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VIK 622.235 DOL: 10.21440/0536-1028-2019-6-5-13

Investigating the parameters of dispersion in the plane system
of charges at granular quartz deep mining

Igor V. Sokolov'*, Artem A. Rozhkov'!
!Institute of Mining UB RAS, Ekaterinburg, Russia
*e-mail: geotech@igduran.ru

Abstract
Introduction. There is much concern about raw material overgrinding as a result of blasting when
mining granular quartz. The main blasting method of deep mining is borehole blasting with rings of
continuous charges. The main drawbacks of the method include nonuniform distribution of explosives
along the plane of the broken layer and the fact that the significant energy of continuous charges is spent
on the shattering effect which automatically overgrinds the material in the area nearest the blast.
Research aim is to develop the technology of blasting and optimize its parameters ensuring the reduced
output of overgrinded quartz fraction.
Methodology includes the development and application of a mathematical model of drilling and blasting
parameters forecast in granular quartz deep mining.
Research concept. A technology of breaking has been proposed by way of solution to the given problem.
The technology lies in the concept that the uniformity of explosive energy concentration distribution in
the broken layer is ensured by charges dispersion by air gaps and the particular order of their
arrangement in the plane of the ring. To implement the technology, a method of forming dispersed
charges in deep upholes has been developed; the method does not require additional efforts and
equipment.
Results. A special technique has been created, which makes it possible to determine the parameters of
dispersion ensuring the relevant specific consumption of explosives along the whole plane of the broken
layer. The dependence between the output of the overgrinded quartz fraction and the parameters of
dispersion in the plane system of charges has been determined. Engineering and economic evaluation
of breaking technology options has been carried out as compared to the conventional one. Potential
economic benefit has been estimated from the developed technology application for 1t of produced ore.

Key words: granular quartz; blasting; dispersed charge; borehole ring; air gap, specific consumption
of explosives.

Introduction. Qualitatively unique granular quartz of the Southern Ural Kyshtym
deposit is used to produce high-purity quartz concentrates which are in demand in high-
technology industry. It is a very hard material consisting of poorly connected grains
(granules) as large as 1-2 mm, which is conditioned by their rather smooth and even
edges [1, 2]. Due to this structural feature, an output of overgrinded fraction is high
when drilling and blasting at stoping. According to raw material quality specifications,
0-20 mm quartz fraction, which is sorted out at the surface and piled, is unfit for high-
purity quartz production, whereas its output reaches 20% [3].

Traditionally, breaking was carried out by the charges of cartridged explosives
dispersed by nonreactive aggregate in rings of boreholes 105 mm in diameter and 10 m
in length. Specific consumption of explosives was 0.9-1.0 kg/m?. The charge of each
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borehole was fired with a delay, i. e. acted as an individual one [4]; it caused significant
detonation power input to break rock in camouflet zone [5, 6]. When moving forward
to the next level, the mining method changed [3], cameral deposits breaking being
carried out by the rings of upholes as long as 24 m. In order to reduce quartz overgrinding
in the area nearest the blast, the use of a plane system of charges was proved [7],
involving simultaneous blasting of all charges in a ring with the arrangement parameters
ensuring their interaction [8]. Besides, in order to reduce the shattering effect at the
initial stage of detonation, it is sensible to use charges with air gaps [9-13]. For the
conditions of upholes and pneumatic charging with granular explosives, the method of
forming such charges was developed [14].

a b c

L

Detonation front
#== The direction of detonation front propagation
The propagation of the detonation front

Fig. 1. Propagation of the detonation front in the plane of blast hole ring:
at theinitial stage— a; at an intermediate stage — b; at the final stage— ¢
Puc. 1. PactipocTpaHeHHe 1eTOHAIMOHHOTO (PPOHTA B INIOCKOCTH Beepa:
Ha Ha4YaJbHOM JTale — a; Ha TNIPOMEKYTOYHOM 3TaAIlC — b; Ha 3aBE€pHIalONIEM 3TaIC — C

Thus, it is necessary to develop a procedure which will make it possible to determine
the parameters of spatial arrangement of explosive charges and air gaps in the broken
massif. It is a crucial scientific engineering task.

The principles of charges dispersion parameters determination. The following
principles are at the heart of the developed procedure of dispersion parameters
calculation:

— the parameters of boreholes arrangement at the ring scheme of breaking, required
to completely separate a layer from the massif and get the necessary quality of ore
breaking, are calculated for the zone of the faces of wells; as far as the remaining part
of the broken layer is concerned, specific consumption of explosives is controlled by
means of dispersing the charges;

— simultaneous initiation of all charges is designed;

— codirectional propagation of detonation of all borehole charges; with the
simultaneous detonation procedure, the direction of detonation propagation depends on
the arrangement of priming cartridges (booster charges) in boreholes [15, 16]; with
dispersed charges, booster detonator is placed in each individual part of a charge.

The schematic spatial-temporal diagram of detonation front propagation is presented
at fig. 1.

The detonation front can be pictured as an arch, and its propagation, if conditionally
broken into time segments, can be pictured as arcuate zones filling. Summarizing the
above, it can be concluded that in order to calculate the parameters of charges dispersion,
it is reasonable to divide the plane of the ring into the arcuate zones, within the limit of
each arcuate zone the specific consumption of explosives will be about the same.
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Definition and systematization of mine and technical factors. For the good of the
developed procedure, it is necessary to systematize the main mine technical factors
affecting the parameters of charges dispersion in a ring. As a result, the following mine
technical factors were determined and divided into two groups: volume factors, i. e.
determining the volume of the broken massif, and power factors, i. e. affecting the
parameters of its power ratio (table 1).

Minetechnical factors

Volume factors

The volume Of the BrOKEN TQYEN ..........cccueieieieeree e e eseaas Vi, m?
The liNE Of [EASE FESISLANCE ........vveivie ettt ettt e et s st e s st e s s ae e s bessaaessabessaessbeeassbessabesssensans W, m
BOrEhOIE IENGLN ..ottt e et e tentestesaenaeneenn Lohi, m
The span angle between the marginal boreholes of thering ..o a, degrees
Power factors
Specific consuMPLion Of EXPIOSIVES ......cceiiriiriirierin et Qexpl, kg/m?®
Boreholes contingenCy COEffICIENT .........cooiiiiiiiiirece st m, items
The number of boreholesin aring Nonl, items
BOrENOIE QIAMELET ...ttt ettt et et e et e et e e s ae e e ebeeebeeeabeeeaseeebeeenteessseesaseenseesnrens dohi, M
CharQing GENSITY ....cueueviireriieirtieie ettt bbb b bbbttt es penar, kg/m?

Themain volume factor is the volume of the broken layer and the main power factor
is the specific consumption of explosives. However, both groups are interconnected as
soon as each factor in some way influences the parameters of the other. Consequently,
the developed procedure has to consider the given factors together and ensure uniform
distribution of explosives in each section of the broken layer, in this case — in each
arcuate zone.

Table 1. Parameters and indicator s of experimental explosions of a plane system of charges

Tabmuna 1. IlapaMeTpbl ¥ MOKa3aTeJd NPOBeieHUs IKCIePUMEHTAIbHbIX B3PLIBOB II0CKOI
CHCTEMOIi 3apsA10B

Exprl]g.si on Charges structure k%e/xr‘f:]g Opri, MM W, m a,m m Yo-20, %0
1 Continuous 15 65 16 2.2 14 253
2 Dispersed 12 65 16 22 14 20.6
3 Dispersed 10 65 17 24 14 12.0
4 Dispersed 0.9 65 16 2.2 14 19.3
5 Dispersed 0.9 65 18 2.2 12 12.2

a — the distance between the edges of the boreholes.

Developing the procedure of dispersion parameters calculation. In simultaneous
detonation of ring charges, the detonation front can be represented as an arch, and its
propagation, if conditionally broken into time segments, can be pictured as arcuate
zones filling. Consequently, in order to calculate the parameters of charges dispersion,
it is reasonable to divide the plane of the ring into the arcuate zones, within the limit of
each arcuate zone the specific consumption of explosives will be about the same.
The lengths of the sectors of charges and air gaps in the adjoining boreholes will be
equal to the height of the i-th arcuate zone.

The ring of boreholes is represented in an idealized form as a sector of a circle with
a centre in a drilling room O, radius equal to the length of boreholes L, and span
angle o between the marginal boreholes of the ring (fig. 2).
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Specific consumption of explosives for each i-th arcuate zone Oonar is expressed
through the main mine technical parameters

_ 241
q = Ny (i aln):fzd 4|2pchar’ 1)
Wie—— (£ — 1.
360( iu |I)

expl

where i = 1, ..., m — the number of arcuate zones in a ring, items; n,, — the number of
boreholes in a ring, items; |,, — length from the ring centre (drill rig axis) to the upper
border of the i-th arcuate zone, m; /, — length from the ring centre to the lower border
of the i-th arcuate zone, m; d — borehole diameter, m; p,,, — charging density, kg/m>;
W — the line of least resistance (LLR), m.

T~ Uncharged part of
thering

"~ Drilling room

Fig. 2. Schematic diagram of dispersion parameters determination in the plane system of charges
Puc. 2. IlpuanunuansHas cxema Ui ONpeAeIeHIs TapaMeTpOB pacCpeIOTOYCHUS B IIIOCKOH
CUCTEME 3apsIJI0B

The heights of the arcuate zones in generally are determined by the formula
h =1, 1. (2)
Having expressed |, with equation (1), we get

_ 90N, 0Py

- Iiu' 3
Waqexpl ( )
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Successive solution of equation (3) for arcuate zones, moving from the face to the
top of wells, makes it possible to determine the desired parameters of dispersion.

Dispersion parameters study. In the in situ conditions of Kyshtym underground
mine, field studies of granular quartz breaking have been carried out. The main
experimental parameters and 0-20 mm (y, ,,) fractions yield are presented in table 1.

30

N
)]

N
o

=
[é)]

=
o

y = -27,04x + 24,899 5
R=0,92

0-20 mm fraction output, %

[é)]
T

0 0.1 0.2 0.3 0.4 05
Rti0 Loy /L gper

Fig. 3. Dependence between 0-20 mm fraction output and
the dispersion parameters in a plane system of charges
Puc. 3. 3aBucumocts Bbixoga ¢pakuuu 020 MM OT mapaMeTpoB
paccpenoTodeHHs B INTOCKOH CHCTEME 3apsIoB

Evident spread of results of two explosions (no. 4 and no. 5) with similar specific
consumption of explosives has shown that the dispersion itself does not guarantee the
required quality of quartz ore breaking.

07 1
06 | _ —
05 | ]
04
03
02
01 t l
0 | | 1 | | 1 | | 1 | | ]
2 3 4 5
The number of an experimental explosion
B | /L, actua data O L/l calculated by the procedure
B Ly, /Ly actua data O Ly./Lyy calculated by the procedure

Fig. 4. Comparison of actual and calculated parameters of experimental
explosions of a plane system of dispersed charges
Puc. 4. ConocraBnenue (HakTHYECKUX U PACUETHBIX IapaMETPOB IKCHEPUMEH-
TaJBHBIX B3PBIBOB INIOCKON CHCTEMBI 3apsIJIOB PacCpel0TOUYEHHOH KOHCTPYKIUN

For that matter, the influence of process parameters, i. e. the ratio of the sum of the
length of air g.apSLag to the sum of the lengths of explosives L, in a ring, on the output
of the overgrinded fraction was studied. The actual parameters at experimental blast
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were measured. As a result, the dependence between the output of 020 mm quartz
fractionsand L, /L, (fig. 3) was established; it is approximated by the formula

char

Yoo = —27,04 |—ag/|—C +24,899. (4)

har

It can be seen from the diagram that with the increase of L, /L, from 0 to 0.48,
the output of 0-20 mm fraction reduces from 25.3% to 12%. For the conditions
of Kyshtym underground mine, optimum are the values ranging within

Lo /L pe = 0.44-0.48, allowing to reach layer separation from the massif with minimum
output of the oversized fraction.

Table 2. Technical and economic evaluation of blasting technology options
Ta6aumna 2. TexXHNK0-3IKOHOMUYECKasl OLIEHKA 10 BAPDHAHTAM TE€XHOJIOTHH 0TOOKHI

Blasting technology option
Indicator Conven-
tional 1 2 3 4
Theline of least resistance, m 25 25 25 1.7 18
Boreholes contingency coefficient, items 1.0 13 13 12 12
Specific consumption of explosives, 0.9 1.7 14 12 0.9
kg/mé
Flow rate, m/m?3 0.29 0.28 0.28 0.73 0.43
Borehole length inaring, m 86 160 162 295 188
Borehole number in aring, items 14 9 9 15 11
Oversize output, % 10.0 20 25 10.0 7.6
The cost of 1 m? oversize breaking,
rub/m?3 500
0-20 mm fraction output, % 20.0 35.6 25.7 17.1 12.2
The price of 1t of preconcentrate, rub/t 3500
The prime cost of breaking, rub/t 106.4 120.0 116.9 162.6 104.4
;I'uhb?tpri me cost of oversize breaking, 18.87 3.77 472 18.87 14.34
IrEucbc;?omlc benefit for 1t of produced ore, 0 19007 | -6834 | +17.05 | +9761

Actual parameters of two best blasts converge with the values calculated by (1)—(3):
for blast no. 3 they are 0.48 and 0.56 (A, = 14.2%), for blast no. 5 — 0.44 and 0.46
(A5 = 4.3%). For blasts no. 2 and no. 4, significant divergence between actual and
theoretical parameters (A, = 57.1% and A, = 75.4%) can be explained by the irrational
undercharge of boreholes [17]. It is proved by the adequate convergence of actual and
computational ratios of the sum of charge lengths with the sum of boreholes lengths
(A =0.5-15.5%) (fig. 4). This degree of convergence testifies to the adequacy of the
developed procedure.

In research [18] V. N. Mosinets notes that when breaking ore, condition
Lo/L ey < 0.44 1s preferable, and the highest coefficient of explosion energy transfer to
the environment is observed with L, /L= 0.3. When breaking granular quartz, it is
also necessary to minimize the effect on the broken layer. Taking into account the
indicators of ore quality, it can be assumed that for the conditions of Kyshtym
underground mine, expression L /L, > 0.44 will be true.

Engineering and economic evaluation of technology options has been carried out

according to the criterion of maximum economic benefit, as compared to the
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conventional one (table 2). The benefit has been determined at the stage of preconcentrate
with 90% of quartz. Four options of the technology have been studied:

1. Continuous charges, d,,, = 105 mm;

2. Dispersed charges, d,;,= 105 mm;

3. Continuous charges, d,,, = 65 mm;

4. Dispersed charges, d,,, = 65 mm.

The fourth option has best estimators; it applies a plane charge system of dispersed
structure in 65 mm diameter boreholes with the parameters established in the course of
the research. The main factor affecting the economic effectiveness is the output of the
oversized 0-20 mm fraction. Potential economic benefit from the implementation of
the developed option for 1t of produced ore is 97.6 rub.

Conclusion. The procedure of charge dispersion parameters calculation has been
developed, wherein the features and the parameters of blasting technology with the ring
arrangement of boreholes and simultaneous method of blasting are taken into account.
The dependence has been established between the output of the overgrinded quartz
fraction and the ratio of the lengths of the dispersed charge elements. Overgrinded
quartz fraction output reduction by 25-40%, as compared to the conventional blasting
technology, is reached by the use of the plane charge system of dispersed structure with
specific consumption of explosives 0.9—1.0 kg/m? and the ratio of the lengths of air
gaps to the lengths of the explosive charges 0.44—0.48.

Research has been carried out under the government contract no. 075-00581-
19-00. Theme no. 0405-2019-0005.
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HccnenoBanue mapaMeTpoB paccpenoTodeHnsi B IJIOCKOH cHCTeMe 3apsii0B
MPH NMOA3eMHOI1 I00bIYe IPAHYIMPOBAHHOTO KBapua

Coxonos H. B.1, Poxkos A. A.!
! Mucrutyt ropHoro jena YpO PAH, ExarepunGypr, Poccust.

Peghepam
Beeoenue. Ilpu 0obvlue 2pamymuposannozo Keapya ocmpo Cmoum npobiemMd RepeusMenvyeHusi Cbipbsl
6 pezyibmame 63pbleHbIx pabom. IIpu nodzemHoll pazpabomke OCHOBHIM CHOCOOOM BeOEHUSL 63PbIGHBIX PAbOM
ABNIAEMCA CKBANCUHHAA OMOOUIKA 6eepamu 3apa0oe CHAOWHOU KoHcmpykyuu. OcHo8Hble HedOCmAamKy
€cnocoba — HepasHOMepHOCHb PAChpeOeNeHUsl 63PbIBYANO20 BeWecmead No NIOCKOCHU OMOUBAEMO20 ClOsSL U
pacxodosanue 3HAUUMENbHOU YACMU IHEP2UlL 3aps008 CHIOWHOL KOHCMPYKYUU Ha OpU3aHmHoe go3oelicmesue,
00513amenbHO C6sA3aHHOe C nepeusMenbyeHueM Mamepuana 6 OaudicHell 301e 63puisd.
Ilens pabomwr. Paspabomxa mexHonoeuu 63pwleHOU OmOOUKU U ONMUMU3AYUSL ee  NaApAMEempos,
00ecneuusarowUx CHUNCEHUE BbIX00A NepeusMebyeHHOU Qpakyuy Keapya.
Memooonozun. Paspabomka u UCNOIb306aHUE MAMEMAMUYECKOU MOOeNU NPOSHO3A NApamMempos
6YPOB3PLIBHBIX PAOOM NPU NOO3EMHOL 000bIYE SPAHYTUPOBAHHOSO K8apYd.
Hoesn pabomul. B kauecmee peuieris Oannoll npoodiemMvl npeoaodHceHa MmexXHON02Us OMOOUKU, 3aKTI0UAIOWaACA
8 MOM, YO PABHOMEPHOCb PACHpeOeNeHUs KOHyenmpayuu Suepeuu BB 6 ombueaemom cioe obecnewusaemcs
3a cuem paccpe0omouensl 3apsido8 6030YUIHBIMU NPOMENCYMKAMU U ONPEOeNeHHO20 NOPSIOKA UX PAZMeUeHUsL
6 naockocmu eeepa. [lis NpaKmuyeckol peanuzayuu MmexHonocuu paspaboman cnocob gopmuposanus
PAccpe0omoueHHbIX 3apsao08 8 B0CCMAIOWUX 2TYOOKUX CKBANCUHAX, He Mpebyrowull OONOTHUMETbHbIX
mpyoo3ampam u CHeYUaIbHbIX CPEOCMS.
Pesynomamet. Coz0ana cneyuanvbhast MemoouKa, NO360sI10Wds. ONPeOeums NAPAMEmpbl PACCPEOOMOYEHUs,
obecneuusarowue HeodXoOUMblil YOeIbHbll pacxod BB no sceil niockocmu ombusaemozo cnos. Ycmarnosnena
3ABUCUMOCTb BbIX00A NEPEUIMETLYEHHOU (PaKyuu Keapya om napamempos paccpedomoyeHus 8 NIOCKol
cucmeme 3aps006. IIposedena mMexHUKO-IKOHOMUHECKAS. OYEHKA BAPUAHMOS MEXHON02UU OMOOUKY
omHocumenvHo mpaouyuontou. Onpederen NOMEHYUANbHBLL IKOHOMUYECKULl Ipghexm om npumeHeHus
paspabomarnol mexHonocuu Ha 1 m 00661moii pyobl.

Knrouesvie cnosa: eparynuposannbiii Keapy, 63pbleHAsi OMOOUKA, PACCPEOOMOUeHHbIL 3apsi0; 6eep CKEANCUH,
B030VUIHBIL HPOMENCYIMOK; YOenbHblll pacxo0 BB.

Hccnedosanus evinonnenst 6 pamkax Ioczaoanua Ne 075-00581-19-00. Tema Ne 0405-2019-0005.
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O6ocHoBaHMe TMMOB U METOA0B afanTaLMu FOPHO-TEXHONOrMYECKOW
CUCTEMbI FOPHOrO NPeANPUATIA K USMEHAOLLUMCA YCIOBUAM
NoA3eMHoOI pa3paboTku
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Peghepam
Lenvio pabomer asnsemcs ucciedo8anue npoyecca adanmayui 20PHO-MexHOI02UYeCKOl CUCHeMbl
20PHO20 NPEONPUAMUA K USMEHAIOUUMCS HEWHUM U GHYMPEHHUM YCAOBUAM NOO3EMHOU PaA3pAdOMKU
enyboroszanezaowux mecmopoxcoenuti. I1o0 20pHO-MeXHON02UECKOU CUCMEMOI 20PHO20 NPeOnpusi-
musi NOHUMAEMCS COBOKYNHOCHIb 3AUMOCEA3AHHBIX MEXHONL02UHECKUX NPOYECCO8 U OPAHUSAYUOHHBIX
Meponpuamuii no 000blue NONE3HO20 UCKONAEMO20 U3 HeOp U e20 NOCLedyIouje20 0002aujeHus.
Memooonozua uccnedosanuii. B pabome ucnonv308an KOMIIEKCHbIN MEMOO UCCLEO08AHUL, GKIIOUAIO-
wull aHaIu3 Ycnosutl u 0600w eHue onvlma noO3eMHOU paspabomu 2ry60Ko3anre2aruux pyoHsix U He-
DYOHBIX MECMOPONHCOEHUT, CUCMEMAMUZAYUIO U OYEHKY YCI08Ull U QAKMOpos, GIUAIOWUX HA DYHKYUO-
HUPOBAHUE 20PHO-MEXHONOSUYECKOU CUCMEMbl 20PHO20 NPEeOnpUsmus, YCMAHOBNeHUe MUnog u
Ppaspabomxy memooos adanmayuu Ha 0CHO8e Memooa Hay4yHOU UHOYKYUU.
Pesynvmamet. Bvinonneno o60cHo6anue munog (MUKpo- u Makpoaoanmayus) u Memooos (pe3epsupo-
8aHUe Ul dusepcuurays nPoOyKyYuu, pecyiuposanue Uil MOOEpHU3AYyUsL NPOU3800CMEA, OP2AHU3A-
YUOHHbIE USMEHEHUA ULU PECMPYKIMYPU3AYUL) A0ANMayuy 20pHO-MeEXHOIOSUYECKOU CUCEMbL 20PHO20
npeonpuamusl K UsMeHAWUMCS GHEUHEeIKOHOMUYECKUM (DLIHOYHBIM), NPUPOOHBIM (2OPHO-2e0N02UuYe-
CKUM), NPOU3BOOCNBEHHBIM (MEXHONOSUYECKUM), COYUATBHBIM U IKOTOLUYECKUM YCL0BUAM NOO3EMHOU
paspabomxu 2ny60K03a1e2aioWux MeCIMOPOHCOEH UL HA OCHOBe YYema U YnpagieHus Gakmopamu, ebi-
3bIBAIOWUMU NEPEXOOHBLE NPOYECCH.
Oobnacmos npumenenus pesynomamos. Pesynomamol ucciedosanus mozym 6vimes UCNONb308aHbL NPU
MEXHUKO-DKOHOMUYECKOM 0DOCHOBAHUU U NPOEKMUPOBAHUU 2OPHO-MEXHON0SUHECKUX CUCTNEM SOPHbIX
npeonpusmuii ¢ NOO3eMHbIM CHOCODOM 000bIYU pYObLL (Hanpumep, NPU 0CBOEHUU 2TYOOKO3ANe2aIoUUX
JHCene30PyOHbIX MECTOPOHCOEHUIL).

Knroueewie cnosa: znyboxosanezaiouee mecmopoxcoenue; nodzemuas paspabomxa; adanmayus;
nepexooHblil npoyecc, CUCmeMamu3ayus, IJKOHOMUYECKas yCmouuueocms.

BBenenue. llntencuBHas pa3paboTka MPUITOBEPXHOCTHBIX 3aIIaCOB MECTOPOXK/IE-
HUI TBEPABIX MOJE3HBIX MCKOIAEMbIX IPUBEJa K TOMY, YTO B HACTOAIIEE BpeMS I
MOJIep)KaHusT HEeOOXOIMMOM TPOM3BOICTBEHHOW MOITHOCTH TOPHBIE MPEAIpPUATHS
BBIHYKJICHBI B HapacTaromeM o0beMe BOBIIEKaTh B DKCILTYaTaIlUIo 3aIlachl, pacroio-
JKeHHbIE Ha 3HauuTensHOU TiryOuHe [ 1, 2]. [Ipu 3TOM npuMeHseMblie CriocoObl H CXEMBI
BCKPBITHS, KOHCTPYKIUHU U TTApaMeTPhl CUCTEM pa3pabOTKH, TUITBI TEXHOIOTHUYECKOTO
00opymoBaHUs, CXEMBI O0OTaIIEeHUs] U PEXXUMBI X (DYHKIIMOHUPOBAHUS HE B TIOJTHOMH
Mepe COOTBETCTBYIOT W3MEHHUBIINMCS TOPHO-T€OJIOTUYECKUM, TOPHOTEXHHUYECKHM,
SKOHOMHYECKUM H DKOJIOTHUYECKUM YCIIOBHSIM, a TAKKE TPEOOBaHUSM OE30MACHOCTH U
oxpansl HeAp [3-8].

B pesynbrare npu 0CBOEHHH ITyOOKO3aJIETAIOINX 3aIacoB MECTOPOXKIECHUH BO3-
HUKAeT HEOOXOANMOCTh MOJIEPHU3ALNHY TOpHO-TexHonorndeckon cucremsl (I'TC) rop-
HOTO TIPEATIPHUSITHA ¥ KOPPEKTUPOBKU ITAPAaMETPOB OCHOBHBIX TEXHOJIOTHYECKUX TPO-
1meccoB MoObMM W mepepaboTku pyabl [2]. A ar00ble M3MEHEHHS B TEXHOJIOTHH,
MeXaHHU3aIuH, 00beMe M 00BEKTe JOOBIYH Ha JEHCTBYIOIINX TOPHBIX MPEATPHITHIX
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NPEATONaraoT PeaTn3aluio MEPEXoAHOTo nporecca [9], KoTopslii B CBOIO ouepeas 00-
YCIIOBJIMBAET AANTAIMIO pa3IMYHBIX MojicucTeM U 31eMeHToB I TC ropHoro npenmpu-
ATHUS B Pe3yJbTaTe BIUSHUS COOTBETCTBYIOIIUX YCIOBUHA U (PaKTOPOB.

Hennro padoTsl sBIETCA HcceoBaHue Mpolecca agantanuu I'TC ropHoro npes-
OPUATHS K U3MEHSIOIUMCS BHELITHUM U BHYTPEHHUM YCJIOBUSIM MOA3EMHOM pa3padoT-
KU TITyOOKO3aJIeTaloIuX MECTOPOKACHHH.

O0bexkTOM HMcCIe0BAHMIl SBISETCS TOPHO-TEXHOJIOTMUYECKas CUCTEMA TOPHOTO
NPEATIPUATHS C TMOA3EMHBIM CIIOCO0OM pa3pabOTKU MECTOPOXKICHHUHN, TPENCTaBIISIO-
masi co00il COBOKYMHOCTh Pa3HOPOAHBIX, HO B3aMMOCBSI3aHHBIX TEXHOJIOTHYECKHUX
MPOIIECCOB M OPraHU3aLMOHHBIX MEPONPUSATHH 1O JOOBIYE OIE3HOTO HCKOMIAEMOTO U3
HEIlp ¥ ero mocjeaylouiero ooorameHus, OObeIMHEHHBIX €INHON LENbI0 TOTydeHHS
KOHEYHOTO MPOyKTa (KOHLIEHTpara, ariioMepara H 1p.).

MeTtomosorusi mpoBeaeHusi ucciaegoBanmii. B paboTe Mcmons30BaH KOMILIEKC-
HBI METOJI UCCIIC/IOBAHUHN, BKITIOUAIOIIHMI aHATN3 YCIOBHN U 0000IICHHE OTBITA MO/~
3eMHO pa3paboTKH TTyOOKO3aJeTaloMIUX PYAHBIX U HEPYAHBIX MECTOPOXKACHUH, CU-
CTeMaTH3allMi0 YCJIOBMH W  (akTOpOB, BIMAIOMIMX Ha (YHKIUOHHUPOBAHUE
TOPHO-TEXHOJIOTUYECKOU CUCTEMBI TOPHOTO IIPEAIPUATHUS, YCTAHOBIICHAE TUIIOB U pa3-
paboTKy METOIOB afanTaluy Ha OCHOBE METOJa HAyYHOW HHIYKLIUH.

PesyabTarsl necienoBanuii M UX o0cy:kaeHHe. Pa3BuTue ropHBIX MpeanpUsTUil
SBJISIETCSl BAKHEUIIMM (paKTOPOM SKOHOMHYECKOTO POCTa M HAallMOHAIBHOW Oe3omac-
HOCTH cTpaHbl. IIpy 3TOM 3KOHOMHYECKAs] YyCTOWUUBOCTD OTAEIBHO B3SITOIO TOPHOTO
OPEATIPUATHUS OTIPENENAETCS €r0 CIIOCOOHOCTBIO COXPAHSATh CTAOMIBHOE COCTOSIHUE
WM BO3BpALIAaThCsl K HEMY B IIPOLIECCE OCYILIECTBIECHHUS CBOEH IPOU3BOICTBEHHO-
XO3SUCTBEHHOH IEATENbHOCTH IMPH Pa3IMYHBIX BO3ACUCTBHUSX (DaKTOPOB BHEIIHEH
U BHyTpeHHel cpensl [10]. Mexanusmom obecriedeHuss SKOHOMUUYECKON YCTOHYMBOCTH
ABJISIETCSl HETIpEephIBHAS aJlanTalus AEATeIbHOCTH TOPHOTO MPEANPHUATHS K HU3Me-
HSIOUIMMCSI YCIIOBUSM BHYTPEHHEH U BHeUIHel cpeas [11].

Touamue u munvt adanmayuu 20pHo2o npeonpuamus. IIpeanoxeHo onpeneneHue
«ajanTtaiyuy TOPHOTO MPEANpPUATHS» KaK MpeoOpa3oBaHusl CTPYKTYPhI U MapaMeTPOB
I'TC ropHoro mpennpusTis B COOTBETCTBUU C M3MEHSIOUIMMHCA BHEIITHUMH M BHY-
TPEHHUMH YCIIOBHSMH C LEJIBI0 O0OECIEeYeHUsI er0 IKOHOMHYECKOW YCTOHUMBOCTH U
HEOOXOJMMOTO YPOBHS KOHKYPEHTOCIOCOOHOCTH Ha PhIHKE (BEIKMBAHHE, CTAOMIBHOE
COCTOSIHME WJIM YCTONYMBOE pa3BUTHE). BeDkUBaHME — BBIXOJ MPEANPUATHS U3 KPH-
3MCHOTO COCTOSIHUSI M CO3/IaHHE IMPEANOChUIOK ANl JaibHEeHIe cTabmin3auuu npu
HEKOTOPBIX M3MEHEHHSAX BHeUIHel cpeabl. CTaOMIbHOE COCTOSHHE — AWHAMHYECKOE
paBHOBECHE, XapaKTEPU3YIOLIEECS PABEHCTBOM PAa3HOHAIPABIICHHBIX BHEIIHUX U BHY-
TPEHHUX BO3JCHCTBUNA. YCTOWYMBOE pa3BUTHE — COATAHCUPOBAHHBIN POCT JIOJITOCPOY-
HOTO XapaKkTepa, ONPeIesSOIUi BO3MOKHOCTb JOCTHXKEHUS IPEATIPUITHEM JINJUDPY-
FOIIMX MMO3UIMIA Ha PhIHKE.

J1o onpeneseHHoM CTENEHN U COOTBETCTBYIOIETO MOMEHTA BPEMEHH U3MEHEHUS HE
OKa3bIBAIOT PEIIAIONIET0 BIUAHNS Ha CTAOMIBHOCTD MPEANPUATHS, OJHAKO MOCIE J0-
CTHIKCHHUST HEKOTOPOH KPUTHUYECKOI BETTMUMHBI CTAOMIBHOCTD HapyIIaeTcsl, a yCIOBU-
€M JAIBHEHIIET0 CyIIECTBOBAHMS MPEANPUSATUS SIBISETCS MEPEXO] Ha Ka4YECTBEHHO
HOBBIN YPOBEHBb IPOU3BOJCTBA. IHBIMHU CIIOBaMHU, afanTaius IpeaAnpusaTHs K U3MEHS-
IOLIUMCS YCIIOBUSIM UMEET HEKOTOPHIE YPOBHU, T. €. MOXKET OTIIMYAThCS 3aJa4aMu U
MacmTadoM OpPraHW3alOHHO-TEXHUYECKUX U TEXHOJOTMYECKHX MEPONPHUITHH, Ha-
MIPaBJICHHBIX HAa COXpaHEHHE MJIM BO3BPAT K CTAOUIHLHOMY COCTOSHHUIO B CIIy4ae €ro
notepu. B 3aBucuMocTH OT 3a/1a4 W MacmTaba JaHHBIX MEPONPHUSTHI BBIIEICHBI J1BA
THIIA aJaTALMH.

IlepBblil THII aganTanyy ONpPENEIeH KaK MUKPOAJanTalus, BeIpaxaronasics B He-
3HAYUTEIILHON KOPPEKTUPOBKE AEATENBHOCTH NIPEANIPUATHUS, OCYIIECTBIIEMAs 32 CUET
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OTIEPaTHBHOTO Pe3epBa TPYAOBbIX, MATEPHUATBHBIX H (PMHAHCOBBIX pecypcoB. Bemuuu-
Ha pe3epBa SBIIAETCS OTHOCUTENBHO MOCTOSHHOW HA JAJTUTENbHBIN MEPHO BPEMEHHU U
ompenensieTcs TMPaKTUKOW paboThl MpeAnpHsTHS. MHKpPOaZaNTalUOHHBIA PEKUM
MPEONpPUATUS SIBIISIETCS €CTECTBEHHBIM M HE BBI3BIBAET IEPEXOAHBIX IPOIIECCOB.
K MukpoaganTamoHHEIM IpoIieccaM MOXHO OTHECTH: TIEpEMEIIEHUE B IPOCTPAHCTBE
y4acTKa OTpaboTKH (OOBIYHOTO OJIOKA) MECTOPOXKACHUS, TPpeOyrolee KOPPEKTUPOBKU

Ta6auna 1. Cuctemarusanus ycjaoBuii u ¢paxkTopos, BJusiIOIMX HA pyHKIHOHUpoBanue 'TC
TOPHOT'0 NMpeNpPHATHS

Table 1. Systematization of conditions and factors, affecting on the functioning of MTS mining

enterprise
Ycnosust ®axropst, BMSHB?:EI”;% MHKpoazarTa- DakTOpBbI, BBI3BIBAIOLINE MAKPOAIANTALIUIO
Brnewnue gpaxmoper
Bremane sxo- IMpuemiteMbIii ypoBEeHb BOITATHIIb- Pe3koe cHIDKEHHE CTIpoca M MaAeHNe [CHBI
HOMHYECKHE HOCTH CIIPOCa U LEHBI Ha TMPOIYK- Ha IPOAYKIHNIO MPEANPHUSITHS; CYIIECTBEH-
(pBIHOUHEIE) IUIO TIPENIPUSTHS; He3HAUNTEb- HOE M3MEHEHHe TPeOOBaHMI K KaueCTBY
HOE N3MEHEeHUe TpeOOBaHUi K Ka- MPOIYKIIMH WK €€ aCCOPTUMEHTY; HeCTa-
4eCTBY NMPOIYKIHU MU €€ accop- OWIbHAsI KPeTUTHO-ICHeKHAsT TIOJIUTHKA
TUMEHTY rocyaapcTaa
ITpuponnsie N3MeHUNBOCTh KOJTMUECTBA pa3Be- | 3HAUMTENIBLHOE COKpAIIEHHE Pa3BeJaHHbIX
(ropHo- JTaHHBIX GaJIaHCOBBIX 3aI1acoB MO- 0aTaHCOBBIX 3aIaCOB ITOJIE3HOTO HCKOIae-
T€0JIOTHYECKHE) | JIE3HOTO HCKOMAaeMOro B HEpax; MOTO B HE/Ipax; YCIOKHEHUE yCIOBHUif 3a-
OTHOCHTEJIHHOE ITOCTOSIHCTBO YCJIO- | JIETaHHs H MOP(OJIOTHU PYAHBIX TEI; I10-
BUH 3a5eranusi, MOpGhOIOTHU PYA- BBIIIEHNE TOPHOTO JAABJICHNUS C TITyOHHOM
HBIX TEJ M CO/IeP KaHMs ITOJIE3HBIX Ppa3paboTKH; pe3Koe CHIDKEHHE CoJleprKa-
KOMITOHEHTOB; yBEIMUEHUE ITyOU- | HHS MOJE3HBIX KOMIOHEHTOB
HBI pa3padoTKH
Okosloruueckre | YXyAlLIeHUE 9KOJOIMYECKUX ycio- | YkecToueHHe TpeOOBaHUI HKOJIOrHYecKoit
BUH TIO13eMHOH pa3pabOTKH Me- 0€301acHOCTH CO CTOPOHBI TOCY1apCcTBa
CTOPOXJICHUS B Ipe/ieNax HopMa- WM 001IecTBa
THUBHBIX TpeOOBaHMIA
Buympennue gpaxmopui
Ipownzsoa- YacTuuHOe HECOOTBETCTBHE cucTe- | HecooTBeTcTBHE CHCTEMBI pa3paboTKH
CTBEHHBIE (TeX- | MBI pa3pabOTKN H3MEHUBIIHMCS HN3MEHUBIIUMCS TOPHO-T€OJIOTHIECKUM
HOJIOTHYECKUE) | TOPHO-TEONOTHYECKHM YCIOBUSIM; YCTIOBHSIM; 3HAUUTEIBHOE COKpAIIEHHE
OTCTaBaHUE BCKPBITHS H IIOJIOTOB- | BCKPBITHIX M ITOJrOTOBIEHHBIX POU3BOM-
KU 3aI1acoB K BBIEMKE; OBpPEK/Ie- CTBEHHBIX IUIOIIA/AEH AT JOOBIUU PYyABI;
HHE WM U3HOC TOPHON TeXHHKH, MopaibHOe U (PU3MYecKoe cTapeHue rop-
00opynoBaHus, 31aHUN U COOPY- HOW TEXHUKHU, 000pYJOBAaHHSA, 3TaHHHA 1
JKEHUH; YaCTHYHOE HECOOTBETCTBHE | COOPY)KEHHMI; HECOOTBETCTBUE CXEMBI 000-
CXeMBbI 00oTrameHus pyabl Tpedo- TameHus pyasl TpeOOBaHUSIM 10 00BEMY H
BaHMSIM 0 00BEMY HIIM Ka4eCTBY Ka4eCTBY IPOLYKINH
MPOIYKIHN
CounansHble CokpaliieHre KaapoBOro cocTaBa HecootBeTcTBue mraTa U KBaTUQHUKALTIHA
PaOOTHUKOB NMPEATIPUSTHS B paM- PabOTHUKOB MPEANPHUITHS HEOOXOMMBIM
Kax ero oNTUMH3ALHUK; obecrede- TpeOOBaHMAM; Y)KECTOUEeHHE TpeOOBaHUIT
HHE NPOMBIIIICHHOH 0€3011acCHOCTH | IPOMBIIUICHHOH 0€30IIaCHOCTH M OXPaHBI
MPOU3BOACTBA Ha TIPHEMIIEMOM Tpyaa
ypOBHE

napaMeTpoB CHCTEMBI Pa3pabOTKH, 3a01arOBpeMEHHOE BCKPHITUE U TOITOTOBKA 3aria-
COB, TNIAHOBBIN PEMOHT (TIp HEOOXOIMMOCTH OOHOBJICHHE) TOPHOW TEXHUKHU, 000PY-
JIOBaHUS, 3[aHUH U COOPYKCHHUH, TeKyIlas MOACPHU3ALHUS TIPOU3BOICTBEHHBIX IIPO-
IIECCOB ¥ BHEPEHNE HHHOBALMOHHBIX Pa3padoToK.

Bropoii Tam agantanuy onpeaeneH Kak MaKpoaIanTalys, BRIpaKaroNascs B Kade-
CTBEHHOM HM3MEHEHHH CTPYKTYpHI IIPOM3BOJICTBA BCICACTBHE YTPAThl MPEIIPUSITHEM
COCTOSIHMSI CTAOMJIBHOCTH. YCIIOBHEM JAajbHEHIEH paboThl MPEeanpHsTUS SBISETCS
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Tepexo/l Ha HOBBIM ypOBEHb MPOM3BOJACTBA B MaKpoaJanTalMoHHOM pexume. K ma-
KpOaJanTallOHHBIM MPOIlecCaM MOYKHO OTHECTH: CYIECTBEHHOE CHIKEHUE MU yBe-
JUYEHUE TPOU3BOJCTBEHHON MOIIIHOCTH PYAHUKA, IEPEX0]] OT OAHON TEXHOJIOTHH J10-
ObIUM K JApyroil (Hampumep, OT CHUCTEM pa3pabOTKU ¢ OOpyIIEHHEM K CHCTEMaM C
3aKJIaJKOH ), 3aMeHa CTaIlMOHAPHOTO Ha CAMOXOHOE TEXHOJIOTHUECKOe 000pyIOBaHHE,
M3MEHEHHE BU/Ia BHYTPHILAXTHOIO TPAHCIIOPTA, 3aMEHa BaJOBOIl JOOBIYM pyA CelleK-
TUBHOW WJIM MIEPEXO/ OT JTOOBIYHM OJHOTO TIOJIE3HOTO KOMITOHEHTA K W3BJICUCHHUIO He-

CKOJIBKUX ITOJIE3HBIX KOMIIOHCHTOB MECTOPOXKIACHU.

Ta6auna 2. Meroapl agantauuu ['TC ropHoro npeanpusitus
Table 2. Methods of adaptation of MTS mining enterprise

MeTtoibl
DakToph MeponpusTus Pecypcst
ajanTanuu P porip yp
Muxkpoadanmayus

PesepBupoBa- | BHemrHue 5K0HO- DopMupoBaHUE PE3EPBHOTO 3armaca PezepBHBIE MOIIHO-
HUE MPOIYK- MHUYECKHe (PBIHOY- MIPOMEXYTOYHON M KOHEYHOH Mpo- CTH NIPEANPHATHSL
MK HBIE) IyKIMX Ha CKJIaaax MpeaIpusITHs
Perynuposa- IIpuponusie (rop- KoppektupoBka napaMeTpoB cucre- O6opoTHBIC (prHAH-
HUE TIPOU3- HO-TEOJIOTHYECKHE), | MBI pa3paboTKH U CXeM IOATOTOBKU COBBIE CPEICTBA U
BOJICTBA MIPOU3BOJICTBEHHBIE | NOOBIYHBIX 0J0KOB. [T1aHOBEIH pe- MaTepHabHbIe

(TeXHONOTHYECKHE) | MOHT MM OOHOBJIEHHUE AWHHII TEX- Ppe3epBHI NpeArpus-

HHUKH 1 000pyJOBaHUS THS

Opranmzanu- | CouuanbHo- IInanoBoe oOyyeHHe U Tepenoaro- O6opoTHbIe (hUHAH-
OHHBIE H3Me- 9KOJIOTHYECKHE TOBKa pabOTHUKOB. MOHUTOPHHT COBEBIE CPE/ICTBA

HCHUA

COCTOSIHUSI OKpY Karolel cpesibl U
cucteM 0e30IaCHOCTH U OXPaHBI

Tpyna

HpEeAIPUATHS

Maxkpoadanmayus

Jusepcutu- Buemnane sxoHO- Pacmmpenne accopTUMEHTa BEIITyC- WuBectummu B 060-
KaIys 1po- MHUECKHe (PBIHOY- KaeMOM MPOAYKIINH U PhIHKA MOTpe- POTHBIE CPEICTBA
IYKIMH HBIC) ourenei
Mopnepuusza- IIpuponusie (rop- MonepHu3anus TeXHOJIOTUH BelleHust | MHBecTuium B
nus (mepe- HO-TEOJIOTHYECKHE), | TOPHBIX paboT. PekoHCTpyKIMs 310~ OCHOBHBIE ()OHABI U
CTpoiiKa) MIPOM3BOJICTBEHHbIE | HUU U coopyxeHuil. Texnuueckoe 000pOTHBIE Cpel-
MPOU3BOJACTBA | (TEXHOJIOTHYECKHE) | MEPEeBOOPYKEHHE MPOLECCOB JOObI- CTBa MPEINPHATHSL

YH, TPaHCIIOPTHPOBAHUS 1 oborare-

HUSA Py b
Oprammsanu- | ConuanbHo- KapanHansHOe H3MEHEHUE CTPYKTY- WuBectnmmm B oc-
OHHas pe- JKOJIOTUYECKHUEC PBI IPpEANPUATHSA B LEIAX YITYyULICHUSA HOBHBIC (I)OH}I[]:I n
CTPYKTypH3a- HKOJIOTHYECKON 0OCTaHOBKH U CO- 0060pOTHBIE Cpel-
s BEPIICHCTBOBAHUS CHCTEM Oe3omac- CTBa MPENPUITUSL

HOCTHU ¥ OXpaHbI TPyJa

Ilpusnaku, xapaxmepusylowue cmabuibHOe COCMOAHUE 20PHO20 NPEONPUAMUSL.
BouiBensl  HambOonee 3HAaUMMBIE TNPH3HAKM, XapaKTepU3YIOLIME CTa0MIbHOE
COCTOSIHME TOPHOTO HPEANPUATHSL, IO KOTOPBIM MMOHUMAETCS Takasi ero padboTa, mpu
KOTOPO#l MJIaBHO M IUIAHOBO MEHSIOTCS €r0 TEXHHUKO-3KOHOMUYECKHE MOKa3aTelH
(T2ID) [12-14]:

— puTMHYHAs paboTa ¢ MPOEKTHOW MPOM3BOACTBEHHOW MOIIHOCTBIO, T. €. IPOU3-
BOJICTBO ITOCTOSIHHOTO 00BbEMa KOHEUHOTO MPOAYKTA C ONPEAEeICHHBIM KaueCTBOM IPH
YCIIOBUM HAJIMYMS JOCTATOYHOTO KOJIMYECTBA Pa3BEAaHHBIX 0aTaHCOBBIX 3alacoB IMO-
JIE3HOTO MCKOMAeMOro B HEIpax M MPOM3BOACTBEHHBIX IUIOMAACH ISl JOOBIYU PY.IH,
MOCTOSIHCTBA MOP(OJIOTHH PYIHBIX TEJNl M COACP>KaHMS MOJIE3HBIX KOMIOHEHTOB B HUX,
COOTBETCTBHS OPraHU3aLUH U TEXHOJOTHH JOOBIYHBIX PaObOT U 000TaTUTENHFHOTO MPO-
M3BOJCTBA OCOOCHHOCTSIM 3KCIUTyaTallud MECTOPOXKACHUS;
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— MOJIyYeHHE MOCTOSHHOTO J0X0/a, T. €. peann3alus OonpeneieHHOro o0beMa Ko-
HEYHOT'O IPOAYKTA B YCIOBHSAX CTAOMIBLHOTO CIIPOCa U LIEHBI HA HETo, YTO MpeAroara-
€T OTHOCUTENIbHOE IIOCTOSIHCTBO KalTUTAJIBHBIX BIOXKEHUH HA NIOAIEp/KaHUE ITPOU3BOJI-
CTBEHHOM MOITHOCTH U SKCIUTyaTallMOHHBIX 3aTpaT Ha €ro IPOU3BOICTBO.

Cucmemamusayus ycnosuil u Qaxmopos, 8bl3bl8aiouiux NepexooHbvlie Npoyecchl.
Ha ocHoBanmnu ananu3za u 00001IEHHS ONBITa MOA3EMHOM pa3paboTKu ITyOoKo3anera-
IOLIUX PYAHBIX U HEPYAHBIX MecTOpoxkAeHUH [1-9, 12] ycTaHOBIIEHBI U CUCTEMATH3U-
POBaHBI OCHOBHBIE YCIIOBHS U (akTophl, Biusitonie Ha ¢pynkunonuposanue I'TC rop-
HOTO MPENPHUATHS U ONpeNeIIoNINe THIT afantanuu (tadm. 1).

OOuMM MpU3HAKOM BHEITHHUX (PaKTOPOB SBISETCA UX HE3aBUCUMOCTH OT AEsTElNb-
HOCTHU TOPHOTO MPEeINpHUsITHS, BHYTPEHHUX (HAKTOPOB — BO3MOKHOCTD YIIPABJICHUS B
npolecce ero AesTenbHOCTH. HezaBUCMMOCTh BHEITHUX (PAKTOPOB OT AEATEIBHOCTH
TOPHOTO MPEANPHUATHS JOCTaTOYHO YCJIOBHA, MOCKOJNBKY LieHa U 00bEeMbI MOCTaBKU
NPOAYKLIUU MOTYT OBITh OTPEryJHUpPOBaHbl CMEHOM MOTpeOHTENs, BEIHYHHA OalaHCo-
BBIX 3allacoB U UX KAUYECTBO KOPPEKTHPYIOTCA 3a CUET JETAbHOW 3KCILTyaTalliOHHOMN
pa3BelKu U epecMoTpa KOHIUIHNA, MOP(HOIOTHS PYAHBIX TEN YTOYHSETCS B poLecce
Ppa3paboTKH MECTOPOKICHHS, SKOJIOTHUECKUE YCIOBUS BO MHOTOM 3aBHUCST OT TEXHO-
Joruy A00BIYM U TpeOOBaHUH CO CTOPOHBI TocyAapcTBa MM obmecTsa [15]. Usmene-
HHUE JaHHBIX (PaKTOPOB NP CTAOMIILHOM paboTe TOPHOTO NPEANPUATHS (Y HATTMYUH
MapKEeTUHTOBOW CTpATETHH, MOCTOSIHHOM Ireooropa3Beike U peryIsipHOM MOHUTOPHH-
re BIHMSHUS TOPHBIX PadOT Ha OKPYKAIOIIYIO Cpefy), Kak MPaBUiIo, TOCTAaTOYHO Hpes-
CKa3yeMbl Ha JIOBOJIBHO JIMTENBHBIN MEPHOA.

W3 tabn. 1 BuAHO, YTO BHEIIHHE M BHYTPEHHHE (PAKTOPBI, XapaKTepU3YIOTCS HeE
TOJIBKO ONpPEJENIEHHBIMU KOJMWYECTBEHHBIMHM TIOKa3aTeNIIMU, HO W HaIPaBICHHUEM,
a tun azantauun ['TC ropHoro mpeanpusatust oOycJIOBIEH YPOBHEM MU CKOPOCTBIO
M3MEHEHUs JaHHBIX [T0Ka3aTeseil.

Memoowl adanmayuu 2opnozo npeonpusmus. Ha ocHOBaHMM pa3paOOTaHHOU CH-
cTeMaTu3aluu npeiokeHs! Metos! agantanuu ['TC ropHoro npeanpusTHs B 3aBUCH-
MOCTH OT THIIa aIalITAllUH U BIUSIOMNX (AKTOPOB, a TAKKE pa3paboTaHbl NPUHIIHITU-
aJbHBIE MEPOTIPHUATHS U ONIPEACIEeHBI TpeOyeMble pecypehl IS MX peann3auu (Taom. 2).

BoiBoabl. OCHOBHBIE PE3YNIBTAaThl BHIIOTHEHHBIX UCCIEIOBAHMMN:

— onpeaeneHsl Aa thna agantanun [ TC ropHOTO NpeanpusTus (MUKPO- U Makpo-
ajanTamnys) K U3MEHSIOIMMUMCS BHEUTHUM M BHYTPEHHUM YCIOBHSAM IOJI3EMHOM pa3z-
paboTKH MTy0OKO3aJIeTaoIIUX MECTOPOKICHUH, OTIIMYAOIIIecs 3aa4aMi U MaclITa-
060M OpraHU3aIlMOHHO-TEXHUYECKUX U TEXHOIOTHYECKUX MEPOIPUATHI, peaTn3yeMbIX
C LENbI0 00ECIeUeHHsI er0 IKOHOMUYECKOW YCTOMYMBOCTH M HEOOXOIUMOTO YPOBHS
KOHKYPEHTOCIIOCOOHOCTH Ha phIHKE (BBDKMBAaHUE, CTAOMIILHOE COCTOSTHIE WIIN YCTOM-
YHBOE Pa3BUTHE);

— BBISABJICHBI HanboJiee 3HAUMMBbIE MPU3HAKH, XapaKTEPU3YIOIIe CTaOUIbHOE CO-
CTOSIHAE TOPHOTO TpennpusTHs (pUTMHUYHAs paboTa C yCTaHOBJIEHHOW MPOW3BOM-
CTBEHHOM MOIITHOCTBHIO U MOJIy4€HHE TIOCTOSIHHOTO J10X0/1a), M YCIOBUS, IPU KOTOPBIX
BO3MOXHA CTaOMJIBbHAS €r0 padoTa;

— YCTaHOBJIEHBI U CUCTEMAaTU3UPOBAHBI B IATh TPYII (PHIHOYHBIE, IPUPOAHBIE, TEX-
HOJIOTUYECKHE, COLIUAIBHBIE, KOJIOTHUECKUE) OCHOBHBIC YCIOBHS U (DaKTOPBI, BIUSIO-
e Ha ¢pyHkuuonuposanue ['TC ropHOTo npenpusITHS U ONpEASIIONINe THIT aall-
TaIWH;

— paszpabotanbl Metobl afantaiud [ TC TOpHOTO MPEANPHATHS, YUYUTHIBAIOLIHE
TUN aJIalTalli ¥ TPYIILY BIUSIOMIHX (HAKTOPOB, MPEIIOKEHBI MEPOIIPUSATHSI M OIpe-
JIEJIEHBI PECYPCHI ISl UX pean3alii.

Cmambsa no0zomoenena no pe3yaismamam uccied08anuil R0 KOHKYpCHOMY Rpo-
exmy gpynoamenmanvnuix uccnedosanuii YpO PAH (Ilpoexm 18-5-5-10).
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Justifying the types and methods of adapting the mining technological system
of a mining enterprise to changing conditions of underground mining

Aleksei A. Smirnov!, Igor V. Nikitin'
! Institute of Mining UB RAS, Ekaterinburg, Russia.

Abstract

Research aim is to study the process of adapting the mining and technological system of a mining enterprise
to the changing external and internal conditions of deep-seated deposits underground mining. By the term
mining and technological system of a mining enterprise we mean a set of interrelated technological processes
and organizational solutions for mineral extraction from the subsoil and its further dressing.

Research methodology. The paper uses a complex method of research, which includes the analysis
of conditions and generalization of the experience of underground mining of deep ore and non-metallic
deposits, systematization and assessment of conditions and factors affecting the functioning of the mining
and technological system of the mining enterprise, the establishment of types and development
of adaptation methods based on the method of scientific induction.

Results. The substantiation of types (micro- and macroadaptation) and methods (reservation or
diversification of production, regulation or modernization of production, organizational changes
or restructuring) of adaptation of mining and technological system of the mining enterprise to the changing
external economic (market), natural (mining and geological), production (technological), social and
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environmental conditions of underground mining of deep-seated deposits on the basis of accounting and
management of factors causing transition processes.

Results application area. The results can be used in the feasibility study and design of mining and
technological systems of mining enterprises with underground method of ore mining (for example, in the
mining of deep-seated iron ore deposits).

Key words: deep-seated deposit; underground mining; adaptation; transition process, systematization;
economic stability.
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Automatic analysis of pit slope stability
in clays of quaternary sediments
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Abstract
Introduction. Preventing landslides of slopes formed by sand and clay of quaternary sediments with
a thickness of 40-50 m is an essential task of opencast mining. Possessing significant stability at natural
moisture content, rocks drop soil strength in water saturated condition. In some instances, it may cause
disequilibrium in the marginal rock mass. The maintenance of slopes (pit edges, waste dumps, dams,
mounds, etc.) stability is the most basic requirement imposed on mining enterprises today.
Research aim is to improve the accuracy of slopes stability analysis by means of automatic search of the
most strained glide surface with the lowest value of slope stability safety factor, both at the design stage
and at the stage of emergency control associated with slope stability violation.
Methodology. The method of analyzing slope stability in the main computational models, including
models with low-angle concordant bedding of a natural plane of weakness. The algorithm was
implemented by an analytical simulation method in Stable slope (Russ. Ustoichivyi bort) software
package.
Results. Based on the data from slope stability analysis at a polymetallic mine in Altay krai, a graph
of slope angle versus slope height in quaternary sediments has been built for various values of the angle
of incidence for the contact “quaternary sediments—underlying bedrock”.
Summary. Slope design procedure involves making laborious polycyclic calculations associated with
the selection of the resultant angles of slopes, which will provide stability, for the specified height, mine
and geological conditions and physical-mechanical characteristics of the marginal rock mass. Automatic
analysis with Stable slope software makes it possible to improve stable slopes parameters computational
accuracy when designing mining, by means of an option of searching for the most strained glide surface.
Further fundamental improvement of analysis accuracy is possible with 2D geological models of slopes
substituted for 3D models with slope stability factor determination by the most critical area. Such 3D
models may be developed by geologic sections and geophysical sounding in the areas with abnormal
density and water saturation. Besides, analysis accuracy may be improved if the model is developed as
far as the real contour of mine profile, lithological types of rock, variability of physical-mechanical
properties of rock are concerned.

Key words: ground slopes; stability; computational automation; safety factor; limiting equilibrium;
back calculation; physical and mechanical properties of soils.

Introduction. The maintenance of slopes stability is the basic requirement imposed
on mining enterprises today [1]. Preventing landslides of slopes formed by clay of
quaternary sediments with a thickness of 40-50 m is an essential task. Possessing
significant stability at natural moisture content, rocks drop soil strength in water
saturated condition. In some instances, it may cause disequilibrium in the marginal
rock mass [2, 3].
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Charles-Augustin de Coulomb laid the theoretical substantiation of stability
computation by formulating the main principles of the limiting equilibrium theory and
proved its application to engineering problems. Limiting equilibrium calculation
methods were developed by national (V. V. Sokolovskii, S. S. Golushkevich,
N. N. Maslov, R. R. Chugaev, G. M. Shakhuniants, V. T. Sapozhnikov, G. L. Fisenko,
etc.) and foreign (N. R. Morgenstern, N. Janby, E. Spenser, V. Fellenius, A. Bishop, and
Y. M. Cheng and C. K. Lau) scientists [4-8].
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Fig. 1. Algorithm of a soil slope stability analysis
Puc. 1. Anroput™ nporsosa ycTOH4MBOCTU IPYyHTOBOTO OTKOCA

At the present time, a range of software programs has been developed based on
these methods, making it possible to quickly assess the stability of slopes in various
engineering and geological conditions. GeoStudio Slope/W, Galena, Geo5, GeoStab,
RS Slide are the best known [8—11].

The basic idea of the specialized software application can be described by a general
algorithm. Firstly, a geometry model of a slope is built: the height and the angle of
slope, from which the program automatically builds the section, are specified
analytically, and the section is simulated in a vector editor graphically. Secondly,
geological conditions are simulated, for instance, using polygonal objects responsible
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for a particular geological object with a minimum set of physical and mechanical
characteristics required for calculation, or weighted-average characteristics of layers
composing the marginal rock mass are specified. After that, stability is assessed with
one of the following methods: Bishop’s, Morgenstern-Price’s, Shakhuniants’, Spenser’s,
Fellinius’, etc. [11-14].
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Fig. 2. The section to the back-calculation method:
1 — contact quaternary sediments—underlying bedrock; 2 — the position of the slope after the landslide;
3 — the position of the slope before the landslide; 4 — the most strained glide surface in the marginal rock
mass; 5 — the position of the waste dump after the landslide; 6 — the position of the waste dump before
the landslide
Puc. 2. Ceuenne k MeTOy 0OpaTHBIX PacueToB:
1 — KOHTaKT uemeepmuunbvle OMIONCEHUA—KOPEeHHble NOpoObl; 2 — TIONOXKEHHe 6opTa IMocie OINOJN3HS;
3 — nonoxeHue Oopra 10 onoN3Hs; 4 — HauboJiee HaNPSHKEHHAs! TOBEPXHOCTh CKOJILKEHUsI B IPHOOPTOBOM
MacCHBE; 5 — MOJIOKEHHUE OTBAJIA ITOCIIE OMOJI3Hs; 6 — IOJI0XKEeHHE OTBAJIA 10 OION3HS

It should be noted that the Rules for ensuring the stability of slopes on coal mines
regulate slope stability assessment according to particular schemes, which take into
account engineering and geological conditions of a rock mass by the methods of
algebraic and vector superposition of forces. The mentioned methods are scarcely used
by present-day stability assessment programs [15]. The authors of the article have
developed an algorithm of analytically calculating the equilibrium conditions of a
system of forces acting on the elements of the potential glide plane design blocks; the
conforms with the Rules for ensuring the stability of slopes on coal mines. The algorithm
was implemented in Stable slope (Russ. Ustoichivyi bort) software package. The
developed software allows calculating the limiting parameters of inclination of a pit
slope flat profile by the methods of limiting equilibrium — algebraic and vector
superposition of forces (equilibrium polygon) for various mine geological conditions
of a marginal rock mass: the lack of planes of weakness concordant with slope, the
presence of low-angle and steep natural planes of weakness concordant with the slope
and concordant layer occurrence.

Research aim is to improve the accuracy of slopes stability analysis by means of
automatic search of the most strained glide surface with the lowest value of slope
stability safety factor, both at the design stage and at the stage of emergency control
associated with slope stability violation.

Research methodology. When analyzing the stability of slopes, the methods of
limiting equilibrium, back calculation, and analytical simulation are used. Back
calculation is the most reliable way to determine the shearing resistance of rock in a
massif from the mine survey of natural failures. The method is based on the fact that up
to the moment of failure, rock equilibrium in a slope is described by the equality of
retention (friction and cohesion) forces and shearing forces.

After landsliding, when cohesive forces of the glide surface are no longer in force,
there is equilibrium between the caved masses, when shearing forces are balanced only



24 "l zvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 6. 2019 ISSN 0536-1028

by frictional forces. Thus, for each block, two equations with two indeterminates, angle
of internal friction ¢, and soils adhesion C,, can be solved.

After that, an algorithm of soil slope stability analysis is considered which is
prevailing in the conditions of opencast geotechnology of a computational model with
low-angle concordant bedding of a natural plane of weakness by limiting equilibrium
method, i.e. vector superposition of forces.

The algorithm includes the following basic stages (fig. 1):

— specifying rock mass physical and mechanical properties, geometric parameters,
regulatory value of slope stability safety factor, and the frequency of a search for the
most strained glide surface;

— developing potential glide surfaces, calculating forces and building the polygon of
forces;

— selecting the most strained glide surface.

Table 1. Physical-mechanical characteristics of rock in quaternary sediments
and theindicators of resistance to shear on the contact of rocks

Ta6auua 1. Pu3nko-MexaHuvecKue XapaKTePUCTUKHU MMOPOX Y€TBEPTUYHBIX OTJIOKeH Uil
U MOKAa3aTeJIM CONPOTUBJICHUS CABUI'Y IO KOHTAKTY NMOPOJX

Bulk densit Internal
Indicator N Y¥ | frictionangle | Cohesion C, kN/m?
m
¢, degrees
Quaternary sediments 19.2 17 17.6
Contact quaternary sediments—
underlying bedrock - 8 6.9

The calculation results in the discrepancy AF which is compared with the permissible
value of AF;:

AF, = kiyi\/i ,

i=1

where k — the error of the grapho-analytical calculation accepted in the range within
0.01-0.02; y, — bulk density of soil, kN/m?; V.— the volume of the design block, m?.

With AF < AF, stability is not ensured with the specified stability safety factor. In
this case, the input original data are updated and the calculation is made again.

Compared to the Rules for ensuring the stability of slopes on coal mines which
restrict the quantity of potential glide surfaces by the labour intensity of hand calculations
(not less than three), the developed algorithm allows specifying any frequency of an
increment in the width of the possible sliding wedge — the function of search for the
most strained glide surface which insures the improvement of slope stability analysis
accuracy.

Results. Research object is the north-eastern slope of an open pit in quaternary
sediments of a polymetallic ore deposit in Altai krai (the enterprise is not named due to
confidentiality concerns). The deposit is mined by opencast, and as of June 2018
the open pit had slope height of about 205 m with the resultant angles of 19°-28°.
The upper part of the slope is composed of the strata of quaternary sediments with a thickness
of 20 to 44 m with a resultant inclination angle of 10°-30°. The external dumps, Western
and Eastern, are situated at the marginal zone of the open pit. The natural relief with pit
oriented inclination serves as a base of dumps. The central part of the Eastern dump is
piled on the old streambed. The river is shallow, and its upper part dries up in the
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summer. Treatment plants are located at the northern edge of the open pit. In June 2017,
in the section area (fig. 2), land sliding was recorded in quaternary sediments.

With slope height of 44 m, the resultant angle made up 16°, the angle of incidence
for the contact quaternary sediments—underlying bedrock made up 2°. Up to June 2018
the slope flattened up to 13°, dragging into the landslide the first 27 m high horizon of
the Eastern dump situated in the marginal zone of the open pit at the distance of 70 m
from the upper edge.

In the course of engineering and geological investigation, four engineering and
geological elements (EGE) have been singled out: EGE 1 — loamy soil of black or black
brown color; EGE 2 —loam of hard and low-plastic texture with the veinlets of carbonate
salts and patches of ferruginization; EGE 3 — loam of high-plastic texture, yellowish
brown with the patches of ferruginization, EGE 4 — loam of fluid-plastic texture,
yellowish brown with the patches of ferruginization .
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Fig. 3. Section of aslope
Puc. 3. IIpoduns 6opTa

For engineering and geological elements EGE 2 and EGE 3 composing the greater
part of the geological section, the regulatory values of the angle of internal friction ¢
vary from 21° to 24°, bulk density y — from 18.5 kN/m? to 19.9 kN/m? with average
values of 22.5°, and 19.2 kN/m? correspondingly. The regulatory value of cohesion C
is 12.7 kN/m?. For engineering and geological element EGE 4, underlying EGE 2 and
EGE 3, the regulatory values of internal friction angle ¢, cohesion C and bulk density
y correspondingly are 17°, 17.6 kN/m? and 19.2 kN/m?3. The analysis of the engineering
and geological instigations has shown that the strata of quaternary sediments is
composed by the loams from top downward from hard and low-plastic to fluid-plastic
texture. The main reason for landslide was the overwetting of quaternary sedimentary
rocks. The sources of water are the following: the ancient streambed, treatment plants,
rain and melt water. Due to low filtration properties, the water absorbed by clay does
not percolate at the slope but increases water saturation up to the complete swelling and
transition into free-flowing. Due to rock density reduction, plastic deformations
develop, tension joints occur parallel to the edge of the slope, and gradual subsidence
of the spalled block is observed. Joints eventually become wider and deeper with
further landslide.

With the method of back calculation on section, the indicators of shear resistance
on the contact quaternary sediments—underlying bedrock (table 1) have been
determined.
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The calculation of slope parameters is made according to the scheme of low-angle
concordant bedding of the contact quaternary sediments—underlying bedrock in Stable
slope software package.

The section of a slope (fig. 3) in Stable slope software package is built by describing
its elements (slope, berm, natural plane of weakness, glide surface) by algebraic
equations (table 2).

Table 2. Algebraic equations of slope section elements
Tabauna 2. AnredGpanyeckue ypaBHeHHs 3JIeMeHTOB Npoduist GopTa

Slope element Equation Key
Slope yi = Xitgai o — slope inclination angle, degrees; Hs —
Berm = H slope height, m; B — the angle of incidence
Yi=Hs of the natural plane of weakness, degrees
Natural plane of weakness yi = Xitgf

The algebraic equations used to create the section of a slope are limited by the
points: 1, 2 — lower and upper edges of the slope; 3 — the border of the terrace (berm);
4 — the border of the natural plane of weakness; 5, 6 — tension joint borders; 6, 7, 8, 9 — points
on the tangent lines of the smooth curved part of glide surface. Glide surfaces are built
from point 5 along the whole width of berm b with the specified value of possible
sliding wedge a. From the terrace (berm) of a slope, vertical tension joint terrace the
size of H,, is formed.

o, degrees
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Fig. 4. A graph of slope angle o versus slope height H in quaternary sediments
at the angles of incidence 3 of quaternary sediments-underlying bedrock:
1-B=0%2-B=2%3-B=4%4-B=6°
Puc. 4. I'paduk 3aBHCMMOCTH YIJ1a OTKOCA 0 OT BBICOTHI OopTa H B ueTBep-
TUYHBIX OTJIOKCHUAX IIPHU yIjlaX NaJCHUSA KOHTaKTa [3 uemeepmuyiHvle Omio-
JHCEHUA—KOPEHHbIE NOPOObl B BBIPAOOTKY:
1-B=0%2-B=2%3-B=4%4-p=6°

In the lower part, glide surface coincides with the natural plane of weakness (between
points 1 and 8), in the upper part, circular cylindrical surface (between points 6 and 8)
is inscribed between tangent lines at angles @ and 0. The borders of the design blocks
are determined by the glade surfaces of the second class: for the first block — points 10
and 11, for the second block — points 8 and 12. At the place of second class glide surface
exposure, vertical tension joint terrace is formed (points 2-10 and 13-12).
The determination of the vectors of forces acting on possible sliding wedge, as well as
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the development of a polygon of forces are also carried out analytically. The calculation
results in the discrepancy of the polygon of forces for the specified value of stability
coefficient. Closure of the polygon of forces characterizes the equilibrium of retention
and shearing forces.

According to the results of the calculation, a plot (fig. 4) showing the dependence
between slope angle o and slope height A in the quaternary sediments at various angles
of incidence for the contact quaternary sediments—underlying bedrock with the use of
Stable slope software package. The results were compared with the values of stable
slopes angles presented in the graph of Appendix 5 of the Rules for ensuring the stability
of slopes on coal mines (table 3).

Table 3. Values of inclination angles a accor ding to the developed algorithm
and Appendix 5 of the Rulesfor Ensuring the Stability of Slopes on Coal Mines
Tabuuna 3. 3Ha4eHHs yIiI0B 0TKOCOB ¢ COIVIACHO Pa3pad0oTaHHOMY AJITOPHTMY U
Ilpunoscenuio 5 Ilpasun obecneyenun ycmouuugocmu 0mKocos
Ha y20/1bHBIX pazpe3ax

H, m 5 10 15 20 25 30 35 40
B=0° | 468 | 251 | 189 | 171 | 152 | 143 | 141 | 138
44.3 19.3 15.2 13.5 12.7 12.6 12.5 12.1
p=2° | 448 | 229 | 168 | 151 | 131 | 122 | 119 | 117
40.0 18.2 14.4 12.9 12.0 11.7 11.6 11.2
p=4° | 428 | 209 | 148 | 131 | 111 | 102 | 99 | 97
35.8 17.1 13.6 12.3 115 11.1 10.7 10.3
B=6°| 408 | 189 | 128 | 111 | 91 | 82 | 79 | 77
32.7 16.6 13.3 12.0 114 10.9 10.4 9.6

In the numerator — the values calculated with Stable slope software, in the denominator — the values
determined according to the graphs of Appendix 5 of the Rules.

A discrepancy between the values obtained with the help of the two methods is 14 %.
It is explained by the fact that the graphs of Appendix 5 of the Rules for ensuring the
stability of slopes on coal mines are applicable for the conditions when the cohesion of
rocks in the transverse direction to bedding C is five times as high as the cohesion along
the planes of weakness C’, consequently, they cannot be applied in the instance under
consideration.

Summary. Slope design procedure involves making laborious polycyclic
calculations associated with the selection of the resultant angles of slopes, which will
provide stability, for the specified height, mine and geological conditions and physical-
mechanical characteristics of the marginal rock mass. Automatic analysis with Stable
slope software makes it possible to improve stable slopes parameters computational
accuracy when designing mining, by means of an option of searching for the most
strained glide surface.

Further fundamental improvement of analysis accuracy is possible with 2D
geological models of slopes substituted for 3D models with slope stability factor
determination by the most critical area. Such 3D models may be developed by geologic
sections and geophysical sounding in the areas with abnormal density and water
saturation. Besides, analysis accuracy may be improved if the model is developed as far
as the real contour of mine profile, lithological types of rock, variability of physical-
mechanical properties of rock are concerned.
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ABTOMATH3MPOBAHHBIN MPOTrHO3 YCTOHYUBOCTH 00PTa Kapbepa B INIMHUCTBIX
NMOpoJaaxX YeTBEPTUUHBIX OTJI0KEHUit

Kapa6aun M. M.}, T'ypses /1. B.2, TIpocto C. M.2, Jlecun 10. B.?

! Cubupckuii pumman MexoTpacieBoro Hayynoro rentpa BHUMU, TpokonbseBck KemepoBckoit o0,
Poccust.

2 Ky30accKuii rocylapCTBEHHBIN TEXHHUECKHUI yHUBEpCHTET, KemepoBo, Poccus.
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Pecpepam
Beeoenue. [Ipu omxpwimoii 2e0mexHon02UU 8eCoMa 8AHCHOU ABTAEMCA 3a0aA1d NPEOOMEPAUEHUs ONON3-
Hell 60pMo8, CNOJNCEHHbIX NeCUAHO-2NUHUCIBIMU NOPOOAMU YEeMBEPMUUHBIX OMIIONCEHUL MOUHOCHIBIO
40-50 m. Obnadas docmamounol ycmoudugoCmvio Npu eCmecmeeHHOlU GIAHCHOCMU, 80 61A20HACHIU|EH-
HOM COCMOAHUY NOPOObL PE3KO CHUIICAIOM NPOYHOCMHbIE XAPAKMEPUCIUKY, YMO 8 PA0e CyYaes CHOCO0-
HO Npusecmu K HapyueHuio pasHo8eCHO20 COCMOSHUA npubopmosozo maccusa. Obecneuenue ycmoudugo-
CMU OMKOCHBIX COOPYJiceHUll (6OPMos Kapbepos, 0meanos, 0amo, Hacvineil u Op.) s18IAemcs GANCHEUUUM
mpebosanuem, npedvAGNIAEMbIM K COBPEMEHHBIM 20PHOO00bIBAIOWUM NPEONPUATNUAM.
Lenvio pabomul siensemcs NogviuieHUe MOYHOCMU NPOSHO3A YCMOUMUBOCHIU OMKOCO8 3d CYem agmoMamu-
SUPOBAHHO20 NOUCKA HAUOOTIee HANPANCEHHOU NOBEPXHOCTNU CKObICEHUS, KOMOPOU COOMBENCMBYen Hau-
MEHbULAS BeNUNUHA KOIPDuUYUeHma 3anaca yCmousyueocmu Kaxk Ha Cmaoull npoeKmupo8anus 20pHbIX pa-
bom, max u npu IUKEUOAYUY ABAPUTIHBIX CUMYAYUL, CEA3AHHBIX C HAPYUEHUEM YCMOUYUBOCIIU OMKOCOS.
Memooonozus. Hcnonv3o06ana memoouKa npocHo3a yCmouuugocmu OMKOCO8 OCHOBHbIX PACUENHbIX CXEM,
6 MOM HUCIe CXeMbl NPU NONO2OM CO2NACHO C OMKOCOM 3ANIe2AHUU eCMECMEEHHOU NOBEPXHOCHIU 0Caabe-
HUs. Aneopumm peanu306an nOCpeOCmeoM AHANUMUYECKO20 Memo0a MOOEIUPOBAHUs 6 NPOSPAMMHOM
Komniexce « Yemotiuusoiii bopmpy.
Pesynomamui. Ilo pesynomamam npoero3a ycmouyusocmu O0pma Kapvepa NOIUMemaniuveckux pyo
Anmatickoeo kpas hocmpoen epaghux 3a8UCUMOCIU Yena OmKoca Om 8blConvl 60pma 6 4emeepmuiHbix
OMJIOICEHUAX NPU €CMECTNBEHHOU BANCHOCU Ol PASNUYHBIX 3HAYEHUL Yena NA0eHUs, KOHMAKMa «4yem-
sepmuuHble OMIOHNCEHUA—KOPEHHBLE NOPOObL Y.
Bui6oowi. [Ipoyedypa npoekmuposanus OmKOCO8 3aKNOYAEMCs 6 BbINOTHEHUU MPYOOEMKUX MHO20YU-
KAUYHBIX PACYEMO8, CEA3AHHBIX C NOODOPOM OJis 3A0AHHOU 8bICOMbL, 20PHO-2E0N0SULECKUX VCI08UL U Pu-
3UKO-MEXAHUYECKUX XAPAKMePUCMUK NPpUOOPMO8020 MACCUBA Pe3YIbMUPYIOUUX V2ll08 OMKOCO8, NPU KO-
mopvix Oydem 00ecnedu8amvcs  YCMOUUUBOCmMs.  ABMOMAMUUPOBAHHBIIL NPOSHO3 €  NOMOWbIO
NPO2PAMMHO20 KOMIAEKCA « Yemouuusulil 60pm»y no3eonsiem nogbiCUums Mo4HOCHb pAcyemad napamempos
ycmouuugslx 60pmos npu npoeKmuposanHuy 20pHeix pabom 3a cuem QyHKyuu noucka Hauboiee Hanpsi-
JICEHHOT NOBEPXHOCMU CKONbIICEHUAL. JlanbHeliuee NPUHYUNUATLHOE NOGbIUUEHIe MOYHOCU NPOSHO3A 603-
MOJICHO HA OCHOBE Nepexo0d om NIOCKUX 2e0l02uYecKux mooenetl 6opmog K 00beMHbIM ¢ onpedenenuem
K03 puyuenma ycmouuusocmu no Haubonee onachomy ceveruro. Iocmpoerue no00OHbIX 00bEMHBIX MO-
Oenell MOJNCHO Pedanu308ams nymem QopmMaiusayuu OAHHLIX 2e0N02UYECKUX PA3Pe306 U 2eoPu3udeckux
30HOUPOBAHULL 30H, AHOMANLHLIX NO NAOMHOCMU U 81A20HACbIWennocmuy. Kpome mozo, nogviuenue moy-
HOCIU NPOSHO3A BO3MONCHO NPU 00PABONIKe MOOENU 8 HANPABIEHU Yiema PeailbHO20 KOHMypa npoPus
20pHbIX pabom, TUMONO2ULECKUX MUNOE NOPOO, USMEHUUBOCIU (YUSUKO-MEXAHUYECKUX CBOTICINE NOPOO.

Knroueevie cnosa: 2PYHmMoeble ONKoCybl, ycmm?ltueocmb; asmomamuszayus paciema, Koa(])qbuuuenm 3a-
naca, npedeﬂbnoe pasHoesecue; o6pamele pacdemsl; qbus’uko-mexaHuqeame ceoticmea SPYHmMO8B.
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OueHka cTabUNbLHOCTN ONOPHbIX MYHKTOB
KaK OCHOBbI AN re0AUMHaMM4YeCKOro MOHUTOPUHra

ManxuH A. A.2*, MaHxuHa H. Al
" MHeTuTyT ropHoro aena YpO PAH, r. Exatepun6ypr, Poccus
*e-mail: panzhin@igduran.ru

Peghepam
Beeoenue. Cmamus nocéaujena 8onpocy 66160pa ONOPHLIX (UCXOOHBIX) NYHKIOE KAK OCHOBbL OJisl 2€0-
OuHaMU¥ecko2o Monumopunea. Ilpu smom MOHUMOPUHS MOXHCem Oblmb KAK Pe2UOHAbHIM, HANpUMED
Ypanvckozo pecuona, mak u 10KANLHBIM, 0X6AMBIBAIOWUM SPYNNY MECIOPONCOEHUT U eMeualouyull
maccus.
Axkmyanvnocms. [lockonvky maccug umeem uepapxuyecku 610YHYI0 CIPYKMYPY U NOCHOAHHYIO NOO-
BUDICHOCTb, BbI36AHHYIO CYMMAPHBIM 8030€liCMEUeM eCINeCmBEeHHbIX U MEXHOZEHHbIX (Yakmopos, 6bi00p
ONOPHBIX NYHKMOB, CBOOOOHBIX OM GIUAHUSL 0ePOPMAYUOHHBIX NPOYECCOB, ABNAEMCA AKMYAILHOU NPO-
onemoti.
Hoen pabomul. [Jns gpaxmuueckoli oyeHKU NPoOCMpanCmEenHO-8PeMeHHOU CMabuIbHOCMU ONOPHLIX
NYHKMOS8 npeonazaemcs blNOIHAMb UX 2e00e3UdecKyio npusasky k enooanvuvim cemam 1GS monumo-
PUHEA ¢ NOCNEOYIOWUM AHATUZOM CKOPOCMEN U HANPABIEHUN UX COOCMBEHHbIX COBUNCEHUTI OMHOCU-
MenbHO COCEOHUX NYHKINOS.
Memooonozun. Ha ocnosanuu nonyueHHbIx OAHHbIX GbIAGIAIOMCA Haubonee cmabuibisle ONOpHble NYHK-
mbl, UX CKOPOCMU U HANPAGTIEHUS. NPOCTNPAHCMEEHHBIX COBUNCEHUN CONOCMABNAIOMCA C MOOENbHBIMU 6
cucmeme ITRF2014, npu smom ycmpaunsemcs poHogas cocmasisiiouyas.
Pezynomamut. Onpedenenvt paxmuyeckue 6eKmMopvl COBUNCEHUT PAOA NYHKMOG 2e00e3UdecKoll cemu
1GS u @AI'C u 64306020 nyHKmMAa AOMUHUCMPAMUBHO-ObIM06020 Komnekca. Tlo pesyromamam cepuu
3emaempscenull 6 patione 2opoda Kamas-Heanosck evinonnenwvt ucciedosanus HJJC maccusa.
Buigoowl. Iloxazano ucnonvszosanue npeonodcenno2o cnocoba oyeHku npocmpancmeenHo-epeMeHHOol
CMAbUNLHOCTU ONOPHBIX 2€00€3U4eCKUX NYHKMOE KAK OCHOBbL 01 2e00UHAMUYECKO20 MOHUMOPUH2A.

Knroueevle cnoea: zeoounamuueckuii monumopunz; onopuvie RYHKMbL, 6eKMOp COGUICEHUs;
uepapxuuecku O104Has cmMpyKmypa, degpopmayuu.

Brenenue. [Ipu xoHTpOIIE TIpOIIECCa CIBMKEHHUS HA TOPHOIOOBIBAIONINX TTPEIIPH-
ATHSAX OJHUM W3 OCHOBHBIX BOTIPOCOB SIBIISIETCS] BEIOOP M OOOCHOBAaHHME METOIMKH MH-
CTPYMEHTAILHBIX H3MepeHH. KimroueBol mpoOneMoil Mmpu 3TOM SIBISIETCS BEIOOD
OTIOPHBIX (MCXOIHBIX ) ITyHKTOB, TPOCTPAHCTBEHHOE TOIOKEHHE KOTOPBIX OCTAETCS He-
M3MEHHBIM Ha BECh MEPHOJl MOHUTOPHHTOBBIX HAOIMIONEHM W CBOOOAHO OT BIMSHUS
Je(hOpMaIMOHHBIX TPOIIECCOB KaK €CTECTBEHHOTO (KPUIIOBBIE TTOIABMKKH), TAK U TEX-
HOTEHHOTO (TIPOIIECCHI, COMTPOBOXKIAIOIINE Pa3pabOTKy MECTOPOXKIACHHS) IPOUCXOK-
nmenns [1].

Wepapxwdeckn OogHasi CTPYKTypa IMOPOIHOTO MAacCHBa B YCIOBHUSIX HapyIICHUS
MeXOJIOUHBIX CBA3EH M NeOpMUPOBAHUS Cpelbl MO TPaHUIAM CTPYKTYPHBIX OJIOKOB
BO MHOTOM TIpenonpeneisier GopMHUpOBaHHE B MACCHBE TOPHBIX MOPOJ HAMPSKEHHO-
nedopmuposanuoro cocrosams (H/C):

— Ha BBICOKHX MEPAPXUYECKUX YPOBHAX 1-TO U 2-TO MOPSAAKOB — TIIOOATBFHOE TT0JIe
HaNPsHKEHUH Te00I0KOB, Peau3yoIeecs B BUAE MOJBIKEK TEKTOHUIECKUX TUIHT;

— Ha MaJbIX YPOBHSX (3-TO ¥ HIDKE MOPSIKOB) — ITOJIe MCXOHBIX HANpPSHKEHUH Teo-
OJIOKOB, SIBJISIFOIITMXCST BMEIIAOIIEH Cpefon Il MeCTOPOXKICHUH TTOJIE3HBIX HCKOIIae-
MBIX, TP 3TOM MaciITabHas J00bIYa OJIE3HBIX UCKOMIAEMBIX M3 HEAP 3eMITH 3a9acTyI0
BBI3BIBACT AKTHUBHU3AIMIO BHYTPUILUTUTHBIX TeOAMHAMHUYECKHX TmporeccoB [2, 3].
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IlonBuKKM, BBHI3BaHHBIE CYMMAapHBIM BO3JIEMCTBHEM €CTECTBEHHBIX M TEXHOT'€HHBIX
(aKTOpOB reOAMHAMUYECKUX MPOLIECCOB, JOCTHTAIOT 3HAYUTENbHBIX BeIHYHH [4].

MeTononorus. VcciaenoBanusMu B 00JIACTH COBPEMEHHOM T'€OJUHAMHKH C TIPHU-
MeHeHreM coBpeMeHHbIX MeToioB GNSS (cets 1GS), VLBA (PC/IB) panuountepde-
PpOMETpHH, JIa3epHONH KOCMUYECKOH JalbHOMETPHUH, PATUOAATEHOMETPHUHU U JIp. 10CTa-
TOYHO MOIPOOHO M3yUeHBI ABHKCHUS JTUTOCHEPHBIX TUUT [5], ompeaeneHbl CKOpOCTH
Y HarpaBJIEHUS UX ABMKEHUS, UMEIOTCS MHCTPYMEHTHI JJIs1 MOAETUPOBaHMS BEKTOPOB
IBwkeHuid. [IpuMep mogoOHOro MoenupoBaHus pUBeeH Ha puc. 1.
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Puc. 1. MozenbHbIE BEKTOPHI CIBI)KEHHUH I BOCTOYHO YacTH Tepputopun Poccun
Fig. 1. Model vectors of displacement for the Eastern part of Russia

ITpu 5TOM B OCHOBY MOJEJIEH 3AJI0’KEH PABHOMEPHBIN XapaKTep paclpeleIcHus Be-
JIMYVMH U HAIPABIECHUN BEKTOPOB CMEIICHUM, CMEHA a3UMYTOB UX JEHCTBUSA U AMILIN-
TYIl KOPPEIUPYET C YCTAHOBJICHHBIMH TPaHUIaMU JTUTOCepHBIX HT [6]. [Ipu sTOM
HEOOXOJMMO OTMETHTH, YTO MCCIICAOBAHUS BHYTPHUILIAT(OPMEHHBIX COBPEMEHHBIX
TeOIMHAMUYECKUX JBIKCHUN B 00IACTSIX, CUNTAIOIIMXCS aCEHCMUYHBIMU, HOCSIT DIIH-
3oanueckuit xapaxkrep [7].

[TogoOHbIe pabOTHI I YCIOBUI YPaJbCKOTO pEernoHa BIEpPBBIE OTpakeHHI B [§],
OBLIO OTMEYEHO, YTO BEKTOPHI CABMKEHUH BO BHYTPHUILIATGOPMEHHOM 00J1aCTH HMEIOT
pas3JInvHbIe HANPaBJICHHSI ¥ aMILIUTY/BL, BCIeACTBUE Yero Y GpuMckuii BeIcTyn Boctou-
HO-EBpONENCKON MIUTBI JBUKETCS HA BOCTOK, BKIIMHUBASICh B YPAIIbCKYIO CTPYKTYDY,
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YTO MPHUBOJAUT K HAKOIUICHUIO YIPYTrUX HANpsHDKCHUH HA IpaHUIaX BBICTYIA, KOTOPHIS
MIPH CBOCH pa3psiike MOTYT BbI3BaTh JOCTATOYHO CUIbHBIC 3€MIICTPICCHHUS.

VYkazanHas pab0Ta HE HaIllIa CBOETO MPOIOJIKCHHUS, B TOM YHCIIE M3-3a BBICOKOU
CTOMMOCTH U TPYJOEMKOCTH TOJICBBIX HHCTPYMEHTAIBHBIX U3MEPCHHIA, TEM HE MECHEE
B [9] ObUIa BBICKA3aHa HJIEs O BO3MOXKHOCTH HUCIIOJIb30BAHMS ITyHKTOB IIOCTOSHHO JICH-
ctBytomiux GNSS crannuii (CORS) 1 onopHBIX penepoB HAOMIOOATEIbHBIX CTaHIUHA
JUTSL ICCIIEZIOBAHMSI COBPEMEHHOM Ie0JUHAMUKH YPaIbCKOTO peruoHa (puc. 2).
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Puc. 2. Crauimun CORS u omopHsie pernepsl Y pajbCKOTro perioHa
Fig. 2. CORS stations and reference benchmarks of the Ural region

Jnst pakTHYECKOil OLICHKH MPOCTPAHCTBEHHO-BPEMEHHOW CTAaOMIBHOCTH OMOP-
HBIX I'€0JIC3NYECKUX IMYHKTOB KaK OCHOBBI JJIsi MOHHUTOPHUHTA Jc(hOpMaIlMOHHBIX
MPOIIECCOB Obla MPOBEJCHA OIICHKA YCTOHYUBOCTH PEIICPHBIX MMYHKTOB B OKPECT-
HOoCTsX ONMMIMAAUHCKOTO MECTOPOXKACHUS U Kapbepa «BoCTOUYHBIN», KOTOpas
MPOBOAUIACH C HCIIOJIB30BAHUEM apXUBHBIX JAHHBIX CIIYTHHUKOBBIX T'€0/IC3UUECKUX
Haomonenuii, BemoaneHubX B 2010, 2015 u 2017 rr. Ha 6a30Boii Touke OauMna-
nuHckoro I'OKa.
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Pe3ynbTarel. B pabore ObUIHM UCTIONB30BaHBI IAHHBIE JTOJITOBPEMEHHBIX MHOTOYA-
COBBIX M3MepeHui Ha 6a3oBoi Touke Onummnuaaunackoro 'OKa jist ee reoae3ndeckoi
MIPUBSI3KY K IMYHKTaM MexayHaponHoi reonesndeckoi cetr IGS u mynkram GAI'C B
robanbHO# cucreme koopaunat ITRF2014 (puc. 3). Belia BeiosiHeHa TOYHAs reoie-
3uueckas npuBsska 0a3oBoi Touku OnumnuanuHckoro 'OKa k mynkTtam MexmyHa-
ponHoi reope3udeckoit cetr IGS u mynkram @AI'C B m1o0abHON CUCTEME KOOPAUHAT
ITRF2014, pe3ynbrarsl KOTOPOH MpuBeAEHbI B Ta0. 1.

Puc. 3. Cxema mpusszku 6a3oBoi Toukn OmumnmaguHckoro ['OKa
k myHkram IGS
Fig. 3. The scheme of referencing Olympiadinsky GOK base point to IGS
stations

JIaHHBIN aHaIU3 BBIIOIHSIICS € LENbIO ONPEAEIECHUS YCTOMUUBOCTH U UCKIIOUYEHHUS
B JANILHEHUIIIMX pacyeTax M MOCTPOCHUSIX BIHMSHUS COOCTBEHHBIX JBIXCHUI 0a30BOTO
MMyHKTa aIMUHUACTPATUBHO-0bITOBOTO KoMIuiekca (ABK), mockonbky, kak oTMeuaeTcs B
psiiie UccleoBaHui, JaXke B aCEHCMUYHBIX OOJIACTSX BBIIEISIOTCS 30HBI «CYIEPHH-
TEHCHUBHBIX Ae(opmariniiy», B KOTOPBIX IPOCTPAHCTBEHHbBIE KOOPMHATHI PETIEPOB MO-
TyT U3MEHATHCS B MHUPOKUX mperenax [10].

Jns onpenenenus abComoTHBIX KoopauHat nmyHkTa ABK Onumnuaguackoro 'OKa
1 WX U3MEHEHUH BO BPEMEHH HCIIOIb30BAINCH JAHHBIE TOJTOBPEMEHHBIX MHOT0YaCO-
BBIX U3MEPEHNH, BHITIOJTHEHHBIX HemocpencTBeHHO Ha myHKkTe ABK, mynkTax Mexmy-
HapoaHoii reone3nyeckoii cetu IGS (Aptu, Hopunbck, SIkytck, Tukceu, HoBocuOupck)
u nyHkTax ®AI'C (ExarepunOypr, Hosi0opsck) [11]. s onpenencHust KOOPAUHAT HC-
nosp3oBasics cepsuc AUSPOS, monmydeHHbIe KOOPAUHATHI ITYHKTOB B KaXXIO0W CEpUH
(S0, S1 u S2) ycpeaasumch, MEXIy CEpPUSIMHE ONPENCIISUINCH CABIKCHUS, a3UMYT BEK-
TOpa CABUKEHUU U CKOPOCTH.

ITonydeHHbIE pe3ybTaThl aHATU3UPOBAIUCH B TAOIUYHOM (Ta0i1. 1) 1 rpaduueckoM
Buze (puc. 4). OTMedaeTcst 00IIasi COrJIaCOBAHHOCTD B CIIBIKEHUSX YKa3aHHBIX ITyHK-
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TOB, 0€3 MPOSBICHHUI aHOMAJIBHOTO XapakTepa aedopmupoBanus [12]. Dakruueckue
mapamMeTpsl CABMKCHHM ITyHKTOB CPAaBHUBAIUCH C MOAEIbHEIMU pacueramu UNAVCO
100aNbHBIX ABMKEHUM BEpXHEH 4acTH 3eMHOM KOpHI (pHc. 1).

Pa3zHoCTh ckOpOCTEN COBpEMEHHBIX I'€OAMHAMUYECKUX JBHXKEHUM ISl UCClenye-
MOTO y4acTka coctapisieT 18,2 Mmm/ron B Hanparienuu AN (ceep-tor), 22,2 MM/Toz B
nanpasneunn AE (3anan-octok) u 22,2 mm/ron o AH (Beicota).

CymeEm o ——

[ ]
CE e T
ol vidai?

e ey
o ‘ L]

Puc. 4. ®aktudecke BEKTOPHI CABKECHUI MyHKTOB MexayHapoaHoii reonesudeckoit cetu IGS,
myHkToB @AI'C u 6a3oBoro mynkra ABK
Fig. 4. Actual vectors of displacements of IGS and FAGS stations and the base point of temporary
accommodeation facilities

MonenbsHble CKOPOCTH CABH)KEHMSI IIYHKTOB B pailoHe Kaprepa «BocTounsblit» co-
CTaBIAOT 26,3 MM/TOfl, a3UMYT BEKTOpa CABMXKEHUHN — 91°, UTO JOCTATOYHO XOPOIIO
KoppenupyeT ¢ (paKTHYECKUMHU JaHHBIMU: CKOPOCTh CABYDKEHHH 26,3 MM/TOI, a3UMYT
BekTopa capmkenuii — 100,5°. HeOombime pacxoXaeHNs MOJEIBHBIX U (haKTHIECKIX
JTAHHBIX OOYCIIOBJIEHBI CKOpPEEe BCETO0 HU3KOW IJIOTHOCTHIO Ha Tepputopun Cubupwu
ceTH MyHKTOoB MexnyHapoaHoii reonezndeckor cetu IGS, nanHbple KOTOpOH HCHIONB3Y-
1t UNAVCO uis mocTpoeHHs TO0aNBHONM Te0qUHAMHYECKOW MOZIEITU JIBHKCHHUN
BEpXHeH 4acTh 3eMHOH Kopbl. Takum 00pa3oM, MOKHO CAENaTh BHIBOJ O CTAOUIBHOCTH
JIONTOBPEMEHHOTO HEM3MEHHOTO TIoJIokeHus1 6a3oBoro myHkTta ABK B riiobansHOM cu-
creMe koopauHat ITRF2014 u cuutars ero ycTOWYMBBIM 7151 HOCIEAYIOIINX T'€0Ae3U-
yeckux nocrpoenuit. C Apyrod CTOPOHBI, U3 TaOJ. 2 BUHO, YTO UMEETCS ONpEICIICH-
Has. HECOINIACOBAaHHOCTh B HAMpAaBICHUSAX U aMIUIUTYIaX BEKTOPOB CHBIKEHUU,
a TaK)Xe HECOOTBETCTBHE (DAaKTUIECKUX U MOJCTHHBIX JTAHHBIX MO UX CKOPOCTSIM.

Ha Bropom 3Tane BHIMONHAIUCH aHAIOTMYHBIE UCCIEA0BAaHUA A1 yclioBuit FOxHo-
ro Ypaia B cBsi3u ¢ HeoOxonumocThio nuarnoctuku HJC MaccuBa, n3MeHEHHE KOTO-
poro MpoM30LLIO B pe3ylbTare CepuH 3eMIIeTpsiceHUi B paiione ropoga Karas-
WBanoBck B centadpe 2018 r. Cxema pacmoioxeHHs ONMKaHIINX K SMULEHTPY
3emnerpscenus aehcTByomux GNSS cranuuit FOxxHoro Ypana U TekTOHMUYECKas
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cxema pailoHa IpUBEJEHBI Ha pUC. 5. Pe3ynbTarhl onpeeieHus CKOPOCTEH COBPEMEH-
HBIX TeOAMHAMIYECKUX NBIKeHni FOxHOTro Ypana B cucteme ITRF-2014 npuBeneHb
B Tabm. 3.

Jns yemoBuit FOxxHOTO Ypana pa3HOCTh CKOPOCTEH COBPEMEHHBIX T€OouHAMUYC-
CKUX JIBWO)KEHUH cocTaBiseT 6,2 Mmm/rof B Hanpasienuu AN (ceep-tor), 13,0 Mm/ron B
Hanpaenennu AE (3anan-Bocrok) u 1,9 mm/ron o AH (Beicora). 1o cpaBHeHHIo ¢ 1aH-
HBIMH, TIOJTYYESHHBIMHE JIJISI TEPPUTOPUU CEBEPO-BOCTOKA Poccru, pa3HOCTH CKOPOCTEH

Ta6auua 2. CKopocTH COBpeMEeHHbIX €0 JHHAMMYECKUX IBUKEHHH, onpeaeeHHbIe 1JIs
TepPUTOPHH ceBepo-BocTOKa Poccun B ri1o6aabHOi cucTeMe KOOPAUHAT
Table 2. The velocities of modern geodynamic movements defined for the Northeastern
Russiain global coordinates system

Topon Certb Cranuus AT, cyT Mﬁ}j(‘)[[ Mﬁ/]i)a Mﬁ/I;I(;;[
Aptu IGS ARTU 2721 6,0 45,5 0,2
Hopuisck DAI'C NRIL 2721 -2,1 62,7 2,1
SkyTck IGS YAKT 2721 -12,1 40,5 2,0
Tukcu IGS TIXI 2721 -11,5 49,5 1,2
Hoocubupck IGS NOVM 2721 -1,0 45,6 16,8
Hosi6prck DATC NOYA 2721 0,9 54,3 -3,6
ExatepunOypr DAI'C EKTR 2721 4,0 50,4 -0,1
Epyna CORS ABK 2721 -4,5 49,6 -2,6
Epyna Mogens UNAVCO -3/4 26,0

ITRF-2014. CocraBun A. A. Ilawxkun, UT'J] YpO PAH, 2018 1.

MEHbIIE B TOPU30HTAIIBHOMN IJIOCKOCTU B 2—3 pasa, no Beicote — B 10 pa3, oqHako npu
UX CPaBHEHUH HEOOXOIMMO TaKKe YUUTHIBATh U MACIITAOHBINH (akTop, C y4eTOM KOTO-
POro MpHUBEIEHHBIE PA3HOCTH CKOPOCTEH OyAyT 3HAYMTENIFHO BBILIE JUIS JIOKATBHBIX
Y4YacTKOB.

Tabauna 3. CKOpocTH COBPEMEHHbIX F€0JMHAMHYECKUX ABHKEHHIA, OIIpe/ie/IeHHbIe
s Tepputopun FO:knoro Ypana B ri1o0ajbHol cucTeMe KOOPAUHAT
Table 3. The velocities of modern geodynamic movements defined for the Southern
Uralsin global coordinates system

Topon Cerb CraHuust AT, cyT MI\A/I}:(’)H Mﬁ/]li)ﬂ Mﬁ/l;l(’),ﬂ
B-VYcerekunaCcKOE CORS BUST 733 74 45,5 -0,6
Oepmamnenyas | CORS FRSH 652 10,2 374 04
Urnuuo CORS IGLI 733 9,7 38,9 -15
MarauToropck CORS | MAGN 733 57 42,8 -0,6
Apti IGS ARTU 733 59 43,4 -1,1
YenssOuHCK CORS CHEL 730 7.2 4.1 -0,2
ExarepunOypr DAIC EKRT 2721 4,0 50,4 -0,1

ITRF-2014. CocraBun A. A. TTamxkun, UT] YVpO PAH, 2018 1.

BbiBoabl. Takum 00pa3om, 3KCIIEPUMEHTAIBHO YCTAHOBIEHO, YTO MPEIOKEHHBIN
croco0 OIEHKH MPOCTPAHCTBEHHO-BPEMEHHOW CTAOMIBHOCTH OMOPHBIX T'eoAe3nde-
CKUX ITyHKTOB KaK OCHOBBI JIJISi MOHHTOPHHTA JIe()OPMAIUOHHBIX MTPOIIECCOB MOXKET
OBITh MCTIONIB30BaH B JIBYX CITydasXx.
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Bo-mepBbIX, Mpy HATHYMKM HA HCCIEAYEMOM YYacTKe JOJITOBPEMEHHOTO IMyHKTa
GNSS-ceTtH, Ha KOTOPOM BO3MOKHO BBITTOJIHEHHE TOBTOPHBIX U3MEPEHUI Ha OOJIBIIOM
MPOCTPAaHCTBEHHO-BPEMEHHOM HHTepBajie. OTIeNbHBIMU IKCIIEPUMEHTAMH YCTaHOB-
JIEHO, 4TO JUIs OCIa0IeHUs! TUCIIEPCUN BPEMEHHOH MPOMEKYTOK JHOJDKEH COCTaBIIATH
Oosee roga. [Ipu HaMMYMK HECKONBKHUX CEpH M3MEPEHUI BOBMOXKHO CpAaBHEHHUE a3u-
MYTOB M aMIUIMTYJ KPUIIOBBIX JABM)KEHUH TonroBpeMenHoro mynkra GNSS-cetu ¢ ne-
JIBIO OIPEIEEeHNs XapaKTepa ero MOJIHOTO MPOCTPAHCTBEHHOTO CMeIleHus (cM. Tao. |
1 puc. 4), KOTOPBIIl MOXKET OBITh KaK paBHOMEPHBIM, TaK M HEBBIACPKAHHBIM.
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Puc. 5. Tekronnueckas cxema paiioHa M PACHONIOKEHHE OMMKAUIINAX K SIHALEHTPY 3eMIIETPICCHHUS
neifcrByromux GNSS-crannuii FOxnoro Ypana
Fig. 5. Tectonic map of the region and the location of currently operating Southern Ural GNSS
stations nearest to the earthquake focus

Bo-BTOpBIX, TIPU OLIEHKE W3MEHEHUS HANPSHKEHHO-IC(OPMUPOBAHHOTO COCTOSHUS
MaccuBa Ha CpPEeAHUX MPOCTPAHCTBEHHO-BPEMEHHBIX 0a3ax, HampuMep YpaibCKOro pe-
TMOHA, HA OCHOBE aHAJIM3a PAa3HOCTU CKOPOCTEH, a3UMYTOB M aMILIUTYJ KPUIIOBBIX
JBIDKEHUHN MOCTOSHHO nedcTByrommx GNSS-cTanimit — onpesenenue HarmpaBIeHUN
BEKTOPOB CABWXEHUI, TEH30POB JeOpMAaIIHii U HATPSHKEHH, YCTaHOBJICHUS XapaKTe-
pa ABMWXEHUH (MPSIMOTMHEWHBIA WIIM POTALIMOHHBIN), onpeneseHus uddepeHInanb-
HBIX XapaKTEPUCTHK BEKTOPHOTO MOJS (MCTOYHUKA U CTOKA Je(POPMAIIMOHHOTO TIOJS).
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Evaluation of geodetic reference points stability as a basis for geodynamic
monitoring

Andrei A. Panzhin!, Nataliia A. Panzhina!
! Institute of Mining UB RAS, Ekaterinburg, Russia.

Abstract
Introduction. The article is dedicated to the choice of reference (source) points as a basis for geodynamic
monitoring. Monitoring can be both regional, of the Ural region, for instance, and local, covering a group
of deposits and an enclosing massif.
Relevance. As soon as a massif has got a hierarchical and blocky structure and constant mobility, caused
by the total effect from natural and technogenic factors, the choice of reference points, which are free from
the effect of strains, is a relevant problem.
The idea of the research. For actual estimate of the spatial-temporal stability of the reference points, it is
proposed to establish a geodetic tie to the IGS global network with further analysis of velocities and
directions of their proper movements relative to the neighboring points.
Methodology. Based on the obtained data, the most stable reference points are detected; their velocities
and directions of spatial displacements are compared with the model ones in ITRF2014 system, the
background being eliminated.
Results. Actual displacement vectors have been determined for a range of IGS and FAGS stations and the
base point of temporary accommodation facilities. According to the outcome of a series of earthquakes in
the neighborhood of the town of Katav-Ivanovsk, the stress-strain state of the massif has been examined.
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Summary. The article reveals the way of applying the proposed method of spatial-temporal stability
evaluation of geodetic reference points as a basis for geodynamic monitoring.

Key words: geodynamic monitoring, reference points; displacement vector,; hierarchical and blocky
Structure; strains.
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OnpegeneHue cTeneHn yaapoonacHOCTH CKamnbHbIX FOPHbIX Nopoa
Nno pe3ynkTaTaM UCTbITAHWIA NPU OAHOOCHOM CXaThK
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' TopHbIit uHeTuTyT KHL, PAH, 1. Anatutsl, Poccus
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Peghepam
Beeoenue. Ha oanmvlii MOMeHmM OCHOBHOU NOOX00 OMHeCeHUs. 20PHbIX NOPOO K YOAPOONACHbIM 3AKII0-
yaemcesl 8 aHaIu3e UX NOIHOU KPUGoU 0ehpopmMuposanus u onpedenenu 3anpedenvHulx 0epopmayuon-
HbIX U IHEP2EMUYECKUX NAPAMEMPO8 8 YCI0BUAX OOHOOCHO20 coicamus. Hedocmamkom maxoeo nooxoda
ABNACMCA HEOOXOOUMOCHb NPOBEVEHUS UCCTIEO08AHUT HA CREYUATUSUPOBAHHBIX HCECIKUX NPECCax, 803-
MONCHOCMb NPUOOPemeHUs KOMOPbIX 02PAHUYEHA UX BbICOKOU CIMOUMOCMbIO U eOUHUYHBIM KOnuYe-
CMBOM U320MOBTIEHUA.
Llens padomei. Llenvro 0annoti pabomvl A85eMCA CPABHEHUE Pe3YIbMamos onpedeieHus cmenenu yoa-
POORACHOCMU CKATbHBIX 20pHbBIX NOpo0 Xubunckozo u Kosoopckozo maccusos Mypmanckoii obnacmu
no npednazaemol MemoouKe aHaIU3a OONPedeIbHbIX KPUsblX 0ehoOpMUpo8aHus nopoo U no Memoouke
AHANU3A NOTHBIX KPUBLIX 0ePOPMUPOSAHUS, NOYHEHHBIX C UCNONb30BAHUEM HCECTNKUX NPECCO8.
Memoodonozus. IKchepuMenmanbHo U3yHeHbl dHepeemuyecKue napamempubl U XapaKxmepucmuki oe-
PopMuUpo8arus CKANbHBIX 20PHBIX NOPOO, ONPeDeNeHbl NAPAMempbl U XAPAKMEPUCTIUKY UX YOAPOOnAC-
Hocmu. Ilpednodcena 6onee npocmas Memoouka onpeoeieHus cmenenu y0apoonacHocmu nopoo, uc-
X001 U3 AHAIU3A UX KPUugou OehopMuposaHusi HA OONPeOeIbHOM YHacmKe, d MAKI’Ce GelUdUH
HAKONNEHHOU ynpyeoll sHepeuu 00 npedena npounocmu. [ns smozo He mpebyemcs ucnvlmamenbHbix
npeccos ¢ NOGbIUEHHOU HCECMKOCMbBIO, d 1AOOPAMOPHbIE UCCIE008AHUA BLINOIHAIOMCA HA OObIYHOM
060py006aHUU CMAHOAPMHBIMU MEMOOAMU.
Pesynomamul. Ha ocHosanuu npogedeHHblx Ucciedo8anuti onpeoenensl 0ehopmayuoHtvle U SHepeemu-
yeckue napamempbl U3yiaeMulx 20pHbIX HOPOO, A MAKdiCe YCMAHOBNIEHA KAMe20pus ux y0apoonacHo-
cmu — y0apoonacuvlie unu HeyoapoondacHble.
Bu1600wt. [onyuenHvie OanHble NO3BONUNU COENANb BbI800, YMO PE3VIbMANIbL OYEHKU YOaPOONACHOCHU
20PHBIX NOPOO NO OONPEOeNbHOU Cmaouy 0e@opMupO8anUs NOTHOCHbIO COOMBEMCMBYIOM pPe3yabma-
Mam OYyeHKU, 6bINOIHEHHOU HA OCHOBAHUY AHAIU3A NOTHOU KPUBOU 0eOopMUpOBarusl.

Knroueesvte cnosa: yoapoonacnocme, Oegpopmuposanue; ynpyeas osuepaus; CKaibHble 20pHbIE
nopoovl; 1a60pamopHule UCNLIMAKUA, OOHOOCHOE Cocamue, obpasey.

Beenenmne. [Ipu oTpaboTKe MECTOPOXKACHHM MOJIE3HBIX HCKOTIAEMBIX HA OOJIBIIHIX
ITyOMHaX ¥ B CKaJIbHBIX MacCUBax ¢ Mpeo0aaloiuM JIeHCTBUEM TEKTOHHYECKUX Ha-
NpsDKEHUH BCe Yalle BO3HUKAIOT MPOoOIeMbl TMHAMUYECKHUX MPOSIBICHUI TOPHOTO JIaB-
nenust [1-5]. B psine cnyuyaeB Takue NpOosIBIEHUS IPOUCXOIAT B BUIE€ TOPHBIX yAApOB U
TEXHOTCHHBIX 3€MJICTPSICCHUI, MTOCIEICTBUS KOTOPBIX HOCAT KaTacTpOopHUUECKHH Xa-
paxtep. B cBsi31 ¢ 3TUM BO3HHKAET HEOOXOAUMOCTD IIPEABAPUTENBHO IPOBOJUTH OLICH-
Ky YIapOOTIaCHOCTH MacCHBa MOPOJ] OTPabaThIBAEMbIX MECTOPOKICHHI.

ImaBHBIME (akTOpaMH, BIMSIONIMMHU Ha TWHAMUYECKHE Pa3pyLICHUS B MACCHBE,
SBJISIFOTCSL CIIOCOOHOCTH TOPHBIX MOPOJ K XPYIIKOMY Pa3pyLICHUIO W BBICOKAs HAIPs-
JKEHHOCTh MaccuBOB Tiopoj [1, 6, 7]. U3ydenue >Tux (pakTopoB MO3BOJISET BEISBIATH
MNOTEHLUAIBHO yIapOONacHble y4acTKU MaccuBa. B mepBom ciryuae nmpoBoast nadopa-
TOPHBIE UCIIBITAHUS, 110 PE3YIBTaTaM KOTOPBIX OIPENENAOT Je(OpPMaIIMOHHbIE U 3HEP-
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TeTUYECKUE NapaMeTphl TOPHBIX ITOPOA M UX CKIOHHOCTh K XPYIKOMY pa3pyLICHUIO.
Bo BTOpOoM ciyuae He0OXOAMMO TPOBEIEHNE CIIEIHAIBHBIX H3MEPEHH in situ, TO3BO-
JIAIOINX YCTAHOBUTH BEJIMYUHBL HeﬁCTBYIOHIHX HaHpﬂ)KeHI/Iﬁ B MaCCHUBCE.

OnuH U3 IePBBIX TOIXOI0B K OIICHKE CKJIOHHOCTH TOPHBIX IMTOPO K XPYIIKOMY pa3-
pyHIeHHIO (YIapOOIIaCHOCTH) MO pe3yJbTaTaM MCIBITaHUI 00pa3IoB ObLT MPEenIoKeH
N. M. IleryxoBbiM 1 A. M. JluabpkoBbiM [8]. B ux paboTe CKIIOHHOCTH K ymapoormac-
HOCTH MOPOJI YCTAaHABJIMBAIACH HA OCHOBAHHHU COIIOCTABIICHUS BEIIMUUH MOJIYJISI CIIaia
¥ MOJYJISI YIIPYTOCTH TIOJTHON KPUBOH 1e(OpPMHUPOBAaHUS MTOPOJ ITPH OAHOOCHOM CHKa-
THH. HpI/I O9TOM CUHHTACTCs, YTO YEM OobllIe BETUYHHA MOyl Cliaga NPEeBBINIACT BE-
JIMYUHY MOOYJId YIIPYroCTHU, TEM 0Ooree CKIIOHHA mopoJia K AMHaMUY€CKOMY HEYIIpaB-
JseMoMy paspymieHuio. B Oomee mosgmeir pabore A. H. CraBporuna u
A. T Ilporocenu [9] Op1IO TIPEATOKEHO HA0OOPOT paccMaTprUBaTh OTHOIIIEHHE MOIYIIS
YIPYrOCTH K MOAYJIO CHaja JJisl ONpeelieHHs YIapOoOacHOCTH TOPHBIX Topon. [1pu
3TOM KOTJ]a BEJIMYMHA TAKOTO OTHOMIEHHS (K03(pPHUIMEHT ynapoomacHOCTH) MEHbIIE
WJIN paBHA €AMHUIEC, ITOPOJaa CHUTACTCA CKJIOHHOH K JUHAMHUYCCKOMY HEYIIPaBIIsIEMO-
My paspymieHuto. Eciu xe BemmunHa kKod3pQuimerTa yrapoomacHoCT O0IbIe eTuH!-
IIbI, TO IOpOAAa HE CKJIOHHA K JMHAMWYCCKUM BHUAaM paspyUICHUA.

B nmanmpHeliem Takod MOIXOM OBIT YCOBEPIICHCTBOBAH PSIOM HCCIICIOBATEIICH.
JlJist OLleHKH ynapoOoNacHOCTH TOPHBIX TOPOJ B YCIIOBUSAX OJHOOCHOTO CXKATHUs OBLIO
MIPENIIOKEHO OTPECIIATh HHACKC THHAMWYIECKH BEICBOOOXK IeHHOH sHepruu [4, 10, 11]
n kod(pdunreHT 3amaceHHOW ymnpyroi sHepruu [12], a B yCIOBHSX TPEXOCHOTO
cxarusi — wHIEeKe XpynkocTu [13]. OmHako OOIIMM HETOCTATKOM TAaKHUX TIOIXOIOB
SIBIISICTCA HCO6XOJII/IMOCTB HCIIOJIB30BAaHUA CIICHUATU3UPOBAHHBIX JOPOTrOCTOAIINX
IIPECCOB C MOBBIIIIEHHOM KECTKOCTBIO, IPOMU3BOACTBO KOTOPBIX OCYHIECTBIACTCA B Ma-
JIBIX KOJMMYECTBaX. B CBSI3M ¢ 3TMM BO3HMKIIA TOTPEOHOCTH B pa3pabOTKe METOna, Mo-
3BOJISIFOIIETO OTMPEENATh CKIIOHHOCTD K YIapOOIaCHOCTH TOPHBIX TOPOJ IO pe3yIIbTa-
TaM WCIBITAHWH Ha CTAaHAAPTHBIX TMpeccax O0e3 OIpeneseHusl 3aIpeenbHbIX
XapaKTEePHUCTHK.

ITo pesynbraTram uccnegoBanui, BeinoiHeHHbIX B [ opHom nnctutyte KHI] PAH Ha
CKaJIbHBIX TOPHBIX TOpoAax XuouHCKoro u KoB1opckoro MaccuBoB, ObLIa MpeiokeHa
METO/IMKA OTPEENIEHUs] CTENICHH YIapOOIIaCHOCTH TIOPOJI MCXO/IS U3 aHAIN3a KPUBOK
nedopMupoBaHus Ha HonpeneabHoM ydacTke [14]. McneiTanust TpoBeeHbI Ha 00bIY-
HOM 000pyIOBaHUY CTaHAAPTHBIMU METOJaMH. TeM He MeHee Ui yBeJNICHUS CTeTIe-
HU JJOCTOBEPHOCTH TPOBOAMMOI MO TPEATIOKEHHON METOANKE OIEHKH HEOOXOAMMO
BBITIOTHATH CPAaBHUTENIbHBIE NCIIBITAHUS HAa CTAHAAPTHBIX U JKECTKUX Mpeccax.

Taxum 00pa3oM, eIbI0 TaHHON pabOTHI SIBIISIETCS] CPAaBHEHHE Pe3yJbTaTOB OIpee-
JIEHWsI CTENeHW yAApOONAacCHOCTH Mopox XMOWHCKOro M KoBmopckoro MacchBOB 1O
TpenaraeMoi METOAMKE ¥ IT0 METOAMKE aHajau3a IMOJTHON KPUBOH AehOpMUPOBAHIS
TOPOJ] C NCTIOIH30BAHNEM JKECTKHX TPECCOB.

MeToauKa OlleHKH CTeNeHH YIAPOONACHOCTH CKAJbHBIX TOPHBIX MOPOJ 1O pe-
3yJbTAaTaM MCHBITAHUIA 10 Mpeaesa MPOYHOCTH. [ TPOBEIEHNS OIICHKH CTETIEHU
yIapOOIMacHOCTH W TIOCIEAYIOMIETO CPAaBHUTENHHOTO aHain3a ObUTH BBHIOpAHBI /IBa
THTIA CKAJBHBIX TOPHBIX IMOPOJ XHOMHCKOTO MAaccCHBa — JHH30BHIHO-TIOJOCYATAs
anaruT-He(eTnHOBas pyAa U YPTUT CPEIHE3ePHICTHIN MACCHUBHBIHN, M OAFH THII TOPO]]
KoBnopckoro maccuBa — KaJdbITUTOBBIN KapOOHATUT. Takol BRIOOp OOYCIOBIIECH TEM,
YTO TPENCTABICHHBIC TIOPOABI UMEIOT PA3INIHBIE TPOYHOCTHBIE U TehopMaIIOHHBIC
XapaKTEePUCTUKU.

Ucnsiranus npooguiuck B [opuom unctutyte KHIL PAH Ha cepBoruapasiuue-
ckoit ycranoBke MTS 816 Rock Test System mo cranmaptHoii Metomuke. OOpa3ibl
umenn GpopMy IWIMHAPA C OTHOIIEHHEM BBICOTHI K AMaMeTpy 2 : 1, a X KOITU4IeCTBO
COCTABJISUIO 4—5 IIT. [Tl KaXI0TO TUIIAa TOPHOUM MOPOIBI.
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B xone ucnibrrannii 06pasupl Harpykamu 10 30 % oT mpegena MpOYHOCTH MPH CHKa-
THU M pasrpykaid. 3aTeM UX HarpyXaju J0 pa3pylIeHHs C PETUCTPAIlUEil BETUYHH
MPOJONBHBIX JAehopMayii TPy TTOMOIIN MPOIOIBHBIX TEH30JaTYMKOB, YCTAHOBJIEH-
HBIX B IIEHTPaJbHON YacTH 00pa3lioB, YTO MO3BOJUIIO H30€XKATh BIMSHUS CHII TPEHHSI
Ha OTIOPHBIX TOPLAX 00Pa3IOB B COOTBETCTBHU C TPEOOBAHUSAMH CTAaHAAPTHBIX METO-
UK WCTBITaHUSI 00pa3loB NMpH OJHOOCHOM ckaTwd. [1o pesyibraraM HCHBITAHUN
CTPOHJIH TPaQUKH 3aBUCHMOCTH HANpsidiceHue—oepopmayusi i paCCIUTHIBAIH BETUIH-
HBI SHEPTHH Ae(POPMUPOBAHUS KaXIOTO 00pasia.

Ha puc. 1 npuBeneHsl THIIOBBIE rpaduKu 1e(OPMUPOBAHUS TOPHBIX MOPOJ, KOTO-
pBI€ MPUHIUITHATBHO MOTYT UMeTh BOTHYTYI0 (OAC) 1 Beimykiyto (OEC) dopmy oT-
HOCHUTENBHO HueanbHou mpsimoit muauK (OBC), KOTOpas XapaKTepu3yeT HIeaTbHO
ynpyroe aedopMHpOBaHAE MaTepHaa.

Bemuuna sneprun nepopMupoBanus nopoz 4o npeaena npounoctu W, onpenens-
eTCs KaK 3HaueHHe WHTeTpana:

W, = jzc(s)ds,

IJie G — HOpMaJIbHOE HaNPsHKEHUE,; € — OTHOCHUTEJIbHAS MPOOIbHAS Ae(OpMaLIs.
BenuunHa sHEprU# Npy WACATBHO YIIPYTOM Ae(popMHUpOBaHUHT WH_y OIpenesaeTcs
Kak 1uomans Tpeyronpanka OBCD B koopauHarax 6— (puc. 1):

[

W _OD-DC A c
Wy S()BCD - 2 .
.7}
7
o ed

Korna B pesynbrare MCIBITAaHHUHA MOTydaeM 7
KpUBYIO J1e()OPMHPOBAHHS MOPOJA BOTHYTOU 'a{/
(GOpMBI, 3TO 3HAYHT, YTO dHEprus aedopmupo- , /B
BaHUS HE HaKaIUIMBaeTCs B 00pasIle, a peainsy- // 7 A
eTCsl B BUJIC TUIACTUYECKHX Je(opMalinii B Ipo- y
necce Harpyxenus. [Ipu s3Tom Bo Bce mepuozs //
BpEMEHH DHEPrusi Ne(OPMUPOBAHUS OCTACTCS R
MEHBIIIE BEIUYMHBI SHEPTUH, COOTBETCTBYIO- O D &
el uIeabHO YIIpyroMy J1e()OpMHUPOBAHHUIO. Puc. 1. Tunossie rpaduku gehopMupoBa-

B Tom cnyvae, xorna kpusas neopMHpOBa- HUSI CKAJIbHBIX TOPHBIX TMOPOJL:

HUSI IMEET BBIMYKITYI0 QopMy, yripyras osHeprust  © HOPM:;]:‘;?’Z ;j;f;:;e;:;;;;aﬁl‘;oCHT"“‘"
HaKaruIMBaeTcst B 00pasle M BO BCE MEPHOABI  Fig, 1. The typical graphs of hard rock's
BPEMCHH NPEBHIIIACT BEIUINHY DHEPIHUH, COOT- deformation: -
BETCTBYIOINIYIO MJICATBHO YIIPYIOMY )Ie(I)OpMI/I- 6 — normal Stresdséf c.)sr n;aﬂrglr?tlve longitudinal
POBaHHUIO.

ITo pe3ynbTaraM MpoBeACHHBIX HCCIIEOBAHNHN OBIJIO BBISBIICHO /IBA yKa3aHHBIX Pa3-
JUYAIOIINXCS pekrMa Ae(pOPMHUPOBAHUS ISl HCTIBITAHHBIX THITIOB TIOPOA U OTIpE/IeNIeH
KpUTEpHUIl OTHECEHUS MOPOJ K Pa3IMYHBIM KaTeTOpHUsIM 110 CTENEHU CKIIOHHOCTH K pas-
PYIUICHUSM B JMHAMUYECKOHN TN CTaTHIeCKOH popmax.

B wactHOCTH, ecin 3HadyeHWE peaTbHOW JHEprud IeOpMUPOBAHUS MEHBIIE
YCIIOBHO-PACYETHOM HeabHO YIPYTOi 3HepTuy Ha BennduHy cBbie 10 %, To mopoxa
MOXET OBITh YBEpPEHHO OTHECEHa K THITy IOpOJ, pa3pylIeHHe KOTOPHIX BO3MOKHO
TOJIBKO B CTATUYECKOM pekume. JlJist 3TUX MOopos pa3pylieHne B JHHaMA4IecKoi popme
MaJIOBEPOSITHO, CJIEJOBATEIbHO, TAKUE TIOPO/bI JOJKHBI ObITh OTHECEHBI K KaTErOpUH
«HEOIACHBIX [TOPOJ 10 TOPHBIM yAapam».
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Bo Bcex ocTanbHBIX Clydasix, KOTJa pasHHLa 3HaYeHUH pealibHOl sHepruu aedop-
MHUPOBaHHS MEHBIIIE YCIOBHO-PACYETHOM HeallIbHO YIIPYTO SHEPTHY Ha BEIUUUHY /10
10 % nnu paBHa HYJIIO, @ TAK)KE €CIIM 3HAYEHUS pealbHOM SHEPIUH MPEBBIILIAIOT 3HaUe-
HUS UJ€ANBbHO YIPYTod, TO MOPOBI SIBIISIOTCS CKIOHHBIMU K pa3pyIIEHUSAM B JUHAMU-
yeckoii popme, a MaCCHUBBI TOPO/I, BKIIIOYAIOIINE UX, JOJKHBI OBITh OTHECEHBI K CKIIOH-
HBIM U OIIACHBIM II0 TOPHBIM yAapam.

MeToauKa OlleHKH CTelleHH YIapOONacCHOCTH CKAJbHBIX TOPHBIX MOPOJ 1O pe-
3yJbTaTaM HCNBITAHUH 32 NMpeAeaoM NMPOYHOCTH. [[151 KOPPEKTHOCTH CPABHUTENb-
HOTO aHaJIN3a IIPHU MPOBEIEHUH UCCIIE0BAaHUI 32 PEAEIOM MPOYHOCTH UCIIOIB30BATIN
00pa3ipl TexX e MOpoJ, YTO W NPH UCHBITAHUAX 10 Mpeaeia nmpodyHocTtd. OOpa3ubl
uMenu GopMy IHIMHIPA C OTHOLIEHHUEM BBICOTHI K TUaMeTpy 2 : 1, a X KONUYecTBO
COCTABJISIO 6 IIT. JJIs KXKJI0TO TUIIa TOPHOM MOPOJIBI.

Taﬁ.ﬂnua 1. Pe3yanaTu onpeaeJeHusi JHEPreTU4eCKuX mapaMeTpoB HCCJIEeAyEeMbIX CKaJIbHBIX
TOPHBIX NMOPOA NMPU OAHOOCHOM CKaTHH 10 NTpeae/ia NpoYHOCTH
Table 1. Theresults of energy parameters determination of the studied hard rocks under uniaxial
compression below the compr essive strength

YI[CJ'IBHaﬂ SHEpPrus Yz[enm—[as[ SHEpPrus PaSHI/IHa MEXKIY 3
AKJIFOYCHHUEC I10
Haumenosanue H7eaIbHO YIPYTOro neopMHUPOBAHUS ITPU W,y 1 W,
TOPHBIX TIOPOJ nehopMHUpOBaHUS paspylieHuu (peaibHast) 5 TOKAsaTeIo
Wy, MJT/m® W, MJT/m® MDi/m® | % | YAapoomacHoCTH

Yprur cpeane- 0,1426 0,1426 0,0000 0 | YmapoonacHsblii
3CPHHCTRIN 0,1591 0,1580 0,0011 | 1
MaCCHBHBIN

0,2015 0,1996 0,0019 1

0,2010 0,2030 -0,0020 | -1
Cpennee
3HAYCHHE 0,1760 0,1758 0,0002 0
JInH30BHHO- 0,1430 0,1197 0,0233 | 16 |YnapoonacHslid
fonmocuara 0,1554 0,1507 0,0047 | 3
anaTuT-
He(eTuHOBas 0,1122 0,1120 0,0003 0
pyaa 0,1746 0,1642 0,0104 | 6

0,0860 0,0763 0,0097 | 11
Cpennee
3HAUCHUE 0,1343 0,1246 0,0097 7
KanpuutoBsIit 0,0066 0,0054 0,0012 18 |HeynapoonacHsIit
kapGomaTHT 0,0113 0,0079 0,0033 | 30

0,0171 0,0129 0,0042 | 25

0,0169 0,0125 0,0044 | 26

0,0169 0,0109 0,0060 | 35
Cpennee
3HAaYEHUE 0,0137 0,0099 0,0038 | 28

Ucnpiranus npoBoaunuck B CaHKT-IleTepOyprckoM TOpHOM YHUBEPCUTETE Ha
cepBoruapasauieckoil ycranoBke MTS 816 ¢ MOBBIIIEHHON KECTKOCTBIO B PEKUME
KOHTPOJIMPYEMBIX Ae(opMaiuii.

B xome uccnenoBanus obpasusl Harpyxanu 10 30 % oT mpenena mpoYHOCTH MPH
CKATUU U Pa3TpyKajii. 3aTeM MX HarpyXaju 70 pa3pylIeHus: B KOHTPOJIUPYEMOM pe-
JKHMeE, YTOOBI TIOJTyYUTh 3alpe/iesIbHYI0 BETBb JIe(oOpMUPOBaHUsl. BeTrnunHbI Ipooib-
HBIX Aedopmannii 00pa3oB PEruCTPUPOBAIH MPU MTOMOIIN SKCTCH30METPOB (PUPMEI
MTS. Tlo pesynbrataM HWCHBITAHWH CTPOWJIM TOJHBIE TpaduKUd 3aBHCHUMOCTH
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Hanpsicenue—Oeghopmayus N ONPENeNsIIN 3HAUSHHS MOAYJICH YIIPYTOCTH U CHaia Jjist
Ka)KI0ro 00pasia ropHoH TOPOIBL.

Ha ocHOBaHMU MOMYyYEHHBIX B XOJI€ UCCIEOBAHUIN JaHHBIX YCTaHABIMBAIM BEJU-
4uHbl KO3 uuuenTos ynapoonacnoct K, no gpopmyne (1) [10]. B Tom ciyuae, xorna
3Hauenue K, < 1, ropnas mopona cuuraercs ynapoonacHou. Eciu snmauenue K, > 1,
TO IOPOJIa HEYAAPOOIIacHa:

K,=E/M, (1)

rne £ — monyns ynpyroctu, MIla; M — monyns ciana, Mlla.
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Puc. 2. I'paduku nedopmupoBanus 0Opasmos:
@ — ypTHTA CPEHE3EPHUCTOr0 MaccHBHOTO (00paser Ne 7-16); 6 — kansunroBoro kapooHarura (o6paser; Ne 1-8-4);
MyHKTHPHAS JTMHUS — YCIOBHAS JIMHUS HJIATbHO YIPYToro Ae(OpMHUPOBAHUS
Fig. 2. The graphs of samples deformation:
a— medium-grained massive urtite (sample no. 7-16); 6 — calcite carbonatite (sample no. 1-8-4); dashed line—
conventional line of ideal elastic deformation

Pe3yabrarsl U o0cyxaenue. B tadn. 1 npeacraBieHpl pe3yasTaTsl ONMpeaeIeHui
SHEPreTUYECKHUX MapaMEeTPOB HCCIEAYEMbIX CKATbHBIX TOPHBIX TIOPOJ ITPHU OHOOCHOM
CKaTHH JI0 TIpeziesia IPOYHOCTH.

N3 Tabn. 1 cnemyet, 4To HauOOIBIINE BETUUMHBI PEATbHON yAEIbHON SHEPIUH Je-
popmuposanus W, cOOTBETCTBYIOT 0Opa3sLaM ypTUTa CPEAHE3EPHUCTOTO MaCCUBHOTO,
NPOYHOCTHBIE U 1e(hOPMALIIOHHBIE CBOWCTBA KOTOPOTO CaMble BEICOKHE (CpeHee 3Ha-
YyeHue npeaena nNpouyHocTH npu cxaruu — 175 MIla, cpennee 3HadueHrEe MOAYIS YIIPY-
roctu — 7,22 - 10* MIla [15]). Benmuuuna peanbHON SHEPrUH 00pa3IoOB JIMH30BHIHO-
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MOJIOCYATOH amaTuT-He(EeTUHOBOW pyAbl B CpPEAHEM MEHBIIEC 3TOH BEIMYUHEI,
YCTaHOBIICHHO# 11si 06pasioB ypruta, Ha 0,0512 MDx/m?. HanmMenblnee 3Ha4YeHUE
9HEpPIUM YCTAHOBJICHO ISl KaJbIIUTOBOTO KapOOHATHUTa — caMoil ciaboil u3 mccie-
JyeMBIX CKaJIbHBIX TOPHBIX MOpOJ (CpeqHee 3HaueHUe Ipefiena MPOYHOCTH TpHU
cxarnn — 80 Mlla, cpenree 3HaueHue Moays yrpyroctu — 4,88 - 104 MlIla [15]).

CormacHO TPEIUIOKEHHOMY KPUTEPHUIO U TIPENICTABICHHBIM B Ta0M. 1 pe3ynbraram,
peanbHas SHeprus Je()OPMHUPOBAHHS aNaTUT-HEPEITUHOBOW PYIbl U YPTHTA CpEIHe-
3epHUCTOTO MacCCHBHOTO MEHBIIIE MAeaJbHO YIpyroi sueprun menee dem Ha 10 %
(B cpemnem pazuuma 0 u 7 % COOTBETCTBEHHO), YTO MO3BOJSET OTHECTH WX K yHapo-
OIacHBIM TOpHBIM IopoaaM. Jlns kapOoHaTHUTa pa3HULA MEXIY HIEaTbHO YIPYIroH
SHEPruel u peanbHON PHEpPruen 1eGopMUpOBaHUs cOCTaBIsieT B cpeaneM 28 %. Cre-
JIOBaTeJIbHO, JaHHAasl IOPOAA HE SBISIETCS yAapOOIaCHOH.

Ta6uuna 2. Pe3yjbTaTsl onpeeieHus 3anpeaejbHbIX XapaKTePUCTUK U IapaMeTPOB
YAapoonacHOCTH HUCC/IeyEeMBIX CKAJIbHBIX FOPHBIX IIOPOX IMPH OAHOOCHOM CKaTHHU
Table 2. Theresults of determination of the post-peak characteristics and rockbur st hazard
parameters of the studied hard rocks under uniaxial compression

HanMeHoBamme Howmep Monyns Monyns Koaddumment 3aKir04eHue 1o
FOpHBIX TOPOT obpasia YIPYTroCTH criaga M, Y/1apOOIaCHOCTH MOKa3aTeJIro
E, MITa - 10* | MIIa - 10* Ky yAapOONacHOCTH
Yprut 6-16 7,36 147,37 0,05 Y napoonacHsIii
CPEAHCSCPHUCTBIN 6-17 4,66 10,51 0,44 Y napoonacHsIi
MacCHBHBII
6-18 6,05 30,24 0,20 Y napoomnacHsblii
7-15 6,46 114,38 0,06 Y napoomnacHblii
7-16 7,62 56,83 0,13 Y napoomnacHsblii
8-16 6,72 198,12 0,03 Y napooracHblit
JIunzoBUIHO- 4-1 4,82 20,34 0,24 Y napoonacHslit
foJlocuaras anatur- | 4 o 6,41 92,36 0,07 V 1apooInacHlii
HedenuHOBas pya
4-6 7,56 159,73 0,05 Y napoonacHsIi
4-10 6,32 94,66 0,07 Y napoonacHsIi
4-11 50 14,92 0,34 Y napoomnacHsblii
4-13 6,04 68,45 0,09 Y napoomnacHsblii
KanbiuToBblit 1-2-6 5,03 0,26 19,35 HeynapoomnacHsrit
KapOoHaTHT 134 3,96 1,92 2,06 Hey napooracHsii
1-3-6 4,0 2,13 1,88 HeynapoomnacHsrii
1-5-4 4.8 0,59 8,14 Heynapoomnachsiii
1-84 3,27 1,68 1,95 HeynapoonacHsrii
46-7-4 4,12 0,99 4,16 HeynapoomnacHsiii

ITo pesynbraram BbIONHEHHBIX B CaHKT-IleTepOyprckoM rOpHOM YHHBEPCUTETE
UCTIBITAHUI TTOCTPOCHHI MOJHBIC TPauKK ASPOPMHUPOBAHUS 00PA3IIOB UCCIICTYEMbIX
CKaJIbHBIX TOPHBIX opo. Ha puc. 2 npeacrasnens! Takue rpaduku 1is odpasna ypTu-
Ta U KaJIbIIUTOBOTO KapOOHATHUTA.

W3 puc. 2 cnepyer, uto st oopasia yprura Ne 7—16 3anpenenbHas BETBb ge(GopMu-
POBaHUs OOPBIBAETCS TOCTATOYHO KPYTO, KaK U JIJIsl BCEX OCTAIbHBIX 00Pa3I0B TaHHOU
nopojsl. Ilpu 3TOoM rpaduk 10 mpenena MPOYHOCTH IOYTH MOJHOCTHIO COBIAAAET
C YCIIOBHOW JMHHUEH uaeanpHO ympyroro nedopmupoBanus. [lomobHoe moBeneHue
XapaKTEPHO ISl CKIIOHHBIX K yAapOOTacHOCTH TOPHBIX MOPO/I.
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s oOpasnoB kapOoHaruTa rpaduk nehopMUPOBaHHS 33 MPEACIOM MPOYHOCTHU
umeeT (hopMy IUIABHOM HUCIIAAAOMICH KpuBoi (puc. 2). YuacTok rpaduka 10 npezesa
MIPOYHOCTH, B CBOIO OY€pellb, MMEET OTUETIMBO BOTHYTHIM BH. Takol XxapakTep ae-
(hopMupoBaHHs B OOJIBIICH CTEIIEHU COOTBETCTBYET TOPHBIM ITOPOJIaM, HE CKIIOHHBIM K
yIapOOMacHOCTH.

PesynwraTel onpeneneHnii 3anpefeNbHBIX XapaKTePUCTUK U KOA((MUITUEHTOB yra-
POOMAaCHOCTH MCCIIEAYEMBIX CKaJbHBIX TOPHBIX MOPOJ MPEICTABICHBI B Ta0I. 2.

Kak cnemyeT u3 manHbIX Tabi. 2, A BCeX 00pa3IOB ypTUTA U anaTuT-HedeTnHO-
BOH pyZbl 3HAYCHUST KOAPPHUIMEHTA YIapOOaCHOCTH MEHBIIIE eTUHUIIBI, TO €CTh BBI-
nonnsercs ycnosue K, < 1. Takum 00pa3oM, 5T TOPHBIE MOPOZLI MOKHO YBEPEHHO
OTHECTH K yaapooracHbIM. J{71s 006pa3ioB kapOoHaTHTa 3HaYECHUsI KOA(BPHUIIEHTA yia-
poonacHocTH 60onbie exuHuLbl (K, > 1). CnenosarensHo, TaHHAs NOPOJA HE ABIIAETCS
YAapOOIaCHOH.

IIpu comocTaBieHNN pe3yabTaTOB OIPEIEICHUs CTEIIEHH YAapOONacHOCTH HCCie-
JlyeMBIX TOPHBIX TIOPOJ TI0 TpeyiaraeMoil MEeTOINKe aHan3a KpUBOH JAedopMHpOBa-
HUS JIO Mpenesa MPOYHOCTH U METOMKE aHalln3a MOJTHON KpHBOH JeopMupoBaHUS
TIOPOJ] C MCITOTF30BAHUEM JKECTKHX MTPECCOB MOJKHO CAENaTh OCHOBHOW BBIBOII, UTO U B
TOM U B JIPYTOM CJIy4ae yIapOOTIaCHBIMH OKa3aJIMCh YPTHUT CPEIHE3CPHUCTHI MaCcCHB-
HBI W JMH30BHIHO-TIONIOCYATAs anaTUT-He(ennHOBas pyda, a HEyJapOOMacHBIM —
KaJIbIIUTOBBIA KapOoHaTHuT. Taroke mpeacTaBiIcHHBIC Ha prC. 2 TpadUKH TOATBEPKIa-
0T HJICI0 O TOM, YTO XapakTep AehOpMUPOBAHHS CKIOHHBIX K XPYIKOMY Pa3pyIIeHHIO
nopoz OJIM30K K HJIeaIbHO YIIPYTOMY, TOTIA KaK HE CKIIOHHBIX — K IUTACTHYECKOMY.

Taxum 00pa3oM, MOATBEPKAAETCS, YTO TMPEATOKESHHBIN MOIX0 MTO3BOJISET OTpeIe-
JISTh CKJIIOHHOCTH TOPHBIX TIOPOJI K Pa3pyIICHUSM B AJMHAMUYECKOHN (hopMe aHAIOTUIHO
MIOIXO/Ty, OCHOBBIBAIOIIEMYCS Ha aHAJIN3€ TIOJTHOW KPUBOH Je(opMUpoBaHUs TOPOJ 1
WX 3aIlpe/IeNbHBIX XapaKTePUCTHK.

BoiBoabl. BEINOTHEHHBIH CONTOCTABUTENBHBIN aHAIIN3 PE3yIbTaTOB OIICHKH CTEeTIe-
HU yIapOOTacCHOCTH TPeX THUIOB CKAJIbHBIX TOPHBIX MTOPOJ MOKa3aJl BOZMOKHOCTD HC-
MOJIb30BAHMS TIPEIIaraeMoi METOMKH Oe3 MPHUBIICUECHUS CIIEINATN3UPOBAHHBIX TIPeC-
COB C MOBBIIIEHHOH KECTKOCTBIO.

TakuMm 00pa3om, orpesieNieHre CKIIOHHOCTH K pa3pyIICHHsIM B TUHAMUYeCKoH (op-
Me MOKHO TIPOBOAWTH Ha OCHOBaHWH aHAllN3a OTpeAeTbHON KpUBOH AedopMHpOBa-
HUsl 00Pa3I0B U BEIMYUH MX PEAbHOW U PACUCTHOU HJICABHO YIIPYTOil SHEPruy, Py-
KOBOJICTBYSICH CIIEAYIOIIMMH MOJIOKESHUSAMHU:

— €CIli XapakTep AeOpPMHPOBAHUS 00pa3IoB TOPHBIX MOPOJ OIM30K K IIacTHYe-
ckomy (rpaduk nehopMUpOBaHMS KMEET BOTHYTHIM BHJT), @ HAKOILICHHASI SHEPTUS JIe-
(hopMHpOBaHHS MEHBIIIE paCUETHOM YIpyroi Ha Beinu4uHy cBbiie 10 %, To mopoaa He
CKJIOHHA K pa3pylIeHUsIM B TWHAMHUYECKOH (opMe. B aToM citydae moTeps ycTOMIHBO-
CTH TOPHBIX BBIPA0OTOK OyJET MPOUCXOIUTHh NPEUMYIIECTBEHHO B BUEC 00pa30BaHUS
OTJCIIbHBIX BBIBAJIOB, OIPAHUUYEHHBIX MOBEPXHOCTSIMU CTPYKTYPHBIX HEOIHOPOIHO-
CTe¥ pa3IMYHOTO PaHTa,

— BO BCEX OCTAJIBHBIX CIyYasix, KOraa oopasipbl JeOpMUPYIOTCS YIPYTO, TTOPOIBI
CKJIOHHBI K pa3pylIeHHsIM B TMHAMHUYECKOH (popme, a TIpu IPOBEACHNHN TOPHBIX paboT
HEJIB3S UCKITIOYHUTh PEATU3aIUI0 pa3pyIICHHUA THIIA TOPHBIX yAApPOB.

ITonmyueHHBIE pe3yabTaThl UCCIIEAOBAHUM TaK)Ke CBUIETENBCTBYIOT O TOM, YTO Hau-
0oJee yapoomacHbIM M3 UCIBITAHHBIX TOPHBIX TIOPOJ SBISETCSA YPTUT CpPeTHE3SPHHU-
CTBI MACCUBHBIN, HECKOJIBKO MEHEE yAapOONaCHBI JMH30BHIHO-TIOJIOCYATHIC allaTHT-
He(eTMHOBBIE PYIBI U HEYAAPOOTIACeH — KATBITUTOBEIN KapOOHATHUT.
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The determination of rockburst hazard degree of hard rocks by the test results
under uniaxial compression
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Abstract
Introduction. Currently the principal approach to the estimation of rock tendency to rockburst hazard
consists in analyzing their complete stress-strain curve and defining the post-peak strain and energy
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parameters under uniaxial compression conditions. The disadvantage of such method is a need of
performing the studies on specialized stiff test machines. The possibility of such machines purchasing is
limited by their high prices and unit quantity of production.

Research aim. Our work is aimed at comparing the determination results of rockburst hazard in the
Khibiny and Kovdor rock massifs of the Murmansk region by applying the method proposed and a method
of the complete stress-strain curve analysis of hard rocks with using stiff test machines.

Methodology. Energy parameters and strain characteristics of hard rocks have been experimentally
studied, parameters and characteristics of their rockburst hazard have been determined. We propose a
more simple method to determine the rockburst hazard for rocks by analyzing the strain curve at a pre-
peak region and values of elastic energy accumulated till the compressive strength. For this we do not need
the test machines with enhanced stiffness and the laboratory studies are performed on usual equipment by
standard methods.

Results. Based on the studies, we determined the strain and energy parameters of the hard rocks,
investigated and defined their rockburst category — rockburst hazardous or not.

Conclusions. The obtained data made it possible to conclude that the estimation results of rockburst
hazard for the rocks at the pre-peak stage fully correspond to the results of estimation carried out on the
basis of complete deformation curve analysis.

Key words: rockburst hazard; deformation; elastic energy; hard rocks; laboratory tests; uniaxial
compression, sample.
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by coal particles size
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Abstract
Introduction. Parameters and features of coal seams which experienced coal and gas outbursts are
actively studied to specify the mechanism and develop the methods of forecasting and preventing coal
and gas outbursts. Qutbursts emit from weak, crumpled coal members.
Research aims to investigate the influence of coal seam grains size on the development of coal and gas
outbursts with the account of possible modification of coal strength and filtration properties.
Methodology. Theoretical analysis of coal particles size and the size of incipient cracks influence on the
formation of coal and gas outbursts.
Theoretical part. The research has shown that with the reduction of coal particles average size, the flow
of gas which develops from the internal volume of coal into the free form increases, the coefficient of
permeability decreases; it leads to the growth of gas pressure gradient in the marginal zone. The size
of particles depends upon the conditions of coal development and occurrence. In certain geological
periods coal breaks up when a part of a massif'is broken by the forces of rock pressure. The size of coal
particles influences the range of equilibrium conditions, under the violation of which coal and gas
outburst develops.
Results. Based upon the conditions of balance of a minute volume of coal with oriented cracks, the
criterion of coal and gas outbursts development has been formulated; it shows that with the reduction
of cracks size as a power function, the probability of coal and gas outbursts increases, when other
conditions remain constant.
Summary. The factor of coal and gas outbursts generation has been formulated, expressed in terms of
coal particles size to the power of 2.5 whereby the probability of outburst generation linearly increases
under the grow of coal seam gas content, methane diffusion ratio out of the internal chamber to the
surface of coal particles and under coal strength reduction.

Key words: gas-dynamic events, marginal zone, coal; methane; coal and gas outburst; cracks;
breakdown; size of grain; filtration.

Introduction. Three main factors determine the development of coa and gas
outbursts at the seam compartment: stresses redistribution in the marginal zone, strength
and physical-chemical properties of coal and gas pressure [ 1-5]. Despite rather evident
set, it is generally difficult to determine a definite critical value and quantitatively assess
the effect on the probability of coal and gas outbursts development for each of the
enumerated factors [6—10]. For example, gas factor can be expressed through coal seam
gas content and the original velocity of gas yield, each of these values influences the
size of the measured gas pressure in different ways [2, 6, 8, 10].

Currently used methods of forecasting and preventing coal and as outbursts allow
significantly reducing the probability of their manifestation, but do not fully prevent
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from the development of this hazardous gas-dynamic event. Modern researches are
oriented to the specification of the mechanism of coal and gas outburst as well as
determining the parameters appropriate for their forecast [2—8]. At the present time, for
the latest estimate of outburst hazard, the integrated criteria are being worked out,
which take into account the influence of several parameters characterizing mining and
geological conditions, stress-strain state and the sequence of coal seams mining.
An example of such criterion [6, 7] is the criterion developed by V. I. Murashev.
An approach proposed by V. N. Puzyrev [2] is also applied, which is based on the
monitoring of the original velocity of gas emission from the drilled well, as well as
the volume of rubble coming from every meter of a well when drilling an outburst-prone
member.

Research aim. The structure of coal occurring in the outburst-prone member is
called an earthy-grainy structure. The term agrees with the actual state of coal which
contributes to outbursts development [1-3]. Quantitative characteristics of granularity
are rarely used to estimate the aptitude of certain coal seam compartments to outbursts.
However the size of grains can influence both strength and gaseous properties of coal.
Coal aptitude to breakdown and the limit of deformations depend on the concentration
of the beginnings of cracks, the distance between the cracks and their size [11-16].
The space between the grains forms the filtration capacity of a coal seam, i. . the capacity
accessible for free gas. The size of coal particles determines the total of coal solid,
accessible for gas absorption and adsorption [8, 9, 16—18]. The present work studies the
influence of coal seam grain size on the formation of coal and gas outbursts with
the account of possible modification of strength and filtration properties of coal.

Theoretical part. Based on the theory by S. A. Khristianovich [19-21], and in
correspondence with the developed model by V. 1. Murashev [6-7], the gradient of gas
pressure is the impelling force (active force) of coal and gas outburst. The gradient of
gas pressure and the intensity of gas emission determine the magnitude of theimpelling
forces contributing to coal breakdown, bringing a part of coal seam into a suspended
state and its travel across the mine working. Forces restraining the outburst are called
passive. Active forces F, are applied along the whole cross-section of face S, while
passive forces F, act along the perimeter of coal seam P which borders upon the
enclosing rock, and partially within the seam. The magnitude of active and passive
forces is calculated for a unit thickness of a coal layer towards the inside of the mine
working:

oP
F=" s |
=2 m
F, =P = (k, + otgg) P, )

where 0P/dz — the gradient of gas pressure; S — cross-sectional area of the mine
working; T — tangential stresses; P — the perimeter of a mine working. The limiting
value of tangential stresses along the perimeter of a coal seam according to Coulomb-
Mohr friction law can be expressed through the coefficient of cohesion k&, the value of
normal stresses ¢ and the tangent of internal friction angle tgo: T, = k, + otgp. Condition
F, =2 F, determines the probability of coal and gas outburst, it is equivalent to the
following expression:

oP P
Ekz(ko+cstg(p)§. (3)
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In (1), (3) coefficient A is equal to the ratio of the cross-sectional area of the seam
compartment under consideration, which the pressure gradient acts on, to the total area
of face projection. The given coefficient is connected to the porosity of a seam. The
obtained formula characterizes the macroscopic section of a marginal zone of a coal
seam where the gradient of rock and gas pressure is oriented along the axis of the mine
working from the face towards the inside of the coal seam. Linear dimensions, which
reveal perceptible change of coal seam stress state, are significantly larger than the
typical size of grains which make up the coal of the outburst-prone member, larger than
the size of the cracks and the distance between the cracks.

Coal and gas outburst originates in the marginal zone of a coal seam some distance
from the face, coal disintegrates according to the mechanism of laminar separation with
cracks propagation under the action of high gas pressure within the coal seam. The
condition similar to the macroscopic condition (3) of the equality of active and passive
forces can be applied to a separate crack as well [11, 12, 15]. The given proposition
implies that changing external conditions leading to the growth of one crack will cause
the growth of all the cracks, which are under similar conditions in the coal seam, at
once. The balance of a certain crack, where disruptive pressure P acts, is disturbed
under the following condition:

Eg

(1— vz)nL’ @)

R =

where E — Young’s modulus; v — Poisson ratio; g — Griffith’s parameter; L — half-width
of a crack. Formula (4) is written for a standard problem of crack propagation, P, — the
pressure which can be conditioned by the presence of gas inside the crack or the action
of mechanical disruptive forces.

The state of a coal massif, which coal and gas outburst is possible from, is
characterized by the high concentration of cracks, so it is necessary to take into account
the interaction between the neighboring cracks. It has been shown earlier [15] that if
two cracks are situated opposite each other at a distance of a << 8L, then the condition
of cracks stability follows from the expression:

P, 24/2*/_%. )

In the condition when the development of an outburst-prone situation is possible,
1. e. under high concentration of cracks, the average size of cracks is approximately equal
to the distance between the neighboring cracks L = a, it means that formulae (4) and (5)
are equivalent. In its turn, the value of the average distance between the focuses of
cracks is determined by the size of separate grains making up the massif. Assume the
typical size of particles is similar in size to the average distance between the planes of
cracks which, in its turn, is similar to the size of the developing cracks.

The forces, disrupting the crack, originate by means of the difference of gas pressure
in the neighboring cracks, which can be expressed through the gradient of gas pressure
and the average distance between the planes of the neighboring cracks:

in this basis the condition of cracks propagation (5) is reduced to the following:
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%P, N2V2Eg. (©)
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The smaller the distance between the cracks (6) and their size, the larger must be the
gradient of gas pressure, which ensures meeting the threshold of separate cracks growth.

The gradient of gas pressure is determined by the value of gas flow which filtrates
from the depth of the coal seam towards the free face. It depends on the seam pressure
and on gas reserve which is in some connection with the massif. The value of mass flow
G through the unit of surface area can be expressed through w — the filtration velocity
and p = PM/RT — gas density derived from Mendeleev-Clapeyron equation through the
parameters of gas condition — pressure P, temperature 7' and its molar mass M:

-GRT
pw =G, mbo P, = ——. (7)

Darcy’s law describes the connection between the filtration flow rate and gas
pressure gradient along the axis of the face:

k oP
W:_EE’ (8)

where k, p — filtration coefficient and dynamic viscosity of gas correspondingly.
From (7), (8) we obtain the following expression for the gradient of gas pressure:

P_ch, 9)
0z pk

The highest value of gas pressure gradient in a seam is reached near the periphery
of the face, where gas density p is minimal. The size of coal fractions influences the
filtration coefficient and the rate of methane development into the gaseous phase, i. €.
gas flow rate. For earthy-grainy coal of outburst-prone members, the coefficient of
permeability & is expressed through the typical size of particles rj, which make up the
coal seam.

In correspondence with Cozeni-Karman model we can write:

m,

k=—>"5
36c(1-m)

(10)

where m — effective porosity of a seam; ¢ — Karman number which has meaning of a
coefficient of form; the value of ¢ for a close-packing of spheres is 5; porosity depends
on the form and the character of particles packing, but it doesn’t depend on the average
size of particles.

In order to estimate the influence of particles size on the flow of gas percolating in
the marginal zone, let us imagine that gas transfer from coal is determined by the rate
of methane molecules diffusion through the coal particles to pores and cracks volume.
Themain part of methanein coal isin the dissolved state similar to the state of molecules
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within the micropores of coal. The first step towards methane molecules development
into the gaseous phase is solid diffusion. It is the slowest process that gas emission rate
depends on. The typical time ¢ of methane diffusion from the internal volume of
a particle with radius r to its surface can be associated with the coefficient of diffusion
D on the grounds of dimensions and conformity theory: Dt/r” ~1, from which
t=r?/D.

Assume B — the mass of the liberating gas for a unit of coal volume V, kg/m?3. Then
the flow of gas from one coal particle, kg/s, can be assessed as follows:

VB 4
G, = TB = 7DPr,.

The concentration of coal particles we will express in terms of their dimensions and

effective porosity as follows: n = 3(1— m) / 4nr?. In this case, gas flow of in coal unit
volume can be written as:

sz' (11)

The total flow of gas percolating through the marginal zone of a coal seam is
proportional to the value which is determined by formula (11). Assume, parameter 3
has meaning of effective quantity of methane and includes the correction which
determines the share of methane which takes part in filtration flow. Under such set of
a problem, the gradient of gas pressure (9) is determined by an expression:

oP 1 YD
—:720(—— ) BF. (12)
0z m pry

Results. For numerical estimate according to (12) let us accept the following values:
the coefficient of methane diffusion through coal solid D = 10-!13 m?/s; the mass of gas
liberating from each cubic meter of coal, p = 10 kg/m3; methane viscosity under the
filtration flow p =10~ Pa - s; methane density in a seam near the face p = 1 kg/m?; coal
porosity m = 0.1. In order to estimate the threshold value of gas pressure gradient,
which causes the growth of cracks if exceeded, by formula (6), let us accept the value
of Young’s modulus £ = 108 Pa, and Griffith’s parameter g = 1 N/m. The results of the
estimates are shown at fig. 1.

Fig. 1 schematizes two dependences of gas pressure gradient on coal particles sizes
(12) and on the size of cracks (6). Solid line indicates gas pressure gradient threshold
value (6), excess of which causes the loss of crack stability, and crack growth becomes
possible. In case the size is reduced, crack is difficult to disrupt, at the same time the
concentration of cracks in a seam increases, the distance between the planes of cracks
and the disruptive force, acting on every crack, decrease. Dashed line (fig. 1) indicates
gas pressure gradient which develops at gas filtration through coal in the marginal zone
(12). Particle size reduction increases the rate of methane development into the gaseous
phase, and at the same time, even under the constant porosity of a seam, filtration
channels cross-sections get narrow and filtration coefficient decreases, consequently,
gas pressure gradient in the marginal zone grows. The intersection point of solid and
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dashed lines at fig. 1 corresponds to the balance, and area to the left of this point
corresponds to the unstable condition wherein the destruction of a massif starts.

With particles size reduction, gas pressure gradient grows according to the rule /1y ,
and the threshold value of a pressure gradient, which is sufficient for rock massif
destruction, depends on the dimensions of cracks proportional to 1/al-. As it has already
been said, cracks dimensions and the distance between the neighboring cracks are
commensurable with coal particles dimensions. For a medium with strong granularity,
cracks grow along the zones of weakening which mainly lie in the points of stronger
particles contact, as well as along the sections with air pockets. The focuses of cracks
beginning are usually the most weakened points of particles contact; that is why,
depending on the conditions, the size of cracks can exceed the size of particles by one
or two orders of magnitude. At the same time the point of balance at fig. 1 displaces
rightwards into the area of larger particles — low gradients of gas pressure.

grad(P), MPa/lm

102

10 1 MR | 1 1 MR | 1 1 |\|\||||I 1 1 MR | 3
01 1 10 ~1100 1000 r, pm
10»2 N\

Fig. 1. Threshold value of gas pressure gradient (6) compared to gas pressure
gradient (12) developing at filtration:
1 - dP/dz according to formula (12); 2 — dP/dz according to formula (6)
Puc. 1. [ToporoBoe 3HaueHHE IpaiueHTa JaBJIeHUS Ta3a (6), CONOCTaBIEHHOE C
rpaJMeHTOM JaBJcHus ra3a (12), BOSHUKAIONIINM IPH (QHUIBTpaIiu:
1-—dP/dz o popmye (12); 2— dP/dz o popmyue (6)

If we accept that a = r; as a threshold estimate, then from formulae (6) and (12) we
get the value of coal particles critical value, compared with the parameters of a seam:

3
125 < 428(1 - 1) DBu

—_ 13
=Y oJEs (13)

If the right part of inequality (13) is greater than the left part, then it corresponds to
the parameters of the coal seam which is coal and gas outburst-prone. The obtained
ratio has been formulated based on the balance of physically small volume of the coal
seam which contains growing cracks and is subject to the action of gas pressure gradient.
Numerical coefficient 428 has a guide value; it has been obtained with a range of
estimate values which were used to derive formula (12). However, the interconnection
between the values which determine the outburst hazard of a coal seam is reflected
reliable enough in formula (12). High coefficient of diffusion D, high concentration of
gas in a unit of volume B, as well as low strength of coal, expressed through Young’s

modulus and Griffith’s parameter ,/Eg, increase the probability of coal and gas
outbursts. The main result lies in the fact that with the reduction of coal particles size,
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the probability of coal and gas outbursts grows as a power function. Thus, the smaller
the coal particles are, the higher the probability of coal and gas outbursts from the given
area is. The later statement has been made as a hypothesis of invariability of coal gas
bearing capacity and the coefficient of methane diffusion through coal.

Summary. In order to improve the methods of forecast and prevention of coal and gas
outbursts, it is necessary to study the mechanism of outbursts hazard situations
development and specify the properties of a coal seam which accompany coal and gas
outbursts. The dimensions of grains in a coal seam determine the average distance
between the beginnings of cracks and the dimensions of cracks in a state prior to outburst.

The speed growth has been determined of methane developmetn into the gaseous
phase and of filtration flow in the marginal zone due to the reduction of methane
diffusion to the surface of particles, which is conditioned by the reduction of particles
dimensions.

It has been shown that the reduction of an average size of coal particles and channels
radius along which gas is filtered under the constant value of coal porosity, leads to the
growth of gas pressure gradient in a coal seam.

The factor of coal and gas outbursts generation has been formulated, expressed in
terms of coal particles size to the power of 2.5 whereby the probability of outburst
generation linearly increases under the increase of coal seam gas content, methane
diffusion ratio out of the internal chamber to the surface of coal particles and under coal
strength reduction.
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DaxkTop BHIOPOCOONACHOCTH 30H YIOJIbHBIX ILJIACTOB,
00yCJIOBJIE€HHBI KPYMHOCTHIO YACTHUIL YIJIsI

CmupHos B. !, Ipipaun B. B.!, Kum T. JL.!
! Kys6acckuii rocyaapcTBeHHbIN TeXHHUeCKnil yHuBepcuTeT nmenn T. ®@. Topbauesa, Kemeposo, Poccust.

Peghepam
Beeoenue. Ilapamempbl u c8olicmea y20nbHbiX NAACMO8, HA KOMOPLIX NPOUSOUWLIU BHE3ANHble 8b1OPOCHI
Yena u easa, akmueHO UCCLeOYIOMCS C Yenblo YIMOUHEHUS MEXAHUSMA U COBEPULEHCIBOBAHUS MEMOO0E
NPOSHO3a U NPEOOMBPAUYEHUSL BHE3ANHBIX 8bIOPOCO8 Vs U 2a3d. Beibpocel npoucxodsm uz crabwix, nepe-
MAMbBIX NAYEK V2.
Leny pabomui. Hccrnedosanue grusmus, KPYnHOCMU 3epet Y20NbHO20 NIACMA HA (OpMUPOBAHUE 6HE3ANHBIX
BbIOPOCO8 Y2lisl U 2a3A C YUENOM 603MOHCHO20 USMEHEHUS, NPOYHOCHIHBIX U DUALMPAYUOHHBIX CEOUCME Y.
Memoouka. Beinonnen meopemuueckuii ananu3 6AUaAHUs KPYRHOCMU YACMUY Y2is U pa3mepd 3apoxcoaio-
WUXCA MPeuyuH Ha hOPMUPOBAHUE BHE3ANHBIX BLIOPOCOS Vel U 2a3d.
Teopemuueckasn wacms. B pabome noxazano, umo ¢ ymenvuteHueM cpeOHe20 pamepa 4acmuy yais yee-
JUNUBAEMCS NOMOK 2a3d, NEPex00AUe2o U3 GHYMpeHHe20 00beMa Yeiis 8 C60000HYI0 PopMY, yMeHbuaen -
€51 Ko3ghhuyuenm npoHuyaeMocmu, Ymo 6eden K 603pACmaHuio Spaduenma 24306020 OA6eHUs 8 Kpaesol
3one. Pasmep uacmuy onpedenaemca ycroguamu gopmuposanus u saieeanus yeisi. B omoenvuuie 2eono-
2uyecKkue nepuoobl Y2oib USMENbYACMCs NPU PAPYIMEHUN YACIMU MACCUBA CUTAMU 20PHO20 OABIEHUS.
Pasmep wacmuy yens enusem Ha Ouanason pasHOBECHbIX YCA08Ull, NPU HAPYUWEHUU KOMOPLIX PA36UBAENCSL
BHE3ANHYIL BLIOPOC YISl U 2434.
Pesynemamui. Hcxoos us ycinosuii pasHogecus Maio2o 06vema yis ¢ OpUeHmupOSaHHbiMu mpewuHamu
chopmynuposar Kpumepuii 03HUKHOBEHUS BHE3ANHBIX 8bIOPOCO8 Y2l U 2a3d, KOMOPbIll NOKA3bI6Ae, UImo
C yMeHbUleHUeM pasmepa mpewur no CMeneHHOMy 3aKOHY 803paAcmaem 6epOosmHOCIb 603HUKHOBEHUS
BHE3ANHBIX BLIOPOCO8 Y2Iii U 2430 NPU COXPAHEHUU NPOYUX YCIOBUIL.
Bui60owi. Cohopmynuposan pakmop 803HUKHOBEHUS BHE3ANHBIX 8bIOPOCO8 YeIisl U 2a3d, BbIPANCEHHYII Ye-
pe3 pasmep yacmuy yeis 6 cmenenu 2,5, 8 COOMEEMCMeU ¢ KOMopbiM 8ePOSMHOCb (HopMUposans
BHE3ANHO20 8bIOPOCA TUHEIHO 803PACMAEN NPU YEETUYEHUU 2A30HOCHOCIU Y20IbHO20 NIACA, KOIDPu-
yuenma oupy3uu memana uz BHymMpeHHe20 NPOCMPAHCMEA K NOBEPXHOCU Y2ONbHbIX YACMUY, d MAKIHCE
npu yMeHbUeHUY nPOYHOCIU Y.

Kniouesvle cnoga: 2azoounamuyeckue sA61eHUs, Kpaeeas 30Hd; y20nb, MEMar; GHe3antvie eblOpocyl Yais
U 2aza; mpewjunsvl; paspyuienue; 3epHUCOCMb, QUILMPAYUL.
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OneKTpOMarHUTHas TEXHONOrUsA AUArHOCTMKU COCTOSIHUS BHYTPEHHUX
3aWUTHBIX MOKPLITUI NPOMBICNOBLIX TPy60NpOBOAOB

Tennyxwun B. K.}, PatywHsk A. H.?*, Ban CaonyH®
' MetpoTyn-HanpaenexHoe bypeHue, r. Oktsbpbckuii, Pecnybnuka balukoptocTaH, Poccust
2 WetutyT reocomsunkn YpO PAH, r. Exatepunbypr, Poccus
3 Komnanus «Jugep», r. Cyuxoy, Kutait
*e-mail: geo_info@mail.ru

Peghepam
Ieny pabomsl. B nacmoswee spems uacms (meree 10 %) npomwiciosuix mpybonposodos umerom Hy-
mpenHee 3auumuoe nokpvimue. Omcymemeue 3auunvi geden K OMKa3am mpyoonpoeooos 6 npoyecce
IKCHIYAmayuu, nopuiéam, 00YClLO8IEHHbIM PA3BUMUEM KOPPO3UU. DMO NPUBOOUM K IKOIOUHECKOMY
yuyepoy, 8bICOKUM 3ampPamam Ha TUKSUOAYUIO A6aputi, HeKOHMPOIUPYeMbLM NOMePaM Hemu u Hedpme-
npooykmos. C yenvio CHUICEHUs Yacmombl NOPbLEO6 CUCHEMbl MPYOONP080008 HeoOXOOUMO yeenuuu-
sambv 00110 MPYOONPOBOO0E ¢ GHYMPEHHUM 3auwumHusim nokpwvimuem. Cpok cayacovl mpybonpogooos
¢ eHympenneil uzonsyuei gospacmaem 6 8—10 pas no cpagueruio ¢ HesawuueHHoIMu mpyoamu. Heob-
Xoouma paspabomka mexHon02uU KOHMPOISL MEXHUECKO20 COCMOAHUA 6HYMPEHHEe20 NOTUMEPHO20 NO-
Kpblmuis mpyo npomuvlcio8o20 copmamenma ouamempog 114—273 ymm, ucnonv3yemvix 0as mpaHcnopmu-
POBKU HedhmenpoOyKmos.
Memoouka nposedenus ucciedosanuil. Teopemuueckue u Memoouyeckue Uccie008anus u 0emaibHblil
AHAnU3 pe3yIbmamos QuULecko20 MoOenUpOBaHUSL.
Ananusz pesynomamos. [lokazana uHGOpMamueHOCmMs UsMEPAEMbIX XAPAKMEPUCIIUK 2APMOHUYECKO20
NEKMPOMASHUMHOZ0 NOSA NPU UCCTE008AHUU 0ePeKMO8 3auUnHO20 NOKPLIMUA MpPyOonpo8ooos u Gbi-
COKAsL MEXHON02UUHOCTIL NPOMBICIOBLIX KOHMPONbHBIX UCCAE008AHUL NPU NPOGEOEHUU OUASHOCTUKU
6HYMPEHHe20 NONUMEPHO20 NOKPbIMuUs mpyo npu nepemeujeHut usMepumensHo20 KOMNIeKca 6Hympu
mpy6 6 aBMOHOMHOM pedicuMe C HENOCMOAHHOU CKOPOCHIbIO.
Bu16oowt. Ilposepena u noomeeprcoeHa sphekmueHoCmy NPUMEHEHUs 8 KAYecnee MexHUYecko2o pe-
wenus cnocobd, OCHOBAHHO20 HA CUMMEMPUYHOU CUCmeMe PACHONIONCEHUS 30HO0BbIX JNEKMPOO08 U
MOCMOBOIUL CXeMe UMePeHUl XapaKmepucmuK nojist JAeKMpoMAcHUMHO20 CUSHALA OISl CO30AHUSA MEXHO-
JI02UUHO20 CpedCmBa OUAZHOCIUKY 6HYMPEHHe20 NOTUMEPHO20 NOKPLIMUSA NPOMbICI08bIX MPYOONPO6o-
008 8 CILOJCHBIX YCIO0BUAX NPOMBIULEHHOU SKCHILYAMAYUU.

Knroueewie cnosa: sawumnoe snympumpybnoe nonumeproe nokpvimue; OUd1eKmpuieckuti cioil;
Mamemamuieckoe MoOeIuposanue; IKCNepUMEeHMAIbHAs YCMAHOBKA, (hu3uieckoe Mooenuposanue.

Beenenue. CricremMa IpOMBICIOBBIX TPYOONPOBOJOB HEPTENPOAYKTOB B PD nmeeT
B HACTOsAIIEE BpeMs MPOTSHKEHHOCTh OKoJIo 12,5 ThIC. KM, U3 HUX TOJIBKO 755 KM (Me-
Hee 6,5 %) yAOKEeHHBIX MPOMBICIOBBIX TPyO nuamerpom oT 114 go 273 MM umMeet
BHYTpPEHHEE 3allUTHOE MOJIMMEPHOE MOKPBITHE, MPEAHA3HAYCHHOE IS 3aIlUThl Me-
Taa TpyO oT Bo3aelcTBHA paspyiiaonux pakrtopos [1]. OTcyTcTBUE 3alUTHI BENET
K OTKa3aM TpyOOIpoBOJOB B POLIECCE IKCILTyaTallu1, HOPbIBaM, 00YCIIOBICHHBIM pa3-
BUTHEM KOPPO3UH. DTO TPUBOAUT K IKOJOTHYECKOMY YyIIepOy, BLICOKHM 3aTparaM Ha
JMUKBUIALMIO aBapuii, HEKOHTPOJIUPYEMBIM IOTEpSIM HePTH W HEHTEIPOAYKTOB.
C uenpio CHIKEHHUS 9aCTOTHI TOPBIBOB CUCTEMBI TPYOOTIPOBOJIOB HEOOXOIMMO YBEIH-
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YHMBaTh JOJIIO TPYOOIPOBOIOB C BHYTPEHHHUM 3aIIUTHBIM MOKPBITHEM. CpPOK CITyKOBI
TpyOONpOBOJOB ¢ BHYTpeHHEH H3oisuueil BodpactaeT B 8—10 pa3 mo cpaBHEHUIO
C HE3aIIUIICHHBIMU TPYOaMHU.

3amuTHas TUIEHKA, IpUMeHsieMas JJIs 3alUThl BHyTPEHHEH TOBEPXHOCTH MPOMBIC-
JIOBBIX TPYO, WM3rOTABIMBAETCS W3 BBICOKOINPOYHOTO IMOJMMEpa MpPU YCIOBUHM Kade-
cTBeHHOH anre3uu k Mmetamry. Cpenusis tommuHa mieHkd 0,4—1,0 mm. TexHomorus
BHYTPECHHEH M3OJSIMU TPYO CHIIMKATHO-IMaJIEBBIMH MOKPHITUSIMH, TOJIUITUICHOBHI-
MU 000JI0YKaMHU M STIOKCHIHBIMHU TIOKPBITHAMH BHEJpEHA Ha IIEJIOM Psijie OTeYEeCTBEH-
HBIX TpennpusTuil. B nmaHHoe BpeMs MpakTUYECKH OTCYTCTBYIOT JaHHBIE O CpPOKax
CITy>KObl BHYTPEHHETO 3alIUTHOTO MOJMMEPHOTO MOKPHITUS. B mporecce akciutyara-
UM TPYOOIIPOBOJOB B COOTBETCTBUH C Tpe-
0OBaHMSMHU HOPMATHUBHBIX JTOKYMEHTOB He- N
00XOMMO TPOBEJIEHHE IEePHOANYECKOMN
JTUATHOCTHUKH JUISI KOHTPOJISL U OLIEHKH TeX- A
HUYECKOTO COCTOSIHUS TpPyOONpPOBOAOB U
CBOEBPEMEHHOI'O YCTPAaHEHHUS BO3MOXKHBIX
JIe(PEeKTOB U TIOBPEKACHHIA. p N

B Hay4HO#t nuTepaType OCHOBHOW 00BEM
WCCIIEIOBAHMH TTOCBSIIIEH BONpocaM JeheKTo- d
CKOITMH aKyCTUYECKUMH, EKTPOMAarHUTHBIMU < >
Y IPYTEMH METOIaMHU Ha3eMHBIX TPYOOIPOBO- vy
JIOB ¥ CKBYKMHHBIX 00CaTHBIX KOJIOHH [2—7]. P

JmarHoctuka KadecTBa 3alllUTHOTO IIO-

o Puc. 1. Mognens ¢ audnekTpuyeckuM 7-cioem
KpPBITUS Ha IEHCTBYIONMX TPYOONIPOBOAAX HE TpAHHIIE TPOBOTANIX CPENl H HCTOUHWKA
BBITIOJTHSIETCS B CBSI3U C OTCYTCTBUEM TEXHO- ToKa
Jloruu U pubopos TpeOyemoro HasHauenus.  Fig 1. Model with a dielectric T-layer at
B nannoii pabote npencTaBieH BapHaHT TeX- the boundary tﬁg éBféﬁggE?égl g media and
HUYECKOTO peIleHHsI TOCTaBJIeHHOW Mpobiie-
MBI — CO3/JaHH€ CHCTEMBI JUArHOCTUKU MOJMMEPHOTO BHYTPUTPYOHOTO 3alIUTHOTO TO-
KpBITUSL Uit TpyO TPOMBICIIOBOTO COPTaMEHTa, JIaH aHalu3 MaTepHUalioB
MaTeMaTUIeCKOTO U (PU3UIECKOTO MOJICITUPOBAHUSL.

MaremaTu4yeckoe MoaeupoBanne. PaccMoTpuMm mpeaBapuTeNsHO MaTeMaTHue-
CKYIO MOJIEJIb TOCTAaBIEHHON 331a41 JUArHOCTUKU KaueCTBa 3allUTHOTO BBICOKOOMHO-
ro nokpeITus (puc. 1).

Hwdnextprudeckuit 7-ciioil onpenenuM Kak TOHKAW IiacT ToammHOM d — 0 u
YIACNBHBIM 3JIEKTPUUYECKUM COMPOTHUBICHHEM P — 00, TaK YTO HX MPOU3BEICHHE
T'= pd = const U ©UMeeT pa3MEPHOCTH MOMEPEYHOT0 conporuBieHnst Om - M? [8].

B cpenax ¢ paznuuHBIMU yAETBHBIMU 3JEKTPUIECKUMHI COMPOTHUBICHUSIMH WIIH 00-
PaTHBIMM BEJMYMHAMHU — JJIEKTPOINPOBOAHOCTAMMU G, (1pu z > 0) u &, (mpu z < 0) —
3JIEKTPOMAarHUTHOE TIOJIe, CO3/1aBa€MOE€ BEPTUKAJIBHBIM 3JIEKTPUUYECKUM JTHUIIOJIEM,
MPUTIOAHSATHIM Ha BBICOTY /1 > () HaJl KOHTAKTOM CPEJI, OMTUCHIBAETCS] BEKTOP-TIOTEHIINA-
JIOM C €IMHCTBEHHOMU cocTaBstomel suaa [9—13]

Po

Azozlzl—; %Ffoerlaexp(—rrbz)Jo(M)d}» ) z>0;
A = MZTBexp(le)J (Ar)du z<0
Y aAn ° 0 ’ -

re M, — MOMEHT 3IeKTpuUecKoro aunons, M_= Jdl; . — napameTp pasieneHus mepe-
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MeHHBIX B QyHKuMK Beccens nepsoro poxa Jy(Ar); R= [r® + (Z— h)z; m = A2 + k2,

k, — BorHoBbie uncia cpen 0 u 1, k =/ jopyo;.
HewnsBecTHble KOADGUIHEHTHI o 1 3 MOXKHO OIPEACINTD U3 IPAHUYHBIX YCIOBHIl Ha

T-nnockoctu. 13 3akona dapanest B MHTETpaJbHOM BUIE, COCTABIISS LIMPKYJIILIMIO Ha-
NPSOKCHHOCTH JIEKTPUYECKOT0 Nouist £ 110 3aMKHYTOMY KOHTYpY L, onrparonemMycs Ha

KOHTYp IUIOIIAbIO S, ?(Ei, d) = —%J- B.dS (B, — cocraBnsomas MarHUTHON WH-
L S

OYKIIWH [0 HOPMaJHU K KOHTYPY) (pHc. 1) 1 ycTpemIsis TONIIMHY ciost K Hyito (d — 0),
JUISL TAaHTCHIIMAJIBHBIX COCTABIAIOUINX NMPH CTallMOHAPHOM pPEXHME MCTOYHHKA TOKa
umeeM [9]

= oE,,

OE,
ZG]‘TE )51 EyO — Eyl = GOT_O

O,
oy

Ew—Ea=00T =o,T

wiu Ha noctosHHoM Toke U, —U, =i,T =1, T. J1 BEKTOP-TIOTEHI[MAIOB HA TPAHUIIE
cpen mipu z = 0 moxy4um

2 2
Lava-Laa-1o A, -TL A,
c 0z

2
Cq 1 oz
Ormyckast IPOMEXKYTOUHBIC BBIKIA/IKH, OTydacM:

o = L 0,y — oM — GoclrrﬁT

= exp( — myh);
m, o,m, + oM — Goclme
l-omT
=2\ 0 —mh).
P O1 G,M, + G,M + 6,6, T exp( = Mh)

B uvactaom cinydae npu 7 = 0 m o, = 0 (auonekrpux) koddppunuentsr B = 0,
o =—A/mexp(—Mmh) ©u BEKTOP-TIOTEHIMA COOTBETCTBYIOT CIYYar0 MPOBOJISIIETO
MOJTYIPOCTPAHCTBA, OMUCHIBAEMOTO JIBYMSI JUITOILHBIMH HCTOYHUKAMH — ICTUHHOTO H
OTPaXCHHOTO OTHOCUTEIHHO TPAHUIIBI HPOBOOHUK—OUIIEKMPUK CO BCTPEUHBIM MO-
MeHToM [12, 13]:

A - T_n (exp(;(oR) ) exp(;zkoﬁoj upn 220, 2 R= [t + (z+ h).

HaHpH)KCHHOCTB QJICKTPHUYCCKOI'O IMOJII U BEKTOP-IIOTCHIIMA CBA3aHbI COOTHOIIC-

HUeM E :lgraddivA—sz [9-11], mpu >ToM aisi MOSYyOECKOHEUHOTO Kalens ¢
o

3J'IeKTpO,ZlOM A, HpI/IHO,Z[HSITLIM Ha BLICOTy h 4 > 0 HaJd KOHTAKTOM cpez[ C )_'[I/IBJ'IGKTpI/I‘le—
CKHUM CJIOEM, UMCCM:
17 &2
Eo=—— Ay de.

Gyg p, OXOZ
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s pa3HOCTH HANPSDKEHUIA, pa3BUBAEMBIX MEXKY ABYMs TOUKaMH, pa3HECCHHBIMU
Ha PaccTOAHME L BJIOJIL OCH X B TOUKE M3MEPEHUI Ha BBICOTE Z = /1, IOIyYHM PacyeT-
HYI0 (OpMYJTy HaJl KOHTAaKTOM CPeJ] C AUIIIEKTPUIECKUM CIIOEM:

JJexp(-kl) T
AU = j Exodx———o hj azAZOdé:4mo - +£ aexp(-my2)de (AL)dh b, (1)

Ha puc. 2 npuBenens! pe3ynsrarsl pacdera metonoMm [14] dU = U(T) — U(T = 0) o
dopmyne (1) npu mapamerpax: J = 1 A; 6, = 0,1 Cm/m; 6, =2 - 10* Cm/m; wacTora
f=10kl'w; T=pd=0,001-10 Om - M? (mpu d =4 - 10* m; p = 10* Om - M BenmuurHA
HOMEPEYHOTO CONMPOTUBICHUS T-ciosi cocTaisier 7 =4 Om - M?).

_dU, MB

-4,0 e e

0,1 1 10 T, Om - M2

Puc. 2. 3aBrucuMocTh pasHocTd Hanpskenuid dU OT mornepeyHoro conpo-
TUBJIEHUS U30Jupyromero 7-cios Ha yacrtore 10 k'
Fig. 2. Dependence between dU stress difference and the transverse
resistance of theinsulating T-layer at the frequency of 10 kHz

ITo mepe ymenbiieHus BeaudrHbl 70T 10 OM + M? BelMuMHA Pa3HOCTH HAMPSHKCHUIA
YBEJIUYMBAETCS 00paTHO MPOMOPLUUOHAIEHO U3MEHEHHIO 7.

Jaxe mMajioe U3MEHEHUE BEIUYMHBI IIONEPEYHOIO CONPOTHUBIICHUS 1-CI0s IIPUBO-
JUT K YBEJIMYEHUIO BEJIMYMHBI Pa3HOCTH HANpPsDKEHUH. DTy 3aBUCUMOCTHh MOXHO HC-
MOJIb30BaTh MPH OLIEHKE TOJIIMHBI TOKPHITHA MM OOHApyXKEHHUH MECT HapyIIeHUi
CILJIOIIHOCTH.

Du3znyecKoe MoAeJIMpoBaHne. TeXHUYECKOE PELIEHUE 3a1a91 3aKJIF0YAETCs B ClIe-
noytouieM. Mogens npeAcTaBisieT co00il MeTamInYecKyto TpyOy ¢ BHEIIHUM Juame-
TpoM 273 MM (K IIpUMEpY) C BHYTPEHHUM IOJUMEPHBIM MOKPHITHEM, 3aMIOJHEHHYIO
OTHOCHUTENBFHO MPOBOIsIIEH cpenoi (mpoBonsmuii pacTeop). [Ipn Haarmunu pasHOCTH
MOTEHLIMAJIOB MEX/Yy 3alOHIIONIEH BHYTpEHHEH Cpeioil 1 MeTalioM TpyObI IIpH He-
3HAQUUTENBHOM HApYLICHUU 3alUTHO-U30SLUOHHOIO MOKPBITUS NPOBOJSALIAS KUI-
KOCTb [IEpEKauMBACMOr0 IIPOAYKTA IIPOHUKAET K METAJLLY, YTO CO34AET NEKTPUUECKUI
KOHTaKT MEKAy BHYTPEHHEH Cpefoi M CTalbHON CTEHKOW HCCIIEAyEeMOro TPyOOTIpOBO-
na. 3ajaueil MoenupOoBaHHUs SIBISIETCS. OOHAPYKEHUE MECTA IMEKTPUIECKOTO KOHTAKTa
BHYTPUTPYOHOTO MPOAYKTa C METAUIOM TpyObl. KOHCTPYKIHS SKCIIEpUMEHTAIBLHOTO
30H/JIa, BAPUAHT DJJIEKTPUUECKOM CXEMBbl ISl €ro IOAKIIOYEHHsS B KOHCTPYKLUHU
30HO—mpyOa NPEACTABICHBI Ha PHC. 3.
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IIpuMeHeHre MOCTOSIHHOTO TOKA B JAHHOM CXeME HEBO3MOXKHO IO TEM MPUYHHAM,
YTO TOK HE MONAET uepe3 HEHAPYIICHHOE 3alUTHO-U30JSLUOHHOE MOKPBITHE, I0-
CKOJIbKY TaJIbBaHMUYECKas 1eNb SBISIETCS pa3oMKHYTOM. [IpuMeHeHne rapMoOHIYeCKuX
PEKUMOB BO30YKICHHS TIOJISI ¥ PETHCTPAIK B IPOMBITILICHHOM BapHaHTE TaKkKe He-
BO3MOXHO M3-32 BBICOKOTO 3HEPTonoTpedieHus ycraHoBkU. Hanbonee 1ienecoodpa3Ho
MPUMEHEHUE UMITYJILCHOTO PEKUMA BO30YKICHHUS M PETHCTPAIMU SICKTPOMArHUTHO-
IO TTOJIS.

IIpencraBnennasi cxema, OCHOBaHHAs Ha CUMMETPUYHON CHUCTEME PaCIIONOKECHUS
30HJIOBBIX AJIEKTPOAOB U MOCTOBOI CXeMe M3MEPEHUH, MPEIBAPUTEIHHO peaan30BaHa
B MaKeTHOM HCIIOJTHEHUHU ¥ OIpOOOBaHa HAa CTEHAAX ¢ 00pa3I[aMu IPOMBICIIOBBIX TPYO
2731219 mmMm.

]

L 0 ]

~ L B |

Puc. 3. Cxema reHepaTOpHO-U3MEPHUTENbHOH CHCTEMBI B
TpyOe ¢ HOKpPBITHEM

Fig. 3. The diagram of the generator-measurement system in
the coated pipeline

Du3nIECcKrue OCHOBEI H3MEPHUTEIHLHOM CHCTEMBI: UCCIICTyEMBIA TPYOOIIPOBO] MOXK-
HO NPEJICTABUTh KaK NPOTSDKEHHBIN 3JEKTPUUSCKUI KOHAEHCATOP, Y KOTOPOro o0Kia-
KaMH SIBJISIFOTCSI METaJI TPYOBI U caMa >KUAKOCTh, IepeMeraemas o Tpyoe. Mzonsato-
POM [AHHOTO KOHJAEHCATOpa CIIYKUT 3alIUTHOE H3O0JSALUOHHOE MOKPBITHE TPYOBI.
[pennaraemelii cnoco® mpenHa3Ha4deH AJs BBIIBICHHUS YYacTKOB MOBPEXACHUS 3a-
IIUTHOTO H3OJIALIMOHHOTO MOKPBITUS IYyTEM BO3JEHCTBHS IEPEMEHHBIM 3JIEKTpUYIe-
CKHM TIOJIEM MEXKIY JIByMS JIEKTPOIaMH, PACIIOIOKEHHBIMH Ha TOBEPXHOCTH N3MEPH-
TEJIBHOTO NPHOOpa, HAXOIAIIEr0Csl BHYTPH UCCIELyEMON TPYOBI.

OnekTpuyecKas SKBUBAJICHTHAS LIENb YaCTH TPYOOIPOBOIA COCTOUT U3 OMHUUYECKOTO
(aKTUBHOTO) CONPOTHUBIICHHUS MPOKAYUBAEMON JKUAKOCTH U PACHIPEACICHHON EMKOCTH
(KoHIIEHCATOPa) YyYacTKa TPYyOBlI.

1. IIpousBoauTcsa perucrpanus MOTEHIHAIa OTHOCHUTEIHHO CpelHEed TOUYKH «MO-
cTa». B ciaydae paBHBIX YCIOBHH IIPH 3aMBIKaHUH KAYKIOTO Y4aCTKa MOCTOBOM CXEMBI
(cOanmaHCMPOBAaHHOCTH «MOCTa») PETHCTPUPYEMBbIH MOTEHIMA CPEIHEH TOUYKH IpH-
Oommkaercs K Hyro. [lpu HapylmeHnH paBeHCTBA YCJIOBHH (HapuUMep, NPpU HAJTMYUH
CKBO3HOTO Je(heKTa MONUMEPHOTO MOKPBITHSI) TPOUCXOIUT PE3K0oe M3MEHEHNE 3Haue-
HUS MOTEHIMaNla CpeHel TOUKH, MPUUEM 3HAK U3MEHEHHS (IUTIOC» WIN «MHHYC))
3aBHCHUT OT TOTO, B KAKOM MHTEPBAJIE MOCTOBOI CXEMBI B JAHHBI MOMEHT HAaXOIUTCS
CKBO3HOM JIe(DEKT.

2. HemoBpexIeHHBII y4acTOK TPyOOIpOBO/Ia B JAHHOH CXeMe MPeICTaBIIeT COO00i
cHCTEeMy KOHJeHcaTopa ¢ oOkiIankamu: 1 — IpogyKT BHYTpH TpyOompoBona, 2 — co0-
CTBEHHO MeTasul TpyObl. M3omaTop Mexay oOKIaJKaMu «KOHICHCATOpay — BHYTpPEH-
Hee MOJIMMEPHOE MOKPBITHE.
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3. «/ledexTHBIN» y4acTOK TPYOBI — «KOHACHCATOPY C KIIPOOOEM» U3O0JISALINY.

4. ITpoBoas U3MEpEeHHsI OTHOCUTEIHFHON €eMKOCTH MEXKIY y4acTKaMH IpU Mepeme-
IICHUY U3MEPUTEIBLHON CUCTEMBI 10 IUCTAHITUY POUCXOIUT (DUKCUPOBAHUE YUACTKOB
CO CKBO3HBIM HapyLICHUEM U30ISALUNA «KOHAECHCATOPay.

5. HacTpoit mapamMeTpoB U3MEpUTETHLHON CHCTEMBI (ConpoTHBiIeHNs U eMKkocTH R 1 C)
MPOU3BEIICH TAKKUM 00pa3oM, u4To 3(P(HEKT MOBPEKACHHOTO YIaCcTKa BBIACISCTCS MHO-
TOKPaTHO OTHOCHUTENIEHO (POHOBOTO peKMMa Ha HEMOBPEKICHHBIX YYaCTKaX.

B kxadecTBe CTOUHMKA T'€HEPATOPHOTO CUTHAJIA UCIIOJIb30BaH CTALlMOHAPHBIN TeHe-
paTop uMmIynbcoB, yactota 5—10 k['1, Hanpsokenue 8§ B. @opma curnana — «MeaHapy.
K npumepy, npu pazpabotke paboueii cXeMbl U3MEPUTEIBHON CHCTEMBI MUTAHUE TPO-
CYMTAHO OT MajoradaputHoro ObiToBoro ucrouHuka «Kponay. ITonoxenue nedexra
3aL[UTHOTO IJIEHOYHOTO MTOKPBITUS OTMEYAETCS PE3KOU 3HAKONIEPEMEHHON KPUBOM U3-
MeHEeHHUsI HanpspkeHus (puc. 4).

U, MB

1200 -

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 R, cm
A A

Puc. 4. I'paduk peructpupyemMoro CurHaia o Tpyoe npyu Hamu4Iuu 1edexToB
Fig. 4. The graph of the registered signal along the pipeline with defects

Konebanus 3Ha4eHN NOTEHIMANA CPEJHENH TOUYKH MOCTOBOHM CXEMBI B MHTEpBAJe
HETOBPEXKIEHHOTO TUIEHOYHOTO MOKPBITHSI MPOUCXOAT B quanaszone 17,4-43,0 % ot-
HOCHTENIFHO 3HaYEHUs CUTHAIA cOaIaHCHPOBaHHOTO «MOCTa» U UMEIOT CUHYCOUIHBIH
BHUJI C LIAr'OM OKOJIO 25 CM.

KoneGanus npu ycaoBuM MPaKTUUECKH HEU3MEHHOTO YPOBHS BOABI 00YCIIOBIICHBI
KOJIe0aHUSMH TOJIIMHBI HAHECEHHOM 3alIUTHOM IIeHKH. OTHOCHUTENBHO Cadblil pas-
OanaHc U3MEPUTENFHOTO MocTa OyaeT HabmoAaTbCs B CIIydasiX U3MEHECHUS TONLIHHEI
TUIGHOYHOTO TOKPBITHAL.

OpnHo¥ U3 BayKHEMIINX 3a/1a4 IUATHOCTUKU TPYOOIPOBOIOB C BHYTPEHHUM 3aLIHT-
HBIM ITOKPBITHEM ABJISIETCSl OLIEHKA TOJIIMHBI TOIMMEPHOTO ci1os. Tonmuaa noimmep-
HOT'O CJIOS IPAKTUYECKH OTIPEeNIsieT EMKOCTHBIE CBOHCTBA CHCTEMBI «KOHIEHCATOPay,
NPEACTaBIEHHOTO AUAIEKTPUIECKON BHICOKOOMHOH IUIEHKOH, METAJJIOM TPYOBI U IPo-
BOJISIILICH BHYTPUTPYOHOM cpenoii (IoCcieaHne IBE UTPaIOT POJIb OOKIIAT0K).

M3BecTHO, YTO OCHOBHOE 3HAYEHHUE AMITIIUTY/IbI U3MEPSAEMOTO CUTHAJIa B TOM YHCIIE
OyzeT onpeAensaThCs U 3HAYCHUEM TOJIIUHBI POKJIAIKN UCCIETYEMOT0 «KOHIEHCATO-
pa», a IMEHHO 3Ha4€HUEM co3aaBaeMoii eMkocTu C = £g,5/d, Tie € — AUAIEKTpUIECcKas
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NPOHULAEMOCTh IUICHKH, € = 20 OTH. €A.; g, — JMDIEKTPHYECKass IIOCTOSHHAd,
g, = 8,8542: 1012 d/m; S — murowaab MmIeHKH, M2; d — TOIIIMHA TUIEHKH, M. JlImuHa u3-
MEpUTENBHON KaMephl 15 MM; BHEIIHMH AuameTp TpyObl 219 MM; BHYTpeHHHH Ana-
MmeTp — 208 MM.

W3 aHanuTH4eCKUX pacuyeToB CIEAYET, UTO aMIUINTY/Ia U3MEHEHUSI EMKOCTH, CO3/1a-
BaeMOW MOJIMMEPHBIM BHYTPEHHUM MOKPBITHEM, U3MEHSETCS B 3aBUCIMOCTHU OT OTHO-
CUTENILHON TONIMHEI (d/d, ) TJIEHKU IIpU 1I000M HANOIHEHUM TPYObI MPOXYKTaMU
MIEPEKaYKH.
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Puc. 5 . Beipenenue mydrosoro coenunenus Llemtepa
Fig. 5. Detection of Zeller plug-in coupling

B ciydae ecnm tommmHa mOKpeITHS Haxoautes B mpexaenax 0,3—1,0 (k mpumepy,
0,7) Tonmunast TY, COOTHOIIEHUE EMKOCTH MOXKET H3MEHSATHCS Bcero B 1,1—1,5 pa3za mo
OTHOIICHHIO K HOMUHATBHOMY 3HaueHUI0 eMkocTu: C(d0,7aoM)/C(drom) = 1,43 (+43 %).
B ciydae ecnu TonmmmHa MOKPHITUS TIPEBBIIaET HOMUHAIBHOE 3Hayenue 1,0—1,2 Ton-
muHbI TY, COOTHOIIEHHE EeMKOCTH MaIaeT 10 OTHOUICHUIO K HOMUHAIILHOMY 3HaUEHHIO
emrocti: C(d1,2H0M)/C(drom) = 0,83 (=17 %). 3Hast eMKOCTh KOHJICHCATOPa, CO3/1aBa-
€MOT0 yYaCTKOM H30JIIIUOHHOTO MOKPBITUS TPYObl B M3MEPHUTEILHON CEKIINH, U JTU-
AIIEKTPUYECKYIO MTPOHHUIIAEMOCTh MaTepralia MOKPHITUS, MOXKHO OJHO3HAYHO OIpese-
JIUThH CPENHIOIO TOJIINUHY TTOKPBITHS.

CrenaHHble HA OCHOBaHHH PE3yJIBTATOB M3MEPCHUH W aHAIMTHYECKUX pPacyeTOB
BBIBOJIBI MTO3BOJISIIOT TIPEIBAPUTEILHO OLICHUTH TOJIOKHUTEIBHO MOTECHIMAIbHbBIC BO3-
MOKHOCTH U3MEPHUTENbHON CUCTEMBI [l Ka4€CTBEHHOH OLIEHKHU TOJIILMHBI IIJICHOYHO-
TO TIOKPBITHSL OTHOCUTEIBHO TONIIUHBI 10 TY.

MydTa Lennepa, coeaunsiomas coceiHue TpyObl, Hale)KHO BBIIENAETCS IIPH Ips-
MOM M OOpaTHOM JABMXEHHH 3HAKOIIEPEMEHHBIMU 3(deKTaMu Ha Kpasx My(Tbl IpH
MaJIol cTa0MIM3aluy cUrHaia B neHTpe My(dTel (puc. 5). MHTEpBaN «crabummzanuu
CHUTHAJIa» 3aBUCUT TOJBKO OT CKOPOCTH MEPEMELICHHS KOMIUIEKCA OTHOCHTEIBHO
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My¢TBl. U3MeHeHNE aMIITUTYIbl CUTHaJIa 00YCIIOBJICHO TAaKXK€ N3MEHEHUSIMH PEaKTHB-
HOTO COINPOTHBJICHUSI — €MKOCTH (00BEM IUICHOYHOIO IMOKPBITHS) MOAETA MY(THI
OTHOCHUTENBHO LIETBHOMI TPYOBI.

JeranbHO npoaHaTU3UPOBaHBI YKCIIEPUMEHTAJIbHbIE JaHHbBIE!

— IIPH U3MEPEHUHU EMKOCTHBIX CBOICTB y4acTKa OBEPXHOCTH BHYTPUTPYOHOTO I10-
KPBITHS 00pa3LoB TPyO, 3aBUCAIIMX OT TONLIMHBI INICHKH IIPH yCIOBUU HEM3MEHHOCTH
napameTpa COIPOTHUBJICHHUS MaTepHaa rieHku: T = RC;

— OLIEHKE PAaBHOMEPHOCTH M30JIUPYIOLIETO HOKPBITHS TPYOBI;

— OLICHKE BO3MOKHOCTH OOHAPY>KEHHSI CKBO3HBIX J€(EKTOB IIIEHOYHOTO TOKPHITHS
pa3IM4YHBIX pa3MEpPOB;

— OLICHKE BIUSHUA napameTpoB R u C Ha XapakTep U3MEHEHHUs HAIIPSKSHUSI.

BobiBoa. IIpoBepena u moareepkacHa 3(PQeKTUBHOCTh NPUMEHEHHS B KauecTBE
TEXHHUUYECKOTO PEILEeHHUs CII0c00a, OCHOBAHHOTO Ha CHUMMETPUYHOM CHCTEME PacIioso-
JKEHMSI 30HJIOBBIX AJIEKTPONOB U MOCTOBOHM CX€ME M3MEpPEHHH XapaKTEPHUCTHUK IOJIA,
JUTSL CO3IaHuUs TEXHOJIOTMYHOTO MOOMIBHOTO CPEACTBA TUATHOCTUKH BHYTPEHHETO O-
JMMEPHOTO TOKPBITHS MPOMBICTIOBBIX TPYOOIIPOBOIOB.
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Abstract
Research aim. Currently, part (less than 10%) of field pipelines has an internal protective coating. The
lack of protection leads to of pipelines in-service failures and ruptures caused by corrosion. This leads to
environmental damage, high costs for emergency elimination, and uncontrolled losses of 0il and petroleum
products. In order to reduce the frequency of ruptures in the pipeline system, it is necessary to increase the
number of pipelines with an internal protective coating. The service life of pipelines with internal insulation
increases by 8-10 times compared to unprotected pipes. It is necessary to develop a technology monitoring
the technical state of the internal polymer coating of field pipes of 114-273 mm in diameter used for
petroleum products transportation.
Research methodology includes theoretical and methodological research and detailed analysis of physical
modelling results.
Analysis of results. Harmonic electromagnetic field measured characteristics informativeness is shown in
the study of pipelines protective coating defects. High manufacturability of field check studies is shown
when diagnosing internal polymer coating of pipes and moving the measuring system inside the pipeline
in an autonomous mode with variable speed.
Summary. The efficiency has been tested and confirmed of using a method based on probe electrodes
symmetrical arrangement and a bridge circuit to measure electromagnetic signal field characteristics to
create a manufacturable tool diagnosing field pipelines internal polymer coating in difficult industrial
conditions.

Key words: internal protective polymer coating of pipes, dielectric layer;, mathematical modeling;
experimental setup; physical modeling.
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MoBbiweHWe KOMMIEKCHOCTN UCNOMNb30BaHUA Xene3opyaHOro cbipbs
C NOMOLLbI0 BUHTOBOM cenapauuun
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Peghepam
Lenvro pabomet sigrsiemcesi OYyeHKA 803MOACHOCMU NPUMEHEHUs. GUHMOBOU cenapayuu OJis NOGbIUEHUs.
KOMNIEKCHOCIU UCTIONb308AHUSL HCENE30PYOHO20 CHIPbsL 3d CHEm NOLYHeHUs: OONOIHUMENIbHO20 KOHYeH-
mpama u3 X60Cmos 0002aweHust 8 C1A60M MASHUMHOM NOJLE MAZSHEMUMCOOePHCAUUX PYO.
Memoouka nposedeHus UCcie008aHuil. DKCnepuMennvl GbINOIHEHbl 6 1A60PAMOPHLIX U NOIYRPO-
MBIULEHHBIX YCAOBUSX C UCTONb30BAHUEM GUHIMOBHIX ULIAMOGLIX cenapamopos. Ucxoonvimu npooykma-
MU AGIANUCH X6OCMbL 0002aujeHus: 8 claboM MACHUMHOM NOJe 2eMamum-MazHemumossix Keapyumos,
MASHEMUMOBbIX U MUMAHOMASHEMUMOBbIX PYO.
Pesynomamut ucciedosanuii. B nonynpomvluiieHHbIX YCA0GUAX NOKA3AHA GO3MOICHOCHb NOJLYYEHUsL 2e-
MAmumoso20 KOHYEHmMpama ¢ MaccosviMu 0oasamu xceneza 63—66 % u ouokcuoa kpemnus 4,6-8,0 % uz
0mx0008 0602awenUs ceMamum-mazHemumogsix pyo. Buixo0 konyenmpama no omuouwieHuio K x60-
cmam obocawjenus cocmasun 10—-14 %. Jlabopamopnule ucciedo8anus no npumeHeHulo 6UHMoBol ce-
napayuu u KOHYEeHmpayuy Ha Cmoie He NO360NULY NOLYUUMb 2OMOBLIX JHCENEe3HbIX UIU OPYSUX KOHYEH-
Mpamog u3 XeoCcmos 0602auyeHus MazHemumosbix U mumaHomazcHemumoswix pyo. [lpu epagumayuonnom
obozaujenuu x60cmog nepepadomKu KOMNJIEKCHbIX MACHEMUMOBbIX PYO OMMEYEeHO NogbluleHue cooep-
HCAHUS CYTILPUOOE MeOU U YUHKA 6 MAICETIOM NPOOYKME.
Bu1600wt. Vcnonvzosanue sunmogoil cenapayuu npu 0602aujeHul 2eMamum-macHemunosblx Keapyu-
MO8 N0360J51em NOGbICUNb KOMNJLEKCHOCHb UCNONb308AHUSL JICETLe30PYOHO20 ChIPbsL 3 CHem NOLYYeHUs.
2emamumosozo konyenmpama. Ilpumenenue uHmMosoll cenapayuu ciedyem npusHams Heyenecoobpas-
HbLM OJI51 CHUJICEHUsL NOMEPb JCeNe3d ¢ X6OCMaMu npu 0002aujenull CKAPHOBbIX MAZCHEMUMOBbIX U M-
manomazHemumoguix pyo. Bunmosyio cenapayuio MOdjiCHO UCNONb308AMb 8 KAYeCmee Memood npeosa-
pumenvHoco 0602aujenusi X80Cmo8 nepepabomKy KOMIAEKCHbIX CKAPHOBLIX MAZHEMUMoBbiX pyo
€ Yenvio NOLYyUeHUs. nPOMAPOOYKIMOE, COOEPIHCAUUX MUHEPALbL YEETHBIX MEMALOS.

Knroueevie cnosa: xomnnexcrnocmo ucnonssosanus coipos; sxcenesnvie pyovi; x60cmol 0602aujenus;
BUHMOBASL CENapayusl; GUHMOBOU ULIAMOBBII CENapamop, 2eMamumoeolil KOHYeHmMpam, Maccosas 00
Jicenesa.

Brenenue. /1y oborameHus Kaxa0Tro THITA Py 110 ITOJIE3HOMY KOMITIOHEHTY TIPHU-
MEHSIOTCSI Pa3JIMYHbIC OCHOBHBIC METOJIbI 00OTaIlICHUSI — MArHUTHBIN, TPABUTAIMOH-
HBIH, (IIOTAMOHHBIA U Apyrue. MHOrIa MCIONb3yIOTCS KOMOWHHUPOBAHHBIE CXEMBI,
BKJTFOUAIOIIME HECKOJIEKO METOIOB oboramienus [1].

OCHOBHBIM METOJIOM ITPH OOOTAIIIEHUH MATHETUTOBBIX M TATAHOMArHETUTOBBIX PY/I
SIBJSICTCS] MATHUTHBIA METOJI, TAK KAaK MATHUTHAS BOCITPUUMYMBOCTh MATHETHTA HA He-
CKOJIBKO MOPSIKOB IPEBHINIAET MATHUTHYIO BOCIIPUUMYHBOCTH MTOPOTHBIX MUHEPAJIOB.
Ucnonbayercs cyxast u Mokpast MarautHas cenapaius (CMC u MMC) B cimtabom mar-
HUTHOM Tiosie. OJJHAKO PUMEHSIOTCS M PYTHe METObI 00oTalieHus1, Hanpumep ¢aio-
TAIMOHHBIN METOA JJIs1 JOBOJAKU PSAJOBBIX KOHUEHTPATOB C LIEJbIO MOJYyUYEHUS BBICOKO-
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KaueCTBEHHBIX KOHIIEHTPATOB JUIsl Tpoliecca MeTaiu3anud (Iuis Oe3J10MEHHOro
MOy YSHHMSI JKele3a).

[oBrimenne 3PeKTHBHOCTH OOOTAIIEHHUS JKEIEe3HBIX Py B OCHOBHOM OCYIIECT-
BJISIETCS TPEMsI H3BECTHBIMH CIIOCO0aMHU.

1. IToBbIIIEHNE KOMILIEKCHOCTH UCIIOIB30BAHUSA CHIPS 32 CUET YBEITUUCHHUS U3BJIC-
YeHHs B KOHLIEHTPAT OCHOBHOTO MOJE€3HOT0 KOMIIOHEHTA JIN0O 3a CHeT MOJTy4YeHHs J0-
MOJTHUTENHHOTO KOHIEHTpaTa WM TOBAapHOTO Mpoaykra. IlomMumo skoHOMHYECKOTO
a¢dexra B 3TOM HaANPABICHWN BaXXEH SKOJOTHUECKHHA aCMeKT — CHIKAETCA KOINJe-
CTBO TEXHOTEHHBIX OTXO/IOB O0OTAIIEHUSI.

2. IloBbllIeHHE KaYeCTBA JKENE3HOr0 KOHILIEHTpaTa.

3. CHwkeHue 3aTpar Ha oboraiieHue pyabl, B OCHOBHOM CBS3aHHOE C YMEHBLICHH-
€M 3aTpaT Ha U3MEeJIbUeHHE.

s perieHns 3TUX 3a/1a9 UCIIBITHIBAIOTCS M UCTIONB3YIOTCS CIIEIHATbHBIE METOBI
MarHuTHOTO oOoramieHus [2, 3], ¢moranmonHnoe oboramenne [3—5], pa3TudIHBIE CIIO-
coOBI M3MeNBICeHNUS [6—8], CXeMBbI N3MENFUeHHsI ¢ TOHKHM IPOXOYeHHeEM [3], CXeMbI co
CTaJUaNTbHBIM BBIJICIICHUEM KeJIe3HOTO KOHIIeHTpaTa [9].

IIprMeHeHHe rPaBUTALIMOHHOTO METOA [JIsl 000TraleHns #xeae3HbIX pyd. On-
HUM M3 METOJIOB, CIIOIb3YEMBIX MPU 000TaIEHUH KEJIE3HBIX Y/, ABISETCS TpaBUTA-
UOHHBIA MeToA. [Ipn 3TOM rpaBUTAaMOHHBIN MeTOZ 00OTaIEHHs HE UCKITI0YaeT Mar-
HUTHBIA MeTO[l. MarHUTHBIA METO — OCHOBHOW METOJl 00OTaIIeHus JKeJIe3HBIX Py,
a TPaBUTAIIMOHHBIN HCIIONB3YeTCS IS PEIICHISI CIISIIUANTBHBIX 3a7ad.

[IpuMeHeHne TPaBUTAMOHHOTO METOAa OOYCIIOBIIEHO Pa3sHHULEH MEXAy IUIOTHO-
CTSIMH PYAHBIX M HEPYIHBIX MHUHEPAJIOB, CONIEpIKAIIMXCS B *Kele3HbIX pynax. [lmot-
HOCTh OCHOBHBIX MHHEpAJIOB JKejle3a — MarHeThuTa M TeMaTHTa — COCTaBIIseT
48005200 kr/M>, a IUIOTHOCTH OCHOBHBIX HEPYIHBIX MUHEPAJIOB COCTABJISIET B CPEI-
HeM — Juts kBapia 2600 kr/m3, s ampu6oioB 1 mupokceHoB — 3200-3300 kr/m3.

[lepcrieKTHBHBIMH ammaparaMy I TPAaBUTAIIHOHHOTO 000TaIeHHsI Mar HETUTOBBIX
PYIL SIBIISIIOTCSI BAHTOBBIE CenapaTopbl. BUHTOBas cemapanus B psijie ClTydaeB IPUMEHS -
eTcs B cxeMax oborameHus xkene3Hbix pya [10—11]. Teopust BHHTOBO cemapaiyu J10-
crarouHo usydeHa [12—14]. Cenapatops! BuHTOBbIE (CBM — Munepansusie u CBII —
[IJTAMOBBIE) MPEeIHA3HAYCHBI JUTS pa3ieieHus U3MENBUEHHBIX PY/ MO IIOTHOCTH MPH
kpynHoctr utanusg —2+0,071 u —0,5+0 MM COOTBETCTBEHHO.

IoBbIlIeHHE KOMILIEKCHOCTH MCIIOJIb30BAHMS 7KeJIE30PYIHOI0 ChIpbi. B HacTos-
1ee BpeMs ITOBBIIICHHE KOMIUIEKCHOCTH HCIOJIb30BaHHS CHIPhS OCOOCHHO aKTyalbHO
npu 00OTaICHUN TeMaTUT-MarHETUTOBBIX KBAPIIUTOB, PYIHBIMH MHHEPaTaMH KOTOPBIX
ABJIAIOTCSA CUIbHOMArHUTHBIM MarneTut (Fe,O,) n cnabomaruutheiii remarur (Fe,0,).
Ha Tpex xemezopynapix mpeanpustusix Poccun (Oneneropckuii, MuxaiioBcKuii u
Kumkano-Cyrapckuit 'OKn) cmaOoMarHuTHBIM TOHKHH TeMaTHT TEPEXOIUT B XBOCTHI
MOKpo¥ MarHuTHOH cemaparun (MMC) B citaboM 1oste, 9To 3HAYUTETHHO CHIDKAET BBI-
XOJl KOHIIEHTpaTa 1 W3BJIEUEHHUE KeJle3a B KOHIICHTPAT MpY 000TaIleHHH.

I'eMaTUTOBEIM KOHIEHTPAT C UCIOIB30BAHUEM TI'PAaBUTAIMOHHBIX METOIOB 00OTa-
ieHus (0TCaaKN) MOMydaroT U3 HeMaruuTHoro npoaykra MMC tonbko Ha Onenerop-
ckoM ['OKe [1] u3 remaruT-marHeTHTOBOW pyabl OJNEHEropcKoro MeCTOPOKACHUS.
IIpu 5TOM B KOHIIEHTpPAT M3BIEKAETCS TOJMBKO T€MAaTUT KpymHOCTHIO Oomee 0,1 M.
Bonee menkuii reMaTuT HE W3BJICKAETCS M YXOAWUT B XBOCTHI (DaOpUKH CO CIIMBAMU
TUAPOLUKIOHOB U JETKUMU NPOAYKTaMU OTCAJOUYHBIX MAILIUH.

[Ipu oboramieHUHM TeMaTHT-MarHETUTOBBIX KBapIIUTOB C BECbMa TOHKOW pPYyIHOMN
BKparuieHHocThi0 (0,03-0,071 mm) Ha Muxaitnosckom n Kumkano-Cyrtapckom ['OKe
TeMaTUT HE U3BJIEKAETCA B KOHIEHTPAT U IEPEXOTUT B XBOCTHI.

Hcnonp3oBaHre TpaAUIMOHHBIX CXeM O0OTaIleHHS TeMaTHT-MarHeTHTOBBIX KBap-
[IUTOB C IPUMEHEHHEM MOKPOI MarHUTHOH cemapariy B C1a00M TOJIe TI03BOJISET BhI-
JISIATH B KOHIICHTPAT B OCHOBHOM TOJBHKO CHIIbHOMAarHUTHBI MarHeTHT.
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MarnutHoe oboraiieHie B CHIBHOM MoJie HeMarHuTHoro npoaykra MMC He mo-
3BOJISICT HOMYYUTh KOHAWIIMOHHBIA T€MaTHUTOBBIN KOHIIEHTPAT, TaK KaK TeMaTUT 1 He-
KOTOpBIE TOPOJ000pa3yoIIie MHHEPAJIB UMEIOT YACTIbHYI0 MATHUTHYIO BOCIIPUUMYH-
BOCTb OJHOTO ToOpsAka. Hampumep, yaenbHas MarHUTHas BOCHPHUMYHBOCTD
am(puboI0oB (KYMMHHTTOHUT, TPIOHEPHUT) cocTtasisieT (3—5) + 1077 M¥/kr, a ynenbHast
MarHuTHas BOCIPMUMYHBOCTH remaruta cocrasimsier (2-20) - 107 m¥/kr. IToatomy
YepHOBOW TI'€MATHUTOBBIM KOHLIEHTPAT, MOJYYEHHBIH MPU MArHUTHOM OOOTaIleHUH
B CHJIBHOM TIOJIE, COJCPIKUT reMaTuT, aM(puOOIBl U CPOCTKH KBaplia ¢ MarHETUTOM H
TeMaTUTOM.

B nmanpHeiineM 4epHOBOW TeMaTUTOBBIA KOHIEHTPAT MOXXHO 00OTamaTh ¢ IOMO-
b0 (IOTAIIMOHHOTO MeToAa [3] MM ¢ MOMOIIBIO TPaBUTALIMOHHBIX METOJOB (IIIa-
MOBBI€ KOHIIEHTPAIIMOHHBIE CTOJBI UJTU [IIJIAMOBBIE BUHTOBBIE CETIapaTophl).

[IpuHnunuanbHas cxeMa MOJY4YeHHMs NeMaTUTOBOTO KOHIIEHTpaTa 1o MarHUTHO-
TPaBUTALMOHHON CXeMe ¢ MPUMEHEHUEM BBICOKOTPAJAMEHTHBIX MarHUTHBIX CENaparo-
poB (BI'MC) u rpaBuTaiiMoHHBIX anmnapaToB NpHBEAeHa Ha puc. 1.

Hemaruuthsie npoaykTs oneparuii MMC

BI'MC,B=0,7-1,2Tn

M H

BunToBas Cerapanust

\

T'emaTuTOBBIN KOHIIEHTpAT v

XBOCTHI

Puc. 1. O0mas cxema MOTy4eHHUs] T'€MAaTHUTOBOTO KOH-
LIEHTpaTa:
M — MarHUTHBIHA NPOAYKT; H — HEMarHUTHBIA MPOMYKT; T — TSDKE-
JIBIA IPOMYKT; J1 — JIETKUH MPOLYKT
Fig. 1. General scheme of obtaining hematite concentrate:
M — magnetic product; H — nonmagnetic product; T — heavy
product; 1 — light product

Pe3ynbTaThl 3KCHEPUMEHTOB M AHAJIU3 MOJYYEeHHBIX pe3yabraroB. B Tatm. 1
NPUBEAEHBI PE3YJIBTAThl MOMYIPOMBIIUICHHBIX M J1a00pPaTOPHBIX WCHBITAHUHN IO TpPH-
MEHEHHMIO BUHTOBOM CeMapanuu AJis MOJyYeHHs] TeMaTUTOBBIX KOHLIEHTPATOB M3 HE-
MarHUTHBIX MPOAYKTOB MOKPOI MarHWTHOH cenapaiyy B ci1adoM 1oJje rnpu odorarie-
HUU FeMaTUT-MarHeTUTOBBIX PYI.

[TonyueHne reMaTUTOBOrO KOHIIEHTpATa M3 JKEJIE3UCTHIX KBapIuTOB CyTapcko-
r0 MECTOPOXKIAEHUS B 1a00OPaTOPHBIX YCIOBHUSAX BBIIIOJHEHO IO CXEMe, IpUBEICH-
HOM1 Ha puc. 1. 'emaTuTt pyznst CyTapcKoro MeCTOPOXKACHHS UMEET Yelyeo0pa3HyIo
¢dopmy c npeobnaganuem kpynaoctu 0,030-0,045 mm. [ToaTomy rpaBuTaIMOHHOE
oboraieHue BBIIIOJHEHO Ha BHHTOBOM cemnaparope CBII-400 u maboparopHom
KOHIIEHTpauuoHHoM ctosie MOJIM npu «IumaMoBoM» pekuMe padoThl (AMHa Xoaa
JeKu 3 MM, yacToTa kosebanuii nqexu 420 mua ). cxoaHbie poObl HEMAarHUTHBIX
npoaykroB omepanuii MMC mepen oboramieHMeM HE WU3MeENbYalnch. JlomomHu-
TEJIBHO MCTOJIB30BalIOCh NIpeABapUTEIbHOE rpoxodeHue Ha cute 0,16 MM nis yna-
JIEHUs KPYMHBIX YacCTHULI.



ISSN 0536-1028 «Hz6ecmus 8y308. T'opnutil srcypuany, Ne 6, 2019 73

Pesynbrarel CpaBHUTENBHBIX UCTIBITAHWUH [TOKA3ald, YTO UCIIOIb30BaHUE IPaBUTa-
UOHHOTO 00OTaIICH!sI MO3BOJISIET MOTYYUTh TEMAaTHTOBBIM KOHLIEHTPAT C MacCOBOM
Joneit sxene3a He MeHee 60 % U3 xKene3UCThIX KBapIUTOB CyTapCKOTO MECTOPOKACHHUS
(tabm. 1). HlnamMoBBIi BUHTOBOM cemapaTop Mo CPAaBHEHHUIO ¢ KOHIIEHTPALIMOHHBIM CTO-
JoM obecrniedrBaeT OONBIINIA BBIX0J KoHLeHTpara (14,8 % mpotus 12,0 %) 1 n3Bieue-
nue Fe B konuentpar (31,47 % npotus 26,34 %), HO TIpu MEHBILIEH MaccoBOW JoJe
*kenesa B koHeHtpare (60,1 % npotus 62,3 %).

Tabuuna 1. PesyJbTaThl NPUMEHEHHS] TPABUTALIHOHHOI0 000raleHust /sl 0Jy4eHHsI TeMaTHTO-
BOTr0 KOHI[EHTPATA U3 “KeJ1e3HCThIX KBAPHUTOB

Table 1. Results of applying gravitational dressing to obtain hematite concentrate from iron
formations

TexHonornyeckue mokasarean oborameHus (K cxeme
IPABUTAIOHHOTO 00OTAIICHHS)

IIpoxyxr

Brixon, %

Maccosas nons Fe,
%

Ussneuenue Fe,
%

Pyoa Cymapckozo mecmopodicoenust, MazHumHo-2pasumayuonias cxemd, 1ab60pamopHule UCnblma-

Hus, sunmosot cenapamop CBLL-40

0 (ocnosHas u nepeuucmuas onepayuu)*

KoHueHTpaT (TsoKelbiii) 14,8 (12,0) 60,1 (62,3) 31,47 (26,34)
XBOCTHI (JIErKHiA) 85,2 (88,0) 22,7 (23,7) 68,53 (73,66)
HUcxonusrit (MarautHbIil BITMC,

kpyrHOCTH —0,16+0 MM) 100,0 28,2 (28,3) 100,00

Muxaiinosckuit I'OK, nonynpomvluiiennvie ucnsimanust, eunmossie cenapamopvt CBIII2-750
u CBIII-750, cxema Ne 1 ¢ nanpagnenuem npomMnpoOoykmog 6 Xgocmul (nepeévuiii u 6mopou pesicumot) **

KoHueHTpaT (TsoKelbiii) 13,8 (12,0) 63,0 (65,4) 27,51 (24,84)
TIpOMITPOYKTHI IEPEUHUCTHBIX OTEPaIHii 20,0 (21,8) 39,4 (40,0) 24,93 (27,60)
XBOCTHI (JIETKHiT) 66,2 22,7 47,56
Hcxomublit (MOATOTOBICHHBIN 110 KPYITHOCTH

mpoaykt —0,07+0,02 mm) 100,0 31,6 100,00

Muxaiinoscxuii I'OK, nonynpomviuiientvie ucnvimanus, sunmogsie cenapamopvt CBII2-750
u CBLI-750, cxema Ne 2 ¢ nanpasnenuem npomnpooykmos 6 OCHOBHYI0 ONnepayuio

BUHMOGOU cenapayuul

KownmenTpar (Tsoxemnbrit) 11,7 63,0 23,35
XBOCTHI (JIETKHIA) 88,3 27,4 76,65
Wcxoauslii (MOArOTOBIEHHbIH [0 KPYITHOCTH

npoaykt —0,07+0,02 mm) 100,0 31,6 100,00

Muxaiinosckuii 'OK, nonynpomsiutiennvie ucnsimanusi, gunmossie uiniozot CBIL2-750
u CBI-750, cxema Ne 3 ¢ nanpasnenuem npomMnpooyKmos 60 6mMopyio onepayuio 00ecuiamiuéansl

KownmenTpar (Tsoxemnbrit) 10,8 66,4 24,48
XBOCTHI (JICTKHiT) 89,2 24.8 75,52
Vcxoaublii (MOATOTOBIEHHBIH 110 KPYITHOCTH

npoaykt —0,07+0,02 mm) 100,0 29,3 100,00

* B ckoOKax IPUBEICHBI Pe3yJbTaThl 00OTralleH s Ha T1a00paTOPHOM KOHIIEHTPALMOHHOM cTole; ** B ckoOKax mpu-
BEJICHBI PE3yNIbTaThl OOOTAIIEHHUs IIPH BTOPOM PEKMUME PA3JEICHHs Ha IIUIAMOBOM BHHTOBOM CElapaTope BTOPOi
[IEPEYUCTHON OIepaIHy.

Ha npowusBoiacTBeHHO# IUIomaaKke oboraTtutenbHor ¢(adpuku MuxaiioBCKOro
I'OKa BbINOSHEHBI TOTYIPOMBIILUICHHBIE MCIBITAHUS 110 TOJIYYCHUI0 TeMaTUTOBOTO
KOHIICHTpAaTa U3 XBOCTOB (haOpHKH ¢ MPUMEHEHUEM BUHTOBOM cerapalyu. B kauecTBe
TPaBUTALIMOHHBIX allllapaToOB KCIONB30BAIMCh BUHTOBBIE CEIapaTropsl AJs oOorare-
Husa nutamoB CBII2-750 u CBIII-750, Tak Kak KPYIHOCTh 3€pEH T'eMaTuTa MEHEe
0,07 mMm. Cxema mosrydeHusi TeMaTuTOBOTO KOHIIEHTpara IprBeeHa Ha puc. 2.
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Tekyme xBocTsl oborarutensHol Gadbpuku Muxaitnockoro 'OKa nepen rpaBu-
TaIOHHBIM 00OTaleHneM MOATOTaBINBAIIICH 10 KpYITHOCTH. Mcronb3oBanack cxema
C MOCIIeI0BATENLHBIMU ONIEPAIUSIMHA TOHKOTO THAPABINYECKOTO TPOXOUYeHUs (ABe Olle-
panuu, pasmepbl orBepctuii cut rpoxotoB 0,2 u 0,071 MM) u obecuuiaMiIMBaHUs
MOAPEIIETHRIX MPOMYKTOB (TIOCHE KaKAOH omepauuu rpoxodeHus). HanpemerHsle
NPOAYKTHI TPOXOTOB M CJIMBBHI JENUIAMATOPOB (LJIaMbl) HANpPaBISUIUCh B XBOCTHI.

XBoctel MMC

Crymenue

MECKU CIuB
I'poxouenmue-l; 0,2 MM

v -

>

Ob6ecnutamnBanue-|

TECKH CJINB

I'poxouenue-11; 0,071 mm

Cxema No 3

Ob6ecnutamnBanue-| |

Cxema Ne 2 MeCKU CJIMB
>

OcHOBHasi BHHTOBAsI cernapanus

T l /1

KOHTpOJ’IBHafI BHUHTOBAas cenapanus

<_¢T

\

Hepequcmﬁi BUHTOBas cenaparusi-|
lT l /1t it
e —

gmins|

f_

—

Hepe‘ﬂ/ICTHaﬂ BHUHTOBAas cenapanus- I}

T 1
Y
ALH/ it
Cxema Ne 1
'« N ____Y_ T
\ \
['eMaTHTOBBIN KOHIIEHTPAT XBOCTBI

Puc. 2. Cxema moiy4eHusi FTeMaTHTOBOTO KOHIIEHTpATa M3 XBOCTOB
Muxaiinosckoro 'OKa
Fig. 2. Scheme of obtaining hematite concentrate from tailings
at Mikhailovsky GOK

[MoaroToBka Mo KPymHOCTH 0OecIieunia oiady Ha IpaBUTAllMOHHOE O0oTalleHue Mmpo-
nykra kpynHocthio 0,02—0,071 mm. HMcnomnp3oBaHue CXeMbl HMOATOTOBKH T'€MaTHT-
COJIepKAILEro MPOoAyKTa (XBOCTOB (DaOpUKH) IO KpPYIMHOCTH OOYCJIOBJICHO TEM,
YTO CBOOOJHBIM TeéMaTHT B OCHOBHOM conepKuTcs B mpoxykre MeHee 0,071 mm,
a ntamsl (MeHee 0,02 MM) SBISIFOTCS TPYIHOOOOTaTUMBIM TIPOTYKTOM.

CxeMa TpaBUTAIIMOHHOTO OOOTAICHUSI C MPUMEHEHHWEM BHHTOBBIX CEMapaToOpOB
BKUTOUasa ocHoBHYIO (CBII2-750, 2 mit.), koHTponbHyto (CBIII-750) u aBe mepedncr-
HBIE omeparuy (B Kaxo0i oneparuu no onnomy CBIII2-750). McnipITalHbl TpU CXEMBbI
(puc. 2). Cxema Ne 1 He BKIIOYAJa MUPKYISIHIO POMIPOAYKTOB (T1/11) IEPEUUCTHBIX
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omnepanuii. [To cxeme Ne 1 mpoMIpoayKTel 00bEANHSIINCH C XBOCTaMU. B IBYyX Apyrux
cXeMax HCIONb30Bajach LUPKYIALUS MPOMIIPOAYKTOB — MPOMITPOAYKTHI Harpasiis-
JUCH B OTIEPalldi0 OCHOBHOW BUHTOBOM cemapanuu (cxema Ne 2) v BO BTOPYIO omepa-
U0 obecuuiaminBanus (cxema Ne 3).

Pe3ynbraThl nONIyIPOMBIIIJIEHHBIX UCIIBITAHUM MTOKA3aJd, YTO U3 XBOCTOB Muxaii-
nosckoro I'OKa mpu ux moaroroBke mo kpynHoctu (—0,071+0,02 MM) BO3MOXHO
C TOMOIIbIO BHHTOBBIX IIIIO30B IOJIy4aTh IE€MAaTHUTOBBIM KOHIIEHTPAT C MacCOBOM
noneit xeneza 63—66 % (tadmn. 1).

50
48-
46 |
a4 L
42 L
40-

38

Maccosas nons Fe B Tspkenom npoaykre, %

36 1 1 1 1 1 )
0 10 20 30 40 50 60

MaccoBast 10115t TBEpAOro B MUTAHUU, Yo

Puc. 3. 3aBucumocts MaccoBoit noau Fe B Tspxenom mpo-
IyKTe€ OCHOBHOW BHHTOBOH Cellapaniiil OT MacCOBOH JJOJIN
TBEPZAOTO B MUTaHUM ONEPaLN
Fig. 3. Dependence between the mass share of Fe in heavy
product of basic screw separation and the mass share
of solid in feed of the operation

Haubonee nmepcnexTuBHO# (Oosiee MPOCTO M MEHEe 3aTPaTHOM) SBISETCS cXxeMa
Ne 1 ¢ HanpaBiIeHHEM TPOMITPOAYKTOB IIEPEUHCTHBIX ONepaluii B XBOCTHI (puc. 2). J1a
cxema IMO3BOJIHMIIA MOJyYUTh T€MaTUTOBBIE KOHIIEHTPAThl C MacCOBOM JoJel jkerne3a
63,0-65,4 % npu OonblIeM BBIXOJC M W3BJICUCHUH JKejle3a B KOHLEHTPAT 10 CpaBHe-
HUto co cxemamu Ne 2 u 3 (tabn. 1). MaccoBast 1oiis jkeje3a B TeMaTUTOBOM KOHIICH-
Tpare U3MEHsIach IMMyTeM MOBOPOTa KOHIIEHTPATHOIO OTCEKaTessl BUHTOBOTO cemapa-
TOpa BTOPOI1 MepeYNCTHOH onepaluu (MEPBHIN U BTOPOU PEKUMBI).

Cxemsl Ne 2 11 3 ¢ UpKyJSAIHe TPOMIPOAYKTOB (pHC. 2) UCTIBITHIBAIINCH C LIETBIO
TIOBBIIIIEHNS BBIXOAa T€MaTHTOBOTO KOHIIEHTpaTa W M3BJIEUCHHS B HEro XKelesa.
Hcnonp3oBanue UPKYIALUN TIPOMITPOIYKTOB HE MPHUBEJIO K MOBBIIIIEHUIO BBIXOA FeMa-
THUTOBOTO KOHIIEHTPATa M U3BJICUCHHS B HETo xele3a (Tadi. 1). D10 MOKHO 00BSICHUTH
TEM, YTO TeMaTUTCOeprKalllle MPOAYKTHI C BEChbMa TOHKOW PYIHOM BKPANjIeHHOCTHIO
reMaTHuTa SBIAIOTCA TPYAHOOOOTaTHMBIM CBIpheM (HM3Kasi KPYMHOCTH, MPUCYTCTBUE
TOHKHX CPOCTKOB KBapIla ¢ MarHETUTOM, OKHCJIICHHBIX MHUHEPAJIOB Xkeje3a, aMpuoo-
sioB). [ToaToMy s1r00BIC TIPOMIIPOAYKTHI OOOTraIeHus (TPaBUTALIMOHHOTO, (hJIOTAIIMOH-
HOTO, MarHUTHOTO) TaKWX T'eMaTUTCOJAEPIKAIIUX MPOAYKTOB SBISIOTCS elie Oolee
TPYIHOOOOTaTUMBIMHU M HA COBPEMEHHOM YPOBHE Pa3BUTHS TEXHOJIOTHH M TEXHUKH MX
JIy4Ille HalpaBiIsITh B XBOCTHI.

BrImoHeHHBIE NCTIBITAaHUS TTIO3BOJIMIIN OTIPEIEIUTD BIMSIHAE MAaCCOBOW JONIN TBEP-
JIOTO B TUTAHWY HAa MAaCCOBYIO JIOJIIO JKeJie3a B TSHKEIIOM MTPOAYKTE OTepaIiiii OCHOBHOU
BHUHTOBOH cemnaparuu (puc. 3) U MONy4YHUTh 3aBUCHMOCTH MAacCOBOM JONH JTHOKCH]IA
KPEMHHUS OT MacCOBOH JIOJIH Kejie3a B KOHETHOM T€MaTUTOBOM KOHIIEHTpaTe (puc. 4).
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3aBHCHMOCTh MAacCOBOW JOJIH JKeje3a B TSDKEJIOM MPOAYKTE OTEpalii OCHOBHOM
BHHTOBOM cenapanuy 0T MacCOBOM JIOJIM TBEPAOTO B IUTAHUU HOCUT 3KCTPEMAJIbHBII
xapaktep — MmakcumyM (yHkimn (48,4 % Fe) cooTBeTCTByeT MacCoOBOM 1T0JIe TBEPIOTO
B mtutanuu 42,6 %. Jlns obecriedeHns BETUIHMHBI MAaCCOBOM JIONH XKelie3a B TSKEIOM
MIPOAYKTE OCHOBHOM BUHTOBOM cemapanuu He Hike 48 % HeoO0X0nuMo TIOIepKUBATh
MacCOBYIO JIOJTFO TBEPIOTO B MUTaHUU B Auana3one 36,5-48,7 % (puc. 3). Onrumans-
HO€ 3HAUYe€HHE MAcCCOBOHM MO TBEPAOTO B NMHUTAHMH BHHTOBBIX IIIJIFO30B HAXOIUTCS
B IIMPOKOM AnanaszoHe (42,6+6,1 %). 3To TOBOPUT 0 BO3MOXKHOCTH ITOJIEPIKAHUS 3TOTO
ONTHMATBHOTO 3HAYEHUS B IPOMBITIIICHHBIX YCIOBHSIX.

()] ~ (ee] ©
T T T 1

Maccosas nonst SIO, B KoHIEHTpate, %
o
T

63 64 65 66 67

MaccoBas gonsi Fe B konuentpare, %

S

()]
N

Puc. 4. 3aBucumocts maccoBoit jomu SiO, or mac-
coBo# o Fe B reMaTHTOBOM KOHIIEHTpATE
Fig. 4. Dependence between the mass share of SiO,
and the mass share of Fe in hematite concentrate

[Ipu yBenMyeHUH MaccoBOM JONH jKesle3a B TeMaTUTOBOM KOHLICHTPATe MaccoBas
JIOJIsL TUOKCHA KPEMHUS B KOHLIEHTpare cHiKaercs (puc. 4). OnHako reMaTuToOBBIN U
MarHETUTOBBINA KOHIIGHTPATHI C OMIMHAKOBOM MaccOBOM jonel kenesa B (65—66 %) ot1-
JMYalOTCS TI0 MaccoBOM Jofie B HUX JHOKCHAA KpeMHHs. MaccoBasi 0 AWOKCHIA
KPEMHHs B TEMAaTUTOBOM KoHIeHTpare (4,6-5,7 % Si0,, puc. 4), o1y4eHHOM IpaBuUTa-
IMOHHBIM METOZIOM, HI’KE MaCCOBOH JOJIM IMOKCHA KPEMHHS B MATHETUTOBOM KOHIICH-
Tpare oborarutenbHoi padpuku (7,3-8,4 % Si0,), momy4aeMOM MarHUTHBIM METOJIOM.
OTO NOBBIIAET METAJUTYPrHYECKYIO LIEHHOCTH TPaBUTALIMOHHOTO TeMaTUTOBOTO KOHIICH-
Tpata (3a cueT OoJee HU3KOM MacCOBOHM JOMM AMOKCHIA KPEMHHUS) U, COOTBETCTBEHHO,
MOXKET MOBBICUTH METAJUTYPTHUECKYIO IEHHOCTh CyMMapHOTO PSIJOBOTO TeMaTuT-Marae-
TUTOBOTO KOHIICHTpara oboratutenbHoi (adbpuku Muxaiinosckoro I'OKa.

Takum oOpa3oMm, MpUMEHEHHE TPABUTALIMOHHOTO OOOTAIICHUS MO3BOJSCT MOBHI-
CHUTH KOMIUIEKCHOCTB HCIOJIb30BaHUS KEJIe30PYIHOTO CHIPbs MpH TepepaboTke rema-
TUT-MarHeTUTOBBIX KBAapLMUTOB 32 CUET MONYyYEHHs IOTOJHUTEIBHOTO TeéMaTuTOBOIO
KOHIIEHTpaTa. [J1aBHBIM HEAOCTATKOM TPaBUTALMOHHBIX CXEM H3BJICUCHHUS TeMaTuTa
C BEChbMa TOHKOM PYIHOH BKparIeHHOCTHIO 13 XBOcTOB MMC siBnisieTcst HEOOXOMUMOCTD
MPUMEHEHUS CXEMBI IOATOTOBKU UCXOJHOTO MPOIYKTa MO KPYMHOCTH C IIETIbI0 yaale-
HUs KpynHBIX (Oonee 0,071 mm) u nmamucteix (Meree 0,02 mm) uwactun. [ToaTomy
TpaBUTALIMOHHBIE CXEMBI M3BJICUCHHUSI TeMaTHTa KpynHocThio MeHee 0,071 MM mpu
00oraImeHny reMaTUT-MarHeTUTOBBIX KBapLIUTOB TIOKA HE UCIIOIb3YIOTCSL.

K npoMBIIIZIEeHHBIM THIIAM JKEJIE3HBIX Py, KPOME MarHETUTOBBIX U FeMaTUT-MarHe-
TUTOBBIX KBapLIUTOB, OTHOCSTCS TAK)KE CKAPHOBBIC MArHETUTOBBIC PY/IbI M THTAHOMAT-
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HETUTOBBIC PyAbl. [Ipy IPOMBINIUICHHOM OOOTAICHUH dTUX Py PETYISAPHO MOTHUMA-
€TCsI BOIIPOC O CHIDKCHUU MAacCOBOM JIOJH JKeJie3a B XBOCTaX M O CHIDKSHUH U3BJICUCHHSI
JKeJe3a B XBOCTHI (CHIDKCHUH TTOTEPH JKele3a ¢ XBocTaMmu). [JIsi CKapHOBBIX MarHeTH-
TOBBIX Py MOTEPH Kene3a ¢ XxBoctamu gocturarot 20 % mpu MaccoBoi oiie xenesa
B xBocTax 10-11 %. IIpu oboramennn THTAHOMArHETUTOBOW pyasl ['yceBoropckoro
MECTOPOKIEHHUS TOTEPH JKele3a ¢ XBOCTaMu JocTuraroT 33 % mpu mMaccoBOil 1oiie
JKenesa B xBoctax 6—7 %.

21.]151 OILICHKHW BO3MO>XHOCTHU ITOBBIINICHUA KOMIIJICKCHOCTH HMCIIOJIB30BAHHUA KEJIC€30-
PYAHOTO CBIPBA IIPU O6OFaHIeHI/II/I CKapHOBBIX MAarH€TUTOBBLIX pya U TUTAHOMAarH€TUTO-
BBIX Py BBINIOJHCHBI na6opaT0pHBIe HCIBITAHUA 110 MPUMEHCHUIO I'PaBUTALITMOHHOTO
oOoramieHns s JOW3BICUYECHHUS JKejle3a W3 XBOCTOB OOOTaTHTENBbHBIX (habpHK.
Hcmons30BaHa offHa OTIepaIys TPaBUTAIIMOHHOTO 00O0TaIeHus. Pe3yibrarsl ucpITaHmit
MIpHUBEIeHBI B Ta0MI. 2.

Ta0uuna 2. Pe3yabTaThl 1a60paTOPHBIX HCIILITAHUI 10 IPUMEHEHHIO TPABUTALIMOHHOTO
oﬁorameﬂnﬂ AJIS JOU3BJICYECHUA 2Kej1€3a U3 XBOCTOB oﬁorameﬂml CKAPHOBbLIX MAIrHETUTOBBIX PYJ
M THTAHOMATrHETHTOBOM PYAbI
Table 2. Results of laboratory tests on the use of gravitational dressing to reextract iron ore from
the skarn magnetite ore and titanium magnetic ore mill tailings

TeXHOJOrHYECKHe MoKa3aTeIn 000TaleHHUS K ornepanun

[poxyxr Boixor, % Maccosas nonst Fe | Mssacuenue Fe,
. (9), % %
Xeocmuvl Mynowibauickoti ob6ozamumensvhou ¢pabpuxu, eunmosoii cenapamop CBIL-500, 2006 e.
Tsxenslit 13,06 13,27 (6,15) 18,48
Jlerkuii 86,94 8,80 (1,22) 81,52
Hcxomubiii (98 % xinacca —0,5+0 Mm) 100,00 9,38 (1,86) 100,00

Xeocmul Abacypckou obocamumenvholl padbpuxu, sunmosoii cenapamop CBLI-500, 2006 2.

Tsxemnslit 14,30 14,95 (8,28) 21,42
Jlerkuit 85,70 9,15 (1,31) 78,58
Hcxomubiii (92 % xnacca —0,5+0 Mm) 100,00 9,98 (2,31) 100,00
«Menkuey xgocmul (Hemaznumusie npooykmol MMC-I1 — MMC-1V) Kauxanapckoeo I OKa, konyen-
mpayuonnelii cmon (Onuna xooa dexu 7 mm, wacmoma xoaebanuii 0exu 420 munt), 2006 2.
Tsoxensi 12,70 7,02 14,62
Jlerkuii 87,30 5,97 85,38
HUcxonusrit (88 % wimacca —0,5+0 mm) 100,00 6,10 100,00

Pesynbrarer 1a00paTOPHBIX UCTIBITAHUH MOKa3aJId HElleJIecoo0pa3HOCTh MpUMEHe-
HUSI TPaBUTALIMOHHBIX METOAOB AJISl IOM3BICUCHHMS XKeJle3a U3 XBOCTOB 0OOTaIIeHHs
CKapHOBBIX MarHeTHTOBBIX pyn (MyHapiOamickas u Abarypckas GaOpUKH) U TUTaHO-
marHeTuToBIX pya (Kaukanapckuit [OK). Beixon Tspkenbsix npomykroB mMenee 15 %,
a MOBBIIIEHNE MacCOBOH IO jkese3a B HUX He3HauuTesbHO (Tabdm. 2). [Ipu aTom mac-
coBasi JI0JIsI KeJie3a B TsHKeJBIX IPOAYKTax Oojiee ueM B /IBa pa3a HU)KE MACCOBOU JTOJIH
JKeJie3a B UCXOAHBIX pyJax.

[TonOXXUTENBHBIA WK OTPULATENBHBINH Pe3ynbTaT NPUMEHEHHS TPaBUTAIHOHHOTO
WIN APYrOro MeTona O0OTalieHus AJsl MOBBIIICHUS KOMIIEKCHOCTH MCIIOJIb30BaHUS
JF000TO CHIPbs OyIET ONpeNneNsiTh MUHEPAIBbHBIA COCTAaB STOTO CHIPbSL.

B skene3ucThIX KBapLUUTax, HAPSAAY ¢ OCHOBHBIM PYAHBIM MHHEPAJOM — MarHeTH-
TOM, €CTh BTOPOH KeJIe30pyAHbIH MUHepall — reMartuT. [103ToMy rpaBUTallMOHHOE TIO-
Jy4eHHEe TeMaTUTOBOTO KOHLIEHTpara MOBBIIIAET SKOHOMHYECKHE MOKazaTelH Mpes-
NPUATHS U KOMIUIEKCHOCTB MCIIOIB30BaHUS CHIPbSI.
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B ckapHOBBIX MarHeTUTOBBIX PY/lIaX U THTAHOMArHETUTOBBIX PY/Iax B MPOMBIIUICH-
HOM MacITade MPUCYTCTBYET TOIBKO OJIUH JKEIe30PYIHBIA MUHEPaI MarHETHT (TUTA-
HOMAarHeTur). V3BileueHne MarHeTUTa B KOHIIEHTPAT Ha OOOTaTUTENBHBIX (padpukax
cocrasisieT 6omee 95 %. Jlns cHIDKEHUS TOTEPh MarHETHTa C XBOCTAMH O0OTaIeHus
palMoHaIbHEe YBEIUUNTh HHIYKIIUIO MATHUTHOT'O TOJIsI CENapaTopoOB MEPBhIX CTaaUH
oborarieHus, 4YeM UCIOIb30BaTh JOMOJHUTEIBHBIC TEXHUKO-TEXHOIOTUYCCKHIE PeIlie-
HUS TI0 JIOU3BJICUCHUIO MarHETHTA U3 XBOCTOB.

OpHako Jxene3Hble pyAbl MOTYT OBITh KOMIUIEKCHBIMH. B CKapHOBBIX MarHeTHUTO-
BBIX pyZlaX 4acToO MPUCYTCTBYIOT MUHEPAJbl IBETHBIX METAIIOB, & B TATAHOMAarHETH-
TOBBIX pylax MPUCYTCTBYET THTAHCOAEPKAIINN MUHEpall WiIbMEHHT. [103TOMY MOBBI-
IMeHNEe KOMIUIGKCHOCTH WCIOJB30BaHUS JTHX Pyl TMPEeXIe BCEro CBI3aHO
C JIOTIOJIHUTEIHHBIM U3BJICUCHUEM MUHEPAJIOB I[BETHBIX METAJUIOB.

ITo 7aHHBIM MUHEPAJIOTHYECKOTO aHAIM3a B IPOOAX UCCIICAOBAHHBIX XBOCTOB MyH-
nblbamickoil 1 Abarypckoii (haOpuk mMaccoBasi Aoiisi cajiepuTa U XaJbKOIHPHUTa CO-
crapiset 0,20-0,27 u 0,10-0,13 %. MaccoBas 101 cepbl B TSXKEIOM MPOLyKTE BUHTO-
BOI cemapanuy 0oiee 4eM B TPH pasa MPEBHIIIaeT MAacCCOBYIO JTOTIO CEPhI B HCXOIHBIX
XBOCTax (Tadu. 2). DTO MO3BOJISAET MPEAIIONIArarTh, YTO B TSHKEIOM MIPOAYKTE BHHTOBOM
cemnapaluu CKOHIICHTPUPOBAIIUCH CYIb(GUIBI [IMHKA U MEITH.

[ToaToMy BHHTOBYIO CEmapaiuio MOXHO PACCMAaTPHBATh B KAUECTBE METO/A MPE/-
BapHUTEIBHOTO O0OTaIIEHUS XBOCTOB MepepaboTKN KOMILIEKCHBIX CKapHOBBIX MarHe-
THUTOBBIX Py, COAEPIKANINX MIUHEPAIBI [IBETHBIX METAJUIOB. TSKEINbIN TPOLYKT BUHTO-
BOM cemapannyu B JalbHEHIIEM MOXHO TiepepadaThiBaTh IPYTUMH METONaMHU
oborarnieHus ¢ MOIyIeHUEeM KOHIICHTPATOB IIBETHBIX METAJIOB.

BoiBoasl. Vcrions3oBaHre BUHTOBOM celapaiyy Mpu 000ralieHuy reMaTUT-MarHe-
TUTOBBIX KBapIIMUTOB IMO3BOJSET MOBBICUTh KOMIUIEKCHOCThH HCIOJIB30BAHUS JKEIEC30-
PYITHOTO CBIPBS 32 CUET MOTyYSHHS TeMaTUTOBOTO KOHIIEHTPATA.

[IpumeHeHne BUHTOBOH cemapaiui cieqyeT MPHU3HATh HeleIecOoOOpa3HBIM s
CHIDKEHUS TIOTEePBh KeJie3a C XBOCTaMH MPH 000TalleHINH CKapHOBBIX MAarHETUTOBBIX U
TUTAHOMArHETUTOBBIX PYII.

BunToByI0 cenapaiuio MOXKHO UCIIOIB30BaTh B KAU€CTBE METO/A PEABAPUTEIHHO-
ro 00oTanIeHUs: XBOCTOB MEePePa0OTKH KOMIUIEKCHBIX CKAPHOBBIX MarHETUTOBBIX PYII,
C TIEIBI0 TIOTYUYESHHS TPOMIPOTYKTOB, COACPIKAIINX MIUHEPAIIBI IIBETHBIX METAJUIOB.
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Increasing the integrity of iron-ore raw material use with the help of screw
separation
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Abstract
Research aims to assess the possibility of using screw separation to increase the integrity of iron-ore raw
material utilization by means of obtaining additional concentrate from mill tailings in weak magnetic field
of magnetite ore.
Research methodology. Experiments have been carried out in laboratory and semi-industrial conditions
with the use of screw slime separators. Source products were the mill tailings in weak magnetic field
of hematite-magnetite quartzites, magnetite and titanium magnetite ore.
Research results. In semi-industrial conditions, the possibility has been shown of obtaining the hematite
concentrate with 63—66% mass shares of iron ore and 4.6—8.0% silicon dioxide from hematite-magnetite
tailings. The output of concentrate to mill tailings is 10—14%. Laboratory research on the application of
screw separation and table concentration haven't allowed obtaining iron or other concentrates from
magnetite and titanium magnetite ore tailings. Gravitational dressing of complex magnetite ore tailings
has revealed increased content of copper and zinc sulfides in heavy product.
Summary. The use of screw separation in hematite-magnetite quartzites dressing makes it possible
to increase the integrity of iron-ore raw material application by means of obtaining hematite concentrate.
The use of screw separation should be accepted inadvisable to reduce the loss of iron ore with tailings
in skarn magnetite and titanium magnetite ore dressing. Screw separation can be used as a method of
complex skarn magnetite ore preliminary dressing to obtain semi-products containing nonferrous metal
minerals.

Key words: integrity of raw material utilization, iron ore; mill tailings; screw separation; screw slime
separation, hematite concentrate, mass share of iron.
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OnpepaeneHne NOrpeLLHOCTeN CTaHAAPTHLIX 06pa3L OB cocTaBa
3onorocofepxaluux pya

CrynakoBa E. B.!
1 VIpKyTCKMit Hay4HO-MCCrIeA0BATENLCKUM UHCTUTYT BNAropoAHbIX 1 PELKMX METANIOB W arMasos,
r. VipkyTck, Poceus
e-mail: stupakova@irgiredmet.ru

Peghepam
Beeoenue. Cmanoapmmuuie oopasywr (CO) cocmasa pyo u npooykmos ux nepepadbomru 00AHCHbL Y008~
J1emeopams mpebosanuam o0HopooHocmu mamepuana. Texnonoeus npueomosenenus mamepuanra CO
dondicHa obecneuumsb 00HOPOOHOCHb €20 cocmasd. OOHOPOOHOCHb 20MO2EHUZUPOBAHHO20 MAMEPUALA
IKCHEPUMEHMATILHO UCCIeOYIOM U OYEHUBAIOM, YMOObL ObllA YEEPEHHOCHIb 8 MOM, YO AMmecmyemas
xapaxkmepucmuxa CO umeem o0unaxosoe snavenue 6 110001 Yacmu Mamepuala uiu e2o 8apuayuu He
NnpesoCcxo0am HeKomopo2o 3a0aHHO20 YPOGHS.
Memooonozus uccnedosanus. Ilozpewnocmos HeooHopoonocmu mamepuaira CO oyenugaiom choco-
OOM, OCHOBAHHBIM HA MHO2OKPAMHBIX USMEPEHUAX COOEpPIHCAHUS AMMECMyeM020 KOMNOHEHMA 6 He-
CKOILKUX NPo6ax, OmoOpanHbIX Cryuaiinsbim oopasom om ececo mamepuana CO, ¢ nocredyoweti oopa-
bomxotil pesynomamog usmepenuii. Om éceil maccor mamepuana CO 0na oyenusanus 0OHOPOOHOCMU
cryuaiinbim odpasom omoupaiom N npob maccoii M, kasxcoas. Ombop npob npooosm nocie npuzomos-
nenus u 2omozenusayuu mamepuana CO. Macca xasicooui npobvt M, dondicna 661ms docmamounoii 0ns
NPOBedeHUs 6 COOMBEMCMEUU C NPUMEHAEMOU MEMOOUKOU USMEPEHUT PUKCUPOBAHHO20 YUCTA USMeEpe-
Hutl J.
Pesynomamul uccnedoganusn. SKcnepumeHmanbHO YCMAHOGIEH0, YO OYeHKA NOZPeUHOCHU HeOOHO-
POOHOCIU Mamepuana CmanoapmHuix 00pazyo8 cocmasa 3010MoCco0epHCAuUX pyo npu NPUHAMOL no
T'OCT 8.531-2002 «I"'CH. Cmanoapmuule 06pasyvl cocmasa MOHOIUMHBIX U OUCNEPCHBIX MAMEPUATLO8.
Cnocobwl oyeHusanus 0OHOPOOHOCIUY NO CXeMe OUCHEPCUOHHOZ0 AHANU3A NPUBOOUM K NOLYUEHUI) Ge-
JUYUH ROZPEUIHOCEN HEOOHOPOOHOCHU HUJCE YCINAHOBLEHHO20 HOPMAMUBA OOHOPOOHOCIU Mamepu-
ana cmanoapmuwix 0opaszyos. Jna npasuibHo2o paciema noepewHocmu He0OHOPOOHOCY NPU NPUHSL-
Mot cxeme 3KCNEPUMEHMA HeoOXO0UM nepectem 6elUtUHbl NOZPEUHOCIU ¢ YUemOM NO2PewHOCmell
HEe0OHOPOOHOCMU HA8eCOK Maccoli 50 2 unu pacuem noepewHocmu He0OOHOPOOHOCIU NO 8CEMY MACCUBY
nonyuennvix pesyibmamos ananusa (N x J). I'panynomempuveckuii cocmas mamepuaia CmaHOapmuix
0bpa3yos cocmasa 3010mocodepacawux pyo, npu komopom 100 % maccvl umeem pasmep 3eper menee
0,050 mm, Oaem 603MOHNCHOCIb NOYUUMDb BEIUYUHBI HOSPEUHOCHIEN HEOOHOPOOHOCTIU MAKCUMATLHO
npubnUdNCEHHbIE K YCMAHOBNEHHBIM HOPMAMUBAM.

Knrouesvie cnoea: cmanoapmusiii o6pasey; oonopoonocms mamepuana cmandapmnozo o6pasya;
no2pewHoCmy HeOOHOPOOHOCIU.

BBenenune. Crannmaprasie 06pasnpl (CO) 3aHUMAIOT KIIFOYEBOE MECTO B XUMHYE-
CKHX ¥ JPYTHX BUAaX U3MEpPEHHH, obecreunBas eMMHCTBO U3MepeHui B mupe [1, 2].
SIBNsisiCh OTHUM U3 JIOCTYIHBIX M () PEKTHBHBIX CPEJCTB MEPEIadn SIUHUIBI BEJINYH-
HBI, CTaHJIAPTHBIE 00PAa3IIbl IUPOKO UCIIONB3YIOTCS B 1a00PaTOPHSIX PAa3HBIX CTPaH JIJIs
TpaJyHPOBKH, TOBEPKH, KATHOPOBKH CPEJCTB M3MEPEHHH, BAIWAAIUH, ATTECTAIUU
METOJUK U3MEPEHHI, KOHTPOJISI TOYHOCTH PE3yJIBTATOB M3MEPEHUH, a TAKKE TIPH OIICH-
Ke KBayndukaruu jadboparopuii [3-9].

CrarmapTHBIe 00pa3mpl cOCTaBa Pya M MPOAYKTOB WX TIEpepadOTKH JTOJDKHEI YIOB-
JIETBOPATH TPEOOBAHUSIM OJHOPOJHOCTH Marepraiia. TeXHOIOTUsl PUTOTOBICHUS Ma-
tepuana CO momkHa 00eCIIeYnTh OMHOPOIHOCTE €ro cocTaBa. OMHOPOAHOCTH TOMOTE-
HU3UPOBAHHOTO MaTepHalia SKCIIEPUMEHTAITLHO UCCIIENYIOT U OLICHUBAIOT C TEM, YTOOBI
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Obl1a yBEpEHHOCTb B TOM, YTO arTecTyemas xapakrepuctuka CO nMeeT ofIrHAKOBOE
3Ha4YeHHUE B JIIO0OW YacTH MaTepraja WM ero BapHallu He MPEeBOCXOIAT HEKOTOPOTo
3alaHHOTO YPOBHSI.

IIponenypa roMmoreHM3aMyu UCXOAHOTO MaTepHalna He MO3BOJIET JOCTUYb IIPEeHe-
OpeXKMMO MaJsIbIX BapHalli 3HAYCHUS aTTECTYEeMOH XapaKTEepUCTUKHU 10 BCEMy 00be-
MY, IO3TOMY B YHCJIO METPOJIOTHYECKUX XapakTepucTUK CO BKIIOYAIOT MOTPEIIHOCTh
HeopHopoaHoctu S, [10-12]. AIropuTMbl OLEHUBAHKS STOM IIOTPEIIHOCTH PETTIAMEH-
tupytorcs [OCT 8.531-2002 «['CH. CrangapTHbie 00pa3iibl COCTaBa MOHOJIMTHBIX U
IACTIEPCHBIX MaTepraoB. CIocoObl OIEHUBAHUS OMHOPOTHOCTH». OIIEHKY OTHOPOI-
Hoctd CO MpOBOZAT MOCIIE JOCTHXKEHHSI HEOOXOANMOTO IPaHyJIOMETPHUECKOTO COCTa-
Ba TOMOT€HHOTO MaTepHaja CTaHJapTHOTO 00pasia.

MeTononorusi ucciaeqoBaHus. /11 SKCIEpUMEHTaIbHON OLIEHKH OJHOPOAHOCTH
HCIOJIb3YIOT METOAUKU U3MEPEHUM C YCTaHOBICHHON XapaKTEPUCTUKOM MOIPEITHOCTH
SMBH, npu 3TOM cucTeMaTnyeckasi MOTPelrHOCTh JOKHA OCTaBaThCs MOCTOSHHOMN
WIN U3MEHATHCS 32 BpeMsI IPOBEACHUS U3MEPEHUM IPEHEeOPEKUMO MaJIO 110 OTHOILIE-
HUIO K CIIy4ailHOM NOTPEIIHOCTH.

40

w
(=]

20

YcranoBneHHblit Hopmatus 0,33 P
10

OTHOCUTENBHAs TOTPEIHOCTE P, %

Maccosas J0JIA 30J10Ta A, /T

Puc. 1. 3aBuCHMOCTD JOMYCTUMOM OTHOCHUTEIBHOH MTOTPEITHOCTH PE3Y/IBTaTOB aHAJIH-

3a OT MacCOBOM JIOJIH JUIS Py ¢ TOHKOAMCIEPCHBIM 30JI0TOM (KpyIHOCTEIO 10 0,1 MM)

Fig. 1. Dependence between the margin of the relative analytical error and
the mass share for the ore with finely dispersed gold (up to 0.1 mm)

[MorpemHocts HEomgHOPOMHOCTH Marepuaia CO OLEHHBAIOT CIIOCOOOM, OCHOBAH-
HbBIM Ha MHOTI'OKPATHBIX H3MEPCHHUAX COACPKaHUA aTTECTyEMOI'0 KOMIIOHCHTA B HE-
CKOJIBKHX TIpo0ax, 0TOOpaHHBIX CIy9alHBIM 00pa3oM oT Bcero marepuana CO, ¢ mo-
crenymoieit 00paboTkoiil pesynpraroB m3mepenuit. OT Bcelr Mmacchl Matepuana CO ms
OLICHMBAHMS OJHOPOJAHOCTH CITy4aiHbIM 00pasoM oTbuparor N npod maccoit M, kax-
nast. OTO6op mpob MPOBOJAT MOCIIE MPUTOTOBIICHUSI U TOMOreHn3auuu Marepuana CO.
Macca kaxioii mpoObI M, nomxuna OBITh JOCTATOYHOM JJIsi IPOBEACHUS B COOTBET-
CTBHH C IPUMEHIEMOMN METOIUKOM N3MepeHHiH (PUKCUPOBAHHOTO YHCIIa U3MEPECHUH J.

B coorBerctBrm ¢ OCT 41-08-268-04 « CranmapT oTpaciu. YipapieHHE Ka9eCTBOM
aHAUTUYECKUX paboT. OTpacieBble CTaHIAPTHBIE 00Pa3Ibl JIEMEHTHOTO COCTaBa
TBEPJIBIX HETOPIOYHX ITOJIE3HBIX MCKOIMAeMbIX U TOPHBIX Topoi. Pa3pabotka, aTTecra-
usl, yTBep kaeHre (Ipu3HaHue), perucTpanys, BEITyCK, IPUMEHEHNE) OTPEUTHOCTD
HEOJHOPOAHOCTH (3HaYEHHE MOTPEHOCTH 0T HeonHopoaHocTH CO) He NOoKHA Mpe-
BBIIIATh YCTAHOBIEHHOTO HopMaruBa (puc. 1) — 0,33 momycTrMoro cpeaHero KBaapa-
TUYECKOTO OTKJIOHCHHUSI G, WM OTHOCHTEIBHOM MOTPEUIHOCTH P pe3y/IbTaToB aHaju-
3a, BbINoJiHsieMoro merojamu 11 kateropuu TOUHOCTH.
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[MorpemHOCT HEOAHOPOAHOCTH OLICHUBAIOT 110 CXeME OIHO(aKTOPHOTO TUCTIePCH-
OHHOTO aHanu3a. L{enblo IMCIIepCHOHHOTO aHaIH3a SBISIETCS PA3NIOKEHUE CYMMAapHO
JUCTIEPCUH Ha COCTABIISIONINE: AUCIIEPCHIO, 00yCIOBIEHHYIO TEXHUKOH IKCTIEPIMEHTa
(mucniepcnto, XapaKTepHU3YIOIIYIO CTETIEHb OIM30CTH PE3YIIbTaTOB aHAIIN3A APYT K APY-
Ty) ¥ TUCTIEPCUIO, BBI3BAHHYIO IEHCTBUEM M3ydaeMoro (hakropa (IUCTIEPCHIO HEOTHO-
POIHOCTH MaTepHana).

Pe3ynbTarel nccienoBanus. PaccMoTpuM pe3ynbsTaThl OLIEHKH MOTPEIHOCTE! He-
OJTHOPOJTHOCTH MaTepHaja MsATH CTaHJIAPTHBIX 00pa3lloB COCTaBa 30JI0TOCOCPIKAIINX
pyxa o Metoauke, coctaBiaeHHon Ha ocHOBe [OCT 8.531-2002 «I"CH. CraHmapTHEBIE
00pasIipl cocTaBa MOHOJMTHBIX W JUCHEPCHBIX MaTepuanoB. CriocoObl OIIEHWBaHUS
OIHOPOTHOCTH.

Heo0xomumoe konnvecTBO MaTepraia KaXaI0ro CTaHJapTHOTO oOpasiia omnpeness-
JH CIEAYIOIINM:

— YHCJIOM 3K3eMITISIPOB paszpadareiBaemoro CO;

— 9HCI0M P00, HEOOXOMUMBIX TSl HCCIIEOBaHUS OTHOPOIHOCTH;

— 9UCIIOM TIPO0, HEOOXOTUMBIX JJIs1 YCTAaHOBJICHHS 3HAUYEHHS aTTeCTyeMOM XapaKTe-
puctuxu Matepuana CO;

— KOJIMYECTBOM Marepuaja, HeoOXOAUMOTO JUISl OJJHOTO U3MEPEHHSI.

Ta6auua 1. Pe3ybTaThl 3KCIEPUMEHTAIBHBIX HCCIeI0BAHUI 0JHOPOAHOCTH MaTepHuaJia
CTAHJAPTHBIX 00Pa3L0B

Table 1. The data of the experimental resear ch on the homogeneity of reference materials

Home MaccoBas UYucrno onpeene- OKCHEepUMEHTAIBbHOE 3Ha- OTHOCHUTENbHAS T10-
co P JI0JIs 30J10Ta HHiT (pe3yIbTaToB YEHHE [OTPEIIHOCTH HEO/I- IPEIIHOCTD HEOHO-
o, T/T ananuza) N x J HOPOAHOCTH Sy, T/T poxHoctH Py, %

1 0,85 31x2 0,033 7,8

2 12,70 31x2 0,195 3,0

3 0,55 20x4 0,005 1,8

4 1,64 20x4 0,043 52

5 6,20 20x4 0,116 3,7

Py = (2S4/0)100 %.

Marepuan cTaHIapTHRIX 00pa3oB OBLI MPOCYIIICH U U3MEEICH Ha 000PYyI0BaHUN
Rocklabs, npu 3TOM JOCTUTHYT rpaHyJIOMETPHYECKUI cOcTaB, IPU KOTopoM 95 % mac-
cbl IpoObI UMeeT pasmep 3epeH menee 0,074 mm, a 100 % maccer — menee 0,100 Mm.
Marepuan roMOreHu3upoBaH (yCpeaHEeH) Ha CIeUaTIbHOM 000pyIOBaHUN — CMECUTE-
JIe-TOMOTCHHU3aTOPE C MOCJIEAYIOIUM KBAPTOBAHUEM U OTOOPOM IPOO ISl HCCIIEN0Ba-
HUSI OJHOPOJHOCTH Marepuana. Pe3ynbTaTel SKCIIEpUMEHTAIbHBIX HCCIIEAOBAHUI Of-
HOPOJHOCTH MaTepuaja CTaHAapTHBIX 00pa3I0B MpeICTaBIEHBI B Ta0M. 1.

Ha puc. 2 xBagpaTaMu OTMEUEHBI IOTPEITHOCTH HEOAHOPOJHOCTH IISATH CTAaHAAPT-
HBIX 00pa31oB B CPaBHEHUH C YCTaHOBJICHHBIMH HOPMaTHBaMU — OTIOPHON 3aBUCHMO-
CTBI0. Bce Touku 0TCTOST AajeKo OT OMOPHON 3aBUCUMOCTH JJIsl BCEX MAaCCOBBIX A0JIEH
30JI0Ta, IPH HTOM HOITYyYEHBI IIOTPEIHOCTH HeopHopoaHocTy Mernee 10 %.

OOcy:xaeHue pe3yabTaToB Hccaed0BaHMA. Buanum, 4To 3KCIIEPUMEHT HaeT pe-
3yJBTATHl, PE3KO OTIIMYAIONINECS OT HOPMAaTHUBHBIX, IPHYEM JIJIsl POO C MaJIOH Macco-
BOI1 107I€i 30710Ta MOTy4eHbl BECbMa MaJlble OTHOCUTENbHBIE IOTPELTHOCTH.

[t oObsiIcCHEHHs 3TOTO pe3ylibTaTa PacCMOTPUM cxeMmy dKkcrepuMeHta. OT Bcei
Macchl MaTepuaia KaXkJoTO CTaHIapTHOro oOpasma orbupaercs N mpoO maccoit
M, =200 r. Ot npoOsI Maccoii M, orOupaercs J HaBecok Maccoi M, = 50 1, Ha KOTOPBIX
BBITIONHAETCS aHanu3 (puc. 3). JlaHHBIN BapHaHT dKCIIEPUMEHTA MIPUBOAUT K JAPYTOi
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CXEME OIpeACJICHNA IMOTPCIIHOCTHU HEOAHOPOAHOCTU HABECOK, 4 UMCHHO: B PACUCTHYIO
(I)OpMyJ'Iy OLCHKHU MOTIpCHIHOCTU HEOAHOPOAHOCTU HeO6XOI[I/IMO BKJIFOYUTH IMOT'PCII-
HOCTb HCOAHOPOAHOCTU HABECKU ]‘41 =50 I, TaK KaK 3Ta NOTPEIIHOCThb 6y)leT /:[06313—
JIATBCA K MOTpCIIHOCTHU METOAUKHU I/IBMepCHI/Iﬁ SMBI/I‘

45

&

w
(&3]

w
o

N
6]

N
o

OnopHasi 3aBUCUMOCTb

=
&)]

—
o

OrHocuTenbHast IorperHocts P, %

Maccosas J10JIA 30J10TA O, /T

Puc. 2. TlorpemHocTy HEOJHOPOAHOCTH CTAaHIAPTHBIX OOpasLOB B CPaBHEHUH
C YCTAQHOBJICHHBIM HOPMAaTUBOM — OIIOPHOI 3aBHCUMOCTBIO
Fig. 2. Inhomogeneity errors of reference materials as compared to the established
standards — reference dependence

TakuMm 00pa3oM, B cXeMe€ IKCIIEPUMEHTa MOSBUIOCH JBa BHAa HABECOK: OIHA Ha-

Becka Maccoit M\, = 200 r, mpyras — maccoit M, = 50 1, a pe3yasTar SKCIepUMEHTa Sf
2 2 2

OyZeT BKIIFOUATh TPH TIOTPEITHOCTH SiMO v S 1 Sy » HO Syjpy; HEIb3sI paccuuTaTh

OTIENbHO, OHA PACCYMTHIBAETCS TOJIBKO BMECTE C MOTPENIHOCTHI0 0TOOpa HABECKH

S, To hopmyre:

2

2Ml + 33131/1 = ii(ug/ _ai) (N(‘] - 1))’

2
a UCKOMoOe 3HauyeHne S Oyner SiMO ,T. €.

SEIMO = Sf _((SSIM] + S\ZABI/I)/‘])'

OTO 3HAYUT, YTO JEKIAPUPYEMBIE PE3YIIBTAThl OTHOCATCA K MOTPENIHOCTH HEOIHO-
poaHocTH HaBecok Maccoil 200 I, cMEmIaHHBIM C MOTPEHIHOCTIMH HEOIHOPOJHOCTH
HaBecok Maccol 50 . CTeneHb cMeNIeHHs 3aBUCUT OT YKClla MapauleIbHbIX OIpeaesie-
Huil J.

IIepecunTaem nomydeHHbIE TOTPEITHOCTH. Jlucniepcns MOrpeHOCTH HABECOK Mac-
coit 50 r B coorBercTBuM ¢ I'OCT 8.531-2002 «["CH. CranzapTHbie 00pa3ibl cocTaBa
MOHOJIUTHBIX M JIUCIEPCHBIX MarepuayioB. CriocoObl OLIEHUBAHUS OZHOPOIHOCTHY,
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B KOTOPOM MPEAYCMOTPEH MepecyeT TUCTIEPCUi Ha Pa3HbIe MACCHI, O0IbINE JUCTIEPCUH
norpenHocTy HaBecok Maccoi 200 r B 4 paza:

2 a2
Sﬂso = 434200-
Jucnepcrs NOrpelHoCTH HABECOK SﬁMI , OTOMPAaEMBIX OT MacCChl M, ipu oTHOIIIE-

Huu M, /M, = 4, Oyner Oonblle JUCIIEPCUM HABECOK SiMO B 3 pasza [3], Tak Kak
(1/M, — 1/M,) = 15 6onbme (1/M, — 1/00) = 5 B Tpu pasa. Torna npu npeHeOpeKUMO

MaJIoM %[BI/I CIIpaBCJIMBBI 1BA PABCHCTBA:

o = 5 - S

* J
1_, . 35,
= S TV
43{1\/11 o J
Otkyna
3l /1 1
SanzsnMo 3 /4+J’

Sion = 1828, pu J =2, S, = 1,878, ipu J = 4.

CrnenoBaresbHO, TOJNyYEHHbIE OLIEHKH OTHOCHUTENIFHON MOTPELIHOCTH HEOTHOPOI-
HOCTH CTaHAApPTHBIX 00pa3uos Py, cnenyer ysennuuts B 1,82-1,87 pasa, npunucel-
BaeMble Py, HaBeckam mMaccoi 50 1. HalinenHble TakuM 00pa3oM OTHOCHTEIBHBIE T10-
TPEITHOCTH HEOAHOPOAHOCTH P, ) TMOKa3aHbl Ha pHC. 2 B BHJAE MapKepOB-POMOOB.
MOKXHO BHIIETB, YTO yKE IPOSABIAETCS OINOPHAs 3aBUCHMMOCTb, HO 3HadeHus P, Bce
€I1e 3aHMKCHBI.

OCHOBHBIE IPUYHHBI 3aHWKEHUS IOIPEITHOCTH HEOIHOPOAHOCTH KPOIOTCS B CXEME
JUCTIEPCHOHHOIO aHANN3a, IPUBOIAIIEH K HEOOXOAUMOCTH MOMyUYEeHNsI KOHEYHOTO pe-
3yJbTaTa M0 Pa3HOCTH ITUCIIEPCUH, a TAKXKE K YCPEIHEHHUIO J Pe3ylIbTaTOB aHAIU30B.

ITpu ucnonap30BaHUK AUCIIEPCUOHHOTO aHaJIM3a HEOOX0MMO YUUTHIBATh €r0 IPHUH-
LUNHATbHBIE HEAOCTATKU:

— OOJBLIYIO OTPEHIHOCTD SKCIEPUMEHTAILHON OLleHKU auctiepcun. [lpu pacuere
OTHOCHUTENBFHOM MOIPEIIHOCTH SKCIIEPUMEHTAIIBHO HAHIEHHOTO CpeIHEKBaIpaTHYHO-
IO OTKIOHEHHUs aucnepcun Pg, %, MOXHO BHAETh, YTO IPH OOBIYHO IPUHUMAEMOM
yucie npo6 20-30 norpemHocTs oTBeTa OyneT npumepHo 30 %, Ho naxxe npu 100 mpo-
0ax oHa octaeTcs Ha ypoBHe 15 %:

_ 200

P 1
s 2N -1

rac N —4aucno SKCIIEPUMEHTAJIBHBIX JaHHBIX;
— COMHUTCIIBHOCTh NPABHUJIBHOI'O OTBCTA IO Pa3HOCTHU I[PICHCpCPIﬁ. Paznocth JAnC-
HCpCI/Iﬁ ONpe€ACIAI0OT IO OCHOBHOMY YPaBHCHUIO JUCTIEPCUOHHOI'O aHaJIn3a; B JaHHOM

2
2 2
ciydae § = S — M; ecnu S, BeNHKO, aJ Mano, To S OyaeTr npenonpenensiTh-
J

Csl TIOTPEIHOCTAMM P M MOXKET OBITH MOIYYeH JF000H MPOU3BOJILHBIN PE3YIIBTAT.
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Tak kak B peaan3yeMoil cxeMe 3KCIIepHMEHTa BBIUMTAETCS BEIMYHHA, COU3MEPH-
Masc S

Sj —82—8’2'50 SI\ZABI/I

+
200 T Yo J '

TO IIAHCHI TIOJTYYUTh TIPOU3BOIILHBIE OTBETHI BEJIMKH, YTO ¥ HAOIMIONAETCS B JICHCTBH-
TEeTHLHOCTH (pHC. 2).
3ametum, uto ['OCT 8.531-2002 «I"CHU. CtangaptHbeie 00pa3ibl cOcTaBa MOHOIHUT-

HBIX U JUCHEPCHBIX MaTeprayioB. CIIocoObl OICHUBAHUSA OTHOPOTHOCTHY IMPEaycMa-

) 2
TPUBACT OAXKC CIIyHau MOJIYYCHUSA OTPULATCIBHOTO 3HAUCHUA $_| , UTO IMPOTUBOCCTC-
CTBCHHO, HO IIpH OOIBIINX MNOrpC€HIHOCTAX OMPCACIICHUA ,Z[I/ICHepCI/Iﬁ BO3MOXKHO.

TTocrymnaronue Ha

TIpo0Osr

aHaJIu3 HABECKU

o
M 11

M; o
Mo N
.

ML]

LH—o
Moz / a o

Macca
Marepuaa
CcO

Puc. 3. Cxema BBIIOJIHEHHS SKCIIEPUMEHTOB, Pealn3yeMast IPAKTUUECKH:
i=1,..Nj=1,...J
Fig. 3. Experimental scheme which is practically implemented:
i=1..,Nj=1..,3

H3meneHnue MeToANKH pacyeTa. Tak Kak pedsb HIeT 00 OHOM M TOM e ompodye-
MOM MaccHBe, TO cxema (OpMUPOBaHUS HaBecOK Mo 50 I He MMeeT 3Ha4YeHus, U 1Oo-
TPEIIHOCTh HEOIHOPOAHOCTH MOXKET OBITh Hal[ieHa [0 BCEMY MAacCHUBY Pe3YJIbTaTOB
aHaJIM30B B LEJIOM, T. €. U3 PACCMOTPEHHUS MOKHO UCKITFOUUTh S, .

B uenoM no s3xkcnepuMeHTy MOIy4YeHbl pe3yabTaThl aHanu30B 80 uiu 62 napaienb-
HBIX HaBeCOK Maccoil 50 . DTo yke 10CTaTOUYHO OOJIBIIOE YUCIIO MapajlIe/IbHBIX aHa-
JIU30B, KOIA MOSABJIAIOTCA U PEAKUE OONBIIME OTKIOHEHUS OT CPEIHETro o, M O .
OTO 3HAYUT, YTO MOTPELIHOCTH HEOXHOPOAHOCTH HABECOK Maccoi 50 r MOXHO MOJy-
YHUTh 110 (popMyIie, SKBUBAJIICHTHON (OpMyJIe pacueTa AUCIEPCH 10 OOJIBIIOMY YUCITY
PEe3yJIBTaTOB aHANN3A!

= Qe = Oin
Sy VR

®dopmyna nprMeHUMa B MPENIONOKESHUN, YTO SKCIEPUMEHTAIBHBIE PE3yIBTaThI
THOINAJAI0T B MANa30H £25 , COOTBETCTBYIOMIMI 95 % BeposaTHOCTH. OqHAKO C YBEIHU-
YEHHEM YHCIIAa aHAIU30B BO3PACTAET BEPOATHOCTh BHIXOJA 3HAYEHMM o M O, 32
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npeaessl 3Toro AuanasoHa. [loatomy mpuMepHo 5 % pe3ynbraroB aHaju3a ciegyeT
UCKIIIOYaTh U3 paccMoTpenus. s coBokymHoctu 40—-60 aHann30B clenyeT MCKIIo-
4yaTh 2 pe3yabrara IO OIHOMY HauOONbLIEMy W HAaUMEHBIIEMY, JUIS COBOKYIHOCTH
60-100 crnemyer uckmodaTh 4 pesynbTara MO JABa HAWOONBIIMX M HAaUMCEHBIIHX.
B 1abn. 2 npeacraBieHs! pe3yabTaThl OLCHKH OTHOCHTENLHON NOTPEIIHOCTH HEOTHO-
POAHOCTH MO pe3yibTaTaM aHaln3a AJsl HaBeCOK Maccoi S0 T.

Ta6auna 2. OueHKa 0THOCHTEIbHON MOTPEeIIHOCTH HEOTHOPOJAHOCTH MO Pe3yJIbTATAM aHAJM3A /s
HaBecok Maccoii 50 r

Table 2. Estimation of relative error of inhomogeneity according to the results of 50 g sample

weightsanalysis
H Yucio pe- MaccoBas MaccoBsie P 3HaueHue 1o- OTHOCHUTENIBHAS

ocng)ep 3yJIbTaTOB JI0JIs1 30J10Ta | JI0JIH 30JI0Ta a31/vlax, IPELIHOCTH HEO/I- HOTPELIHOCTh HEO/I-
anaymsa N x J o, I/T Olmax—Olmin, T/T T HOPOJHOCTU Sy, T/T | HOpoAHOCTH Phso, %0

1 62 0,85 1,42-0,68 0,74 0,185 43,5

2 62 12,70 13,4-12,0 1,40 0,350 55

3 80 0,55 0,71-0,48 0,23 0,058 21,1

4 80 1,64 1,80-1,28 0,52 0,130 15,8

5 80 6,20 6,90-5,30 1,60 0,400 12,9

ITomydeHHBIE OIIEHKH OTHOCHTENIbHBIX OTPEITHOCTEH HEOMHOPOTHOCTH MTOKA3aHBI
Ha puc. 2 B BUJIE TPEYTOJIbHBIX MapKepOB. Pe3ynbTaThl He JiekaT Ha OMOPHON KPUBOIA,
a TIPEBHIIIAIOT €€ B CBSA3U C MOTPEUTHOCTSAMH, CBSI3aHHBIMHU C KPYIMHOCTHIO MaTepraa.
C wucnonp30BaHWEM 3aBHCHMOCTH ITOTPEITHOCTH HEOJAHOPOTHOCTH OT KPYIMHOCTH
gactuil d [13]

S =kd®

Y YCTaHOBJIEHHOTO HOPMAaTHBa OJJHOPOAHOCTH I MaTepraja ¢ TOHKOJUCTIEPCHBIM 30-
noToM (KpynHocThio 10 0,1 MM) paccunTana KpyIHOCTb YacTHIl, 10 KOTOPOH HeoOXo-
JUMO M3MENBUaTh MaTepuall CTaHAapPTHBIX 00pa3noB. KpymHocTs yacTuil cocTaBuia
0,050 mm.

BbiBoABI. DKCNIEPUMEHTAIBHO YCTAHOBIEHO, YTO OIEHKA MOTPEUTHOCTH HEOIHO-
POAHOCTH Marepuaia CTaHJAPTHBIX 00pa3lOB COCTaBa 30JI0TOCOACPIKAIIUX PYI HpH
npunsroii o FOCT 8.531-2002 «I'CH. CrangapTHbie 00pa3iibl COCTaBa MOHOJIUTHBIX
U JUCTIEPCHBIX MaTepranoB. CriocoObI OLIEHUBAHUS OJHOPOJHOCTH» TI0 CXEME AUCIIEp-
CHOHHOTO aHaJIN3a MPUBOAMT K MTOTyUEHHIO BEJIHYMH MTOTPEITHOCTEH HEOTHOPOIHOCTH
HIJKE YCTAHOBJIEHHOTO HOPMAaTHBA OJJHOPOJHOCTH MaTepualla CTaHIapTHBIX 00pa3IloB.

s mpaBUIIBHOTO pacdeTa MOTPEelIHOCTH HEOAHOPOIHOCTH IIPH NMPHUHATON cxeme
SKCIEpPUMEHTa HEeOOX0IUM MepecyeT BEeTUYMHBI MOTPEIIHOCTH C YYETOM IOTPEIIHO-
CTell HEOTHOPOMHOCTH HaBECOK Maccor 50 T WM pacdyeT MOTPEIIHOCTH HEOTHOPOI-
HOCTH TI0 BCEMY MAacCCHUBY IOJIYYCHHBIX pe3ylbTaToB aHanusa (N x J).

['panynomeTpuuecKkuii cOCTaB Marepuaa CTaHAapTHRIX 00pa3IoB COCTaBa 30J10TO-
coziepxatux pya, npu koropoM 100 % maccel umeet pasmep 3epeH menee 0,050 MM,
JaeT BO3MO)KHOCTh MOJYYHUTHh BEJIWYHHBI MOTPEIIHOCTEH HEOTHOPOAHOCTH, MaKCH-
MaJIbHO TIPUOIMKEHHBIE K YCTAHOBJICHHBIM HOPMaTHBaM.
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Measuring errors in the compositional reference materials of gold ore

Ekaterina V. Stupakova!
rkutsk research institute of precious and rare metals and diamonds, Irkutsk, Russia.

Abstract
Introduction. Compositional reference materials (RM) of ore and ore products have to comply with the
homogeneity of the material. The technology of preparing RM has to ensure the homogeneity of its
composition. The homogeneity of the homogenized material is experimentally tested and assessed to be
sure that the RM characteristic being certified has similar value in any part of the material or its variation
and does not exceed a preset level.
Research methodology. RM inhomogeneity errors are assessed with a method based on multiple measuring
of the certified component value in several samples randomly collected from the entire RM with further
processing of the measured values. For random evaluation of homogeneity, N number of samples with M,,
mass each is collected from the entire RM. Samples are collected after RM is prepared and homogenized.
Mass M, of each sample has to be sufficient to fulfill the specified number of measurements J in accordance
with the applied method.
Research results. It has been experimentally proven that the evaluation of inhomogeneity error in
compositional reference materials of gold ore in accordance with the layout of the analysis of variance
accepted in GOST 8.531-2002 “State system for ensuring the uniformity of measurements. Reference
materials of composition of solid and disperse materials. Ways of homogeneity assessment” results in
obtaining inhomogeneity error values which are lower than those of the established homogeneity standard
for reference materials. In order to correctly evaluate the inhomogeneity error in accordance with the
accepted experimental layout it is necessary to estimate the value of error again taking into account the
inhomogeneity errors in 50 g sample weights or estimate the inhomogeneity error in the entire array of the
obtained analysis data (N x J). Granulometric composition of the certified reference materials of gold ore,
the utter mass having the size of grains less than 0.050 mm, allows to obtain the values of inhomogeneity
errors which are as close as possible to the established standards.

Key words: reference material; homogeneity of reference material; inhomogeneity error.
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Mepcnektusbl ucnonb3osanus Acidithiobacillus ferrooxidans
B OMOBbILLENIaYMBAHUM METANIIOB U3 OTXOAOB NPOU3BOACTBA

LWaunxosa . P.!
" MHeTuTyT ropHoro aena YpO PAH, r. Exatepun6ypr, Poccus
*e-mail: darya.boo@mail.ru

Pegpepam
Beeoenue. Cnusicenue xauecmea MUHEpanbHo20 colpbsl U NpoOIeMbl IKON02UYECKOU De30nACHOCU aK-
Myanusupyiom pazeumue mextHoio2uy OUoI02ULecKo20 6blelauUBanus, 20e KIo4e8biM MUKPOOP2AHU3-
mom sagnaemces Acidithiobacillus ferrooxidans.
Memooonozua. Ananusz 6uomexuonoeuil nepepadomru 6e0H020 U MpyOH00602AMUMO20 MUHEPATLHO2O
chipbA.
buonozuueckan xapakmepucmuxa Acidithiobacillus ferrooxidans. /[annviii Mukpoopeanusm — epamo-
MpUYamenvuvlil, XeMoasmompopHulil, ayudopuisbHslil aspob, komoputil pacmem npu 1,0—4,5 pH u wiu-
poxom ouanasone memnepamyp. A. ferrooxidans sagniemcsa 06veKmMoM MHOUX UCCTIE008aHULL, AK, He-
0a8HO OblLIU OMKPLIMbL MACHUMOCOMbL, 4 MAKIICE NOIHOCMbIO NPOCEKEEHUPOBAHO &8 UIMAMMOS.
A. ferrooxidans ucnonvzyem Fe’* u S 6 kauecmee 0onopog snexkmponos, a 02, S unu Fe 3" — ¢ kaue-
cmee aKyenmopos 21eKmpoHO8.
Mexanusmol u mexnonozuu duosviujenavusanus. Bosmooicnvie mexanuszmol 6uOBbIYENAUUBAHUS CYlb-
@uonvix pyo npedcmasnsiiom coboii 601bul0l unmepec 07 UCCIe008aAHUs, MAK KAK HA OAHHbIL MOMEHM
cywecmeyiom mpu pasHOCUbHbIE MeoPUull: KOHMAKMHbLU, 6eCKOHMAKMHbIN U KOONEPaAMUGHbIlL Mexa-
HU3MbL. B npombluLientbix macuimabax pasiuyaiom KyyHoe, no03eMHoe U YaHo8oe OaKmepuaibHoe 6bi-
wenauusanue.
Ilepcnexmuesnsie nanpaenenus. Ha oannvliii Momenm oOHO U3 nepCneKmugHbIX HANPasIeHull uccieoo-
6aHusl — nomenyuaibHoe npumenenue A. ferrooxidans ons nepepabomku Memanios uz Oblmosvx om-
X00086. Taxoice uzyuaemcs: yCmouuugoCms UWMammos K msdicelblM Memaiiam, npodiemvl IKoiocude-
cKoll be3onachocmu npu 000viye U nepepadomre MUHepPaIbHO20 cuipbsa u Op. Takoce onyOonIUKO8aHbI
MemoouuecKue pekoMeHOayul K Rpo8eoeHuI0 MOLEKYIAPHO-2CHEMUYeCKUX UCCe008aANHULL.
Obnacms npumenenus pesynomamos. llpumenenue 6uoceomexHoro2ull NO360IUM 8081e4b 6 nepepa-
b6omky b6edHoe u mpyoH00O02aMuUMoe MUHEPATILHOE CbIPbe, NOBbICUMb IPHEKMUBHOCHb U3BTeUeHs
NONE3HbIX KOMROHEHMO8, A MAKdIce 00ecneuums OXpany OKpyscaioueil cpeobl.

Knroueevte cnosa: 6uosviyenauusanue; Acidithiobacillus ferrooxidans; muxpoopzanuszmol; 2udpo-
Memannypeus; OuomexHonouu.

Beenenue. [Ipo6iema skosoruueckoit 0€30MacHOCTH NMPH A0ObIUE U MepepadoTKe
MOJIE3HBIX NCKOIIAEMBIX SIBIIIETCSI KIIFOYEBOH HE TONBKO B Poccun, HO 1 Bo BceM mupe [ 1].
CHmkeHHe KauyecTBa nepepadbaTbIBAEMOro NPOMBILIIICHHOCThIO MUHEPAILHOTO CHIPhS,
a Taxke 0Opa3oBaHHE OOJIBIIOTO KOJIWYECTBA OTXOI0B, Pa3MEIICHHBIX B BU/IE OTBAJIOB
WJIN XBOCTOXPaHUJIHIL, 00YyCJIaBIMBAIOT Pa3BUTUE TAKOH TEXHOJIOTHH, KaK OHosIornye-
CKO€ BbllIeNauynBanue. Vcrnonp30BaHe MUKPOOPTaHU3MOB B H3BJICUEHHH METAJUIOB
o0ecreunBaeT KaK OXpaHy OKpy Karoleil cpenbl, Tak 1 3)(HEeKTUBHYIO JOObIUY LICHHBIX
3JIEMEHTOB U3 YHOPHBIX MM OCIHBIX PYI.

N3BecTHO, YTO KITI0OYEBBIM MUKPOOPIaHU3MOM B IIpoLiecce OMOBBILIETaYNBAHUS SIB-
nsiercs Acidithiobacillus ferrooxidans, kKoTopslii 00yClIaBIMBaeT HHTEHCUBHOE OKHCIIE-
HHE MOHOB JIBYXBAJEHTHOTI'O XeJie3a B TPEXBAaJICHTHOE COCTOSIHUE.

Buonornueckas XapaKTEePHCTUKA Acidithiobacillus ferrooxidans.
Acidithiobacillus ferrooxidans (A. ferrooxidans) — rpaMOTpHULIATENFHBINA, XEMOABTO-
TpodHBIHA, atmnoduIbHBINA a3po6 [2], ObuT BriepBhIe BhineneH Konvepom n XuHKIOM
B 1947 r. u3 npeHaxa KucnbIx maxrt [3].
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JaHHbIlf MUKpPOOPTaHU3M OOBIYHO pacTeT B AuanasoHe pH = 1,0-4.5 (ontumym —
2,0) 1 B mupokoM nuanazone remneparyp — 1047 °C [4]. Taxke Kk HEMaTOBa)KHBIM
(hakTopam, BIUSIOMIUM Ha POCT A. ferrooxidans, MOXXHO OTHECTH KOHIIEHTPALHIO HO-
HOoB Fe, BoccTaHOBNEHHOHM S U TUTP xyopua Hatpus [5]. PasHuina Mexy ontumans-
HBIMH 3HaUeHUAMU pH A7 pa3HbIX IITaMMOB CBsI3aHa CO CIIEIM(UIECKON CTPYKTYpOit
Y TIPOHUIIAEMOCTBIO MIOBEPXHOCTHU KJIETOUHOUW MeMOpaHsI [6].

HenaBHo oOHapy>KeHHbIC MATHUTHBIC JKEJIE30COIEPIKAINE HAHOKPUCTAIITUIECKIE
MarHeTUTHl, KOTOpBIE CBA3aHBI C MEMOPAaHOH KJIETKH, — MarHUTOCOMBI IPOHILTIOCTPH-
poBaHbl Ha puc. 1. MI3BeCTHO, UTO OHU CHHTE3HUPYIOTCS B A. ferrooxidans mytem mo-
TJIOIICHHMS KeJIe3a U SBJISIOTCS NCTOYHUKOM CIIa00T0 MarHuToTakcuca 4. ferrooxidans,
a TaKKe MOTYT CIIY>)KHUTh MECTaMH XpaHEHUs U JETOKCUKAIUK xkene3a [7].

Puc. 1. Dnekrponnas MukpodoTorpadus
A. ferrooxidans. Ctpenkamu 0003Ha4CHBI MarHU-
TOCOMBI [8]

Fig. 1. Electron microscope photography of
A. ferrooxidans. Arrows indicate magnetosomes [8]

HecMotps Ha TO 4TO MHOTHE MITAaMMBI A. ferrooxidans UMEIOT CXOMHbIC (PEHOTHUIIH-
YECKHE XapaKTEePUCTHUKH, CYIIECTBYIOT 3HaUnTeIbHbIe pa3nuuus B ux JJHK u mocneno-
BaTenpHOCTAX reHoB 16S pPHK.

Ha ngannbiit MomenT nomydeno 6onee 500 uzonaro A. ferrooxidans, u TOIBKO BO-
CeMb MTaMMOB A. ferrooxidans ObUIM CEKBEHUPOBAHBI C MIOMOIIBIO MOJHOTCHOMHOTO
cekBeHupoBaHus [9].

A. ferrooxidans MOXET UCIIOIB30BATh MHOXKECTBO JOHOPOB AJICKTPOHOB, BKITOYAS
Fe?*, S° u BoccTaHOBIICHHBIE HEOPTAaHUYECKHE COEAUHEHUS cepbl, a Takxke O2, SO wu
Fe3" B kauecTBe akuenropa 31ekTpoHos [10].

Taxoke u3BecTHO, UTO A. ferrooxidans cnocOOCH UCTIONB30BATh ICKTPUICCKUI TOK
B KAa4eCTBE E€IMHCTBEHHOTO HCTOYHMKA 3Heprum s abixanus [11]. Kpome Toro,
A. ferrooxidans MOXeT MOJTy4aTh SJHSPTHUIO ISl POCTA MOCPEACTBOM OKHCICHHS MOJIHO-
JleHa ¥ YeThIpeXBaJeHTHOro ypana [12, 13].

Januplii Mukpoopranusm ucnonbsyerT CO, B Ka4eCTBE €MHCTBEHHOTO MCTOYHUKA
yraepoja, mpoiecc GpUKcauyd KOTOPOro 3aBUCHT OT okucieHus Fe?*, S u BoccraHoB-
JICHHBIX COCJTMHCHHMIA CEPBI, TAK KaK Oyarofapsi 3TUM MPOoIeccaM MPOUCXOAUT TOTyde-
HUE YHEPTUH.

B nponecce oxucnenus Fe?* Gomnpmias 4acTs 3MeKTpOHOB niepeHocutcs Ha O, BIIOTb
rpaaueHTa MOTCHI[UAIA, B TO BPeMsI KaKk HEOOJIbIIIOE KOJMUSCTBO IEKTPOHOB Tiepea-
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eTcst 00paTHO Baoab rpaanenTa notenuuana. NAD(P)H, oOpasytomuiics B mocnenHem
IpoLECCE, YUaCTBYET B (pukcanuu u aspodHom meradbonusme CO, [3].

OxucieHne cepbl CBA3aHO C BBICOKMM OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIM ITOTEH-
LMAJIOM B LENH IEPEHOCA SIEKTPOHOB, 4TO BaxkHO 1714 puxcauuu CO, 4. ferrooxidans.
ITo cpaBHEHHIO ¢ cHCTEMO# OKUcIeHus Fe?" mpoliecc OKUCIIeHHUsI Cephl SBIsieTCst bomee
CIIO)KHBIM, U HCCIIEIOBAaHMS IO 3TON TEME MPOABUTAIOTCS JOCTATOYHO MEJIEHHO.

Ta6auua 1. BuoBbILIeIaYMBaHNE METAVIOB U3 HCTOYHUKOB ¢ nomouisio A. ferrooxidans[3]
Table 1. Bioleaching of metalswith the help of A. ferrooxidans[3]

Hcrounuk Tamm IIpoueHT u3BneyeHust pH T,°C KO;;‘;T)T p;;;ll/m
Jxapaeut LD-1 Cu 95,0 % 2,00 30 1,50
Bopuut LD-1 Cu 85,0 % 2,00 30 0
KommekcHast
Zn-Pb pyna - Zn51,0% 1,50 33 7,00
Cdanepur PTCC 1647 Zn 85,0 % 1,94 | 337 7,40
XBOCTEI - Mn 99,5 %; Zn 78,4 %; | 2,50 30 9,00

As>60%; Cu31,5%
HacpimHoit
KOHIICHTPAT SRDSM2 Zn 96,7 %; Cu72,2% | 1,80 32 7,30
Mennslit Gpnotanu-
OHHBII KOHIICHTPAT Tf-44 Ni 55,0%; Co64,0% | 2,30 30 7,30
Bennas ypanopas
pyaa — U 49,0 % 2,00 30 9,00
Peanbrap BYQ-12 As74,3% 1,74 30 3,68
TyromnaBkast
30510Tast pyaa HGM 5 As39,3% 1,50 | 30 9,00

MexaHu3Mbl H TEXHOJIOTHH OHOBBILIEIAYUBAHNA. A. ferrooxidans CUUTAETCsI Bax-
HBIM TIPEICTAaBUTENIEM OMOBBIIIEIAYNBAIONTNX OaKTEPHi, HCITONB3yEeMBIX I OMOXUMU-
YECKOTO BBIMIETAYMBAHUS B Ky9aX W OMOJIOTHIECKOTO BEIIIEIaunBaHus B yaHax [14].

Bo3MoxHbIE MEXaHI3MBI OMOBBIIIENIAYNBAHIS CYTb(QHUIHBIX PYI IPEACTABISIOT CO-
0oit OOMBIIOI WHTEpeC ISl UCCIENOBaHMs, TaK KaK Ha JAHHBI MOMEHT CYIIECTBYIOT
TPH PaBHOCHIIBHBIE TEOPHU: KOHTAKTHBIN, OECKOHTAKTHBIA M KOOTIEPATUBHBIA MeXa-
HU3MHI [15].

B Xoz1e KoHTaKTHOTO MeXaHU3Ma KIETKU A. ferrooxidans TPUKPETUISIOTCS K TIOBEPX-
HOCTH CYJIb()UIHBIX MHHEPAJIOB, B pE3yJibTaTe 4ero oOpa3yromuecs KOMILICKCHBIS
vonbl Fe*' HaunHaroT pasnarars Cylb(Gu] MeTasIa.

BecKOHTaKTHBIN MEXaHU3M MPEIOJIaraeT, 4To CBOOOAHbIE HOHBI Fe3', okucieHHbie
TUTAHKTOHHBIMH KJIETKaMUu A. ferrooxidans, arakyroT Cyab(pHUIbI METAJUIOB U BOCCTa-
HaBJIMBAKOTCS J10 HOHOB Fe?'.

KoormeparuBHOe BEITIETaYNBaHUE TIPEICTABISIET COOOH pacTBOPEHHE CYIb(hHIa M-
TaJula TMPUKPEIUICHHBIMU KIETKaMHu A. ferrooxidans Ha TIOBEPXHOCTH MHHEpajia U
TUTAHKTOHHBIMH OaKTEPHSMI, UTO 110 CYTH SBIISETCS KOMOMHANIEH KOHTaKTHOTO 1 Oec-
KOHTAKTHOTO BBITIeIaunBaHus [15].

HecMotpst Ha 0oJbIIOe KOJIMYECTBO CTaTel, MOCBAMIEHHBIX (yHIAMEHTAIHHBIM
acrmeKTaM, IMo/IaBystoliee OOJIBIIMHCTBO HCCIEIOBAHNN HANPABICHO HA W3yYeHHUE TI0-
TEHIMaNa IpuMeHeHus 4. ferrooxidans B OMOBBIIIEIaYNBAHUN METAJLIOB.

Tak OBLTO YCTaHOBIIEHO, UTO A. ferrooxidans MeeT MOTEHITHA TIPY BEIIIEIIAYUBAHUT
M/, TUHKA, HUKEJIS, YpaHa, MBIIIbIKA 1 KOOaJIbTa U3 HU3KOCOPTHEIX pyx (Taom. 1).
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VCTaHOBJICHO, YTO CKOPOCTH BBIIIEIAYMBaHKS METAJlIa CBSA3aHa CO CPOCTBOM MEX-
Iy KJeTkamu A. ferrooxidans n Munepanamu. A. ferrooxidans MoxeT u3Bnekars 95, 85,
54 n 18 % meau u3 mKapnenTa, OOPHHUTA, KOBEJUIUTA U MOPHUPUHOBOTO XaTbKOIUPHUTA
COOTBETCTBEHHO [16].

W3Bneuenue Meau U NUHKA A. ferrooxidans n3 NOIMMETAIUIMYECKOTO KOHIICHTpATa
OBUIO YCIICIIHO JJOCTUTHYTO B CHCTEME TIepronuieckoi oopadorku [17, 18].

Tabauna 2. BHeagpeHne TeXHOJ0rMH OHOBBINIEJIAYMBAHUSA B POU3BOACTBO [23]
Table 2. Bioleaching technology introduction into production [23]

MecTopoxeHue Tun Conepxanue Cu, % [pousBoncTBo, T/TO1
Duval (CIIIA) Kyunoe 0,15-0,20 2,5
Bluebird (CLIIA) Kyunoe 0,5 6,8
Kosaka (SInonmus) IMomzemHoOe 0,15-0,25 800,0
Rio Tinto (Mcmanusi) Kyunoe - 8,0
Cananea (Mexkcuka) Kyunoe/Tlonzemuoe - 9,0
St. Domingo (IToptyramms) Ionzemuoe - 670,0

AnantupoBanHblie A. ferrooxidans MoryT usBiekarh oonee 40,0 % HUKeNs U3 MEHT-
JaHAWTA U IPYTHX CYITHGHUI0B HAKEIS C TOMOIIBIO CUCTEMbl OMOJIOTHYECKOTO BhIIIETa-
YUBAHUS B Ky4ax win 4aHax [19]. A. ferrooxidans moxer Boienaunsarh 98,0 u 96,8 %
ypaHa U3 UCTIAaHCKO# ypaHOBOM PYIIbI M TPaHUT-TIOpGHpa cooTBeTCTBEHHO [20, 21].

HccnenoBanust ObIIHM MPOBE/ICHBI B JTA0OPATOPHBIX YCIOBHSIX — B KoJOax mubo Ma-
T000BEMHBIX (DepMEHTEPaX, B MPOMBINIIEHHBIX JK€ MacliTadax pa3indaroT KyJHOe,
MOJI3eMHOE Y YaHOBOE DaKTepHaNbHOE BHIIIETadNBaHIE.

Taomuua 3. BuoBblleja4nBaHue U3 0TX0/I0B ¢ momouisio A. ferrooxidans [3]
Table 3. Bioleaching from wastes with the help of A. ferrooxidans[3]

OT1X0/BI Texmuka IItamm IIpoueHT u3BedeHus
HU3BJICUCHUA

IleyaTHas miara Konba Z1 Cu 92,6 %; Al 85,2 %;
Zn 95,2 %

[NevaTHas miara depmenTep JSTU-02 Cu94,1%

Barapes tabGneTouHoro Tumna Konba BCRC 13820 AQg 98,0 %

Hcnons30BaHHbIE OBITOBBIE Koiba PTCC 1647 Ni 87,0 %; Cd 67,0 %;

Garapeu Co093,7%

Hcronb30BaHHBIN 2IEKTPH- Ddepmenrep - Cu>90,0%

yecKuil Kabelb

OcagoK CTOYHBIX BOJ Koiba PTCC 1646 Cd 71,9 %; Mn 92,5 %;
Zn 89,1 %

Kex Konba PTCC 1626 Cr 55,6 %; Ni 58,2 %

3arpsi3HEHHAs PTYTHIO MTOYBA Konba SUG 2-2 Hg 92,0 %

Ilenien teriosnexTpocTaHUUR Koiba PTCC 1626 Cu 87 %; Ni 86,0 %;
V 82,0%

Ky‘lHOMy BBIIIICIAYMBAHUTO O0OBIYHO NOABCPraroT CTAPLIC OTBAJIbI MJIM BHOBb CKJIA-
AUPYCMBbIC 3a0a1aHCOBEIC PYyAbl, IIpU TOA3CMHOM BBIIICIIAYNBAHUY BBIINICIa9MBAIOINC
PaCTBOPLI U€PE3 CKBAKUHBI 3aKa9YMBAIOTCA B pyAHOC TECJIO U, HpOﬁHH 4Yepe3 HEro, Io-
JAAal0TCA HAa TIOBEPXHOCTh. YanoBoe 6aKT€pI/IaJ'IBHOG BBIIIICIAYMBAHUC 3(1)(1)CKTI/IBHO mnpu-
MCHACTCA IIpU nepepa60TKe pr}lHOO6OFaTI/IMLIX OPOAYKTOB U KOHLICHTPATOB, IJIA UX
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OYHMCTKM OT BpPEIHBIX NMpPHUMEceH, BCKPHITHS TOHKOBKPAIJICHHOTO 30JI0Ta U cepedpa,
CEJIEKTUBHOTO M3BJICUCHUS METAIUIOB U3 CyNb()UAHBIX KOHIIEHTPATOB.

KyuHoe BblmenauynBanue Meau W ypana mupoko npumensiercs B CILIA, ctpanax
Adpuku, Asctpanuu, Ucnanuy, a takxe Yunu [22]. B Tabn. 2 npuBeneHsl npuMepsl
MPOM3BOAICTB, UCIONB3YIOINX TEXHOIOTHIO OHOoBbIIIenaunBanusi. Kpome Toro, mupo-
KOE€ paclpocTpaHeHre nonydmna texnoiorus BIOX®, ucnons3yemas i npeaBapu-
TEJIbHOU TIepepaboTKU YIOPHBIX 30JI0TOCOACPKAIINX PYA.

Ha naHHBI MOMEHT B SKCIUTyaTallkd HAXOAUTCS 6 YCTaHOBOK, OHA M3 KOTOPBIX
pacnonaraetca Ha HuxonaeBckom mectopoxaennu (Kasaxcran), moa opoimenrnem Ha-
XOIUTCS /IBa OTBajia 00beMOM 110 2,7 MIIH T pyAbl. B mpombIeHHbIx MacTabax pas-
BUBAETCsl OMOTEXHOJOrHYECKas MepepadoTKa 30JI0TOMBIIIBSIKOBUCTHIX KOHLIEHTPATOB
pya Onumnuanuuckoro mectopoxaeaus 3AO «[lomrocy [22].

IlepcnekTuBHBIC HanpaBieHus. Ha naHHBIM MOMEHT OJHO U3 NEPCIEKTUBHBIX
HarpapJIeHUH HCCIENOBaHUS — NOTEHLIMAILHOE IPUMEHEeHUE A. ferrooxidans nns me-
PpepaboTKH METAaJIOB C MEYATHBIX I1J1aT, HCTIOJIb30BAHHBIX DJIEMEHTOB IIUTAHMSI U Kabe-
JIeH, a TaK:Ke POBEICHUE PEMEANAIIMOHHBIX MeporpusiTuii (Taoun. 3). Takxke u3ydaercs
YCTOHYMBOCTH IITAMMOB K TskeJbiM MeTauiaM: A. C. XOMYeHKOBOH ObLIa BBISBICHA
YCTOWYMBOCTH MUKPOOPTaHU3MOB K KoHIIeHTpauusM coneit Ni, Co, Cu, Mg, As B nua-
nazone 0,5-1,5 % [24].

I'. T Aradaposa c coaBTopamMu paccMaTpUBaeT MPOOIEMbI IKOJIOTHYECKOH Oe3omac-
HOCTH IIpH A00bIYe U iepepaboTke MuHepasbHOro chipbs [ 1], T. C. XaitnacoBoii (1 ap.)
pa3zpaboTaHa TEXHOJIOTHS 10 UMMOOMIM3AIMK MUKpoopranu3MoB [25]. Heobxonumo
OTMETHUTB, YTO OBUTH OIMyOIMKOBAaHBI METOJMUECKUE PEKOMEH ALY K TPOBEICHHUIO MO-
JIEKYJSIPHO-TEHETUYECKUX HCCIENOBaHUN A. ferrooxidans, 4To MOXET JaTh TOTYOK
K JaJbHEHIINM HCCIIeAOBaHUIM B TaHHOH obmactu [26].

3akmouenne. Takum  oOpazoM, 0030p  HcCCIeNOBaHHMH, MOCBALICHHBIX
A. ferrooxidans, cBUAETEILCTBYET O MEPCHEKTUBHOCTH NMPUMEHEHHsI OaKTepHil Kak
B TIpolieccax nepepadoTKH MUHEPAIBEHOTO CHIPbS, TaK U B MepepaboTKe OBITOBBIX OTXO-
noB. [IpuMeHeHne OMOTeOTEXHOJOTHI MMO3BOJHUT BOBJIEYh B mepepaboTKy OemHoe U
TPYAHOOOOTraTUMOE MHHEPAIBHOE CHIPE, MOBBICUTH d(P(PEKTUBHOCTH W3BJICUCHUS TIO-
JIE3HBIX KOMIIOHEHTOB, a TaK)Ke 00€CTIEUUTh OXpaHy OKPY>KaIoIeil cpesibl.
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Abstract
Introduction. The decline in the quality of mineral raw materials and the problems of ecological safety
actualize the development of biological leaching technology, where Acidithiobacillus ferrooxidans is a key
microorganism.
Methodology includes the analysis of the biotechnologies of low-grade and complex minerals processing.
Biological characteristics of Acidithiobacillus ferrooxidans. This microorganism is a gram-negative,
chemoautotrophic, acidophilic aerobic that grows at 1.0-4.5 pH and a wide range of temperatures.
A. ferrooxidans is an object of many studies, so magnetosomes have recently been discovered, and 8 strains
have been completely sequenced. A. ferrooxidans uses Fe’* and S ° as electron donors, and O ?, S or Fe’*
as electron acceptors.
Mechanisms and technologies of bioleaching. Possible mechanisms for bioleaching of sulphide ores are
of great interest for research, since at the moment there are three equivalent theories: contact, non-contact and
cooperative mechanisms. Commercially there are heap, underground (in situ) and tank bacterial leaching.
Perspective directions. One of the promising areas of research is the potential use of A. ferrooxidans for
the processing of metals from household waste. The resistance of strains to heavy metals, the problems
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of environmental safety in the extraction and processing of mineral raw materials, etc. are also being
studied. Guidelines for conducting molecular genetic studies were also published.

Conclusion. The use of biogeotechnologies will allow to engage low-grade and complex mineral resources
in processing, to increase the effectiveness of useful components extraction, as well as to ensure
environmental protection.

Key words: bioleaching, Acidithiobacillus  ferrooxidans; microorganisms;  hydrometallurgy;
biotechnologies.
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KOHOMUYECKas OLieHKA IKONOTMYECKNX NOCNeaCcTBUMA
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Peghepam
AKkmyansHocms. B yciosusx yxyouieHus 3K0I02UYECKOU CUMyayuy 603pacmaem 3HA4UMOCnb yiemad
9IKONO2UYECKO20 (PaKmopa npu 000CHOBAHUU BAPUAHINOE NPUPOOONONLIOBAHUS, 6 MOM Yucie Heopo-
NONb308AHUSL, UMO 8 CBOI0 0Yepedb mpedyem OyeHKU YuepboeMKoCmu Kajlcoo2o u3 Hux. B ocnose onpe-
OelleHus: IKOHOMUUECKO20 yiyepOd, 00YCI06TIEHHO20 AHMPONOZEHHBIM B030€UCEUEM HA OKPYHCAIOUYIO
cpeody, nexcum IKOHOMUYECKAs OYeHKA Pecypcos Npupoobl npu GopMUpoSanuy IKOI0SUYECKUX NOCTe0-
cmeuti. ObocHOBbIBACCS AKMYATLHOCIb UCCTE008ANHULL N0 COBEPULEHCINBOBAHUIO NPOYEOYPbl IKOHO-
MUYECKOU OYEHKU NPUPOOHBIX PECYPCO8 U IKOYCIYe UCXOO0SL U3 BANCHOCMU NPUPOOHO20 KANUMAA, 6X0-
0AUe20 8 COCMAas HaYUOHAILHO20 602amcmad.
ILlenv uccnedosanusn — cosepuieHcmeosanue OYeHOUYHO2O UHCMPYMEHMApUs CMOUMOCMHOU OYeHKU
NPUPOOHBIX PeCYPCO8 U IKOCUCTIEMHBIX YCILYe.
Memooonozus. O600wenue u aHarus NOHAMUL IKOCUCIEMHBIX YCIIY2 U UX KIACCUPUKAYUA.
Pezynomameot uccnedosanusn. Coxpanenue npupoono20 Kanumaid npu peaiu3ayuu KOHyenyuu ciaooi
YCMOUMUBOCMU O3HAYAEN 3AMEHY UCHONb30BAHHO20 NPUPOOHO20 KANUMALA QU3UYECKUM (PYKOMEop-
HbIM), NpU peanu3ayuy KOHYenyuu CUIbHOU YCMOUYUBOCMU — OONYWeHUe MUHUMATbHOU 3aMeHbl.
Bueinonnenue oannvix ycnosuii mpebyem pacuiupenust SKOHOMUYECKUX MEMo008 20CY0apCmMEeHHO20 pecyiu-
POBAHUA NPUPOOONONLIOBAHUS, 8 HACMHOCIU 00paweHus K 6oree WuUpoKomMy UCHONb308AHUIO MAKUX
DpecyIsimopos, Kak IKOHOMUYECKas oyenka u skonomudeckuu yujep6. Cosepuiencmeosanue npoyeoypbl
OYeHKU npeononazaem yYmouHeHue CmpyKnypsl RPUpOOH020 KANUMAaia u ROCMpoeHue Cxembl UCNONb30-
8aHUA NPUPOOHBIX 3aNACO8 (NPUPOOHLIX AKMUB08). B pabome 6 cxemamuynom eude npedcmasier no-
PAOOK (QOpMUPOBAHUsL NOMOKA IKOIOSUHECKUX MOBAPO8 U YCIye, Xapakmepusyiowux UCnoib308aHue
NPUPOOHBIX AKMUBOE 8 hopMe NPUPOOHBIX PECYPCO8 U IKOYCaye. Bvinoinen ananus onpedenenuil noHs-
Must IKOCUCIMEMHBIX YCIye, OOKAZAHO OMAUYUE NOCIEOHUX OM IKOCUCIEMHBIX PYHKYULL, UOO IKOHOMU-
YeCKasl OYeHKA IKOCUCTNEMHbIX YClye mpebyem uemkocmu 6 onpedenenuu nocieonux. Obobwenst u npo-
AHANUBUPOBAHBL OMOeNbHble Kaaccudurayuu sKoycaye. JJokazana yenecoodpasHocmy 8blOeneHUs
DPecypcHoll yHKYyuu Hapaody ¢ IKOCUCIMEMHBIMU C YUemOoM Mo20, Ymo 6 OONbWUHCIBE CTYHdes UX Gbl-
oenenue ces13aH0 ¢ abuomuyeckumu snemenmamu 3xocucmem. Ilpednodcen asmopckuii apuanm nepeu-
H3l IKOCUCMEMHBIX YCIIye, KOMOPbLL UCKIUAem 0becneuusarnujue 3K0yCciyel 8 CULy mozo, Ymo oHu om-
HeceHbl K paspady pecypcHuix. B uucne pezyiupyrowux evioenenvl 6udbl: pecyiuposanus NOmoKos,
peaynuposanusi pusuueckol cpedvl u pe2yruposanus buomuueckol cpedvl. Iloodepacusarowue sx0yc-
Jyeu 8blOEEeHbl 8 CAMOCOAMENbHYIO KAMe20puio, KOMopas 8 NOC1e0yIujem SKOHOMUUECKOU OYeHKe He
noonexcum. B coyuanvuvle 6x00am: cumeonuyeckue, UHmenieKmyanbHoie u 0opazosameivhule, 0300po-
sumenbHvie. B uucie memooos sKoHOMUUECKOU OYeHKU paccmMampusaromes mpaouyyuoHHo UCHOTb3Ye-
Mble 8 NpAKmuKe NPUPOOONONb308AHUS U HOBbIE, 3AUACMYIO CE53AHHbBIE C NPOBEOEHUEM COYUONOSUYe-
ckux onpocos u anxemupoganus. Cehopmynruposansvl ocHosonorazawue YCcioGus NpogeoeHus
9KOHOMUHECKOU OYEHKU.

Knroueewte cnosa: NPUPOOHBLIL KANUMAL, NPUPOOHBIE PECYPCbl; IKOCUCMEMHbIe YCayeu, QyHKyuu,
Kaaccugpurayuu; IKOHOMULECKAs OYenKa, Memoobl.
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Beenenue. O01IEen3BECTHO, YTO Pa3BUTHE TIPOMBILIICHHOCTH, COCTABIIAIONICH OC-
HOBY 9KOHOMHKH, BO MHOTOM 3aBUCHT OT HaJIMYHsI HPUPOJHBIX PECYPCOB, a €€ 100bIBa-
IOIIMH CEKTOp MPOJOIKAET OCTaBaThCsl Hanboee JOXOIHBIM U B COBPEMEHHBIX YCIIO-
BUsAX. CBUIETENBCTBOM 3HAYMMOCTH MPHUPOJHO-PECYPCHOTO MOTEHLIMANA BBICTYNAeT
NpU3HAaHHE HEOOXOAMMOCTH €ro ydyera B COCTaBE€ HAIlMOHAJIBLHOTO OOrarcTaa emie
B 1980-¢ rr., xoraa mo merogosiorny BHX (Gananca HapogHOTO X034HCTBa) BOBJICUCHHBIE
B SKOHOMHYECKUH 000POT MPUPOIHBIE PECYPCHl YUUTHIBATIUCH B COCTaBE HAL[MOHAIb-
HOro OorarcTBa B HaTypaJbHOM BbIpakeHHH [1]. B cOBpeMeHHBIX yCIOBUSAX B MPUHS-
Toit o6HoBeHHOH Bepcun CHC — Cuctembl HanmoHambHBIX cueToB 2008 rona — mpu-
pOIHBIE pecypcChl BKIIOYEHBI B COCTAaB HEMPOM3BEIACHHBIX MaT€pHalbHBIX aKTHBOB:
3eMJIsl, TIOJIE3HBIE HCKOMaeMble, €CTECTBEHHBIE OMOJIOTHUECKUE PECYPCHI, BOJHBIE pe-
CYpCBHI U MPOYHE, XOTS UX JIEHEKHas OlLleHKa B POCCUIICKMX CTAaTUCTHMUYECKUX €XKEroj-
HUKaX MpOJOJIKAaeT OTCYTCTBOBaTh. V3MeHeHHe mapajurMbl HallMOHAJIBHBIX CUETOB
B pa3BUTHIX cTpaHax HaunHas ¢ 1980-x IT. MpHUBENO K MOSBICHUIO HOBOW KOHLIENINH [2].
B cepenunre 1990-x rr. BcemMupHbIM OaHKOM ObLTAa MPEATIOKEHA KOHIICTIIUS HAIUO-
HaJILHOTO OoraTcTBa, opMupyeMas TpeMs BUAaMH KaluTaua: MPUPOIHBIA KalmuTal
(natural capital); BocnponsBomumelii kanurtan (reproducible capital); yenoBeueckuit
kanurtan (human capital). [IpupoaHbIii KanuTaNx IpU 3TOM pacCMaTPUBAETCS KaK COBO-
KyIHOCTb MPHUPOIHBIX PECYpPCOB M 3Koycnyr. CieayeT OTMETHTb, YTO MOHATUE IpPHU-
POAHOTO KamuTana Kak TepMHUHA THosiBHiIoch B padorax I. [eitnu u H. I'eoprecky-
Perena B 1970-e . B nocnenyromeM BompocaM pa3BUTHs KOHUEMIMH MPUPOTHOTO
KanmuTasia ObLTH MOCBSIIEHB MHOTOUMCIICHHBIC HccienoBanus [3—6]. CormmacHO peko-
MeHJausaM BecemupHoro 6aHka npu oeHKe MPUPOAHOTO KaluTalla UCIONb3yeTcs 1Mo-
HATHE MPUPOIHBIX (IKOIOTMYECKUX) aKTUBOB. «IIpHpoaHbIE aKTHUBBI OMpEAETSIOTCS
KaK 2JIEMEHTHI (Tela) MPUPOABI WM UX COYeTaHUs (IKOCHUCTEMBI), Ha KOTOPBIE MPSIMO
WJIM KOCBEHHO OKa3bIBAa€T BIMSHUE XO35IICTBEHHAs MU MHAS ESTENbHOCTD YEJIOBEKa»
[7, c. 248]. B cocTraBe mpupOIHBIX aKTUBOB YYETY MOJISKAT BCE BUIBI OMOJIOTMYECKUX
pecypcoB, BoAHBIE 00BEKTHI, [TOYBA (3eMEJIbHBIE PECYPCHI), ITOJIE3HBIE HCKOIIAeMBIE, aT-
Moc]epHBIi BO31yX, Ha3eMHbIE U BOAHBIE SKOcUCTeMBI [8]. B cBOIO odepens npupoa-
HBIHA KaluTall, U3HaYaJIbHO OTNpeesieMblil Kak «COBOKYITHOCTh NIPUPOIHBIX PECYPCOB,
KOTOPBIC MOT'YT OBbITh UCITOJI30BaHBI B POIIECCE POU3BOACTBA» [9, . 234], ¢ TeueHH-
€M BPEMEHH CTaJl pacCMaTpUBaThCs KaK ONpeIeIeHHbIN NPUPOIHBIN 3amac, HCIO0Ib30-
BaHUE KOTOPOTO MPEATOoaraeT MoJlydeHue JOX01a — «IKOJIOTHYeCKoil BHITob». [1paB-
na emie B 1998 r., maBas onpesenenue mpupoaHoro kanutana, I. Jleitnu paccmarpuBan
ero kak 3amac (stock), KOTOpBIN SIBISIETCS HCTOYHUKOM TOTOKA MPUPOJHBIX YCIYT H
peasbHBIX MPUPOIHBIX pecypcoB. K uncny nocneqHux onpeaeneHui MpUpoIHOTO Ka-
MUTaja MOTYT OBITh OTHECEHBI CIIEAYIOIIUE: «IKOHOMUYECKas MOAEIh OTPaHUYCHHBIX
3anacoB (PU3MYECKUX M OMOIIOTHUECKUX PECYPCOB, HAXOSIIMXCS Ha 3eMJIe, U OTPaHu-
YEeHHOU CITOCOOHOCTH PKOCHUCTEM TPEIOCTABIATh IKOCUCTEMHBIE yeuyrm» [10, ¢. 45]
WJIH «COBOKYITHOCTb NMPHUPOIHBIX aKTUBOB, AAIOIIMX YEJIOBEUECTBY PECYPCHI U 3KOJIO-
rudeckue ycayru» [4, ¢. 16]. B padore [11] npupoaHbIil KamuTall ONPeneNsIeTcs KakK
«TIPUPOHBIEC 3aMackl, 00eCTIeYNBAIOINE HATHYHNE IPUPOAHBIX PECYPCOB U HIKOCUCTEM-
HBIX YCIYT JJIsl SKOHOMHYECKOTO MPOU3BOJCTBA M YEIIOBEYECKOTO OI1aroCOCTOSHU.
Asropsl [12, c. 175] npuBomsT pacuimpeHHoe onpezaeneHue. [IpuponHerii kanutan —
9TO0 « 00pa3HOe Ha3BaHNE OTPaHUYCHHBIX 3aMacoB (PU3NUECKUX U OMOJIOTHYECKUX Pe-
CYpCOB TUIaHETHl 3emiid. 3arachl, COCTOALINE U3 >KU3HEMOJIEP)KUBAOLINX CHCTEM
(cucteM xu3HEOOECIICUCHNUS ), OMOPA3HOOOPa3Hs, BO30OHOBUMBIX U HEBO30OHOBHUMBIX
PpecypcoB, HCHOIB3YEMBIX YEJIOBEKOM MM MPEICTaBIAIOMUX I Hero uarepec. [Ipu-
POAHBIN KamuTall WIH MPUPOAHOE OOTATCTBO BKIIOYAET 3alachl IPUPOJHBIX aKTHBOB,
TaKWX Kak IOYBa, JIEC, KMBOTHBII MHP W BOIHBIE PECYpCHI, OMOJIOTUYECKUE BHIHI,
naHmmadT, BOIHO-00IOTHBIE Yrofbs. MHOTa TOBOPAT O BKIIOYEHHWH B OTO MOHSITHE
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ACCUMWIISIIUOHHON €MKOCTH JKOCHUCTEM, yuyeTa 3(h¢dekTa OMOXMMUYECKUX IUKIOB H
SHEPreTUYECKUX MOTOKOB. [IpHUpoIHBIN KaluTan paccMaTpUBaeTCsl B KaUeCTBE aKTHBA
B DKOHOMUKE C TIOTCHIIUAIOM YBEJINYCHUS TPOU3BOAUTEIILHOCTH U OI1aromnorydus JIto-
neil. Hanpumep, IEHHOCTh MPUPOAHOTO pecypca Kak SJKOHOMUYECKOTO aKTHBA 3aBUCHUT
OT BEJINYMHBI JOXO/a WK O1aromnoiryyusi, KOTOPBI OH MOXKeT npuHecTH. [IponssBonu-
TEJILHOCTh aHTPOIMOTEHHOTO (CO3IaHHOTO YEJIOBEKOM) KaluTaia Bce Oojiee orpaHnyu-
BAETCs COKpAILlEHUEM pa3MEPOB IPUPOJHOTO KaluTaIay.

YceroiiunBoe cOanaHCHPOBAaHHOE Pa3BUTHE YKOHOMHKH TpeOyeT COXpaHeHHs Mpu-
POAHOTO KalMTaNa: Py pearn3aliy KOHICINH C1a00i YCTOMYMBOCTH — 3aMEHBI HC-
MOJIB30BAaHHOTO TPHUPOAHOTO KamuTasna (pU3NYECKUM, MPH pealn3aldll KOHICTIUH
CWJIBHOM YCTOHYMBOCTH — JOMYIIEHHE JUIIb MUHUMAaNIbHOU 3aMensl [13]. OqHako Ha-
CTYIUIEHHE Ha MPHUPOLY MPOJOHKAETCS, ITO MPUBOAUT K UCTOIIECHHUIO IPUPOIHBIX pe-
CYpcoB U jerpananuu 6mocgepsl. B pesynbrate nesTeNbHOCTH YelIOBEKa HAa3E€MHBIC
9KOCUCTEMBI MPETEPIICBAIOT TITyOOKHEe U3MeHeHusl. CUuTaeTcs, YTo KPUTUIECKHI py-
0ex Ha cerofHs MpoiieH u pecypchl OMochepbl pacxoayloTcs ObicTpee, YeM OHU MO-
T'yT BOCCTaHaBJIMUBAThCs. B TO e BpeMsl yHUUTOXKEHHE TPUPOIHBIX IKOCUCTEM O3HAYA-
€T YHUYTOXXEHHE €CTECTBEHHOTO MeXaHu3Ma OMOperyysiluu, O0O0ecHeYHBarOIIEro
noJiiep>KaHue PUTOAHBIX JJIs )KU3HU YeloBeKa yciaoBuid. OHUM U3 IMyTel npeogosie-
HUSI TIPOTHBOPEUUST MEXAY LENSMH YIOBIETBOPEHUSI MOTPEOHOCTEW M COXpaHEHHs
MIPUPOIHBIX CUCTEM CUHTAETCS COBEPIICHCTBOBAHHE T'OCYIapPCTBEHHOIO PETyIMpOBa-
HUSI IPUPOAOTIONB30BaHNUS, PACIIUPEHHIE HCIIONB30BaHNsI MHCTPYMEHTOB, (OPMHUPYIO-
IIMX dKOHOMMYECKUN MexaHu3M [14]. OpueHranus Ha 5JKOHOMHUYECKYIO OLEHKY IpH-
POAHBIX PpECcypcoB M DKOCHUCTEMHBIX YCIYI, IPOTHO3UPOBAaHHE W3MEHEHUs
SKOHOMMYECKON LEHHOCTH PECYPCOB MPUPOBI, OTYUAIOIUX OTPaXKEHUE B SKOHOMHU-
YecKoM yiiepOe, 03BOJIsIeT IPUMEHSITh HanboJiee 000CHOBaHHBIE PELICHUS TIPH OCBO-
€HUH MIPUPOJHO-PECYPCHOTO OTEHIIMAJIA, B TOM YHCIIE IPH OCBOCHUH PECYPCOB HEP.

PesyabTartsl. 13 onpeaeneHnii npupogHOTO KanuTaia CIeIyeT, YTO 3aKJII0UEHHbBIN
B HEM IPUPOIHBIN 3armac o0ecredrBaeT MOTOK BhITOA, MPEAOCTaBIsAEMBIX «ITOTOUHBI-
My pecypcamu (stock —flow resources) u pecypcamu ycnyr (fund — services resources).
OKOHOMHYECKOE UCTIOIb30BaHNE TPUPOTHBIX aKTUBOB MPUBOANT K U3MEHEHUSM, KOTO-
phle TPOSBIAIOTCS B MCTOLEHUM MOCIEAHUX IMPHU KOJIMUECTBEHHOM MCIIOIb30BaHUU
WM B JICTPAJIAI[UK — PU KAYSCTBEHHOM MOTPEOICHUU YKOJIOTUYCCKUX yCIyT (puc. 1).

IIpupoaHbIit KamuTaJl paccCMaTpPUBAETCS B JAHHOM CITydae Kak IMPUPOIHBIE 3amachl
(mpupoaHbIE aKTHBHI), 00ECIEUNBAIONINE MOTOKH MPHUPOAHBIX PECYPCOB M DKOYCIYT
Onarozapsi BBITIONIHEHUIO PECYPCHOM M SKOCHCTEMHBIX QyHKIUI. B ToM cinyuae, korma
Bce (PYHKIINH, BHIMOHIEMbIC TIPUPOTHBIMHI aKTHBAMH, B COCTAB KOTOPBIX BXOIAT OHO-
JIOTHYECKHE PECYPCHI, BOAHBIC 00BEKTHI, aTMOC(epa U T. JI., OTPEAEIISIOTCS KaK IKOCH-
CTEMHBIE, pecypcHast QyHKIHS ITOJTyYaeT Ha3BaHUe 00eCIIeUNBAIOIIEH, TN POIYKIIU-
onHoi. CumMTaeM HEOOXOOMMBIM BBIJENICHHE PECYpCHOW (YHKIHMH, TaKk Kak ee
BBITIOJTHEHUE CBS3aHO HE TOJIBKO ¢ OMOTOH, HO M a0MOTHYECKUMH KOMITOHEHTaMH TIPH-
PpOIHOrO KanuTana (HeApa, BOIHbIC 00bEKThI U T. 11.) [15]. BhINonHeHne SKOCUCTEMHBIX
byHKIMIA 00ecreunBaeT MOTOK YKOCHCTEMHBIX YCIIYT, KOTOPBIE B COBPEMEHHON TPaK-
TOBKE OMPEACIAIOTCS KaK «BBITOJIbI, KOTOPBIE JIFOAM MOTYYaroT OT SKoyciayr» [16].

ITo muenuro 1. II. I'ma3plpuHO#, SKOCUCTEMHBIMU YCIyTaMH Ha3bIBAIOT BaKHbIC
JUTsl 0J1aroCOCTOSIHUSI YeJIOBEUYeCTBa OJyiara, KOTOPBIE MOPOXKIAIOTCS (QYHKIIMOHHUPOBA-
HueM 3kocucteM [4]. ComtacHo [17], «9KOCHCTEMHBIE YCIYTH — MPSIMOM MJIM KOCBEH-
HBIN BKJIaJ SKOCHCTEM B OIaroCOCTOSTHHUE JTIOAEH.

B HacTosiiee Bpemsi, Korna MpUIILUIO OCO3HAHUE BAKHOCTH HKOCHCTEMHBIX YCIIYT,
TIOSIBJISIETCS BCE OOJIbIIEe YUCIIO MCCICAOBAHNHN, TOCBSAIICHHBIX (DYHKIIMOHHPOBAHHIO
3KOCHCTEM, YTO COOTBETCTBEHHO MPUBOIUT K TOSBICHUIO BCE HOBBIX OIPENENeHUH U
TPaKTOBOK. B 11e710M, Hanbomnee eMKO U KPaTKO XapaKTepH3yeT SKOCUCTEMHBIE YCITyTH
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UX OOIIeNPUHATAs TPaKTOBKA. HeManoBaxHOe 3HAYCHUE UMEET U Kiaccu(UKaius 3Ko-
YCIIYT, TOJUICKAIUX B ITOCIEIYIOIIEM SKOHOMHUYECKOU orieHKe. OIHOM U MepBhIX ObLIa
npepiokeHa knaccudukanus [ leiimu (1997), koTopas copepikaia JeBsITh YKOYCIYT U
HE BKJIFOUaa pecypcHyro. Crenyrorias kinaccudukanus, npeaioxennas P. Kocransoi
(1997), yxe conepxaina 17 skoycnyr [18] — Bech TOT IepeveHb, KOTOPBIi IPUHST B CO-
BPEMEHHBIX YCIIOBUSX. [1OMBITKY TUIHM3AIMH U KIACCU(PUKAIIUN YCIYT MHOTOUHCIICH-
Hel. CaMolii pacripocTpaHeHHOM cuntaercs knaccudukanus OOH, B koTopoit skoyciy-
TH TOAPA3JCNIAIOTCI Ha O0CCICUMBAIOIINE, PETYIHPYIONUE U KYJIBTYypPHBIC,
MPEI0CTABIISIEMbIC JIFOMISIM, ¥ MOJICPKUBAIOIIUE YKOYCIYT'H, OPUCHTUPOBAHHBIC HA CO-
XpaHEHHUE JIPYTHX BUJIOB yCIyr. JlaHHOH KiTacCu(UKAIIUK MPUACPKUBACTCS OOJIBITIH-
CTBO I/ICCHCHOB&TGJ’ICﬁ, YTO HC HUCKINYACT HAJIW4YUd W HHBIX TOYCK 3PCHUA.
Tak, A. A. TuImKOB BBIIEISET OAMHHAALATH OCHOBHBIX SKOCHUCTEMHBIX YCIYT,
. M. TloTpaBHbIii paccMaTpyBacT Cpeoo0pa3yroIue (PEryIMPYIONIIE U OIICPKUBA0-
HIye), MPOAYKIHOHHBIE («IKOCHCTEMHBIEC TOBAPHI») U HH(POPMAIMOHHBIE YCIYTH U T. [I.

IIpuponuslii kanuTan =
MIPUPOJHBIE AKTUBBI

PecypcHas GpyHKuIUS DKOCHCTEMHBIC (QYHKIIMU
- >

A \ 4

IToTOK PKOIOTHYECKHX
TOBApOB — Y/IOBJICTBOpE-
HHE MOTPeOHOCTEH B
IpeaMeTax Tpyaa, Cpef-
CTBax Tpyza, MaTepua-
J1aX, CBIPbE, MIPOAYKTaxX
OTpebIeHns

-

TToTOK 2KOCHCTEMHBIX
YCIIYT — BKJIaJ1 3KOCH-
CTEM B IOJJICPIKAHNE
WM yIy4lieHne 0aro-
COCTOSIHUS JTFOACH

IIpsmoe ncnonb3oBanue
[IPUPOJHBIX aKTHBOB B
(hopme IpUpPOIHBIX
pecypcoB

!

Kocsennoe u npsimoe
UCIIOJIL30BaHHE NPUPOJI-
HBIX aKTUBOB B hopme
IKOYCITYT

A A

Jlerpaiarst pupOHBIX aKTHBOB

Hcromenue npupoaHbIX aKTUBOB

Puc. 1. Cxema ucnosnb30BaHust IPUPOJTHOIO KanuTaia
Fig. 1. Natural capital management plan

Bce paccmarpuBaemble KiacCH(pUKAIMH OMPEENIOT COBOKYTHOCTh (DYHKIIUN Kak
SKOCHUCTEMHBIE (pHC. 2).

Camoli TIOJHOM HA CETOJIHS CUMUTACTCS KiacCU(UKAIUSA KOYCIYT, MPeIoKEeHHAs
WHCTUTYTOM CTPOMTENIBHOTO Jiefia M 3eMiieycTpoiicTBa B BennkoOpuTanuu, kotopast
pacumpsieT CrekTp 00eCIeUnBAOIIUX SKOYCITYT, BKIOYasi B HUX MPOAYKThI MUTAHUS,
MaTrepuabl, B TOM YKCIIC MUHEPATBbHBIC PECYPChI U BO30OHOBIISIEMbIC HCTOYHHUKH SHEP-
ruu (tadm. 1).

[MpuaepxuBasCh MO3MIUK BBIICICHUSI PECYPCHBIX (YHKIUH, cCUUTaeM Ieeco-
00pa3HbIM BBIJICNICHHE TPEX KATETOPHIl KOYCIYT: PEryIUPYIONIHe, MOIICPKUBAIOIIUC
W CONMAJIbHEIE (Tabm. 2).

DKOHOMHUYECKas OLEHKA MPHUPOJHBIX PECYPCOB M IKOCUCTEMHBIX YCIIYT SBISCTCS
3aBepuaroIuM tanoM. OlieHUBaHUE B JAHHOM CITy4ae pacCMaTpHBACTCS KaK OJ[HA U3
bopM OTpakeHHsI B3aUMOICHCTBUS MEXKIY MPHUPOAON M OOINECTBOM, CHEIH(PHKON



102 "Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal". No. 6. 2019 ISSN 0536-1028

KOTOPOTO SIBIISIETCS MCIIONB30BaHKUE KaTeropuu «moje3HocTs» [21]. Ee BrimonHeHue
TpeOyeT Hannuus HH(QOPMAIMK 0 METOaxX SKOHOMHYECKOH OLIEHKU. B HacTosiee Bpemst
HauOOJIBIIYI0 M3BECTHOCTh MMEET METOAMYECKUN MHCTPYMEHTapHUil, HCIOIb3YEeMBbIi
JUTS SKOHOMHUYECKOH OLIEHKH MPUPOIHBIX pecypcoB. C HEKOTOPOH Jonell yCIOBHOCTH
UCIIONIb3yEeMbIE METO/ABI MOTYT OBITh IIPENICTABIICHBI B BUAE CIICAYIOIIUX TPYIIIL:

— 3aTpaTHBIN METON ¥ €r0 MOJU(HKALIUH;

— IOXOJHBII METO;

— METOZ Ha OCHOBE TU(PepeHInaIbHON PEHTHI,

— METOJ aNbTePHATHBHON CTOMMOCTH.

IIpupoauslii kanuTan =
MIPUPOAHBIC AKTHBBI

!

DKocucTeMHbIE (QYHKIUH

A A

ObecneunBaroniye Perynupyromue,
KYJIBTYPHBIC

. '

DKonoruyeckue DKOCHCTEMHBIE
TOBapH! (IIPOYKTHI) ycayru

Puc. 2. XapaxkrepucTuka 3KOCHCTEMHBIX ()YHKINH
Fig. 2. The description of ecosystem functions

3aTpaTHBI METOJ MpeArnonaraeT y4er oomeld COBOKYITHOCTH 3aTpar Ha MOATOTOB-
Ky, OCBOGHHE U HCIIOJb30BaHHE pecypcoB. B uncne ero moandukanuii BOCpon3Bo-
CTBEHHBIN MOIX0J (3aTpaThl HA BOCCO3IaHUE YTPAYEHHOT0, ACTPaAupPYIOIIETO pecypca
WJIM KOMIIEHCANus OTeph), METOA 3aMelleHusI ( 3aTpaThl Ha 3aMelIeHHe OTEPSHHOTO
WIN TIOBPEXIEHHOTo pecypca). JoxomHblil (pe3yabTaTUBHBIA) METOH HCIIONb3YeTCs
B OTHOILEHHH TEX PECYPCOB, KOTOPbIE MPUHOCAT JOXOJ, OLCHWBACMBI MPHOBLIBIO,

Ta6auua 1. lepeyenn s3kocucTeMHbIX yeuayr [19]
Table 1. Thelist of ecosystem services[19]

Kareropus Bun
Oo6ecnieunBaronue (3KOCUCTEMHbIC [Tutanue
Onara) yciyru Marepuaisl
Bo3zoOHoBIIsSIEMast sHEPTHUS
Perynupyromnye u moaep:KuBaroIie PerynupoBaHue moTokoB
yciyru PerynupoBanue ¢uzndeckoii cpensl

PerynupoBanue OHOTHYECKO CpeIbl
O0e3BpeKUBAHNE OTXOJ0B
[Mopnepxuaroniye

KynbTypHBIe 1 Hay4YHBIE YCIyTH VHTeiekTyaabHble U T03HABATEIBHBIC

IIOJIy4EHHOM OT MCIIONb30BaHUs pecypcea. J[0CTaroyHO 4acTo NMpU 3KOHOMHUYECKOMN
OLICHKE MCIIOJb3YOT PEHTHBIN MOAXO0, KOIZa LIEHA PECypca acCOLMUPYETCS C BEJIMYU-
HOW KamuTaja, MOoJOKEHHOTO B OaHK U MPUHOCSIIETO €KETOJHBII J0X0/l, paBHBIH Be-
nnunHe quddepeHInanbsHON peHThl. B Teopuu ee mosiBieHne 00BACHSIETCS JTyqIIHMU
NPUPOTHBIMU XapaKTEPUCTHKaMHU (MECTOIOJIOKEHUE, Ka4ecTBO HEPTH, colepKaHue
TMIOJIE3HBIX KOMIIOHEHTOB B pyze U Ap.). MeTon albTepHaTHBHON CTOMMOCTH MPEIo-
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JlaraeT SKOHOMHYECKYIO OLEHKY pecypca COMTacHO YIyLIEHHOH Beiroe (YmyleHHbIe
JIOXOZBI M BBITO/IBI, KOTOPBIE MOXHO OBIJIO OBI MOMYYHUTh IPH HCIIOIB30BAHUU pecypca
B APYIuX Lensx) [22-24]. [lnsg nocieaHero BpeMEHH XapaKTepHO MOSIBICHHE HOBBIX
METOJOB, 00YCIOBJICHHOE HEOOXOAUMOCTHI0 SKOHOMUYECKON OLEHKH YKOCHCTEMHBIX

YCIIyT:

— MCTOA TPAaHCHIOPTHO-ITYTEBLIX 3aTpaT,
— MCTOA I'€AOHHUCTHYCCKOI'O HCHOO6pa3OBaHI/I5[;
— MCTOJ CY6’I)€KTI/IBHOI7I OICHKHU CTOMMOCTHU (MeTOJl BBIPpAXXCHHBIX HpeI[HO‘ITCHHfI).

Ta6auua 2. Kateropuu u BUIbI 9KOCUCTEeMHBIX ycayr [18, 19, 20]
Table 2. Categories and types of ecosystem services[18, 19, 20]

Kareropus Bun DKOCUCTEMHBIE YCIyTH
Perynupyromiue PerynupoBanue PerynupoBaHue cTOKka U HaKOIIJICHUS! BOAbBI
9KOYCIIyTH IIOTOKOB OcaKoHaKOIJICHUE

3ammra OT HeOIArONPUATHBIX IPUPOAHBIX SBICHUH
3amura oT 3po3un
3ammra OT yIbTpapHOIEeTOBBIX JTydei
PerynupoBanue PerynupoBanue knumara
(busuyecKoii cpebl [Tomnep:xkanue cocTaBa aTMOC(HEPHOTO BO3IyXa
O4ucTKa BOIbI
[TouBoOOpa3oBaHue U MOAICPIKAHNE KAueCcTBa MOUB
PerynupoBanue [Tonnep:xanue )KU3HEHHOTO LIUKIIa
Oonotnveckoii cpenbl | bruotndeckuit KOHTPOIb
CoxpaHeHune reHooH1a
Honnepxkusaromue | Ilomgnepkanue KpyroBopoT Omoorn4eckux BemecTs
SKOYCIIyTH JPYTUX 3KOYCIyT doTocuHTE3
CouuanbHble CuMBoIMUYECKHE DcTeTndecKkue LEHHOCTU
SKOYCITyTH Hcropudeckue eHHOCTH
Penurnosneie u JAYXOBHBIE ICHHOCTH
Wnremnekryansubie | OOpa3oBaTesbHbIC IEGHHOCTH
Y TI03HABATEIILHBIE Hayunbie nerHoCcTH
O310pOBUTENIBHBIC Pexpearus
Typusm
O3znopoBiieHue

Crienupraeckoil 0COOCHHOCTBIO JaHHBIX METOJIOB ABJISIETCS HEOOXOJUMOCTb MPO-
BE/ICHUsI COLIMOJIOTHYECKUX HCCaeoBaHuK (OmpocoB, aHkeTHpoBaHus). [lepBbiil u3
METOJOB IMpeHa3HaueH OOBIYHO ISl ONpPEICICHNs] PEKPEAllMOHHON U ACTETHYECKOH
LHEHHOCTH MPUPOAHBIX 0OBEKTOB MyTEM BBISBJICHHUS U CPABHEHUS PACXOJ0B HACEIICHHS
Ha IOCELIEHUE JAaHHOIO NMPUPOTHOTO 00BbEKTa. B OCHOBE IeIOHHUCTHUECKOrO LEHO-
00pa30BaHus JISKUT OIPE/IEICHHE IIEHHOCTH SKOJIOTHYECKHUX OJiar, BIUSIHUE UX Ha KOM-
(OpPTHOCTH Cpebl IPOKUBAHMUS, T. €. BBISABIICHUE OLICHKU BIUSHHS (aKTOPOB SKOJIOTH-
YeCKOM Cpellbl Ha PHIHOYHBIE IEHBI HEABIKUMOCTH. MeTon cyObeKTUBHOM OIICHKHU pe-
aNM3yeTcs MyTeM ONpOCca JKUTENEH C LENbI0 BBIIBUTh UX TOTOBHOCTH 3aIUIaTHTh HIIH
MOJTYYUTh KOMIICHCALIMIO 32 U3MEHEHUE B YPOBHE KayecTBa MPEAOCTABISEMBIX IpH-
POAHBIX OJar Ha THIIOTETHYECKOM PBIHKE MPUPOIHBIX pecypcoB [25-28].

[Tpy >KOHOMHYECKOW OLIEHKE MPHUPOAHBIX PECYPCOB, MPUHOCALIMX JIOXOJ, Yalle
BCETO OCYIICCTBIISICTCS MPsIMasi SKOHOMHYECKast OIICHKa C UCIIOJIb30BaHHEM Pe3yJbTa-
TUBHOTO (WJIM PEHTHOTrO) monaxoza. [Ipsimast orjeHKa KacaeTcsi 1 COLUANBHBIX SKOJIOTU-
YEeCKHX YCIYT, IPUHOCSIINX 0310POBUTEIBHBIN 3P (EKT, MOIydeHHE TOTTOTHUTEIBHBIX
3HAHMI, SCTETHUECKOE YAOBIECTBOPEHUE U T. I. B OTHOIICHUN PeTyNUpyIOIUX dKOyC-
JIYT, @ TaKXKe YCIYT peKpeanru U Typu3Ma MepeueHb UCIOIb3yeMbIX METOI0B IKOHOMU-
YeCKOM OLIEHKH BechbMa MHOT00OpaseH [29] u noka He mogaaeTcs Tunuzanun. O0 3ToM
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CBUJICTENTLCTBYIOT M MHOTOYHMCIICHHBIC KJIACCH(UKAIIMH METOIOB, B OCHOBE KOTOPBIX
JeKaT MO0 TOAXONBI K BBITIOJHEHHIO OIEHOYHBIX TMPOLEAYp, JTUOO0 COOTHOIIEHHE
¢ peiHKOM (Kiaccudukaims, pekomenaoBanHas OOH), mubo aHanoruu ¢ MeTomaMu
OIIEHKH HEABIKUMOCTH U JIp.

3akiouenne. BhImonHeHHe SKOHOMUYECKON OIEHKH COCTaBIIAIONIUX JIEMEHTOB
NPUPOITHOTO KamnuTana TpeOyeT, BO-IepBbIX, 00O0OCHOBAHUS LIEJIM €€ BBIMOIHEHHUS, YTO
HAaKJIaJbIBAECT OTIIEYATOK Ha NOPSJOK OLICHOYHBIX IpoLeayp. Bo-BTopbix, 3KOHOMHYE-
CKasl OLICHKA IPEII0JaracT KOMIUIEKCHOCTb, T. €. 0XBAT YKOHOMHYECKOM OLIEHKOM Mpu-
POIHBIX PECYPCOB M SKOYCIIYT, IOTOK KOTOPBIX ITOCTABJISET OLICHUBAEMBIN ITPUPOIHBII
00BeKT. B-TpeThux, B IeNAX JOCTOBEPHOCTH BapHAHTOB HEOOXOAWMO MCIOIH30BAHUE
HECKOJIBKMX METO/OB OLEHKH B OTHOLIEHUHM PACCMATPUBAEMOr0 IPUPOJHOIO pecypcea
WJIM 3KOYCIyTd. B-4ueTBepThIX, IpH BCE 3HAUMMOCTH 3KOHOMHUYECKOM OLIEHKH HE clie-
IyeT 3a0bIBaTh O HECOBEPIICHCTBE MPUMEHSIEMOr0 MHCTpYMEHTapus, ubo mpuposa
OeciieHHa, a ee SIKOHOMHYECKas OI[eHKa — 3TO WHCTPYMEHT, O3BOJISIOMINNA COXPAHUTh
«370pOBBEY» DKOCUCTEM M IOCTOSIHHBIA IOTOK «IKOJOTMYECKHX TOBApPOB» MU YCIyT
B TEYECHHE JUIUTEJIBHOTO BPEMEHH.
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Economic evaluation of environmental implications in subsoil use
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Abstract
Relevance. Due to the deteriorating environmental situation, the significance of ecological factor increases
when substantiating the variants of nature management and subsoil use, it requires further evaluation
of economic damage caused by both of them. The evaluation of the economic damage caused by the human
impact on the environment is based on the economic evaluation of natural resources state during the
formation of environmental implications. The relevance of the research on the natural resources and
ecosystem services economic evaluation procedure improvement is proven as a matter of the national
natural capital importance.
Research aim is to improve cost estimation tools for natural resources and ecosystem services.
Methodology includes generalization and analysis of the notions of eecosystem services and their
classification.
Research results. The preservation of natural capital, when implementing weak sustainability concept,
means that the used natural capital is replaced by the physical one (man-made); in case of strong
sustainability concept implementation, minimum substitution is allowed for. These conditions require
wider economic methods of governmental control in natural management, such as a wider use of economic
evaluation and economic damage. It is necessary to specify the structure of natural capital and draw up
the scheme of natural resources (natural assets) utilization in order to improve the procedure of evaluation.
The present research schematically outlines the procedure of environmental products and services flow
formation, which characterize the utilization of natural assets, i.e. natural resources and ecosystem
services. Definitions of ecosystem services have been analysed, and their difference from ecosystem
functions has been proven as soon as economic evaluation of ecosystem services requires their accurate
definition. Particular classifications of ecosystem services have been generalized and analysed.
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The reasonability has been proven to single out a resource function along with ecosystem functions taking
into account that it is often associated with abiotic elements of ecosystems. An author s variant of ecosystem
services list is proposed, which excludes provisioning services as they are ascribed to the category of
resource services. As far as the regulating services are concerned, the following types are distinguished:
flows regulation, physical environment regulation, and biotic environment regulation. Supporting services
are ascribed to a separate category which is not subject to further economic evaluation. Cultural services
include: spiritual, scientific and educational, and therapeutic. Economic evaluation methods covers both
traditional practical methods applied in nature management and new methods which are often associated
with sociological surveys and questionnaires. Basic conditions for economic evaluation have been
formulated.

Key words: natural capital; natural resources; ecosystem services, functions; classifications, economic
evaluation; methods.
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MogenupoBaHue paboTkl CKpebkoBOro KOHBelepa B 30He NOBOPOTA

XetecoBa I. C.1, BeiicembaeB K. M.™*, MenaukeHoB K. K.1, TenumaH W. B.2,
AxkunxaHoBa X. T.1
1 KaparaHauHcKuin rocyjapCTBEHHbIN TEXHUYECKMiA YHuBepeuTeT, I. KaparaHga, Pecnybrika KasaxcraH
2 YpanbCKuii rocyaapCTBEHHbIN FOpHbI YHUBEPCUTET, I. ExatepuHOypr, Poccus
*e-mail: kakim08@mail.ru

Peghepam
Bgedenue. Ycnoowcnenue 20pHo-2e0102UHeCKUX YCIOGUL 6bIEMKU NIACOE MEEPObIX MUHEPANIO8 NpU
N003eMHOU 000bIYe NPUBOOUM K CHUMNCEHUIO dhpexmusHocmu pabom. Peuternue smux npodnem 3axiio-
uaemces 8 CO30aHUU KOPOMKO3ADOUHBIX MEXHONI02UT 8blEMKU, 8 OCHO8Y KOMOPbIX NON0XCEHA paboma
NnoBOPOMHO20 CKpebK08020 KoHEeliepa.
Ieny pabomur. Ha ocrose ananuza pabomuvl 00HOYENHO20 MAL0B020 OP2AHA, PACNONONCEHHO20 6 YeH-
mpe peuwimakos, obecnedums ycmotiyusoe dgudicenue ckpebros npu nosopome cmaga 0o 90° é niocko-
cmu naacma, paspadomamb KOHCMPYKMUBHYIO CXeMy KOHeellepd, COOMBEemCMEYIoWyio NPUHAMbIM
MEXHONO2UAM €20 PABOb.
Memooonozus. Beinonnaemcs cucmemmsiil ananu3 KOHCMPYKYULl U UCCIe008AHUSA OBUNCEHUS MALOB020
0p2aHa Ha OCHOGE MOOeNUPOBAHUS C UCHONb306AHUEM Memo0d TUHeapU3ayul ypagHeHull OUHAMUKY
6 Adams, ¢ ananu3om OAHHbIX, NOIYYEHHBIX NPU UCNBIMAHUAX MAKENOE NOBOPOMHbBIX KOHBEUePOs.
Pesynomamut. Paspabomanvl u 060CHO6aHBI MOOENb U MEXAHUIM OBUNCEHUS. MA206020 OP2AHA CO
ckpeOKamu npu 08UNCEHUU NO WAPHUPHO COCOUHEHHbIM pewimakam noo yeiom 0o 15°, ycmanosnensl
KOHCIMPYKMUBHbLE CXeMbl V37108 0/ 30Hbl HOBOPOMA, obecneuusaroujue yYCmouiusocms 08UNMCEHUS M-
206020 opeana u npedomspaujerie NPoCLINaHUs MpancnoOPpmupyemo20 Mamepuana. Imo no3601u10
paspabomame mexHuueckue mpeboeanust sk NPOEKMUPOBAHUS, PACYemd U UCHbIMAHUL IKCHEePUMEH-
ManbHO20 06paA3ya KOHEeepa, YMOUHUNb 803MONCHbIE 0DIACU €20 NPUMEHEHUS.
Buigoowv. Yemanoenena 6osmodcnocms coz0anus d¢hgekmusnvix mooeneli Ha OCHOGe TuHeapuU3ayuL
YpasHenuil OUHAMUKY 6 nakeme Adams ¢ yuemom xone6anuil, 603HuKawux ¢ cucmeme. OnpedeneHvl
0CODEHHOCMU OB8UNCEHUSL CKPEOKOS 6 30HEe NOBOPOMA, MEXAHUIM 2AUleHUs KONeOaHUll 3a cuem «napbl
Cuny Ha ckpebke maz206020 opeana. Cucmema 3Qp@dekmuena npu eeruyune yeia nogopoOma Ha Karcoom
peuimaxke 0o 15°. Bvisigenvl KOHCMPYKMUBHbIE CXeMbl HOBOPOMHO20 CKpebKO8020 KOHeeliepa ¢ obeche-
YeHueM YCMOUUBO20 OBUNCEHUS U NEPEKPLIMUS 3A30P08, 803HUKAIOWUX NPU NOBOPOMEe CeKYull, ynpy-
2UM Ce2MEeHMHbIM Ompasicamenem.

Knroueewvie cnosa: Molenuposanue, cKpebKogulil KoHgeliep; 30HA NOBOPOMA, TUHEAPUIAYUS YPAE-
HeHUl OUHAMUKU.

BBenenune. YcioKHEHHE TOPHO-TEOJIOTHYECKUX YCIOBHH BBIEMKH TLIACTOB TBEP-
JBIX MUHEPAJIOB MPHU MOI3eMHON 100bIYe MPUBOIUT K CHIKECHUIO 3()(HEKTUBHOCTH pa-
60T. Perenne 3tux mpo6eM 3aKiI09aeTcs B CO3AaHUN KOPOTKO3a0OWHBIX TEXHOIOTHI
BBIEMKH, B OCHOBY KOTOPBIX TOJIO’KE€HA paboTa IMOBOPOTHOTO CKPEeOKOBOTO KOHBEHepa
C IIEHTPAIBFHO PACTOJIOKEHHBIM TATOBEIM OPTaHOM, YTO pellaeT 3a1ady oOecreueHus
MOBOPOTA cTaBa Ha yroi 10 90° B IUIOCKOCTH TUTacTa. B panee mpuMeHsBIIMXCS peliie-
HUSIX JUIS JIaB Pa3BOPOT CTaBa ObLI BOBMOXEH B OJHOM 30HE, YTO HE IO3BOJISIIO TPH-
MEHSTH €T0 ISl KAMEPHBIX U KOPOTKO3a0OWHBIX TeXHOJOTHH. MIMenucs permenuns, 10-
BEJICHHBIE JI0 IIPOM3BOJICTBA B BUJIE YCTPOHCTB C KOHCOJNIbHBIMH CKpeOkami [ 1], oqHako
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WX TIPOYHOCTH U MPOU3BOAUTEIHHOCTh OKa3bIBallach HelocTarogHoi. Kpome Toro, cie-
JyeT CO3/1aTh MEXaHU3M M TEOPETHUECKH 0O0CHOBATH YCTONYNBOCTH ABMKEHUS TSTO-
BOI'O OpraHa ¢ [EHTpaJIbHOM 1eNbI0 B MHOTOCEKIIMOHHOM KOHBEWepe ¢ MpsiMOJIMHEH-
HBIMHU IIAPHUPHO COETUHEHHBIMH CEKIIMSIMH, MEXITY KOTOPBIMH Ha CTBIKaX BO3MOYKHBI
3a30psl. Mcnonp3oBaHWE TaKMX KOHBEHEPOB BO3MOXKHO JJIsl HANPABJICHUS IMTOTOKOB
TPAHCTIOPTUPOBAHUS TBEPIBIX MHHEPAJIOB 10 3—6 JMHHUAM, a TakXKe MpH pa3paboTke
PYIHBIX MECTOPOXKIACHUN B YCIOBHAX OTPAaHHYEHHOTO pabovero mpoCTpaHCTBa U Oy-
POB3PBIBHBIX paboT [2].

Puc. 1. KoHcTpykius koHBeliepa:

1,4, 5 — 60pt; 6, 7 — Hanpapmstowmas; 2, 3, § —ynpyrue CeKTOpPHbIE OTpaskaTeiu; 9 — ImapHUpBI;
10 — HaKJIOHEHHBIH CKPeOOK B 3a30pe CThIKA CEKIMiA; /7, 12 — 3a30p MEXIY CEKIHSAMH U CTSDKKA
UTSL TOBOPOTa
Fig. 1. Constructions:

1,4, 5 —board; 6, 7 — guide; 2, 3, 8§ — elastic sector reflectors; 9 — hinges; /0 — inclined scraper in
the gap between the sections; /7, /2 — gap between sections and gathering for a turning

MeTonbI uccienoBaHuii. BEIOTHEH CHCTEMHBIN aHATN3 KOHCTPYKIIUI 1 pa3paboTaHa
CHCTEMa YpaBHEHHH JIBIKCHUS IMOCIICIAOBATCIBHOCTH CKPEOKOB, COCIMHEHHBIX IICMBIO,
C YUETOM HX B CPEIAHEM PaBHOMEPHOTO JABIKEHUS. PaccMOTpEeHBI BOBMOKHOCTH UCCTIEI0-
BaHUS AUMHAMUYECKUX TPOIIECCOB JIBIDKEHUSI TATOBOIO OpraHa IMpH Pa3rOHE CHCTEMBI B Ha-
YabHBINA TIEPUOA U HEPABHOMEPHOCTEH, CBSI3aHHBIX C 3allCIUICHHUEM IICMH B 3BE30YKE
C YYETOM M3BECTHBIX paboT [3—5]. MareMarudeckast MOJIE) b TAKOTO Pojia MOXKET OBbITh pac-



110 "Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal". No. 6. 2019 ISSN 0536-1028

CMOTPEHA Ha OCHOBE METO/Ia JIMHEeApU3alluy YPaBHEHUI TUHAMHUKY M PEAJIM30BaHa B IIPO-
rpaMMHOM Tiakete Adams, KOTOpBIi TO3BOJIHI BBIOPATh TUTIOBBIE OOBEKTHI [l MOJICIIAPO-
BaHUS CKPEOKOB, CEKIIMH, BpAIlaTENIbHBIX M BPAIIATEIbHO-IOCTYIIATEIBHBIX COCAUHCHUM,
o0ecrieurT BO3MOXKHOCTh BBOJIa MACCOBBIX U MHEPIUAJIBHBIX XapaKTEPUCTUK, OCOOCHHO-
CTeH NBIKCHUS MOJCIMPYEMBIX JIEMEHTOB. DTO BBIIOJHSIOCH C YUESTOM aHAIW3a JIaH-
HBIX, [TOJTYUCHHBIX TIPH UCTILITAHUSAX MAKETOB IIOBOPOTHBIX KOHBEHEPOB.
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Puc. 2. Pacuernas cxema
Fig. 2. Design scheme

Onucanue KOHCTPpyKIMU. PaccMaTpuBaemMoe pellieHre OCHOBAaHO Ha MaTeHTe [2]
(puc. 1). JInst yMeHbIIeHNS BBICOTHI CEKLIMI KOHBeMepa 0 CTaHJapTHBIX IIPH JIABHOM U
KaMepHOH BBIEMKE NIPUMEHEHBI IAPHUPHI, pa3HECCHHBIE TI0 OOKaM CEKIM, OfWH U3
MIApPHAPOB COCAUHAET O0OpTa ABYX CEKITHH C OMHON CTOPOHBI, & C MMPOTHBOIIOIOKHOM
CTOPOHBI BPAIATEeIbHO-IOCTYIATENbHBII IAPHUP MO3BOJSIET UM PAa3beIUHUTHCS Ha
HeoOxoauMoe JUIs oBopoTa Ha 15° paccrosnue (puc. 1). B sxkcnepumenTtax Obu10 3a-
(uKCHpPOBaHO, YTO MpHKaTHE CKPEOKOB Ha IMOBOPOTE IPOUCXOAUT K OOPTY, OMMKHEMY
OT IIEHTpa IOBOPOTA, M CHIIbHEE y 30HBI CThIKAa. CEKIIMW MOTYT OBITh BBHIMOJHEHBI
C OIHOCTOPOHHHM HJTH JBYXCTOPOHHHUM MOBOPOTOM [2]. B mepBoM ciydae KOHCTPYKITUS
CYIIECTBEHHO YNPOIIAETCSI, HO TEXHOJIOTHUECKUE CXeMbI IPUMEHEHHSI OrpaHUYMBAIOT-
Cs1 OTHOCTOPOHHEHN BBIEMKOW C OCHOBHOM BBIPaOOTKH. Llenbio KOHCTpYHpOBaHHUS SIBIISI-
eTcst obecneyeHrne yCTOMYNBOTO ABMKCHHUSI CKPEOKOB M MPEJOTBpPAIIeHUE MPOCHIIa-
HUSI Tpy3a Ha CTBIKAX CEKIWHU. 37eCh MOTYT 00pa30BaThCsl 3a30pbl, B KOTOPBIX
BO3MOXXHO TOPMOXKEHHE CKPEOKOB M HEJOMYCTUMBIH HAKJIOH, a C MPOTHBOIOIOKHOM
CTOPOHBI — IPOCHINIaHUE I'Py3a 3a Ipeaeisl craBa. Pemenus Ha puc. 1, kak mokasai
TEOPETUUECKUI aHAJIN3 U UCIBITAHUS MAKETOB, 3TO MPENOTBPALIAOT, & YIPYTUH CEK-
TOPHBIM OTpakaTesb THIIA § IPEJOTBPAIIAET IPOCHIIAaHUE TPY3a U YMEHBIIAET TOPMO-
JKEHUE CKpeOKOB B 3a30pax CTHIKA CEKIHH:

A, = Ritga; (D
A, = Rtga, 2)

rae A, u A, — 3a30pBl COOTBETCTBEHHO CO CTOPOHBI OJIMKHETO M JIAJIBHETO CTHIKOB CEK-
LMY OT LIEHTPA WX MOBOPOTA € paguycaMu R, ¥ R,); o — yroj IoBopoTa CEKIHH.
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AHaJau3 u pe3yabrarbl uccjaeaoBanuid. [Ipy nocTosHHON YIIIOBOM CKOPOCTH Bpa-
LIEHUS 3BE3/I0UKH MPUBOJIA IBUKEHUE 1IETTH MTYJIbCUPYIOIIEE, YTO CBA3AHO C U3MEHEHU-
€M MTHOBEHHOTO paauyca HaberaHus ey ¥ HEPaBHOMEPHBIM XapaKTePOM TPaHCIIOp-
THPOBaHMs rpysa [3—5]. g mpuBoaHON Macchl KOHBEHeEpa m,, TMaMeTpa 3BE3104KH
D — nepeaaro4Horo OTHOIIEHUS U,, YIIIOBOTO YCKOPEHHUS €, CPEIHErO IIyCKOBOIO MO-
MEHTa JBUTaTeld Mn'cp, CTAaTUYECKOTO, NMPHUBEIECHHOIO K JIBUIaTel0 MomeHTa M,
Y MOMEHTa UHEPLUH BCEX IABMXKYIIUXCA Mace J » YCHIIIE B LICTIU JUIs MCTIOJIb30BAHHS
B MOJIENSX:

S, =mDe/(2u,); (3)

e=(M,, —M)/J,. )

n.cp
ITo ocummorpaMmam JBHKEHHST KOHBEHepa MOXXHO OICHUTh MTHOBEHHBIC 3HAYC-
HUSI YCUITUU, JEHCTBYIOIIMUX Ha TATOBbIE AJIEMEHTHI MPUBOJHON M KOHIIEBOM 3BE3/I0UKHU
[4, 5]. IlyckoBO#t MOMEHT Tak)Ke XapaKTe-
pHU3YeTCS YCKOPEHHBIM JBIKCHUEM IICTTH.
OTH PUIUHBI TPUBOJAT K YCTAIOCTHOMY
1 GPUKIIMOHHOMY H3HOCY IenH. Tak, st
konBeriepoB Mmapku CII mpm kammOpe
e 18 x 64 oH cocraBiser or 5 70 8
Mmec. [lpu pa3paboTke MaTeMaTHYECKUX
MOJIIETIEH TATOBOTO OpraHa OTMEYaeTCs
Mepexos] OT MaTeMaTHYCCKUX MOJEIeH
(MM) B Buzie muddepeHInalbHbBIX YpaB-
HEHU B YaCTHBIX MMPOW3BOIHEIX K KOHEU-
HO-3JIeMEHTHBIM MozelsiM [3—5]. Paccma-
TpuBatoT U MM TATOBOTO OpraHa ¢ rpy3oM
B BHJIC COBOKYITHOCTH KOHEYHBIX JICMEH-
TOB, OOJIATAIONTUX YIPYTHMH, TUCCHUIIA-
TUBHBIMU U WHEPITHOHHBIMU CBONCTBAMHU.
Mognenn “MEOT 0OIIHue METOMUYECKUEC
MTOJTXOMBI ¥ PA3IMYAIOTCS B ydeTe HEpaB-
HOMEPHOCTH JBWIKCHHS IICIH, BHI3bIBac-
MO 3Be3109KaMH1, 0COOEHHOCTAMH y4deTa
BITUSTHUS TIAPAMETPOB IEKTPOIBUTATEIICH
[6-8]. Ouenka OUHAMUKHM CKPEOKOBBIX ]
KOHBEHEPOB MPOU3BOIUTCS IKCIICPUMEH- Puc. 3. Moziess ckpe6ios:
TQJIBHBIMHU 3aMEPAMM YCWINN B TATOBBIX [/ — ckpeGok; 2 — ymIKo; 3 — NPOMEKYTOYHOE 3BEHO;
OPraHaXx Wi KOMIIBIOTCPHON HMHTALHCH. (oo iharenmman) enmons 6 - momsymso-spaare imion
VYyer peaj]],Hof/'I CKOPOCTH IBWKEHUS I'PY- CBSI3b C CEKIMEH; 7 — HOCTyHg.TeJ‘ILHLIﬁ mapHup; 8 — Bpa-
3a, IAHHEIC B BUJIC TAOMMLL M rpaduieckix Fi g'“?T;j[Igz‘ng“;aS%’gB ors:
3aBUCMMOCTCH YCHIIMA Ha IPUBOJHBIX H 1 —scraper; 2 —eye; 3 — intg:rmediate; 4- hard connec?ion
KOHIICBLIX 3BC3I0UKAX TIOSBOMAIOT Mool (£Pe 16 ar 3 - ing (o) comection
TU K MOACTIUPOBAHNUIO BO3MOXKHBIX HEpaB- 7 — translational joint; § — rotational hinge
HOMEPHOCTEH B MakeTax AMHAMHUYECKOTO
MOIETUpOBaHUsA, B ToM uucie u Adams [9-11], Tme mpou3BOAMTCS JHHEAPU3AIIHL
ypaBHEHWI TUHAMHKH, COCTaBIEHHBIX IS TEJl C 3aJJaHHBIMU MEXaHUIECKUMH U CHIIO-
BBIMH XapaKTePUCTUKAMU ¢ YIeTOM BhIpakeHuH (1)—(4). B aToM cimydae MOXKHO 3aj1a-
BaTh HArpy3KW HAa HAYaJbHOM M KOHEYHOM YYacTKe MOIEIMPOBAaHWSA. 3HAS pa3Mepbl
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(xanu6p) 1enu, Kax10e 3BeHO MOXKHO MOJETUPOBATh OTAEIbHBIM MEXaHUUYECKUM dJIe-
MEHTOM, C yYETOM XapaKTepPUCTUK TPEHHS, UMEIOIIErocsl Ha KOHTAKTaxX, MMPU 3TOM MO-
JIeNIMPYETCsl yYacTOK LENH U YCHIIMS Ha €ro TpaHHLaX. ITO MO3BOJSET BBISIBUTH: Xa-
pPaKTepUCTHUECKOE  TOBEACHUE  JIBWKEGHHUS  (aBTOKONEOaHWs);  aMIUIMTYIHBIE
XapaKTEPUCTUKU OTIOPHBIX YCUINH M YCUIIMS B TATOBOM IETH, BO3MOXXHOCTH OTIPOKH-
JIBIBAHUSI CKPEOKOB.

BaxHBIM MOMEHTOM aHaJIN3a SBJSETCS CPaBHEHUE HEKOTOPHIX XapaKTEPUCTHUK C pe-
ANBHBIMU TIPH 3aITyCKE MAaKeTOB U JIETaJbHOTO MPOCMOTpPA IBMKEHHS CKPEOKOB Ha BU-
neo¢pmibMmax. Jlanee npuBeneHbl CXEMbI M CUCTEMa YpaBHEHUH ISl y4acTKa CKpeOKo-
BOM IlenH, JBHXKYLIETocs MO CEKIMSIM, COEAMHEHHBIM JIpyr C APYTOM MOJ YIJIOM.
Ha npsiMomHeHHON 4acTH ABMKEHUS, 32 IIPEIENaMu IOBOPOTHOM 30HBI KOHBElepa B3au-
MofeHCTBHE CKPEOKOB ¢ OOpTaMH MHHHMAJIBHO H €0 MOXKHO CUHTaTh OTCYTCTBYIO-
M. [Tpu TpuONIMKeHUH K CTBIKY CEKIIMH MEXIy CKpeOKOM U OOPTOM CEKIIMH 3a CUeT
HaKJIOHA 1M BO3HUKAET CHUJIa peaKIMK U COOTBETCTBEHHO cuila TpeHus. B mpenemnax
OJTHOM CEKITUH Ha CKPEOOK JICHCTBYIOT CHIIbI HATSXKCHHUS TETICH, OTTIOPHBIC CHITBI 00PTa,
JIefiCTByeT cuila TPEHHUsI MeXIy HUMH, YUUThIBa€Mble KaKk MPHU paBHOMEPHOM JIBHXKe-
HuH. Cuia CONPOTUBIICHUS TPAHCIIOPTHUPYEMOI MacChl KOMIIEHCHPYETCsI IPUPALIIeHH-
€M 3HaYeHMsI BEJIMUMHBI HATSHKEHMS LENH Ha KaXXJIOM CKpeOKe, a Cuila MHEPLUU NI
KOHCTPYKTUBHOHM CXeMBbI OOPTOB M CKpeOKa 7 BO3HUKAET TOJIBKO BO BPEMsl pa3BopoTa
CKpeOKa Ipu Nepexo/ie ¢ OTHON CeKIMH Ha Apyryto. Cuiia TpeHHs IPUBOIUT K HapyIlIe-
HUIO MEPIECHANKYIIPHOCTH CKpeOKoB OopTy. VX HakioH yOBIBaeT ¢ ygaJieHHEM OT
30HBI COETUHEHUS CEKIIUH, H CKPEOOK C HOMEPOM ¢ TIOYTH HE OTKIIOHSETCS OT HOpMa-
yu. OmnpeneneHue 3TUX MapaMeTpoB i [ CKpeOKOB, Ha KOTOPHIE BO3JACHCTBYIOT H3-
BeCTHBIE CUIbI T'; T, |, BOBMOKHO, €CIIM PACCMOTPETh CUCTEMY M3 TPEX ypPaBHEHHMH,
I7le HEU3BECTHBIE: 0, — YTOJl OTKIOHEHHUs CKpeOka OT HopManu K cekuuu; N, — Hop-
MaJllbHas Peakius Ha OopT cexuuu; 7, , | — HaTsHKeHUe nenu Mesxay k u (k + 1) ckpeb-
KaMu (puc. 2).

B 3aBHCHMOCTH OT OCTaHOBKH BOIIPOCOB HCCIENOBaHMS KOJMUECTBO YpaBHEHUI
MOYKHO YBEJUYHTb.

Venosue paBHoBecus ckpeOka N, (kpaiiHuii 1eBblii):

ZFiX =-T,cosv, + T,cosv, — F, =0;
ZFiy =-T,snv, + T,sinv, + N, = 0;

Zn}n(Fi) =T, cosv,(hcosa,(hcosa, +(e/2)sina,) +T,'sinv,(hsina, — (€/2)cosa, ) +
+ T, cosv,(hcosa,(hcosa, —(€/2)sina,) + T, "sinv,(hsina,(hcosa, — (€/ 2)sina,) = 0.

HewnsBectHble B 3TUX ypaBHeHUsAX T, o, N,, sin v, = (e/2)(sina,)/S, a T,'u T, paBHBI
Mo aOCONIOTHOM BeNMWYWHE, S — JJIWHA IENH, CBA3BIBAIOMIAs CKpeOKW; 2/ — ITHHA
CKpeOKa; e — pacCTOSIHNE MEXTy LIEHTPaMH TIPOYIIHH.

Hnsa ckpebka N,

z F, =—T,cosv, + T,cosv, + F, =0;
ZFiy =-T, sinv, + T,sinv, + N, = 0;
Zm)z(Fi) =T, cosv,(hcosa, +(e/2)sina,) + T, sinv,(hsina, — (e/2)cosa,) +

+ T,cosv,(hcosa, — (€/2)sina,) + T, sin vy(hsina, +(€/2)cosa,) = 0.
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Hewussectneie 75, a,, N, sin v, = ((hcosa, + (e/2) sina,) — (hcosa, + (e/2) sina,))/S,
a T,'u T, paBHBI 10 a0CONIOTHON BEIMYHUHE.

AHAJIOTMYHO ONPENENAIOTCS BhIpakeHUs 1yt ckpeOka N, u T. 1. Bo3MoxeH BBOX
CHWJI MHEPLIMH, KOTOpPbIE ONPEAETISIOTCS Yepe3 YCKOPeHHE.

[Mpouecc mepexona ckpeOKa ¢ CEKIUH Ha CEKIUI0 HE MOACIUPYETCS BBUILY Pa3phIB-
HOCTH BEKTOpa CKOPOCTH IIeHTpa cKpeOka B 3Toil 30He. Pemienue mpu ABUKEHUU
C YCKOPEHHEM TOKa3bIBAET BOZMOKHOCTH BO3HUKHOBEHHS aBTOKOJICOAHHI B CHCTEME.
Haxnon ckpeOka NpUBOAMT B JCHCTBHE BRIPABHUBAIOILYIO CHCTEMY 32 CUET BO3HUKHO-
BEHUSI MOMECHTA Maphl CUJI Ha YIIKAaX, C TOMOIIBI0 KOTOPBIX CKPEOOK ¢ 00enX CTOPOH
kpenutcs K nenu. [lpu pemennn B nakere Adams TpeHHE yYUTHIBAIOCH HE BO BCEX
Cllydasix, ¥ TOT/Ia CHJia, IPUBOASINAS K HAKIIOHY CKpeOKa, co3/1aBanach MOJIEIBHO.

B peansHOCTH TpeHHE UMEET MECTO U B 30HE KOHTAKTa 3B€HBEB LIEMH, IPUKPEIUICH-
HBIX K yIIKaM CKpeOKa, MeX/y 3BEHBbSIMH IIeTIH, MEX/ly TPAaHCIIOPTUPYEMON Maccoi U
JTHOM CEKIIMH, YTO CAEpKUBacT KojieOanus. [Ipu MopeupoBaHUN yYUTHIBACTCS CBSI3b
MEX]Ty IIarOM PacCTaHOBKHM 3BEHBEB IIeNM U CKpeOkoB (puc. 3). Panee paccmarpupa-
JIUChH 3a/1a4M C MIOCTOSSHHOW CKOPOCTHIO BpallleHUs IPUBOAHOMN 3BE€30YKH U TBUKESHUS
LEH, KOTOPOE B CPelHEM PaBHOMEPHOE, XOTA BHayasle IMPOUCXOIUT Pa3roH, a TakkKe
HEpaBHOMEPHOCTH, CBS3aHHBIE C 0COOEHHOCTSIMU Haberanus nenu. [losTomy Ha miep-
BOE 3BEHO HAJIOKEHO YCHJIME HATsHKeHMs [, a Ha mocnennue ). Kpome Toro, Ha mpa-
BbIE KOHIIbI CKPEOKOB HAJIOXKEHbI BO3MYIIAIOIE HArpy3ku F;, F,, F, Fo (puc. 4), xo-
TOpBIE IMUTHPYIOT CUITy TPEHHUSI CKpeOKa O CEKLIUH WM, HallpUMEpP, OTHOCTOPOHHIOIO
Harpy3Ky CKpeOKoB.

BHauaie paccMOTpeHO JBIKEHHE CKPEOKOB Ha MPSIMOJIMHEHHOM y4acTKe KOHBewe-
pa 6e3 HaKJIOHa CeKLUH, HO M B 3TOM ClTydyac MOXKHO OLIEHUTDH BIMSHUE KOHCTPYKTHB-
HBIX TIApaMeTPOB CKpeOKa Ha BO3MOKHOCTH KOJIEOaHUH, eCI MPUMEHUTH TEXHOJIOTHIO
Adams, ucnone3sys aj1st yrouneHuit Beipaskenus (1)—(4). JeiicrBue Bo3mymaromnie Ha-
Ipy3KH Ha Topel] CKpeOKa BBI3BIBAECT €0 HAKJIOH, HO 3TOMY IPEMSATCTBYET BO3HUKAIO-
M TIPH MIOBOPOTE CKpebKa MOMEHT OT Maphl CHJI CO CTOPOHBI MepeqHel u 3axHei
YacTH KOHBeHepa Ha yIIKax ckpeOka B Toukax KperuieHus uenu. M uem Gonblie moBo-
pOT ckpeOKa, TeM OoJblle BOCCTaHABIUBAIOMIMK MOMeHT. [Ipyn MopenupoBaHuu, Hc-
XOJIsl U3 BeCa BCEX JIBMKYIIHUXCS AIEMEHTOB U Kodduiuenta tpenus 0,3, mondupaem
JBIKYIIEe YCHIIKe, o0ecreurBarolee HayaabHOE JIBUKEHHE B COOTBETCTBHH C OIIBIT-
HBIMH JaHHBIMH [1, 3, 5], MuHUMansHOE TATOBOE ycmiue paBHo 3549 H. [locnenosa-
TEJIbHO YBEINYHMBAs KOJINYECTBO CKPEOKOB, MOYKHO YCTAaHOBUTH X BIMSHUE Ha Mapa-
MeTpbI JBWXKeHUA. [Ipu OTCYTCTBUUM TpeHUs B IIapHUpPAX MPOUCXOAUT PACKaYHBaHUE
¢ BoccraHoBieHHeM. CTano O4eBUIHBIM, YTO MOJAEIUPOBAHHE TPy3a, UMEIOIIETO BEC
cKpeOKa, HepallMOHaJIbHO, TIOCKOJIBKY OH MMEET MHEPIUIO U MPU KaYaHUH HE CAEPIKU-
BAaeTCs TPEHHUEM B MOJI3YHE U 30HAX KPEIUICHHsI CKpeOKa U IEMH, YTO B MOJISIIN IIPHBO-
IUT K pOCTY aMIUIUTYyAbl KoneOanui. [lepBeiii 3Tan MopearpoBaHus MOKa3bIBaeT J0-
MyCTUMOCTh HCIIOJIb30BaHHBIX OOBEKTOB makera. Ilpu HarsokeHuu 10 1/3 or Beca
JeTaneil 1 COOTBETCTBEHHOM YBEJIHUYEHUH CUIIBI TATH CTAHOBUTCS OYEBHUIHBIM, YTO
KoJe0aHusl ey yMEHbINAIOTCs. Takol ke 3PQeKT uMeeM NpH YBEIUYEHHUH TLieda
napsl cuil. [Ipu MoenMpoBaHUY MOBOPOTA CEKIMIA HCTIONIE30BAIMCh TAKHE e DJIEMEH-
ThI, yCTAHOBJIEHHBIE 1101 33JJaHHBIM yIiIoM. [locnennuit ckpeGoK Mpu MOCTPOSHUH MO-
JIeNIY U3-3a HECOOTBETCTBUA pa3MepOB HAXOAMJICS B HAKIIOHHOM ToJioxkeHuu. Ha puc. 4
JUTSL CEKIUH, COCTMHEHHBIX IOJ] YIIIOM (IBIDKEHUE BHU3 0€3 HATSIKCHUS C CHIION TSITH
3566 H, rpaBuTaius HampasiieHa BBEpX), MPEACTABICHbI KMHOIPAMMBI TOJIOKEHUH
ckpeOkoB. 3areM HaTsbkeHHue yBenuunian qo 2000 H, Ho myist oOecrieueHus TATH IpHU-
MeM ero paBHBIM 2566. Bo Bcex citydasx mpu BEIMYHHE yIJIa HAaKJIOHA CeKIuit 1o 15°
OTIPOKHUIBIBaHMS CKpeOKOB He mpoucxoamio. OTcroa cienyer, 4To OMopHas cuja Ha
CKpeOKe, JOCTHUTIIEM CTHIKa, JJIsl KOHCTPYKTHBHON CXeMBbl KOHBeWepa B mo3uuuu 10



114 "Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal". No. 6. 2019 ISSN 0536-1028

C

()

% 7
S /
S Py 2
z
< /
= ;
5 :
o
=]
3
>
~30000 + ,
0 0,05 0,10 0,15 0,20 0,25
8 Bpewms, ¢
0
-50
-100
jas)
g
g -150 9
—200
-250
0 0,05 0,10 0,15
Bpewms, ¢

Puc. 4. KunorpaMmsl konieOaHmii CKpeOKOB — @; pactpe/ieNiecHie YCKOpeHHid — 6 U cuit — ¢ (makeT Adams):
BEpPXHUH PsI KHHOTPAaMMBI — C YBelIMYeHUEeM ycuus HatspkeHus ot 400 o 2000 H Ge3 HakioHa; HIOKHHMI psf — ¢ Ha-
KJIOHOM CEKUMii py yBeaudeHHH ycuus Hatsokenus oT 0 1o 2000 H; /-6 — cunbl F\—F; 7, 8 — yCKOpeHus Ha OHope
ONIDKHETO K CTBIKY CKpeOka M OIOpHasi cHila ckpebka 9
Fig. 4. Moving images of the scrapers vibrations — a; acceleration distributions — 6 and forces — 6
(Adams package):
the upper line of the moving images — with the increasing tension force from 400 to 2000 N with no inclination;
the lower line — with sections inclination at the increase of the tension force from 0 to 2000 N; /-6 — forces F'|—F;
7, 8 — acceleration at the mount of the scrapper nearest to the joint and the normal force of a scraper 9
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puc. 1 mpu MakCHMaJIbHOM YTJIE TIOBOPOTA CEKIUI MOXKET UMETh CYHICCTBEHHO OOJIb-
M€ 3HAUYEHUS, YeM Ha OCTAJIBHBIX, KOTOPHIC MTpH pacuyeTe Ha Adams MpaKTUYECKHU BbI-
pOXIaOTCA. DTO MO3BOJSET MPEUIOKUTh KOHCTPYKIMIO C OOKOBBIMHU ILIACTHHKAMU
(puc. 1, mo3unus 8). [Tapamerpsr cekimii koHBeiepa: 0,2 x 0,6 x 0,8 M ¢ yriioMm MoBo-
pOTa MKy COCETHUMHU CEKIUAMU 10 15°. Y TOYHEHBI HEKOTOPBIC JACTANIN YCTPOICTBA
Y METOJMYECKHE 3JICMEHTHI pacueTa JiJIsl yMEHBIIICHHS 3a30pa MKy CEKIMSIMHU B 30HE
noBopoTa (puc. 1), koTopeie o0ecneunBatoOT paboTOCIIOCOOHOCTh KOHBEHEpa. YCTaHOB-
JICHBI METOJIMYECKUE IEMEHTHI MOJICIIMPOBAHUS 0COOCHHOCTEH JBIDKEHUS CKPEOKOB
B CTaTUYECKOM M JUHAMUYECKOM PEKUME C YISTOM IIPOBEPKH MeXaHH3Ma U 000CHOBa-
HUSl 00CCIICYCHHS YCTONYUBOCTH JIBUXKCHHS CKPEOKOB M pabOTOCIIOCOOHOTO COCTOSI-
HUS TATOBOTO OpraHa U3 KpyrI03BEHHOM LIS, CHIIbI, CKOPOCTH U YCKOPEHUSI, ICHCTBY-
IOIlME€ B 30HE IMOBOPOTA, YTO IMO3BOJNMIO C HOpuMeHeHueM [12] co3marh MakeT
KOHBelepa U METOJIUKY pacueTa ero padoThl, BKIIOUAs MTPOIECC BBOJIA CTaBa B OYUCT-
HYIO BBIPaOOTKY.

3akuTiouenne. YCTaHOBJIEHA BOBMOKHOCTB Co31aHus 2P PEeKTUBHBIX MOJICIICH HA OC-
HOBe naketa Adams ¢ y4eToM KoJieOaHuii, BO3HUKAOIIMX B CHCTEME, H OIPE/ICIICHBI 0CO-
OCHHOCTH JBHIKCHUS CKPEOKOB B 30HE MTOBOPOTA, MEXaHU3M T'allICHUs KOJICOaHUH 3a CUeT
«Iapbl CUID» Ha YIIIKE KPEIUICHUS CKpeOKa K TATOBOMY OpraHy. BhISBICHBI KOHCTPYKTHB-
HBIE CXEMbI IIOBOPOTHOTO CKPEOKOBOTO KOHBEHepa, 00eCIeurBaroIIe YCTOMUYUBOE JIBH-
JKCHUE CKPEOKOB U TIEPEKPHITHE 3a30POB, BOSHUKAIOIIUX MTPU TOBOPOTE CEKIIMI Ha yTroll
J1o 15°, KOTOPBI#i 17151 MHOTOCEKIIMOHHOTO KOHBEHEepa, C y4eTOM HEpaBHOMEPHOCTH OTIOP-
HBIX CHJI MEXIy CKpeOKaMu M OOpTaMU CEKIIUH, SBISACTCS MPEACTbHO JIOMYCTHMBIM.
YBenmuueHue yria moBopoTa BO3MOXKHO 3a CUET MUHAMU3AIMY 33230pa MPH MapHUPHOU
CBSI3U WJIK TIPUMEHCHUSI YCTPOWUCTB C YIIPYTUM CETMEHTHBIM OTpakaTesieM. BEImonHeH-
HBIC UCCIICIOBAHUS TIO3BOJTUIIN CO3/IaTh TEXHIMUYECKUE TPEOOBAHMUS HA TIPOCKTUPOBAHUE U
pacyeT IOBOPOTHOTO KOHBEWEpa, YTOUHUTh METOIUKY UCIIBITAHUS SKCIIEPUMEHTAIILHOTO
o0pasiia, YyTOYHUTH 3aJI0KEHHBIE KOHCTPYKTHBHBIC MPHHIIUIBI U BO3MOXHBIE 00JIacTH
MIPUMEHEHUS KOHBeliepa B TOPHOM MPOMBITIIIICHHOCTH.

HUccneooeanue evinonneno no meme AP05134441 «Paspabomka, uzzomosyieHue
U ucnvlmanue HOG0U KOHCMPYKUUU ROGOPOMHOZO0 Y3114 KOHEelepa ¢ no6oponom
2py30nomoka Ha y2o1 00 90 zpadycoe 6 niockocmu no4esl 6blpadbomKu 01 Cucmem
3a00iiHOl 6bleMKU U KPUBOTAUHEHUHBIX 6blpadomox». Buviparcaem onazooapnocmo
/. E. Opa3bekxogy, npunsasuiemy yuacmue ¢ HQnUCAHUU padombol.
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Modelling scraper conveyor operation in the turn zone
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Abstract
Introduction. More complex mining and geological conditions of solid minerals extraction during
underground development result in the loss of work efficiency. The solution to the problems is in the
creation of shortwall extraction technologies based on the swivel scraper conveyor operation.
Research aim. Based on the analysis of the single-chain traction unit operation situated in the centre
of pans, research aims to provide steady movement of scrapers at ramp's turn up to 90° in the bedding
plane, develop the constructive scheme of a conveyor which meets the accepted work technologies.
Methodology. System analysis of structures is carried out together with the traction unit movement study,
based on the simulation with the method of dynamic equations linearization in Adams, with the analysis
of data from swivel conveyor prototypes testing.
Results. The model and the movement mechanism of the tension unit with scrapers along the pin-connected
pans at an angle up to 15° have been worked out and substantiated; constructive schemes of units for
the turn zone have been identified, ensuring the stability of tension unit movement and the retention of the
transported material within the limits of the rod. It has made it possible to develop the specification
of requirement for the conveyor test model design, calculation and testing, and specify its scope.
Summary. The possibility of creating efficient models based on the linearization of dynamics equations in
Adams package taking into account oscillations within the system. Features of scrapers movement in the
turn zone and the mechanism of oscillations suppression by means of a “pair of forces” at the scraper
of a traction unit have been identified. The system is effective under the angle of the turn up to 15° for each
pan. Constructive schemes have been identified for a swivel scraper conveyor that ensure the steady
movement of scrapers and overlap the gaps at the turns of the sections, with an elastic segmental reflector.

Key words: modeling; scraper conveyor; turn zone, linearization of dynamics equations.
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BbiBog napameTpoB CTaJIbHOro KaHata, BNMUAKOLWWUX Ha Oe3onacHoCTb
JKCnnyatauuu

Monskos C. B.!
1 CaHkT-MeTepbypreknin rocynapCTBEHHbIA apXUTEKTYPHO-CTPOUTENbHBINA YHUBEPCUTET,
r. CankT-Metepbypr, Poccus
*e-mail: 5550ts@mail.ru

Peghepam
Beeoenue. Iloovemnuviti kanam xkax cuOKull d1emMeHm, CROCOOHbBLL HeCMU BbLCOKYIO PACMALUBATOUYIO
HAacpY3KY, WUPOKO NPUMEHSEMCS 8 COBPEMEHHOU NOObEMHO-MPAHCROPMHOL mexHukKe. Tpyono npeo-
cmasumos pabomy MHO2UX 8ANCHETUUX OMPACLel HAPOOHO20 XO3AUCMEa 0e3 WUPOKO20 UCHONb306AHUS
NOOBEMHBIX KaHamos. Dmo npejicoe 8ce20 OMHOCUMCS K CIPOUMEIbHOU U 20pHO000bIeaiowell npo-
MBIULEHHOCMU, 20€ KAHANM UCRONb3YemCsi 8 HOObEeMHO-MPAHCROPMHOM 000pYO0BAHUL.
Ilenv pabomwi. Ha ocnoge Hayunvlx OMKpbIMUL POCCULICKUX YUEHbIX 8 001acmu NnpoeKmupo8anusl
WAXMHBIX KAHAMO8 ONpedelums OCHOBHbIE NAPAMempbl, 6AUAIOWUE HA UX OE30NACHYI0 IKCAIYAMAayuio.
Memooonozusa. [Ipu skenmyamayuu noObeMHbIX KAHAMOS, pAOOMAOWUX 8 YCI08USIX C80O00OH020 NOO-
6eca Ha BbICOKUX NOObeMAX 21yO0KUX WAXN, HPOUCXOOUM 3HAYUMENbHOEe PACKDYHUBAHUE NPU PACsI-
JIceHuY, 8 pesyibmame 4e20 HAOGIIOOAEMCsl USMEHEHUE Y208 COUBKU GUHMOGHIX INEMEHMO8 KaHamd,
8bI3bIBAIOUY €€ 2eOMEMPUYECKU HeNUHeHbIl Xapakmep Oegpopmayuti. Pacuem paduyca u yena eonnucmo-
cmu no Hedepopmupyemotl paciemuoll cxeme daem Oonvuiue nozpewinocmu. B pabome ocywecmenen
8bIB00 NAPAMEMPOB, GIUAIOWUX HA OE30NACHYIO IKCNIYAMAYUI0 KAHAMd, ¢ UCNONb30BAHUEM HelUuHell-
HOU meopuu pacyema Kanamos, 4mo no360sem noGblCUMb HA0EHCHOCb U 00A208EUHOCTb UWAXINHOZO
Kanama.
Pesynomamul. B npeonazaemoii cmamve onpedenen u noOmeepicoeH napamemp, Iusowull Ha 6e3o-
RACHYIO YKCAIYAMAayuio WaxmHo2o no0beMHo20 Kanama. Beieedeno ypasnenue paduyca 6onHucmocmu
€ NOMOWbIO HETUHEIHBIX 3A8UCUMOCTEN. YMouneno KonuyecmeeHnoe 3Ha4eHue OOnyCcmumo2o paouyca
BOHUCMOCTU.
Bu1600wt. [lonyuennvie pexomenoayuu 61a200aps 8blpAdtCeHUM, ONPEOeNSIIOUWUM OONYCMUMOe 3HAYe-
HUue paouyca 6OIHUCMOCMU KAHAMA, NOGbICM 0e30NACHOCMb IKCHAYAMAYUU CIMATbHO20 UAXMHO20
Kanama.

Knroueevie cnoea: rxanam; oegpopmayuu; donycmumoe snauenue; 60IHUCHOCMb, Y201 CEUBKU;
meopus paciema KaHamos.

Brenenue. [Ipu skcrutyaTanuy MaxTHBIX MOJbEMHBIX KAHATOB W3-3a Pa3IH4Hsl T€0-
METPUYECKUX MapaMeTPOB U MEXaHHMUYCCKUX CBONCTB BUHTOBBIX 3JICMCHTOB B HUX IO-
SIBJISICTCS] BOJIHUCTOCTh, TIPY KOTOPO#t OCh KaHATa MPUHUMAET (POPMY IPOCTPAHCTBEHHON
BUHTOBOM JTMHUU. [IpH 3TOM HEO0OX0ANMO 3HATH AOIYCTUMOE 3HAYCHHE panyca BOJIHH-
CTOCTH, TaK KaK dTa BeJIMYHMHA BIMSET Ha OE30MACHYIO dKCILTyaTaruio kaHara [ 1-3].

B pa6orax M. H. Xanbduna [4, 5] ObUIO MOJIyYEHO BBIPAKEHHUE JOITYCTUMOTO 3HA-
YeHHUsl paJinyca BOJIHUCTOCTH Ha OCHOBE JIMHEWHOW TEOPUH pacdera IMaXTHBIX MOIb-
eMHBIX KaHaToB. Kpome Toro, Obljia c/ienaHa MomnbITKa ONpeIeeHus] KOTHYeCTBEHHOTO
3HAUEHHS PaJnyca BOJHUCTOCTH, paBHOro 1,08 MM, KOoTOpoe 1mo3ke ObLIO BKIFOYECHO
B «IIpaBmia ycTpoiicTBa 0e30mMacHON 3KCITyaTallMd TPY30MOABEMHBIX KPAaHOBY» U
«IIpaBuna ycTpoiicTBa 6€30MacCHON AKCILTyaTalluyl MacCaKUPCKUX MOABECHBIX U OyK-
CHPOBOYHBIX KaHATHBIX gopory (IIpasuna ycmpoticmea 6e30nacHou dKCHyamayuu
RACCANCUPCKUX NOOBECHBIX U OYKCUpoBouHbIX Kanamuwix oopoe. M.: HI1IO OFT, 2003.
80 c.; Dedepanvivie HOpMbL U NPABULA 8 0OAACTIU NPOMBIULICHHOU OEe30NACHOCTNU
«lIpasuna besonacnocmu npu gedenuu 20pHuIX pabom u nepepabomie Mmeepovix no-



ISSN 0536-1028 «H36ecmusi 8y306. Topuwiii sicyprany, Ne 6, 2019 119

ne3nvix uckonaemvixy. Cep. 03. Boin. 78 / 340 «Hayuno-mexuuveckuii yenmp uccie-
0oeanutl npobrem npomvlunennou bezonacnocmuy. M., 2014. 276 c.).

TeopeTuueckoe onpeaeieHne MApaMeTPoB MIAXTHOTO CTAJLHOT0 KAHATA, BJIU-
SI0IIHX HA ero 0e30NMACHYI0 YKCIIyaTanuio. OCHOBOIOJIATAIOIIUMH 3aBHCUMOCTIMH
JTMHEHHON TEOpUH pacyeTa KaHaTa, MOJyYCHHBIMU C YYETOM BOJHUCTOCTH, SBIISIOTCS
reoMeTpHIYCCKHIE YPaBHEHHS PAaBHOBECHS BHYTPEHHHX CHIIOBBIX (DAKTOPOB, BO3HHUKAIO-
IIMX B BHHTOBOM 3JIEMEHTE KaHaTa MPH JACHCTBUH HA HETO BHEITHMX HATPY30K, U ypaB-
HEHUs, OTpaXkaromiue Gu3ndecKre CBOWCTBA DIIEMEHTOB KaHaTta [4, 6].

H3BecTHO, YTO ypaBHEHUE, ONpPEJelsioliee napaMeTpbl BOJIHUCTOCTH B KaHAre,
B JIMHEMHOM MOCTaHOBKE UMeeT BUJ [4]:

iJrAXPR
R = T A Po : N > (1)
PR, |+ 7SIHBC°SBJ;9+X2PXRBO

Po

TIe p, — HadallbHas KpUBU3HA OCH KaHATa, 0— CYMMApHOC 3HAUYCHUC KPYUCHU KaHATa

oT Z[eﬁCTBHSI IKCILTYyaTallUOHHBIX (baKTOpOB; RBO — paaunycC BOJHUCTOCTH, IMOSABJISAIO-

MHﬁCﬁ IIpU U3TrOTOBJICHUU KaHATa, Px — BHCIIIHAA HArpy3kKa, B — YIroJl CBUBKHU KaHAaTa,
— paanycC KaHara,

A-mA; Al A,

A, =], AL
A A Ay A,
A —A; A — 1A,
A, = 21;
: A A Ay %
’ (2)
m _ m o AA M _ M
2 (Al4 “1A3.4) > Ay -1y A, 2 Ayl A,
A= A - A, Az — 1Ay Ay —mAy ’
B (A _ P
A, — 1A, A, A, Ay -1y A,

M — 9UCJI0 BUHTOBBIX DJIEMEHTOB B KaKJIOM CJIO€ KaHaTa; |, — KO3(QQUIMEHT CyKeHHUs
xanara; A,,, Ay, Ay4» Ayys Ayys Ayys Ay A,y — arperatubie KO3QPUINEHTBI JKECTKOCTH.
IIpumem nonepeunyio ne@opMaumo sr = 0, Torna nocie MaTeMaTHYECKUX Ipeoo-
pa3oBaHMil OJTYyYUM ypaBHEHHE, ONPEEIAIONIEe U3MEHEHNE F€OMETPHYECKUX T1apa-
METPOB ¥ MEXaHMYECKUX CBOMCTB BUHTOBBIX DJIEMEHTOB B KaHATe B HEJIMHEHHOH I10-

craHoBke [7, 8]:
(X, +X,+X;)
Ae+CO+ Aye” + Ayeh+ A0°)

R = 2( (3)

e X1 = AAe+ AN+ (A, - mgo)l D Xo = ALAER+ ALAAD+ A LAY
p
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2
X, = A414A81+ AmAeL AAM(EJ ; Ag, AD, 1/p — momonHUTENbHBIE NPOAOJIBHAS,
P P p

KpYTUIIbHAsg M W3rMOHas AedopMmaluM KaHaTa; g, — JKECTKOCTh HPAAM Ha M3ruo;
Ay, it Ay Ayygp Agrrs Aygpgs Ayyy — arperatubie Ko3QPUIMEHTBI KECTKOCTH KaHATa JBOM-
HOH CBHBKH, MOJy4eHHbIe aBTOpoM; A, C — arperarHble KO3(GQHUIUESHTHI )KECTKOCTH Ka-
HaTa IBOMHOMN CBUBKH, MTOJIyYEHHBIE C IOMOILIbIO JIMHEWHON TEOPUU pacyeTa KaHaToB.

N3rubaromuii MOMEHT MOXHO TIPEJCTaBUTh KaK

.30 e e aR e
i=1

e G, — Npejea TEKYy4eCcTH; & — JIONMyCK Ha JMaMeTp NPOBOJIOKH, TOTyYEHHBIH ¢ MO-
MOIIBI0 TMHEHHBIX YpaBHEHHH; Ad — AOMycK Ha AmaMeTp npoBojokw; AT — pa3bder
TEXHOIIOTUIECKOTO HATSKEHUS IIPOBOJIOKH.

Kak u3BecTHO, yroa BOJHUCTOCTH, COINIACHO [3], paBeH

2nR,
H > (5)

K

rae H_— mar CBUBKM HapyKHOTO CJIOSl KaHaTa.
C ydJeToM BOJHHCTOCTH, TMOACTAaBUB ypaBHeHHE (3) B (5), MOMydYnM BBIpa)KEHUE
yIJIa BOTHUCTOCTH B HEJTMHEWHOH (hopme:

X, +X,+X
Y =2m (XX Xa) o ©6)
2(Ae+CO+ Aye” + Aye0+ ALD°)

IToy4eHHbIE BBIpa)KEHUS TO3BOJISIOT ONPENCIUTh JOIyCTUMBbIC 3HAUCHHSI BOJIHU-
CTOCTH U yIJIa BOJIHUCTOCTH LIAXTHOTI'O CTAJIbHOTO KaHATa B 3aBUCUMOCTH OT €TI0 Kpy-
YeHwsI, N3ruda U mpeesa MpoYHOCTH MaTepraia KaHaTHOH mpoBosoku [9—13].

PacyeTr 0CHOBHBIX MapaMeTPOB IIAXTHOIO CTAJbHOIO0 KAHATA, BJMSIOLUINX HA
0e30macHyI0 3KcIuIyaTauuio. 1lpyu U3BECTHRIX KOHCTPYKLMAX KaHATOB, IIPH €0 Ha-
TSODKEHHHM MOXKHO OIPEACIUTH JOMyCTUMOE 3HAYeHHE PaAnyca BOJHHCTOCTH B HENHU-
HeitHo dopme [13] (Karrwowcuna A. A., ypmanrox A. A., Xaregpun M. H. Hanpsasice-
HUSL 8 HECYUUX 3AKPBIMBIX KAHAMAX NOOBECHBIX KAHATMHBIX 00PO2 NPU UX IKCHIYAMAYUU.
Henonuposannas pykonuco Ne 359-B2014 30.12.2014).

Jnis mpoBeneHus pacdyera JOIMyCTUMOTIO 3HaYEHHsI paJinyca BOTHUCTOCTH, TTOJTyYeH-
HOTO BHENMMHEWHO! (hopMe, aBTOpOM OBLITH MCTIONTb30BaHbI KaHATHL: 14,5-1"-B-JI-O-P-1960
I'OCT 7669-80, 16-I-B-JI-O-P-1960 TI'OCT 7669-80, 21-I-B-JI-O-P-1960
I'OCT 7669-80, 30-I-B-JI-O-P-1670 TOCT 7669-80, 35,5-T-B-JI-O-P-1960
I'OCT 7669-80.

Hcxoouvie Oannule K pacyeTy IOIyCTUMOTO 3HAYEHHS paiilyca BOJIHUCTOCTH IIPU He-
JTMHEHHBIX 3aBUCUMOCTSIX: KOHCTPYKIHS KaHata — 6 x 36(1 +7 +7/7+ 14) + 7 x 7(1 + 6);
nuameTp kaHara — 14,5 mm; 16 mm; 21 mm; 30 mMm; 35,5 MM; MapkupoBOYHAas
rpynma — 1670 H/mm?; 1960 H/mm?; momyse ynpyroctu I pona E = 2,1 - 10° MITa.

Pacuer nomycTUMOro 3Ha4eHHsI painyca BOJTHUCTOCTH IIPOBEEH C UCIIONb30BaHMU-
em nporpammbl MathCAD 1o pa3paboTaHHOMY alrOpuTMY.

B Tabnune npencraBiaeHbl pacueTHbIE AOIMYCTHMBIC 3HAYEHUS paguyca BOJHHUCTO-
CTH, TTOJTydeHHBIE Ha OCHOBE (3).
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3akaouenne. llenpio craThi OBLIO BBISIBUTH OCHOBHBIE MapaMeTphl MIAXTHOTO
CTaJIbHOTO KaHaTa C yu4eTOM BOJHHUCTOCTH, BIUAIOIINE HA €r0 O€30IaCHYIO IKCILTyara-
ruto. OCHOBHBIMHU TTapaMeTpaMH, BIUSIONIMMH Ha aBapHHbBIE CUTYAIlUH B MIAXTHOM
MOJIbEMHO-TPAHCTIOPTHOM 000PYIOBaHNH, HCIIOJIB3YIONIEM CTAaIbHON KaHaT, IBJISIOTCS
BOJIHUCTOCTb ¥ YIOJ1 BOJHUCTOCTH CTAJIbHOIO KaHATA.

llOl'lyCTI/IMLle 3Ha4YeHUs paauyca BOJTHUCTOCTH MOABEMHBIX KAHATOB IPU HeJTUHEeWHBIX
3aBHCHMOCTHAX

Permissible values of the radius of waviness of hoisting wireropesat nonlinear dependences

Konerpywunx waraa canara, st | rpyna, Han | patuyea somncroem
6x36(1+7+7/7+14)+7x7(1+6) 14,5 1960 1,052
6x36(1+7+7/7+14)+7x7(1+6) 16,0 1960 1,046
6x36(L+7+7/7+14)+7x7(1L+6) 21,0 1960 1,043
6x36(L+7+7/7+14)+7x7(1+6) 30,0 1670 1,042
6x36(L+7+7/7T+14) +7x7(1+6) 355 1670 1,042

[Mpu uccnenopanuu kanatoB M. H. Xanb(GUHBIM C MOMOIIBIO JIHHEHHON Teopuu
pacdera KaHaTOB OBbLIHM TONyYeHBI JOMYCTHMbIC 3HAYCHUS pPajnyca BOJIHUCTOCTH, CO-
crapistomue 1,08, kotopeie BKtoueHb B «[IpaBuia ycrpoiicTBa 6€30MMacHO# IKCILTY-
aTaIuy Tpy30N0AbeMHBIX KpaHoB» [4, 19] (IIpasura ycmpoiicmea u 6e30nachoil sKc-
nyamayuu 2py3066lx N00BeCHuIX Kanamuulx oopoe. M.: Hedpa, 1995. 29 c.).

Kaxk 0110 MOKa3aHO paHee, MPH IKCILTYaTalllH CTabHBIX KAHATOB B HUX IPOUCXO-
JIAT MU3MCHEHUSI TCOMETPUUYCCKUX MapaMeTPOB U MEXaHUYCCKUX CBOMCTB BUHTOBBIX
aneMeHTOB. C MOMOIIBIO TTONYYEHHBIX aBTOPOM TEOPETHUYECKHX U IKCIEPUMEHTANb-
HBIX HCCIICJIOBAHUI BBIBEICHO 3HAUCHHE JOMYCTHMOTO Pajiyca BOJHUCTOCTU TOIb-
€MHOTO KaHaTa MpH HEIMHEWHBIX 3aBUCUMOCTSIX, cocTasistomniee 1,04—1,05.

IIpu nOCTHKEHNH OTHOLIEHUS IMAMETPA CIIUPAJIU BOJIHUCTOCTH d, K TMAMETpy Ka-
Hara d_, pasHoro 1,04, peKOMEHAYeTCS NPEKpalleHHE JalbHEHIIEH SKCILTyaTaluu
HIAXTHBIX CTAILHBIX KAHATOB C LIEJBIO MOBBIMIECHHS 0€30I1aCHOCTH.

CpaBHeHME JIOMYCTHMBIX 3HAYEHUH pajryca BOJHUCTOCTH, MOIYUYCHHBIX MPH HE-
JMHEHHOHN TEOpHH pacueTa KaHaTOB, C PEKOMEHIOBAaHHBIMH B IUTEPAType IMHEHHBIMU
3HAUCHHSMU PaJyca BOJIHUCTOCTH MOKA3bIBACT, YTO HEJMHEHHAst TEOpHs JaeT Oolee
TOYHbIE 3HaUeHUs 1 Ha 30 % MEHbIIIE TPU UACHTUYHBIX UCXOAHBIX JaHHBIX.

Ha ocHOBaHUM BBITIOJHEHHBIX TEOPETUYCCKUX U IKCIIEPUMEHTAIBHBIX HUCCIIEIOBa-
HUI yCTaHOBJIEHBI HOBBIC W IOJTBEPIKJCHBI CYIIECTBYIONINE 3aKOHOMEPHOCTH BIIUS-
HUS KOHCTPYKTHUBHBIX ApaMETPOB MOIbEMHBIX KAHATOB HA UX MPOYHOCTHBIC XapaKTe-
PHUCTHUKH, TO3BOJISIONINE 00OCHOBATH ONTHMAJBHBIC MapaMeTPbl KaHATOB C Y4EeTOM
BOJIHHCTOCTH IIPH HETMHEWHBIX 3aBUCUMOCTSIX, KOTOPBIE obecneyar MOBBIIICHUE Ha-
JIEKHOCTH U JIOJITOBEYHOCTH TIOBEMHBIX KAHATOB, YTO UMEET OOJBIIIOE MPAKTHUECKOE
3Ha4eHue JIJIsl TOpHOA0ObIBatoIIel oTpacau Poccun.
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Determination of steel wire rope parameters affecting the safety of operation

Sergei V. Poliakov!
! Saint Petersburg State University of Architecture and Civil Engineering, St. Petersburg, Russia.

Abstract
Introduction. Winding wire rope, being a flexible element capable of carrying high tensile load, is widely
used in modern hoisting equipment. Now it is hard to imagine the majority of important sectors of economy
without the well-used hoisting wire ropes. This primarily applies to construction and mining where wire
rope is widely used in hoisting equipment.
Research aim. Based on scientific discoveries in mine wire ropes design made by the Russian scientists,
the present research aims to determine the main parameters affecting mine wire rope safe operation.
Methodology. Hoisting wire ropes in service, operating in the conditions of free suspension, are subject to
significant unwinding in tension in deep hoisting shafts, as a result, spiral elements lay angles of wire rope
change and cause a geometrically nonlinear nature of strains. Calculating the radius and angle of waviness
using an inflexible calculation model results in low accuracy. The present research determines the
parameters affecting wire rope safe operation; nonlinear theory of wire ropes calculation has been applied
making it possible to improve the reliability and durability of the mine wire rope.
Results. The present article defines and provides support for the parameter affecting the safe operation of
mine hoisting wire ropes. The equation of the radius of waviness is derived through nonlinear dependences.
The quantitative value of the permissible radius of waviness is specified.
Summary. The obtained formulae allow to determine the permissible value of the radius of waviness
wherein future safe operation of mine wire rope is possible. Due to the formulae which determine the
permissible value of the radius of waviness, the recommendations given in this article will improve
the security of steel mine wire rope operation.

Key words: wire rope; strains, permissible value; waviness, lay angle; theory of wire rope.
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WCTOPUA. UHOOPMALINA. PELIEH3UW

K tOBUNEIO BUKTOPA NIEOHTbEBUYA AKOBITEBA

85 ner ucnonuserca Bukrtopy Jleon-
ThEBUYY SIKOBJIEBYy — OJHOMY M3 BEIy-
IIMX IpeacTaBuTeNnel YpaabCKOM IIKOJIbI
0TE4eCTBEHHOM ropHO Hayku, COBETHU-
ky PAH, uneny-xoppecnongenty PAH,
neiicreurensHoMy wieny AH Pecrybnu-
ku Caxa (Skytus), uneHy AxaneMuu
ropusix Hayk P®, mpodeccopy, 1oKTOpY
TEXHUYECKUX HAayK, 3aCIyKEHHOMY Jed-
temo Hayku Pecriyonuku Caxa (SkyTus).

Bonee 63 ner Buxtop JleonTheBHY OT-
Jal TOPHOMY JAeNy — CTpaTerH4ecKOMY
HamlpaBJICHUIO Pa3BUTHUS  SKOHOMHKHU
Poccun.

B 1956 roxy B. JI. SIkoBneB ¢ oTiaudun-
€M OKaH4YMBaeT TOPHBIH (aKyIbTeT
CBepAsoBCKOTO  TOPHOTO — HWHCTHUTYTa
uM. B. B. Baxpymiesa u HanpasisieTcs B
HHCTUTYT «Ypalnrumnpomaxrt». byayuu
WH)KEHEPOM-TIPOEKTHPOBIIIKOM, OH TBOP-
YECKHU PeIaeT CIOXKHBIE BOPOCH! TEXHOJIOTHH TOPHBIX paboT U TpaHCIIOpTa B MPOEK-
Tax KPyIHbIX acOECTOBBIX KapPbEPOB M YTOJIBHBIX Pa3pe3oB Ypaia.

C 1962 rona Buxrop JleontseBuu Tpynutcs B MHCTHTYTE ropHOro nena — ILieH-
TpaJIbHOM Hay4dHO-HccienoBatensckoM mHeTuTyTe MUM CCCP, a neine U] YpO
PAH. B 60-e rogst B. JI. SlkoBieB akTHBHO YYacTBYET B CTAHOBJICHUU YPaJbCKOW Ha-
YYHOH IIKOJIBI Kapbe€pHOTO TPAHCHOPTa, CHOPMHUPOBAHHON IMOA PYKOBOACTBOM
npod. M. B. BacuibeBa, 1 co BpeMEHEM CTaHOBHUTCS €€ OOLIEPHU3HAHHBIM JIHIEPOM.
Pa3zButue Hay4yHOH MIKOJBI CBS3aHO C pa3pabOTKOl HAayYHBIX OCHOB CpPaBHEHUS U
BHIOOpa BUJIOB KapbepPHOTO TPAHCIIOPTa MPHU MPOSKTHPOBAHUH HOBBIX U PEKOHCTPYK-
W TEHCTBYIOMMX TOpHOMOOBIBatomUX mpennpusatuii. B 1966 rogy B. JI. SIkoBner
3alUIIaeT KaHAUOATCKY10, a B 1979 — TOKTOPCKYIO IUCCEPTALINIO, B KOTOPBIX BIEPBBIE
ObUIM paccMOTpPEHBI OOLIME MOJOKEHHsI CTpaTrerud (OPMHUPOBAHMS TPAHCIOPTHBIX
CHCTEM, TIO3BOJISIOIINE IPOTHO3UPOBATh Pa3BUTHE KAPHEPHOTO TPAHCIIOPTA.

OCHOBHO# HampaBlIeHHOCTHIO HaydyHOW mesrensHOCTH B. JI. SIkoBiEeBa SBISIOTCS
UCcIe0BaHus B 00J1aCTH TeOpHH (POPMHUPOBAaHUS TPAHCIIOPTHBIX CUCTEM IITyOOKHX Ka-
PbEPOB, MPECTABICHHBIE BO MHOKECTBE HAYYHBIX TPYAOB U 0000IIEHHBIE B MOHOTPa-
¢un «Teopust U mpakTHKa BHIOOpa TpaHCIOPTa TIIyOOKHUX KapbepoBy. B. JI. SkoBnes
BBITIONTHUJ OONBIIYI0 paboTy MO0 0OOCHOBAHHIO IIEJIECOO0OPAa3HOCTH CO3MAaHUS OTeUe-
CTBEHHBIX IN3ENb-TPOJUICHBO30B Al MIyOOKUX KapbepoB. HoBoe 3HaHME MOITydMIio
NPaKTHYECKOEe BOILIOMICHUE MPH 00OCHOBAaHHM MAPaMETPOB TEXHOJOTMYECKHX CXEM
TpaHCIOpTa Ha pAje KPYMHEHIINX rOpHO-000raTUTENbHBIX KOMOMHATOB COBETCKOTO
Coro3a u Poccun.

Byayun mupexropom MucTuTyTa TopHOTO nema CeBepa CHOMPCKOTO OTHENEHUS
PAH (1. SIxyTck), KoTOpbIi OH BO3rIaBisui ¢ 1986 mo 1994 ronet, B. JI. fAxoBnes ycmeni-
HO pelraj 3aJla4u, CBsI3aHHbIE C CO3IaHMEeM HayYHBIX OCHOB Pa3pabOTKH MECTOpPOXKIe-
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HUI B yCIOBUSIX MHOTOJIETHEH Mep3soThl. [lo ero pykoBOJICTBOM MOMYUYEHBI BaXKHbBIE
Hay4HbI€ pe3ybTaThl 110 NCCIIEA0BAHUIO TEIUIOBBIX M MEXaHUYECKHUX MPOLIECCOB B Mac-
CUBaX MHOTOJIETHEMEP3JIBIX TOPHBIX MOPOJI, CO3JJaHUIO METOIOB TPOU3BOJICTBA TOPHBIX
paboT Ha OCHOBE yNpaBiCHHS 3TUMH IPOLIECCAMHU, Pa3pabOTKe HayYHBIX OCHOB KOM-
TUIEKCHOTO MCTONB30BaHUs MOJIE3HBIX MCKOMAEMBIX MECTOPOXKIECHUI CEBEPO-BOCTOKA
Poccuiickoit denepauun.

3a BpeMms paboTsl qupektopoM UHcTuTyTa TopHoro nena Cesepa CO PAH, B ko-
TopoM Bukrop JleonTheBHY SIkOBNIEB IpHOOPEN 3aCTy>KEHHBIN aBTOPUTET B HAYYHOM
coobuecTBe, ABISICH WieHoM [Ipesnanyma SIkyTckoro HaygHoro ueHTtpa, O0benu-
HeHHoro coBeta CO PAH no Haykam o 3emiie, MexX1yHapOIHOIO KOMHUTETA 10 Iop-
HOMY Jlelly B ApKTHKE, OH U30MpaeTCs YWIEHOM-KOPPECIIOHAEHTOM BHOBb CO34aHHOM
Poccuiickoit akagemun Hayk (1991). Bukrop JIeoHTheBHY TPUHUMAET aKTHBHOE yUa-
CTHE B 00IIIECTBEHHOH KU3HH SIKYyTHH, pa3BUTHH €€ HAyIHO-TEXHUYECKOTO MOTECHIIN-
ana, co3manuu Axagemun Hayk Pecrmyonukn Caxa (SIkytws), roe Obut u30OpaH nei-
CTBUTEJIHHBIM wWICHOM, uwieHoM llpesmmmyma, mnpencenarenem OObeIMHEHHOTO
coBeTa MO (HU3UKO-TEXHUYECKMM HayKaM, MpeJcenarelieM YCTaBHOW KOMHCCHH.
B 1994 roay 3a pa3zpaboTKy Hay4HBIX OCHOB KOMILJIEKCHOTO OCBOCHHS HE/Ip CEBEPO-
BOocTOKa Poccuy 1 Hay4yHO-OpraHu3alMoHHY0 AesTenbHoCTh B. JI. fIkoBiieB Harpax-
nen Ilodetnoii rpamoroii [Ipesuaguyma CO PAH, rpamotoii Ilpesunenta PC ()
C Bpy4Y€HHEM MMEHHBIX 30JI0THIX 4acoB «3a O0JIbIION BKJIaJA B YKpEIJICHHE rocyaap-
CTBEHHOCTH PECIyOIHMKH», €My MPHCBOEHO MOUYETHOE 3BaHME «3aciIyKeHHBIH es-
tenb Hayku PecryOnmuku Caxa (SIKyTus)».

B 1995 rony no mannmaruse Ilpesnauyma YpO PAH u ¢ comacus Ilpesnauyma
CO PAH B. JI. SIxoBiieB Bo3BpamaeTcs Ha Ypall U KaKk HMEIOIUI OOJIBIIOH OIBIT Opra-
HHU3AIMOHHOM W HAay4YHO-HCCIIEIOBATEIbCKOM pPabOThl OB HAa3HAYeH, a B MapTe
1996 roma m3bpan Ha HOMKHOCTH aupekTopa MHcTHTyTa TopHOTO nema YpO PAH.
IToxn ero pykoBOZICTBOM AEATEIBHOCTh HHCTUTYTA, KOTOPOMY B TeueHue 30 JieT BbIrano
OBITH OTpACIIEBBIM, XapaKTepu3yeTcs ananranuei B cucteme PAH, Bo3oOHOBIIEHHEM U
paciumpeHreM HayqHbBIX CBSA3EH C aKaJleMHYeCKUMU HHCTUTYTaMHU TOPHOTO MPOoduIIs 1
ropaonoObBaromMu npeanpusTusiMu Poccun n Kazaxcrana, pa3BUTHEM 3KCIIEpH-
MEHTaJbHOM 0a3bl U OCHAIIICHUEM COBPEMEHHBIM HCCIIEIOBATEIbCKHM 000pPYy/I0BaHH-
€M, TOBBIIICHUEM KauecTBa (YHIAMECHTAIBHBIX MCCIEOBAaHUN U yBETHMUCHHEM 00be-
Ma BHeJApeHUeckux pabor. bnaromaps HacToH4MBONH paboTe MO TMOBBINICHUIO
KBaJM(UKAMK COTPYAHUKOB 3aMETHO YIYUIIWICS KaJAPOBBI COCTaB MHCTUTYTA, 3HA-
YUTEIBHO BO3POCIIO YHCIO JOKTOPOB HayK. B 3TOT mepuox OCHOBHBIE TPYAbI
B. JI. fIxoBiieBa cBsi3aHbI C pa3pabOTKOil HAYYHBIX OCHOB CTpareruu dPQPEeKTUBHOTO U
0e30macHOro OCBOEHHSI HEAP, CO3AaHUEM PECYPCOCOEpErarx IKOIOTHIecKn 0e30-
MACHBIX TEXHOJOTUH TOOBIYM HOIE3HBIX HCKOMIAEMBbIX, Pa3paOd0TKO! METOAOB ONTHMHU-
3aLUU TPAHCHOPTHBIX CUCTEM IIIyOOKHX KapbepoB.

C 2006 roma B craryce CoBernuka PAH Bukrop JIeoOHThEBHY BHIMONHIET 0OJb-
1I0M 00beM Hay4HO-OpraHU3allMOHHON PaboThl, CBA3aHHOM ¢ PyKOBOACTBOM U o0ec-
MEYeHUEM HCCJIEOBAaHUM 10 mporpamMmaMm u mnpoekrtam IlpaButenbctBa PO,
IIpesumnyma PAH, OH3 PAH, YpO PAH u maorux apyrux. [lox ero HayIHBIM PyKO-
BOJICTBOM BBIIOJIHAETCS TOCYAAPCTBEHHOE 3aJaHHME 110 PAa3BUTHIO TEOPETUYECKUX
OCHOB CTpaTeTUH KOMIUIEKCHOTO OCBOEHHS M CO3/IaHUS PECYpCOCcOeperaroniinx NHHO-
BaIlMOHHBIX TEXHOJOTHH pPa3pabOTKH ITyOOKO3aleTaloInX MECTOPOXKICHUI TBEp-
JIBIX TIOJIE3HBIX MCKOIMAeMbIX, B KOTOPOM 3aJeiicTBOBaHO 7 u3 11 Hay4HBIX mojapas-
JIeJICHUW UHCTUTYTA.
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OCHOBHbIE HAyYHBIE TPYIIbI H ITyOINKAIMN [TOCIIEIHUX JIET B OOJbINEH CTETICHH CBS-
3aHbI C pa3pabOTKOI HAYYHBIX OCHOB CTPATETUH OCBOCHUS HEIP, CO3aHUEM PECypCo-
cOeperaronmx dKoJ0rHUeckr 0€30MacHBIX TEXHOJIOTHUH JOOBIYM IOJIE3HBIX MCKOIae-
MBIX, pa3pa0bO0TKOH METOIOB ONITUMHU3AIINH TPAHCIIOPTHBIX CHCTEM TITyOOKHX KaphepOoB.

B nmocneauue romst B. JI. SIkoBeBbIM GOpMHUPYETCS HOBOE HAIIPABJICHHE IO Pellie-
HUIO TPOOJIEM KOMILIEKCHOTO OCBOEHHSI T€OPEeCypCOB — HCCIEOBaHUE MEPEXOIHBIX
MPOIIECCOB KaK MHCTPYMEHTA aJallTallii TOPHOO0OBIBAIOIIIX IPEANPHSITHN K H3MEHSI-
IONIMCSI BHYTPEHHUM U BHEIIIHUM YCJIOBUSM Pa3padOTKu MecTopoxaeHuil. Ha ocHo-
BE HCCIICIOBAHUS IMEPEXOAHBIX IPOIECCOB YTOYHSIOTCS MOJAXOABI K 00OCHOBAaHHIO
CTpaTeTHH OCBOCHHS CIOKHOCTPYKTYPHBIX MECTOPOKICHHHA M PEIICHHIO MPOo0IeM
KOMIUIEKCHOTO OCBOEHHS I'€0PECypCOB.

Hayunas pestensHocts B. JI. SIkoBneBa otpaxeHa B 448 HaydyHbIX Tpynax,
B ToM uucie 50 meyaTHBIX TpyAax MOCICAHUX IISITH JIET, U3 HUX 2 MOHOrpaduu
B COaBTOPCTBE.

Bukrop JIeoHThEBUY BBIMIOIHSACT OOJBIION 00BEM OPTaHM3AIMOHHONW PabOTHI Kak
3aMecTUTENb Tipencenarenss OObeMMHEHHOTO Y UeHOTO COBeTa o HaykaM o 3emie YpO
PAH, unen nayunoro Coseta no npobnemam ropasix Hayk OH3 PAH, cexuun «Ieo-
norusi U ropHoe aeno» Komurera no npemusim IIpaBurensctBa PO, npeacenarens Ko-
MUCCHH M0 KOMIUIEKCHOH MTPOBEPKE HMHCTUTYTOB FOPHOTO MPOQHIIS, YICH PEIKOIIICTHH
psiaa HayqHO-TEXHHUECKHX KypHaJoB, [Ipencenarens Ypanbckoro oraeneHust Axaze-
MUH TOpHBIX HaykK. OH sBisieTcs mpodeccopoM Kadeaps! pa3pabOTKH MECTOPOKACHUH
OTKPBITBIM CIIOCOO0M YPalbCKOTO TOCYJapCTBEHHOTO TOPHOTO YHUBEPCUTETA, TPEN-
cepareneM auccepranuonHoro coseta nmpu Ul YpO PAH no 3amuTe OKTOpCKUX U
KaHAUAATCKUX aucceprauuil. Buktop JIeOHThEBUY — HEM3MEHHBIA YYACTHUK U 4JIEH
OPTKOMHUTETOB Pa3JIMYHBIX MEXIyHAPOIHBIX KOH(EPEHIHH, Ipencenareiab KoHdepeH-
U ¥ CEMUHAPOB 1O TpoliIeMaM KapbepHOTro TPAHCTIOPTA.

Hayunas nearensnocts B. JI. SIkoBneBa ormeuena nmpemueii um. H. B. MenbaukoBa
3a ceputo paboT «TeXHONOTHYECKUE acleKThl MpoOJIeMbl KOMIUIEKCHOTO OCBOCHHS
Henpy, npemuerr YpO PAH um. JI. /1. lleBsikoBa 3a muki padot mo npobdieme «Hayd-
HBIE OCHOBBI ()OPMHUPOBAHUS TPAHCIIOPTHBIX CUCTEM KapbhepoB MpH pa3padboTke rryoo-
KO3QJIETAFOIINX MECTOPOXKIACHUNY.

3a BBIJAIOIIMECS 3aCIAYTM M JOCTHKCHHS, CIIOCOOCTBYOIIUE dPPEKTUBHOMY pa3-
BUTHIO TOPHOW NIPOMBITINIEHHOCTH W TOPHBIX Hayk, B. JI. SIkoBieB HarpakaeH opaeHa-
MU «pyx0b» u «Ilouera», TpeMs MemaIsiMu, 30J0TbIM 3HaKoM «lopHsk Poccumy,
3HakamHu «IloueTHbIH pabOTHHUK YTOIBFHON MPOMBIIIIIEHHOCTHY, «[lo9eTHBI paboTHUK
TOTJIUBHO-YHEPIeTUYECKOTO KoMIUIeKcay. OH sIBIISETCS MOJIHBIM KaBaJlepoM HarpynHo-
ro 3Haka «IllaxTepckas ciaBay, 1aypeaToM YpallbCKOM TOpHOUM MPEMHUH; UMEET [10YET-
Hble rpamoThl Munuepmera CCCP, Ilpesuanyma PAH, [Ipesunenta PC(), ['ybepha-
Topa u [IpaBurenscTBa CBEpIIOBCKOI 00acTH. Ero TpynoBas 1eaTeIsHOCTh OTMEUeHA
3HaKoM «3a 3aciyru nepe CBepIOBCKOM 00nacTeion 3 crenenu. Kak BeTepan HHCTH-
TyTa, MOCBITHBIIHKA eMy Ooiee 50 neT )ku3HHU, HarpakaeH «30I0TeIM 3HakoM I Iy,

Obasane muunoctu B. JI. SlkoBneBa 0COOEHHO SAPKO MPOSBISETCS BO BpeMs Hayd-
HBIX TUCKYCCHH, Ha KOH(PEPEHITNAX, 3aCETaHNIX HAYTHBIX COBETOB, IIPH 3aIIUTaX J¥C-
cepranui, B 00CYXIECHUAX PAa3IUYHBIX IPOEKTOB | T. 1. MHOTHE OBUIN CBUACTEISIMH
TOTO, Kak, oOjazas TPEBOCXOAHOW peakIMedl W Pa3BUTON WHTYHUIIHEH YUICHOTO,
B. JI. SIxoByeB MOYTH MIHOBEHHO YJIABIMBAET U OLICHUBAET CyTh U3/1araeMoro. Y ueHsle
CIIOJTHA OLEHMJIA €70 CIIOCOOHOCTH OBICTPO JaBaTh MAaKCUMAIIBHO JIOTUYIHBIE U COAEp-
JKaresbHble GOPMYITHPOBKU aTprOyTOB Anuckyccuil. [Ipu aToM 0ocobo oTMeTHM mpucy-
nryto Bukropy JIeoHTheBHYY TaKTHYHOCTHh M TMOKOCTH BBICKa3biBaHWWA. OH HE JeNuT
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OIITOHEHTOB Ha «CBOMX» U «UY)KUX», OTJIMYAETCS YMEHHUEM TTOCTABUThH OOIEHAYYHEIC
MHTEpECHl BBIIIE KOPIIOpaTUBHBIX. braromapsi oOIIMTENbHOCTH, KOMMYHHKA0EIHHO-
CTH, LIMPOKOM 3pyAUIIMHN U aBTOpUTETY BUKTOP JICOHTEEBHY HMEET MHOTO 3HAKOMBIX
B Cpeie KPYMHBIX YUEHBIX, PyKOBOAUTENEH MPENPUATHHN U JEPKUT B CBOCH HEITFOKIH-
HOU MaMsTH OoJiee MoJIyTopa THICSY UMEH U (PaMUIIHH.

Otmeuas o0unelt Buktopa JleontbeBrnya SIkoBneBa, KOJIEKTUB UHCTUTYTa, Hayd-
HO-TEXHUYECKasl ¥ TOPHasi 00IIECTBEHHOCTH JKENAl0T eMy T0OpOTO 3/I0POBbs U TBOpUE-
CKHUX YCIIEXOB Ha 0J1aro poOCCUHCKOM ropHOW HAYKH U MIPAKTHUKH.

Konnexmus UI'J[ YpO PAH
Topronpomviunennas accoyuayusa Ypana
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