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FEOTEXHONOIUA: NOA3EMHAS,
OTKPbITAA, CTPOUTENBHAA

VIK 622.833.5 DOL: 10.21440/0536-1028-2018-7-5-13

PE3YNbTATbI UCCNEAOBAHWSA YCIIOBUIA OTPABOTKM
OTKPbITbIM CNOCOBOM KPYTONAJAOLLNX MOLLHbIX
PYOHbIX TEN

3YBKOB A. B.1, CMUPHOB 0. 0.1
" MiHcTuTyT ropHoro aena Ypanbckoro otaenerus PAH
(Poccus, . Ekatepunbypr, yn. MamuHa-Cubupsika, 58)

Ieny uccneoosanusn. Ilpu pacueme ycmouuusocmu 60pmos u OMOEIbHbIX YCHYNO8 UCCLE008AHUAM
€601ticme nopoo, YCI0BUAM UX 3ATe2AHUs, MEKMOHUYECKOU HAPYWEHHOCIU MACCUBA U OPY2UM NOKA3A-
mensimM, N0 KOMOPbIM OYEHUBAeMCsi NPOUYHOCMb MACCUBA 8 YeLOM, YOelsiemcs d0CMAamouHo 6oabuloe
suumanue. Ilpedcmasnenvl pe3yibmamsl HAYYHO-UCCLEO08AMENLCKOU pabOmbl, 6bINOTHEHHOU C Yelbio
paccmMompenus ycnoguti ompabomKu OmKpbLIMsIM CnOcoO60M KPYMOnaoauwux MOwHlX pyOHbIX mel
3010MOPYOHBIX, MEOHO-KOTYEOAHHBIX U JHCENe30PYOHBIX MECTOPONCOEHUL, KOmopble ompadamvieaom
Kapbepamu OKpyaioii ¢popmul.

Memoouka uccnedosanus. /(s evlasiieHuUss 3aKOHOMEPHOCTEN YOPMUPOBAHUS HANPANCEHHO-0edopmuL-
posannozo cocmosnua (HC) 6opmos xapbepos okpyznoii ghopmul peutenvt obvemusle 3a0ayu. B pe-
synbMame pacuemos Obliu HAOeHb! HANPAJICEHUA G, ©,, © . Ha basze omux pesynbmamos nocmpoerisi
HOMOZDAMMbL KOIPPUYUEHMO8 KOHYEeHMPAYUY HANPAICEHUT 8 NPUNOBEPXHOCMHOM clloe DOPMO8 Ka-
Pbepos u OHesHOU NOBEPXHOCHU 05l OMHOCUMETbHBIX GEeIUYUH NAPAMEMPO8 Kapbepos. Dmo oaem 803-
MmoscHocmyb onpedenams HIIC kapbepog n1i06bix pasmepos u yeios HaKIoHa 60pmos.

Ananu3z pezynbmamos. Ycmanoeneno, umo npu Oelicmeuu nepeoHauaIbHbIX epAsUmayOHHO-meKmo-
HUYECKUX HANPAHCEHUTI 8 DOPMY Kapbepa 6eIUtUHbL 20PU3OHMATbHBIX (MAHSEHYUATLHBIX) HANPANCEHULL
U 20pU3OHMATLHBIX MEKMOHUYECKUX HANPANCEHU Y €20 OHA NPAKMUYECKU He 3A8UCAM Om yend noaa-
wenusi boopma.

Bu1600vl. ITpakmuyeckoe npumeHeHue npeocmasisiemcs 6 UCNONb308aHUU BbIAGIEHHBIX 3A8UCUMOCTEN
KO3 Puyuenmos KOHYeHmpayuu HanPAXCeHUll 8 NPUNOBEPXHOCIMHOM Clloe 6OPMO8 Kapbepos U OHEeHO
nogepxHocmu 015t OMHOCUMENbHBIX BENUYUH NAPAMEMPO8 Kapbepos ¢ yenvio onpedenenus HJIC kapve-
P08 M100bIX paA3Mepos U Yelo8 HAKIOHA 6OPMOos.

Knrouesvie cnosa: cecomexanuueckue yciogusi;, Noie HANPANCEHUL, ZPAGUMAYUOHHbLE HANPSICEHUL,
MeKMOHUYeCKue HaANPsdICeHUst;, KoI(Dhuyuenm KonyeHmpayuu;, Mop@onozus pyoHslx mei, npPoOYHOCH-
Hble ceolcmad.

Brenenune. Bo3pacraroiias moTpeOHOCTh B PYTHOM ChIPhE O0YCIIaBIMBACT MHTCH-
CHU(HKALINIO TIOA3EMHBIX ¥ OTKPBITBIX TOPHBIX PA0OT TPH OTPAOOTKE MECTOPOKACHUH
Poccutickoit denepanum, B TOM 9UCIIC M MOITHBIX KPYTOTAIAOIINX 3aJIekKei. ITO 00-
CTOSITENIECTBO MIPUBOJIUT K YCKOPEHHOMY POCTY TITyOMHBI pa3paboTKH W BOSHUKHOBE-
HUIO MTPOOIIeM o0ecTiedeH s YCTOWIMBOCTH KOHCTPYKTUBHBIX DJIEMEHTOB CUCTEM pa3-
pabOTKH U, KOHEYHO, OE30MMACHOCTH T€OTEXHOIOT U,

OO0pazyromuiicst mpu A00bIYE MOJE3HOT0 MCKOMAeMOTO Kaphep SIBISETCS CaMbIM
TpaHANO3HBIM COOPYXKCHHUEM, BO3BOAUMBIM B MAaCCUBE T'OPHBIX ITOPOI. HpI/I pacueTe

PaGota BeimonHeHa B pamkax roc3ananus no reme HHAP 0405-2018-0003.
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YCTOHYHMBOCTH OOPTOB M OTACIBHBIX YCTYIIOB UCCIICAOBAHUSIM CBOMCTB MOPO/I, yCIIO-
BUSIM WX 3aJIETaHUsl, TEKTOHUYECKOW HAPYIIEHHOCTH MACCUBA U JPYTUM T0KA3aTeIIsIM,
MO0 KOTOPBIM OIICHUBAETCS MPOYHOCTh MAaCCHBA B IEJIOM, YACISETCS JOCTATOYHO 0O0JIb-
moe BHUMaHue [1-5].

Ta6auuna 1. [TapameTpbl KapbepoB
Table 1. Parameters of open pits

Bapuant
INokazarens
I I 11
Pamuyc y nosepxuoctu R, m 600 600 600
Panmuyc no gay r, M 75 100 130
I'ny6una Hy, M 370 500 660
VYron HaksoHa 60pTa o6, TPaL 35 45 55

Henrs padorsl. B cTatbe mpencraBineHsl pe3ynbTaTbl HAYYHO-UCCIEA0BATEIbCKON
paboTHI, BBIMOIIHEHHOW C IENbI0 PACCMOTPEHUSI YCIOBUI OTPaOOTKH OTKPBITHIM CIO-
c000M KpYTONaJaroIuX MOIIHBIX PYIHBIX TEJ 30J0TOPYAHBIX, MEAHOKOMYEAAHHBIX U
JKETIe30PYIHBIX MEeCTOPOXKICHUH, KoTophle B Poccuiickoii dexepanun oTpadaTeiBaloT
KapbepaMu OKPYIIIOi (POPMEI.

Ko
¥ Koxo Ko L (1)
i

Kol

Ko||(1-)| Ko
KP»H”(T)' KP»H
Kolloy: Kp

to.

Puc. 1. Cxema KOHLIEHTpalluU HAIPsDKEHUM Ha IUIaHe Kapbepa
Fig. 1. The scheme of the stresses concentration in the open pit layout

MeTtonuka npoBeaenusi uccienoBanmii. [lonoOHas 3aqa4a pemanach panee, HO B
HACTOSIIIIEe BPEMsI B CBSI3H C IMOSIBIICHUEM 00JIee COBEPIIIEHHBIX METOI0B aHAUTHYECKHX
pacyeToB 3aKOHOMepHOCTel (GOpMUPOBaHUS HATPSHKEHHO-IE(OPMHUPOBAHHOTO COCTOSI-
aust (HJC) B 6oprax xaphepoB Kak Ui YIPYTUX M W30TPOMHBIX MACCHBOB, TaK W JJIS
MAacCHBOB CO CJIOXKHBIM TEOJIOTHUECKHM CTpOSHHEM [6—12] MosBHIIAChH BO3MOKHOCTH
MIPOBEPUTH W CKOPPEKTHPOBATh MPEIBIAYIIHNE PE3YJBTAThl, a TAKKE MOIYYIUTh HOBBIE.
st BeLsIBIIEHUS 3aKkoHOMepHOCTeH (hopmupoBanus H/IC 6opToB KaphepoB OKPYIIIOit
(hopMbI OBITH perreHsl 00heMHBIE 3a1aun. [lapaMeTprl KaphepoB MPUBEIEHBI B Ta0M. 1.

B nponiecce momenupoBaHus 3a1aBajy 2 THIIA HAMPSHKEHHOTO COCTOSTHHS:

1. [paBUTAaLMOHHBIE HANIPSDKEHHS BEPTHKAIBHBIE G, ¥ TOPU30HTAJIbHBIC G| PABHBI
YH (y — motHOCTH TIOpOS, T/cM3; H — miyOuHa, M).
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2. l'opr30HTaIbHBIE TEKTOHUYECKHE HANPSLKEHUS: 110 ocu x — 6, = 10 MIla; o ocu
y—o0,=0.

B pesyssrare pacteToB HalICHBI HAPSKEHHS G, O, 6, . Ha 6ase oTux pesynsTaToB
MOCTPOEHBI HOMOTPaMMBbI KO (PHUITEHTOB KOHIIEHTPALIMN HAIPSHKEHHUH B IPUTIOBEPX-
HOCTHOM CJI0€ OOPTOB KaphepOB M JTHEBHOI MOBEPXHOCTH JIJIsi OTHOCUTEIHHBIX BEIIH-
Y1H IapaMeTPOB KapbepoB. DTO aeT BO3MOXKHOCTb, UCIIOJIb3Ys SKCTPAMOIALNIO U HH-
Teproisiuuto, onpenenuts HJAC kapbepoB M00BIX pa3MepOB U YIIIOB HAKJIOHA OOPTOB.
3HaueHus KO3(PUIMECHTOB KOHIIEHTPAIIUU 00BSICHEHBI Ha puUC. 1.

Ilpu nevictBum YH k03 GHUUHMEHTEI KOHIEHTPaluK: K, — TAHT€HIMAIbHBIX HAIPS-
JKEHU; Kp, Kp‘H — pagualbHBIX ¥ paJiiajibHBIX HAKJIOHHBIX HANpPsHKEHUH B OOPTY.
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Puc. 2. I'paduxn k03P HUIMEHTOB KOHIICHTPANK TAHTCHIIHATEHBIX HAPSDKEHUH 110 00pTaM Kapbepa
Fig. 2. The graphs of tangential stresses concentration coefficients along the open pit edges

IIpu neficTBUM rOPU3OHTANILHBIX TEKTOHMYECKHX HAMPSKEHMH G KOI()OHIMEHTHI
KOHUEHTpauu: Ko - — TAaHTCHIMANBHBIX B HANPAB/ICHUH, ApaJlICIIbHOM JEHCTBHUIO

6., Ko L () — TaHI€HLUMAIBHLIX B HANPaBIECHUM, MEPHCHIMKYIIPHOM IEHCTBHIO G ;

Kp.HH(T) — paauajbHBIX HAKIOHHBIX B HANpPaBJIE€HWH, MApajI€IbHOM ICHCTBHIO C ;
K, 1 ()~ PaaMaIbHBIX HAKIOHHBIX B HAPABICHUH, IEPICHANKYIIAPHOM JICHCTBHIO G
Kp”m — pajMabHBIX HAIPSKCHUH B HAIIPABJIEHHUH, TApAILIEILHOM AEHCTBUIO G Ha I10-

BepxHOCTH; K | () — PaAMalbHBIX HANPSOKCHUI B HANPABJICHUH, TICPIICHIUKYIIPHOM

JEUCTBHUIO G Ha IIOBEPXHOCTH.

IIpu 3aaHNK B KaUECTBE TPAHMYHBIX YCIIOBUM IPaBUTALIMOHHBIX HAPsOKEHUH YH
K03 GHUIMEHTHI KOHLIEHTPAINHU TOTy4Yald AeJICHUEM HaNpsHKEHUH B J000# TOUKe Ka-
phepa Ha BEIMUNHY T'PaBUTAIIMOHHBIX HANPSKEHUH Ha yPOBHE €ro JHa, a IPH 33JaHUH
B Kau€CTBE I'PaHMUHBIX ycaoBuil 6 = 10 MIla ko3 duuenTsl KOHLEHTPALMH 110y -
YJaju IeJICHUEM HampspKeHUH B IF000H Touke Kaphepa Ha 10.

JanHble k03¢ GUINEHTh KOHIEHTPAUK ObIIM MPHUBA3AHBI 110 BBICOTE K OTHOCHU-
TeJIbHBIM KOOpAMHATaM z/H_, rie z MMeeT Hauano KOOPAUHAT Ha MOBEPXHOCTH, U Pac-
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Fig. 3. The graphs of radial stresses concentration coefficients along the open pit edge
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TIOJIO’KEHBI 110 JINHUSIM, KOTOpble 00pa30oBaHbl epeceueHueM MOBEPXHOCTH Kaphepa 1
TUIOCKOCTEH Xz, yz. K 3TUM IMHUSIM PpHypOYeHb MUHUMAIIbHBIE U MaKCHMaJIbHBIE 3HA-
YeHUS HATIPSDKEHHH, a TI0 OCTAJIbHBIM CEYEHHSIM UX BEJMUMHA 3aHUMAET IPOMEKYTOU-
HOE IOJIOKEHUE.

IMosnyuyennsie pe3yabTaThl M HX aHaau3. Ha puc. 2 npusenens! rpaduku ko3¢ du-
UEHTOB KOHIEHTPALUN TOPU30HTAIBHBIX (TaHT€HIMANIBHBIX) HaNpsDKeHUH, rae 35°,
45°, 55° — yrmbl oTKOCa 60opTa Kapbepa, Tpa.
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Puc. 4. I'padukn k03 HUIHSHTOB KOHIICHTPALMY TAHICHIIMAIBHBIX HAMPSKEHUH 110 TOBEPXHOCTH
Fig. 4. The graphs of tangential stresses concentration coefficients along the surface

U3 puc. 2 BUAHO, 9TO TPAaBUTAIIMOHHBIC HANPSHKEHHS CO3/IAl0T Ha KOHTYpe Kapbepa
HE3HAYUTENbHBIE 110 BEIMYMHE TaHTEHIHAIbHbIE HANpskeHus K, IpaKTHYECKH He3a-
BHCHMO OT yITla HaKJIOHa 00pTa Kapbepa ;. TeKTOHHYEeCKHE HANIPSKEHUs B 30HE MaK-
cumyma (Ky ) IMEIOT 3HAYHTEIBHEIC [0 BENMYMHE KOO (HUIMEHTH! KOHICHTPALMH U
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TeM Oorblue, YeM Kpyde 6opt u Omike ko aHy. B 3one MuHnmyma (K | () cxumaro-
1K€ G, _BBI3BIBAIOT PACTKEHUS TAKKE 3HAUMTEILHON BETMYMHBL.

Eciy Ha MECTOPOXKICHUN ACHCTBYIOT ONHOBPEMEHHO YH, G, , G, , TO [Is ONpeere-
HUSI HANPSDKEHUH B MTHTEPECYIOIIEH TOUKe HEOOXOMMO BOCIIONB30BATHCS METOIOM CY-
MIEPIIO3UITNH, COOTBETCTBEHHO 10 JIMHUAM Oy u Ox:

+YHK,,
6,y Koy + YHK.

Gex = GTXKGH(TX) + GryKe J‘(Ty)

Gey = GTXKS J—(Tx)

Ha puc. 3 npusenens! rpaduku KO3PGUITHESHTOB KOHIICHTPAINH B paglabHOM Ha-
TIPaBJIEHHUH TI0 CKIIOHY OopTa.

K
12 7
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08
Kolly
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04 r Ko
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} — Kon L

00 r

02 . . . .
0 1,17 1,38 1,53 PR

9= 35° il 45° e 55°

Puc. 5. I'padukn k03 HUIHESHTOB KOHICHTPALIMH paHalbHbIX HATPSUKSHHUH 0 TOBEPXHOCTH
Fig. 5. The graphs of radial stresses concentration coefficients along the surface

13 puc. 3 BUIHO, YTO MAKCUMAJIBHYIO BEINUMHY UMEIOT K oT YH, 1 TeM Oospire,
yeM Kpyde OopT u Ommxke ko nHy. Bemmuwna Hampsbkerund mpu H = 300-700 m
y MOBEPXHOCTU MOXxeT gocturars 10-25 MIla, u 310 B 30HE, I71e NepBOHaYaIbHBIE HA-
npspkeHus He npesbimany 1-4 MIla.

Kos¢pduuuentsl koHueHTpanun or o, K ) TeM OoIblie, 4eM HOIOKE Kapbep.
CyMMmapHble HalpsHKEHUST MOYKHO HaWTH 10 OpMysiaM COOTBETCTBEHHO MO JIMHUSIM

Ox u Oy:

c;Hx = GTX K + GTy Kp.H L +YH Kp.H s

+ yHKp‘H.

p.H”(Tx) (1x)

O =6, K, Lo t0,K

(1x) pJ-x”( TX)

Ha noBepxHOCTH B IpUOOPTOBOM 30HE Kaphepa 3HAYUTEIbHBIX BEJIMYMH JIOCTUTAIOT
Ko (puc. 4), u TeM Gonble, yeM OnmKe K 60pTy M 60JIbIIE 0, a TaKKe K. » (puc. 5), HO
371€Ch OONbIINE 3HAYEHHUs COOTBETCTBYIOT MEHBIINM 0 (R — pajiyc Kapbepa y noBepX-



ISSN 0536-1028 «Hz6ecmus 8y308. T'opnutil srcypuany, Ne 7, 2018 11

HOCTH, M; p — PAaCCTOSIHHE OT Kpas Kaphepa J0 TOYKHU OIPEJIEIICHUs BeTMYNHBI HAIPS-
JKCHUS B MACCHBE, M).

Ananu3 k03 (GUIIEHTOB KOHIEHTPALUHU NIOKA3bIBAET, UTO MPH IHCTBUU TOIBKO YH
KakK pazuajibHble, TaK U TAHTCHIMAJIbHBIE CKUMAIOIINE HANPSHKEHUS TOCTUTAIOT CBOE-
ro MaKCHMyMa B TIPHJIOHHOW YacTh 00pTa KPYyIJIoro Kapbepa v TeM OOJbIIIe, 4eM Kpyde
0opT U TITyOke Kaphep. BeaumanHa paguaibHOTO CKATHs Y TIOBEPXHOCTH TIPH TITyOHHE
xapbepa H, > 300 m moxet ObiTh 60nee 15 Mlla, a Tanrenuuansaoro — 6onee 3 Mlla,
IJie YpOBEHb IIEPBOHAYAIBHBIX HANpPsHKEHUH Obl1 mpuMepHO paseH 2 MIla. Oto onHa
13 OCHOBHBIX MPUYHUH 3aK0j1a OOPTOB.

Hannuve TEeKTOHMYECKON COCTaBISAIOLIEN MEPBOHAYAIBHBIX HAMNPSHKEHUN PE3KO
YBEIMYNBACT BEIMYMHY TaHTEHIIHANBHBIX U PaIUAIbHBIX HAPsDKEHUH. B Tabi. 2 mpu-
BEZICHBI HANPSDKEHHSI B O0PTY Y IOBEPXHOCTH (YHCIIUTEND) M 'y JHA (3HAMEHATEINb) TPU
COBMECTHOM JICHCTBUY TPaBUTAIIMOHHO-TEKTOHMUYECKHUX HAIPSDKEHUH B Kapbepe TiTy-
ounoii 500 M.

Ta6auuna 2. Hanpsizkenusi B 60pTax Kapbepa oKpyrJioii ¢popMbI
Table 2. Stresses at the edges of circular open pits

IIpu 6, =—45 MIla IIpu 6, =—10 MIla
o O, Tpaj 05, rpan
35 45 55 35 45 55
G —54/-99 —-54/-99 —54/-100 -12/-26 —-12/-26 —-12/-25
Gu —24/-85 -18/-81 -10/-76 —20/-36 —-18/-39 —14/-42

IIpu neiicTBuM NepBOHAYAIBHBIX I'PABUTALIMOHHO-TEKTOHUYECKHAX HAMPSIKEHUH G
B 0OpTy Kapbepa BEIMYHHBI TOPU30HTAILHEIX (TAaHICHUMAIbHBIX) HANPSKEHUH G, U
TOPU30HTAIBHBIX TEKTOHUYECKUX HANPSHKEHUM Gy €ro JHA NPAKTHYECKH HE 3aBHCAT
OT yIiIa Toramenus 60pTa. Y IOBEpXHOCTH BEIMYMHA Gy B 2 pa3a MEHBIIE, YEM Yy JIHA,
npu M0ObIX 3HaYEHHUAX o, Hampsukenue 6,y mOBEpPXHOCTH yMmeHbluaercs B 1,5-2,5
pasa o Mepe yBEeJIIMYCHHUS yIiia MoramieHus oopTa.

Oo6sacTh NpUMeHeHHs Pe3yabTaToB. [[pakTHueckoe MpUMEHEHUE TPEICTaBIISICT-
Cs1 B CITOJIb30BAaHNH BBLIABJICHHBIX 3aBUCHUMOCTEN KOE)(l)(I)I/IIII/ICHTOB KOHIICHTpAllU1 Ha-
MPSDKESHUH B IPUITOBEPXHOCTHOM CJIO€ OOPTOB KaphEePOB U JHEBHOM IMOBEPXHOCTH JIJIS
OTHOCHUTEIHHBIX BEIMYMH NTapaMeTPOB KaphepoB ¢ nenbio onpenencaus HAC kapre-
POB JIFOOBIX pa3MepOB U YIJIOB HAKJIIOHA OOPTOB.

BoiBoabl. [Ipu aeiicTBun TonbKo YH Kak pajidalibHble, TAK U TAHT€HIIMAIbHBIE CKHU-
MaIOIIHe HAMPSDKEHHUS JOCTUTAIOT CBOEr0 MaKCHMyMa B IIPHUIOHHOM 9acTu OopTa KpyT-
JIOTO Kapbepa M B OCHOBHOM TeM OOJIbIIe, 9eM Kpyde OOpT U TITyOxe Kapbep.

Hanuune TEeKTOHWYECKOW COCTABIISIONIEH MEPBOHAYANIBHBIX HAMPSKEHUU PE3KO
YBEIMYNBAET BETMUUHY TaHTEHITMAIBHBIX U PaIAaTbHBIX HATPSHKCHHM.

IIpu pelicTBUM TIepBOHAYANBHBIX IPABUTAIMOHHO-TEKTOHWYECKUX HAIPSHKEHUH B
00pTy Kapbepa BeTMYMHBI TOPU3OHTAIBHBIX (TAHTCHIIMAIBHBIX) HAMIPSDKEHUH U TOpH-
30HTAJIbHBIX TEKTOHUYECKUX HAMPSKEHUH Y €ro IHa MPaKTUYECKU HE 3aBUCST OT yIjia
norarnieHus 6opra.
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FORMING OPEN PIT TRANSPORT SYSTEMS WITH THE ACCOUNT OF ADAPTATION TO CHANGING
EXCAVATION CONDITIONS OF DEEP COMPLEX STRUCTURED DEPOSITS

Zubkov A. V.1, Smirnov O. Iu.!
nstitute of Mining, Ural Branch of RAS, Ekaterinburg, Russia.

Research aim. When calculating the stability of edges and separate benches, significant attention is given
to the study of rocks properties, their position conditions, tectonic disturbance of a mass, and other indices,
by which the strength of a mass in general is estimated. The results of a scientific-research work are
presented, which has been fulfilled to examine the opencast mining conditions of steeply pitching thick ore
bodies at gold ore fields, copper-pyrite deposits, and iron-ore deposits mined with circular open pits.
Research methodology. In order to discover regularities in the edges stress-strained state (SSS) formation,
three-dimensional problems have been solved. As a result of calculations stresses o,, 0, 0, have been
discovered. On the basis of these results, stresses concentration coefficients nomograms at the near-
surface layer of open pits edges and daylight surface have been built for open pits parameters relative
values. It makes it possible to determine SSS of open pits of any sizes and edge inclination angles.
Results analysis. It has been stated that under the action of original gravitational and tectonic stresses
within the edge of an open pit, the values of horizontal (tangential) stresses and horizontal tectonic stresses
near its bottom doesn t depend on the angle of the edge overall angle.

Conclusions. Practical use takes the form of applying the discovered regularities in stresses concentration
coefficients at the near-surface layer of open pits edges and daylight surface for open pits parameters
relative values in order to determine SSS of open pits of any size and edge inclination angles.

Key words: geomechanical conditions; stress field,; gravitational stresses; tectonic stresses; concentration
coefficient, ore bodies morphology, strength properties.
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MEPCMNEKTUBbI U BO3MOXHOCTW BE3NTIOAHON BLIEMKW YINA

MAXHO 0. E.!, ABOEEB A. H.2, NEPO®UNBEB B. A.!
1 MpKyTCKMit HaLMOHaNbHbIA UCCEA0BaTENbCKMIA TEXHUYECKUIA YHUBEPCUTET
(Poccus, r. UpkyTck, yn. llepMmoHTOBa, 83)
2 HCTUTYT ropHoro aena Ypanbckoro otaenenns PAH
(Poccws, r. Ekatepunbypr, yn. MamuHa-Cubupsika, 58)

Beeoenue. B ycnosusx viemku 6ecoMa mMOHKUX NIACHIO8 MEXHOA02UA OMpabomKu ¢ UCNONb308AHUEM
MeXaHU3UPOBAHHBIX Kpenell NPaKmuyecKu UCKI0UAen 803MOACHOCIb NOOOepicanus mpebyemvix eaba-
pumog 01s npoxooa (nponaza) noei. Texnonozus gvlemkyu mpedyem NPUHYUNUATLHO HO8020 N00X00d,
uckaouaouje2o npumerenue Kpenienus. B smux yciosuax mexnonozus eedenus pabom ocnogana Ha
noooepoicanuy npeoenvHvlX 0OHANCEHUI 8bIPAOOMAHHO20 NPOCMPAHCMEA, UCKTIOUAS 803MOACHOCHIb
npuUMeHeHUs: MeXaHUu3upOoBaAHHbIX Kpenell. Ynpasnenue kposieli c600UMCs K YOepIUCaAHUIO KPOBAU HA Ye-
JUKax, 4mo eneuem 3a coboll nomepu noie3Ho20 UCKONAeM020 npu evleMKe yaisa aubo npu npeoeapu-
MeNbHOU Hape3Ke BblIEMOYHOU KaMepbl U N0020mogKe Kamep Oypoeoil mexHukou. Imo énevem 3a cobou
ocobvle mpebosanuss K mexuuke, KOmMopdas OONJCHA o0becneyusams HanpagienHue OYpPOGblX CKEAdICUM
6 3a6UCUMOCTU OM 20PHO-2e0N102UHecKUX yCcaosull paspabomxu. Ilomepu nonesnozo uckonaemoz2o mo-
eym docmueams Honee 20-30 % om cymmaproeo yposHs 3anacos.

Ananuz mexnonozuil 6vleMKu yans. AHAnUUPYIOMCA BO3MOJICHbIE NYMU PA3GUMUA MeXHOoA02UuU be3-
JIOOHOI 8bleMKU Y2lisl: cO30anue 001ecdeHNbIX Kpenell (OmnycKHbie Kpenu, nHeeMamuieckKue nepeKkpbi-
mus); ompabomka monkux niacmog komniexcamu muna BYT-2, KMJ[, yeonvuvimu nunamu, ynugep-
canvuvimu komnaekcamu muna KI'PI1; ompabomka 3anedicu 2u0poMoHUmMopoM.

Bui6oowvi. Paccmompennvie mexnuueckue peutenus Hauboiee mexHoI02UUHbL U NOIMOMY NPeOCmass-
10MCA CAMBIMU NePCREKMUBHBIMU NPU OMPAOOMKe MOHKUX NAACHO8 8 YCA0BUAX CMECHEHHOCHU 20PHbIX
pabom & ouucmuom npocmpancmee. Hx npumenenue cyujecmeenno nogvicum b6e3onacHocms u @ gex-
MUBHOCH® OMPABOMKU Y2ONbHBIX MECIOPONCOEHUT, NO360UM OMPAdamuléams 3a0aAIAHCO8bIE 3ANACHL
V2ONbHbIX UWAXM.

Knrouesuoie cnosa: 6esnoonas eviemka YA, KOMNIEeKCHAA Mexanuzayusl, ycojibHole Mecmopoofcdeﬁuﬂ.

BBenenne. besntonHas BeieMKa I MPEANOJaraeT BBIBOJ JIIOAENH M3 OYHUCTHOTO
MPOCTPAHCTBA HANOO0JIee ONMACHOM 30HBI TEXHOIOTHYECKOTO [IUKJIIA, TIOABEPKEHHOM TI0-
BEIIIEHHOW BEPOSITHOCTH B3phIBa TBLIHM, Ta3a, BHE3aITHBIX BEIOPOCOB YIVIS W rasa.
Hecmotps Ha TO 4TO B 0OuncTHOM 3a00€ 3aHATO He 6onee 30 % ot ob1ero oobema Tpy-
JTOEMKOCTH TOPHBIX PadO0T, 3HAYUMOCTh MX PE3KO BO3PACTACT, 0COOCHHO C YMCHBIIICHH-
€M MOIIIHOCTU pa3pabdaThiBaeMOro Iuiacta. B rmocieHue rofbl CHIDKEHUE TPYIOEMKO-
CTH OTpaOOTKH TOHKHX TJIACTOB YACTHYHO PEIIAeTCs 3a CUET aBTOMATH3AI[NH TOPHBIX
pabot Ha 06a3e MPUMEHEHHUs CPEICTB KOMIUIEKCHOW MexaHm3anun. CTECHEHHOCTh yC-
JIOBHIA M BBICOKUH YPOBEHb ra30HOCHOCTH TIACTOB HE BCETIa 00€CIIeUnBaIOT JOCTHKE-
HUE TIOCTaBJICHHOHN IeMu. B 3THX yCIOBHSIX HEOOXOAMM TPUHIMIIMATBHO HOBBIN
MOJIXO0J] K TEXHOJIOTUH BBIEMKH TOHKHMX W BeCbMa TOHKHX ILJIACTOB. PelieHust BUIATCS
IpH MEPEXoj/ic Ha MPHUHIUIHAIBHO HOBYIO TEXHOJIOTHIO — TEXHOJIOTHIO OC3JIIOIHOMN
BBIEMKH YTJISL.

TpaauMOHHON TEXHOJOTHEH OTPa0OTKH TOHKHX IUIACTOB SBISETCS MPUMEHEHUE
KOMIUTEKCHOM MeXaHu3allui Ha 0a3e BRIEMOYHBIX MAIIWH (KOMOAHHBI, CTPYT), MEXaHHU-
3MPOBAHHOW KperHu, CKPpeOKOBOTO KOHBelepa u meperpyxarens. B HaOope mepeurc-
JICHHBIX TEXHUYECKUX CPEJICTB Ha METaNIOEMKOCTh MEXaHU3UPOBAHHON KPEMU IMpH-
xomutcss 10 90-95 % oT obmeit TspKecTH 00OpymoBaHHA. JTO BIEUeT 3a COOOU
TOBBIIIIEHHYO TPYIOEMKOCTh U CTOMMOCTB O0CTYXHBaHHA 3TOH TeXHUKU. O0IIas TeH-
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JICHIIUSI YBEJIMYCHUS ITIUHBI JIABBI C LIETBI0 COKPAILIEHUS 3aTpaT Ha KOHIIEBBIE Omepa-
IIUY BJICYET 3a COOOM JIOMOIHUTEILHOE YBEIIMYCHHE ITHX 3aTpaT. [lepexon Ha aBTOMa-
TUYECKUH PEXKUM YIPaBICHHUS 000pyI0BaHUEM TPEOyeT 0COOBIX TOPHO-T€OIOTHISCKUX
YCIJIOBHIA, CBS3aH C TOTIOJTHUTEIIEHBIMU 3aTpaTaMy U HE BCETIa OTBEYACT TPESOOBAHMSIM
penrabenbHOCTH [1-8]. CoKpallieHre TeXHOIOTHUECKHUX 3aTpaT BUANUTCS B yMEHBIIIE-
HUU PACXOA0B Ha KPEIUICHUE U YIPaBICHUE KPOBIIECH B LIeJIOoM. B 3TOM HampaBieHUu U
UJET MOUCK PeIICHUH, MPUHIIUITUAIHHO HOBBIX TEXHOJIOTUM, OCHOBAHHBIX HAa TEXHOJIO-
TUH OS3JTFOTHON BHIEMKH YIJISL.

Tak, B mocjieaHue rojibl HAMETHUIIMCh IIyTH CO3/IaHus Kpered 0O0JIer4yeHHON KOH-
cTpykuuu. MiMeercs: mepBbli OMBIT UCIIBITAHUSI OMYCKHBIX Kperei, MTHEBMaTHYECKUX
MEPEeKPHITUH, paboThI 6e3 KperuieHus 32005 C yiep kaHueM KPOBIM Ha MEIHKax 00
CIIeLUaJIbHBIX KOHCTPYKUUAX. BO BceX BapHaHTaxX Pe3KO CHIDKAIOTCS 3aTparhl Ha Kpe-
TUICHUE | YTIPABIICHUE KPOBJIEH THUO0 CO3/1at0TCs YCIIOBUS JIJIS ITOJTHOTO BBIBOJIA JTONEH
M3 OYHUCTHOTO MPOCTPAHCTBA. PacCMOTPUM OCHOBHBIE BAPHAHTHI ATHX PEIICHUH.

Puc. 1. OnyckHas Kpenb Ui TOHKHX ITACTOB:
1 — pacriopHble OJIOKH KperHu; 2 — METAIULTHYECKHE TPOCHI; 3 — CTOMOPBI
Fig. 1. Lowered support for thin beds:
1 — strut support blocks; 2 — metal reinforced cables; 3 — locks

AHATU3 TexHOJOruil 0e3oNHON BbleMKH YIIsl. Onyckusie Kpenu. lmpnsHnma
OITyCKHBIX Kpeneii (puc. 1), cocTosIas u3 TPeyrolbHBIX OJIOKOB, CKPEIUIEHHBIX CTaNb-
HBIMU KaHaTaMH, IPOTATHBACTCS BIIOJb 320051 M PACKIIMHUBACTCS MEXKTy TIOYBOW U KPOB-
neid miacta. PackimHuBaHMeM ONOKOB o0ecredMBacTCs MpeNBapUTENBHBIA pacrop
Kperu. IHTepBa yCTaHOBKH KPEIy COOTBETCTBYET OXKUIAEMOMY IIary OOpYIIIEHHS KPOBIIH.
YcTaHOBKA KpEemnH MPOU3BOANTCS AUCTAHIIMOHHO CO IITPEKOB. BIIOKM M3roTaBIMBAIOTCS
Ha I[EeMEHTHOI OCHOBE WJIM OCHOBE M3 JIEPEBSHHBIX OpycheB. lllar ycraHoBKHM Kperu
MOAOUPAETCS UCXOAA U3 YCTOMUUBOCTH OOHAXKEHUH OOKOBBIX TOposl. OmmycKHBIE Kperu
paccunuTaHbl Ha OTPabOTKY BEChbMa TOHKHUX IUIACTOB U HE TPEOYIOT MPHUCYTCTBUS JIFOICH
B OYKCTHOM 3a00€. YTJIOM KOHYCHOCTH PEryJIUpPYETCs PEKUM PabOThI KPEIu.

ITnesmamuueckue nepexpvimus. OOJeTYCHHbIE KOHCTPYKIIMH ITHEBMATHYECKHX
onyckHBIX kperer (J10-06; J1O-08) u maeBMaTHUecKuX KocTpoB (6I1M) mpemncraie-
HBI B Ta01. 1 u 2 [9].

PaboTra TOHKOCTEHHBIX HaTyBHBIX KOHCTPYKIUH oOecrieueHa 3a cueT OOJBIION TLTO0-
maJu pacnopa IpHu CTaHJAPTHOM JaBlieHMU KoMmiipeccopa. llepenBukeHue Kpemu
BCJIe] 3a 3a00eM 00eCIIeueHO MPH pa3rpy3ke MHEBMATHUYECKUX KOHCTPYKIUi. KocTpbl
JIETKO TIEPEABUTAIOTCS 3a CUET MPOCTHIX TATOBBIX CPEICTB C TUCTAHIIMOHHBIM yIIPaBIIe-
HUEM JIBIKCHHEM KOHCTPYKITUH.



16 "Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal". No. 7. 2018 ISSN 0536-1028

Haunbonee npocTeiMu, OTBEYAIOIIMME TPEOOBaHUAM OE3IIOAHON BHIEMKH YIS SIB-
JISIFOTCSL TEXHOJIOTUH OTPabOTKK TOHKUX IUIACTOB KoMIuiekcamu Tunia KMJI, yronbHbI-
MU IHJIaMH, a TaKke Ooree yHuBepcalbHbIMH KoMiutekcamu Tuma KI'PIT.

bypownexosas eviemra (bYI'-2; BIIIY) npuMeHsieTcsl 11 BRIEMKH BECbMa TOHKHAX
ruractoB (puc. 2). [lox 6yponrHeKoBbIM CITOCOOOM BBIEMKH MTOHUMAIOT pa3paboTKy Mo-
JIOTHX YTOJBHBIX IJIACTOB 0€3 KPEIIeHUs! U NPUCYTCTBUS JIIONEH B OYHCTHOM 3a0oe.
BrleMka IpOHUCXOAXT MyTEM MOCIEA0BATENILHOTO OypeHHsl CKBAKHH (IHaMEeTpOM He-
CKOJIbKO MEHBIINM, YeM MOIIHOCTH ILIACTa), OTACIEHHBIX O/IHA OT APYTOi yroJbHBIMHU
HEeNUKaMH{, HEN3BJIEKaeMbIMHU HUJIM M3BJIEKaeMBIMU yacTHYHO. Hapesaercs cronbd yris
mupuHoit 100-300 M. BypeHue MoKeT 0CyIIeCTBIAThCS ¢ KOHBEMEPHOIo MITpeKa pu
OJHOCTOPOHHEM CHoco0e, ¢ KOHBEHEPHOTO W BEHTHJISILIMOHHOIO OJHOBPEMEHHO Ha-
BCTpeuy Apyr Apyry. Takxke BO3MOXHO BBIOYpHBaHHE C KOHBEHEPHOTO IITpEKa B 00
cTopoHbl. J{namerp OypoBBIX KOPOHOK MokeT nocturath 800 MM u Oonee.

Ta6una 1. JinHHOMepHBbIe 000J109KHU

Table 1. Long shells

TToxa3arens J10-06 J10-08
Pa3nBmKHOCTD (MOIIHOCTH TUIACTA), M 0,2-0,5 0,2-0,7
JlimHa kperu (0007109KH), M 11,0 11,0
JlaBnenue cxxatoro Bo3ayxa, Mlla He 6omnee 0,3 He 6omnee 0,2
Ycunue pacriopa kpenu, kH 1800 1800

ByporHekoBasi ycTaHOBKa MMEET /1Ba OypOBBIX CTaBa, KOTOPbIE BpaIlAlOTCA B pas-
HBIE CTOPOHBI. 32 OOMH NPOX0A OypEeHUs MPSIMBIM XOI0M BBEIOYPHBAETCSI ABE CKBAYKIHEI
nuamerpoM 1o 800 MM. Bo3moxHO OypeHue mpsMbIM XOAO0M CKBAYKUH MEHBILIETO Jiia-
MeTpa, a Mpyu 00pPaTHOM XOJI€ YCTaHABIMBAIOTCS PACIIMPHUTENN U CKBOKUHBI pa30ypu-
BaroTCs 10 Ooinblero nuamerpa. Ilpu o6parHOM Xozie IPOUCXOAUT pacIlUpeHHe CKBa-
kuH [10].

Ta6auua 2. KocTpsl nHeBMaTHYeCKHE
Table 2. Pneumatic chocks

Tlokazatens 61IM-2 61IM-3 6IIM-4
Jlnama3oH pa3IBHKHOCTH 0,4-0,7 0,6-1,0 0,8-1,2
(MOLITHOCTB TJIACTa), M
Jasnenne Bozayxa, MIla 0,3-0,5 0,3-0,6 0,3-0,5
VYeunue pacriopa, kH 100-250 100-300 100-300
Macca xoctpa, Kr 50 70 90

YcranoBka BYI nepemermaercs BIois 32005 IO peIhCOBOMY IyTH. Briemka yrois —
KaMepaMH C yTpaBIeHUEM KPOBJIEeH ylepKaHHeM Ha IeIHKaX, OCTaBISIEeMbBIX B IpeJie-
JlaX YCTOWYMBOCTU OOHaxkeHmit. B 1968 1. Obla BBIMYIIICHA OINBITHAS TMApTHs MAIIUH
BYT'-2 B xonuuecTBe 6 yCTaHOBOK. B mocnieayromiem uies yCTaHOBKU ObLia pean30-
BaHa B TexHuke tuna KI'PIT (komruteke riryOOKoi pa3pabOTKH IUIACTOB) PAIOM 3apy-
OC)KHBIX GUpM. YCTaHOBKA IpeTHA3HAYCHA I OTPAOOTKH KaMep MOITHOCTHIO 10 4 M
C yTpaBJIeHHEM KPOBIIEH y/iep)KaHHeM Ha [eJHKaX B Mpeeiax JOMyCTUMBIX 0OHaXe-
HUH KPOBIIH.

Komnnexe KMJ[ (puc. 3) Takxke peaiu3yeTr IPUHIUI KaMEePHO-CTOJIOOBOI CHCTEMBI
pa3paboTKH, HO C YMEHBIIIEHUEM YPOBHS MOTEPh MOJIE3HOr0 UCKomaemoro. OTpaboTka
MPOU3BOJUTCS B JiB€ cTaauu. llepBoHauanbHO CHHU3Y BBEPX MPOBOAMUTCS Kamepa.
IIpu obpaTHOM IBIDKEHUH OYpPOBOTO CTaBa KamMepa PacIIupseTcs 10 IpeaeNbHO A0y CTH-
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MBIX OOHa)XEHHUI C OCTaBIIEHHEM LIEJIMKOB. Bo3MoXkHa 3aKkiaKa mepBOHAYaIbHON Ka-
MEpBI TIOPOJOH, B MTOCIIEAYIOIIEM UTPAOLICH pOJIb OXpaHHOH OyTOBOI mosockl. B aTom
CJly4ae COKpAILAIOTCsI IOTEPU I10JIE3HOTO HCKOIIaeMOr0.

Buiemka ¢ 2uopomonumopom. B yciaoBusix rupoiaxT BO3MOXKHA 0TpaboTKa 3aje-
KU THIPOMOHUTOPOM B MPEAEIax JOIyCTUMBIX OOHaXCHUI KPOBJIH ILIacTa.

Puc. 2. Bypomnexosast yctanoska BIITY:

1 — nynsT ynpaeieHus; 2 — ceKuus IIHeKoBoro Oypa; 3 — OypoBasi KOpOHKa;
4 — pacriopHbIe THAPOAOMKPATHL; 5 — I'yCEHHYHBIE TPAKHU XOMOBOM YaCTH MAIINHBI;
6 — KOHBeiiep; 7 — MOHOPEIIbCOBbIH T'MIPABINYECKHIA TO/bEMHUK
Fig. 2. Auger drilling plant BShU:

1 — remote control; 2 — auger drill section; 3 — drilling bit; 4 — strut hydraulic jacks;
5— chain tracks of machine’s running gear; 6— conveyor; 7 —monorail hydraulic elevator

BrleMka yriis THAPOMOHUTOPOM € TIOCIIEAYIOMIMM TPAHCIIOPTOM BOJIOW CYILIECTBEH-
HO YIPOIIaeT TEXHOIOTUIO BEACHUS TOPHBIX paboT. DTO CIIOCOOCTBYET POCTY IPOHU3BO-
mutenpHOCTH. Tak, B 1980-¢ rT. Ha mmaxTe «tO0wmmelinasy» Tpu OpUraabl T0OMINCH BBI-
paboTKu 1Mo 1 MIIH T yIIIs B TOZI.

Yeonvuvie nunwvt (puc. 4) UIMEIOT UCIION-
HUTEIILHBINM OpraH B BHJIC KaHAaTa (JUaMeTp
16-18 MM) min kKOpabenbHOM eny ¢ Haca-
JKEHHBIMH Ha HUX 4epe3 Kaxasie 0,77—1 M,
3a(UKCHPOBAHHBIMUA CTOTIOPHBIMH 00JITa-
mu, ¢ppesamu (10—12 mryk) ¢ 3yObsamMu, ap-
MUPOBAaHHBIMU IIJJACTUHAMHU W3 TBEPJBIX
CIUIaBOB (LIEMHOM (hparMeHT UCIIONHUTENb-
HOTO OpraHa IPH MOMOIIM BTYJIOK Ha KOH-
[aX COEIWHSETCS CO CTANbHBIMH KaHara-
MH);  TPHUBON,  COOOINAIONIMKA  TIHIIE
BO3BPATHO-MIOCTYIATEIbHOE JIBIKCHHE U
OCYILIECTBIISIOMINN OMTHOBPEMEHHO €€ Mofa-
4y Ha 3a00ii; HanpaBIsoOIUe OJIOKH, yCTa-
HABJIMBa€MbIC B BEHTHJIALIMOHHOM IITPEKE
Y YCTBSI CKBa)KHH.

HcnonuuTenpHblid OpraHl yrojlbHOM IHJIbI
pacronararoT y Mo4Bbl 1iacta. BeieMka ko-
POTKHX CTOJIOOB (II0JI0C) HAKJIOHHOW BBICO-
toit 30—60 M, mmpuHOU 4—15 M BemeTcs 1Mo
BOCCTaHHIO ¢ Mara3uHHUPOBAHUEM YIVIS WK
0e3 Hero. YpaBJeHne KPOBJel — 0OBIYHO OOpYIIIEHHEM Ha TEITHKH.

YronbHBIE TIHITBI — HanOoJiee MPOCTOM BapUAHT BBIEMKH ILIACTOB KPYTOTO Majfe-
Hus [11, 12]. 31ech HET OrpaHUYCHUI B MOIIIHOCTH IIACTOB U B aMIUIUTYIE €€ KojeOa-

Puc. 3. Kommnexc KM/I-2 ¢ nueBMonpuBoiomMm
Fig. 3. KMD-2 complex with pneumatic drive
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HUsl. CIIO)KHOCTH BO3HMKAIOT JIMILB C HAPABICHHOCTHIO OYPUMBIX CKBa)KHH, OT KOTO-
PBIX 3aBHCUT YPOBEHb IOTEPh MOJIE3HOTO UCcKomaeMoro. [lepBoHavaibHO HIIET MOATo-
TOBKa BBIEMOYHBIX KaMep B IIpe/esiaX JOIYCTHMBIX OOHa)KeHWH, 3aTeM — moapyoOka,
OHa ke BbleMKa yris. [Ipodums mumbl obecnieunBaeT MOAPYOKY IUIACTa 1O IMOYBE
¢ oOpymeHHeM BepxHeH Mayku yris. B yclnoBUSX MOBBILIEHHON MOIIHOCTH ILTAacTa
NPUMEHSETCS TTHIIa MPOCTPAHCTBEHHOI KOHCTPYKLMH. B 30He conpsikeHus co mTpe-
KOM KaHAaTBI MIJIBI COMPOBOX/IAOTCS HATIPABIISIONIMMH PaMKaMH, KOTOPbIe KOHTPOJIH-
PYIOT HalpaBJICHHOCTH ABHKEHHS TATOBBIX OPTaHOB.

e re=—r

i

6 7

Puc. 4. YronpHbIe MUIBL:

1 — ipuBOJ; 2 — HACOCHAS CTAHLMS; 3 — UCHIOJIHUTEINILHBIA OpraH MUJIbl;
4 — HanpapJsirouye OIOKH; 5 — OpoCUTENbHAs yCTaHOBKa; 6 — CKpeOKo-
BBl KOHBelep; 7 — OypoBoii CTaHOK
Fig. 4. Coal saws:

1 —drive; 2 — pumping plant; 3 —saw’s executive device; 4 — lead blocks;
5 — irrigation plant; 6 — flight conveyor; 7 — drilling rigs

Yemanoexa KI'PII. K coxalleHHI0, ONMCaHHBIE KOHCTPYKIUU CPEICTB MEXaHU-
3allMU B CUJIy MajOoil MPOM3BOAUTEIHLHOCTU HAXONAT HPUMEHEHHE JINIIb B €Iu-
HUYHBIX BapuaHTax. B mpoMmblnIeHHBIX MacimiTabax 3Ta uaess NPUMEHSETCS B
xomruiekcax Tuna KI'PII u ux paznoBunnoctsax. Komnnekcsr tuna The Thin Seam
Miner [4] paboraroT mo HpUHUUNY Oypenue—u3zsreuenue. BoinmymeHo 85 kom-
MIJIEKTOB, ycnemHo pabdortawmux B Poccun, Uuauu, Magonesun. CoBpeMeHHBIE
moznenu PTII paccumTanbl Ha OTpPabOTKy YrOJBHBIX MJIACTOB MOILIHOCTBIO
1,11-4,8 ™ ¢ yritamu 3aneranus miacta 10 25°, a Takxe I1acToB OoybIIei Momr-
HOCTH C yrnamu 3aneranus 50°-90°. Pexymuil Moaynp KOMIIJIEKCA BpE3aeTcs B
ry0ob ninacta Ha pacctossaue n1o 300 M. KpyTonamaromue niactsl oTpabaThIBaOT-
ca oy npoctupanud. Kommneke KI'PII mepememaercs mo TpaHiiee Ha ryce-
HHAYHBIX TeJIeXKaxX, HapalluBaeMmas CTpela — OHa JK€ IIHEKOBBIM KOHBeWep —
TPaHCHOPTUPYET Yroab OO MecTa Ieperpy3ku. Bo3moxHa 3arpyska
HEMOCPEACTBEHHO B TPAHCIOPTHOE CPEACTBO BEPTHUKAIbHBIM KOHBeHepoM. Cek-
UM CTPEINbl JIuHON 6,1 M. YcTaHOBKa paboTaeT OT AU3EIBHOIO WU dJIEKTpUUe-
CKOro MpHBOAa. YIpaBIEHHE KPOBJIEH MOCPENCTBOM YAEpKaHHSI Ha LEIHKaX.
IIponszBogurenpHOCTh KOMILIeKca — 600 ThIc. T B Toh. OOmuit 00beM H0OBIYM
yrida ¢ npumenenueM PTII B CIIIA B 2015 . cocraBuit 30 maH T B roa. Kommieke
KI'PII ycnemno paboraet Ha maxrte «Pacnanckas» [4].
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Ycranoska KI'PII npencrasnsier co06oit KoMOaiiH ¢ TEIeCKOIMYECKUM Pa0OYrM Op-
raHoM. BeiOyprBaHue I1acTa MPOU3BOAUTCS C BRIPA0OTAHHOTO yYacTKa pa3pesa JIH-
Hol 10 300 M Ha WUpUHY padouero oprana. Mexay cToa0aMu BEIHYTOTO YISl OCTaB-
JISIOTCSL  UENUKH., BwleMka mnpousBoauTcs Oe3 NPUCYTCTBUS JIroAeH B 3aboe.
3a npoueccoM BeaeTcs HaOMOASHNE TTPU TOMOIIM JAaTYUKOB U BUJEOKaMep, YCTaHOB-
JICHHBIX Ha pabo4eM opraHe.

BoiBoabl. Peanu3zaiius TeXHUYECKUX PELICHHH OE3JIIOMHON BBIEMKH YIS B IPO-
MBIIIIEHHBIX MacIITadax MOATBEPKIACT aKTYaAIbHOCTD M3BICKAHUS HOBBIX HalpaBlie-
HUHW uccienoBanuii. Takue penieHnss MOTYT OBITh OCHOBAHBI Ha ITOA3EMHOM ra3uguka-
UM ¥ BBDKATAHWW YIIISA, XUMHKO-OMOJIOTHYECKHX W JPYTHX METOomax M Crocobax
JIOOBIYH MOJIE3HBIX UCKOMTAEMBIX, UCKITFOUAIOIINX HEOOXOAUMOCTh MTPUCYTCTBHS JIIOIEH
B OUHUCTHOM MPOCTPAHCTBE.

Pa3HoOOpa3ne TeXHUYECKHX CPencTB OE3MIOMHON BBIEMKH YIS, OCHOBAaHHBIX Ha
UCKJIIOUEHUH U3 TEXHOJIOTMUYECKOW IETIOUYKH Hanbosee TPyAOEeMKOM Olepannu — Kpe-
TUTeHUs 320051, TOATBEPXKIACT aKTYaIbHOCTh MTOWCKA PEIICHUN. DTO MOATBEPKIASTCS
IIMPOKUM npuMeHeHueM komiuiekcoB tuna KI'PII, a Takke ApyruMu penieHusMu, uc-
KITIOYAIONUMH BO3MOXKHOCTh U HEOOXOIMMOCTE HAXOX/ICHUS JIFOACH B OUUCTHOM ITPO-
crpaHcTse [6, 7].
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PROSPECTS AND POSSIBILITIES OF MANLESS COAL WINNING

Makhno D. E.!, Avdeev A. N.!, Perfil’ev V. A.!
! Irkutsk National Research Technical University, Irkutsk, Russia.

Introduction. In conditions of rather thin beds excavation, mining technology with the use of mechanized
supports almost excludes the possibility to maintain required dimensions for people passing (climbing)
through. The technology of winning requires brand new approach excluding the use of support. In these
conditions the technology of operations is based on maintaining ultimate uncovering of the mined-out area
excluding the possibility of applying mechanized supports. Roof control reduces to keeping roof on pillars
which leads to mineral loss under coal winning or under extraction chamber primary mining, and
chambers development with drilling equipment. It results in some requirements to equipment which must
direct the borehole depending on mining-geological conditions of excavation. Mineral loss can reach more
than 20-30% of total reserves.

Analysis of coal winning technology. Possible ways of developing the technology of manless coal winning
are analyzed: creation of lightened supports (lowered supports, pneumatic floors), thin beds mining with
complexes BUG-2, KMD, coal saws, universal complexes of KGRP type, and deposit mining with
a hydromonitor.

Conclusions. The examined engineering solutions are more technological and therefore turn out to be the
most prospective when mining thin beds in the conditions of the lack of space in the stope. Their use will
significantly improve security and effectiveness of coal deposits mining, and will make it possible to coal
mines total resources.

Key words: manless coal winning; complex mechanization, coal deposits.
DOI: 10.21440/0536-1028-2018-7-14-20
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NCNOJNb30BAHUE NOBEPXHOCTHO-AKTUBHbIX BELLECTB
NPU BYPEHWUX CKBAXWH B UCTOLLEEHHBIX MNACTAX

PACYNOB C. P.5, MAMEZIOB A. C.}, 3EMHANOB H. 3.!
1 AsepbaimxaHckuin rocyaapCTBEHHbIA YHUBEPCUTET HEHTH 1 MPOMBILLIIEHHOCTH
(Asepbangxan, 1. baky, np. Asaanbir, 34)

Llenv pabomor. Pazpabomka u ucciedosanue OCHOBHbIX NOKA3amenei CneyudibHo2o, cooepaicau,eco
MUKPONY3bIPbKU, 6YP06020 pacmeopa 0/ 60pbObl ¢ NO2IoWeHUAMU NPU OYPEeHUU 8 UCTOWEeHHBIX Nid-
CMax ¢ AHOMAbHO HUZKUM NIACTOBLIM OdGLEeHUEM.

Memoouxka npoeedenus uccinedoeanuii. Ilpucomosnenue pacmeopos  OCYuwecmeieHo  no
Pl 39-00147001-773-2004 « Memoouxa KoHmpos napamempos 6yposvix pacmeoposy.
Pesynomameut. [Iposedennvie uccie0o8anus NOKA3wbIEAONM, YMo NIOMHOCMb paA3PAbOMAHHO20 HOB020
muna 6ypo6oeo pacmeopa pe2yiupyemcs 8 WUpoKom ouanazone u 061adaem 6biCOKUM UHSUOUPYIOWUM
CBOUCMBOM.

Ananuz u oocyncoenue. [loxkazano, umo 01s useieyenuss ocmaswuxcsa 6 niacme 6onee 60 % obwezo
3anaca Hegpmu HeobX00umMo bypums Hosble cK8adicuHbl. TI0CKOIbKY Ha cmapuix niowaosx Hegpmsmvle
naacmoel UCMOWenbl, Npu OYPeHUU CKEAJICUH NPOUCXOOUM NOLOUjeHUe PACmeopd, UuHo20d RONHOoe.
s 6ypenusi ckeadicun 6 MaKkux NAACmMax enepevie 8 pecnyonuKe Ha 6aze MeCmHO20 Cblpbsl pazpaboman
6yposoll pacmeop, codepiucawuti MUKpony3vlpbKu, NO3GOAAIOWUE CHUZUMbL HIOMHOCHb pPACMEopd
00 700 xa/m3.

Oébnacmsy npumenenus pesyromamos. Paspabomannsiii 6yposoll pacmeop MOMCHO NPUMEHAMb Npu
OypeHuu naacmos, UMelowux Kpynhvle mpeujunvi, 00Nbuiue KABEPHbl, BbLCOKYIO NPOHUYAEMOCHb.
Pacmeop obnradaem evicokoll yoepacusaioweil. CNOCOOHOCMbIO U MPAHCROPMHLIMU  CEOLUCMBAMU.
Omu noxaszamenu Kpaiine 3¢pghexmusHvl npu OypeHuu 20pu3oHmarbHulx cxkeascun. Cnedyem omme-
Mumb, 4mo NPouU3800CMBEEHHAsL OesIMENTbHOCMb NPEONPUSMUS HePMAHOU NPOMBIUIEHHOCIU Heu30edic-
HO C6A3aHA C MEXHO2EHHBIM 8030€UCMEUeM MEXHOL02UHECKUX NPOYEcco8 000bIYU HA 00bEeKmbl NPUPOO-
HoUl cpedbi. [looamomy 6onpocel oxpansl oKpydcaioueil cpedbi 0isi OMPACi UMeION 8adICHOe 3HAYeHUe.
Byposotii pacmeop ona 60pbbul ¢ nocnowenusmu npu 6ypeHuu UCMOUWEHHbIX NAACMO8, COOepI’CaUll
MUKDORY3bIPLKU, SGTISLEMCSL IKOTOSUHECKU YUCTIbIM.

Bui6oowt. Paspabomana peyenmypa 6ypo8o2o pacmeopa, co0epucaunie2o MUKpony3uipoKu, Oisi UCHOb-
308aHUs NPU OYPEeHUU CKBANCUH UCHIOUWEHHBIX NIACMO8, CKIOHHBIX K NO2LOUeHUIO.

Knrwuesoie crosa: 6yp060ﬁpacm80p; MUKPONY3bIPpbKU, NO2/IOUieHUe, CKeAXNCUHA, MCmOWeHHbHJ niacm,
AHOMANIbHOE NAACMOB0E OdBJIeHUe.

Hens padoTsl. PazpaboTka 1 HcciIeI0BaHNE OCHOBHBIX TOKa3aTeNiel CIeUaaibHO-
TO, COAEPIKAITETO MUKPOITY3bIPEKH, OYPOBOTO pacTBOpa MjIsl 00pHOKI ¢ TTOTIIOMICHISIMHU
npu OypeHHH B UCTOIICHHBIX, C HU3KUM JIaBJICHUEM IIJIacTax SBJISIETCS OCHOBHOM IIe-
JBIO paccCMaTpUBaeMOi padOTHI.

Muorue HedTsHabie MecTopoxeHus [10 «A3HeTb», B TOM 4YHCIe IIacThl Arie-
POHCKOTO MOJYOCTPOBA, UCTOIICHBI M HAXOAATCS Ha MO3JIHEH CTaJuu pa3padoTKH. XOTs
U3 3TUX MECTOPOXKJICHUI Ha CETOIHS M3BJIeueHO Oosiee 1 Mupy T HeTH, 3TO COCTaBNISIET
Bcero 40 % ot obmrero 3amaca. Octansabie 60 % HedTH OcTatoTcs B Hempax [1].

Jng u3BnedeHns He(pTH U3 UCTOIIEHHBIX TUTACTOB, MPUCYIIMX MHOTHM MECTOPOXK-
JICHUSIM Ha TIO3[THEH CTainu pa3padoTKu, Oosee TOCTYMHBIM U 3()()EKTUBHBIM SBISIETCS
OypeHue nOOBIBArOIIMX CKBaKWH. OJHAKO HEPEIKO ATO OKa3bIBACTCH HEPCHTAOCIb-
HbIM. OCHOBHOI MPUYNHON SIBIISIETCS TO, YTO 3a00MHOE JaBICHUE 3HAYUTEIHLHO Tpe-
BOCXOMT IUIACTOBOE JABJICHUE, MOITOMY OYpEeHHE COIPOBOXKIAAETCS YaCTHUHBIMH,
a MHOT/Ia ¥ TIOJTHBIMU TrorytomeHusiMe. [lornommenne OypoBoro pactBopa, Kak paBHIIo,
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Bcerna TpeOyeT BBICOKUX 3aTpaT Ha ero ycrpaneHue. Kpome Toro, 3arps3HsIOTCS Mpo-
TYKTUBHBIE KOJUIEKTOPBI. HepeaKo KoeKTOphI 3arps3HAIOTCS HACTONBKO, YTO BOCCTA-
HOBUTH UX HaYaJILHBIE TIOKA3aTeNI HE TIPECTABIISETCS BOSMOXKHEIM [2, 8, 9].

JpyruMu npuYrHaMA TOTIOMIEHUS OypOBOTO PacTBOpa MOTYT OBITH KPYITHBIE TPe-
IIMHEI B IIacTe, OONbIINE KaBEPHBI, BBICOKAs MPOHHUIIAEMOCTh U T. A. llommomenue
OypOBOTO pacTBOpa BBI3BIBAET Pa3HbIC BHJBI OCIOXHEHUH, TAKUX KaK OOBaJMBaHUE
CTBOJIa CKBaYKHHBI, IPUXBAT OypUIILHOTO HHCTPYMEHTA, 3aKOJIOHHOE He()TeTra30mposiB-
nenue [4, 12]. 3aTpaThl Ha yCTpaHEHUE KAXKIOW U3 ITHX MPOOJIEM YPE3BhIUAHO BbI-
coku. [pyroii, Oomee CIOKHOIM MpoOIEeMON SABISETCS HapyIIEHHE SKOJIOTHIECKOTO
paBHOBecHS B paiioHax OypeHwUsI.

Crnemyet OTMETHTD, YTO PON3BOJICTBEHHAS ICATEIBHOCTD MPENNPHUITUAS HEPTIHON
MPOMBIIUIEHHOCTH HEN30€KHO CBsI3aHa C TEXHOTCHHBIM BO3/IEHCTBHEM TEXHOJIOTHYE-
CKHUX TPOLECCOB JOOBIYM HA 00BEKTHI MPUPOAHON Cpe/Ibl, TOITOMY BOIPOCH! OXPaHBI
OKPY’KaloIIel cpeasl MMEIOT JUTSl OTpaciy BakHOe 3HadeHne. Hemamyio pons B Hera-
THBHOM BJIMSIHAY Ha TIPUPOIHYIO CPEAY HTPAIOT MPOIECCHl CTPOUTENHCTBA CKBAXKHH,
0COOCHHO B UCTONICHHBIX 30HAX, MPUCYIINX MHOTHM MECTOPOXKICHHAM Ha MO3IHEH
cTanuu pa3padoTku. OTIMYUTETBHON 0COOCHHOCTHIO TAKOTO BO3IECHCTBUS MPOLIECCOB
OypeHust SBISIETCS BBICOKAs WHTCHCUBHOCTh M KPaTKOBPEMEHHOCTH (DOpMUpPOBaHUS
3HAYUTEJIBHBIX TEXHOTEHHBIX Harpy30K Ha 00BEKTHI TUAPO-, TUTO- U OHOChHEphl, KOTO-
pble HEPEIKO MPEBHIIIAIOT TOPOTOBBIE HATPY3KH, BBI3BIBAsI HE TOJIBKO HAPYIICHUE KO-
JIOTUYECKOTO PaBHOBECHS B palilOHAaX OypeHWs, HO W JIErpaJannio OTAEIHHBIX KOMIIO-
HEHTOB TIPUPOIHOW cpenbl. B mpomecce OypeHus Ha ATNIIEPOHCKOM ITONYyOCTPOBE
ObUIN CiTy4au, KOI/ia MOMIOUICHHBINH OypOBOI pacTBOP MPOCAYMBAIICS HAa COCETHHE IKC-
TUTyaTHUPYEMBIE CKBa)KHHBI C TSHKEIBIMH MOCICICTBUSMHU.

OnbIT OypeHHsT CKBKHH Ha TaKHX TUIOIIAIAX MOKa3bIBAET, YTO OCHOBHOM NpHYH-
HOW TOTIOmEeHNH u qudepeHITHaNTbHbIX IPUXBATOB SBIETCS YPE3MEPHO M3OBITOU-
HoOe 3a00ifHOe aBJeHne, co3aaBaeMoe OypOBBIM PaCTBOPOM.

MeTtonuka mpoBenaeHusi uccjaenopannii. Ha mpaktuke mnms OypeHUs] CKBaKWUH
B UCTOIICHHBIX TUIACTaX C HU3KHUM ILIACTOBBIM JaBICHUEM HCIIOIB3YOTCS a3PUPOBAH-
Hble OypoBble pacTBOpHI [3, 4, 5, 12]. OgHako mpu 3TOM BO3HHUKAET PAJ TPYIHOCTEH.
Tak, o00opynoBaHue, HEOOXOAMMOE JIsl pa0OThI C A3PUPOBAHHBIMHU OYPOBBIMH PACTBO-
pamMu OypeHHs B HecOaTaHCHPOBAaHHBIX YCIIOBHSX, T. €. KOTja 3a00iHOE MaBiIcHHE
HIDKE TIACTOBOTO, YACTO OKa3bIBaeTCs HempuemiieMo AoporuM. Kpome Toro, 3ToT cro-
co0 OypeHHs MOXET He 00eCleunTh THAPOCTaTHYECKOE AAaBICHUE, HEOOXOAUMOE IS
HaJIe)KHOW cTa0MIu3auy GopMaluii ¢ HOpMaIbHBIM TIOPOBBIM JJaBICHUEM BBIILIE KOJI-
nekropa [4, 10, 11].

B mpomecce Oypenus 6oee JOCTYITHBIM U JIETKO OCYIIECTBHMBIM CIIOCOOOM TIpe-
JIOTBpAIIlEHUs TOTIIONIEHHsI OypOBOTO pPacTBOpa ABISETCS BBEACHHE B OypOBOH pac-
TBOP Pa3IUYHBIX HAMOJHHUTEJEH, TAKMX KaK OMIIKHA, PE3WHOBAS KPOIIKA, BOJOKHH-
CThIe MaTepuaibl U T. . OmxHaKO BCe 3TO 3 (EKTUBHO /IS TUKBUAAINY TTOTIOIICHUH
B OT/JIENIbHBIX HHTEpBaIaX. B Takux ciydasx OypoBble pacTBOPBI CTAHOBSTCS HETIPUTO/I-
HBIMU JIJISl MACCOBOTO OypeHUs, T. €. apaMeTphl PacTBOPa CHIIBHO OTIIUYAIOTCSI OT IPH-
TOMHBIX Ui Oypenus ckBaxxuH. [Ipu aToM yxynmmaercs pabora 3a00MHBIX TBUTATENEH
n3-3a 3a0uBaHUs (UIBTPOB, CTAHOBUTCS MTPAKTHYECKA HEBO3MOXKHOW paboTa Teiaeme-
TPUYECKOH CHCTEMBI, CUCTEMa OYHCTKU OypOBOTrO pacTBOpa MOTHOCTHIO OTKIIFOYAETCSI.
Kpome Toro, konbMaTaioHHbIH 9KpaH GOpMHUpYETCS B OCHOBHOM HE BHYTPH ILIACTa,
a Ha CTEHKE CKBa)KHHBI, TIOOTOMY OH HEYCTOWYHMB K MEXaHHYECKHUM BO3IEHCTBUSIM.
[pu npopaboTke MpoOypEeHHBIX HHTEPBAJIOB MMPOUCXOIUT pa3pyIllieHHE KOTbMAaTaIOH-
HOTO DKpaHa, ¥ MOTIIONIEHHEe BO30OHOBIIAETCS.

Kak ormedeHo panee, TyqmuM crmoco0oM OypeHHs CKBaXXHH B HCTONEHHBIX TIOTJI0-
MIAIOUINX 30HAX SBJISETCS IPUMEHEHHE OypoBOrO PacTBOPA, COACPIKAIIETO MUKPOILY-
3bIpbKkH [4, 6]. OObIYHO OypOBOI PacTBOP TAKOTO THIA MOTYYarOT BBEJICHUEM B LIUPKY-
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JUPYIOIIUNA PACTBOP MOBEPXHOCTHO akTUBHBIX BemiecTB ([TAB). [lns moBbliieHus
3¢ PeKTUBHOCTH OYpOBOTO PACTBOPA, T. €. C LETbI0 YIYUIIEHUS CTPYKTYPHO-PEOJIOTH-
YeCKUX, (PMIBTPALMOHHBIX U Ap. TOKa3aTeleil pacTBopa, aBTopamMu pa3paboTaH HOBBIN
BHJ OypOBOTO pacTBOpa, COAEPIKAIIMA MPOAYKT, CHHTE3MPOBAHHBIN M3 OTXOJO0B, 00-
pasyomuXcs Ipy MPOU3BOJCTBE HAPTEHOBBIX KHACIOT.

Tak, mpu Mpou3BOACTBE HA(PTEHOBBIX KUCIOT 0Opasyercs rycTas, HO TEKyIlas M
KHCNas BOAOHepacTBopuMasi wmacca. [locne cynb(uUpoOBaHMS S5TOH Macchl OHa
CTaHOBUTCS BojopacTBOpuMOil. KoHIeHTpalus BOJHOTO pacTBOpa JOKHA OBITh
He 6onee 30 %.

B miepBBIX cepHsixX OMBITOB M3yYallach pPa3KIKaroIas criocOOHOCTh HOBOTO, COEP-
JKaIero MUKPOITY3BIPhKH OypOBOTO PacTBOpa, YCiIoBHO Ha3BaHHOTO MITO (Mukpory-
3BIPEKU O0Pa3yIOLINHA PacTBOP).

CrnenyeT OTMETUTB, YTO PEarcHT U3 KyOOBBIX OCTAaTKOB Ha(TEHOBBIX KUCIOT B Oy-
POBOM pacTBOpE B HEKOTOPOW CTEMEHH 0Opa3zyeT MUKPOITY3BIPBKU U MOJIOKHUTEIHHO
BJIMSIET HA OCHOBHBIE TIOKA3aTeNH pacTBopa. J{J1s MOBHIIEHNS] OCHOBHBIX ITOKa3aTenei
OypoBOTO pacTBOpa, 0COOCHHO B COJIEBBIX CpelaX, aBTOPaMH ObLIa UCTIONH30BaHA KOM-
OuHaus cynb(pUpoBaHHOTO ocTartka HadTeHOBBIX KuciaoT SONK (cynbpupoBaHHBIH
OCTaTOK HAa(TCHOBBIX KUCJIOT) C MOMUDUITUPOBAHHBIM (hePPOXPOMIUTHOCYIIB(ATHRIM
nonmumepom (MLSP-R) B cootHOmenusx 25 : 75; 50 : 50; 75 : 25 cOOTBETCTBEHHO.
MeTtonrka TPUTOTOBJICHHS PACTBOPOB M IMPOBEACHUS HCCIEIOBAaHUA COOTBETCTBYET
P/ 39-00147001-773-2004 « Memoouka KoHmpoJis napamempos OYDOBbIX pACMBEOPO8)».
B nanHO#1 paboTe n3naraercs BIUsSHIE KOMOMHAIIUN PEareHToOB ¢ cooTHoeHueM 75 %
SONK wu 25 % MLSP-R. Konuenrpauun BOAHBIX PaCTBOPOB PeareHTOB ObUIM OAMHA-
KOBBIMH — 28 %.

Pe3yabrartsl. B iepBsIx cepusx OmbITH MPOBOAUIUCH C HECTAOMIN3UPOBAHHOM Cy-
CIICH3WEH, MPUTOTOBIIEHHON M3 OCHTOHUTOBOW TIIMHEI (Tabm. 1). B ombITax m3ydanuch
BIVMSIHME peareHra — Cyab(UPOBAHHOTO OTXOAa HA(PTEHOBBIX KHCIOT, peareHra
MLSP-R 1 xoMOHHaLUH peareHToB — CYJIb(GUPOBAHHOTO OTX0Aa HA)TEHOBOW KHCIOTHI
u MLSP-R npu cootHomenun 75 : 25 coorBeTcTBEHHO. ONBITHI OKa3ald, YTO CYJb-
(upOBaHHBI OTXOJ B YHCTOM BHJIC OKAa3bIBACT CYIIECTBEHHOE BIUSHHUE HA OCHOBHBIC
MOKa3aTe pacTBopa.

Tax, eciii UCXOIHBIH PaCTBOP M3 GEHTOHUTOBOM IIMHBI C IIOTHOCTHIO p = 1060 Kr/M?
umeeT nokasaresu T, = 144 nlla u craruueckoe nanpsbkenue capura CHC, = 156/171 alla,
To mocie BBeAeHus 2 %-ro cyxoro SONK oT o6bemMa pacTBOpa 3TH IMOKa3aTeln CyIIe-
CTBEHHO YMEHBIINIKCHL U cocTaBuiu T, = 7 nlla, CHC, = 64/104 nlla. [1oBreirenue
COZEPKaHMs peareHTa B pacTBOpe elle O0JbIle YMEHBIIWIO 3TH oKa3zaTend. JJobaBka
CyNb(pUPOBAHHOTO OCTaTKa HAPTCHOBBIX KHCIIOT MOJIOKUTEIBHO BIUSET U Ha (DUIIBTPA-
U0 pacTBopa (Taodm. 1).

C nenpro hopMHUPOBAHUS MUKPOIY3BIPEKOB B pacTBop mobasmm 0,1 % ot oObeMa
pactBopa ITAB HenoHnorennoro tuna. ITocne Beenenusi [IAB pacTBop nepemerninBaiu
C BBICOKOH CKOPOCTBIO B Te4eHHe 5 MUH. PesynbraTel npuBeneHs! B Tadn. 1 (pactBop
Ne 6). Kak BHIHO, TJIOTHOCTH pacTBopa cHmxaercs ¢ 1060 kr/m® mo 898 kr/m?.
Ilpu stom mpyrue mokasarenu, B yactHocTd T, U1 CHC, ), 3aMETHO NOBBILAIOTCA,
9TO paboTaeT MPOTHUB MOMIOIIEHUS PacTBOpPa.

B onpiTax n3ydanach Takke pazKIDKaromas ciocoOOHOCTh HOBOTO peareHTa. Pac-
TBOP B3AT HEMOCPEICTBEHHO W3 OypsIIeiics CKBaKWHBEL. Pe3ynbTaTsl mMcciemoBaHUi
MIpHUBEeHBI B Ta0II. 2.

Pazxmwxkaromuii 3¢ dexT peareHTa, COCTOALIETO U3 KOMOMHAINH CYJIb()UPOBAHHOTO
octaTtka HahTeHOBBIX KUcI0T U MLSP-R B cooTHOMmEeHHH 75 : 25 u3yyancs myTeM Npu-
Gamnenus 5 %-r0 BOTHOTO pacTBopa B komudecTse 3, 5, 10 % oT o0bemMa HCXOIHOTO
pactBopa. OTIBITHI MOKa3aJId, 9TO HOBEIHM peareHT MIIO o0amaer XopommM pa3Kimka-
FOIIUM cBoHCcTBOM. Tak, mocite m00aBKH B HCXOMHBIN PacTBOP, MEIOIINN ITOKA3aTeIN
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p = 1415 xr/M3; VB, 00 = 13,8 ¢; 9= 13,8 em’; m= 14 mlla - ¢; 1, = 117 allA;
CHC,,,, = 82/122 nlla, 3 % 1o o0bemy pacTBopa u3 5 %-ro pearenra MIIO nokasare-
nu pactBopa, ocobenno 1, u CHC,,,, 3aMETHO CHH3WJINCh M COCTaBUIIM COOTBET-
ctBeHHO 78 1 37/61 nllA. C yBennueHUeM coliepKaHusl PaKIKUTEIS B pACTBOPE STH
MOKa3aTeNI CHU3WINCH elle Oonblie. XapakTepHo, 4To faxe npH 10 % pazxikuress
B pacTBope (puibTpanus, Kak MpaBWIO, HE TOJBKO HE YBEIUYMBACTCS, & HAPOTHB,
yMeHbIaeTcs (Tadm. 2, pactBop Ne 4).

Msyuanock Takke Bausaue [TAB Ha mapamerpsr OypoBoro pactBopa. I[lokazamo,
yt0 no6aska 0,1 % mo o6remy I1AB cHIKaeT MIOTHOCTh UCXOJHOTO pacTBopa ¢ 1415
10 1264 xr/m3. Jlpyrue mapameTpsl pactBopa, B yactHoctr T, u CHC, |, CymiecTBeHHO
YBETUYMWINCH. DTO HAIIATHO MOKa3bIBaeT, uTo 100aBka [IAB B pacTBop yBennuuBaeT
COIIPOTHBISIEMOCTh pacTBOpa noriomeHno. Tak, nocie 100aBKK B UCXOTHBII PacTBOP
(tabn. 2, pacteop Ne 3), umeromuii T, = 30 alla, CHC,,,, = 34/67, 0,1 % no o6semy
ITAB 5T nokasarenu NOBBICUINCE M cocTaBuiu T, = 46 nlla, CHC,, = 52/82 nlla.

C yBenmuenuem conepxanus [IAB mo 0,15 % mo o0beMy yka3zaHHBIE ITOKa3aTeIH
erie OobIlle YBETMYMUINCh U COCTABUIIH 1, = 130 alla, CHC,,, = 75/103 nlla. Ipu
3TOM IIOTHOCTH pacTBopa (pactBop Ne 3) ymenbinunacs ¢ 1405 mo 1123 kr/v?. Yeenu-
YHJICS TaKKe MOKa3aTeNb YCIOBHOHN Bs3KocTH. OOpaboTKa pacTBOpa TPaAMLMOHHO U3~
BecTHBIM peareHToM OXJIC cymecTBeHHO CHIMKAET IoKa3arenu pacrtsopa YB, 1,
CHC, .

Crnemyet OTMETHTD, YTO YMEHBIIIEHHE TapaMeTPOB OypPOBOTO pacTBOpPA XUMHUYECKH-
MU peareHTaMH JOMYCTHUMO, €CJIH 3TH PAaCTBOPHI MIPUMEHSIOTCS B HOPMAaJbHBIX YCIIO-
Busix. OIHAKO MCIMOJIB30BAaHUE TAKMX PACTBOPOB HA HCTOILEHHBIX MECTOPOXKICHHAX,
MMEIOINX aHOMAJIbHO HU3KHUE IUIACTOBBIE JaBlicHHS, HEAP(PEKTUBHO, TAaK KaK cO3/a-
IOTCS pealbHbIe YCIOBHS JJIS TOTJIOIIEHHUS PaCTBOPA B HCTOIICHHbIE, BBICOKOIIPOHHIIA-
€MBI€ U TPEIINHOBATHIE TTACTHI.

AHanu3 u o0cy:xaeHue. [lokazaHo, 9To /I W3BIEUEHHUS OCTABIINXCS B TUIacTe Oojee
60 % ot obmiero 3amaca HeTH HEOOXOTUMO OypUTH HOBBIE CKBKUHEI. [l0oCKONBEKY Ha
CTapbIX IUIOMAIIX HE(PTAHBIE TUIACTHI UCTOILECHBL, TPU OYPEeHUU CKBa)KHH MPOUCXOAUT
MIOMJIOLIIEHUE pacTBOPa, MHOTA ToiHoe. [yt OypeHus! CKBayKMH B TaKWe IUIACTHI BIIEp-
BbIC B pecryOiiike, Ha 0a3e MECTHOTO ChIpbsl pa3paboran OypoBoOil pacTBop, conepika-
LM MUKDPOITY3bIPBKH, TIO3BOJISIIOIINE CHU3HMTH IUIOTHOCTE pacTBopa 10 700 kr/m3.

[IpumeHeHue HOBOTO peareHTa, CO3JJaHHOTO Ha OCHOBE CYIb(UPOBAHHOTO OCTATKa
Ha)TEHOBBIX KHUCIOT U MOJUPHUIIMPOBAHHOTO (DePPOXPOMIIMTHOCYITH(ATHOTO TOJIIME-
pa, aKTUBH3MPOBAHHOTO MOBEPXHOCTHO-aKTHBHBIM BELIECTBOM, OOJalacT BBICOKUM
cuHepreTndeckuM dQdekrom u siBisercs dQPeKTHBHON pa3paboTkol Al OypeHHs
CKB2)XHH B HCTOLICHHBIX, C HU3KUM JIaBICHHEM IJIacTax.

OobsacTh MpuMeHeHHs1 pe3yabTaToB. Pa3zpaboTanHsii OypoBOH pacTBOp MOKHO
MIPUMEHSATH PU OYPEHHUH TIACTOB, IMEFOIUX KPYITHBIE TPEIIHHBI, OOJIbIINE KaBEPHBI,
BBICOKYIO MTPOHUIIAEMOCTh. PacTBOp 00lagaeT BBHICOKOH CIOCOOHOCTBIO yAEpIKHBATh
YaCTHUILBI BEIOYPEHHBIX MOPO/I, @ TAK)KE TPAHCIIOPTHBIMHU CBOWCTBAMH. JTH MOKa3aTeIH
Kpaiine 3(h(eKTHBHBI TP OYPEHUH TOPH30HTAIBHBIX CKBAKUH.

Crnemyet OTMETHTD, YTO MMPOU3BOACTBEHHAS NEATENFHOCTD MPEANPUATHIA HEPTIHON
MIPOMBININIEHHOCTH HEN30EKHO CBSI3aHAa C TEXHOTEHHBIM BO3ACWCTBHEM TEXHOJIOTHYE-
CKHUX TIpoIIeccoB OypeHus Ha 00BEKTHI IPUPOIHON cpenbl. [[03ToMy BOIIPOCH! OXpaHbI
OKpYXaroIleH cpesibl UMEIOT 7Sl OTPAciv BayKHOE 3HadeHue. Pa3paboranHblii OypoBoii
PacTBOp, COACPIKAIIHI MUKPOITY3bIPbKH, S(()EKTUBHO OOPETCs C NMOIIONICHUSMU MTPH
OypeHUHU HCTOLIEHHBIX IIJIACTOB M SBJSETCS SKOJIOTHUECKH YHCTBIM.

BriBoasl. B nocinenane rogst [10 « A3HEPTHY YBETUUIIIO YACTIO MECTOPOXKACHIM,
BCTYTAIONINX B TIO3THIOK0 CTAINIO Pa3padOTKX M MMEIOINX HU3KOE W aHOMAIIbHO HU3-
KO€ TIJIACTOBOE JIaBJIEHHE, OOYCIIOBICHHOE IPUYMHAMHU TEXHOJIOTHYECKOTO XapaKTepa.
B Takux ycnoBHsX MpH BCKPBHITHH MPOAYKTUBHOTO MjlacTa 0co00e BHUMaHHe HE00XOo-
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JIUMO YIIEJATh TPOoIleccaM, CBI3aHHBIM C MPOHUKHOBEHHEM (HIIBTpaTa U, BO3MOXKHO,
OypoBOTO pacTBOpaA B ILIACT, 0COOCHHO MPU OypEHUH FOPU30HTAIBHBIX CKBAXKHH.,

Pazpabotana pernentypa OypoBOro pacTBOpa, COAEPIKAIIETO MUKPOITY3bIPEKH, IS
UCIIONIL30BAHUS MPH OYPEHUH CKBAXKWH MCTOIICHHBIX TUIACTOB, CKIIOHHBIX K MOTIOIIE-
HUIO. [IOTHOCTH OYPOBOTO pACTBOPA PETYIUPYETCS B IIUPOKOM JUAMA30HE U XapaKTe-
pHU3yeTCsl BRICOKOH YIIEP>KUBAIOIICH U TPAHCIOPTUPYIOIIEH CITIOCOOHOCTEIO.
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SURFACE-ACTIVE SUBSTANCES APPLICATION WHEN DRILLING WELLS
IN DEPLETED LAYERS

Rasulov S. R.!, Mamedov A. S.!, Zeinalov N. E.!
! Azerbaijan State Oil and Industry University, Baku, Azerbaijan.

Research aim. Development and examination of basic indices of a special drilling fluid containing
microbubbles to protect from absorption when drilling depleted layers with abnormally low reservoir
pressure is a basic aim of the work under consideration.
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Research methodology. The solutions have been prepared according to RD 39-00147001-773—2004
“Control Methods for Drilling Fluid Parameters”.
Results. The researches fulfilled show that the density of the developed new type of a drilling fluid is
controlled within a wide range and possesses high inhibitory property.
Analysis and discussion. It has been shown that in order to recover the remaining 60% of the total oil
resources, new wells should be drilled. As long as old areas possess depleted oil beds, fluid adsorption,
sometimes total, takes place. In order to drill wells in such beds, on the basis of the local raw material a
drilling fluid has been developed for the first time in the republic, containing microbubbles which have
made it possible to cut the fluid density up to 700 kg/ m>.
Results application area. The developed drilling fluid can be applied when drilling layers with large
fissures, caverns, and high permeability. Fluid possesses high retentivity and transport properties. These
indices are highly effective when drilling horizontal wells. It should be noted that production activity of an
oil enterprise is inevitably connected with technogenic impact of mining technological processes on the
natural environment elements. Therefore the problems of environmental protection are of great importance
for the branch. Drilling fluid for protection against the absorptions at drilling depleted layers containing
microbubbles is ecologically clear.
Conclusions. The recipe has been worked out for a drilling fluid containing microbubbles to drill wells at
depleted layers apt to absorption.

Key words: drilling fluid; microbubbles; absorption; well; depleted layer, abnormal reservoir pressure.
DOI: 10.21440/0536-1028-2018-7-21-27
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OBOCHOBAHWE 3®®EKTUBHOCTU KOHCTPYKLUA BOCXOOALEN
AHKEPHOW KPEMW U OLIEHKA YCTOW4YMBOCTUW OrPAXOEHUNA
CTEH rMYBOKUX KOTNTOBAHOB

BUKYNOB B. M.t
1 YpanbCKkii rocyAapCTBEHHbII FOPHbINA YHUBEPCUTET
(Poccwus, r. Exkatepunbypr, yn. Kyinbbiwesa, 30)

Llens pabomul. B xonmexcme pazeumus KOHCMPYKYull AHKepHOU Kpenu 0O0CHOBaHUe U OOKA3AMeNb-
CMB0 YenecoobpasHOCmu NPUMeHeHUs KOHCMPYKYUU 60CX00AUUX AHKEPOS, PAYUOHALHOCHb NPUMEHe-
HUAL KOMOPbIX 00YCI081€HA 6 Nepeylo oYepedb NUKGUOayUel CILONCHBIX MPYOOeMKUX NPOYeccos8 no
YCMPOTICMBY UHbEKYUOHHBIX AHKEPO8 C UCHONb308AHUEM MANHCEN020 PYUHO20 MPYOa.

Axmyanvnocmo uccnedosanuii. Ilogviuenue ycmonuuugocmu u Hecyuel CHOCOOHOCIU 02PaAHCOEHUA,
NOCMOAHHBIL 6U3YANLHBII KOHMPOIL COCHMOAHUSL V37108 KDENAeHUs Ka#c0020 aHKepd, U361eKaeMoChib
AHKEPHLIX MsA2 U HEOOHOKPAMHOE UX UCNOAb308AHUE 06eCheyusaon paseumue 6onee 3PhexmusHbIx
0e30nacHbIX U 8bICOKOMEXHOIOSUYHBIX NPOU3BOOCIBEHHBIX NPOYECCO8 NPU 8036€0EHUU 2OPOOCKUX NOO-
3EMHBIX COOPYHCEHUL OMKPLINBIM CHOCODOM.

Memoouueckue ocnoswl ucciedosanuii. OcHOBONONALAIOWUM NPUHYUNOM AHATUIA MHO2OSAPYCHOU 80C-
cmarowell aHKepHoll Kpenu KOMLO08AHA AGNAEMCA NOCHMPOEHUe paciema 02paxcoarujeli cucmemsi.
On ocnosan Ha YUCTEHHOM pewienuu 3a0ayu uzeuba Oaiku, 3aueMieHHol 0OHUM KOHYOM 6 Ynpyeo-
RAACMUYECKOM SPYHIME U YOEPHCUBAEMOU CEA3AMU (AHKEPAMU), A UHMEHCUBHOCHb OABNEHUS HUNCHUX
KOHYO08 C8all Ha ePYHM OYEHUBAEMCA C YHEMOM NUHEHO USMEHAIOWe20Ca KOIQPuyuenma nocment no
enybune 3a0enku. B kauecmee KOHCMPYKMUGHBIX ]IeMEHMO8 AHKEPHOT Kpeni KOMA08AHO8 UCCILeOYIom-
cs1 06a Muna anKepog: akmueHule, Uiy NPedeapumenvHo Hanpszaemole, ¢ Hamsasicenuem npumepho 30 %
u bonee om pacuemnotl Hazpy3Ku, U NACCUsHbIE, C ONPEOENEHHbIM YPOSHEM HaAMANCEHUs, obecneuusaro-
WuUM Yenmpuposanue ankepa.

Pesynomamul. B npoyecce ucciedosanuil yCmanasiueaencs 3a6UCUMocns y2id no0bemMa 80CX00Aue20
aunKepa om yena 6HympeHHe2o MpeHusi COOMBEMCmeyouje2o Clos cpyHma, peanu3yemas 8 YCio8usx
AKMUBHO20 YCULEHUsl CBATIHO20 PAOd, UCKIIUAIOWe20 POPMUPOBAHUE COBULAIOWUX CUL HA NOBEPXHO-
CIMU CKONbIHCEHUS NPUSMbL 0OPYUIeHUSA, NPeOOmEpauarue2o Heobpamumvle 0epopmayuy 02paxicoeHull
U 0CAOKU COOPYIHCEHUT, HAXOOAWUXCS 8 HENOCPEOCMBEHHOT OIUZ0CMU O KOMIOBAHOB.

Knrwuesoie cnosa: AHKepHAas Kpenb, KOHCMPYKYUs 600}60@}11{46‘20 anKepa, akmueHvle U naccusHvle anKe-
pbol; 02]?{19!(‘0(1’0“40}1 cucmema, npusma 06pyW€HHﬂ,’ onmumdailbHoe 3Havenue yoia noovema GOC)COaﬂZME—
20 aHKepa.

Hens padoThl — 000cHOBaHKE YPPEKTUBHOCTHU U 1IEIECO00PA3HOCTH MTPUMEHEHUS
BOCXOJISIIIIEH KOHCTPYKIIUH aHKEPOB, JOCTHKEHUS ONTHMAJIBHOTO yIiia MoJbeMa aH-
KEPHOM TATH, TIPY KOTOPOM 3HAUCHHE YITIa BCTPEUH aHKEpa C MOBEPXHOCTHIO CKOJIbKe-
HUSI HCKJIF0YaeT ()OPMUPOBAHKE CIBUTAIOLIMX CHUJI HAa IOBEPXHOCTH CKOJIBKECHUS IPH-
3Mbl OOpYyLICHHMS M NpeAoTBpamaeT HeoOpaTHUMble aedopManuy OTpa)kKAaroIuX
KOHCTPYKIWH KOTIIOBAHOB ITPHU CTPOUTENBCTBE TOPOACKUX MOA3EMHBIX COOPY>KEHHH.

AKTyaJabHOCTB padoThl. /s noBbitieHust 3pQEeKTUBHOCTH ynepKaHus 00pTa KOT-
JIOBaHa B YCJOBMSX IUIOTHONH TOPOJACKOM 3aCTPOWMKH, CHH)KEHHSI MaTepUajOeMKOCTH,
TPYAOEMKOCTH, CTOUMOCTH PabOT 110 YCTPONHCTBY IPYHTOBBIX aHKEPOB M 00€CIIEUCHUS
JOCTOBEPHOCTH KOHTPOJISI TEXHUYECKOTO COCTOSIHUS aHKEPOBKH, MPeyCcMaTpHUBaoLIe-
IO BO3MOXKHOCTh CBOCBPEMEHHOTO PEarupoBaHus B IEPHO YIPEKICHHUS aBapHUHBIX
cutyanuii [1-3], npeanaraercss UCHONB30BaTh KOHCTPYKIIMIO BOCXOMISAIINX aHKEPHBIX
TAT. B cocraB BocxoAsIero aHkepa BXOJAT: TATa, OTOJIOBOK, 3aKPETJICHHBIN Ha Orpax-
JArOIIECH KOHCTPYKIUY; Y3€7 3a1€JIKH, paclojlaraéMblii Ha IOBEPXHOCTU OepMbl KOTJIO-
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BaHa M 3a TpeAesaMi BO3MOXHON Mpu3Mbl 00pymieHns. Oco6eHHOCThIO TEXHOIOTHH
SIBIIIETCS TpUMEeHEeHHNe (DHOepTIIacCOBBIX JICHT B KAUECTBE aHKEPHOH TATH [4], pa3Mepbl
CEUYCHUS 1 KOJIMYECTBO KOTOPBIX 3aBUCAT OT BEJIMUMHBI BOCTPEOOBAaHHOM HECyIlel cro-
cobHoctH aHkepa. [Ipu ycTaHOBKE BOCXOISIINX aHKEPHBIX TAT HEOOXOAUMO MperLyCcMO-
TpeTh 0COOCHHOCTH MOHTa)ka aHKepoB. [l 3TOro 3a mpenenamMy MpU3Mbl OOPYILICHUS
TpyHTa C MOBEPXHOCTU 3€MJIN BBINIOIHACTCA 6ypeHHe HaKJIOHHBIX CKBaXHH, a B CJIy4ac
3aCTpOIKHN BepxHEH OepMBbl — HCKPHUBICHHBIX CKBaXHH I10]l THOKHE aHKepbl. B mpoly-
PCHHbBIE CKBR)XMHbBI YCTAHABIIMBAIOTCSI aHKEPHbIE TSATH — CKPEIUICHHbIE XOMyTaMu (u-
OepritaccoBble JICHTHI B KOIMuecTBe 1—3 IIT. (B 3aBUCHMOCTH OT TpeOyeMOi HarpysKu).
KoH11p! T4, BEIXOISIIE HA BEPXHIOIO OepMY, 3aKPEILISIIOTCS HENOCPEICTBEHHO Ha OIOp-
HOW KeJIe300€TOHHOW MOAYIIKE, PACHIONIOKESHHOW Ha OTKOCe BbleMkH. Jljisi (hukcanmu
AHKEPHBIX TAT MCIONB3YIOTCS Momycdepruieckue maiObl (TOJIOBKH) ¢ 3alIOPHBIMH KIIH-
HbSIMH, CTaJbHbIE ONOpPHBIE IUIMTHI U NPHU HEOOXOOMMOCTH MOTYT HCIOJIB30BaThCS
KJIMHOBHU/IHBIC MIPOKJIAIKU B COOTBETCTBUH C YIJIOM HAaKJIOHa aHKepa (puc. 1).

Vizen A

/
'1“ ) L

.\900 B ,
_/. oo oy | ] !.

3

Puc. 1. KoHCTpyKTHBHAS cxeMa OIOPHOTO y3Jia KPeIICHNsI BOCXOASIIETO aHKepa:

1 — 3a)XMMHasi TOJIOBKA; 2 — aHKEePHas TAra; 3 — OOpHast CTajlbHAsI IUTHTA; 4 — JKeJIe300ETOHHAS ITOYIIIKa;
5 — creknormacTukoBasi obcaaHas TpyOka; 6 — momycdepudeckas maiiba; 7 — 3aopHbIE KOHHYECKHE
KITHHBSI
Fig.1. Structural scheme of a supporting node of an ascending anchor support:

1 — clamping head; 2 — anchor bar; 3 — bearing steel plate; 4 — reinforced concrete layer; 5 — fiberglass
casing tube; 6 — semispherical washer; 7 — locking conical wedges

TakuMm 00pa3oM, TsAra aHKepa depe3 MoIychepruuecKyro 3aXKHMHYI0 MIaii0y mnepe-
JTaeT yCHJIME Ha OMOPHYIO CTAJbHYIO IUIUTY, KOTOpas paclpeiesseT MepenaBaecMoe
YCHITHE TIO 5KeIe300€TOHHOH TOyIIIKE.

KoHCTpyKIyst HIKHEX OTOJIOBKOB BOCXOJIAIIMX aHKEPOB ONPEACISETCS KOHCTPYKIHEH
orpaxneHusi cTeH KomioBaHa. [Ipy Hamuumu CBaMHBIX OrPaKICHUN TATHU AHKEPOB M3
(udeprIIacCOBBIX JICHT TOABEPTralOTCs HATSHKEHHUIO U 3aKPEIUISIOTCS HA paclpeeInTeNb-
HBIX T0SICaX C IMOMOIILIO OMOPHBIX IUIUT, TTOMyc(epruuecknX man0 1 3aIOpHBIX KIMHBEB.
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TexHONOTHs BOCXOMSIIETO CIoco0a YCTAHOBKH aHKEPOB UMEET OIaromnpHsITHOE pas-
BHUTHE Ollaromapsi yHUKaJIbHBIM CBOWcTBaM (pubepriiacca, mpemaaraeMoro B KauecTBE
MarepHaia aHKepHBIX TAT:

— HeOOJBIIION Bec MpH IJIOTHOCTH MaTepuana, cocTapisonied 1,9 r/em’, cyie-
CTBEHHO 00JIer4aeT MOHTaXX aHKEPHOW TATH, IIEPEHOC aHKepa MO0 CTPOUTEIHHOU ILIO0-
IIAJIKE ¥ €TO YCTAHOBKY B CKBaYKHHY;

— DKOHOMHYHAs MaTepUAIIOEMKOCTh aHKEPHOM KPEIH 3a CYeT YMEHBIICHHUS OTPe0-
HOCTH B CTAIBHBIX aHKEPAX, IOAKOCAX, pacIopKax (paccTpemnax);

— (hubepriraccoBbIC JICHTHI IMTOCTABIAIOTCS B OyxTax 1mo 100 M, 9TO MMO3BOJISIET yCTa-
HABJIMBATh TSATW aHKEPOB JIO00H ATUHBI O3 BHITIOIHEHUS Pa3IMYHOTO BUA COSAMHE-
HUH, TAKUX KaK COCAMHUTENBHBIC My(THI HIIU CBAPHBIC IIIBHI;

— BBICOKasi KOPPO3MOHHAsI CTOMKOCTh (prOEPIiIacCOBBIX TAT MO3BOJIAET MPUMEHSTh
UX Jaxe B 0COOEHHO arpecCHBHBIX Cpeliax.

Crenyer 3aMeTHTh, YTO HCCiemyeMas KOHCTPYKITHUS BOCXOISIINX aHKepoB [3] B
OTIpe/IeTICHHO! CTETIeHN CHIUMaeT po0JIeMbl, BOSHUKAOIINE TIPU yCTPOUCTBE TPYHTO-
BEIX aHKEPOB, CBA3aHHBIE C OTCYTCTBUEM rapaHTHPOBAHHBIX TaHHBIX O T€OJIOTHYECKOM
CTPOCHHUH M CBOICTBaX IPYHTOB B 30HE KOPHEBOI YacTH aHKepa M CKPBITBIM XapaKTe-
poM pabot 1o ero Bo3BeneHHIO [5—7]. B To e BpeMs nmpuMeHeHue Bocxosiieh (oec-

KOPHEBOW) KOHCTPYKIIMU aHKEPOB HCKIIO-
) 4aeT  HEOOXOAMMOCTh  T'EOJOTHYECKHX
W3BICKAaHWI BHE TPAHMII IUIOMAJKH CTPOH-
TEJbCTBA.

[IpocToTa 1 BBICOKAsT Ha/IEKHOCTH CTa-
THYEeCKO pabOTBl M TEXHOJOTHMYHOCTD
YCTaHOBKH, OOecCIeYeHHasi TIOCTOSHHBIM
BH3YQJIbHBIM KOHTPOJIEM COCTOSIHUS Y3JIOB
KpEIUICHHUS U 3alleTJICHHUs KaKJ0TO aHKepa,
MO3BOJISIIOT BOCXOZSIIEH AHKEPHOH KOH-
CTPYKLMU HaWTH JOCTATOYHO IIHPOKYIO
cdepy NpUMECHEHHS B Ka4ecTBe Oe3yCIOBHO
M3BJIEKAEMOW aHKEepHOU KkperH [ 8§, 9].

B kadecTBe yCHIMBAIOMIMX 3JIEMEHTOB
Kpenu KOTJIIOBAaHOB NMPUMEHSIOTCS JIBa THIIA
AHKEPOB: aKmueHbvle, TpelBapUTENbHO Ha-
y npsiraeMble ¢ HaTshKkeHueM mpumepHo 30 %

Pactz u 0oJiee OT pacueTHOHN HArpy3KH, U NACCUB-
Hble, C OTpENeTICHHBIM YPOBHEM HaTsKe-
HUS, OOECIEeYMBAIONIMM LIEHTPUPOBaHUE

ve aHKepa U BBIOOPKY OCIabiIeHuH.
Puc. 2. PacueTHas cxema cBaifHO-aHKEPHOTO Mertoauka mccnenoBanmii. I'eorexHo-
orpasieHus KoTiosana npu hy < he JIOTUYECKUI aHaliu3 HaJeKHOCTU IapamMe-
fouFr:gét?bEg{?gﬁgéggﬁoﬁaﬁgrogn%a TPOB BOCXO/AIIEH aHKEPHOM Kperu 6a3upy-
hy < he €TCS Ha METOIUYECKHX pPEKOMEHIAINIX
HOHUUC [10] 1 Ha METOIUYECKUX MOJIOXKE-
HUSIX, pa3paboTaHHbIX Ha Kadenape maxtHoro ctpoutensctBa YITY [11]. Ocobenno-
CTH pacueTa CBsI3aHbl ¢ HEOOXOAUMOCTBIO ONPEICICHUS OPAMHAT AaKTHUBHOTO JIABIICHUS
TPYHTA Ha YPOBHSIX KaXJIOTO sIpyca aHKEPHOW KPEIH U BHIYMCIICHHSI YCUIIUH B TTACCHB-

HBIX U aKTUBHBIX aHKepax (puc. 2).

OcHoBonoJararonye MPUHIMAIGI aHalIM3a MHOTOSPYCHOW BOCCTAIOMIe aHKEPHOMH
Kpemnu KOTJIOBaHa MpeAcTaBleHb! B 00001IeHHOH GopMe:

— pacdeT orpaxkIarolieil CUCTeMbl B MHTEpBaJie OT IMOBEPXHOCTH TPyHTa A0 AHA
KOTJIOBaHA pean3yeTcss METOAaMH CTPOUTEIBHOW MEXaHWKH, OCHOBAaHHBIMU Ha YHC-

C

hc\z

Hy
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JICHHOM PEUICHUHU 3aJa4d u3ruba OajKu, 3alleMJICHHON OJHMM KOHIIOM B YIPYyTro-
IUTACTUYECKOM IPYHTE U YICP)KUBACMOM CBSI3IMHU (aHKEpaMH);

— M3TU0ArOIIe MOMEHTHI B CEYCHHUAX CBAW HIDKE YPOBHS THA KOTIOBAaHA, a TaKkKe
WHTEHCHBHOCTH JIABJICHUS HIDKHUX KOHIIOB CBail HA TPYHT OIIEHUBAIOTCS C YIETOM JIH-
HEIHO U3MEHSIoNIerocs Ko (UIMeHTa MOCTEIH 10 TITyOuHE 3a/IeIIKH.

Brruncnenre n3ruOaronx MOMEHTOB U TIONIEPEYHBIX CHJI 10 BBICOTE CBau OT IO-
BEPXHOCTHU I'PYHTA JI0 YPOBHs IIEPBOTO SPYCa aHKEPOB /1, BHINOIHAETCS 110 JaJiee HpPH-
BEJCHHBIM (hOpMysIaM B COOTBETCTBHHM C pacUeTHOM cxemoi (puc. 2).

Ha yuactke ot myns no h, /2:

Q - _ Pconsll-y2 : M - _ Pconsll-y3 , (1)
h 3h

cl cl

rae P, — opavHaTa pac4eTHOrO aKTHBHOIO JABJIEHHUs IPyHTA Ha riyOune /1, /2 ot
BepXa KOTIOBaHA; L — TPONET 3aKIaJHOTO KPEIUICHHWsS; y — KOOpIAMHATA CEYCHHUS,
OTCUMTBIBAEMAs II0 BBICOTE CBaM OT JHa kowioBaHa H_ 1o 0 ¢ marom 0,1-0,2 m;
h.,— BBICOTA KOHCOJILHOTO y4acTKa CBAU.

Ha yuactke ot /1, /2 1o h,; :

2

Q=-P_Lh 025+ Y -05|-| X -05] |

| !
2 3 (2)
Lh, | 0,25+ hl—o,333 + hl_o,s 43/ Y o5

cl cl |

M = -0,25P.

consl

Pacuer yuacTka 3a/1€JIKH CBaM ¢ HHXKE JHA KOTIOBAHA BBIIIOIHSAETCS COITIACHO PEKO-
MenaauusaM [THUUC [10]. OcHoBHBIE apaMeTpsl Kpelu KoTIoBaHa (puc. 3), mojje-
JKaIllie Te0TEXHOIIOTHYECKOMY aHalln3y:

— niryOvHAa 3aAeTKU (TIOTPYXKEeHHS) CBaH £, M;

— paccTosiHUE MEXY CBasMH U IIar aHKEPOB, M;

— BBICOTa sipyca (BBICOTa PACIHOJIOKEHUSI 00OBS30YHOIO I0s5ICA OTHOCUTEIBHO BEpPX-
Hell OpOBKH KOTJIOBaHA), M;

— TeOMETPUIECKHE Pa3Mepbl CEUCHU CBali, aHKEPOB U OOBSI30YHBIX MOSICOB KPEH
KOTJIOBaHa.

Cy11ecTBYyIOT OIpeAeIeHHbIE 0COOCHHOCTH BBIUUCICHHUS YCHINI B aHKEpax U op-
JUHAT aKTUBHOT'O JABJICHUS B YPOBHIX YCTAaHOBKU aHKEPOB Ha OIPaXKIEHUH, KOTOPBIE
COIVIACHO PACUETHBIM cXeMaM (pHC. 3) OTPaXKAIOTCS B CIICAYIOIEM.

Omiopa U3rudaIX MOMEHTOB HIKE JHA KOTIOBaHa (popMupyercs mo Gopmye:

M = o’EJU" = o’EJ [lelﬂ(é) +6, 178+t (§) + ¢, f) (&)]

IIpoBepka NpOYHOCTH CBau Ha ACHCTBHE W3rHOAOIIEIO MOMEHTA B HanboJIee KpH-
THaeckoM cedennn M /W

Gt = < R/l3m6a’

rae M, — MaKCHMAaIllbHBIA H3rU0alOIMI MOMEHT, ONPENENAEMBIN 10 SMIOPE U3THOar0-

IKUX MOMCHTOB, W — oceBoii MOMEHT COIIPOTUBJICHUA.
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B ycnoBusIX ABYXBSPYCHOIO AHKEPHOI'O HATPYXKEHUS, YCUIIMS B ITACCHBHBIX aHKE-
pax T, , T . OIpENeNstorcs mo Gpopmynam:

T = [LALP, ((hy —h.) +0,5(h,, —h,))]/ cos(w);
T. [LlLF?ath(O’S(hCIZ -hy)+0,5(H, - hc|2))] / cog(m),

anc2

e /i, — BBICOTA HE3ArPY/KEHHOTO YJacTKa CBaM.
OpavHaThl akKTHBHOTO IABJICHUS IPYHTOB B YPOBHSX IIEPBOTO U BTOPOIO SIPYCOB

ankepos P, P

J— no

Pa =K, yy Ay — P

_ n

Pz =Koy Ay — P2,
rae k, — kod3bOUIHMEHT HANEKHOCTH 10 HArpyske; P! — HOpPMAaTHBHAS BEIHYHHA
yMeHI)H.[eHI/IH AKTUBHOI'O OABJICHUS 3a CUCT CHCIIJICHUS prHTa; }\.act — K03(1)(1)I/IHI/IGHT

AKTHUBHOI'O I[?’,BHCHHH; hcl’ hclz — YPOBHH YCTAHOBKHU IICPBOTO U BTOPOTO APyCa aHKEPOB,
Y — YACIBbHBLIN BEC I'PYHTA.

a 0

I

Hx

I //\450 +0/2
!

=y
Iy

45° 4 g2
//\ @
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h,

:

Puc. 3. KOHCTpYKTHBHBIC CXEMbI CBAHHO-aHKEPHBIX OTPayKICHUH:
a — C IByMs sIpyCaMU BOCXOIAIINX aHKEPOB; [ TpEMs sApyCaMU BOCXOJAINX aHKEPOB
Fig. 3. Structural schemes of a foundation pit pile-anchor barriers:
a— with two layers of ascending anchors; 6 — with three layers of ascending anchors

Veunus nacCMBHBIX aHKEPOB B TOPU30HTANIBHBIX POEKIUAX R, R,:

R =T, Cos(®); R, =T, ,C0S(®), rme & — yrom HakjiOHa aHKEPOB OTHOCHTEILHO
TOPU30HTAIIH.

Crnenyer 3aMeTUThb, YTO HEHAIpsiraéMble aHKEPHI HE IMO3BOJISIOT MPEIOTBPATUTH
pasymIoTHEHHE TPyHTa BOKPYT KOTJIOBaHA MO MPUYMHE HEKOTOPOW MOAATIUBOCTU H
nedhopMUpPYyEeMOCTH KOHCTPYKITUI OTpaskIeHUN BCEX M3BECTHRIX BHIOB [12].

Torna xak mosy4eHHble B pe3yabTaTe KOPPEKIUMU NEPBUYHBIX 3HAUCHUM R, R,, R,

AKTUBHUPOBAHHBIC YCUIINA R R2K R PCaIN30BaAHHBIC B YCIIOBUAX aKTUBHOTO YCHUJIC-

1x? 3k?
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HUSI CBallHOTO psijia, MPEJOTBpalIaloT HeoOpaTHMble JeGopMalld OrPaXICHUN |
0CaJIKy COOPYKEHHI, HAXOSIIUXCSI BOJHM3H KOTIOBAaHOB. MEXK1y TeM B YCIOBHSIX IaC-
CHUBHOTO YCHJICHUSI CBail aKTUBMPOBAaHHbIE ycuius R, , R, , R, He OymyT pealu30BaHbl
Y HE TapaHTUPYIOT Oe30MMaCHY0 IKCIUTYaTallHIo OTPAKIAFOIIEH KOHCTPYKITUH. YCHITUS
HATSHKCHHUS TTPEIBAPUTENIBHO HAMIPSTaeMbIX (AKTUBHBIX ) aHKEPOB (pHC. 4) CO3aI0T J10-
TIOJTHUTENBHBIE YIEPKUBAIOLINE CHIIBI AJIsl IPU3MBI OOpYILICHUS, KOMIICHCHPYSI JeH-
CTBHE CIIBUTAIOIINX chi. |JI1 OIEHKH yCTONYMBOCTH MPU3MBI OOPYIIEHNST BBOIUTCS
K03(p(UIMEHT 3amaca yCTOWYMBOCTH MPHU3MbI OOpyHIEHHS K, BBIYMCIAEMBIA IO

thopmye:
ko =Y, +Y. +R) /Y, 3)

e k. — Ko3QUIHMEHT 3anmaca yCTONIMBOCTH IPU3MBI O0PYLICHUS; Y(p — yIep KUBaro-
e cuibl Tpenns, Y, = Vcos(45° + 0,59) tge; Y, — yaepKuBaromue CUilbl CLEILICHNS,
Y, = H, c/cos(45° — 0,5¢); P, — nononHUTENbHBIE yIEPKUBAIOIME CUIIbI, BOSHUKAIO-
K€ 32 CUCT JICUCTBUS aKTHBHBIX aHKEPOB,

Pa=n«LYi =Y, - Y,

e n, — ko3 (UIMENT 3anaca Ha CABUT HPU3MBI OOPYIIEHHS O HOBEPXHOCTH CKOJIb-
*KeHus; L — mar cBaif; Y, — CIBHIralolue CUIIbI, 00pasyloIMecs OT BECa BO3MOXKHON
NpU3MBI 00pyeHus (puc. 4),

Yi=Vsin (45° + 0,5¢),

e V — Bec npusmbl 06pymenns, V = 0,5LyH,? tg(45° — 0,5¢).
VYaepxusaromee ycunue ognoro ankepa N, = P, /n, T1e n — 4Uciio aHKEPOB.
Yeunus HatsbkeHus ot ofHoro ankepa 77, = N_  (sind tge + cosd) !, re & — yron
BCTPEUYH aHKEepa C MOBEPXHOCTHIO CKOJIBKEHHUS,

8=45°+0,50 — o, “4)

371€Ch O — YToJ CKJIIOHEHHS aHKEPa OTHOCUTEIBHO TOPU30HTAIIH.
Hawubonee s dexkruBHOE 3HaUEHUE yria 6 JOCTUraeTcs PEeICHUEM ypaBHEHUS:

o(T,

anc

)/88 = cosdtge — sind = 0. (5)

OTC}O,I[a CJICAYCT, 4TO OITHUMAJIbHBIM 3HAYCHUCM YIJlda HAKJIOHA aHKEpa 110 OTHOLIC-
HHUIO K TOBEPXHOCTHU CKOJIBLIKCHUS ABJIACTCA BEJIMYNHA YITIa BHYTPECHHEIO TPECHUS COOT-
BCTCTBYIOIICTO CJIOA T'PYyHTA, KaK BUAHO U3 YPABHCHUSA:

60HT = ('p' (6)

Crnenyer OTMETUTh, YTO MPU HauOoOJiee PacIPOCTPAHCHHOM HHTEPBAJle 3HAYCHUH
yIiia BHyTpeHHero TpeHus @ = 15°—40° obecrieunBaeTcs 11e71eCO00pa3HOCTh YCTaHOB-
KM BOCXOJSIIIEH aHKEPHOU KOHCTPYKLIUH, IPU KOTOPOX 3HAYEHUE yIvIa BCTPEUH AKTUB-
HOTO aHKepa C IIOBEPXHOCTHIO CKOIBKEHHS 00ecieunBaeT CHIKEHNE BETTMYMH C/IBUTA-
IOIUX CHJI Ha TIOBEPXHOCTH CKOJIBKEHHSI TPU3MBbI OOPYIIICHUSI.

Taxum 00pa3oM, UCXo/s U3 ycIoBusl obecnieueHus Hanboee 3 pekTruBHOTO 3HAUC-
HUS yIJla BCTPEYU aHKepa C OBEPXHOCTHIO CKONBbKeHUsI (6) U peoOpasys ypaBHEHUE
(4), ycranaBnrBaeM ONTUMAIBHOE 3HAYCHHUE YIJIa MTOAbEMAa BOCXOIAIIETO aHKEpa:

Oy = (450 + 035([)) —0= (450 - 0’5([))
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Pe3yabraTsl nccineqoBaHuil. AHaIN3 CBaHOM KpeNH ¢ AByMs spycaMH BOCXOJS-
IIMX aHKEpOB peaju3yeTcsl B MPUKIAJHON mporpamme WH)XKEHEPHO-aHAJIUTHYECKOTO
MOJIEJIMPOBaHUs, MpelyCMaTPUBAIOIIE BapHaTUBHOE MPOEKTUPOBAHHE T'e€OTEXHOJO-
TMUYECKOH CUTyalluy Ha OCHOBE TPaJUIMOHHBIX 1€TEPMUHUPOBAHHBIX peneHuil. B pe-
3yJbTaTe MHOTOKPATHOTO HMCIIOJIB30BAHMS IPOTPaMMbl MOJCIHPOBAHUS AJIST Pa3Iuy-
HBIX TEOJIOTMYECKUX YCJIOBHH MOIYy4eHBI I'padyKH 3aBHCUMOCTH KO3(PQPHULIMEHTOB
3amaca Ha CIBHT OT yIla BHyTPEHHEr0 TpeHus (puc. 4).

15

Lo Lo Iw = =
o - N w IN
T T T T T

[

Koaddumuent 3amaca Ha CABUT Ny

o
©
T

o
[eS)

10 15 20 25 30 35
YroJ BHYTpPEHHEro TPEHuUs ¢, rpaj
Puc. 4. I'padukn 3aBucuMocTH K03 (HUIUEHTOB 3armaca Ha CIBUT MTPU3M 00-
PYILICHUS 1O TOBEPXHOCTSIM CKOJIBKEHHS OT NEPEeMEHHBIX 3HaYeHHH yria
BHYTPEHHETO TPEHHUS IIPH YACITHHOM CLEIUICHHHU TpyHTa ¢ = 20°:
I — U1 KOHCTPYKLMH BOCXOASALINX aHKEPOB; 2 — JUls TPAAULMOHHBIX KOHCTPYKLUIT
TPYHTOBBIX HUCXOJAIINX aHKEPOB
Fig. 4. Dependency diagrams of the factors of safety for the shear of sliding
triangles along the slipping surfaces and the variables of internal friction
angle under specific cohesion ¢ =20°:
1 — for ascending anchor structures; 2 — for traditional structures of underground
descending anchors

BuiBoabl. Pesynsrarel pacueToB J€MOHCTPUPYIOT TOBBIIICHHBIC 3HAUEHHS KOddu-
IUCHTOB 3ar1aca Ha CIIBUT MPU3M OOPYIICHUS [Tl KOHCTPYKIIUIA BOCXO/ISIINX aHKEPOB.

TakuMm 00pa3om, onupasich Ha MaTepHaibl IPOBEJCHHBIX UCCIEIOBaHMA, chopMy-
JUPOBAHO CIEAYIONIee MONOKEHHE: ONTUMAIbHOE 3HAYCHNE yIla TIOAbEeMa BOCXO/S-
IIeTO aHKepa OTHOCHTEIHHO TOPH30HTA HAaXOAWTCA B MPSIMOM 3aBHCHMOCTH OT yIia
BHYTPEHHETO TPEHHUSI COOTBETCTBYIOIIETO MACCHBA TPYHTA U OMPEIEIIEeTCS 3aBUCUMO-
cTei0 © = (45° - 0,59).

[IpuBenenHass 3aBUCUMOCTb PEAIU3yeTCs B YCIOBHUSIX aKTUBHOTO YCUJICHHSI CBaii-
HOTO PsJia, UCKITIoYaonIero (popMupoBaHUe CABUTAIOLINX CHII Ha TIOBEPXHOCTH CKOJIb-
JKCHHMSI TIPU3MBI OOPYIICHHS W MPEIOTBPAINAIONICro HeoOpaTHMbIe JehopMaiuu
OTPAXKICHUHA U OCATKy COOPYKEHUH, HAXOAIIMXCS B HEMOCPEIACTBEHHOM OJIM30CTH OT
KOTJIOBaHOB.

BUBJIMOI PAOMUYECKHIA CITMCOK
1. Herpyxun B. II., Koxsioun U. B., PazBogosckuii . E. OrpaxieHne KOHCTPYKIM KOTJIOBAHOB,
METOJIbI CTPOUTENBCTBA MOA3EMHBIX coopyxeHuid. M.: HUMOCII, 2012. 17 c.
2. Konp16bun U. B. Ypoku aBapHiiHBIX CUTyalldil IPH CTPOUTEIHCTBE KOTIIOBAHOB B TOPOJICKUX yCIIO-
Busx. M.: HUMOCII, 2012. 72 c.
3. Emblemsvag J., Kjolstag L. E. Qualititative risk analysis: some problems and remedies. Management
and remedies. Management Decision. 2006. Vol. 44. No. 3. P. 395-406.



ISSN 0536-1028 «H36ecmust gy306. Topuwiii sicyprany, Ne 7, 2018 35

4. Mamuaus A. I, Mamuaus []. A. [IpumeHenue ¢pubepriiacCoBEIX aHKEPOB B TOA3EMHOM CTPOUTENb-
ctBe. M.: UnxIIpoextCrpoii, 2016. 8 c.

5. Maxosckuii JI. B., Cyna H. A. CTpouTensCTBO aBTOZOPOKHBIX U TOPOACKUX TOHHEJNEH: yd. OCo-
6ue. M.: PHOP; MHOPA-M, 2014. 397 c.

6. Maxkosckuii JI. B., Cyna H. A. Pacuet kpenu KOTJI0BaHOB IIPU CTPOUTEIILCTBE MOJ3EMHBIX COOpPYXKe-
HUH (UOEPIITacCOBBIX aHKEPOB B MIOJ3EMHOM CTPOUTENBCTBE: Y. mocodbue. M.: MAJIU, 2011. 88 c.

7. Taghavi S., Miranda E. Seismic performance and loss assessment of nonstructural building
components // Proceedings of 7th National Conference on Earthquake Engineering, Boston, 2002.

8. Buxynos B. M., Kopaunkos M. B., 3otees O. B. IloBbimenue 3¢ pekTHBHOCTH KOHCTPYKIMH aH-
KEpHOM Kpenu KOTJIOBAHOB MPU CTPOUTEIHCTBE MOA3EMHBIX COOpyskeHuH // VI3BecTrs By30B. [ OpHBI Kyp-
Han. 2017. Ne 1. C. 62-70.

9. Bukynos B. M., Kopaunkos M. B., ITonoBoB b. JI. OueHka reoTeXHUYECKUX PUCKOB IIPH MTPOESKTU-
POBaHUM aHKEPHOW Kpeny KoTioBaHa // M3Bectns By30B. [opHsIit xkypHan. 2017. Ne 4. C. 33-40.

10. Metoanieckie peKOMEHAAINH MO TPOEKTHPOBAHHIO CBAfHON KPEITH B KOTIOBaHAX METPOIIOINTE-
HoB. M.: [IHUMC, 1986. 87 c.

11. Ilomosos b. /1., KopamnkoB M. B. ['eomexannueckoe oGecriedeHre mMaxTHOTO U IIO3EMHOTO CTPO-
UTEIbCTBA: AIEKTPOHHBIN yueOHuk. ExarepunOypr: YITY, 2017. 998 c.

12. Lampros Koutas Use of anchors in shear strengthening of reinforced concrete T-beams with FRP
Conference Paper. June, 2012. P. 168.

Toctynuna B penaxkuuto 11 mast 2018 rona

Bukynos B. M. O6ocHoBan#e 3G GEeKTHBHOCTH KOHCTPYKIU#T BOCXOIAILIEH aHKep-
HOHM KpeIy U OIeHKa yCTOMYMBOCTH OTPaKACHUII CTeH ITyOOKHMX KOTJIIOBAHOB //
W3zBectus By3oB. ['opHblii xypran. 2018. Ne 7. C. 28-36.

Caezenus 00 aBTopax:

BukynoB Biagumup MuxaidjioBuu — crapiiuii mpernogasaresib Kadeapsl MIAXTHOTO CTPOUTENHCTBA
VYpasbCcKkoro rocynapCTBEHHOTO TopHOTO yHUBepcuTeTa. E-mail: zmk osad@mail.ru

SUBSTANTIATION OF ASCENDING ANCHOR SUPPORT EFFECTIVENESS AND
THE ESTIMATION OF DEEP FOUNDATION PIT WALL BARRIERS STABILITY

Vikulov V. M.!
! Ural State Mining University, Ekaterinburg, Russia.

Research aim. Within the context of developing anchor support structure, substantiation and justification

of ascending anchors application which applying rationality is conditioned firstly on the elimination of
complex laborious processes on the arrangement of injection anchors with the use of hard manual labour.

Research relevance. Increase in the stability and bearing capacity of barriers, constant visual control over
the state of attachment points of every anchor, anchor ties recoverability and their multiple use will ensure
the development of more effective secure and high-technology industrial processes under urban

underground opencast construction.

Methodological fundamentals of the research. Basic analysis principle of multi-layer ascending anchor
support of a foundation pit is the creation of enclosing structure calculation. It is based on the numerical
solution of the problem of a beam bending, one of the ends of which is fixed in elastoplastic soil and held
by contacts (anchors), when the intensity of the lower poles ends pressure on the ground is estimated with

the account of linearly changing modulus of subgrade reaction in depth of fixing. In the quality
of foundation pits anchor support structural elements, two types of anchors are examined: active,

or preliminary tensioned about 30% and more from the designed load, and passive, with definite level of
tension ensuring anchor centering.

Results. In the course of research, dependence is set between ascending anchor ascent angle and the
internal friction angle of a corresponding soil layer actualized in the conditions of active strengthening of
a pile row excluding the formation of shearing forces on the sliding triangle slipping surface preventing
from irreversible deformations of barriers in the immediate vicinity of foundation pits.

Key words: anchor support; ascending anchor structure; active and passive anchors, enclosing structure;
sliding triangle; optimum value of an ascending anchor ascent angle.
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MATHEMATICAL AND COMPUTER MODELING
OF THE STRESS-STRAIN STATE OF THE ROCK MASS COMPOSED
OF TWO ROCK TYPES NEAR THE CIRCULAR PRESSURE EXCAVATION

SAMMAL' A. St, ANTSIFEROV S. V.1, PAVLOVAN. S.1
' Tula State University
(Lenin Prospect, 92, Tula, the Russian Federation)

Research aim is to get the analytical solution of geomechanics topical problem of applied significance
in hydrotechnical construction connected with the stress-strain state estimation of the rock mass
composed of two rock types with various stress-strain behaviours in the vicinity of the circular pressure
excavation located near the rectilinear interface between rocks.

Research methodology is based on the application of the complex variable functions theory,
the properties of series with complex coefficients, and the integrals of Cauchy type.

Research results is the complete calculation algorithm developed, featuring iterative process computer
implementation, the first convergence of which considers the well-known problem for circular opening
within infinite homogenous isotropic medium under internal pressure; and the influence of the interface
between rocks is considered by means of setting additional pressures which are defined more precisely
at the following iterations. The criterion for the iterative process completion is satisfaction with
the required accuracy of all boundary conditions assigned (during calculation, maximum inaccuracy
didn't exceed 107°). The obtained results were used to develop computer model of the problem under
consideration which has been implemented in the software package of the FEM (finite elements method)
with the aim of specifying the sizes of the modeling domain and for boundary conditions formation.
Finally, the comparison of analytical and numerical modeling results is introduced as applied
to the specific excavation.

Conclusion. The analysis of the obtained results allowed to conclude that the high accuracy
of calculation with the use of FEM is achieved only in case of setting sufficient research area (each size
must significantly exceed five radii of excavation).

Obtained results application area is the development of underground structures calculation design
methodology.

Key words: rock mass; pressure excavation; theory of elasticity, boundary conditions; computer
modeling.

Introduction. The forecast of the stress-strain state of the rock mass in the vicinity
of pressure excavations is an important applied problem which is considered within the
context of geomechanics as long as the obtained results create theoretical foundation
for applied problems solution connected with hydrotechnical tunnels underground
structures design. This accounts for a multitude of recently made analytical, numerical,
and field investigations dedicated to the indicated important scientific-engineering
problem [1-7]. It should be noted that the development of software technologies which
significantly raised the possibilities of not only numerical modeling of various
geomechanical processes within the rock mass, but also predetermined the development
of analytical calculation methods which play important role in analyzing the regularities
in pressure fields formation around mine workings. Thus, due to the use of modern
computer hardware, there appeared the possibility to forgo complicated mathematical
transformations; it has significantly simplified the process of obtaining calculation
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forms representing strict analytical solutions not by closed formulae but by computation
algorithms which, as a rule, implement iterative processes where the functions which
should be defined are represented as series. At that, the accuracy of the calculation
process can always be controlled in each convergence, and the final accuracy of the
calculation is checked upon completion as a result of assessing the inaccuracy in
satisfying boundary conditions.

Up to the present, analytical methods of calculation in geomechanics reduced to the
analysis of situations where the rock mass surrounding the excavation was modeled
with homogenous medium or possessed so called technological inhomogeneity which
meant circular variation of deformation and strength properties of rocks in the vicinity
of the excavation as a result of technological factors influence, for example, massif
weakening as a result of drilling and blasting influence, or, on the contrary, strengthening
by means of injecting binder solutions into the massif [8]. Because of the lack of the
corresponding analytical methods, the influence of bedded structure of the rock masses
composed of various rock types was accounted only on the basis of computer modeling
with the use of numerical methods, the most accepted of which was the method of finite
elements (FEM) [9].

‘4 s [Eov ]

S [Eove]

Fig. 1. Rock mass modeling
Puc. 1. MozpenupoBaHue ropHOTO MacCHBa

Setting the research problem. The current research suggests new analytical
solution to the problem of geomechanics on the stressed-strain state of the rock mass
composed of two rock types with various stress-strain behaviours in the vicinity of
circular pressure excavation located near rectilinear interface between rocks.
The obtained solution allowed to fulfill the comparative analysis of mathematical and
numerical modeling results and formulate specific recommendations for the development
of computer model implemented in FEM software system which allowed to obtain the
fullest compliance between calculation stress fields and displacements around
the excavation in the particular case under consideration.

The rock mass is modeled with the area composed of two semi-finite media S, and
S, modeling corresponding rock beds with rectilinear interface line L (calculation
scheme of the set problem is introduced at fig. 1). Pressure excavation constructed
below the interface between the rocks at the depth H is modeled with the circular
opening with the radius R, the contour of which is subject to uniform normal pressure P.
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Rock beds, areas S, (j = 0.1), possess various stress-strain behaviours — deformation
modules E. (j = 0. 15 and Poisson coefficients v, (j = 0.1) and are deformed collectively,
i.e. atthe interface line L the conditions of normal and shearing stresses and displacements
vectors continuity are met.

To solve the indicated problem, the method suggested in the research [10] has been
applied, which is based on the complex variables analytical functions theory, which has
been modified with regard to the features of the calculation scheme under consideration.

Analytical solution of the problem. Cartesian coordinate system xOy is introduced,
the origin of which is located at the center of the opening (excavation). The direction of
the real axis Ox is specified parallel to the interface L. After assigning all geometrical
dimensions to the excavation radius R, the coordinates of the points ¢ belonging to the
interface L will be defined according to the formula:

t=x+ih,

where £ is the relative distance from the center of the excavation to the interface
L, h=H/R,.
, 0

S E; = 2000 MITa,
V1= 0,35

Ey = 10000 MITa,
Vg = 0,3

% R=1800

Fig. 2. Distribution of stresses in the vicinity of the pressure excavation
Puc. 2. PacmpeneneHune HamnpspkeHHMH B OKPECTHOCTH HAMOpPHOH
BBIPaOOTKH

Stress-strained state of the media S; (/=0.1) is defined with the help of complex

potentials of Kolosov and Muskhelishvili [11] ¢ (z), ¥ (z)which are represented as
] ]

(T)J_(Z)Z(POYO(Z)'F(PI_(Z); \.T,/j(Z):\IrIOVO(Z)-F\Vj(Z), (1)
where @ ((2), ¥, ((2) are the analytical functions which are regular in a complete plane
S,+S, beyond the opening and disappear at infinity (at that stress-strain behaviours of
the examined infinite area are accepted the same as in the lower medium S); ¢,(2),
y/(2), where j = 0.1 are the functions which are regular in the corresponding half-planes
S'/ with the help of which the account of the presence of infinite line L is accounted — an
interface between the beds with various stress-strain behaviours.
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Boundary conditions at the interface L which divides the layers are written as [11]
_ @)

-1
where Eej :3_4Vi’ Bo= Ej [2(1+ Vj):| .
At the contour of the excavation L the boundary condition is as follows:

¢, (1) +1t¢) (t)+w (t)=—pt.

It is easy to note that if stress-strain behaviours of media S, are set the same in the

calculation scheme of the problem under consideration (fig. 1), i. . assume £ = E|,
Vv, = V,, then conditions (2) reduce to identities which result in equalities:

¢ (2)=0 v (z)=0. 3)

On the other hand, having imposed condition (3) as the first convergence of a
solution we have been led to the well-known problem about the stress- strained state of
the elastic plane weakened by a circular opening, the contour of which is subject to
uniform internal pressure. Complex potentials @, ((z), ¥y,(z) in this case may be
represented as series:

Oa0(2)= Zlc(l)w)zfv; v, (2)= 2 ez, (4)

v
v="

where ¢ are the sought coefficients under j = 1, 2.

In the following, taking into account (1) and applying operations similar to the ones
described in the research work, as a result of conditions (2) transformation, and through
the potentials @ (), ¥, ((2) it is possible to arrive to the expressions for the remaining
sought functions:

—%[z@(z—zm)ﬂa(z—zih)}
¥,(2) =0, (2-21H)~(2-2H ), (2);
9,(2)=d| 20 (2= 2ih)+ v, (2-2ih) |+ (s- D)o, (2);
v, (2) =—~(2-2ih)g) (2) +1o,, (z-2ih)+ (n-1)| (z-2H )} (2)+v,,(2) |

where s=£1+h aeoJ-(a31+l)l; dz{l—i]-('&ﬁl)l;

Ho Ho

|:[al_ﬁae0].(ael+1)l; nz[al+ﬁJ.(ael+1)1.

Hy Ho

¢, (2)=

)
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Thus, as a result of expressions (4) substitution in the correlations (5) the solution of
the said problem may be reduced to the search for the two groups of unknown quantities

Cik)(o) (k=1,2; v=0, .. ,oo) through which all the sought functions are expressed

which determine stress-strained state of the areas under consideration.

Having limited infinite series (4) up to N members we present the process of
calculations in the form of the algorithm which implements a well converging iteration
process the first convergence of which is build through meeting conditions (3) and

solving the problem for an infinite plane with a circular opening the contour of which

is subject to uniform pressure [12]. The coefficients Cik)(o) found in the first convergence
are substituted in the formulae (4) and (5), and the process of calculations continues
until the distinctions between the sought coefficients found in the previous and the
following iterations are lower than the pre-determined small value which determines
the accuracy of the calculations, for example, 10-°. After the coefficients of the series
(4) are found, potentials (1) are being determined, and after that it is possible to calculate
stresses and displacements in the areas under consideration which model the mass
composed of two rock types using the formulae of Kolosov and Muskhelishvili.

) e

Fig. 3. Stress diagram o/P at the contour of the excavation
Puc. 3. Dmropa HanpsoKeHHH 6/ P Ha KOHTYpE BBIPaOOTKH

Comparative analysis of analytical solution and numerical modeling results.
The described solution is implemented in the form of a complete algorithm and
computer program which allows making multivariant calculations with the purpose of
analyzing stress-strained state of soil mass in the vicinity of a circular excavation.

It can be easily noted that in a particular case accepting £, = 0 and v, = 0.5 as initial
data we come to a well-known solution of a corresponding problem for a shallow
pressure excavation [12].

Further, as an example, the definition of tangential (circumferential) stresses in the
vicinity of a pressure excavation (fig. 2) is considered, obtained as a result of calculating
by the suggested method and computer modeling with the method of finite elements
under the following data R;= 1.8 m; H=2m; £, = 10 000 MPa; v, = 0.3; £, = 2000 MPa;
v, = 0.35.
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As long as in the process of computer modeling the applied two-dimensional
computational scheme is one of the simplest in geomechanics, it is considered that its
implementation should be standard, and due to the load being self-balanced it is possible
to forgo implicit techniques ensuring model’s balance. At that it was curious whether
the complete correspondence between the obtained results occurs at once, or in the
particular given case there will be the need for the model’s correction (for example, it
will be necessary to expand the area under consideration) in order to reduce the
divergence between the results of analytical and numerical calculations up to
the acceptable values.

Fig. 4. Isofields of circular stresses oy around the excavation
Puc. 4. V3010751 OKpY>XKHBIX HANPSOHKCHUH Gy BOKPYT BBIPAOOTKH

Stress diagram obtained as a result of calculating by the suggested method is
presented at fig. 3 in a dimensionless form (in the initial pressure value P proportions).

In the process of computer modeling the dimensions of the area under consideration had
to be expanded up to 20 x 22 m. At that, satisfactory results agreement has been obtained
under various boundary conditions (divergence in each considered case didn’t differ by
more than 5%). Isofields of normal tangential stresses in the vicinity of the excavation are
presented at fig. 4. P =1 MPa was accepted as a load in the process of modeling.

Conclusion. As follows from the calculation schemes introduced, divergence
between mathematical and computer modeling results in the considered case doesn’t
exceed 8%. It should be noted that high accuracy of the calculation with the use of FEM
has been achieved as a result of solving the problem of a significantly large exploration
area each dimension of which significantly exceeds SR.
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MATEMATWUYECKOE 1 KOMNbIOTEPHOE MOLENWPOBAHWUE HANPAXEHHO-
JE®OPMUPOBAHHOIO COCTOAHWUA FOPHOIO MACCUBA, CITOXEHHOIO ABYMA TUNAMU
MOPOM, B OKPECTHOCTU HANOPHOW KPYrOBOW BbIPABOTKY

Cammaus A. C.!; Aunudepos C. B.}, ITasiosa H. C.!
! TynbCKuii rocynapcTBEHHBII yHUBEpCHTET, I. Tyina, Poccust.

Lenvto pabomul sasnaemcs noryuenue aHAIUMU4ecKo20 peueHus akmyanbHou 3a0a4u 2e0MeXaHuKy, ume-
1ouell 8adcHoe NPUKIAOHOe 3HAYEHUe 8 2UOPOMEXHUYECKOM CIPOUMENbCIEe, KOMOPas CEA3aHA C OYeH-
KOU HANPAHCEHHO-0eDOPMUPOBAHHOZ0 COCMOAHUS 20PHO20 MACCUBA, CILOHCEHHO20 08YMS IMUNAMU NOPOO
€ PABTUYHBIMU 0ePHOPMAYUOHHBIMU XAPAKMEPUCMUKAMU, 8 OKPECHHOCIU KPY2080U HANOPHOT 8bIpabom-
KU, PACRONONCEHHOU 601U3U NPAMOTUHEHON SPAHUYbL PA30ed NOPOO.

Memoodonozus npoeedeHus uccied08anus OA3UPYemcs Ha NPUMeHeHUU Mmeopuu GYHKYUL KOMNJIEeKCHO20
nepemMenH020, C60UCME PAAOE ¢ KOMNIEKCHbIMU KOdPPuyuenmamu u unmezpanos muna Kowu.
Pesynvmamom 6vblnoNHEHHO20 UCCIE006AHUA AGIACMCS PA3PAOOMAHHBII NOHBII ATCOPUMM pACyemd,
0CODEHHOCMBIO KOMOPO2O ABIAENCA KOMNbIOMEPHAS Peanu3ayus UmepayuoHHo20 npoyecca, 20e 6 Nepeom
NPUOTUINCEHUU PACCMAMPUBAEINC U3BECHHAA 340a4d OIS KPY208020 OMEEPCMus 8 6eCKOHeU-HOU 00HO-
POOHOI U30MPONHOU cpede npu Oelcmeuu eHympenHe2o 0aleHus, a GIusAHUe epaHUybl pazoerd nopoo
Yuumvleaemcs Hymem 3a0aHus OONONHUMENbHIX HANPANCEHUl, VIMOUHAEMbIX HA CIeOVIOWUX ume-
payusx. Kpumepuem 015 3a6epuienus umepayuoHHO20 npoyecca AeAemcs y0osjiemeopenue ¢ 3a0aHHOU
MOYHOCMbIO 8CeX NOCMABNIEHHBIX ZSPAHUYHBIX YCA08Ull (NpU NPOBEOEHUU PACHemos8 MAKCUMATbHAS
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noepewnocms ne npesviwiana 107°). Ionyuennvle pe3ynbmanivl UCHONb306aHbL NPU NOCHPOEHUU KOMNbIO-
MepHOUl MOOenU paccmMampusaemotl 3a0aqu, peaiu3o8antoll 6 npoepammuom komniexce MKO (memoo
KOHEUHbIX JNIEMEHMOB) C YeNblo YMOYHEHUs PASMEPO8 001aCmU MOOENUPOSAHUS U POPMUPOBAHUA 2pa-
HUYHBIX YCI06ULL. B 3aKnouenue npusooumcs cpashenue pe3yibmamos aHalumu4ecko20 U YucieHHo20
MOOENUPOBAHUS NPUMEHUMENLHO K KOHKPEMHOU 8blpabomke.

Bu1600. Ananusz nonyuennvix pesyibmamos no360aul 3aKII04UMb, YMO BbICOKAS MOYHOCHb pAcCyema ¢
npumenenuem MKD docmueaemces monvko npu 3a0anuu 00CmamouHo 601buiol 001acmu Ucciedo8aHus
(Kaod#cowill U3 pasmepos O0NAHCEH CYUeCB8EHHO NPESbIUAMb NAMb PAOUYCO8 8bIPAOOMKLUL).

Obnacmb npumeHenUs NOIYYEHHBIX PE3VILMAMO8 — COBEPUIEHCTNBOBAHUE MEMOOON02UU paciema u
NPOEKMUPOBAHUSA NOOZEMHBIX COOPYHCEHUIL.

Knroueswvie cnoea: ZOPHbZIZ maccue, Hanopras eblpa60m1<a; meopust ynpycocmu, cpanudnsvle yCl106Us,
KoMnblomepHoe MOO@/ZMPOBLIHM@.
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WCCNEAOBAHUE COCTOAHNUA MACCUBA
BBJIU3N OTBETCTBEHHbIX MOA3EMHbIX BbIPABOTOK
1 B LEJIUKE MEXOY HUMU

ABPAMOB H. H.1, 3EMLIOBCKWW A. B.!
" TopHblit MHCTUTYT Konbckoro HayyHoro LeHTpa PAH
(Poccews, r. Anatutebl, yn. ®epcmana, 24)

Ieny nacmoawux uccne008anuii 3aKI04ALAC 8 OYeHKe YCMOUYUBOCU 08YX NOOZEMHBIX 8bIpAOOMOK,
BMeWaruux MawuHHblll 31 U WUMOBYIO 2aNeper0 NOO3EMHOU 2UOPOINEKMPOCIAHYUU.
Axmyanvhocms uccnedosanuii. Obecneuenue onumenvrou dezonacuot sxcnayamayuu I'IC 6 ycrosu-
AX CIMAMUYecKUx U OUHAMUYECKUX HAZPY30K Onpedensiem akmyaibHOCmb UCCIe008aHUL NO KOHMPOIIO
YCMOUYUEOCMU NOO3EMHBIX COOPYICEHUT CIMAHYUU.

Memoouka npogedenus uccnedo8anuil. [{ns peuwienus 3moi 3a0a4u UCHOIb3068aHbL HANYPHbIE MEMOObl
UCCIe008AHUA U HUCTEHHOE MOOETUPOBAHUE HANPANCEHHO-0ePOPMUPOBAHHO20 COCNOAHUA MACCUBA NO-
poo. Durcupyemvle npossieHUs NPOYECco8 3aKoN000pa306anusi 0OHANCEHUL 8bIPAOOMOK 06YCI108UNU
8b100D KOMNIIEKCA HAMYPHBIX MEeNO0008, BKIIOHAIOWe20 KOHMPOIb cMeweHull u depopmayuil nopoo Ha
NOBEPXHOCU BLIPADOMOK U CECMOMOMOPAPUUECKUTE MOHUMOPUHS DUSUKO-MEXAHUYECKUX XapaKme-
pucmuk nopoo maccuea. s oyenku coCmosHus ¢ NOMOWbI0 MemMooa KOHeUHbIX 1eMeHmos ObLIo npo-
6€0€HO HUCIEeHHOE MOOETUPOBAHUE NONeU HANPANCEHUL, OeCMBYIOUUX 8 MACCUBE BOKPY2 BbLIPADOMOK.
Peszynomameul. Ilonyuennvie 6 pesyivmame 8bINOIHEHHbIX pAbOmM OAHHbIE NOKA3BIBAIONT, YMO YCHMOUYU-
60CMb CKANbHBIX OOHANCEHUL NOO3EMHBIX COOPYICEHUL ONPEesiemcs 8 OCHOSHOM CIPYKMYPHbIMU 0CO-
OeHHOCMAMU MACCUBA 8 YCIOBUAX B030€UCMBUS HA HUX NPUPOOHBIX U MEXHOZEHHBIX (PAKMOPOS.
Oénacmy npumenenusa pesynvmamos. Ilpedcmasiennviili KOMNIEKCHbIL Memoo npedaazaemcs npume-
HAMb NPU MOHUMOPUH2E COCIMOAHUS MACCUBA BONU3U OMEEMCMEEHHBIX NOOZEMHBIX 6bIPAOOMOK.

Knrwuesoie cnosa: noozemnas eblpaﬁomka; Yeinux, ceﬁCMomo/woepa(])uﬂ; HucieHnoe MOO@/IUPOBQHU@,’
MOHUMOPUHS.

Brenenne. Llens HacTOAMMX MCCIETOBAaHUM 3aKITHOUAIach B OLIEHKE YCTOMYUBOCTH
JBYX TIOI3€MHBIX BBIPa0OTOK, BMEIIAIOLIMX MAIIMHHBIN 3aJ1 ¥ IIUTOBYIO Tajiepero mo-
3eMHOM TuaposnexTpoctaniuu (I'9C). Maes ncnonap3oBaHus MOA3EMHOTO MPOCTPaH-
CTBa /ISl pa3MEIIeHNs] B HEM OTBETCTBEHHBIX OOBEKTOB PA3IMYHOTO HAa3HAYCHUS Ha
CETONHSIIHUN ACHB SBIIICTCS JOCTAaTOUYHO 000CHOBaHHOM Kak B Poccum [1, 2], Tak u 3a
pyoexom [3, 4]. ObecnieueHne ATUTENHHONW OE30MACHOM DKCILTyaTallMH TOJAO0OHBIX
00BEKTOB B YCJOBHUSX aKTUBHBIX BHEIIHHMX BO3JCHCTBUI ONMpenensieT akTyajJbHOCTb
MCCIIEZIOBaHUI! IO KOHTPOJIIO YCTOWYMBOCTH MOI3EMHBIX COOPYXEHUN 1 TOPOAHBIX I1e-
JIMKOB MEXKIY HIMH, TIPH STOM HCIIOIB3YIOTCS M HaTYPHBIE METObI TeOMEXaHINIECKOTO
MOHHTOPHUHTA, W YHCIEHHOE MOJEINPOBAHUE HANPSKEHHO-Ie()OPMUPOBAHHOTO CO-
CTOSIHMSI MaccuBa nopoza [5-9].

3aaua KOHTPOJS YCTOMYMBOCTH PEIIANach Ha y4acTKE MacCHBa MOPOA, BMEIIAIO-
miero noazemuyro ['9C na Konmsckom momyoctpose [10, 11]. Komruieke moa3eMHbIX
COOpYKEHUH, paCIOJIOKCHHBIX B OJIOYHOM IPaHUTOTHEWCOBOM MacCHBE MOPOJ Ha TITy-
o6mre 60—90 M OT TOBEPXHOCTH, BKIIOYAET MAITMHHBIN 3aJI C pa3MEIICHHBIMA B HEM
YeThIpbMs THIporeHeparopaMu mno 67,5 MBT kaxaplil, IIMTOBYIO Iajepero, IITOIBHIO,
TPaHCIOPTHYIO U Apyrue BbipaboTku. CedeHus coopykeHuit Bappupytot ot 30 10 700 M2,
3aKpeIJICHBl B OCHOBHOM OOJIerdeHHON Kpernbio. CPOK DKCILTyaTallii COCTaBIsIeT 00-
nee 50 net. B nenvke mopoasl MOIHOCTBIO 25 M MEXIY JAByMs MapajyeIbHBIMU BbI-
paboTkaMu (MAIIMHHBIM 3aJI0M IUToMaasi0 600 M? U IUTOBON ranepeeii) GpuUKCHpO-
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BaJICsI MPOIIECC AKTUBHOTO 3aK0JI000Pa30BaHuUs B CBOJIC COCTUHUTEILHON BRIPAOOTKHY.
OpraHn30BaHHBIN 37I6Ch BBICOKOTOYHBIN Je()OPMAIIHOHHBII MOHUTOPHHT CTPYHHBIMH
JICTOMETPAMH TaK)Ke BBISIBUJI yCTOWYMBBIE J1e)OpMaIMOHHBIC TPEHIBL.

MeTtoauka npoBeeHus uccjaeaoBanuid. /[ ananusza cTeneHu BIUsSHAS pa3InYHbIX
(hakTOpOB Ha YCTOWMYMBOCTH COOPYKEHHUH UCTIOIF30BaHA KOMILUIEKCHAS METOMKA HCCIIe-
JIOBaHWIA, BKJIFOYAIOIIAs YHCICHHOE MOJISIIMPOBAHUE HANPSHKEHHO-NIe(hOPMUPOBAHHOTO
coctostaus (H/IC) maccuBa mopon, mpsiMble HaTypHBbIE METOIbI 1e(pOpMALMOHHBIX Ha-
OromeHuit Ha CIIEITUAIEHO 00OPYIOBAHHBIX TEOUHAMHYECKUX TTOJIUTOHAX U CEHCMOTO-
MoTpaduIeCKHi KOHTPOJIb XapaKTEPUCTHK MacCHBa Ha PA3IMIHBIX €ro ydacTkax [12].

Ta6auna 1. [IpuHsAThIe 1J5 pacyeTa PU3NKO-MEeXaHUYECKHEe XaPAKTEPUCTHKHU MOPOI
Table 1. Physical-mechanical characteristics of rock accepted for calculation

Tloka3aTens HOpOI[I)I BMCHIAIOIICTO MacCHuBa HOPOZ[I)I IECJIMKa
Mopyns ynpyroctu, MIla 58 300 50 000
Koapdumment [Tyaccona 0,220 0,285
InotHOCTS, T/M3 2,67 2,67

Pesyabrarsl ucciaenoBanuii. s onenkun H/IC ObUTO IpoBENEeHO MCCIIEOBaHUE
noJiel HanpsDKEHUH, IEHCTBYIONIMX B MacCHBE BOKPYT JIBYX HapaJlieJbHBIX BBIPa0oO-
TOK, C TTIOMOIIIbIO METOAOB YHCIEHHOTO MOAETHpoBaHus. ccnenoBanue mpoBOIMIOCh
JUTSL HE3aKPEIUIEHHBIX BRIPAOOTOK, MPONHICHHBIX B YIIPYTOM U30TPOITHOM MAacCHBE TOp-
HBIX Nopoa. YnciaeHHOe MOIETUPOBAHUE BBIIIOJHEHO ¢ MOMOUIBI0 METOJA KOHEUYHBIX
3JIEMEHTOB B JABYXMEPHOM yNpyroi MocTaHoBKe. [ paHNYHBIE yCIOBUS 3a7aBajuCh Ha
OCHOBE JIaHHBIX, CBUIETEIbCTBYIOIINX O AEHCTBUU B MACCHBE TOJIKO I'PAaBUTAIL[IOHHO-
ro TUNa nois HanpsokeHui. [IpaBas, neBas U HIKHSS TPaHUIBI ObLIH MIAPHUPHO 3a-
KperieHbl. Ha KayKIbIid 2IeMEeHT MOJISIH ICHCTBOBAJIA CHJIa TSDKeCTH P, koTopas orpe-
nemsmack o Gopmyne P = yH, tme vy — ymenmsHBIH Bec moponmel; H — miyOmna
pacronoxxeHus 3neMenTa (taom. 1).

Puc. 1. Pesynerarsr unciaensoro mopenuposanus HJIC B OKpeCTHOCTH ABYX NapauIeNbHBIX BEIPAOOTOK:
a — pacrpezielieHe MakCUMallbHbIX HanpsbkeHui, MIla; 6 — pacnpenenenue cMeLeHui, M
Fig. 1. SSS numerical modeling results nearby two parallel excavations:
a — maximum stress distribution, MPa; 6 — displacements distribution, m

IIpy ananu3e MakCMMaabHOW KOMIIOHEHTHI TE€H30pa IVIABHBIX HANPSIKEHUH ©
(puc. 1, a) ycTaHOBIEHO, YTO 3HAYEHHUS G, . B palioHE BBIPAOOTOK KoneOmoTes ot 1 10
3 Mlla, a B nenuke He npessimiarot 2,5-3,0 MIla.

OcHOBHBIE 30HbI KOHLIEHTPALMA HANPSOKCHUM G, TIPHYPOUCHBI K CONPSIKECHUAM
CTEHOK BBIPAOOTOK C KPOBJICH W MMOYBOM U He npeBbimaoT 4—5 MIla. AHanu3 MUHU-
MajbHOM KOMIIOHEHTHI TEH30pa INIABHBIX HANPSHKEHWH I10Ka3aj, YTO 3HA4YEHUs C,
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koneomores ot 0 1o 1 MIla 1 IBISIOTCS COKUMAIOMIUMU. B 11eNHKe Takike He BBISBIICHBI
30HBI PACTATHBAIOIINX HATIPSKCHUH.

IIpencraBisier HHTEpEC TaKKe KapTHHA PACIIPEICIICHUST PACUCTHRIX CMEIIEHUH I10-
PO B paifoHe BEIPaOOTOK U IENTUKE, TIpeICTaBIIeHHas Ha puc. 1, 6. Kak BUIHO U3 pHUCYH-
Ka, HauOoIpIue cMerieHus, focturas BeinudrH 0,19-0,22 MM, iprypoveHbl HeToCcpe-
CTBEHHO K CTEHKE KaXK0H U3 BEIPa0OTOK, MPUYEM CMEIIEHHUS HMEIOT IIPOTHBOTIOIOKHBIE
3HAKH ¥ HAIPABJICHbI B CTOPOHY OOHAXKCHUH BBIPAOOTOK, CO3/[aBasi TEM CaMbIM BO3MOXK-
HOCTB Pa3BUTHS 30H Pa3yIJIOTHEHUS BHYTPH IEIHKA 110 JIMHUU A—A.

a
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Puc. 2. Pe3ynbTaTsl HATYpHOrO MOHUTOPHHTA AedopMalivii B ToA3eMHOM MalHHOM 3ajie ['OC:
a — 110 3aKpeIUIeHHs] KOHTYpa BBIPaOOTKH; 6 — IOCIIE 3aKPEIUICHUs] KOHTYpa BBIPaOOTKU
Fig. 2. Deformations numerical modeling results in the underground engine room of HPP:
a— before securing the excavation outline; 6 — after securing the excavation outline

OILHaKO TIOJIYYEHHBIE PE3YJIbTaTbhl MOACIHNPOBAHUA OTPAXKAKT JIMIIb CTaTUYHYIO
KapTHUHY (l)OpMI/IpOBaHI/Iﬂ COCTOAHUSA MaCCHBa, HC YUUThIBAsA €ro AMHAMUKY OT BO3,I[Cﬁ—

CTBUSI IPUPOJHBIX U TEXHOTECHHBIX (PAKTOPOB B IMPOIECCE IKCILTyaTAllMH U MTO3TOMY
MMEIOT B OCHOBHOM Ka4€CTBEHHBIN XapakTep.

Ta0auna 2. Pe3yabTatsl celicMoTOMOrpauyeckoro MOHUTOPHHIA MAacCHBA MOPOJ HA yYACTKax
HII-2 u HII-3

Table 2. Therock mass seismotomogr aphic monitoring results at NP-2 and NP-3 sections

KonTposnbHbIit CKOpOCTh POIOJILHOM Moyb ynpyroctu
y4acToK BOJHBI Vp, KM/C Kooguupenr Myaccona E -10*MIla
HII-2 3,50-6,50 0,12-0,39 2,5-10,0

5,05 0,285 4,95
HII-3 4265 0,15-0,35 10,5-14,0
5,46 0,24 12,5

Pe3ynbraTtel MHOTOJIETHETO HATYPHOTO MOHHUTOpWHra B BbIpaboTkax ['DC mon-
TBEPXKTAIOT OOIIMIA XapakTep Pa3BUTHS TCOMEXAaHHUYECKHUX IPOIIECCOB B MACCHBE.
Ha puc. 2, a npencraBieHsl pe3ysIbTaThl KOHTPOIIS AehopMaruii B 00CIIeTyeMOM TETTHKE
MeX]ly BRIpa0OTKaMH 3a TPH Toja HaOIONEeHUH.
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Kak ynanocs ycTaHOBUTH € HCIIOIB30BAaHHEM CEHCMOTOMOTPa(UIecKOro MOHHTO-
PHHIa MacCiBa 0 CKOPOCTSM HPOJOIBHON V, 1 MONEePedHON V, BOIH Ha PA3IHYHBIX
ydJacTKax, IPUIMHON U3MEHEHUS! COCTOSHUSI MAaCCHBA SIBIISIFOTCS TIOCTOSHHO JEHCTBY-
OIIMe HU3KOAMIUTUTY/IHBIC BHOPOHATPY3KH PAaOOTAIOIINX B MAIIMHHOM 3aJie THApOre-
HeparopoB. Pesynbrarel pacueToB (DU3MKO-MEXaHHUECKUX XapaKTEPHUCTHK MaccuBa,
XapaKTEepPUCTHK MOPOJ MACCHBA HA yYacTKax B ONMKHEH 30HE BIMSHUS BUOPOHATPY30K
(HII-2) u BHe ee (HII-3) npeacraBieHs B Tadm. 2.

Ha puc. 3 npencrapieHbl CeiCMOTOMOTPaMMbI BBITIOJHCHHBIX HAONFOICHHUN ISt
9THX K€ YYaCTKOB.
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Puc. 3. Pesynbratsl ceficMoToMorpadnueckoro MOHUTOpHHTa MaccuBa Ha ydactkax HIT-2 u HII-3:
a — TOMOrpaMMa CKOPOCTH; 6 — TOMOTpaMMa PaclpeAeieHus MOyl YIPYroCTH; 8 — TOMOTPaMMa pacrpeeaeHus
ro3¢pdunmenta ITyaccona
Fig. 3. The rock mass seismotomographic monitoring results at NP-2 and NP-3 sections:
a — velocity tomogram; 6 — elasticity modulus distribution tomogram; ¢ — Poisson coefficient distribution tomogram

AHaau3 U o0cyxaeHue pe3yiabTaToB. B pe3ynbrare YyMCIEHHOTO HCCIIEIOBAaHUS
HJIC maccuBa TOpHBIX TTOPOJ YCTAHOBJICHO, YTO 3HAUEHUS HAMPSIKCHUH U CMEICHUI
3HAYUTEIHHO HIKE KPUTHYECKUX W CBHIETEINBCTBYIOT 00 OTCYTCTBHHU YCIIOBHH IS
(hopMupoBaHMs pa3pyLICHUH Ha KOHType Bblpaborok. [lo manHomy daxropy Ha Mo-
MEHT CTPOMTENbCTBA MAaCCHB TOPHBIX IMOPOJ B pailoHE BBIPAOOTOK M LIETMKA MOXHO
0XapaKTepPHU30BaTh KaK YCTOMYHBBIH, O€3 MPOSIBIICHUH TOPHOTO AAaBJICHUSI.

Ananu3 gedopManmii B 00cieayeMoM LENuKe MEKAY BBIPa0OTKaMH 3a TPH ronia
noKazaj, 9T0 (pUKCHUpYeMBbIi TPEH]] CMEIICHUI COBIajaeT 10 3HAKy C MPOTHO3UpYe-
MBIM TIPY MOJIENIMPOBAHUH, HO IO BETMYMHAM CMEIICHUH TPUMEPHO Ha TIOPSIO0K BBIIIIE,
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YTO MPHUBEJIO BIIOCIIEACTBUM K Pa3yIIOTHSHHUIO TIOPOJHOTO IeNuKa. BBuay 3Toro Obutu
NIPELYCMOTPEHBI MEPOIIPUATHSA 10 JOIIOJIHUTEIBHOMY YKPEIUIEHUIO OMACHOIO YYacTKa
MacCHBa, TIOCJIC YeT0 TPeH/| cTabumuzupoBacs (puc. 2, 6).

Kak BuHO M3 IpUBEEHHBIX JaHHBIX, KOHTPOJIBHBIN yyacTok MaccuBa HII-2, pac-
TIOJIOXKEHHBIH B 30HE TEXHOTEHHOTO BO3ZCHCTBHUS, 00NaaeT ociaabieHHbIMHA (HU3HUKO-
MEXaHUYEeCKHUMH XapaKTepUCTHKaMHK (MOIYJIb YIPYTOCTH MEHBbIIE B 2,5 pa3a, ko3ddu-
nueHt Ilyaccona Beime Ha 15 %) mo cpaBHeHuto ¢ yuyactkom HII-3. Drtor dakr
CBUACTCILCTBYCT O HCTaTUBHOM BJIMAHUHN IJIATCIIBHBIX TEXHOTCHHBIX BO3I[€I>1CTBI/II>1.

B pesynbprare BBIMOTHEHHBIX TE€O()HM3NYECKHX HWCCIIEIOBAHUI YCTAHOBJIEHO, YTO
B 30HE BIIMSHUS JUHAMIYECKUX BHOPOHATPY30K MACCHB TIOPOI MTPOSIBIISIET CE0sT KaK JIHC-
KpeTHas Ccpefia, UCIBITHIBAIOIIAs KOoJeOaHHs B UAlla30HE YacTOT, OJM3KOM K 4acTOTaM
COOCTBEHHBIX KOJIEOaHUH OTIELHOCTEH MaccuBa. J[nuTenpHOE BO3ICHCTBUE STHX Ha-
IPy30K Ha MACCHB YCHJIMBACT U YCKOPSIET BIMSHUE €CTECTBEHHBIX MPOIIECCOB BHIBETPH-
BaHUs, CIIOCOOCTBYET OCIAOICHUIO MEXKOIOKOBEIX CBS3€H MAcCHBa W OKa3bIBACT HETa-
TUBHOE BITUSHHUE Ha YCTOHYHNBOCTH MMPUKOHTYPHOTO MacCHBA MOJ3EMHBIX COOPY KEHHIA.

BeiBoabl. TakuM 00pazoM, B pe3yibTare BBHIIOIHEHHBIX HCCIIEIOBAHUA MO OIIEHKE
COCTOSTHUSI MACCHBA BOJTU3M OTBETCTBEHHBIX TIOI3EMHBIX COOPYKEHHI U B LIEIUKE MEKIY
HUMH TIPOJIEMOHCTPUPOBAHBI BO3MOXKHOCTH KOMIUIEKCHOTO METOJIa JUTSl YCTaHOBJICHUS
PCaIbHBIX ITPUYUH AUHAMUKU COCTOAHUA MaCCUBa IIpU IIHI/ITGIII)HOI\/'I OKCIUTyaTaluyn OGT)'
exTa. BHenpeHue mpeyioxkeHHOr0 METO/Ia B CUCTEMY T'€OMOHHUTOPHHIA OyIeT CIoco0-
CTBOBATh MOBBIIICHUIO 0€30MMaCHOCTH AKCILTyaTaI[lH TIOA3EMHBIX COOPYKEHHH.
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THE STUDY OF THE ROCK MASS STATE NEARBY IMPORTANT UNDERGROUND EXCAVATIONS
AND IN A PILLAR BETWEEN THEM

Abramov N. N.1, Zemtsovskii A. V.1
I Mining Institute, Federal Research Center KSC RAS, Apatites, Russia.

Research aim is to assess the stability of two underground excavations storing an engine room and
a shield gallery of an underground hydroelectric power plant (HPP).

Research relevance. Ensuring the long-term safe operation of HPP under conditions of static and dynamic
loads makes relevant the studies on control over the stability of the station's underground structures.
Research methodology. To solve this problem, in-situ investigation methods and numerical modeling
of the stress-strain state of the rock mass have been used. The registered occurrences of excavations
outcrops slabbing determined the choice of in-situ methods including the control of rock displacements
and deformations on the excavations’surface and seismic tomographic monitoring of physical-mechanical
characteristics of the mass rock. In order to assess the state, numerical modeling of the stress fields has
been carried out in the rock mass around the excavations using the finite element method.

Results. The data obtained show that underground facilities rock outcrops stability is determined mainly
by the structural features of the rock mass under the influence of natural and technogenic factors.

Results application area. The introduced integrated method is suggested to be applied when monitoring
the state of the rock mass nearby underground excavations.
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3AKOHOMEPHOCTU NPOCTPAHCTBEHHOI'O PACMNONOXEHUA
TEKTOHUYECKUX HAPYLLEHWX B NONE COBPEMEHHOIO
HANPSAXXEHHOIO COCTOAHMSA 3EMHOW KOPbI

TATUINbLEB C. H.!
1'YpanbCckiil rocyaapcTBEHHbINM FOPHBINA YHUBEPCUTET
(Poccus, r. Ekatepunbypr, yn. Kyitbbiwesa, 30)

Lleny uccneoosanun. OcrosHOll yenvio OAHHO20 UCCIE008AHUA AGNAEMC OnpedeileHue NpoCcmpaH-
CMBEHHbIX 3AKOHOMEPHOCMEN 8 PACNOLONCEHUU MEKMOHUYECKUX HAPYUWEeHUL, AKMUBHBIX 8 COBPEMEeH-
HOM noJjie 2e00UHaMuiecKux Hanpsicenuti. Tekmonuueckue paziomsl paccmMampueaiomcs Kax cmpykmy-
Dbl pa3pyuieHus CKAIbHbIX MACCUBOS, BOZHUKAIOWUX NPU YCLOBUSAX, KO20A HANPSIJCEHUS 8 3eMHOL Kope
npesuIUaOm NPOYHOCIHbLE CEOUCMBA CKANLHBIX NOPOoO. Tekmonuueckue pasnomvl A6IsI0MCs NPUPOO-
HbIMU  pe2yisimopamy HAnpsidiCeHHO20 COCMOSIHUSL 3eMHOU KOpbl, obecneyusalowumu oepopmayuio
CKANbHBIX MACCUBOS U COPOC U3DLIMOUNBIX MeKmoHuyeckux Hanpsaxcenuil. Cogpemennas axmueusayus
MEKMOHUYECKUX HAPYWEHUT 3A8UCUN OM OPUEHMUPOBKU PA3LOMOG 8 NOJE COBPEMEHHbIX 2e00UHAMUYe-
CKUX HANPSdNCEeHUN, OeliCmEYIOuWUX 8 ONpedeleHHOM yuacmke 3eMHoU Kopbl. T eodunamuueckas smasic-
HOCMb 3eMHOU KOpbl Onpeodensem UsMeHeHUue OPUeHmupo8Ky ocell 2a6HbIX HANPANCeHUll ¢ 21yOUHO,
YUMo CIYHCUM OCHOGHBIM (PAKMOPOM 06PAZ08AHUSL MEKMOHUYECKUX PA3IOMOSE PA3HBIX KUHEMAMUYECKUX
munog (Haoeuzos, cosu208, coOpocos).

Pezynomamut uccnedosanuii. Ananus cospemeHnol 2e00UHaMu4ecKol CmpyKmypbl CKALbHbIX MACCUBOE
VYpanvckoeo pecuona noxaszvleaem, umo akmueHvle MEKMOHUYECKUE PA3LOMbL UMEION ONPedeseHHYI0
OpUEHMUPOBKY 8 COBPEMEHHOM nojie Hanpsaxcenull. Iiasnoe makcumanvhoe nanpsisicenue (I'MH), ¢op-
Mupyloujee 601bUUHCIEO AKMUGHBIX MEKMOHUYECKUX PA3IOMO8 8 COBPEMEHHYIO 2e002UUECKYI0 INOXY
Ha Ypane, umeem dsa npeobnadarowux Hanpasnenus (0se opuenmuposku). Ha nekomopwix obvexmax
ocnosHoe Hanpasnenue I'MH Oeiicmeyem no asumymy 260°. Ha opyeux meppumopusax npeobraoaem
opuenmuposxa I'MH co cpeonum azumymom 285°. Ouenv uacmo viA6asAI0MCs y4ACMKYU 3eMHOU KOPbI,
Ha Komopwlx npossusiomcs oba 3mux nanpasnenusi. Cospementoe nojie HaAnpsd’CeHull Ucnbimvléaem
onpeoeyiennvie 6apuayuLl, GblPANCAIOWUECS 6 USMEHEHUU OCHOBHO20 HANPAGLEHUsl CULOBO20 B030e€li-
cmeus. Hanuyue 08yx ocHOGHbIX HANPagieHuli CUN068020 8030€liCMEUs NPOSBIAEMC s 8 NPOCMPAHCIMEEH-
HOU opueHmuposKke mekmonuyeckux pasiomos. Cyujecmeosanue 3aKOHOMEPHOL cemu paziomMos s6si-
emcsi  2NeMEeHMOM CAMOOP2AHU3AYUU  CKATbHO20 MACCUB8A NOO  B030eUcCmeuemM MeKmOHUYeCKUx
HANPAXCeHUIl 3eMHOU KOPbL.

Oobnacme npumenenus pesyibmamos. Vzyuenue npocmpancmeeHnol OpUeHMUPOsKU U 2eoMexaHuye-
CKOU ponu MeKMOHUHECKUX pPA3ioMO8 UMeem B8adCHOe Npakmuueckoe 3nHayenue. Ieomexanuueckue
CB0UICNBA MEKMOHUYECKUX HAPYULeHULl ONpedensiom ux npoHuyaemMocms 0s NOO3eMHbIX 800, UHIICe-
HepHO-2eonocuyecKue XapaKmepucmuky CKATbHbIX MACCUBO8 U CMeNneHb COBPEMEHHOU 2e00uHamuye-
CKOU ONACHOCMU YYACMKO8 3eMHOU KODbI.

Knrouesvle cnosa: mexmonuuecxkue pasiombsl, HANpPANCEHHoe cocmosinue 3eMHOlL Kopbl, coBpeMeHHas
meKmoHudeckas akmueusayus, 2e00UHAMUYeCKasl IMAdMNCHOCMb, OPUEHMUPOBKA 2N1A6HbIX MAKCUMANb-
HbIX Ha}’lp}ZJfCEHML?.

Hean ucciaenoBannii. TekToHMUECKUE Pa3IOMBbl NPEACTABISIOT COO0I 30HBI Ha-
PYLIEHHS CIUIOIIHOCTH MOPOAHOTO MaccHuBa. 30HBI TEKTOHWYECKUX HapylIeHUH (paz-
JIOMOB) TIPEJCTaBJIEHBl B BHUJIE YYACTKOB IMOBBIIIEHHON TPEIIMHOBATOCTH M Pa3ipo-
6neHHOCTH OPOX. B ruaporeosioruy u3y4aroTcsi TEKTOHMUECKUE HApYIIEHHsI, KOTOPbIE
HUMEIOT MOBBIIMICHHYIO MPOHUIAEMOCTD U SBIISIOTCSA KOJUIEKTOPaMH MOA3EMHBIX BOZ.
B nHxkeHepHO# reojaoruy U TOpHOM Jieje, TOMUMO THIPOTr€0IOTHYECKUX CBOWCTB pas3-
JIOMOB, pacCMaTpPHUBAETCs BIMSHUE TEKTOHUYECKHUX HapyIIEHUH Ha COCTOSTHUE TOPHBIX
BBIPa0OTOK U MHXCHEPHBIX COOPYKEHUH.
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Bo3spacT TeKTOHWYECKUX HapymIeHHH MOXeT ObITh pa3nuyHbiM. ClienyeT pasnu-
YaTh MEPUOJBI 3aJI0KeHHsI (00pa30BaHMs) pa3ioMa M MEPHOAbI €r0 MaKCUMAaIIbHOM
aKTUBH3aluHu (OABMKHOCTH). Eciin paccMarpuBaTh akKTHBH3AIUIO Pa3jIOMOB C TO-
3ULUNA WHXEHEPHON T'€OJIOTHM, THIPOTEONIOTHH U TOPHOIO JeNa, TO COBPEMEHHAs
POJIb pazyiomMa I0JKHA ONPEAEIIATHCS HE BPEMEHEM €I0 3aJI0KEHHUS, a CTEIECHbIO O~
BKHOCTU. OOpa3oBaHKMe U aKTHUBHOCTH Pa3jioMa ONPEIEISIOTCS YPOBHEM TEKTOHU-
YeCKHX HaIpSKEHUM, KOTOpbIe JeHCTBOBAIN paHee U JEHCTBYIOT B HACTOSIIEE BpEMS
B OIpEEJIEHHOM y4acTKe 3eMHOU KOphl. [loMrMo ypoBHS cui (HampspKeHUM), ei-
CTBYIOIIMX B MAacCHBaxX TOPHBIX IIOPOJ, BaXXHOE 3HAYCHHE HMMEET OPHUEHTHPOBKA
B IIPOCTPAHCTBE BEKTOPOB INIABHBIX HOPMAJIBHBIX HAaNpsbKeHUU. [1nockocTu pa3inomos,
MOYMHSSACH 3aKOHAM T'eOMEXaHUKU, (OPMUPYIOTCS TI0JI OTIPECIICHHBIMHU YITIaMHU K
BEKTOpaM IVIaBHBIX HOPMaJIbHBIX HampskeHu. CoBpeMeHHasi aKTHBH3alLUs TEKTO-
HUYECKHUX HapyILIeHHH 3aBUCUT OT OPUEHTHUPOBKH PA3JIOMOB B IOJIE COBPEMEHHBIX
TreOANHAMHYECKUX (TEKTOHHUECKUX) HANPSKEHUH, TEHCTBYIONINX B OMPEIEICHHOM
yJacTke 3eMHOH Kopsl [1-3].

Takum 00pa3oM, OCHOBHOW IENbI0 JAHHOH CTaThH SABISETCS OMpeAeNieHHe IMpo-
CTPAHCTBEHHBIX 3aKOHOMEPHOCTEH B pPAaCIOJIOKEHUM TEKTOHWYECKHX HApYLIECHWH,
AKTUBHBIX B COBPEMEHHOM I10JI€ T€OAMHAMUYECKUX HaMPSKEHUH.

Ba3oBble TeopeTHyeckne M MeTOOAU4YeCKHe MpeacTasienns. Kapruposanue u
M3yYeHHe TEeKTOHHMYECKHUX Pa3JIOMOB BBITIONHAIOT B MpeAeiax CKIaadyarbix oOmacreit
0o MpH MCcCIenoBaHnA (PYHIaMEHTOB TEKTOHHUYECKHX TutatdopM u mmT. Hapsay c
TOPHO-CKJIaYaTbIMU PETUOHAMH, TEKTOHHYECKHE Pa3JIOMbl HEPEIKO BBISABIAIOTCS
B 0CaJOYHOM 4eXxJie MIaTGopM 1 OKa3bIBAIOT 3aMETHOE BIMSHUE HA CBOICTBA MOKPOB-
HBIX OTJIOXKEHUW. B COBpEMEHHOW r€0TEKTOHUKE 0] pa3jiOMaMu TOHUMAIOT KPyITHbIE
pa3peIBHBIE CTPYKTYPHI, KOTOPBIE OMPEAEISIIOT perHoHAIbHBIE 3aKOHOMEPHOCTH pa3-
BUTHS YYaCTKOB 3€MHOM KOpBI U JUIUTEIbHBIE HCTOPUUYECKHUE ITAMBI €€ CTAHOBJICHMUS.
B nouckoBoii reosoruy TEKTOHMYECKUE PA3IOMbI pACCMATPUBAIOTCS B KAUECTBE PYyHO-
KOHTPOJHPYIOIUX CTPYKTYP, (POpMUpOBAHNE KOTOPHIX MPOMCXONWIIO B OTHAJICHHBIS
TeO0JIOrMYECKHE ITOXU.

O0630p TUTEpaTypHBIX UCTOYHUKOB MOKa3bIBaeT [2—4], YTO TEKTOHUYECKUE pa3io-
MBI IMEIOT OIPEEIEHHYI0 HepapXHio, HauWHas OT PEerHOHANBHBIX HapyIIEHUI Mpo-
TSYKEHHOCTBIO 10 HECKOJIBKUX COTEH KMJIOMETPOB U 3aKaHUYMBAs JOKAJIBHBIMU CTPYK-
TypaMH, UMEIOLIUMU B IJIMHY JECATKU UM COTHU METPOB. B mporecce coBpeMeHHOro
OCBOEHHS T€OJOTMYECKON Cpebl JIOKaIbHbIE TEKTOHMYECKHE CTPYKTYpBI prodpera-
I0T Bce Oosee BBICOKYIO 3HAYMMOCTb. JIMHElHbIe 30HbI TEKTOHMYECKUX HapyLICHUH,
KakK MpaBWIO, BEIPAYKAIOTCS B BUJE YYACTKOB MOBBIIIEHHON TPEUTMHOBATOCTH M pa3-
JIPOOJICHHOCTH TIOPO]I.

[Ipu cTpouTenbcTBE 3MaHUI W COOPYKEHHUU, BEACHUN TOPHBIX paboT W pelIeHuH
THIPOTEOJIOTHYECKUX 3a/1a4 0CO00TO0 BHUMAaHUS TPEOYIOT JIOKAIbHBIC PAa3JIOMBI, pa3-
MEpBI KOTOPBIX COTMIOCTABUMBI C Pa3MEpaMu MHKCHEPHBIX 00bEKTOB. JIMHEeHHbIE 30HBI
JIpoOIeHNs ONPEAETSIOT YCTONYMBOCTh CKAJIbHBIX MacCHBOB MPHU 3aJI0KEHUU CTPOU-
TEIbHBIX KOTJIIOBAHOB, OTKOCOB M TOPHBIX BBIPAOOTOK. IIprcyTcTBHE MOA3EMHBIX BOX
B CKaJbHBIX MOPOAAX OMNPEIENSIETCS HAIUYUEM OTKPBITBIX INPOHULAEMBIX TPELIUH.
ITouck n n3yuyeHre TEKTOHUUECKUX Pa3JIOMOB HEPENIKO CTAHOBATCSI OCHOBHOM 3a7aueit
MIPH BBIMOJIHEHUH MHOTUX BUJIOB TUIPOTEOJIOTUYECKUX UCCIeq0BaHui [5—7].

IIpn u3ydyeHnn TEKTOHMUYECKUX HApYLIIEHWH HETOCTaTOYHO MPHUMEHSThH YIPOIIECH-
HBIA MTOJX0J], KOTOPBIH 3aKII0YaeTcsl B MX MPOCTOM BBIIEICHUHU, ONMCAHUHU U YyUeTe.
g ycrenrHoro pernieHns MpakTHYecKrX 3a/1a4 He00X0AUMO MPaBUIIbHOE IIOHUMaHNe
MIPUPOIBI TEKTOHUYECKHUX PA3TIOMOB KaK CaMOCTOSITENIbHBIX Fe0I0rn4eckux rei. Kiro-
YEBBIMHU BOIIPOCAMU MPU U3YUECHUU TEKTOHUYECKUX HAPYILIEHUH SIBISIIOTCS IOKa3are-
T, XapakTepHU3YIOIIUE COBPEMEHHOE HampsLKEHHO-Ie(OPMUPOBAHHOE COCTOSIHUE
(HAC) B xoHKpeTHOM y4acTke 3eMHOH kopsl [8—10].
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Crnenyer onupaThCsl Ha MPEACTABICHHS O CYLIECTBOBAHUHU CKaJbHBIX MAaCCHBOB
B COCTOSTHHH TPEAEIHHOI0 T€OMEXaHUYECKOTO paBHOBecHs. OUeHb BaXHO YUUTHIBATH
POIb TEKTOHMYECKHUX PAa3IOMOB KaK PETYIATOPOB T€OMEXaHUYECKUX MPOIIECCOB, TIOA-
JIEPXKUBAIOIINX COCTOSHUE TPENETHHOTO PABHOBECHS.

B cootBeTcTBUU € COBpeMEHHbIMU MpencrasieHusMu [11-13], HanpspkeHHOE co-
CTOSIHHE 36MHOM KOPBI ABISETCSI HOPMAJIBHBIM YCIIOBUEM €€ CyllecTBOBaHusA. Hamnune
3HAUUTENbHBIX TEKTOHUYECKUX HANIPSIKEHUN B BEPXHEHN 4aCTH 3€MHOM KOPbI YCTaHOB-
JIEHO MHOTHMH HE3aBHCHMBIMH HCCIIEZIOBATENSAIMHU MPU U3YYEHUH HANpsKEHHOTO CO-
CTOSTHHSI TIOPOTHBIX MAaCCHUBOB B ITOA3EMHBIX TOPHEIX BhIpaboTkax [11, 14]. B mpurio-
BEPXHOCTHOM YaCTH TEOJIOTHYECKOTO paspesa HampsHKeHHO-Ie(hOpMUPOBAHHOE
COCTOSIHME TPOSBISETCS HAIUYMEM TOPU30HTAJIBHBIX TEKTOHHYECKUX HAIPSKEHHH,
CYLIECTBEHHO IMPEBBIIIAIONINX BEPTHUKAIbHbIE T€OCTAaTHYECKUE HaNpsKEHUs OT Beca
TOpHBIX MopoJl. HampsikeHus, mpeBsIIaomne HaIpsHKeHUs OT Beca TOPHBIX MOpPOJ,
HA3bIBAIOTCS TEKTOHUYECKUMH, T€ONMHAMHUYECKIMH WITH N30BITOYHBIMH.

[Tpupona HaNPsSYKEHHOTO COCTOSIHUS 36MHOM KOPBI HA CETOAHSIITHUN J€Hb HE UMEeT
OTHO3HAYHOTO OO0BsCHEHUs. HeKoTophle criennaaicThl CBI3BIBAIOT HATMYNE TEKTOHU-
YeCKUX HaNpsDKEHUH ¢ MpolieccaMi KOHBEKTMBHOIO MacCOIIEPEHOCAa B BEPXHEM CJIOE
MaHTHU. BenencTBrue KOHBEKTHUBHBIX SBJICHUN NMPOHUCXOJUT TOPU3OHTAIBHOE JBUKE-
Hue ((paKkTHUECKH — MJIaBaHKHe) TEKTOHWYECKUX TUIUT U UX CHJIOBOE B3aUMOJICHICTBHE.
YacTtp nccienoBaTeneil CBI3bIBACT HANWYNE W BapHalll{ 3HAY€HWH M30BITOYHBIX Ha-
MPsDKEHUH ¢ BIUSIHUEM JIYHHBIX U COJTHEUHbIX HUKIOB [1, 10, 13].

OTnenbHOTO BHUMAHUS 3aCITy’KUBAET MPEJICTABICHUE O 3eMHON KOpe Kak O Mpod-
HOH 000J10YKe, BOCIPUHUMAIOIIEH HaNpsDKeHHsT OT cOOCTBEHHOTo Beca. [lo anamoruu
C peakuueit 60KOBOTO OTIIOPa, BO3HUKAIOIICH B apOUHOM CBOJIC, B 3eMHOU Kope popMu-
PYIOTCSI TOPM3OHTANIbHBIE T€ONMHAMIYECKHE HaNpsDKeHHd. Py uccrienoBareneil cBi-
3BIBacT BeKTOpHEIH Xapaktep HJIC ¢ yckopeHneM win 3aMeJICHAEeM BpaIleHUs TUTaHe-
ThI B pa3iuuHble reojorudyeckue 3moxu [10, 13]. Cnenyer npusHaTh, YTO HU OJHA U3
MEPEYMCIICHHBIX TUIIOTE3 HE MOXKET MOJHOCTBIO MCKIIIOUUThH APYTHE MPENCTABICHNUS.
B xavecTBe I1aBHOIO UCTOYHHKA TEKTOHHYECKUX HANpPsDKEHHUH B OOJBIIMHCTBE TUIIO-
T€3 paccMaTpUBAIOTCS CHJIBI IPaBUTAIUH.

HanpspxkerHoe cocTosiHME 36MHOM KOPBI MPENoNpeaessieT CyIeCTBOBaHNE ITOPOI-
HBIX MaCCHBOB B YCJIIOBHSX TIOCTOSTHHOTO CXKaTHSA, MMOCKOJIBKY caMa MPHUPOAa TPaBUTA-
IIMOHHBIX CHII SBIsIeTCs Cxumaromeit. [log meficTBueM TIo0ambHBIX TEKTOHHYECKHX
HaIpsHKEHUH TOPOTHBIE MACCHUBBI HCIBITHIBAIOT eopManni. TeKTOHMYECKUE Pa3IOMBI
W TPEUIMHBI SBISIOTCS pe3yibTaroM Takux aedopmanuii. CremoBarenbHo, pas-
JIOMBI CJIEyeT pacCMaTpuBaTh KaK CTPYKTYpPhl pa3pyIICHHs CKaJbHBIX MacCCHBOB.
OTH CTPYKTYPBI (POPMHUPYIOTCS TIPH YCIOBHAX, KOTIa JEHCTBYIOIINE HAMPSKEHHUS PEBHI-
IIaFOT TPOYHOCTHBIE CBOWCTBA TOPHBIX TopoA. CeTH TpemurH, KOTOphle PaKTHIECKH
Bcerna QUKCUPYIOTCS B TOPOAHBIX MAaCCHUBaX, CIeAyeT paccMaTpyuBaTh Kak TEKTOHHYE-
CKHE CTPYKTYpBbI IIpeipa3pyeHusi. MaccoBble TpEeIMHBI IPEApa3pyIIeHUs OTPaKatoT
PEeaxIuio TOPHBIX TOPOJI Ha BO3/EHCTBIE HANIPSHKEHUH HIDKE TTPeebHbIX (pa3pyIato-
UX ), HO OJIM3KUX K HUM [8&].

Hedopmariusi MOpoOIHBIX MacCHBOB IMPENCTABISIET COO0W HOPMAIBHYIO PEaKIUIo
TOPHBIX TOPOJT Ha BO3IEHCTBUE TEKTOHMUYECKUX HAIPSIKEHUH, ONMPEIeIsoNy0 mMpo-
1[eCC TIOHMKEHUS HaNPsHKEHUH U TOAJIEP>KaHUS COCTOSHUS MPEENTbHOTO PaBHOBECHS.
N30bITOuHBIE HAMPSDKEHUS MOHIDKAIOTCS (COPAChIBAIOTCS) B pe3ysibTaTe pa3pyllaro-
mux (mpeapaspymarimux) aedopManuii, BeAymux K 00pa3oBaHUI0 TPEIIUH, 3aJI0XKe-
HUIO0 TEKTOHWYICCKUX HApYIICHUH WM CMEIICHHH 110 pa3ioMaM. [ mobanbHas nmpupoaa
M30BITOYHBIX HAMPSDKEHHUH, HABEICHHBIX CHJIAMH TPABUTAINH, TPEAONpeenseT oec-
KOHEYHOCTh 3TOTO mporecca. TeKTOHNUeCKne HaupsHKEHUS B CKaJbHBIX MacCUBAX I10-
CTOSIHHO pasrpyaroTcsi myTeM AedopManuii pa3HOW MHTEHCUBHOCTH M Pa3IMYHOTO
YPOBHS, HO TIPY 3TOM HHKOTJ]a HE MOT'YT OBITh HCUEPIIaHbl MOTHOCTHI0. OTCl0/1a Cciey-
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€T BAXXHOE YCJIOBHE CYIIECTBOBAHUS MOPOJHBIX MACCUBOB B COCTOSTHUU MPEACIBLHOTO
paBHOBecHs (TIPENETHLHOTO HAMIPSKEHHOTO COCTOSHUSA).

[IpakTryecky B KaXK/IOM CKaJIbHOM MacCHBE TTOCTOSTHHO TOJIEPKUBAETCS OTIpesie-
JIEHHBIM YPOBEHb HANPSKEHUM, KOTOPBIA JUKTYETCSI €ro MPOYHOCTHBIMU XapaKTepH-
CcTHKamMH. B TpOUYHBIX (KpEemKWX) MacCHBax STOT YPOBEHb MOXKET OBITh BEIIIE, YeM
B MAacCHBaX, CJI0OKCHHBIX MEHEE MMPOYHBIMU FOPHBIMU TTopoAamu. Kak ToapKo HanmpsKeH-
HO€ COCTOSIHHE IPEBBIIIAET MPOYHOCTHBIE XapaKTEPUCTUKU MTOPOIHOTO MAacCHUBa, OHO
cpasy ke peanusyercs B BUAe AedopMaluid. YYacTKH 3eMHOW KOpPBI, KOTOpBIE clara-
FOTCS TIOPOHBIMHI MAaCCHBAMH PAa3HOH MPOYHOCTH, (POPMUPYIOT CaMOPETYINPYIOUIYIO-
csl CUCTeMy OJIOKOB (MaTpHILy) MacCHBOB TOPHBIX Mopojl. OCHOBOW 3TOW CHCTEMBI SIB-
JISIETCs CeTh OJIOKOB (OMOpHAs MaTPHIla) IPUMEPHO OJMHAKOBOW MPOYHOCTH, KOTOPBIC
B3aMMOJICHCTBYIOT MKy COOO U MOJICPIKUBAIOT ONPEJICIICHHBIH YPOBESHh TCKTOHH-
YEeCKUX HaIPsDKEHUM Ha KOHKPETHOM y4acTKe 3eMHOM Kopbl. biioku (MaccuBbl), KOTO-
pBIe 00IaTar0T CYIIECTBEHHO MEHBITUMHU IIPOYHO CTHBEIMH CBOMCTBAMH, TTOJIBEPTAFOTCS
pa3pyMHATENbHEIM JedopManusaM. DTH MAaCCHBBI OTIMYAIOTCS MIOBBIIIEHHON TPEIINHO-
BaTOCTbIO U 3HAYUTEIBHBIM KOIMYECTBOM aKTUBHBIX Pa3IOMOB. MacCUBBI TOPHBIX MO-
PO, KOTOPBIC OTIIMYAIOTCS OT OJIOKOB OTOPHOM MaTpHIThI 00JIe€ BEICOKMMHU TIPOYHOCT-
HBIMH CBOHCTBaMH, JIe(hOPMUPYIOTCSI OTHOCUTEIHHO cna0o0. TpemuHsl B 3TUX OJI0Kax
Pa3BUBAIOTCS IIABHBIM 00pa30M BOJIM3HM MOBEPXHOCTH 3eMJIH. [[pumMepoM 3THX Maccu-
BOB Ha Ypajie MOT'YT CIIy>)KUTb JalKU UHTPY3UBOB KHCJIOIO COCTaBA.

HakomuieHne 3HaUnTENbHBIX TEKTOHUYECKUX HANPS>)KEHUH IPOUCXOANT B TEX YUacCT-
Kax 3eMHOM KOPHI, TJI€ 110 KAKUM-JIN00 MPUYMHAM HEBO3MO)KEH UX TIOCTENIEHHBIN COpOC
yTeM MUKPOCMEILICHUHN 10 CYIIECTBYIOIIEH CETU TPEIIUH U TEKTOHUUECKUX HapyIle-
HUil. B 3TOM ciydae TEKTOHMYECKHE HaNpsHKEHUS JOCTUTAIOT BBICOKUX 3HAUEHUM, UTO
CYIIECTBEHHO MOBBIIIAET PUCK PE3KOTO BHICBOOOXKACHNS SYHEPTHH B BUJE 3eMIIETpPsICE-
Hui. CeficMuIecKas OIacHOCTh OTPEACIIIeTCs] HE TOIBKO (M HE CTOJIBKO) CBOMCTBAMH
HEKOTOPOTO y4acTKa 36MHOU KOpBI 001a/1aTh BRICOKUMH HAIPSKEHUSIMHU, CKOJIBKO OT-
CYTCTBHEM Ha IaHHOM y4acTKe e(pOpPMAaIMOHHBIX CTPYKTYP, CITOCOOHBIX BOBPEMS TI0-
HIKaTh (cOpachIBaTh) 3TH HATIPSHKECHHUSL.

TakuM 00pa3oM, TEKTOHUYECKHUE PA3IOMBI SIBISIOTCS TIPUPOTHBIME PETYISATOPAMU
HaIPSHKEHHOTO COCTOSHHUS 36MHOH KOPBI, 00€CTIEYNBAIONTUMHE A€ (POPMAIINIO CKATEHBIX
MacCCHBOB M COpOC M30BITOYHBIX TEKTOHUYECKUX HampspkeHuil. [loHnManmne reomexa-
HUYECKOM POJIM TEKTOHUYECKUX PA3JIOMOB SIBIISIETCS KJIIOYOM K U3YUEHHUIO 3aKOHOMEP-
HOCTEH MX MPOCTPAHCTBEHHOI'O PACIIONOKECHHUS.

HampsbkeHHOE COCTOSIHUE TIOPOAHOTO MacCHBa MOXKET OBITh OTIMCAHO Yepe3 CUIIOBHIC
XapaKTEPUCTUKHU (HAMIPSDKEHUS) K OPUEHTHPOBKY TPEX BEKTOPOB IIABHBIX HOPMAJILHBIX
HanpspkeHuid. Tpy OpTOroHaJIbHBIX BEKTOPA OTPaXatoT OPUEHTUPOBKY OCE MaKCHMaJlb-
HOTO G, IPOMEKYTOYHOTO G, ¥ MHHUMAJILHOTO G, INIABHBIX HOPMAJIbHBIX HAIIPSKCHHMI.
IIpuanmaetcs ycinosue 6, > 6, > 0,. MakcuMaibHOE HANPSHKEHHUE IPAKTHIECKU BCETIA
SIBTSIETCS] CKUMAIONINM. AHAJIOTHYHYIO XapaKTePUCTUKY B OONBIIMHCTBE CITy4aeB MOXK-
HO OTHECTH U K MPOMEXKYTOUHOMY HAaIpsLKEHUI0. MUHUMANbHOE INIaBHOE HOPMAJIbHOE
HaIpsHKEHUE MOXKET OBITh KaK COKUMAFOIIIUM, TaK U PACTATHBAOIIVIM.

[Ipu onucanuy COBPEMEHHOTO HAIPSIKEHHOTO COCTOSTHUS 3¢MHOUM KOPBI HEKOTOPHIE
MCCIIEZIOBAaTENN JIOMYCKAlOT BOJIBHYIO OPHEHTHPOBKY TPEX BEKTOPOB IVIABHBIX HOP-
MAaJIbHBIX HAINpPSHKEHUH B MIPOCTpPaHCTBE. J(OmycKaeTcs, YTO BEKTOPhI MOTYT pacIofia-
raTbCsl MOJ HEKOTOPHIMH CYLIECTBEHHBIMHU YIJIAMU K TOPU30HTAJIbHOM IMJIOCKOCTH U
K BepTUKaMH. Takue mpeacTaBieHus B OONBIIMHCTBE CIy4YaeB SBISIFOTCS HEBEPHBIMHU.
OnuH U3 TpexX BEKTOPOB INIABHBIX HOPMAJIBHBIX HANpsHKEHUN BCErJa JAOKEH COBIIA-
JlaTh C BEKTOPOM CHJIbI TSYKECTH KaK OCHOBHOM JEHCTBYIOLIEH CUJIbI B 36MHOM KOpe€.
OT0 mpenoIpeeNnseT CTPOro TOPU3OHTAIHLHYI0 OPUEHTHPOBKY JABYX APYTHX BEKTOPOB.

Mexanusm (GOpMHUPOBAHHS M AKTUBH3AINY TEKTOHWYECKUX PA3IOMOB IO BO3ZICH-
CTBUEM COBPEMEHHBIX F€OAMHAMUYECKUX HAIIPSLDKEHUM B YCIOBUSAX MIPEAEIbHO-HAIPS-



56 "l zvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 7. 2018 ISSN 0536-1028

JKEHHOTO COCTOSIHMSI 36MHOM KOpBI pacCMaTPHUBAETCS B PA3IMYHBIX HAyYHBIX HaIlpaB-
nenusx [1, 3, 8]. B 3aBucuMocTu OT lLieneil W MPaKTUYECKHUX 3a7ad HCCIIEeTOBaHUI
MIPEJCTaBIEHUS] © OCHOBHBIE MTOHITHS HECKOJIBKO MEHSFOTCS.

B cootBercTBHM ¢ npeobiafaloMU IPEICTABICHUIMI T€OMEXaHUKH U TEKTOHO-
¢uzukn [3, 8] TEKTOHUYECKUH Pa3IOM MOXKET pacCMaTpPUBAThCS KaK YKPYITHEHHAS Tpe-
myHa ckona. TeopeTHueckuii aHaIn3 1 HaTypHBIE UCTIBITAHUS Ha 00pa3lax MmoKa3biBa-
IOT, YTO B MPOLIECCE CKATHSI TPELIMHA CKOJIa (JOPMHUPYETCS MO ONPEAETICHHBIM YITIOM
0. K HaIpaBJICHHUIO TJIABHOTO CHJIOBOTO BO3/ICHCTBHs. B 3aBrcuMocTu ot tuna nedop-
Maluu (Xpynkas, IVIACTUYHAs) U CBOICTB ITOPOABI, KOTOPBIE XapaKTEPU3YIOTCS YITIOM
BHYTPEHHETO TPEHHS @, YTOJ CKOJa M3MEHSET cBoe 3HaueHue. CornacHo TeopeTnye-
CKUM MPEACTABICHUSIM, IOATBEPKICHHBIM MHOTUMH SKCIIEPHUMEHTAMH, IUIOCKOCTD
CKOJIa TIPY YMCTO XPYNKOW JedopMaliy pacroaraercs noj yriom (45° — ¢/2) x ocu
MaKCHUMAaJIbHOIO [NIABHOTO HANPSKEHUA G, O yriioM (45° + ¢/2) K 0CH MMHMMAaJIbHO-
IO IVIABHOTO HANPSHKEHMS Gy, M NAPAICIbHO OCH IPOMEKYTOYHOTO TIIABHOTO Harpsi-
KEHUS C,. IIpy XpynKo-miacTHIHOM Je(opManuy yroa cKoia MpUOIMKaeTCs K BEJIU-
guHe (90° — @), KOTOPBIA paccMarpuBaeTcs KaK Yrojl IUIACTHYECKOTO CKOJIBKEHHUS.
TakuMm 00pa3oM, OpUEHTHPOBKA TPEX OCEH IMTaBHBIX HOPMAJIbHBIX HAIIPSKEHUH MPERo-
MIpENENAeT MOJOXKEHNE B MPOCTPAHCTBE MIOCKOCTH CKola. COOTBETCTBEHHO, COBpE-
MEHHOE HalpsHKEHHOE COCTOSTHIE CKaJIbHBIX MACCUBOB KOHTPOJIUPYET MPOCTPaHCTBEH-
HYI0 OPHUEHTUPOBKY TPEIIWH U TEKTOHUYECKUX Pa3IOMOB.

XapakTepHble 3HA4YECHUS] yIla CKOJa, HMOJIy4aeMble NPH HCIBITAHUAX 00pas3LloB
CKAJIbHBIX MOPOJ Ha OIHOOCHOE CKaTHE, YKIAAbIBAIOTCA B Auamna3zoH o = 25-40°.
HWcnpitanus o0pa3oB MO MPECCOM Yallle BCETO XapaKTepU3yIOT YCIIOBUS XPYIIKOTO pas-
PYILIECHHsI C HEKOTOPBIMH JIEMEHTaMHU IacTuieckoi aedopmannu. Creayer 3aMeTHTb,
YTO MAacCHUBBI CKaJbHBIX MOPOJI B €CTECTBEHHBIX YCIOBHUAX CKJIOHHBI K MPOSBICHHUIO
CYIIECTBEHHBIX MIEMEHTOB TIACTHYeCKHX nedopmariuii. [IposiBrieHne 31eMeHTOoB Tu1a-
CTHYEeCKUX Aedopmanuii B MacCHMBaX CKAJIbHBIX MOPOX OOBACHSETCS CIEAYIOIIUMH
NPUYHHAMH:

— JUTMTENILHBIM TIEPHOJOM CHIIOBOTO BO3/IEHCTBHS HA TOPOIHBIA MaccHB, CIIOCO0-
CTBYIOIIMM BO3HHUKHOBEHHIO BSUIOTEKYIIHX (IUIACTHYECKUX) JIe(OPMALIHIA;

— aHM30TPOIINEH MMPOYHOCTHBIX CBOWMCTB, CBSI3aHHBIX C (parraibHON W TeTporpadu-
YECKOM M3MEHYMBOCTHIO, UTO MPENOIpPEAEIsIET HEPaBHOMEPHYIO 1e(hOpMaInio MacCHBa;

— coOCTBEHHOH HCcTOpHEH (POPMHUPOBAHUS CKaTLHOTO MAacCHBa, ONPEACIIAIONICH Ha-
IYre paHee 0Opa30BaHHBIX TEKTOHUYECKHUX Pa3IOMOB U MacCOBBIX TPEIINH, COCO0-
CTBYIOILMX IUIABHOHM pellakcalyy HapsHKeHUH;

— U3MEHEHUEM TEMIIepaTyphl U JaBJICHUs C TIIyOMHOM, YTO BiIeYeT 3a cO00H u3Me-
HEHHE MEXaHWYECKUX CBOMCTB TOPHBIX OPOJ B CTOPOHY MOBBIIIEHHS MIJIACTUYHOCTH.

VIl cKOJIa B TOPOAHBIX MaCCUBaX MMEIOT IMPOKHUN THANa30H 3HAYCHUH B 3aBUCH-
MOCTH OT COOTHOILIECHHUS XPYIIKUX U IJIACTUYHBIX Aedopmanuil. [ Xpynkux TeKTOHU-
YeCKUX HApyIIEHUH COXpaHseTCs BEIMYMHA yIvla CKOJa, OTpaXkarollas yCJIOBHs pas-
pytienus B oopasie (o = 25-35°). Kak npaBuino, Xpynkiue TeKTOHUIECKHE Pa3IOMBI 10
CBOUM TIapaMeTpaM OJHM3KH K eTUHHYHOM TpemuHe ckona. OHU PEACTaBISIOT co00it
JIOKaJIbHBIE CTPYKTYpPbl MOIIHOCTHIO HE Ooliee HECKOJBKHX METPOB M TMPOTSHKEHHO-
CTBIO JI0 IECATKOB METPOB.

Ecnu npu 3a710)keHUH TEKTOHUYECKOTO Pa3jioMa MM CMELIEHUH 110 HEMY MPOSIBIISI-
eTCsl HeKOTOpast I0JIs TUIACTHYECKUX AeOopMalHii, 3HaUECHHS YIJia CKOJIa BO3PAacTaloT
Jo o = 35-45°. Takue pa3ioMbl MOXHO Ha3bIBaTh IUIACTUYHO-XPYNKUMU. TekToHNYe-
CKHE HapyIIeHHS UMEIOT MOIIHOCTD TOPSIJIKA TIEPBBIX JIECSITKOB METPOB U Ipeodiaia-
IOLIYIO NIPOTSKEHHOCTh, COCTABIIIONIYI0 COTHH METPOB. B mpakTuke rugporeonoru-
YECKHX U WH)XEHEPHO-TEOJIOTHYECKUX paboT MMEHHO TakKHE pa3ioMbl COCTaBISIOT
OCHOBHOH IpeAMET ucciienoBaHuil. JJaHHOe 00CTOSTENbCTBO 3aCTaBISIET OPUEHTUPO-
BaThCsl HA 3HAUEHHE yIJIa CKOJa, COCTaBstoIee B cpeaneM 40°.
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Ecnu npu cMeniennn BIOJb pa3ioMa IUTacThieckue AedopMaruy npeoonataroT Haj
XPYIKUMH JeopManussMu, To 3HaUSHHS yIia CKoJla BO3PACTAaloT A0 o = 45—55° u BeIIIIe.
XPpYHKO-TUTACTHYHBIE PA3IOMBI, KaK MPAaBHJIO, MPEICTABISAIOT COOON KPYIHbBIE TEKTOHH-
YECKHE HapyILIEHUs C MOIIHOCTBIO TEKTOHUYECKOro mBa npumepHo 100 M 1 npoTsKeH-

HOCTBIO 10 HECKOJIBKHUX KUJIOMETPOB.

[Inactuunble nedopManvu B YUCTOM
BHU/IE€ XapaKTePHU3yIOTCSI OTHOCHUTEIBHO
OOJBIINM YTIIOM TUIACTHYECKOTO CKOJbXKe-
Hus (o = 60-70°). Peanuzanus takux me-
¢dopmanuii BO3MOKHA MO TEKTOHHYECKHUM
pasyiomaM, 3aJ0KEHHE KOTOPBIX MPOHUCXO-
JIUJI0 B MPEIUIECTBYIONINE FE€0JOTHYECKHE
3II0XM, a IIOB pa3joMa 3aIoJIHeH TJIHHH-
CTBIMH MHHepanamMu. B coBpemeHHOM
1oJie HaNps KEHUH JpeBHUE Pa3jioMbl He-
PEAKO pacIoyiaraloTcs NoJ TAKUMHU YIJIaMu
K OCSIM TJIaBHBIX HOPMaJbHBIX HampsKe-
HUH, KOTOpBIE MPEONpPEeAENIIoT UX Cylle-
CTBOBAHHE B COCTOSTHUM CTarHaluu Jn6o
CIIOCOOCTBYIOT MNPOTEKaHUIO IUIacTHYe-
ckux nedopmanmii [6, 8].

OnHuM U3 BaKHEHIINX ycIoBUil popMu-
POBaHMSA TEKTOHMYECKUX HAPYIICHHUH SBIIA-
eTCsl TeOJJMHAMHUYECKasi 3TaXXHOCTb 3€MHOM
KopHl [2, 8]. [eogmHamMudeckass 3TaXKHOCTh
36MHOH KOpBI ONpenenseT U3MEHEHHE OpH-
EHTHUPOBKU OCEH INaBHBIX HANPSHKEHUH C
TyOMHOH, YTO CIYyHUT OCHOBHBIM (paKTo-
PpoM 00pa3oBaHMsI TEKTOHHYECKHX Pa3IoOMOB
Pa3IMYHOTO KHHEMAaTHYECKOTO THIIA (HaBU-
TOB, CIIBUTOB, COPOCOB).

I'opu3oHTanbHBIE T€OAMHAMHYECKUE Ha-
NpsDKCHUS Peo0IaaloT Hall BEPTUKAIBHBI-
MU T€OCTaTHYECKUMHU HAaNpsSKEHUSIMU OT
Beca FOpHBIX MOPOJ TOJIBKO B CaMOil Bepx-
Hell gacTu 3eMHOM Kopbl. Ocu MakcHMaib-
HOT'O U IPOMEKYTOYHOIO [NIaBHBIX HOpMaJlb-
HBIX HaNpsHkeHWH (6, U G,) B OTOM 4YacTH
TEOJIOTHYECKOTO  pa3pe3a pacloyararoTcs
ropu3oHTansbHO. OCh MUHHMMAJBHOTO IVIaB-
HOTO HOPMAIIbHOTO HAINPSKEHHS (G,) COBIA-
JTa€T C BEKTOPOM CHJIBI TSKECTH M HUMEET
CTPOr0  BEPTUKAJBHYIO  OPHEHTUPOBKY.
Takast paccTaHOBKa CHJI XapaKTepU3yeT YCIo-
BHS BEPXHETO T'€OIMHAMHYECKOTO 3TaXKa, B
npeznensax KoToporo (opMHUPYOTCS TEKTOHU-
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Puc. 1. T'eonunamuueckas STaXHOCTh BepX-
Hel yacTu 3eMHOM Kopbl. DopMupoBaHue pas-
JIOMOB B T10JI€ TEKTOHUUECKHUX HaIPSDKEHHM:
a— BerHI/[ﬁ FCO}IHHaMH‘{eCKHﬁ ITax, 6 — IIPOMEKY-
TOYHBIA T€OAMHAMUYECKUN dTaXK; 6 — HUKHUN Ieo-
}II/IHaMI/IQCCKI/Iﬁ 3Tax
Fig. 1. Distinctive features of geodynamic
levels in the upper part of the Earth’s crust.
The formation of faults in the field of tectonic
stresses:

a — upper geodynamic level; 6 — intermediate
geodynamic level; 6 — lower geodynamic level

YeCcKHe HapyLICHHUS C HaIBUTOBOM KMHEMAaTHKOH cmemenus (puc. 1).

HanpsbkeHust OT Beca TOpHBIX OPOJ BO3PACTAIOT ¢ TIyOWHOM, H B ONPEICIICHHON
Touke (M0 MIyOMHE) BEJUYHMHA BEPTHKAJIBHBIX I'€OCTATHYCCKUX HANPSKCHUN CTaHO-
BHUTCSI OOJIBITIC 3HAYCHUS TEOMUHAMUYICCKUX HAMPSDHKECHUH 10 OMHOW M3 TOPU30HTAIh-
HbIX oceil. IIpu 3ToM reoMexaHnyeckasi poib BEPTUKAIBHOIO HANPSKEHUS MEHSETCSI.
BeprukanbHoe HanpspkeHHE IPHOOPETAET POITh IPOMEKYTOYHOTO TIIABHOTO HATIPsIKe-
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HUs (G,), B TO BpeMs KaK [1Ba TOPU30HTAJILHBIX BEKTOPA OTPaKal0T OPUEHTUPOBKY OCel
MaKCHMaJIbHOTO (G,) 1 MUHUMAJILHOTO (G;) IJIaBHBIX HOPMAJIbHBIX HAIIPSKECHUH.

Takasi paccTaHOBKa CHJI XapaKTEPU3YeT YCIOBUS IIPOMEXYTOUHOIO reoJuHaMuye-
CKOT'0 3TaXa, B IIpeiesiax KoToporo GopMupyroTcsi TEKTOHUYECKUE Pa3IoMbl CyOBEpTH-
KaJbHOW OPHEHTHPOBKU CO CABUIOBON KMHEMATHKOH cMmelleHus. Paznugaror npasble
CABHIH, KOT/Ia CMEILIEHUE BIOJIb TEKTOHUYECKOTO I1IBA IIPOUCXOAUT 110 YaCOBOM CTpeE-
K€, U JIEBBIE CJIBUTH, KOT/Ia CMELIIEHHUE B/IOJIb TEKTOHUYECKOT0 IIBa IPOUCXOIUT MTPOTHB
JacoBOM cTpenkH (puc. 1).

C1

-1#2\\\\3//435

Puc. 2. [Ipeobnanaromine OpueHTUPOBKH PA3IOMOB B IIOJIE TEK-
TOHUYECKUX HanpspkeHull ¢ asumyrom I'MH 260°:

I — neiicreue 'MH; 2 — pa3nBuru u cOpocsl; 3 — JIEBbIE CABUIH;
4 — mpaBble cIBUTH; 5 — B30OPOCHI; ¢, — yroJ CKOJa JIEBBIX C/IBUIOB;
(ln — Yr'oJI CKOJIa ITpaBbIX CABUTOB
Fig. 2. Predominate orientations of faults in the field of tectonic
stresses with MMS azimuth 260°:

1 — MMS action; 2 — tension cracks and faults; 3 — left displacements;
4 —right displacements; 5—upthrow faults; o — left displacements taper
angle; o, — right displacements taper angle

ITockonpKy BO3pacTaHUe HaNpsHKEHUS OT Beca TOPHBIX MOPOA ¢ MTyOWHOM mpo-
JTOJKAETCs, Ha OTpe/IeNIeHHON NTyOnHe BEpTUKAIBLHOE Te0CTATHIEeCKOe HAPsDKeHNe
MIPEBBIMIAET BEIMYNHY T€OIMHAMHUYECKIX HAMPSKEHUH 110 00€MM TOPH30HTAIBHBIM
ocsaM. Ponp MakcHManbHOTO INIABHOTO HANPSDKEHUS NMEPEXOJUT K BEPTUKAIBHOMY
BEKTOPY HalpspkeHH. B cBolo ouepenpb, 1Ba TOPHU30HTAIBHBIX BEKTOpa OTPa)KaroT
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MOJIOKEHUE OCEH MPOMEKYTOUYHOTO U MUHMMAJIbHOIO MIABHBIX HanpsbkeHui. Takast
pacCcTaHOBKA CHJI XapaKTePHU3yeT YCIOBHSI HUIXKHETO TeOAMHAMUYECKOTO 3Taxa [8],
B IIpejienax KOToporo (popMHUpPYIOTCS TEKTOHHYECKHE Pa3ioMbl cOpOCOBON KHHEMa-
tuku (puc. 1).

Takum 006pazoM, 3aKOHOMEPHOE N3MEHEHHE HANPSHKEHHOTO COCTOSHUS ¢ TITYOHMHOMN
MPUBOAUT K (POPMUPOBAHUIO OMPEACICHHOTO «HA00Pa» TEKTOHUYECKUX HAPYIICHUH
B MacCCHUBE TOPHBIX NOPO. B MpUIIOBEpXHOCTHOM CJIOE 3¢MHOM KOPbI 00pa3yrOTCsl Ha-
JIBUTH, CMEIIICHUE BIOJIh KOTOPHIX OPUEHTHPOBAHO B CTOPOHY 3€MHOM IMOBEPXHOCTH,

—)

=
w

=X

Puc. 3. [Ipeobnanaroiye OpHEHTHPOBKU Pa3jIOMOB B T0JIE€ TEK-
TOHWYECKUX HanpspkeHuit ¢ asumyrom ' MH 285°:

1 — peiicteue T'MH; 2 — pa3uBuru u cOpochl; 3 — JIEBbIC C/BUIH;
4 — mpaBble caBUrH; 5 — B3OPOCHI; 0, — YIONl CKOJIA JIEBBIX CIBUIOB;
0, — yTOJI CKOJIA IPABBIX CIABUIOB
Fig. 3. Predominate orientations of faults in the field of tectonic
stresses with MMS azimuth 285°:

I — MMS action; 2 — tension cracks and faults; 3 — left displacements;
4 —right displacements; 5 — upthrow faults; a_ — left displacements taper
angle; o — right displacements taper angle

Z4§5

SIBJIAIOIICHCS] TPaHULIC HYJIEBBIX TEKTOHWUYECKUX HAIPsDKEHUM WM TpaHuLEd pas-
Tpy3KH HaIpsbKeHUH. Hibke MponucXoanT 3aI0KeHIe CABUTOB, ONPEACIISIONIINX CMeIIe-
HUS IOPOJHBIX OJIOKOB 10 TOPU30HTAIN. B HMKHEM TeOMHAMUYECCKOM 3TAXKE TPOUC-
XOJIUT 3aJI0KECHHUE COPOCOB, TI0 KOTOPHIM IPOUCXOISAT CyOBEPTUKATIBHBIC TICPEMEIICHUS
MOpPOJHBIX 0J10KOB. HecMoTps Ha pa3nnyHyIo TyOrHY 3aJI0KEHHUA TEKTOHUYECKHIX Ha-
PYIICHHUH, Pa3IOMBI HIDKHUX 3TaXEH «IIPOPE3aroT» BEPXHUE ITAKU U OOBITHO MPOSIB-
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JSIFOTCSL. Ha 3€MHOM MOBEPXHOCTH. JTO SIBICHHUE CBSI3aHO C ONPEAETICHHON CHIIOBOM
uepapxvei reouHaMu4YecKux sTaxe [8].

B3anmHoe pacrnionokeHHe TEKTOHUYECKUX Pa3IoOMOB B TMPOCTPAHCTBE MOXKHO Ha-
IJISTHO TTOKa3aTh IPU MOMOIIH PO3BI-JHArpaMMBI. J{JIs TOCTPOSHNS pO3-1ruarpamMm B pe-
QITBHBIX YCJIOBHUSX HCIOJB3YIOTCS JJaHHBIE T€0JIOTHYECKOT0, HHKEHEPHO-TE0JIOTHYECKO-
0 M TUAPOTCOJIOTHYECKOTO KapTHpOBaHWS. MeTomuKa MOCTPOEHHS pPO3-JuarpaMm
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Puc. 4. TIpeobnanaromine OpUEHTHPOBKH Pa3ioOMOB B
VYpasbCKOM pervoHe:
1 — opuentupoBka ocHOBHbIX ' MH; 2 — cOpocsr; 3 — neBble
XPYIKHE U IUIACTHIHO-XPYIKUE CIBHUIHU; 4 — JIEBbIE XPYIIKO-
IUIACTHYHBIC CIOBHUTH; 5 — MpaBble XPYNKHE U IUIACTHYHO-
XPYIKHE CABHIH; 6 — 1paBble XPYNKO-IUIACTHYHBIEC C/IBHIH;
7 — B30pOCHI
Fig. 4. Prevailing faults orientations in the Urals:
1 — orientation of basic MMS; 2 — faults; 3 — left brittle and
elastic-brittle faults; 4 — left brittle-elastic faults; 5 — right
brittle and elastic-brittle faults; 6 — right brittle-elastic faults;
7 — upthrow faults

3aKJIIOYAeTCd B CYMMHPOBAaHMM OTHOCUTENBHBIX UIMH TEKTOHMYECKHX HApyILCHUH
B TIpe/ieNiax BEIOpaHHBIX JUAa30HOB a3UMYTOB IIPOCTHpaHusl. B pesysbrare rpymis pas-
JIOMOB Ipeo0Iaaaroieii OpueHTUPOBKU (POPMUPYIOT Ha AUArpaMMe BEIPKEHHBIE TTHKH.

Pe3yabTrarhl ucciaenoBanMii. AHAIH3 MPOCTPAHCTBEHHOW OPHUEHTHPOBKH TEKTO-
HUYECKUX HAPYIIEHUH BBIIOIHAJICA B PAMKaxX PEIICHUs IPAaKTHUECKUX 3a/1a4d THIpore-



ISSN 0536-1028 «Hz6ecmus 8y308. T'opnutil srcypuany, Ne 7, 2018 61

OJIOTHH, HHKEHEPHOM T€0JIOTHH U TEOMEXaHUKH Ha PYAHBIX MECTOPOXKIECHUAX, MECTO-
POXKIEHUAX TPECHBIX MOJ3EMHBIX BOA W Ha TeppUTOpuu TopoaoB CeBepHOro,
Cpennero u OxHoro Ypana [5, 6, 8, 14]. B xone paGot ObUT BEISBICH PS BAKHBIX
3aKOHOMEPHOCTEN. YCTaHOBJIEHO, YTO Ha Pa3HbIX TEPPUTOPHUAX Ypaja BBISBISIOTCS
TPHU OCHOBHBIX BHJA PO3bI-AHArPAMMBI, OTPAKAIOMINX NPeoOIafaomye OTIIHIUTEIb-
Hble OCOOCHHOCTH OPHEHTHPOBKHM IJIaBHBIX MaKCHUMalbHBIX Hampspkenud (I'MH).
I'maBHOE MakcHMallbHOE HaMpshKeHHe, (GopMHpYIOIIee OONBIIMHCTBO aKTHBHBIX TEKTO-
HUYECKHX Pa3JIOMOB B COBPEMEHHYIO F€0JIOTHYECKYIO 310Xy, UIMEET JIBa Mpeodiaiato-
X HampaBJeHUs (IBe OPHEHTHPOBKH). Ha HEKOTOPHIX 00BEKTaX OCHOBHOE HaIIpaB-
neane I'MH neiictByer mo asmmyty 260°. Ha npyrux teppurtopusx mpeoOiagaet
opuenTtupoBka I'MH co cpennum azumyrom 285°. OueHb 4acTO BBISIBISIOTCS YYaCTKU
3eMHOM KOpbI, Ha KOTOPBIX MPOSIBISIFOTCSL 00a 3TUX HaAIpaBlICHHS.

Bun possi-nuarpammel, oTpaxaromeid opuentupoky ['MH no asumyty 260°, no-
Ka3zaH Ha puc. 2. [IpencraBieHbl MUKW, OTpaXKaroline MPOCTHPaHHe COPOCOB, HA/IBU-
TOB, JIEBBIX M MPaBbIX cABUIOB. [IpocTrpanne cOpOCOB COBIAAAET C OPUEHTUPOBKOM
0CH MaKCUMAaJIbHOTO TJIABHOT'O HOPMAJIbHOTO HANPSDKEHHS, YTO COOTBETCTBYET 3aKOHO-
MEPHOCTSIM, CBA3aHHBIM C T€OIMHAMUYECKON ATaxXHOCTBIO (puc. 1). [luk quarpammel,
OTpaXKaIOLIHi1 MOJI0KEHNE B IPOCTPAHCTBE HAJBUTOBBIX CTPYKTYP, pacrosaraeTcs moj
npsiMbeIM yrioM K ocd 'MH u k nuky nuarpammsl, ONpeAeioieMy OpUEHTUPOBKY
cOpocoB. OpHUEHTHUPOBKA HAJIBUTOB MMEET mpeobiamarommii azumyT 350°. JIBa muka
CABHIOBBIX CTPYKTYpP 3aKOHOMEPHO pacIiojararorcs clipaBa U cjieBa OT MUKa cOpoco-
BBIX HApYILIEHUU W OTCTOSIT HA YroJl CKOJia, KOTOPBIM yarie Bcero cocramiser 40°.
JleBble cABUTY MMEIOT MPEOONANAIOLTYIO CPEAHIOI0 OpueHTHPOBKY 300°, a CIIBUTH MpaBoOi
KuHeMaTuku — 220°.

Ha nexoTophIx 00beKTax mposBUiIOCh Hampasienne ' MH, peiicTByromee mo a3u-
MyTy 285°. B atom ciydae (puc. 3) mpocTtupaHue cOpOCOB COBITAAET C OPHUCHTHPOB-
koii ocu 'MH, npoctupanne HaABUTOB mMeeT Ipeobnanarommii a3umyT 15° (195°),
JIBa TIMKa CIBUTOBBIX CTPYKTYP 3aKOHOMEPHO pacloiararoTcs clpaBa U cjieBa OT NHKa
cOpPOCOB U OTCTOSIT Ha YTOJI CKOJIa, KOTOPBIH puMepHO coctaisier 40°. JleBble caBUru
HUMEIOT NMPE00JIaAA0IITYI0 CPEIHIOK OPUESHTHUPOBKY 325°, a CABUIH MPaBOM KMHEMATH-
Ku — 245°.

Ha OonpIIMHCTBE M3y4eHHBIX OOBEKTOB B PA3IMYHON CTENIEHU BBIPAXKEHHOCTH IIPO-
SIBIISIFOTCS 1Ba HarpasieHus aeiicteua I MH. B atux ciayyasx nuarpamma, oTpaskaroras
OPHEHTHPOBKY TEKTOHHMUYECKHX HapylIeHUH, uMeeT Oosee cloxHyo (opmy (puc. 4).
B o6o0mmaromem BapuanTe HaOMIOAASTCS B3aUMHOE HAJIO)KEHHE TarpaMm, H300paKeH-
HBIX Ha puc. 2 1 puc. 3. Ha obo0mmaromniet auarpaMmMe mpoCTPaHCTBEHHON OPHEHTHUPOB-
KU TEKTOHUYECKUX HapyIIEHUH YPaJbCKOIO PErMOHA MPOSIBIISIFOTCS T€ )K€ CaMble MUK,
COOTBETCTBYIOLINE MPOCTUPAHUIO HAJIBUTOBBIX, CABUTOBBIX M COPOCOBBIX TEKTOHHYE-
CKHUX HapylIeHHWH, 3T NMKU Kak Obl yaBauBaioTcs. VIMeeTcs Ba MHKa, COOTBETCTBYIO-
HIMX IPOCTHPAaHUIO cOPOCOB, /IBa MUKA, OTPAKAIOIIMX MPOCTUPAHUE HAJABUTOB, H YEThHI-
pe IMuKa, COOTBETCTBYIOLINX a3UMyTaM MPOCTHUPAHMS CIBUTOBBIX HapyIeHuil (puc. 4).

IIpu n3yuennn 0OBEKTOB, T7I€ MPOSIBIISIOTCA Ba Hanpasienus aeicteus [ MH, Bbrs-
BUJIUCHh OCOOEHHOCTH, KOTOPBIE OTPAXKAIOT ONPEIENICHHBIE OTIIMYMS OT IPOCTOr0 HaJo-
JKEHUS IBYX TJIaBHBIX MaKCUMAJIbHBIX HallpaBieHuH. [ TaBHOEe MaKkcHMallbHOE HalpasJie-
HHE C OPHEHTUPOBKON 285° hopMupyeT yaliie Bcero JieBble M0 KUHEMAaTHKe BHKEHUS,
XPYTIKHE CABUTHU CO CPEIHNUM a3uMyToM 320-325° 1 XpyHKO-IUTaCTUYHBIE CABUTH C a3H-
myTtoMm 335-340°. 'MH ¢ HanparneHuem 260° hopMupyeT yalie BCero npaBbie M0 KHHE-
MaTHKe NBIKCHHS, XPYIKHAE CIOBUTH CO CpemHuM asuMmyToM 220-225° m Xpymko-
IUIACTUYHBIE CABUTU C a3uMyToM 205-210°. DTH naHHBIE 3aCTaBISIOT MOJIAraTh, YTO
nerictBytomye nonepemenHo ' MH nensit chepsl BIMsSHHS Ha TEOIOTHYECKYIO CPEny, U
MOXHO, C HEKOTOpOH J0Jel ycimoBHOCTH, paccMarpuBath [ MH 285° kak «ieBoe» riaB-
HOE MakcuManbHoe Hanpsukenue (o, ), a TMH 260° — kax «pasoe» (o).
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Anaau3 pesyabraroB. Crienyer momararb, YTO ONHCAHHAs T€OAMHAMHYECKas
CTPYKTypa 0OyCJIOB/ICHa 3aKOHOMEPHBIMHU NIPUPOAHBIMU BapHALMSIMU IPEAEIHHO Ha-
NPSOHKEHHOTO COCTOSIHUSI CKAJIBHBIX MacCUBOB. TaK, 1Ba BEIPQXKEHHBIX MHKA COPOCOBBIX
HapyIIEHUI CBUAETENBCTBYIOT O BO3MOXKHOM IonepeMeHHoM Bo3nercteuu ['MH no
JIBYM CMEXHBIM HamnpapieHusM. [lokazaTenbHo, YTO 3TH HapaBIEHUs OTCTOST APYT OT
JIpyTa Ha yroj, ONM3KHUil K XapaKTepHOH BeTMYMHE XPYIIKOro ckona (o = 25-35°).

KoHneHTpanus TEKTOHWYECKUX HANPSKEHUI NMPOUCXONUT NPH OTCYTCTBHUH BO3-
MOXHOCTH MX pa3rpys3ku myTeMm aedopmanuu. IIpu nedopmanum maccusa mon aei-
CTBHEM MAaKCHMaJIBHOTO IFIABHOTO HANPSKEHUS [0 OTHOMY HAIIPABICHUIO MOXKET OBITH
UcUeplaHa BO3MOXKHOCTh Pasrpy3KH HaNpsKEHUH IMyTeM CMELIEHMS IO CyIIECTBYIO-
MM TEKTOHHUUYECKHUM II1BaM. B 3TOM cily4yae BO3HMKAET aJIbTepHATUBHBINA BApHUAHT, KOT-
Jla BEKTOp MaKCHMAaJIbHOTO TJIABHOTO HOPMAJIBHOTO HANpPsDKEHUS MEPeKIIoYaeTcs Ha
yrox 25-35°. Copoc n30BITOYHBIX HAMPSHKCHUH TIPOUCXOIUT IO CETH TEKTOHUIECCKUX
HapyueHui, cOPMUPOBAHHBIX MO CMEXHOMY HAalPaBJICHUIO BO3IACUCTBHUS MAaKCH-
MaJIbHOTO HalpsHKEHUsI, UMEIOLIETO TOT K€ Ha0op Je(OpMalMOHHBIX CTPYKTYD.

JIBOiiHON HaOOp TEKTOHWYECKHX CTPYKTYp CO3[aeT BO3MOXXHOCTH Pa3HOHAIPaB-
JIEHHOTO CMEIIIEHHS TI0 OHUM H TeM K€ TEKTOHUYECKUM IIIBaM, MTO3BOJISS MaKCHMAaJlb-
HO 3((EeKTUBHO MCIOIB30BATH CYIIECTBYIOIIYIO CETh PAa3JIOMOB ISl pPeJaKcaluy U3-
OBITOYHBIX HaIpsDKeHHWA. Hampumep, mpy MepeKIiOueHHH CHIIOBOTO BO3IEHCTBHS HA
OpUEHTHPOBKY 260° cOpOCHI, 3aJI0)KEHHBIE O] ICUCTBUEM MaKCHMaJIbHOTO HarpsiKe-
HUS TI0 «CTapoMy» HampaBieHHI0 285°, 0Ka3bIBAIOTCS PaCHOIOKEHHBIMH O] YITIOM
25-30° kK HOBOMY TOJIO)KEHUIO OCH MaKCHMaJIbHOTO TIaBHOTO HAIIPSDKEHUS, U TI0 HUM
MOTYT pEalIn30BBIBATHCS CABUTOBBIC JIehopMaInu.

Mensercs xapakTep nedopMaliy CABUIOBBIX pa3ioMoB. Tak, yroia Mexiy OChio
MaKCHMaJIBHOTO HAIlPsDKEHUS U TUIACTUYHO-XPYNKUMU JIEBBIMU CABUTaMHU C a3UMYTa-
MU 320° yBenuuuBaetcs ¢ 35 10 60°. DT0 NPUBOANT K YBEIHMUEHHUIO BEPOITHOCTH IIa-
CTHYECKUX Ae(opMaluii B IUIOCKOCTH TEKTOHMYECKOTO IIBA. YTOJI MEXAY JIEBBIMH
XPYTKO-TJIACTUYHBIMU ciBUramHu ¢ azumytamu 340° Bo3pactaet 1o 80°. B pesynbrare
M0 HUM MOTYT PEaJnu30BLIBATHCS HAIBHUTOBBIC (B30pocoBwie) cMmerieHus. C apyroit
CTOPOHBI, IIPU NEPEXO/I€ CUIIOBOTO BO3AEHCTBUSA HA OPUEHTHUPOBKY 260°, HaqBUTH, 3a-
JIO’KEHHBIE MO NEHCTBUEM MAaKCHUMAJIbHOTO HAPSKEHUS [0 HampaBieHuIo 285°, oka-
3BIBAIOTCS PACHOJI0KEHHBIMHU O] YITIOM MJIACTHYECKOTO CKOJIBXEHHA K HOBOMY IT0JIO-
xeHuto ocu 'MH, 1 o HUM MOTYT pearTu30BBIBATHCS CABUTOBBIC 1e(hopMaLini.

TakuM 00pa3zoM, BapHalliil HANPABICHUs BO3ICHCTBHS MaKCHUMAJILHOTO TJIABHOTO
HOPMAJILHOTO HAIIPSKCHIS Ha YO 0 = 25—-35° 04eHb CyIeCcTBEHHBIM 00pa3oM MEHS-
10T KapTHHY JIe(dopMaluy CKaJbHOTO MaccHBa. M3MeHseTcs KMHEMaTHKa CMEIIECHHS
B/IOJIb IJIOCKOCTEH 3aJI0KEHHS TEKTOHUYECKHUX Pa3IOMOB. YMEHBIIACTCS WM YBEIH-
YMBAETCS AOJS XPYIKUX M IUIACTHYECKHUX JeQopMalii B 30He TEKTOHHUECKOTO IIIBa.
ObecneunBaercs Oonee 3pdekTuBHAA perakcaysi N30BITOUHBIX HAPSHKEHUH MyTeM
pa3HOHAIPABIEHHBIX CMEIIEHUH BIOJb CYIIECTBYIOIIEH CETH TEKTOHWYECKUX Hapy-
LICHUI.

JIBoiiHON HAa0Op TEKTOHHMYECKUX CTPYKTYP, BBICTYHAIOLIMX B POJIM IOIBMXKHBIX
3JIEMEHTOB, YBEJIMYMBAET KOINYECTBO CTEIICHEH CBOOOABI pH 1e(hOpMaLIuH CKaTbHOTO
MaccuBa. 3aKOHOMEPHOE NMPOCTPAHCTBEHHOE PACIHOIOKEHHE TEKTOHHMUYECKHUX pasiio-
MOB B TIOPOIHOM MAacCHBE SIBIIAETCS €T0 OTBETHOM peakiieil Ha MOCTOSTHHOE BO3ZeH-
CTBHE M30BITOUHBIX HAIpPSDKEHUH. 3aI0KCHHE 3aKOHOMEPHOW CETH TEKTOHHYECKUX
Pas3JIOMOB SIBIISIETCS JIEMEHTOM CaMOOPIaHU3alMK CKaJIbHOTO MAaccHBa IOA BO3ZICH-
CTBHEM BHELIHHUX [C€OTUHAMUYECKUX CHIL.

Oo0aacTh NpUMeHeHusl Pe3yJbTaToB. Pe3yasTaTsl reoMeXaHN4eCKoro aHajinu3a co-
BPEMEHHOM I€OJUHAMUYECKON CTPYKTYPBI CKaJIbHBIX MACCHUBOB YPaIbCKOIO PETMOHA
MOKA3bIBAIOT, YTO aKTHBHBIE TEKTOHUYECKUE PA3IOMBI, KaK MPaBUIIO, UMEIOT OTpee-
JICHHYIO OPHEHTHPOBKY B COBPEMEHHOM I0JIe HampspxeHuil. IlpuBeneHHble auarpam-
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MBI (puc. 2—4) ¢ HEKOTOPBIMU HE3HAUNTENIbHBIMU BapHallisIMU TOBTOPSIIOTCS MPH U3Y-
YeHUH OONBIMMHCTBA O0O0BEKTOB. COBpEeMEHHOE IIOJICe HAIPSKCHUN HWCIBITHIBAET
BapHaIliy, BRIPAXKAIOIINECS B CMEHE OCHOBHOTO HAIPaBJICHUS! CHJIOBOTO BO3/ICHCTBUSI.
MaxkcumanbHOe IMIaBHOE HAIPsKEHHE MOXKET MepeKIIIoYaThcsl Ha CMEXHOE Harpasiie-
HUE BO3ICHCTBUSA, OTCTOsMIee Ha yroa 25—-35°. CymecTBOBaHME IByX OCHOBHBIX Ha-
NPaBJIEHUH CUIIOBOTO BO3JIEHCTBHUS YETKO MPOSIBISIETCS B MPOCTPAHCTBEHHON OPUEHTH-
POBKE TEKTOHUYECKUX Pa3TIOMOB.

MeTonrka WCIIONB30BaHUS PE3YIBTATOB 3aBHCUT OT eI KOHKPETHOW pPadOTHI.
[Ipu norckoBbIX paboTax, HAMPABICHHBIX HA BBISIBJICHUE YYaCTKOB, IPUTOIHBIX IS TUThE-
BOTO M TEXHUYECKOTO BOJOCHAOKEHUS, UCCIEIOBAHNS HAUWHAIOTCS C KaMepaJbHOTo
aHanm3a Kaprorpadguueckux MarepranoB. Ha aTom stane pabot HEOOXOAUMO BBISIBUTH
JOCTOBEPHYIO CTPYKTYPY JIMHEaMEHTOB KOHKPETHOM MECTHOCTH. JKenaTebHO HCIOMNb-
30BaTh HIMPOKUHN CIIEKTP KapT: TONOrpadruecKue, TeoJornieckne, KOCMHIECKHe, reo-
Oorannueckue u ap. Kak npaBuiio, moxy4eHHbIE THarpaMMbl IMEIOT BEICOKHH YPOBEHB
COOTBETCTBHS CO CTPYKTYpaMu, U300paskeHHbIMU Ha puc. 2—4. Ha ocHoBaHuMu coor-
BETCTBHUS a3UMYTaJbHBIX OPUCHTUPOBOK ONPEICISICTCS KHHEMATHYECKUI THIT ITPEIIIO-
JaraeMbIX pa3noMoB. [lJis MOMCKOB BOABI CIEAyeT OPUEHTHPOBATHCS HAa CABUTH U
cOpockl, U, TNIaBHOE, Ha y3Jbl UX NepecedeHus. Ha npeanonaraeMeix nepcreKTUBHBIX
y9acTKaxX BBITIOTHIETCS KOMIUIEKC Teo(H3NIecKrX, OypOBBIX M OMBITHBIX padoT, Ha-
NPaBJIEHHBIX HA MOATBEPKACHUE U IETATU3ALMIO TEKTOHUYECKOH U THAPOTe0sIornye-
CKOM CTPYKTYPBI KOHKPETHOTO 00BEKTA UCCIICTOBAHUIA.

[Ipn MHXEHEPHO-TEOIOTHYECKNX N3BICKAHUSX | JIJIS BRISIBJICHHS TIPUIHH edopma-
UM 31aHUH U COOPYKEHUH HEOOXOANMO ONPE/ICTUTE Ha aBapPUIHOM y4acTKe MECTOTIO-
JIO)KEHHEe, OPUEHTUPOBKY M KMHEMATHUECKUI THIT TEKTOHUYECKHX HapyuieHud. Omnu-
pasich Ha MpeAToIaraeMblii KHHEMAaTHYECKUI THIT pa3JIOMOB U BEPOSTHOE HAIPaBJICHHE
nedopmanuu [8], cnenyeT ¢ MOMOIIBIO METOAOB BBICOKOTOUYHOW T€OAE3MU OLEHHUTH
MHTEHCUBHOCTH TMPOUCXOMSAINX MNOABIKEK. OCHOBHYIO OIACHOCTHh MPEICTABISIOT
MPOCaJIOYHbIE, peXe — CIABUTOBEIE AeopManuu. ITu nedopMaliy IpH CBOEBPEMEH-
HOM BBISIBIICHHU M JIWATHOCTUKE HAMpPaBJICHUS CMEIICHUH MOKHO KOMIIEHCHPOBATh U
MPEIOTBPATUTH C TOMOIIBIO CIIEIIMATIFHBIX METOIOB. Ha »Tare nrmxeHepHO-Teonornie-
CKUX U3bICKaHHU HanOonee 3(h(heKTUBHBIE pe3yabTaThl MOXKET IPUHECTH KOPPEKTUPOB-
Ka IIPOEKTa, BKJIIOYAOIas H3MEHEHHE MECTOIIONOKEHNS 3aHHsI UITH COOPYKEHHS.

BobiBoabl. [{71s ycnemHoro penieHns MPakTHYeCKruX 3a/1ad HeoOXOIUMO MPaBHIIb-
HOE TIOHUMAaHHE MPUPOJIBI TEKTOHMYECKUX Pa3IOMOB KaK CaMOCTOSTEIBHBIX TEOJIOTH-
yeckux Tell. KioueBbIMU BOPOCaMU NPU M3YYCHUU TEKTOHWYECKHX HapyIICHUH SIB-
JISIOTCS TIOKA3aTeNr, XapaKTepU3yOIINe COBPEMEHHOE HampsKeHHO-Ie(hOpPMHUPOBAH-
HOE€ COCTOSIHHE B KOHKPETHOM y4YacTKe 36MHOH KOpbl. TeKTOHHMUYECKUE pa3ioMbl SIBIIS-
I0TCSI IPUPOIHBIMU PETYIATOPAMHU HAMIPSHXKEHHOTO COCTOSIHUSL 3€MHOM KOPBI.

Jedopmarusi MOpOIHBIX MAacCHBOB IMPENCTABISIET COOOW HOPMAIBHYIO PEaKIUIo
TOPHBIX MOPOJ Ha BO3JEHCTBUE TEKTOHWYECKUX HANPSDKEHHH M ONpEneNsieT Mpouecc
TIOHW)KEHHST HANpsDKEHUH W TMOJJICPIKAHUST COCTOSHHS TPEACIBHOTO DPaBHOBECHSI.
N30bITOuHBIE HANpsHKEHUST TIOHMKAIOTCS (COpachIBarOTCS) B pe3yabTaTe pa3pylIaro-
mux (mpeapaspymanmux) redopManuii, BeAymuX K 00pa3oBaHUIO TPELH, 3aJI0XKe-
HUIO0 TEKTOHUICCKUX HApYIICHUH WM CMEIICHHH 1o pa3ioMaM. [ mobanbHas nmpupoaa
M30BITOYHBIX HANPSHKEHH TTPEoTIpeieNsieT 0eCKOHEYHOCTh 3TOTO Mpoliecca.

OnmuH W3 Tpex BEKTOPOB IIABHBIX HOPMAJbHBIX HANpsDKEHHH BCeraa JIOJDKEH
COBIIJIaTh C BEKTOPOM CHJIbI TSDKECTH KaK OCHOBHOM JIEUCTBYIOLIEH CHIIBI B 3¢MHOM KOpE.
OT0 mpenonpenenseT B OOIBIINHCTBE CIy4aeB CTPOTO TOPU30HTANBHYIO OPHEHTHPOB-
Ky JABYX JpPyTUX BEKTOpOB. IIpy 3amoxkeHnn TEKTOHHYECKOTO pa3jioMa WIH CMEIIEHUU
M0 HEMY TMpPOSBISLETCS HEKOTOpas IOJs IUacThdeckux nedopmanuii. B mpaktuke
THIPOTEOJIOTHYECKUX U MHKEHEPHO-TEOJIOTHYECKUX PaboT MMEHHO TaKhe Pa3iioMbl
COCTaBIISAIIOT OCHOBHOM MpeaMeT UCCIeIOBaHUH, YTO 3aCTaBIsIeT OPHEHTHPOBATHCS HA
3Ha4YeHHE yIvla CKoja, cocTaBistomiee B cpeqHeM 40°.
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OnHUM U3 BXKHEHIINX YCIOBHH (POPMHUPOBaHMSI TEKTOHUYECKUX HAPYLICHHUH SIBIISI-
€TCs TeolMHAMHIYeCcKas 3TaXHOCTh 3eMHOI KOpbl. | eonHaMuueckas 3TaXHOCTh 3€M-
HOW KOPBI IPeAyCcMaTpruBaeT U3MEHEHHE OPUEHTUPOBKH (M3MEHEHHE POJIN) OCEH TIIaB-
HBIX HaMpsOKEHUH ¢ TITyOMHOW, YTO CIYXXHUT OCHOBHBIM (DaKTOpoM OOpa3oBaHUS
TEKTOHMYECKUX PAa3JIOMOB Pa3IMYHOIO KMHEMAaTH4eCKOro THMa (HaIBUIOB, CIABHIOB,
cOpocos).

I'maBHOE MakcumanbHoe HampsbkeHue ('MH), popmupyromee OONBIIMHCTBO aKTHB-
HBIX TEeKTOHUYECKHX Pa3JIOMOB B COBPEMEHHYIO I'€0JIOTMYECKYIO 310Xy Ha Ypaie, UMeeT
JIBA TIPe0OIaTaloNINX HapaBIeHUs (IBe OpUEHTUPOBKH). Ha HEKOTOPHIX 00BEKTaX OC-
HoBHO€ Hanpasinenue ' MH geiictByeT no azumyty 260°. Ha apyrux tepputopusx npe-
obnanaer opuentupoka 'MH co cpennum azumyToM 285°. OueHb 4acTo BBISIBIISIFOTCS
YUYaCTKH 3eMHOM KOPBI, HA KOTOPBIX MPOSBISIIOTCS 002 3THUX HAIPaBICHHS.

IIpu opuentupoke I'MH mno aszumyty 260° mpoctupanue cOpoCOB COBIAIAET C
OPUEHTHPOBKON OCH MaKCHMAJIHHOTO TIIABHOTO HOPMAJBHOTO HANpPSKEHHUS, YTO COOT-
BETCTBYET 3aKOHOMEPHOCTSIM, CBSI3aHHBIM C T€OAMHAMHYECKOHN ATakHOCTHI0. HanBu-
TOBBIE CTPYKTYPBI PacroiararoTcs mox npsiMbiM yroM k ocu I'MH, u opuentupoBka
HaJIBUTOB MMeeT Nnpeodnanaromuii asumyT 350°. JleBble cABUIM HMEIOT Ipeodianaro-
IIyI0 CpeHIoI0 opueHTHpOoBKY 300°, a cABUrM MpaBoil kKuHeMaTuku — 220°.

IIpu opuentupoBke 'MH mno asumyty 285° mpocTupanue cOpOCOB COBIAAaET
C OPUEHTUPOBKOM OCH MaKCHMaJIBHOI'O INIABHOI'O HOPMAJIBHOTO HanpspkeHus. OpueH-
THUPOBKA HAJIBUTOB MMeeT Ipeodnanarommii a3umyT 15° (195°). JleBble caBuru MMeErOT
Mpeo0IIaIatoIIyI0 CPETHIOI OPUEHTUPOBKY 325°, a CIIBUTH MPaBoil KUHEMaTHKH — 245°.
[Ipu u3yueHnn oOBEKTOB, T/I€ MPOSBISIOTCS ABa HanpasieHus aeicteus ' MH, BbisBu-
JCh 0COOEHHOCTH, KOTOPBIE UMEIOT OMPEACTICHHBIC OTIMYHSI OT MMPOCTOTO HAIOKECHHUS
JIBYX TJIAaBHBIX MaKCHMAaJIbHBIX HAIPABICHUH.

Jedopmaruy ckaJbHBIX MacCUBOB U CMEIIECHUS BJOJIb TEKTOHUYECKUX Pa3lIoOMOB
HE SIBISIIOTCS XaoTHYeCKUMH. [IpenenbHo HanpsHKeHHOE COCTOSIHUE CKaJIbHBIX MacCH-
BOB HCTIBITHIBAET ONPEACICHHBIE BApHAIMH, HO 3TH BapHaLluU UMEIOT PETYISIPHBIN Xa-
paxrep. BrlsiBiieHHBIE 3aKOHOMEPHOCTH SIBJISIFOTCSL OOIIMMHE [T YPajbCKOTO PErHOHA.
Crnenyer npearnonarars, YT0 3aKOHOMEPHOCTH ITPOCTPAHCTBEHHOW OPUEHTUPOBKH TEK-
TOHWYECKUX PA3JIOMOB SIBISFOTCS Ba)KHBIM YCIIOBHEM CYIIECTBOBAHMS CKAJIbHBIX Mac-
CHBOB B COCTOSIHUH IIPEIEIBHOTO PABHOBECHS U C HEKOTOPHIMU OCOOEHHOCTSIMHU IIPO-
ABJSIFOTCS B IPYTUX PETHOHAX.

M3ydeHne npocTpaHCTBEHHON OPUEHTHPOBKHU U F€OMEXaHUYECKOH POJIM TEKTOHU-
YEeCKUX pPa3zjIOMOB MMeEET Ba)KHOE NMpaKTHUecKoe 3HaueHHue. [ eoMexaHndyeckue CBOM-
CTBa TEKTOHWYECKUX HApPYyIIEHUH ONMPEAesIOT WX MPOHUIIAEMOCTh JUISI MOA3EMHBIX
BOJI, UH)KEHEPHO-TCOJIOTHYECKHE XapaKTePUCTUKU CKaJIbHBIX MACCHBOB U CTENEHb CO-
BPEMEHHOI reolMHaMU4ECKON OMTAaCHOCTH Y4aCTKOB 3¢MHOM KOPBI.
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REGULARITIES IN THE SPATIAL ARRANGEMENT OF TECTONIC DISTURBANCES
IN THE FIELD OF MODERN STRESS STATE OF THE EARTH'’S CRUST

Tagil’tsev S. N.!
! Ural State Mining University, Ekaterinburg, Russia.

Research aim. The main aim of the present research is to determine spatial regularities in the arrangement
of tectonic disturbances which are active in modern field of geodynamic stresses. Tectonic faults are
considered as the structures of hard rock masses breaking which occur under the Earth's crust stresses
exceeding the strength characteristics of the hard rocks. Tectonic faults are natural controllers of the
Earth'’s crust stress state which ensure the deformation of the hard rocks and excessive tectonic stresses
relieving. Modern activation of tectonic disturbances depends on the faults orientation in the field
of modern geodynamic stresses acting within a definite section of the Earth's crust. The crust’s geodynamic
levels presence determines the variation in the orientation of axes of the main stresses with the depth,
which is the main factor of tectonic faults of various types (thrusts, displacements, and faults) generation.
Research results. The Ural hard rock masses modern geodynamic structure analysis shows that active
tectonic faults have definite orientation in modern field of stresses. The main maximum stress (MMS) which
forms the majority of active tectonic faults in the modern geological age in the Urals has two predominate
directions (two orientations). At some facilities the main direction of MMS acts in azimuth 260°. At the
other territories, MMS orientation prevails with an average azimuth 285°. Very often the sections of the
Earth'’s crust are distinguished where both directions appear:

Modern stress field undergoes definite variations which are expressed in the power action main direction
variation. The presence of the two main directions of the power action manifests in the spatial orientation
of tectonic faults. The existence of a regular network of faults is an element of a hard rock mass self-
organization under the impact of the Earth'§ crust tectonic stresses.

Research results application area. The study of the spatial orientation and geomechanical role of tectonic
faults is of a great practical significance. Geomechanical properties of tectonic disturbances determine
their permeability for subsoil waters, engineering-geological characteristics of hard rock masses, and the
degree of modern geodynamic hazard of the Earth’s crust sections.

Key words: tectonic faults; stress state of the Earth's crust; modern tectonic activation; geodynamic floors
presence; main maximum Sstresses orientation.
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SOME FEATURES OF MASS TRANSFER AT SPIRAL DEVICES

PROKOP'EV S. A., PELEVIN A. E.2, MOROZOV IU. P.2
1 000 Manufacturing Company Spirit
(Lermontova Str., 128/2, room 305, Irkutsk, the Russian Federation)
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(Kuibysheva Str., 30, Ekaterinburg, the Russian Federation)

Research aim is to investigate the mechanism of mass transfer at spiral separators and to determine
motive powers of particles stratification in a flow.

Research methodology. The issues of water flows and pulp mass transfer at spiral separators are
considered. To assess the states and the flow modes, the Froude number and the Reynolds number were
determined. It has been shown that water flows at spiral devices refer to complex fluid motion modes.
They have no fixed depth and speed along the width of the trough. Within one trough, a water flow has
several modes and states simultaneously, from laminar “smooth” and laminar “rough” to turbulent
“rough”.

Results and analysis. The presence of capillary and gravitational waves and transverse circulation
of flows has been stated. Researches over the determination of circulations at spiral troughs have shown
that the upper flows move along the unfolding spirals gradually approaching the outer side. Getting
close to the bottom, the water currents move along the folding spirals with a decreasing radius.

The presence of transverse circulation has been determined by experiment. When spiraling down along
the trough, the water currents sink to the depth of a flow near the outer side and rise up against the
bottom near the inner side. At spiral troughs with the diameter more than 1 m near the outer side there
is secondary transverse circulation with different direction of the water currents. Between the first and
secondary circulations there exists a transition zone without any circulation.

Conclusion. The mechanism of particles separation by density at a spiral separator has been discovered.
The basic motive powers of particles stratification in a flow are lift forces which occur because
of capillary and gravitational waves motion and flow transverse circulation.

Key words: spiral separation; stratification mechanism, capillary and gravitational waves; flows
transverse circulation.

Research aim is to investigate the mechanism of mass transfer at spiral separators
and to determine motive powers of particles stratification in a flow.

The current state of the theory and practice of spiral separation is sufficiently
explored [ 1-5]. Mass transfer and separation of particles by density is largely determined
by water flows features. The water flows at spiral devices refer to complex modes of
fluid motion. They have no fixed depth and speed along the width of the trough. Within
one trough, the water flow has several modes and states simultaneously, from laminar
to turbulent supercritical.

The state and modes of the water flows are determined by the Froude number:

Fr=—71, (1)

and by the Reynolds number:
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|'H
Re= ——
€= )
where v is the speed of the water flow, m/s; H is the depth of the water flow, m; g is the
gravitational acceleration, m/s?; v is the kinematic viscosity coefficient, m?/s [6].
Experimental determination of the Froude number and the Reynolds number for
the water flows in straight and spiral troughs and the obtained data comparison by the
graph Fr = f{Re) shows that the values of laminar, transition, and turbulent modes
almost coincide [7]. The major part of a flow at a spiral trough is characterized by Fr
number of more than one, which indicates “rough” state of a flow, where free surface is
distinguished by the presence of waves. An only the minor part of the water flow near
the spiral trough inner side has “smooth” state without waves under Fr < 1. The state
of the flow under Fr = 1 should be referred to critical.

Moation of - e

aflow ——
-
-

Fig. 1. The scheme of water circulation:
1 — motion of the surface water currents; 2 — motion of the water current
at the bottom
Puc. 1. Cxema mUpKyISAILUN BOABL:
1 - JABHUIKEHUE TMMOBEPXHOCTHBIX Cprﬁ BOJBI, 2 — JBHWJKCHUC IOOHHBIX
CTpYH BOJIBI

The water flows at spiral devices refer to complex modes of fluid motion. They have
no fixed depth and speed along the width of the trough. Within one trough, the water flow
has several modes and states simultaneously, from laminar “smooth” (Re < 300; Fr < 1)
and laminar “rough” (Re < 300; Fr > 1) to turbulent “rough” (Re > 3400; Fr> 1).

Waves at a spiral trough with a smooth profile have a form resembling coastal waves
with a prominent wave crest in front. At a spiral trough with a complex profile, waves
have a complex pattern. Depending on the water flow parameters and the correlation of
surface tension force and gravitational force there occur whether capillary, or
gravitational, or both waves together.

Capillary waves occur in spiral water flows with the number of Reynolds up
to ~ 3000 and with the number of Froude of more than one. They are observed at all
spiral troughs in the flow bordered to the inner side.

Capillary waves lack fixed depth neither along the radius, nor along the spiral line.
The depth of a wave grows from the axis to the outer side and reduces from the wave’s
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crest to the back side. Capillary wave parameters (speed, depth, length, and frequency)
in a spiral flow have stable character and remain practically unchanged if the water flow
and pulp density in the power supply is varied.

Gravitational waves occur at the number of Reynolds higher than ~ 3000 and the
number of Froude higher than one, and exist at spiral troughs near the outer side.

Variation and complexity of water flows wave motion at the narrowing trough
should lead to circulating flows generation. The hypothesis on the presence of water
circulation at a spiral trough was made as early as 1945 [8].

Results. Investigations on the determination of circulation at spiral troughs have
shown that the upper flows move along the unfolding spirals gradually approaching the
outer side. Getting close to the bottom, the water currents move along the folding spirals
with a decreasing radius. At that, water masses, on the one hand, circle around the axis of
a spiral trough, on the other hand, around the spiral axis of a flow. This motion of water
masses is conditioned on the difference between the centrifugal forces in depth.

The character of the water flows motion at the spiral trough is schematically
represented at fig. 1.

The presence of transverse circulation has been experimentally determined, the
scheme of which is represented at fig. 2, &. When spiraling down along the trough,
the water currents sink to the depth of a flow near the outer side and rise up against the
bottom near the inner side. Transverse circulation at a spiral trough is a stable notion;
it hasn’t been disturbed even in the trough with riffles at the working surface along
the spiral lines.
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Fig. 2. The scheme of the water flows’ transverse circulation:
a— the scheme of transverse circulation; b — secondary transverse circulation; / — spiral trough axis; 2 — spiral trough
Puc. 2. Cxema nonepeyHoi UPKYIALUHU BOAHBIX IOTOKOB:
a — cxeMa IMONEePeyHO UPKYISINK; b — NBOiHAs monepeyHas UPKY/IALus; / — 0cb BUHTOBOTO Keno00a; 2 — BUH-
TOBOI1 Jke100

When investigating at spiral troughs with the diameter more than 1 m near the outer
side, secondary circulation with different direction of the water currents has been
discovered (fig. 2, b) [7].

Secondary transverse circulation occurs practically at once at the first coil and is
observed down along the trough near the outer side up to the unloading part. Between
the first and secondary circulations there exists a transition zone without any circulation.

In general, the presence of transverse circulation should play a significant role
in mineral particles lower layers motion towards the axis of the device and in the solid
phase disintegration in a flow.

Mass transfer at a spiral trough significantly differs from water mass transfer.
This difference has been experimentally observed at the spiral trough with the diameter



70 "l zvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 7. 2018 ISSN 0536-1028

0.5 m and coils pitch 0.35 m, and elliptic cross section. The obtained experimental data
after mathematical treatment are represented at fig. 3.

The analysis of dependences represented at fig. 3 shows that the introduction of a
mass of mineral particles into the spiral water flow leads to the switch of the flow’s
separate sections laminar mode into the transition mode, and further into the turbulent
one. The numbers Fr and Re are higher at pulp motion, than at water motion. Depth and
speed of a flow at its major part which is closer to the trough’s axis is higher at pulp
motion, than at water motion.
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Fig. 3. The parameters of a water flow — / and the pulp flow with the mass share of solid in the power
supply 31 % — 2 at a spiral trough
Puc. 3. ITapameTpbl BOAHOTO MOTOKAa — / U MOTOKA MYJIBIBI C MACCOBOM J10JIel TBEPAOro B MUTAaHHU
31 % — 2 Ha BUHTOBOM >kenobe

Mass share of solid in a pulp flow at a spiral trough is not identical across the width.
It is higher near the inner side reaching 60-66% of solid, and it is lower near the trough’s
periphery where only water and slime move. As experiments of L. G. Podkosov and
others have shown [9], mass share of solid in pulp near the inner side depends on the
track length. Thus, at trough’s length of 1.75 of a coil, mass share of solid in pulp is
62.0%, and at length of 2.75 of a coil — 65.2%, at length of 6 coils — 66.4%.

Spiral separators and sluices are meant for mineral particles separation by density in
the flow of water moving along the inclined plane. Apart from separating the particles
by density, stratification of particles by size inevitably occurs. The mechanism
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of particles stratification by size and density at spiral separators is carried out in the
following manner.

Under the action of the inner currents, mineral particles form into longitudinal bands
which are the elements of the transfer of solid in the water flow. At a definite water flow
mode, particles motion is carried out with the help of the capillary waves in the form of
separate portions. At a spiral trough with a smooth profile, the water flows replete with
mineral particles, transport particles towards the outer side.

The motive powers of particles stratification in a flow are lift forces [7]. Lift forces
result from capillary waves motion because surface flows possess higher speeds than
undercurrents. Within the limits of such wave transverse circulation occurs which
predetermines vertical velocity component. Their values are of the same order as the
lift forces from undercurrents.

Particles disintegration in a pulp flow is undoubtedly also determined by their
encounter which occurs because of velocity gradient in depth. Being in the disintegrated
state, particles in a spiral flow clash, and distance between them increases and decreases.

There inevitably occurs “sifting” of the minor heavier particles into the spans
between the coarse particles. At that lighter coarse particles move in the upper layers of
a flow by means of their “wedging up” and displacement by the minor particles [10].
This natural process of particles stratification by size and density is called segregation.

The processes of segregation are widely known at solid particles transportation by
water both in natural conditions and at concentrating gravitational devices. The presence
of additional impacts on a pulp flow, such as centrifugal force (for a spiral separator) or
inertial vibrational forces (for a concentrating table, a jigging machine, and a hydraulic
screen) intensifies material segregational stratification by size and density [10—-16].

Particles stratification by size and density goes on simultaneously. Stratification by
density can be intensified with the help of oscillations and upward water flow, and the
higher total mobility and disintegration of particles is, the better stratification by density
and the worse stratification by size is.

Stratification by density occurs when a heavy particle can advance into the lower
layer if under the particle an intergranular channel of a slightly bigger size forms. In the
process of a heavy particle motion through the layer of fine light particles it has to
overcome resistance of the surrounding particles [7].

Transverse circulation significantly influences the process of particles stratification
by density. Solid phase located within the limits of the lower branch of transverse
circulation, mowing downwards gradually shifts towards the axis of the device under
the effect of hydrodynamic pressure which is the result of gravitational force, centrifugal
force, and friction force. This shift doesn’t depend on the presence of the heavy particles
in this layer. The whole layer shifts. Heavy particles surrounded by the particles
of a waste rock comply with the general character of the whole layer of the particles motion.
At that, heavy particles gradually advance into the field of a flow with the shallower
depths. Because of this, light particles of the layer under consideration are found within
the limits of the transverse circulation upper branch, where the motion is directed along
the unfolding spiral towards the outer side. At that, the upper layers of light particles
pull away from the axis of a spiral trough.

In the process of the lower layer displacement towards the field of a concentrate,
there occurs the displacement of lighter particles by the heavier particle into the upper
layers. By means of this, heavy particles concentration near the inner side increases.

The velocity of the pulp transverse flow at a spiral trough is directly proportional
to the velocity of the pulp longitudinal flow. The larger the flow’s depth is, together
with the relation of coils pitch to the trough’s diameter and the angle of transverse
section to the horizon, the higher the transverse circulation velocity is.
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Thus, when concentrating at a spiral device, heavier particles center near the inner
side of the trough side, when the lighter particles center near the outer side, which
makes it possible to divide them as the pulp comes down the trough.

Results area of application. The process of stratification by density at a spiral
device is more effective for a narrow grain size class of the primary product. If heavy
minerals are generally represented by “slime” particles, then for their isolation into
a heavy product mainly laminar mode of pulp motion along the spiral trough is required.
Therefore, in order to eliminate the effect of size on the separation results, spiral devices
are divided into spiral separators and spiral sluices which are distinguished by the
profile of the trough transverse section. The former are applied for the concentration
of the particles with the size of 0.071-2 mm, the latter are applied for the concentration of
the particles with the size of 0.03—0.5 mm.

Conclusion. The basic feature of mass transfer at spiral devices is the presence
of capillary and gravitational waves, generation of circulating flows moving in the upper
layers along the unfolding spirals and along the folding spirals at the bottom. Motive powers
of particles stratification in a flow are lift forces and transverse circulations of flows.
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OCOBEHHOCTW MACCOMEPEHOCA HA BUHTOBbBIX AMMAPATAX
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Llenvto pabomur sensiemcs paccmompeHue MeXaHU3Ma MACCONePeHOCd HA GUHMOBBIX Cenapamopax
U onpeoenenue OBUNCYWUX CUTL PACCIOeHUs YACMUY 6 NOMOKe.

Memoouka npoeedenus ucciredosanuii. Paccmompervl 0npocvl MACCOnepeHoca 600HbIX NOMOKO8 U
nYIbNbl HA UHMOBLIX cenapamopax. s oyenKu cOCMOAHUA U PENCUMO8 NOMOKO8 ONpedelenbl YUCad
®@pyda u Peiinonvoca. [loxkazano, umo 800Hble NOMOKU HA GUHIMOBLIX ANNAPAMAX OMHOCAMCS K CIIOMNC-
HbIM hopmam Oeudicenus cuokocmu. OHU He umerom NOCmosHHOU 2yOuHbl U CKOPOCMU NO WUpuHe
arcenoba. B oonom dcenobe 600l NOMOK OOHOBPEMEHHO UMEEeNn HECKOTLKO PENCUMO8 U COCMOSHUL — OMm
JAMUHAPHO20 «CROKOUHO20Y, IAMUHAPHO2O «6YPHO20» 00 MYpOYIeHMHO20 «BYDHO20.

Pe3ynvmameul u ux ananu3s. Ycmauosneno Hanuyue KANULIAPHBIX U 2DAGUMAYUOHHBIX GOIH, HONEPEYHBIX
yupkynsyui nomoxos. Mccrnedosanus no onpeoenenHuio YupKyuisayuil Ha UHMOBbIX Jicelodax nokazaiu,
umo 6epxHue NOMOKU OBUICYMCA NO PA3BEPMBIBAOWUMC CRUPATAM, NOCHENEHHO NPUOIUNCAACH
K gHewnemy 6opmy. Oxkazaguiucey 601uU3U OHA, BOOHBLE CIPYU OBUICYMCS NO CEEPMbIBAIOWUMCSI CRUPATISM
C YMEHbULAOWUMCI PAOUYCOM. DKCHEPUMEHMANLHO ONPeOeleH0 HAnudue NONepeyHol YupKyisayuu no-
moka. Boonvie cmpyu npu 08udicenuu 6Hu3 no Jcenody onycKaromces 8 2yob nomoxa y eHeuine2o bopma u
NOOHUMAIOMCSL 66ePX OMHOCUMENbHO OHA Y 6HYymMpeHHe20 bopma. Ha eunmoswvix sicenobax ouamempom
bonee 1 m'y enewne2o bopma npucymcmesyem 6mopudHas NONePeyHdast YUpKyIsiyusi ¢ OpyeuM Hanpasie-
Huem 80OHBIX cmpyil. Meoicdy nepeoii u 6MopUUHOU YUPKYIAYUAMY CYUeCmEyem NPOMeNCYMOYHAs 30HA
be3 yupkynsyuu.

Bb1600. Packpvim mexanusm pazoenenusi 4acmuy no NIOMHOCMU HA 8UuHmMogom cenapamope. OCHO6HbI-
MU OBUNCYWUMU CUAMU PACCIOEHUS. YACMUY 8 NOMOKe AGIAIOMCA NOObEMHbIE CUTbI, KOMOPble 803HU-
Kaiom om 08UIICEHUsl KANUIAPHBIX U 2PABUMAYUOHHBIX GOIH U NONEPEYHOU YUPKYIAYUU NOTHOKA.

Knroueewvie cnoea: sunmosas cenapayusl; MexaHusm paccloeHus; KanuiiipHole U cpasumdayuoHHble
60JIHbL, nonepednas YyupKyJiayus nonoKkos.
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RATIONAL USE OF SUBSOIL MINERAL RESOURCES
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Introduction. Up to the present time neither of mining rent state mechanism changes has led to its
radical perfection and rational use of deposit reserves.

Methodology. A method of determining the cost of valuable components reserves distinguishing the
share of natural processes in the subsoil and materialized human labour in the creation of a mineral
resources base.

Results. Consumable deposit reserves cost involvement in the creation of objective economic foundation
for deposits rational exploitation tasks solution has been substantiated. The methods of assessing the
effectiveness of deposits operation technology variants have been introduced, as well as the substantiation
of deposits utilization acceptable completeness, and income distribution, observing harmonization
between the economic interests of the state, the owner of the subsoil, and the economic interests of the
mining enterprises, subsoil users.

Results analysis. Rational subsoil use crucial tasks solution results have been introduced and analyzed
by the example of Kovdorsky phlogopite deposit.

Conclusions. The suggested principles and methods of solving crucial tasks of subsoil use with the
involvement of deposit reserves cost contribute to subsoil mineral resources rational use.

Key words: reserves cost; harmonization of economic interests; subsoil use crucial tasks; solution
methods.

Introduction. Worldwide experience testifies that the development of human
civilization is inseparably connected to the need in continuous growth of subsoil
mineral resources consumption. For that reason by the present time the ownership of
the subsoil has been completely moved to the state regardless of its political structure.
In Russia the state’s ownership of the subsoil is recognized in the Constitution, and its
use, according to the Law of the Russian Federation “On the Subsoil” (article 9), is not
conditional upon the form of the ownership of the subsoil user. Naturally, the presence
of the owner raises the question for the subsoil users to pay for the subsoil mineral
resources which have been used up by them. The Russian economy’s move towards
market relations has inflamed the situation of the subsoil users’ payment for the utilized
subsoil mineral resources, because certain previously existing inconsistency between
the economic interests of the owner and the user of the subsoil has intensified.
The former is interested in both effective and more economical, i. e. complete and
integrated, use of deposit reserves, the latter is interested mainly in its own most
profitable production economic performance, i. €. maximum profit regardless of deposit
reserves utilization completeness. Existing mineral tax is incapable of respecting the
interests of both parties.

There is a wealth of examples. Thus, at the turn of the 20th and the 21st centuries in
the course of Norilsk polymetallic ore deposits operation the average content of copper
in the extracted ore by 2—3 times exceeded the average one in the deposit reserves [1].
A that, high grade ore production reached 87% with reserves share of 32%. According
to the data from the Central Committee for Solid Mineral Deposit Development of the
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Federal Subsoil Resources Management Agency, the subsoil reserves losses during
deposits exploitation reach from 5-6 to 12—15% on average according to the branches
of ore mining industry; extracted mineral raw materials losses during processing reach
from 2-25 to 15-55%. As a result, to produce their own marketable mineral products,
mining enterprises use up significant reserves of the national mineral resources base.
Thus, mining enterprises of Murmansk region, for 1 t of valuable components extracted
in the marketable mineral products, use up from 1.1 to 3.7 t of all reserves at the
operated deposits (table 1).

It follows from the above that deposit operation should provide, firstly, their
utilization effectiveness, secondly, economically acceptable mineral extraction and
losses, thirdly, harmonization between the economic interests of the state and subsoil
users. These tree tasks meet the solution of the problem of subsoil mineral resources
rational use. At that, the central key task without which the solution of other tasks
seems impossible is the harmonization of the economic interests of all parties.

Table 1. Consumption of mineral raw resour ces of the Kola region deposits
Tabuuna 1. Pacxon 3anacoB MHHepaJbHO-ChIPbEBLIX pecypcoB MecTopo:kieHuii Kobckoro

peruona
Enterprise Valuable component Cor;i.;;rnsg?o?fl\ﬁga;f dﬁc():rt'r;ptc;?ent

OO0 Kovdorsliuda Phlogopite 3.7

Vermikulite 22

OAO Kovdorsky GOK Fe 11

P.Os 1.6

OAOQ Olkon Fe 12

OAO Apatit P20s 12

OO0 Chamozero Pegmatite 15

JSC KolaMMC Pechenganickel Ni, Cu, Co 14
Combine

Lebedinsky GOK Karnasurt Mine Loparite 2.6

Umbozero Mine Loparite 22

Prominent scientists have been repeatedly indicating the need for the mining rent
state mechanism development [2—4]. However, up to the present time neither of mining
rent state mechanism changes and the amendments made has led to its radical perfection
and rational use of deposit reserves.

Research methodology. Mining Institute of KSC RAS substantiated the solution
concept for the crucial tasks of the subsoil use with direct involvement of the cost of
consumable subsoil reserves, which provides the creation of an objective economic
basis to solve the problem of deposits rational exploitation [5]. It has been suggested to
approach the determination of deposits cost as goods representing original raw material
for the production of marketable mineral products by the subsoil users.

The world practice have accepted the general principle of establishing the price of
the produced marketable products I A which includes, firstly, recovery of all costs C,,
involved in manufacturing of products including those for original raw material
acquisition, secondly, gaining profit for costs provided that it is not lower than the rates
for costs accepted in the economy CK.p thirdly, tax payments according to the rates
accepted in the taxation mechanism (LI | - 0.01H):

10, (1-0.01H) > D, (1+K,,).
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The same principle must be used when determining the cost of deposit reserves
being utilized by mining enterprises. However, the distinctive features of subsoil
mineral raw resources extraction should be taken into account.

The emergence and the location area of valuable components within the subsoil,
their type, quality, quantity, as well as mining-geological conditions they are in,
completely depend on the natural processes within the Earth’s subsoil. Detection of
valuable components in the subsoil, their examination and defining whether they meet
the requirements applicable to mineral deposits is carried out with significant human
input in the process of exploration and geologic prospecting works, which end up in the
national mineral raw base formation.

For deposit reserves cost objective estimation and its application when solving
the tasks of deposits rational exploitation, shares of natural processes and
materialized human labour should be determined and distinguished. The suggested
methodological approach is used when substantiating the operated deposit reserves
cost determination [6—10].

The cost of 1 t of valuable component at a deposit:

ATl
C,=C,(1+K,)+ = (1)
where C_ — costs for geological prospecting works for 1 t of explored valuable
component reserves; K — profit rate for costs accepted in the economy; b — mineral
reserves used up under depos1t operation; ¢ — the content of valuable component in
reserves; AIl — excess profit or damage depending on natural conditions of deposit
exp101tat10n

In formula (1), the share of human labour in the cost of deposit reserves is represented
by human input for exploration and geological prospecting and a profit accounted for
them C (1 + K ). Share of natural processes is represented by the excess profit or
darnage dependlng on them entirely. Its size is determined from the remainder of the
income after all taxes have been withdrawn (excluding mineral tax), together with
human labour inputs for the extracted reserves exploration and operation, and the profit
accounted for these costs:

AIl, = J11, (1-0.01H) - 1,C (1+ K, ) - beC, (1+ K,,,), @)

where JI - the quantity of the obtained marketable products; LI — the price of the

marketable products; H — the total of tax rates on the income; Knp— profit rate for costs;

C, — prime cost of marketable products; C — costs for geological prospecting works.
The cost of all reserves used up for the manufacture of marketable products:

bcC, =bcC, (1+ K, )+ All, = 1,11, (1-0.01H) - 1,.C, (1+K,,).

Thus, the cost of valuable component reserves used up for the manufacture of
marketable products can be defined from the fraction of income remained after payments
for taxes as well as the costs of a mining enterprise for deposit operation and profit
accounted for the costs.

Basic information required to calculate the cost of reserves is available at mining
enterprises; it is regularly replenished by them, controlled by government compliance
monitoring and oversight authorities, therefore being rather reliable. Profit rate for
costs is a very particular case. In the world practice its size is not set at random at the
subsoil user’s will, but depending on the state of national economy and is usually
distinguished by significant stability. At that, the type of marketable products
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manufacture has scarce or little influence on the size of the profit rate. Thus, in a stable
period of economy (1980-1990) in England, Germany, the USA, and South Korea
fixed credit interest rates varied from 8.2 to 13.4%, and for deposits — from 11 to 12%
per annum [11-14]. In mining industry profit rate for costs have been changing within
a wider range, from 8 to 16%, because of various distances and costs for raw material
transportation to the consumer [15-24]. So, in the world economy the size of profit rate
for costs is sustained sensibly constant.

It follows from formulae (1) and (2) that the cost of deposit reserves depends on
many factors. By the example of Kovdorsky phlogopite deposit [9], adequate variation
of reserves cost under the variation of the content of a valuable component in the
subsoil, prime cost and price for marketable products, and costs for exploration work
have been shown. Unlike other types of marketable products, subsoil mineral raw
materials cost may be found a negative value in case of unfavorable environmental
conditions for deposits operation. The reasons for a negative cost of subsoil mineral
reserves may also be other natural conditions of deposits, for example, their location at
a significant depth. Adequate reaction of valuable components reserves cost to some
changes in mining geological conditions of deposits and corresponding changes in the
technology of extracted ore production and processing has been proved [25].
The possibility to use the cost of reserves which has been calculated using the suggested
method in order to solve the tasks of rational subsoil use has been justified.

To assess the effectiveness of deposits exploitation, universally recognized indicator
of profit from the sales of marketable products gained in the process of mineral raw
material production and processing has been used.

Total profit from the operation of the deposit represents, firstly, share accounted for
the human input on geological prospecting works and deposit operation, secondly,
excess profit or damage depending on mining geological conditions of a deposit the
state of which have been completely determined by natural processes within the subsoil:

M, = I,C.K,, +BcC K, +All .

Total profit from deposit operation can be determined from the remainder of the
income after the sales of marketable products gained by a mining enterprise after all
taxed (excluding mineral tax on ore) have been paid, and costs for exploration,
prospecting and operation of a deposit have been offset:

I, =110, (1-0.01H) - A,C, - BcC,.
In order to get a fair view of the role of the subsoil owner, the state, and subsoil users

it is desirable to determine their share in the total profit under the operation of a deposit.
Profit accounted for the share of the subsoil user:

I, =4I, (1-0.01H) - 1 .C, —bcC,,

or
I, = I[KCKRHP.
Profit accounted for the share of the state:
I, = LI, (1-0.01H) - A,C, (1+ K,,) - BeC,,
or

M,, = bcC,K, +AlL .
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Apparently, involvement of the cost of mineral raw reserves used up for the
manufacture of marketable production by the subsoil users allows to ascertain and
assess the share of natural factors and human labour in the profit gained in the course
of deposit operation. Firstly, it allows assessing economic performances of deposit
operation deeper and more objectively, secondly, contributes to make more economically
profitable engineering solutions.

The choice of economically profitable variant of deposit operation gives reason to
simultaneously accept losses of reserves under the operation and processing of extracted ore
as economically acceptable, i. €. to solve the second crucial task of rational subsoil use.

In order to get a comprehensive view of the completeness of the operated deposit
reserves utilization it is reasonable to use the coefficient of all losses of a valuable
component in the process of extracted ore production and processing:

p— BC - ﬂKaK
: Be

or
n,=n+ng,

where a_— the content of a valuable component in marketable products (concentrate);
n — valuable component reserves loss rate under ore production; n , — valuable
component reserves loss rate under ore processing;

_Ma-N.a,
00 '

be

or

be(1-m)-JLa,
(O ’

be

n

where JI — produced ore; @ — the content of a valuable component in produced ore.
In practice, in order to assess the results of produced ore processing, the coefficient
of a valuable component losses is commonly used, which is within the produced ore:

Be(1-n)-]1,a,

T = Be(1-n)
or
a a
- HLJ;IK .
Then the coefficient of the deposit valuable component reserves will be:
o6 (1_ n)”xs

The role of the third crucial task, which is the distribution of income gained at
deposit operation with the harmonization of the economic interests of the state and
subsoil users, should be admitted crucial in ensuring rational subsoil use. Consumable
reserves cost involvement ensures objective foundation for the indicated problem
solution for the first time.
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The state as the owner of mineral raw base of the country must receive a sum from
the income, which is equal to the accepted taxes and the cost of valuable component
reserves used up for the manufacture of marketable products:

A, =BcC, + 11T, -0.01H. (4)

Mining enterprise acquires its share from the income after all taxes have been paid
(except for the mineral tax) excluding the cost of the used up reserves:

A =] I0,(1-0.01H) — BcC,, ®)
or

A =110, (1-0.01H) - BeC, (1+ K, ) — AT,
or income share equal to recovery of all costs for deposit operation and the profit on
these costs corresponding to the rates accepted in the economy:

4= 1C (1K),

As follows from the formulae above, in case of mining the deposit’s sections with
especially favorable mining and geological conditions (for example, with a high content
of a valuable component in reserves) excess profit increases and, correspondingly,
the state’s income share increases. At that, the share of subsoil users may fall because
their costs for the manufacture of the same quantity of marketable products are cut.
It also follows from above that the involvement of reserves cost in income distribution
allows the state to control selective development of deposits which is currently restricted
by the Law of the Russian Federation “On the Subsoil”.

Special situation occurs when the deterioration of environmental conditions of
deposit’s exploitation leads to the fact that its reserves cost is found a negative value.
In this case the state’s costs for exploration and the subsoil user’s costs for deposit
operation, as well as profit accounted for the costs, as can be seen from the formula (2),
cannot be completely recovered from the income gained. Their general damage is equal
to an absolute value of the cost of deposit’s utilized reserves. It is unprofitable for the
subsoil user to develop such deposits. If the state needs mineral raw material, it must
undertake the recovery of all costs of the subsoil user. The said can be carried out by
means of reducing the state’s share in the income (formula (3)) by the cost of utilized
reserves and corresponding increase in the subsoil user’s share (formula (4)). Damage
recovery will allow the subsoil user to justify operational costs and gain profit on them
according to the rates accepted in economy.

Results of economic analysis. In table 2 by the example of Kovdorsky phlogopite
deposit, the variants of its reserves utilization are considered.

Discussion. The assessment of effectiveness has been carried out for three typical
situations most probable at deposit operation. Firstly, the choice of rational operation
technology by the example of sections with valuable component content equal to the
average for a deposit (variants 1 and 2). Secondly, operation effectiveness assessment
for the sections with phlogopite content exceeding the average for a deposit (variant 3).
Thirdly, operation effectiveness of the sections with low phlogopite content, verging
towards the boundary content (variants 4 and 5).

Assessment of two first variants has shown that the best economic performances are
provided by variant 1, which, at the settled marketable products output of 50 thousand
t of crystal raw material, ensures the highest profit which is 21.4 million rub as compared



ISSN 0536-1028 «H36ecmust gy306. Topuwiii sicyprany, Ne 7, 2018 81

to the variant 2 (19.2 million rub). The main reason of the advantage of this variant of
extracted ore production and primary processing consists in the lower quantity and cost
of phlogopite reserves used for the manufacture of marketable products. It should be
noted that under existing state tax mechanism which does not take into account the
quantity and cost of consumable mineral resources, variant 2 has been considered more
preferable, the marketable products prime cost of which is somewhat lower than that of
the variant 1. Due to the fact that when assessing the variants with the account of the
cost of consumed deposit reserves variant 1 has been chosen, valuable component
losses under extracted ore production and processing corresponding to the chosen
variant of technology should be considered economically acceptable or normative.

Table 2. Assessment of Kovdorsky phlogopite deposit operation variants effectiveness
Tabauna 2. Ouenka 3¢p@(eKTHBHOCTH BAPHAHTOB KcIuTyaTanuu Kosropckoro ¢gJioronurosoro

MECTOPOXKIACHUSA
Indicator Variantl | Variant2 | Variant3 | Variant 4 | Variant 5
Initial data
Phlogopite content in reserves ¢, kg/m?® 200 200 250 100 50
Marketable products /I, t 50 000 50 000 50 000 50 000 50 000
Price of marketable products L, rub/t 2500 2500 2500 2500 2500

Prime cost of marketable products Cx, 1250 1200 1050 1350 2200
rub/t

Costs for exploration of 1t of phlogopite 400 400 400 420 500

Cp, rublt

Losses of phlogopite in the course of pro- 0.3 0.4 0.3 0.3 0.3

duction and processing of extracted ore ns,

unit fraction

Profit rate for costs Kiup, unit fraction 0.1 0.1 0.1 0.1 0.1

Tax rates for income H, % 10 10 10 10 10
Results

Consumption of mineral reserves b, thou- 357.1 416.7 285.7 714 1429

sand m®

Consumption of phlogopite reserves Be, t 71429 83333 71429 71429 71429

Cost of utilized reserves of phlogopite | 43786 46 500 54 786 38 286 —8500
BeCy, thousand rub

Excess profit or damage from environ- | 12321 9833 23321 5250 —47 786
mental conditions AT, thousand rub

Total profit IT,, thousand rub 21428 19 167 31428 15000 | -33214

Profit of the mining enterprise IT,.r, thou- 6250 6000 5250 6750 11 000
sand rub
Profit of the state IT,.s, thousand rub 15178 13 167 26178 8250 -44 214
Share of the mining enterprise income 4r, | 68714 65 000 57714 74214 | 121000
thousand rub

Share of the state’s income 45, thousand | 56286 | 125000 | 67286 50 786 4000
rub

In case of using the sections of the deposit with the higher content of valuable
component in reserves (variant 3), there is a possibility of receiving higher profit
(31.0 million rub) under the same settled marketable products output. It can testify to
the advisability of deposit’s best sections selective development, but only, as it will be
revealed further, in case of taking into account the cost of consumable resources under
income distribution. In fact, the main reason for a higher profit in this case is a significant
increase in the excess profit (23.3 million rub as compared to variants 1 and 2) depending
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exceptionally on particularly advantageous environmental conditions of such sections
utilization. For this reason the share of the state, the owner of the subsoil, in the income
increases when the share of the subsoil user is somehow decreased because the raise of
the content of mined reserves somehow reduces the prime cost of ore production and
processing. For the same reason within more advantageous environmental conditions
the share of the owner of the subsoil in the income increases; the share of the subsoil
user correspondingly decreases, which ensures the harmonization of the economic
interests of both parties. Thus, when assessing the effectiveness of deposit operation
with the account of the cost of consumable mineral reserves, selective development of
the best sections of a deposit currently restricted by the Law of the Russian Federation
“On the Subsoil” may be economically feasible especially if it is required to leave
interchamber pillars | in the subsoil to ensure mining safety.

Operation of the sections of a deposit with the content of a valuable component
in reserves being lower that the average (variant 4) is followed by reduction of profit
(15 million rub) as a result of a significant reduction of excess profit, ore production and
processing rate increase and, correspondingly, costs on the manufacture of the settled
quantity of marketable products due to the deterioration of environmental conditions of
operation. At the same time, due to the deterioration of environmental conditions
of operation, the excess profit decreases and, correspondingly, costs of deposit
consumable reserves. As a result of the indicated reasons the share of the state in the
income decrease, whereas the share of a mining enterprise, incurring more substantial
costs, increases which indicates the compliance with the harmonization of the
economical interests of both parties.

In case of operating the sections with the content of phlogopite at the level of the
boundary one for the deposit (variant 5), ore production and procession rates grow even
more, and correspondingly, costs for marketable products manufacture increase. At the
same time such rapid deterioration in the environmental conditions of deposit sections
operation leads to significant damage instead of the excess profit and, as a result,
negative value of phlogopite reserves cost. As a result deposit operation causes damage
(=33 214 thousand rub) instead of the profit. While the only reason for this is
disadvantageous environmental conditions of operation, the owner of the reserves, the
state, if interested in mineral raw material, must recover the damage for the subsoil user
equal to the absolute value of the cost of the used up reserves (8500 thousand rub).
In this case the subsoil user is permitted to justify costs for operation and gain profit
accounted for them according the rates JI C (1 + K| ) = 121 000 thousand rub.

At that the share of the state in the income, which constitutes tax payments
J I, - 0.01-1=12 500 thousand rub, reduces up to 4000 thousand rub.

Conclusion. Suggested principles and methods of solving key tasks of subsoil use
involving the cost of deposit reserves contribute to rational utilization of mineral raw
resourses of the subsoil, as well as the creation of objective economic foundation for
radical perfection of the state mechanism of regular payments for the use of the national
mineral raw base with the compliance with the economic interests of the owner of the
subsoil, the state, and the subsoil users, which are distinguished by certain
contradictoriness.
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PALIMOHATBHOE UCNONIb30BAHWE MUHEPAINbHO-CbIPLEBbLIX PECYPCOB HE[IP

Meabuuxos H. H.!, Bycsipes B. M.!
! Topusrit uactutyT Kosbckoro Hay4ynoro uentpa PAH, Anarutsl, Poccus.

Bcmynnenue. Jlo nacmosujeco 6pemenu 6ce UsMeHeHUs 20Cy0apCmMeeHHO20 MeXAHU3MA NAAMblL 34 Heopd
He npugenu K PAOUKATbHOMY €20 COBEPULEHCMBOBAHUIO U PAYUOHAILHOMY UCHONb308AHUIO 3ANACO8
MECmOPONCOeHUIL.

Memooonozusn. Hznooxcen memoo onpedenenus cmoumMocmu 3anacos noie3Hulx KOMHOHEHMOo8 ¢ gbloele-
Huem Oonell y4acmus 68 Hell NPUpPOOHbIX NPOYECccos 6 HeOpax U 08eujecmBIeHHO20 Mpyod Helo8eKd
6 CO30aHUU MUHEPATILHO-CbIPbEBOTl 6A3bl.

Pesynomamui. O60cro6ano npusneyenue CmouMoCmu pacxo0yembix 3anacos MecmopoxcoeHull 0 co-
30aHUA OOBLEKMUBHOU IKOHOMUHECKOU OCHOBbL PEUleHUst 3a0a4 PAYUOHATLHO2O OCE0EHUS MECINOPOHCOe-
nutl. TIpueedensvr mMemoovl oyeHKU dPGeKmueHocmu 6apuanmos MmMexHonro2uu IKCNAYAmayuy Mecmo-
PpodicOenull, 0OOCHOBAHUS NPUEMIEMOU NOTHOMbL UCNONBLI0BAHUS MECTNOPOHCOCHUl, PACHpeOeneHuUs.
00x00a ¢ cobnodenuem cOANAHCUPOBAHHOCIU IKOHOMUUECKUX UHMEPECO8 20Cy0apcmea — 61a0enbyd
HeOp U 2OPHBIX NPEeONPUAMULL — HeOPONOIbL308aAMeENEl.

Ananusz pesynsmamos. IIpusedennsl u npoananu3upo8ansl pe3yabmamyl peuleHus Kuouesblx 3a0ay payu-
OHANLHO20 HEOPONONL306aHUsA HA npumepe Kosdopckozo ghnoconumosoeo mecmopoxrcoerus.
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9KOJOro-aKOHOMUYECKASA OLIEHKA NCNONb30BAHUA
KAPBEPHbIX CAMOCBAIOB
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Iens pabomol — ananusz npobiem UCRONB308ANUSL KAPLEPHBIX CAMOCEAN08 C OU3CIbHBIMU OGUAMESIMU.
Boixnonnwsie 2asvi 0uzenbHo2o0 asmompancnopma oKasviéaon 6peoHoe IUsSHUE HA 300P08be Yel06eKd U
OKpYACaoOwyio cpeoy.

Memooonozua npoeedenusn uccaeoosanuii. [lpoananuzupoganvl 3K01020-23KOHOMUYECKUE NPODIEMbL,
B03HUKAIOWUE NPU UCHONb306AHUU KAPbEPHBIX CAMOCBAILO8.

Pesynomamut. [lo 80 % copHoil maccel npu omKpulmulx 2OPHbIX pabomax nepeso3umcsi KapbepHoiMu
camoceanamu ¢ OU3enbHbIMU 08ULAMENIMU, CYUWECMBEHHbIM HeOOCMAMKOM KOMOPLIX AGNAEMCs GIUsl-
Hue Ha 3aeazoeanHocmv ammocpepvl. Ha enybune xapvepos bonee 200-250 m 3aepsaznenue 6030yxa
BPEOHBbIMU GeUJeCMBAMU HA PAOOYUX MeCmax NPUOOUM K NOCHENEHHOMY NPEGbIULEHUI0 NPe0elbHO 00-
NYCMUMbIX KOHYeHmpayuii. Imo cka3vlaemcs He moabKo Ha 100X, HO U HA SIKOHOMUKE NPEOnPUsmMus.,
mak Kak eneuem 3a coboil HeoOX0OUMOCHb OCMAHOBKU KApbepd, d YXYyOueHue UOUMOCIY HA Mpacce
maroice 00ycaagIUeaem YACmMudHyio uil ROIHYI0 OCMAHo8Ky pabomsl obopydosanus. Tlpakmuueckuil
onwlIm NOKA3bI8AEM, YUMo Haubolee NepCReKMUSHbIM HANPAGIEeHUEeM peuieHlsl NpobaeMbl S8Nencs ne-
PEeB00 KapbePHbIX CaMoC8a108 HA NPUPOOHBIIL CHCUNMCEHHBII UNU NPUPOOHDLLL corcamblil 2a3. [Ipumenenue
nPUPOOH020 2a3a KAK MOMOPHO20 MONIUGA NO360JISLEeM COKPAMUMb ObIMHOCMb OMPAGOmMasuiux 2azoes,
CHU3UMB YOeNbHble 8bIOPOCH] U UCKAIOUUMb 00pazosanue caxcu. IIpupoousiil 2as e obpasyem omuodxce-
HULl 8 MONIUGHOU CUCEME U He CMbLEAem MACTSHYIO NIEHKY CO CMEHOK YULUHOPOS.

Bui6oowl. Hcnonvszosanue npupooHnoco 2aza 6 xavecmee MOMOPHO20 MONIUBA NO3GOISEM YEeIUdUMb
cpok cryoicowl osucamens 6 1,5-2 pasa, ymenvuiumo yposenv wiyma na 50 % u ¢ 1,5-2 pasza chusumo
3ampamol Ha MONJIUBO.

Knrouegvie cnosa: xapvephvle camoceanvl;, IKOI0UUECKAS CUMYAYUsl;, OMKpblMbvle 20pHble pabOmbl,
8bIOPOCHI, OU3ETLHOE MONAUBO, ANLIMNEPHAMUBHOE MONIUBO; CHCUICEHHBIIL NPUPOOHDLIL 243, IKONO2UYe-
cKas u IKoHomMuyeckas d¢ppexmusHocms, 2r1ybuHa Kapbvepa.

Beenenue. B HacTosiiee BpeMsi OTKPBITBIM CIIOCOOOM TOOBIBAIOTCS PYyZIbl YEPHBIX
Y LIBETHBIX METAJIOB, YTOJIb, CTpoUTeNIbHBIE MaTepuaisl. o 80 % ropHoii Macchl, mo-
JTy4aeMoW MpH T0OBIYE MOJE3HBIX MCKOMAEMBIX OTKPBITBIM CHOCOOOM, MEPEBO3UTCS
KapbCPHBIMU CaMOCBaJIaMH C IU3CJIbHBIMUA OABUT'aTCIIAMMU.

B 2012 1. B kaprepax Poccun padotano 1725 kapbepHbIX camocBaiioB. Tombko benA3
exxeroqHo npoxaaeT B Poccun okono 800 caMocBasIoB, ¥ 3TO YKCIIO MOCTOSHHO YBEIUYH-
Baerca. B smHBape-gespane 2018 1. Ha pocCHHCKHII PBIHOK OBUIO TOCTaBIIEHO Ha
40 enmuHUI] KAPHEPHBIX CAMOCBAJIOB OOJIBINIE, YEM B IPOILIOM TOAY 3a ATOT XKE TEePHOT
(https://rg.ru/2018/03/05/belaz-uvelichil-eksport-v-rossiiu-na-65-procentov.html).
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Hens padorel — aHamu3 MpoOOJEM HKCIONB30BaHUSI KAapbEPHBIX CaMOCBAJIOB
C IU3EIbHBIMU JIBUTATEIISIMU. BBIXJIONHEIEC Ta3bl TU3EIHHOTO aBTOTPAHCIIOPTA OKa3bI-
BAaIOT BPEAHOE BIUSHUE HA 3J0POBBE YETOBEKA U OKPYKAIOIIYIO CPEY.

MertopnoJiorusi npoBeaeHusi padoThbl.

Bosoeiicmesue 6b16pocos ouzenvhvix dgueamenetl Ha 300pP08be T00el U OKPYHCArO-
wyro cpedy. Bee coBpeMeHHBIE aBTOMOOMIIH, HCIIONIb3YEMbIE B Kapbepax, OCHAIICHBI
au3ensMu MomHocThio 150-2600 kBT ¢ TypOoHangyBoM, pabounm oobeMoMm ot 10
no 117 a [1]. OnHuM U3 CYyIIECTBEHHBIX HEIOCTAaTKOB JU3EIBHOTO aBTOTPAHCIOPTA
SIBIISICTCS 3ara30BaHHOCTH aTMOC(hephl, 0COOCHHO Ha TITyOOKUX TOPU30HTaX. YBEIHUYe-
HUE 00BEMOB IIPOU3BOJICTBA TAKIKE CIIOCOOCTBYET MOBBIIICHUIO TOTPEOJICHUS SHEPTUU
Y BBIOPOCOB BBIXJIOMTHBIX T'a30B. Kpome Toro, qu3enbHbIC JBUTATENN XapaKTePU3YIOTCS
MOBBIIICHHOMN ABIMHOCTBIO.

Brixsonneie rassl conepxkar okosio 300 BemiecTB, OONBITUHCTBO M3 KOTOPHIX TOK-
cuvHbl. OCHOBHBIMH HOPMHUPYEMBIMH TOKCHYHBIMU KOMIIOHEHTAMH BBIXJIOMTHBIX Ta30B
JIBUTATENEH SIBIISIOTCS YIIEBOAOPOIBI U OKCUIBI YTIIEpOa, a30Ta.

HccnenoBanusiMu Ha MHOTHX KaphepaxX YCTAHOBICHO [2—4], 4TO MpU BHICOKOW WH-
TEHCU(UKAIMH U KOHIICHTPAIUH ITPOU3BOJICTBA C YBEINYCHUEM TITYOUHBI TPOUCXOIUT
3arpsi3HEHUE BO3AyXa BPEAHBIMU puMecsiMu ¢ npeBbiienreM [1/IK mo okcunam yrie-
pona B 1,5-3 pasa, mo okcuaam azora — B 5—7 pa3. Ilpu nocTosHHOM BO3AEHCTBUH BBI-
XJIOIHBIX Ta30B HA OPraHW3M MOTYT Pa3BUThHCS UMMYHOJE(DUITUT, OPOHXUTHI, CTpaaa-
IOT COCY/BI TOJIOBHOTO MO3ra, HEpBHAs CHCTEMa W JIPyrHe opraHbl. Pak Jierkux ObL1
oOHapyXeH y TOpHOPaOOYHNX, KOTOPHIC MOABEPTaIUChH JIEHCTBUIO BBIXJIOIHBIX Ta30B
JIU3ENbHBIX aBUrarencii Ha npotsokenuu 10-20 ner [5, 6].

B utone 2012 1. Bcemupnas opranusanus 3apaBooxpanenus (BO3) knaccuduim-
poBaja BBIXJIONBI OT AW3EIBHBIX JIBUTaTelied KaK KaHIIEPOTEHHBIC, COKPAIAOIINe
MPOAOHKUTEILHOCTD KU3HU JIIOfIeH B cpeHeM Ha 8,6 mecses [7, §].

Bosoeiicmsue 6v16pocos Ouzenvuvix Osucameneil HA IKOHOMUKY HPEONPUSMUsL.
C pocToM IIyOHHBI TOPHBIX pa0OT BO3pAacTaeT KOHIICHTPALIUS TEXHUKH HA TOPU30HTAX,
YXYALIAIOTCS YCIOBUS €CTECTBEHHOTO MMPOBETPUBAHUS Pa0OYETo MPOCTPAHCTBA Kaphe-
POB, YTO BEAET K MOCTEIIEHHOMY MPEBLIMICHUIO MPEACTHEHO MTOMYCTUMBIX KOHIICHTPA-
i (ITAK) u ve orBevaet TpedoBanusiMm [OCT 12.1.005-88. Bo3myx paboueii 30181 [3]
(puc. 1).

[IpeBbIlIeHre HOPMATUBOB BIMSIET HE TOJIHKO HA CAMOYYBCTBHE JIIOJCH, HO U Ha
SKOHOMHMKY MPEANPUSITUS, TAK KaK BJICUYET 332 OO0 HEOOXOAMMOCTh OCTAHOBKH Kaphe-
pa; yXyaAlleHHe BUJUMOCTH Ha TPAcCe Takke 00yCIaBIUBACT YACTUYHYIO WU TIOITHYIO
OCTaHOBKY paboThl obopynoBanus. [IpocTon KapbepoB BCIENCTBHE 3ara30BaHHOCTH
st Sxytun, Bocrounoit Cubupu, CeBepo-3amanga u Ypaja COCTaBISIOT COOTBET-
creerno 3500, 2720, 1650 u 1220 u/rox.

N3ydenue ycnoBuii pabOThI BOAMTENCH KapbepPHBIX camMocBajioB Ha HaBoutlickom
TOpPHO-MeTaJuTyprudeckom komounare, Ha [[OKax: Aiixanbckuii, OOuneinsIi, Yiau-
HbIii, KoBop mokasao, 4To He0OXOJMMO CHHXKATh BHIOPOCHI BBIXJIONHBIX Ta30B MPU
paboTe IBUTaTENCH Ha XOJIOCTOM X0y U TPU MaJIbIX Harpyskax [9], Tak kKak jqaxe He-
CMOTpS HA MPUMEHEHUE HHIUBUIYAIBHBIX CPEICTB 3aIUTHI JJI OTIEPATOPOB TEXHUKH,
paboratomieli B kapbepe, pabouuii Mpolecc HEPEeAKO OCTaHABIMBACTCS MMEHHO II0
MPUYUHE HEJJOCTATOYHON BUAUMOCTH M HEBO3MOXXHOCTH 0€30IaCHO MPOBOIUTH pado-
THI B Kapbepe.

Pesyabrarhl padoTsl. CHIDKEHHE SKOJIOTMYECKON HArpy3KH Ha OKPYKAIOIIYIO CPEILy
uMeeT OOJIbIIOe 3HAYCHUE TIPU Pa3pabOTKe MECTOPOKICHUMN IMOJIC3HBIX MCKOMAEMBIX.
B oxTsi6pe 2014 r. EBpornieiickast KoMuccHst TprHsIa «JUpEeKTUBY 1O Ka4eCTBY TOILINBAY,
TPeOYIOIIYIO OT AUCTPUOBIOTOPOB TOILIMBA Il aBTOMOOMIIEHOTO TPAHCIIOPTa COKPATHTh
k 2020 1. Ha 6 % WHTEHCUBHOCTH BHIOPOCA BBHIXJIOMHEIX Ta30B [10].
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Hopmanusanus armocgepsl B Kapbepax ¢ aBTOTPAHCIIOPTOM MOXKET OBITh JOCTHUT-
HyTa HECKOJIbKUMH MY TSIMHU:

— NPOBETPUBAHUEM: €CTECTBEHHBIM, B OCHOBHOM, Ha HATOPHBIX Kapbepax, U UCKYC-
CTBEHHBIM, C TIOMOLIBIO CTAIIHOHAPHBIX U MEPEIBIKHBIX BEHTHIATOPHBIX YCTAHOBOK;

— pa3paboTKOi HOBBIX, SKOJIOTHYECKH YUCTBIX KOHCTPYKIIUI IBUTaTeIeH;

— CHIDKCHHEM pacxojia TOILIMBA Ha TPAHCIIOPTUPOBAHHE TOPHON MAaCCHI;

— MPUMEHEHHEM CIIEIMAIBHBIX TIPUCATI0K K TOIUIMBY, CHIKAIOIMX BHIOPOCHI CaXH
B atrmocdepy;

— IPUMEHEHUEM HEHTPaIn3aToOpoB OTPA0OTaHHBIX I'a30B, YCTAHABINBACMBIX HA Ma-
IIMHAX HETOCPECTBEHHO 3a JIH3eJIeM;

— MIPUMEHEHHEM AJIbTEPHATUBHBIX BUIOB TOILUTMUBA M YHEPTHU.
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Puc. 1. 3aBHCHMOCTBH KOHLICHTPALIMH BPEIHBIX BEIECTB B paboueii 30He Kapbepa
OT €ro NIyOUHBI
Fig. 1. Dependence between the concentration of harmful substances in the workplace of an

open pit and its depth

B mocnennue roasl ObUTH MPOBEAEHBI Pa3IMYHbIE WCCIEIOBAHUS JUIA YITyqLICHUS
MpoLIEcCa CTOPaHNs U 3KOHOMHM TOIIJIMBA JU3ENbHBIX ABUraTeseil KapbepHbIX caMo-
CBaJIOB. YCOBEPIIEHCTBOBAHHAS CHCTEMa YNPaBJICHUS TEMIEPATYPHBIM PEXXUMOM pa-
OOTBI JBHUrarens MO3BOJSET YMEHBUIMTh PAcXo] TOIUIMBA, BBIOPOCHI 3arps3HSIONIMX
BEIIECTB, BpPEMsl IPOTpeBa, a TAKKE IMOBBICUTh IMPOU3BOAUTENBHOCTh IBUTATENS.
Tem He menee 110 30 % TorMBa pacxomyeTcs Ha BBIPAOOTKY SHEPTHUH, paccenBacMOi
B OKpy’Karolem npoctpadctse [11].

JpyruM crnoco®oM CHIKEHHSI BEIOPOCOB TOKCHYHBIX BELIECTB SBISETCS MPUMEHE-
HHUE Ha JIBUTATEJSIX YCTPOHCTB MO 00€3BPEKUBAHUIO BBIXJIOMHBIX I'a30B, B TOM YHCIIE
HelTpanu3aropoB. B To ke BpeMsi CTOMT OTMETHUTb, YTO KapbepHbIE aBTOCAMOCBAJIBL,
NpUMEHsSEeMbIE Ha OTKPBHITHIX TOPHBIX padoTax, He 000pyIOBaHBl HEUTPAIU3aTOPAMHU.
B cmyuae ycTaHOBKHM HEWTpanu3aropoB Ha Au3end OHU 3(dexkTHBHO paboTaioT
JUIIG TIPY TeMIleparype oTpadoraBmmx ra3oB Beime 300 °C, a B 3MMHUX YCJIOBHSIX,
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0COOEHHO B CEBEPHBIX paiioHaX, OTpabOTaBLIME Ta3bl OBICTPO OXJIAXKAAIOTCS, YTO PE3-
KO CHMXKaeT CTeNeHb UX o4ucTKU [12]. B pesynsrarte uccnenoBaHUi YpOBHS BBIXJION-
HBIX Ta30B, BRIJIEISIEMBIX caMmocBaiamMu benA3 Ha pa3pes3ax yroabHbEIX koMmmanmii Kys-
bacca (Kemporckuii, bagarckuit, JIuctesiHCckui, Onmkepacckuii m ToMyCHHCKHN),
ObUIO ycTaHOBNEHO [12], 9TO BOCCTaHOBUTENBHBIE KaTalU3aTOPHI C UCTIOIH30BAHUEM
poausi MMEIOT HU3KUH CpOK ciyxObl. [Ipy HencrnpaBHBIX TOIUIMBHOW ammaparype
n(UaK) ABUTaTese HeUTpaIu3aTophl Yepe3 HECKOJILKO YacOB PaOOTHI BBIXOISAT U3 CTPOSI.
IIpu 5TOM BBICOKAs TeMIEpaTypa O10Ka HOCUTENA IPUBOAMT K nepexoxy NO, B Gonee
BBICOKHE OKCHIBI, @ 3HAYUT, €Ile OOJBINCH OMacHOCTH I YeJIOBEKA M OKPYXKaIOIIei
Cpensl IpH BEIOpOCe TakuX razoB B arMocdepy. Kpome Toro, HelTpannsaTopsl co3na-
IOT TIOBBIIIIEHHOE COIMPOTHBIIEHUE IBIKEHHIO OTPa0OTaBIINX I'a30B, CHUKAOT MOII-
HOCTB JIBUTATEIs, TO3TOMY BOIUTENIO YaCTO NPUXOAUTCS (POPCUPOBATH 0OOPOTHI Tn3e-
JIs1, yBeJIMYMBAsi TEM CaMbIM MOTpeOIeHre TU3TOIUINBA, 4 3HAYUT U BBIOPOCHI OMACHBIX
BEIIIECTB B aTMochepy.

JlocTaTtouHOo MPOCTHIM U pPe3yABTaTUBHBIM PEIIEHUEM TIPOOIEMBI CHI)KEHHUS BEIOPO-
COB TOKCHYHBIX KOMIIOHEHTOB B OTPAa0OTaHHBIX Ta3aX SBISIETCS UCIOIB30BAaHUE YCO-
BEPIIICHCTBOBAHHBIX TU3EIbHBIX JBUTaTelNel ¢ MalOTOKCHYHBIMU pa0OYNMH MPOIIEC-
caMHM, a TaKXe HCIOJb30BAaHUE JBUTATENICH NPYruX MPUHLHUIUAIBHBIX PEIICHUN U
TUNOB (Ta30TYpOMHHBIX WM 3JEKTPOABUTATENECH C AaBTOHOMHBIM MTUTAHUEM OT CIIEIHU-
aJbHBIX UCTOYHUKOB).

Ceromas OOJNBIIYIO JTONMIO WCMOJIB3yEMOW HAa Kapbepax TEXHUKU COCTABIIAIOT WM-
MTOPTHBIE CaMOCBAJIBI, TOIUTMBHAS araparypa KOTOPEIX 000pyI0BaHa IO eBPOMEHCKUM
CTaHJapTaM, 4TO MMO3BOJISIET UM OKa3bIBaTh MEHbILIEE HETATUBHOE BO3/ICHCTBHUE HA KO-
noruto peruoHa. Hampumep, camocBan CAT-785C, BBeCHHBIH B SKCIUIyaTallMI0 Ha
Jlebenuuckom 'OKe B 2006 1., cpa3y mokasaji NpeuMyIiecTBa B paboTe nepe aBroca-
mocBasioM benA3-7513, uMeronmmM Ty ke Tpy30HOABEMHOCTD. [ py300060pOT mpeBhI-
CWJI aHAJIOTMYHBIN TOKa3arenb Ha 32 %, yAembHBIA pacXoll TOIUIMBA OKA3aJiCsl HIDKE
Ha 25 % B TeX e ycIOoBUsIX. BrIle oka3amich mokazaTenn HaIe)KHOCTH, KoddduimeHT
TEXHUYECKON TOTOBHOCTH, JJOJITOBEYHOCTh M SKOJIOIMUYECKUE XapaKTePUCTUKH [13].

OpHaxko B HacTosiiee BpeMsi camMocBaibl benA3 KOMIJIEKTYIOTCS HWMITOPTHBIMHU
JIBUTATENIIMU U TI0 IKOJIOTUYECKUM XapaKTEPUCTUKAM MPaKTHUECKU HE OTIIMYAIOTCS OT
3apyOeKHBIX aHajIoroB [14].

s kapbepoB OTHAIEHHOTO OyIyIIEero HapsaIy ¢ aKKyMYJISITOPHBIMA aBTOHOMHBIMU
WUCTOYHUKAMU MUTAHHS MEPCIEKTUBHO NMPUMEHEHHE TOTUIMBHBIX JJIEMEHTOB, B KOTO-
PBIX Ta3000pa3HOE WM KHUIKOE TOIIMBO MOABEPIaeTCsl HIEKTPOXUMUIECKOMY OKHC-
JIeHUIO0 (BOIOPOJ + KUCIOPO.).

Hcnonp3oBaHne anbTepHATHBHBIX TOIUIMB PACCMATPHUBACTCS CETOHS KakK CIoco0
pacmupenus 0a3bl YHEPrOpeCcypCcoB W YMEHBIIIECHHSI TEXHOTEHHOTO BIIMSHUS HA OKPY-
xarorryto cpeny [15—18]. IlpakTuka moka3siBaet, 4To HanOOJIEe MEPCIEKTUBHBIM Ha-
NpaBICHUEM I TPAHCHOPTHBIX CPENCTB SIBISETCA MPUMEHEHUE Ta3000pa3HOro TO-
muBa [15, 17-19].

BrIOpOCHI 3arpsi3HSAONINX BEIIECTB y JBUTATENEH, HCIONB3YIOINX B KA4eCTBE TO-
TUTMBA IPUPOAHEIIL ra3, Mo Hanbosee BpeTHbIM KOMIIOHEHTaM B 1,5—5 pa3 meHee omac-
HbI, yeM y auszeneil. Mcnbitanus camocBana CAT-785B B razonu3enbHOM pekUMeE pa-
00TBI Ha Kapbepe MypyHTay MMOKa3aldW CHW)XEHHE COAEpIKaHUS OKCHIA YTIeposa
B BhIXJIONax apurarens Ha 25—40 %; okcuaa azora Ha 25-30 %; caxu Ha 40-50 % [20].

Kpome Toro, mpuponHblii Ta3 He 0Opa3yeT OTIIOKEHUI B TOIUIMBHOW CHCTEME, He
CMBIBacT MACIISIHYIO TUIEHKY CO CTEHOK IMJIMHJPOB U TAKMM 00pa30M CHUXKAET TPEHUE
M YMEHBIIIaeT U3HOC ABHUTareis. Vcronp30BaHue MPUPOJHOTO Ta3a B KAYECTBE MOTOP-
HOTO TOIUIMBA MO3BOJISIET YBEIWYUTH CPOK CITYKOBI ABUTaTens B 1,5-2 pasza.

YV raza ecTs elie 0JHO BaKHOE MTPEUMYIIECTBO — OH 3HAYUTEIHHO JICIIEBIIE TU3EITh-
Horo tommBa (puc. 2). B cBmsu c stum Ha Kosmopckom I'OKe c¢ 2015 r
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HayaJics MEPEeBOJI KaphbepHBIX CaMOCBAJIOB HAa CXKWKEHHBIM mpuponusiii raz (CIID).
Kosnopckuit I'OK — nepBsiif B Poccun, KTo B3sICS 3a peanu3alliio Takoro MpoekTa
(https://www.hibiny.com/news/archive/75172/).

B Ky30acce kapbepHbIe caMOCBaJIbl TAKXKE TIEPEBOASAT HA ra30BOC TOILTUBO MECTHO-
ro mpousBoactBa. B Hacrosmiee Bpemst B Kysbacce paboTaer OKONO JABYX ThICSY
benA30B, KOTOpBIE 3aIIPABIIAIOTCS AU3ETHHBIM TOILTUBOM. OKHIAETCsI, YTO TIEPEBOJT HA
CKMKEHHBIH Ta3 IO3BOJHMT COKPATUTh 3aTparhl Ha TOIUIMBHYIO COCTaBIISIOIILYIO
B cebecrommoctd yris Ha 3040 % ¥ 3HAYMTENHHO YMEHBIINTH HETATHBHOE
BO3/ICWCTBHE Ha OKPYXAIIyI0 cpeay. B pamkax JaHHOTO MPOEKTa IDIAHUPYETCS
obopynoBare camocBanmel benA3-75139 pBuraremssmm  Cummins KTA  50C
(https://news.drom.ru/40156.html).
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Puc. 2. JluHaMHKa CTOMMOCTH JIHM3EJIBHOIO TOILINBA M CXKIKEHHOTO MPHPOIHOro rasa B Poccun
(o nannueM Poccrara):
= JAU3CIIPHOC TOILIINBO, 2 — COKMKEHHBIN HpI/IpO[IHLIﬁ ras
Fig. 2. Diesel fuel and liquefied gas cost dynamics in Russia (according to Rosstat data):
1 — diesel fuel; 2 — liquefied natural gas

AK «AJIPOCA» ¢ 2015 1. akTUBHO BHEAPSET CUCTEMY TIEPEBOIa TEXHUKH Ha Ta30-
Boe ToruBo. Exxeromuo Ha I'CM (6eH3uH, MU3eIbHOE TOIIUBO) KOMIIAHHS PacXOmyeT
2 MIpA p., OCHOBHBIE 3aTpaThl — Ha TU3E€JIBHOE TOIUIMBO LIS KAPHEPHBIX CAMOCBAJIOB.
B 2018 1. 3HaUNUTEIBHO YBENMUUTCA YUCIIO PEHCOB aBTONOE310B OT BepxHe-MyHCcKoro
MecTOpoXkIeHus anmmMa3oB Ha (adpuky Ne 12 Ymaunmackoro I'OKa. CooTBeTcTBEeHHO
YBETUUUTCS 00BEM paboTbl TOPHOZOOBIBAIOIIEH M OOCITYKMBAIOLIEH TEXHUKU Ha
NPOMBIIUIEHHOM  ydacTke Bepxumeit Mynsl u  morpebnocte B I'CM.
B ycnoBusix MUpHHHCKOTO pailoHa METaH HCIOJIB3YETCSl B CKAaTOM (KOMIPUMHPO-
BaHHOM) Buzae. [lpuponmHblii Ta3 OTAMYaeT HE TOJNBKO €ro HajJuyhue B pailoHe,
HO U JICHIEBU3HA U SKOJIOTHYecKasl 0€30MacHOCTh. B 3TOM rofy 3a cueT Ucroab30BaHus

raza B KaueCTBE MOTOPHOIO TOIUTMBA Oxkujaercs skoHomus Ha ['CM mo 100 muH p.
(http://www. Isn.ru/206663. html).
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DOKOHOMHUS OyJIeT TeM OOJIbIIE, YeM BBIIIE CTOMMOCTh IN3EIHHOTO TOTLINBA, HAIIPU-
Mep Ha CeBepe. Tak, B SIKyTUH CTOMMOCTb JU3ETBHOrO TOIUKBA B 1,2—1,3 pasa Bhile,
4eM B LIEHTPaJbHBIX paiionax Poccuu (Tabnuia).

Crenuguka SIKyTuu TakoBa, 4YTO TOIUTMBO MOXHO 3aBE3TH TOJIBKO B IIEPHOJ HABU-
raluu, KOTopasi JJIUTCS BCETO ISATh MECAIIEB, IOATOMY TOIUIMBO BBHIHYKICHBI 3aBO3UTH
Ha ToJi BIEpE], YTO YBEIUYUBAET €r0 IeHy. Torjaa Kak ra3oBble MECTOPOXKICHUS pac-
nonoxensl 01u3ko k 'OKam AK «AJIPOCA».

Lena qu3enbHoro Tominusa (okTsaops 2017 roga)*
Diesel fuel price (October, 2017)*

T e Toms e
Pecny6uuka MHrynierus 30,80 Pecny6uuka Bypsitus 39,07
Mocksa 34,50 Buagumupcekast 001acTh 39,24
Aunraiickuii kpai 37,26 Pecniy6niuka TriBa 39,26
Pecry6nmka Xakacust 37,75 WpkyTtckast 06mactb 39,48
Pecny6nvika Tarapctan 37,83 Smano-Heneukuit AO 41,61
CraBporoyIbCKUi Kpaii 38,00 Henenkuit aBTOHOMHBIH OKpYT 45,50
CmMorneHckast 001acThb 38,46 Kamuatckuii kpait 47,39
KpacHostipckuii kpaii 38,88 Pecny6nuka Caxa (SIkyTust) 49,78

* Ycrounuk — Poccrar: http://xn--blae2adf4f xn--plai/article/45378-gde-v-possii-samyy-deshevyy-benzin.html

IToMHMO TTPaKTHYECKHU MOIHOTO OTCYTCTBHS 3arps3HSIIOIINX BHIOPOCOB, Ta3 €Ile U
OYCHb JICIICB MO CPABHCHUIO C JU3EIbHBIM TOILUTUBOM. VI B A3MU 3TO yKe MOHSUIH.
Tak, B mnanax KHP no cHmwkeHuro 3arps3HeHns BO3ayxa MPUOPUTETHON MEPOIl sIBIIS-
€TCsl IepeBoJ TPy30BOr0 TPAHCIIOPTA Ha ra3oBoe TOIIMBO. Hanpumep, kapbepHbIii ca-
mocBai HOWO npounsBoacTBa kutaiickoro aBrozaBoza Sinotruk paboTaeT Ha CKUKEH-
HoM mpupoanom raze (CIII'). Pe3ynsraTsl HCTIBITAaHMIA TIOKa3alu IBYKPaTHYIO 3KOHO-
MHIO Ha TOIUIMBE B JCHEKHOM »SKBUBAJEHTE. JlM3enbHBIA camMoOCBal 3a CMEHY
pacxomyet okosio 200 51 IM3eTBFHOTO TOIUIMBA, a AHAIOTUYHBIN Ta30BBIA — MPUMEPHO
280 71 CKIKEHHOTO TIPUPOIHOTO Ta3za. Jlaske Mpu 0THOCMEHHOM PEXUME pabOThI KO-
HOMUS COCTAaBHT OOJiee MIIH P. B TOM. JlaHHBIN BU TOIUIMBA TAKXKe ITO3BOJISIET 0OecTIe-
YUTH OONBIIION 3aIac XoJa Ha OHOM 3aIpaBKe ¢ HCIIOB30BAHIUEM €MKOCTEH TPpaInIln-
OHHOHM (POPMBI M Pa3MEPOB, COMOCTABUMEBIX C TOIUTMBHBIMH OaKaMH IS TU3EIHHOTO
toruuBa. B Kutae B cBsi3u ¢ yBenuuenuem ucnonb3oBanus CIIIT B kauecTBe TOIIMBA
JUTs1 OOJIBIIETPY3HBIX U KAphEPHBIX CaMOCBAJIOB (MIPUMEPHO 4,6 MIIPI M TIPHPOTHOTO
raza B 2015 r.) 5KoHOMHS AU3ETBHOTO TOILUIMBA COCTaBMIa 16 MITH T, BRIOPOCHI MapHU-
KOBBIX I'a30B COKPaTUIMCh Ha 6 MyH T skBuBanenta CO, [15].

B nacrostmee Bpemst GFS Corp. nmpemnaraer cucremsl nepexona Ha CIII myist ueTsI-
pex mopeneit rpy3oBukoB: Caterpillar 777 u 793, a taxke Komatsu 830 u 930. 3a ne-
CATKH THICSY yacoB mpobera camocBaibl Caterpillar m Komatsu Ha ropHbIX peanpus-
Trsx B 3amagHor vactu CIIIA moka3any 3HAYUTENBHYIO0 9KOHOMHUIO 3aTpaT Ha TOTUIHBO.

Awmepukanckas kommanws Chart Industries 3amyckaet nmunotasii CIIT-ipoekT B co-
TpyIHUYECTBE ¢ KaHanckor kommanuei Teck Resources. B pamMkax mpoexTa miaHupy-
€TCS UCTIOIh30BATh CKIDKEHHBIHN T'a3 B Ka4eCTBE MOTOPHOTO TOILIMBA JIJIS IIIECTH CBEPX-
TSOKENBIX KAaphEPHBIX CaMOCBaJOB C MOIIHEHIIMMH JBHUTaTeIsIMH, PaOOTaroIMX
B KaHaJICKOH npoBuHIMHN bpuranckas KomymOus. C>knKeHHBII ra3 MOCTaBIsIeT KOMIIa-
Hus Fortis BC.
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Ha mexxnynaponnoit Beicrapke MTHHOITPOM-2017 (r. ExatrepunOypr) Obut npe-
CTaBJIEH ra30MOTOpPHBIN camocBan benA3-75476 rpyzonoabeMHocThIO 45 T. CamocBan
OCHAIIIeH ra3onopIIHeBbIM aBurareneM «KyHryp-550», paspaboraHHbIM Ha 6a3e nu3e-
ns 5IM3-240 ypansckoit kommnanueil « Texnomorust 1604». HoBblil cuiioBoii arperar
MMeEEeT ra3oTypOMHHBIN HaJAyB U pa3BuBaeT MomHOCTH 404 kBT. B xauecTBe TomnBa
WCTIOJB3YETCs] COKMKEHHBIN MpUponHblid ra3. CHapspkeHHas mMacca U TPy30IMOIbEeM-
HOCTh benA3-75476 ocrtamuch TakuMHU K€, KaK W Yy AW3EIHHOTO camocBaia
benA3-7547. Ho camocsan, pabdoraromuii Ha Ta3e, Ha 10 % MomrHee, SKOHOMUYHEE,
obecrieunBaeT HU3KUI YPOBEHD BRIOPOCOB BPEIHBIX BEIIECTB, YTO OCOOCHHO aKTyallh-
HO TIpy paboTe B TyOOKHUX Kaphepax.

Hcnonp3oBanne paboTaomux Ha ra3e caMOCBaJIOB TIO3BOJISIET HE TOJIHKO yMEHbB-
AT KOHIICHTPAIMIO BHIOPOCOB 3arpsi3HAIONIMX BEIIECTB, HO W CHU3HUTh YPOBEHBb
uryma asurarens Ha 50 % [21].

Opnnako xomnpumupoBaHHbId npuponHbiii ra3z (KIII') u cxxmKeHHBIH TpUPOIHBII
ra3 (CIII'), ucione3zyemble B KaueCTBE aBTOMOOUIIBHOTO TOIJIMBA, HMEIOT HEIOCTATKH:

— TpedyeTcs crienuaIbHOe NCTIONIHEHHE OOPTOBBIX TOIUTMBHBIX eMKOCTeH (0aIoHb!
BBICOKOTO JIaBJICHUS WM KPUOTCHHBIE COCYIBl) C TOBBIIICHHBIMH, 110 CPaBHEHHIO
C TpPaAWIMOHHBIMH TOIUIMBHBIMH OakaMy, MaccOra0apUTHBIMU XapaKTepUCTHKAMH
M3-32 HU3KOW TUIOTHOCTH ra30BOT0O TOIUIHBA;

— HAKJIaJ[BIBAIOTCS CYIIECTBEHHBIE OrpaHUYEHHUs Ha opranuzanuio TO, peMOHTOB,
3aIlpaBKH U UCIMIOJIB30BAHMS MAIINH;

— JIBUTATeNH Ha CHKMKEHHOM IPUPOAHOM Ta3e MOoTpeOnsroT OOoJbIe 3HEPTUH Ha
KHJIOMETD.

Bwmecte ¢ TeM nipu cOOIONEHNN YCTAaHOBJICHHBIX MpaBuil paboTa MaIlvH HA MPH-
POIHOM ra3e 1ocTaToyHo Oe3zomacHa. [IprupoaHbIil ra3 movTH B Ba pa3a Jierde Bo3ayxa
U TIpH yTeYKe CTPEMHTCS BBEPX, JOCTATOYHO OBICTPO «PACTBOPSISICH» B arMmocdepe.
MaccorabapuTHbIe XapaKTepUCTUKH KapbePHBIX aBTOMOOMIIEH-CaMOCBAIOB H YCIIOBHUS
WX JKCIUTyaTalliyd Ha OTKPBITHIX TOPHBIX PabOTax CO3MAr0T ONaronmpHUsATHBIC MPEJIO-
CBUIKH I10 MCIIOJIb30BAHHUIO CKMXKEHHOTO IIPUPOAHOTO T'a3a B KAY€CTBE MOTOPHOIO TO-
wimBa [22].

BeiBoasl. Vcnonbs3oBanue NpupogHOro raza B KaueCTBE MOTOPHOIO TOIIMBA IO-
3BOJISIET YBEIIMYUTH CPOK CITY>KOBI ABUTaTens B 1,5-2 pas3a, yMECHBIINTE YPOBEHB IIyMa
Ha 50 % u B 1,5-2 pa3a CHU3UTH 3aTpaThl HA TOIUIUBO.

Oxosorudeckast CUTyalys B Kapbepax BO MHOTOM 3aBHCHUT OT KOHCTPYKTUBHOTO CO-
BEPILIEHCTBA TPAHCIIOPTHBIX MaIlIMH, 0COOCHHO au3eneit. [IpocToit nepeBos TpaHCIop-
Ta Ha Ta30MOTOPHOE TOIUIMBO MTO3BOJISIET 3HAUYNUTENIBHO COKPATUTh BHIOPOCH BPEIHBIX
BEIIECTB, KaK 32 CYET TOKCHYHOCTH BBIXJIOMHBIX Ta30B, TAK U CyMMapHOTO BBIOpoca
BPEIHBIX BEIIECTB, a TAKXKE TMOJHOCTHIO MCKIIOYHTh COCTUHEHHS CBWHIA, CHU3UTH
IILIMHOCTH OTpaOOTaHHBIX Ta30B B 8—10 pa3 u ypoBeHb ITyMa B 2 pasa.

[ToMrMO TIPaKTHYECKH MOTHOTO OTCYTCTBHS 3arPSA3HSIONINX BHIOPOCOB, Ta3 €Ie U
JIeTIeByIe JU3eTbHOTO TOTUTBA MOoYTH B 2 pasa. [Ipu atom sxoHomus Ha 'CM Oyzaer tem
0o0JIbBIIIe, YeM BBIIIIE CTOMMOCTH JU3EIBHOTO TOIUINBA, T. €. B ApKTHYecKnX U CeBepHBIX
paiioHax, TJle HEeIOCTAaTOYHO pa3BHTa TpaHCHOPTHas wHppacTpykrypa. Vcnomap3oBa-
uue CIII" B kauecTBE MOTOPHOTO TOIIJIMBA [T KAPHEPHBIX CAMOCBAJIOB TOJIBKO HAYMHA-
ercst. Ho ucnons3oBanue KIII™ u CIII' B aBroMoOuMisiX TpeOyeT HOBOW MH(pacTpyKTy-
pbl. Heo0x0auMo cTponTEnhCTBO HOBBIX 3alIPAaBOYHBIX CTAHLIUH HITH IIEpe000pya0BaHNE
cymectByromux A3C.

Takum 00pa3oM, SKOIOTMYECKHE IMPEUMYIIECTBA MPUPOTHOTO Ta3a OYEBHIIHBI,
a TIepCIEeKTUBBI 3aMEHBI AU3EJILHOTO TOIUIMBA MTPUPOIHBIM Ta30M NTO3UTHBHBI.
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ECOLOGICAL AND ECONOMIC EVALUATION OF OPEN PIT DUMP TRUCKS USE

Khazin M. L.1, Tarasov P. L., Furzikov V. V.5, Tarasov A. P.2
! Ural State Mining University, Ekaterinburg, Russia.
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Research aim is to analyze the problems of using open pit dump trucks with diesel engines. Automobile
exhaust gas has harmful effect on human health and environment.

Research methodology. Ecological and economic problems occurring under the use of open pit dump
trucks are analyzed.

Results. Up to 80% of rock mass is transported by open pit dump trucks with diesel engine under opencast
mining, a significant disadvantage of which is their impact on atmospheric gas pollution. At an open pit
depth of more than 200-250 m air pollution with harmful substances in the workplaces leads to gradual
increase in maximum permissible concentrations. It affects not only people but the economy of an
enterprise, as it necessitates open pit stoppage, whereas road visibility reduction contributes to partial of
full work stoppage of equipment. Practical experience shows that the most prospective solution to the
problem is conversion of open pit dump trucks into natural liquefied or natural compressed gas. The use
of natural gas as engine fuel allows reducing exhaust smoking, specific emissions, and exclude soot
formation. Natural gas does no form residue within fuel delivery system and does not wash off oil film from
the cylinders’ walls.

Conclusions. The use of natural gas as engine fuel allows increasing engine life by 1.5-2 times, reduce
noise level by 50%, and reduce fuel costs by 1.5-2 times.

Key words: open pit dump trucks, ecological situation; opencast mining,; emissions; diesel fuel; alternative
fuel; liquefied natural gas; ecological and economic effectiveness, open pit depth.
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METOAWKA YNPABNEHWUA NAPAMETPAMU NPOLIECCA MYCKA
NOrPYXXHOIo ANEKTPOABUIATENA
B OCINNOXHEHHbIX YCIIOBUAX

NbICOBA 0. A.}, ®PAWLLTETEP B. .2, CMUPHOB A. 10.3
1 TioMeHCKi MHAYCTPUANbHBIA YHUBEPCUTET
(Poccus, r. TiomeHb, yn. Bonogapckoro, 38)
2000 «HOraHckuit Hay4YHO-1CCe[0BATENBCKUA MPOEKTHBIA MHCTUTYTY
(Poccms, r. HedbretoraHck, yn. Cyprytckas, 4a/2)
3 OAO «HOBAT3K HTL»
(Pocews, r. TiomeHb, yn. 50 net BJIKCM, 53)

IIpeomem uccnedosarnus. B 0annoil cmamve npueedero Kpamkoe onucanue QyHKyuoHUpO8aHus yCma-
HO6KU YeHmpobedcHvix anekmponacocos (YOLIH) u ocobennocmeii ee pabomsi. Onucanvl npuyuHbl,
10 KOMOPLIM RPOUCXOOUM YACMUYHOE UYL ROTHOE «NOOKAUHUBAHUEY PABOYUX KOJLeC NO2PYIACHO20 HACOCA
(I121]). Ilpuuem docmamouro pacnpoCmpaneHo s8IeHUe NOTHO20 «3AKIUHUBAHUSLY HACOCA, YMO NPUEO-
oum K OMKIOYeHUIO 3auumeol (Wiu nepespesy u30AyulL), CPe3anulo WNOHKY UL CKPYYUBAHUIO 6.
«Packnunueanuey sana I13]] npesicoe 6ceco xapakmepuszyemcsi pabomoil 21eKmpoosu2amest 8 pelcu-
Me KOPOMKO20 3AMbIKAHUS, MAK HA3b16AeM020 «msdiceno2o nyckay. Takoll jice nyck ocyujecmensiemcs
npU 0CBOEHULU CKBAIICUHBL WU ee 3aNyCKe 8 IKCHLyamayuio nocie pemonma. B nacmosuee gpems nony-
YUY WUPOKOE PACIPOCMPAHEHUEe YACMOMHO-PE2YIUPYemble ILeKMPOnPUBoObl, 20€ G03MOICHO Pecyiiu-
POBaHUe KAk 4acmomsl, Max u 6eIUYUHbL HANPANCEHU. RUMAHUSL NOZPYICHO2O ILEKMPOOSULAMEIs.
Lenv1o 0annoii pabomot s615emcs paspabomra MemoouKu «PAcKIUHUBAHUSLY PAOOHUX KOLeC NOcPYic-
Hozo nacoca VOIL[H npu makcumanbHo OORYCMUMOM MOMEHME dNeKMpoOSueamens U MUHUMAibHOM
moke 0oMomKu cmamopa, yoosiemeopsiowetl yciogusim naepesa [13]].

Memoouxa uccrnedosanuil. B 0annoti pabome npouszeeder KpamKkuil aHAIUu3 Cyuecmeyrouux memooos
«PACKAUHUBAHUAY PADOUUX KOLeC HACOCA U CHOPMYTUPOBAHbL UX OCHOBHble Hedocmamku. [lokazano,
YUMo OCHOGHLIM KpUMepuem Npu « mAdiCeioM nyckey OOIHCHO OblMb NOLYYEHUe MAKCUMATbHO OONYCMu-
MO20 MOMeHma S1eKmpodsueamenss NPU MUHUMAILHO BO3MOJICHOM MOKe OOMOMKU €20 CMmamopd.
Ha yugposoii modenu memooom uMumayiOHHO20 MOOSIUPOBAHUSL NOTYYEHbL CeMeUCMEd 3a8UCUMOCTel
MOMEHMO8 KOPOMKO20 3AMbIKAHUSL NOSPYICHO20 INeKMPOOGUSAMEIsi U NMOKO KOPOMKO20 3AMbIKAHUS
06MOmMKU cmamopa om 4acmomvl HARPSNCEHUsL NUMAHUSL NPU UX PAZTUYHBIX 6CIUYUHAX.

Pesynomamor u ux ananus. Ha ocnoganuu yka3annwlx Kpugblx pazpabomana memoouka «packiuHuéd-
Husy pabouux xonec I1DJ] nymem monuko8020 CHUICEHUS. HACMOMbl HANPSIICEHUS. NUMAHUSL, YO06Len-
sopsiowas cghopmynuposannvim kpumepuim. Onpedeneno epems pabomwr I13]] npu nonudicennoi
yacmome (8pemst MONUKA) U BPEMsl NAY3bl MENHCOY MONUKAMU U3 YCL08ULL YOO06LeMEOpUmenbHol pabomaol
neKmpoosucamens ¢ MOYKU 3penus Hazpesd. [liis peanuszayuu npedsiodtCeHHOU MemoouKu paspaboma-
Ha 6NOK-cXeMa aneopumma packauHu8anust pabouux Koiec nocpyicHo20 Hacocd.

Bui6oowt. [Ipumenenue npeonazaemoti memoouxu «packiunusanus» eéana I[13J] noszeonsiem nomyuumo
MAKCUMANbHBLL, 8 PAMKAX Nepeepy30uHou cnocobnocmu, momenm I19/] npu munHumaibHom mokxe
00MOMKU CIMAMopa u paccuumanms RApamempsl NPOYecca «PACKAUHUBAHUSLY — 8PeMsl MOIHKA U 8PeMs
naysvl — u3 yCaouil Hazpesa d1eKmpoOGUSAMEIS.

Knroueswvte cnosa: noepyofc‘Hoﬁ Hacoc, pe2yiuposarHue CKopocmu, «pdcKaIuHUearuey Hacocd, moja4Ko-
60€ noebvlieHue GelUdUHbl HANPANCEeHUS, MOJIYKO60€ NOHUdMNCEHUEe YACMOMmbl HANPAINCEeHUA, Hazcpes
a.rtekmpoaeueameﬂﬂ.
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BBenenue. YCTaHOBKM TOTPYKHBIX LEHTPOOEKHBIX 3JekTpoHacocos (YOIIH)
MpeIHa3HAYCHBI JIJISI OTKAYKHU U3 HE(TIHBIX CKBAXKUH, B TOM YHCJIC U HAKIIOHHBIX, TUIa-
CTOBOM JKHJIKOCTH, cojiepkariell HedThb, BOIy, ra3, MexaHHUecKue mpumec [1].

AHamu3 JUTEpaTypHBIX JaHHBIX [1-3] W pe3ynbTaTsl AKCIUTyaTallid CHCTEM
YOILIH-ckeasicuna B MPOMBICTIOBBIX YCIOBUSAX MOKA3bIBAIOT, UTO MPH AKCIUTyaTalluu
3HAYUTENBHOM YaCTH MECTOPOKICHUN UMEIOT MECTO MPOLECCH OTIOKEHUS COJeH U
JIPYTUX BEIIECTB HA CTEHKU HacOCHO-KomIpeccopHbIx Tpyo (HKT) u paboune anemen-
ThI HACOCOB M WX abpa3uBHBIN HU3HOC. B pe3ynpTrare 3TOr0 B Mpolecce 3KCITyaTaluu
MIPOUCXOANT «ITOAKIMHUBAHNE)» pabodux KoJec Hacoca, 3aKJII0Yaromeecs B TOM, YTO
paboune koneca GUKCUPYIOTCS, CAAATCS Ha OMTOPHBIN MOMIIUITHAK 1 K BAITy TIOTPY>KHO-
ro snekrponBurarens ([19]]) mpukianeiBaeTcs MOBBIIICHHAS HATPY3Ka, T. €. BO3pacTa-
eT craruveckuii MmomeHt. [Ipruem B mporecce pabOThI MPOUCXOIUT CTOXACTUYCCKOS
KaK 3aKJIMHUBAHUE, TaK U PACKIMHHUBAHUE HEOIPENCICHHOTO KOJIMYECTBA Pabouux
KOJIEC HACOCA, YTO BEJET K IOCTOSHHOMY KOJICOAHMIO MOMEHTA CTaTUYECKOro M.

W3BectrO, uro YOIIH umeer crnennpuyecKue KOHCTPYKTUBHBIC U TEXHOJIOTHYE-
CKHe OCOOEHHOCTH, 2 UMEHHO: B HOPMAaJTbHOM COCTOSIHUH padodre KoJieca JIEMEHTOB
MOTPY>KHOTO HacOca MOTYT CBOOOTHO TIepEMEIaThCsI B0 Balla TaK, YTO OCEBBIE YCH-
Tusl, CBSI3aHHBIE C CO3JaHUEM MOMEHTA, UAYIIEr0 Ha MOABEM XUAKOCTU B KOJIOHHE
HKT, nepenarorcst Ha kopmyc Hacoca u jnajiee Ha konoHHy HKT. B atom ciaydae Ha
YHOPHBIH MOAUIUITHUK JEHCTBYeT TONbKO cuia Tshxectn O1H, a Ban nmpuBoaa Bocmpu-
HUMAaeT TOJBKO TIOJIE3HBIE CKpydYnBaromue ycruiaus. OQHaKo B pealbHBIX YCIOBHSIX HA
xapakrepuctuk YOIH ¥ BeIMUMHY CTaTUYECKOr0O MOMEHTA IOTPYKHOIO 3JEKTPO-
JIBUTATENS OKa3bIBAaeT 3HAYMTEIHFHOE BIUSHHUE MPOIECC CONCOTIMKEHU Ha paboumx
OpraHax Hacoca, 3a CYET YEero MPOUCXOUT «ITOJKINHUBAHUEY» pa0OYMX KOJIeC Hacoca
BILIOTH JIO €T0 MOJTHOTO «3aKJIUHUBAHUS», YTO IPUBOIUT K OTKIFOUCHUIO 3aIIUTHI (MU
MePETPEBY U3OJISAINH ), CPE3aHUIO IITTOHKY WM K CKPYYUBAHUIO Baja.

PacknuauBanue Bana YOIIH — mocTaTo9HO CIIOKHBIN TEXHOJIOTHYECKHUH MpoIiecc,
TpeOyromuii KOMIUIEKCHOTO Toaxona. Kak mpaBuiio, Bce TMOMBITKA BOCCTAHOBHTH
paborocniocobHoe coctosiaue YOIIH cBomsTCS K paboTe yCTAaHOBKH B PEKUME TEpe-
TPY3KHU — 3TO TaK Ha3bIBAEMBIN «TSXKEIBIN ITYCK.

B nocneanue rofsl A7 3NEKTPONPUBOAA MOTPYKHBIX YCTAHOBOK BCE Hallle cTajia
NPUMEHSATLCS CHCTEMa HpeoOpaz0eament Hacmomvl—ACUHXPOHHBIIL ANeKmpoosuea-
menv. [IpuMeHnenue 3Toi CHCTEMBI TIO3BOJISIET ONTUMHU3UPOBATh (PYHKIIMOHUPOBAHUE
YBOUH u ucrions3oBath 0osiee COBEPIICHHBIE CIIOCOOBI PACKIMHHUBAHUS TOTPY>KHOTO
Hacoca [4, 5].

IIpu 3akIMHUBaHUM PabOYMX KOJIEC HACOCA, T. €. IIPU CTaTUYECKOM MOMeHTe M.,
MPEBBIMIAIONIEM MOMEHT MK3 KopoTkoro 3ambikanus [19]] Ha maHHOM MexaHMUYecKoi
XapaKTEPUCTUKE, TOK IIEMHA OOMOTKM CTaropa MPEBBINIACT JOMYyCTHUMOE 3HAYCHHE,
oTIpesieNsieMOe yCTaBKOM 3aIIUThI, TPOUCXOANT 3allMpaHre Ipeodpa3oBaTeIs YacTOThI
(ITY), a 3aTem ocTaHOBKA DJICKTPOIBUTATEIS.

B HacTosee BpeMs Ais «pacKiIuHUBaHU» [19]] MPpUMEHSIOT «TOTYKOBBIN» PEKUM
pasroHa (Mucmpykyus no 6618600y HA PENCUM CKEANCUH NPU NOMOUWU CHAHYULL YNPAG-
JIEHUsL C YACMOMHBIM pecyiuposanuem. Paoyoxcuwiii Braoumupcrou obn., 2014;
Centrilift — Hughes, Ins., one of Hugehes Tool Co. Haudbook for oilfeld subsurface
electrically driven pumps, 1981, section 6, p. 16—44, section 1, p. 136), 3aKJTF09aIONTHH-
Cs B TOM, UTO MPHU OCTOSHHON YaCTOTE HANPSKEHUS MUTAHUSA CKAYKOM YBEIUYHUBAIOT
BEJIMYMHY HaNpsDKEHUs, a 3aTeM (eclii paCKIIMHUBAaHUE MTPOU3OIIIIO0) MPOU3BOASAT CO-
IJJAaCOBAaHHOE COBMECTHOE M3MEHEHHE YaCTOThI U BEIMYMHBI HANPSHKCHHS 10 Tpedye-
MoT0 3HaueHus. Eciu packiMHUBaHUS HE MMPOU3OILIO, TO BEIMYMHA U YaCcTOTa HaIPs-
JKEHUS TUTAHUS CHIKAIOTCS 10 HYJIS.

[Tpu 3TOM, coracHO pernaMeHty (Mucmpykyust no 8bl800Y HA PENHCUM CKBANCUH
npU NOMOWU CIMAHYULL YAPABIeHUs C YaCMOMHbIM pe2ynuposanuem. Padyscnoiii Baa-
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oumupckoti 06n., 2014), ycTaHaBIMBAIOTCS CIIEAYIOIIUE TTaPaMETPhl «TOTYKa»: BPEMsI
Tonmuka ¢, = 12 ¢; may3a Mexay Tomukamu £, = 12 ¢; Konu4uecTBo Tom4koB — 5. Konuye-
CTBO TOJIYKOB OTIpeAeIsieTcs yeinoBusaMu Harpesa [19]1.

Ecim mocne periaMeHTHPOBAaHHOTO KOJMYECTBA TONYKOB «PACKIMHHUBAHUS) HE
MIPOUCXOMNT, TO YCTAHOBKA M3BIIEKAETCS U3 CKBAKHHBI U MOIBEPTaETCS PEMOHTY, YTO
BJIEUET 3a cOOOW 3HAUMTEIbHbIC MaTepHabHBIC 3aTpaThl HA MoabeM, ciyck YOILIH,
PEMOHT HacOCa, a 3HAYUT U MOTEPH B T0ObIUE HEPTH.

B [6] yka3bIBanoch, 4TO pacKIMHUBAHNC pab0OUHX KOJIEC HACOCa MPOU3BOMUTCS IIPH
3aTopMOXkeHHOM poTope [ID]], T. €. B ToUuKe KOpOTKOTO 3aMbIkaHus. [Ipu 3TOM HE0OX0-
IUMO, 4TOOBI TPOLIECC OCYIIECTBISUICS MPH MAaKCUMAIBHO OMMYCTHMOM MOMEHTE
AIIEKTPOABUraTENs] 1 MUHUMAIIBEHO BO3MOXKHOM TOKE OOMOTKHU CTaropa.

a 6
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Puc. 1. 3aBucumocTu Toka [*  u MoMeHTa M*  OT OTHOCUTENBHOM YaCTOTHI 0. IPH HOMHHAIIb-
HOM — @ I MUHIMAJIBHOM — 6 3HAUEHUX HAIPsHKCHUS TUTAHUS
Fig. 1. Graphical charts of dependences between current /*  and torque M*  and relative
frequency a under nominal — a and minimum — 6 values of power supply voltage

MeTonuka npoBeaeHUs HCCJIEN0BaHNA. B paboTe HCIONb30BaMCh METOIBI UMU-
TalMoOHHOTO MozenupoBaHusa. Ha mmdposoit Moxenu npeobpasosameny yacmomvi—
acumxponuolil snekmpoosucamens (ITY-Al) [7] mory4eHbl 3aBUCHUMOCTH OTHOCHTEITh-
HBIX MOMEHTOB M* =~ M TOKOB [*  KOPOTKOTO 3aMbIKaHHS OT OTHOCHUTEIHHOIO
HanpspkeHus U* npu pasHbIX OTHOCHTENBHBIX YaCTOTAaX o.

AHanu3 MONTY4YeHHBIX KPUBBIX IMOKA3bIBACT CICAYIOIIEE:

— KPUBBIC SBJISIOTCS HEJIMHECHHBIMU;
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— BO BceX Cllyyasx, B Ipeaenax neperpy3odnoii cnocobnoctu [13]1, oTHOCHTEND-
HBIH TOK KOPOTKOTO 3aMBIKaHUS MPEBBIMIAET OTHOCHUTENbHBII MOMEHT KOPOTKOTO 3a-
MBIKaHHA, T. €. TIPOIIECC PACKIMHUBAHUS XapaKTePHU3yeTCs MOBBIIICHHBIMI TOKAMH;

— BEJIMYMHBI yCKOperus dI*  /dU* n dM* _ /dU* aBnsoTcs HEpEMEHHBIME BO BCEM
peaNbHOM JHara3oHe H3MEHEHUS BEIMYMHBI H YaCTOTHI HAMTPSDKEHUS TUTaHUS;

— IPY yBEITUUYEHUH YacTOTHl HANPSDKEHHS MUTAHUA JUIS 00ecreueHusl 3aJaHHOTO
MOMEHTA TOK KOPOTKOT'O 3aMBIKaHHUS YBETUYHBAETCS.

TakuM 00pa3oM, B MPOU3BOACTBEHHBIX YCIOBUSAX MPAKTHYECKH HEBO3MOXHO JO-
CTaTOYHO TOYHOE MTPOTHO3NPOBAHUE BETTMYMH U YaCTOT HANIPSDKEHUS MUTAHUS, TIPH KO-
TOPBIX BBHITIONHAJIOCH OBl YCIIOBHE TONyYeHUS MAaKCUMAIbHOTO MOMEHTa TPH MUHH-
MambHOM Toke. CreoBaTenbHO, TMPH TPUMEHEHHH TPAJAUIMOHHOTO crocoda
PacKIMHUBAHMSI TIOTPY>KHOTO HACOCA BEJIMKA BEPOSITHOCTD YCYT'YOJIE€HHUS CYLIECTBYIO-
nieil aBapuiHON CUTyaluu.

Hennio 1aHHOI paGoTHI SBIsIETCS pa3paboTKa METOIMKH PACKIMHUBAHKS Pad0YnX KO-
niec orpyxHoro Hacoca YIIH mpu MakcnMansHO TOITyCTUMOM MOMEHTE JIEKTPOBHT aTe-
JIsl © MUHAMAJIEHOM TOKe OOMOTKH CTaTopa, YAOBJIETBOpsIfoItel ycnosusm Harpesa [19]1.

Ha uudpoBoit mogenu [7] ObuH MOTyYEHBI 3aBUCHMOCTH OTHOCHTEIBHBIX MOMEH-
TOB M* 1 TOKOB [* _, KOPOTKOTO 3aMbIKAHUS OT OTHOCUTEIBHOM 9aCTOTBI 0L HAIIPSIKE-
HUSI TUTaHUS TP Pa3HbIX BETMYMHAX OTHOCUTENBHOTO Hanpshkenust U* (puc. 1).

W3 ananu3a KpUBBIX CIIEAYET:

— 1pu Beex 3Hadennax U* sapucumoctu M* = fla) u I* = f(0) nMEIOT TOUKY nepe-
CeYeHUS;

— B 00J1aCTH HU3KHX 49aCTOT COOJIONAETCA COOTHOmEHue M* = > [*
CIIy4ae MOXKHO MOMyYUTh IIyCKOBOX MOMEHT P MUHUMAJIBHOM TOKE;

— [IPY yBEJTMUEHHBIX 3HAUCHHUAX HAIIPSDKEHNUS C yMEHBIIIEHHEM YacTOTHl yBEJIMUUBA-
€TCsl OTHOCUTEIBHBI MOMEHT M*  KOPOTKOIO 3aMbIKAHHS M CHUIKAETCS OTHOCHTEIb-
HBIN TOK /¥ KOPOTKOTO 3aMBIKaHM;

— MIPU MaJIbIX BETMYUHAX HAIIPSDKEHUS U TOK, © MOMEHT KOPOTKOTO 3aMBIKaHUS 3Ha-
YUTEIHFHO BO3PACTAIOT NIPU CHIXKEHUH YaCTOTHI M MOTYT JIOCTHYb HEIOIMYCTHMO OOJIb-
INX 3HAYCHUMH.

Ha ocHoBaHnM npoBeeHHBIX MCCIIEAOBAHUH MpeiaraeTcs MpOu3BOIUTh PACKIIN-
HUBaHHE pabOYMX KOJIEC HAcOCa HE TOTYKOBBIM MOBBIIICHUEM BEIMYMHBI HATIPSKECHUA,
a TOJTYKOBBIM MTOHMKEHHEM YacTOTHI.

B sTOM ciyuae npouiecc pacKIMHUBaHUS IPOU3BOANUTCS B CIIEAYIOIIEM ITOPSIKE.

1. CornacHo [8], coBMecTHOE U3MEHEHHE HAIPSHKEHUS U YacTOTHI JOJKHO TIPOU3-
BOJIUTHCS 110 3aKOHY

w I €. B 3TOM

U* =Ja (1)

¥ BBLICPKUBATLCS 10 TOUKH, rae [* = M* .
2. BennunHa HanpspKEHUs B 9TOW TOUKE OMPEACIISIETCS UCXOIA U3 CIEIYIOMHNX CO-
obpaxenwnii. Cormactuo [10],

M*
1% =CU—§:°‘, )

rne C =M, w,,(1+ R /R)3U,I, cos®)™; lu, Uy, M, — HOMUHAIIbHBIE TOK, HANPsIke-
Hue U MOMEHT [ID][ cOOTBETCTBEHHO; ), — CKOPOCTh UIEAILHOIO XOJNOCTOrO XO/a
[19/1 npy HOMMHAILHON YaCTOTE HANPSHKEHUsS TUTaHUs; R, R, — aKTUBHEIE CONPOTHB-
JISHWsI [IeTIel cTaTtopa U MpUBEIEHHOE POTOPa COOTBETCTBEHHO; COS () — KO DHUITHESHT
MOIITHOCTH.
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k= %
CrnenosarensHo, npu I* = M*

c-X -1 3)

[Moacrasnsiem B (3) BMecTo o 3HaueHHe U3 (1) ¥ momydyaeM HauyalbHOE 3HAYCHUE OT-
HOCHUTENILHOTO HaNpsiKeHus packaunuBanus U* = 1/C.

U*, a
i
I
TOREY SRRSO SR A ———
C
U*
o= (U*r)?
(] (AL
o, =
B P |
(X’IOJIHKB
o
0 t
_ t Tomyxa - t maysbl

T uukiaa

Prc. 2. YIpoIeHHbIE 1uarpaMMbl H3MEHEHHS YaCTOThI M BEIMYHHbI HANPSKCHHS [IMTAHHUS TIPH pac-
KJIMHUBaHUHU PabodrX KOJIeC HAcoca IyTeM TOIYKOBOTO CHIDKEHHSI YaCTOTHI M HAMPSDKEHHS [T TAHHUSI
Fig. 2. Simplified diagrams of frequency and power supply voltage value variation under pump
impellers wedging out by means of logging decrease in the frequency of voltage of power supply

3. IIpu paccuuTaHHOM TaKuM 00pa30M HaNpsLKEHUH OTHOCHTEIBHAS YacTOTa Olpe-
nensercs a,,, = (U¥)%

4. 3HaueHre OTHOCHUTEIBHON YaCTOTHI 0,, JO KOTOPOIO IPOMCXOAMT €€ CHUKCHUE
NIPU TOTYKE, OTIPENEIAETCS U3 YCIOBHS MOMYUYCHHUS TPeOyeMOro COOTHOLICHHUS TOKa 1
MOMEHTA KOPOTKOT'O 3aMbIKaHUs, a UMEHHO: U3 (2) mosyyaem

I *K3 aT
M * - CU * (4)
N3 (4) nonyuaem
I * U=
a = o 5)
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T. €. UCXOIS U3 TEXHOJIOTHUECKUX TPeOOBaHUI U yCTABOK 3aIlIUT HEOOXOOMMO 3a1aTh
Benuuuny (I*  /M* ), ¥ cornacHo (5) NpOU3BECTH PACUET TOIYKOBOIO 3HAYEHHUS
yacToThl. [Ipn 3TOM BeTMYMHA MOMEHTA KOPOTKOTO 3aMBIKAHUS BHIOHpaeTCs U3 yc-
JOBUSA TONYYEHUS AMHAMHUYECKOTO MOMEHTA, HE MPEBBIMIAIONIETO JOMYCTHMOTO
3HAYEHHUS.

5. st ynydienus yciioBuit padotel [13]] ¢ Touku 3peHus HarpeBa BO BpeMsl May3bl
MEX]Ty TOTYKAMH YacTOTa U BEJIMYMHA HANPSKCHUS TUTAHUS CHUXKAIOTCS 10 HYJIS.

6. Ecnu packnnHUBaHNE MPOU30LLIO, IPOU3BOAST CONIACOBAHHOE COBMECTHOE M3-
MEHEHHE YacTOThI U BETMYUHBI HAMPSHKEHUS 10 TPeOyeMOro 3HAYCHUS.

Hcxons n3 M3II0)KEHHOTO, M3MEHEHHE YacTOTHl ¥ BETMYUHBI HANIPSDHKEHUSI TTATAHUS
MOKHO TIPEJICTAaBUTh B BHJIE Auarpamm (puc. 2).

Bpewms pabotsl 1131 npy moHMWKEeHHONW yacToTe (BpeMsi TOMYKa) U BpeMs Iay3bl
MEXKIY TOMYKaMH ONpPENeeTCs U3 YCIOBHH YIOBIETBOPUTEIBHON PabOTHI SNEKTPO-
JIBUTATEIIS C TOUYKH 3pEHUS Harpesa.

B paccmarpuBaemowm cirydae [19]] pabotaer Ha MPsIMOTMHEHHBIX yJaCTKaX MEXaHHU-
YeCKUX XapaKTePUCTHUK MPH MIPUMEPHO MTOCTOSHHOM MarHUTHOM 1oToke [8]. CinemoBa-
TETbHO, TMPOBEPKY IO HArpeBy MOXKHO OCYIIECTBUTH METOAOM O3KBHBAJIEHTHOTO
MOMEHTA!

M, <M,

[MpoBenem nposepky [13/] mo HarpeBy asst HanboIee TAKEIBIX, C TOUYKU 3PEHHUS Ha-
I'PEBA, YCIOBUI, KOI/Ia ITyCKOBOM M TOPMO3HONM MOMEHThI MaKCUMaJIbHbI B TCUHEHHE BCE-
IO BPEMEHU IIyCKa U TOPMOXKEHHSI M PACKIMHUBAHUE IIPOU3BOAUTCS IIPU MOMEHTE KO-
POTKOTO 3aMbIKaHUS:

M7t +M %t + M7t
M3 = 5 . S MH’ (6)
t, —prT +t +1

rae M, — SKBUBAJICHTHBIM MOMEHT, M = M _, — MakCHMalbHbIH IIyCKOBOH MOMEHT;
M, = M,, — MOMEHT PAaCKIMHUBAIOIIETO TONUKa; M, = M — MakCUMajbHBIH MOMEHT
[IpY TOPMOXKEHUH; 7, tpT, 1, t{, — BpeMsl IyCcKa, paCKJIMHUBAIOIIETO TOJIUKA, TOPMOXKEHHUA
U I1ay3bl COOTBETCTBEHHO.

IIpenctaBum (6) B OTHOCUTEIBHBIX €IMHULIAX:

(M, )1, + (M) o+ (M)t

T

<1. (7)
t,+t, +t +1,

Ilycrs £, +1 =1,

i’

U3 (7) nomyuaem

e tnn — BpEM: NIEPEXOAHBIX ITPOLECCOB.

(M, *) 1, + (M *pT)thT <ttt . @)

Ecny npu mycke 1 paCKIMHUBAHUY HACOCA MAKCUMAJIBHO JOITYCTUMBIA MOMEHT pe-
TIaMEHTUPYETCsl Teperpy30uHoii ciocobHocThio A 191, To (8) MOXHO TpeacTaBUThH
B BUJIE

A, + A% Sttt (9)
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BpeMs packITMHUBAOIIIETO TOYKA U TTAy3bl MEX/TY TOTYKAMH 3HAYUTEITHHO PEBbI-
11aeT BpeMs IIePEXOHBIX MPOIECCOB, 8 UMEHHO: CYMMapHOE BPeMsl ITyCKa U TOPMOXKE-
HUS HE MPEBBINIAeT 1 ¢, a CyMMapHOE BpeMs TOJIYKA W May3bl COCTaBIsAET Oonee 24 ¢
(Cmanyus ynpasnenust Inexkmon-05 [19-TTIIT-380-50-1 YXJ11. Pyxosoocmeo no sxc-
nayamayuu L[TKJ] 065 PO. 340 "OJIEKTOH", 34TO, Paodyschoviii Braoumupckoii
o6n., 2010). Ilpuyaem, KaK MPaBUIIO, TAKUE CUCTEMBI OIITUMHU3UPOBAHBI TI0 TEXHUYECKOMY
ONTUMYyMY, T. €. IIyCKOBOH MOMEHT HE IPEBBIIIACT MaKCUMAJIbHO IOMYCTHUMBIH [9].

Brox
rnapaMeTpoB

U= »| OnTuMusupoBaHHas cucTeMa
aBTOMATHYECKOI0 —
—»| peryaupoBaHus ckopoctu I19]]

Pacuer C, U* = 1/C;
Oan = U to s

|'lI T
L | e
|
I

PacknuHuBaHMe

Her
Ja

Puc. 3. biok-cxema AJIropuTMa pacKJIMHUBaHUA pa6otmx KOJIEC IOI'PYIKHOT'0 Hacoca
Fig. 3. Control flow chart for SEM impellers wedging out algorithm

CrnenoBaresibHO, B TAHHOM CIy4ae BPEeMEHEM MEePEXOIHBIX MPOIECCOB MOXKHO MpEHe-
Opeun, u Torna (9) MOXKHO TIPEICTaBUTh B BHJIE:

2.
W, St

Torma cooTHOIIEHNE MEXTy BPEMEHEM TOIYKA M BPEMEHEM Tay3bl MOXKHO Tpes-
CTaBUTH B CIIEIYIOIIEM BUE:

ty = (A% -t (10)
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B 3aBHCHMMOCTH OT KOHKPETHBIX YCIOBUH 33JaeTCsl BpeMsI TOJIUKA WM BpeMs May-
3bl, a BTOpast BeIM4nHa paccuuThiBaeTcs us (10).

Panee npeio)keHbl METOIMKH pacdyeTa OCHOBHBIX MapaMeTpoB Mpoliecca 4acToT-
HOTO PacKIMHMBaHUS pabO4YMX KOJEC MOTPYKHOTO HAacoca W ONpeAeTIeHUs BPEMEHHU
TOJTYKA WM Tay3bl MEXKAY PACKIMHUBAIONIUMHE TOTYKaMu. OZHAKO PyYHOE OCYIIECT-
BJICHHE 3TUX PacdeTOB SBISIETCA HEYNOOHBIM M HE BCerna BO3MOXKHBIM. B HacTosmee
BpeMs [IY A morpyHbIX YCTAaHOBOK KOMILJIEKTYIOTCSI MUKPOIIPOLIECCOPHBIMU KOH-
TpoJIepaMH, Aajiee MpeularaeTcsl aJropuTM Ul pacdera yKa3aHHBIX IapaMeTpoB
(puc. 3).

O0nacTh NpUMeHeHHs pe3yJibTaToB. [Ipennaraemas MeToquKa «PacKIMHUBAHUSD)
pabounx konec [I3]] moxeT OBITH IpUMEHEeHA Ha ckBaknHaxX ¢ YOIIH, B cocTaB amek-
TPOIPUBOAA KOTOPBIX BXOOHUT IpeoOpa3oBaresib 4acTOThl. [Ipuuem Takue cuCTEMbI
3NIEKTPOIIPUBOJIA MOTYT OBITh KaK Pa30MKHYTHIMHU, TaK M 3aMKHYTbIMH. OJHAKO TpH-
MEHEHHUE OJOK-CXEMBbI aITOPUTMa PaCKIMHUBAHUSI PadOUMX KOJIEC MOTPYKHOT0 Hacoca
BO3MOHO TOJIBKO B 3aMKHYTBIX CHCTEMaXx AJIEKTPOIPHUBO/A.

BeiBoabl. Ha ocHOBaHNN NPOBEIEHHBIX UCCIEIOBAHUIN OINPEENIEHO CeIyoIIee:

— MpH peyiaraeMoi B JaHHOM CJIydae METOJMKE «PaCKIMHHUBAHUSI) MOrPY>KHOTO
Hacoca MOKHO JTOOUTBHCS TIOTyYEHHsI MAKCUMAaJIbHOTO, B PaMKaXx Meperpy30uHoi Cro-
COOHOCTH, MOMEHTA DJIEKTPOJABUraTeiIsi NPU MUHUMAJIHLHOM TOKe OOMOTKHM cTaropa,
B OTJINYHE OT OOIIETIPUHATON METOINKH;

— IpeajaraeMasi MeTOJUKa M03BOJISIET PACCUUTATh IIapaMeTphl IIPoLecca «PACKiIu-
HHUBAHUS», BpeMsI TOJUKA U BpeMs Iay3bl U3 yCIOBUI HArpeBa ICKTPOABUTaTEIIs.
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METHODS OF CONTROLLING THE PARAMETERS OF SUBMERSIBLE ELECTRIC MOTOR
STARTING PROCESS IN ABNORMAL OPERATING CONDITIONS

Lysova O. A.\, Fraishteter V. P.2, Smirnov A. Iu.?

! Tyumen Industrial University, Tyumen, Russia.

2 000 Yugansk Scientific Research Design Institute, Nefteyugansk, Russia.
3 OAO NOVATEK STC, Tyumen, Russia.

Research subject. The given article presents a brief description of centrifugal electric pumps unit (CEPU)
functioning and its operation features. The article describes the reasons why partial or complete “wedging”
of submersible pump (SEM) impellers occurs. At that, the notion of complete “wedging up” of a pump is
widespread, which leads to security shutdown (or insulation thermal overload), key cut-off, and shaft
twisting off. SEM shaft “wedging out” is first and foremost characterized by the electric motor operation
in the mode of short circuit, so called “heavy start”. The same start is carried out at a well exploitation or
its putting into operation repaired. Nowadays variable-frequency electric drives have come into common
use, where the regulation of both frequency and SEM power supply voltage is possible.

The research aim is the development of the methods of CEPU submersible pump impellers “wedging out”
under maximum allowable electric motor torque and stator wining minimum current, meeting the
requirements of SEM heating.

Research methodology. The present work has carried out a brief analysis of existing methods of the pump impellers
“wedging out” and their main disadvantages are formulated. It has been shown that the basic criterion under
“heavy start” must be the obtaining maximum allowable torque of electric motor under minimum stator winding
current. At a digital model, the sets of dependences of SEM short circuit torques and stator winding short circuit
currents on the power supply voltage frequency under their various values have been obtained.

Results and their analysis. On the basis of the referred curves, the methods of SEM impellers “wedging
out” have been developed by means of jogging decrease in the frequency of power supply voltage, meeting
the requirements of the formulated criteria. Time of SEM operation at underfrequency (log time) and pause
time between the logs has been determined through the conditions of the satisfactory operation of the
electric motor as regards heating. To implement the suggested methods, control flow chart for SEM
impellers wedging out algorithm has been developed.

Conclusions. The use of the suggested methods of “wedging out” of SEM shaft allows, within the limits of
the overload capability, acquiring maximum SEM torque under minimum stator winding current and
calculating the parameters of the process of “wedging out” — log time and pause time — through the
conditions of the electric motor heating.

Key words: submersible pump,; velocity control; pump “wedging out”; logging increase in the power
supply voltage frequency, logging decrease in the power supply voltage frequency, electric motor heating.
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PA3PABOTKA KOHCTPYKLIUKM CUCTEMbI TOPU3OHTUPOBAHUA
KAPBEPHOIO BYPOBOI'O CTAHKA

KYYNAP O. O.%, LWWABbIPAA 4. 1.1
1 TyBUHCKMIA rocyapCTBEHHbINA YHUBEPCUTET
(Pocews, r. Kbiabin, yn. NleHuna, 36)

Ienvio pabomul asnsemcs a0anmuposanue CManKos WapouleyHo2o Oyperus K npoxooKe 20pu30Hma.lb-
HBIX 83DbIGHBIX CKBANCUH 6 YCIL0BUAX OMPAOOMKU MECMOPOHCOEHUL Yeisi OMKPbIMbIM CHOCOOOM.
Memoouka. Ananus cmpykmypul u YHKYUil S1eMeHMOo8 U Y3106 KapbepHo20 OYp08020 CMAHKA 6 pas-
JIUYHBIX MEXHONOSUHECKUX PENCUMAX U pa3pabomKa HO80U CUCMEMbl 20PU30HMUPOBAHUSL.
Pesynomamet. Bneopenue cospemMeHHbIX Memo008 000blulU MEepObIX NOE3HbIX UCKONAeMblx mpebyem
npusneuenuss OONOIHUMENbHbIX KANUMALbHBIX GLONCEH U, a UX dPPekmueHocmsy He 6ce20a onpasobléa-
em oocudanus. B cessu c smum pexomen0osana paspabomka KOHCMPYKYUU CUCemMbl 20pU3OHMUPO8A-
HUA KapbepHozo 6yposoeo cmanka. Ilpednazaemas mexnono2us He mpedyem 0ONOIHUMENbHbIX 3AMPam
Ha 06Yycmpolcmeo mMecmopoicoenuss U 3aKynky OONOIHUMENbHO20 000py008anus, ce6ecmoumocms
000blYU YISl He YEeNUUUBACTICSL.

Bu1600. Cosepuiencmeosanue cucmemvl 20pU30HMUPOBAHUsL KAPbepHO2O OYPOBO2O CMAHKA NO360J1em
ONMUMUBUPOBAMUb €20 PABONTY 8 PAZIUYHBIX MEXHONOSUYECKUX PeXCUMAX. Boinonnennvie pabomol 0oka-
36168a10M IPhexmusHocmb Menmooda, 0OHAKO MeXHON02Us Mmpebyem OanbHelule20 CO8ePUIeHCINBO8AHUSL.

Knrwueevie cnoea: yeonv, 06ypo6oii cmanoK; 63pbleHble CKEANCUHBL, 20pHble pPAbOmbl; puIXJeHue;
Kapvep; KOHCMPYKYUSL.

BBenenue. VcKIrO4nTETSHO BaXKHBIM H OTBETCTBEHHBIM MOMEHTOM B HACTOSIIEE
BpeMmsl sBJseTcs (OpPMUPOBAHKE KOHIETIHNA HAYYHO-TEXHUYIECKOTO Pa3BUTHSA OTKPHI-
TOTO crioco0a AOORYM YIS Ha TepciiekTuBy [1]. B cBsI3u ¢ 3TUM Ba)KHO BBICKAa3aTh
HEKOTOpBIE COOOpakeHMsI, Kacaloliecs] NajJbHEUIIero MOBBIIICHUS YKOHOMUYECKOH
3¢ (heKTHBHOCTH MPUMEHEHUS TEXHUKHN Ha YTOJIBHBIX pa3pe3ax.

I'maBHO# 3amadeii B 001aCTH OTKPHITOTO CIIOCO0a TOOBIYH YIS SBIISCTCS TIEPEXO.
C IPEUMYIIECTBEHHO SKCTEHCUBHOTO Ha MHTEHCUBHEIH ITyTh PAa3BUTHSI.

00O «TyBuHCKasI TOPHOPYIHAS KOMITAHHS OCYIIECTBIIACT MOOBITY YIIISI OTKPBI-
TBEIM crioco6oM ¢ 2009 T. Ha ABYX MECTOPOXKIACHHSIX.

Kaa-Xemckoe MmecTOpOXKJIeHHE KAMEHHOT'O YTIIS PACIOJIOKEHO B CEBEPO-BOCTOUHOM
yactu [{eHTpanbHO-TyBUHCKOM KOTJIOBHHBI. Y4YaCTOK PaclojioXkeH B 17 KM Ha IOro-
BocTOK OT T. Ke3puia Kensiickoro paiiona Pecrryonukn TreiBa. Kimumar paiiona pesko
KOHTUHEHTAJIBHBIM C OTpPUIATENHLHON CpPEAHEroJIoBOM TemIieparypoil or —2,5 1o
—4,6 °C. A6comoTHBI MakcuMyM Temreparyp +37,5 °C (urois), abCONMIOTHBIN MUHHU-
MyM —52,6 °C (sHBapb). MakcuMallbHAs TIyOMHA CE30HHOTO TPOMEpP3aHusg — 10 3 M,
MHOTOJIETHSII MEP3JIOTa OTCYTCTBYET.

Yaoanckoe MECTOPOXKICHNE KAMEHHOTO YIS HAXOAUTCS B BOCTOUHOM YacTH XeM-
YUKCKOM KOTIIOBUHEI. YYacTOK pacmojoxeH B 20 kM BoctouHee T. Uaman PecryOmmku
TeiBa. KnumMar palioHa pe3ko KOHTMHEHTAJbHBIA C OTPUIIATENILHOW CPEHEroJ0BOM
temrieparypoir ot —0,8 mo —4,5 °C. AOGCOMIOTHBIM MakcuMyM Temmeparyp +39,8 °C
(mtonp ), abcomoTHBIN MUHIMYM —49,9 °C (stHBapb). MakcuMaltbHasI TIIyOMHA CE30HHO-
TO TIpOMEep3aHus — 0 3 M, MHOTOJIETHSISI MEP3JI0Ta OTCYTCTBYET.

Haubonbmee pacnpocTpaHeHre MpH OTKPHITBIX TOPHBIX paboTax MOIYUHII IIapo-
MIEYHBIN crioco0 OypeHus CKBaXHH [2]. DTuM criocodoM BeimonHseTcs 10 80 % Bcex
00neMoB Oypenus. CoBEpIICHCTBOBAHHE MEXaHUICCKHUX CITOCOO0B OypeHHs BCTpedacT
OompIIie TPYAHOCTH TIPH PAa3pyIICHHM ITOPOMA, MOCKOIBKY padodee oOOpymoBaHHE
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HMMEET OMNpeAeNICHHbIE MPEACNbl MPOYHOCTH U U3HOCOCTOMKOCTH [3]. Ceromus Ha Ka-
prepax Poccun yxxe paboTaroT cTaHkd AJ1si OypeHus: B3PBIBHBIX CKBaKMH KOMOWHHPO-
BaHHBIM criocoOoM. CHavana OypeHHe CKBaKHHBI BBIOJIHAETCS MIAPOIICYHBIM JI0JI0-
TOM, a 3aTeM 3apshKaeMasi YacTh PacIIMpsIeTcsl TepMUUEcKUM criocodom 10 600 mm [4].

TexHonorusa 0TpadOTKU JOOBIYHOTO YCTyIA 3a OMH IMPOXO[ BKIItOYaeT [5]:

— OypeHue B3pBIBHBIX CKBaXKHH OypoBbIM cTankoM 3CBIII-200-60;

— 3apshKaHue CKBaYKMH B3PBIBYATHIM BEILIECTBOM U KOMMYTALIUH 3apsI/I0B;

— PpBIXJIEHHE TIOPOJIBI B3PBIBOM;

— 3KCKaBallMI0 TOPHOW Macchl M3 HaBasla 3kckaBatopoM OKI-8M u ee morpysky
B aBTOCAMOCBAJ;

— TpaHCTIOPTUPOBaHNE TOPHOH Macchl aBTocamocBasioM benA3-7547 rpy3ononbem-
HOCTBIO 45 T.

AKKyMYJATOp pa3psikeH
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Puc. 1. Cucrema ropu3oHTHPOBaHUs OYpPOBOTO CTAaHKA B
PEKUME cMerHa mecma CMOsAHUs
Fig. 1. Drilling rig leveling system under the mode changing
the standing place

B MammHHOM oTAENeHNH OypOBOTO CTaHKa pa3MEIIeHBI THAPO- U AIIEKTPOIIPUBOL
CTaHKa, KaOWHa MaIlIMHUCTAa U €MKOCTh Ui Bomsl (2,7 m?). KoMIpeccop HaxomuTCs
B HEOTAIJIMBAEMOM YaCTH MAITUHHOTO OT/eNeHus [6].

Henbio paboTH SABIIETCS aAANTHUPOBAHIE CTAHKOB IIAPOIIEYHOTO OypeHHs K Mpo-
XOJIKE€ TOPH30HTAIBHBIX B3PBHIBHBIX CKBKUH B YCIOBUSX OTPAOOTKH MECTOPOXKIACHHUN
YIJIS OTKPBHITBIM CITOCOOOM.

MeTtoauka. AHaM3 CTPYKTYpHI U GYHKIHN IIEMEHTOB M Y3JI0B KapEPHOTO Oypo-
BOTO CTaHKa B Pa3JIMYHBIX TEXHOJOTHYECKHUX PEKUMAaxX U pa3padoTKa HOBOW CHCTEMBI
TOPU30HTHUPOBAHMS.

Pe3yabrarsl nccienoBanuii. [ opuzoHTHpOBaHNE CTaHKa 0a30BOI MOAETH TIPOU3-
BOJIUTCS MIPU MOMOILY TPEX THIPABIMYECKUX JOMKpaToB [7]. Kaxaplid JoMKpaT umeet
aBTOHOMHOE YyTIpaBJICHUE C MyJbTa MaIllTMHHUCTa-oneparopa. [lpu momseme cTanka pa-
0049as KHUAKOCTh OT HACOCAa MOCTYIAET B MOPITHEBYIO MOJIOCTh KaXIOTO THAPOIIMIIHH-
npa. [IporcxomuT BEIBIDKEHHE TITOKA THAPOIMIMHIPA U TOAbeM cTaHka. [Ipu sTom
BEITECHsIeMast pabodast JKUAKOCTh U3 IITOKOBOM IMOJIOCTH TIOCTYTaeT Ha ciuB. [Ipn omy-
CKaHUM CTaHKa padoyas )KHUJIKOCTh OT HacOCa MOCTYIAET B IITOKOBYIO IMOJIOCTh THAPO-
muHApa. [pu 5ToM pabodas )KUAKOCTh M3 TOPIIHEBOH IMOJIOCTH ITOCTYIIAET Ha CIIUB
B Oak. Hamnume rumposzamka obecrieunBaeT HaJle)KHYIO (PUKCAIUIO MITOKAa B Tpedye-
MoM monokeHuH. [IpenoxpaneHne CHCTEMBI OT TIeperpy30K MPOU3BOAUTCS MPEIOXPa-
HUTENFHBIMA KJIAITAHAMH, YCTAHOBJICHHBIMH 110 HANPABIICHHUIO JIBUKECHUS KHUIKOCTH,
HAXOJIAIIEHCS IO/ JaBICHUEM.
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HenocratkomM cucteMsbl TOPU3OHTUPOBAHUA 06a30Boi KOHCTPYKIIUU ABJIACTCA HC-
IMMOJIb30BAHUC HACOCa IpPHU BTATMBAHUM IITOKAa OO YPOBHA KIHMPCHCA CTaHKa [8]
,Z[JBI YCTpaHCHUA 3TOI0 HEAOCTATKA IMPCAJIarac€TCsa CUCTEMa ropu3OHTUPOBaHM s, IIO3BO-
Jigronlasd UCIOJIb30BaTh MOTCHIMAIBHYIO SHEPIUi0 MACChl CTaHKa IPU BO3BpalICHUN
TUAPOJOMKPATOB B UCXOJAHOC IMOJIOKECHUC. OT0 AOCTUTACTCA CICAYIONIUM 06pa30M.

AKKYMyIATOp paspsbkeH  3apsika akKKyMyILsITopa
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Puc. 2. Cuctema ropu3oOHTHpOBaHMS OypoOBOTO CTaHKa
B peKHME OypeHue

Fig. 2. Drilling rig leveling system under the mode drilling

B pexumMe cmena mecma cmosnus (puc. 1) HOCpeICTBOM THAPOKOMMYHHUKAIIMOH-
HOW amnmapatypbl IITOKOBas MOJOCTh JIOMKpara COCAMHEHA C TUAPOITHEBMOAKKYMYJIs-
Topom [9].

Jlozapsiaka akKyMyJLSITOpa OTEHINATEHOH
9HEpruei Macchbl CTaHKa
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Puc. 3. Cucrema ropu3oHTHpOBaHHS OypOBOTO CTaHKa
B PEXKUME ONYCKaHUe
Fig. 3. Drilling rig leveling system under the mode sinking

B pexume 6ypenue (puc. 2) pabodast KUAKOCTh OT HACOCA TIOCPEICTBOM THAPOKOM-
MYHUKAIIHOHHOW ammapaTrypbl MOCTYMAaeT B MOPIIHEBYIO MOJIOCTh AOMKparta. [Ipowc-
XOJIUT BBIIBMIKEHHE IITOKA TMIPOLMIMHAPA U NOAbEM CTaHKa Ha BICOTY /= 0,5 M,
TIPY 3TOM MPOUCXOMUT 3apsIJIKa aKKYMYIISTOPA.

B pexume onycrkanue (puc. 3) maBiueHue, co3gaBacMoe MOTCHINAILHON SHEPTIHeH
MAacChl CTaHKA, BEITECHSET PabOUYIO KHIKOCTD M3 IITOKOBOW TOJIOCTH B TTHEBMOTHJIPOAK-
KyMYJISITOp, o3apsbkas ero. [Ipu 5ToM pabodast >KUIKOCTh U3 MOPIIHEBON MOJIOCTU JIOM-
Kparta Mocpe/ICTBOM THIPOKOMMYHHKAIIMOHHOH arapaTypbl OCTYIaeT Ha CIIUB B Oak.
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B pesxxume cuena mecma cmosanus (puc. 4) 3amaceHHasi SHEPTHsl JaBJICHUS aKKyMy-
JISITOPA, CBSA3aHHOTO CO IIITOKOBOMW MOJIOCTBIO, BTSTHBAET IITOKHU JIOMKPATa, 00CCIeUH-
Basi TpeOyeMBbIil KITUPEHC CTaHKa, HEOOXOIUMBIH JIJIsl CMEHBI MECTa €r0 CTOSHUS. Takoe
KOHCTPYKTUBHOE UCIIOJTHEHHUE CHCTEMbI TOPU3OHTUPOBAHUS TTO3BOJIUT YBEIUYUTH Pe-
CYpC HACOCHOW YCTAHOBKH CTaHKA, COKPATUTh JITUTEIBHOCTh TOPU30HTHPOBAHHUS U CO-
OTBETCTBEHHO YBEIUYUTH €T0 TEXHUIECKYIO MTPOU3BOIUTEILHOCTh Ha 3—5 %.

Paspsnka akkymyaaTopa  AKKyMyJISTOpa pa3psiKeH

Puc. 4. Cucrema Tropu3OHTHPOBaHHS OypOBOTO CTaHKa
B PEKUME cmeHa mecma CMOAHUSA
Fig. 4. Drilling rig leveling system under the mode cuena me-
cma cmosnus changing the standing place

IMpenoxpaHeHne CHCTEMbI TOPU30HTUPOBAHHUS OT MEPErPy30K MPOU3BOTUTCS TIpe-
JIOXPAHUTEIHHBIMY KJIallaHAMHU, OCHOBHBIM 3JIEMEHTOM KOTOPBIX siBJIsieTcs cezio [10].
J1J1s MU3rOTOBJICHUS CeJia IOBBINICHHOW TOYHOCTH MPUMEHSIETCS CPETHEYTIICPOICTas
cranb 45. Xumuueckunit cocras ctanu 45: yrepona — 0,45 %, mapranma — 0,5 %, xpo-
Mma, kpemuus — 0,2 %, BpenHbIx npumeceit pocdopa u cepol — He 60s1ee 0,035 % [11].

B kadecTBe 3aroToBKM NMpHUHATA IITAMIIOBKA U3 CTanu 45 ropsyekaranas Kpyrias,
OOBIYHOHM TOYHOCTH. Takike MMpEeACTaBJICHBI OCHOBHBIC HaJIaJKU TCXHOJIOTHYCCKOT'O
MapIpyTa MEXaHHYECKON 00pabOTKH celjla KilaraHa, TOKapHbIE ONepaluy YepHOBOMH
Y YUCTOBOM 00pabOTKH ceia.

BoiBoa. CoBepiieHCTBOBaHHE CHCTEMbI TOPHU30HTHUPOBAHHS KapbhepHOrOo OypOBOrO
CTaHKa ITO3BOJISIET ONTHMU3UPOBATH €T0 PA00TY B PA3IMYHBIX TEXHOIOTHUECKHX PEKUMAX.
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DRILLING RIG LEVELLING SYSTEM STRUCTURE DEVELOPMENT

Kuular O. O.!, Shavyraa Ch. D.!
! Tuvan State University, Kyzyl, Russia.

Research aim is to adapt roller-bit drilling rigs for driving horizontal blastholes in the conditions of coal
deposit opencast mining.

Methodology. The analysis of structure and functions of a drilling rig elements and units under various
technological modes and a new leveling system development.

Results. The introduction of modern methods of solid minerals production requires attracting extra
investments, and their effectiveness doesnt always match expectations. With this regard drilling rig
leveling system structure development has been recommended. The technology doesn't require extra
expenditures on field facilities development and complementary equipment purchase; coal prime cost
doesn t rise.

Conclusion. Drilling rig leveling system improvement allows optimizing its operation under various
technological modes. Performed operations testify to the effectiveness of the method; however the
technology requires further development.

Key words: coal; drilling rig; blastholes; mining operations; loosening, open pit, structure.
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O PACLUMPEHWUM OBNACTU NPUMEHEHUA BEHTUNATOPHOM
YCTAHOBKH

METPOB A.T.1, ABEPLUWUH A. A.l, CTENAHOB E. 1.1
1 NyraHCcKui HAaLMOHAMbHBIN YHUBEPCHTET UMeHN Bnagumupa [ans
(r. CtaxaHos, yn. TenbmaHa, 53)

Beeoenue. Ilocmoannoe uzyuerue npoyecca 000bluu U NOUCK 3hPexmueHvix nymetl pazeumus u HO8bIxX
MEXHUYEeCKUX peuleHull 8 MeXHONOSUYECKUX NPOYECCax, Peanruyiomux no03emMHyIo paspabomxy y2oib-
HBIX MeCMOPodXcOenull, nosviuaem 6e30nacHoCmb WaAxXmepcko2o mpyod, 0cO6eHHo npu NPOBEMPUSAHUU
waxm. [loomomy npedcmagisiem npaxmuueckuii uHmepec npumeHeHue 6eHMUIAMOPHBIX YCMAHOB0K
€ 0CesbIMU 6EHMUNAMOPAMU, KOHCIMPYKIMUGHbIE dNEMEHNIbI KOMOPLIX NO3GONSAION 8 WUPOKUX NPedenax
KOppEeKmupoeantv ux aspoOuHAMU4ecKue napamempsl ¢ y4enom 0CoOOeHHOCmel CUCHeMbl BEHMUNAYUU
(MT0KANBHOU cUCmeMbl, Y4ACMKO8 6eHMUNAYUOHHBIX cemell u m. 0.) npu pabome 8 cneyuguueckux ycio-
BUSAX UCNONLIOBAHUSL.

Hens. Paspabomka npocmulx KOMROHOBOUHBIX CXeM 6EHMUNAMOPHOU YCIMAHOBKU, NO360NAIOUUX 3A KO-
POMKULL Nepuoo0 6peMeHU CMPOUMENIbHO-MOHMANCHIX padoOm 6 20PUOHMANLHOU 8bIPAOOMKe PA3HO20
HA3HAYEHUs. OCYWeCmeiamb IKCMPEHHOe NPOBEMPUBAHUE JOKANbHOU GEHMUIAYUOHHOU cemu yepes
CMBOTbL U CKBANHCUHDL.

Memoouka. Ananus QyHKYUOHANbHBIX CXeM NPOBEMPUBAHUS COPHBIX 8bIDAOOMOK U CUHME3 KOMNOHO-
BOUHBIX CXeM BEHMUIAMOPHBIX YCIMAHOBOK 01 IKCMPEHHO20 NPOBEMPUBAHUSA IOKATbHBIX BEHMUNAYUOH-
HbIX cemell.

Pesynomamet. B evipabomke cozoan konooey, 8 Komopulii 6bliu NOMeueHbl Wapossie ONOPbl U HA HUX,
COOCHO KONOOYY, YCMAHOBNIEHA NIAM@POPMA ¢ BEHMUNAMOPOM C BO3MONCHOCIIBIO Y2ll08020 Nepemeule-
Hus. Ilpu nepexode 6 pasHvie pexcumbl NPOBEMPUBAHUS 6EHMUNAMOP He npeKpaujaem padomy.
Bu1600b1. Peutenue nossonsiem ocywecmeisimes IKCMpeHHoe nposempusanue 1odbix 10KANIbHbIX GeHMU-
JAYUOHHBIX cemell yepe3 6CnoMo2amenbHble, 6peMentble CMEobl, CKeaxcunbl, Kananvl u m. 0. Cokpa-
waemcs 8pemMsl pesepcuposanUs CMpyu 3a cuem omcymcmeus OONOIHUMENbHbIX Onepayull npu peeep-
cuposanuy, Hanpumep MOPMONCEHUs U OCMAHOBKU paboyeco Koreca GeHMUIAMOpd, No8opomd
Jonacmeii u m. 0., YMO NO360SEM UCKTIOYUMb NOMEPU NPOUZBOOUMENbHOCTIU.

Knrwuesvie cnosa: xomnonosounas cxema, 6eHmMUIAYUOHHAS YCMAHOBKA, eblpaéomka; HA3Ha4YeHue,
npoeempueanue,; 6EHMUIAYUOHHAA cemb, CMeE0J, CKBANCUHA, PEHCUM NPO6EemMpPUBAHUSL.

BBenenne u anaau3 npoodJemsl. [lepeocHalienre maxT HOBOM TOpHON TEXHUKON
JTAeT BO3MOXXHOCTH CYIIECTBEHHO MOBBICUTH HATPY3KH M TEMIIBI TIPOXOIKH MTOATOTOBH-
TENBbHBIX BEIPa00TOK. KoMIiekcHass MexaHU3aIusl M aBTOMATH3AIs BCEX MOJI3EMHBIX
TEXHOIIOTUYECKUX TMPOIECCOB MPH MOCTOSHHOM M3yYeHHH 0CO00 OMACHBIX W3 HUX U
norcke dPPEeKTUBHBIX MyTel MOBHIIMIEHUST 0€30IaCHOCTH MAXTEPCKOTO TPyAa MO3BO-
JIUT BBIUTH HA 00BEMBI JOOBIYH TTOJIE3HOTO HCKOIIaEMOT0, HEOOXOIMMBIE AJISl CTaOWITh-
HO# peHTabensHOCTH oTpaciu. [ToaToMy TpencTaBiseT MpakKTHIEeCKUH HHTEPEC MPH-
MEHEHHE BEHTHJISTOPHBIX YCTAaHOBOK C OCEBBIMH BEHTHIIATOPAMH, KOHCTPYKTHBHBIE
AIIEMEHTHI KOTOPHIX MO3BOJISIOT B MIMPOKHX IPeJeiax KOPPEKTHPOBATh UX adpPOANHA-
MUYECKHE MapaMeTphl C yIeTOM 0COOEHHOCTEH CHCTEMBI BEHTHIISIINH (JIOKATBHOM CH-
CTEeMBI, Y9aCTKOB BEHTHJISIIIMOHHBIX CETEH U T. 11.) IpH paboTe B cienn(pUIecKux ycio-
BUAX wcnonb3oBaHus [1-13]. K TakuM MOXHO OTHECTH OCEBbIE OIHOCTYIEHYATHIE
peBepcuBHbIe BeHTWISTOPHI cepun «BO-A»: BO-12A, BO-14A, BO-16A, BO-18A,
BO-21A, Bxopsiye B COCTaB BEHTWISTOPHBIX YCTAHOBOK INIABHOTO MPOBETPHUBAHUS
mraxt. JInamna3oH KCIoAB30BaHus 110 mmogade — ot 5 ;o 150 mM3/c; mo craruueckoMy maB-
aeHuto — ot 650 o 4500 ITa.
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HexoTopeie KOHCTPYKTHBHBIE 0COOEHHOCTH 3THX BEHTHIISITOPOB: BEHTHIISTOPHI MO~
CTpOEHBI Ha 0a3e Moau(UKALNI CICIIHATLHON PEBEPCUBHON adpOIMHAMHYSCKOM CXe-
MBI BBICOKOW OBICTPOXOAHOCTH, 0OECIICUMBAONICH HOCTIKECHHE MaKCUMaJIbHO BBICO-
xoro KIIJI BenTmnaropa Ha ypoHe 80 %; mepexoa BEHTHJIATOpa Ha PEBEPCHBHBIN
PEXHUM OCYIIECTBIISIETCS ITyTeM U3MEHEHUS HalpaBJICHUs BpalleHus pabodero Koieca
Ha MPOTUBOIIOJIOKHOE (TIPY COOTBETCTBYIOIEH MEPECTAHOBKE 3aKPHUIKOB HAITPABIISIO-
IIMX U CIPSIMILIIOIIUX aniapaToB). IIpy 3ToM cooTHOIIEHNE T0JaYl HA HOMUHAJILHOM
peKUMe IpuU NPsIMOM TEUCHHHU U peBepcupoBanuu — oT 80 % u Ooinee; perynupoBaHue
apaMeTpoB PadOThl BEHTUIIITOPA OCYLIECTBISIETCS IyTEM U3MEHEHHUS yIila YCTaHOB-
KM JIONATOK pabovero Kojueca Npy OCTAHOBJIEHHOM BEHTHJISITOPE MM Ha XOL4Y — ITOBO-
pPOTOM 3aKpPBUIKOB HaNpaBJIAIOMUX AalapaToB C IMOMOLIBIO AIIEKTPOMEXaHHMYECKOTO
npuBoza. [IpuMeHeHne perymupyeMbIX HalPaBISIONINX aNlapaToB MO3BOJSET YIIyd-
IIUTh PEBEPCHUBHBIE KAYECTBA M IMOBBICUTh MAKCUMAJIBHOE IaBJIEHUE BEHTWIATOpA
Ha 15-20 % 6e3 camxenust KI1/1; ogHOCTyneHUaTOE MCTIONTHEHNE BEHTHIISITOPA, OTCYT-
CTBUE TOJIBECHOTO MPOMEKYTOUHOTO BaJla, pa3MeIIeHNe BEHTUIISATOPA U MPUBOJHOTO
QIIEKTPOABUraTeIsl Ha oOLIeld pame MOBBILAIOT AKCIUTyaTallHOHHYIO HaJeKHOCTh
YCTaHOBKH.

Texxmt[ecxaﬂ xapaKTepncTnKa peBepCﬂBHle 0CEeBbIX BCHTPI.]'IS[TOpOB
Technical characteristic of reversible axial fans

Ioka3zatesnn BO-12A BO-14A BO-16A BO-18A BO-21A

JMuametp pabouero Kojeca, MM 1200 1400 1600 1800 2100
Jnamertp Brysku pabouero koneca, mm | 750/870 | 870/1000 | 870/1000 | 1000/1200 | 1200/1400
Yacrora BpalleHus poTopa, 00/MuH 1500 1500 1500 1000 1000
HomunanbHas mogada, M3/c 25/22 40/35 60 65 90
TMonaua B paboueii 30ue, M%/c:

MHUHUMaJIbHAs 10 15 20 20 30

MaKCHMaJbHas 45/38 65/60 90/95 105/105 150/140

HomunansHOE cTaTHYECKOE IaBICHHE, 200/240 | 270/320 270/360 160/230 230/310
nalla

CraTtudeckoe JaBicHUE B paboueit

30He, galla:
MHHHUMAJIbHOC 65/90 90/120 90/120 60/80 80/100
MaKCHMaIbHOC 250/300 | 330/410 | 330/440 190/280 290/380
MaxkcumansHo nosabii KIT/] 0,85 0,85 0,85 0,85 0,85
[Tomaua mpu pesepce, He MeHee %0 60 60 60 60 60
MOIIHOCTH 3JICKTPOIPHUBOAA, KBT 90/110 | 200/250 | 315/400 200/315 400/500
Macca BeHTHIIATOpA, T 35 50 6,5 8,2 9,5

B COBOKYITHOCTH 3TO IMO3BOJISIET MOJ/ICPKHUBATh CTAOMIBHOCTD a9POAMHAMUYECKUX
XapaKTCPUCTUK BECHTUIATOPOB B YCIIOBUAX BCHTHUIIALIMOHHBIX cereli ¢ NIEPEMCHHBIMU
XapakTepuCTHKaMHu. B TaOmuie mpuBeneHa TEXHUUYECKAs XapaKTEPUCTHUKA OCEBBIX
BEHTWJIATOPOB B YCTAHOBKax INIaBHOro mpoBeTpuBaHus. Ha puc. 1 cxemarmuecku
NOKa3aHa BEHTWIATOPHAs yCTAaHOBKA.

YcTaHOBKa COCTOUT M3 IBYX BEHTHIISITOPHBIX OJIOKOB, KaKIBIH N3 KOTOPBIX BKIJIIOYA-
eT B ce0s1 COOCTBEHHO BEHTHIIATOP ¢ AU HYy30pOM B BXOAHOI KOPOOKOI, yCTaHOBIIEH-
HBIX Ha 0011el pamMe ¢ MPUBOIHBIM AJIEKTPOABUrareieM. B cocraBe ycTaHOBKH UMeEET-
Cs NepeKirodyaTelb II0TOKA, COAEpXKAIMIMI  TPEXMO3UIUOHHYI0 HMOBOPOTHYIO
(OTHOCHTENBHO BEPTHKAIBLHON OCH) 3aCIOHKY C 3JIEKTPOMEXaHHYECKHM IPHBOIOM.
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YcranoBka paboTaeT Ha OOLIMH MOABOAAIINN BEHTHISIMOHHBIA KaHal 1 O0beINHEH-
HYI0 BBIXOJHYIO YacTh (BEHTHISALMOHHAs CeTh). B 3aBHCHMOCTH OT MOJIOKEHUS 3a-
CIIOHKH IepeKIItouaress odecrneunBaeTcs paboTa OJHOTO BEHTUIATOPA MIPU PE3epBU-
POBaHUU APYTOTO JTUOO OTCEUEHUH OT LUIAXTHOH CETH.

Hean pa6orsl. [lepeuricieHHbIe BOBMOXKHOCTH OCEBBIX BEHTHIISITOPOB 3P PEKTHB-
HO pCaIM3yIOTCA IIPU UCIIOJIB30BaHHUU B CTAlITMOHAPHBIX YCTAHOBKAX ITIAaBHOTO IIPOBE-
TPUBAHUS C 00S3aTEIBHBIM PE3epPBUPOBAHIEM. XOTS IPUMEHEHHE PEBEPCHBHBIX OCe-
BBIX BEHTWIATOPOB W IIO3BOJISIET PEAN30BBIBATh NMPOCTHIE CXEMBI BEHTHIIATOPHBIX
YCTaHOBOK, HO HCIIOJIb30BAHME MX B YCTAHOBKAaX BCIIOMOTATEIBHOTO U BPEMEHHOTO

1A

o
FETTTTSS ///////f////// LSS

Puc. 1. KoHcTpykTHBHAs cxeMa BEHTUIISITOPHOM YCTaHOBKH:

1 — oOuIKi MOIBOSIINI BEHTHIISIIMOHHBIN KaHa; 2 — MEPEKITF0YaTeb MOTOKa;
3 — BEHTWIATOpHBIE O10KY; 4 — 00beIMHEHHAs! BBIXOJIHAS YACTh (BEHTUIISLIMOH-
Hasl CeTb)

Fig. 1. Ventilation installation flowsheet:

1 — common incoming ventilation duct; 2 — flow switch; 3 — fan modules;
4 — combined exit end (ventilation network)

HA3HAUCHUS, IJIe HE HY)KHO PE3CPBUPOBAHME, HE COOTBETCTBYET 3aTparaM Ha CTPOH-
TCJIIbHO-MOHTAa>XHbIC pa6OTI>I 110 Ha3HAYCHHWIO 1 BpEMCHHU YCTAHOBKH B JIOKAJIbHYIO BCH-
TAJSILUOHHYIO ceTh. Hampumep, npu 5KCTPEHHOM HCIOJIB30BAHMM: MPOBETPUBAHUE
IIpU C1aCaTCJIbHBIX pa60Tax YCpe3 BPEMCHHBIC CTBOJIBI U CKBAKHUHBI, IIPOBETPHUBAHUEC
IIpU JOCTABKEC SKCTPCHHBIX, CIICIUAIBHBIX U BCIIOMOI'aTCJIbHBIX I'PY30B YC€PE3 CIICIU-
aJbHBIC (BPEMEHHBIE, BCIIOMOTATeNIbHBIE, 0C000H KOHPUTYpayi U T. 1.) ¥ JPYTroro
Ha3HA4YeHUs BBIPAOOTKH, KaHAIIBI, CTBOJIBI, CKBRXKHHBI U T. JI. HeoOXoauMmel Gornee mpo-
CThIC U KOMITAKTHBIC CXEMbl BEHTHJISITOPHON YCTAHOBKH JUUIsl TIPOBETPHUBAHMUS JIOKAITb-
HBIX [IAXTHBIX BEHTWISIIIMOHHBIX CETEH C UCTIOJIb30BAHUEM JIOCTOMHCTB KOPPEKTUPOB-
KA adpOJUHAMHUYCCKUX TMapaMeTpoOB Ui MPHUBEACHUS WX adpPOIUHAMHUYECKHX
XapaKTePUCTHK B COOTBETCTBHE C MOTPEOHOCTAME BO3/[yXa B TOH HITH HHO JIOKATLHON
BEHTHIIALIMOHHOM CETH IIIaXThI.
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MeToanka. AHann3 QyHKIIMOHAJBHBIX CXEM MTPOBETPUBAHUS TOPHBIX BBIPAOOTOK
CHUHTE3 KOMIIOHOBOYHBIX CXEM BEHTWISITOPHBIX YCTAHOBOK JUISl SKCTPEHHOIO MpOBE-
TPUBAHUS JIOKAIBHBIX BEHTWIALIMOHHBIX CETEH.

4

e 6\
T :

Ky

3 =

Puc. 2. Cxema npoBeTprBaHUs Yepe3 BCIIOMOTATENIBHBII CTBOII:
1 — BO31lyX03200pHHUK; 2 — BeHTWIILMOHHBIN KaHAN; 3 — KOJOZeLy; 4 — [IIapoBble ONOpbL; 5 — miar-
(opma; 6 — 0ceBoit BeHTIIIATOP; 7 — HIACTUUYHBIE YIUIOTHEHHUST; 8 — CTBOI (CKBAKHHA)
Fig. 2. Scheme of ventilation through auxiliary mine shaft:
1 — air intake; 2 — ventilation duct; 3 — well; 4 — spherical joints; 5 — platform; 6 — axial fan;
7 — resilient gaskets; 8 — mine shaft (well)

Pesyabrarel. Jlns AoCTH)KEHUS TOCTABICHHOM IeNIM IpeJiaraercs pas3paboTka,
MTO3BOJISTIOIIAS PEATM30BATh MPECIIBHO MPOCTHIC KOMITOHOBOYHEIE CXEMBI BEHTUIISI TOP-
HOM YCTaHOBKH C OCEBBIM BEHTUJISITOPOM 32 KOPOTKHUH TIEPUONT BPEMEHHU CTPOUTEIILHO-

Bun A4

Puc. 3. Cxema BEeHTWJIATOPHOH YCTaHOBKU:
BH/[ CBEPXY
Fig. 3. Ventilation installation scheme:
Plan view

MOHTQXHBIX paboT B 000 TOPU30H-
TaJbHOW BBIPAOOTKE PA3HOTO HA3HAUCHHUS
JJ1d IPOBETPHUBAHUA JIOKaTbHOW BEHTHIIA-
HI/IOHHOI‘/‘I CCTU 4Y€pE€3 CTBOJIbI, CKBAKWHBI
U T. 1. B ocHOBY pa3paboTKH 3aJ0KEHO
TEXHUYECKOE pellleHIe NaTeHTa Ha Moje3-
Hyto monens [10]. CyTh pa3paboTKu MOXK-
HO NPEJCTaBUTh M3 aHajau3a (QyHKIHO-
HaJIbHOM CXEMBl IPOBETPUBAHUA YEpe3
BCIIOMOTATENbHBIA (BPEMEHHBIN) CTBOJ
(CKBakMHY), TpPHUBEICHHONM Ha pHC. 2.
Ha puc. 3 cxemarnuecku noka3aHa BEeHTH-
JIATOpHAs yCTaHOBKA — BUJ| CBEPXY.
CormacHo cxeMeé B BEHTHIALMOHHOM
KaHane (BBIPabOTKE) COOPYXKAIOT KOJIO-
JIell, Ha JIHO KOTOPOTO IOMENIAloT MIapo-
BbIe OIOpBl. Ha 1mapoBble onopbl COOCHO
KOJIONIy  yCTaHABIWBAIOT IuaTGopmy
C OCCBbIM BCHTUWJIATOPOM C BO3MOXHO-
CTHIO YIJIOBOTO TEpPEMENICHUs Ha YTOJ
360° ¢ TOMOIIBIO PMEKTPOMEXAHUIECKOTO
nmpuBoza (Ha cxeme He MokaszaHo). B mo-
JIOKCHUH HHaT(bOpMI)I, KakK IIOKa3aHO Ha

pHc. 3, BEHTWISTOPHAs yCTAaHOBKA COEAMHEHA C KAaHAJIOM Y€pe3 JIACTUYHbIE YIJIOTHE-
Hust. [Ipy HarHeTaHWHK Yepe3 CTBOJ BO3AYX MOCTYIAET U3 BO3AyX03a00pHHUKA B BEHTH-
JSUOHHYIO ceTh. [Ipu co3manuu paspsykeHHs B BEHTHIALMOHHOM ceTH Tuardopma
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noBopauynBaercs Ha yron 180°, Bo3ayX MOCTyNaeT U3 CTBOJIA MO KaHATY B BEHTHIIATOP
U yepes3 BO3Ayx03a00pHUK — B aTMocdepy. [Ipu TakoM pexxumMe paboThl BEHTHIIATOP HE
OTKJIIOYAETCS.

BriBoael. [Ipeiaraemoe TEXHUUECKOE PELLICHHUE MTO3BOMISET OCYIIECTBIIATH IKCTPEH-
HOE TIPOBETPHBaHHE JTIOOBIX JIOKaJIBHBIX BEHTWIALMOHHBIX CeTel Yepe3 BCIOMOTrarelib-
HbI€, BpEMEHHBIE CTBOJIBI, CKBaXKMHBI, KaHANBI U T. 1. CoKpalaeTcs BpeMsl peBEpCUpOBa-
HUSL CTPYHM 3a CYET OTCYTCTBHUS JOIOJHMUTENBHBIX ONEpalliii MpU peBEpCHPOBAHUH,
HarpuMep TOPMOKEHHSI M OCTAHOBKH Padoyero Kojeca BEeHTHJIATOPA, IOBOPOTA JIOMa-
CTEeH U T. [I., 4TO TI03BOJISIET UCKIIIOUUTH MOTEPH MPOU3BOAUTEIEHOCTH.
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ON THE EXPANSION OF A VENTILLATION INSTALLATION APPLICATION

Petrov A. G.!, Avershin A. A.!, Stepanov E. L.!
! Stakhanov Educational Scientific Institute of Mining and Educational Technologies of Luhansk National
University named after Vladimir Dal (Stakhanov city).

Introduction. Production process constant study and search for efficient ways of development and new
technological solutions in technological processes implementing underground exploitation of coal
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deposits, promotes miner's job safety, especially under shafis ventilation. Thus, the use of ventilation
installations with axial fans are of practical interest, structural elements of which allow correcting their
aerodynamic parameters in wide range with the account of some ventilation system features (local system,
ventilation network sections, etc.) when operated under specific conditions.

Aim. The development of simple ventilation layout diagrams allowing to carry out urgent ventilation of
local ventilation network through air shafts and wells within a short period of installation and construction
work in a horizontal mine working of various purpose.

Methodology consists in the analysis of mine workings ventilation flowsheet and the synthesis of ventilation
installations layout diagrams for urgent ventilation of local ventilation networks.

Results. A well has been created in the mine working, into which spherical joints have been placed, and
onto them, in axial alignment with a well, a platform with a mine fan has been installed with the opportunity
of angular rotation. The mine fan doesn t stop working when changing the ventilation mode.
Conclusions. The solution allows carrying out urgent ventilation of any local ventilation networks through
auxiliary and temporary mine shafis, wells, ducts, etc. Jet reversal time reduces by means of missing
auxiliary operations at reversing, for example, braking and halting of a mine shafts impeller, blades
turning, etc., which allows excluding capacity losses.

Key words: layout diagram; ventilation installation;, mine working; purpose; ventilation, ventilation
network; mine shaft; well; ventilation mode.

DOI: 10.21440/0536-1028-2018-7-109-114

REFERENCES
1. Author’s certificate USSR no.1421877, E21F 1/08, 1984. (In Russ.)
2. Author’s certificate USSR n0.1594282, E21F 1/08, 1990. (In Russ.)
3. Kholodnikov Iu. V., Volkov A. S. [Blades of axial mine fans made of composite materials]. Ugo!'— Coal,
2006, no. 2, pp. 44-45. (In Russ.)
4. Ivanovskii I. G. [School book “Shaft fans™]. Vladivostok, FESTU Publ., 2003. 196 p.
5. [Mine fans of main and local ventilation. Specialized catalog]. Moscow, TsNIII i TEI Publ., 1985. 62 p.
6. Ivanovskii I. G. [School book “Design of shafts and electric air heating installations ventilation”].
Vladivostok, FESTU Publ., 2000. 107 p.
7. Hurk H. [Normalization of thermal conditions in coalmines of West Germany: development, actions,
and success achieved]. Gliickauf, 1982, no. 19, pp. 31-33.
8. Ignatenko K. P., and others. [ Ventilation, underground fires, and mining rescue affairs]. Moscow, Nedra
Publ., 1975. 245 p.
9. Obukhov A. Iu., Kuchaev A. D., Kitaev V. 1., Gordienko Iu. A., Tetior L. N. [New dimension range of
AVM type ventilation installations of main ventilation at shafts and mines]. Ugol’— Coal, 2008, no. 8,
pp- 51-53. (In Russ.)
10. Petrov O. G., Simonov V. A., Tugai V. V., Stepanov E. 1. [Arranging air distribution of shaft ventilation
air heating installations]. Patent Ukr. no. 51779, 2010.
11. Nosyrev B. A., Belov S. V. [School book “Ventilation installations in shafts and metropolitan railways”].
Ekaterinburg, UrSMU Publ., 2000. 278 p.
12. Timukhin S. A., Kopachev V. F. [Scientific monograph “axial-radial fans”]. Ekaterinburg, UrSMU
Publ., 2011. 252 p.
13. Dolganov A. V. [School book for the institutions of higher education “fixed machines”]. Moscow,
Akademiia estestvoznaniia Publ., 2017. 281 p.

Infor mation about authors

Petrov Aleksandr Gennadievich — Candidate of Engineering Science, Associate Professor, Stakhanov
Educational Scientific Institute of Mining and Educational Technologies of Luhansk National University.
E-mail: alex-petrov-1952@yandex.ru

Avershin Andrei Aleksandrovich — Candidate of Psychological Science, Associate Professor, Stakhanov
Educational Scientific Institute of Mining and Educational Technologies of Luhansk National University.
E-mail: avershin_mf uepa2@rambler.ru

Stepanov Evgenii Ivanovich — Candidate of Engineering Science, Associate Professor, Stakhanov
Educational Scientific Institute of Mining and Educational Technologies of Luhansk National University.
E-mail: ewg.stepanov2013@yandex.ru



BE3OMNACHOCTb NOPHOIO NPOM3BOACTBA

V]IK 622.861:622.28 DOI: 10.21440/0536-1028-2018-7-115-122

O NMPOBNEMAX OBECNEYEHUA BE3OMACHOCTH
B MPOLIECCE NPOXOAKW U KPEMNEHUA BbIPABOTOK

KAOMOBA A. H.1, XAPUCOB T. ®.%, PbIBAK C. A1
" MiHeTuTyT ropHoro aena Ypanbckoro otaenerus PAH
(Poccus, r. Ekatepunbypr, yn. MammuHa-Cubupsika, 58)

Beeoenue. JJobblua nonesnvix UCKONAemMblx, Hapsoy CO CIMPOUMENbCMEOM, AGNAEMCA OOHUM U3 U008
dessmenvHOCmu, 20e MpaouyUuoHHO HAONI00Aemcs 8blCOKUIL YPOBeHb NPOU3BOOCINBEHHO20 MPABMAMU3-
Ma CO cMepmenbHbIM UCXOOOM.

Lens. B cmamve paccmompensl 60RPOCyl, C8A3aHHbIE ¢ 0becneyeHuem 6e30nacHocmu NOO3eMHbIX 20p-
HBIX pabom.

Memoouxka. IIpoanarusuposansvl oannvie 00 yposHe CMepmMeNnbHO20 MPaAsMamusma Ha npouU3eoo0cmse
0151 20PHOU NPOMBIULIEHHOCIU RO cOcmOosiHuto Ha 2016 2., npusedervl OCHOBHbLE NPUHUHBL MPABMATNU3-
Ma u mpasmupyiowue Gaxmopui.

Pesynomamul uccnedosanuii. B uccie006anusx ommeuaemcs, 4mo He3HauumenbHas O0sl GbisA61EHHbIX
HapyuwleHuti KpenaeHus u ynpagieHus kpoeiei copuvix evipabomox (10 % om obweeo uucna ecex gui-
ABNEHHBIX OpeAHAMU HAO30pA 34 200 HAPYWEHUL) Npuseld K HeCHaCmHbIM CIAVHAAM, CEA3AHHBIM
¢ 06pyuieHueM 20PHOL MACCHL, KOMOPble COCMABIAION DOTLULYIO YaACHb O 00uje20 YUCIa NPOU3ouLeo-
wiux (38 %).

Buwi6oowt. Ha ocrnoge 0630pa Hopmamuno-memoouyeckol 00KyMeHmayuy coelan 6bl600 0 Hedocma-
MOYHOCIMU UMEIOWUXCS HOPMAMUBHBIX OOKYMEHMOE 8 00nacmu 20pHoll npomvluiiennocmu. Ilocmasnen
B0MPOC 0 HEOOXOOUMOCMU COCMABTIEHUS MEMOOUYECKUX YKA3AHUU NO PA3PAOOMKe, CO2NACOBAHUIO U Y-
BEPAHCOEHUIO HEOOXOOUMBIX MEXHONOSUYECKUX UHCMPYKYULL U PellaMeHIMO8 NO KPENLeHUI0 20PHbIX Gbi-
pabomok, umo no36onum CyujeCmeenHo COKpamums KOIUYECMEO HeCUaCmHbIX Clyuaes npu 6e0eHuu
NOO3EMHBIX 20PHBIX pabom.

Knruesvie cnosa: nopymamuenas 00OKyMeHmMAayus, ONACHbIL NPOU3BOOCMEEHHBLIL 00bEKM, 8bIpAOOMKA;
Kpenienue 20pHblX NOpoO; MEXHOLOSUHECKUL PeIaMenm, UHCMPYKYUsL, 20PHASL NPOMBIULLIEHHOCTb,
noO3eMHblE 20PHbIE PAOOMUL.

Beenenue. Jlo0bIua 0JI€3HBIX HCKOMIAEMBIX, HAPSILY CO CTPOUTEIBCTBOM, SIBIISIETCS
OIHHMM W3 BHIOB JIESTEIbHOCTH, II€ TPAIULMOHHO HAOIIONAeTCsl BBHICOKUI YPOBEHb
MPOU3BOACTBEHHOIO TPAaBMAaTH3Ma CO CMEPTEIbHBIM HCXOAOM. TeM He MeHee 1O Co-
crostHUIO Ha 2016 T. Ha omMacHBIX MPOU3BOACTBEHHBIX 00bekTax (OI1O) ropHoii oTpac-
JIM YUCIIO CIIy4aeB CMEPTENHHOTO M TPYIIIOBOIO TPaBMAaTH3Ma COKPATHIIOCH IO CpaBHE-
HHUIO C MPEeIbIIYIIMMHU TOJaMU U SIBJISETCS. MUHUMAaJIbHBIM 3a Hocjiequue 15 et Ha
00BeKTax BeleHUs TOPHBIX paboT. O0beM A00b1YH ropHOit Macckl Ha OI1O ropHO#t OT-
pacmu B 2016 . o cpaBHeHuro ¢ 2015 . causmics Ha 12 % u cocraun 1 267,2 miaH M
(B 2015 . — 1 446,7 min M3), mpudeM 00beM JTOOBIYH MOJIE3HBIX HCKOMTACMBIX OTKPbI-
TBIM CIIOCOOOM B 16 pa3 npessiaeT 00beM J00bIYN OA3EMHBIM criocoOoM. JnHamu-
Ka 00beMOB 100BIYM TOPHOM MacChl, CIy4aeB aBapUHHOCTH ¥ CMEPTEIBbHOIO TpaBMa-
THU3Ma NpeAcTaBieHa Ha puc. 1 [1].

Hean padorbl. HeznauntenbHbll 00beM 100BIYH MOJIE3HBIX UCKOMAEMBIX OA3EM-
HBIM C1I0CO0OM 00YCIIOBIIEH OOJBIIMMHY KalTUTaIbHBIMH M 3KCIUTyaTallMOHHBIMH 3aTpa-
TaMH, CBA3aHHBIMHU C OCOOCHHOCTSIMHM 3aJleTaHus Ha OOJbIION ITyOMHE MECTOPOXKAe-
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HUSI TTOJIE3HOTO MICKOTIAEMOT0 M OTTACHBIMH YCIIOBHAMH Tpyaa. KomnuecTBO HeCUacTHBIX
CIIy4aeB CO CMEpPTENBFHBIM HCXOIOM IIPH TMOA3EMHBIX TOPHBIX paboTax MPHBEACHO
B Ta0n. 1 [1]. CraTucTHKa MOKa3bIBAET, YTO KOJIMUECTBO CMEPTENHHO TPABMUPOBAHHBIX
JIOJCH B IIaXTaxX U pyAHUKaX B 2 pa3a 0oJjblie, YeM Npu pa3paboTKe MeCTOPOKICHUI
OTKpHITEIM criocobom. CormacHo «l'omoBomy oTdery o nesitenbHocTH DenepanbHOR
CITy>KOBI 110 SKOJIOTUYECKOMY, TEXHOJIOTHYECKOMY M aTOMHOMY Haa30py B 2016 romy»,
YHCJIO CITy4aeB CMEPTETIbHOTO TpaBMaTH3Ma pu paboTax, MPOBOAUMBIX B TIOA3EMHBIX
ycnoBusix B 2016 1., cokparmiocs Ha 30 %, HO MO-TIPEKHEMY COCTABIISET OCHOBHYIO
00 — 66 % oT 00lIero 4ncia CMEpPTENbHBIX HECYaCTHBIX CIIydacB B TOPHOH Mpo-
MbiieHHOCTH [1]. Takum 06pa3om, paboThl B pyIHUKAX, MIAXTaX Ha HACTOSIIUN MO-
MEHT ITPOIOIKAIOT OCTABATHCS CAMBIMU OTIACHBIMU B TOPHOM OTpaciy, O3TOMY U BHU-
MaHue, yJeJIeHHOe 0e30MaCHOCTH MPOBEICHHUSI TOPHBIX PA0OT CO CTOPOHBI HAI30PHBIX
OpPraHOB U HAYYHOTO COOOIIECTBA, TOJKHO OBITH MOBBIIICHHBIM.
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3a 20012016 rr.
Fig. 1. The dynamics of rock mass production output, fatal injury, and accident rate in 2001-2016

ITpoBenenue uccaenoBanmii. MccnenoBanyue NpUuYuH CMEPTENBHBIX TPaBM U aBa-
puit Ha 00BEKTaX PyAHON M HEPYJHON MPOMBIILICHHOCTH U MOJA3EMHOTO CTPOUTEIh-
CTBa HE3aBHCHMO OT croco0a pa3paboTKH MECTOPOXKIEHHS MO3BOJISIET ONPENeIIUTh
SIMHYIO MPUPOIY MPOUCXOKICHUS HECUYACTHBIX CIIyYaeB, 2 UMEHHO:

— HHU3KOE KaueCTBO MHIKCHEPHOTO COMPOBOXKIICHHUS TOPHBIX PabOT, MOJATOTOBKU U
OpraHU3alMU MPOU3BOCTBA B COBOKYITHOCTH C HEYIOBICTBOPUTEIHHBIM YPOBHEM TPY-
JIOBOM U TEXHOJOTHMYECKON MMCHMIUIMHBI NMPU HAIUYUU CEPHhE3HBIX HEIOCTATKOB
B (DYHKIIMOHUPOBAHUU CUCTEMBI POU3BOJACTBEHHOTO KOHTPOJIS,;

— HEJOCTaTOYHBIH YPOBEHb KBAIM(UKALMU HENOCPEACTBEHHBIX HUCIIOIHUTEICH
pador.

®denepanbHOM CITyK00M 10 YKOJIOTHYECKOMY, TEXHOJIOTHYECKOMY U aTOMHOMY HaJl-
30py TpoBeleHa padoTa IO PaHXKUPOBAHUIO TPUYMH BO3HUKHOBCHUS aBapuid
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Y HECYACTHBIX CJIy4aeB B TOPHOM MPOMBIIIJIEHHOCTH. B pe3ynbTrare BeIAEIEHO 5 OCHOB-
HBIX NPUYUH aBapUil U HECYACTHBIX CIy4yaeB MPUMEHUTENBHO K TOpHOM oTpacnu [2].
Pacrnipenenenne npuunH BO3HUKHOBEHUS aBapHil M HECYACTHBIX CIIyYaeB CO CMEPTENb-
HBIM HCXOZIOM IO pe3yJbTaraM HCCIe0BaHus IPeACTaBIeHO B Ta0I. 2.

PesyabTartsl ucciaegoBanuii. [Io pesynpraram paccMOTpEHHUsI MaTEPUAJIOB MIPOBE-
JICHHBIX UCCIIEZIOBAaHUM OpraHaMu rOpHOTo HaJ30pa YCTaHOBJIEHBI IPUUUHBI 39 cityya-
€B INPOU3BOACTBEHHOIO TpaBMaTW3Ma M JBYX aBapuil, mpousomenmmx 3a 2016 r,
B pe3yJbTare KOTOPhIX CMEPTEIbHO TPaBMUPOBaHbI paOOTHHKH. TakuMm oOpa3om, Hau-
Oosblee KOJTUYECTBO CIy4YaeB aBapUMHOCTH M TpaBMaTH3Ma CBSI3aHO C HapyIIEHUEM
TEXHOJIOTUU TpoBecHus padoT (32 % oT o01ero uncia) U HU3KUM YPOBHEM IMIPOU3-

Tabmuna 1. CBegennsi 0 cMepTeILHOM TPAaBMaTH3Me N0 BHJaM padoT B PyAHON 1 HepyAHOIi
0Tpacjiv, NoJA3¢MHOM CTPOUTEIBCTBE
Table 1. Information on fatal occupational injury rate according to work activitiesin ore mining,
nonmetallic minerals mining, and under ground construction

KonnuecTBo HecUacTHBIX CIIydaeB O BUJaM paboT
JpobuinbHo-
Ton OTKpBITBIE ITon3eMHbIe oboraTureabHbIe Hroro
(habpuku
Yen. % Yen. % Yen. % Yen. %
2011 15 255 33 55,9 11 18,6 59 100
2012 23 33,3 38 55,0 8 11,7 69 100
2013 18 32,7 33 60,0 4 7,3 55 100
2014 17 29,3 35 60,3 6 10,4 58 100
2015 9 19,6 37 80,4 - - 46 100
2016 11 28,2 26 66,7 2 51 39 100

BOJICTBEHHOTO KOHTPOJIS 38 00ecIiedeHUEeM BBITTOTHEHUS TPEOOBaHHH MPOMBILIICHHOM
oe3onacHoct (32 %). Ciiyyan CMEpTEIBHOTO TPaBMaTH3Ma MPOUCXOMIIH BCIICICTBUE
najfeHuss pabOTHUKOB C BBICOTHI W3-32 OTCYTCTBHSA 3arpaxJIeHHUN JHOO0 B pe3ysibrare
TpaBM, HAaHECCHHBIX OOPYIIMBIICHCS TOPHOW MAaccOd M3-3a HEYIOBICTBOPUTEIBHON
000pKH 3aK0JIOB. 3HAYUTEILHOE KOJIMYECTBO HECYACTHBIX CIy4aeB CBSI3aHO C HEYHIOB-
JIETBOPUTEIBHOM OpraHu3anuei ropHbIx padbot (27 %), BEIOTHEHHEM POU3BOICTBEH-
HBIX ONE€palui B OTCYTCTBUE NPOEKTHON M TEXHOJIOTMYECKOW JOKYMEHTAlWH, YTO
MIPUBEJIO K aBapuy U Tudenu iroaeld. MeHbLIHi TPOLEHT 3aHUMAIOT IPyTue NMPHYNHBL:
7 % — HapyueHus pabOTHHUKAMHU TPYIOBOTO PacloOpsiAKa U AUCHHILIHHBI TPYAa, B TOM
quciie rpyooe HapylieHne TpeOOBaHUN MPOMBIILICHHONH 0€30IaCHOCTH B COCTOSIHUU
HApKOTHYECKOTO ONbsIHEHUS; 2 % — HU3KUI YPOBEHb 3HaHUS TPeOOBaHMIA, HOPM U TIpa-
BUJI 0€30MaCHOCTH, B TOM YHCJIE OTMEUYEHBI CIy4an CMEPTENbHOTO TpaBMaTH3Ma U3-3a
norycka k padoram Ha OI1O mronel, He UMEIOIIUX HeOOXOAMMON KBaTH(pHUKAIIUY U HE
MPOIICAIINX 00yUYEeHUE U UHCTPYKTAXK JI0 Havajia padoT.

Anaamu3 n o6cy:xkaenme. 3a 2015-2016 rr. 3HAYUTENHHO YBEIMUYMIACH OIS HE-
CUACTHBIX CITy4aeB B pe3yJibTaTe HAPYIIEHUs TEXHOJIOTUH MPOU3BOICTBA PabOT, Mopsi-
JIOK KOTOPBIX ONpeAeseTcs] TEXHOJIOTHYECKUMH periaMeHTaMu. [IoMruMo TeXHOI0TH-
YeCKMX pEeIIaMEeHTOB CYLIECTBYeT Jpyras JOKyMEHTalus: TEXHOJIOTHYECKUE
MHCTPYKIMH, METOANYECKHE YKa3aHHs, pYKOBOACTBA, IPHUKA3bl, TPOTOKOJIBI, MACTIOPTA,
aKThl, pa3pabaTbiBacMble B IIETSX oOecreueHuss 0e30MacHOCTH TMOI3EMHBIX TOPHBIX
pador.

be3zonacHocTh BeZieHUs] TOPHBIX Pa0OT BCerna SBISIETCS aKTyalbHOW MPOOIeMOit
JUTSI TOPHOM HAyKH U TOPHOAOOBIBAIOIINX MPEANPHUATHIA, TaK KaK KaXKJIbIi HECYaCTHBIN
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ClIy4ail BJe4YeT 3a COOOH HEBOCIOIHUMBIC MAaTEpPHAIbHBIC MOTEPU U YEIOBEUCCKUE
JKEPTBBL. B mociieHue AecATHICTHS UHHOBAIMK B OOJIACTH MOI36MHOTO CTPOUTEIb-
CTBa BO MHOTOM CBSI3aHBI C TIOSIBJICHHEM COBPEMEHHOTO 000pPYIOBaHUS ISl TPOXOAKU
U KPEIUICHUS TOPHBIX BHIPA0OTOK, Pa3pabOTKON HOBBIX BUOB M KOHCTPYKIIHM KPEIH,
COBPEMEHHBIX MHOTO()YHKIIMOHAJIBHBIX CUCTEM oOecrieueHus: 0e30MacHOCTH, HOBBIX
METOJIOB MCCIICIOBAHMSI TOPHO-TEOIOTHUECKHUX, TCOMEXaHHUECKHUX U THJIPOT€OJIOTHYe-
CKUX YCJIOBUH ISl TIOBBIMICHHS HAJCKHOCTH IMPOYHOCTHBIX, ACPOPMAIMOHHBIX U
CTPYKTYPHBIX MapaMETPOB MacCHBa TOpHBIX mopox [3—8]. bonbmioli 00beM HaydHBIX
UCCIICZIOBAHU U pa3pabOTOK MO3BOJSET PEIINTh JOKAIBHBIC MTPOOJIEeMBbI 00eCIIeueHUS
0e30MacHOCTH B IIaXTE, HO ATOTO HEJIOCTATOYHO ISl YCTPAHCHHs NEPBOHAYAIBHBIX
MIPUYUH aBapuil ¥ MPOU3BOJACTBEHHOTO TpaBMaTu3ma. HeoOXoauMo ynenuts Oobiiie
BHUMAaHHSI HOPMAaTHBHO-METOINYCCKOMY COTIPOBOXKIICHUIO TEXHOJOTHH TPOBEICHUS
MOJI3EMHBIX TOPHBIX paboT. OcoOeHHO 3Ta MpobiieMa aKTyallbHA JUISl PYAHBIX U HEPY/I-
HBIX MECTOPOXK/ICHHIA MOJIE3HBIX UCKOMIAEMBIX, pa3padaThIBACMbIX MOJ3EMHBIM CIIOCO-
0om. HopmaruBHBIC TOKYMEHTBI, JCHCTBYIOIIUE B HACTOSIIEE BPEMs, HOCAT OOIIUI
XapakTep, OCTABIIsASA IPOPa0OTKY JieTaiel CHeMaTn3uPOBAaHHBIM HayUYHBIM OpraHH3a-
UM, 00JTaAt0IIMM HEOOXOIUMOM KOMIIETCHITUEH B 3T0oi oOnacTu. TeHAeHIUs COKpa-
IICHUS KOJMYECTBA HOPMATHBHOW JIOKyMEHTAI[MM YMEHBIIAeT 00beM HEO0OXOAMMOMH
TEXHUYECCKON MH(OPMAIIUHU, YTO OTPHUIIATESIILHO CKAa3hIBACTCS HA KAUECTBE TEXHOJIOTUU
MIPOU3BOJICTBA PabOT, a CJIeJ0BaTEIILHO, U Ha OE30MACHOCTH.

Tadauna 2. Pacnipenesienne NpUYHH aBapHii H HECYACTHBIX CJIy4YaeB B TOPHOI MPOMBIIIJIEHHOCTH
(2012-2016 rr.)

Table 2. Distribution of the reasonsfor emergencies and accidentsin the mining industry
(2012-2016)

PacnpeneneHue npuauH aBapuii 1

HECYACTHBIX CJIy4aeB MO Pe3ysIbTaTaM
[puunHbI aBapHH, HECYACTHOTO CITydast yccreoBanmii, %

2012 | 2013 | 2014 | 2015 | 2016
Hapymenue TexHOI0rUU IPOU3BOJCTBA 12 8 11 40 32
HeynosnerBopuresbHasi opraHu3aiysi pou3BoCTBa 40 42 52 27 27
Huskuil ypoBeHb IPOU3BOJCTBEHHOTO KOHTPOJIA 25 19 24 16 32
Hapymenue TpynoBoro pacrnopsiika u JUCHUILIUHEL TPy a 18 24 9 13 7
Huskuii ypoBeHb 3HaHHS TPEOOBaHMUA, HOPM M IIPaBHII 5 7 4 4 2
Oe3omacHOCTH

Ecnu mogpoOHee paccMOTpETh TEXHOIOTMYECKUN MPOLECC KPETJICHNSI TOPHBIX BBI-
paboToK, To XapakTep MPOU30LICAIINX aBAPUN U CMEPTENBHBIX TPaBM MOKa3bIBAET, YTO
CHCTEMHO MPOUCXOJSIINE HAPYIIEHNSI TEXHOJIOTHU KPEIUIEHHS TOPHBIX BBIPAOOTOK H
CBSI3aHHBIE C 3TUM OOpYLICHUs TOPHBIX TMOPOJ HE TOJIBEPraroTCsl BCECTOPOHHEMY aHa-
JU3y PYKOBOAUTENIAMH, CIIENMAIMCTaMU KOMOAaHWW W opraHuzauuil. dexepanbHas
CIIy>k0a TI0 9KOJOTMYECKOMY, TEXHOJIIOTHUECKOMY M aTOMHOMY HaJ30py IO pe3yJbra-
TaMm aHanu3a 3pHEeKTHBHOCTH MPOBEPOK, TPOBOIUMBIX TEPPUTOPUATBHBIMU OpraHaMu
TOPHOTO HA/A30pa, MPoBeJia CTaTUCTUYECKyI0 00paboTKy 8719 HapymieHHH, BBISBICH-
HBIX B XOJI¢ TUIAHOBBIX MPoBepoK B 2016 T. Ha 00beKTax BeAeHUS TOPHBIX PaboOT U co-
MOCTaBUIIA UX CO CTPYKTYpOH TPaBMHUPYIOIIHUX (PAaKTOpOB Mo 39 cMEpTENbHBIM CITyda-
SIM, TIPOM3OLIEIINM B TOpHOU oTpaciu (puc. 2) [2].

MOo)XHO cenaTh BBIBOJ, YTO HE3HAYUTENbHAs A0JIS BBIABICHHBIX HapyILIEeHUH Kpe-
TUICHUSI U yTIpaBJIeHUs] KpOBIeH TOpHBIX BeIpaboTok (10 % ot obmiero uucna Hapyie-
HUI{) MpHBeia K HECYACTHBIM CIy4asM CO CMEpPTENbHBIM UCXOAOM, CBA3aHHBIM C 00-
pYLIEHHEM TOPHOH MaccChl, KOTOPBIE COCTaBISAIOT HAWOOJBIIYI0 YacTb OT BCEX
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npouzomeqmux (38 %). Takum oO6pa3om, HeOOXOAUMO MPUHUMATE MEPHI 110 BBISBIIE-
HUIO U YCTPaHEHHIO HAPYILICHNUH, SBISIONIMXCS MPUIMHON HECYACTHBIX CIIy4aeB, CBA-
3aHHBIX ¢ OOpYLICHUEM TOPHOW MAacCHI.

Bce HazBaHHbBIe TPUUYUHEI (Ta0M. 2) HECYACTHBIX CIy4aeB CBSA3aHBI C OOPYIICHHEM
KpOBJIH. MOXXHO CKa3aTh, YTO HapyLICHWE TEXHOJOTMU BEJACHMS TOPHBIX PadoT, HEey-
JIOBJIETBOPHUTENIbHASl OPraHU3alusl IPOU3BOACTBA pabOT, HU3KUH YPOBEHb MPOHU3BO/-
CTBEHHOTO KOHTPOJISI HAlPAMYIO CBSI3aHBI C HEJOCTATOYHON OCBEIICHHOCTHIO BOIIPO-
COB TIPOXOJKM W KPEIUJICHHS TOPHBIX BBIPAOOTOK B HOPMAaTWBHO-METOAMYECKOM
JUTEpaType MPUMEHHUTENBHO K TOPHOH MPOMBIIUIEHHOCTH. DTO OKa3bIBae€T OTpHIA-
TEJIbHOE BIUSHHE HA KaueCTBO MPOPa0OTKH U MUCIONHEHHE MTPaBUI BHYTPEHHEH HOP-
MaTUBHO-TEXHUYECKOW JOKYMEHTAIIMH MPEATIPUATHIH.

CTpyKTypa TpaBMUPYIOLIIHX (aKTOPOB CTpyKTypa BBUBICHHBIX HapYLIEHHI

CMEPTEJIbHBIX HECHACTHBIX CIIYy4acB

8719
HapyLIeHUH

39

cly4aeB

= O6pylIeHHE MOPOST B JacriopTa KpenyeHus U yIpaBlIeHUs KPOBIIei
B Tpancnopr B Tpancnopt

" MexaHnu3Mbl
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Puc. 2. Pacnipenenenue TeppuropranbHeIMu opraHamu PocrexHamzopa PO BBISBICHHBIX HapylICHHH U
OCHOBHBIX TPaBMHPYIOLMX (haKTOPOB B TOPHOIT MpOMBIIIIeHHOCTH 32 2016 .
Fig. 2. Distribution of violations and main injuring factors in the mining industry as of 2016
by ROSTECHNADZOR RF local authorities

TeXHONOTHYECKHIA TPOLIECC IPOXOKU U KPETUICHHS TOPHBIX BEIPAOOTOK B 3aBHCUMO-
CTH OT BU/Ia MOJIE3HOTO UCKOMAEMOTO PETIaAMEHTHPYETCSI OONIBITUM 00hEMOM HOPMATHB-
HOW JIOKYMEHTAIIMH 1 JOJDKECH OCYIIECTBISITECS B COOTBETCTBUM C TIPOCKTHON JIOKYMEH-
TaIuen, TEXHOJIOTUIECKUMH PErIaMEHTaMH, HHCTPYKIUSAMU U TIACTIOPTAMHU KPETUICHUS
(n. 83 Dedepanvhvix HOpM U NPABUL 8 0OIACIU BPoMbIULTEHHOU Oezonactocmu «lIpasu-
4 6e30nacHoCmu npu 8e0eHUU 20PHLIX pabom u nepepabomke meepovix NOJLE3HbIX UC-
Konaemvixy, ymeepoicoenuvix Ilpuxazom Pocmexuaosopa om 11.12.2013 Ne 599).

HaunGonee neranmpHas mpopaOOTKa HOPMATUBHOW JOKYMEHTAIMU TIO KPEIUICHUIO
BEIPa0OTOK HAONIOJAaeTCS B yIIIEAOOBIBAIOIICH OTpAciu, IS Pa3pabdOTKu HEeTIHBIX
MECTOPOXKJICHUH IAaXTHBIM CIIOCOOOM, MIPH Te0I0rOpa3BeIOYHBIX paboTaX, MPHU CTPO-
UTEIIbCTBE TPAHCIIOPTHBIX TOHHEJEH U METPONIOJIUTEHOB.



120 "l zvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 7. 2018 ISSN 0536-1028

B nacrosimee Bpems HanOosiee 4YacThIM HapylleHHEM, 3a()UKCUPOBaHHBIM Ha Top-
HOZOOBIBAIONINX TPEANPUSITHIX, SBISETCS OTCYTCTBUE TEXHOJIOTHUECKUX periaMeH-
TOB Ha OCHOBHBIE TEXHOJIOTHYECKHE MPOU3BOJCTBEHHBIE MMPOLIECCH B COOTBETCTBHU C
TpeboBaHusiMU DenepanbHBIX HOPM U TIpaBHI B 00JIACTH MPOMBIIUIEHHON Oe3omac-
HocTH «[IpaBumna 6e3onmacHOCTH NpU BellEeHUH TOPHBIX paboT U mepepaboTKe TBEPIBIX
noJie3HbIx uckonaeMbix» [9—10]. O630p nMmeromeiics HOPMAaTUBHOW AOKYMEHTALIUH
MOKa3aJl, YTO JUIsl TOPHOM MPOMBIIIJIEHHOCTH BOIPOCHI TPOXOJKH U KPETIJICHUS TOPHBIX
BBIpa0OTOK MMEIOT OOIIWil, MHOTJAa PEeKOMEHIATEeNbHBIN XapakTep, HeJOCTATOYHBIH
TSl o0ecTieueH sl JOJDKHOTO YPOBHS 0€30MacHOCTH IPH BEJCHHUH TTOI3EMHBIX TOPHBIX
pa6ot (P/] 06-627-03 «Memoouueckue pexomenoayuu o nopsioke paspabomxu, coend-
COBAMUSL U YMBEPHCOCHUS PeNAMEHINO8 MEXHOI0SUUECKUX NPOU3BOOCBEHHbIX NPO-
Yeccos npu 6e0eHUU 20PHLIX PabOm NOO3EMHBIM CHOCODOMY).

B pernameHTBl peKOMEHTyeTCsl BKIIIOYAaTh MEPHI, BBIOJHEHUE KOTOPBIX HaIlpaBIie-
HO Ha obecriedeHne Oe30MacHOM padOTHl MAXT HA BCEX CTAIUSX MPOM3BOICTBEHHBIX
MPOLIECCOB MPH MOTHOM COOTBETCTBHH UX COAEPIKAHHS IIPUHATHIM MPOCSKTHBIM pellie-
HUSM JIJIs1 00EKTOB FOPHBIX Pa0oT.

OpHuM K3 00513aTENBHBIX JOKYMEHTOB JJIs 00eCIeueHus 0e30MacHOM paboThl MPU
MPOXOJIKE M KPETICHUH TOPHBIX BBIPaOOTOK sBJsieTcst «HCTPYKLUS IO KPEIUIEHUIO 1
MOAJIEPKAHUIO KalIUTaJIbHBIX, HOATOTOBUTEIBHBIX, HAPE3HBIX H pa3BeI0YHBIX BEIPA0O-
Tok» (MHCTpYyKUMs), pazpaboTKa KOTOPOH JOJKHA BBIMOIHSITHCS CIEHUAIN3UPOBAH-
HBIMU opranmu3arusmu [11-13].

B coctaB MHCTpyKIIMK BXOAUT METOAUKA OLEHKU YCTOMYMBOCTH MaCCUBa, METOIU-
Ka pacdera Kpernu, IPOTHO3 YCTOHYMBOCTH, OIIEHKa KayecTBa Kperu u Ap. Takum o0-
pa3oMm, OT ee KauecTBa 3aBUCUT TOYHOCTH OLICHKH YCTOWYMBOCTH MACCHBA, BBIOOD OII-
TUMalIbHOTO THIA KpENH, €€ MapaMeTpoB, TEXHOJOTWH KperuieHus. OHa OJKHA
o0ecreunBarh JOJKHBIH YPOBEHb OS30MaCHOCTH TPH MPOXOKE M KPETJICHUH MO3EM-
HBIX TOPHBIX BEIPAOOTOK.

B nacrosimiee Bpemst HCTPYKLUS 1O KPETJICHUIO TOPHBIX BBIPAOOTOK SIBIISIETCS
BHYTPCHHUM JIOKYMEHTOM INPEINPHUSATHS, HE TPeOYIOMMM 00s3aTeIbHONH POy PhI
YTBEPKICHHUS B OpraHax HaJ[30pa WK MPOBEACHUSI IKCIIEPTH3bI MPOMBIIIIIICHHON 0e30-
nmacHocTH [14].

BoiBoabl. J[7s1 moBBIIeHUs] 0€30MIACHOCTH B MTpoIiecce BEACHHS MOJ3EMHBIX padoT
pa3paboTKa TEXHOIOTHIECKHX PETTIAMEHTOB, HHCTPYKIWH 1O KPETJICHHIO TOPHBIX BhI-
paboTOK MK PYKOBOACTB MO KPETUICHUIO JOKHA OBITh 00513aTENBHOM, CTPOTO peria-
MEHTUPOBAHHOW TMpOLENypold Ha JIOOOM TOPHOM MpEANpHATHH. B 3aBucUMOCTH
OT TOTO, HACKOJIBKO Ka4e€CTBEHHO U MOApoOHO OyneT pa3paboTaH 3TOT AOKYMEHT IS
KOHKPETHBIX TOPHO-TEOJIOTUYECKHX YCIOBUH MECTOPOXKACHUS, HAMPIMYIO 3aBHCUT
0e301acHOCTh BeJICHHS NIOA3EMHBIX TOPHBIX pabot. Takum 0Opa3om, HEOOXOIUMO pas-
paboTtaTh YeTKHe IpaBuiia O COCTaBe U COACPKAHUM, METOJMUECKUE YKA3aHHUs IO pa3-
paboTKe, COIIACOBAHUIO M YTBEPXKACHUIO MHCTPYKIMHU MO KPETUICHHIO MOA3EMHBIX
TOPHBIX BbIpaboTOoK. OHUM W3 BAPHAHTOB PELICHUS JAHHOW TPOOIEMBI SIBISICTCS pas-
paboTKa TUIIOBOTO MPOEKTa (3TAJIOHA) UIIH MOJIOKESHUS O TOPSIIKE Pa3pabOTKH, COra-
COBaHMsI M yTBEepKACHUS «HCTPYKIMH 1O KPEIUICHUIO M TOACPKAHUIO KallUTallb-
HBIX, OATOTOBUTEJBHBIX, HAPE3HBIX U Pa3BEJIOYHBIX BHIPAOOTOK» Ha MPEIIPUATHIX
YEPHOU U LIBETHOU METAJLITYpPIUH.
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ON THE PROBLEMS OF SAFETY PROMOTION IN THE COURSE
OF EXCAVATION DRIVING AND SUPPORT

Kaiumova A. N.!, Kharisov T. F.l, Rybak S. A.!
! Institute of Mining, Ural Branch of RAS, Ekaterinburg, Russia.

Introduction. Together with construction, mineral production is one of activities with a high level of fatal
occupational injury observed.

Research aim. The article considers the problems connected with underground mining safety promotion.
Research methodology. Data on the level of fatal occupational injury for mining industry as of 2016 are
analyzed; the main reasons and the injuring factors are given.

Research results. The research focuses on the fact that a negligible proportion of the excavation roof
management and support violations (10% from the total number of violations detected annually) have led
to accidents related to the collapse of the rock mass, constituting the major part of accidents (38%).
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Conclusions. On the basis of the normative and methodical documentation review the conclusion have
been made on the lack of normative documents in the field of mining industry. The question has been raised
about the need to develop guidelines for the development, coordination and approval of required
technological instructions and regulations for excavation support that will significantly reduce the number
of accidents in the course of underground mining.

Key words: normative documentation; hazardous production facility;, excavation; rocks support;
technological regulation, instruction; mining industry,; underground mining.
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