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Calculation of the base of a heap leach pile

Vladimir A. Stetjukha’
1 Transbaikal State University, Chita, Russia
e-mail: stetiukha_chita@mail.ru

Abstract
Introduction. Violation of the integrity of the impervious pad at the base of the pile creates a threat to
the safety of the adjacent territories and the population living on them.
The aim of the paper is to solve the actual problem of determining the stresses and deformations in the
elements of the heap leach pile base, taking into account the change of pile height.
Methodology. The finite element method is used as a method of estimating stresses and deformations in
the pile base. For rocks with nonlinear properties, the relationships between stresses and deformations
are established using an elastoplastic model. In this case, during compression, the maximum allowable
stress is calculated on the basis of the Coulomb criterion, and when stretched, it is determined by the
yield strength. The algorithm is based on the method of initial stresses.
Results. A number of numerical experiments have been performed for several versions of the pile bases.
The conditions for the appearance of dangerous stresses and deformations in the elements of the base,
depending on the materials used in its composition and the magnitude of the piling load are established.
The conditions for the integrity of the constituent elements of the considered base variants, which have
clay layers, are determined. According to the analysis of calculations, the signs of destruction of the
contour part of the base are revealed.
Summary. The permissible height of the heap leach pile according to the criteria for ensuring a reliable
waterproofing of the base with an impervious pad is established. The proposed forecasting method has
a scientific and practical significance in substantiating the choice of constructive solutions in the
projects being developed.

Key words: heap leaching; model of pile base; base deformations; stresses; numerical experiments;
finite element method.

Introduction. Heap leaching remains the cheapest method of metals extraction
from mineral raw material. The expenses may be 20—40 % as compared to the traditional
methods. Economic efficiency is the highest with low-grade ores. Heap leach technology
advantages, prospects of use and the experience of its use in Transbaikal, the Russian
Federation, and abroad are presented in papers [1-4]. Heap leaching observes the
tendency of increasing the height of a pile, which ensures better economic indicators,
reducing costs on its formation. However, with the pile height increase, the load on
impervious pads and pile base in general increases creating the threat of their destruction.
As long as heap leaching is environmentally hazardous, pile base must not be subject
to extreme deformations and destruction, but it must keep tightness which is ensured by
impervious pads.

One-, two-, and three-layer base structures can include layers of clay, asphalt,
concrete, polyethylene film, geotextiles, and soil-polymer blends as insulating pad
elements [5, 6]. Regardless of the composition of insulating materials, pad elements
should be checked for strength and deformability. The substantiation of the main
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parameters of an impervious pad and a base as a whole is a relevant issue as soon as the
analysis of such facilities condition makes it possible to detect weaknesses in their
elements. Geomechanical calculations on the assessment of dump slopes stability are
basically fulfilled without taking into account the distinctive features of deformations
and stresses in dump bases [7-9]. Papers [10, 11] recommend using the finite element
method in geomechanical calculations.

Issues, connected with high deformability of rocks within dumps, with landslides,
temperature variations, and shear deformations in the presence of clay layers, are
considered in papers [12—15].The influence of the structure of a base on the stability of
a pile and on the film strength at the base of a pile is estimated according to simplified
methods in papers [16, 17]. As long as base structures with such insulating elements as
clay are subject to significant deformations, the value of deformations should be
determined at the stage of design. Because of practical significance of the problem,
deeper mathematical simulation of geomechanical processes in a pile base is required.
The research aim is to determine the character of stresses and deformations in the base
of a pile with preset parameters depending on the height of a pile and the structural
elements used.

Methods and methodology. For reliable estimate of stress-strain state of heap leach
pile base it is proposed to use the following methods. The calculation of bases is fulfilled
with the finite element method. If the stresses within the rock mass do not reach certain
critical values, linear dependence between stresses and deformations is established.
Otherwise, the dependence between stresses and deformations is established based on
the elastoplastic model [18]. If higher stresses in rocks reach yield strength, equal-
volume plastic flow is implemented in a computational model. During compression, the
maximum allowable stress is calculated on the basis of the Coulomb criterion

O = 2Cctg(n/4—¢/2)+ [ctg2 (n/4-o/ 2):|Gmm, (1)
where C is the specific cohesion; ¢ is the internal friction angle; o
stresses.

Ultimate stress during stretch deformations is limited by the yield strength R:

G in R. 2)

In cases where rock mass transfers to plastic condition, rupture in a separate element
is observed. During further calculations, rock strength in such element is set to zero.

Algorithm [18] is based on the method of initial stresses and iteration procedure
implementation. At every step of iteration, {/'} nodal forces vector is adjusted in the
elements where stresses increase up to the value of yield strength. {3} vector
displacements are determined out of the expression in matrix form

8} = [KI'{F}, 3)

where [K] is the stiffness matrix for a complete computation model.

With the account of {5} displacements detected, elastic deformations are calculated.
After that, the system of equations with the account of linear dependences between
stresses and deformations is solved, and the stresses are calculated. The iteration process
is completed under the condition of convergence with respect to each finite element or in
the moment when the conditions of ultimate state in the massif are being formed.

Results. Analysis and discussion. Based on the presented algorithm, stresses and
deformations in heap leach pile base were determined for three variants of a base:

— in variant 1, on top of the 0.5 m width clay layer a film is laid protected by sand
covering from above; then a 0.5 m layer of gravel is filled (fig. 1, @);

and 6. are main

max
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—in variant 2 on top of the 0.5 m width clay layer, 0.8 m layer of gravel is filled; then
a film protected by sand layers from two sides is laid; a 0.8 m layer of gravel is filled
on top (fig. 1, 6);

—in variant 3 the width of all the layers coincides with variant 2, but unlike the latter,
the layer of clay near the edge of the base is placed into the membrane of geotextile
(fig. 1, 8); the present variant provides for the use of a geotextile in the structure of a
pad with the following characteristics: surface density 500 g/m?; breaking load not less
than 16 kN/m; breaking elongation 60-110 %; width 0.005 m; elastic modulus
E=2-10 MPa.

0.5m

©Qt . o 6 o e ‘G.Doo Gravel
® . . g .
o LS o L 0.1 m 4. i
LS . ® L . ¥ e Sand, film

s~ ~ 0.5m
/ - - Clay
~ ~ ~ ~ ~ ~ T

Gravel

Sand, film

Gravel

Clay

Gravel

Sand, film

Gravel

Clay, framework of
geotextile

Very coarse rock

Fig. 1. Variants of heap leach pile bases
Puc. 1. BapraHTbl OCHOBaHHH LITa0EIs1 KyYHOT'O BBIIIEIAUUBAHHS

Design characteristics of base materials, as well as clay properties, used at the
calculation of the mentioned base variants are presented in the table. In line 3
of the table the properties of clay are presented with low bearing capacity and higher
plasticity. Clay with high plasticity ensures low water permeability of a pad and is used
at calculations as a comparison with the main variants.

Fig. 2 introduces a design diagram of ore pile slope. Pile material density p = 1.4 t/m’.
The tasks were solved under the condition of uniform formation of a pile.

To determine base stresses and deformations for each of the mentioned variants,
base calculations have been fulfilled for the preset load applied in the following
succession:

— load from the weight of the lower tier;

—load from the weight of the lower and middle tiers;
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— load from the weight of three tiers.

As aresult of the fulfilled calculations it has been stated that in none of the considered
pile base variants the filling of an ore pile of 7 m height leads to the appearance of
significant stresses and deformations in the base.

In variants 1, 2, and 3 additional filling of the second layer of 7 m height leads to the
formation of a horizontal crack 2 m length between the layers of gravel and clay near
the slope of a base. As a result, layers shift relative to each other. Relative horizontal
displacements of clay layers at such shifts reach 0.01 m.

Design characteristics of base materials
PacuerHble XapaKTepUCTHKA MAaTEPHAJIOB OCHOBAHMIA

Material ofa b Density p, Cohesion C, Internal friction Deformation Poisson’s ratio
aterial ot a base kN/m?3 kPa angle ¢, degrees modulus E, kPa Y

Gravel 20 30 45 190 000 0.2
Clay (e=0.75; 20 50 17 18 000 0.3
0.25<1:<0.5)

Very coarse rock 20 5 42 90 000 0.3
Clay (e=0.95; 20 33 10 9000 0.3
0.5<1:<0.75)

I; — liquidity index; e — porosity coefficient.

At the same time, the elements of gravel filling and clay layer in the middle part of
the mound base transfer into the plastic condition, when stresses in the elements exceed
ultimate ones. Here, relative horizontal displacements of the elements in clay layer at
shift exceed 0.01 m. For variants 2 and 3 the zone of plastic deformation at the central
part of the base extends from the center to the edge of a pile base and reaches 20 m.
Maximum vertical displacements in the center of a base reach 0.01 m.

2m A
- Le
:

Y

>

e Base

Fig. 2. Heap leach pile layers formation
Puc. 2. ®opmupoBaHue sipycoB mrabesns KyqdHOro BbIILETauYMBaHUs

The filling of the third tier of 7 m height for variants 1 and 2 (if total height of a pile
of 21 m is reached) leads to further increase in the horizontal crack between the layers
of gravel and clay near the edge of the base. The length of the crack reaches 4 m in
variant 1 and 6 m in variant 2. A section near the edge of a pile base of 5 m width
transfers to plastic condition. Boundary section of a base up to 5 m width destructs as a
result of clay’s extrusion from under the pile. Mutual horizontal displacements of layers
near the edge of a base make up: 0.02 m for variant 1 and 0.01 m for variant 2.

As aresult, with the total height of a pile being 21 m, the condition of pile base edge
for variant 2 takes the form presented at fig. 3. Hatching marks the zone of plastic
deformations. Cross-hatching corresponds to the zone of ruptures, where mutual
displacement of layers occurs. Thus, the wholeness of a pad is broken.
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At the same time, during the third tier filling, the zone of plastic deformations
expands in the central part of the pile base as well. Here the mutual displacement of the
layers in horizontal direction exceeds 0.05 m. Clay layer reduction even under
the single load case exceeds 0.04 m.

hosm Gravel

0.1m
/

Sand, film
‘ ()S_m Gravel

Y 0.5 m

AR A —— Clay

\
i -
NS J Very coarse rock
{

Fig. 3. Zones of ruptures and plastic deformations in the base of a pile under maximum load
Puc. 3. 30HBI pa3peIBOB U IUIACTHYECKUX Je(opMaIiii B OCHOBaHUH IITA0ENsI IPH MaKCHMaJIbHON
Harpyske

In the availability of geotextile in the form of a membrane near the edge of a base in
variant 3, tucked 3—4 m inwards (fig. 1, 8), the filling of the third tier of 7 m height leads
to the same crack development and displacements near the edge of the pile base as in
variant 2. Intensive extrusion of clay from under the pile of ore and the displacement of
the upper boundary of a base near the edge up is not reduced because of the geotextile
presence due to extremely high deformability of the latter. The central part of the pile
base transfers to plastic state the same as before. The influence of geotextile in this zone
is not detected as well.

SN HU

< (_ Clay Es
AN RN =
100 200 300 o, kPa |
L 0 0
L 34m L 44 m _
| |
% L
Clay = -~
\ HER
—20 40 —60 T, kPa 1
I

Fig. 4. Stresses in heap leach pile base
Puc. 4. HanpsbkeHnst B OCHOBAHHH IITA0EIS KyYHOTO BBILIEIAUYHBAHHS

With the use of a clay layer in the impervious pad with the characteristics as in the
line 3 of a table, all described displacements of layers multiply by several times due to
clay plasticity growth.

Normal and shear stresses diagram in the pile base is presented at fig. 4 under the
pile height of 21 m for variant 2 of a base. Maximum horizontal normal stresses occur
in the impervious pad made of clay under the center of a pile. Maximum values near
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the pile base edge are reached by the horizontal stresses ¢_in the upper zone of the base,
minimum — in clay layer. Significant growth in the shear stresses is observed near the
slopes of a pile base which leads to shear deformations and layers destruction.

The proposed method for forecasting of stresses and deformations in heap leaching
pile bases has a scientific and practical significance in substantiating the choice of
constructive solutions in the projects being developed.

Summary. The formation of a pile up to the height of 7 m does not lead to significant
stresses and deformations in its base. Filling of the further layers of a pile 14 and 21 m
high is accompanied by deformations where the marginal part of a base destructs,
protective pad made of clay gets thinner, and clay is extruded from under the mould.

At the presence of the membrane made of geotextile (variant 3) positive influence
connected with significant stress or displacements reduction in pile base has not been
detected because the characteristics of the geotextile do not correspond to piling load
degree.

Increased layer of gravel filling up to 1.6 m creates additional load on clay and does
not give any positive effect for the compared variant.

The proposed methods of substantiating pile base parameters solve an important
task of ensuring efficiency and environmental safety of heap leaching. The analysis of
the results obtained shows that each particular case requires pad’s operation conditions
testing under the pile at different variants of its loading. Poor structure substantiation
may lead to its wholeness and operation destruction and drastic environmental
consequences. As a result of numerical experiments, the allowable height of a pile has
been determined which ensures the reliability of waterproofing.
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Pacuyer ocHOBaHu# ITa0CISA KYYHOI'0 BbIIIC¢JIAYUBaAHU S

Cretioxa B. A.!
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Pegpepam
Beeoenue. Hapywenue yerocmnocmu npomugoQuibmpayuoHH020 9KPAHA 6 OCHOBAHUU wimabens Mo-
arcem co30a6ame yepo3y 6e30nacHOCmuU NPULeLaiowux Mmeppumopull  NPOXNCUSAULe20 Ha HUX Hacele-
Hust. JJocmoeepHas oyenKa HanpsiceHutl u 0epopmayull 6 KOHCMPYKYUsX IKPAHA 00eCneyusaem GolnoJ-
HeHue e20 MexXHONOSUYEeCKUX PYHKYUIL.
Lenvio pabomut siensemcs pewienie aknmyanbHOU npodieMsbl OnpeoeneHs HanpsiceHuli u 0epopmayuil 6
ALEMEHMAX OCHOBAHUSL WMAOEISL KYYHO2O BbIUENAYUSAHUSL C YUEmMOM USMEHEeHUsL 8bLCOMbL WM AOEIsL.
Memoodonozun. B xauecmee memooa oyenku Hanpsiicenuli u oegopmayuil 6 OCHOBAHUU wimabens uc-
NONb3Yemcsi MEmoO KOHEUHbIX eMeHmos. /st nopoo ¢ HeNUHEHbIMU CEOUCMBAMU 3A8UCUMOCTIU MENC-
0y HANPAICEHUAMU U OehOpMAYUSMU YCMAHABIUBAIOMCSL C UCTIONIb308AHUEM YRPY2ONIACMUYECKOl MOOe-
au. B amom cmyuae npu cocamuu npeoeivbHoe OONYCKAeMoe HANPSJICEHUe 6blYUCTAENCs HA OCHO8e
xkpumepus Kynona, npu pacmsicenuu — onpeoensemcsi npeoeiom mexyuecmu. Anieopumm ocHosan Ha
Memode HAUANbHbIX HANPAXCEHUI.
Pezynomamet. [Ipogedennl yuciennvie sKCnepumMenmyl 0Jisk HECKOIbKUX 6aPUAHTOE OCHOBAHUL wimabens.
Yemanoenenvi ycnosus nosignenus onacuvix HanpsiceHutl u 0epopmayuii 8 S1eMeHmax OCHOBAHUL 8 346U~
CUMOCIU OM UCHONb3YEeMbIX MAMEPUATIO8 8 €20 COCMABe U GeIUNUHbL HASPY3KU CO CMOPOHbL Wimabes.
Onpedenenvl ycnogus YeloCmHOCMU COCIAGHBIX INEMEHMO8 PACCMAMPUBAEMbIX BAPUAHMOE OCHOBAHULL,
umerowux 8 cocmage ciou 2nunvl. Ilo ananuszam paciemog gia6ieHvl NPUHAKU PA3PYULeHUs] NPUKOHMYD-
HOU 4aCmu OCHOBAHUSL.
Bub1600b1. Ycmanosnena donycmumas 8blcoma wmabensi KyuH020 6blujelauiuéanis no Kpumepuim obec-
neuenuss NPOMUBOPUILIMPAYUOHHBIM IKPAHOM HAOENHCHOU cudpousonayuu ocnosanus. Ilpeonazaemas
MEmoOUKa nPocHO3UPOBAHUSL UMEEm HAYYHOe U NPAKMUYecKoe 3HaYeHue npu 060CHOBAHUY 8blO0PA KOH-
CMPYKMUGHBIX peuleHUtl 8 pa3padampleaemMvlx NPOeKmax.

Knrwouesvle cnoea: KY4YHOe ebliyeladusanue; MOO€eIb OCHOBAHUSL mma6e/1ﬂ; Oeqbopmat;uu OCHOBAHUA,
HANPANCEHUA, YUCTIeHHble DKCNEePUMEHbl, Memoo KOHEUHbIX 21eMeHMO8.
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WUcnonHuTenbHbIN OpraH arperata Ans NpoXoa4eckux
U OYMCTHbLIX paboT

Wunwnaxsxukos [. U.'*, Makcumos A. B.!
' TepMCKUit HALMOHAMBHBIN MCCRELOBATENBCKMIA MONUTEXHUYECKUIA YHUBEPCUTET, T. Mepmb, Poccus
*e-mail: 4varjag@mail.ru

Peghepam
Beeoenue. I[losvlimenue 3¢hpexmusnocmu UCNONb306AHUS GLIEMOYHBIX U NPOXOOUECKUX MAWUH BO3-
MOJICHO ROCPEOCMBOM COBEPULCHCIBOBAHUSL CYUWECMBYIOWUX U PA3PAOOMKU HOBbIX NePCHeKMUBHbIX
KOHCMPYKYUIL UCROTHUMENbHBIX OP2AHO8 20PHBIX KOMOAUH08, 06eCnevus8aiowux paspyuenue Maccugos
HaumeHee IHeP2OeMKUMU CROCOOAMU.
Memooonozus uccnedosanus. Boinonnen ananus ocobeHHOCmell NPOYecca pa3pyuietisi 20pHulX HOPoo
PAbOUUM UHCTNPYMEHMOM NPOXOOYECKUX U O0ObIUHBIX KOMOAUHO6. YKazanbl 0CHOBHbIE KpUMeEPUU Gbl-
60pa payUOHALHBIX NAPAMEMPOS PENCYUUX UCTIOTHUMETbHBIX 0P2AH08 20pHbIX Mawiun. Tlepeyuciensl
gakmopel, oxkazvlealowjue elusHUE HA IPPHEeKMUSHOCMb npoyecca pe3anus 20pHblx nopood. Ommeyeno,
4Mo OCHOBHOU HEOOCMAMOK CNOCoOa paspyuwietus 2OPHbIX MACCUBO8 PE3AHUEM 3AKAIOUACTNCS 8 TOM,
umo omoenenue Nocie008amelbHbIX ILEMEHMAPHBIX CKOL0O8 NOPOObL NPOUCXOOUN NPEUMYUeCMEEHHO
noo oeticmeuem COHCUMAIOWUX Hazpy3ok. [Ipu smom 2eomempuyeckue napamempsl NOCLE008AMENbHbIX
CKOI08, COCMABNAIOWUX CPE3, XAPAKMEPUIVIOMCSL CAYYAUHBIMU 8EIUYUHAMY, d 3HAYUMENbHbIE 3ampa-
mbl dHEpUY pacxo0yIomest Ha Opobiienue U nepeusmenbyeHue nopoosl. YKasvleaemces, 4mo Haumenee
IHEP2O3AMPAMHBIM CROCOOOM PA3PYWEHUsL 20PHBIX NOPOO ABGNSEMCsl CNOCob, NPedycMampuearoujuil
paspyuienue 20pHbIX MACCUBO8 NPEUMYWECMBEHHO No0 OelicmeuemM pacmsaeu8alowux Hazpy3ox,
m. e. OMpoIGOM.
Pezynomameul. [Ipeonosicena nepcnekmuenas KOHCMPYKYusl, NPeoCmasisiiowdas coboti KOMOUHUPOBAaH-
ML UCTOTHUMENbHBI OP2aH NPOX0OHECKO-O4UCTNHO20 azpe2amd, Kao4alowull @ cebsi 6aposwlii uc-
NOIHUMENbHBII Opeal U 08YCMOPOHHUE 2UOPOYUTUHOPLI-OMPLIGHUKU, YCIMAHOGILEHHbIe GHYMPU OAIKU
6apa. Onucan npunyun 0eticmsusi u NOpsIOoK pabomovl nPedazaemo2o UCNOTHUMELIbHO20 OP2aHd.
Bui6oowt. Vicnonvsosanue npeonacaemoco UCNOTHUMENbHO20 Op2aAHAd NO3GOIUM PA3PYWAMb 2OPHbLI
MAccu HaumeHee IHePeO3ampamHslM CHOCOO0M, 06ECHEeUUBAIOUWUM BLICOKYIO NPOU3E00UMELLHOCb U
HauMenbuull yOenbHblil pacxoo pe3yos.

Kniouesvie cnosa: KOMOUHUPOBAHHBIL UCNOTHUMENbHBLIL OP2aH, PA3pyuleHue 20PHbIX NOPOO; pe3-
Yvl,; 2UOPOOMPBIGHUKU, NOBBIULEHIUE IPPEKMUBHOCMU UCTIONbI0BANHUS 20PHBIX KOMOAUHOS.

Beenenue. /[ npeanpusaTHii, 0CymecTBISAIOMNX JOObIUY TBEPABIX IOJIE3HBIX HC-
KOTIa€MBIX, TPOBEJEHHE TOPHOCTPOUTEIBHBIX U MPOXOAUECKHX paboT MOA3EMHBIM
Croco0OM, aKTyaJIbHBIMH OCTAIOTCS 33/1a4H MOBBIIEHHS () (HEKTHBHOCTH HCIIOIH30Ba-
HUSl BBIEMOUYHBIX M MPOXOTYECKUX MAIIMH MEXaHW3WPOBAHHBIX KOMIUIEKCOB, CHUKE-
HUS YINBHBIX YHEPro3aTparT Mpolecca pa3pylieHns 32005 1 YMEHbBIIIEHHS KOJMYECTBa
MEJIKMX TBUIEBUIHBIX KJIACCOB B MPOAYKTax OoTOOIKH. PermieHne naHHBIX 3a1ad BO3-
MOKHO MTOCPEICTBOM COBEPLICHCTBOBAHMS CYILIECTBYIOIIMX M Pa3paboTKK HOBBIX IEp-
CIICKTUBHBIX KOHCTPYKIUH HCIIONHUTEIBHBIX OPTaHOB TOPHBIX KOMOAHOB, 00ecIeyuu-
BAaIOIINX pa3pyIIeHIe MACCHBOB HAUMEHEE YHEPTOEMKHUMH CTIOCO0aMHU.

OcHoBHBIE MPeICTABJIEHUS O Mpolecce pa3pylieHHs TOPHBIX MOPOJ MeXaHU-
3MPOBAHHBIM CIOCO00M. B HacTosIIee BpeMst A1l MEXaHU3UPOBAHHOM MPOXOIKU BBI-
pabOTOK M OYMCTHOW BBIEMKH TOPHBIX TOPOJ KPEHoCThio 10 f = 6 Mo mKaie
M. M. [IporoapsikoHOBa HanOOIEe YaCTO UCTIONB3YIOTCSl TOPHBIE KOMOAWHBI C UCTION-
HUTENBbHBIMU OpTraHaMH pexyliero Tumna. M3secTHo, 4To pa3pylieHre TOpHBIX MOPOJ]
PE3MOBBIM HHCTPYMEHTOM IIPEACTABISICT COO0M MHOTO(GAKTOPHBIN CIyYalHBIA TIPO-
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Hecc yepenoBaHus (a3 KOHTAKTHOTO ApoOJeHHsI 1 00pa30BaHUs MOCIEAOBATEIbHBIX
JJIEMEHTAPHBIX CKOJIOB IIOPOJIbI, XapaKTEPU3YIOIMXCS CIyYalHbIMU 3HAYCHUSIMHU HX
reomeTprudeckux napameTpos [1-3]. Bo3aeiicTBue Ha MaccMB OAMHOYHOTO pe3na 00-
YCIIOBIMBAET BOZHUKHOBEHHUE BBICOKHX KOHTAKTHBIX HAPSKEHUH, CKOHLIEHTPUPOBAH-
HBIX B MaJloM 00beMe ropHoro Maccusa. [1o Mepe HapacTaHus ycuiaus pe3aHus Hampsi-
JKEHMSI JOCTUTAIOT MPEAETbHBIX 3HAUEHUH, TIOCTIE Yero B 30HE KOHTAKTa HAYMHAIOTCS
NpoIIeCcChl HEYNPYTol nedopMali ¥ MECTHOTO IpOOJIeHHUs MOPOAbI Ha BeChbMa Medl-
kue (pakuuu ¢ oOpa3oBaHHEM fIpa MEJKOAUCIEPCHOH O0OBbEMHO-CHKAaTON IMOpPOIbI.
[Ipu nanpHedmeM IBM)KEHMM pe3lia B HAlPaBICHUU PE3aHUSI B CONPHUKOCHOBEHUE
C IepenHel rpaHblo BXOAAT Bce OoJiee 3HaYUTeIbHbIE YIAaCTKU ITOPOBI M yCHIIUS, HE0O0-
XOIUMBble Ui ee nedopManiy u ApobieHus, pactyT. Hapactanue cuit pe3anust He HO-
CHT IUTaBHOTO XapakKTepa, a OTIINYaeTCsl CIy4ailHbIMU cliafaMu, 00yCIIOBICHHBIMHU OT-
JEJICHUEM OT MacCUBa MEJKUX CKOJIOB IOpoibl. CKOJI KPYIHOIO JIEMEHTa IOPOIbI
MIPOUCXOANT MO TIOCKOCTSIM HAWMEHBIIIETO COMPOTUBIICHUS U COMPOBOXKIACTCS pas3-
BUTHEM MarucTpaJbHON TPELIUHBL. YCUIIHS pe3aHusI IaJatoT OT MaKCUMaJIbHbIX 3Haue-
HHUH 10 HyNsl WM OJIM3KKX K HYJTIO BeM4HH. [Ipy HeOnaronpusTHhIX YCIOBUSIX MOTYT
paHblIe BO3HUKHYTh IPEACIbHbBIEC HAPSIKEHUS CABUTA (M3JIMLIHE OOJBIINE YITIbI pe3a-
HUSl, BECbMa BA3KHUE NMOPOJIBI) [4—7].
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Puc. 1. Cxema NCTTOTHUTENFHOTO OpraHa arperara Jyist pOXoa4eCKO-OYHCTHBIX padoT:

1 — mnockuii pexymuii 6ap; 2 — pesusl; 3 — pexyiuas 1ens 6apa; 4 — kaperka; 5 — CHIOBOH MaHHITYIATOP; 6 — HOJATYHK
KapeTKy; 7 — IPUBOAHON ABHraTeib Oapa; 8 — pacnopHbIC THAPOLMINHAPHL; 9 — MMKH PACHOPHBIX THAPOLHINHAPOB,
10 — xopmyc pexyuero 6apa; // — TUIHHAPAIECKUE THAPOOTPEIBHUKU
Fig. 1. The scheme of an executive body of the heading and stoping unit:

1 — flat cutting bar; 2 — cutters; 3 — cutting chain of a bar; 4 — slide; 5 — power manipulator; 6 — feeder of a slide;
7 — drive motor of a bar; § — strut hydrocylinders; 9 — pikes of strut hydrocylinders; /0 — cutting bar body; /1 — cylindrical
hydraulic splitters

[Ipu BbIOOpE paLMOHANBHBIX MAPAMETPOB PEXYIIMX HCIOTHUTENBHBIX OPraHoB
KoMOaifHOB Hanbomee BasKHBIM KPUTEPUEM SIBISICTCSI MUHUMAIIBHBIN Iy Th pe3aHus, OT-
HECEHHBIH K eMHNIe 00beMa pa3pylIaeMoro MacCuBa, YTo 0OYCIIOBIMBAET JOCTHKE-
HUE HAUMEHBIINX 3HAYCHUH yIeTHHON SHEPTOEMKOCTH MPOoIiecca pa3pyIeHUS TOPHBIX
MAacCUBOB, KOJIMUECTBA IBUIEBUAHBIX KJIACCOB B IPOAYKTaX OTOOHKHU, H3HOCA PEXyILe-
ro UHCTPYMEHTa. MUHMMAaJbHBINA MyTh pe3aHus 00ecreynBaeTcsl IpU MaKCHMaJIbHOM
3HAUYEHHH TOJILIMHBI CTPYXKH. B TO ke Bpemsl yBelTUUEHHE TOJIIHMHBI CTPYXKH 00y-
CJIOBJIMBAET MOBHIIIEHNE HArPy30K Ha MOPOI0Pa3pyLIAIOIINUl HHCTPYMEHT U IPUBOABI
MCTIOJTHUTEIBHBIX OPTaHOB TOPHBIX MAIIIMH, YTO OTMPEAEsieT HE0OX0ANMOCTh YBeIH4Ie-
HUSI CTOMKOCTH PE3L0B, YBEJINYEHUSI METAIJIOEMKOCTH U YCTAaHOBJICHHON MOIHOCTH
MIPUBOJIOB MCIIOIHUTENLHBIX OPTaHOB TOPHBIX KOMOAtHOB [8, 9].
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Crnenyer Takke OTMETHTb, UTO Ha 3PPEKTUBHOCTH MPOIIECCa PEe3aHUs OKa3bIBAIOT
BIIMSIHUE Takue (aKToOphl, KaK adpa3uBHBIC M aJr€3MOHHBIC CBOWCTBA pa3pylIaeMBIX
MaccHBOB. Bpicokas aOpa3WBHOCTH TOPHBIX MOPOJ OMpPENesieT yCKOPEHHBIA M3HOC
PE3II0B H, KaK CIIC/ICTBHE, YBEIMUCHIE MATCPHAIILHBIX M BPEMEHHBIX 3aTpaT Ha 3aMECHY
paboyero HHCTpYMEHTa KOMOAWHOB. Pa3pyliieHne IMHHUCTBIX MOPOJ, XapaKTepU3YIO-
IIUXCSI BRICOKMMH a/IFe3MOHHBIMH CBOWCTBaMH, 3a9aCTyH0 COTPOBOXKIAETCS 3allThI-
6OBKOI\/'I HCIIOJHUTCIIbHBIX OPraHOB r'OPHLIX MAalllliH, 4TO O6YCJ'IOBHI/IBaCT CHMXKCHHE UX
IMPOU3BOAUTEIBHOCTH U YBCIIMYCHUC YACIIBbHBIX 3aTpaT SQHEPTHUU Ha pa3pylmI€eHUE Mac-
cuBoB [10-12].

CymecTBeHHBIM HEIOCTATKOM CIIOCO0a Pa3pyIIeHUs] TOPHBIX MAaCCHBOB Pe3aHUEM
SIBJISIETCS TO, YTO MPH OCYIIECTBICHUH 3TOTO MPOIecca 3apOXKACHUE U PA3BUTHUE MATH-
CTPAJBHBIX TPEIIMH, OTACISIONIMX OT MACCHBA DJIEMEHTAPHBIC CKOJBI, IPOUCXOIUT
MPEUMYIIECTBEHHO MO/ JCUCTBUEM CXKMMAIOIIUX HAarpy30K. BMecre ¢ TeM u3BecTHO,
YTO MMpEACI MIPOYHOCTHU Ha CKATHUE TBEPABLIX TOPHBIX MOPOA, KaK IIPpaBuJIO, Ha MMOPAI0K
BBITIIC BETMYMHEI TIpeesia MPOYHOCTH Ha pacTsokeHue [13, 14]. Takum oOpa3oMm, Hau-
MEHEe DHEPro3aTpaTHbIM CIOCOOOM pa3pylleHHs TOPHBIX MOPOJ SBISIETCSA CIOCO0,
MPEeyCMaTPUBAIOIIHIA pa3pylIeHHe TOPHBIX MACCUBOB IPEUMYIIIECTBEHHO PACTATHBA-
IOIIMMHU HAarpy3kamu, T. €. OTPBIBOM.

Puc. 2. Ilonepeunslii pa3pe3 THIPOOTPHIBHUKA UCTIOIHUTEIBHOTO OpraHa;
1 — xopIIyC TUAPOOTPBIBHUKA; 2 — KaHAIIBI; 3 — IIOPIIHEBAs MOIOCTh; 4 — MOPLIEHb; J — YIOp; 6 — MPYKUHA
Fig. 2. Cross section view of executive body hydraulic splitter:
1 —hydraulic splitter body; 2 — channels; 3 — head end; 4 — piston; 5 — prop; 6 — spring

Hnesi mpemyiaraeMoro TeXHMYeCKOro pemreHus. [IpennoxkeHa KOHCTPYKLHA,
MPEACTABISIONIAs COO0I MCTIOMHUTENBHBIA OpraH MPOX0J4eCKO-OYUCTHOTO arperara,
BKJIIOUAIOIIUI B ceOsi OapOoBbIl MCHONHUTEIBHBIH OpraH W JBYCTOPOHHUE THAPOLU-
JUHIPHI-OTPBIBHUKY, YCTAHOBJICHHBIE BHYTpH Oanku 6apa [15]. UcnonHuTETHHBIH Op-
raH MOHTHPYETCS Ha KapeTKe, KOTopas KPEIUTCs Ha OTOJIOBKE YHUBEPCATIBHOIO CHIIO-
BOTO MaHUIYJIATOpa, KOTOPBIM B CBOIO OYEpENb MOHTHPYETCS HAa XOMOBOM 4YacTH
MIPOXOAYECKO-OUMCTHOTO arperara. bapoBslil HCTIONHUTENBHBIA OPraH pa3pyILIacT rop-
HBIH MaccuB pe3aHHEM, BHEAPSACh B HEr0 TOPLEBOW YacThIO HA BCIO €T0 IMOJIE3HYIO
nuny. [locne 3army6ienns 6apa B MacCUB ABYCTOPOHHHE T'HIPOLMIHHIPHI-OTPHIBHH-
KU BO3IEHUCTBYIOT Ha OOKOBBIE [IOBEPXHOCTH IIPOPE3aHHOM OapoM IIeiH, OCYIECTBIIS
TEM CaMbIM OTIEJICHHE OT MaccuBa 00beMa TOPHOI Mopoabl (IOAPE3aHHOTO LIETIHUKA)
MyTEM OTPBIBA B CTOPOHY CBOOOTHOI MMOBEPXHOCTH.

IIpennaraemslii HCIOIHUTENBHBIM OpraH arperara Jyist IpoXoA4eCKO-OYUCTHBIX pa-
00T (puc. 1) COCTOUT U3 IITIOCKOTO pexyIero 06apa / ¢ pe3iaMu 2, yCTaHOBJICHHBIMU Ha
pexymei nenu 3. Pexymmii 6ap / CMOHTHpOBaH Ha KapeTKe 4 YHHUBEPCAIBLHOTO
cuiioBoro MaHumyssaTopa J. Ilogatuank 6 kapeTku 4 obecriednBaeT BHEAPECHHUE PEXKY-
mero Oapa / cBoel TOPLEBOW 4YAacThIO B MAacCHB M IPOPE3aHHE B MACCHBE LIEIH
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pasmepoMm B x L x H. Bpamaromuii MOMEHT Ha TIPUBOIHYIO 3BE3/I0YKY Oapa / mepena-
ercst oT npuBoAa /. PUKcanus HCIOIHUTEIBHOIO OpraHa NMPOXOJ4ECKO-OUYHUCTHOTO
arperara OTHOCHTENBHO IUIOCKOCTH 3200 OCYIIECTBISIETCS MOCPEACTBOM CHIIOBOTO
MaHUITYJIATOpPa 5 ¥ PAaCHOPHBIX THAPOLUMIMHAPOB &, MUKK 9 KOTOPHIX BHEAPSIOTCS B
MacCHuB IpH 3apyOke 0apa / U BRIBOMSITCS M3 KOHTaKTa ¢ 3a00eM IPH OCYIIECTBICHUH
OTpbIBa LenuKa. BHyTpu kopmyca /() UCHOJHUTENBHOIO OPraHa yCTAaHOBIEH psif
MWIAHIPAYECKUX THAPOOTPHIBHUKOB /1.

Oooas.

Puc. 3. O6uwmii Bux arperara Juis IpoXoA4eCKO-OYUCTHBIX padoT (BUI
cOoKy):
1 — xapeTrka; 2 — yHUBEPCAJIbHbIH CHIIOBOM MaHMIYJIATOP; 3 — XO/10Bas 4acTh
arperara; 4 — 3a00i1
Fig. 3. General view of the heading and stoping unit (side view):
1 — slide; 2 — universal power manipulator; 3 — the running gear of the unit;
4 — face

[unuHapuyecKrie THAPOOTPHIBHUKH TpeTHA3HAYEHBI TSl BO3ACHCTBHS Ha OOKOBEIC
MOBEPXHOCTH ILEJIEH, MPOpe3aeMbIX 0apoM, C LIEbIO OTACIICHHS OT MACCHBA MOPE3aH-
HOTO IEJINKA TOPHOM MOPO/IBI TOCPEACTBOM OTPHIBA.

Hunuaapuyeckre THAPOOTPHIBHUKH (pUC. 2) comepar Kopiyc / ¢ KaHajmamu 2,
MOPIITHEBYIO MOJIOCTh 3, MOPIIEHD 4, IepEeMEIIeHne KOTOPOTO OTPAaHUYEHO YIIOPOM J.
[Ipu momage pabodeit »KUAKOCTH 110 KaHajiaM 2, BEITIOJTHEHHBIM B KOopITyce /, B ITOpII-
HEBOW TOJIOCTH 3 MIJTUH/PA CO3aeTCs N30BITOYHOE JaBIEHUE, O/ IEHCTBHEM KOTO-
poro nepeMeIarTcs MOopIIHu 4. BennunHa nepeMeineHus MopiiHeil orpaHuuuBaeTCs
ynopamu 5. [IpyxuHBI 6 00ecrieduBarOT BO3BPAT IMOPIIHEH B UCXOAHOE IOJIOKECHHE
MIPH TOAKTFOYSHUH KaHAIIOB 2 K CJIMBHBIM TPYOOITpOBOIaM (He ITOKa3aHbl HA PHCYHKE).

Ha puc. 3 npencrasneH o0y BU MpeiIaraeMoro arperara Jist IpoXo9eCKuX 1
O4YHMCTHBIX paboT. KapeTka / MCIOMHUTENBHOTO OpraHa MOHTHPYETCSl Ha YHUBEPCAallb-
HBIH CUJIOBOM MaHUITYJIATOP 2, KOTOPBIN B CBOIO OYEPENb YCTAaHABIMBAETCS HA XOJJOBOM
yacth 3 arperara. B 3aBHcHMOCTH OT yClOBHH paOOTBI XOJOBasi 4acTb MOXKET OBITH
BBITNIOJIHEHA Ha KOJIECHO-PEIbCOBOM, ITHEBMOKOJIECHOM WM TYCEHHMYHOM XOAy. YHH-
BepCabHBIA CHIIOBON MaHUMIYISATOp 2 00ecreunBacT OpUCHTUPOBAHUE HCIIOTHUTEIb-
HOTO oprasa (TiepeMeIleHue B BEpTUKAIBHON U TOPU30HTANBHOI MIIOCKOCTH, TOBOPOT
BOKPYT' OCH CUMMETpUH Ha 360°), a TakkKe )KEeCTKYI0 (DUKCAIIUIO YCTPONCTRA 110 BCEMY
CEUCHHIO TIPOXOYECKOTO HJIH OYHCTHOTO 32005 4.

Pabota yctpoiicTBa oCyIecTBIsSeTCS ciaemyonmM obpazom. Tloce ycTaHOBKH H
(uKcay X0A0BOH 9acTH nepes] 3a00eM HCIOTHUTEIHHBINA OpraH C TOMOIIBI0 YHUBEP-
CaJHHOTO CHJIOBOTO MaHUTTYIIATOPA ITOBOIAT K IOBEPXHOCTH 32005 1 C IIOMOIIIBIO pac-
MOPHBIX THAPOUMIMHAPOB (UKCHPYIOT OTHOCHTENBHO IMOBepxHOCTH 3abos. Ilocme
3TOTO BKJIFOYAIOT MPUBOJ TUIOCKOTO pexymiero 6apa. C mMOMOIIBI0 MOJaTdYuKa Pexy-
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M Gap TOPIEBOM YacThIO TIOAAIOT B TOPHBINM MacCHB, IPOpe3ast B HEM IIejb pazMepa-
MU H x B x L, KOTOpbIE ONPEAEIISIIOTCS KOHCTPYKTUBHBIMU ITapaMeTpamMH YCTPOUCTBA.

C nennio oOpa3zoBaHus CBOOOMHBIX TTOBEPXHOCTEH BHYTPH MacCHBa IIEIH IIpope3a-
0T TI0 Pa3UYHBIM cxeMaM (puc. 4). ITocpeacTBom ckaibIBaHUS 00BEMOB ITOPOABI MEXK-
Iy COCEIHHMMHU LIENSIMH (POPMHUPYIOTCS TaK Ha3blBaeMble IEPBOHAYAIbHBIE BPYOBI /.
PaccrosiHue Mexmy OOKOBBIMHU MOBEPXHOCTSMH IIEPBOHAYAIBHBIX BPYOOB COCTaBIISIET
He MeHee 2H.

2H|

Puc. 4. Cxembl BpyOOB, peaan3yeMbIX HCIIOJIHUTEIbHBIM OPraHOM:
a — OTpbIB 00BEMOB T'OPHOW MOPOIBI B CTOPOHY CBOOOZHON MOBEPXHOCTH
(mepBoHaYaNBHOrO BpyOa) BHU3Y 3a00s; O — OTPHIB 00OBEMOB FOPHOU ITOPOMEI
B CTOPOHY BEpPTHKAJIbHOTO IIEPBOHAYAIBLHOIO BPy0Oa; / — pacrosiokeHue MepBo-
HavyaJIbHOTo Bpy6a
Fig. 4. Schemes of kerfs implemented by the claimed executive body:
a —rock splitting towards the free surface (initial kerf) at the bottom of the face;
0 — rock splitting towards the vertical initial kerf; / — the posi-tion of the initial
kerf

[Mocne npope3aHus epBOHAYAIBHBIX BPYyOOB IO 3aIaHHOW CXEME OCYIIECTBISIFOT
pa3pylIeHHe OCTAIBHOTO MAaCCHBA 32 CUET MOCJISOBATEIbHBIX ONEpalnil Mpope3aHus
e 6apoM U JaibHEHIIero oTpbiBa 0OJIBIIOro 00beMa HOPO/IBI ITOAPE3aHHOTO LEIH-
Ka OT MaccHBa ¢ MOMOIIBIO IWIHHAPUIECKHX THAPOOTPHIBHUKOB.

BriBoab1. [T0CKOIBKY TPH HCIIOIb30BaHHUH MIPEIAraeéMoOro yCTPOWCTBA OT/IE/ICHUE
OT MacCHBa CyIIECTBEHHBIX 00bEMOB TOPHOI MTOPOBI OYET MPOU3BOUTHCS ITyTEM OT-
pbIBa, OOJIBIIAS YAaCTh TOPHOTO MaccuBa Oy/JeT pa3pyllaThCs HAUMEHEE YHEPrOSMKHUM
croco0oM, 00eCTIeYNBAIOIINM BBICOKYIO MTPOU3BOANUTENFHOCTh M HANMEHBIINH YIelb-
HBII pacxo/] pe3ioB. OTCYTCTBHE U3JHIITHETO IPOOICHHUS TOPHO TOPOIBI TIPH OT/IEIIe-
HHMHU €€ OT MAacCHBa MO3BOJIUT CYLIECTBEHHO CHHU3HMTh KOJIMYECTBO MEJKHX IBUICBU]I-
HBIX KJIACCOB B OT/AEIISIEMOM FOPHOI Macce.
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Hcnonp30BaHre YHHBEPCAIBHOTO CHIIOBOTO MaHMITYJISITOPA 00ECIIEUNBAET MepeMe-
IICHUE HCIOJHUTEIBHOTO OpPraHa C KapeTKO# BIOJb IIOCKOCTH 3a00sl, HAJCKHYIO
(bUKCcaIMI0 KapeTKH B HEMOJABMYKHOM COCTOSIHUU IPH 3arIyOJeHHHM TOPLIEBOM 4acTH
0apa B MacCHB, YTO ITO3BOJISET MTPOXOAUTH TOPHEIE BRIPAOOTKH pa3IMIHBIX KOH(PHUTYpa-
A U CEUEHUI.
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The executive body of the heading and stoping unit

Dmitrii I. Shishliannikov !, Aleksei B. Maksimov !
! Perm National Research Polytechnic University, Perm, Russia.

Abstract
Introduction. Improving the efficiency of using winning and heading machines is possible through the
improvement of existing and the development of new promising designs of mining machines executive bodies,
providing arrays destruction using the least energy-intensive ways.
Research methodology. The features of rock destruction by the working tool of heading and mining machines
are analyzed. The main criteria for selecting rational parameters of mining machines cutting executive bodies
are indicated. The factors influencing the efficiency of rocks cutting process are listed. It is noted that the main
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drawback of the method of destructing rock massifs by cutting is that separation of successive elementary rock
chips occurs mainly under the action of compressive loads. Besides, geometric parameters of successive chips
forming the cut are characterized by random variables, while considerable energy is spent on rock crushing and
overgrinding. It is indicated that the least energy-intensive way of rock destruction is a method that involves rock
massifs destruction mainly under the influence of tensile loads, that is, by a split.

Results. An advanced design is proposed representing a combined executive body of the heading-stoping unit,
which includes a bar executive and two-sided hydrocylinders-splitters installed inside the bar beam.
The operation principle and the work order of the proposed executive body are described.

Summary. The use of the proposed executive body will allow to destroy the rock massif in the least energy-
intensive way, ensuring high productivity and the lowest specific consumption of cutters.

Key words: combined executive body; destruction of rocks; cutters; hydraulic splitters; improving the efficiency
of mining machines.
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BnusiHue rpy3onogLEMHOCTM aBTOCaMOCBarnoB
Ha ce6ecTOMMOCTb ropHbLIX PaboT No Mepe Yrnyoku kapbepa

Xypaenes A. I."*, BygHeB A. B.!
" MiHeTuTyT ropHoro gena Ypanbckoro otaenexns PAH, r. Ekatepunbypr, Poccust
*e-mail: juravlev@igduran.ru

Pegpepam
Beeoenue. B pamxax xonyenyuu OUHAMUYECKO20 PA36UMUS MPAHCHOPMHBIX CUCIEM KAPbePOs 6adiC-
HbIM 60NPOCOM ABNIAENCS PA3GUMUE MEMOOUK AOANMAYUU UX NAPAMEMPOS K USMEHAIOUUMCS NO Mepe
paseumus 20pHblX pabom ycioguam @QyHKyuorHupoganus. Qoun uz cnocobos adanmayuu aemompan-
CHOPMHBIX CUCHeEM — 8bIOOP PAYUOHATLHOU 2PY30N00bEMHOCIU NPUMEHAEMBIX CAMOCBAN08 Ol MUHU-
MU3AYUY ROTHBIX 3AMPAM HA 000bIYY NONE3HO20 UCKONAEMO20 C YYemoM UsMeHeHUs: cebecmoumocmu
nepego30K u pasnoca bopmos Kapvepa.
Memoouka nposedenusn ucciedosanuii. B cmamve uznodceHvl pe3yivmamsl UCCIE008AHUL GIUSHUS
2PY30N00bEMHOCIU A8MOCAMOCEAN08 HA Ce6eCmOUMOCb 20PHbIX pabom no mepe yenyoKu Kapvepa.
Yumeno enusnue usmenenus epy3ono0beMHOCMU Ha ceOeCmoUMOCmb MPAHCROPMUPOBAHUSL, d MAKHCE
HA OONOIHUMENbHLI 00beM 6CKPbIlY, (opMupyemblil 3a Cuem U3MeHeHUs WUPUHbL MPAHCHOPIMHBIX
bepm. Pacuem npogoousics npu no2opu3oHmHOM 20PHO2EOMEMPULECKOM AHAU3e, OAHO COOMBEMCMEY-
1oujee MmexHuKo-IKOHOMU4eckoe 000CHO8aHue.
Peszynomamul u ux ananu3s. Mznodcennulii aneopumm npumerum 01 Kapbepos OKpY2roll Ul SNAUnco-
BUOHOU hopmbl ¢ YenybOuHOU cucmemoil paspabomKy, UMeruUX KOHCMPYKMUBHbLE yeiibl OMKoca 60p-
moe meHvue b0 pagrvle YCMouuUublM yenam. Aneopumm npumernum O OyeHKU NOIHbIX 3ampam 3a
6ecb CpoKk ompabomKu Kapbepa.
Bu1600w1. [1o umozam ucciedosanuii coenanbvl 8616006l O PAYUOHALLHOU 2PY30N00bEMHOCHIU KAPbEPHbIX
aA8MOCAMOCBAN08 OISl PASHBIX 2DYNN KAPbEPos. Yemanosneno, ymo umeemcs peseps 0 OnmuMu3ayuu
Macco2abapumHblx napamempos munopasmMepHulx pao08 KapbepHolX asmocamoceanos, Komopas obec
neyum npuemiemoe ygeiuyeHue WUpUHol MAuuH, d 8Ced 3a SMum U pacuiupenue mpaHcnopmuuix 6epm
npu 603pAcmanuiil 2py30n00beMHOCHIU.

Knrouesnle cnosa: xapvepuviii asmocamocsan; 2pysonodvemmocmn, mpanchopmuas 6epma; o6vem
Kapvepa, cebecmoumocmy 20pHbIX pabom u mpaHcnopma.

Beenenue. TpaHCTIOPTHBIE CHCTEMBI KAPHEPOB, KaK M CUCTEMBI KAPHEPOB B LEIIOM,
MEPEXKUBAIOT B IIPOLIECCE KU3HEHHOIO LIMKJIA LIEJIbIN PsAJl U3MEHEHHM, KOTOPbIE B TE€O-
pEeTUYeCKOM IUTaHe MOTYT OBITh OIIMCAaHBI KaK TiepexoiHblie porecchl [ 1]. [lepexonHbie
MIPOIECCH XapaKTEPHU3YIOTCS U3MEHEHHEM CTPYKTYPHI M TIApaMETPOB TPAaHCIOPTHOMN
CHCTEMEBI B OTBET Ha M3MEHSIOIINECS BHEITHHUE U BHyTpEeHHNE (akTopbl (IOBHIIICHUE
ce0ecTOMMOCTH BeJIe 3a yIiTyOJieHneM Kapbepa, pOCT IEH Ha YHEPropecypcs U T. 11.).
O[[HI/IM W3 BApUAHTOB aJanTalluu K HOBBIHIaIOHIefICH ce0eCTOMMOCTH SIBJISIETCS nepe-
XOJ1 Ha IPUMEHEHNE aBTOCaMOCBAJIOB OOJIbIIIEH NIIH MEHbBIIEH I'PY30MI0/bEMHOCTH, YTO
MIPUBOIUT KaK K W3MEHEHHIO CCOECTOMMOCTH TPAHCIOPTHPOBAHUSA (p./T - KM), Tak
U K KOPPEKTHPOBKE KOHTYPOB Kaphepa. AKTyallbHOCTb 3THX BOIIPOCOB OTpakaeTcs B
OTEYECTBEHHOM U 3apy0exHOH mTeparype [2—8].

O0beM KOHEYHOTO KOHTYpa Kapbepa BO MHOTOM ONPEAEISIETCS YIIIOM MOTalIeHHs
ero OoproB. UeM MeHbIIIE 3TOT YToJl, TeM OOJIbIIEe Pa3HOC OOPTOB U, COOTBETCTBEHHO,
OompItie 00hEM JOTIOTHUTEIHHO H3BICKAEMOU BCKPHBIIIN, YTO BIEUET 32 COOOU JOMOI-
HUTENbHBIC 3aTPaThl Ha ee u3BjiedeHne. Ecim B pabodeii 30HE Ha mapamMeTphl OOPTOB
Kapbepa BIUSIOT MapaMeTPhl OCHOBHOTO TOPHOTO OOOPYIOBAHUS M TEXHOJIOTHS Be/e-
HUSI BCKPBIILIHBIX ¥ JOOBIYHBIX Pa0OT, TO MPU MOCTAHOBKE OOPTOB B KOHEYHOE MOJIOXKeE-
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HUE BeAyllee BIUSHHE OKa3bIBAIOT MapaMeTphl TPAHCIOPTHHIX OepM (LIMpUHA U
VKIJIOH), a 3HAYUT apamMeTpbl IPUMEHSIEMOT0 TPaHCIIOpTa.

B cBsi3u co Bce pacmMpAOmIMMCS MPUMEHEHHEM KapbepHOTO aBTOMOOMIIBHOTO
TPAaHCIOPTa aKTyaJleH BOMPOC YCTAHOBJICHHUS €r0 PaloOHAIBHBIX ITapaMeTpoB, 00e-
CIICYUBAOUINX SKOHOMHUYHYIO OTpa6OTKy MECTOPOXIACHUA OTKPBITHIM CIoco0OoM.
Pemenne sToii 3aaun BOBMOXKHO B YKPYITHEHHOM BHUZE IIYyTEM HAXOXICHHUS TaKOTO
TUTIOpa3Mepa aBTOCaMOCBaJIOB, KOTOPEIH OylIeT COOTBETCTBOBATh MUHIMYMY 3aTpar Ha
0TpabOTKY MECTOPOKIICHHS.

C yBenuueHHeM Irpy30M0AbEMHOCTH KaphePHBIX aBTOCAMOCBAJIOB, C OJHON CTOPO-
HBI, CHIYKaeTCs ce0eCTOMMOCTh MEePEeBO30K (B pacyeTe Ha 1 T * KM), C IPyToif CTOPOHBI,
YBEIMYMBAETCA IMPHUHA TPAHCTIOPTHBIX OEpM, a 3HAYUT U 00BEMBI BCKPHIIITH.

Panee aBTOpamu cTarbu mokazaHo [9], 9To TSt MOAETHHOTO PAla aBTOCAMOCBAIIOB
onpenencHHoi Mapku (benA3, Komatsu u 1p.) ¢ yBennueHueM rpy30noabeMHOCTH
3aKOHOMEPHO M3MEHSETCS MX MIMPHHA, @ 3HAYUT MEHSETCS U IIMPUHA TPAHCIIOPTHBIX
OepM, UTO BIICUET U3MEHEHHUE yIiia OTKoca OopTa Kapbepa 1 o0beMa Kapbepa.

Penrenuro 3Tol 3a7aun MOCBAIICHBI pabOThI MHOTHX aBTOPOB. AHanu3 HanOoee
ONMU3KHX K TaHHOMY MCCIIEZIOBAaHUIO ITprBe/ieH B Ta0m. 1. [IpakTudecku Bce nccienopa-
HUS TIPU A0pabOTKe M aKTyaTH3allMd UCXOMHBIX JAHHBIX MOTYT OBITh MCIIONB30BaHBI,
a UX MPEUMYIIECTBO — B alpOOMPOBAHHOCTH NP PELICHUH MPAKTUUECKUX 3a1ad Mpo-
eKTHPOBaHMsI KapbepoB. OHAKO B paboOTax OTCYTCTBYET MaTeMaTHYecKas MOJEIb 13-
MEHEHHUS 3aTpar Ha TPaHCIIOPTHPOBAaHUE TOPHOM MACCHI OT IPY30II0ALEMHOCTH aBTOCA-
MOCBAJIOB, B Jy4YIIEM CIlydae TPHUBOIATCS PETPECCHOHHBIE 3aBUCHUMOCTH IS
oTHenbHBIX Mofeneld. Kpome Toro, TabnmuuHble HaHHBIE W TpadUKA MPUBENEHBI IS
yCTapeBIINX K HACTOSIIEMY BPEMEHHU MOJelieii aBTOCaMOCBAaJIOB, HE YCTaHOBIICHBI 3a-
KOHOMEPHOCTH B IIMPOKOM JIHalla30HE TOPHOTEXHUYECKUX YCIOBUH, XapaKTePHBIX IS
COBPEMCHHBIX OTKPBITBIX T'OPHBIX pa60T, IMO3TOMY HMX NMPUMCHCHHEC B COBPEMCHHBIX
ABTOMATU3UPOBAHHBIX paCcu€Tax B UCXOAHOM BHUAE€ HEBO3MOXKHO.

CrnemoBareinbHO, HOBBIM BKJIA/IOM B Pa3BUTHE TEOPHH OyIET yCTaHOBIEHHE 3aKOHO-
MEPHOCTEH M3MEHEHHS YPOBHS 3aTpar Ha TOOBIYY MOJIE3HBIX HCKOITAEMBIX C IITYOHMHOMN
Kapbepa NP pa3IMyHbIX €T0 MapaMeTpax B 3aBUCUMOCTH OT TUIIOpa3Mepa IpUMEHsIe-
MBIX JUISl TEXHOJIOTHUECKUX TIEPEBO30K KAPHEPHBIX aBTOCAMOCBAJIOB.

Ha puc. 1 mokasaH pa3Hoc 60pra Kapbepa IIpH YBEITUUYESHIH IMHPUHBI TPAHCTIOPTHOM
OepMEI TTOJT cCaMOCBaIT OOJIBIIICH TPY30MOABEMHOCTH (KPaCHBIM 0003HaYEH KOHTYP O0p-
Ta JIsl aBTOCaMOCBAJIOB OOJIBINEH TPy30II0ILeMHOCTH/ INPHHEI). TpancnopTaas Oep-
Ma III; cOOTBETCTBYET MONEPEYHOMY CEYEHMIO Kapbepa, HKCILTyaTUPYIOLIEMY MEHb-
UM 110 TPy30I0AEEMHOCTH aBTocamocBal, 11, — Gonpmmii. Yriel moramenus 60pToB
o, > 0.

Cy1iecTBYyIOT ABE B3aUMHO IIPOTHBOpEYAIe TCHACHLUMH PU YBEIUUYEHUN TPY30-
MOABEMHOCTH TEXHOJIOTHYECKUX aBTOCAMOCBAJIOB: C TIIyOMHOW NMOTOPU3OHTHBIN pas-
HOC OOPTOB Kapbepa YMEHBIIAETCS, a ce0eCTOMMOCTh IOCTABKH PYy/Abl YBEITHUNBACTCSI.

Kpome Toro, kak mpaBHiIo, aBTOCAMOCBAIIBI OOJBINEH TPy30I0bEMHOCTH obecrie-
YUBAIOT MCHBIITHE 3aTPaThl Ha 1 T - KM, YTO TTIOKa3aHO B UCCIICIOBaHMH [16].

B kauecTBe mpumepa Ha puc. 2 IpUBEASHBI PACYETHI JOTOIHUTEIBHOTO pa3HOCa
0opTa M COKpalleHus 3aTpaT Ha TPAHCIIOPTUPOBAHKE MIPU COMOCTABICHUN BapUaH-
TOB OTpabOTKH Kapbepa Ha MOJHYI0 MyOWHY aBTOCaMOCBallaMU T'Py30TOABEMHO-
cthio 55 u 130 T (Ha mpumepe aBTocamocBaioB benA3). BuaHo, 9To mOTOpHU30HT-
HBEIE 00BeM pa3Hoca OOpPTOB ¢ IIIyOMHOW YOBIBaeT, a COKpallleHHe 3aTpaT Ha
TPaHCTIOPT yBEIUINBACTCS.

CrnenoBareibHO, Ui IPUHATHS 000CHOBAHHBIX PEILICHUH MPU BHIOOPE rPy30HOAB-
E€MHOCTH KapbepHBIX aBTOCAMOCBAIOB HEOOXOAMMO YCTaHOBHTH COOTBETCTBYIOIUE
3aBUCHUMOCTH M3MEHEHHUS C€0ECTOMMOCTH TOPHBIX Pa0OT ¢ ITyOMHOW MPU Pa3TUIHBIX
napameTpax Kapbepa ¢ y4eToM Kak ce0ecTonMocTH 1 T - KM, Tak U pazHoca OOpTOB.

1
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Ta6uauua 1. AHAIU3 JUTePATYPhI N0 YUeTY BIMSIHUS THIOPAa3Mepa aBTOCAMOCBAJIa HA apaMeTpbl

Kapbepa

Table 1. The analysis of literature on the influence of dump truck size on the parameters of an open pit

Henocratku npu 000CHOBaHHH

[Tyonukanms KiroueBoii Bonpoc IIpenmymectsa PalOHAILHOTO TUIIOpAa3Mepa
KapbepHOro aBTOCaMOCBajIa
Hucmumym « Ynunpomeowy
A.T. Cucus, Homorpammsr mjis Joctarouno npocras | 1. JlaHHBIE NpecTaBIeHBl UL

B. A. bepcenes,

M. /1. Bo3HeceHckwiA.
Bnusuue Buga
TpaHCTIOpTa Ha 00BEM
Kapbepa, 1977 [10]

10.T". Jlyxus,

M. T'. CakaHues.
Br16op mapameTpoB
ABTOMOOMIIBHBIX
JIOPOT TIPU MPOEKTH-
POBaHUY OTKPBITBIX
TOpPHBIX paboT,

1977 [11]

A.T. Cucums,

I'. A. Tumocpees,

10. T'. Jlyxus,

M. T. CakaHiges,

I'. . Muneesa.
TeXHUKO-3KOHOMHU-
4ecKoe 000CHOBaHKE
LIMPUHBI KAPBEPHBIX
ABTOJIOPOT [IPU BHEJI-
peHUH aBTOCaMOCBa-
JIOB 0c000 0OJIBIIIOI
rpy30M0JbEMHOCTH,
1973 [12]

B. H. JIro6umos.
Bnusinue pocta rpy-
30II0ABEMHOCTH aB-
TOCAMOCBAJIOB HA
napaMeTpbl Kapbepa,
1984 [13]

A. 10. Makees. Yuer
JIOTIOJTHUTEIIBHOTO
00BbeMa BCKPBIIIH
IIpU BEIOOpE Ipy30-
MOIbEMHOCTH aBTO-
camocBana, 1987 [14]

omnpeneneHus o0b-
€Ma JIOTIOTHUTEIIb-
HOM BCKPBILLIHU B

B HCIOJIb30BAaHUU
HOMOTpaMma, oTpa-
JKAIOIIAsi OCHOBHYIO

3aBHCHMOCTH OT 3aKOHOMEPHOCTh
IPY30MOBEMHOCTH | W3MEHEHUs 00bema
KapbepHOT'0 aBTO- Kapbepa
camocBasa

Merozanka BeIOOpa
YKJIOHA Y NIHPUHEI
KapbepHbIX aBTO-
JIOpOT C Y4eTOM
MO/IeIIH SKCILTya-
THPYEMBIX aBTOCa-
MOCBAJIOB IO KpH-
TEPHI0 MUHUMYyMa
3arpar Ha 100bIuy
THOJIE3HOT'O MCKOTIa-
€MOro

IIpumenuma i
NPaKTHYECKUX pac-
YETOB TIPH IPOEKTH-
poBanuu. Moxer
OBITH aaNTUPOBaHA
I OTIpEAEIeHHON
JopaboTKE ISl BbI-
0opa rpy30moIseM-
HOCTH aBTOCaMOCBa-
J0B

Meroauka TeXHH-
KO-9KOHOMHU-
YeCcKoro 000CHOBA-
HUSI IIUPHHBI Kapb-
€PHBIX aBTOJOPOT
MIPU BHEJPCHUU

IIpumenuma asist
MPAKTUYECKUX pac-
YETOB TIPH TIPOEKTH-
poBaHuu. Moxer
OBITH aaNTUPOBaHA
IIpU OLPEACICHHON

aBTOCaMOCBAJIOB JOpaboTKe JUIs BBI-
00Ol Tpy30- 0opa rpy30moaseM-
HObEMHOCTH HOCTH aBTOCaMOCBa-

JIOB

UT]] um. Crouunckoeo

PacueT usmenenus
I_I_II/IpI/IHbI aBTOd0-
por u pabounx
TUIOIIAJIOK MPH
YBEJIHYICHHUH TPY-
30I10ILEMHOCTH
camocBaiioB benA3
c40 1o 180 T

Ceeponosckuil 20pHbIll UHCMUMYM

JlaHbl pe3ynbTatThl B
HIMPOKOM AMana3oHe
HU3MEHEHUS TPy30-
NI0JIbEMHOCTH aBTO-
CaMOCBaJIOB

Meronuka BeiOOpa
panoHaNbHON
TPY30II0bEMHOCTH
aBTOCaMOCBaa JUIs
pa3paboTKu MecTo-
POXKACHHS

B meronuke mpucyt-
CTBYET OpUTHHAIb-
HBIM MoAX0/ onpene-
JICHUS C yYeTOM 0e3-
pa3MepHBIX BEIHMYHH
COOTHOIICHUS
YAENbHBIX TIpHBeE-
JICHHBIX 3aTPaT U
COOTHOIIICHUS TOJI0-
BOIi TIPOU3BOIUTEIb-
HOCTH

OrpaHUYEHHOTO KOJIMYECTBA
BapHAHTOB Kapbepa M HE OXBa-
THIBAIOT COBPEMEHHBIE MOIIIHbIC
Kapbepbl NIIyOHHOMH 110 650 M

2. Her MeTOmMKH TEXHHKO-
9KOHOMHUYECKOM OLICHKH
HaWIy4YIlero BapuaHTa

1. Meronuka COAEPKUT ycCTa-
peBIINE TaHHBIE O ceOECTONMO-
CTH TPaHCHOPTUPOBAHHSA U JIO-
Obrai. OTCYTCTBYIOT COBpEMEH-
HbIC KPUTEPHU SKOHOMHUYECKOI
oLieHkH Ha ocHoBe Y1/

2. ObbeM pasHOca Oopra Ka-
ppepa  OLCHUBACTCA YKpPYII-
HEHHO, C IOTPELIHOCTBIO B
BHZI€ TPU3MATHYECKOH (JICH-
TBD», «HABUTOH» HA YCEUYCH-
HBI KOHYC Kapbepa

1. Metonuka pa3paborana ais
PEKOHCTPYKIIUM YK€  JeH-
CTBYIOIIMX KapbepoB U HE
OXBaTHIBAE€T BAapPHaHT BHIOOpA
ONTHMAIBHON  IPy30NOABEM-
HOCTH aBTOCAMOCBAJIOB ISt
BHOBb OCBAaMBAaEMOI'0 MECTO-
pOXaeHUS

2. OTCYTCTBYIOT COBpEMEHHbIE
KpUTEPHU 9KOHOMUYECKOH
OIIeHKH Ha ocHoBe YJIJ]

1. He mpencraBneHbl JaHHBIC
HM3MEHEeHHUs o0beMa Kapbepa

2. Her Meromukum TEXHHKO-
9KOHOMHYECKOro  000CHOBa-
HUSL BBIOOpa HAWIIydIIEro Ba-
puanTa

1. Meroauka paccMaTpuBaeT
YyacTHBIM cilyyaif, korma mpu-
pPOCT TPY30IMOABEMHOCTH aB-
TOCaMOCBAJIOB  HCIIOJIb3YETCs
JUIT  TOBBICHUS  TOJOBOM
IPOU3BOAUTENBLHOCTH Kapbepa
2. Pe3ynbpTaThl IpUBEIEHBI AT
yCTapeBHIMX K HACTOSIIEMY
BPEMEHHU MOJENCH KapbepHBIX
aBTOCAMOCBAJIOB

3. OTCyTCTBYIOT COBPEMEHHBIE
KpPHUTEpHH SKOHOMHYECKOH
orieHKH Ha ocHoBe YUJ1/]
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Kpusopoorcckuii mexnuueckuii ynugepcumem

10. T'. Bunkym, AHanuTH4YeCKHe BriBenena ananutu- 1. O6bem pa3HOca Oopra Ka-
B. K. CnoGonsiHiok, dbopmynbl i pac- | deckas Gopmyia, prepa noa pasMenieHue
H. 1. Makcumos. geta o0bemMa rop- ymoOHast Ui Teope- TPAaHCIIOPTHBIX OepM OLCHH-
Teopernueckue HOKAIHUTAJIbHBIX THYECKUX PacyeToB BAeTCsl YKPYNHEHHO, C TO-
OCHOBBI OIIpeJIeIeHHsI | paboT MPHU COOpPY- TPEIIHOCTHIO B BHAE MPU3Ma-
00BEMOB Ir'OpHO- JKEHHHU TPaHCIOPT- THUYECKOW («ICHTBI», «HaBH-
KaluTaJbHBIX paboT HOU aBTOMOOMIIb- TOI» Ha YCEUEHHBI KOHYC
IIPY BCKPBITHH IIy0O- | HOW GepMEI crin- Kapbepa

KHX KapbCpOB Tpacca- paibHOI GopMEI 2. OTCyTCTBYIOT  TEXHHKO-
M CIIHPAJIEHOM (op- SKOHOMMYECKHE KPUTEPHHU
MmblI, 2007 [15]

MeTonuka mpoBeieHUs MCCae0BaHMIi. PacueTsl BHITOTHSIIACH ISl MOJEITBHBIX
KapbhepoB, 00IIUe MapaMeTpbl KOTOPBIX MPUBEICHBI Jaliee.

O0ume /1151 BceX pacyeTHBIX KapbepoB NapaMeTpbl

ITapameTp 3HaveHue
Bricora ycTynos, Mm............ .15
VIO OTKOCA YCTYIIOB, TPAL «..vvveeeeerauunturteeeessauuttteeeeeesaaanueeeeeeesaaaasteaeeeeeessansstneeeeessannnneneeeeessnannes 75
THIIT TPACCBL ...ttt ettt st e e e e CrmpanbHast
PYKOBOISIIMI YKITOH TPACCHL, Y0 «...veeuvvieutieitienirieniee ettt eteeseteenieeeteeemteeseneesaneeseneentaeenunesaneenaneennee 8
JIinHa TUIONIa 10K TPUMBIKAHUSI QBTOMOOMITEHON TPACCHI, M....eeeerutrrerirreennireeesninreeesneeessseeesnnnnes 50
DOPMA JTHA KAPBEPA .-vveeenvreeernureeesureeeauettesateeesauteeesausteesasteessansseesansaeesanseeesnnseeesnnseeessseeesssees Kpyr

C 11enbt0 U3y4YCHHS TIEPEXOHBIX SBJICHUH, BO3HUKAIOIIMX MIPU PA3JIMYHBIX TITyOu-
HaX, paCCMaTPUBAJIUCH HECKOJIBKO Pa3HBIX M0 IIyOHMHE U pa3MepaM B IUIaHE KapbepoB.

BrusHaue rpy30moabeMHOCTH aBTOCAMOCBAJIOB Ha pa3HOC OOPTOB Kaphepa OICHHU-
BajJOCh 4Yepe3 IIMPHUHY TPAHCHOPTHBIX OEpM, PACCUUTAHHBIX [0 HOPMam
CI137.13330.2012 mmst xateropun aBromopor Ik (0OCHOBHAsI aBTOMOOWIIEHAS TOpOTa
MIPEATIPUATHS OTKPBITOW TOPHOU Pa3pabOTKH C pacueTHHIM 00HEMOM TMTEPEBO30K OT 5,0
o 15,0 MuTH T HETTO/TOA), KOTOpasi, B CBOIO OYEPE/lb, 3aBUCUT OT IIMPHUHBI aBTOCAMO-
cBajioB (Tabm. 2). bonee moapoOHO 3TOT BOMPOC OIHMCAH B HCCIEAOBaHUN [9].

Pacder o0bpeMa KapbepoB 110 BapraHTaM MPOBOAMIICS C HCIIONB30BaHUEM aHAIHTH-
yeckoit MmeTonuku [17], nopaboranHoi aBTOpaMu cTarbu [ 18] I CHIKEHUS TTOTpel-
HocTH pacyeToB ¢ 10—-18 % no 24 %.

CrpykTypa 3arpar Ha BelEHUE TOPHBIX pabOT MPHUHATA CICAYIOUIIM 00pa30oM:

C,, =3,, (var)+3, (const)+3, (const)+3,, (const), (D)

e C , — TOTHAs ce0ecTOMMOCTh JI00BIYM TOBAPHOH pymsl, p./T; 3, , — 3aTpaThl Ha
TPAaHCIIOPTUPOBAHUE PY/Ibl M BCKPBILIH, P./T; 3, » 3, 3, pou — 34TPATBI COOTBETCTBEHHO
Ha OypoB3peiBHEIE PaboTH! (BBP), 3kcKkaBaruio u npouune oommeKapbepHbIe PAacX0oabl Ha
BeCh 00bEM BCKPBIIIHBIX M JOOBIYHBIX paboT, p./T; var — MepeMeHHas BEeJIMYMHA,
const — MOCTOSIHHAS BEJIMYHHA.

ITockonbpKy OCHOBHAs IIeNIb MCCIIEOBAHUI CBA3aHA C BIHMAHHWEM TPAHCIIOPTa Ha
CyMMAapHBIE 3aTPaThl, NPUHATO AOMYIUEHHE, 4To 34, . 3, , 3. pos ONMHAKOBBI JUIS BCEX
TOPHU30HTOB.

CebecTonMOCTh TPaHCIOPTUPOBAHMUS TOPHON MACCHI 3aBUCHUT OT PACCTOSHUSA, a PU
MOCTOSTHHOM PYKOBOJSAIIEM YKJIIOHE — OT BBICOTHI ITOJIBEMA, TIOITOMY BCE PacyeThl MPo-
BOJIMJIMCH TIOTOPU30HTHO. BBIBO3 TOPHOIT MacChl pacCYMTaH A0 TOUYKH BBIXOAA aBTOMO-
OMIIBHOI Tpacchl HAa JHEBHYIO TTOBEPXHOCTb.

6Bp?
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JIy1s KaX10TO KOHKPETHOTO TOPU30HTa CE0ECTOUMOCTD, P., IPUHUMAJIACh KaK BEJIH-
YWHAa IIOCTOAHHAA C YUCTOM CPCAHEB3BCUICHHOI'O PACCTOAHUA JOCTABKU 110 TOPU3OHTY
1 PacCUUTHIBANIACH IO opMyIIe:

CTp = CTKMLiKer 4 (2)

rae C, — ce0ecToMMOCTb NEPEBO3KH KaphEPHBIM aBTOCAMOCBAJIOM JaHHOM IPy30I0Ib-
E€MHOCTH TIpU JaHHOM PYKOBOISIEM YKJIOHE Che3l0B (mpuHUMaics 8 %), p./T - Kwm;
L, — ManpHOCTL TPaHCIIOPTUPOBAHUS C [-T'O TOPU30HTA, KM; V; — 00b€M rOPHOM MaCChI
Ha i-M TOPH30HTE Kapbepa, M*; ¥, — CPEIHss INIOTHOCTh TOPHOM Macchl, T/M>.

Tonnokunomerposas cedecroumocts C_ TIPUHUMANACh HA OCHOBE BHIOIHEHHBIX
paHee ¢ MPUMEHEHHEM KOMITBIOTEPHOT0 MOZCIHUPOBAHUS UccienoBaHuil [16] B Buae
PETPECCHOHHBIX MOJICTICH U PACCUUTHIBANIACH [V KAXKIOH IPy30II0IFEMHOCTH aBTOCA-
MOCBaJjia MHAUBUIYaTHHO.

JlonomHUTENBbHO
H3BJICKAeMBIil 00BEM
TOPOJ AJIs PACIIHPEHUS
TPAHCIIOPTHBIX OepM

-

Puc. 1. [Tonepeunsie ceueHust GOPTOB KAPbEPOB, IKCILTYATUPYIOLIUX Pa3HBIE MO IPY30II0IbEMHO-
CTH aBTOCAMOCBAIIBI
Fig. 1. Cross section of open pit edges using dump trucks of diverse payload capacity

KammuranbHbIe 3aTpaThl yUUTHIBAJINCH Y€PE3 aMOPTH3AIMOHHBIE OTUYUCIICHUS, BKITIO-
YEeHHBIC B C€0ECTOMMOCTD BCEX OCHOBHBIX ITPOLIECCOB TOPHBIX paboT M TPaHCHOPTA.

B pamkax nannoi craTbu OyJgeM Ha3bIBaTh MOJHBIMH 3aTpaTaMH Ha HU3BJICYCHUE
TOpHOW Macchl CyMMY 3aTpar Ha TpaHcrnopTupoBaHue, bBP, skckaBamuio m oOe-
KapbepHBIC pacxos! cortacHo dopmyie (1).

Pesyabrarel u ux anaamu3s. Ha puc. 3 npeacraBieHsl pe3ynbTraThl pacueTa U3MeHe-
HUS TIOJHBIX 3aTpaT MEXAy BapHaHTaMHU OTPabOTKH Kapbepa ¢ IPUMEHEHHEM aBTOCa-
MocBasioB benA3 rpyszonoasemHocTho 90 1 136 T. PaccmarpuBanoch NOropu30HTHOE
WU3MEHEHHE TIyOHMHBI 10 MPOeKTHOM oTMeTku 600 M mipu BeICOTE ycTyna 15 M.

YV kxapbepa ¢ pacIIMpeHHBIMH TPAHCIOPTHBIMU OepMamu (IIPUMEHEHHE aBTOCaMO-
CBaJIOB OOJIBIIIEH TPY30MIOAbEMHOCTH) TIOTHBIC 3aTPaThl Ha pa3paboTKy BEPXHUX TOPH-
30HTOB Oy/AyT BHIIIIE, YeM Y Kaphepa C y3KUMHU OepMaMu. ITO IPOUCXOAUT B CHITY TOTO,
YTO HA BEPXHUX TOPU30HTAX Jake NMPH HeOOJBIIOM M3MEHEHHH yIlla pazHoca OopTa
KOHIIEHTPHUPYETCsl OONbINasi 4acTh AOTIOJIHUTEIbHON BCKpHIIU. C TmyOuHON 0O0BEeMBI
JIOTIOJTHUTENIHOM BCKPBIIIM YMEHBINAIOTCS, MPOTSHKEHHOCTh aBTOJJOPOT BO3pacTaeT U
Bce OolblIiee BIMSTHAE OKa3bIBAIOT PACcXOAbl Ha TpaHcnopT. [lomHbIe 3aTparhl IpH 3TOM
YMEHBIIAIOTCS M Ha KAKOM-TO TOPU30HTE CTAHOBSTCS PaBHBI 3aTparaM JijIsl aBTOCAMO-
CBAJIOB MEHBIIIEH TPY30NIOABEMHOCTH («IIepexomHas TiryOnHa» Ha puc. 3).
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[epexomnas rmyOuHa A BapuaHTa a coctasinsieT 330 M, A BapuanTa 6 — 165 m.
Taroke npuMedaTesicH 00beM SKOHOMHH JCHEKHBIX CPEIICTB HIKE MIEPEXOIHOM TTyOH-
HEI (TUTOTIAAb 0 rpadukoM). B cirydae 6 oH He TONBKO OOJBINE, YEM B @, OH TaK¥Ke
OoJibllle, YeM JOTIONIHUTEIbHBIC 3aTPaThl Ha pa3paboTKy BBINIEICIKAIUX TOPH30HTOB,
YTO FOBOPHT O IEJIECO0OPA3ZHOCTH TAKOTO TIepexo/ia i JAHHOTO Kapbepa.

Ha Hmxenexxanux ropu3oHTax HaONMIOIaeTCs YCTOMYMBAst 3KOHOMHUS 3aTPaT, KOTO-
pasi IOCTUTAeT MUKOBBIX 3HAUCHHUI BBIIIC MPOCSKTHOW OTMETKH JHA Kaphepa U 3aTeM
HECKOJIbKO CHHYKAETCS M3-3a PE3KOr0 YMEHBIIICHUs 00bEMOB T'OPHOM MacChl U YMEHb-
HICHUS JIOH PAcXO/I0B Ha TpaHcHopT. CTOUT TaKkKe CKa3aTh, YTO OTMETKA MEPEXOIHOM
rTyOnHBI OyZIeT TeM MeHbIIIE, a 00I1ast SKOHOMUS TeM OoJIbIle, 4eM OOJbIIIe pa3HHIa B
ce0eCTOMMOCTH TPAHCIIOPTUPOBAHMS MEX/y PacCMaTPUBACMBIMH BapHAHTAMU U YeM
Oosbilie 00beM Kapbepa.
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Puc. 2. PacnipenesieHue JONOIHUTEIbHBIX 00bEMOB BCKPBILIH [10 TOPH30HTAM JUIsl Kapbepa I1yOHHOM
600 M ¥ cokpaleHue ce0eCTOMMOCTH TPAaHCIIOPTUPOBAHYS IIPU YBEJIMYEHUH IPY30I10bEMHOCTH aBTO-
camocBaoB ¢ 55 1o 130 1 (quamerp xHa 100 M)

Fig. 2. Distribution of additional overburden along the horizons for an open pit of 600 m depth and
the reduction of transportation prime cost under the growth of dump trucks payload from 55 to 130 t
(diameter of pit bottom 100 m)

O nenecooOpa3HOCTH MEpexola Ha aBTOCAMOCBaJl OOJbIIEH IPy30II0JbEMHOCTH
MOXHO TOBOPHTD, €CIIM CyMMapHasi SKOHOMHUSI NPEBBICUT AOHOIHUTEIIbHBIE 3aTPaThI,
KOTOPbIE MO>KHO PacCYUTaTh Kak IUIOIIAAb 1Mo rpadukoM (YHKIUH U3MEHEHHUS T10JI-
HBIX 3aTpar OT TIIyOMHBI Kapbepa.

PaccmoTpum BimsiHEE KOHEYHON ITyOMHBI Kaphepa Ha pa3HUIy TONHBIX 3aTpar 3a
BECh CPOK €ro 0TpabOTKHU IPU CMEHE I'PY30I0ABEMHOCTH aBTOCAMOCBAJIOB C OOJIbILIEH
Ha MEHBIIYI0. AKTYalbHOCTh 3TOTO BOIPOCA ONpenesieTcss HEOOXOMUMOCTbIO OTpa-
OOTKM IIyOMHHBIX 3alIacOB ISl OTPaHUYEHHBIX B IJIaHE MECTOPOXKICHUH MPU COXpa-
HEHHMHU 3KOHOMHUYeckol 3 dextruBHOCTH [2]. OnHO U3 peleHuii — nepexon Ha nocie-
Hell cTaguu OTpadOTKM Ha aBTOCAMOCBAIBI MEHBIICH TIPy30NOABEMHOCTH U
YMEHBIIIEHHNE IHUPUHBI TPAaHCIOPTHRIX OEpM B HIDKHEH 4acTu Kaphepa. B muteparype
HpEeACTaBIeHbl METOAUKU AJISI OIPEEICHUs] KOHKPETHOTO MOMEHTA Iepexoja U pac-
YyeTa SKOHOMHYECKOTO 3 dexra, Hanpumep [8].

I'paduky Ha puc. 4 MOKa3bIBAIOT LIENECOOOpa3HyI0 KOHEUHYIO IITyOHHY Kapbepa,
NPY KOTOPOH B paMKax BCEr0 BPEMEHHOTO MHTEpBajia pa3pabOTKH BBITOJHO UCTIONB30-
BaTh MEHBIINH 1O IPy30NOABEMHOCTH aBTOCaMOCBall. BuaHa oOmas st Bcex mnepe-
XOI0B TEHICHIIHS: C POCTOM KOHEYHOU TITyOWHBI (00BheMa) Kaphepa HaOIromaeTCs Ha-
pacranne SKOHOMHHU (TIONOXKHTENBHOTO 3(dexra) 10 HEKOTOPOro MaKCHMAaBLHOTO
3HAUEHHS U JaJiee ee CIajl 10 HYJIEBbIX WM OTPULATENbHBIX 3HAaUCHUN. DTO e Xapak-
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TepHO U ans nepexogaoB 180-220 m u 220-360 M, 0HAKO SKCTPEMYM TEOPETUUECKHU
Haxoautcs npu nimyorHax 2000 M u Oornee (3a mpeaenamMu MPECTaBIEHHOTO rpaduKa).

OTO TOBOPUT O TOM, YTO Aa)K€ HPHU CYIIECTBEHHOH SKOHOMHUH Ha pa3HOce OOpTOB
Kapbepa 3HaYUTEILHOE BO3pacTaHue TITyOHHBI, a 3HAYUT M PACCTOSIHUS TPAHCIIOPTUPO-
BaHHA CBOIUT 3PPEKTUBHOCTH MAIIBIX aBTOCAMOCBAJIOB K MUHUMYMY. Clie/1oBaTeIbHO,
TIpH OOJBITION TITYOMHE HEOOXOIUMO MTPUMEHSTE CXEMBI C TIEPETPY3KOH M3 MaJIbIX aBTO-
CaMOCBaJIOB, Pa0OTAIOLINX B HIDKHEH 4acTH Kapbepa, B aBTOCaMOCBaJIbl OOJIbIIEH TPY-
30HOABEMHOCTH JUIsI MarucTpaJbHOH JOCTAaBKU PYIAbl Ha IMOBEPXHOCTb. Tak MOXHO
HaiTH OanaHCc MEXIy YaCTUUHON SKOHOMHUEH BCKPBIIIN M SKOHOMHEH Ha cebecTouMo-
CTH TIEPEBO30K. JTO CIIPABEIINBO [ TEX TOPHOTEXHUYECKUX U PETMOHANIBHO-UH(pa-
CTPYKTYPHBIX YCJIOBHH, TJIc pacCMaTpuBaeTCs MPUMEHEHUE TOIBKO aBTOMOOMIBLHOTO
TEXHOJIOTUYECKOTO TPAHCIIOPTA.

Tabmuma 2. ABTocaMOCBAJIbI H COOTBETCTBYIO-
INasi MM IIMPHHA TPAHCIIOPTHBIX GepM
Table 2. Dump trucks and transport berms
width corresponding to them

I'py3zo- HIupuna
ABTocamocBa MNOABEMHOCTb, TPaHCHOPTHOH

T OepMbl, M
benA3-7540A 30 19,5
benA3-75450 45 20,9
benA3-7555B 55 23,1
benA3-75570 90 26,1
benA3-7513 136 29,5
benA3-75170 160 31,2
benA3-7518 180 31,8
benA3-75302 220 35,0
benA3-75602 360 41,0

ITo puc. 4 cinenyer Takke OTMETUTh MHTEPECHYIO 3aKOHOMEPHOCTh. JlJia paznuy-
HBIX TIEPEXO/I0OB MaKCUMallbHAsI SKOHOMHS HAONIOMAeTCs MPU HEOJMHAKOBBIX KOHEY-
HBIX TIIyOWHAX Kaphepa. Takke OHM HE PacIONOKEHBI B KAKOM-ITHOO ONpeAeieHHOM
MOpsAIKe, a U psifa mepexomoB 3pGEeKTUBHOCTD MEPEeXoa OTPHUIlATENbHAs BO BCEM
JAarna3oHe TIIYOWH. OTO OOBSICHACTCS CIICIYIOIIHM.

Teoperndecky MUPHHA TPAHCTIOPTHOW OEPMBI H3MEHSETCS HEMTPEPHIBHO U TUTABHO
B 3aBUCHUMOCTH OT M3MEHEHUS Tpy30MOIBeMHOCTH aBTocamocBaia [9]. OxHako mo-
CKOJIbKY MOJIENTBHBIN PSIi aBTOCAMOCBAJIOB TUCKPETEH, TO W IIHPUHA OepMBI TIPH U3-
MEHEHHH TPY30IIOABEMHOCTH T10 MOJIEISIM MEHIETCS CKauKo0Opa3HO M HEPaBHOMEPHO.
[Ipu 5TOM H3MEeHEHNE ce0eCTOMMOCTH TPAHCTIOPTUPOBAHISI BCIIE] 32 H3MEHEHUEM TPY-
30MOJbEMHOCTH HE COTIIACYETCs C H3MEHEHUEM IITMPUHBI, YTO CBSI3aHO C OCOOCHHOCTSI-
MH MacCOTa0apHUTHEIX ITapaMeTPOB MOIEIICH KaXkKI0i KOHKPETHOW MapKu CaMOCBaJIOB.
XapakTepHsblid npuMep — 3aMeHa 45-TOHHBIX aBTOCAMOCBAJIOB Ha 30-TOHHBIE: yBEIHYE-
HHUE ce0eCTOMMOCTH 3a CYeT M3MEHEHHS TPy30IMoaBeMHOCTH B 1,5 pa3a nmpeBocxonuT
SKOHOMHUIO Ha pa3HOC OOPTOB BO BCEX CIyYasiX, @ IOTOMY BBITOHEE IIPUMEHSTH 45-TOH-
HBIE CAMOCBAJIBI.

Taxoke OTMETHM, YTO MpHUBEJCHHBIE Ha pUC. 4 3aKOHOMEPHOCTH XapaKTEPHBI M
KaphepoB C OTHOCHTENEHO y3KuM mHOM (quamerp 100 M). YBenmudeHue pa3MepoB Ka-
PBEPOB B IUTAHE TMPUBOIUT K IEepepactpeiesieHHI0 3aTPaT B CTOPOHY OOJBIIEro BIIHS-
HUSl ce0ECTOMMOCTH TPAaHCIIOPTUPOBAHUS M YMEHBIICHHS 3HAYUMOCTH COKpAIEHUS
00BEMOB BCKPHIIIH B 0011IeM 00beMe TOPHOI MacChl B KOHTYpaxX Kapbepa.
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IlpuBeneHHbIE pPe3yNbTaThl UCCICAOBAaHUN CHPABEIUIMBBHI U1 TEX KapbepoB, IIeE
(hopma GOPTOB HKECTKO CBSA3aHA C IUPUHON TPAHCIIOPTHBIX O6epM. DTO B OOJIBLIMHCTBE
CBOEM Kapbepbl, 0OTpadaThIBaeMbIe 110 YIITYOOUHOH cUcTeMe pa3pabOTKU ¢ OTHOCHUTENb-
HO HeOOJBIIUMH pa3MepaMu B IJIaHE, CIMPaIbHON (POPMOH Tpacchl aBTOIOPOT U KOH-
CTPYKTHUBHBIMHU yTIJIaMH OTKOCa OOPTOB MEHbIIIE, YeM yCTOMYUBBIEC MO TeOMeXaHH4e-
ckuM mnapamerpam. Ha puc. 4 mnpuBeneHsl pe3ynpTaTsl Ul COCEOHUX Iap
rPy30MO0IBEMHOCTH U3 MOZAEIBHOIO psiia aBTocamocBasioB benA3, Tem He MeHee pa3-
paborannas B UI'Jl YpO PAH metomuka MOXeT MPUMEHATHCS A pacdeTra JTIOOBIX
JIPyTHUX COYEeTaHUI MapaMeTpoB aBTOCaMOCBAJIOB U NapaMeTpoB KaphepoB. OHUM U3
TaKWUX MapaMeTPOB MOXKET OBITH YKJIOH TPAHCTIOPTHBIX OEpM.
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Puc. 3. IloropusoHTHOE pacnpeneicHue pa3HUIbI B ITOJHBIX 3aTPaTax Ha TOPHBIC PaOOTHI
MEX]y BApHAHTaMU C KapbEePHBIMU aBTOCAMOCBaJIaMU I'Py301104beMHOCTBIO0 136 1 90 T:
a — Kapbep ¢ auamerpom JHa 100 M; 6 — kapbep ¢ auameTpom aHa 300 M (CTpeaKaMH MOKa3aHO COOT-
BETCTBHUE XapaKTEPHBIX TOPU3OHTOB Kapbepa TOUKaM Ha rpaduxe)

Fig. 3. Horizon-oriented distribution of mining total cost differences between the variants
including open-pit dump trucks with payload 136 and 90 t:

a — open pit with bottom diameter 100 m; 6 — open pit with bottom diameter 300 m (arrows indicate
the correspondence of specific pit horizons to the points on curve)

BouiBoasbl. PazpaboTan anroput™M OIEHKH BIHSHUS THIIOpa3Mepa KaphepHBIX aBTO-
CaMOCBAJIOB HA CTOMMOCTHBIE ITOKA3aTeNld OTKPBITHIX TOPHBIX paboT, Oa3upyrOIUIACS
Ha MaTeMaTH4eCcKUX MOJEISIX W3MEHEHMs 3aTpaT Ha TEXHOJOTHYECKUH TPaHCIOPT U
U3MEHEHUs 00BbEMOB Kapbepa (BCKPBIIIHN) B 3aBUCUMOCTH OT apaMeTPOB TEXHOJIOTH-
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YEeCKHX aBTOCAMOCBAJIOB, TOPHOTEXHUYECKUX YCJIOBHU M MapaMmeTpoB Kapbepa. O0-
JacTh MPUMEHEHHS alTOpUTMa — Kaphepbl OKPYITION WIIM 3JUIMIICOBUAHON (HOpMBI C
yriy0o4HOM cucTeMol pa3paboTKU, UMEIOLIHE KOHCTPYKTUBHBIE YIIIBI OTKOCa OOPTOB
MEHBIIIE JIT0O PaBHbIC YCTOMUUBBIM yIilaM. AJITOPHTM MPUMEHHUM TSI OLEHKH TTOJTHBIX
3aTpar 3a BECh CPOK OTPAOOTKM Kapbepa.

BrrsiBrieHa 3aKOHOMEPHOCT N3MEHEHHS 3aTpaT Ha BeIEHHE TOPHBIX PpadoT 1o Mepe Mo-
HIDKCHUSI TOPHBIX pabOT B MPOEKTHBIX KOHTYpaxX Kapbepa Ul PasiMyHbIX THIIOPAa3MEPOB
(Tpy30MOIbeMHOCTH) MPUMEHSIEMBIX KapbepPHBIX aBTOCAMOCBAJIOB C YYETOM JAOITYILECHHS,
YTO BCE 3aTPaThl 32 UCKITIOYEHHEM TEXHOJIOTHYECKOIO TPAHCTIOPTA SBIISIOTCS HEM3MEHHBIMU.

5 -
Pasunna 3arpar npu
Ipy30M0JbEMHOCTH, T:

Tlepepacxon —0— 3045 45-55
31 55-90 90-136
—o— 136-160 —o— 160-180

—8— 180-220 —8—220-360

—_
T

DKOHOMUS

Pasuuna nomHbIX 3aTpat npu nepexoje Ha Apyroil aBTocamMocBall,
MIpA p

,5 1 1 1
0 200 400 600 800 1000 1200 1400 1600

Koneunas rinyOuHa Kapbepa, M

Puc. 4. IameneHne ¢ pocToM NIIyONHBI Kaphepa IOJTHBIX 3aTpaT Ha TOPHBIE Pa0OTHI B Pe3yJIbTaTe CMEHBI
aBTOCaMocCBaJia ¢ OOJbIIEH Ha MEHBIIYIO TPY30M0IbEMHOCTD (Kapbep OKPYIIIONH (opMBI ¢ THaMETPOM
nHa 100 m)

Fig. 4. Change of mining full costs with the increase in the depth of an open pit as a result of changing a
dump truck with higher payload to a dump truck with lower payload (circular pit with bottom diameter
100 m)

YcTaHOBIIGHBI O0IIME TEHACHIIMN U3MEHEHHS 3aTPaT MpH 3aMeHEe aBTOCaMOCBAIIOB
60J'II)HICI71 Tpy3010AbEMHOCTH Ha aBTOCaAaMOCBAJIbI MEHbIIIEH Tpy3010AbEMHOCTHU:

— C pocTOM IITyOHHBI Kapbepa SKOHOMUYECKUH 3(h(HEKT OT 3aMEHBI aBTOCAMOCBAJIOB
Ha MEHBIIKE [0 TUIOPa3Mepy BO3PAcTaeT JI0 MAaKCHMyMa, a 3aTeM nauaet 7o «0» u
OTPHIIATEIBHBIX 3HAYCHHIA;, TAKUM 00pa3oM, JJIsl KaXI0TO KOHKPETHOTO Kaphepa Mo-
JKET OBITh OMPEICTICH ONTUMATBHBIA THITOPa3Mep aBTOCAMOCBAJIOB, 00ECICUHBAIOIINI
MUHUMYM 3aTpar, a Tak:ke 000CHOBAaHA CTPATETUS] TEXHUYECKOTO NMEPEBOOPYIKSHHS Ka-
prepa o Mepe pa3BUTHs, HAIIpaBJICHHAs HA CHIDKEHUE 3aTpar 3a CYET U3MEHEHUS TPY-
30IIOABEMHOCTH MAallllH,

— JUISL aBTOCAMOCBAJIOB M3 TPYTIIHI Majioi rpy3onoabeMHOCTH (30—45 T) BeITOHEE
MPUMEHSTh CAMOCBAJIbI OOJBIICH IPYy30M0ILEMHOCTH BBH/Y 3HAYUTEIILHOTO COKpAIlle-
HUs ce0ECTONMOCTH TPAHCIIOPTUPOBAHHUS IIPH YBEIIMYSHUH TPY30IIOIHEMHOCTH, KOTO-
poe MpEeBBIIACT HeraTUBHBIN 3(P(EKT OT JOMOTHUTETHLHOTO pa3HOCa OOPTOB Kaphepa.
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Pesynbrarsl nccneoBaHUit MOTYT OBITH HOJIOXKEHBI B OCHOBY Pa3pabOTKH CTpaTe-
T ONTHMHU3AMHA MacCOrabapUTHBIX MapaMeTPOB MOJEIBHBIX PAAOB KapbEePHBIX aB-
TOCaMOCBaJIOB, 06CCHe‘II/IBaIOHH/IX JJI1 CMEKHBIX I'PYIIT TAKO€ COOTHOMICHUE IUPHUHBI
U IPY30M0bEMHOCTH, KOTOPOE JTACT CHIDKEHHUE 3aTpaT Ha J0ObIUY MOJIC3HOTO UCKOIIa-
€MOTO0 TP CMEHE THIIOpa3Mepa CaMOCBAJIOB WIIH IO KpaifHell Mepe MUHUMH3HPYET UX
yBEJIHYEHHE.

Cmampa noozomoenena ¢ UCHONB308AHUEM DPeE3YAbMAMOE UCCNE006aHUI RO
KOHKypcHOMY npoekmy gpynoamenmansvhnuix uccieoosanui YpO PAH Ne 18-5-5-10
«ObocHosanue mMemooos u IManoe adanmayuy 20pHOMEXHON02UYECKUX CUCeEM K
UIMEHAIOWUMCA YCI0BUAM PA3PAOOMKU CNLONCHOCMPYKMYPHBIX 2/1YO0K03a1e2al0-
WUX MECmOPOoIHCOeHUT).
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The influence of dump trucks payload capacity on the prime cost of mining
with the increase in the depth of an open pit

Artem G. Zhuravlev!, Aleksei B. Budnev!
! Institute of Mining, Ural Branch of RAS, Ekaterinburg, Russia.

Abstract
Introduction. Within the framework of open pit transport systems dynamic development conception, the
problem of developing the methods of their parameters adaptation to the operation conditions change with
the development of mining is important. One method of transport systems adaptation is the selection of
rational payload capacity of dump trucks in use in order to minimize full costs of mining with the account
of changes in the prime cost of transportation and open pit edges spread.
Research methodology. The article reveals the results of dump trucks payload capacity influence on the
prime cost of mining with the increase in the depth of an open pit. The influence of changes in payload on
the transportation prime cost and on additional overburden amount formed due to transport berms width
variation is taken into account. The calculation was carried out under the horizon-oriented geometric
analysis and corresponding technical-economic calculations.
Results and their analysis. The given algorithm can be used for the open pits of circular and elliptical
shape with sinking development system possessing structural slope angles of edges which are smaller or
equal to stability angles. The algorithm is applicable to estimate full costs over the whole period of open
pit mining.
Summary. According to the investigations the conclusions have been made on the rational payload of
open-pit dump trucks for various groups of open pits. It has been stated that there is a reserve for the
optimization of mass-dimensional parameters of open-pit dump trucks dimension ranges, which will
provide acceptable increase in the width of machines, and then, transport berms widening under the
increase in the payload capacity.

Key words: open-pit dump truck; payload capacity, transport berm,; open pit dimensions, mining and
transport prime cost.
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Mp1HUMNBI CTPOUTENBLCTBA NOA3EMHbIX aTOMHbIX CTaHLMIA Manon
MOLLHOCTH NPU COBPEMEHHOM NoAaxoae K 0CBOEHNI0 POCCUIICKOK
ApKTUKK

CmupHos 10. I."*, Opnos A. 0.1
1 TopHbIiA HCTUTYT Konbcekoro HayyHoro LeHTpa PAH, r. AnatuTel, Poccus
*e-mail: smirnov@goi.kolasc.net.ru

Peghepam
Beeoenue. Ycmoiiuusoe pazeumue apKmuieckux pecuoHO8 C65I3aH0, 8 Nepeyio ouepedb, ¢ 0CBOCHUEM
NEPCReKmuUGHbIX MeCmOPOACOCHULl Y2Ne6000POOHO20 CbIPbs U MEEPObIX NONE3HLIX UCKONAEeMbIX.
s ycnosutl Ha0eHCHO20 IHEP2OCHADINCEHUSL NPOMBIULTEHHBIX 00bEeKMO8 OOHUM U3 NEPCNeKMUGHbIX Hd-
npasienull Modicem Cmams UCHONb308AHUE AMOMHBIX CIMAHYUTL MAOU MOWHOCMU NPU NOO3EMHOM UX
pasmewjenuu.
Ifens pabomor. Obecneuenue 6e30nacHOCMU NPU CIMPOUMETLCIEE U IKCIILYAMAYUU NOO3EMHBIX KOM-
NIEeKCO8 8 YCILOBUSX KPUOTUMOZ0HbL.
Memooonozus. Paccmompenvl 0cHogHble KOHYENMYATbHBIE NOTOAHCEHUS NPU COZ0AHUU NOOZEMHBIX KOM-
NIEeKCO8 01 amomMHulx cmanyui marou mownocmu (ACMM) 6 apkmuueckux pecuonax Poccuu. Kou-
yenyus cozoanus noozemnou ACMM 6azupyemcs na udee uCnoIb3068aHUsL 3AUUMHBIX U USOTUPYIOUSUX
CBOLICME NOPOOHO20 MACCUBA, KOMOPDILL 8 COYEMAHUU C UHICEHEPHBIMU bapbepamu no3gonum obecne-
UMb KOMIIEKCHYI0 6€30NACHOCMb AMOMHO20 IHEPLEMUYECKO20 00beKmd.
Pesynemameot. Pazpabomka memoouseckux nooxo008 Kk co30anuio 6€30nacHblx NOO3EMHbIX KOMNIEKCO8
6 MHO2ONEeMHEMEPINbIX NOPOOAX HA OCHOBE UHIICEHEPHBIX 3AUUMHBIX CUCTEM U NPUEMIEMbIX MEeXHUKO-
IKOHOMUYECKUX NOKA3amenel 8 YCI08UAX poCCUlickoti Apxmuxi.
Buieoowt. Ha scex smanax cmpoumenbcmea u SKCAIYAmMayuu noO3eMHbX KOMIIEKCO8 NpUuHuMaemvle
UHDICEHEPHble peuieHlst QONIICHbL OblMb HANPABNIEeHbL HA COXPAHEHUe 3AUUMHBIX CEOUCME NOPOOHO20
MAcCcuéa u nepeoHAYAIbHBLIX MENLI0BbIX XAPAKMEPUCTUK.

Knrwueewvie cnosa: amomnvie CManyuu Maiol MOWHOCMU, N003eMHbIU KOMIAEKC, CKANbHbIU MAC-
cue; MHO2OIemHeMep3ble NOPOObl; NOO3EMHOE CINPOUMENbCIBO, YCAHOBIEHHAS MOWHOCIb PeaKmo-
pa; mexuuko-3KoHomMu4eckue nokazameinu.

Beenenme. I maBHbIE LIENH, CTPATETMUECKUE IPHOPUTETHI 1 MEXAHNU3MBI peaIu3aliu
rocyapcTBeHHoN nonuTuku Poccuiickoit denepannu B ApKTHKE, a TaKKe cCUCTeMa Mep
MO TUTAHUPOBAHUIO COLMATIBHO-3KOHOMHUYECKOTO Pa3BUTHS apKTHUeCKoi 30HBI Poccuu
onpenencHpl «OCHOBaME TrocyaapcTBeHHON nonmutuku Poccuiickoit depeparmm B Ap-
kTuKe Ha nepuof 10 2020 roga u qansHenyto nepcrektuBy» [ 1]. JlaHHbBI JoKyMeHT 1
JIpyTHE 3aKOHOATEIbHBIE aKTHI OMPEAEIISIFOT OCHOBHBIE CIIOCOOBI M CPEJICTBA JOCTIIKE-
HUS JOJITOCPOYHBIX LIEJeH COIMAaIbHO-IKOHOMHUYECKOTO Pa3BUTHS apKTHUECKON 30HBI
Poccuiickoit @eneparuu 1 00ecrieUeHUs HAIMOHAILHOM Oe30macHoCTH [2].

B yci0BHAX CIOXHBIX MPUPOTHO-KIUMATHYECKUX YCIOBUH APKTHKH B BBICOKOH
CTETICHH TPOSIBIIIETCS aKTYaJIbHOCTH MPOOJIEMBI SJHEPTETHIECKOW 0e301MacHOCTH yra-
JIEHHBIX W TPYTHOAOCTYITHBIX TEPPUTOPHUH, KOTOpas HE MOXET OBITh B MOJTHON Mepe
obecrieueHa IIEHTPAIM30BaHHBIM dHeprocHabxeHneM. Ha cOBpeMEeHHOM 3Tare B pe-
HICHUH 3aJa41 HaJeKHOTO SHEproodecneyeHrs: OObeKTOB COLUANBHOTO, TPOMBIIILICH-
HOTO ¥ BOGHHO-CTPAaTerNYeCKOTO Ha3HAUEHUS PEeIIaonasi pojb MPUHAIJIEKUT JIOKaIb-
HBIM U MECTHBIM SHEPTrOCHCTEMAaM MaJOi SHEPTETHKH.

VYcTolunBoe pa3BUTHE apPKTUUECKUX PETHOHOB CBA3aHO, B IIEPBYIO OUEPEb, C OCBO-
€HUEM NEPCIEKTUBHBIX MECTOPOKICHUHN YITIEBOAOPOIHOIO ChIPbsl U TBEPABIX MOJE3-
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HBIX MCKOIIAeMBbIX, Pa3paboTKa KOTOPBHIX COIpPSDKEHA C BHICOKUMH SHEPreTHUECKUMHU
3arpatamu. [Ipy HaIMYKMK YHUKaIbHBIX OOTAaTCTB HEApP PETHOH XapaKTEepHU3yeTcs He-
Pa3BUTOCTBIO SHEPTETHUECKON CHCTEMBI, @ TAK)KE BHICOKOM ce0eCTOMMOCTBIO KaK IeHe-
paiuu, Tak U TPaHCTIOPTHPOBKH IEKTPodHepruu. [103TOMy 0JJHOM M3 IPHOPUTETHBIX
3a[a4 rocylapCTBEHHOM MOJIUTUKU B APKTHKE SIBIAETCS MOJICPHHU3ALNS SHEPTCTUKH U
CO3JaHME aJITEPHAaTUBHBIX UCTOYHUKOB SHEpruu. Kak mokassiBaeT NpakTHKa, IEHTpa-
JIM30BaHHOE YHEPTOCHAOKEHHUE B IKCTPEMANBHBIX IPUPOAHO-KIMMATUIECKUX YCIOBHU-
AX YAAJICHHBIX U TPYAHOJOCTYTHBIX PAaHOHOB HE BCETJa MOXKET 00eCIeUUTh YHEPreTH-
YecKyro 0€30IacHOCTb.

Jis ycnoBuil HaeKHOTO 3HEProCHAOKEHHS IPOMBIIIIIIEHHBIX OOBEKTOB OHUM U3
NEPCIEKTUBHBIX HAIIPABJICHUH MOXET CTaTh UCIIOJIb30BAHUE ATOMHBIX CTAHLIUI Maloi
MoutHocTH (ACMM) npH OA3€MHOM UX Pa3MEIIEHUH, KOTOphIe MOTYT CeJaTh OTpa-
OOTKY MECTOPOKACHHH ITOJIE3HBIX MCKOMaeMbIX BEICOKOpeHTabenbpHol. Co3naHue moj-
3eMHBIX KOMIUIEKCOB IS SHEPIeTHUECKUX YCTaHOBOK MAJIOH MOIITHOCTH, OCOOCHHO B
apKTHYECKUX PETHOHAX, 00yCIIaBIMBAET TIOCTAHOBKY Psi/ia 3a/1a4, CBA3aHHBIX C HX IIPO-
eKTHPOBAHUEM U CTPOUTEIHCTBOM. [log3emMuoe pazmenmiearne ACMM MO3BOISET MOITY-
YHUTH 3aLUTy OT JIOOBIX BHYTPEHHHUX (aBapyM HA CTAHIIMM) M BHEIIHUX BO3IEHCTBUI
(TEeXHOTEHHBIX, BOCHHBIX U TEPPOPUCTUUECKUX AeHcTBUH) [3, 4].

B mpuHnune pasmenieHne B TOPHBIX BBIPa0OTKax peakTopoB ADC, KOTOpBIE TOIIK-
HBI 3aMEHUTH Ha3eMHBIE COOPYKEHHUSI MACCHBHOW KOHCTPYKIHH C TOJICTBIMH OCTOHHBI-
MH CTE€HAMU U OJHOBPEMEHHO OIPAHUYEHHBIM CPOKOM 3KCIUIyaTalluH, CUMTAETCS
BIIOJIHE LieTecoo0pa3HbIM. [lepBasi mpoMbIlUIeHHAS TO3€MHAast aTOMHast HJIEKTPOCTaH-
st coopykeHa B LlIBernu, Henanexo ot Ctokronsma. Ee MOITHOCTS HEBEHMKa — BCETO
10 MBT, HO cam (aKT CTpPOUTENBCTBA JAHHOW CTAHLUH [TOKa3al, YTO 3TO BIIOJIHE TEX-
HUYECKH ocyuiecTBUMBIN NpoekT. [Tonzemusie ADC neiictByroT Takke B LlIBelinapun,
®pannun, Hopsernn, CILIA [5].

C TOYKH 3peHUs SKOHOMHUYECKOH Ieecoodpa3HocTu pazMmemenne ACMM BOm3n
OT OTpeOuTEICH SHEPreTHUECKOM MPOAYKIUHU CLIOCOOCTBYET ITOBBIILIEHHIO (P deKTHB-
HOCTH HCTIONB30BAaHUsI aBTOHOMHBIX SHEProMCTOYHMKOB. OcBoeHHE APKTHUKM Ha CO-
BPEMEHHOM dTare CTaBUT BOMPOC O CO3aHWU HHXEHEPHOU HH(PPACTPYKTYpPhI B peTH-
OHax MHoroyieTHel Mep3noThl. KomdopTHOE mnpokuBaHME 4YeloBEeKa B CYPOBBIX
apKTHYECKUX pailoHaX BeChbMa 3aTPYyOHHUTEIHHO, IIPH 3TOM HUCIIOIH30BAHNE TIOA3EMHO-
IO MPOCTPAHCTBA B YCJIOBHMSIX MHOTOJIETHEMEP3JIBIX IOPOJ SABJSIETCS aKTyalbHOU U
Ba)KHOU 3amayeii.

OcHOBHbIE NMPUHUIMIBI MOA3EMHOr0 CTPOMTEIBCTBA B YCJAOBHUAX APKTHKH.
Poccust umeer HauboOmbIIyI0 B MUpE TeppuTOpHio, Oosee 60 % KOTOpO 3aHMMAIOT
MHOTOJIETHEMEP3JIble TOpoabl. OCOOEHHOCTHIO MEP3IIOTHI SBJIAETCS TO, YTO CE30HHBIE
KOJIeOaHMs TEMITEpPaTyphl 3aTyxaroT Ha rmyonHe 10—15 M, a Ha 6oee HU3KHUX TTyOHH-
HBIX OTMETKax TeMIlepaTypa Mep3JI0TO MacCHBa MOCTOSIHHA ¢ KoJeOaHUsAMH B Tpele-
nax okojo +0,1°C [6].

Mep3noTa npakTHYECKH HEMPOHUIIaeMa JJIsl JKUIKOCTE! U ra3oB. OMBIT CTPOUTEIb-
CTBa TOHHEJIEH B YCIIOBUSAX MHOTOJIETHEH MEP3JIOThI MOKA3bIBACT, YTO CYIIECTBYET JU-
JIeMMa: Be4Hasi MEP3JI0Ta COXPaHIET YCTOMYNBOCTH MOI3EMHBIX COOPYKEHH, HO CHH-
)kaeT 3 (HEKTHBHOCTh CTPOUTEIHCTBA, TAK KaK BO3HUKAIOT MPOOJIEMBI IIPH BEICHUU,
HanpuMep, OETOHHBIX padoT (BBIAEPKKA OETOHA, UCTIOIH30BaHUE BOABI U T. 1.) [7, 8].

CTpOUTENbCTBO U AKCILTyaTals OA3EMHBIX XPaHWIHIL Pa3TUYHOIO HA3HAYCHUS B
APpKTHKE U3BECTHBI U OCYLIECTBIIAIOTCA C JaJeKUX BpeMeH. 3a MOCIeAHNE HECKOIBKO
JECSATUICTUI B MUPE TIOCTPOCHBI YHUKAIBHBIE COOPYKEHUS B YCIOBUSX MHOTOJIETHEH
MEpP3JIOTHl — TPAHCIIOPTHEIN ToHHENb «CBeay (IlImumndepren), Bcemuproe xpanmmuiie
cemsH B CBannbap/e, TOHHENb 1O/ BOMHOW mperpanoi (AHamsips, Poccus), pyaHuK
«bmk-Anren» (I'pennanaus), psii TOHHENEH, PACTIONIOKEHHBIX Ha BRICOKOTOPHOH Ke-
ne3Ho# popore «Llunxaii—Tuber» (Qinghai—Tibet Railway) B Kurae u np. [9]. Kpome
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TOTO, TIOI3€MHBIE BEIPAOOTKM B apKTHUECKUX PETMOHAX MCIOJIB3YIOTCS KaK COOpYXkKe-
HUSI TPOMBIIUIEHHOTO ¥ BOGHHO-CTPAaTETNIECKOro Ha3HayeHus (puc. 1).

B nHacrosiiee BpeMst HOBbIE 00BEKTHI B apKTHUECKUX TEPPUTOPHIX BO3ZBOASTCS HA
OCHOBaHUH NOJTYYCHHBIX HAYYHBIX 3HAHUH M IEPENOBBIX TEXHOIOTUH. [l TaKuX CO-
OpPYKEHHH CyIIECTBYIOT OCOOBbIE TPeOOBaHMS K IPOEKTUPOBAHUIO U HHXKECHEPHO-
M3BICKAaTeNbCKUM paboTam. Bonpocamu cTpouTtenscTBa B MHOTOJIETHEMEP3IIBIX IIOPOAAX
3aHMMAeTCs 1ieJ1as Hay4yHas oTpacib — WHXKeHepHas reokpuoiorus. [Ipuuem Poccus
Ooree moTyBeKa sIBJISETCS JIUIEPOM B 3TOU oOnacTu.

Puc. 1. Vicnione3oBanue MOA3EMHOTO IPOCTPAHCTBA APKTUKH ISt TPOMBIIIJICHHBIX — @ ¥ BOGHHBIX IieJ1eil — O
Fig. 1. Use of the underground space of the Arctic for industrial purposes — @ and military purposes — 6

PaboTbl B MHOTOJNIETHEH MEP3J0T€ UMEIOT CBOIO CIEHU(HKY, MPEINoiararnyo
IMPUMCHCHUC COBPEMCHHBLIX TEXHOJIOTUM W HaIudue BI)ICOKOKBaJ]I/I(bI/IHI/IpOBaHHBIX
npodecCHOHANBHBIX criennanucToB. CIIOKHBIE KIMMATUYECKUE YCIOBHS ONPEACIISIOT
HE TOJILKO BBIOOp TEXHMUECKHX PEIIeHUH, HO U TIpaBUJjia MPOM3BOICTBa padboT. Hanpu-
Mep, AOCTaBKa CTPOUTEIBHBIX MaTepPHUaIoOB U 000PYIOBaHHS OCYLIECTBISETCS B OCHOB-
HOM B nepuox HaBurauuu. [Ipu 3ToM m00as KOPPEeKTHPOBKA MPOEKTa BEAET K €ro yAo-
POXaHUIO B YBEITMUYEHHIO CPOKOB CTPOUTEIBCTBA.

ITonbITKN MHWHHUMU3UPOBATH OG’BCMI)I HMHXCHCPHO-TCOJIOTHUCCKUX H3BICKAHUN MO-
TyT CIOCOOCTBOBATH CYIIECTBEHHBIM OIMOKaM B MPOEKTHOW JOKYMEHTAIWH, HeIpa-
BIJILHOMY BBIOOPY TEXHHKH U TEXHOJIOTHH paboT. [loaToMy mpobiema kauecTBa WHXKe-
HEPHBIX U3BICKAHUI B CTPOUTEJILCTBE BaskHA AJIS JIFOOBIX KIIMMAaTHYECKUX PailOHOB, HO
JUIL CEBEPHBIX MIMPOT OCOOEHHO akTyalbHa. Pa3pabaTbiBaeMble MPOEKTHI JOIKHBI
OBITH HampaBJIEHbl HA COXpaHEHHE MEPBOHAYAIBLHBIX CBOMCTB MOPOIHOIO MAacCHBA B
TepPMETHYHOM COCTOSTHUH, BKITIOUAsi MEPHI 110 H30JISIIIAN OKPYKAIOIINX TPYHTOB OT BO3-
JIEHCTBHSI TETUIOTO BO3/IyXa, a TAKXKE BOCCTAHOBJIEHHNE MEP3JIOTO COCTOSTHHUS TIOPOJT TO-
CJIe ero HapyIIeHUs, HalpUMep B IPOIIecce BEACHUS MTPOXOAUECKHUX padoT.

[IprunHamMu TassHUS TPYHTA MOXKET SIBJISITHCS BHICBOOOXKICHNE YHEPTUU BO BpeMs
B3PBIBHBIX paloT, a TakKe TEII0o00pa3oBaHUE NpU paboTe TSHKENOH TEeXHUKH, UC-
MOJIb3yEMO TIPH COOPYKEHUH BBIPA0OTOK, U JIPYrOTO TEXHOJIOTHIECKOTO 000pyIo-
BaHMSA. CTPOUTEIIBCTBO MOA3EMHBIX KOMITIEKCOB Tl pasmerieHuss ACMM B ckajb-
HBIX MAacCUBaX POCCUHCKOH ApPKTHKHM B CIOXHBIX HHXEHEPHO-I€OJIOrHYECKUX
YCIIOBUSIX MHOTOJIETHEMEP3JIBIX ITOPOA TPeOyeT MPUMEHEHHS CIIeLUaTbHBIX METOIOB
BeneHus padot [10].

O0ecneyeHue yCTOHYNBOCTH MOA3eMHBIX COOPY:KEHUH B MHOT0J€THEMEP3JIbIX
noponax. [Ipu co3maHuy MoJ3eMHBIX KOMIUIEKCOB B aPKTHYECKHUX YCIOBUSIX HEO0OXO-
JIUMO TIPUHUMATH BO BHUMaHHUE TeIbIH psf crenudraecknx (hakTopoB, CBSI3aHHBIX KakK
C KIIMMaTHYECKUMU OCOOCHHOCTAMH, TaK U C 0COOEHHOCTSAMH JKCILTyaTalluyd camoro
MOA3EMHOTO OOBEKTa, OCHOBHBIMH M3 KOTOPBIX SIBJISIFOTCS:
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— TEXHOTE€HHBIE BO3JCHCTBUS, CIIOCOOHBIE H3MEHATHh (PH3UKO-MEXaHUIECKHE CBOM-
CTBa BMEIIAIOIIET0 MacCHBa U CTPOUTENBHBIX KOHCTPYKLIUH;

— TIOBBIIICHHBIA TEMIIEPaTypPHBIH peXUM BHYTPH KaMEPHBIX BHIPAOOTOK, BIHSIFO-
M HA HAMIPSDKEHHO-AE(OPMHUPOBAHHOE COCTOSHIE TOPHBIX MOPOJ;

— 3HAKOIICPEMEHHBI TEMIIEPATYPHbIH PEKUM Ha KOHTAKTaX CTPOUTENIbHBIX KOH-
CTPYKUMH ¥ TOPOAHOTO MAaCCHBA;

— HaJINY1E€ MHOTOJIETHEH MEP3JIOTHI;

— KpaTKOCPOYHOE BO3/IEHCTBUE BEICOKUX JAABJICHUN 1 TeMIeparyp Ipy BO3MOXKHBIX
aBapUUHBIX CUTYAIMIX, CIOCOOHBIX BBI3BATh CHUKEHHE HECYIIIEH CTOCOOHOCTH U MPO-
TUBO(UIIBTPALIIOHHOM CTOMKOCTH OKPYXKAOIIET0 IIOPOJHOIO MacCuBa U MHKEHEPHBIX
COOPYXKEHUI.
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Puc. 2. CtonMocTh TOPHO-CTPOHUTENBHBIX PadOT MpU
pa3HBIX BapHAHTAX BCKPBITHS
Fig. 2. Cost of mining and construction operations
under different overburden options

Jlns obecriedeHust yCTOMYUBOCTH TOPHBIX BEIPA0OTOK B MHOTOJIETHEH MEP3JI0TE MC-
MOJNIB3YIOT Pa3IUNYHbIE TEPMO3AIMIUTHBIE CHCTEMBI, OCHOBHBIMH M3 KOTOPBIX SIBIISTIOTCS
CIIEYIOIHE:

— TCIIJIOU3O0JIAII A,

— NOAACPIKAHUC OTpHHaTeHBHOﬁ TEMIICPATYpPhbl B IOPOAHOM MAaCCHUBE;

— UCKYCCTBEHHOE OXJIAXICHHE;

— IPUHYAUTETBHOE 3aMOPaKUBAaHUE TIPU CTPOUTENHCTBE U aBAPUITHBIX CUTYAIHIX;

— UCTIOJIb30BaHUE CHCTEM OTBOJA TEIIA;

— IPUMEHEHUE CICIIHAITLHBIX TEXHOJIOT M, 000PYI0BaHUS U KOHCTPYKIIMOHHBIX Ma-
TCPHUAJIOB JJII CHUIKCHHA BIIMAHUA KaK MMOJIOKUTCIIBHBIX, TaAK U OTPULIATCIIBHBIX TEMIIC-
paTyp Ha TOpHBIC TTOPOABI 1 OETOHHBIC KOHCTPYKITHH;

— YCTaHOBKA M30JIUPYIONTUX CHCTEM CPa3y MOCIIE MPOXOIKH BEIPAOOTKH, YTOOBI 00-
pa3yeMoe TeTlIo He YCIIeNIo 0Ka3aTh OOJBIIIOr0 HEraTHBHOTO BO3EHCTBHS Ha BMEIIA0-
IIUHA MaCCHUB.

B ocHOBe 00UIMX MPUHIMIIOB MPOCKTUPOBAHUS M CTPOUTEIBCTBA MOJ3EMHBIX 00b-
ektoB ACMM JIeKUT KOMITIEKCHBIHN TTOIXO ¥ €AMHAS KOHIIETIIHS, KOTOpas peaan3yeTcs
KaK B IPOLECCE MPOCKTUPOBaHUsA, TaK U HA CTaAUN OCYIICCTBJICHUA MIPOCKTHBIX PEHIC-
HUI. B 0CHOBY KOHIIENIINY ITOJI0KEHA UAES MAaKCUMAJIbHOTO UCTIONB30BAaHMS HECYIINX U
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3alIUTHBIX CBOMCTB CKaJIbHOTO MACCHBA U MPUHIIAIIOB MEPEIOBBIX TEXHOJIOTHIA B 00a-
CTH TOA3eMHOro crpoutenbcTBa [11, 12]. B coderanuu ¢ 3alIUTHBIMUA WHXEHEPHBIMHU
OapbepaMu TO TIO3BOJISIET 0OECIIEUNTh KOMITICKCHYIO 0€301acCHOCTh aTOMHOTO JHEpre-
THYECKOTO O0BEKTa, BKIIOUAs 3a7adrl (PU3NICCKOM 3aIIUTHI OT BHEUTHUX BO3ICUCTBHUIT
TEXHOT€HHOTO W MPHUPOIHOTO Xapakrepa. B 3ToM ciydae cKaibHBIE MTOPOIBI UCTIONB3Y-
IOTCS B KAUECTBE OCHOBHOTO 3aIlIUTHOTO 0aphepa B TIOA3EMHOM KOMITIEKCE.

OpHeHTHPOBOYHbIH 00beM BLIHHMAEMOii FOPHOIi MacChl NPH CTPOUTETb-
CTBE MO/I3eMHOT0 KOMILIEKCa, M
Reference volume of excavated rock mass during the construction of an
underground complex, m?

MouraocTts, MBT
BrrpaboTku

50-100 20-50 5-15 1-3
BripaboTku BCkpeITHS 13000 | 15000 13 000 3500
TpancriopTHBIE BEIPAOOTKI 3000 1000 1000 3500
Bentwsaimonnsie BEIpaboTKN 4000 4000 1100 1000
Kawmepa peaxropa 5000 8500 3200 200
Typbunnoe otnenenue 7300 11 000 4600 0
Bcnomorarenshas kamepa 1000 1000 600 200
Kawmepa xpanenus orpaboras- 1100 1100 500 0
IIETO SIJIGPHOTO TOIINBA
Kawmepa xpanenust pagnoax- 0 400 800 0
THBHBIX OTXOJIOB
Baccelin BblaepKKU 0 1000 1000 0
TexHonOrMUeCcKUe BEHIPAaOOTKI 1200 3000 1200 600
Bcezco 35500 | 46000 27 000 9000
Heyurennsie oobemsr, 10 % 3500 5500 2700 900
Hmoeo 74 600 | 51500 29 700 9900

CpaBHHUTeJbHAsl OLEHKA OCHOBHBIX TeXHHKO-DKOHOMHMYECKHX IOKa3aTeJeii.
Hayano ctpouTenbcTBa CBA3aHO C BBIOOPOM CIOCO0a JOCTYNa K MOA3EMHOMY KOM-
TUIEKCY 4epe3 TIaBHYIO BCKPBIBAIONIIYIO BhIpaboTKy. OmpelensiomumMu (pakTopamMu
B BBIOOpE crioco0a jocTyna (BCKPBITHS) SBISIIOTCS TOPHO-TEOJIOTHYCCKUE YCIIOBUS U
penbed mectHOCTH. CyIIECTBYIOT OCHOBHBIE CITOCOOBI TOCTYMA: TIPY TTOMOIIHA BEPTH-
KaJbHBIX (IIIAXTHBIN CTBOJ), HAKJIIOHHBIX (YKJIOH, CIIMPAIBLHBIA ChE3/T) U TOPU30HTAIb-
HBIX BBIPa0OTOK (IITOJIBbHS, TOHHENb), 8 TAKXKE BO3MOKHBI pa3IMYHbIC NX KOMOWHALINH.

BckpeiTre BepTUKaTbHON BHIPAOOTKON MPUMEHSETCS B OCHOBHOM ITPU paBHUHHOM
penbede MECTHOCTH U SIBIISIETCS OMHUM M3 CIOXKHBIX U TPYIOEMKHX B TOPHOM CTpOU-
tenbeTBe. [Ipu ropucTom penbede mpeanodTuTeNbHee UCIOIb30BaHIe TOPH30HTATb-
HBIX BBIPA0OTOK. DTO Hanbojee ynoOHBIN U SKOHOMUYHBIN CIIOCO0 CTPOHUTENHCTBA U
9KCIUTyaTali. BCKpBITHE HAKIOHHBIMH BBIPAOOTKAMH HCIONB3YETCS] MPaKTHYECKH
npu JIF000M perbede. IKOHOMHUECKHU 11eJIECO00Pa3HO MPOBOUTH BCKPBITHE JI0 TITyOU-
Hbel 100 M, Tak Kak MpH OOJBIION MPOTHKEHHOCTH BCKPHIBAIOIIMX BHIPAOOTOK CYIIIE-
CTBEHHO TIOBBITIIAETCSI 00hEM pabOT U CTOMMOCTH CTpouTeIhcTBa [13, 14].

Ha puc. 2 moka3zan rpadMK CTOMMOCTH TOPHO-CTPOUTENHHBIX Pa0OT MPH Pa3IUIHBIX
BapUaHTaX BCKPBITHS MOA3EMHOTO KOMIDIEKCa JI0 TTyOuHBI OT oBepxHOCTH 100 M.

CpaBHUTENBHAs TEXHUKO-3KOHOMHYECKas oleHKa cTpourtenbctBa ACMM nposo-
JIWIIach 10 KOHLIENTYaIbHBIM MOJIEIISIM MOJI3EMHBIX KOMITJIEKCOB JIJISl pa3IUYHBIX THIIOB
PEaKTOpHBIX YCTAaHOBOK B tuana3onax momHocteld 3—100 MBT. B koHCTpYyKIHsIX HOA-
36MHOTO KOMIUIEKCAa pPacCMaTPHBAJIOCh BCKPBHITHE TOPHU3OHTAIBHBIMHA BBIPAOOTKaMHU
TIPH PA3IAIHBIX KOMITOHOBOYHBIX CX€MaX OCHOBHBIX U BCIIOMOTATEIbHBIX BEIPA0OTOK.
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OCHOBHOI 00BEM TOPHOKAIHMTAIBHBIX pPabOT TPUXOMUTCS HA CTPOHUTEIHCTBO
BCKPBIBAOIIUX, TPAHCIIOPTHBIX M KAMEPHBIX BBIpaOOTOK. [Ipoxo/ika BceX TOPHBIX BbI-
paboTOK OlleHUBAIACh IO OYPOB3PBIBHON TEXHOJIOTUH C CIIOIH30BAHHEM CAMOXOIHO-
T0 000PyIOBaHUS.

OpHEHTUPOBOYHBII 00beM BEIHUMAEMOM TOPHOW MAacCHl MPU CTPOUTEIHCTBE TOA-
3eMHOTO KOMITJICKCA JJIs1 PEAKTOPHBIX YCTAHOBOK PAa3IMYHON MOIHOCTH MPEACTABICH
B TabmuIIe.

Hcxonst u3 NMPUHATHIX TapaMeTPOB BBIPAOOTOK MOA3EMHOTO KOMILJIEKCa PacCUUThI-
BaJIMCh OCHOBHBIC TEXHUKO-DKOHOMUYECKHE XapaKTEPUCTUKU CTpoUTeNhCTBa. OleHKa
00bEMOB TOPHO-CTPOUTENHLHBIX PAOOT TOI3EMHOI0 KOMITJIEKCa IPOBOIMIIACH 110 TIOKa-
3aTelsaM, UMEIOIIUM HanOOIBIINHN YISIbHBINA BEC MPH CTPOUTENBCTBE 00BEKTa: 00beM
BBEIHIMAE€MOW TOPHOM MOPOJIbI, KOJTHMYECTBO YKIIaIbIBAEMOT0 OETOHA HAa KPEIICHHE U
BO3BEJICHHE PA3IMYHBIX KOHCTPYKLHH, Macca HCHOIb3yeMOT0 METaslla, TEIIOn30Is-
111 BBIPAOOTOK. DKOHOMHYECKAsl OIIEHKA 00bEMOB CTPOUTEIILHBIX PAOOT BBIMOIHEHA
M0 YKPYITHEHHBIM MoKa3aTelnsiM B rienax 2017 roxa.
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Puc. 3. 3aBHCHMOCTD YAETBHBIX KAMTAIBHBIX 3aTPaT Ha CTPOHUTEIBCTBO OT
MOII[HOCTH PEaKTOPHBIX YCTaHOBOK
Fig. 3. Dependence of specific capital expenditures for construction on
capacity of reactor assemblies

I'padux 3aBUCHMOCTH YIENBHBIX KalUTAJIbHBIX 3aTpar OT MOIIHOCTH TO3EMHOMN
ACMM npusezex Ha puc. 3. Kak moka3bIBaeT BBHIOIHEHHBIM TEXHUKO-9)KOHOMUYECKUI
aHaJu3, yICIbHbIC KalMTAIbHBIC 3aTPaThl HA TOPHO-CTPOUTEILHBIC PA0OTHI TS TIO/3EM-
HOt ACMM ¢ yBenmM4eHHEM MOIITHOCTH PEAKTOPHON YCTAHOBKH YMEHBIIIAIOTCSL.

BeiBoabl. Takum 00pa3oM, CTPOHMTETLCTBO ITOA3EMHBIX KoMmIuiekcoB ACMM
B CIIOKHBIX KITMMATHYECKUX U TEOKPHOJIOTHYECKUX YCIOBHIX APKTUKN Oa3upyeTcs Ha
CJIEYIOIUX OCHOBHBIX MPUHIUIIAX:

— Ha BCEX 3Tallax CTPOUTENbCTBA U IKCIUTyaTalliy IPUHUMAEMble HHKEHEPHBIE pe-
IICHUS JOJDKHBI OBITh HAINPABJICHBI Ha COXPAaHEHHWE 3alUTHBIX CBOWCTB MOPOIHOTO
MacCHBa U TIEPBOHAYAILHBIX TEIJIOBBIX XapaKTEPHUCTUK;

— COXpaHEeHHEe MEP3IIOTO COCTOSTHUSA SBISIETCS MOJIOKHUTEIHHBIM (PAaKTOPOM IS CTa-
OMIIEHOTO COCTOSIHAS BCEX KOHCTPYKTHBHBIX DJIEMEHTOB ITOJI3EMHOTO KOMITJIEKCa,

— yIleJbHbIC KaUuTalbHbIE 3aTpaThl Ha cTpouTeabcTBO ACMM ¢ pa3nuyHbIMU peak-
TOPHBIMU YCTAHOBKAMHU B 3HAUUTEIHHOM CTEIEHM 3aBUCAT OT yCTAHOBJICHHOMW MOII-
HOCTH peaKTopa.

Paboma evinonnena ¢ pamxax memot 0226-2018-0008 zocyoapcmeennozo 3aoa-
Hua I'opnozo uncmumyma KHI] PAH.
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Underground small nuclear power plants construction principles on the basis
of the modern approach to the Russian Arctic development

TIurii G. Smirnov!, Aleksandr O. Orlov!
' Mining Institute, Kola Science Centre RAS, Apatity, Russia.

Abstract
Introduction. Sustainable development of the Arctic region is linked, first of all, with prospective
hydrocarbon and mineral deposits exploration. To provide the conditions of industrial facilities reliable
energy supply, the use of underground small nuclear power plants can be considered one promising direction.
Research aims to ensure safe construction and exploitation of underground facilities in the conditions of a
cryolithic zone.
Methodology. The paper considers the key conceptual conditions for constructing the underground complexes
for small nuclear power plants (SNPP) in the Arctic regions of Russia. The concept of the underground SNPP
construction is based on the idea of using the protective and isolating properties of a rock mass, which jointly
with engineering barriers will allow providing an integrated safety of a power asset.
Results. The development of methodological approaches to safe underground complexes construction in
permafrost rocks based on engineering protective systems and acceptable engineering and economic
indicators in the conditions of the Russian Arctic.
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Summary. At all stages of underground complexes construction and exploitation engineering decisions
have to be directed at the maintenance of rock mass protective properties and initial thermal characteristics.

Key words: small nuclear power plants; underground complex; solid rock mass; permafrost rocks;
underground construction, installed reactor power,; engineering and economic indices.
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AHanu3 akcnnyaTauMoHHbIX NokasaTtenei ropHOA0ObIBaOLWEro
000pyaoBaHMA BeayLLMX Xene3opyAHbIX kKapbepoB Poccum

Kantemupos B. [1."*, TutoB P. C.!, AkoBnes A. M.
" MHcTUTYT ropHoro aena Yparbckoro otaenenust PAH, r. Ekatepun6ypr, Poccus
*e-mail: ukrkant@mail.ru

Peghepam
Beeoenue. dghpexmusnocmo 20pHLIX pabom 60 MHO2OM ONpedeniemcs NoKA3AmenamMu pabomsl 20pHO-
006b168aI0We20 060PY00BAHUS 8 COCMABE OCHOBHBIX MEXHOIOSUYECKUX 36€HbE6 OMKPLIMOU 000bIYU.
Iens pabomer. Ha ocrHosanuu oyeHKu SKCHAYAmayuoHHbIX ROKa3amenell 0CHOBHO20 MEXHOL02ULECKO20
0060py008aHUA HA OMKPLIMBIX 2OPHBIX pabOMAax 8e0yuux 20pHO-0002AMUMeENbHbLIX KOMOUHAMO8 pac-
cMOmpems OUHAMUKY USMEHEHUs NAPKA 91020 000py0068anuUs U 00HeMO8 NPOU3BOOCMEA 2OPHBIX padbom
1O COOMBEMCMEYIOWUM MEXHOLOSUHECKUM NPOYECCAM.
Memooonozus. B nacmoswee 6pems npu MexHUKO-IKOHOMUYECKUX PACUemax He yUumvl8aomcs ouuo-
Ku 8b100pa 20pHOO00OBIBAIOWE20 000PYO0BAHUS, CEA3AHHBIE C OYEHKOU €20 NOMPedUmMenbCKUX CE0LUCMS,
MEXHUYECKO20 COBEPUIEHCNBA U COOMBEMCMBUS PEANbHbIM YCA0BUAM IKCHIYAMAYUU, ONPeOesouux
VpOBeHb OONOTHUMENbHBIX 3aMpPam Ha N0O0epiHCcanue e2o npou3gooumenvHol pabomul. [loamomy ceoe-
BPEMEHHAs KOMNIEKCHAS OYEeHKA YPOBHSL IKCNIYAMAYUOHHBIX C80LICNE 20PHO000bI8AIOU €20 000pY008a-
HUsL 8 SHAYUMETbHOU CIENEeHU MOXCEN NOGIUAMb HA CHUNCEHUE NPOU3BOOCHIBEHHBIX PUCKO8 U NPUSECMU
K 9KOHOMUU IKCNIYAMAYUOHHBIX 3AMPAT.
Pezynomamul. Ycmanoeienvt 3HauumenvHvle OMAUYUA MeHCOY NPEONPUAMUAMU 6 YOeTbHOU NPOU360-
OUMENLHOCHU OCHOBHO20 MEXHONIOUYECKO20 000PY008AHUS KAPbEPOE BCLEOCMEUe HEOOCTNAMOYHO UH-
MEHCUBHOT MOOEPHUZAYUU OCHOBHBIX POHO08 U 20pHOO06bIBaIOU e2o 0bopydosanus. Ommeuena nouy-
yueULas 8 NOCIeOHUe 200bl PA3GUMIUE MEeHOeHYUsl HACbIWeHUsI NAPKA 20PHO000bLEarowe20 060py008anus
UMROPMHBIMU MOOCNAMU, KOMOpble Ha psAde npeonpuamuil npegviuiaiom 60 % napka, wiupokoe gneope-
nue GPS-nosuyuonuposanus sxckasayuu u Hagueayuu mpancnopmupoganus, eneopenue cucmem ACY
07151 ABMOMAMUZUPOBAHHOO YNPAGILEHUS 2DY3ONOMOKAMU 8 KAPbEPe C YHEmoM Kauecmed Colpbsi.
Bub1600b1. Yoenvnvie noxazamenu npousgooumenbHOCmu U OCHAWeHHOCMb RPeONnPUAMuULL 20pHO000b16a-
owumM 060pyoosanuem Ha 000biuy 1 MaH M* 20pHOT MACCHl UMEIOM CYUJeCGEHHYIO 6APUAYUIO MENCOY
npeonpuaAmuAMU, 4mo 0ObACHACMCA HeOOCMAMOYHBIMU MEPAMU HO MOOEPHU3AYUY U NePEOCHAUeHUIO
napka 060py008aHUs U OPAHUIAYUOHHBIMU NPOCYEMAMU NPU NPOBEDEHULU 20PHBIX PAGOM.

Knrwueevie cnosa: sceneznasn pyoa; zopno-obozamumensuviii Kombunam, noxazameny npou3soou-
menvHOCU,; 00beMbl 000bIYL, MEXHON02UUecKoe 000PYOOsaHue.

BBenenue. DpGeKTHBHOCTH TOPHBIX PA0OT BO MHOTOM OTIpE/IeIIsieTCs TOKa3aTes-
MU pab0Tel 000PYIOBaHMS B COCTABE OCHOBHBIX TEXHOJIOIMYECKHUX 3B€HBEB OTKPHITOM
I00BIYM: OypOBBIX CTAaHKOB, SKCKaBaTOPOB, KAPEEPHOI'O ABTOMOOUIIBHOTO U KEJE3HO-
JIOPOXKHOTO TpaHcmopra [1].

B Poccun mo0bIua sxene3Hoi pyibl BEASTCS B OCHOBHOM OTKPBITHIM cIoco0oM (~ 93 %
oT obmiero odbeMa) ropHo-odorarutTeapHbIME koMOuHaTaMu (I'OKamu). B psimy atux
MIPEANPHUATHI BbIIemsAtoTcs BoceMb KpynHenmmx ['OKos, npousBopsmux 6onee 85 %
KenezopyaHoro cwipbsd Poccum: Kauxanapckuit, Omeneropckuii, KocTOMyKIICKHIA,
Koenopckuii, Muxaiinosckwii, Ctoinenckuii, Jledenuackuii u Kopurynosckuid. [1o MHO-
MM TIOKa3aTesiM UMEHHO 3TH MPEeNNpHUsITHS ONPEIesIOT JIMIO TOPHOH MPOMBILLICH-
HocTu Poccuu B 001acTH OTKPBITOM JOOBIUM M 00OTAICHUS PYIHOTO ChIPhs [2—5].

IIposenenne ucciaenosanmii. B HacTosIee BpeMs IPAKTUKA TEXHUKO-D)KOHOMUYE-
CKOM OTICHKH ITOKa3hIBAET OTCYTCTBHE yU€Ta KaKUX-THOO0 OMMOOK BRIOOpa TOPHOMOOBI-
BAIOILEro 00OPYAOBaHMUS, CBI3aHHBIX C OLICHKOH €ro NOTPEeOUTENILCKUX CBOMCTB, TEX-
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HUYECKOTO COBEPILIEHCTBA M COOTBETCTBHUSA pEATbHBIM YCIOBHSM OJKCILTyaTalWH,
OTIpENIETISAIONINX YPOBEHb JOTIONHUTENBHBIX 3aTpaT Ha MOJIep)KaHUue €ro MPOU3BOAU-
TenbHOHN paboThl. [loaTOMY CBOEBpeMeHHash KOMIUIEKCHAsI OI[eHKa YPOBHS 3KCILTyara-
IIMOHHBIX CBOMCTB rOPHOA0OBIBAIONIETO 000PYIOBAHUS B 3HAUNTEIILHOIN CTENICHU MO-
JKET MOBJMATh Ha CHIDKCHHE NPOWM3BOACTBEHHBIX PUCKOB M NPHUBECTH K 3KOHOMUU
9KCIUTYyaTallMOHHBIX 3aTpaT. MeTO0IOTHYECKH TaKasi OLIEHKAa OCHOBHBIX 3KCIITyaTally-
OHHBIX CBOWCTB TOPHOTO 00OPYAOBaHMSI MOXKET OCYIIECTBIISATHCSI HA OCHOBE MOKa3are-
JIeH, TOATBEP)KICHHBIX Ha JTOKa3aTeJIbHOM JTale €ro SKCIUTyaTalluH, T. €. aHaJHu30M
OTIBITA KCIUTyaTalliy MPEAIECTBYIONIETO OIIEHOYHOMY TTEPHO/IaA.

Tabauna 1. O0bembl 100bIYM OCHOBHBIX JKeJ1€30PYIHbIX KapbepoB Poccnu
Table 1. Production output of main iron ore open pits of Russia

JloObrua O0BeM Jo6brua
IIpennpusitue CBIPOH py/IBI, BCKPBIIIIH, TOpHOI Mac- FHyGM}:a
MJIH T MIH M CBI, MITH T Kapbepa®, M
Kaukxanapckuit TOK 59,35 4,67 73,97
CeBepHBIii Kapbep 27,27 1,43 31,86 210
I'maBHbI Kapbep 18,89 2,56 26,74 300
3anaaHblii Kapbep 13,19 0,68 15,37 286
Oneneropckuit [OK 12,12 13,78 49,22
OsneHeropckuit Kapbep 0,94 2,96 8,93 404
Kuposoropckuii kapsep 3,57 2,34 9,88 303
Komcomomnbcknii kapbep 3,84 3,56 13,46 183
15 net OxTs0ps 0,96 0,54 2,41 230
Kapsep Kypkennaxx 1,13 1,35 4,78 127
Bocrounslii kapbep 1,69 3,03 9,76 45
Kocromyxmckuii 'OK 34,69 37,82 141,71
Kocromyxkmickuit kapbep 34,69 37,82 141,71 330
Kosmopckuit TOK 19,58 3,13 28,81
KoBnopckuii kapsep 19,58 3,13 28,81 550
Muxaiinosckuii [OK 49,76 25,77 123,61 350
MuxaiiinoBckuil Kapbep
Croitnenckuii 'OK 33,46 25,69 35,51
CToWIeHCKHUI Kapbep 33,46 25,69 35,51 359
Jle6ennuckuii 'OK 50,53 20,02 101,47
JleGenuHCKHI Kapbep 50,53 20,02 101,47 416
Kopmrynosekuii 'OK 9,20 14,20 44,70
KopiyHoBckuii kapbep 4,90 6,00 19,80 500
PynHoropckuii kapbep 4,30 8,20 24,90 226

* I'myOuHa Kapbepa ¢ HaropHOH 4acThIo.

B Tabn. 1 npeacraBieHsl moka3zaTenu JOOBIYH KPYIHBIX JKEIE30PYAHBIX KaphepoB
Poccun B coctaBe Bocbmu ['OKoB 3a 2015 1., B Tabm. 2 — pacrpeneneHue KapbepoB 1Mo
TpyNIIaM B 3aBHCHMOCTH OT 00hEMOB JOOBIYH KEJIE3HOH PYIbI.

XapakTepUCTUKU JOOBIYHOTO TEXHOJIOTHYECKOTO 000pYAOBaHUS BEAYIIUX Kapbe-
poB Ha 2015 r. mpeacTaBieHsl B Tadm. 3.

KpynHssle sxene3opynHble Kapbepbl ¢ 00beMaMu J00baU pyabl Oonee 10 MitH T/Tox
YKOMITIJIEKTOBAaHbI MOIITHBIMHA 3KCKaBaTOPaMM THUIIA IIpsAMasi J1oI1aTa U BBICOKOIIPONU3BO-
JTUTENFHBIM OOINBIIETPY3HBIM aBTOTpaHCIOpTOM [6, 7]. 1o ykazaHHOU rpymme Kapbe-
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POB CpeaHss Ipy30IOABEMHOCTS aBTOCamMocBana coctasisieT 131,2 1, mpu atom 91 %
aBTocaMocBaioB (339 en.) umerot rpyzonogbeMHocTh Oojee 100 T, a okomo 63 % 3Kc-
kaBatopoB (197 ex.) o6opyaoBaHbI KoBIIaMu eMKOCThiO 10 M? U Gonee.

KapnepHble kee3HONOpOKHBIE NMEPEBO3KH MPOM3BOIATCS C IOMOIIBIO TATOBBIX
arperaroB pOCCUHCKOTO MPOU3BOACTBA, KOTOPBIE B 00IIEM MapKe TOKOMOTHBOB COCTaB-
nstoT Oonee 85 % (218 exn.).

Tabauuna 2. Pacnpenesenue geiicTeyomux kapbepos Poccun no 1o0brue sxesie3noii pyast B 2015 r.

Table 2. The distribution of operating open pits in Russian in 2015 according to iron
ore production

O6bem I'pynna kapsepos Y}lenbﬂbmosec IpYIIIbI,
JI00BIYN %
Kapbepa, C K O6mast 100bIua mno no
MIIH T OCTaB IPYIIIEI OMIMHLCTBO PYIBl, MIIH T |KOJIMYECTBY | J00bIYE
Bonee 20 | Jlebeaunckuii, Muxaitiosckuii, CToieH- 5 195.,7 17,9 70,9
ckuif, CeBepHbiii Kaukanapckoro I'OKa,
Kocromykuickuii
10-20 KoBnopckwuii, ['naBubiit, 3anagneiii Kauka- 3 51,7 10,7 18,7
Hapckoro ['OKa
5-10 - — - — -
1-5 Kopmrynosckuit, Pynnoropckuii Kopry- 8 24,5 28,6 8,9

Hosckoro ['OKa; Kuposoropckuii, Komco-
Monbckuii, Kypkennaxk, Bocrounsriit One-
Heropckoro ['OKa; Mausrii Kyiioac, FOx-
He1it Teiickoro PY

Menee 1 | Oneneropckuii, 15 ner Okts10pst Onenerop- 12 4,2 42,8 1,5
ckoro ['OKa; ITernmunckuii, COCHOBCKHIA,
HoBo-bakansckuii bakansckoro PY; Ho-
BhIii-1, Maproc, Mynasruackuii, KoBapHsiii,
HenTpansubiii EBpasz KI'OKa; I[TepBoypaib-
ckuid, [TogoTBanbubiii; Telickuii Teickoro

Hmozo 28 276,1 100,0 100,0

BbypoBoe o0opynoBanue B 3HAYUTENLHON CTEIEHH MPEICTABICHO CTAHKAMHU POC-
cuiickoro mpomsBoactBa Thma CBII-250 pasmmunsix Mommbwukamuii (85 ex., 82 %
obmelt ynciaeHHocTr). Cpend UMIOPTHBIX OYPOBBIX CTAHKOB TPEOOTagar0T MOIETH
¢upmer Atlas Copco (LBerust). BeiemouHo-1morpy30dHbie paOdoTHI B 32005X U Ha Tiepe-
TPY304YHBIX CKJIa/aX MPOU3BOISITCS B OCHOBHOM 9KCKaBaTOpaMH THIIA MIpsMas Jiomara
poccuiickoro mpousBoacTBa u3 cemericta IKI (249 ex., 85 %), ocTanpHOI JKCKaBa-
TOPHBIN TAPK TPEACTABIEH MallHHAMH MMIIOPTHOTO MPOU3BONCTBA (44 e1.) h3BecT-
HbIX hupm Komatsu, Hitachi, Caterpillar.

Haubosee mmpoko MMIOPTHBIE MOJICH TOPHOM TEXHHUKH MPEICTABICHBI B CErMCH-
Te KapbepHBIX aBTOIEPEBO30K aBTocamocBanaMu ¢upm Caterpillar 1 Komatsu (6omnee
33 % mnapka, 114 en.), B TO ke BpeMsl 3HAYUTEILHYIO 4acTh pabodyero aBTonapka co-
CTaBIISIIOT aBTOCaMOCBaiIbl ceMeiicTBa benA3 (232 en.).

Pesyabrarsl. IIpencraBieHHble JaHHbBIE CBUIETEILCTBYIOT O TOM, YTO Kaphephl B
OCHOBHOM YKOMIUIEKTOBaHBI TOPHOAOOBIBAIONINM 000PYAOBAaHHEM POCCHICKOTO IMPO-
U3BOJICTBA, 10 76 % OT 00IIero KoJnvecTBa 3a/IeiiCTBOBAHHBIX B OTKPBITOH JT0OBIYE
TOPHBIX MAIIHH (C yUIETOM KEJIC3HOOPOKHOTO TpaHcropTa — 82 %).

B mocnennee BpeMs oTMedaeTcs yBENMYSHHE MOCTABOK MMITOPTHBIX TOPHBIX Ma-
IITMH Ha Kapbephl, Ha oTAenbHbIX npeanpuaTiax (KoBnopcekmii ['OK) xommdecTBo wc-
MOJIb3YEMOM UIMIOPTHOM TOpHOU TeXHUKH pocturaet 60 % [8—10].
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Ha puc. 1 nmpencrasieHs! yaeabHble TOKA3aTeNH IPOU3BOAUTEIEHOCTH OCHOBHOIO
TEXHOJOTUYECKOTO 00OPYAOBaHMS OTKPHITHIX TOPHBIX PadoT BochkMmu Beaymux 'OKos
Poccuu.

Ha puc. 2 npesacraBieHo KOINYECTBO TEXHOIOTMUECKOTO 000PYIOBaHHS Ha OTKPHI-
TBIX TOPHBIX paborax Beaymux ' OKoB, Heobxomumoe uist 1066au 1 MITH M3 TOPHOI
MacCHl.

200

150

100

60

50.6 51,7
50 t 47,8 47,8

42,5

40

Puc. 1. [oka3areny mpoU3BOIUTEIFHOCTH OCHOBHOTO TEXHOJIOTHYECKOTO 000PYA0BaHHS KaphepPOB KPyTI-
Hemux 'OKos Poccun B 2015 r:

a — IPOU3BOMTENBHOCTD CPEIHECIIMCOYHOTO IKCKaBaTopa B 3a00e Ha 1 M KoBIIa, ThIC. M?/TO; 6 — rpy3oBas paboTa

CPEHECIUCOYHOTO aBTOCAMOCBANA Ha | T €ro Tpy30MoAbEeMHOCTH, ThIC. T * KM/TOJ; 6 — IIPOU3BOAUTENILHOCTD CPEIHE-

criucouHoro 6yposoro cranka ChIII-250MH, Thic. M/rozt; 2 — IPOU3BOIUTENBHOCT CPEAHECITHCOMHOTO JIOKOMOTHBA 10
TOPHOM Macce, ThiC. M3/Tox

Fig. 1. Performances of main process equipment in the open pits of the leading mining and processing
plants of Russia in 2015:

a — the productivity of an average excavating machine in the face for Im?® of a bucket, thousand m3/yr; 6 — freight of an

average dump truck for 1 t of its payload, thousand tkm/yr; 6 — the productivity of an average drilling rig CBILI-250MH,

thousand m/yr; 2 — rock mass output of an average locomotive, thousand m*/yr

OcHaIEeHHOCTh MPEANPUITUN KaphepHBIM TEXHOIOTUYECKUM 000pyIOBaHUEM IS
n00braM | MIH M? TOpHO# Macchl M IOKa3areiH YAENbHOH MPOM3BOAUTEIBHOCTH
00OpYIOBaHMsI OTIMYAIOTCS HA PA3HBIX MPEANPHUATUAX OOBOJIBHO 3HAYUTEIHHO.
Bosiee HU3Kas MPOM3BOAUTENBFHOCTh OOBACHSETCA HAJMYUEM B MapKe MPEeanpHUsITHR
OOJIBIIIOTO KONMWYECTBA M3HOLICHHBIX, MOPAJIFHO YCTapEeBIINX MAIINH C MpeAeIbHbIM
CPOKOM JKCIUTyaTallil U HEAOCTaTOYHO 3PPEKTUBHON OpraHU3alueil TOPHBIX PadoT.
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B nocnenHue roapl ropHOAOOBIBAIOIIMME NPEAIPUSITUAMYI IPOBOIUTCA OOHOBJIEHUE
napka TEXHOJOTHYECKOro 00OpyIOBaHUs, HO C Pa3HOM MHTEHCHUBHOCTbIO. OTHOCH-
TEJIbHO BBICOKHME IOKAa3aTelH YACIBbHON NMPOU3BOAUTENBHOCTH 000pymoBaHUS 00y-
CIIOBJICHBI IPOBOJMMOM psiioM npeanpusatuil (Muxainosckuii, Jlebeaunckuii, Kauka-
Hapckuii ['OKu) MonepHmzanmell mapka oOOpYyIOBaHHS, CHCTEM YIpPaBIeHHUA U
KOHTPOJISI, BHEAPEHUEM TIPOM3BOIUTENBHBIX U HAIEKHBIX MPU IKCIUTyaTallnd MamlnH
HOBOro nokosieHus. lllupokoe BHeApeHNE MOTy4a0T reOMH()OpMaOHHbIE TEXHOJIO-
run (I'MC) npu nnaHrpoBaHUU TOPHBIX paboT (TOZOBOM, MECSIYHOM, HEENbHO-CYTOU-
HOM, CMEHHOM), YIIPaBJICHUH MOPSAKOM B3pbIBaHUS OOYPEHHBIX OJIOKOB MOJIE3HBIX HC-
kornaeMbIx, GPS-no3umoHNpoBaHUH SKCKaBallMH (TPAEKTOPHEH KOBIIIA U TTIOJIOKEHUEM
3KCKaBaTopa B 3a00€) M HAaBUTAIMM TPAHCIIOPTHUPOBAHMS, BHEAPEHHE aBTOMATHU3HPO-
BaHHBIX cucteM ynpasieHus (ACY) 1iis ynpasieHHus Ipy30II0TOKaMU B Kapbepe ¢ yue-
TOM KauecTBa chipbs [ 11-15].
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Puc. 2. KonnyecTBo TEXHOIOrHYECKOro 000pyIoBaHus B Kapbepe, He0O0X01-
Moe [ist 100bIuK 1 MJTH M3 TOPHOM Macchl
Fig. 2. The quantity of process equipment in open pit required to produce
1 mln m? of rock mass

B Tabn. 4 npencrapieHbl MOKa3aTesid padOThl OCHOBHOTO 000PYI0BaHUs HA JTOOBIY-
HBIX paborax. Ha puc. 3 mpezacrasneHa AuHaMHUKa W3MEHEHUS TIapKa TOPHOI00BIBAIO-
iero 00opya0BaHUS ¥ 00EMOB MPOU3BOACTBA TOPHBIX PA0OT MO TEXHOJIOTUYECKUM
nporeccam Ha BocbMu Bemymmx ['OKax Poccum.

BoiBoabl. J/[oObrva sxene3noit py/pl B Poccuit B OCHOBHOM BENIETCSI OTKPBITHIM CIO-
coboM (~ 93 % ot obrrero oobemMa). 3HaYUTEIbHAS YaCTh OTKPHITON H00kIuH (0onee 70 %)
MIPY 9TOM INPUXOAMTCS Ha MATh KapbepoB ¢ o0beMamu Oomnee 20 MutH T pyasl/ron (Jlebe-
nuHCKui, MuxainoBckuli, Croitnenckuii, Cesepubrii Kaukanapckoro ['OKa, Kocto-
MYKIICKHH), KOTOPBIE B COBOKYITHOCTH JTIOOBIBAIOT 70 196 MITH T pyIbI/TOI.

Kaprepsr Ha 75-80 % yKOMIIIEKTOBaHBI TOPHOMOOBIBAIOIINM 00OPYIOBAaHHEM POC-
CHIICKOTO MTPOU3BOZICTBA. B moceHee BpeMst 0TMEYaeTCs TEHACHIINS 110 YBETUUCHHIO
KOJIMYECTBA MMITOPTHBIX TOPHBIX MAIllMH HA Kaphepax, Ha OTJCIBHBIX MPEAPUITHIX
KOJIMUECTBO UMITOPTHOM TOpHOU TeXHUKHU aocTuraet 60 %.

VhenbHble TOKa3aTelH MPOU3BOAUTEIILHOCTH OCHOBHOTO TEXHOJIOTHYECKOro 000-
PYIOBaHUS ¥ OCHAIIEHHOCTH PEANPUATHIH KaphePHBIM TEXHOIOTHIECKUM 000pynoBa-
HHEM Ha J100b19y 1 MJIH M? TOPHOM Macchl MIMEIOT CYIIECTBEHHYIO BapUAIIUIO MEXITY
NPEANPHUATUSIMH, YTO OOBICHSICTCS HEJOCTATOYHBIMH MEPaMH MO0 MOJCPHH3AINU H
MIEPEOCHAIIICHUIO MapKa 000pyIOBaHUS U OpraHU3AIMOHHBIMHU MIPOCYETAMH TIPH MPO-
BEJICHUU TOPHBIX Pa0oT.
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B T0 ke Bpems Bce Oosiee MMPOKOE BHEIPEHUE MONYYaroT TeonH(POPMAIIOHHbIE
texHonoruu (I'MC) npu mnanupoBanuu ropHsix padot, GPS-no3unmonnpoBanuu rop-
HBIX MallliH, aBTOMaTU3UPOBAHHOM YTIPaBJIEHUH TPy30IIOTOKaMHU B Kapbepe.

Bmecte ¢ Tem cienyer oTMETHTh HEAOCTATOUHO aKTHBHYIO paboOTy MpeanpusTuit
JKETE30PYIHOM OTPaCII IO MOAEPHU3AIUN OCHOBHBIX (JOHJIOB ¥ MOBBIIICHUIO TIPOU3-
BOJIUTENFHOCTHA TOPHOTPAHCIIOPTHOTO 00OPY/IOBaHUSI KAPHEPOB.

Cmampsa noozomoenena no mamepuanram HHUP, evinonnennoil 6 pamxax
2ocyoapcmeennozo 3aoanus 007-00293-18-00. Tema Ne 0405-2018-0001. IIpoexm
Ne 18-5-5-10. Obocrosanue memooos u manos adanmayuu 20pHOMexHoI0Zu e~
CKUX cucmem K UIMEHAIOWAUMCA YC108UAM PA3PAOOMKU CLOHCHOCHPYKMYPHBIX
271YDOKO3ANe2aouux MecmopoHcoeHuil.

BUBJIMOI PAOUYECKHUIA CIIMCOK

1. SxoBneB B. JI. OcoOeHHOCTH METOIOIOIMYECKOr0 MOaX0na K 000CHOBAHHIO CTPATETHH OCBOCHHS
CJIOKHOCTPYKTYPHBIX MECTOPOXKICHUI Ha OCHOBE UCCIICIOBAHHS MTEPEXOAHBIX mporeccos // TUAB. 2015.
Ne 7. C.22-35.

2. 3unoBweBa H. I, ViBanoga 1O. B. Pa3zButue kpusucHoi cuTyanuu B uepHoit MeTayutypruu Poccun u
mupa // UepHas metamryprus. 2018. Ne 4 (1420). C. 29-39.

3. Kopauixos C. B., Kantemupos B. JI. XKenezopynusie Mmectopoxxaenus [Ipunonsproro Ypana kak
MepCIIeKTUBHAS ChIpbeBasi 0asa ypasibckoi Metautyprun // 3Bectus By30B. [opHbIil xkypHai. 2015. Ne 8.
C.22-28.

4. Kanremupos B. JI. TexHomormyeckre 0cOOCHHOCTH OCBOEHHS HOBBIX CBHIpbeBHIX 0a3 // TUADB.
2014. Ne 6. C. 369-373.

5. Kanremupos B. /1., Tutos P. C., SIxoBneB A. M. OCHOBHbIE TEHJICHIIUU IPOU3BOJICTBA JKEJIC30PY/I-
HOTO chIpbs B Poccun // Topras mpombiienHocTh. 2018. Ne 1. C. 72-74.

6. SIxoBnes B. JI. [lepexonHble mpoLiecchl B TEXHOIOTUH Pa3pabOTKH CIOKHOCTPYKTYPHBIX MECTOPOXK-
JeHni mone3HbIX uckonaeMbix // TUAB. 2015. Ne 10 (cmen. Beim. Ne 45-1). C. 65-76.

7. 3eipsHOB U. B., Jlens 10. U., Unsbyneaun . X., Maptemos H. B., I'aaues P. C. [IpousBoanTens-
HOCTb BBIEMOYHO-TIOTpy304HOr0 060pynoBanus // 3Bectus By30B. [opHbIit xxypHai. 2016. Ne 8. C. 11-20.

8. Jlanaes B. H., [Tukanos B. A., CoxonoBckuii A. B. Opranu3zalinoOHHO-TEXHOJIOTHYECKHE BO3MOX-
HOCTH HOBBIIICHUS TPOU3BOJUTEIBHOCTH OCHOBHOTO TOPHOTPAHCIIOPTHOTO 00OpyROBaHMS KaphepoB //
Topusiit xyprai. 2017. Ne 12. C. 74-77.

9. INon6onoros C. B., Konsra A. /1. Bo3M0oXHOCTH yBETHIEHHST MPOU3BOAUTENFHOCTH IKCKaBaTOPO-
ABTOMOOMIIFHBIX KOMILJICKCOB Ha OTKPBITHIX TOPHBIX paboTax // BecTHrHk BpsiHCKOTO rocynapcTBEHHOTO
TexHuueckoro ynusepcureta. 2018. Ne 6 (67). C. 92-97.

10. Konnparee B. b. Poxp ropHO# NpOMBIIUIEHHOCTH B 3KOHOMHUKe // ['OpHast POMBIIIIIEHHOCTS.
2017. Ne 1 (131). C. 4-7.

11. Arsanjani J. J., Vaz E. Special issue editorial: Earth observation and geoinformation technologies
for sustainable development // Sustainability. 2017. Vol. 9. No. 5. P. 760-764.

12. Gitis V. G., Starostin V. 1. Geoinformation technology of forecasting of ore deposits / Journal of
Communications Technology and Electronics. 2013. Vol. 58. No. 12. P. 1302-1313.

13. Drucker P. Innovation and entrepreneurship. Abingdon-on-Thames: Routledge, 2014. 368 p.

14. Ponomarenko M. R., Pimanov I. Y. Implementation of synthetic aperture radar and geoinformation
technologies in the complex monitoring and managing of the mining industry objects // Advances in
Intelligent Systems and Computing. 2017. Vol. 574. P. 291-299.

15. Conley H. A., Pumphrey D. L., Toland T. M., David M. Arctic economics in the 21st century.
The benefits and costs of cold. Washington: CSIS, 2013. 67 p.

Tocrynuna B penakuuto 12 Hos6ps 2018 rona
Caeienns 00 aBTopax:

Kantemupos Banepuii JlannnioBuy — KaHaUIaT TEXHUYECKUX HayK, 3aBEYIOLINI CEKTOPOM yIpaBiie-
HHS Ka4e€CTBOM MUHEPAIBHOTO chIpbs MHcTHTyTa ropHoro nena YpO PAH. E-mail: ukrkant@mail.ru
TutoB Poman CepreeBu4 — CTapinii HayqdHBIH COTPYIHUK CEKTOPa YIPaBICHUS KaueCTBOM MUHEPalb-
Horo cbIpbst UucTHTYTa ropHOTro aena YpO PAH. E-mail: ukrigd1 5@mail.ru

SIxoBsieB Anpeii MuxaiiyioBu4 — cTapInil Hay4YHbIH COTPYAHUK CEKTOPA yIPABICHUSA KaUeCTBOM MUHE-
pansHOTO cBIpbsa MHCTHTYTa TopHOTO fena YpO PAH. E-mail: ukrigd1 5@mail.ru



ISSN 0536-1028 «Hz6ecmus 8y308. T'opnutil srcypuany, Ne 2, 2019 49

DOI: 10.21440/0536-1028-2019-2-40-50

The analysis of mining equipment performances in the leading iron-ore open pits
of Russia

Valerii D. Kantemirov!, Roman S. Titov!, Andrei M. Iakovlev!
! Institute of Mining, Ural Branch of RAS, Ekaterinburg, Russia.

Abstract
Introduction. The efficiency of mining depends largely on the performances of mining equipment forming
a part of basic process components of opencast mining.
Research aims to consider the dynamics of equipment stock and mining output change according to the
corresponding workflows based on the estimation of the performances of main process equipment used in
opencast mining operations in the leading mining and processing plants.
Methodology. At the present time, technical-economic calculations do not account for the errors in the
choice of mining equipment connected with the estimate of its consumer properties, technical excellence
and correspondence to real conditions of operation which determine the level of additional costs spent to
maintain its productive work. For that reason timely integrated estimate of the level of mining equipment
performances can significantly affect the reduction of industrial risks and lead to operation costs economy.
Results. Significant differences have been stated between the enterprises concerning specific performance
of open pit basic process equipment due to underactive modernization of fixed assets and mining equipment.
The recent tendency of saturating mining equipment stock with foreign models has been observed, which
exceed 60% of the stock at some enterprises, large-scale implementation of GPS-positioning of excavation
and transportation navigation, implementation of ICS for open pit cargo traffic automated control with the
account of raw material quality.
Summary. Specific indicators of productivity and the availability of mining equipment at the enterprises
for the production of 1 min m3 of rock mass vary significantly between the enterprises, which is explained
by insufficient measures taken for modernization and re-equipment of the equipment stock and the
organizational miscalculations when conducting mining operations.

Key words: iron ore; mining and processing plant; productivity indicators; output; process equipment.
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Pa3pa60TKa TeXHOoNornu d)OpMMpOBaHVIﬂ MCKYCCTBEHHOro MmaccuBa
C 3alaHHbIMU reoTeXHn4eCKUMU XapaKTepuCcTukammn
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T MarH1ToropcKuit rocyaapcTBEeHHbI TEXHUYECKIUA YHBEPCUTET, I. MarHuToropek, Poccus
2 TexHuyeckuin yHusepeuteT YTMK, r. BepxHsis Mbllwuma Ceepanosckoi 061., Poccus
3 BalUKVpCKuit rocyaapcTBeHHbIN YHUBepeuTeT, . Cnbait, Pecnybnuka balwkopTocTaH, Poccus
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Peghepam
Bgeoenue. Cucmemul pazpabomxku ¢ 3akiaoKoll Xapaxmepu3sylomcs GblCOKUMU 3ampamamit Ha meepoe-
1owyio cmecob. CHU3UMDb 00beM 65ICYUWe20 803MONCHO 34 cuem npeodidzaemMo2o 8 pabome 6apuanma
KAMepHOUL cucmembl pazpabomkil ¢ UHbEKYUOHHBIM YAPOUHEHUEM CYX020 3aKIA00YHO20 MACCUBA.
Llenv pavomer. Obocnosanue napamempos 3aKia004HO20 MACCUBA 8 BAPUAHIE KAMEPHOU CUCEeMbl
Pazpabomxuy ¢ UHbEeKYUOHHOU MEeXHOL02Uel YNPOUHEeHUs NPU MPeOyemoti NPOYHOCMU.
Memooonozua. Haznemanue pacmeopa 8 cvinyuue cpedbi npeocmasaiem co6oil 00801bHO CLONHCHbII
npoyecc u 3asucum om psaoa paxmopos, uzyuums u yea3ams Komopule ouenb mpyooemko. [ns obecne-
YeHus HeoOXOOUMOU HAOEIHCHOCIU paciemos 8 pabome Npo8edeHO 2eoMeXaHu4ecKoe Ucciedo8anue,
BKIIOUAIOWee AHANUMUYECKUE U CIAMUCMUYECKUe paciemyl, d maKdice MamemMamuieckoe Mooeiupo-
8aHUe HANPAICEHHO-0ePOPMUPOBAHHO20 COCTNOSHUSL MACCUBA 3AKIAOKU.
Pesynomamut. ['eomexanuyeckue ucciedo8anust 3ak1a004H020 MACCUBA NO3BONUNU YCMAHOBUMb HEO0-
XOOUMYIO MOTWUHY YAPOYHAEMO20 CLOsi NPU 3A0aHHOU mpebyemou npouHocmu 0is (P Gekmunol u
bezonacHoii ompabomxu 3anacog npeoazaembl;mM 6apUAHMOM KAMEPHOU CUCMeMbl pA3PAOOmKU.
Bu1600w1. Hccnedosanus u pacuemol, npugedenile 8 pabome, NO360ISIIOM € ONPeOeLeHHOU MOYHOCIbIO
oyeHums 3PHeKMuEHOCMb UHBEKYUOHHO20 YNPOUHEHUS CYX020 3aKIA00YHO20 MACCUBA U €20 MeXHUYe-
CKYI0 OCYWecmeumMocni.

Knroueevie cnoea: zecomexanuxa; noosemmnas paspabomra; eocxoosuuii nopsook; 6ymobemoHHas
3aK1A0KA,; UHBEKYUOHHOE YNPOUHEHUE.

BBenenne. Bricokas ce0ecTOMMOCTh 3aKJIaOYHBIX pa0OT SBISETCS CYIIESCTBEH-
HbBIM HCIOCTAaTKOM IIPUMCHCHHUA KaMCPHBIX CHCTEM pa3pa60TK1/1 C HCKYCCTBCHHBIM
MOAJACPKAHUEM OUHUCTHOIO IMPOCTPAHCTBA. B cBs13u ¢ aTHIM HCO6XO)II/IMOCTB CHMKXCHUA
CTOMMOCTH BO3BEJIEHHUS NCKYyCCTBEHHOTO MacCHBa MPEACTABISAET COOOM BeCchMa aKTy-
aJIbHBIM BOIIPOC KaK C TEOPETUUECKOM, TaK U C IPAKTUUECKON TOUKH 3peHus. Perienue
BOIIPOCA BO3MOXKHO ITyTEM YaCTUYHOTO CHIKEHHS MCIIOIB30BAHUS JOPOTHX BSHKYIIHX
KOMITOHEHTOB B OOIIEH Macce 3aKJIaZIOYHOTO Marephayia. JTO JTOCTHTAeTCS 3a CUET
MIPECTaBIEHHON KOHCTPYKIIMA HOBOTO BApHAHTA CHCTEMBI pa3pabOTKH, 3aKITI0YaIOIIe-
rocs B HHBEKIIMOHHOM YIIPOYHEHUH CTEHOK 3aKJIaJJOYHOTO MAacCHBa W MO3BOJISIONIETO
CYIIIECTBEHHO CHU3HUTH CE0ECTOMMOCTh 3aKJIaOTHBIX pa0oT.

MeTtonb! ucciienoBanus. C UCTIOIB30BaHUEM T'€OTEXHOIOTHIECKOTO KOHCTPYHPO-
BaHUS PACCMOTPEH BapHaHT KAMEPHOU CHCTEMBI pa3pabOTKH C MHHEKIIMOHHBIM YIIPO4-
HEHHEM CyXOro 3aKJIaJ09HOTO MaccuBa. [lapamMeTpsl 3aKi1aJOYHOTO MacCHBa ITOIBEPT-
JUCh  BCECTOPOHHEMY TE€OMEXaHHYECKOMY  HCCIIEOBAaHWIO,  BKIIOYAOIIEMY
AQHAINTUYECKUE W CTAaTHCTHUYECKHE PacyeThl, a TakKe MaTeMaTHYeCKOe MOJIEIHPOBa-
HUE HaPsHKEHHO-e(hOpMUPOBAHHOTO COCTOSHIS. B pe3ynsrare omnpeneieHsl mapame-
TPBI yCTOMYUBOTO 3aKJIAJ0YHOTO MACCHBA.

OcHoBHas YacTh. AHaJIM3 U 00OOIIEHNE OIBITa TPUMEHEHUSI KAMEPHBIX CHCTEM
pa3paboTKK | 3aKIaJOYHBIX pa0OT HAa OTEUSCTBEHHBIX M 3apyOCI)KHBIX PYIHUKAX IO-
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Ka3aJli BO3MOXXHOCTh HMCITOJIb30BaHMS JIPOOJICHON MOPOABI B KAYECTBE 3aKJIaJOYHOTO
Mmarepuana [ 1-9], 4To Bce yaie HaXOAUT MPUMEHEHUE Ha MTPAKTUKE OTPAOOTKH MECTO-
poxkaeHuit Ypaia, obecnieurBasi CHIYKCHHE ce0eCTOMMOCTH 3aKJIaJOYHBIX paboT U He-
TaTUBHOTO BIIMSIHUSI OTXO/IOB TOPHOTO TIPOM3BOJICTBA HA OKPYKAIOIIYIO cpey. B wact-
HOCTH, TIOBBIIIICHUE SKOHOMHYECKOH 3(PPEKTUBHOCTH OYHUCTHBIX pabOT BOZMOXKHO 3a
CUCT CHMYKCHHSI MJTH MOJTHOTO MCKITFOUSHHS U3 MTPOU3BOJACTBA BBICOKO3aTPATHBIX TBEP-
JICIOIINX CMECEH IMyTeM UHBEKIIMOHHOTO YIPOYHCHHS 3aKJIaJI0YHOTO MAacCHBa M3 ChI-
myuux nopon [10, 11].

B pesynbrare reoTeXHOIOTHYECKOTO KOHCTPYHPOBAHUSI CO3/IaH BAPHUAHT KaMEpHOH
CUCTEMBI Pa3paboTKH ¢ MHBEKIIMOHHOW TEXHOJOTHEH (OPMUPOBAHHS 3aKIIAJ0YHOTO
MaccHBa C y4eToM TpeOyeMbIX XapakTtepucTuk (puc. 1). Peanmzyemass TEeXHOIOTHS
BKITIOYAET IMPOBEJICHHE JTIOCTABOYHOTO U BEHTUIISIIIMOHHOTO IITPEKOB, BEHTUIISAIIOHHO-
XOJIOBOTO BOCCTAIOIIETO, COSAMHSIONIETO JOCTABOUHBIM M BEHTWISIIMOHHBIN STaXKH,
a Takxke OypoIoCTaBOYHBIX OPTOB, Pa3ENAIONINX PYJHOE TENIO Ha KaMepbl. OUHCTHBIM
Kamepam NpHIAIT GopMy Mapajulesienuneaa ¢ yriioM HaKJIOHa KOHTaKTa C PYJHBIM

FRAL
oY%

Trepaeromas 3axiaaKa

Puc. 1. BapuaHT kaMepHOI CHCTeMbI Pa3pabOTKK C MHBEKIIMOHHBIM YIIPOYHEHHEM MACCHBa:
1 — Oypoi0cTaBOUHbIH OPT; 2 — 3aKJIaJOYHBIC CKBAKUHBI; 3 — 30HA BIMSHUS MHBEKIMH; 4 — OTOOMHbIE CKBAaXKUHBI;
5 — Beep CKBaXKUH
Fig. 1. A variant of a chamber development system with array injection hardening:
1 — drill-haulage cross-cut; 2 — backfilling wells; 3 — injection influence zone; 4 — contour-holes; 5 — well ring

MacCHUBOM CMEXHOM KaMephl 75°—85° u pacnonararoT BKpeCT NPOCTUPAHUS PYIHOTO
tena. Kamepsl oTpabaThiBatoTCs B CIUIOIIHOM MOPSAAKE O3 OCTaBJIEHHs B BEIPaOOTaH-
HOM TIPOCTPAHCTBE HECYIIMX IEeTUKOB. PazBuTie (poHTa TOPHBIX pabOT B Mpeaenax
JTa)ka OCYLIECTBISIETCS OT eHTpa K (uraHram JTU00 OT OAHOTO (IIaHra K IpyroMy Ipu
BOCXOZSIIEM TIOpsiAKe pa3padoTku 3anexu. OTpaboTka mepBoi KaMepbl HAYMHAETCS C
MPOXOIKH OTPE3HOTO BOCCTAIOIIET0 U (hOopMHpOBaHUA oTpe3Hoi menn. OTdoiika oc-
HOBHBIX 3aI1acOB KaMepbl OCYIIECTBIAETCS Ha KOMIICHCAIIHOHHOE MPOCTPAHCTBO OT-
pe3Ho# menu. Bucsuunii 60k kamepbl popMupyeTcs noa yriioM 75°—85°, mpuuem npu
0TpaboTKe OT LeHTpa K (praHraM HeHTpaibHas kamepa uMeeT GopMy Tpareuuu H, co-
OTBETCTBEHHO, /IBA BUCAYNX OOKa. YTOJI HAKJIIOHA CTEHOK KaMep B CTOPOHY BeIpaboTaH-
HOT'O IIPOCTPAHCTBA MOBBIIIAET YCTOMYMBOCTh 3aKjaf09HOro Maccusa. Ilocne ouncr-
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HOW BBIEMKH BBIPa0OTAHHOE MPOCTPAHCTBO KaMephl 3alOiHIETCS MyCTOW MOPOIOH.
[lanee mpou3BOAUTCS YNPOYHEHHE CJIOS MOPOAHOM 3aKJIaJAKH Ha TPaHMIE C PYIHBIM
MacCHBOM ITyTeM HMHbeKTHpoBaHU:. [logada rieMeHTHOro pacTBOpa MPOU3BOAUTCS T10
CKBaXMHAM, MPOOYpPEeHHBIM W3 BBIPAOOTOK BEHTHIIALMOHHOTO 3Taxa. KommdecTtBo
CKBaYKMH PACCUHUTBIBAECTCA MCXOISI M3 Paauyca NMPOHMKHOBEHHUS PacTBOpa B MOPOLY,
BBICOTHI ¥ ATIMHBI Kamepsl. OTOOMKa 3a11acoB MOCIIEAYIOIUX KaMep BeAeTCs B 3a)KUMa-
olIel cpene, odecreynBas TEM CaMbIM YIUIOTHEHHE HE MOTEPSBIIETO MOABHKHOCTD
3aKJIaZIOYHOTO MaccuBa CONpsKEHHOM kameps! [12].

OreHKa yCTOMYUBBIX TAPaMETPOB 3JIEMEHTOB KOHCTPYKITUH 3aKJ1aJJ0YHOTO MacCHBa
MIPOBOJWIIACH IIyTEM AHAUTHYECKHUX M CTATHCTUIECKUX PACUETOB C MOATBEPKICHUEM
UX MareMaTHYeCKUM MOJICIMPOBAHUEM HANPSHKEHHO-1e(OPMHUPOBAHHOTO COCTOSHUS
MaccHBa.

Takum 00pa3oM, KOHCTPYKLHUS MPEACTABIECHHOTO BapHaHTa KaMEPHOH CHCTEMBI
pa3paboTKH MpearnoiaraeT OTCyTCTBHE NAaBJICHHS OT BBIIICIEKAIET0 MacCuBa Ha
YIPOYHEHHBIH CIIOH B CBA3M C HEM30EKHBIM HET03aKIIaI0M 3aKJIaJI09HOTO MaTepuaa
noJ;, KpoBito. IIpn 3TOM BO3AEHCTBUE TOPHOTO JABJICHUS MOPOJ BUCSUETO U JIEKAYETO
OOKOB HE yYUTHIBAETCS BBUAY UX HE3HAUUTEIHLHOIN BEJIMUMHBI U3-32 HEOOBIION TOJI-
MIMHBI YIPOYHEHHOTO CJI0Sl U paboThl ero B 3akume. [Ipu ompeneneHnn napaMmeTpoB
YIIPOUYHEHHOTO CJI0Sl B KAYECTBE BHEIIHEN CUIIBI, IEUCTBYIOLIEN HA HETO, pacCMaTpUBa-
€TCsl TOIbKO OOKOBOE aKTHBHOE JIaBJICHHE, CO37aBa€MOE MOPOTHON 3aKIIaAKOM, KOTO-
pasi, B CBOIO OYepEeIh, 3aBUCHUT OT BBHICOTHI, IIUPUHBI U yTJIa HaKJIOHa Kamepsl [13].

Ilpu ompeneneHny BeTMYMHBI OOKOBOTO NAaBJICHHSA, CO3[AaBaE€MOI0 MOPOAOH MpH
Pa3IUYHBIX YIVIaX HAKJIOHA CTEHOK KaMEephl, paccMaTpuBaics Auamna3oH ot 60° 1o 90°,
4T0 OOYCIIOBIEHO KOHCTPYKIMEH cHUCTeMbl pa3paboTku. PacueTsl moxaszanu, 4TO
YMEHBIIIEHHE YIIa HAKJIOHA CTEHOK KaMephl BHI3bIBACT CHIDKEHHE OOKOBOTO JaBJICHUSI.
OT0 00BACHAETCS TEM, YTO YMEHBIIICHNE yIila HAKJIOHA, PH HEM3MEHHBIX JPYTHX Ta-
pameTpax KaMephbl, IPUBOIUT K H3MEHEHUIO TEOMETPUYECKUX Pa3MEPOB IPU3MBI CIIOJ-
3aHM 32 CUET [IEPEMELICHHS YaCTH BEca MOPOTHON 3aKIaIKH Ha BMEIAIOIIHE TOPOIBI.
BokoBoe naBieHue npu NPUHATOM BO3MOXKHOM yIJIe HAKJIOHA BUCSYEro OOKa Kamephbl
(ynpounenHoro cios) 80°, orpaHHYEHHOTO MTPeAeTIbHBIM IPOJIETOM OOHAKEHHUS PYIHO-
ro MaccuBa, He TipessimacT 1,5 MIla. JlanHoe 06CTOSTENBCTBO MO3BOISAET MTPOTHO3U-
poBaTh HEOOXOMMMYIO W JIOCTaTOYHYIO IPOYHOCTh HHBEKTHPYEMOTO CIIOS He
meree 1,5 Mlla. Pacuer mponzBoawics ¢ KoaQpuImeHToM 3anaca, paBHbIM IByM. Takum
00pa3oM, yCIOBHE YCTOMYMBOTO COCTOSIHHS YIIPOUYHEHHOTO CJIOSI CBOJMTCS K HEOOXO0AH-
MOCTH pacyeTa ero TOJIIMHBI P 3aJJaHHOH HeoOxoauMoit npouHoctH 1,5 Mlla.

[anee npu 3ajaHHON IPOYHOCTH YIPOYHEHHOTO CJIOSI aHATUTHYECKUMH pacdeTaMu
Ha OCHOBE 3aBHCHMOCTH, IPUBEACHHOM B pabote [14], moxydena HeoOxoauMasi ImMUpH-
Ha YIIPOYHEHHOTO CIIOA:

a=0,0074">(BH)"*,

rae H — riryOrHa TOPHBIX padoT, M; /I — BBICOTa KaMEPEhI, M; B — IIMpHUHA MTOAPaOO0TKH, M.
CornacHo pacderam, CpeaHss UpHHa ciaos 11 DryOunsl 500 M cocTaBiseT 3 M.
AHaJINTHYECKUE PAacYEThl COMPOBOXKAAINCH MaTeEMaTHUYECKUM MOJIEIMPOBAaHUEM Ha-
NpsHKEHHO-1e()OPMUPOBAHHOTO COCTOSIHUSI MACCHBA METOJIOM KOHEYHBIX JJIEMEHTOB B
00beMHOH TOCTaHOBKE 331a9. PacyeTsl MpON3BOAMIIHCH MTPH MTOCTOSHHOMN BBICOTE KaMe-
pHI 25 M. Pe3yneraTsl MoAeIHpOBaHHSA 110 (JaKTOPy CIKUMAIOIIHX HAMPSDKEHNUH MOKa3aJIH,
YTO KOHIIEHTPAIIMS HAPsHKEHUI HaOM0IaeTCsl Y OCHOBAHHUS CJIOs, T. €. B MECTE ero (PHK-
calyy Ha ypoBHE ITOYBBI KaMephl. [Ipi MakCUMasIbHOM JUIMHE CII0s1 3HAYEHUS HaIpsKe-
Huit nocturatot 1,6 Mlla, uto ¢ yueTtoM ko3dduilneHTa 3anaca MpoYHOCTH CBHICTEb-
CTBYET O TOM, YTO pacyeTHas IUpuHa 00eCHednBaeT YCTOWYMBOE COCTOSIHHE OOKOB
KaMmephbl. Pe3ynbsTaTsl OIEHKH HApsHKEHHO-Ie(hOPMUPOBAHHOTO COCTOSIHHS YIIPOIHEHHOTO
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MacCcHBa MPUBEACHBI Ha puUC. 2. AMpOKCHUMAIMeld MaHHBIX MOIYy4YeHa 3aBHCHUMOCTH
JIEHCTBYIOIIMX C)KUMAIOIINX HAMPSDKEHUH B YIIPOUHEHHOM CIIO€ OT JJTMHBI KAMEPEI.

IIpoBeneHHas olieHKa CMENIEHUH OTHOCUTENIBHO BEPTUKAJIBHOM MJI0OCKOCTHU MOKa3a-
Jla, YTO HE3HAYUTEJIBHBIN CJIBUT POMCXOAUT B BEPXHEU YacTH MacCHBa, MPU 3TOM OC-
HOBaHWE YIPOYHEHHOTO CJIOSl HE ToBepraeTcs Ne(hOpMUPOBAHHIO. ITO OOBICHASTCS
TEM, YTO OCHOBAaHHE TBEP/ICIOIIETO MACCHBA 3allleMJICHO IO/ AEWCTBUE COOCTBEHHON
CHUJIBI TSDKECTH, a BEPXHSS €0 YacTh HE MOABEPKEHA JABICHHIO BBIIIENICKAIITUX TTOPO/.
XapaxkTep U3MEHEHU 3HAaUEHUI MaKCUMAaIbHbIX CMEIIEHUI HCKYCCTBEHHOIO MacCUBa
B 3aBUCHUMOCTH OT JUTHHBI KaMepHI TIpeCTaBIcH Ha Tpaduke (puc. 3).

1,65

3=-0,0017x2 + 0,073x + 0,842
1,60 R2=0,999

1,55

1,45

Coxumaronue Hanpspkenus, MIla

1’40 1 1 1 1 ]
10 12 14 16 18 20

JlniHa xaMepsl (LeIrKa), M

Puc. 2. 3aBHCHMOCTh MaKCHUMAJIBHBIX CKUMAIOIINX HANPSKCHUH
OT JUIMHBI KaMepbl
Fig. 2. Critical compressive stresses dependence on the chamber
length

3aBUCUMOCTb CHIDKEHMS [IOKa3aTeNiell CMEIeHUs OT YBEIMYCHHUS AJIMHBI KaMephbl
00BSACHSIETCS TOBBILICHUEM YCTOWYMBOCTH HCKYCCTBEHHOTO TBEPACIOIIEI0 MACCHBA 32
CUET yBEJIMYCHHUS €r0 TOPU30HTAIBHOM uIomanu. B 1enom 3HaueHus cMelleHui He-
3HAUYUTEIIbHBI U HEJOCTAaTOYHbI IS €T0 CIIBUTa JINOO ONPOKHUIBIBAHUS 33 CUET OOKOBO-
'O pacropa OT JaBJICHHUS MacCUBa MOPOJ JIEKAYETO U BUCSUETO OOKOB.

Hawubosee onacHbIMU HalpspKEHUSIMH, BOSHUKAIOIUMH B UCKYCCTBEHHOM TBEpZe-
IOILIEM MacCHBE, SIBJISIOTCS] PACTATHBAIOLINE BBUIY CIa0Or0 CONPOTHBIEHHUS OeTOHA
pacTspxkenuo [ 15]. AHanu3 reoMexaHU4YeCKOM MOIE 110 TaHHOMY BUJY HAIIPSDKEHUU,
BO3HMKAIOLINX B YIIPOUHEHHOM CJIO€ TIOJ] ACHCTBHEM MOPOIHOM 3aKJIaKHU, TAKKE BbI-
SIBUJI 30HBI KOHLIEHTPALIUH Y [TOYBBI KAMEPHI U OCHOBAaHMS TBepAetoiiero Mmaccusa. On-
HaKo NpeJebHOe 3HAYCHUE HE MPEBBIMIAET Mpeesl MPOYHOCTH YIPOYHEHHOTO CIIOS.
[Tony4eHHble 3HAUCHUS MAKCUMAJIbHBIX PACTATMBAIOIIMX HANPSDKCHUN NMPH Pasivd-
HBIX 3HAYSHUSIX JUTUHBI KaMepbl 00benHeHbI Ha rpaduke (puc. 4).

YTouHeHHE aHATTUTUYECKUX PACUETOB O MPAKTUUECKOH IPUMEHUMOCTH TEXHOJIO-
ruu (OPMHUPOBAHHS MCKYCCTBEHHOI'O MAacCHBa IYTEM HWHBEKLMOHHOTO YHNPOYHEHUS
CYXOH ChIITy4eil MOpOAbl OCYLIECTBISIOCH IIyTEM MPOMBIIIIICHHBIX UCIIBITAHUH OTpa-
00TKH onbITHOTO y4yacTka CadbaHOBCKOro MecTOpokAeHUS. HbEKIIMOHHAs TEXHOJI0-
THsl BKJIIOYajia IPUTOTOBIIEHHE PACTBOPOB, YCTAHOBKY MHBEKTOPOB, TPAHCIIOPTHPOBA-
HHUE U HarHeTaHue pactBopa. JlJsi IpUroToBiIeHUs, TPAHCIOPTUPOBAHUS U HATHETAHUS
YIPOYHSIOLIETO PAacTBOPa HCIONB30BAJICA CYIIECTBYIOIIMI MOBEPXHOCTHBIM 3aKia-
JOYHBIA KOMIJIEKC.

NHBEeKTOpHI H3rOTaBIMBAINCEH U3 METAIUTHYECKON TpyObl muamerpom 100 MM, miep-
(bopHUpOBaHHOI BBITYCKHBIMU OTBEPCTHUSIMH JUIS MPOIYCKAa HHBEKLMOHHOTO PAacTBOPA
yepe3 Kaxasle 3—5 M Mo AJMHE UHBEKTOpa. B KadecTBe BsDKYILIETO MCIIOIb30BATIOCh
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[IEMEHTHOE MOJIOKO Tpu cooTHomutennu LI/B = 1/3. Pacxox kommoneHToB Ha 1 M3 pac-
TBOpAa TUIaHUpoBacs cienyronmii: meMeHT — 300 k1, Boga — 900 1. HeoOxomuMmelii Asist
UCTbITanui 006eM cMec — 110 M3. B kauecTBe 3alOHATENS IIPUMEHIACH CyXas 3a-
KJIaJKa B BUJIE ITyCTOM TOPOJIBI C TPOXOMIECKHUX PabOT.

B mporecce MHBEKINK OBLIO U3PACXOA0BAHO 63 M? IIEMEHTHOTO MOJIOKA, B TOM
yucite remenrta 18 850 kr, Boasl 56 770 1. 54 M? IeMEHTHOTO MOJIOKA YIILIO Ha TPO-
MIUTKY TOJIIH CYXOM 3aKIafKH, 9 M3 CIMIOCH Ha IIOYBY TOPHOM BEIPAOOTKH B IIPOIIECCE
cOpoca aBiaeHus ¥ MPOMBIBKH 3aKJIaJOYHOTO TPYOOIpOBOIa.

[Tpu mocnenyrorieit 0TpaboOTKe CONMPSKEHHOM KaMephl 3HAYUTEIbHBIX BHIBAJIOB 110~
POABI, BIUSIOMIMX HAa KOA(DQOUIMEHT pa3yOOKWBaHUS, HE HAOIIONAIOCh, YTO CBUJEC-
TENhCTBYET 00 YCTOMYMBOCTH YKPEIUIEHHOTO CIIOS 3aKJIaJI0YHOTO MacchBa. Taxke Ha
YCTONYHUBOCThH BEPTUKAIBHON CTEHKH MOBJIHSIIA PYIHAS KOPKa MOITHOCTEIO 10 0,51 M,
chopmupoBaBIIasics MpH BeleHUH OypOB3pBIBHBIX padoT. [Ipu mpous3BoacTBEe OYHCT-
HBIX paboT U BBIMTYCKE PYAHON MacChl M3 KaMephl pyaHAast KOPKa OOpPYIITHIIACEH B PE3YITb-
TaTe OTCIOCHUS OT 3aKJIAJOYHOTO MacCHBa M He TTOBIHUSUIA Ha KO (HUITUEHT TOTEPh 110
Kamepe.
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Puc. 3. 3aBucUMOCTh MaKCUMaJIbHBIX CMEIIEHUI YIIPOYHEHHOTO
CJI0SI OT JUTMHBI KaMephl

Fig. 3. Hardened layer critical compressive stresses dependence
on the chamber length

Takum 00pa3omM, mpejraraeMas TEXHOJIOTHSI C UHBEKITUOHHBIM YITPOYHEHUEM CyXO-
IO 3aKJIaJIOYHOTO MacCHBa TEXHMUYECKU OCYIIECTBUMA U HE BBI3BIBACT COMHCHHI B €€
sa¢pextuBHOCTU. KpoMe TOro, B KaueCcTBE MHEPTHOTO KOMITOHEHTA 3aKJIaJJOYHON CMECH
JUTSL 3aIOJTHEHUS BBIPAOOTaHHOTO MPOCTPAHCTBA PEKOMEHIYETCS MPUMEHSTh TOPHYIO
MOPOJy W3 OTBAJIOB M TOPHOIPOXOAYECKHUX PAaOOT. DTO MO3BOIUT YTHIIN3UPOBATH JI0
500 ThIC. T/TOI OTBAIBHBIX MOPOA U 70 100 THIC. T/TOA MOPOJIBI ¢ TOPHOIIPOXOAUECKUX
pabot. Tak y npeanpusTHsi MOSIBUTCS BO3MOXKHOCTh MPUCTYITUTH K pad0TaM IO PEKYJIb-
TUBAIIMW OTBAJIOB ITyCTOW MOPOJBL, YTO OyJIeT CIOCOOCTBOBATH YITyUIICHUIO KOJIOTHYE-
CKOW OOCTaHOBKH (paIlioHaJIbHOE pa3MEICHHE OTXOIO0B, YMEHBIIICHHE BHIOPOCOB 3a-
TPSA3HSIONIMX BEIIECTB B aTMOC(EPHBIH BO3IYX U OTBOJI TIOBEPXHOCTHBIX CTOYHBIX BOJ).

3akawyenne. B pabore naHo pellieHHE akTyajlbHONH HAyYHO-TPAaKTUYECKOH 3aa-
YH, 3aKITIOYAOIIEHCS B pa3pabdoTKe U HAydHOM 00OCHOBaHHMH NApaMETPOB TEXHOIOTHU
(hopMupoBaHUs 3aKIAJOYHOTO MACCHBA C WHBEKIIMOHHBIM YIPOYHEHUEM, MMEIOIIEH
Ba)KHOE 3HAUCHUE JJI1 HayKU U IPAKTUKU TOPHOPYAHON ITPOMBIIIJIEHHOCTH.

HpOBeI[eHHI)IMI/I HCCJICAOBAHUAMU YCTAHOBJICHO BJIMAHUC YIJIa HAKJIOHA KaMCPbI HA
BCIIMYUHY 6OKOBOFO JOaBJICHHA, a TAKXKXE BBICOTBI KaME€pPhbI U I‘.HY6I/IHBI BEACHUSA TOPHBIX
paboT Ha MUPHHY YIPOYHEHHOTO CIIOS 3aKJIaJ0YHOTO MaccuBa. PacueTsl mokaszanw,
YTO YMEHBIIICHUE YIJIa HAKJIOHA KaMePhI BEJIET K CHUKEHNIO0 OOKOBOTO JIaBJICHUS, OKa-
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3bIBAEMOIO MOPOJHOH 3akiankoil. bokoBoe naBineHHWE NMPHU MPUHATOM ONTHMAIEHOM
yrae 80° (1o mpenensHOMY MPONeTy OOHaKEHHsI PyAHOTO MaccuBa) HE MPEBBIIIACT
1,5 MIla. Takum 00pa3oM, IPOYHOCTh UHBEKTUPYEMOTO CJ0sl (YHPOYHEHHOTO CJIOs)
JIoJbKHA ObITh paBHa 1,5 MITa.
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JlnuHa kaMepsl (1eJIMKa), M

Puc. 4. 3aBUCUMOCTb MaKCHUMAJIBHBIX PacTATHBAIOIIUX HATIPS-
KEHUH OT JJIMHBI KaMepBbl
Fig. 4. Critical tension stresses dependence on the chamber
length

AHaJINTUYECKUMH pacdeTaMH IOoJydyeHa HeoOXoaummasl IIHUpUHA YHPOYHEHHOIO
cios (pu 3amaHHo# pounoctH 1,5 MIla) mpu paznuyHoii rTyOuHE U IUPUHE KaMe-
pol. Cpenusisi mupuHa cnost B ycioBusix CagbsSHOBCKOTO MECTOPOXAEHHS COCTa-
Buia 3—5 M. ®u3ndYecKuM MOJEINPOBAHUEM, BBIITOTHEHHBIM C HCIIOIb30BAHNEM MTOPO]]
CadbsIHOBCKOTO MECTOPOXK/ICHHSI, YCTaHOBIICHA BOBMOKHOCTh CO3JJAHUS YIIPOUHEHHOTO
CJI0s1 C 33JaHHBIMU TIApaMETPaAMHU.

Pe3ynbraTsl reOMEeXaHHYEeCKUX UCCIEA0BAaHUM YKa3bIBAIOT HA TO, YTO CKUMAIOILNE,
pacTAruBaroOIIKe U CABUIOBBIE HAPSKEHN, BOSHUKAIOIUE B YIIPOYHEHHOM CJIO€, CO3-
JlaBaeMble 0] JeHCTBHEM MOPOAHOM 3aKJIaJKu, HE MPEBBIIIAIOT 33JaHHBIX NPENEIOB
npoyHocTH. JlaHHBIN (akT O3HaYaeT, YTO YNPOUYHEHHBIH CJOH OyaeT HaXOAUTHCS
B YCTOMYMBOM COCTOSIHMH W HE pa3pylINTCH, 9TO o0ecrednT 0e301MacHOCTh BeIEHUS
TOPHBIX padOT MPH U3BJIEYSHUH 3a11aCOB CMEXKHOH KaMephl.

Takum oOpa3om, npearaeMasi TEXHOJIOTUS C UHBEKIMOHHBIM YIPOYHEHUEM CyXO-
T0 3aKJIaJJOYHOTO MAaCCHBA TEXHHUYECKH OCYIIECTBUMA U €€ 3()(HEeKTUBHOCTH HE BBHI3BI-
BaeT COMHCHHUI.
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geotechnical characteristics
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Abstract
Introduction. Backfilling development systems are characterized by high costs for hardening mixture. It is
possiblt to reduce binder volume by means of the variant of chamber development system with injection
hardening of a dry backfilling array proposed in the present research.
Research aim is to substantiate the parameters of a backfilling array in the variant of chamber development
system with injection hardening technology under the required strength.
Methodology. Solution injection into granular media is a complex process depending on a number of
factors difficult to study and fit together. To provide the required reliability of calculations, a geomechanical
investigation has been carried out including analytical and statistic calculations as well as mathematical
simulation of a backfilling array stress-strain state.
Results. Geomechanical investigations of a backfilling array made it possible to deternime the desired
width of a hardened layer under the preset required strength for safe and efficient mining with the proposed
variant of chamber developmetn system.
Summary. Research and calculations introduced in the present work allow to estimate the efficiency of a
dry backfilling array injection hardening and its engineering feasibility with the definite accuracy.

Key words: geomechanics; underground mining; ascending order; buto-concrete laying; injection
hardening.
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Abstract
Research relevance is conditioned by the need for an adequate processing of the measured data using
the alternating current resistivity technique with harmonic time dependence for their further qualitative
and quantitative interpretation.
Research aim is to determine the characteristics of simulation medium electrical resistivity precise
values deviation from the approximate values calculated using the formulae for direct current and to
propose the methods of approximate values correction by electric field intensity modular values
measured with the modern production run electric exploration equipment.
Research methodology includes theoretical calculations, mathematical simulation and comparative
analysis of the obtained dependences and the parameters of the simulation.
Research results. Problem statement has been substantiated under the determination of apparent
electrical resistivity of a medium when it is energized by alternating current with harmonic time dependence.
Analytical expression has been acquired which determines alternating electric field intensity for
symmetrical four-electrode Schlumberger array located in a homogenous conductive half-space.
As applied to the modular measurements of an electric field intensity, analysis and graphs have been made
of electrical resistivity actual value deviations from the approximate value calculated using the formulae
for direct current under various model parameters and field frequency parameters. The article proposes
the methods of constructing and using the corresponding nomograms for apparent electrical resistivity
approximate values correction calculated using the formulae for stationary electric field.
Summary. The obtained results can be applied when processing the data from alternating current
conductive sounding to correctly interpret the frequency effect as well as in the course of studying
polarization properties of a medium, particularly when investigating with the frequency dispersion
method.

Key words: electrical exploration; resistivity technique; alternating current; harmonic dependence;
four-electrode Schlumberger array, apparent electrical resistivity.

Introduction. It is well-known that electrical exploration with the alternating
current resistivity technique is widely applied in geoelectric surveys. It is conditioned
by the fact that the use of generator and measurement instruments at fixed frequencies
makes it possible to avoid the undesirable effect of electrodes polarization when
installing supplying and receiving ground as well as to eliminate noise in the received
signal caused by stray voltage of natural and technogenic origin. However, the main
advantage is connected with its ability to more selective excitation of a sounding
electromagnetic (EM) field and desired signal reception at fixed frequencies depending
on the present task character and the depth of field penetration into the earth.

In modern production run electric exploration equipment, in particular, ERA-MAX
(produced by RPE ERA, St. Petersburg), a whole range of frequencies from 1.22 to
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2500 Hz is used with a step of frequency doubling in low-frequency and high-frequency
bands. If the band of low frequencies increases application possibilities of traditional
conductive electric exploration methods with galvanic contacts with ground then the
use of high frequencies has become successfully applied in electric exploration by
the noncontact resistivity technique (NRS) which was developed by B. G. Sapozhnikov
in the last century [1] but never became widely used because the required production
run equipment was lacking at that time.

It should be noted that in most cases the methods of interpreting and processing the
data from alternating current conductive soundings are based on computation structures
and algorithms applied in direct current electric exploration methods.

If for low frequencies, not exceeding first dozens of herz and possessing relatively
high-resistivity host medium and not too long cable for supplying ground, the static
approximation is rather well-founded [2, 3], then in other cases the distortions of
received desirable signal are possible conditioned by the emergence of induction
currents both in the host medium and in the receiver circuit caused by the alternating
current in the cable energizing the field [3, 4]. Research [4] introduces the estimates of
the higher frequency value up to which induction currents influence can be neglected.
According to the described calculations, these frequencies are directly proportional to
medium resistivity and inversely proportional to the length of a cable.

Need for such restrictions is caused by the fact that with the increase in the frequency
of the energized electromagnetic field, rock resistivity may decrease especially in rocks
with ore mineralization inclusions; it opens up new possibilities to discover additional
parameters in frequency domain reflecting electrophysical and petrophysical properties
of'a medium, in particular, polarization which has earlier been determined with the help
of direct current induced polarization method [2].

To study rock polarization properties in frequency domain, the method of frequency
dispersion [5] has been developed; it was widely applied in the 1970s during prospecting
and exploration operations in sulphide and copper-sulphide deposits in various parts of
the USSR [6].

There have been similar investigations abroad, including the study of the frequency
effect or percent frequency factor PFF [7, 8]. Experimental research stated that
measurements of complex electrical resistivity in wide frequency band at large North-
American ore deposits reveal significant variations in the spectral indices for sulphides,
magnetites, graphites and copper, which is apparently conditioned by their mineral
structures diversity [9].

Despite many research projects dedicated to the method of frequency-domain
induced polarization, discussion continues and a number of issues concerning
measurement methods and experimental data processing as well as their further
interpretation remain unresolved [10, 11].

One issue is connected with the extraction of information-bearing polarized signal
contribution from measurement data with the noise of various origins as well as with
the account of inductive effect at the stage of primary data processing.

Theoretical calculations in research [4] have shown that with frequency rise or host
medium electrical resistivity reduction, inductive component will inevitably cause
errors in the determination of apparent resistivity p, calculated using stationary field
formulae, as a result a need arises for calculated values correction for their further
interpretation.

One method of such correction has already been proposed by A. V. Veshev at the end
of the last century [3] but due to high labour intensity it never become a frequent
practice in alternation current geological research. The procedure of the method’s
application is based on the energizing source normal EM field morphology investigation
and the determination of allowable measurement range of “distance and frequencies at
which the unequivocal dependence from p is obtained” [3].
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At a fairly recent time the mentioned procedure has found application when calculating
the influence of transmitter circuit EM induction on the results of measurements with the
method of frequency dispersion with a middle gradient array [12].

Note that under EM field excitation with the system of prefixed sources, apart from
the electric field vortex constituent, potential variable component also emerges in the
earth which depends on the current electrodes array as well as on the properties
of the medium and field frequency.

The analysis of a normal EM field is significantly simplified if vortex and potential
components are preliminarily determined in the calculated field elements, the former of
which is conditioned by induction currents in the earth and energized vortex monopoles
in a power cable, and the latter is conditioned by the galvanic currents generation from
alternating scalar monopoles in the areas of current ground connections [13].

The present research introduces calculation and analysis of contribution into normal EM
field made by galvanic contacts with ground for a collinear four-electrode Schlumberger
array [2] which is widely accepted in geoelectric surveys. The methods of apparent electrical
resistivity approximate values correction is discussed calculated with the formulae for
a stationary field under various array sizes, medium conductivity and field frequency.

Problem statement. Let us consider the symmetrical collinear four-electrode
Schlumberger array with current-transmitting electrodes in points 4 (+) and B (-),
measuring electrodes in points M and N. Origin of coordinates is assigned to the array
center in the point O (fig. 1).

Fig. 1. A scheme of the four-electrode array
Puc. 1. Cxema 4eThIpeXMONIOCHON YCTaHOBKU

Then a well-known formula for apparent resistivity at direct current in the cable
takes the form [2]:

p =1 rAMrAN A(]MN
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e 1
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where 7, , r,, — the distances between the point of the supplying ground 4 and the
measurement points M and N which are equal to the corresponding distances 75, 75,,
between the point of the supplying ground B and the measurement points N and M,
which determine the coefficient of the array K; 7, ,, — the distance between the receiving
ground connections M and N; AU, — potential difference measured in MN; I — electric
current in the source.

The given array is called “ultimate” [14] under a sufficiently small distance between
the receiving ground connections, so
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where E, ,, — electric field intensity component along MN line.
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Then p, can be directly expressed in terms of the electric field intensity in the array
center (point O) equidistant from the sources 4 and B at a distance r:

p,=mr’ M (1)
1

It is known that p, value calculated with this formula characterizes actual resistivity
of the sounded medium only for homogenous half-space; in other cases, particularly for
stratified and horizontally inhomogenous media, p, is some fictitious quantity depending
on the geometrical dimensions of the ground connections array and the structure and
electrophysical properties of the medium [2].

While for static electric field there is a great number of methods of p, calculated
values data processing as well as further qualitative and quantitative interpretation and
final geological interpretation of the results, then in case of alternating EM field as early
as in the very beginning of results processing a range of problems emerges requiring
separate explanation.

Let us turn our attention to the most important among them: 1) what p, value
represents for an alternating EM field energized in harmonic mode and 2) in what cases
it is possible to get the analogue of formula (1) for immediate application in the
alternating current resistivity method.

On the apparent and efficient resistivity of a medium. Let us briefly consider the
methods of estimating the apparent electric resistivity of a medium at its sounding with
electromagnetic field energized in harmonic mode with the circular frequency o
through a ground connected cable of finite dimensions [3].

Initial data include the measured intensity of an alternating electric field £ or its
modulus |E_| in the receiving line MN, electric current / in the power cable as well as
the coefficient of array K depending on the position of current and receiving electrodes.

According to these data, firstly, the parameter p  is determined with the formula
typical for direct current sounding arrays:

E(J)

p, =K 7 )
which only conventionally is taken as alternating current “apparent resistivity”. At that,
p,, not at all characterizes actual resistivity of medium p in homogenous half-space,
as compared to direct current resistivity technique. In order to establish a similar
analogy for alternating field energized with cyclic frequency f, the notion of efficient
resistivity p,, has been introduced the calculation of which arouses real practical
interest because it characterizes electrical resistivity in homogenous half-space [3].

To determine p,,, dependences pw/paq) on p /R*f have preliminary been calculated
according to analytical formulae for electrical components of an alternating EM field
where R is the distance between the middle of the transmitter circuit AB and the point
of observation. Firstly, according to the measured values of E  taking into account
known R and f, p /R*f is found, and then using the nomogram the value of Pu/Psg 18
determined, from which the target value of p,, is finally calculated [3].

Calculation and results discussion. Let us refer in detail to expression (1). As it
has already been noted before, value p, calculated using the formula for direct current
has a fictitious character and doesn’t correspond to the notion of alternating current
apparent resistivity P, . The main reason is that this formula is introduced for four-
electrode system for stationary electric field measurement.



ISSN 0536-1028 «Hz6ecmus 8y308. T'opnutil srcypuany, Ne 2, 2019 63

On the other hand, mathematical formalism allows to transform it to:

1 1 1
E(l")zp > = B
Tr oOTr

3)

and interpret it as an electric field of two bipolar point sources in homogenous conductive
half-space with electrical conductivity c.

Hence, if we had an expression similar to (3) but for alternating electric field, a
parameter (p or 1/c) entering into it would allow, as a result of an inversion formula, to
determine exactly the apparent resistivity of inhomogeneous medium p,, which really
coincides with the resistivity of a homogenous half-space.

Such expression can be obtained in keeping with the results of [15] where formulae
are derived for the components of an alternating EM field energized by an electric
charge in a homogenous conductive half-space with harmonic time dependence.

Let us transform the expression only for the field component complex amplitude £,
neglecting displacement currents and assuming that the line of the four-electrode
Schlumberger array (fig. 1) is oriented along axis x of a Cartesian coordinate system
{x, v, z}. Assuming that charges (point ground connections of current electrodes) are
situated on the surface of the conductive half-space in points 4 (x,, 0, 0) and B (x,, 0, 0),
and field calculation is conducted in the point O (x,,, 0, 0) corresponding with the origin
of coordinates, then the expression becomes significantly simpler:

for a charge in point 4: E

I '_2 3 (exp(ikr)j_ ik, | ikx,

= exp (ikR
4nc|  oOx r R: R p( A)_

for a charge in point B: E

x|B

-

_ I _Zi(exp(zkr))_zlocBJrzka (ikR,)
dno| Ox r

where R, =./(x,—x,)" =R, =+/(x; —x,) =7, k =Jioop — the wave number in

quasi-steady approximation; p — the magnetic permeability of the medium; / — the
amplitude value of electric current in the source; the remaining quantities keep former
values.

Using the principle of superposition of a field from two sources taking into account
that x, = —, x, = r, we find the final expression for complex amplitude £ component
of the electric field energized in the harmonic mode with the circular frequency by
point power supplying ground connections in the symmetrical four-electrode
Schlumberger array:

E_(r)= ;—G%exp(ikr). 4)

Under @ — 0 from (4) follows a know formula calculating the intensity of a
stationary field energized by the same array in the homogenous conductive half-space.

A significant difference between this expression and (2) is that the quantity of
electrical conductivity entering into it (and consequently, the inverse quantity
of electrical resistivity) characterizes material electrophysical parameters of a medium
simulation which under practical data processing from inhomogenous medium sounding
with the use of (4), will make it possible to determine the target value of p, alternating
current apparent resistivity.
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It can also be seen from (4) that electric field intensity depends not only on the
electrophysical properties of a medium directly, but also from the dimensionless wave
parameter kr indirectly, which is the characteristic of alternating current electromagnetic
sounding [7].

Taking into account that modern production run electric exploration equipment for
conductive methods in the majority of cases does not allow to carry out phase
measurements, it is possible to get the corresponding analogue for a modular component
of a field from expression (4):

~ Ip1 3n
|E (1) ] =;p?exp(w/0wurcosjj. (5)

Electric resistivity of the medium is symbolized by p , calculated using the formula
for direct current for alternating current measured component | £ (7) |, i. e.

2
r

Po =" I E (] (6)

Then from (5) follows the expression which determines electrical resistivity of
homogenous conductive half-space p or apparent resistivity of inhomogenous medium
P, determined under the alternating current sounding with the use of the symmetrical
four-electrode Schlumberger array:

p =p, EXp (w/(smprcos %) 7

Therefore, the difference between exact and approximate calculation of electrical
resistivity is characterized by the exponential uniform dependence both on the field
frequency and array halfspread and on the dimensionless wave parameter
E=|kr|=rioopn.

Analyzing (5)—(7), it can be noted that the measured value of apparent resistivity
using the formula for direct current is defined with a higher error for the sounded areas
of increased electrical conductivity of a medium under other conditions being equal
(fixed frequency of current and array dimensions). For example, fig. 2 represents the
graphs of relative values of p_ = p/p, if the halfspread of an array r is increased from
10 to 100 m under various ratio f/p, accepted as a code for curves, where f'= @/27 is
a cyclic frequency of an alternating field.

Research [3] presents the analysis of expressions for the elements of an EM field of
a ground connected electrical dipole and the cable of a finite length showing that
“according to the value of £ it is possible to determine only p  /p ratio for homogenous
medium or p / p for inhomogenous medium, and according to them, knowing p_ /p,
determine the values of p or p”. Such succession provides for the preliminary
construction of the corresponding nomograms which determine the target quantities by
the measured components of an electric field during conductive electrical sounding.

On the methodology of nomogram construction. The present research considers
an alternative procedure of constructing a nomogram with regard to the data from
alternating current electrical sounding with the use of the symmetrical four-electrode
Schlumberger array.
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Firstly, according to the preset values & = r«/ca)u of the expression is calculated

P _ exp (« [coprcos %)
p

(o]

and the ratio

(8)

Then #f /p is multiplied by the corresponding value p/p,, as a result, functional

dependence appears F = |k, [ [2nu, where |k, |= \Jous, is an approximate value
of a wave number defined by the calculated value of the electric conductivity of the
medium 6, = 1/p_ according to the formula for direct current (6).

P/Po
8 -

-0=0 —0—10 —e—30 —a—060 —8—100

Fig. 2. Graphs of relative values of p,., = p/p, under various f7/p ratio
Puc. 2. 'padmku OTHOCUTEIBHBIX 3HAYCHUH Pory = P /P, IPU PA3HOM OTHOLICHUH f/p

On the other hand, the very numerical value of F is defined by the expression
2 2 2
F = rre = iexp(‘/csmp,rcoszj = Mexp(| kr | COSE),
PP, P 4) 2mu 4

where £ is an actual value of a wave number depending on the material parameters of a

medium. As a result, direct correspondence between approximate and exact values
of a wave parameter is established

kv = kr | \/exp(| o | cos%),

which takes part in further construction of a nomogram.
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Note that the described succession in the construction of a nomogram using ratio (8)
which is connected with the numerical values of abscissa makes it possible to trace

change in the function from the very minor values of a wave parameter & = | kr | = ryJoop,
or from the increase in the halfspread of an array (under fixed frequency), which is more
convenient than in Veshev’s construction methods (which uses inverse ratio p / 72 f)).
By way of example a nomogram is given, which have been calculated according to
the described methodology, to correct the modulus of electrical number |e |= p_ /p
according to the value of which, taking into account the approximate value of p_
obtained from (6), it is possible to get the target value of apparent electrical resistivity

(fig. 3).

le.
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-0 —0—2 —4—]0 —a—30 —=8—100

Fig. 3. Nomogram construction for a modulus of an electrical number under various f/p ratio
Puc. 3. TlocTpoeHre HOMOTPAMMBI JUIst MOZYJIS 3JIEKTPUUECKOTO YHCIa TIPH Pa3HOM OTHOIIIE-
HuH f/p

The present curves are calculated for typical values of f/p ratio and the halfspread
of an array r (stated in meters) more characteristic of shallow geoelectric survey.

The procedure for nomograms application is as follows. At first, in each sounding
location according to the preset values of 7, f'and p_ calculated from (6), a point at the
corresponding approximate curve is found, which the exact value of | k7 | and therefore
|k, | is compared with. Then, with the account of (8) the ratio

|k, [

fo_ kol 1
p, 2mu o 2

is found, allowing to establish the choice of the nearest curve according to the acquired
value, according to the preset value of 7 the position of the point at this curve is defined
concretely; the curve determines the value of p_ /p at the axis of coordinates further
finding the exact quantity of apparent electrical resistivity.

It can be seen on fig. 2 that the error of approximate formula (2) application for
electrical resistivity calculation increases with the rise of f/p ratio and in practice
it can reach very significant values. It results in the emergence of false anomalies
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in section p_ and thereby can lead to wrong geological explanation of interpretation
results even for one frequency.

In the methods which use multifrequency measurements, for example the frequency
dispersion method [5], calculation error of apparent p_ using the formula for direct
current will also lead to misidentification of a frequency dispersion coefficient or a
percent frequency effect [7] and to inadequate estimation of geological terrain sounded
area polarization properties.

Summary. The notion of apparent resistivity is defined concretely; it is determined
directly from the data from electrical component measurement of an alternating EM
field energized in a harmonic mode with the use of the collinear four-electrode
Schlumberger array applied in electrical exploration research methods.

From the earlier solution to the problem of electrical charge in homogenous
conductive half-space with harmonic time dependence, an analytical expression for
electric component of an alternating EM field intensity has been derived, energized by
point ground connections in the symmetrical ultimate Schlumberger array.

With regard to modular measurements of electric field intensity, the analysis has
been made and graphs have been constructed for the errors of an actual value of
electrical resistivity from approximate one, calculated using the formulae for direct
current under various parameters of the array, half-space conductivity, and field
frequency.

An alternative methodology has been proposed for construction and application of
corresponding nomograms to correct approximate values of apparent resistivity
calculated using the formulae for static electric field.

The present results and the alternative methodology can be applied in alternating
current conductive electrical sounding data processing for correct interpretation of a
percent frequency effect as well as in the course of estimating polarization properties of
a medium, in particular, when investigating with the method of frequency dispersion.
There are reasons to expect that this method, which has successfully proved itself in
prospecting and exploration operations at sulphide and copper-sulphide deposits, will
be applied in ecological investigations as well.
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O MeToae cONPOTHBJIEHHI HA IePeMEeHHOM TOKe
¢ npuMeHeHHeM ycTaHOBKH LIlnrom0epaxe

Ilecraxos A. @.!
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Pecgpepam
AxmyanvHocms pabomul 06yCcr061eHA HEOOXOOUMOCMbIO AOEeKEAMHOU 00PAOOMKU UIMEPEHHBIX OAHHBIX
MEmoooM CONPOMUGIEHULl HA NEPEMEHHOM MOKe C 2APMOHUYECKOU 3A8UCUMOCMbIO OM BPeMeHU OJsl
nocnedyouell KauecmeeHHOU U KOIUYeCMEEeHHOU UX UHMepnpemayuu.
Ilenv pabomer — ycmanosumv xapakmepHvie OCOOEHHOCMU 6 OMKIOHEHUU MOYHBIX 3HAYEHULl
ANEKMPOCONPOMUBTICHUSL MOOEIbHOU CPedbl OM NPUONUNCEHHBIX, GbIYUCTAEMbIX NO Gopmynam s
NOCMOSIHHO20 MOKA, U NPEONOACUMb MENMOOUKY KOPPEKMUPOBKU NPUOTIUNCEHHBIX 3HAYEHUTL O MOOYIbHbIM
3BHAYEHUAM — HANPSNCEHHOCMU — DNEeKMPUYECKO20 — NOJs,  UBMEPSeMbIM — COBPEMEHHOU  CeputiHOl
NEKMPOPA3BEOOUHOU Annapamypoll.
Memoowt uccnedosanusn: meopemuiecKkue pacyenbvl, MAmemMamuieckoe MOOeIupoSsanue U CPAGHUMeNbHbLI
AHAIU3 NOJYYEHHBIX 3A6UCUMOCTEN OM NAPAMEMPO8 MOOEIU.
Pesynomamer  uccneoosanus. OO0CHOBAHA NOCMAHOBKA 3A0a4u NPU ONPeOeeHUul KadCyuwe2ocs
ALEKMPOCONPOMUBTIEHUsL  CPeObl NpU  ee  B030VICOEHUU NEPEMEHHbIM MOKOM C  2apMOHUYECKOU
3asucumocmoio om epemenu. Ilonyueno ananumuueckoe svipadcerue, onpeoesiounee HanpsiCeHHOCMyb
NepeMeHHO20 INEeKMPUIEcKo20 Nojsi Ol CUMMEMPUYHOL Yemblpexnomochou yemanoeku Llnombepoice,
PACHONOJNCEHHOU HA O0OHOPOOHOM NpOo6oosujeM Roaynpocmparcmee. Illpumenumenvho K MOOYIbHbIM
UBMEPEHUSIM  HANPAICEHHOCMU  eKMPUYECcKo20 NOoJsi NPo8eoeH aHalu3 U HOCMPOeHbl 2papuru
OMKIOHEHULl PeanbHO20 3HAYEHUs YOETbHO20 NEKMPUHEeCKO20 CONPOMUBTEHUS OM NPUOIUINCEHHOZO,
BLIYUCTIAEMO20 NO POPMYIAM OISl NOCMOSIHHO20 MOKA, NPU PA3IUYHBIX NAPAMEMPax MoOely U Yacmomol
nona. Ilpeonodicena mMemoouxka NOCMPOeHUs U UCNOAb30BAHUS COOMBEMCMEYIOWUX HOMOSPAMM OJis
KOPPEeKMUPOBKY NPUOIUICEHHBIX 3HAYEHUL KAJICYWe20Cs INeKMPOCONPOMUBTIEHUs, BbIYUCTIEHHbIX NO
Gopmynam ons cmayuoHapHo2o MEeKMPUYecKo2o nos.
Bu160o0wl. Ilonyyennvie pe3ynvmamst MO2ym HAUMU npuMeHeHue npu 06pabomke OaHHbIX KOHOYKMUBHBIX
MEKMPO30HOUPOBAHUTL HA NEPEeMEeHHOM MoKe OJisl KOPPEKMHO20 UCTOIKOBAHUS YACHOMHO20 dpghekma u
6 npoyecce uzyueHust NOIAPUIAYUOHHBIX CEOUCME CPeObl, 8 YACMHOCHU NPU NPOGEOCHUU UCCTIe008aAHUL
MemoooM HacmomHuol OUCHEPCUlL.

Knrouesvle cnosa: snexmpopaszéeoka; Memoo CONPOMUBNEHUN;, NePeMEeHHbIll MOK, 2APMOHUYECKAsl
3A6UCUMOCTID, YembIPEeXnOTOCHAsL yemanoeka LLntombeporce; Kaxcyweecs 31eKmpoconpomueieHue.
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Mine workings cross section convergence measurement errors

Evgenii lu. Efremov’
! Institute of Mining, Ural Branch of RAS, Ekaterinburg, Russia
e-mail: efremov-eu@mail.ru

Abstract
Introduction. Measuring deformations in horizontal mine workings cross section is one relevant method
of investigating deformation processes in rock mass around working. When determining deformations,
one crucial measurement component is the determination of measurement errors.
Research aim is to investigate measurement errors in the determination of horizontal mine workings
cross section convergence. The displacement of the rock mass is considered as the projection of the
deformation marks displacement vector on a plane underground working cross section.
Research methodology consists of two stages. At the first stage, deformation control benchmarks
positional error is theoretically estimated depending on the position of a benchmark relative to the
instrument. The estimate makes it possible to determine the influence of distance measurement errors
and vertical and horizontal angles measurement errors based on the characteristics of high-precision
total station. The second stage includes the estimate of horizontal mine workings convergence
measurement errors in Situ.
Results. The acquired values of the theoretical estimate of rms error of positioning in the plane of the
cross section are in the range of 0.50-0.85 mm. In situ measurements in hard rock fixed 0—4 mm
displacements of deformation control benchmarks. The estimate of the measurement errors shows that
rms error of benchmarks position when measuring by repetition is about 0.4 mm. Convergence relative
measurement error is 0.0001.
Summary. Actual errors of measuring with high-precision total station in mine conditions, if the
measuring technique is maintained, are close to theoretical ones. It makes the given measurement
method appropriate for monitoring the rock mass stress around mine workings and to determine mine
workings convergence after drifting to determine the initial rock stress conditions or virgin rock stress.

Key words: total station theodolite; stress-strained state; mine workings walls convergence; rms
error, measurement errors estimate.

Introduction. The determination of a mine working cross section deformations is
used at the solution of inverse problems to investigate the parameters of the stress-
strained state of a marginal massif.

At present in geomechanical practice the methods of partial relief, such as borehole
relief methods, relief slot methods, etc., are the widespread and detailed methods to
determine the stress-strained state of a massif [1]. All the mentioned methods use relief
sources (boreholes and slots) of small size not exceeding some dozens of centimeters.

The determination of geological terrain stress-strained state with a mine working as
a relief source is a promising direction because in accordance with Saint-Venant’s
principle owing to the scale effect it makes it possible to study stress-strained state of a
significantly larger volume of a massif as compared to the common methods [2—4].

When determining the convergence of mine workings cross section walls, walls
deformations are associated with the displacement of deformation control benchmarks
placed uniformly in the perimeter of the section (fig. 1, arrows indicating the
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displacements of deformation control benchmarks; o, — the direction of main stresses
in the cross section; U — the magnitude of the displacement vector of a deformation
control benchmark; { — the angle between the displacement direction and the vertical
axis; R, — the equivalent radius of a mine working; B,-B,, — deformation control
benchmarks).

The method of deformations determination in mine workings with the help of
repeated lengths measurement with a surveying tape measure with a nonius and other
similar methods is widespread and described [5, 6].

™ |
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Y
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30°-35°"

Displacement scale, mm

0 05 1 1,5
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0 0,5 1 1,5
Underground working scale, m

Fig. 1. Displacement of deformation control benchmarks in underground working cross section
Puc. 1. Cmemenne neopMaIiMOHHBIX MapOK B MOMEPEYHOM CEUYCHUH BBIPAOOTKH

In recent decades, surface laser scanning have been used to determine deformations
in traffic tunnels and mine workings [7, 8].

At present there are operations where mine workings cross section convergence is
determined with the use of electronic optical total station theodolites [9, 10].

The advantage of total station compared to tape measures is the possibility to place
a large number of simply arranged deformation control benchmarks and to take
measures in hard-to-get-at places [11]. In comparison with surface laser scanning, the
use of total station theodolites can reduce measurement errors due to multiple measuring
of deformation control benchmarks.

Based on information of the manufacturers, rms error (RMSE) of distance
measurement in modern devices in the reflectorless mode is 0.6—1.2 mm. There are
operations which demonstrate 0.54 measurement RSMD at the distance of 10 m for
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high-precision total station theodolite Sokkia NET1200 in the conditions close to ideal [12].
However, when measuring in mine workings in the conditions of humidity, dustiness,
immediate proximity of operating equipment, etc. measurement error can be higher
than in laboratory setting.

The article considers deformation control benchmarks position determination errors
using total station.

Research aims to substantiate theoretically the rms error value of deformation
control benchmarks position determination with the use of total station and its
comparison with benchmarks determination RMSE acquired when measuring in mine
conditions.

O3

Fig. 2. Sheme of underground working deformation
Puc. 2. CxeMa ne)opMUPOBAHYIS IIOTIEPEIHOTO CEUCHHUS BRIPAOOTKI

Research methodology and results. Theoretical estimate of a measurement
error. Determination RMSE estimate is fulfilled in the system of coordinates. Origin of
coordinates is the point of cross section geometrical center of a mine working. Axis x
is directed along the axis of a mine working towards face retreat. Axis y is at the
intersection of the horizontal plane and the plane of the mine working cross section
complementing the system to the right-side. Axis z is directed upward.

The projection of deformation control benchmarks displacement vectors Z,Z on the
plane of the cross section reflects the displacement of a rock mass (painted in red color
at fig. 2).

The position of each deformation control benchmark is described by three coordinates
in three-dimensional space. Initial data for coordinates determination are the parameters
measured with a total station, they are the horizontal and vertical angles (a, v) and the
distance along the slope S:
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y = Ssinycosa,
x = Ssinysina, (1)

z=_S8cosYy.

The errors in the measured parameters are the main sources of errors in benchmarks
positioning. Thus, the position of a benchmark determined in the course of measurements
is in the center of a figure limited by the value of measurement errors of a vertical angle,
horizontal angle and the distance along the slope between the instrument and the
measured benchmark (fig. 3, where o — measured horizontal angle; do. — horizontal
angle error; S — distance; 6S — distance error; 6x — measurement error in the plane of the
cross section).

Fig. 3. Precision of deformation benchmark position
Puc. 3. IlorpemHocTs onpeaeneHust moI0KeHus
nedhopMaIMOHHOI MapKu

In the measurement error theory, RMSE function of uncorrelated arguments is

described as the square root of sum of partial derivatives products squares of a function
of each argument for the RMSE of these arguments [13]:

(au JZ ou ’ (éu j2
m,=||—m | +| —m | +.+|—m, |.
ox oy on

Using this expression to estimate errors of deformation control benchmarks position
as compared to the values measured with a total station, in accordance with (1) we get:
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where M, M, M, — rms error of benchmark position along the corresponding axis

Ox ox Ox Oy Oy O 0z &z _ partial derivatives of coordinate

0S oy 0 0S oy da oS’ oy
functions according to the measured parameters: the distance along the slope, vertical
and horizontal angles correspondingly; m, m,, m, — error in distance and vertical and

horizontal angles measurement; p” — the number of seconds of arc in one radian
(~206 265).

determination;

Estimation of deformation benchmark positioning rms errors
O0001EeHHbIE Pe3yJIbTAThI KOHTPOJISI Ka4ecTBa MPOrHo3a

Point | o v, L I Mas My | My, | M, | My, | M., | Mo
number ’ degrees | degrees ’ degrees | degrees | mm | mm | mm | mm | mm | M
1 4.050 | 110.0 325.0 10.001{0.00028|0.00028 [0.770|0.539|0.342|1.000(0.638| 1.6
2 4.051 97.5 325.0 {0.001{0.00028 | 0.00028 [0.812]0.569|0.131|1.000(0.583| 1.7
3 4.134 85.0 325.0 {0.001{0.00028 | 0.00028 [0.816|0.571|0.087|1.000(0.578| 1.7
4 4.209 72.5 325.0 {0.001{0.00028 | 0.00028 [0.781|0.547|0.301|1.000(0.624| 1.6
5 4.132 60.0 342.5 10.001{0.00028 | 0.00028 [0.826|0.260|0.500|1.000 | 0.564| 1.8
6 4.140 60.0 0.0 {0.001]0.00028|0.00028 | 0.866]0.000|0.500(1.000|0.500| 2.0
7 4.279 72.5 17.5 10.001 |0.00028|0.000280.910(0.287(0.301 | 1.000|0.416| 2.4
8 4.287 85.0 35.0 10.001{0.00028 | 0.00028 [0.816|0.571|0.087|1.000|0.578| 1.7
9 4.372 97.5 35.0 10.001{0.00028 | 0.00028 [0.812]0.569|0.131|1.000|0.583| 1.7
10 4.244 | 110.0 35.0 10.001{0.00028 | 0.00028 [0.770]0.539]0.342|1.000|0.638| 1.6
11 4.162 | 122.5 35.0 10.001{0.00028 | 0.00028 [0.691|0.484|0.537|1.000|0.723| 1.4
12 4.165 | 135.0 35.0 10.001{0.00028 | 0.00028 [0.579|0.406|0.707|1.000 | 0.815| 1.2

RMSE of distance measurement with modern high-precision devices is 1 mm
(at fig. 3 — 6S), horizontal and vertical angles — 1 s (at fig. 3 — da). At convergence
determination, the distance between the instrument and deformation control benchmark
is not more than 5—-6 m. At such distances the influence of RMSE of angles measurement
should not exceed 0.03 mm according to devices characteristics.

In the table based on expressions (2) the influence of a deformation control
benchmark position is estimated (as measurement errors, passport specification of a
high-precision instrument Sokkia NET1200 have been accepted — 1 mm, 1 s).

The conducted calculations allow to estimate the influence of separate components
on the positional error. It has become clear from the analysis that the main contribution
in benchmark positional error is made by distance measurement. This influence depends
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on the angle between the beam of a rangefinder and the unknown plane of the cross
section (angle c at fig. 3).

It can be seen from the table that positional RMSE in three measurements of M, _is

from 1.6 to 2.0 RMSE in the plane of the cross section (M, tinted column).
: . o o yz ;

The analysis of the influence of a benchmark position towards the instrument on the
positional error shows that with the given passport specifications of the device, RMSE
of benchmark position in the plane of the cross section is from 0.42 to 0.82 mm.

Optimal instrument position for the minimization of measurement errors in this
particular case depends on two variables — angle at which the collimating ray comes
upon the deformation control benchmark and the distance between the instrument and
the deformation control benchmark.

40 r
35 F
30 f
25

2,0

Displacements and RMSE, mm

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Number of deformation control benchmark
Displacements ~ MRMSE (1 set) BRMSE (2 set)

Fig. 4. A comparison of deformation control marks displacement and rms positional error
Puc. 4. ComocraBieHne cMeneHni 1e(hOpMaIMOHHBIX MAPOK M CPEIHEKBAAPATHYECKON MOTpeNI-
HOCTH OMNPEACIICHHS MOJOKECHHUS

The analysis of in situ measurement errors. The measurements of the walls and
roof convergence in the face of the horizontal mine working have been analyzed
according to the Bessel formula [14]

where x; is the position of a deformation control benchmark along the corresponding
axis of coordinates.

Error along each axis separately, as well as total error and error in the plane of the
cross section have been determined.

In order to check theoretical estimates, experimental operations have been conducted
including 74 determinations of deformation control benchmarks positions (two sets of
measurements in three different cross sections with 11-14 deformation control
benchmarks in each cross section). The analysis has shown that when measuring by
repetition (i. e. with four measurements for each deformation control benchmark within
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one set of measurements), rms error in the plane of the cross section m _is 0.2-0.5 mm,
0.35 mm on average. The value of the defined displacements ranges within 0—4 mm.
It generally depends on physical-mechanical properties of rock. The given measurements
were taken in hard rock (Protodyakonov hardness coefficient f > 10); in this regard the
fixed values are not smallish, however significantly exceeding measurement errors.
The example of RMSE measurements comparison with the definite displacements for
one cross section is presented at fig. 4.

As compared to theoretical rms errors calculated based on the characteristics of the
instrument, actual errors are a little lower under distance measurement and exceed the
theoretical ones a little under angles measurement. The approximate size of the cross
section of a mine working is 4 m, thus, relative error of displacement measurement is
about 1/10 000.

Summary. Measurement errors analysis has shown that the given method allows to
measure the position of the deformation control benchmarks in the cross section of
mine workings with rms error up to 0.4 mm. The given error appears somewhat lower
than expected estimated at a level of 0.5—0.8 mm. The determined deformations exceed
measurement errors 2—10 times, which allows to reliably determine mine working
walls convergence. If measurement technique is maintained, mine conditions do not
have any significant influence on measurement errors.

It should be noted that in practical application some restrictions are applied to the
method of cross section deformations determination caused by the method of mining
(orientation of mine workings, tunneling speed, operation cycle, etc.)

The application of electronic optical systems allows to determine mine workings
walls deformation with a relative error of 1/10 000. Walls and roof convergence which
have been determined in such a way can be used in mine workings stability monitoring.
Another promising application of the given method is the determination of mine
workings cross section deformation after drifting to determine initial rock stress
conditions.
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IorpemHocTn N3MepeHusi KOHBEPreHUMH MONMEPEYHOI0 CeYeHN s
TOPHBIX BHIPA0OTOK

E¢pemos E. 10.!
! UucTutyT ropHoro jeia Ypanbckoro ornesiernst PAH, ExarepunOypr, Poccus.

Pecgpepam
Beeoenue. Hsmepenue Oeopmayuti nonepeuHo20 cedeHuss 2OpU3OHMANIbHbIX 6bIpAbOMOK — OOUH U3
AKMYanbHelX CNOCO006 U3yueHUst 0ehopMayYUOHHBIX NPOYECCO8 8 NPUKOHMYPHOM MACCUBE 2OPHBIX NOPOO.
Ilpu onpedenenuu deghopmayuii 00HOU U3 KAIOUEBLIX COCMABTAIOWUX UIMEPEHUL A8NAEMCA OnpedeleHue
nozpewHocmetl usmepeHull.
Lenv padomul. Hccneoosams nocpeutHocmu usmeperuil npu onpedeieHul KOHepeeHyuu NoNepesHo20
cevenus 20pU3OHMANbHLIX 20PHBIX 8bIpAOOMOK. 3a nepemewjenus Maccusa NPUHUMAIOMCS NPOEKYUU
8eKMopa cmewerust 0ePOPMAYUOHHBIX MAPOK, 3ATLOHCEHHBIX 8 NONEPEUHOM CEeYeHUU 20PHOU 8bIpABOMKU
Ha NIOCKOCb CeYeHUs.
Memoouxka pabomui cocmoum u3 08yx smanos. Ha nepgom smane npouzeo0umcs meopemuieckas oyeHKd
nozpeuHocmu onpeoenenus NOA0AHCeHUs. 0eOPMAYUOHHBIX MAPOK 8 3A8UCUMOCIIU OM NONLOHCEHUS MAPKU
omuocumenvHo uHcmpymenma. Oyenka No380isen Onpedenums 6lusHUe NOSPeUHOCmel UsMepeHull
PacCmosaHUll, 6EPMUKANLHBIX U 20PUSOHMANLHBIX Y208 HA OCHO8E XAPAKMEPUCUK BbICOKOMOYHbIX
9NeKMPOHHO-ONMUYECKUX Mmaxeomempos. Bmopoil sman exmiovaem oyenky noepewnocmei usmepeHuil
KOHBepeeHYUU 20PU3OHIMATLHBIX 2OPHBIX BLIPAOOMOK N Situ.
Pesynvmameui. [lonyuennvle 3HAYEHUs MEOPEMUUECKOU OYEHKU CPEOHEK8AOPAMUYECKOU NOZPeutHOCHU
onpeoenenus NOTONCEHUsL 8 NIOCKOCIU ceuenus iedxcam ¢ ouanasone 0,50—0,85 mm. Hamyprule usmepenus,
npoussedenHvie 8 Kpenkux nopooax, 3aguxcuposany cmeujerus 0ehopmayuorHuvlx mapok Ha 0—4 mm.
Oyenka nozpewinocmeii npogedeHHbIX UMEPEHULl NOKA3bI6Aem, 4mo CPeOHeK8aopamu4ecKkds ouuoKa
NONOMCEHUSE MAPOK NPU  USMEPEHUsAX O08YMS NOMHBIMU npuemamu cocmaegisem okono 0,4 mm.
Omnocumenvhas nocpewinocms usmepenus kongepeenyuu cocmasisiem 0,0001.
Bu1600w1. Daxmuueckue OuUOKU UMEPEHUL BbICOKOMOYHBIMU SNEKMPOHHO-ONMULECKUMU MAXeoMempami
6 WAXMHBIX YCIOBUAX, NPU COONOOEHUU MEeXHUKYU UsMeperuti, Onusku K meopemuueckum. Imo deraem
NnpuUMeHeHUue OaHHO20 Memood UMEPEeHUll NPUSOOHbIM Ol MOHUMOPUHSA USMEHEHULl HANPIA#CeHHO-
0eopmMupo6anHo20 COCMOAHUS 20PHO20 MACCUBA BOKPY2 BbIPAOOMOK U 015l OnpedeieHus KOH8epeeHYUuU
8bIPAGOMOK NPU YX00Ke 34005 O YCMAHOBLEHUA XAPAKMEPUCTNUK eCINECMBEHHO20 NOJISL HANPANCEHUL 6
HempoOHymom maccuse.

Kniouesvle cnoea: maxeomemp; HanpsiceHHO-0ehpOpMUposantoe cocmosinue, KOHBepeeHYus CMEeHOK
8bIPAOOMOK; CPEOHEKBAOPAMUYECKAS NOZPEUHOCHIb, OYeHKA NOZPEUHOCIeEl U3MePeHUI.
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Peghepam
Axkmyansnocms. XX ek paccmampugaemcsi Kak nepuoo CMONKHOBEHUA COBPEMEHHOU YUSUNUIAYUL
¢ nPUpoOoil, OMEEMHO pearyuell Ha KOMopoe Cmaid KOHYenyus yCmouiueo2o pazeumust, OpueHmupo-
BAHHAS HA COBMECHOE PeuleHIe IKONOUUECKOT, IKOHOMUUECKOU U coyuanbHol npobiem. Ocob6020 eHu-
MAHUS 3ACTYHCUBAEM IKOLOSUUECKAs COCMABIAIOWAs, MAK KAK NPUpooHas 6asza onpeoensem cyuje-
cmeosanue YusUIUIAYUU.
Henv uccneoosanusn saxnouaemcs 6 060CHO8AHUU NOHAMUSL IKOLO2UHECKU YCMOUYUB020 HEOPONONb30-
BAHUA U €20 OCHOBONONALAIOWUX NPUHYUNOG.
Pesynomamul uccnedosanus. B cmamoe 00kasvieaemcs npuoOpumemHoCcms dKOI02UYECKU YCmouiueo-
20 pazeumus, npUBOOUMCs hPOPMYIUPOBKA IMO20 NOHAMUSA HA OCHOBe 0000WeHUA U AHATU3A OCHOBHBIX
NPUHYUNOB U KpUumepues YCmouuus020 paseumus ¢ NO3UYUU IKOI0SUYECKOl cocmagnsioujeil, 060CHO-
BbIBAIOMCSL OCHOBONONA2AIOWJUE NPUHYUNBL IKOTOSUYECKU YCIOUYUB020 PA3EGUMUSL 8 OMHOUEHUU HEOPO-
nonvsoeanus. B ux uucne: npusnanue npuopumemuHocmu npupoOHO20 Acnekma 6 obecnedyenuu ycmoi-
YUB020 pazeumusl;, NOOYUHEHUe IKOHOMUKU IKOIOSUYECKUM OSDAHUHEHUAM; NpedynpexcoeHue
DaA3PYUUMENbHBIX AHMPONOZEHHBIX 6030eliCMEUl, CEA3AHHBIX C 0C80eHUeM Pecypcos Hedp, bepejxcroe
UCNONb306AHUE HEBO30OHOBNAEMbIX PECYPCO8, 00beM KOMOPbIX He 00IICEeH NPesbiiams 00bema 3amMeHu-
meneil; UCNONb308AHUE B0300HOBNIAEMBIX PECYPCO8 He QONMHCHO NPESbIULANTb 00beMa XOmSs Obl NPOCHO20 UX
80CIPOU3BOOCMBA; Npedynpexcoaroujee 00pas308anie omxo008 8 MeCmax ux 603HUKHOBEHUA U MAKCUMU-
3ayuUL UCHONB30BAHUS UMEIOWUXCA, HeOONYUjeHle YXYOUleHUs Ka4ecmea OKpycaioujell uenosexa cpeobl,
SHAYUMOCHIb YeN0BEHeCKO20 NOMEHYUAIA, ONMIUYAIOWE20CS IKONOSUSUPOBAHHBIM COSHAHUEM.
Bu1600b1. Buisigrennvie yciosus dK0102UHeCKU YCMouiue020 HeOpOnoIb308aHUs 6bl06ULAION HOBYIO CU-
cmemy mpeboBaHull K Memoouueckomy odecnedyenuro YnpasieHus Ha ypoeHe JIOKANbHbIX 00beKmos,
6 MOM YUCTLe 2OPHBIX NPEONPUAMUIL.

Knrwoueesvie cnoea: ycmoiiuusoe pazsumue; 2xon020-3x0HoMueckue acnekmul; HeOponoib306anue;
O0CHOBONONA2AIOWUE NPUHYUNDL.

Beenenue. XX B. cTanm BEKOM CTOJIKHOBEHHUS! COBPEMEHHOM LUBHIM3ALMU C MIPHU-
ponoii. ITo Mepe paciiupeHust CeKTpa u MaciuTaboB OCBOEHHSI IPUPOIHOTO [TOTEHIIU-
ajia MUCIOJIb30BaHNE KOMIIOHEHTOB IPUPOJHOI Cpesbl 0 CBOCH BETMYMHE NMPHOIU3HU-
JOoCh K TpenenbHeIM 3HadeHus M. K oOocTpeHnio mnpoOiieMbl HCYEPIaeMOCTH
HNPUPOIHBIX PECYPCOB NOOABUIOCH MOIIHOE MIPOMBILUIEHHOE 3arpsi3HEHHE OKPYKalo-
el cpenpl. [InanerapHsbiil xapakrep npuodpena npodiema 0TXon0B (BEIOPOCH TapHU-
KOBBIX T'a30B, CMBIB C CEJIbCKOXO3SIMCTBEHHBIX TOJIEH a30THBIX U GochopHBIX ynodpe-
HHUH, HaKOIUIEHHE B OMOTE TSDKENBIX METauIoB M Ap.). EcTecTBeHHON peakuuneil Ha
CO3JaBILIYIOCS CUTYALMIO CTaI0 000CHOBaHNE HEOOXOAMMOCTH COXpaHEeHUs OHochepsl
KaK YCJIOBHSI BBDKMBAHUS U OJIaronoiydus 4eloBeKa, a TaKke TpeOoBaHNE B3aUMOCBS-
31 SKOHOMHYECKUX MpobiIeM ¢ mpoOieMaTHKON OKpysKaroliel cpeabl, BriepBblie chop-
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MYJIUpOBaHHOE Ha BcemupHO# KoH(epeHIuH Mo mpobieMaM OKpY)Kalolleld Cpeabl
(r. Crokronem, 1972 1). C 3TOro MOMEHTa PacCMOTPEHHE €CTECTBEHHBIX (PaKTOPOB
CTaJI0 OCYHIIECTBISITHCS B COBOKYITHOCTH C COITHAIbHO-OKOHOMHYECKHMHU. OTMETHM,
YTO Ha KOH()EPEHMH BHUMAaHHE ObUIO COCPEJOTOUEHO Ha 3KOJIOTMYECKOM acIlleKTe U
€ro B3aUMOYBSI3KE C Pa3BUTHEM SKOHOMHKH.

HoBoe HanpasiieHre MEPOBOTO pa3BUTHsL, ipeniokeHHoe M. CTpoHrom Ha KoH(pe-
penuun B CToKronbeMe B ToKyMeHTe «CTparerus modaibHOTr0 COXpaHeHHsD», Omyou-
koBaHHOM B 1980 r. MexXIyHapOIHBIM COI030M OXPaHBI IMPUPOIBI, TTOTYIHIO OTIpee-
JIEHUE (KOPA3BUTHS» KaK JKOJIOIMYECKH OPHEHTHPOBAHHOE COLMAIBHO-IKOHOMHUECKOE
pasButue. [lo3xe mosiBuiics TepMuH «sustainable developmenty, kKoTopsIii OBIT TIEpe-
BE/ICH Ha PYCCKHI SI3BIK KaK «yCToHunBOE pasButue» (YP), opueHTHpoBaHHOE Ha Co-
BOKYITHOE PaCCMOTpPEHHE TpeX MpoOiIeM: SKOHOMHUUECKOH, COLIMAaIbHON U KOJIOTHYe-
ckoil. Konmenmmst ycroiumBoro passuTus ObUia npu3HaHa Btopoit BcemwmpHoii
koHpepennueir OOH mo okpyskaromieit cpene u pazsututo (Pruo-ne-Kaneiipo, 1992 1)
Y C 3TOT0 MOMEHTA IIOMUMO HKOJIOTMUECKOT0 OHA MOIyYHiIa ¥ COlMaIbHOE 3By4aHue [1].
Kak noka3piBaeT aHaJIN3, UCCIIEI0OBATENH Yallle BCEro 00pamialoT BHUMaHUE Ha BOIIPO-
CBI, CBS3aHHBIE C SKOHOMUYECKN YCTONYHBBIM Pa3BUTHEM, KOTOPOE paccMaTpUBAETCs
B pAJe CIIy4aeB C MMO3UIUU SKOHOMUYECKOH 0€30MacHOCTH, 8 YCTOMYUBOCTh SKOHOMHU-
YECKHX TPOILIECCOB CBS3bIBACTCA C OLEHKOW (DMHAHCOBOM  N1E€ATENBbHOCTH.
B npornecce hpuHaHCOBOTO aHa/IM3a OLIEHUBAETCS MAaTEPUAILHOE COCTOSIHUE IIPEAIIPHU-
ATHS, €r0 COCOOHOCTh (PUHAHCHPOBATh CBOIO JESTEIbHOCTh. DHHAHCOBOE COCTOSIHNE
CUUTAETCS] YCTOMUMBBIM (aOCOJIIOTHO MJIM HOPMAJIbHO yCTOWYMBBIM), €CIIM 3aIlachl U
3aTpaThl 00ECIeUnBAIOTCS CYMMOM COOCTBEHHBIX CPEICTB MM HMEET MECTO M3JIHIIEK
3TUX HUCTOYHUKOB. ITo1 3KOHOMHYECKON YCTOMYHMBOCTBIO NPEANPUATHS MOHUMAETCS
€ro crnocoOHOCTh K MPOJOKUTEIEHOMY OCYIISCTBICHHIO CBOCH yCTABHOM JIESATEINb-
HOCTH Ha OJJHOM WJIM HECKOJIBKUX OTPACJIEBBIX PHIHKAX, CIIOCOOHOCTH AEHCTBOBATh He-
OIIPENeNICHHO OO, IPE0I0JIeBasi BHELIHUE OOCTOATEIILCTBA.

[TonoOHbIH MOAX0A K ONpPEAEIeHUI0 YCTOMYNBOCTH PUMEHSETCS ¥ B COLIMAIbHBIX
cucremax. YenoBeuecTBo (00I1ECTBO) — 3TO OTKPHITAsA CUCTEMA, (PYHKIIMOHUPOBAHHUE U
pa3BUTHE KOTOPOW 3aBUCHUT OT COCTOSIHHS M JMHAMUKH ITapaMETPOB BHEIITHEH CpeJibl.
YcToiunBOCTH 00IIIECTBA — 3TO €ro CIIOCOOHOCTH COXPAHATh CHCTEMHBIE CBOMCTBA IIPH
W3MEHEHUM BHYTPEHHUX U BHEIIHHUX (aKTOPOB. YCTOHYMBOE COLUAIBHOE PAa3BHUTHE,
oTpakaromiee cOalaHCUPOBAHHOCTD B3aMMOOTHOIIECHHH B paMKax COLIMYMa, OCTAeTCs
Ha CEro/lHs HauMEeHee UCCIIEI0BaHHBIM. B yCcI0BHAX MpeanpuaTus COIMAIbHOE YCTON-
YHBOE pa3BUTHE MPEATNOJaraeT: CIpaBeUIMBOE PacIpeesieHUue JT0X0A0B; MoAAepKa-
HUE OTPEIETICHHOTO YPOBHS KU3HU PaOOTHUKOB MPEANPHUATH U UX CEMel; peannsa-
LU0 IIPHUHIIMIIA COL[MATIbHOTO HApTHEPCTBA IIPU PErYIMPOBAHUY TPYAOBBIX OTHOLIECHUI];
JEMOKPAaTHYECKUH KOJUIEKTUBH3M B YIIPABICHUH IPOU3BOICTBOM; OPraHHU3aLUIO CO-
LUAJIBHOTO Y4Y€Ta U OTUYETHOCTH; PEATN3ALUI0 MOJEIN COLMAIbHON OTBETCTBEHHOCTH
omsHeca.

PesyasbTatsl. [Ipu Bceil BaXKHOCTH 3KOHOMUYECKON U COLMAJIbHON COCTABIISIOIINX
0c000T0 BHUMAHUS 3aCTy)KHUBACT MPUPOTHAS (IKOJIOTHIECKAsI) COCTABIIIONMAst, MO0 ee
OTCYTCTBHE OCTAHABJIMBACT PA3BUTHE LIMBUIM3ALUK M B KOHEUHOM CUETE NPHBOLUT
K BceoOuiemy komarncy: «bes npupoaHoi 6a3bl ucye3arot Kakue Obl TO HU OBLIO OCHO-
BaHUS AaXKe ISl TOCTAaHOBKU BOIIPOCa 00 YCTOHYMBOM Pa3BUTHH B MHBIX aCHEKTax», —
CUHTAIOT aBTOPHI paboTHI [2, c. 3]. DKonoruyeckas MoAcUCTEMa YCTOHUNBO CYIIECTBY-
€T yXe MUJUTMOHBI JIeT U 3KOJIOTHUecKre TpeOoBaHMs HHBapHaHTHBL. VX cobmonenue
TpeOyeT OoT CyObEeKTOB YIIPaBICHUS IPUHATHUS PEIICHUN, OCHOBAaHHBIX HA HUCIIOJIb30Ba-
HHUH CHUCTEMbI MEpP U HHCTPYMEHTOB, ODUEHTUPOBAHHBIX Ha COXpPAaHEHUE IPUPOLIBL, Tap-
MOHM3ALMIO OTHOLIEHUH ¢ MpupogHON cpenoil. IloHsATHE ycTONUNBOrO pa3BUTHA BBI-
XOIUT 33 PaMKH 3KOJOTMYECKH yCTOWYHBOTO Pa3BUTHS, HO €r0 00ecIieueHue SBISIETCS
HempepeKaeMbIM PHOPUTETOM B PELICHUH pacCMaTpuBaeMon IpoOIeMBbI.
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B HawanpbHOM BapuaHTe MOHATHE HKOPA3BUTHS, BIEPBBIE CHOPMYITUpOBaHHOE
M. CrpoHrom, TpakTyeTcsi Kak 3KOJIOTHYECKH OPUEHTHPOBAHHOE COIHAIbHO-3KOHOMUYE-
CKO€ pa3BUTHE, IIPU KOTOPOM POCT OJIAroCOCTOSHUS JIIOAEH HE COMPOBOXKIACTCA YXYII-
IIEHHEM CpeIbl OOWTAHUS U Ierpafanreil IPUPOAHBIX CUCTEM. DKOJIOTHIECKH YCTON-
4YyUBOE pa3BUTUE cornacHo [3, c. 106] ompepensercs Kak «pa3BUTHE, MPU KOTOPOM
Onaronony4ue Jironeil odecrneynBaeTcsl COXpaHEHUEM UCTOYHUKOB CHIPBhS M OKPYKato-
HIel cpepl Kak MecTa CTOKa 3arps3HeHU. YPOBEHb BEIOPOCOB HE IOJKEH MPEBBIIIATD
ACCUMIJISIITUOHHYIO CIIOCOOHOCTH MPHUPOJIBI, @ CKOPOCTh HCIOIH30BAHNSA HEBO300HO-
BUMBIX PECYPCOB JI0JDKHA COOTBETCTBOBATh MX BO3MEILIECHHUIO 3a CUET 3aMEHbl BO300-
HOBJISIEMBIMH KOMITOHEHTaMI.

ABtop [4, c. 165] onpenenser skopa3BUTHE KaK «IKOJIOTMUECKH MPUEMIIEMOE pa3-
BUTHE, CTpeMsIIeecs] OKa3aTh HaUMEHbIIEEe HETaTUBHOE BO3ACHCTBHE HAa OKpY)Kalo-
HIyto cpefy. BzaumocBsi3aHHOCTH M B3aMMO3aBHCHUMOCTH SKOHOMHYECKOTO Pa3BUTHS U
BO3HHUKAIOIIETO aHTPOTIOT€HHOTO BO3/IEUCTBUS TOAYEPKUBAET BAXKHOCTh TAPMOHHYHO-
ro ¥ cOaTaHCUPOBAHHOTO COYETAHUS YPOBHS COLMAIBHO-3KOHOMUYECKOTO Pa3BUTHUS
o01IecTBa 1 OXpaHbl OKPYKAIOLIEH CPebl, OTHOLICHHUS K IIPUPOJIE, IPEKAE BCEro KaKk
K cpene obutanus». KimroueBbIM BOIIPOCOM B Mpolecce B3aMMOJCHCTBHS MIPUPOIIBI U
o0miecTBa aBTOp CUMTACT HMCKIIOUEHHE (YHKIMOHAJIBHBIX HAPYIIEHWH MPUPOAHOM
Cpelsl B Mpoliecce aHTPOTIOTEHHBIX BO3ACHCTBUI Ha Hee, 00yCIOBIEHHOE HEOOXOAU-
MOCTBIO JKHU3HeoOecteuenus oomectBa. E. H. babuna nociie yTouHeHus TeopeTrde-
CKUX MPEACTABICHUH O CyIIHOCTH U COACP)KAHMH SKOJIOTHYECKU YCTOHYNBOTO SKOHO-
MHUYECKOTO pa3BUTHs NpEAjiaraeT paccMaTpuBaTbh €ro Kak «obOecrieueHue (mpu
OCYILIECTBIICHUN XO3SIMCTBEHHOM JESITENbHOCTH) 0€30MAaCHOCTH U OJIaroNpHUsTHBIX yC-
JIOBUH JKHM3HENESTETbHOCTH YelOBeKa, OrpaHMYeHHE HEeTraTMBHOIO BO3ACHCTBUS Ha
OKPY’KaIOIIYI0 CPeAy B 00ecriedeHe OXpaHbl H PALMOHAIFHOTO PUPOIOTIOIE30BAHUS
B MHTEpECax HACTOSAMIETO U OyIyIIero MoKoJIeHu» |5, c. 12].

O060011eHne 1 cuCTeMaTU3alusl OCHOBHBIX IPUHIIMIIOB U KPUTEPHEB YCTOMYMBOIO
pasBuTHs (TaOnuIa) B OTHOLICHUH 3KOJIOTHYECKOH COCTABISIOIIEH MO3BOJIMIN BBIS-
BUTH CpeId HUX HanOosiee 3HAYUMBIE, XapaKTepHbIE AJISl SKOJIOTUUECKH YCTOMYMBOTO
Pa3BUTHS Ha JIOKAJIHHOM ypoBHE. [IepBBIM CyIIIeCTBEHHBIM OCHOBOIMOIATAIOIIUM ITPHH-
IIUTIOM SABJISIETCS] TIPU3HAHUE MPHOPUTETHOCTH MPHUPOJHOTO acrleKkTa B oOecredeHnd
YCTOWYMBOTO pa3BUTHA. B CBOIO 0o4epens, 3HAYNMOCTh 3KOJIOIMYECKOro (hakTopa mpe-
JIOTIpENIEISIET TIePEX0/ OT IKOHOMHUIECKOH K IKOJI0ro-3KoHOMIUYeckoii cucteme (D3C)
U paBHOIIPaBHOCTb CYIIECTBOBaHMSI HKOJIOTHUYECKON MOJICUCTEMBI HApSILy C SKOHOMH-
yeckoli B coctaBe DOC, ux coBMeCTHOE ()YHKIIMOHUPOBAHKUE, 00SCIICUNBACMOEC HAJIH-
YHEeM B3aUMOCBSI3€H MEXIy MOICHUCTEMaMH, KOTOPBIE B SKOJOTHYECKOW MOJICUCTEME
BO3HMKAIOT €CTECTBEHHBIM IIyTEM, & B 3KOHOMUYECKON — Opranu3oBaHHo. Ilepexon ot
9KOHOMHMYECKOH K 3KOJOTr0-3KOHOMHYECKON crcTeMe TpeOyeT HKOJOTH3alKU MPOU3-
BOJICTBEHHOH JESTENBHOCTH, IPOLECCa YIIPABICHUS, CO3HAHNUS, yUeTa HKOJIOTHYECKOTO
(axTopa npu MPUHATHH JIFOOOTO YIPaBICHUYECKOTO pelIeHus [6]. Y4eT 3KoJIorudecKo-
ro (hakTopa B ACATEIFHOCTH YeJIOBEKa CIIOCOOCTBYET TapMOHU3AIMH OTHOIIEHHUH B CH-
CTeMe «00IecTBO—TIPUPOIa», 00ECIIEYNBALT «IKOIOTO-IKOHOMUYIECKOE COM3MEPEHNE
U cO0aJIaHCUPOBAaHHOCTD PA3BUTHUS.

OrpaHn4eHHOCTh IPUPOAHBIX PECYPCOB MPENONPENENeT BTOPOH OCHOBOIIOIATal0-
MIMH TPUHLUI — IOJYNHEHNE SKOHOMHUKH SKOJIOTUIECKUM TpeOOBaHUsM, T. €. OTPaHu-
YeHHEe TEXHOTEHHOI'O Mpecca aCCUMUIISIIMOHHOW €MKOCThIO MPUPOJHBIX CUCTEM, HE-
00XOZMMOCTBIO COXPAHEHHS UX CIIOCOOHOCTH K CaMOBOCCTaHOBIEeHMIO. Elie aBTOpPHI
Pumckoro kimy6a cunTtanu, 4To eMKOCTH O0MOC(hEpHBIX HCTOYHUKOB IUIAHETHI 3aI10IHE-
HBl ¥ OLIEHUBAJIHM JKOJIOTHYECKYIO CHUTYalUIO0 KaK KPU3UCHYIO, OJHAKO Pa3pyllICHHUE
HKOCHCTEM MPOIOJKACTCSA M B HACTOSIIEE BpeMsl. DKOIOTHYECKH YCTOHUUBOE pa3Bu-
THE TIPU3HAET HAJIMYME OTPaHUYEHHUN U NPEENIOB B CTIOIB30BaHUM PECYPCOB MIPUPO-
Ibl, 4T0 TpeOyeT Ha JIOKaJbHOM YPOBHE CcOANaHCHPOBAHHOCTH MPOW3BOJCTBEHHOMN
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Mcxonnblie moJio:keHus ycToitunsoro pazsurus (YP)
Basic principles of sustainable development (SD)

OcHoBHbIe no0xeHus1 YP [7]

Hcxonnsie monoxenus YP [2, 3]

OcHoBHbIe nookeHust YP [8]

B neHTpe BHUMaHUS OO,

KOTOpBI€ JOJKHBI UMETh IIPABO
Ha 37I0pOBYIO U IJI0JOTBOPHYIO
JKU3Hb B TAPMOHUU C TIPUPOJIOH

OOecnieueHne NPUPOIHO-
9KOJIOTMYECKOH yCTOHYMBOCTH Ha
OCHOBE TEOPUH OMOTHIECKOM
PETYISIIN OKPYIKAIOIIEH CpeIbl

HeobxoaumocTh coxpaHeHus
KauecTBa OKpY’Karolen cpe-
JIbl ¥ IPUPOJIHBIX PECYPCOB

Uro0bI JOOUTECS yCTOHYMBOTO

pa3BuTUA, TOCYAapCTBO JOJIZKHO

UCKJIIOYUTh UM YMEHBIIUTh HE
CIOCOOCTBYIOIINE 3TOMY pa3-

BUTUIO MOAECJIU TPOU3BOACTBA U

oTpeOIICHAS

Ob6ecnieueHne NOAIEPKUBAEMOTO
9KOHOMHYECKOTO PAa3BUTHS HA
OCHOBE PaJuKaIbHO MOAU(HULIIH-
POBaHHOI PHIHOYHOM CUCTEMBI

OTKa3 OT [MOTOHH 33 SKOHO-
MHYECKHUM POCTOM JTI000i
[IEHOH KaK OCHOBHBIM
[OKA3aTesieM YCIIEITHOTO
pasBUTHSA

OxpaHa OKpy>Kalomei cpesl
JIOJKHA CTaTh HEOTHEMIIEMbIM
KOMIIOHEHTOM IIpoliecca pa3Bu-
THSI ¥ HE MOXKET paccMaTpH-
BaThCsI B OTPBIBE OT HErO

ObecnieyeHne YCTOMYMBOTO CO-
LIUAJILHOTO Pa3BUTHS HA OCHOBE
MIPUHIAIIA CIIPaBEATHBOCTH

IToBbILICHUE KaYECTBA KH3HH
U pocT 0I1aroCOCTOSIHUS
HaCceJICHUs

Y noBneTBopeHue noTpedbHo-
CTell B pa3BUTHH M COXPaHEHHH
OKpY>Karollel cpesibl JOKHO
paccMaTpuBaThbes € OTJIAIKOM
HE TOJIbKO Ha HBIHELIHEee, HO U
Ha OyIymiee MOKOJIeHUE

ObecrnieueHne yCTOHIMBOCTH
neMorpaduIecKoi CUTyaul
[yTeM PEeryJIHpPOBaHHs HA YPOBHE
CeMbH

[pu3HaHue HEOOXOTUMOCTH
YUHUTHIBaTh HHTEPECHI Oy Iy~
KX TTOKOJICHUH, X MPaBo Ha
3I0POBYIO Cpeay OOUTAaHUS U
peCypChI ISl Pa3BUTHS

‘VYMeHblIeHUE pa3pbiBa B
YPOBHE KU3HH MEXIy CTpaHa-
MH, UICKOPCHEHUE OETHOCTH U
HHIIETHI

ObecnieyeHne TECHOTO MEKIyHa-
POAHOTO COTPYIHUUECTBA U
KOOTIEPAIMH ISl JOCTYKCHUS
LieJed yCTOMUMBOrO pa3BUTHS

Kpurepuu YP [9]

Ipunuuns! 3xopassurus [10]

Ipunuuner YP [11]

KommaecTBo B0300HOBIIIEMBIX
MPUPOAHBIX PECYPCOB U UX
BO3MO>KHOCTb POIYIIHPOBAThH
6romaccy He JIOMKHBI YMEHb-
[I1aThCsl B TCUCHHE BPEMCHU
(momxeH OBITH OOecredeH pe-
JKUM, 10 KpaiiHeldl Mepe, 1po-
CTOTO BOCIIPOU3BOJICTBA)

UenoBek MMeET MpaBo Ha OJaro-
HPHUATHBIE YCIIOBUS KU3HU B
OKpy’Karollel cpeze

KomuyecTBo BO300OHOBIISIC-
MBIX TIPHPOJIHBIX PECYPCOB
JTOJDKHO XOTS ObI HE YMEHbB-
LIATHCS C TSUCHUEM BPEMEHN
1 00eCIIeUYNBATh PEXKUM MPO-
CTOTO BOCIIPOM3BOJICTBA

MaxkcumanabHO BO3MOKHOE
3aMeJlJICHHe TEMIIOB Hcuepria-
HMS 3aI1aCOB HEBO30OHOBJIsIE-
MBIX IPUPOJIHBIX PECYPCOB

[Ipuponnsie pecypcsl 3emiu, u
0COOEHHO penpe3eHTATUBHBIC
00pa3Ibl €CTECTBEHHBIX IKOCH-
CTeM, JOJDKHBI OBITh COXPaHEHBI
Ha 0J1aro HeIHEIIHETOo U Oy IyIuX
TTOKOJIEHUH

JIOIKHO OBITH IOCTHUIHYTO
MaKCHMAaJBbHO BO3MOXKHOE
3aMeJJICHHE TEMIIOB UcUep-
TIaHUs 3aI1aCOB HEBO30OHOB-
JISIEMBIX TIPAPOIHBIX
pecypcos

B03MOKHOCTE MUHUMHU3AIINH
OTXOJIOB HA OCHOBE BHEJIPEHUS
MaJIOOTXO/HBIX, pecypcochepe-
raroIHX TEXHOIOTHIA

JlomKHa MOIEPIKMBATHCS CIIO-
COOHOCTH 3eMJI BOCIIPOU3BOIUTH
YKU3HEHHO Ba)XKHBIE PECYPCHI

JI0MKHO OBITH MUHUMU3HPO-
BaHO TOJIyYeHHE OTXOJI0B —
Ha OCHOBE BHEAPEHHUsI 0€30T-
XOJHBIX U pecypcochepera-
FOIIUX TEXHOIOTUI

YenoBek HeceT 0co0YI0 OTBET-
CTBEHHOCTbH 32 COXpaHEHHE 1
pa3yMHOE yTpaBJIeHHE MPOIYK-
TaMH >KHUBOH IIPUPOJIBI U €€ Cpe-
b, 9TO JTOJDKHO OBITH IOJIOKEHO
B OCHOBY IUIAHHPOBAHHSI SKOHO-
MHYECKOTO Pa3BUTHS

3arps3HeHUE OKpYyKarolen
CpeJibl B IIEPCIICKTHBE He
JIOJDKHO HPEBBIIIATH COBPE-
MEHHOT'O yPOBHS

HeBocmonHuMBbIE pecypesl 3emin
JIOJKHEI MCIIOJIL30BaThCS TaK,
9TOOBI 00ECTICYUTH UX 3aIIUTY OT
UCTOILICHUS B OyayIIeM
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Ipunuune YP [12]

Kpurepun YP [13]

IIpunuuns: YP [14]

ObecneueHne cOaTaHCUPOBAH-
HOCTHM 5KOHOMHUKH M 3KOJIOTHH,
T. €. JOCTIKEHUE TaKOH CTere-
HU Pa3BUTHsL, KOT/1A JIIOJU B
MIPOU3BOACTBEHHON MIIM UHOU
SKOHOMUYECKOM JCATCILHOCTH
MEPECTaHyT pa3pymarb Cpeay
o0uTaHHs

[lotpeGieHne pUPOIHBIX pe-
CYPCOB HE JIOJDKHO HPEBBIIIAThH
BO3MOXXHOCTH MPOIYKTHBHOCTH
U pereHepaiiy 3K0CUCTEM

ITpyHIMI IPHOPUTETHOCTH
ra00aibHbBIX TpeOOBaHMUI KO-
JIOTHYECKOr0 HMIIEPaTHBa II0
OTHOLICHHUIO K HALMOHATbHBIM
U PeTHOHAIBHBIM CTPaTErUsIM
HPHPOJIONOIB30BaHUS

Obecneuenne cOaTaHCUPOBAH-
HOCTH SKOHOMHYECKOH U COLU-
anpHOU cep, 4TO O3HAUAET
MaKCHMaJIEHOE UCIIOIb30BaHHE
B MHTEpECcax HACEICHHUs TeX
pecypcoB, KOTOPbIE JaIOT KO-
HOMHUYECKOE Pa3BUTHE

O0BeMbI BEIOPOCOB, COPOCOB U
HEYTHIN3UPYEMBIX OTXOJIOB,
pa3MeliaeMbIX B OKpy KaroLen
cpeze, He 0JDKHBI IIPEBBIIIaTh
€€ aCCHMIIISIIMOHHBIX BO3MOXK-
HocTel

[Ipunmn npexynpexaeHus
HEOJarONpPUSTHBIX IKOJIOTHYC-
CKHX U3MEHEHHM B OTBET-
CTBCHHOCTH Tiepe]T Oy Ty M

Pemenue 3a1a4, CBSI3aHHBIX C
pa3BHUTHEM, HE TOJBKO B HHTE-
pecax HbIHE )KHUBYIINX, HO U
BCeX OyAyIIMX MOKOJICHHUH,
MMEIOIINX PaBHBIC MIPaBa Ha
pecypcel

Vcnonp30BaHre HEBO30OHOB-
JSIEMBIX PECYPCOB BO3MOXKHO B
o0bemMax, KOTOpbIe KOMIIEHCH-
PYIOTCSI BOCHPOU3BOACTBOM U
pocToM noTpebieHus BO300-
HOBJISIEMBIX PECYPCOB, 3aMe-
HIAIOIINX HEBO30OHOBIIICMBIE

TIpuHIMIT T0{YUHEHHST IKOHO-
MUKH 9KOJIOTHYECKUM TpeOoBa-
HHSIM O0IIeCTBa

Pa3BuTHe 10KHO HCKITIOYATh
HeOIaronpusITHbIE 3KOJIOTHYE-
CKHE ITOCICACTBHS ISl HBIHCIII-
Hero u OyoyIuX HOKOJCHUN

IIpunnumn s3xonoro-
SKOHOMHMYECKOTO COM3MEPEHHS
cOaJIlaHCHPOBAaHHOCTHU PAa3BUTHS

Jlo/mkHO OBITH 0OecIeueHo
COOJTIOICHUE HHTEPECOB Oy 1y-
IIUX TOKOJECHUI

OcHosHble ycinoBus YP [17]

TIpunnuns [16]

Kpurepun VP [15]

D¢ dexTnBHOE BIMBaHHE B KO-
HOMUKY JJOXO/IOB OT MCIIOJIB30-
BaHMS HEBO30OHOBIIIEMBIX
PEcypcoB IIPH TEMIIaX U3bATHS,
HE MPEBHIMIAIONNX TEMIIa UX
3aMEeHbl BO30OHOBIIIEMbIMH
PEecypcaMH B «SIIpe» SIKOHOMHKH

OrpanndeHne Macmrada pocra
YHUCIIEHHOCTH HACEJIECHHUS C yde-
TOM «HECYIIeH CITIOCOOHOCTI
3emin

VYeroitunBas CKOPOCTh UCTIOINb-
30BaHHs BO30OHOBIISIEMBIX pe-
CYPCOB HE MOKET IIPEBBIIIATh
CKOPOCTh CAMOBOCCTAHOBIICHUS
9THX PECYPCOB

HeuncromurensHoe HCMob30-
BaHNE BO30OHOBIISIEMBIX PECyp-
COB IIPU TEMIIaX U3BATHUSA, HE
MPEBBIIIAOMINX TEMITBI BOCCTa-
HOBJICHUS

O0ecneyeHne TEXHUYECKOTO
nporpecca, TapaHTHPYIOLIETO
pocT 3GPEKTUBHOCTH, a HE
YPOBHS MPOU3BOJICTBA

YcroitunBasi CKOPOCTh MOTPEO-
JICHHS] HEBO30OHOBIISIEMBIX
pecypcoB He MOJKET IPEBBIIIATh
YCTOHYHMBOCTH CKOPOCTH,

C KOTOPOH JUIsl 3aMELeHUS.
HEBO30OHOBJISIEMBIX PECYPCOB
MOJKET UCIIONB30BaThCs IPYTOH
BO300HOBIISIEMEBII1 pecypc

Coxpanenne 6nopa3Hoo0pasus,
a TaKKe BO30OHOBIIIEMBIX
pecypcoB utst OyayIux
HOKOJICHUH

YpaBHOBEIICHHOE COOTHOIIIE-
HHUE MEXIY UCIIO0Ib30BaHUEM
BO300HOBIIIEMBIX IPUPOTHBIX
pecypcoB U UX 3alacaMH, pery-
JIMPOBAHHE YPOBHS BEIOPOCOB,
KOTOPBII HE IPEBOCXOIUT ac-
CUMIIIIMOHHYIO CIIOCOOHOCTh
OKpYKaIoILEeH cpeibl

VeroiiunBas CKOPOCTh BO3HHK-
HOBEHHS 3arpsi3HUTEIICH He
JIOJDKHA MIPEBBIIIATE CKOPOCTH,
C KOTOPOH 3arpsi3HUTENb MOKET
OBITH Pa3JIOKEH, MOTIIONICH MITH
nepepaboTtaH cpenoii 6e3 Bpena
IUTSL COOTBETCTBYIOLIETO CTOKA
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TeXHOC]EPBI € FKOIOTUIECKOH TEXHOEMKOCTBIO TeppUTOpHH. [IpH 5TOM acCUMUITSIIIOHHAS
€MKOCTh 3KOCHCTEM ONPEIEINAeTCs KaK «MaKCUMalbHas IWHAMHYecKas BMECTUMOCTh
KOJIMYECTBA TOKCUKAHTOB, KOTOPOE MOXKET OBITh 32 €IUHHILY BPEMEHH HAKOILICHO, pa3-
pyIIeHo, TpaHc(HOPMHUPOBAHO U BRIBEICHO 3a MPEACITBl 00beMa YKOCUCTEMBI 0€3 Hapy-
IIEHHsI ee HOPMabHOU nestenbHOCTH» [18]. C Toukm 3peHust Teopuu OMOTHYECKOH
PETYIALMH ACCUMIIALIMOHHBIN MOTEHIHAT pacCMaTPUBAETCA KaK «KaTErOpHsl 3€MeEb,
CO3JaroIIas KUBYIO (pUTOMAaccy M BBHIMOJHSIOMAs B JaHamadTe QyHKUUIO OnoTHYe-
CKOH peryisium, 3a c4eT KOTOpOoi TaHAmAa(T COXpaHseT yCTOHIUBOCTE [19].

HayuHo 000CHOBaHHBIE YKOJIOTUYECKUE OTPAaHUUYCHHUS U1 Pa3HOT'O THUIIA S3KOCUCTEM
U pa3HOOOpa3us TEXHOTEHHBIX HArpy30K Ha CErOJHSIIHMHA JAE€Hb OTCYTCTBYIOT.
ITpu Bceil Ba)KHOCTH TaHHOW MPOOIEMBbI pellieHre HalTH He Tak IPOCTo, MO0 KaXkaas U3
SKOCHCTEM WHAMBH]yajbHA M HE MpeArosiaracT UCIoIb30BaHMs aHanoros. [lepexon
K 9KOJIOTHYECKOMY HOPMHPOBaHHIO, 00CCIICYHBAIOIIEMY COM3MEPUMOCTh TEXHOTCHHOM
Harpy3KH U ee BochpusaTue 0e3 HapylIeH!sI BHYyTPEHHUX PEe3epPBOB CAMOBOCCTAHOBIIE-
HUSI SKOCHUCTEM, SIBIISIETCS TOW HEOOXOIMMOCThIO, KOTOPAasi O3BOJISIET BBECTH SKOHOMHU-
Ky B 9KOJIOTHUECKUe orpanuueHus. [Ipobiaema naBHss, pelIeHHI0 KOTOPOH MOCBSIICHEBI
JECSITKH HCCIENOBaHUN, HAKOTICH CYIIECTBEHHBIH (PAKTOPOIOTHUECKUI MaTepHa, HO
OHa TaK U OCTAeTCsl HEPEIICHHON B CHIIy CIOXHOCTH OOOCHOBaHHMS SKOJIOTHUYECKHX
HOpPMAaTHBOB.

Hannare mexann3Ma OMOTHYECKON PETYISIIIHH, ITOAIECPKUBAIOIIETO YCTOMIHBOCTh
OKPY’KaIOIIEeH cpebl, MpeAoIpeenseT 0co0y0 BaXXHOCTh OMOTHYECKHAX COOOIIECTB,
MPHOPUTETHOCTh COXPAHHOCTH MX «370poBbs» [20]. OgHaKko HE CleAyeT OCTaBIATh
0e3 BHUMaHUA 1 a0MOTHYECKHE KOMIIOHEHTBI, TAKHE KaK BOAHBIC PECYPCHI, [10YBA, JIU-
TocdepHblii MaccuB. B yacTHOCTH, B mpoliecce HeAPONOIb30BaHMsI, C KOTOPBIM CBS3a-
HO aHTPOTNIOT€HHOE BO3/ICICTBHUE HA HENApa, MOA3EMHbIE BOJbI, IOBEPXHOCTHBIN CIIOM
3eMJIM, JOCTAaTOYHO OCTPO BCTAET IIpobieMa periaMEeHTallui I€OANHAMHYECKHX BO3-
JIefcTBUM (M3MEHEHNE CeHCMUYHOCTH, YIPYTOCTH U T. A.) Oco0yro 3HaYMMOCTb HCCIe-
JOBAaHMS 110 YCTAaHOBJICHUIO OTPAaHMYCHUH UMEIOT AJ1s1 HepTera3oBhIX MECTOPOXKICHHH,
OTIIMYAIOLINXCS OOIBIION MPOTSKEHHOCTHIO U H3MEHEHHUEM HAIPSHKEHHOTO COCTOSHUS
HEJp B CBSI3M C OTKAYKOW HEPTH U rasa.

TpeTuil IPUHLUI 3KOJOTUYECKH YCTOMUMBOIO PAa3BUTHS — 3TO MPUHIMI IIPEAOCTO-
POKHOCTH, IPEAYNPEKIACHHS pa3pyIIUTEIbHBIX aHTPOIIOT€HHBIX BO3IEHCTBHUM, KOTOPBIE
MOT'YT IPUBECTH K CYIIECTBEHHBIM HAPYLICHUSIM IPUPOIHBIX CUCTEM M OTBETHBIM PEaK-
UM, OOBEKTOM BOCHPHSTHS KOTOPBHIX CTaHOBUTCS 4YENOBEK. Peanuzaumumsi mpuHImna
MIPEATONaraeT OCyIIeCTBICHHE OLIEHKH BO3IEHCTBUS IO MPUHATHSA OCHOBHBIX PELICHUH
M0 peany3alii HaMe4aeMoH JeITeIbHOCTH U Y4eT MOTY4YEeHHBIX Pe3ylbTaToB IPH BbI-
paboTke u npuHsITUY perneHuii. Hanuuue paccmarpusaeMoro nprHIuna o0ycinaBiuBaeT
TIPE3YMITINS TIOTEHIIMAIFHON IKOJIOTHYECKOW OMAcHOCTH OO0 XO3SHCTBEHHOH Aes-
TenbHOCTH. CUUTAETCS, YTO JIFO00H BHIT XO3SIMCTBEHHOW JEATEILHOCTH B TOM MM UHOU
CTETNCHU DKOJIOTUYECKH OIAaceH, a MOTOMY €ro OCyIIECTBIEHHE TpeOyeT A0Ka3aTenbCTB
9KOJIOTHYECKOH 0€30MacHOCTH, KOTOPhIe MOTYT OBITh MONYUYEHBI B MPOLIECCE OCYIIeCT-
BJICHUSI OIICHKH BO3/ICUCTBHS Ha OKpyKatomryto cpexy (OBOC).

[TonTBepkaeHNEM 3KOJIOIMYECKOM 0€30IIaCHOCTH CIIy>KUT YCTaHOBJIEHHE COOTBET-
CTBHS HaMeE4acMOM XO3SHCTBEHHOH MAEATEIIbHOCTH 3KOJOIMYECKHUM TpeOOBaHUSIM
(9KONOrMYEeCKUM HOpMaTHBaM, COATAaHCUPOBAHHOCTH C aCCUMUIISILIMOHHBIM MTOTEHLINATIOM
U T. 1.). DKOJOrHYeCKOe 00OCHOBAHUE MPOCKTOB HA CETOMHS SABIACTCS 00sI3aTeIbHBIM
YCIIOBHEM MTPOEKTHPOBAHHUS, YTO B ITIOJTHOH MEpe OTHOCHUTCS K IPOEKTaM JT0OBIBAIOIICH
MPOMBININIEHHOCTH, TaK Kak i HuX pa3padorka OBOC sBisgercs oOs3aTenbHON Ha
CTausIX NPEINHBECTULMOHHOMN 1 CTaguu 000CHOBAHUS HHBECTHULIUI.

YeTBepThlil U TATHIM NPUHIMIIEI UMEIOT NPSMOE OTHOLIEHHE K HCIIOIb30BAHUIO
NPUPOIHBIX PECYPCOB: HCIIOIb30BAaHHE HEBO3OOHOBISIEMBIX PECYPCOB JOIKHO OBITH
MUHHMHU3UPOBAHO, X 00BEM HE JJOJDKEH MPEBBIIaTh 00beMa 3aMEHUTENeH, a UCTIONb-
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30BaHUE BO30OHOBIIIEMBIX MPUPOIHBIX PECYPCOB HE JOIKHO MPEBHIIIATh 00beMa XOTs
OBl UX MPOCTOTO BOCIPOM3BOACTBA. HeB0O300HOBIIsIEMbIE IPUPOJHEIE PECYPCHI B MPO-
[ecce WX MCIONb30BaHMs MCTOIIAIOTCS U HE MOTYT OBITh BocmpousBeneHbl. C 3Toi
TOYKH 3PEHHS PHOPUTETHYIO 3HAYUMOCTh MPHOOpETAaeT 3a/1ada MaKCUMaJIbHOTO 3a-
MeJIEHVsI TEMITOB WX MCTOMICHUS. B 3THX yCIOBHSX Ha MEPBBIHA IJIaH BBIABUTAETCS
npobiema pecypcocoepexenus. PecypcocOeperaiomuii NpuHIKMI HAYMHACT paccMa-
TPHUBATHCS B KAY€CTBE OCHOBBI IaJIbHEHIIIETO PA3BUTHS HEIPOIIOIb30BaAHUS (CHUKCHUC
MOTEPh, TOBBIIICHUE YPOBHS OE30TXOMHOCTH, YPOBHS 3aMKHYTOCTH IPOH3BOACTBA,
9KOHOMHOE pacxo/I0BaHHE HEBO30OHOBIISIEMBIX pecypcoB u Ap.) [21]. LleneBoii opueH-
Talueil MCIONb30BaHUs HEBO30OHOBISIEMBIX PECYPCOB CTAHOBHUTCS HEOOXOTUMOCTH
MONyUYeHsI HANOOIBIEeH OT/]a4M B BUJIe 00beMa KOHEYHOM MPOAYKIIUHU C SAMHUIIBI J0-
OBIBAEMOTO CBIPHSI.

[Tpu ucmons30BaHUKM BO30OHOBISIEMBIX PECYPCOB MEPBOCTENICHHYIO 3HAYUMOCTD
npuobpeTaet mpolieMa uX BO30OHOBIICHHSI, OTBEYAIOIIETO YCIOBHUIO TOCTHKEHHS PaB-
HOBECHSI MEXIy MCIIOJIB30BAHNEM PECYPCOB M UX MPHPOCTOM. DKOJIOTHUECKH yCTOM-
YUBOE Pa3BUTHE TPeOyeT MUHIUMH3AINY COKPAIIIEHHUS IIPUPOTHOTO KAITUTaja, B COCTaB
KOTOPOTO BXOHSAT BO30OHOBIISIEMbIE NPUPOIHBIE M 3KOJOTMYECKHE pecypchbl. M ecnu
MIPH UCTIOIH30BAHUN HEBO30OHOBIISIEMBIX PECYPCOB PEYb UICT O MUHUMU3AIUU HX HC-
TOLICHHUS] B CHJIy HEBO3MOXKHOCTH BO30OHOBIICHHS M3bATON YaCTH MPUPOJHOTO Karu-
Tana, TO B OTHOIICHUU BO30OHOBIISIEMBIX PECYPCOB JKECTKO CTABUTCS 3a/1a4a TMOJIHOTO
BO300HOBIICHHS paHee MU3IBSITOTO MPUPOAHOTO KamuTana. [Ipu BoccTaHOBICHHH Hapy-
IIEHHBIX PKOCHUCTEM BOCCTAHABIIMBAIOTCS KaK MPHUPOIHBIE, TAK U HKOJIOTHUECKHUE Pe-
Cypchl (BOBMOXKHOCTD MPEJOCTABICHHS SKOCUCTEMHBIX YCIyT), TAaK KaK B HACTOSIIEE
BpeMs OOIIENPU3HAHHBIM SIBJISIETCS] HAJTMUUE B COCTaBE MPUPOTHOTO KaruTaia 3KoJo-
THYECKUX PECYPCOB: PETryIMPYIONINX, MOAICPKUBAIONINX U COIHUAIBHBIX (KYJIBTYp-
HBIX ), U3 KOTOPBIX IEPBHIE U TPETHH MOTyYaIOT CTOMMOCTHYIO OIIEHKY W YYHUTHIBAIOTCS
TP MCYMCIICHUHN BEIMYMHBI HallMOHATBLHOTO OoraTcTBa. B OTHOMEHNH aOHOTHYECKUX
KOMITOHEHTOB peIIaeTcsi MpoOjemMa BOCCTAHOBICHHS Ka4eCTBEHHBIX XapaKTEPUCTHK
(oumcTKa BO3/IyXa, OUMCTKA BOJIBI, 3aIIOJHEHHE MyCTOT B JINTOTCHHOM MACCHBE U T. IT.),
YTO MMEET HEeMaJOBaKHOE 3HAYCHUE JJIsl COXPAHHOCTH MPUPOIHOTO KaluTala u ero
KaueCTBEHHBIX XapaKTEPHCTHUK.

Hanwnuwme mectoro mpuHINTIA CBSI3aHO C HE3aMKHYTOCTHIO TEXHOJIIOTHYECKUX IIH-
KIIOB aHTPOTIOT€HHOU AEATEeIHHOCTH, MAaCIITAOHOCTHIO OTXOA0EMKOCTH IPOU3BOCTBA.
B ycnoBusIX SKOJIOTHYECKH YCTOWYHBOTO Pa3BUTHs HEOOXOIMMa MUHUMHU3AIM 00pa-
30BaHMs OTXOZIOB 32 CUET MPEIOTBPAIICHUS UX MOSIBIICHUS «B Ha4ajie TPyObD», MaKCH-
MaJIbHOE MCIIONIb30BaHNE UMEFOIIIUXCS OTXOJI0B ITYTEM BOBJICUCHHS UX B TIepepabOTKY,
PEIUKIINHT, CO3[IaHue 3aMKHYTOW CHCTEMBI TPOW3BOICTBEHHBIX ITMKIOB [22, 23].
Pemenne OoMbIIMHCTBA BOSHUKAIOIINX MPOOTIEM Ha IMyTH CHIXKEHUS OTXOHOEMKOCTH
CHEIMAIUCTHI CBA3BIBAIOT C (POPMHUPOBAHUEM SKOJIOTHUYECKHA YUCTOTO TPOH3BOJCTBA,
KOHIICTIIUS KOTOPOTO 0a3upyeTcs Ha MHTETPAIlUH MOJIOKUTEIHLHOTO OIBITa Mepexo/ia
HA HAWIYYIIUE JOCTYIHBIC TEXHOJIOTHH (WIYYIIUEe U3 MUMEIOIIUXCSA TEXHOJIOTUH, HE
TpeOyromux Ype3mepHbIX 3atpar — Best Available Techniques (BAT)») u npousBon-
CTBa BBICOKOKAUECTBEHHON MIPOMYKITUH U YCIYT B YCIOBUSAX BHEAPEHUS MEXKTyHAPO/I-
HBIX cTanaaptoB JSO-9000. [[obuThcs aOCONMOTHO IKOIIOTUIECKH YHCTOTO IMPOU3BO/I-
CTBa HEBO3MOXHO, MO3TOMY B HACTOSIIEE BpEMsl pELICHHE NPOOIEMBl CHUKEHHS
AHTPOIIOTEHHOTO BO3/ICHCTBUS Ha OKPYKAIOIIYIO Cpely, B TOM YHCIIE MAaKCHMAJIbHO
BO3MOXKHOTO TPEAOTBPAIICHUS OTXOI0B B MECTaX MX BO3HMKHOBEHHUS YBS3BIBACTCS
C MePEeX0IOM Ha HAWITYUIIHE TOCTYITHBIE TEXHOJIOTHH, TIOHITHE O KOTOPHIX KOPPECTIOH-
nupyercs ¢ nonstueMm BAT.

CyIIHOCTh CEIBMOTO MPHUHITUIIA — HEJAOMYIICHHE YXY/IIEHUS Ka9eCTBa OKpYKaro-
1Iel YenoBeKa Cpebl, uTo TpedyeT orpaHnyeHnst 00beMa cOpOCOB U BEIOPOCOB 3arpsi3-
HSIOIIMX BEIIECTB CITIOCOOHOCTBIO IKOCHCTEM K ACCHMUIIALIUH. JKOIOTHYECKast CUTYa-
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1usi, 0OyCNIOBJICHHAs 3arpsA3HEHHEM OKPY)KAIOIIEH Cpelbl, HE NOIKHA YXYALIUTHCS.
[TpeBbilIeHNE EMKOCTH MIPUPOAHBIX SKOCUCTEM CO3/AACT PEalibHYIO YIPO3y BBIXOAA I0-
CIIEJIHUX W3 COCTOSHHS PaBHOBECHS, MOCIEICTBHS KOTOPOTO TPOSIBISIOTCS B BHIC
YXY/IIICHHSI Ka9eCTBA OKPYKAIOIICH Cpellbl U, COOTBETCTBEHHO, (DOPMHUPOBAHHSI COIIU-
AJbHBIX MOCJIEACTBUM OTPHLATEIBHOTO Xapakrepa. IlpaBa yenoBeka Ha Onmaronpust-
HBI€ YCJIOBHS >KU3HHU JOJKHBI OBITH YIOBIETBOPEHHI B MOMHON Mepe. B aToM ciryuae
COXPaHEHUIO MOJICKUT HE TOJIBKO 310POBbE JIIONEH, HO U «310POBbE» HKOCUCTEM, UTO
NPEAToaraeT COXpPaHHOCTh PUPOTHOTO KaluTasa, IpeACTaBIEHHOTO SKOJIIOTHYECKH-
MU pecypcamH.

VIHHOBAIIMOHHBIN XapaKTep Pa3BUTHS 3KOHOMHUKU B COBPEMEHHBIX YCJIOBUSIX, IPEJIO-
NpeleNUBIINK YCHICHHE 3HAYMMOCTH YeJIOBEYECKOTO MOTEHIMANA, TBOPYECKOTO ITOIXO0-
Jia K BBIPaOOTKe peIeHUH, HAIMUUs COOTBETCTBYIOIIECH KBaIM(UKALMK U 3HAHUH, Tpe-
OyeT momonHeHHs1 paHee CQOPMYAMPOBAHHBIX MPUHIMIOB €Ile OAHUM — MPUHIUIIOM
3HAYMMOCTH YEJI0OBEYECKOT0 MOTEHIINANA, OTIMYAIOIIErOCs SKOJIOTU3UPOBAHHBIM CO3HA-
HreM. O0ecriedeHre YCIOBHIA SKOJIIOTHIECKH YCTONYMBOIO HEJPOIIONB30BaHHS TPEOyeT
HOBOW MOJIEIM LUBWIN3ALUY, KyJIbTYPHOTO OOHOBJIEHHS OOIIECTBA, B KOTOPOM IyXOB-
HbIE€ IEHHOCTHU NPEBANUPYIOT HAall MarepuaabHbIMu [24, 25].

BobiBoabl. TakuM 00pa3oM, OCHOBOMONAraomue MPUHIKITBI SKOJIOTHIECKH yCTOMH-
YHBOTO PAa3BHUTHS, OPUCHTUPOBAHHOTO HA MUHHMHU3AIMIO HCTOMICHUS IPUPOAHOTO Ka-
MHUTAajla B 9YaCTH BO30OOHOBIISIEMBIX M HEBO30OHOBIISIEMBIX PECYPCOB IPUPOJIBI, TPEOYIO-
M€ BCEMEPHON 3KOJIOIM3aLuy [IPOM3BOACTBA, YIIPABICHUS, CO3HAHU JIIOACH, ydeTa
9KOJIOTHYECKOTO (haKTOpa MpU NPUHATUH JOOBIX YIPABIEHUYECKUX PELICHNUH, HENOILy-
IICHUS] peajM3aldd SKOJIOTHYECKH OMACHBIX CIICHAPHEB, YXYIIIAIOIIUX KadecTBO
OKpYXarollel cpeabl M HapyLIaloUIUX TAPMOHHUIO COCYILIECTBOBAHMS YEJIOBEKA C TPH-
PpOAOH, CBOAATCA K CIEAYIOIINM:

1. TIpu3Hanne MPUOPUTETHOCTH PUPOTHOTO aCTIEKTa B 00ECIICUCHHN YCTOHYHBOTO
PasBUTHA: NEPEXO] K 3KOJOr0-3KOHOMHUYECKUM CHUCTEMaM H SKOJIOTH3alMsA XO3sH-
CTBEHHOM AEATENBbHOCTH.

2. IlogunHeHne YKOHOMHKH 3KOJIOTMIECKHM OTPaHUYEHUSM, T. €. OTPaHUUCHHE TeX-
HOTEHHOT'O Tpecca KPUTEPUSIMHU cOalaHCHPOBAaHHOCTH WIIM DKOJOTMYECKHMMHU HOpMa-
THUBAaMHU.

3. [puHIHI TPETOCTOPONKHOCTH, MPEAYIPEKIACHUE Pa3pPyIIUTEIbHBIX aHTPOIO-
TEHHBIX BO3/IEHCTBUH, YTO rapaHTUPYeT X MUHUMH3ALHUIO.

4. BepexxnrBoe UCHONIBb30BaHNE HEBO30OHOBIISIEMBIX PECYPCOB, 00BEM KOTOPBIX HE
JOJDKEeH IpeBBIIaTh 00beM 3aMeHuTeneil. HeBo300HOBUMOCTh IPUPOAHBIX (B IIEPBYIO
odepens MUHEpaATBHBIX) PECYpCOB OOyCIaBIMBAaeT HEOOXOOMMOCTH HMCIIOIB30BaAHUS
HOBBIX TOJIXO/IOB K MOUCKY MEXaHHU3MOB M METOJIOB YIIPABJICHHUS, OPUCHTUPOBAHHBIX
Ha 3aMEAJICHNE UX UCTOIIEHHS.

5. Hcnonp3oBanue BO30OHOBISIEMBIX PECYPCOB HE JOIDKHO HPEBBIIIATH 00BEMa
XOTs1 OBl HX MPOCTOTO BOCIPOU3BOACTBA, TeM 0OoJiee, YTO HaJuuue BO30OHOBISIEMBIX
OMOTHYECKHX PECYPCOB, 00ECIEUNBAIOLINX COXPaHECHNE MEXaHn3Ma OMOTHUYECKOH pe-
TYISILHH, SBISETCS OCHOBHOM MPEITOCHUIKON IKOJIOTHYECKH YCTOMYMBOTO Pa3BUTHSI.

6. IIpenoTBpanienrne 00pa3oBaHMs OTXOMOB B MECTaX MX BOSHUKHOBEHUS U MAaKCH-
MU3aLHs UCIOIB30BaHUs HMEIOIMXCS HA OCHOBE CO3/1aHUS 3aMKHYTBIX CUCTEM IIPOM3-
BOJICTBEHHBIX LIUKJIOB.

7. Henomymenne yxyameHns KauecTBa OKPYKarole yenoBeka Cpeibl, orpaHuye-
HHE 00beMa BEIOPOCOB M COPOCOB 3arpsI3HSIONIMX BEMIECTB CIIOCOOHOCTHIO IKOCHCTEM
K UX aCCUMUJISIIIHH.

8. IIpuHIMII 3HAUNMOCTH Y€I0BEYECKOTO IOTEHIINANA, OTIINYAIOLIETOCS SKOJIOTU3H-
POBaHHBIM CO3HAHHEM.

B aBTOpCcKOM OmnpeneneHny 3K0JI0IHIECKH yCTORYMBBIM IPU3HACTCSI HEAPOIIOIb30-
BaHHE, KOTOpoe, Oyay4uHn SKOHOMHYECKH 3(P(EeKTUBHBIM, NMPH SKOIOTHYECKH OTBET-
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CTBEHHOM OTHOIIEHUH K OCBOCHHIO HEZIP 00€CIIeUnBAET IKOJIOTHUECKYIO 0€3011aCHOCTD
MOCJEIHEr0 U MUHUMU3ALMIO UCTOLICHUS IIPUPOJHOIO KAlUTAIA. BBIBICHHBIE YCIIO-
BHSI DKOJIOTHYECKHU YCTOWUMBOIO HEJIPOIIOJIB30BAHUS BBIIBUTAIOT HOBYIO CUCTEMY Tpe-
00BaHUI K METOJOJOTHH yNPABICHUS Ha YPOBHE JIOKAJIBHBIX OOBEKTOB YIPAaBICHHUA,
B TOM YHCIIE TEX, KOTOPBIE OCBAUBAIOT PECYPCHI HEIIP.
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Environmentally sustainable subsoil use: notion and basic principles
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Abstract
Relevance. The 20th century is considered as a period of a clash between the modern civilization and
nature, the response to which resulted in the idea of sustainable development oriented towards the joint
solution of environmental, economic, and social problems. The environmental constituent deserves special
attention because natural base determines the existence of the civilization.
Research aims to substantiate the notion of environmentally sustainable subsoil use and its basic
principles.
Research results. The article proves the priority of environmentally sustainable development, gives the
definition of this notion based on the generalization and analysis of basic principles and criteria
of sustainable development from the point of view of the environmental constituent, substantiates basic
principles of environmentally sustainable development in respect of the subsoil use, including: the
acceptance of the natural aspect priority in sustainable development maintenance; economy subjugation
to environmental restrictions, prevention of damaging anthropogenic impacts connected with subsoil
resources development; careful utilization of non-renewable resources, the level of which should not
exceed the level of substitutes, renewable resources utilization should not at least exceed the level of their
replacement; preventive waste production in the places of their generation and existing ones utilization
maximization; prohibiting the deterioration of human habitat; the significance of human potential
distinguished by ecological consciousness.
Summary. The discovered conditions of environmentally sustainable subsoil use make a new system
of requests towards the methodological support of management on the level of local facilities including
mining enterprises.

Key words: sustainable development; ecological-economic aspects; subsoil use; basic principles.
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OcobeHHOCTH ynpaBneHns ropHbIM NpeanpusTueM
KaK 3KOnoro-3koHOMM4YeCKOW CUCTEMON

ByTko I .
1 Ypanbckuil rocyaapCTBEHHBIN FOPHbINA YHUBEPCUTET, T. ExatepuHbypr, Poccust

e-mail: gpbutko@mail.ru

Peghepam
Beedenue. Bonpocwl ynpasnenusn 2o0pHbiM NPEONPUAIMUEM KAK IKONO20-IKOHOMUUECKOU CUCIEMOU npU-
obpemarom nepeocmenennoe sHaueHue 6 YCi08UAX HeCMaOUIbHOU IKOHOMUKU.
Ieny uccneoosanusn. Llenvro pabomvl s6asiemcs 060CHO8AHUE 0COOEHHOCMEN YNPAGIEHUS 20PHbIM
npeonpusmuem Kax 9Ko1020-IKOHOMUYECKOU CUCIEMOTI.
Memoowt uccrnedosanus. Vcnonvzosanuce cucmemuslii N0OX00, CPAGHUMENbHBIN U (AKMOPHLLIL AHA-
JU3, MEMOO 2NAGHBIX KOMNOHEHN.
Pesynomamul uccnedosanus. Ha ocnose npeonosicennvlx Memooo8 6viaslieHbl Haubonee 3HAYUMbLe
Gaxmopel 5KON020-IKOHOMUYECKOU CUCMeMbl, U, KaK cleocmeue, paxmopnas cmpykmypa. Mcxoonoi
basoil 013 pacuema Ha KOPROPAMUBHOM YPOBHE NPUHAMbL NOKA3AMENU 3d NAMULEMHUT NEPUoo epeme-
HU, Xapakmepusylowue 3K0102U4ecKkoe cOCmMosHue 8edyuje2o 6 Ompaciu 20pHo2o npednpuamus (Kauxa-
napckoeo I'OKa). Obocnosana HeobX00UMOCmb 6HEOPEHUs. CUCTHEMbL IKOTOSUUECKO20 MEHEOICMEHMA
(COM) Ha copHbIX NpeOnpuUAMUAX, YMO ABAAENCL OCHOB0U 01151 YOPMUPOBAHUS MEXAHUZMA pecypcoche-
pedicenus 015l OMOENbHLIX X03AUCMEYIouWuUx cyovekmos. Buinonnen 063op Oeticmeyrouezo mMexanusma
YRpaeneHus NPUPOOOOXPAHHOU OesAMEeNbHOCIbI0 NPEONPUAMULL HA COBDEMEHHOM dMane pas3eumus.
Paccmompeno Heopene IKON02UYECKO20 MEHEOHNCMEHMA U OAHA OYEHKA HKONO20-IKOHOMUUECKOU cuchie-
Mbl 8 KOHmMeKCme ¢ Ka4yecmeom okpyscaioujell cpedvl. B pabome pexomendyemcs ucnonib3oeams Kom-
niexc Kpumepues ¢ yeuvlio anpodbayuu npeoiodiceHHo20 Memooa 21aeHblx komnonwenm. Moes memooa
2NABHBIX KOMNOHEHN 3AKIUAeMCs 8 8blOENEeHUU OMOETbHbIX, OMHOCUMENbHO HE3ABUCUMBIX HANPAsLe-
HUTL COCMOSIHUS IKOI020-IKOHOMUHECKOU CUCEMbL O COBOKYNHOCHU 3A8UCUMBIX nepemenHbix. [Ipeo-
JLOJICEHbL NOKA3amMeNU, Xapakmepusylowue cOOMHOUEHUe MeNCOY YPOBHEM UCHONb308AHUSL NPUPOOHbIX
Pecypcos u ux Hanuyuem 8 OaHHOM pecuoHe. B kauecmee tumMumupyouux napamempos npeondazaemcs
ycmanogums yoenvHoe nompebdienue npupooHbIX pecypcos Ha OYULY HACeNeHUs Ul 8106020 HYMPeEH-
He2o npodykma. Packpeieaemcs CyuHOCmb npeoCcmagieHHblX Kame2opuil ¢ NO3uyul SKOHOMUKO-IKONO0-
2UYECKUX, IKOHOMUKO-COYUANLHBIX, IKOHOMUKO-MAMEMAMUYECKUX 3A6UCUMOCNEN HA NPUMEPE SOPHBIX
npeonpusimuil.
Bo1600b1. B npoyecce 8binOIHEHHbIX UCCLEO08AHUIL BbIABTIEHbI NPUOPUMEMHbLE HANPABLEHUS PA3GUMUSL
20PHO20 NPEONPUAMUA. YCMaHOBIeHbl OMHOCUMENbHbIE 3HAYEHUS IOKAbHO20 NPUPOOOHESAMUBHOO
(npupooosazpsasnaue20) u pecypconompednanuezo Qaxkmopos, Ha OCHOGe KOMOPLIX NOCMPOeHd
MHO20(hakmopuas mooenb.

Knroueewvte cnoea: pecypcocbepescenue; ynpasnenue; cucmema sKo102U4eCKO20 MEHEONCMEHMA;
NnpUPOOOOXPAHHAS OeSMENbHOCHb, IKON020-IKOHOMUYECKAS CUCIEMA,; YCMOUMU6oe paseumue; IKono-
2udecKull MeHeoICMeHMm,; IKOHOMUKO-MameMamuieckoe Mooel1uposanue.

Beenenue. [Ipodnema 3¢dphekTHBHOTO ynpaBieHUs] TPUPOJOOXPAHHON AEATEIHHO-
CTBIO OCTaeTCs akTyanbHO#. Ha BocTounoM sxoHOMUYeckoM dopyme (ceHTsops 2018 1)
IIpe3unentom PO Obia moguepkHyTa HEOOXOAMMOCTEH OEpEKHOTO OTHOIIEHHS K OKPY-
JKAIOMIeH cpelie ¥ COOMIOICHHS SKOJOTMYECKUX CTaHapTOB, BaXXHOCTh YCTOWYUBOTO
pasButHs, 4TO NOATBEepxAaeT 3HauMMocTh Kondepenunu OOH mo okpyxaromeii cpe-
Jle ¥ pa3BUTHIO, cocTosBIeiics B Puo-me-XKaneitpo B 1992 1. [1]. Peinok, ocHOBaHHEII
Ha KOHKYpPEHTOCIOCOOHBIX II€HaX, B HACTOAIIEE BPEMS CTAHOBUTCS IPEAIIOCHIIKON
YCTOMYMBOTO pa3BUTHA. « ECITM 1IEHBI Ha pecypCchl yCTaHABINBAIOTCS OOBEKTHBHO, KOH-
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KypEeHIIUs 3aCTaBIsET MPOU3BOIUTENEH SKOHOMUTE pecypchl. Eciu 3arps3HeHne okpy-
JKaKoIIed MPUPOTHON Cpeibl ONpenessieTcsl CpeAu NpeANnpHHUMATeNeld pecypcaMy,
"MOTEepsIHHBIMU" ISl TIPOM3BOJICTBA, TO CTPEMJIEHHE CHU3UTh CTOMMOCTH 3aCTaBUT
MPOM3BOAUTENCH YMEHBIIUTh BPEAHBIE OTXOIbI, 0COOEHHO KOT/a 3TO OYyIEeT CBS3aHO
C pacxoJamMH Ha JIMKBHIAIWIO SKOJOTHYECKUX MOCJIEACTBUI WIN BBIILIATY ITPadoB.
KonkypeHnnus, mpucymas cBOOOIHBIM PhIHKaM, SIBIISIETCS OCHOBHBIM (PaKTOPOM, CITO-
COOCTBYIOIIMM CO3IaHUIO HOBBIX TexHONorui. [1iist 6osee 3(h(heKTHBHOTO HCIOIh30Ba-
HUSI PeCypcoB HeoOXOmUMbI HOBBIE TexHOmormm» [2]. Ilepexom kK SKOHOMHYECKOMY
CTUMYJIMPOBaHMIO IIPOU3BOIUTENIECH B BUAE PA3HOOOPA3HBIX JIbIOT O3HA4aeT (hOPMHUPO-
BaHHC HOBOM JKOJIOTO-dKOHOMUYIECKOM CUTYaIlMH, B KOTOPOI IKOJIOTHIECKHE TpeOoBa-
HUS BXOZST B OOIIYIO cHcTeMy LieHHocTel [3, 4]. OxoHomuueckne mpobnembl Poccwii-
ckoii dexepauun B LEJIOM BBI3BAHBI OTCYTCTBUEM IMBEPCHU(PHUKALUN SKOHOMHUKHU H
9KCIIOPTa, HEKOHKYPEHTOCIIOCOOHOCTHIO 3HAUYUTEIBHON 4acTH INepepadaThIBaOIINX
oTpacieil.

Hean uccaenoanus. Llensio nccnenoBanus sBiseTcsi 000CHOBaHHE OCOOEHHO-
CTEM yIpaBlIeHUs] TOPHBIM NPEANPHUATHEM KaK 3KOJIOr0-3KOHOMHUYECKOW CHCTEMOH.
PaccmarpuBaercst mocraBieHHas mpodjeMa B KOHTEKCTE TaKUX KaTeropui, Kak «Ipu-
POAHO-PKOHOMHYECKAsl ~ CHUCTEMay,  «OHMODPKOHOMHYECKAs  CHUCTEMa»,  «PHCK-
MEHEPKMEHT» C TIO3UIUH JKOJIOTO-DKOHOMUYECKHX CHUCTEM, & TaKkKe OCOOEHHOCTH
CHCTEMBI IOCyJapCTBEHHOTO PEryIUPOBaHHS IPUPOAOTIONB30BaHIeEM [5—T7].

AKIIEHTHPOBAaHO BHUMaHNE Ha aKTyaJIbHOCTH JaHHOW MPOOIeMbl U 3HAYUMOCTH Pa-
[IMOHAJIFHOTO HMCIIOJIb30BaHUs PUPOIHBIX pecypcoB. Korna o0miecTBo 3auHTEpECOBa-
HO B BBICOKOM yPOBHE 3KOJIOTHYECKOI 0€30MacHOCTH, BCce OOJbIlee 3HaYeHNE TPHO0-
peTaeT pa3BUTHE IKOIOT0-IKOHOMHYECKOH CUCTEMBI.

MeTtoabl ucciaenoBaHus. crionb30Banuch CHCTEMHBIA IOAXO, CPAaBHUTEIBHBIA U
(haKTOPHBIN aHAIN3, METO [IABHBIX KOMIIOHEHT. Apo0anus MeTo/a IIIaBHBIX KOMIIO-
HEHT IOKAa3bIBAET, YTO VI UCCIIEOBAHMS IPUHUMAIOTCS [JIaBHbIE KOMIIOHEHTBI, KOTO-
pble 00BsICHAIOT Oosee 85 % cyMMapHOH quCIepCHH.

Pe3yabrarthl uccaenoBanusi. Poccuiickas SJKOHOMHUKA OCTAE€TCsl YA3BUMOM K KpH-
3HUCY U3-3a CIOXKUBILEHCS CTPYKTYPBI, XapaKTepU3YIOIIEHCs HU3KUM YPOBHEM JTUBEP-
CU(HKaLUH, U3-32 KOTOPOI Hanboliee MOIBEPKEHBI HEraTHBHBIM SKOHOMHYECKUM SIB-
JICHUSIM MOHOTOpOa. 3a7epikKa 1 Hed((PEKTHBHOCTD HEKOTOPBIX aHTUKPUZHUCHBIX MEP
TaK)Xe CKa3bIBAIOTCS Ha TEKYILIEM COCTOSHUU S3KOHOMUKHU.

Psin ropronoObIBatommx u nepepabarsBaronyx npennpustuid (Croinenckuii ['OK,
Kocromyxkmickuit 'OK, Jlebenunckuit ['OK, Kaukanapckuit 'OK) u3bicKkuBaroT WHBe-
CTHIIMH B Pa3BUTHE MIPOU3BOICTBEHHBIX MOIITHOCTEN. XO3sIMCTBYIOIINE CYOBEKTHI aKTHB-
HO JTOCTHTAIOT BBICOKOTO YPOBHS Pa3BHUTHs MPOM3BOACTBA. KaxIplii rof MHBECTHIINU
B MOJIEPHU3AIINIO PACTYT, pa3padaThIBAlOTCS M BHEIPSIOTCS HOBBIE YHEProcOeperaromme
TEXHOJIOTHH, PACILIMPSIETCS] AaCCOPTUMEHT U YITy4IIaeTcs: KauecTBO npoxykuuu. C nensio
YCTOHYMBOIO Pa3BUTHS AJISI KPYIHBIX TOPHO-O0OTAaTUTENbHBIX KOMOMHATOB TaKKe He-
00x0oouMO pa3pabaTbiBaTh HOBBIE MECTOPOXKICHUS IMOJIE3HBIX HCKOIaeMbIX. Pa3Burue
TEXHOJIOTHH MO3BOJISIET U3BJIEUb OOJIBILE MOJIE3HBIX HCKOMAEMbIX U3 PYIbl HEBBICOKOTO
KayecTBa, UMesl OOJBILION 3amac 0cajka, A€ eCTh 3HAYMMBIE 3allachl PeCcypcoB MEPBO-
CTENICHHOM Ba)XHOCTH. DTO IMO3BOJIMT Oo0Jiee IOJHO HCIOIb30BATH MECTOPOXKICHHUS.
I'maBnas npobiema 106b14u B Poccru — OTCyTCTBHE CHCTEMAaTHUECKOM re0JI0ropa3BeiKu.
Bce rocynapcTBeHHBIE IPOEKTHI B 3TOH 007acTH MpekpaiieHsl ¢ 1966 1. B pesynsrare
yrpo3a st Bceil oTpaciy pacTeT. bonbIIMHCTBO M3BECTHBIX MECTOPOXKJICHUN YyXKe Ha-
XOJIATCS Ha TPaHH MCTOLIEHHUS 3allacoB. JTa CUTyallHs IPUBOAUT K 3aBUCIMOCTH METall-
JypTrUUeCKUX 3aBOJIOB OT BHEIIHUX ITOCTAaBOK. [IpOM3BOCTBO aIFOMUHUS Ha OT€YECTBEH-
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HBIX TPEANpPUATHSIX HalpsMyl 3aBUCHUT OT COOTBETCTBYIOIIMX KOMIIOHEHTOB. Jlist
MPOU3BOACTBA MeTaJla HEOOXOMMBI OOKCHUTHI M TIIMHO3EM, OIHAKO B YCIIOBUSIX HECTa-
OMIIBHOTO POCTa UX MPOU3BOJICTBO MOCTEIIEHHO YMEHBIIAETCS.

Oco0eHHO OCTpO Ha TOPHOPYJAHBIC KOMIIAHWH IOBIHSUIO BBEICHHUE CAHKIWH, TaKk
KaK aKIM{ OTJENbHBIX KOPIOpanii pe3Ko MOHU3UIINCH B 1IEHE, UTO B PE3yNbTaTe MpH-
BEJIO K OTTOKY MHBeCTHIHH. JlaHHBIE (DaKTOPHI BEAYT K CHWYKEHUIO MOJCPHHU3AIUH
TPAaHCIOPTHOM, SHEPreTHUECKONH MHAPACTPYKTYPhI TOPHOPYIHOMN MPOMBIIIIICHHOCTH.
Heobxoqmmo oOHOBIIEHHE 000PYIOBaHUS ISl TIOBBIIEHUS! KOHKYPEHTOCIIOCOOHOCTH
no0Bau 1 oborameHus pyasl. g mogbema JaHHOTO CEKTOpa SKOHOMHUKH TIEPBOCTE-
TIEHHOM 3aJ1aueil SIBNseTCs MPUTOK MHBECTUIINH, U TIPEXk e BCEro MHHOBALIUM, YTO TO-
3BOJIUT MOBBICUTEH dPPEKTUBHOCTH WCIOIB30BAHUS PECYPCOB W YMEHBIIUTH KOJIUYE-
CcTBO OTXOmOB. [lJI1 MOHHMTOpPWHTra TpoIlecca Mepexola K YCTOWYHMBOMY Pa3BUTHIO
noTpeOyITCS WHAWKATOPHI, MO3BOJSIONINE MPOBOIUTH COOTBETCTBYIOIIYIO OIEHKY.
Hcnonbs3oBanue X HEOOXOAMMO MPU IIAHUPOBAHUU U MIPUHATHH PEILICHUIM.

VYnpasneHue Npupo0OXpaHHON AESITEIbHOCTBIO MPEAIONAraeT Haluuue 3K0JIOTH-
YECKUX KPUTEPUEB, CBA3AHHBIX C KAUECTBOM OKPY>KaIOLIEH Cpesbl, TAKMX KaK COCTOS-
HHUE aTMOoc(hepbl © 0c000 OXpaHIEMBIX TEPPUTOPUI, COXPAHHOCTH TOPHOPYAHBIX 00B-
€KTOB, Oropa3zHO00pa3us U psi Apyrux. B taHHOM cily4ae peKoMeH Iy eTCs UCTIONb30BaTh
HEJBI KOMIUIEKC KpuTepreB. [Ipu He0OXOMUMOCTH MOKHO UCTIONIb30BATh ITOKA3aTeNH,
XapaKTepU3yIOIINe COOTHOIIEHHE MEXIY YPOBHEM HCIOIB30BAHUS MPUPOAHBIX pPe-
CYpCOB M UX HAJIMYHEM B JaHHOM pervoHe. B kadecTBe TMMUTUPYIOMINX (OTpaHUINBA-
IOINX) MapaMeTpPOB MpEAIaraeTcs YCTaHOBUTH YAENbHOE MOTpeOIeHrnEe MPUPOTHBIX
peCypcoB Ha Jylly HACEJICHUS UM BaJIOBBIA BHYTPEHHUH MPOAYKT. THIIUYHBIE CUCTE-
MBI TTOKa3aTeNlell JOIDKHBI HCITONB30BAThCS MPH IUIAHMPOBAHUN U MIPOTHO3WPOBAHUHU
Pa3BUTHS KaXXIBIM CyObeKTOM PD.

Hcxomnoit 6a30ii 11t pacdeTa Ha KOPIIOPATUBHOM YPOBHE MIPUHATO JECATH IMOKa3a-
TeNel 3a MATWICTHUH NepUoJl BpEMEHH, XapaKTePHU3YIOLINX IKOJIOTHIECKOE COCTOSTHHE
Kaukanapckoro I'OKa:

. 3aTparsl 10 TEIUIOHEPTHH;

. I[loTpebnenune 3nMeKTpOIHEPTUH;

. 3a00p 4HCTOM BOJIBI;

. 3a00p BOJBI U3 IPUPOAHBIX BOTHBIX 00BEKTOB;

. Ucnonp3oBaHne BOBI Ha MMPOU3BOACTBO NMPOAYKIINH;

. Pazmep cOpoca 3arps3HeHHBIX CTOYHBIX BOJ;

. CyMMapHbIe BBIOPOCHI 3arpsI3HSIONIMX aTMOC(Epy BELIECTB;

. Be1Opocsl 3arpsA3Hsomux atMocdepy BEIIecTB TPAHCIIOPTOM;
. OTXO0MBI IPOU3BOCTRA;

10. 3arparsl Ha OXpaHy OKPYKAOIICH CPeIIb.

Jns BbIsBIIeHUS (AKTOPOB NPUHAT OAWH M3 METOJOB YMEHBIIEHHS pa3MepHO-
CTH — (DaKTOPHBINA aHATH3.

BrisiBnenne Hanbosee 3HaUUMBIX (DaKTOPOB U, KaK CIENCTBUE, (PaKTOPHOU CTPYKTY-
PHI BEITIOJTHEHO HA OCHOBE MeTo/a mIaBHBIX KoMroHeHT (MI'K).

Pemenne 3aauu METO/IOM TJIaBHBIX KOMIIOHEHT CBOJUTCS K TOIIArOBOMY IPe0o-
Pa30BaHUIO UCXOTHON MAaTPUIIB JaHHKIX (puc. 1, Tne X — HCXOHas MaTpHIIA JaHHBIX;
Y — HopmupoBanHas Marpuna X; R — koppensunonnas Marpuna Y; A — cOOCTBEHHBIC
3HaUYEHHsI KOPPeSIUHOHHOI Marpulbl R; V' — coOCTBEHHBIE BEKTOPBI, COOTBETCTBYIO-
1Me COOCTBEHHBIM 3HAUCHUSIM; A — MaTpuIla (aKTOPHBIX HAarpy3ok; B — moBepHyTas
Marpuia GakTOpHBIX Harpy3ok; O —nceBnooOparHas Marpuua; F — maTpuiia 3HaueHui
(axTopoB).

O 0 1N DN KW —
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Hcxomnast marpunia X uMeeT pa3MepHOCTh 1 X M, TJe 1 — KOIMYECTBO HAONIOICH-
HBIX JeT (n = 6), m — 9HCIIO IIEPBUYHBIX MToKasarenei (m = 10):

0,94 1,44 61,3 40,5 17,7 20,42 15,41 2,99 0,23 69,3
0,98 1,47 62,2 41,4 17,5 20,57 14,73 3,52 0,26 69,5
1,00 1,41 62,5 41,9 17,2 20,64 14,67 3,90 0,29 69,6
1,02 1,36 62,9 43,1 17,1 20,10 13,59 3,88 0,37 69,5
0,98 1,35 57,7 34,9 159 19,02 13,54 3,50 0,34 64,7
1,02 1,40 59,5 36,4 16,5 19,11 13,10 3,73 0,37 72,6

B oT0ii crarthe maHHBIE MacIITAOUPYIOTCS M HOPMAJU3YIOTCS,, YTOOBI NPHUBECTH
K OJJHOMY M3MEPEHHUIO 110 cieaylomel popmye:

X.—X.

_ 0y J

yi,j_ D)
S

rac yij — KOMIIOHCHT HOpMHpOBaHHOﬁ MaTpulbI; xl.j — 3HAaYCHHEC i,j—l"O NEPBUYIHOIO I10-
Ka3arciid, )_Cj — CpCAHCEC 3HAUCHUC j—l"O MEPBUYHOIO IMOKA3aTCIidd, Gj — Aucnepcus j—I‘O
TMEPBUYHOIO MMOKA3aTECJIA.

X —> Y —» R —» L —>» A —» B —» 0 ——» F

NS

Vv

Puc. 1. Cxema maTemMaTn4ecKux Npeodpa3zoBaHuii
Fig. 1. The scheme of mathematical transformations

Marpuiy HabmonaeMbix KO3Q(UIMEHTOB KOPPENSLIHA MOYKHO MIPEACTaBUTH B BUE:

R= lYTY,
n

rie Y — Marpuiia HOPMUPOBAHHBIX Mpu3HaKkoB; Y7 — TpaHCIOHMPOBAHHAS MATpPUIIA;
1 — YHACIO0 HAOIIONEHUH.
KoppensiuonHas MaTpuiia MMEeT BUJL:

ST T

B 3t10ii MaTpulle equHMLA 10 AUaTOHANIH, & HEAUArOHAJIbHBIE 3JIEMEHTHI — OObIUHBIE
k03¢ duureHTs napHOH Koppesiuu. CBA3b MEXIY CITydailHBIMU BETMUMHAMU Xapak-
TEpU3yeTCs] B MATEMaTHUECKON CTaTUCTUKE KOG HHUINEHTOM KOPPESIIUKU, HeoOXoau-
MBIM JUISI aHaJIU3a IJIaBHBIX KOMITOHEHT. J{J1s ncciienyeMoro o0beKTa MomydeHa Ciieay-
folIast MaTpULa:
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1 -0,483 0,109 0,032 -0,390 -0,315 -0,797 0,945 0,866 0,403
-0,483 1 0,429 0,367 0,756 0,648 0,724 0,422 -0,797 0,415
0,109 0,429 1 0,987 0,836 0,832 0,434 0,245 0,316 0,440
0,032 0,367 0,987 1 0,829 0,892 0,521 0,187 -0,342 0,309
-0,390 0,756 0,836 0,829 1 0,913 0,809 0,296 -0,718 0,421
-0,315 0,648 0,882 0,892 0,913 1 0,820 0,082 0,704 0,203 |
-0,797 0,724 0,484 0,521 0,809 0,820 1 -0,589 0,969 -0,043
0,945 -0,422 0,245 0,187 -0,296 -0,082 -0,589 1 0,685 0,236
0,866 -0,797 -0,316 -0,342 -0,718 -0,704 -0,969 0,685 1 0,075
0,403 0,415 0,440 0,309 0,421 0,203 -0,043 0,236 0,075 1

Wcxonrast MaTpwuira HaOmroneHu ko3 duineHToB R SBISETCS OCHOBOM TS M3yde-
HUs. B 3TOM ciydae cOOCTBEHHBIM BEKTOPOM MaTpHIbl R, COOTBETCTBYIOMIUM COO-
CTBEHHOMY 3HAYEHUIO (YMCITY) A, HA3BIBACTCS OTIIMYHBIN OT HYIISI BEKTOP

Ul
L= o2
Um
B Takom ciyuae
Rov =hv.

Marpuiry R MOXHO paccMarpuBarh Kak MaTpulIly JHHEHHOTO IpeoOpa3oBaHus, KO-
Topas mpeodpa3yeT COOCTBEHHBIN BEKTOP X B BEKTOP AX B BHJIC

(R - M) =0.

DTO ypaBHEHHE OHOPOIHO M UMEET HEHYJICBBIE PEIICHUS TOJBKO TOT/Ia, KOT/Ia Xa-
PaKTEPUCTUYECKUIT MHOTOUJIEH PABEH HYJIIO: |R — M| =0, WIN B Pa3BEPHYTOM BHUJIE:

1-2 7

12

I-2 ... r
2m :0,

7

Im
R-|=| ™

r 1-A

ml

rm2
e A — He3aBuCcHMas iepeMenHast; | — emuHnIHas MaTpuia, 71 — KOJIMYeCTBO HaOMIOeHNH.
IlonyyeHHOE BBIpa)K€HHE TAKXKE HA3BIBACTCS XapaKTEPUCTUUYECKUM YPABHEHHUEM.
Ecnu kopHU 3TOr0 ypaBHEHUS pa3HbIE, KAXKIOMY U3 HUX COOTBETCTBYET CBOMCTBEHHBIMN
BEKTOp, ONPENENICHHbIA C TOYHOCTBIO 10 MPOU3BOJILHOTO MHOMKHTEIIS, C CUCTEMOI,
9KBUBAJECHTHON JaHHOM:
(1=%)x, +7,x, +...+7;,x, =0;

1m**m

Bx A+ (1=0)x, +..+5,x, =0; )

trry

7X 7%, +...+(1—7»)xm =0.
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Jliist Toro 4ToOBI ATa CUCTEMa JTMHEHHBIX OJHOPOIHBIX YPAaBHEHHUI UMella HeHYJIe-
BOE peIICHNEe, HEOOX0IMMO U JIOCTATOYHO, YTOOBI €€ OTPEACTUTEIh ObLT PaBEH HYIIIO.
KopHu xapakTepucTHuecKoro MHOTOUJICHa |R —M| SIBIITFOTCSL XapaKTEPUCTUICCKUMHU
YHUCJIAMHU WK COOCTBEHHLIMH 3HAYEHHUSIMU MaTpHUIbL R.

Bxnag xakmoit KOMIIOHEHTHI B OOIIYTO TUCTIEPCHIO MIPEICTABICH B TAOIHUIIE.

ITo xpureputo Kaiizepa moaHOE COOTBETCTBHE TIOTYUHIIH TOJIHKO 2 TIEPBHIC TTIABHBIC
KOMITOHEHTBI, KOTOpBIE 00BACHSAIOT Ooiee 87 % obmieit qucnepcum.

IToce mpoenmpoBaHus Ha mepBbie K TIIABHBIX KOMIIOHEHT TOIYYHM CIexyroliee
HEPaBEHCTBO:

M2, 2. 20, >0,

B nanHOM ciyyae ynoOHO MPOU3BECTH HOPMHUPOBAHHE HAa SAMHUYHYIO (BBIOOPOY-
HYI0) AUCTIEPCHUIO MO ocsiM. Jlucmepcust BIOMb i-i I1aBHOM KOMIIOHEHTHI paBHA

A >0(1<i<k).

C 1enbI0 HOPMHUPOBAHUS HEOOXOIMMO Pa3/esIUTh COOTBETCTBYIOILYIO0 KOOPAUHATY

Ha A . DT0 peobpasoBanHKe He ABNACTCA OPTOrOHAIBHBIM U HE COXPAHSACT CKANp-
HOTO TIPOU3BEACHUS.

KoBapuarnonHass MaTpuiia MpoeKIuy JaHHBIX MOCIe HOPMHPOBAHUS CTAHOBUTCS
€JIMHUYHOM, IPOEKIIMYU Ha JHOOBIC JIBA OPTOrOHAJILHBIX HANIPABJICHUS CTAHOBSITCS HE3a-
BUCHUMBIMU BEIMYMHAMH. MaKCUMAabHBIM 3HAYCHUEM OMPEICIISIIOTCS B3aUMOCBS3H
TJIABHBIX KOMIIOHEHT W TIPH3HAKOB.

Bkiaja ri1aBHBIX KOMIIOHEHT B O0LIYI0 M CIIEPCHIO
The contribution of the main components into the total

dispersion
CoOcTBeHHbIE 3HAUECHHS
KommonenTa Beero ﬂ]l;lgl?:;:;u Kyl\;};‘;}:;r:;:blﬁ
1 5,690 56,899 58,060
2 2,918 29,183 87,838
3 0,997 9,973 98,015
4 0,308 3,081 101,159
5 0,086 0,863 100,000
6 0 0 100,000
7 0 0 100,000
8 0 0 100,000
9 0 0 100,000
10 0 0 100,000

Takum oOpazoM, uaes METola MIABHBIX KOMITOHEHT 3aKITFOYaeTCsl B BBIICIICHUH OT-
JEJBHBIX, OTHOCUTENBHO HE3aBUCUMBIX HANpaBjieHui K, ... , K, 10 COBOKYIIHOCTH 3a-
BHCHMBIX TIEpeMEHHBIX. J[I1 coKpareHus HICXOMHOH HH(GOPMAITUH BEIOUPAIOT B3aUMOC-
Bsi3aHHBIE (DAKTOPBI, KOTOPBIE OITMCHIBAIOTCS OITPEAETICHHBIMH ITIABHEIMHA KOMITOHEHTaMH.

[lepBas rmaBHasi KOMIOHEHTA CBsi3aHa € 1-M, 3-M, 4-M, 5-M, 6-M, 7-M, 10-M npu3Ha-
KaMu, OOJBIINI BeC M3 KOTOPHIX MMEIOT BBIOPOCHI B OKPYXKAIOIIYIO CpPEAdy, MEpBBIT
(hakTop OyZeM CUUTATh JIOKAILHBIM NPUPOOOHe2amueHviM. BTopas rmaBHas KOMIIOHCH-
Ta cBA3aHa co 2-M, 3-M, 4-M, 5-M, 6-M, 8-M, 9-M mpHU3HAKaMU, KOTOPHIC SIBISIOTCS
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NOTPEOUTENECKIMHU B COOTBETCTBYIOIIMX PECYpCax: IEKTPOIHEPTUH, BOJBI, IEHEKHBIX
BIIOKEHHUSIX, COOTBETCTBEHHO, BTOPOI (pakTop OyIeT pecypconompebastouuil.

BbiBoabl. B pesynbrare NpoBEeNEHHBIX 3KOHOMHKO-MAaTEMAaTHYECKHX PACUETOB
YCTaHOBJIEHO, YTO JIJIsI TOBBIIICHHS SKOJIOTMYECKOW YCTOMYMBOCTH U YIIPABICHUS TOp-
HBIM MIPEATIPUATHEM KaK dKOJIOTO-YKOHOMUYECKOH CUCTEMON HEOOXOIMMO TPOBOIUTH
MEPOIPHUATHUS TI0 CIECAYIOLUINM HaIPaBICHUIM:

— BHEJIPSITh TEXHOJIOTUH U OCYIIECTBIATH JeSITeIbHOCTD, HAIIPABIEHHYIO Ha COKpa-
HIEHUE MOTPEONICHHsI PECYpPCOB;

— OCYIIECTBIIATH JEATENbHOCTb, HAIIPABIECHHYIO Ha COKpaIlleHUue BEIOPOCOB, 3arps3-
HEHUs OKPYXarouleil cpeapl.

[Tocne ompeneneHrs OCHOBHBIX (PaKTOPOB OblIa MOIy4YeHA MOJETb PErpecCcHu, Ha
OCHOBE KOTOPOH YCTaHOBJIEHBI OTHOCHUTENbHbIE 3HAYEHHUS JIOKAIBHOTO MPHUPOIOHETa-
TUBHOTO U pecypconoTpedisitoniero pakTopos, ¢ TOMOIIBI0 KOTOPHIX MTOCTPOEHA MHO-
rodakTopHast MOAEIb.

BrIBOzBI, TIONMyUeHHBIE B Tpoliecce anpoOalMy TMPeIOKEHHBIX METONOB, TOJI-
TBEP)KIAI0T 3HAUMMOCTh JTaHHOW MPoOIeMbl M HEOOXOANMOCTh €€ PELICHHs B paMKax
IIPOBOAMMON SKOHOMUYECKOH MOJUTUKYU B PD Ha ropHBIX NPEANpUATHIX C TO3ULUU
UHQOPMAIIMOHHOTO 00CCIIeUeHHs U TPEICTABIICHHI B paboTax [4, 8—11].

IToxa3zaremnu, XapakTepu3yIOIHe FKOI0r0-3KOHOMHUYECKYIO CUCTEMY, JOJKHBI TakK-
K€ TPEACTABISITH COO0M IENIOCTHYIO cUCTeMy. [ 3Toro HeoOXomuMo, 4TOOBI OHHU
VAOBJIETBOPSUTH OMpPEACTICHHBIM TPEOOBAaHHAM: JOCTOBEPHO OTpakain OOBEKTHBHBIC
3aKOHOMEPHOCTH TPOU3BOJICTBA; 00ECIICUNBAIIN SJMHCTBO M COTIOCTABUMOCTD TIOKa3a-
TeJel COCTOSHUS U B3aUMOBIHUSHUS TEXHUKH, SKOHOMUKH M OPTaHM3alMU MPOU3BO/I-
CTBa; XapaKTEePU30BaIN Bce (PaKTOphl Oosiee Wi MEHEee PABHOMEPHO; HECIIU OJIMHAKO-
BYIO MH()OPMAIMOHHYIO HAarpy3Ky.

Poccust moObiBaeT HanboIBIIIEE YUCIO BUAOB MIUHEPATIHHOTO CHIPhS B CPABHEHHU C
npyrumu crpadamu [12]. Toprogo6siBatome npeanpustust PO sBnsgiorcs 0a30BBIMU
C TO3UIIMU SKOHOMHYECKONH HE3aBUCUMOCTH. MIMEHHO OHM 00€CTIeunBalOT yCTONUHNBOE
MOJIOKEHNE M HE3aBUCUMOCTb OT BHEIIHMX PbIHKOB. WX cymmapnas noins B BBII
nocruraet 70—75 %, mpu 3TOM pOCT 3KCIOPTa CHIPhS ¥ FOTOBOM MPOLYKLIUHU 00ecTeun-
BAaeT paclIMpeHue CTabMIN3auOHHOTO (POHIa SKOHOMUKH CTPAHBI.

CoBpeMeHHasi cucTeMa SKOIOIMYECKOro MEHEIKMEHTa Ha ME309KOHOMHYECKOM
YpOBHE SIBIISIETCS YacTblo OOIIeH cucTembl ynpasienus. Eif mpucyma coOcTBeHHAs
BHYTPEHHSS CTPYKTypa MPH TaKoi TIaBHOH (yHKINN MEHEIKMEHTa, KaK MJIaHHpPOBa-
HUE Ha OCHOBE B3aHMOCBSI3aHHBIX 9KOJIOTO-3KOHOMUYECKHX KPUTEPHUEB.

Obs3aTenbHas MOCTAHOBKA YKOJIOTHUECKUX LIeJIe B KauecTBE IPUOPUTETOB Opra-
HU3alUU HU B KOEH Mepe HE OTMEHSIET IKOHOMUYECKHE 1IENU, CTPEMIIEHHE MAKCUMU3H-
poBaTh 10X0MHOCTh. OJTHAKO B OT/IENBHBIX CUTYallUsAX OTPaHUYEHHOCTh PECYpPCOB IOp-
HOPYIHBIX MPEANPHUATUNA BENET K YCTAHOBJICHHIO PABHOBECHUS MEXAY Pa3IHYHBIMH,
3a4acTyr0 MIPOTUBOPEYUBBIMH, LEISAMH. I TOCTHKEHH KOMIIPOMHCCA PECYpPCHI He-
00X0IMMO OIPEAETIATh Ha CTaJuH IUIAHUPOBAHUS, 3aTEM KOHTPOJISL.
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Features of management of a mining company as an ecological-economic system

Galina P. Butko!
1'Ural State Mining University, Ekaterinburg, Russia.

Abstract
Introduction. Managing a mining enterprise as an ecological-economic system is of paramount importance
in an unstable economy.
Research aim. The aim of the work is to substantiate the features of management of a mining enterprise as
an ecological and economic system.
Research methodology. System approach, comparative and factor analysis, and principal components method
were used.
Research results. On the basis of the offered methods the most significant factors of an ecological-economic
system, and, as a consequence, factor structure are revealed. The initial basis for the calculation at the corporate
level is the indicators for the 5-year period of time characterizing the ecological state of the leading mining
enterprise in the industry (Kachkanarsky GOK).
The necessity of introducing environmental management system (EMS) in mining enterprises has been substantiated,
which is the basis for the formation of resource saving mechanism for individual economic entities. The current
environmental management mechanism of enterprises at the present stage of development has been reviewed.
The introduction of environmental management is considered and the assessment of ecological and economic
system in the context of environmental quality is given. It is recommended to use a set of criteria in order to test the
proposed principal components method. The idea of the principal components method is to identify separate
relatively independent directions of the ecological-economic system state by a set of dependent variables.
The indicators that characterize the relationship between the level of natural resources use and their availability in
the region are proposed. As limiting parameters it is proposed to establish specific consumption of natural resources
per capita or gross domestic product. The essence of the presented categories from the position of economic-
ecological, economic-social, and economic-mathematical dependencies by the example of mining enterprises is
revealed.
Summary. In the process of research, mining enterprise priority growth areas have been identified. The relative
values of local nature-negative (nature-polluting) and resource-consuming factors are established, on the basis of
which the multifactor model is constructed.

Key words: resource saving; management; SEM; environmental activities; ecological and economic system;
sustainable development; environmental management, economic-mathematical modeling.
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WHTerpanbHbIi noaxoA K ynpaBneHuio ToBapHO-MaTepuanbHbIMK
3anacamu ropHoro npeanpuUATUs

Daeaagopx [0."*, Cokonosa O. IN2
" HaumoHarbHbIi LeHTp UccrienoBaHus u passutus OPOOHIC, r. YnaH-batop, MoHronust
2 YparbCkuit rocy1apCTBeHHbI ropHbIit yHUBEPCUTET, I. EKaTepuHBypr, Poccus
*e-mail: davadorj_emc@mail.ru

Peghepam
Iens uccnedosanus cocmoum g onpeoeienuu HeobXo0UMo20 00beMa 3anacHbIX Yacmeil U ONMUMU3A-
Yuu CKAAOCKUX MOBAPHO-MAMEPUATILHBIX 3ANACO8 20PHO20 NPEONPUIMUSL HA OCHOBE NPEOJLONCEHHOU
asmopamu MemooOuKu.
3aodauu uccnedosanun: cpagHumenvhvlil aHAIU3 MEOPULL YAPAGIEHUS 3ANACAMU, CPAGHEHUE MEMOo008
pacuema onmuMaIbHoOU 8eNUYUNbL CKIAOCKUX 3ANACO8 MOBAPHO-MAMEPUATbHBIX YeHHOCmell, onpede-
JleHUe BO3MOICHOCTIU COBEPULCHCTNBOBAHUSL MEMOOUKU ONMUMU3AYUL 3ANACO8 HA NpUMepe 20PHOO00bl-
saioweti komnanuu «Ay».
Memoowt uccneoosanusn. B npoyecce 8bInOIHEHHBIX UCCLEO0BANHUL UCNONB30BANBL MEMOObL CUCEMA-
muzayuU, CpasHUMeENIbHO20, PAKMOPHO20 U CUCIEMHO20 AHANU3A.
Pezynomamut uccnedosanusn. B pabome onpeodenena 803MONCHOCHb COBEPULCHCMBOBAHUSL MEMOOUKU
ONMUMU3AYUU CKIAOCKUX 3ANACO8 U NPEOTIONCEH UHMESPATIbHBI HOOX00 K ONPE0eeHUI0 ONMUMATbHO20
00beMa MmoeapHO-MaAMePUAIbHBIX 3ANACO8 20PHO000bLEAIOU €20 NPEONPUSMUSL.
Bb1600v1. Pesynvmamol nposedenHbixX uccied08anuil UMeion 8ajicHoe sHavenue OJisi pa3gumusi meopuu
U NPAKMUKU YNPAGIeHUust 000POMHBbIMU CPEOCMBEAMU 20PHOO00bISAIOWUX NPEONPUAMULL, COBEPULEH-
CMBOBAHUSL MEMOO08 ONPEOeLeHUs. ONMUMANLHOU GeIUUUNbL 0BOPOMHBIX CPeOCmE Npu GopMUposaHuy
MAmepuaIbHuIX 3anaco8, NOGbIUUEeHUs 000PAYUBAEMOCIU U YIIYHUEHUs UCNONb308AHUsL AKMUBOE NPeO-
npusmMuUll 3a cuem YMeHbUleHUsl HeTUKGUOHBIX UTU PeOKO UCHONb3YeMbIX MAMePUATbHBLX PECYPCO8.

Knroueswte cnosa: onmumuszayus; mosapno-wamepuanshvie 3anacwl; 20pHo006u16aiouee npeonpu-
Amue; Memoosl Ynpasienus 3anacamu,; 060pomuvie cpedcmad.

BBenenue. YrpapneHue 000OpOTHHIMUA aKTUBAMH, B TOM YHCIIC HEOOXOMUMBIMU JIJIS
cHaOXEeHHS MaTepHaIbHBIMU PECYPCAMH U 3aMTaCHBIMH YaCTSIMH, HMEET BAKHYIO POJIb
B peanm3anuu dQQGEKTHBHOTO YIIpaBIeHUs] (UHAHCAMHU TOCYAaPCTBEHHBIX KOMITaHUM
Mownronuu. [maBHBIM KpuTepuem obecriedeHusi Oecrepe0OHHOT0 M HEeTpephIBHOTO
MIPOM3BOJICTBA SBISIETCA CO3JaHHME ONTHMAJBHBIX 3allacOB MaTepHANIBHBIX PECYPCOB.
TopronoObIBaromue npeanpusTus MoHroauy pu GOPMHUPOBAHUH 3allaCOB MaTepu-
ANBHBIX PECYpPCOB CTANKHBAIOTCS C PSAJIOM MpoOieM, 00yCIOBICHHBIX HEYyCTOWYHBBIM
(hMHAHCOBBIM TOJIOKEHUEM KOMITAaHWH, HEZOCTaTOYHBIM YPOBHEM PAa3BUTHS B CTpaHE
MPOMBIIINIEHHOCTH W MH(PACTPYKTYPHI, OTCYTCTBHEM 3aBOJIOB-M3TOTOBHUTEIEH IPO-
IYKIHH, TPeOyFomeicsl TOPHOAO0OBIBAIOIINM MPEANPUATHSIM, 3aBUCUMOCTBIO OT 3apy-
OEXHBIX PBIHKOB MOCTABOK, OOJBIIMMU CPOKAMH BBITTOJIHEHUS 3aKa30B M XPaHEHUS
3armacoB Ha CKJIajax, HeONaronpusaTHBIMU MPUPOIHBIMU YCIOBUSAMH | T. 1. B pabote
MIPEUIOKEH WHTETPABHBINA TTOIXO0/ K ONPEICTICHUIO ONITUMAIBHOTO 00beMa TOBapHO-
MaTepHalIbHBIX 3aI1acOB Ha OCHOBE MPUMEHEHHS Pa3lIUYHBIX METOAOB. B mcciemosa-
HUM UCTIONB30BaHbI TaHHBIE MPONU3BOICTBEHHO-XO3SMICTBEHHON NEATEIHHOCTH YEThI-
PEeX OCHOBHBIX NMPOU3BOACTBEHHBIX MOAPA3EICHNI TOPHOTO TPEATIPHUATHS 32 MTEPHOL
pabotsr 60 mec.

Teoperuueckoe uccaegoBanue. OmHON U3 TIIABHBIX 33/1a4 (PMHAHCOBOTO yIIpaBIIe-
HUS KOMIaHWeH sBiseTcs »(pQPeKTHBHOE yIpaBieHHEe €€ OOOPOTHBIMH aKTHBAMHU.
ABtOpHI [ 1-7] mpeanararoT pa3Hble HOAXOABI K YIIPABICHUIO TOBAPHO-MaTe€pUaIbHbIMU
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3amacamu opraHusanuy. [lo MHEHHIO aBTOPOB, HECMOTPSI HA MHOTOUHCIIEHHBIE TIPOBO-
JTUMBIC B JaHHON 00JacTH UCCIIEIOBAHMUS, HEOOXOIUMO YTOUHUTD CYIIECTBYIOIINE Me-
TOABI ONITUMH3AIINN TOBAPHO-MaTepPHaIbHBIX 3aM1acOB Ha CKIIAJIE C YIETOM crennu(puKu
TOpHOJ0OBIBAOMIMX MpeAnpusTuii. CocTas, CTPYKTYpa v 001ast BeTMYnHA 000POTHBIX
aKTHUBOB 3aBHCAT OT psAna (PakTopoB M OMPEnessIFoTCS MPEKIe BCEro OTPACIEBBIMHU
ocobeHHoCTIMHU KoMmianuu [8, 9]. s obecrieueHnss HEPEPHIBHOCTH ITPOU3BOJICTBEH-
HO-TEXHOJIOTHYECKUX MPOLECCOB U OE30I1aCHOTO OCYIIECTBICHUS TOPHBIX paboT mpen-
HPUATHE BBIHYKAECHO CO3JaBaTh HEOOXOIUMBIE IPOU3BOACTBEHHbIE 3a1aChl OCHOBHBIX
Y BCIIOMOT'aTeNbHBIX MaTepPHaJIOB, 3allaCHBIX YacTeil M APYTUX BUAOB TOBAPHO-MaTepu-
anbHBIX 3arnacoB. Co3laHue U ONTHMHU3ALMS IPOU3BOACTBEHHBIX 3aI1aCOB BBIIOJIHAIOT
BaXXHYIO POJIb B yIIPABICHUU O0OOPOTHBIMU aKTHBaMu koMmaHu [ 10-16].

[Ipu hopmupoBaHuK 3amacoB 3aMacHBIX YacTEH KOMIAHUS JOJDKHA YUUTHIBATH CIie-
IYIOIIME acleKThl: CTeNeHb M3HOUICHHOCTH TOPHOTPAHCIOPTHOTO OOOpYAOBaHUS, Ya-
CTOTY U KOJIMYECTBO UCIIOJIb3YEMBIX 3alaCHBIX YacTeH, CPOKHU BBIMOJHEHUS 3aKa30B Ha
3aKyTIKy ¥ JIOJIIO 3allacHbIX YacTeil B o0meit cymme 3arpat. st onpenenenus Tpedyemo-
TO 3araca 3aracHbIX YacTeU UCIMOJIb3YIOT Pa3jIM4HbIE METOBI, B YACTHOCTH MeTod XY Z.

Memoo XYZ ocHOBaH Ha BBISIBIIEHUH XapaKTepa pacxXoJ10BaHUs 3allaCHBIX YacTeil Ha
OCHOBE aHAJIN3a CTATUCTHYECKOH MHPOPMAIMH 32 TPEIIICCTBYIOMINE TEPHOIBI.

Ta0mmma 1. OnpeesieHne BeTMYHHBI CKJIAJCKOr0 3amaca
Table 1. Determination of warehouse inventory amount

Kateropus Kospdunuent sapuanuu, % MHOXHTENb pe3epBa CkJ1aicKol 3arac
X 0<v<10 v+1 v+ Dxep
Y 10<v<25 v+2 v+ 2)xep
zZ v>25 v+3 v+ 3)xep

Kareropus X BkiIro9aeT 3anacHpIe 4acTH, TOTPEOHOCTh B KOTOPHIX UMEET MOCTOSIH-
HBIN XapaKTep WU MUHUMAJIbHBIC OTKIIOHCHHS OT CPEHETO YPOBHS. 3alacHbIC YacTH,
OTHOCSIIUECS K KATErOpUU Y, XapaKTEePU3YIOTCS CE30HHBIM XapaKTEePOM IMOTPEOHOCTH
B HUX. Kareropuio Z cOCTaBISIOT 3alacHbIe YacTH, BOCTPEOOBAHHOCTh B KOTOPBIX
CJI0HO TIPEABUAETD, TAK KaK UCIIOIL3YIOTCS OHU OYE€HD PEIKO.

B xauectBe KpUTEpHA pas3aCICHUA 3allaCHBIX JacTel Ha KaTeropuun MUCIOJIb3yCTCA
k03(QQULIMEHT BapUaI|K V, XapaKTEPU3YIOIIHA cpeiHee a0COIIOTHOE OTKIIOHCHHE BE-
JTUYIUHBI PACXOOBAHMS 3aMlaCHBIX YacTel OT cpeaHeapuPMEeTHISCKOrO X pacXxomoBa-
HUS 32 OIPEEIEHHBIA IEPHUO/ BPEMEHH.

PaccuntsiBast k03(h(hUIHEHT Baprayy 1Mo KakKJI0My BHIY 1 HANMEHOBAHHIO 3aI1acoB,
MOYXHO KJTaCCH(DMIIMPOBATH PECYPCHI IO Tpymam X, ¥ v Z B 3aBUCUMOCTH OT YaCTOTHI U
CTaOMIILHOCTH TOTPEOHOCTH B HUX. J{JIs1 ONTHMHU3AINH BETHMYHUHBI OOOPOTHBIX aKTHBOB
MIPEATIPUATUS TIPH POPMUPOBAHUH 3aMACOB HEOOXOMMO YUYHTBHIBATH CIEAYIOIICE: YeM
Oosiee cTabMIIeH CIIPOC HA T€ WM MHBIE PECYPCHI, TEM TOYHEE MOXKHO PAaCCUUTATh I10-
TpeOHOCTh B HUX U, COOTBETCTBEHHO, pa3Mep MOCTaBIsieMoid maptun. Hanmure crabuib-
HBIX CBS3€H C IOCTaBIIUKAMHU, COONIONAIONIMMH JJOTOBOPHEIE YCIOBHSI TIO CPOKaM U 00b-
e€MaM TIIOCTaBOK, JETAal0T BO3MOXKHBIM CBECTH K MHUHUMYMY BEJIMYHMHY CTPaXOBBIX
3anacoB. Takum o0pa3om, oO1IHi 00BEM 3ar1acoB Ha CKJIAJIE MO KaTeropuu X CHUKACTCA.
[Mpu noBeimenun ko3dunrenta Bapuanu NOTPeOHOCTh B HATUYUHU CTPAXOBOIO H, CO-
OTBETCTBEHHO, OOIIIEro 3amaca Ha CKJaJie YBeJIMIHBACTCS M3-3a pocTa KosiebaHuH cripoca
Ha pecypchl OTHOCHTENHLHO CpeHEl BeTMIHHBI MOTpeOHOCTH B HUX. B Tabn. 1 npencras-
JIeHa CKOpPEKTUpOBaHHast (hopMysia pacdeTa BeJTMUUHBI CKJIAJICKOTO 3araca B 3aBUCHMO-
CTH OT KaTerOpHH PEeCypcoB B COOTBETCTBHH C Kiaccubpukanyeii XY Z-MeTona.
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OTUM METOAOM pacCcYMTaH ONTHMAIBbHBIA 00bEM TOBapPHO-MaTepUANbHBIX 3aITacOB
M0 TIPOU3BOJCTBEHHBIM MOAPA3ACNCHUSAM U LEHTPAJIbHOMY CKIIQAy MNpennpUsTHs.
[ MatepuanoB, XapaKTepU3YIOUIMXCS HEPETYISAPHBIM XapaKTepoM MOTpeOeHus,
NpUMEHSIeM MHOXKHUTENb pe3epBa (v + 3), yuuThIBasi HEOOXOIUMOCTh HATMYHS TPEXMe-
CAYHOTO 3araca, Tak Kak CpPEeIHMH CPOK MOCTaBKM MapTHH MaTepHalioB COCTaBIISET
2-3 Mec. nocie IoAauu 3asBKU.

Hopmatus 000pOTHEIX cpeacTB N Ul CO3aHUs 3aIacoB, HEOOXOAUMBIX 171 00e-
CIeYCHUs] CTAOMJIBHOM pPalOTHl MPOW3BOACTBEHHOTO MOAPA3ACICHUs, ONpenesieM
YMHOKEHHEM ONTHMAIBEHOTO 00beMa TpeOyeMOoro JaHHOTO BHAA pecypea ¢, Ha ero
CTOUMOCTb P

N, = iq?‘“P,«-
i=1

Memoo onpedenenus Hopuamuea 0OOPOMHBIX CPEOCME HA 3aNACHbLE YACHU HA OC-
HOB8e HOpMbl, YCIMAHOBNIEHHOU 8 COUMOCHHbBIX NOKA3AMENAX HA eOUHUYY CIOUMOCTNU
20pHOMpancnopmno2o 06opyoosanus. OnpeneneHne HopMaTuBa 00OPOTHEIX CPEACTB
Ha 3allacHbIe YacTH OCYIIECTBISIETCS Ha OCHOBE 3aBUCHMOCTH 3aTpar pacxofa 3amda-
CTeH ¥ MepBOHAYATHHOW CTOMMOCTH MTPOU3BOJCTBEHHOTO 000pymoBanusi. Hampumep,
HaunHas ¢ 2004 r. B PO cymecTByeT momoOHast mpakTHKa ONpeneIcHUsT HOpM pacxoaa
3amyacTeil CXons U3 CTOMMOCTH 00OPYy/IOBaHMS.

IIpy HaMMIWK TUTIOBBIX HOPM pacxojia 3amacHbIX YacTell moTpeOHOCTh B HUX OIIpe-
nemnsieTcs o popmyiie:

m
_ T
N, = Z% n;k;,
J=1

e ¢; — TUMoBas HOpMa 0OOPOTHBIX CPEICTB HA 3allaCHbIE YAaCTH MO i-y BHIy 000py-
JOBAHUs, JOJIH €11./TBIC. JONEH e/L.; n; — KONUYECTBO SAMHUI 000PYNOBAHMUS j-TO BUJA,
en.; kj — KO3 PUIMEHT MOHMKCHUS, YUYUTHIBAIONIMN HATNYHE OJHOTHITHOTO 000pyI0-
BaHUS M B3aMO3aMEHSIEMBIX 3aIIaCHBIX YacTeH.

Memoo onpedenenus Hopmamuea 060POMHBIX CPEOCME HA OCHOGE CONOCMABNEHUS
NAGHUPYEMbIX 3aMPam Ha MAmepuaibHvle pecypcbl U cpeone2o KoIuuecmea 06opomos
o0bopomubix cpedcme. JJaHHBII METO/ pacueTa Ha OCHOBE PAacxojia MaTepUalbHbIX pe-
CYPCOB U CPEAHEro KoJn4ecTBa 000pPOTOB MPEABLAYILIETO Irofia SABJSIETCS paclpocTpa-
HEHHBIM B MEXXIYHAPOIHOH MPaKTHKe.

KonnuecTBo 060poTOB OOOPOTHBIX CPEACTB B OTYETHOM IO/l OIPEAEIISIETCS COIO-

CTaBJICHHEM TOI0BOII IOTPEGHOCTH B MaTepHAIBHBIX pecypcax npemnpusatus OF u

daxr |

BCJIMYHHBI CPEIHETOAOBOI'0 OCTATKa TOBApHO-MaTCpHaJIbHBIX 3al1acoOB Ha CKJIAJC ¢,

kggm — Qg)axr/qc aKT )

Onpenenus 000paYMBaCMOCTh TOBAPHO-MATEPUAIBHBIX 3allaCoOB Ka)IOTO MPOU3-
BOJICTBEHHOTO TIO/Ipa3/ielIiCHYsI TPEATIPUATHS, MOXKHO PacCYUTaTh HOPMATUB 000pPOT-
HBIX CPEJICTB I10 3alaCHBIM YaCTSIM, UCIIONb3Ysl METO/ Ha OCHOBE MEPBOHAYATBHOM CTO-
UMOCTH 000pYyIOBaHUS:

m
o z : T
C,u - Qi njkj’
J=1
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HOpMaTI/IB O60pOTHBIX CpCACTB IIPU 3TOM paCCUUTHIBACTCA 110 (bOpMyJ'ICI
— (o [ 7 Gaxr
N, oc CM / k06 °

rie C!" — IUIaHMpyeMble MaTepHalbHbIE 3aTpaThl Ha CICAYIOLIMI HEPHOA, JOJIH

el./Tox; kjg“‘“ — KOJIMYECTBO 000POTOB OOOPOTHBIX CPENICTB B OTYETHOM TOLY, 00./TO.

Pe3yabrarhl ucciiefoBanus. B npoBeieHHOM UCCIIEIOBAaHUM HCIIONb30BaHA CTa-
TUCTUYECKast MH(POPMAIIHS O JBUKCHUU OCTATKOB 3alaCHBIX YacTel Ha CKJIaJle KOMITa-
HHUH «A» 3a 5 1eT TOMECSYIHO.

Jliis onpenenieHus: ONTUMATBHOTO 00beMa CKJIaICKHX 3allaCOB MCIIONIb30BaHbI Cle-
JTYFOIIIUE METOTUKU:

1. Meton XYZ, yunThIBaIOLINI XapakTep pacxol0BaHUs 3allaCHBIX YacTel;

2. Meton omnpeneneHus HopMaTuBa 00OPOTHBIX CPEJICTB Ha 3allacHbIC YacTH Ha OC-
HOBE HOPMbI, YCTAHOBJICHHOW B CTOMMOCTHBIX ITOKa3aTelIX Ha CIMHUILY CTOMMOCTH
TOPHOTPAHCIIOPTHOTO 000PYIOBaHUS;

3. Meroj onpeeneHysl HOpMaTuBa 00OPOTHBIX CPEJICTB HA OCHOBE COMOCTABIICHHUS
TUTAHUPYEMBIX 3aTpaT Ha MaTepHalIbHBIC PECYpPChI M CpeAHEro Ko3dduimenta odopa-
YHBAEMOCTH OOOPOTHBIX CPEJICTB.

Ananuz cocmasa, cmpykmypul u 000pauueaemMoCcmu 3anacos mo8apHO-mamepuailb-
HbIX YeHHOCmel NPEONnPUSIUSL.

B Tabmn. 2 npeacrasiieHa nHpopMaiius, XapakTepu3yoIiast J0JII0 MaTepUaabHbIX 3a-
Tpar B ce0ECTOMMOCTH TOBAPHOW MPOIYKIIUH KOMITAHUHU «AY.

Ta0auna 2. CTpykTypa ce0eCTOMMOCTH TOBAPHOM NPOAYKIMH
Table 2. Structure of commercial output prime cost

2017 2018 N3menenue
Haumenosanue . . TeMIT
MJIH TyTPUKOB % MJIH TYTPUKOB % abcomoTHOE pocra, %

MarepuanbHble 146 874,00 | 23,5 173 632,20 18,3 26 838,00 118,2
3aTpaThl
TomumBo 3225,00 0,5 4649,00 0,5 1469,00 144,15
DNeKTpOIHEPTUst 53 273,00 8,5 59 124,00 6,3 5851,00 110,98
3aTpathl Ha OILIaTy 70 138,00 | 11,2 87 436,00 9,2 17 298,00 124,66
TpyAa, COIHAIIEHOE
CTpaxoBaHUE
AMopTtuzanus 50 846,00 | 8,1 62 851,00 6,6 12 005,00 123,61
Henpowussoxacreennsie | 26 848,00 | 4,3 26 687,00 2,8 -161,00 99.4
3aTpaThl
IIpoune 71179,00 | 11,4 84 554,00 8,9 13 375,00 118,79
Hasorn 202 505,00 | 32,4 | 447 684,00 | 47,3 | 245179,00 | 210,07
CebecTonMOoCTh 624 888,00 | 100,0 | 946 617,20 | 100,0 | 323 509,00 | 151,49
TOBapHOM NMPOgYKIHUU

AHaIn3 CTPYKTYpHI c€0€CTOMMOCTH TOBApHON MPOAYKINHU KOMITAHUH «A» TOKa3all,
4yro B 2018 . 00beM MaTepHanbHBIX 3aTpaT 0e3 yueTra 3aTpaTr Ha JIEKTPOIHEPTHI0 U
TOMJIUBO cocTaBmi 173,6 MIpA TYTpHUKOB U BBIPOC MO CPABHEHHIO C MPEIBIIYIOMINM
TofioM Ha 26,8 MIIpZ TYTPUKOB, T. €. o4uTH Ha 20 %.

B cocraB xomnanun «A» BXoaAT 14 MpoM3BOACTBEHHBIX (OCHOBHBIX, BCIIOMOTa-
TEJIHBIX U OOCITY>KMBAIOIINX) U § HEMPOU3BOJICTBEHHBIX NOApa3aeieHni. 13 Hux Ha 4
OCHOBHBIE MPOW3BOJCTBEHHBIE 1I€Xa MPEANIPHUATHS: PYIHUK OTKPHITBIX padoTr (POP),
oOorarutenbHyto Gpadpuky (OD), aBrorpancnoptHoe npeanpustue (ATII) u peMoHT-
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Ho-MexaHnueckuid 3aBon (PM3) — mpuxonutcst 96,3 % marepuaibHBIX 3aTpaT Beei
KOMIIaHUH, ocTanbHble 3,7 % — Ha apyrue nompasneneHus npennpusatus. CoctaB u
CTPYKTypa MaTepualIbHBIX 3aTpar (0e3 ydera 3aTrpaT Ha 3JIEKTPOIHEPTHUIO U TOILIHBO)
OCHOBHBIX M TPOU3BOACTBEHHBIX MOIPa3AelICHUH KOMIIAHIH NPeICTaBIeHBI B Ta0I. 3.

AHaim3 o0mMX MaTepHalbHBIX 3aTparT MNpeanpusaTHs IMokasan, 4to 67 %
(116,3 w™apam TYIpUKOB) SIBISIIOTCA HOPMHUPOBaHHBIMH, oOcTanbHble 33 %
(57,3 mupn TyrpuKOB) — 3aTparhl Ha HEHOpMUpyeMble MaTepuainsl. [Ipu atom 55,8 %
(31,9 mipn TyrpuKkoB) HEHOPMUPOBAHHBIX MaT€pPHAJIBbHBIX 3aTpaT MPUXOJUTCS Ha 3a-
MacHbBIE YacTH.

Ta6auna 3. CocTaB U CTPYKTYpa MaTepHAIbHBIX 3aTPaT
NMPOU3BOJACTBEHHBIX LIEXOB MpeIIPUATHS

Table 3. Composition and structure of workshops material costs

3arpaTbl MUIH TYrpHKOB %

HopmupoBanHusie:

OCHOBHBIE TEXHOJIOTHYECKHUE MaTepHaIIbl 116 321,20 67,0
HenopmuposanHsle: 57 311,00 33,0

BCIIOMOTaTEJIbHBIC MaTEPHAIIBI 11 892,10 6,8

3aIm4acTi 31 978,00 18,4

MPOYNe MaTepPHaIb 13 440,9 8,7
Bcezo 173 632,20 100,0

W3-3a oTCcyTCTBHS yACTBHOW HOPMBI M HOPMATUBA PACX0/a MPEAIPUATHS 3aKyIaI0T
Y XpaHAT Ha CBOMX CKJIaJIaX HEHOPMHUPYEMbIC MaTEPHAIIbI B OOJIBIIIOM KOJIMYECTBE, KO-
TOPBIC TI0 UCTEUCHUIO ONPEACICHHOTO BPEMEHH CTAHOBSTCS HENUKBUAHBIMH. Harmpu-
Mep, IO JIaHHBIM KOMITAaHUU «A», B 00IIeM 00beMe CKIIAJICKUX OCTAaTKOB TOBaPHO-Ma-
TEepUATBbHBIX 3aIIACOB JIOJIS 3alacHBIX yacTel cocTaiseT oT 39,8 % mo 45,1 %.

OnpeneneHue ONTUMATLHON BETMYMHBI 3aI1aca 3amacHbIX YacTeil Ha CKiIajie B IaH-
HOM UCCIICJIOBAaHUM OCYIICCTBICHO Ha MpUMepe 4-X OCHOBHBIX MPOU3BOACTBEHHBIX
[[EXOB MPEIPUSATHS.

Ta6una 4. CTouMOCTh ONTUMAJILHOI0 00beMa 3amyacreii no meroxy XYZ
Table 4. Optimal amount of spare parts according to XYZ method

O60bem 3amaca 2018 r.,
Cpenuee MUTH TYT. OGbem 3amaca Otkitonenne
Kox texa 3Have- P IO METOALY
HHE, 1o Ga- XYZ,
MUTH TYT. nancy HEHOPMHUPOBAH- MUTH TYT. MITH TYT. %
HBIX PECYpPCOB

1-1 mex 5922,0 | 6211,60 6211,60 4407,50 —-1804,10 —40,93
2-1 nex 3994,7 | 3334,30 3016,60 3469,30 452,70 13,05
3-if nex 2385,0 | 2257,60 2189,90 2193,70 3,80 0,17
4-if nex 656,7 712,4 712,4 8249 112,50 13,64
Bcezo 12958,4 | 12515,9 12 130,50 10 895,40 —-1235,10 —-11,34

Pacuem onmumanvroeo obvema 3anacuvix uacmeti no memody XYZ. OuTuMaibHbIA
3armac HCHOPMUPOBAaHHBIX MaTepPUABHBIX PEeCypCcoB (3amyacteii) ObLI pacCUUTaH JJis
OCHOBHBIX MPOU3BOJACTBEHHBIX 11€XOB KOMIIAHUHU «A» Ha OCHOBE CTATUCTUUYECKUX JIaH-
HBIX 32 60 Mec. 2014-2018 1. Pe3ynbraTsl pacyeToB MpeAcTaBiIeHbI B Ta0M. 4.

Hcxons u3 pacueroB o metony XYZ, BEIUUMHA ONTUMAJIbHOIO 3araca 3amn4acTen,
HEOOXOMMBIX JJIs 00eCIIeueHHs CTa0OMILHOM pab0Thl IPOU3BOJCTBEHHBIX I[EXOB KOM-
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naHuu «Ay, cocrapnsier 10 895,40 muH Tyr., uto Ha 1,2 muH Tyrpukos (Ha 11,3 %)
MeHbIIIe (PaKTUYEeCKOTO MoKa3ares.

OnmumanvHulil 00bem HOpMAMUEa 0OOPOMHBIX CPEOCME HA 3aNACHble YaACMU, pac-
CYUMAHHBLI HA OCHOBE COOMHOUIEHUSL CTMOUMOCU pACX00a 3anyacmeli U OAnaHCco8oll
cmoumocmu 06opyoosanus. B TabI. 5 mo kaxaoMy 1exy KOMIaHUU «A» TpeiCTaBlIeH

Ta6auua S. UcciaenoBanne cCOOTHOIIEHUSI IEPBOHAYAIBLHONH CTOMMOCTH 000PY10BAHUS U pacxoaa
3am4acTeii, MJIH TYTPHKOB

Table 5. Investigation into the ration of the initial cost of equipment and spare parts consumption,

min togrog
Tlepuon, rox
Koz IToka3zatens P Cpennee
texa 2014 2015 2016 2017 2018 3HAYCHHE

1-1 Pacxopn 3amyacreit 3737,6 4686,2 4999.,3 3805,1 5342,4 4514,1

ex ITepBonauanbHast 46 680,1 52911,8 | 588446 | 73436,0 | 76482,6 | 61 671,0
CTOUMOCTB 000pY-
JIOBAHHS

Pacxon 3amuacreit 8,01 8,86 8,50 5,18 6,99 7,51
(B % x mepBoHa-
YaJIbHOW CTOMMO-
CTH)

2-i Pacxon 3amyacTeit 4925,7 5648.,4 4585,6 10038,8 | 19630,7 | 8965,9

ex IMepBoHaYabHAS 910184 | 142561 171812 | 205095 | 250411 | 172180
CTOUMOCTB 000pY-
JIOBaHHUS

Pacxon 3amuacreit 5,41 3,96 2,67 4,89 7,84 4,96
(B % x nmepBoHa-
YaJbHOW CTOMMO-
CTH)

3-it Pacxon 3amyacTeit 3491,9 3138,4 3761,0 31535 3775,0 3464,0

ex IepBoHAYANbHAS 35463,9 | 38526,7 | 47936,7 | 522322 | 63768,4 | 47585,6
CTOUMOCTB 000pY-
JIOBAHU S

Pacxop 3amuacreit 9,85 8,15 7,85 6,04 5,92 7,56
(B % k nepBoHa-
YaJIbHOW CTOUMO-

CTH)
4-i Pacxop 3amuacTeit 377,2 890,8 1241,0 660,8 1633,9 960,7
nex [lepBoHavanbpHas 6349,1 7632,0 21094,7 | 23912,1 | 313429 | 18 066,2
CTOUMOCTB 000pY-
JIOBaHUS
Pacxon 3amuacreit 5,94 11,67 5,88 2,76 5,21 6,29

(8 % x mepBoHa-
YaJIbHOW CTOMMO-
CTH)

Bcezo | Pacxon 3amuacteit 12 532 14 364 14 587 17 658 30382 17 905

[lepBoHavanbHas 179 512 241 632 299 688 354 675 422005 | 299503
CTOMMOCTB 000pY-
JIOBaHUS

Pacxon 3amuacreit 6,98 5,94 4,87 4,98 7,20 5,98
(B % x nepBoHa-
YaJbHOU CTOUMO-

o)

CpPaBHUTEJILHBIN aHAJIN3 pacxXojia 3al4yacTeid B 3aBUCUMOCTH OT IEPBOHAYAJIBHON CTOU-
MocTH 000pynoBanus 3a nmepuox 20142018 rr.

[To maHHBIM KOMIIAHUH, PACXO 3amvacTei 3a 5 JeT yBenuuwics B 2,4 paza — or
12,5 mapna tyrpukos g0 30,3 mipx TyrpukoB B rof. [loBblimeHue 3aTpaT Ha 3amacHbIe
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YaCTH CBS3aHO C YBEIMUYCHUEM KOJMYECTBA TOPHOTPAHCIIOPTHOTO 000PyI0BaHHs 1 Oa-
JIAHCOBO# CTOMMOCTH OCHOBHBIX TPOU3BOICTBEHHBIX (DOHIOB. B cpemHem most 3amac-
HBIX YacTell B OAIIAHCOBOI CTOMMOCTH OCHOBHBIX CPEICTB KOMITAHHH COCTaBISIET 5,98 %.
OTKJIOHEHHE JAHHOTO MOKA3aTessl OT CPeIHEH BETMYMHBI IO OTACIBHBIM POU3BOI-
CTBEHHBIM TIOIPA3ACICHUSAM TPEANPUATHS OOBICHICTCS CICIUPHUUSCKUMHE 0COOECHHO-
CTSMH JIEATEIBHOCTH JaHHBIX 1[EXOB.

KoadduuueHt o6opaunBaeMOCTH 000POTHBIX
CPE/ICTB MO 3aMacHBIM YacTsIM, 00./TO

2015

2016 2017 2018 CpenHee 3HaueHUe

B l-fimex  ®2-i nex 3-iimex  M4-ii mex

Puc. 1. Koapdurment o6opaunBaeMocTu 000POTHBIX CPEICTB
Fig. 1. Current assets turnover coefficient

BrlInomHeHHBIE pacyeThl MO3BOJISIOT CJICNIaTh BBIBOJ O BO3MOXHOCTH MPUMCHEHUS
JTAHHOTO METOZa MPU (POPMHUPOBAHUU ONTHUMAILHOTO CKIIAJICKOTO 3araca 3aracHbIX Ya-
CTEN JUIS KOMIIAaHUU «AY.

OnTUMabHBIA 00beM KOHKPETHOTO BHJIa MATEPHUAJIOB ONPEACISCTCS Ha OCHOBE MX
pacxofia ¥ CpeIHEro MmoKasareliss 000paunBaeMOCTH 3allacoB 3allacHbIX YacTel 3a aHa-
JIU3UPYEMBIN TIEPUOJ, PACCUMTAHHBI HA OCHOBE TIOMECAYHBIX CTATHCTUYCCKUX JaH-
HBIX 3a MOCJCIHUE MATh JIeT (puc. 1).

Tabauna 6. Pacxon 3amyacreii, MJIIH TYTPUKOB
Table 6. Spare parts consumption, mln togrog

Kopn nexa 2014 2015 2016 2017 2018
1-11 nex 3737,55 4686,24 4999,31 3805,08 5342,43
2-1 nex 4925,73 5648,44 4585,58 10 038,79 | 19630,71
3-# mex 3491,88 3138,41 3760,95 3153,50 3775,02
4-i1 nex 377,20 890,77 1240,97 660,79 1633,92
Bcezo 12 532,36 | 14363,86 | 14 586,81 17 658,16 | 30 382,08

Cpennee 3HaueHue kodhdunreHta obopaunBaeMocTd Komebnercs ot 2,1 1o
4,2 00./ro.

B Tabi. 6 mpeacraBieHbl (aKTHYECKHE AaHHBIEC 1O PACXOMOBAHUIO OCHOBHBIMH
MPOM3BOACTBCHHBIMU TTOIPA3CICHUSIMH KOMITAaHUU «AY 3alacHBIX yacTeil 3a 5 Jer.

PacueT onTHMaIbHOTO CKIIaICKOTO 3armaca 3armacHbIX 4acTeli METOI0M COMOCTaBIIe-
HUSI TJIAHUPYEMBIX 3aTpaT Ha MaTepHallbHBIE PECYPCHl HA OCHOBE CPEIAHEr0 pacxoaa
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3aMacHBIX YaCTeH C yUeTOM U3MEHEHHS UHIEKCA IICH U CPEIHEr0 KOJIMUeCcTBa 000POTOB
000POTHBIX CPENICTB MPEACTABICH B TA0M. 7.

OnTrManbHBIA 3amac 3am4acTeil IPOU3BOJACTBEHHBIX 1IEX0B, PACCUNTAHHBIN Ha OC-
HOBE CPEIHEr0I0BOTO Pacxoja 3amacHBIX YacTel (C yu4eToM M3MEHEHHS MHACKCA IEH)
U KOd(UIHEHTa 00payrBaeMOCTH cocTaBisieT 8722,5 miH TyrpukoB. Mcnons3oBanue

Tabuauna 7. PesyabTaTsl pacyera oNTHMAJIBLHOIO 3a11aCa 3aI1YACTeil NIPOU3BOJCTBEHHBIX LIEX0B
MeTO/IOM COIOCTABJIeHHs MJIAHUPYEMBbIX 3aTPAT HA MaTepHAJIbHbIE PecypChl U CPe/Hero
k03¢ PuneHTa 060paunBaAeMOCTH 000POTHBIX CPEICTB, MJIH TYTPUKOB
Table 7. The calculation results of workshops optimal spare parts stock by the method of
comparing material resources predicted costs and current assets turnover average coefficient,

mln togrog
Ko texa 2014 2015 2016 2017 2018 CPCII‘J’;Z;‘;ZOBOﬁ 0““;:41?:;’“"““‘
1-it mex 45785 | 71673 | 97483 | 80222 | 53424 6971,7 3042,5
2-i mex 6034,0 | 8638,9 | 8941,5 | 21164,6 | 19630,7 12 881,9 2616,6
3-1 nex 4277,6 4800,0 7333,6 6648,5 3775,0 5366,9 2699,2
4-1 ex 462,1 1362.4 2419,8 1393,1 1633,9 14543 364,2
Bcezo 153522 | 21 968,6 | 28 443,2 | 37228,4 | 30 382,0 26 6749 8722,5

Wnnexe nen: 2014 — 1225; 2015 — 1529; 2016 — 1950; 2017 — 2108; 2018 — 1000 muH TyT.

JIAHHOTO METOAA AJisl ONTHUMHU3ALUKU TOBApHO-MaTepUabHBIX 3allacOB HA CKJIaje IO-
3BOJISICT MONIYYHUTh HAWITYYIITUH pe3ynbrar. [lomyueHHbIN oka3arenh HOpMaTHBa 000-
POTHBIX CPEICTB, BIOXKEHHBIX B 3amacHele wactu, Ha 3408,0 (12 130,5-8722,5)
MJIH TyrpukoB (Ha 28,1 %) HUXe caip/io 5-TO roja Mo HEHOPMHUPOBaHHBIM MaTepHa-
J1aM, 94TO OBUTO OOYCIIOBJICHO HIU3KUMH (PaKTUICCKHMU MTOKA3aTeNIIMA 000PaunBaCMOCTH

Ta0auna 8. OnTuManbHbIi pacyeT 3amaca 3allacHbIX YacTeli, MJIH TYTPUKOB
Table 8. Spare parts stock optimal calculation, mln togrog

Canbpo 5-ro roza Merog 2. Wnrer- OTKIJIOHEHUE
Meron 1. Ocratok | Meron 3. | panbHblit
K B Tom PacuetHslii | o cpaBHe- | OcraTok METOJI.
on o mcie OCTAaTOK 110 HUIO o IIpemnara- MITH
Lexa 6 HEHOpMH- METOI, CTOMMOCTH | € i %
ANAHCY Y peaHeMy EMBIH TYTPHKOB
POBaHHbIX XYZ oGopyno- | o6opory | omrumalb-
pecypcoB BaHUS HBIH 3amac
1-it 6211,6 6211,6 4407,5 2273,5 3042,5 3357,8 —2853,8 —45,9
ex
2-i 33343 3016,6 3469,3 4009,0 2616,6 3375,4 358.,8 11,9
uex
3-i 2257,6 2189.,9 2193,7 2279,5 2699,2 2371,1 181,2 8,3
nex
4-ii 7124 7124 8249 473.,5 364,2 581,3 -131,1 -18,4
uex
Bcezo 125159 | 12130,5 10 895,4 9035,5 8722,5 9685,6 —2444.9 -20,2

3aI1acoB 3alacHbBIX YacTel, KOTOPbIC MMEINCh Ha CKJIa/Iax B OOJIBIIIOM KOJIMYECTBE U HE
ObUTM HCIIONB30BaHBL. JIpyruMu CcJlIOBaMH, ONTHMAJIBHOE CajbJ0 TEKYIIEro cyera
JIOJDKHO PACCUUTBIBATHCS KAXKIBIHM O/l 0 00beMy 3allacoB U X 000payuBacMOCTH.
Humezpuposannas ouenka 3anaca 3anachvlx yacmeil. Benuunna 3amaca 3amac-
HBIX YacTed, pacCUMTaHHAsS C KCIIOJNIb30BAHMEM PA3IHUYHBIX METOAOB, MPEJCTaBICHA
B Ta0n. 8. [Ipemmaraemplii onTUMaNbHBIN 3anac ckiajpiBaeTcs u3 40 % HOpMaTHBa,
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YCTaHOBJIEHHOTO 10 MeTony XYZ, 30 % — Ha OCHOBE HOPMBI, YCTaHOBJIEHHOH B CTOH-
MOCTHBIX TIOKa3aTeJIsIX Ha AMHUIY CTOMMOCTH TOPHOTPAaHCIIOPTHOTO 000PYIOBaHHS 1
30 % oObeMa, pacCCUMTaHHOTO Ha OCHOBE PAacXojia MaTepHUaIoB U UX 000paunBaEMOCTH.

TakuMm 00pa3om, o0mast BemM4nHa O0OPOTHBIX CPEACTB HA HEHOPMHUPOBAaHHbBIE 3a-
MacHbBIE YacTH YCTAaHOBJIEHA Ha YPOBHE 9,68 MIIp/ TYTPUKOB, UTO TIO3BOJISIET COKPATUTh
NOTPeOHOCTh B OOOPOTHBIX CpEACTBaX MNpennpusTus Ha 2,44 MIpA TYTIPHKOB,
i 20,2 %, 1 noBBICUTE 3()(EKTHBHOCTD UX MCIIOIB30BaHMS.

BouiBoabl. B crarbe mpezcraBieHa ycoBepIIeHCTBOBaHHAS METOIMKA YIIPABIECHUS 3a-
racaMu, BKJTFOYAIOIIAst METObI YIIPABIECHUS C ENbI0 PAllMOHATIM3AH 1 ONITUMH3ALINT
UX BEJIMYHMHBI C YIETOM CIIEH(DUKY JeITETbHOCTH TOPHOIOOBIBAIOIIETO TIPEIITPHSTHSL.

OnTuManpHas BeTHYMHA 3a11acoB 3allacHBIX YacTel TOPHOTO MPEATIPUATHS OTIpeie-
JIeHa C y4eTOM HCIIONBb30BaHMs Pa3InYHbIX MeTonoB. [IpeqnaraemMplii HHTETpHpPOBaH-
HBIA TOJXOA K ONpeesIeHUIO ONTUMAIBHOTO 3araca 3almacHbIX 4acTeil OCHOBAH Ha HC-
MoJIb30BaHUU MeToAa XY Z, YUUTHIBAIOIIETO XapaKTEP U TEHJEHIUHU B PACXO/I0BAHUU
3aMacHBIX YacTeil, MeTo/la Ha OCHOBE HOPMBI 3araca 3alacHbIX 4acTeld Ha eTUHHILY
CTOMMOCTH TOPHOTPAHCIIOPTHOTO OOOpYAOBaHMS U METO/A, YUUTHIBAIOIIETO PACXO]]
TOBapHO-MaTepUANBHBIX PECYPCOB U HX 000pauNBAEMOCTb.

Hcrnonp3oBanne npeayiaraeéMoil aBTOpaMy METOIHMKH IO OTPENEICHUIO OTITUMAIIb-
HOW BEJIMYMHBI 3aI1aCOB 00ECIEYUT CTaOMIBHYIO PadOTy OCHOBHBIX MPOW3BOJCTBEH-
HBIX TOJpa3/eNIeHUil TOPHOTO MPENNPUATHS U COKpaIlleHHe 3aTpar Ha popMHUpOBaHUE
1 XpaHEeHHE 3aI1acoB.
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Integral approach to inventory control at the mining enterprise
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Abstract
Research aims to determine the necessary stock of spare parts and optimize warehouse inventory at the
mining enterprise based on the methodology proposed by the authors.
Research objective is a comparative analysis of inventory control theories, a comparison of warehouse
inventories optimal amount calculation methods, determination of a possibility to improve the methods of
inventories optimization, by the example of a mining enterprise A.
Research methodology. In the course of the research the methods of systematization and comparative,
factor and system analysis have been used.
Research results. The possibility to improve the methods of warehouse inventories optimization has been
determined in the present research, an integral approach to the determination of optimal amount
of inventories at the mining enterprise has been proposed.
Summary. The results of the investigations have special significance for the development of mining
enterprise current assets control theory and practice, the improvement of current assets optimal amount
determination methods under the formation of inventories, turnover growth and assets utilization
improvement by means of reducing nonliquid or rarely used material resources.

Key words: optimization; inventories, mining enterprise; inventory control methods; current assets.
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WUccnepoBaHue Harpy)XeHHOCTU U HanPSXXeHHOro COCTOAHUA
OypoBOro MHCTPyMeHTa ¢ 3y64aTo-AUCKOBLIMM (hpesamm
Ha cTaAuu ero NPOEKTMPOBaHMA

BosuH K. A."*, Tunes A. B.', MnotHukos W. C.', Fepacumosa T. A.!
1 Cubupckii eseparnbHblil yHuBepeuTeT, . KpacHosipek, Poccust
*e-mail: koct.91@mail.ru

Peghepam
Beeoenue. Hccnedosano nanpsiscenno-oegpopmuposantnoe cocmosinue (H/[C) pazboprozo 6yposoco do-
aoma ¢ 3y64amo-0ucko8oiMu hpe3ami, paAcnoiONCEHHbIMU 8 KOPNYce N0 OCMPbIM Y2IOM U OCHAU|eH-
HBIMU 08YMA PAOAMU TME8ePOOCHIABH020 800pYicenusa — [{P/[D-244,5-2.
Memoouka npoeedenusn uccnedosanus. IIpusedenvl Koneuno-snemenmuas mooenv oonoma J[PAD
u ouazpamma kavecmaa snemenmog. Ocyujecmeneno Mooeruposanie NPUIONCEHUS MAKCUMATbHBIX YCU-
Uil Ha OYPOBOT UHCIPYMEHN U MOMEHMA 8PAUeHUs, 0eliCMEYIoWUX cO CMOpoHbl 6yposo2o cmasa. /s
ROIyHeHUs OOCMOBEPHBIX Pe3YIbMAMo8 pacnpedenerus noietl IKEUBAIEHMHbIX HANPAXCEHUT nposede-
HO MOOenUPo8anue pAnuyHbIX YCI08UL HASPYHCEHUS NPU 83AUMOOECMEUU ME8epOOCHIABHO20 800PY-
Jrcenus 0onoma c 3a60em CKEAUCUHDL.
Pesynomamut u ux oocyscoenue. Ilpedcmasienvl pe3yiomanmvi pacnpeoenenis noiel IK6UBAIEHMHbIX
HANPAX©CeHUIl, 603HUKAIOWUX 8 KOPNYCe 0010Ma, 0CAX 8paujeHus u 3y064amo-ouckosulx (ppeszax 0aa mpex
CYUAe8 HASPYIHCEHUA: NePBbIlL — CAMbLIL MANCENbLU CYUAU HAZPYHCEHUSA, KO20a 8CA HA2PY3KA, 0elcmey-
H0Was co CMopoHvl OYPOB020 CMAHKA, NPUXOOUMCS HA OOHY 3Y0uamo-OUucKosyro pesy; mopou — 6
CUTLY HEPOBHOCME NOBEPXHOCMU 300031, BKIIIOYEHUT 20PHBIX NOPOO NOBLIUEHHOU MEEPOOCIU U HANUYUS
HeCnIoOWHOCmell 8 NOPOOHOM MACCUGe 8CA HAZPY3KA pacnpedenend Ha 08e 3youamo-ouckosvie ghpesvl;
mpemuil — 8¢5 Hazpy3Ka pacnpedeiena pagHoOMepHO Ha mpu 3y04amo-ouckosvie hpesul.
Bui6oowt. Onpedenena pabomocnocobrnocmu donoma JIPH® u danvl pexomenoayuu 0ns chudiceHus oeti-
CMBYIOWUX HANPSICEHULL RO OMOETbHBIM JLeMEHMAM 0I0Nd.

Kniroueevte cnoea: ocesoe ycunue; ypenue 63poienvix ckeagicun; 6yposoil unCmpymenm, Hanps-
JHCEHHO-0ehOpMUPOBAHHOE COCMOsIHUE, Jelicmeyrouue YCUlusl, PaAcyemuas MoOelb, NoJsl IKGUBALEHM -
HBIX HANPSIICEHULL.

Brenenune. OnHON U3 BOXHBIX XapaKTEPUCTHK OypOBOTO MHCTPYMEHTA SIBIISETCS
ero HarnpsbkeHHO-eopmupoBanHoe coctosaue (HJIC) [1-3], Tak kak He Bceraa yuu-
THIBAETCSA TOT (haKT, YTO MPEIABAPUTEIILHBIH aHAIHU3 HAMPSDKEHHOTO COCTOSHUS TPU
NPOEKTHPOBAaHUU TIO3BOJISIET Oojiee IieJeHanpaBlIeHHO (OPMUPOBATh CTPYKTYPY H
CBOICTBa MPOEKTHUPYEMOro OO0bEKTa, B AAHHOM Ciydae — OypOBOrO HWHCTPYMEHTA.
Cpenu KOMITIEKCa MapaMeTpoB OypOBOTO HHCTPYMEHTA HaHOOJIbIIICe BHUMAHUE YICIASTCS
(dbopMe U pazMepaM 3JIEMEHTOB MHCTPYMeHTa [2, 4, 5], HENOCPEACTBEHHO B3aUMOJICH-
CTBYIOILIUX C MOPOJION M BBINOJMHAIOUINX ee pa3pyleHue. [IpakTuuecku oTcyTcTBYeT
MOHUMAaHHUE B3aUMOCBSI3H HAMIPSHKEHHOTO COCTOSIHUS CUCTEMBI O)PO601l CMAHOK—0YpO-
601 cmas—0oa0mo—pesey (3y0) U xapakrepa pa3pyIlieHus: TOPHON TOPOJIBI.

MeTtonuka npoBeaenusi ucciaenopanmii. H/AC nns koHCTpyKimii pa30opHBIX Oy-
POBBIX MHCTPYMEHTOB PacCMOTpeHO Kak mpoekTHbIN mapamerp. H/IC uccnenoBaHo
C MPUMEHECHUEM KOHEUHO-3IEMEHTHBIX TEXHOJIOTUH MOJICTTUPOBaHUSI (UUCICHHBIX METO-
noB pacueToB). [1yist aToro paspaborana 00beMHast KOHEYHO-JIEMEHTHAs MOAEIb Oypo-
BOTO JI0JIOTA.
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[Ipounocrasie pacuerst HIC 3nemMeHTOB OypoBOTO 10710Ta HOBOTO TUNA [6] BBIIOI-
HEHbI TIPH YCIOBUM MAaKCUMAJBHBIX YCHJIMH, AEHCTBYIOIIMX HA JOJIOTO CO CTOPOHBI
Oyposoro crasa (P, = 400 xH), MomeHTa Bpamenus (MBp =4,2 kH - M) n 32005 ckBa-
JKUHBI (TIPY B3aUMOZEICTBUY C MOPOAOIT), a TaKKe HEPABHOMEPHOIO UX pacHpeneie-
Hus 1o 3neMeHTaM JIPII®, pacueTHas MoJeiab KOTOPOro JaHa Ha puc. 1.

a 7]
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KauectBo 211eMeHTOB
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Tetld 10-y3moBbie TeTpasaps Hex2) 20-rexcaroHajbHBIC DJIEMEHTHI

Puc. 1. Koneuno-anemMeHTHas MOJielIb OypOBOTO J0I0TA PEXYIIEe-BPALIATEIEHOTO ICHCTBUS:
a— 06]].[1/[17[ BUT KOHEYHO-3JICMEHTHOM MOJICIIHN J0JI0Ta; 06— JuarpaMma Ka4ecTBa 3JICMCHTOB
Fig. 1. The finite-element model of the drill bit of cutting-rotational type:
a — general view of the finite-element model of a bit; 6 — elements quality diagram

Kax noka3zaHo Ha puc. 1, a, 607bIIyI0 YacTh KOHEUHBIX 31eMeHToB (KD) Monenn
NPEACTABISIOT CO00H necsaTHy3noBble TeTpasapbl. Ocu chOpPMUPOBAHBEI ¢ OMOLIBIO
JIBAJIIATHY3JIOBBIX T€KCATOHAIBHBIX 3JIEMEHTOB.

Juarpamma KadecTBa 5JI€MEHTOB (puC. 1, 6) MO3BOJSET TNPOBECTH OIEHKY
cocrossHust KO [7-10], mokaspiBasg KOJIMYECTBO 3JIEMEHTOB C KPUTEPHUEM KavyecTBa,

Puc. 2. YcnoBust HarpyxeHust pa30opHoro 0ypoBoro a0iota
Fig. 2. Collapsible drill bit loading conditions

HaxomsmmMces B muamasone ot 0 1o 1, roe 1 mpencrasnser coboit naeansHbINA JIEMEHT,
a Tpu Kputepun, paBHoM (0, 00beM dIIeMEeHTa MOXKET OBITh OTPHIIATeLHBIM. B pamMkax
JTAHHOH 3a/1a49M YHCIIO JIEMEHTOB HHU3KoTO KadecTsa (0,2—0,4) He mpebimraet 214, 9to
cocrasimsieT meree 0,03 % ot oOmiero kommdecTBa 3neMeHTOB (823 729) u spnseTcs
OCHOBaHHUEM ]ISl IOMTYCKa TaHHOW MOJIENTH K pacyeTy.
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Mogenb Harpyxena oceBbiM yeunueM P =400 xH, neficTByomuM B HaIpaBICHAM
ocu Z 11100abHON CHCTEMBI KOOPIMHAT, a TAKXKE KPYTALIIM MOMEHTOM M ,=42xH M,
JEHCTBYIOIINM BOKPYT TOH e OCH. YCIIOBHS HarpyKEHHUsI MOZIEIIM ITOKa3aHbl Ha puc. 2.
Makcnmanbhble 3Ha4eHHs P, 1 M, B3STEI U3 TEXHHYCCKON JOKYMEHTAIMH OypOBBIX
crankoB Tuna CbII-250.

PaccMmoTpuM Tpu pacueTHBIX Cllydasi B3aMMOACHCTBHS 0JI0Ta C 3a00€M CKBa)KUHbI
B CJIOKHOCTPYKTYPHOM IOPOIHOM MaccuBe. IlepBriii — Bcsl Harpy3ka NpUXOAUTCS Ha
OIHYy 3yOuaro-AHuCcKOBYIO (pe3y. Bropoit — B ciily HEpOBHOCTH MOBEPXHOCTH 320051 U
HaJINYMS BKIIIOYCHHMS MTOBBIILICHHON TBEPJOCTH BCsI HArpy3Ka IIPUXOOUTCS Ha JBE 3y0-
4aro-AUCKoBbIe (hpe3sl. TpeTHii — ZoI0TO onupaeTcsl Ha POBHYIO MOBEPXHOCTH 32004,
npu 9ToM ycunus P, u M, paBHOMEPHO Paclpe/esiOTCs Ha TPH 3y04aTo-IMCKOBBIC

(hpesbl.

a 6

206,58 Max
312,7 Max F130
250 {113,703
112355 97,547
| 218775 81,321
190,45 65,094
125 48,868
93,752 32,642
62,503 16,415
31,253 0,18871 Min
0,003987 Min

19432 Max
100
87,504
75,008
62,513
50,017
37,521
25,025
12,529
0,033352 Min

Puc. 3. Pacnipenenenue noneil 5KkBUBaJICHTHBIX HANPSDKEHUH 110 KOPIIYCHOM 4acTH:
a— HarpySKa l'lpl/lXOJll/lTCﬂ Ha 0}1Hy OCb, 6 - HarpySKa l'lpl/lXO}ll/lTCﬂ Ha JIB€ OCHU paBHOMCpHO; 6— Harpyska ﬂpHXO—
JIUTCS Ha TPU OCH PAaBHOMEPHO
Fig. 3. Distribution of the fields of equivalent stresses along the body:
a — load falls on one axis; 6 — load uniformly falls on two axes; ¢ — load uniformly falls on three axes

Pe3yabTarthl u ux anaaus. Pacuem xopnyca. JIyia KOHCTPpYKIAHA pa30OPHBIX JOJIOT
¢ 3y04aTo-IMCKOBBIMH (hpe3aMH XapaKTepPHO HAITMYHE JIall, SBISIOMNXCS (PaKTHIECKH
TUIOCKMMHA OaKaM¥, BOCIIPHHUMAIONIMME 3HAYNTENbHBIE M3THOAIOMNe W KPYTSIINe
MOMEHTHI, a TaKKe CKUMAloIe yerms. [ paccMarpiuBaeMoro 1o1ota (TTOCKOCTH
STHX JIall, yCTaHOBIEHHBIX MOl OCTPHIM YTJIOM B CTOPOHY BpaIleHHs J0I0Ta) Tepeaada
CHJIOBOTO TTOTOKA W3 JIall B TEJIO JIOJIOTa COMPOBOX/IAETCS BOSHUKHOBEHHEM TIEPETPY-
JKEHHBIX U HEJIOTPY>KEHHBIX 30H CIIOKHOTO HAIPSKEHHOTO COCTOSIHHS, MHOT/Ia C 00JIb-
IIMMHA TPaJIeHTaMH HamlpsDKeHUH. Pactipenenenne SKBUBAIIGHTHBIX HAPSHKSHHHN, 110
Musecy, B KOPIyCHOH 4YacTH JOJIOTA PEXKYIe-BpalllaTeIbHOro JEUCTBUS IOKA3aHO
Ha puc. 3.
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CornacHO AaHHBIM, IPEACTABICHHBIM Ha PHUC. 3, BO BCEX CIIydyasiX Harpy KeHUs AeH-
CTBYIOILME 3HAUYEHHSI HANPSDKEHUH B KOPILyCe HE MPEBBIIIAIOT IOMyCTUMBIX 3HAYCHUH.
Pacnipenenenye HanpsKeHU HOCUT paBHOMEPHBIN XapakTep U He npesbimaeT 30-35 MIla
B TIEPBOM, CAMOM TSDKEIIOM CiTy4ae Harpyxenus (puc. 3, a), 15-20 Mlla Bo BTOpOM
ciydae Harpykerus (puc. 3, 6) u 10—-15 MIla B TpeTbeM cirydae HarpyxeHus (puc. 3, 8).
MakcuManbpHble 3Ha9eHHS AEHCTBYIOIINX HANPSHKEHNH BO3HUKAIOT BO BCEX CIIydasx Ha-
TPY’KEHUS B MECTaX KPEIUICHU Jlal K Koprycy U coctapisitoT 312,7 Mlla, 296,56 MlIla
u 194,32 MIla cOOTBETCTBEHHO, YTO HE NPEBBIIIAET NPEAET TEKYYECTU G U MpPEe
KPaTKOBPEMEHHOH MPOYHOCTH G, MaTepuaja, U3 KOTOPOIrO M3TrOTOBJIEHBI OCH (CTalb
35XMIJI, HRC 38; 6, = 392 MlIla; 6, = 589 MIla). Onnako cieayeT OTMETHTb, YTO
B pacyeTHOW MOJENU He ObUIM YYTEeHbI CKPYIIICHHS M (PACKHU, TO3BONIAIOLINE CHU3UTD
YPOBEHb KOHIICHTpAIVK HaNpsDKeHUH Ha 5—15 %.

a o
§(3)(5),39 Max ! ;:; AN
v
264,61 . 230,26 Max
22921 ' i 200
193.82 175,93
j 151,85
158,42 o\
s 127,78 \ )
123,03 ¥
103,71
87,631 33
52,236 ;
16,841 Min 55,559
31,486
7,4122 Min
[
o 172,75 Max
™ 150
132,25
114,49
96,742
78,989
61,237
43,484
25,731
7,9785 Min

Puc. 4. Pactipenenenue noneil 5KBUBaJICHTHBIX HANPSDKEHUH 110 OCAM:
a — Harpy3Ka PUXOIUTCS Ha OJJHY OCbh; 6 — Harpy3Ka NPUXOJMTCS Ha JIBE OCH PABHOMEPHO; 6 — Harpy3Ka npuxo-
JINTCS Ha TPU OCH PAaBHOMEPHO
Fig. 4. Distribution of the fields of equivalent stresses along the axes:
a — load falls on one axis; 6 — load uniformly falls on two axes; 6 — load uniformly falls on three axes

Pacuem ocu spawjenus. C Touku 3peHus n1ehopMHPOBAHHS OCh MPEICTABISIET CO-
00if IpsIMO KPYTIIBIA OpyC, BOCTIPUHUMAIONINN CKUMAIOIINE, U3TUOAIONTHE U KPYTSI-
mpe Harpy3kd. Pacrpenenenue SKBHBAJCHTHBIX HANPSKEHHUHA IO OCSAM CKOJBKEHUS
MIPEJCTaBIEHO Ha pucC. 4.

ComracHO TaHHBIM puC. 4, BO BCEX CIyJasx Harpy>KeHUs ACHCTBYIOLINE 3HAYEHUS Ha-
IPSHKEHUM HE NPEBBIIAIOT JOIyCTUMBIX 3HayeHWil. PacripeneneHue HanpspkeHUH HOCUT
JIOBOJIFHO paBHOMEpPHBIN Xapaktep 1 He npebiaer 3040 Mlla B mepBom cirydae Harpy-
skenws (puc. 4, a), 20-30 MIa — Bo Bropom (puc. 4, 6) u 15-25 MIla— B TpeTbeM (puc. 4, 8).
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MaxkcumanbHble 3HAUSHUS JEMCTBYIOIMX HampsbkeHuil cocrtaBisitor 335,29 Mlla,
230,26 MIIa u 172,76 Mlla COOTBETCTBEHHO, YTO HE MPEBBILIAET IPEIET TEKYYECTH G, U
Tpe/eN KpaTKOBPEMEHHOM IPOYHOCTH G, MaTepHaJla, U3 KOTOPOIO U3TrOTOBIEHBI OCH (CTajlb
40X, HRC 40; 6, = 780 MIla; 6, = 980 MIla). Kak u cie1oBano 0xunarh, MakKCUMallb-
Hbl€e HaNpsHKEHUS BO3HUKAIOT B IIEPBOM, CAMOM TSDKEJIOM Cilydae Harpy)KeHus, Korna
BCS Harpy3Ka IPUXOIUTCS Ha OJHY OCh, @ MUHUMAaJIbHBIE, KOT/Ia BCSA Harpy3ka JeIuTCs
Ha TpU ocu paBHOMepHO. OJHAKO cIeqyeT OTMETUTh, YTO B MOAEIH HE OBbUIN yUTECHBI
(hacku B 0011aCTAX MPUMBIKAHUS OCH M KOPITyca, a TaKXKe OCH M (Ppe3bl, MO3BOJISIOIINE
CHHM3HTH YPOBEHb KOHLEHTpaUWu HanpsbkeHuit Ha 7-15 %. Kpome toro, B dakruue-
CKOM TeOMeTpHUH TakKKe MPUCYTCTBYIOT IIAHOBI, MpenoTBpaliaolye nepexoc ¢pes.
WX momnonHUTENbHBIN yUeT O3BONSIET CHU3UTD ACHCTBYIOIINE HanpsbkeHus (Ha 5—7 %).

a 6
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-
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0,00018435 Min
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| 260,7
217,25
173,8
130,35
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Puc. 5. Pactipenenenue nosneii 5KBUBAJICHTHBIX HANPSDKEHUH 110 3y09IaTO-AUCKOBBIM (pe3am:
a — Harpy3Ka PUXOJMTCS Ha OZIHY 3y04aTo-MCKOBYIO (pe3y; 6 — Harpy3Ka IIPHUXOANTCS Ha JiBe 3yOdaTo-
JIMCKOBBIE (h)pe3bl PaBHOMEPHO; 6 — HATPy3Ka NPUXOAUTCS Ha TPH 3y0UaTo-ANCKOBBIE (PPE3b PABHOMEPHO
Fig. 5. Distribution of the fields of equivalent stresses along the toothed disk milling cutters:
a — load falls on one toothed disk milling cutter; 6 — load uniformly falls on two toothed disk milling cutters;
6 — load uniformly falls on three toothed disk milling cutters

Pacuem 3y6uamo-ouckosvix ghpes. C Touku 3peHus n1ehopMUPOBaHHS 3y0UaTO-TUC-
KoBasi (pe3a MpeacTaBiIseT cOOOH IUIOCKHHA TUCK C (pe3epOBaHHBIMU yYacCTKaMH,
B KOTOPBIX BHICBEPIICHBI OTBEPCTHS AJIS1 BCTABKH 3yObEB, BHITIOJIHEHHBIX U3 METAIJIOKe-
pamMHueCcKOro TBEPAOTO CIjiaBa.

JuckoBble Gpesbl, UMEIOIINE ABYXPAJHOE BOOPYKEHUE, YCTAHOBIICHBI B JIarax Kop-
myca IoJ] OCTPHIM YTIIIOM B CTOpOHY BparieHus (Ha 10°). PacnpeneneHue 5KBUBaICHT-
HBIX HaNpsDKEHHUH 10 3y04aTo-IMCKOBBIM (pe3aM MpeaCcTaBIeHO Ha pHC. 5.

Ilo manHBIM pHC. 5, BO BCEX ClIydasx Harpy>K€HUs ACUCTBYIOILIUE 3HAYEHNUS HAIps-
JKEHUH He MPEeBBIIIAIOT OITyCTUMBbIE 3HaueHus. Pacnipenenenue noneil SKBUBaJIEHTHBIX
HanpsHKeHUH HOCUT paBHOMEPHBIM XapakTep U He npesblmaer 55-60 MIla B mepsom
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ciydae HarpyxeHus (puc. 5, a), 50 MIla — Bo Bropom (puc. 5, 6) u 4045 MIla — B
TpeTbeM (puc. 5, 8). MakcuManbHbIe 3HAYCHUS NIEHCTBYIOLINX HAPSHKEHUH COCTaBIIS-
10T 510,25 MIla, 459 MIIa u 391,06 MIIa, 4To COOTBETCTBEHHO HE MPEBHILIACT MPeIe
TEKYy4YECTH G, M IPEIEN KPATKOBPEMEHHOM IPOYHOCTH G, MaTepHala, U3 KOTOPOro us-
roTOBJIEHB! 3y0Ouaro-auckoBbie (pessl (crams 40XH2, HRC 48; o = 930 Mlla;
c, = 1080 MIla). Kax u cnenopano oxuiarh, MaKCUMaJIbHbIE HAIPSXKEHNUS BOSHUKAOT
B IIEPBOM, CAMOM TSXKEJIOM CITydae Harpy>KeHHs, KOrla BCs Harpys3Ka IMPUXOAUTCS Ha
OJIHYy 3y04aTo-IUCKOBYIO (Ppe3y, a MUHUMANbHBIE, KOTJIa BCS Harpy3Ka JeNUTCS Ha TPH
3y0uaro-auckoBbIie (pe3bl paBHOMEPHO. MaKCUMalbHbIE HApsDKeHUs (BO BCEX cIyda-
X Harpy>KeHus1) BO3HUKAIOT B 3y0UaTO-TUCKOBBIX ()pe3ax B OTBEPCTHUX, BHICBEPIICH-
HBIX B Telle 3y0uaro-AucKoBoi (ppe3sl 11 BcTaBkU 3yObeB. JlaHHbIi a3 ekt nosBuset-
sl BBUAY AJIEMEHTHOM KOHIIEHTpALHU.

BobiBoabl. AHANK3 HANPSKEHHO-Ae()OPMUPOBAHHOTO COCTOSTHHS OYPOBOTO HHCTPY-
MeHTa pa30opHOH KoHCTpykuuu (JPA®D-244,5-2) moka3eiBaeT, 4TO €ro HajeKHasl
Oe3onacHas paboTa He BbI3bIBaeT COMHEHHUH. JlaHHBIN BBIBOA COTTIACYETCs C pe3ysbTa-
TaMH padoT, MOCBSIIEHHBIX MPOOIeMaM IKCIITyaTallil TEXHUYECKUX CHCTEM U Oypo-
BOTO MHCTPYMEHTA, B yacTHOCTH [11-14].

KoHCTpYKTHBHOE HCIIOTHEHHUE JI0I0TA PEXYIIe-BpallaTeIbHOro AeHCTBHSA ¢ 3yOua-
TO-ANCKOBBIMHU (hpe3aMH, yCTaHOBICHHBIMH IO/ OCTPHIM YIJIOM B KOPITyCE M HMEIOIIH-
MU MHOTOPSIHOE TBEPAOCIUIABHOE BOOPYKEHUE, HE 0CIa0sieT KOHCTPYKLHIO 10JI0Ta,
M0 CPAaBHEHUIO C aHAJIOTHYHBIMH JJOIOTaMH, (PpPe3bl KOTOPBIX OCHALICHBI OJJHOPSIIHBIM
BOOPYKEHHEM, TIO3BOJISIET PACHIMPHUTH 00JIaCTh PAllHOHAIILHOMN SKCILTyaTalluy B CIOXK-
HOCTPYKTYPHBIX MAacCHBaxX TOPHBIX MOPOX ¢ KO3(Q(UIUEHTOM KpermocTH MO MIKaje
M. M. IlporoassikonoBa ot f = 6—8 no f= 8—10, ¢ mporutactkamu — 10 /= 12, 3a cyer
NoBbIEeHNs 3PQEKTUBHOCTH pa3pyLICHHUS TOPOBI B 3a00€ CKBAKUHBEI.

HUP svinonnena ¢ pamkax peanuzayuu I panma Ilpezuoenma M/[-221.2018.8.
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Studying the loading and stressed state of the drilling tool with toothed disk
milling cutters at the design stage

Konstantin A. Bovin', Anatolii V. Gilev!, Ivan S. Plotnikov!, Tatiana A. Gerasimova!
! Siberian Federal University, Krasnoyarsk, Russia.

Abstract
Introduction. The stressed-deformed state (SDS) of the collapsible drill bit with toothed disk milling
cutters located in the body at an acute angle and equipped with two rows of hard-alloy weapons DRDF-
244.5-2 was investigated.
Research methodology. The finite-element model of the FRDF bit and the element quality diagram are
given. The application modeling of maximum forces to the drilling tool and the torque acting from the
drilling assembly was carried out. To obtain reliable results for the distribution of equivalent stress fields,
modeling of loading boundary conditions was carried out for the interaction of carbide-tipped rock cutting
elements of a bit with a face in the well.
Results and discussion. The results of the fields distribution of equivalent stresses appearing in the bit
body, axes of rotation and toothed disk milling cutters are presented for three loading cases: 1 — the
heaviest case of loading, when the entire load acting from the drilling rig falls on one toothed disk milling
cutter; 2 — due to unevenness of the face surface, inclusions of rocks with increased hardness and the
presence of discontinuities in the rock massif, the entire load is divided into two toothed disk milling
cutters; 3 — the entire load is distributed evenly to three toothed disk milling cutters.
Conclusions. Conclusions are made about the operability of the DRDF drill bit and recommendations are
given for reducing the operating stresses for individual elements of the bit.

Key words: axial force; blasthole drilling; drilling tool; stressed-deformed state; effective efforts;
calculation model; fields of equivalent stresses.
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AHeproadheKTMBHAA TEXHONOrMSA NOKaNM3aLum TeEXHOreHHbIX
aBapui B WIaxTax Ha 6a3e MaTemMaTM4eCKoi Moaenu
rMapoBMXPEBON Koarynaumu

Makapos B. H.!, Makapos H. B.!, YronsHukos A. B.!, Ceepgnos W. B.™
1'Ypanbckuil rocyaapCTBEHHBIN FOPHbIN YHUBEPCUTET, T. ExaTepuHbypr, Poccus
*e-mail: ilyasverdlov@gmail.com

Peghepam
Beeoenue. Jfunamuka co6epuieHCmMe068anus MeXHUKY U MeXHON02UU NbLIeN00AGIeHUS. 6 20PHOMEMm -
Jypeudeckom Komniekce Poccuu nokazvleaem ux HeOoCmamounyio sgdexmugnocms 6 obecneueHuy ca-
HUMAPHO-CUSUEHUYECKUX YCII08ULL, a 2lIa8HOe — JIOKAIU3AYUL 63PbI608 Nbliegblx cmecell. JanvHetiuiee
nogvluienue spdexmusnocmu yenedobuluu u nepepabomi MUHEPAIbHO20 CbiPbsl CYUJeCMBEHHO 02pa-
HUYEHO HeCOBePULEHCINBOM MEXHOIO2UU JIOKATUZAYUY U TUKBUOAYUU 63PbI608 Y2OIbHOU NbLIU.
Lensio uccnedosanusn ssnsiemcs pazpabomka MamemMamuieckoll Mooenu 6biCOKOHANOPHO2O SUOPOBUX-
PEB020 UHEPYUOHHO20 KUHEMAMUYECKO20 NblIeNn00dsieHus, NPUMEHeHUue KOMopo2o No360Jsem Cyuje-
CMBEHHO NOBbICUMb IPPEKMUBHOCIb TIOKANUZAYUU MEXHOLEHHBIX A8APULL U CHUZUNb YPOBEeHb Npoghec-
CUOHANbHBIX 3a0071e8aHU.
Memoodonozus. Ilpeonosicena mamemamuueckas mMooeib 2UOPOBUXPEBOU UHEPYUOHHOU KUHeMamuye-
CKOU 2emepoKoazyisiyuy, CyWecmeeHHo Nosbluailowell Hepeodh@PeKmusHoCms NblienodasieHus.
Ymounena epaghuueckas mooens 63aumodeticmeaust 8 30He KOHMAKMA 8 MOMEHM COYOapeHus 8 cucmeme
«rcuokoe—meepooey, noiyyenvl ypaenenus kpumepuee Cmoxca u Peiinorvoca npu eudposuxpegoi
UHEPYUOHHOU OPMOKUHEMUYECKOL 2emepoKoayisiyuil.
Pezynomamut. Cepmudurayuonnvle UCNbIMAHUL ¢ NPUMEHEHUEM 3AUUUJCHHBIX NAEHMOM BUXPEBbIX
@opcynox noomeepouny CHUdICeHUe MUHUMATLHO20 PA3MEPA NO2IOWAeMOll NbLIU 6 Yemblpe pasd, no-
svlutenue appexmusnocmu noiieynasiusanus 00 99 % npu 00HO8PEMEHHOM CHUMICEHUU PACX00d 800bl
na 20 %, no cpasHeHuio ¢ KAaccudeckum 8blCOKOHANOPHLIM NbLAeN00A6LeHUEM.
Bo1600wt. [Ipeonooicennas mexnono2ust NbL1eno0agieHust Modicem Oblmb UCHONb308AHA HA 20PHBIX NPeo-
NPUSMUSIX 8 YCA0BUAX 06PA308aHUSL MENTKOOUCHEPCHBIX 63PbI6OONACHBIX NbLIEBbIX CMECEl.

Knroueevie cnoea: sxomexnonozus,; nvinenodasnenue,; koazynayus, uopodobHOCHb,; YUPKYIAYUS,
V2Ol CMAYUBAHUSL, A02€3Usl; IHEP2UsL NOTOWEHUS, NPUCOCOUHEHHLI BUXDb.

Beenenue. 3a1aua 04MCTKY BO3/yXa Ha TOPHBIX HNPEANPUATHIX BECbMa aKTyaJlbHA
C MO3UIMU POCTa IMPOU3BOAUTEIBLHOCTH TPYAa, 00ECICUCHNs] CaHUTapHO-TUTHEHNYe-
CKUX HOPM, OTPaHHUYMBAIOLINX JOMYCTUMbIE KOHIIEHTPALIH BPEAHBIX B3PBIBOOIIACHBIX
ra3oB U adpo3oieil. [IpakTrka moka3piBaeT, YTO MHTCHCU(HUKALINS IPOU3BOJCTBA, BHE-
JpeHKE HOBBIX TEXHOJIOTHH, 00ecTeunBaoMMX dPPEeKTUBHYIO T00BIYY U TIepepaboTKy
MHUHEPAIBHOTO CBIPhSI, CIIOCOOCTBYIOT Pa3BUTHIO TEXHOJIOTHH JIOKAIN3aI[UA B3PHIBOB
yroJbHOM THUTH [1].

OddexT npuIenonaBIeHUs B CyLIECTBEHHON Mepe CBOOUTCS K MPEOI0ICHHUIO SHEp-
TeTHYECKOro Oapbepa B MPOoIlecce CTONKHOBEHHUS Kallelb )KUKOCTH C YACTHLAMH ITBUTH
U IEPEBOJLY CUCTEMBI JicuOKoe—meepooe B 0oiee yCTOHUNBOE COCTOSTHUE, T. €. OIpeie-
JSIETCSl CTETIEHBIO KOATyISIUN M CIIOCOOHOCTHIO Kalelb JKUAKOCTH 3aXBaThIBaTh 4a-
CTHLIBI IIBLIH.

I'mapooGecnbuMBaHuE SIBISIETCS OMHUM U3 HanOoJee paclpoOCTPaHEHHBIX CPENCTB
NPEAOTBPAILCHNS B3PBHIBOB MBIJIECBBIX CMecel, 00ecleyeHns CaHUTapHO-TUTHEeHNYe-
CKHX YCJIOBUI B TEXHOJIOTUSAX TOPHOTO NMpou3BoAcTBa [1-4].

O dhexTHBHBIM METOAOM IPENOTBPALICHHUS MBIIICOOPa30BaHUS SABISETCS IPEIBAPH-
TEJIbHOE YBJIQYKHEHHE YToJbHOTO MaccuBa. CyIIHOCTH NMpeNBapUTEIHHOTO YBIIaXKHE-
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HUA 3aKIII0OYaCTCd B TOM, UYTO HarueracMas B IJIACT IMOJ JaBJICHHUEM KXKUAKOCTH IPHUBO-
MUT K YBEIWYCHUIO BIAXHOCTH VIV, BHI3bIBasg OOpa3oBaHWE W3 MBUIMHOK,
HaXOJSIIMXCSA B TPEIINHAX, arperaroB, KOTOPBIE IPU MOCTYIUICHHH B BO3AYX OBICTPO
ocaxaroTcs [5].

Jns ocaxmeHus TBUTH M3 BO3/AyXa HCIOJIB3YETCS OPOIIEHHE, OHO 3aKIII04aeTcs
B 3aXBaT€ YaCTHUI] IIBIJIU ITPU COyAapCHUU C KAIIJIAMM ) KUAKOCTHU 3a CHET X CMaAUYUBaHU.
OO6pa3yromasics npu 3ToM JaByx(dasHas cpela BbINAJaeT U3 BO3AyXa Ha IOYBY HIIU
OCaX[IAeTCsl Ha CTEHKH BBIPAOOTKH.

B nporiecce nbieyaBIrBaHus 3abIICHHBIA BO3AYX 33 CUET CO3MaHMs 00IacTH pas-
PeKEHMS [IEICHANPABIICHHO B3aMMOJICHCTBYET C TOHKOAUCIICPTUPOBAHHON KHJIKOCThIO,
B pe3yJbTaTe Yero Oca)KIeHHas IbUTh B BH/IE [INTaMa YIAISIETCs Yepe3 IIIaMOINTaTEIH.

9(1)(1)CKTI/IBHOCTB NBUICTIOAABJICHUSA ITOBBIIIACTCA IIPU ITPUMCHCHUU XUMHUYECKOU
neHbl. CyTh METO/Ia 3aKJIFOYASTCs B TOM, YTO MPH I0/Ia4e MEHBI B MECTA MbL1e00pa3o-
BaHUS OHA PACTEKAETCs 110 MMOBEPXHOCTH TOPHON MaCChl, CMEIITUBAETCSI C HEW ¥ MHTCH-
CUBHO paspyimaercs. O0pasyroIiascs Ipyu 3TOM KHJIKOCTh, CMaYMBasi TOPHYIO Maccy,
MPEOTBpAIacT MMePEexXol MBI BO B3BEUICHHOE cocTosiHue. [leHa co3maet OoibImyro
MMOBEPXHOCTh B3aUMOJIEHCTBHS KHUIKOCTH C TOPHOW Maccoil M crocoOCTByeT A ek-
TUBHOMY ITOJABJICHUIO TOHKHX (PaKIWi MBUIM M SKPAaHUPOBAHHIO 0YaroB MbuieoOpa-
30BaHus [6].

OpHako Tpy BEICOKOHAIIOPHOM THAPOOOECITBUTUBAHIH CYIIECTBEHHO PACTyT dHep-
ro3arparsl Ha adpanyio, YTO CHIKAET 3HEProdP(eKTUBHOCTh MPOIIECCOB 00CCIICUEHHS
CaHUTAPHO-TUTUEHUYECKHUX YCIOBUHN M, KaK Pe3yJbTaT, IPUBOANUT K MaJICHUIO KOHKY-
PEHTOCTIOCOOHOCTH SKOTEXHOJIOTHH B HEPOTIOIH30BaHUH.

AKTyaJIbHOCTh COBEPIICHCTBOBAHUS TEXHOJOI'MH BBICOKOHAIIOPHOIO THUAPOOOE-
CIBUIMBAHUS, BHEAPEHISI SKOJIOTMUECKOTO HEIPOIOIb30BaHMs TPeOyeT HOBOTO MOJIX0-
Jla K IOCTPOEHUIO0 MaTEMaTHYECKON MOJIETN HHEPIIMOHHOW OPTOKUHETUYECKOM reTepo-
KOAryJsiiiiy BOIHOMBLIEBOTO a3po3os [7, 8].

Onpenensionyr poib B YBeTHYSHHH dPPEKTHBHOCTH KOATYISIIIMOHHOTO B3aHMO-
JIEHCTBHS Kariesb BOIbI 1 YaCTHI] ITBIIH UTPAET MMEHHO KHHETHYECKAast SJHEPTUS IBUKE-
HUS Karelb pacibUIIeMON BOJBI, a HE 00mui ee pacxon. s HU3KOHAIOPHOTO pac-
MBUICHUS] )KUIKOCTH BIMSHYE HAYaJIbHOTO y4acTKa (akena Ha o0mIyo 3ppeKTuBHOCTh
KOAryJIsSILi{ HE CTOJIb CYIISCTBEHHO U3-3a MAJIOH KHHETHUECKOM SHEPTUH TUCTIEPTHPY-
€MOH1 CTpyH.

JnHaMu4YecKH aKTUBHBIA HA4YaJIbHbIM YYaCTOK ¢ BHICOKOM KMHETUYECKOM dHepruei
Karejb XUAKOCTHU IIPHU BBICOKOHAIIOPHOM I‘I/I,ZIpOO6eCHI)IJII/IBaHI/II/I urpacT onpeacisaro-
IIYI0 pOJIb B 00111eH 3(h()eKTUBHOCTH 3aXBaTa U KOATYJISIIIUY MBUIEBBIX YACTHIT KAILITMU
BOJIBL.

HOCKOHBKy TBUICIIOJAaBIICHUEC @aKTH‘IeCKI/I BO3MOXHO TOJIBKO ITPU HEIOCPEACTBEH-
HOM KOHTAKTE KaIUIH JKHJKOCTH C YaCTHUIICH MBLIN, TO MEXaHU3M UMEHHO 3TOTO MPO-
1ecca HeoOXOAMMO U3YYHTH C IENBI0 pa3paboTars TEXHOIOTHIO B COOTBETCTBYIOIINE
TEXHUYCCKUE CPEACTBA, 00CCICUMBANOIINE HAUOObIINE KOMGPOPTHBIC YCIOBUS IS
3((HhEeKTUBHOTO OCYIIECTBICHHS MBLICTIOAABICHHUS.

TexHNYeCcKH KoarymsIus MMPeCcTaBIIeT COO0H pe3ysbTaT CTOIKHOBEHHUS ABYX (a3 —
JKUAKOH U TBepoit. CoynapeHne MpOUCXOIUT P KOHTAKTe KaIull KUAKOCTH U YaCTH-
IbI TIBUTH, TIPH 3TOM caM (DaKT KOaryJsiiu, T. €. TOTJIONICHHUS TBUTH KUKOCTHI0 MOXKET
Y HE HACTYNHTH, MMOCKOJIBKY /ISl OKOHYATEIBHOTO 3aXBaTa M Mepexo/ia B eNHYIO CH-
CTEMY Kansi HCUOKOCMU—YACTIUYA NbliU HEOOXOIUMO, YTOOBI CHUJIBI MHEPIIUU YaCTHI]
MIBUTH OBLIH OOJBINE CHJI aTe3un U cMauuBanus [9, 10].

CrerneHb B3aWMHOTO MPOHUKHOBEHUS IBYX (ha3, 0COOCHHO MPUMECHHUTEIHHO K Ja-
CTHLIAM MHKpOpa3Mepa, COOTBETCTBYET ruaApo(oOHOCTH, T. €. 3PPEKTUBHOCTH KOary-
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JISIWY 3aBUCUT OT XapaKkTepa MPOTEKaHUS TOBEPXHOCTHEIX SIBICHUH B 30HE UX KOHTAaK-
Ta, OOYCJIOBIICHHOTO BIUSHHEM OTHOCHUTEIIEHOW CKOPOCTH KAIlTd BOABI M YaCTHUIIBI
MBUTHA, UX pa3Mepa, TIOBEPXHOCTHOTO HATSOKEHUS Ha TPaHUIle paszaeiia. JKCIIepUMEH-
TaJIbHO YCTaHOBJIEHO [9], YTO YaCTHIIBI BUTKH JUaMETPOM MeHee 5 + 107 M npakTnye-
cku TuApoGoOHBL [IpH 3TOM B CTpYKType yrolbHOM MBUTH Mpeo0IaaroT YacTHIIBI pa3-
mepoM (1-200) - 1076 m.

Takum 00pa3oM, 3HaYHUTENIbHAS YacTh Hau0O0JIee B3PHIBOOIIACHOM MBLUTH TUAPOGH00-
HAa, 9TO CYIIECTBEHHO CHMXkaeT 3(p(PEeKTUBHOCTh CUCTEM BHICOKOHATIOPHOTO THIPOIH-
HaMHUYECKOTO TbUTenofasnenus [1, 5, 9].

Hens nccaenoBanus. llenpro MoJIeIMPOBaHUS TAPAMETPOB CUCTEMBI KANJISL HCUO-
KOCMu—4acmuya nuliu B IPOIECCe MpeiaraeMoil BUXPEBOH HHEPIIMOHHON OPTOKIHE-
THYECKON TETEePOKOATYISIIUN SBISICTCS HCCIICOBAHNE MEXaHW3Ma KWHEMaTHIeCKOM
KOAryJsiliiy B YCJIOBUAX NEHCTBUSA MPUCOSAMHEHHOTO BUXPS, MHIYIIUPOBAHHOTO Bpa-
naroneics karen xuakoctu [8, 10].

MeTononorusi ucciaeaoBaHuii. Oukcarus yacTuil, MPUOIN3UBIINXCSA K KaIuie Ha
paccTosiHUEe AEUCTBUS aAT€3UOHHBIX CUJI, 3aBUCUT OT BEJIMYMHBI KPAEBOTO yIJIa CMauu-
BaHusA 0. J[ns 3axBara ruApoQOOHBIX YACTHUI] MBUTH KaIUIed JKUIAKOCTH HEOOXOAMMO
COBEPIIUTH PabOTy BHENTHUX WHEPIIMOHHBIX CHJI, KOTOpPAasi COOTBETCTBYET KMHETHYE-
CKOM DHEPTUU WK B3aUMOJICHCTBUS B MPOLIeCCe UX KOHTAKTa. 3aXBaT YACTUIIBI TBLIH
Karuen XUAKOCTH IPOU30MIET P yCIIOBMH, KOT/Ia €€ KHHETU4IeCKas sHeprus W, Oy-
JeT OOJIBIIE WM PaBHA SHEpruy nomomenys [1., cooTBeTCTBYIOMIEH CyMMe SHEPIUH
agresun W, (F, — cuna ajaresuu), ONpeENseMOn YAeTIbHOW JHEPIUEl OTpbIBA, U
sHepruu cMauuBanus W, (F,  — cujla HOBEPXHOCTHOTO HATSXKEHHUS), OIIPENEIIEMON
yaenpbHOU dHepruel pactekanus [9].

C y4eToM HM3JI0KEHHOTO YCIIOBHS, BBIPa3UB MacCy YacTHLbI MbLH (B GopMe miapa),
4yepe3 auamerp d. MOJIYYMM BBIPAKECHHE IS MUHUMAIHHOTO JUAMETPA YACTHUIIBI

I min’®
IIBLIH, TIONJIOIIAeMOM KaIlIeH )KUIKOCTH, B BUC:

o, cosO

(P —p)(w — )

(1)

rae d . — MUHUMAJIbHBII JMaMeTp MONIOIAEeMON YaCTUIbI MIBUIH, M; P, P, — ILUIOT-
HOCTb YaCTHIIbI NBUIM U Ta3a COOTBETCTBEHHO, KI/M3; v, v, = v — CKOPOCTb KaIlIH
JKUJIKOCTH U CKOPOCTb T'a3a, paBHasi CKOPOCTHU YaCTUIIBI MBUIH, M/C; 8 — Ko duuuent
HOBEPXHOCTHOTO HATSHKCHUSI Ha TPAHHUIE pasfena cpel dcuokocmv—eaz, Jk/m?;
0 — kpaeBoii yros cMaunBaHMA Ha IpaHULIE Pa3eia ABYyX CPell HCUOKOCMb—aeda3, pas.

Ha 6a3e m3BecTHOI MOmenw KHHETHYECKON KOAryJSIMH YacTHIBl IBUTH Karuiei
xuakoct mpu @, = 0 [1] Ha puc. 1 npencrasnena rpaduveckas MoJeIb BUXPEBOH
KMHEMaTHYEeCKOM KOaryJsiuH, IpU KOTOPOH Karllsl >KUAKOCTH BPALIAETCs C YIIIOBOH
CKOPOCTBIO @, MHHAYLUPYs B 30HE KOHTAKTa IIPUCOEAMHEHHbIN BUXph [8—10].

W3 ananu3a rpaduueckoi MOJENN B3aUMOICHCTBHUS B 30HE KOHTaKTa B MOMEHT CO-
yAapeHus B CUCTEME dicuOKoe—maepooe, IPUBEACHHON Ha puC. 1, BUAHO, YTO TIIOLIaIb
KOHTAaKTa KaIljH *HUJIKOCTH C YaCTULEH IbLIM, ONpeaesseMas TuaMeTpoM IepuMeTpa
cMauuBaHus d_ OKa3bIBAET HENOCPEICTBEHHOE BIMAHUE HA BEIMYMHY KPAaeBOIo yIna
cMaunBaHus 0. Yem MeHbIIe painyc KpUBU3HBI TOBEPXHOCTH KaIUIM B 30HE KOHTAKTA,
T. €. MEHbIIIE €€ pa3Mep, TEM MEHbILIE KPaeBOU yrosl cMauuBaHus 0 U, clieI0BaTebHO,
TeM Oonble MOTpeOyeTCsl 3aTpaTUTh SHEPTHH JUIS TTOJHOTO IOTJIOIIEHUS YaCTHUIIBI
IBUIM JMAMETPOM d . KarleHd >KMKOCTH JMaMETPOM d_, ONpeeIIeMOM MOBEPXHOCT-

mmin

HOM DHEprueil oTpbiBa U pacTEKaHUSI.
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OpHako caM 1o cebe pa3Mep Karuld He SIBJISETCS PEIIAIOIIUM YCIOBUEM, TaK Kak
MIPH OJJMHAKOBBIX 00bEMax JBE KallIM MOTYT UMETh pa3Hbie (JOPMBI, OMPEICIIICMbIC,
B 4aCTHOCTH, CKOPOCTBIO BpPAlEHHS O, M COOTBETCTBEHHO AMAMETPOM IIEpPUMETpa
cmaunBanusa d, nmpu o, =0u d,, npu o >0.

B nanHOl paboTe pacCMOTPEH MEXaHH3M IIeJICHAIIPABICHHOTO YIIPaBICHUS Kpae-
BBIM yIJIOM CMa4MBaHUs ) 1 KHHETUYECKOW SHEPTUCH B3aMMOICHCTBHS KaIleb YKHUIKO-
CTH M YacTuIl b W..

C pocToM KpaeBoro yria cMaunBaHUs 6 BeIMUMHA SHEPTUU TTOTIONICHHS CHUKACT-
Csl, UTO TIO3BOJISIET 00ECTICUNTh 3alaHHBI YPOBEHb d(PPEKTUBHOCTH 00ECIBUTHBAHUS
NP MEHBIIUX YHEPro3aTparax JIMO0 PACHIMPUTH TUAMTA30H ITOTJIOIICHUS YaCTHI] MbLTH
MEHBIIIETO pa3Mepa, T. €. MOBLICUTh 3()(EKTUBHOCTD MBUICTIOABICHUS MTPH 3aJaHHBIX
JHepro3arparax.

F Yacrtuia el
IK-TO

Karms sxxuakoct
pu Oy > 0

Puc. 1. I'paduyeckas MojeIb BUXPEBO KHHEMATUICCKOW KOATYJISIINHA YaCTHIII
MBUIY Karjiei )KUAKOCTH:

1/ — Mozmemb KIAaCCHYCCKOM HHEPIMOHHOM OPTOKHHETHYCCKOW TeTepOKOaryIsiuH,
npu o, = 0; 2 — MoaeNb BUXPEBOH MHEPIIMOHHON OPTOKMHETUYECKOH IeTepoKOaryIsamuu
npu o, >0
Fig. 1. Graphic model of dust particle vortex kinematic coagulation with a drop
of liquid:

1 —amodel of classical orthokinetic heterocoagulation under , = 0; 2 —a model of vortex
inertial orthokinetic heterocoagulation under ®, >0

W3 puc. 1 BugHO, 9TO TpY COyAAPEHUH YaCTHIIBI TIBUIH C BPAIIAIOMIEHCs CO CKOPO-
CTBIO (O, KaIJIeHd )KUIKOCTH JUaMETpP IEPUMETPA CMadYMBaHUs YBEJIMYNBAETCS 10 BEJIU-
YUHBI d_,  TI0 CPABHEHHMIO C €r0 BENMYUHON d  mpu = 0, T. €. IpH KIacCUIECKOH
TE€TCPOKOAryIsAlu.

Yem Gorblire 3HAYEHHUE KPASBOTO yIvia cMadyuBaHus 0, TeM MeHbIIIe TpedyeMast Ui 1mo-
IVIOLIEHMS YAaCTHLIBI IBUIM KMHETHYECKask SHEPIUsl KAIUIH KUAKOCTH, T. €. 4eM OOJIbILIE III0-
I113/1b KOHTaKTa Karlii >KUJIKOCTH C YaCTHULEH NBUTH, TEM MEHBIYIO CKOPOCTh HEOOXOIUMO

COO6I]_IaTI> KarsiM XXUJIKOCTH AJIsL obecrieueHust 3(1)(1)6KTHBHOFO NbUICIIOAABIICHUA.
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Taxum 06pazom, /Ui CHI)KEHUS JHEPTOEMKOCTH BBICOKOHAIIOPHOTO THAPOAMHAMU-
YEeCKOT'0 MBLIETIOIaBICHNs HeOOX0AMMO U3MEHUTh KHHEMAaTHKy B3aUMOJEMCTBUS Kall-
JIM KUAKOCTH U YaCTHUII ITBUTH B 30HE KOHTAKTA. JTO BO3MOXKHO 3a CUET BIUSHUS dHEP-
MU BUXPsl, 00YCIIOBIEHHON BPAIIEHUEM KaIlJIH KMIAKOCTH CO CKOPOCTBIO (O BOKPYT €€
0CH, COBIIAJIAFONIEH C BEKTOPOM CKOpOCTH v, [9—-12].

B pabote [9] axcrieprMeHTaIBHO YCTAHOBIICHO CYIIECTBOBAHNE a3POIUHAMUIECCKO-
TO DHEPTeTHYECKOTO Oapbepa, MPEMsATCTBYIOMIETO TIEPEXOAY CUCTEMBI HCUOKOe—mEep-
Ooe Ha 0oJiee BRICOKHH SHEPTeTHUECKAN YPOBEHD KOATYISIIMOHHOTO B3aNMOICHCTBUS
MIPH HU3KUAX 3HAYEHUSX KMHETHYECKOW YHEPTUN B3aUMOICHCTBUS KAIUTH KUJAKOCTH U
YaCTUIIbl IBLIU, YTO COOTBETCTBYET KPUTHUECKUM 3HaUeHUsIM Kputepus CTokca, npu
KOTOPBIX HEBO3MOJKEH 3aXBaT YaCTHIL IIBIIH.

Brnusinue kuHEMaTuueCcKUX U AUHAMUYECKUX MapaMETPOB BPAILCHUS KAIUTH KU-
KOCTH Ha a3pOANHAMHYECKHH TOBEPXHOCTHO-aATe3NOHHBIN YHEPreTHIeCcKuii Oapbep 1
KpaeBo# yroy cMauMBaHUs MMOKa3aHO Ha rpa)uuecKkoil MOJENN BUXPEBON MHEPLUOH-
HOM OpPTOKHMHETHYECKOW TETEPOKOAryIsiiud MPU B3aUMOJCUCTBUU YACTULBI MBUIU
C BpAIAOUIEHCS ¢ YIIIOBOM CKOPOCTBIO . KaruieH xKuakocTu (puc. 1).

[1pu BpanieHny Kariv ;KkMJKOCTH € YIJIOBOK CKOPOCTBIO (. BOKPYT €€ IIOBEPXHOCTH
M B 30HE KOHTAaKTa, COMIACHO ycioBuio |empMronbua-bepHymmm, co3maercss o0nacTh
pa3pekeHus, T. €. MOHIKEHHOTO CTAaTUYECKOTO AAaBJICHHSI Ha BEIMINHY YASITFHOU SHEP-
run AW NpHCOEIMHEHHOTO BHXPS, CKOPOCTh KOTOPOIO, COMIACHO THMAPOAMHAMHYE-
CKOW aHAJIOTHH, OTIPENENSIeTCs M0 M3BECTHONH B TEOPHH 3JIEKTPOJUHAMHUKH (QOpMyIie
buo-Casappa. Takum 00pazoM, NpUCOETUHEHHBIN BUXPh, 00yCIOBICHHBIN BpalleHH-
€M KaIUIM JKUJKOCTH, CHIJKasl CTaTHYECKOE JIaBJIEHHE B 30HE €€ KOHTaKTa ¢ 4acTHULEH
LY, YBEIMYUBAET KPA€BOH YTol CMauMBaHUs 10 BEIMYMHEL O , CIIOCOOCTBYET CHHU-
JKSHHIO a3POIMHAMUYECKOT0 dHepreTudeckoro dapeepa [9, 10, 13, 14].

B 30He KOHTaKTa YacTUIa BUTK OYJET IBUTATHCS 110 BUHTOBOH JIMHUM C YIJIOM CIIH-

d_ sin@,

pamu o = arctg = B IyOb KaIUld JKUAKOCTH C MOCTYNATEIbHON CKOPOCTHIO
(vn — 3,
(v, — v,), Bpamasch IpH 3TOM C YIIIOBOH CKOpocThio _ [10].

M3MeHeHne KHMHEMaTHYeCKHUX MMapaMeTpoB, XapaKTePH3YIOIINX B3aUMOJICHCTBHE
YaCTHIBI MBI W KaIUTH JKUJKOCTH B 30HE KOHTAKTa IPH COYNAPCHHUHU, MPUBOIMT
K CYIICCTBCHHBIM W3MEHEHHsIM (aKTU4YeCKMX 3HaueHuil kputepueB CTokca U
Petinonbica, KOTOPHIE B yCIOBUSIX BUXPEBOW KHHEMATUYECKOM KOATYIISIIIMK OTIPEIEIIs-

I0TCs 10 (hopMyJiam:

B dmpm\/(fvr ~v,) +0,2502d; sin0_

Re)!cu) - ;
i, )
2 .
St = dy (P, — pr)\/(far —u, ) +0,2502d> sin 6 |
18u.d,

rae d,_ — JuaMeTp Karuli XKHIKOCTH, M; P, — IUIOTHOCTh KAaIUIM JKHIKOCTH, KI/M%;
1. — K03 QUIUEHT TMHAMMYECKOH BA3KOCTH rasa, KI/M - C.

Takum 00pa3om, BpalareinbHOE IBMKEHHE KAl KUJIKOCTH YBEIUYHBAET (PaKTh-
ueckoe >ppexTuBHOe 3HaueHue kpurepues Crokca Stk u Peiinonbaca Re, B 30me
KOHTAKTa, CIIOCOOCTBYSI CHIIKEHHIO BEJIIMYHMHBI TIOBEPXHOCTHO-aIT€3UOHHOTO dHEpTe-
THYECKOTO Oapbepa M KPHUTHUYECKOTO YPOBHS a’3pOJAMHAMHYECKOTO 3HEPreTHYECKOrO
bapbepa [9].
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Cuny naBieHHs pa3pekeHUs] B 30HE KOHTAKTA YaCTHIIBI MBUTH U KaIlIM >KUJIKOCTH,
00yCJIOBJICHHYIO BIMSIHUEM MPUCOEINHEHHOTO BUXPS U PABHYIO CHIDKEHHUIO CHIIBI TIO-
BEPXHOCTHOTO HaTsKEHUSI, MOYKHO BBIPAa3UTh ypPaBHEHUEM:

AF)K—m) = O’Sp)xru)('omSKSr:l > (3)
rae I' | — IMpKyIsIus B 30HE KOHTAaKTa YaCTHIIBI NMBUIM M KAILTH JKUJKOCTH, M%/C;
S _— momab KOHTAaKTa, COOTBETCTBYIOMIAs ILUIONIAIA CMAYMBaHUs, M2, S — IUIOIIA/b
MOBEPXHOCTH YaCTHIIBI ITBLTH, M.

YpaBHEHUE I AONOJIHUTEILHON KUHETUYECKON S3HEPTUY, PABHOM SHEPTUU BUXDS,
MPUCOECTUHEHHOTO K BPAIIAIOIICHCS KAl KUIKOCTH, ¢ yueToM (3) u puc. 1, ypaBHe-
uHuit bepuymum u Octporpanckoro-I'aycca [9—-11] momyuum B BHe:

WKUJ = gpma’n3 Sin4 e(,l)i (4)

YpaBHeHHE AJIs CHIIBI IENPECCUN B 30HE KOHTAKTa YaCTHUIIbI IIBIJIM U KaIUIH KHJIKO-
CTH, 00yCIIOBIEHHON BIMSIHUEM IIPHCOEANHEHHOTO BUXPS, € yueToM (3), (4) momyuum
B BUJIE:

T 4 . 4pn 2
o = 3—2pde sin” O, .
Jns BUXpeBOl MHEPLUUOHHONW OPTOKMHETHUYECKON IeTepOKOaryssiliud MUHUMAab-

HOE 3HAYCHUE SHEPTUH JJI TIOTHOTO MOTIIOMICHHUS], C YIETOM ypaBHEHUH (4), 0 aHaIO-
THH C TETEPOKOAryJsiuei npu o, = 0 3anumem B BUJE:

I, =I_ —AW,_ =28 cos6. &)

C yderoMm ypaBHeHwUi (4), (5) ypaBHEHHE IJIs1 KPaeBOTO yIila CMadyMBaHUS B 30HE
KOHTAKTa )KUIKOHU U TBepA0H (a3bl MpH BpalleHNH KaIlIh KHIKOCTH C YTIIOBOH CKOPO-
CTBIO . TIOJIyYHM B BUJIE:

np_d’ sin” 0w’

0, = arccos| cos0 —
85, cosO

Takum 06pazom, ¢ yueroM (1), (6) 1 mpeanoxkeHHOH MOAETT HHEPLIIMOHHON OPTOKH-
HETUYECKOH IreTepOoKOoaryisiliuid CUCTEMBI YaCTnuya Nulau—Kanis HCuoKocmu IIpy Bpa-
IIEHUH YaCTHULBI )KUJKOCTH C YIIIOBOM CKOPOCTHIO o, MHUHUMAaJbHBIA AUAMETP dnmmin
YaCTULBI TN, MTOJHOCTHIO MOTIIONIAEMOU B IIPOLECCE 3aXBaTa U CMaYrMBaHWA KalUIAMU
JKHUIKOCTH, IIPpU I[GP'ICTBI/IH CHUJI MMOBCPXHOCTHOI'O HATAKCHUA, MHCPLIUOHHBIX CHUII I10-

CTYHAaTCJIbHOTO U BPpAaIlaTCJIbHOT'O ABUKCHHUA MMOJYUYUM B BUJIC:

5, cos {arccos [cos 0- (npmd,f sin* B’ /(83,, cos 9))]}

nomin

(P =Pe) (=0,

Ha puc. 2 mpuBeneHs! pe3ynbTaThl pacdera 1o MpeiokeHHON MaTeMaTHueCKOH Mo-
JIeM BUXPEBOM KUHEMAaTHUYECKON KOAryJsiliM¥ HU3MEHEHHS KPUTHUYECKUX 3HAYCHUI
kputepus Ctokca Stk B 3aBUCHMOCTH OT YIIIOBOH CKOPOCTH BPAILlEHHs KaIllellb BOJIbI
o, nnamerpoM d,_ =4 - 107° M u1st aGCOMOTHO THAPO(POOHBIX YACTHUI] YTOIBHOI MBLIH,
e 1 -o, =0, Stka =4,1-1072 Re, =20, =4-10°m;2-0, =1,5-102c,

1 min
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Stk,, =8 - 103, Re, =15,d . =3-10%m;3 -0, =2,5"10>c’, Stk,, =45 1073,
Re =6,d .. =12 10°M; 4 — 3aBHCHMOCTb KPUTUYECKOTO 3HAYCHUSI KPUTEPUS
CroKca OT yIIIOBO# CKOPOCTH BpAIICHUS KATUTH.

[IpuBeneHHBIC U30JUHUM YITIOBOW CKOPOCTH BPAIICHHUS KaIlellb KUIAKOCTH B (PYHK-
MY KPUTHYECKUX 3HaueHui kpurepueB Ctokca u PeliHonbaca mMoATBEpKAAIOT CyIIe-
CTBEHHOE CHUXCHHE KaK 3aIpEeIaONIero ypOBHS MOBEPXHOCTHO-aATE3UOHHOTO dHEP-
TEeTHYECKOT0 Oaphepa HaJUNAHUS YaCTHIl, TaK M KPUTHYECKOTO YPOBHS
A9POAMHAMHYECKOTO IHEPTEeTHUECKOT0 Oapbepa.

IIpu yrioBoii CKOPOCTH BpaIleHHs Kaleib KUAKOCTH ©, = 2,5 - 10% ¢! kpurnue-
ckoe 3HaueHue Kputepus CTokca CHIKAeTCs 00Jiee 4eM B YeThIPE pa3a, a KpUTHISCKOS
3HaYeHue kpurepus PeitHonbaca — 6oee ueM B TP pasa Mo CPaBHEHUIO C UX 3HAYCHU-
SMHM B YCIIOBHSX IIOCTYIIATEILHOTO ABUKCHUS Kalesb )XUAKOCTH, T. €. pu 0, = 0. Ipu
aToM 3PQeKTHBHBIC 3HaUeHUsI Kputepus Pelinonbaca u Crtokca, pacCcuMTaHHbBIE 1O
dhopmyse (2), Ha iuHUH 4 (pUC. 2) COOTBETCTBYIOT X KPUTUYCCKUM 3HAYCHUSAM ITOJTHO-
IO HOIIOIIEHUS IpH ®, = 0, T. €. 10 U3BECTHBIM KPUTEPUATILHBIM YPABHEHHSAM.

Stkyp
A

107

107

Puc. 2. V30miHNM yTIIIOBOM CKOPOCTH BPAILCHUS KATlIA BOABI B (PYHKIIUK KPUTH-
4yecKHx 3HaueHHH kputepust Ctokca n PeliHonbaca
Fig. 2. Liquid drop spin rate isolines in the function of Stocks and Reynolds
criterion critical values

Pe3ynbTarhl. CHUKEHHE SHEPTETHYECKUX 0aphepoB B YCIOBHAX BUXPEBOH KOary-
JAUK 00yCIIOBIIEHO, KaK IMOKa3aHo paHee (3), yBETHMUEHHEM 3HAYCHWH KpUTEpHeB
Croxkca Stk u Peiinonsaca Re,  mpu BpalieHuM Kariy )KUIKOCTH O CPABHEHMIO C UX
snauenusamu Stk, Re , paccumrannbiMu Oe3 ydeTa BpallleHMsl KAl >KHJIKOCTH,
T. €. ipu ©, = 0.

CHukeHVe BETMUUHBI KpUTepHst PeifHONbIca JUTS KareNb )KUAKOCTH TIPH BUXPEBOM
BBICOKOHAIIOPHOM THAPOOOECIIBUIMBAHUN CHOCOOCTBYET YMEHBILECHHIO €€ pacxona M
NOTPeOHOTO AaBJICHUS, T. €. OBBIMECHUIO pecypca 3((GEKTUBHOCTU CHCTEMBI MBLIETIO-
nasneHus. [I[puBeieHHbIC JaHHBIE TIOKa3bIBAIOT, YTO MPH BUXPEBOM HHEPLHUOHHOM Op-
TOKHHETHYECKOM T'eTEPOKOAryISIIMOHHOM B3aUMOJICHCTBUM BpPAIIAIONINXCS Kamelb
KUJIKOCTH M HECMAYMBAEMbIX YaCTHIl IbUIH KO3(Q(UIHMEHT 3axBaTa Ty, Oymer paBeHn
K03((PULUEHTY KOATyJISLUHK 1, TIPU CyHIECTBEHHO MEHBUINX 3HAYEHUAX KpUTEpHst Peii-
HOJIBJICA, T. €. TIPH MEHBILINX CKOPOCTSIX MMOCTYNATEIbHOTO IBUKESHUS KATUTH KHIKOCTH
100 MEHBIINX pa3Mepax YaCTHIIBI TTBUIH.

IIpoBeneHHBIE 3KCIIEPUMEHTANIBHBIE UCCIEAOBAaHUS C JOCTAaTOYHOM AJISI HH)KEHEp-
HOT'O pacdera TOYHOCTBIO MOATBEPANIN PE3yAbTaThl pACUeTOB MO MPEIJIOKESHHON Ma-
TEMaTHYECKON MOJIENH, TIOKa3aJIl BBICOKYIO 3()QEKTHBHOCTh BUXPEBOM MHEPIIUOHHON
OPTOKWHETHIECCKOU TeTePOKOATYIISIITNH, TO3BOIHMBINEH HAa 20 % CHU3UTH pacXxo BOJEI,
YMEHBIINTh MUHAMAJIBHBINA pa3Mep HOMIOIEHHUS a0COMIOTHO THAPO(GOOHBIX YaCTHUI
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yrofabHOH mbuTH 10 1,2 © 107° M, moBBICHTH 3)(PEKTUBHOCTD MbUIETOAABICHUS 10 99 %
B CPAaBHEHHUH C KJIACCUYECKUM BBICOKOHAIIOPHBIM THAPOOOECTIBLITUBAHNEM.

BobiBoabl. Bparienue kamim )KuIKOCTH CHIYKAET pacKJIMHUBAIOLIee NeHCTBUE ra30-
BOW Ccpelibl Ha TPaHUIIE JcUuoKoe—meepdoe, T. €. CHIXKACT BEIMYUHY TOTpeOHON SHEp-
T'UM NOJHOTO noromenus [T, yBelnuuMBaeT MOBEPXHOCTh CMAYMBaHUs U (haKTHUE-
ckue > pexTuBnble 3Ha4eHus kputepues Crokca Stk u Peiinonbiaca Re .

BuxpeBoe BBICOKOHANIOPHOE THUAPOOOECIBUIMBAHHE CIOCOOCTBYET YBETUUCHHIO
yIila CMa4MBaHUsl, yMEHBIICHHIO 3alPEIlaloNIero YPOBHS IOBEPXHOCTHO-ar€3MOHHO-
r0 PHEPreTHYEeCcKOro Oapbepa HAIMIAHHUS YACTULl U KPUTHYECKOTO YPOBHS a’pOAMHA-
MHUYECKOTO SHEPTETHYECKOTO Oapbepa.

BuxpeBast kuHemarrdeckas Koarymsums no3ossteT Ha 20 % CHH3UTH pacxoj BOJBI, 110-
BBICUB 3(PEKTHBHOCTb MBLIETIONABICHUS 10 99 % 3a cueT CHIKEHUS MEANAIFHOTO pasMepa
YaCTHI] TIEUIM IO CPABHEHUIO C KJIACCHYECKUM BBICOKOHAIIOPHBIM THIPOOOESCITBUTHBAHIEM.

BuxpeBoe BBICOKOHAIOPHOE THAPOOOECTIBUTUBAHNE MTO3BOISAECT YMEHBIINTD MUHU-
MaJIbHBIA pazMep MmoromaeMoi ruapoGpoOHoi yroiapHoi mbuty 10 1,2 + 1070 u Takum
00pa3oM CYIIECTBEHHO CHHU3UTh BEPOSITHOCTH B3PBIBOB a9PO30JIbHBIX MBUICBBIX CMe-
ceil, a Taxke obecnieunts HopMaTHBHBIE TpeboBanus [1IK no 3anbuieHHOCTH BO3AYyXA.
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Energy-efficient technology of technogenic accidents containment in mines based
on a numerically simulated model of hydro vortex coagulation

Vladimir N. Makarov!, Nikolai V. Makarov!, Aleksandr V. Ugolnikov', Iliia V. Sverdlov!
! Ural State Mining University, Ekaterinburg, Russia.

Abstract
Introduction. The dynamics of dust suppression equipment and technology improvement in the mining and
metallurgical complex of Russia reveals their poor efficiency of sanitary and hygienic conditions, and most
significantly, dust mixtures blast isolation. Further improvement of coal production and mineral processing
efficiency is significantly limited by the incomplete technology of coal dust blasts containment and
elimination.
Research aim is to develop a numerically simulated model of high-pressure hydro vortex inertial kinematic
dust suppression the use of which allows to significantly improve the efficiency of technogenic accidents
containment and decrease occupational diseases rate.
Methodology. A numerically simulated model of hydro vortex inertial kinematic heterocoagulation has
been proposed, which significantly increases the energy efficiency of dust suppression. A graphic model of
interaction in the zone of the contact at the moment of collision in the system liquid-solid has been specified;
Stocks and Reynolds criteria equations have been derived under hydro vortex inertial orthokinetic
coagulation.
Results. Certification tests with the use of the patented vortex spray nozzle proved 4 times reduction of the
absorbed dust critical dimension and the dust capture efficiency increase up to 99% under simultaneous
reduction of water consumption by 20% compared to classical high-pressure dust suppression.
Summary. The proposed technology of dust suppression can be used at the mining enterprises in the
conditions of fine explosive dust mixtures formation.

Key words: ecotechnology, dust suppression,; coagulation, hydrophobic behavior, circulation, angle
of wetting; adhesion; adsorption power, attached vortex.
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ByHKepHble CUCTEMbI KOMNNIEKCOB KOMOMHMPOBAHHOTO
TpaHcnopTa B Kapbepax

OauH A. B."™*, NMonos A. I.%, LLlecTakos B. C.!
1'YpanbCckuil rocyaapCTBEHHbIN FOPHbINA YHUBEPCUTET, T. ExatepuHbypr, Poccust

*e-mail: gpt2004@mail.ru

Peghepam
Beeoenue. Ilepecpysounvie cucmemvl npu KOMOUHUPOBAHHOM MPAHCHOPME OKAZbIBAIOM CYUeCMBEHHOE
6nUAHUE HA ceDeCTNOUMOCTb 000bIYU NONE3HbIX UCKONAEMbIX OMKPbIMbIM cnocodom. IIpu ompabomxe
2NY6OKUX KAPbepos K nepecpy304HbIM YCMPOUCMEAM U OMOETbHbIM UX KOMIOHEHMAM NpedbAasaomcs
no8vlueHHble MPebOBAHUSL.
Lenvy pabomui. [losviwenue 5¢)pexmusnocmu mpancnopmublx cucmem 0is 2yO0KUX Kapbepoes 3a cuem
NPUMEHeHUs ROOCUCEMbL «OYHKep—RUMAmensy ¢ payuoHAIbHbIMU NAPAMEMPAMU.
Memooonozus. Mamemamuyeckoe u Quzuueckoe MOOeIUPOBAHUE MEXHONO2ULECKO20 Npoyeccd Noo-
cucmemvl «OYHKep—6UOPONUMATENbY.
Pesynomamel. B cmamve nokasano, 4mo GYHKEPHble CUCEMbL, OCHAUWEHHble BUOPAYUOHHbIMU NUMA-
MENAMU-2POXOMAMU C COBMEUWEHHBIMU MEXHON02UECKUMU PYHKYUAMU Haubosee NOTHO cOOmeem-
CMBYIom mpeboBaAHUAM NePeSPY30UHbIX CUCIEM NPU MPAHCHOPMUPOBAHUU 630PEANHOL 20PHOU MACCYL
u3 6ynxepos. Ilpusedennvl pesyibmamyl AHAAU3A NO 6IUAHUIO NUMAMENel-2POXOMO8 HA Ce0eCmoumMocnb
000b14U NONE3HO20 UcKonaemozo. [Iposedensi skcnepumenmanbHvle UCCIe008aHUs NO ONpedeneHulo pa-
YUOHANLHOU 2eOMempull cUucmemvbl «OyHKep-6UOPONUMAMENbY, UCCIe0068aHbl OCHOBHbIE NAPAMEmpb
BUDPOBLINYCKA, OYEHEHbI CKOPOCIHbIE CBOUCNBA NPUEMHBIX ITIeMEHMO8 GYHKEPOS.
Bu1600vi. B ycrosusax kapvbepHvix nepespy30uHblx cucmem napamempbl OYHKepos ciedyem paccmampu-
6aMb 6 3A6UCUMOCIIU ON HAZHAYEHUs U CIPYKMYPbl MPAHCNOPMHOU CUCEMbl, U3 YCIOBUS DENHCUMOS
ROCMYNIeHUs U Omepy3Ku 20pHoll maccel. Kapvepuvim nepespy3ounsim cucmemam Haubonee noaHo co-
omeemcmeyiom OyHKepbl 6 hopme «nepeseprymoz20 obenuckay, OCHaujeHHble UOPAYUOHHBIMU NUMA-
MENAMU-SPOXOMAMU C COBMEUJCHHBIMU MEXHON02UYeCKUMU yHKyuamu. IIpusedenvl pe3ynbmanol 3Kc-
NEePUMEHMANbHBIX UCCTIe008AHULL U NPOMBIULEHHBIX UCHLIMAHUL 8UOPOBBLINYCKA 630PEAHHOU 20PHOU
maccewl. K ocnosnbim napamempam 6ynKepos KapbepHblX nepeepy304HblX CUCIeM OMHOCAMC. NPOU3BO-
OUMENbHOCHIb, 2e0MempuyecKue Napamempsl U pasmepbl 6bINYCKHbIX OMEEPCMUll, 8MeCmMUMOCcmy 6YH-
Kepa, CKOpOCmHble CBOUCIBA OBUNCEHUA 2OPHOU MACCY.

Knrwueevie cnosa: nepespy30uHble CUCmembl, OVHKep, NPOU3B00UmenbHOCHb, 2eoMempus OyHKepa;
8bINYCKHOE Omeepcmue; CKOPOCHb OBUNCEHUS, 2OPHASL MACCA, 8UOPONUMAMENb-2POXOM.

BBenenmne. B ycnoBusix myOoKux KapbepoB OyHKEphl HE peHa3HaYeHbl KOMITIEHCH-
POBaTh JJIUTEIBHBIE IPOCTON CONPSracMbIX CPEICTB TPAHCIIOPTA 10 OPTaHU3ALMOHHBIM
HNpUYUHAM, UX [IapaMeTphl CIEAyeT pacCMaTpUBaTh U3 YCIOBUS YacOBBIX U MUHYTHBIX
PEKUMOB MOCTYIUICHHS M OTTPY3KH TOpHOM Macchl. [lapameTps! OyHKepa JOMKHEI Ompe-
JIENATHCA C YIETOM XapaKTepUCTHK MCIIONIb3yeMOro TpaHcmopra. Llensio uccnenoBanuii
ABJIsIETCS 000CHOBAaHHE PAlOHATBHBIX TApaMeTPOB OYHKEPHBIX CUCTEM.

MeTtoauka uccaeaoanuii. [1lo ceoemy HazHaueHHIO OYHKEPHI TOAPA3ACIIAIOTCS Ha
CTallMOHAPHBIE, IEPEHOCHBIE, IEPEBIKHbIE, caMOXolHbIe [ 1—4]. ByHKkepHbIE yCTpO-
CTBa SABJIIOTCS COCTABHOM YaCThHIO JIFOOOH Meperpy309HOi CHCTEMEL.

B ycnoBusax xapbepoB, Ipy MPUMEHEHUH CTAIlMOHAPHBIX MEPEIBMKHBIX MEperpy-
30uHbIX cucteM (I1C) OyHkephl He MpenHa3HAYEeHB! BBIIOIHSITH POJIb AaKKyMYIHPYIO-
IIMX CKJIa/I0B, OHU TAK)KE€ HE MpeJHa3HaYeHbl KOMIIEHCHUPOBATh JUIUTENbHbIE IPOCTOU
TpaHCIOpTa MO OpraHu3alMoOHHBIM IpuuuHaMm [5—7]. B ycnoBusx IIC HasHaueHue
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OyHKEpOB MOXXHO PacCMaTpUBaTh U3 YCIOBHS CMEHHBIX YaCOBBIX U MUHYTHBIX PEKH-
MOB MOCTYIUIEHHS U U3BJIE€YeHHs TopHOM Maccel (I'M).

B 3aBucumMocTH 0T Xapaxtepa JIBIKeHHs] [ M paznndarorcss OyHKEpHI CO CIUIONTHBIM
(MaccoBBIM, THAPABINICCKAM) WCTCUCHHUEM, HOPMAIBHBIM (TIPEPHIBUCTHIM) BHIOM
UCTEUYEHHS U C IPUHYAUTEIBHBIM H3BJIeueHueM I’ M u3 OyHkepa NOCpecTBOM IUTATENeH
[8, 9]. B Texanueckoi mureparype HauOoIIee MOITHO OMUCAHBI 3aKOHOMEPHOCTH IBIKEHHS
CBITyYHX MaTepUasIoB ISl yCIOBUI UX CBOOOIHOTO BBITYCKa B MOA3EMHBIX TEXHOIOTHSX.
PexoMeHIOBaHBI KPUTEPHH OLIEHKH MPOLIECCa: KPUTEPHUH ChITydecTH, Ko dULIUEHT Tpo-
xoIuMocTH. B wacTHOCTH, pa3Mepsl peieNTbHOTO CBOI000PA3YIOIIEro OTBEPCTHS, TIPH KO-
TOPOM TIPOTEKAET YCTOMYMBBINA IPaBUTAIIMOHHBINA BBIMTYCK KPYITHOKYCKOBOM I'M, XapakTe-
PHBYIOTCS BEMMUUHON K03 dummenTa npoxoaumocta ot 4,0 o 5,5 [9]. Y3 npuBeaeHHoOrO
COOTHOILIEHHUS CJIEITYET, YTO IPaBUTAIIMOHHBIN BBIMYCK B ycnoBHAX [1C kapbepoB pekoMeH-
JIOBaH OBITh HE MOJKET, TaK Kak MoTpedyeTrcs coopyxeHrne OYHKEpOB ¢ pa3MepaMH BBITYCK-
HBIX oTBepcTHil 4,8—6,6 M, a 3TO HE MO3BOJISIET CONPSATaTh OYHKEPHI C TEXHOJIOTHYECKUM
o6opynosanueMm I1C u cpeacTBamMu MOABMYKHOIO COCTaBa KAPEPHOI'O TPAHCIIOPTA.

Ta6muua 1. UcxoaHble ycJIoBUsI IPUMEHEHHUs MUTAaTe el U MUTATeIel-rpoX0ToB
Table 1. Reference conditions of feeders and feeder-screens use

ITnactun- Kauaro- BakoBslii nuTarens- Bubpannon-
[Toka3zaTenp ycaoBUi 3KCITyaTalluu YyaThIi muiics TPOXOT C JUTUIITHY e- HBII uTa-
IIUTATEC/Ib IIUTATC/Ib CKHMH BaJIKaMH TEJIb-IPOXOT
[Tpou3BOIUTENHLHOCTD 110 UCXOIHO- 1000 Jlo 1000 o 3000 o 5000
MY IPOAYKTY, T/9 (2000)
D¢ dexTuBHOCT TpoxodeHHs, Yo Her Her Jo 70 o 95
CpenHsisi MeTaII0eMKOCTb, T/(T/4) 0,040 0,009 0,012 0,007
CpenHsist 3HEProeMKocTb, (KB1/4)/T 0,150 0,015 0,020 0,011
Han6onsmmii pasmep npuHIMaeMo- Ho 1,2 Ho 1,0 Ho 1,0 Ho 1,2
ro KycKa, M
KpymHocts ucxon- bonee 1 m + - 0 +
HOT'O MPOIyKTa Menee 1 M + 0 + +
IToka3zaTens noaro- Bomnee 0,8 - - 0 +
TOBJIEHHOCTH ['M K 0.7-0.8 B B 0 4
TPaHCIIOPTUPOBAHUIO 7
JICHTOYHBIM KOHBEH- 0,5-0,7 - — 0 +
cpoM Menee 0,5 + + - +

(+) — pekoMeHyercs K mpuMeHeHHo; (0) — orpaHM4eHHOE NPUMEHEHHE; (—) — HE PEKOMEH/IyeTCsl K IIPHUMEH CHUIO.

Bonpoc mpumenenus 6yHKepoB AJIs IpHEMa U BBITycka B3opBaHHOU ['M, a Takke
BOIIPOCHI H3y4EHUS MIPOLECCa UCTEUEHHs MaTeprala IyTeM IPUHYIUTEIBHOTO BBIIY-
CKa IMIOCPEACTBOM IHUTAaTEIeH BO3HUK C Pa3BUTHEM IPOLIECCOB OTKPBITHIX Pa3paboToK,
¢ pocToM Irpy30n0TokoB ['M 1 TpygHOCTBIO yrpaBieHusi UMH. ByHkepsl (momyOyHke-
PBl) C IPUHYAUTENBHBIM BBITYCKOM [ "M Momy4Yiiu 0OCHOBHOE pUMEHEHHE Ha 000raTu-
TENBHBIX (adprKax B COCTaBe PYJHBIX KOMIUIEKCOB. B KauecTBe MEXaHU3MOB IS U3-
BieueHns B3opBaHHON I['™M w3 OyHKepa WCHONB3YIOTCS pa3NWYHbIE ITHTATEINH:
KauaroIuecs, INIACTUHYAThIE, CKPEOKOBbIE, BUOPAIIMOHHBIE U JIP.

[Ipobnema mpaBuiIbHOM pa3rpy3ku I'M 13 OyHKEpOB € TTOMOINBIO MTUTATEIEeH JOIK-
Ha pelarhCsi KOMIUIEKCHO ITyTEM pallMOHaJILHOTO BRIOOpA THIA, KOHCTPYKIMU U Napa-
METPOB MOJCUCTEMBI OyHKEp—nUmamens ¢ y4eroM (U3UKO-MEXaHHYECKUX CBOWCTB
I'M u ycnoBuii skcmnyatanuu. B ta6n. 1 gaHa comnocraBuTeIbHAs OLIEHKA HCXOIHBIX
YCIIOBUI pa3iIMUYHBIX MHUTATENIed M TPOXOTOB Ha OCHOBAHUH aHAJHM3a KOHCTPYKIMHA U
ombITa pabOTHl MAIlIMH HAa OTEYECTBEHHBIX U 3apyOeKHBIX npeanpusaTusx [10-12].
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CpasuutensHas oueHka [1C moka3zana, 4To MO OCHOBHBIM IOKa3aTesIsiM BUOpaLu-
OHHBIC THUTATEIN-TPOXOTHl Hanbojee MOJIHO OTBEe4aloT TpeboBaHusM co3manus [1C
KOMOWHHpOBaHHOTO TpaHcropTa. Hanbonee 3pdekTUBHBIME SBISIOTCSI YCTPOMCTBA,
CTPYKTypa U 3arpy304HbIH MOYJb KOTOPBIX ()OPMUPYIOTCS HAa OCHOBE BHOpOIpOLEC-
COB, peaNm3yeMbIX OIHOUW BHOpoTpaHcmopTHOH MammHOW (BTM) ¢ coBMemeHHBIMU
¢bysKOusIMU (GYHKIMK MUTATENs U TPOX0Ta OObEINHEHbI B OAHOM MAIIWHE — MUTAaTe-
ne-rpoxote). Bubponurarens-rpoxoT ycTaHaBIMBAETCS HEMOCPEACTBEHHO MO/ OyHKe-
POM 1 paboTaeT Mo 3aBaioM.

ITo nanHBIM 3apyOexHON Tieyaty [8], COBEpIIEHCTBO KOHCTPYKIMH OyHKEPHBIX TTH-
Tarene MOXKHO OLIEHUTH IO YAEIbHBIM 3arparaMm Ha Bbiyck 100 T ropHoil Maccel U
ce0eCTOMMOCTH BBIMYCKa | T TOPHOH Macchl B 3aBUCHMOCTH OT MPOU3BOAUTEIBHOCTH
nutateneil. [IpoBeneHo cpaBHeHHME pa3HbIX muUTareneil. Hambonbiueil sneproemko-
CTBbIO 00JIQIal0T IUTACTHHYATHIE MUTATENN, HAUMEHBIIEH — JIEHTOUHbIE U BUOPalluOH-
Hble. BuOpanroHHble TUTaTENN OMpPEeNioT Takke HU3KyIo cedbecronmocts ['M npu

BEITTyCKE €€ U3 OyHKepa.
2
e —
3
T
1
r—— —
3

s @;

Puc. 1. Bo3moxxubIe KoH(UTyparum OYHKEPOB B COCTaBE MEPETPy30IHBIX CUCTEM:
1 — 6ynxep; 2 — 60pT; 3 — IUTATENIL
Fig. 1. Possible configurations of bunkers as a part of transshipment systems:
1 —bunker; 2 — edge; 3 — feeder

Ha npakTike HCHONB3YIOTCS pa3inyHble KOHGHUTYpauuud OyHKEpOB Ul BBITYyCKa
HaCHIMHBIX Ipy30B. s ycnosuii [1C KoMOMHUPOBAaHHOTO TPAHCIIOPTa MOTYT OBITH HC-
M0JIb30BaHbI (POPMEI OyHKEPOB, IPUBEICHHBIE Ha pHC. 1. OpUruHaIbHBIE KOHCTPYKIIUH
OyHkepoB 3amareHToBaHbl B Uexun (cxemsl o« U 3) [8]. ByHKEpbl UMEIOT CIOXHYIO
KOHCTpYyKuuio. CrienuaibHbIX CUCTEMHBIX UCCIIEIOBAHUM, CBSI3aHHBIX C KOHCTPYKTHUB-
HBIM HCIIOJHEHUEeM U (opMoil npueMHbIXx OyHKepoB IIC kxoMOMHMPOBAaHHOIO TpaHC-
MOpTa, B OTEYECTBEHHOM MPAKTHKE HE MPOBOAMIOCH. OCHOBHBIE HCCIIEOBAHUS MTOCBS-
HIeHB! BHIOOPY MapameTpoB OYHKEpOB I MEIKO(PAaKIMOHHBIX MaTepHalioB, U HX
pe3yJbTaThl He MOTYT OBITh pacipocTpaHeHbl Ha OyHKepsl 11 kKapbepHbix [1C. [To mare-
pHanam IIPOEKTOB U 0030pPOB MOXKHO CIeJIaTh 3aKiIoueHue, 4to yame B [IC komOuHupo-
BaHHOT'O TPAHCIIOPTa UCTIONB3YIOTCS (POpMBI OyHKEPOB 110 CXeMaM a—e Ha puc. 1.

OCHOBHO#H BKJIaJ B UCCIIEIOBaHUs 110 BUOPOBBINMYCcKy I' M BHECEH OTeUeCTBEHHBIMU
YYEHBIMH, B OCHOBHOM IPUMEHHUTENBHO K TEXHOJIOTHH NOA3EMHBIX pa3padoToK. Ycra-
HOBJICHO, YTO MpH BUOpOBBIMycke [ M 13 OyHKepa pSaoM C BBIITYCKHBIM OTBEPCTHEM
MIPOUCXOANT U3MEHEHHEe CHIIOBOTO Mous. [Ipu BkiTtoueHnu B paboTy mHUTaTeNh CIIOC00-
CTBYET JIMKBUJALMN KOHIIEHTPALMK HAIPSDKEHUH U yMEHBILIAET pa3Mep HauOOoJIbIIEero
CBOZO00PA3YIOLIETO OTBEPCTHUS, TAK KAK KPOME CHJI IEPBOHAYATIBHOTO CONPOTHUBIICHHS
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CABUTY TOSBJISIOTCS JONOJIHUTENbHBIE CHIIBI, caBurarmomue I'M B HampaBlIeHUM BBI-
nyckHoro orBepctus [10—12]. Bubpauus npugaetr HekoTopoMy oobemy I'M moaBuk-
HOCTb U 00JIeryaeT BBITYCK. ITHM BO MHOTOM OOBSCHSIETCS TO, YTO KOAQQHUIIUEHT MPO-
XOAMMOCTH TIPU BUOPOBEITyCcKe yMeHbIaeTcs B 1,5-2,0 pasa.

TexHomorHMsa BUOPOBBITYCKA IIPY NTOA3EMHBIX paboTax UMEeT OrpaHMYECHHBIE IPY30-
MOTOKH, YMEHBIIEHHBIN KOHAULIIMOHHBIN KyCOK TOpHOH Macchl. OBIT OJI3EMHOTO BH-
OpOBBIITYCKa HE MOXKET OBITh IEPEHECEH B MMPAKTHUKY NMPOEKTUPOBAHKS OyHKEPOB B yC-
JIOBUSIX KapbepoB. HeoOX0MUMBI TOTTOTHUTENLHBIE HCCIICAOBAHNS.

CdopmynupyeM OCHOBHBIE TPeOOBAaHHUSA, MPEIBIBIAEMbIE K MOJACHCTEME OYHKEp—
numamens B coctase 11C:

— obecrieyeHne yCcIOBUH U TApaMETPOB CONMPSIKEHUS CPEACTB MOABIKHOIO COCTaBa
coopounoro (CT) u maructpansHoro (MT) TpaHcmopra;

— obecrniedeHre BEICOKOH MPOITYCKHOM CIIOCOOHOCTH C BO3MOXKHOCTBIO JTMKBU AN
WJIM CaMOJIMKBUIAIIMH YCTOMYMBBIX CBOAOB B OyHKEpE MPH BBITyCKe B30pBaHHOM ['M;

— obecmeuenne O6ecnepedoitHon padotel [IC u compsraeMBIX CPEACTB TpaHCIIOPTa
B 4aCOBOM PEXHME 3KCIUTyaTalny;

— obecrnieuenne OeszynapHoii nepenaun I'M Ha paboune opraHbl MUTATENEH.

Tabauna 2. [lapamerpsl 3KciepuMeHTa
Table 2. Experimental parameters

Bapeupyemslii mapamer, Hpenex: KouTtponpyemblii mapamer
pLUpy! p p M3MEHEHHS pomnpy p p

Beicora BblITycKHOrO OTBEpCTHSA /1, M 0,12-0,24 | ITpou3BOAUTENIBHOCTh CHCTEMBI OyHKEp-
BHOponurarens O, Kr/c

Yo HaKJIOHA IPUEMHOI CTeHKH OyHKe- 60-90 [TonHoe 4yKcio 3aBUCaHUM U CBOAOB 71, IIT.

pa ai, rpaj

VYron HakiIoHa GOKOBOI CTEHKH 012, Ipajl 60-90 Yucno ycToH4nBBIX CBOJIOB 71/, ILIT.

Benuunna 3arnyoienus /, M 0,12-0,30 | YnensHOe YKCIIO 3aBUCAHUIA 710, KT !

VYron HaK/IOHa BUOPOITUTATEIS O, Ipajl 0-7,5 JlaBnenue MaTepuasia Ha BUOPOITUTATENb
Po, oTH. en.

Yacrora konebanuii BAGpONUTATENS 0, ¢! Ho 167 | Amruiutyna kosnebaHuii pabodero opraHa
BUOporuTaTens A, MM

Koadppumment pexxuma paboTsl BUOPO- 1,1-1,5 MuHHUMaJIbHOE PacCTOsIHUE OT MPHEMHOM

naratens [ CTEHKH JI0 epeiHell cTeHku OyHkepa /', M

MonenupoBanue BUOPOBBINYCKA B cUCTeMe «OyHKep—BHOponuTarTesby. AHa-
JIU3 MCCIIEeIOBAaHUN M MIPAKTUYECKOTO OIBITA 10 BBITYCKY B30PBAaHHBIX CKaJbHBIX IO-
PO U pya 13 OYHKEPOB B KAPhEPHBIX YCIOBUX MTO3BOJISIET CAEATh CIEAYIOIIEe 3aKI0-
YeHHe: B Kaphepax HE HAKOIUIEH JOCTAaTOYHBIA OIBIT SKCIUTyaTallidl CHUCTEMBI
oynxep—numamens; BeITyCK ' M ¢ pa3mepamu KyckoB 0ojiee 1 M BecbMa 3aTpydHEH;
cucreMa OyHkep—eubponumamens Haudoee MojaHo orsedaeT TpedoBanusaMm 1IC kom-
OMHUPOBAHHOTO TPAHCIIOPTA; B Mpollecce BhlMycka B3opBanHOH ['M u3 GyHKepOB He-
00XOIMMO YUYMTBIBaTh CIEAYIOIIME SIBICHUS: CBOAOOOpa3zoBaHue, (GOpMHUpOBaHUE
«MEpPTBBIX 30H», CErperanuo, ylapHble Harpy3Ku, npiieodpa3oBanue; Ha 3pdekTus-
HOCTH BUOPOBBIITYCKa OKa3bIBAIOT BIHSHNE: Pa3Mephl BBIITYCKHOTO OTBEPCTHSI, BETNIH-
Ha 3arIy0OseHus nuTarens B OyHKep, yroj HakjIOHa MUTAaTels, reoMeTpus OyHKepa U
napaMeTphbl €ro CONMPSDKEHMS C MUTaTeNeM, BMECTUMOCTh OyHKEpa; C LEJIbI0 YTOUHe-
HUSI METOIUKH pacyera nmapaMeTpoB OyHkepoB IIC HeoOXonuMo mpoBeCTH AONONTHHU-
TeJIbHBIE UCCICAOBAHUS CUCTEMBI OYHKEP—6UOPONUMAmend.

IlepBolit ONMBIT BBITyCKAa B30OPBaHHOM CKanbHOM I'M OBLT MOJy4YeH Ha ONMBITHOM
ydactke kapsepa ["alickoro ['OKa. beiio ycraHoBiIeHO, 4To 3Ha4eHHE K03 duImenHTa
MPOXOAMMOCTH TPH BHOPOBBITYCKE MOXKHO CHU3UTH 0 BenmuunHb! 2,0-2,1. [Ipu BBI-
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nycke I'M u3 OyHKepa IUIaCTHHYATHIM MUTATEIEM TSKEIIOTO THIIA YCTAHOBJICHO, YTO
NPY pa3Mepe BBITYCKHOTO OTBEPCTHS 2 X 2 M BBIITYCK MTPEKPAIAJICs H3-32 4aCTOTO 00-
pa3oBaHMs yCTOWYHMBBIX CBOMOB. JIJIsl IMKBUAAIUHM STOTO HENOCTATKa BBICOTA OTBEP-
cTust OyHKepa OblTa yBenmdeHa a0 3,5 M.

HHuTepeceH ompIT BUOPOBBITyCKa PyAbl HA YYaCTKE IUKINIHO-TIOTOYHON TEXHOJIO-
run (LIIIT) Kaukanapckoro ['OKa. Comnpsikxenne BubOpornuTarens ¢ OyHKEpoM ObLIO
BBITIOJIHEHO B BUJIC CITYCKHOTO Kesi00a. McrpITaHusl MOATBEPIUIN, YTO HEOOXO MBI
pa3Mep BBITYCKHOTO OTBEPCTHSI JOIHKEH OBITH O0Jiee pa3Mepa OCHOBAHUS YCTOMYHUBOTO
cBOJa B OyHKepe.

mx 107, Po, 0O,
IIT./T MIla /4

0
7,51 08F1,1 -
50F06F1,0 - P,
25F04+09 -
o
0 0,210,8 1 1 ) 1 1 1 1 1 —
60 70 80 a;, rpag 60 70 80 oy, rpax 0,12 0,15 0,18 021 Ah,™m

nex 1072, Py, 0,

IT./T Mlla 1/a 4 6
e \U
50F 0,61 1,0 B

/R)?\
2,5F 04F 0,9 B
0l 02| 08 . . , . . . .

0,12 0,18 0,24 LM 0 2,5 5,0 a, rpax 1,1 1,2 1,3 1,4 I

Puc. 2. M3MeHeHne SKCIUTyaTallMOHHbIX [TOKa3areaell BUOPOBBITYCKa B CUCTEME OyHKep—eubponumamens
B 3aBUCHUMOCTHU OT F€OMETPUH CUCTEMBI:

1w 2—ymioB o, U 0,; 3 — BHICOTBI BBITYCKHOTO OTBEPCTHS /1; 4 — TIIyOMHBI BHEAPEHNUS [; 5 — yITla HAKJIOHA TTHTaTeNs;
6 — ko3 dunuenTa pexuma I’

Fig. 2. Changes in performance indicators of the discharge in bunker—vibrating feeder system depending
on the system’s geometry:

I and 2 — angles o, and a,; 3 — the height of the outlet opening /; 4 — depth of penetration /; 5 — inclination angle

of a feeder; 6 — mode coefficient I”

DKcrepuMeHTaNTbHBIC HCCIIEIOBAHMS ObUTN BBITTOJHEHBI HA CTEHJIE MOJICUCTEMBI O)H-
Kep—subponumamens ¢ TAHEWHBIM MaciTaboMm MomenupoBanus 1:10. T'opHas macca
ObLTa CMOJIETTPOBaHa TI0 YMCIICHHOW XapakTepucTuke Kycka / - a : b =1:0,67 : 0,43,
a (ppakIMOHHEII COCTaB OAOUPANICS KaK YCPEIHEHHBIN IS TPYIHO-, CPEIHE- U JIETKO-
B3pbIiBaeMoil ['M. 3HaueHust BapbUPYEMBIX U KOHTPOJIUPYEMBIX MAPaMETPOB MPH IKC-
MIEPUMEHTE MIPUBEICHBI B Ta0M. 2.

Lenpb nccienoBanus — onpeeieHue paoHaIbHONH TeOMETPUN CUCTEMBI OVHKep—
subponumames, TO3BOJIAIONIEH MTPOBOANTH HHTCHCUBHEIN BEITTYCK ['M B pazmudIHBIX
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TOPHOTEXHUYECKHUX YCIIOBUSX.

Ha puc. 2 npuBeneHsl pe3yabTarbl UCCICIOBAHUN B CHCTEME OyHKep—8uOponuma-
meib, COOTBETCTBYIOIIEH popme OyHKepa Ha puc. 1, a. AHAIN3 pe3ylIbTaTOB UCCIIENO0-
BaHMI MOKA3bIBAET, YTO BBITYCK KPYITHOKYCKOBOTO MaTtepuaia u3 OyHKepa HOCHUT CTO-
XaCTHUCCKUI XapakTep.

[Ipon3BOAUTENBHOCTh CUCTEMBI OyHKep—euOponumamens () XapaKTEpU3yeT BCIO
COBOKYITHOCTh YCJIOBUH HCTEUEHHUS TOPHOHM Macchl. B mporiecce skcriepuMeHTa ycra-
HOBJICHO, YTO TIPH BBIIIYCKE TOPHOI MAacchl HaJl BHIITYCKHBIM OTBEPCTHEM 00pa3yIOTCs
CBOJIbI U 3aBUCAHUA, B PE3YIIBTATE YETr0 NMPOUCXOAUT YaCTUYHOC HJIU IIOJIHOC IMPEKpa-
[ICHUE BBIMTYCKA.
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Puc. 3. Cxema K oOIpegeslieHUI0 TeOMETPUYECKHX I1apaMeTpOB B CHCTEME OyHKep—
subponumamens
Fig. 3. Geometric parameters determination chart in bunker—vibrating feeder system

[Ipu mM3MeHeHNH YIIOB HAKJIOHA MPHUEMHOW M OOKOBOW CTEHOK MPOW3BOIUTENb-
HOCTh CHCTEMBI OyHKep—eubponumamens UMeeT 00JacTh MaKCUMaJbHBIX 3HAYCHUH
npu BenuurHax ymioB 60°—70° u 75°-80° cooTBeTcTBeHHO (pHC. 2, Tpaduku [ u 2,
KpuBbIE (J); yIETbHOE YUCIIO 3aBMCAHMN (KPUBBIE 7)) MHHMMAJILHO MPH BEITMYHHAX
yroB 60°—65° 1 65°—~75° COOTBETCTBEHHO; IaBJI€HNE Ha BUOPONMTATEND (KpUBBIE P)
MMeeT MUHUMAJIbHOE 3HAUYE€HUE IPU BenYnHax yrioB 60°—70°.

[Ipu n3MEHEHNH BBICOTHI BBIITYCKHOTO OTBEPCTHUS /1 TPOU3BOAUTEIBHOCTD CHCTEMBI
M3MEHSETCS 10 KBaJIpaTHYeCKoMy 3aKoHy U B obmactu 0,20-0,21 M gocTHraet Makcu-
MaJIbHBIX 3HaYeHu# (rpaduk 3, kpuBas (J), N3BMEHEHUE JaBJICHUs] Ha BUOPOIHUTATENb
00yCIIOBJICHO IIE€pepacipenesieHneM TOPHOM Macchl MEXIy CTEHKaMH OyHKepa U BU-
Oponurarens. C yBenu4eHHEM /1 5TO IIPUBOJMT K YBEIUYCHHIO JaBleHus (KpuBas P),
CHIDKCHHUIO BEPOSITHOCTH CBOAO0OPA30BaHMsI M NMMPOYHOCTH CBOJOB M, KaK CIEICTBUE,
PE3KOMY YMEHBIIEHHIO YUCIIa YCTOWYMBBIX CBONOB (KpuBas 1,)). Onnaxo npu 2> 0,21 m
MIPOUCXOANT CHUKEHUE MPOU3BOIUTEIBHOCTH, YTO MOXKET OBITh CBSI3aHO C TE€M, YTO
JIaBJICHHE TOPHOM MAacChl Ha TIMTATE b IPUBOJUT K CHIXKCHHUIO aMILIHTYIIbI KOJeOaHui
POB. U3 rpaduka (kpuBas 7,) BUIHO, 9TO C POCTOM /1 HE IPOMCXOAUT TIOJIHOM JIMKBU-
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JIAIIAW CBOJIOB, TPEOYIOTCS IOTTOMHUTENLHBIE MEPHI U UX YCTpaHeHus. B cBs3u ¢ aTuM
MO>KHO TMPEUIOKUTH J1Ba MYTH MOJHON JTUKBUIAIIMKA CBOJOB: YBEIWYECHUE BBICOTHI BBI-
MyCKHOTO oTBepcTus (A > 0,24 M) U, KaK CJIeACTBUE, CHIKCHUE ITPOU3BOAUTEIILHOCTH;
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Puc. 4. K pacueTy CKOPOCTHBIX CBOMCTB
MIPUEMHOM CTeHKU OyHKepa:
a, 6, 8 — PaCUETHBIC CXEMBI IPHMEHUTEIb-
HO K NPSAMOJIMHEHHOW, mnapabonuecKon
U IWIMHIPUYECKOH CTeHKaM OyHKepa;
2 — CpPaBHHTCIIbHBIE CKOPOCTH ABIKCHHS
I'M B 3aBHCHMOCTH OT BBICOTBI OYHKepa;
1 — OyHKep ¢ HPSAMOJIMHEHHONW NPHUEMHOM
CTEeHKOIl; 2 — OyHKep ¢ mHapaboINuecKon
NIPHEMHON CTeHKOH; 3 — OyHKep ¢ IpueM-
HOMW CTEHKOH B BHJIE YTH OKPYKHOCTH
Fig. 4. To the calculation of velocity
properties of a bunker’s receiving wall:
a, 6, 6 — calculation schemes for rectilinear,
parabolic, and cylindrical walls of a bunker;
2—comparative speeds of rock mass movement
depending on the height of a bunker; / —a bunker
with a rectiline-ar wall; 2 — a bunker with
a parabolic wall; 3 — a bunker with a wall of
a circular arc shape

TP BBICOTE BBIITYCKHOTO OTBEPCTHSI, 00ECTIeun-
BaloOIel MaKCUMaJIbHYIO MPOU3BOIUTEIBHOCTD,
OCHACTUTh CHCTEMY PEryJIUPYEMBIM YCTpPOH-
CTBOM, MTO3BOJISIOIUM HU3MEHUTH BBICOTY /1 TOJIb-
KO B MOMEHT 00pa3oBaHMsI CBOAA, a MOCIE pas-
PYIICHHUS €ro aBTOMAaTW4YecKH BOCCTAaHABIMBATh
3aJIaHHYIO BBICOTY BBIITYCKHOTO OTBEPCTHSI.
Benuuuna 3armyOneHusi nutarens B OyHKEp
npu paboTe Mo 3aBaJIOM CYIIIECTBECHHO BIIUSET Ha
MIPOM3BOANUTEILHOCTh CHCTEMBI B IieiioM. Yewm
MEHBIIIE /, TEM BBIIIE TMPON3BOIUTEIHLHOCTS (Ipa-
¢ux 4, kpuBas (). HaubomnpIas mpon3BoANTEb-
HOCTB JIOJDKHA oOecrieunBarsces mpu [ = 0 (puc. 1,
cxema ). OTHAKO B 3TOM CITydae Pe3KO BO3pacTa-
€T BEpOSATHOCTh CBOJI000PA30BaHMS, TAK KaK CHU-
’KaeTcs KparJauiiee pacCTOSHHE MEKIY BEPXHUM
KpaeM BBIITyCKHOTO OTBEPCTHS U MPHEMHON CTEH-
KoM (Xopaa mpenmnoraraeMoii myru ceona /'), Paz-
MEp 3TOH 30HBI JOJIKEH OBITh TAKUM, YTOOBI, KaK
MHHUMYM, OOecIeYnBaTh OECHpesTCTBEHHOE
MIPOXOKIACHUE MaKCUMAaJIbHOTO KyCKa 3arpyskae-
Mot 'M. Takum oOpazom, pu pa3paboTke CHCTe-
MBI OYHKep—8ubponumamens pasmep [’ momkeH
BHIOMpATbCS B Ka4eCTBE OCHOBHOTO HapsILy
¢ mapameTpamu /1 v [. JIns ycioBuii ONMChIBAEMOT0o
IKCIICPUMEHTA CBSI3b MEXK/Iy OCHOBHBIMH T1apame-
TpamH A, [, I', 0, BBIpaXKaeTcs 3aBUCUMOCTBIO

["=hcosa, +Isina,.

Vron HakiIoHa BI/I6pOHI/ITaT€J'IH OKa3bIBACT

MPOTOPIUOHATEHOE BIUSHUE HA MTPOU3BOAUTEILHOCTh CHCTEMBI OyHKEp—6UOpOnUma-
menw (Tpaduk 5, kpusas (). YeIbHOE YUCIIO0 3aBUCaHui U naBienue ['M Ha BUOpornu-
TaTejb C YBEJIMUEHUEM yTyIa HAKJIOHA ITUTATE s CHIKACTCS.
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B xauecTBe uccnemyembIx s CpaBHEHUS ObLUTH BBIOpaHBI TPH POPMBI TEOMETPUHU
OyHKepa B COOTBETCTBHH CO CXEMaMH @, 6 1 0 Ha puc. 1. DKCIIEpUMEHTOM yCTaHOBIIE-
HO, 4TO MpPH BBIMyCKe B3opBaHHOW ['M HamnOonee mpou3BOANTENBHOM SBISETCS cXeMa
¢ Oynkepom B hpopMme mepeBepHyTOro odenucka (puc. 1, cxema a), MEHee IPOU3BOIU-
TETHLHOU ABIIAETCS cxema 0. [t Bcex cpaBHUBaEMBIX (hOpM OYHKEPOB MaKCHMYM TIPO-
W3BOJUTENBHOCTH OTMEYAETCS P BEIMUMHE yIJIa HAKJIIOHA PUEMHON CTEHKH OKOJI0 65°.
[Ipu paBHO# BeICOTE OYHKEPOB IO CXeMaM d ¥ 0 BMECTUMOCTD TIEPBHIX B 2 pa3a BHIIIIE.
YcTaHOBIIEHO TaKke, YTO MPH OJMHAKOBOW (hopMme OyHKepa BHOPOBBIMTYCK CKAIBHBIX
nopox (y, = 1,8 T/m*) Gonee nponsBomuTeneH, YeM xkene3Hol pyasl (v, = 2,5 T/m3).

B pesynbrare npoBeeHHBIX SKCIIEPUMEHTOB YCTaHOBIICHBI palliOHAILHBIE TTapaMe-
TPBI CUCTEM OyHKep—6ubponumamens. JIns CKalbHBIX MOPOL: o, = 65°-70°; o, = 60°-65°;
[=1,8-2,0 m; h = 1,8-2,0 m; qa pyasl: o, = 60°-65° o, = 60°; [ = 1,5-1,8 m;
h =2,1-2,4 m. Ha puc. 3 npuBeneHa koHQUTYparyst palliOHATBHOTO COMPSIKEHUS CH-
CTEMBI OYHKep—6UOPOnUmMameis, KOTOPyt0 MOXKHO HCIIOJIB30BaTh KaK TUIIOBOE TEXHU-
Yyeckoe perieHue npu npoekrupoBanuu [1C xomOnHHpoBaHHOTO TpaHcmopTa. Ha pu-
CyHKe TMpHBEICHA cXeMa C OJHMM BHOpomurareneM, rae [/ — BHOpomnHTareib
(Bubpomurarenp-rpoxot Tuna ['TIT); 2 — mpueMHas cTeHka; 3 — OTKJIOHsToIIeecs (ToI-
BIDKHOE) YCTPOMCTBO C TIPHUBOJIOM ISl TUKBU ALY 3aBucaHuii ['M; 4 — G0KoBas CTeH-
ka OyHKepa; 5 — HAaKJIOHHBIA OOPT; 0, — yrola HaKkJIOHA MPUEMHOH CTEHKU OyHKepa;
[, — paccTosHHE OT IIPUEMHON CTEHKHU 10 KPOMKH BBIITyCKHOIO OKHA; [’y — paccTosHue
OT IPUEMHOH CTEHKM 710 KDOMKH OTKJIOHSIOILETO YCTPOICTBA; /) — BEICOTA OTKJIOHSIO-
ILIEr0 yCTPOKCTBA; L. — NJIMHA HAKIOHHON OOPTOBUHBI; [ — INIyOUHA BHEJPEHHUS [TUTA-
Tenst B OyHKep; @ — yron ©CTECTBEHHOIO OTKOCA TOPHOM Macchl; [, — JMHA pasBaa
TOPHOM Macchl Ha BHOpOIMTATENE; [, — IIIMHA PE3EPBHOM 30HBI Ha BHOpOIIATATEINE;
L — nnmna BUOpONUTATENS; 0L, — IOl HaKJ‘IOHa OOKOBBIX CTEHOK OyHKepa; By — IMpuHa
BBIITYCKHOTO OTBEPCTHs; By — IMpuHa OyHKEpa NPH NPUMBIKAHUM K IHTATENIo;
H — BricoTa OyHkepa; H, H'— BbICOTA OT BBIIyCKHOTO OTBEPCTHS; B — IIMpUHA BUOPO-
MIATAaTENs; Am, A, — 3a30p MeX/y INPHHON OyHKepa M MIMPUHOI BUOpOIMTATEIs B
3arpy304Hod U pazrpy3quHx 4acTax; £, A . — BepPTUKAJbHbIA M TOPH30HTANIBHBIH
3a30p MEKIY OOPTOBHHOMN B OOPTOM BI/I6pOHI/ITaTeJ'I$I; S — TomMHA CTEHOK OOPTOBUHBL.

[IpuBenemM HEKOTOpBIE MPAKTHYECKHE PEKOMEH AN 10 TTapaMeTpaM COIPSIKEHUS
B CHCTEME OYHKep—8ubponumamens B COOTBETCTBUH C pUC. 3:

H=1,6-17D,: [=(1,8-2,0D
L=1+1+1,=1,65D,,(1,75+ctge); L =(0,4-0,6)L; B, =B-2(A,+5).

max

I, = Hcosa, +/sina,;

max 7

HccaenoBanue NBUKEHUS] TOPHOIl Macchl BI0Jb MPHEMHON CTeHKH OyHKepa.
21_]'[51 BBITIOJIHEHUA IMPOYHOCTHBIX PAaCUCTOB IMMPEABAPUTCIIBHO ITOJI>KHBL OBITh OIIPECACIICHBL
neiictyromue ycwusd [7]. Merammdeckne OyHkeps! neperocHbIx [1C npu ux 3arpys-
K€ aBTOCAMOCBaJaMH HCIBITHIBAIOT 3HAYUTEJbHBIC JWHAMHYCCKHE HArpy3KH.
HauGompyto onacHOCTs MpeACTaBISIET 3arpy3ka HOPOXKHEro OyHKepa MpH olepeska-
IOIIeM BO3/ICHCTBUU OJJTHOYHOTO KPYITHOTO KycKa. [Ipu 3TOM KyckH mociie coynapeHust
CKOJIB3AT IO TIPHEMHON CTeHKE, HAOMPAIOT CKOPOCTh U BCIO HAOpPaHHYIO SHEPTHIO Iie-
penaroT pabodeMy opraHy BUOpOTIHTATEIIS.

PaccMoTprM HEeCKOIBKO PodHIIeH MPUEMHBIX CTEHOK OYHKEpa U JATIUM OLIEHKY HX
CKOPOCTHBIM KadyecTBaM (puc. 4).

C 11eTbI0 CHYDKEHMS IMHAMHYECKUX HArPy30K HE0OXOIUMO, YTOOBI B MOMEHT COITPH-
KOCHOBEHHSI JIMCKPETHOW MAacchl CO CTCHKOH OyHKepa JaBjieHHE ero Ha CTEHKY ObLIO
OJIH3KO K HYJIIO U ITOCTEIICHHO, 110 MEPE NBUIKCHHSA, YBEJININBAJIOCH. Taxum YCIIOBUAM
JIBIKCHUS HanOoJIee TIOTHO YIOBIETBOPSIOT Tapaboimdeckue moBepxHocTh. [Ipodumn
MPUEMHOMN CTEHKHU B TAKOM CJTy4ae MOXKET OBbITh BBIPaXKEH ypaBHEHHEM (pHC. 4, 0)
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y* =2px,

e X, ¥ — TeKyIllie KOOPAUHATHL; p — (oKanbHBIN MapaMeTp napabodibl.

JIBIbKeHHE KPYITHOKYCKOBOTO MaTepHalia 1Mo MPHEMHOW CTEHKe OyHKepa MOXHO
paccMarpuBaTh Kak CKOJIbKEHHE HECBOOOIHOW MaTepHallbHON YaCTHUIIBI C Pa3HOM CKO-
POCTBIO MO LIEPOXOBATOM MOBEPXHOCTU. IIpy 3TOM MOTOK HE MUMEET CIUIOLIHOCTH U
B3aumozpeicTaud. uddeperHnmanbaple ypaBHEHNUS OTHOCUTEIBHOIO CKOJIBKEHUS Ma-
TepHala B IPOCKIUAX HAa €CTECTBEHHBIE OCH KOOPIWHAT B JaHHOM TOYKE CTCHKH MMeE-
0T BUJ:

m% =Gcoso— F =Gcosa— fN;

2
m% =N —Gsino,

rae G — cuiia TSHKECTH ABMKYLIEroCsl KPYIHOKYCKOBOTO Marepuana; N — HopMaibHas
peakuusi; F— cuiia TpeHus; 8 — paanyc KPUBHU3HBI IPUEMHOIN CTEHKH; ¥ — CKOPOCTh
CKOJIb)KEHUS MaTepuraa.

Omnyckast ToIpoOHOCTH PELIeHUs] CUCTEMBI [9], 3anuieM BhIpaKeHUe I onpee-
nenus ckopoctu I'M nepen nocTyruieHreM ee Ha pabounii opraH BUOpOIUTATEIS:

v, = \2gH,e”" + pg(tga —tg* @) + 1,5pe > (K, - 2K,),

e K, = glniJr—a; K, =gln(1-o);p = Htgo'.
—a

Kunernyeckas sHeprust ynapa rnpu BXoje MaTepuaja B OyHKep B 3TOM Cilydyae Ipak-
TUYECKHU paBHa HYIIIO.

Ecnu npuemnas crenka OyHkepa BBITOTHEHA IPSMONUHEHHO (puc. 4, a), To ypaBHe-
Hus nBkeHNs ['M 1o HaKJIOHHOW INIOCKOCTH UMEIOT BHI:

mx = Gsina — fGeosa = G(sina — f cosa);

my = 0.
Kycok OyneT nBurarbcsi ¢ yCKOpEHHEM B CIydae, €Ciu
X =g(sina— fcosa) >0 wumm tgo > f,
rae f — koadduiuent Tperus ['M o creHky OyHkepa.

Cxkopocts ['M miepen mocTyIuieHHEM ee Ha pabodrii opraH BUOPOIUTATEIIS OIIpeIe-
nsietcs o gpopmyne A. O. CIUBaKoBCKOTO:

v = \/2g(1 — fetgo)H + v ; v, = [2gh sina,

rne H — BricoTa OyHKepa.
PaccMoTpuM mpHeMHYIO CTEHKY OyHKepa, BBINOJHEHHYIO MO Iyre OKPYKHOCTH.
Takue OBEPXHOCTH MPOILIE B M3TOTOBIEHUM U JIOCTaTOYHO Oe3ynapHbl. PaBHOBecue
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MaTepHaIbHOW YaCTHUIIBI HA TIOBEPXHOCTH ONMHUCKHIBaCTCs AUD(HEepeHIIMATLHBIMU YPaB-
HEHUSIMH B MPOEKITUAX HA €CTECTBEHHBIC OCH KOOpAWHAT (puc. 4, 8)

m%z Gceoso—F =Gcoso — fN;

e (1)
m— =N —Gsingo.
R ¢

Omnyckas pemenre cuctemsl (1), 3anuieM B OKOHYAaTETbHOM BUE BEIPAKCHHUE IS
onpeneneHusa ckopoctu I'M:

2
0, = [—5—(c** K, +RK,),
1+4f

rne K, = Hy(1 + 4f2) — 3Rf; K, = 3fcose + sinp(1 — 2/?).

Ha puc. 4, 2 npuBeneHsl pe3ylbTaThl pacyeTa CKOPOCTHBIX Kaue€CTB IPUEMHBIX CTe-
HOK OYHKEpOB B COOTBETCTBHHU C HM3JIOKEHHOH MeTOAuKoi. V3 pUCyHKa BHIHO, YTO
Hanbojee CKOPOCTHOM (POPMOI MOBEPXHOCTH NMPHUEMHON CTEHKH M3 PACCMOTPEHHBIX
SIBIIAECTCS MMapaboauIecKkas. IT0 OOBSICHICTCS TEM, UTO IMapadoIMdecKas TOBEPXHOCTh
O0mm3Ka mo mpouII0 K LMKIOWAAIBHOM MOBEPXHOCTH, KOTOpas 00JagaeT 0CoObIM
CBOWCTBOM, MpHCYIIMM Opaxuctoxpone. Hanbombmee Bpemst TpeOyeTcs npu nepeme-
IIEHUU KyCKa I10 MPSIMOJIMHENHONW HaKJIIOHHOHM moBepxHocTH. Kpome 3Toro, Ha TakoM
npoduie HeJIb3s MONyYUTh MUHUMAJILHBIX KOHEUHBIX ckopocteil. L{unmmuapuueckue
CTCHKH IIPOILIE B U3TOTOBICHHH, JAIOT MAUHUMAJIBHYIO CKOPOCTh BBIXOAA MaTephaa,
a CIIel0BaTeIbHO, U KHHETHYECKYIO 3HEPTHIO yAapa 1o pabodeMy oprany BHOpOIUTa-
Tesis1, 00ecneynBaloT IJIaBHBIA BXOA Marepuasa B OyHKep U MUHMMaJIbHOE JaBJICHUE
B MECTE YJapHOTO KOHTAaKTa.

3akiodyenne. B ycioBHUsX KapbepHBIX MEPErpy30YHBIX CUCTEM MapaMeTphl OyHKe-
POB CllelyeT pacCMaTpyuBaTh B 3aBUCUMOCTH OT HAa3HAUEHHS M CTPYKTYPBI CHCTEMBI U3
YCIIOBHSI CMEHHBIX YaCOBBIX M MHHYTHBIX PEXHMOB IOCTYIUIEHHUS M OTrpy3ku I'M.
B crarbe nokazaHo, uTo ycnoBusiM KapbepHbix [1C Hanbosee mojaHo cOOTBETCTBYIOT OyH-
Kepbl B (JOPME «IIEPEBEPHYTOr0 00EIHCKay, OCHAILICHHBIC BUOPALIMOHHBIMHU MTUTATEIIS-
MH-TPOXOTaMH C COBMELICHHBIMU TexHonornueckumu ¢yHkiusmu (tuna ['TIT). [Tpuse-
JIEHbI Pe3yJbTaThl SKCIIEPUMEHTATIBHBIX HCCIEA0BAHUN U TIPOMBIIUIEHHBIX HCIBITAHUN
BHOpOBBITycKa B3opBaHHOW [ M. K oCHOBHBIM Tapamerpam OyHKepoB KapbepHbIX [1C
OTHOCATCS: IPOU3BOAUTENBHOCTD, FEOMETPUIECKHE TAPAMETPBI U pa3MepBhI BBIITY CKHBIX
OTBEPCTHUH, BMECTUMOCTH OyHKepa, CKOPOCTHBIE CBOMCTBA ABrxeHus I'M u ap.
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Bunker systems of combined open-pit transport complexes

Arkadii V. Tudin!, Anatolii G. Popov!, Viktor S. Shestakov!
! Ural State Mining University, Ekaterinburg, Russia.

Abstract
Introduction. Transshipment systems for combined transport have a significant impact on the cost of opencast
mining in an open way. When developing deep quarries, increased requirements are imposed on transshipment
devices and their individual components.
Research aim is to improve the efficiency of transport systems for deep quarries due to the use of the bunker-
feeder subsystem with rational parameters.
Methodology. Mathematical and physical modeling of the technological process of the “bunker—vibrating
feeder” subsystem.
Results. The article shows that bunker systems equipped with vibrating feeder-screens with combined
technological functions most fully meet the requirements of transshipment systems when the rock mass is blown
up from the bunkers. The results of the analysis of the influence of feeders-screens on the cost of mineral
extraction are given. Experimental studies have been carried out to determine the rational geometry of the
“bunker—vibrating feeder” system, the basic parameters of the vibration output have been investigated, and the
velocity properties of the receiving elements of the bunkers have been evaluated.
Summary. Under the conditions of open-pit transshipment systems, the parameters of the bunkers should be
considered depending on the purpose and structure of the transport system, from the conditions of the modes of
receipt and shipment of the rock mass. For open-pit transshipment systems, the bunkers in the form of an
“inverted obelisk” are most fully fitted, equipped with vibrating feeder screens with combined technological
functions. The results of experimental investigations and industrial tests of the discharge of the blasted rock
mass are presented. The main parameters of open-pit transshipment bunkers include. productivity, geometrical
parameters and dimensions of the outlet openings, capacity of the bunker, and high-speed properties of rock
mass movement.

Key words: transshipment systems, bunker; productivity; bunker geometry, outlet opening; speed; rock mass;
vibrating feeder screen.
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Peghepam
Henw pabomul — coz0anue memooa omoopa 3HAUUMbIX PAKMOPO8, OONOIHAIOUe20 U3EECHIHbIE MEMOObl
U NO3BONAIOUYE20 HA OCHOBE IKCNEPUMEHMATLHBIX OAHHBIX PAHICUPOBAMb PAKMOPYL.
Memoouka uccnedosanuit cocmoum 6 CO30AHUU HA OCHO8E IKCNEPUMEHNATbHBIX OAHHBIX PeSpecCUOH-
HOU MOOenu, KOmopas 6Kuo4aem 6ce QaKmopsl, 6 MOM HUCie U HeluHelinble Yienbl. s noiyuenHoll
MoOenu oyeHusaom Ko3puyuenm oemepmMuHayuy, a eciu MoOetb CO30aHa NO HeOOTbUOMY KOIUuYe-
CcmM8y OaHHBIX, O OYEHUBAIOM U CKOPPEKMUPOBAHHbIU KO3 duyuenm oemepmunayuu. 3amem nooue-
DPeOHO peanusayu Kaxico02o Paxmopa nepemewusaion Ciyuaiinblm 06pazom npu HeusMeHHolX 3Haue-
HUSX OCMANbHLIX (DAKMOPO8 U NOCHe KAHCO020 MAKO20 NEPeMeUtusanlis 6HO8b PACCHUMbIEAION
KoagpPuyuenm oemepmunayuu. Yem cunvree Gaxmop enusem Ha OMKIUK, mem Oonbuee YMeHbULeHUEe
KoaghPuyuenma demepmunayuu nabrooaemcs nocie nepemewusanus. Ilo eenuuune ymenvuenus Ko-
agppuyuenma demepmunayuu Gaxmopvl Mo2ym Ovimb PAHICUPOBAHBL NO 8axcHocmu. Eciu neobxoou-
MO, ROCE PAHIHCUPOBAHUS MONCHO OMOOPANb HYHCHOE KOTUYECME0 Haubonee SHAYUMbIX PaKmopos.
B cmamve npusedenvl npumepel peanusayuu npedsoACeHH020 Memood.
Odcyscoenue pe3ynbmamos npou3ee0eHo Ha 08YX NpUMepax Oas JUHEUHOU MOoOenu, NOLYYeHHOU No
OGHHBIM NACCUBHO20 IKCNEPUMEHMA U HENUHEUHOU MOOenU N0 OAHHLIM AKMUEHO20 IKCHepUMeHma.
IIpu ananuze mexnono2uuecko2o npoyecca 0002amumenbHoll hadpuKu MazHUMHOL cenapayuy MexHon02u-
YeCKUll NePCOHAN NePEYUCTUT KAK OCHOBHbIE BIUAIOUUE HA KAYeCMBO KOHYEHMPAMAa NpaKmuiecKu éce
KoHmponupyemvle pakmopbi 6 konuvecmse 50 nokazameneii. Clooa 60wy Xapakmepucmuky nocmyna-
owetl Ha obozaujenue pyovl, XapakmepucmuKy NUMaHua u CIu6d CMepIHCHeBbIX MelbHUY, NapamMempbl,
Xapakmepusyroujue npoMnpooOyKm U X6OCMbl 8CeX NOCIeOYIOWUX CMAOUl MASHUMHOU Cenapayuu.
Henuneiinasa moodenv paccmompena Ol OYeHKU 3HAUUMOCMU (AKMOPO8 NPU OYeHKe 63aUMOCEA3U
8bIX00A 0CAOKA U NAPAMEMPOS8 pPA30eleHUs WAAMO8 Ha eubponiockocmu. Pe3ynemamosl noomeepounu
0eliCmMBeHHOCIb NPEONIOHCEHHO20 MEMOOA.
Bu1600b1. [Ipeonosicennuiii Memoo OYeHKU 3HAYUMOCIU U NOCLEOYIOWe20 PAHICUPOBAHUS (PaKmopos
NOOMEEPIHCOeH Pe3VIbMaAmMAaAMU YUCTEHHBIX PACYEMO8 U Modcen Oblmb UCNONb306AH NPU AHATU3E NPO-
yeccos, 6 mom yucie u npu paspabomre CUCmem aemoOMAMU4ecKo20 YnpasieHus.

Knroueeswie cnosa: snavumvie paxmopui; ombop 3HauumMblx paxmopos; peepeccusl, panicuposanue
10 BANCHOCMU; AHATU3 0002AUJCHUSL.

CrienmanuctaM B 00JacTH aBTOMATH3aLUH MPOU3BOACTBEHHBIX MPOLECCOB YaCTO
NPUXOANTCS pelarh 3a1a4d BEIOOpa KaHAIOB yIIPABJICHUS TEXHOJIOTHYECKUM IpoLIec-
COM, ONITUMAJIBHBIM IO 3apaHee BHIOpaHHOMY KPUTEPHIO.

Pemrenne Takux 3a7a9 MPOUCXOAUT OOBIYHO MPH MOCTOSHHBIX KOHCYJIBTAIHSAX C TEX-
HOJIOTHYECKHM IIEPCOHANIOM. B TO ke BpeMs Hallo OTMETHUTB, YTO 3a9aCTyI0 TEXHOJIOTH-
YEeCKHH MEepPCOHAII YKa3hIBAaeT HA HAIMUME OYeHb OOJIBILIONO KOJIMYECTBA BEUUUH ((ak-
TOPOB), OKa3bIBAIOIIMX BIMSHUE Ha BEIOPAHHYIO AJIs PETYAUPOBAHUS BEIMUUHY (OTKIIUK).
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UpesMepHO OOMbIIOE KOITMYECTBO BIUSIOLINX, 10 MHEHHIO TEXHOIOTHYECKOTO MEPCOHA-
Jla, Ha OTKJIMK BEJIMYMH CBS3aHO, C OIHOW CTOPOHBI, C «IIEPECTPaXOBKOW» MepcoHaa,
KOTOPBIN HE XOYET MPOIYCTUTh KaKHEe-TO BaXKHbIE (PaKTOPBI, a C IPYroi — C HEYETKOH
MIOCTaHOBKOH 3a7a4 0T00pa (hakTOPOB, BIMSIOLUINX HAa PErYIUPYEMYIO BETUYHHY.

Tak, HanpuUMep, NIPU aHAIN3E TEXHOJIOTMYECKOIO Ipolecca 000raTuTenbHON (a-
OpUKM MarHUTHON Cemapanuy TEeXHOJOTHYECKUI MepcoHal Nepeyrcini KaKk OCHOB-
HBIE BIHSIOLINE Ha KAYECTBO KOHIIEHTPATA IPAKTUIECKU BCE KOHTPOIUPYEMbIE (haKTo-
po! B xonuuectBe 50 mokasarenei. Crofa BOIIIM XapaKTEPUCTUKU MOCTyMAromel Ha
o0oraIieHne py/bl, XapaKTepUCTUKY MATAHUS U CIIMBA CTEPKHEBBIX MEJIHHHII, ITapaMe-
TPBI, XapaKTEPU3YIOIIUe IPOMIIPOLYKT ¥ XBOCTHI IIEPBOM CTAANU CENapaliy, Iapame-
TPBI BTOPOH CTaluy cenapanuu 1 IecKOB THAPOLMKIOHOB, TapaMeTPhl KOHILICHTpaTa U
TpeTheH CTaluy cenapaiuy, a TaKke OOIIIX XBOCTOB.

B neiicTBUTENBHOCTH SICHO, YTO MOYTH JI000H (akTop, UMEIOMNK XOTh KaKoe-TO
OTHOILIEHHE K TEXHOJIOTMU OOOTAIIeHHUs, MOXKET OKa3aThCsl OCHOBHBIM BIIHSIOIINM,
eciu OH OyIeT U3MEHATHCS B IOCTATOYHO OONBLIMX MPENesiaX U IPU 3TOM OCTAJIbHbIE
(hakTOps! OyAyT OCTAaBATHCS MOYTH CTAOMITEHBIMH.

OnHako upe3MepHO O0IbIIoe YUCIIO (PaKTOPOB 3aTPYIHSET CO3MaHUE CHCTEM YIIPaB-
JIeHUs! BBIXOTHOM BEIMYMHON OOBEKTa YIpPaBJICHUS, YCIOKHACT U3yUeHHEe KOMOMHA-
Ui 3TOro GONBIIOro 4rcia GakTopoB, 00ECIEUHBAIOIINX PUEMIIEMBIE PEKUMBI pa-
00TBI 0OBEKTOB YIIPABICHHUS.

Kpowme Toro, sicHO, 4TO IIpK UCTIOIB30BAHUH B MOJEIH OOJIBIIOrO KOJINYECTBa (hak-
TOPOB BEJIMKA BEPOSTHOCTD SIBHOM WJIM CKPBITOIM B3aUMOCBA3U MeXOy HUMH. OueHka
TaKUX B3aMMOCBsI3el TpygoeMka. Hanmpumep, B pacCMOTPEHHOM cilyyae JUIst 00oraTu-
TesnbHON (haOpUKK MarHUTHOTO OOOTAIICHUS IPU ONPEESICHHU Jja’Ke CaMOM MPOCTON
JIMHEWHOI B3aMMOCBS3H C IIeJIBI0 UCKIIIOYEHUS U3 MOJIENIN B3aUMO3aBUCHMBIX BETHYUH
npuaeTcst BEIUCISITH Oosee 1200 ko3 hUTTHIEHTOB KOPPETIAIIUH.

Heanb padoTbl — pa3paboTaTh METOA OLIEHKU 3HAYMMOCTU (haKTOPOB, AOIONHSIO-
IIMX M3BECTHBIE METONBI U MO3BOJIIIOIINN Ha OCHOBE HKCIIEPUMEHTAJIbHBIX JaHHBIX
pamXUpoBaTh (PAKTOPBI, BIUSIONINE HA BBIXOJHYIO BEJTUUUHY.

MeToanka ucciieloBaHui. 3a1a4a COKpAIEHNsT KOJMYECTBa BIMSIOMMUX (hakTo-
POB, BKJIIOYAEMBIX B KOHTYP CHCTEMBI yIpaBlieHHs (3HAYUMBIX (PaKTOPOB), 10 CHX ITOP
ocrtaercs akTyanbHOH. [Ipu otOope 3HaunMBIX (HaKTOPOB MOIYUIMIN PACIPOCTPAHEHHUE
HECKOJIBKO NTPU3HAHHBIX MeTonoB. Cioa Hallo OTHECTU METOIbl, OCHOBAaHHBIE Ha BbI-
YHCTICHUU KO3(P(QUIIMEHTOB KOPPEISLUHA MEXIY BBIXOTHBIMHU BEIMYMHAMH U BIIHSIO-
muMH pakropamu [ 1-5]. OgHAKO 3TOT METOX UMEET HECKOJIBKO HeJocTaTkoB. M3yyast
C €r0 MOMOIIBIO B3aUMOCBSI3b BBIXOIHOW BEJIMYHMHBI U ONPEeNICHHOTO (hakTopa, Hallo
OBITH YBEPEHHBIM, YTO 3TA CBS3h JIMHEHHA (TaK KakK KO (DHUITMEHT KOPPEAINH HE OIle-
HUBaeT HEIMHEWHBIE CBsI3M) [3, 6] M 4TO paccMarpuBacMasi B3aHMOCBSI3b HE BBI3BaHA
KaKUM-TO APYT'UM (PaKTOPOM, OKa3bIBAIOIIUM BIMSHUE KaK Ha pacCMaTpUBaeMbli (ak-
TOP, TaK ¥ Ha BBIXOAHYIO BEJINUMHY. DTO BeleT K HEOOXOANMOCTH ONpPENEIIsATh BCE BO3-
MOKHBIE KO3((OUIMEHTHl KOPPEIALMN KaK MEXIY BCeMHU (aKTopaMH, TaK U MEXIy
KaXJIIM ()aKTOPOM H BBIXOJTHON BEITHYUHOM.

Kak yxa3pIBanoch, 3TO TPYIOEMKHUH IIPOILIECC, a €TO Pe3yIbTaThl IPU OOIBIIOM YHC-
Jie BIMSIOLINX BEJTUYMH, YTO OOBIYHO UMEET MECTO B TOPHBIX U OOOTaTUTENbHBIX IPO-
Heccax, TPyAHO UCIONb30BaTh HAa MPAKTHKE.

[Ipu orbope 3HaYMMBIX (PaKTOPOB TAKKE MOTYUYHII PACIPOCTPaHEHHE METO aHKET-
HOTO ompoca [7, 8]. Ero HEeCOMHEHHBIM JOCTOMHCTBOM SIBJISICTCS] HU3Kasl 3aTPaTHOCTb.
OnHako 3QPEeKTHBHOCTH METOJ]a BO MHOTOM 3aBHCHUT OT MOAOOpA TPYIIIBI SKCIEPTOB.
OneHnTh KBaMU(UKALMIO 3KCIEPTOB 3apaHee, Kak IPaBUiIo, HEBO3MOXXHO. HeonHo-
KpaTHO OTMeYaslach CyObeKTUBHOCTB 3TOTO MeToza [7-9].

Takke HaXOOUT MPUMEHEHUE METOA ciay4aiiHoro 6ananca [10, 11]. OgHako u 3TOT
METOJ] He JINIIEH HenocTaTkoB. OH CBs3aH C IPOBEACHUEM HENOCPEICTBEHHO Ha 00b-
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€KTe YMpaBJCHHS HKCIEPUMEHTOB, IOAPAa3yMEBAIOIIMX AKTHBHOE BMEIIATEIHCTBO
B TEXHOJIOTUYECKUH Tporiecc. 1jis Toro 4to0bl JeiCTBUE KaKUX-THO0 (haKTOPOB I0CTa-
TOYHO TPOSBUIO ceOsl, MPUXOJUTCS M3MEHSITH YNPABISIONINE BETHYUHBI ((PaKTOpBhI)
B OOJIBIIIOM AMAIa30HE, YTO HE BCETAa JOITyCTUMO TI0 YCIOBUSM TEXHOIOTHH.

Kpome Toro, MHOTHE TEXHOJIOTHYECKHE TPOIIECCH 000TaIECHHS SBIISIOTCS MHEPIIU-
oHHbIMU. Hanpumep, npu Hanmmuum Ha oborarutenbHON ¢aldpuke AByX (a MHOTOA M
TpEX) PEUMKIIOB MPOAYKTOB 00OTAIIEHNSI U3MEHEHUE B «TOJIOBEY MPOLecca CKaXeTCs
Ha BBIXOJIE UYepe3 NEeCATKH MUHYT, a HHOT/IA U Yepe3 HECKOJIBKO YacoB. B aTux yciaoBu-
SIX METOJIBI CITy9aiiHOTO OaslaHCca MOTYT OKa3aThCsl HEIPUTOAHBIMH.

Crnemyet OTMETHTB, YTO 3a9acTyI0 pa3padaThIBAIOT pErpeCcCHOHHBIE MOIEIH TEXHO-
JIOTHYECKOTO TIpoIlecca, KOTOPhIe B TaTbHEHIIEM MPENIoNaraeTcsl HCIOIb30BaTh IS
MPOTHO3a BIUSHUSA OTIEIBHBIX TapameTpoB. [Ipu 3Tom ocoboe 3HaueHne npruodpeTaet
BKJIIFOUEHHE B MOJACJIb MHUHUMAJIbBHOI'O KOJIMYECTBaA HauboJee BINAOITUX (baKTOpOB.
3TO BBI3BAHO €IIIE ¥ TEM, YTO B MOJIEIISIX, TJI€ UCTIONB3YETCsI OOJBIIOE KOJINIECTBO BIU-
SFOIIMX BEJTWYIHMH, BO3HUKAET mpodiieMa riepeoOydenus [12]. Takue momenu xoporro
COOTBETCTBYIOT JIaHHBIM, 10 KOTOPHIM OHH TIOJYYEHBI, HO Ha HOBBIX JAHHBIX 4acTO
OKa3bIBAIOTCS HEMPUTOIHBI JUIS TPOTHO3a, TAK KaK Jal0T OOJBIIYIO OIIHOKY.

TakuMm 00pa3om, 3a7a4a BEIAETICHUS! OCHOBHBIX (DaKTOPOB, KOTOPBIE TOKHBI BOUTH
B MOJIEJIb TEXHOJIOTMUYECKOTO Mpoliecca Ui CO3/IaHus B JalbHENIIIEM CUCTEMBI YIIPaB-
JIEHUS WIH NIPOTHO3a, OCTAETCS aKTYaJIbHOM.

Janee mpeanioxeH METON BBIJIENEHUS 3HAYUMBIX (pakropoB. [Ipencrasnsgercs, 4To
MpejuIaraeMbplii METO/I He 3aMEHSIET CYIIeCTBYIOIINE METOABI, 3 MOXKET JONOJTHHUTH MX
B OIPEICITICHHBIX TPAKTUYECKUX yCIOBUSX.

OcHoBoM METOAA ABJISACTCA Ta6J'H/IHa HUCXOOHBIX JaHHBIX, KOTOPYIO MOXKHO IOJIYUYHUTh
B IIporecce O6BI‘IHOI>’I ACATCIIBHOCTU MPEANPUATUA WIIN IPHU aKTUBHOM U3YUYCHUU TCX-
HOJIOTHYECKOTO Tporecca. JTO TabiHIa TEXHOJIOTUYECKOTO KOHTPOJS IapaMeTpoB
MPOIEcCca, aHaJIOTUYHAs TaONHIle, WCIOJIh3yEMOW IMPH KOPPEITSIMOHHOM aHalln3e.
B Heit cTonO1er cOOTBETCTBYIOT 3HaUeHUSIM (hakTopoB. OIMH U3 CTONOIOB COACPIKHUT
3HaUYEHHs BBIXOJHOHN BelnW4MHBI (OTKIMKA). CTPOKM TaOIHLBI — 3TO 3Ha4YeHUs (pakTo-
POB ¥ BBIXOJHOW BEJIMUYUHBI MTPH KXKIOM HaOMoaeHuu. Jlanee Takue CTPOKH Ha3BaHBI
peanu3anuen SKCIIepUMEHTa.

B mepBoHavanbHOM BuAe TabnWIa IOHKHA COAEPIKATH MPHEMIIEMOE KOINYECTBO
(hakTOpOB, KOTOpHIE CIEAYeT PACCMOTPETh KaK BIMAIOIINE HA OTKIHMK. Ha ocHOBe Ta-
ONMLBI CO30aeTCsl YpaBHEHHE PErPECcCUH, OTPAXKAIOIIEEe B3aUMOCBS3b BCEX BKIIIOUEH-
HBIX B Hee (paKTOPOB M OTKJIWKA. Ha OCHOBaHMH MOMYyYEHHOTO YPaBHEHHUS PETPECCUH
OIICHUBAETCS KOA(PPHUIIMEHT AeTEPMUHAIINH, KOTOPBIH OTPaXKaeT COBOKYITHOE BIUSIHUE
Bcex (pakTOpOB HA BeMMUYUHY OTKIHKA [3, 12] xak

R = 1_(0§n /ci),

TIe G.., — OCTaTO4HAs JUCTIEPCHS; Gf, — IACTIEPCHUS BEIXOAHOM BETUYHHEI.

3arem ofuH U3 (HakTOPOB (COOTBETCTBEHHO OJIMH W3 CTOJIOIIOB) CIydaiiHO mepemMe-
HMIMBAIOT. B paccMoTpeHHBIX Aanee npuMepax KodQQUIUEHT JeTepMUHALUH TOTyYeH
¢ noMoltikio mporpammel Excel, a nepemMerinBanie 3HaYCHUE CTOJIOIA OCYIICCTRIISA-
JIOCh pa3pabOTaHHON JUTSI 3TOH IeJTH KOMITBIOTepHO# mporpamMmMoii. [locire mepemern-
BaHUSl 3HAYCHHWH CTONOIA CHOBA pACCYUTHIBAICS KO3(P(PHUIMEHT neTepMUHALINM.
Uem cuiibHee (akTop OKa3bIBall BIUSHHE HA OTKIHK, TEM CHUJIbHEE OyldeT U3MEHEHHE
ko3 urmenTa eTepMUHAIIMY TIOCIIE CITyYaiHOTO MepEMEIINBaHUS TaHHBIX CTOJIONA.

3ateM 3HaueHHEe cTOJ0IAa BOCCTAHABIMBAJIOCH, M MpPOILEAypa MOBTOPSIACH JUIS
ciexyromero cronodia. B urore mocie o0paboTKu TaKuM 00pa3oM BCEX CTOJIOIOB
W TONy4YeHUs BceX KOIQ(HUIMEHTOB AeTepMHHAIMK (aKTOpPHl pacrojararoT
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B TIOPSJIKE X BaXKHOCTH, KOTOPYIO OIPEEIISIOT 110 PaHXHUPOBAHHBIM KO3 PHUIIHEeH-
TaM JIeTepMHUHAIUU.

O06cy:xneHue pe3yabTaToB. /{71 MpOBEPKU BO3MOXHOCTH UCTIONB30BAHUS METOIH-
KU OIIPEAETICHUS BAXKHOCTH (DAaKTOPOB NPHBEIECHBI HEKOTOPBIE PE3yIbTaThl PACUETOB.

[ pacueToB MCIOIB30BaHbI JaHHBIE: X1 — MIPOM3BOAUTENLHOCT CEKIIMH 000ra-
TUTENBHOH padpHuKK1 MOKPOH MarHUTHOH cenapanuu; X2 — copepkaHue oO1Iero xene-
3a B pyae; X3 — conepkanue kinacca +12; X4 — conepskanue knacca +3; X5 — cogepxa-
Hue kinacca +1,25; X6 — comepkanme kimacca —1,25. B kadectBe oTkimKa Y
paccMaTpuBaIOCh COAEPKaHIE MarHUTHOTO JKeJe3a.

HcxonHble maHHBIEe OBUIM MpeACTaBICHB! Taomuiel n3 102 3HaYeHWA. Y IUTHIBAS,
YTO MCXOIHbIC JaHHBIE CYIIECTBEHHO Pa3HATCS 10 BEJIMYHHE, JaHHbIE ObLIM CTaHIAp-
THU3UPOBAaHBl OTHOCHTENBHO CBOETO CPETHETO 3HAUEHUS M CTaHIAPTHOTO OTKIOHEHMS.
3aBUCUMOCTh B CTaHJAPTU30BAHHBIX JaHHBIX UMEET BUJ:

Y =23,586+0,122X1+2,363X2 + 0,802X3 +

1

+0,221X4 - 0,174X5 + 0,721X6. M

Koa¢ppunment MmuoxectBeHHO# koppemsiunu coctasui R = 0,814, xoaddunment

nerepmuHanuun R? = 0,662, CKOPPEKTHPOBAHHBINA KOA(DDHUIUEHT JeTCPMUHAIINH

Rimp =(0,641. B Tabn. 1 npuBeneHsI TaHHBIE TI0 U3MEHEHUTIO KO3 (HIINEeHTa TeTepMITHA-
LIUH [P TIOCJIEZIOBATEIILHOM CIIy9JaiiHOM MEPEMEIINBAHUN KXXKI0T0 CTON0Na (hakTopoB.

W3 TabIMIBI BUIHO, 9TO HaKOOJIbIIee H3MeHeHHe R? BEI3BIBAET COMEpIKaHIE OOIIIETO JKe-

7e3a. OTO COMIacyercsi ¢ TEXHOJOTMYECKUMHU JaHHBIMU O TOM, YTO B IepepaldarbiBacMbIX

pyAax CoOaCpKaHueC O6H_ICFO JKCJIC3a U COALCPIKaA-

HHE MarHUTHOIO JKeJIe3a B3aUMOCBS3aHbI. Ta0muna 1. Pe3yabTarsl 3aMeHbI (pakTopa
Ha BTOpOM MECTE 10 BAX)KHOCTH HAXOIUTCS Table 1. Factor substitution results
COJEpaHUE KPYMHBIX KiaccoB. OcCTalbHbIE Samensensiii | Kosdument | Ocratouras
(paKTOpLI IMMOKa3bIBAOT IMPHUMCPHO OJUHAKO- (axrop JIETEPMUHALUN | JMCIIEPCHs
Bble KOA((OUIMEHTHI JETePMUHAIIMNA U TIPH- X1 0.6550 1.982
Me;i_fllo O,Z[I/IHaKOBI)£€ OCTaTOYHbIE AUCTIEPCUN. X2 0.0498 8.902
ej1araeéMbli METOJI, II0 MHEHUIO aBTO-
pel A X3 0,6310 3,450
pOB, Iy4lle, 4YeM IMPOCTO aHAIU3 3HAYUMO-
X4 0,6540 3,238
cTH (aKTOPOB IYTEM IOCIEIOBATEILHOTO
X5 0,6510 3,270

yaaneHus: pakTopoB M IepecyeTa perpeccu-
OHHOTO ypaBHEHUs. B aTOoM ciydyae usmeHs- X6 0,6440 3,340
eTcst uucio (akTopoB, BOSHUKAIOT IpoOiie-

MBI C OLEHKOW 3HAYMMOCTU KOI(D(DUIIMEHTOB PErpecCHOHHOTO ypaBHEHUS, OLEHKOM
3 pexToB B3aUMOIEHCTBHUS.

[t mpoBepKu BO3MOMKHOCTH IPEIaraéMoro MeTo/la OLEHKH 3HaYMMOCTH (hakTo-
POB Jaliee pacCMOTPEH ellle oAuH npumep. JlanHbie B3aThI U3 padoTs! [13]. OcobenHo-
CTBIO 37I€CH ABIAETCS TO, YTO pacCMaTPUBAJICSA aKTUBHBIN KCTIEPUMEHT C 32 OIBITaMHU
Y ONKMCaHUEM IOYTH CTAIIMOHAPHOW 001acTH. ABTOpaMU BBIOPAHO MONy4eHHOE B [13]
ypaBHEHHE B3aUMOCBSI3M MEXIY BBIXOAOM ocajka Y1 W mapaMmeTpaMy pasleleHus
HIJJaMOB Ha BUOpoIUIockocTu. Bo Beex citydasix paccMaTpUBalloCh BIMSHUE ISITH (ak-
TopoB (X1, ..., X5). PerpeccnonHbie ypaBHEHUS BKJIIOUAIH KBaJIPaTUYHBIE WICHH U
a¢dexTrl B3aumoneicTaus. [locne 3aMeHbl STHX YWIEHOB Ha HOBBIE IEPEMEHHBIE ypaB-
HEHHe, NOJyYEeHHOE aBTOpaMu 10 BceM 32 ombITaM, UMEJI0 BUA:

Y1=12,4-7,7X1-4,1X2 -4,6X3-3,9X4 - 2,3X5+2,0X6 + 0,9X7 +

2
+ 2,4X8 +1,4X9 +4,8X10 +4,7X11 + 3,1X12 — 4,7X13. @
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IIpu stom: X1, X2, X3, X4, X5 — nuHeino pausione (axkropsr; X6 = X12,
X7 =X3%, X8 = X42, X9 = X52, X10 = X1 - X2, X11 = X1 - X3, X12 = X2 - X3,
X13=X4 - X5.

Hckimouast U3 pacCMOTPEHUS KaKOH-TMO0 CTONOCT, CITyYaitHBIM 00pa3oM U3MEHSIIH
JAHHBIE COOTBETCTBYIOIET0 Gakropa. [Ipr 3TOM OTHOBPEMEHHO H3MEHSUICS U IOPSIIOK
CJIEIOBAaHMS HETMHEHHBIX WIeHOB X6—X13, KoTopble CBA3aHBI CO CTOIOIOM OCHOBHOTO
nuHeHHoTo (hakTopa. [lodydeHHBIC pe3yabTaThl IPUBEICHBI B TA0M. 2.

Tabauna 2. [Iposepka 3HaYUMMOCTH (PAaKTOPOB
Table 2. Factors significance verification

daxtop R R2 RZ,, ol
VYpasuenue (2) 0,917 0,842 0,728 45,00
X1 (X6, X10, X11) 0,710 0,505 0,148 141,13
X2 (X10, X12) 0,923 0,852 0,745 42,20
X3 (X7, X11, X12) 0,879 0,773 0,610 64,62
X4 (X8, X13) 0,862 0,744 0,560 72,96
X5 (X9, X13) 0,894 0,800 0,656 56,89

B nanHOM cirydae ypaBHeHHe (2) MOIYYEHO 10 TaHHBIM aKTUBHOTO IKCIIEPUMEHTA,
B KOTOPOM (paKkTOpBI U3MEHSIIMCH Ha OOJBIIYIO0 BeIHMYUHY. BBHIY 3TOTO, HECMOTPS Ha
HEeOOJbIIIOE KOJMYECTBO IKCIIEPUMEHTOB, MOXKHO COTJIACUTBCSI C aBTOPaMH, KOTOpPEIE
MOCYHTAIN PE3YNBTAThI NMPEJCTaBUTENBHBIME. B TO ke BpeMsi IMEHHO M3-3a HEOOIb-
IIOTO KOJIMYECTBA DKCIIEPUMEHTAIBHBIX MAaHHBIX (32 CTPOKHM B MaTpHIIE TIaHUPOBa-
HUS) B TaOII. 2 moMUMO Kod(hUIMEeHTa TeTepMUHAINK R 1 9acTo HCITONB3yeMOil Ben-
yrHbI R? IpHBEIEH CKOPPEKTHPOBAHHBIM KO3(DDHIUCHT A€ TEPMUHALIUNH, YIHUTHIBAFOIIHIA
KOJIMYECTBO IKCIIEPUMEHTOB [12]:

R:, =1-(1-R) (n=1)/(n—k-1),
T/ 7 — KOJIMYECTBO SKCIIEPUMEHTOB; k — KOJIHUYECTBO (PaKTOpPOB.

Kpowme 3toro, B Tabn. 2 npuBeneHa ocraroyHas gucnepcus. Kak BugHo u3 tadn. 2,
Haubosblee BIMsSHUE OKasbiBaeT (aktop X1 u cBs3aHHbIe ¢ HEM X6 = XI12
X10=X1 - X2, X11 = X1 - X3. Cnyuaiinas nepectaHoBka cTpok ¢akropa X1 mpuso-
JIIT K MATHKPATHOMY CHU)KEHHIO CHJIBI CBSI3H C BBIXOJHOUM BEITMYUHOM, TPEXKPATHOMY
YBEJIMYEHHUIO OCTATOYHON nucnepcuu. Ha BropoM Mecre 1o 3HAYMMOCTH HAXOAHUTCS
dakrop X4 u cBs3aHHble ¢ HUM (akTopbl X8 = X42, X13 = X4 - X5. Habnromgaercs
YMEHBIIIEHHE IPUMEPHO B TIOJTOPA pa3a CKOPPEKTUPOBAHHOTO KoddduiimeHTa nerep-
MHUHALUH U TaKOE e MOBBIIIEHNE 0CTaTOYHON qucniepcun. BinsHue ocTanbHBIX (ak-
TOPOB HAXOIUTCS NPUMEPHO Ha OJJMHAKOBOM YPOBHE.

B 3agaun HacTosmiei paboTsl HE BXOIUIIO KaKOe-THOO TEXHOIOTHYECKOe 00BsICHE-
HUC TIOIYYEHHBIX pE3yJBTaToB, KOTOPOE IOCTAaTOYHO MOoApoOHO caemano B [13].
OCHOBHOH TeNbI0 SIBUJIACH MPOBEPKA MPEAJIaraeMoro MeToJa OIEHKH 3HAaYMMOCTH
¢axropos. [Ipencrapmusercs, 4To HapsLy C U3BECTHBIMH METOAAMH OLIEHKH 3HAYMMO-
CTH MPEIJIOKEHHBIA METOJ] MOXKET OBITh MCIIONB30BaH IPH aHajJIM3€ TOpHO-00OTraTu-
TEJILHBIX MPOIECCOB, B OCOOCHHOCTH C YYE€TOM TOTO, YTO METO]] JIETKO aBTOMATH3HPY-
eTcs TP MpUMeHeHnHU TporpamMmbel Excel (AHamu3 qaHHBIX ).

BouiBoasl. [Ipeanoxen MeTon OEHKH 3HAYNMOCTH (DaKTOPOB, BKITIOUAEMBIX B pe-
TPECCHOHHYIO MOJIETh TEXHOJIOTHYECKOTO arperara, COCTOSAIUN B TIOCIET0BATEINb-
HOM CITy4allHOM IepeMEelIMBAaHUU AaHHBIX Ka)JOTo CTOJO0Ia MaTpUIbl Haltoze-
HUH W OUEHKH TOCIEACTBUH TaKOTO MEPEMCEIIWBAaHUS 1O BEJIMYUHE W3MECHCHHS
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ko3 punmenTa gerepMuHANU. BaXHOCTH KaxIoro ¢akTopa COOTBETCTBYET
YMEHBIICHHIO Ko duireHTa AeTepMuHanuu. YeMm cUIbHEEe Takoe YMEHBIICHUE,
TeM BaxkHee (hakTop.
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Selecting significant factors when simulating mining facilities
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! Ural State Mining University, Ekaterinburg, Russia.

Abstract
Research aims to create significant factors selection method, supplementing known methods and allowing
to rank factors based on experimental data.
Research methodology consists of a regression model creation based on experimental data; the model
includes all factors as well as nonlinear terms. The determination coefficient is estimated for the obtained
model, and in case the model is created with a small amount of data, then the corrected determination
coefficient is estimated as well. After that, by turn, realizations of each factor are mixed at random under
constant values of the remaining factors, and after every mixing the determination coefficient is estimated
again. The stronger influence the factor has on the response, the greater reduction of the determination
coefficient is observed after mixing. According to the quantity of the determination coefficient reduction,
the factors can be ranked according to significance. It necessary, it is possible to select the desired number
of more significant factors after ranking. The article gives examples of the proposed method realization.
Results discussion has been made on two examples for a linear model acquired according to the data from
a passive experiment and a nonlinear model according to the data from an active experiment. When
analyzing the manufacturing procedure at the magnetic separation dressing mill, the process personnel
listed practically all factors under control as the main factors influencing the quality of a concentrate, in
total 50 indicators. These include the characteristics of ore entering on the concentration, rod-mills
discharge and feed characteristics, parameters characterizing middlings and tailings of all subsequent
stages of magnetic separation. A nonlinear model is considered for factors significance estimation under
the estimation of the interrelation between the sediment discharge and the parameters of slime splitting at
a vibrating plane. The results have proved the effectiveness of the proposed method.
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Summary. The proposed method of estimating the significance and the further ranking of factors has been
proved by the results of the numerical calculations and can be used under the analysis of the processes
including the development of automatic control systems.

Key words: significant factors; significant factors selection, regression; ranking according to significance;
concentration analysis.
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