ISSN 0536-1028 (Print)
ISSN 2686-9853 (Online)

IZVESTIYA VYSSHIKH UCHEBNYKH ZAVEDENN
GORNYI ZHURNAL
N3BECTINA BLICIINX YMEGHGLIX 3ABEAEHA

INOPHLIN
JKYPHAA




JypHan pacnpocTtpaHsieTcsi no noan1cke areHTcTBoM «Ypan-lpeccy.
XypHan BkntoyeH B Poccuiickuii nHaekc HayyHoro umtupoBanus (PUHL), nHpekcupyetcs
arperatopom Hayu4Hbix pecypcoB EBSCO Publishing, a Takke MexxayHapogHou 6a3oii napgaHui
no Haykam o 3emne Georef.

CsepeHus o xXypHane nyonukytotca B MexayHapogHoii CnpaBoOYHOI cUcTeMe No nepuosuyeckum
1 npogonxkatowmmcs uspganusam «Ulrich’s Periodicals Directory».

BxnioyeH B pechepaTUBHbLIN XypHan 1 6a3bl AgaHHbIX BAHUTU PAH.
OneKTPOHHbIE BbIMYCKN XypHana pasMelleHbl Ha nopTanax

HayuHoW anektpoHHoi 6ubnuoteku eLIBRARY.ru (http://elibrary.ru),

komnanun «MBUC» (http:/livis.ru)
1 nouckoBon cuctembl Google Shcolar (scholar.google.com).
XypHan pocTyneH B 3NeKTPOHHO-0MONMOTEYHOI cUCTEMe U3paTenbCTBa «JlaHby
(http://e.lanbook.com)

U 3NeKTPOHHO-6MGnMoTeyHol cucteme IPRbooks (http://www.iprbookshop.ru).

XypHan BkmioueH B «MEPEYEHb PELIEH3UPYEMbIX HAYYHbIX N30AHUN,
B KOTOPbIX AOMKXHbI BbITb ONYBIIMKOBAHbI OCHOBHBLIE HAYYHbIE PE3YNbTAThI
OUCCEPTALIUM HA COUCKAHME YYEHOWU CTENEHWU KAHOWUIOATA HAYK,
HA COMCKAHUWE YYEHOW CTENEHW [IOKTOPA HAYK»
(B cooTBeTCTBMM C pacnopsikeHnem MuHoGpHayku Poccum ot 28 aeka6ps 2018 r. Ne 90-p)

B xypHane ny6nuKylTCA CTaTbi MO CreAylowmMM rpynnam cneyuansHoCTel
Hay4HbIX PaBOTHUKOB:

05.05.04 — [lopoxHble CTPOUTENbHbIE U NOALEMHO-TPAHCMOPTHbIE MALMHBI (TEXHUYECKNE HayKH),
05.05.06 — MopHble MawWwMHbI (TexHMYeckue Haykm), 25.00.13 — O6oraLyeHue NonesHbIX
McKonaeMbIx (TexHuuyeckue Hayku), 25.00.15 — TexHonorus GypeHns U OCBOEHUSA CKBaXUH
(TexHuyeckme Haykm), 25.00.16 — FopHONpOMbILLNEHHas U HedhTerasonpoOMbICIIOBas FeONorus,
reochuanka, MapKLueiigepckoe Aeno 1 reoMeTpusi Heap (TexHuueckme Hayku), 25.00.17 - PaspaboTka
¥ 3KcnnyaTauma HedhTAHbIX U ra30BbIX MECTOPOXAEHNN (TEXHUYECKUE HayKK),

25.00.18 — TexHONOrUsi OCBOEHUSI MOPCKUX MECTOPOXAEHUIA NONE3HbIX NCKOMaeMbIX (TeXHUYeckme
Hayku), 25.00.20 — leomexaHuKa, paspyLueHue ropHbIX nopo, pyAHUYHas asporazoauHammka
U ropHas Tennodmanka (Texnuueckme Hayku), 25.00.21 - TeopeTnyeckue OCHOBbI POEKTMPOBAHMA
FOPHOTEXHUYECKUX CUCTEM (TeXHMYeckue Hayku), 25.00.22 - l'eoTexHomnorus (nog3emMHas, OTKpbITas
1 cTpouTenbHas) (TexHuyeckme Hayku), 25.00.35 - MeouHdopmatuka (TexHM4eckne Hayku),
25.00.36 — l'eoakonorus (no oTpacnsm) (TeXHUYECKUe HayKm)

Ten: (343) 257-65-59 E-mail: gornij_journal@ursmu.ru




ISSN 0536-1028 (Print) ISSN 2686-9853 (Online)
VM3BECTINA BLICLHUMX YYMEGHLIX JABEAEHU/AN
o’

FOPHOLIW MKYPHAA

Hayuno-mexnuueckuii scypnan. Hzoaemcesa ¢ 1958 200a
BoixonuT 8 pa3 B roa Ne 6, 2021

Yupeaureanb u uznarenb

YPAJIBCKHUI TOCYIAPCTBEHHBIN T'OPHBIN YHUBEPCUTET

InaBHBIi peqakTop

H. I. BAJIMEB, Ypaibckuii rocyiapcTBeHHbIH T'OPHbIH YHHBEPCHTET,
r. Ekarepun0ypr

3amecTHTENb [NIABHOTO PEIAKTOPA

IO. U. JIEJIb, Ypaiabckuii rocyiapcTBeHHbI ropHblil yHHBepcuTeT, I. ExaTrepun0ypr

PenakuuonHas Kojjierus

T'opaeeB B. A. Kybanckuii zocyoapcmeennoiii mexnonozuveckuii ynusepcumem, 2. Kpacnooap

Hymun A. B. Ypansckuii 2ocyoapcmeenniii 2opuviii ynusepcumem, 2. Examepunoype

3enunckas E. B. Hpxymckuii nayuonanvnwni uccredosamenvckuti mexnuueckuii ynusepcumem, 2. Upkymck
HUrnarseBa M. H. Vpansckuii 2ocyoapecmeenneiii 2opneiii ynusepcumem, 2. Examepunoype

KaamsbixoB B. H. Maznumozopckuii zocydapcmeennsiii mexnuueckuii ynusepcumem, 2. Maznumozopck
Kapro3us b. A. Hayuonanonoiii uccnedosamenscruii mexnonozuuecxuii ynusepcumem «MHCuCy, 2. Mockea
KamnukoB YO. A. ITepuckuii nayuonansuotii uccnedosamensckuii nonumexnuyeckuti ynusepcumen, 2. Illepmo
Ko3un B. 3. Ypansckuii 2ocyoapemesennviii 2opuoiii ynueepcumem, 2. Ekamepunoype

Kocapes H. I1. Vparsckuii zocyoapcmeennwiii copuviii ynusepcumem, 2. Examepunoype

KocoananoB A. U. Cubupcruii hedepansuviii ynusepcumem, 2. Kpacnospcex

Jlamuu J. C. Vpanvckuii 2ocydapcmesennbviii 2opuviii ynueepcumem, 2. Examepunoype

JlutBuHenko B. C. Canxm-Ilemepoypackuii 2opnoiii ynusepcumem, 2. Canxkm-Ilemep6ype

Mouagnosa Jl. A. Vpaisckuii 2ocydapcmeennslii 20puviii yrugepcumem, 2. Examepunéype

IMankparenko A. H. Hayuonanvnoiii uccnedosamensckuii mexnonocuueckui ynusepcumem « MHUCuCp, e. Mockea
Ilerpos B. JI. Hayuonanvuoiii uccnedosamensckuii mexnonocuueckui ynusepcumem « MHUCuCp, e. Mockea
PoiabankoBa M. B. Hucmumym npo6rem komnaexcnozo oceoenus nedp PAH, 2. Mocksa

Cémuu A. H. Vpansckuii 2ocyoapcmeennviii 2ophwiii ynusepcumem, 2. Examepunoype

CrpoBcekuii B. E. Vparsckuii zocyoapecmeennviii zopnwiii ynusepcumem, 2. Examepunbype

Hpinun E. ®. Ypansckuii 2ocyoapemeenneiii 2opuviil ynusepcumem, 2. Examepun6ype

IeBuenko JI. A. Kys6acckuii 2ocyoapcmeennbiii mexnuyeckuti ynugepcumen, 2. Kemeposo

SxoBaes B. JI. Hucmumym zopnozo oena YpO PAH, 2. Examepunbype

I/IHOCTpaHHLle YJI€HbI peuammonﬂoﬁ KOJIJIErHu

Bbutum6aeB M. K. Kopnopayus Kasaxmeic, 2. Kapazanoa, Pecnyonuka Kazaxcman

HounoB . Monzorvckuii 2ocyoapemeennvlii ynueepcumen nayku u mexrnorozautl, 2. Yaan-bamop, Monzonus
Jpedenmrent K. @paiibepecras copnasn axademus, 2. Opaiibepe, I'epmanus

Musnsk I. I. Hayuonanenoiii mexnuueckuii ynusepcumem «/Inenpoeckas nonumexnukay, 2. nenp, Yepauna
Tonauos C. M. Vuusepcumem copnozo oena u 2eonoeuu Cs. Hoanna Pelnvckozo, 2. Cogust, boneapus
Tpouidanbckuii K. Hayuno-mexnuueckuii ynusepcumem um. C. Cmawuya, 2. Kpaxos, Ionvua

© «M3BecTHs BBICIIMX Y4eOHBIX 3aBedeHUil. [opHbIii skypHaa», 2021



ISSN 0536-1028 (Print) ISSN 2686-9853 (Online)
IZVESTIYA VYSSHIKH UCHEBNYKH ZAVEDENN

GORNYI ZHURNAL

Scientific and technical journal. First published in 1958
8 issues a year No. 6, 2021

Founder and publisher

URAL STATE MINING UNIVERSITY

Editor-in-chief
N. G. VALIEY, Ural State Mining University, Ekaterinburg

Deputy editor-in-chief
Iu. I. LEL, Ural State Mining University, Ekaterinburg

Editorial board

Gordeev V. A. Kuban State Technological University, Krasnodar

Dushin A. V. Ural State Mining University, Ekaterinburg

Zelinskaya E. V. National Research Irkutsk State Technical University, Irkutsk
Ignatieva M. N. Ural State Mining University, Ekaterinburg

Kalmykov V. N. Magnitogorsk State Technical University named after G. I. Nosov, Magnitogorsk
Kartoziia B. A. National University of Science and Technology “MISIS”, Moscow
Kashnikov Iu. A. Perm National Research Polytechnic University, Perm

Kozin V. Z. Ural State Mining University, Ekaterinburg

Kosarev N. P. Ural State Mining University, Ekaterinburg

Kosolapov A. 1. Siberian Federal University, Krasnoiarsk

Lapin E. S. Ural State Mining University, Ekaterinburg

Litvinenko V. S. St. Petersburg Mining University, St. Petersburg

Mochalova L. A. Ural State Mining University, Ekaterinburg

Pankratenko A. N. National University of Science and Technology “MISIS”, Moscow
Petrov V. L. National University of Science and Technology “MISIS”, Moscow
Rylnikova M. V. Institute of Comprehensive Exploitation of Mineral Resources, RAS, Moscow
Semin A. N. Ural State Mining University, Ekaterinburg

Strovskii V. E. Ural State Mining University, Ekaterinburg

Tsypin E. F. Ural State Mining University, Ekaterinburg

Shevchenko L. A. Kuzbass State Technical University, Kemerovo

lakovlev V. L. Institute of Mining of the Ural Branch of RAS, Ekaterinburg

International members

Bitimbaev M. Zh. Kazakhmys Corporation LLC, Karaganda, Republic of Kazakhstan
Dondov D. Mongolian University of Science and Technology, Ulaanbaatar, Mongolia
Drebenshtedt K. TU Bergakademie Freiberg, Freiberg, Germany

Pivniak G. G. National TU Dnipro Polytechnic, Dnepropetrovsk, Ukraine

Topalov S. 1. University of Mining and Geology “St. Ivan Rilski”, Sofia, Bulgaria
Trybalski K. Scientific and Technical University named after S. Staszic, Krakow, Poland



COOEPXAHWE

FEOTEXHONOrUA: NOA3EMHAA, OTKPbITASA, CTPOUTENIbHASA

Jluckosey A. C., Tayuenxo B. II., I'oconun B. A. Bausinme napamMeTpoB TaMIIOHa}Ka

3aKpenHOro NpocTpaHcTBa Ha AaBJjieHue Ha kpens (In English)
T'ab6acoe b. M., Kypoukun A. H., Masxcumoes A. M., Kopnunoe C. H. UcciiefoBanue BHEIIHUX
M BHYTPEHHHX Pado4HuX NPoLeccOB rOPHLIX MALIKMH NP padoTe Ha «HEOCBETJEHHOI» Bojie

B noa3eMHbIX yciaosusx (In English)

FOPHOMPOMbILLNEHHAA U HEQTEFA30BAA FEONOrUs, FTEO®U3NKA

Kysun A. B., Konomeey U. K. KoMiiekcHoe reosioro-reogu3snyeckoe uccjaegoBanue J01UHbI

pexu Tarna B cpeaHeM ee TeUYeHUUn

Tennyxun B. K., 3enkoe¢ B. B., Pamywnak A. H., baiiouxkoe C. B. K Bonipocy 0 noBbiiieHuH

TOYHOCTH HHKJIHHOMETPHH B Npouecce OypeHus] HeQTEra30BbIX CKBAKHH ..cvvereessessaesseessees

MAPKLUIEWOEPCKOE AENO, FEOAE3NA U KADACTP

T'opwrkos H. H., Kpacnoe M. A., 7ZKoanoga C. M. HanpsizkeHHO-1e(GOpPMHPOBAHHOE COCTOSIHHE

M YCTOHYMBOCTH OOPTOB Kapbepa YHINIMYMKAH

OBOrALLEHUE NMONE3HbIX UCKONAEMbIX

Kocapees H. IL., 3yo0¢ B. B., Ilomanoeé B. A., [lomanoe¢ B. B. Bausauue cuiabl Kopuoanca

Ha KHHEMATHKY KyCKa B paﬁoqu NMPOCTPAHCTBE U3MEJIBYUTEIIA

Kamoza E. C., Muxaiinosa E. C., Hcmazunoe 3. P. UccnenoBanue BJIusiHMSA (u3HKo-
XHMHYECKUX CBOWCTB OPraHHYeCKOro 1 MHHEPAJIBLHOI0 COCTABA PAMOBBIX YIJIell MeJIKUX

KJ1accoB Ha 3¢ peKTUBHOCTH 000TaLeHusI

FOPHAAA MEXAHUKA. FTOPHbIE MALLUWHbI U TPAHCNOPT

Maxkapoe H. B. 3aKOHOMEpPHOCTH YNPAaBJEHHS a3POAHHAMHUYECKHM KO3(pduuneHTOoM

T0JI€3HOTO JIeiiCTBUSA BEHTWJISAATOPOB VISl allNIAPATOB BO3AYUIHOI'0 OXJIAKACHUS I'aA3A.cceccscecese

BE3OMNACHOCTb FOPHOIO NPOU3BOACTBA

Huxkonaee A. B., Makcumos II. B., JIanvkuna I. b., Konomon /. A. Biausinue npouecca
BbIIEJIEHHSI MeTaHAa Ha BoO3dyXopacmpenejeHHe B JO0BIYHBIX YYACTKAX KAJHWHBIX

PYIHHKOB

BbICLLEE TOPHOE OEPA30BAHUE

Jykac B. A. O HoBO}i cucTeMe BBbICHIEr0 TeXHHYecKOro odépasosanust B I'epMaHum
(In English)

13

24

32

42

57

65

76

87

98



CONTENTS

GEOTECHNOLOGY: UNDERGROUND, OPEN, CONSTRUCTIONAL
Liskovets A. S., Tatsienko V. P, Gogolin V. A. The effect of contact grouting on support load......
Gabbasov B. M., Kurochkin A. 1., Mazhitov A. M., Kornilov S. N. Investigating external and
internal working processes of mining machines when operating on “unclarified” water in

underground conditions

MINING AND OIL-AND-GAS GEOLOGY, GEOPHYSICS
Kuzin A. V., Kolomeets I. K. Integrated geological and geophysical study of the Tagil river

valley morphology in its middle course.
Teplukhin V. K., Zenkov V. V., Ratushniak A. N., Baidikov S. V. Increasing the accuracy
of the directional survey when drilling oil and gas wells

MINE SURVEYING, GEODESY AND CADASTRE
Gorshkov N. I, Krasnov M. A., Zhdanova S. M. Stress-strain state and stability of
the Unglichikan open pit walls

MINERAL PROCESSING
Kosarev N. P, Zubov V. V., Potapov V. Ia., Potapov V. V. Coriolis force impact on lump

kinematics in a grinder workspace

Kamoza E. S., Mikhailova E. S., Ismagilov Z. R. Studying the effect the physicochemical
properties of fine size raw coal organic and mineral composition have on beneficiation

efficiency

MINING MECHANICAL ENGINEERING. MINING MACHINERY AND TRANSPORT

Makarov N. V. Regularities in aerodynamic efficiency control for gas cooler fans.........cceceeeeueenes

MINING SAFETY
Nikolaev A. V., Maksimov P. V., Lialkina G. B., Konotop D. A. The effect of methane emission on

air distribution in potash mine production units

MINING HIGHER EDUCATION

Lukas V. A. New system of higher engineering education in Germany.

13

24

32

42

57

65

76

87

98



ISSN 0536-1028 «Hz6ecmus 8y308. 'opHuiiil srcypuany, Ne 6, 2021 5

FEOTEXHONOIUA: NOA3EMHAS,
OTKPbITAA., CTPOUTENBHAA

DOI: 10.21440/0536-1028-2021-6-5-12

The effect of contact grouting on support load

Aleksandr S. Liskovets', Viktor P. Tatsienko?, Viacheslav A. Gogolin'
T. F. Gorbachev Kuzbass State Technical University, Kemerovo, Russia
*e-mail: gva.pm@kuzstu.ru

Abstract
Introduction. The paper analyzes contemporary methods of frame support design in permanent
workings and reveals that contact grouting has received little attention. Contact grouting makes the
tight contact between the hardened cement grout and the surrounding rock possible, whereas it is
impossible when applying concrete lagging. The paper employs analytical method of arch support,
grouting layer, and the surrounding rock calculation considering their softening. Analytical formulae
determining support load has been obtained. The formulae take into account strain and strength
characteristics of the surrounding rock, hardened cement grout, and support. Support load was
calculated under various values of the grouting layer thickness and linear strain modulus and the depth
of mining. The dependencies between the support load and the indicated parameters have been obtained,
which makes it possible to select the cement grout composition for various mining and geological
conditions.
Research objective is to determine the effect produced by grouting layer thickness and strain
characteristics on arch support load value in order to check its strength in various mining and geological
conditions.
Methods of research are built upon the physically based analytical methods of geomechanics to solve
the problem of interaction between the support, grouting layer, and surrounding rock mass.
Results. The results of arched support load calculation are presented for various values of grouting
layer thickness, its strain characteristics, and depth of mining.
Conclusions. The presence of the grouting layer in the void behind the support has a significant effect
on the methods of arch support design. The developed methods take account of the fact that a layer of
soft rock develops in the rock mass between the grouting layer and undisturbed rock. When the rock is
being broken, its volume in this layer increases, which, in its turn, results in support load transfer
growth through the grouting layer. It has been determined that the increase in the hardened cement grout
strain and grouting layer thickness reduces support load.

Keywords: arch support; grouting layer; support load.

Introduction. The most common type of mine support in Russian coal industry is
steel ribs and reinforced concrete lagging whose main drawback is that it is impossible to
provide tight contact between the support and the surrounding rock mass. So, the void
behind the support requires filling to provide contact with the surrounding rock. If the
void is not tightly filled, rock shifts, and support load therefore increases.

One way to ensure the tight contact between the support and the surrounding rock
mass is contact grouting. The interaction between the arch support and the rock mass after
contact grouting was fulfilled has received little attention and requires additional
studies [1].

Currently, there is no method of calculating the parameters of a frame support with a
grouting layer. The existing method of support design takes account only backfilling of
the void behind the support.
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In accordance with the Code SP91.13330.2012 “Underground mine workings”, shifts
compensated for by backfill compression depend on the material compressibility, backfill
layer thickness, and design load on support, and are determined by experiment. For the
backfill made of crushed rock with no experimental data, the shifts may be taken to be
equal to 25% of the backfill layer thickness.

So, the normative method of frame arches design is based on applying a considerable
number of correction factors, nomograms, and experimental data for particular mining
and geological and mine technical conditions. It does not take full account of the grouting
layer presence.

The scientists from the Tula school of geomechanics, namely, N. S. Bulychev,
N. N. Fotieva, A. S. Sammal, S. V. Antsiferov, P. V. Deev, K. A. Golovin and others, have
contributed heavily to the solution to the problem of support structures design for
permanent mine workings [2—7].

The existing methods of the stress-strain state (SSS) design for various shells of mine
workings in the rock mass are aimed at designing multilayered support structures in
tunnels, subway, main crosscuts, and shafts with a heavy layer of concrete which prevents
from rock destruction in the vicinity of these mine workings.

When mining in shafts, it is inadvisable to apply such layer of cement. For that reason,
under certain mining and geological and mine-technical conditions of mining, the rock
mass breaks, and a layer of soft rock develops between the grouting layer and the
undisturbed rock mass. However, the development of a soft rock layer is neglected in the
existing methods of SSS calculation. The variety of conditions requiring underground
excavations support determines further study on the effect produced by different factors
on the value of support load [8—13].

Research objective is to determine the effect produced by the thickness of the grouting
layer and its strain characteristics on the arch support load value in order to check its
strength in various mining and geological conditions.

Methods of research. Papers [14, 15] considered a solution to the problem of stress-
strain state design for the arch support—grouting layer—rock mass system. It was taken
into account that the zone of partial destruction is developed in the rock mass between the
grouting layer and the undisturbed rock mass. This zone has a considerable effect of
support load. When the rock is being broken, its volume in this layer increases, which, in
its turn, results in support load transfer growth through the grouting layer.

When making calculation, the arched support is modeled by circular support like in
paper [2], for instance. Such approach makes it possible to apply the analytical method of
calculation and allows defining the arched support stress state well enough.

General pattern of calculation is presented in Figure 1, where P is pressure in
undisturbed rock mass, MPa; R, is the radius of the partially destroyed rock, m; 4, is the
width of the partially destroyed rock, m.

Calculation is carried out for a circular mine working with R radius, m. With the
known value of the mine working cross-sectional area S, m? the reduced radius
R =+/S / m,m, is calculated. Computational domain consists of four blocks.

Block 1 — support with strain and strength characteristics: £, is the modulus of
deformation; v, is the Poisson ratio; o, is the tensile strength of the material the support is
made of (steel), MPa.

Block 2 — hardened cement grout with strain and strength characteristics: £, is the
modulus of deformation; v, is the Poisson ratio; 6, is the compressive strength of hardened
cement grout, MPa.

Block 3 — the zone of partially destroyed rock (behind limit deformation) where
circumferential and radial stresses are proportional.
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Block 4 — the zone of the surrounding rock in elastic state with strain and strength
characteristics: £ is the modulus of deformation; v is the Poisson ratio; O compr is the
compressive strength, MPa.

Zone edges remain continuous, so when transferring through the zone edges, radial
shifts and stresses must be continuous, which determines the interaction between
the blocks.

Tt T

Figure 1. Calculation scheme:
1 — support; 2 — grouting layer; 3 — partially broken rock;
4 — surrounding rock
Pucynok 1. Pacuernas cxema:
1 — kpenb; 2 — TAMIIOHAXKHBIN CIIOH; 3 — YaCTUYHO Pa3pyllCHHbIC
TOPOJbI; 4 — BMEIIAIOIHE TOPOBI

The calculation method was presented in paper [3]. The mine working is considered
at a depth of H, m. The mine working is beyond the zone of high rock pressure (HRP),
initial rock pressure p = yH = 0.025H, MPa.

The AKP support (arch ring yielding support) with SVP-17...33 profile (purpose-built
interchangeable profile) with the equivalent height of 4, m, the value of which is selected
from [1]. Support strain modulus is £, = (2...4) - 103 MPa.

Modulus of deformation £, Poisson ratio v, compressive strength O compr? and structure
weakening ratio & for rock are set for particular mining and geological conditions.

Grouting layer is built up using cement with carbon filler with the modulus of
deformation E, corresponding to coal. The grouting layer thickness is 4, m.

The radius of the mine working and the supportis R, = R + 4, m.

The radius of the mine working and the grouting layeris R, = R, + h, m.

Parameters determining the support load are calculated in a sequential order:

1) c= I-v is the coefficient determining the value of maximum circumferential
stress; v
2¢P + k /(A+v) . . . . ..
2) k= ¢ Ocompr / ( ) is the dimensionless ratio, determining the

2P = kG popmpe /(1 + V)
distribution of stresses in the zone of disturbed rock;
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2¢P + ko /(1+v)

3) o, = - °°m‘1r is the maximum circumferential stress of the
c+

surrounding rock, MPa;

2 2 2 2
4) B — l . EtR(Rt 2R1 ) + Rt +2R1 + v,
2 E. R R,

R’ - R’
L } is the factor of proportionality
Rt

between the support load and grouting layer load;

B (R? + RY) — 2BR?
th - R12

Support load is defined by the formula

S5)a= —v,B? is the coefficient determining the support load.

_ou | BB, [[EBY 4E
2 | Ea Eo ) Eka |

Results. With the help of the developed methods, the support load has been calculated
for the situation with the presence of the grouting layer. Calculation has been carried out
under the following geometry, strain, and strength parameters:

—mine depth # = 100...300 m;

— support width 4, = 0.145 m (SVP-22, SVP-27);

— grouting layer thickness #,= 0.1; 0.5 m;

—modulus of rock linear strain E = 10* MPa;

— modulus of support linear strain £, =2 - 10> MPa;

— modulus of grouting layer linear strain £, = 10°...10* MPa;

—rock Poisson ratio v=0.25;

— support Poisson ratio v, = 0.2;

— grouting layer Poisson ratio v, = 0.25;

— cross sectional area of the mine working §'=25 m?.

Calculation results are presented in Table 1.

Table 1. Load on support ¢, MPa
Ta6uuna 1. JaBienue Ha kpens ¢, MIla

E, MPa
H, m h;, m
103 5-10° 10*

100 0.1 0.0766 0.0661 0.0611

0.5 0.0753 0.0648 0.0622
200 0.1 0.3476 0.2619 0.2175

0.5 0.2994 0.1940 0.1614
300 0.1 0.5700 0.4256 0.3507

0.5 0.4867 0.3080 0.2522

Figure 2 depicts the effect produced by the modulus of grouting layer linear strain £,
on the support load ¢ under various depth of mine working H and width of the grouting
layer h,. According to the reference book [16], the modulus of linear strain of coal is
within (2...8) - 10° MPa. Blue markers show change in the support load at a depth of
100 m, yellow — 200 m, and red — 300 m.

Under H = 100 m depth of the mine working, the modulus of linear strain £, and the
width of the grouting layer have no marked impact on the value of the support load ¢.



ISSN 0536-1028 «Hz6ecmus 8y308. 'opHuiiil srcypuany, Ne 6, 2021 9

Increase in the depth of mining results in higher support load. However, under same
depth H, increased modulus of linear strain £, and increased width of the grouting layer
h,reduce the support load.

So, under H = 300 m, increased modulus of linear strain £, reduces the support load
from 0.4867 to 0.2522 MPa, i.e. by 48%. Under H = 200 m, increased width of the
grouting layer 4, reduces the support load from 0.2619 to 0.1940 MPa, i.e. by 26%.
While under H =300 m, increased width of the grouting layer ht reduces the support load
by 28 %.

g, MPa

¢ H=100m;h=0.1m
=—O0—H=100m; #,=0.5m
== =200m; #,=0.1 m
—=X=H=200m; #,=0.5m
—X¥—H=300m; /2,=0.1m

—0—H=300m; #,=0.5m

0.05 1 m 1 D
1000 4000 7000 10000 E,, MPa
Figure 2. Influence of the grouting layer linear strain modulus £, on the support load g
at various depths /7 of mining and the widths %, of the grouting layer
Pucynox 2. BnusHue Momyns IMHEHHOH neopMmaluy TaMIIOHaXHOrO cios E, Ha

JIABJICHUE Ha KPEIMb ¢ MPH Pa3HOU MIyOWHE PACHONIOKECHUS BBIPAOOTKU H W IUpUHE
TaMIIOHAKHOTO CIIos 1,

Conclusions. The presence of the grouting layer in the void behind the support has a
significant effect on the method of arch support design. To carry out an adequate
mathematical simulation of the interaction within the support-grouting layer-rock mass
system, the formulation of the problem of a circular mine support design is considered.

The developed method takes account of the fact that a layer of soft rock develops in
the rock mass between the grouting layer and undisturbed rock. When the rock is being
broken, the volume of rock in this layer increases, which, in its turn, results in support
load transfer growth through the grouting layer.

Increase in the depth of mining results in the increased support load. However, under
same depth H, m, the increased modulus of linear strain £, and increased thickness of the
grouting layer 4, m, reduce the support load.

When mining at a depth of 100...300 m with the cross section of 25 m?, the increase
in the modulus of hardened cement grout linear strain from 103 to 10* MPa reduces the
support load by up to 48%. Under grouting layer width increase from 0.1 to 0.5 m, support
load reduces by up to 28%.
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BinsiHue mapaMeTpoB TAMIOHAKA 3aKPEMHOT0 MPOCTPAHCTBA
Ha /IaBJIeHHe HA Kpenb

JInckosen A. C.!, Tanmenxo B. I1.!, Foroaun B. A.!
! Ky36acckuii rocyaapcTBeHHbIH TexHIeckuii yauBepcutet umenn T. @. Topbauesa, Kemeposo, Poccust.

Peghepam
Beeoenue. B pabome ananusupylomcs coepementvle Memoosbl pacyema pamMHblX Kpeneti KanumanbHbix
svipabomok. ITlokazana HeOOCMAMOYHAs, U3YYEHHOCHb 3MO020 60RPOCA NPU HATUYUU MAMNOHANCA
3akpenno2o npocmpancmea. Hanuuue mamnonasica 3axpenno2o npocmpancmea no3eonaem oCyuecmeums
NOJHBLEL KOHMAKN MAMAOHANCHO20 KAMHS C 8MEWAUUMU NOPOOAMU, YMO He YOaemcs coenans npu
npumeneHuy GemoHHbIX 3amadcek. B pabome ucnonvzyemcs ananumuyeckuii Memoo pacuema apoyHol
Kpenu, MAamMNnoOHANCHO20 CHOSL U 6MeWarowux nopoo ¢ Yuemom ux paszynpounenus. Ilonyuenvl
ananumuyeckue opmynvl, onpedeniiowue oasneHue Ha Kpeno, KOmopble y4umuléarom 0epopmayuontbvle
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U NPOYHOCMHbBLE XAPAKMEPUCTNUKU BMEUAIOWUX NOPOO, MAMNOHAICHO20 Kamus u kpenu. IIposedenvl
pacuemvl 0asieHuss HaA Kpenb Npu pPA3HbIX 3HAYEHUAX MONUUHBI MAMNOHANCHOZO0 CIOSl, €20 MOOVIA
JIUHelHbIX Oeghopmayuii u 2nyouHbl nposedenus gvipabomiu. [lonyuensvl 3agucumocmu 0asieHus Ha Kpens
OM IMUX NAPAMEMpPOs, YMo NO3605en 6bIOUPAMb COCINAB MAMNOHAHCHO20 KAMHA 0I5l PA3TUYHBIX 20PHO-
2€01102UHeCcKUX YCI08UIL.

ILenv uccnedosanusn — ycmanosums GAusHUES MONUWUHBL MAMROHAHCHO20 CILOSL U €20 0ePOpMAYUOHHBIX
XAPAKMepUCmuK Ha 6elUUHY OABNIeHUs HA APOYHYI0 KPenb O/l NPOGEPKU ee NPOYHOCMU 8 PAZIUUHbIX
20PHO-2€01102UHECKUX YCIOBUAX NPOBEOEHUS bIPAOOMKU.

Memooonozcun uccnedosanuii ocnogana Ha NPUMeHeHUU @u3uuecku 0OOCHOBAHHBIX AHATUMUYECKUX
Memo006 2eoMeXaHuKu Ol peuterus: 3a0adu 0 63auMo0eticmeun Kpenu, MamnoHaXCHO20 ClI0A U MACCUBA
Meuarwux nopoo.

Pesynemamui. [Ipusedenvi pesyniomamol paciemos 0asieHus Ha apouHylo Kpenb npu paAsHbIX 3HAYEHUAX
MONUWYUHBL  MAMROHAICHO20 C0sI, €20 O0ehOPMAYUOHHBIX XAPAKMEPUCTIUK U 2TYOUHbL NPO6EOeHUs
sbipabomxiu.

Buv160o0bl. Hanuuue mamnonajx)cHozo ciosi 8 3aKpenHom HpOCMPAHCHIGE OKA3bIBAem CYujecmeeHHoe
BIUAHUE HA MEMOOUKY paciema apounoll kpenu. Paspabomannas memoouxa yyumeieaem, umo 6 maccuge
2OPHbIX NOPOO 603HUKAEM CLOU PAZYAPOUHEHHBIX NOPOO MENCOY MAMNOHAICHBIM CIOEM U HEPA3PYULEHHbIM
Maccugom 2opHwix nopoo. Ilpu paspyuienuu 2opHbIX HOPOO 8 JMOM ClL0e NPOUCXOOUM Y8enuyerue 0ovema
NOPOOblL, UMO, 8 CE0I0 OUepedd, NPUBOOUM K YEETUHEHUIO OABNIEHUS HA KPENb Yepe3 MAMNOHANCHII CIIOT.
Yemanoeneno, umo ysenuuenue mooyis auneiiHol Oeopmayuu MAMROHAHCHO2O KAMHA U MONUUHBL
MAMNOHAICHO20 CILOSL YMEHbULAem Od6TIeHUe Ha KPenb.

Knioueevie cnosa: apounasn Kpensb;, mamnoHadCHwlll CNOU, 0asleHue Ha Kpenb.
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Abstract
Introduction. The article considers the issues of mine drainage study, including the working processes
of the centrifugal pumps pumping “unclarified” water in arduous underground conditions. Such
problems resolution is of high practical and scientific importance.
Methods of research. Scientific and practical experience in the field of mine drainage was analyzed and
generalized. The centrifugal pump modes were considered and promising research tasks in this field
were outlined. Thus, the continuous income of groundwater to mine workings requires the uninterrupted
operation of pumps. One of the most common types of mine-drainage plants is a multistage centrifugal
pump which fulfills its functions to the full if properly operated. However, “unclarified” water pumping
requires a new technique for centrifugal pump optimal modes determination in such service conditions.
Result and analysis. The study of hydraulic, volumetric, and mechanical efficiency dependency on pump
modes, the analysis of working processes within centrifugal pumps when operating on “unclarified”
water, and the procedure and calculation of TsNS (multistage centrifugal pump) head-capacity curve
were presented in the paper to justify the effectiveness of the presented solutions and conclusions.
Scope of results. It is recommended that the research results are introduced in all enterprises conducting
underground mining operations with the mine drainage.

Keywords: shaft centrifugal pumps; optimal modes; efficiency factor; head-capacity curve; hydraulic
losses; speed coefficient.
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Introduction. Effective and safe operation of underground mines depends on the
proper operation of the mine-drainage system that dewaters the mine [1]. Mine drainage
is the most important secondary process of underground ore mining because the
malfunction of pumps reduces mining safety and increases the running expenses within
the cost of production. It is common knowledge that the increase in mineral extraction
volume results in a higher concentration of mining operations, increased extent of mine
workings and the depth of mining, and, as a consequence, increased water inflow
to mine workings. The efficiency of water drainage, in its turn, depends not only on
hydrogeological and mine engineering factors but also on the mine-drainage plants
applied. Underground water-collecting hollows (sumps) should be regularly clarified
from debris so that the mine-drainage plant functions properly [2]. Untimely cleaning of
pumping plant sumps results in the active capacity reduction and pumped water
contamination with debris, which reduces the pump overhaul period by 2 or 3 times.
Besides, sump cleaning is currently a complex and labor-intensive technological process
associated with partial flooding of a mine working and requiring the removal of load and
haul machines from service, which reduces the efficiency of mining [3]. The cost of
power resources grows and creates a need for new energy-saving technologies
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development for both mine water pumping and water-collecting hollows cleaning.
So, it is highly relevant for the enterprises that perform underground mining operations
to increase mine drainage operational efficiency and develop effective mine water
pumping technologies and water-collecting hollows clean-up facilities [4].

Multistage centrlfugal pumps with each stage consisting of an impeller and a guide
vane are most common in mine drainage practices. Not a single existing pump is capable
of transforming all the power obtained from the electric motor into useful efficiency.
This circumstance is due to major losses caused by several negative effects within
the pump [5].

The efficiency factor n indicates which part of shaft power N, (motor power) is used
by the pump to obtain the useful efficiency N, i.e. for liquid motion through the pipeline:

Nsh Nsh , ( )

where p is the density of the liquid, kg/m3; O and H are the effective capacity and head of
the pump, m%/s and m respectively.

H,m
351
30 F
H
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25 | -
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Figure 1. Determining the optimal mode of a pump
Pucynok 1. Onpenesnenye ONTUMAIBHOTO peKHMa paboThl Hacoca

In its turn, the efficiency factor of the centrifugal pump depends on pump capacity.
Pump capacity at which the efficiency factor is maximum is called optimal. The regime
of pump operation under the optimal capacity is also called optimal (Figure 1).

To calculate the general efficiency factor of the pump more accurately, it is necessary
to consider the negative effects within the pump that reduce its power. The essence of
such processes is exacting and is going to be considered further in the paper. The main
aim at the stage of pump design is to reduce the negative effects by developing a design
that ensures lower power losses [5—7].

The impact of the negative effects on the pump efficiency is estimated with the help of
the volumetric, hydraulic, and mechanical efficiency factors and calculated by the
formula:

=M, Q)

Volumetric efficiency n, is the ratio between the effective capacity Q, i.e. the volume
of'the liquid flowing from the pump to the pipeline per second, and the theoretical capacity
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O, which is the volume of the liquid flowing through the impeller per second, and is
determined by the formula:

Q

== 3
O ©

Nv

Effective capacity is lower than the theoretical since a part of liquid passing through
the impeller doesn’t enter the pipeline but percolates between the body and the impeller
and re-enters the impeller. Thus, a particular amount of liquid uselessly circulates within
the pump. It is possible to improve the efficiency factor by applying an improved groove
seal [6-8].

The preliminary value of volumetric efficiency for centrifugal pump operating in
optimal regime is determined by the formula:

n, =(1+0.68 %), )

where n_ is the speed coefficient.

Speed coefficient is the criterion of two pumps similitude that operate in optimal
regimes [9]. Speed coefficient of the pump which develops head H, m, in the optimal
regime, and capacity O, m%/s, and the impeller of which rotates with frequency n, rpm,
is determined by the formula:

ng =3.65n(\/§/H0‘75). (5)

Speed coefficient is connected with the ratio of the impeller inlet and outer diameters,
i.e. it defines the structural type of the pump.

Speed coefficient provides an idea of the efficiency factor of the pump working in
an optimal mode. More precisely, the higher the speed coefficient, the more space-
saving the pump and its efficiency factor are. Pumps with high speed coefficient are
therefore more efficient.

Hydraulic efficiency factor is the ratio between the effective capacity H actually
developed by the pump and the theoretical head H, that would be developed by the pump
without any hydraulic losses:

M= (6)

Hydraulic losses are conditioned by liquid friction against the surface of the pump and
friction in the vortex flux perturbations. Vortex perturbations are conditioned by the
following:

— flux impact on the blades. Liquid flow initially moving progressively runs against
the rotating blades and undergoes the impact, which results in strong vorticity;

— blade stall. In the ducts between the blades, liquid outflow from the surface of a
blade towards an adjacent blade is recorded, which conditions the development of vortices
in the ducts between the blades;

— turns, narrow and wide spots inside the body. The variation of velocity and direction
of liquid fluxes in turns, narrow and wide spots inside the body cause the development of
vortices.
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Figure 2. The coefficients of pump characteristics recalculation from water to viscous liquids
PucyHok 2. KoahuimeHTsI nepecuera XxapakTepUCTHK HACOCA C BOJBI Ha BA3KHE JKHIKOCTH
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Mechanical efficiency factor is the ratio between the blades power and shaft power or,
in other words, mechanical losses composed of friction losses in bearings, stuffing boxes,
and balancing rings of the impeller, as well as losses of the impeller external surface
friction against the liquid:

_ P8Oy, .

T Nsh (7)

Statistical data reveals that the values of the mechanical efficiency factor of the
centrifugal pumps operating in the optimal mode are within the interval of 0.92 and 0.99.
For this reason, for preliminary calculation, it is accepted that n = 0.96. However, this
value is correct for water pumping [10, 11].

Considering the expressions, the general efficiency factor of the pump in the design is
calculated by the formula [12]:

-1

-2/3
n= 1+0.68(3.65n \@J H pgOuntly _

H0475 H[h Nsh
~2/3
0
= HpgQ, | Ny, +0.68N, [3.6511 1:[/;5 . (8)

The content of debris in water influences each separate indicator of the efficiency
factor. Their impact on the total efficiency factor, therefore, requires practical and scientific
estimates.

Materials and methods. The head-capacity curve of a pump gives an idea of the
pump’s capabilities and depends not only on the pumped liquid density but also on its
viscosity. The higher the viscosity, the lower the head-capacity curve is constructed.
Manuals present head-capacity curves for water pumps. Characteristics from a manual
should therefore be recalculated (reconstructed) according to a particular method to pump
the liquid with the viscosity different from the viscosity of water [9-11, 13] (Hydraulic
vehicle design guide (for construction norms and regulations SNiP 2.05.07-85) /
Promtransniiproekt. Moscow: Stroiizdat,; 1988).

The characteristics of the pump tested on water are recalculated to determine its indicators
when pumping liquids with higher viscosity in accordance with GOST 6134 — 2007
“Rotodynamic pumps. Test methods”.

Figure 2 presents the nomogram from GOST 6134 — 2007 for determining the obtained
water characteristic recalculation coefficient when pumping viscous liquid. Values
presented in Figure 2 are obtained as a result of Hydraulic Institute Standards (HIS)
testing.

The procedure of working with the nomogram is as follows: it is necessary to find the
value corresponding to the optimal capacity on the lower scale of the nomogram (capacity
0, m¥/s) and go up to the value of the head (per one pump stage) in the optimal capacity
mode, then move horizontally (left or right) up to the required viscosity value, and after
that in an upward direction again to the intersection with the curves of the recalculation
coefficient C,,, C;; = /(0), as shown by the dotted line in Figure 2. The points of the
dotted line and the indicated dependencies intersection will determine the values of
coefficients CQ, C,.
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Pump capacity, head, and efficiency factor for viscous liquid is calculated by to the
formulae:

Qviscous = QCQ’ (9)

Hviscous = HCH . (10)

An example of constructing a head-capacity curve is presented below. Initial data for
viscous liquid at a 260 m horizon are as follows: the normal water inflow is 426.5 m3/h,
the maximum water inflow is 527 m%/h.

Table 1. Rated data of the 260 m horizon external network
Ta6uuna 1. lanHble pacyeTa BHeLIHel ceTn ropu3onta 260 m

Point number
Indicator
1 2 3 4 5
0, m3/h 0 75 150 225 300
H,m 267.00 288.21 351.83 457.86 606.30

The design head of multistage centrifugal pump TsNS(K) 300-360 installed at a given
horizon is calculated using the following formula (with certain restrictions):

H, H . +H_ . +H .
Hd —__ g _ horizon suction overwind , (1 1)

n n

where H, is the geodetic pressure head, m; H,

horizon

is the depth of the water level,

H, ...=260m; H . 1is the geodetic suction head, A . =25m; H .. is the
overwind height, 4. ,=2.5m.

The calculations found that A, = 300 m.
The characteristic of the external network for viscous liquid (for the lengthiest branch
of the external network):

P,—-P
H eowore = Hy + 2 _110.0083x%
Pliquid8
2
x 7\/ lsuction + 7\/ lpressure + Zésuetion + 2&])!‘655111‘6 Q (12)
suction ds pressure ds d4 d4 36002 2
suction pressure suction pressure ng

where P, P, are the pressures in feed and receiver tanks, kPa; p;, ;, is the density of the
pumped liquid, t/m3; A A is the friction factor of the suction and pressure

suction® ““pressure

pipelines respectively; / / is the length of the respective pipelines, m,

suction® “pressure
/ =164.85m; / =1730.28 m; d, d is the diameter of the suction and

suction > pressure suction® ~“pressure

pressure pipelines, m; X ..o EE . 18 @ total of the coefficients of all local resistances
in the suction and pressure pipelines.
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The rated value of linear hydraulic resistance coefficients for the pipelines is found by
the formula:

- 0.0195 (13)
Ip
where D is the diameter of the pipeline, m. Thus, A ... = 0.0347; kpressme =0.02878.
H, m
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350 E /
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Figure 3. The head-capacity curve of the 260 m horizon for “clarified” water
Pucynoxk 3. HanopHast xapakTepucTtuka ropu3onTa 260 M rpu rnepekauuBaHuU «OCBETICHHOI BOJIbI

As aresult, we get a dependency of the mine-drainage plant network for one pump per
column: H, =267 + 0.003770°.

H m
500
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400 ==& Characteristic of the external
network
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300 4¢
0——/ —#@—Head-capacity curve of one

250 ¢ impeller (Z=1)
200
150+ Head-capacity curve for the
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Figure 4. The head-capacity curve of the 260 m horizon for “unclarified” water
Pucynok 4. HanopHas xapakTepucTHKa ropu30HTa 260 M Ipu NepeKauuBaHUN «HEOCBETICHHON» BOJbL

We summarize the calculation data for the external network in Table 1.
Further, correction factors are determined to recalculate the head-capacity curve of the
TsNS(K) 300-360 pump operating on water.
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According to the graph (Figure 3), at the point where external network and pump
characteristics intersect, head and capacity values per one pump stage are as follows:
H,=60m, O, =290 m¥%h = 0.8 m%s.

We determine the correction factors C, = 0.88; C,; = 0.87 through the nomogram
(Figure 2).

Results and discussion. After the correction factors and external network data have
been determined, the pressure characteristic of the 260 m horizon is reconstructed when
pumping “unclarified” water (Figure 4). Pump performances are recalculated, and the
results are summarized in Table 2.

Table 2. Recalculating the operating parameters of TsNS(K) 300-360 multistage centrifugal
pump
Ta6uuna 2. Ilepecyer 3xcniIyaTalimoHHbIX Noka3areieii Hacoca IIHC(K) 300-360

Point number
Indicator
1 2 3 |4 s ] 6
When pumping water for one step
0, mh 0 75 150 225 300 375
H,m 67.0 68.0 67.5 66.0 60.0 48.5
When pumping water for six steps
0, m*h 0 75 150 225 300 375
H,m 341.70 346.80 344.25 336.60 306.00 247.35
When pumping “unclarified” water for one step
0, m*h 0 66 132 198 264 330
H,m 58.3 59.2 58.7 57.4 522 422
When pumping “unclarified” water for six steps
0, m’h 0 66 132 198 264 330
H,m 304.3 301.7 299.5 292.8 266.2 215.2

It should be noted that to construct the head-capacity characteristic curve (Figure 4),
the calculations were carried out under the condition that the pump was new and not
subject to wear. When operating on “unclarified” water [12—15], the real characteristic of
the pump will rest even lower along the y-axis.

Conclusion. The research results are as follows:

— when the pump operates on “unclarified” water, the actual mode is beyond the
optimal zone of the pump;

— if productivity falls, the operating time of all dewatering pumps increases by three
times due to the constant water inflow;

— if the depth and productivity of the mine and therefore water inflows increase,
the risk and threat of flooding increases (the time for pumping out normal water inflow is
20 hours, and the enterprise will require additional measures to increase the drainage
capacity, which will lead to additional capital costs).

As aresult of the calculation, it can be concluded that the multistage centrifugal pumps
TsNS operation on “unclarified” water is unsafe and requires technical and technological
measures to clarify the water before it enters the pumps.
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HccnenoBanue BHEIIHUX M BHYTPEHHUX Pa00o4MX MPOLECCOB FOPHBIX MAIINH
npu padore Ha «HeOCBETJIEHHOH» Bojie B M0/13¢MHBIX YCJI0BHAX

B b. M. ykuH A. . uToB A. M. Hujos C. H.
Ta66acos B. M.}, Kypoukun A. M., Ma:xutos A. M.!, Ko os C. H.!
! MarHuTOropcKuii rocynapcTBeHHbIH TexHindeckuii yausepeuret um. I. Y. Hocosa, MarauToropek, Poccust.

Pegpepam
Beedenue. Bcmambe paccmompensl 60NPOChl UCCAE008AHUsL 20PHO-UAXMHO20 B0000MIUBA, GKIIOUAIOWUE
uzyueHue pabouux npoyeccog YeHmpoOEelCHbIX HACOCHBIX YCMAHOBOK, 00eCneuuaiowux nepekaixy
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«HEOCBEMNIEHHOUY 800bl 8 MAICENbIX NOO3EMHBIX YC06UsX. Pewienue smux eonpocoe 6 nacmosiuyee spems
UMeem 6biCOKVIO NPAKMUYECKYIO U HAYYHYIO 3HAYUMOCTb.

Memoodonozus npogedenusn ucciedoeanus. Buinoninenvt ananus u 0606ueHUe HAYYHO-NPAKMUYECKO20
onvlma 6 061acmu 20PHO-UWAXMHO20 60000MIAUBA, PACCMOMPEHbL PENCUMbL PAOOMbL YEHMPOOENCHBIX
Hacocos u 0603HAYeHbl NePCReKmusHble 3a0auu Ucciedosanus 6 oanHoll obnacmu. Tax, nenpepvignoe
nocmynieHue 2pyHmogulx 800 8 GblpabOmKU waxmsl mpebdyem obecneuenus becnepedouinol pabomoi
HacocHblx yemano6ok. OOHUM U3 CaMbIX pACHPOCMPAHEHHBIX MUNOE B0000MIUBHBIX Y CIMAHOBOK SGISIOMCS
YeHmMpPOBeACHbIE CEeKYUOHHbLE HACOCHI, KOMOpble NpU NPAGUILHOU IKCHIYAMAayuu 6 NOIHOU Mepe
sbinonHsom céou Qynkyuu. OOHAKO NEPEeKauKa «HEeOC8eMIEHHOWY 800bl mpebyem pa3pabomku MemoouKu
no onpeodeneHuio ONMUMAIbHBIX PEXCUMO8 PABOMbl YeHMPOBENCHBIX HACOCO8 8 OUHHBIX YCIOBUSX PAGOMbI.
Pesynomamel u ux ananu3s. /s 060cHo8anus 3Qhexmuenocmu npeodsiodiCeHHblX peuleHull U 6bl80006
npeocmagnenvl: UCCIe008aHUs NO ONpedeeHUur0 3a8UCUMOCel 2UOPABIUYecKo20, 00beMHO20 U
mexanuueckoeo KIIJ] om pedxcumos pabomsl HAcoco8, aHamus pabouux npoyeccos, Npoucxoosuux 6
YeHmMPpOOENCHbIX HAcocax npu padome ux HA «HEOCBEMIEHHOU» 600e;, MemoouKa U pacuem HANnopHol
xapaxmepucmuxu yenmpobesicnoeo nacoca muna L[HC (yenmpobesichviii Hacoc CeKyuoHHbLIL).

Ob6nacmo npumenenus pe3yibmamos. Pe3yiomamol UCCLe008aHUL, BbINOIHEHHLIX 8 pabome,
PEKOMEHO08AHbL K BHEOPEeHUN) Olsi 6CeX NPeOnpusimuil, 6e0yuux noO03eMHble 2OpHble pabomuvl ¢
npUMeHeHUeM UAXmno20 60000MIUEA.

Knrouesnle cnosa: waxmmuvle yeHmpooexcHvle HacoChl;, ONMUMATLHbLE PEHCUMbL pabOmbl, Kodghguyuenm
nonesnozo  Oelicmeusi; HANOPHAS  XAPAKMEPUCMUKA, — 2UOpaGIuyeckue nomepu;  Kodphuyuenm
ObICMPOXOOHOCTIL.

Paboma evinonnena npu unamncosoii noodepcke zpanma Ilpesudenma Poccuiickoii ®Dedepayuu
Ne M/1-3602.2021.1.5.
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FOPHOMPOMBILUNEHHASA N HEGTEFTA3OBAA
FEONOIUA, rEO®U3UKA
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KomnnekcHoe reonoro-reoq)quecme nccnenoBaHue CTpoeHuA
AOJIUHbI PEeKU Tarun B cpeaHeM ee Te4YeHUun

Kysun A. B."™, Konomeeu U. K.2
1 YpanbCckuin rocynapCTBEHHbIN FOpHbINA YHUBEPCUTET, . EkaTepuHbypr, Poccust
2 [poeKTHasi OpraHM3aLms «YpanaopTexHoromny, r. Ekatepunbypr, Poccust
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Peghepam
Axmyanvrhocmos. KomniexkcHuvle eeonoeo-eeopusuieckue uccied08anus MoCmogo20 nepexood 8 patione
noc. Maxmeeo paccmompenvl 8 cucmeme 2e0102U4ecK020 CMpoeHus B0CMOYHO20 CKIOHA Ypana.
Llens padomur — uccredosanue 1MUMONOSULECKO20 CIPOEHUA NOOPYCIIOB0IL Yacmu OONUHbL, Onpedenenue
QUIUKO-MEXAHUYECKUX XAPAKMEPUCMUK SPYHINO8, UCCe008aHUe KOMNIEKCA MepPAC PeYHOU OONUHbI.
Pesynomamul. Hccnedosanvl ommemku perveda 6Kpecm peuHotl O0IUHbL, 6bl0€NIeHbl Yemblpe OCHOBHbIX
VDOBHSL NIOWAOOK DEYHbX meppac, MUnuyHulX ONid peK B0CMOYHO020 CKIoHa Ypana. Buidenen
HEPABHOBECHDbIIl  YHUACMOK PEYHO020 pyCcid ¢ KAHbOHOOOPA3HOU (opmoll O00nUHbl HAO 30HOU
HeomekmoHuueckux 6030vimanuti. Ilo eeonocuueckum u 2eoPusuueckum OAHHLIM UCCTE008AH
2e0n02u1ecKull paspes noUMbL U pycio6ou 4acmu peku. YcmanosneHo usmeHenue Qu3uiecKux ceoticme
2NAYKOHUMOBBIX NECUAHUKOS U 2UH NANE02eH08020 603DACMA 8 COBPEMEHHOU NOOPYCl080l Yacmu
peunoli oonunvl. Ha yuacmke cmpoumenbcmea HO8020 MOCMA BOIU3U CYUWECMBYIOUe20 NecuaHo-
2PABUIIHO20 MECOPOHCOEHUA BbIAGIEHbL CLOU NECKOS8 U 2NIAYKOHUMOBLIX NECUAHUKO8, KOMOpble MOy
b6b1mb 86€0eHbl 8 paspabomxy.
Bueoowt. [lonuna p. Tacun 6 cpeonem ee meweHuy umeen MunuyHblil 015 peK 60CMOYHO20 CKIOHA Ypana
KOMNIEKC meppac, Naieopycio 8pe3ano 8 Coll eNAYKOHUMOBbIX NeCHAHUKO8 NANE02EHOB020 803PACMA,
6 NOOPYCIOBOU YACIU BbIABLEHO USMEHEHUE PUBULECKUX COUCME NEeCUAHUKOS U 2NUH, NPUCYMCMEUe
SUNOSEHHBIX MUHEPANO8. MO NPUSHAKU BOZMONCHBIX HEOMEKMOHUYECKUX NpOYeccos 6 moauje
KAUHO30UCKUX U YemMBEePMUUHBIX OMIOHNCEHULL.

Knroueesvle cnoea: peunvie meppacei;, neomexmonuxa; (usueckue c60iicmea 20pHblx NOPod;
Qusuko-mexanuuecKue colicmea 2OpHbIX NOPoo.

Beenenme. VccnemxyeMslil ydacTOK peKkH pacriosiaracrcsa B padoHe moc. MaxHeBo,
B CHCTEME IeOMOP(OIOrHYecKOro palOHMPOBAaHHS BOCTOYHOTO CKJIOHA Ypaja — Ha
y4acTke, IJie peKka BbIIUIa Ha OTIokKeHHs CHOMPCKONH KOHTHHEHTAJILHO-MOPCKOH aKKy-
MYJATUBHON paBHUHBI [1—4]. MOIMHOCTE MOPCKMX U KOHTMHEHTAJIBHBIX ME3030MCKO-
KaifHO30MCKNUX OTIOKEHUH 3a OOpTaMH SPO3HOHHOTO Bpe3a PEKU IOCTHraeT 3IeCh
40-50 M [5, 6].

HcciienoBanue reoJIorn4ecKoro cTpoeHMsi. AHaIU3 BBICOTHBIX OTMETOK 3€MHOMU
MOBEPXHOCTH Ha MPOQHIISIX BKPECT PEYHON JOMUHBI p. Tarni nokaspiBacT HaJIM4YHE de-
TBIPEX YPOBHEN IJIOMIAJOK PEYHBIX TEppac.

Ilosepxnocme (nowaoka) eepxueil meppacsl pacrionaracTcs Ha aOCONIOTHBIX OT-
MeTKax BbICOT okosio 120 M (puc. 1). BeicoTa ee 0T COBpEMEHHOTO YPOBHS peku — 43 M.
OtMeTkn mOAOWIBEI (LIOKOJISI) 3TOH Teppackl, mo wuccienosanusm T. W. MBanosa,
B. C. llly6a [5], pacnionaratorcs Bbiie ypoBHs peku Ha 30—33 M. MOIITHOCTB OTIIOKEHHI
Teppackl MOKHO OoLeHUTh B 10—13 M. DT0 HE Tak MHOT'O: AJIsl CPEAHETO TEYEHUS PEK BOC-
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TOYHOTO CKJIOHA Ypajia camasl BEpXHsISI Teppaca CUMTAETCS SPO3UOHHOM (IIOKOIBHOM).
ITo nanneM ['eonorudeckoii xkapTol (1 ocydapcmeennas eeonocudeckas kapma Poccuti-
ckoti @edepayuu. Macwmad 1 : 1 000 000 (mpemve noxonenue). Cepusi Ypanvckas.
Jlucm O-41. Examepunbype, C116: BCEI'EU, 2011. 492 c.) n nanabM [2, 5], 9Ta Tak Ha-
3bIBaeMasi KYCHAHACKAA IPO3UOHHO-AKKYMYIAMUGHAA meppaca GOopMUpOBaliach B
mwmonene (N,>3), T. e. oxono 5,3-2,6 MH ner Hasaxn. Teppaca Bpe3aHa B II€CYAHO-IIIHHIC-
THIE OTIIOKEHUSI 03€PHO-MOPCKHUX PaBHUH OJIMTOIIEHOBOTO Bo3pacTa (Oonee 30 MiH et
Hazan) (locyoapcmeennas eeonocuveckas kapma Poccutickou @edepayuu...), [7]. lun-
pHUHA PEYHOI AOJIMHBI 110 JIEBOMY U IIPaBOMY YCTyIaM KyCTaHAICKOI Teppackl AOCTUTAET
8—12 kM. OHAKO BOMHEIH ITOTOK APEBHEH PEKH HEe OB IMEHHO TaKoi MUPHHBI. OOBIY-
HO B PaBHHMHHBIX YCIIOBHAX peKa MMEET M3BIIINCTOE PYCIIO, TOAMBIBAET B M3Iy4YHHAX
cBou Oepera ¥ TeM CaMbIM PaCIIUPSET PEUHYIO JONHHY.
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Pucynok 1. Otrmetku penbeda 1o npoduiisiM BKpecT JoNuHEL p. Tarmn B paiioHe noc. MaxHeBo.
YpoBHH OBEPXHOCTEH TUITMYHBIX I 3aypajbs Teppac:
1 — xycraHnaiickast; 2 — ypumckas; 3 — uceTckasi; 4 — KaMbIIIIIOBCKas
Figure 1. Relief elevations along traverses across the river Tagil valley in the Makhnevo village area.
Ground levels of terraces typical of the Trans-Urals:
1 — kustanaiskaia; 2 — ufimskaia; 3 — isetskaia; 4 — kamyshlovskaia

Ommemku niouwyadok cieoyrouieil, 6onee monoooii meppacwl p. Tazun, pactionara-
10TCsT Ha abcomoTHOH BeIcoTe OKojio 110 M. Ilo crcTemarnke peuHBIX Teppac peK BOC-
TOYHOTO CKJIOHA YpaJia — 3TO TIOBEPXHOCTD yhumckoii meppacol. MOIIHOCTD €€ OTI0XKe-
Huit Ha p. Tarmm oxomo 20 M, mo maHHBIM [5]. Peunas monmumHa mpu (popMHUpOBaHUH
Teppackl Ha OTpe3Ke PEeKH HIDKE COBPEMEHHOTO Moc. MaxHeBO ObUIa MIMPUHOU OKOJIO
8 kM. Beiie MaxHueBo, 1o p. Myraii — mupuHoil 2-3 kM. 31ech ¢ HEOIUIEHCTOLIEHa 10
HACTOAIIETO BpeMeHH (opMHUpoBajach pedHas JONWHA HE TPaIlelueBUIHOM,
a V-o0pasHoii ¢popmel. Takoe siBIIeHHE XapaKTepHO TSI HEPAaBHOBECHBIX OTPE3KOB PEKH
Ha Y4acTKax HEOTEKTOHUYECKUX BO3AbIMaHuii [1, 5].

AHaNOrM4Hble HEPABHOBECHBIE YYACTKHM MOKHO BBIIENUTH B 70 KM IOKHEe, Ha
p. Heiia, B 15 kM Bbie . AnanaeBcka. 11 B 70 kM ceBepHee, Ha p. Typa, B pailoHe
noc. BocTounsrii. OToMy QakTy MOXKHO HAWTH OOBSCHEHHE: BCE TPH HEPABHOBECHBIX
yYacTKa PEYHBIX JIOJMH PaCIioNiaraloTcs CyOMEepHINOHANBHO, B MpeeNaX OTIOKEHHN
MOPCKHX JIOJIMH TaJ€OreHOBOTO BO3PACTa, MEPEKPHIBIINX KOHTAKT JABYX PErMOHAIBHBIX
TEOJIOTUIECKUX CTPYKTYP: BOCTOYHO-YPATBCKOTO MOMHSTHS, CIOKEHHOTO BYJIKAHOTEHHO-
0CaJIOYHBIMH TIOPOJIAMH JEBOHCKOTO BO3PAcTa, IMPOPBAHHBIMHU TPAaHUTHBIMUA WHTPY3HSAMHU
BEPXHETO JIeBOHA M KapOOHa, 1 MOPCKIMH 0CaIKaM¥ KapOOHa, HAJIOKEHHBIMH Ha BYJIKAHO-
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TeHHBIE TPSIbI JEBOHCKOTO Bo3pacTta (AnanaeBcko-Mprusckas 30Ha) (/ ocydapcmeennas
eeonocuveckas xapma Poccuiickou @edepayuu...), [8]. HepaBHOBeCHBIC y4acTKH pac-
nosnararorcs B 5—10 KM BOCTOUHEE KOHTAaKTa JBYX KPYIHBIX METa30H, HaJl 0CaJOYHBIMHU
MOPCKUMH TOpOoJaMu KapOOHOBOTO BO3pacTa (M3BECTHAKHU, MECYAHUKH, IIMHHUCTHIC
CIIaHITBI ), KOTOPBIE 3aJIETal0T CHHKIIMHATBHO (OTpunarenbHbIi u3ruo mo A. FO. Kucuny [9])
Y TIpY TaHTCHIMAJIbHBIX HANPsDKEHUSIX OyIyT co3iaBaTh ONIOKOBBIE TOPCTOBBIE CTPYK-
Typbl. Ha p. Tarun koHTakT OoJiee JErKHX U KOMIIETEHTHBIX TIOpo KapOOHOBOTO BO3pac-
Ta C MOPOIaMHU AECBOHCKOW BYJKaHOTEHHOH IpsAbl pacnonaraercsi Ha CyOMepuIuoHab-
HOM OTpE3Ke pEeKH, I[JIe OHa CIpaBa MPUHUMAET MpUTOK Myrail. DTO yCTaHOBIEHO
reoJIOTH4eCcKUM KapTupoBaHueM (I ocydapcmeennas ceonoeuueckas kapma Poccuiickoti
Deodepayuu...) U IOATBEPKIACTCS JaHHBIMU IPaBUPa3BEIKU: Ha 3araje, Ha JIeBoM Oepe-
Ty peKH, HaJl TOPOJAMHU JIEBOHCKOM BYJIKAHOI'€HHOH I'psAAbl OTMEUYAETCs JIOKaIbHASA T10-
JIOKUTENbHAs. aHOMANINS IIMPUHOM 1—2 KM, HHTEHCUBHOCTBIO 2,5 MI'an; Ha BOCTOYHOM
Oepery HaJ MOPCKUMHU OCaJKaMH KaMEHHOYTOJILHOTO BO3pacTa — aHOMaJiisl HHTCHCHB-
HocThio MuHyc 3 Ml an. Illupuna ee Gomee 1 kM. CyOMepHIoOHaIbHOE TPOCTHPAHUE
3TOI MHTEHCUBHOM IPaBUTALIMOHHOMN CTyNeHH — 13 kM.

Takum 00pa3oM, aHANTU3UPYS MOJOKEHNE HEPABHOBECHBIX YYACTKOB Ha peKax BOC-
To4HOTrO cKJIoHa CpenHero Ypana 1 Bo3pacT (hOpMUPOBaHHsI KAHBOHOOOPA3HBIX PEYHBIX
JIOJIMH, MOYKHO JIETaJIM3UPOBATh BpEMs U MECTO TEKTOHMYECKUX BO3ABIMAHUM 3aypaibs
B IUINOLIEH-YETBEPTUUHOE BpPEMs, KOTOpBIE B IIAaBHBIX YepTax uccienonansl JI. A. YMo-
Boii, A. II. CuroBbsiM u npyrumu B 1940-1970-e rr. [2, 3, 8].

Ha yuacTtke pexu BOIM3M BOCTOYHOW OKpanHbI MaxHEBO B penbede Ha YpOBHE OT-
METOK OKOJIO 92 M NPOSBUIIACH HI0UIAOKA 6MOPOLL OM YPOBHA PEKU Meppacsl — ucem-
ckoii. OHa 3pO3MOHHO-aKKyMY/ISITHBHAs, UMEET MOIIHOCTh NECYaHO-TPAaBUIHBIX OTJIO-
xkeHnit 5-12 M. Ee ocamku ¢ 1948 1. skciutyartupyrorcss MaxHEBCKUM KapbepoM
IIepeBanoBckoro MeCTOpOXKAECHUS Niecka U rpaBusl. MHUHEpanornieckuii aHaliu3 OTIIoXKe-
HHUI Teppachl MMOKa3bIBAET, YTO COCTAB MECYaHOW (paKIMW KBapLEBBIH, rPaBEIUTOBAS
COCTABJISIIONIAs IPEACTaBIICHA 00IOMKaMH CEPOTr0 CPEIHE3EPHUCTOTO OHOTUTOBOTO Ipa-
HHTA pazMepoM 4—8 MM. 3epHa KBaplia B TpaHuTe pasmMepoM 2—4 MM KCeHOMOP(HBI — He-
NpaBUJIBHON YITIOBAaTOM (OPMBI, MJIarHoKa3a — ¢ IOCKOCTAMH craitHoctu. [ons mm-
HHUCTOI (pakuuy B COCTABE OTIOXKEHHM, 10 JTAHHBIM JKCIUTyaTallid MECTOPOXIICHUS,
cocrtaBiseT B cpenHeM 8 %. [mHa paccesHa BO BCcel TOMIIE M JOKAJIM30BaHA B MPO-
TUIACTKAaX MOIIHOCTHIO 10 2—3 M. CocTaB U pacnpeiefieHHe B TOJIIE OTIOKEHUH Teppa-
CBI [IECYAHBIX, TPABUHHBIX, INIMHUCTHIX (aluii yKa3pIBaloT Ha (POPMUPOBAHKE €€ B YCIIO-
BUSAX M3BWJIMCTOTO PYCJa, CMEHBI BOAHBIX, JPO3HUOHHBIX PEKUMOB IPH HAJIMYMU BBIIIE
TI0 TEYEHUIO PEKU MAaCCHBa CPETHE3EPHUCTBIX TPAHUTOB.

N3-3a 6ombiioit monu rpaBenutoB (1040 %) B cocTaBe OTIOKEHHH U yrioBaroi (op-
MBI OOJIOMKOB MECTOPOXKICHHE CUUTACTCS YHUKAJIbHBIM: TPABEIUTOBBIA HAIIOIHUTEID
JaeT 0co00 MpoYHbIe OETOHHBIE CMECH, MCIOJIB30BABILUECS IMPU CTPOUTENBCTBE Ha
Ypane aToMHBIX 00BEKTOB, B3JIETHOH MOJIOCKHI adporopTa Konbioso.

[Tpu oTpaboTKe MECTOPOXKACHHS 3eMCHapsIaMH Ha ITyOHMHE OT MOBEPXHOCTU 5—8 M
OOHapyKEHBI KOCTU KPYITHBIX MJICKOIUTAIOMINX: MAMOHTOB, HOCOPOTOB, OJICHEH, — yKa-
3bIBAIOIIME HA CPeIHEILICHCTOIICHOBOE BpeMs (POPMHUPOBAHHMS OCAIKOB HCETCTKOM Tep-
pacsl (780—126 trIc. et Ha3ax) 8, 10].

Cambie monoovle KamMbIUI06CKUE HAONOUMEHHbIE MePPAChl PAcTIoiaraoTcs Ha OT-
MmeTkax 79—82 M (puc. 2). llupuHa ux — He Golee MepBBIX COTeH MeTpoB. Ha neBom Ge-
pery oHHU He MposBILIIOTCA. Ha mpaBoMm Oepery MOXHO BBIICIUTH MOBEPXHOCTH TPEX
HaJNoiMeHHBIX Teppac. Hanbonee Mononast U3 HUX B BEpXHEH 4acTH CIOKEHa Cepo-
JKENTHIMU TBUIEBAaThIMU KBAPIIEBBIMU ITECKaMHU MOIIHOCTBIO OKOJIO 1 M, KOTOpBIE HUXeE
CMEHSIIOTCS CPeIHE3EPHUCTBIMHU CEPhIMU TIeckaMu. Bospact GpopMupoBaHUst OTIOKEHUI
KaMBIIIJIOBCKON Teppackl — BepxHee 3BeHO IuielictorieHa (120-12 teic. ner Hazan),
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1o fa"HbM [6, 8, 10, 11]. IIsieBaTsie necku NepBOM Teppackl YKa3bIBaloT, 4TO OHa (op-
MHpOBAJach B 3MOXY OTHOCHTEIBHO CYpOBOTO KIMMara ¢ MepHOJaMH OTPHLATEIbHBIX
TeMIleparyp, KOraa MOPO3HOE PACTPECKUBAHUE TOPHBIX TOPOA (POPMHUPYET B aKTHBHOM
MPUIIOBEPXHOCTHOM CJIO€ NIBUIEBATHIE JIECCOBUIHBIEC (DPaKIHU.

JlaHHBIe MHKEHEPHO-Te0JOrHYeCKHX CKBAKHH U BePTHKAJIBHOIO JIeKTpHYec-
Koro 3onHaupoBanusi (BD3) Ha mpoekTHpyeMOM MOCTOBOM Iepexofe B paiioHe BOC-
TOYHOM OKpanHbl MaxHEBO AAIOT CBEAECHUS O 3—4-METPOBOM MOLTHOCTH JIITFOBUAIIBHBIX
NIeCYaHO-TAJICYHUKOBBIX OTIIOKECHHUM 110J COBPEMEHHBIM PYyCIIOM pekH (puc. 3). Dpo3u-
OHHBIN Bpe3 PEKH B TOJIIILY TEMHO-3€JIEHBIX [TIayKOHUTOBBIX [IECYAHUKOB N1aJIEOTCHOBOTO
BO3pacTa AOCTHUTal 2—3 M.

IIT reppaca

II Teppaca

/ I HapgmoliMeHHas Teppaca
Vi

PucyHOK 2. BEICOTHBIE OTMETKH YPOBHS PEKH M KOMILUIEKCA HaAMOWMEHHBIX Teppac Ha IIPaBOM
Gepery HalpPOTHUB BOCTOYHOM OKpanHbI moc. MaxHEeBo
Figure 2. Elevation points of the river level and the complex of above-floodplain terraces on the
right bank opposite the eastern outskirts of the Makhnevo village

I'naykonumogule necuanuxu 6 3aypanve — 370 OTIOKEHUS MOPCKUX JaryH OJIUTOLE-
HOBOTO Bo3pacta (6onee 30 MiIH JIeT Ha3a[), KOTa IJIsl pETHOHA ObLI XapaKTepeH BIla-
HBII cyOTponmueckuii kauMar [7, 12]. OObIYHO [M1ayKOHUTOBBIE TIECYAHUKU MOACTHIAIOT
MapKUPYIOIIYIO TOJILY 3€JIE€HOBATO-CEPhIX IIMH YETaHCKOM TOJIIM OJIMTOLIEHOBOTO JKE
BO3pacTa, HO B paiioHe BOCTOUHOM 4acTH [lepeBanoBCKOro MECTOPOXAEHHS IpaBUs U
NeCcKa IIayKOHUTOBBIE MECYaHUKH 00pa30Bajii IIAaCT MOLIHOCTBIO A0 12 M Haj cloem
mmH. 1[BeT necuaHnKoB cepoBaTo-3eieHblit. [ImoTHoCTs 06pasios 1,85-2,03 r/cm?, uto
COOTBETCTBYET MOJAJIbHBIM 3HAYEHHUSM IUIOTHOCTH ITECYaHUKOB KaHHO30ICKOT0O BO3pac-
Ta B 3aypanbe [13]. IIpo4yHOCTH K ONHOOCHOMY CYKaTHIO IECYAHHKOB HEBBICOKas
(o1 20,0 no 35,1 MIIa). 3HaueHNUs yAEIHLHOTO IEKTPHUECKOTO CONPOTHBICHHS ITeCYaHu-
KOB, 10 AaHHBIM BO3, B COBpeMEHHOH NOAPYCIOBON YacTH AOIUHBI HEBBICOKHE —
14-17 Om - M, a oz TeppacaMy AOCTUTAET MEPBBIX COTEH OM * M.

B numdax BuIHO, YTO 3epHA ITIayKOHUTAa MMEIOT OBAIBbHYIO U HETIPAaBUIIBHYIO OpMY,
pasmep 0,2-0,4 MM, 1BeT (UCTAIIKOBO-3€IICHBIM, JKEITOBATO-3€JICHBIN, 3aHUMAIOT B
obbeme nopozs 6onee 50 %, IpUaAIOT XapaKTepPHBIN 3eJIeHbIH LBET necyanuky. Ocralib-
Hasi Macca MpeACTaBlIeHa MPO3pauHbIMU 3€pHAMHU KBaplia TPEYTOJbHOW YIIOBATON
¢dopmel ¢ pazmepom necunHok 0,1-0,3 Mm.

Ha npaBom Oepery peku KpoBIIsl IFIayKOHUTOBBIX TIECUaHHKOB 3aJieraeT Ha TTyOHHE
3—4 M HmXe YpOBHS 3epKasla BOJ pPeKU. JTa TOpHas MOpoja MpH U3METBIEHUH MOXKET
OBITh IPUPOAHBIM KaJMEBBIM YAOOpEHHEM, ITpU J00aBKe INIayKOHUTA B IIEMEHT IMOJTyya-
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eTcst OBICTPOCXBATHIBAIOIIMICS OCTOH. YUUTHIBas MalIyl0 BOOJOIPOHULIAEMOCTh MAaCCHB-
HBIX TIECYaHUKOB, MOKHO PacCMaTpHuBaTh BOIIPOC O 3aKJaJKke HETyOOKOro Kapbepa Io
J00bIUe TIayKOHUTOBOTO TecuaHuka. [Ipu 3ToM opoabl BCKpHILIM Kapbepa OyIyT mpea-
CTaBJIEHbI 6—7-METPOBBIM CIIOEM IECKa U IPaBUS — LIEHHBIMH HEMETAIIMUECKUMHU TO-
JIE3HBIMH NCKOTIAEMBIMHU.
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Pucynox 3. I'eonoruueckuii paspes pyciaoBoif 4aCTH peYHOH JONHUHBI:
1 — mecyaHble (paKuuMM aJUIOBHs; 2 — TpaBeiuTOBble (armu; 3 — MIAyKOHUTOBBIM MECYaHHK
OJIMTOLICHOBOTO BO3PACTa; 4 — NIayKOHUTOBBIC HECYAHUKH 110 JAHHBIM CKBAXKHH; 5 — IVIHHbI YEraHCKOM
CBUTBI; 6 — 3HAYCHUS YEIBHOIO EKTPUYECKOr0 CONPOTHBIEHHS CJIOEB O JaHHbIM BDO3; 7 — nyOuHa

TEOdNEKTPUUECKHUX IpanHull o BO3

Figure 3. Geological section of the streambed part of the river valley:
1 — sandy alluvium fractions; 2 — gravelite facies; 3 — glauconite sandstone of the Oligocene;
4 — glauconite sandstones based on well data; 5 — clays of the chegansky formation; 6 — values of layers
specific electrical resistance based on VES data; 7 — the depth of geoelectric boundaries based on VES

3enenoeamo-cepvle MOHMMOPUITIOHUNIOBBIE 2TIUHBL Ye2AHCKOUL C6UNbL 3ATIETAIOT B
MOWMEHHOM YacTH AONUHBI Ha rTyonHe 10—14 M ot ypoBH: Boas! B pexe. [ THHBI BA3KHeE,
TUIACTUYHBIE (YHCIIO TUIACTUIHOCTH m3MeHsercs oT 17,2 no 29,0 %, mokasarens TeKy-
gectu — ot 0 o 0,21 moreit ex., momynb aedopmarmm — 12,6 Mlla, ynenpHOE CrieTUieHHAE —
0,077 Mlla, yrom BHyTpeHHETO TpeHHUs — 15 rpan). [TMHUCTEIC OTI0KEHUS CoMepKar B
cBoeM coctaBe 3—5 % 00. cmabookaTaHHBIX 3€peH MPO3PavyHOro KBapla pa3MepoM
0,5-1,0 MM, TUTACTHHKH OMOTHTA TAKOTO K€ pa3Mepa. YAETHHOE IMEKTPUICCKOE COIPo-
TUBIIEHHE TITHH 4—6 OM * M, 94TO XapaKTEepHO IS TOJIIN YeTaHCKUX OTIoKeHui [13, 14].
B noapycnoBoit wacTi conmpoTuBIIeHNE TIHH Bo3pactaeT 10 13—16 OM - M, CTAaHOBUTCS
KaK y TJIAyKOHUTOBBIX ECYaHUKOB HaJ HUMH.

SIBreHNS TTOHMKEHUS AJIEKTPHUUECKOTO COTPOTHUBIICHHS MECYaHNUKOB M TIOBBIIICHHUS
€ro y CYITMHKOB MOYKHO OOBSICHUTH HATMYHUEM IIUPKYJLIIAN TPYHTOBBIX BOJI, HACKIIICH-
HBIX XMMHUYECKHMH 3JIEMEHTaMH W MUHepaJllaMH MO CyOBEpTHKAJIBLHON MPOHHUIIAEMOM
30HE B MOAPYCIIOBOM YacTH PEYHOHN IOJIMHBI, a TaKke BO3MOKHBIMHU TOCTYIUICHHSIMU
TTyOMHHBIX (DITFOMIOB ITO 30HaM HEOTEKTOHWYECKUX pasioMoB [15]. B nmumdax mmayko-
HUTOBBIX IIECYaHUKOB O0OHAPY’KEHA CITIONIa — MUHEPAJI MarMaTHYeCKOTO MIPOUCXOMKICHII,
TakKe HaOMI0IaeTCs 3aM0THEHIE YaCTH ITOPOBOTO MPOCTPAHCTBA TPUBHECEHHBIM KPEM-
HezeMoM. Takue siBIeHHS, CBS3aHHBIE C HEOTEKTOHHYECKUMH TPOIIECCaMH, YCTaHOBIIE-
HBI B 0CAJIOYHBIX ITOPOJIaX 3aIlaIHOTO CKIIOHA Ypauna [9]. Marepuan nepenan MHHEPOIIO-
raMm ISl TATbHEHIIEero N3y IeHusl.
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BoiBoabl. Takum 00pas3oM, mpu reosoro-reopu3MYecKoM HCCICIOBAHUM PEYHOM
JOJIMHBI CPeHETo TeueHus! p. Tarun ycTaHOBIIEHB cleaylommue (HaKThl U SBICHHS:

— KOMIUIEKC PEYHBIX TEPPAC, XapaKTEPHBIX U1 PEK BOCTOYHOTrO CKiIoHa CpenHero
VYpana;

— HEpPaBHOBECHBIH y4acToK V-00pa3HOi peyHON JOMMHBI HaJll 30HOH HEOTEKTOHUYEC-
KOTO B3/IbIMaHMs B IITMOLIEH-YETBEPTUYHOE BPEMSI;

— IUIacT TIayKOHUTOBBIX MIECYAHUKOB Ha MPaBOM Oepery COBPEMEHHOW PEeKu Ha ITy-
OuHe, TOCTYIHOM AJIsI €r0 KapbepHOH pa3paboTKH;

— IPU3HAKU HEOTEKTOHMUYECKOH MPOHUIIAEMOM 30HBI B MOJIPYCIOBOM YacTH JOJIUHBI,
rJe OTMEYCHO M3MEHEHHE (PU3UUECKUX CBOMCTB IIMH M IIAYKOHUTOBBIX IE€CUAHHKOB,
B TIOCJIEIHUX MUHEparpapuIecKuMH UCCIEAOBaHISIMU OOHApYKeH MMPUBHOC KpeMHE3e-
Ma B IOPOBOE MEK3EPHOBOE MPOCTPAHCTBO.
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Abstract
Relevance. Integrated geological and geophysical studies of a bridge in the Makhnevo village area are
considered in the frame of the Urals eastern slope geology.
Research objective is to study the lithology of the underlying part of the valley floor, determine soil physical
and mechanical characteristics, and study a complex of fluvial terraces.
Results. Relief elevations across the river valley have been studied, and four main fluvial terrace levels
typical of the Urals eastern slope have been identified. An unstable section of the streambed with a canyon-
shaped valley above the neotectonic unwarping zone has been identified. The geological section of the
river's floodplain and streambed were studied based on geological and geophysical data. A change in
the physical properties of glauconite sandstones and clays of Paleogene age in the recent underlying part
of the river valley has been established. Layers of sand and glauconite sandstone that can be developed
have been found at the new bridge site near the existing sand and gravel deposit.
Conclusions. A complex of terraces of the Tagil river valley in its middle course is typical for the Urals
eastern slope. The paleovalley is cut into a Paleogene glauconite sandstone layer. In the underlying part
of the valley floor, changes in sandstones and clays physical properties have been recorded, and
the presence of hypogene minerals was revealed. These are the signs of possible neotectonic processes
in the series of the Cenozoic and Quaternary deposits.

Keywords: fluvial terraces; neotectonics, physical properties of rocks, physical and mechanical properties
of rock.
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K Bonpocy 0 noBbiWeHUn TOYHOCTU MHKNMHOMETPUM B npoLiecce
OypeHus HedpTerasoBbIX CKBaXUH

TennyxuH B. K., 3enko B. B.!, PatywHsik A. H.2*, Baitgukos C. B.2
" Komnanus «Metpotyn-HbB», r. Okts6pbekuit, Pecnybnvka balwwkopTocTaH, Poccus
2 HcTuTyT reocomamkm YpO PAH, r. EkatepuHbypr, Poccus
*e-mail: geo_info@mail.ru

Pegpepam
Bgeoenue. B nacmosuee spems 6 npoyecce 6ypeHusi HaKIOHHO-HANPABIEHHbIX CKEAJICUH HA Hedmb
u 2az Haubonee WUPOKO NPUMEHSEMCsl CHOCOD UHKAUHOMEMPUY, 3AKIOHAIOWUNCS 8 NPOGedeHUU
OMHOCUMENbHO 2POMO3OKOU U CLONCHOU CUCTNEeMbl NOCLe008AMENbHbIX Onepayull npeobpasosanus
KOMROHEHM MASHUMHO20 NOAs 3eMiu 8 NPONOPYUOHANbHbIE INEKMPUYECKUE CUSHATbL C NOMOWbIO
MASHUMOMEMPOS, YCULeHUs. U MACUMAOUPOSAHUs. CUSHALO8 OAMYUKOS, UHMESPUPYIOULe20 aHaAl020-
yupposozo npeobpazoeanus NEKMPUYECKUX CUSHAN08, ONPedelleHusi mpex KOMHOHEHM MAZHUMHO20
NOJA RO UZMEPEHHbIM 6bIXOOHbIM CUSHALAM 2COHABUSAYUOHHBIX OAMYUKO8, OONOIHUMENbHO20 66€0eHUs
PA3IUUH020 POOA RORPABOK OJisk ONPedesleHUsl UHKIUHOMEMPUECKUX NAPAMEmpPOo8 340051 CKEANCUHBL.
Memooonozua nposedenusn uccnedosanui. OcHO8HAA 3a0a4d NPOBEOEHHLIX UCCIE008AHUN —
nosvluieHue MoYHOCMU UHKAUHOMEemMpUY 8 npoyecce 6ypeHusi HaKIOHHO-HANPABIEHHbIX CKEAMICUH HA
Heghmov u 2az, Npu KOMOPOM RPOU3EOOUMCS MOYHASL KOMNEHCAYUsl NOMeX, HABOOUMbBIX KDYNHbIMU
eppomasHumnbIMU KOMAIEKCAMU, 8XOOAUWUMU 6 KOMROHOBKY HU3a GYPULbHOU KONOHHbI, HA OAMYUKU
COCMABNAIWUX MASHUMHO20 NONA UHKIUHOMempa 6 pedcume online. Paspabomannuiii cnoco6
NOGbIUEHUS] MOYHOCIMU UHKIUHOMEMPUY 6 npoyecce OypeHus. HAKIOHHO-HANPAGLEHHbIX CKBAJICUH 6
pedcume meKyuwe2o pemMeH nPUGOOUm K momy, Ymo npu UsmMepeHuu napamempos 2eomMempuiecko2o
non0dCeHUs 34005 CMBONLA OYpsugelics CKEANCUHBL BPAKMUYECKU Hem He0OX00UMOCmU 8 OONOIHUMETbHOM
68€0eHUU PA3IUYHO20 POOA NONPABOK.
Pesynomamot u ux ananus. Boinoinenvt ananumuyeckue uccie008anus CMpyKmypsl CUCHeMbl NOMeX,
€030a8aemMblX PA3TUYHbIMU MACHUMHBIMU OTOKAMU, BKIIOYEHHBIMU 8 KOMNOHOBKY OYPUNbHOU KOTOHHbL
npu  MoHmagice, paspabomaHo CReYUAIUUPOBAHHOE YCMPOUCMEO Olsl YNPAGIeHUs. NPOYEeCcCOM
UHKAUHOMemMpUYU npu OYypeHuu HAKIOHHO-HANPAGLEeHHbIX cKeadxcul. Paspabomanvi ommocumensno
nPOCMOU KOMIIEKC MEXHOLOSUYECKUX NPUEMOS, CEEOCHHbIX K 86€0CHUI0 OAHHBIX DPACNONOJICEHUS U
2e0MempudecKux Napamempos MaZHUMHbIX OJL0K08, U paboyas cucmemd, 8KI04AIOW st MUKDORPOYeccop
U KOMNEHCAYUOHHbIE CONIeHOUObL, MO NO3B0NSEM NOLYYUMb (PaKmuyecKkue OaHHbLe RPOCMPAHCMBEHHO20
PACNONOdCEHUsL HU3A OYPUNBHOT KOTOHHBL 8 PENCUME PEAibHO20 6PEMEHU.

Knioueevle cnosa: mounas unxnumomempus; 6ypenue; Komnowoska HU3a  OYpUNbHOLL
KONOHHbL,  ymsicelennvie heppomacnumusie 6Oypuibhvle mpyoObi;, KOMNEHCAYUOHHbBIE CONEHOUObL;
NeKMPOMASHUMHOE NOJIE.

Beenenne. IHKIMHOMETpHS — 3TO ONpPEAEICHHE TOYHOTO MPOCTPAHCTBEHHOIO MO-
JIO’KeHUsI CTBOJIA Oypsiiueiicss CKBaKMHBI IOCPEICTBOM HETIPEPHIBHOTO HU3MEPEHHS OT-
KJIOHEHMH HaIpaBJICHUS! CKBKUHBI OT MAarHUTHOTO CeBepa (a3UMYT) U yIvla €€ HaKJIOHa
C ITIOMOIIBIO0 MHKIHHOMETPOB.

PaboTta 0CHOBHOI1 rpymIIbl CKBaKMHHBIX HHKJIIMHOMETPOB, IPUMEHSIEMBIX B ITPOLIECCe
OypeHus HaKJIOHHO-HAINPaBJICHHBIX CKBAKUH, OCHOBAaHA Ha MPUHLIUIIE N3MEPEHHMS Iapa-
METPOB MarHUTHOW MHIAYKLMH U3MEPUTEIBHBIX COJIEHOUIOB IIPU BO3ACHCTBUH BEKTOpa
MarHuTHOro moms 3emid. Ha KauecTBo M3MepeHUs! OKa3bIBAIOT BIMSHHUE NPHUCYTCTBUE
BOJIM3M M3MEPUTEIBHOTO IaTYMKa MACCUBHBIX MATHUTHBIX KOMIUICKCOB C BEICOKHMH 3HA-
YEHUSIMU MAarHUTHOM NMPOHHUIIAEMOCTH, BUOpauusi OypHUJIbHOIO MHCTPYMEHTA U JpYyTrHe
HPUYUHBL
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B Hacrosimiee Bpems B mporecce OypeHHs HaKJIOHHO-HANPaBJICHHBIX CKBAXKHH Ha
HedThb 1 a3 [ 1] Hanbonee MMUPOKO MPUMEHSIETCS CIOCO0 HHKIIMHOMETPHH, 3aKITI0Uato-
IIMACS B MPOBEACHUN OTHOCHUTENIFHO IPOMO3IKOM M CIIOXKHOH CHCTEMBI MOCIEeI0Ba-
TEJIHBIX OIEpaluii MpeoOpa3oBaHUsl KOMIIOHEHT TI'PaBHUTALMOHHOIO M MarHUTHOTO
1oJst 3eMJIU B IPONOPIHUOHAIBHBIE IEKTPUUECKHE CUTHAIIBI C TIOMOIIBIO TPaBUTALIM-
OHHBIX JaTYNKOB, 8 IMEHHO: MPe0OPa30BaHUs CUTHAJIOB C MOMOILBIO TPEXOCHBIX aKce-
JIEpOMETPOB M MarHUTOMETPOB; YCHJICHUS! U MacIITaOWPOBaHUS CUTHAJIOB JIaTYMKOB,
MHTETPUPYIOIIETO aHAIOTO-IIH(POBOTO MPeoOpa3oBaHUsl ANEKTPUUESCKUX CUTHAJIOB,
OTIpe/IeTIeHNs TPEX KOMIIOHEHT T'PaBUTAIIMOHHOTO ¥ MarHUTHOTO TOJEH MO M3MEpEeH-
HBIM BBIXOJIHBIM CHTHAJIaM F€OHaBUTAIIMOHHBIX JaTYUKOB; ONPENEICHU HHKINHOME-
TPUYECKUX MapaMeTPOB 3200 CKBXHHBI 10 U3MEPEHHBIM KOMIIOHEHTaM Teo(u3nyec-
KHX TIONeW; W3MEepeHus TMapaMeTpoB BHOPAIMOHHON IOMEXH; OIpeIesIeHuUs
HE0OXOMMMOro 00BheMa MCXOMHON BHIOOPKH BBIXOMHBIX CHTHAJIOB aKCEICPOMETPOB;
MPOU3BEICHUS OIPAaHUYCHHUS HCXOJHOM BEIOOPKH C UCIIONB30BaHUEM KOPPEIISLIMOHHO-
IO aHANIN3a; ONPEAETICHNS] HICTUHHBIX 3HAYEHUH BBIXOIHBIX CUTHAJIOB aKCEIIEPOMETPOB
B Pe3yJbTaTe UTEPALMOHHOHN MpoLenypsl 00paboTku c(hOPMHUPOBAHHOHN BEIOOPKHU yKa-
3aHHBIX BBIXOIHBIX CUTHAJIOB.

B Hacrosimee Bpems Npu MPOBEICHUM OypeHUs! HAaKJIIOHHO-HAIPABICHHBIX CTBOJIOB
CKBKHH YacTO MCIIONb3yeTCs «MeToA KopoTkoro YBT» (yTsokeneHHO# OypuiabHOU TpY-
ObI) — TEXHOJIOTUS PacueTa «aOCOMOTHOTO a3UMYTa» — 3TO MaTeMaTHUECKUI METO] CHU-
JKEHUsI a3MMYTaJIbHBIX OIIMOOK, BBI3BAHHBIX MAarHUTHBIM BJIMSHHEM COCTABIISIFOLIMX
KOMIIOHEHT 3a001HON KOMITOHOBKHM HU3a OypuiibHOM konoHHBI (KHBK), T. €. Bo Bpems
CHSATHSI HHKJIMHOMETPUYECKOTO 3aMepa B pacyeT MPUHUMAETCsI a0COMOTHBIN a3UMYT, KO-
TOPBIH TaKXKe ABJISETCS MPAKTHUECKU PACUETHBIM.

OcHOBa JaHHOH TEXHOJIOTUH 3aKJIIOUAETCs «B HEBO3MO)KHOCTH HCIIOJIB30BAHUSA J0-
CTaTOYHOTrO KOJM4YecTBAa HeMarHUTHHIX YBT, mpu Hanmn4um KOTOPHIX BO3HUKAIOT TO-
MEXH 10 0CH B, pacnonoKeHHoM B10Ib OCH HHCTpYMEHTA. [l pemenus 5101 npo-
OneMbl B popMyTy pacuera a3uMyTa OlepaTopbl BHOCST pacCUMTaHHBIE TEPe HauaIoM
Oypenus naHuble Dip (yron, Ha KOTOpPBIH OTKIIOHSIETCS CTpEJNKa IoJ IeHCTBUEM Mar-
HHUTHOTO 1O 3eMIIM B BEPTUKAIBHOM II0OCKOCTH) U IaHHbIE B, (3HaueHHe HaNpsKeH-
HOCTHM MarHMTHOTO TOJIs 3eMJIM B TOUKE YCThSI CKBaXXHHBI) M UCKITIOYAIOT COCTABIISIO-
myro B » [2-16].

[Mpumenenune nanHOTO criocoba 1o GU3MIECKOl CyTH IPECTaBIseT CO00H MOIyaBTO-
MaTU4YECKOE BBEJICHUE ITONPABKH B M3MEPEHHYIO KOMIIOHEHTY B, BBIUMCIIsIEMYO 110 reo-
Merpudeckum napamerpam KHBK u, B 4acTHOCTH, 3aBUCAIIYIO OT PACIOIOKEHHUS B CO-
craBe KHBK eppomMarHuTHBIX KOMITOHEHT.

Takum 00pa3oM, ONHMCaHHBIE TEXHOJIOIMYECKHE CIIOCOObI HAIIPABJICHbl Ha yCTpaHe-
HHE TOJIbKO TIOMEX, CO3/1aBaEMbIX CAMOMHIYKLHEH B KOMIUIEKCE HHKIIMHOMETPHUECKUX
JIaTYUKOB MPU BUOPALIUM B ITponiecce OypeHHs.

ABTOpBHI NpeAsiaraloT pelleHre MOBBIIIECHUs TOYHOCTH WHKJINHOMETPUHU B IPO-
necce OypeHHs HAKJIOHHO-HAIPaBJICHHBIX CKBaKWH HAa HE(TH M ra3, IpU KOTOPOM
MPOU3BOJUTCS TOYHAS KOMIICHCAIMSl NMOMEX, HaBOIUMBIX KpYyHHBIMH (eppomar-
HUTHBIMH KOMIUIEKCAMH B PeKHUMe online, 4To MPUBOIUT K TOMY, YTO IIPH U3Mepe-
HUU NIapaMeTPOB FeOMETPUUECKOTO MOJIOKEHUs 320051 CTBOJIA OypsIIeicst CKBaXH-
HBI PAKTUYECKH HET HEOOXOAMMOCTH B JIOTIOJTHUTEIBHOM BBEJICHUU PA3IHYHOTO
poJia MompaBokK.

AHAJIU3 pe3yJIbTaTOB PacyeTOB MArHUTHOIO 10sA. OCHOBHAsI TUTIOBAs! KOMIIOHOB-
ka HBK mpencraBmena na puc. 1, rme B3/ — BuHTOBOH 3a00iiHBIN IBUTATENb,
HYBT — nemarauTHas yTsoKelieHHas OypriibHas Tpyoa.
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OTMmeTHM, YTO B KaU€CTBE MpUMEpPA MPUBEACHBI TUIIOBBIE TECOMETPUUYECKUE pa3Mephl
cocraBHbIX 010koB KHEK, KoTOpEIE B Ka)KTOM KOHKPETHOM CJIy4ae MOTYT BapbUPOBATh
B HECYILECTBEHHBIX JJI OCTABJICHHOM 3a/1auu Ipeaesax.

Takum 0Opa3oM, 3aa4a CBOAUTCS K MOZIETIH, TIPENICTABICHHON Ha pUC. 2.

AHOMaJTBbHBIM MAarHUTHBIN MMOTCHIIMA HAMAarHHIHMBAEMOT0 Majoro oosema [17]

J 1
U =—grad,, —dV,
4n 5 g (1

me R =|r, —1,|, 14 (x.0.2), i (§0,9), R = i(x = &) +j(y —n) + k(z — c), dV = d§ dn d,
CBA3aH C HAIPSHKEHHOCTHIO MArHUTHOTO 10J1s COOTHOIIEHeM H ¢ = —grad U “.

Pesuctusumerp HYBT Kopnyc npuBona
B3/ MUP

® 121 mm
WHKIHHOMETp y 172 MM

4,1m 5,7m

- MarnuTHble AeTaIN 8.47 M 3,83 M
[:] Hemaruuthble netanu

Pucynok 1. OcHOBHasi THTIOBasi KOMIIOHOBKA HH3a OYPHIILHON KOJOHHEI
Figure 1. Typical bottomhole assembly

Jltst cymMmapHoii HanpsbkeHHOCTH MarautHoro nonst H = H ° + H ¢ umeem [18]:
H—HO—i rad jJ rad ldV
an graa , J graa,, R

Hamaranuennocte tema J cBs3aHa ¢ HANPsA’KCHHOCTHIO MAIrHUTHOI'O TIIOJISI KakK

J=&H + I, rie ® — MarauTHas BOCIIPUMMYUBOCTD; I, — OCTaTo4YHasi HAMAarHUYEH-
HOCTb [19].

JIJ11 MarHuTHOTO OIS O€3 ydeTa 0CTaTOUuHON HaMarHuueHHOCTH Tena [20]

H=H'- ﬁ grad, [=H grad, %dV. )
Vv

J1n1s1 BHEITHUX TOYEK F, & V' 3TO BBIpayKEHHUE SIBISIETCS] HHTErPAJIbHON (POpMYIIOH 11st
pacdera COCTaBISIOLIMX HAaNpPSHKEHHOCTH IOJS, a Uil BHYTPEHHHX TO4YEK o0beMa
r, € V — cucteMoil uHTErpaneHbIX ypaBHeHuil @pearonsma Il pona.

[lepBBIM, OTHOCUTENBHO TPYObIM MPUOTMKEHHEM DEIICHUS 3aJaull SIBISIETCS PH-
OmKeHHe BHYTPEHHEH HaMarHMYEHHOCTH CTepykHsI K BennuuHe H = const, paBHOM 3eM-
HOMY MarHuTHOMy nonro HP, Ge3 yuera HEOZHOPOTHOTO HaMarHW4MBaHuWs Tena [18].
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B stom ClIydac BCINYUHY &eH ° MO)XHO BBEIHECTH H3-110J 3HaKa MHTCTPpaJIa U UHTCTPAJIbI
MOJYYUTb aHAJIUTHYICCKH.

B 3eMHOM MArHMTHOM TIOJIE C OJIHOM COCTABIISIOIIEH FH | JUIsl TOHKOTO LAIHH/PHYEC-
KOTO CTEPIKHSI, BBITSIHYTOIO BIOJb OCH X, JUTMHOM L, ¢ MaJIo# MIOIaab0 ONepeaHOro
cedeHus S = dn - dg aHOMaTbHBIC COCTABISIONINE PABHEL:

_®HS f H. HOSJ 0 1

Ha — j—
6x8§ R 0z08 R

* 4n

5

B toukax z = 0 Ha IPOIOHKEHUHN OCH CTEPIKHS TTOTYIHM:

Ha__aersglL_aerS x—&) =H'S[ 1 1
! 41 Ox R|, 4n R’ |0 4n (x—L)2 x* )

0
HE = aeHxSZ(iS)
4z R

L

=0.

OTH BBIpXEHHUS MOKHO TIONIYYIUTh KaK Pa3HOCTh 3HAYCHUHN OIS U JBYX TOTyOeCKO-
HEYHBIX HAMATrHIYMBAIOIIMXCSI CTEPYKHEH, OTCTOSIIMX Ha PAaCCTOSHIH L BIOMIB ocH X [21].

MarunuTHOe nojie 3eMitu

Touka

. . U3MepeHus
Merammaeckuii (GeppoMarHUTHBIH) P
CTepKeHb i
ol s 75 i it i 1 i i -
| 1

PucyHok 2. Monenb cTepHs, HAMarHUYMBAOIIETOCS MAarHUTHBIM T10JIeM 3eMIIi
Figure 2. A model of a rod magnetized by the geomagnetic field

Hns mapykumm B = p H - 10° aTn pacdyetnas Gopmyrna st TOYKH, OTCTOSAIIEH OT Ha-
MarHUYUBAIOIIETOCS CTEPKHS, IPH X = /1 + L uMeeT BHI:

B =100=H°S| &~ - — 1|, 3)

" (h+ L)2

s onieHKH, TpUONMKEHHON K peaslbHOM CUTYalluH, pUMeM mapamerpsl: & = 50;
JuiHa ctepykHs L = 10,6 M; paccTosiHIE 10 TOYKH U3MEPEHHA /1 = 8,5 M; yroj HaMarHu-
umBanms o = 0°-90°% H” = H °cos o; Momymb 3emuoro nons H °= 40 A/m; S = nD/4,
e D — quametp crepxHs, D = 0,17 M; Moy4uM MakCUMaJIbHYIO BEIMYMHY aHOMAJILHOTO
nons B .= 50 uTn (puc. 2).

Jlis orieHKw, MpUOITMKEHHOHN K peabHOW CHTYaIH, Bo3bMeM TapaMmeTpsl: L = 10,6 M;
h = 8,5 M; yroin HaMarHU4MBaHUA O = 0° 90°;, H! = H °cos 0; MOIyJIb 3€MHOTO TOJIs

HO =40 A/w; S=nD/4, D=0,17 m; B" =50 uTx (puc. 2).
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s TouHOTO pacyera Mojisi UCTIONb3YIOTCSl YHCIEHHbBIE METOMBI PEIIEHHST CUCTEMBI
WHTETPAIBHBIX ypPaBHEHUI C MOMOIIbI0 mporpaMmHoro obecredeHus 3D-MAGNIT,
onucaHHoro B [18].

JInst TeX jKe MCXOIHBIX NaHHBIX NMPU 4, = 50; L = 10 m; £ = 10 m; § = 0,01 MZ;
H =40 A/m pe3ynbrarhl pac4eToB 0 CHCTEME HHTEIPATIbHBIX YPABHEHHI TPEICTABIIC-
HBI Ha puc. 3.

Takum 00pazoM, GakTUUECKH TP JIFOOOM YTIIE MEXKIy OChIO CTepkHA (peppomar-
auTHeIMU Onmokamu KHBEK) u cmitoBoi TUHHEH MarHUTHOTO OIS 3eMITH IOSBIISCTCS
nomexa, Tpedyromnas yuera npu GUKCHPOBAHUN HapaMETPOB HUHKIMHOMETPHUH OJIOXKeE-
HUS 320051 OypsAIIeiicss CKBaXKHHEI.

By, oTn
55

0 10 20 30 40 50 60 70 80 O, rpan

Pucynok 3. 3aBHCHMOCTL HaBEEHHOTO MArHMTHOTO Moy B, OT yria

MEX/y OChIO CKBa)XHHBI U HANIPABICHUEM MarHHUTHOTO IOJISE 3eMIIH
Figure 3. Dependence of the induced magnetic field B, on the angle
between the borehole axis and the geomagnetic field direction

OTMeTHM, YTO COCTABIISIIOLINE MarHUTHOTO IOJISI IIOMEXH UMEIOT IPAKTHYECKH TPH
OPTOTrOHAIIbHBIE KOMIIOHEHTBIL, M yYUTBIBATH IOMEXHU TOJILKO B B, , Kak 5T0 1enaeTcs cro-
co0amHu, ONMCAaHHBIMU paHee, 3HAYNT JIOITYyCKaTh alPUOPHO MPAKTUYECKU HE YUUTHIBAC-
MYIO MOTPELIHOCTh APYTUX COCTABIIIOLINX, U3MEPSIEMBIX B MIPOLIECCE MHKIMHOMETPUH
nipu OypeHuu.

Kpaiine BaxxHoe 3HaUeHHE UMeEET (PaKTUIECKOE PACCTOSIHUE MEXIY (heppoMarHUTHBI-
mu coctaBisitomumMy KHBK 1 Toukoil n3MepeHusi aHHBIX MHKIMHOMETPHUH, a TaKKe
peajbHas IIMHA KaXKI0ro MarHuTHOTo Os10Ka. K mpumepy, nepemerienue Takoro 0oka ¢
paccrostaus 10,6 M 10 3,7 M (B TpH pa3a) IPUBETIO K PE3KOMY — B IISITh Pa3 — MOBBIIIIEHUIO
CO371aBaEMOTI'0 MarHUTHBIM OJIOKOM MEIIAIOIIET0 MAarHUTHOTO TOJIS.

JlaHHBIA TEXHOTOTMUECKHUI IPUEM PEATU3YETCS yCTPOWCTBOM, COAEPKALINM MUKPO-
nporeccop (MI), mudporoit norentmomerp (L) u pabounii coneroum, pasMeriaeMpIit
Ha (eppomaruutHoM Onoke (puc. 4, tne 4, B, C — TOUKH, U3 KOTOPBIX MPOU3BOAMUTCS
KOHTPOJIb U yHPaBIE€HHE pabOTOH ycTpoicTBa; M — NCTOUHUK nuTanus; W — Touka 1o-
noxkeHus udposoro norennmomerpa; SPI wm [PS — nmpotokon mepenayn naHHBIX).

WurepBan BpeMeHH, B HEPHUOI KOTOPOTO MPOU3BOAUTCA H3MEPEHHE MapamMeTpoB
(ompoc marunkoB) nonoxenuss KHBEK otHOCHTENnEHO MarHUTHOTO MO 3eMiTH (MHKIIH-
HOMETpUS), HEOOXOAMMO Pa3AEINTh Ha J1Ba Auana3oHa. PaKkTH4eCcKH JaHHBIA HHTEPBal
MHOTOKPATHO IPEBBIIIAET HEOOXOAMMBIM ISl MPOBEACHUS MEPBUYHON PETrHUCTPALMH.
B nmporoxone npexycMoTpeH nHTepBas Bpemenu (ot 5 1o 10 ¢ B 3aBUCUMOCTH OT TOTO,
KaKOM KaHaJl CBSI3M UCIIOJIB3YETCs) IJIsl OIIpOCca JAATYMKOB HHKJIMHOMETPUH M OTHETIBHO
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(mOTIOMHUTENBEHO) MHTEPBA BPEMEHH ISl Mepefaqd ITUX JaHHBIX Ha HEHTPabHBIN
MyJBT OypeHHUSI.

Bo Bpems nepBoro uHTEpBaia BpeMEHH OMpOca MPOU3BOAUTCS 3aMPOC JAHHBIX JaT-
YUKOB MHKJIMHOMeTpa. CHcTeMa AJIeKTPOMArHUTHOTO KaHalla CBsI3u OypeHHs (MEXITy
KHBK u nynbTom ynpapneHusi OypeHUeM Ha MOBEPXHOCTH) MOCHUIACT YIPABISIONIYIO
KOMaH]Ty Ha Ha4ajo OMpoca JaTYMKOB — IPOU3ZBOIUTCS PETUCTPaLIUs TapaMeTPOB Ipo-
ctpancTBeHHoro nojoxenns KHBK, Bximtouas momexu, co3maBaeMbie (heppoMarHuT-
HBIMU OJIOKAMH KOMITOHOBKH. DTH JIaHHBIC TIOCTYMAIOT HA YCTPOHCTBO (puc. 4). Panee
OHH BCeTJIa Yepe3 KaHall CBsI3U (DIIEKTPOMATrHUTHBIN WIIH THIPABIMIECKUl) cpasy Io-
CTYTIAJIA Ha IIEHTPAIBHBIN IMyIbT OypeHws (11 OpraHu3aIlii KOPPEKTUPOBKU TPACKTO-
pun OypeHus).

Ceifuac maHHBIC TIOCTIE OIPOCA JaTIUKOB ITOCTYIIAIOT Ha yCTPOUCTBO (pHC. 4), BKITIO-
gaeTcsi KOMIICHCHPYIOIIHH cojieHon I (TTapaMeTphl ToKa uepe3 Hero gaet MII, muranue
oT —5 V 1o +5 V), KOTOpBIii KOMIICHCHPYET IMOMEXY OT heppoMarauTHoro 6i1oka. Ilocme
3TOTO TIPOW3BOIUTCS PETUCTPAIHA YKe OUMIIEHHBIX JaHHbIX nonoxennss KHBK u mepe-
Jlada UMEHHO ATHX JaHHBIX HA ITYJIBT YIpaBIeHUS OypeHUEM ).

Bo Bpemst Broporo nuamazoHa WHTEpBalia, OTBEACHHOTO Ha OMPOC MHKIMHOMETPA,
MIPOU3BOJIUTCS CIEAYIOIIEe:

1. JlaHHBIC MHKIIMHOMETPHH, BKIFOYAOIINE ITOMeXH, mocTymnatoT Ha MII, kotopbrit
MPOU3BOAUT (POPMHUPOBAHUE HAMPABICHUS M aMILTUTY/BI TOKOB, HAITPABIISIEMbIX HA KOM-
TICHCAITMOHHBIN COJICHOWI, pacrojokeHHbI Ha (eppomarautHoM Onoke KHBK. Ha-
MpaBJiicHUE JaHHBIX s monpaBok Ha MII u ux mepemada mpon3BOIUTCS HA KOMILIEKC
R, L no nporoxonam SPI nmm IPS.

2. KoMIieHCalMOHHBIA CONIEHOU T, TUTAEMBII TOKOM, IOJIy4E€HHBIM OT CUCTEMBI R L |
OT YCTPOWCTBA, MATAEMOTO OT —5 V 110 +5 V uepe3 mudpoBoii MOTEHIMOMETP U CHCTEMY
R,L, hopmupyeT MArHMTHOE I10OJIE, HANPABIIEHHOE HA KOMIIEHCALMIO TOMEXH, BHOCHMYIO
(heppoMarHUTHBIME TpyOamu, BXOAAIIMMHU B coOpaHHyto Ha moBepxHocTi KHBK.

3. [Ipou3BoAUTCS MOBTOPHAS PETHCTPAIUs JaHHBIX HHKJIMHOMETPUH, YK€ C YUETOM
TIOITPABOK 32 IMOMEXH, KOTOPBIE U TIOCTYNAIOT Ha OJIOK PErHCTPAIH MYJIETa YITPABICHUS
Ha NOBEPXHOCTb AJIs1 yIIpaBlIeHHs TpaeKkTopuel OypeHus B pexxume online.

OcHOBHOE Ha3Ha4YeHHe pabovero CONCHON A — CO3/IaBaTh BO BTOPOi IIepro U3Mepe-
HUS JaTYUKa CKBOKUHHOTO MHKITMHOMETpa, Bxomsamiero B KHBK, Bcrpeunoe (kommeHcH-
pyIoIliee) MarHUTHOE TIOJIC U TEM CaMbIM MTPOU3BOIUTH M3MEPEHUS TIPOCTPAHCTBEHHOTO
TIOJIOXKCHUS OCH CKBYKUHBI TIPU TIPAKTUIECKOM OTCYTCTBHH ITOMEX.

Mukporporieccop oIydaeT JAHHBIC OT JaTYrKa CKBAKHHHOTO HHKJIMHOMETPA, BXO-
namero B komrnoHoBky KHBK, n3MepeHHble B nepBbli MOMYyNEPUON PETUCTPAIIIH, CO-
JiepKaniie MH(popMannio o yITy HAKIOHA OCH CKBaKHHBI 10 OTHOIICHUIO K BEKTOPY
MarHUTHOTO TI0JIS1 3eMITH 1 a3UMYTY OCH CKBKHHBI OTHOCHTEIIFHO TOPH30HTAIBHOM CO-
CTaBIISIONICH BEKTOPA MAarHUTHOTO TTOJIST 3E€MITH.

o u3BecTHBIM cooTHOMIeHUsM [17, 21] neficTByroiee Ha paboune CONeHOUIbI 3Ha-
YeHWE BEJTMYUHBI aMIUTUTY/Ibl MATHUTHOTO TIOJISL:

B’ = B cosPcosa; B) = B’ cosBsina,

TAC O — YIoJI MEXKY OChbIO CKBA’)KMHBI 1 BEKTOPOM MArHUTHOIO ITOJIA 3CMJ'II/I; B — Mar”Hur-
HEIN asUMYT OCHU CKBaXMHBI; BY — MOAYJb HWHAYKIHAW MArfvuTHOTO IIOJIA 3€MJ'II/I;

0 0 . .
B, u B, — opToroHaibHbIe COCTaBIAIOIINE BEKTOPA MATHUTHON HHITYKIIHH, JEHCTBYIO-

X

e Ha ¢peppomarautHbie ook KHBK.
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Ilo u3BecTHOMY 3aKoHy [21]

B =ppnl /1,

7l L — MarHUTHas OPOHMIAEMOCTb CPEMbl CONEHOU/A; [, — MarHUTHAS MOCTOSHHAS,
4m - 107 T'e/M; [ — niuHA CONEHOUA, M; 71 — YUCIIO BUTKOB; J — CUJIA TOKa, A.

3nak pabodero Toka J (K mpuUMepy, «+» HIH «—») B KOMIIEHCAITHOHHOM COJICHOHIE
(hakTHYECKH TTO3BOJISET (POPMUPOBATH HAIPABICHHE HABEJEHHOTO MAarHUTHOTO IIOJI,
paBHOE CO37[aBa€MOMY COCTABIIAIONIECH HAaBEIEHHOTO MAarHUTHOTO TOJS Ha ¢eppomar-
HUTHBII OJIOK MO/ BO3JIEWCTBIEM COCTABIISIOIIEH MArHUTHOTO MO 3eMIIH, HO C IPYTUM
3HAKOM M TIPAKTHYECKH KOMIIEHCHPYIOILIETO €TO.

+5
A
B )
1 Uy |
1 I
1 1
1 I
R
A
M b —F —
1 I
1 I L
SPI 1 |
IPS | ;
L Lakulintu
B C

Pucynok 4. YcTpoiicTBo a1 peainzaiuy TEXHOIOTHU
Figure 4. A device for the technology implementation

MII BerMcIsieT HaNpsHKEHUE, KOTOPOE HEOOXOMUMO MOAATh MEXAy Toukamu W u C amst
CO3/IaHMsl yCIIOBUM MPOTEKAHKs! KOMIIEHCALIMOHHOIO TOKA Y€PE3 CONPOTHBIEHHUE R, L.

s yeraHoBkH UGPOBOTO MOTEHIIMOMETPA B HY>KHOE MOJIOKEHHUE I CO3IaHMUS 3a-
JAHHOTO HarpsHKeHUs HeoOxomuMo ¢ nporieccopa MIT oTnpaBuTh MOCIEA0BATEIBHOCTD
UMITyNbCOB 10 1udpoBomy uHTepdeticy (SPI mwin IPS). B mepuon orcyTcTBUs Takoi
MOCIIEIOBAaTEIbHOCTH TIOTEHIIMOMETP YCTAHOBJIEH B CPEIHEE MOJIOKEHUE (CIIALINNA pe-
JKHM, pabodee HampshKeHHe OTCYTCTBYeT). B mepuon co3manms (mosiBIeHUs) paboyero
HarpspkeHus 5 V HeoOXOIUMO OTHPaBHUTh MOCIIEJOBATEIbHOCTE HMITYJILCOB ISl yCTa-
HOBKH TIOTEHIIMOMETPA B KpaliHee BepxHee oiokeHue (+5 V), HanmpuMep JUIsl yCTaHOB-
KU B BEpXHEE IMOJOKCHUE MOTEHLIUOMETpa ¢ 256 CTYNEeHSIMH HEOOXOAUMO OTIPABUTh
3HadyeHue 255.

BeiBoabl. TexHU4YeCcKuil pe3ynsrar IPEAIION0KEHHOTO PELIECHHAS IPUBOIUT K TOUHOM
KOMITEHCAIMY MTOMEX, HABOIUMBIX KPyTTHBIMH (peppOMarHUTHBIMH CUCTEMaMH B PEXKUME
online, py KOTOPOM MPH PETHCTPALINH TAPAMETPOB TEOMETPHUUECKOTO TOJIOKEHHS 320051
cTBOJNa Oypsilieiicss CKBaKUHBI MPAKTHYECKH HET HEOOXOAWMOCTH B JIOTIONHUTEILHOM
BBE/ICHUM Pa3JIMYHOTO POjia MOMPaBOK, YTO, COOTBETCTBEHHO, TPUBOIUT K IOBBILICHUIO
TOYHOCTH MHKJIMHOMETPHH B IIpoLecce OypeHUs! HAaKIIOHHO-HANPABICHHBIX CKBAXKUH Ha
HedTh U ra3. Oneparopy HEOOXOAUMO TPOCTO BBECTH JIAHHBIE PACTIONIOKEHHUS M TeOMe-
TpUYECKUE TapaMeTphl (PeppOMarHUTHHIX OJIOKOB, KoTopble Bouti B koMruieke KHBK
NpY MOHTaXe, ¥ paboydas cucrema, BKitodaromas MI1 1 koMIieHCAIIMOHHBIE COJICHOU/IBI,
MO3BOJIUT TIONYYUTh (DAaKTHYECKUE NaHHBIE MPOCTPAHCTBEHHOTO PACIIONOKECHUSI HU3A
OypUIHLHOM KOJIOHHEI.
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Increasing the accuracy of the directional survey when drilling oil and gas wells
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Abstract
Introduction. The method of directional survey is currently widely used when drilling horizontal and
directional wells for oil and gas. The method includes a relatively cumbersome and complex system of
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sequential operations of converting the components of the Earth’s magnetic field into proportional
electrical signals using magnetometers, amplifying and scaling sensor signals, integrating analog-to-
digital conversion of electrical signals, determination of the three components of magnetic fields from the
measured output signals of geosteering sensors, and additional introduction of various kinds of corrections
to determine the survey parameters of the bottom.

Methods of research. The main objective of the research is to improve the accuracy of the directional
survey while drilling directional wells for oil and gas. The process of drilling provides accurate online
compensation for interference from large ferromagnetic complexes in the bottomhole assembly acting on
the sensors of the inclinometer magnetic field components. The developed method for increasing the
accuracy of the directional survey when drilling directional wells online eliminates the need for various
additional corrections in the course of the drilled well bottom geometric position measurement.

Results and analysis. Analytical studies of the structure of the noise created by various magnetic blocks
included in the drillsting assembly during installation have been carried out. A specialized device has been
developed to control the directional survey process when drilling directional wells. A relatively simple set
of processes reduced to magnetic blocks location data and geometric parameters introduction has been
developed together with a working system including a microprocessor and compensation solenoids.
1t made it possible to obtain actual data on the spatial location of the drill string bottom in real time.

Keywords: precision directional survey, drilling;, bottomhole assembly; ferromagnetic drill pipes;
compensation solenoids; electromagnetic field.
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Hanpsi:xeHHO-AechopMMpOBaHHOE COCTOSIHUE M YCTOMYMBOCTL OOPTOB
Kapbepa YHrnuymkaH

Fopwkos H. U.™*, KpacHoB M. A.", XKXaaHoBa C. M.2
1 TuxooKkeaHCKWI rocyaapCTBEHHbIN YHUBEPCHTET, T. Xabaposck, Poccust
2 [lanbHEeBOCTOYHbIN FOCYAAPCTBEHHbI YHUBEPCUTET NyTeil coobLUeHMs, T. Xabaposck, Poccus

*e-mail: fem_soft@mail.ru

Pegpepam
Llens cmambu — 6v16uMb 0COOEHHOCMU YOPMUPOBAHUS HANPAICEHHO-0eDOPMUPOBAHHO20 COCMOAHUS
U oyeHumsb YCMouuugoCcmy 60pmMoe Kapbepa YHeIuvuKan u 0mKocos e2o 0mseaios Ha 0CHO8e PAcyemos,
amanu3a u oYeHoxk no cepmupuyupo8anHoll npozpamme memooa Koneunvix snemenmos GenlDE32.
Bo gsedenuu npusooumcs onucanue ocobennocmeti pupOOHO-mMexHO2eHHbIX YCA0GUL MECTONON0NCEHUSL
00beKma UcCc1e008anUs U 2e0102UYECKOU UCIOPUU CLALAIOWUX €20 2OPHBIX NOPOO.
AKmyanvHocms uCcied08anus ONPeoeisemcs CIOACHOCMbIO peuleHus npoobiem NpoeKmuposanus
2NYOOKUX U BbICOKUX 2OPHBIX COOPYICEHUl, HeoOXOOUMOCMbIO Yuema MeXHONo2UU UX B036e0eHisl,
onpeoenenus ux HanpsAceHHO-0eGhoPMUPOBAHHO20 COCMOAHUS, 4 MAKICE YCIMOUNUBOCIU UX DNIEMEHINOB.
Memooonozus geinonnenus YUCIeHHbIX pACiemos, AHaIu3a U OYeHOK HanpsHCeHHO-0epOPMUPOBAHHO20
COCMOANHUA CUCMEMbl «COOPYIICEHUe—2e0cpeoay 3aKiouaemcs 6 UCNONb30BAHUU B6CeX CpPeocms
unmepetica npospammvl. 3HaA4eHUll, yPOGHel 3HAYEHUT, USONUHUN U 2DAPUKO8 PATUUHbIX GETUYUH,
6 mom uucie 2pa@ukos mMpaexmoputl UsMeHeHUus HANPAICeHHO-0ePopMUPOBAHHO20 COCMOANUS 6
NPOCMpPAnCMee UHBAPUAHTNOE MEH30PA HANPAACEHUU U OMHOCUMENbHBIX 0eDOPMAYUI.
Pezynomamul pacuemog npedcmasnenvl KaK GO3MONICHOCMU NPOSPAMMbL 6 2pAhuueckomM nokase
noc1e008amenbHo20 GopMuposans OnoA3Hesblx mei 8 Oopmax Kapbepa U OmKOCO8 OMEAn08 ¢
sepmukanbHuiMu mpewjunamu. OKpacka yposHei 3HaueHull 6enudur GuKCUpyem KOHNypbl ONON3HEEbIX
men, a cOOmeemcmayouas Wmpuxo6Kka KOHeUHbIX /1eMeHmos — Mecma 00pa306anus mpeuun.
Bb1600v1. Pesynsmamel 8bInonHeHHbIX pacienog NOKA3anu YCmMoudugoCms 20PHLIX COOPYIICeHU Ois
Nn000OPAHHBIX 2eOMEMPUUECKUX PAZMEPOE IIeMEHMO8 OOPMOE Kapbepa U OMKOCO8 OMBEANLOS.

Knroueesvte cnosa: HANPsAdNCeHHO-0ehopMuposantoe cocmosnue; YCmouyusocmy,; 2pyHmogoe
coopyicenue, Kapbep, 0Omeai; N0OBEPXHOCMb CKONbICEHUs; MEMOO KOHEUHbIX DNeMEeHMO0B.

IIpupoaHo-TeXHOTreHHBbIE YCJI0BHSI MECTA PACIOJI0KEHUS KapbepoB.

IIpupoonsie ocodennHocmu MecmononoxyceHus oovekma ucciedoeanus. OObEKT
UCCIIeIOBAaHMSI — 30JIOTOPYIAHBIA Kapbep YHITIMUMKAH, PACTIONOKECHHBIN B BOCTOYHOM Ya-
ct Amypckoi obnactu (Uuoicenepro-eeonoeuneckue yciosus paspabomku Yuenuyu-
Kauckoeo mecmopooicoenus. 2017. 29 ¢.). Ha paccmarpuBaeMoii iommaau MHOTOJICTHSIS
MEep3J10Ta UMEET OCTPOBHOW U PEIKOOCTPOBHOM XapaKTep, MOLTHOCTH MHOTOJIETHEMEP3-
JIBIX TIOpOJT BapbupyeT oT 17 10 145 cM. 30HBI CKBO3HBIX TAJTMKOB MTPUYPOUEHBI, KaK Ipa-
BUJIO, K Pa3pPbIBHBIM HAPYIICHHUSIM.

B 2eomopgponocuneckom ommowenuy TEppUTOPUS MPEACTABISIECT COOOM TaekKHOE
cpemHeropse ¢ abcomoTHeIMH oTMeTKamu 700—1087 M, pacuieHeHHOE — MAacCHBHO-
TPSAAOBBIE TOPHI C YIUIOMIEHHBIMA IIMPOKUMH BOAOpPA3IeNlaMH, CO CKJIOHAMH CpeTHen
KkpyTu3HbI (10°—15°) 1 momoro pacuneHeHHBIME Ha D1yonHy 200-300 M TpanenwueBHI-
HBIMU JIOJTMHAMH PEK U PyUbEB.
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B eeonozo-numonocuueckom cmpoeruu MECTOPOXACHHUS IPUHUMAIOT Y4acTHE TajIeo-
30iickue MeTaMOop(H30BaHHBIE BYJIKaHOI'€HHO-TEPPUICHHBIE OOpa30BaHUs, IIPEACTaB-
JICHHBIE NIEPEeCIIanBaIOILECHCs TOMILEH YITIEPOIUCTBIX CIIONUCTO-KBAPLEBBIX U CEPHULIUT-
XJIOPUT-NOJIEBOLINAT-KBAPLEBBIX CIaHUEB 371aT0yCTOBCKOM CBUTHI (C,zl), mpopBaHHbIE
MEJIOBBIMH JallkaM{ aHAE3UTOB.

Pazopobnennocmo maccuea nopoo obycnopieHa B OCHOBHOM TEKTOHMYECKHMH Ha-
PYLLEHUSIMH PA3IMYHOTO TOPSAKA, MPOSIBIISIIOLIMMUCS B BUI€ MHOTOYHCIICHHBIX CyOra-
PaJUIeNBHBIX U BETBSILUXCS 30H IpOOJICHUS U HHTEHCUBHON TpeHoBaTocTH. CTeneHb
IpoOJIeHus! TIOPOA B OCNAONEHHBIX 30HaX pa3indHa. B 30HE MHTEHCHMBHOW TPEIIMHOBA-
TOCTH TIOpOzIa pa3OuTa cemvio mpeuut Ha 0onomku pazmepom om 2 x2 x2 00 15 x 10x 7 cm
u 6onee. B 30He 1poOneHns TOpoaa COCTOUT U3 MIEOEHUCTOrO, MEeOeHUCTO-TIIMHUCTOTO
Marepualia C TpPOCIOSIMH [IUHKKA TPEeHUsT MOLIHOCThIO OoT 1-2 go 5-10 cwm,
pexe a0 15-50 cm.

CremneHp HapyLIIEHHOCTH MTOPOJI PE3KO U3MEHsIETCsI ¢ ITyOnHOM. B nmpenenax npubdop-
TOBOIO MaccuBa A0 DIyOMHBI 40 M OT MOBEPXHOCTH 3€MJIM CTENEHb PacIpPOCTPAHEH-
HOCTH MOPOJ, IPUYPOYEHHBIX K 30HaM Ipobienus, mamensiercs ot 0,0 no 17,1 %, coctas-
75151 B cpeaeM 3,3 %, a mopoz, IpUypPOYEHHBIX K 30HaAM HHTEHCUBHOW TPEIIMHOBATOCTH,
cooTBeTCTBEHHO 0T 1,5 mo 58,0 %, B cpeanem 23,8 %. [myOxe 40 M pacnpocTpaHeH-
HOCTb ITOPOJ 30H Ipodnenus konednercs ot 0,0 no 6,3 %, B cpennem 2,7 %, pacupocTpa-
HEHHOCTb MOPOJ 30H UHTEHCUBHOW TPELIMHOBATOCTU CHIKaeTcs Ao 1,3-18,4 %, npu
cpensem 3naueHuu 11,0 %.

B neHrpanpHoii yacTH Kapbepa B 30HE OpyAeHeHHs 10 TTyOuHsl 40 M paciipocTpaHeH-
HOCTB 1Topoxt 30H apobienns uamensiercst ot 0,0 no 41,0 %, cocrasnss B cpemnem 5,6 %.
IToponb!l 30HBI HHTEHCUBHOM TPEIIMHOBAaTOCTH pachpocTpaHeHsl oT 4,5 1o 48,0 %, B
cpennem 27,3 %. I'myGxe 40 M pacripocTpaHeHHOCTH MTOPOJ] 30H IPOOICHHUS CHIKAETCSI
1o 0,0-10,2 %, B cpennem no 3,3 %, pacnpoCTpaHEHHOCTh MOPOX 30H MHTEHCUBHON
TPEIIMHOBATOCTU CHIKaeTcs o 1,8-29,8 %, B cpeanem a0 14,3 %.

Tpewunsl pasnoobpasuvie no @opme, IPEUMYILIECTBEHHO CTYIICHYAThIE, MEHbIIIE
BOJIHUCTBIE, PEXe MIIOCKUE, IPEUMYIIECTBEHHO C ILIEPOXOBATOM MOBEPXHOCTHIO, MHOIA
C 3epKajlaMU CKOJILKEHUS, C yIIaMH HakioHa K ocu kepHa 30°-60°, pexxe 10°-30° u
60°-90°. Cpennee paccmosinue mexncoy mpewunamu om 10 0o 30 cm, makcumanvHoe
00 1,0 m. Ilo cTeHKaM TpeIIMH pa3BUTHI KapOOHUTH3AIMS, OKBaplieBaHue, Cyabpuanza-
1S B BUJE HAJIETA, IUICHOK M KOpOUYeK ToNuHon 1-3 MMm. Ha yvacTkax, He HapyIIeH-
HBIX TPELIMHAMH, MOIYJIb TPEIIMHOBATOCTH U3MEHSIETCS OT 3 10 7 Tp./M, UTO XapaKTepu-
3yeT MOPOJIbI KaK cllabo- U CPeAHETPELIMHOBATHIC.

Ilo zenesucy BbIOETSIETCST TPU THIA TPELIMH: TPEIIMHBI OTPHIBA, CIAHLIEBATOCTH,
CKoJIa.

Tpewunvr ompueiea npencTaBieHsl TpeMs cuctemamu, cuctemsl 11 u 111 sBnsrores co-
npsbkeHHbIMH. 110 QopMe TpemuHbl BOJIHUCTBIE, CTYNIEHYAThIe, CKaThle U OTKPBITHIE,
9acTO 3aJIeYeHHbIE MPOKUIKAMHU KBapla MOIIHOCTEIO0 1-5 MMm. [lo cTeHKaM nmoBcemecT-
HO OTMEYAIOTCS OXPbI JMMOHHTA.

HawuGonee mmpoko cpean TPEeIyH CKojla MPEACTaBICHbl TPELIUHBI C a3UMYTOM IPO-
ctupanus 250° u ymioM naaeHus 65°, COOTBETCTBYIOIIME 3aJE€TAHNUI0 TEKTOHHYECKUX
HapyLICHUH 30HbI YHIMIMYUKAHCKOTO pa3yioMa. 30HBI IpOONEHHUS MPEACTABIAIOT CO00M
JPECBSIHO-IEOHUCTBIE TIOPOABI, CBS3aHHBIC MEPETEPTHIM IIMHUCTBIM MAaTEpPHAIIOM,
a TaKXke TEMHO-CEpOM MIMHOM TpeHHs ¢ MAJONPOYHOM IPEecBOM BMEMIAIOUIMX MOPO..
MoIHOCTh 3TUX 00pa30BaHUN COCTABISIET oM nepevix canmumempos 0o 40-50 cm.
OTaenbHOCTh MOPOJ IUIMTYATAsl M HapajuleNeuIeatas, OI0YHOCHb COCMAsisem om
2x5x1000 60 x80x150 cm.

Pa3npoOneHHoCTh MOPOX B MEHBILCH CTENIEHN CBA3aHa C BBIBETpUBaHUEM. B KpoBie
CKaJIbHBIE TIOPO/Ibl IIOBCEMECTHO BBIBETpeIbie Ha iryOuHy 110 5,0-10,0 M.
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Duzuxo-mexanuuecKue napamempsl 20pHbIX ROpoo. BMemaonmyuMy noporamMu Ha
MECTOPOX/ICHUH YHIIMYUKAH SBISIOTCS YIJIEPOANCTO-CITFOIUCTO-KBAPIIEBHIE CIIAHITBI
37IaTOyCTOBCKOM CBHUTHI, IPOPBAHHBIC TalKaMH aH/IC3UTOB. PyIHBIE Tena mpuypoveHbI K
OpeKYnsIM U METaCOMATHTaM.

Bce mopons! y4acTka yMEpeHHO W MHTEHCUBHO METacOMAaTUIECKH N3MEHEHBI, 9aCTO
JIO CEPHIINT-KBaPIIEBBIX METACOMATUTOB. OKOIOPYIHBIE U3MEHEHHSI TIPOSBIEHBI ITPOIIEC-
cam¥ OKBapIIeBaHUs, KApOOHUTH3AINH, ABOUTH3AINH, CyTb(uan3anui. Bmemaromme
TIOPOJIBI TAKXKe YMEPEHHO KaTaKJIa3upOBaHEI.

[lo ¢usuko-MexaHWYEeCKUM CBOWCTBaM, B COOTBETCTBHUHM C KiaccuuKanmei
I'OCT 25100-2011, Ha MeCTOpPOXOECHUM BBIAENEHBI CIEAYIOLINE HHXECHEPHO-TEONOruyec-
kue anemedTsl (U1'D):

HUID-1. [lpecsano-webenucmulii 2pynm ¢ CyleCuyaHbIM M CYIJIMHUCTBIM 3aIl0JIHUTE-
JIeM JIeITIOBUATbHO-3TFOBHAIIBHOTO TEHE3HC A 3aJIeraeT MPAKTUIECKH MOBCEMECTHO C I10-
BEPXHOCTH CIIOEM MOIIHOCTBIO OT 1,8 110 5,6 M. Ha 0TAeNbHBIX y4acTKaxX BCKPBIT TEXHO-
TeHHBIU TPYHT, TPEACTABICHHBIN IEOSHUCTHIM 1 ITEI00BBIM MaTEPHAIIOM, UCTIONB3yEeMBIN
B Ka4€CTBE TOJICHITKY IT0]] CTAHOK CJI0eM MOIIHOCTEIO 0,6—2,5 M. Ha ycroitunBocTth 60p-
TOB BJIASHUSI OKa3bIBaTh HE OYIIET.

HUID-2. Cranywbl ciiooucmoie K8apy-nonegoumnamossle ceporo, TEeMHO-CEpPOTro I1BETa,
C MEJIKO- ¥ MUKPO3EPHHICTON CTPYKTYPOM, TNH30BUTHO-CIIONCTOH, CIIAHIIEBATOM, ITOJIOC-
YaTol, MECTaMH IUI0YaTol TeKCTypoit. IImoTHOCTE n3mensiercst ot 2,44 110 2,75 r/em® u
B CpelHeM cocTaBisieT 2,66 r/cm3. TIpeaen mpoYHOCTH Ha OXHOOCHOE CXKATHE B CYXOM
coctosiHuu u3Mmensercs ot 23,0 1o 59,9 Mlla, B enunuunoM ciayyae 67,5 Mlla, B cpen-
HeM cocrtapisier 37,1 MIla, Ha pacTsbkeHue — B cpeaneM coctasmsieT 10,8 Mlla, mpu
BOJIOHACHIILIEHUH ITPOYHOCTh Ha CxkaTue uaMensiercs ot 21,5 1o 49,5 Mlla, B eauHuYHOM
ciayqae 51,5 Mlla, cocrasnss B cpenneM 29,1 MIla, 1. e. cHmxaercs Ha 21,5 %.

B cootBerctBun ¢ 'OCT 25100-2011 crnaHupl COtOAUCTIE KBAPL-IIOJIECBOIIIATOBbIE
KIacCUUIUPYIOTCS KaK CpeHel MPOYHOCTH, OUeHb IUIOTHBIE, Hepa3MsIrdaeMsble, cia-
ooBeiBeTperbie. CiaHipl oTHOCATCS K [II kKaTeropuu mopoy 1Mo ycToH4InBOCTH.

HUID-3. Cranywl crroducmole K8apy-noieounamossie OKeapyo8anHole CEPoro IBe-
Ta, MEJIKO- U MUKPO3EPHUCTON CTPYKTYPBI, JIMH30BUIHO-CIIONCTOH, CIIAHIIEBATON, MeEC-
TaMH TUI0HYaTOl TeKCTyphl. [IoTHOCTS M3MeHsieTcst oT 2,61 10 2,75 r/cm3, B cpenHem
cocrassiet 2,70 r/cm?. [IpouyHOCTD OKBAPLIOBAHHBIX ClaHLEB Bbiie Ha 13—15 % mpou-
Hoctu cnanieB UI'3-2. Ilpeaen mpoyHOCTH HA OAHOOCHOE CXATHUE B CYXOM COCTOSIHUU
u3Mensiercs ot 26,4 no 53,0 Mlla, B eaunnydoM ciydae 73,0 Mlla, B cpegHem cocrtas-
sset 44,3 MIla, B BoqoHACHIIIIEHHOM COCTOSTHHM CHIDKaeTcs 1o 18,6-45,7 MIla, B enn-
HU4HOM ciyyae 67,8 Mlla, npu cpeanem 3Hauenuu 38,5 MIIa. IlpouHocTs Ha pacTsbke-
HUE B CyXOM COCTOSHUM B cpeaHem cocrtapisier 15,2 Mlla, B BOJOHACHIIEHHOM
coctostamn 12,6 MIla.

B cootserctBumn ¢ I'OCT 25100-2011 cnaHibl CIIOIUCTBIE KBAPI-MOIEBOIIIIATOBEIE
OKBapIIOBaHHBIE KITACCU(UIMPYIOTCSI KaK CpeIHeN POYHOCTH, OYE€Hb IIOTHBIE, Hepa3MsT-
yaemble, ci1aboBbIBeTpenbie. CiaHipl oTHOCSTCS K 111 Kareropuu mopos 1o yCTOMYHBOCTH.

HID-4. Anoesum 3eneHoBaTO-Cephlil BCTpeYaeTcs B BUIE OTACIbHBIX AacK. CTPyKTY-
pa ToHko3epHHUcTas. TekcTypa MaccuBHas. OObeMHas macca m3MeHseTcsa oT 2,48 1o
2,76 r/cm3, B cpeHeM coctasisieT 2,59 r/cm?. TIpeien mpoYHOCTH Ha OJHOOCHOE CHKaTHe
B CyXOM cOCTOsHUM u3MeHsercsi or 38,6 mo 82,6 MIla, mpu cpenHem 3HaUECHUU
61,1 MlIla, B BOIOHACHIIIIEHHOM COCTOSIHUU CHIbKaeTcs 10 24,1-47,8 Mlla, npu cpeanem
3nayeHun 40,4 MIla (camwxkaercs Ha 34 %). [Ipo4HOCTB Ha pacTSKEHHE B CyXOM COCTOSI-
HUU B cpenHeM cocTtaBisieT 14,3 MIla, B BogoHacsienHoM coctosiauu 10,6 Mlla.

B coorBerctBun ¢ 'OCT 25100-2011 anme3ut kiaccuuImMpyercs Kak cpeaHen
MIPOYHOCTH, pa3Msr4aeMbli, TUIOTHBIN, CPETHEBBIBETPEIbIA, CPETHETTOPUCTHIA. AHIE3UT
oTHeceH Ko I kareropuu nopoa 1o yCToHuMBOCTH.
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HI'D-5. bpexuus no aHAE3UTaM TEKTOHUYIECKas! M OpeKdHs 10 CIaHaM Ha KapOoHaT-
HOM LIEMEHTE OJIM3KU 1O (PH3UKO-MEXaHUYECKUM CBOMCTBAM: CpeIHEH NPOYHOCTH, Pa3-
Msr4aeMble, INIOTHBIE, 00bEANHEHB! B OIH HHKEHEPHO-T'€0JI0THIECKHI 3MeMeHT. bpek-
YHS COCTOHUT U3 0OJIOMKOB IOPOJ, PA3BUTHIX HA y4acTKax. LleMeHT — KBapI-kapOOHATHBIN
WIIH TiepeTepTasi ucxoAHast nopoza. [Ipounocts Opexunu onpenensieTcs BUIOM U COCTOS-
HHEM LeMeHTa. bpekuns oTHeceHa k [V kareropuu mopoj no yCTOHYUBOCTH.

HUID-6. 30Ha MHTEHCHUBHOHN TPEIIMHOBATOCTH MNPEICTABICHA KPYNHOOOIOMOYHBIM
mamepuanom, pasmep 0010MkoB oT 2 10 60 MM 1 KpynHee. OOIOMOYHBIN MaTepualt 1mo-
HIDKEHHOH [TPOYHOCTH, CHIIbHOBBIBETPEIIBIN MPEACTABIICH CIaH[aMHU, METaCOMaTUTaMH,
annesutamu. [lopona 30061 oTHECeHa K [V kareropuu 1o ycToi4nBOCTH.

HID-7. 3oHa npobneHus NpeNCTaBIeHa TaKKe KPYNHOOOIOMOUHBIM MAEPUATIOM C
obnomMkamMu pasMepoM oT 2 10 60 MmM. B oinune ot mMarepuana 30HbI TPELIMHOBATOCTH
YBEJIMYMBACTCS collep kaHue (pakiuu pasMepoMm Menee 2 MM a0 14 %. Habmonatorcs
NPOCIIONKH IMHUCTOTO MaTepraia (NMHKa TpeHus). O0IOMOUHBII MaTepuas HOHHKEH-
HOH IIPOYHOCTH, CHIIbHOBBIBETPEIIBIN, IPEICTABICH CIaHIIAMH, METACOMAaTUTAMH, aH/ie-
3uramiu. [lopona 30HbI OTHECEHA K [V KaTeropuu 1o ycToOH4HBOCTH.

UI'D-6 u UI'3-7 npuypoyeHsl K 30HaM TEKTOHMYECKUX HapyIICHUH 1 00pa30oBajInch
B pe3yabTaTe CABWKEK MaccHBa IO 3TUM 30HaM. IIpu olpeaeneHHbIX yCIOBUSX 3ajiera-
HUS MOTYT CITYKHTb 3€pKaJIaMH CKOJIbXKEHHUSI MAaCCHBA.

Tuoponozuueckue u 2eokpuonozuyeckue ycioeus Mmecma CHMPOUMENbCMEA
kapwvepa. PaiioH pabot Bxomut B J)KarAMHCKUI KPHOTEHHBIH THAPOTeOIOTHUECKUI Mac-
cuB AMypo-OXOTCKOM THAPOTe0IOTHYECKON CKIaa4aToi 00macTy.

B 3aBHCHMMOCTH OT JIMTONIOTMYECKOTO COCTaBa BOAOBMEIIAIOIIMX MOPOX U YCIOBHI
3aJeTaHys B HUX BBIIEIISAIOTCS:

— IJIaCTOBO-IIOPOBBIE BOJBI AJUTIOBHAJIBHBIX OOpa3oBaHWil, pa3BUTHIC B MOWMax U
HaJAMOWMEHHBIX Teppacax pyubeB Sroqusri, YHmMuMkaH, bepe3ossiii, Kpemenckuii;

— IJIACTOBO-TIOPOBBIE BOIBI 3IIOBHAIBHO-IEIIOBHAIBHBIX 00pa30BaHUM, MONTYYHB-
IIMe MMPOKOE IJIOMAAHOE PACTIPOCTPAHEHNE Ha CKJIIOHAX COMOK B TIIBIOOBO-IIIEOHEBBIX
BaJIyHHBIX 00Pa30BaHUSX;

— TPELIMHHBIE U TPEIIUHHO-XUIIbHBIE BOABI, IPUYPOUEHHBIE K 30HAM MHTCHCUBHON
TPEIIMHOBATOCTH U APOOIEHHS MeTaMOP(H30BaHHBIX CIAHLEB 31aT0yCTOBCKON CBUTEHI.

Ha y4acTke MecTOpOMKIEHHsS MHOTOJETHSISI MEp3JI0Ta UMEET OCTPOBHOH (TpephIBUC-
TBIN) Xapaktep. Jli1s mIomaay XapakTepHO CE30HHOE IPOMEP3aHUE U OTTaNBaHUE TPyH-
TOB, a TaKXke IIMPOKOE paclpOCTPaHEHNE CKIIOHOBBIX M PYCIOBBIX Hayened. bonpas
YacTh TUIOMIAAN MIPOCKTHOTO Kapbepa CBOOOIHA OT MEP3JIOTH WIIM UMEET MEP3IIbIe IM0-
ponsl Hebomboi MomHocTH (0—70 M). MHOTIA pacnpocTpaHeHHe MEP3TI0Thl MOJKET HO-
CUTh BPEMEHHBIA XapakTep, B OTHEIbHBIC TOAbl OTCYTCTBYET («IIEPENICTKW»). 30HBI
CKBO3HBIX TAJIMKOB IPUYPOUEHBI, KaK MPAaBUIIO, K Pa3pbIBHBIM HAPYIIEHUAM U PYCIIOBBIM
Y4acTKaM PEYHBIX JOJIMH.

Ha nomanke MecTopoxaeHUss HaONMIOAAIOTCS PAa3IMYHbIE MEP3JIOTHBIC YCIOBHAL
B 3anagHoi yacTH, 3a npenenaMu NpoeKTHPYEMOTO Kapbepa, MHOTOJIETHEMEP3IIBIE 1T0-
POzl pacmpocTpaHeHsl B MHTepBaie rmyOuH oT 5 mo 110-120 M (ckBaxkuHa Y-4).
B ceBepo-BocTOUHOI YacTH (CKBa)KMHA Y-5) MHOTOJIETHEMEP3JIbIE ITOPOJIBI HE 3a(uKcH-
poBassl. B 10ro-BocTOUHOI YacTH MHOTOJIETHEMEP3JIbIE TOPO/IBI 3a(UKCUPOBAHBI HA [ITY-
oune 30—-65 M, TaKk Ha3bIBAEMBI «IIEPEJIETOK», KOTOPBIA 3aBUCUT OT TEMIICPaTypPHBIX
YCIIOBUH MECTHOCTH.

B 3uMHee Bpems B TaJIMKOBBIX 30HaX JIOKAJIM3YIOTCA O4ard pasrpy3KH MOA3EMHBIX
BOA 1 00pasytoTcs Hanenu. HenocpencTseHHO B paiioHe MPOEKTUPYEMOTO Kaphepa MOIL-
HOCTb MHOTOJIETHEMEP3JIBIX MOPOJ] Bapbupyercs B mpeaenax 0—70 m.

Teonozuueckue npoyeccol u asnenus. B coorsercreuu co CHull 11-105-97 o co-
BOKYITHOCTH (DaKTOPOB HMH)KEHEPHO-TEOJIOTHYECKHE YCIOBHS CIIEAYeT OTHECTH K



46 “Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 6. 2021 ISSN 0536-1028

HI (cnoxwnoit) kKareropuu. OmnpenenstomuMu (akTopaMH SIBISIOTCST TeOMOP(OIOTHYIeC-
KH€ W TEOJIOTHYECKUE YCIOBHSI, 3aBUCAIINE OT CHIIBHO PAaCWICHEHHOTO penbeda, HalH-
4Yus Pa3jIoMOB ¥ TEKTOHUYECKUX 30H, MOBBIIIIEHHON CEHCMUYECKOM MHTEHCUBHOCTH.

OpnHa U3 BaXHENIINX 3aa4 OIIEHKH MHKEHEPHO-T€O0JIOTMYECKUX YCIOBHI pa3pador-
KA MECTOPOXKICHUSI — MPOTHO3UPOBAaHNE BO3HHUKHOBEHHS HH)KEHEPHO-TEONIOTHYECKHX
MIPOIIECCOB W SIBJICHUHN, OCIOXHSIOUIMX YCIOBHS 3KCILUTyaTallid Kapbhepa OTKPBITHIM
croco0oM.

B mporiecce pa3paboTku Kapbepa BO3MOXHBI MPOSBICHUS CIETYIONMX T€0JI0THde-
CKHUX TIPOIIECCOB U ABJIECHHUI, OCIOXKHSIIOMNX €ro pa3paboTKy, UMEIOIIe MECTO Ha pa3-
pabaTbIBaEMOM Kapbepe MECTOPOXKACHUS AJIOBIH: HajleIeo0pa3oBaHus, OMOJI3HH, 00Ba-
7161, OChITH. [10 T€0NIOro-IUTONOTHYECKUM U CTPYKTYPHO-TEKTOHUYECKUM 0COOCHHOCTSIM,
a TaKxke (PU3NKO-TreorpaduIecKuM yCIOBUAM MECTOPOXKIACHNE YHIIIMUUKAH aHAJIOTHIHO
MECTOPOXKICHUIO AJIOBIH.

Obsanbl u 0cbinu BOSHUKAIOT B OCHOBHOM B Pe3yJIbTaTe TOAPE3KH CKIIOHOB U BEIPYO-
KU JipeBecHOH pactutenbHOCTH. OOBAIBI M OCHINHU OOJBIION MOIITHOCTH HEM30SKHBI TIPH
BCKPBITHH 30H HHTEHCUBHOW TPEIIMHOBATOCTH M APOOICHHS, IMEIOIIUX MOIIHOCTH 00-
nee 20 M.

Ocvinu GopMUPYIOTCS B TOJOIIBE OTKOCA OOPTOB Kapbepa Ha y4acTKaX, CIIOKEHHBIX
AITIOBUATEHBIMHU KPYITHOOOIIOMOYHBIMH Pa3HOCTSIMH, B MECTaX BBIXO/Ia Ha MTOBEPXHOCTh
BBIBETPEJIBIX, CHIIBHO TPEIIMHOBATHIX CIIAHIIEB, 4 TAK)Ke TEKTOHMYECKUX 30H JIPECBIHO-
1Ie0EHNCTOTO COCTaBa.

Haneoeobpazosanue — nporiecc 00pa3oBaHus HaJCACH B 3UMHUI MIEPUO HA y4acCT-
Kax pasrpy3KH MOA3EMHBIX BOJ U MOCIOHHOTO HX 3aMEp3aHusl.

C 1enpro CHMKEHUSI BO3MOXHBIX MTOCIIEICTBUN TEXHOTEHHOTO BO3JICHCTBHS HEOOXO-
JIUMO TIPEIyCMOTPETh MepexBaT U OPTraHU3aLMI0 TIOBEPXHOCTHOTO CTOKA, ITAHUPOBKY
CKJIOHOB C YY€TOM HX OIOJI3HEe- ¥ 00BAJIOOMACHOCTH, a TaK)Ke yCTPOICTBO JApeHaka Ha
0OBOJIHEHHBIX y4acTKaX.

MecropoxneHre YHIIMYMKaH pacnoiiokeHo B CenemmknHO-KepOuHckoM Onoke
AMypo-OXOTCKOH TCOCHHKIMHAIBHOM 00JIaCTH, XapaKTepU3YIOLICHUC NOBbIUIEHHOU
CeUCMUYHOCTBIO.

CornacHo miany Obwe2o celicMuieckozo patlonuposarus meppumopuu Poccutickoti
@eoepayuu — OCP2016 pacdeTHas celicMUUecKass HHTCHCHBHOCTE TUIOIIAIKA MECTO-
POXIEHHs U CpeqHUX TPYHTOBBIX ycnoBuit (CI1 14.13330.2014), no kapram OCP-97
A u B onpenenena B 7 6amios, o kapre C — B 8 6ayuios.

Bopra xaprepoB OyayT CIOKEHBI CIaHLAMU Pa3JIMYHOTO COCTaBa, YACTHYHO METAco-
MaTU4eCKd HM3MEHEHHBIMH, OTHOCSIIMMHCS K KIIACCY CIIa0OBBIBETPENBIX CKaJIbHBIX
TPYHTOB CpEHEN MPOYHOCTH.

OcHosHbie 6b1600b1. B 11e110M, TOPHOTEXHUYECKHE M HH)KEHEPHO-TEOIOTHIECKUe yC-
JIOBUSI IPHEMIIEMBI TSI Pa3pabOTKH OTKPBITEIM CIIOCOOOM. DTO 00yClIaBIMBaETCS CIIETY-
IOIIUMH 0COOCHHOCTSMHU:

— OTHENIbHBIE PYAHBIC TeJla UMEIOT HETIOCPEICTBEHHBIN BBIXOM Ha THEBHYIO MOBEPX-
HOCTB;

— mpeoOaganue B CTPOSHUH MECTOPOXKACHUS CKATBHBIX TIOPOI, YTO TTO3BOJISIET HC-
TMIOJTH30BATh TSHKEIYIO TOPHYIO TEXHUKY HE3aBHCHMO OT CE30Ha;

— TIOPOJIBI, BCKPBIBaEMEBIC ITPU Pa3padOTKe MECTOPOXKICHHSI, He Ta30HOCHBI, HE CKIIOH-
HBI K CAMOBO3TOPaHHIO, PAMOAKTHBHOCTh HE TPEBBIIIAET ECTECTBEHHON HOPMBI; 9KOJIO-
TMYECKU BpeIHbIe, TOKCHYHbIE IPUMECH B Pyax OTCYTCTBYIOT.

OcIOXHSIOMUMHA (HaKTOPaMH SBISTFOTCS:

— HEpaBHOMEpHOE pacIpeAeeHne TONEe3HOTO HMCKOMaeMoro B Tperesiax KOHTypa
Kapbepa;
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— MPUYPOYEHHOCTh MECTOPOXK/ICHHS K CKaJIbHBIM ITOPOJIaM C HAKIIOHHBIM M KPYTBIM
3aJieraHueM;

— HaJIMYUe 30H MHTEHCUBHOW TPEIIMHOBATOCTH M 30H JPOOIICHHS;

— HaJIMYWE B pa3pese MPOTSHKEHHBIX, COMMEPUMBIX C pPa3MepaMH KaphepoB, 30H I10-
BBIINICHHON TPEIIMHOBATOCTH M 30H JPOOJCHUS (1pedcmasieHHbix OpecesHbiMU PA3HOC-
MAMUL), CYWECMBEHHO GIUAIOUUX HA YCMOUMUBOCHb DOPMOS;

— HaJM4We TPYHTOB Pa3HOW MPOYHOCTH, TUIOTHOCTH ¥ CTETIEHH Pa3MATdaeMOCTH B
BOJIE B IIpe/iesiaX OIHOM JINTOJIOTUYECKOM pa3HOCTH;

— Hanuyue MpewuHHbIX 800 HA YUACMKAX, NPUYPOYEHHBIX K 30HAM OpOOeHUs, 9TO
CHOCOOCTBYET yBEJIMUYECHHIO CTETIEHH BOAOMPOBOIUMOCTH TIOPOJ U B KOHEYHOM HTOTE
67UsAEm HA CHUCEHUe YCOUYU80CMU DOPMOB Kapbepa HA MAKUX YUACMKAX MACCUBA,

— TIPOIIeCC TPOMEP3aHUsI U OTTAMBAHUS COBMECTHO C TEXHOTEHHOW TPEIIMHOBATOC-
TBHIO, BO3HHUKAIOIIEH B XO/I€ TOPHBIX paboT, OyayT crmocoOCcTBOBATh OOBIIEMY ApOOIIe-
HUIO TTOPOJ U YBEINIEHHUIO UX ITPOHUIIAEMOCTH.

Ta6auna 1. PacyeTHble 3HaYeHHs1 NapaMeTPOB F'OPHBIX NOPOJ GOPTOB Kapbepa H 0TKOCOB
0TBAJIOB

Table 1. Parameter design values for the rocks building up open pit walls and dumps slopes

¢i (Ro), G (R),
NI'D 1 HanMeHOBaHUE IPYHTa Y, kH/M® | E, MITa v rpaj klla
(MIIa) (MITa)
UI'D-1. JIpecBsHO-McOCHUCTHII
TPYHT C CYNIECYaHBIM U CYTJIMHUCTHIM
3aIOJIHUTENEM JCITIOBUAIBHO-
3JIIOBHAJIBHOTO TeHE3Hca 18,0 35,0 0,27 33,0 8,0
NI'D-2. CnaHUbI CTFOIUCTHIC KBAPII- 32,7 195,0
T10JICBOIIIIATOBBIC 26,6 5000,0 0,14 (29,1) (8,7)
NI'D-3. CnaHusl CIr0IUCThIE KBApII- 30,7 284,0
MOJICBOIINATOBBIC OKBAPI[OBAHHEIC 27,0 5500,0 0,55 (38,5) (12,6)
35,8 -
UI'>-4. Aapesur 25,9 510,0 0,22 (40,4) (10,6)
32,4 -
UI'D-5. Bpekuus 254 270,0 0,35 (30,1) (CAY)
UI'D-6. IpecBsHO-11eOCHUCTHII
(oTBaun) 20,0 50,0 0,27 30,0 20,0

Yi — YACNIBbHBII BeC TOpHOH Hopoxel; £ — MoIyns AedopMamiy WIH YIOPYrocTH; Vv — Kod(GHIHEHT
OTHOCHUTENbHOTrO mnomnepeynoro paciupenus (Ilyaccona); @; (R.) — yron BHYTpPEHHEro TpeHus (mpenein
IPOYHOCTH Ha ofgHOOCHOe cxkarue); C; (R,) — yAelbHOE clLeIuleHHe (Ipefiel MPOYHOCTH Ha OJHOOCHOE
pacTsKeHue).

OcoGeHHOCTH MOJEJIMPOBAHUA HANPSKEHHO-1e()OPMHPOBAHHOIO COCTOSTHUSA
(HAC) 21eMeHTOB CHCTEMBI «COOPYKEHHe—Teocpenar.

Cocmosnnue éonpoca no 0cO6EHHOCIMAM RPOEKMUPOBAHUS ZPDYHIOBBIX COOPYIHCe-
Huil (Kapbepos u omeanos). OCHOBHOM MpoOIEMON MPOEKTUPOBAHUS KapbepPOB U OTBA-
JIOB, KaK, BIPOYEM, U APYTHX WH)KEHEPHBIX COOPYKEHUH, ABISETCA MBI 00BeM HEOO-
XOIUMOM TeoTeXxHn4IecKoi nHpopMmarwn. Ha Bech 00beM ropHOTEXHUIECKIX BHIPAOOTOK
¢ ux nH}popmaIrei 0 CBOMCTBaX TOPHBIX TIOPOJ] KaK ITOTEHIMABHBIX ITOJIE3HBIX NCKOTIAe-
MBIX TIPUXOJUTCS BCETO HECKOIBKO WH)KEHEPHO-TEOIOTHUECKUX BBIPAOOTOK (CKBaXKHH)
¢ uHpopMaIrei 0 QU3NKO-MEXaHMIECKHX CBOWCTBAaX TOPHBIX mopo. IlomydenHsie mo
HUM JaHHBIE HEOOXOAMMO SKCTPAITOIUPOBATh HA BECh MAaCCHUB TOPHBIX TIOPOI, BMEIIA0-
IIUX Kapbepbl U OTBAJIbL. PacueTsl, BHIMOIHIEMbIE TIPH MTPOSKTHPOBAHUN HHKXESHEPHBIX
COOPYXEHUH, BKIIFOYasi TOpPHbIE, UMEFOT OOJBIIYIO CTETIEHb HeonpeaeeHHOCTH. Kak oT1-
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MEYEHO B cTarhe [ 1], HeCMOTPsI Ha 3TO, aBAPUH CUCTEMBI COOPYHCEHUE—OCHOBANUE UPE3-
BBIYAaHO PEAKH, YTO TOBOPHUT O MaJIOi 4yBCTBUTEIHHOCTH (POOACTHOCTH) 3TOM CUCTEMBI
K TaKAM HEONPEAeNICHHOCTSM.

Ilocmpoenue pacuemnoii cxembl moodenu cucmempl. 1 eomexaHMIeCKUe MOIETH CHC-
TEMbI CO3/1aBaJIMCh HA OCHOBE pa3paboTaHHON MeToauky aHamu3a u oueHkn HJIC ame-
MEHTOB CUCTEMBI COOp)iceHue—2eocpeda, OCHOBHBIE TIPUHIIMIBI KOTOPOH M3JI0KEHBI B
crarbsax [2—4]. B kauectBe cpenctsa pacuera HJIC 31eMeHTOB CHCTEMBI U €€ YCTOMIHUBOC-
TH TIPUHAT MeToA KoHeyHBIX eMeHToB (MKD). Ha ero ocHoBe pa3paOoTansl anropur-
MBI cepTudHLIUpoBaHHOTrO nporpammuoro npoxykra GenlDE32 (Ceuoemenvcmeo o co-
cyoapcmeenHoll pecucmpayuy npoepammsl ons IBM Ne 2011613111. Pacuem é3aumo-
Oelicmeust COOPYIHCEHULl ¢ 2e0CPedoll MemOOOM KOHEUHbIX JleMeHmos. Asmopol
Topwxos H. U., Kpacnos M. A. 3apecucmuposano 6 Peecmpe npocpamm ons IBM
20 anpena 2011 200a).

x=273.661y=1008.813

‘00000371

.. [0.0002217]

[-0.0003447]

 [0.0004677]

Pucynox 1. YpoBHHM 3Ha9€HHH FOPH30HTAILHBIX OTHOCHTENBHBIX Ie(pOPMALUH €, 30HBI 7IACMUYHOCTU
U YCIIOBUE YCTOMYHMBOCTH [I0 MOAEIMPOBAHHUS SKCKaBalMK 5-ro ciost: k, . = 1,60 > [k ]=1,20

Figure 1. Levels of horizontal relative strains € values, zones of plasticity, and stability condition before
modeling the fifth layer excavation: & =1.60>[k,]=1.20

st min

3HayeHus 1e(OpPMaLMOHHBIX U MPOYHOCTHBIX [TApaMETPOB MPHUPOIHBIX TOPHBIX MO-
POI, MaTepuasoB JIEMEHTOB CUCTEMBI IIPUHSTHI 10 JOKYMEHTaM, IIPEACTABICHHBIM B OT-
yere (Unoicenepro-eeonozuneckue yciosus paspabomxu YHenuuuKancko2o Mecmopodic-
Oenusa. 2017. 29 c.), Tabn. 1. 3HaueHNs TapaMeTPOB, KOTOPBIE HE ONPEEIUTICH B OTYETE
(Mnorcenepno-zeonocuieckue yciosus paspabomru YHeIUuUKaHCKo20 MECHOPONCOCHUSL.
2017. 29 c¢.), B3aTHI U3 [5, 6], (Memoouueckue ykazanusi no onpeodenenuro y2io8 HaKioHa
060pmo8, OMKOCO8, YCMYNO08 U OMEAN08 CHPOSIUUXCA U IKCITTYAMUPYEMbIX Kapbepos. J1.:
BHUMMU, 1965. 164 c.).

Haunbonee npobneMaTuyHbIM SBISUICS BBIOOP PACUETHBIX 3HAYEHHH YAENBHOIO CLEII-
JIEHUs 1 CKaldbHbIX TpyHTOB UT'D.

3Ha4ueHue yIeIbHOrO CUEIUIEHUs TPYHTOB B MaccuBe C, MOXET OBITh BBIYMCIIEHO II0
dopmymne:

C

0o

ST Mram@ ] O

rae C — 3HaueHue y[eNbHOIO CUEIUICHHUs TPyHTa B 00pasue (Memooduueckue ykazanus
1o onpedenenuro yenos. .., Taon. 10); a — 3Hadyenue ko3 PULIUEHTA, 3aBUCAIIETO OT MPOY-
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HOCTH TPYHTa B MOHOJIUTHOM 00Opa3iie (1o tabnwie a = 6); H — Beicota 6opra (110 pas-
HUIIE OTMETOK Ha paszpese 312 m); [ — cpenHuii pazmep OmokoB (1. 1.2 oruera: «Omod-
HOCTB cocTaBisieT oT 2 x 5 x 10 1o 60 x 80 x 150 cm», npursiTo 0,40 m).

Pacyer C, = 0,195 MIla no ¢opmymne (1) npousseneH st 3HAYEHAH YIETBHBIX CLIET-
JICHU 00pa3IiloB TOPHBIX TIOPOJ] B BOJIOHACKHIIIEHHOM COCTOSTHHU. JTO Hamboliee omnac-
HBIN CITy4al IIpH OIEHKE YCTOMYMBOCTH OOPTOB KaphepOB.

B pacueTHBIX cxemax pa3pe3oB KapbepOB MIPHHSTHI pacyeTHbIC 3HAYCHUS TapaMeTPOB
rpyHToB UI'D Ne 2 st kapbepa BII 66 u IT'D Ne 3 mna xapeepa BIT 120.

Tpacw pyxenn & o wg N213683 Tpatu "TpaekTopwa Harpyxerins & npocTpanctoe wisapvaros G w & " ana anemera N4588

Pucynok 2. I'paduku TpaekTopuii B IPOCTPAHCTBE HHBAPHAHTOB TEH30pa HAIPSDKEHHUI Oj; ¥ OTHOCHTEIBHBIX
nedopMarmii €, B KD:
a — TIOAHOXHS JIEBOrO OOpPTa; 6 — MOJHOXUS 7-T0 YCTyma JIeBoro 6opra
Figure 2. Graphs of trajectories in the space of stress tensor invariants o, and relative strains ¢;in the FE:
a — the foot of the left side; 6 — the foot of the 7th bench of the left side ‘

PacderHoe 3HaveHue yIenpHOTO clieuieHus B Maccuse miist UI'D Ne 3, BerancneHHoe
o dpopmyne (1): C, = 0,284 Mlla. [TapameTpsl, Bxoxsamue B popmyiry (1): C, = 11 Mlla;
H=215m;a=06;1=0,50 m.

B pacuerHpIX cxemax OTBaja Ui €ro OCHOBAHUS MPUHSTHI pacyeTHbIC 3HAYCHUS T1a-
pametpoB TpyHTOB MI'D Neo 2, a 1yt TpyHTOB OTBaJsia pacueTHhIC 3HAYCHHS TTapaMETPOB
n3 Tadm. 1.

Opzanuzayua u ocobennocmu gpruucaumenvrozo npovecca. B pacuerax HIAC cuc-
TeM OblJIa IPUHATA HENWHEHHAas MOJIEb IPyHTa Ha OCHOBE acCOLMHUPOBAHHOTO 3aKOHA
IUTACTHYECKOIO TEUEHHUS € yCIoBUEM TeKydyecTu 1o Kymony—Mopy [7]. B atoit Mmoaeny,
IIMPOKO IPUMEHSIEMOH B pacdeTax TPYHTOBBIX OCHOBAaHHH M MacCHBOB TOPHBIX MOPOJI C
cepenunbl 1970-X IT., HCHIOIB3YIOTCS BCETO YETHIPE CTAHTAPTHBIX Mapamerpa: £ — Mo-
ITy7b yripyroctH (medopmarin), v — kodddurment [lyaccona, C — yaenpHOE CIETICHHE,
¢ — yroi BHyTpeHHero TpeHus. OHM ONPeAessFoTCs MIPHU UCIBITAHUSAX TOPHBIX ITOPOA B
CTaHJAPTHBIX TEOTEXHUIECKHUX ITPHOOPaAX.

OTa MOZEeIb YIOBIETBOPUTEIHHO MPEICKa3bIBAET HECYIITYIO CTOCOOHOCTH OCHOBAHUH
HWHXXEHEPHBIX COOPYKEHUH, a TAKKE UX YCTOMUHUBOCTD.

Bo Bcex pacderax y4WThHIBaiach MoCiIeI0BaTeILHOCTh CTPOUTEIHCTBA COOPYIKEHUSI.
Ha xaxxmom aTarne MomeInpoBaHHS YCTPOWCTBA 3JIEMEHTa COOpYXKeHUs (YMEHBIICHNE
pacdyeTHOH 00IacTH — «IKCKABAIWSD) WM €€ YBEITMUYCHNE — «HACKIIbY) JIJIsl BEITIOTHEHHUS
yCIIOBHI HEPa3pHIBHOCTH Aeopmanuii Ha TpaHAIaX KOHTAKTa «HOBOTO» AJIEMEHTA C 0C-
HOBaHMEM H(WJIN) «CTApBIM» JIEMEHTOM BBOAMIIMCH KOMITEHCAIIMOHHBIE CHJIBI.
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Ha xaxxnom sTare MoienupoBaHus CpecTBaMy HHTepdetica KOMIIbIOTepa BITTOTHSI-
JIMCh aHaJIN3 M OIIEHKA IPOYHOCTH, HECYIIIEH CITIOCOOHOCTH, YCTOMYMBOCTH U ehopmu-
PYEMOCTH Ka3KIOTO 3IEMEHTa MOJIEJIA CUCTEMBI U BCEH CHCTEMBI B LIEJIOM.

[Ipu onieHKe yCTOMYMBOCTH CHCTEMBI OT JEHCTBUS CHJI TPABUTALIMH BBIYHCIICHUE KO-
3¢ puurenTa 3anaca ycToHYMBOCTH K, BHIOIHAIOCH 110 JIMHUAM CKOIBKEHUS KPYIIIOLH-
JMMHAPUYECKON WM TPOM3BOJIBHOM (POpM C HCIIONB30BAHHUEM BapUaHTa «IpeeTIbHBIX
KacaTeNbHbIX HanpskeHui»: k, = 1, /t [8]. B pacuerax ycroiiuMBOCTH Ha JeicTBHE
TPaBUTAITMOHHBIX M CEUCMHUIECKUX CHII MCTIONB30Bajcs Bapuant 1. M. Illaxynsara [9].

[Ket]-100

e x 067 (L=81.12)
Ksl[Tu/ﬂ 1.74]1.74] (724.23+0.00[0.00)/416. 99

(TR)-522 05 x 1026 46 15958 (L-33.41)
Kt [Tu/T=1.59[1.59] ({152 35+0.00[0.00]/35
o

{Xx'rxR)=485.16 x 997.59.x 159.58 (L
Ket[Tu/T}=1.85[1.88] {(5112.15+0.00}

ki) (A YxR)=662.39 x 954.
[Tu/T1=1.69[1.69] {(45.08+0.00[0.

A
(%xYxR)=837.21 x 881 31x 200 48 (L=321.90)
Kst[Tu/T]=2 56[2 56] ((8021.36-+0.00[0.001/3526 08) {27.41}

Pucynok 3. OueHka ycTolduBoCcTH GOPTOB Kapbepa (IeicTBHE OOBEMHBIX CHII TPaBUTAIMH) IOCIE
TIOCIIE/THETO ATarla YKCKABAIlHH; YPOBHH 3HAYEHUH TOPH30HTAIEHON KOMITOHEHTBI BEKTOPA CMENEHHH 1/, M
(ot HauansHOrO HJC)

Figure 3. Open pit walls stability analysis (the effect of volumetric gravity forces) after the last stage of
excavation; value levels of displacement vector horizontal component u,, m (from the initial stress-strain state)

B pacuerax, coracHO yTBEpKIICHUIO 3aKa3uUKa, IPUHITO HOPMUPOBAHHOE 3HAYCHHE
koo uumenra 3anaca ycroiunsoctu [k ] = 1,20, npu yuere cedicmuku [k ] = 1,10.

Kpumepuanvuvie oyenxku H/[C snemenmos modenu cucmemot. Anannz HJIC ane-
MEHTOB CHCTEMBI BBITIONTHSIICS Ha OCHOBE TCOPETUUCECKUX MTOJIOKEHIMM TuTeparypsl [ 10—14]
M BCeX MMEIOMINXCS CPeACTB nHTepdeiica mporpaMmmuoro cpeactsa GenlDE32: uzomn-
HUM, YPOBHEH, 30D 3HAYCHUH BBIYMCIIIEMBIX BEJIMUHNH, & TAKKE PE3YJIBTaTOB MOHHUTO-
PHHIa BBIYUCISICMbBIX BEJUUMH B 3HAYMMBIX KOHEUHBIX 3JIEMEHTaX W y3jax (I0JIb30Ba-
TEIbCKHUE TpaduKH).

KpurepuanbHbie OIIEHKH TSI COOPYKEHHS U €0 JIEMEHTOB BBITIOJHSITICH HA OCHOBE
YCIJIOBUI ICHCTBYIOIIMX HOPMATUBHBIX JOKYMEHTOB.

OrieHKa IEMEHTOB COOPYXKESHUSI TI0 TIEPBOMY TIPEJIETBHOMY COCTOSIHUIO — IO TIPOY-
HOCTH ¥ HECYIIeH CHOCOOHOCTH — TIPOM3BOAUTCS IO CTaHAapTHOW Qopmyme
(CIT 22.13330.2016. Ocnoganus 30anuii u coopysicenuil. AKmyanuzuposanmas peoaKyus
CHull 2.02.01-83* / MPP P®. M.: Munpeauon Poccuu, 2016. 220 c.):

VeF < (VE¥a)/ Vs )

rae F — 00001eHHoe cruitoBoe BO3/IeCTBHE (pacyeTHbIC 3HAYCHUS YCHIINH, MOMEHTOB,
HANPSOKEHUH U T. IL); £, — 0000IeHHas Hecylas CoCOOHOCTh (3HaYEHMs YCHUIIHH,
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MOMEHTOB, HallPsLKEHUH, YCIOBUH POYHOCTH WM APYTUX apaMeTPOB, yCTaHABIIUBAC-
MBIX HOPMaMH IIPOEKTUPOBAHHUA); ¥, — KOOD(UIMEHT COYETaHUs HATPY30K; Y, — KO3 du-
LIMEHT YCJIOBUH pabOThL; Y, — MONOJHHMTENbHBIA KOO()(QUIUEHT yCIOBHH paboThI;
Y, — K03 (QUIUEHT HAIEKHOCTH COOPYIKEHUS.

OreHka yCTOHUMBOCTH MOJETHM CHCTEMBI BBIIOJIHSIETCS MO M3BECTHOMY YCIOBHIO
(CIT 116.13330.2012. HuorcenepHnas sauuma meppumopuii, 30anuii U coopyriceHuti om
OnacHwix eeono2uyeckux npoyeccos. Akmyanuzuposannas peoaxyus CHull 22.02-2003.
M.: OAO III, 2012. 30 c.): k, > [k ], tne k, u [k ] — pacueTHOE ¥ HOPMHPOBAHHOE (Z10-
mycKaeMoe) 3Ha4eHHs Ko3(h(UIreHTa 3anaca ycToiuuBOCTH.

a

OYxR)=17248x 136,03 20.02 (L-26.56)
Kst[Tu/T]=0.98(0.98] ((35.46+0.00(0.001/36.08) {0.03}

(PocYxeR)=174.65x 137.91 x 21.96 (L=25.30)
Kt [Tu/T]=0.93(0.35] ((30.15+0.00[0.001/30.35) {-0.01}

Pucynok 4. 3o0HbBI nracmuunocmu W ypOBHU 3HAYEHHWH IIAPOBOTO
MHBapHaHTa TCH30pa OTHOCHTENBHBIX Ae(opManuii € Uit CHCTEM:
a — gvlemKa—zeocpeda; 6 — Hacbinb—zeocpeda
Figure 4. Zones of plasticity and value levels of the spherical tensor
invariant of relative strains € for systems:
a — cut-geologic environment; 6 — fill-geologic environment

Ananns u onenka HJIC 31eMeHTOB CHCTEMBI «COOPYKeHHe—Teocpena».

Pesynomamur pewienua 0na mooenu cucmemuvl «kapvep—ceocpeoa» Ha BIT 88.
I'eomeTprueckue pasmepsl Kapbepa (3aJokeHue OOPTOB) OINPEACNSUIMCH METOIOM
MOCIIeJOBATENBbHBIX NpHOmkeHnii Ha ocHoe pacuetoB HJIC cucremsl kapvep—zeocpeda.
B kaxmoMm omnpeneneHuHM CHavaia BBINONHSUIMCH PAacueThl HAYaJbHOTO HANPSHKEHHO-
ne(OpMHUPOBAHHOTO COCTOSIHUSI MaccuBa TOpHbBIX MopoA. 1o 3HaueHusM ypoBHS BHIA
nedopmuposanHoro coctosuus (Hanan—Jlone) €, MaccHB rOpHBIX IIOPOJ B LIETIOM HAaX0-
JUIICS B COCTOSHUM OIHOOCHOTO CKATUs: €, ~ —l, HWKHSA IPUIIOBEPXHOCTHAS €r0
4acTh — B COCTOSHUM YUCTOrO capura: €, = 0.

Jarnee BBIIONHSIIOCH MOCIOMHOE MOIEIMPOBAaHHE SKCKABAIMM TOPHBIX IIOPOXN M3
kapbepa (puc. 1). Ilpu pemeHun 3agaun Ha SKpaHE KOMIIBIOTEPA IMOSBISIFOTCS 30HBI
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naacmudHocmu—coicamus (OTHOOCHOE CKaTHe CO CIBHIOM M HA00OpOT — 3aITPHXOBaH-
HBIE MO YIJIOM KPeCTOOOpa3HO KOHEUHBIE JIEMEHTBI) HIIN 30HbI MIACHUYHOCU—PACs-
Jtcenus (3AIUTPUXOBAHHbIE BEPTHKAIBHO MM TOPU30HTAIBHO, & TAKXKE BEPTUKAJIBHO U T0-
PU3OHTAIBHO KOHEYHbIE 3JIEMEHTHI). 30HBI MIACMUYHOCHY — 3TO 30HBI HPEACIHEHOTO
COCTOSIHUSL.

[Ipu sKcKaBauuy BepXHsisA YacTh OOHAXKEHHOTO JIEBOT0 O0pTa Kapbepa YaCTUYHO MPH-
XOIMT B IIpeieNIbHOE COCTosIHUE (pHC. 1).

Ha xaxxmom sTane 5KCKaBallMK OCYHIECTBIISETCS TIOUCK JIMHUM CKOJBKEHUA C K, . .
Ha puc. 1 npencraBneHo mose MorcKa ¢ KOIMYECTBOM JIMHUHA CKONbkeHHs (424 mT.) u
pa3MepamMu Iara Mex Iy HeHTPaMHu YT JIMHUA CKOIbKeHus (2,18 m).

3neck HEOOXOIUMO OTMETHTh, YTO MPH MOJCIMPOBAHUH SKCKABAIIMU TOPHBIX TOPOX
M3 MaccuBa B IPaBOM HIDXKHEM OOPTy Kapbepa 30H niacmuyHoCchmy He BOSHUKAIO.

Pucynok 5. Kapwep BII 88: 30HBI naacmuurnocmu u ypoOBHU 3Ha4E€HHWH MIaApOBOIO MHBApHAHTA
TEH30pa OTHOCHUTEIBHBIX 00BEMHBIX AedopMannii &
Figure 5. BP 88 open pit: zones of plasticity and value levels of the spherical tensor invariant of
relative volumetric strains &

Untepdeiic mporpaMMbl O3BOJISET BHIBOAUTH Ha 3KPaH KOMIIBIOTEPA MOJIS BEKTOpPA
CMEIIECHNH 1; B BUJIE TPEX PE3YIBTATOB TEKYILEIO PacueTa: «a0COMIOTHBIN); «OT Hadallb-
Horo H/IC»; «Mexay sTanaMu N3MEHEHUsD PaCUETHON CXeMBl, KaK 110 TEXHOJIOTHH (3KC-
KaBalliK), TaK U 110 NPUJIOKEHHBIM Harpy3kaM. OTO TO3BOJISICT BUIETH CIa00M3y4EHHOE
B T€OMEXAHUKE JBIKEHUE KPYTOB «BpAaLCHUS» B MaCCUBE FOPHBIX mopox [4, 15].

Wzmenenne HJIC sneMeHTOB cUCTEMBI aHAIM3UPOBATIOCH U B MOHUTOPUHIOBBIX KO-
HEYHBIX JIIEMEHTAX H y3JaxX, PACIONOKEHHBIX Ha JIMHUAX CKOJIBKEHUA C k, . . AHanm3
H/IC BbImonHsiyics Ha OCHOBE IpadKOB TPACKTOPUI HArpyKEHHS B IPOCTPAHCTBE UHBA-
PHAHTOB TCH30Pa HANPSKCHHH G, i OTHOCHTEIIBHBIX nedopMaruii g; [3,4].

Ha puc. 2 nokazansl Takue rpaduky. B mpocTpaHcTBe BTOPbIX HHBAPUAHTOB TEH30Pa
HAIPSKEHUH U OTHOCUTENBHBIX IehopManuii 6—€, 0ToOpaxkarorcs aepopmanuu GopMbl
WM CIIBUTa, B IPOCTPAHCTBE MEPBBIX HHBAPUAHTOB 3THX TEH30POB G—& OTOOPaXKaroTCs
nedopmaru oosema. Ha puc. 2, a Bce TpaeKTopuu pa3rpy304yHbIe, B IEPBYIO 0Yepeab B
IPOCTPaHCTBE GG, a Aepopmanuu popmbl u o0bema yrpyrue. Ha puc. 2, 6 na rpaduxax
JULSl IPUTIOBEPXHOCTHOTO KOHEUHOTo 3eMenTa (K3J), pacnonoxeHHOTo B cpeaHei yacTu
oopra (Y = 870 M), xapakrepHbl Oonee clnoxHble Aedopmanuu. B mpocrpancTse 6,6
TPYHT HCHBITHIBACT CIOXHBIE TPACKTOPHU TMCTEPE3UCHOIO THIIA HASPY3KA—Pa3epy3Ka,
a B IIPOCTPAHCTBE G~ BUIHA 3HAYMTENIbHAS 110 Pa3Mepy ILIomanKka casura. MiMenno B
TOPHBIX MOPOAAX CpeHEH YacTu OOPTa U BBILIE BO3HUKIIN 30HBI 1IACTHUYHOCIIU.

Ha puc. 3 mpuBemeHbl pe3ynbrarbl pacyeTa YCTOMYMBOCTH IIOCIE IOCIIEIHETO
14-ro sTamna skckaBauyu. Bee ycnoBusi ycToHUMBOCTH Ha JeWCTBHE OOBEMHBIX CUl 2pa-
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6umayuy Ha TUHUAX CKONbXKEHUs € Kk, . BpImonustores: k, . = 1,46-1,88 > [k ] = 1,20
(meBp1ii 6opT) Mk, . = 2,56 > [k ] = 1,20 (mpaBblii 60pT).

Ji1s meMOHCTpaIwy BO3MOXKHOCTEH IIPOrpaMMBbl, Ha pUC. 4 TIPEACTaBICHBI pe3yibTa-
b1 uccnenobanus HJIC u ycroliunsocty BoieMku (d, = 15,4 m; 1 :m =1 : 1) u naceinn
(h=15,4m;1:m=1: 1), *MEIOIUX OMUHAKOBEIE TEOMETPHUCSCKUE Pa3MEPhI ¥ 3HAYCHUS
napameTpoB 1e(hOPMHUPYEMOCTH U ITPOYHOCTH. [ [pOBONMIIOCH TOCTIORHOE HX MOJEITHUPO-
Banue: i, = 1,05 M. B BbIeMKe TOpHBIE TOPOIBI OOPTA NPHIILIH B IIPEAEIBHOE COCTOSHUE
10 yCTOMYMBOCTH IIpU ITyOuHe d, = 15,4 M ¢ 00pa3oBaHUEM BEPTHKAJILHBIX TPELIUH, YTO

SABILICTCA OAHUM H3 IIPU3HAKOB OKOHYAHUA O6pa30BaHI/I$I OIIOJI3BHEBOI'O  T€JIa,

[Kst]=1.00

@ TUTHETTEEA ey
(%YxR)=435.57x 1013.21x 119.28(L=137.39) <Seismic>
Kl ~1A411.411 07,6140 000 /5465 73)42 15

D6cYeR)=629.38 x 940.17:x 124.64(L=156.62) <Seismic>
sy Kst[Shn] =1 211 21] (11547 20+0 00D 009544 60) {1607}

e PYxR)=575.63x 916.05 x 132 68 (L=185.25) <Seismic>
Kst[Shn] =1.33(1.33] ({13172.44+0.00[0.00])/3870.50) {24.89}

“"&( CYxR)=689.55 1129.14 x 391.35 (1360 B Y3 1
Ka[sm] =1.13[1.13] (109217 1340 [nonn/sswws;{azm

Pucynok 6. OneHka ycTOHIMBOCTH JIEBOTO OOpTa Kapbepa (IeHCTBHE CHII TpaBHTAllMH M CEHCMHKA)
Mocnie MOCNEeNHEro 3Tana 3KCKaBal[MM; YPOBHM 3HAYEHHH TOPH30HTALHOM KOMIIOHEHTBHI TEH30pa
OTHOCHTENbHBIX AehopMaLmit €

Figure 6. Open pit left wall stability analysis (action of gravity and Seismic forces) after the last stage of
excavation; values levels of relative strains tensor horizontal component €,

k, in= 0,98. Ilpu BBICOTE HackmM /2 = 15,4 M 60JIbIIas 9aCTh TOPHBIX MOPOJ €€ OTKOCA
nepeluia B IpeAebHOE COCTOSHHE, HO 0e3 00pa30BaHusI BEPTHKAIbHBIX TpeluH. Omomns-
HEBOE TEJIO B HACBIIH MOHOCTBIO MPOSBMIIOCH TOIBKO IIPH BBICOTE HACKIIH /1, = 19,80 M.
B BepxHeil yacTu MaccuBa HAChINH, 32 OPOBKOM OTKOCA, OSIBUJINCH BEPTHKAIbHBIE TpE-
mUHBL. KOHTYpBI TPpH3M OnoI3aHus XOPOIIO MPOSIBIISIOT ce0sl TPH BBIBOE HA SKPAH KOM-
MBIOTEpa YPOBHEW 3HAYEHHI CpeTHeN OTHOCHUTENLHON 00beMHOH fedopManny €. BeiBox
Ha 9KpaH pacyeTHOH cXeMbI B IBYX LIBETaX 3HAYCHUI 3Toi BennuuHbI (g€ < 0 — KpacHas
i Oosiee TeMHast OKpacka, € > 0 — 3esieHast win Oojee cBeTIask OKpacka) GUKcUpyeT
KOHTYPBI OIIOJI3HEBOIO Tela, puc. 4, a. JIOrnuHo, 4TO IMHKUM CKONBXKEHUS C k, . TIpO-
XOZIST BOJM3H I'PaHuL, rae o0beMHble Aedopmanyu paBHbl Hy/t0: € = 0.

s 3ama4m ¢ kappepoM YHINIMYMKAH Ha PUC. 5 BUIHBI 3aPOABILIN ONOI3HEBBIX Tell,
00pa30BaBIIMXCS B MAacCHBE MOPOA JieBOro oopra. B maccue mpaBoro 0opra ux HeT.
Pesynbrarel pacuera yka3bIBaroT, YTO UIMEET CMBICII HHOTZIA YCTPAUBATh Ha IOBEPXHOCTH
Oopra Oonee mMpoKue OGEpMBI C LEbI0 IPepbIBaHUS 00pa30BaHUs 30H HAACHUYHOCTHU.

Pesynbrarel pacyeToB OKa3ald, 4TO Ha pacyeTHOU cxeme Kapbepa bII 88 He Bo3HU-
KaroT 30HBI MIACIMUYHOCIMU—PACMAINCEHUS, TAM HET MECT C BEPTUKAIBHOM IITPUXOBKOM.
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3 pesynbraroB pacueToB CTAHOBUTCS SICHO, YTO HAYAJIO KPYTIIOLUIUHPUYECKOU JIU-
HUM CKONBXKEHMS C k, . . KK U HEKPYNIOLMIMHAPUIECKOH, IIOYTH BCEra COBIANAET C
HyJIEM 3HAYEHMI BEIMYUHBI €, WIM MaKCUMyMaMU 3HA4€HUM Ha SIIOPaX BBIBOAUMBIX
BEJTMYMH OTHOCHTEIIBHBIX CMCILCHHI: €, , €, W JP. DMIOPBI CTPOSTCS B y3max uin B K3
Ha MOBEPXHOCTU Maccupa. 1o Teopun mexanuku paspyiienus npu €, = 0 (mapamerp
BUIa () OpPMHUPOBAHHOTO COCTOSIHHS) B 3TOM MECTE MOTYT 00Pa30BaThCsl BEPTUKAIBHEIE
TPELLUHBI 33 CUET YUCTOIO CIIBUTA, 4 HE PACTSKEHUS.

31ech MOXKHO OTMETHTh, YTO BO3HMKHOBEHHE BEPTUKAIBHBIX TPEUIMH YMEHbLIAET
TUIOLIAJIb 30H AIACMUYHOCHU Y TIOBBIIIAET 3HAYCHUE KO PHULIMECHTA 3araca yCTOHIUBO-
ct OOpPTOB Ha COTHIE 10JH K.

Kpome Toro, npu pacuerax no paspesy bIl 88 BeimonmHeHa oleHKa yCTOWYHBOCTU
rpyHTa OOpPTOB Kapbepa Ha AeHCTBUE CHII epagumayuu u ceticmuxu (kodQUIuenT ceiic-
muuHOCTH &, = 0,02 1pu 8 Gaiax). Pe3ynsrarel pacueToB MOKa3aju, 4TO yCIOBUS yCTOMH-
YHBOCTH MPH TAaKMX BO3AEHCTBUAX TAKIKE YIOBIETBOPSIOTCS (pUC. 0).

3akarouenne. Pesynbrarsl uccnegoanuii HIC 1 ycTOHYMBOCTH TOPHBIX COOpYKe-
HUHI MECTOPOXKICHUS YHIIMYUKAH UMEIOT CICNYIOLIUHA BUJL.

B ceuennu BII 88 kapbepa ycioBusi ycTOWYMBOCTH YJIOBJIETBOPSIIOTCS Ha AECHCTBHE
cun rpaputauuu: k, . =1,46-1,88> [k ]= 1,20 (neBbiii 6opT) n k, . =2,56>[k ]=1,20
(mpaBbIii OOPT), a TaKKe Ha AEWCTBHE CHJI TPABUTALUM M CEHCMUYECKUX BO3ICHCTBUIL:
k, .= 1,13-1,41 > [k ] = 1,10 (neBb1ii 60pT).

B ceuenun BIT 120 xapbepa ycinoBHs yCTOHYHMBOCTH YIOBIETBOPSIOTCS HA AEHCTBHE
cun rpaputauuu: K, . =1,73-1,87>[k ] =1,20 (nesbii 6opr) u k, . =2,15>[k ]=1,20
(mpaBsiii OOpT), a TakKe Ha AEHCTBHE CHJI TPaBUTALUH M CEHCMHYECKUX BO3ACHCTBUI

k, = 1,18-1,45>[k ]=1,10 (nesslii 6opT) M £, . =2,15> [k ]= 1,10 (npaBblii 60OpT).
B ceuenunm otTBana ycloOBUSL YCTOMYMBOCTH Ha JIEHCTBHE CHUJ TpaBUTAIUU
k, i = 1,25-1,58 > [k ] = 1,20 (mpaBblii OTKOC) ¥ CHJI TPABUTALIMU M CEHCMUYECKHX BO3-

neiicreuit k, . =1,19-1,39 > [k ] = 1,10 (1paBblii OTKOC) YAOBIETBOPSAIOTCS.
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Stress-strain state and stability of the Unglichikan open pit walls

Nikolai I. Gorshkov!, Mikhail A. Krasnov!, Svetlana M. Zhdanova?
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Abstract
Research objective is to identify the features of stress-strained state development and estimate the stability
of Unglichikan open pit walls and dump slopes based on calculation, analysis, and estimation with the
certified finite element method GenIDE32.
The introduction describes features of research object location natural-technogenic conditions and
geological history of rocks building up the research object.
Research relevance is due to complex solution to deep and high mountain structures design problems,
account for construction technologies, and stress-strained state and elements stability determination.
Methods of the stress-strained state numerical calculation, analysis, and estimation for the “structure—
geological environment” system consists in using all tools of the program’s interface, namely, values,
value levels, isolines and graphs for different quantities, including the graphs of stress-strained state
behavior trajectories in the space of the stress tensor invariants and relative strains.
Results of calculation are presented as the programs capabilities in graphic representation of the
sequential development of mudslides in open pit walls and dump slopes with vertical fissures. Colors of
magnitude levels specify the contours of mudslides, while the corresponding shading of finite elements
indicates the fissure formation sites.
Conclusions. Calculation results proved the stability of the mountain structures for the selected size
dimensions of open pit walls and dump slopes.

Keywords: stress-strained state; stability, soil structure; open pit; dump; glide surface; finite element
method.
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BnusiHme cunbl Kopuonuca Ha KWHEMaTHKY Kycka B paGoyem
NPOCTPaHCTBe U3MENLYUTENS

Kocapes H. M., 3y6os. B. B."*, Moranos B. £1.", Moranos B. B.!
1 YpanbCkuit rocyAapCTBEHHbI TOpHbIN YHUBEPCUTET, T. EkaTepuHbypr, Poccust
*e-mail: 2cl@unbox.ru

Pegpepam
Axmyanvhocmos pabomovl. Buinyckaemvie 6 Hacmosujee 6pemsi pPOMOPHble UCIMUpAmenu umeiom
HE0OCMamounylo dhhexmusHocms, KOMOpas XApakmepuzyemcsi 21aeHbIM 00pa3oM CMeEeneHvio
usmenvuenus. OCHOBHASI NPUYUHA CNONCUGUIEUCS CUMYAYUU 3aKII0YAemcss 6 HedOCMamoyHOl
UBYHEHHOCMU NPOYECCO8, NPOMEKAIOWUX 8 TAOUPUHMHOM POMOPE 6CMPEYHO20 YOapa NPU UMelbyeHUU
mamepuana, u, Kax ciedcmeue, 8 He0OCMamoyHol HAYYHOU 060CHOBAHHOCIMUMEN 0008 RPOEeKMUPOBAHUSL.
T'eomempuueckue napamempuvl u CKOpOCHb 6pawjeHus paboyeco opeana 00 HACMOAWe20 BpPeMeHU
HA3HAYAIOMCSl OIMIUPUYECKU NO NPUHYUNY NOO000Us, YMO HEMUHYeMO RPUEOOUm K OMKIOHEHUIM
MOHUHBL U  NPOU3EOOUMENbHOCMU  UsMenbueHuss om 3adannvix 3Havenuil. Cogepuiencmeoganie
KOHCMPYKYUY, NO360Jsi0Wee NosbiCUums 3h@ekmusHocms pabomvl yCmMpoucms, HEGO3MOICHO 6e3
aHanu3a KUHeMamuku Kycka 6 xamaie usmenvuumeins. Ocoboe sHumanue ciedyem yoeiums GAUsSHUIO
cunvl  Kopuonuca na Kumemamuxy KycKd, 4Ymo NO360QUM HAYYHO O0OOCHOBAMb 3AGUCUMOCHID,
onpeoenaiowyio CoomHowenue Mexncoy KOHCMPYKMUBHbIMU NAPAMEMPAMu U MeXHOA0SUYeCKUMU
noxasamensimu 060py008anus.
Memooonozus. B xode npogedenno2o uUcciedo8aHus UCNONb308ANCS QAKMOPHBIL AHANU3, CUHME3
OGHHBIX U MEMOObl MAMEMAMUYECKO20 U (PUULECKO20 MOOENUPOBAHUSL.
Ob0veKkm uccnedo8anus — pomopHole usmMenbyumenu 0isi ROO20MOBKU 20PHOU NHOPOObL K ONPOOOBAHUIO.
IIpeomem uccnedosanus — padbouuil npoyecc pOMoOPHO2O USMENbYUMENsE BCIMPEYHO20 YOapd.
3adaua uccnedosanun — nosviuienue dpghexmusHocmu pabomvl pomopHo20 usmerbuumens pyovl 3d
cuem ananu3a OBUIICeHUsL HaCmuy 8 KAHALAX pomopa.
Memoowt uccnedosanusn. Anaiusz 08udICeHUs YACMUY 6 KAHALAX POMOPA GbINOIHEH C UCNONb308AHUEM
NONOJICEHUTI MeOPemUYecKol MEXAHUKY U Meopul yoapa, a 6 Kayecmee Mamemamuyeckoeo annapama
svicmynaem ouppepenyuanvrHoe ucuucienue.
Pesynomameut u 6v6160061. Heobxooumo Ha Oaze ananuza npeodiodNceHHOU Meopuy O8UNCeHUs Yacmuy,
OCHOBbIBASICL HA KAYECMEEHHbIX NPeOCMmABIeHUsX NPOYeccos 8 POmope UMENbYUMens 6CMPEYHO20
yoapa, cghopmuposans 0CHOBY OJisl NOJYYEHUsL KOIUYECMBEHHbIX 3A6UCUMOCTEl, NPEOHAHAYEHHBIX 0I5
KOHCMPYKMOPCKUX pacyenog. Dmo NO3601UM COBEPUICHCMBO8AMb MEMOOUKU NPOEKMUPOSAHUSL U
CO30aHUsl POMOPHO20 U3MENbYUMENsi H08020 munda. Ycemawnogieno, umo cuia Kopuonuca cnusicaem
OMHOCUMENbHYIO CKOPOCMb KycKa He 6onee yem na 20,3 % 6 3a6ucumocmu om npuHsmuix 00Ny eHuil.

Knrwueswie cnosa: POMOPHYIIL UMETLUUMETb, KUHEMAMUKA KYCKA, 2e0MempUsi KAHANA, YOap, ypasHeHue
banamnca suepauu yoapa; koapguyuenm mpenus,; cuia Kopuonuca, oughgepenyuanvvie ypagrenus.

BBenenne. B moaroroBke aHaMMTHYECKUX TPOO UCTIONB3YIOTCS YCTPONCTBA ISl M3-
MeJBIEHHs1, 00eCTIeINBAIOIINE TPEOYEMBIH IS HCCIIeJOBAaHMS TPAHYIOMETPUIECKHI CO-
CTaB HMCKOIaeMoro. B ocHOBHOM 000pynoBaHME JUIsl TOATOTOBKH MPOO MPEICTABICHO
JIe3UHTETPaTOpaMu, AUCMEMOPATOPaMH, HCTUPATEISIMU U U3MENBIUTEISIMUA C POTOPOM
BcTpeuHoro yaapa (MUPBY).

CpaBHUTEIIBHBIN aHATN3 KOHCTPYKIUH N3MEIIBIAIONINX YCTPONUCTB IOKa3all, YTO HaH-
Ooree MOIXOMIIMMH UL AHAIUTUYECKUX MPOO SBISIOTCS M3MENBIUTENIN POTOPHOTO
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tuna (MPBY), koTOphIe OnepekaroT Bce MPOYUe B CBOEM KJIACCE 110 TPOU3BOIUTEIBHO-
CTH Y HAJIGKHOCTH NIPU MUHUMAJILHBIX TA0APUTHBIX Pa3Mepax U Macce.

HccnenoBanue ocodennocreii koncrpykuuu UPBY. YerpoiicTa, ucnons3yioniye
JUTS I3MEJTBYCHIST BCTPEUHBIN yIap, 10 MPUHITAITY ISHCTBUS OJTU3KH K IE3UHTErpaTopam.
Ha puc. 1 cxemarnuHo mokasan padbounii opran UPBY.

a

e

Pucynoxk 1. Pabouwnii opran IPBY:
a — KopItyc paGodero oprana; 6 — KOJIBLEBbIC BEICTYIIBI
Figure 1. The grinding member of a counter-impact rotor grinder (IRVU):
a — the body of the grinding member; 6 — collars

B xopmyce / (puc. 1, @) cMoHTHpOBaHbI AUCKH 2, 3. Ha mucke 2 BBINOTHEHBI MOAAI0-
M€ CTOMKH 4 B KOJIMYECTBE 4—6 IIT. ¥ KOJBIIEBOM BBICTYII J, a Ha JUCKE 3 — KOJIBLIEBBIE
BeICTYNIBI 6 1 7. [lpuBox (Ha puc. 1 He Moka3zaH) OCYLIECTBISET BpalleHUE JUCKOB B
MPOTHBOIOJIOKHBIX HampasieHusix. Ha puc. 1, 6 ycnoBHO M300pakeHbl KOJbIIEBBIC BbI-
CTYIIbI 4—7. B HUX BBINOMHEHBI pope3u (kaHanbl) 10, 11, 12, paBHOMEPHO pacIpe/eneH-
HBIE 10 OKPY’KHOCTH (TI0Ka3aHOo M0 OMHOMY KaHally B Ka)KJIOM BhICTyIIe). Mexy cToiika-
MU 4 ¥ BBICTYIIOM 06, a TaK)K€ MEXIY BBICTyNIaMH 5, 6 U 7 UMEIOTCSI TapaHTUPOBAaHHBIE
3a30pbl. BeICTyMIBI U J1icku B cOope 00pa3yioT nopodue JabupuHTa, IOATOMY pOTOp TO-
Jy4us Ha3BaHUe JaOupUHTHOTO. Kopiyc nMeeT 3arpy304Hyr0 BOPOHKY & M BBIITyCKHON
mrrynep 9 [1-4].

Hawnbonee mmpoko pacnpoctpanensl IPBY, poTop KOTOPBIX COAEPKUT YeThIpe KOJb-
LEBBIX psAJa aKTUBHBIX 3JIEMEHTOB, MEPBBIH M3 KOTOPBIX MPEACTAaBICH MONAOIINMHU
croiikamu. B xauecTBe o0111ero ciyvast pacCMOTPHM U3MeEJIBUCHNE MaTepraia, MMerole-
IO HCXOJHBIH BUJ] KYCKOB C XapaKTEpHbIM pazMepoM d, = 1-10 mm.

IIponecc Bo3aeiicTBUS poTOpa Ha MaTepual BKIIOYAeT TPU CTaIUH:

1) npoGnenne Kycka MEXAy MOAAIOIINMH CTOWKAaMU W BTOPBIM PSIOM;

2) U3MeNBIEeHHE OCKOJIKOB MEKTY BTOPBIM U TPETHHM PSIAMH;

3) u3MeNBpUeHNE YaCTUL MEKIY TPETHUM U YETBEPTHIM PAJaMHU.

Ocobennocts padotsl UPBY [5-10] ¢ MHOTOpSHBEIM POTOPOM COCTOUT B OTCYTCTBUH
CBEJICHUU O COCTOSIHMSI Marepualla I0ocie MEPBOM U BTOPOU CTaaui usMelbdeHus. 13-
BECTHO, KaKOM BHJ] IMEET MaTepHall Ha BXO/IE€ M Ha BBIXOJIE pOTOPA, T. €. Iepe] MEpBOH U
nocie TpeTbel cTaguu. UTo MpOonUCXoauT C MaTepHalioM B CAMOM POTOPE, OCTAETCSI HEN3-
BeCTHBIM. [IpOBOTMIINCH SKCTIEPUMEHTBI, B KOTOPBIX U3MEHATIOCH YUCIIO CTAIUH, OTHAKO
HaJie’kHast HHGopMaIKs 00 UX pe3yibrarax He oOHapyxeHa. IMeHHO HeloCcTaToOuHOCTh
OMMCaHMA KaK TEOPETHUECKUX, TaK U OMBITHBIX MCCIEAOBaHNMN MOCTaAUHHOTO N3MEHE-
HUSI COCTOSHUS MaTepHaa 3acTaBHiIa POAHAIU3UPOBATh TaHHKIHM BOMpoC.

AHaJau3 IBWKeHMA YacTul. IIpexne Bcero cienyer npoaHaan3upoBaTh KHHEMA-
TUKY KyCKa MaTepHualla, HaXOJAIIEerocs Moj BO3JEHCTBHEM MOAAroIiel CTOWKH. DTO
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TeM OoJiee BaKHO B YCJIOBUSIX BBICOKHX CKOPOCTEH M MalbIX pa3MepoB, MPUCYIIHX
poropy UPBV.

Ocoboe BHMMaHHE ClIeAyeT YACIWUTh BIMSHHUIO CHbl Kopuonmca Ha KHHEMAaTHKY
Kycka [11-15].

Ha puc. 2 noka3ana cxema paJuaibHOTO IIepeMeneHusl KycKka 10 MOBEPXHOCTH CTOM-
Ku (F s — uenrpobexnas cuia, H). Hamnuue 0THOCHTENBHON CKOPOCTH V,, M/C, 00YCIIOB-
NUBaET BO3HUKHOBeHME cuibl Kopuonuca Fy, H, npmxumarommeii Kycok K croiike. Cuna
TPCHISL KA4CHUs MEXKIy CTOMKOM 1 KyCKOM F , M, CHIDKACT OTHOCUTE/IbHYIO CKOPOCTb.

B ToMm ciydae, korma Kycok uMeeT Gopmy, OIHM3KYyI0 K ceprdeckoi (TpaHyIupOBaH-
HBII MaTepuai), OyaeT UIMETh MECTO ero KadeHHe 1o padoueii moBepxXHOCTH cTOMKU. [1pu
oToM F | TIPEACTABISsIeT COOO0i CIly TPCHHs KAauCHHUs, U ¢ BIMSHUEM MOXHO IpCHe-
Opeub.

Paccmotpum cityyaid, koraa gopma Kycka Onu3ka K napajuiesenureny.

Jonymenus: HayaabHasi OTHOCUTENbHAS CKOPOCTh KyCKa paBHA HYIIO; OPUEHTALUS
TIOBEPXHOCTH KOHTAKTa paJuaibHasl.

Cuna TpeHHs CKOJbKEHHSL:

Frp = FKf = 2m0‘)lvrf:

rae f — ko3 UIMEHT TPEHHs CKOJIBXKEHHsI KYCKa T10 CTOWKE; M — Macca YacCTHIIbL, KT;
©, — YITIOBasi CKOPOCTB, €.
VpaBHeHue cuii umeet Bu T GepeHIMaTbHOr0 YPaBHEH S BTOPOTO HOPSIKa:

d*r ) dr
m—- =mo;r —2mo, f —,
dar ! J dt (1
WIH
d*r dr )
— +20,f —-w;r=0,
dr* 4 dr

rae d — IaMeTp Kycka, M; ¥ — paAuyc NepeMelIeH s YaCTULIbI, M; { — BpeMs, C.
Wnterpanom ypasHenus (1) apisercs BoIpaKeHUe:

r=_Ce" +Cye", (2)

e s 127 06paTHa>1 BCIM4YKMHA BPEMCHHU IICPEMCIICHMSL 9aCTHUIIBL 10 74, Cfl,

20, f £ 20)f2+4oo2
S = —— (21) S=—of oS, 3)

a Cl n C2 — IIOCTOSTHHBIC UHTCTPUPOBAHUS, M, OIIPCACIIAIIOTCA U3 HAaYaJIbHBIX YCJIOBI/Iﬁ

t=0 C+C,=r;
dr (4)
t=0 —=v,=0,
dt
TJIe V,, — HadaJbHas OTHOCUTENbHAS CKOPOCTh KyCKa.
Huddepentuporanue ypaBaenus (2) ¢ moacranoBkoi B Hero (3) mpu ¢ = () mpuBOANAT
HavyaIlbHBIE YCIOBUS (4) K cucTeMe:
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C+C,=r;

(T )+ o (T T 1) =,

I7IE 7}, — PAIUyC IEPEMEILEHHUS YaCTHLIBI HA BXOJIE, M.

Permenne:
\/l+f f C=r"1+f2+f.

11 )
21+ £ 21+ f

1 11

©)

Pesynerar moncranoBku (3) u (5) B (2) ciemyromuii:
e W) ()

[Tytem muddepentuporanus (6) momydera GopMysa OTHOCUTEITHHON CKOPOCTH:

7,0 o [y1+2=7 )t N

— 1112|:e( )_e ( ):|. (7)
21+ f

Jlst 4MCI0BOM OLEHKH V, HEOOXOAMMA MOACTaHOBKA B (7) KOHKPETHOIO 3HAYEHMS
BpPEMEHU .

Haiinem nepuon Bpemenu, TpeOyeMblii U1 IIEPEMELIECHUS KyCKa U3 OIOXKEHHS 7|, B
TIOJIOXKEHHUE 7|,. ITO MOXKHO CIEIATh IIyTEM PELIEHHS yPaBHEHUS (6) OTHOCHTENBLHO .
Bocnonezyemcsi MeTOIOM MOCIE0BATENbHBIX MPHOMMKEHH, 3a/1aBasich 3HAUYCHUSIMHU
{ 10 T€X 0P, IIOKA HE BHIITOIHUTCS PABEHCTBO 7 = 7.

OcymecTBUM JaHHYIO ONEPALUIO 1/ UCXOAHBIX JaHHBIX: 7|, = 40 MM; 7, = 85 MM;
o, = 300 c!. Kospumment tpennst opuentupoouno f = 0,5. INomydaercs ¢ = ¢, =
=0,0026 c.

PaccMoTpuM BO3MOXKHOCTH pa3pyllIeHHs YIapoM Ha IEpBON CTaAWU M3MENBYCHHUS
KyCKOBOTO Marepuaa.

OKCIepUMeHTalIbHasl YCTAaHOBKA MMela IIMPUHY Ma30B pOTOpa MEpBOM CTAIUU U3-
MelpdeHus, paBHyto a = 10 MM. COOTBETCTBEHHO, KOIUYECTBO Ma30B z = 24. Cnenosa-
TEJIbHO, YTOJI IOBOPOTA pOTOpa MPH IMPOXOXKIESHUH CTOMKON TTa3a COCTaBIIsIEeT:

A, =afr=0,118.

CymMapHasi yriioBasi CKOPOCTh POTOPOB, BPAIIAIOIIUXCSI HABCTPEUY CO CKOPOCTHIO
300 pan/c:

o, =20 = 600.

Taxkum 00pa3zoM, BpeMst IPOXOXKACHHUS CTOMKOI 11a3a COCTABIISIET, C:
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Ilpu paguanbHOM CKOPOCTH ABMKEHHS KYCKa V,,, = 7 M/C pacCTOSHUE, KOTOPOE IIPOJi-
JIET KyCOK, MM:

AS =v,,t. ~1,4.
CrenoBateNbHO, HU OJIHA YACTHULA KPYIHOCTBIO (—7+1) MM HE CMOXKET IOIHOCTHIO

MoNnacTb B KaHaJI BTOPOTO psAaa. HO3TOMy B HCpBOfI CTaJuH1 U3MCIIBYCHUS 6y,ILeT mpouc-
XOOUTh CKOJI. prr[HBIe YaCcTHUIIbI 6y,[[yT HU3MEIIBYAaThCA 3a HE-

CKOJIBKO CKOJIOB B TIEPBOM cTauu n3MensaeHus. Tak, yactu- AT

Ija KPyIHOCTbIO 7 MM OyZleT pacKoj0Ta He MEHbIIIE YeM Ha ,

7 kyckoB. C y4eToM TOro, 4To MpU KaxJIOM CKOJIE XPYIKUX o1 "

MaTepuagoB 00pa3yercss HECKOIBKO OCKOJKOB, CTElEHb 7 T Fi

M3MEJBYCHUS KPYIHBIX YacTul OyneT Oombiie 6—8 MM. ri2
BbraucinuM 3HaueHHE OTHOCHTENBHOI CKOPOCTH KycKa Fe

V!, OICTaBHB HailJieHHoe ¢, B (7). B pe3ynsrare Bhunc- 19

aenmii v, =7,17 m/c. ConocrapieHne JTaHHOTO 3HAYCHHS C

BEJIMYMHOM, NOIydeHHOI Oe3 yuera BausHus cuiisl Kopro- F,

JMca ¥ paBHOH 9 M/c, TOKA3bIBAET, YTO CHJIAa TPEHUS KyCKa O

MOBEPXHOCTh MOAAIOIIEH CTOMKM NPHUBENa K CHIPKCHUIO OT- m

HOCHUTEIBHON CKOPOCTH. Pucynox 2. Ilepemenienue
B mnpuBeseHHOM pacueTe MPHHSATO AOMYIIEHHE, HTO B F“l}gl‘;‘; g" rﬁ%ﬁ‘ﬁ?gi‘&gﬁ?g "

MOMEHT BXOXIICHHUS KyCKa B KOHTAKT C [OAAIOIIEH CTOMKON along the feeding rack

€ro CKOPOCTb paBHA HYJIO.
PaccmoTpum apyro# ciydaii: KyCOK BXOIMT B KOHTAKT, 001aas CKOpOCThIO v, > 0,
KOTOPYIO OH PHOOpET B pe3ybTare MaJeHus Yepes 3arpy304HyI0 BOPOHKY.
JlonymieHus: CKOpoCTh v, HallpaBJIeHa Mo paJnyCy pOTOpa; BBICOTA MAIE€HUs PaBHa
HapyKHOMY JIHaMETPY pOTOpa d,,.
Torna HayanbHbIE YCIIOBUS IPUMYT BUA:

t=0 C+C,=r;

dr
t=0 Ezvro = 2gd,,,

nin
C+C =n;

ml(ﬂ/1+f2 +f)+C2m1(«/l+f2 —f):@,

IJIe g — yCKOpeHre CBOOOTHOTO TIa/IeHHs, M/C.
Otkyna

o (i - )= \Pads
20,1+ /1

o (I+ 17 + 1)+ 2edy
20,1+ /7

’

2
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H, CJI€OA0BaTCIbHO,

I R R

20,1+ f7
n (\/1 + 1+ f) + \/2gd42 m,(W—f)t
+ e . (8)
20,1+ f?

CnemyromuMm 1maroM J0J/DKHO CTaTh MONYYEHHE YpaBHEHMS V (f), aHanoru4Horo (7).
Jis cHWKEHHS TPYIOEMKOCTH JajbHEHIINX BBIKIIAJIOK IIETIECO00pa3HO HCIOIh30BaTh
KOHKPETHBIE 3HaYCHUS BXOAIINX B (§) mapameTpos.

Bennuunel 1|, 7,, f, ®, T€ ke, uT0 U B ciy4ae v, = 0. IIpumem 7, = 0,065 m, Torna
d,=0,13muv, = 1,6wmc.

IToncranoBka uncen B (8) naeT ypaBHEHUE:

r=0,0087¢ +0,0313¢". )

Benuuna ¢, npu KoTopoif r = r,, HaliJleHa METOIOM MOC/IEI0BATE bHBIX TIPUOIIIKe-
Huii: ¢ = 0,0022 c.
Huddepenumpyem (9):

drldt =v, = —4,22¢7% +5,79¢"™. (10)

IToncrasus B (10) HalizeHHOE 3HAYECHNE BPEMEHH, ITOIYYHM CKOPOCTh BBIXO/IA KYCKa
13 KOHTaKTa CO CTOMKOM V/|, = 7,25 m/c, uto Ha 19,4 % MeHbILe.

PesynbTarsl 1 BeIBOABI. O/1HA U3 OCHOBHBIX 33]a4 TEOPETHUYECKOTO HCCIIENOBAHUS
COCTOsIIa B TOM, YTOOBI, OCHOBBIBAsICh HA KAY€CTBEHHBIX IPEICTABICHUSIX POLIECCOB B
potope UPBY, cchopmupoBath OCHOBY ISl TIOTyYSHHST KOIMYECTBEHHBIX 3aBHCUMOCTEHH,
MIPEAHA3HAYEHHBIX U1 KOHCTPYKTOPCKUX pacdeToB. YCTaHOBJIEHO, uTo cuina Kopuonnca
CHIDKAET OTHOCHUTEIIBHYIO CKOPOCTh Kycka He Oonee yeM Ha 20,3 %.
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Coriolis force impact on lump kinematics in a grinder workspace

Nikolai P. Kosarev', Vladimir V. Zubov!, Valentin Ia. Potapov', Vladimir V. Potapov!
! Ural State Mining University, Ekaterinburg, Russia.

Abstract
Research relevance. Currently produced rotary grinders are not efficient enough, while their efficiently is
mainly characterized by the degree of fineness. This is due to sparse knowledge of the processes occurring
in the counter-impact labyrinth rotor when the material is being ground, and therefore insufficient scientific
substantiation of the design methods. The grinding member s geometry and rotation speed have been set
empirically according to the similarity principle, which inevitably results in grinding fineness and efficiency
deviation from the set values. It seems impossible to improve the design and therefore the running efficiency
of the equipment unless the kinematics of a lump in the channel of the grinder is analyzed. Particular
attention should be paid to the Coriolis force impact on the kinematics of a lump. It will make it possible
to scientifically substantiate the dependence between equipment design and technological parameters.
Methods of research included the factor analysis, data synthesis, and methods of mathematical and
physical modeling.
Object of research is a rotary grinder preparing rocks for sampling.
Subject of research is the workflow of the counter-impact rotary grinder.
Research objective is to increase the efficiency of the ore rotary grinder by analyzing particles movement
in the rotor channels.
Methods of research includes the analysis of particles motion in the rotor channels using the provisions of
theoretical mechanics and the theory of impact. The differential calculus acts as a mathematical apparatus.
Results and summary. Based on the proposed particle motion theory analysis and qualitative
representations of the processes in the rotor of the counter-impact grinder, it is essential to form the
foundation to obtain quantitative dependencies for design calculations. This will improve the methods of
design and construction of a new type of rotary grinder. It was found that the Coriolis force reduces the
relative speed of a lump by not more than 20.3% depending on the assumptions made.

Keywords: rotary grinder; lump kinematics; channel geometry; impact, impact energy balance equation;
friction coefficient; Coriolis forces; differential equations.
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WUccnepoBaHne BNUAHMA (PU3NKO-XMMUYECKUX CBOWUCTB
OpraHU4YecKoro U MMHepanbHOro coctaBa pPAAOBbLIX Yrnen Menkux
KnaccoB Ha 3hheKTMBHOCTbL 0OoraLleHmns

Kamosa E. C."™*, Muxannosa E. C.1, Ucmarunos 3. P.":2
1 ®epeparbHbIii MCCIE[0BaTENLCKIN LEHTP Yrs 1 yrnexumum Cubmpekoro otaeneHus PAH,
r. Kemeposo, Poccus
2 AHcTUTYT KaTanusa Cubupckoro otaeneHnst PAH, r. Hosocnbupck, Poccust

*e-mail: ms.kamoza@mail.ru

Pegpepam
Bgedenue. B pabome npedcmasnenvl pe3yibmamsl UCCIEO08AHUS BAUAHUL NEMPOSPAPUUECKUX
Xapakmepucmux, 971eMeHmHo20 U MUHEPATbHO20 COCMAsa HA IPPEKMUEHOCMb 0002aujeHUs MeNKUx
xknaccos yaneii Keopoecko-Kpoxanesckozo mecmopooicoenus. Paccmompenst pe3yivmamel usyyeHus
DUBUKO-XUMUYECKUX CBOUCME PAO0BbIX Yallell Ha cmaouu 000bidu U QOpMUPOBAHUs CbIPbEeGoli 6a3bl
obocamumenvrol ¢padpuxu.
Llenv pabomui. Hccrneoosams snepcemuyeckue yenu QU3UKO-XUMUHECKUMU MEMOOaMu anaiu3a O
BbIAGLEHUS OCHOBHBIX NAPAMEMPOS, BIUAIOWUX HA KA4ecmeo npodykmos obozawenus. Ha ocnosanuu
NONYYEeHHbIX OAHHBIX pazpabomamsv Memoouxy OyYeHnKu nokazamenel, GIUAIOWUX HA Npoyecc
obozawjenus u oanvHeliulee NPOSHOIUPOBaAtUe NPU OMpabomKe HOBbIX YUACKOE U NIACHO8.
Memooonozus. Memooonozuueckue pabomol no onpedenenuio CMpyKmypHolx 0cobennocmet psidoebix
veneii mapku KCH (kokcosblii ciabochekarowuiicss HU3KoMemamoppusuposanHulii) npo8oOUIUCs nymem
CPABHUMENbHO20 AHANU3A MpPex 00pa3yoe NO CAe0YIOUUM NAPAMEMPAM: pe3yIbmamsl 1a60pamopHol
Gromayuu, obwue mexHuyeckue RNAPAMEMpPbl, MAYEPAIbHbIL COCMAS, DIEMEHMHbII COCMAs
Op2aHU4ecKoll MACChl U MUHEPANbHBIL COCMAB 301bl.
Pezynomamut. Ycmanoenerno, umo yeau, umeoujue cxodicylo npupooy npoucxoicoenus, ooHol cmaouu
Memamop@usma, Mo2ym umems OmauyHvle no psaody napamempos noKa3amenu: epanyiomMempuiecKu
cocmas,  KoIuuecmgo U  MOpGonocur0  MUKPOKOMNOHEHMO8 NO  OAHHLIM — KOAUYECBEHHO20
nempozpaguyeckoco aHanusda, a maxice coOepicanue 2UOPOPUILHLIX PYHKYUOHATbHBIX SPYRN HA
noeepxHocmu y2iei.
Bb1600v1. Pe3ynvmambi 6bINOIHEHHBIX UCCAE008ANUL NO3BONUNU 8bIABUMb PO 3A8UCUMOCHIEl, KOMOopble
Mo2ym bblmb noe3Hbl npu Oy eHKe Kauecmea psoossix y2ilell, HanpasiaeMulx Ha yenenepepabamuléaiouyee
npeonpusimue.

Knroueevle cnoea: noxasamenu xavecmea yeneii;, obozawenue; Kiaccuguxayus yenet
nempozpaghuuecKuii cocmag; MuHepanbHulli COCMas.

BBenenue. Ky3Herknii yroiapHBINH 0acceifH, pacnonoKeHHBI B OCHOBHOM B Keme-
POBCKOM 0071aCTH, OCTAETCS JINACPOM TT0 TOOBIUe KaMEHHOTO YIS B 3amagHoi CHOupH.
Jomns xKy3Henkoro ymis B oomeM oobeMe m00bram yriist B Poccnu B 2020 1. cocraBmia
55 % w sBIsIeTCS IEPCIIEKTHBHOM M0 Ka4eCTBEHHBIM ITOKA3aTelsIM U BEIMYHHE 3aI1acoB.

B pabote m3ydeHs! yriu ¢ pa3paboTaHHBIX TOPHBIX YIAaCTKOB, PACTIONIOKEHHBIX B T€0-
JIOTO-3KOHOMHUYeCcKoM paiione Kysbacca B mpemenax Kexposcko-KpoxareBckoro Mecto-
poxaeHus. B mpenenmax ydacTkoB oTpabareiBaroTcs IuiacThl: Kemeporckuii, Bomkos-
ckuid, [TogBonkoBckuit, [TononkoBckuii 1, ITogBonkoBckuit II. Yimmu oTHOCSTCA K cpenHe-
¥ BBICOKO30JIEHBIM, MAJIOCEPHUCTHIM, KaTeTOpHs 00OTaTUMOCTH — CPEIHSA U TPYTHAS.
Crippe 1115 iepepadOoTKH TPEICTaBICHO SHEPTETHYECKIMA TEXHOJIOTHIECKIMY MapKa-
Mu KCH (kokcoBbIi cmabocnekaromuiics: HuzkoMeTamopdusuposanbiii) u CC (cmado-
cnexaromuiics). OMHAKO HapsAy € YIIIEM, COOTBETCTBYIOIIMM ITPOEKTHBIM KaueCTBEHHO-
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KOJINYECTBEHHBIM XapaKTEepUCTHKaM, BeAeTCsl OTpaboTKa yris, B Tpolecce JoObIYH
KOTOPOTO 00pa3yeTcs CyIIECTBEHHOE KOINIECTBO MENKON (hPaKIIMH, NMEIOIIEH HU3KYIO
3P PEeKTUBHOCTE TP TIepepaboTKe Ha 000TaTUTENbHON (padpuKke (BBIXOI KOHIIEHTPATA).
[Tpu »TOM 3amackl JAHHOTO CHIPbsI CBUAETENHCTBYIOT O 3HAYUTEIBHBIX IEPCIEKTUBAX
yBEIMYCHHS 00HEMOB JOOBIYH U TIEpEPAOOTKH.

[Ipu nporHo3UpOBaHMH MOBEACHHS YIIEH B TEXHOJIOTMUECKUX HPOLIECCaX OPUEHTH-
PYIOTCSL Ha psiji CTaHJAPTHBIX MIPU3HAKOB, OTPAXKAIOIIUX UX COCTaB M OOIIKE CBOMCTBA.
OnHaxo IS parioHaIbHOTO U SHEProd(hHEKTUBHOTO MPUMEHEHHUS YTOJIBHOTO CHIPhS U
MPOAYKTOB €r0 MepepadOTKN HEAOCTATOUYHO OOIINX TEXHUIECKUX XapPAKTEPUCTHK, TAKHX
KaK MapOYHBI COCTaB, KPYITHOCTb, 30JIbHOCTD, BIQKHOCTb, BBIXOJ JIETYUUX BEIICCTB,
Hy>XeH 0osee IITyOOKHiA TOAXO M PAaCIIMPEHHbIH NepedeHb KaueCTBEHHBIX IaPaMETPOB.
s aTOT0 B paboTe nccienoBanbl 00pa3ibl PSAOBBIX yIVIEH, BXOJSIIHMX B CHIPBEBYIO 0a3y
o0oraTtuTenapHON (habpHKH.

Henbro padoTsl sSBIETCS UCCIEN0BaHUE YHEpreTuueckux ymiei Kenposcko-Kpoxa-
JIEBCKOTO MECTOPOXKACHHS (PU3MKO-XMMHUYECKHMMH METOJIaMU aHajn3a ISl BBISBICHUS
OCHOBHBIX T1apaMeTPOB, BIMIOLUIMX HAa KaueCTBO IPOAYKTOB oboramenus. Ha ocnosa-
HHUHM NOJyYEHHBIX JaHHBIX pa3paboTaHa METOAMKA OLEHKU IOoKa3aTesel, BIUAIOMNX Ha
npoliecc 00OTallleHNs U JalbHEHIee MPOrHO3UPOBaHUE MPU OTPaOOTKE HOBBIX ydacT-
KOB U IJIACTOB.

MeTtonuka npoBeeHUs uccaeroBanmii. s cpaBHUTETBHOTO aHaIN3a OBLUTH B3SITHI
Tpu 00pasia IKCIITyaTaloHHbIX po0 pagoBoro yrist Keaposcko-KpoxaneBckoro mec-
TOPOXKIEHHUS CO CXOKHMMH OOIMMY TEXHUIECKUMH XapaKTePUCTUKaMU, HO Pa3IMYHBIMU
pe3ysbTaTaMu IpH 00orameHuy GpIoTauuoHHEIM MeToaoM. [Ipo6ooTOop nmpousBeneH ¢
pa3pabarbiBaeMbIX TOpHBIX ydacTkoB: npoba Ne 1 — mi. IlogBonmkoBckuit I; mpoba
Ne 2 — . TTonBonkoBckwmii [; mpo6a Ne 3 — . [TogBonkosckwuii I1. Macca riepBoii mpoOsI
cocrasmia 600 kr, Bropoii — 300 xr, Tpetbei — 300 kr. Kaxxapiii mpobooTdop mpousBeneH
B cootBeTcTBHU C [OCT 9815-75 «Yrmu Oypble, KAMEHHBIC, aHTPAITUT U TOPIOYHE CITaH-
eI, MeTop! 0TOOpa MIacTOBBIX MPOO» B Mpefesax BBIHUMAaeMOW MOIIHOCTH IIACTOB.
OO6pa3Libl MPEACTaBIAIOT COOOM MPEACTaBUTEIbHBIE 00BEJMHEHHBIE IPOOBI OT TOUCYHBIX
po0, B3ATHIX [0 MPOCTHPAHUIO IJIACTOB BPYy4HYHO depe3 15 m. CTpoeHue miacTtoB —
BBIJIEpKaHHOE. MakCcHUMasbHbIN pa3Mep Kycka Tomusa — 150 M.

Jliis mabopaTopHbIX UccienoBaHuid 00pa3ibl noarotosieHsl 1o [OCT 10742 «Yru
Oypble, KAMEHHbIE, AHTPALIUT, TOPIOYHE CIIAHLIBI U YTOJIbHbIE OpuKeThl. MeTons! 0TOopa 1
MOATOTOBKH MPOO 1S 1a00paTOPHBIX UCTIBITaHU». {11 aHAIMTHYECKUX UCCIIeJOBaHUH
MCIIONIB30BAJICS YTOJb ¢ pazmepoM dacTtuil MeHee 0,2 mm. [IpoBenen TexHudecknii ana-
3 pod cnexyronmmu Metogamu: 'OCT P 55661-2013 (ISO 1171:2010) «Tommuso
TBepA0e MuHepanbHoe. Onpenenenue 3onpHocT; 'OCT 33503-2015 (ISO 11722:2013)
«TomnmmBo TBepmoe MUHEpaIbHOE. MeTOIbI OTIPEeNIeHNs BIIard B aHATUTHYECKOH TPO-
6e»; TOCT P 55660-2013 (ISO 562:2010) «Toruuso TBepaoe MuHepansHoe. Ompenerne-
Hue BbIxofa Jietyunx BemiectB»; [OCT 147-2013 (ISO 1928:2009) «TormmmBo TBepmoe
MuHepanpHoe. OmpenesieHre BBICIICH TEIJIOThl CTOPaHMS M PacyeT HU3LIEH TEIIOThI
cropanus»; [OCT 1186-2014 «Yru kameHHbIe. MeTo onpeieneHus I1acToMeTpudec-
kux mokazarenei»; [OCT 20330-91 (ISO 501-81) «Yrons. Metop onpeneneHus moka-
3aTesIs BCIyduBaHUA B TUIIE». COCTaB OpraHMYECKON Macchl yIIeH ONpeAeisid CTaH-
JapTHBIM METOAOM 3yieMeHTHoro aHainmsa cortacHo [OCT 2408.1-95 (MCO 625-96)
«TommBo TBepmoe. MeTobI onpeeNieHns yIviepoaa i BOAOPOIay MyTeM C)KUTaHUs Ha-
BECOK B TOKE KUCIIOPOZA.

KonnuectBeHHbIl neTporpaduuecKii aHajlu3 MOMYYeHHBIX KOHIIEHTPATOB BBINOJ-
HEH Ha aBTOMAaTHU3MPOBAHHOM KOMITJIEKCE OIEHKH MapOYHOTO COCTaBa YIVIEH CHCTEMBI
SIAMS-620 (Poccus). Iloncuer MHUKpOKOMIIOHEHTOB B KaXIIOM aHUIIM(-Opukere U3
M3MEJIBYEHHOTO YIVIsl IPOU3BEICH ABTOMATHUYECKHU MIPH YBEJIMUCHNH B OTPAKCHHOM CBETE
B 300 pas.
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Mop¢onorio MUKpOKOMIIOHEHTOB UCCIIEA0BAIIN [IPU MOMOLIN CKAHUPYIOIIETO JJIeK-
TpoHHOro Mukpockona JEOL JSM6390 SEM (SInonus).

AHan3 MUHEPaJIbHOTO COCTAaBa 30JIbI HCCIIEAYEMBIX 00Pa3LOB YITIs ONpeesieH METO-
JIOM ONTHUKO-3MHUCCHOHHON CIIEKTPOMETPUH C HHAYKTUBHO CBSI3aHHOM IJIa3MOH, a TaKxke
nazepHeIM 1pobootrdopom ICAP 6500 DUO. 3onbHble ocTaTky nonydanu npu 815 °C
cornmacHo 'OCT P 55661-2013 «TommmBo TBepaoe munepansHoe. OnpeaencHue 301b-
HOCTH» MEIJICHHBIM 030JICHHEeM aHaJuTHYecKux mpo0 yreil. [Ipu paspaboTke meToau-
KU, UCTIONB3YEeMOH JUIsl aHaii3a, 3a ocHOBY B34T I OCT P 54237 «Ornpenenenne XuMuuec-
KOTO COCTaBa 30JbI METOIOM aTOMHO-3MHCCHOHHOM CHEKTPOMETPHM C HMHIYKTHBHO
CBSI3aHHOM T1a3Moit». [yt mpoOomoAroToBKM HABECKH MPEABAPUTENBHO MOATOTOBIICH-
HBIE 00pa3Ibl CMEIINBAJINCH B PABHBIX KOJTMYECTBAX CO CBS3YIOILIMM, B KAYECTBE KOTOPO-
IO HCIOIBb30BAIM MOJMBUHUIIOBBIM cnupT. Jlangee oOpasiipl MOABEPrald OAHOOCHOMY
[IPECCOBAHUIO NpH AaBIeHuH 5 T/cM2. [ToyueHHbIE KOMITAKTHI HCTIOB30BAITKCH IS [IPO-
BEJICHUSI J1a3epHOTO Ppo000TOOpA.

Ta6auua 1. I'panyiomeTpuyeckuii cocTaB HcciieyeMbIX 00pa3LoB PsAA0BOIo Yriist
10 MaIIMHHBIM KJjaccam

Table 1. Test raw coal samples size analysis by machine class

0,
Knace, Meroxn Brixon, %
MM oborameHusy/
amnmaparst TIpoba Ne 1 TIpoGa Ne 2 IIpoGa Ne 3
+1 Tsxenocpennoe 89,0 84,2 67,0
oborareHne
0,25-1 | CnupanbHsle 6,3 9,3 13,0
cernaparopsl
—0,25 | Ilennas 4,7 6,5 20,0
¢orauus

C-SIMP (stmepHBIif MAarHUTHBINA PE30HAHC) CIIEKTPHI BBICOKOTO Pa3pemIeHNs B TREPIOM
TeJIe PETUCTPUPOBAINCE Ha mpubope Bruker Avance III 300 WB ¢ MCTHONb30BaHUEM
CTaH/IAPTHOW METOJMKU KPOCC-TIOSPH3AY C BPAIIEHHEM I10J] MArHYECKUM YIIIOM M
pa3Bszkoit oT potoHoB (CPMAS) npu gactore 75 MI'tt. Bpemst koarakra 1000 MKc,
Hakoruieane 4096 ckaHOB, 3a7ep)KKa MEXITy CKaHaAMH 2 C, 9acTOTa BpalieHus o0pasia
7 x['n. J171st HonmyYeHust KOJIMUECTBEHHBIX JJAHHBIX MPOBOIUIIOCH MOJICTIMPOBAHUE CITEKT-
POB TIPU TIOMOIITH TIporpaMmMbl Dmfit. Moxens BKiodana oT 9 10 13 KOMIOHEHT B 3aBU-
CHUMOCTH OT CTaauu MeTamop¢u3Ma yIvied, COOTBETCTBYIOIIUX CIIEAYIOLIMM IpyIIiam
YIIEPOAHBIX aTOMOB, MakcuMyM ppm: 187-235 — kapOonmnsHble Tpynmbel (C = O);
171-187 — xapboxcmipabIe rpymtsl (COOH); 148—171 — apomarinaeckie aToMbl yTIIepo-
J1a, CBA3aHHBIE C aTOMAMHU KUCJIOPOJa (Cap —0); 129-148 — apomaTndeckue aToMbI yriie-
poma (C,); 93-129 — nporoHupoBanHbie apomarnyeckue arombl yriepona (C, H);
67-93 — O-3amemennble amiparudeckue pparmentsl (C, O); 51-67 — METOKCUIIBHBIE
¢pparmenter (OCH,); 25-51 — aromsl ymepoma ankuinbHbIX (parmentos (CH,);
0—25 — KOHIIEBbIE aTOMBI yIVIEpo/a alkWiIbHbIX (parmentos (CH,); cTenens apomaruy-
Hocru f, = (C,0 + C,, + C_ H)/100. o pesynbraraMm MOACIMPOBAHHs ONPEEIIIACH
OTHOCHTEIIbHAS TOJIS KKIOU TPYTITBI YIIICPOAHBIX aTOMOB.

Oo0cy:xkneHue u aHaau3. [ paHyToMeTprueCKuil COCTaB UCXOMAHBIX YIJIeH, X obora-
TUMOCTb, MTapaMeTPhl Ka4eCTBa BBITYCKaEMOH MPOAYKIMHU BIHUSIOT HA BEIOOD METOIOB
o0oraiieHus o MallIMHHBIM KJIaccaMm, T. €. pa3/IeJIiCHUe Ha TPOLYKThI 000TaIieHus B 000-
TaTUTEIFHOM armapare COOTBETCTBYIoIIEeH koHcTpykimu [1]. Ha dhabpuke, Bxoasiei B
cocTaB pa3pesa U mepepadaThIBaolIeil Bce KIacchl KPYyIMHOCTH, 00OTaleHne MPOU3BO-
JATCSL TpeMsl MAIIMHHBIMH KJIaccaMM, BKIJIIOUYas (UIOTAMIO [UIaMa, SBIISIOILYIOCS
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3JIEMEHTOM CHUCTEMbI 00pabOTKHM UTaMOBBIX BOZ. KOHTpOMIB KPYITHOCTH YISl HA CTAAUH
JOOBIYM U CKJIAIUPOBAHMS IO3BOJISIET ONTHMAIBHO MOJOOPATh LIMXTY PSAOBOIO YIUIS,
Harpy3Ky Ha OTJeJIbHbIC 00OTaTUTEIbHBIC allapaThl U, KaK CIEACTBHE, CIPOTHO3HPO-
BaTh Pe3y/bTaThl 00OralIeHHs Ha BBIXOJE.

B Tabn. 1 npencrasieH rpaHyjIoMeTPpUYeCKHH COCTAB M0 MAIIHHHBIM KJIACCAM.
CornacHo JaHHBIM, [IPUBEACHHBIM B TaONuIle, HAOMIOAAETCS CYLIECTBEHHOE OTIIMYHE B
KOJIMYECTBEHHBIX NTapaMeTpax M0 MallMHHBIM KinaccaMm. CTOUT OTMETHTh IPUHIUIINAb-
HOE OTIMYMe Ccrocoba oboramieHus] KPyIHBIX KJIaccoB (C pa3MepoM dYacTul Ooiee
0,25-0,5 MM) — IprMeHseTCS TPaBUTALOHHOE 00OraleHne — 1 MEJKHUX (C pazMepoM
menee 0,25 MM) — ¢rioTaroHHOE 00O0TaIleHUE, IPH KOTOPBIX KPOME I'paBUTALIUH CyIIe-
CTBEHHOE BIIMSHHE OKa3bIBAET CMauMBAEMOCTb. 3HAUYUTEIBLHOE YBEIMYEHHE JOJIEBOIO
y4acTHsi MEJIKHX KJIACCOB BJICYET 3a COOOH MOBBIIEHHYIO Harpy3Ky He TOJIbKO Ha (JioTa-
LIMOHHOE 000pYAOBaHKe, YXYIIIEHHE HapaMeTPOB 00E3BOKMUBAHHMS, HO U TIOTEPU BO BCEM
TEXHOJIOTMYECKOM TpoLiecce BBUAY 3aCOpeHHs1 Oojiee KPYIHBIX MAlIMHHBIX KJ1accoB [2].

Tabéanua 2. CpaBHUTE/IbHBIE Pe3YJIbTAThI TEXHHYECKOT0 H 3JIEMEHTHOT0 aHAJIN32 110 00pa3nam
Table 2. Comparative results of technical and elemental sample analysis

TexHuueckuii anamus, % DneMeHTHBIN cocTaB, % Ha daf
IIpo6a . Q .
AL % W% | vl % > vV, MM Si, en. C H (O+N+S)
KKaJI/Kr
Ne 1 20,0 1,4 23,9 8127 8 3 83,0 4,7 12,3
No 2 17,9 1,1 24,4 8093 8 3 84,2 5,1 10,7
No 3 20,8 1,1 24,4 8473 7 1 89,2 5,4 5,4

AY — 301mBbHOCTH Ha CyXoe cocTosHMe, W* — Biara aHanutuueckas, V' — BBIXOJ JIeTyumx BelIecTB Ha CyXoe
6e33051bHOE COCTOsIHME, Q — KaJOPUHHOCTh, Y — TOJIMHA IUIACTUYECKOTO CJos, Si — MHIEKC CBOOOJHOrO
BCITYYHBaHUSL.

Pe3yabTaThl TEXHHYECKOT0 M 2JIeMEHTHOTO AHAJIN3A 10 00pa31aM TIPe/ICTABIICHEI
B Tabn. 2. Mcxoas u3 oOmUX XapaKTepPUCTHK BUAHO, YTO BCE HMCCIEAyEeMbIe 0OpasIibl
30JIbHBIE M XapaKTEPU3YIOTCSl CPEIHUM BBIXOAOM JIETYyUuX BemlecTB. [1o conepikaHuio
yIJIepoa BCe YITIM OTHOCSITCS K TpyTIe cpenaeMeTamopdu3oBantbix [3]. Ha ocHoBaHumM
pe3ynBTaToB BeIcIIeH TernioThI cropanms cortacHo [OCT 32356-2013 « Y kaMeHHbBIE
M aHTpanuThl okucieHable Kysnenkoro u I'opnosckoro 6acceitnoB. Kmaccuduxarmsny
npoOsr Ne 1 m 2 BxomsaT B amama3oH | rpymmer okucienHoctd (mns mapku KCH:
7450-8280 kkan/kr); mpoda Ne 3 — He ABJIACTCS OKUCACHHOW. [IpH 3TOM BBIXOM KOHIICH-
Tpara Ha BTOpoM oOpasiie Ha 17,2 % Oonpiiie OTHOCHTEIHHO TIepBOTO 0Opasiia. [lokasa-
TeNbHBIM siBisieTcs cofepskanre C u H: B oOpasiie ¢ XyauiiM BbIX0ZA0M (IOTAI[MKA OHO
MEHbIIIE M COOTBETCTBEHHO Oompine conepxanue (O+N+S) — 12,3 % npu conepxannu
10,7 % u 5,4 % BO BTOPOU U TPETHEH MTPOOE COOTBETCTBEHHO.

Pe3yabTarhl o6orameHusi MeTOIOM JagopaTopHoii ¢uioTanuM NpeCTaBICHBI B
tabn. 3. IIporecc oboraieHns METOIOM TIEHHOH (oTaruu SBISETCS OCHOBHBIM JIIS
kiaccoB Meree 0,25 MM. DPPeKTHBHOCTE (PIOTAITMOHHOTO MpoIiecca CyIeCTBEHHO BIIH-
A€T Ha UTOTOBBIC TEXHUKO-OKOHOMUYCCKUE ITOKA3aTCIIU NPEAIIPHUATHUA. COBOKyr[HLIﬁ I10-
Kasarejib QIOTHPYEMOCTH TBEPIAOH (a3bl yIIeH onpenenseTcs: CTeneHbo MeTaMopdhu3-
Ma YD, OKUCICHHOCTBIO TIOBEPXHOCTH, COJCPIKAHMEM HAa HEW pasIn4HBIX
(YHKIMOHAIBHBIX TPYIIT, XapaKTepOoM MUHEPAIN3alliH, CTENICHBIO IPOPACTAHHUS YTOJIb-
HOTO BEI[eCTBA MOPOJ000pa3yIOIIUMIA MUHEPATIaMH, KPYITHOCTBIO OTJCIbHBIX YaCTHII,
COCTaBOM OPTraHWYECKOW M MUHEPAILHON YacTH, MOPUCTOCTHIO [4-6].

CornacHO AaHHBIM Tabm. 3, pe3ynbTaTsl 1a00paTOPHOU (PIIOTAIMK YTONBHBIX 00pa3-
ooB, OTO6paHHBIX CANHOBPEMEHHO C OJHOIO M TOIO K€ y4aCTKa, OTIIMYarOTCA (BBIXOII
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¢notoxoHuenTpara 1o npode Ne 1 arxe Ha 17,2 % u 15,8 % 1o cpaBHEHHUIO ¢ BBIXOAOM
no npodaM Ne 2 1 3 COOTBETCTBEHHO), YTO TOBOPUT 00 MMEIOLIUXCS CTPYKTYPHBIX H
MOP(}OJIOrHYECKUX PasIUUMsIX XapaKTEPUCTHK, BIMAIOMNX Ha 3((GEeKTUBHOCTD (roTa-
LMOHHOTO Tporecca. dnoTauus NPOBOAUIACH C YUETOM OJMHAKOBOTO PEareHTHOIO pe-
JKMMa, COOTBETCTBYIOLIETO PEKUMY 000raTUTeNIbHOM (haOpUKH pazpesa.

Tabauna 3. PesyabTaTel 1a6opaTopHoii (uioranuu
Table 3. Laboratory flotation results

IIpoGa Ne 1 IIpoGa Ne 2 IIpoGa Ne 3
(1. [TonBonkoBckuii 1) (1. [TonBoakoBckuid 1) (. ITopBonkoBckwmii 11)
@romokonyenmpam
Brixon, % 65,6 82,8 81,4
30JIbHOCTD, % 9,9 10,5 11,7
Dromoomxoovl

Brixon, % 34,4 17,2 18,6
301bHOCTE, % 39,3 53,5 60,8
Hcxonnas mpoda,

30JILHOCTE, % 20,0 17,9 20,8

g mpoBeneHus nmerporpagpuyeckoro uccae0BaHMA TOTOTOBIEHBI JabopaTop-
HBIE TIPOOBI KpyMHOCTBI0 00,25 MM, COOTBETCTBYIOIIME KPYITHOCTH UCXOJHOTO YIJIS M-
taHusl ¢uorarmy. s qanpHEHINero onpe/esicH|ss MapOuyHOI0 COCTaBa U3 Mpod BhIJC-
JieH koHIeHTpar. C 3ToH 1elbio P00kl 000TaIaIM METOIOM JIab0opaTopHO# (uioTaruu
Ha CTaHJAPTHOM JlaboparopHoil ycraHoBKe. [Io MalepabHOMY COCTaBy yCTaHOBJICHA
KaTeropusi ymis Mo TeHETHYECKOW U TEXHOJIOTUUECKON Kiaccu(uKanusam, a TakKe Mpu-
MeHeHa KoIu(UKaIMs KAMEHHBIX yIvIel u aHTPauToB. [10 COBOKYITHOCTH Pe3ybTaToB:
3Ha4YEeHUH OTpakaTenbHON crocobHocTH BUTpuHUTA (RO), CyMMBI (hr03eHU3UPOBAHHBIX
komroneHToB (XOK) u Beixoza jetyunx BemiectB (V4L %) — ymm unentudunmposa-
JIUCh TI0 MAPOYHOMY COCTaBy (Talum. 4).

Tabuauna 4. CpaBHHTeJIbHBII neTporpaduyeckuii anams (yrimm mapku KCH® (koxcoBbIii
cjadocnekaomiics HU3KoMeTaMop(U3UPOBAHHBII (PIO3UHUTOBBII))

Table 4. Comparative petrographic analysis

d Iletporpa
Ob6pasen A % Vot o | Y, MM Tporpagus Crajgus
(b0TOKOHIEHTpAT vt | Sv I | YOK | Ro |Meramopdusma
ITpo6Ga Ne 1 9,9 24,5 8 57 3 |40 42 10,963 II-111
IpoGa Ne 2 10,5 25,1 8 35 2 | 63 64 | 0,962 II-111
ITpoGa Ne 3 11,7 25,8 7 48 2 |50 51 10,990 II-111

Ro — moxasarenb OTpakeHUs BUTPUHHTA (B MMMEPCHOHHOM Macje, CIy4ailHOW OpUeHTanuu); Vt — BUTPHHHT;
Sv — cemuBuTpuHUT; | — nHepTHHUT; ZOK — cCyMMa OTOIIAIOMIX KOMIIOHEHTOB.

Cornmacao ['OCT 21489-76 «Yrmu Oypsle, KaMeHHBIE U aHTpanuThl. Paznenenne Ha
CTaguu MeTaMop(u3Ma U KJIacchl 1O MOKAa3aTel0 OTPaKEHUS BUTPUHHUTA» BCE MPOOBI
otHocsTes ko II-III cragmsim meramopdu3ma KaMeHHOYTONIBbHOM Tpymiisl. Kak npasmuiio,
C YBEIIMUCHUEM CTEIICHH yrieQUKaIMy QIOTUPYEMOCTh BO3pacTaeT: YN CpelHei cTe-
neHn yredukanuy GIoTHPYIOTCS JIydIle, yeM OoJiee MOJIOIbIE, YTO HE TIPOTUBOPEUUT
TTOJTy4eHHBIM pe3yasraram [7-9].

ITo pesynbTaTtaM meTporpaduueckoro aHajin3a COACP)KaHUE MHKPOKOMIIOHEHTOB B
oOpasnax oTmyaercs: B mpode Ne 1 cymma OTOIarommx KOMIIOHEHTOB Ha 22 % MeHbIIIe,
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yeM B 1pobe Ne 2, u Ha 9 % MeHble conepskanus B mpode Ne 3. CpaBHUTENBHBIN aHATN3
neTporpa)MuecKoro CoCTaBa v napaMeTpoB 00OraleH s ITOKa3a, YTO MPH YBEITMUCHUH
coziepKaHUsI CyMMBI OTOIIAIOIINX KOMIOHEHTOB ((I03€HU3UPOBAHHBIX) OTHOCHTEIHHO
BUTPHHUTA HAOIOOaeTCs yBelInYeHHE BbIxoaa (IoToKoHLeHTpaTa. [lomydyeHHas 1o co-
BOKYITHBIM JaHHBIM rpadryeckast 3aBUCHMOCTb HaIIISIHO U300pakeHa Ha puc. 1. Kpome
TOT0, COTIACHO KJIACCU(HKAIINH, Pa3/IeieHHe MAPKH YIJIsl HA BATPHHUTOBYIO U (DIO3EHH-
TOBYIO TIOATPYIIIBI 3aBUCHT OT COIACPIKAHUS OTOIIAIOIINX KOMITOHEHTOB (OosibIie 40 % —
(bro3eHNTOBAS TOATPYIIA).

20K, %
80
70
| Dro3eHUTOBAsA
60 MOATPYIIIA
50
40 [ = ——— = — -
30 F
Burpunurosas
20 F MOATPYIIIA
10
1 1 1 1 J
0 20 40 60 80 100

Brixon koHLeHTpaTta, %

Pucynok 1. I'padgudeckast 3aBUCHMOCTB coOfiepKaHHs HEeTPOrpaguIecKoro cocraBa H
rapaMeTpoB 00OTaIeHIst
Figure 1. Graphical dependence of petrographic composition content and beneficiation
parameters

IloBepXHOCTHBIE CBOIICTBA OCHOBHBIX MHKPOKOMIIOHEHTOB, COCTaBIISIOLINX Op-
TaHUYECKYIO 4acTh, pa3iuuHbl. IIpocThie JUTOTUIBI BUTPEH U (Pro3eH (KOTOpbIM 1of
MHUKPOCKOIIOM HACHTH()UIMPYETCS KAK MHEPTUHUT) B IPOXOSIILIEM CBETE MPEICTABICHBI
Ha puc. 2. Butpen (puc. 2, a) iMeeT TI0THOE, MOHOJIUTHOE CTPOEHHUE, M TTOITOMY €Tr0
NPOCTIONKH B YTOJBHOM IUIACTE XapaKTEPU3YIOTCS SIPKO BBIpaKEHHBIM OneckoM. MHep-
TUHUT (pHC. 2, 6) UMEET BOJIOKHUCTOE CTPOCHUE, 3a4aCTYIO MIPEICTABIICH CPOCTKAMU, 1 B
Ipoliecce rPaBUTALIMOHHOIO Pa3ielIeHNsl OCHOBHAS €TI0 YacTh MONajacT B IPOMIPOIYK-
ToByI0 (pakiuio. [logpoOHOe W3y4yeHHEe OTAENbHBIX MHKPOKOMIIOHEHTOB ITO3BOJIUT
OIIPEACIUTD CTEIIEHb NX BIMSHUS HA TEXHOJIOTUYECKUE CBOMCTBA IPH (IIOTALIUH.

I'ucrorpamMmBbl IMEIOT OTHOMOIATBHBIN THII, 6€3 Pa3phIBOB, CYLIECTBEHHBIX CABUTOB
0 JMana30HaM, COIIaCHO peIeKTOrpaMMHOMY aHAJIM3Y, HE HAaOM0OaeTCs, YTO TOBOPUT
00 omHOpoaHOCTH HccneayeMbix yreit [10, 11]. TTuk yacToThl momagaHuii mo mpodam
Ne 1 u 2 npuxoaurcs B odmacts 0,95-1,0, a mo mpode Ne 3 — «mpasee» 1-1,05]1.

Baxnoe 3Hauenue st QIOTaMM MMEET COCTOSHHE MOBEPXHOCTH YACTHI YIIIECH
[12, 13]. B3aumopelicTBrE MOBEPXHOCTH YIIIS C BOJAON U (pJIOTOpEareHTaMH 3aBHCUT OT
cBoificTB yrielt. [loBepxHOCTh YacTul HeonHOpoaAHA. COITacHO MCCIEOBAHUAM, IS
yrie banaxoHckoi cepuu XapaKTepHO COAEP)KaHWE MUHEPAIbHBIX IPUMECEH, Mpe-
CTaBJICHHBIX TJIMHUCTHIM BEIIECTBOM, KBapleM, MUPUTOM U KapOoHaTamu. Bce oHu,
B OCHOBHOM, CBSI3aHbl C OPraHWYECKOW Maccoii, a 3HaYUT BBIJECICHUE UX B OTXObI 3a-
TPYIHUTENBHO [14].
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B xaonunute conepxurca 39,5 % AlO, u 46,5 % SiO,, a B xBapue okono 100 %
SiO,. Ha ocHOBaHMM MOIyYEHHBIX JAaHHBIX KOJMYECTBO KAOIMHUTA M KBapla
mo oOpasuam B MuHepanbHOU wactu: 56,11 % u 32,84 % — npoda Ne 1; 55,56 % u
31,64 % — mpoba Ne 2; 62,53 % u 28,36 % — mpoba Ne 3, 1. e. mpeobranaroT
TIMHKUCTHIC TIOpPOJBl. Pa3Mmokmuii B BOIe TIIMHUCTBIN CIAHEIN CHIDKAeT (IoTUpye-
MOCTh yIVIs, TaK KaK OH SBJSIETCA HCTOYHUKOM OOpa3oBaHUS THUAPODUIBHBIX
koJtouoB [15].

JI1s n3yyeHrs XUMUYECKHUX CBOMCTB yrOJNBHOW MMOBEPXHOCTH MCIIONh30BAIN CHIEKT-
POCKONUIO SIAEPHOI0 MATHUTHOr0 pe3oHaHca. J[anueie SAMP-cnexTpockonuu — B
Tabx1. 5 ¥ Ha puc. 3.

Pucynok 2. DnektpoHHbIe (oTorpadguu MHUKPOKOMIIOHEHTOB, IIOJyYeHHBIE OOIydeHHEeM
TOHKO C(OKYCHPOBAHHBIM 3JIEKTPOHHBIM IydkoM Ha COM (CKaHHPYIOIIEM 3JIeKTPOHHOM
MHKPOCKOIIE):

a — BUTPUHUT; 6 — UHEPTUHUT (TIOTIEPEUHBIH cpe3)

Figure 2. Electronic photographs of micro components obtained by means of irradiation with
finely focused electron beam using a scanning electron microscope:

a — vitrinite; 6 — interinite (cross section)

HccnenoBanue XMMHUUECKUX CBOWCTB YTOJILHOM IMOBEPXHOCTH HA HAJTUYKE KHCIOPO-
JOCOAepkKaIUX TUAPOPHUIBHBIX (PYHKIHOHAIBHBIX IPYIIT MOKA3bIBAET OTIMYHE 3HAYeE-
Huit rpynm Ar — O (+2,8 % u +2,7 %) u COOH (+0,7 % u + 0,5 %) npod Ne 1 u 2 B
cpaBHeHHH ¢ TpoOoit Ne 3. JlaHHBIE pe3ybTaThl COOTHOCSTCS C pe3yJbTaTaMH 3JIeMEHT-
HOTO COCTaBa OPraHUYECKOW Macchl (Talll. 2), rae coaepikaHne KUCIopoa 10 epPBhIM
JByM 00pasiam BblIe. B cBs3u ¢ TeM, 4To apoMarideckue (hparMeHTHhI SBISIOTCS OCHOB-
HBIM THIIOM CTPYKTYPHBIX €IMHHI{ YTV, OTKJIOHEHHE 10 anu(aTHIeCKUM CTPYKTypam,
BEPOSITHO, HE OKA3bIBACT OMNPEACISAIONIETO BIMSHUSA HA OOILINE ITOBEPXHOCTHBIC CBOM-
crBa. Ilokasarenb cTeneHH apoOMaTHYHOCTH f;, PACCYUMTAHHBIH M3 OTHOCHTEIBHOIO CO-
JEprKaHKs apOMaTHYECKUX CTPYKTYP, IO BCeM IIpo0aM OMHAKOBBIHM, 4TO MOATBEPKIAET
€IUHYIO CTaJHI0 MeTaMophH3Ma.

BruiBoasbl. Pesynerarhl nccneqoBaHus HAMISIAHO MOKAa3bIBAIOT, YTO YINIM, MUMEIOLINE
CXOXKYIO TIPUPOIY IPOUCXOKACHHS, OJHOM CTaINK MeTaMOp(hH3Ma, MOTYT UMETh OTIINY-
HBIE 10 PAOY MapaMeTpoB IMOKA3aTesld: IPaHyIOMETPHUYECKUN COCTaB, KOJMYECTBO U
MOP(}OJIOTHI0 MUKPOKOMITOHEHTOB TI0 JIaHHBIM KOJIMYECTBEHHOTO METPOrpaguyeckoro
aHaJM3a, a TAKKe CoAepIKaHKue TUAPOPHUIBHBIX (PYyHKIIMOHATBHBIX TPYIIT HA TIOBEPXHO-
CTH YIVIECH.

YCTaHOBIIEHBI CIIEYIOIIE 3aKOHOMEPHOCTH.

I'panynoMeTpruecKuii cOCTaB UCXOJHOTO CHIPbS BaXKEH JJISI PEIICHUS MTPaKTHIeC-
KUX 33/1a4 Ha NCXOJHOM JTare nepepaboTKy: MPOSKTUPOBaHHUE, BEIOOP METONIOB U pe-
KHMOB 00OTaICHHNs, KOJTHMIECTBA 000PYTOBAaHHSA, pacyeT OXKHIAEMBIX PE3YIBTATOB 10
MalIMHHBIM KJIaccaM, (OpMHPOBaHUE CHIPHEBOI 0a3bl M IIUXTHI MEpe]] 000TaeHueM.
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B COBOKYIIHOCTH C q)paKLII/IOHHBIM AHAJIN30M IO3BOJISICT CIIPOTHO3UPOBATE OCHOBHBIC
TCXHHUKO-5KOHOMHWYCCKUC MapaMETPhI pE3YyJIbTATOB HCpCpa60TKI/I. Paznmuune B BBIXOAC
MCJIIKHUX KJIaCCOB 0 15 % He okasbIBaeT OIIPCACIAOUICTO BIUSAHUA HaA CIIOCOOHOCTH
JaHHOIro Kjacca O60FaH_IaTLCH METOIOM (bHOTaLII/II/I.

Ta6auna 5. [apamerpbl pparMeHTapHOro cocraBa 06pasiuos no aanubiv 3C SIMP-cnekTpos

Table 5. Parameters of the fragmentary composition of the samples according to the data
of 13C NMR spectra

. Pacnipeznenenue aToMoB yriepo/ia 1o CTpyKTypHbIM TpyIiam, OTH. % P
aselr a
P CHs CH, OCH; C-0-C Ar-H Ar-C Ar-O COOH ’

IIpoba Ne 1 2,59 18,63 0,54 0,29 51,85 19,08 6,23 0,79 0,77
IIpoba Ne 2 2,55 18,62 0,70 0,45 51,85 19,06 6,17 0,61 0,77
ITpo6a Ne 3 2,60 19,48 0,73 0,50 55,67 17,45 3,48 0,10 0,77

fa— CTENEeHb APOMATUYHOCTH, PACCUMTAHHAS U3 OTHOCUTEIILHOTO CO/IEPKAHMS apOMATHYECKUX CTPYKTYP.

KommiekcoM (hpHM3MKO-XUMHYECKHUX METOOB ITOKAa3aHO, YTO CTENICHh OKHCICHHOCTH
1o 200 KKaJI/KT He OKa3bIBaeT CYIIECTBEHHOTO BIMSHUS Ha CIOCOOHOCTh YA K (pioTa-
ITUOHHOMY OOOTaIlIeHHIO.

200 150 100 50 ppm

Pucynok 3. 3C-SIMP-crieKTphbi:
1 —npoba Ne 1; 2 —mpoba Ne 2; 3 — npo6a Ne 3
Figure 3. 3C-NMR-spectra:
1 —sample Ne 1; 2 — sample Ne 2; 3 — sample Ne 3

ITo pesynbraram nerporpauaeckoro aHaIn3a HMEIOTCS OTIINYHUS B KOJIMYECTBEH-
HOM COJIepKaHNH MHUKPOKOMIIOHEHTOB, 8 UMEHHO: 00pasel] ¢ OOJBLIINM COiepKaHu-
€M BUTPUHUTA ¥ MEHBIIIUM COJIEP’KaHUEM OTOIIAIOIINX KOMIIOHEHTOB UMEeT HU3KUI
pe3ynbTar mo guotupyeMoctu. B 1iemom, comepkaHne MHKPOKOMIIOHCHTOB BIIHSET
Ha OKOHYATEINIbHBIN pe3y/bTaT 000TalleHUs, TOATOMY HEOOXOUMO CPaBHHUTEIHLHOC
n3y4eHne (PU3HKO-XUMHUYECKUX CBOWCTB OTACIBHBIX MHUKPOKOMIIOHEHTOB U HX He-
OJTHOPOIHOCTH.



ISSN 0536-1028 «Hz6ecmus 8y308. 'opHuiiil srcypuany, Ne 6, 2021 73

I[To narnabIM SIMP-CrIeKTpOCKONINY BBISIBICHBI OTIIMYHSI 00PA3IoB B YaCTH HAIWYHUS
apoMaTHYEeCKUX (parMEHTOB, COACPIKALINX TETEPOATOMBI KHCIOPOIa, YTO B COBOKYII-
HOCTH C JPYTUMH CBOMCTBaMH, BIHUSIONIMMHU Ha THIPOGUIEHOCTh, OKa3bIBACT BIHUSIHUE
Ha (oTHpYyEeMOCTb.

Bce oxapakTepuzoBaHHbIE TeHETHYECKHE (DaKTOpbl, BiIuAomKE Ha 3ddexTus-
HOCTh TepepadOTKH yrieH, W3MEHYMBBl Ha IUIOMIAAW YTOJBHBIX MECTOPOXKACHHM.
310 noaTBepKAAET HEOOXOUMOCTH KOMIIEKCHOTO UCCIIEAOBAHUS IETPOrpaduIecKUMH
U yIIIEXUMHYECKAMH METOJIaMHU U YCTAHOBJICHUS 30H U yYaCTKOB HanboJiee BEIpayKeHHO-
TO MPOSIBIICHHs] KOHKPETHBIX MapaMeTPOB Ha IUIOIIAIH MECTOPOXKACHHS. VI310KEeHHBIH B
paboTe MoIXo]T K UCCIIEA0BAHHUIO Ka9eCTBA HCXOHOTO ChIPhsl IMEET BAXKHOE MPAaKTHYEC-
KO€ 3HAUYCHUE M JaeT BO3MOKHOCTB JUISl COCTABIICHNUS IUIACTOBBIX KapT IPOTHO3a 000-
TaTUMOCTH YIJIEH.
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Studying the effect the physicochemical properties of fine size raw coal organic
and mineral composition have on beneficiation efficiency

Ekaterina S. Kamoza!, Ekaterina S. Mikhailova', Zinfer R. Ismagilov!2
! Federal Research Center of Coal and Coal Chemistry, Siberian Branch of RAS, Kemerovo, Russia.
2 Institute of Catalysis, Siberian Branch of RAS, Novosibirsk, Russia.

Abstract
Introduction. This work presents the results of the research on the effect the petrographic characteristics,
elemental and mineral composition have on the Kedrovsko-Krohalevskoe fine coal beneficiation efficiency.
The data has been analyzed of raw coal physochemical properties at the stage of mining and dressing mill
raw material base formation.
Research objective is to study thermal coal by physicochemical methods of analysis to identify the main
parameters affecting the quality of beneficiation products. Based on the data obtained, the research aims
to develop the method of assessing the indicators affecting the beneficiation process and further forecasting
during the development of new areas and coal seams.
Methods of research. The structural features of raw KCN (coking low-caking low-metamorphosed) coal
were determined by comparative analysis of three samples according to the following parameters:
laboratory flotation results, general technical parameters, maceral composition, organic matter elemental
composition, and ash mineral composition.
Results. It has been established that coals of a similar nature of origin and stage of metamorphism, can
have different indicators in vaarious parameters: particle size, number and morphology of microcomponents
according to quantitative petrographic analysis, as well as the presence of hydrophilic functional groups
on the surface of coals.
Conclusions. The results of the studies made it possible to identify a number of dependencies that can be
used in a preliminary assessment of the quality of raw coal sent to a coal processing enterprise.

Keywords: coal quality indicators; beneficiation; coal classification; petrographic composition; mineral
composition.
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3aKOHOMEPHOCTH YNpaBreHUsa aapoanHaMUYeCKUM K03 hULMEHTOM
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Peghepam
Axkmyansnocme. Ycmanosienvl 3aKOHOMEPHOCMU GIUAHUA CHPYKIMYPHBIX NEMEHNO8 NPOMOYHOL
yacmu BeHMUNAMOPHLIX YCMAHOBOK U 2eOMEMPUHECKUX NApamMempos Ha UX a’spOOUHAMUYECKUL]
KO3 puyuenm none3no2o Oelicmeuss 8 WUpOKoM OUAnas3oHe usMeHeHul y0enbHou OblCmpoXOOHOCU.
Ieny u memodvt padbomer. I[lonyuena mamemamuyeckas MOOelb 3A6UCUMOCTIU 2eOMEMPUYECKUX U
KUHeMAmMuyYecKux napamempos GeHmuismopHbIX YCMAHOB0K U A3POOUHAMUYECKO20 KO duyuenma
NONEe3H020 Oelcmaus Om YOeibHOU GblCMPOXOOHOCU.
Pesynomam. Jloxkazano, umo ¢ yseruuenuem y0envHol 6bicmpoxoOHOCmu 6eHMUNAMOPHBIX YCIMAHOBOK
011 obecneuenus GblCOKUX 3HAYEHUL UX A3POOUHAMUYECKUX KOIPDuyuenmos nonesHozo oelicmeus
HeoOX00UMO  yeenuuugams a3pooUHaMU4ecKkoe Kaiecmeo npoguiell 10namox paboyux Korec u
CHUCAMb A2POOUHAMUNECKOE CONPOMUBILEHUE DIEMEHMO8 NPOMOUHOU yacmu. [lokazana 803MoxHCHOCTb
CO30aHUA 8EHMUNIAMOPHOU YCIMAHOBKU OISl ANNApamos 6030YUHO20 OXAAXHCOeHUs 2a3ad C YOelbHOU
bvicmpoxooHocmulo He Menee 400 u sxonomuunocmvio ¢ KIIJ[ ne menee 0,85 npu obecneuenuu
a3pOOUHAMUYECKO20 Kauecmea npoghuiell paboyux Konec 6onee 25 u koagh@uyuenme a3pooOuHaAMUYecKo2o
conpomusieHusi npomouHol yacmu ne 6onee 0,2.

Knroueesvie cnoea: annapamer 6030ywinozo oxnaxcoenus 2aza; 6eHMUNAMOPHAA YCMAHOGKA;
anepeoapgpexmusnocme,; KII/; yoenvnas 6vicmpoxoonocms, Kodp@uyuenm aspoouHamuieckoeo
Kauecmea u COnpoOmueieHus..

Beenenue. B Hacrosiiee BpeMsi B TOIUIMBHO-PHEPrETHYECKOM KoMmiuiekce PD u
B TIEPBYIO OYepeib B ra30BOM OTpAciM akTyajlbHa IpoliieMa 3HeprodpGeKTHBHOCTH.
B 1960-1970 rr. yCKOpEHHOTO pa3BUTHs T'a30BOM OTPACId INPOEKTHHIE MapaMeTpbl
razonepekaunBatonux anmaparos (I'TIA) u BcomorarensHOro 000pyI0BaHUs, B TOM
YHCJIE CHCTEMbl OXJAXAEHHUsI TPAHCIOPTHPYEMOTO rasa, MogOUpaInch B YCIOBHAX
HU3KUX LIEH Ha hHEpronocurenu [1-3].

BcenenctBue 3Toro yaenbHas 3HEPrOEMKOCTb POCCHMCKHX MarucTpPalbHBIX Iras3o-
npoBozos (MI') Ha 15-30 % Bblme 3apyOexHbIX. B ycnoBHsAX OTCTaBaHUs OTEYECTBEH-
HOT'O KOMITPECCOPOCTPOUTEIHHOTO KOMILIEKCA MIPUXOAMIOCH YCTAHABIUBATE Ha KOM-
npeccoprbix cranmuax (KC) I'TIA ¢ Oonmee Huskum KIIJ[ mo cpaBHeHHIO C
3apyOeKHBIMU aHAJIOTaMHU.

OnHuM H3 BaXHBIX 37eMeHTOB MI' sBisieTcst cucteMa OXJIaXKACHUSI TPaHCIOPTHU-
pyeMoro rasa, KOTopas I03BOJISIET TIOBBICUTH €r0 HaJeKHOCTh U COKPATHTh KCILTya-
TaIMOHHbIE 3aTparhl. [Ipy MOHMWKEHUH TeMIepaTypsl ra3a MpoIycKHas CoCOOHOCTh
ra3onpoBoja Bo3pacTaeT. Jnd oxyaxIeHHus MOTOKa TPaHCIOPTHPYEMOro rasa Hau-
Oospiree pacnpoctpaneHre Ha KC momyuywnu ammaparbl BO3AYIIHOTO OXJIaXICHHS
(ABO). Yka3zaHHbple ammaparbl UMEIOT DSl MPEHMYIIECTB Teped IPYTHMH THUTIAMHU
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TeruIooOMeHHBIX anmnaparoB. ABO He TpeOyroT npeaBapuTeIbHOM MOTOTOBKH TETLIO-
HOCHTEJIeH, Ha/IXKHBI B KCILTyaTaIlH, SKOJIOTHIECKH YUCTHI, HIMEIOT IPOCTHIE CXEMBI
TTOJIKITFOUSHHSL.

CoBpeMeHHBI MaruCTpaIbHBIN TPAHCIOPT MPUPOTHOTO Ta3a Pa3BUBAETCS B HHEP-
ropecypcocOeperaromnieM HalpapIeHHH ¢ OTHOBPEMEHHONW MHTEHCU(UKAIIUEH TEXHO-
JIOTHYECKHUX MPOIECCOB, CBA3aHHBIX C yBEIMYEHHEM OOBEMOB TPaHCHOPTHPYEMOTO
rasa [4]. B cBs3u ¢ 3THM B MpOIeCCce IKCINTyaTalliy MPOUCXOAUT U3MEHEHHUE TIeperia-
JIOB JIaBJICHUM, TPaJUEHTOB TEMIIEPATYpP, CKOPOCTEHN JIBIXKEHUS TETUIOHOCUTEIIEH, YTO
BBI3BIBAET YBEIMUEHUE DHEPro3arpar, 0COOEHHO NPH HEYJOBIETBOPUTEIHLHOM TEXHH-
geckoM coctosauu ABO. Ilpn aTom TpeboBanms k 3pdexTuBHOCTH QYyHKITHOHHUPOBA-
HUS anmaparoB MOCTOSHHO pacTyT [5].

ABO BKITIO9aOT B ce0s CIIEIYIOIIFE OCHOBHBIC Y3JIBI M arperarhl: CEKITUN opeOpeH-
HBIX Ter1000MeHHBIX TpyO (TBO) mmuHoi oT 3 10 12 M, BEHTHIIATOPHI C 3JIEKTPOIIPH-
BOJIOM, BO3/TyXOBOJIBI ¥ JKATIO3U JJIS1 PETYITMPOBAHUS PacXo/ia BO3AyXa, HECYIIHE KOH-
CTPYKIINH, MEXaHU3MBI perynmupoBaHus. [IpuMensemsre mist oxnaxaeHus raza ABO
MMEIOT Pa3BUTHIE HAPYKHBIE TOBEPXHOCTH, YTO CO3IAET OIAronpHusITHBIE YCIOBUS IS
OCaXJIEHNs] HAa HUX TBUIM ¥ 3arPsS3HEHUN PACTUTEIHHOTO MPOUCXOXKISHHS U IecKa.
IIporecc ycyry0msieTcst BRBICOKOHW TeMITepaTrypoii IOBEpXHOCTH, TPUMEHEHHEM OCEBBIX
BEHTHJIATOPOB C HU3KOW CKOPOCTHIO OXJIAKJAIOIIETO BO3AyXa B TETNIOOOMEHHBIX CEK-
musax. B codeTaHnn C TUIOXUMHU TEIUTOU3NIECKUMH CBOMCTBaMH BO3IyXa 3TO 00y-
CIIaBJIMBAET HU3KKE 3HAYeHUs Kod(dunueHTa temrooraaun: o = 30-90 Br/(m? - K) u,
KaK CIIEJICTBHUE, 3HAUNTEIbHBIC TabapuTHBIC pasMepsl ABO [6-8].

IIpu padore ABO B pexnMe HarHETaHUS C HIDKHAM PaCcIONIOKEHUEM BEHTIIISITOPA
MIPOUCXOANT UCKAKEHHE TIOJISI OCEBBIX CKOPOCTEH, 00yCIOBIEHHOE T€M, YTO Ha MEepH-
depwuitHoit vactu TBO 00pa3yeTcst 30Ha TTOBBIMIEHHOTO AABJICHHS, a B IICHTPE — 30HA
MOHIMKEHHOTO AaBiieHus. [10Tok 3a pabodnM KollecoM BEHTHIISTOPA 3aKPYUHBAETCS B
CTOPOHY BpallleHUs] pOTOpa; YMEHbIIIEHNEe KHHETHIECKOM SYHEPTHH Ha BBIXOZE U3 pabo-
Yero KoJjeca He MPUBOAWT K POCTY MOTEHIIHAIBHON YHEPTHH JaBICHHS, a JIHUIIh KOM-
TIEHCUPYET MOTEPH Ha TPEHHE, BHI3BAHHBIE BPAIIEHHWEM ITOTOKA, YTO CHHKAET IKOHO-
mugHOCTE ABO [8, 9].

IIpumensembie B ABO BEHTHIIATOPHI BEITIONHEHBI TI0 a3poauHaMudeckoi cxeme K
¢ ogHMM paboYuM KosiecoM 0e3 crpsamIsiomniero amnmapara. [lo 3Toi npudrHe MOTOK
OXJTXK/TAOIIETO BO3yXa 32 pabOYMM KOJIECOM MMEET CYIIECTBEHHYIO OCTaTOYHYIO 3a-
KPYTKY, T. €. DAPKYIAnnto. LIMpKyISIIMOHHBINA TOTOK, ABMKYIIUICS 1O CITUPAIH, TO-
CTyIIaeT Ha BXOJ B TEIIOOOMEHHYIO CEKIIHIO ¢ OOJBIMMME pa3dpocaMul yIJIOB pacco-
IJIACOBaHHUS II0 OTHOIICHHWIO K pebOpam mydkoB Tpyd TBO, uto mnpuBoAMT K
CYIIECTBEHHOMY YBEIMYECHUIO COTPOTHBICHHUS TEIUIOOOMEHHBIX CEKIWH, M KaK pe-
3yABTaT — K POCTY pacxofla dHEPTHH JJs MEepeMEeIIeHNs OXJIaKIAroIIero BO3AyXa,
T. €. CHIDKCHHUIO SHTAJIBITNN OXJIaKaaeMoro rasa [10].

IocranoBka 3agaun. /{1 ABO HCIIonb3yroTCs OCEBBIE CIICIIHATbHBIC BEHTHIISATO-
PBI C OOIBIION YAETHHOW OBICTPOXOTHOCTHIO n,— 1o 450. DT BEHTWISITOPHI OTIHYA-
FOTCSI MaJIOW yIeNbHOHN MOTEHITMAIBHON DHEPTHEH MOTOKa BO3AyXa 3a pabounmM Kojie-
coM, Y9TO O0OyCIaBIWBaeT CYIIECTBEHHOE BIHMSHHE TEOMETPUYECKHUX IapaMeTpoB
MIPOTOYHOW YaCTH BEHTHJISITOPHOW YCTAaHOBKH Ha ee 3koHOMHYHOCTH [10, 11]. [Jo Ha-
CTOSIIIIETO BPEMEHN HE TPOBOAMINCH KOMILIEKCHBIE UCCIIEOBAHIS BIUSHUS YIEITbHON
OBICTPOXOMHOCTH Ha a’pONWHAMHYECKHUH KOA((OUIIMEHT MOJIC3HOTO JACHCTBUS BEHTH-
JATOPHBIX ycTaHOBOK [7, 10, 11]. KoHneuHo# 11e1pI0 MTOCTAaBICHHOW B CTaThe 3adadul
ABIISIETCS pa3paboTKa pEeKOMEHJAWi O CO3aHWI0 BEHTHJIATOPHBIX YCTAHOBOK C
0O0JIBIION YIEeThHON OBICTPOXOAHOCTHIO, IT0 PKOHOMUYHOCTH COM3MEPUMBIX C BEHTHIIA-
TOpaMH OOIIENPOMBIIIITIEHHOTO UCTTOMHEeHH. J{J151 perieHuns MoCcTaBiIeHHOM 3a/1auu He-
00XOMMO TOCTPOHUTH MaTeMaTHYECKYI0 MOJENb 3aBHCHMOCTH a’pOJMHAMHUYECKOTO
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KIIJ BeHTUIATOPHOH yCTAHOBKH OT YIEJIBHOW OBICTPOXOJHOCTH, ONPEACIUTH MYTH
W3MEHEHUS TEOMETPHUUYECKUX U KHHEMAaTHYEeCKHUX ITapaMeTPOB, MOBBILAIOMINX dPeK-
TUBHOCTBH C POCTOM BEJIMYHMHBI YACIBHON OBICTPOXOIHOCTH, YCTAHOBUTh OOIINE 3aKO-
HOMepHOCTH U paznuuusa u3MeHeHus KII/| BeHTunsTopa M BEHTHISTOPHOW YCTaHOBKHU
C pocToM yaenbHOU OblcTpoxomHocTH. KpoMe Toro, HEOOXOAMMO YCTAHOBUTDH BIMSHUE
OCTaTOYHOHN 3aKPYTKU MOTOKA 32 pabOYrM KOJIECOM BEHTWIISITOPHOW YCTaHOBKH Ha a3po-
JMHAMUYECKUH KO3 (ULUEHT MOIE3HOTO ISHCTBUSI C POCTOM YAEIBHON OBICTPOXOIHOCTH.

MeTonm! ncciaeqopanus. 1 yCTaHOBIEHHS 3aBUCUMOCTH 3KOHOMHYHOCTH BEH-
TWJISTOPHOM YCTaHOBKH OT €€ YAeIbHOH ObICTPOXOIHOCTH IIPUMEM B KaueCTBE KpHTe-
pust ee asponunamuyecknit KIIJT —n [11, 12]. Jins nocTpoeHHs MaTeMaTHIeCKOii MO-
JIeNd  3aBUCUMOCTH aapom/IHaMqucxoro ko3¢ dHULIKeHTa MOJE3HOr0 JeHCTBUS
BEHTWISTOPOB U BEHTHWJIATOPHBIX YCTAHOBOK OT YIENbHOW OBICTPOXOAHOCTH BOCTIONb-
3yeMcsl UCCIIEI0BaHUSIMMY, IPUBEACHHBIMHU B cTaThe [12]. YpaBHEeHuUe U1 a3poJuHaAMH-
gyeckoro KI1J] BeHTHnsiTOpHO# YcTaHoBKH 13 [12] mpeoOpasyeM ¢ y4eToM aHaIuTHYe-
CKOT'O BBIpQ)KEHHS €€ YAETbHON OBICTPOXOIHOCTH.
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Pucynok 1. 3aBucumocts otHOcuTenpHOro KIIJ[ BEHTUNATOPHONW yCTaHOBKH OT
YAENBHOI OBICTPOXOXHOCTH:
1-8=0,2-6=0,1;3-6=03;4-¢,=
Figure 1. Dependence between the relative efficiency and spemﬁc speed of a fan
system:
1-8=0,2-6=01;3-8=034-&=12

[Tociie cOOTBETCTBYIOMUX BBIYMCICHAN TOTYYHM ypaBHEHHE, ONpeAesIomiee 3a-
KOHOMEPHOCTH W3MeHeHHs adpoauHamuueckoro KIIJ[ BEeHTUISATOpPHON yCTAaHOBKHU B
3aBHCHMOCTH OT €€ YJEeIBbHON OBICTPOXOMHOCTH, KO PHUIIMEHTa a3pOTHHAMIYECKOTO
COTIPOTHUBIICHHUS IPOTOYHOM YaCTH M OCTATOUYHOU IUPKYISAILIUU B BUJIE:

o, r 1827 v
M= lo ke =Sy — 1374107 03, (1)

e @, — TeKyllee 3HadeHne kKodpdHIMeHTa CKOPOCTH Ha BBIXOJIE U3 BEHTHJIATOPHON
YCTaHOBKH; k — K03(pPHUIIMEHT a’dpoInHAMITYECKOTO KadyecTBa MpoQuiIel JIOaToK pa-
00uero Kolieca BEHTUIIATOPHOM YCTAHOBKH; ' — OTHOCUTEIILHBII CPETHII a9pOTHHAMU-
YECKHUI PaUycC JIOMATOK paboyero Kojieca; v — BTYJIOYHOE OTHOIIIEHHE pabouero Komie-
ca; n, — yAembHast OBICTPOXOAHOCTh BEHTHIIITOPHOW YCTaHOBKH, § — K03 HHUIIHEHT
aapozmHaMquCKoro COTPOTHUBIICHUS MPOTOYHON YACTH BCHTI/IJ'IHTOpHOI/I YCTaHOBKH.
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Ha puc. 1 npuBenen rpadux 3aBucumoctu KIIJ| BeHTUISTOPHON yCTaHOBKU OT
YICNBHOM OBICTPOXOMHOCTU TPH Pa3HBIX 3HAYCHUAX KO3 UIIMEHTa adpoarMHAMUYC-
CKOTO COIPOTUBJICHUS MPOTOYHON YACTH.

W3 popmynsr (1) u puc. 1 BHIHO, 4TO C POCTOM yAEIHHON OBICTPOXOIHOCTH PacTET
HeraruHoe BiusiHue Ha KT/ BeHTUISTOPHON YCTaHOBKH a3pOAMHAMHUYECKOTO COPO-
TUBJICHUSI €€ MPOTOYHOM YacTH, MOCKOJIbKY YMEHBIIAeTCs yAelbHas MOTCHIUAIbHAas
SHEprus nepeMeniaeMoro Bo3ayxa. [loatomy mias obecriedeHus SKOHOMHYHOCTH BEH-
TUISITOPHBIX YCTAaHOBOK OOJIBINON YNEIbHONH OBICTPOXOAHOCTH, NMPUMEHSEMBIX JIs
ABO, HE00X0quMO BCEMH JOCTYITHBIMU CPEICTBAMH TOBBIIIATH a3POJUHAMHYECKOC
Ka4yecTBO Mpoduiieii 1omaTok pabounx KOJEC M CHUXKATh a3pOJMHAMUYECKOE COIPO-
THUBJICHUE 3JIEMEHTOB MPOTOUHOM vacTu [12—14].
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Pucynoxk 2. 3aBucumocts MakcumanbHoro KII/I ogHOCTyneHUaTol BEHTHISTOPHOM
YCTaHOBKH OT YAEIBHON OBICTPOXOAHOCTH MO a3pOANHAMUYECKOH cxeMe:
1-K+CA,2-BHA+K+CA,3-BHA +K, 4K, §y=0,1
Figure 2. Dependence between the maximum efficiency and the specific speed of a
single-stage fan system according to the aerodynamic configuration:
1-K+CA,2-BHA+K+CA,3-BHA +K,4-K, éy:O,l

MaremaTuueckoe MojaeJupoBanue. s 1okazarenbcTBa 1eaecoo0pa3HOCTH Hc-
nosb3oBaHusl B ABO 0CeBBIX BEHTHIISITOPOB 1O a’dPOJMHAMHUYECKOM CXEME C OJIHUM
pabounm koiecom K momydnm ypaBHeHHe aisi Kod(h(UIIMEeHTa MONe3HOTO AeHCTBUS
BEHTHJIATOPHOW YCTAaHOBKH C BXOIHBIM HarpaBiisttonumM anmaparom (BHA) u cipsim-
nsirorrM anmaparom (CA) B Buze:

2
=1 ¢ o (p(n, +1)(n2 _1) 1 182 7(1+2n1)(p2/3
Ny =l=-—=—=- | ro 8L | —
rk vk, rk, rok rny
2
no” | (n,+1)(n, +1)¢>° v ¢>°
-331,1 r3]1€5n§/3 ! mjz/3 - 365,51n[1 — )nf (n, + UW _

_ 4, 1 1 . 1073&}/”3/3([)4/3,

rae k,, k, — xoodpdunuenTsr aspoauHamuueckoro kadecrsa npopuneii BHA u CA;
n,, h, — ko3dduuuentsr nupkysauun BHA n CA, onpezensiomue cKopocTh 3aKpydH-
BaHUS IMOTOKA B HUX.

Ha puc. 2 npusenens! rpaduku MakcumanbHoro m3menenns KI1J[ ogHocTyneHda-
TOW BEHTWJISITOPHOH YCTaHOBKH, BHITTOIHEHHOH 10 Y€THIPEM Pa3HBIM CXEMaM B 3aBUCH-
MOCTH OT yAETBHOU OBICTPOXOTHOCTH.
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U3 puc. 2 BUAHO, YTO NIPH H3MEHEHHUH YAENbHOH ObicTpoxomaHocTH oT 20 1o 450 KI1/]
BEHTWJIATOPHOU YCTaHOBKH, BBIMOMHEHHOH 1o cxeme K, Bospacraer ot 0,68 mo 0,86,
T. €. Beqn4uHbl, consmepumoit ¢ KI1/l BEeHTHIATOpHON yCTaHOBKH, BBIMIOJIHEHHON IO
cxeme K + CA, ycrpansionieil oTpuuaTenbHOE BIUSAHNE Ha SKOHOMUYHOCTh OCTaTO4-
HOW 3aKpyTKM NOTOKA. IIpn 3TOM BEHTHIISATOPHBIE YCTAHOBKU IO a3pOAMHAMUYECKON
cxeme K oTnuuarorcs MeHbIIUME OceBbiMu Tabaputamu (Ha 40 %) 1 MEHBbIIICH MeTall-
noeMKocThio (Ha 35 %). [1o 3TuM npuuMHaM MpPaKTUYECKH Helenecoo0pa3Ho mpuMe-
HATH st ABO BEHTHNSTOpPHBIE YCTAaHOBKHM TI0 adpOAMHAMHUYECKHUM CXeMaM
K + CA. Takum oOpazom, npumenenue 1t ABO Bentunaropos mo cxeme K o6ocHo-
BaHHO, MOCKOJIbKY TEUEHHE MIOTOKA B HUX XapaKTepu3yeTcs HU3KUM 3HaUYeHUEM KpUTe-
pus Oiinepa (Eu = 2-30). IIpumenenne 8 ABO Bentunatopos no cxeme BHA + K+ CA
Hen30e)KHO TPUBENET K CHWKEHHIO SKOHOMHYHOCTH M POCTY MAaTepHaJOEMKOCTH H
rabapuTOB BEHTHJIITOPHBIX YCTaHOBOK [15-17].

Jns ycTaHOBIEHHS 3aBUCHMOCTH a3pOAWHAMUYECKOro Ko3dduimenTa moae3Horo
JEHCTBUS BEHTHISITOPHBIX YCTaHOBOK OOJBIIONW OBICTPOXOAHOCTH OT K03 (duimeHTa
pacxoaHol ckopocTy U3 ypaBHeHHs (1) momyuum Beipaxenue st KI1J1 BenTunsaTop-
HOW YCTAHOBKH C HMJIMHJPUYECKOM BTYJIKOM B 30HE €€ ONTUMAJIbHOM MOJauy OXJIax1a-
IOIIETO BO3AYXa:

(Pg - (Pgopt
¢,k

n, =1-

2 4/3
y

v 02
—365,5111( jL —1,37- 1073%”;1/3([)421/3’ @)

TIC Py — KO3 GHULKEHT ONTUMAILHON PAacXOAHOW CKOPOCTH BEHTHJISITOPHOW ycTa-
HOBKH, COOTBETCTBYIOIIeH MakcumansHoMy KITJI.

U3 ¢opmynsl (2) BUAHO, YTO MPH YBEIWYECHUH MOJAYH OXJIAXKIAIOMIEr0 BO3IYXa,
T. €. pocTe ko3 duuuenta pacxonaHoi ckopoctu @,, KITJI BeHTHITOpHOH yCcTaHOBKH
ymensbnaetcs. [poguddepennuponas (1), moxydnm BeIpakeHUE TSI MAKCUMAJIbHOTO
KII/I BeHTUIATOPHOM YCTaHOBKH II0 PACXOAHOM CKOPOCTH @,

20,, 365,5 v _
Mymax = 1= ]jp‘— T 1n(1 2j([>§/3—4,11-10 n) g 03" 3)

y

W3 ananmza Gpopmyis (3) MOXKHO CIENNaTh BEIBOZ O TOM, YTO U3MEHEHHE KO PUIIH-
€HTa PacXOIHOM CKOPOCTH (, HauboIIEe CYIECTBEHHO BIMAET HA SKOHOMUYHOCTH BEH-
TWIATOPHOM YCTaHOBKHM, IIPU STOM HE OKa3bIBasi CyliecTBeHHOro BiusiHus Ha KIIJ]
BEHTWIATOpa. YKa3aHHOE OOYCJIOBIEHO TE€M, YTO C POCTOM MOAAYU OXJIa)KIAIOIIEro
BO3[lyXa CYIIECTBEHHO BO3PACTAIOT MOTEPHU JUHAMHUYECKOTO AABICHUS B MPOTOYHOM
JacTU BEHTHJISITOPHOM ycTaHoBKH [12, 18].

AHanutnyeckoe Belpaxenue s cHwkeHus: KI1/l BeHTHISATOPHON YyCTaHOBKH 1O
orHouenuto K K1/ BeHTHsATOpa NpH OTKIOHEHNH KO3 (DUIIEHTa PaCcXOIHOM CKOpO-
CTH @, OT €r0 ONTHMAJBLHOIO 3HAYEHHs MOIY4YUM C YUYETOM TOTO, YTO KO3()PHIMEHT
adpOMHAMHIYCCKUX [OTEPh MPOTOYHOI YacTH BeHTUIsITOpa & = 0:

2
_ (PZ_(PZO 1 2(p 0
Any :4,1 10 3( (p YP‘) z_’_éyn;ﬂ (Piil_q)pt +(P3/3
2

2

Takum 00pa3zoM, IJs1 BEHTHIISITOPHON YCTAHOBKU IO OTHOLICHHIO K BEHTHIISTOPY
nazenne KIIJ| Ang Gonee CymECTBEHHO ¢ POCTOM adpOAUHAMIYECKOTO CONPOTUBIIE-
HUsI [IPOTOYHOMN YaCTU & M YACIBHOI OBICTPOXOIHOCTH 71,
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s ompenenieHuss palMoOHAIBHOTO JUana3oHa KOA(QQUIIMEHTa TEOPETHUSCKOTO
JIABJICHUS] BEHTHJIITOPHBIX YCTAHOBOK OOJIBINION YSIbHOM OBICTPOXOAHOCTH HA PHC. 3
TIPUBEJICHBI PE3YNBTAThl UCCIICAOBAaHUS 3aBUCUMOCTH MakcuMaibHoro KI1/1 BenTuis-
TOPHBIX YCTAHOBOK C YACIBHOU OBICTPOXOMHOCTHIO 450, BHITOTHEHHBIX 110 Pa3IHYHBIM
a’POIMHAMHYECKUM CXeMaM, OT K03 (PUITUEHTa TEOPETHUECKOTO JTABIICHHSL.

W3 puc. 3 cnemyert, 4To ONTUMAILHBINA TEOPETUUCCKUM KOA(DDUIUEHT AaBICHUS JJIs
BEHTHJIATOPHBIX YCTAHOBOK OOJIBIIION OBICTPOXOMHOCTH, TpuMeHsieMbIX B ABO, Haxo-
autcs B auanaszone 0,02 < < 0,08 qns ynensHoii OpicTpoxognocTr 380 < n, < 450.
JanbHeliniee yBennueHne KO3(QOUITMCHTA TEOPETUICSCKOTO JABICHHS IPUBOIUT K CHH-
JKCHHIO SKOHOMHUYHOCTH BEHTHIISTOPHBIX YCTAHOBOK.

0,90

0’80 1 1 1 1 1 1 1 ]
4 6 8 10 12 14 16 18 20 ¥, 1072

Pucynoxk 3. 3aBucumocts MakcumanbHoro KI1J onnoctyneHuaroro BeHTHISITOpa

OT TEOPETHIECKOTO NaBNICHHUS IIpH 1, = 450, &y =0,1:
1-K+CA;2-BHA+K+CA;3-BHA+K;4-K
Figure 3. Dependence between single-stage fan system maximum efficiency and
theoretical pressure under n, = 450, é’;y =0,1:
1-K+CA;2-BHA+K+CA;3-BHA+K;4-K

PaccmotpeB puc. 4 u popmyny (1), B KOTOpOr KOIPPHUIHEHT ad3pOTHHAMIYECKOTO
CONPOTUBICHHS [POTOYHON YaCTH BEHTU/ISITOpA & = 0, MOXKHO CIenaTh CICAYHOMNi
BbIBOZI. C pOCTOM YHENBbHON OBICTPOXOJHOCTH BEHTUIATOPA U CHIKEHHEM €ro Koddg-
¢uurenTa nasnenus i odecrieueHust Boicokoro KIIJ[ Heo6xoauMo moBbIIaTh adpo-
JUHAMHYECKoe KauecTBO npoduiieit Jonarok pabouux xosec. Pasubie 3Hauenust KI1/]
BEHTWJISITOPA C YAEIBbHOM OBICTPOXOIHOCTHIO 450 1 0CEeBOr0 IBYXCTYIIEHYATOrO BEHTH-
JSITOpa C YAENbHOM ObICTPOXOAHOCTEI0 80 MOKHO OOECHEUUTDH 3a CHET JOCTHKECHUS
YPOBHS a3pOAMHAMHYECKOTO KauecTBa MpoQuiIel JonaTok pabovero Kojaeca OIHOCTY-
nex4Jaroro BeHTuisTopa K = 25.

Pe3ynbTarhl u 06cykaenne. Takum 00pa3oM, IpHU MPOEKTUPOBAHUH BEHTHIISITOP-
HBIX ycTaHOBOK Aisi ABO HeoOxomumo yaensTb ocodoe BHUIMaHUE MaTeMaTHYeCKUM
MOJEJISAM, YCTAaHABINBAIOIINM CBSI3b KHHEMAaTHYECKHUX U TEOMETPUIECKUX TApaMETPOB
C UX SKOHOMHYHOCTBIO. UeM BBILIE ONTHMANbHOE 3HAYEHUE YICIBHON OBICTPOXOIHO-
CTH BEHTUJIATOPHOM yCTaHOBKH, TEM aKTyallbHee TpeOoBaHuE K NPOPHUIMPOBAHHIO JIO-
NaToK pabovnX KoJieC, MOBBHILIEHHIO KOAQQPHULMEHTa HX a3POANHAMHYECKOTO Ka4eCcTBa.
[Ipodunu nomatox NOMKHBI 0OecTeYnBaTh JaMUHApHOE OE30TPHIBHOE TEUEHHE BO3-
IyXa MO aHaJIOTHH C KPbUIOM NTHULEL, T. €. MIPOEKTUPOBAaHKE NMpOoduiIe HeoOX0qUMO
BECTH COINIACHO MPUHIUIY NMPUPOAONOR00HOH copasmepHocTH [19, 20]. Ocrarounas
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3aKpyTKa MTOTOKA Ha BHIXOJIE U3 BEHTUIIATOPHOW YCTAHOBKH, OIPE/IeIieMast YeTBEPTHIM
ciaraeMbIM B ypaBHeHUH (1), ¢ OTHOW CTOPOHBI, CHIXKACT €€ SKOHOMHYHOCTD 3a CUET
MOTePh JUHAMUYCCKOTO JABIICHUS, OTIPEACIAEMBIX KpUTepueM Diinepa, a ¢ Apyrou —
CIOCOOCTBYeT TypOyaH3aIlMK TOTOKAa BO3yXa, MOCTYIAIOIIET0 Ha TEII00OMEHHUK
BO3AYIIHOTO oxynaxaeHus ABO B onpeieieHHOM Tuana3oHe, MOBbIMIas KO3QQHUIIMESHT
TETUIOOTAAYH, 3aBUCINNIN OT KpuTepus Hyccenbra, T. €. a3poTepMUIECKYH0 SKOHOMUY-
Hocth ABO.
OnTuManpHas 0CTaTOYHAs 3aKPYTKa MOTOKA OMPEACIICTCS YPaBHEHUEM:

0 Nu_,
00, Eu

b
r7e @  , — OCTaTouHas 3aKkpyTka; Nu — kpurepuit Hycensra; Eu — ko>ddumuent Diinepa.

70,20
0,9 |
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0,8 I
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Pucynoxk 4. 3aBucumocts KIIJ] 1 onTuMansHOTo pacxona BEHTHIISITOpa OT Koadhu-
LIMEeHTa KadecTBa mpoduiell B pemeTke pabodero Koieca:

I-¥ =0,12;2-¥ =0,09; 3-¥ =0,06, n,=420; 4 —n,=350; 5 —n, =400; 6 — n, =450
Figure 4. Dependence of fan efficiency and optimal flow rate on the quality factor of
the profiles in the impeller blade:
1-¥ =0,12; 2% =0,09; 3 -%¥ = 0,06, n, = 420; 4 — n, = 350; 5 —n = 400; 6 — n =450

[lo pesyneraTtam 3KCIIEpUMEHTAIBHBIX MCCIENOBAHUA MOTYT OBITh TOJTYYEHBI 3a-
BACHUMOCTH KO3(UIIMEHTa TEIUIOOTAadH, ompeaeseMoro kpurepuem Hyccenbra, u
ko3 punmeHTa adpOTUHAMHYECKOTO COMPOTUBIICHHS, OMPEEIIEMOro Kod(phHUIeH-
ToM Diinepa, oT Ko3hUIMeHTa TUHAMIYECKOTO JTABICHUS OCTAaTOUYHON 3aKPYTKH TO-
Toka [21]. JI7s MOBBIIIIEHHS 3KOHOMHUYHOCTH BEeHTHIATOpoB it ABO HeoOxoammo
JIOOMBAThC MaKCHMaJbhbHO BO3MOXKHOTO adpPOAMHAMHUYECKOTO KauyecTBa DIIEMEHTOB
MPOTOYHOM YacTH BEHTHIISITOPHON YCTaHOBKH: KOJUIEKTOpa, Koka, nuddyzopa. C yue-
TOM HEJIMHEHHOCTH OTHOIIeHUs kputepusi Hyccenbra K kputepuro Jiinepa noka3aHa
BO3MOXHOCTH CYIIIECTBOBAHHS ONTUMAIIBHOW OCTATOYHOHN IMUPKYISAIUHU, TIPU KOTOPOH
MPHUPOCT TEIUIOOTAAYH OT TypOYIH3aluy OXITKIAFOIIET0 BO3AYIIIHOTO MTOTOKA PacTeT
OpICTpee, YeM THAPABINYECKOE COMPOTUBICHUE TEIUNIOOOMEHHHKA BO3IYITHOTO
oxyaxaeHus. Jlokazano Oomee CyIieCTBEHHOE MTOBBIIICHHE a3POAHHAMUYIECKOTO KOd(h-
¢uIMeHTa TONIEe3HOTO IEHCTBUS BEHTHIISTOPHBIX YCTAHOBOK OOJBINION YAEIBbHON ObI-
CTPOXOAHOCTH TIO OTHOIICHHWIO K BEHTHIIATOPAM Malloil OBICTPOXOMHOCTH TIPH
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CHIDKEHUH K03(PUIIMEHTa a3pOANHAMHYECKOTO CONPOTUBIICHHS MX MPOTOYHON YacTH.
C ucnosnb30BaHUEM MOTYYEHHOW MaTeMaTH4eCKONH MOJCIH, YITyUlIeHHUs a3pOoIuHaMu-
YECKOro KadecTBa Mpoduiieii 3a cieT ONTUMHU3AMY TaHT€HIIMaJIbHOTO U OCEBOTO Ha-
BAJIOB MEPEMEHHON LUPKYJSLHH, T. €. OTKOPPEKTHPOBAHHOTO 3aKOHA 3aKPyTKHU JIOMa-
TOK IO paguycy, JaMuHapHOW (opMbl KOH(Y30pa B BHIE KpUBHIX be3be yeTBepToro
MOpPsIZIKA TIOCTPOCHA adpOIUHAMHUYECKasi cxeMa BEeHTHIISTOpHOH ycTanoBkd OI'M.BY
2,7-1,2 K3 ¢ npodpunssmu OV—-100TOH. Ha puc. 5 npuseaenst: 3D-monens, mpoMblIi-
JICHHBIA 00pazel U a3poAMHAMHYECKHE XaPAKTEPUCTHKH BEHTHJISITOPHON YCTaHOBKU
(ko3 puMeHT a3pOANHAMUYECKOTO COTPOTHBIICHUSI MPOTOYHOM YacTh BEHTHIISITOP-
Holi ycranoBkH & = 0,044, ynenbHas 6sicTpoxontocts n, =404, KIIJI n = 0,86, k03¢-

(bUIUEHT a’poIMHAMHUECKOTO KauecTBa npoduieii K = 26).
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Pucynoxk 5. 3D-Moz€es1b U ONBITHO-NPOMBIIIIEHHBIN 00pa3el BeHTHIsATopHO! ycTanoBkun OI'M.BY
2,7-1,2 K3 — a n asporiHaMH9IECKHE XapaKTePHUCTHKY BEHTUISITOPHOH YCTAHOBKH — 0:
1—4 nasnenne; S-S KIIJI; 1,6 -0=12°25-0=10°37-0=8%48-0=5°
Figure 5. A 3D-model and a prototype of the OGM.VU 2.7-1.2 K3 fan system — @ and the
aerodynamic characteristics of the fan system — 6:
1-4 pressure; 5—8 efficiency; 1, 6—0=12°;2,5-0=10°3,7-0=8°%4,8-0=5°

BoiBoasbl. [loaTBepkaeHa SKOHOMHYECKas 1EIecO00pa3sHOCTh HCIONB30BAHHUS B
ABO BEHTHJIATOPHBIX YCTAaHOBOK IO a3pOAMHAMUYECKAM CXeMaM C OIHUM pabodnM
KxornecoM K, 6onboii ynenbHo OBICTPOXOXHOCTEIO 7, > 400, ToCKONBKY OHM obecrre-
YUBAIOT MaKCUMAaNbHBIA a’dpomuHamudeckuid KIIJ| mpm MHHMMAaTbHBIX TaOapHTHO-
MaCCOBBIX XapaKTePUCTHKAX.
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IlokxazaHa BO3MOKHOCTh NMPOEKTHPOBAHUS a3pOJUHAMHUYECKHUX CXEM BEHTHIISITOP-
HBIX YCTaHOBOK OOJIBIION OBICTPOXOIHOCTH n, > 400 ¢ KIIZT > 0,86 mpyu 10CTHKEHHH
a’pOAMHAMHYECKOTO KauecTBa npoduiei padbouero koneca K > 25.

O06nacTh onTUMAaNBHBIX 3HaYCHUH K03(h(PUIIMEHTa JaBJIeHUS BEHTHIIITOPHBIX yCTa-
HOBOK C Y/IEJIbHOH OBICTPOXOIHOCTBIO HaX0MUTCs B nuana3one 380 < n, < 450.

[Tpu xoadduimenTe a3poIuHAMUYECKOTO CONPOTUBICHUS MPOTOYHOM YacTH BEH-
THIATOPHOM yCTaHOBKH § > 1,2 e KOd(Q(HUIMCHT ONE3HOrO ACHCTBHS CHHKACTCS
Oosee uem Ha 25 % no cpasaenuto ¢ KI1/[ BenTunsropa.
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Regularities in aerodynamic efficiency control for gas cooler fans
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Abstract
Research relevance. The paper establishes the regularities in the impact the geometry and structural
elements of a fan system piping have on the fan system's aerodynamic efficiency in a wide range of the
specific speed variation.
Objectives and methods of research. A mathematical model has been obtained for the dependence of fan
system's geometry and kinematic parameters and the aerodynamic efficiency on the specific speed.
Results. It has been proved that in order to reach higher aerodynamic efficiency of fan systems, in view of
the increasing specific speed of fan systems, the aerodynamic quality of the impeller blade profiles should
be increased and the aerodynamic resistance of the piping elements should be reduced. It has been shown
that it is possible to create a gas cooler fan system with at least 400 specific speed and at least 0.85
efficiency if the impeller profiles aerodynamic quality is more than 25, and piping drag coefficient doesn t
exceed 0.2.

Keywords: gas coolers; fan system; energy efficiency; efficiency, specific speed; aerodynamic drag and
quality coefficient.
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BE3OMACHOCTb OPHOI'O NPOU3BOACTBA
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BnusiHue npowlecca BblAgeneHUA MeTaHa Ha Bo3ayxopacnpeaeneHue
B A00ObIYHbIX ydyacTKax KanuiHbIX PYAHUKOB

Hukonaes A. B."™, Makcumos . B.", NanbkuHa I. B.", KoHoTton [. A.!
' MepMckuin HaLMOHaTbHBIN UCCrIeaoBaTEeNbCKIUIA NONUTEXHUYECKUI YHUBEpCUTET, T. Mepmb, Poccus
*e-mail: nikolaev0811@mail.ru

Peghepam
Beeoenue. B pabome ycmanoeneno, umo uz-3a npoyecca vloeieHusi 8 ompabamvléaemMvlx Kamepax
JIe2KUX 2A308 (8 MOM YUCLe MEMAHA) MeXCOy 2OPHbIMU BbIPADOMKAMU NOAGIAEMCA OONOTHUMENbHAS
ecmecmeennas maza. Pacuemvl nokasanu, umo ecredcmeaue 8bl0eneHUs U3 20PHO20 MACCUBA MEMAHA
BENUYUHA BO3HUKAIOW el OONOIHUMENbHOU ececmeeHHOl mseu Hegenuxa. OOnaxo oasice Hebonbuas no
senuyuHe OONOIHUMENbHAS eCINeCME8eHHAs ms2d, 63aUMO0eliCINEYs ¢ Men08ol denpeccuell, 8bI36aHHOL
YyeenuueHuem memnepamypsl 8 KOHeellepHOM WmpeKe, UsMeHAen 6 HeM HANPAasieHue OBUNHCEHU CIMPYU
nooasaemoeo 6030yxa. Ilpu smom 6 6NOKAx u NAHENAX, PACHONONCEHHBIX NO 60CCMAHUIO NIAACMd,
DPe3YIbmupyouas ecmecmeeHHdas msaea cnocoocmsyem nposempusanuio, a 8 O0ObIYHbIX YYACMKAX,
DACHONONCEHNHBIX NO NAOEHUI0 NIAACMA, OHA NPEeNnAMCMEYen OBUNCEHUIO 6030YXd 6 mpedyemom
HAnpaeieHuu.
Memooonozusn uccnedoeanuii. I[Ipusedenvi Memoouxa u pe3yibmamvl pacyema Genudumvl U
HAnpagienusi eCmecmeenHol mseu Ol PealbHblX nauenell KAlulHulX pyoHuxog Bepxuexamckoco
MeCMOpONCOCHUs. KANUUHO-MASHUEBbIX CONel NPU PA3IUYHBIX YCLOBUAX, d MAKJCe De3yibmanmyl
MOOEUPOBAHUsL NPOYecca PACHPOCMPAHEHUs. MemaHa 6 Kamepe npu MOYeYHOM UCMOYHUKE e20
8bI0ELEHUS.
Pesynomamut. MoOenvhvle pacuemuvl NOKA3anu, Yymo 0asxce npu Maivlx 00beMax eblOeNleHus 2a3d U3
OOUHOYHO20 UCMOYHUKA 8 MYNUKOBOU Kamepe (wnypa, npobypeHHoz2o 8 Kpoeie) KOHYEeHmMpayus 2aza
6 2a306030YWHOU cMecu, nonadarowell 8 KOHGellepHblil wmpek, oocmuzaem 2 %.
Bu1600bl. B yenax obecneuenus 6e30naACHOCMU 6e0eHUSl 20PHLIX pabom, ONsl CHUNCEHUS DPUCKA
B03HUKHOBEHUS A8apuy Npu pacyeme odvema 6030yXa, He0OX00UMO20 015 NPOBEMPUBANUL OOObIYHBIX
yuacmkos, mpedyemcs yuumuleams OUHAMUKY GblOENEHUA MEMAHA U3 20PHO20 MACCUBA U OalbHelue20
€20 PaAcnpOCMPAHeHUs NO 20PHbIM BbIPADOMKAM.

Knwueewie cnosa: 6e30nacHocms; Meman, eCmecmeeHHas mAaza; 603()yx0pacnpet)eﬂeHue.

Hccnedosanue evinonneno npu unancoeoii noooepycke PODU u Ilepmckozo Kpaa 6 pamkax
HayuHno2o npoexma Ne 20-45-596025.

Brenenune. Baxxneimum ycnoBreM 0€30MacHOCTH pa0dOT Ha MOA3EMHBIX TOPHOIO-
OBIBAIOIIUX TMPEANPHUITUSAX SIBISIETCS OOCCleueHNe YCTOHYMBOCTH TMPOBETPUBAHUS,
T. €. CIOCOOHOCTH BEHTHISLIMOHHOM CETH COXPaHATh 33JaHHBI 00BbEMHBIN pacxol U
HaTpaBJICHUE IBWXKCHHS Bo3ayxa [1, 2]. OCOOCHHO CIIOXKHO MOIICPKHUBATH YCTOWYIH-
BBII PEKUM MPOBETPUBAHMS HA KAIMHHBIX PYJHHUKAX, 00JIadaloNInX MaJbIMU a3pOIu-
HaMUYECKUMH COMPOTUBICHUSIMU [3, 4].

Ha ycTtoi4nBOCTb MPOBETPUBAHUS B JOOBIYHBIX YUaCTKaX KaJIUHHBIX PYAHUKOB CY-
IIIECTBEHHOE BIIUSHHE OKA3bIBA€T €CTECTBEHHAs Tsra, KOTOpas, COIIaCHO MCCIeI0Ba-
HUSIM [5, 6], naxke pu HEOONBIIOM €€ 3HAYCHUH MOXKET U3MEHUTh HalpaBICHHUE JIBU-
JKCHHUSI BO3[yXa B TOPHOH BBIPaOOTKE (B MPHUBEICHHBIX paboTax — B KOHBEHEPHOM
mrpeke Onoka). B paborax [5-9] yTBepkIanoch, 4To OCHOBHBIM (DaKTOPOM, BIUSIO-
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[IMM Ha BEJINYMHY €CTECTBEHHOH TATH, SIBIISIETCS TEMIIEpaTypa BO3AyXa Kak Haubosee
3HaYMMas MpUYMHA U3MEHEHUS €ro IJIOTHOCTH, M NMOTOMY HCIOJB30BajoCh MOHITHE
«TEeTJIoBas ACTIPECCU.

B wactHOCTH, B pabote [5] ycTaHoBIEH (aKkT M3MEHEHHS BETMYHHBI €CTECTBEHHON
TSITU MEXAY TOPHBIMH BBIPAa0OTKAMHU HM3-3a YBEJIMUYECHHUS TEMIepaTyphl (BCJIEIACTBUE
BBIJICJICHHS TeIlIa COCTaBHBIMM YacTAMH KOHBeHepa) B KOHBeHepHOM mrTpeke. [lpu
9TOM B JOOBIYHBIX YYACTKaX, PACHOJIOKEHHBIX MO MAaJCHUIO IIACTa, €CTECTBEHHAS
TSIra HaTpaBlieHa BCTPEYHO TpeOyeMOMy HallpaBJICHUIO JBIKCHUS BO34YXa, a B OJIOKax
U TaHeJIsX, OPUEHTUPOBAHHBIX MO0 BOCCTAHMIO IIIaCTa, HAOOOPOT, OHA COBMAJAACT IO
HaIpaBJIeHUIO ¢ OOIIeImaXTHOH nenpeccueit. [Ipu 3ToM npu Bo3pacTaHUM TEMIIEpaTy-
pBl B KOHBEHEPHOM ILITPEKE, KaK U MPHU BO3PACTAHUM KOHLIEHTPALMH BBIJIEISIEMOTO B
Kamepe MeTaHa, eCTeCTBEHHas Tira OyJeT NpensTCTBOBATh MPOBETPUBAHUIO B JOOBIU-
HBIX y4acTKaX, PaclojOKEHHbIX 0 MaJCHUIO IJIacTa, ¥ COCOOCTBOBATh STOMY IPO-
1eccy B JOOBIYHBIX YUACTKaX, PACMOIOKEHHBIX 110 BOCCTAHUIO IJIacTa.

Bripaborku B mnacre Ab

Bripabotku B macre KpacHprii-2

BrIpaboTKH B mOJICTHIIAIONICH KaMEHHOM COJTH
Hamnpasnienue nmoroka cexero Bo3yxa
Hanpasnenue noroka 06paboTaHHOro BO31yxa

i

Pucynok 1. Cxema npoBeTpuBaHus JOOBIYHOTO Y4aCTKa KAIUHHOTO PyJHUKA
Figure 1. Ventilation scheme for a potash mine production unit

OnHako M3BECTHO, YTO BEJMYMHA €CTECTBEHHOH TSITM CYLIECTBEHHO 3aBHUCHUT OT
IUIOTHOCTH BO3[yXa KaK TaKOBOH (TIpH HEM3MEHHON TeMIIepaType), a TaKKe OT pa3Ho-
CTH BBICOTHBIX OTMETOK COOOIIAIOMIMXCS BBIPaOOTOK. IIpy 3TOM MIOTHOCTH BO3myXa
OyzeT U3MEHATHCS HE TOJIBKO IIPY M3MEHEHUH €T0 TEMIEPaTyphl, HO U IPH U3MEHEHUH
0apoMEeTPHUYECKOTO JaBICHHUS.

Kpome toro, B pabote [10] aBTOpaMu clienaH BBIBOJ, YTO CaM MEXaHU3M BO3HUKHO-
BEHHS M U3MEHEHHS €CTECTBEHHOM TATH JUISI TA30HOCHBIX M HETa30HOCHBIX O3 MHBIX
TOPHOAOOBIBAIONINX MPEANPHUATHI OyIeT OTIINYAThCS, ¥ TOTOMY B Ta30HOCHBIX LIAXTax
TpeOyeTcsl yIUTHIBAaTh IUIOTHOCTh Ta30BO3AYIIHON CMECH CIIOKHOTO COCTaBa ¢ IpUMe-
CSIMM Pa3JIMYHBIX Ta30B. TakuMm 0Opa3om, gaxe NPy HEM3MEHHBIX 3HAYCHUAX TEMIIepa-
TYpBI U 6apOMETPUUYECKOT0 JaBJICHUS IUIOTHOCTD BO3/IyXa MOXKET U3MEHSTHCS B 3aBH-
CHUMOCTH OT U3MEHEHHS KOHLIEHTPALUH B HEM JPYTHX ra3oB.

ITpu 3TOM B Ka)KAOM M3 TOOBIYHBIX YYaCTKOB PyAHUKA CKJIJBIBAETCS CBOS a3POJI0-
ruyeckas 0OCTaHOBKA, TMHAMUKA M3MEHEHHUS! KOTOPOM B Ka)KABII MOMEHT BPEMEHHU



ISSN 0536-1028 «Hz6ecmus 8y308. 'opHuiiil srcypuany, Ne 6, 2021 89

orpeensieTcs He TONBKO TeOMETPUUECKUMH MapaMeTpaMH COOOIIAIOMINXCS BBIPa0o-
TOK, HO M (PM3NUECKUMH XapaKTEPUCTHKAMH ITOTOKOB I'a30BO3AYLIHBIX cMecel, OCTy-
MAIONIMX B HETO U BCTYMAIOIIKX BO B3aUMOJIEICTBHE C IPUMECSIMH ra30B (B YaCTHOCTH,
MeTaHa), BBIJIEJIIEMbIX MacCHBOM ITOPO/I B MIPOIIECCe HAPYILIEHHUS ero IEJIOCTHOCTH.

BiansiHue KOHIIeHTPaMU MeTaHa Ha BO3AyXopacinpeaeileHue B TOPHLIX BbIpa-
00TKaX JOOBIYHOI0 y4YacTKa NMPH HEM3MEHHBbIX 3HAYEHHUAX TeMIepaTypsl U 0apo-
MeTpHYeCKOro AaBJjieHHs. B xanuitHeix pynHukax BepxHekaMCKOro MECTOPOXKIEHUS
kanuiiHo-MaraueBbix coneit (BKMKC) ncnonb3yercs cxema nmpoBeTpUBaHHS JTOOBIY-
HBIX Y4acTKOB (TaHeliel u OJIOKOB), TpUBEIcHHAs! Ha puc. 1.

YcnoBHas BETBb

2y o
P2y 22 Paq1ayaiay

Hanpasnenne
00Xx0/1a KOHTYpa

3 A

® Q)

P2(20) Pian
Hoooy . Hian

Pz(m)HZ(m) P14

H1(14)

®sz)
Hyan

P120)

Hl(lO) H1(20)

Pucynok 2. KOHTYp BEHTHJIAIIMOHHOW CETH B BEPTUKAIBHOM
TIOCKOCTH
Figure 2. The outline of the ventilation vertically

Bozayx moctynaer B OJIOK M3 MaHEIbHOTO TPAHCIIOPTHOTO IITpeKa. Jlanee Bo3myx
uAeT B OJOKOBBIN TPAHCIOPTHBIN IITPEK, MpoiaeHHbIN B miuacte Kpacusrit-2 (BTLH-
Kp.-2), u o yknony / B GIOKOBBIN TPAHCIIOPTHBIN IITPEK, MPOIeHHBIN B 1acte Ab
(bTUI-AB), a Taxxe B OITOKOBBII KOHBEHEpPHBIN IITPEK 2.

Janee cBexxuil BO3IyX MOCTynaer B pabouue (orpadarbiBaeMbie) KaMephl U MOCIIE
WX TIPOBETPUBAHHS YIAISETCS B OJOKOBBIC BEHTHJISIIMOHHBIC INTPEKU 3, a 3areM —
B MMaHEJbHBIN BEHTUIIALIMOHHBINA IITPEK.

Jns mpocToThl M3IOKEHUs, 9TOOBI OMpPENEeUTh CaMy BO3MOXKHOCTh M3MEHEHHS
BO3JlyXOpacHpeIeIeH s P W3MEHEHUH KOHIIGHTPAIK Ta3a B armocdepe 100b19HOTo
y4acTKa, MPUMEM CJIeTyIOIINe JOMYIICHHS:

— B TOPHBIX BBIPA0OTKAX BBIIEIAETCS TOJIHKO METAH;

— MeTaH TIocie BBIJIeNIEHHsI B KaMepe (M3 MIypoB, MPOOYPEHHBIX O/ aHKEPHYIO
Kpenb ¥ U3 OYUCTHOTO 3a0051) paBHOMEPHO U B TIOJTHOM 00bEMe yXOAWUT B TPAHCIIOPT-
HBIH LITPEK;

— TeMIieparypa Bo3/Iyxa MOCTOSHHA U OJUHAKOBA BO BCEX BBIPAOOTKAX.

Metonnka pacuera BO3ILyXOpaclpeneIeHns MeX Ty TOPHBIMH BbIpaOOTKaMH, MPH-
BeZicHHAs B paboTe [5], ¢ yIeTOM MmepeunclIeHHbIX JOTOTHUTEIBHBIX YCIIOBUN TPAUMET
CIEAYIONIUN BUI.
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[TycTh mOOBIYHON y4acTOK pa3OUT Ha PAJl yIACTKOB, KaX /bl M3 KOTOPBIX OTPaHU-
YeH CBOMM 3aMKHYTBIM KOHTYypoM. [Ipu 3TOM Ka)KAplii U3 KOHTYpOB COCTOHT U3 HE-
CKOJIPKUX BETBEH (TOPHBIX BBIPA0OTOK), IpUYEM HaIpaBIeHHE 00X0/a M0 KaXKI0MY H3
KOHTYPOB BBIOMPAETCSl MPOU3BOJIILHEIM 00pa3oM, BHE 3aBUCUMOCTU OT HaIlPaBIICHUS
MOTOKA BO3/yxa B BeTBsAX (puc. 2). K mpumepy, a1 yyacTka, IPUBEICHHOTO HA PHC. 2,
nopsaok obxoxa Oymer cnemyrormmm: 1, 10, 20, 11, 14. 3aecs 1, 10, ..., 14 — HOMepa
BETBEHl.

3a Hagayo i-ii BETBU MPUHUMAETCS TOUKA BXO/IA B HEE [TOTOKA BO3IYyXa, a 3a €€ KOHEeIl —
TOYKA CTOKA BO3yXa M3 BETBU. 3HAYCHHE TUIOTHOCTH BO3TyXa B HaYaJe i-i BETBU MPHU-
HUMACTCs PaBHBIM P, ;, & B KOHILIC BETBH — Py, BrIcOTHBIE OTMETKH B Havajle KayKqou
13 BeTBel 0003HAYAIOTCs Uuepe3 Hl(l.), a B €¢ KOHIIEC — Hza)‘ B cootBercTBUM C BBIOpaH-
HBIM HalpaBlICHHEM 00X0Ja KOHTYpa HauajdbHOW BETBBIO OYJET SIBISATHCS BETBB 1,
B KOTOPOI1 HANpaBJICHUE ABIKEHUS BO3IyXa YCIOBHO MPHHUMAETCS OT TOUKU (pz(l), H2(1))
K TOUKE (P, ()), H|(;)). AHATOTHYHBIM 00PA30M II0 HAMPABICHUIO 00X0/a BBIACICHHOTO
KOHTypa 10 OYepEeNH PacCMaTpPUBAIOTCS BCE BETBH BRIOPAHHOTO KOHTYypa, HAUMHAS C
BeTBHU | 1 10 mocneanel u3 HuXx (T. e. 1o BeTtBu 14). [locie 3aMpIkaHus KOHTYpa C TI0-
MOIIBIO0 YCIIOBHON BETBH (pHC. 2) BEJIMYHWHA €CTECTBEHHOW TSATH B HEM MOXKET OBITh
ompeencHa mo gopmyine:

W =9.815 0,
=

e /i, — ecTecTBEHHas TAra B j-M KOHType, ITa; p, — cpenHss IIOTHOCTb BO3/yXa B i-if
BETBH j-T'O KOHTYpa, Kr/M>; 1; — KOJIMYECTBO BETBEH B j-M KOHTYpe; H, — epenaj BbICOT
II0 JIJIMHE i-i BETBHU, M, KOTOPBII ONPEAEIAeTCs KAK PA3HOCTh €€ BBICOTHBIX OTMETOK.

Ilepenan H; BLICOT MEX1y Ha4aabHOW ¥ KOHEYHON TOYKOM i-i BETBH ONPEIEIACTCSA
o hopmysie:

H =H, —H

1) ~ 20

3HaueHue CpeNHeH TUIOTHOCTH Ta30BO3IYIIHON CMECH, BBUY TIPHHSITHIX JOIYIIe-
HUH, MOXKHO HalTH 10 clieaytoliel hopmyie:

_ pMETQMET + pBQB
mep - b
QBpr

e Q.. O, — 00beM BBIIEAIOMIEr0CS METAHA ¥ MTOCTYMAIOIIETO B BEIPAOOTKY BO3IyXa
COOTBETCTBEHHO, M?/C; Q,,, — OOBEMHBI pacXox Tra3oBO3IYLIHON CMECH,
nepeMenanielics mo BeIpaboTKe, M’/C; p,., P, — TVIOTHOCT METaHA M BO3TyXa
COOTBETCTBEHHO, KI/M>.

Torma, coracHO BTOPOMY 3aKOHY BEHTHJIILIMOHHBIX ceTeil [11], mns j-ro koHTypa
MOJIY4UM CJIeAYIOLIee PABEHCTBO:

Z;R[Qfsign(Ql) + hcfsign(hcf) =0, (1)

e R, O, — adponuaamuueckoe conporusienne (H - ¢?/mM®) n pacxon Bosayxa (m3/c) B
i-i1 BETBH, BXOJSALIEH B j-i KOHTYpP, COOTBETCTBEHHO.
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3necn

+1, eciu HampaBIeHHE BO3YIIHOTO TOTOKA B BETBU
, COBIIQJAET C HallpaBJIEHUEM 00X0[a KOHTYpa;
sign (Q,- )

—1, €CJIKM HaIlpaBJICHUC BO3AYIIHOI'O IIOTOKA B BETBU

HPOTUBOIIOJIOKHO HAIPaBJICHUIO 00X0/1a KOHTYPA;
+1, ecnu HampaBieHUE NEHCTBUS €CTECTBEHHOHN TATU

sign (hi) MPOTHBOIIOJIOKHO HApaBJICHUIO 00X0/1a KOHTYPa;
/| ~1, ecnu HanpaBiicHUE JIEUCTBHS €CTECTBEHHOM TATH

COBIIAAACT C HAIIPABJICHUCM O6X0)Ia KOHTYpa.

Pasenctso (1) o3Hauaert, 4To CymMMapHas HOTEps YHEPTUH B j-M KOHTYpe (T. €. anre0-
panyeckasi CyMMa NaJleHUH BCeX IENPEeCCHil IO BCEM BETBSIM KOHTYpa) paBHa HYJIIO.
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——»—— Bripabotku B macre Ab u TpeGyemoe HanpaBiieHHE BO3YLIHOIO ITOTOKA B HEH
~———— Bpipabotku B miacre KpacHslii-2 n TpedyemMoe HampaBieHHE BO3AYIIHOIO TOTOKA B HEl
——— BbIpaOoTKM B KAMEHHOM COJM U TpedyeMoe HalpaBjIeHHE BO3LYIIHOIO IIOTOKA B HEl

Pucynox 3. Ipoduis 1 C3I1 pyauuka BKIIPY-4
Figure 3. Profile 1 the north-west panel (NWP) of BKPRU-4

Torga pacueT UTOTOBOTO 3HAYECHUS! €CTECTBEHHOM TSATU B OTAEIBHOM JOOBIYHOM
Y4acTKe CBOIUTCS K aJITOPUTMY PacdyeTa COBMECTHOH PaOOThI HCTOUHUKOB TSTH B KaXK-
JTIOM U3 KOHTYPOB, BXOASIINX B 3TOT y4acToK [5, 11]. UTOOBI BRISICHUTH, KaKUM 00pa3oM
Ha BEJIMYMHY €CTECTBEHHOH TATM BIMSET OPHEHTALMS AOOBIYHOTO Y4acTKa, PacyeThl
NPOBOAMINCH KaK [UIsl [TaHEJIeH, pacloIoKEHHbIX M0 MaJACHUIO [UIACTa, TaK U JUIs Ma-
HeJle, pacrooKeHHbIX 110 BOCCTAaHMIO I1acTa. [Ipu 3ToM 1o oTAeIbHOCTH KaXKAbIi U3
0JIOKOB IIaHEJM HE paccMaTpUBaICS.

B pabote BbINONHEHBI pacueThl UI PEaJIbHBIX JOOBIYHBIX YYaCTKOB KaJIHMHHOTO
pynauka BKIIPY-4 (ITAO «Ypankamuity, BKMKC), mapameTpbl KOTOPBIX IIPUBEIECHBI
B [5] (manens 1 C3I1 u manens 8-9 FOBII).
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CpenHee copepkaHue MeTaHa B BO3LYLIHON CMECH, BBIXOISIIEH M3 IUIacTa, MpH-
HSTO B COOTBETCTBHU C IAHHBIMH, IPUBEICHHBIMU B padoTax [12—15].

B xauecmee 000v1yH020 yyacmka, OpueHmupo8anHo20 no NAdeHuio Niacma, pac-
cmarpuBanack ceBepo-zananHas maHenb 1 C3II pymauka BKIIPY-4 (ITAO «¥Ypai-
kanuiiy). [Ipodwiis nanenu NoCTpoeH Ha OCHOBAaHMH BBICOTHBIX OTMETOK (puc. 3).

PacueTHble 3HaYE€HUSI €CTECTBEHHOM TATH, BOSHUKAIOIICH B JOOBIYHOM YYaCTKE IIPH
BBIJICJICHUH B KAMEpax MeTaHa, 0003Ha4YCHBI CIEAYIOINUM 00pa3oM:

h,, — BEMYMHA €CTECTBECHHON TATH, BO3HUKAKOMIEH MEXIy TPAaHCIOPTHBIM INTpPE-
KOM B miacte Ab 1 KOHBEHEpHBIM ILITPEKOM;

h,, — BEIMYMHA ECTECTBEHHOM TATM, BO3HHKAIOIIEH MEXKTY TPaHCIOPTHBIM
mITpeKoM B 1u1acte KpacHblil-2 1 KOHBEHEPHBIM LITPEKOM.

100
-1

-110,1 06,3
110
120 ~113.2
130
140

~140,4
150

—»— Bripabotku B iacte Ab u TpebyeMoe HanpaBiieHHE BO3IYIIHOTO TOTOKA B HEelt

—»— BrIpaboTKu B KaMEHHOH colu U TpebyeMoe HalpaBJieHHe BO3IyIIHOTO OTOKA B Hei

Pucynok 4. ITpoduns 8-9 FO3II pyanuka BKITPY-4
Figure 4. Profile 8-9 the south-west panel (SWP) of BKPRU-4

B o0oux ciyudasix ecTecTBEHHas TAra HalpasJieHa HaBCTpeuy TpeOyeMoMy Halpas-
JIEHUIO JIBMDKEHHUS BO3dyXa. Pesynbrupyromee 3Ha4€HUE /i, BENMYUHBI €CTECTBCHHON
TSTY, BO3HUKAIOIICH BCIIEACTBUE BBIICICHUS METaHa, B TOOBIYHOM y4yacTke (IaHemH 1
C3II) cocrasnser menee 10 % ot morepu obmemaxtHoi aenpeccuu (167,3 Ila). [lpu
3TOM, XOTsl TAra /i, He CII0COOHA PEBEPCHPOBATH IMOTOK B BBIPAOOTKE, OHA IBHO OCJIOXK-
HSIeT N0f1ady BO3/yXa B MaHENb, T. €. IPOTHBOACHCTBYET MPOBETPUBAHUIO.

B xauecmee nanenu, opuenmupo6anHoll no 0CCMAHUIO NAACMA, I PacueTOB UC-
MOJIB30BaJIachk toro-BocrouHas nanens 8—9 FOBII pynaunka BKIIPY-4 (ITAO «Ypain-
kanuit»). [Ipoduns manenu npuseneH Ha puc. 4.

Kak moka3zaHo Ha puc. 4, pacyeTHOE 3HaYE€HHE €CTECTBEHHOW TATH B ITaHENU B Lie-
noM coctaBiseT 6,4 I1a, a HanpaBneHne ee JeCTBUS COBIIAAACT ¢ TPeOyeMbIM HaIlpaB-
JICHWEM JBIKEHHUS BO3AyXa. B 3ToM ciydae Bo3HMKaroLast U3-3a BBIICICHUS METaHa
JOIOJTHUTEIIbHASI €CTECTBEHHAS TAT'A, XOTS U B HE3HAYUTEIILHON CTETIEHH, CIIOCOOCTBY-
€T MMPOBETPUBAHHIO paccMmaTpuBaeMoit manenu (8—9 FOBII).

Ha ocHOBaHMU BBIIOJIHEHHBIX PacdeTOB YCTAHOBJIEHO, YTO, IPU MPHHATHIX JOIY-
IIEHUSX, U3-3a BbIIEJICHUS B OTpabaThIBAEMBIX KaMEpax MeTaHa MEXIy TOPHBIMH BbI-
pa0oTKaMH BO3HHKAET CBOS JOIIOJHUTENIbHAS €CTeCTBEHHAs TAra. [lonmyueHHbIe 3Ha4e-
HUSI 3TOW JONIOJHUTENBHOH TATH UMEIOT HeOOobIy 0 BeanuuHy. OJHaKO BBHILYy Majoro
a’pOAMHAMHYECKOTO COIPOTHUBIICHHUS TOPHBIX BBIPAOOTOK KANTWHHBIX PYAHHUKOB JaxKe
HeOOJIbILas [0 BEJIMYKMHE JONOJIHUTENbHAS TAra CHOcOOHa OKa3bIBaTh 3HAYMMOE BIIUS-
HHE Ha BO3AyXOpacHpeaeIeHue.

B peanbHBIX YCIIOBHSAX KOJIMYECTBO ras3a, BHIACIIEMOTO Ha KaKOM-JIN00 U3 J00bIY-
HBIX Y4aCTKOB, MOXET 3HaYUTEJIbHO MIPEBBIIATh PACYETHOE CPEIHECTATUCTUUECKOE 10
paccMarpuBaeMOMy MECTOPOXKICHHIO 3HAYCHHWE. AHAJIOTMYHBIM 00pa3oM BeMYMHA
najzieHust OOIIEeIaXTHOM AepecCu B TOOBIYHOM Y4acTKe MOXKET 3HAYUTEIbHO OTIIH-
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9aThCsl OT 3HAUCHHUH, MOTyYSHHBIX B PACCMOTPEHHBIX ciIydasx. Hanmpumep, B maHemsx
(6;okax), pacroJIOKeHHBIX Ha OOJIBIIOM yAaJIeHHH OT BO3TyXOIOJAIONINX CTBOJIOB,
BEJTMYHMHA 11aICHUS MOXKET OBITh 3HAYUTEIILHO MEHBIIIE.

Monesb mpomecca pacnmpocTpaHeHHs] MeTaHAa B Kamepe T00bIYHOIO Y4acTKa
MPH OIMHOYHOM HCTOYHHKe MeTaHa. Pe3yibTaThl pacdera. V3BecTHO, YTO OCHOBHEIE
MCTOYHUKH BBIJICTICHHS METaHa PACIIoararoTcsi MMEHHO B pabounx kamepax. K Takum
MCTOYHUKAM OTHOCSTCS Iy PBI, TPOOypEHHbIE MOT aHKEPHYIO KPEIlb, & TAK)KE OOHAYKEH-
Hasi IOpO/ia B IIPOXOANMO TOJIIIIE ITOJIE3HOTO MCKOIaeMoro. B cBs3u ¢ 3TuM HE0OXoauMo
PaccMOTPETh NPOIIECC PACIPOCTPAHEHMSI METaHa B KaMepe TOOBIYHOTO y4acTKa.
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Pucynok 5. Pacnipenenenue KOHIEHTpAMK METaHa B TOPU30HTAIbHbIX
CEUEHMSX TYNUKOBOM KaMephl:
a — cedeHue Ha BBICOTE 2,7 M; 6 — CCUEHHUE HA BHICOTE 1,5 M; 6 — cCUueHHUE Ha
BeIicoTe 0,3 M
Figure 5. The distribution of methane concentration in the horizontal
sections of the blind room:
a — section at a height of 2.7 m; 6 — section at a height of 1.5 m; ¢ — section at
a height of 0.3 m

B kauecTBe OAMHOYHOrO (TOYEYHOIO) MCTOUHHMKA BBIAECICHHUS METaHa PACCMOTPEH
HITyp, NpoOypeHHBI B KpoBIle KaMepbl Ha pacctosHuu 10 M oT 3a00s. [y oueHku
XapakTepa paclpee/ieHHss MeTaHa B OJIOKe PyAHUKA pacCMaTpUBaeTCsl TYIHKOBAas Ka-
Mepa (mpoxoArMasi, He UMeIolIas COeAUHEHUS] C BEHTHIIHUOHHBIM IITPEKOM), IpH-
MBIKaIOIIasl K OJIOKOBOMY TPaHCIIOPTHOMY IUTpPeEKy (puc. 5, rae / — kamepa; 2 — 3a00ii;
3 — OJNOKOBBIN TPAHCTIOPTHBINH WITPEK; 4 — TPyOONPOBO; 5 — TOUEUHBIH UCTOYHHK BbI-
neneHus Metana (wimyp)). Bo3ayx u3 TpancropTHOro mrpeka B 3a00i KaMephl ogaeT-
Cs [0 BO3yXOBOY P ITOMOIIH BEHTUJISITOpPAa MECTHOTO NMPOBETpUBaHUA. [[nnHa Ty-
NHUKOBOH KaMepbl — 200 M, mupuHa — 5 M, BBICOTa — 3 M. YIIPOILEHHAs opMa CeUeHHS
KaMepbl IpeICTaBIeHa Ha puc. 5 U 6.

Maremariueckasi IOCTaHOBKA 3aJadd 00 ONpeAeiIeHUH KOHIIEHTPalH MeTaHa B
JBIXKYIIEHcA Ta30BO3AYIIHON Cpefie BKIIOYAaeT OCpeJHEHHbIE o PeilHonbaCy HecTa-
nuoHapHble ypaBHeHUs HaBbe—CTOKCa, a Takke ypaBHEHHE KOHBEKIMH—AU(y3uu.
B pacuerax ¢ menpro OmpeneneHusl pelHONIbACOBBIX HaNpsHKEHUH, N7 3aMBIKaHUSA
ypaBHenuii HaBbe—Crokca [16-20] ucnonp3oBanack mMoaens TypOymneHtHoctH SST
k—o [21]. YucnenHas peanu3anusi NOCTABICHHOHN 3a7a4i OCYIIECTBIISIACH C UCTIOJNb-
30BaHKeM nporpammuoro nmaketra ANSYS Fluent.
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PesynpraTel MonenupoBaHusl IpUBEAEHBI Ha puc. 5 U 6. Ha puc. 5 npencrasneno
paciipeiefieHie KOHLEHTpAlMd METaHa B Pa3jInUHBbIX CEUECHUSX, PACIOIOKEHHBIX Ha
Pa3HOM BBICOTE KaMephl /.

Ha puc. 6 npuBenen GppoHTaIbHBIN pa3pe3 KaMmepbl / (B BEPTUKAIBHOM CEUCHUM),
ugpoit 2 o603HadeH 3a00ii; 3 — OJIOKOBBIM TPAHCTIOPTHBINA MTPEK; 4 — TOUEUHBIH HC-
TOYHUK BBIJEJICHUS MeTaHa (IIITyp).
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Pucynok 6. Pacmipenenenye KOHI[EHTPAIMH METaHA B BEPTUKAIBHOM CEICHHH KaMephl
Figure 6. The distribution of methane concentration in the vertical section of the room

B 3a60e 2, Kyna npuHYIUTEIHHO U3 OJIOKOBOTO TPAHCIIOPTHOTO MITPEKa 3 OT BEHTHU-
JSITOpa MECTHOTO IPOBETPUBAHHSA Yepe3 TPyOONpoBo 4 moJaeTcst BO3AyX, 00pazyercs
BUXPb, CTIOCOOCTBYIOIIHH €r0 MepeMEIINBaHIIO C METAHOM, ITOCTYIAIOIINM CBEPXY U3
TOYEYHOTO HCTOYHMKA 5 (puc. 5). [lanee ra3oBo3mymIHas cMech JABIKETCS B CTOPOHY
TpaHcnopTHoro mrpeka 3. IIpu 3agaHHOM pacxoze rasa, NOCTYNAIOMIEro U3 MIMypa,
KOHIICHTPALMsl METaHa B CMECH COCTaBIISIeT HEMHOTUM Oosee 2 %o.

B oGmactu conpsikeHns Kamepsl / ¥ TPaHCHIOPTHOTO IITpeKa 3 MPONCXOANUT CMeEIIIe-
HUE Ta30BO3AYIIHON CMeCH C BO3IYIIHBIM MOTOKOM. HabmromaeTcst BBIXOM MeTaHa B
BO3AYIIHBIN OTOK, KOTOPBIN Jjajiee HalpaBiseTcsl B KOHBeWepHbIN mTpek. [Ipu aTom
KOHLIEHTpALMs METaHa OKa3bIBAETCS paclpeieICHHON HEpaBHOMEPHO TI0 BBICOTE Ceve-
Hus. B gacTHOCTH, HaOMIOAIOTCS 30HBI OBBIIIEHHOW KOHIIEHTPAITUH B BEPXHEH 9aCTH
BEIPaOOTKH (pHcC. 6).

Pesynbprarel MOIETMPOBaHUS MTOKA3AIH, YTO JaKEe NIPU TAKOM HE3HAYHUTEIBHOM HC-
TOYHUKE METaHa KOHIICHTPAIIUA €r0 B UCXosIIel cTpye nocturaer 2 %. CnenoBarens-
HO, TIpY 60JIee MOIIIHBIX UCTOUYHUKAX BBIIEICHUA METaHa MOSABISAETCS yTpo3a MOBBIIIIe-
HUS KOHIIEHTPAITUH 10 B3PBIBOOIIACHBIX 3HAUYEHUH 1 TIOTaIaHHUs TA30BO3YIITHON CMECH
B KOHBEHEPHBII MTPEK — MOTEHIIUATBHO TI0)KaPOOTIACHBIH YYaCTOK.

3akuiouenue. BriaensieMble TOPHBIM MAacCUBOM B MpOLECCEe AOOBIUU MOJE3HOTO
MCKOIIAEeMOT0 JIETKHE Ta3bl (B TOM YHCIIE METaH) MHULUUPYIOT MOSBIEHUE TOTIONIHU-
TETHHOMN €CTECTBEHHOM TATH MEXAYy TOPHBIMH BBIPaOOTKaMu. B JOOBIYHBIX ydacTKax,
OpPUEHTHPOBAHHBIX T10 MMAJIEHUIO I1JI1aCTa, 3Ta TATa HAallpaBJieHa HABCTpedy TpedyeMomy
HaNpaBJICHUIO JABIKEHUS BO3AyXa B KOHBeilepHOM mTpeke. COBMECTHO C €CTECTBEH-
HOM TATOM, BO3HUKAIOLIEH MPU yBEIMUEHUU TEMIIEpaTyphbl BO3AyXa B KOHBEHEPHOM
IITpeKe, B HEM U3MEHSETCS HallpaBJIeHne IBIKSHHS CTPYH BO3ayxa. B pe3ynbrare aTo-
IO Ta30BO3AYIIIHAS CMECh U3 KaMEpPhI IOCTYIIAeT B KOHBEHEPHBIHN MITPEK, SBISIOIINNACS
MOTEHIIMAIBHO OMACHBIM MO BOBMOXKHOCTH BOZHUKHOBEHHUS B HEM MOXKapa.

MopenbHbIe pacdeThl OKa3aid, YTO Jake TPU HEOONBIINX BBIICICHUSAX ra3a M3
OIIMHOYHOTO MCTOYHWKA (IITypa, IPOOYPEHHOTO B KPOBJIE) KOHIICHTPAIIMS T'a3a B II0-
najaromeil B KOHBeHEepHbI mrpek cMecu gocturaetr 2 %. [Ipu 60mpmmx 3HaYeHUIX
BBIJICNIIEMOTO T'a3a BO3HHUKACT OMACHOCThH TOCTHKCHHS B3PBIBOONACHOW KOHIIEHTpA-
LIU1 B KOHBEHEPHOM ILITPEKE.
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The effect of methane emission on air distribution in potash mine
production units

Aleksandr V. Nikolaev!, Petr V. Maksimov', Galina B. Lialkina!, Danil A. Konotop!
! Perm National Research Polytechnic University, Perm, Russia.

Abstract
Introduction. It has been found that due to light gas (including methane) emission in rooms under
development, there develops an additional natural draught between the mine workings. The calculation
has shown that methane emission from the rock mass conditions the low value of the additional natural
draught. However, even minor additional natural draught interacting with a thermal drop of pressure
caused by temperature rise in the conveyor shaft changes the direction of the delivery air stream. While in
up the dip blocks and panels the resultant natural draught promotes ventilation, in the down the dip
production units it prevents air circulation in the required direction.
Research methods. The methods and results of calculating the value and direction of the natural draught
for real panels of potash mines at the Upper Kama potash deposit under various conditions have been
presented together with the simulation observations of methane distribution in the room with a point
source of emission.
Results. Model analysis has shown that even under the low amount of gas emission out of the point source
in the blind room (of a hole drilled in the roof), the concentration of gas in the gas-air mixture entering the
belt heading reaches 2%.
Conclusions. To ensure the safety of mining and reduce the risk of emergency when calculating the volume
of air required to ventilate the production units, the dynamics of methane emission out of the rock mass
should be taken into account as well as its further distribution across the mine workings.

Keywords: safety; methane; natural draught, air distribution.
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Abstract
Introduction. The paper registers some significant changes that higher mining education has undergone
over the past decades, including the ones that occurred in Germany. Mineral production on the Eurasian
continent has been decreasing gradually and resulted in the declining demand for mining specialists.
1t is in German that the tendency was the most pronounced. Reduced number of students and the
subsequent reduction in the number of mining and geological departments concerned all leading centers
of mining education.
Relevance. Higher educational institutions in Germany are looking for a way out of the crisis reorienting
their teaching and scientific activity to the allied sciences, in particular oil and gas production,
underground engineering structures construction, production and processing of unconventional natural
resources, subsea production, environment-related activities, and spoil disposal. Colleges also train
specialists for other countries and international mining corporations.
Methods of research. The paper provides examples and analysis of new curricula in the universities of
Freiberg, Aachen, Clausthal, etc. These mining schools have accumulated considerable experience in
reforming and developing mining education.
Current state. The mining field of vocational training in German colleges has acquired an integrated
name which can be translated as the “technology of mineral raw materials”. Traditional mining
specialisms are being combined and consolidated. New methodological approaches are being extensively
introduced. These steps are to improve the appeal of the mining education for the youth and arouse
employers interest in the specialists of a new specialism.

Keywords: international cooperation; higher education; Bologna reform, bachelor s degree program;
master's degree program,; Germany,; curriculum; field; program; specialism,; mining.

Introduction and relevance. Over the past decades, mining education in European
countries has undergone considerable changes. Mineral production on the Eurasian
continent has been gradually decreasing, causing a dramatic decline in demand for
mining specialists, therefore in the number of young people willing to receive mining
and geological education. The significance of mineral raw materials, meanwhile, as a
resource of prime importance for economic development, is constantly growing, which
is due to the dynamics of the global resource-based economy. It will be the deciding
factor in the future development of the entire mining industry [1]. Decisions associated
with the Sorbonne Declaration and Bologna Process have also produced a particular
effect on the sector of mining education [2—4].

The features of contemporary mining engineers training and the issues of higher
engineering education development are being debated a lot around the world by such
scientists as Prof. Carsten Drebenstedt (Technical University of Bergakademie
Freiberg), Kazanin O. 1. (Saint Petersburg Mining University) [5], Suorineni F. T. [6],
and Nurligenovoi Z. N. [7], et al.

It is in German that the tendency was the most pronounced. Reduced number of
students and the subsequent reduction in the number of mining and geological
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departments concerned all leading centers of mining education — technical universities
of Freiberg, Aachen, Clausthal-Zellerfeld, and TH Georg Agricola University of
Applied Sciences (THGA).

Committed professors started searching for ways out of the crisis reorienting their
teaching and scientific activity to the allied sciences, in particular oil and gas production,
underground engineering structures construction (including storage facilities for
industrial and household waste), production and processing of new, unconventional
natural resources (geothermal heating, firedamp, and construction materials), subsea
production, environment-related activities, and mineral extraction from old waste
dumps. Colleges also train specialists for other countries and international mining
corporations.

Mining professors were extending their areas of expertise at a time when new
methodological approaches were being extensively introduced into training, and
traditional mining specialisms were being combined and consolidated. The mining
field of vocational training in German colleges has acquired an integrated name which
can be translated as the “technology of mineral raw materials”. It is equivalent to the
“mineral raw industry”, a new notion integrated in the international practice.

Distance learning is being extensively introduced into practice to meet the demands
of the time and students’ needs [8]. Scientists around the world study the distinctive
features of distance learning [9—11].

The above steps should have improved the appeal of the mining education for the
youth and arouse employers interest in the specialists of a new specialism.

The above listed educational institutions have accumulated a certain experience in
reforming and modernizing mining education.

The oldest mining college in the world, Freiberg University of Mining and
Technology, trains specialists in the field of Earth sciences (geosciences) and
geoengineering in the Faculty of Geosciences, Geoengineering, and Mining. There are
about 900 students (including 15% foreign students) in the faculty receiving training in
one of 8 bachelor’s and master’s degree programs: Geology/Paleontology, Minerology,
Geophysics, Mine Surveying and Geodesy, Geotechnics and Mining, Geoecology, and
Geoinformatics. The University continues training professional engineers.

Standard period of study for the bachelor’s degree is 6 semesters, and 4 semesters
for the master’s degree. There are 150 staff members in the faculty, including
25 professors.

The faculty carries out research work in up-to-date research topics recommended
and funded by the Geocommission of the German Research Foundation, namely
geoinformatics, geo information systems, and GPS survey; geochemistry, isotope
geochemistry, and geologic time; exploration, development, and sanitation of
groundwater; land, water, and air protection; geobiotechnology, microbiology, and
ecology; geotechnical monitoring and sensory ecology; geohazards; marine minerals
and seabed mining; tomography and 4D geophysics; balanced residential construction
(Con Terra); land rehabilitation, restoration, and reuse; extraction of solid minerals and
mass raw materials; exploration, development, and storage of fossil fuels; geothermy
and alternative sources of energy; rock geomechanics and kinematics; and environmental
modeling.

Annual academic research and development expenditures of the faculty is
7.5 million euros.

At the Freiberg University of Mining and Technology, great attention is paid to
international cooperation. New professional contacts between scientists and
organizations make it possible to exchange various proven projects and innovations in
mining at international scale. Professor Carsten Drebenstedt mentions it when he
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analyzes the experience of training mining engineers abroad [12]. This is true for
higher-educational institutions and industries around the world [13].

RWTH Aachen University (Aachen University of Technology) has undertaken the
most distinctive modernization initiatives due to its middle geographical position in
Europe and traditionally strong international ties. Mining education there is offered by
the Faculty of Georesources and Materials Engineering.

Table 3. Curriculum of the master’s degree program in “Power engineering and mineral raw
materials support”. Specialism “Mineral raw materials support” (compulsory modules)
Ta0auna 3. Moy ibHbIH y4eOHBIH INIAH MATHCTPATYPbI 110 CIIENHUATU3ANUN «JHEProTeXHUKA 1
obecreyeHHe MHHEPAJIbHBIM chipbem». IIpoduimzanus «OdecneyeHne MUHePaJIbHBIM
coIpbem» (00s13aTeIbHbIE MOLYJIH)

1 semester 2 semester 3 semester 4 semester
20-22 hours a week 21-23 hours a week 11-14 hours a week 16 hours a week
1 T i) Human capital
Engineering statistics . g management
3 environmental law IT (A)
3 Engineering statistics Energy law (B) Energy and ecological
4 (exercises) Environmental politics (A)
5 3D modeling and monitoring .
6 analysis Investment and funding
Seminar B)
7 Cartography and
8 topography M fndinsiny amdl Master’s thesis
Design and planning [ g Industty an
9 | 0ld mines preparation = P : g () (16 weeks)
10 A g GPS survey Financial accounting
11 Preliminary work ©)
12 | Water resources policy OM conditions
13 and recultivation Geotechnical
14 computational methods
e Opencast mining (OM)
16 T Deep mining design Project or work
Transport and logistics and planning
17 D)
18 | Mineral beneficiation Minine abroad
and waste utilization £
19 (D) (D)
20 Subsoil waste Ventilation and
21 management conditioning II
The fundamentals of Geotechnical
22 .
earth motion measurements
23 Applied rock Earth motion
24 mechanics

The faculty includes three divisions, namely Division of Mineral Resources and
Raw Materials, Division of Earth Sciences and Geography; Division of Materials
Science and Engineering. Each division is comprised of several chairs. The following
chairs within the former two divisions train specialists in geology and mining: Mining,
Opencasting and Drilling Equipment, Beneficiation, Coking and Briquetting, Machinery
for the Mineral Industry, Mine Surveying, Geomechanics and Mining Geophysics,
Nuclear Fuel Cycle, Geology and Paleontology, Geology and Endogenous Dynamics,
Neotectonics and Natural Hazards, Engineering Geology and Hydrogeology, Applied
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Geophysics And Geothermal Energy, Chair of Geology, and Geochemistry of Petroleum
and Coal, mineralogy and petrology, crystallography.

The mining and geological chairs of the faculty offer bachelor's and master's degree
programs in applied geosciences, georesource management and Mineral Resources
Engineering (in English). In the 2008-2009, 850 students pursued bachelor's studies,
40 pursued master’s studies, and 126 pursued doctoral studies. There were another
400 students at the faculty, who entered in previous years and are going to defend their
graduation projects in engineering.

Table 4. Optional training modules for the master’s degree program
Ta6auna 4. Moayau MarucTpaTypbl o BbIOOpy

1 semester 2 semester 3 semester 4 semester

S hours a week 15 hours a week 10 hours a week
25 .
%6 Underground blasting
27
28 . .

Technical English
29
30 . .
3 Design and planning II
2 Social competence 11
Labour law
33
34 Preliminary calculation Environmental
of earth motion management and
35 | The consequences of Tannin
fuel and power p g
36 generation Laser measurements e
3D representation of oil and eas ente riseg’
37 Comparative space g P
38 el leiio Exploration and
mineral deposits study International
39 Old mines with the methods of experience
GIS

Standard period of study for the bachelor’s degree is 6 semesters, and 4 semesters
for the master’s degree. Under these programs, 22 professors and 55 researchers are
involved in the educational process; premises with an area of 15,000 m? are used.

Master’s degree students pursuing studies in Mineral Technology can take part in
the EMMEP — Erasmus Mundus Minerals and Environmental Programme (master's
program in mining, mineral processing technology, geotechnics and environmental
protection), which is popular among mining students. The Universities of Aachen,
Delft, Exeter, Helsinki, Miskolc and Wroclaw carry out the program together.
The program is implemented in English for four semesters. During the first two
semesters, master’s degree students take courses from renowned mining specialists at
partner universities. The last two semesters are held at two universities where the
master's degree students defend two graduation projects at the same time.

Intensive contacts between enterprises and students are an important advantage of
the EMMEP program since they favor the students’ further employment.

Professors of the departments take an active part in the university’s interdisciplinary
research programs and projects funded by the German Research Founadtion,
the European Union, the German government, the federal states, and various foundations.



ISSN 0536-1028 «Hz6ecmus 8y308. 'opHuiiil srcypuany, Ne 6, 2021 105

As compared to other German universities, Clausthal University of Technology is
small with just about 3,000 students. It is located in one of the oldest mining regions,
Upper Harz, and offers mining education under Energy Engineering and Mineral
Supply program. There are 164 students who pursue the bachelor’s degree studies and
36 students pursuing the master’s degree program.

The curricula of Clausthal University cited in Tables 1—4 illustrate the tendencies of
higher mining education renewal, expansion into related areas, and training organization
in accordance with the two-tier education in the line with the Bologna Process.

Noteworthy features of a bachelor's degree are relatively short classroom hours —
20-24 hours per week (under a semester duration of 15 weeks) and, therefore, the crucial
role of independent work, the opportunity to choose disciplines from the proposed
modules, and a significant proportion of disciplines on ecology, economics, finance,
management, and law.

The plans show that even under a highly controversial standard duration of a bachelor's
degree program (6 semesters), it is possible to provide a student with a broad general
scientific basic and rather saturated professional education, after which the graduate will
be able to either start independent work in initial positions in a wide industrial sphere, or
consciously and purposefully continue their studies under the master’s degree program,
and have an in-depth specialism in a narrow field of knowledge.

TH Georg Agricola University of Applied Sciences (THGA) named after a famous
German mining scientist (1494—-1555), was founded in 1816 in Bochum, a city with a
thousand-year history located in the center of the Ruhr coal basin. The university is
a state-accredited private educational institution (1800 students), which legally acts as
German Mining Engineering Society for Training and Supplementary Education, LLC.

There are 350 students and 11 professors at its Academic and Research Department
of Geoengineering, Mining and Technical Economics of an Enterprise. The department
offers a bachelor's degree program in Geotechnics and Applied Geology.

Conclusion. Housed by the Higher Technical School in July 2019, the 30th Congress
of the Society of Mining Professors (SOMP) was held which currently brings together
the representatives of 178 research and educational institutions from 45 countries all
over the world.

The congress was attended by 110 specialists from universities and research institutions
from every corner of the globe. The congress was sponsored by the RAG Foundation.

At the congress, 54 reports were made, including 44 poster reports on the problems
of raw materials mining and processing technology and 10 presentations on various
technical and organizational proposals. Two special sessions of the congress were
devoted to mining education and information technology.

In the reports and discussions, specialists touched upon the concepts of modern and
safe mining, old mine workings safety, and industrial and urban landscape restructuring.

Postmining surveillance and safety and risks and pollution minimization is a topical
area of mining of the past decade. Research on postmining serve one of the UN's goals
for sustainable development. Today they are called Sustainable Development Goals.

The potential of such research is huge: affordable clean energy, economic growth
and decent jobs, innovation and infrastructure. Where coal was once mined, renewable
energy can be produced. In the Ruhr region settlements, there are numerous successful
examples of how dumps and abandoned coal mines have been transformed into
residential and recreational areas and shopping parks. The interdisciplinary team of
specialists from the world's only unique research center, Forschungszentrum
Nachbergbau, focuses on the topics of geomonitoring, materials science, environmental
technology and geoecology, as well as related future opportunities.
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O HOBoOIi cucTeMe BBICIIEr0 TEXHUYECKOTO 06pa30BaHI/Iﬂ B FepMaHnn

JIykac B. A.!
! . Bepnun, ['epmanust.

Pecgpepam
Besedenue. B cmamve ommeuenvl cyujecmeennvie UsMEHeHUs, KOMOpble NPOUSOULIU 3A NOCTeOHUe
Oecamunemus 6 6biCUEeM 20pHOM obpazosanuu, 6 mom uyucne 6 lepmanuu. B céa3u ¢ nocmosHHvim
COKpaujeHueM 06vbemo8 000bIUU NONE3HBIX UCKONAEMbIX, NPOUCXOOUBUUUM HA KOHMUHEHME, CHUULACH
NOMpeOHOCMb 6 CREeYUAIUCmax no 2opHomy oeny. Oma menOeHyus Hauboiee CUNbHO NPOABUNACL 6
Tepmanuu. Ymenvuienue Konuvecmea cnyO0eHmos u nociedosaguiee 3a HUM cokpawjenue kageop 2opHo-
2€01102UHeCK020 NPOPUILSL KOCHYIUCH 8CeX BeOYUUX YEHMPOB 2OPHO20 0OPA306AHUSL.
Axkmyansnocme. Buvicwue yuebnvie 3aeedenus Iepmanuu aKkmusHo uwym nymu 6blXxo0d u3 Kpusuca:
nepeopuenmupyion ce0io npeno0daéamensckylo U HAyuHyo OesimelbHOCHb Ha CMEJICHbIe C 20PHbIM 0eloM
obnacmu: 0obviya Hedhmu u 2aza, CMPOUMENTbCIEO NOO3IEMHBIX UHICEHEPHBIX COOPYIHCEeHUl, 000biua U
nepepabomxa HempaouyuoOHHbIX U008 NOJIE3HBIX UCKONAEMbIX, 000bIYA C MOPCKO20 OHA, NPUPOOOOXPAHHAS
OesimenvHocmy, ompabomxa omeanos. Takoice 6y3bl 3aHUMAIOMCA NOO20MOGKOU CREYUANUCHOS Ol
Opyaux CmpaH u MelcOyHapoOOHbIX 20PHO000BIBATOUUX KOPNOPAYUIL.
Memoowl uccnedosanun. B cmamve npusedenv npumepbl HOBbIX YYEOHbIX NIAAHOE MEXHUYECKUX
yHusepcumemos Ppaiibepea, Aaxena, Knaycmans u 0p., nposeden ux ananus. B amux yuebnwix sagedenusx
20pH020 Npoghunsa Hakonien 602amvlii ONLIM PePOPMUPOBAHUA U MOOEPHUIAYUU 20PHO20 0OPA308AHUA.
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Cospemennoe cocmosnue. [[isi 20pHo20 HanpagieHus NPoPecCUoHAIbHO20 00PA308aAHUSI 8 2EPMAHCKUX
8Y3aX CMaAnU NPUMEHAMb UHMESPUPOBAHHOE HA38AHUE, KOMOPOE MOJNCHO Nepesecmu KaK «MexHON02us.
MUHEPAILHO2O CbIPbsL), MO COOMEENCMEYem GOUeOUeMy 8 MUPOBYIO NPAKMUKY HOBOMY HOHSIMUIO
CUHOYCIPUsL MUHEPATBHO20 Cbipbsy. [Ipoeoosimces 06vbedunenue u YKpynHeHue mpaouyuoHHbIX 20PHbIX
cneyuanbHocmell, akmugHoe gHeopeHue 8 Y4eOHblll NPOYecc HOBbIX MEMOOUUECKUX N00X0008. Dmu uiazu
OO0JIJHCHBL NOBLICUNb NPUBTLEKAMETLHOCHb 20PHO20 00PA306AHUSA 051 MOLOOENCU U 3AUHMEPECOBAHHOCHb
pabomooameneii  cneyuaiucmax 06HO8IeHHO20 NPOPUIA.

Knrwuesvle cnosa: mexcoynapoonoe compyoHuuecmeo, @vicuiee obpasosanue; bononckaa pegopma;
baxanaspuam, mazucmpamypa; I'epuanus; yueOnulll nian, Hanpasienue;, nPocPamma, CReyuanu3ayus;
2opHoe 0eno.
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