economy, the task of recording of natural capital as part of the national wealth is taking account; it is considered as a
combination of natural resources and ecosystem services. Becoming economic assets and bringing certain benefits, natural resources and ecosystem
services (ecological resources), transforming into the concept of natural capital, have a significant impact on the amount of a country’s national wealth.
The lack of sufficient experience, the complexity of the economic assessment of natural capital does not allow for an objective valuation of national wealth.
Conclusion. The valuation of natural capital in the composition of national wealth should be one of the priorities of Russian statistics. The concept of
total economic value should be considered the most promising for assessing natural capital; it allows to take into account not only the cost of using
resources but also the cost of existence, which is extremely important in the framework of the concept of sustainable development of the economy,
in order to preserve natural wealth for future generations.

Keywords: national wealth, valuation, land, natural resources, natural capital, evolutionary changes.
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MeTtoamka pacyera pesepsBa pabo4yero BpeMeH NnepcoHaa
YTAEAOOLIBAIOILETO MPEAMNPUSITHSI AASI ETO PA3BUTHSI

Bnagumup Anekceesuu FAJIKUH',
Anekcangp Muxannoeuy MAKAPOB™,
Cesatocnae Uropeeuy 3AXAPOB™,
MapuHa HukonaesHa MOJNELLYK™

Hayu4Ho-uccnegoBaTenbCKUi MUHCTUTYT 3pdEKTUBHOCTM 1 6e30MacHOCTM ropHOro Npou3eoacTea, Poceusa, YenabuHck
YenabuHckui dpunuan MuctutyTta ropHoro gena YpO PAH, Poccus, YenabuHck

AKTyaAbHOCTB pabotel. YraeroObiBatowye npeanpusitvsi POCcum 3a NeproA OCBOEHMST PLIHOYHBIX OTHOLWIEHWM CyWEeCTBEHHO YAYHIIMAM CBOU MO3ULIMM
Ha poiHKe. o cpaBHeHmio ¢ 1988 1. — roAoM MakcMMaAbHOM A0GbLIuM yrast B CCCP — MpOM3BOAMTEALHOCTL TPYAQ BLIPOCAA B 3,5 pasa. 1o 06yCAOBAEHO
YBEAMYEHMEM EAVIHVYHOM MOWHOCTU FOPHOTPAHCMIOPTHOTO M FOPHO-WAXTHOrO 060pyAOBaHMsl. Tak, CPEAHsisl BMECTVMOCTb KOBLIA SKCKABATOPOB BLIPOCAA
B 3 pasa, rpy30rnoALEMHOCTL ABTOCAMOCBAAOB — B 1,5-2,4 pasa. [NepeBoopy>kKeHne CONMPOBOXKAAAOCH OCBOEHMEM HOBbLIX TEXHOAOTMYECKMX MAPAMETPOB
MPOU3BOACTBA, YTO 06ECNEYMAO POCT SPPPEKTUBHOCTM UCMIOAL3OBAHMSI TEXHUKM B 2,5-3,0 pasa. B pesyAsrare orcraBaHue Mo Npou3BOAMTEALHOCTM TPYAA
MO CPABHEHMIO C YTAEAOODLIBAIOWMMM MPEANPUSTUIMM SKOHOMUMYECKM PA3BUTLIX CTpaH, Harnpumep CLUA, cokparmaocs ¢ 7,3 Ao 4,3 pasa. Bmecre ¢ tem
HAAMLIO BO3PACTaHMe COLIMAALHOM HAMPSXKEHHOCTM, OBYCAOBAEHHOE PA3PLIBOM B YPOBHSIX 3apPabOTHOM MAATbLI, KOTOPOE MPAKTUYECKM PABHO OTCTABAHUIO
MO NMPOU3BOAUTEALHOCTM TPYAQ. AASI yMEHDIIEHMs! OTCTABAHWSI B YPOBHE >KM3HM HEOOXOAMMO MOBbILIEHME 3aPABOTHOM MAATLI, YTO HEBO3MOXKHO obecrie-
4yuTh 6€3 POCTa NMPOU3BOAUTEALHOCTU TPYAA. OCHOBHLIM CPEACTBOM PELIEHMS! STOM 3aAa4M SIBASIETCSI COKPALIEHME HEMPOU3BOAUTEALHOM PABOTLI M HEMPO-
V3BOAWUTEALHBIX 3aTPAT BPeMeHM Ha Hee. COOTBETCTBEHHO BO3HMKAET MOTPEGHOCTL B BLISIBAEHUM HEMPOU3BOAUTEALHOTO PABGOYEro BpeMeHU MeEPCOHaAQ,
BLICBOOOYKAEHMM €ro M3 MPOLIECCA U HAMPABAEHUM BLICBOOOXKAEHHOTO BPEMEHM HA PA3BUTUE MPOU3BOACTBA. AAsl STOTO HEOOXOAMMA METOAMKA PacyeTa
pe3epBoB paboyero BpemMeHHu.

Lear pa6otbr: pa3paboTar METOAMKY pacieTa Pe3epBoB Pabovero BpeMeHM MepCoHAAA YTAEAODLIBAIOLLETO MPEANPUSITHS, MPUMEHEHME KOTOPOVA CTaHET
6a30i1 AASI LIEAEHANPABAEHHOTO YCTPAHEHMS! MPUYMH HEMPOU3BOAUTEALHOTO MCMOAL3OBAHMSI BDEMEHM PYKOBOAUTEASIMM, CMIELIMAAUCTaMM 1 paboummu, a
TaKKE MCMOAL3OBaHMSI BLICBOOOXKAEHHOTO BPEMEHM AAsI PELIEHMST 3aAa4 PA3BUTMSI MPOU3BOACTBA Y AVBEPCUUKALIMK AESITEALHOCTU.

MeToAororns m METOALI NpOBeAeHMs1 paboTul. BuisiBAeHME, OLIEHKA 1 MCMOAL3OBAHME PE3EPBOB OCHOBAHLI HA CAEAYIOLIMX MOAOXKEHUsIX: 1) Tpebyemast
CTPYKTypa paboyero BpemeHn oOyCAOBAMBAETCS (DYHKLMOHAALHBIM MPEAHA3HAYEHMEM AOAYKHOCTM PABOTHMKA B OPICTPYKTYPE MPEANpUsiTUst; 2) chakTtu-
YyecKasl CTpPYKTypa paboyero BpeMeHM MPEeAONPEAEASIETCS TOHMMAHUEM PABGOTHUKOM CBOErO (hYHKLIMOHAALHOTO MPEAHA3HAYEHMS!, €ro KBaAuKaumen
M OTBETCTBEHHOCTLIO. OLIeHKA Pe3epBOB OCYLIECTBASIETCSI C MCMOAL30BAHMEM METOAOB CTPYKTYPU3ALIMM U AEKOMIO3ULIMKU LIeAel, CTPYKTYPHO-hYHKLIMO-
HAALHOTO aHaAM3a, OPraHM3aLUMOHHOIO MOAGAVPOBAHMSI, AHAAUTUYECKMX PACHETOB.

PesyAbTaTol pa6oTnl M 06AACTL MX NpuMeHeHms. PaspaboTaHa METOAMKA pacyeTa pe3epBoB PaboYero BpEMEHU OMEPALIMOHHOIO NMepCcoHaAd, crie-
LIMAAVCTOB U PYKOBOAUTEAEN YTA€AOOLIBAIOWETrO MPEANnpusiTvsi. OTPasKeHbI CTPYKTYPa BPEMEHM M MMEIOWMECS] Pe3ePBbl PAGOYEro BPEMEHM MEPCOHAAA
YIA€AOOBDLIBAIOWMX MPEATPUSITUT.

BriBoAbI. Pa3paBotaHHasi METOAVKA MO3BOASIET BLISIBASITL M OLIEHMBATL MMEIOLMECS] Pe3ePBbl PABGOYEro BpEMEHM MEPCOHAAA YTACAOBLIBAIOWMX MPEATPU-
SITWIA, YTO sIBAsieTCsl 6asoii paspaboTku mep Mo 3PPEKTUBHOMY MCMOAb3OBAHUIO 3TUX PE3EPBOB HA OCHOBE OCBOEHMsI MEPCOHAAOM (PYHKLIMIA PA3BUTMSI
MPOM3BOACTBA M AUBEPCU(PUKALIMM ACSITEALHOCTU.

KatoyeBble cAOBa: yrAeAOObIBAtOLLEE MPEANPUSITUE, MEPCOHAA, MPOV3BOAUTEALHOE Bpemsl paboTLl, pe3eps paboyero BpeMeHM, PasBut1e, AMBEPCUMKA-
LSl AESITEALHOCTY, METOAMKA PacyeTa.

BEAEHME
YregoOpIBatolye IpeanpuATua Poccyn 3a Iepuof 0CBOeHMA HOBBIX 9KOHOMMYECKIX OTHOLIEHWIT CYILleCTBEH-
HO Y/Iy4IIVIN CBOU TIO3UIMM Ha pbiHKe. 1o cpaBHeHmo ¢ 1988 r. — rogom MakcyumanbHOI gobsran yrist B CCCP -
[IPOM3BOANUTEIBHOCTD TPy BBIPOC/Ia B 3,5 pasa (Tabnmia).
9T0 06YCNIOBNIEHO yBeMMYEHNEM eUHUYHOI MOIIHOCTY TOPHOTPAHCIOPTHOTO U TOPHO-IIAXTHOrO obopymoBaHms. Tak,
CpefiHAA BMECTUMOCTD KOBIIa 9KCKaBaTOPOB BBIPOC/IA B 3 pasa, IPy30IO/beMHOCTb aBTOCAMOCBanoB — B 1,5-2,4 pasa. Ilepeso-
OpY>KeHMe COIIPOBOXK/IA/IOCh POCTOM 9(p(PeKTBHOCTH UCIIONb30BaHNA TeXHUKN B 2,5-3,0 pasa [3].
B pesyrbrare oTcTaBaHme 10 IPOU3BOANTEIBHOCTI TPY/A TI0 CPABHEHNIO C YITIEHOOBIBAIOLIIMIL IPEAIPYATISIMY SKOHOMIIYe-
CKU pasBUTBIX cTpaH, Hanpumep CIIIA, cokparunocs ¢ 7,3 1o 4,3 pasa (Tabnmia). Bmecre ¢ TeM HanmIio BodpacTaHye COLMATbHON
HAaIPsDKEHHOCTH, 00YC/IOB/IeHHOE paspbIBOM B yPOBH:X 3apaborHo tiatsl. B CIIIA B 2017 . cpenHss rogosas 3apaboTHas IIaTa pa-
OOTHIIKOB yI/Ief00bIBAIOIINX IPEAIPISTIN COCTaB/IsiIa 60,7 ThIC. 0L [4], Ha pOCCHIICKIX YITIeROOBIBAIOLINX IPeAIpHATISIX B 2018
L. - 691 ThIC. py6., a BMeCTe C OTIMC/IEHNSIMY B CTPaxoBoit GoHf — 947 ThIC. pyo., 4TO cocTaB/steT npuMepHo 14,6 Toic. gorur. CIIA [1].
OrtcTaBaHue 1o 3apabOTHOI IUIaTe MPAKTUYECKM PAaBHO PaspbIBY B IPOM3BORUTENBbHOCTH TpyAa. CremoBaTelbHO, A
YMeHBIIIeH)s OTCTABaHMA B YPOBHE >KM3HU HEOOXOAMMO IOBBILIEHME 3apabOTHOI IIaThl, KOTOPOE MOXKHO OCYIIEeCTBUTb Ha
6ase pocra MpoM3BOANTENBHOCTH TPYAa. OCHOBHBIM CPEICTBOM HAPAIIMBAHNS IIPOM3BOAUTENBHOCTH TPYAA SAB/ISETCS COKpa-
IIeHUe HEelIPOV3BOANTENIBHOI PAabOThI 1 HEIPOM3BOAUTENbHbIX 3aTpaT BpeMeHn [5-12]. CoOTBETCTBEHHO BO3SHMKAET 3afjada
BBLABJICHNS U UICIIONIb30BAHNS Pe3epBOB paboyero BpeMeHIL.
Pacuer pesepsos
MeTopnuka pacyera IIpefiCTaB/IeHa JJIs yTOJIbHBIX pa3pe3oB. IIpy HeoOXOAMMOCTI OHa MOXeT OBITh afJallTPOBaHa K YC/IO-
BMAM YTOJIbHBIX IIAXT.
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MNokasaTtenu pa6oTthkl yrneao6biBatrowmx npeanpusatum [1, 2].
Performance indicators of coal mining enterprises [1, 2].

lon O6bem, MrH T/rof YncneHHoCTb, ThiC. Yern. [Mpon3BoauTENBbHOCTL, T/4en.-rog
PO

1988 416,6 477,7 872

2018 439,3 144,2 3046
CLIA

1988 862,1 135,4 6367

2017 702,7 53,0 13 258

AO «CYO3K»
2018 110,4 253 4364
000 «CY3K-Xakacusi»
2018 12,9 2,8 4607
AO «Pa3spe3s TyzHyuckuli»
2018 14,3 2,2 6500

PesepBbl pabouero BpeMeHM paccCMaTPUBAIOTCA B IeATENIbHOCTI KaK OIEPAallMIOHHOTO, TaK 1 YIIPABIEHYECKOTO IIepCOHAIA.

1. OnepauyuonHbLii nepcoHan

MO>)KHO BBIJIETUTD 3aTPAThl BpeMeH! OCHOBHOTO I 0OCTY>XMBAIOIIEro IIepCoHaIa.

1.1. Pacuem epemenu, HeoOX00UMO20 0715 OCYU4ECNBTIEHUS OCHOBHBIX MEXHONIOZUHECKUX NPOLECCo8

B OCHOBHBIX TEXHOTIOTMYECKIX MPOL[ECCaX MPOM3BOANTETbHOE BpeMs paboTsl o6opymosanms T, uenecoo6pa3H0 paccun-
TBIBATb Ha OCHOBE PALMIOHAIBHOI MPOIO/DKUTENBHOCTY €T0 paboyuero MK, Malll.-4:

Tnp = (1)

e Q, - — daxTuyeckuit pesynbrat paboThl 060pymOBaHMA 3a Hepuop, (Iof|, MecsI), M’, T, T - KM, M 1 fip.; II - 9acoBas mpousso-
IH/ITeIIbHOCTb 060py[OBaHNS IIPU PALMOHAIBHBIX [IAPAMETPAX ero paboTsl, M/, T/4, T - KM/Y, M/4 1 Ap.:
— ec/ BpeMsI IIUK/Ia M3MepPsIeTCs B CEeKYH/[aX, TO:

3600
T Vo )

1

rae VLl - 06'peM TIPOM3BOAVIMOIT PabOTHI 3a UMK, M, T, T * KM, M I Ip.; tu — BpeMA LKA, ¢; 3600 — KOMM4YecTBO CEKyH/[| B Jace.
— ecnu BpeMs IIUK/Ia U3MepsAeTCs B MUHYTaxX, TO:

60 3)

et | — BpeMs IUK/Ia, MUH; 60 — KOTIMIeCTBO MUHYT B Yace.
,HHH 9KCKaBaTOpa TUIIA APariaitH 06beM IPON3BOAMMOI PAbOTHI 3a IIVKIT PACCUNUTBIBACTCS, M>/4:

V, = E“ = EKKS’ (4)

I K

rae E - 06beM ropHOIl Macchl B KOBIIE B Lie/Ke, M*; E_— BMECTMMOCTD KOBIIIA 9KCKaBaTopa, M’ K — koadduiuenT sKckaBa-
LMY TOPHOT Macchl [13].

ITpu morpyske aBTocaMOCBaia 9KCKaBaTOPOM THUIIa MEX/IOIaTa BO BPEMEHM ero L{MK/Ia He0OXOAMMO YIUTBIBATb BpeMsi 00-
MeHa TPaHCIOPTHBIX eAVHLL:

=[Q/E |t +T,.;
S B s T Lo

(5)
e Q/E’ - KOMM4ecTBO LMK/IOB TIOTPYSKM TOPHOI Macchl B TPAHCIIOPT, OKPYT/IAETCA /10 LENOTO ucra KOBIIIE!T B OO/IBIIYIO
cTOpoHY; Q' — 06beM rOpHOI MacChl B Ky30Be aBTocaMOCBana B LjeNMKe, M £ |~ BpeMs LMK/Ia 9KcKasauui, ¢; T o~ Bpems
o6MeHa TPaHCTIOPTa, C; IPU IBYCTOpOHHel morpyske T

O6beM IPOU3BOAMMOIL 32 LUK PAGOTHI :-)KCKaBaTopa MEXJIOIIaThI, M™:
V=Q
1 QK > (6)
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[l aBTOCAaMOCBaIa 4acoBasi IPOM3BOUTEILHOCTh PACCUNTBIBACTCS C YYETOM PAalMOHANbHBIX TApaMeTPOB €ro paboTsl,
KOTOpbIe BK/IIOYAI0T CKOPOCTD JIBVYKEHM CAMOCBajIa B IPY>KEHOM 1 IOPO>KHEM HaIIpaBJ/IeHU, BpeMs IIOTPY3KM M PasTPy3Ku, a
TaK)Xe BpeMsA MaHeBPOB Ha IOTPY3Ke I pasrpysKe.

Bpems nuKIa pacCYUTBIBaeTCA 10 PopMyIIe:

=T+ T T +T +T, 7)

morp TPyX pasrp

rne T o
BpeMH paSFPYSKI/I MMUH, T - BpeMH MaHeBpOB MIH.
O6bem npomssom/[Mom 3a LUK paboThL, M’paccunTbiBaeTcA 1o popmyie (6).

Jlyis1 6ypoBOro cTaHKa BpeMst MK/IA i 00beM paboThI 3a IMK/I PACCUMTHIBAIOTCS IO GOPMyIIam:

— BpeMs [OTPysKiu, MuH; T — BpeMsI BUKEHNA IPYXKeHbIM, MuH; T,

op

— BpeéM: ABVDKEHNA ITIOPOXHUM, MIH; T =
pasrp

t = (tu'6+ T, )n o ot Tmp; (8)
V=Ln+L R 9)
iy I JIOII. 1
TIe tu‘ s — Bpems LMKIIa 6ypeHI/[;1 Ha JUIMHY OJHON IITaHIN, C; Tmp — BpeMs HapalllMBaHNA IWITAHIY, C, IIPY OJHO3aXOTHOM 6ype-
HUN THap = 0; n — KONMMYECTBO IITAHT, IIT., TPY OJTHO3aXO/IHOM Oypernu n_ = 1; ton. oyp ~ BPEMA OypeHsI Ha JUINHY HETIOTTHOI

LITAaHTH, C; T nep BpeMms 1iepee3fia MeXXy CKBaXXHaMI, C; L — JJIMHA ]J.ITaHI‘I/I, M; Lmn — [JINHA HEIIO/THOM IITaHTH, M.
PeSepBbI MAaIIMHHOTO BpPEMEHN Ha BBIIIOTHEHNE OCHOBHOI/I (bYHKI_U/II/I T BBIYUC/IAKTCA 110 q)opMyne.

T Tan Tq;m
(10)

e Td’m — (axTiuecku oTpaboTaHHOE NPOUSBOAUTENbHOE BpeMs; T ™ ~ TeXHONOIMYeCKNe BOSMOXKHOCTI MCIIO/Ib30BAHMS
060py110BaHI/IH Ha BBIIIOJIHEHNMI €r0 OCHOBHON (YHKLUMM C y4eTOM IPOBEfEHMs IIAHOBO-NPEAyNpeANTeIbHBIX PEMOHTOB
(TIITP), 6ypoB3pbiBHbIX padoT (BBP), o6ena 1 MTM4HBIX HaJOOGHOCTEI TepCOHAIa B MECLL:

BO3M HOPM HOpM HOPM
T =K®B - T _Tnso BBP _Tn.H > (11)

e T ™ — Heobxopmmoe Bpems nposenerns [111P npu panyoHanIbHBIX OPraHN3aL Uy ¥ TEXHONMOTUH TPyRa; T 150,58 — Heobxomu-
Moe BpeMH [IPOBeeHNs TIOATOTOBUTENbHO-3aKMounTenbHbIX onepanuit (I130) u B3ppiBHbIX paboT (BBP) nmpu parmoHanbHbIX
OpTaHM3alUN U TeXHOJIOTUM TPYHAa; T:":M - HeobxoxyMoe BpeMsi obea 1 MMIHBIX HafoOHOCTel nepcoHaa. [IpunsTo, 4To B
cMeHy obep — 30 MuH, TMYHbIe HafOO6HOCTY — 10 MUH.

IIpousBoguTenbHOE BpeMs olepaTopa T IIpY BBIIIOJTHEHMY OCHOBHOJ (PYHKIIMY B CMEHY MJIM MeCAL] paCCYUTBIBACTCS IO

dbopmyre:

T
T =T k =T —
np cm(mec)  m.0 cm(mec) 4 (12)
K®B
rae T, .., ~ TPOO/DKUTENBHOCTD CMeHbI (MeCAYHbIA POH/ BpeMeHn) pabodero; k| — K09 UIMEHT IPOU3BOAUTENBHOTO UC-

onp30BaHmst obopynosaus; KDB — xaneHgapHbit GOHI BpeMeHN, MallL.-4.
C yd4eToM He0OXOAMMOro BpeMeH! Ha 00e]] U JIMYHbIe HaJIOOHOCT! Ha BBIIIOTTHEHIE OCHOBHOU (PYHKI[IN OIlepaTopy TpebyeTcst:

HOpM
THeo6x = Tnp 1+ Tz:m : (13)

Peseps BpeMeHM oniepaTopa IIpy BBIIIOTHEHN OCHOBHON (DYHKIIVIN:

Ton — Ton _ Ton ,
pes daxr Heobx (1 4)

e T, - dakTideckoe Bpems, 3aTpadeHHOe Ha BHIIONHEHNE OCHOBHOM (YHKIMIL
Texnonornieckue Bosmoxxuoctn T, ™ cocrapnsor (popmyna (11)): no sxckaBaropam - 626 (npu 30 cyT B Mecsw) 1 645

4 (mpu 31 gHe B Mecsill), II0 aBTOCAMOCBA/IaM COOTBETCTBEHHO 621 1 642 4, T. e. 86-87 % 0T Ka/leH[apHOTrO (pOHA BPEeMeHI.
[Tpu Takoit OpraHM3anMy U IPK IKUMAXKe 4 YemoBeKa MALIMHUCT 9KCKaBaTopa mpu 12-4acoBoil paboueil cMeHe B CpeHeM 3a-
Ie/iCTBOBAH Ha BBIIIOJIHEHNU OCHOBHOI GyHKIM 10,3 4 B cMeHy. 9TO peanbHO TOCTIHKMMO U HOATBep>KaaeTcsA 3 (HeKTUBHBIM
JICIIOIb30BaHMeM BpeMeH) 000pyHOBaHNA I IIepCOHaIa IIPY YCTAaHOBJICHUY PeKOPHBIX IoKasaTeneii [14, 15]. Tak, Ha paspese
«Tyrayitcknit» B mioHe 2015 T. skckaBaTop Bucyrus 495HD morpysun B aBTocamocsansl benA3-75306 2,1 MaH M® ropHOI Mac-
cbl. Bpems nmkira skckaBanuy cocrasiseT 30 ¢, koadduiueHT skckaBaunu 0,745. YacoBas Ipon3BOAUTEIBHOCTD SKCKaBaToOpa
(dopmymnet (2), (5)-(6)):
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3600 3600 5
II = 86 = 86 =3440M /4.

" 86 3.30
7 30
41,3-0,745

ITponsBopuTenbHOE BpeMs pabOThI 9KcKaBaTopa 3a MecAl (popmyna (11)):
2102000
" 3440

=611 manr-y, . e. 82 % MecAYHOTO KaJeHAapHOTO POHMIAa BPEMEHI.

B maHHOM npuMepe MAalIMHNUCT 9KCKaBaTOpa B CPeJHEM IPOM3BOJMUTENIBHO TPYAM/ICA Ha 3KCKaBauyuy 10 4 B cMeHY, 4TO
Menbie 10,3 4.

Byposoit cranok PitViper-271 Ha paspese «Tyrayitckuit» B okts16pe 2012 1. Habypua 42 520 m. Ero wacoBast mpousBonm-
TENBbHOCTD cocTaBiseT 72 M. [IpousBopurenpHoe Bpems pabotsl (popmyner (1), (8)-(9)):

42520
" 72

T

=590 marr-y, T. e. 79 % MecssuHOro HOH/A BpEMEHN.

CreffoBaTenbHO, MAIIMHICT 6YPOBOTO CTAHKA B CPeHEM IIPOU3BOAUTEIBHO TPYAMICSA Ha OypeHnn 9,5 4 B CMeHY.

Ho mocTixenne n 0cBoeHMe PeKOPAHBIX TOKa3arteneil TpebyeT COOTBETCTBYIOUX TAHNPOBAHYSL, OPTaHM3aLN U KOHTPOJLSI
IIPOLIECCOB, MOTMBALIVM TIepCcoHaa [3].

AHanu3 pesynbpraToB pabOThl TOPHOTPAHCIOPTHOTO 060pynoBanus (popmyinsl (1)-(7)) mpeAcTaBUTENBHOrO psAfia FOPHO- U
YIIef0ObIBAIOIIVIX IPeIPIUATIN IOKa3aJl, 4YTO €TO VICIIONIb30BaHNe YIMeeT CTPYKTYPY BpeMeHH, IpeficTaB/IeHHYI0 Ha puc. 1.

CpepHee Ipon3BOANTEIBHOE BpeMst pabOThl 060PyAOBAHILL:

- 9KCKaBaTopa:

T =355 mamr.-y,

np
— aBTOCaMOCBaa:

Tl‘[p =375 marr.-u.

[TpousBopuTeIbHOE BpeMsI B MeCsL] C Y9eTOM BpeMeHM obefa ¥ TMYHBIX HafobHOCTelt cocTasisieT (popmyna (12)):
— UL MAIIVHVACTOB 9KCKaBATOPOB (4 YeoBeKa B 9KUIIAXKE):

ongasr _ 390
TU* = ——1,06 = 94,1
np 4

— A BO,[[I/ITCHCﬁ AaBTOCaMOCBAJIOB:

ongur _ 37
T =—1,06=99,4y,
np
4
HOpM

T

e 1,06 = 1+ — Koo PUIIVEHT JOTIOTHUTEIBHOTO BpeMeHY pabOTHMKA Ha OCYIeCTB/IeHMEe OCHOBHOI (PYHKIINN C y4eTOM

soant
np
o6ea 1 IMYHBIX HAOOHOCTEI.
Pe3sepssl Bpemenu cocrasysiioT (popmyina (10)):
— IVIsL 9KCKaBaTOPOB:
T:;"‘ =635-355 =280 MallL-4, T. €. 44 % OT BO3MOYKHOTO;
— IUIg aBTOCAMOCBAJIOB:

T =630-375=255 MauL-4, T. €. 40 % OT BO3MOXKHOTO.

PesepB BpeMeHM OIepaToOpa IIpy BBIIOTHEHNN OCHOBHOI (yHKIuu (popmyner (13)-(14)):
- I MAIIMHUCTOB 9KCKaBaTOPOB:

w 035-1,06
o = —94,1=168,3-94,1=74,2 4en.-4, T. e. 44 % OT BOSMOXKHOTO,
4
— JI/I1 BOJUTE/IEN aBTOCAMOCBAIOB:
o 030-1,06
o = —99,4=167,0-99,4 = 67,6 4en.-4, 1. e. 40 % OT BO3SMOXHOIO.
4
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K®B, u/mec.
732 = TO I'IJ'IP p—
i = aBapUWHbI = 75.02
83-117 PeMOHT |  Bpewms,
CBsi3aHHoOe ¢
610 EXXecmeHHoe | 58-71 o6CnyKNBaHMEM
obcnyxusaHue,
obefbl U NUYHbIE
488 HagoOHoOCTU
nepcoHana
Henpouseoau- Bpems,
366 TenbHOe Bpemsi cBf3aHHOe C
BbINONHEHUEM
—  OCHOBHOM
MpounsBoau- dyhKunm
244 TenbHOe Bpems
333.375
122
0

JkckaBaTop ABTocamocBan

PucyHok 1. CpegHemecsyHas CTPYKTypa kaneHpgapHoro ¢oHaa BpeMeHV ropHOTPaHCNOPTHOro o6opyaoBaHus.
Figure 1. The average monthly structure of the calendar labour time reserve of mining equipment.

1.2. Ob6cnysncusarouuii onepayuoHHbLil nepcoHan
B wenom 1o BceM 06ecrednBaoIiM npoleccaM IIPOU3BOANTENIbHOE BPeMs HAXOXK/IEHU 060py,[[0BaHI/IH B TEXHUYECKOM

06¢
O6CHY)KI/IBaHI/H/I U perTaMEeHTNPOBAaHHDBIX ITIEPEPBIBAX Tnp HeHeC006p33HO paccunThIBATD 110 (1)0pMy}Ie.

Ts =T, (kg +Kosme +K, s (15)

rme k06c - ko3 dunyent, oTpaxkaromuil HeOOXOAUMOe BpeMsi IVIAHOBO-IIpeAynpesuTenbHbix pemontos (IIITP); krI3O spp — KO-
s dunMenT, oTpaxanmnit He06X0OMMOe BpeMsl MOATOTOBUTENbHO-3aKMounTenbHbIx omepannit (I130) 1 B3pbIBHBIX paboT
(BBP); k- xoaddurmenT, oTpakaroiuii HeoO6XOAMMOe BpeMst TMYHBIX HaJoOHOCTeI 11 06€eja IepcoHaIa.

I.H

Dopmyna s pacyera k , 4/man.-u:

quOPM
k06C — 06¢
T (16)

np

e T, - Heobxofumoe Bpems nposeperns IITIP npu payoHabHOl OpraHusaun u TexHonorny tpyna; T, — IpousBofu-
TenbHOe BpeMs paboTst obopynoBanms (cm. dopmyny (1)).
Dopmyna s pacueta koo 9/MalIL-4:

T HOpM

1130, 5BP
knso, BBP
T

np

(17)

HOpM

roe T, — HeoOXofuMoe BpeMs NMPOBefieHNA TOATOTOBUTENbHO-3aKMI0UNTeNbHbIX onepanuit (II30) u B3pLIBHBIX paboT
(BBP) mpu pauyoHanpHO OpraHu3anyi ¥ TEXHOJIOTUY TPY/a.
®opmyna s pacyera Koabduunenta k , u/mManr.-u:

nu Ti (18)

rae T — HeoGxomMOe BpeMst 06elia i IMYHbIX HAOOHOCTEl [IepCoHaJIa.
ITo MHCTPYKUMSAM 3aBOJIOB-M3TOTOBUTE/IEN TEXHUKY, PACIETaM JI OIIBITY [IEPEJOBBIX IPEAIPIUATII KOHKPETHbIE 3HAYEHIsI
B MeCAI IO/DKHBI COCTABATH [11, 16]:
OJI5L COBPEMEHHDIX IKCKABAMOPOB:
- Bpems IIIIP - 12 u;
- Bpems [130 u B3pbIBHBIX paboT — 42-44 u;
- BpeMs obefia 11 IMYHBIX HaoOHOCTEN pabOTHUKOB — 40-42 u;
0717 COBPEMEHHBIX ABIMOCAMOCEAII0B:
- Bpems TO, IpoUIaKTHIECKMX U IAHOBBIX TEKYIINX PEMOHTOB — 32 Uj
-I1I130 - 30 u;
- BpeMsi obefa 1 IMYHBIX HaTOOHOCTEN pabOTHNKOB — 40-42 u.
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B cpenneM HOpMaTuBHBIE 3HaUeHNUS KO9(DDULMEHTOB ¥ HPOAO/DKUTENBHOCTD 00CTY)XMBaHNsL 000PYLOBAHYS COCTABIISIOT
(dopmymsr (15)-(18)):

— /11 9KCKaBaTOPOB:

12 44 42
k =—=0,0249/mamr-y4, k =—=0,07 y/mam.-y, k =——=0,064y/manr.-y;

obc 1130, BBP

645 645 ) 645
T06c =636(0,02 + 0,07 + 0,06) = 95 MarrL.-4/mec;
~ I aBTOCAMOCBAJIOB:

32 30 42
k =—=0,0549/mamr-y4, k = ——=0,05u9/manr-y, k_ =——=0,069/manr-y;

obc > "'II30,BBP

642 642 642
T““ =632(0,05+ 0,05+ 0,06) = 101 mMamr.-u4/mec.

PesepBbl BpeMeH! Ha 0OCTY>KMBaHNE U PEerTAMEHTUPOBaHHbIE IIEPePhIBbI T ~ BBIYMCIIAIOTCA TI0 hopmyie:

obc obc.dakr _ o6c.HOpM

pes np np

obc.akt o06c.Hopy
e T, T™" - pakTideckoe n HOpMaTMBHOE BpeMs 06C)'IY>KI/IBaHI/IH U pernaMeHTMPOBaHHBIX IIePepbIBOB, Malll.-4.

PeSepBbI MCIIO/Ib30BaHMA BpEMEHU 06CJ’IY)KI/IBaIOH.{eFO IepcoHama T “ COCTaBNIAIOT:

To6cr( T(baKT _ THopM , (20)

q

HOpM

e T, T*" - HopmaTuBHbIe (pacueTHbIe) 1 haKTIHECKIE TPYA03aTPaThI TpoBefierys [TIIP ¢ yueToM peraMeHTHPOBaHHBIX
1epephIBOE.

Heo6xonyMble 3aTpaThl BpeMeHM ePCOHAIA [LS OCYIECTBIEHNS OOCTY>KMBAHNS, @ TAK)KE PEITIAMEHTIPOBAHHBIX IIEPEPbI-
BoB T omperens0Tcs mo Gpopmyre:

HOPM HOPM v 06¢ HOpM
Tl{ - N Tnp N T (ko6c H30,BBP + krl.H )’ (21)
re N™P" — HopMaTUBHas YVCIEHHOCTD IIePCOHAIA Ha OCYIIeCTBIeHIe 00CTy>KuBaHms U peMoHToB, [130 1 BBP, ver.-u.
DaxTyecKye IpOLO/DKUTENLHOCTD IIpoBefeHs oOcmyxyBanus, [TITP 1 aBapuiHbIX peMOHTOB B MecsAL| U K09 UIIVeHThI
Ha OfiMH IIPOM3BOAUTEIbHBII Yac paboThl TeXHUKY (puc. 1, cpemHue 3HadeHus:) [12, 17, 18] cocrasiaiot (popmynsl (15)-(18)):
— I 3KCKaBaTOPOB:

T:;’C'q’m 100 + 58 = 158 maii.-4/Mec;

158
k T knso BBP kn.u = % = 0,445 9/mamr.-u;
— V)11 aBTOCAMOCBAJIOB:
Tosc.q)m =83 + 65 =148 MaLH.-‘I/Mec;

np

k. +k +k 148 0,3954/
- = = 0,395 9/manr.-q.
1130, BBP LH 375

daxTuYecKue yenbHbIe 3aTPAThI BpeMeHI Ha 9ac paboTsl TexHUKM 60sbiie HopmatuBHBIX (0,15-0,16 1) B 2,4-3,0 pasa.
PesepBbl BpeMeHN B 0OCTY>KMBAHNUI COCTABIIAIOT B cpefHeM (popmyna (19)):
— I10 9KCKaBaTOpaM:

T06c =158 —-355.0,15 = 105 mani.-4/Mec., T. €. 66 % OT BO3MO>KHOT'0;
— [I0 aBTOCAMOCBAJIaM:
T;’éc =148 —375-0,16 = 88 mami1.-4/Mec, T. €. 59 % OT BO3MO>KHOTO.

[pommnocTprpyeM pe3epBbl BpeMeHM 00CTy XIBAIOLIEro epCOHana Ha IpuMepe pabotsl akckaBaropa IIII 20/90, koro-
PbIIT 3a MecAL IepeMecTiI 460 TBIC. M? TOPHOI MacChl. DKUIIaX B CMEHY COCTOUT U3 2 YenoBeK (1 MalIMHIUCT U 1 IOMOIHYIK),
[I03TOMY BpeMsi 00€/[0B 11 IMYHbIX HaOOHOCTEN MOXKHO He YIUTBIBATH IIPU pacdeTe HEOOXO[MMOro BpeMEHN Ha OCYIeCTBIIe-
H1te GYHKIUM (IIPY YCIOBUM COOTBETCTBYIOMEl KBaMu(pMUKaIMU HOMOIIHIKA MAIIMHIICTA U HAJIMYMS Y HeTo [paB Ha yIIpasie-
HIie 9KCcKaBaTopoM). DKkckasarop D11 20/90 mpoussoaurenbuo orpaboran 429 manr.-4. (hopmyna (4)). Ha ero obcnyxupanue
Y PEMOHT JO/DKHO OBbITIO OBITH OTBEfIEHO crienyolee Bpems (popmyna (21)):

T:gc'""p"' =429 maur. - 4 (0,02 4/ Manr. - 4+ 0,07 4/ mam. - 9) = 38,6 4.
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DaKTMYECKN Ha MPOLIECCHI, CBA3AHHBIE C 0OCTY)XKMBaHMEM 9KCKaBaTopa, ObUIo 3aTpadeHo 192 4. DakTudecKue 3aTpaThbl
tpyna T cocrasumu:
T =192 .2 =384 uen.-u.

Pe3epBbl ICIIOIb30BAHNS BpeMeHN 00CTy)XMBAOIET0 IIEPCOHAA B mporecce obcmyxuBanus (popmymna (20)):

Tpi" = 383,2 - 38,6 = 344,6 4emn.-4, T. e. 83 % 0T PaKTUIECKOTO BPEMEHIL.

Jarnee mpepcTaB/IeHbl 2 IpUMepa 3HAYUTEIbHBIX Pe3epBOB Pab0oyero BpeMeH) B OTAE/IbHBIX IIPOLieccax:

a) opeanusayus mpyoa é npovecce 00CIYyHUBAHUS U peMoHma 0euzamerns eHympernezo czopanust ([JBC)

Habmomenns mokasani, 4To paboTHUK Haxopmics y creHga ookarku [IBC (ocHOBHOro pabodero Mecra 110 HapsiAy) MeHee
20 % BpeMeHI, a B OCTa/IbHOE BpeM: IlepeMellaics [0 BceMy Lexy (puc. 2).

6) nodeomoska u 6v10a1a HAPsI0a HA pemoHmHble pabomul

3ayacTyo Ipu BbIJaue Hapsaa Ha IPOBefieHNe PEMOHTHBIX PaboT He YYMTHIBAIOTCSA Pal[OHA/TIbHAS OpraHM3alVA TPYAa U
HOPMBI BpeMeH! Ha ollepauyu. B urore paboTHUK monydaeT HeapdeKTUBHBII Hap:An. Tak, paloHanbHOe BpeMs HeMOHTaXa
pajuaTopa aBTOCaMOCBaJIa B 3aBMCMMOCTY OT YCIOBMII COCTaB/AET 6—7,7 4, JeMOHTa)Ka-MOHTa)ka LIV/IMH/IPA IIOABECKN — 2,2—
2,3 4. PaborHnkaM Ha 12-9acOBYI0 CMEHY [JaeTCsI HApsL Ha BBIIIOHEHIE TOTIbKO OffHOI 113 9TUX pabor. [Toaromy y paboTHIKOB
6ynyT HEIIPOM3BOANTENBHO 3a/IeICTBOBAHBI COOTBETCTBEHHO 4,3-6,0 1 9,7-9,8 4, uT0 coctasiseT 36-50 % u 80-82 % pabouero
BpeMEeHU U sIBJISIETCS, TI0 CYTH, pe3epBoM [3, 11].

2. Ynpasnenueckuil nepcoHan

YIpaB/ieH4ecKIii TepCOHaI MOXKHO Pasfie/INTh Ha PYKOBOAMTEIEl, 3aHMMAIOIVXCS OpTaHM3aLuell npoueccos, U PyKOBOVI-
Testell, 3aHMMAIOIIVXCsT 0071ee MaCIITAOHBIMY 3a/ja9aMil — OPraHMU3ALVIEeN Jesme/IbHOCMU, @ TAK)Ke CIEIMATNCTOB.

BorABNIeHVe U OLIeHKA pe3epBOB OCYLIECTB/LIICH IOCPENCTBOM CTPYKTYPU3ALUY Y JeKOMIIO3MIIUY Lie/leil, CTPYKTYpPHO-
(YHKI[MOHA/IPHOTO aHA/N3a, OPTaHM3AL[IOHHOTO MOJIeTUPOBAHIIS, aHATUTUIECKIX PACUETOB.

MeTopbl CTPYKTYpU3ALIUM 11 ZeKOMIIO3ULIMH Lie/elf BKTIOYAIOT B ce6s BBIPAOOTKY M IOCTAHOBKY ILie/Iell IPEeNIPUATUA U ero
THOIpas/ie/IeHNIT, OLleHKY COOTBETCTBUA (PAKTMIECKOTO COCTOSHUSA MOJpasfielieHNnil LIeJIeBOMY; pasioXKeHMe Iieell Ha 3afIadl;
PaspaboTKy Mep 110 IO3TAITHOMY JOCTVDKEHUIO LieTIelL.

CTpyKTypHO-(PyHKI[MOHA/IBHDI aHA/IM3 HallpaBjIeH Ha OIpefe/ieHye (PyHKIMOHAIbHBIX NIpefHasHaYeHUII HO/KHOCTHBIX
JINLI, BBIABJICHNE HEYe TKUX (QYHKIIVIL.

OpraHusanyoHHOE MOJEIMPOBaHNE I03BOJIIET PACIIPeeNNTb U 3apUKCUPOBATh B OPraHMU3AIMOHHOI CTPYKTYpe PyHKIIM-
OHaJIbHOE IIpeffHa3Ha4YeHNe KaKIOro JO/DKHOCTHOTO /NI, ONPEefe/IUTDh OTHOMOYMSA U OTBETCTBEHHOCTDh KaXK/IOTO CyObeKTa
OpraHM3aIIL.

AHanmuTIYecKye pacyeThbl I03BOJIAIOT OLIEHUTh COOTHOIIEHE 3aTPadyiBaeMOro 1 He0OX0AMMOro BpeMeH) Ha OCYIIeCTBIIe-
HIe IIPOLIeCCOB, ONPEeINTh OCHOBHBIEC HAIIPABJICHNA YBeINYCHNA IPOU3BOANTEIBHOTO BpeMeH.

2.1. Pykosooumenu

B nx $pyHKIMOHATLHOM IIpefHAa3HAYEHNY MOXHO BBIC/IUTD TPYU HAIIPaBICHIS:

— BOCIIPOU3BOJICTBEHHAs [IeATEIbHOCTD;

- paspaboTka 1 peanusanus 60ee COBEPIIEHHBIX CYCTEM VM MOJie/ell IPOLIeCCOB (AeATeTbHOCTN);

- pa3paboTKa 1 OCBOCHME METORMYECKIX CPEACTB MOITAITHOTO IIepeXofia OT CYLeCTBYIOLIVX MOJienell K 6ojiee COBepILeH-
HBIM.

B HacTos1ee BpeMs y PyKOBOAUTE/IEI-OPraHN3aTOPOB IIPOLECCOB U PYKOBOAUTE/ICN-OpraHI3aTOPOB IIPOMU3BOJCTBEHHOI
IesITeTIbHOCTH 9TYU HAIIPaB/IeHMsI YeTKO He 3a(DMKCHPOBAHBI B UX (PYHKIIMOHAIBHOM IIpefHa3HaYeHNN. B ciiTy 9TOr0 BOsHMKaeT
(bYHKIMOHA/IbHAS HEOIpee/IeHHOCTb [21] 1, KaK CIefiCTBYe, — HeIIPOM3BOAMUTEIbHbIE 3aTPAaThl BPEMEHM, IIOTepM BCEX BUJIOB
pecypcos.

9¢beKTUBHOCTD UCIONb30BAHNA BpEeMEH PYKOBORUTEIIEI MOXKHO OLICHUTD Yepes3 UCIIOIb30BaHye BpeMeH BCEro Iepco-
Haza [22]. B ocymiecTB/IgeMbIX IpoOLieccaXx MOXHO BBIIEIUTD YeThIpe BIJA omeparit [23]:

— TeXHOJIOTMYeCKY HeOOXOAMMBIe U OCYIeCTBIsIeMble 9(h(PeKTUBHO 1 6e30IaCHO IO CTaHAAPTaM, [/Ist coKpaenust — «TO,
yro Hamo-TAK, kak Hago» (TT);

— TEXHOJIOTMYeCKY HeOOXO/VIMBbIe I OCYILIeCTBIIsieMble Hea(h(heKTUBHO 1M HeOe30IacHO ¢ HapylleHneM craniapTos — «TO,
yro Hajmo-HE TAK, xax Hago» (TH);

— M36BITOYHBIE, HO OCYIIecTBIAeMble 3 dekTuBHO 1 6esomacHo 1o cranpaptaMm — «HE TO, uto Hago-TAK, kak Hamo»
(HT);

— n30BITOUHbIE U OCyLIeCcTB/IsIeMble HeapexTnBHO 1 Hebe3omacHo ¢ HapyiueHueM ctangapros — «HE TO, uro Hago-HE
TAK, kak Hago» (HH);

Yac ocymectBienns HeapHeKTUBHO 1 He6e30IaCHO TEXHOMOTMYECKN HEHY)KHBIX (M30BITOYHBIX) OIepaluii 0OXORNUTCS B
cpenHeM B 5 pa3 fopoxke, 4eM 4dac Heobxomumbix omeparyit «TO-TAK». K Takum oneparysiM OTHOCUTCSI, HAIIpUMep, aBa-
PUITHBII peMOHT. IIpy aBapmilHOM peMOHTe IpOCTalBaeT BCS TEXHOMOTMYECKas IIeII0YKa. PeMOHTHBII IIepCOHa OCYIeCTB-
JIfIeT MOATOTOBKY PEMOHTA B «aBPa/JIbHOM» PeXNMe, 3a4acTyI0 IIOJIOMKa MIMeeT TsDKeJIble IIOCTIeHCTBIA, TaK KaK JIOMaeTcsA He
OfiMH y3e/1. 3HAYNTEIbHO BIMAIOT Ha 3 PeKTNBHOCTD 1 6€30I1aCHOCTD UCIIOIb30BAHNSI 000PY/[OBAHNS YCTIOBUS I PEXXIIMBI €T0
9KCIUTyaTalMN, a TaK>Ke TEXHOJIOTMA U OPraHM3alNs TEXHUYECKOT0 06CIy)XUBaHMsA U peMOHTA. I10 OlleHKaM, OTHOCUTE/IbHbIE
3aTparThl Ha 3aIlaCHble YaCTY B IlepecyeTe Ha Yac pabOThI 9KCKaBaTOPBI B HEY/IOB/IETBOPUTEIbHBIX YCIOBUAX M PEXMMAX 9KCIITY-
arauuy B 4,3 pasa 60sblile, 4eM B Ka4eCTBEHHO IOITOTOB/ICHHBIX,  OTHOCKUTE/IbHbIE 3aTPaThl HA 3allaCHbIC YACTH B IepecyeTe
Ha Yac paboThbI 9KCKaBaTOpa IIPY HU3KOM YpPOBHE OpraHM3allMM M TeXHOJIOrMY OOCTy>KuBaHMsA B 3,5 pasa 6osblie, 4eM Ipu
BBICOKOM [24].
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PucyHok 2. Cxema nepemMelleHns paboTHMKa peMOHTHoro yyacTka [19, 20].
Figure 2. Scheme of movement of the repair worker [19, 20].
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PucyHok 3. PacnpegeneHue gencrevn (nNo oueHKam HavyanbHUKOB Y4aCTKOB, MX MOMOLLHUKOB U 3aMeCTUTENeN, CTapLUMX IreKTpomexa-

HUKOB, rOPHbIX MacTepoB, 6puragupos).
Figure 3. Distribution of actions (according to estimates of sectional managers, their assistants, and deputies, senior electricians,
mining foremen, taskmasters).

PesepBbl pabodero BpeMeH) PYKOBOJUTENE MOXKHO PACCUUTHIBATD CIIEAYIOMIMM 00pasoM:

Pe3 — OSHH +03HT+TH , (22)

3

TT

rae O3, — oTHOcUTenbHBIE 3aTpaThl Ha onepannu «HE TO-HE TAK»; O3 — OTHOCHUTe/IbHBIE 3aTpaThl Ha onepanunu «HE

TO-TAK» u «TO-HE TAK»; 3TT - 3arpartsl Ha onepanun « TO-TAK»;

HT+TH

HH
OSHH = THHOCW 5 (23)
rae T,,,, — Bpems ocymectsnenus onepanuit «<HE TO-HE TAK»; OCqHH — otHOCKUTenbHas1 ctouMocThb yaca « HE TO-HE TAK»;

03HT+TH = (THT + TT]—[ ) OC:{T)TH > (24)
rae T, — Bpems ocymectenenns onepauuii «HE TO-TAK»; T, - Bpems ocymectsnenus onepanuit « TO-HE TAK»; OCTT’TH
- otHOcuTenbHasA crommMocTb yaca «HE TO-TAK» n «TO-HE TAK».

IIpumep pacuema umeroujuxcs pesepsos.

ITo oreHKaM pabOTHMKOB, Ha IIPEAIIPUATUN AEIAETCS OKOMO 35 % TeXHOIOTMYECKM HeOOXOMMBIX Oleparuil 3¢ (eKTUBHO
u 6e3omacHo (puc. 3) [23].

Pacxop pecypcos Ha onepanym «TO-TAK» npumem 3a 1,0. IIpu ocymectsnenyn onepanuiit «<HE TO-TAK» u «TO-HE
TAK» oTHOCKTETbHBIN PAcXOfl, KaK ITOKa3bIBaeT IPAKTUKA, B CpefiHeM paBeH 1,5-2,0 pasa. IIpu ocymectsnenyn onepaunit «<HE
TO-HE TAK» -5 pas.
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M36bITO‘{HbIe 3aTpaThbl COCTABIIAIOT:
03, =15-5=75;

03, = (25+25)1,75 =87,5.

HT+TH

Hroro: 75 + 87,5 = 162,5 efi. HEHY>KHOII PabOTHL.
[ToaToMy pyM TaKOI CTPYKTYpPe PaGOThI pe3epBbl PyKOBOLUTEILS COCTABIISIOT:

75+87,5 162,5
35 35

€3 =

= 4,6 pasa.

2.2. Cneyuanucmol

B ux (byHKI_II/IOHaJ'II)HOM IIpeaHa3HAYE€HMV MOJKHO BBIIEINTDH IBA HAIIPpABJICHNA:

- nHpOpMIMpOBaHIe IepcoHana 06 3¢ GeKTUBHOCTI U 6€30IIaCHOCTH IIPOLeCCOB (IeATeIbHOCTI) B KaXK/I0i 30He OTBETCT-
BE€HHOCTU: COCTOAHNE, IMHAMMKA, TCHOCHIIVI;

- 060CHOBaHIIe I IIOATOTOBKA PEIIeHNI 10 MOBBIMIEHNIO 3P PEKTUBHOCTY U 6€30MaCHOCTY IPOLIECCOB (IesATeTbHOCTN).

Tak e, KaK U y pPyKOBOAMTEIIEN, STV HAIPABJICHNU:A y CIIEIMATICTOB YeTKO He 3apUKCUPOBAHBI B MX (PYHKIMOHATBHOM
IIpeqHa3HAYECHUIL.

B CUIIy TOTO, YTO q)yHKI.U/[OHa)’IbHa}I HEOIIPENEIEHHOCTD Y CIIENVIATIVICTOB CYILIECTBEHHO BBIIIE, TO HA IX CTPYKTYPY BpPEMEHU
3HAYMTEIBHOE BIIVSIHIE OKA3bIBaeT «3aKoH [TapkuHcoHa»: «PaboTa 3aI0/IHsIeT BCe OTBEEHHOE Ha Hee BpeMsi» [25]. OHu moro-
IIEHBI «KUITy4el TeKYIKOI1», 3a4aCTyI0 pab0oTast B aBPAIbHOM PeXXIMe.

BmecTe ¢ TeM CIeIManUCTbI, KaK IIPABUIIO, UMEIOT PasBUTHIN MHTEIEKTYa/IbHBII MOTEHIIMAI, KOTOPBII MOXET ObITh BO-
BJIeYeH B IUBePCU(UKALNI0 COOCTBEHHOI IeATeNbHOCTH Y JIeATENIbHOCTY BCErO MePCOHaNa IPeAIPUATAA A/ TIOBBILICHNUS ero
IOEHHOCTU 1N KOHKypeHTOCHOCO6HOCTI/I.

BuiBoab

Pacuer pe3epBoB paboduero BpeMeHN IepCcOHaa yIIef00bIBAOIINX IPEAIPUSTII TOKA3aJI, YTO P COBPEMEHHOM TEXHM-
JeCKOM OCHAII[eHN IIPOU3BOJCTBA OTCTaBaHIe OT 9KOHOMUYECKHU Pa3BUTBIX CTPAH B POU3BOTUTEILHOCTH TPYAA, A COOT-
BETCTBEHHO, I B €T0 OIIATe MOXXeT OBITh NMpeoponeHo. Ho 1151 9Toro HeoO6XO[MMBI M3MEeHEHMsI B CTPYKTYpe esTeNbHOCTH U
BPEMEHU TPY/A PYKOBOAUTEIEN U CIIELUA/IICTOB. A IMEHHO — Ha/J0 «BBITAIUTb» Ce0sl 13 TEKYYKMU U 3aHATHCS [TOTOTOBKOI I
OpraHM3aLyerl pelenns 3a/5ad 110 AUBePCUUKALVMN [IesATeIbHOCTI IIePCOHaIA. DTO TIO3BOJIMT I/IAHOMEPHO HApAIIMBATh L{eH-
HOCTbD II€PCOHAIA, IIOBBIIIATDH €T0 KOHKypeHTOCHOCO6HOCTI) ¥ Ha 9TOM OCHOBE — YPOBEHD XXU3HU.
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The relevance of the work. Coal-mining enterprises of Russia have significantly improved their position in the market for the period of development
of market relations. Compared to 1988, the year of maximum coal production in the USSR, labor productivity has increased 3.5 times. This is due
to the increase in the unit capacity of mining and conveyor equipment. Thus, the average capacity of an excavator bucket increased by 3 times, the
capacity of dump trucks — by 1.5-2.4 times. Upgrade of the capabilities was accompanied by the development of new technological parameters
of production, which ensured an increase in the efficiency of the use of technology by 2.5-3.0 times. As a result, the lag in labor productivity in
comparison with coal-mining enterprises of economically developed countries, such as the United States, decreased from 7.3 to 4.3 times. At the
same time, there is an increase in social tension due to a gap in wage levels, which is almost equal to the lag in labor productivity. People don’t want
to live like that. They want to work hard, earn good money, and live well. To reduce the lag in the standard of living, it is necessary to increase wages,
which cannot be achieved without an increase in labor productivity. The main means of solving this task is to reduce unproductive work and waste
time for it. Accordingly, there is a need to identify the unproductive time of the staff, release it from the process while directing the released time to
the development of production. For this, a method of calculating the reserves of working time is necessary.

The purpose of the work: to develop a methodology for calculating the working time reserves of coal-mining company staff; it can be the basis for
purposeful elimination of the causes of unproductive use of time by supervisors, specialists, and workers; it can be also useful from the point of view
of the released time to solve production development problems and diversify activities.

Methodology and methods for carrying out work. The identification, valuation, and use of reserves are based on the following provisions: 1) the
required structure of working time is determined by the functional purpose of the position of the employee in the corporate structure of the enterprise;
2) the actual structure of working time is determined by the employee’s understanding of his functional purpose, his qualifications, and responsibility.
Estimation of reserves is carried out using the methods of structuring and decomposition of goals, structural and functional analysis, organizational
modeling, analytical calculations.

Results of the work and applicable scope. The method has been developed for calculating the working time reserves of operating personnel,
specialists and supervisors of a coal producer. The structure of time and the available reserves of working time of the staff of coal producers are given.
Conclusion. The developed methodology makes it possible to identify and evaluate the available reserves of working time for coal producers’ staff,
which is the basis for developing measures for the effective use of these reserves based on the development of production development functions
and diversification of activities by staff.

Keywords: coal producer, staff, throughput time, working time reserve, development, activity diversification, calculation method.
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HopmupoBaHue TpyAOBOM AESITEALHOCTM PAGOTHUKOB
rOPHOAOOLIBAIOLIErO MPEATNPUSITUS: MPUHLIUIIDLI Y METOADI

OkcaHa AHaTonbeBHa JIAMAEBA’

Hay4Ho-uccnenoBatensckuii UHCTUTYT 3dheKTMBHOCTM 1 6e30nacHOCTM ropHOro npouaesoacTea, Poccust, YenabuHck
YenabuHckuii punuan MuctutyTta ropHoro aena YpO PAH, Poccus, YensbuHck

AKTYaALHOCTBb pa6oTLl. PLIHOYHAs SKOHOMMKA POCCMM M AMHAMMKA MPOLIECCOB, MPOUCXOASIIMX B HEW, MPOSIBASIOT CAOXKHLIE B TEOPETUHECKOM U
MPaKTUYECKOM MAAHAX MPOBAEMDI, PELIEHNE KOTOPLIX B 3HAYMTEALHON MEPE OMPEAEASIET TEMITLI M PE3YALTATBI PA3BUTUSI TOPHOAOOLIBAIOWMX MPEANPUSITUSIX
(TAIT), MX >KM3HECMOCOBHOCTL. B psiay Takux MPOBAEM — HOPMUPOBAHUE TPYAOBOM AESITEALHOCTV PAGOTHMKOB MPEANPUSITUSI, B 3HAYUTEALHON CTEMEHU
06eCrneumBaloLmNX PEIYALTATUBHOCTL (DYHKLIMOHUPOBAHMS! MPEANPUSITUSI KAK COLIMAALHO-3KOHOMMUYECKOM CUCTEMDBI B HACTOSILLEE BPEMSI U B MEPCIEKTUBE.
VccAeAOBaHMST COCTOSIHUSL M 3(PPEKTUBHOCTM UHCTUTYTOB, PETYAMPYIOWMX TPYAOBYIO AESITEALHOCTb PAGOTHMKOB HA FOPHOAOBLIBAIOWMX MPEATPUSITUSIX,
MO3BOAMAM YCTAHOBMTD, YTO HAVIMEHEE AAAMTYPOBAHHOM K AMHAMMKE MPOUCXOASILMX BO BHEWHEN 1 BHYTPEHHEN CpeAe (yHKLMOHMPOBAHMSI MPEANPUSITHSI
VIBMEHEHMIA SIBASIETCSI CMCTEMA HOPMMUPOBAHMSI TPYAOBOV AESITEALHOCTM, CCPOPMMPOBAHHASI B YCAOBMSIX AAMUHUCTPATMBHO-KOMAHAHOM SKOHOMMKM AAS
PEeryAMpoBaHmsi TPYAOBLIX OTHOLIEHUM. B pe3yAsTate HOpMMPOBaHME M3 OPraHM3yIoWEro (hAKTOPA MPEBPALIAETCS B AE30PTAHM3YIOWMI — 3TA CAOXKMBLLASICS]
B MpPaKTMKe PaboTbi GOALWMHCTBA MPEAMPUSITUI CUTYaLMsl U MPEAOTIPEAEASIET HEOGXOAUMOCTb TEOPETUHECKOTO OCMBICAEHMST M METOAOAOTMYECKOTO
OBOCHOBAHMSI MPUHLMIOB VM METOAOB HOPMMPOBAHMSI TPYAOBOW AESITEALHOCTVM PAGOTHUKOB B YCAOBMSIX MEPEXOAA K HOBOMY OPraHM3aUMOHHO-
TEXHOAOTMYECKOMY YKAAAY.

Lleab pa60oTbI — ONPEAEAEHME MPYHLUMIOB ¥ METOAOB HOPMMPOBAaHMsI TPYAOBOM AESITEALHOCTM PAGOTHUKOB FOPHOAOBLIBAIOLLETO MPEATPUSITHUS, PEAAM3ALIMST
KOTOPbIX B MPAKTUKE PAGOTLI FTOPHOAOOLIBAIOLIMX MPEAMPUSITUI 0BOeCeunT GAAAHC MHTEPECOB PAGOTHMKOB M PABOTOAATEAE, HATTPABAEHHOCTb TPYAOBOM
AESITEALHOCTM Ha CyIEeCTBEHHOE MOBbieHe 6e30MacHOCTU U SAPPEKTUBHOCTM TPYAA.

MeToAoAOrMS M METOALI MCCAEAOBaHMA. B KauecTBe OCHOBHOTO METOAA VMICCAEAOBAHMsI BLIOPAH aHAAM3 MCTIOAL3YEMbIX B TEOPUM U MPAKTUKE
HOPMMPOBAHWSI TPYAOBOW AESITEALHOCTU PaBOTHMKOB TAIT MPUHLIMMOB M METOAOB, B OCHOBE KOTOPLIX AOMOAHEHME MPUMEHSIEMOTO B MPaKTUKE PadoTbl
MPEANPYSITUI TEXHUKO-TEXHOAOTMHECKOTO M OPraHM3aUMOHHOTO HOPMMPOBAHMSI COLIMAALHO-SKOHOMUYECKVIM HOPMUPOBAHNEM TPYAOBOM AESITEALHOCTU
PabOTHUKOB.

PesyALTaTnl MccaeAoBaHms. PaspaboTaHbl METOAOAOTMHYECKME MPUHLIMILL COLIMAALHO-SKOHOMMYECKOTO HOPMMPOBAHUsSI TPYAOBOM AESITEALHOCTU
PABOTHMKOB TOPHOAODLIBAIOWErO MpeAnpusitvsl. PaspabotaH KOMMAEKC METOAOB HOPMMPOBAHWsI TPYAOBOW AESTEALHOCTM PABOTHMKOB. Peaansaumsi
Pa3pabOTaHHbIX METOAOB B MPAKTUKE AESITEALHOCTV TOPHOAOOLIBAIOLIMX MPEANPUSITUI MOATBEPIKAEHA MPUMEPAMM.

BuiBoAbI. [TPEANOKEHHDIE MPUHLMIBI U METOALI COLIMAALHO-3KOHOMUYECKOTO HOPMUPOBAHMSI TPYAOBOM AESITEALHOCTV PABOTHUKOB FOPHOAOBLIBAIOLIETO
MPEANPYSITUST MO3BOASIIOT 0BeCreymnTh TPEOYEMDIN AASI CyLIECTBEHHOTO TMOBLILEHNST GE30MAacHOCTU 1 S(P(PEKTUBHOCTM TPYAA YPOBEHDL COMPSKEHHOCTU
VIHTEPECOB, LIEAEN, AEMCTBUM M PE3YALTATOB AESTEALHOCTM PAOOTHUMKOB M PABOTOAATEAS, YTO MOATBEPIKAAETCSI MPYMEPAMM MX PEAAM3ALIMM HA PSIAe
FOPHOAOOLIBAIOWMX MPEATPUSITHIA.

Crarbst HOCUT AMCKYCCMOHHDIN Xapakrep.

KatoyeBble cAOBa: HOPMA, HOPMMPOBAHWE, TPYAOBAsl AESITEALHOCTb PAGOTHUKOB, COLIMAALHO-3KOHOMMYECKOE HOPMMPOBAHWE, MPUHLIMMLI, METOADI,
ropHOAOOLIBAIOLIEE MPEANPUSITUE.

BEAEHME
VIMeromyiecs B HacTosAlLIee BpeMs OTe4eCTBEHHbIE U 3apyOexKHbIe METOIOIOTYeCKIIe ¥ METOfIYecKIie paspaboTKI
[0 HOPMMPOBAHMIO TPYOBOI [eSTEIbHOCTY PAOOTHIMKOB, CO3JAHHBIE M AIANTMPOBAHHBIE 3a IIOCIETHUE TOABI K
USMEHEHNsIM B TPYHOBOI cepe HeATeNTbHOCTH IIPOMBIIUIEHHOTO MIPENIPUATHI, HO3BO/ISIOT PEIIaTh 3afja4M HOPMIPOBAHUS
IeATEeNbHOCTH IPAKTIIECKY BCeX KaTeropuit paboTHMKOB. OfHAKO CTIOKMBIIIASCS HA TOPHOOOBIBAIOIINX IPEIIPUATIAX IPAKTUKA
UX IPMMEHeHNUs He obecreunBaeT TpebyeMblil UL IPENpUATUS YPOBEeHb 6e30macHOCTU U 9 (GEeKTUBHOCTI TPYfia B CUITY TOTO,
YTO IPUMHIUIIBI X METOJbI HOPMUPOBAaHM, 3a/I0KEHHbIE B METOAMKAX aHA/IN3a aKTYaTbHOCTH HOPM, X pacyeTa U IepecMoTpa,
COOTBETCTBYIOT ITapajirMe OpraHN3aluy TPY/a, pa3pabOTaHHOI B IIepUOJ, aMIHNCTPATVBHO-KOMaHJHOI S9KOHOMYKIA.

OcHOBHbBIE XapaKTePUCTUKM 3TOJ OpPTaHM3alVOHHON IIApajUIMbl U ee HeraTMBHOE B/IMAHME Ha OPraHM3aLMIO TPyfAa B
COBPEMEHHBIX YCTIOBIUSX X035/ ICTBOBAHMS IIpefCTaB/eHbl 1 onncaHbl B. B. BeranubiM, O. B. 3abemnnoit [1].

1. JoMMHMpYIOIIME TeXHOKpaTMdecKle IIOfXOAbl K CO3/JaHMIO OpraHM3allIOHHBIX YCIOBMII IPOM3BOSUTENIbHOI
HeATeNbHOCTH, T. €. MPUCIOCcoOIeHne pabOTHMKA K TeXHMKO-TEXHOTOIMYECKUM IlapaMeTpaM npouspopcta. CrefcTBue —
HVSKUII YPOBEHD MCIIONIb30BaHMsA 00OPYROBaHUA U TPYAa; oOeqHeHMe Cofep)KaHms TPYAa, BO3pacTaHye ero MOHOTOHHOCTIH,
Ype3MepHON MHTeHCU(PUKAVM TPyAa M YXYAUIEHNe ero yCIoBUil (ICUXo(pM3MOoIorndeckue MocuencTBysA), GopMUpoBaHie
HEraTMBHOIO OTHOIIECHNA K TPYAY (COLMaTIbHBIe ITOCTeICTBIA).

2. TIIpeobnafaHne HECUCTEMHOTO IIOAXOAA K OPIaHMSALMY TPYAQ, IIPOSBILIONIEeCs B PELIEHNN 3a[ad €€ COBEPIIeHCTBOBAHII
«B OTPBIBE OT ITPOO6/IEM OpraHM3aLUI IPOUSBOCTBA U YIPABICHNS, TEXHIYECKOTO PasBUTHsI, COBEPIICHCTBOBAHN 1eIOBEYECKOTO
(akTopar. CreficTBIE — IPUHIDKEH)E PYKOBOTUTE/LAMIY M CIICLMATICTaMY IPEIPUATHUI PO OPTaHM3AIVIOHHBIX (paKTOPOB POCTa
3¢ PeKTUBHOCTY IIPOU3BOACTBA I, COOTBETCTBEHHO, CHHEPreTIYecKoro adgdexra OT B3aMOJEIICTBYIA BCEX 9/IeMEHTOB IIPOM3BOJCTBA.

3. «AIMMHMCTPaTMBHO-KOMaH/HBII TUII yIpaBlIeHUA OpTaHM3alMell Tpy[a, MOAPHIBAIOINII CTUMYIMPYIOUIYIO DPOJb
OpraHM3aIVM TPYAA B aKTUBM3ALMY YeJI0BeYeCKOro paKTopa IPOM3BOACTBAY.

HecooTBeTcTBIE «IIpeKHET» TapaiUrMbl KAK COBPEMEHHDBIM TEH/IEHIMAM Pa3BUTNA TEXHUKY, TEXHOIOTMM U OPTaHM3ALINN
TPyZia Ha TOPHOAOOBIBAIONIVX MPEANPUATHUAX, TaK U BEeKTOPY PasBUTHs BHELIHeN Cpefibl UX (PYHKIMOHMPOBAHMA, TIPEXTe
BCETO, IIEPEXO/y Ha HOBBII OPraHM3aIIOHHO-TeXHOIOTMYeCKNI yKiak [2, 3] 060cTpsieT HeOOXOAMMOCTD M3MEHEHMsI CUCTEMBI
IIPOM3BOJCTBEHHBIX M TPYHAOBBIX OTHOIIEHMII, MeXaHU3Ma B3aVMOJAENCTBUA CYODEKTOB IPeNpUATUA KaK COLMAIbHO-
9KOHOMMYECKON CHCTEMBI [4].
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PucyHok 1. U3meHeHUs OCHOBHbIX 3/IeMeHTOB BHeLIHeW U BHYTPeHHeW cpeabl (hyHKLMOHUPOBAHUA YrneaotbiBalowmx npeanpusiTuim
1977-2017 rr. (no pe3ynbratam aHKkeTMpoBaHus 358 pykoBoauTenen U cneyManncToB nNpeanpuATUi)'.

Figure 1. Changes in the basic elements of the external and internal environment of operation of coal-mining enterprises during1977-2017
(according to the results of the survey, 358 managers and experts of enterprises)’.

OTO HECOOTBETCTBME 3HAYNTENIbHOE U OLITYIIIAeTCs pyKoBoauTe/saMu 1 ciierpyanuctamu [T, 4to mopTeepykjaeTcs pesynbraTaMiu
VX OLICHOK VI3BMEHEHMII OCHOBHBIX 9/IEMEHTOB BHEIIIHel! 11 BHY TPEHHel Cpefibl PyHKIVOHMPOBAH pefnpusaTuii (puc. 1).

Hambomee ocTpo 3TO HECOOTBETCTBME IIPOSBIAETCA Ha YpPOBHE pPAaOOTHMKOB T'OPHOJOOBIBAIONIVX IIPEfIPUATHUI
(mpemmy1ecTBEHHO pabo4MX) B COXpaHSAIOIIEeMCs Ha IPOTsDKeHuy 6ortee 20 JieT paspbiBe MEXXY pe3y/IbTaTaMy I OIJIATON TPy
(puc. 2). Habmomaemslit paspsB SIB/LSIETCS TOCTOSHHBIM MCTOYHMKOM 000CTPEHNIST TPY/OBBIX OTHOIIEHWIT Ha IPEAIPUSTIAX,
HeJJOBO/IbCTBA PAOOTHIKOB YPOBHEM 3apabOTHOII I/IATHI, CHIDKEHISI MOTUBALMN K 60otee 6e30macHoMy 1 93¢ PeKTUBHOMY TPYAY,
HEraTMBHOTO OTHOLIEHN K HOPMIPOBAHMIO TPY/a U CHELMaNINCTAM, €70 OCYILeCTBIAIOIIVM.

B pesynbrare mpousBOICTBEHHbIE 1 SKOHOMIYECKIIE [TOKA3aTeNN AESITETbHOCTI OO/IBIINHCTBA TOPHO0OBIBAIOLIVIX IIPEAIIPIATIN
Poccyu oTHOCHTENBHO 3apyOEXHBIX HIDKE. DTO MOATBEPXKAETCA pe3ynbTaTaMy aHaIN3a TeHIEHIMY PasBUTUSA OTeYeCTBEHHBIX
IIPeNIPYATIII TOPHOROOBIBAIOIE)! HPOMBIIUICHHOCTI: PaspblB C PasBUTBIMU CTpaHaMM IO IOKa3aTelaM 3(PQeKTUBHOCTI
VICTIONIb30BaHMsA PeCypPCOB MOCTENEHHO COKPAIIAEeTCA, HO OCTaeTCs CyLIeCTBEHHBIM. B mepBylo odepenb 3TO KacaeTcs TPYHLOBBIX
OTHOIIIEHWIT: HAO/IIOAAETCST OTCTABAHIE OT MIPOBOTO YPOBHSI [0 IIPOV3BOANTEIbHOCTI TPY/A B 5—7 pas3 11 110 yPOBHIO OIUIATHL B 3-5 pas
[6, 7]. CremyeT uMeTb B BUAY, 4TO CIeluUIecKyie 0COOEHHOCTH, XapaKTepHbIe /IS TOPHOOOBIBAIOIINX TIPEAIPHATIN, OAMHAKOBBL
Kak B Poccyy, Tak 1 3a pybexxom, T. e. crienmduKa IPeArpuATIs He sB/IATCS [aBHBIM (aKTOPOM HY3KOI ITPOM3BOAUTEIBHOCTI
TPYHa M BBICOKON ce6ecToMMOCTM HPORyKImy. TopHOmOObIBatoIINe IPEAIpPHATUSA, CTPEMACh YEOBIETBOPUTh SKOHOMIYECKNE U
CcoLVIa/IbHbIe TOTPEOHOCTY PaGOTHIKOB B TEKYILEM IIEPUOJie, CHIDKAIOT HapaOOTaHHBIN IOTEHIMAI )K3HECIOCOOHOCTH, YTO fie/iaeT
VX CTpaTernM4ecKoe Pa3BUTHE He TONMbKO HEYCTOMYMBBIM, HO U CO3/IaeT YIPO3y J/IA 9KOHOMUYECKOTO pa3BUTHA TOCYAPCTBA.

CroxuBIIIeecs: IPOTUBOPEUIe MEK/Y HEOOXOAMMOCTBIO CYILECTBEHHOTO IIOBBILICHIIS XXIU3HECIIOCOOHOCTI Ha TIPEAIIPHUATIIX
TOPHOOOBIBAIOLIIE}T OTPACIIN ¥ OTCY TCTBUEM HOPMMPOBAHS TPYHOBOII AEATEILHOCTH PAOOTHINKOB IPEIPYSTILN, aJeKBaTHOTO 9TOI
LIe/M, CBUMIETENIbCTBYET 00 aKTYalbHOCTM PaspabOTKM HAyYHO-METOAMYECKOTO MHCTPYMEHTapus A/ TPaHC(HOpMALNY CUCTEMbI
HOPMMPOBaHNs TPY/IOBO IEATENLHOCTY B YaCTV PasBUTVIAA METONOIOIMY Y €€ K/IF0YeBbIX KOMIIOHEHTOB — IIPYHIUIIOB 1 METOJIOB.

PesyanTtartnl

Pa6oyas runoresa MCcCIegOBAHIA 3aK/II0YaeTCA B TOM, YTO IIOAJiep>KaHe U CBOeBpeMeHHOe peryIupoBaHiue IIapaMeTpOB
TPY/OBOII IS TE/IBHOCT PAGOTHNKOB FOPHOLOOBIBAIOIIErO IIPEAIPIUSTIS JOCTUTACTCS TIEPEXOOM OT KOHIIEIIINH, OCHOBAHHOIL
IPEUMYIIEeCTBEHHO HA TEXHUKO-TEXHOJIOTMYECKOM IIOAXOfe K HOPMUPOBAHMIO TPYHOBON [eATENBHOCTM PAabOTHMKOB, K
KOHLIENIIMM COLIMANTbHO-9KOHOMIUYECKOTO HOPMUPOBaHMA.

MPVHUMMBI COLMAALHO-3KOHOMMYECKOTO HOPMMPOBAHMSI TPYAOBOW AESITEALHOCTV PABOTHMKOB FOPHOAOOLIBAIOLETO
MPEANpPUSITUST

Pemenusa npo6ieM u 3ajiad afjantalyi CUCTeMbl HOPMUPOBAHUA TPYHLOBOU AEATEIbHOCTU PaOOTHUKOB K COBPEMEHHBIM
TPeOOBAHMAM SKOHOMUKM IIPENUPUATIS HALUIM CBOE OTPAKEHNE B HAYYHO-NMPAKTUIECKMX PabOTaxX pasaMYHBIX aBTOPOB.
OcHoBHbIE peKOMEHJALNM 110 U3MEHEHNIO CCTeMbl HOPMMPOBAHMA TPYAOBON HeATeTbHOCTH, IpefiTaraeMble UMM, CBOJATCA
IPENMYIIEeCTBEHHO K CIIeAYIOUM GOopMaM:

- TpaHcopMarLs;

— CaHaLMS;

— SBOJTIOLINS;

— COBEPIIEHCTBOBAHIIE;

- M3MeHeHe Coflep>KaHms PyHKIMY, Mpoliecca M OpraHU3aLn;

— COBepIIEHCTBOBaHIEe METOAMK pacyeTa HOpM Tpyaa [8-13].

"3 poknapa B. A. lankuHa Ha 13- exxerogHow koHdepeHuun «lNpombineHHas 6e3onacHOCTb, 3KOMNOrusi, oxpaHa 1 meguumHa Tpyaa B CYSK.
WTorn 2016 roga. 3agaun 2017 roga».
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PucyHok 2. CBA3b pe3ynbTaToB M onnaTtbl Tpyaa pa6oyero ropHoaoGbiBatowmx npeanpusatuin (1990-2012 rr.) [5]. a — BoaguTenu
aBTocamocsanoB («Copckuii monubaeHoBbI kombuHaty», 1990 r.); 6 — mawwuHucTbl akckaBatopoB (OAO «Paspes TyrHymckuin», 2009 r.);
B — MalumHUCTbI akckaBaTopoB (OAO «EBPA3-KIOK, 2010 r.); r — mawumHucTbl akckaBaTopoB (OAO «Koegopckuii TOK», 2012 r.).

Figure 2. Links of the results and remuneration of labor of mining enterprises (1990-2012) [5]. a — drivers of dump trucks ("Sorsk molybdenum
plant", 1990); b — excavator drivers (OAO Razrez Tugnuysky, 2009); ¢ — excavator machinists (OAO EVRAZ-KGOK, 2010); d — excavator drivers
(OAO Kovdorsky GOK, 2012).

Corarasich ¢ aBTOpaMi I10 MOBOAY HEOOXORMMOCTH 0becredeH sl COOTBETCTBMsI COCTOSIHUSA HOPMUPOBAHMS TPYHOBOIL
IesITeIbHOCTM COBPEMEHHBIM YCIOBMAM M TEHACHLVAM B PasBUTUM TEOPUM M IPAKTUKM OpPTaHM3ALMY TPYHA, HEOOXOLMMO
PaccMOTpeThb M yTOYHNUTD IPYHINIIBI HOPMMUPOBAHMA TPyAa. [IpMHIINIIBI KaK OJfHA M3 BaYKHBIX KaT€TOPIII TEOPUN I METOIO/IOT N
HOPMMPOBaHMA TPyAa ABJIAIOTCA IpegMeTOM MCCIefOBaHNA TaKuX y4eHbIX, kKak M. V. byxankos [14], b. M. Tenxun, H. H.
JIutoBuenxko [15], 10. I. Oneros, B. b. Borunu u C. B. Manuuns [16], P. IT. Konocosa u I. T. Menukbsu, V1. M. Bamko [17], FO. 1.
Koxus, B. ®. [Torymanckas n JI. C. Topcknna [18], T. A. Kopxuna [19] u gp.

VcenepoBanus IOKasamy, YTO B OTEYECTBEHHOI 3KOHOMMYECKON /IMTepaType HpefCTaBlIeHbl pas3MyHble ITOXOAbI K
OIIpefie/IeHNI0 IPMHIUIIOB HOpMYUPOBaHMs Tpy#a. HekoTopble BbIgBUTaeMble aBTOPAMU HPUHIUIIBI COBIA/IAIOT, OTHE/NIbHbIE
aBTOPBI BBIJIEAIOT U CHelyaIbHble. KpoMe TOro, aBTOpBI paccMaTpyUBalOT HPUHIMIIBL HOPMUPOBAHNA TPYHa PaOOTHUKOB 1
IPUHIMIBL (QYHKIVIOHMPOBAHMA CUCTEMBl HOPMUPOBAHUA TPyfa IO PasINMYHBIM OCHOBaHUAM [14-19]. Cucremarmsanus
OCHOBHBIX IIO[IXOJO0B K OIIpefe/IeHINIO IIPMHINIIOB HOPMIPOBAHMS TPyAA PAaOOTHNKOB IIpefcTaBIeHa B Tabr. 1.

ABTOp B CTaTbe He CTAaBUT Lie/Ib JAaTh OLIGHKY IIpeflaraeMbIM aBTOpPaMU IIPUHINMIIOB HOPMUPOBAHNUA TPY/Q, a IOKA3aTh
pasHooOpasue MOAXOROB K BBIOOPY OCHOBAHMIT /s MX OHpefeneHus. IIpy ompemeneHuy HPUMHIMIIOB BKHO, YTOOBI MX
cofiep>KaHle YYUTBIBAIO TEHAEHIMM B Pa3BUTIUM PBIHKA TPYHQ; TEHJEHIIUN PasBUTHA U COCTOSIHUE TPYAOBLIX OTHOIIEHMIT Ha
IIpeIpUATIN; YPOBEHDb TeXHONOIMN 1 OPraHU3alMy TPyAa PabOTHNKOB C YYETOM OTPAC/IeBbIX 0COOEHHOCTeIL.

C ydyetoM OCOGEHHOCTEl OCYIECTBIEHNUSI TPYHOBOIL [IEATENBHOCTY Ha TOPHOFOOBIBAIOINEM IPENIPUITUN ABTOPOM
BBIJIe/ICHBI OCHOBHBIE ITPUHIINIIBI COLMA/IbHO-9KOHOMIYECKOI0 HOPMIPOBAHNA TPY/IOBOIL HeATeIbHOCTI PAOOTHIKOB, KOTOPbIe
peann3yoTcsa KOMIUIEKCHO (Tabr. 2).

PaspaboTaHHbII KOMIUIEKC METOHOMOTMYECKMX IIPUHIUIIOB COLMAIbHO-9KOHOMWYIECKOTO HOPMUPOBAHUS TPYLOBOI
IesITeIbHOCTM PAaOOTHUKOB VIMEeT YHUBEPCAIbHBII XapaKTep, IIOCKOTIbKY MOYXET MPYUMEHATHCA /st TI0O0TO IIPOMBIIITIEHHOTO
npennpusiTusi. VIcronb3oBaHue pa3pabOTaHHOTO KOMIUIEKCA METOM[OTIOTMYECKX IPUHIIUIIOB MO3BOJISIET CBOEBPEMEHHO I
Ije/IeHAIIPaB/ICHHO IIOBBIIIATH Ka4eCTBO TPYHAOBBIX IIPOLIECCOB I BOBJICYEHHOCTD B 3Ty PabOTy BCeX pabOTHNKOB IPeAIIpUATIA,
OCYILeCTB/IATh IHHOBALVIOHHbIE IPe0OPa30BaHNsI B PAMKAX pea/M3aLiny CTPATErny IPENIPIUATIUS 1 06eCIIeInBaTh TeM CAMbIM
€ro BBICOKYIO )KU3HECTIOCOOHOCTb.
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Ta6nuua 1. MeToaonormyeckue NPUHLUUMNbLI COLMaNbHO-9KOHOMUYECKOrO HOPMUPOBAHUA TPYAOBON AesATenbHOCTU pa6oTHukoB M.
Table 1. Methodological principles of socio-economic rationing of the labor activity of ME employees.

MpuHumn CywHocTb

[ depeHLpoBaHHOCTL HOPM Mpu onpeneneHn HopM TPYOOBON AEATENbHOCTM AOMKHBI YUNUTLIBATLCS Pa3NINYMSA OCHOBHbIX

TPYAOBOW AEATENbHOCTY XapaKTepUCTVK Kak CyGbeKTOB TPYA0BOM AesTenbHOCTM (MOTpeGHOCTH, Liernu, OTBETCTBEHHOCTL U
MHTEPEChI), TaK 1 CUCTEMbI UX OeSTENbHOCTM ((PYHKLMOHATbI, OpraH13aLms 1 TEXHOMOTMS MPOU3BOACTEA,
3aTparthbl U pesynbTaThl Tpy4a)

COI'Ipﬂ)KeHHOCTb OCHOBHbIX Mpw onpepenexun, YCTaHOBJTIEHUU U KOHTPOJ1E€ HOPM prﬂ,OBOVI AEeATENTIbHOCTU OOJTKHbI y4YUTbIBATbCA
XapaKkTepuUcTuk Cyﬁ'beKTa B3aMMOCBA3b U B3aVIM006yCJ'IOBJ'IeHHOCTb HOpMOOGpa?:yIOLLlVIX aKTopos, XapakTepusyrLinx B

pr,D,OBOVI [EeATENbHOCTU U couynanbHOM acnekTte Cyﬁ'beKTOB pr,D,OBOVI [EeATENIbHOCTU (I'lOTpeﬁHOCTVI, Lenun, oTBeTCTBEHHOCTb U
CUCTEMBbI ero AeATeNibHOCTU MHTeperI), B 93KOHOMUYECKOM acnekTe — ux CUCTeMy OeATENTbHOCTU (beHKLIMOHaJ'IbI, opraHusauua u

TEXHONorna Nnpon3BoACTBa, 3aTpaTtbl U pe3ynbraTbl pr,ua)

MMnepaTMBHOCTL HOPM pr,EI,OBOVI YcTaHOBMEHHbIE HOPMbI pr,ElOBOVI OEeATENbHOCTU OOMMKHbI UMETb CTaTyC GQSYCHOBHOCTM X NCNonHeHna
[EeATENIbHOCTU BCeEMU paGOTHMKaMVI npeaonpuaTna — oT AupeKTopa oo paﬁoqero

MoTuBmpytowas HanpaeneHHOCTb  HopMbl TPYAOBON AeATENBHOCTY AOMMKHLI CTUMYNMPOBATh U NOAAEPXMBaTb NOBEAEHYECKYIO

HOPM TPYA0BOV AEATENbHOCTU aKTUMBHOCTb MepcoHarna B OTHOLLEHMN NOBbILLEeHNs 6e3onacHOCTU 1 3 HEKTMBHOCT NPOU3BOACTBA Ha
onpefeneHHoM ypoBHe, obecrneyrBatoLlem TpebyeMblli ypoBEHb KOHKYPEHTOCMOCOBHOCTY NPEANpUSTHS
1 paboTHuKa

MeToAbl  COLMAALHO-5KOHOMMYECKOrO HOPMUPOBAHMSI TPYAOBOM AESITEALHOCTM PABOTHUKOB TFOPHOAOOLIBAIOLIETO
MPEANPUSITUST

ABTOp HE paCCManI/IBaeT B KaUecCTBe OJ:[HOI“/I 13 3aga4 NCCIen0OBaHMA OI_ICHI(Y 3(1)(1)CI(TI/IBHOCTI/I I/ICHOTII)SY&MBIX B HpaKTI/IKe
HOpMI/IpOBaHI/IH prna METOJOB YCTaHOBHeHI/IH HOpM, XapaKTepI/ICTI/IKI/I KOTOprX Hpe,T_[CTaBIIeHbI BO MHOTUX y‘{e6HbIX M3OAaHNAX,
[IOCBAILIEHHBIX HOpMUpOBaHMio Tpyaa [13-17]. Henpss He cormacurbesi ¢ aBropamy my6immkarym [20], 94TO «OCHOBHBIMU
npo6jeMaMu B HACTOsIIIlee BPeMsI AB/IAIOTCS BBIOOP, 000CHOBaHMe I IPUMEHEHMe KOHKPETHOTO METO/[a YCTAaHOBJIEHNUS HOPM, C
HeO0OXOMMOCTBIO PelIeHNsT KOTOPBIX CTA/IKMBAOTCS CIIEL{MA/INCTBI, 3aHATbIe BBINOTTHEHVeM (YHKUMIT HOPMIPOBAHWS TPYHAa».
B cBs13u ¢ 9TUM B CTaThe CfielaH aKleHT Ha MCCIe[OBAHNM 1 pa3paboTKe METOLOB COLMAIbHO-9KOHOMIYECKOTO HOPMUPOBaHMs
pr]lOBOI?I DEeATE/IbHOCTU pa6OTHI/IKOB C TOYKM 3peHI/IH JOIIO/THEHU A TpaI[I/[I_U/IOHHO I/ICHOJ’II)SY&MBIX METOJOB METOIaMMU,
IIO3BOIAIIVNMI y‘{eCTb VISMEHEHINA B CUCTEME prﬂOBbIX OTHOIHeHI/Iﬂ, B COHCP)KaHI/H/I n cnoc06ax OpFaHI/ISaHI/II/I prna.

ABTOp paspenaeT TOUKy 3peHus [20] Ha IOHMMaHUe MeTOAa HOPMUPOBAHUA KaK COBOKYITHOCTY IIPYEMOB IIO OIPefie/IeHIIO
HeOOXOIMMBIX 3aTpaT BpPeMEHM, aHAIM3y TPYHOBBIX MPOI[ECCOB, BBIBACHMIO ¥ YYeTy PeIeBAaHTHBIX HOPMOOOPA3YIOIINX
(baKkTOPOB, MCIIONB30BAHNIO MAaTEPUAIOB HAOMIOEHNMI, TPOEKTHPOBAHNIO PALMOHATIBHOIO COCTABA U COMEPXKaHNS OIepaLin
(pynkumit), paspaboTke HOPMATHBOB I HOPM TPy [/Is1 PAOOTHIKOB Pas/IMYHbIX YPOBHEI! yIIPaBIeHMA.

B Hay‘—IHO—TeXHI/I‘—IeCKOI?I n cnpaBquoﬂ )II/[TepaType BCTpe‘—IaIOTCH C}ICI[YIOHH/IC HpI/ISHaKI/I CHUCTEMATU3aAIM METOI0B
HOPMUPOBaHNA TPyja:

- CHOC06 HOHY‘IeHI/IF{ VICXOOHBIX NaHHBIX O HpO,HOII)I(I/ITeIIbHOCTI/I BBIIIO/THEHU A onepaul/[l?[;

— JOCTOBEPHOCTD HOPM;

— CTerneHb 060CHOBAHMNS;

— BIVsIHME HOPMOOOpasyolux ¢GakTopos u ap. [20].

Ba)KHO BI)I6paTb aJ€KBaTHBIC peH_[aeMbIM Ha HpaKTI/IKe 3agadyaM METO/ bl M3Mepe1-n/m n peI‘y}II/IpOBaHI/IH napaMeTp()B
TPYHOBBIX IIPOLIECCOB, TPYLOBOIO IIOBEIEH S, B3aMOOTHOLIEHNIT ¥ B3aMIMOZEICTBYA PaOOTHIKOB — CYyO'bEKTOB COLMAIbHO-
9KOHOMMYECKMX CUCTEM Pa3aMIHOro macuraba (Opurajga, yqacTok, uex, npegunpusirtie). CucreMarusamnys CyuieCTBYOIINX
B 9KOHOMMYECKOJ NUTEpaType IOAXOAOB K W3YUYEHUIO Pa3BUTHUS IMPEANPUATUS KaK >KU3HECIOCOOHON COLMaIbHO-
9KOHOMMYECKOI CHCTEMBI MO3BONMIA YCTAaHOBUTH, YTO OONMBIIMHCTBO ABTOPOB PACCMATPMBAIOT €ro KaK LVMKINIeCKUI
npouecc [4, 21-23]. VIsBecTHas 3aKOHOMEPHOCTb LIMK/IMYHOTO PasBUTHS HPERIPUATIs OOYCIOBIMBAECT ¥ LVKINIHOCTD
q)OpMI/IpOBaHI/IH I/IHCTI/ITyI_H/IOHaJ'II)HOﬁ CPCJII)I, HEOThEeMJIEMOI YacTbhIO KOTOpOﬁ ABJIACTCA HOpMI/IpOBaHI/Ie prﬂOBOﬁ
OeATEe/IbHOCTU pa6OTHI/IKOB B II€JIOM U COLIMIAa/IBHO-3KOHOMMYECKOEe HOpMI/IpOBaHI/Ie pr,T_[OBOI‘/JI OEeATCIbHOCTM B YaCTHOCTIU.

B nmk/maeckoM mporecce COLMaabHO-9KOHOMIIECKOTO0 HOPMVPOBAHISI TPY/JOBOII AESITIBHOCTI PAOOTHIKOB BbIE/IEHbI
6 9TANoB, XapaKTepU3YOIINX LUKI HOPMMPOBAHUS [eATENIbHOCT paboTHMKOB (puc. 3). BxiodeHNe B yIpaBIeHYECKYIO
IesITeIbHOCTD IePCOHaIa TOPHOFOOBIBAOIErO IPEANPHUATUS COLMANTPHO-9KOHOMUYECKOTO HOPMUPOBAHSI KaK MHCTPYMEHTA
noBblieHns 9 dexTUBHOCTH U 6€30IaCHOCTY IPOM3BOACTBA HPEAIPUATHs IO3BOJSET OCYLIECTBIATh Psf LMKIIOB s
obecrieyeHs JOCTATOYHOTO YPOBHS €ro KU3HECIIOCOOHOCTH.

ITpu popmMupoBaHNU KOMIUIEKCA METOLOB COLVIAIbHO-9KOHOMIYECKOTO HOPMMPOBAHNUA aBTOP MCXOAVI M3 CJIeHYIOLINX
TIOJIO>KEHMIA:

- BO-HepBbIX, METOObl TOJIDKHbBI 06eCHe‘{I/IBaTb peanmsaumo OCHOBHBIX HpI/IHLU/[HOB COIIMa/IbHO-9KOHOMMNYECKOI O
HOPMUPOBAHNS TPYLOBOI AESTENbHOCTI PaOOTHIKOB;

— BO-BTOPBIX, METOJbI JO/DKHBIL OBITH TI0J0OPAHBI 1107 KOHKPETHBII KOMIIOHEHT TPYAOBOII AeATeNbHOCTH;

- B-TpeTbI/IX, METObI TOIXXHbI O6eCHe‘{I/IBaTb IUKJINYHOCTb npouecca HOpMI/IpOBaHI/IH, T. €. Sq)(i)eKTI/IBHyIO pea}H/I?:aI_U/IIO
Ka)KJOro 13 ero atanos (tadim. 3).

B CprKType METOOO0B, HPI/IBeHeHHbIX Ha pI/IC. 4, BbBIJIC/ICHBI OBE I‘pyHHI)IZ METO[bI, TpaHI/IIH/IOHHO I/ICHO}IbsyeMI)Ie B
IpaKTVKe HOPMUPOBAHNUA TPYAA, M METOAbI, alaliTHPOBaHHbIe’ K peam3aluy Ha IPeIpUATAN COLMATbHO-9KOHOMIYECKOTO
HOPMUPOBAHNUS TPYLOBOI AESTENIPHOCTI PaOOTHMKOB KaK OFHOTO 13 BUOB YIIPABIeHUECKOI AeSITe/IbHOCTIL.

2MNogpobHoe onucaHne MeToA0B NPEACTaBMNEHO B Nybnukauusx [24, 25].
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Ta6nuua 2. NMpuHUUnbI HopmupoBaHusa Tpyaa (HT), npepnaraemblie pasnUYHbIMUA aBTOpPaMM.
Table 2. The principles of performance standards (PS) proposed by various authors.

ABTOpLI
0. . Operos, B. .
A P. M. Konocoga, H. H.
B. M. l'eHknH B. B. BbluuH, [ T. MenvkesH M. U. Byxankos . M. Bawko FUTOBYEHKO MotyaaHckas, T. A. KopkuHa
C. B. ManuHuH T 1. C. l'opckuHa
OcHosHasi xapakmepucmuka NpuHYUNnos
MpuHumnel HT MpuHumnel HT MpuHumnel HT MpuHumnel HT MpuHumnel HT MpuHumnel HT MpuHumnel HT MpuHUMNbI
KaK OCHOBa Kak ocHoBa HOPMUpPOBaHUs
pa3paboTku hopmupo- TpyAa
cuctembl HT BaHWA 1 rocyaapcr-
pasBuTusi BEHHbIX
cuctembl HT (MyHVLMNane-
HbIX) Cny>aLumx
IMpuHyunsi
Hay4HocTb Hay4yHocTb
OcdbdpektnBHOCTE AP DHEKTUBHOCTD OdpdekTnBHOCTL OdpekTMBHOCTb OdpekTnBHOCTE  AbpekTMBHOCTE  AddeKTMBHOCTE P DEKTUBHOCTD
KomnnekcHocTb KomnnekcHocTb KomnnekcHocTb KomnnekcHocTb KomnnekcHocTb KomnnekcHocTb  KomnnekcHocTb
CucteMHoCTb CucteMHoCTb CucteMHoCTb CucteMHoCTb CucteMHoCTb CucteMHoCTb CucteMHoCTb
KoHkpeTHOCTb KoHKpeTHOCTb KoHkpeTHOCTb KoHkpeTHOCTb KoHkpeTHOCTb KoHKkpeTHOCTb KoHKpeTHOCTb
OnHamnyHocTb OnHaMu4HoCTb [OnHaMn4HoCTb OuHamMuyHocTb OnHaMu4HoCcTb OuHamMuyHocTb
O6BLEKTMBHOCTb O6BLEKTUBHOCTb OO6bLEKTVBHOCTb
Ipynnosas pynnosas pynnosas pynnosas
AvdbcbepeH- AndhepeH- AnbbepeH- AndbchepeH-
umauus uvauus umaums umauus
PasHas PaBHas
HanpsKeHHOCTb HanpsKeHHOCTb
MporpeccuB- Mporpeccus- MporpeccuB- MporpeccuB- MporpeccuB-
HOCTb HOCTb HOCTb HOCTb HOCTb
BceobuHocTb BceobuHocTb BceobuHocTb BceobuHocTb
Hay4yHocTb
JlerutuMHoCTb [MpaBomepHocTb  JlerMTUMHOCTb IlerutuMHoCTb
YnoBneTBopeH- FapmoHuzaumsa FapmMoHuzaumsa BanaHc
HOCTb TPYAOM MHTEepecoB

McTouHumK: fononHeHo 1 nepepabotaHo asTopom no [18, 19].
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PucyHok 3. Liukn HopMupoBaHusi TPyAOBOM AeATENbHOCTU PaGOTHUKOB NpeanpuATUs.
Figure 3. The rationing cycle of labor activity of employees of the enterprise.

[Tpumepbl peaansaumMm KOMIAEKCA METOAOB COLIMAALHO-3KOHOMMYECKOTO HOPMUPOBAHMSI TPYAOBOM AESTEALHOCTM
PaBOTHMKOB Ha TOPHOAODDLIBAIOWIMX MPEAMPUSITUSIX

Ipenmpusatus kommannu CYIK aKTUBHO 1 Ie/IeHANIPaB/IeHHO OCYIIECTB/ISIIOT PaboTy ¢ IIepCOHAIOM, HAIIPAB/IEHHYIO Ha
IpupaleHne YeJI0BeIeCKOro KanuTaa, GopMypoBaHiie KOJIEKTUBOB COTPYAHMKOB, HOHMMAIOIUX U Pasfe/sIoLX ee e 1
LIEHHOCTM, CTPEMALIMXCSA K caMOpeany3alyy 1 OBBILIeHNI0 ypoBHA npodeccuonanusma. umnan AO «CYIK-Kpacnospck»
«Paspes «bopopmuckuit» umenn M. WM. lllapoBa» ABIAeTcA OJHUM U3 HPefUpPUATUII KOMIIAHMM, OCBAaMBAIOLIVIX METOMbI
COIMATbHO-3KOHOMIYECKOT0 HOPMUPOBAHNs IeATeTbHOCTI TepCOoHaa Kak Ha ypOBHe IPOM3BO/ICTBEHHBIX OApa3/e/IeH NI, TaK
U Ha YpOBHE IPeAIpyUATHA B Lie7IoM (Tab1. 4). MHOro BHUMaHUA U BpeMeHM yAe/seTcs paboTe ¢ IpeAcTaBIeHNsAMI PabOTHIKOB
B 9aCTV [OHVMMAHYSI MM HeOOXOAVMOCTH HOBbILIeHMsT 6e30macHOCTY 1 3¢ PeKTUBHOCTH TPY/a KaK YCIOBIS YEOBIETBOPEHNS
X COLIMAIbHBIX M 9KOHOMUYECKIX IoTpebHOCTelL. [IpoBefeHNe TpeX HMK/IOB pa3BUBAIOLell aTTECTAL[MI MAaCTEPOB, MEXaHIKOB,
Ha4a/IbHYKOB YYaCTKOB IIO3BOJIVIY IIOBBICUTD CPEIHUIT yPOBEHb MOTHBALNMM PAOOTHUKOB OTHOCUTEIBHO peann3yeMoro MMu
¢dyHK1MOHAMIA 60JIee YeM B 4 pasa, a ypoBeHb KBanmudukauuu — B 1,4 pasa.
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Ta6nuua 3. MeToabl coLManbHO-3KOHOMUYECKOTO HOpMUpOBaHuA prﬂOBOﬁ AesATenbHOCTU paGOTHVIKOB I'OpHO.EI,OGbIBaIOLIJ,eFO

npeanpusaTus.

Table 3. Methods of social and economic performance standards at the mining enterprise.

KOMMOHeHTbI pr,D,OBOI7I LOEeATEeNIbHOCTU pa6OTHMKa

CoumanbHble Hencrausa c
JTan X13HeHHOro 1N 9KOHOMUYECKne CoumanbHble nepcoHana peactsa CoumanbHble
- OOCTWXEHUS Lienu
uvkna paspaboTku notpebHocTn 1 BKOHOMUYecKne (pykoBoauTenen, 1 3KOHOMUYEeCKne
HOpM M UHTEpecCh! uenu crneynanucTos, v pesyneraros pesynsraTbl
[eaTenbHOCTU
(MOTMBbI) onepaTopoB)
Mcecneposarve AHKeTUpoBaHue [ekomnosnums AHKeTUpoBaHue AHKeTUpoBaHue AHKeTUpoBaHune
0o6bekTa HOpMUpPO- MHTepBbio uenen MHTepBbio OpraHusaumnoHHo- MHTepBbio
BaHUs AHanua cTpyktypbl  [lo3uumoHvpoBaHve  AyauT OyHKUMIA TEXHONOrnYeCcKnit OueHka ypoBHs
noTpebHocTewn paboTHuka doTtorpachums ayauT pabounx XKN3HECNOCOBHOCTH
N HTEpecoB BeHumapkuHr paboyero gHs npoLeccoB no
(MoTuBOB) AyaouT nnaHoB 1 XpoHomeTpax obecneyeHHOCTH
nporpaMm pasBuTusi maTtepuanbHbIMK,
HemaTtepuanbHbIMU
1 HeocsA3aeMbIMM
aKTuBamMu
dopmumpoBaHue OkcnepTHas OkcnepTHas oueHka  OKOHOMUKO- OKOHOMUKO- OkcnepTHas oueHka
MeTo[onorMm oLleHka AHanus MaTeMaTuyeckoe mMaTtemaTtuyeckoe AHanus
1N MEeTOAUKMN AHanus TEOpPEeTNYECKOW 1 MOJEenMpoBaHue MOAEenNMpoBaHue TEOPETNYECKON 1
yCTaHOBMNEHUs TEOpeTUYECKon mMeTogmyeckon 6asbl  OkcnepTHas oueHka — JKcrnepTHasi oLeHka mMeToauyeckon 6asbl
HOPMBbI 1 MeToANYeCcKon PaKTOpHbIN aHanu3 Ananus AHanus XM3HEeCnocobHoCTH
6a3bl CeteBoe TEOPETUNHECKOW 1 TEOPETUYECKON 1 CeteBoe
PaKTOpHbIN nnaHupoBaHue Metoamyeckon 6asbl  MeToamveckon 6asbl nraHnpoBaHue
aHanus SWOT-aHanus ®dakTopHbIN aHanm3  PakTOpHbIN aHanNu3
CeteBoe CeteBoe CeteBoe
nnaHvpoBaHue nnaHvpoBaHve nnaHvpoBaHue
SWOT-aHanus SWOT-aHanus
MpenBapuTensHoe OueHka n OKOHOMUKO- MopenvpoBaHue OKOHOMUKO- OKOHOMMKO-
onpenenexHne 6GeHYMapKUHT mMaTtemaTtuyeckoe DYHKLNIA, mMaTtemaTtuyeckoe MateMaTuyeckoe
HOPMBbI KayecTBa MoZenupoBaHune B3aUMOCBS3EW, MOAEeNMpoBaHue Mo envpoBaHue
TPYLOBOW XNU3HK OKkcnepTHas oLleHKka  B3auMOoAencTBus XpoHomeTpax XpoHomeTpax
OKOHOMUKO- HOpM OKkcnepTHas oueHka  JKcrepTHas oueHka OkcnepTHas oLeHKa
mMaTtemaTtuyeckoe Oekomnosnuus HOpM HOpM HOpM
MogenupoBaHue uenen BeHumapkuHr BeHumapKuHr
OkcnepTHas PYHKLMIA XM3HEecnocobHocTH
OLleHKa HopM
OnpoboBaHue MopgenupoBaHue MopgenupoBaHue MopgenvpoBaHve JKcnepuMeHT OkcnepuMeHT
HOPMBbI [encTenm, [encTBuiA, ycrnoBui [encTBni, yCroBuii MepekpecCTHbI ayauT CraxupoBka
paboTHUKOM YCMNoBUIA 1 W 3aKpenneHve UX B U 3akpenneHve nx 8 OBmMeH onbIToM no JInyHas nHnymaTmea
3aKkpenneHne X B LOrOBOPEHHOCTSX [OrOBOPEHHOCTAX hopmMrpoBaHmMio OpraHusaumoHHoe
[OrOBOPEHHOCTSAX CraxupoBka CraxupoBka 1 UCMOSb30BaHUIO NpoeKkTMpoBaHne
CraxupoBka JInyHas nHMumatmBa  OKCNEpPUMEHT MaTepuvarbHbIX,
CTpyKTypHO- HemaTepuarnbHbIX U
yHKUMOHaNbHoe Heocs3aeMbIX aKTMBOB
MoAenupoBaHue
OueHka pesynstatve-  MOHUTOPUWHT MOHUTOPUHF MoHUTOPUHF MOHUTOPUHF MoHUTOPUHF
HocTw/ [encTenn, [encTBuiA, yCrnoBui OEencTBuin, yCroBUA  AENCTBUN, YCIOBU U pesynsratoB
[EeNCTBEHHOCTU YCMOBUIA 1 1 pesynbTaToB 1 pesynsTaToB pe3ynsraToB AHKeTMpoBaHWe
1 yTOYHEHWe HOPMbl! pesynsraros OkcnepTHas oleHka  AHKeTUpoBaHue AHkeTMpoBaHue NHTepBbio
AHKeTMpoBaHue WHTepBbio MHTepBbio OkcnepTHas oueHka
MHTepBbio OkcnepTHas oueHka  JKCrnepTHasi oLeHKa
OkcnepTHas doTtorpacms doTorpadus
oLieHka paboyero gHA paboyero aHA
XpoHOoMeTpax XpoHOoMeTpax
BkntoueHne HopMbl Busyanuzauus Busyanusauus CraHgapTmsaums PenTtuHrm Xospacuet
B CUCTEMY CTpyKTypHO- PassuBatoLas 1 pernameHTauus PassuBatoLas Busyanusauus
OeATenbHOCTU PyHKUMOHaNbHoe aTtTectauus DYHKLUIA 1 aTtTecTauus PassuBatoLyas
MoZenupoBaHune OpraHusaunoHHoe B3aUMOAENCTBUSA CrangapTtusaums atTectauus
PasBuBatoLas NPOEeKTUpOBaHuNe PernameHTtauus KPI
aTTectauus [MporpammupoBaHune Busyanusauus MeTtogpl
MeTogbl pasButus  pas3BuTus MeTogbl ynpaBneHus ynpaBsneHus
KopropaTMBHOM pvickamu ¢ puckamu c y4eTom
KynbTypbl Y4€TOM OnacHbIX orc
(oeknapvpoBaHue, NPOU3BOACTBEHHbIX [MporpammupoBa-
LleHHOCTHOE cutyaumi (ONC) HWe pasBuUTUSA
perynupoBaHue)

Onnara Tpyaa
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AHanus pesynbraToB paboOTHI C IEPCOHAIOM paspesa «bopommHckmil» 3a mocnegHMe 5 €T MOKas3as, YTO NMpUMeHeHue
KOMIITIEKCA METOJ0B COIMa/IbHO-3KOHOMIYECKOTO HOPMMPOBAaHM A IIPUBETIO K POCTY HEMaTepyUaIbHbIX ¥ HEOCA3aeMbIX AaKTHBOB.
Ha puc. 5 npepcraBieHo M3MeHeHVe IPMOPUTETOB B pabOTe PYKOBOAMUTEEN U CIIeLIVATNCTOB ¢ (PaKTOpPaMI, ONpene/ Ao IMI
KayeCTBO IIPOM3BOJICTBEHHOTO IIPOLiecca, KOTOpoe 00yCIOB/IMBaeT YPOBEeHb 6e30macHOCTH 1 3¢ (eKTUBHOCTY IPOU3BOACTBA I,
KaK CJIefICTBIE, — KV3HECIIOCOOHOCTD MPENIPUATH.

PesynpTaToM peanmsaluy MeTO[IOB COIMANbHO-9KOHOMMYECKOTO HOPMMPOBAHM TPYHOBOI /IeITENNbHOCTY HA OfTHOM U3
YITIeRo0BIBAIOMINX MPeATpUATIIL XaKacuy ABIAETCA MOBBIIIEHNE KadeCTBa HOPMUPOBAHS U ITAHMPOBAHNUSA TPY/a BOAMUTEEl
aBTOCAMOCBAJ/IOB B YBS3Ke C CHCTEMOI! OIIAThI TPY/Aa. AKTYalbHOCTD 3TOi pabOTHI ObIIa BBI3BAHA CIIENYIOLIEl CIOKMBIIETCS
CUTYaLVell: I CTOIPOLIEHTHOTO BBIITOJTHEH A HOPMbI BBIPAOOTKI B 3aBYICYIMOCTY OT PACCTOSHYIS Y BBICOTBI TPAHCIIOPTYPOBAHMSA
BOUTEIO TPeOOBaNIOCh OT 7,5 KO 9,5 IPOM3BOAUTEIBHBIX 4aCOB PabOTHI B CMEHY, @ B CHCTEMe y4eTa pe3y/IbTaToB 9Ta PasHMIIa He
¢rKcrpoBaIach. ITO IPYBEIIO K MOSIB/ICHNIO «BBITOJHbIX» U HEBBITOAHBIX» MApLIPYTOB. |51 0OecIiedeHnst paBHOI HALIPSDKEHHOCTH
HOPM BBIPabOTKI IIOCTIE 0OCYK/IeHIsI BBISIBIEHHBIX HEJIOCTATKOB B HOPMaX C BOAUTE/IIMI ABTOCAMOCBA/IOB OHM GBI [IEPeCMOTPEHBI
U yTBEpP)KZIeHbl Ha ypoBHe 10 MpOM3BOAMTENbHBIX YaCOB B CMEHY. DTO IIO3BO/IM/IO IIOBLICUTD TECHOTY CBSA3Y PE3Y/IbTaTOB 1 OIIAThI
TPYHa, IOBBICUTD CPeTHEMeCAYHBbII ¥ MAKCHMATIbHBII yPOBEHb 3apaboTHOI IIaThI (puc. 6).

Omnpob6oBaHyue paspabOTaHHOIO IIOAXOfAa K HOPMMPOBAHUIO TPYHOBOI HeATENIbHOCTM PabOTHUKOB B IPaKTUKe pabOTHI
TOPHOMO0BIBAIOIVX IPeIPUATAI [I0KA3a/I0, YTO OLIYTUMbIe Pe3y/IbTaThl OT COLMAIbHO-9KOHOMIYECKOTO HOPMMPOBAHUA
TPYHOBOII [eATeTbHOCTY JOCTUTAIOTCA B TedeHue 5-7 jIeT IPU YCI0BUYM KOHLIEHTPALUM YCHINIT YIIPABIEHYeCKOTo IIepCOHaIa
HpennpuATHA U KoMIaHuu. TakyuM 06pasoM, UCIOIb30BaHIE METOJOB COLIMATbHO-9KOHOMIYECKOT0 HOPMIPOBAHMUSA TPYHOBOIL
IeATebHOCTU PabOTHMKOB Ha psAjie TOPHOLOOBIBAOIINX IPENIPUATAI O3BOMNACT C/IENaTh BBIBOJI, YTO OHO, ITO CYTH, AB/IACTCS

UcxoaHbIN ypoBeHb
»)KU3HecnocobHocTU
ropHogo6biBaroLlero npeanpuaTus

UcxoaHbIl ypoBeHb 6e3onacHOCTU
n 3adpchpeKTUBHOCTU Npon3BoOACTBaA

e 2 —

I/’ KomnoHenmsl dessmenbHocmu pabomHukoe N

|
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CouunanbHO-3KOHOMUYECKMe HOPMbI TPYAOBON AeATENbLHOCTU PpaGOTHMKOB

!

Tpebyembi ypoBeHb 6e30nacHOCTU
1 adpchpeKTUBHOCTU NPOU3BOACTBA

!

Tpebyembi ypoBEHb
XKN3HECNnocoGHOCTU
ropHoAo6bLIBaloLWEro npeanpuaTUs

PucyHok 4. CTpyKTypHasa cxema MeToA0B COLMarbHO-3KOHOMUYECKOro HOPMUPOBaAHUA TPYAOBOW AEATENbLHOCTA PabOTHMKOB rOPHO-
po6biBalollero npeanpusTus [24].
Figure 4. The block scheme of the methods of socio-economic rationing of performance standards at the mining enterprise [24].

152 Nanaea 0. A. HopMypoBaHue Tpy#oBOW [EATENbHOCTM pAabOTHUKOB ropHOZ06bIBAOLLEr0 NPeanpUSTAA: NPUHLMMNbBI U MeToabl //
WsBectua YITY. 2019. Boin. 2(54). C. 146-158. DOI 10.21440/2307-2091-2019-2-146-158



O. A. Lapaeva / News of the Ural State Mining University. 2019. Issue 2(54), pp. 146-158

ECONOMIC SCIENCES

Ta6nuua 4. NMpumepbl peanusaumMmM MeToA0B COLManbHO-3KOHOMUYECKOro HOPMUPOBaHUA AesATeNbHOCTU nepcoHana B ®unuane AO
«CY3K-KpacHosipck» «Pa3pe3 «BopoguHckuii» umenun M. U. LWagosa» (2012-2017 rr.)®
Table 4. Examples of the implementation of methods of socio-economic performance standards at the branch of AO SUEK Krasnoyarsk,
Borodinsky open-pit mine named after M. I. Shchadov (2012-2017)®

Ob6beKTbI HOPMUPOBAHUA — KOMMNOHEHTbI AeATEeNbHOCTU nNepcoHana

Sran CoumanbsHble n [OevictBna paboTHUKOB CpencTBa
HOPMWPO- 9KOHOMUYECKME Mo- CounankHeie (pykoBoauTenemn LOCTUXKEHUS Lenu CoumansHeie n
BaHWA N 3KOHOMUYeckue ’ 3KOHOMUYECKME
TpebHoCcTW 1 crneumanucTos, 1 pesyneTaToB Aes-
uenu pesynbrarhl
WHTEpechI onepaTtopoB) TENnbHOCTU
AHkeTUpOBaHue MosnumnoHuposa- AHKeTUpOBaHUe Ma- OpraHu3aunoHHo- OueHka pe3ynbraToB
paboTHMKOB MO dhak- HWe npeaAnpuUAaTUA CTEpOB 1 MEXaHWKOB TEXHONOrNYeckui ay-  peanusauuu 3Tanos
TOpam, BNusOLWUM B cpefe yHKumMo- O CTPYKTYype CBOEro AWT Ka4yecTBa paboynx  pa3BUTUA Npeanpu-
Ha 6e3onacHocTb n HUPOBaHUSA BPeEMeHM 1 pacxoaa NpoLEeCCOB MO YPOBHIO armsa (1950-2014
o & 3 PEKTUBHOCTL NPO-  AYAUT NIUYHBIX pecypcos MX OpraHnM30BaHHOCTU m)un peanusyembix
S 3 n3BoacTBa NnaHoB pa3BuUTUA CamodoTorpachum N TEXHOMOrNYHOCTYH cTpaTerum pasBuTus ¢
3 E © OueHka cBA3M pe- paboTHMKOB 1 Npo- paboyero AHA 3ame- nosmuum obecneveHns
0w 9 3ynbTaToB paboThbl rpaMm pasBuTUs CTUTENAMMN Ha4anbHW- XKM3HEeCcnocobHoCTH
&‘,Lg g ¥ onnatbl TpyAa nogpasaeneHuii KOB y4acTKOB, MacTe-
G602 Bpurag BCKPbILLHOMO pamu
§ Q 1 Bob6bIYHOrO y4acT- XpoHomeTpaxu pa-
KoB, GanaHca uHTe- 60TbI 3KCKaBaTOPOB
pecoB paboTHuKa BCKPbILLHOMO y4acTka,
1 pabotogarens no Opurag sHeproyyacTka
yyacTKy 6ynbaosep-
HOW TEXHUKM
®PakTopHbIN aHanu3  Mo3uumnoHmnpoBa- AHanus TeopeTtuye- DaKTOPHbIA aHanNu3 AHanus Teopetuye-
s cTpaTerni passuTusi HUe paboTHMKOB CKOW U MeTOAUYECKOW  KayecTBa NPOM3BOACT- CKOW U MeToaU4eCcKoMn
= npeanpuaTus c nosn-  (mactepa, Mexa- 6a3bl NOBbILLEHUS BEHHOrO npotiecca 6a3b1 0becneveHust
,‘:Et LMK YOOBINETBOPEHUSt  HUKW, 3aMecTuTe- KavecTBa B3anMoaen- OKOHOMMKO-MaTema- XN3HeCrnocobHOCTM Ha
[ norpebHocTel n NV HavarnbHUKOB CTBUSA NepcoHana TU4eckoe Mopernu- OCHOBE MOBbILLEHUS
: 3 MHTepecoB ero cybb-  y4yacTKkoB, Ha4asb- ®DaKTOpHbIN aHanNu3 poBaHue pe3ynsTaToB KayecTBa NPOW3BOACT-
s = eKToB HVIKV y4acTKoB) B Ka4yecTBa BefieHVS NOBbILLEHNS Ka4ecTBa BEHHOrO npotiecca
=g OTHOLLEHWN Lenew rOpHbIX paboTt NPOU3BOACTBEHHOTO OKkcnepTHas oueHKa
2 : CBOEro pasBuUTUS 1 OKcnepTHas oueHKa npotecca KpUTEpUeB 1 nokasare-
& s pasBuTWS Mpeanpu-  kavectsa pabounx npo- nev kayecTBa Npons-
o AaTus LileccoB 1 nepcoHana B BOJCTBEHHOIO npotiecca
g ] AHanus TeopeTtu- acniekte obecneveHus
o 2 YecKoW u meTo- 6e3onacHocTu Tpyaa;
=g Auyeckou 6asbl CTPYKTYpbl (DYHKLMOHA-
s paspaboTku ctpate- na OTu3
g TMK pasBuUTMS npea-
§ NpUSTHSA C NO3NLUK
o yOOBNETBOPEHUS
8 coumanbHbIX U 3Ko-
HOMUYecKuX Lenen
o3 MopenupoBaHue XpoHomeTpax pabotbl  DKOHOMMKO-MaTema-
- NPON3BOACTBEHHOIO 9KCKaBaTOPOB BCKPbILL-  TUYEeCKoe Moaenmnpo-
3 ] B3auUMOAEeNCTBUSA Npu HOro y4acTtka BaHWe HOpPM NPOU3BO-
3o BbIMNOMHEHUM HOPM OkcnepTHas oLeHka [OVTENbHOCTMN 3KCKaBa-
€3 _ _ BbIpaboTKV 9KCKaBa- YPOBHSI HAanpPsXXeHHO- TOPOB Ha BCKPbILLHOM
s 2 TOpamu BCKPbILLHOTO CTV HOPM NPOW3BO- yyacTke
& g yyacTtka AVNTENbHOCTM 3KCKa-
28 BaTOPOB BCKPbILLHOIO
= g y4acTtka
CornacoBaHue na- MopenupoBaHue OueHka mactepamu MepekpecTHbI ayant  CtaxupoBka paboTHU-
crnopTta HopM Bbipa-  AeWCTBUW, yCNo- 1 pabounmu ypoBHS ©esonacHocTu Tpyaa KOB Ha nepeaoBbIX 3apy-
° BOTKM 3KCKaBaTOPOB BUWW BbINOMHEHNS puvcKa BbIMOMHEHUs Ha NPOV3BOACTBEHHbIX  BEXHbIX MPEeANPUATUSX
s g BCKPbILUHOTO yyacTka  NacrnopToB HOPM onepauuii no Kkpute- yyacTkax
835 ¢ Opuragupamu, mac-  BbIpaboTKM 3KCKaBa-  PUSM BEPOATHOCTU U OGMeH onbITOM Mo op-
o2 z Tepamu 1 HavanbHu- TOPOB BCKPbILLHOIO TSDKECTW NOCNEACTBUIA raHusauuv acpekTuB-
bt 20 KOM y4acTtka yyacTtka, NoaroTos- HOro B3aMMOAENCTBUS
2 oy CraxupoBKa paboT-  Ka nNpeanoxeHun no Mexay yvyacTHUKaMu
o F HUKOB Ha NEPEAoBbIX  U3MEHEHVSM HOPM Ha aHanMTUKo-moaenu-

3apybexHbix npea-
npuaATUAX

PYIOLLMX CEMUHapax B
HWNOTP

3 WicTouHuK: paspaboTaHo aBTopoM. B peanusaumm MeTogoB NpUHAN HEMOCPEACTBEHHOE yYacTue KaHa. TexH. Hayk O. U. Yepckux, paGoTtatoLumii
Ha MOMEHT BbIMOMTHEHWS! UCCIeA0BaHNSA B AOMKHOCTU [MaBHOMO UHXeHepa.
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O6BbEKTbI HOPMUPOBAHNSA — KOMMOHEHTbI AEATENBHOCTU NepcoHana
ATan CoumnanbHble 1 Hencteusa paﬁOTHliIKOB CpegncTBa CouyanbHbie 1
HOPMWPOBAHMS 3KOHOMUYECKME CouuarnbHble (pykoBoauTenen, OOCTWXEHUS Lienu SKOHOMUYECKME
noTpebHoCcTU 1 1 3KOHOMUYECKME Lienu cnewumnanucTos, 1 pe3ynbLTaToB
UHTEpPEChI ornepaTopoB) AesiTENbHOCTH pesynerarel
MoHUTOpUHr X0aa SKcnepTHas oueHKa MOHUTOPUHT 3Me-  MOHUTOPUHT pe3yrb-
_ NMoAroTOBKU K pa3Bu- mMactepamv U paboyn-  HeHUsl MOTUBaLUU TaToOB peanusauum
E < § BaloLLel aTTecTauuu, MW YPOBHS1 pUCka Bbl- 1 KBanudukauumn NUYHbIX 06513aTeNbCTB
85 & X0Aa BbIMOMHEHNS MOSIHEHUsI onepaumit paboTHMKOB, Npo- 1 OpraHu3aumoHHbIX
s ze : OprnpoeKTOB Mo Mo- no KpUTEPUsIM BEPO- Lweawmx obyveHne NpoeKToB
IE 3 s _ BbILLEHWIO YPOBHS ATHOCTU U TSXKECTU NS NOBbILLEHUS! OkcnepTHasA oueHKa
g E g o opraHu3auuu Tpyga Ha  NOCneacTBuiA cBoero npodpeccuo- Ka4yecTBa NUYHbIX 065-
53 Fy yyacTkax ®dotorpadpms pabo- Hanuama 3aTenbCTB, OpraHu3a-
2k 4ero OHS U XPOHO- LIMOHHbIX NMPOEKTOB
e = MeTpax BbINOSHEHUS!
onepauumn
OkcnepTHas oueH- [lpeacrtaBneHue (BuU- Pa3pa6otka cTaH- BepeHune cuctemsl Busyanuzauusa OrNC
Ka YpOBHA MOTMBa-  3yanu3auumsi) pesysb- OApTOB U pernaMeH-  PeWTUHIoB pesyrb- MO OCHOBHbIM MPOU3-
LMK 1 KBanudmka- TaToB pa3BuBatoLLei ToB 6e30MacHoro Bbl-  TaTOB AEATENBHOCTY  BOACTBEHHLIM y4acT-
Lun paboTHUKOB aTTecTauum B KOprno- MOMHEHWs onepaunin 1 y4acTKoB, MacTepoB  Kam
° = MNoowpeHue pa- paTUBHbIX CPEACTBaX pabounx npoLeccos N MexaHuKoB PasBuBatowian at-
s 3 28 GOTHUKOB U pyKO- MaccoBo UHopma- MNoBbiweHwue pa- MoproToBka M Npo-  TecTauusi MacTepos,
Qs gz BoauTenen yvyact-  uumm (TB, raseta) 6OTHMKaMM CBOErO BeAeHue exeroa- MexaHWKOB, 3amMecTu-
g g S KOB, pabOoTHUKN Pa3pab6oTka opraHm- npodeccuoHanuaMa  HOW pa3BMBaKLWEN  Tenew HayanbHUKOB U
2T : & KOTOPbIX YCMEeLWwHO 3alMOHHbIX MPOEKTOB B YaCTW Hay4YHO-Me- aTTecTaumMm NMHen-  HayanbHUKOB y4acTKOB
@ & NpOLLNM pa3BMBato- MO YNYYLIEHUIO KaYecT-  TOAUYECKOW KBaru- HOro nepcoHana MnaHupoBaHue npo-
LLyto aTTecTauumio Ba paboumx NpoLeccoB  ukaumu, y4actusi B WU3BOACTBA C y4eTOM
Ha yyacTtkax Hay4HO-MPaKTUYECKNX Mep Mo yCTpaHeHUo
KOHbepeHUmsx orc
dakTopbl, onpeaensoLiMe Ka4ecTBO
NPOU3BOACTBEHHOrO Npolecca
T'oabl
KAYECTBO NPOM3BO/CTBEHHOTO TPOLIECCA
(B acnekTe o6ecneyeHusi 6e30NacHOCTH POU3BOACTEA) 20122014 2015 2016 2017
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PucyHok 5. UameHeHue npuopuTeToB B paboTte ¢ haktopamm, onpeaensowmmm Ka4ecTBo NponM3BOACTBEHHbIX NMPOLLECCOB Ha pa3pese
«BopoauHckumn» (2012-2017 rr.)
Figure 5. Changing priorities in working with factors determining the quality of production processes at the Borodinsky open-pit mine

(2012-2017).
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PucyHok 6. CBA3b konu4yecTBa NpoU3BOANTENbHbIX YacoB paboThkl M 3apaboTHOW NnaTbl BoaMTenen aBrocamocBanos [26]. a — «cTapas»
cvcTema onnathl Tpyaa (aHBapb — man 2014 r.); 6 — «HoBasi» cuctema onnatbl Tpyaa (aBryct—ceHTs6pb 2015 1)

Figure 6. The link of the number of productive hours of work and wages of drivers of dump trucks [26]. a — “old” wage system (January
— May 2014); b — “new” wage system (August — September 2015).

MHCTPYMEHTOM YIIPAB/ICHNUS PA3BUTVEM HMPEANPUsATISL, HEOOXOAUMBIM IS IOBBIIIEHNSI €r0 JKM3HECIIOCOOHOCTH B YCTIOBIUSIX
BO3pacTalolell JUHAMUKI COLMAIbHO-9KOHOMIYECKOI CPETbL.

3akAloueHue

OCHOBYMeTOIO/IOI MY COLMAIBHO-9KOHOMIYECKOIO HOPMIPOBAHUA TPYLOBOI A€ Te/IBHOCTI paOOTHUKOBIOPHOZOOBIBAIOLIIETO
MpeANpUATUA COCTABMIAIOT OIpefie/ieHNe, YCTaHOBIEHNEe ¥ KOHTPOJIb Mepbl CONPSKEHHOCTU COLMANbHBIX M SKOHOMUYECKNUX
HOpMOOOpasyonx (pakTopoB, XapaKTepu3yIOlINX Kak CyOBEKTOB TPYHLOBOI JeATeNIbHOCTH (IOTPeOHOCTH, IHTEPECH, LN,
HeJiCTBUA, CPeNCTBa HOCTYDKEHVIA LieTIelt, Pe3y/IbTaThl ), TAK U CHCTeMY UX JIeATeIbHOCTI ((DYHKIIMOHAIbI, OPraHM3aVsg Y TEXHOIOT Y
IIPOM3BOJCTBA, Pe3y/IbTAaThl ¥ 3aTpaThl TPyha). Takoe NOHMMAaHUe COLEPXKAHNA COLMAIbHO-3KOHOMITIECKOTO HOPMUPOBAHNA
TPYHOBOII [IeATEIBHOCTI. PAGOTHUKOB U €r0 POM B 0OeCIedeHny XXM3HECIIOCOOHOCTH PEANPUATHS I03BO/IAET PYKOBOJVTENIO
JMCIIO/Ib30BATh KaK TPaAMIMOHHbIE, TaK 1 aJalTHPOBAHHbIE METOMBI HOPMUPOBaHMs B KauecTBe 3((EeKTUBHOIO MHCTPYMEHTA
YCTAQHOBJIEHMSA U PeryInpoBaHiisl IAPaMeTPOB TPYHOBBIX IIPOLIECCOB 1 OCOOEHHO — KOHTPOJISL Pe3y/IbTaToB TPYAa PabOTHUKOB B
acrekTax 6esomacHoCcTy ¥ 3P PeKTUBHOCTU. Peanusanysa IPMHINUIIOB I METOROB COLATbHO-9KOHOMIYECKOTO HOPMIUPOBAHMSA
TPYZOBOI [JeATE/IbHOCTI PAa0OTHMKOB IO3BOMMIA HAa psAfe TOPHOJOOBIBAIOIIVX IPEIpUATUIl 00eClednThb IpupaleHye
HeMaTepHaTbHbIX M HEOCSA3aeMBIX aKTHBOB — KITIOUEBBIX (PAKTOPOB KM3HECTTOCOOHOCTI PAOOTHIKOB U TIPENIIPUSITHSL.
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Performance standards of workers of a mining enterprise: ground rules
and methods
Oksana Anatol’evha LAPAEVA’

Research Institute of efficiency and safety of mining production, Chelyabinsk, Russia
Chelyabinsk Branch of the Institute of Mining of the Ural Branch of RAS, Chelyabinsk, Russia

Relevance of the work. The market economy of Russia and the dynamics of its processes are complex issues from theoretical and practical points
of view, the solution of which largely determines the pace and results of the development of mining enterprises (ME), their viability. One of those
problems is performance standards of workers of a mining enterprise, which largely ensure the effectiveness of the functioning of the enterprise as a
socio-economic system at present and in the near future. Studies of the state and efficiency of institutions regulating the labor activity of workers in
mining enterprises have established that the system of performance standards for labor activity formed in the state-run economy for regulating labor
relations is least adapted to the dynamics of changes occurring in the external and internal environment of the enterprise. As a result, performance
standards turn into a disruptive factor (it is a running practice of most enterprises) that determines the need for theoretical understanding and
methodological substantiation of the principles and methods of regulatory actions for workers’ labour in the transition to a new organizational and
technological structure.

The purpose of the work is to determine the principles and methods of performance standards of workers of a mining enterprise, the implementation
of which at mining enterprises will provide a balance of interests of workers and employers, focus of work on a significant increase in safety and
efficiency of work.

Methodology and research methods. We chose an analysis of principles and methods as the main method of research; it is used in theory and
practice of rationing the labor activity of ME employees based on the socio-economic rationing of the labor activity of workers added to the technical,
technological and organizational rationing.

Research results. Some methodological principles of socio-economic regulation of labor activities of workers of the mining enterprise were developed.
A set of methods for rationing the labor activity of workers has been developed. The implementation of the developed methods at a mining enterprise
is confirmed by examples.

Conclusion. The proposed principles and methods of social and economic rationing of labor activities of workers of a mining enterprise allow to
provide the required level of conjugacy of interests, goals, actions and results of activities of employees required for a substantial increase in safety
and labor efficiency, which is confirmed by examples of their implementation in a number of mining enterprises.

This paper is debatable.

Keywords: norm, rationing, labor activity of employees, socio-economic performance standards, principles, methods, mining enterprise.
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OCco6EHHOCTN CUCTEMHOTO MOHUTOPUHIA A€COMOKPLITLIX AAHALIACPTOB
B MPOMBIIAEHHLIX paroHax Ypaaa

TaTtbsiHa AHaTonbeBHa JIEBEEBA’

CuBUpCKMii rocyaapCTBEHHbIV YHUBEPCUTET reocucTeM 1 TexHomnoruii, Poccus, HoBocnbupck

AKTYaALHOCTL COBEPILEHCTBOBAHMSI METOAOAOTMM U MPUHLIMIIOB CUCTEMHOTO MOHMTOPMHIA A€COMOKPLITLIX AAHAWACTOB B MPOMLILIAEHHLIX PaiioHax
COCTOUT B OTPAKEHWUM B BOAEE MOAHOV Mepe OOILECTBEHHOM 3HAYMMOCTM MPUPOAHO-PECYPCHOTO MOTEHLIMAAA AECHBIX 3EMEAD, KOTOPbIA MOABEPraeTcs
CyleCTBEHHOM TpaHChopMaLIMK MPY MPOMBLILAEHHOM OCBOEHMM TEPPUTOPUN, B T. Y. MPU OCBOEHNUM PECYPCOB HEAD.

LIeAbro ICCAEAOBaHMSI SIBASIETCSI COBEPLIEHCTBOBAHME METOAOAOTUM CUCTEMHOTO MOHMUTOPMHIA A€COMOKPLITLIX AAHAWAMTOB B MPOMBILAEHHLIX PafioHax
Ypana B COOTBETCTBMM C COBPEMEHHLIMM MOAOYKEHMSIMM KOHLIEMLMM 3KOAOTUHECKM YCTOMUMBOIO Pa3BUTUS TEPPUTOPUN.

MeToAoAOrMs CICTEMHOTO MOHUTOPUMHIA 6A3NpPyeTcsl HAa KOHLEMLIMM SKOAOTMYECKM YCTOMYMBOTO PA3BUTUSI TEPPUTOPUI (GMOTUYECKO PETYASILIMU OKPY-
JKatollel CPeAbl), ydeTe WMPOKOMPOCTPAHCTBEHHLIX M AOATOBPEMEHHDBIX MOCAEACTBUIA, MATEMATUHECKOM MOAGAMPOBAHUM MPUPOAHBIX OOLEKTOB, SIBAEHMI
1 MPOLIECCOB, COBMELLEHNUM MpoLieayp cGopa 1 06paBoTKM MHPOPMALIMY C AATOPUTMAMM MPOTHO3a M MPUHSITYSI PELIEHMUIA.

Pe3yALTaTnl M Mx npuMeHeHnme. PacCMOTPeHbl (hyHKLMM CUCTEMHOTO MOHUTOPUHIA A€CHBIX AQHAWATOB: MOHUTOPUHT COCTOSIHMSI ACHBIX AAHAWATOB
hrkeupyer nsmeHeHue napameTpoB A€CHLIX PECYPCOB, CPEAOCOPMUPYIOWMX U CPEAO3AWMTHLIX (DYHKUMIA; MOHUTOPUHI MCMOABL30OBaHMSI — KOHTPOAL
LIEA€BOrO M (hyHKLIMOHAALHOIO MCMOAL30BAHMSI, TEHAEHLIMIA Y AMHAMMKM UCMOAL30BaHUSI MPUPOAHO-PECYPCHOrO MOTEHLMAAQ; MOHMTOPMHI MPOrHO3MPO-
BaHWs1 — (POPMMPOBAHNE MOAEAEN MPUPOAHLIX OOLEKTOB, SIBAEHMIA M MPOLIECCOB. M3A0XKEHbI OCHOBHBIE HAYHHO-TEXHOAOTMYECKME MPUHLIMILI CUCTEMHOTO
MOHWTOPMHIa A€COTIOKPLITLIX AAQHALA(TOB B MPOMBILAEHHBIX PErVIOHAX: hyKcaumsi 1 cOOp MOKA3ATEAEN, MX HAKOMAEHME M CUCTEMATU3ALMSI, MPEA-
CraBA€HME MH(POPMALIMKM B COOTBETCTBUM C OCOBEHHOCTSIMM AECHLIX AQHALIA(DTOB — KAACCU(PMKATOPOM TaKMX YYACTKOB, MPOrHO3MPOBAHME U3MEHEHMS
napameTPOB A€COMOKPLITLIX AAHAACHTOB B MPOMBIIAEHHLIX PaioHax. YCTaHOBAEHDLI BO3MOYKHLIE TUTbl A€COBOCCTAHOBUTEALHLIX CMEH APEBOCTOEB Ha Ae-
COMOKPLITLIX AAHAWA(TAX B MPOMBILIAEHHLIX paioHax. [NMprBeaeHbl pe3yALTaThl KOMIAEKCHOWM 3KOAOTO-3KOHOMMUYECKOM OLIEHKM MO AAHHLIM CUCTEMHOTO
MOHWTOPMHIa PACTUTEALHOTO MOKPOBa (AecoB) Ha Tepputopmy CoBCTBEHHO-KAaukaHAPCKOTO MECTOPOYKAEHMSI JKEAE3HDIX PYA, MOAEKALIETO KOPEHHOM
TpaHchopmaumm (BbIpyOKa APEBOCTOEB).

KatoyeBble croBa: MPOMbBILIAEHHbLIE pal7l0HbI, CUCTEMHDIN MOHUTOPUHI, METOAOAOTUSI, HAYYHO-TEXHOAOTIMYECKMNE MPUHLUMIDLI, MPUPOAHLIE 06'beKTbI, SKOAO-
rmyeckme beHKLlVlVl, 3KOAOIro-3KOHOMMYECKAas OLIEHKA.

BEAEHME
PasBuTHe IPOMBIIIEHHBIX PallOHOB Ypasla CBA3aHO, B IIEPBYIO O4Yepe/ib, C HeAPOIoNIb3oBaHMeM. Bee cymjecTBy-
IolIyie TOPHOIIPOMBIIIUICHHBIE IIPOM3BOJCTBA PACIIONIOKEHDI CPefyl TeCONOKPBITHIX JAHAUIA(TOB 1 B TeYEHNE J/IU-
TE/IbHOTO (PYHKIIVIOHMPOBAHMs OKa3alu CylleCTBEeHHOE TpaHC(opMIupyIoliiee BIMsIHNAE Ha OKPY>KaIOIIfiie IIPUPOJHbIE 9KOCHCTe-
MBI [1-3]; ux manpHelias IpOU3BOACTBEHHAA JIeATeIbHOCTD Oy/ieT BBI3BIBATD O0JIee CTI0XKHbIE BO3/EIICTBIA Ha OKPY>KAIOIIYI0
Cpeny M3-3a Ha/lM4usA y>Ke HaKOIUICHHBIX 3arpsisHeHUIt 1 TpaHcopmMaruil. Bee IUaHbI aIbHENIIIEro pasBUTUA TOPHOZOObIBA-
IOLIMX ¥ IepepabaThIBaIOIVIX IPOMBIIIIEHHBIX KOMIUIEKCOB Ha Ypase [4-6] OKa3bIBalOTCA CBA3aHHBIMIM C HEOOXOOVMMOCTBIO
6o71ee IeTaIbHOTO y4eTa 9KOMIOTMYECKIX TTOC/IECTBIUIL B YCIIOBIUSIX COBPEMEHHBIX IIPUPOAHBIX, 9KOHOMUYECKIX VI COL{UATbHBIX
BBI3OBOB 1 prcKoB [7-10].

JlecomoKpbIThIe TaHALIAPTEI COCTAB/IAIOT YaCTh TEPPUTOPUIL TECHBIX 3eMe/Ib, KOTOPbIe BKTIOYAIOT Y YIACTKH, He HOKPBIThIE
JIECHOJT PaCTUTEIbHOCTDIO (BBIPYOKM, Tapy, HOru6b1me TecoHacax eHns). CUCTeMHbII MOHMTOPUHT JIECOTIOKPBITHIX IaHAIIA]-
TOB B 001eM Byge [11-13] npencTasser co60i MHOTOLeNeBY0 MHGOPMALVIOHHYIO CUCTeMY HaOIOfie NI, OLIEHKY U IIPOTHO-
3MPOBAHMS, COCTOSAIIYIO I3 MOHUTOPYHIA:

— COCTOSIHUS JIECHBIX JTaHAIIA(TOB;

— VCII0/Ib30BAHNS JIECHBIX TAHAMIA(TOB;

— IPOTHO30B COCTOSTHMA 1 MCTIONb30BAHIIS JIECHBIX TAaHAMIA(TOB.

JocroBepHas nHGOpMAaIyis A7 IPOrHO3MPOBAHMS COCTOSHMA JIECOIOKPBITHIX JIAHAIIA(TOB OCHOBBIBAETCS Ha 00sA3aTeNb-
HOM 3HAaHUU O MPOILUIOM COCTOSHMSA JIECHBIX 9KOCKCTeM (0 IapaMeTpax, XapaKTepUCTMKaX U MHAMKATOPaX KOPEHHBIX TUIIOB
jleca Ha KOHKPETHBIX TEPPUTOPILAX).

Heo0xopmuMOoCTb COBepIIEHCTBOBAHNA METOLO/IOTM I HAYYHO-TeXHIYECKIX IIPYHIIUIIOB CUCTeMHOTO MOHUTOPIHTA JIeCO-
HOKPBITHIX TAHAUIA(TOB B IPOMBILUIEHHBIX PETMOHAX BbI3BaHA CTIEAYIOIIMMI IIPIIVMHAMIL:

— BO3pAaCTAIOIIell 9KOJIOTMYIECKOI 3HAYMMOCTBIO JIECHBIX 9KOCHCTEM KaK OCHOBBI OMOTMYECKOI PETy/IALNY Ha JaHHOI Tep-
puropun (TpaHchopMaLusA TECHBIX 3eMeb BefieT K HaPYIIEHUIO IUIPOIOTMYECKOr0 PEKIMa TEPPUTOPUIL, PaspyLICHNIO TIOYB,
Ierpaganyy KopeHHolt Gpopsl u dayHbI) [14];

— He3aMEeHJMOCTBIO JICCHBIX 9KOCUCTeM KaK IJIABHOT'O IOIVIOTUTEIS U HelITpaliu3aTopa IPOMBIIIIEHHbIX 3arpsA3HeHNIT BO3-
IyXa, IOYBBI, BOIBI HA TEXHOI€HHO OCBOEHHOIT Teppuropun CpenHero Ypana (B rop B arMocdepy mocrynamoT 1,6-1,9 MIH T
3arpsI3HEHHBIX BOJ);

- pacTyIMMM MHTEepecaMi 3eMJIeI0Nb30BaTeelt (IIp1pooIoIb3oBaTesell) B IIepeBOJie IECHbIX 3eMeNb JIeCHOro (oHIa B
3eMJ/IM MHBIX KaTeropuii (Ha Yparie, I/TaBHbIM 00pa3oM, B 3eM/IU IIPOMBIIIICHHOCT 11 B 3eMJIM TPAHCIIOPTA);

— HEJIOCTATOYHBIM CYIIECTBYIOIIMM HayYHO-METOAMYECKUM OOecIedeHyeM CUCTeMHOr0 MOHUTOPYHIA ¥ 3eMe/IbHO-Olle-
HOYHBIX pa0oT I10 JIECHBIM 3eMJIIM, He OTPAXKAIOIVIM B IIOJIHOJ Mepe 00IeCTBEeHHYIO (He TOJIBKO ¢ IO3MIVIT MHAMBULYaTbHBIX
3eMJICII0/Ib30BaTeIell) 3HAYMMOCTD IIPUPOJHO-PECypPCHOrO NOTEHIAIA STHX 3eMeIb;

— HECOOTBETCTBIEM MOHUTOPMHTOBBIX I OLIEHOYHBIX PabOT IO JIECHBIM 3eM/LSIM B HACTOsIIIlee BPeMsi COBPEMEHHBIM II0JIO-
JKEHVAM KOHIIETIIIMM YCTOMYMBOTO Pa3BUTHA TEPPUTOPUIL.

P4 taranova.ekb@bk.ru
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Llenb cMETEMHOMO MOHWTOPHHIA NECHBIX NaHOWANTOS —
HabnoaeHue, OUeHKa U NPOrHO3MpoBaH1e
PYHKLMH CUCTEMHOMO MOHMTtDHHm necHslx NnaHawadTos
MDHMTDptHr MOHI}TODMHF MonuTophHr I'I*pDrHDBMPDBEI—

COCTOAHMA
NecHLIX NasgwadgTos

MCMONBE30BAHUA
NecHslx NnasHawapTos

HWA COCTOAHWA M MCNONL30-
BaHWA NECHBIX ]'IZIH,\'J,LIJadJTOE

WMameHeHne KonuyecTBeHHLIX
W KA4€CTBEHHLIX NapaMeTpoB
NECHBIX PECYPCOB

KoHTpork UeneBoro v diyHE-
LYHOHANEHOMD WCNONbB3IOBAHWA
MNecHbIX NanowadgTos

POPMUPOEIHHE NAPAMETPOB
KDOPEHHbIX TMMNOB NECOHACa-
AeHWA

WMameHeH1e napaMeTpos
cpenoobpasymowmx doyHrLmin

WMameneHwe napameTpos
Cpeno3almMTHBIX
PyYHELMA

YeTaHoENEeHWE TEHOSHLMA W
AWHaMHEH HCNoNL30BaHUA
necHbIX ]'IaH,EI.LlIa(I)TOB

TopMmupoBaHWe Moaensn
NpUpoaHbIx 00BEKTOB
(NecHbIX pecypcos)

AHANW3 MCNOMNL30BAHWA NPW-
POOHO-PECYPCHOTD NOTEHLM-
ana necHbix NaHOwachToB

PopMUpoBaHNE MOZensi
NPUPOaHLIX ABMEHUIA
(aKonorMyecknx yHKLWA)

TopMmupoBaHne Mofensn
NPUpOaOHLIX NPOUECCOB
(nousooBpasoBaTENBHLIX,
necoobpasoBaTenbHbIX)

PucyHok 1. Llenb 1 pyHKLUMN CUCTEMHOIO MOHUTOPWHIA JIECONMOKPbITLIX NaHALWadTOB B MPOMbILLIIEHHbIX PErMOHax.
Figure 1. Purpose and functions of system monitoring of forested areas in industrial regions.

MeToAb!

Cxema (pyHKIMIT CHCTEMHOTO MOHUTOPVHTA JIECHBIX 3eMe/Ib B IIPOMBIIIUIEHHBIX PErMOHAX IpUBeeHa Ha puc. 1.

MeTog0/morNsI CHCTEMHOTO MOHMTOPYHTA JIECOIIOKPBITHIX TAHAIIA(TOB B IPOMBIIUIEHHBIX PailoHaX 6a3npyercs:

— Ha (pyH/IlaMeHTa/IbHBIX HayYHBIX IOJIOKEHVIAX KOHLEIINY 9KOTIOIMYeCKY YCTOMYMBOrO pasBUTUA Teppuropuii [15, 16],
OCHOBOJI KOTOPBIX SIB/ISIETCSI OMOTHYECKAs PETY/IALVsT OKPY KaIolieil IpupogHoii cpensl [17, 18];

— ydeTe UIMPOKONPOCTPAHCTBEHHBIX U JOATOBPEMEHHbIX IOCIECTBUII HEAPOIOIb30BAHNUS B IIPOMBIIITIEHHBIX PerOHaX;

— MaTeMaTM4YeCKOM MOZEIMPOBAHUY IPUPOSHBIX 00beKTOB [19-26], siBmenuit [22] n nporeccos [23] B mpocTpaHcTBe (mu-
HaMJKa COOTHOLIEHWIT IPEBOCTOEB [0 IIOPOJXHOMY COCTABY ) TUIIAM JIECOBOCCTAHOB/IEHNSI B IIPOM3BOJHbIX JIECaX) U BO Bpe-
MeHM (M3MeHeHMsT 6MIOMEeTPUIECKUX U OMOIPOAYIIVOHHBIX IIaPAMETPOB JIECHBIX 3eMe/lb), TO3BOJISIIONIEM BBECTI BPEMEHHOI
MacirTab B MpOTHO3MPOBAHME COCTOSTHIUS JIECHBIX 9KOCUCTEM;

— COBMellleHIN IPoLeRyp c6opa 1 06pabOTKM TAHHBIX C MOAE/ISIMU CTPYKTYPHBIX 9/IEMEHTOB JIECHBIX 9KOCUCTEM I C aJIro-
pPUTMaMy IPOTHO3a U IPUHATH peleHuit [24] B cdepe HeAPOIIONb30BAHMS B IPOMBIIITIEHHBIX PETMOHAX.

PesyAstatnl

OcCHOBHBIE HAYYHO-TEXHOIOTMYECKIIE TIPYHIINIIBI CYCTEMHOTO MOHUTOPIHIA JIECONOKPBITHIX JIAHAIIA(TOB B IPOMBIIIIIEH-
HBIX PeryoHax, yYNThIBAIOIE CTelleHb TPAH(POPMAIUI IPUPORHBIX (IECHBIX) 0O'bEKTOB, M3MEHEHNsT IPUPORHBIX SIBIEHNIT B
JIECHBIX 9KOCHCTEMAaX ¥ M3MEHEHMsI XapaKTepa /1ecO06pa3soBaTebHBIX MPOLECCOB Ha TPaHC(HOPMUPOBAHHBIX TEPPUTOPUSX,
BKJ/IIOYAIOT:

- ukcanuio 1 c60p moOKaszaTenelt 1eCONOKPHITHIX TaHAMIAPTOB; epedeHb OCHOBHBIX HATYPaTbHBIX [TOKa3aTesIell 9KOMOTU-
4eCcKoro noreHuyana (cpenodopMmupyoImx GyHKIINIT) TeCONOKPHITHIX TaHuadToB (Tabm. 1);

— HAKOIUIEHME Vi CYCTEMATH3ALIMIO [IOKa3aTelell IeCOOKPBITHIX aHAIIA(TOB (IPUMepPBI ITO/IyIeHHBIX MCTOIPAMM N3MEHEHVIsI
BBICOTBI (OTHOCUTE/IBHOI) APEBOCTOEB I TEKYILUX IIPMPOCTOB II0 3a11acy ApeBecHbI Ha CpefiHeM Ypasie OTpakeHbl Ha puc. 2, 3);

- mpeficTaBIene MHGOPMAIUI T10 JIECOMOKPITHIM TAHAIIA(TaM B COOTBETCTBUY € 0COOEHHOCTSIMIU IPOMBIIITIEHHBIX Tep-
puropuit (crcreMa KIaccupruKaTOpOB YIACTKOB JIECHBIX TAHAUIADTOB IPY CUCTEMHOM MOHUTOPYVHTE IpUBefieHa B TaOI. 2);

— IPOTHO3MPOBaHMe U3MEHEH s TapaMeTPOB JIECHBIX JTAHAIIAPTOB B IPOMBIIITIEHHBIX PeTroHaX (BO3MOYKHbIE TUIIBI JIECO-
BOCCTaHOBUTE/IbHBIX CMEH I10 TPYIIIIaM THUIIOB jieca (COCHSIKOB) HaHbI B Ta0I. 3).

Ta6bnuua 1. HatypanbHble nokasaTtenu cpegodopmMmupyrowmx yHKLMIA N1eCONOKPbIThIX NaHawadToB.
Table 1. Physical indicators of the environment-forming functions of forested areas.

HaTtypanbHble nokasatenu gyHKUnn
(ka4yecTBEHHbIE U KONMYECTBEHHbIE)

CpepodopmupytoLme yHKUUM
NEeCOmNOKPbITbIX NaHAWadToB

MoppepxaHne coctaBa Bo3ayxa
aTmocdepbl

CpepgHuve nepuoguyeckme NpupocTbl ApeBeckHbl. KoadduumneHTbl consmepeHnsi npmpocta
puTOoMacchl OTAENbHBLIX KOMMOHEHTOB flecoHacaxaeHnin. CnocobHocTb nornowats CO, 1
Bblgenats O,

KoathdpuumeHTbl, KoppekTupytoLime aTy cnocobHOCTb. O6beMHBIN BEC APEBECUHbI

BopooxpaHHo-BogoperynupytoLas [Mokasatenu atMocdepHbix ocagkoB. CpegHne MHOroNeTHWE nokasateny pe4Horo cToka.
BobicoTa gpeBoctoeB. KoadhdmumeHTsbl, KoppekTupytowwme pensed Bogocbopa, nopoany

[epeBbLEB, BO3PACT JIECOHACAXAEHWS!, €r0 MOMHOTY U GOHUTET

CKOpOCTb BEeTpa, Temneparypa 1 BnaXxHOCTb BO3yxa 1 NOYBbI, UCNapeHune Bnarun c
NOBEPXHOCTW NMOYBbI U KONTM4YECTBO 3aMOPO3KOB, HaKonneHue cHera

MuHMManbHas WrpuHa 3awnTHBIX 30H (Nonoc) neca. CnocobHOCTbL NECHOW PacTUTENBHOCTH
nornowatb U3 aTMocdepbl Bo3ayxa razoobpasHble, a3apo30sbHble 3arpsi3HEHNS 1 Nbifb.
Cnoco6HOCTb HaMOYBEHHOTO MOKPOBAa ¥ BOAbI 3aAepXuBaTh 3arpsidHeHns. CnocobHoCTb
NEeCHON pacTUTENbHOCTW NPOTUBOCTOSITL BOAHOW 3p0O3nK NOYB

KnumartodopmupytoLas

CpeposalmntHble dyHKLUN
(BO3gyXx004MCTUTENBHAS, MOYBO3ALLUTHAS,
BOAOOYMCTUTENbHASA)
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PucyHok 2. lmctorpammbl UI3BMEHEHUA OTHOCUTENbHOW BbICOTbI XBOMHbLIX NlecOHacaxaeHun Ha CpegHem Ypane no knaccam Bo3pacTta
(nocne o6paboTku gaHHbIX H. B. KocTuHa [25], A. B. TiopuHa [26], E. 1. CmonoHoroBa [27]).

Figure 2. Bar graphs of changes in the relative height of coniferous forest plantations in the Middle Urals by age classes (after
processing by N. V. Kostin [25], A. V. Tyurin [26], E. P. Smolonogov [27]).
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PucyHok 3. TmctorpammMmbl U3BMEHEHUS TEKYLLMX NepuoanYecKuX NpUMpocToB MO 3anacy ApeBecUuHbl B enbHukax CpegHero Ypana (no
ucxopHbIM AaHHbIM E. . CMonoHoroBa [27], M. U. ManbnepuHa [28]).

Figure 3. Bar graphs of changes in the current periodic growing stock increment of wood in the spruce grove of the Middle Urals
(according to the initial data of E. P. Smolonogov [27], M. |. Galperin [28]).

Pe3y/nbTaThl CICTEMHOIO MOHUTOPYHIA JIECONIOKPBITBIX JIAHAIIADTOB ABJLAIOTCA 623011 L ITOCTIeYIOLIel KOMIUIEKCHOM OLIeHKI
TaKNX 3€EME/IbHBIX YIaCTKOB. B Tabn. 4 TIpeNCTaB/IEHbI PE3Y/IbTATbL pacqéTa TI0 JAHHBIM CYICTEMHOI'O MOHUTOPVHTA U KOMIIJIEKCHOM
9KO/IOr0-3KOHOMIYECKO OLIeHKe PACTUTEILHOIO IOKpoBa (JIECHBIX 9KOCKCTEM) Ha TEPPUTOPMM IUIAHMPYeMOIl pa3paboTKu
Cob6cTBeHHO-KauKaHapcKOro MeCTOpOXKIeHIA JKeTe3HbIX P/, IIOfIeXAIIero KOpeHHoI TpaHcdopMaimy (BbIpyOKa ApeBOCTOEB).

Vcnonp3oBaHa MLiKama KafaCTPOBOIl CTOMMOCTH JIeCHBIX 3eMenb 13 IlocraHosnenus IlpaBurenbctBa CBepiIOBCKOI
obmacty Ne 1276-I1I1" ¢ yuetom koa¢pdurmentos narAnmy 3a nepuog 1999-2018 rr.

'0 kapacTpoBoli oLeHke necoB CBepanoBckol obnacTtu: noctaHosneHune MNpaeuTenscTea Ceepanosckoi obnactu Ne 1276-nn ot 04.11.1999 .
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Ta6nuua 2. Cuctema krnaccugmkaTopoB y4acTKOB NeCONOKPbITbIX NaHAWad)TOB NP CUCTEMHOM MOHUTOPUHrE.
Table 2. The system of classifiers of forested areas with system monitoring.

Buabl Buabl adhdekToB
Karteropumn yHKLMOHANBHOrO MpupogHbie
3emenb “CnonbL30BaHnA (necHble 6nara) HauarnbHbin MpOMEXyYTOUHbIN KoHeuHbIN
NEeCHbIX y4acTKOB
3emnu OkcnnyaTtal oHHble JlecHble pecypcbl Kpyrnblie Munomatepuansi 3paHus,
CenbCeKo- neca necomarepuansi COOPYXEHUS
XO3SNCTBEHHOIO 3apocLune Mornouwenune CO,
Ha3HayeHwus cenbxo3yroaus Bouigenenve O,
3emnu PekpeaunoHHble Cpedoobpasyrowue PekpeaunoHHble - YpoBeHb
HaceneHHbIX (3eneHble) 30HbI yHKyuU (knumar, noysa) Harpysku 3abonesaemocTu
MYHKTOB HaceneHus
Jleconapku CpedosawjumHble pyHKUUU [Mpogomkutens-
(Bo3ayx, BoAa, no4sa) HOCTb XXW3HU
3emnu OkcnnyaTtaunoHHble Cpedoobpasyrowue KpynHblie Munomatepuansl,  3paHus,
necHoro coHaa neca yHKyuu (Knnumart, noysa) necomartepvarnsbi: nnuThbl, COOpY>KeHus1, [oMa,
wena, Lenntonosa mebenb, bymara,
ApoBa KapTOH
3awuTHble neca: CpedosawumHblie ¢hyHKUuu  PekpeaunoHHble YpoBeHb
BVAbI 3aLLUTHBIX (Bo3ayx, BoAa, no4sa) Harpysku 3abonesaemocTu
necos HaceneHus

Tabnuua 3. Bo3MoXHble TUMNbI IECOBOCCTAHOBUTENbHbLIX CMEH APEBOCTOEB Ha NeCOoNoKpPbIThIX NaHAwadgTax B NPOMbILINEHHbIX
panoHax (Mcnonb3oBaHbl AaHHble B. . KonecHukora [29], E. . CMmonoHoroBa [27], P. . Ucaeson [30]).
Table 3. Possible types of reafforestation shifts of growing stock on forested areas in industrial regions (data from B. P. Kolesnikov
[29], E. P. Smolonogov [27], R. P. Isaeva [30]).

CocCHSIkn EnbHMKKN
Mpynna Tvnoe neca C nogpocTom § Bes nogpocta § C nogpocTtom 5 Bes nogpocta §
npeaBapuTenbHON npeaBapuTenbHON npeaBapuTenbHON npeaBapuTenbHON
reHepauuu reHepauuu reHepauuu reHepauuu

BpycHuyHas 1 2;3 -
ArogHnkoBas 1 2;3 1;3 3;4;5
JnnHsakoBas 1;3 4:5 5
PasHoTpaBHas 1;3 4,5 4,5
TpaBsHO-3eNeHOMOLLHas 1;3 4;5 1;3 3:4:5
MuwwucTo-xBoLLoBas 1;3 4,5 1;3 4,5
CdparHoBasi, TpaBsiHo- 1.3 4:5 3 4:5

6onoTHas

MpumeyaHue. YcrnoBHble 0603HaYeHNSA TUMOB NIECOBOCCTAHOBUTENMbHBLIX CMEH: 1 — YCNOBHO-KOPEHHbIE XBOWMHbIE M3 NOAPOCTa NpefBapuTenLHON
reHepauuu; 2 — yCroBHO-KOPEHHbIe XBOMHbIE NPpU nocneaytoleM Bo306HOBMNEHNN; 3 — KOPOTKO-MPOU3BOAHBIE NMUCTBEHHbIE; 4 — ANUTENbHO-NPO-
N3BOAHbIE NMUCTBEHHbIE; 5 — YCTONYMBO-NPOV3BOAHbLIE NNCTBEHHbIE.

Note. Legend of types of reafforestation shifts: 1 — nominally primary coniferae from the young growth of preliminary generation; 2 — primary
coniferae with subsequent renewal; 3 — short-term secondary deciduous; 4 — secondary permanent deciduous; 5 — secondary sustained deciduous.

Tabnuua 4. KomnnekcHasi 9KONoro-sKOHOMUYecKasi oLeHKa pacTUTeNIbHOro NokpoBa (fnecoB) Ha Tepputopun CobcTBeHHO-KaukaHap-
CKOro MeCcTOpPOXAEHWUS Xene3HbIX pyAa.

Table 4. Comprehensive ecological feasibility study of cover crop (forests) whithin the territory of the Sobstvenno-Kachkanarsky iron
ore deposit.

CTOMMOCTb, MITH py6.
MpeobnapgatoLas nopoaa Py

[peBocTos Mnowaay, ra NecHbIX CpefothopMUPYHOLLIMX coumarnbHbIX Bcero
pecypcoB dyHKUMI neca dyHKUMIA neca

TopHble neca

cocHa 1000 22 158 - 180
enb 300 55 36,5 - 42
Gepesa 200 3,5 18,5 - 24
KeppoBHukn (keap) 250 20 70 - 90
3eneHas 30Ha, . KaukaHap 4

cocHa - 12 60 72 144
enb 100 2 12 14 28
Oepesa 250 4 20 36 60
Umozo 2500 69 - 122 568
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3aKkAtoueHme

Takum 06pa3om, METOROIOTYSI CUICTEMHOTO MOHUTOPYUHIA JIECOMOKPBITBIX IAH/AIIAGTOB B IPOMBIIUIEHHBIX PajlOHaX OCHO-
BBIBAETCSI HA GMOTUMYECKOI PEery/IsLyy OKPY)KAIOLell CPefbl, yIeTe MIPOKOIPOCTPAHCTBEHHBIX U JONITOBPEMEHHBIX IOCTIEN-
CTBUIT IIPUPOOIIO/IB30BAHNST, MOJIETMPOBAHNI IIPUPOFHBIX 00BEKTOB, SIBIEHUIT I IIPOLIECCOB, COBMEIEHNI IPOLieRyp cbopa
u 06paboTKy MHQpOPMALUN JAHHBIX C aITOPUTMAaMI IPOrHO3a. HaydHble HPMHIUIBI CHCTEMHOTO MOHUTOPMHTA BK/TIOYAIOT
¢buxcanuo 1 cbop mokasaTeneil eCHbIX TaHAMA(TOB, X HAKOIUIEHVE M CHCTEMATU3ALNI0, IpefcTaBaeHne MHGOpMauu B
cucTeMe KIacCcupyKaTopoB U MPOTHO3VpPOBaHME M3MeHsIeMbIX mapaMeTpoB. O60CHOBaHHAsI METOLOMOINS 1 pa3paboTaHHbIe
IPVHIUIIBI CHCTEMHOTO MOHMTOPVHTA JIECOTTOKPBITBIX TaHAMIA(TOB MOTYT OBITh MCIONIb30BAHBI IIPY PELIeHNI IPAKTHIECKIX
3ajiad YCTOMYIMBOIO 3€M/IENI0/Ib30BAHNS B IIPOMBIILIIEHHBIX PETVIOHAX TPV OCBOEHNI PECYPCOB HEJIP.

Cmampos nodzomosnena npu noddepicke u 6 pamkax eparma PODI Ne 17-06-00433.
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Features of system monitoring of forested areas in industrial regions
of the Urals

Tat’'yana Anatol’evha LEBEDEVA’

Siberian State University of Geosystems and Technologies, Novosibirsk, Russia

Relevance of the work: The relevance of improving the methodology and principles of system monitoring of forested areas in industrial regions is to
reflect more fully the social significance of the natural-resource potential of forest land, which undergoes a significant transformation during industrial
development of the territory, including the development of subsoil resources.

The purpose of the study is to improve the methodology of system monitoring of forested areas in industrial regions of the Urals in accordance with
the current situation of environmentally sustainable development of the territory.

The system monitoring methodology is based on the concept of environmentally sustainable development of territories (biotic regulation of the
environment), taking into account spatial and long-term effects, mathematical modeling of natural objects, phenomena, and processes, combining
information collection and processing procedures with forecast and decision-making algorithms.

Results and their application. The functions of system monitoring of forested areas are considered: monitoring of the state of forested areas fixes
changes in the parameters of forest resources, environment-forming, and environmental functions; monitoring of use — monitoring of target and
functional use, trends and dynamics of the use of natural resource potential; monitoring forecasting — the formation of models of natural objects,
phenomena and processes. The main scientific and technological principles of system monitoring of forested areas in industrial regions are outlined:
fixation and collection of indicators, their accumulation, and systematization, presentation of information in accordance with the characteristics of
forested areas (classifier of such sites), forecasting changes in the parameters of forested areas in industrial regions. The possible types of reafforestation
shifts of growing stock on forested areas in industrial regions are established. The results of a comprehensive environmental and economic assessment
are given according to the system monitoring of cover crop (forests) whithin the territory of the Sobstvenno-Kachkanarsky iron ore deposit, which
ought to be radically transformed (clearance of growing stock).

Keywords: industrial regions, system monitoring, methodology, scientific and technological principles, natural objects, environmental functions,
environmental and economic assessment.
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Vladimir Nikolaevich Avdonin (1925-2017) and avdoninite

This paper describes the history of the discovery of avdoninite and its distinctive features. The mineral is named
after Avdonin V. N., the Ural mineralogist. He made a significant contribution to the study of exogenous processes
in the pyrite deposits being developed. Vladimir Nikolaevich Avdonin is a participant of the Great Patriotic War,
Candidate of Geological and Mineralogical Sciences, Associate Professor, Honorary Worker of Higher Education
of Russia, a member of the All-Russian Mineralogical Society, award holder named after O. E. Claire; he was
presented with government awards and the medal of the All-Russian Mineralogical Society.

Keywords: avdoninite, V. N. Avdonin, exogenous processes, minerals, Ural Geological Museum.

B pa6GoTe onMcaHa McTopmsi OTKPbITUS ABAOHUHUTA U €r0 OTAMHUTEAbHbIE NPU3HAKU. MUHEPAA HA3BAH ABAOHUHUTOM
No MMEHU YPAAbCKOro MMHepaAora B. H. ABAOHMHQ, BHECLUEro CyLLeCTBEHHbIA BKAGA B U3yHEeHUE SK3Or€HHbIX Npo-
LLeCCOB HA pa3pabaTbiBAEMbIX KOAYEAQHHbIX MECTOPOXAEHUAX. BAaaumup HukonaeBu4 ABAOHMH — YHACTHUK Be-
AMKON OTe4yeCcTBEHHOM BOMHbI, KAHAMAQT r€OAOrO-MUHEPAAOTMYECKMX HAYK, AOLLEHT, MOYETHbIM PAGOTHMK BbICLLUETO
o6pasoBaHua Poccuu, YaeH Bcepoccuiickoro MMHepaAormdyeckoro obutectsa, aaypeaT npemun um. O. E. Kaepa,
HArpa>XXAeH NPABUTEAbCTBEHHbIMU HArPAAQMU U MEAAABIO Bcepoccuiickoro mMmHepaaormyeckoro o6L,ecTsad.

KarodeBble caoBa: aBAOHUHUT, B. H. ABAOHMH, 3K30reHHble NPOLLeCCbl, MUHEPAAbI, YPAAbCKUIA T€OAOTUHECKUI MY3EN.

1925 1. B cese MNeTpoBska JlybeHckoro parioHa Mop-

A0OBUN, 4TO Hepaneko oT CapaHcka, B KpeCTbsiH-
ckol cembe. B 1933 . oH BMecTe ¢ ceMbeit nepeexan B Cep-
ANOBCK. B wKonbHble rogbl Bonoas, kKak OH cam BCMOMMHa,
C yBaeyeHMeM cobupan B OKPEeCTHOCTSIX ropoAa Kpacusble
KaMmelLLKK, MoceLas MUHepasiornyeckmii Kpyskok Jisopua nu-
oHepoB. C geTcTBa MeYyTaa cTaTb reo/0rom [1].

B 1942 r. nocne okoH4YaHWA g knacca wkonbl N2 67 Bna-
Avmunp noctynua B CBEpAIOBCKUI FOPHBIN MHCTUTYT (CTU),
Ho Bckope 6bi1 npu3BaH B KpacHyto Apmuto — wna Bennkas
OteyecTBeHHas BOMHa. B anpene 1943 r. 6bi1 HanpaBaeH B
Knesckoe BoeHHO-MegMLMHCKOe yunamie. OHo 6biio 3Ba-
KyMpOBaHO C YKpauHbl B Havase Besnunkon OTeyecTBEHHON
BOVIHbI M Pacrnosiarasiocb B TO BPEMS B 34aHWNM YPasibCKOro
NlecoTexHnyeckoro nHctutyTa (r. Ceepanosck). o okoH4a-
HUM YYMIMLLE, B MEPBBIX YNCAAX Mas 1945 ., MAAALWNNA Nent-
TEHAHT MeANLMHCKOM cyx6bl B. H. ABAOHUH C AunioMom
denbaLwepa B kKapMaHe NpubbIA B pacnosioxeHne WwWtaba 2-ro
Benopycckoro ¢poHTa B r. LLUTeTTnH (Monbwa). Hauanace
ero MeAuLMHCKasn Kapbepa B JO0/IKHOCTM aCCUCTEHTa anTeku
B OZHOM U3 FrOCnuUTaen 2- TaHKOBOW apMuu B I. BeseHbepr

B nagnmmp Hukonaesmy ABAOHUH POAMACA 10 UIOHSA

= )

- .

Bnadumup Hukonaesuy4 AgdoHuH (2010 2.)

"MpopomkeHne cepun ctate npoekta «MuHepanorusa B nuuax». Cm.: A. B. Ly6HukoB (1887—1970) n wy6HukosuT (M3B. YITY, Ne 1(49), 2018.
C. 140-146); B. IN. Wynckuin (1935-2000) n wyickut (U3B. YITY, Ne 2(50), 2018. C. 157-161); tO. C. Kobsiwes (1935-2009) n kobsawesut (M13B.
YITY, Ne 3(51), 2018. C. 165-175); AHatonuin dununnosuy bywmakvH (1947-1999) n 6ywmakunnT (MU3B. YITY, Ne 4(52), 2018. C. 152-157);
CesAtocnas Hectoposud ViBaHoB (1911-2003) n cesitocnasut (MU3B. YITY, Ne 1(53), 2019. C. 171-177).
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3emam MekneHbypr (TepmaHus). A 3aKOHYMAACH B O/KHOCTU HaYa/IbHMKa anTeku 1 cTap-
wero denbALiepa 73-ro rBapAenckoro MexaH13npoBaHHOro NoJiKa 3-1 yAapHOW apMuK T.
Bypr, Heganeko oT Margebypra. Mocne gemobuansaLnm MoxHo 6bl10 NPOAOIKUTE Me-
AVUMHCKOe 06pa3oBaHKe, MMesi OT/IMYHBIN aTTecTaT 06 OKOHYAHUM MeAyYNMLLA U YEeTbI-
PEexNeTHWUI onbIT paboTbl Ha MeAULIMHCKOM nonpuie. Ho feTckoe yB/iedeHWe reonormnei
M MUHepasiornen okasanacb CujbHee, U 21-1eTHUI Bonoasa BepHyscs B CBepA0BCKUIA
FOPHbIN UHCTUTYT.

Cpasy no oKoHYaHUW MHCTUTYTa B 1952 I. B. H. ABfOHMHa npuraacuamn Ha kadeapy
MUHEpaNornm u kpuctanorpadum, BosrnassisieMyto B To Bpems npogpeccopom I H. Bep-
TYLIKOBbIM, Ha JO/IKHOCTb accucTeHTa. OH Npenogasan CTyAeHTam reoi0ropassejo4Ho-
ro dakynbTeTa NpakTUYECKYIO MUHepasormio 1 kpuctannorpaduio. Mo cBuAeTenscTeam
MHOMOYMC/IEHHbIX YYEHWNKOB, ero yyebHble Kypcbl M MpakTUYeCKMe 3aHATUSA OT/IMYA/INCD Bbl-
COKMM MacTepcTBOM 1 npodeccroHanvsmom. O cBoeM onbiTe NpenoAaBaHns MUHepasIornm
Bragnmup HukonaeBmy nogpobHo pacckasan B kKHUre «O KaMHsiX», BblleALen B 2011 I. B
n3aTenbCcTBe YPasibCkoro rocyapcTBeHHOrO FOPHOro yHMBepcuTeTa. Bea TpyaoBas Aed-
TeNbHOCTb Bragnmumpa Hukonaesuya € 1952 no 2017 r. Npoluaa B O4HOW OpraHusaLmu, a
nmeHHo B CBepA/10BCKOM FOPHOM MHCTUTYTe, B nocaegytowem YW, YITTA, YITY [2].

B 1980 r. Bnagumump Hukonaesny B coaBTopcTse ¢ I H. BepTywkoBbiM paspaboTan
MeToAMNYeCcKoe PyKOBOACTBO AJIf MPAKTUYECKUX 3aHATUM N0 MUHepanornm — «Tabauubl
ANs onpejesieHnst MUHepasioB No GU3NYECKUM U XMMUYECKMM CBOMCTBaM», ony6mko-
B. H. AedoHuH (1945 2.) BaHHOe B U3zaTenbcTBe «Heapa» B ABYX M3JaHMAX — B 1980 1 1992 IT.

Bcto cBoto M3Hb Bnagnmmp Hukonaesny Bes HayuHyto paboTy. OguH 13 nepsbix 06b-
€KTOB €ro Uccie0BaHNN — MUHEpPasibl PeAKOMETas/IbHbIX MeCTopoXAeHUU NbMmeHo-BuwHeBoropckoro komniekca Cpea-
Hero 1 KOxHoro Ypana. Mo pesynbtaTam 3Tux uccaefoBaHnii Bragnmump HukonaeBmy 3awmt B 1960 r. KaHANAATCKYHO AUC-
cepTaumto Ha TeMy «MuHepanorus YBuabANHCKOM LLLe/I04HOM NOMOCk! Ha Ypasiey.

B 1967 r. B. H. ABAOHWH U36MpaeTcs feKkaHOM reosioropasseo4Horo ¢akynsteta CBepA/I0BCKOrO FOPHOrO UHCTUTYTA.
OH ycnewwHo npopaboTan B 3TOM JOMKHOCTK ABa cpoka. B 1980-x rr., ewwe paboTas Ha kadespe murepanorum CI', B. H.
AB/LOHVH MHOFO BPeMeHM MOCBSTUA U3YUEHUIO NPOLLECCOB HOBENMLIEro MMHepanoobpasoBaHuUs Ha KoNYeaHHbIX MecTopo-
XAeHWsX Ypasia U Ha CBUHL,0BO-LIMHKOBOM MecTopoxeHnmn Tekenn B KasaxcTaHe. V3yyeHne BTOpUYHbLIX MUMHepanos, obpa-
30BaBLUNXCS NPU OKUCAEHUMN CYybPUAHBIX PYA, BCEra NpUBEKaNo BHUMaHME FOPHSKOB M reo/10roB B CBA3M € npobiemamu
NOA3eMHbIX SHZAOreHHbIX KOAYeaHHbIX NMOXapoB, NPeACcTaBAsoLW X 60/1bLLYIO OMAaCHOCTb MPW 3KCMyaTaLMnm MecTopoxe-
HWM Takoro Tvna [1].

Mepengs Ha paboTy B YpasibCkuil reonormyeckuii Myseli B Bospacte 62 aeT, Bragumup Hukonaesuy un 3geck 6bicTpo
HaLles1, KaK OH CaM O HaX/Abl BbIPa3n/Cs, CBOKO «30/10TYHO XUy» U CTan ee pa3pabaTbiBaTh [1].

BHMMaTeNbHO 3HAaKOMACh C KAMEHHbLIM MaTEPUAIOM 13 BUTPUH 1 3aNMaCHUKOB My3es, OH MbIT/IMBO BbIMCKMNBA/ HEM3BECT-
Hble eMy MWHepasbl U AeTasibHO UX M3yyan. He oboluen cBonmM BHUMaHueM Baagnmump HukonaeBuy v gparoueHHble KaMHM.
Jnsa nx 6onee TOUHOM M IKCNPECCHOM ANArHOCTUKM UM coBMecTHO ¢ M. ®. Bacunesckon, coTpyaHuLelt Ypanbckoro reonoru-
4eckoro Mysesi, Obl/1 yCcoBepLLEHCTBOBAH METOA UMMYJ/IbCHOM KaTogontoMuHecLeHLun (MKJT), xapakTepusyoLuiics BbiCOKOM
MHPOPMATUBHOCTbIO A/15t pybuHa, candupa, U3ympyaa, Tonasa, xpusobepuana u 4pyrux caMoLBETOB, Ha YTO bbla NosyyeH
nateHT «Onpe/eneHne NOAJMHHOCTU A ParoLeHHOro KaMHS».

Hanbonee 3HauMmon u naoAo0T-
BOpPHOW bblna gestenbHocTb B. H. As-
AOHUHA B YPasibCKOM reo/ornyeckom
My3ee Kak BeJIMKOJIEMHOro 3HaToKa
ypasibCkUX MUHEPA/IOB, TaNIAHT/IMBOMO
nony/sap13aTopa MMHepPaaorum, UcTo-
PV MUHEPANOrMYeCKNX 3HAHUI U reo-
JOrnyecknx ucciesoBaHn Ha Ypane.
3/eCb packpbl/Cca B MOJHOM Mepe ero
Hay4HbIN NOTEHLMAN, MPUOBPETEHHBIN
3a JO/ITME FO/bl KPOMOT/ANBOIO TPyAa.
HakonsieHHble mMaTepuanbl U 3HaHUS
odopMUAKCH B BUAE OYEHb UHTEpPEeC-
HbIX, MO3HABATE/NbHbIX U UCTOPUYECKM
JAOCTOBEPHBIX  Hay4YHO-MOMNYASAPHbIX
MoHorpaduit. B 2002 r. Bbilw/a nepBsas
paboTa «Ouepkn 06 ypanbCckmx MUHe-
panax». OHa 6blna HanWcaHa COBMeCT-
Ho c npodeccopom 0. A. MoneHoBbIM,
AVPEKTOPOM YpanbCKoro reonoruye-
CKOro My3esi, U NocBsileHa 65-1eTuo
[OpHOro WMHCTUTYTa U 65-71€TUI0 Ca-
mMoro myses. KHura Bblgepxana ABa

C my3elHbIM 3KCroHamom
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B. H. ABAOHMH — OAUH U3 Nep-
BOOTKPbIBATEAEN HOBOrO MUHE-
PAAA TMAPOKCUAKAUHOTYMUTA

"BMOAHE €CTECTBEHHO: MY-
3eM — 3T0 He KadoeApd, 3AECH
M PACMOPSAOK, U PUTM, U CO-
AEPXXAHME APYIUE, HO 4 ObICTPO
HOLLIEA CBOIO (30AOTYIO XKMAY) U
CTAA ee pa3pabaTbiBaTh, MNpuaT-
HO BCMOMHMUTb: PACCMATPUBAS
BUTPUHY, Mbl C O. A. [loAeHo-
BbIM (B TO BPEMS AMPEKTOPOM
YPOAbBCKOTO reoAOrM4eCckoro
MY3€e$) OOPATUAM BHUMAHME HA
MUHEPOA. HEM-TO OH HAC MNpu-
BAEK... HALIMMUM COMHEHMIMM
M AOTAOAKAMM Mbl TMOAEAMAMCH

B. H. Epmoaenxo u dp. / Ussecmus YITY. 2019. Boin. 2(54). C. 166-172

c npodpeccopom 3. M. Cnwu-
PUAOHOBBIM (MIY, . Mocksa).
TLLOTEABHOS 3KCMEepTM3a — U
BOT PE3YALTAT: MMHEPOA HOBbIM
M MOAYYMA HO3BAHUE (TMAPOK-
CUAKAMHOTYMUT). A BEAb «OOU-
>KEHHbIMY HALLUMA  HEBHUMOHU-
€M, OH TOAbKO B BUTPUHE AY3€ES
HOXoAMACS Boaee 40 AeT. Haao
30METUTb: TAKME CAYHOAM B MMU-
HEPAAOIMYECKOM MPAKTUKE HE-
peakn' (ABAOHMH, 2011).

Mpu U3y4yeHrn MUHEPAAO-
MMM 3HAMEHUTBIX MUHEPAAbHbBIX
konen (LUnwmmckmx, Hazam-
ckmx u Kyeawuckux rop Koro-
3anaaHoro Ypaaa (AXMATOB-

CKas, 3EAEHLLOBCKAS M Ap.) B

AOBE3HO MPEAOCTABAEHHOM B.
H. ABAOHMHBIM K3 3KCMO3ULLMMK
YPAAbCKOro reoAOrM4eCcKoro
My3eq 0obpasLEe «XOHAPOAMTO-
BOrO» KOAAbLUMADUPA M3 3eAeH-
LLOBCKOM KOMUW OblIA OBHAPY>KEH
HU3KOCDTOPUCTBIM  KAMHOTYMMUT
c npeobaraaaHnem OH-rpynnsbi
B AOMOAHUTEABHOM QHWMOHHOM
no3mumn. PaHee NOAOGHbIN KAM-
HOTYMMT, HO C TMOBbILLUEHHbIM
COAEPXAHMEM TUTAHA, B 1950
I. OMMCHIBAACS B 3€AEHLLOBCKOM
ko M. A. bopmaH-CtapsbiHke-
BuyeM M B. C. MICHMKOBBIM. HO-
BbIt MMHEPAA B 1999 1. MOAYYMA
HO3BAHME  MMAPOKCUAKAMHOTrY-
mut (Mg, (SiO,), (OH), [4].

B yeHmpe sedywjuti muHepanoz mupa Kapn yzo LLmpyHy (FfepmaHus), crpasa B. H. AgdoHuH, cresa FO. A. [NoneHos.
2-51 MexOyHapoOHasi KoHgbepeHyus «Myseu u muHepanbly (BeHepusi, Bydanewm, 1996 2.)

Hay4Hbil edoxHosumernb u pedakmop Brnadumup Hukonaesuy Agdo-
HUH (8 ueHmpe) ¢ u3gecmHbiM asmopom KHu2 «KamHu Ypana» Bnadu-
cnasom bopucosuyem CemeHosbIM (criega) U KOneKyuoHepoMm MuHe-
panos Bnadumupom AHOpeesuyem [leneneHKo (crpasa).
ExkamepuHbype, My3el kamHsi B. A. lMeneneHko, 2005

Omkpbimue YparbCKo20 2e0r102udecKo20 My3esi
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ETEA NTEM MW EBARRGTE B TOVPRRE @ iRIET Lol
'Hm e TEM_CHOM [WANETl Wi Y

CompyOdHuku kaghedpbl MuHepanoauu CeepOnosckoeo eopHoeo uHcmumyma, 1973 200. KpatiHul cripasa B. H. AGOOHUH

n3gaHusa (BTopoe MosiBU/IOCh B 2004 I.). B Hell pacckasbiBaeTcs B MHTEPECHOM M A0CTYMHON popme 06 UCTOPUM OTKPLITUSA
Ha Ypase 102 HOBbIX MMHepanoB. YueHbii CoeT 1 Mpe3sngnym Becepoccuitckoro MuHepasiormyeckoro obuectsa npucyAnam
aBTOpam «Oy4epKoB...» Meganb MuHepasormyeckoro obuiectsa Kak ayyiiern paboTte 2003 r. B Poccum no nonyaspusaumm mu-
Hepanoruu. B 2003 . B cepun «PogHon Ypan» 6bin1 usgaH 60abwon UANCTPUPOBaHHLIN anbbom «Cokposuia KameHHoro
nosica», MO3HAaKOMMBLLWI YNTaTeNEN C MUHEpasormyeckmm boratcTBamm Ypasa ns cobpaHus YpanbCkoro reosiormyeckoro
My3esi. M3gaHne 66110 NOAFOTOBIEHO KONEKTUBOM COTPYAHUKOB My3esl, TEKCT e KHUIMM HanucaH B ocHOBHOM B. H. Asgo-
HUHbIM. AIbOOM CTasl O4eHb MOMY/APHLIM CPeAU KONEKLMOHEPOB, NtobuTenen M1Hepanos 1 Npupoasl Ypana. B 2008-2010
rr. B. H. ABAOHWH TECHO COTPYAHMYA C U3BECTHBIM 1 MOMY/ISIPHBIM Ha Ypasie Mepuognuueckmm XypHaaoM «YpanbCckuii ciego-
MbIT», rAe npeAcTaBasa pybpuky Ypanbckoro reonoruyeckoro mysest «KamHu Ypana». oyt B Kax40M HOMepe XypHaa B
3TW ro/bl NOSIBAA/INCD O4EHb MHTEPECHbIE U coAepXKaTeslbHble CTaTbM O Hanboee U3BECTHBIX M 3HAUMMbIX A /19 HALLEro perun-
OHa MUHepanaax, MPUHeCLINX eMy CaBy O4HOro 13 BoraTenWwmnx MUHepaabHbIMU pecypcamu palioHoB 3emau. B. H. ABAOHMH
yCreLwHo coyetan paboTy B My3ee C 4pyrvmMn BUAAMU AeaTeNbHOCTU. JoNrve rofbl OH ABASICS SKCMEPTOM MO KYAbTYPHbIM
LLleHHOCTAM Npu YnpasieHun PocoxpaHKyabTypbl N0 YpanbCKOMy pernoHy, MpoBOAS 3KCNepTU3bl NpeAMeTOB MUHEPaaorun n
netporpadun. OH Hbl1 MOCTOSHHBIM YYaCTHUKOM MUHEPAsIOrMyeckmx BblCTaBok «MuHepan-LLoy», npoBogswmxcs B 1. EkaTe-
pVHBYpre, KOHCYIbTMPOBAJ YPaibCKUX t0bUTENEN KaMHS U KOINeKLMoHepoB [2].
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Kpucmannei asdoHuHuma Ha nopode. Obpasey 11 x 9 x 3 cm A800HUHUM
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NamsaTu Yunuteaa u oApyra

XOPOLLO MOMHIO TOT Nepu-
OA PaboTbl BAaammmpa Huko-
ACEBMYO HA KADDEAPE MMUHE-
paAormm  CBEPAAOBCKOIO rop-
HOFO MHCTUTYTA, KOFAQ 9 YYUACH
B CIMN (1964-1969). C KAKUM
MHTEPECOM U YBAEYEHHOCTBIO
30HUMAAUCH Mbl, CTYAEHTbl 2-3
KYPCOB CMNeEUMAABHOCTM PM-1
(Teoaorms M pasBeAka MeCTO-
POXAEHUN PEAKMX U PAAMOOK-
TUBHbIX METAAAOB), M3y4YEHUEM
MPOCTbIX OPM HO AEPEBIHHbIX
MOAEAIX U MAEOAABHBIX MPUPOA-
HbIX KDMCTAAAOX HO 3QHSATUSX MO
KpucTaarorpadoum! C He MeHb-
LLIMM BHUMOHUEM CAYLLIGAM MbI
AEKLUMM MO 3BTOMY, KA3AAOChH
AOBOABHO CKYYHOMY MPEAMETY,
KOTOPbIE YUTAOA HOM BAOAMMMP
Hukoaaesmy. OH Xe BMecCTe
Cc Baaammumpom MBAHOBMHEM
AKLLMHBIM, B Ty MOPY AEKAHOM
reOAOropPA3BEAOCYHOTO AOAKYAb-
TETA U AOLLEHTOM KADEADLI MM-
HEPAAOTMM, ABOXKABI B HEAEAIO
BEAM Y HALLEM TPYMMbl NPAKTU-
YECKME 3AHATUA MO MUHEPAAO-
. C KOKMM MACTEPCTBOM M
MPOdOECCHUOHAAMIMOM  ObIAU
OPraHM30BAHHbI 3TW 3aH4TMA! Ha
HUX HMKOTAQ HEe ObIAO CKY4HO, U
BOABLLMHCTBO M3 HOC XXAQAM MX
C BOAbLLMM HETEPMNEHMEM. Ha-
CTOABKO 3TW 3AHATUS ObIAU MH-
TEPECHbI, MO3HABATEAbHbI M MO-
A€3Hbl. HO KaXKAOM ABYXHQCOBOM
«rapey CTYAEHTbl MOAYYAAM MO
1-2 HEOOABLLOMY HEB3PAYHO-
MY KYCOYKY HEM3BECTHOrO, KOK
MPOBUAO, PEAKOTO MUMHEPOAQD.
OHM AOAXKHBI ObIAM C MOMOLLLBIO
MNPOCTENLLMX MOAPYHHbIX MOEA-
METOB (HOX, CTEKAO, dbapdo-
POBAY MAQCTMHKA) M MNPUCHO-

COBAEHUMIM  (AYNA, MATHUTHOSA
CTPEAKQ, MNAfABHOS  TPYOKQ,
CMMPTOBKA, MAQTMHOBAS MPO-

BOAOHKA M HABOP XMMMKATOB)
OMNPEAEAUTb PEAKUN MUHEPTA,
HOMPUMED 3BKCEHUT, CAMAP-
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CKMT, YEBKMHUT, KOAYMOUT U T. M.
[MOAB3OBATHCH MOXKHO BbIAO MPU
3TOM AMLLb (TPAKTUHECKMM PY-
KOBOACTBOM MO MMHEPAAOTUM))
H. A. CMOAbSHMHOBA.

AOBOABHO 4ACTO BAaAMmmp
HuKoAQEBMY MPUHOCKMA HA 3Q-
HATKMSR XOPOLUO OBPA30BAHHbIE
MPUPOAHbBIE KPUCTAAABI U APY-
3bl  PA3AMYHBIX MMHEPAAOB 13
COBOCTBEHHOM KOAAEKLMU  UAM
COBPAHMI KAADEAPBI MMHEPO-
AOTHU. DTUM OH XOTEA, MO-BU-
AMMOMY, TPUBUTL  OYAYLLIMM
reoAoram AtoOO0oBb M MHTEPEC K
KAMHIO. HO OAHOXXAbBI AOCTOTON-
HO KPYMHbIM MAEOABHO OBpa-
30BAHHbIM YEPHbIM BAECTILLMMA
KOUCTAAA KACCUTEPUTA C Me-
CTOPOXAEHUA WyAbTHH (HyKOT-
KQ), MYLLLEHHbIM MO PIACM B QY-
AUTOPUM, K HEMY HE BEPHYACS.
Hantm nponaxky He YAQAOCH. [1o-
BUAMMOMY, KAIOOOBb K KOMHIO) Y
KOro-TO M3 CTYAEHTOB MOOOPOAC
COOCTBEHHYIO COBECTb. HO BAG-
AVMMUP HUKOAQEBMY HE OTCTYIMMA
OT CBOEM METOAMKM MPOBEAE-
HUA 3AHSTUM, U AMbl MPOAOAXKAAM
OCBOMBATb KYPC MUHEPTAOTUM
HO KOHKPETHOM MPAKTMYECKOM
MPUMPOAHOM MATEPUAAE. Ty
METOAOAOTMIO M3YHEHNA MUHE-
paaormm B CBEPAAOBCKOM TOp-
HOM MUHCTUTYTE B. H. ABAOHWH
YHOCAEAOBAOA OT CBOETO YYMTEAS
KOHCTOHTMHA KOHCTAHTMHOBMYA
MaTBeEeBa, OCHOBATEAN KAdoe-
APbl  MUHEPOAOTMM U MNETPO-
roadomm CI'M 1 YpOAbCKOTO re-
oAormyeckoro myseqa. O6 atom
BAOAMMUPD HUKOAOEBMY OYEHb
MOAPOBHO PACCKA3bIBAET B CBO-
en kHure «O KAMHSX), BbILLIEA-
wewn B 2011 r. B U3AQATEABCTBE
YPOABCKOrO roCYAQPCTBEHHOTO
FTOPHOro yHMBEPCUTETA. 3HAHMS,
NPUOBPETEHHbIE HOMM HA ITUX
3AHATUAX, AO CMX MOP B HALLEM
MOMATU, U MHOTOE BCTTOMMHAOET-
C4 CETOAHS, CMyCTs NMOABEKQ.

ByAy4M AEKAHOM TreOAOro-
pPa3BEAOHHOro doakyabteta CIA,

BAOAMMUP HMKOAQEBMY MOKA-
30A Ccebs HE TOAbKO CTPOIMMM
MPENOACBATEAEM M AAMMHUC-
TPATOPOM, HO M 3COOTAMBBIM M
HOAEXHBIM  CTAPLLMAM TOBAPU-
LLLEM, FTOTOBbIM BCErAQ MPUMTU
HO MOMOLLLL. BcmommHaeTtcs 1a-
KOM 3MM30A M3 HALLEW CTYAEH-
4YECKOM >XM3HW. BecHom 1969 .
Mbl, NFTEPO CTYAEHTOB 5 KypCa,
OYAYYM  YXKE  AMIAOMHUKAMM,
OTMPUBUANCH B CAOXHbIN KOTE-
FTOPUMHBIM  ((4ETBEPKAN) MOXOA
HO TPUNOAAPHBIM YPOA B PAM-
OH rop MaHapara 1 HapoaHas.
Paszymeetcs, noxoa OblA COrAQ-
COBQOH He TOAbKO C MapLUPYTHO-
KBOAMCPUKALMOHHOM KOMMCCU-
en Kayba 1ypmcTos r. CBEPAAOB-
CKQ, HO U C AEKOHATOM TEOAO-
rOPA3BEAOYHOTO CDAKYALTETA W
BbIMYCKAOLLLEN KAdoeApOon PM-
1. CAOXHbIE MOrOAHbIE YCAOBMS B
POMOHE MyTELLECTBUS HE MO3BO-
AVMAM HOM YAOXMTbCS B rpadomK
ABVDKEHMA U B MNAQHUMPYEMbIE
CPOKM, MU Mbl BEPHYAMUCH B POA-
HOWM MHCTUTYT C OMO3AQHUMEM HA
3—-4 AHS. BO3MOXHOCTM MpPEAY-
MPEANTb MHCTUTYT O 3AAEPXKE
He ObIAO. B pekToparte HAYOAM
y>XXE MOAYMbIBATb OO OpPraHu-
30LLMM MOMCKOB HALLIEWM TOYMMbI
Ha Ceepe. Koraa »>e Mbl Bep-
HYAMCb AOMOM LLEAbIE U HEBPE-
AMMbIE, BCTAA BOMPOC O HALLIEM
OTYUCAEHMM U3 MHCTUTYTA 3Q HO-
pYyLUEHUE AUCLMMAMHDI. U TYT 30
HOC TOPOW BCTYMMACH HALL Ae-
KAH BAOAMMIMP HUKOAQEBMY AB-
AOHMH. HOC OCTOBMAM B MHCTU-
TyT€, MO3BOAMAM 3ALLMTUTL AM-
MAOMHbIE PABOThl. Mbl OTAEAC-
AUCb CHMKEHMEM HA OAMH BAAA
MTOTOBOM OLLEHKM HA 3ALUMTE, O
BAOAMMUP HUMKOAQEBMY, KOK OH
MHE MOTOM MOBEACA, MOAYYMA
30 HOC OT PEKTOPATA CTPOrMmi
BbIFOBOP C («3AHECEHMEM).

Baaammump MBaHOBMY Epmo-
AEHKO, BbIMyCKHuK CIM 1969 r.

Y aBAOHUHWTA Z0Aras v CIoXHas nctopus. CBEPAI0BCKMM FOPHBIA UHCTUTYT CUIAMU COTPYAHUKOB Kadeapbl MUHepa-
JIOrUK NPOBOAWA 0roBopHble paboTbl No npobaemaTtrike 60pbObI C MOA3EMHBIMU NMOXAapPaMU COBMECTHO C Hay4YHO-UCCAeZ0-
BaTE/IbCKMM MHCTUTYTOM «YHUMPOMeZb» Ha yXe 0TpaboTaHHbIX Me4HOKOYeZaHHbIX MecTopoxaeHusx CpegHero n KOxHoro
Ypana./leTom 1988 . B cTapom oTBasie [lertTapCckoro MeCcTopoXaeHus CTapLLIMN HayUHbI COTPYAHWK NabopaTopun no 6opbbe
C NOA3eMHbIMM Nnoxapamu «YHunpomeam» T. B. ABgoHMHa — goub Bragnummpa Hukonaesuya — obHapyxumaa BTOPUYHBIN MUHE-
pas 3e/1eHoro LBeTa, NpeABapuUTe/IbHO ONpesennB ero Kak «aTakaMuT», Tak Kak B ero cocTaBe Hb110 MHOro Meau 1 xaopa [1].

MNepBoe AeTa/lbHOE UCCAeA0BaHNE MMAPOKCUXI0PUAA MeAN U Kanus bbi1o BbinosHeHo A. @. BywmMakuHeim n 1. ©. Baxe-
HoBoOM (1998) Ha MaTepuase 13 obpasua, HangeHHOro B 1990 I. B. I'. KopnHeBCckMM B 30He TexHoreHe3a basBMHCKoOro mecTo-
poxgaeHunsi (OpeHbyprckas obnacts, Ypan). O6bpasew, Maccor 340 I npegcTtaasa cobon nceBgomopd o3y No MeTanimyeckomy
N3Ze/I1I0, CIOXEHHYIO B OCHOBHOM HOBbIM MMAPOKCUXIOPUAOM KasiMsd U MeAM C MPUMECIMU MUTUYEPIUXUTE, aTakaM1Ta, Ha-
HTOKUTa U APYruX X10pnAoB Mean. MuHepan Ha3Ban aBAOHMHUTOM B YecCTb B. H. ABAOHWHA, OLLeHNB ero CyLiecTBEHHbIN
BK/1a/, B U3y4YeHMe SK30reHHbIX NMPOLECcCOB Ha paspabaTbiBaeMblx KOSYeAaHHbIX MeCTopoXAeHUsX. K coxaneHuto, TeXHOreH-
HOE MPOMCXOXeHre 3TuX 06pa3LLOB NOMeLLIaso TOrAa NPU3HAHMIO aBAOHWHUTA «MOAHOMNPABHbLIM» MUHEPasibHbIM BUAOM [3].
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TakoBbIM OH CTasl NO3jHee, MOC/e HaxoAKM B GyMaposIbHbIX IKCransaLmsx ByakaHa Tonbaunk Ha KamyaTtke. 34ech npu-
pOAHOE MPOMCXOXAeHMe MaTepuasa He Bbi3biBalOT COMHEHUS, 1 Mo 3aaBke H. B.YykaHosa, M. H. Mypauwiko, A. E. 3anoBanA.
®. BywmakunHa B 2005 I. aBAOHUHUT Bbia yTBEpXAeH Komuccrel no HOBbIM MUHepaiaM 1 Ha3BaHWUAM MUHepasoB MexayHa-
POZAHOW MUHEPAJIOrMYECKOI acCoLMALLMM KakK CAMOCTOSATE/IbHBIN MUHEPabHbIN BUA [4]. OAHAKO MeXAY AaHHbIMU 3TUX aBTO-
POB 1 pe3ysibTaTamu, noayyeHHbiMu paHee A, @. BylumakuHbiM 1 J1. @. BaxeHOBON, MMEIUCh 3HAUYMMbIE PACXOXAEHWS, U pe-
WKTb 3Ty Npobemy 66110 HEBO3MOXHO, MOCKO/IbKY KpUCTaNMYecKas CTPYKTypa aBAOHUHUTA OCTaBanacb HensBecTHOM. OHa
6blna paclumpoBaHa AecaTuaeTMeM Nosxe, Toxe Ha obpasue c Tonbaumnka. Takum obpasom, MUHepas «obpes» KOPpPeKTHYHO
dopmyny K, Cu, cl ¢(OH),*2H,0 1 xapakTepucTiKky CBOEro aTOMHOr0 CTPOEHNSA /nLlib B 2015 I. B Pe3y/ibTaTe UCC/IeA0BaHNS,
I'IpOBEAEHHOFO 1. B. MekosbiM, C. B. Kpreosunyesbim, H. B. YykaHnosbim. B. O. Anackyptom n E. I'. Cugoposbim [5].

HoBbin M1Hepan o6pa3yeT nnoxo obpasoBaHHble KOPOTKOMPU3MaTMYECKMe U TOACTOTabanTHaTbIe KPUCTAIINKM APKOTO
CanaTHO-3e/IEHOrO LiBETa pa3MepoM A0 0,2 MM. Habntogaemble dopmbl (001) 1 (100). XpynkuiA, TBEPAOCTb Mo Wwkase Mooca 3,
obn1agaeT coBepLUEHHOM CMAaNHOCTbIO MO0 (001). M310M cTyneHYaTbIv. YepTa cBeT/0-3en1eHast, 61eCk CTEKNSHHbIN.

ABZAOHMHUT ONTUYECKM HEVITpa.I'IbeIVI Z\BYOCHbIV; N =1,669, N =1,688, N =1,707, 2V =—-90°. lucnepcus He HabaogaeT-
5. MN0oCcKOCTb COBEPLIEHHON CMAaNHOCTH COBMajaeT C IOCKOCTBI0 ONTUYECKIX OCEH.

MA0THOCTb, N3MepeHHas BOIOMOMETPUYECKMM METOA0M, COCTaBASAET 3,03 r/CM3, BbIYMC/IEHHAsA NJIOTHOCTb paBHa 3, 066
r/cm3. Tpu HarpeBaHWK 40 900 °C Ha BO3AyxXe NAaBUTCS U UcnapsieTcs, Tepas 71 % Beca. B xono4HoM Boge MeA/IEHHO pa3na-
raeTcsl. B pasbaBneHHOWM CONSIHOM KMC0Te pacTBopsieTcs 6e3 rasosbligeneHus [6].

Kak MOXHO BUAETb, NCTOPUS UCCIeA0BAHMS aBAOHNHWTA OKa3alack HEMPOCTON M pacTsHyAach 6osiee Yem Ha YeTBepTb BeKa.

Tpyab! B. H. ABAOHMHA, U3AaHHbIe Mo pe3yabTaTtam pabotel B CTU-YITTA-YITY
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noceAeHumax Ypaaa n Cmnbumpu B KoHLe XIX — HO4YaAe XX B.
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The formation of Muslim communitiesin the mining settlements
of the Urals and Siberia in the late XIX — early XX century

This paper discusses the complex process of the formation of Muslim communities in mining and industrial settlements at factories,
mines, and railway stations of the Urals and Siberia in the late XIX-early XX centuries; this process is associated with the labor
migration of Tatar and Bashkir peasants from the Volga and Ural regions to the Urals and Siberia in connection with the growth
of mineral production, processing, industrial production, railway construction, and undermanned enterprises. On the basis of
archival documents, the analysis of the actions of Tatar and Bashkir peasants who were in labor migration is carried out; the aim
is to recreate faith institutions that are customary for themselves at the new place of their stay: mosque, mektebe school, official
imam. All these were associated with overcoming various obstacles in the form of restrictions established by Russian legislation,
and the temporary nature of the employment of Muslim workers as well. The study also reflects the interaction of representatives of
Muslim communities with state authorities, businessmen and factory owners, Orthodox and Muslim faith institutions in addressing
these issues. The processes of transformation of the ethno-confessional landscape of industrial settiements that took place a
hundred years ago and influenced their modern appearance are described.

Keywords: industry, prayer house, mosque, imam, Ural, Siberia, Muslims.

B cTaTbe pACCMATPUBAETCSH CAOXHbIM Npouecc doOPMUPOBAHUA MYCYAbMAHCKUX OGLUUH B FOPHO3ABOACKUX M MPOMBbILLAEHHBIX
NOCEAEHUSAX MPU 3ABOAAX, LUAXTAX, PYAHMKAX U XXEAE3HOAOPOXHbIX CTAHLMAX Ypaaa u Cubupu B koHue XIX - Hayaae XX BB.,
CBSI3GHHbIM C TPYAOBOM MUTPALMEN TATAPCKUX U BALLKUPCKUX KPeCTbsH M3 NMOBOAXbS U MpUypaabs HaO YpaA u B CUGUPL B CBA3MU
C POCTOM OGBLEMOB AOOBIYM MOAE3HbIX UCKOMAEMBIX, UX NepepaboTKH, NPOMbILAEHHOIO MPOU3BOACTBA, XEAE3HOAOPOXHOro
CTPOUTEALCTBA U MOTPEBHOCTU NPEeANPUATUI B pabo4nx pykax. Ha ocCHOBe dpXMBHbIX UCTOYHUKOB MPOBOAUTCSA QHAAU3 AEUCTBUM
TATAPCKUX M GALUKMPCKUX KPECTbsIH, HOXOAUBLUMXCS TPYAOBOW MMUIPALUMU, C LLEAbIO BOCCO3AQHUS HO HOBOM MeCTEe CBOEro
npe6bIBAHUSA MPUBbIYHBIX AAS Ce6s KOHGPECCUOHAABHBIX UHCTUTYTOB: MEYETHU, MPUMEYETCKOM LLUKOAbI — MeKTe6e, OPULLMAABHOTO
MMAMQA, YTO GbIAO CBSI3QHO C MPEOAOAEHMEM PA3AUYHBIX MPENSTCTBUA B BUAE OFPAHUYEHUM, YCTAHOBAEHHbIX POCCUMCKUM
30KOHOAOTEAbBCTBOM, U BPEMEHHBIM XAPAKTEPOM 3CHATOCTU MYCYAbBMOHCKUX pabGoymx. B MCCAEAOBAHMM TAKXKE OoTpaxaeTtcs
B3AMMOAENCTBUE MPEACTABUTEAEN MYCYAbMOHCKMX OGLUMH C OPraHAMU FOCYAQPCTBEHHOW BAACTHM, NPEANPUHUMATEAIMU U
3QBOAOBAGAEAbLLAMM, MPABOCAABHBIMU U MYCYAbMOHCKMMU PEAUTMO3HBIMU YHPEXAEHUAMU B PELUEHUU ACHHbIX BOMPOCOB.
OnNUCHIBAIOTCS NPOLLECChl TPAHCKOPMALLUK STHOKOHAOECCUOHAABHOTO AQHALLIAM TA NPOMBbILLAEHHBIX MTOCEAEHUH, MPOUCXOAUBLLNE
CTO AET HA34A M MOBAUSIBLUME HA UX COBPEMEHHbIN OBAMK.

KAlo4eBble CAOBA: MPOMBILLAEHHOCTb, MOAUTBEHHBIN AOM, MEYETb, UMAM, YPaA, CUGUPb, MyCYAbMAHE.

€ro/HA HUKOro He YAMBULUbL HaJIMYMEM MeYeTel B TaKMX CTAPUHHbIX MPOMbILL/IEHHbIX LeHTpax Ypana n Cubupwy,
kak HwxHuin Tarun, CepoB, 3naTtoycT, Muacc, AHxepo-CyaKeHCK U MHOMMX APYrUX. DTU Ky/bTOBble 06BbEKTbI
CTa/Iv MPUBLIYHOM YaCTbiO KOHGECCUMOHANIBHOTO NaHAWwadTa AaHHbIX TOPOAOB, Y MaJIo KTO 3aaeTCst BOMPOCOM, a
KOTZa Xe OHW 3eCb NOABUANCH M MoYeMy? MexXay TeM OTBET Ha 3TOT BOMPOC ABASET CO60M MasIOU3BECTHYIO, HO 3HAUYMMYIO
CTpaHMLYy UCTOPUM FOPHOAODbIBAIOLLEN N METAINYPrUYECKOM NPOMbBILLAEHHOCTHN Ypano-Cubrnpckoro pervoxa.
MosiBneHMe MycynbMaH Ha 3aBogax u konsax Ypana u Cnbupum
B cepeaune XIX B. 60bWMHCTBO MycynbMaH Ypana n Cubupu npoxusanu B gepeBHsix. MognonkosHuk X. Mosensb,
OMMCaBLUWNIA B 3TOT NEepUOZ HpaBbl U 06blYan TIOPKCKOro HaceneHus Mepmckon rybepHum, B 4acTHOCTM, OTMeYar, 4To B 1860
r. Ha TeppuTOpUKN rybepHUM HacuMTbiBaNach 161 MeyeTb, MPUYEM BCE OHW Pacrnosiarajvcb B Ce/IbCKOM MECTHOCTU U BCe
6blM fepeBAHHBIMU, 33 UCK/IHOYEHWEM OZHOM, NOCTPOEHHOM U3 KaMHs [1]. MNpoLwio Bcero 60 N1eT, 1 K cepeAnHe 1920-X IT. Ha
TeppuTopmm MepMcko rybepHNM HaCUMTBIBANOCH YKe 338 MeyeTel, U3 KOTOPbIX 10 (3 %) pacnosarainck B ropoaax, a 24 (7 %)
— B NMOCE/IEHNAX, BO3HUKLLINX BOKPYT 3aBOA0B, Xe/e3HOA0POXHbIX CTAHLWUI, LAXT U KOMeK, MHaye roBops, B MPOMbILL/IEHHbIX
noceneHusax. O6 3ToM CBUAETENbCTBYIOT CBEAEHWSA MCTOPUYECKOrO MCTOYHMKA «BeoMOCTb O YMC/ie MPUXOAOB U AyXOBHbIX
L, pasHbIx rybepHuiny [2] OpeHbyprckoro MaroMeTaHcKoro 4yxoBHOro cobpaHus (ganee OM/AC), cocTaBNEHHOr 0 B Havane
XX B., ;aHHblE KOTOPOW bblIM 06paboTaHbl M NOACUMTaHbI HAMM C MOMOLLLbIO METOZOB CTaTUCTUYECKOrO aHain3a [3].
YTo e npomsowo B 3TOT nepuod? Mpexgae yem AaTb OTBET Ha 3TOT BOMPOC, HEOOXOAMMO CKa3aTb HECKOJ/IbKO C/10B
0 TOM, KaK MMMepCcKoe 3aKOHOAaTeIbCTBO PEr/laMeHTUPOBAJIO BOMPOC CTPOUTE/IbCTBA MeyeTel. KasaHckuii uccieosatens
N. K. 3arnaynnunH ykasbiBaeT Ha TO, YTO WMMMNEpPaTOPCKMMK yKa3amu OT 22.06.1744 . n 23.08.1756 r. paspelianocb
CTPOUTENIbCTBO OAHON MEYETU B HAaCE/IeHHOM MYyHKTE, eC/IM YNCJIEHHOCTb MYCY/IbMaH - My>XX4YMH HaXOAWAach B Npejenax oT
200 /10 300 pPeBU3CKUX AyLl. B 1835 1. gaHHas uudpa bbina CHUXeHa 40 200 peBU3CKUX AyLl. ViccnegoBaTtenb oTMevaeT: «[1o
Mepe OTAa/leHns OT nocsieAHen X peBusnm (1858 r.) 3TOT HOPMATMB CTAHOBWUJICS aHAaXPOHM3MOM» (B CBS3M C BO3POCLLIMM
KO/IMYEeCTBOM /1ML, 3aHUMAIOLMXCA OTXOXUMWU MPOMbICAAMM), MO3TOMY B COOTBETCTBMM C 3aKOHOM OT 15.12.1886 r. 3TOT
HopMaTKB Obl/1 CKOPPEKTUPOBAH Ha 200 MYCY/IbMaH - My>XYMH, MPOXUBAIOLLNX B HACEIEHHOM MYHKTe WY, Kak Torja roBOpuan,
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«HAJIMYHbIX AL MYXCKOT0 Mosia» [4]. 3T0 Xe MUHMMa IbHOe 3HaueHWe Hbl10 3aKPEenJIEHO B M. 1. CT. 155 «YCTaBa CTPOUTEIbHOO»
1900 . Takxe B CT. 158 «YcTaBa CTPOUTENIbHOIO» COAEPXKasioch CejytoLiee ycaoBue, cobtogeHne koToporo TpeboBanoch
4191 CTPOUTENIbCTBA MYCY/IbMaHCKOro xpama: «OT MOCTPOeHMs MeyeT He MOXET NPOM30MTH cobiasHa B Bepe A1 XpUCTUaH
M HOBOKpELLEHHbIX TaTap, XWBYLWMX BMeCTe C MaromeTtaHamu» [5]. OTo TpeboBaHWe MPUCYTCTBOBAJIO B POCCUMINCKOM
3aKkoHogaTenbcTBe ewle c XVl B., N03TOMY Ha pa3spelleHne NOCTPOUTL MeYeTb B HaCe/IeHHOM MYHKTE CO CMeLLaHHbIM COCTaBOM
HaceneHusi 40/KHO 6blIO AaTb COrlace MeCTHOe enapxmasibHoe Ha4valbCTBO, MOCKO/IbKY NPaBOC/iaBMe B TO BPEMS MMENo
CTaTyC rocyzapCTBEHHOM Penrnu.

Cor/s1iacHo yCTaHOBJ/IEHHOMY MOPSAKY BEPYIOLL MM, XeNaBLIMM BO3BECTU MeYeTb, C/1ef,0BaJio OPraHM30BaTh 06N CXOZ,
Ha KOTOPOM COCTaB/IA/NCSA «O6LWEeCTBEHHbIV NPUTroBOpP». B aHHOM foKyMeHTe coZepxanocb 060cHOBaHWe HeobXxoaMMoCTH
CTPOUTENIbCTBA MEYETH B KOHKPETHOM HACE/IEHHOM MYHKTE W1 BbIPaXasioCb COriacue BepytoLwmnx Ha ruHaHcoBoe obecneyeHne
CTPOUTENIbCTBA M MOC/EAYIOLErO COAEPXKAHUA PEIMTMO3HOr0 06bEKTa, a TakXKe /INL, yXOBHOMO 3BaHWsA Npu HeM. OTa bymara
oTcblnanack BOM/C, KoTopoe paccMaTpMBasio «06L,eCTBEHHbIV MTPUrOBOP» U, HAXOAS U3/I0XKEHHbIE B AOKYMEHTe apryMeHTbl
3aC/y>KMNBAIOWMMM YBAXKEHMS, NEPenpasaano eros rybepHckoe npaB/eHne KOHKPETHOO PErMOHa CO CBOEN MOIOXKUTENbHOM
pe3ositoument. Takxe B CTpOUTE/IbHOE OTAesIeHMe ryBepHCKOro NpaB/ieHns MyCy/ibMaHCKas ObLWMHa BbiCblIaNa YepTex U
dacag byayuiero Ky/ibTOBOr0 COOPYXeHWs1, KOTOpble A0JKHbI Oblav 6bITb COrIacoBaHbl FybepHCKUMY BAACTAMU. JInLb nocse
3TOr0 MOXHO ObIJIO HAUMHATL CTPOUTENLCTBO [6].

B cBA3M C BbICOKOM POXAAEMOCTbIO KOJIMYECTBO MYCy/bMaH NMOCTEMEHHO BO3PacTaso, No3ToMmy TpeboBasMCb HOBble
MeyeTu, U B Ce/IbCKMX HACeleHHbIX MyHKTax, 0COBeHHO B paloHax KOMMAKTHOrO MPOXWBAaHUS MycCysibMaH Ha HOXHOM
CpegHemYpane n BCunburpu, npobaem c X oTKpbITUEM, Kak MPaBMJI0, He BO3HUKA/I0, MOTOMY 4YTO TpebyeMble 200 AyLU UMENCh.
Bbin gaxe Takue fepeBHy, r4e 6bl10 Mo HECKO/IbKY MeYeTel: HanpuMep, Mo 4 Ky/1bTOBbIX 06bekTa 66110 B Aep. Bosbwas Oka
KpacHoydumckoro yesaa, KpacHosposa OcuHckoro yesga, Kapabosika EkaTtepuHbyprckoro yesgaa, a cpasy 5 Meyeten — B Jep.
KyHawak LLagpuHckoro yeszaa Mepmckoit rybepHun. A BOT B NPOMbILLIEHHbIX MOCENEHUSIX, [Ze CO BTOPOW No10BUHbI XIX B. Havaau
CKIaAbIBaTbCHA MYCy/IbMaHCKME OBLWMHbBI, OTKPbITb MEYETU U MOSIUTBEHHbIE AoMa Obiio Hosbliol npobieMol, B Nepsyto
ouepe/b, 13-3a MaJIOYNCNEHHOCTU MYCY/IbMaHCKOrO HaCeNeHUS — PeAKO rAe NMesoCh HYXKHOE KOIMYECTBO B 200 MYXYMH.

B TO e Bpemsi KONMYECTBO HacCesIeHHbIX MyHKTOB Ha Ypane n B Cnbupw, rae paHee He 6bl10 Mycy/sbMaH, U rae BO
BTOpOW MosioBMHe XIX B. OHW Haya/n NOSIBASITLCS, CTPEMUTENIBHO BO3pacTaso. [epecensiteCsl B ropoga v NPOMbILLIEHHbIE
rocesieH1s, BO3HMKaBLUME NMPY 3aBOAAX, WAXTax, PYAHMKAX U XeNe3HOAOPOXHbIX CTaHuuMAx Ypana n Cubupu, mycyibmaHe
HayaaM Mo HeCcKoNbKUM MpuyMHaM: 3TO obe3semenMBaHME W COLMA/bHOE PacC/oeHue KpecTbsiH, ypbaHM3auMOHHble
mpouecchl U TpyAoBas MUrpaums. 3Ta Murpaumsa boisa obycnoBneHa yBesMYEHMEM KOIMYECTBA HOBbIX A00ObIBAOWMNX U
nepepabaTbiBatoLMX NPOM3BOACTB B Ypasno-COMPCKOM pernoHe, KOTOPbIM Hy>XHbI 6bl11 paboune pyku, CTPOUTENbCTBOM
HOBBbIX >X€/1e3HOAOPOXHbIX MarucTpasnen, B NnepBylo ovepesb, TPaHCCUOUPCKONM XeNe3HON JOPOrM U BCMOMOraTe/bHbIX
XKeNIe3HOA0POXKHBIX MyTen, CBA3bIBAOLWMX C TPaHCCMOOM roposa, 3aBoAbl U NpeanpuaTUs, HaxoasLWMecs B CTOPOHe. 3TO
MO3BOJINJIO MHOFOKPaTHO YBe/MYMTb 0b6beMbl BbIBO3MMOW B LleHTpasbHyto Poccuio roToBOM MpoayKuuu, CAenaHHOM
Ha npeanpuaTusax Ypana n Cubupu, a Takke HapacTUTb MOCTaBKM TOMJIMBA W Cbipbsi Ha NpeanpuaTUs. Takxe pasBuTue
XKeNe3HOA0POXKHOro TpaHcnopTa obaerynno Murpaumto paboyein cuabl U3 panoHos MNoBosxbs U Mpuypanbs Ha Ypan v B
Cnbupb. Hapaay ¢ pycckummn paboymmm CoTHM TaTap U BallkmMp CTaau HaHMMAaTbCS Ha FOPHOPYAHbIE U MeTalypruyeckme
npesnpuaTHs, Kak Ha OCHOBHbIE, TaK 1 Ha BCMOMOraTe ibHble paboTbl (3aroToBKa A poOB, YI/IEXOKEHWNE, JIeCOCM/IaB, NepeBo3Ka
rPYy30B Ha KOHHOM Tsire 1 np.).

O6wWMHbI B TPOMbILWIEHHbIX noceneHusax KOxHoro u CpegHero Ypana

OfHOM 13 caMbIX NEPBbIX Ha Ypasie MyCy/IbMaHCKMX OBLLMH B MPOMbILLIEHHOM NMOCEIEHUM CTaNa MyCy/IbMaHCKas O6LWMHa
KywBsunHckoro 3aBoga BepxoTypckoro yesga [7]. ToyHoe Bpemsi BO3HMKHOBEHWS Ob6LWMHbI HenssecTHo. Camoe nepsoe
apxvBHoe feno, obHapyXeHHoe Hamu, gaTupyeTcs 26 deBpansi 1836 r. 1 sBASETCS panopTom My/bl KylWBMHCKOro 3aBoja
C.Tokmyp3nHa B OM/,C 0 He3aKOHHOM COXMTE/IbCTBE MacTepoBoro byrameTta AH3urMToBa ¢ XeHoto Asmsbekoto Myraneeson,
Yy KOTOpbIX MMenocb nstepo getei. CayyanHbiM 06pa3oM BbISCHUIOCH, YTO MYX C XEHOMN SBASIOTCH POACTBEHHWKAMU U
Byramet aBaguaTh feT Ha3ag yrosopua Asmnsbeky «yexaTb TalHbIM 06pa3om OT mpexHero myxa» B KylWBWHCKUIA 3aBO4,.
MockosbKy peyb B Aesie UAET O COObITUAX 20-71eTHEW JABHOCTW, TO O MPUCYTCTBUM MyCy/bMaH Ha KyLBMHCKOM 3aBoge
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MOXHO rOBOPUTb, MO KpalHen mepe, ¢ 1810-x T. [8]. B 1849 . Tam BbI/10 OTKPLITO MYCY/IbMaHCKOe OZHOKIACCHOE YYUanLLe,
B KOTOpoM npenogasas LapadytanH fxHes. XoTs obwmnHa bblna HeMHorouncaeHHon. Camas paHHsS MeTpuyeckas KHUra,
obHapy>eHHas Hamu, gaTupyeTcs 1867 r. 1 CBUAETENbCTBYET O TOM, YTO B nocesike npu KyLBMHCKOM 3aBOAE HaX04M/NCh 51
MY>XUMHA 1 32 XEHLUMHbI MCIAMCKOT0 BepomcrnoBeaHns [9], K 1900 . obLiMHa Tak M 0CTaBasaCb O4EHb MaIOYNCIEHHON — B
3TOT Nnepwmog, B nocesike KyLBUHCKOrO 3aBOAa NMPOXMBAJI0 BCErO 43 MyCy/IbMaHUHA U 41 MycyabMaHka [2]. Ho gaHHas obwmHa
SIBNISIETCS UCKIOYeHNeM 13 obLyero npaBuaa: BO-NepBblX, OHa BO3HUK/IA B Havasie XIX Beka, a BO-BTOPbIX, Mbl HE MOXeM MoKa
06BACHUTD, Kak MyCy/IbMaHaM yAa10Cb OTKPbITb CAMOCTOSTE/IbHBIN MPUXOZ, NPY HecobatoAeHNM HOPMATUBHOW YNCIEHHOCTU
npuxoxaH. BeposiTHO, B MOMeHT BO3HWKHOBEHMSI TaM MPOXMBaso 6os1iee 200 MyCy/ibMaH, HO BMOCNeACTBUN UX YNCJIEHHOCTb
MoYeMy-TO YMeHbLUMNACH.

Ecan npoaHannsnposath gaHHble O BpeMeHU BO3HUKHOBEHWUSI MyCY/IbMaHCKMX OOLMH B MPOMbILLIEHHbIX NMOCeeHUsAX
B Mepmckon rybepHun, To Mbl YBUAUM, 4TO 6OMbLIAA YaCTb U3 HUX BO3HUK/U B 1890—-1910-€ IT., MPUYEM HA FOAbl NepPBOW
PYCCKOW peBOIIOLMM NMPUXOANTCS Hanbosibluee YNCIO BO3HMKLLMX OBLMH. M 3TO He ciydaliHo, BeAb K Havany XX B. Ha Ypase
y>Ke HacUYMTbIBaNOCh 4 ThicAUM paboymx-Tatap 1 bawwkup. Jllogun, npubbiBLUME U3 Pa3HBIX MECT, HO FOBOPUBLUME HA OHOM si3blke
M MCNoBeAOBaBLUME OAHY PENrUIo, ecTeCTBeHHbIM 0O6pa3oM CTapaincb AepXaTbCs APYr Apyra, Y4eM 3aMeTHO OTIMYaanCh
OT OCTa/bHOM Macchbl paboumx. [NaBHBIMW BHELIHUMW OTANYMAMM bblin cnaboe 3HaHWe Pycckoro fA3blka, 0cobeHHOCTU
rUrMeHbl, MMTaHNS M MOANTBBI [10]. B CBS3M C 3TUM NOHATHO XenaHne MycysibMaHCcKmx paboymx 0bycTponTb Ha HOBOM MecTe
CBOero npebbiBaHNSA XW3Hb B COOTBETCTBUM C NMPEATNUCAHUSMU CBOEN PEIUIUU: OPraHM30BaTb MeYETb UM MOAUTBEHHbIN
AOM, OTKPbITb LWKOY-MeKkTeb, 4yTobbl 0by4aTh CBOMX AeTel B COOTBETCTBUM C TPAAULMSIMU CBOEN Bepbl, MPUFIACUTb UMaMa,
KOTOpbIV AaBan Obl pennrnosHole HacTaBiaeHus. OgHako valle Bcero 3TM coobliecTBa MycysbMaH, obpasoBaBslivecs B
MPOMBbILL/IEHHbIX NMOCENEHUSAX, OblIM HEMHOMOUYNCIEHHBIMU, NMO3TOMY 33 HEMMeHNEM HEODXOAMMbIX 200 AyLL MYXCKOrO MoJ1a
He MOr/In 0pULMaNbHO 3aperncTPUpOBaTL MPUXOZA. B CBA3M CITUM XMUTENAM HECKONbKNX 3aBOACKMX MOCE/IKOB NPUXOANI0CH
06beMHATLCA B O MH NPUXOZ, Kak 3TO cAenanm Bepytowme JlIobBruHckoro, JIsanHckoro n CoCbBUHCKOrO 3aB0OZ0B, KOTOPbIX
[AYXOBHO OKOPM/ISI UMaM U3 T. BepxoTypbs, rae 6bl1a oduLManbHO 3aperncTpupoBaHa obLMHa 1 MMEeNCS MONUTBEHHbIM
ZoMm [11]. BepxoTypckuii umam Xukmatysnna laHees (1887-7), paHee 3aHMMaBLUMICS ToproBaen dpykTamm 1 bakanenHbIMu
TOoBapamu [12], conpeseneHHOM NePUOANYHOCTbBIO MOCELLAN STV 3aBOACKME MNOCE/IKM, OTCTOSLLME APYT OT APYra Ha HECKO/IbKO
[,eCATKOB BEPCT.

B cxoxeM nosoxeHWM okasbiBaANCb U MHOTME MyCy/bMaHCKMe OBLMHbI NPOMbILLIEHHbIX noceneHnin OpeHbyprckon
n Ydumckor rybepHUn, pacnosioXeHHble Ha TeppuTopuM coBpeMeHHor YensabuHckon obnactu. Tak, MMam-xaTbib
MOJIMTBEHHOrO AOMa Ha AMo/vHapueBckoM npumncke Myxametcagblik Carugees (HbiHe T. [aacT) nocne odpuumanbHOM
perncTpaLmm npuxoaa 12.06.1906 r. Take 4yXOBHO OKOPMASA paboumnx Ha 3010Tbix npumckax Koukapckoi n Kocobpogckoi
cnctem. MycynbmaHe KycuHCkoro 3aBoga 3/71aTOYCTOBCKOrO ye3za Ha pybexe BeKOB CymesM opraHu3oBaTb Ass cebs
MOJIMTBEHHbIN JOM, HO COBCTBEHHOrO MMaMa He UMenn U Bbln BbiHYXAeHbl Nepuoanyecky npuraawate Kk cebe nmama
MeueTun 4. KackmHOM 2-i ANSIMHCKOM BOMIOCTU TOTO Xe ye3/a, K NPUX0Ay KOTOPOro oTHOCUAUCL. KaxAbl npuess nmama
ANMHOM B 18 BepcT M 06paTHO «Co3AaBan A/ HUX OrpOMHble HeyAo6cTBa, TpeboBan 3aTpaT BpeMeHn 1 geHer». Mmam
MOJIMTBEHHOrO foMa B noceske npu CaTkMHckoM 3aBoge CasvxbaH Tarmpos, BO3r1aB/sBWMN B 1899 . MPUXOZ4 BHavase B
KayecTBe «npuKoMaHanpoBaHHoro» OM/C, a 3aTeM M MOCTOAHHOIO MMaMa, Takxe obCcyxmBaa U HaceseHne Banxalien
OKPYTM, B YaCTHOCTW, 3aBOACKON Mnocenok npu bakanbckom KaseHHOM pPyAHWUKE, HAXOASLLMIACS 3@ 22 BepCTbl OT CaTKMHCKOro
3aB0O/a, YTO OTHMMAJIO Y CBALLLEHHOCYXMTENA O4eHb MHOro BpeMeHu. CaMoCToATe IbHbIN NPUX0Z MycyabMaHe Bakanbckoro
PYAHWKa CMOI/IY OPraHM30BaTb TO/IbKO NOC/1e PeBOMOLMNM 1917 T. [13].

MIMeHHO no 3ToW NpuYMHe — JaNbHOCTb PAaCcCTOSHUA U PEAKUIN NpUess CBALLEHHOCTYXUTENS — CTall OCHOBAHUEM ANS
MyCY/IbMaH 3aliTaTHoro ropoga Ananaw Mepmckoli rybepHum (coBpeMeHHbIM Ananaesck) 0bpatntbes B OM/C ¢ nMcbMeHHON
npocbboi 0 paspelieHnn MOCTPOMKM COBCTBEHHONO MOJIMTBEHHOTO fOMa. MecTHble Mycy/sbMaHe, GblBlIME KpecTbsiHe,
no npevmylyectsy npubbiBlive n3 KasaHckon n Youmckon rybepHuii agns paboTtebl Ha AnanaeBckoM 3aBoge, Bblbpanan B
KayecTBe CBOero npejcTaBuUTeNs KpecTbsiHMHa A3aneBckol BonocTu CBusxckoro yesga KasaHckol rybepHum Fanvynny
®ansynnunHa 1849 r. p., KOTOPbIN U COCTaBWU/ Bbllleyka3aHHOe NUCbMO. B A0KyMeHTe, HanMcaHHOM 12.11.1907 I, Xe/aHue
MOCTPOUTb MOJIUTBEHHbIN A0M O6BACHAETCA TEM, YTO «B FOPOAE STOM M ero OKPeCTHOCTSAX MPOXMBAET MHOrO MaroMeTaH, a
camas 6113Kas K HUM MeYeTb 1 AyXOBHbIe nLLa HaxoAATcs B KyLWBMHCKOM 3aBOAe 3a 200 BEPCT, NOYeMy KpanHe HyXAatoTcs
B 6orocsyxxeHusx n TpebooTtnpasaeHusx» [6]. COOTBETCTBYtOLee pa3peLleHre Ha MOCTPOMKY MOIe/IbHOrO goMa Bbiao 4aHo
B 1908 I. [NepMckuM rybepHcknm npasaeHnem ykasom N2 4419 oT 29.07.1908.

B Mepmckon rybepHun Ha BorocsoBCkOM MeAHOM pyAHWKe MeyeTb 6bl0 pa3spelieHO MOCTPOWUTb 02.03.1907, Ha
LLlypknHckom npumcke — 26.02.1907, B MNecyaHke TPOULLKOro NMPUUCKa MOIUTBEHHBIA J0OM NOsBU/CS 26.02.1907, Ha HudxHe-
TarnnbCKoM 3aBOZE MOIMTBEHHbIN JOM NOSIBU/ICS 30.09.1909... [2]. Takxke Tam 6b11M 06pa3oBaHbl CAaMOCTOATE/IbHBIE MPUXOAbl
€ CObCTBEHHBIM LUITATOM AyXOBeHCTBa. Boobuue B nepBoe gecaTunetne XX B. 6bl1a OTKPbITa NOJIOBUHA (12 U3 24) MeYeTen n
MOJ/IMTBEHHbIX 4OMOB B [epMckoi rybepHuu.

Yem xe 06bACHUTL CTO/Ib BYpHBIN pocT? Ha 3To AecsiTwneTve NpUXOAMTCS MepBasi pycckas peBOJIOLMUS, BO Bpems
KOTOpOM MyCy/bMaHe NPOSB/S/IN BbICOKYIO 0b6LLeCTBEHHO-MOANTUYECKYIO aKTUBHOCTb B H6opbbe 3a ysydlleHue cBoero
MpaBOBOro No/soxeHus. B yacTHocTH, B 1905 I. bblia co3gaHa nepBas Bcepoccuiickas ncaamckas naptus «ttudak anb-
Mycammuny» (Cornacne MycyibMaH), NpeACTaBUTENN KOTOPOW B COCTaBE NApTUM «KaJEeTOB» MPUHSAAN y4yacTve B Bbibopax B
locyaapcTBeHHyto [lyMy 1 06pa3oBann B HEM «MyCy/ibMaHCKyto dpakLuio» B COCTaBe 22 AenyTaToB (1-1 [ocyaapcTBeHHas!
JymMa). MOLLHbBIM CTUMY/IOM K YBEMYEHMIO MPOCHO K BACTAM 06 OTKPbITUM HOBbIX MeyeTel 1 06pa3oBaHMI0 CAMOCTOATE/IbHbIX
npuxogos ctan MimeHHon Bbicovanwnii Ykas lMNpasutenscreytowemy CeHaTy «O6 ykpenneHMM Hayan BepoOTepnmnMMOCTu,
noanucaHHbin Hukonaem ll, n ogHonmMeHHoe Beicovaiiluee yTBepxaeHHoe MonoxeHne KomuTeTa MUHUCTPOB OT 17.04.1905 T.
B nn. A) n.1 cT. X. BTOPOro fokymeHTa cojepxanocb TpeboBaHWe npesocTaBUTb 0COHOMY COBELLaHMIO O BEPOTEPMNMMOCTH
6e3 npeaBapUTe/IbHONO CHOLLEHUS C BeAOMCTBaMM 3aKOHOMPOEKTbl «O COOPYXEHWUU MOJMUTBEHHbBIX AOMOB WHOBEPHbIX
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ncnosegaHniy. Hapsgy ¢ nn. 11 1 12 0 pa3spelieHnn Bo306HOBUTb paboTy 3aKkpbiTbiX Npexae LepKBen U MOJUTBEHHbIX
AOMOB 1 06 ynpoLLeHHOM NopsiZike OTKPbITUS HOBbIX MOJIMTBEHHbIX MOMELLEHNIA /18 BCEX XPUCTUAHCKMX MCMOBeAaHWN, B
MMMNepaTopCKOM yKase Mmenock obeliaHne o6 yyylleHMM NpaBoBOro cTaTyca Mycy/ibMaH [14]. 3TUM 1 BOCMO/b30BaINCh
MycysbmaHe Ypana n Cubupu, oTKpbIB MpUXOAbl B MasoNoAHbIX obwmnHax. B 1910-x rr. Hayasnacb peakums Ha nepsyio
PYCCKYIO PEBOJIIOLMIO, COMPOBOXAABLUAACSH NMEPECMOTPOM MOANTUKN NPaBUTeIbCTBA POCCUICKON MMMNEPUM B OTHOLIEHUM
MYCY/IbMaHCKMX NOAAAHHBIX, TakxXe Hayanach | MMpoBasi BOMHA, B CBA3M C YeM KOIMYECTBO OTKPbIBAEMbIX MeyeTe CepbesHo
COKPaTU/I0Ch.

MosiBneHMe MeyeTel B MPOMBbIW/IEHHbIX MOCeNeHUsX Ypasia Obl1o CBSi3aHO C HeObXOAMMOCTHIO YAO0BIETBOPSTH
noBCeAHEBHble HYX/bl pabounx MyCy/1bMaHCKOrO BepoucnoBeaHus. «/IMeem cyxgeHne 0 HallMX AyXOBHbIX MOTPebHOCTAX,
npoxwuBasi BAANM OT MaroMeTaHCKUX MPUXOA0B, Mbl HE MMeeM BO3MOXHOCTW OTMPaB/sfTb CBOM MOJMTBEHHble 0bpsabl
MpY MONNTBE BO BPEMS HALIMX MOCTOB, MPU POXAEHUWN MIAAEHLEB, NpW NnorpebeHnn yMmepLimx MaroMeTaH, — NMcaau B
06LecTBEHHOM NPUroBOpeE 170 MyCy/IbMaH EFopLIMHCKMX KaMEHHOYrOIbHbIX Konen MpbuTtckoro yesaa Mepmckon rybepHum.
— Bce 311 Tpebbl y Hac YacTOBPeMEeHHbl, MaroMeTaHCKOrO AyXOBEHCTBA CPeAM HaC HeT, MO3TOMY, MMes HaCTOATe/bHYIO
HYXAY B OTNPaBAEHWUU fyXOBHbIX PE/UrMO3HbIX 06PSAO0B, Mbl € AMHOMNACHO BbICKa3aan XeslaHne — MOCTPOUTL B CeleHUM
EroplumnHckux konem MONNTBEHHBIN J0M» [15].

MycynbmaHe obpaliasmce ¢ npocbbor 06 OTKPLITUM MOAWTBEHHOIO JOMa WAM MEYETU B MPOMbILLIEHHOM
nocesnke, B NepByto oyepesb, K aAMUHUCTPaLUW NPeanpuUsSTUIA, KOTOpPble, KaK MpaBu/Io, NOMOraju BOWTU B CHOLUEHME C
ry6epHCKMMM BAACTAMM. Tak YTO Aaxe MaSOYMCIEHHOCTb OBLWMHbBI 334acTylo He AB/SNACk MPUYUHOM AAs TOro, Y4TOObI
He YAOBNETBOPWTb MpOLUeHMe MycCy/bMaH. HepeAko camMa aAMWMHWUCTPaLMsi MPeAnpuAaTUsS romorana Mycy/lbMaHaMm C
nometieHnem uam bpana Ha cebsi HEKOTOPYIO YaCTb PACXOAOB MO COAEPXKAHMIO MOJIMTBEHHOIO NMOMELLEHNSA U AyXOBHOMO
nmua, nnbo coszaBana HeobxoAMMble YCNOBUSA ANA akKyMyasaLumMn Heobxoanmbix cpeacTs. Hanpumep, B nnceme 8 OM/C
oT 16.11.1906 r. YnpaBaeHue Borocs0BCKOro ropHoro okpyra yBeAoMasn0 MyGTUST O TOM, YTO MyCy/bMaHe pygHMKa
«LLaxTbl» 1 YnpaB/ieHWe AOroBOPWMANCL O TOM, YTO C UX EXEeMeCsyHOro 3apaboTtka byaeT yaepXuBaTbCs 0,5 Komeek C
py6/1s AN151 BO3HArpaxAeHus TpyAa MMaMa W ero MoMOLLHMKA, @ TakxKe Ha COAepyKaHus LWKo/bl — MekTeba. B cBoto oyepesb
camo Ynpas/ieHve BorocnoBCKOro ropHOro okpyra BblAenn0 2000 pyb. Ha CTPOUTENBCTBO MeYeTU U goma umama [16].
AAMUHUCTPaLMS EroplunHCKMX KaMeHHOYro/bHbIX konel MpbuTtckoro yessa Ha 6e3Bo3me3fHON OCHOBe npeAoCTaBuAa
MyCy/ibMaHaM NoMell,eHne 418 OpraHM3aLMm B HeM MOJIMTBEHHOr O J0Ma 1 Ha3Ha4uaa uMaMmy 3apaboTHyto naaTy B pasmepe
25 pyb. B Mecsiy, [15]. B AnanaeBcke «MeyeTb MOCTPOUIN XepTBOBaTENN U BaaroAeTenn co CTOPOHbI A1lanaeBCKOro 3aBO4a»,
- ¢ yaosneTBopeHuem nucan B8 OM/C npeactaBuTelb MycyibMaHckol obwmHbl . ®ansynnuH [6]. AHanormyHeiM obpasom
Ha FOxHoM Ypase 3010TONPOMBILWIEHHWK MaBpumna Epmonaesny MoABUHLLEB NOCTPOWA A5t CBOMX TaTapCKMX M BalKMpCKux
paboTHWMKOB MyCy/IbMaHCKNA MONMTBEHHbBIN J0M Ha ANOA/IMHapUeBCKOM npumncke, B6m3m nocesika Koykapckoro (HbiHe T.
Mnaact Yensburckon obnactu) [13]. VI3 aHHbIX MPUMEPOB BUAHO, YTO ypasibCkue NPeAnpuUsTUS A0BOJIBHO YacTo bpanan Ha
cebs drHaHCOBbIE M34epPXKM MO OpraHn3aLum n 0byCTPOMCTBY MOJIMTBEHHbIX NOMelleHMI A5 paboymx, MCnoBeA0BaBLLIMX
ncnam, Nockosbky camm paboune He MMenn CpeACTB Ha 3TO.

OgHako Tak 6bl10 ganeko He Be3ge. B nocesnke HagexauHckoro 3aBoga (coBpemeHHbIM . CepoB CBepa/oBCKOM
061acTH) Mycy/ibMaHe MOCTPOU/IN MeYeTb Ha COBCTBEHHbIE CPeACTBA, @ Ha MPOCLObI BepyIOLWMX, MOCTyMNaBLWMe B 1910—111T. O
BblAE/IEHUM fieHer Ha «CoAepXaHNe MeyeTH, PEMOHT, OTOMN/IEHWNE, OCBELLLeHMEY U AP. HYXAbl, aAMUHUCTPaLUS NpeanpuUsaTus
oTBeYasia 0TKasom [17].

®opmurpoBaHue blogxeTa Ha CTPOMTENLCTBO M COAEPXKaHME Xpama MHOTAa MPOUCXOAMO0 CaeytoWnM obpa3om: YaeHbl
MYCY/IbMaHCKMX 06LWMH 06paLLasnch C Mpocbbo K aAMUHUCTPaL UM MPeANPUATUN y4ePXMBATb U3 UX XKaT0BaHUS eXXeMecayHo
ornpejesieHHyto CyMMy, BCAeACTBUE Yero GopMUpoBacs HEODXOAMMBbIV KanuTan, WeALWI 3aTEM Ha COAepXKaHNe MeyeTn 1
AyxoBHbIX anL, [18]. IHoraa Haxoauanch 406pble NOAM U3 YMCIA COCTOSITE/IbHBIX YIEHOB OBLMHbI, KOTOPblE NepejaBasiu
MoZ Peanrno3sHble HyXAbl yXKe MMeBLIMeCs 3AaHns Anbo cTponan HoBble. K npuMepy, COCTOATENbHBIN MyCyIbMaHUH U3 4.
Cadagxarn Cumbupckon rybepHum LLnan (LLnxa6) Baxntos noxepTsoBaa Mycy/ibMaHaMm HXHeTarnibCckoro 3aBo4a 40M Ha
BeToxuHol yauue, 4. 18 Ans opraHusauum B Hem MeyeTn. OH pyKOBOACTBOBA/ICA TeM, YTO 3HauMTe/IbHas YacTb MyCy/IbMaH
66111 ero 3emasKaMm — Boixoguammu ns Cumbupckon n Huxeropogckow rybeptumii [19].

B mpouecce pa3sBuTUS 3aBOACKMX MOCENEHUIA U PaCLUMPEHWUST MPOM3BOACTBA 0OPa3oBbIBA/IMCL U BeCbMa KpYrHble
MyCy/ibMaHCckune 0B nHbL. K MX 4nMCny OTHOCATCS yXKe yrnoMsiHyTble 061 MHbI HuxkHeTarnabckoro n HagexamHKoro 3aBofoB,
a Takxe obwmHbl . Muacc n 3natoycT Ha FOxHoM Ypane. Ha HuxHeTarnabckom 3aBoge Mycy/ibMaHckas oblwmnHa Havana
dopmupoBaTtbes B koHLe XIX B. 13 ypoxeHueB CMMbupckon rybepHum, ycTpanBaBLUMXCA Ha 3aBOZ U PYAHUKKU B KayecTBe
yepHopaboumx. YacTb TaTap nocTynuaa Ha cayxby K Kynuam, 1 ¢ Te4YeHneM BpeMeHUW npeBpaThiacb B MeJIKMX TOProBLeB
[10]. B apXMBHbIX MCTOYHMKAX MO UCTOPUM MycCysbMaH HagexanHckoro 3aBoga (HoiHe 1. CepoB CBepg/ioBckor 0biacTtu),
rae npoxwuBasno bosblie 1000 MyCy/bMaH, CpeAn akTUBMCTOB MyCY/IbMaHCKOM Ob6LWMHbI BCTpevatoTcs: paboune, menkue
TOProBLbl, NOAPAAUYNKM OMpeeeHHbIX LLeX0B, PeAKo — NpeACcTaBUTeNn MHTeNAnreHuun [20]. B 3natoycTe mycynbmaHckas
obuwuHa 6bina Hebo/IbLLIOW, B NEepBOM NONOBKHE 1890-X I'T. TaM NPOXMBAIO OKOJI0 70 MYCY/IbMaHCKMX ceMel. BosblMHCTBO
TaTapCcKMx nocesieHL,eB B ropoge 6biav BoixogLamu ¢ npaBobepexxHon FropHom cTopoHbl Boaru, ns Lineuabckoro n CBUSXCKOro
yesz0B Ka3saHckol rybepHumm, a ballknpckoe HaceieHWe CTeKanoChb B rOPO/ Ha 3apaboTku 13 pas/InyHbIX AepeBeHb CamMoro
3natoycToBckoro yesza Youmckon rybepHum. Ho k 1897 r. yncieHHOCTb 06 MHBI 3HAUMTeIbHO BO3pOca. o gaHHbiM [MepBol
BceobLien nepenncy HaceneHns Poccuiickoin nmnepun 1897 r., B 371aTOyCTe NMPOXMBAO 456 MycysibMaH (2,3 % oT obuiew
YMCNEHHOCTH), B TOM YnC/le TaTap — 277 1 balkmp —179. Kak oTMeyaeT opeHbyprckuii nccnegosatens J. H. [leHncos, K 1902
I. «B 3/1aTOYCTe NPOXMBAIO MOCTOSHHO 227 MY>XUMH, NCMOBE0BABLUMX UC/1aM, U BPEMEHHO ellie 0KOJ10 300, B TOM YMC/e 219
pabounx Ka3eHHOro 3aBoAa 1 opyXenHor $abpuku, 33 HUKHMX YMHA B YETbIPEX POTaX 214-ro MOKLIAHCKOrO pe3epBHOMO
6aTasboHa, 11 YesI0BEK B 3/1aTOYCTOBCKMX MECTHOW M KOHBOMHOM KOMaHZax, 10 CAyXallmx ropogckon noamumnm. Kpome Toro,
0T 50 A0 85 MyCy/IbMaH eXerogHo npunbbiBaan co BCEro yesza B 31aTOYCTOBCKYIO 3eMCKYt0 60/IbHULLY, @ CpeAu 3aKk/04eHHbIX
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CpegHee KOIMYECTBO NpUXOXaH MeyeTei Mepmckoit ry6epHuM B 1900 I. ¢ pa36MBKOI MO ye3aaM M TUNaM HacesleHHbIX
NyHKTOB, yen.

Ye3p, TN noceneHus JepeBHs (My>X/>XeH) Fopog (My>x/>xeH) lMpombiwneHHoe noceneHune (My>x/xeH)
BepxoTypckuii Her H.a./H.4. 130/30
ExaTepuHbyprckumm 196/172 170/148 H.a./H.z.
NpbuTckuii Het H.a./H.4. 118/44
KpacHoydumckunii 226/202 H.a./H.4. Het
KyHrypckumn 125/113 H.a./H.4. Het
OcuHCKkmi 253/224 207/185 Het
Mepmckunin 310/287 450/211 416/160
Connkamckmim Het H.a./H.4. 77/38
YepabiHCKMM Het H.a./H.A. H.a./H.A.
LaapuHcknii 291/247 210/190 Het

B MeCTHOM TiopbMe OblI0 A0 30 MyCy/IbMaH, KOTOPble TakXe HyXAa/MCb B JyXOBHOM HaCTaB/J€HUWU W OTMpPaB/EHUU
pPesMrnosHbix 0bpsA0B, NpeanmncaHHbIxX Wwapratom» [21]. B nocenke Muacckoro megennaBuibHOro 3aBoAa 60/IbLIMHCTBO
U/IeHOB MYCY/IbMaHCKOWM OBLiMHbI, KOTOpas B Hayane XX Beka MpeBbillasa 1000 Yen., paboTanu Ha METanaypruyeckom
MPOV3BOACTBE M B rOPHOAODLIBAIOLLEN MPOMbILIEHHOCTH, 3aHWMAIUCh HAEMHbIMU U MOAEHHBIMW paboTamu, CeabCkUM
X03AMCTBOM, TOProssiew [22].

Takve obLWMHbI pa3BMBaANCL NOAOOHO FOPOACKMM MYCY/IbMaHCKUM O6LMHAM ry6epHCKMX U ye3AHbIX LeHTPoB [23,
24], co34aBasi CBOMCTBEHHbIE A/ FOPOAOB UHCTUTYTbI, Hanpumep, B HuxHem Tarune 6bi10 co3gaHo «HuxHe-Tarnabckoe
MYCY/IbMaHCKOe Ky/IbTYpHO-3KOHOMMYeckoe 1 bnarotBoputesibHoe obuwecTBo» (PalioH fgeAatenbHoCcTn HukHe-Tarnabckuin
3aBog 1 BepxoTypckuit yess, BHeceHo B peecTp lNepmckoro rybepHckoro no gesam o6 obuecTBax NpucyTCTBUS 10.07.1909)
[19] v BubanoTeka-uMTanbHA A MycynbMaH [25]. AxyH r. Muacc CanaxytamH Caxmb3agosuy bawmpos (29.09.1862 — nocse
1923) opraHu3oBan Tunorpaduyeckoe NpeAnpusaTHe, KOTOPOE BbIMyCKaN0 CBETCKYIO M PEAUTMO3HYIO MEYaTHYHO MPOAYKLMIO
(B 4aCTHOCTHM, MyCy/IbMaHCKMe KasleHAAPW), YacTb NPUbLIM OT AaHHOro 6r3Heca Wa Ha CoAepXaHue MeyeTu (0T KOTOPOM A0
Cero AHs 0CTasCs TONbKO MUHapeT) u MekTebe [26]. B HagexanHcke feicTBOBasO Cpasy ABe MeyeTu [27].

OpHako An15 Bcex OBLMH NPOMBILLIEHHbIX MOCENEHMI BHE 3aBUCUMOCTM OT YUCIEHHOCTU MyCy/IbMaH bblna xapakTepHa
rUraHTCKas reHgepHas 4UCNPONopL M — KOJIMYECTBO MY>XUYMH MHOrOKPATHO MPEBbILLIA/0 KOIMYECTBO XeHLWMH (CM. Tabauuy).

AHannsmpys gaHHble Tabaunubl, 06paTMM BHMMaHME Ha TO, YTO Be3Je KOJIMYECTBO MYXYWMH MPEBbILLAET KOANYECTBO
XeHLWWH. Ha cene, KOHeYHO, pasHMLa Hebo IbLIasi — YNCI0 KONebNeTCs B Mpesesiax 20 Ye0BEK B M0JIb3Y MY>XUMH, B FOPOAAX
3Ta pasHuua bosiee 3ameTHa, Hanpumep, B MNepmu B Havyasne XX Beka KOIMYECTBO XEHLMH B 2,5 pa3a MeHblle KoJM4ecTBa
MY>XUMH. Ho 0cObeHHO Benunka reHAepHasi AMCMPONOpLMs B MPOMbILL/IEHHbIX MOCENEHUSAX — FA4e-TO KOJMYECTBO MYXYUH
npeBbIllaeT KOJIMYECTBO XEHLIMH B 2, @ F4e-TO B 4 pa3a. ITO CBUAETE/IbCTBYET O HeJaBHeM BpeMeHu obpa3oBaHus 06w nH
B NMPOMBbILL/IEHHbIX MOCENEHUSAX U UX HEYCTOMUYMBOM XapaKTepe: HEMHOMUM MyX4YMHaM YAa/0Cb MPOYHO BCTaTb Ha HOMM Ha
HOBOM MecTe, 4TObbl NepeBecT CBOK CEMbIO.

O6WMHbI B NpOMbILL/IEHHBIX NoceneHnsax Cubunpu

Bce yka3saHHble TeHZAeHL MM bbl B NOJHOW Mepe XapaKTepHbl 1 A5 MPOMbILLIEHHbIX noceseHnii Cnbupu. K npumepy,
Ha TeppuTopumn coBpemMeHHoW KemepoBckon 06aacTi, A0 PeBOMOLMM BXOAMBLUEM B COCTaB ToMCKOM rybepHun, K
3TOMY TUMY OTHOCSATCS MYyCy/ibMaHCKMe o6WwuHbl AHXepckmX U Cyz>KeHCKUX KaMeHHOYro/bHbIX Konew. Moc. AHxXepka U
CyfKeHKa BO3HMK/M B 1897-1898 IT. B X0A€e CTPOUTENbCTBA X/A4 MarncTpaan U paspaboTKmM yrosibHbIX MECTOPOXAEHUN.
Ha mecTopoxgeHun TpeboBanunck pabouve pyku, U B AaHHble NMOCESKN YCTPEMUANCE MUTPAHTLI U3 YMcna Ge3semMenbHbIX
N Mano3emesibHbIX KPeCTbsiH, B T. Y. TaTapbl. B 1910 r. Ha AHXepCKUX KOMAX HAaCUMTbIBANIOCh 78 MYXUUH U 74 XEHLUHbI U3
MOBOJIKCKMX TaTap-nepeceneHLeB, a Yepes /Ba roga obpasoBaH NPUXo4 C MOJIMTBEHHbIM AOMOM. YKa3HbIM MMaMOM 3HauMCs
X. lU. MyxameToB, yTBepXAEHHBIN TOMCKMM ry6epHCKMM ynpaB/ieHneMm 4.10.1912 . B obonx nocesikax mycysbmaHamu 6e3
oduuManbHOro paspeLueHus Hblin opraHnM3oBaHbl ABe MekTebe. B 1914 I. OHW BbISIB/IEHbI BAACTSMU U 3aKPbITbl, MOCKO/IbKY
TaM «BeAyT arMTaLuio o HeobXOANMMOCTHM CNIOYEHUSI MyCy/IbMaH BOKPYT LIKOA B ylepb rocy4apcTBeHHbIM MHTepecam». B
1915—1916 . MeKkTebe BHOBb Obl/IM OTKPbITbI, HO Y>Ke M0 pa3peLLeHuto BaacTel [2, 28, 29]. MNepey peBoitoLMEl B LAXTEPCKUX
nocesikax HacYMTbIBANOCh YK€ OKOJI0 OFHOM ThICAYM MOBOIXKCKMX U CMBbUpCKMX TaTap [29].

AHanornyHelM obpasom B MapTe 1913 . B Yy 6b110 HanpaBaeHO npoLleHre 06 OTKPbITUM NATUBPEMSAHHON MeYeTH Ha
Bapukynbckmnx 1 AnekcaHapoBCKUX pyAHMKax MapuUHCKOro ropHOro OKpyra, rae c cepeguHbl XIX B. fo6biBaAn 3051070
(coBpemeHHbIN noc. bepukyab Tucynbckoro parioHa Kemeposckon obaactu). XogaTancTBO HampaBuanM 202 MyCy/IbMaHMHa
My>xckoro nona. PaccmoTpes geno, OM/ZC HanpaBuio xoAaTakcTBo TOMCKOMY rybepHCKOMY YNpaBAeHWUIO O paspeLueHnmn
Ha MOCTPOMKY MEYETH, T. K. «TIPOCUTENN 33 HenMeHneM Boobiye B MapuumHckom MopHom Okpyre MeyeTen, TepnsaT 60/1bLuyio
HYXZay B borocayxeHusix 1 Tem 60s1ee B 0TNPaB/ieHUM pa3HOro poga Tpeb... ToCcTponky cobopHol MeveTn Ha Bepukynbckom
pyAHvKe MapunHckoro FfopHoro Okpyra 3a MHOrOYMCIEHHOCTBIO MPOXMBAIOLWMX TaM MaroMeTaH U He MMeBLLUEM B palioHe
Toro Okpyra Boobuie MmeyeTy, MarometaHckoe JlyxoBHoe CobpaHue cuMTaeT HeobxoamMbim» [30].

Ho 3Ty MeueTb OTKpbITb He yCrnesiv, MoMeLLaan PEBOIOLMOHHbBIE COOBITUS. A BOT MX KOJIIEMN —30710TOA00bITUMKM 13 NOC.
MprAOPOXHBIN 3n1aTOropckoi BosocT MapuUUHCKOro yesza okasaancs bonee ycnelwHbiMu [31]. B 1914 . oHM 06paTuamCh ¢
xogaTancteom B OM/C o cTponTenbcTBe cOBOpHOM MeyeTn M 06pa3oBaHNM CAMOCTOATE/ILHOMO Npuxoaa. B gene nmeetcs
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WHTepecHas npunucka: «OKPYXHOW 671aroUYMHHbBIN AOHeC, YTO MOCTPOMKa MeyeTn B nocesike MpUAOPOXHOM OMACHOCTH
AN1A OKPY>XaloLero npaBoC/IaBHOrO HaceseHUA B PEIUrMO3HOM MaHe He npeAcTaBaseTr. 3akoH: cT. 156 Xll 4. YcTaBa
CTpouTenbHOro — coopyskeHve B MaroMeTaHCKMX MPUX0Aax MeyeTel J0MnyCcKaeTcst B TOM TO/IbKO C/ly4ae, eC/iv OT NOCTPOeHUs
MeyeTn He MOXET NPOM30MTH CO6/1a3Ha B BEPE A/ XUBYLLMX BMECTE C MaroMeTaHaMu XpUCTUAH U HOBOKPELLeHbIX TaTap»
[32]. MockonbKy HapyLueHWsi 3aKoHa He bbl10 1 61aroUMHHbBIN CO06LWas, YTO HUKOMY M3 XPUCTUAH «Cco6/1a3Ha» HOBasi MeyeTb
He Npou3BeAeT, MyCy/ibMaHe MOy4Yn/IN paspeLleHne Ha NOCTPOVKY MeyeTH. B 1916 r. npu nocpesgHuyecTse 3aBeAytoLiero
1-rO 30/10TOMCKOBOrO MOAPa3Ae/eHnNs, YMHOBHUKA OCObbIX MopyyeHuin TypuveBa MycCynbmaHe obpaTuancb k TOMCKOMY
rybepHaTopy C X0AaTalCTBOM O paspelleHun nposeeHus cbopa NoxepTBOBaHUMA «CpPeAM MaroMeTaHCKOro HaceneHus
Tomckom rybepHum 1 rop. Tomcka Ha MOCTPOMKY MeYeTH», MOCKO/IbKY «MMEIOLMNCA Y HUX B HACTOsILLee BPEMSI MOIMTBEHHbIN
ZOM Masn v NPUXOAUT B BETXOCTb» [33]. OHaKO OT UCMO/HAIOLWEro J0/XXHOCTb TOMCKOro BULle-rybepHaTopa npuilesn oTeeTt
06 oTKase B y0B/IETBOPEHMM 3TOM NPOCLObI: «H HE NMPU3HaN BO3MOXHbIM BO3OYAUTL Nepes MuHmctpom BHyTpeHHMx Jen
XO/,aTalcTBO O paspelueHnmn nm cbopa NoXxXepTBOBAHWMN CPesM MaroMeTaHCKOro HacesieHNs TOMCKOM rybepHMM Ha MOCTPOMKY
MeyeTn B noc. MpuAOPOXHOM, Tak Kak MUHMUCTEPCTBO TakOBble XOAATaMCTBa OTK/IOHSET BBUAY 0COBbIXx 06CTOSTENbCTB
nepexmBaeMoro BpeMeHu, TpebytoLnX UCKAIOUNTENbHOMO HaMNPSXXEHNUS JeHeXHbIX CPeACTB HaceneHus» [33]*. OgHako faxe
B ycn0Busx | MMpoBol BOMHbI MycCy/ibMaHe noc. MpuAopOXHbIM BCe e CMOI/IN MOCTPOUTbL MeYeTb.

MycynbmaHe akTMBHO paboTann He TO/MbKO HA LWaxTax WM PyAHMKAX, HO M Ha CTpouTe/bCTBE TpaHccMbupckon
marnctpann. B 1896 r. brarogaps xene3HoA0POXHOMY MHXKEHepy-M3blckaTento MapuHy-MuxanioBckomy, 060cHOBaBLLEMY
MOCTOBOM Nepexog Yepes peky Obb He yepes Tomck, a toXXHee, Yepes AepeBHio KpMBOLLEKOBO, HaxoasLytocs B 80 KM OT
rybepHckoro LeHTpa, TpaHccmb npolues oxHee. OTBeTB/EHNE Ha ropoA Tomck oT TpaHccnba bb110 OpraHM30BaHO B M1y XoW
Taure. [loaTomMy 06pa30BaBLLYHOCS Y3/10BYHO CTAHLMIO CTa/IN Ha3blBaTb «TOMCK-TaeXHbl», a o3Hee NpocTo «Tanra». BecHom
1907 I. OT 250 MYCY/IbMaH, NMPOXMBABLLNX B NOCE/Ke MpU CTaHLUuUK «Talra», obpaTnance B Ynpas/ieHWe rocyAapCTBEHHbIMM
nmMyLLecTBaMm ToMCKOM rybepHUmM «C XoAaTacTBoM 06 0TBOAe B NMoc. «Talra» KaseHHOro y4acTka 3eM/an nog nocTPOMKy
MeyeTu». B Hauyane mMas gaHHoe nNUcbMo rybepHckmne Baact nepeciann 8 OMZC ¢ BONMpocoM «He MMEETCs M NPensTCTBUM
K paspelueHunto NMOCTPOMKN MeyeTH B Ha3BaHHOM MOCesike, U ABASETCS M HeOBXOAMMOCTb B TaKOBOM». YXe B KOHLe Masl
n3 OMAC npuwen oTBeT: «BBUAY n3noxeHHoro MarometaHckoe JlyxoBHoe CobpaHue onpegensieT: yBeJOMUTb TOMCKOMO
rybepHaTopa, Y4TO K pa3peLieHuntio MOCTPONKM MeYeTH B NMoceske Npu CTaHumm «Tarra», CMbupckon xenesHom Joporu, co
cTopoHbl MarometaHckoro [lyxosHoro CobpaHus npensTCTBUIM He UMEETCS, M YTO MOCTPOMKY B HA3BaHHOM MOCe ke MeyeTH, 3a
MHOFOUYMC/IEHHOCTbIO TaM MarometaH, JlyxoBHoe CobpaHue cumTaeT HeobxogmMmomn» [34]2. AHanormuHbIM obpasom JyxoBHoe
cobpaHue nosgHee BbIAANO paspelleHne Ha CTPOUTEIbCTBO MEYETU Ha CoCefiHel Xese3HOAOPOXHOM cTaHuun Hopra [2].
Takvm 0bpasom, cpasy Ha ABYX Kele3HOAOPOXHbIX CTaHLMAX B ToMckon rybepHum — Talira n tOpra — 6biav npegnpuHATHI
MOMbITKM OPraHM3aL MM MyCy/IbMaHCKMX OBLMH, HO He 3aBepLUeHbl B CUJY PEBOJIIOLMOHHbIX COBLITUI U MPOUCXOAMBLLNX B
cTpaHe 0bLLecTBEHHO-NOAUTUYECKMX NpeobpasoBaHu.

K aHanormyHeiM MycynbMaHCKMM OBLMHAM NPOMBbILLIEHHbIX MOCE/IeHUI MOXHO OTHECTU U MeyeTb Ha HukonaeBckom
3aBoge VpkyTckol rybepHum, ¢ Xo4aTaiCTBOM O MOCTPONKe KOTOPOMN MycynbMaHe obpatuamce B8 OMAC 1 k rybepHckmm
BnacTaM B 1898 r. [35], MeyeTb Ha cTaHuumu Xannap Kutalicko-BocTouHol xenesHow 4opory, pa3peLieHne Ha NoCTPOMKY
KOTOPOM 6bI10 MONYYEHO B 1914 I [36], U psaj ApyruXx.

BbiBOAbI
MoABOAS UTOM MPOBEAEHHOIO WCCAeA0BaHWUS, MOXHO KOHCTATMPOBaTb, YTO Moc/ae Benukux pedopm vmnepaTopa
AnekcaHgpa |l, BcneactBve npouecca obessemesnvBaHUS KPeCTbSHCTBA, HAYaBLIErocs MpOMbIIeHHOro byma U

MHTEHCUMBHOMO E/Ie3HOL0POXHOIr0 CTPOUTE/IbCTB], rae TpeboBannck paboume pyku, COTHU TaTapckux M HaLlKMPCKUX
KpecTbsiH U3 MoBosxbs 1 Mpuypanbs CTanmn OTNPaBASTLCS Ha 3apaboTku Ha Ypan 1 B CMbupe, rae HaHMMaAUCh B KayecTBe
pabounx 1 cesmanCh B MPOMBbILLNEHHbIX NMOCEAEHUAX NPU 3aBOAAX, LaxTax, PYAHUKAX U Xene3HOZ0POXHbIX CTaHLuAX. Jlioau,
npubbIBLIME 13 Pa3HbIX MECT, HO FOBOPUBLLME Ha OAHOM si3blKe U UCMOBEA0BABLUME OAHY PE/INIUI0, eCTeCTBEHHbLIM 06pasom
CTapa/iMcb AepXaTbCsa Apyr Apyra, YHemM 3aMeTHO OT/IMYA/INCh OT OCTa/IbHOM Macchl paboumnx. NaBHbIMU BHELUHUMU OTANYUAMU
6111 cnaboe 3HaHWe pycckoro sA3blka, 0COBEHHOCTU MMIMeHbl, MMTaHWSA U MONNTBbI. CTPYKTypa NMOCENKOBbIX MYCYIbMaHCKMX
O6LWMH cepbe3Ho OTAMYanacb OT TPAAWMLMOHHOM CeNbCKOM OBLWMHBL. TO BbIPaxasnocb B MHOMOKpaTHOM npeobiajaHum
MYXXUMH Hag, XeHLnHaMK, npeobaasaHnm MyxymH TpyA0CNoCobHOro BO3pacTa, BpeMeHHbIM XapakTepoM MX NMPOXUBaHUS U
HEMHOMOUNCNEHHOCTLIO.

EcTecTBEHHbIM XeflaHMeM MYyCy/bMaHCKMX paboumnx 6bl10 06ycTpOUTb Ha HOBOM MecCTe CBOero rnpebbiBaHUs XU3Hb
B COOTBETCTBUM C MPeAnUCaHUAMU CBOEW PeNUruu: OpraHu3oBaTb Me4veTb WAW MOJMUTBEHHBIN AOM, OTKPbITb LIKOAY -
MekTeb, 4yTobbl 0by4aTb CBOMX feTell B COOTBETCTBUM C TPaMLMAMU CBOEM Bepbl, NPUMIacuTb MMaMa, KOTOPbLIN gaBas
6bl penmrnosHele HacTaBsieHus. OHaKo valle Bcero 3Tu coobliecTBa MycCy/lbMaH, obpasoBaBLlIMeCcs B MPOMbILIEHHbIX
nocesieHnsix, BblIM HEMHOrOUMCIEHHBIMYM, MO3TOMY 33 HeMMeHMEM HeobXOAMMbIX 200 Ayl MyXCKOro fnoja He MOrau
odu1LManbLHO 3aperncTpUpoBaTh NPUXOA,.

B atom cnyvae nmbo XuTesn HECKONbKMX MOCENKOB OObEAMHANCL B OAMH MPUXOA W MOJy4ann BO3MOXHOCTb
nepuoAnYeckn npuraallate MMama, MMbo npukpenasancs K 6anxallemMy HaceneHHOMY MyHKTY, rae bbli1a MeyeTb, HO 0ba
BapuaHTa bblan Hey06HBIMM Kak A5 OBLWMHBI, Tak U A5 MMaMa U3-3a 4a/IbHOCTU PACCTOSHUIA U 3HAUMTEIbHbIX BPEMEHHbIX
1 GUHAHCOBbIX 3aTpaT.

Mocne nnbepanvsaunm rocysapcTBeHHON PENUrMO3HON MOAUTUKM BCIEACTBME PeBOJIIOLMM 1905-1907 . MHOrMe,
Aaxe HeEMHOro4ncaeHHble 06 MHbI, CMOrAK 0dULMaIbHO 3aperncTpUpoBaTh NPUXOZ. 3a4acTyto BaaAe bLbl NpeAnpUsTUi
MoMoraan pelwatb agMMHUCTPATUBHbIE BO3MOXHOCTM, 3@ CYeT COOCTBEHHbIX CPeACTB OpraHM3oBaTb W cozepXaTb

"HA PB. ®. N1-295. On. 6. 1. 1536. J1. 1-106.
2Tam xe.
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MO/IMTBEHHOE MOMeLLeHNe, UHOTAa OnaymBaamn ycayrn umama. Ho vaule pabouve, ncnosegyroume nciam, cami Hecan
3aTpaTbl N0 COAEPXKAHWUIO Ky/IbTOBOIO COOPYXEHUS 1 AyXOBHbIX /1ML, MPOCA aAMUHUCTPALMIO NPeANPUATUNA yAepXnBaTb K3
nx 3apaboTka YacTb CPeACTB Ha OMAATY AaHHbIX PACXOA0B.

KpynHbie 06LMHbI B TAaKMX NPOMbILLIIEHHbIX NOCENEHUAX, KaK MOTOBUAMXMHCKUIA, HUXKHeTarnabckumn, HagexanHckun,
31aTOYCTOBCKMIM 1 Muacckuii 3aBoAbl, FAe YACNEHHOCTb MyCy/ibMaH MnpeBblLlasa 500 U Jaxe 1000 YeN0BeK, Pa3BUBaINCh M0
CLLeHapUIO FOPOACKMNX MYCYyIbMaHCKMX 0L MH: 06pa3oBbIBaNN KOMMAKTHbIE MOCENeHUs B paMKax FOPOACKON slokauum (Mx
PYCCKME XMUTENN Ha3bIBaIM «TaTaPCKUMM AEPEBHAMMU» NN «TaTapCKnMuM c1obogamm»), opraHn3oBbIBas 61aroTBOpUTE/IbHbIE
N MPOCBETUTENIbCKNE Y4peXAeHUsd, yqe6Hb|e 3aBeJeHnqa, KoOMMep4deckne npeanpuaTmda, A0Xo4 OT KOTOPbIX LWes Ha
PENNUTrnNo3HbIE HYXAbI.

Bo BTOpOM slecstunetum XX B. MycCy/ibMaHCKMe OB MHbI B MPOMBILW/IEHHbIX NoceneHusx Ypana n Cubmpu ctanm yxe
BeCbMa 3aMeTHbIM fiBJieHneM. VX YncneHHOCTb nepeBasinia 3a HeckoslbKo AecsTkoB. Of4HaKo, MOCKO/IbKY NPUX0s 06beANHS
YPOXeHL,eB Pas/INyHbIX PErMOHOB CTPaHbl, B MyCy/IbMaHCKMX OBLMHaX NPOMBbILLIEHHBIX NoceneHnii He chopMMpoOBasoCh
YCTOMUMBBIX TPAAWLMI, XapaKTepHbIX A8 cena. MNo3ToMy npouecc ux avkeuaaumm B rogbl CoOBETCKOW BACTW Ha Ypane
NPOXOoANN 3HAYNUTE/IbHO Jierdye, 4Yem B JepeBHAX.

B 10 XE BpemMd o6pasoBaHme MYyCYy/Z1IbMaHCKUX O6LIJ,VIH B MPOMBbILWNEHHbIX MOCe/IeHNAX, MHOIrMe N3 KOTOPbIX BMOC1eACTBUN
CTanu ropogamu, obycnoBmI0 Havyano TpaHchopmaL MM ncaamckoro nargwadTa Ypana n Cubmpu ¢ cenbckoro Ha cenbecko-
ropogckoii. MosiBneHMe B NPOMbILLIEHHbIX MOCeKax TaTapCcKoro v 6allKMpcKoro HaceneHus, KOTOPOe TO/IbKO YBEeIMUYK1BaA0Ch
B COBETCKMe Trojbl BCAeACTBME JOOPOBONBHLIX W MNPUHYAUTENbHBIX MUrpauuin, cnocobcTBoBasio GOPMUPOBaHMIO
NONMKY/IbTYPHOIO NPOCTPAaHCTBa 3TUX HACEJIEHHbIX MYHKTOB. A COXpaHeHMe, NyCcTb JAa>Xe Ha cemMelHo-6bIToBOM YpoBHE
ncnaMckon obpsaAHOCTM B rOAbl COBETCKOrO aTensma, MO3BO/M/O fOCTaTOYHO ObICTPO BOCCTAHOBUTL [AeATeNbHOCTb
MycybMaHckunx obLmH nocne pacnaga CCCP.

Cmambs nodzomosseHa 8 pamkax peanusayuu npoekma «/lokanbHbie MyCyAbMaHCKUe OBUjUHBLI 20PHO3AB0DCKUX
nocenerul Ypano-Cubupckozo pez2uoHa» npu noddepicke CcmMuneHOUAnbHOU Npoepammbl 08 MOA0ObIX UCAaMOBed0o8
6nazomsopumensHo2o goHda «3akam» u LUPO «yxosHoe ynpasaeHue mycynbmaH Mockssi».
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YBarkaemble aBTopbi!

Kypnan «Mspectus YITY» my6mukyeT pesynbraThl HAyYHBIX MCCTETOBAHUIT POCCUIICKMX U 3apyOeXXHBIX aBTOPOB Ha pyc-
CKOM M/IM QHITIMJICKOM SI3bIKaX.
K paccMoTpeHnio npuHUMAIOTCst PyKOICH, CHAOKEHHBIE CIERYIOLMMI HeOOXOAMMBIMI KOMIIOHEHTAMIL.

1. TeKCT CTaTBM Ha PYCCKOM M/IM QHITTMIICKOM A3bIKe (160 gByﬂsmqﬂmﬁ) B 97IEKTPOHHOM Bujie. CTaTby IPUHUMAIOTCS
Ha 97IeKTPOHHYIO HOUTY pefakuuu: iuggu-journal@yandex.ru mu6o mpy oMoy sMeKTPOHHON pefaKIyy Ha cainTe juggu.ru.
He momryckaeTcs HampaB/ieHUe B peaKIIMIO CTaTell, yKe MyOMMKOBaBIINXCSA MM NOCTaHHBIX Ha ITy6IMKaIMIo B IPYTHe XYpHa-
ne1. Heo6xomumo ykaseiBaTh Homep YK,

2. AHHOTAIMIA U KnroYeBble cnoBa. O6beM aHHOTALMM JO/KEH cOCTAaBIATh 200-250 C/I0B, K/II0YEBBIX C/IOB JO/KHO OBITH
He MeHee 5. [To aHHOTALMM YNTATENb JO/DKEH OIpPEHE/IUTh, CTOUT I/ OOPAIIAThCS K TIOJTHOMY TEKCTY CTAaTh JIs [IOMTYIeHNs
6oree moxpobOHOIL, MHTepecyoielt ero nHdopmaryu. CTOUT BO3[IEpPXKAaThCsI OT BTOPOCTENIEHHOI MHPOPMALUY ¥ BBIPAXKATh
MBIC/IY BO3MOXKHO 607Iee TaKOHIYHO.

B aHHOTAIIN FOMKHBI OBITH Y€TKO IMPONMCAHBL: AKTYaTbHOCTD, IIeTh PA6OTHI, METOJ MIV METOOIOTHA NPOBeACHIA
paboThI, pe3ynbpraThl padoThI M 001aCTh UX MPUMEHEHN; BBIBOJbI (IIPU HEOOXOXMMOCTH).

TeKCT CTaTbM KO/KEH OBITh CTPYKTYPUPOBAH B COOTBETCTBII C AHHOTALIMENL ¥ COEPXKATh KOHKPETHbIE Pasie/ibl: BBe-
JieHIe, pe3yAbTaThl M UX NpUMeHeHe, BBIBOAbI (IIpy He0OXOAMMOCTH), 3aKTI0YEHIE.

[lepeBoj; aHHOTANMY, KTIOYEBBIX C/IOB ¥ CIMCKA JINTEPATYPbl HA AaHIIMICKMUIL ABIK OCYILECTBIIAETCA ABTOPAMU, TONBKO
€CIIV OHM YBePEHBI B KadeCTBe IIepeBOfia, €C/IN JKe HeT — MepeBOJ OCYILeCTBIACTC pefakiyeil. [lepeBos ¢ MOMOIIBIO 9/IEKTPOH-
HBIX HC%CBO)I‘II/IKOB He MPUHVMALTCSL. }

3. CIycoK murTepaTypbl Ha PYyCCKOM U QHIIMIICKOM si3bIKaX. CCBUIKYM Ha MICTOYHUKY JO/DKHBI MATH B TEKCTE IO HOPSAAKY —
1, 2, 3. B TeKcTe CCBUIKM 3aK/TIOYAIOTCS B KBafpaTHble CKOOKI. KoaecTBO CCBUIOK B TEKCTE JODKHO COOTBETCTBOBATD KOJMYe-
CTBY MICTOYHUKOB JINTePaTypsl B crvicke. Yomunanus TOCT, CHull, npaBus 6e30acHOCTH, HOPMATBHBIX, 3aKOHOJATEIbHBIX
U IPYTUX JOKYMEHTOB, ordeToB 0 HIP, a Taxoke cChbIIOK Ha Heo(uIManbHble UCTOYHUKM B VIHTEpHET HeOOXOAMMO IPUBOLUTD
B TEKCTe CTaThMl WM B CHOCKaX, He BBIHOCS B CIMCOK nuTeparypbl. O6s13aTeNbHO OTpaXkKeHUe B CTaThe MUPOBOTO OIbITA IO
paccMaTpMBaeMOMY BOIIPOCY, CIIMCOK JINTEPaTypPhl JOIDKEH COAEP)KaTh COBpeMeHHbIe 3apyOeskHble cTaTby (He paHee 2013 roga
uspanusi). CIMCOK JIMTepaTyphl ZO/DKEH COEP>KATh He MeHee 15 ICTOUHMKOB, 113 KOTOPBIX JO/DKHO ObIT He 60s1ee 2 cO6CTBeH-
HbIX paboT aBTOpa. Hajidie B CiMcKe MTEPATypPhl yIEOHMKOB, YIEOHDBIX ¥ METONMYECKIX TIOCOOMI, yKa3aHMil IO KypPCOBOMY
U AUIUIOMHOMY TIPOEKTUPOBAHNIO, KOHCIIEKTOB JIEKI[IIT /LS CTYAEHTOB He JOITYCKAeTCsI.

[Ipu odopmnennn crmcka mureparypst y BCEX my6mukaumii, nmetoumx DOI (ocob6enHO 9T0 KacaeTcss MHOCTPAHHbBIX
ny6nukanmit), 3T DOI go/mkHbI 6bITh YKasaHbl (B Bufe rumepccbuiok). Hpumep odopmnenus: 10. Henry D.J., Novak M.,

awthorne EC,, Ertl A,, Dutrow B.L., Uﬁer P, Pezzotta F. Nomenclature of the tourmaline-supergroup minerals // American
Mineralogist, 2011. Vol. 96. P. 895-913. https://doi.org/10.2138/am.2011.3636. Ccblnku JOIXKHBI OBITH paboTatomniye!

4. CBegenns 06 aBropax. Heo6xom1Mo ykas3aTh I KaKIOro aBTOpa Ha PYCCKOM M aHIIMIICKOM sA3bIkax OO, pomx-
HOCTb, YYEHYIO CTeIleHb 1 3BaHUe, MeCTO paboThl (y4eObl) ¢ ykasaHMeM IIOTHOTO [TOYTOBOTO afpeca, KOHTAKTHBII e-mail, KoH-
takTHbII TenedoH, Homep ORCID ID (akkaynT ORCID 06s13aTe/IbHO HO/DKEH COflepXKaTh MH(POPMALINIO 0 MecTe paboThl aBTOpa
u aKTg’aHI/ISI/IpOBaHHbIﬁ HepedeHb MyOIMKaINiT).

. IKCcIepTHOE 3aKII0YEHIE O BOSMOKHOCTH ONyOMMKOBaHMA. B CKaHNPOBaHHOM W/IM pacIeYaTaHHOM BIJE.

6. Cormacne Ha 06pabOTKy ITepCOHAIBHBIX JAHHBIX. MOXXHO KaK IIPUCIAaTh B CKAHMPOBAHHOM BIJiE, TaK ¥ IIPUHECTH B

pemaxuuio. BraHK MO>KHO B35Th B PEAKIINIL.

ITrara 3a myO/IMKALVIO C aBTOPOB HAYYHO-TEXHINYECKIX CTaTell, BK/II0Yas aCIIMPAHTOB, B IIOPAZKe 001IIell odepenyt He B3YMAETCsL.

O(BOPMJICHI/IC crareit

1. Pepaxtop Microsoft Word, rapuntypa Minion Pro. ITons ,[[OII_<I}7M6HTa: neBoe 2 cM, octanbHble — 1,5 cm. Kernb 10, ogunap-
HbIT nHTepBat. A63anHsiit otcTyn 0,63. CTpanuusl Hymepyotcst. He gomyckaroTcst mpobensr Mex/y ab3amamu.

2. B TekcTe [OMYCKAIOTCS TOMBKO OOIENpUHsITbIE COKpalljeHNst CJIOB. Bce coKpalljeHIst B TEKCTe, PUCYHKAX, Tabmmiax
IOJDKHBI OBITH paciin(pOoBaHbL.

3. ®opmyIibl HOMKHEL OBITH HabpaHbI B pegakTope Microsoft Equation 1 mpoHyMepoBaHBI, €C/IU B TEKCTE IMEIOTCA CChII-
KU Ha HyX. [Ipy Habope GOpMy/ U TeKCTa TaTMHCKIE GYKBBI BBIJIENAIOT KYPCUBOM, @ PYCCKIe, Ipedeckie ¥ HUQpPhI — IPAMBIM
upudrom. Kernb mpudra B popMymax omKeH COBIAZIaTh C KerzieM MpudTa OCHOBHOTO TeKCTa. TpUroHOMeTpiuyecKye SHaKu
(sin, cos, tg, arcsin U T. [i.), 3HaKM runepOommdeckux ¢yukumit (sh, ch, th, cth u . 1), 0603HaveHNa XMMIYECKUX 37eMeHTOB (Al,
Cu, Na 1 T. 1.), HekOTOpBIE MaTemaTudeckue TepMuubi (lim, In, arg, grad, const u 1. 7.), uncna win kputepun (Re - Pertnonpaca
U T. [i.), Ha3BaHMs TeMIlepaTypHbIx mkan (°C — rpagycsl Llenbeus 1 T. A.) HAOMPAIOTCS IPSIMBIM HIPUQPTOM.

4. dusnyeckne efMHNLLI IPUBOAATCA B cucteMe CH.

Ipaduueckuit maTepuan
MICYHKY, KapTBI, YePTEXI IIPEFOCTAB/IAIOTCS B 9/IEKTPOHHOM 11 6YMa)KHOM BIIJi€, B [[BETHOM 1/V/IM YePHO-6€I0M MCITon-
Heunu. V3o6paxkeHust ZO/DKHBI OBITh YeTKMMU, KOHTPACTHBIMI. TaO/MIIIBI U CXeMBI JO/DKHBI OBITh IIPUTOFHBIMM [Is IPaBKIA.
Tabmuibl 1 CXeMbl, CKAHUPOBAHHbIE KaK M300paXKeHNs, He IPUHIMAIOTCS.

Ha xaprax obsi3aTeqbHO ykasbiBaeTcsi Maciitab. Ha deprexxax, paspesax, KapTax [JO/DKHO ObITh OTPaKEHO MUHUMAIBHOE
KONM4ecTBO GYKBEHHBIX M LM(PPOBBIX 0003HAYEHMIT, @ X OOBSICHEHNE — B IIOAPUCYHOYHBIX [OANNCAX. Kcepokonun 1 cKaHu-
poBaHHbIe KcepoKomuu (Gotorpaduit He IPUHUMAIOTCSA. PUCYHKM ¢ HeYMTaeMbIMI VIV IJIOXO YMTAEMBIMY HAIICSIMI, C TIOJ-
IIICSIMI «OT PYKI», CIMIIKOM TOHKMMY JIVHUSIMU He IIPUHVMAOTCAL.

IMogpucyHo4YHas IOAMUCH JO/DKHA ObITh HabpaHa 8 KerieM, OCHOBHOI TeKCT B Tabuie — 8 KerieM, LIanka Tabnmis — 8
Ker7eM. JapHIUTypa TeKcTa B pUCYHKax 1 Tabnuiiax — Arial, kerns 8.

Bce cTaTbii TIOf/IEXKAT ABOIIHOMY CIIETIOMY PelLieH3VPOBAaHII0, MHEHIIE PelleH3eHTa BCerja JOBOAUTCA [0 CBEfleHIsI aBTOpa.
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Vicumapy A. PacipocTpaHeHNe 1 paccesHMe BOJIH B Cly4aliHO-HEOTHOPOAHBIX cpefax. M.: Mup, 1981. 280 c.
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[TamsiTKa AAS1 aBTOPOB

Hay4HbIi1 >kypHas He MOXKeT (VM He JO/DKeH) pa3BUBAThCsA TOMBKO CUIaMU pefakiun. [ToaToMy, mperbsBss HoBble Tpebo-
BaHMA K cebe, Mbl IIPEIbABIIAEM UX M K aBTOPAM, KOTOPbIE XOTAT yO/IMKOBAaThCSA B HAIlleM >KypHaJIe.

Tpe6oBanusa K 0pOPMIEHNIO BBIChITAEMbIX PYKOIMUCEIl MbI TyOIMKyeM Ha HAIlleM CaifTe, a TAK)Ke Ha MOC/IeHell CTaHNIIe
Ka>KJIOTO HOBOTO BBIITYCKa. 37Iech MbI He 6yfieM IIOBTOPATH BCE 9TO, IUIIb PACCKaXKeM O HOBOBBEJIEHNAX, KOTOpPble HaM IIpefi-
CTaBJIAIOTCSA Hanbosee BayKHBIMIL

Annoranus. Kak Ha pycckoM, Tak 11 Ha aHITIMIICKOM A3BIKaX aHHOTAIMMU Ceif9ac IPUHMMAIOTCA TONIBKO PaclIMpeHHbIe — He
MmeHee 200 croB. [lenaeTcs 9TO /1A TOTO, YTOOBI YUTATENb (B TOM YUC/Ie MHOCTPAHHBIN) MOT B CYUTaHHbIC MUHY TBI IIOHATD, O 4eM
TaHHAA CTaThs M IPENCTAB/IAET M OHA /I Hero MHTepec.

Crncoxk nmureparypsl. K coxanennto, my6nukauuy B COBETCKUX XKYpPHaIaX TPAAMUIIVIOHHO OTIMYANNCh OT MHOCTPAHHBIX
MEHbBIINM YVCIIOM MICTOYHMKOB. KpoMe TOro, oTedecTBeHHbIE YUeHBIE 3a4aCTYIO He YTPYXK/AIoT cebs M3ydeHVeM NHOCTPaHHBIX
IyOIMKAIMil Ha MHTEPeCYIOLyIo TeMy. Takke 4acTbl MCIIONb30BaHMA B KaueCTBE MICTOUHNMKOB PAa3IMYHBIX YUeOHUKOB, METO-
Iudek 1 Ip. Bce 9TO 3HAUUTENBHO CHYDKAeT ypOBeHb IybnmuKanuit. II09ToMy MbI B3s/IM 3a IIPaBUIO PEKOMEHOBATb aBTOPaM
PacUIMpATH CIIUCOK TUTEPATYPBI B0 10-15 MCTOYHMKOB C 00s13aTeIbHBIM VICIIONIb30BAHIEM COBPEMEHHBIX 3apyOeKHBIX MyO/I1-
Kanumit. VICKmo4eHns BO3SMOXKHbI, HO OHY JIOJDKHBI ObITh 060CHOBaHHBIMIL.

DOI. IToMnMo cTaBIIETO yyKe IPUBBIYHBIM JI/Is1 aBTOPOB NIPJMCBABAEMOT0 KaXK/joil cTaThbe HoMepa Y]IK, HaumHasA co BTO-
poro HoMepa 2016 rofa Ka>kgoit cTaTbe B 00513aTe/IbHOM TOpsAKe mpucBanBaeTcst Homep DOL.

DOI (anen. Digital object identifier) — kmaccuukarop undpoBoro o6bekTa 151 CO3FAHUSA IOCTOSHHBIX IUIIEPCCHITOK,
KOTOpBIE TO3BOJIAIOT COXPAHATh MH(GOPMAIINIO O KOHKPETHOIT CTaThe B ceT VIHTepHeT, jaxke eC/Ii MU3MEHWUIach CTPYKTypa cail-
Ta, IJje 9Ta CTaTbsA M3HAYA/IbHO ObIIa COXpaHeHa.

ITpoe roBopst, Homep DOI mo3BossieT Hay4IHOI CTaTbe TapaHTYPOBAHHO OTKPBIBATHCS M OBITH JOCTYITHO [IA TIOUCKA B
CeTH, YTO COBEPILICHHO HEOOXOAMMO /IS TOTO, YTOOBI CTAThsl MOITIA IIUTHPOBAThCSA C ITOMOIIbIO VIHTepHeTa, He 3aTpy/H:AA aBTO-
POB HOMCKaMI ee B OMOIIOTeKaX U apX1BaX — CBOETO POfia JaHb COBpeMeHHBIM I T-TexHomorusam.

Penaxuuert «M3sectuit YITY» 3akmioden gorosop ¢ HekoMMepueckum napTHepcTBoM «HarmoHnanbHblil 9neKTpoHHO-VIH-
¢dbopmarmonnslit KoHcopryM» (HIT HOVIKOH), koTopoe npenoctasisieT B Poccun nocpegHudeckue yOIyri 0 IPUCBOEHUIO
DOI ot perucrpanmontnoro areurcrsa (DOI Registration Agency) CrossRef. 9To camblit COBpeMeHHBIN LIeHTP PerucTpaLun
MesxIyHapoJHOI OpraHU3aluy JOKYMEHTAIMM, OCHOBHOII 3ajiadeii KOTOPOTO AB/AETCA OpraHM3alA JOCTYIIA II0b30BaTeel
K HePBUYHBIM ITyOMMKAIVIAM, COflepXKallM HayIHBIN KOHTEHT, M COflelICTBYE KOJIEKTMBHOII paboTe U3aaTeseli 10 BceMy MUPY.
ITy KOOIEpaTUBHYIO CIIPAaBOYHYIO CHCTEMY Ceifuac UCIOIb3YI0T OOMBIIMHCTBO HAyYHBIX XYPHAIOB B MUpE.

DOI o6s13aTenbHO yKas3bIBaeTCs Y UUTUPOBaHuY ctaTbu. B xxypuane «VM3Bectus YITY» DOI ceityac nmpucBanBaeTcs Ka-
XJI0J1 BHOBD BbILIefIel cTaThe. Takxke HoMep DOI MoxeT 6bITh IPUCBOEH NTI0601T M3 CTaTell, KOTOpble paHee ITyOIMKOBANIUCh
B HallleM )KypHaJle — HO y>Ke He B 00513aTe/IbHOM IOPsJIKe, a 110 JKeTAaHUIO aBTOPOB. [IJIs XKealomuX JOCTaTOYHO Cie/laTh 3asBKY
B peJaKLIIO.

KauecrBo mepeBoga. Hac He ycTpanBaeT mepeBoy, aHHOTAIWiT (1 y>K TeM 6oJiee — cTaTell) ¢ MOMOLIBIO 7IEKTPOHHBIX Ie-
peBomuMKoB. Ec/iut BBI He yBepeHBI B CBOEM IepeBOJie, Tydllle 00paTuTech 3a IOMOIIbI0 B pefakiuio. JIydie He IPefOCTaBUTh
HJKAKOTO IlepeBofia, YeM IepeBOof, HI3KOro KayecTBa.

KavyecTBO prcyHKOB. PUCYHOK JO/DKEH OCTaBaTbCsA KaueCTBEHHBIM Ipu yBemumdeHuy. He sabbiBaiiTe 0 TOM, YTO CTaThs
OyneT oIy6/IMKOBaHa He TONBKO B OYMa)kHOIL, HO U B 9/IEKTPOHHOI! BEPCHUIL

KagectBo TexcroB. IIpy paccMOTpeHMM PYKOIIMCH aBTOPUTET M 3aC/IyTH aBTOpa CTAaTb) BO BHYMAaHMe He TIPMHUMAIOTCA —
TOJIbKO Ka4eCTBO IPUCTAHHOTIO TeKCTa. [1/1A 9TOro BBeIeHO ABOMHOE CIIeNoe peljeH3POBaHMe.

Cienoe peneHsnpoBanme. [[Ba peljeH3eHTa OL[eHMBAaIOT KadecTBO CTaTby, He 3Hasd, KTO ee aBTop. B ciydae, ecim peleH-
3€HT y3HaeT aBTOPA, TO PYKOIIMCh ABTOMATIYECKH NIepeflaeTcsl APYTOMY pelleH3eHTY — U3 4MC/Ia 9KCIePTOB, COTPYAHUYAIOIIX
¢ XypHanoM. JlenaeTcs 3TO A/ TOTO, YTOOBI TMYHbIE OTHOLICHNUS He BIMAMYM Ha Ka4eCTBO PElleH3MU. ABTOp TakoKe He 3HaeT
CBOETO pelleH3eHTa.

ITomMumo sToro, mpaBuia NyOIMKAIMM TeKCTOB IPEAIOJAraloT ux pasHoobpasue. I1oaToMy HegomycTMMa ITyOIMKAIA
IBYX CTaTell OHOTO aBTOPa B OFHOM HOMepe >KypHana. To >ke IpaBIIO pacIpOCTpaHAETCA ¥ HA COCeliHMe HoMepa. Tak MbI
HOJepXKMBaeM pasHoobpasie TeM 1 aBTOPOB, MCK/II0Uast MpeBpallleHNe KypHala B U3[JaHue, T/ie TOCTOSHHO NyOIuKyeTcs je-
CATOK OJHUX M TeX XKe aBTOpOB. VICK/TIoueHne COCTaB/IAI0T CTaTbyl BHE HAyYHBIX Pa3/ie/ioB, a TAKXKe CTaTby, IIPOIO/KAONIeCH
13 HOMepa B HoMep. B kadecTBe a/bTepHATUBbI TyOIMKALIUY B HAIlIleM JKypHasle Mbl MOYKeM IPEJI0OKIUTh aBTOPY OITy 6/IMKOBATh-
s B PYTOM XYpHasle, C KOTOPBIM Y HaC 3aK/TIOYeH JOTOBOP MO 0OMEHY CTaThsAMIL.

Ouepenb. Cpoknu myOnMuKaLuM 3aBUCAT OT KOMYecTBa (M KadecTBa) CTaTell, IpelIoXKeHHbIX pefakuun. Ecim craTeit MHO-
T, OHJ ITyO/IUKYIOTCSA B MIOPSAKE O4ePeTHOCTH, OFHAKO PeaKLIsA OCTAB/IACT 3a cO6O0I1 IIPAaBO 1eYaTaTh BHE OUYepeNy Te U3 HIX,
KOTOpBIE CYNTAET Harbosiee 3SHAUVMBIMIL.

ABTOP JJOJDKEH TaK>ke MOJINCATh COITIacKe Ha MCIIONb30BaHMe pefakielt xxypHana "Vissectus YITY" ero nmepconambHbIX
TaHHBIX.
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Ha 06A0kKe: DOTO AaBAOHMHUTA — TMAPOKCUXAOPUAA KaAUsl M MEAU C MPUMECSIMM MUTYEPAMXMTA, ATAKAMUTA, HAHTOKUTA U
APYIMX XAOPUAOB MEAV — MUHEPAAA, HAMAEHHOTO Ha YK€ OTPABOTAHHBIX MEAHOKOAYEAAHHDLIX MECTOPOXKAEHMSIX CPEAHEro
n lOykHoro Ypana.

On the cover: the photo of avdoninite — hydroxychloride potassium and copper with impurities of mitcherlihite,
atacamite, nantokite and other copper chlorides — a mineral found in the already exhausted copper-sulphide deposits
of the Middle and South Urals.

Peaakums BbIpa)kaetr 6AaroAapHOCTL 3a MOMoOLL B paboTe KypHaAa

BapaHHukoBY AnekcaHapy [puropbeBuuy - fi-py reon.-MuHepan. Hayk, npodeccopy (EkaTtepuHbypr, Poccus);
Bospckux MeHHaguio AnekceeBuuy - A-py TeXH. HayK, npodeccopy (Ekatepunbypr, Poccus);

KapcTeH J/lyuse - Dr. rer. nat. (FaHHOBep, MepMaHus);

KoxyLiko MepMaHy MeoprueBuuy - A-py TexH. HayK, npodeccopy (EkaTepuHbypr, Poccus);

Ko3uHy Bnagvmupy 3uHoBbeBUuUY - A-py TeXH. HayK, npodeccopy (EkaTepuHbypr, Poccus);

KopHunkoBy Cepreto BukTopoBuuy - o-py TexH. Hayk, npodeccopy (EkaTepunbypr, Poccus);

CypHeBy BuikTopy bopucosuuy - g-py ¢us.-MaT. HayK, npodeccopy (EkaTepuHbypr, Poccus);

[TumyxuHy Cepreto AHgpeeBuuy - fi-py TexH. HayK, npodeccopy (Ekatepunbypr, Poccus); |

dununnosy Cepreto - Dr. rer. nat. (faHHOBep, [ epMaHus);

XanbduHy Mapaty HypmyxamenoBuuy - A-py TexH. HayK, npodeccopy (HoBouepkacck, Poccusn)
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