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OIIEHKA CEVICMOB3PBIBHBIX HATPY30K
HA 3AKOHTYPHBITT MACCUB ITPU PA3JIEJIKE
OTPE3HOM IIIEJIN

AHHOMayusA. Ha ocHoBe YMCNEHHOTO MOLENMPOBAHUA U3yYeH NpoLecc GopMUPOBaHUA OTPEes-
HOW LLLe/IM NPY B3PbIBAHMM KOHTYPHbIX 3apAA0B C BO3AYLWHbIM M BOAAHbIM pPaanaibHbIM 3a30POM.
WccnenoBaHo none AencTBYOWMX pagmanbHbIX U TAHFEHLMA/bHbIX HANPSAXEHUN B BNKHEN 30He
B3pblIBa. [JaHa OLEeHKa 3KPaHMUPYIOLLEro AeUCTBUA CHOPMMPOBAHHON OTPE3HOW LLLEM MPU B3PbIBa-
HUW 3apAJ0B NPUKOHTYPHOTO 6110Ka. MOKa3aHo, YTO pasaesika OTPE3HOW LLen ABAAETCS BbICOKO-
3G DEKTUBHBIM METOAOM CHUMEHMA CEMCMOB3PbIBHbIX HAarpy30K Ha 3aKOHTYPHbI MacCuB.

Kntouessble cnoea: YncneHHoe MoAeIMPoBaHME, METOA, KOHEYHbIX 3/1IEMEHTOB, B3PbIB, KOHTYP-
HOe B3pblBaHWe, NpeaBapuUTe/ibHOE WeneobpasoBaHue.

BeBepeHue

B ropHopo6bIBatoLLEN OTpacAK B3PbIB-
Hble PaboTbl ABAAKOTCA OCHOBHbIM TEXHO-
AOTMUYECKMM MPOLIECCOM, OT KayecTBa Bbl-
NMOAHEHMA KOTOPOTO, 3aBUCAT BCE NMOCAEAY-
tfolune npouecchbl A0ObIUM 1 NepepaboTKu
NMOAE3HOro UCKOMaemoro.

Ha KpynHbIX FOpHbIX MPEANPUATUSAX,
oTpabaTtbiBatoLLMX 3anacbl NOAE3HbIX UC-
KOMaeMbIX OTKPbITbIM Cnocobom, BecbMa
OCTPO CTOSIT BOMPOChI 06ecneveHunst ycTom-
UMBOCTU OTKOCOB YCTYrnoB B pabouyem co-
cToAHMKU. OAHMM M3 TA@BHbIX GAKTOPOB,
OTpMLATEABHO CKa3blBAOLIMXCA HA YCTOW-
YMBOCTb OTKOCOB YCTYMOB, ABASIKOTCSI BbICO-
KrMe CeEMCMOB3pPbIBHbIE HArpy3Ku, BO3HM-
Karolue B pe3yAbTaTe B3PbIBHOM OTOOMKU
MaccuBsa.

OCHOBHbIM METOAOM, CHIXAOLLIMM CEMNC-
MWYECKOE AENCTBUE B3PbIBOB, IBASIETCS
npUMeHeHWe MeToaa NPEeABaPUTEABHOTO
LeneobpasoBaHus. CyTb METOAA 3aKAKOUA-
€Tcs BO B3pbIBE B HEHAPYLLEHHOM MaccuBe
O6AU3KO PACMOAOXEHHbIX CKBaXWH MaAoro
AMaMeTpa, PacnoAOXEHHbIX NaparAeAbHO
APYT APYTy B NMAOCKOCTM, COOTBETCTBYHOLLEN
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NMPOEKTHOM MOBEPXHOCTU OTKOCA yCcTyna B
€ro KOHEYHOM MOAOXEHMMU. ocAe B3pbIBa
3apsaA0B B MaccuBe 006pa3yeTcs LWEeAb, CAY-
Xalwaa nperpapomn, aKpaHUpYoLWEN BOA-
Hbl HANPS)XE€HWK OT B3PbIBOB OCHOBHbIX
3apspoB [1, 2].

B cBA3KM ¢ Tem, UTo B HacToslLLLEE BpEMSA
OTCYTCTBYIOT 0OLLENPUIHAHHbIE METOAUKHM
pacueta BO3AEMCTBUSA HA MACCUB KOHTYp-
HbIX 3apsA0B, @ 3KCNEPUMEHTAAbHO AO-
BOAbHO TPYAHO 3TO BO3AEWCTBME OUEHUTb
B OAMXHEN 30HE, ObIAO BbIMOAHEHO UKC-
AEHHOE MOAEAMPOBAHWE B MPOrpaMMHOM
npoaykte Ansys Autodyn, peaAnsyrowmnm
METOA KOHEUHbIX SAEMEHTOB AAA pacyeTa
BbICOKO HEAMHEWHOW AMHAMMUKKU TBEPAbIX
TeA, XXMAKOCTEN U ra3oB, a TakxXe UX B3au-
mopencteus [3]. boree aeTanbHOE onuca-
HWe paboTbl PacyeTHOro aAropuTMa npu-
BeAEHO B paborte [4].

MoctaHoBKa 3apauu

B nepBsoit uactu paboTbl paccMoTpeH
B3PbIB KOHTYPHOTO PAAA CKBaXMWH. PaccMmoT-
PEHO ABa BapuaHTa B3pblBa KOHTYPHOM
LLEAM — AAA CYXMX U OBBOAHEHHBIX CKBa-
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XWH. B KauecTBe KOHTYPHbIX 3apAA0B UC-
NOAb30BAAUCb AMHEMHbIE 3apPSiAbl CMAOLL-
HOM KONOHKOBOW KOHCTpyKUMK 3KB-b ana-
MeTpom 43 MM, KOTOpble MOMELAAUCh B
CKBaXuHbl pnameTrpom 140 mm. Pacctos-
HUe MexXAy CkBaxuHamu 1,5 M. Yroa Ha-
KAOHa CKBaXMWH NPUHAT paBHbIM 75°. MNpwu
TaKOM YrA€ KOHTYPHbIN 3apsia NPUAETraeT K
CTEHKE CKBaXMHbl, YTO 1 BbIAO 3aA0XEHO
B MOAEAb. YUNCAEHHbIE 3HAYeHMA napamMeT-
POB paAMaAbHbIX U TaHFEHUMAAbHbIX Hanm-
PSXXEHUN, a TaKXe CKOPOCTEN CMELLLEHUSA
yacTuL, MaccuBa CHMMAaAMCh B TOUKaX, pac-
MOAOXEHHbIX Ha pacCTofAHuMM 1 M 5 ™M ot
CKBaXWH B CTOPOHY MaccuBa.

B kauectBe BB BbibpaHbl 3apsiabl 3KB-b
(p = 1630 kr/m3; D = 6930 m/c; Q =
= 6000 MAX/Mm3; P =21 Ma).

DU3UKO-MEXAHUYECKNE U MPOYHOCTHbIE
napamMeTpbl FOPHOM NOPOAbI COOTBETCTBY-
IOT OCPEAHEHHbIM MapameTpam anaTtut-
MarHeTuToBbIX pya KOBAOPCKOro MecTo-
poxaeHus (p = 2980 kr/m3; Vp =4770m/c;
o, = 160 MMa; o, = 16 MMa; G = 27 Ma).
Bonee noppobHoe onncaHne MOAEAW NPU-
BeaeHo B pabore [5].

MaccuB NopoAbl MOAEAMPYETCH MyTeM
NMPUBSI3KM TEOMETPUU K AarpaHxXeBoMy
peLuaTeAto, a B3pbiBUaTOE BELLECTBO, MNPO-
AYKTbl AETOHALMKU U OKpyXatollas cpepa
NMOCPEeACTBOM MHOTOKOMTMOHEHTHOIO 3MAe-
POBOro peluaTeAs. AaHHbIA NOAXOA K pe-
LIEHWIO 3aAay B3PbiBa SABAAETCS OAHUM
M3 OCHOBHbIX B MPOrPaMMHbIX MPOAYKTAX
NMOAOBHOr0 KAacca, U LWPOKO OCBELLEH
B paborax 3apybexHbIX U OTeYECTBEHHbIX
uccaepoBatenen [6—12].

MoAyueHHble pe3ynbTathbl

Ha puc. 1 nokasaHo pacnpepeneHue
MOASl HANPSXeHUM Npu GopMmUPOBaHUK OT-
PE3HOM LLIEAU B Pa3AMYHbIE MOMEHTbI Bpe-
MEHM.

N3 aHaAu3a pacnpeAeneHUss Hanpsaxe-
HWUI CAEAYET, UTO NOCAE MHULUMUPOBAHUSA
3apPAA0B MEXAY CKBaXMHaMKU GopMUpyeT-
€A NOA€ pacTArMBatoLLMX HaMPsSXXeHUH, ypo-
BEHb KOTOPbIX MPEBbLILLAET NPEAEA NPOYHO-
CTW NMOPOA Ha pacTAXeHWE, UTO B KOHEUHOM
nTore NPUBOANUT K PA3BUTUIO TPELLMUH NO
AMHWKU pacnoAOXeHUs 3apsia0B U 0bpa3zo-
BaHWIO OTPE3HON LLEAM.

Puc. 1. PacrnipeaeAreHune MoAs HanpsxeHuin u opMmUpoBaH1UE OTPE3HOM LLIEAM: HA MOMEHT BPeMEHM
1 mc nocae B3pbiBa (a); Ha MOMEHT BpeMeHu 30 MC MoCAe B3PbiBa KOHTYPHbIX 3aPSA0B C BO3AYLLUHbIM

npomexytkom (6)

Fig. 1. Stress field distribution and blasted slot making: (a) 1 ms after blast; (b) 30 ms after explosion of air-

decoupled perimeter charges
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Puc. 2. PapnanbHble M TaHreHUMaAbHble Hanps)kKeHust Ha pacctosiHim 1,0 M OT AMHMM 3apsiaoB (a)
n Ha pacctosiHumn 5,0 M (6) nocAe B3pbiBa KOHTYPHbIX 3aPSIAOB C BO3AYLLIHBIM MPOMEXYTKOM

Fig. 2. Radial and shearing stresses at a distance (a) 1.0 m and (b) 5.0 m from the blasthole line explosion
of air-decoupled perimeter charges

lPadukn pasnanbHbiX (G,) U TaHreHUK- M3 rpadmKoB CAEAYET, UTO papranbHble
aAbHbIX (G,) HANPSXEHUA HA PACCTOAHMM W TAHTEHLMAAbHBIE CXUMALOLLME HaMpPsXe-
1,0 n 5,0 M OT AMHWK 3apPSIAOB NPEACTaB-  HWUS Ha PacCTOosSHUM 5 M MMEOT NUKOBOE
AEHbl Ha puc. 2. 3HaueHne 43 Mlla u 10 Mlla cooTBeT-

Puc. 3. PacnpeaereHne noasi HarnpsokeHu M opMupoBaHMe OTPE3HOM LLIEAU: HA MOMEHT BPeMEeHH
1 mc nocae B3pbiBa (a); Ha MOMEHT BpeMeHu 30 MC nocAe B3pbiBa KOHTYPHbIX 3apPSIAOB C BOASIHbIM
npomexyTkom (6)

Fig. 3. Stress field distribution and blasted slot making: (a) 1 ms after blast; (b) 30 ms after explosion of
water-decoupled perimeter charges



Puc. 4. PapnaAbHble U TaHrEHUMaAbHbIE HanpsXxeHus Ha pacctosiHum 1,0 m (a) u 5,0 m (6) oT AuHUM
3apsA0B MOCAE B3PbiBa KOHTYPHbIX 3apPSIAOB C BOASIHBIM MPOMEXYTKOM

Fig. 4. Radial and shearing stresses at a distance (a) 1.0 m and (b) 5.0 m from the blasthole line explosion
of water-decoupled perimeter charges

Puc. 5. CKopoCTH CMeLLLeHUsI TOYEK MacCUBa Mo KOMMOHEHTaM X 1 Y: npu B3pbiBE 3apsA0B C BO3AYLLUHbIM
paamarbHbIM 3a30POM (@); MM B3PbIBE 3apPSAOB C PaAUaAbHbIM 3a300O0M 3arMOAHEHHbLIM BOAOH (6)

Fig. 5. PPV in rock mass along X and Y: (a) under blasting of decoupled charges with radial air gap (b) under
blasting of charges with radial water gap



CTBEHHO, a pacTarMBatoLLmMe No TaHreHuu-
anbHOM KOMMNoHeHTe 9 MIa, YTo 3HaYMTEND-
HO MEHbLLE MPOYHOCTHbIX XapaKTEPUCTUK
MaccuBa ropHbIX NOPOA. Ha paccTosHuK
1 M cXUMatoLWMe HaNPSXKEHUST UMERT Nu-
koBoe 3HaueHne 92 1 60 MMa, a pacTaru-
BatoLLME MO TaHreHUMaAbHON KOMMOHEHTE
16 MMa, uTo NpeBbILLIAET NPeAeA MPOYHO-
CTW TOPHbIX MOPOA Ha OTPbIB.

Mpun B3pbIBE KOHTYPHbIX 3aPAAOB C BO-
ASHBIM NMPOMEXYTKOM XapaKTep pa3BUTUSA
TPELMNH HECKOABKO OTAMYAETCH OT B3Pbl-
Ba C BO3AYLUHbIM NPOMEXYTKOM (puc. 3).
B naHHOM cAyyae Ha Bonee paHHew cTapnn
HauYMHAT GOPMUPOBATLCA TPELLUMHbI MEX-
AY CKBaXXMHaMW W YBEAUUMBAETCH 30HA Ha-
pyLleHW BOAM3KN B3PbIBAEMOW LLIEAU, YTO
CBfI3aHO C YBEAMYEHWEM MPAKTUUECKN B
ABa pasa Hanps)XeHUIn BCAEACTBUE SIBAE-
HUA rnapoyaapa (puc. 4).

M3 pacnpepeneHuit CKOPOCTEN CMeLLe-
HMA TOYEK MaccuBa (puc. 5) caeayer, yTo
NPOWCXOAUT ABYKpPATHOE YBEAUUEHUE aMI-

AWTYAbI MO 0OOMM KOMMOHEHTaM. Tak, npu
B3pblBE 3apPSAA0B C BO3AYLUHbIM paAvanb-
HbIM 3a30POM MaKCMMaAbHOE 3HauyeHue
ckopocTen coctaBasieT 3,2 n 0,75 m/cno Y
N X-KOMMOHEHTaM, a Npu B3pPbiBE 3apsA0B
C paAnanbHbIM 3a30POM 3aNOAHEHHbLIM BO-
pov— 6,4 mn 1,4 m/c.

C ueAblo onpepeneHnst aKpaHUpytoLLe-
ro AEMCTBUSA OTPE3HOW LLEAU B BbILLEOMNK-
CaHHYt0 MOAEAb B3pbiBaHWA ObiA A0baB-
AEH y4yacTOK MacCCuBa, COAEpPXaLUMn ABE
CKBaXWHbl NMPUKOHTYPHOIO BAOKa AMaAMET-
pom 165 MM pacnoAOXeHHble NO CeTke
3,9x4,1 M. B kauectBe 3apapoB O6AOKa
BbibpaHo ANFO. MHTepBan 3amMepneHUi
MeXAY CKBaxXmnHamu — 17 mc. Onepexe-
HMEe B3pbliBa OTPE3HOMW LEAU K CKBaXMU-
HaM NMPUKOHTYPHOro BAOKa MPUHATO paB-
HbiM 10 mc. KapTnHa pacnpeaeneHums nep-
BOr0O aBHOI0 HaMNPSXXeHUsA 1 paspyLLIEHUA
mMaccuBa vyepe3 1 Mc NocAe UHULUMKMPOBA-
HUSA OAMXKHEN K OTPE3HOW LLEAU CKBaXMU-
Hbl MPUBEAEHA Ha puC. 6.

Puc. 6. PacnpeasereHUe MoAS HanpsKeHU| 1 paspylueHmne MaccrBa yepe3d 1 MC nocAe MHMUMUPOBa-
HUSA KparHen CKBaXXuHbI: 6€3 yueTa OTPE3HOM LLEeAU (a); C y4eToM OTpe3HOH LweAm (6)
Fig. 6. Stress field distribution and rock mass breakage 1 m after initiation of end hole: (a) without regard to

blasted slot; (b) with regard to blasted slot
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Puc. 7. PapnanbHble M TaHreHuMaAbHble HanpskeHms Ha pacctosiiim 10 M OT CKBaXWH: 6e3 y4deta or1-

pE3HOM LLeAM (@, 6); C yHETOM OTPEIHOM LLEAU (B, T)

Fig. 7. Radial and shearing stress at a distance of 10 m from blastholes: (a, b) without regard to blasted slot;

(c, d) with regard to blasted slot

M3 aHanM3a pacnpepeneHUss Hanpsaxe-
HUM U Pa3pyLLUEHUI CAEAYET, UTO CHOPMU-
poBaHHaA OTpe3Has LWeAb BbICTynaeT B
POAM CBODOAHOW MOBEPXHOCTU, 3KPAHMPY-
tOLLEN BOAHbBI HAMPSXEHWUI U NPENSATCTBYHO-
LLIEM POCTY TPELLUMH BrAybb MaccuBa (0 Yem
CBWMAETEALCTBYET OTPaXXEHME BOAHbI Hanps-
XEHWN OoT BHOBb 0b6pa3oBaHHON CcBOOOA-
HOWM MOBEPXHOCTU U NMOSABAEHWE OTKOAbHbIX
TPELLUMH BAOAb LLIEAW CO CTOPOHbI 3apsA0B
OCHOBHOro 6A0Ka).

[paduKM HaNPSXKEHUN Ha PaCCTOAHUK
10 M OT KpaWHel CKBaXWHbl NPeACTaBAE-
Hbl Ha puc. 7.

M3 rpadmkoB CAepyeT, UTO Ha paccTos-
HUK 10 M OT NPUKOHTYPHOro BAOKA OTUET-
AMBO MPOCAEXUBALIOTCA ABa XapaKTepHbIX
CKayka HanpsXXeHWi, Bbl3BAHHbIX B3Pbl-
BaMW CKBaXWH (puc. 7 a, 6), npu aTOM
MaKCUMMaAbHOE paaManbHOE HanpsiXeHue
coctaBAseT 44 Mlla, TaHreHuMaAbHoe —
9 MMa. AHaAM3 rpadrKoB HanpPsXXEHUN C
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yyeToM cHOpPMUPOBAHHOM OTPEIHOM LLLEAN
MOKa3bIBAET, YTO CKAYOK HaNPSXKEHUM NpuU-
YypPO4YEeH HEMOCPEACTBEHHO K B3PbIBY Ca-
MOW LLEAW B HAYaAbHbI MOMEHT BPEMEHM
(pvc. 7 B, I), Npy 3TOM BOAHbI HANPSIXXEHWUN,
BO3HMKalLWMe B pedyAbTaTe B3pbiBa 3a-
PSIAOB MPUKOHTYPHOIO BAOKA, MPAKTUUYECKU
MOAHOCTBIO 9KPaHMUPYHOTCA, YTO BEAET K CHU-
XEHUIO CEMCMOB3PbIBHOW Harpy3ku1 Ha 3a-
KOHTYPHbIA MacCuB.

BbiBoAbI

B pe3yabTate NpoBEAEHHOIO BbIYUCAU-
TEAbHOTO 3KCMEepMMEHTa YCTaHOBAEHO, YTO
Npu B3pbiBE KOHTYPHOro psiaa HaAnuue
BOAblI B CKBaXXMHaXx NMPUBOAWUT K 3HAUUTEAb-
HOMY M3MeHeHnto HAC MPUKOHTYPHOTO
MaccuBa B BAMXKHEN 30HE B3pbiBa. Beaea-
CTBWE SIBAEHUSA TMAPOYAAPa YPOBEHb AEW-
CTBYHOLUMX B MacCMBE HaNpsXXeHWU pe3ko
MOBbILLIAETCS, UTO BEAET K YBEAMUYEHUIO 30-
Hbl NepenaMenbyeHUa BOAU3U CKBaXWUH-



HbIX 3apAAOB U UBMEHEHUIKO YPOBHA AEW- lNokazaHo, UTo paspenka OTpe3HOl71 Le-
CTBYHOLLMX CeVICMOB3prBHbIX Harpy3ok Ha AV ABAAETCH BbICOKO3IOPEKTUBHBLIM CMOCO-
BMELLAOLWMIA MacCuB, YTO HEOHXOAMMO 60M CHUXEHUSA CeVICMOB3prBHbIX Harpy-
YUUTbIBATb MPU Pa3AEAKE OTPEI3HbIX LLIeAeN. 30K Ha 3aKOHTYPH bl MACCUB.
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Estimation of seismic load of blasting on pit wall rock mass during blasted
slot making

Kamyansky V.N., Graduate Student, e-mail: kamyanski@goi.kolasc.net.ru,
Mining Institute of Kola Scientific Centre of Russian Academy of Sciences,
184209, Apatity, Russia.

Abstract.Based on 2D elastoplasticnumerical modeling, the process of blasted slot making during perim-
eter control blasting of decoupled charges with radial gaps filled with air and water is studied. The stress field
patterns under blasted slot making are obtained, and the field of effective radial and shearing stresses in the
near range of explosion is investigated for the conditions in question. From the results of the accomplished
numerical experiments, the variation in the radial and shearing stresses and in the values of PPV in the pit
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wall rock mass is determined as function of distance from blasted slot. It is found that the perimeter control
blasting in the presence of water in holes results in considerable change in the stress state in the pit wall rock
mass in the blast near zone, which should be taken into account when ma king blasted slots. The screening
effect of the made blasted slot during pit wall blasting is estimated. It is illustrated that the application of
the pre-fracturing method is an efficient tool of reduction in seismic load of blasting on pit wall rock mass.

Keywords:numericalsimulation, finiteelementmethod, blast,contourblasting, pre-splitblasting.
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MODERNIZATION OF POWER LINES IN AN INTEGRATED SUBSTATION
Zlobin D.A., Student, e-mail: denis_zlobin_1994@mail.ru,
Mining Institute, National University of Science and Technology «MISiS», 119049, Moscow, Russia.

The issues related to the choice of equipment are considered. The main task is to choose the op-
timal equipment for a complex transformer substation, the choice of which is necessary to solve the
problems of modernization.

Key words: modernization, equipment, complete transformer substation.
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