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Developing the technology of mine stowing with processing tailings
based hardening blends

Evgenii P. Volkov'*, Aleksandr N. Anushenkov'
' Siberian Federal University, Krasnoyarsk, Russia
*e-mail: volkoff2@yandex.ru

Abstract
Introduction. Large-scale implementation of mine stowing method is a relevant tendency to improve the
technology of underground mining.
Research aims to develop and propose an effective technology of mine stowing with processing tailings
based hardening blends.
Research methods include experimental investigation of mine stowing technology with processing
tailing based hardening blends and the determination of basic characteristics of an artificial massif.
Analysis. The present work provides the results of research on conventional technologies of hardening
blends preparations and the one developed by the authors; the results prove the effectiveness of
hydropercussion-cavity activation of solution materials.
Summary. The analysis of the stowing manufacturing technologies under investigation has shown the
effectiveness of the developed method based on the hydropercussion-cavity treatment of hardening
blends materials.

Key words: underground mining; stowing; hardening blends; processing tailings; hydropercussion-
cavity blending machine.

Introduction. Practice and existing literature review [1-3] testify that the use of
goaf stowing in definite mining-geological conditions is technically advisable and
economically feasible when developing deposits of non-ferrous metal valuable ore, as
well as coal and iron-ore deposits. And at the same time, important are the stowing
systems for mineral extraction at great depths and in the areas of tectonic disturbances,
where protection from rock pressure and rockbursts is impossible without the use of
artificial massifs [4—8]. However, expensive cast hardening blends (CHB), manufacture
technology and methods of delivering into the goaf restrain their application. Basic
elements of cost of stowing are costs for binders.

Transition to low-grade integrated binders, search for some new cost-effective
technologies of hardening blends manufacture promote stowing systems in mining
practice thus becoming a relevant scientific and practical task.

Stowing prime-cost reduction should be ensured by the development of new
technologies of mine stowing with gangue from various manufactures as binders and
fillers.

The experience of stowage facilities operation shows that it is the milling technology
that has become a frequent practice in hardening blends manufacture [9—11]. The main
advantage of mills is their simple construction and maintenance together with high
productivity. But they are metal- and power-intensive and distinguished by some
functional restrictions in the efficient grinding fineness and finely dispersed
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homogenization of mill feed in aqueous media. According to the research, preparation
of high-quality stowing blends with the use of fine tailings in ball mills does not make
it possible to apply their complete fraction. Milling technology of hardening blends
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Fig. 1. A diagram of hardening blend preparation with a paddle mixer:
a—TC; b—ATC
Puc. 1. Cxema NpUroTOBICHHUS TBEP/CIOIIEH CMECH C HCTIOIb30BaHUEM JIOMIACTHOTO
CMECHUTEJISL:
a—XII; b— AXII

manufacture with the use of processing tailings with less than 30 micrometer fraction
content does not provide high quality stirring of components and their homogenization,
which results in the reduction of binder properties and its over-expenditure.
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Research methodology. In order to study various technologies of processing
tailings stowing based blends preparation, experimental research of compositions of
solid stowing solutions TC (processing tailings and cement) and ATC (anhydride,
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Fig. 2. A diagram of hardening blend preparation with a ball mill:
a—TC; b—ATC
Puc. 2. Cxema MPUroTOBJICHUS TBEPACIOLICH CMECH C HCIIOJIb30BaHUEM IIAPOBOi
MeJIbHUIIBL:
a—XI; b— AXI]

processing tailings and cement) prepared with the following two methods: with the use
of a paddle mixer (fig. 1, where TPP stands for the Talnakh processing plant) and a ball
mill (fig. 2).
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Research results. Specific consumption of materials, blend density, its fluidity and
the strength of samples within the control period of concreting have been determined
for all compositions under investigation (table 1, 2).

Results analysis has shown the dependence between the strength and fluidity of
stowing compositions and the technology of grinding and homogenization of blend
components and made it possible to determine a rational method of preparing CHB in
ball mills.

Table 1. TC compositions with the use of a paddle mixer and a ball mill
Taouna 1. Cocrasnl X1 ¢ ncnoib30BaHneM JI0NIACTHOIO CMECHTeJIs1 H IIAPOBOI MeIbHULbI

. Materials consumption Blend Blend Density cont{\j)[i)characteristic,
Preparation — density | fluidity, mm ‘
scheme TPP tailings, | Cement, Water, t/m’ (Suttard) 3 7 28 90
kg/m? kg/m? 1 days days days | days
Ina 1246 170 500 | 1.92 206 ~ 1030 | 080 | 125
Efii‘c}lre 1183 240 500 | 1.92 225 030 | 055 | 1.50 | 2.10
1112 320 500 | 1.93 244 045 | 085 | 2.00 | 3.05
1039 400 500 | 1.94 246 075 | 135 | 3.10 | 4.00
In a ball 1246 170 500 | 1.92 200 ~ 1035 ] 095 | 150
mill 1183 240 500 | 1.92 220 030 | 0.55 | 125 | 2.00
1111 320 500 | 1.93 240 0.60 | 120 | 225 | 3.30
1039 400 500 | 1.94 242 150 | 2.25 | 330 | 4.70

The main features of CHB manufacture in a ball mill include the fact that during
grinding and stirring an active homogeneous part of the blend is formed with increased
strength and rheological properties [12].

Table 2. ATC compositions with the use of a paddle mixer and a ball mill
Ta6auuna 2. CoctaBbl AXI] ¢ HCHO/Ib30BaHHEM JIONACTHOTO CMECHTEJISI U IIAPOBOIi MeJIbHHIIBI

Materials consumption Density control
. P Blend o characteristic, MPa
Preparation . Blend fluidity,
. TPP density
scheme | Anhydride, | ... Cement, | Water, | /3 mm (Suttard) 28 | 90
e/ tailings, ke/m’ 1 3 days | 7 days days | days
& kg/m?
In a paddle 400 853 170 500 1.92 200 - 0.50 {0.70| 1.2
mixer 600 657 170 | 500 | 1.93 203 - 1070 |1.00] 1.8
600 594 240 500 1.93 220 0.60 | 0.80 [1.50]| 2.6
400 718 320 500 1.94 223 0.70 | 1.00 |1.70] 2.8
600 521 320 500 1.94 225 0.70 | 1.10 |1.90| 3.2
In a ball 400 853 170 500 1.92 195 - 0.60 [0.85] 1.5
mill 600 657 | 170 | 500 | 1.93 198 — | 085 [1.30] 22
600 594 240 500 1.93 215 0.70 | 1.05 |1.85] 3.3
400 718 320 500 1.94 218 0.85 | 1.25 |2.10] 3.5
600 521 320 500 1.94 220 0.90 | 1.40 [2.35| 4.0

CHB manufacture technologies with the use of a paddle mixer and a ball mill make
it possible to ensure blend components hydration and crystallization processes
development. However, at the same time, low intensity of simultaneous stirring of
blend components does not ensure complete homogenization of CHB materials with
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the dispersed part of processing tailings, which results in the growth of binder
consumption.

In order to provide the homogeny and intensity of components of CHB compositions
under investigation, hydropercussion-cavity machines (HCM) may be efficiently

applied in their production.

a
TPP tailings

g &
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o —
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2 .‘g
2 1<)
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& e
=¥

\ yd
Casting for blend
HCS physical and

mechanical properties

determination
b
Anhydride (60 : 0) TPP tailings
Proportioning
Crushing in a jaw crusher
(opening size 12—-15 mm) I crushing
en o
.8 stage £
g g
= g
2 ' 4
= . . . ]
~ Crushing in a jaw crusher £
(opening size 3—4 mm) 11 crushing
+ stage
Screening
-2 mm +2 mm
Y
HCS Casting for blend

physical and
mechanical properties
determination

Fig. 3. A diagram of hardening blend preparation with HCS:
a—TC; b—ATC
Puc. 3. Cxema npurotosieHus TBepAetomieil cMecu ¢ ucrnons3oBanueM ['KC:
a—XI; b— AXI]

HCM have currently found industrial application basically in mining industry [13].
The use of HCM promote to a significant economic benefit due to significant
intensification of hydromechanical processes by means of reaching the hydropercussion-
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cavity mode of the treated blend, reduction of power- and material-intensity, reduced
production facilities.

In order to study the impulse hydropercussion-cavity effect on the materials of CHB,
hydropercussion-cavity separator (HCS) [14] and the related technology of preparing
stowing blend.

Research has been carried out for two compositions of hardening blends TC and
ATC according to the developed technology with the use of HCS (fig. 3).

Specific consumption of materials, blend density, its fluidity and strength of samples
within the control period of concreting have been determined for the studied
compositions (table 3).

Table 3. Compositions of TC and ATC with the use of HCS
Ta6auua 3. CoctaBbl XII u AXI] ¢ ucnoabzoBanuem I'KC

Materials consumption Density control characteristic, MPa
Anligirlizde, TPI;:;E:? £s; Cement, kg/m* | Water, 1 7 days 28 days 90 days
— 1246 170 500 0.5 1.2 2.0
- 1183 240 500 0.7 1.6 2.6
- 1112 320 500 1.6 2.9 43
- 1039 400 500 2.9 4.3 6.1
400 853 170 500 0.9 1.6 24
600 657 170 500 1.2 2.0 2.9
600 594 240 500 1.4 2.5 3.8
400 718 320 500 1.7 3.0 4.4
600 521 320 500 1.9 33 4.7

The obtained results have shown that CHB preparation with the use of
hydropercussion-cavity separator allows ensuring high-quality activation and
homogenization of stowing compositions.

Table 4. The distribution of the phases of textural features of CHB with the use of HCS, g/cm?
Tabuauna 4. Pacnipenenenne ¢has crpykrypubix o6paszosanuii JITC ¢ ucnoassosanuem I'KC, r/em?

TC composition ATC composition
Mineral Formula 3 7 28 3 7 28

days | days days days days days
Clinochlore (Mg, Al, Fe)s (Si, Al)s O10 (OH)s 9.8 | 15.5 16.3 6.1 8.6 12.0
Brownmillerite | Caz (Al, Fe)20s 3.9 0.0 0.0 1.4 0.0 0.0
Quartz SiO2 7.8 94 | 144 6.1 7.7 11.6
Diopside CaMgSi206 25.1 | 363 | 459 33| 9.1 11.1
Gypsum Ca(S04) 2(H20) 240 | 269 | 34.0 58.3 | 68.7 71.0
Jarosite K Fes (SOa4)2 (OH)6 6.8 7.2 9.8 6.1 6.8 7.3
Ettringite CasAl2 (SO4)3 (OH)12 26H20 13.2 | 175 | 229 153 | 25.3 27.1

X-ray phase ad X-ray structure analysis of crystallization processes on the terms of
strength gain has revealed that the compositions of ATC, which harden by means
of crystallization of anhydride and new formations within (table 4), in the course of
processing tailings and cement and anhydride interaction, gain maximum strength after
hydropercussion-cavity treatment (table 1-3).
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Results analysis. In the course of the research it has been stated that the content of
fine fractions in stowing formulations in processing tailings ensure the manifestation
of their binding properties and the increased strength gain of the hardening blends
when they are treated within the action of hydropercussion-cavity impulses.

Research results testify that the developed technology of processing tailings based
CHB manufacture with the use of HCS allows ensuring high intensity of blend finely
dispersed components simultaneous stirring, their homogenization and the refreshment
of the hydrating surfaces, which result in the improvement of stowing strength and its
increased gain.

Summary. Based on the research, it has been stated that the samples of stowing
blends which have been prepared by the milling method, are generally 20% stronger
than the samples prepared with the use of a paddle mixer. At the same time, stowing
blend samples, prepared according to the technology with a hydropercussion-cavity
machine are generally 30% stronger than the samples prepared with the use of a milling
method.

The developed technology of mine stowing [15] thus ensures the improvement of
hydrating level and the activation of stowing blends components, which results in the
increased activity of CHB components and strength of the artificial massif.
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Pa3pa0oTka TeXHOJOrHM 3aKJIaKH TOPHBIX BHIPA0OTOK
TBepACIOIIMMH CMeCAMH HAa OCHOBE XBOCTOB 000raleHunst

Boaxkos E. I1.!, Auymenkos A. H.!
! Cubupckuii penepansHbiil yHuBepcuret, Kpacunosipek, Poccust.

Peghepam
Beeoenue. Axkmyanvnvim HanpagieHuem co8epuleHCMEO8aH U MEXHOI02UU NOO3EMHBIX 20PHbIX paboOm 516-
JIAEMCA WUPOKOe 6HeOpeHe CUCmeM pa3pabomKu ¢ 3aKIa0KOl 8blpaboOmanHo20 npoCmMpancmea.
Llenv pabomut. Pazpabomams u pexomen0o8amv 3)heKmueryo mexHono2uio 3aKkaiaoKu 2OpHbIX 6bipado-
MOK MEepOeioWUMU CMECAMU HA OCHOBE X60CTNO8 0D02AlYeHUSL.
Memoowvt uccnedosanus. [Ipogederue IKCnepUMEHMATLHBIX UCCTEO08AHULL MEXHOL02UL 3AKIAOKU 20p-
HBIX 8bIPAOOMOK MBEPOCIOUUMU CMECAMU HA OCHOBE XBOCIO6 0002aujeHus ¢ OnpedeleHuem OCHOBHbIX
Xapaxkmepucmuk UCKyCccmeeHH020 MAcCusa.
Ananu3z. B npedcmasnennou pabome npugeoenvl pe3yibmamol UCCAe008aHU MPAOUYUOHHBIX MEXHONO0-
2utl nPU2OMOGIEe s MEepOetowUX cmecell U paspabomantoll asmopamu, noomeepicoaroujue 3pgdexmus-
HOCHb 2UOPOYOAPHO-KABUMAYUOHHOU AKMUBAYUU MANEPUATIO8 CMECU.
3aknrwuenue. Ananus ucciedyemvlx MexHoN02UL NPOU3BOOCHBA 3AKAAOKU NOKA3ANL 3P DeKmuUeHocmy paz-
pabomannozo cnocoba, OCHOBANHO20 HA SUOPOYOAPHO-KABUMAYUOHHOU 06pabomKe Mamepuanos meep-
oerowux cmecell.

Kniouesvie cnoea: noosemuas paspabomka; 3akiaoka; meepoeiowue cMmecu; X60Cmvl 0002aujenus;
2UOPOYOaPHO-KABUMAYUOHHBII CMECUmMeb.
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OueHka 3hheKTUBHOCTU PEKOHCTPYKLIUM U NEPCNEKTUB Pa3BUTUA
LMKIIMYHO-NOTOYHON TEXHOMNOMUM FOPHbIX paboT Ha bayaTckom
YronbHOM paspese

Nensb 10. U.™*, Ucakos C. B.!, MycuxuHa O. B.", KoctuH A. J1.', FanueB P. C.!
Ypanbckuit rocyaapCTBEHHDIN FOpHbINA yHUBEpCUTET, . ExatepuHbypr, Poccust
*e-mail: lel49@mail.ru

Peghepam
Lleny pabomur — ananuz onvima SKCNIyamayu, MexHUKO-IKOHOMUYECKAs OYeHKA NPUMEHeHUs U nep-
cnekmug pazeumusi yukauuno-nomounou mexronoeuu (L[IIT) eopnvix pabom 6 guiuare OAO «VK
«Kyzbaccpaspesyzonv» Bauamckom y2onbHoM paspese.
Axmyanvhocms uccnedosanuii. Buedpenue yukauyHo-nomouHol mexHoai02uu A611emcsa 0OHUM U3 Oc-
HOBHbIX HANPABNEeHUL NOGbIULEHUS P PeKmusHoCcmu 2opHbIX pabom npu paspabomie enyOoKux pyOHbiX
Kapbepos u y20IbHbIX paspe308. B ceaszu ¢ amum eecbma akmyaibHblM CIAHOBUMCS ONPOC BbIABLEHUS
OCHOBHBIX NPUYUH HUZKOU S hekmuenocmu ykazanou mexnonoauu Ha bauamckom yeononom paspese
U OYeHKU Nepcnekmus ee nPpUMeHeHus npu OaibHeluem pa3eumui 20pHuIX padom.
Memoouka npogedenusn uccinedosanuii. Ilpu pewenuu nocmasieHHou 3a0a4u Obl1 NPOBEOeH AHAIU3
npoexmuol OoKymenmayuy u gaxmuieckux nokazameneti sxcniyamayuu komniexca LT na bauam-
ckom yeonvHom paspese 3a 2010-2017 ee., paccmompeHvl mexHoro2uieckue peueHus no 8apuanmam
PEKOHCIPYKYUU KOMNIEKCA HA NePeBo3KaAxX 8CKPLIUHBIX Nopoo Ha FOucHblil omean u eapuanmy cmpou-
menvscmea Hoeo2o komnaexca LITIT na éocmounom 6opmy paspesa, npouseedena IKOHOMUHeCKas OYyeHKa
sapuanmog u onpeodenervl nepcnekmugvl npumenenus L{IIT npu Oanvueliwell paspabomke paspesd.
Hcnonvzosanucsy memoovl IKOHOMUKO-MATNEMANUYECKO20 MOOETUPOBAHUS, TNEXHUKO-IKOHOMUYECKO20 U
20pHO-2e0MempUYecK020 AHAIU3A.
Pezynemamet. Ycmanosneno, umo naubonee d3pghexmusnvim 8apuaHmom A61s1emcs NOIHbIU 0eMOH-
maoie cywecmayiouezo komniexca L{IIT u nepexoo na mpancnopmupoganue eckpviuiu Ha FOxcHwill om-
6an asmomoounbHeiM mpancnopmom. Ilpeonoscenvt mexnonocuveckue peuleHus N0 CMpouUmenbCcmey
Ho6020 Komnaekca L{IIT na eocmounom 6opmy paspeza. OO60CHO8aHbI MECHOPACNON0dNCEHUE, COCMA8
KOMNJIeKca U KOHCMPYKYUs OpobuibHo-nepezpy30yHo2o nynkma. Ha ocnoge axonomuueckux pacuemos
coenam 661800 0 6vicoxoll aghgpexmusnocmu L[IIT npu nepegoske 6ckpwiuhblx nopod Ha Bocmounwiii om-
6an paspesa.
Oénacmy npumenenus pesynromamos. llonyuennvie pe3yivmamosl MO2Ym HAMy npuUMeHeHue 8 Npax-
muKe nPOeKMupOBanUs U IKCHIYAMayuU y20ubHblX RPEONPUAMULL ¢ OMKPLIMbIM CROCO60M paspabom-
KU, 4mo no360aum uzbexncams OWUOOUHbIX peuteHutl, OONYWeHHbIX NPU NPOEeKMUpoBaHUU U gbloope
obopyoosanus L{IIT na bauamckom paspese.

Knroueewie cnoea: yuxnuuno-nomounas mexnonozus,; paspes; asmomparncnopm; Komeeiiep; OpobunsHo-
nepezpy30uHbill NYHKNM,; 00bem Nepego3oxk; cebecmoumocms,; 3@PekmusHocms, peKoHCMPYKYUs.

Bgenenue. B HacTosmiee BpeMs IUKINYHO-TTOTOYHAS TEXHOJIOTHS OTKPBITHIX TOPHBIX
padot (LIIT) ¢ aBTOMOOHIIBHO-KOHBEHEPHBIM TPAHCIIOPTOM TPHMEHSIETCS HA MHOTHX
OTEUECTBEHHBIX W 3apyOeXHBIX Kapbepax I TPAHCIOPTUPOBAHUS PYHABL, YDA U
BCKPBIIIHBIX 110poa. Bueapenue LITT no3Bonser cOKpaTUTh pacCTOSHUE TPAHCTIOPTHUPO-
BaHMS TOPHOM MacChl aBTOMOOMJIBHBIM TPAHCIOPTOM, MOMJIEPKHBAsi €r0 B Mperenax,
OJIM3KHX K ONITHMAITbHBIM 3HAYEHUSIM, COKPATHTh O0IIee PACCTOSTHHUE MEPEBO30K U CYIIIe-
CTBEHHO CHU3UTD JKCILTyaTallMOHHBIE 3aTPaThl HA TPAHCIIOPTUPOBAHUE U OTBAJIO00pa30-
Banue. Ocobenno s¢dexrusna LIIT B nybokux Kapbepax, Tak Kak ce0eCTOMMOCTh
MOIBEMa TOPHOW MAacChl JIGHTOYHBIMU KOHBEHepaMy Py BETMYNHE yIiia mogbema 15°—18°
B 3,0-3,5 pasa Hmke ce6eCTOMMOCTH TTOAbEMa aBTOTPAHCIIOPTOM Ha Ty e BBICOTY [ 1-06].
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B cBsi3u ¢ 3TMM npuoOpeTaeT akTyaJbHOCTh UCCIEAOBAHNE OCHOBHBIX MPUYUH HU3KOH
3¢ PEeKTUBHOCTH NUKIMYHO-TIOTOYHOH TEXHOIOTHH HA OJHOM M3 BEAYIIMX MPEATIPUITUI
OAO «YK «Kysbaccpaspesyrons» — bauarckom yrojapHOM pa3pese — U OLleHKa epCIieK-
THUB €€ PUMEHEHH NP JallbHEeHIIel pa3paboTke MECTOPOXKACHHUSI.

AHaJM3 NPOEKTHBIX pelleHHd U onbITa IKcIuIyaranun komiuiekca LT na
Bauarckom pa3pese. Kommuieke LIIT Ha bayarckom yroiapHOM paspese ObLT CIIpOeK-
tupoBaH OO0 «KDHOC» (Ilpoexmuas OoKymeHmayusi Ha CMPOUMeEnbCmeo «KOM-
naekca yukauuHo-nomounou mexnonocuuy (L{IIT-1 mexnonocuueckas 1unus) 6CKpuluL-
Hoix pabom Quauana OAO «Kyzbaccpaspesyeonvy — bavamcekuil yeonvuviii paspesy.
Tom 1-10. Jlobepyvr: OO0 « KOHICx», 2010. 760 c.). Ilpoekt GazupoBaiucs Ha pas-
pabotkax YkpHHUnpoekra, OAO «Cubrumpomaxt» U 3A0 «[unpoyromas» mo 06o-
cHoBanuto u BHepenuto L{IIT Ha paspese «badarckuii», BeinoaHeHHbIX B 1988-2004 T

Tabuauna 1. Texunyeckue xapakrepucTuku obopynopanus IIIT
Table 1. Engineering data of CFT equipment

Kounseiiep
XapakTepucTuKa . Maru- omcC- | JIIA-MMD-
obopyoBanus 3aboit- | Haxnon- CTpaib- Tepena- | OtBarmb- | 4000/125* 1300%*
HBII HBIN - TOYHBIN HBIN
JmHa, M 526 540 1750 1460 1670 125 28
Jlenra:
THI PesuHoTpOCOBas Pesuno-
TKaHeBas
MIHPHHA, M 2,00 2,00
CKOPOCTb, M/C 3,15 425
JlBurarenu Ha NPUBOIHOM
CTaHIIMH:
Mapka AOK 99/45 AOK2 | AcuH-
XPOHHBIN
KOJIMYECTBO, IIT. 6 | 6 | 6 | 3 | 4 2 2
MOIIHOCTb, KBT 630 500 375
PenyxTops! npuBoiHOM
CTaHIIUK, MapKa, KOJIHYe-
CTBO, IIT.:
KLIT 1250 2 2 2 3 4 - -
2KIIT 1250 2 2 2 - - - -
Yroi HakJIOHa KOHBeiepa,
rpan 4 15 2 0 0 15 2
[Tpon3BOAUTENEHOCTS,
M3/a:
KOHBelepa 4000 4000 4000 4000 4000 4000 -
IPOOUITKA — — — — — — 2000

* OtBasnooOpa3oBaTenb; ** npoOUIIBHO-TIEpErpy30UHbIi arperar.

B 1990-x rT. 32 cyeT OCHOBHOM AEATEILHOCTH pa3pe3a ObLUIN MPONU3BEACHBI MOAT0-
TOBUTENIbHBIE Pa0OTHI Ul CTPOMTENHCTBA KOMIUIEKCA Ha IOKHOM OopTy. OnmHako
JIeUIIT MaTepraIbHBIX PECypCcoOB 1 PUHAHCOBBIN Kpu3uC KoHIa 1990-X IT. He 03BOIH-
JIM 3aBEpLINTH 3Tall CTPOUTENBLCTBA M BBOJI B JKCIUTyaTalMIO KoMIUlekca. Komruiekc
LIIT Obu1 BBemeH B dKcIuTyaTanuio Tosbko B 2010 I. B TpaHMIax NepBOOYEPEIHOTO
ydacTka 3eMesbHoro orsoaa 135,8 ra.
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Kommnekc mpeaHazHayeH Asi mepepabOTKM M TPaHCIOPTHPOBAHHS CKAIBHBIX
BCKPBIIIHBIX [TOPOJ IUIOTHOCTHIO B IeHKe 2,5 T/M Ha bayarckoM yroibHOM paspese.
[lepepaboTka 3akmroyaercss B ApoOIeHUH KycKoB mopoas! 1o 300-350 mm. Bekpei-
HBIE TIOPOZBI TOCTABIIAIOTCS] aBTOCAMOCBAJIaMH T'Py30MOABEMHOCTBIO 10 360 T B npu-
€MHBbIE IYHKTHI IpOOHIbHO-TIEPErpy304HbIX IIYHKTOB, APOOJICHAs IOPOJa MUTATENIMH
MO/AaeTCsl Ha IIEMOYKY M3 5 TOC/eN0BaTeIbHO COEIMHEHHBIX KOHBEMEPOB ¢ NTUPUHOMN
nertsl 2000 MM U manee — Ha OTBAIBHBIA KOHBEHEP M MIATraroIIiii OTBAJI000pa3oBa-
TeJb, 00SCICUUBAIOIINN YKIAAKY MOPoa B oTBay. TakuMm oOpaszom, komiuiekc LIIIT
BKJIIOYAET JIBE€ JPOOHIBHBIX YCTaHOBKH prupMbl MMD-1300, 5 neHTOYHBIX KOHBele-
POB 001Iel MPOTSHKEHHOCTHIO 4734 M ¢ OCIenyIOUNM YAJTUHEHUEM 10 5956 M u 0T-
BanooOpazoBarens OIIC-4000/125, mpeaHa3HauYeHHBIH ISl TPAHCTIIOPTHPOBAHHUSA H
CKJIaIUPOBAHHS BCKPBIIIHBIX MOPO/I ¢ IPOU3BOAUTEIbHOCTHI0 4000 M3/4. TexHMUYeCKast
XapaKkTepuCcTHKa 000pya0BaHMs TPpeAcTaBIeHa B Ta0m. 1.

Ta0auna 2. CpaBHUTEbHbIE I0KA3aTeJIM IKOHOMHYECKOii 3(pdeKTUBHOCTH TPAHCIIOPTHPOBAHMSA U
CKJIAINPOBAHMsA BCKPbIIIM Ha BayaTckom pa3pese (IpoeKTHbIE JaHHbIE)
Table 2. Comparative indexes of economic efficiency of overburden transportation and piling at
Bachatsky open pit (project data)

Bapunant
IMoxkazaTens

ABTOCXEMA aIiT
OG6beM TPAaHCTIOPTHPOBAHKS U CKIIAJMPOBAHUSL, MIIH M>/TOJL 10,00 10,00
Ce6ecTOMMOCTh TPAHCIIOPTUPOBAHUS U CKIIAUPOBAHMS, P./M3 121,09 86,91
OKcIUlyaTallMOHHbIE 3aTpaThl HAa TPAHCIIOPTHUPOBAHKE U CKIIaIUPOBaHUE,
MJIH P./TOX 1210,87 869,10
CyMMapHBbIe 3KCIUTyaTaloHHbIe 3aTpatsl 32 20102016 rr., MiH p. 8476,09 6083,70

CoracHo TpoekTy, ocHOBHOM 3pdekt ot BHeApenus L{I1T gomkeH ObuT OBITH MO-
Jy4eH 3a CUeT CHIDKCHUS SKCILTyaTallMOHHBIX 3aTpaT Ha TPAHCIOPTUPOBAHUE U CKJIa-
JquposaHue nopog Bekpoiid. Beon LIIT, Hapsiny co CHU>KEHHEM pacCTOSHUSI IIEPEBO-
30K aBTOTPAHCIIOPTOM, JIOJDKEH OBbLIT 00ECIeYUTh YMEHBIIIEHHE J0JIM aBTONIEPEBO30K B
o0miemM o0beMe TpaHCIOPTHPOBaHUSA BCKphIH Ha 20-25 %. [IpoexkTHas mpousBoau-
tenpHOCTh KoMIutekea LIIIT cocraBmna 10 mun m3/rox.

CpaBHHUTENBHBIE TOKA3aTENIN BAPUAHTOB TPAHCTIOPTHPOBAHUS BCKPBIIIH MPEICTAB-
JIeHsI B Ta0MI. 2.

JonomuurensHble KanuTanbHble BioxkeHus o Bapuanty LT (1,934 mupxa p.) momx-
HbI OBUTH OKYIIUTLCS CHIDKEHHEM ce0eCTOMMOCTH TPAHCTIOPTUPOBAHUS U CKIIaANPOBAHUSI
BCKPBIIITHBIX TIOpoJI. ExxeromHoe CHIKeHNE DKCILTYaTalliOHHbBIX 3aTPaT Ha TPAHCIIOPTHPO-
BaHUE W CKJIAJMPOBAaHWE, COINIACHO IMPOEKTHBIM pacdyeTaM, JOKHO OBbLIO COCTABHThH
341,8 MIH p., @ CPOK OKYIIa€MOCTH KalTUTAIBHBIX BIOKEHNH — 5,7 rofa.

Cremyer OTMETUTHh HEIOCTATOYHYIO JOCTOBEPHOCTh SKOHOMUYECKHUX pacuyeToB B
npoekte. B mepByio odepesb 9To kacaeTcst ceOeCTOMMOCTH MEPEBO3KH aBTOTPAHCIIOPTOM
(BapuanT aBTOCXEMBI). B mipoekTe oHa coctasisiet 121,09 p./m3 u siBHO 3aBbinieHa. B Ha-
cTosIee BpeMs MPU PACCTOSIHUH MEPEBO30K BCKPHIIIN aBTocamocBaiiamu benA3-75302
(BenA3-75306) 5,3-6,2 kM cebecTONMOCTD TIEPEBO3KH COCTAaBIIET 65,6-84,5 p./v3.

Ce6ecTOMMOCTh TPAHCTIOPTUPOBAHKS M CKIIaMpoBanus Bekpbiuw (C, p./M3) mpu
BapUaHTE C aBTOJIOCTABKON PaCCUUTHIBAETCS MO (hopMyIIe:

cCr=Cly+C,, (1)

rae C, — ce6ecToMMOCTh TPAHCTIOPTUPOBAHHS BCKPHIIIH aBTOCAMOCBAIAMU, P./T * KM;
Za — PpacCTOAHUC TPAHCIOPTHUPOBAHUA BCKPBIIIN, KM; Y — IIJIOTHOCTH BCKPBIIIHBIX I10-
poxn, T/m*; C | — cebecTOMMOCTh OyIIbI03€pHOTO 0TBAJIO0OPA30BaHMS, P./M>.
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B mpoekTHBIX pacdeTax HCIONB30Bajach CeOECTOMMOCTD TPaHCIIOPTHPOBAHUS
BCKPBIIIY aBTOTPAHCIIOPTOM, Onu3kas k paktudeckoit (C, = 5,78 p./T - kM), HO BMECTO
(paxTHUECKOro paccTOAHMS TPAHCIOPTUPOBAHHUS 110 aBTOCXeMe (I, = 5,9 kM) ObLI0 IIpH-
HATO NpHUBeAeHHOE paccTosanue ([, = 8,9 xm). IIpuBeneHHOE PACCTOSAHUE — 3TO YCIIOB-
HO€ PaCcCTOSHUE MO TOPU3OHTAIBHON KapbepHON aBTOAOPOre, MPU KOTOPOM IMPOU3BO-
JUTEIBHOCTh aBTOCAMOCBala paBHA MPOM3BOAWTEIBHOCTH MpH paboTe Ha peasbHON
Tpacce m1y0okoro kapbepa. Takoit MeTos] ucnoib3yercs B « EAMHBIX HOpMax BeIpabOT-
K{...» IJIS pacyeTa MPOHM3BOAUTEIBLHOCTH aBTOCAMOCBAIOB B IIIYOOKHMX Kapbepax
(Eounvle HOpMbl 8bIpAOOMKU HA OMKPbIMblE 20PHbBIE pAbOmMbL 015 NPEONPUSMULL 20D-
HoOoOwIsaOwel npomviuwnennocmuy. Y. IV. Oxkckaeayus u mpancnopmuposanue
2opHotl maccewt asmocamocsanamu. M.: HUH mpyoa, 1985. 42 ¢.). OnHako B 3TOM ciiydae
HaJl0 KOPPEKTHPOBATh U Ce0ECTOMMOCTh TPAHCIIOPTUPOBAHUS, KOTOpas Ha TOPU30H-
TaJBHOW Tpacce OyJeT ropa3ao HUXKe, YeM Ha pealibHOM B IIyOOKOM Kapbepe. Takum
o0pa3oM, Ha CTaIuK MPOEKTHBIX pacyeToB d¢pdextuBHOCTh LIIIT Ha bauarckom pas-
pe3e ObuIa SIBHO 3aBBIIICHA.

Paccmorpum  daktuueckue mokazatenu padboTel kommiekca LIIT 3a mepuox
2010-2017 rr. (Tabum. 3).

Tab6auna 3. @akTHYecKHEe MOKA3aTeJIH Mpou3BoauTeIbHocTH Komiiekca LIIT na bayarckom
paspese
Table 3. Actual indexes of CFT complex performance at Bachatsky open pit

Ton
2010 | 2011 2012 2013 2014 2015 2016 2017

ITokasarenn

HpOI/ISBOI{I/ITeJILHOCTI) KOMIIJICKCa

LT, mue M*/Tox 0,315 | 1,13 | 3,774 | 4,033 | 3,521 | 2,793 | 1,759 | 1,167
IMponsBoANTETBHOCTSE, B %
(OT POEKTHOM) 3,15 | 11,3 | 37,7 | 40,3 | 3521 | 279 | 17,6 | 11,7

Kak Buano u3 Tadm. 3, komruieke LIIT 3a 8 ner akcruiyarauu Tak U He IOCTHT ITPO-
€KTHOM Tpou3BoauTeabHoCTH 10 MiH M3 B roj. MakcuMalbHast TpOM3BOJUTEILHOCTD
4,033 muta M3 Obuta gocturayta B 2013 1., 3aTeM OHA MOCTOSHHO CHUKaIach. B 2017 .
HPOU3BOJANUTEIBHOCTL KOMIUTEKca Obuta 1,167 mian M3, uro cocraBuiio 11,7 % ot mpo-
exTHo#. OCHOBHasI MPUYKMHA 3aKJII0Yaiach B HU3KOH HaJe:KHOCTH paboTsl 000pyaoBa-
HUS, B TIEPBYIO OUEPE/lb APOOHIILHO-TIEPETPY30YHON YCTAHOBKH, O0OPY/I0BAHHOM JIBY-
Ml ITHEKOBBIMH JIBYXBaJIKOBBIMU ApoouiikamMu MMD-1300 aHTIIHiicKOro Mpon3BoJICTBA.
OnbIT SKCIUTyaTaly 0Ka3al HECOOTBETCTBUE pabovYHX MmapaMeTpoB APOOHIOK (HU3H-
KO-MEXaHHUYECKHM CBOMCTBAM BCKPBIIIHBIX MOPOJ bayarckoro yroyibHOro paspesa.
CyHleCTBeHHI)IM HEAOCTAaTKOM BaJIKOBBIX I[pO6I/IJ'IOK SABJIACTCA UHTCHCUBHOC U HEPAB-
HOMEPHOE M3HAIIMBaHUE PabOUMX MOBEPXHOCTEH BaJIKOB (OaHmaxei) mpu o0paboTKe
NpoYHBIX W abpa3uBHBIX nopon. [Ipocron kommiuekca HIIT na 65-70 % Obun 00y-
CJIOBJICHBI MIPOCTOSIMU 110 BUHE IPOOMIIbHO-TIeperpy30ouHoro arperara (JAI1A). OcHoB-
HBIMU TTpuurHaMHu nipoctoeB [AI1A sBrstoTcs aBapuifHbIe pEMOHTHI M OTCYTCTBHE 3arl-
yacteid. B 2018 1. B pabouem coctosiHIM Haxomuiack oqaa qpoomika (MMD-1300 Ne 1),
KOTOpas (1)H31/I‘{GCKI/I HE B COCTOSIHHU OOECIIEUYHTH MPOCKTHYIO MPOU3BOAUTCIIBHOCTD
KOMIUIEKCA JjaKe Tpu Oe3aBapuitHOH padoTe.

Huzkas HaneKHOCTh U TPOU3BOAUTEILHOCTh KoMiuiekca LIIT o0ycnoBuiu BhICO-
KyI0 ce0€CTOMMOCTh TPAHCTIOPTUPOBAHUS M YKJIAJKH ITOPOJT KOHBEHEPHBIM TPaHCIIOP-
ToM. B 2017 1. ceb6ecTOMMOCTh TPAaHCHIOPTUPOBAHUS U YKIIATKH TIOPO] KOMILIEKCOM
cocraBmia 219,3 p./M3, uto B 2,6-3,3 pasa Bblie ce0eCTOMMOCTH MIEPEBO3KHU MOPO IO
aBrocxeme. Hanbonpryto 1010 B cebecTOMMOCTH cocTaBuian amopTu3anus (61 %) u
3aTpaThl HA PEMOHT o0opymoBanus komiuiekca (13,7 %).
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T

Tonnas cebecToMMocTh mepeBosky nopox no cxeme LT (C', p./m?) onpenens-

eTcs 1o Gopmyiie:

OIOT _ ~CA
G, =G+ Cyps
CA

rne C, " — cebecTOMMOCTh TPAHCIIOPTHPOBAHHSI [IOPOJ] COOPOUHBIM aBTOTPAHCIIOPTOM, P./M?;
C,;;r — CeOECTOMMOCTh TPAHCIIOPTHPOBAHUS U CKJIAAMPOBAHHS TOPO KOHBEHEPHBIM

LT
TpancnoptoM, p./M* (Cpp = 219,3 p./v);

CBC " = CalaY’

e C, — ce0ecTOMMOCTb TPAHCIIOPTUPOBAHUS COOPOYHBIM aBTOTPAHCIIOPTOM, P./T * KM,
C, = 5,46; [ — cpennee pacCTOsiHUE TPAHCIOPTUPOBAHUS COOPOYHBIM aBTOTPAHCIIOP-
TOM, KM, [, = 1,7; Y — IIIOTHOCTb BCKPHIIIHBIX IIOPOJ, T/M3, ¥ = 2,5.

[Ipu pacderax nomydens:: Co* =232 p/m’, C'" =242,5 p./v’.

PaccunTaem cebecTOMMOCTb MEPEBO3KH M YKJIAJKKA BCKPBIIIH IPH BAPUAHTE C aBTO-
JIOCTaBKOH, ncnoib3ys dopmyny (1). [Ipumem cpenHee paccTossHUE TOCTaBKU JIO OT-
Bana [, = 7 KM 1 cebecTOMMOCTh OyiIbj03epHOTO 0TBanoobpasosanus C, = 4,23 p./m>.

300
®akr (2017 1.)
250 242.5
200
A — aBTOCXEMA
IIpoekr
150 121,09 b — mukmmaHO-

IIOTOYHAasA
TEXHOJIOTHUA

CebecTouMOCTh TPAHCTIOPTUPOBAHUS 1
CKJIAIUPOBAHUA, P./M>

99,8
100 86,91
) E
0

Puc. 1. CpaBHEHHE MPOEKTHBIX U (HAKTHICCKUX MMOKA3aTENEeil CXeM TPaHCIIOPTHPOBAHHS
BCKPBILIHBIX TOPoJ] Ha bayaTckom paspese
Fig. 1. Comparing design and actual indexes of overburden transportation schemes at
Bachatsky coal mine

Torma Cﬁ =99,8 p./M3 .
YoObITKH OT 3KCcIUTyaTaru komrniekca LIIT, muH p.:

v= (" -co.

rae O, — ro10Boii 00beM nepeBoskr BCKpbinm 1o cxeme LIIT, man M3, TIpu pacuerax
nonydeno: Y = 166,5 miH p.

Takum oOpazoM, Toabpko B 2017 . yOBITKH OT sKcmuryaranuu komiuiekca LIIT nva
Bagarckom paspese cocrasmwinu 166,5 muH p. (puc. 1).

MeTomosorusi mpoBeaeHusi uccaeaoBanmii. B cBiI3u ¢ HeIPPEKTUBHOCTHIO KC-
IulyaTanuu cyuectBytoniero kommiekca LIIT Opuia mpoBeneHa TeXHUKO-3KOHOMHUYE-
CKasl OLIEHKa CJIEeIyIOLUX BAPUAHTOB.
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Bapuanm 1. lemonTtax cyuiectByromiero komriekca L{IIT u TpancmoprupoBanue
BCKPBIIIHBIX OpoJ Ha oTBas FOsxHbIii B 00beMe 30,0 MITH M3/TOI TOJIBKO TEXHOIOTH-
YEeCKHM aBTOTPAHCIOPTOM. BapuaHT OyaeT XapaKTepu30BaThCs YBETUUYEHHEM PaccTo-
SIHUSI TPAHCIIOPTUPOBAHHS BCKPBIIIHBIX MOPOJ] aBTOTPAHCIIOPTOM 110 6,5—7,0 KM 1 10-
MOJTHUTENFHBIMA KalUTAIBHBIMU 3aTpaTaMH Ha MpPUOOPETEeHHE aBTOCaMOCBAJOB M
OyJIb103€PHOTO 000PYIOBaHUS.

Bapuanm 2. Pexoncrpykuus cymectByromero komruiekca LIIT ¢ nenbio oTpaboT-
KM 3aI1acoB YIS, PACIIOIOKEHHBIX I10]T HAKIIOHHBIM KOHBeHepoM. PexoHcTpyKiust 3a-
KJIFOYaeTcsl B IGMOHTaKe 3a00MHOT0, HAKIIOHHOTO M YaCTH MarucTpaibHOrO KOHBele-
POB, BeIHOCE MpHEeMHBIX OyHKepoB [IIIA Ha AHEBHYIO MOBEPXHOCTH (0TM. +290 M),
PexoHCTpyKIMS TpeaycMaTpuBaeT MpHOOpEeTeHHe HOBOTO APOOMILHOTO 000pya0Ba-
HUSI, COOTBETCTBYIOIIETO (PH3UKO-MEXaHUYECKHM CBOMCTBAM BCKPBILIHBIX MOPOJ pas-
pe3a u 00eCTIeYnBarOIero HaIekKHy0 padoTty komruiekca L{I1T.

Bapuanm 3. CtpoutenbctBo HOBOro komruiekca L{ITT Ha BoctounoM GopTy pazpesa
(rop. £0 M) ¢ 1eTBI0 TPAHCTOPTUPOBAHUS BCKPBILTHBIX MOPO HAa OTBaJI BocTOoUHEIM B
obbeme 10—12 mutH M3/roz.

Tabauna 4. JkoHOMHUYeCKas OLeHKAa BApUAHTOB pekoHcTpykuuu LT
Table 4. Economic appraisal of CFT reconstruction variants

3HaueHHUe [IPU BapUaHTE
Ioka3zatens
1 2a 26

YucThle IMCKOHTUPOBAHHBIE 3aTPAThl, MIH p./% 14 066 14179 14 167

100 100,8 100,7
O6mast cymMa KCINTyaTallMOHHBIX 3aTpat, MiH p./% 16 372 16 838 16 732

100 102,8 102,2
OO0m1as cymMMa KaUTaIbHBIX BIOXKEHUH, MITH P./% 2401,8 2018 2121

100 84,0 88,3

[pu paccmorpennu sapuarnma 2 (PEKOHCTPYKIIMSI) 000CHOBAaHA 3aMEHA JIPOOMIIOK
MMD-1300 na mekossie npoowuinku LIJITT-15x21Y, Beimyckaemblie [TAO «Ypanmari3za-
BOJI» B MOOUJIBHOM (TIONYCTaIlMOHAPHOM) UCTIOTHEHUH. VcXxoas n3 BO3MOXKHOM To0-
BOI IPOM3BOANTEIBLHOCTH KOHBEHEPHOTO TPAHCIIOPTa M OTBAI000pa30BaTesi, paBHOM
10 MiH M3, K PaCCMOTPEHHIO TPUHSTHI BAPUAHTHI C JABYMS U TpeMs APOOHIKAMH
IAIT-15x21V.

Bapuanm 2a: nse npoownku II/I1-15x21Y, mpou3BOIUTENIEHOCTh KOMIUICKCA
5,9 mMiH M3/To.

Bapuanm 26: tpu npobunku IIJI-15x21Y, npou3BOIUTENHHOCTh KOMILIEKCA
9,3 MiutH M3/TOfI.

OcraBuirecs U3 3aIlJIAHPOBAHHBIX K yKiIaake Ha FOkHBIH 0TBa 00BEMbI BCKPBILIH
(30,0 muH M3/rox) mpeoaaraeTcs HEPEBO3UTH 10 ABTOCXEME.

Jl7s 5KOHOMUYECKON OLIEHKM BAPUAHTOB MCIIOJIB30BaHbI MONOXKEHU «MeTtoauue-
CKUX PEKOMEHJIAIM. .. » (Memoouueckue pexomeHOayuu no oyenke sppexmusHocmu
UHBECMUYUOHHBIX NPOEKMO8 U ux omoopy 013 ¢unancuposanus. Oguyuanvroe uzoa-
nue. M., 1994, 80 c. (yms. [occmpoem Poccuu, Munucmepcmeom skonomuru, Munu-
cmepcmeom unancoe P®, locnaanom Poccuu, Ne 7-12/47 om 31.03.94 2.)) n «Ouen-
Ka 3 QEKTUBHOCTH UHBECTUIIMOHHBIX MPOEKTOB OTKPBITBHIX TOPHBIX pa3paboTok» [7],
a TaKKe pe3yNbTaThl COBPEMEHHBIX MCCIEOBAaHUN OTEYECTBEHHBIX U 3apyOeKHBIX aB-
TopoB [8—11]. B kadecTBe KpuTepHs BbIOOpa ONTUMAJIHHOIO BapHaHTa HCIOIB30BA-
Jachk CyMMa NPUBEICHHBIX (TUCKOHTUPOBAHHBIX) KAITUTAIBHBIX BIOYKEHUH U DKCILTya-
TaIMOHHBIX PACXO/I0B 32 nepuoa onTumuzanuu 6 jet (¢ 2018 mo 2023 rr.). B xauectBe
rofa npuseneHus Obu1 mpuHAT 2019 1. [1pu pacdeTax yuuThIBagach TMHaMUKa cebecTo-
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MMOCTH TPAHCIIOPTHUPOBAHMS FOPHON MacChl aBTOTPAHCIIOPTOM IpU U3MEHEHHMH pac-
CTOSIHUS TPAHCTIOPTHPOBAHUS U BBICOTHI MTOJJbeéMa TopHOM Macchl [12].

IIpu ouenke sapuanma 3 npegycmarpuBaercs ycrpoiictBo AITA Ha ropuzonte +0 M
BOCTOYHOTO OOpTa pa3pe3a, TPaHCIOPTUPOBAHNE BCKPHILIH KOHBEHEPHBIM MOIBEMHU-
KoM c¢ rop. +0 M Ha moBepxHOCTH (Top. +260 M) Ha BeIcOTy 260 M, TpaHCIIOPTUPOBAHUE
KOHBEWEPOM IO TIOBEPXHOCTH 10 CJIA00HAKIOHHOMY y4acTKy (YKJIOH 2°) ¢ rop. +260 M
Ha rop. +305 M u ykiajka nmopoj Ha Boctounsliii oTBan orBanoobOpasopareneM. [Ipouns-
BouTelbHOCTH KoMIuiekca LTI T pomkra coctaBmsath 10 MitH M B 1o (25 MITH T B rOxI).

PesyabraTtel. AHaIu3 M o0cy:kaeHme. PesynbraTel pacueToB o sapuawmy I U
sapuanmy 2 PEACTaBICHBI B Ta0II. 4.

Ilepeuens 00BEKTOB:
1—NIT1A;

2 — 3a00iHBIN KOHBEHeEP;

3 —neperpyska Ne 1;

4 — HaKJIOHHBIN KOHBeiiep;

5 —neperpyska Ne 2;

6 — TOPU30HTAIILHBIN KOHBEHEP;
7 —neperpyska Ne 3;

8 — nepeaTo4YHbIN KOHBEHEP;

9 — neperpy3ka Ne 4;

10 — oTBaJILHBIN KOHBEHEP;

11 — orBanoobpasosatens OII-4000/125

Puc. 2. Cxema TpaHCHOPTHPOBaHUA
BCKpBIIIY Ha BocTouHBbIl OTBan
(BapuaHnTsI 36, 36)

Fig. 2. Overburden transportation
scheme to the dump  Vostochny
(variants 36, 38)

YCcTaHOBJICHO, YTO YUCTHIC TUCKOHTUPOBAHHBIE 3aTPaThl 110 BAPHAHTAM OTIHYAIOT-
csa Ha 0,7-0,8 %, 4T0 HAXOAMTCS B TpEJesiaX TOYHOCTH pacdyeToB. TakuMm oOpa3om,
MOXHO CZIeJIaTh BBIBOXI O Hed(deKTUBHOCTH pekoHCTpykuuu komriutekca LIIIT. Do
00BsCHSETCSI 3HAUUTEIBHBIMH PACCTOSHUSAMH TPAHCIIOPTHPOBAHHS BCKPBIIIA COOPOU-
HBIM aBToTpaHcnoptoM 1o HITA, pacmonokeHHOro Ha MOoBepXHOCTH (4,5-5,7 kM),
HEBBICOKOH 3(D(PEKTUBHOCTHIO paOOTHI KOHBEHEPHOTO TPAHCIIOPTA HA TOPU30HTATBHOMN
Tpacce. KamuranbHple BIOKEHHS IO BapHaHTaM PEKOHCTpYKuuMu (2a u 26) Ha
11,7-16,0 % Hike, UeM 1O BapHaHTy aBTOCXeMBbI (8apuanm 1), 4TO OOBICHSICTCS 3HA-
YUTEILHBIMU 3aTpaTaMH Ha TIOIBMYKHOM COCTaB aBTOTpaHCIopTa. B To ke Bpems ciie-
IyeT OTMETHUTb, YTO PacUueThl 110 BapUaHTaM PEKOHCTPYKIHMH SIBISIFOTCS BECbMa ONTH-
MUCTHYHBIMHU, MPEINOIATaloNIMMUA HaJeKHY0 pabdory komruiekca L[IIT. C yuetom
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3HAYUTEIBHOTO H3HOCA KOHBEHEPHOTO 000PYA0BaHMUs peallbHbIC TOKa3aTeIN KOMILICK-
ca LT mMoryT OBITh HHXKE pacueTHBIX.

Haubonee >pQeKTUBHBIM BapHaHTOM SIBIISIETCS MOJNHBIM JEMOHTaX KOMILIEKCA
LIIT u mepexo Ha TpaHCTIOPTHPOBAaHHUE BCKPHIIK Ha KOKHBIN 0TBAJI aBTOMOOHIILHBIM
TpaHcnoproM (eapuarm 1). B To ke BpeMs 4acTh HECAMOPTU3UPOBAHHOTO 000PYI0Ba-
Hus komiuiekca IIT ¢ He3HaYuTENbHBIM U3HOCOM MOYKHO MCIIOJIB30BaTh NPHU CTPOU-
tenbcTBe HOBOrO komiuiekca LT Ha BocrouHoMm Gopty paspesa. K Takomy oGopymo-
BaHMIO B MEPBYIO OYepelb OTHOCUTCS oTBanooOpazoBarens OIIC-4000/125 (u3Hoc
11,6 %), MmonynbHbIe 31aHUs KOHBelepos (u3Hoc 11,5-12,6 %), meperpy3ka (M3HOC
7,5-12,0 %) u np. O61mas croumocts o0opynoBaHust coctariser 800—850 mutH p.

Tabauna 5. JkoHOMHYeCKas OLECHKA BADHAHTOB TPAHCIIOPTHPOBAHUS BCKPBIIIN Ha BocToO4HBINH
oTBAl

Table 5. Economic appraisal of the variants of overburden transportation to the dump Vostochny

3HaueHUE 1IPU BapUaHTe
Iloxa3zatenn

3a 36 36
YucThle AUCKOHTHPOBAHHBIC 3aTPAThl, MITH P./% 8967.3 7972.2 7467.9

100 88,9 83,3
OOmast cymMmMa SKCINTyaTallHOHHBIX 3aTpaT, MIH P./% 7357.0 5729.0 5729.0

100 77,8 77,8
OO0m1as cymMa KaUTaIbHBIX BIOKEHHH, MIH P./% 52532 5626.4 4826.4

100 106,6 91,2

[Tpu obocHOBaHMM Gapuanma 3 BaKHEHIIEH 3aa4ell siBIsieTCs BEIOOP THIA M KOH-
CTPYKIMH KOHBeliepHOro o0opynoBaHusa. K paccMOTpeHHIO MPUHATHI KPyTOHAKIIOH-
Hble KOHBEHEphl U KOHBEHEpH! B TPaJAULIMOHHOM HCIOJIHEHUU. AHAJIN3 YCIOBUHN 3KC-
IUTyaTallid KPYTOHAKJIOHHBIX JIGHTOYHBIX KOHBEHEepoB Ha JeHCTBYIOIIUX U
MPOEKTUPYEMBIX TOPHBIX TPEANPUSATHIX IMOKa3bIBacT, YyTo Haubosee d((PeKTHBHOE
Y SKOHOMHMUYECKHU OIpaBJaHHOE MPUMEHEHNE TaHHOTO BHJA TPAHCIOPTA JAOCTUTAETCs
MU yIJIaX HaKJIOHA Tpacchl Oomnee 34° [6]. [IpuMeHHTENBHO K pacCMaTpUBacMOMY Ba-
PHaHTY MakCHMaJbHBIA yroyl HakjoHa Hepabouero 6opra B Mecte ycraHoBku JIITA
coctaBut 31,1°. [Ipu KpyTOHaKIOHHOM KOHBeWepe MOABIsAETCs TOMOTHUTENBHOE 3BE-
HO TOPH30HTAIFHOTO KOHBElepa Ha MOBEPXHOCTH, pacroiaraeMoe Ha 0OpTy paspesa
B/IOJIb HWO)KHEH OpOBKH CYILIECTBYIOIIET0 OTBalla, 4To HeOe3onacHo. Mcxos u3 ckazaH-
HOTO OBUIO MPHUHSATO PEeIICHHE MPUMEHUTD B Ka4€CTBE TPAHCIIOPTHOTO 3BeHa OOBIYHBIH
KOHBeHep ¢ yIiioM HakinoHa 14°, momyuyeHHBIM 3a CUET pa3BoOpOTa OCH TPacChl OTHOCH-
TEJILHO NepHEeHINKYIsipa K 00opTy Ha yron 48°. IIpu 5TOM BBIXOA Ha MOBEPXHOCTH OCY-
HIECTBJICH B TOYKE, MO3BOJISIONICH 0€3 3HAYMTEILHOTO MOBOPOTa TPACCH MMPOU3BECTH
JTANbHENIIYIO TPaHCIIOPTUPOBKY BCKPBIIIN Ha 0TBa’ (puc. 2).

JlaHHOE pelIeHue MCKITIoYaeT HEOOXOMUMOCTh CTPOHTENILCTBA KPYTOHAKIOHHOTO
KOHBelepa Ha O0pTy Kapbepa.

B kauecTBe npoduipHOrO 000pynoBaHus obocHoaHo pumenenue I Ha 6a3ze ko-
HycHoit napobunkn KK/I-1500/230. HeoOxomumasi NmpOW3BOAUTEIBHOCTh KOMILIEKCA
obecnieunBaetcst opHoi apodukoit KK/I-1500/230 mpomsBonctsa [TAO «YpanmamizaBom.

Brutn paccMOTpeHbI U CPaBHUBAINCH CIEAYIOIINE BapUaHThl TPAHCIIOPTUPOBAHUS
BCKPBIIIHBIX TIOpO Ha BocTounsklii oTBa B 00beme 10 MiaH M3 B rox:

sapuanm 3a — IepeBO3Ka BCKPBIIIN [0 aBTOCXEME;

sapuanm 36 — niepeBo3ka Bekphbiiu komiuiekcoM LIIT npu ucmoib30BaHUE HOBOTO
JIpOOMITEHO-KOHBEHEPHOTO 000PYIOBAHHS;

eapuanm 36 — iepeBo3ka BCkpbImm koMruiekcoM L{IIT mpu yacToTHOM HCTIONB30Ba-
HUU 000pYI0BaHUS AEMOHTHPYEMOTO KOMILIEKCa.
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Beon xommuiekca LIIIT Ha BocTrounom 60pty paspesa mnanupyercs B 2022 r. Pacuer
NoKazaTeJieil o BapuaHTaM mpousBeseH 3a 6 jet ¢ 2022 mo 2027 r. (Tabi. 5).

BoiBoabl M 00J1aCTH IPUMEHEHHUsI Pe3yJabTaToB. B pesynsrare NpoBeNeHHbIX HC-
CIIEZIOBaHUH yCTAHOBJIEHO, YTO Hanbonee 3(pPEeKTUBHBIM BApUAHTOM SBIISIECTCS ITOJTHBIHA
JeMOHTax cymecTByromero komiuiekca LIIT m mepexom Ha TpaHCHIOPTHPOBAHHE
BCKpbILHM Ha FKOKHBIN 0TBaT aBTOMOOMIIBHBIM TPaHCHOPTOM. B T0 ke Bpems uToroBble
(rHAHCOBBIE PE3YNBTAThl CBUIETEILCTBYIOT 00 SKOHOMHUYECKOH 3 (HEKTUBHOCTHU CTPO-
utenbcTBa HoBoro komruiekca LIIIT Ha BocTouHOM OOpTY paspe3a MO CPaBHEHHIO
C aBTOCXeMOH. DKOHOMHUYECKHH 3P(EKT M0 CyMMapHBIM AUCKOHTHPOBAHHBIM 3aTpa-
TaM 3a 6 JIeT SKCIUTyaTallud cOCTaBUT 995,1 MITH p. IpU UCTIOIB30BaHUM HOBOTO 000-
pynoBanus komiutekca LIIIT u 1,5 Mapa p. Ipu 94acCTHYHOM HCIIOIB30BaHUU 000pYI0-
BaHMA IEMOHTHPYEMOTO KOMIUIEKCa. DKOHOMUYECKUH 3PQEKT MOIydeH B OCHOBHOM 32
CYET CHWKEHMSI SKCIUTyaTallMOHHBIX pacxooB. B 3aBUCMMOCTH OT rojia 3KCIUTyaTaluu
OKCIUTyaTal[MOHHBIE Pacxoibl cHiKaroress ¢ 105,2—-136,0 p./mM® npu aBrocxeme 10
88,6-102,0 p./m> nmpu ucnons3oBanuu komrwiekca LT, T. . va 18,6-33,3 %. Bapuant
C YaCTHYHBIM HCIIOIB30BaHHEM 000pynoBaHus AeMoHTHpyemoro komriekca LIIT mo-
3BOJIIET TAKXK€ COKPATUTh KalUTaJbHbIE 3aTpathl Ha 9,0 % MO CpaBHEHUIO C aBTOCXEMOMH
nHa 16,4 % 1o cpaBHEHUIO C KOMIUIEKCOM IPHY UCTIOJI30BAHUH HOBOTO 000PYIOBaHUSI.

ITomydeHHbIe pe3ynbTaThl MOI'YT HAlTH IPUMEHEHNE B NIPAKTHKE MPOEKTHPOBAHUS
M KCIUTyaTallly YTOIBHBIX MPEANPHATUHH ¢ OTKPBITHIM CIIOCOOOM pa3padoTKH, O3BO-
5151 130eXxaTh OIMOOYHBIX PELICHHUH, TOMYIEHHBIX IPU IPOEKTUPOBAHUH U BBIOOpE
obopynosanus LIIIT na bauarckom pazpese.
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Estimating the efficiency of reconstruction and the prospects of developing
cyclic-flow technology of mining at Bachatsky coal mine

Turii L. Lel, Sergei V. Isakov', Olga V. Musikhina!, Aleksandr L. Kostin!, Ruslan S. Ganiev!
! Ural State Mining University, Ekaterinburg, Russia.

Abstract
Research aim is to analyse the experience of operation and provide the technical-economic estimate of the
cyclic-flow technology (CFT) application and prospects at Bachatsky coal mine, which is a branch of UK
Kuzbassrazrezugol OAO.
Research relevance. The introduction of the cyclic-flow technology is a priority direction of upgrading
mining when developing deep ore pits and coal mines. It is therefore relevant to discover the basic reasons
why the mentioned technology is inefficient at Bachatsky coal mine and estimate the prospects of its
application with further development of mining.
Research methodology. When performing the set task, project documentation and actual operation indexes
of CFT at Bachatsky coal mine were analysed for the period of 20102017, process design solutions were
considered for the variants of reconstruction into the complex of overburden transportation to the dump
luzhny and the variant of a new CFT complex construction at the eastern pit edge, economic appraisal of
the variants was carried out, and the prospects for CFT application with further development of mining
were estimated. The methods of economic and mathematical modeling, technical economic analysis and
mining geometry analysis were used.
Results. It has been stated that the most efficient is the variant with the complete removal of the existing
CFT complex and switch to overburden transportation to the dump luzhny by motor vehicles. Process
design solutions on a new CFT complex construction at the eastern pit edge were proposed. The location
and the structure of the complex and the structure of the crushing and dumping station were substantiated.
Based on economic calculation, the conclusion has been made on high efficiency of CF'T when transporting
overburden to the pit dump Vostochny.
Research scope. The obtained results can be applied when designing and operating coal enterprises with
opencast mining technology; it will make it possible to avoid erroneous solutions made at the design and
CFT equipment selection at Bachatsky coal mine.

Key words: cyclic-flow technology; mine; motor vehicles; conveyor,; crushing and dumping station;
transportation load, prime cost; efficiency; reconstruction.
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OueHKa NonyTHOW KOHLIEHTPALUKN TAXENbIX MUHEpanoB
npu rMapoTpaHcnopTe Nynbnbl B TpybonpoBoae

BaraseeB B. K.', Boikos W. C."*, Banues H. I, 3goposey U. I1.2

1'YpanbCckuil rocyaapCTBEHHBIN FOPHbINA YHUBEPCUTET, T. ExatepuHbypr, Poccus

2 ApTenb cTapaTenen «Heiigay, r. HebsiHck, CBepanosckas obnactb, Poccust
*e-mail: i.boikov@wbk.ru

Pegpepam
Beeoenue. Ilpu paspabomre poccolnHbix MECIOPONCOCHUT, COOEPHCAWUX MAHCENbIE MUHEPATbL 8 He-
0OTLUIUX KONUYECBAX, YeNecO0OPA3HO UCHOTb306AMb SUOPOMEXAHUSUPOBAHHYIO MEXHON02UIO, KII0YA-
IOWYI0 NORYMHYI0 KOHYEHMPAYUIO IMUX MUHEPATIO8, UMEIOWYIO CYWecmEeHHoe 3HayeHue OJid npedea-
PUMENbHO20 0002aleHUsl NECKOE.
Ieny pabomet. Oyenxa nonymnoul KOHYEHMPAYUuu MAXCENbIX MUHEPALO8 8 NPUOOHHOM Clloe mpyoonpo-
600a U vlOeNeHUe IMO20 CNos U3 00ue20 NOMOKA Npu 2UOPOMPAHCHROPME NYIbNbL NPU paspabomxe
poccoineli 3eMAECOCHLIMU CHAPAOAMU.
Memoodonozus. Ha ocrnoge ananuza 3akoHomeprHocmeti cUOPOMPAKCNOpma NyIbnbl, epanyiomempuie-
CK020 pacnpeoeiienusl NecKo8 U pe3ynbmamos QU3u4ecko20 MoOeIuposanus npoyecca 6 1ab0pamopHbix
VCROBUAX NPUBOOUMCA AHATUMUYECKOE 0OOCHOBAHUE NAPAMENPO8 NONYMHOU KOHYEHMPAYUU Mice-
abIx Munepanos. OCHOBHbIE NONONCEHUS OYEHKU NONYMHOU KOHYEHMpayuu: npu cUOpoOmpancnopme
neckog 6 mpyoonposooe oopazyemcs NPUOOHHbIIL COU KPYNHBIX U MAHCENbIX YACMUY, NepemMeujaruuxcs
6 6UOe 8ON0YEHUs U NEPEKAMBIBAHUSA, NPU IMOM PACHpedeNeHle YacCmuy no KPYRHOCIU U NIOMHOCMU
6 NONepeuHoOM ceveHuu NOMoKa nyivnsl coomsemcmeayem gopmyne Posuna—Pammaepa.
Peszynomamul. [Ipusoosmcs pesyrbmamul 1a00pamopHO20 UCCLE008AHUS B36CUUBAHUS MAICENbIX Ya-
cmuy U3 NPUOOHHO20 0CAOKA, USMEPEHUs CKOPOCTU 836CUUBAHUSL OISl MANCENbIX MUHEPALO8 U Keapye-
6020 necka. IlonyuenHvie pe3yibmamol annpoxcumuposanst popmynoil. Ilpusooumes npumep anaiumu-
4eCKOU OYeHKU BO3MONCHOCIU NONYMHOU KOHYEHMPAYUU MANHCETbIX MUHEPATIO8.
Buieoowi. Hcnonvzosanue nonymuoii konyenmpayuu 6e3 usmeHenus mexHoi02uieckoll cxemvl paspa-
OOMKU  CYWecmeeHHO NOGbICUM IPPeKMUSHOCMb  NOCLEOYIOUUX NPOYecco8 0bo2aujeHus npu
pazpabomie poccolnHbIX MECIOPOIHCOEHUI.

Knroueswre cnosa: 3eMCHAps0, 2uOPOmMpancnopm, 0caokoodpaszosanue; NONYMHAs KOHYEHMpayus
MANCENbIX MUHEPATLOB.

Beenenue. [Ipu pa3paboTke poCCHIIHBIX MECTOPOXKACHHUM, COAEPIKAIINX TSKETIbIE
MHUHEpaJb! (30JI0TO, TUTaH, IUPKOH) B HEOOJBIINX KOJIMYECTBAX, LeIeco00pa3Ho uc-
M0JIb30BaTh TEXHOJIOTHH, BKIIIOYAIOIINE MTOMYTHYIO KOHLIEHTPALUIO 3THX MUHEPAJIOB,
MMEIOLIYIO CYIIECTBEHHOE 3HAUCHHE AJIs TPEIBAPUTEIBHOIO O0OTaICHHUS TIECKOB.

Heabio paGoThl SBIISETCS OLCHKA MOMYTHONW KOHLEHTPALUH TSKEIBIX MUHEPAJIOB
B IPUAOHHOM CJIO€ TPyOONIpOBOJa U BBIAEJICHHE 3TOTO CIIOS M3 OOLIEro MOTOKa MPH
THIPOTPAHCIIOPTE IYJIBIIBL.

MeTtonoaorusi. BOnbIMHCTBO peAKOMETAIIBHBIX POCCHINIEH MPENCTaBICHbI IpakK-
TUYECKH OJHOPa3MEPHBIM TOHKO3EPHUCTHIM MaTepHalioM KPYHHOCTBbIO MeHee 1 MM,
¢ yaenbHbIM cremienreM 7—10 kIla u yriioM BHyTpeHHero TpeHus ~ 35°.

Takue rpyHTHI 10 TPYAHOCTH pa3pabOTKH METOOAMH THAPOMEXaHN3AIUH OTHOCSATCS
(«Eounvle HopMbl U pacyeHKu HA CMpoumenvHvle, MOHMAICHBIE U PEMOHMHO-CINPOU-
menvHvle pabomvl. Cooprux E2. 3emnsanvie pabomul. Beinyck 2. [ uopomexanusuposam-
Hble semaanvlie pabomwvly (yms. Ilocmanoenenuem loccmpos CCCP om 05.12.86
Ne 43/512/29-50)) x epBOi KaTETOPUH C YACIBHBIM PACXOI0M BOABI IPH pa3paboTKe THAPO-
MOHHUTOpaMH — 4,5 M3 /M3, Tipu pa3paboTKe 3eMIeCOCHBIMHU CHapsiiamu — 6,5 M3 /M1, 2].
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Ha ocnoBe ananusa 3aKOHOMEPHOCTEH THAPOTPAHCIIOPTA MYJBIIbI, TPAHYIOMETPH-
YECKOTO PacIpeIeIICHUS IIECKOB U PE3YIbTaTOB (PH3MUECKOTO MOICTHPOBAHHUS ITPOIIEC-
ca B J1a0OpaTOPHBIX YCIOBUSX MPUBOAUTCS aHAIMTHYECKOE 000CHOBAHUE TAPAMETPOB
MOMYTHON KOHLUEHTPAIUH TSHKEIBIX MUHEPAJIOB.

OCHOBHBIE MOJOXKEHUS OLIEHKH MOMYyTHOM KOHUEHTPALMU: NPU THAPOTPAHCIIOPTE
MIECKOB B TPyOOIPOBO/ie 00pazyeTcs MPUAOHHBIA CIIOW KPYIMHBIX U TSKEIbIX YACTHIL,
MEPEMEIIAIOIINXCS B BUJE BOJIOYCHUS U MEPEKAThIBAaHUS, MPU ATOM paclpeneicHUue
YACTHUI[ IO KPYIHOCTH U IUNTIOTHOCTHU B MONEPEYHOM CEYCHUU MOTOKA IMYJbIBI COOTBET-
ctByeT popmyne Poznna—Pammiepa.

Ta6auua 1. Kpurudeckue cKOpoCTH ABUKEHUS MYJIbIBI Dxp, M/C
Table 1. Pulp critical speed vcr, m/s

D, Iy JIBIIONPOBO/IA KOHCHCTGHHI/ISI ITYJIBITBL
['pyHT Y ?
MM T:XK=1:5 T:K=1:10 |[T:K=1:15
[lecuano-rpaBenucTo-raneyHbi 400 4,50 4,03 3,74
C CoZIepyKaHHUEM TPaBHsl U TATBKU 500 500 4.46 420
coime 50 % ’ ’ ’
600 5,48 4,95 4,60
[Tecuano-rpaBerCThIH ¢ 400 3,87 3,57 3,28
coJiepKaHUEM TPaBHS U TAITbKU
20-45 % 500 4,34 3,90 3,64
600 4,76 4,28 4,00
KpynHo3zepHHCTBIE TECKH € 400 3,32 2,94 2,76
conepakanueM rpasus 10 10 % 500 367 330 308
600 4,04 3,60 3,40
Menko3epHHUCTBIE TTIECKH 400 2,77 2,48 2,32
500 3,10 2,88 2,58
600 3,42 3,00 2,86

Pesyabrarbl. ABTOpaMu paccMaTpHUBaeTCsl BOBMOKHOCTD MOIYTHON KOHLIEHTPALIUU
TIECKOB 110 KPYITHOCTHU U IJIOTHOCTH MPU pa3pabOTKe POCCHITHBIX MECTOPOXKACHUH 3eM-
cHapsiiamu [3, 4]. HeoOxomumast [uist oOoraieHust Ie3uHTerpalus 00ecneynBaeTcs B
pe3ynsrare TpyHTo3200pa 1 MpH MPOXOKACHUH MIECKOB Yepe3 TpyHTOBOH Hacoc. [lomyT-
Hasi KOHLEHTpAaLKs 10 KPYIMHOCTU U IVIOTHOCTU IPOUCXOAUT MPU HATIOPHOM THAPOTPAHC-
nopre B Tpy0ax, a Taxke B mradesne mpu HaMmbIBe eckoB. [Ipu pa3paboTke cpaBHUTEIb-
HO OJTHOPa3MEPHBIX ECKOB KOHUEHTPALUS IPOUCXOIUT B OCHOBHOM I10 IJIOTHOCTH.

IIpn ruapoTpaHCIopTe MO CPEIHEH CKOPOCTHIO U, TOHUMACTCS, CKOPOCTh, MPH KO-
TOPOW IBIYKCHHE MEIKUX U JIETKUX YacTHUI] 00ECIIEUNBACTCSI BO B3BEIICHHOM COCTOS-
HUW, a KPYITHBIX U TSHKEIIBIX YaCTHII — B IPUIOHHOM CJI0€ 0e3 3auICHus!.

CKopoCTh OTOKA, IPU MaJICHIIIEM YMEHBIIEHUH KOTOPOU MPOUCXOAUT BBIMAICHUE
4acTHIL B 0CaJI0K, HA3BIBAIOT KPUTHUECKON v, . JUIs pacyera KPUTHIECKOH CKOPOCTH
NPUHATO HECKOJIBKO METOMUK: AJIsl Auana3zona kpynnoctu yactun 0,07—1,5 MM — ¢dop-
myna B. C. Knoposa, ans auanazona 0,01-0,15 mm — dpopmyna A. E. CmonabipeBa u
np. [Ipu pazpaboTke pocchlnieil 3eMIECOCHBIMU CHapsIIaMy B Ka4€CTBE HOPMATHBHBIX
pexomenmytores [ 1, 5] cnenyrontue 3HadeHus (tadm. 1).

CooTHollleHNe 3HAYEHUH cpelHell U KPUTUYECKOH CKOpOCTH OOYCIOBIHMBAET pe-
JKUM TPAHCTIIOPTUPOBaHUS ruapocmecu (puc. 1).

B pexume | gacTuibl B3BELIEHEI 10 BCEMY CEUEHHUIO TPYOBI, IIPU 3TOM U > U, ;
pexum Il — 370 HavanabHAs CTaAUs PAacCIOCHUS YacTHULl, KOrna Vgp = (1,02-1,05) Vs
B pexxume 1l mpoucxoaut yacTuyHOE 3aMIIeHNE B IPUAOHHON YacTH TPyOOIpoBoa.
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[Ipu pa3paboTke METKO3EPHUCTHIX MECKOB MPaKTUKyeTcs [1, 6] runporpancnopTu-
pOBaHUE MPHU PAaBEHCTBE WJIM HE3HAUUTEIBHOM IPEBBIIICHUN KPUTHYECKOM CKOPOCTH
(pexxum 1I), B 3TOM citydae yBelIM4YeHHE CPEAHEH CKOPOCTH MOBBIIIAECT HAAEKHOCTD
THIPOTPAHCIIOPTA, a CHUIKEHHUE — MOBBILIAET U3HOCOYCTOMYMBOCTE TpyO. ITpn HEOOIMIB-
IIOM AANbHOCTH FHMAPOTpaHCIOpTHpoBaHua fomyckaercs 111 pexxum, mpu aTom 3anne-
HHUe TpyOonpoBoza He JOKHO npeBbimark 10 % ero nuamerpa. Ilpu TakoM pexxume

I I

Puc. 1. Pacipenenenue TBepAbIX YaCTHL B IOTOKE IyJIBIIBI IPU
HAIlOPHOM THAPOTPAHCIOPTE:
I, II, IIT — pe>krMBbl TPaHCTIOPTUPOBAHUS
Fig. 1. Solid particles distribution in a pulp flow at pressurized
hydrotransport:
I, II, TIT — transportation modes

HE3HAUNTEJIbHO YBEIMUYMBAIOTCS MOTEPU HAMopa B IyJBIIOBOAE, OJHAKO MPOHCXOAUT
MaKCHUMAaJIbHOE PACCIOEHUE TSXKENBIX KPYMHBIX U JIETKUX MEJIKUX YACTUILL. DTOT PEXKUM
UCIIONIb3YETCS B TUAPOMEXAaHU3AMHU AJs CCYLIEHUS MYJAbIbl B TOPU30OHTAIBHBIX
crycrurensx (¢ nuadparmor uinu 6e3 quadparmsl) [7]. Ha puc. 2 mpuBonutcs cxema
cryctutens 0e3 nuadparmsi [8].

M

T T

Puc. 2. Cxema crycTutenst TOpU30HTAIBFHOTO THIIA!
I — mynbIoBoOJ OT 3eMCHApsIa; 2 — MEPEXOIHUK; 3 — OTCTOMHUK; 4 — OCBETIICHHAs
MyJbIa; 5 — CTYIICHHAs MyIbIa
Fig. 2. Horizontal condenser diagram:
1 — pulp pipeline from the dredger; 2 — coupling; 3 — sedimentation tank;
4 — clarified pulp; 5 — thickened pulp

HpI/I THUAPOTPAHCIIOPTE OAHOPASMCPHBIX MECKOB PACCIIOCHUA MO KPYITHOCTU MPaK-
TUYCCKU HC MPOUCXOAUT, HC MPOUCXOAUT U CYHICCTBCHHOIO CTYLICHUS ITYJIbIIbI. Ha-
6HIOZ[aeTC$[ KOHLCHTpPAIU TAXKCIIbIX YaCTHULl B HpI/I,Z[OHHOﬁ YacCTH IIOTOKA, a CTyCTUTCJIb
npeaHa3Ha4€H B OCHOBHOM JJid pa3ACJICHHUA MMOTOKA Ha BCPXHIOKO W HUKHIOHO (HpI/I—
,I[OHHYIO) gacTu. Takum o6pa30M, CTYCTUTCIIb IO KOHCTPYKIUU ABJIACTCA NPUTOYHBIM
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TPOWHUKOM — TEXHOJIOTHYCCKHUM MPHUCIIOCOOICHUEM ISl BBIJICIICHUS TIPUAOHHON Ya-
CTH ToToKa [7, 9].

Paccnoenue yactuil 1o MI0THOCTH SBJISIETCA NPEANOCHUIKOM MOMYTHON KOHLIEHTPA-
LMY YaCTHUIl TSDKETIBIX MUHEPAIOB. YCTaHOBKA MPUTOUYHBIX TPOHHUKOB JIJISl pa3IeICHUS
MOTOKOB IPEyCMaTPUBAETCsl HA TOPU30HTAIBHBIX YYaCcTKaX MYJIBIIOBOAA HEOOBIION
JUTMHBI HETIOCPEICTBEHHO TIepel HAMBIBOM HIDKHEW YaCTH IMYJbIBI B OTACIBHBIN IITa-
0enb. BepXHIOK YacTh B 3aBHCUMOCTH OT COZACPIKAHUS MOJIE3HOTO MUHEpaJia HalpaB-
JISIIOT Ha JalIbHEHIYI0 TIepepadoTKy (B 1ITa0belb pe3epBa) Wil B THAPOOTBAIL.

J71s1 OLIeHKH MOIMyTHOW KOHIICHTPALUU TSXKEJIBIX MUHEPAJIOB B HIDKHEM MOTOKE B
JTAHHOM HCCIICIOBAHUY TPUHUMAIOTCS CIETYIOIIHE MOJOKCHHUS :

— mporiecc 00pa3oBaHUs MPUIOHHOTO CJIOS TSHKEIBIX MUHEPAJIOB PACCMATPUBACTCS
HE KaK MPOLIECC OCAXK/EHHUS B3BEUICHHBIX YACTHI[ B MOTOKE IYJBIIBI, a KaK MPOIECC
C/BYDKEHUS, BOJIOUYCHUS U TIEPEKaThIBAHUS YaCTHUI] 00pa30BaBIICTOCS B TPYOOIIPOBOJIE
ocajKa;

— pa3neneHue YaCTHUIl B IONIEPEUHOM CEUCHUU TTOTOKA aHAJIOTUYHO PACIPEICICHUIO
YacTHIl IO KpyHIHOCTH 10 popmyne Posnna—Pammnepa [2, 10].

P A

1 \Q f'/@—\‘\l
[ i_._ . I Ii =5 all D’ ir

Puc. 3. Cxema nabopaTtopHO#l yCTAaHOBKH JIJIsl BCACBIBAHUS U TIOIHEMA YaCTHIL TIOPOJIBI:
1 — 0ak; 2 — mepexogHUK; 3 — CTEKJISHHbIH HAKOHEYHUK; 4 — CTEKJITHHBIA COCyd; 5 — IO-
JIM3THIICHOBASI IUICHKA; 6 — TPAHCHOPTHPYEMBI IPYHT; 7 — HacajKa; 8 — MaHOMETp
Fig. 3. Diagram of the laboratory facility for rock particles suction and lifting:

1 — tank; 2 — adapter; 3 — glass nozzle; 4 — glass container; 5 — polyfilm; 6 — transported soil;
7 — cap; 8 — manometer

Jlis XapakTepUCTUKH TpoIlecca ePEeMEIICHUs TPUIOHHOTO CJIOS MYJIBITBI IO aHa-
JIOTUH C TIEPEBUKCHUEM ITYJIBITBI IO IUTI03aM BOCIIOJIB3YeMCs KO (UITUSHTOM paB-
nockopoctHocty I1. B. JIsmenxo [11]. Kosdduuuent paBHOCKOPOCTHOCTH e, — 3TO
OTHOIIIEHUE Pa3MEPOB YACTHUI[ PA3TUYHON TUIOTHOCTH, KOTOPbIE HAUMHAIOT JBUKCHUE
o AHY 1IUII03a IMpUu OHHHaKOBOﬁ CKOPOCTHU ABUIKCHUS ITYJIbIIbI UJIA BOJbL:

e, =¢ L, ecxzi:—(pT_l)fT» (1)

. fn d“ (pu - l)fu

e e, — ko2 duuuent papHonagaemoctu [12]; 1., f, — kK03 ULHEHTHI TPEHUS TSXKE-
JIOTO M JIETKOTO 3€pHa; d , d, — SKBUBAJICHTHBIE JUAMETPhI KPYITHON U JIETKOM YaCTHUIIbI
¥, COOTBETCTBEHHO, MEJIKOH M TSKENION YaCTULIBL; P, , P, — IJIOTHOCTb TSKEIOH U Jer-
KO YaCTHIIBL.

B skcrniepuMenTax (puc. 3) HCIOIb30BAIMCh KBAapIEBBIH NECOK p, = 2,65 T/M?, B u3-
MEIIFIEHHOM BHJIE XaIbKOHUPUT p,_ = 4,7 T/M?, Menb p, = 8,35 T/M>, MOHETHBIH criaB
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p,= 10,5 T/M3, 3010TO p,=17,0 T/M3. DUKCHPOBAJIMCH: PACCTOSHHUE OT HAKOHEUHHKA 710
0CaJika, pacxoJl BOJbI, MOMEHT Havaja JBWXCHHS (TIOAbEMa) YACTHII, Macca YaCTHIL,
MOMEHT BUTaHUs yactull [12].

Pesynbrarel M3MepeHuil U pacueToB IS KBapla, XaJlbKOIUPHUTA, MEIU U 30J0Ta
NPUBOJSATCA B TaOM. 2.

[NonyueHa 3KcriepUMEeHTaIbHAS 3aBUCUMOCTD PABHOCKOPOCTHOIO TUAMETPa YaCTHI]
KBapIIEBOIO TIECKA OT TUAMETPOB TSIKEIIBIX YACTHII;

d,=e "d, exp(ae d ), )

b pnT

e d , d — SKBUBAJICHTHBIE TMAMETPhI KPYITHOM U JIETKOH YaCTHUIIbI, MM; @ — IApaMeTp,
JUISl 4acTull 30510Ta a = 5,15, nns xanekonuputa a = 1,85, anga meau a = 4,65.

Taonuua 2. KodxdpunneHT paBHOCKOPOCTHOCTH YACTHIL
Table 2. The coefficient of particles isospeed

CooTBeTCTBYIOIIAs Koaddunuent paBHocko- Cootromerne
Tlecox Y P K03 hULIMEHTOB
KPYIHOCTb YaCTHI, MM POCTHOCTH YACTHIL TIECKa f= ewlem
Kpynnocts, | CKOpoCTb, | XalbKo- Memn | somora | X¥TBKO- Memn | somota XaJIbKO- wemn | somota
MM Mm/c nUpuTa IIHpUTa upuTa
3,00 0,28 0,60 0,210 | 0,120 5,00 14,30 | 25,00 2,20 3,20 | 2,57
1,00 0,22 0,45 0,150 | 0,105 2,22 6,70 9,50 1,00 1,50 | 1,00
0,50 0,18 0,32 0,130 | 0,090 1,56 3,85 5,55 0,70 0,90 | 0,60
0,25 0,14 0,25 0,100 | 0,080 1,00 2,50 3,12 0,44 0,56 | 0,32
0,10 0,08 0,09 0,065 | 0,062 1,00 1,60 1,60 0,44 0,34 | 0,16

Pacnpenenenue n3aMenpIeHHBIX YaCTHII IO KPYITHOCTH 110 Gpopmyne PozuHa—Pamm-

nepa [2, 10]:
d b
R =100exp| —| =~ | |,
1000y { 4

e R, — CyMMapHbIii BBIXOJ YaCTHULL «+», %; d; — KPyIHOCTb 4acTHL, MM; d, — KpyI-
HOCTB YaCTHII, COOTBETCTBYOIIAs BBIX0OAY R = 63,2 %; b — mapameTp pacrpeneieHus
YaCTHUI [10 KPYITHOCTH.

st neneii uccnenoBanust mpeodpasyeM GopMyiIy K BHIY:

b
r=exp| -3 a4 ,
y (3)

H

IJle ¥ — CyMMapHbIii BBIXOJ YaCTHILL «+», JIONH €]1.; d, — HOMHHAJbHAas KPYIHOCTh Ya-
CTHII, MM, COOTBETCTBYyIoIas BeIXomxy R =5 %; b = 0,94(1gK )!; K — xoaddurment
HEOIHOPOAHOCTH NECKOB 1o KpynHoctu [13]; K, = d, /d,,, d,, d,, — xonTponupyro-
Ui 1 3PEKTUBHBINA TUaAMETP IPaHyJIOMETPHUECKOTO COCTaBa, MM.

B takom Buze ¢opMysa xapakTepusyeT rpaHyJIOMETPHUECKUI COCTaB MECKOB POC-
CBITTH 10 KPYITHOCTH U HEOJJHOPOTHOCTH.
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IIpuMeHNTENBHO K pPACIPEACIICHUI0 YAaCTHIl IO NONEPEYHOMY CEYEHMIO IOTOKA
IyJbIbl d, XapaKTEpU3yeT KPYNHOCTh TPAHCIIOPTUPYEMOIO IECKa JUIS ONPEACIICHUS
CKOPOCTH TPAaHCIOPTUPOBAHMUS MOTOKA ITyJIBIIEL, MM; ¢, — KPYITHOCTb TSKEJIBIX YaCTHIL
B COCTaBE NPHIOHHOIO CJIOSA, MM; ¢ — PAaBHOCKOPOCTHAsS KPYIHOCTb JIETKMX YacTHII,
HaXOJAIIUXCS TAKKE B COCTABE MPUAOHHOTO CJIOSI, MM.

TakuMm 00pa3oM, OONbIIAst YACTh TSHKENBIX TOJIE3HBIX MUHEPAJIOB U PABHOCKOPOCT-
HBIX YaCTHI] TIeCKa COCTaBJSeT MPUAOHHBIN Cioil ToToKa. OCTalbHbIE, KPYITHOCTHIO
MEHBIIE, YEM PAaBHOCKOPOCTHBIE, U B3BEILIMBAECMBIE U3 MPUIOHHOIO CJOS TSAXKEIIbIE
YaCTHULbI BBIHOCSITCSI BEPXHUM IOTOKOM. [[OMONHUTENBHOE B3BEIIMBAHUE TSDKETIBIX Ya-
CTULl IPOUCXOUT IIPHU MPOXOXKIEHUU HEITOCPEICTBEHHO Yepe3 TPOMHUK, KOTOPBIH SIB-
JII€TCS MECTHBIM THJIPABIMYECKUM CONPOTHUBIICHUEM.
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Puc. 4. I'paduk rpaHyIOMETPUUECKOTO COCTABA MECKOB (BOMHAS
norapupMuIecKas KOOpIHHATHAS CETKA)
Fig. 4. Sand granulometric composition graph (log-log coordinate
grid)

IIpu npoxoxaeHUM TPOMHMKA KaK B MPSIMOTOYHON YACTH, TAK U B OTBETBICHHUHU
TpyOOINpOBOIa BOSHUKAIOT IIOTEPH SHEPTHH ITOTOKA (Haropa). B 3aBUCUMOCTH OT COOT-
HOIICHUSI PACXOAOB MpPU pa3/IeIeHUH IOTOKA Pa3HUIA MOTEPh DHEPIHH JIOCTUTAET
20-30 % [9, 14]. D10 cooTHOLIEHNE, IO MHEHHUIO aBTOPOB, PACIIPOCTPAHIETCS U HA Be-
JMMYMHY KOHIICHTPAIMHU TSDKEITBIX YaCTHUIl MEXKITy BEPXHHM U HUKHUM TPYOOIIPOBOIAMHU.

PaccmoTpum mpuMep pacueTa MomyTHOW KOHIIGHTPAIH TSDKEITBIX YaCcTHII.

Hcxoonvie dannvle. Ileckn menxo3epHUCTHIE (puc. 4), HOMUHAIbHAS KPYIHOCTH
d, = 1,0 MM, ko3dpunment HeomHopoaHoctu k, = 3,0. IINOTHOCTH yacTuIl Tecka
p, = 2,65 T/M3, TxensIxX wacTun p,, = 4,7 /M3, p, = 17,0 T/M3. TlonesHble MUHEPAIBI
conepxkarca Bo (pakuum d = 0,1-0,044 MM, comep:kaHUE IOJNE3HBIX MHHEPAJIOB
C.,=5,0-7,0 xr/™?, C,= 67 mr/m* [15].

3eMcHaps pasBMBaeT mHpousBoguTenbHOCT, O = 880 MYu = 0,224 wmi/c,
npu T : XK =1 : 10, npousBonutensHOCTh 110 neckam O, = 80 m3/a = 0,222 m3/c, Bo3-
MOXKHOCTB 3amiieHust Tpyo no 10 % mmamerpa tpyOomporoza [4, 13].

Pewenue.

1. ITo Ta6n. 1 npuaumaem v = 2,8 m/c.

2. Tlo Bemmunne Q, = 0,224 M3/c n v, = 2,8 M/c 110 u3BecTHBIM opmynam [10] pac-
CUMTBIBaEM: quameTp obmero Tpybonposona D = 0,32 m (6e3 OKpyIiIeHUs 10 CTaH-
JAPTHBIX PAa3MEPOB), PACXO IPIMOTOYHOTO [IOTOKA MocsIe TpoitHnka O, = 0,182 m3/c,
D, p = 0,288 M, pacxox HwkHero notoka O = 0,04 M3/c, TMaMeTp 0TBOIA D, =0,135m,
CTereHb pazueneHus n = 4,55.
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3. JlnameTp JIETKUX YaCTHI] ITECKa, PABHOCKOPOCTHBIX (DpaKiuii TsokebIx (p = 4,7 /M3)
paccunthiBaercs 1o popmyine (2), rae d, = 0,1 mm; €= 2,24; a=1,85:

d, =2,247"" -0,lexp(1,85 2,24 - O,l) =0,062 mm.

Huametp d_ = 0,062 MM NpakTHYECKH COOTBETCTBYET (DPAKIMU TAXKENIBIX YACTHIL
(-0,1+0,047) MM, 9TO MCKIIHOYAET BO3MOXKHOCTb MPH CKOPOCTH IMOTOKA D, - 2,8 m/c
KOHIICHTPAIIUH 10 TUIOTHOCTH B MIPUIOHHOM CIIO€.

4. JlnameTp paBHOCKOPOCTHBIX YaCTHIL INIOTHOCTBIO p, = 17,0 /M3 ipu d,= 0,1 mm;
€ = 9,7, a=15,15:

d,=9,7"-0,1exp(5,15-9,7-0,1) = 1,08 mm;
npu d, = 0,047 mm
d,=9,7"-0,047exp(5,15-9,7-0,047) = 0,038 mm.

Huamerp d_ = 0,038 MM NpPaKkTHYECKU COOTBETCTBYET HHKHEMY IHANa3oHy (pak-
U TSDKENBIX YacTHIl, YTO MCKIIOYAeT BO3MOXKHOCTh KOHLEHTPALUU B MPUIOHHOM
cnoe. namerp d, = 0,1 mm (d, > d,) — BO3MOXKHA KOHIIEHTPALKS TSHKENBIX YaCTHL B
IPUAOHHOM CJIOE.

5. Beixox wactun d = 1,08 MM B IpUIOHHBIH 0k paccuuThiBaeM 1o Gopmyie (3),
rmed, = 1,08 mm; d = 1,12 mm; k, =3,0; b =2:

1,08
1,12

b
r=exp —3( j = 0,088, uan 8,8 %.

6. PactipesienieHne 4acTHIL TSOKEIBIX MUHEPAJIOB INIOTHOCTBIO p, = 17,0 /M3 1 kpyn-
HOCTBIO d, = 0,1 MM IIpu NOIYTHON KOHLEHTPALMK B IPHIOHHOM clloe (6anaHc).

B cocrase mynbnsl noctynaer Macca Tskensix yactun M, = C,0 = 6960 mr/4; BbI-
JeNAeTcs B NpUAOHHLIH cioi 70 % tBepmoro T, = Q. - 0,7 = 56 M3/4, KOHIIEHTpALUs
TIOJIE3HOT0 MHUHEpana B IpHIoHHOM cinoe C, = 124,6 mr/m3.

BoiBoasbl. Takum 00pa3oM, BBIICICHHE HUXKHEH YaCTH IMOTOKA JaeT BO3MOXHOCTD,
HE MpepbIBasi TEXHOJIOTHYECKOTO MPOoIecca 3eMCHAPAIHON pa3pabOTKH MECTOPOIKIC-
HUSI, OLEHUTH MOMYTHYIO KOHIICHTPALUIO TSXKEIBIX MUHEPAJIOB B 3aBUCUMOCTH OT UX
TUIOTHOCTH, KPYITHOCTH U CKOPOCTHU THApOTpaHcHopTHpoBanus ot 0—5 1o 50 %.

Pa3zpaborannas MeTonuka npenHa3HaueHa JUIS MPOTHO3UPOBAHHS BO3MOXXHOCTH
MOMYTHOM KOHIIGHTPAIIUU TIOJIC3HBIX MUHEPAJIOB HA OCHOBE TEXHOJIOTHUYECKUX IMapa-
METPOB THIPOMEXaHH3UPOBAHHON pa3pabOTKH MECTOPOXKACHUS 0€3 CYIIeCTBEHHBIX
JIOTIOJTHUTENILHBIX 3aTparT.
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Heavy minerals secondary processing estimation at pulp hydrotransport
in the pipeline

Viktor K. Bagazeev', Ivan S. Boikov!, Niiaz G. Valiev!, Igor L. Zdorovets?
! Ural State Mining University, Ekaterinburg, Russia.
2Neiva Gold Mining Cooperative, Neviansk, Sverdlovsk region, Russia.

Abstract
Introduction. When developing placers containing small amounts of heavy minerals, it is advisable to use
the technology of hydraulic mining which includes secondary processing of these minerals essential for
sand preliminary processing.
Research aim is to estimate heavy minerals secondary processing in pipeline bottom layer and single this
layer out of the general flow at pulp hydrotransport when developing placers with dredgers.
Methodology. Based on the regularities analysis of pulp hydrotransport, sands granulometric distribution
and the results of physical simulation of the process in laboratory conditions, the analytical substantiation
of hard minerals secondary processing parameters is carried out. The main provisions of secondary
concentration are as follows: at sand hydrotransport, bottom layer of large and heavy particles arises in
the pipeline, the particles drag or roll over. At that, particles distribution by size and density in the cross
section of pulp flow corresponds to Rozin-Rammler equation.
Results. The results are presented of the laboratory research of weighing heavy particles from the bottom
sediment, measuring weighing speed for heavy minerals and quartz sand. The obtained results were
approximated by the formula. The example is given of heavy minerals secondary processing possibility
analytical estimation.
Summary. The use of the secondary processing without change of a field development process flow
diagram will significantly improve the efficiency of the subsequent processing processes when developing
placer deposits.

Key words: dredger, hydrotransport,; sedimentation; secondary processing of heavy minerals.
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CpaBHeHMe pe3ynbraTtoB (*WI3WI9CKOFO MoaennpoBaHnA U HaTYPHOro
JKCnepumeHTa nNo TopLeBoMYy BbiNyCKY pyAbl Npu CUCTEMe 3TaXXHOro
NPUHYAUTENIbHOro 06pYLLIeHMF| ANA NONOrnX 3anexen

ManuHoBckuu E. I, Axnawes B. A.'*, lonoBaHoB A. U.1, lunbaees A. M.!
1 Cubupckuin enepanbHblit yHuBepeuTeT, 1. KpacHosipek, Poccust
*e-mail: 79050863461 @yandex.ru

Pegpepam
Beeoenue. Onpeoenenue s¢pghexmuenuvix napamempog cucmem paspabomiu ¢ o6pyuienuem pyosl u eme-
Wanwux nopoo 6 YCiosUax MOUHbIX NONOUX 3a1edicell AGNACMC HeMPUBUATLHOU 3a0ayell 68Udy On-
cymemaeust 00CmamouHo20 MUpo8020 U OMe4ecmeeHH020 onvima. B cesa3u c smum onmumansHvle napa-
Mempbl  8bINYCKA pyobl Haubonee OOCMOBEPHO ONPeOENsIOMCA HA OCHOBE  (QUIUYECKO20 U
Mamemamuiecko20 MoOenupoBanUs ¢ y4emom OaHHbIX HAMYPHbIX IKCHEPUMEHIOB.
Lens pabomur. Ha ocnose usuueckoco u mamemamuyeckozo Mooeiupo8anus ¢ y4emom OanHblx Ha-
MYPHBIX IKCNEPUMEHMO8 BbIAGUMb 3AKOHOMEPHOCTIU UCTEYeHUs 20PHOU MACCHL 6 NPUBA3Ke K KOHKpem-
HBIM 20PHO-2€0N02UHECKUM YCA08UAM Mecmopodcoenus. C uchonb3o8anuem nOTyYeHHblX OAHHbIX O Kul-
Hemamuke Qopmuposanus ueyp 8bINYyCcKa onpedenums noKa3amenu Colnyiecmu cpeovl, HeodxoouMvle
07151 CO30ANUSL MAMEMAMUUECKOU MOOENU BLINYCKA PYObl 6 AHANOSUYHBIX YCLOBUSIX.
Memoouka nposedenusn uccnedosanuii. [Ipogedenue gusuyeckozo MoOeIUposanus mopyesoco 6viny-
cKka pyobl ¢ onpedeienuem nokazameneli U3giedeHUs u Clny4ecmu cpeobl.
Pesynomamur. Conocmasnenue pe3yibmamos HAMYpHuIX IKCHEPUMEHTNOE C pe3yTbmamamu usuie-
CKO20 MOOeNUPOBanUs NOKA3AN0 OOCMAMOYHYIO CXOOUMOCHb NO Mecmam 06pazoeanus nomeps u pazy-
boorcusans, no N0O0OUI0 3aKOHOMepHOCMell UcmeyeHus omoumou pyosi, o POpMUPosanuio gueypsi
suinycka. Ha ocnose ghusuueckoeo mooenuposanus onpeoenena 3a6UcUmocnms NOKA3ameis Colny4ecmu
cpedvl om 8blcombl pusypuvl bINYCKA, HEOOXO0OUMAR OISl GLINOIHEHUS MAMEMAMULECKO20 MOOETUPO8a-
HUSL GbINYCKA.
Bu1600vl. Onpeoenennvle 6 pe3ynomame Quuuecko2o MoOenuposanus  HAmMypHix IKCHePUMEHMO8 Xa-
PaKkmepucmuKu cblnyyecmu cpeobl, 3a10X4CeHHble 8 MATNEMAMUYECKYI0 MOOelb BLINYCKA, NO3BOIAN OCY-
wecmensAms ONMUMUZAYUIO NAPAMEMPOB CUcmem paspabomku ¢ obpyuienuem pyost U GMewaiouux no-
POO HA MOWHBIX NOLOSUX MECTOPOIHCOCHUSIX.

Knroueswvle cnosa: nonozue sanescu; cucmemv paspabomiu; smaoicroe obpyuienue; mopyeeot
BLINYCK, Pu3ULeCcKOe MOOeNUPOsanUe; HAMYPHbIIL IKCHEPUMEH.

Beenenune. ®dusnueckoe MOACIMPOBAHUE MIPOIECCa BhITYCKA PYIHOW MacChl B CH-
cTeMax ATaXHOTO (IMMOA3TAXKHOTO) OOPYIIEHUS, HAPSATY C aHATUTHICCKAIMH pacueTaMH,
SIBIISIETCS] OJTHAM W3 OCHOBHBIX METO/IOB OTIPENEICHNS HOPMAaTUBHBIX NTOKA3aTelen nu3-
BJICUCHHUS.

IIpormeccrl, cBs3aHHBIC C Pa3pabOTKON MECTOPOKIACHHH ITONE3HBIX MCKOIIAEMBIX,
OTIIMYAIOTCSI MHOTOOOpAa3WeM M CIOKHOCTHIO MX TOYHOTO TEOPETHUECKOTO OIHCAHUS
JUTST KOHKPETHBIX TOPHO-TEOJIOTHYECKUX M TOPHOTEXHWYECKUX YCIOBUH W, BMECTE C
TeM, TOJAAIOTCSA JINIITH YACTUIHO WITH COBCEM He MOIAAI0TCS PeaTbHBIM HAOIIOASHUIM
3a WX MPOBEJCHUEM.

Bo3MoXXHOCTH HaTYpHBIX UCCIIEAOBAHUI ITPOIIECCOB P TOOBIYE PYIBI MOTYT OBITH
CYIIECTBEHHO JOTIOIHEHBI PE3yIbTaTaMH (PHU3NIECKOTO MOAETHUPOBAHHS, KOTOPEIE CTIO-
COOHBI PACKPHITh HE TOIBKO 0COOEHHOCTH VX MPOTEKAHHUS B PEAIbHBIX YCIOBHUAX, HO U
JIaTh TpecTaBIeHe 00 00Iel KapTHHE X Pa3BHTHS, a TAKKE MPUOIHKCHHBIC KOJIH-
YECTBEHHBIE BETMIHHBI.
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B MupoBoii npakTike (pU3MKO-MaTEMaTHIECKOMY MOJISITHPOBAHUIO BBIITYCKA PY/IbI
MOCBSIIEHBl MHOTOYHCIICHHBIE PabOThl OTEUECTBEHHBIX U 3apy0OeKHBIX UCCIeIoBaTe-
new [1-13].

Metonbl nccinenoBanusi. OOBEKTOM HCCIICIOBAHUIN SBISETCS TOPIEBON BBITYCK
PYIIBI TTOJT OOpYIIEHHBIMU TIOPOIAMHU.

OCHOBHBIM OTpaHWYEeHHEM (PU3MUYECKOTO MOJEIMPOBAHUS SBISIETCS OONBIIOE KO-
JUYECTBO BPEMEHH, HEOOXOIUMOE JIT MOACTUPOBAHHS PA3IMIHBIX BAPHAHTOB UCTION-
HEHHS MOAEIUPYEMOTO Tporiecca. B cBsi3u ¢ 3TUM KpoMe MOTydeHHs] COOCTBEHHO pe-
3yJITaTOB MOJEIUPOBAHUA B BHJAE 3aBUCUMOCTEH TMOKa3aTelel HU3BICUEHHS OT
M3MEHEHVsI TTapaMeTPOB BBIITyCKAa CTABWIIACH 3aja4a MOJydeHHs WHPOpMaIuU, HeoO-
XOITUMOM JJI CO3/TaHNS MaTeMaTHIeCKOH MOJICITH.

{_

BJIO 9-1-1-2

Puc. 1. Mcxonnbie ycnoBus U Gpu3HIecKas MOJIECNb:
a — paspes 1o Beepy Ne 11; 6 — Mozienb 111 MOIITHOCTH pyaHOTo Tena 17 M
Fig. 1. Initial conditions and physical model:
a — section of the layer no. 11; 6 — model for the power of the ore body 17 m

[Ipu ¢puznueckoM MOIEINPOBAHNH BBIILYCKa PY/IbI JOJKHBI OBITH COOMIOAEHBI Mac-
mTabbl MOACTMPOBAHUS MEXaHWYECKOro mnonodus. [pyrue macmraObl, CBS3aHHbBIC
C U3MEHEHUSAMH TEIJIOBOT0, XUMHUYECKOTO XapaKkTepa ! T. I., MOT'YT HE YUHUTBIBAThCS.

®u3nveckoe MOAETHUPOBAHUE MPOBEACHO JUIsl YCJIOBUI KOHKPETHOM BBIEMOYHOM
enuHunbl  (puc. 1, a). VYron mnageHuss pygHoro Tena © - OypomOCTaBOYHOIO
oprta (bJ10) — 8°. MomnHocTh pynHOTO Tena — 17 M. Paccrostare Mexay ocsimu Oypozio-
CTaBOYHBIX BEIPaOOTOK — 14,4 M. [IpenoxpaHnuTenbHbII NOPOAHBIN CIIOM Haa BEIPaOoT-
kol — 2,8 M. JIuHMS HaMMEHBLIETO COMPOTUBICHUS (PACCTOSIHAE MEXAY BEEpaMu)
W =2,5 M. HakiioH BeepoB B CTOPOHY BbIpaOOTaHHOTO MPOCTpaHCTBA — 85°.

Y4uTeIBas NOABMKKY MTOPOJHOTO MacCHBa MPH B3PBIBE B 3AKUME 3a CUET pa3pbIX-
JeHHst OTOMTOH Pyabl (KOO(QOUIMEHT pasphIXICHNUs k, ISt JAHHBIX YCIOBHii OOBITHO
NPUHUMAETCS paBHBIM 1,3) TONIIMHA BBITYCKAEMOT'O CIIOSI ONPENENETCS U3 BhIpake-
HUs b = Wkp =325m.
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Wcxons u3 paxkrtudeckux pazmepos B0 9-1-1-2 mist npoBeaeHus: MOICTHPOBAHUS
NPUHATH TEXHUYECKUE XapaKTEPUCTUKU TOTPY304HO-A0CcTaBoYHOM MamuHb! (ITM)
tuna LH514E.

Jns nanHo# 11/IM M3roToBIIEH KOBIL, HMMUTHPYIOIIMK (GOPMY U pa3Mepbl B IPHHS-
TOoM Maciutabe MoznenupoBanusi. OCHOBHOW pa3Mep — IMprHa KoBma — 2,788 M.

s Bu3yanusanuu mpolecca BBITyCKa B Ka4eCTBE pyaAbl IpUMEHeHa Oenas Mpa-
MOpHasl KpOIIKa, KIacCH(UITMPOBAHHAS 110 KPYMHOCTH Ha Kiacchl —3; +3-5; +5-7;
+7-10 mM. ITopona — medens +7—10 u +10 Mm.

BomromomerprueckuM criocoboM onpeseneHa o0beMHas Macca (INIOTHOCTB) PY/bI
u nopoabl B MaccuBe (I'OCT 5182-78). Ona cocraBuna 2,79 r/cm® nias mpamopa u
2,75 v/ cM? s meOHs.

Puc. 2. XapaktepHble 3TaIbl BEITYCKa PyIbl (JaKTHIECKOTO FPaHyIOMETPUIECKOTO COCTaBa H3
B0 9-1-1-2, =325 m:
a — 40 kosreit; 6 — 60 ko.Ieit; 6 — 86 koBieit; 2 — 106 kosieii; 0 — 122 koBia
Fig. 2. Typical stages of production of ore of the actual particle size distribution from
BDO 9-1-1-2, h=3.25 m:
a — 40 buckets; 6 — 60 buckets; 6 — 86 buckets; 2 — 106 buckets; 0 — 122 buckets

B macmrabe 1 : 100 6pu1a H3roTOBIEHA MOJEIH IS TOPLIEBOTO BBITYCKA PY/BI IPU
CHUCTEME TKHOTO IIPUHYAUTEILHOTO 00PYIIEHNUS Py/Abl U HAJIETAIOIMX MOPox (pUc. 1, 6).
HUccnenoBanusi NpoBOAMINCH IS BBITyCKa OJHOTO U TPEX CJIOEB PYIHONH MAacChl.
st pasrpaHudeHust cioeB OTOUTOM pybl HA MOMEHT €€ 3aChINKH IPUMEHSUIUCH Mnoe-
PBI M3 OLIMHKOBAHHOTO >KeJie3a TOIMMHOM | MM, KOTOpbIe OB OOKJIEEHBI CO CTOPOHBI
MIOTOKA OTOMTOM pyAbl HAXKAAYHOM OyMaroi Ui IMUTAlMU TpeHus. st 3Tol xe 1eu
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OBLIM OOKJICCHBI ¥ PYJIOTIOPOIHBIC OTKOCHI. M30JIs1IMs CIIOeB OTOUTOMN py/Ibl B OOKOBOH
MOPOJBI HA MOMEHT 3aKJIaJIKK MOJIEJIH TIPOU3BOAMIACH MPSIMOYTOIHHBIMU JTUCTAMU U3
JBII ¢ rmagkuMu MOBEPXHOCTIMHU TONIIUHON 3 MM.

Ou3nyecKoe MOJETUPOBAHUE MTPOBEACHO IS PA3HOM TONIIMHBI OTOMBAEMOTO CIIOST
U TpeX I'paHyJOMETPUYECKUX COCTABOB OTOMTOW pPYIHOW Macchl: (PaKTHUECKOTO IO
B1O 9-1-1-2, ynyunienHoro 6e3 HerabapuTOB MPH pa3Mepe KOHAMIIMOHHOTO KyCKa
700 MM U cpemHEro Mo pyIHHUKY, a TakXKe JJIs YeThIpeX MOIIHOCTEH pyJHOro Tena.
B nanHo¥ cTaThe npencTaBieHbl TOIBKO OCHOBHBIE PE3YJIbTaThl MOJIETUPOBAHUSI.
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Puc. 3. 3aBUCHMOCTH TOTEPh — @ U Pa3yO0KUBAHUA — O OT BBIIYCKA rop-
HOM Macchl IpU pa3HON MOAETUPYEMOI BBICOTE BBIITYCKAEMOIO CJIOS
Fig. 3. Dependence between the losses — a and dilution — 6 and rock mass
draw under various simulated height of the drawn layer

Jns umuTanmMu Nogo0usi TPaHYJIOMETPUYECKOTO COCTaBa OTIPY)KaeMOW TOPHOU
Macchl OBUTH MCITOIB30BaHbI q)aKTI/IHCCKI/Ie JaHHBbIC.

Pacnipenenenue rpaHyIoOMETPHUECKOTO COCTaBa MMOKA3bIBAET YBEIUUYEHHE KPYITHO-
CTHU KyCKOB pyIlHOI‘/'I MAacCChbI B 3aBUCUMOCTH OT HNPOJOJIKUTCIIBHOCTH €€ U3BJICYCHUA OT-
HOCHUTEJIPHO HAUYaJTbHOTO MOMEHTA.
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Jdns umutanun (HaKTHYECKOH KPYMHOCTH OTIpy’KaeMOH TOPHOW Macchl MOJEINb
Obula paszaesieHa Ha 4acTH NPOMOPLHOHAIBHO yYacTKaM € TPeMs XapaKTepHBIMH pac-
NpEeAETICHUSIMH IPaHyJIOMETPHUECKOTO COCTaBa.

Ilepsass — HXKHAA 4YacTb cjosl (MPUIOYBEHHAs). [paHylnOMETpUYECKHH COCTaB:
—-300 (51,25 %), =700 (46,25 %), +700 (2,5 %); 43/189 x 17 = 3,9 m, rne 43 — xonuye-
CTBO KOBIIEH Ha OHOM ydacTke, 189 — ollee konn4yecTBo KoBIIeH, 17 — MOITHOCTD

pYIOHOTO Tena, M.
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Puc. 4. ®opmupoBaHue HUryphl BBITYCKa PYAHOI Macchl (PaKTHYECKOTO TPAHYIOMETPHYECKOTO
cocrasa u3 bJ10 9-1-1-2 npu my, =14 m; b =325 m
Fig. 4. Shape edition of the rock mass of the actual particle size composition of BDO 9-1-1-2,
with m,=14,b=3,25m

Bmopas — cpenusis. ['panynomerpuueckuii cocras —300 (39,29 %), —700 (48,07 %),
+700 (12,64 %); 91/189 x 17 = 8,2 m.

Tpemwvsa — BepxHag (monkposenbHast). ['panynomerpudeckuit cocraB —300 (0 %),
—700 (53,00 %), +700 (47,00 %); 55/189 x 17 =4,9 m.

Ilpu W=2,5mu b=3,25 M 00beM pyIsl B MACCHBE Ha Beep cocraBisier 787,8 m3.

Bcero n3pacxonoBano 3582,48 r pynbl, Ha oguH cioi — 1194,16 r. [InotHOCTE pyabl
B OTOMTOM BHJIE COCTaBuna p_ .= 1,52 r/cM3.

IIpu ycTaHOBIEHHOH TIOTHOCTH Mpamopa (py/el) B Maccuse p,.. = 2,79 r/cm?® ko-
> durmenT paspbixnenns pyast k= 1,83.
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IToponHas yacTh MOZENH 3achIIaNach CIECAYIOMUM 00pa3oM:
— oTOuTast mopoza mpenoxpaHutesnsHoro cios Hax bJIO — mebeHKoil KpyImHOCThIO
+7-10 Mm;
— o0OpyIIeHHBIC TOPOBI HAJIETAOIIEH TOIIIIH — MEeOSHKONW KPYIMTHOCTRIO +7—15 MM.

®dotorpaduu npouecca Beimycka pyast u3 B/10 9-1-1-2, b = 3,25 m, korna noponHast
BOPOHKA BHEPEHUSI JOCTUTAET KOHTPOJIBHBIX BHICOTHBIX OTMETOK IO MOITHOCTH PY.I-
HOT'O TeJa, MoKa3aHbl Ha puc. 2.

MopnenupoBaHue BBITyCKa PYIHOW MAacChl ISl PasIMUHBIX MOLIHOCTEH 3alieku
TIPOBE/ICHO /ISl YeThIPEX MOLIHOCTEH pyaHoro Tena m : 10, 14, 17 1 26 M (puc. 3).

Ta6auna 1. PacueT noka3saresisi cBOG0bI MepeMelieHNsT YACTHII CPeIbI B MPoIiecce BHITYCKA MO
BAaPHAHTY ¢ BLICOTOI BBIIyCKaeMOro ¢Jjiosi 10 M ¥ TOIIMHOI BbIycKkaeMoro cios 3,25 m
Table 1. The analysis of the medium particles freedom indicator in the process of drawing for the
variant with the height of the drawn layer of 10 m and the thickness of the drawn layer of 3.25 m

Howmep onbiTa
HaumenoBanune

1 2 3 4 5
BricoTa Beimyckaemoro ciosi, M 14,0 | 14,5 | 150 | 16,0 | 16,5
TosmuHa BEIITYCKAaEMOT0O CJIOS, M 3,251 325|325 | 3,25 | 3,25
I'myOuHa )XxMBOTO CeYeHHs MTOTOKA, M 2,59 1 2,56 | 2,52 | 2,36 | 2,33
I'myOuHa BHepeHHs OTPY30YHOTO OpraHa B HaBasl pybl, M 1,5 1,5 1,5 1,5 1,5
BricoTa BEIpabOTKH, M 4,5 4.5 4.5 4,5 4,5
Yroi oTKOCa PYIHOM OCTEIH, TPaj 40 39 40 40 41
Yroi oTKOCa ChIITy4ero MaTepuaa, rpaj 46,5 | 45 46 45 46
TTokazarens m 0,11 | 0,11 | 0,11 | 0,12 | 0,12

Bo Bcex Tpex ombITax MPUHSAT CIEAYIOIIUN I'PaHyJIOMETPHUYECKHH COCTaB PYyIbI:
=3 mm (30 %); +3-5 (60 %); +5-7 (10 %). [IpenBapuTenpbHO rOTOBUIACH HABECKA U3
Tpex (pakuid No UX NPOLEHTHOMY COOTHOLIECHHIO, M CMECh IIepeMELINBaIach. 3aTeM
TOTOBHJIACh MOJIEJb, U 10 PAa3HULE Beca HABECKU M OCTaTKa ONpeaessuics QaxkTuyie-
CKuil 00beM pyAbI B UCCIIEAYEMOM cJoe.

Ilpu m, = 10 M IIOTHOCTH PyABl B OTOMTOM BHAC COCTaBHIA P, = 1,65 r/em?.
IIpu >ToM K03 dunuenT paspeixiaenns k. = 1,69. llpu m =14 mp_ = 1,82 r/cm’,
kp =1,53. Ilpu m, =17 Mp,s= 1,68 r/em3, kp = 1,66. ITpn m, = 26 M p_ = 1,65 r/em?,
k,=1,69.

st BbISIBIEHUS KUHETHUKH (HOPMHUPOBAHHSA (UTYPHI BBITYCKa MO MEPE OTTPY3KH
PYIHOH Macchl IPH €€ 3aChIIKE YKJIaIbIBAIUCh OKPAIICHHbIC B CHHUH LIBET U MOAMH-
CaHHbIE pernepbl. Penepsl H3roTaBIMBAIMCH U3 TOATOTOBIEHHOTO IS MOAEIHUPOBAHUS
Marepuaa: pacrloyioKEeHHBIE B pyJe — U3 MpaMopa, B IIOpoJe — U3 MICOHS.

B nepuon moaroToBku kK MoAENMpOBaHUIO Bbycka pyasl u3 bJIO 9-1-1-2 ogHoro
CI10st (paKTHIECKOrO IPaHyIOMETPHYECKOrO cocTasa pu m, = 17 M, b = 3,25 M (puc. 4)
penepsl YKIaaplBAIKCH 110 Py U 110 opojie. Beero ycranoBieHo 1mecTs cinoeB. Kaxk-
JIBIH CITOH YKJIabIBAJICSA TOPU3OHTAIBHO: MIEPBBIN CIIOHM — 4 psna 1Mo 5 penepoB B pALY;
BTOPO# — 4 psima o 7 penepos.

VKiaaKa KaXJ0T0 psa IPOU3BOJMIIACh B CIEAYIOLIEM opsake. BHauane Hax ocbio
BBIPa0OTKHU IIOMELIAJICS LIEHTPAJIbHBIN perep, 3aTeM C HHTEPBAJIOM 2 CM OT HEro B o0e
CTOPOHBI — OCTAJIbHBIE.

Bo Bpewmst Bbllmycka Kaxxa0i Mozenn (GUKCUPOBAIUCH HE TOJIBKO BEC B KaXKIOM KOB-
1Ie PyIHON Macchl, PyAbl U MOPOABI, HO U HA KAKOM 3Talle MPOUCXOAMIO U3BJICUECHUE
peniepoB. Ha ocHOBaHNN KOMIIBIOTEpHON 00PaOOTKH MOMYyYEHHBIX Pe3ylbTaToB (uzu-

oth oth
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YECKOTO MOJICIMPOBAHUS TOCTPOCHBI COOTBETCTBYIOIINE CXEMBI (HOPMHPOBAHHS HUTY-
PBI BBITYCKA IS PA3ITUYHBIX TOPHO-TEXHOJIOTHUECKUX YCIOBUIA.

B nanbueiiiem npu npoBeAEHUN CEPUU OMBITOB JJIs1 Ka)K/10M U3 MOILIHOCTEHN pya-
Horo Tena 10, 14, 17 1 26 M ¢ 1enblo onpeieieHus] BBICOTHI (PUTYDP BBIITYCKa Perieph
YKJIaJIBIBAITUCH TOJIBKO IO TIOPOJIE BBIIE PYIHOTO Telia, B CTBOPE BBITYCKHOTO OTBEP-
CTHS, B 2 psJa Ha clioe 1o 4 perepa B sy, C PACCTOSHHAMH 110 BEPTHKAIH 5 M BBIIIE
KOHTaKTa pyda—nopooa, 2 psaa depe3 2 M u 6 pagoB yepe3 1 M. Beicora durypsr BbI-
MycKa Ompeiessuiach Mo BRIXOMY JF000r0 U3 pernepos ciod. crnons3yemblie mapame-
TphI: H — BBICOTA BBIPAOOTKH, M; 711 — NOKa3aresb, XapaKTepU3yIONIUii cTerneHb noj-
BWYKHOCTH YaCTHII BBITyCKaeMoit cpensl; O, ¥ — yroi OTKOCa PYAHOU MOCTEIH U YTol
€CTECTBEHHOTO OTKOCA CHIITy4Yero Marepuana (OnpeaessiFoTess UCXO/s U3 (PU3NUECKOTO
MOJIeNIMpOBaHus); L — IyOuHA BHEJAPEHMS NOrPY304YHOTO OpraHa B HaBajl Pyl
L, — raybuHa )KUBOTO CEYEHUs IIOTOKA.

Wi

Ta6auna 2. PacueT noka3sareJisi cBOG0IbI NepeMelIeHHs] YaCTHI Cpebl B NMpollecce BHITYCKA MO
BAPHAHTY C BHICOTOIi BbINYCKAeMOr0 ¢J10s 14 M M TOJILIMHOI BBIITycKaeMoro cJiost 3,25 m
Table 2. The analysis of the medium particles freedom indicator in the process of drawing for the
variant with the height of the drawn layer of 14 m and the thickness of the drawn layer of 3.25 m

Howmep omnbita
HaumenoBanune

1 2 3 4 5
BricoTa BBIITycKaeMoro ciosi, M 21 22 23 24 25
TonmuHaa BEITYCKAaeMOT0 CIIOSI, M 3,25 | 3,25 | 3,25 | 3,25 | 3,25
I'my6uHa >XUBOTO CEYCHUS MTOTOKA, M 1,79 | 1,77 | 1,60 | 1,41 | 1,42
I'myOnHa BHeApeHHs TOTPY309HOTO OpraHa B HABAJ PyIbl, M 1,6 1,6 1,6 1,6 1,6
BricoTa BEIpabOTKH, M 4.5 4.5 4,5 4.5 4.5
Yroi oTkoca pyAHO# mocTenu, rpaj 40 43 42 41 42
YT0J1 0TKOCA CHIITyYero MaTepuaa, rpaj 41 44 42 40 41
Iloka3zarenas m 0,15 | 0,14 | 0,15 | 0,16 | 0,15

Hcnone3ys nomy4yeHHbIE B IPOLIECCE BHIITyCKa ITapaMeTpPhI, B KaXKJIOM OIIBITE OIpese-
JISUICS TIOKa3areNb CBOOO/BI epeMeIeHHs YacTHIl cpepl m. Pacuer mokasarens cBo0o-
bl TIepEeMEIICHHS YaCTHII CPEJIBbl 71 TI0 KaXKJJOMY BapUaHTy MpUBEJIeH B Ta0l. 1-4.

[Ipu MpUHATHIX YCIOBUAX MOJIEIMPOBAHHUS TIOKA3aTeNb CBOOOIBI IEPEMEIICHNUS Ya-
CTHI] Cpelbl B MpOIlecce BBINMYCKa OMNpenessercs Mo Cleaylomeld 3aBUCHMOCTH:
m (H,) = 0,0773 x In(H) — 0,0917, rne H, — BbIcOTa HUIYPBI BBIITYCKa, M.

Jannas smMnuprdeckas 3aBUCUMOCTD 3aJI0KEHa B MaTeMaTHYeCKH armapar Moje-
JMPOBaHUsI BBITYCKa PY/IBI B yCIOBUSIX, aHAIOTHYHBIX (PU3UUECKOMY MOJICITUPOBAHUIO.

AHaJau3 pe3yJbTaToB. Pe3ynsrarsl (M3MYECKOT0 MOJIETUPOBAHHUS TTO3BOJISIIOT CHE-
JaTh CIEAYIOINE BHIBOMBL. KnHeMaTHKa pa3BUTHS UTYPHI BBIITyCKa OIIPEIEISET COOT-
HOILIEHHE TOTePh U pa3yO0oKUBaHU MPU AOOBIYE 10T OOPYIIEHHBIMU MTopojamu. [1pu
TOPIIEBOM BBIITyCKE JJIsI paCCMaTpPUBAEMbIX YCIOBUN YBETTMUEHHUE BHICOTHI BBIIIIE BEPX-
HETO Te0JIOTHYECKOT0 KOHTAKTa PyAbl U MOPOIBI MPUBOANUT K TOBBIIIEHUIO Pa3y00okKu-
BaHUS HAJIETAIONIMMH OOPYIIEHHBIMHU TOPOIaMH. YBEIMYESHHE TOIIMHBI — K JTOTIOTHH-
TEIBHOMY NPUXBATY MOPOABI C TOPIA BEIPAOOTKU. POCT MIMPUHBI MTO3BONIIET CHU3HUTH
MOTEPU OTOUTOH Py/bI Ha OOKOBBIX TPAHHIIAX OTOUBAEMOTO CIIOS.

Anaim3z hopmupoBanus GUTYp BBITyCKa IS Pa3IMYHBIX TOPHO-TEXHOJIOTHIECKIX
YCIIOBUH, TPOBEICHHBIM HA OCHOBE BBIIOJHEHHOTO (PU3NIECKOTO MOJIEIIUPOBAHUSI, TI0-
Ka3bIBaeT CJEyOLIEe.

M3menenne momuocty pyaHoro tena ¢ 10 o 17 u manmee g0 26 M Nmpu BEITYCKE
PYIIHOI MacChl MPUBOANT K CHIDKEHHUIO OTeph pyabl. [loTepu u pasyboknBaHue CHH-
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JKAIOTCS IIPU YBEJIMYEHUU BBICOTHI CJI0S IIPH OJMHAKOBOM IIUPUHE CJIOS, YTO TOBOPUT
00 yBEJIMYEHUH CTETICHH BIIUCHIBAHUS (PUTYPHI BBITYCKA B 00BEM CIIOS.

BuzyanbHble HaOMIOEHUS 3a MPOIIECCOM BBIMTYCKA PYIMHOW MAacchl M MOTyYEeHHBIE
rpadguueckue 3aBUCUMOCTH (DOPMHPOBAHHS (PUTYPHI BHIITyCKa IMOKA3bIBAIOT BHICOKYIO
KOHLIEHTPALIMIO ITOTePh OTOUTOM pyAbl Ha TPEOHSAX PyAO-TIOPOAHBIX OTKOCOB. /laHHBIE

Ta6auna 3. Pacuer noka3ateJisi cB000bI MepeMelleHHs YACTHUL CPeAbl B Npoliecce BHIMYCKA M0
BapUAHTY C BHICOTOI BHINMYCKaeMOro cjiosi 17 M 4 ToJMHOI BhIMycKkaeMoro cJios 3,25 m
Table 3. The analysis of the medium particles freedom indicator in the process of drawing for the
variant with the height of the drawn layer of 17 m and the thickness of the drawn layer of 3.25 m

Howmep ombiTa
HaumenoBanue
1 2 3 4 5
BericoTa BeIITyckaeMoro cios, M 21,5 22,5 23,5 24,5 25,5
TonmuHa BEITyCKaeMOro ciaos, M 2,5 2,5 2,5 2,5 2,5
I'myOuHa )XMBOTO CEUSHHUS TIOTOKA, M 1,04 1,02 0,84 0,74 0,67
I'myOuHa BHeApEeHHS MOTPY304HOT0 OpraHa B HaBaJl Py.Ibl, M 1,6 1,6 1,6 1,6 1,6
BricoTa BeIpabOTKH, M 4,5 4,5 4,5 4,5 4,5
‘Yron oTkoca pyIHOW MOCTENH, Tpajg 42 41 42 45 43
Yrous oTkOCa ChITy4ero MaTepuana, rpaj 39 38 38 40 38
IToxazartens m 0,145 | 0,141 | 0,150 | 0,152 | 0,152

IMOTEPpU MOT'YT OBITH YMCHBUICHEI ITPpU ONITUMAJIbHOM COOTHOIICHUHN BBICOTHI, HIMPHUHBI
1 TOJHIVHBI 0TOMBAEMOI0 CJIOA; IIPU CHUXKCHUU PACCTOAHUA MEKIAY 6ypOI[OCTaBO'-IHBI-
MH BLIpa6OTKaMI/I 1 YBCJIIMUCHUU UX HIUPHUHBI B YCIIOBUAX UX yCTOI\/'I‘II/IBOI‘O COCTOsAHUA.

Tabauna 4. PacueT noka3saresisi CBOG0AbI epeMelieHNsI YACTHII CPeIbI B MpoLecce BHITYCKA MO
BAaPUAHTY ¢ BLICOTOI BBIIIYCKAEMOI'0 CJIOSI 26 M M TOILIUHOI BbIIycKaeMoro cios 3,25 m
Table 4. The analysis of the medium particles freedom indicator in the process of drawing for the
variant with the height of the drawn layer of 26 m and the thickness of the drawn layer of 3.25 m

Howmep omnbiTa
HaumenoBanue
1 2 3 4 5
BeicoTa BeIITycKaeMoro ciosi, M 26 27 28 29 30
TosnmuHa BEITYCKAaEMOIO CJIOS, M 3,25 13,25 | 3,25 | 3,25 | 3,25
I'myOuHa )XMBOTO ceYeHHs MOTOKA, M 1,20 | 1,23 | 1,02 | 1,04 | 0,74
I'myOuHa BHeIpEHNS OTPY30YHOTO OpraHa B HaBall pybl, M 1,6 1,6 1,6 1,6 1,6
BricoTa BEIpabOTKH, M 4,5 4.5 4.5 4,5 4.5
Yroi oTKOCA PYAHOM TOCTEIH, TPaj 40 42 41 42 45
Yroi oTKOCa ChIITy4ero MaTepuaa, rpaj 38 40 38 39 40
IToxazarens m 0,17 | 0,16 | 0,17 | 0,16 | 0,17

3akarouenne. CornocTaBleHUe Pe3yIbTaTOB HATyPHBIX SKCIIEPUMEHTOB C pe3ysbTa-
TaMH (U3NIECKOTO MOJICTTMPOBAHUS MOKA3aJI0 TOCTATOUHYIO CXOMUMOCTh MO0 MECTaM
o0pa3oBaHus MOTEPh U Pa3yOOKUBAaHUS, 1O MOAOOUI0 3aKOHOMEPHOCTEH HCTEUCHHUS
OTOHUTON PYABL, IO POPMUPOBAHUIO HUTYPHI BEITycKa. ClienyeT OTMETUTb, YTO 10 OT-
JIENIbHBIM OTOMBAaEeMBIM CIIOAM (PaKTHUYECKHE BEITMUMHBI MOTEPh U pa3yOOKUBaHUS Cy-
HIECTBEHHO OTIIMYAIHNCH OT SKCIICPUMEHTAIILHBIX, YTO OOBSCHICTCSI Ka4eCTBOM ApPO0-
JIeHUs TIpH O0TOOMKe 1 BBIXOIOM Heradapura.

ITotepu oTOUTO# pyIbI TAKXKE MOTYT OBITh CHIKEHBI 32 CYET YBEITMUEHUS YITIOB Ha-
KJIOHA PyAO-TIOPOAHBIX OTKOCOB. OJTHAKO 3TO MPHUBEET K YBEIWUCHHIO ITOTEPH B HEOT-
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OMTOM BHJIC, & BO3MOXHO, U K YBEIUYCHHUIO pa3yOOKMBAHUS MMOPOJAMHU MOYBBI IPU
0CJTa0JICHHBIX MEKCIIOCBBIX KOHTAKTAX PYyoa—nopood.

Ha ocHoBe (u3mueckoro MoaeIupoOBaHMs ONpEACIcHa 3aBHCUMOCTh MOKa3aTems
CBIITYYECTH CPEBI OT BEICOTHI (DUTYPHI BBHITYCKA U BBITOJHEHO MaTEMAaTHISCKOE MOJIC-
JUPOBAHUE BHIMTYCKA.
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Comparing the results of physical modeling and full-scale experiment on ore face
draw in the system of block caving for flat deposits

Evgenii G. Malinovskii', Bogdan A. Akhpashev!, Aleksei I. Golovanov!, Aleksandr M. Gildeev!
I Siberian Federal University, Krasnoyarsk, Russia.

Abstract
Introduction. The task of ore and host rock caving method effective parameters determination in the
conditions of thick flat deposits is by no means trivial due to a lack of adequate international and local



ISSN 0536-1028 «Hz6ecmus 8y308. T'opnutil srcypuany, Ne 7, 2019 43

experience. Optimal parameters of ore draw are therefore best determined based on physical and
mathematical modeling, taking into account the data of full-scale experiments.

Research aim. Based on physical and mathematical modeling and full-scale experiment data, the present
research aims to identify the patterns of rock mass draw in the context of particular mining and geological
conditions of a deposit. Using the obtained data on discharge figures formation kinematics, the research
aims to determine the medium flowability indicators required to create a mathematical model of ore draw
in similar conditions.

Research methodology includes physical modeling of the ore face draw with of the medium extraction and
flowability indicators determination.

Results. Comparison of full-scale experiments results with physical modeling results revealed sufficient
convergence in the areas of losses and dilution, in the similarity of broken rock draw patterns, in the draw
figure formation. Base on physical modeling, the dependence between the medium flowability indicator
and the discharge figure height required to mathematically simulate the draw.

Summary. The medium flowability characteristics, defined during physical modeling and full-scale
experiments and incorporated in the mathematical model of draw, will allow to optimize the parameters of
the development systems with ore and host rocks caving at thick flat deposits.

Key words: flat deposits; system of development; block-caving; face draw; physical modeling; full-scale
experiment.
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TeXHONOrMu KpenneHus ropHbIX BbLIPaOOTOK rNyOOKUX rOPU3OHTOB
OKTAGPLCKOro MeCTOPOXAeHMUSA

BoxmuH C. A.™*, Kypumn I. C.', ManopoB E. C.',
KupcaHnoB A. K.', KocTtbines C. C.!
1 Cubunpckuit dheiepanbHblit yHuBepeuTeT, 1. KpacHosipek, Poccust
*e-mail: svokhmin@mail.ru

Peghepam
Begeoenue. Cosepuierncmeosanie mexHoi02uti KpenieHus AGIAEMcs 00HUM U3 HANPABGIeHUll NOBbIUUEHUS]
apdexmugrnocmu ompadoOmKu MeCmopoHCOeHUs, Max Kax 6 3a6UCUMOCIU OM MO20, HACKOIbKO KOPPeK-
MHO PACCUUMAHbBL NAPAMEMPbL KPENeHUsl, MO2YN CYWeCMEEHHO USMEHAMbCS MEXHUKO-IKOHOMUYECKUe
noxazamenu cmpoumenbcmea éceli guipabomxu. Kpennenue copnvix 6bipabomox pyoHwiX Mecmopoic-
OeHUll 8 YCA0BUAX OUHAMUYECKUX NPOSGLEHULl 2OPHO20 0aGleHus — 00nacmy, mpebyouas 0ONoIHU-
MENbHBIX UCCIEO08AHUL 8 HACTNU NOBBIUUEHUS YCINOUHUBOCIU 20PHBIX 8bIPADOMOK.
Henv pabomul. Hcxoos uz mozo, 4mo HA MeKYWULL MOMEHM NPOMAHCEHHOCMb COPHBIX 8bIPAOOMOK
MOJHCEM HACUUMBIBAMb OCAMKU KUIOMEMPOS HA 00OHOM PYOHUKE, AKMYalbHbIM CIAHOGUMCA 80NPOC
0 BHEOPEHUU COBPEMEHHBIX MEXHON02UL UX KPENneHUs, 00eCneyusaowux IKOHOMUUECKYIO 61200y 015
npeonpusimus u 6e30nacHocmy 0 pabomaiowezo nepconand.
Memooonozusn. Beinonnen anaius nepcnekmughsix cnoco608 KpenieHus 20pHuIX bIpabomox, 0CHOBAH-
HBIX HA 0eMNGUPOBAHUL UMNYILCHO20 8030€llCEUsL 80IH OUHAMUYECKUX HANPANCEHUL HA KOHMYpe 8bl-
pabomox.
Pesynomamet. B npedcmasiennou pabome npuseoeHvl 20PHO-2e002UYeCKUe U 20PHOMEXHUYECKUE
acnexkmoi ompabomku Okmadpbcko2o mecmopodcoenus. llpusedeno onucanue Haubonee pacnpocmpa-
HEHHBIX U008 20PHBIX Kpenell, MaKux Kak mopKpemoemon, Wman206ds (aHKepHas) Kpenb ¢ Memaiiu-
yeckoll cemkou unu Oe3 Hee, NOOAMIUBAS MEMALIUYECKAS KPeNnb, MOHOTUMHAA. Bvidenen pso moougu-
Kayuti aHKepos, NO360NAIOUUX CYUJeCEEHHO NOBLICUNb UX HECYUYIO CHOCOOHOCMb: KOMOUHUPOBAHHYIN
JHcene300emonHblll ankep; ankep mpyouamolii 2uOPOPACNOPHbLI, aHKep CMAlenonUMePHbLil 3AMKOGbIIL;
JHcene300emoHHbII AHKeD ¢ O8YXKOHYCHbIM KOHNYPHBIM 3AMKOM, CEUMOCMOUKASA Kpenb.
Bo1600bl. Ananus uHHOBAYUOHHBIX CROCOO08 KpenieHus 20PHbIX 6bIpAbOMOK NOKA3ANL NepCneKmus-
HOCMb Memo008, OCHOBAHHBIX HA OeMIPUPOSAHUU UMNYILCHO20 6030€UCMEUs 60NH OUHAMUYECKUX HA-
NPANCEHUL HA KOHMYpe 8bIpabOmMOK npu NOMOWU MHO2OCTIOUHBIX Kpenell, KOnopble 6KI0Yaom cneyu-
AnbHBI AMOPMUSUPYIOWUTL CIOL.

Knrouesvie cnosa: xpens suipabomxu,; mecmopooicoenue, suipabomxa; yuacmox; sggexmuenocmo.

Beenenue. Kpennienne u nopjepkanue B 6€30MacHOM COCTOSIHUH TIOI3EMHBIX TOP-
HBIX BBIPA0OTOK, MPOWACHHBIX Ha TIIyOOKHX TOPH30HTAX MECTOPOXKICHHM, SBISETCS
OJTHMM W3 HauOoyiee OTBETCTBEHHBIX M PECYPCOEMKHX TEXHOJOTMYECKUX MPOILECCOB
TOPHOTO MPOH3BOACTBA. HeBepHBIH BBIOOP THIIA MPUMEHSEMOI Kperu (¢ He10CcTaTou-
HOH HecyIel cmoCcOOHOCTRIO) IPEIOIPEIEIISIECT MOSBICHUE PUCKOB BHE3AMMHBIX 00PYy-
IIIEHUH, TIOBBIMIAET BEPOATHOCTH Pa3pyIlIeHUs] y4aCTKOB BBIPaOOTKH U, KaK CIIEACTBHE,
He3aIIaHUPOBAHHBIX MPOCTOEB B pabore pynHuka. C Apyrold CTOPOHBI, UCIIOIH30BA-
HUE KpelHu ¢ U3THUIIHEN HeCyIIe cioCOOHOCThIO CTAHOBUTCS MPUYMHOM pOCTa Karu-
TaJBHBIX 3aTpParT, a CJIel0BaTeIbHO, CYIIECTBEHHOTO CHIKEHHSI TPHOBITH KOMIIAHUH.

OKTI0pbCKOE MECTOPOXKIICHHE — OJJHO M3 JIBYX OCHOBHBIX MECTOPOXKACHUH CYIIb-
(UAHBIX METHO-HHUKENEBBIX Pyl TalmHaXCKOro pymaHOTO y3ia, KOTOPBI OTHOCHTCS K
Hopuiibckomy pynHomy paiioHy. JlaHHBINA PYIHBII y3€II ABIE€TCS OCHOBOM MUHEPAJIb-
HO-cbIpbeBoii 06a3bl 3D [TAO «I'MK «Hopunbckuii HUKENbY.
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OKTI0pbCcKOE MECTOPOXKACHUE PACIHONOKEHO Ha IOro-3amajHoM CKJIOHE IUIaTo
Xapaenax. B HWKHUX, €CTECTBEHHBIX, YACTSAX UHTPY3UH rab0Opo-10JepUTOB U MOACTHU-
JammXx uxX 0ojee cTapblX MOPOAAX COCPENOTOUCHBI IIaBHBIC 3aMachl CYIb(QHUIHBIX
MEIHO-HUKEJICBBIX Py, KOTOpbIe 3aneratoT Ha riryouHe ot 400 no 2000 M. borateie
PyABI clararoT KpymHbIE IUTACThI ¢ MPAKTHUECKH paBHOMEPHON MOIHOCTBIO M JINH30-
BuaHbIe Tena. Cpean JoOBIBaEMbIX MUHEPATIOB — MUPPOTHH, XaJbKOUPHT, KyOaHHUT,
NEeHTIaHAUT. MHOTHE MUHEPaJIbl, K MPUMEPY caliepuT U TaJeHUT, JoOBIBAIOTCS B Ka-
YecTBE BTOPOCTEIIEHHBIX. XalbKOMUPUTOBBIE U KyOaHUTOBBIC PYyAbl BBICTYIAIOT HC-
TOYHUKOM METAJUIOB TUIATHHOBOM TPYIIIIEI, cepedpa, 30J10Ta, CeJIeHa U MPOYMX [ICHHBIX
3JIEMEHTOB.

OKT0pHCKOE MECTOPOXKICHUE Pa3padaThIBAIOT MOJI3EMHBIM CIIOCOOOM PYIHUKAMU
«OkTs0pbekmii», «Talimpipckuit» U «KomcoMonbekuii». PaboTel mpousBomsTcs: Ha
miyounax no 1500 M. Ha oborarurensHol Qadpuke U3 pyabl MOTY4alOT HUKEIIEBBIN,
ME/IHBIM ¥ MUPPOTUHOBBIA KOHLIEHTPAThl, KOTOPBIE BIIOCIEACTBUU OTIIPABISAIOTCS HA
METaJUTyprudecKuil KOMOUHAT.

CrpouTenbHble MaTepualbl, UCIOIb3yEeMble PyJHUKAMH, B OCHOBHOM MECTHOIO
MPOM3BOACTBA: LIEMEHT, KUPIHY, LIeOCHb, aHTHPUT, [IECOK, )KEIe300€TOH H Ap.

B xone pa3paboTKu MECTOPOXKACHHUH MOJIE3HBIX MCKOMAEMBIX PaccMaTpUBaeMOro
PYZIHOTO y3J1a UCTIOJIb3yeMblIe THUIIbI Kpemeil 10 HaCTOSIIEro BpeMeH! pacCUYUTHIBAINCH
Y KOHCTPYHPOBAIUCH UCXO/S U3 TOTO, YTO BOKPYT MOI3EMHBIX BBIPAOOTOK JIEHCTBYET
CUMMETPUYHOE OTHOCUTEJILHO BEPTUKAJIH T10JIe HanpsbkeHu. KpernieHne ropHbIX BbI-
paboTOK B 11e7I0M 00eceYrBaIo HEOOXOAUMYIO YCTOWIMBOCTD UX KOHTYPa, OJJHAKO He-
peaKo HaOMIOOATUCh CITydau pa3pylleHns] peKOMEHJOBAaHHBIX Kperel, HarpuMep B 30-
HaX TEKTOHMYECKUX HapyIICeHWH Ha KOHTAKTaX reoJIOrMYecKux OmokoB [1, 2].

MeTonn! uccjienoBanus. HaOomoneHUsIMU yCTaHOBIICHO, YTO HA OJIMHAKOBOH TiTy-
OWHe B OJHHX CiTydasix AedopManus mposBIsIach B KaUeCTBE BHIBAJIOB M Pa3pyIICHUH
KPOBJIH, B IPyTUX CIIy4asiX — B Pa3pyLICHUH U OCHINaHIH CTCHOK BBIPA0OTKH, a TAKKe
MYYCHUU TIOUBBI M3-32 TOPHBIX yaapoB. [laHHBIE (aKThl, BMECTE C OTMEYAEMOM, KaK
MPaBUIIO, ACCUMETPUYHON (POPMOI BHIBAJIOB B 3aKPEIUICHHBIX BHIPAOOTKaX, YK€ BbI-
3bIBAJIM COMHEHUS B MPAaBUIBHOCTH PACHpPOCTPAHEHUS CYIIECTBYIOIIUX TEOpeTHde-
CKHMX TIO/IXOJIOB Ha BCE BOBMOKHBIE YCIIOBHUS PACIIONOKEHUS TOPHBIX BBIPAaOOTOK [3].

Kpemsenne ropHbIX BBIPAaOOTOK PYIHBIX MECTOPOXKICHHH B YCIOBHSIX TUHAMHUYC-
CKHUX IPOSBICHUI TOPHOTO JaBlIeHUs — 001acTh, TPeOyIOmas JOTOIHUTENBHBIX HCCIIe-
JIOBaHUH B YaCTH MOBBIIIEHUS YCTONYNBOCTH TOPHBIX BBIPaOOTOK [4—6].

Pesyabrarel. B HacTosmee BpeMsi B TOPHON IPOMBIIIJIEHHOCTH MOJNy4YHJIM Hau-
Oosblee pacpocTpaHeHNe «TPAAULIMOHHBIE» BUJIBI Kpereii: TOPKPeTOeTOH, ITaHro-
Bas (aHKEpHas) KPeIb C METAJUTUUYEeCKOM ceTkol mwiu Oe3 Hee. M3 mopmepkuBaronmx
KOHCTPYKLHMH aKTHBHO UCIOJIb3YETCs MOJaTINBasg METAJUIMYECKask Kpelb B IOATOTOBH-
TEJILHBIX BBIpabOTKaX, a TAKKe MOHOJIMTHAsI OETOHHAs — B KalIUTaJIbHBIX [7].

Hpyrue, 0onee 3pPeKTUBHBIC KOHCTPYKITUH CEHCMOCTONKNX KOMOWHUPOBAHHBIX U
MHOTOCJIOWHBIX Kpenel UMEIOTCS JIUIIb Ha CTaJUH TEXHUYECKUX PEICHUI NN UCIIBI-
TaHBI B OTBITHOM IIOPSIIKE HA OTJIEIBHBIX pyqHUKaX [8, 9].

Haubonee naTepecHs! u nepcrnekTuBHBI mpemnokenus . I. Mup3aesa nmo kperuie-
HUIO BhIpab0TOK. ONBITHBIC UCTIBITaHK TPOBeAeHBI Ha Tekenuiickom ['OKe, rne 6p11H
OMpOoOOBaHbI CIUIOIIHBIE W CTEPKHEBBIE CEHCMUYECKUE YKPAaHBI, COSIMHEHHBIC C aH-
KepHOU Kperbo. JJaHHbIi criocob moka3an BEICOKYIO 3(p(EeKTUBHOCTh TaHHBIX Kpernei
B YCJIOBUSX JCHCTBUS MacCOBBIX B3phIBOB [10].

IIpuHIMD KEUCTBUS CIEAYIOIMNA: aHKEPhI-BOJIHOBOABI CBA3BIBAKOTCS C 3KPAHOM B
[EJIOCTHYIO MMPOCTPAHCTBEHHYIO KOHCTPYKIIHIO, & CBOOOIHOE MECTO MEXKIY €CTECTBEH-
HOM TIOBEPXHOCTBIO BBIPAOOTKH M DKPAHOM 3aIONIHSAETCS ceficMopactpe/ieInTeIbHbIM
CJIOEM TONATIAMBOr0 Marepuaia. B maHHOM ciydae nHHAMHYECKHE paJualibHbIe yCH-
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TSI, JCUCTBYIONIUE CO CTOPOHBI MAacCHUBA B CTOPOHY BBIPAOOTKH, BOCIIPUHHMAKOTCS
9KPaHOM U TIOCPEJCTBOM AHKEPOB MEPENAIOTCS Ha YYACTOK, OTCTOAIIUN OT MIOBEPXHO-
CTH Ha PacCTOSHHE, paBHOE JUIMHE aHKEPOB-BOJIIHOBOIOB. Takas CBs3b 00€CIICYHBACT
nepepacnpeieiicHie JMHAMUYCCKUX PACTATHBAIOIINX YCHINN Ha 0OJee 3HAYUTENb-
HYIO IUIONIA]Th M UX TIepeiavy B IITyOMHY MacCHBa, TJIe OH HapYIIICH B MCHBIIICH Mepe U
npeObIBaeT B 00beMHOM HaIPSIKEHHOM cocTostHuu [11].

AHanu3 MHHOBAIIMOHHBIX CIIOCOOOB KPEIJICHHUS TOPHBIX BHIPAOOTOK IMOKa3al mMep-
CIIEKTUBHOCTh METOJIOB, OCHOBAHHBIX Ha JEMII(PUPOBAHUN UMITYJILCHOTO BO3/ICHCTBUS
BOJIH TMHAMHYECKHUX HANPSHKCHHI Ha KOHTYPE BBIPAOOTOK MPH TOMOIIYA MHOTOCIIOM-
HBIX Kpene, KOTOPbIE BKIIIOYAIOT CIEHHAIBHBIN aMOPTU3UPYIOIIMM cllol. B maHHBIX
THUIIAX Kperel aMOPTU3UPYIOIIUM CIIOEM BBICTYTIAET MAIOIPOYHBIN MMOAATIIUBBINA MaTe-
pHa TUIa BCIICHUBAIOIIMXCSI IJIACTMACC, IEHOOSTOHOB U T. 11. [12].

a 0

AN NN SN NN N

Puc. 1. Koncrpykuuu celicMOCTONKUX aHKEPOB:
a — KOMOMHHMPOBAHHBIN JKeJIe300CTOHHBIN; 6 — TPyOUaThIil THIPOPACIIOPHBEII; 6 — TPOCOOCTOHHBII;
2 — CTAJICIOJIMMEPHBIi ¢ YHHBEPCAIBHBIM OIIOPHBIM 3JIEMEHTOM; 0, € — OJJHO- U JByXCTEPIKHEBOI JKeIe300CTOHHBIH
C KJIMHOBBIM OHOPHBIM 3JIEMEHTOM
Fig. 1. Antiseismic anchoring structures:
a — combined cemented roof bolt; 6 — tubular hydraulic; 6 — cable bolt;
2 — steel polymeric with universal support; 0, e — single- or double-bar cemented with a wedge support

Cpeny TpaIuIMOHHBIX Kperel clienyeT BBIACTUTh MOAU(HUKAIINHA aHKEPOB, MTO3BO-
JSFOIME CYLIECTBEHHO MOBBICUTH UX HECYILYIO CHOCOOHOCTB.

AnKepbl, 6cmynarowue ¢ pabomy cpasy nocje yCmaHoGKu.

Kombunuposannwiii sicenesobemonnwiti anxep (KXKBA), Bkitouaromuii cepuitHO
BBIITyCKAaeMBIi KIIMHOIIEIeBOI MeTaiunueckuid ankep (KJIA) ¢ n3MEeHeHHBIM KIIMHOM.
Takast KOHCTPYKIHSI aHKepa MO3BOJISIET 3aKPEIUIATHCS B CKBaXKHHE HE TOJBKO KIMHO-
IIEJIEBBIM 3aMKOM, HO M UMEET KOHTAaKT C TOPHOH MOPOIOi 10 BCeH JTMHE 3a CUeT IpH-
MEHEHUS] IIEMEHTHO-TIECUaHOTO pPacTBOpa, KOTOPBIH HCIONB3YETCS Ui 3allOTHEHUS
mimypa (puc. 1, @). C y4eToM Takoro couyeTanusi KOMOMHUPOBAHHBIN jKeNe300€ TOHHBIH
aHKep cpa3y BCTymaeT B paboTy IMOCJE ero yCTaHOBKH, a Mocjie Habopa MPOYHOCTH
0eToHa CTaHOBUTCS CIUIOIIHBIM KeJIe300eTOHHBIM aHKepOM, 00J1aziasi ero BhIIIEepe-
YHUCIEHHBIMU JJOCTOMHCTBAMH. J{OTIOMHUTENBHBIMU TOCTOMHCTBAMU MOXKHO HAa3BaTh
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ele 1 TO, YTO B KOHCTPYKIMH KOMOMHHPOBAHHOTO keJIe300€TOHHOTO aHKepa UCTIONb-
3yeTcsl HIMPOKO MPUMEHAEMBIN U cepuitHo m3roraBnuBaeMblii KJIA, a TexHonorus 3a-
MOJTHEHMS CKBaXKHH LIEMEHTHO-TIECYaHBIM PaCTBOPOM YK€ XOPOIIO OCBOEHA Ha PyAHHU-
kax. CrengoBble 1 maxtHble ucnbiTanust KXKBA mokasanu, 4to cpa3y nocie yCTaHOBKH
HecyIas cmocOOHOCTh aHKepa B cpenHeM cocTaBuiia okoso 40 kH, a yepe3 cyTku —
oonpire 100 kH. Bpemst ycTaHOBKHM OZHOTO aHKepa B CpeTHEM COCTaBMIO 4 MUH 55 ¢
(Bpems Ha OypeHHe IIMypa HE yYUTHIBaIoCh). JlaHHass KOHCTPYKLHUSI aHKepa MpoIia
MHOTOYHCIICHHBIC HCIIBITAaHUSA M ObUIa PEKOMEHAOBAHA K MCIONb30BaHUIO B KaueCTBE
OCHOBHOTO 3JIEMEHTa CEeHCMOCTOMKMX Kpene, mpuMeHsaeMblx Ha maxrtax OAO «Ces-
YpanOOKCUTPYAY.

JIJ1s KOHTPOJISL HECYIICH CIIOCOOHOCTH aHKEpa JIaHHOM KOHCTPYKIIUH PEKOMEHI0Ba-
HO HCIOJIB30BaTh METONBI, IIMPOKO MPUMEHSEMbIE AJs KIMHOLIENEBBIX MeTajuInye-
CKHX aHKEpOB (AMHAMOMETPUUYECKHUH KIIFOU WM THUIIOBOM BHITSATMBaTens) [12].

Ankep mpyouamwiti cuopopacnopusiii (TTA) tuna «Csemnexe» (puc. 1, 6) npen-
CTaBJIsIeT cO00I KOHCTPYKIUIO, COCTOSIIYIO U3 TpyObl C-00pa3HOro MOMEPEUHOro Ce-
YeHHUs C 3anTyIIKaMH Ha KOHIaX, KOTopas 3aKpeIuisieTcs B CKBaKUHE 3a CUET JIaBICHHUS,
C03J1aBa€MOT0 KHIKOCTbIO, HATHETAEMOW B TPYOy. 3a CYET MCIIONB30BAHUS KHUIKOCTH
JUTSL 3aKPETJICHUS] aHKepa B CKBKMHE 00eCTiednBaeTCst KOHTAKT ¢ TOPHOHM MOPO0H 1Mo
BCell ero mnuHe. AHKEpHl TaKOH KOHCTPYKLHUH Cpa3y BCTYMAaIOT B paboTy, o0namaroT
BBICOKOM HaJIe)KHOCTBIO TPH 3aKPETICHUH, OBICTPO BO3BOASTCS U HE TPEOYIOT KOHTPO-
JIsl mocyie yCTaHOBKU. 110 TaHHBIM MPOBEACHHBIX MIAXTHBIX UCIBITAHUN OBLIO yCTAHOB-
JIEHO, YTO HECyIas CocoOHOCTh aHkepa cocTaBisieT 90—-120 kH yxke cpasy mociie ero
YCTaHOBKH, a BpeMs, 3aTpauyeHHOE Ha YCTAHOBKY OJIHOTO aHKepa, He MpeBbIIIaeT 1 MUH
(ue yuutsiBasi Oypenue mimypa). C yuerom Toro, uto TI'A 06nanatoT BEICOKO#H CTOMKO-
CTBIO K CEHCMHYECKHM BO3JICHCTBHSIM M COXPAHSIOT CBOIO HECYIIYIO CIIOCOOHOCTD MPH
BEITATHBaHUM (B mipenenax oT 80 mo 90 % oT mepBoHAUaIbHOM), PEKOMEHAYETCS UC-
MOJIb30BaTh JIAHHYK) KOHCTPYKLHIO AHKEPOB B KAaYECTBE CEHCMOCTOMKOW KpEmu.
Ha mpennpustusx AO «Hopunbckuil HUKeNb» akTUBHO INpumeHsercs TIA Tuma
«Caemekc» [12].

Anxep cmanenonumepnviii 3amroguiti (CITA3) (puc. 1, 2) u cTamenoauMepHBIN
crutomHoit ankep (CITAC) npenctaBisiioT OO0 KOHCTPYKIHIO, COCTOSIIIYIO M3 apMa-
TYPHOTO CTEPKHS, aMITyJ (3TO MOKET OBITH OHA MM HECKOJIBKO aMITyJl) C UCIOJb30-
BaHHEM MOJIUMEPOECTOHA, METAITMUECKON TallKi U OMOPHOM TIUTKH. BBICTpBIe cpoku
TBepACHUS (B CpeHEM 10 3—5 MUH) JOCTHUTAIOTCS 32 CYET MPaBHIBHO MOA0OPaHHOTO
COCTaBa, COCTOSIETO M3 BBICOKOIIPOYHOTO OBICTPOTBEPACIONIETO MOIMMEPOCTOHA.
Tak, HarrpuMep, eciu AnuHa 3aaenku coctasiseT 400 MM, HecyIast CmIocoOHOCTh aH-
KepoB ¢ Hayasa ux ycraHoBku coctasisieT 60 kH (uepe3 0,5 u), 80 kH (uepes 1 u),
140 xH (uepes 2 u) u 180 kH (uepe3 24 u). JlaHHBII BUI KpEMTU MOKHO PEKOMEH/I0BAaTh
B Ka4€CTBE CEHCMOCTOMKOM Kpemnu, Tak Kak OHa OBICTPO BCTyMHaeT B paboTy, 00agaeT
BBICOKOW HECYIIEH CIOCOOHOCTBIO M CTOHKOCTBIO K CEHCMHYECKHM BO3ZEHCTBUSM.
JaHHbIi BUI Kpenu 0o0ecreYrBaeT BEICOKYIO 3QEKTUBHOCTh YIPOYHEHUSI MACCHBA.

AHKepul, 6cmynaroujue 8 padoniy uepes HeKOmMopoe 6pemsa nocjie yCMmano6Ku.

JKenesobemonnwiti ankep ¢ 08yxkonycuvim konmypuwvim zamxom (JKBA2K). Ilpu ero
W3TOTOBJICHUN HCIIONB3YETCS apMarypHas CTallb HEPHOANYECKOro Mpoduis Juame-
TpoM 18-20 mm.

Jiist Toro 4To0BI MPEAOTBPATUTH YTEUKY pacTBOpa BO BPEMsI YCTAHOBKH, Ha KOHEI]
apMaTypHOTO CTEPKHS HaJeBaeTCs yIUIOTHUTENbHAsA MamxeTa. Hy)kHO oTMeTHTh, UTO
NPY UCTIONb30BaHUM JTAHHOW KOHCTPYKIIMM aHKepa 00 caMOoCTOsATeNBHO, MO0 co-
BMECTHO C HaOpBI3rOETOHOM OTIOpHAs TUIMTKA He ycTaHaBiuBaercs. [lpu ucnomiasp3osa-
HUHU OINOPHBIX JIEMEHTOB M PEIIeTYaTON 3aTSDKKH, KOTOpbIE PEKOMEHIOBaHBI B HE-
YCTOWYMBBIX TOPHBIX TOpPOJax, Ha KOHTYPHOM KOHIE >Kelle300€TOHHOTO aHKepa
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YCTaHABIUBAIOT U 3aKPEIUISIOT ABYXKOHYCHYIO BTYJKY. Ilo UTOram npoBEJeHHBIX HC-
NBITaHUH OBLIO YCTaHOBJIEHO, YTO HECyIast cClIocOOHOCTH 3aMKa cocTapisieT 80—140 xH.
[Ipu nuHaMKUYeCcKUX BO3IEHCTBUAX 3aMOK pab0TaeT B MOJATJIMBOM PEXUME HapacTaro-
mero conpotuBieHus. OCHOBHBIM TNPEUMYLIECTBOM JAaHHOM KpEmu SBISETCS TO,
YTO JIOCTAaTOYHO MPOCTO MOXKHO OCYLIECTBJIATH BU3YaJbHBIH M WHCTPYMEHTAJIbHBIN
KOHTPOJIb MpOIiecca €€ MOHTaXa, IPUYEM B JIF000H MOMEHT ITOCIIE TIPoliecca BO3Bee-
Hust. Ecny ke ucnonb30BaTh OBICTPOTBEPACIONINE PACTBOPEHL, 00J1a/1aI0IINE BHICOKUMHU
NPOYHOCTHBIMH XapaKTEPHUCTUKAMH, TO KPETIb MOXKET BCTYIIATh B paboTy y)Ke B I€PBbIE
CYTKHM TIOCJIE YCTaHOBKH. B TaHHOM ciiyuyae B KauecTBE BPEMEHHOMN Kpenu Ha Ipu3a-
OOHHOM y4yacTKe MOXKHO HCIOJb30BaTh HAOPHI3TOETOH, KIMHOIIEIEBOW MeTajuThye-
CKH aHKep, a TAaKKe KOMOMHUPOBAHHBIN KeJIe300€TOHHBIN aHKE.

Ceticmocmotixas Kpens TIPEACTABISET COOOW KeIe300eTOHHBIN JBYXCTEPIKHEBOU
ankep ¢ netriaeBsiM koHIoM (JKBA 2I1) (puc. 1, 0, €). Ero KOHCTpYyKITHS OTIUYaeTCs OT
koHcTpykuuu XKBA1II Tem, uTo apmarypa nepuoandeckoro mpoduis 12—14 MM B aua-
MeTpe. OHa JIerKo THETCS M MCIIONB3YeTCs JUIA M3TOTOBJICHHS CTEPKHS aHKepa. J{is
3TOTO apMaTypa CKJIaIbIBacTCs BIBOE M Ha KOHLE aHKepa 00pa3yeTrcsl NeTIsl, KoTopast
UCIIONIB3YETCs ISl KIIMHA HAa KOHTYPHOM KoHIIe. JlaHHasi KOHCTPYKIHS aHKepa ynoOHa
JUTS 3aKPETUICHUS] HU3KUX BBIPAOOTOK BBICOTOM 70 3 M, TaK Kak ero jyimHa 3,445 M,
a TaKk)Ke MPH YCTAHOBKE «TPEOCHKH», «IIOJIBECOKY» HITH «KYCTOBY.

B HacTosimee Bpems B CBSI3H C yBeIHUYEHHEM 00bEMOB NPOXOAKH FOPHBIX BBIPaOO-
TOK Ha nmoa3eMHbIX pyaHukax 3@ [TAO «'MK «Hopunbsckuii HUKeIb» BO3pacTaeT He-
00XonMMOCTh MOBBIIIECHHS () (HEKTHBHOCTH YIPABICHHSI KPOBIIEH 32 CYET COKpAIICHHS
BPEMEHH KPEIUICHUS U YBEIIMYCHHUS HAJS)KHOCTH KPETel MPH MOJII0KUTEIFHOM U 3Ha-
KOIIEPEMEHHOM TEIUIOBOM PEXUME B TOPHBIX BBIPAOOTKaX.

Oocyxpnenue. IlpencraBneHHbIE KOHCTPYKIMHM CEHCMOCTOMKHX Kpermed MOryT
OBITH UCTIONB30BaHbl HAa TITyOOKKX ropu3oHTax pynHUKoB 3@ [TAO «I'MK «Hopuis-
cKkuil HUKeNbY». [IpoBeeHHbIN aHaTN3 HHHOBAIIMOHHBIX CIIOCOO0B KPETUIEHUS TOPHBIX
BBIPa0OTOK IOKa3aJl MEPCHEKTUBHOCTh METONOB, OCHOBAaHHBIX Ha AeMI(HUPOBAHUU
UMITYJILCHOTO BO3ACHCTBUS BOJIH TMHAMUYECKUX HANPSIKEHUH Ha KOHTYPE BBIPaOOTOK
MIPHU MOMOIIM MHOTOCJIOMHBIX Kperei, KOTOphle BKIIIOYAIOT CHENMAIbHBIN aMOPTU3H-
PYIOIIHi cIT0i. DKOHOMHYECKH IIeJIeCO00pa3HO UCIOIB30BaTh CEHCMOCTOUKIE KPETIH.
CeiicMuieckas CTOMKOCTh KpEITH TOBBIMIACTCS KaK 3a CYET CEHCMOIKPaHUPYIOMIETO
a¢dexra camoil aHKEpHOH KpenH, TaK U 3a CUET JOMOJHUTENBLHOTO ITOTIIOIEHHUS 0CTa-
TOYHBIX CeHCMOoIIepeMeIeHNH OAATIINBBIM MaTepHaIOM Ha KOHTaKTaxX MOPOA U aHKe-
POB ¢ OETOHOM.

JpyruM nepcrieKTUBHBIM HAIPaBJIEHHEM SBIISIETCS. BHEAPEHUE CIIOCOOOB BO3BEAE-
HUSI CEICMOCTOMKHX OETOHHBIX Kperel, OCHOBAaHHBIX Ha UCIIOJIb30BaHNH IIOKPBITHS U3
HU3KOMOYJIBHOTO MaTepHasa, BHIIOIHSIOMEro GyHKIHIO aHTUCEHCMUYECKOTO IKpaHa
1 00eCIeYrBalOIeTO COXPAHHOCTh OETOHHON 0OAEIIKY MPU CEHCMOTIOABIIKKAX OO/,
U KpeIUICHHE KapKaca pa300pHO-IEPECTaBHOM IMMTOBON OHalyOKH Ui BO3BENEHMS
0eToHHOH 00€KH (IIPH 3TOM U1 UCKITIOUSHHUS )KECTKOTO KOHTAKTa KOHIIOB aHKEPHBIX
IITaHT ¢ OETOHHON 00/ENKOW MpH CEeHCMOMOIBMKKAX Ha KOHIBI IITAHT HAAEBAIOT pe-
3MHOBBIC 000WMBI).

3aknouenune. COBEpPIICHCTBOBAHNE TEXHOJIOTHUH KPEIUICHUS SBISETCS OOHUM W3
HarpasJIeHUH MOBBIIECHUS 3 (PEKTUBHOCTH 0TpabOTKU MeCTOPOXXAeHUs. B 3aBucumo-
CTH OT TOTO, HACKOJIBKO KOPPEKTHO PACCUMTAHBI MapaMeTPhl KPEIUIEHUS, MOTYT CYyILe-
CTBEHHO W3MEHSTHCS TEXHUKO-9KOHOMUYECKHUE TIOKa3aTeIl CTPOUTENLCTBA BHIPAOOTKH.

Cornacno [13, 14], B HacTosimiee BpeMs HaOM0AaeTCSI POCT 0OBEMOB JTOOBIYH, UTO
HEMHMHYEMO IIOBJICUET 3a COOOH yBETHUEHHE MACIITa00B CTPOUTEIBCTBA TOPHBIX BbI-
paboTOK, B TOM YHCIIe U Ha Oosee ITyOOKHUX TOPU30HTaX.
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I/ICXOI[H U3 TOro, 4TO HA TCKYHII/IP'I MOMCHT HNPOTAXKCHHOCTb TOPHBIX BLIpa6OTOK Ha
OJHOM PYJAHHUKE MOKET HACUUTHIBATH ACCATKHU KHJIOMCETPOB, aKTyaJIbHbIM CTAHOBUTCH
BOIPOC O BHCAPECHUHN COBPEMCHHBIX TEXHOJIOTUH KpECIJICHUA, o6ecneqMBa}0me JKO-
HOMHYECKYIO BBITOMY JUISl IPEATIPUSTHS K O€30MaCHOCTb JJIsl padOTaIOIIEro IIepCcoHaa.

Paboma 6 0oannom nanpaenenuu eedemcs Koaiekmueom Kageoput «Illaxmnuoe u
noozemuoe cmpoumenvcmeo» O®IrA0Y BO Cubupckuii hedepanvhviii ynugepcu-
mem ¢ pamkax zpanma Ilpezudenma Poccuiickoii @edepayuu 0nsa 2ocyoapcmeen-
HOWl NOO0OEPIHCKU  MONIOObIX POCCUICKUX YPUEHBIX — KAHOUOAMO8 HAYK
(MK-1178.2018.8).
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An overview of deep horizons excagatim.l lining technologies at Oktyabrsky
eposit

Sergei A. Vokhmin!, Georgii S. Kurchin!, Evgenii S. Maiorov!, Aleksandr K. Kirsanov!,
Sergei S. Kostylev!
! Siberian Federal University, Krasnoyarsk, Russia.

Abstract
Introduction. Lining technologies development is a way of improving the efficiency of field development
as soon as technical and economic indicators of the whole excavation construction may vary significantly
depending on how correctly the lining parameters are calculated. Mine lining at ore deposits in the
conditions of dynamic manifestation of rock pressure is a field that requires additional research as far as
mine stability improvement is concerned.
Research aim. As soon as excavation length may currently total tens of kilometers at one mine, the problem
of implementing modern technologies of mine lining ensuring economic benefit for enterprises and
personnel safety becomes more relevant.
Methodology. Promising methods of mine lining were analysed based on impulse excitation damping of
dynamic stress waves at the contour of excavation.
Results. The paper presents mining-geological and mine engineering aspects of Oktyabrsky deposit
development. A description of the most common types of mine lining is given, such as shotcrete, bolting
(anchor) with or without metal grid, metal pliable lining, monolithic. A number of anchor variants have
been distinguished, allowing to significantly increase their bearing capacity: combined reinforced concrete
anchor; hydraulic thrust tubular anchor; resin-grouted thrust anchor; reinforced concrete anchor with
double cone contour lock; seismic resistant lining.
Summary. An analysis of innovative ways of securing mine workings has shown the promise of methods
based on damping the impulse effect of dynamic stress waves on the contour of the workings with the help
of multilayer supports, which include a special damping layer.

Key words: mine support, deposit; mine working; plot, efficiency.
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Peghepam
Beedenue. B nacmosujee 8pems 3HAUUMENbHASA YACMb 3ANACO8 POCCHINHBIX MECTOPONCOEH UL 3010Md
na meppumopuu J{anvrne2o Bocmoxa cocpedomouena 6 neopax 2ny60oKo3ane2aiowjux u nozpedeHHvIx
poccuinei. Cnocob ck8axcuHHoll 2uopooobbiuU N036015em paspadamvléams 21yooKue U CuibH000800-
HeHHble MECTOPOHCOEHUS C O2PAHUYEHHBIMU 3ANACAMU, IKCNIYAMAYUS KOTNOPLIX OMKPLIMbIM UTU NOO-
3eMHbIM CHOCODOM dKOHOMUYECKU Heyerecoobpasta. [Jooviua nonesnvix UCKONAemMblx OAHHbIM CHOCO-
OoM OCHOBAHA HA NpespawyeHuU paspabamvléaemMoll 2OpHO MACCHL 8 SUOPOCMECH HA Mecme 3a1e2aHus
nymem SUOPOMEXAHUUECKO20 8030€iCMEUs U MPAHCROPMUPOBAHUS ee Ha NOBEPXHOCHIb 6 8UOe NYIbNbl
no mpybam.
Leny pabomei. Ha ocroge HayuHbX OMKPLIMULL U NPAKMUYECKO20 ONbIMA POCCULCKUX YYEHBIX U NPOU3-
600CMBEHHUKOS 0O0CHOBANM 603MONCHOCHIL NPUMEHEHUS CHOCODA CKEANCUHHOT 2UOPOOOOLIYU NPU OM-
pabomie 2nybokozane2aiowux nocpebeHHbIX U 00800HEHHbIX POCCHINHBIX MeCcmopodcoenul JJanbnezo
Bocmoka.
Memoowt uccnedosanusn. B npoyecce ucciedo8anus ucnonb308ansbl Memoobl CUCMEMAMUu3ayuu, cpas-
HUMENbHO20, (PAKMOPHOZ0 U CUCMEMHO20 AHATU3A.
Pesynomameul. [Iposedennuiii ananus nokasai, ymo 6 JJanbHesocmoyHoM pecuone UMeIomcs 3Havumens-
Hble 3anacsl POCCLINHOZ0 30]10Md, HAXOOAWEe20Cs 6 21YDOKO3ane2awux u 06800HEHHbIX POCCHINAX, IKC-
nayamayus KOmopuvix 6 COBPEMEHHbIX YCI08UAX A6slemcst Hepenmabenvhoil. IIpednoocen cnocob ckea-
HCUHHOU 2UOPOO0OBIYY, KOMOPLILL NO38OIUM OMPAOAMbBIEAMb MAKUE MECMOPONCOCHU C HUSKUMU
IKCHIYAMAYUOHHBIMU 3aMPAMAMU, 8bICOKOU NPOUZEOOUMENLHOCIBIO, HESHAYUMENbHbIM 6030€liCMEuem
Ha OKpYACarowyio cpeoy.
Bub1600b1. Cnocob cxkeasxcunnoil 2uopoooobiuu NO3601UM SHAYUMENbHO YEenuyums 006vem 000U 30710-
ma 3a cuem 8061EUEHUs 8 IKCHAYAMAYUIO 21yOOKO3ANe2aioWux U 00600HEHHBIX POCCHINHBIX MECTOPONHC-
OeHutl, ompabomka KOmopslx paHee cuumaiacs HepeHmabenbHol, npu SMOM CYUeCMEEHHO CHU3UNMb
cebecmoumocms 000bIYU U YPOBEHb KANUMANbHBIX GTIONHCEHUI.

Knrouesvle cnoea: creasxcunnas 2udpodobuiua; poccvintoe mecmoposicoerue 3010ma, 2iyboko3a-
Je2aiouwue MeCmopoNCOeHUs, MEeXHON02Us pazpabomkiL; 06800HEHHbLE MECMOPONCOCHUSL.

Beenenue. 3010TOn00BIBAIONIAS MTPOMBIIUIEHHOCTh 3aHUMAET BAXXHOE MECTO B
skoHOMHUKe Poccun. B Hacrosmiee BpeMsl 3HaUMTENBHAS YacTh 3allaCOB POCCHITHBIX
MECTOpOXIEeHUH 3010Ta Ha Teppuropun JlanpHero Bocroka cocpenoroueHa B Hepax
DTyOOKO3aIeralonux 1 morpedHsIx poccoineid. [lo ropHO-reoI0rndeckuM ycaoBUsIM
POCCHIITHBIE MECTOPOXKICHHUS SIBISAIOTCS HanOosiee ONaronpusTHBIMU OOBEKTaMU AJIS
CKB)XHHHOH T'MAPOA00bIUN: MPOAYKTUBHBIH IUIACT B HUX MPEACTABIICH JIETKOpa3pyIa-
€MBIMH, HECBS3aHHBIMHU WM cIa00CBA3aHHBIMHU MOpoAaMu. Table POCCHIIH OOBIYHO
0OBOZHEHBI, YTO MO3BOJISET NIPUMEHSATH JUISI TOJbEMA IIECKOB BHICOKOIIPOU3BOAUTEIb-
Hoe 3pnudTHOE 000pynoBaHKE. Mep3iible POCCHITM UMEIOT MIPEUMYIIECTBO YCTOHYH-
BOM KpOBJIM MPOAYKTUBHOTO ILIACTA, YTO MO3BOJISIET U3BIEKAaTh U3 CKBAKMHBI 3HAYH-
TesbHBIE 00beMBbl TeckoB. [lokpeiBaromue mopoasl oTHocsaTes K III-IV kareropumn
OypUMOCTH, YTO JIEJIACT OTHOCHTEJIEHO HEIOPOTHM OypeHHe Mo 3THM MopoaaM. B mo-
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ClIeZIHee BpeMs BBISBJICHBI M Pa3BEeIbIBAIOTCSA BCE HOBBIE MOIPEOEHHBIE MECTOPOXKIe-
HU 30110Ta, 3aneraromue Ha nryoune ot 40 no 300 m. CoxepikaHue B HUX MeTaiia
HEpENKO TOCTUTAET AECATKOB rPaMMOB Ha KyOMUECKHUH METp ILIAcTa, YTO JeNlacT 3TH
POCCHINTY BeCbMa MEPCHEKTUBHBIMU AJIsl OTPAOOTKH CIIOCOOOM CKBaXMHHOU THIAPOJIO-
ob1un (CI'1). B XabapoBckoM Kpae MPOTrHO3HbIE PECYPChI JaHHBIX POCCHITNEH OLEHNBA-
totes B 285 T [1-5].

Ha ¢one coxparienus 3anacoB 11l OTpaOOTKH OTKPHITHIM U TIOIBOJHBIM CIIOCO0a-
MU U OOJIBIIMX TEXHUYECKUX U TEXHOJIOTUYECKUX TPYAHOCTEH, 3HAYUTENbHBIX KalluTa-
JIOBJIO’KEHUH M 3KCIUTyaTallMOHHBIX 3aTpaT NpH MOA3EMHOHN pa3paboTKe MOrpeOeHHBIX
POCCHITICH BO3pACTAIOT MEPCHEKTHBBI 30510TON00buu criocooom CIJl. B otnuume ot
OTKPBITOTO M MOJA3EMHOTO criocoba MoOmipHbIe Komiiekehl CIJl obecneunBatoT peH-
TabeNbHYI0 J0OBIUY ake Ha HeOOBIINX 110 3aracaM 30J10Ta MOTPeOCHHBIX POCCHITISIX.
Bce 310 roBopHT 00 aKTyanbHOCTH cO3MaHHs 3PPEKTUBHON TEXHOIOTHH CKBAXKUHHON
THIIPOIOOBIYH TIOJIE3HBIX HCKOIIAEMBIX U3 POCCHITHBIX MECTOPOXKACHU [6, 7].

Heanio ucejaenoBanus sSBIAeTCs 000CHOBaHHE HEOOXOIUMOCTH 00Jiee MOJTHOTO U
3 PEKTUBHOTO TEXHOJOTMYECKOTO PEUICHHUS MO Pa3pabOTKEe IMECKOB POCCHIMTHBIX Me-
CTOPOKACHUH METOOM CKBaXMHHOW THAPOA0OBIUH.

Hcxons u3 uenu ucciaeqoBaHus chopMyIUPOBAHBI CIETYIONINE 3a0auu:

— BBIOOp U 00OCHOBaHHME CUCTEMBI Pa3padOTKU POCCHITHOIO MECTOPOXKICHHS, MO-
3BOJISIIOLICH CHU3UTH c€0ECTOMMOCTh MPOAYKUUH U HOBBICUTH IOJHOTY W3BJICYCHUS
3aIacoB, B TOM YHCJIe U 3a0aIaHCOBBIX;

— uccnenoBanue dPGEKTUBHOCTH OTPAOOTKH MECTOPOXKIEHHUS B 3aBUCHUMOCTH OT
BbIOOpa 000PYIOBaHMS U €TO IAPAMETPOB;

— OLIGHKA CHWKEHMS TEXHOT€HHON Harpy3KH Ha S9KOCHUCTEMBI.

MeToanyeckoil 0CHOBOI HCCIIEIOBaHUH MOCTyXuIu pa3padorku B. XK. Apenca,
H. U. babuueBa u A. C. Xpynera [8—11].

B. XK. ApeHc BbIAenseT TP OCHOBHBIX BapuUaHTa CHCTEM Pa3pabOTKHU: CILIOLIHAS
BBIEMKA; C OCTaBJIEHHEM YCTOMUYMBBIX LIEITMKOB Pa3IMYHON (OPMBI; C 3aKIaIKOH BbI-
pabortannoro npoctpanctea. H. Y. babu4eBbiM npenyoxkena pa3BepHyTast Kiaccudu-
KaIHsi CUCTEM pa3paldOTKH crocoOOM CKBaXKWHHOHM THIPONOOBIYH, B KOTOPOU AT pas-
JISJIEHUs] CUCTEM Ha KJIAacChl MPUHAT MOPSAAOK OYUCTHOW BBIEMKH, ONpPENEISIOIINN
COCTOSIHME OYMCTHOTO MPOCTPAHCTBa BO BpeMs ero orpaborku. Kinaccudukanus cu-
cteM paspabotku ciocodom CI'J] npuBenena B Tadm. 1.

OrneHKa CHHXKEHHMS TEXHOT€HHOW Harpy3KH Ha SKOJIOTMYECKHE CHCTEMBI pailoHa
pa3paboTKH METOIOM CKBaXMHHOW TMAPOJOOBIYM MOKa3aja, YTO 0 CPAaBHEHHUIO C OT-
KPBITOI cucTeMoii pa3pabOTKH pa3HULA SBISETCS CYLIECTBEHHO, a IMEHHO:

— OTCYTCTBHME BCKPBIIIHBIX MOPOA MO3BOJIUT COXPAHUTH B IIEIOCTHOCTH KYNETYp-
HBII CJIOW TOYBHL, a MpU pa3paboTke OOBOTHEHHBIX MECTOPOXKACHUI B 3aTOIICHHOM
KaMepe — pekKUM OBEPXHOCTHBIX U MOA3EMHBIX BOI.

— MpOLEeCC PEKYIbTHBALUN CBOAUTCS K JMKBHUAALWHU JOOBIYHBIX W Pa3BENOYHBIX
CKBaXKHUH, IUTAHUPOBKE TEPPUTOPHUH U Tiepeiadye OTBEEHHOM MO/l y4acTOK 3eMJIU B Ha-
POIHOXO35HCTBEHHOE MOJIb30BaHUE;

— TOJIHOCTHIO CHUMAETCsI BOIIPOC BEHTUISILIUK, KOTOPBIH BO3HUKAET MPH pa3padoT-
Ke TTy0OKO3aJIeraroliX NorpeOeHHBIX MECTOPOXKACHUH OTKPBITHIM CIIOCOO0M;

— MpPUMEHEHNE THIPAaBIMYCCKON 3aKIaJKi OTXOJaMK 00oTalIeHus] 0TpaboTaHHbBIX
KaMep MOKET CYIIECTBEHHO YMEHBIIUTH 00bEM XBOCTOXPAHMIINIL, KOTOPBIE SBIISIOTCS
MCTOYHUKAaMU 3abIJICHHOCTH OKPY KaroIlel Cpesbl, a TAKKe YMEHBIIUTH IJIONIAAb 3€-
MENBHBIX OTBOJIOB MO HUX.

TexHOTOTHS CKBAKUHHOI THAPORoObIYM. J[aHHBINM CIOCOO AOOBIYM TMOJE3HBIX
MCKOMaeMBIX OCHOBaH Ha MpEBpaIlleHHH pa3padaThiBAeMO TOPHOM Macchl B THIPO-
CMeCh Ha MECTe 3aJIeraHus IyTeM I'MIPOMEXaHIMYECKOTO BO3/ICHCTBUS U TPAHCIIOPTHPO-
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BaHUS €€ Ha IMOBEPXHOCTh B BUJIE MYJBIIBI IO TpyOaM. DTOT crtoco0 MO3BOMISIET pa3pa-
OarbiBaTh TIYOOKHE W CHILHOOOBOIHEHHBIE MECTOPOXKICHUS C OTpPaHHMYCHHBIMHU
3armacamMu, SKCIUTyaTals KOTOPBIX OTKPBITHIM HITH MOJ3EMHBIM CII0COO0M DKOHOMHUYE-
CKH HellelecoobpasHa.

B obmem ciyuae Texnonorust CI'J] 3akimtouaeTcs B cienyromieM [8—14]: mocie mpo-
BEJICHUS JCTALHON Pa3BEIKH U TUIAHUPOBKH yUACTKA MECTOPOXKACHUS MTPOU3BOIUTCS
ero BckpbiTre. OHO OCYIIECTBISICTCS ITyTeM OypeHusl JOOBIYHBIX CKBAXHH JHAMETPOM
250-500 MM, 0OBIYHO 70 MIOTHKA. Jlanee mpou3BOASTCS TOATOTOBUTEIBHEIE Pa0OTHI,

Tabauna 1. Knaccudpukanus cucrem paspadorku cnocodom CI'JI
Table 1. Classification of field development systems by the method of borehole hydraulic mining

Howmep Cucrema pa3paboTku YcnoBus

1. Cucrema pa3pabOTKH C OTKPBITBIM OYHCTHBIM [Mpu ycToiuMBOCTH MOKPBIBAIOIIUX MOPO/,
MPOCTPAHCTBOM: KAMEPHO-CTOJIOOBEIE (CO JIOCTATOYHOI IJIs1 KPATKOBPEMEHHOTO 00-
CTIJIOIIHOM BBIEMKOM, MOTONKOYCTYITHBIE U TIOY- | Ha)KEHHUs KPOBIIH
BOYCTYIIHBIC) H OCCIICTTMKOBBIC

2. Cucrema pa3paboTKH ¢ KpeIuieHHeM oductHoro | IIpm HemocTaTouHOM yCTOHIMBOCTH Py b
MPOCTPAHCTBA: C AaHKEPHOU KPETIBIO U C KpeIle- | W HaJIeTAlomNX TopoA. LleHHsIe py bl
HHEM KeJ1e300eTOHHBIMH CTOJI0aMH

3. Cuctema pa3paboTKH C 3aKJIaIKOH OYHCTHOTO Tax e, kKak B 1, HO TIpH 0CO00 LIEHHBIX
MPOCTPAHCTBA: KAMEPHO-CTOIOOBEIE (CO CIUIONI- | pyJax MM HEOOXOAUMOCTH COXPaHEHUS
HOH BBIEMKOI1, TOTOJIKOYCTYIHBIE, IOYBOYCTYI- | MOBEPXHOCTH
HbIE) ¥ OECIIETUKOBBIC

4. Cucrema pa3pabOTKH C KPEIUICHHEM U 3aKJIa - Taxk e, Kak B 2, HO IIPH 0COOBIX IIEHHBIX
KO OYMCTHOTO MPOCTPAHCTBA: KAMEPHO- pyAax MM COXpPaHEHHU MOBEPXHOCTH
CTOJIOOBEIE (CO CIUTONTHOM BHIEMKOM, TIOTOJIKO-
YCTyTIHBIE, IOYBOYCTYTHBIE) U OECLIENUKOBBIE

5. Cuctema pa3paboTKH ¢ 0OpyIIEHHEM Py 1 [Ipu MOIIHBIX PYAHBIX IIACTAX, HEYCTOM-
BMEIIAIOIIUX MTOPOJI: C CAMOOOPYIICHUEM PY/Ibl, | YMBBIX HAJETAIOIIMX MOPOJax U KOraa
C TIOJICEYKOH M CaMOOOPYIICHHEM, C TIPHHYAH- JIOMyCKaeTcs IPOCeAaHNe TOBEPXHOCTH
TEJILHBIM 00pyIIeHHEM, C IPUMEHEHHEM I'HOKO-
TO pa3/IeNsIONIIero NepeKPhITUS

6. Cuctema paszpabotku CI'/] ¢ mocrnemyromum [Ipu cnabocBA3aHHBIX U CBSA3aHHBIX PyAaX,
BBIIIEIQYUBAHIEM METAJlIA U3 Py MOAJAOINXCS BBIIEIAYUBAHHIO TIOCTIE

CO3/[aHHS MCKYCCTBEHHON MMPOHNIIAEMOCTH

B pE3yNbTare KOTOPHIX OCYIIECTBISETCS TO/a4a BOJMBI, CKATOTO BO3IyXa M AJIEKTPO-
SHEPruH Ha OOBIYHOW NMOJIUTOH. J[e3nHTerpupoBaHHbIE CTPYEH BOABI THAPOMOHHTOPA
TIECKU MOJAFOTCS Ha TTOBEPXHOCTh B BUE THAPOCMECH | JaJiee THPOTPAHCIIOPTUPYIOT-
csl B NIpUEMHBIN OyHKkep oOoraruTenbHON GaOpuku nin GopMHUPYIOT KapTy HambIBa
Jutst ckiaaupoBanusi. OTpaboTKa Tela 3aIeKU MOXKET OCYMIECTBIATHECS OAMHOYHBIMU
KaMepaMy C OCTaBIICHUEM MEKCKBRXXKMHHBIX IEJIMKOB WM CIUIONIHBEIM 3200€M B OT-
CTYMAIOIIEM MOPSAKE C YIPaBIAEMOH IMOCAIKOH MOKPHIBAIOIINX MTOpo. Bo3mokeH Ba-
PHAHT YIIPABICHUSI TOPHBIM JIaBJICHUEM ITyTeM 3aKJIaJIKH OTPaOOTaHHBIX KaMep OTXO-
JaMu  O0OTallleHWs WJIM IYCTBIMH TOPOJaMH C TIOCIEMyroIneld OTpadOTKOU
MeXKaMEpHBIX 1enukoB. [locie oTpaboTKN yyacTKa MPOHM3BOAMTCS €T0 PEKYIIbTHBA-
1Us1, KOTOpasi 3aKJIF0YAETCs B IMKBHUIAINY JIOOBIYHBIX CKBaXKUH, YOOPKE U IIIAHUPOBKE,
MOCAJIKe Jieca UK CeSTHUU TPaB.

Cxema pa3pabOTKH POCCHIITHOIO MECTOPOXKICHUS METOIOM CKBXKUHHOW THAPOIO-
ObIuM IpUBEJicHA Ha puC. 1.

OnbITHBIC Pa0OTHI IO CKBXKUHHOW TUAPO00bIYe Hauanuch B Poccun B cepennHe
1960-x rr. HakomuieH 3Ha4UTENbHBIN ONBIT B UCTIOIH30BAHUU JAHHON TEXHOJIOTUH IIPU
MIPOBE/ICHUM OTBITHO-TIPOMBIIIIJICHHBIX U IOOBIYHBIX Pa0bOT; pa3padaThIBaINCh MECTO-
POXJICHUS TUTAH-IUPKOHUEBHIX MTeckoB 3anaanoi Cubupu, Ha Tapckod poCCHINH 1o-
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CTPOEH OMBITHO-ITPOMBIIIIEHHBIH KOMIUIEKC C TIPOM3BOIUTENLHOCTHIO 10 40 ThiC. M? B
roj, 1o0bBaHCh (hochopuThl Ha BepXxHEKaMCKOM MECTOPOXKICHUH, 30JI0TO B SIKyTHH
ut o [13].

Anamm3 u odcyxnenne. [Ipu pa3paboTke ry0OKO3aIETaONIUX TOTPEOSHHBIX POC-
CBITIEH CITOCOOOM CKBKMHHOW THAPOJO0BIYM HEOOXOIUMO YUUTHIBATh MX TOPHO-TEO-
JorHYecKre 0coOeHHOCTH. Hanboee pacipocTpaHeHHBIMH SIBIISIOTCS MaJOMOIIHBIC
AJUTIOBHATIBHBIE POCCHINTH, MOIIHOCTh TMPOJIYKTUBHOTO CJOSI KOTOPBIX COCTABIISET
00b19HO 40—60 CM W OH TPUYpPOUYEH K KOHTAKTy C IOJACTHIAIONIUMH KOPECHHBIMHU

O6oranienue Ha IT'II-1I-50

Hazemuas
yrpasisiemast
yCTaHOBKA

YBCP-25M
1J1630-90a

TpAT 900-67

TSNk I —

PR R ERE e * 30JI0TOHOCHBIE TIECKH -
el R=55M T '

CIC-5

Puc. 1. Cxema pa3paboTKH POCCHITHOTO MECTOPOXKICHHIS METOAOM CKBAXHHHOM THAPOI0OBIYH
Fig. 1. The scheme of developing a placer deposit by the method of borehole hydraulic mining

nopogamu. CpeaHsisi MOITHOCTh MPOAYKTHUBHOTO TUIACTa XapaKTepHa Ui cpenHed U
HIDKHEH 9acTy pocchiny. Kak npaBuiio, npu 00pa30BaHUM TaKUX POCCHINEN He TPOouC-
XOIMWJIO IIyOOKOr0 IPOHUKHOBEHUS 30J10Ta B IOACTHIIAIOIINE KOPEHHBIE IIOPObI, 10~
9TOMY JaHHBIN THIT POCCHITE OYIET MePCIEKTUBHBIM I 0TpaboTku crocooom CIJI.
Morurnsie morpedeHHbIE POCCHITH 0€3yCIOBHO OyIyT HauboIee MepCcreKTUBHBIME 00b-
€KTaMH CKB2XMHHOW I'MAPONOOBIYM, TaK KaK UX OOJblIas MOIIHOCTH OOECHeYrBacT
HEOOXOAUMEI 00beM TOOBIYM M3 CKBaXXKHH. | TyOuHa 3anmeranust MOrpeOeHHBIX POCCHI-
nieit u3amensiercs ot 15 10 300 M. Uem MeHbIIe riTyOHMHA POCCHIIH, TEM OOJIBIIIE BEPOSAT-
HOCTB MPOCAJKH MOBEPXHOCTH B MpOLEcce 0TPabOTKH, YTO ONpeaeseT BIOOp chcTe-
MBI pazpabotku. 13 onbira CI'/] mpu miybune 6osee 170 M oOpa3oBanus NpoBajioB Ha
MOBEPXHOCTH He 3adurcupoBano [10].

[Mpeumymectsa cnocoda CIL:

— HHU3KHE KalUTaNbHBIE BIIOYKEHUS IIPH CTPOUTENILCTBE YYaCTKOB A0OBIUH (10 8 pa3
MEHbIIIe, YeM TIPU CTPOUTEILCTBE Kaphepa);

— ObICTpast OKyITaeMOCTh MPOU3BOJICTBA;

— HeOOJBIION CPOK BBOJA B AKCILTYATAIIHIO;
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— BBICOKasi IPOU3BOJUTEIBHOCTD U 0€30MaCHOCTh TPYAa;

— rHOKOCTB ITPOU3BOACTBA, 00YCIOBICHHAS BO3MOKHOCTBIO H3MEHEHUS TOOBIYHOTO
y4acTKa B IIUPOKHUX Mpeiesiax MyTeM H3MEHEHHUS KOJIMUECTBa JOOBIUHBIX arperaros;

— HU3KO€ HEraTUBHOE BO3/ACHCTBUE HA OKPYKAIOLIYIO CPELY.

K HemoctaTkam gaHHOTO crtoco6a MOXKHO OTHECTH:

— OTpaHWYEHHUE HUCIONB30BaHUS AJISI MECTOPOXKACHUH, MMEIOMHUX OONBIION Tpo-
LEHT KPYIHBIX BKIIOYEHUH (TpaBus, BaJyHOB);

— OoJiee BBICOKHE TIOTEPH MOJNE3HBIX HCKOMIAEMBbIX 110 CPABHEHHIO C OTKPBITHIM CIIO-
c00OM M3-32 HECOBEPIICHCTBA JOOBIYHBIX arperaros.

Ta6auna 2. Pacnpenenenne KanuTAIbHBIX 3aTPaT
u cedecroumoctu npu CI'J]
Table 2. Capital costs and prime costs distribution
at borehole hydraulic mining

HaumeHnoBaHue 00bEKTOB, Kanuransubie Cebecrou-
pabor u 3arpat 3aTparel, % MOCTb, %
[ToxroroBka MoBEpXHOCTH 7,0 8,0
Bbypenue ckBaxxun 8,0 19,0
I'uapono6erua 18,0 41,0
I'unporpancnopt 5,0 14,0
CrxilaiupoBaHue U OTrpy3Ka 12,0 18,0
Bcnomorarenbable 00bEKTHI 35,0 —
[Tpoune 3aTpaThbl 15,0 -
HUmozo 100,0 100,0

TexHuko-3koHOMUYecKkue mnokazarenu merona CIJ] ompenenstoTcs HCXOAHBIMU
TOPHOTEXHUYECKHMH YCJIOBUAMU Pa3pabOTKU M MPUHUMACMBIMH TEXHUYCCKUMHU U
TEXHOJIOTUYECKUMH pelieHusIMA. K TOPHOTEXHUUECKUM YCIOBUSM pa3pabOTKH OTHO-
cATCS: IyOWHA 3aJeraHusl IECKOB, TEOMETPUUYECKHE TapaMeTphl TIacTa MECKOB U T0-
JIOXKEHNE B TPOCTPAHCTBE, MPOYHOCTHBIE XapAKTEPHUCTHKN TOKPBIBAIONINX MOPOA U
MIPOAYKTUBHOMN 3aJI€XKH, THAPOTEOJIOTHUECKHIE XapaKTePUCTUKNA MECTOPOXKACHHUS H T. [I.

Croco6 CI'/l, B oTim4me OT TPaJAUIMOHHBIX CIIOCOOOB OTKPHITOH pa3paboTKu Mo-
JIE3HBIX MCKOMAEMbIX, MO3BOJISIET CYIIECTBEHHO CHHM3HMTH C€0ECTOMMOCTH JOOBIYH U
YPOBEHb KallUTAJbHBIX BIOKEHUH. [IprMepHbIe 3aTparsl Ha OCYLIECTBICHUE OOOBIYN
metoaom CIJl mpuBenens! B Tadm. 2 [10].

AHanu3 CTPYKTYpHI KalTUTAIBHBIX 3aTpaT Ha CTPOUTENHCTBO PA3IMIHBIX 00BEKTOB
npennpusatus CI'/] mokaspiBaeT, 4T0 U3 00HEKTOB OCHOBHOTO MPOM3BOICTBEHHOTO Ha-
3HaYCHUs HAnOOJBIINE KAUTAIOBIOKESHHS TPUXOIATCS Ha 0OBEKTHI BOJIOCHAOKECHHUS,
SHEPTeTUYECKOTO XO3SIICTBA, KAPTY HAMbIBA, CKBAXKUHBI U TUIPOIOOBIYHBIC arperaThl.

B cebecTonMocTH OIpEAETIONIyI0 poib UTPAIOT 3aTparhl HA OypeHHe, 3JIEKTPO-
SHEPTHIO U THAPOTPAHCTIOPT (cyMMapHO 56 %). LlemecooOpa3HOCTs MPUMEHEHUS TEX
WIJIM MHBIX TEXHHYECKUX U TeXHoJorudeckux pemenuii npu CI'/l onpenensiercs Ha cta-
JTUY TIPOEKTUPOBAHUS TPU BHIOOPE ONMTUMAILHBIX TEXHOJIOTHYECKUX ITapaMeTPOB.

BruiBoabl. BHenpenue cnoco6a CI'Jl mo3BonuT:

— 3HAYUTEJIBHO YBEJIUYUTH 00BEM J0OBIYHM 32 CUET BOBJICUEHHS B DKCILTyaTaluio
3a1acoB 30JI0Ta ITYOOKO3aJIeralolX POCCHITHBIX MECTOPOXKICHUH, OTHECEHHBIX K 3a-
0aJlaHCOBBIM (IS OTKPBITOH pa3paboTKH);

— Ha BTOPOM 3Tarie UCIoJIb30BaHne KOMOMHHUPOBAHHOM CHCTEMBI pa3paboTKy (CKBa-
JKUHHOW THIPONOOBIYA COBMECTHO C OTKPBITBIM CIIOCOOOM OTPabOTKH MECTOPOXKIE-
HUS) TO3BOJIMT BKITIOUUTH B €IMHBIN TEXHOJIOTHUECKUH Mpoliece 100bITY, TepepaboTKy
U PEKyJIBTUBAIUIO HAPYIICHHBIX 3eMEJIh;
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— Ha TPEThEM JTalle UCMOJIL30BAHUE CKBAKHHHON THAPOAOOBIYM KaK OCHOBHOTO
criocoba pa3paboTKH Ha TIyOOKO3aJeraronuX MOrPeOSHHBIX POCCHITHBIX MECTOPOXK-
JICHUSX 3HAYUTENIHO CHU3UT TEXHOTCHHYIO HArPY3Ky Ha SKOCHCTEMBI 33 CUET YMCHb-
HICHUS TUTONIAAN OTYYXKIACMbIX 3eMENb MO OTBAJbl BCKPBIIIHBIX MOPOI M XBOCTHI
oborareHus.

BUBJIMOT PAGMUYECKUM CITMCOK

1. Copoxkus A. I1., Ban-Bas-E A. I1. ATac 0CHOBHBIX 30J10TOPOCCBIITHBIX MECTOPOXKACHUH tora Jlaib-
Hero BocToka u ux ropHo-reonoruyeckue Mmoaenu. bnarosemenck—Xabaposck: JIBO PAH, 2000. 333 c.

2. Litvitsev V., Alexeev V., Kradenykh I. The technology of development of residue objects of precious
metals placer deposits / E3S Web of Conferences. 2018. Vol. 56. DOI: 10.1051/e3sconf/20185601005

3. Litvintsev V. Rational development of noble metal placer mining waste in the East of Russia //
Journal of Mining Science. 2015. No. 51. P. 118-123.

4. Litvintsev V., Sas P. Current State and Main Directions of Innovative Development of Placer Gold
Mining in Far East Federal District / E3S Web of Conferences. 2018. Vol. 56. DOI: 10.1051/
e3sconf/20185604004

5. Mup3sexanos I. C., Jluteunues B. C. CocrosHue 1 poOieMbl 0CBOCHHUS TEXHOT€HHBIX POCCHITHBIX
MECTOPOXICHUH O1aropogHbIX MeTaIoB B JlambHeBOCcTOYHOM pernone // [opublii xypram. 2018. Ne 10.
C. 25-30.

6. Poues B. ®@. O BO3MOXXHOCTH NPUMEHEHHSI CKBOXXMHHOH I'MAPONOOBIUH HA 30JI0TOHOCHBIX POCCHI-
wix IOxuoit Sxytuu // Topubiii xkypran. 2016. Ne 9. C. 50-53.

7. bpuran U. B. CocrosiHne ckBaxxuHHOH ruaponoosran. Kpusnc mmm nansaoBuaHOCTH? // Henpo-
none3oBanue 21 Bek. 2013. Ne 6. C. 46-51.

8. CxBakMHHAsl THAPOI00bIYa IToJIe3HbIX HeKonaeMblx / B. XK. Apenc, I X. Xuess [u np.]. M.: [opnas
kuura, 2001. 293 c.

9. Apenc B. XK., Xuesn I X., XpyneB A. C. CkBaXxuHHas TUAPOJOOBIIA ITECKOB C XO3HCTBEHHBIM
HCIIOIb30BaHUEM 00Pa30BaBIIMXCS IIyCTOT B YCJIOBHUSIX Be4HON Mep3:10Thl // TopHsrit sxyprai. 2013. Ne 10.
C. 79-82.

10. XpyneB A. C. TexHo70TUS CKBXKUHHOM THAPOAOOBIYH 3070Ta U3 HOrpeOCHHBIX MHOTOJIETHEMEP3-
JIBIX POCCHINEil: aBTopedepar auc. ... A-pa TexH. Hayk. M., 2002. 48 c.

11. babuues H. 1., Hukonae A. H. Pa3paboTka morpeGeHHBIX pOCCHINCH U 3aIeKel CTPOUTENIbHBIX
MaTepHaJIOB C MCHOJIF30BAaHUEM CKBAXHHHOU ruaponoosran // I'mapomexann3anus—2000: Temarnaeckoe
npunoxkenue k [MAB. M.: MITY, 2000. C. 24-29.

12. Huniena O. A, Llypno E. H., SInymenxo A. I1. OnbIT onpenenenust oobeMa 1 popMbI JOOBITHOM
KaMepsbl IpH CKBaXUHHOU ruaponobsrde // Topusri xypHai. 2011. Ne 2. C. 31-35.

13. XpyneB A. C. OcoGeHHOCTH CKBaXXMHHOM THIPOXOOBIYN 30JI0TOCOAEPKALINX IIECKOB U3 MOIITHBIX
nryOoxo3aneratomux pocebineii. [MAB. 2001. Ne 9. C. 142-145.

14. CxBaxxuHHasi THAPONOObIYA TTONe3HEIX HckonaeMbx / B. XK. Apenc, H. U. babuues [u ap.]. M.:
I'opnas kuura, 2007. 291 c.

Tloctynuna B penakuuto 7 mast 2019 rozga
CaeseHus 00 aBTopax:

I'eBasio Kupnii BacuiibeBHY — acliMpaHT, HHXEHED J1abopaTopuu pa3paOOTKU POCCHITHBIX MECTOPOXK-
nenuii Uactutyra ropuoro nenma JIBO PAH. E-mail: gevalokirill@yandex.ru

DOI: 10.21440/0536-1028-2019-7-53-59

The review of the hydraulic borehole mining technology for development
of deep-seated buried and watered placer deposits

Kirill V. Gevalo!
! Institute of Mining FEB RAS, Khabarovsk, Russia.

Abstract

Introduction. Today, a large part of the placer gold deposits in the Far East is concentrated in the depths
of buried and concealed placers. The hydraulic borehole mining method allows to develop deep and
heavily watered marginal fields, the exploitation of which by the open-pit or underground methods is
economically unsound. Extraction of minerals by the hydraulic borehole mining method is based on
transformation of a developed rock mass into a hydraulic mixture in place by hydromechanical impact and
its transportation to the surface in the form of a pulp through pipes.

Research aims. To justify the possibility of applying the hydraulic borehole mining method in development
of deep-seated buried and watered placer deposits of the Far East on the basis of scientific discoveries and
practical experience of Russian scientists and manufacturers.
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Research methods. The methods of systematization, comparative, component and system analysis were
used in course of the research.

Results. The carried-out analysis testified that there are considerable placer gold deposits in the Russian
Far East, which are in buried and watered placers, the exploitation of which under current conditions is
unprofitable. The hydraulic borehole mining method, which will allow to develop such fields with low
operational costs, high productivity, low environmental impact, is proposed.

Conclusions. The hydraulic borehole mining method will allow to significantly increase the gold extraction
volume due to involvement of deep-seated and watered placers into exploitation, the development of which
was considered to be unprofitable earlier and, along with this, to significantly reduce the extraction cost
and capital investment level.

Key words: hydraulic borehole mining; placer gold deposits; deep-seated deposits; development
technology; watered deposits.
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O BO3MOXHOCTW UMNOpTO3aMeLyeHNs abpasuBa
npy ruapoadpasMBHOM pe3aHnM

Anennyes B. M.!
" MHeTuTyT ropHoro aena YpO PAH, r. Exatepun6ypr, Poccus
e-mail: alenichev@igduran.ru

Peghepam
Beeoenue. Ipu 2udpoabpaszueHoil peske pasiuiHblx MAmMepuanlos 6 Kawecmee abpasua UCHOib3yIOmcs
6 OCHOBHOM 2PaHamMogble NecKu, NOPOWKU MEepObIX CNIAB08 U OKUCAbI Kapbuoos. IIpedrazaemces uzy-
YeHUe B03MOACHOCIU NPUMEHEHUS. KBAPYEBBIX NECKO8 BMECO UMNOPMUPYEMBIX SPAHATNOBbIX.
Lleny pabomwi. [uopoabpasuenas pesxa npedcmaeasem cobOU npoyecc 3PO3UNHO20 6030eUCmaus
cmpyu 800bl ¢ MEEPOLIMU AOPAZUSHBIMU YACTRUYAMU, NOCHYRAOujell N00 CBEPXBbICOKUM 0aBIEeHUEM.
Heobx00umo 6bia6ums mexHuweckyro u mexHoI02UYEeCKYI0 03MONCHOCb UCNONb308AHUS AOPA3UEA U3
npoOyKmos OpobieHUsl KOPEHHO20 Kéapya (0mX0008 Npou3eo0Ccmea) u npupoousblx Keapyesvlx neckos
npu 2uopoadbpasusnoil peske Oia Memanios u 20pHbIX NOpPoo.
Memooonozusn. Hcnonv3oearue 2eoun@opmMayuoHH020 0becneyerus, 6KIoYanue2o ampuoymugHsle u
npOCmMpancmeentvie OanHHble, NO360UNO BbIAGUINb NOMEHYUATLHO 803MONCHbBIE COPHO-2€0N02UYeCKUe
00bekmul, codepircaujiie coipbe, omeeyaroujee QU3UKO-MeXanuieckum ceolicmeam u epanyiomempuye-
CKOMY COCIABY WUPOKO UCNOIb3YEMO20 abpa3usd 6 8ude epaHamogo2o coipvs. B cmamve onucamwl pe-
3YIbMAmMyl NPOBEOEHHBIX IKCHEPUMEHMATLHBIX UCCIE008AHUL NO SUOPOAOPASUBHOU pPe3Ke COPHBIX NO-
POO U MEemManios ¢ UCNONbL308AHUEM NPOOYKIMOE UMENbYEHUs. KBAPYEBbIX NeCKOB.
Pesynomameut. IIposedentvle OnbimHO-NPOMbIUUIEHHbIE UCHBIMAHUSA HA PAOe MAUUHOCPOUMENbHBIX U
KamHeobpabamularouux npeonpusmuil ypaibcko2o pecuoHa No360UnU YCMAHO8UMb MEeXHUYECKYIO
U MEXHONOUHECKYIO 803MONCHOCHb UCNONL308AHUS OMX0008 OPOONEeHUs. KOPEHHO20 KBAPYA MECOPOIC-
oenus «l'opa Xpycmanvrasy u npupoorozo cuipbi Kuuueunckozo mecmopoicoerus Keapyeguix NecKos.
Bb1600b1. Pexomenoosanvl 05 ucnonv308anus 6 Kavecmee abpasuea npu 2uopoadpazusHoOM pe3anuu
ATIOMUHUEB020 CNILABA U 20PHBIX NHOPOO (2aOOPO) pazmepuvl ppakyuu cvipbs, obecneuusarowue mpedye-
MYI0 ulepoxosamocme nogepxrocmu pesarus. Copmynuposarnsvi mpebosanus no co30aHuI0 npeodeibHo
O0ONYCMUMbIX KOHYEHMPayull 8peOHbIX Beuecms 6 6030yxe paboyeti 30Hbl.

Knroueswvte cnoea: 2UOpoabpasusHas pesKka, MexHo2eHHbuIl NPOOYKM, NeCcoK, MecmopodcoeHue;
CKOpOCMb Pe3aHusl; NOBePXHOCMb PEe3aHUs, Uepoxo8amocs.

Beenenue. ['napoabpasuBHas pe3ka MaTepHajioB — 3TO MPOLECC IPO3UUHOIO BO3-
JEHCTBUSL CTPYH BOJABI C TBEPABIMH a0pa3WBHBIMH YaCTHUIAMH, TOCTYHAIOIICH IMOJ
CBEPXBBICOKAM JaBicHUEM. [10 (U3MUECKUM XapaKTepUCTUKaM THIApoadpazuBHAs
CTpysl NpeAcTaBiIsieT coOON MACaNbHBIM M HE MMEIOLIMH H3HOCA PEXYIIUH HHCTPY-
MEHT. B 3aBHCHMOCTH OT KOHCTPYKTHBHBIX OCOOCHHOCTEH JHUaMETp CTPYH KOJeOIeTCs
ot 0,5 1o 1,5 MM, uTo 0OecrieunBacT MUHUMAJIbHBIE TOTEPH 00pabaThIBAEMOr0 MarTe-
pHaJa mpy BBIPE3aHUU JIeTane 0001 coxHOCTH. OTCYTCTBUE TEIIOBOTO U MEXaHH-
YeCKOTo (e OpMHUPYIOIIET0) BO3ACHCTBUS He MPUBOANT K N3MEHEHHIO HCXOTHBIX (PH-
3UKO-MEXaHUYECKHX  XapaKTepHUCTUK 00padaTeiBaeMOro Marepuana, HpoLecc
rupoabpa3uBHON pe3ku aOCOIIOTHO MOKapoOe30MaceH, MOCKOIbKY MOJTHOCTBIO HC-
KITF0YeHA BEPOSTHOCTH IUIABIICHUS M TOpEeHUs MaTepuana [1-5].

B Hacrosimee BpeMs pu ruApoadbpa3uBHON pe3ke pa3IMyHbIX MaTepUalIoB B Kaue-
cTBe a0pa3uBa HCIONB3YIOTCS B OCHOBHOM TI'DAaHATOBBIE INECKH, MOPOILIKH TBEPIBIX
CIIAaBOB ¥ OKHUCIIBI KapOuoB [5, 6]. 'panaroBelii abpa3uBHblii ecok (Garnet) siBisiet-
Csl XMMHUYECKU HEaKTUBHBIM, TOMOTCHHBIM, HEMETANTNYECKUM TIPUPOJHBIM MUHEpa-
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JIOM U COCTOMT u3 rpaHyn rpanara Anpmanausa (Fe;AL[SiO,];). AOpasuBHbIi
rpaHar — NpOAYKT, IOJIyYeHHbIH mociie 00paboTKK BRICOKOKaY€CTBEHHBIX IIECKOB I'pa-
Hara. Kpucramisl rpanara, IMEIOIIUE yIIIOBATO-OKPYIIYI0 OPMY, XapaKTepU3yIOTCs
JIOCTAaTOYHOM KECTKOCTHIO, BHICOKOM IIOTHOCTHIO OT 4,10 110 4,32 r/cM® U TBEPIOCTHIO
ot 7 no 7,58 no mkane Mooca [7]. LlBet 3epeH B OCHOBHOM OJIeIHO-PO30BEIii, HHOTIIA
M3MEHSETCsl 0T KpacHOro Ao uepHoro. Ilecok, 3ameraromuil B pocChIsaX, HE UMEET
MHUKPOTPEILHUH, YTO IT03BOJIAET OTAEIBHBIM IIECUMHKAM COXPAHATH UMITYJIBC B IIPOLIEC-
ce ruapoadpazuBHON pe3ku. Hanbonee BocTpeOoBaHHOH sBIAETCS (QpakUusi KPYIIHO-
cthio 0,18 MM (mesh 80).

AOpa3uBHbIe TpaHaTOBbIe Meckn. OCHOBHBIE MECTOPOXKACHUS TPaHATOBBIX adpa-
3MBHBIX TIECKOB PacIioyioxKeHbl B ABCTpanuu, Muauu, opiBieit YexocnoBakuu u FOx-
Holi Adpuke. Camoe OoIbIIOE B MUpE aJUTIOBUAIBHOE MECTOPOXKICHHE TPaHATOBOTO
abpasuBa, o0l 00beM KOTOPOTO OLIEHMBAETCA B Ooiiee YeM 8 MIIH T, HAXOAUTCS B
3anagHoit ABcTpanuu. [IpupoaHbIil aBcTpaauiicKuii U1 MHIUHCKUN IpaHaTOBBINA abpa-
3MBHBIN MECOK MPOXOAUT HECKOJIBKO CTaANK 00pabOTKH U 3aTeM MOCTyIaeT Ha OTede-
CTBEHHBIE MALLIMHOCTPOUTEIbHBIE 3aBOJBI 1 KaAMHEOOpalaThIBaloLIfe NPeaANPUsITHSL.

[TockonbKy pa3paboTka OTEUEeCTBEHHBIX HEAP HEPa3phIBHO CBA3aHA C 00ECIeUeHH-
€M oTpaciieil MPOMBIIUIEHHOCTH HEOOXOJUMBIM CHIPbEM JJIsl MOMYUYEHHUS! ONpeaeieH-
HOW HOMEHKJIATyphl TOTOBOW MPOAYKIMH I UCTIOJIb30BAHUEM €T0 B Ka4ecTBe padboue-
r0 UHCTPYMEHTa B TEXHOJIOTHUECKUX MPOIeccax MEXaHHUeCKol 00paboTKu MaTepua-
noB [8—11], UT'1 ¥pO PAH npoBesn oNbITHO-NPOMBIIIIEHHBIE UCIIBITAHUS 110 BO3MOX-
HOCTH UCIIOJIb30BaHUSI OTEUECTBEHHBIX IIECKOB B KauecTBe abpas3uBa MpH Tuapoadpa-
3UBHOM pe3Ke MaTepHalioB.

1o pesynbraraM reoJOrHyeCKor OLEHKH, IPOBENCHHON YpalnbCKUM OTAeneHrueM n-
CTUTYTa NPHUKIAAHON MuHepanoruu B 1928 r., mofcunTaHbl 3amacsl TpaHaTOBBIX NIECKOB
no MectopoxaeHusMm Mccouisckoe (FOxublil Ypan, 3naroyct, UenssOuHckas 001acTp),
I'my6ounnckoe (CoicepTckuii paiion, CBepmioBckas oonacts), [lonskos Jlor (FOxHbIiA
VYpan, Muacc, Yensbunckas obnacte), Ydaneiickas Jaua (FOxubiit Ypan, Bepxuwmit
VYaneii, Yensounckas odmacts) u Ocunosckoe ([lonesckoii, CBepIioBCKast 00NacTh).
IIpakTHueckoro 3HaueHHs 3aachl NECKOB HA YKa3aHHBIX MECTOPOXKJEHUSAX HE UMEIOT.

B Poccuiickoit denepannu HanOoONbIINE 3aMachkl TPAHATOBBIX MIECKOB HAXOJATCS B
Kapenuu, rne odHapyxeHo 13 mectopoxnenuii. KpymnHeie MUpOBEIE 3amachl rpaHaTo-
BOTO CBIPbS IPHUYPOUYCHBI K KPUCTAUTMYECKIUM METaMOp(QUIecKUM MOpojamM, ciararo-
M Kelisckyto rpsiny Ha KoibckoM mosmyocTpose.

CaMpIMU OOJBIIUMH MECTOPOKACHUSIMH IPaHATOBBIX IIECKOB pacronaraet Muaus.
B nHaumbonbiueil crenenn pa3padaTbIBAIOTCS POCCHIMTHBIE OOBEKTHI (MPHOPEKHO-MOP-
CKHE POCCHIIHN), oOecnednBaromue 10 85 % MoCTaBOK CHIPbS HA MEXAYHAPOAHBIC
BHYTpeHHUE PhIHKH. OcTanbHOE KONUYECTBO MUHEpalia JOOBIBACTCSl M3 KOPCHHBIX Me-
CTOPOXKACHUH MeTaMOp(UIECKOro M CKapHOBOTO reHe3nca. Kak mpupomHbId OOBEKT
POCCHIITHOE MECTOPOXKIEHHE TIECKOB XapaKTepPU3yeTCsl MPOCTPAHCTBEHHBIMU KOOPIH-
HaraM¥ U aTpuOyTUBHBIME Ipu3Hakamu [12]. IlepBble ONHMCHIBAIOT MOJOKEHHUE 3alie-
KM, €€ TeOMETPUUYECKHIE TapaMeTphbl 1 00beM, BTOpPbIE — OTPEOUTENLCKUE CBOMCTRA,
HEOOXOMMBIE JJIs YCIICIIHOTO MCTIOIh30BaHMUS TIECKOB B KA4eCTBE adpa3uBa Kak pabo-
4E€ro MHCTPYMEHTA B BBICOKOCKOPOCTHOM BOJISIHOM CTpYe.

HccnenoBanne rugpoadpa3sMBHON pe3KH € HCIOJb30BAaHMEM KBapLeBOIo
necka. 1151 ycTaHOBJIEHHUSI BO3MOKHOCTH HCTIOIBb30BaHUS IIECKOB MECTHBIX MECTOPOXK/IE-
HUI TPOBOJMINCEH ONBITHO-IPOMBIIIJICHHBIE UCTBITAHUS C UCIONb30BaHUEM B Kade-
cTBe abpa3uBa OTXOAOB IPOOIEHUS U M3MEBUEHHsI KOPEHHOTO KBapla MeCTOpOXKIe-
Hus «lopa XpycrampHas» M KBapLeBOro necka KHYNTHHCKOTO MeCTOpPOXKAEHUS.
Mectopoxaenue «l'opa XpycransHas» paspabarsiBaercs 3A0 «Kapoep «lopa Xpy-
cranbHas», Knuurnnckoe mectopoxaenue — OO0 «Kapuy» Kuunrunckuit 'OK».
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Mecropoxnenue kBapua «l'opa XpycraasHas) OpeCcTaBICHO MOHOMHHEPATIbHBIM
KPYTOMAAIONIMM JKWIBHBIM TEJIOM JIMH30BUIHON (DOPMBI, BHITSHYTHIM B CEBEPO-
3araJHOM HAIpaBJICHUU U UMEIOIIEM OJIOKOBOE CTPOCHUE, OOYCIIOBICHHOE HATMYHEM
B HEM YYaCTKOB KBaplia C pa3IM4HON cTeneHbio MuHepanusauuu (tuna K, u K,). Pas-
Mepbl OJI0OKOB BapbUPYIOT B INMPOKUX npeznenax. Keapu tuna K, MoHOMUHEpaIbHbIH
WK c1aOOMUHEPAIU30BAaHHBIA U UMEET TUTaHTO-, KPYITHO- M — PEXKEe — CPEIHE3ECPHU-
CTYIO CTPYKTYPY, MACCUBHYIO MM CIIAaHLEBaTyI0 TeKCTypy. Kapn tvna K, cunbHo Mu-
HEpaJIM30BaH U BCTPEUACTCS B BUJIEC TOHKO-, MEJIKO- U — PEXKE — CPEAHE3CPHUCTOTO
arperara. Jlons KBapiia nepBoil pa3HOBUIHOCTH COCTABISET B KMJIBHOM TEJIE MECTO-
poxnenus 83,4 %, a Bropoii — 16,6 %. Jlenenue kBapia Ha JiBa THIIa O0YCIIaBIHBACTCS
XapaKTEepOM €ro 00OoTaIleHus JIJIs MOTy9YeHUsT KOHAUIIMOHHON KBapIIeBOM KpynKH [7].

Ksapu tuna K, u K, pazaensHo nocrapisercs Ha JpOOUIbHO-COPTUPOBOYHBIA KOM-
TUIEKC, T MPOU3BOIUTCS €ro ApoOJIICHWE W pacCeMBaHUE MO KiaccaM KPYHMHOCTH
—2+0,8 MM, —1,2+0,7 mm u —0,8 Mmm. KagecTBO npomyKuuu onpeaesieTcs: o COOTBET-
CTBUIO IOJYy4aeMOTO W3 HEro KBapIEBOTO KOHICHTPAaTa TEXHUYECKUM YCJIOBHSIM
TV 571726-002-45588031-01 mms npou3BoaCTBa CTEKIA U U3aeauil u3 Hero. Keapiie-
BBIH MIECOK MCIIOJIB3YETCS IS IIECKOCTPYHHBIX alliaparoB, (GUIBTPOB B XUMUYECKUX U
TUAPOOYUCTHBIX YCTAHOBKAX, B KAUECTBE JIEKOPATUBHOTO MaTepuaia Ajsl OTAEIKH Ma-
HEJIEU U T. 11

Kuunrunckoe MecTopoKaeHHe KBAPIEBBIX MECKOB MPUYPOUCHO K KOMIUIEKCY IO-
poa TpeTruuHOTO Bo3pacTa. [lecku 3aneraroTr B BUJE MIIACTOOOPA3HOMN 3aJI€KU MOIITHO-
CTBIO 10 15 M, BBITSIHYTON B MEPUAMOHATIHFHOM HampaBieHUU. MOITHOCTh HepeKphIBa-
IOIIUX TIUH U3MeHsAeTcss oT 5 mo 12 M. Du3HKO-MEXaHUYECKHE CBOMCTBA IECKOB,
00BOJIHEHHOCTh MECTOPOXKACHUS W HATUYUE MOJCTIIAIONINX TJIMHUCTBIX MOPOJ] MO-
3BOJISIFOT BECTH THUAPOMEXAHU3MPOBAHHYIO J00bIYY 3eMcHapsiamu. Koadduiment
KpernocTy neckoB 1o mkaine M. M. TIporoassikonosa — 0,6; miotHocts — 1,7 /M3, Tle-
CKH OAHOPOJHBI 10 MUHEPATIOTHYECKOMY COCTABY U IMPEACTaBICHBI NPO3PAuHbIMU U
MOJYTIPO3PAYHBIMU 3€PHAMHU OKPYIJICHHOUN (DOpMBI. 3epHA KBapila UMCIOT BHICOKYIO
MIPOYHOCTb U MOBBIMIEHHYIO CTORKOCTh K Pa3pyIICHHIO, YTO SBISACTCS OIaronpusTHBIM
MOMEHTOM JIJIsi UCIIOJIb30BAHUS UX B KaueCTBE adpa3uBa MpH rUApoadpa3suBHON pe3Ke
MaTepuaoB. YIajleHUue MIMHUCTBHIX YaCTHUIl U3 MECKOB MPOU3BOJUTCS HA KOHUUECKOM
rpoxote u anmnapare [. 3. Kapannaesa, 4To mpUBOIUT K CHUKEHUIO COACPIKAHUS TIIMHBI
mo 0,5 %, obecrieunBasi IMOJMyuYeHUE MPOIYKTA, COOTBETCTBYIOIIETO Tpymie 3 1O
TOCTy 2138-91. Ilecku ¢hopmogounvie. [ panyromempuueckuii cocmas neckos no
CKAAOAM U NECKOB PA3HLIX MAPOK NO OAHHBIM ONepamuerHoz2o onpobosanus. Handons-
1Iee pacrupocTpaHeHUe Ha MECTOPOXKAEeHHH uMeeT pasmep ¢paxnuu —0,4+0,2 MM, Ha
ee pomiro mpuxomutes 92-95 %. Kpynusle dpakunn —0,4 MM He npeBbIIIaOT 2 % H
MOTyT OBITH yJaJIeHBI IMyTeM npocenBanus. Menkue dpakiuu —0,2 MM COCTaBISIOT
B cpenHeM 3—6 %. [Ipu 3TOM Ha MIMHUCTBIC YaCTHIIBI IpUXoauTcs He Oonee 1,5 %,
a meutb 0,05-0,005 MM IpakTHYECKH OTCYTCTBYET, YTO MO3BOJISIET IPU OOOTaIEHUH
(OTMBIBKE) TIECKOB YAAJTUTH MENKUE (PpaKIHH.

KBaprieBbie mecku JaHHOTO MECTOPOXKICHYSI B COOTBETCTBUHY C EOunbLMu canumap-
HO-9NUOEMUONOSULECKUMU U SUSUCHUYECKUMU MPeDOBAHUAMY, NPUMEHAEMbIMU K TO-
eapam, NOOeHCAuUM CAHUMAPHO-INUOEMUOTOSULECKOMY HAO30pY (KOHMPONo) u
CII 2.6.1. 44 798-99. Obpawenue ¢ MUHEPATILHBIM CHIPbEM U MAMEPUATAMU C NOBbI-
UWLEHHBLM COOEPIICAHUEM RPUPOOHBIX PAOUOHYKAUO0E OTBEUYAIOT TPSOOBAHUSM MPEICITh-
HO JIOITyCTUMBIX KOHIICHTPAIIMI BPEIHBIX BellecTB (Tabmuiia). [locTopoHHUX BKITIOYE-
HUU B BUJIC arJIOMEPaToOB KBAPIUTA, KBAPIEBIX MIECYAHUKOB, OCTATKOB PACTUTEIBHBIX
CJIOEB, ymiis, Topda, U3BECTHsIKA He MMeeTcs. Ha MecTOpOXKIIeHHH BBIJCISIOTCS J1Ba
BOJIOHOCHBIX Topu3oHTa. [1epBhIii, 3aneras Ha mryOuHe 6—13 M, MUTaETCS 3a CUET aT-
MOC(EPHBIX 0CAJIKOB, 3aTPYIHSIS IPOU3BOJCTBO BCKPHIIIHBIX paOOT; BTOPOW TOPU30HT,
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pacronokeHHbIi Ha orMeTkax 203—205 M, HalOPHBIN, YTO CHOCOOCTBYET OTMBIBY IJIH-
HHUCTOW cocTaBisouel mpu 100bae. DPPEeKTUBHOCTH IPUMEHEHHS THAPOMEXaHU3H-
POBaHHOI T€OTEXHOJIOTHH CHOCOOCTBYIOT (PU3MKO-MEXaHMYECKHUE CBOMCTBA, 00BOI-
HEHHOCTh MECTOPOXKIAEHHA M HaJIMYUe DIMHHUCTBIX IOPOJ, MOJACTHJIAIOIIMX
MIPOAYKTUBHYIO 3aJI€XKb.

BanancoBeie 3amackl HOpMOBOYHBIX TIECKOB 10 cocTosHMO Ha 1.01.2008 r. o cym-
Me kareropuii B+C, cocTtaBnsior 57,5 MJIH T A7 OTKPHITOM pa3paborku. JloObrua me-
CKOB OCYILIECTBISIETCS 3€MCHapsAJaMH C MOCIEAYIOUIMM THAPOTPaHCIOPTHPOBAHUEM
MYJIBIBL IO TPYOOTIPOBOAM 10 KapT HambIBa. [10 OKOHYaHUM HAMBIBA KapThl U ITOJTHO-
0 JIpeHaka MeCOK OTTPYKaeTCs NOTPEOUTEIISIM.

XuMH4YeCKHIii cocTaB nmecka, %
Chemical composition of sand, %

TIpoOsr Si0, TiO, | AlLO; Fe,04 FeO CaO
Ksapuessriit popmoBounsrit mecok (1K, ..., 5SK) | 98,19 | 0,10 | 0,68 0,15 0,68 0,10
Tommit mecok 96,00 | 0,10 | 0,88 0,27 0,68 <0,10

Tpo6sr MgO | Na,O | K;O MnO P,0; CO,
Kgapuessriii popmoBounsrit mecok (1K, ..., SK) 0,02 0,06 | 0,14 0,01 |<0,009| <0,40
Tomruii mecox <0,02 10,04 | 0,25 | <0,01 0,01 <0, 44

Pe3ynbTarel uccienoBanus. COOTBETCTBHE OCHOBHBIX (PH3MKO-MEXaHHYECKHX
CBOIWCTB TIECKOB B POCCBHIIH WJIHM NMPOAYKTOB APOOJICHUS U W3MENBYCHHUS] KBApLEBBIX
KOPEHHBIX MOPOJ KaK MOTEHIMAIbHO BO3MOXXHBIX aOpa3uBOB NMPH TUAPOaOpa3HBHOM
pe3Ke MaTepHajoB YCTaHOBJICHO IO PE3yJbTaTaM OIBITHO-IPOMBILIIICHHBIX HCIIBITa-
HHUH B IPOU3BOJCTBEHHBIX YCIOBUAX. VICHIBITAHUS C LENbIO BRISABICHUS TEXHOJIOTHYE-
CKOM BO3MOXKHOCTH NIPUMEHEHHS OTXOJ0B IPOOIECHUS U NECKOB B KadecTBE adpa3uBa
IpU ruApoadbpasuBHOM pe3Ke NPOBOAMINCH HA MAIIMHOCTPOUTEIBHBIX 3aBOIaX U KaM-
HeoOpabaThIBAIOLINX NPEIIPUATHAX YPaJIbCKOTO PErvoHa.

OnBITHO-ITPOMBILIIEHHAs TPOBEPKA BO3MOKHOCTH HCIIONIb30BaHUS KBAapILIEBOTO I1e-
cka pa3mepom ¢pakuun —0,315+0,1 MM B kauecTBe abpa3nBa, HOITY4YEHHOTO IIPH APOO-
JIEHUH KOPEHHOT'0 KBapla MecTopoxkaeHns «l'opa XpycranbHas», IPOBOIUIACE HA OT-
€UECTBCHHOH YyCTaHOBKe ruzapoabpasuBHoii pesku YI'P-1, oGopynoBaHHOI
¢dokycupytomeit TpyOkoi auamerpom 1,02 MM. B kauecTBe mcnpITyeMoro Marepuaia
UCIIOJIb30Balach amoMuHueBas mwinuta AMro6 tonmunoit 30 M. IIpu naBneHUU BOIbI
2600 6ap (260 MIIa), pacxomax rpaHaToBOro abpas3uBa M KBapLEBOrO IeCKa B KOJIHYe-
crBe 200 r/MHH 1 CKOPOCTSIX nepemenieHus pexxyuie ronosku 30, 50, 90 u 100 Mmm/MuH
yCTaHOBJEHO (puc. 1):

— IIPH PA3JINIHBIX CKOPOCTSX MEPEMEILIEHUS PEKYILEH TOJIOBKH ILIEPOXOBATOCTS I10-
BEPXHOCTH PE3aHUS U3MEHAETCS;

— IPH CKOPOCTH MEepeMeIleHus pexyiield rogoBku 30 MM/MHUH KauecTBO IOBEPX-
HOCTEH pe3aHusi HICHTUYHO;

— IpU CKOPOCTH TEpeMeIleHHs pexyled romoBku 50 MM/MHH IIEpOXOBaToOCTb
BBIPE3a€MOIl TOBEPXHOCTH OJHOPOAHAs MO BCEH MIMHE pe3a, COOTBETCTBYET
Ra=12,5 MKM u comocTaBuMa ¢ IOBEPXHOCTHIO, POPE3aeMOii TpaHaTOBBIM a0pa3uBOM;

— C YBEITMYCHUEM CKOPOCTH MepeMeIleHUs pexyiei ronoBku 10 100 Mmm/MuH mie-
POXOBAaTOCTh MOBEPXHOCTU PE3aHUs YXYAIIAETCs, HO OCTaeTcs OAMHAKOBOH MO Bcel
JUITMHE pE3aHus.

BbIsiBNIEHO CyliecTBEHHOE U3MENBUCHHUE TIecKa MPH THApoadpa3suBHON pe3ke, 00y-
CIIOBJICHHOE TOSIBIICHHEM TEXHOTEHHBIX TPEIIMH B 3€pHAX B Mpolecce ApoOiIeHus Ko-
PEHHOTO KBapla.
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B pesynbrare npoBeEHHBIX ONBITHO-IPOMBILIUIEHHBIX HCIBITAHUH yCTaHOBIEHO,
4TO MUCMOJIb30BaHuE MeckoB ppakuuit —0,315+0,1 MM B kauecTBe abpa3rBa BO3MOXKHO.
Jlisl MOBBILIEHNST CKOPOCTH Pe3aHMs U YHCTOTHI IOBEPXHOCTH pe3aHHsi HEOOXOOMMO
o0ecreunTh HeMPEPHIBHOCTH MOJa4y MIeCKa B COIUIO 3a CUET yAaJleHHUs NbUICBUIHBIX U
IIMHKMCTBIX YacTHULl U YMEHBILIEHUS BIaKHOCTH 10 ypoBHs Hike 0,5 %. Mcnons3oBa-
HHE B KauecTBe abpa3nBa KBapLEBOTO IecKa NOTpedyeT pealn3alii MepONpHATHIA 110
YCTpaHEHUIO MbLIN, BO3HUKAIOIIEH NPH 3arpy3Ke OyHKepa U B IpolLiecce Pe3aHusl.

Puc. 1. [loBepxHoCTH pe3aHus MPU UCTIOIb30BAHUU:
a — ¢paxuun —0,315+0,2 mm; 6 — dpakun —0,4+0,315 mm
Fig. 1. Cutting surfaces when using:

a — fractions —0.315 + 0.2 mm; 6 — fractions —0.4 + 0.315 mm

TexHnueckas BOSMOXKHOCTh IIPUMEHEHHS B KaueCTBe abpa3rBa KBapIIeBbIX eCKoB Ku-
YUTHHCKOTO MecTtopokaeHus ¢pakimii —0,63+0,4 mm, —0,4+0,315 mm u —0,315+0,2 mm
yCTaHaBIMBalIach Ha OTeuecTBeHHON yctaHoBke YI'P-1. [Ipu ckopoctu nepemenieHus
tdhoxkycupytomiero comia 56, 96 u 104 MM/MUH HCHONIB30BaHUE abpas3uBa (ppakiuu
—0,315+0,2 MM obOecrieunBaeT MONYYCHUE MTOBEPXHOCTH C IIEPOXOBATOCTHIO pe3a, Co-
OTBETCTBYIOIIEH TEXHUYECKHM TPEOOBAaHUSAM Ha U3JCIUC U3 aTlOMHUHHEBOTO CIUIaBa
AMr6. IIpu ckopocTH niepeMeleHus pexKyiel ronoBky 50 MM/MUH U HCTIOIB30BaHUU
tdpaxun —0,4+0,315 MM 0Opa3yercs MOBEPXHOCTH C OIHOPOJHOMN IIEPOXOBATOCTHIO.
C yBennyeHHEM CKOPOCTH MepeMelleHs pexyliel roinoBku 10 100 MM/MHH 1Iepoxo-
BaTOCTh [TOBEPXHOCTHU YXY/IIAETCs, HO OCTAETCsI MOCTOSHHOM MO BCE ANTMHE pe3aHus,
nepeboeB B nogade abpa3uBa He HAOMONAETCS.

ITpu ucnonp3oBanuu B kauecTse abpa3uBa necka ppaxuuu —0,63+0,4 MM HaOMROIA-
JIUCH TepeOOou ¢ mojiaueii ecka B PeKYIYH0 TOJI0BKY, YTO MPUBOAMIO K PE3KOMY yBe-
JTUYCHUIO IIEPOXOBATOCTH MOBEPXHOCTU PE3aHUA U €€ HEOJHOPOIHOCTH.

B 3A0 «KBanT» NpoBOIMIOCEk BEIpE3aHHE KBAAPATHBIX MPU3M U3 TUINTHI HHTPY3HB-
HOW TOPHO¥ MOPO/IbI OCHOBHOTO COCTaBa — rab0po TonmmHoM 30 MM Ha COBpEMEHHOM
UMIIOPTHOM CTaHKe. B KkadecTBe aOpasuBa OmNpoOOBaNKCH (pakIUH pa3zMepoM
-0,315+0,2 mm, —0,4+0,315 mm u —0,63+0,4 MM KUUYUTHHCKOTO MECTOPOXKICHUS
KBapIIEBBIX MECKOB IMPH CJICIYIOIIEM PEXKHME Pe3aHMs: pacxoj Iecka Ha ImpoOuBa-
Hue — 150 r/muH; pacxon mecka Ha pesanue — 300 r/muH; quamerp (HOKYCHUPYIO-
niei pexytiero cora — 1,02 mm; gaBnenue — 4130 arm. (413 MIla); ckopocth pe3a-
Hust — 80 MM/MUH.

YCTaHOBIICHO, YTO C YBEIMUESHUEM KPYITHOCTH a0pa3uBa He3HAYMTEIBHO MOBBIIIA-
€TCs IEPOXOBATOCTH TOBEPXHOCTH PE3aHMUsI.

Hcxons u3 KOMMEpUECKHX COOOpakeHH TpeOOBaHHUE K KaueCTBY TIOBEPXHOCTH Pe-
3aHHS KAMEHHBIX MaT€pPHaJIOB TOBBIIIEHHOE, YTO JOCTUTACTCS B OCHOBHOM CHIDKCHH-
€M KpyIHOCTH a0pa3uBa M CKOPOCTU PE3aHMsL.
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Haunbonee mpuemiiemMasl MOBEPXHOCTh pe3aHMsi HAOMIOMAETCS MPU HCIOIb30BAHUH
abpasuBa ¢paxumn —0,315+0,2 MM U3 KBapLeBoro necka KHUMrMHCKOro MECTOPOKICHMSI.

BoiBoabl. [{71s1 OLICHKH 3KOHOMHYECKOH 3(PPEKTUBHOCTH HCIOIB30BAaHHUS KBapIie-
BBIX [IECKOB B KauecTBe abpa3uBa NpH rupoadpa3uBHON pe3ke He0OOXOIUMO MPOBECTH
JOTIOJTHUTENBHBIE OTBITHO-IIPOMBIIIUICHHBIE UCTIBITAHUS HA COBPEMEHHBIX YCTaHOBKAX
B COOTBETCTBUHU C EOumviMu canumapro-snudeMuonocudecKumMy U SueueHudeckumu
mpedoBAHUAMU, NPUMEHAEMBIMU K MOBAPAM, NOOLENHCAUWUM CAHUMAPHO-INUOEMUOTIO-
euueckomy Haozopy (kowmponio), CII 2.6.1. 44 798-99. Obpawenue ¢ munepanbHvim
ChIpbEM U MAMEPUATLAMU C NOBBIULEHHBIM COOEPIHCAHUEM NPUPOOHBIX PAOUOHYKAUOO8 T
YUETOM MpEeNIbHO IOy CTUMBIX KOHLIEHTpAIMK BPEJHBIX BELIECTB B BO3AyXe padoueit
30HbI cortacHo [ OCT 12.1.005-88. CCHT. Obwue canumapro-eucuenuieckue mpebo-
6anusi K 6030yxy paboueu 30Hbi. HOpMaTWB BPEAHBIX BEIECTB OMNPENENSETCS IO
I'H 2.2.5.1313-03.

[TpoBeneHHBIE IKCIIEPUMEHTHI IO3BOJIMIIN CHIENIATH CIICAYIOIINE BHIBOJIBL:

— HMCIOJBb30BaHKe KBapuesoro necka ¢pakouu —0,315+0,1 MM, moiay4eHHOTO MpH
IpoOiieHNH 1 U3METBICHUH KOPEHHOT0 KBapia Mectopokaenus «l'opa XpycranbHasy,
B KauecTBe abpa3uBa TEXHMUECKH BO3MOXKHO; OTMEUEHO CYLIECTBEHHOE U3MEIBICHUE
abpasuBa B mpoliecce pe3anus, 00yCIOBICHHOE MOSBICHHEM TEXHOTEHHBIX TPEIIUH B
3epHax KBapla B mpolecce ApoOIeHHS;

— YCTaHOBJICHA TEXHUYECKasi BOSMOXXHOCTb U TEXHOJIOTHYecKasl 11eJIecCO00pa3HOCTh
WCIOJIb30BaHUs KBapleBoro necka ¢paxmuit —0,315+0,2 mm u —0,4+0,315 mm Kuun-
THHCKOTO MECTOPOXKIICHHS B KadecTBE abpa3uBa MpH pe3Ke METAIUIMIECKUX U KaMEH-
HBIX MaTepUaoB;

— HUCTIONB30BaHUE KBAPIIEBBIX MECKOB YKa3aHHBIX OOBEKTOB B KauecTBe abpas3uBa
npu THIpoaOpa3uBHONW pe3Ke MO3BOJIMUT HAa PETHOHAIBLHOM YpPOBHE peajii30BaTh ya-
CTHYHOE UMIIOPTO3aMElIeHHE IPAHATOBBIX IMECKOB.
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On the possibility of water jet cutting abrasive import substitution
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Abstract
Introduction. Garnet sand, hard metals powder and carbide oxides are basically used as an abrasive when
cutting various materials with a water jet. It is proposed to study the possibility of using quartz sand
instead of imported garnet sand.
Research aim. Water jet cutting is a process of erosion effect of a water jet with hard abrasive particles
coming under ultra high pressure. It is necessary to examine the technical and technological possibility of
using an abrasive made of original quartz crush (industrial waste) and natural quartz sand when cutting
metal and rock with a water jet.
Methodology. The use of geoinformation provision, including attributive and spatial data, allowed to
identify potential mining and geological objects containing raw materials meeting physical-mechanical
properties and granulometric composition of a widely-accepted abrasive in the form of garnet raw
material. The present article describes the experimental results of rock and metal cutting with a water jet
with the use of quarts sand crush.
Results. Pilot testing at several machine-building and processing enterprises of the Ural region has
allowed to establish technical and technological possibility of using original quartz crush of Gora
Khrustalnaya deposit and natural raw material of Kichiginsky quartz sand deposit.
Summary. Raw material fraction size providing the required roughness of the cutting surface are
recommended as an abrasive when cutting aluminum alloy and rocks (gabbro) with a water jet. The
requirements for maximum permissible concentration of harmful substances in the workplace air are
formulated.

Key words: water jet cutting, technogenic product; sand,; deposit; cutting speed; cutting surface;
roughness.
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Framing the solution to the problem of coal seam state by the methods
of the mechanics of granular materials
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Abstract
Introduction. It is essential to reliably estimate the geomechanical state of marginal zones at a mineable
coal seam in order to ensure mining balance and safety.
Research aim is to build the model of the state of a coal seam in its marginal zone based on the
fundamental methods of the mechanics of granular materials, make calculations within the framework
of the model, analyze the results and compare them with the results obtained by the well-known methods.
Methodology. The problem of the stressed state of coal seam marginal zones is implemented by means
of numerical solution of three boundary value problems of limit equilibrium theory for a range of typical
areas situated in these zones. The criterion of limit state beginning is concurrent compliance with
Coulomb—Mohr stratum condition and Mohr—Kuznetsov condition along the contact with rock wall.
Results. It has been shown that the components of stress field change non-monotonically along the seam
roof. Sections with constant stresses are changed by sections with stresses nonlinear increase.
With distance from the marginal part into the depth of the massif, the size of sections with constant
stresses decreases. The obtained stress results have been compared with the results obtained with the use
of voltage change exponential formula. The dimensions of seam marginal zone have been determined
with rather close results of two approaches.
Summary. Polynomial approximation of the obtained graphs allows accurately replace the results of
numerical solution to the limit state problem by analytical functions and simplify the solution to the
problem of the enclosing rock stressed state.

Key words: rock mass; coal seam; mine; limit stress seam zones;, Coulomb—Mohr and Mohr—
Kuznetsov strength criteria.

Introduction. Evaluation of stress-strain state of the rock mass enclosing a coal
seam and the mine working within it is an important and relevant scientific problem.
The presence of the limit stress zones in seam marginal parts cause various geodynamic
events: rockbursts, rock mass outbursts from mine faces, soil heave, and significant
roof displacement [1-8].

Data on seam limit stress state in the marginal zone is essential in order to forecast
the estimates of geodynamic effects. It is evident that results obtained as early as at the
stage of mining enterprise design and before mining are important as soon as they make
it possible to avoid expensive field experiments. Physical-mathematical simulations
based on the main provisions, principles and methods of deformable solid mechanics
and taking into account the fullest data on the environment under investigation
[5, 9—16] can provide reliable results and forecast estimates of the geomechanical state
of massifs.

From this point of view, G. L. Firsenko approach, based on the V. V. Sokolovsky
fundamental methods for granular materials calculation [12], clearly reflects stress-
strain state of a coal-bearing mass. Results obtained within the simulation developed by
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G. L. Firsenko are in good agreement with the results of field experiments with the
approach successfully applied by researches [13—-15] in order to estimate
the geomechanical state of a coal seam and its soft rock and in the vicinity of the geological
disturbance.

A bearing pressure curve is defined approximately in the form of an exponential
function, and this is the main disadvantage. It makes it possible to avoid solving
nonlinear differential equations of media limit state, but it does not estimate the accuracy
of the solution as soon as there was no complete solution to nonlinear equations of the
limit state.

The present research states the following tasks. Firstly, calculate seam marginal
zone by numerical integration of the limit-state differential equations. Secondly, fulfill
the comparative analysis of the calculation results and the results obtained by
G. L. Firsenko approach, and ascertain validity limits of the latter.

Problem statement and its solution. In the rock mass simulated by a weightless
plane there is a mine working with a rectangular cross section b x 4 in size at the depth
of H through the coal seam with m thickness. Coal seam strength characteristic: C — the
cohesion coefficient, p — the angle of shear resistance; they are much less than rock
strength characteristic of the main mass, but they exceed the cohesion coefficient C'and
the angle of shear resistance p’ at seam contacts with the remaining mass. Coordinate
system y0z is tied to the middle of the seam edge. It is believed that digging is fulfilled
at the depth which causes limit stress (plastic) zones generate at seam marginal parts.
The aim of solution to the problem is to obtain quantitative and qualitative results of
stresses distribution in seam marginal zone.

Simultaneous survey of general and special conditions of the limit state allows
obtaining a formula for an angle between the contact between the mass and the friction
plane in a coal seam in the points at this contact [5, 10]

ezg_;_%(p—p’)—%arcsin{s{np (l—gﬂ, (1

sinp c

where 6 — mean adjusted stress; ¢ and the parameter ¢ are determined by the formula

6, +0; (l—sinp)
c=c+—=, ¢ = Cctgp = ——~0,,
2 &P 2sinp  ° @)

o, — compressive strength of a seam.

It is obvious that there is only vertical main stress o, equal to 6, which acts at coal
seam uncovering, while main stress o, is equal to zero. Formula (1), after substituting
formulae (2) into it, accepting that 6, = 5, 6, = 0, takes the form

TP
o="4P o
4 2 P

Evaluation of the limit state of the seam itself is reduced to the solution of two
differential equations obtained by means of substituting the criterion of Coulomb—Mohr
limit state into the system of differential equation of equilibrium, complying with the
conditions at the edges of the area.

The obtained system of equations is nonlinear and refers to hyperbolic equations.
In this system, mean adjusted stress ¢ and angle ¢ between the direction of the main
stress 6, and y axis are unknown.
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Main stresses 6, and o, are tied with ¢ and angle ¢ by the following ratios [5, 10, 12]:

o, —0[1+sm p)cos(2 J c;

(
(p)cos(2 )] (3)

= osin(p)sin(2¢) —c

c, —G[I—SID

When solving hyperbolic equations, a method of characteristics (characteristic
curves) is used, significantly simplifying differential equations. They physically
coincide with glide lines — directed lines in the medium where lateral faulting is
maximum [12].

Despite the fact that at glide lines the system of equation simplifies, in general, it is
integrated only numerically, its solution reducing to some table completion with the use
of recurrent relations obtained at differential relations substitution for their finite-
difference expressions [12].

Depending on boundary conditions there are three boundary value problems of limit
state.
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Fig. 1. The scheme of a mine working and limit stress zones in a coal seam:
1 — mine working, 2 — limit stress zones of a seam
Puc. 1. Cxema BbIpaOOTKH U IIPE/ICIIBHO HAIIPSIKEHHBIX 30H B YTOJFHOM IUIACTE:
1 — BbIpaboTKa, 2 — MpeenbHO HAMPSHKEHHBIC 30HBI IIacTa

At the first boundary value problem, there are point coordinates y, z specified at the
boundary of the area, as well as stress ¢ and angle ¢. According to these values and
recurrent ratios, a slip-line network is built, and o, ¢ in its nodes are determined.

At the second boundary value problem, boundary conditions are specified at two
boundaries of the area, and its solution, just like at the first boundary value problem, is
carried out in accordance with the recurrent relations.

At the third boundary value problem, there are coordinates of glide line of one
family and values ¢ and ¢ specified at one boundary. At the other boundary, two finite
or differential relations between the coordinates of the second system of glide lines are
known, as well as ¢ or @, belonging to other system of glide lines. The development of
a slip-line network and other values calculation is carried out by the same recurrent
formulae.

If boundary conditions in the first and second boundary value problems are simple
enough, for example, o is constant, then they can be solved in closed (analytical) form:

So, for example, at the uncovering of the seam, the following boundary conditions
are specified —1/2 <z <h/2;y = 0; 6, = 6; 6, = 0; ¢ = 90°. Consequently, the problem
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is a boundary value problem. The solution to the problem is quite simple. It is rather
evident that glide lines of this area make up the network of isogonal lines which deviate
from the vertical line to the angle of +¢ (fig. 1), and the section itself represents the
triangle prism VBV, where stresses are constant and equal to the stresses
at the boundary.

Sections adjoining VBV, area represent two symmetrical triangle prisms, V'CB and
V,C,B,, they are called Prandtl zones. The problem of building up a stress field in
Prandtl zones refers to the second boundary value problem, and the solution can also be
represented in a closed form. Glide lines within them consist of a cone of rays going out
of the angular pints V" and V|, and logarithmic spirals. Stresses along the radial glide
lines are constant, while stresses along the logarithmic spirals change exponentially.

In VCN (V,C|N,) area situated between two rectilinear boundaries, VN and VN, the
third boundary value problem is solved. As soon as the boundaries are rectilinear,
the solution is closed and simple: a network of glide lines consists of two systems
of isogonal lines with constant stresses.

o. % e

0 ; : { |
2 4 6 g 10 —12 14
"'ﬁn\

Fig. 2. Curves of stresses along the seam roof
Puc. 2. Dnropsl HanpspkeHUH BIOJIb KPOBIM ILIACTa

In a curvilinear rectangle BCDC, the problem is the second boundary value problem
and is solved in a closed form with a network of glide lines consisting of logarithmic
spirals along which stresses change exponentially.

In symmetrical sectors CDRN and C,DR|N,, the problem is referred to the second
boundary value problem and has a closed solution. Glide lines along CN and DR
boundaries consist of the radial line segments each possessing constant stresses. Along
curvilinear segments CN and DR glide lines are logarithmic spirals where stresses
change exponentially.

In triangle sections NRG and N,R G, the system of differential equations is no
longer integrated in a closed form. In this case, it is solved numerically and refers to the
third boundary value problem of limit state. At a line NR, boundary conditions are
known, as soon as it is a junction line at CDRN area; at NG boundary, the coordinates
of each point and the value of an undulating gradient ¢ are known, being easily
determined from fig. 1 by formula

(p=n—(6+8)=£+lp'+larcsin S{ﬂ(l—ﬁ).
2 2 2 sinp c
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Thereby, areas VCDR,G,N,C,B and V,C,DRGNCB as sectors represent the
aggregate of sections with individual features of glide lines and stresses distribution in
each section.

These areas border on the other rectangular area DG FG along DG and DG, lines.
Being nonuniform in the areas of the sectors, the network of glide lines is also nonuniform
in DG,FG area. Boundary line DG actually consists of the rectilinear segment DR and
a curvilinear segment RG. It follows from above that inside of DROR, with rectilinear
boundaries DR and DR, within DG, FG area under consideration, the network of glide
lines consists of the isogonal lines, and stresses in its nodes are constant everywhere.

RG boundary of RGQO section, which is another section of the upper half of the
given area, is curvilinear, and RO boundary is rectilinear. It follows from above that
glide lines within the section consist of rectilinear and curvilinear segments. Stresses
are constant along the straight lines, and alternating along the curvilinear segments.
Within OQFQ, section of the same area, the network of glide lines will be curvilinear,
as soon as boundaries OQ and OQ, of the section are curvilinear. Therefore, stresses
within the section are alternating.

Fig. 3. Curves of stresses along the midline of a seam
Puc. 3. Dnropsl HanpspKeHUH B0 CPEAHEH JTHHUY IUTACTa

The character of glide lines and stresses distribution in FGP area and the symmetrical
FG, P, area is possible to be determined in the same manner. Thus, at section GTQ of
this area, the network of glide lines is isogonal, and stresses are constant. At QTAF
section, the network of glide lines consists of rectilinear and curvilinear sections with
alternating stresses. At ATP section, the network of glide lines is curvilinear, it means
that the stresses within are alternating.

The speculations above result in the conclusion on the character of stresses
distribution along the mid-seam (along y axis) and along the seam roof (VP line).
So, for instance, along OB, DO, VN, GT segments the stresses are constant, and along
BD, OF, NG, TP segments they are alternating.

Problem solution results and their analysis. Here’re the results of solving the
problem of seam marginal part limit state. The results are obtained in the course of
numerical solution of boundary value problems of limit state theory in a number
of typical areas of seam marginal zone. The following parameters of a massif and a seam
are accepted as source information: 6, = 10 MPa; p =20°% C'=0; p'=10° A=m =3 m.

Fig. 2 shows distribution graphs (curves) of normal stress ¢_(curve /), 6 (curve 2)
and shear stresses T (curve 3) along the seam roof. They are built based on ratios (3),
where 6 and ¢ are determined during boundary value problems solution for the areas of
the limit stress zone.
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The character of changes in stress curves proves the earlier speculations on stresses
behaviour in the areas and at the sections of seam limit stress zone. Stresses along the
roof actually do not change steadily. Sections with constant stress interchange with
sections with nonlinear buildup of stress, and with distance from the edge of the seam,
the intensity of stresses buildup grows, and the length of sections with constant stresses
reduces. Curves are built according to the results of boundary value problems for eight
areas, the length of the limit stress zone being 14 m.

50 %=
9
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Fig. 4. Curves of o, stresses along the seam roof by two
approaches

Puc. 4. Dnrops! HaNpsHKEHUH G, BAOIb KPOBIIH IUIACTA TI0 JBYM
M0X0J1aM

Fig. 3 shows the graphs of normal stresses o, (curve /), 6, (curve 2) along the mid-
seam, which coincides with axis y. Shear stresses are absent as soon as at the symmetry
axis shear stresses are equal to zero. It follows from fig. 3 that the values of stresses
along the mid-seam are insignificant, but they are lower than the values
of stresses along the roof of the seam at fig. 2.

When solving the elastoplastic problem, the use of the stress curves which have
been obtained directly will result in the more complicated formulation of boundary
conditions as compared to the analytical functions.

The obtained stress curves are approximated by the polynomials where the number
of members is equal to the number of typical sections of the limit stress zone. In order
to determine the coefficients of each polynomial, the system of algebraic equations is
solved with the number equal to the number of the sections, equations right parts
corresponding to the values of the determined stresses at the margins of the sections.

Fig. 4 presents two curves of vertical stresses distribution. Curve / — a polynomial
which approximates stresses ¢, curve 2 is built by formulae (3) for 6, where the
reduced stress ¢ is determined by G. L. Fisenko exponential dependence [5]

o=—20 o Wherekzz-—lJrS%npt '
2sinp m 1—sinp

It follows from the analysis of fig. 4 that the curve ordinates are close to each other
within the limit stress section of about 4 m length. With a greater length of the section
the difference in the ordinates grows, and with 14 m (4.44m) long limit zone it is
about 76.5%.
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Summary. A rigorous solution to the problem of seam limit stress zone calculation
by the methods of the mechanics of granular materials. The solution consists in the
successive numerical solution of nonlinear differential equations of limit state boundary
problems for a range of typical areas in this zone.

The graphs of normal stresses distribution along the seam roof, which have been
built in the course of the problem solution, represent the aggregate of sections; sections
with constant stresses are changed by sections with nonlinear increase. With the growth
of abscissa, the length of the sections with constant stress reduces, and the intensity of
stress growth at the sections of their nonlinear growth rises sharply.

Graphs of stress distribution in seam limit stress zone, obtained through the proposed
solution, are close enough to the graphs built by G. L. Fisenko exponential formula,
only a small section having zones not more than one third of the seam height size.
At the distance from the seam edge of four and a half seam heights, the difference
between the results is significant and exceeds 75%.
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IlocTpoenue penieHusi 321241 0 COCTOSIHMH YIOJbHOIO MJIACTA
MeTOoIaMM MeXaHUKHM ChINyYei cpeabl

Yepaanues H. B.!
! ®enepanbHBIl HCCIIENOBATENBCKHI IEHTP Yt U yriexumun Cudupckoro otaeneuus PAH, Kemepogo,
Poccus.

Peghepam
Beeoenue. [[ns obecneuenuss pummuyHOCmu 1 0€30NaACHOCU 6e0eHUs 20PHbIX pabom HeoOX00UMbl Ha-
0edICcHble NPOSHO3HbIE OYEHKU 2eOMEeXAHUYEeCKO20 COCHMOAHUS NPUKOHMYPHBIX 30H OmMpadamuléaemoco
Y2onvbHo2o niacma.
Lenv pabomul. Ilocmpoenue modenu coCmoaHUs Y20IbHO20 NIACMA 6 €20 KPaegoll 30He Ha 0CHO8e (yH-
OAMEHMANbHBIX MEMO008 MEXAHUKU CHINYYUX Cped, NPOGEOeHUe 8 ee PAMKAX 6bIYUCTIEHUl, aHAU3 NOTY-
YEHHBIX Pe3YNbMAMOE U UX CPAGHEHUe C Pe3YIbMamamu, NoayYeHHbIMY U36ECTHbIMU MEMOOAMU.
Memooonozusn. 3a0aua 0 HANPANCEHHOM COCIMOAHUU KPAEBLIX 30H Y20NbHO20 NAACMA Peanu3yemcs nymem
YUCIEeHHO20 peuenUs. mpex Kpaegvlx 3a0ay meopull npeoenbHo20 pagHo8ects Oisl paod Xapakmephvix 0o-
nacmeil, pacnonodcenHvlx 8 smux 3onax. Kpumepuem nacmynnenus npeoeivHo2o coOCMOAHUSA ABTAEMCS
oonogpemennoe cobniodenue ycaosuii Kynona—Mopa no nnacmy u Mopa—Ky3neyosa no eco konmaxkmy
¢ OOKOBbIMU NOPOOAMUL.
Pesynvmamul. Ilokasano, 4mo KOMNOHEHMbl NONSA HANPANHCEHUL USMEHAIOMCA 800Ib KPOGIU NILACMA He-
MOHOMOHHO. Y4acmxu, Ha KOMOPbIX HANPAICEHUS NOCMOAHHbL, CMEHAIOMCSL YYACMKAMU HENUHEIIHO20 UX
603pacmanys, u no mMepe yodneHus om Kpaeeoi uacmu 6 21yob Maccuea pasmepul y4acmros ¢ nocmost-
HbIMU HANPAdICEHUAMU YyMenbualomes. [Ipusedensvt cpasnumensusie OyeHKU NOTYYEHHbIX pPe3yIbmamos
HanpsadiceHuil ¢ pe3yromamami, NOAYYEHHLIMU C UCNONb30BAHUEM IKCNOHEHYUATLHOU DOPMYIbL UMEHe-
HUSL HANPAJICeHUll. Ycmarnoenenvl pazmepvl NPUKOHMYPHOU 30Hbl NAACMA, 6 KOMOPbIX Pe3yibmamyl no
08YM n0OX00am 0OCMAamoyHo 6uU3Ku opye opyey.
Bu1600v1. Annpoxcumayus noayuennvix epapuros NOTUHOMAMU NO3EOAEM C BbICOKOU CIMENEeHbI0 MOYHO-
cmu 3aMenums pe3ynbmanmsl YUCIeHHO20 peuenus 3a0auu npeoenbHo20 COCMOAHUA AHATUMULECKUMU
@yHKYUAMU U ynpocmUmb peulenue 3a0adi 0 HANPsHCEHHOM COCMOAHUU EMeUalole2o Maccusa.

Kniouesvle cnosa: maccug 2opuvix nopoo; yeoibHblil NIACM, 20PHASL 8blpAOOMKA; NPEOeNbHO HANPSIHCEH-
Hble 30Hbl niacma, kpumepuu npounocmu Kynona—Mopa u Mopa—Ky3neyosa.
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OLueHKa BNNAHUA NapamMeTPOB BHYTPEHHEro 0TBanoobpa3oBaHus Ha
reoMexaHu4eckoe COCTOsIHWE NOA3EMHOI 0TPaBOTKN MECTOPOXAEHNUS
«BocToK-2»

Motanuyk M. U.™*, PacckasoB WU. 10.", KopHeesa C. W.1, llomoB M. A.!
" MHeTutyT ropHoro aena [ABO PAH, r. Xabaposck, Poccust
*e-mail: potapchuk-igd@mail.ru

Peghepam
Beedenue. Buympennee omeanoo6pazosanie cmaHogumcs 6ce 6onee akmyanbHolM U RPUMEHAEMCA Hd
MeCmOopOAHCOEHUSAX, 8€0YIUX OMPADOMKY KAK OMKPLIMbIM, MAK U KOMOUHUPOBAHHBIM CHOCODOM. B cés-
3U C IMUM KOMNIIEKCHblEe UCCIeD08AHUS, HANPABIEHHbIE HA OYEHKY USMEHEHUs 2eOMEXAHUYECKO20 CO-
CMOAHUSAL OKPYHCAIOWE20 MACCUBA MeCIOPOXCOeHUs «Bocmok-2» npu yciosuu pasmeujeHus nycmoix
nopoo 6 KapbepHoll 8bleMKe, AGNAIOMC Hauboiee aKmyalbHbIMU.
Ieny pabomel. I'eomexanuyeckas OYyeHKa GIUAHUS GHYMPEHHE20 OMEAL000PA308AHUSL HA COCMOSAHUE
20PHO20 MACCUBA MECTNOPONCOEHUA BONbppamcooepxcauux pyo «Bocmok-2y», eedyweco ompabomxky
PYOHbBIX 3aNACO8 KOMOUHUPOBAHHBIM CNOCOOOM.
Memooonozus. Hccrnedosanusn exkaouanu naOOpamopHoe usyieHue QuauKo-mexaHudecKux ceoucme
20PHBIX NOPOO, pacuem YCmouuueoCmu ¢ NPUMeHeHUueM CO8PEMEHHBIX NPOSPAMMHBIX CPEOCMS, YUCTeH-
HOe MOOenupo8anue HAnpA*CeHHO-0eQOPMUPOBAHHO20 COCMOAHUS MACCUBA 20PHBIX NOPOO MEMOOOM
KOHEYHBIX 3N1eMEHIMO8.
Peszynomamul. Komniekchas oyenka 6nuAHUS GHYMPEHHE20 0MBAI000PA306AHUAL HA 2e0MeXAHUYECKOe
COCMOsIHUE OKPYIICAIOU)e20 MACCUSA NO3BONULA YCIAHOBUMb, YMO pa3MeleHile nyCmulx HoOpoo 6 YeHm-
PANbHOU YaACMU Kapbepa He OKAXCeNn 3HAYUMENbHO20 GIUSHUS HA 2e00UHAMUYECKYI0 0OCMAHOBKY 2y-
boxux 2opusonmos. IIpu smom 6 npoyecce Qopmuposania 0mean COXpAHUmM yCmouyugocms ¢ 00Cma-
MOYHBIM 3ANACOM.
Bo1600b1. Pesynvmamyl 6bINOTHEHHbIX KOMIIEKCHBIX UCCLE008AHUL HA MeCcmopoxcOoeHuu «Bocmox-2y»
MO2ym Oblmb UCNONB306aHbL HA OpYyeUX 00beKMax, 6e0yuux ompabomxy 6 cXoHcux 20pHo-2eonocuye-
CKUX YCAOBUSAX.

Knrouesvile cnosa: mecmoposcoenue; enympennee omeanoobpazosanue; Quuko-mexanuieckue
CBOIICMBA; 20PHbLIL MACCUB, COBUICEHUE, KAPbEPHAs 8bIeMKA,; YCMOUYUBOCTb.

Beenenue. Cxema pa3MelIeHUs] BCKPBILIIHBIX IOPOJ B KAphEPHON BbIEMKE 000CHO-
BBIBA€TCA PAIOM MPEUMYIIECTB, CPEAN KOTOPBIX COKpAIIEHUE PACCTOSHUS TPAHCIIOP-
TUPOBKH M 3KOHOMHUS IIJIOIaiel /I pa3MelleHrs] OTBAJIOB, U UCIOIb3YeTCsl Ha MHO-
TUX TPENNpUSTHAX, BEAYIIMX OTPabOTKYy MECTOPOXKACHUHA KaK OTKPBITHIM, TaK U
KOMOWHHPOBaHHBIM criocoOoM [1-5]. Tak, Ha MEeCTOPOXKAEHUH BOJIb(paMcoaep Karmnx
pyn «BocTtok-2», orpabotky kotoporo Beaetr OAO «IIpumopckuii 'OK», B pe3ynbrare
BO3MOYKHOH TIepepa0OTKH BHEITHUX OTBAJIOB BO3HHUKJIA HEOOXOMMMOCTH (pOpMHpOBa-
HUS B KaPbEPHOU BBIEMKE OTBaJIa IyCTHIX MOPOA. Takum 00pa3om ObLT OCTABIIEH BO-
npoc 00 YCTAaHOBJICHUH CTETICHH YCTOWYMBOCTH BHYTPEHHETO OTBajia B MPOIIECCE €ro
(dopMupoBaHus, a TAKKE OLEHKE BIUSHHS €r0 pa3MeIIeHus Ha T€OANHAMHYECKYIO 00-
CTaHOBKY INIyOOKHMX TOPU30HTOB IPH AajbHEHIIEH 0TpaboTKe 3aIeXu.

Kparkas reosoruueckasi 4 ropHOTeXHHYeCKasi XapaKTePUCTHKA 0TpadaTbIBa-
€MOro MecTopokaeHus. MectopokaeHue «BocTok-2» 0OTHOCUTCS K CKAPHOBO-THIPO-
TepManbHOMY TUIy. OCHOBHAsI BOJNB()paMoBasi MUHEpATU3aIHsI MECTOPOXKICHUS CO-
cpefoTroueHa B TiaBHOM pymaHo# 3anexu (['P3) u comyTcTByromeM pygHOM Teje
(CPT) Ne 1. I'P3 mpencrapinsieT co00l m1acToOOpa3HYIO 3aJeKb CEBEPO-BOCTOYHOTO
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MPOCTUPAHUS, MAJAMINY0 oy yriioMm 70°—80° Ha roro-3anagHoM (iaHre, Mo YIiioM
90° Ha ceBepo-3anaa. MomHocTh pyaHoro Tena usmensiercs ot 1,3 mo 27 m. CPT or-
MEUYEHO TOJNBKO Ha FOT0-3allaJHOM (pJIaHTe MECTOPOXKIICHHS, PACIIONOKEHO B BUCSUEM
6oky ot I'P3 u mo cBouM MOpP(OCTPYKTYpHBIM OCOOCHHOCTSM W BEIECTBEHHOMY
cocraBy ananoruano ['P3. [Ipoctupanne pyaHbIx Ten cyOnapaiuielbHOe, MaJeHue Ha
ceBepo-3anan nox ymioM 80°—90°. MomHocTh pyaHBIX Ten oT 6 A0 32 M, B cpen-
HeM — 13 M. Ha mryOuny pynHbie Tena npociiexXuBaroTcs A0 rop. +60 M.

MecTopoxieHHE PACHOIOKEHO B MECTHOCTH C KPYITHOCOIIOYHBIM pelibe()oM CO
3HAYNTEIILHBIM KoleOaHneM aOCOMIOTHBIX BEICOTHBIX OTMETOK JJHEBHON MOBEPXHOCTH.
BrIxoab! pyaHO# 3alie)Xy Ha MOBEPXHOCTh PACIoiaraiuch B paiioHe oTMeToK +870 M
OT YPOBHS MOP$I, OTMETKH JOJUHBI MKy COCETHUMH CONKaMu (pycia Kirodeid Amo-
HaJbHBIN 1 BocTok-2) konebmrores B penenax +640...+540 M. CIoXHOCTBIO penbeda
00yciioBieHa KOMOMHUPOBAaHHAs CXEMa BCKPBITHS MECTOPOXKACHUS C TIOMOIIBIO IITO-
JIeH M BEPTHUKAJIBbHBIX CTBONOB. OpyneHeHne NpociiexXuBaeTcs Ha 1youny 6omnee 800 m
(mo rop. +60 M) [6-8].

Tabmuua 1. @u3nko-MexaHUYecKHe CBOHCTBA MOPOJ U pyA MecToposxkaeHus «BocTok-2»
(o nanHbIM HHcTHTYTOB BHUMM 1 YHMnpomens)
Table 1. Physical and mechanical properties of rock and ore at Vostok-2 deposit
(according to the data from VNIMI and Uniprommed)

TIpenen
oo Mo | et 100 o | MO | Koo
poa 3 pacTsKeHue, ynpy 4, b

KI/M cxatue, MIla MIla MIla, 10 ITyaccona
U3BecTHAKH 2640 73,0 1,8 5,8 0,36
I'parut-noppupst 2610 151,0 10,0 7,21 0,24
I'panomoputsl 2700 142,0 9,2 6,0 0,22
[Tecuanuku OpOroBUKOBaHHbIE 2730 180,0 10,8 7,0 0,24
OpOroBUKOBaHHBIC AJIEBPOJIUTHI 2630 76,0 7,0 7,2 0,27
Pyna mweenut-cynbbuaHas 3330 170,0 6,8 9,0 0,18

BepxHsist yacTh MECTOPOXKICHHST OTPadOTaHa OTKPHITHIM CIIOCOOOM (OTMETKa JTHa
Kapbepa okoj10 +720 M), HIKe THA Kapbepa pyAHOE TeJI0 BCKPBITO ITOIBHAMU «Bcmo-
MorarensHas» (rop. +720 m) u «Kanuransuas (rop. +560 M). BepTukanbHbIe CTBOJEI
«I'maBHBINY» U «BcrnoMorarenbHbI» TPOWACHBI 0 TTYOHHBI Pa3BeAaHHOTO MPOMBIII-
JICHHOTO OPYACHEHHS C MPOXOAKON YaCTH BHIPAOOTOK OKOJIOCTBOJIBHOTO ABOPA.

B Hacrosimee Bpemst MecTtopokacHHue «BocTok-2» oTpabaTbiBaeTcsi B OTaxke
+360...+260 M c IpUMEHEHHEM CHUCTEMBI Pa3pabOTKH MOAATAKHBIMH IITPEKAMH CO
CKB2)XHHHON OTOOHKOHM M TOPIEBBIM BBHIMYCKOM pyIbl 0€3 Moanaep kaHus BepaboTaH-
HOTO TpocTpaHcTBa. Bricora momaTaxka cocraviser 14—16 M. KonmuectBo paboumx
noadTaxked B OJIOKe ompenensieTcs B OCHOBHOM BBICOTOH pabo4ero ropu3oHTa U Co-
crapisieT 3—4 moadTaxKa Mpu BeicoTe 0J10Ka 1o naaeHuio 60 M. OTpaboTKa pyaHBIX Tel
OCYILIECTBIISICTCA B HUCXOZSIIEM MOpsiaKe Oe3 oCTaBIeHns] MEXOIOKOBBIX U MOTOIOY-
HBIX LEJIUKOB. Pa3Mepbl OUMCTHBIX OJIOKOB MO MPOCTUPAHUIO: JUTHHA 10 60 M, IIUpUHA
ot 3 1o 30 M (B cpeanem 6-10 m) [2].

Bcekpbimabie nopoapl, GopMUpyeMble P OTKPBITOH pa3paboTKe MECTOPOXKACHHS,
KOTOpast Havanach B 1969 r., a Taxke B pe3yabrare JanbHeled oTpaboTKH MOA3EMHBIM
€rocoOoM ObUIH CKIIaJMPOBAHBI BIOJb F0KHOW TPaHUIBI CYIIECTBYIOLIETO Kapbepa B OT-
BaJIbI 00IIMM 0OBeMoM 5 MitH M. TIpu pa3bopke OTBAJIOB B CTydae BOSMOXHOIT miepepa-
OOTKHM YacTH OTBAJIOB OBLI PACCMOTPEH BapHaHT pa3MEIICHHs ITyCTHIX MOPOJ B BRIPa0o-
TAHHOM TpocTpaHcTBe Kapbepa. OcTanbHas 4acTh OyleT MCIONb30BaHA AJISI OTCHIITKU
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0epM HMU30BOM MJIOTHHBI U OrPaXKIArOIIEeH JaMObl XBOCTOXPAaHHUIIMILA C LETIbIO OBBIIIIE-
HUS UX YCTOMUYMBOCTH IIPH OCYLIECTBIEHUH MpoekTa «HapammBanue orpakaarommx
JaM0 CEKIIMU XBOCTOB XBOCTOXPAaHMIHIIA 000TaTuTeNbHON (padbpuku 10 oT™. 534 m».

KommuexcHast ouenka BnusiHUS (YOPMHUPOBAHHS BHYTPEHHETO OTBajla HA reoMexa-
HUYECKOE COCTOSIHHE OKPY’KAIOIIEro MaccrBa Obljia BBINOJHEHA B CACAYIOLIEM OPS -
Ke: JIeTalbHOE H3y4YEeHUE NMPOYHOCTHBIX CBOMCTB MOPOA MPHOTKOCHOTO MAaCCUBA, pac-
YeT YCTOWYMBOCTH MO3TAMHOro (OPMHPOBAHHMA BHYTPEHHEIO OTBaja, OLIEHKA
0e30macHOCTH pa3MeIleHHs TEXHUKH MPH BEACHUH OTBaJbHBIX Pa0dOT B MPOTHO3HUpPYE-
MBIX 30HaX CIBHKEHUSI OT ITOJ3€MHOI OTPaOOTKH M H3MEHEHHE T€OMEXaHMYECKOTO CO-
CTOSIHUS B IpoLiecce JaabHeneld oTpadoTKH ITyOOKMX TOPH30HTOB MECTOPOXKICHUSI.

YTouHeHne (HU3NKO-MEXaHHUYECKHX CBOHCTB rOpHBIX mopoxa. IlpoBeneHHbIMU
paHee uccnenoBaHusIMH (3akarouenie 0 CKIOHHOCU 08X YUACMKO8 MECHOPON’COECHUS
«Bocmok-2» K nposignenuto 2opHuix y0apoe 6 Mecmax 3anodicenust waxm: omyem o HUP,
pyk. buu . A., Munun FO. A. JI.: BHUMH. 1983; Oyenumsb nanpsasicennoe cocmosinue u
YOApoOnacHoOCmMb MACCUBA 2OPHBIX NOPOO MeCmopodcoeHuss «Bocmok-2y»: omuem
o HUP, pyx. Jlopowenxo B. U., Bomunyes B. A. Examepunoype: Ynunpomeown, 1985.)
YCTaHOBJICHO, YTO B JIMTOJIOTUYECKOM pa3pe3e MECTOPOXKICHHUS MPe00IaJaroT BHICOKO-
MOJYJIbHBIE TMOPOJBI C TOCTaTOYHO BBHICOKMMH NMPOYHOCTHBIMU XapaKTEPUCTHUKAMH —
no 180 MIla (ta6m. 1).

JI1d OLIeHKM CTENEeHH YCTOMYMBOCTH Pa3MELIaeéMOro BHYTPEHHEI0 OTBaJa JIOMOJ-
HUTEJIBHO OBLJIO BBIMOJIHEHO JETaIbHOE H3yUYeHHE MPOYHOCTHBIX CBOHCTB FOPHBIX I10-
poa npuoTkocHoro Maccua. Jlis atoro cnerpanuctamu UIJ] IBO PAH 6bun oto-
Opanbl 00pa3ipl (puc. 1) W BHINOIHEH KOMILIEKC JIAOOPATOPHBIX HKCCIIEIOBAaHUI
C NMpUMEHEHHEM HchbITarenbHON Mamuabel ToniNORM, mo3Bossromeli onpenennTh
MPOYHOCTHBIE XapaKTEPUCTUKU TOPHBIX MTOPOJ IIyTEM HArpyKeHHUs 00pa3LoB NPaBHIIb-
Holt hopmbl Tutockumu wmtamu (FOCT 21153.0-75, TOCT 21153.2-84) (Texnuue-
CKast OOKyMeHmayus no oyeHKe GIUAHUSL Napamempos 6HympeHHe20 0meanooopazo6a-
HUA HA 2e0Mexanuyeckoe COCMOSHUE OKPYHCAIouje20 Maccuéa 2OPHLIX HNOpPOoO
Mecmopooicoenuss «Bocmox-2». Xabaposck: UT'J] JIBO PAH, 2014. 44 c.). Pe3ynbrarsl
ompeeNeHHus MPOYHOCTHBIX CBOMCTB TOPHBIX Nopoz B Jaboparopusx UIJ] ABO PAH
NpUBeAeHH B Ta0M. 2 u 3.

Pesynbrarel 1a00paTOPHBIX UCCIENOBAHUI MO3BONMIN CHENaTh BHIBOI, YTO MPOY-
HOCTHBIE CBOMCTBA BMEIIAIOIINX MOPOJ] MPUOTKOCHOTO MacCUBa, KOTOPBIE IIPECTAB-
JIEHBl TPEUMYLIECTBEHHO T'PAHOJMOPUTAMH W OPOTOBHMKOBAaHHBIMU aJIeBPOJIUTAMU
HUMEIOT JOCTAaTOYHO BBICOKHE 3HAYEHHUS, MPeNeN MPOYHOCTH Ha cxkatue — oT 118,5 no
195,3 Mlla, na pactsxenue 9,5-12,0 MIla cooTBEeTCTBEHHO.

Pacuyer ycTOMYMBOCTH IPH MO3TANHOM (PDOPMHUPOBAHUM BHYTPEHHEI0 0TBAJIA.
B cnyuae pazmenienns BHyTpeHHero otBana (0t™. +715...+820 M) Ha MecTOpOXKICHUN
«Bocrok-2» mpennonaraercst (GOpMHpPOBaTH €ro B HECKOJIBKO 3TalloB MpH MOCIe-
JIOBaTeJIbHOM CKJIAJWPOBAHUU BCKPBILHBIX TOPOJ B BBIPAOOTaHHOE MPOCTPAHCTBO
HEHTPaJbHON YacTH kKapbepa. Ha HadanmpHOM 3Tame oTBas OyaeT popMUpOBATHCS IMy-
TEM 3aT0JHEHUs KapbepHON BBIEMKH C OTM. +715 M g0 +740 M mycTBIMH TIOpOAAMHU
C TIOMOIIBIO KOHCOJIBHOTO 0TBajiooOpa3zoBaresst. CIeay oM 3TanoM OyleT MmocTeneH-
HOe 3arnoyiHeHne OepM 0e30MacHOCTH U OPMUPOBAHUE Pa3TPY30YHON UIOIAAKHA Ha
otM. +820 M (puc. 2).

Ha xoneuHoMm atane (opMHpOBaHHS TapaMeTpbl BHYTPEHHETO 0TBaja OyIyT cieny-
IOII[Me: MakcHManbHas BbicoTa — 80 M, AynHa 1o Bepxy — 60 M, mo Hu3y — 350 M; mu-
puna o Bepxy —100 M, o Huzy — 160 M. B paitone ceuenus -1 orBan Oyner hopmu-
poBatkcs nox yriiom 48°, B paiione ceuenus II-11 mox yriom 51° (puc. 1 u 2).

OcHoBaHHEM JAJisl OTBaJla CIIy>Kar OOpPT W JHO KapbepHOW BBIEMKH, CIOKEHHOE
CKaJbHBIM MaCCHUBOM, NMPEUMYLIECTBEHHO I'PaHOJUOPUTAMM U NecyaHukaMmu. CBOM-
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CTBa BMELIAIOLINX ITOPOJ, HEOOXOAMMBIE AJISl pacyeTa YCTOMYMBOCTH OTKOCa OTBaja,
OBUTH IPUHATHI UCXOJIS M3 PE3YJBTATOB paHee MPOBEACHHBIX Uccieq0BaHui (Tabm. 1) u
JIOTIOJTHUTEINTFHBIX JIA0OPATOPHBIX MCIIBITAHUH (Ta0I. 2).

ITpu pacyere yCcTOWIMBOCTH MPUMEHSIOTCS Kak OOIIeTPU3HAHHBIC METOJIMKH, TaK 1
YHCIICHHBIC METOJIbI C TPUMEHEHUEM COBPEMEHHBIX MPOTPAMMHBIX cpencTB ([Ipasuna
obecneyeHus YCMOUYUBOCMU OMKOCO8 Ha Yy2onvhwix paspesax. CI16: BHUMU, 1998.
207 c.; Memoouueckue ykazanus no onpeoeieHuio y2io8 HakioHa Oopmos, OmKocos
VCMYNO8 U 0OMBAN08 CINPOSIUWUXCSL U IKCIIYAMUpyemblx kapbepos. O00bpeHo u pexo-
MeHnOosano k npumenenuio lToccmpoem CCCP. JI: BHUMMU, 1972. 164 c.), [9].

Ta6auna 2. Pe3yabTaThbl onpeeeHusi IPOYHOCTHBIX XapAKTEPHUCTHK F'OPHBIX MOPOJ,
npudopPTOBOro MaccuBa MecTopo:kaeHus «BocTok-2»
Table 2. Results of rock strength characteristics determination at the marginal mass of Vostok-2
deposit

Cpennuii nmpenen
MPOYHOCTH Ha PacTsi-
kenue, MIla

Wnentuduxarop Ipenen npounoctu | Cpenuuit npenen npod- | IIpeaen mpoyHoCTH Ha
obpasua Ha cxarue, MIla | Hoctu Ha cikatue, MIla | pactskenue, MIla

TemHo-cepbiti anegporum opo208UKOBAHHbILL

T1-1(1) 2144 195,3 9,7 12,0
T1-1(2) 176,2 13,9
T1-1(3) 10,9
T1-5 13,6
Kpynnoszepnucmoiii K6apy-noneounamossiti NeciaHux
TI3 | 34,8 | 34,8 | 3.4 | 34
Cynvpuonas pyoa no opobreHHbiM K/3 2paHOOUOPUMAM
T2-3 | 102,5 | 102,5 | 2.8 | 2.8
I'panoouopum c 6kpanieHHOCMbIO cyab@uoos
T3-1(1) 143,9 118,5 9,9 9,5
T3-1(2) 86,6
T3-2(1) 76,0 8,7
T3-2(2) 167,3 9,8
Keapyumul ckapnuposanmvie
T1-4 - - 42 4,3
T2-1 - 3,5
T2-2 - 52

Pacuer ycroitunBocTr 60opTa OTBaNIa IO Mepe 3aIroIHEHUsT OepM U OOPTOB YCTYIIOB IO-
poAaMH BCKPBIIIM HEOOXOAMMO BECTH TIO CPEIHEB3BEIICHHBIM 3HAUCHUSIM XapaKTepH-
cTHK 00BbEMHOTO Beca v, crieruieHns C 1 yIiia BHyTPEHHETo TPEHUsI (p BCSH TOIIN MOPO,
CJIararoIuXx OOPT, OMPEAeNIIeMbIX COIIAcHO TpeboBaHusM I1. 2.8 (IIpasuia obecneuenus
YCMOU4U8oCcmuy OMKoco8 Ha yeonvHuix paspezax. CI16: BHUMH, 1998. 207 c.).
HopmartuBHas BenmurHa KoddduimeHTa 3amaca yCTOMYMBOCTH OTKOCAa OTBajia
ObUIa YCTaHOBJIEHA B COOTBETCTBHU ¢ MeTOIUUECKUMH yKa3aHusMu (Memoouueckue
VKA3aHus nO onpedenenulo yeio8 HAKIOHA OOPmos, OmKOCcO8 YCMYNo8 u Omeanos
CMPOAWUXCA U IKCHIYAMUpyemvix kapbepog. Q00bpeHo u pekomMeH008aHo K npumeHe-
nuto Toccmpoem CCCP. JI: BHUMMU, 1972. 164 c.) u paBHa 1,2. Ognako MeTtonnye-
CKHE yKa3aHHs pa3pabdaTbIBalich AJIsl pailOHOB C CEHCMHYHOCTBIO He Ooliee 6 6aIIoB.
Cornacao CHull 11-7-81. Cmpoumenscmego 6 celicMuueckux pationax cercMmuueckas
MHTEHCUBHOCTH palilOHa MECTOPOXKICHHUS onpeaeseHa B 7 6aioB aist kapt OCP-97-A
1 OCP-97-B u B 8 6amnos qys kaptel OCP-97-C. B pesynbrare pacuera ceicMHYECKOM
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Harpy3ku B cootBeTcTBuU ¢ CI1 14.13330.201] ycTaHOBIEHO, YTO HEOOXOIUMO YBEIH-
yenue ko3¢ ¢uurenta 3amnaca Ha 0,03. Takum 00pazoM, HOpMATUBHBIN KO3(DPUITMEHT
3araca yCTOH4YMBOCTH OTBaja cocTaBuT 1,23. Jlanee BBIMOIHSUICA pacueT yCTOMUUBO-
CTH OTKOCA BHYTPEHHETO OTBajia O Mepe ero (opMUpoBaHUs B BEIPAOOTaHHOM IIPO-
CTpaHCTBE KapbepHOU BhIEMKH (Tal. 3).

Ta6auna 3. Pacyer crenenn ycroiiunBocTy popMHPOBaHUSI BHYTPEHHEr0 0TBAJIA HA Pa3INYHbIX
JTanax ero GOpMHUPOBAHUS
Table 3. Calculation of the stability level of internal dump development at various stage
of its development

CpenHeB3BenleHHble | Bemuunuel ams pacuera

HcxoHble JaHHbIC o
Tocaenosa AUHBIE L BEJIMYHHBI YCTOHUMBOCTH Yron Koo drument
TENBHOCTh c c c c OTKOCa, | 3amaca ycToifdu-
OTPabOTKU | f7 o otes o Pos A > rpa o3 | Tpan BOCTH

> MIla | MIla | MIla | rpax Yor Mila | PR T

Ceuenue I-I"

lortam® | 105 | 43,6 | — |43,6| 39,6 | 2,73 | 354 | 34,0 | 2,73 64 | Her uu onuoit
25ran | 80 | 502 | 0,02 |37,7| 39,0 | 2,52 | 30,7 | 33,4 | 2,52 63 ONAacHOM I10-
BCPXHOCTHU

3oran | 105 | 50,2 | 0,02 [ 0,02 | 37,0 | 1,95 | 0,016 | 35,0 | 1,95 49 CKOJIbXKEHHS

Ceuenue II-11
3otan | 45 | 50.2 002002370 | 1.95 [0,016] 350 | 195 | 51 | 1,54

! Ceuenns I-1 1 II-11 (puc. 1); ? 1-if 3Tam — 10 HaYaa OTCHINKH BHYTPEHHETO OTBANA, 2-i STl — 3aMoJHEHNE Kapbep-
HOM BBIEMKH 10 0TM. +740 M n yacTuaHo Gepm Oe3omacHoCTH (pHC. 2, @), 3-1 3Tamn — 1ocie MoJHOro (GOPMUPOBAHUS
oTBaina (puc. 2, 6).

Pesynbrare! pacuera ko3 duireHTa 3anaca yCTOHYMBOCTH ITOKa3aJH, 4TO 10 CaMo-
My omacHoMmy cedeHuio II-1I koaddunuenT 3amaca ycroifunBoctu cocrasmseT 1,54,
YTO 3HAYUTENIBHO MTPEBBIIIAET HOPMATUBHBIN U YKa3bIBAE€T Ha TO, YTO 3aIPOEKTUPOBAH-
HBIE MTApaMeTPhl OTBaja SBISIOTCS YCTOHUYMBBIMU. OHAKO PabOTHl TEXHUKH JOJIKHEI
MPOU3BOAUTHCS B COOTBETCTBUH C DedepanbHbiMu HOPMAMU U NPAGUIAMU 8 001aACTU
npomviuinenHol 6ezonachocmu «Ilpasuna 6ezonacnocmu npu 6e0eHuu 20pHuIX pabom
U nepepabomie meepovlxX NOJEIHbIX UCKONAEMbIX ), & TAKKE JOIKHBI BBITIOJIHATHCS pe-
TyJIsipHBbIE HaOIONEHHS 338 YCTOHYMBOCTHIO OTKOCOB oTBaa [10].

Pacyer rpaHuI 30H CABWKEHHS MOA3EMHBIX Pa3pa0oTOK Ha 3eMHON MOBepx-
HoctH. /{1 oGecrieueHus 6e30IacHOCTH OTCHINIKY OTBajla Ha BceX aTanax hopMupoBa-
HUsI OBUTH ONPE/ICIeHBl U OTCTPOCHBI ITapaMeTpPhbl CABMKEHHS U Je(OpPMaIIMK TOPHBIX
MOPOA ¥ 36MHOM MOBEPXHOCTH MECTOPOXKAEHUS «BocTOK-2» (YIibl COABMKEHHUS, pa3-
PBIBOB U OOpYIIEHNUS) HA OCHOBAHUH BpeMeHHbIX NPasui 0Xpansbl COOPYICEHU U NpU-
POOHBIX 00bEKMO8 0M B8PEOHO20 BNUSIHUSL HOO3EMHBIX PA3PAOOMOK MeCmOPOICOEHULL
PYO YBEMHbIX Memailo8 ¢ HeUsyYeHHbIM NPOYeccoOM COBUICEHUS 20PHbIX NOPOO.
JI.: BHUMU, 1986. 76 c. (Tabn. 4, puc. 1).

Ha puc. 1 BuaHO, YTO YaCTMYHO BHYTPEHHMH OTBal M IUIOMIAKa Ha Top. +820 M,
C KOTOPOH IPEIOoaraeTcs ero OTChINaTh, MONaJaeT B 30Hy IPOBAJIOB, HO YUHUTHIBAs TOT
¢axT, 4TO rpaHUIIa OTCTPOEHA OT OAJIAHCOBBIX 3aMacOB MOCIE MOJIHOW X OTpaboTKU
(mo orm. +60 M), a CymeCTBYIOIIEEe IMOJOKEHUE TOPHBIX pPa0OT HAXOAWUTCS Ha
rop. +340 M, 6€30IaCHOCTB €ro OTCHIIIKK O0eCIIeUeHa.

I'eoMexaHn4eckasi OlleHKa BIUSIHMS pa3sMelleHus BHYTPEHHEro 0TBAJIa HA reo-
AUHAMHYECKYI0O O00CTaHOBKY IIIyOOKMX TOPHM30HTOB. /[ OIIEHKHM BO3MOXKHOTO
BIIMSIHUS pa3MEICHHs B BEIpAOOTaHHOM MPOCTPAHCTBE MyCTHIX TOPOJ Ha TeOMEXaHU-
YEeCKOe COCTOSHHE OKPY’KAIOIIero MacCHuBa TOPHBIX MOpOx MecTopoxkaeHus «Boc-
TOK-2», B TOM YHCJI€ U Ha IIIYOOKUX TOPU30HTAX, OBUIO BBIIOIHEHO YHCIEHHOE MOJIe-
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JUPOBaHNE HAIPSHKEHHO-IC(OPMUPOBAHHOTO COCTOSIHUSI MAacCHBa JI0 W TOCIE
(hopMupOBaHHsT BHYTPEHHETO OTBala METOJIOM KOHEUHbIX eMeHToB (MKDJ) B 00beM-
HO¥ mocTanoBKe 3ama4nm [2, 11, 12].

Puc. 2. Kondurypauust 6opra kapbepa 1mocie 3anoiHeHust 6epm 06e300acHOCTH — ¢ U Ha 3aKITI0YUTEIbHOM
srarne HOpMHUPOBAHHUS OTBalIA 110 ceveHuto [-1 — 6
Fig. 2. Pit edge configuration after safety berms backfilling — a and at the final stage of dump
development by section I-1 — 6

AHaiu3 pe3ylnpTaToB MOAEIMPOBAHUS I10Ka3aJl, YTO I10CIJIEA0BATEIILHOE 3aIl0JIHE-
HHUE BBIPAOOTaHHOTO MPOCTPAHCTBA LIEHTPAILHON YaCTH Kapbhepa IMyCTHIMU OPOIaMH
MIPUBOJUT K TIepepacIpe/IeeHNI0 HaNPsKEHUH Ha OT/IENbHBIX yU4acTKaX MaccuBa rop-
HBIX IOpox. MakcuMalbHOE CHUKEHHUE HallpsbKeHU Oosee yeM B 2 pa3a HabmromaeTcst
B OopTax Kapbepa, 3al0THEHHOTO MyCTHIMH NopoaamMu. B paiione 6e3pyaHoro yyactka

Ta6auna 4. PacueTHble yrJibl ¢IBUKEHUS MPH MOJIHO MOAPadOTKe 3eMHOI MOBEPXHOCTH
HA MeCcTOposKIeHHH «BocToK-2)» npu ero mosHoii orpadoTke 10 rop. +60 M
Table 4. Computational angles of displacement at complete underworking of the earth’s surface
at Vostok-2 deposit at its full development to hor. +60 m

Kospdumm- | Vel nmae- YTibl cBUIKE- Vbl Vs 06pymIe-
Tum MeCTOPOXACHHST | €HT KPETIOCTH | HUSI PY/AHBIX Hud, rpaj Pa3pbIBOB, Ipal Husl, rpaj
nopoa TCJ, r'pan B B Bl 5" BH Bl” 8 Bm [31,”

Tumn II rpy6ocon-
CTO€ U HECJIOUCTOE 8 u boiee 30-90 70 | 65 | 65| 75| 70 | 70 | 85 | 85 | 85
CTPOEHHUE MOPOL

B 0TM. +630...+680 M, Iie Ha HAYAJILHBIX CTAAUAX ObUIa 00JACTh ITOBBIIMIEHHBIX Ha-
MPsDKEHUH (CpeHEeTo IAaBICHUS M MHTEHCUBHOCTH KacaTelbHBIX Hanpspkeruid 15 MIla
u 17 MIla) Takke MPOUCXOANT CHIKCHHE HAIIPsDKEHUH, HO He3HaunTenpbHOe. HesHa-
YUTENBHBIA pOCT HampspkeHnd (B 1,2—1,3 paza) mMpoMCXOAWT MPEUMYIIECTBEHHO Ha
y9acTKe MEXKIY PYIHBIMH TejaaMu B 0TM. +720...+750 M HIKe mHA Kapbepa. B pesyib-
TaTe MOXKHO CZAEJNAaTh BHIBOJ, YTO 30HA BIUSHHS Pa3MeIlaeMoro BHYTPEHHETO OTBasa
Ha HanpsHKEHHO-Ne(OPMUPOBAHHOE COCTOSTHIE OKPYKAIOIIETO MACCHBA COCTABUT HE
6omnee 80 M Ha mTyOUHY OT JHA Kaphepa U HE OKAKET BIUSHUSA HA TCOAMHAMHYECKYIO
00CTaHOBKY TNTyOOKHX TOPHU30HTOB.

BoiBoabl. BrinonHenHas B paboTe KOMIUIEKCHAS OLIEHKA BIMSIHUS (QOPMHUPOBAHUS
BHYTPEHHETO OTBaJIa HA T€OMEXaHNYECKOE COCTOSIHHE OKPY’KAIOIIEero MacCUBa U ITy-
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OOKHUX TOPU30HTOB MECTOPOXKACHIS «BOCTOK-2)» IMO3BONIIIA CIETATh BEIBOJ O TOM, 9TO
pasMeIeHue MyCTHIX MOPOJT B IICHTPAIBHON 9aCcTH Kaphepa HEe OKAXKET 3HAYUTEIHHOTO
BJIMSIHUS Ha T€OJUHAMHUYECKYO 00CTAHOBKY IIyOOKHMX rOpH30HTOB. [Ipu 3TOM B mpo-
necce (OpMHPOBAHHS OTBAJI COXPAHUT YCTOMYMBOCTD C JIOCTATOUHBIM 3aI1aCOM.
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Evaluation of internal dumping impact on the geomechanical state of Vostok-2
deposit underground mining

Marina I. Potapchuk!, Igor Iu. Rasskazov', Svetlana I. Korneeva!, Mikhail A. Lomov!
!nstitute of Mining FEB RAS, Khabarovsk, Russia.

Abstract
Introduction. Internal dumping is becoming more relevant, it is used at both opencast deposits and
combined deposits. Therefore, an integrated study aimed at estimating the geomechanical state of the
surrounding mass of Vostok-2 deposit is becoming more relevant in case waste rock is in the borrow cut.
Research aim. Geomechanical estimation of internal dumping impact on the state of rock mass at Vostok-2
tungsten ore deposit, which mines ore by the combined method.
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Methodology. The research included laboratory study of physical and mechanical properties of rock,
stability calculation with the use of modern software, numerical modeling of the stress-strained state of
rock mass with the finite element method.

Results. Full assessment of the impact of internal dumping on the geomechanical state of the surrounding
mass has made it possible to state that waste rock disposal in the central part of an open pit will not
significantly influence the geodynamic condition of deep horizons. At that, in the course of development,
the dump will keep ample stability.

Summary. The results of the integrated research at Vostok-2 can be applied at other facilities which mine
in similar mine and geological conditions.

Key words: deposit; internal dumping; physical and mechanical properties; rock mass; displacement;
borrow cut; stability.
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O npobnemax akcnpecc-meToga onpegeneHns NPOYHOCTH FOPHbIX
nopoa,

Xapucos T. ®@."*, ManxuH A. A.', Xapucosa O. [1.!
" MHeTuTyT ropHoro aena YpO PAH, r. Exatepun6ypr, Poccus
*e-mail: timur-ne@mail.ru

Peghepam
Beeoenue. Heoonopoonocmv maccuda 20pHulx nopoo 00yCio8aueaen Heobxooumocms NOCMOSHHO20 U
OnepamusHO20 KOHMPONA €20 USMEHAIOWe20Cs COCOAHUA U XAPAKMEPUCIUK 8 NPOYecce 8e0eHUs 2op-
Holx pabom. OOHUM U3 OCHOBHBIX NAPAMEMPO8 MACCUBA, UCCTE008AHUE KOMOPO2O 8bINOIHEHO 8 OAHHOT
pabome, sigasiemcs npeden npoyHocmu na cocamue. OCHOBHLIM CHOCOOOM OnpedeneHus NPOUHOCHbIX
CBOTICME 20PHBIX NOPOO 6 HACMOAUee 8peMs AGNAIOMC 1aO0PAMOPHbLE UCHBIMAHUA NOO20MOBIEHHbIX
00paszyoe ¢ nomowwio npeccos. OOHUM U3 AIbMEPHAMUBHBIX CHOCOD08 ONEPAMUBHO20 USMEDEHUSL Npe-
0ena nPoYHOCIU 2e0MAMEPUAIIO8 AGIAEMCA MEMOO YIPY2020 OMCKOKA ¢ NPUMEHEHUEM CKiepomMempa
(monomox [lImuoma).
Memoouka nposedenun uccnedoganuii. ObveKmMom UCCIe008aHUA AGNAIOMCI NOPOObL NPUOOPMOBO20
maccusa [lrcemvieapunckozo Kapvepa, 2oe Obll 0moOpan wmygosslii Mamepuan Oas UCHbIMAHUN.
Onpedenenue npedena nPOUHOCMU RPOU3EOOULOCL OCHOGHBIM U ATbIMEPHAMUBHBIM MEMOOdMU.
Pesynomamul uccnedosanuii. Pesynomamvi 1a60pamopHbix UCHbIMAHUL, GbINOIHEHHBIX HA NPeccax,
NOKA3AU HEKOMOPOe PACXOXHCOEHUe NOTYYEHHbIX 3HAYeHUll ¢ nokasanuamu moromka LLImuoma. Oonako
CMOUm OmMemumy, Ymo pesyibmamsl, NOIYYEeHHblE 8 NADOPAMOPHBIX YCIO08UAX, ABNAIOMCA Hauboiee
MoyHbLIMU U docmogepHbiMu. Pacxoscoenue pasnvimu memooamu noay4eHHbIX OaHHbIX 00YC06IeHO Ha-
JuUUeM HEOOHOPOOHOCMU CIMPYKMYPbL U MEKCMYPbl UCCIe0yeMblX CKalbHblX nopoo. Tlocie cpasrumens-
HO20 AHAU3A U CMAMUCIUYECKOU 00pabomKy OAHHBIX 0I5t PA3IUYHBIX MUNOE NOPOO [IICembleapuHCKo20
MACCUBA YCMAHOBNIEHbL 2PAOYUPOBOUHBIE 3A8UCUMOCTNU U BbIOELEHbl KO Duyuermol nepexoda NPouHo-
CMu Ha cocamue om pe3yibmamos NOKA3aHUll cKiepomempa K 1a00pamopHbiM 3HAYEHUSAM.

Knrouesntre cnosa: npeden npouHocmu NOpoo Ha cocamue; monomox Lllmuoma,; ckrepomemp; mac-
cus; 0bpaszyvl; wmyQ,; 1abopamopHule UCNbIMAHUSL.

Beenenue. HeonHOpogHOCTH TOPHO-T€0JIOTMUECKUX, T€OMEXaHUUECKUX, THAPOTeO0-
JIOTHYECKHUX U IPYTUX YCIOBHUN MaccUBa 00yCIOBINBAET HEOOXOOUMOCTD ITOCTOSHHO-
TO OTIEPAaTUBHOTO KOHTPOJI €0 M3MEHSIOLIEr0Cs COCTOSHUS U XapaKTEPUCTHK B MPO-
1ecce BeIeHUs TOPHBIX pador [1-5].

OpHMM U3 OCHOBHBIX TApaMETPOB MAacCHBa TOPHBIX TOPOJI, XapaKTEPUIYIOIIUX €ro
COCTOSTHHEC U YCTOMYMBOCTD, B TOM YHCIIE B paMKaX PEUTHHTOBBIX cucTeM orieHKH (GSI,
RMR, MRMR wu nip.), siBisieTcst ipees MpoYHOCTH MPU OHOOCHOM cxxatud [6—8].

Metoauka npoBeneHusi ucciaegoBanuii. OCHOBHBIM CIIOCOOOM OTpeneIeHHS
MPOYHOCTHBIX CBOMCTB TOPHBIX MOPOJ B HACTOsAIIEE BPEMsI SBIAIOTCS T1abOpaTopHbIe
MeTozbl. OTHAKO OHHM XapaKTEPU3YIOTCA TPYIOEMKOCTHIO, HEBO3MOKHOCTBIO OBICTPOTO
HOJTY4€HHs PEe3yJIbTaTOB, 0COOEHHO B IOCTOSHHO MEHSIOLIUXCSA TOPHO-TE0JIOTHIECKUX
YCIIOBHUSX, HEOOXOANMOCTBIO HAJIMYUSI OONBILIOr0 KOJIMYECTBA CIOKHOTO U JOPOTrOCTO-
A1ero 000pyIoBaHuUsI.

OpHUM U3 aJITEPHATHBHBIX CIIOCOOOB ONEPAaTUBHOTO M3MEPEHUs MIpenena Mmpoy-
HOCTH TeoMaTepHajIoB SIBJIIETCS METOJ YIPYTroro OTCKOKa ¢ MPUMEHEHHUEM CKIIepoMe-
Tpa (MonoTok IlImunra). JlaHHBIH METOJ IIMPOKO MUCTIONB3YETCS A KOHTPOJIS MPOU-
HOCTHU OETOHA B IIPOMBILIUIEHHOM U IPakJaHCKOM CTPOUTEIbCTBE. B nocnennee Bpems
OH HalleJ NPUMEHEHUE B TOPHOM JIeNI€ JUIsl KOHTPOJISl MPOYHOCTH CKaJbHBIX M IOY-
CKaJIbHBIX mopox [9—-10].
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[IpuMeHeHne JaHHOTO SKCIPECC-METO1a TO3BOJISIET CYIIECTBEHHO CHU3HUThH 00IIne
3aTpaThl, OOJNETYUTh U YCKOPUTH KOHTPOJIb MPOYHOCTH MOPOJ, CIATAOIIMX MacCHUB.
OTOT METOA MO3BOJSAET NMPOU3BOANUTE ONEPATUBHBIE N3MEPEHHUS B MPOLECCE BEIEHUS
TOPHBIX PadOT U TeM CaMbIM MOATBEPXKIATh MM KOPPEKTHPOBATH PE3YJIbTAaThl HHKE-
HEPHO-TEOJIOTMYECKUX U3bICKAaHUH U MMPOEKTHO-TEXHUYECKUX perieHnil. OnHako mpo-
0JeMa TOYHOCTH M JOCTOBEPHOCTH MONTYYEHHBIX PE3yJbTaTOB SIBISIETCS aKTyaJlbHOH U
TpeOyeT AOTIOJIHUTEIbHBIX UCCIICAOBaHHH.

CpaBHUTENBHBIN aHATIN3 PE3YABTATOB JIAOOPATOPHOTO U HATYPHOTO IKCIPECC-METO-
na (monotok LlImunara) ObUT Mpon3BeieH B paMKaxX Hay4HO-HCCIEI0BATEIbCKON pabo-
THI TIO OTNIPEACTICHUIO B aKTyalIn3aliy (PU3UKO-MEXaHHYECKMX CBOMCTB MOPOJ y4acTKa
npubopToBoro Maccusa JlxketeirapuHckoro kapeepa AO «KocTtaHnalickie MUHEpabD».

Ot60p mrydoBoro Marepuana Npou3BOIUICS Ha OepMax BOCTOUHOIO U 3allaHOTO
6optoB (puc. 1). Ha ocHOBaHUH aHaIM3a FeOJOrMYECKOr0 CTPOCHUS MacCHBa MECTO-
pOoXIeHus ObLT OmpeiesieH CIICOK MOPO, MOICKALINX Ja00paTOPHBIM UCTIBITAHHSIM,
cocrosmui u3 11 pa3nnyHbIX pa3HOBUAHOCTEN NEPUIOTUTOB U CEPIIEHTUHUTOB, @ TaK-
K€ CIIaHIla U POJUHTHUTA.

Iepunorurs! (11)

CepreHTUHU3UPOBAHHBIE MTEPUIOTUTHI (I1T)

1R = IMonocuatslif KoMIUIEKC (IIK)

| :\ CepreHTHHUTBI aTll0/lyHUTOBBIC JIN3ap/IU-
, TOBBIE (CIIUT)

[ :I CepIeHTHHHTBI allolyHUTOBBIC JIM3ap HUT-
XPH30JIUTOBEIE (CIIIX)

CepreHTHHUTBI alloNePHAOTHTOBBIC JTH3ap-
JINTOBBIC (CITILT)

CepreHTHHHUTHI alloNePHAOTHTOBBIC JTH3ap-
JIUT-XPU30IUTOBBIE (CIIIUIX)

CepIeHTHHHTHI allONEePUIOTHTOBBIC JIH3ap-
JIUTOBBIE C SIIPAMU HEPUIOTHTOB
(crimucsii)

CepHeHTI/IHHTH aronepuaA0TUTOBLIC JIU3ap-

JIUT-XPH30JIUTOBBIC C SIPAMHU EPUIOTH-
TOB (CIITUIXCSII)

P

@ Mecro orbopa mrydhos

Puc. 1. Mecra or6opa npo0 Ha J[)KeTbIrapHHCKOM Kapbepe XpHU30THI-acOecTa
Fig. 1. Sampling sites at Dzhetygarinsky serpentine asbestos open pit

B nporecce otdopa mtydoBoro Marepraia Tak:ke IpOU3BOIMINCH H3MEPEHUS Ipe-
JieNia TIPOYHOCTH TIOPOJl Ha CKaTHe ¢ MOMOINBI0 ckiepomerpa (Monorok [lImuara)
Proceq RockShmidt Tun N.

3aMepbl BBIIONHSIIACH 10 MexyHaponHoid metonuke ASTM (American Society
for Testing and Materials) Ha JTOKaJIbHBIX y4acTKaX OOHaKEHHOTO MacCHBa COTTIACHO
neTporpapuueckiuM 0COOCHHOCTSIM 0TOOpaHHOro MTy(hoBoro Marepuaia. CyIiHOCTh
METO/IMKH 3aKJIF0YaeTCs B BHIITOJHEHUH ceprH 3amepoB (He MeHee 10) Ha BEIOpaHHOM
JIOKaJIbHOM Y4YacTKe MacCHBa IUIOMIA b0 2—3 M2, IPH 3TOM TOYCYHBIE 3aMEPBI JOJKHbI
MPOU3BOJIUTHCS HA PACCTOSIHUU XOTs Obl B IIMPUHY IUIyH)KEpa OTHOCHTENBHO APYT
Jpyra.

st monryueHus Haubosee TOCTOBEPHBIX 3HAYCHUH MecTa H3MEPEHH BEIOUPAHCh
UCXOJISl U3 OTCYTCTBUS HA HUX KAaKUX-JIMOO TPEUIHMH, OTUICTYIIHBAaHUH, HAPYIICHUH 1
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3aIOJIHUTENIS, YTOOBI CKIICPOMETP YIUPAJICS MMEHHO B MOHOJIUTHBINA CKaJTbHBIN yda-
CTOK MaCCHBa.

W3 oToOpanHOro mTy)oBOrO Marepuaia MOATOTABIMBAIUCH 00pA3Ibl IUIMHPH-
4eCKOU (OPMBI JIJIst MX JAJLHEHINEr0 UCIIBITAHNS HA OJJTHOOCHOE CIKaTHEe B J1abopaTop-
HBIX YCJIOBUSX C TIOMOIIBIO CEPBOTUIPABINYECKON UCHBITATeIbHON cucTeMbl Wille
Geotechnik B coorBercTBrn ¢ OCT 21153.2-84. UcnbITaHuo noABeprainck 00pasibl
B BOJIOHACKIIIIEHHOM COCTOSIHUH U MPHU €CTECTBEHHOM BiakHocTH [11-13].

PesyabTaThl onpenesieHus: (PU3NKO-MEXaHUYCCKHX CBOMCTB FOPHBIX MOPOA JI2KeThITApUHCKOI 0
MeCTOPO:KIeHHS

Rock physical and mechanical properties determinations at Dzhetygarinsky deposit

IIpenen npouyHoCTH Ha OIHOOCHOE CxxaTue, MIla
Hopona Koadppuuument
POL; nepexona K Wsmepenue Ecrecrennas Bononaceimennoe
CKJIEPOMETPOM BIIAXHOCTh COCTOSHUE
[epunotut 1,65 60,50-79,00 68,20-157,40 58,10-117,80
67,90 112,00 95,46
ITomocyaThIii KOMILIEKC 1,03 55,50-68,50 45,90-76,20 32,40-52,20
61,55 63,58 45,14
Popunrur 2,01 59,00-69,00 74,70-150,20 55,10-181,40
61,53 123,70 118,27
CepneHTHHUT armozuy- 0,43 55,50-68,00 20,20-30,70 7,60—40,40
HUTOBBIN XPU30THII- 62.00 26.50 21.89
JIN3apAUTOBBIN ’ ’ ’
CepneHTHHU3UPOBAH- 1,75 62,00-70,00 46,30-128,90 37,90-114,30
HEU NICPUAOTHT 65,65 114,85 102,43
CepreHTHHUT ammozny- 0,38 39,00-62,50 5,90-24,00 11,40-16,10
HUTOBBIN JTH3apAUTO- 50.45 19.08 13.69
BbIif aCOECTOHOCTHOCTH i i i
CepreHTHHUT amorne- 0,72 64,00-72,00 25,70-74,50 22,80-71,10
PUAOTHUT JIU3APIUTO- 67.75 48.66 38.93
BBIM ’ ’ ’
CepreHTHHUT amIorne- 1,57 65,50-81,50 68,20-166,20 50,10-110,20
PHAOTHT XPH3OTHII- 76,70 120,41 79,80
JIN3apAUTOBBIN ’ ’ ?
CepneHTUHUT JTU3apIu- 0,50 59,00-75,50 24,40-39,10 13,90-35,30
TOBBIN OTaIbKOBAHHBIN 65.10 32.41 2035
CepneHTUHUT JTU3ap.Iu- 0,40 50,00-62,50 14,70-29,90 15,60-64,40
TOBBII aCOECTOHOCT- 57,35 2318 21,63
HOCTb
CepreHTHHUT JIH3apIu- 0,76 63,00-73,50 35,80-62,30 25,70-63,10
TOBEIM 66,25 50,37 48,53
CepIrieHTHHUT amrore- 0,58 59,00-71,50 27,80-53,00 21,50-40,40
pHAOTHTOBBII 66,45 38,58 32,64
Crnanen 3,66 27,50-45,50 64,80-160,50 118,80-136,40
37,75 138,24 127,23

Pe3yabTarbl ucciaenoBannid. PesynbTaThl MU3MEpPEHUN pa3IMUYHBIMU METOAAMU
Tpezesia MPOYHOCTH TOPHBIX MOpo JXKEeTHIrapiHCKOTO MECTOPOXKACHHUS B PA3IINIHOM
COCTOSIHHH TTPECTABIICHBI B TAOJIHIIE.

IIpu cTarncTrdeckoi 00paboTKe pe3yasTaTOB M3MEPEHHMA onpeesieH Ko OUITueHT
BapHUaIy Mpeziesia IPOYHOCTH Ha OMHOOCHOE CIKaTHe MPY €CTECTBEHHOH BIAXXHOCTH U B
BOJIOHACKHIIIIEHHOM COCTOSTHHH 00pa3IoB, KOTOPBIH Bapeupyercs oT 20,66 no 24,27 %.
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[TomyuenHbie 3HaYeHUS KO3 PHIIMEHTA BapHAIIUU CBUACTEIBCTBYIOT O CPABHUTEIHHO
HEOOJIBIIIOM PACXOXKICHUH PE3YJIETATOB ONpeAeIcHHs (PU3UKO-MEXaHUIESCKUX CBOHCTB
nopojl. Cratuctuyeckas 00padoTKa 3HAUCHUH CKIIEPOMETPa HE BBITIOTHSIIACK, TAK KaK
pa3dpocC 3HAYCHUH MUHUMAJIBHBIN. 3HAUNTEIILHBIC OTKJIOHEHUS (B MEHBIITYIO CTOPOHY)
BO3HUKAJIH JIUIIb IPH CKaJbIBAHUHM KYCKOB IOPOJIBI OT MITy(ha IpH yAape Wi P Ho-
MaJaHuU B CTPYKTYPHBIC HAPYIICHHOCTH. Takue pe3ysibTaThl HS YUYUTHIBAIHCH.

W3 pe3ynbTaToB UCCISNOBAaHUI MOXHO C/IETaTh BBIBOJ, YTO HAHOOJEE MPOYHBIMU
MOPOJIAMH SIBJISIFOTCS IEPHUIOTUTHI, CEPIICHTHHU3UPOBAHHBIC TICPUIOTHTHI, POAHMHTUTHI
U CEPIICHTUHUTHI aIMONIEPUIOTUTOBBIE XPU3OTWI-TH3apAUTOBBIC. VX Tipesen mpouHo-
CTH Ha OJHOOCHOE cxkarue nocturaer 157—-166 MIla. OcoO0eHHO HU3KHE MMOKA3aTeIn
OTMEYCHBI y CEPIICHTUHUTOB C 3allOJIHUTENIEM B BHJIE acOecTa, Talbka U cepriodura.
Taxke CTOUT OTMETUTh HETaTHBHOE BIIMSIHAC BOJIbI HA TIPOYHOCTHBIC XapaKTEPUCTHKU
uccienyemsix nopof. [Ipenen npouyHocTu cHUKaeTcs B cpenneM Ha 17-18 %.

CpaBHUTENLHBIN aHATU3 PE3YJIBTATOB HATYPHBIX H3MEPEHUIA, BHITOJTHEHHBIX C TI0-
Mouipto ckiepomerpa Proceq RockShmidt Tun N, ¢ pe3ynsraTramu 1a60paTopHBIX HC-
MIBITAHWH, BHITTOJTHEHHBIX HA TIPECCcax, MoKa3ajl HEKOTOPOE PACXOXKICHUE MTOTYYCHHBIX
3HaueHUH. OJTHAKO CTOUT OTMETHTh, YTO PE3YJIBTAThI, MOJIYYCHHBIC B J1a00paTOPHBIX
YCIIOBUSIX, SIBJISIFOTCSI HANOOJIEE TOYHBIMH U JIOCTOBEPHBIMHU.

PacxokeHre JaHHBIX, TIOTYYCHHBIX Pa3HBIMU METOJIaMH (J1a00paTOPHBIC HCITBITA-
HUS U C TOMOIIBI0 MoJioTKa [lIMuTa), 00yCIIOBICHO HEOMHOPOIHOCTHIO CTPYKTYPHI U
TEKCTYPhl UCCIICAYEMBIX CKaJIBHBIX MOpoJ. Ha OCHOBaHMM CpaBHUTEIHHOTO aHAJIM3a
Y CTaTHCTHYECKOM 00Pa0OTKHU JTAHHBIX JIJIsl PA3JIMYHBIX TUIIOB TIOPOJT YCTAHOBIICHBI IPa-
JlyMPOBOYHBIC 3aBUCUMOCTH U BBIACIICHBI KO3(PPUIIMESHTHI epexoa sl IPOYHOCTH Ha
cxartue K OT pe3yabTaToB OKa3aHUH CKIEPOMETPA K 1a0OPATOPHBIM 3HAYEHUAM IS
YCIIOBUI HCCIIeyeMOoro MaccuBa (Tabnuiia).

BuiBoasl. Takum 00pa3oM, UCIIOIB30BAHKUE CKIICPOMETPA B TOPHOM JIJI€ BO3MOKHO
JIUING JJ1 TOJAYYCHHS MPEIBAPUTENBHBIX JaHHBIX O MPOYHOCTHBIX XapaKTEPUCTHUKAX
MOPOJ] MacCHBa, TaK KaK €ro HEOJHOPOAHOCThH BieYeT 3a cO0O0¥ OOJNBIIYI0 MOrpeli-
HOCTbH PE3yJIBTATOB U3MEPEHUI 10 CPAaBHEHHIO C OJJHOPOJAHBIMY MaTepuaiaMu. BaxxHo
TaKKe OTMETUTh, UYTO MPEIBAPUTEIHHOC BBINIOJIHCHUE TAPUPOBKU HCHOIB3YEMOTO
CKJIEpOMETpa HEOOXOAUMO MPOU3BOMUTH JUISI KOHKPETHBIX YCIOBUH KaXKIOTO OT/ICIb-
HOTO MECTOPOXKCHUS ITyTeM JIOTIOTHUTEIBHBIX JTJAOOPATOPHBIX UCTIBITAHUNA 00pa3ioB
MOPOI.
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Some problems of the express method of rock strength determination

Timur F. Kharisov!, Andrei A. Panzhin!, Olga D. Kharisova!
!nstitute of Mining UB RAS, Ekaterinburg, Russia.

Abstract
Introduction. Within the course of mining, rock massif heterogeneity calls for constant operational control
of its changing state and characteristics. One key parameter of the massif under investigation is the
compressive strength. Main way of rock strength properties determination currently is laboratory testing
of the prepared samples by means of presses. One alternative way of geomaterials’ compressive strength
on-line measurement is the method of elastic rebound with a sclerometer (Schmidt’s hammer).
Research methodology. Research object are rocks of Dzhetygarinsky pit surface massif where hand
specimen were selected for testing. Compressive strength was determined by the main method and the
alternative method.
Research results. Laboratory research results at presses have shown some discrepancy between the
obtained values and Schmidt’s hammer readout. However, it should be noted that the results obtained in
the laboratory conditions are the most exact and reliable. Data discrepancy is caused by the presence of
structural and textural inhomogeneity of the hard rock under investigation. Comparative analysis and
statistical data processing for various types of rock at Dzhetygarinsky massif determined calibration
curves and distinguished the transition coefficients of compressive strength from sclerometer readout to
laboratory values.

Key words: compressive strength; Schmidts hammer, sclerometer; massif; samples; hand specimen;
laboratory research.
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Peghepam
Beeoenue. [Tocmosinnoe ygenuuenue 21younsl paspabomiu MecmopodsicOeHuil Cmasum nepeo Cneyuaiuc-
MAMU U Y4eHbLMU 8Ce20 MUpa éce bosee ClodxicHble 3a0ayu no obecneyenuro dQpexmusnocmu u besonac-
HOCmu Ucnonb308anus Heop. OOHUM U3 MOWHBIX UHCMPYMEHIOS 05l peuleHusi HOOOOHbIX 3a0ay A6/emcs
cucmema KOMRAEKCHO20 MOHUMOPUH2A, GKAIOUAIOWAsl COBPEMEHHble MEeXHON02UuU HaOmodeHus, coopa u
nepeoayu UHGoOpMAayULL, a MaKtce A8apUtiHO20 peazuposanus u npedomspaujeHus ubenu aooel.
Lens padomut 3axniouaemcs 6 onpeoenenuu KOMIIEKCHOU cmpamezuu 6e0eHust 2eOMOHUNMOPUH2a npu
OMKPLIMOLL PA3PAbOMKE NOAE3HBIX UCKONAEMbIX 8 COBDEMEHHBIX YCIO0BUSIX.
Memooonozusn. B nacmosujee epems Kpumepuu OYeHKU 8eIUNUH COBUNCEHUL U Oepopmayuil 3eMHOl
noeepxHocmu Oeticmeyrowell HOpMamugHo-memooono2uyeckol 6asvl 6 Pecnybnuxe Kazaxcman docma-
MOUHO 060OUieHbL U He YYUMbLEAIOM 0OCMUIICEHUTI COBPEMEHHO20 KOHMPOIbHO-USMEPUMENbHO20 NPU-
b6opocmpoenus. B pabome @vinonnen cpasHumenbHulil aHAIU3 CYUeCmEYIouUx COBPEMEHHbIX CUCmeM
MOHUMOPUH2A, Peanu3yemblx 0 HabaOeHul 3a 0eopmMayusmy yCnmynos u 60pmos Kapoepos.
Pesynomamut. B cmamve npedcmasienst 00kazamenbcmea HAOeNCHOCMU NPUMEHEHUs. PAZTUYHbIX CU-
cmem MOHUMOPUH2A, NPUsedeHbl NOOMEEPICOAIowUe NPUMePbL U3 0030pa MUPOBOU NPAKMUKU.
Bu16oowt. I1o pesynomamam ananusa onpedeneHo Hauboiee 00CmoseprHoe 000pydo6anue 0as Kpamrko-
CPOUHO20 MOHUMOPUH2A C CUCTNEMOIL PAHHE20 ONOGEWeHUsl, 4 MAKICe NPUBLOCHA CXeMA PA3GUMUSL KOM-
NIEKCHOU CUCTNEMbl 2OMOHUMOPUHSA HA MECMOPOICOCHUSX OMKPbimot pazpabomxu. Hcnonvzosanue
cmpamezuy KOMIIEKCHO20 MOHUMOpUHea 60pmos Kapbepa 3HA4umensHo noguicum 6e30nacHocmy ge-
OeHust 20pHbIX pabom, npedynpeoum aeapuil, CEA3aHHbLE C 2OMEXAHUYECKUMU NPOYECCAMU; NO38ONUM
Hakonume dannvle 0 degpopmayusx. Takoe peuienue 3HAYUMENTLHO CHUSUM 2€OMEXAHUYECKUEe PUCKU U
N03601UM NPOOOAANCANB 00OBIYY PYObL 8 CLONCHBIX YCA0BUAX OE30NACHO U IKOHOMUUHO.

Knroueesvle cnoea: rxapvep; euovi monumopunza; 6esonacnocms 20puvlx pabom; ORMUKO-
9NIeKMPOHHbIE, NA3ePHO-0ATbHOMEPHbLE, CHYMHUKOSble HasueayuonHwle/[]33, pomoepammempuueckue,
padapHvle u 2eopadaphvie mexHonocuu, oeghopmayuu.

Brenenne. [locrosHHOE yBenuueHHE MTyOHMHBI pa3paOOTKH MECTOPOXKICHUM CTa-
BUT Tepe]] CHCIHUATNCTaMUA U YYCHBIMH BCETO MUpa BCE OOJiee CIOKHBIC 3aJa4d I10
obecnieueHuto 3 heKTUBHOCTU M O€30TACHOCTH UCTIONB30BaHus Henp [1, 2]. Oqaum u3
MOIIIHBIX HHCTPYMEHTOB JIJIsl PEIICHUS TTOJ00HBIX 3a/1au SBJISICTCS CUCTEMa KOMILICKC-
HOTO MOHHMTOPHWHTA, BKJIFOUAIOIIAsi COBPEMEHHBIC TEXHOJOTHHN HAOIOeHUs, cOopa U
nepeaayr UHPOPMAIIKH, a TAKIKE aBAPUMHOTO pEarupOBaHUs U MPEIOTBPAIICHUS THOe-
mu roneit. JlaHHas cucTeMa MOHUTOPHHTA JIOJDKHA OOECIICYHTh TeOMEXaHUYECKYIO,
TCOIMHAMUYECKYIO0 U 3KOJIIOTUYECKYI0 0€30IMacCHOCTh Ha TIIYOOKUX MECTOPOXKICHUSX.
[l pa3paboTKu MoJOOHON CUCTEMBI Ha OTEUECTBECHHBIX MECTOPOXKACHUSX HEOOXOMUM
Oorarblif Hay4HBIH OTIBIT, COOTBETCTBYIOIINI MUPOBBIM CTaHIAPTaM.
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Kputepun orieHKH BETHYUH CABMKEHUH U AeopMannii 3eMHON MOBEPXHOCTH Jeii-
CTBYIOILIEHl HOpMaTHBHO-MeToAoNnornueckoi 6assl B Pecybnuke Kazaxcran (PK) no-
CTaTOYHO OOOOLIEHBI W HE YYMTBHIBAIOT JTOCTHM)KEHHSI COBPEMEHHOTO KOHTPOJBLHO-
MU3MEPUTETBHOTO MPUOOPOCTPOCHUS. Y TBEp KICHHBIE METOANUECKUE YKa3aHHA MO Ha-
OmrofeHusM 3a AedopManrsaMi HHXEHEPHBIX CTPYKTYP COAepKaT HH(OpMAaLuIo TOIb-
KO 10 TPaJAWLUMOHHBIM TEeXHUKaM wu3Mepenui. Coaep)kaHue IEHCTBYIONIMX Ha
tepputopuu PK MeTonnK, MHCTPYKUNH U perIaMeHTOB 15l HAaOJIONEeHHS 32 OIaCHBIMU
neopMausIMu, TAe paclucaHbl IPOrpaMMBbl U3MEPEHHI: HHTEPBAIbI BPEMEHH MEXKILY
cepusiIMH HaONIOACHUH, KONMMYECTBO IPUEMOB, CPOKH MTPOBE/ICHHS TOBTOPHBIX HAOIIO-
JeHUH, NEUCTBUTEIBHO TONBKO IJIsl TPAIUIMOHHBIX ONTHYECKUX CPEACTB HAOIMIONEHHUSI.
OCHOBHBIMH HEJIOCTaTKaMH TPH UCIIOIb30BAHIH ONTHYECKUX CPEICTB HAOMIOACHHS SIB-
JSIFOTCSL: BBICOKAsl TPYIOEMKOCTh TIPOBENICHUSI ChEMKH, HHU3Kasi HH(OPMAaTUBHOCTb, 3a-
BUCHMOCTh OT TIOTOAHBIX YCJIOBHH, HHU3Kas YacTOTa BO3MOXKHBIX H3MepeHuid [3].
[Tpu 3TOM B COOTBETCTBUH ¢ DKOIOTHUECKUM KozieKcoM (Kodexc Pecnybnuxu Kaszaxcman
om 9 sneapsa 2007 200a Ne 212-1II «Dxonoeuueckuii kodexc Pecnyonuxu Kazaxcmany
(¢ usmenerusiMu U Oononnenusmu no cocmosinuio Ha 05.10.2018 2.)) B Kazaxcrane non-
JKEH OCYLIECTBIATHCS 3()(PEKTUBHBI MOHUTOPHHT HEP, KOTOPBIHA MPEACTaBIAET cO00H
crcTeMy HaOMIONEHNH 3a COCTOSIHMEM Hep AJIsl 0OecrieueHns] paioHaIbHOTO HCIONb-
30BaHMs TOCYIAPCTBEHHOTO (POH/A HEP M CBOEBPEMEHHOTO BBISBIICHUSI HX U3MECHEHHUH,
OLICHKH, MTPEAYNPEKICHUS U YCTPAHEHUS MTOCIIEACTBUI HEraTUBHBIX MPOLIECCOB.

B T0 %€ Bpemst, HECMOTPSI Ha OTCYTCTBHE OOHOBJICHHOW HOPMaTHBHO-METOI0IOT U~
4yeckoii 0a3bl, OOJBITMHCTBO OTEYECTBEHHBIX TOPHOPYAHBIX MPEANPHUITUH aKTUBHO KC-
MOJIB3YEeT COBPEMEHHOE Ieofie3ndecKoe U reousnieckoe 000pylaoBaHUE, B 4aCTHO-
CTH: 3JICKTPOHHBIC TaXCOMETPhI, OCCHMIIOTHBIC JICTaTeIbHBIC anmaparbl (a3poQoTo-
cbeMka), GPS-o0opynoBanue, na3zepHble CKaHEPHI, CITyTHUKOBBIC W PaJapHbIC CHCTe-
MBI HaOMroeHuH U T. 1. JlaHHBIe U3MepeHHsl He MOAJIEKAT BCECTOPOHHEMY HAayYHOMY
MCCIIEIOBAaHUIO U BBIMOIHAIOTCS MapKIIEHIEPCKUMU CITy:KOaMHU OpTaHU3alri TOIBKO
JUTSL YAOBJIETBOPEHUS TEXHOIOTHUECKUX HY* . [109TOMY BO3HHKAET 3aMKHYTBIH KPYT,
CHEIUANUCTHl HAYYHBIX OpraHU3allMii HE MOTYT MO3BOJHTH ceOe 3aKyll W He MMEIOT
OPSIMOTO AOCTYIA K HCIOIB30BAaHUIO COBPEMEHHOTO IOPOTOCTOSILETO U3MEPUTEIBHO-
ro 00OpyIOBaHMS U BO3MOKHOCTH M3YUEHHUS M aHaIM3a MMOJy4YaeMbIX JaHHBIX. Ha ce-
TONHSIIIHUM IeHh OOHOBJICHHE HOPMATUBHO-METOIOJIOTMYECKOM 0a3bl 10 Ae(opMariioH-
HOMY MOHHUTOPUHTY C YYETOM COBPEMEHHOTO KOHTPOJIbHO-U3MEPUTEIHHOTO
MpUOOPOCTPOECHHUS SABISAETCS aKTyaJbHON 3aja4yei.

O030p cylIeCTBYIOIIHMX CHCTEM F€OMOHHTOPHHIA HA MECTOPOKAeHUsIX. BriioTh
10 2000-x rT. geopMay HHKEHEPHBIX CTPYKTYP Ha OTEUECTBEHHBIX MPEIIPUITHIX
OTIPEEIISUIUCH C MCIIONb30BAaHMEM TPaJAWIIMOHHBIX TEXHUK M3MepeHui. JlocTonHCcTBa
TaKUX U3MEPEHUH — XOpOoIIasi H3y4eHHOCTh, HU3Kasi CTOUMOCTD M IOCTAaTOYHAas! HaJleK-
HOCTh. OCHOBHBIC HEJAOCTATKU WCIIONL30BAHUS ONTHUECKUX CPEICTB HAOIIOACHUS —
BBICOKasl TPYJ0EMKOCTb MPOBEICHMSI CheMKH, HU3Kasi HHYOPMAaTHBHOCTb, 3aBUCUMOCTD
OT TMOTOJIHBIX YCJIOBUM, HU3KAs YaCTOTa BOBMOXKHBIX M3MEpEeHUi [3—6].

Ecnu Tpanuironnbie HaOMIOAEHUS] OCHOBAaHBI Ha «KOHTAKTHOMY TOAXOJIE, T/E JaT-
YHKH yCTaHABIHMBAIOTCS HETIOCPEICTBEHHO Ha KOHTAKTE C 3eMJIe JIN0O KOHCTPYKIIH-
e, TO MOHUTOPHHT YyAaJeHHBIX METOJ0B OCHOBAaH Ha «OECKOHTAKTHOM» IOIXOJE,
rae cOop MaHHBIX OCHOBAaH Ha JaTYMKaX, KOTOPHIE YCTAHOBIEHBI JAJIEKO OT MecTa
HaOmroneHuii. OTHAKO UCXOAS M3 CTENEHH B3aMMOJACHUCTBUS C MOBEPXHOCTHIO JTHOO
CTPYKTYPOH METOJIbI yAaIEHHOTO MOHUTOPHHTA MOKHO pa3feluTh Ha JABE OCHOBHEIE
noakareropuu [7]:

— YaCTUYHO YAJICHHBIH — METO/IbI, KOTOPBIC TPEOYIOT YCTAHOBKH JOTIOIHUTEIBHBIX
JIATYMKOB Ha HaOromaeMblil 00bekT (aHTeHHBI 11 D-GPS, npusmsr [yist poOoTH3HPO-
BaHHBIX CTAHIIUIN);
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— TIOJIHOCTBIO YIaJICHHBIN — METOIbl, KOTOPHIC HE TPEOYIOT YCTAHOBKH JaTYMKOB Ha
HAOJTIOIAEMOM yYACTKE; B CBOIO OUYepellb, YAAICHHBI MOHUTOPHUHT KiIacCU(DUIIUPYET-
Cs1, OCHOBBIBASICh Ha TPEX OCHOBHBIX MOKA3aTENISIX, IO THITY MIaTGOPMBI, THUITY BOJHEI
U TUTY JAaTYuKa.

Ha puc. 1 npezncranieHa obias cxeMa MOHUTOPUHra OOPTOB Kapbepa, BKITIOUYAIO-
I1ast OCHOBHBIE METOJIbI, CIIONIb3yeMbIe BO BceM Mupe [8].

[ Buipl MOHUTOpPHHTA Ha Kapbepax ]

y
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Puc. 1. O0u1as cxeMa MOHHTOPHHTAa OOPTOB Kapbepa
Fig. 1. General scheme of pit edges monitoring

Cucrema paHHero onosemienusi. Pannee oOHapyXeHHE U NpeAyNpEeKICHUE Je-
dbopManuii 60PTOB Kaphepa UTPACT PEMIAIONTYI0 POJb JUIST IMPHHATHS HEOOXOIUMBIX
Mep. Bo MHOTUX Cilyudasix IOABHMKKHM MacCHBa, 3aCEYEHHbBIE PalapoM, IEPEXOIT B 00-
pyLIEHHE B TeUeHUE Mecsina. BpeMst 00pylIeHnsT MOXKHO TIPE/ICKa3aTh C MOMOIIBIO Me-
TOAa OOPATHBIX CKOPOCTEH, KOTOPBIH MO3BOJHT BBISIBUTH TEHIACHIMUIO JIedopMaluil u
OTIpeNeNNTh KpUTHUECKyto faTy. CieayeT OTMETHTbh, YTO TOYHOCTh MPEACKa3aHus SB-
JSeTCs Pe3yabTaToOM MPaBUJIBHOW MHTEPIPETAlMK JaHHBIX PagapHOW CHCTEMBI KOH-
TPOJISL, TOMYYEHHBIX 110 METOLy OOPaTHBIX CKOPOCTEH.

CwMmenieHre Nopofsl ¥ €ro BIUAHNAE MOXKHO YBUIETH IIPH palapHOM CKaHHUPOBAaHUU.
ITonoxuTenpHple CKOPOCTH CMELEHUM XapaKTEpU3YIOT JBUKEHUE 110 HalpaBICHUIO
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K pajiapy ¥ UMEIOT IIBETOBYIO MapKUPOBKY MTUKCENIEH B OTTEHKAX >KEJITOTO, OPAHKEBOTO,
KPacHOTO M YEPHOT'0, 3 CHHHE [TUKCENH MPEACTABISIOT CO00H OTpUIaTeIbHOE IBIKEHUE
OT pajiapa, B TO BPEMsI KaK Cepble MTUKCENN TOKA3bIBAIOT, YTO CMEILECHUS HE TIPOUCXO/IUT.
HuTtepecHbl pe3ynbTaThl pajiapHOT0 MOHUTOPUHTA, MPOBEACHHOTO T'e€OMEXaHUYe-
CKO ciyx00# kapbepa bargan. [lanHoe MecTopoXIeHHe PacoNOKeHO B TaTe Apu-
3oHa (CLIA), nmpennpusitie, ero paszpadarbiBaioliee, 3aHUMAeTCsl A00bIYe MeIHO-
nop¢upoBkIX pya. Ha puc. 2 nmpuBeieH pe3yabrar pajapHoil CheMKH CeBepHOTro OopTa
U JJaHHBIE 00paTHBIX ckopocTei oopymeHus N-2800 [9]. OTpunarebHbIe BEIIUIUHB
CIBMKCHHUI Ha IOT MPEACTABICHBI KPAaCHOU JTUHHUEH, BEPTUKATBLHOE CIBIKCHUE BHU3
MOKa3aHO CUHEW JIMHUEH, a HYJICBbIC 3HAYCHUS (3eJICHas JIMHUS) YKa3bIBAIOT Ha BOC-
TOYHOE JBIKCHUE, HAYaJI0 CABMKEHHS Ha IOTO-BOCTOK ITOKA3aHO B CEPEIUHE SHBAPSL.

| IvisUnit-2 - Displacement Map | ThisUnit-2-N200 | ToisUrit-2 - N2300 1 | MoisUnit-2 - Hazard Mep 01 |

' ThisUnis-2 - N28O0 3 |

— N2 50004

[1#{inch/h}]

—— Blasting
= Production
= [ncpection
= Bliming
== Rairfall
~— Geomech

s Eailure
= Unlozding Time

Puc. 2. Pe3ynbrar pagapHoii cheMKU ceBepHOTo OopTa Kapbepa barnan u manHbie 00paTHOH CKOPOCTH
st oopymienust N-2800 [8]
Fig. 2. The result of Bagdad pit northern edge radar surveying and data on reciprocal velocity to cave
N-2800 [8]

Jlis paapHBIX YCTaHOBOK BO3MOXKHO HACTpauwBaTh MapaMETpPhl CIBHXKCHHI, 000-
3HAYUTh 00JACTH, KOTOPBIE MOTYT BBHI3BaTh JIOKHYIO TPEBOTY (HApuUMep MecCTa, TIe
BEAYTCS TOpHBIE paboThl). OnepaTop MOXKET YCTAHOBUTH KPACHBIC U OPaHIKEBBIC CHUT-
Hajbl TpeBoru. OpaHKeBble CUTHABI TPEBOTH HAIIPABIICHBI HA MPEIYyNPEKICHUE T€0-
MEXaHUKOB O BOBMOXKHOM Mpo0ieMe, B TO BpeMsl KaK KPacHBIN CUTHAJ CUUTACTCS CPOU-
HBIM U TpeOyeT HEMeIJICHHO! 3BaKyalliy MepcoHalia U 000PY/I0BaHUS U3 30HBI PHUCKA.
KpacHbie curHanesl TpeBOTH yCTaHABIMBAIOTCS TIOCIE UCIBITATEILHOTO MEPUOJA, TaK
KaK KaueCTBEHHAs XapaKTECPUCTHUKA MACCUBA I PA3IMYHBIX KaPhEPOB UHANBHUIYaIbHA.
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OnbiT npexnpusitusi Potgietersrust Platinums Ltd. (PPRust). Spxum npume-
POM peann30BaHHOTO KOMOMHMPOBAHHOTO T€OMOHHTOPHHTA SIBIISIOTCS HaOIONCHHS,
npoBeicHHbIE Ha Kapbepe Sandsloot FOxHo-Adpukanckoit Pecryonviku. JIaHHbII Kapb-
ep HadaJ pa3paboTKy 1Mo 100bIUe APAroeHHbIX MeTaIIoB B 1992 1. u 3akoHYMI OTpa-
ootky B 2009 1. 3a 310 BpeMs mapaMmeTpsl Kapbepa JOCTHIIH 2 KM B mumHY, 600 M
B mupuHy 1 260 M B m1yOouny (koHeuHast rayouna — 300 m). OcHOBHO# npoOIeMoid,
NPEALIECTBYIONIEH BHEIPEHUIO TEOMOHUTOPUHTA, SBUIACH OBICTPO pa3BUBAIOILASCS
nedopmalivsi U3-3a 30HbI Pa3JIOMOB Ha 3armagHoM 00pTy kapbepa Sandsloot [10].

B utore ms 6onee rhpexTHBHOTO 0OCCTIeUeHNs 0€30MTaCHOCTH TOOBIYH TIOJIE3HBIX
WCKOTIAaeMBIX OBLTa peann30BaHa KOMIUIEKCHAs CTpaTerusi MOHHTOPWHTa OOpTOB.
3a Tpu roga ObUIM YCTAaHOBJICHBI YETHIPE HOBBIE COBPEMEHHBIE CICTEMbl MOHUTOPHHTA!
cucTeMa MUKPOCEHCMHUYECKOTO MOHUTOPUHTA; aBTOMaTu4ecKas CCTeMa MOHUTOPHH-
ra ¢ NpUMEHEHHUEM POOOTH3UPOBAHHOTO TaxeoMeTpa; Oe30TpakaTeNbHbIe Ja3epHbIe
CKaHepbl; pajlapHasi CHCTEMA.

[pencka3annas
nedopmariis 10
obpyuenus A, MM 10

CHcTeMa J1a3epHOTO CKAHUPOBAHUS
¢ raTaKa (E——— [
NG —— | ' '
C HM3KOYACTOTHBIM MOHUTOPUHIOM ! |
il —— =————— |
SHCKTPOHHBIC JAUCTAHIIHOHHBIC . I |

U3MepeHus

]

[ Bbicokast HaIEKHOCTD | HanexHo Huskast HaJ1e)KHOCTB

I HenanexHo = Hanexno/nnskas Hane:xHOCTD ] Hu3Kas HaJICXKHOCTD/HEHA/IEKHO

Puc. 3. HanexHocTb cucTeM MOHHTOpHHTA B 001acTsix [10]
Fig. 3. Reliability of monitoring systems [10]

OO0py1ieHus Ha 3armagHOM OOPTY MPOH3OIILIH B TEUCHHUE 2 U, © MOHUTOPUHT B PEXKH-
M€ ¢ IPUMEHEHHEM OTpakaTeJiel He CMOT TOMOYb B TIPEIYNPEKACHUH OTTaCHON CUTY-
aIy JIJIsl CBOEBPEMEHHOHN 9Bakyanu. HecMoTpst Ha TO 4TO TPU3MBI ObLITH HAJIEKHO
YCTaHOBJICHBI M BOKPYT IIPU3M 3aKpEIUICH CTaJIbHOM 3aIIUTHBIN KOXKYX, MHOTHE U3 HUX
ObUIN MOBPEXKIEHBI MM HOTEPSIHBI H3-32 KAMHEIa10B, OCHINEH U T. A. B pe3ynbprare Ha
kapbepe B ¢eBpane 2005 . ObUT BHEAPEH JIa3epHBI MOHUTOPHUHT, YTOOBI 3alIONHUTD
o0nacTy, Ha KOTOPBIX MapKK OBLTH MOTEPSHBI WM HEe ObLUTH ycTaHOBIeHBI. [ToTpedoBa-
JI0Ch OKOJIO 9 4 /ISl CKAHUPOBAHUSI BCEH 3aIaiHOM CTEHBI, KOTOpas HAXOJUTCs Ha pac-
crostann 0,5—1 KM OT ckaHepa (B 3aBUCHMOCTH oT yria) [10].

B H0s16pe 2003 1. Ha mpennpusatuu PPRust 6b11 3anymen pagap utst HaOMroIeHns 3a
3amaaHol creHKoi Sandsloot. Panee 3apernctprupoBaHHble 0OPYIIEHUS COCTABIISIIA OT
JECSITKOB 0 HECKOJIBKHX THICSY TOHH U, KaK MPEICTABISETCS, IPOMUCXOJUIN MITHOBEH-
Ho. Pajiap ckanupyeT miomniazp B 10 Thic. M? 32 OHY MHHYTY U, TAKHM 00pPa30M, MOXKET
o0ecreunTh paHHee MpenypexaeHIe O TI000M IBHKEHIH JUIs 3BaKyalun. Pagap cka-
HUPOBAJ 3aMaAHYI0 CTEHY Kaphepa C BO3BBIIIEHHOCTH BOCTOUYHOTO 60pTa 24 4 B CYyTKH
npu JIIOOBIX TOTOAHBIX YCJIOBHSX. Ilocie 2-MecsiHOro MCHBITaTENBHOIO Mepuoia
KpacHbIE CUTHAJIBI TPEBOTH ObUTH yCTAHOBJIEHBI HAa 10 MM IBM)KEHHS B TEUCHHUE 2 U JUIS
yuacTka rromiaspio 80 m? [10].

C momo1pio pagapa ObUIO 3aperucTpUpPOBaHO 8 OOpYIIEHHI, pajap MEHee YeM 3a
2 Y mokaszal, 4To CABHKCHHE CKIIOHA MPOM30MIeT. DTO NEHCTBUTEIHHO 00ECIEUUIIO
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paHHee NMPeRyNpexICHNEe IKCTPEHHOH CUTyallny, B pe3ysbTaTe JIIONU U 000pyI0BaHUE
OBLIH YCTIENTHO ABAaKyHPOBAHBI.

Crparerusi KOMIJIEKCHOTO MoHUTOpUHTa. C yUeTOM ONbITa HAOMIOCHUH Ha 3a-
pyOEKHBIX Kapbepax BCe I'e0fie3ndecKoe ¥ reopu3nieckoe 000pyI0BaHNE MOXKHO O
pasneNuTh 1Mo BUAAaM HAaOMIONCHHUI: paJlapHble CUCTEMBI JUISl KPATKOCPOUYHOTO MOHHTO-
puHra; CTaHIUunu pO6OTI/I3I/Ip0BaHHBIX TaXCOMETPOB C MPUMECHCHHUEM IIPU3M, JIa3CPHBIC
CKaHepbl HJsl JoirocpodHoro MoHuropuura; GPS-obopymoBanue mnsi oOmMpHOTO
TUTOIIATHOTO MOHUTOPHHTA; CITyTHUKOBasi HHTEP(PEPOMETPHS ISl PETPOCIEKTHBHOTO
aHaJM3a.

- ~ Hayunsle uccieoBanus
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Puc. 4. CtpaTerus KOMIUIEKCHOTO MOHUTOPHHTa O0pTOB Kapbepa [11]
Fig. 4. Pit edges integrated monitoring strategy [11]

J11s1 BBIONTHEHHS CUCTEMHOTO aHajIn3a Ae(hOopMannOHHBIX MPOLIECCOB, TPOUCXOAS-
MIMX Ha Kapbepax, He0OOXOIUMO BBIOPATh ONTUMAaJIbHBIE METOBI HAOMIOACHU 1 CHCTe-
MaTH3MPOBATh MX COITIACHO KOHIIEMIINN €IMHOTO KOMIUIEKCHOTO T€OMOHUTOpHHTa [9].

Ha puc. 3 [11] noka3ana HageXKHOCTh Pa3iIMYHBIX CUCTEM MOHUTOPHUHTA, OIICHEH-
HBIX Ha OCHOBE NPEATIOKEHHBIX KapT HAJAECKHOCTH JUIA CKJIIOHOB C IIMPOKUM JIMana3o-
HOM TpezicKazaHHoH aedopmannu 10 oOpymenus. CoracHo UCTOYHUKY [ 11], mpu pas-
paboTke »3TOH JuarpaMMmbl ObUIa ydYTeHa TOYHOCTh KaKAOTO W3 YCTPOWCTB.
B OonpmmHCTBE CliyyaeB CKOPOCTh CKAHUPOBAHUS BBICOKA, M KOHTPOJIb 0OpPTa MOXHO
CUUTATh HENPEPbIBHBIM. TOUHOCTB 3TUX YCTPONCTB HaxonuTcs B nuanaszone 0,1-0,4 MM,
YTO HAMHOTO MEHBIIE MpeAcKa3aHHON Aedopmannu paspyieHus 11t OOJIbIINHCTBA
CKJIOHOB. [103TOMY 3TH CHCTEMBI SBISIOTCS «BBICOKOHAIEKHBIMU» JJIsI OOJIBIIMH-
cTBa OOPTOB KapbEPOB.

HapexHOCTb cricTeM MOHUTOPUHTA B 00J1aCTAX, 0003HAYCHHBIX «HAAEKHAS/HU3KAS
HaJIe)KHOCTb» U «HHU3Kask HAJEKHOCTH/HEHAIC)KHASN, 3aBUCUT OT CUCTEMHOH 4acTOTHI
CUMTBIBAHUS M KPUTHUECKOM YaCTOThI CYMTHIBAHHUSA, YKa3aHHOM Ha puc. 3. Eciu gacTo-
Ta U3MEPEHHsI HIDKE KPUTUUECKOTO 3HAUCHHS, TOTJa CJIeAyeT BBIOpaTh Oonee HU3KUI
YPOBEHB Ha/IC)KHOCTH (HAaIIpUMED, B CIy4ae «HaACKHAasA/HU3Kasi HaIe)KHOCTbY, IOJDKHA
OBITH BEIOpaHa «HHU3KAasi HAJACKHOCTDHY).

Onwupasic Ha aHaJIU3 OMbITa HAOMIOAEHUI OOPTOB U YCTYIIOB KaphepoB CTpaH OJIHK-
HETO U JalbHero 3apyOexbs [12], pa3BUTHE KOMIJIEKCHOW CUCTEMBI TE€OMOHUTOPHHTA
NpeAaraeTcs OCyIeCTBIATD MO clenyromei cxeme (puc. 4).

3axkmrouenne. [IpoBeieHHBIN CpaBHUTENBHBIN aHATIU3 CYIIECTBYIOIUX CUCTEM MO-
HUTOPHUHTA MT0KAa3aJl, 4YTO HanboJee JOCTOBEPHBIM 000pYI0BaHUEM TSI KPATKOCPOYHO-
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0 MOHUTOPHMHIA C CHCTEMOW PaHHETo OMOBEIICHHUS SIBIIAIOTCSA pafapHbie CHCTEMBI,
€IMHCTBEHHBIA MHUHYC KOTOPBIX — OTHOCUTEIBHO BBICOKAsi CTOMMOCTE. [103TOMY peko-
MEHIYETCsI KOMILJICKCHAs CHCTEMa T'€OMOHUTOPHHTA, YUUTHIBAIOIIAs MOTPEOHOCTH KaK
B CPEIHECPOUYHBIX, TAK U B KPATKOCPOUHBIX HAOTIOMCHHSIX.

Crpareruss KOMIDUIEKCHOIO MOHHMTOPHMHIa OOPTOB Kaphbepa 3HAUYMUTEIIBHO MOBBICHUT
0€30MacHOCTb BeICHHUS TOPHBIX PadOT; MPEAYIPEAUT aBaPHH, CBSI3aHHBIC C TEOMEXaHH-
YECKHUMH IPOIECCaMH; MO3BOJIUT HAKOIIUTh TaHHbIe 0 Aedopmarusax. Takoe perieHue
3HAYMTEIBHO CHU3UT T€OMEXaHMUYCCKUE PUCKU U TTO3BOJIUT MPOJOIIKATH JOOBIYY PY/IbI
0€e30MacHO U IKOHOMHUYHO B CJIOXKHBIX YCIOBHSIX.

Y4uthiBas akTHBHOE HUCIOIH30BAHNE OTECUECCTBEHHBIMU TOPHOPYIHBIMY MPEITPHSI-
THSAMH COBPEMEHHOTO KOHTPOJBHO-U3MEPUTEIBHOTO 000pYIOBaHHUsA, HEOOXOIUMO
NIPUHSATH PEIIeHIe O 3aMeHe IeHCTBYIONIeH HHCTPYKIUU (Mucmpykyus no Habawooenu-
M 3a degpopmayusimu 6OPMOE, OMKOCO8, YCMYNO8 U OMBAL08 HA Kapbepax U paspa-
bomxe meponpusmutl no obecnewenuro ux ycmouyugocmu. Jlenunepao: BUOI'EM
Munmema CCCP BHUMMU. 1971. 193 c.).
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Existing monitoring systems and the need to update the regulatory and
methodological framework to ensure the safety of open pit mining

Aminyam A. Baltieval, Lyazzat S. Shamganova!, Gulnur B. Abdykarimova', Andrey A. Panzhin?
! Mining Institute after D. A. Kunaev, Almaty, Republic of Kazakhstan.
2 Institute of Mining UB RAS, Ekaterinburg, Russia.

Abstract
Introduction. Steady increase in the depth of mining poses more complex problems for specialists and
scientists all over the world connected with subsoil use efficiency and safety. Complex monitoring system
which includes modern observation technologies, data selection and transfer, as well as emergency
response and loss of life averting is a powerful tool for the mentioned tasks solution.
Research aim is to define the integrate strategy of geomonitoring at opencast mining in the modern
context.
Methodology. At the present time the earth’s surface displacement and deformation assessment criteria of
the existing normative-methodological framework in the Republic of Kazakhstan are rather generalized
and do not take into account the achievements of modern monitoring systems implemented to observe pit
benches and edges deformation.
Results. The article presents the proofs of reliability of various monitoring systems and gives good
examples from the worldwide practice.
Summary. By analysis results, the most reliable equipment has been determined for short term monitoring
with early warning system; the scheme of developing an integrated geomonitoring system at open cast
deposits has also been presented. The introduction of pit edges integrated monitoring strategy will
significantly improve the safety of mining, prevent emergency connected with geomechanical processes,
will make it possible to collect data on deformations. This solution will significantly reduce geomechanical
risks and allow to continue ore excavation in complex conditions in a safe and economical way.

Key words: pit; types of monitoring; safety of mining, optical-electronic, laser-ranging, satellite
navigation/remote sensing, photogrammetric, radar and georadar technologies, deformations.
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Technological aspects of ore preconcentration with X-ray fluorescence
separation
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Abstract
Object and aim of research. By eliminating coarse tailings, preconcentration may increase the content
of valuable components in ore at the input of the processing plant with or without throughput reduction.
The output of preconcentration tailings therefore determines the reduction level of operating costs.
Technological and economic benefit may be significant with high prime cost of deep processing, it is
connected with the costs of power-consuming processes of crushing, grinding, dewatering, as well as for
reagents and material.
Research aims to study main technological factors which influence the effectiveness of ore
preconcentration with X-ray fluorescence separation.
Methodology. The present research uses technological calculation of preconcentration with X-ray
fuorescence separation (XRFS) at various granulometric characteristics of Run-of-Mine Ore and
crushed ore, inhomogeneity analysis of components content in a lump with material size variation,
experimental research on the study of sorted classes number influence on the indicators of separation
with the use of XRFS in preconcentration technologies.
Results and the scope of results. Technological indicators of preconcentration with X-ray fluorescence
separation are calculated for various granulometric characteristics of ore which comes to concentration.
The obtained data allow to recommend XRF'S in maximum size. The influence is revealed of the number
of the sorted sorted classes on the total yield of preconcentration tailings. Maximum size of the
concentrated material should be taken into account when choosing the number of sorted classes.
Research results may be applied when developing the technologies of mineral raw material
preconcentration with X-ray fluorescence separation.
Summary. The effectiveness of ore separating system operation is largely determined by the quality of
ore preparation by granulometric composition both at actual mining (drilling and blasting operations)
and crushing-screening at ore separating systems. The proposed approach allows to quantitatively
estimate the influence of the number of sorted classes on the effectiveness of preconcentration with
X-ray fluorescence separation and explain the choice of the number and the boundaries of sorted classes
sizes.

Key words: preconcentration; X-ray fluorescence separation; ore sorting system; technology;
inhomogeneity in a lump,; granulometric characteristics; the number of the sorted classes.

Introduction. Ore preliminary processing is a dynamically developing field of
mineral processing. It is largely due to steady depletion of ore stock, mining
intensification, involving ore from remote deposits into treating at the currently
operating factories, transference of initial processing to pits and underground mines,
increased need for feedstock of metallurgical, chemical and construction industry.
In Russia [1, 2] and abroad [3—7] much attention has been recently paid to the problems
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of preliminary processing of a wide variety of mineral and technogenic raw material
basically aimed at creating advantageous technological, economic and ecological
conditions for the mined rock treating in further deep processing [2].

Depending on the character of ore, the level of phases disclosure, the content of the
principal valuable component, washability indicators, and requirements to the final
product, the following technological tasks may be solved at the stage of preliminary
processing: coarse final tailings (preconcentration) disposal with further grinding and
deep processing of preliminary processing concentrates; ore separation into
technological types which are processed according to different flowcharts after grinding;
coarse sellable concentrates dressing with further grinding and deep processing of
tailings (middlings) of preliminary processing [2].

Preliminary concentration is an important part of technologies at base ore processing.
Current tendency towards the reduction of valuable components content in ore may be
partly balanced out by the increased capacity of processing plants. Another way to
improve the economy of processing technology is to use preconcentration to increase
components content in ore which comes to deep processing. Preconcentration is
effective when new remote deposits are involved in treating. It is relevant for the mills
which exhausted deposits near the processing plant. In this case, ore sorting systems
(RSS) are situated in the vicinity of new mines, thus reaching cost reduction for ore
transportation to the factory. Preliminary concentration with the same effect can also be
used in underground mining.

Technological and economic benefit may be significant with high prime cost of deep
processing. By eliminating coarse tailings, preconcentration may increase the content
of valuable components in ore at the input of the processing plant with or without
throughput reduction. Preconcentration tailings output therefore determines the
reduction level of operating costs. Additionally, by means of increasing the content of
components, for instance, in flotation feed, technological indicators of flotation
processing may improve [2].

Gravity (jigging and dense medium separation), data or sensor (X-ray fluorescence
(XRF), X-ray absorption, radiometric, radio-frequency resonance, and optical) methods
and washing are used for preliminary concentration [2, 8, 9].

Currently, the most promising and universal method of preliminary processing is
X-ray fluorescence separation (XRFS) which allows sorting by the content of chemical
elements [8]. Modern X-ray fluorescence separators fulfill the one-lump-at-a-time
mode of stock feed in several parallel passes.

X-ray radiometric (X-ray fluorescence) separation is successively used in uranium
[10, 11], gold-containing [8, 12], copper-zinc [2, 8] ore processing; the prospectiveness
of its use for many types of mineral feedstock [8], including diamonds [13], copper-
nickel [8], lead-zinc [ 14], polymetallic [8], manganese [8], chrome [8] ore, quartz [15]
and quartzites [8].

The analysis of technological features of X-ray radiometric mineral processing
provides a much more complete insight of the given process, which allows applying
this method effectively.

Research aims to study main technological factors which influence the effectiveness
of ore preconcentration with X-ray fluorescence separation.

Methodology and results. The present research uses technological calculation of
preconcentration with X-ray fluorescence separation (XRFS) at various granulometric
characteristics of Run-of-Mine Ore and crushed ore, the analysis of inhomogeneity
of components content in a lump with material size variation, experimental research on
the study of sorted classes number influence on the indicators of separation with the use
of XRFS in preconcentration technologies.
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Let us consider basic technological factors which determine the possibility for the
successful application of preliminary X-ray radiometric processing of raw material
with the use of X-ray fluorescence separation.

A characteristic property of preliminary concentration with the use of XRFS is Run-
of-Mine Ore preparation by size. Preparation includes ore crushing up to the required
maximum size, screening with division into the sorted classes and unsortable class
separation. X-ray characteristics (analytical parameters), measured at sorting, serve to
estimate components content in individual lumps. In various sorted classes the values
of analytical parameters depend on the size of the lumps [16]. This fact should be taken
into account when choosing the number and the boundaries of the sorted classes.

Preconcentration products are characterized by incomplete disclosure of mineral
phases [1]. In coarse material, there are the lumps of rock minerals that are usually in
the shape of the monomineral lumps, as soon as the rock phase in ore is more often
represented by larger aggregates, and being the prevailing phase, it discloses at larger
sizes [17].

In most instances, additional disclosure of mineral complexes does not happen at
size reduction within the range of the sorted class (—350+20 mm). The advantage of
additional disclosure of ore mineral phases by crushing stages and at size reduction is
not evident. The indicators of lump inhomogeneity of copper-bearing ore of a number
of deposits may serve as an example (table 1).

Table 1. Contrast indicators in copper-bearing ore in different classes of size
Ta6auuna 1. Iloka3aTen KOHTPACTHOCTH MelbCOAEPKAIMX Py B Pa3IMYHBIX KJaccaX KPYNHOCTH

Number of sample
Size class, mm
1 2 3 4 5 6 7 8
+50 0.98 0.54 1.36 1.31 1.01 1.06 079 0.83
-50+25 1.03 0.64 1.09 1.06 1.04 1.11 0.67 0.59
-25+13 1.03 0.57 1.21 0.85 1.15 0.98 0.62 0.65

The measure of components content variation in lumps may be V. A. Mokrousov
contrast indicator [18], the value of which may theoretically vary from 0 (complete
absence of contrast corresponding to the equality of components content in all lumps of
the sorted material) to 2 (the share of lumps with zero content tends to 1, and complete
disclosure of mineral phases can be observed). Data presented in table 1 do not show
significant growth of the contrast indicator with size reduction, thus proving the absence
of additional disclosure of mineral phases at size reduction.

During the course of a special experiment, the sample of —200+100 mm class was
divided into two parts. 100 lumps of one part were analysed for valuable components
comtent, while the lumps of the other part were crushed to —50 mm size, —50+25 mm
class was selected from this part, and 100 lumps of this class were analysed for valuable
components content. Then, the mean values of components content and RMS deviations
were calculated (table 2). RMS deviations of components content in the lumps of
—50+25 mm class and in the lumps of —200+100 mm class are almost the same.

For that reason, if there is no significant disclosure of mineral phases with size
reduction of the sorted material, it is necessary to meet the principle of “no extra
crushing” when preparing for X-ray radiometric processing and minimize the need to
overcrush the material, then it is advisable to process the material in the size, which is
most acceptable for X-ray radiometric separators (300-350 mm). Therefore, material
coming to preconcentration may be of this particular size.

With proper scheme and modes of ore preparation to further separation, there is
reduction in the output of the unsortable class and redistribution of the sorted materials
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into coarse sorted classes. In this case, extracted ore should be crushed to 300-350 mm
before X-ray radiometric separation with further screening for sorted classes and
unsortable class disposal. In some instances, preliminary screening with oversize
product crushing should be provided in the open cycle up to the maximum size according
to technological characteristics of separators (300-350 mm). If there is the disclosure
of phases in the smaller size, then maximum size may be reduced.

In the instances where there are primarily valuable components transferring into
finer classes, coarse classes sorting becomes more effective, i. e. makes it possible to
increase the output of coarse tailings and reduce the content of valuable components
within them. This is a favourable occasion. In case the prevailing transfer is the transfer
of the rock phase into the unsortable class, then only the sorting concentrate without the
unsortable class may become the concentrate of the ore sorting system. In this case
the conditions of sorting become complicated, as soon as the content of valuable
components in its feed increases.

Table 2. Comparison of component content inhomogeneity in the lumps of
—200+100 mm class of copper-zinc ore and —50+25 mm class lumps obtained from it when crushing
in a jaw crusher
Ta6auna 2. ConocraBjieHne HEOJHOPOJAHOCTH CO/lePKAHMI KOMIIOHEHTOB B KyCKaX KJiacca
—200+100 MM MeTHO-UHHKOBOH PYABI U MOJY4YEHHBIX U3 HUX KYCKOB Kjaacca —50+25 mm
NpH APOOJIeHUM B LIEKOBOM Ipoduiike

Average content in a sample, % RMS deviation, %
Size class, mm
Copper Zinc Sulfur Copper Zinc Sulfur
-200+100 0.90 1.84 14.00 1.44 4.81 10.69
—50+25 0.91 1.33 14.98 1.56 4.04 11.13

Granulometric characteristic of raw material coming into the ore sorting system is
important for technological and economic evaluation of effective technology. Both the
maximum size of a lump and the prevalence of coarse or fine size classes are
the important factors. The type of characteristics is determined by physical-mechanical
properties of ore and the parameters of drilling and blasting operations at rock mass
breaking [19].

As soon as the granulometric composition of the separated material is influenced by
the granulometric composition of the blasted rock mass, proper organization of mining
(especially drilling and blasting) operations together with the optimization of the
scheme and the modes of ore preparation for separation, is an important factor of ore
distribution into size classes.

Granulometric characteristic of the incoming ore determines the potential output of
the sorted classes and potential capital costs, the level of which largely depends on
the number of the applied X-ray fluorescent separators.

In order to study the influence of the granulometric characteristic on the technological
indicators of preconcentration separation, hypothetic aggregate granulometric
characteristics “with the plus sign” were built and calculated with apparently different
strength characteristics (fig. 1) with the following values of maximum size d__ :
300, 200 and 100 mm and different output of the unsortable class. For more accuracy,
relative size d/d___is accepted from 0 to 1 with spacing 0.01.

The output of the unsortable class of —25+0 mm for the calculated characteristics
differs and depends both on the type of the characteristic, i. e. physical-mechanical
properties of rock, and on the maximum size. For granulometric characteristic I, which
corresponds to hard ore, the output of the unsortable class varies from 2.4 to 19.65%
depending on the maximum size; for characteristic II, which corresponds to medium-
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hard ore, it varies from 22.12 to 52.76%, and for characteristic III, which corresponds
to soft ore, it varies from 40.95 to 67.92%. Fig. 1 shows the boundaries of the unsortable
class for the three values of the maximum size. Depending on the maximum size, sorted
classes were chosen and their output was calculated for the obtained hypothetic
characteristics.

To estimate the technological indicators of preconcentration separation, the circuit
inventory was calculated of the typical layout of ore sorting system (fig. 2) for various
granulometric characteristics of ore coming to processing.

100
SN

/

Total output “with the plus sign”, %
I =N
S S
dmax =100 mm/

[y)
S
300 mm
d o =200 mm

I

dmax =

O 1 1 1 1 1 ]
0 0,125 0,250 0,375 0,500 0,625 0,750 0,875 1,000

Relative size d/d,,,, unit fractions

Fig. 1. Aggregate cumulative granulometric characteristics “with the plus sign”
Puc. 1. CymMapHBbIe TpaHyJIOMETPUUECKHE XapPAKTEPHCTUKH IO TUIFOCY»

When calculating the circuit inventory the following notation has been accepted:
Y, — the output of the unsortable class, unit fractions, given by the type of granulometric
characteristic; y, — the output of the sorted class, unit fractions, y, = 1 — v,
Y. — the output of the separation concentrate, unit fractions; y, = A(1 — vy,.), where
A — the share of concentrate output to the output of the sorted class, unit fractions;
Y, — the output of separation tailings, unit fractions; y, = (I — A)(1 - v,);
Yoss — the output of the concentrate of the ore sorting system, unit fractions,
Yoss = Yuc T Ves O 0, — mass fraction of the component in the initial product and the
unsortable class, given equal; B, — mass fraction of the component in separation
concentrate, %, directly proportional to concentration level k: B_= ka; 8 — mass fraction
of the component in separation tailings, %, 9 = (la. — vy, .0, — V.B.) / Vi Bosg — mass
fraction of the component in the concentrate of the ore sorting system, %,
Poss = (10 =7,9) / voss:

Mass fractions of the component in separation concentrate, unsortable class and the
Run-of-Mine Ore are thus similar for all variants of the circuit inventory.

In table 3, the results of the circuit inventory are presented for three values of
unsortable class output (one for each type of granulometric characteristic).

As soon as the unsortable class is combined with separation concentrate, the quantity
of this class in y, Run-of-Mine Ore for sorting will influence the quality of the final
concentrate and the output of ore sorting system tailings y,. So, with excessive secondary
crushing of the initial (Il / 100 mm), the quality of OSS concentrate is 1.11%, and the
output of tailings is not more than 13%, which indicates low effectiveness of
preconcentration application in this case. In case the output of the unsortable class
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(I / 300 mm) is minimal, the quality of the concentrate reaches 1.48% with tailing
output more than 39%, which can point to the advisability of preconcentration
application.

The choice of the analytical parameters also influences the effectiveness of
separation, as soon as data obtained from a lump can be handled differently. By way
of the analytical parameter, which reduces the errors of separation and to a lesser extent
depends on the changing measurement geometry of lumps and positional relationship
of the measuring system and the lump and lump shape, the intensity spectral ratio in
two spectral domains has been chosen: the domain of the secondary characteristic
X-radiation and the domain of the scattered primary X-radiation.

Run-of-Mine Ore

!

Crushing
Screening
-300+25 mm
(~200+25 mm) l ~230mm
Screening
—-300+120 mm —120+50 mm —50+25 mm
(=200+100 mm) (=100+50 mm)
v \
XRFS XRFS XRFS

t [¢ t c t c
™\ Yy /N Y -
y

\ Y

OSS tailings OSS concentrate J'

Fig. 2. Typical circuit of the ore sorting system when processing with
three sorted classes
Puc. 2. TunoBas cxema pya0COPTHPOBOYHOTO KOMILIEKCa pH 00ora-
IIEHNH B TPEX MALIMHHBIX Ki1accax

As far as multicomponent ore processing with the X-ray radiometric method is
concerned, particularly when solving preconcentration problem, various algorithms of
decision-making are possible concerning lump disposal into this or that product: the
disposal algorithm in all components at once with the account of weighting factors or
the algorithm with a lump disposal in any component individually. The letter algorithm
is more preferable, especially when separating ore with three or more components with
a big difference in valuable components mass fractions ratio.

On the other hand, the size of the sorted classes determines the required boundary
value of separation parameter and, consequently, influences the effectiveness of
separation. The interdependence between ore particles size and the technological
indicators of separation is shown by the example of real polymetallic ore. For that
purpose, three sorted classes have been singled out from the Run-of-Mine Ore
polymetallic ore: —250+120; —75+50; —50+30 mm. Each sorted class has been divided
into five fractions with the use of X-ray fluorescence separator SRF-100L. Fractioning
has been fulfilled with subsequent variation of the boundary value of the separation
parameter; in all tests the boundaries were established as similar.
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By way of separation feature, analytical parameter H has been chosen, representing
the spectral ratio of intensities in spectral domains: the united domain of the secondary
characteristic X-radiation of copper and zinc N, lead N, and the domain of the
scattered primary radiation Ns, unit fractions. According to the data from X-ray
radiometric fractioning, separation lines have been built; technological indicators with
various boundaries of separation were determined with their help, fig. 3.

With the reduction of an average size of the sorted class lump at one and the same
boundary value, mass fraction of the components in separation tailings increases for all
size classes. It indicates the need to divide a wide size class into narrower classes and
select individual separation thresholds for each class, the class with smaller average
size of lump requiring lower boundary value of analytical parameter.

Table 3. Circuit inventory calculation results
Tabauuna 3. Pe3yabTaThl pacuera TEXHOJIOTHYECKOro fajianca

Type of characteristic, diax Product Olflrtgclgz)glslit Mass share, %
111, 100 mm Separation concentrate 0.1925 1.50
Unsortable 0.6792 1.00
OSS concentrate 0.8717 1.11
OSS tailings 0.1283 0.25
Run-of-Mine Ore 1.0000 1.00
1L, 200 mm Separation concentrate 0.4124 1.50
Unsortable 0.3127 1.00
OSS concentrate 0.7251 1.28
OSS tailings 0.2749 0.25
Run-of-Mine Ore 1.0000 1.00
I, 300 mm Separation concentrate 0.5856 1.50
Unsortable 0.0240 1.00
OSS concentrate 0.6096 1.48
OSS tailings 0.3904 0.25
Run-of-Mine Ore 1.0000 1.00

The study of the influence of X-ray radiometric separation sorted classes number on
the technological effectiveness of preconcentration allows to make a conclusion, that
preconcentration is the more effective, the greater output of tailings is obtained at
separation upholding the restrictions on the content of valuable components in tailings.
This indicator is used as a criterion of effectiveness for the technology of preconcentration
with X-ray radiometric separation.

Experimental research has been carried out at polymetallic ore with copper content
of 0.28%, lead 1.37%, and zinc 5.37%. The sample has been divided into three parts.
The first part represented a single sorted class of —120+30 mm, three classes have been
obtained from the second part: —120+60 and —60+30 mm, and three classes from the
third one: —120+75,—75+50 and —50+25 mm sorted classes. Each sorted class undergone
fractioning at the X-ray fluorescence separator SRF-100L. Fractioning was carried out
with the subsequent variation of the boundary value of separation parameter. Analytical
expression for separation parameter takes the following form:

H =(N¢yzy + Ny, )/ Ns.
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Fig. 3. The variation of the valuable component mass fraction in tailings with
the growth of the separation threshold:

a — class —250+120 mm (d,, = 185 mm); b — class —75+50 mm (d,, = 62,5 mm);
¢ — class —50+30 mm (d,, = 40 mm)

Puc. 3. l3meHeHume MaccoBOW JOMM IIEHHBIX KOMIIOHEHTOB B XBOCTax

C pOCTOM TIOpOTa pa3/eIICHHS:

a — wiacc —250+120 mMm (dcp = 185 mm); b — xiacc —75+50 mm (dCp = 62,5 Mm);

¢ —xnace —50+30 MM (d_ = 40 mm)
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Output and mass fractions of copper, lead and zinc have been determined for each
fraction. For the samples, separated in two or three sorted classes with the account of
each class share, the outputs of fractions, weighted average contents of components in
elementary and cumulated fractions in tailings have been determined.

At fig. 4, for various number of sorted classes, separation indicators have been
represented both for each component separately at various restrictions on the contents
of different components in tailings, and when meeting the restrictions on the content
of all three components in tailings simultaneously.

80 r Cu 4
70 F Pb
N
260 F
2 Zn
§° 50 (Cu, Pb, Zn)
& 40
30
20 1 J
1 2 3

Sorted classes number

Fig. 4. Tailings output at various number of the sorted classes and
equal restrictions by components content in XRFS’ tailings
Puc. 4. BbIX0/1 XBOCTOB IIPU PA3JIMYHOM YHCJIC MALIMHHBIX KJIACCOB
U PaBHBIX OTPAHUYCHUAX 110 COACPKAHUIO KOMIIOHEHTOB B XBOCTax
POC

The values of components contents in flotation tailings at an operating factory,
processing the studied ore, were accepted as reference by the level of restrictions in
tailings of XRS.

The conformity of sorting indicators has been detected when separating by three
components and separating by zinc; it is explained by the significant content of zinc
compared to other components and mild content restrictions (0.5% GGS).

Run-of-Mine Ore division into two sorted classes promotes to rapid increment in the
output of separation tailings; increase in the number of sorted classes from two to three
also promotes to the output of tailings by to a lesser degree.

Summary. The effectiveness of ore separating system operation is largely determined
by the quality of ore preparation by granulometric composition both at actual mining
(drilling and blasting operations) and crushing-screening at ore separating complexes.
If there is no significant increase in lump content inhomogeneity with the reduction of
ore size, the size of the sorted material should be increased up to the maximum, which
corresponds to the technical characteristics of separators.

The proposed approach allows to quantitatively estimate the influence of the number
of sorted classes on the effectiveness of preconcentration with X-ray fluorescence
separation, including multicomponent ore, and explain the choice of their sizes number
and boundaries. The approach is especially effective at a wide range of size of the
sorted material.
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Texnosorn4yeckne aCneKThbl NPEIBAPUTEILHON KOHIEHTPALUH PY]
€ UCNOJIL30BAHUEM PeHTTreHodIyopeCcIeHTHOM cenapanuu

Opimus E. ®@.!, Opunnnukosa T. 10.!, E¢ppemosa T. A2, Eauszapos /1. B.3

! Vpanbckuii rocynapcTBeHHbIH TOpHbIN yHUBepeuTeT, ExarepunOypr, Poccus.

2 Hay4HO-HCCIeI0BaTeIbCKHI U IPOSKTHBIN HHCTUTYT « YpaimexanHoOpy», ExkarepunOypr, Poccust.
3 Vpainbckuii TocyapcTBEHHBIN SKOHOMUYECKHi yanBepeutet, ExarepunOypr, Poccus.

Pecgpepam
Ipeomem u uenv pabomot. Ilpeosapumenvras KOHYSHMPAYUs MOICEM NO3EONUMb 34 CUem YOaieHUs.
KDYRHOKYCKOBbIX X80CIOB NOBBICUMb COOEPAUCAHUE YEHHbIX KOMIOHEHNO8 6 pyoe Ha 6X00e 0002amumenb-
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HOU pabpuru npu chudiceHuu 1ubo b6e3 cHudicenus obvema nepepabomku. Takum o6pazom, vixo00 X60cmMos
npeodsapumenbHoll KOHYEeHMpayuu onpeoeisiem ypo8eHs CHUNCCHUS IKCRILYAMAYUOHHBIX pacxo0os. Texno-
JL02UHeCKULL U IKOHOMUYECKUTLL dhhexm modicem Obinb 6eCbMa 3HAUUMEIbHBIM NPU 8bICOKOU CeOeCmouUMo-
cmu 21y60K020 0002aujeHusl, Ymo CA3AHO C 3aMpPAamamu Ha SHEP2OEMKUE NPOYeccsl OPOOIeHUsl, UMEeNb-
yenusi, 00e3601CUBAHUL, HA PEA2eHmMbl U MAMePUAbl.

Lenvto oannoii pabomel s81s1emcs U3yHeHUe OCHOGHLIX MEXHONO2UHECKUX PAKMOpPO8, GIUAIOWUX HA d¢H-
hexmusHocms npe0sapumenvHoll KOHYeHmpayuu pyo ¢ UCHOAb30BAHUEM DPEHM2eHOGIYOPeCcyeHmHOU
cenapayuu.

Memooonozusn. B pabome ucnonvzosanvt pacuemol mexHOIOSUYECKUX NOKA3amenel npedsapumeibHoll
KOHYeHmpayuu ¢ npuMeHeHuem penmeenoguyopecyenmuoii cenapayuu (P@C) npu pazniuunvix epanyno-
MEMPUUECKUX XapaKxmepucmurax ucxoo0Hou u OpooieHol pyobl, AHANU3 HEOOHOPOOHOCHIU NOKYCKOBbIX CO-
0epIACaHuti KOMNOHEHMOG C USMEHEHUEM KPYRHOCIU MAMepuad, 3KCnepUMeHmaibHble UcCie008aHust no
UBVYEHUIO GIUSIHUSL YUCTIA MAWUHHBIX KIACCO8 COPMUPOBKU HA NOKA3AMeNu paszoeieHus npu UCnoib308a-
Huu POC ¢ mexnonozusax npedsapumenbHol KOHYeHMpayuu.

Pesynomamut u oénacms npumenenus pesyibmamos. Paccuumanvr mexnonocuueckue noxazamenu
npeosapumenvHoil Konyenmpayuu ¢ npumenenuem POC 0ns pasnuuHuix epanyiomempuyeckux xapak-
mepucmuk pyosl, nocmynaroueti a obocawenue. Ilonyuennvle noxazamenu no3gonsION PeKOMEHOO0-
samwb npogedenue POC ¢ makcumanvhou kpynnocmu. Takoice Gbisi8IeHO GAUAHUE YUCIA COPMUPYEMbIX
MAUUHHBIX KAACCO8 HA CYMMAPHbLL 6bIX00 XB0CMO8 NPed8apumenvHoll KoHyenmpayuu. B npunsmuu
pewenusi o 8bl60PY YUCIA MAUWUHHBIX KIACCO8 Clle0yem Y4umuléams MAKCUMALbHYIO KDYRHOCHb 060-
eawaemoeo mamepuana. Pezynemamol ucciedosanuii mozym 6blmb UCHONb306AHbL NPU paszpabomre
mexHoNo2Ull NPed8apumenbHOl KOHYEeHMPayul MUHEePAIbHO20 CbIPbs ¢ NPUMEHEHUEeM DeHmM2eHOGLYo-
Ppecyenmuoll cenapayuu.

Bui6oowt. Dpgpexmusrnocmos pabomul pyoocopmuposouH020 KOMNIEKCA 6 3HAYUMENbHOU CIeneHu onpeoe-
JISIemCst Kauecmeom No020MOGKU PyObl NO 2PAHYIOMEeMPUHeCKOMY COCmagy Kak npu 006uluHblx (6ypo-
63PbIEHBLX) pabomax, maxK u npu OP2aHu3ayuu OpoOIeHUs-2POXOUEHUsL 8 PYOOCOPMUPOBOUHBIX KOM-
niexcax. H3znodicennvlii nOOX00 NO360Js1em KOIUYECMBEHHO OYEeHUMb GIUSHUE YUCLA MAWUHHBIX KI1ACCO8
Ha 3¢pghekmusnocmsb npedeapumenbHol KOHYEHMPAyuu ¢ UCHONb308AHUEM PEHMZEHOPAOUOMEMPUYECKOU
cenapayuu u 060CHO8AND 8bIOOP YUCIA U SPAHUY KPYRHOCTIU MAUWUHHBIX KIACCOB.

Kniouesvle cnosa: npeosapumensvhas Konyenmpayus, penmeeHoghuyopecyenmuas cenapayus, pyoocop-
MUPOBOUHBILL KOMIIEKC; MEXHON02US, NOKYCKOBASL HEOOHOPOOHOCHb, 2PANYIOMEMPUYECKAs XapaKmepu-
CMUKA; YUCTO COPMUPYEMBIX KIACCOB.
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Peghepam
Beeoenue. Ilpouszeo0cmeo moauboena a611emcs 8axdCHOU OmMpacavio 0 pazeumus sKoHomuku Poccuti-
ckoti @edepayuu. Ipubnuzsumenvro 80 % nonyuaemozo memania UCNONL3YEMCs NPU NPOU3EOOCEE
cneyuanbHblx cmaeil.
Llens pabomur. Ha ocnosanuu oannvix o 3anacax, 000viye u npou3soocmee MonubOeHa 8biA8UMb MUPO-
8bIX 1U0EP08 0anHo20 puika. Ilokazams u oxapakxmepu3o6ams 0CHOGHbIE MECMOPOAHCOEHUs. MOTUDOe-
H08020 cbipbsi Ha meppumopuu Poccuiickoti @edepayuu. TIpoanaruzuposams OUHAMUKY NPOU3B00CMEA
MONUOOEHOBBIX KOHYEHMPAMO8 U GeppomoruboeHa 3a nocieonue 200bl ¢ YKa3aHuem OCHOBHbIX npeo-
npusmuti-npouzéooumenei 8 Poccuu.
Memooonozus. IIpumeHanucs 8 0OCHOBHOM meopemuieckue Memoobl UCCIeO08AHUS, d UMEHHO 0030D U
AHANU3 PASTUYHBIX UHPOPMAYUOHHBIX UCTIOYHUKOS.
Pesynvmamet. B npednazaemoil cmamve npedcmasier Kpamrkuti AHAIUmu4eckutl 0030p Mupo8o2o polH-
Ka MOIUOOEHOB020 CbIPbS, YKA3AHbL OCHOBHbLE NPOU3EOOUmMeENU U nompebumenu KoHyenmpama. Onpe-
oelenvl MUposvie qUdepsbl No 3anacam Moaub0eno6o2o cuipva. llpedcmasnena OUHaMUKA MuUpogozo
npouzeoocmea MonuboeHosvlx Kowyenmpamos ¢ 2012 no 2018 2. Oxapaxkmepuzoeana MuHepaibHO-
cbipbesas 6a3a U NOKA3AHbL OCHOBHbLE MeCMOPOXCOeHUs Moauboera na meppumopuu Poccuu. Ompa-
JHCEHA OUHAMUKA NPOU3B00CMEA MONUOOeH08020 Konyenmpama 6 2012-2017 ee. ¢ ykazanuem npeonpus-
muti-npoussooumeneii. I[lpusedena ounamuxa npouzeoocmea eppomonuboena. Ilokazano usmenenue
UMROPMA-IKCNOPMA MOAUOOEHOBbIX KOHYEHMPAmos u peppomonuboena.

Knroueevie cnosa: vonuboen; monuboenosvie pyovi; npousso0cmeo; sKCnopm-umnopm.

BBenenune. MommOmeH SBISICTCS MaJOpaclpoCTpaHEHHBIM 3eMeHToM. K oCcHOB-
HBbIM MHHEpaJiaM, B COCTaB KOTOPBIX BXOJUT MOJIUOEH, OTHOCSTCS: MOIHOIOIICEIINT,
(heppuMonuOANT, ByIb(QEHUT, MOBETUT U MONUOJEHUT. BaskHOE MecTo cpenu MuHepa-
JIOB, MCIIOJIB3YEMBIX B MPOMBIILIEHHOCTH, 3aHUMAeT MonuOaeHUT (MoS,), koTopblii
conepxut 90 % monubaeHa.

MonubneHoBsIe pyasl IO COCTaBy MOXKHO Pa3leiUTh HA METHO-MOIHOACHOBHIE,
BOJIB(PAMOMOJTNOICHOBEIE U COOCTBEHHO MOJUOICHOBBIC. MOTHOIEH TPUMEHSICTCS
B YEPHOH METAJUTypruH B Ka4eCTBE JIETHPYIOIIETO dIeMeHTa, mpuMepHo 80 % mpouns-
BOJIMMOTO B MUpPE MOJIMO/IcHa B BUie (heppOMOIINO/ICHA MCITIONB3YETCS MIPH MPOU3BO/I-
CTBE CTaJIH.

XapakTepucTHKa MHPOBOro pbIHka MoJjmOzena. CeipbeBasi 06a3za, qo0ObIva.
Ilo manubM ['eonormueckoit ciayx0b1 CHIA (USGS), monTBepaeHHbIE 3amachl MO-
muomena B mupe Ha 01.01.2018 1. cocrapmsmu 20 mirH T [1]. HanbonpmmMu 3amacamu
monubaena odmagaer KHP, nanee cienyror CILIA n Ynnn.

OcHoBubIME TTpousBoauTessiME siBIsitoTcst KHP, CLIA, Yunn, lepy, Ha 10510 KOTO-
pBIX cymMmMapHO npuxonutcs 85-90 % MupoBoro o0beMa J00bIYH MOTUOICHOBBIX Py,
CTouT 0TMETUTB, UTO 3a nocaeanue roasl Kurait, [lepy u Uunu cymecTBEeHHO Hapalu-
BaJm A00bI4y pya. [lo cpaBHEHHIO ¢ peABIAYIIMMY TodaMH A00BIYa MOTHOACHOBBIX
pya yBemmanBanack U B 2018 1. mocturiia 300 tric. T (puc. 1) [1].

Cormacuo manaeiM OOH, Ha mepBoM MecTe 1Mo SKCHOPTY MOJTUOACHOBBIX KOHIICH-
TparoB HaxoauTcs Ymnm, cTpaHa yBenuumia skcropTt ¢ 48,8 Teic. T B 2013 L
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1o 74,5 teic. T B 2017 1. (40,9 % ot MupoBoro skcniopra) [2]. KpynHble 3KcriopTHBIE
MOCTaBKHU Takxke ocymecTistor Hunepnanabt (20 %, wmu 23,6 teic. T) 1 CLHA (17,8 %,
win 17,8 teic. T). CaMbIMH KPYITHBIMH CTPaHAMH-UMIIOpPTEpaMH MOJIMOAEHOBOTO KOH-
ueHTpara sipisitorcs SAnonwust, Kopesi, AHmus. IMIopTHbIe TOCTaBKU MOJIMOICHOBOTO
koHreHTpara B 2017 1. coctaBunu: B Anonuto — 38 Teic. T, B Kopero — 19,6 ThIC. T,
B Anrmuto — 15,8 ThIC. T [2].

Poccuiicknii ppiHOK MoauOaeHa. Poccuiickas denepanus pacronaraeT 3Ha4H-
TENBHON ChIPhEBOI 02301 MOJIMO/IEHA: 3aMackl MeTallia, yuuThiBaeMblie [0cynapcTBeH-
HBIM OasiaHcoM, TpeBhImaroT 2,1 MiH T. [1o kauecTBy pyn MECTOPOXKICHUS, BXOISIIUE
B CHIPBEBYIO 0a3y, CONOCTABHMEI C 3apyOCKHBIMHU, HO B €€ CTPYKTYPE JOMHHUPYIOT
COOCTBEHHO MOJIMO/ICHOBBIE IIITOKBEPKOBBIE 00BEKThI (MOMOIeH-TIOp(UpPOBEIE py/bI) [3].
B Poccun Ha ux poimto npuxoautrcs 85 % 3amacoB MONMOIEHA U PAKTHYECKU BCSI €T0
Jn00bIva.
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Puc. 1. luHaMuKa MHPOBOTO IIPOU3BOJICTBA MOJIMOAEHOBBIX KOHIIEHTPATOB
(B mepecuere Ha MouOaeH) B 20122018 rr. (mo nanneiM USGS)
Fig. 1. Dynamics of molybdenum concentrates global production (terms of
molybdenum) in 2012-2018 (according USGS data)

OCHOBHBIE 3arackl MOJTUOJICHA PACTIPEIEITUINCH CIIEYFOIIUM 00pa30M: 3arachl Ka-
teropuu P, —233,7 thic. T, P, — 858,4 ThIC. T, P, — 2460 THIC. T, A + B + C, — 1409 ThIC. T,
C, —726,9 teIC. T [4]. IT0 mpeBapuTENEHBIM OACYETaM, IPH CYIIECTBYIOIEM TEMIIE
JOOBIYH MOJIMOJICHOBAs 0Tpacib obecredeHa Ha 40 net [5]. [ToTeHnman HapamuBaHus
3amacoB MOJIMOZCHA B CTpaHe 3HAYMTENICH, HO OOJbIIasi 4acTh MPOTHO3HPYEMBIX pe-
CypCOB OTHOCUTCS K HAMMEHEE U3y4EeHHOH Kareropuu P;.

B TI'ocynapctBeHHOM OajaHce 3amacoB IMOJE3HBIX HCKomaeMbix Poccuiickoii dene-
panmu auciiaTcs 34 MecTopoXIeH!s MOMUOCHa, U3 HUX TOJBKO 4 ¢ 3a0a1aHCOBBIMU
3amacami (puc. 2). B pacmipenenenaom ¢gonme Haxomares 23 oobekra [4].

Poccuiickas ceipbeBast 6a3za MOJUOeHA B OOJIbIIEH YAaCTH COCPENOTOUEHA Ha Tep-
putopun CuOHPCKOTo (eiepaibHOr0 OKPYTa, IIe HaXOAATCs 22 MECTOPOXKIACHHUS, 7 U3
HUX — MTOKBepkoBhie. Heapa Cubupckoro ¢enepaibHOro okpyra cozepxar okoio 80 %
3amacoB kareropud A + B + C, u npubnusurensno 70 % 3anacos xareropuu C, [6].
OCHOBHBIE KPYITHBIE MECTOPOXK/IEHHS IITOKBEPKOBOTO THITA HAXOIATCS M Ha TEPPUTO-
pun Pecryonmku Xakacust: Copckoe (0,06 % Mo), Aracksipckoe (0,05 %) n Umaymnb-
ckoe (0,061 % Mo) [6]. B Pecnyonuke TohiBa pa3BenaHo MOIHOACH-MeIHO-TOPHUPO-
Boe Ak-Cyrckoe MECTOpOXKIEHHE, 3aKirodaromiee 78 ThIC. T METauia CO CPEIHUM
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conepxkanueM B pyae 0,015 % Mo [7]. 3anacel Monubnena kareropuu P B konuuectse
150,9 THIC. T, MTOKaNMM30BaHBI Ha J[KETCKOM IITOKBEPKOBOM pynomposiBieHnn B Kpac-
HOSIPCKOM Kpae.

B 3abaiikanbckoM Kpae pacroiioKeHO /1Ba ITOKBEPKOBBIX (MonuOaeH-nopdupo-
BBIX) MecTopoxaeHus: byrnannckoe, pyast koroporo (0,08 % Mo) conepsxar 600 ThIC. T
MonubeHa, wiu 28 % 3amaca Metauia ctpassl, U XKupekenckoe (0,105 % Mo). Kpome
TOTO, Ha TEPPUTOPHH Kpasi PACIHOJIOKECHBI MEJIKHE MECTOPOXKICHUSI COOCTBEHHO MO-
nOIEeHOBBIX pyn — AMaHaH-MakuTckoe 1 CHIPTHYMHCKOE, 8 TAK)Ke YPaHOBBIE MECTO-
poxnenus CTpenbLOBCKOM TPYIIIBI ¢ HOMYTHBIM MonOAeHoM [4-S8].
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Puc. 2. OCHOBHBIC MECTOPOXKICHHS MOJIMOICHA 1 PACIIPECIICHIE €ro 3aacoB M MPOrHO3HBIX pecyp-
coB kareropuu P, mo cyosexram Poccuiickoit deneparyu, MiIH T
Fig. 2. Main deposit of molybdenum and reserves and P, resources distribution by RF constituent
entities, mn tons

Ha teppuropun Peciybnuku Bypsarust HaxoAsTcss MECTOPOXKICHHUS IITOKBEPKOBOTO
tumna: Mano-Oiinoropckoe (0,051 % Mo), Kapuuxunckoe (0,086 % Mo) u Opekurt-
kanckoe (0,099 % Mo).

Oxo1o 6 % poccuiickux 3amacoB MOTUOAEHA 3aKJII0YEHO B HeApax IITOKBEPKOBOTO
mectopoxaenus Jlobam (0,069 % Mo) B Peciybnuke Kapemnmust.

BbicokuMH TIepclieKTHBaMHU HPUPOCTa 3arnacoB MoaubaeHa oOnanaeT YpalbCKUi
(denepanbhblii okpyr. Ha ero tepputopun Haxomutcs Kokxianosckoe (0,082 % Mo)
HITOKBEPKOBOE COOCTBEHHO MOIMOJEHOBOE MecTopoxaeHne B Kypranckoir obnacrtu.
B Caepanosckoit obnactu pacnonoxkeno FOxno-1lameilickoe ITOKBEPKOBOE MECTO-
poxJieHue ¢ copepkanueM monubaeHa B pynax 0,07 % Mo, u 3akmouatomiee 60,5 ThiC. T
metanna. Ha ero ¢manrax nokamusoBaHbl pecypchl Kareropuu P, B konuuecTtse
40 TrICc. T. B pacnonoxenHoMm nobau3octy [lapTuzaHckoM pyaoNposIBICHUN COCPEO-
To4eHo 20 ThIC. T NPOTHO3HBIX pecypcoB kareropuu P, [9]. Hebonbioe konuuecTso
3anacoB Mojubaena kareropuu C, (12,4 Teic. T) noacuuTano Ha MHXEEBCKOM METHO-
noppUPOBOM MECTOPOKACHUH B YenssOnHCKO# 007acTH, pyasl JAHHOTO MECTOPOXKIe-
Hus sBisroTes oeqabivu (0,004 % Mo).
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3anacel MonuOaeHa pa3Benansl Takoke B Uykorckom AO — mecTopoxaenue [lecuan-
ka (0,023 % Mo). B Amypckoii obnactu HaxoauTcst Mkanckoe MemHO-MOPPHUPOBOE
Mectopoxnenue. B Pecniyonuke Caxa (Skytus) — ypaHoBoe MectopoxaeHue Jpyx-
Hoe. Ha Bcex JaHHBIX MECTOPOXIEHHUSIX MOJIHOIEH MPUCYTCTBYET B KaueCTBE MOMYT-
HOTO MeTaJla.

B Kabapauno-bankapckoil pecnyOnnke HaXOAsTCs ABa CKapPHOBBIX MECTOPOXKAE-
HUSI C TIOMYTHBIM MOJTUOIEHOM, OCHOBHBIM KOMIIOHEHTOM BBICTyIaeT Bojibdpam. [lep-
Boe — ThIpHBIay3CKOE MECTOPOXKIEHHE — KpyIHOe, ¢ coaepxanueM 0,041 % Mo, ero
3anacsl orieHuBaioTcs B 140 teic. T. Bropoe — ['utue-Tripabiay3 (0,065 % Mo) c 3ama-
cam# MOJIHOJIeHa OKOJIO 26 THIC. T.
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Puc. 3. lunamMuka 1006194 MOJTMOICHOBOTO KOHIIEHTpATa
B 20122017 rr.
Fig. 3. Dynamics of molybdenum concentrate production
in 2012-2017

B 20162018 rr. paboThI 10 MOATOTOBKE K SKCILTyaTalluH IITOKBEPKOBBIX COOCTBEH-
HO MOJHMOJCHOBBIX MECTOPOXKACHUH (PaKTHUECKH HE POBOIMIUCE [4].

B cBsi3u ¢ magenuem nied Ha mosuOneH B 2014 1. kommanus OO0 «Copckuit 'OKy,
Bxosmas B XonauHr [pynna «ba3oBeiil aneMeHT», MOArOTaBIMBAIOIAs K OTPa0OTKe
OTKPBITBIM CIIOCOOOM ATacCKBIPCKOE MECTOPOKIICHHE, OTIIOKHIIA PEeaTH3aLHUI0 MTPOCK-
ta, B 2016 T. melicTBUE JTUIEH3UU OBLUIO MPHOCTAHOBICHO Ha Tpw ronxa. Kommanus
00O «byrmaunckuii pyagHuk», Bxofsmias B coctaB xonaunra [TAO «'MK «Hopums-
CKUIl HUKEINbY, BIAJACIONIas IpaBOM Ha J00bMy MonuOaeHa Ha ByrmanHckom mecto-
pOXIeHuu, mpuocTaHoBmiIa aevicteue junen3uu ¢ 2014 mo 2022 r. [10]. B 2016 .
xkomnanust OO0 «IIpubantuiickuit [OK», koTopas miaHupoBaia BBECTH B KCILIyara-
1o JKapunxuHCKOe MECTOPOXKACHNE, Ha IIATh JIET IPUOCTaHOBUJIA JIMLIEH3UIO Ha IIpa-
BO MOJIb30BaHMA HenpaMu. JloObua MonubaeHa Ha JKUPHUKEHCKOM MECTOPOXKICHUH HE
Bezaerced ¢ 2013 r, mpeanpusTHe 3aKOHCEPBUPOBAHO.

PaboTbl IO OCBOEHMIO BEIHCH TOJNBKO Ha KOMIUIEKCHOM MOJIMOICHCOAEPIKAIIEM
Ak-CyrckoM MeCTOpPOXKICHUHU MeTHO-IopdupoBoro tThna B PecyOnnke TriBa. Komma-
Hust OO0 «lonesckas I'PK» nimanupyer BBecTH B CTpoii Kapbep rofiloBOi MOIIHOCTHIO
18,5 miu T pyasl B 2022 1. Ha oborarurensHol (adbpuke, MOMUMO MEIHOTO KOHIICH-
Tpara ¢ 30J0TOM U cepeOpoM, IIaHUPYETCsl MONy4aTh MOJUOACHOBBIM KOHIIEHTPAT
C pEHHUEM.

Monn6aeHOBBIE KOHLIEHTPATHI OMYYaloT cIocoO0M (IoTaluu, pa3inius B TEXHO-
JIOTHHU TIepepabOTKH PYIbI 3aBUCAT TOJIBKO OT MPUPOJIBI CIAralolix MUHEpaIoB. Tex-
HOJIOTWYECKHE CXEMbI OONBIIMHCTBA ACUCTBYIOINX (aOpHK OCHOBaHBI Ha KOJUIEKTHB-
HOW MEIHO-MOJNMOJACHOBOM (oTalMd C TOCIEAYIOMMM IHUKIOM  CEJIEKIUH
C TIOJTyYeHHeM Pa3HOMMEHHBIX KOHIIEHTpaToB. B HacTosIIee BpeMsi OCHOBHBIM HaIpaB-
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JICHWEM Hay4YHBIX HCCIIEAOBAaHUN B 001aCcTH 00OTalleHns] MOJTHOACHCOAEPKAINX Py
SBJISIETCS] COBEPILICHCTBOBAHUE peareHTHoro pexuma [11, 12].

o nmpenBapurenbHbM nanHbiM, B 2017 . B Poccuu 100b1TO 4226 T MONIMOIEHA, HA
14 % wmenbuie, yeM B 2012 1. (puc. 3) [4]. [Ipubnuzutensuo 85 % meranna no0bBaeT
kommanus OO0 «Copckuii 'OK» Ha 0IHOMMEHHOM MeCTOpPOXIeHUU B PecnyOmuke
Xakacwus, 3a 2017 1. Ha JaHHOM MECTOPOXKACHUU ObLIO N0OBITO 3771 T MoMMOaCHA.
[ony4ennsiii koHueHTpaT nepepadarsiBacTes Ha OO0 «Copcekuii GpeppomonnbaeHo-
BBIN 3aBoa». OcranbHOM 00beM H0OBIUM MoIHOaeHa oOectieunBanu AO «MuxeeBcKuil
I'OK» na menHO-nIophupoBoM MUXeeBCKOM MECTOPOXKACHUY (TIPUOTU3UTEILHO 534 T)
u [TAO «IIpuaprynckoe I1I'XO» Ha CTpenblloBCKOM YPaHOBOM MECTOPOXKIEHHUH (6 T),
MOJHOJIEH U3 PYA STHX 0OBEKTOB HE M3BIIEKAJIC.
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Puc. 4. lunamuka S5KCriopTa MOJIHOICHOBOTO KOHIIEHTPATa
B 2012-2017 rr.
Fig. 4. Dynamics of molybdenum concentrate export
in 2012-2017

Okcnopt MonMOAEHOBBIX KOHIEHTPaToB U3 Poccun B 2017 . mpakTHYECKH COMIET
Ha HeT (puc. 4). Jns cpaBrenus: B 2016 1. sxcniopt coctaBui 100 T, ChIpbe MOCTaBISLTH
B Dctonuto u benapycs [2].

OTcyTcTBUE HA BHYTPEHHEM PBIHKE OTEYECTBEHHBIX MOJTUOACHOBBIX KOHLIEHTPATOB
00ycioBuio ux umMnoprt (puc. 5). B 2017 r. 06beM 3aKyIiku KOHIIEHTpaTa BEIpOC Ooliee
4yeM B moJitopa pas3a u coctaBui 3822 1. Bosbliie MOJIOBUHBI 3TOTO KOJIMYECTBA OBLIO
npuoOpeTeHo B Yniu, 3HAYUTENbHBIMU MTOCTABIIMKAMHE SBHIUCH Takke Hungepnanabl
u Mouromnus [2].

BayTtpennee norpebneHne MOIHOIeHOBBIX KOHIIeHTparoB B Poccun B 2016 1 2017 .
ornieHrBaeTcs npumepHo B 10 Teic. T [3].

OcHoBHast OIS TPOU3BOACTBA MOJIMOJCHCOAEPIKAIIEH POAYKIINH TPUXOJUTCS Ha
(heppoMoNHOIeH, KOTOPBII UCTIONB3YeTCs IIPH JISTUPOBAHUK CTaJIH, YyTyHa H CIUIaBoB [ 13].
Ha tepputopun Poccuiickoit @enepanmu (heppoMonuOaeH MPOU3BOIAT IO CHIIH-
KOTEpPMHYECKOH TEXHOJIIOTUH, UMeIoIIel psi Hegocrarkos [ 14]. M3 maBHBIX — HE00X0-
JUMOCTH JOPOTOCTOSIIINX Ta3004YHMCTHBIX COOPYKEHUH M O€3BO3BpaTHAs MOTEPs LCH-
HBIX METaJUIOB, TAaKUX Kak peHui. [lo mpenBaputensHbIM TaHHBIM, Beero B 2017 1. B
ctpane O0bu10 BhyIieHo 4900 T heppomonudneHa, 3to Ha 27 % MeHbIe, YeM B Ipe-
oeiaymem 2016 . K ocHOBHBIM npon3BonuTessiM GpeppoMonudaeHa u3 coOCTBEHHBIX
KkoHIeHTpaToB oTHOCATCs: OAO «UensiOMHCKHI AIIeKTPOMETAILTYPruuecKuii KoMOu-



118 "Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal". No. 7. 2019 ISSN 0536-1028

Hat» 1 OO0 «Copckuii heppoMoNnO/IeHOBEIH 3aB0/». IMIOPTHEIC KOHIICHTPATHI T1e-
pepabatbiBaroTesl Ha Takux npennpustusax, kak OO0 «Psa3anckuii 3aBon deppociuia-
BoB u Jurarypy, 3A0 «IIO 3yOnoBCKMII MalIIMHOCTPOUTENBHBIN 3aBOAY,
000 «Monupen» u OO0 «lIpeanpustue Kpucramm». Peskuit cnaj mnpousBoacTsa
(heppomMonubaeHa IPOU3OILIET B CBSI3U C IPUOCTAHOBKOM MPOU3BOACTBA (peppoMonod-
nena Ha 3aBojie 3A0 «KaMmblMHCKU TnTeliHO-(eppocIUIaBHbIN 3aBo» B Boirorpan-
CKOY 00JIaCTH, KOTOPBI TiepepadaThiBa UMIIOPTHBIC KOHIIGHTPATHI [15].

N W R Y3 O

O6beM UMIIOPTA, THIC. T

—_
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Puc. 5. lnHamuka HMIIopTa MOJIOIEHOBOTO KOHIIEHTpATa
B 2012-2017 rr.

Fig. 5. Dynamics of molybdenum concentrate import
in 2012-2017

[lo manasiM OOH, Poccuiickuit sxkciopT dheppoMonndaeHa BCaeICTBHE COKpalle-
HUsI Tpou3BoicTBa (eppomonubaeHa B ctpaHe B 2017 1. cocraBun Bcero 4432 T
(puc. 6). Ilpogykuust B ocHOBHOM Oblia HanpasieHa B Hunepnanael. Ummopt deppo-
MonubeHa, kotopslid B 2016 1. coctaBmi Bcero 88 T, B 2017 1. BeIpoc g0 504 T [2].
ImaBHBIM mocTaBUIMKOM (eppomonudaeHa B 2017 1. saBisinace ApMEHHS.
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Fig. 6. Export — a and import — 6 of ferromolybdenum in 2012-2017

Buytpennee norpebnenue B crpane B 2017 1. Haxoausock Ha ypoBHe ~ 800 T.

B Poccum Takke CyIIECTBYIOT MOIIHOCTH IO TPOM3BOACTBY METAJUTMYECKOTO
MonuOneHa u m3nemuii u3 Hero. OAO «[lonemay MPOM3BOAUT MONUOIACHOBBIN MPOKAT,
OAO «Ypanpenmer» — monmudaeHconepskatue auratypbl, OAO «Ilobenut» — mopomiox.
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Bmecte ¢ TeM HEOOXOAMMO OTMETUTH, YTO HA CETOIHSIIHUHN JIeHb MMOTPEOHOCTH
POCCHUIICKOTO PhIHKA B MOJTMOICHOBO MPOYKIIMHU IMOKPHIBAETCS 3a CUET UMIIOPTA.

BouiBoa. Mectopoxkaenust MolnbieHa, (GOpMHUPYIOIINE OCHOBY POCCHICKOM ChIphe-
BOI 0a3bl, COOTBETCTBYIOT 3apyOekHbIM aHanoram. Kpome toro, Hanbosnee KpymHbIE
COOCTBEHHO MOJHMOICHOBBIE MECTOPOXKICHHS PACIIONIOKEHBI B pallOHaX C Pa3BUTOM
UHPPaACTPYKTYPOH, YTO 3HAYUTEIHHO OOJIEryaeT mpolecce UX BBOJA B IKCILTyaTaIHIoO.
OZIHaKO OCBOEHHE ITHUX 00BEKTOB HaIlpsaMyIro 3aBUCUT OT MUPOBBIX IICH Ha MOJ'II/I6,Z[CH.
[Mocrne mpogoIKUTETHHOTO KPU3HCa IIEHBI HAa MOJHUO/ICH TaK U HE TIOAHSIIUCH JI0 TIPEXK-
Hero ypoBHs. PocT 1ieH Ha MOTHOAEH MOXKET OBIHATH HA PeaH3alHio PsAaa KPYITHBIX
3alUJAaHWPOBAHHBIX MMPOEKTOB 110 OCBOCHHUIO MECTOPOXKIECHUI MONMOAEHA U TTO3BOJIUT
PacCKOHCEPBHPOBATh YXKE CYIICCTBYIOMMHA JKUPEKEHCKH TOPHO-000TaTUTEIBLHEII
KOMOMHAT.

Ha ceropnamamii 1eHs BHyTpeHHEE MOTpediIeHrne MonOaeHa IepPEeKPBIBAETCS B OC-
HOBHOM 3a c4eT umnopra. HeoOxoaumo pactmmpsaTs Ipou3BOACTBO MonnOaeHa B Poc-
CUH, HO, K COKAJICHHIO, TIepepadOTKa MOJUOICHOBBIX KOHIIEHTPATOB 10 M3BECTHBIM
cXeMaM SKOHOMHYECKH HeleJaecooOpa3Ha MpH CyIIEeCTBYIONIEH IeHe Ha MOJIHOIEH.
HCO6XO,III/IMBI HOBBIC 3KOJIOTHYCCKH YHCTHIC 1 DKOHOMHYCCKHU uenecoo6pa3HI>Ie TCXHO-
norun nepepabotku. B MuactutyTe Meramnypruun YpO PAH mpoBoasTcs uccienosa-
HUS TI0 pa3pabOTKe HOBBIX CIIOCOO0B MPOU3BOACTBA MOJIHOICHA.
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Molybdenum mineral base
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! Institute of Metallurgy UB RAS, Ekaterinburg, Russia.

Abstract
Introduction. Molybdenum production is important for Russia’s economic development. About 80% of the
produced metal is used in special steel manufacture.
Research aim. Based on the data about reserves, extraction and production of molybdenum, the researches
aim is to identify world leaders in the market, show and describe basic molybdenum deposits at the
territory and the Russian Federation, analyse production dynamics of molybdenum concentrates and
ferromolybdenum within recent years, specifying main manufacturing enterprises in Russia.
Methodology basically included theoretical research methods, particularly review and analysis of various
sources of information.
Results. The present article displays brief analytical review of molybdenum world market and indicates
main manufacturers of consumers of the concentrate. World leaders in molybdenum reserves are
determined. The dynamics of molybdenum concentrates global production is presented for the period from
2012 to 2018. Mineral raw material base is described and main deposits of molybdenum at the territory of
Russia are shown. The dynamics of molybdenum concentrate production in 2012-2017 is reflected with the
list of manufacturing enterprises. Ferromolybdenum production dynamics is given. Change in molybdenum
concentrates and ferromolybdenum import-export is shown.

Key words: molybdenum; molybdenum ores; production; export-import.
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AHanu3s BnusAHus CbipbeBbIX LieH Ha BO3MOXHOCTb ynpaBrieH!UA
prHO"IHOVI KanuTanusauuei KoMnaHuu Hed)TeI'a30,CI,06bIBaI-OI.IJ,9I'O
CeKTopa

MopkopsbitoB B. H.!, Mouanosa J1. A"
1YpanbCckuil rocy1apCTBEHHbIN FOpHbIN yHUBEPCHTET, . EKaTepuHbypr, Poccust
*e-mail: lyudmila.mochalova@m.ursmu.ru

Pechepam
Ieny pabomui. Hccnedosanue nocesuyeno aHaiu3y GAUAHUS CbIPbeGbIX YeH HA NPOYecc YNpasieHusl
DLIHOYHOU Kanumanusayuell KOMRAHUU HA npumepe Hauboiee KPYnHuiX NyOnUYHbIX AKYUOHEPHBIX 00-
wecme Heghme2az0000b16al0U €20 CEKMOpa, 6 OONLUOM KOTUYECHEe NPeOCHABIEeHHbIX Ha OMeYecmaeH-
HOM pbIHKe aKyull.
O6vexkm uccnedosanusn. O0vbeKmom uccired08anus AIAIOMCA YeHbl Ha cbipbe (Heghmb, nPpUpoOHblll 2a3)
u yenwvt axyuii [TAO «lasnpom», [TAO «Hosamaky, [TAO «Pocnepmoy, [1AO «Jlykoiny, [TAO «Tam-
Heghmovy, [1AO «Cypeymueghmezazy.
Memoouka u uncmpymenmol uccie006anus. B pamxax npose0eHHO20 a8mopamu pecpecCUOHHO20
amanusa 6 Kavecmee (QaxkmopHo2o nokazamens npumama yewa 1 Oappens negpmu mapxu Brent u
1 Mmbtu npupoonoeo eaza (QviouepcHoie edxicemecaunvle yenvl 3axpvimus) 6 oonnapax CLLUA. Pe3ynomu-
DYIOWUM dice noKazamenem sA8UAch yena 1 akyuu komnanui negpmeeazo0obvieauje2o cekmopa (exce-
Mecsunvle yenvl 3akpbimust) 6 oonnapax CLIA.
Pesynomamul. IIposedennblii pecpecCUOHHBIN AHANU3 NOKA3AL Cledyloujee: 80-Nepsblx, 3a6UCUMOCTIb
yen akyuil He@hmedoObLIBAIOWUX KOMNAHUI OM YeH HA Hepmb cywecmeyem,; npu HaIuvuu Opy2ux, Kax
BHEUWIHUX, MAK U BHYMPEHHUX CMOUMOCIMHBIX QaKmMopos, OAHHAs C653b 05 psioa Npeonpusimull npeo-
cmasasiemcs 00CMAamoyHo 6eCOMOlL; 60-6MOPbLIX, 3A6UCUMOCHIb YeH HA AKYUU 2a30000b18aAIOUWUX KOMNA-
HUTL OM YeH Ha NPUPOOHDBILL 2A3 He OUeBUOHA, HIMO, BO3MOICHO, CBA3AHO CO CHEKYVIIAMUBHLIMU KPAMKO-
CPOUHBIMU CKAUKAMU HA POHOOB0M PbIHKE U NPUBOOUN K HEOOXOOUMOCMU UCNONb308AHUSL eHCEMECUHBIX
MEOUAHHBIX YeH; 6-mpembux, Hezagucumocms yen na akyuu [1AO «Cypeymnepmezas» om cbipbegoix
YeH ModIcem 2060pUNMb 0 MOM, YMO 3a0aid NPUELEYeHUs UHBECIUYUL NyMeM Dealu3ayuu Ha QoHO08OM
DbIHKe YeHHbIX OyMaz OAHHOU KOMNAHUU He AGIAEMC s NPUOPUMEMHOU.
Oonacms npumenenusn pesyrbmamos. Pesyiomamel ucciedoganus mozym Ovimes npumeHeHvl uHge-
cmopamu, JHCenaruuMu 6KAa0bI6aAMs 0eHb2l 6 aKyuu KOMRAHUU Hepme2az0000bl6anuje2o cekmopa,
a Makdce MeHedHcepamMu OAHHBIX KOMRAHULL 8 NPOYecce YRPAGLeHUs: UX CMOoUMOCHbIO.
Bu16oovt. Hmozu npogedennozo asmopamu ucciedo8anus 3aKaouaomcs 6 ciedyioujem. Bo-nepswix,
KOMNAHUuu Hedhme2azo000vi6aioujeco cekmopa pa3iuihsl U mpedyiom e obuje2o, a UuHOUGUIYAIbHO20
n00X00d K NOCMPOEHUI) CIOUMOCHHBIX PaKmMopHbIx Mooenell. Bo-emopuix, ucnonvzosanue 6 pacuemax
MONbLKO 00HO20 (haKmopa CMoOUMOCmu npedCcmasiAemcs He NoIHe KOPPEKMHbIM, NOIMOMY 8 PAMKAX
VRPAGLEHUsi CIOUMOCIbIO KOMNAHUU PEKOMEHOYEMCs NOCMPOeHe MHO20PAKMOPHBIX Pe2PeCcCUOHHbIX
MoOernell.

Knrouesvie cnosa: npeonpusmue nedpmezazodobvieaiouezo cexmopa,; pbiHOUHASA KANUMAanu3ayus
KOMNAHUL; YeHa HA Hehmb, YeHa HA RPUPOOHBLI 243, YEHA aKyull; GaKmopvl CHOUMOCIU, YNPAGIeHUe
CMOUMOCMbIO KOMNAHULU.

BBenenne. MuHepaibHO-CHIPHEBOM KOMILJIEKC JI0 CHUX MOP MPOAOJKAET UTPpaTh Be-
IyIIyro poib B 3koHOMEKe Poccnn [1]. DddextuBHOE QyHKIIMOHUPOBAHIE BXOIALIINX
B HETO CHIPHEBBIX KOMITAHUN TECHO CBSI3aHO C TIPOIIECCOM NHBECTUPOBAHUS B UX aKTH-
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- 13.000

23 2015

Puc. 1. lunamuka 1ex B nepuoj ¢ Hauana 2007 no utons 2019 1. [10]:
a — HebTts Mapku Brent; 6 — npupoHsIii ra3
Fig. 1. Price movement in the period from the beginning of 2007 to June
2019 [10]:

a — Brent oil; 6 — natural gas
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Puc. 2. JluarpamMMmbl 3aBUCHMOCTH IIEHBI AKIUHM KOMIIAHHUHM OT II€HBI
1 6appens HedTn Mapku Brent:
ITAO «PocHedTs» — a; ITAO «Jlykoitm» — 6; [TIAO «TaraedTh» — 6
Fig. 2. A dependency diagram between 1 barrel of Brent oil and the price
of a stock item of the following companies:
PJSC Rosneft — a; PISC LUKOIL - 6; PJSC Tatneft — ¢
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BB, B TIEPBYIO OUEPE/Ib C MMOKYIIKOM akLuil. B cBOO o4epes MOBBILIEHHIO MHBECTHIIMOH-
HOW TPUBIIEKATEIBHOCTH MYOJIMYHBIX CBIPHEBBIX KOMIIAHHH CHOCOOCTBYET POCT HMX
PBIHOYHOW KalUTaJU3alMy, KOTOpas pacCUuTHIBAETCS KaK CyMMa OOBIKHOBEHHBIX aK-
LU, HAXOIAIINXCS B OOpaLICHUH, YMHOXEHHAsI HA UX TEKYLIYIO PHIHOYHYIO LIEHY.

B o0miem cMpicne ppIHOYHAS KalluTaau3alys KOMIIAHUK OTPakaeT B3NS PhIHKA Ha
BBITOZIBI OT NPUOOpETeHUsI ee OOBIKHOBEHHBIX aKUWi. PbIHOYHAs KanmuTaau3aunus 3a-
BUCHUT OT MHO)KECTBA BHEIIHUX U BHYTPEHHHUX (PaKTOPOB, KOTOPbIE HYKHO YUHTHIBATH
NP yIpaBlIeHUH CTOUMOCTBIO KoMIIaHuu [2—5]. BHyTpeHHHMU (YripaBisieMbIMH) ak-
TOpaMy CTOMMOCTH KOMITaHHH BBICTYIAIOT: MPUOBUILHOCTH KOMIIAHWH, OOBEMBI Pean-
3aluH TPOAYKLUUH, YPOBEHb COOCTBEHHOTO KAallTala, ”HBECTUL[OHHBIE IIPOEKTHI KOM-
naHuu ¥ 1p. Baemuumu (B Oomblieil Mepe HeynpaBisieMbIMU) akTOpaMu SIBIISIOTCSL:
MaKpOSKOHOMHMYECKHE TOKAa3aTeNM, COCTOSHHUE OTPACIM B LEJIOM, IIEHBI Ha MPOAYK-
LIUI0, YPOBEHB MPOLIEHTHBIX CTABOK U TIP.

[Ipu BeIAENEHNN (PAKTOPOB CTOMMOCTH CHIPHEBBIX KOMITAHUH CIIELUAIUCTHI 00pa-
[Ial0T BHUMaHUE Ha CYIIECTBEHHYIO 3aBUCUMOCTh CTOMMOCTH KOMIAHUU OT 00bEMOB
M KauecTBa 3aIllacoB MOJIE3HBIX MCKOMIAEMBIX, a TaKXKe OT LIeH Ha T0OBIBAEMOE CHIphE
(ned s, mpuponHbIi ra3, Metasisl) [6—9]. [locneannii cTOMMOCTHOH (haKTOp SBISETCS
BHEIIHMM [0 OTHOIICHHUIO K MPEANPHUATHIO U, CIEAOBATEILHO, YIPABICHUE UM 00
UMeeT BecbMa OTpPaHMYEHHBIN XapakTep, JTUOO HE MPEACTABIAETCS BO3MOXKHBIM.
IIpu 5TOM pe3kue 1IeHOBbIE ABMKEHHS Ha PBIHKE (POCT U Na/IeHNE 1I€H) OKa3bIBaIOT He-
raTUBHOE BIMSHHE HA BO3MOKHOCTH IJIAHUPOBAHMUS JESATENbHOCTH CHIPHEBBIX KOMITa-
HUM, TTOBBIIAIOT PUCKH M HEONPEAEICHHOCTh MIPH peann3alii UX HHBECTHINOHHBIX
MIPOEKTOB.

Ienr padotel. VccnenoBanue MOCBALIEHO aHANU3y BIMAHHUSA CBHIPHEBBIX IIEH Ha
npolecc yIpaBieHUs] PHIHOYHON KamuTanu3aluell KOMIIaHUH Ha TpuMepe Haubonee
KPYIHBIX MyOJIMYHBIX aKIMOHEPHBIX OOIIECTB He(TerazodoObIBAIOLIETO CEKTOpa,
B OOJIBIIIOM KOJIMYECTBE MPEICTABICHHBIX HA OTEUECTBEHHOM PBIHKE aKIIHi.

O0bekT uccaeqoBanusa. OOBEKTOM HCCIENOBAHUS SIBISIOTCS LIEHBI Ha CHIPbE
(HedTh, TpupomHbId Ta3) u neHbl akmmidi [IAO «lasmpom», [TAO «Hosaraky,
ITAO «PocuedTb», [TIAO «Jlykoitny, [TAO «TarnedTs», [IAO «CypryTtHedTerasy.

Ha puc. 1, a cogepxarcst JaHHbIe 0 U3MEHEHHUIO LIeH Ha He(Th B niepuox ¢ 2007 . mo
HACTOsIIIEe BPeMsl, [0 KOTOPBIM BUAHO, UTO IIeHa HAa HE(DTh 38 KOPOTKUE MPOMEIKYTKHU Bpe-
MEHH MOo/IBepraiach 3HAYUTENbHBIM U3MEHEHUsIM. Tak, Hanpumep, ¢ Hagata 2007 1o cepe-
qnbl 2008 1. ieHa Ha He(Th ((hprOUEpPCHBIN KOHTpakKT) Bo3pocna ¢ 61 mon. CILIA/Gapp.
1o 6osee, yem 140 non. CIIA/Gapp., T. €. B 2,3 pa3a, u naiee, k koHiyy 2008 r., onmycTu-
nack 0 46 non. CILIA/Gapp. B mocnemyroiye rofsl BIUIOTH 10 HACTOSIIETO BPEMEHU
«CKa4YK1» LIeH Ha He()TSIHOM PBIHKE CTAIN OOBICHHBIM siBeHHEM [10].

Takke MOXKHO HAaOJTIONIATh IIEHOBBIC «KAYeIIHy» Ha PHIHKE IPUPOIHOTO ra3a (puc. 1, ).
B 2008 r. iena Ha npupoaHbIi Ta3 (PprOYepCHBI KOHTPAKT) AocTturana 13,448 mo.
CILIA 3a 1 Mmbtu (oguH MHJUTMOH OpUTaHCKUX TepMHudeckux equnaul (1 Mmbtu) co-
orBercTBYeT 27,93 M?) ¥ BOCIIEACTBHU CHU3KIACH 110 2,692 moin. CIIIA 3a 1 Mmbtu B
asrycre 2009 r. C cepeaunsl 2009 . mpocMaTpuBarOTCA LUKIBI POCTa U CHIKEHUS
LIEHBI C HUCXO/AIIEH B LIEIOM TEHAECHIUEH.

HNHcTpyMeHTHI HcciefoBaHus. B paMkax MpoBEAEHHOr0 aBTOPaMU PErpecCUOH-
HOTO aHajM3a B KadecTBe (PaKTOPHOTO IMoKa3aTelsl NpuHsTa LeHa 1 Oappens HedTH
mapku Brent u 1 Mmbtu npuponHoro rasa ((prouepcHbie exxeMeCcSYHbIe LIEHbI 3aKPbI-
tusi) B goiutapax CLUA B mepuon ¢ 01.01.2015 . mo 01.05.2019 . Pesynprupytomumm
JKe ToKa3aresieM SBIIIACh 1IeHa | akiuu KoMIaHui HedTera3ono0bIBalOIero CeKTopa
(esxeMecsTuHbIC LIEHBI 3aKphITHS) B gofutapax CIIIA.

HecmoTpst Ha HanmMuue MHOXECTBA BHEIIHUX M BHYTPEHHUX CTOMMOCTHBIX (hakTo-
POB, aHaIM3 MOKa3aJ JOCTAaTOYHO BBICOKYIO CBs3b Mexay leHamu akiuil ITAO «Poc-
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HeTH», [TIAO «Jlykoitny, [IAO «TarnedTs» n neHamu Ha HeTH (puc. 2). [Ipu sToM
HaunOoJsee BHICOKUH KOd((GUIMEHT AeTepMUHAIMK OKazajca y kommanuid [TAO «Tar-
HeTh» (R? = 0,64) 1 [TAO «JIykoitn» (R?> = 0,61), 4T0 yKa3bIBaeT Ha CYIIECTBCHHYIO
B3aMMOCBSI3b PACCMATPUBAEMBIX TTOKa3aTeNeH.

Ha puc. 3, 4 npuBenens! auarpamMmMsl 3aBucuMocTi el akiuii [IAO «I"asnpom» u
ITAO «HoBat3k» OT LieHBI Ha IPUPOIHBIH ra3, a TAKXKE LIEHbl Ha HE(Tb.
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Puc. 3. lunarpammsl 3aBucumocTH LeHbl 1 axkuuu ITAO «I"azmpom»
OT [ICHBIL:
a— 1 Mmbtu npupoasoro rasa; 6 — 1 6appesns nedtu mapku Brent
Fig. 3. Dependency diagrams between the price for 1 stock item of PJSC
Gazprom and the price of:
1 Mmbtu of natural gas — a; 1 barrel Brent oil — 6

Kak BunHO 13 puc. 3, 11eHa Ha MPUPOIHBIN T'a3 OKAa3hIBAET BEChMa HU3KOE BIHSHUE
Ha neny akuuu [TAO «azmpom» (R? = 0,02), 0CHOBHO# c(hepoit IesTeTbHOCTH KOTO-
poro sBisgeTcs 100bIYa ¥ peaan3anus MPUPOIHOTO Ta3a (IO B BRIPYYKE OT MPOAAXK —
75 % 1o coctostHUIO Ha 1-# kBapran 2019 r). Cutyanus npeacrasisieTcs mapaaok-
canpHOH. [Ipr 3TOM HEeHa Ha HEe(Th NEMOHCTPHPYET OOJbIIEe BO3ACHCTBUE HA IICHBI
axumii npeanpusitust (R? = 0,29).

Ecnu paccmarpuBaTh yKa3zaHHbIC 3aBUCHMOCTH B OTHOIICHHH HedTera3ono0biBaro-
e komnanuu [IAO «HoBarak» (puc. 4), To 1 B 3TOM ciiy4yae MpOCMaTPUBAETCS CXO-
JKasi TEHJICHIIMS C TOW JIMIIb Pa3HUIEH, YTO KOIPPHUIMEHTHI JCTEPMUHALIUHN BEIIIE
U cocTaBisiioT R? = 0,14 B OTHOIICHUH TIPUPOAHOTO Tasa u R? = 0,41 s HedTH.

Huskue xodpQUIMEHTH JETEPMHHAIIMA MOTYT OOBSICHSATHCS CIEKYISITUBHBIMU
¢dakropamu B (QOpMHpOBaHMHM IIEH KaK ChIpbs, Tak W akmuid [TAO «[azmpom»
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u ITAO «Hosarak». Kpome toro, rocynapcrennas nogaepxka [1AO «I asnpom» u pe-
anu3anys KpymHbIX WHBECTUIIMOHHBIX IMPOEKTOB KOMIIAHUHU B HACTOSILEE BpeMsl IIpHU-
BJIEKAIOT MHBECTOPOB U TPEeUAepOB MEepCreKTHBaMH pocTa B OyayleM LeHHBIX Oymar
MPEINpPUATHUS, YTO TaKKe MOXKET CO3/1aBaTh JOMOIHUTENbHBIN CIEKYIATUBHBIA a)KHO-
Tax. [1lo MHEHHIO aBTOPOB CTaThH, UCTIOIB30BaHUE €)KEMECIUHBIX METUAHHBIX IIEH MO-
JKET TIO3BOJIUTH CIMIJNTh HEOOOCHOBaHHBIE KPATKOCPOUHBIE IIEHOBBIE CKAYKH, TEM Ca-
MBIM BBISIBUTH OOJIBIIYIO 3aBUCHUMOCTh PACCMaTPUBAEMBIX LIEHOBBIX (PAKTOPOB.
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Puc. 4. Tnarpammebl 3aBucumocty uensl akuuu [TAO «HoBarak» OT 1ieHbI:
a — 1 Mmbtu npuponHoro ra3sa; 6 — 1 6appens Hedtu mapku Brent
Fig. 4. Dependency diagrams between the price for 1 stock item
of PAO Novatek and the price of:
1 Mmbtu of natural gas — a; 1 barrel Brent oil — 6

UckmounTenbroit npezacrapnsercs cutyanus ¢ [IAO «CyprytHedreras». AHanu3
LICH aKI[Mi 3TOW KOMITAHUH MOKa3aJl MOJHYI0 HE3aBUCUMOCTD OT LIEH Ha HE(Th U MPH-
ponHbli ra3. bonee Toro, ¢ y4eToM JIaHHBIX, IIPEICTABICHHBIX HA PUC. 5, MOXKHO 3a-
KITIOUUTh CIICAYIOIICE: C YBEJIUUCHUEM IICH Ha He(Th M MPUPOMIHBINA ra3 IIeHa aKIui
KOMIIaHUU yMeHbIaeTcs. Takasi cuTyalysi BO3MOYKHA M3-3a HEMPO3PauYHOCTHU MIJIAaHOB U
nepernekTuB npennpustus. OObICHEHHEM MOXET SIBIIATHCSA U TO, 4TO Ha (hOHIOBOM
PBIHKE OOpAIaOTCsl CIIMIIKOM MaJible MAKEeThl aKIWid, a IIEHbl HA HUX (POPMHUPYIOTCS
«TEXHUYIECKI», KaK OBI «OKUBYT CBOCH JKU3HBIOY.

Pesyabrarsl. [IpoBeieHHBII perpeCCUOHHBIN aHAJIA3 ITOKA3all CIEAYIOLIEe:

— 3aBHCHUMOCTD IICH aKIui HeTem0ObIBAIOIINX KOMITAHUH OT 1IeH Ha He(Th CyIe-
CTBYET; TIPH HATMYINH JIPYTUX, KaK BHEIIHUX, TAK U BHYTPEHHIUX CTOMMOCTHBIX (HaKTO-
OB, JJaHHAA CBS3b IJIA psAlla MPEANPUSTUN IPEACTABISAETCS JOCTATOYHO BECOMOI;
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— 3aBUCHMOCTD LICH Ha aKIMH ra30100bIBAIOMINX KOMIIAHUH OT IIeH Ha MPUPOAHBIN
ra3 He OYEBMJIHA, YTO, BO3MOXHO, CBSI3aHO CO CIEKYIATUBHBIMU KpPaTKOCPOUHBIMU
CKaykamMH Ha (JOHJOBOM DPBIHKE M MPUBOIUT K HEOOXOAMMOCTH HMCIOJIb30BAHHS €XKe-
MECSYHBIX MEAMAHHBIX IICH;

— He3aBUCUMOCTSD 1ieH Ha akuuu [TIAO «CypryTHedTeras» OT CBIPbEBbIX LIEH MOXKET
TOBOPHTH O TOM, YTO 3a/1a4a MPHUBJICYCHUS] HHBECTHIINHI IMyTeM peain3ainiu Ha GOoHI0-
BOM DBIHKE IIEHHBIX OyMar JaHHOW KOMITAHHH HE SIBJISIETCS] IPHOPUTETHOM.
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Puc. 5. lnarpammel 3aBucumocty nensl akiuu [TAO «CyprytHedreras»
OT LIEHBIL:
a — 1 6appenst Hedu Mapku Brent; 6 — 1 Mmbtu npuponHoro raza
Fig. 5. Dependency diagrams between the price for 1 stock item
of PJSC Surgutneftegas and the price of:
1 Mmbtu of natural gas — a; 1 barrel Brent oil — 6

O0nacTh MpUMEHEHMs] Pe3yJbTaTOB. Pe3ynbrarbl HCCIIEIOBaHUS MOTYT OBITH
NPUMEHEHBI HHBECTOPAaMHU, KETalOUIMMH BKIIAJABIBATH JICHBIH B aKLIMU KOMIIaHUH HEd-
TErazoJ00bIBAIOIIETO CEKTOPA, a TAKXKE MEHEPKEpaMH JaHHBIX KOMIIAaHHH B Ipoliecce
YIpaBiIeHHUS UX CTOUMOCTBIO.

Kak Obut0 yKazaHo paHee, AMHAMHMKA PHIHOYHBIX LEH aKUWH MyOIWYHOTO aKIHo-
HEpHOTO 00LIecTBa OTpakaeT W3MEHEHHE €ro PHIHOYHOW KamuTaW3aliH, KOTopas,
B CYIIIHOCTH, SIBISIETCS] HHAUKATOPOM CTOMMOCTH MPEINPHUITHS Ha OUPIKEBOM PHIHKE U
OTpakaeT B3MIISA PhIHKA Ha BBITOABI OT HHBECTUPOBAHUS B IICHHBIE OyMard TOTO HJIH
uHoro smuteHTa [11-15]. B cBoro ouepenp Takol BHemHUM (HaKTOp, KaK LEHbI HA ChI-
pbe, OKa3bIBAET CYIIECTBEHHOE BIUSHHUE HA IIEHbI aKIIUK M, COOTBETCTBEHHO, Ha PBI-
HOYHYIO KalUTAJTU3aLUI0 SMUTEHTA U, B KOHEUHOM HTOTe, ONpeAesieT BO3MOKHOCTH
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yIpaBiieHHsS CTOUMOCTBHIO KOMIaHuU. TeM He MeHee OJuH (aKkTop He B MOJHON Mepe
YUUTBIBAET CTOMMOCTh KOMIaHMH (BO BCEX CIydasx KOA(QQHIMEHT AeTepMUHALNU
R?<0,7), no3TOoMy, 110 MHEHHIO aBTOPOB CTAThH, B LIENISIX MOJICIUPOBAHHS U yIIpaBie-
HUSI CTOUMOCTBIO KOMITAaHUM HE0OX0MM OoJiee MOMHBIN y4eT ¥ BHEUIHUX, U BHYTPEH-
HUX CTOMMOCTHBIX (JAaKTOPOB MYTEM MOCTPOEHHUSI MHOTO(AKTOPHBIX PErPecCHOHHBIX
Mozenei.

Crnenyer OTMETHUTh, YTO JO HACTOSIIETO BPEMEHU Pa3IMYHBIMU aBTOpaMU ObLIH
NPEATIOKEHBI OIHO-, IBYX- U MHOTO()aKTOPHBIE CTOMMOCTHBIE MOJIENU CHIPHEBBIX KOM-
nanuit [16-20]. Hampumep, M. B. JIbsukoBbIM ObLTU MOCTPOCHBI MTPOTHO3HBIC OTHO-
(hakTopHBIE MOJIENH LIeH akiui 11 HeTenoObIBAIOIINX OTEUECTBEHHBIX U 3aPYOCIKHBIX
KOMITAHUI-3MUTCHTOB B 3aBUCHMOCTH OT IieHbl Ha HedTh [16]. B. C. Jlunaraukor
u K. A. KupcanoBa npeaiouiii MHOTO(aKTOPHYIO MOZIENb CTOMMOCTH KOMITaHUH HedTe-
ra3o00bIBaIONIETO CEKTOPa, YUUTHIBAIOUIYIO CPEAHEKBAapTaNbHBIC LEHBI Ha HE(Th,
CYMMapHBIil 00bEM JI0Ka3aHHBIX, BEPOSTHBIX U BO3MOXKHBIX 3a1acoB HepTH Aiist HEd-
TenoOBIBAIOMINX KOMIIAaHWH, CyMMapHBIH OOBEM [IOKAa3aHHBIX, BEPOSTHBIX, BO3MOX-
HBIX 3allacoB MPUPOTHOTO Ta3a, a TaKke MoKaszaTenb JonroBod Harpysku (Netdebt/
EBITDA) st razono0biBaroimux kommnanwuii [17]. [Ipu 3ToM mosydeHHbIe pacueTHBIS
YpaBHEHUS SIBISIOTCS 0000IIEHHBIMU, UMEIOIIMME 3HAYSHHE CKOpee AJIS TPOTHO3HPO-
BaHHA NEPCIEKTUB He(pTera3000bIBAIOIIETO CEKTOPA B LIEJIOM U HE KacatoTCs OTIeIb-
HBIX KOMITAaHUH.

BoiBoabl. Komnannu HedTerazono0ObIBalONIero CEKTOpa pa3anyHbl U TPeOyIOT He
o01Iero, a MHANBUAYAILHOTO TIOAX0Ja K MOCTPOSHUIO CTOMMOCTHBIX (haKTOPHBIX MO-
neneii. Mcnonb3oBaHue B pacyeTax TOJIBKO OMHOTO (aKTopa CTOMMOCTH PENICTaBISET-
Csl HE BIIOJIHE KOPPEKTHBIM, ITO3TOMY B PaMKaX YINpPaBJICHUS CTOMMOCTHIO KOMITAHUH
PEKOMEHAyeTCsl HOCTPOSHNE MHOTO(AKTOPHBIX PErPeCCHOHHBIX MOZIETICH.
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Analysis of commodity prices impact on the manageability of market
capitalization of an oil and gas company
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Abstract
Research aim. The research is focused on the analysis of commodity prices impact on the manageability
of company s market capitalization by the example of the largest public joint stock companies of oil and
gas producing industry abundant at the national stock market.
Research object is prices for commodity (oil and natural gas) and stock prices of PJSC Gazprom, PAO
Novatek, PJSC Rosneft, PJSC LUKOIL, PJSC Tatneft, PJSC Surgutneftegas.
Research methodology and tools. Within the framework of the regression analysis carried out by the
authors, the price of 1 barrel of oil and 1 Mmbtu of natural gas were accepted as a factor indicator
(closing monthly futures) expressed in US dollars. The price of 1 stock item of an oil and gas company
(monthly closing prices) expressed in US dollars.
Results. The regression analysis has shown the following. Firstly, there is some dependence between oil
and gas companies stock prices and oil prices, with other external and internal cost factors the given
connection is rather strong for several enterprises. Secondly, dependence between stock prices of gas
producing companies and prices for natural gas is unobvious which is probably connected with speculative
short term spikes in the stock market and results in the need to use monthly median prices. Thirdly, PJSC
Surgutneftegas stock prices independence from commodity prices may indicate that attracting investment
by means of securities realization in the stock market is not a priority task.
Scope of research. Research results may be used by the investors willing to invest in shares of oil and gas
companies and by these companies’ managers when controlling their cost.
Summary. The outcome of the research is the following. Firstly, oil and gas companies differ and require
not general, but individual approach to cost factor models development. Secondly, when calculating, the
use of only one cost factor is not very reasonable, therefore multifactor regression model development is
required when managing the cost of a company.

Key words: oil and gas company, company's market capitalization; price for oil; price for natural gas;
price for a stock item, cost factors, company s cost management.
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Peghepam
IIpeomem uccnedosanus. Ilokazano, umo 2nagnvie UCNOTHUMENbHbIE MEXAHUIMbL KAPLEPHOLO 2UOPA6-
JIUYECKO20 IKCKABAMOPA (MEXAHUSMbL NOBOPOMA CMPENbl, NOBOPOMA PYKOSMU U NOBOPOMA KOBUIA)
npeocmasaaom coboll 2uopomexanuieckue azpeeamol, 8 KOMoOpwvIx 0guzament (SUOPOYUIUHOPbL) A6-
I0OMCsL COCMABHOU YACMbIO PLIYANCHO-2UOPABIULECKUX MEXAHUZMOB.
Ieny uccneoosanusn — nosviuieHue 3Hep2o3hdexmusHocmu QyHKYUOHUPOBAHUSA 2UOPABIULECKUX IKC-
Kagamopos.
Memooonozua npoeedenusn uccnedosanuil. Hanuuue xunemamuyeckoil cés3u mexncoy oOsucamenem
(wmokom 2udpOYUIUHOPA) U 36EHLAMU PHIYAHCHO-CUOPABIUYECKO20 MeXAHU3IMA 00y Ccloe1usaem onpe-
Oenentble COOMHOMEHUS. MeXCOY NAPAMEMPAMYU O8ULAMENS U IHEP2OCUNOBLIMU NAPAMEMPAMU, PEdU-
3yeMbIMU HA 6e00OMOM 36eHe (cmpeile, PyKOAmMU U KOGuie), — KuHeMamuyeckue u OUHamuyeckue nepe-
oamounvie gynxkyuu. Ha ocnoge umumayuoHHou MoO0eiu QyHKYUOHUPOBAHUA 2NAGHbIX MEXAHUIMOS
NOTyUeHbl BbIPAdICEHUs OllsL ONPedeleHUs NepeoamoyHbiX GYHKYUl.
Pezynomamot. Ycmanoseneno, 4mo cyuwecmgyiom payuoHatbHvle 3Ha4eHus OUHAMU4eckux nepedamoy-
HBIX (QYHKYUL 2NABHBIX MEXAHUIMOS, NPU KOMOPLIX 00CMULAeMCs COOMBEMCINEUE MENCOY IHEP2OCUNO-
BbIMU NAPAMEMPAMU, PEATUYEMBIMU HA 6E0OMbIX 36EHbAX, U PEHCUMOM HASPYHCEHUS BEOOMbIX 36EHbEG.
Bo1600vt. Cunmes KOHCMPYKMUBHBIX CXeM 21ABHbIX MEXAHUZMOB C PAYUOHATbHLIMU 3HAYEHUAMU OUHA-
MUYECKUX NepedamoyHblX QYHKYUL NO36ONUM UCKAIOUUMb Nepespy3Ky dgueameiell U, 6 KOHeUHOM cye-
me, NOBbICUMb IHEP20IPPEKMUBHOCb DYHKYUOHUPOSAHUS 2UOPABIULECKO20 IKCKABATNODA.

Knrwueswie cnosa: KapbeprnZ zu()pa@ﬂultew(ud IKCKaeamop, 2laeHble UCNOJIHUMENbHbLE MEXAHUIMDbL,
KuHemamuyeckue u OUHAMuYecKue nepeaamoqﬁble d)yHKL{MM MEXAHU3ZMOB.

BBenenue. B ycnoBusiX KOHKYPEHTHOTO Pa3BUTHSI TOPHOAOOBIBAIOLICH OTpaciu
SKOHOMMKH MPoOJIeMa MOBBIIIEHUS! Ka9eCTBAa TEXHOIOTMYECKHUX MAIIKH, B YaCTHOCTH
3Hepro3GHeKTUBHOCTH 000PYIOBaHMsI, TPUOOPETACT NIEPBOCTEIICHHOE 3HAYCHHE.

HaydHble OCHOBBI 1 OCHOBHBIEC TPUHIMITEL 3(PPEKTUBHOTO (PYHKIIHOHUPOBAHHUS TU-
JPaBIMYECKUX DKCKABATOPOB KaK OCHOBHOTO THIA IKCKAaBAIIMOHHOTO OOOpYHIOBaHUS
ObUTIH pa3paboTaHbl U chopMmynupoBansl B Tpyaax H. H. MensuukoBa, A. B. Panesa,
b. . CaroBckoro, B. M. lllteitnmaiira u np. JlansHeiiniee pa3BUTHE TEOPUN THAPABIH-
YECKHX IKCKaBaTOPOB HAILIO OoTpakeHHue B padorax [1-11].

B obmiem ciyuae npeaapuTenbHas OllCHKa SHEProdQQEeKTUBHOCTH 000pyIOBaHUS
MOKET OBITh BBIITOJTHEHA TIPU CPABHEHUH YIEIBHOTO (OTHECEHHOTO K MPOU3BOAUTEIb-
HOCTH 3KCKaBaTOpa) pacxofia 3HEPTHUH C TEOPETHYECKOH IHEProeMKOCTHI0 pabouero
mporecca.

OpHaKo MpH 3TOM YCTaHOBHUTD CTETIEHb UCTIOIb30BAHMUS IHEPTETHUECKIX PECYPCOB
HE TPE/ICTaBIISICTCS BO3MOXKHBIM 0€3 YCTaHOBJICHHSI JUHAMHUKH (OPMUPOBAHUS SHEP-
TOCHJIOBBIX TapaMeTPOB, pealn3yeMbIX Ha pabodeM opraHe.
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Hens u 3amaun ucciaenoBanus. Llens nccienoBanus — NOBBIIIEHUE SHEPTOdPheK-
TUBHOCTH (DYHKITMOHUPOBAHUS THAPABIMYCCKUX IKCKABATOPOB.

3anauu, pemaeMbie B JaHHOM paboTe:

— BBISIBIICHUC JIMHAMUKH (JOPMHPOBAHHUS YHEPTOCHIIOBBIX IMAPAMETPOB, pealiu3ye-
MBIX Ha BEJOMBIX 3BEHbsIX (KOBIIIE, PYKOSTH, CTPEJIe) IJIAaBHBIX MEXaHU3MOB;

— OIIpEJIeNICHUE TIePEIaTOYHBIX (DYHKIIUN TIIABHBIX MEXaHU3MOB;

— CHHTE3 KOHCTPYKTHUBHBIX CXEM MEXaHHU3MOB C PAIlHOHAIBHBIM 3HAYCHUEM THHA-
MUYECKOH MmepenaTouHon QyHKIUH.

y
A

Puc. 1. Cxema paboyero o00py1oBaHus
Fig. 1. Implement scheme

Pemienue 3amaum ucciaenoBanusi. OObEKTOM HCCIICIOBAHUS SIBIISIFOTCSI TJIABHBIC
MeXaHU3MbI pabo4yero 000pya0BaHus (MEXaHU3MbI IOBOPOTA CTPEJIbI, IOBOPOTA PYKO-
ATH M IOBOPOTA KOBIIA) TUIPABIMYECKOI0 SKCKaBaropa (puc. 1, rue L1 — nentp Tsoke-
cru crpensl; I — nenTp Tsokectu Kosa; L 1p — LEHTP THKECTH PYKOATH; V. — cKko-
pocTh nepemeneHus: 3yObeB KoBIIA, M/C; 0O, O, @, B, 0, ¥ — ymibl a1d pacyera
KOOPJIMHAT TOUEK AJIEMEHTOB pabodyero 00opyaoBaHusl, rpaj).

[Ipenmer uccnenoBanms — YCTAHOBJICHHE 3aBUCUMOCTEH JIJISl OTIPEICIICHIS KHHEMA-
TUYECKOW M JMHAMHYECKOH MepelaToyHbIX (PYHKIHH TIAaBHBIX MEXaHU3MOB, OIpee-
JISTFOIIAX COOTHOIIEHUS MEXAY MapaMeTpaMu IBUTaTeNiel (THAPOIMINHIPOB) U YHEP-
TOCUJIOBBIMH TIapaMeTpaMH, pEan3yeMbIMH Ha BEIOMBIX 3BEHBIX MEXAHH3MOB
(cTpene, pyKosITU U KOBIIIE).

MeTozp! UCCIIEIOBAaHMS — METOIBI TCOPUH MAIIMH U MEXaHU3MOB, HIMUTAITHOHHOE
MOJICTTUPOBAHNE U BBIUMCIUTEIILHBIN YKCTICPUMEHT.

OCO00OCHHOCTBIO IVIABHBIX MEXaHU3MOB T'HMIPO(UIIMPOBAHHOTO pabodero 00opya0-
BaHUS SBJISICTCS] HATMYKE KUHEMATHICCKOU CBSI3M MEXKTY THAPOIBUTATEIISIMH (THIPO-
IWIMHAPAMU) U 3BCHBSIMU MEXaHU3MOB, TaK KaK CaMU THAPOABUTATEH (COOCTBEHHO
[AJIUHP U TIOPIICHD CO IITOKOM) SIBJISIOTCS 3BEHBSIMU MEXaHU3MOB.

[Ipu >TOM COOTHOMICHUS MEXKTy TTapaMeTpaMyu MEXaHUIECKOW SHEPTUU THAPOIBH-
rarejicii M DHEPrOCHIOBBIMH TapaMeTpaMi, Peain3yeMbIMH Ha BEIOMBIX 3BEHBSX
(cTpene, pyKoATH U KOBIIE), 3aBUCAT KaK OT BUJA MEXaHUYCCKOM XapaKTECPUCTUKHU
THAPOJIBUTATEINICH, TaK U OT TUIIA CTPYKTYPHOH CXEeMBI MEXaHH3MOB.
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Ha ocHOBe KMHEMaTHYEeCKOTO M CHUJIOBOTO aHaJIN3a TJIABHBIX MEXAHHW3MOB TUpaB-
JUYECKOTO 3KCKaBaTopa [12—14] monydeHsl aHANTUTUYECKUE BBIPAKECHUS JJI pacyeTa
kuHemaTuueckoi I1d, u cunosoii I1D . nepenaTouHbIX (yHKIUM.

3aBUCUMOCTH ISl ONpPEAEIICHUS! TePEeJaTOYHbIX (PYHKIMH TJIABHBIX MEXaHHW3MOB
HUMEIOT BUJI:

V.
o, =2 = £i( q,)

mT

F
Ho, = ;35 = 1, o, G),

mT

rze V, . — CKOPOCTb BEIOMOTO 3B€HAa MEXaHU3Ma, T. €. CKOPOCTH TOUKH B CTpEIbL, TOY-
k1 C pyKoaTH 1 TOUKH K KOBIIA (CKOPOCTh KONAHMs) COOTBETCTBEHHO; V — CKOPOCTh
nepeMelleHns ITOKa THAPOUMIMHIPA; [, — pa3Mephl (IIMHBI) 3BEHHEB MEXaHHU3MA;
0; — YIJIBL, OIPECIISIONINE HOIOKCHHS 3BCHBCB HPH TIEPEMCILICHUH IITOKA THIPOLH-

JIMHApPA, FB.SB — ycuine, L[CﬁCTByIOMCC Ha BCAOMOM 3BCHC, T. €. YCUJIIMEC B TOYKC B,

[dK, TIOK,
b /H‘DKF
5104 —
/
\ .
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Puc. 2. I'paduk nepenaTodHbIx GyHKIMN MEXaHU3Ma II0BOPOTA KOBIIIA:
DK = 0,215 0,38; 0,40; 0,36; 0,27; [1OKy = 4,8; 2,6; 2,5; 2,75; 3,7; uTpux-
HyHKTHpHOﬁ JIMHUEH TTOKa3aHa panoHaJIbHasA CUJIOBas epeaaTovIHas q)yHKL[I/Iﬂ
Fig. 2. Bucket turning mechanism transfer function plot:
BTFr=0.21; 0.38; 0.40; 0.36; 0.27; BTF, = 4.8; 2.6, 2.5; 2.75; 3.7; dashed line
indicates rational transfer potential

touke C 1 Touke K COOTBETCTBEHHO, HAIIPABICHHOE MEPIICHIUKYIISIPHO PaInycaM-BeK-
topam AB, BC n CK; F _ — ycuiue, NEHCTByrollee Ha IITOKE THIPOLUMIMHIPA;
G, — CUITBI TSKECTH 3BEHBEB MEXAHU3MOB ITOBOPOTA CTPENIbI, TOBOPOTA PYKOSATH H IO-
BOpOTA KOBIIIA.

Ha puc. 2 npuBenena pabovas xapakTeprcTHKa MEXaHU3Ma [IOBOPOTA KOBIIIA B BHJIE
rpadMKOB U3MEHEHUS] OTHOCHUTENILHBIX 3HAYCHUH CHUIIOBBIX MTAPAMETPOB, PEATN3yEeMbIX
Ha KOBIIE, B TeueHHe pabodero xona (Ly, — OTHOCHTENbHAS BEIMYUHA BbIIBUKECHUS
MITOKA THAPOITMIIHHIIPA).
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Kak BUJHO U3 pUC. 2, OTHOCHUTCJIbHBIC 3HAUYCHU S CUJIOBBIX ITAPaMETPOB (YCI/IJ'II/IFI Ha
3Y6LHX KOBI_Ha) BO3pAaCTarOT NPH BBIABUIKCHUU IITOKA TMAPOUNUIMHAPA IIPUMEPHO Ha
INOJIOBUHY pa60qero X044, a 3aTCM YMCHBIIAIOTCA.

CJ'Ie,I[OBaTeJ'IBHO, pa6oqa;1 XapaKTCPUCTUKA paCCMaTpUBacMOro MEXaHn3Ma MoBOPO-
Ta KOBIIIA HE 00CCIIEYNBAET COOTBETCTBHUS MCXKAY 3HAYCHUSAMU CUJIOBBIX MMApaMCTPOB,
pCaIn3yeMbIX Ha KOBLIC, U PCIKUMOM HAT'PY’KCHUA KOBIIA, XaPAKTCPUIYIOLIUMCS PO-
CTOM BCJIMYHMHBI BHCHIHUX HArPYy30K B IMPOLCCCE KOIIaHUS. CJ'IG,I[OBaTCJ'IBHO, IIpU 3KC-
KaBallu NMMOPOJbI B KOHLIC pa60qer0 X0Ja ruaApOABUTATCIIb 6y):[eT MEepErpyKarbCs, 4TO
MOXCT IPUBCECTHU K Cpa6aTI>IBaHI/IIO OpCAOXPAaHUTCIIBHOIO KJjlallaHa U IMPCKPALICHUTO
pa60qer0 mpormnecca.

Takum 06pa30M, HOMHMHAaJIbHBIN PECKUM pa6OTLI TUAPOABUTATCIISI MEXaHU3MaA IMOBO-
PpOTa KOBIIa MpH MOJIHOM HUCIIOJIb30BaHUH YCTaHOBHeHHOﬁ MOIIHOCTHU ABUIATCIIA MO-
JKET OBITh pCain30BaH IIpu I/IZ[CaHLHOI;'I pa60qel71 XapaKTCPUCTUKEC MEXaHU3Ma I[IOBOPOTa
KOBIIIa B BUJC MOHOTOHHO BO3paCTaIOH.IeI>i (1)YHKLII/II/I.

3akarouenne. AHanus pa60q1/1x XapaKTCPUCTUK MEXAHU3MOB pa6oqer0 O60py,Z[OBa-
HUA MO3BOJIMT OLCHUTH CTCIICHD BIMAHNWA KHHCMATHYCCKHUX CXCM MCXaHH3MOB Ha 3(1)-
(beKTI/IBHOCTB (byHK]_II/IOHI/IpOBaHI/IH MCXaHU3MOB W THUAPABINYCCKOIO 3JKCKaBaTropa
B IICJIOM.

Cunres nacaJbHBIX pa60q1/1x XapaKTCPUCTUK MEXAaHU3MOB pa6oqer () 060py,I[OBaHI/I$I
IIO3BOJIMT IIOBBICUTH CTCIICHD HMCIIOJIb30BaHUA YCTaHOBJIeHHOP'I MOIITHOCTH NPHUBOAHBIX
,I[BPIFaTeJICﬁ ", B KOHCYHOM CUYCTC, 00€eCIIeUnTh BEICOKHME TEXHHUKO-DKOHOMHUYECKHE IT0-
Ka3arciin (1)YHKLII/IOHI/Ip0BaHI/IH TUAPABINYCCKUX 3KCKAaBATOPOB.
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Rationale for pit hydraulic excavator design and operating parameters-lever
hydraulic mechanisms

Irina V. Teliman!
! Ural State Mining University, Ekaterinburg, Russia.

Abstract
Introduction. It is shown that the main executive mechanisms of the pit hydraulic excavator (mechanisms
for turning the boom, turning the handle and turning the bucket) are hydro-mechanical units in which the
engines (hydraulic cylinders) are an integral part of the lever-hydraulic mechanisms.
Research aim is to improve the efficiency of hydraulic excavator operation.
Research methodology. The presence of a kinematic connection between the engine (hydraulic cylinder
rod) and the links of the lever-hydraulic mechanism determines certain relations between the parameters
of the engine and the power parameters implemented on the driven link (boom, handle and bucket) —
kinematic and dynamic transfer functions. On the basis of the main mechanisms functioning simulation
model, expressions for definition of transfer functions are received.
Results. 1t is established that there are rational values of the dynamic transfer functions of the main
mechanisms at which the correspondence between the energy-power parameters realized at the driven
links and the mode of loading of the driven links is achieved.
Summary. Synthesis of design schemes of the main mechanisms with rational values of dynamic transfer
functions will allow to exclude an overload of engines and, finally, to increase energy efficiency of hydraulic
excavator functioning.

Key words: quarry hydraulic excavator, main executive mechanisms, kinematic and dynamic transfer
functions of mechanisms.
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