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OPUT'UHAJIBHBIE CTATBU / ORIGINAL PAPERS
DOI: 10.17073/2500-0632-2019-1-4-15
HccaenoBanue mapaMeTpoB IKCKABATOPHBIX 3200€B MPU MACCOBBIX B3PbIBAX
B Kapbepax MypyHnray u Miotenoaii

PaumkanoB b. P., Xacanos A. P., Baxurtos P. P.

lNocynapctBeHHOE YHUTApHOE MPEANpUsSTHE Y30€KCKUN HAyYHO-HUCCIEA0BATEIbCKUNA U TPOESKTHO-
M3BICKATEIIbCKUM MHCTUTYT T€0TeXHOJOruu U 1BeTHON MeTtaimyprun «O’zGEORANGMETLITI»,
Tamkent, Y36ekucra, ><lb.raimjanov@mail.ru

AnHoTauus: B cTathe MpUBOAATCS TEXHOJOTHYECKHE CXEMBI OTPAOOTKH MPUKOHTYPHBIX 30H Ha OCHOBE aHAaJIH3a
PE3yIbTAaTOB MCCIENOBAHUN IO NMOTEPSIM Pyl IPU OTKPBITON pa3pabOTKE MECTOPOKACHUI U Pe3ynbTaThl IIpOBe-
JeHHs HATYPHBIX 3aMEpOB B IKCKaBaTOPHBIX 3a00six KapbepoB MypyHTay u MrioteHbaii. B xoae mpoBeaeHus
HATYpHBIX 3aMEpOB ONpeACICHbl MapaMeTphl 3KCKaBaTOPHBIX 3a00eB Ha Kapbepax MypyHTay u MroteHbOail nmpu
CIETYIOINX YCIOBHUAX pabOTHI AKCKAaBaTOpa: TIOJTHBIM YCTYIIOM C BBICOTOM pa3Bana 19—-21 M; MOIHBIM yCTYIIOM C
BBICOTOM pa3Bana 12—14 M mpu oTrpy3Ke «IIarKu B3pbIBa»; MPOXOAKE U moxdope che3na. Bo Bcex Bhlmenepedrc-
JICHHBIX 3KCKaBaTOPHBIX 3a0051X IMPOU3BCACHLI 3aMEPhbI YIJIOB OTKOCAa WM BBICOTHI pa3Bajia IpHU C-)KCKaBaTOpHOﬁ BbI-
€MKe pyJIHON Macchl. Takke yUUTBIBAJICS IIPUMEHSAEMBIM TUII 3KCKABATOPAa — KaHATHBIA WM ruapasinudeckuil. 1o
KaKI0MY 320010 TTPOM3BOAMINCH 2—3 3aMepa U ONpeAeIsuIcs CPEAHUN yroll 0TKOCa MPU SKCKaBaTOPHOH BBHIEMKE
pyZIHOI Macchl JUIsl JTaHHOTO THUIa 3KckaBaTopa. Ha cremyromem 3tane mpoBeleHUs] HATYPHBIX 3aMEpOB M3Meps-
JMCh BBICOTA YCTYNa B MAacCHBE U MapaMeTphl pa3Baia J0 U MOCIe MPOU3BOJICTBA B3PBIBHBIX PadOT MpH CIEAYIO-
IIMX CX€MaxX PYAOMOATOTOBKM MAacCHBa K KCKABAIL[MM: a) B HOPMAJIbHBIX YCJIOBHSIX, KOTAA B3PbIBAHUE PYAHOTO
MaccHBa MPOU3BOIUTCS HA IMOJA0OpaHHBIN 32001 WIIH MTOAMIOPHYIO CTEHKY TpeOyeMoil TONIINHEL; 0) B 3a)KaTOH cpe-
Je ¢ 00pa30BaHUEM «IIANKH B3PBIBA»; B) B KPaeBbIX yacTax ycrymna. [lo pesynbraTaMm mpoBeaeHHs HATYpHBIX 3a-
MEpOB (PaKTUYECKUX YIJIOB OTKOCAa M MAapaMeTpOB pa3Bajia B3OPBAHHBIX IOPOA CAETAHBI CIEAYIOLINE BBIBOIBL:
a) (hakTUUECKHUE YIIIbl OTKOCOB SKCKABATOPHBIX 3a00€B COCTABWIIM NPH OTIPY3KE IIANKH B3phiBa 49° mpu mpume-
HEHHUH KaHATHBIX 9KCKaBaTOPOB, a MPHU BbIEMKE PYIHOM MacChl MOJHBIM YCTYIIOM 53° HE3aBUCUMO OT THIIA MIPHMe-
HSIEMOT'O DKCKaBaTOpa; yIiIbl OTKOCA IKCKABATOPHOTO 320051 49° 1uIsi KaHATHOTO 3KCKaBatopa u 53° sl THApPaBIU-
YECKHMX KCKaBAaTOPOB MPHHATHI AJIs1 IPOM3BOJCTBA JANBHEHIINX PAcUyeTOB; 0) yBEINYMIACh IIUPUHA TPUKOHTYP-
HO# 30HBI ¢ 7 10 13,0 M (49°) u ¢ 7 no 11,3 M (53°), rae oOpa3yroTcs MoTepu U pa3yOoKuBaHUE OAJTAaHCOBOH PY/IbI,
BCJIE/ICTBUE 3TOTO YBEJIWYMIUCH MJIOUIAN TPEYTOJbHUKOB MOTEPh M pa3y0oKWBaHUS; B) IPU B3PHIBAHUU B 3aKa-
TOM CpeZie B BEpXHEH 4acTH pa3Bajia IPOUCXOANT MHTCHCUBHOE IIepEMELINBAHUE TPUXBATHIBAEMON MOPOIBI M BCEX
COPTOB PYZIbl, IO3TOMY IIPH OTTPY3KE IIANKH B3pBIBA BO3MOXKHA TOJBKO BalOBasi BBIeMKa pyIHON Macchl. HukHss
4acTh B30PBaHHOTO yCTyIa OOJIbIIE COXPAHUT TeOJIOTHIECKYI0 CTPYKTYpPY MacCHBa U MOXKET OBITh 0TpaboTaHa ce-
JIEKTHBHO C pa3/elIeHueM PYAHOM Macchl IO COpPTaM; I') IPU B3PBIBAHMM MaccuBa AJIsl COOOAEHUs TpeOyeMoro
HalpaBJICHUs] UMITYJIbCa U OYEPEIHOCTH B3PbIBAHUS B KOHTYP OTOOHKHM BKIIOUYAIOTCS Oe3pyIHbIE CKBAXKUHBI, KOTO-
pBIe YBEIMYHMBAIOT pa3yOoXMBaHWE OallaHCOBOW pyJbl, BOZHHUKAET KOHCTPYKTHBHOE pPa3yOOKMBaHHE, KOTOPOE
HEOO0XOMMO YUeCTh MPHU COCTABICHUN «METOJUKH OIpeICICHUs, HOPMUPOBAHUS U y4eTa MOTeph U pa3yOoKuBa-
HUSI pyasl Ipy pa3paboTke kapbepoB MypyHTay 1 MiotenOaii (V-ouepens)»; 1) Ipu cocTaBieHUH «METOAUKH. ..»
CJIeTyeT PaCCMOTPETHh BOZMOXKHOCTH pa3ziesieHusl yCTyIa BBICOTOH 15 M Ha /1Ba moaycrtyma mo 7,5 m.

KiroueBble ci1oBa: s3kckaBatop, 3a00M, B3pbIB, Kapbep, 3aMep, YCTYII, py/ia, KaHATHBIH, THIPABINYECKHMA, OTKOC.

Jas nurupoBanusi: Paumokanos b. P., Xacanos A. P., Baxuros P. P. HccienoBanue napaMeTpoB 3KCKaBaTOPHBIX
3a00€B MpPH MacCOBBIX B3pbIBaX B Kapbepax MypyHTay M MioteHOail. [opuble Hayku u mMexHOIO2UU.
2019;4(1):4-15. DOI: 10.17073/2500-0632-2019-1-4-15.
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The Study of Parameters of Quarry Faces in Muruntau and Myutenbai Open Pits
in Case of Applying Major Blasts

B. R. Raimzhanov, A. R. Khasanov, R. R. Vakhitov

State Unitary Enterprise "O’zGEORANGMETLITI", Tashkent, Uzbekistan,
><b.raimjanov@mail.ru

Abstract: The paper presents process layouts for excavation of zones near pit envelope based on the analysis of
findings of the ore loss study in case of open-pit mining, as well as the results of field measurements in the quarry
faces in Muruntau and Myutenbai open pits. In the course of the field measurements, parameters of the quarry faces
at Muruntau and Myutenbai open pits were determined under the following working conditions of an excavator: at
full bench with shotpile height of 19-21 m; at full bench with shotpile height of 12—14 m at excavation of the “blast
cap”; at heading face and taking ramp material. In all the above-listed quarry faces, the slope angles and the ore
mass shotpile height when excavating were measured. Besides, the used excavator type (dragline or hydraulic) was
taken into account. For each face, 2—-3 measurements were performed, and the average slope angle at the ore mass
excavation was determined for each type of excavator. At the next stage of the field measurements, the bench height
in the rock mass and the shotpile parameters were measured before and after blasting operations under the follow-
ing arrangements for preparing the rock mass for excavation: a) under normal conditions, when the ore mass blast-
ing is performed for the selected face or relieving wall of the required thickness; b) in compression with a “blast
cap” formation; ¢) in the marginal parts of the bench. Based on the results of the actual bench height and the blasted
rock shotpile parameter field measurements, the following conclusions were drawn: a) the actual slope angles of the
quarry faces were 49° when excavating the “blast cap” using dragline excavators, and 53° when excavating the ore
mass at full bench regardless of the excavator type used; the slope angles of 49° for the dragline excavator and 53°
for the hydraulic excavators were taken for further calculations; b) the width of the marginal (near-envelope) zone,
where losses and dilution of balance ore are generated, increased from 7 to 13.0 m (at 49°) and from 7 to 11.3 m
(at 53°); as a result, the areas of loss and dilution triangles have increased; c) when blasting in compression condi-
tions, in the upper part of the shotpile, intense mixing of the involved rock and all ore grades occurs, therefore,
when excavating the “blast cap”, bulk ore mass mining is only possible. The lower part of the blasted bench pre-
serves the geological structure of the rock mass to a greater degree and can be selectively excavated with separation
of the ore mass by grade; d) when blasting the rock mass, to maintain the required pulse direction and the blasting
sequence, barren boreholes are included in the breaking outline, which increase the balance ore dilution, and struc-
tural dilution arises, which should be taken into account when drawing up the "Methods for determining, limitation
and accounting for ore losses and dilution in the course of the Muruntau and Myutenbai (the fifth stage) open-pit
mining"; ) when compiling the "Methods ...", the option of dividing a bench of 15 m high into two sub-benches of
7.5 m should be considered.

Keywords: excavator, face, blast, open pit, measurement, bench, ore, dragline, hydraulic, slope.

For citation: Raimzhanov B. R., Khasanov A. R., Vakhitov R. R. The study of parameters of quarry
faces in Muruntau and Myutenbai open pits in case of applying major blasts. Mining Science and Technology.
2019;4(1):4-15. (In Russ.). DOI: 10.17073/2500-0632-2019-1-4-15.

Jns nosbitienust 3¢p(HEeKTUBHOIO OCBOCHUS
30JI0TOPYIHBIX MECTOPOXKAECHUN OTKPBITBIM CIIO-
cOo0OM aKTyaJIbHOM 3ajaueil TOpHOA0ObBIBatOIIIE-
ro MPEeANpHUsITHS NPHU JOOBIYE 30JI0TOCOAEPIKA-
HIeH pyAbl SIBISIFOTCS — ONPEEIEHUE, KOHTPOJIb,
HOPMHUPOBAHUE U y4eT 3a BEIHMUYMHAMU MOTEPH U
pa3yOoXKHUBaHUS pyIbl, IMapaMeTpOB HSKCKaBa-
TOPHBIX 3200€B.

Panee mnpoBeneHHbIE HCCIENIOBaHUSA I10
JTAHHOM TeMaTHKe OTEYECTBEHHBIX M 3apyOerk-

HBIX YYCHBIX OBLIU TOCBSIICHBI SKCKABATOPaM C
MaJIOM €MKOCTBbIKO KoOBIIA. MHTEpecHbIE TPOU3-
BOJCTBEHHBIE JIaHHBIE TPUBEICHBI B paboTe
b. Il. FOmaroBa. MccienoBanne M3MEHEHHUS I10-
Tepb U Pa3yOOKMBaHUS PYyIbl aBTOPAMHU MPOBO-
JIMJIOCh B 3aBUCHUMOCTH OT YHCJIa PSJOB CKBa-
)kvH. Ha ocHOBaHMM TpPOBEAEHHBIX 3aMEPOB B
ycaoBusix COpcKOro MECTOPOKICHHUSI OTMEYEHO,
yto npu MHoropsimHoM K3B morepu yBenuuu-
TUCh B 6 pa3, a pa3yOOXKuUBaHUE — B 3 pasa Mo

PA3PABOTKA MECTOPOXJIEHUM MOJE3HBIX UCKOITAEMbIX
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CPaBHEHHUIO C OJHOPSIAHBIM B3PBIBAHHEM. OTH
neGeKThl MHOTOPSAHOTO B3pPbIBAHUS aBTOPHI
OOBSCHSIIOT WHIWBHIyaTbHBIMH OCOOCHHOCTSIMU
reosioro-mMmopgosiornueckoro crpoerust Copcko-
IO IITOKBEPKA U HECOBEPIICHCTBOM OYPOB3pHIB-
HBIX padoT.

Ha camom pene oHM SIBISIIOTCS pe3ysibTa-
TOM TOI'O, YTO KOHTYPBI PYJIHBIX TE€JI B pa3Baje
He ObUTM M3BECTHBI, U TO3TOMY 3KCKaBallus B30-
PBAaHHOW TOPHOM MAacChl  OCYILIECTBIISJIACH
«Bcremyto». B aToit paboTte mpaBUIbHO OTMeua-
€TCsl, UTO MCIIOJIb30BAaHME METO/la MHCTPYMEH-
TaJbHOI'O BBIHOCA IPOMBIIUIEHHBIX M HEIpPO-
MBIIUIEHHBIX YYaCTKOB IO pa3Bajly MHOTOpPSI-
HOTO 0JIOKa BO3MOKHO JIMILb MPU TOYHOM y4eTe
CTeNeHH TpaHCHOpPMAIUU PYAHBIX YYaCTKOB
05l0Ka B mpoliecce B3pbiBa. B TO e Bpems BO3-
MOKHOCTh peajl3allud TaKoW olepanuu Ipu
COBPEMEHHOM TEXHOJOTUH OYpOB3PBIBHBIX pa-
00T CTaBUTCS 110/ COMHEHHE.

[lonbiTKa TEOPETUYECKOrO OINpeAeICHUS
pa3MelleHUs OTJEIbHBIX CJIOEB yCTyIa B pa3Ba-
ne npeanpuHumanacsk [. I'. JlomoHocoBbEIM. MM
NPEUIOKEH AITOPUTM IPOTHO3UPOBAHUS Tapa-
METPOB pa3Balla, CO3JaHHbI HA OCHOBE 3aKOHOB
BHelHel 6amumcTuki. CyTh allrOpUTMa 3aKITko-
yaeTcs B TOM, YTO HA OCHOBE BEJTMYMHBI Ha4yaJlb-
HOM CKOPOCTH JIBUYKEHHSI TMOPOJbl, HCIONb3Ys
3aKOHBI BHEIIHEW OAJUIMCTUKH, MOKHO OIpeJie-
JUTh TPACKTOPUHU JABMXKEHUS TOYEK, pPacIoyio-
JKEHHBIX Ha BHEIIHEM KOHTYpPE pa3pyllaeMoro
yCcTyna, 4YTO IO3BOJIAET ONPENEIUTHh XapaKTep
pacnpeneneHuss MOpoJ W3 MaccuBa B pa3Baje
TOPHOM MaccChI.

B xone pazpabotku «Metoauku ompene-
JICHUsI, HOPMUPOBAHUS U y4eTa MOTepb U paszy-
00XuBaHUS PyAbl MpH pa3paboTKe KapbepoB
MypynTtay u Mioten6ait (V-odepens)» st py-
HUKa «M», LleHTpanbHOTO pyIOyNpaBICHUS
HaBowuiickoro ropHo-MeTaJlsIypruueckoro KOoM-
OMHaTa YTOYHSUIUCh U OIPENEeNSIINCh UCXOJHbIE
JTAaHHBIE.

TexHolOrMYeCKHe cXeMbl OTPadOTKH
NPUKOHTYPHBIX 30H

Ha ocHOBe aHanu3a pe3ynbTaToB UCCIEHO-
BaHUM MO MOTEPSIM PYAbI NPU OTKPBITOM paspa-

00TKE MECTOpPOKICHUN YCTAaHOBJIEHO, YTO KOH-
TaKTHas 30HA TPEJCTABJICHA CIOXKHOU (hopMoit
MIOBEPXHOCTH KOHTAaKTa pPyAa-lopoja, a B OT-
JEJIbHBIX CIIy4asiX MOKET HE UMETh BBIJEIIAEMON
MIOBEPXHOCTH KOHTaKTa. BO3MOXXHO BblAENEHUE
HEKOTOpOro o0beMa TIOpHOM Macchl, Pacojo-
KEHHOT0 B IIEpEXOJHOW 30HE OT OanaHcOBOH
pyasl K 3a0anaHCOBOM MM OT OJHOTO cOpTa py-
Ibl K Jpyromy. B 3aBHCHMOCTH OT yrila najeHus
3aJIe)KH U BBICOTHI JOOBIYHOTO YCTYIa KOHTAKT-
Hasl 30Ha MOXET UMETh PAa3JINYHYIO LIUPUHY.

Pa3zmep KOHTakTHOW 30HBI B IUIAHE U B I10-
MEPEYHOM HAIPABICHUH 3aBUCUT OT psijga (ak-
TOPOB:

— co/iepKaHUM I10JIE3HBIX KOMIIOHEHTOB B
KOHTaKTHOI 30HE;

— yria NaJcHus pyJHOIO Tela B KOHTAaKT-
HOH 30HE;

— BBICOTBI pab0oYero ycrymna;

— BU3YAJIbHOW Pa3IMYUMOCTH PYABI U I1O-
POJBI.

OTpaboTKa KOHTAKTHBIX 30H MOXET OCY-
LIECTBIIATHCS MPOJOJIBHBIMU WJIM MONEPEYHBIMU
3axoakamMH. BpIOOp THMa 3aXOJKKM 3aBHCUT OT
cienyromux (hakTopOB:

—KPUBOJMHENHOCTH JIMHUM KOHTaKTHOM

30HBI B IIJIAHE;

—CTENEHN BU3YaJIbHOM pPa3INYUMOCTU PY-

JIbl ¥ TIOPOJIbI B KOHTAKTHOM 30HE;

—CTENEHU KPUBOJIMHEHHOCTH IIOCKOCTH

KOHTaKTa «pyZAa-nopoa» B BEPTUKAIbHBIX

CCUCHUSX;

—TapaMeTpoB PYJIHBIX TeJ — IPOCTHUPAHUE,

MOIIHOCTb, YTOJI NaJCHHUS.

Yem MeHee KpHUBOJIMHEWHA JIMHMS KOH-
TaKTHOM 30HBI B TJIaHE U YeM OOJIbIlIe €€ MPOTS-
KEHHOCTh, TEM IIeJIeCO00pa3Hee CeNeKTHUBHAs
0TpabOTKa KOHTAKTHON 30HBI, TaK KaK B JaHHOM
cllydae HKCKaBaTOpHas 3aXOJKa MOYTH HE MEHS-
€T CBOEro HampanjieHus. BpiGop mpoaonbHOI
WM TONEPEeYyHOM cxeM OTpabOTKH KOHTaKTHBIX
30H OCYILIECTBISIETCS HAa OCHOBE TPeOOBaHMH K
Ka4yecTBY J00bIBaeMOro Choipbs. [IpononbHyro
cxeMy OTpaOOTKH cjenyeT BhIOMpaTh MpHU YCIIO-
BUSX OOJIBIION MPOTSHKEHHOCTH KOHTAKTHOM 30-

PA3PABOTKA MECTOPOXJIEHUM MOJE3HBIX UCKOITAEMbIX
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HbI 0€3 U3MEHEHHUS HaIlPaBIICHUS, TIOTIEPEUHYIO —
NpU HATUYUHA CUJIHBHO WMCKPUBJICHHOW W U3MEH-
YMBOW MO HAIPABJICHHUIO JJUHUM KOHTAKTHOM 30-
HBI B IIJIaHE.

B Hacrosimiee BpeMs MpH HCTOIH30BAHUHU
OJIOUHON MOJENIM MOJCYeTa 3alacoB B KOHTYpE
pa3pabarbIiBaeMOro ycTyma, KOTOPbIH CUMTAeTCs
BBIEMOYHOW €IMHULIEH, BBIACIAIOTCA CIEIyIO-
1€ COpTa PYAbL:

—Tpu copta Ooraroil pyzsl, pacrojarae-
MBIX B LIEHTPaJbHOM dYacTu pa3padaTbiBaeMoii
PYAHOU 3aJIekKH (PO 3aJIeXkKH ), a UMEHHO:

a) OamaHcoBasi pyAa C COJEpKaHHEM Me-

tasuta cebie 4,0 yci. en;

0) OaylaHcOBasi pyna C COJEp)KaHUEM Me-

tayuta ot 2,0 1o 4,0 yci. ex;

B) OanaHcoBas pyla C COJCpKAaHUEM Me-

tama ot 1,50 no 2,0 ycn. en;

—0anaHcoBas pyaa ¢ COJECpKAHUEM MeTall-
na ot 1,0 mo 1,50 ycn. ex;

—0anaHcoBas pyaa ¢ COJCpKAHUEM METall-
na ot 0,50 no 1,0 ycn. ex;

—3a0anaHcoBasi pyla C COJEpKaHUEM OT
0,40 no 0,50 ycm. ex;

—TopoJla — MHUHepaibHas Macca ¢ Cojaep-
»kanueM Huxke 0,40 yco. en.

JIist coCTaBJICHHSI COPTOBBIX TUIAHOB JKC-
KaBaTOPHOH BBIEMKH B TIpEJeNIax pa3padarbiBac-
MOTO yCTyIa MPHU TEKYIIeM IIAaHUPOBAHUU TPHU
coprta 6anmaHcoBo#l pynbl (a, 06, 8) U3-3a MaJOTO
o0bemMa OOBIYHO OOBEAUHSAIOTCS B OJIUH COPT
OanmaHCOBOW pyAbl C COJEpKaHUEM MeTalia
cBoimie 1,50 ycn. en, KoTopwlii 100BIBaeTCs ce-
JIEKTUBHO, CKJIQJUPYETCsS B OTACIbHBIA PYAHBIN
CKJIQJT CEKI[TMOHHOTO THMA W CIIY)KHT JUISl IITHX-
TOBKH OoJiee OCTHBIX COPTOB PY/bI, OTIIPABIIsC-
MBIX Ha nepepabotrky Ha ['M3-2. D10 no3Boiser
CTAaOWIM3UPOBATh COJIEP)KAHUE MeTala B TO-
BapHOU pyJie, HAIIpaBJIIEeMOH Ha MepepaboTKy, U
obOecrieunBaeT TOCTOSHCTBO MPOU3BOJCTBA KO-
HEYHOU MPOAYKIIUU.

AHanu3 mapamMeTpoB IKCKAaBaTOPHOW BbI-
€MKHU PyJIbl B KOHTAKTHBIX 30HaX MPOU3BE/IEH 10
CJIEYIOIIUM COPTaM PYAbIL:

—OanaHcoBas pyJa ¢ coJlepKaHHeM MeTall-
nma cBeimme 1,50 yca. en.  (oOo3Hauaercs
b — «borarasy);

—OanaHncoBas pyja ¢ coJepKkaHHEeM MeTall-
ma or 1,0 mo 1,50 ycin. en. (obo3nauaercs
C — «Cpennsisnn);

—OanaHcoBas pyJa ¢ coJepKaHHEeM MeTal-
ama or 0,50 go 1,0 ycim. en. (obo3nauaercs
0 — «OenHas»);

—3abanancoBas pyda C COJACpKAHUEM Me-
tauta ot 0,40 mo 0,50 ycn. ex. (o6o3HavaeTcs
3 — «3abanancoBas»);

—10po/ia C COJEepKaHHWEM MeTalla MeHee
0,40 yca. en. (o6o3nauaetcs I1 — «llopongar).

[IpencraBienHoe  pasnencHUe  pPyIHOU
Macchl MO COpPTaM COOTBETCTBYET YTBEPKIICH-
HbIM KOHJUIUSM Ha pa3paboTKy MECTOpOxKIie-
Huii Mypyntay u Miotenbaii B KOHTypax
V-ouepenu.

AHanu3 KOHTAaKTHBIX 30H «pyJa — BMeIa-
IOIIUE TTOPOIBD) 10 MECTOPOXKICHUSIM «MypyH-
Tay» 1 «MioTeH0ait» M03BOJINI COCTABUTD Klac-
cUUKALINIO UX TPOSIBICHHUS.

[IpencraBneHHoe  pas3zeneHue  pyJaHOM
Macchl MO COpPTaM COOTBETCTBYET YTBEPIKICH-
HBIM KOHJUIUSM Ha pa3paboTKy MeCTOpOXKIe-
Huit Mypyntay u MioreHbail B KOHTypax
V-ouepenu.

AHanM3 KOHTaKTHBIX 30H «py/a — BMeIla-
IOIIHE TTOPOABI» MO MECTOPOXKAeHUsIM «MypyH-
Tay» U «M1oTeH0ail» Mo3BOJIMI COCTABUTH KIlac-
cUUKALINIO UX TPOSIBIICHHUS.

[IpuBenenHas knaccupuKaius OXBaTbIBAET
0COOEHHOCTH T'€0JOIMYECKOr0 CTPOEHUS KOH-
TAKTHOM 30HBI, KAYECTBEHHBIC XapaKTCPUCTHKHU
BMEIIAIONINX TOPOJ, COpTa Py H TOPOJ, CO-
JepKaHue TIOJIE3HOTO KOMIIOHEHTa IO OTHOIIIe-
HUIO K TOPHOTEXHHYECKUM TTapaMmeTpaM BeJCHHS
TOPHBIX pa0oT (COTJIACHOE I HECOTJIACHOE Ta-
JICHNEe KOHTAKTHOHM 30HBI, IMHUU OTKOCA yCTyIa
u ¢poHTa pabOT, Yroia MajeHHus KOHTAKTa)

(puc. 1).
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Puc. 1. Knaccnpukanus KOHTaAKTHBIX 30H

Fig. 1. Classification of contact zones
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Jis mpoBeneHUs aHanM3a OTOOpaHBI OC-
HOBHBIE THIIBl KOHTAKTHBIX 30H Ha COPTOBBIX
IUIAHAaX,  [PEICTaBICHHBIX  CHELUAINCTaMHU
Hasowniickoro I'MK. Hccienyemble KOHTaKTHbIE
30HBI SIBJISIFOTCSI TPaHMLIAMHU MEXAY COpTaMH
pPYZ, BBIEMKA KOTOPBIX IIPOU3BOJUTCS CEJICKTUB-
HO II0 BBIHECCHHBIM opueHTHpaM. [Ipemycmar-
pHUBaeTCsi COBMECTHas OTpabOTKa BCEX COPTOB
pyael ¥ TOPOABI C COXPAHEHUEM CTPYKTYPbI
MaccuBa. ['paHunia Mexay copraMu pyzsl U IO-
pOozbl NMpHUHATA BEPTUKAIBHOM B Ipeneiax BbI-
HUMAaeMOro ycTyna.

B sToM citydae 3a00ii B BEpTUKAJIBHOM Ce-
YEHUHM MO>KHO YCJIIOBHO Pa3JeiIUTh Ha IPaBYIO U
JIEBYIO YaCTU C COOTBETCTBEHHO PYAOH OIHOTO
copTa U PyAOH IpYyroro copra, pydoW OIHOTO
copTa U MOpPOJOH, WiIu HA060POT, B 3aBUCUMO-
CTH OT HAIpPaBJIEHUS 3KCKAaBaTOPHOW BBIEMKH.
CopnepxaHue MeTaula B TOPHOM Macce MPUKOH-
TAKTHOM 30HBI MPUHATO CPEIHEE Il BbIHHUMAae-
MOr0 COpTa pyJAbl U, COOTBETCTBEHHO, CpEIHEE
COJIEp’KaHUE MeTaula B COPTE, I'pPaHUYAILEM U
IPUMEIINBAEMOM K BBIHUMAaEMOMY COPTY PYZBI.

['pannuHOE conxep)kaHMEe Ha KOHTAKTe
MEXIYy COpPTaMH pPYAbl WIM IOPOABI IPUHATO
pPaBHBIM OOPTOBBIM COJIEPKAHUAM JJIsl pasjiene-
HUSL COPTOB pyAbl U nopoxsl. [llupuHa npukoH-
TaKTHOM 30HBI, TJI€ MPOUCXOAUT IE€pPEMEIINBa-
HUE Pa3JIMYHBIX COPTOB PYJbl U MOPOABI, ONpe-
JeNAnoch rpagOoaHaTUTHUECKUM CIIOCOOOM B
3aBUCHMOCTH OT yIjla OTKOCa IIPH JKCKaBaTOp-
HOW BBIEMKE B30PBAaHHOTO MacCcHBa. YTOJ OTKO-
ca MPUHAT MAaKCHMaJIbHBIM KaK JJIsl IONIEPEYHOM,
TaKk M JJIs OpOoAOoibHOW 3axonku — 49 m 53°.
[[lupyHa KOHTAKTHOM 30HBI B TPAHUIAX: OT
II1=0, P=max mo Il =max, P =0 cocraBuia g0
13,0 m (puc. 2).

CooTHoIIEHHE TPOTSKEHHOCTU HHTEpBa-
JIOB COPTOB py/ibl HA BBIEMOYHOM KOHTYpE OIIpe-
JENAIIOCh UCXO/ISl U3 PaBEHCTBA COJEP/KAHUSA Me-
Tajlla Ha TPAHULE BBIEMOYHOIO KOHTypa Coy,
IPUHSTOTO COACPkKaHUS Ul pa3AeiieHus pyJ Ha
copta 1ipu nojcuete 3amacoB Cg.. 3HaueHue Ceg,
IPUHATO IO CYIIECTBYIOIIEMY Pa3IEiICHUIO Y-
JIbl HA COPTa MpH IUIAHUPOBAHUM JTOOBIYU B Ka-

prepe.

B sToM cnydae jumMHa pyAHOro M MOPOJI-
HOTO MHTEPBAJIOB HAa IPaHULE MEXIYy COpTaMu
Py IIpU BBIEMKE OIIPEAEIISAETCS U3 PABEHCTBA:

H-Cy=h -C, +h,-C,
_H(Cs-C,)
» (c,-c,)
hy=H-h,

(1)

rae H — BbICOTa BBIHUMAEMOro CJI0sl Ha TPaHULE
MEX/y pa3lielbHO BBIHUMAEMBIMU COPTAMHU PY-
Ibl; h, — JUIMHA MHTEpBaJla BBIHUMAaEMOI0 copTa
B 3a00€ WM pPyIHOTO MHTEpBaJia HA TPaHUIIE PY-
IIbl C TIOPOAOH; hy — JAJIMHA TIOPOJHOTO UHTEpBa-
na B 3a00€ Ha rPaHUIIE C BHIHUMAEMbIM COPTOM
pyAbl WM TOPOAHOTO WHTEpBaja Ha TPAHULIE
pyast ¢ moponoi; C, — comep:KaHUE 305I0Ta B
pylle Ha BBIEMOYHOM KOHTYpe (IIpu HOpMHUPOBa-
HUU CpeJIHEEe COJEp KaHHE 30JI0Ta JJI1 BbIHUMAa-
emoro coprta); C,; — cozepkaHue 30J0Ta B MPHU-
MEIIMBAeMON TOpPHOM Macce (IpU HOPMHPOBA-
HUHU CPEJIHEE COJIepKaHUe B COPTE, TPaHUYAIIEM
C BBIHUMaeMbIM COPTOM py1ibl); Cg, — TPAaHUUHOE
(OopToBOE) conepkaHue I pa3eleHUs COPTOB
PYZbl, pyAbl U TOPOBL.

Ha puc. 2: L — pnvHa 351eMEHTapHOTO py/-
HOTO 0JIOKa WM JJIMHA JUHUU OTIPY3KHU MPU He-
CKOJIBKMX TpaHAX OTIPYy3KH, M; S, — IUIOIIAlIb
TpPEYrojbHUKAa MOTEPh PYAbl B 3JIEMEHTapHOM
pyaHOM OJoKe, M; Sy — IUIOIIAb TPEYrONbHUKA
MPUMELINBAHUSL COCEIHEr0 COopTa pyAbl WU
pa3y0oXKMBaHMs TOPOJON 3JIEMEHTapHOrO pPY.-
HOTO 0JIOKA, M; 0L — yroJI, IPU KOTOPOM HAYMHAET
o/ipabaThIBaThCsl BEPXHUN KOHTYpP B30PBAHHOM
TOPHOW Macchl MpU YepIaHUU KOBIIIOM JKCKaBa-
TOpa MO MOJOIIBE YCTyMa (OmpenesieTcst IKCIe-
pUMEHTaNbHO), Tpan.; Cs. — rpannyHOe (OOpTO-
BOE€) COJepKaHUE JJis pa3/ieJIeHUs] COPTOB PY/bI,
pyZasl U nopofsl, yci. en; Cy, — cogepxkaHue 30-
J0Ta B pa3y00KMUBAIOLIEH TOPHON Macce, yCi.ell;
Cp, — conepxaHue 30J10Ta B DJIEMEHTApPHOM pYyI-
HOM OJoKke, yci. en; /A — mupuHa TPUKOHTYP-
HOW 30HBI, M; A, — PacCTOSHUE IO YCTaHOBKH
(raxxka-yKazaresis TpaHHUIbl TOPHOM Macchl, OT-
rpy’KaeMoil Kak pyna, M.
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Puc. 2. Cxema o6pa3oBaHusi HOTEPb H Pa3y00:KHBaHHs B 0TKOCAX YCTYIA IPH BX0/e B Pyay
U BbIX0/le 32005 IKCKABAaTOPa U3 PYABI

Fig. 2. Schematic of losses and dilution generation in bench slopes when scooping blasted ore mass:

L — the length of an elementary ore block or the length of the loading line at several sides of loading, m; S, — the area of
an ore loss triangle in an elementary ore block, m’; S, — the area of a triangle of admixing the neighboring ore grade or dilution
by a rock for an elementary ore block, m* a — the angle at which the upper contour of the blasted rock mass begins to be un-
dermined when scooping along the bench bottom (to be determined experimentally), degrees, Cg. — cut-off grade of gold for
the separation of grades of ore, ore and rock, conditional units; C, — gold grade in the diluting rock mass, conditional units;
C, — gold grade in the elementary ore block, conditional units; /A — width of the border zone, m; A, — the distance to the flag-
indicator to be installed for indicating the boundary of the rock mass loaded as ore, m)

B pamkax mpoBeneHHMs aHanM3a paccMOT-
PEHBI Pa3IUYHbIC BAPUAHTHI CEJICKTUBHON BBIEM-
KM pyIbl B KOHTAKTHBIX 30HAX Pa3JIMYHBIX COP-
TOB PYIbl B 3aBUCUMOCTH OT HAaNpaBJICHUS JKC-
KaBaTOPHOM BBIEMKH.

[TpunsATO: TIpU BBIEMKE PYyAbI OT Oosiee 60-
ratoil B cropoHy Oosiee GelHOM OTCTYNHMTH OT
KOHTAaKTa Ha BEJIMYMHY TpPEYrojbHHKa IOTEpPb,
IpU HalpaBJIEHUU BBIEMKH OT OefqHOHN k Ooiee
0oraroif — Ha BEIMYMHY TPEYroJbHHUKA Pa3y0o-
KUBAHMUS.

YTael OTKOCa OKCKaBaTOPHBIX 3aXOI0K
NPUHATHL HA OCHOBAHWW TPOBEICHHBIX HATYp-
HBIX 3aMepOB Ha Kapbepax MypyHTay u MioTeH-
0aif ¥ COCTaBISIOT JJISl KAHATHBIX 3KCKaBaTOPOB
49°, nnsa rugpaBianueckux 53°.

Pe3yabTaThl NpoBeeHUs] HATYPHBIX 3a-
MEpPOB B IKCKABATOPHBIX 32005IX KapbepoB
MypynTay u Mrorten0ai

[Tpou3BeneHbI 3aMephl TApaMETPOB IKCKa-
BaTOpHBIX 3a00eB Ha Kapbepax MypyHTay H
MioTtenOail mpH cienylomux ycaoBUsAX paboThI
JKCKaBaTOpa:

—IIOJIHBIM YCTYIIOM C BBICOTOM pa3Bajia
19-21 m;

—IIOJIHBIM YCTYIIOM C BBICOTOM pa3Bajia
12—14 M nipu OTrpy3Ke «ILIANKH B3PbIBAY;

—MpoXoAKe U Moadope che3aa.

Bo Bcex BbllIENEpEUUCICHHBIX 3KCKaBa-
TOPHBIX 32005X NMPOU3BEAEHBI 3aMEPHI YIJIOB OT-
KOCa U BBICOTHI Pa3Bajia MPU SKCKaBaTOPHOU BBI-
eMKe pyJHOM Macchl. Takke yduThIBaJICA IIpHU-
MEHSEMBIM THUIl JKCKaBaTOpa — KaHAaTHBIM WU
ruapaBianueckuid. [lo kaxxaomy 320010 Mpou3BO-
JIUIACh 2—-3 3aMepa MU ONPEAeNsuICS CPEeIHUMN
YToJI OTKOCa IPU IKCKABATOPHOW BBIEMKE pY.-
HOM Macchl JUIsl TaHHOTO THUIIAa HKCKaBaTopa.

PesynbTathl ompeneneHus YIioB OTKOca
HKCKaBaTOPHBIX 3200€B MpUBEACHHI B Ta0. 1.

Ha cnenyromem 3rane npoBeneHNs HaTyp-
HBIX 3aMEpPOB U3MEPSUINCH BBICOTA YCTYIA B Mac-
CHBE U IapaMeTpbl pa3Bajia 0 U IIOCIE IPOU3-
BOJICTBA B3PBIBHBIX PA0OT MpH CIEIYIOIUX CXe-
Max pyAONOJArOTOBKHM MacCHBa K IKCKaBaIMH:
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—B HOPMAJILHBIX yCJIOBHSIX, KOTJa B3PhIBa-
HUE PYAHOrO MaccuBa IPOU3BOJUTCS HA IMOMAO-
OpaHHBIN 32001 WIHM MOANOPHYIO CTEHKY TpeOy-
€MOM TOJIIUHEIL

—B 3a)aTol cpezie ¢ 00pa30BaHUEM «ILIall-

BOJICTBA B3PBIBHBIX paOOT MPH CIEAYIONINX CXe-
MaxX PyAONOJArOTOBKH MacCHBa K HKCKABaIMH:

—B HOPMAJIBHBIX YCJIOBHSX, KOT/Ia B3PbIBa-
HHUE PYIHOTO MacCHBa MPOM3BOAMTCS Ha IOJO-
OpaHHBII 32001 WK MOANOPHYIO CTEHKY TpeOy-

KH B3pBIBaY; €MOM TOJIIIIUHEL,

—B KPaeBbIX YaCTSX YCTYIIA. —B 3a)KaTol cpee ¢ 0Opa3oBaHUEM «IIall-
Ha cnenyromiem stane npoBeneHus HaTyp-
HBIX 3aMEPOB MU3MEPSITUCH BbICOTA yCTyNa B Mac-

CHUBE U MapaMETPhI pas3Bajla J0 W IIOCJIEC IIPOU3-

KU1 B3PbIBa»,

—B KpacBbIX HACTAX YCTYyIIa.

Taoauna 1
Yribl 0TKOCA IKCKABATOPHBIX 3200€B
Slope angles of quarry faces
Tum skckaBaTopa Bup pabot Yron oTkoca, rpan. —
oT | 10 I cpeTHuiA
Kapsep MypyHTay
OI" Nel2 | [TomHBIM ycTYnOM | 52 | 55 I 53
Kaprep Mrorenobait
OKI" Ne77 OTrpy3Ka «Ilanky B3pbIBa» 45 50 49
OKI" Ne60 [lonHpIM ycTynom 52 55 53
51
O Nel4 IIpoxonka cre3na 47 (nonbop chesna) _
Tab6auna 2
Pe3yabTaThl NpoBeieHNsI HATYPHBIX 3aMePOB MapaMeTPoOB pa3BaJja
The results of the field measurements of the blasted rock shotpile parameters
BricoTa B30pBaHHOTO yCcTyna, M
Bricora | IIpumensiemasi TEXHOIOTHUS
T'opuzont
ycrymna, M B3pBIBHEIX pa0oT oT hice} CpenHss
Kaprsep MypyHTtay
+330 15 C o0pa3zoBaHHEM «IIATTKH) 17 30,8 24,0
B3pbIBa
+135 15 C o0pa3zoBaHHEeM «IIATTKH 16 19,0 17,0
B3pbIBa B KPAECBBIX YACTAX
Kapsep Mrorenbait
+315 15 C o0Opa3zoBaHHEM «IIATTKI 23 26,8 25,5
B3pbIBa
+315 (6mok 1) 10 B 3axaroii cpene 15 27,3 21,2
+315 (61ok 2) 10 B 3axxaroii cpene 16,5 26,3 20,9
+300 15 Ha momo0GpanHsrii 32001 13,8 22,0 17,2

Ha kapbepax pynHuka «M» npuHATa MO-
psAaHas cXeMma pacIoIOKEHUs B3pBIBHBIX CKBa-
KUH TI0 ceTKe 5,6x5,6 M, OypeHHEe CKBaXXUH B
npenenax oTpadaTblBa€MOro ycTymna HpOU3BO-
JIUTCA 10 OypOBOMY INPOEKTY, CKBa)KHUHBI, pac-
MI0JIO’)KEHHBIE B KOHTYPE PYAHOMN 3aJI€XKH, ABIIA-
I0TCS  DKCIUTyaTallMOHHO-Pa3BEIOYHBIMHU, B KO-
TOPBIX Yepe3 KaKAble 5 M MPOU3BOAUTCS OTOOP
OypoBoro nuiama. B oToO6pannbIx mpobax Oypo-
BOTO IJIaMa B J1a0OpaTOpUM OIpeNesieTcsl co-

JIepKaHWE METalla U YCTAHABJIMBAETCS CpeaHEe
coJiepKaHuEe MeTalljla B siueike OJIOYHON Moie-
TV, IPUBSI3aHHOM K TAHHOW CKBa)KUHE.

JI1st Ka)K70ro KOHKPETHOTO 0JIOKa COCTaB-
nserca [IpoekT 3apsbkaHusl CKBaKMHHBIX 3apsi-
JI0OB, B KOTOPOM YKAa3bIBA€TCS CXE€Ma MOHTaxa
B3PBIBHOW ceTu, obecreynBaroiias Tpedyemoe
HalpaBJieHUE MPOXOXKACHUSI HHULUUPYIOIIETO
UMIYJIbCa U OYEPETHOCTh B3PBHIBAHUS CKBAKUH-
HBIX 3apAJIOB.
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B cooTBeTcTBUM ¢ KOHKPETHBIMH TOPHO-
TEXHUYECKUMH YCJIOBUSIMU U MapaMeTpaMu HcC-
MOJIb3YyEMOI'0 BBIEMOUYHOT'O OOOpYIOBAaHHS pa3-
JUYAIOT CICYIOINE BUIBI 00pa30BaHuUs pa3Bajia
TOPHOI MaccChl B30OPBAHHOTO OJI0Ka:

—HOpMAaJIbHBIE YCIIOBUS, KOTJa BBICOTA
pa3Bajia COOTBETCTBYET BBICOTE YEpIIAHUS MPU-
MEHSEMOI0 SKCKaBaTopa;

—C 00pa3oBaHUEM «IIIANKW» B3pbIBA II0
OCH pa3Baja;

—C 00pa3oBaHUEM «IIIAIKW» B3pPbIBA y OOP-
Ta yCTyIa — MPUMEHSETCSl B KPAEBBIX YACTSIX.

[Ipy mpoBeaeHHM HATYPHBIX 3aMEpPOB
OTpPENESUTNCh OTMETKHM MacCHBa 10 B3pbIBa U
TIOCJIE TIPOBEACHHUSI B3PBIBHBIX PaboT, IOCIIE YeTo
ompeessiiach BbICOTa 00pa30BaBIIErOCs pa3Ba-
aa.

PesynbTarhl mpoBeneHUs HATYpHBIX 3ame-
POB MapaMeTpPOB pa3Bajia MPUBEJCHBI B TA0OI. 2.

3akaoueHue

[To pesynpTaTam mnpoBeaeHUS HATYPHBIX
3aMepoB (haKTHUECKUX YTIIOB OTKOCA U MapaMeT-
POB pa3Bajia B3OPBAHHBIX MTOPOJ MOXKHO CHENIaTh
CJIEIYIOILIE BHIBOJIBI:

—(aKkTUYeCKue YIJIbl OTKOCOB 3KCKaBaTOp-
HBIX 3200€B COCTaBUJIU CJICAYIOIINE 3HAUCHUS:

—TpU OTIPY3KE «IIANIKU B3pBIBA» U TMPHU-
MEHEHHUH KaHATHBIX HKCKaBaTOpOB — 49°;

—IpU BBIEMKE pPYAHOW MAacChl MOJHBIM
ycTynoM — 53°, He3aBUCUMO OT THUIIA ITPUMEHsIE-
MOTO IKCKaBaTopa;

—yIJIBI OTKOCa SKCKaBaTOPHOTO 3a00s —
49° nnis kKaHaTHOTO 3KCKaBaTtopa W 53° it TUa-
PaBIMYECKUX OKCKABAaTOPOB — TMPHUHATHI IS
MIPOU3BOICTBA JAIILHEUIIINX PACUETOB;

—HEoO0XOJMMO OTMETUTh, 4YTO (hakTHUe-
CKHE yTJIbI OTKOCOB AKCKaBAaTOPHBIX 3a00€B HU-
K€ YTJIOB OTKOCOB, MPUHSITHIX B HCIOJIB3yeMOM
PYIHHKOM METOJIMKE pacdeTa, I/ Yroj OTKoca
coctasisteT 70-75°%;

bubdanorpaduyecknii cnucok

—YBENIMYMJIACh IIMPHHA TMPUKOHTYPHOMH
30HbI ¢ 7 10 13,0 M (49°) u ¢ 7 mo 11,3 m (53°),
rae o0pa3yroTcs MOTepu M pa3syOokuBaHUE Oa-
JIAHCOBOM PY/Ibl, BCJIEJICTBUE 3TOTO YBETUUUIIUCH
IUTOIIAJM TPEYTOJIBHUKOB MOTEPh M PazyO0KH-
BaHUS;

—BBICOTA pa3Bajia B3OPBAHHBIX MOPOJ MPHU
B3pPBIBAHUM HA TOAMOPHYIO CTEHKY HWJIM TOJO-
OpaHHBIIl 32001 HE MPEBBIIIAET BHICOTHI YepIia-
HUS IPUMEHSAEMBIX 9KCKaBaTOPOB;

—IpU B3pbIBAHUU B 3aKaTOH cpelie ¢ oopa-
30BaHMEM «ILIANKM B3pBIBa» BHICOTA pa3Baja
B30PBAHHBIX MOPOJ MPEBBIMIACT BHICOTY UepIia-
HUS 9KCKaBaTOPOB, 3TO 00CTOSTEIHCTBO OTPAHU-
yuBaeT 00JacCTh NMPUMEHEHHS THAPABINYECKUX
JKCKaBaTOPOB;

—IIpU B3PBIBAaHUU B KPAEBBIX YACTSIX YCTY-
na HampaBJeHUE OTOOWKH TOPHOM Macchl U 00-
pa3oBaHuUE pa3zBalia MPOUCXOAMUT y OOpTa YCTYIa;

—IIpU B3pPBIBAHUH B 32)KAaTOU Cpesie B BEpX-
HEll 4YacTH pasBajia MPOMCXOJUT HHTEHCHBHOE
NepeMeIMBaHie TMPUXBAaTHIBAEMOW MOPOIBI U
BCEX COPTOB pYIbl, MO3TOMY IIpU OTIpy3Ke
«UIalKH B3pbIBa» BO3MOXHA TOJBKO BaJlOBas
BbleMKa pyaHOHW Macchl. HWkHss 9acTh B30-
PBaHHOTO ycTyna OoJIbllIe COXpaHseT IeoJoru-
YEeCKYI0 CTPYKTYpPY MAacCHUBa U MOXKET OBITh OT-
paboTaHa CEIEKTUBHO C pas3felieHHeM pYyIHON
MAacchl 110 COpTam;

—IpH cocTaBieHUN «METOAMKH. ..» Cleay-
€T PpacCMOTPETh BO3MOXHOCTh pa3JelICHUs
ycTyna BbICOTOW 15 M Ha 1Ba moaycrtyma Mo
7,5 Mm;

—IpU B3pBIBAHUHM MaccHBa JUIsl cOOIIoze-
HUSI TpeOyeMOro HarpaBJICHUSI HMITYJIbCa U OYe-
PEIHOCTH B3PBIBAHUS B KOHTYP OTOOWKH BKITFO-
qarTcsl Oe3pyIHBIE CKBAXHHBI, KOTOPHIE YBEIIH-
YMBalOT pa3yOokuBaHMe OaxaHCOBOM PYIbI,
BO3HUKACT KOHCTPYKTUBHOE pPa3y0OXKHBaHUE,
KOTOpO€ HEO0OXOAMMO y4YecTb NPH COCTaBICHUHU
«MeToguku. .. ».

1. Ilnan pa3BuTHA TOpHBIX paboT Mo MecTtopoxiaeHusM MypyHray u Mriorenbaii na 2018 rom; LIPVY,

I'TT HI'MK - 2018.

2. Texuuko-3koHoMuueckoe odbocHoBanue (TH0) «OrpaboTka kapbepa MypynTay (V-ouepen)».
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3. 'eonornyeckue MIaHbl TOPU3OHTOB C HAHECEHHEM (PaKTUUECKHX KOHTYpPOB PYIHBIX Tell (XapakTepHbIe
COPTOBBIE IJIaHBI SKCKABATOPHBIX 3a00€B) KaphepoB MypyHTay 1 MioTeHOai.

4. dakTuueckre MaTepHaibl pyaHruka MypyHTay, IpUciIaHHbIe 10 3ampocy: [TapamMeTpsl S3KCKaBaTOPHBIX 3a-
60eB. BypoBbie MPOEKTHI 10 MECTOPOXIcHUIO MypyHTay 1 MioTen6aii. TUoBble IPOSKTHI OYpPOB3PBIBHBIX PabOT
Ha Kapbepax.
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OIIPEICIICHHIO U YUETy MOTEPh TBEP/BIX IMOJIE3HBIX HCKOMIAEMBIX IPH J00BIYe, YTBEPKACHHBIE [ ocropTexHai3opoM
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10. IMpaBuia TeXHUYECKOW IKCIUTyaTallMM PYIHHKOB, IPUUCKOB M IIAXT, pa3pabaThIBAIOIINX MECTOPOIK/IC-
HUS [BETHBIX, PEAKUX U JparoreHHbIx MeTauio. M.: Heapa, 1981.
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Tendencies of Mining Technology Development in Relation to Deep Mines
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Abstract: Mineral demand rapidly increases; as a result, underground mining activities gradually dig into the
earth’s crust to deeper levels. For instance, the depth of coal mines has reached 1500 m, whereas the depth of mines
for nonferrous metals has already achieved around 4500 m. Deep mining faces a number of technical and environ-
mental challenges, first of all, great rock mass stresses, high temperature and long winding distance. The traditional
technologies are hardly capable to provide the development and extraction efficiency and safety. That is why the
need in developing and implementation of new modern mining technologies arose. In roadheading, TBM (tunnel-
boring machine) method is gradually introduced. A TBM combines the functions of rock breaking, support installa-
tion, mucking and conveying rock. In mining industry, smart mining based on mechanized and automated mining
methods is successfully implemented at coal mines. Besides, a technical concept of fluidized mining for deep-
seated mineral resources (6000 m and more) was proposed. This paper presents the review of the current global sta-
tus of deep mining and highlights some of the newest technological achievements in roadheading and the mineral
extraction processes.

Keywords: mining technology, deep mines, smart mining, mechanized, extraction processes, fluidized mining.

For citation: Nguyen Ngoc Minh, Pham Duc Thang. Tendencies of mining technology development in relation to
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HanpasJ/ieHue pa3BuTHsI TEXHOJIOTUH 100bIYY IPUMEHUTETbHO
K PYAHUKAM IJIY0OOKOI0 32J105KeHUs

Hryen Hrok Muus', ®am JIpik Txans’

lI_[eHTpanLHLIﬁ OxHnb1it YHuBepcurer, Yanma, Xynanb, Kurait; [IpoMbinuiennsiii Yausepcutet Kyanr
Hunb, Kyaur Hunb, BoeTHawm;
*HanuoHa bHBIN MCCIIeI0BATENbCKIM TEXHONIOTHYECKHI yauBepcuteT «MUCuCy», Mocksa, Poccus;
[Mpombimutenssiii Yausepcurer Kyanr Hunb, Kyanr Hunb, Bretnam, D</phamducthangmct@gmail.com

Annotanusi: [lorpebneHne Mmoe3HbIX HCKONMAeMbIX OBICTPO PacTeT, YTO 3aCTaBISIET BECTH TOPHBIE PAa0OTHI Ha BCE
0oJsiee rIyOOKHMX YPOBHSX 3€MHOM KOpbI. B 4acTHOCTH, riyOMHA yrOJIbHBIX IIaxT gocTuria 1500 M, a maxT as
JIOOBIYM IBETHBIX MeTaioB — nmpubmmsutenbHo 4500 M. OcymiecTBieHHEe TOPHBIX padOT Ha OOJBIINX TITyOMHAX
TpeOyeT pelIeHus psijia TEXHUUIECKUX U 3KOJOTHYECKUX MPOo0JIeM, B IEPBYIO 0YEPEIb CBSI3aHHBIX C BHICOKMMHU JaB-
JMEHWSIMA W HANpsSHKCHUSMH B TOPHOM MAaCCUBE, BHICOKHMH TEMIIEpAaTypaMU W 3HAYUTEIbHBIMU PACCTOSHUSMU
TPAHCIIOPTUPOBKH TOPHOW MACChl HA TMOBEPXHOCTh. T PaJUIIMOHHBIC TEXHOJOTUU BPSJI JIU CHOCOOHBI 00ECIICYHTh
3¢ HEeKTUBHOCTH U OE30MaCHOCTh Pa3pa0dOTKU U JIOOBIYM B TAKUX YCIIOBUSIX. BOT moueMy BO3HHKIIA HEOOXOAUMOCTh
B pa3pa0OTKe M BHEAPCHHHM HOBBIX COBPEMEHHBIX TEXHOJIOTHH J00bIYM. B mMpoxojike ropHBIX BHIPAOOTOK MOCTE-
NeHHO BHeapsieTcss Meto, TBM (nmpuMeHeHHe TYHHENIEPOXOAYeCKUX MaliuH). TyHHeIenpoxoaueckas MaliuHa
coueTaeT PyHKIUN OTOOMKH TOPHON MAcChl, YCTAHOBKH KpemH, YOOpkH (13 3a00s), MOTPY3KH U TPAHCIIOPTUPOBKU
TOpHOH Macchl. B ropHOAOOBIBaIOIIEH TPOMBIIIIICHHOCTH «yMHAs» M0OBIYa MOJIE3HBIX MCKOMAeMbIX, OCHOBaHHAS
HAa MEXaHW3UPOBAHHBIX W aBTOMATH3UPOBAHHBIX CHUCTEMax pa3pabOTKH, YCIEUTHO MPUMEHSETCS Ha YTOJbHBIX
maxtaXx. Mbl BBIIBUTAEM TEXHHYCCKYIO KOHIICTIIUIO OOBIYM METOJIOM (IIFOMIU3AIUH/TICEBIO0KKEHUS TOPHOM
Macchl it oTpaboTku riyooko3aneraromux TIIN (6000 M u 6osee). B maHHOM cTaThe MPEACTABIICH aHAIHU3 TCKY-
IIEr0 COCTOSIHUSL Pa3paboTKU TiryOoko3aeraromux mecropoxaeHuii TIIM B Mupe W OCBEIIeHBI HEKOTOPHIE U3
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Introduction

Since coal and other mineral resources at
shallow depths are gradually exhausted, under-
ground mining activities gradually dig into the
earth’s crust to deeper levels. At present, deep
mining at a depth of 1000 m is normal; the depth
of coal mines, geothermal resources exploitation,
nonferrous metal mines, and oil and gas produc-
tion has reached 1500, 5000, 4500, and 7500 m,
respectively. Deep mining is likely to become
the popular technique in the future. Coal mining
in Poland, Germany, Britain, Japan, and France
had reached depth of 1000 m and more in early
1980s. In China, there are 47 coal mines operat-
ing at a depth of 1000 m and more [1, 2]. There
were at least 80 mines for metals operating at a
depth of 1000 m and more by 1996, mostly lo-
cated in South Africa, Canada, the United States,
India, Australia, Russia, and Poland. The average
depth of mines for metals in South Africa ranges
2000 to 4000 m (Fig. 1) [3].

Activity of mining industry in China grad-
ually changes to deeper levels to a depth ranging
1000 to 2000 m, and it is already common to see
the mines at this depth [4]. During the “The 13th
Five-Year Plan” period, approximately 50 metal
mines will operate at a depth of 1000 m, and a
half of them will reach the depth of 1500 m in
the next 10 to 20 years (Fig. 2).

Deep mining faces a number of technical
and environmental challenges, first of all, great
rock mass stresses. If compatible mining meth-
ods would not adapted to high stress conditions,
great technogenic disasters may happen, result-
ing in decreasing or even complete stoppage of
the affected mine production. This will naturally
produce extremely negative effect on the mine

performance and viability. A large number of
documents have showed that many deep metal
mines have faced a large number of rock bursts,
mine-shocks, formation of large areas of goaf
instability, and roof caving problems. The se-
cond challenge when operating deep mines is
high temperature. It is known that the tempera-
ture will rise by 10 to 40° C when digging to a
depth of 1000 m. The high temperature condi-
tions of deep mining seriously affect the miner
labor productivity and the effectiveness of cool-
ing, thus increasing the mining cost. One more
challenge is long winding distance: increasing
mining depth requires increasing the height of
winding of ore and all kind of materials, result-
ing in growing the mining cost and causing HSE
risks.

Based on findings of the implemented
research of deep mining status in the world, the
authors summarized and highlighted relevant
technologies applying to deep mining, namely,
TBM (tunnel-boring machine use) for deep
roadheading, smart mining, and fluidized
mining.

Application of TBM for deep roadheading

It is well known that TBM is the most ad-
vanced tunneling machine in the world. A TBM
combines the functions of rock breaking, support
installation, mucking and conveying rock
(Fig. 3) [5]. Compared with drill and blast meth-
od, TBM roadheading has significant ad-
vantages, including high support installation ef-
ficiency and lower project costs. TBM-based
mining is more environmentally friendly and al-
lows improving surrounding rock stability con-
trol [6].
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Fig. 1. Examples of Deep Mines in the World
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Fig. 2. Examples of Deep Mines in China
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Fig. 3. A Gripper TBM (modified from The Robbins Company, 2015)
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Since the first modern TBM was devel-
oped and successfully applied in the 1950s, over
10,000 TBMs have been used to construct tun-
nels for traffic, hydropower, sewerage and water,
underground storage and mining. The technique
is currently available for tunneling at different
diameters in different ground conditions from
hard rock to soft soil. Based on ground and
groundwater conditions (hard rock, soft soils,
mixed and varying grounds), to provide stability
of tunnel face and walls, TBMs can be broadly
classified into seven types [7], as indicated in
Fig. 4.

With increasing coal mining intensity, the
number, length and depth of coal mine roadways

Hard Rock

increases drastically. The traditional drill-and-
blast method and comprehensive mechanized
driving method, with corresponding support set-
ting methods are incapable of controlling the sur-
rounding rock stability. Hard rock TBMs (full-
face tunnel boring machine) have significant ad-
vantages in terms of high advance rates, high
support setting capacity; they are more environ-
mentally friendly and enable lower tunneling
costs. TBMs have been successfully used for
some roadway tunneling and inclined shaft con-
struction. Therefore, we can expect that the TBM
tunneling method will become the first choice
and preferred method for deep roadheading in
coal mines in the future [8].

Gripper TBM

Single Shield TBM

Double Shield TBM

EPB TBM

TBMs Soft Soil

Mixed and

Slurry TBM

Hybrid TBM

Changing Grounds

Multi-mode TBM

Fig. 4. A Classification of TBMs

Smart mining

Smart mining, based on mechanized and
automatic mining methods and a combination
of informatization with commercial develop-
ment, has brought a revolution in the mining in-
dustry [9]. This new approach enables automatic
mining based on smart control of a working face,
mining machine operation, with automatic con-
trol of mining equipment. Smart mining has
three main features: (1) mining machines can
operate in automatic mode; (2) real-time data can
be captured and updated promptly, including ge-

ological information, coal-rock boundary loca-
tion, positions of the machines and the face, etc.;
and (3) mining machinery can be automatically
controlled depending on the conditions of the
working face. When decision-making process
and machine operation can be conducted auto-
matically, the working face is called “smart min-
ing working face” [10].

In Australia, LASC (Longwall Automation
Steering Committee) is engaged in automatic and
smart mining method development for coal
mines [11]. The LASC automation technologies
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are available for the national and international
mining industry through the major OEM (Origi-
nal Equipment Manufacturer) for longwall min-
ing, which has integrated the LASC open inter-
communication standards into its proprietary
shearer automation equipment. The LASC tech-
nology has been widely adopted, with CSIRO
(Mining Technology Research Group) automa-
tion technology deployed in more than 70 % of
the automated underground coal mining machin-
ery operating in Australia, with growing the de-
ployment in the world [12]. Three main ad-
vantages are provided by applying the precision
optical fiber gyroscope and the method of navi-
gation and orientation. The first one is three-
dimensional (3D) positioning of a shearer (at the
deviation below £10 cm); the second one is a

system of straightening adjustment (at the devia-
tion below +50 cm); and the third advantage is a
horizontal level control system for the working
face. These three components compose the initial
automatic controlling system. The mining pro-
cess can be monitored and controlled remotely.

The IMSC is a remote monitoring and con-
trol system, used for control of working faces at
longwall coal mining, which was developed by
the American company Joy Global Inc. (recently
taken over by the Japanese company Komatsu
Mining Corp.). This system captures the real-
time information and data from all mining ma-
chines at any time. It enables mining engineers
to adjust coal production procedures based on
the information reported by the system regarding
alarms or breakdowns (Fig. 5) [13].

Hydraulic- —
powarad

BUPPOHS

Bridge
CONVEYOT
and crusher

Fig. 5. Facilities at a Working Face Monitored by the IMSC

According to Wu et al. [14], the new task
of a digital coal mine is to establish, for coal
mines, a real-time access to digital mine integra-
tion platforms to create a multidimensional and
dynamic coal mine virtual model prototype. Four
main development directions are determined for
digital mining in the new situation of deep min-
ing: (1) a digital mine integration platform; (2) a
mining simulation system; (3) underground posi-
tioning and navigation methods; and (4) mining
environment smart perception.

Fluidized mining

Xie et al. [15, 16] assumed that there ex-
ists a theoretical limit of mining depth by tradi-
tional methods. It is estimated theoretically that
all the currently available mining methods will

become obsolete once the depth of underground
mineral resources exceeds 6000 m. Therefore, to
implement development and utilization of min-
eral resources at great depths, disruptive innova-
tions in mining theory and technology should be
advanced. For this purpose, Xie et al. [16] pro-
posed a theoretical and technical concept of flu-
idized mining for extraction of deep-seated min-
eral resources (Fig. 6). Based on a mining mode
similar to the TBM, the concept provides for
achieving in situ, real-time, and integrated utili-
zation of deep-seated mineral resources through
mining, sorting, refining, backfilling, power gen-
eration, and gasification of solid resources,
thus converting the resources into gas, liquid,
or a mixture of gas/liquid/solid substances.
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Gas or electric
power transmission
pipelines

Fig. 6. A Conceptual Illustration of Fluidized Mining of Deep-Seated Mineral Resources.
(a) mining model; (b) fluidized mining and conversion facility

As a result, future coal mines will no longer have
workers going down the mines, coal drawing,
waste rock dumps, or dusting. Instead, power
and energy transmission will be clean, safe,
smart, environmentally-friendly.

For coal mining, the fluidized mining con-
cept includes the following five main proce-
dures: (1) unmanned breaking, (2) automated
sorting, (3) fluidization of coal, (4) controlled
backfilling, and (5) power transmission, smart
power control, and power storage. For metal
mining, the fluidized mining concept includes
the following three steps: (1) unmanned break-
ing, (2) fluidization of ore, and (3) controlled
backfilling [15].

There are four methods to implement the
fluidized mining of deep-seated solid mineral
resources: (1) the conversion of solid minerals
into gases, such as underground gasification of
coal; (2) the conversion of solid minerals into
liquid fuels, such as the underground liquefac-
tion of coal and high-temperature biological and
chemical transformation of coal; (3) the conver-

sion of solid minerals into mixes, such as explo-
sive coal dust and water-coal slurry; and (4) the
in situ conversion of solid minerals into electric
power, such as the in situ underground produc-
tion of coal-fired electric power. Fluidized min-
ing is a disruptive innovation in mining technol-
ogies, particularly in regards to future deep min-
ing.

Conclusions

This short review presents the current sta-
tus of deep mining in the world, and highlights
some of the newest technological achievements
and opportunities. It also addresses some ge-
otechnical issues in relation to deep mining.
Some of the current challenges, advances, and
expected issues in deep mining can be summa-
rized as follows:

(1) Deep mining will be common in the fu-
ture as coal and metal mineral resources at shal-
low depths gradually become exhausted. The
progress is restricted and affected by the ad-
vancement of rock mechanics and machine-
building technologies. New ideas and techniques
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are therefore required for deep mining, particu-
larly considering great in situ and mining-
induced stresses and other boundary conditions
that are found at great depths.

(2) TBMs have significant advantages in
excavation and support setting, and meet the
deep roadheading requirements. Thus, TBM
roadheading is believed to become the first
choice and preferred future method for roadhead-
ing in deep mines.

(3) Smart mining methods using in
longwall coal mining have been demonstrated
their advantages for coal production because of
their better return on investment, energy saving,
safety, minimizing underground staff, and better
performance.
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HccnenoBaHue reoMeXaHHYeCKOT0 COCTOSTHUS HEYCTOMYHUBBIX MOPOST
B OKPECTHOCTH CONPSKEHUIT TOPHBIX BHIPAOOTOK
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AnHotanusi: OG0CHOBaHA aKTyaJbHOCTh HCCIEIOBAHUN XapakTepa MehOpMUPOBaHU MaTepraia Ha (PU3HIECKUX
MOJIEISX, SKBUBAJICHTHBIX TOPHBIM MOpoaaM. [yl BBISIBICHUS 3aBHCUMOCTEH M 3aKOHOMEPHOCTEH neopMupoBa-
HUSl HEYCTOWYMBBIX TOPHBIX TMOPOJ B OKPECTHOCTH COTIPSHKEHUN TOPHBIX BRIPAOOTOK pa3paboTaHa M MpeAcTaBiIeHa
METOJMKa SKCIIEPUMEHTAIEHOTO UCCliefioBaHUsA. B pabore OBLT MpUHAT METOJ (PH3MUECKOTO MOJEIHPOBAHUS Ha
9KBUBAJICHTHBIX MaTepHuanax. PaccunTanbl MPOYHOCTHBIE XapaKTEPUCTUKH SKBUBAIEHTHOTO MaTepHrala I uccle-
JIyeMbIX mopoz 1o gopmysiam, npeanoxkeHHbiM [.H. Ky3HenoBsiM. DKBUBaJICHTHBIH MaTepHall BHIOpAH U3 JIBYX
COCTaBISIONMX — Necka u napaduHa. [lomobpaHa pemenTtypa cocTaBa CMECH W ONPEACIICHBI MPEAEIbl IPOIHOCTH
SKBHBAJICHTHOTO MaTepHaja MpH C)KATHU. DKCIIEPUMEHT TPOBOIMICS AJIS TPEX BAPUAHTOB (DH3MUECKUX MOJIEIEH:
HETPOHYTOTO MacCHBa TOPHBIX MOPOJ, MAaCCHBA C OJMHOYHOW TOPHOH BBIPAOOTKONH M MacCHBa C CONpPSDKEHHEM
TOPHBIX BBIPAOOTOK. VcmbITaHMs MoJenel n3 3KBUBAJIEHTHOTO MaTepHasa MPOBOAMIUCH ITyTeM OJHOOCHOTO Bep-
TUKaJBbHOTO HATPYKEHUS TPH ITOMOIIM THIpaBINYecKoro npecca. [lo pe3ynbrataM BCTbITaHAS MOJENEH U3 IKBU-
BAJICHTHOI'O MaTCpuajia MpcaCTaBjICHa AMHAMUKA pa3BUTHUA TPCUIUMH U PAa3pYyHICHUA BMCIIAIOMICTO S5KBUBAJICHTHOI'O
MaTepuaia B OKPECTHOCTH MCKYCCTBEHHOM IMOJIOCTH, UMUTHPYIOIIEH TOPHYIO BhIPAOOTKY. Takke MONYy4EHBI rpa-
(hvKH 3aBUCHMOCTH OTHOCHTENFHBIX Je(OopMaluii OT BEPTUKATHHON HArpy3KH JIJIs KaXKIOTO TOATAITHOTO Harpyxke-
HUsl Tpéx Mozenei. [IpoBeseHa oleHKa pe3ynbTaToB Qu3myeckoro moxaenupoBanus napamerpoB HJIC skBuBa-
JICHTHOT'O MaTepHaja BOKPYT MOJOCTEeH, UMUTUPYIOIIUX CONPSDKEHHS TOPHBIX BeIpaboTok. [lomyueHHbie pe3ynbra-
THI Ae(OPMHUPOBAHHS MAaTEPUAIOB, SKBHBAJICHTHBIX TOPHBIM MOPOJIaM, MPEIOIaraeTcsi UCIOIb30BaTh B KAYECTBE
WCXOJHBIX JTaHHBIX MPH TECTUPOBAHUM PE3YJIbTATOB (DH3MUECKOTO W YHCIEHHOTO MOJIEITHUPOBAHUS, a TaKXkKe MpU
pa3paboTKe TEXHUYECKOW JIOKYMEHTAI[MH B YacTH BBHIOOpA MapaMeTpOB KPETJICHUS CONPSsDKEHHI TOPHBIX BBIPAOO-
TOK.

KaroueBblie cioBa: Qpu3nueckoe MOACINPOBAHKE, CTEH]I, TOPHBIE ITOPOJbI, OTHOCUTENIbHBIE J1eOpMaLliK, BEPTH-
KaJbHasl Harpy3Ka, SKBUBAJIICHTHBIA MaTepHal, KPUTEPUI MOJ00HsI, MOJIEIh, MeTON (oTOQUKCAIHH.

Hnsa nutupoBanus: bacos B. B. VMccnegoBanne reoMeXaHM4YECKOIO COCTOSIHUSA HEYCTOMYMBBIX MOPOJ B OKPECTHO-
CTH CONPSDKEHUI TOPHBIX BBIPAOOTOK. [ opubie nayku u mexuoroeuu. 2019;4(1):23-30. DOI: 10.17073/2500-0632-
2019-1-23-30.

The Study of Geomechanical Condition of Unstable Rocks
in the Vicinity of Mine Working Junctions

V. V. Basov

Siberian State Industrial University (SibSIU), Novokuznetsk, Russia, P<lvadimbasov(@yahoo.com

Abstract: The relevance of research of material strain nature based on physical models equivalent to rocks is sub-
stantiated. To identify the dependencies and mechanism of unstable rock strain in the vicinity of mine working
junctions, an experimental technique has been developed and presented. The method of physical modeling using
equivalent materials was applied in the research. Strength characteristics of the rock equivalent material were cal-
culated using the formulas proposed by G.N. Kuznetsov. The equivalent material was prepared based on two com-
ponents, sand and paraffin. The mix formulation was selected, and ultimate compressive strength of the equivalent
material was determined. The experiment was performed for three options of the physical models: an intact rock
mass, a rock mass with a single mine working, and a rock mass with mine working junctions. Testing of the models
made of the equivalent material was performed through uniaxial vertical loading using a hydraulic press. Based on
the model testing findings, the dynamics of fracture propagation and crushing of the enclosing equivalent material
in the vicinity of an artificial cavity, simulating a mine working, has been demonstrated. Besides, the graphs of
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relative strain versus vertical loading for each stage of the stepwise loading of these three model options were pro-
duced. The findings of the strain-stress distribution modeling for the equivalent material around the cavities simu-
lating mine working junctions were analyzed. The strain testing findings for the materials simulating rock behavior
are expected to be used as the initial data for analysis of physical and numerical simulation, as well as for develop-
ing engineering documentation with regard to the selection of parameters for supporting mine working junctions.

Keywords: physical modeling, testing device, rocks, relative strains, vertical load, equivalent material, similarity

criterion, model, method of photographic evidence.

For citation: Basov V. V. The study of geomechanical condition of unstable rocks in the vicinity of mine working
junctions. Mining Science and Technology. 2019;4(1):23-30. (In Russ.). DOI: 10.17073/2500-0632-2019-1-23-30.

BBenenue

B HacTosiee BpeMs Ha YroiabHBIX IIAXTax
IPY CKOPOCTH TIOABUTAHMSI OYMCTHBIX 3a00€B /10
300 M B wMecsI CcIepKUBAIOMKAM  (pakTopom
SIBIISIIOTCSL TEMITBI CTPOUTENBCTBA OJITOTOBH-
TEJbHBIX BBIPAOOTOK U UX comnpsikeHuil. OCHOB-
HbIMU  (aKTOpaMH, HEraTUBHO BIUSIOLIUMU
Ha CKOpPOCTbH MPOBEJICHUSI BBIPAOOTOK, SIBIISIFOTCS
npocTon 3a00eB, CBS3aHHBIE C pa3pylLICHUEM
VJIOJIbHBIX  IIETUKOB, OOpYIIEHHEM  TOPOJ
KpoBau U OokoB BeIpaGoTkm [4, 5, 12, 13].
B mpenenax BRIEMOYHOTO y4acTKa KOMILIEKCHO-
MEXaHU3UPOBAHHOTO ouucTHOTO 3a00s (KM3)
KOJIMYECTBO CONPSDKEHUH IMOJITOTOBUTEIBHBIX
BbIpaboTok mocturaet 40, 6onee 80 % KOTOPBIX
HOJBEPratoTCs BIUSHHUIO Beca IMOAPaO0TaHHBIX
OYHUCTHBIM 3a00eM nopoAa Kposiu [16].

ConpsiKeHUs: TOPHBIX BBIPAOOTOK SIBJISIOT-
Csl OJIHUM M3 CJOXHBIX OOBEKTOB Ha IlIaXTax U
pynaukax. OJHAKO METONIBI OIEHKH HMX YCTOMH-
YUBOCTH HE Bcerma oOecneunBaroT Oe30IacHoe
OKCIUTYaTallMOHHOE COCTOSIHUE BBIPAOOTOK, TaK
Kak HE TIOJHOCTHIO YUYUTHIBAETCS MHOKECTBO
¢daxTopoB: HOpMBI U pazMepsl CONMPSHKEHUH BbI-
paboOTOK, CTPOCHHE 3aJIeKH, CBOMCTBA OOKOBBIX
nopoxa u ap. [2, 3,4, 7].

OcCHOBHBIE BH[BI MPOCTOEB BBHIABICHBI Ha
COTIPSDKEHUHM OYMCTHOTO 320051 M BBIEMOYHBIX
BBIPAOOTOK, YTO CBSI3aHO C HEOOXOIMMOCTHIO

YCTaHOBKHM KpPEMU YCUJICHUS, YIIPOYHEHHUS BMe-
HIAIOIINX TOPOJI, JIMKBUAALUU KYIIOJIOB U BhIBa-
JIOB U JIp.

B 51Ol CBSI3M aKTyalbHBIM SIBJIAETCS MC-
CJIEJOBaHHE T€OMEXAHUYECKOI'O COCTOSHUS He-
YCTOWUYHUBBIX IOPOJ B OKPECTHOCTH COIPSYKEHUN
TOPHBIX BBIPAOOTOK C MEbl0 O0eCHedeHus UxX
0e3aBapHifHON PKCILTyaTalllu.

Jlnsa pemienust 3Toi 3agaun TpeOyeTcs BbI-
SIBJICHUE 3aBHCUMOCTEH M 3aKOHOMEPHOCTEH Jie-
(hopMUpOBaHUS HEYCTOMYUBBIX TOPHBIX MOPOJ] B
OKPECTHOCTH COMPSIKEHUM TOPHBIX BBIPAOOTOK.
OTO MO3BOJIUT HA CTaJUU Pa3padOTKU MPOEKT-
HOW JTOKYMEHTAIlMW MPUHATH PEIIeHUs, o0ecrie-
YUBAIOIINE YCTOWYUBOCTH BMEMIAIONIUX TOPO/T
Ha CONPSDKEHUU TOPHBIX BBIPAOOTOK, CHIKEHUE
MIPOCTOEB OUYMCTHBIX 3a00€B U cobOtoeHue 0e3-
OMAacHBIX YCIOBUU TpY/a.

Lenbro HacCTOSAIETO UCCAEAOBAHUS SBISAET-
csi pa3paboTka METOUKA 0O0OCHOBAHHUS TTapaMeT-
POB Kpemnu TMOJI3€MHBIX TOPHBIX BBIPAOOTOK Ha
COTIPSDKEHUSIX TIPU OTPAOOTKE YrOJbHBIX TIACTOB
C HEYCTOMYUBBIMH BMEIIAIOIIMMHU TTOPOIAMHU.

Jns nocTuKeHus: MOCTAaBIEHHOW LMW Ha
MIEPBOM JTare UCCIEAOBAHMS METOJIOM (H3Ude-
CKOT'O MOJIEIMPOBAHUS PeIlieHa 33/1a4a: BbISBIICHA
3aBUCUMOCTh Ae()OpMUPOBAaHUS IKBUBAIIEHTHOTO
Matepuaia (OM) B OKpeCTHOCTH TOJIOCTEH, NUMH-

THPYIOIINX COIPSKEHUS TOPHBIX BI)Ipa6OTOK.
Taoauna 1

Tunel u cBoiicTBa MoAeIMPYyeEMBbIX NOPOJ

Types and properties of simulated rocks

Tun noposl

[Ipenen npounoctu mpu
cxxatu o, MIla

OGBbeMHast Macca IOPOJ Yy, KI/M°

ANeBpOJIUT 40

2500

Vroas 8,2

1200
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MeTtoauka »JKCHEPUMEHTAJBHOIO MHC-
cJIe/I0BAHHA

Jns uccnenoBanuss ObUT NPHHAT METOJ
(GU3UIEeCKOro MOJEIMPOBAHMS, KOTOPBIA MO3BO-
JSIET COKPATHTh BPeMs U 3aTPaThl, HEOOXOIUMBIE
JUISL BBISBJICHUS 3aBUCHUMOCTEH JedopMUpOBa-
HUSl HKBUBAJICHTHOTO MarepHajia B OKPECTHOCTH
MOJIOCTEH, UMUTHUPYIOIIUX COMPSIKEHUS TOPHBIX
BBIpaboOTOK [6, 7, 8, 11].

Tumsl U CBOMCTBA MOJEIUPYEMBIX MOPOJ,
a TaKke PU3UKO-MEXaHnYeCKue mapameTpsl OM,
yIIOBJIETBOpSIIOIIME KpuTepusim monobust [10],
MpeACTaBICHBI B Ta0M. 1, 2.

B cootBercTBuM ¢ Tabn. 1 ObIH paccuuTa-
HBI TIPOYHOCTHBIE XaPAaKTEPUCTUKU SKBHUBAJICHT-
HOTO MarepHaia A KaxAaod moponsl mo ¢op-
Myiam, npeioxeHHbim I H. Ky3uenossim [10].

[IpouHocTHBIE XapaKTEpUCTUKHU TpeOyeMo-
ro MaTepuaia, YJKBUBAJICHTHOTO FOPHOU MOpPOJIE,
OTPEAEISINCH U3 BBIPAXKEHUS

/
GH‘{.C:(RC)M :z.z/_M(RC)H’ (1)

rae G,,.=(R.), — npenen npouHOCTH MpH CiKa-

TUHW SKBUBAJICHTHOT'O MATCpHUaJia;

(RC )H — TpeaeN MPOYHOCTH TMPHU CHKATUU

HATyPHBIX 00PA3IOB MOPOJIBI;

[ oo
z — JTAHEHHBIM MacIuTad MOJCIIN,

Y, — OOBEMHasi Macca MaTepuana,;
Y, — 00beMHas Macca Iopo/.

O0beMHas Macca Marepualia MOJAEIH pac-
CUMTBIBAJIACh 1O popmyrie:

Yy =067, ()
OKBUBAJICHTHBII MaTepuall BBIOpaH U3
JIBYX COCTaBIJIIOLIMX — Tecka U napaguna. Mc-
MOJIb30BAJICSL KBApIIEBBIM IECOK C JUAMETPOM
3epen 0,30-0,16 mm. Ilapadun mnpumeHsIICS
texnuueckuid CTO 00148636-004-2007.
B cooTBercTBUU C pe3ynbTaTaMu pacueTa
Y TIPOBEJCHHBIX HCIBITAHUNA OOpa3OB MPH I0-
MOIIM THIPABIUYECKOTO TIpecca «A3HMYyT»
BII-29, Oputa momoOpaHa perenTtypa cocTaBa
CMECH W OIpPENEeICHbI MpeAeiabl MPOYHOCTH K-
BUBAJEHTHOT'O MaTepualia MpH CKATHH, COOTBET-
CTBYIOILIME YTIIIO U aJeBPOIUTY (Tadu. 2).
Jns mpoBeneHus (PU3NYECKOTO MOJIEIUPO-
BaHUA OB pazpabotaH creHp (puc. 1) [9, 14].

Taoauna 2

Du3nKo-MexaHnyeckue napamerposl IM

Physical and mechanical parameters of the EM

MonenupyeMslil TUI IOPOA,

DU3NKO-MEXaHMUECKUE NTapaMeTphI

AJIeBPOJINT (KPOBJIS-NIOYBA)

yroJb (T1acT)

CocTaB KOMIOHEHTOB DM

necok+mapadus (97 : 3)

necok+mnapaduH+KpacuTesb
(98,52 : 1,48)

YcnoBust nepememuBanus OM

¢ mogorpesom jo 140 °C

JlabopatopHslit ipeen npouHocTd OM oy, 0,24 0,10
MIla
Mognyns nepopmannu OM E,; MIla 25 15

=
g

K
o
o
S

0,15

5

JNasiaenue P, kH

«//\ —

0 0,01 0,02 0,03 0,04
OtHocuTebHbIE IepopManun &

Mogens —> ®oTtoannapat ——> Hoyt6yk (Excel) =——> Ipaduku sasucumocTei

Puc. 1. Crena nisi pu3N4eCKOro MoieJIMPOBaHUS

Fig. 1. Stand for physical modeling
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The experiment was performed for three options of physical models made of equivalent material (Fig. 2):
a) model 1 — an intact rock mass; b) model 2 - a rock mass including a single mine working;
¢) model 3 - a rock mass with a mine working junction

6)

a)

1

Kponm

Y romnhii sy

MNouna

Kporan

Touna

Fopnas

Kpdras
i 11

.

_..l | ]

Moupa

11 Conpasenme

I -

TOPHBX

EhpaloTn BpadoToR
’

Puc. 2. Cxembl MoaeJieii 1Jis1 pu3nueckoro MoaeJJMpoOBAHMSA:
a — MoZeTh | HeTPOHYTHIH MacCUB TOPHBIX MOPOJ; 6 — MOJIENb 2 MacCHB C OIMHOYHOM TOPHOH BRIPaOOTKO;
6 — MOJIENIb 3 MAaCCUB C CONPSDKEHHEM FOPHBIX BBIPA0OTOK

Fig. 2. Schematics of the models for physical modeling:
a —model 1, an intact rock mass; » — model 2, a rock mass including a single mine working; ¢ — model 3, a rock mass with a
mine working junction

3,5 A
1 /\’

, \ _

\ v
- X/ b
=, A g \ /
= \
= / 2~ / 3
5( b j];/lf C /

0,5 /

.Bj/
0 ¢ t

OTHocuTedbHBIE AedopManuu €

—°—Mopenb | — HETpOHYTHIH MacCHB
—>—Moeib 2 — MaccuB ¢ OAMHOYHOH FTOPHOI BBIPaOOTKOI
——Monens 3 — MacCHB ¢ COMPsHDKEHUEM T'OPHBIX BBIPAOOTOK
Puc. 3. 'paduku HanpsizkeHUs1 — OTHOCUTEIbHbIE JeopMaluy IKBUBAJEHTHOT0 MaTepuajia Gu3nyeckux Mojeei

Fig. 3. The graphs of relative strain versus stress for the equivalent material (EM) of the physical models
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Puc. 4. Cxema nedpopmupoBanusi IM (HETPOHYTHI MacCHB)

Fig. 4. Seam EM deformation schematic — intact rock mass

: s®e
e b : < @‘%
mmEe w v o sHA

Puc. 5. Cxema gepopmMupoBaHust mjiacra ¢ OAMHOYHON rOpHOM BblpaﬁoTxon

Fig. 5. Seam EM deformation schematic — rock mass including a single mine working
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Puc. 6. Cxema gepopMupoBaHus IJIACTA NPH NepecedyeHUH BbLIPA00TOK

Fig. 6. Seam EM deformation schematic — rock mass with a mine working junction

DKCTIEpUMEHT TIPOBOMIICS IS TPEX BapH-
AQHTOB (PU3MUYECKUX MOJICIICH M3 SKBUBAICHTHOTO
Matepuaia (puc. 2):

a) MoJenb | — HeTpPOHYTHIII MaccuB Top-
HBIX TIOPO/T;

0) Moaenb 2 — MacCUB C OJIMHOYHOM TOp-
HOU BBIpaOOTKOM;

B) MOJIeTb 3 — MAacCHB C COIpPSIKEHHEM
TOPHBIX BBIPAOOTOK.

Pe3yabTaThl ucciaenoBanus. 1o pesyib-
TaTaM (PU3UIECKOr0 MOJICITHPOBAHUS ITOTYICHBI
BEepPTHKAIbHAS YiCNbHAs Harpy3ka Tpex Moje-
nel, a taxke cienyromue napamerpsl HIAC ak-
BUBAJICHTHOTO MaTepuansa BOKPYr TMOJOCTEH,
UMUTHUPYIOIINX TOPHBIE BBIPAOOTKH: BEPTHUKAIb-
HBIE CMEIICHUS, OTHOCUTENbHBIE eOpMaIiu.

Ha ocHOBaHMM pe3ylbTaTOB HCIIBITAHHS
MoOJIeJIe U3 PKBHBAJICHTHOTO MaTepraia U B CO-
OTBETCTBUU C pekoMmeHpanusamu [15, 18] mo-
CTPOCHBI Tpa)MKH 3aBHCUMOCTH OTHOCHUTEIIBHBIX

nepopManuii - OT  BEPTUKAIBHON  YAENbHOI
Harpysku, IpeCTaBICHHbIE Ha pHC. 3.

Ha ocnoge pa6or [11, 17] oneHka pe3yib-
TaTOB HCCJIEJOBAaHUM NPOBOJAWIACH B CIENYIO-
1IeH OCIIE0BATEIbHOCTH.

IIpu HarpyxeHun Mozaenu | MPOMCXOIUT
obxarme OM, Kkak BHUIHO Ha Tpaduke
(ygactok OD), mociie DM nepexoauT B yrnpyroe
coctosiHue (yyactok DA), mpu mosiBieHUH mep-
BBIX TpPELIMH MOJENb (MacCuB) YIUIOTHSETCH,
Mocjie WHTEHCUBHOTO PAa3BUTHS TPEUIVH B TUIA-
CTe MPOUCXOJIUT €ro BblIaBiIuBaHue (puc. 4, a);
Harpyska paclpeiensieTcsi Ha BbIIIEJIeKalue
cion DM, HauumHaeTcs YNpyro-miacTUyHas Je-
¢dopmarus (ygactok AA|), IpH TEPexojie 30HbI
(Touka Aj) TpPOMCXOAUT pazpymieHue OM
(puc. 4, 6), mocine TOABIEHUS TPEIIUHBI Ha
BEpXHEM CJIo€ (B KPOBJIE) MOACIU MPOUCXOIUT
penakcanys HanpsiKeHH.

[Ipu HarpyxeHun mMoaenu 2, ocaabIeHHON
OJTHUM CKBO3HBIM BBIPE30M (TIOJIOCTbIO MMMTH-
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pPYIOIIYyI0 TOPHYIO BBIPaOOTKY), HaOIIOIaeTCs
MHTCHCUBHOE pa3BUTHE TPEIIMH B IUIacTe
(yaactok DB) ¢ BeimaBnuBanueM OM mo 6okam
TOpHOM BBIPAOOTKH (pHC. 5, a), mocie yero DM,
NOJOOHBI aJIEBPOJIUTY, HPOYHOCTH KOTOPOTO
B 3—5 pa3 Goiblile MPOYHOCTH YTJIsl, IEPEXOTUT B
yIpyro-miacTuuHoe coctosinue (yuactok BB) u
IpU YBEJIMYEHUH BEPTUKAIBHOTO JABIICHUS JO-

nuBaHue OM (YroJsibHbIN IUIACT) C 3aMELEHUEM
MyCTOT Ha MEepeceYeHUU IBYX IOJIOCTEH, B pe-
3y/nbTaTe BEPXHUM U HWKHUH ciioil OM (kpoBisi-
MOYBa) MPAKTUIECKH COMKHYIJIHUCH (puc. 6, a, 0).

BoiBoabl.

1) Meroa ¢u3ndeckoro MoJIeIupOBaHUS
MO3BOJISIET COKPATUTh BPEMsl W 3aTparhbl, HE0O-
XOJIUMBIE JJIs BBISIBICHUS 3aKOHOMEPHOCTEH Jie-
(hopMHUpOBaHUS TIOPOJ] B OKPECTHOCTH COTIPSDKE-

HUM BBIPAOOTOK B HMIAXTHBIX YCIOBHUSX.

2) Tlomy4ennble pe3yiabTaThl AePOPMUPO-
BaHHSA MAaTEpHaJiOB, SKBUBAJCHTHBIX T'OPHBIM
[IOpo/aM, IPEAINONAracTCcsl UCIOIb30BaTh B Ka-
YecTBe HMCXOAHBIX JAaHHBIX MPU TECTUPOBAHUU
Pe3yabTaTOB (PU3UIECKOTO W YHCICHHOTO MOJe-
JTUPOBaHUs, a TaKXKe MpU pa3paboTKe MacrnopToB
KpEIUICHHUS COMPSIKEHUIN TOPHBIX BHIPAOOTOK.

CTHUTaeT Mpe/ieIbHOro cOCTOsIHUS (Touka B1), u B
pe3yiabTaTe paspyuaercs (puc. 5, 0).
Pacnpenenenue nedopmaruit OM,
OCIabJIEHHOTO JIBYMSI TIOJOCTSIMU, UMHUTHPYIO-
MMM COTIPSDKEHHE TOPHBIX BBIPAOOTOK, Mpes-
craBneHo rpadukom 3 (puc. 3). MIHTEeHCUBHOCTH
nehopMUpOBaHUS MaTepuana, SKBUBAJICHTHOTO
VIJII0, B TPETHEH MOJICIH BBIIIE 110 CPABHCHHIO C
MonensiMi 1, 2, TOCKOJBKY MPOU30ILIO BBIAAB-
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I ¢eKThI NPepbIBUCTON HEYNIPYTOCTH
NP PACHPOCTPAHEHUU CEMCMHUYECKOHN BOJIHBI B 30HE MAJIBIX CKOPOCTEH

Mamuuckuii J. U.

HNucturyT HedTerazoBoit reonoruu u reodusuku umeHu A. A. Tpopumyka CO PAH,
Hoocubupck, Poccust; D<AIMashinskiiEI@ipgg.sbras.ru

AHHoOTanus: V3yuyeHne HETUIMYHBIX NPOSIBICHUH HEYNPYTOCTH TOPHBIX MOPOA PACHIMPsIET OHUMaHue (u3nye-
CKUX MEXaHH3MOB PaclpOCTPAaHEHHUS M 3aTyXaHUs CEMCMHUUYECKUX BOJIH B peajbHbIX cpenax. lloneBrle skcnepu-
MEHTBI BBIMIOJHEHBI NPH PACTIPOCTPAHEHUH MPOJOIbHON BONHBI yactoToi 240-1000 'y B mpocTpaHCTBE MEXTY
JIByMsI HETJTyOOKHMHU CKBOKHHAMHU B 30HE Maibix ckopocteit (3MC). 3MepeHnst MpOBOAMIUCH C TIOMOIIBIO TTHE30-
3NIEKTPUIECKOT0 UMITYJIbCHOTO U3IIydaTelsl U aHAJIOTMYHBIX IPUEMHUKOB, Pa3MELICHHBIX B CKBaknHaX. Lludposeie
3allUCH CUTHAJIOB B BHJIE «HAIpPsDKEHHE-BPEMs» G(¢) pETUCTPUPOBATIMCH OTKPBITHIM KaHAJIOM C MUKPOCEKYHIHBIM
paspenieHueM Bo BpeMeHH. Ha mpoduiie BoinHbI 00HApYKeHbI HEOOBIUHBIE KOPOTKONEPHUOIHBIE BapUAlH aMILIH-
TyIbl B BUIE PE3KOT0 YMEHBIICHHUS KPYTU3HBI (GPOHTA, AJACHUS HAIPSDKCHUS WIIH TUIATO PAa3IMYHON JIMTEIbHOCTH
(mecsTKM MUKPOCEKYHIT). DTH MalloOaMIUIMTYAHbIE Bapualuyd Ha (OpMe BOJHBI OBUIM paclieHEHbI KaK MpPOSIBICHMUS
CKauKko00Opa3HOH NpepbIBUCTOI HeynpyrocTy. ClesaHo NpernonokKeHue, 4To 3TOT HEYIPYTHil IpoLece OKa3bIBaeT
BJIMSHUE Ha TpaHcopmMaluio GopMbl BOJIHEL. Bkiaa ckaukooOpa3HOM HEYNPYrocTH 3aBUCHT OT BEIMYHMHBI NPH-
KJIa(bIBAEMOT0 HaNpsDKEHMS, T.€. B HAIIEM Cllyyae OT BEIMYMHBI aMIUIUTYAbl CEHCMHMYECKOro curuajia. Bosmox-
HBI MEXaHU3M CKa4yKOOOPa3HOHM HEeYNPYrocTH Ha MaJbIX JeQOpPMAIHSIX MOXKET ObITh OOBICHEH MUKPOTIACTUYHO-
CTBIO TOPHBIX Nopoy. IlomyueHHble pe3yapTaThl IPEACTABISIOT HOBBIM MIar B MOHUMAaHUK (PU3UKH PacHpOCTpaHe-
HUSI CEHICMUYECKUX M aKyCTHYECKUX BOJH B TOPHBIX MOPOAAX U MOTYT OBITH MOJE3HBIMH IJISl PEIICHUS IPUKIa-
HBIX 337124 B re0()U3UKE U TOPHOM JIeJIe.

KawueBble ciioBa: ckaukooOpasHas aedopmarivsi, MEKPOIIACTHYHOCTh TOPHBIX TOPOJI, HEYNPyTHue cehlcmuue-
CKHE MapaMeTphbl, aMIUTUTY/IHAS 3aBUCIMOCTb CKOPOCTEH BOJIH U 3aTyXaHHS.

Baarogapnoctu: ABTop Gmaromaput Eroposa I'. B. 3a mpoBeneHHe IKCIIEPUMEHTOB | TTOJIE3HYIO AUCKYCCHIO MTPU
00CyX/IeHIH PaOOTHI.

Jas uutupoBanusi: Mammackuii D. M. D dexTsl MpephIBUCTOM HEYNPYTOCTH MPH PACIPOCTPaHEHUN ceHcMuye-
CKOM BOJIHBI B 30HE MJIBIX CKOpPOCTEH. [ opruie nayku u mexuonocuu. 2019;4(1):31-41. DOI: 10.17073/2500-0632-
2019-1-31-41.

Effects of Intermittent Inelasticity when Propagating Seismic Wave
in Low Velocity Zone

E. I. Mashinskii

The Trofimuk Institute of Petroleum Geology and Geophysics, Siberian Branch of the Russian Academy
of Sciences (IPGG SB RAS), Novosibirsk, Russia, P<MashinskiiEI@ipgg.sbras.ru

Abstract: The study of atypical manifestations of rock inelasticity improves understanding of the physical mecha-
nisms of seismic wave propagation and attenuation in real environments. In the field experiments, the propagation
of longitudinal wave at frequency of 240—1000 Hz between two shallow boreholes in low speed zone was investi-
gated. The measurements were performed using a piezoelectric pulse emitter and similar receiver tools positioned in
the boreholes. "Stress-time" o(f) digital responses were recorded by the open channel with microsecond temporal
resolution. The unusual short-period variations of amplitude in the form of sharp flattening wave front, stress drop,
or plateau of different width (tens of microseconds) were detected in the wave profile. These low-amplitude varia-
tions in the waveform were regarded as manifestations of hopping intermittent inelasticity. This inelastic process
was assumed to affect the waveform transformation. The contribution of hopping inelasticity depends on the ap-
plied stress magnitude, i.e. in this case, the seismic response amplitude. The mechanism of hopping inelasticity at
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small strains may be explained by microplasticity of rocks. The findings obtained represent a new step in under-
standing of physics of seismic and acoustic wave propagation in rocks and can be useful for handling of applied

problems in geophysics and mining.

Keywords: hopping strain, rock microplasticity, inelastic seismic attributes, amplitude dependence of wave veloci-

ties and attenuation.
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Beenenue

Wzydenune (u3nyecknx MEXaHHW3MOB pac-
IPOCTPAHEHUS U 3aTyXaHUs CEUCMUYECKUX
BOJIH, HECMOTPSL Ha CBOKO JIaBHIOIO UCTOPHIO, J10
CUX IOp sBJsETCS aKTyalbHOH 3anaueld. Jlis
pelIeHus. 3TOW 3aJaud COBPEMEHHBIM IMOAX0[
UCIOJIb3YeT HOBbIE 3HaHUs O AedopManuu rop-
HBIX TIOPOJ, MOJyYSHHbIE HA MUKPOMACIITaOHOM
ypoBHe. Kitaccuueckass Bsi3Koymnpyras MoOJENb
XOpOILIO ONUCHIBAET AMCIIEPCUIO0 U PEIaKCaIUIo
[5, 23]. OgHako 3Ta MOACNb HE OOBSICHIECT Me-
XaHW3M, HalpuMep, HEOJHO3HAYHOCTU aMILIU-
TYJIHOW 3aBUCHUMOCTH CKOPOCTH BOJIHBI U 3aTy-
XaHUA. DTOT HABOJUT HA MBICIIb O CYILECTBOBA-
HUM KaKOro-TO HE YYUTBIBAEMOIO MeXaHH3Ma
HEYIPYTOCTH.

W3ydenne NUHAMUYECKHX XapaKTEPHCTUK
MOPOJI JOCTAaTOYHO TOJTHO OMUCAHO B padore [2].
JlaHHBIE TIOTYYEHBI TP OOJBIINX W YMEPEHHBIX
nedopManusax, OJHAKO 37€Chb HE paccMaTpuBa-
IOTCSl aMIUTUTYAHbIE U APYrHMe HeTUIHYHBIE 3(-
¢dexThl. M3yueHne HenMHEWHBIX >(PQEeKTOB B
CEIICMHKE IOKa3aJl0 BO3MOXKHOCTh UX JEHCTBUS
Jaxke pu Manbix aedopmanusx [4, 8]. Otu pa-
0OTHI 1aJM TOMYOK K JajdbHEeHIIeMy U3Y4EeHUIO U
MOMCKY (PM3UUECKUX MPUUINH 3TUX () PEKTOB.

O0630p MO AaMIUIUTYHOM 3aBUCHMOCTH
CKOPOCTEH BOJIH M 3aTyXaHwus [26] mpeacTaBisieT
9KCIEPUMEHTBHI, BHIMOJIHEHHBIE Ha 00pa3iax mo-
PO TIpU TapPMOHUYECKUX KOJeOaHUsX, U Teope-
TUYECKHE TOJIOKEHUS. BOJNBIIMHCTBO JaHHBIX
yKa3blBae€T HAa YMEHBIIEHHWE CKOPOCTH BOJIHBI U
YBEJIMYEHUE 3aTyXaHUs IPU YBEIUYEHUU aM-
mutyasl [23; 31, 34]. HemHorouucneHHble qaH-
HbI€ JJIS TIOPOJ MOKa3bIBalOT, HA0OOPOT, yBEIU-

YEHUE CKOPOCTH BOJHBI M YMEHBIICHUE 3aTyXa-
HUSIT BOJIHBI TIPH  YBEJIWYEHUU aAMILIUTY]IbI
[20; 37]. Bo3MOXXHOCTh HECTaHAAPTHOTO TOBE-
JICHHSI CKOPOCTEH BOJIH ObU1a 00OCHOBaHA B TE€O-
perndeckux pabdorax [24; 20; 18]. 3mecy moka-
3aHO, YTO YMEHBIICHUE WU YBEINYCHHE MOIYJIS
YIPYTOCTH MPOUCXOIUT B COOTBETCTBHH C IIO-
JIO>KUTEIIbHBIM UJTM OTPULIATEILHBIM XapaKTepoM
KPUBH3HBI AHArPaMMEBI G(€) .

NmeroTcss HEMHOTOUYMCIIEHHBIE TIOJIEBBIC
SKCIEPUMEHTHI 0 aMIUTUTYIHON 3aBUCHMOCTH
CKOpPOCTEW BOJIH, KOTOpbIE MPOBEAEHBI B MOJI-
MOYBEHHOM CJIO€ B HEMNIYOOKHMX sSIMKax WJIM Ha
Oepery Bomoema [37]. 3amucu mOKa3bIBaIOT, YTO
C YBEIMYEHUEM aMIUIMTYAbl CUTHAJIa CKOPOCTH
BOJHBI MOXET KaK YBEIWYUBATHCS, TakK U
yMeHbIIaTbCs. MIMeeT MecTo Takke OCTaTOYHBIN
TUCTEPE3UC CKOPOCTEH BOJIH, UYTO CBHJIETEIb-
CTBYET O HEOOpaTHUMBIX JedopMalusix, BbI3BaH-
HBIX celicMuuecKoi BoiHOM. HeoObluHbIe nMaH-
HbIE 10 aMIUIUTYIHOM 3aBUCHUMOCTU MOJYYEHBI
TakKe B JIaDOpaTOPHBIX DJKcIepuMeHTax [7].
VYcTaHOBIEHO, YTO B CYXOM M BOJOHACHIILIEHHOM
MeCYaHUKE B yJIbTPa3BYKOBOM JIMANA30HE YaCTOT
rapamMeTp 3aTyXaHHs SBISETCS Oojiee YyBCTBU-
TEJIBHBIM K BapUaIli{ aMIUTUTY/IbI, YeM CKOPOCTh
BOJIHBI.

JlaHHBIE YKa3bIBAIOT, YTO HECTAaHIAPTHHIC
3¢ dexTsl 00yCIOBIACHBI NEPEKTHOCTHIO MOPOJ,
MHUKPO-HEOJHOPOJHOCThIO, HAJIUYUEM TOHKHUX
IJICHOK, MUKPOTPEIINH, CII0KHOCTBIO (ha30BOTO
cocTaBa. JKCIEPUMEHTHI C UCIOJIb30BAHUEM CO-
BPEMEHHOMU ammapaTypbl IJIsl PEerUCTpaluu BOJI-
HOBOTO TpoIlecca U 3EKTPOHHON MHKPOCKOIIHHI
3T0 moareepxkaaroT [19]. Hampumep, naHHbie
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JUIl KPUCTAJUIMYECKOTO OJIMBUHA IIOKA3bIBAIOT
BJIMSIHUE HAHOMETPOBBIX MEXK3EPEHHBIX COEIIU-
HEHUW Ha IapaMeTp 3aTyXxaHus IOIepEeYHOU
BOJIHBI. OTH MEK3EpHOBBIE KOHTAKTHI HMEIOT
AQHOMAJIbHBIE 3HAYEHUS MOAYJS YIPYrocTH U
BBI3BIBAIOT HEOOBIYHbIE TpaHCHOpMALUMU Hapa-
merpa 3aryxarus O (o). Hexoropbie Teoperu-
YeckMe MOAXOAbl U SKCIEPUMEHTAJIbHbIE
paboThI TakKe BBIIOJHEHBI B ’TOM HalpaBI€HUU
[35; 11; 36].

Lenbto crarbu sBISETCS YCTaHOBJIEHUE
NPOSIBICHUH CKAauKOOOPa3HOH MPEphIBUCTOMN He-
YIOPYrOCTH B IOPOJAax, BBI3BAHHBIX ceilcMuue-
CKOM BOJIHOHM, U COIOCTABJICHHUE ITHX JaHHBIX C
pe3yibTaTaMM KBa3HCTATHUECKUX SKCIIEPHUMEH-
TOB U APYI'MX HOBEHIINUX UCCIIEOBAHUI.

MeToanka M TEXHHKA IKCIIEPUMEHTA

OKCHEpUMEHThl POBOJAWINCH Ha bBhICT-
poBckoM nonurone B HoBocubupckoil obnactu.
Bepxuss yacts paspesa (3MC) sBisieTcst OTHO-
CUTEJIbHO OJHOPOJHON (OTCYTCTBYIOT OTpa<a-
IOIIME TpaHULBl) M CIOXKEHAa U3 CYIJIMHKOB
MOIIIHOCTBIO HECKOJIBKO NI€CATKOB MeTpoB. Cy-
IJIMHKHM COCTOSIT U3 IIE€CKa, Uja U IJINHBI B KOH-
nentpauu okojgo 40-15-45 %, cooTBeTCTBEH-
HO. Pa3Mep IIMHUCTBIX YacTHI] U MECYaHbIX 3€-
pPEeH COCTaBJISIET OT MATH /10 JIECATKOB MHKpPO-
MeTpoB. CyrJIMHKH 710 TIyOMHBI ~3 M OTHOCH-
TEINbHO CyXHE, IO ~8,5 M — YacTU4YHO BOJOHA-
CBILLEHHBIE, @ J1aJIe€ MOJTHOCTBIO BOJOHACHIIIEH-
Hble. CKOpOCTb NMPOJOJIBHON BOJIHBI B CYXHX M
YaCTUYHO HACBIIIEHHBIX CYIJIMHKAaX COCTaBISET
V, =240-500 m/c, a B IOJTHOCTBIO HACBIILEHHBIX
- V,= 1500 m/c.

Hcrounnk wu3nydeHHsl pacrnosiarajicsi B
mypde rmyouHoi okosno 1 M. Bonusu nctounu-
ka Ha paccrosHuu 0,4—1 M pacnosarancs mnep-
BBl IIPUEMHUK CHUTHAJIOB. BTOpON NpUEMHUK
pa3Meniaics B CKBaXXHMHE Ha riyOuHe 1 M M Ha
paccTossHUM OT UCTOYHWMKAa 6 wm 14 m.
Hcrounuk coctout u3 Habopa Mbe303JIEKTpHUE-
cKuXx auckoB. [IpeoOnanaromas yacrora usiyya-
€MOro HMIyJibca B OMIDKHEM IPUEMHHUKE
~1100-3300'1, a B JanbHEM MPUEMHHKE
~120-340 I'u. W3ny4yeHue ocyuiecTBiseTcs 4e-

pe3 ympyrywo 000JIOUKY C KHIKOCThIO, KOHTAK-
THPYIOUIYIO CO CTEHKOW CKBaKMHBI. [Ibe30311eK-
TPUYECKUI TPUEMHUK JaBICHUS KOHTAKTUPYET
CO CTEHKOM CKBa)XMHBI aHAJOTMYHBIM 00pa3oM,
4yTO 00€cIeYnBaeT XOPOIINH KOHTAKT CO CPELOH.
CeiicMuueckast 3amuch — 3TO HaNpsDKCHHE B
GyHKIMU BpeMeHH, G(f), BpeMs KBaHTOBaHHS

tipanr = 20 MKC U fepanr = 125 MKc. IIlar kBauToO-
BaHUS aMIUATYABI (Aysanr) B ALl cocTaBiser
78 MB. AMIUIMTYIHBIE 3HAYEHUS B BOJIbTaX OBI-
JU IpeoOpa30BaHbl B BETUYHHBI MEXaHUYECKOTO
HaMpPsDKEHUS, WCMONb3ysd KOd(P(HUIMEHT mpeod-
pazoBanus K, =100p B/ITa. IlpuemMHux cursa-
JIOB MMEET MPEeAYCHIUTENIh C K03(h(hULIUEHTOM
yeunienust K = 100. Curnansl B nudpoBoii dop-
M€ 3aMUCBIBAIUCh HA KOMIIBIOTEp. AMILTUTYIA
BXOJIHOTO CHTHalla HM3MEHSIAach AMCKPETHO OT
MUHHMYMa 10 MakcumyMa: A — A, — A3 — Aa.
AMruTyna  Bo3pactaeT  Kak - Ay/A; = 1,5;
As/A1 =2,0; A4/A; =2,5. Ha pacctossauu 110 14 m
OT WCTOYHHMKA HANPSOKEHUE B CPEC COCTABIISCT
MPUOIU3UTENBHO €IUHUIIBI-ICCATKY MacKameil, a
nuana3oH aedopmariuii ~107%-107°. D10 Manbie
nedopMaluu, HaxOJAUIHECs] HUXKE YCIOBHOTO
npenesa ynpyrocTH.

PesyabTaTsl n 00cy:KI1eHNE

AHanmM3 CEeUCMUYECKHUX 3amucedl MpoBO-
JWICS C WCIOJIb30BaHUEM IH(PPOBOTO BHICOKO-
pa3peraromnero oToOpakeHus CUTHAJIa B yBEIH-
yeHHOM MacmTabe. OrtoOpakeHue TMOIy4eHO
COETUHEHUEM BCEX TOYEK KBAHTOBAHUS (fypanr)
nM(POBBIX aMIUTUTYAHBIX 3HAUYEHUN Ha Tpacce
MPSMOIUHEHHBIMU OTpe3kamu (0e3 criiakuBa-
Hust). Takoe mpencTaBieHne CUTHANA TTO3BOJISET
JETATbHO PAacCMOTPETh TUHAMUYESCKUH MpoIiecc,
T.€. TIPOIIECC Pa3BHUTHs HampspkeHHs (nedopma-
1MW) BO BpeMeHHW. MumocTpamuu TpUBOISTCS
KaK B aHAJIOTOBOM, TaK M ITU(POBOM OTOOpake-
HUU.

Pesynomameut

Ha puc. 1 npencrasieHsl mecTh OQHOBpE-
MEHHO TIOJTyYEHHBIX 3alKcell CUTHAJIOB B aHAJO-
TOBOM BHJE, 3apErUCTPUPOBAHHBIX HAa TpeX Be-
nuyuHaX amIumtyasl (A1, Az, Az). I3 HUX Tpm
Tpacchl — 3TO 3aMUCH MEPBOTO (ONMKHErO K HC-
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TOYHHMKY) NMPUEMHHUKA, YCTAaHOBJIEHHOIO B CKBa-
KUHE Ha riyouHe 1 M, ¥ TpU Tpacchl, 3aIMCaH-
HbIE BTOPHIM TPUEMHHMKOM, HaXOISALIMMCS B
CKBa)XXHMHE Ha Ii1yOuHe 6 M B | M OT UCTOYHUKA.
PaccmoTtpenue 3ammceii B IU(pPOBOM
oToOpa’keHUM IOKa3blBaeT cienyouiee. Bauny
HEBO3MOXKHOCTH pa3MEIEHHs] BCeH 3alucu Ha
OJTHOM DPHUCYHKE, OHa WIIKOCTPUPYETCS OTAEIb-
HbIMU 4acTsMM. Ha puc. 2 mokaszaHbl ydacTKH
3anucel MepBoro MoJlynepruoia UMILyJbca, 3ape-
THCTPUPOBAHHOTO BOJIM3M UCTOYHUKA @ U HMM-
myJibca — Ha TJIyOMHEe 6 M (HM)KE MCTOYHHUKA) 0.
CpaBHeHue 3anuceil a U 6 1MoKa3bIBaeT UX Kaue-
CTBEHHOe paznuuue. Ha Bcex amruutyngax npo-

¢unp mnepBuUYHOrO CcHUrHana o (f) JTOBOJBHO
raakuid. [poduns o, (1) nMeeT ocno)HEHHS B

BUj€ IUIATO / Pa3IMYHON HPOTSKEHHOCTH, JIO-
KaJbHOTO NaJeHUs HanpspkeHus 2 (IIOMEYEeHbI
INYHKTUPHBIM OBAJOM) U YYacTKOB PE3KOI0 H3-
MEHEHUSI KPYTH3HBI ()POHTA BOJHBI 3 (TOMEYECHBI
CTpenKaMu). 31ech KpyTHU3Ha (POHTA B TCUCHHUE
OJTHOTO tpayr U3MeEHsIETCA B 9 pas. Ilepeuncnen-
HBIE OCJIO)KHEHMSI MMEIOT 3[€Ch 3HAYUTENIbHOE
pacnpocTpaHEHHE.

Ha puc.3 mnoka3zaHbl yd4acTKH 3amucei

BTOpPOro  (TIOJIOKUTENBHOIO)  MOJyIepuoaa
OMKHEr0 UMIYJbCA a M aHAJIOTHYHOTO JajbHe-
ro moiynepuona 6O, 3aperucTPUPOBAHHOTO HA
riyouHe 6 M. CpaBHEHHE STHX 3aluceil JaeT Ta-
KOH JK€ pe3ysIbTaT, KOTOPbI ObLJI OMKMCAH BBIIIE.
[IepBast 1 mOBTOpHAs 3aMKCH HA OJTHOW U TOM ke
BEJIMYMHE aMIUTUTYAbl A2, 3apeTrUCTPUPOBAHHBIE
JNAJIbHUM TPUEMHHUKOM, IIOKa3aHbl Ha pHuc. 4.
OTH UMITYJIBCHl B aHAJIOTOBOM (hopMme mpencTas-
JIeHbl Ha puc. 4, a. JleranpHyro KapTuHy B IH}-
POBOM OTOOpaXEHMM MOXKHO BMJIETh Ha TpeEX
MHTEpBaJlaX 3allUCH, II€ YyY4aCTOK 6 MpeACTaBis-
€T 3aIUCh MEePBOr0 MUHUMYMa, YYaCTKU 6 U & —
9TO (hparMeHThl BOCXOSIIET0 U HHUCXOJAIIETO
(GbpoHTa UMITyJIbCA COOTBETCTBEHHO. 3JIeCh UMe-
0T MECTO T€ € HEeCTaHJapTHBIC MPOSBICHUS U
HAOJIIOJIAIOTCS T€ JKE CaMble HIOAHCHI MEXIY
IIEpBOM M IOBTOPHOW 3alMCSAMHU, KOTOPBIE OIH-
caHbl BbllIe. [lageHne HampsKeHUs 3aMEHSIETCS
MoJIOYKOM (B puC. 4 TIOMEUEHO CTpelKamMu B
npsMoyronbHuke). MMerores ydacTku (QpoHTa
UMIIYyJIbca, KOTOpble CBOOOIHBI OT HECTaHIapT-
HBIX NpOsBICHUH (puc. 4, 2).
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Puc. 1. AHaJ10TOBBI€E 32a1IMCH CUTHAJIOB HA TPeX BeJHYUHAX aMIIMTYIBbI (A1, A;. A3),
MoJIyYeHHbIe BOJIM3U OT UCTOYHUKA U HA yIAJ€HUH OT HETo

Fig. 1. Seismic response analog records at three values of amplitudes (A4;, A,, A3) obtained near the source
(pulse emitter) and at a distance from it
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Puc. 2. YuacTku 3anuceii nepBoro noJiynepuoaa 0/1MHero K HCTOYHUKY HMIYJIbca (@) 1 HMITYJIbCa,
3aperucTpUMPOBAHHOIO Ha riIy0uHe 6 M (0)

Fig. 2. Sections of the records of the first semiperiod of the pulse closest to the source (a)
and the pulse recorded at a depth of 6 m (b)
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Puc. 3. YuacTku 3anuceii o10KATENBHOTO NOJTyNepHoAa 0JIMKHEro HMIyJibca (a)
W AHAJIOT0BOT0 MOJIYNIEPHOJa HMITYJIbCA, 3aPerHCTPUPOBAHHOIO HA IIyOuHe 6 M (0)

Fig. 3. Sections of the records of the positive semiperiod of the pulse closest to the source (a)
and the analog semiperiod of the pulse recorded at a depth of 6 m (b)
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Puc. 4. IlepBasi M1 NOBTOpPHAasi 3aIMCU HA OJJHOM U TOM :Ke BeJMYUHe AMILIMTYIBI (A,),
3aperucTpMpoBaHHbIE JAJILHUM MPUEMHUKOM:
@ — UMITYJIbC B aHAJIOTOBOH (pOopMe; 6 — MepBbIi MUHUMYM; 6, 2 — ()parMEeHThl BOCXO/SIIIETO M HUCXO/SIIET0
(POHTOB MMITYJIECA, COOTBETCTBCHHO

Fig. 4. The first and repeated records at the same amplitude (A,), recorded by the far receiver tool:
a — the analog pulse record; b — the first minimum; ¢, d — fragments of the pulse ramp and downgoing front, respectively
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Puc. 5. UMnynbcbl HaNpszKeHNs1, 3aperucTPUPOBAHHBIE OJMKHHM K HCTOYHHKY PUEMHHKOM (@) 1 JaJIbHUM NpHeM-
HHUKOM (0), pacnosioxkeHHbIM B 1 M CKBasKHHe HA PACCTOSIHMH 14 M OT HCTOYHHMKA

Fig. 5. Stress pulses recorded by the receiver tool closest to the source () and the far receiver (),
located in 1-m borehole at a distance of 14 m from the source

Ha pwuc.5 mnoxaszansl 3amuicu OIUXKHETO
MPUEMHHKA @ U JAIBHETO MPUEMHHKA O, pacro-
JIO’KEHHBIX Ha paccTossHUM | u 14 M OT UCTOUHHU-
ka. [Ipoduns BONHBI BOald OT HCTOYHHMKA HA
BCEX aMILIUTY/1aX OCJIOHEH IJIaTO U y4acTKaMU

najeHus HanpsokeHus. [lagaroruii GpoHT mo-

JIOKUTEBHOTO TONYIEpHOAa TIOYTH HE HMEEeT
ocnokHeHui. Ha puc. 6 moka3an npumep 3amucu
uMIynsca B 14 M OT UCTOYHUWKA, TIE HUMEETCS
HaJIM4YMe TMPOTSHKEHHOTO OCIOXKHEHHUS Ha BOCXO-
nsmieM GpoOHTE U €ro OTCYTCTBHE Ha MagaroliemM
¢ponte. B uHTEpBane BpeMeHu Af=tf, — ¢} Ha
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BCEX BEIMYMHAX AaMIUIUTYABl HaOJIIOaeTcs
YMEHBIIEHUE KPYTU3HBI (POHTA, KOTOPOE UMEET
CTPYKTYPUPOBAaHHBIA XapakTep. 37ech OCIOX-
HEHHS TPEACTABJICHbI B BUJE IUIATO M HaJCHUS
HaNpsDKeHUsT MUI000pa3Hoit ¢popmbl. BHe 3Toro
ydacTKa IOBEJCHHUE NPOQHIS HANpPsDKCHHUS OT-
HOCHTENbHO MOHOTOHHOe. C yBenmMueHHeM Be-
JMYMHBI aMIUTUTY/ABI pa3Max 3y04yaTo-1oJ00HbIX

nposiBiecHuM  Bo3pactaer. Hauvano mnanenus
HaMpsDKEHUST TPOUCXOANT B Touke a. [locmeny-
IOIUE MAJCHUS MPOUCXOIAT B TOYKAX BPEMEHHU
0 u B. 3aMe4eHO, YTO «MHUKPO-(QPPOHT» MOCIe-
IyIOIIero 3a TouykamMu a, 0, B BO3pacTaHus
HaIpsHKEHUS UMEET TOT K€ CaMblil HAKJIOH K OCH
BPEMEHH, T.€. OJIMHAKOBYIO KPYTU3HY (QpOHTa
(TyHKTUPHBIC TUHUHU TTApAILJICTHHBI).

\

AMnAUTYAa Hanpske A, Nackank

o=

466

AmnAnTYAa HanpAweHna, MNackab
o

-0,25

0,076

—t—Al-pans
—0=A2-nans
A3-pans

——Ad-nans

Bpemn, cex.

Puc. 6. 3anucu MMIyJIbCOB Ha YeThbIpeX BeJMYHHAX AMILIMTY/bI, 3ApericTPHPOBaHHbIE HA paccTOAHUHN 14 M
OT HCTOYHUKA U riIy0uHe 1 m

Fig. 6. Pulse records at four amplitude values recorded at a distance of 14 m from the source at a depth of 1 m

Obcyorcoenue
W3yuenue celicMuueckux 3amuceii o(%)

MoKa3ajo, 4To ¢opMa BOJHBI OCIIOKHEHA BCTaB-
KaMHd B BUJE IUIATO CKayKOOOpa3HOTO U3MEHe-
HUS aMIUIMTYAbl HampsbkeHusa. Takoil s dext
MPEIITOJIOKUTETIFHO OTHECEH K TIPOSBICHHIO
CKaYKOOOpa3HOW MPEPHIBUCTOW HEYIPYTOCTH,
00YCITOBJICHHOH MHKPOIUIACTHYHOCTHIO TOPHBIX
noposi. MHOTOYHCIICHHBIE JaHHbIE B (u3nKe
TBEPJOTO TeJla W MaTEpHUaJOBEICHUU TaKKe
YKa3bIBAIOT HA MEXaHU3M TUIACTUYHOCTH U CKad-
kooOpaszHoii nedopmaru [1; 3; 6; 9;14; 29; 27,
33]. OKcrepUMEHTAIBHO MOKAa3aHO, YTO MPOLECC
MUKPOIUIACTUYHOCTH IO CBOCH MPUPOJIC SBIISACT-
Csi aMIUTUTYIHO-3aBUCUMBIM [16, 37, 22, 25].
[IpepbIBUCTOE M3MEHEHUE aMILTUTYIBI B opme
CEHCMHMYECKOTO0 HMMIYJbCa AaHAJOTHYHO OCTa-
HOBKE HAIPSHKEHUSI TIPU TOCTHXKEHUU UM KPUTHU-
YECKOW BENUYHMHBI G, Ha KpuBohd o(g) [28].

O¢ddexktuBHas KpyTuzHa (GpOHTA HMITyJIbCa

(dbopMupyeTcss Ipy COBMECTHOM YYacTUU YHPY-
TOCTH U HEYNPYroCTH CKayYKOOOpPa3HOTo Xapak-
Tepa. DTO COBNAAAET C JaHHBIMM, ITOJTYYEHHBIMU
B MaTepualoBeleHUHU. BHe3amHoe IosBIEHUE
IUIaTO TEKY4YEeCTH Ha KPUBBIX G(€), Ha3BaHHOE

KakK BHE3AMHBIN MPBHKOK CMEIIEHUS IPU HArpy3-
K€ U pa3rpy3ke («pop-in» U «pop-out eventy),
OOHAapy)KeHO BO  MHOTHX  JKCIIEPUMEHTaxX
[12; 21].

JyonupoBaHue 3amuced, perucTparus
CUTHajJa C HAKOIUIEHHEM O00eCreYrBaeT JO0CTO-
BEPHOCTh M3MEPEHH U CHUMAaeT MPUYACTHOCTH
MOMeX TPOU3BOJIBHOrO Xapakrepa. [loBTopHas
3aIMch B TIpelieiax OJHOT0 KBaHTa BPEMEHH HE
BCETJla COBMANAeT C TEpPBOM 3alHChlo, Kak,
HarpuMep, MoKa3zaHo Ha puc. 4. DTO JOIYCTUMO
JUIA 3allUCH C BBICOKOM OeTallM3alled B CIIOXK-
HOTIOCTPOEHHOM MarepHalie, TAKOM KakK TopHas
nopoaa. O¢d(deKT OIWHAKOBOTO HAKIOHA JIO-
KaJIbHOTO y4YacTKa Ha ()POHTE BOJIHBI TOCTE JIO-
KaJIbHOTO TAaJCHUS HampshKeHus (puc. 6, mapai-
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JeNbHbIe MYHKTUPHBIEC TUHUH U3 TOYEK a, 0, U B)
npezckaszad B pabote [14]. 3aeck mokaszaHno, 4ro
1OCJI€ YYaCTKOB MaJCHUS HAINPSDKEHUS HA Jua-
rpamme G(€) CIEIyIOT Y4YacTKH YIPYrou je-
dopmanuu, KOTOpbIE SBIISIOTCS MapajuIeIbHBIMU
apyr apyry. Takyke W3BECTEH Mepexoj IUiaTto B
najJicHue HampsbkeHus (MX B3aMMHas 3aMeHa),
KOTOpBIA TIOKa3aH Ha pwuc. 4, 6. Heobxomumo
OTMETHUTh, YTO BOCXOAALINI (GPOHT UMIYJIbCa HA
BCEX aMIUIMTY/aX UMEET OCIIOKHEHHs, B TO Bpe-
Ms KaK majgaromuid GpoHT cBOOOIEH OT HUX (CM.
puc. 6). BxoaHolt UMIyJIbC BCerja TaKxKe sBIIs-
€TCS MPAKTUYECKU «IUCTHIM.

CkaukoobOpa3zHas nedopMmanuss U IUIIATO
HaANpPSDKEHUsT OOHAPYKEHBbI TaKXKe B MPUPOTHBIX
Marepualiax, TaKux Kak KpeMHuil [32], ctuiio-
But [30], candup, muopur, rpadur, cioma u
npyrue [10]. KapueBsie 3epHa U Ipyrue MUHe-
payibl MPUCYTCTBYIOT KaK B TBEPIBIX IMMOPOAAX,
TaK U B CIAOOKOHCONMUINPOBaHHOM cpexne. C mo-
MOIIBIO AIEKTPOHHOW MHKPOCKOITMHU IOKa3aHo,
YTO MOHOKPHUCTAIIJIBI KBaplia COAepkKaT BKIIOUE-
HUSl Pa3IMYHOTO XUMHUYECKOTO COCTaBa MHUKPO-
METPOBBIX pa3MmepoB. I[lpu pacnpocTpaneHun
BOJIHBI MaJIOl WHTEHCHUBHOCTH KBaplil oOyagaeT
NPU3HAKaMU HEKJIACCHYECKOW HEYNPYTOCTH, YTO
3apeTUCTPUPOBAHO HA MapaMeTpax aMIUIUTYTHO-
4aCTOTHO-3aBHCHUMOTO 3aTyXaHHs C TPUMEHEHH-
eM JJIeKTpOHHON MuKpockoruu [22]. [Ipumeua-
TEBHBIM SIBISICTCSI TOT (PAKT, YTO CKAYKH JIe-
dbopMmaruu u miaato ObUIM OOHAPYKEHBI B TAKOM
ciaboM MaTtepualie, Kak HaHoIJIMHa (nanoclay)
[15], a Taxoke B runce [13] u rpanure. tH ak-
ThI TOXE MOKHO PACIIEHUTh KaK KOCBEHHOE TOJI-
TBEP)KJICHUE BO3MOXHOCTH TIPOSIBJICHHS TaKHUX
3¢ dexToB B c1ab0 KOHCOMMIAMPOBAHHON Cpelie.
Teoperndeckoe 000CHOBaHHME PACTIPOCTPAHEHUS
CeMICMUYECKHUX BOJIH C MPHUBJICYCHUEM TIpoIiecca
MUKPOIUIACTUYHOCTH CcJAenaHo B paborte [36].
Heo6xoauMo paccMOTpeTh U APYrHe BO3MOXK-
HbIE MEXaHHU3MBI, KaK HalpuMep, aKycro-
rtacTudeckuit dQGexT B MeTauiax M cIulaBax
[28]. B aToi1 paboTe ObLT MpoaHATM3UPOBAH IKC-

MEepPUMEHTAJIbHBIA MaTepHall U MPEIJIOKEHbI
000CHOBaHUS W TOAXOJbI PEIICHUS MPOOIEMBI
MEXaHH3Ma CKa4KOoOOpa3HOH HEYNpyrocTd B
TOPHBIX MMOPOJaXx.

3akiaro4eHue

HoBeie nannbie 0 (usuke pacmpocTpaHe-
HUS CeHCMHUYECKHX BOJH B PEajbHOM cpeie mo-
JydeHbl B 3ToW pabote. MMmeeTrcss MHOKECTBO
MEXaHU3MOB 3aTyXaHUsl CEUCMUYECKUX BOJIH,
OJIHAKO MEXaHU3M NPEPBIBHCTON (CKaukooOpa3-
HOM) nedopMaluu moKa HE BKJIFOYEH B CEHCMU-
4eCcKyr Mojieb. HoBble 3HAHMS MOTYT OBITH HC-
MTOJI30BAHBI JIUIST PA3BUTHS PEOJIOTHYECKON MO-
JeNId U TEOPETHUYECKUX HccienoBaHuil. Bromne
BEPOSATHO, YTO aMIUIUTYHAs 3aBUCUMOCTb CKO-
pocTeil BOJIH M 3aTyXaHUs CBA3aHa C MPEpBIBU-
CTOU HEYNPYTrOoCThIO M, B YACTHOCTH, C MUKPOII-
JacTUYHOCThi0. OO0 3TOM  CBMJIETENBCTBYET
CKaYKOOOpa3HBIH M CTPECCO3aBUCUMBINA Xapak-
Tep mporecca aeopmaruu. [IpuunHoil TpaHc-
dbopmaru GopMBI BOJTHBI MOXKET OBITH MHKPOII-
JACTHUYHOCTb.

[IpoGnema mpupoabl MUKPOIIIACTUIHOCTH
B TEOJIOTMYECKUX MaTepuajax OCTaeTcs MoKa
OTKpBITOH. MexXaHu3M HEYNPYyrocTh MOXKET
OBITh TEM K€ CaMbIM, YTO U B TBEPIBIX Telax
(IBW)KEHUE MAMCIOKAMM M JOpyrux JAeQeKToB
MHUKPOCTPYKTYPBI), WM COBEPIICHHO JPYTUM.
Onnako oOOHapy>XKEHHbIE TMPOSIBICHUS  CEHl-
CMOMHKPOIUTACTUYHOCTH B CYIJIMHKAaX OYCHBb
MOXO0KH Ha TMPOSIBICHUS MHUKPOIUIACTUYHOCTU B
OOBIUHBIX TBEPJBIX TENTaX. DTOT BOMPOC Tpedyer
JMabHEUIer0  MposiCHEeHUs.  MUKpoIaacTuy-
HOCTh 3a/IeBaeT MaJOU3BECTHBIE HEYIPYyrue
MIPOIIECCHI PACTIPOCTPAHEHUS MAJTOAMITIUTYIHBIX
BOJIH B TIPHPOJIHBIX MaTepuanax. HoBble 3HaHUS
00 ympyro-Heyrnpyrux Mpoieccax HeoOXOIUMBbI
HE TOJIBKO IS Pa3BUTHUS TEOPUH, HO W JJIS I10-
mydeHus: 6onee 3QPEKTUBHBIX TUATHOCTHIECKUX
MPU3HAKOB MPU PEIICHUU PA3TUYHBIX MPHUKIAJI-
HBIX 3a/lad4 CEeMCMHUYECKUMU M aKyCTUYECKUMHU
METOJIaMH.
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AHaJIM3 XapaKTepa HACBIIIEHHOCTH I0OPO/J B HEOJHOPOJIHOM KOJLJIEKTOpe
Ha npuMepe mwiacta AC10 IIpuodckoro MecTopokaeHust

Paruukos U. b., Sipkosa H. C., Pomanos E. A.
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AHHoOTamusi: PaccMaTpuBarOTCS OCHOBHBIC (DAKTOPBI, OKAa3bIBAIOIIME BIUSHUE HA TPUPOJY HEPABHOMEPHOM
HACBIIIIEHHOCTH yTieBoopoaamu (Y B) komnextopa miacta AC10 IIprno6ckoro MecTopoKAeHHS, PACIIONIOKEHHOTO
Ha Tepputopuu 3anagHodt Cubupu. OTIOXKCHHS 3aJ€KU XapaKTePU3YIOTCS YPe3BbIUANHONW HEOJIHOPOJIHOCTHIO,
00yCIIOBJICHHOW MaKpo- M MHKPOCTPOCHHEM, KOTOPOE ONPEICIICHO IUTONOTO-(panuaibHbIMU M CTPYKTYpPHO-
MOP(HOIOTHIECKIMHE YCIOBUSIMH OCaIKOHAKOIUTEHHUS. JlaHHAas 3ayie)b OTIMYaeTcs MHUPOKOW NW3MEHYHBOCTHIO JTH-
TOJIOTO-MUHEPATIOTHIECKOTO COCTaBa U TEKCTYPHO-CTPYKTYPHBIX ocoOeHHocTell. C IeNbi0 BBISIBICHUS TPUPOJIBI
HEPaBHOMEPHOM HACBIIIEHHOCTH KOJUIEKTOpPa Y B BBINOJHEH COBMECTHBIN aHAINU3 PE3yJIbTATOB, MOJYUYEHHBIX IO
pa3MepaM KaluUIIPHBIX KaHAJIOB M TIOP, a TAKXKe CTEICHU MX 3aI0JHCHUS TJIMHUCTBIM M KapOOHATHBIM MaTrepHa-
oM. MccnenoBaHus MOKa3aid, YTO COCTAB LIEMEHTA, €r0 KOJUYECTBO B IOPOBOM MPOCTPAHCTBE U HACBHIILIEHHOCTh
KepHa YB B COBOKYITHOCTH HUBEIHPOBAIHU dJIEKTpHueckoe comporuBieHue miacta AC10 B pa3nuyHBIX 30HAX
HACBIIICHUS, YTO MPUBEJIO K UCKAXKCHHUIO HACBHIIIICHHOCTH KOJUICKTOPA B IICJIOM.

KiroueBblie cji0Ba: HEOAHOPOIHOCTD, HACBHIIIEHHOCTD, Pa3MeEPHI IIOP U MOPOBBIX KaHAJIOB, IOPUCTOCTh, IPOHULIA-
€MOCTb, TTTHHUCTOCTbD, KAPOOHATHOCTE.

Jasa nutupoBanus: PataukoB U. b., fApxosa H. C., PomanoB E. A. Ananu3 xapaktepa HACHIIICHHOCTA MOPOJ
B HEOJAHOPOIHOM Koiuiektope Ha mnpumepe macta AC10 IIpuobckoro mectopoxneHusi. [ opubvie HayKu u
mexnonoeuu. 2019;4(1):42-56. DOI: 10.17073/2500-0632-2019-1-42-56.

Analysis of Hydrocarbon Saturation Nature in a Heterogeneous Reservoir as Exem-
plified in AC10 Formation of Priobskoe Field

I. B. Ratnikov, N. S. Yarkova, E. A. Romanov

Ltd. "Coretest service", Tyumen, Russia, D<IBRatnikov@mail.ru

Abstract: The main factors affecting the nature of uneven hydrocarbon saturation of the AC10 formation reservoir
at Priobskoye field located in Western Siberia are considered. The formation is characterized by extreme heteroge-
neity caused by macro- and microstructure, which is determined by the lithofacial and structural-morphological
conditions of sedimentation. The formation is characterized by high variability of lithological-mineralogical com-
position and textural and structural features. To bring to light the nature of the uneven hydrocarbon saturation of the
reservoir, the combined analysis of the findings obtained from the study of the size of capillary channels and pores,
as well as the investigation of the degree of their filling with clay and carbonate material, was performed. The anal-
ysis has shown that the filler composition, its amount in the pore space, and the (core) hydrocarbon saturation col-
lectively evened the AC10 formation electrical resistance in different saturation zones, which led to distortion of the
hydrocarbon saturation of the reservoir as a whole.

Keywords: heterogeneity, hydrocarbon saturation, pore and pore channel sizes, porosity, permeability, clayiness,
carbonate content.
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BBenenue

HeonHopoaHOCTh TOPHBIX OO/ SABISETCS
byHaaMeHTaTbHBIM CBOICTBOM MaTEpUH.
M.B. Pani orMeyas, 4TO HEOJHOPOIHOCTh IIPH-
cymna Jro00i TOPHOU MOPOJIe ¢ MOMEHTA €€ BO3-
HUKHOBEHUS U MCYE3aET JIUIIb C HCYE3HOBECHHEM
camoii mopoasl. [Ipobrema HEOIHOPOAHOCTH
TOPHBIX MOPOJ U U3MEHUUBOCTH UX (PU3HUECKUX
CBOICTB Ha pa3HBIX YPOBHSIX CTPYKTYpPHOH Op-
raHU3alUy BEUIECTBA U IIPU PA3IUYHBIX TEPMO-
JUHAMUYECKUX YCIOBUAX sABIseTCS (yHIaMEH-
tanpHOU s netpodusuk [13]. .M. [TerkeBuu
NOJYEPKHUBAJ, YTO IpPHU ONUCAHUM HEOJHOPOJ-
HBIX M PA3HOMACIITA0HBIX T€OJIOTUYECKUX 00b-
€KTOB OIIYIIAeTCsi OcTpas HeoOXOIUMOCTh B
MPUMEHEHUN HOBBIX IOAXO/0B, COBEPIICHCTBO-
BaHUU TOHSATUNH M TEPMUHOB, BBeAeHUU (GHOp-
MaJbHBIX KOHCTPYKIIUN M KOJWYECTBEHHBIX I10-
Kaszarenei.

HeonHopoaHocTe mpuBiIEKaeT BHUMaHHUE
reoJIOroB BCEX clieHuanu3anuil (B ToM yucie u
neTpoU3UKOB) C MOMEHTAa 3apOKICHHUS HayK
reoJ0ru4ecKoro nukia. boasmmHCcTBO Hccneno-
BaTeJel, 3aHUMAIOIIUXCS U3YYEHHEM IeTporpa-
buvecKnx, JIUTONOTHMYECKUX, TUAPOJAUHAMUYE-
CKUX U Jp. OCOOEHHOCTEHW TOPHBIX MOPOJ, IO
CyTH, 3aHHMAIOTCS HE YE€M HHBIM, KaK HUCCIeN0-
BaHUWEM HEOJHOPOJHOCTU TOpHbIX mopoa. He-
KJIFOUEHHE HE COCTABIISIOT U T€0(U3UKH.

OaHMM U3 BaXXHBIX CBOMCTB TreoJjiornye-
ckoii cpeap! (I'C) siBisieTcst e N3MEHYMBOCTH BO
BpPEMEHHU U TNPOCTpaHCTBE. M3MEHUMBOCTH 00Y-
CJIOBJIUBAET HEOJHOPOIHOCTh O0BEKTa, KOTOpast
OIIpEAEIIAETCS Pa3IMunueM €ro CBOWCTB B Pa3HBIX
Toukax. COBpeMEHHOE MOJIEIMPOBAaHUE B LIUKIIE
re0JIOTHYECKUX HAyK MPEAbSBISET CTPOTUE Tpe-
OOBaHUS K M3YYEHHUIO U IMOJYYEHHUIO MCXOJIHOI
uHpopmanuu. Ilpexnae Bcero, 3To — AeranbHas
XapaKTEPUCTUKA TOHKO- U MUKPOIIPOCIOEB TIO-
pOIBl M KOJMYECTBEHHAsl OlLlEHKa BceX Tpelye-
MBIX TMapamMeTpoB ATUX MpocioeB. [lapamerpsl,
U3YYEHHbIE B OTIENbHO B3siToM Touke I'C, He
BCEerja ycTpauBaloT cnenuaiucTtoB. B mabopa-
TOPHOM MPaKTUKE UCCIETOBAHUE CBOMCTB MOPOJ
BBITMOJIHAETCSI UMEHHO 0 TOYEUHO-TUCKPETHOMY
NPUHLIAITY, XOTSI JajJeKo He BCerJa yJaercs

oToOpaTh 00pa3ibl I aHalW3a W3 TOHKOTO
MPOCIIOSL.

B pab6orax [14, 15, 18-20 u np.] HeoaHo-
KpaTHO OTMEUYEHO, YTO, MO CYIIECTBY, BCE MET-
podusudeckre MPU3HAKA HOCAT YHACIEIOBaH-
HBIM XapakTep JIUTOJIOTO-PalraabHON U3MEHUU-
BOCTH. OTO OOYCJIOBJIEHO HEOJIHOPOAHOCTHIO,
chopMupOBaBILIEiCS B Ipoliecce AUareHe3a oca-
JOYHBIX MOPOJ, MPOTEKAIOIINX B PA3HBIX TOYKAX
I'C mno-pazHOoMy (B HEOJMHAKOBBIX YCIOBHSIX).
Kak craenctBue, madbHEHMIINM XOJ SIUICHE3a
«HAKJIaJbIBACTCS» Ha mpolecc auareHeza. OT-
CI0JIa BO3HUKACT HACJIEICTBEHHOCTh HEOJIHO-
POIHOCTH TOPHBIX MOPOJ, KOTOpas ompeienser
W3MEHYUBOCTh NETPOPUINUECKHUX (12 U HE TOJb-
KO) IIPU3HAKOB.

B Hacrosiiee Bpemsi Bce Oonbliiee 3Haue-
HUE TPUOOpETaeT MCCIICIOBAHNE HEOJIHOPOIHO-
CTH TOPHBIX IMOPOJA B HEPTSIHOW T'€OJOTHH, I10-
CKOJIBKY OCHOBHBIC 3amachl HE)TH U raza cocpe-
JOTOYCHBI B KOJUICKTOpPaX C HU3KUMH (UIbTpa-
LIMOHHO-eMKOCTHBIMU  cBoiictBamu  (DEC),
OCJIO)KHEHHBIMH HEOJHOPOAHOCTBIO CTPOEHHUSI.
Hapsiny ¢ pemienrem BOIPOCOB METOJIMKH, U3Y-
YaeTcsi BIUSHHUE HEOJHOPOAHOCTH  TMOPOJ-
KOJUIEKTOPOB Ha HMX €MKOCTHOM MOTEHLHAI,
MIPOHUIIAEMOCTh, HE(TEHACHIIIIEHHOCTh, KO3 (-
¢unment BeITecHeHUs. MccnemayroTcss Takke
KapTUHA TEPEeJABMKEHUSI BOJIOHE(DTSIHOTO KOH-
TaKTa, CIocoObl YBEIMUEHUs He(pTeoTnauu Iia-
CTa, 4YTO OYEHb BAXKHO JJIsl YCIEHIHON pa3paboT-
KM MecTopoxaeHus. OTMEUEeHHbIE NapameTpbl
MOPOI-KOJIEKTOPOB 6€3 yueTa HeOTHOPOIHOCTH
BeChMa CJIOKHO OIICHHUTh JJaKe MPUOTU3UTENBHO.
Psanom uccnenosareneit [1-3, 5, 8] mponenana
OorpIias paboTa MO y4eTy reoJIOTUYECKON He-
OJTHOPOJHOCTH TIPH MPOEKTUPOBAHUU Pa3padboT-
Ki He(PTAHBIX MecTopokaeHuil. OMHAKO B TEO-
pUM U TpakTUKE MOJICYETa 3aMacoB YIIeBOIO-
POJHOTO CBHIPbsi 3TOT BOINPOC OCTAETCS MEHee
M3y4YEHHBIM M OTPAHUYHMBACTCS JIMIIb OMpeaesie-
HUEeM KO3 (UIIMEHTOB, XapaKTEPU3YIOIIUX He-
OJTHOPOJIHOCTh, M THUIH3AIMEH MO HUM HEPTs-
HBIX 3anexen [5, 9]. Cnenyer Takxe oOpaTUTh
BHUMaHUE Ha HEOJHO3HAUHYIO MHTEPHPETALNIO
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HNOHATUH  «reoloruyeckas HEOJHOPOAHOCTH)
U «IOCTOBEPHOCTH 3amacoB HedTu u raza» [1, 5,
7,9;21-23].

BiusiHue HEOAHOPOIHOCTH HA NMPOTYKTUB-
HOCTh  OTJIO)KEHUH  OTMEyYaJlocb ~ MHOTUMH
crienmanuctamu [4, 9, 13, 26—28]. YcraHoBieHo,
YTO yBEJIWYEHHE CTENEHU HEOJAHOPOIAHOCTH I1O-
POZ-KOJIJIEKTOPOB BJIEYET K CHU)KEHUIO MPOAYK-
TUBHOCTH. B HedTsaHONH reonsorun oOBIYHO
pasinyaloT  MHUKpPO- U MaKpOHEOAHOPO.-
HOCTH [6, 7, 10, 21].

MUKpPOHEOAHOPOIHOCTh TOPHBIX HOPOJ
U3y4daeTcs, Kak MpaBuiIo, B JIAOOPATOPHBIX YCIIO-
BUSX TPAIULMOHHBIMU METOJaMU: B HuIH(dax, Ha
CHUMKax pacTpOBOTO 3JEKTPOHHOI'O MHKPOCKO-
na, KanmuUIIpUMETPUYECKHX, PEHTTeHO()a30BbIX
U aKyCTHYECKHMX YCTAaHOBKaX, a TaKxke Ha
YCTPOMCTBAX, MpeAHAa3HAYECHHBIX JIs Olpejere-
HUS KO3((uumeHTa OTKpPHITON MHOPUCTOCTH U
OPOHHULIAEMOCTH. OTO — OCHOBHBIE METO/bI.
Cy1iecTBYIOT U clielualbHble: UMMEPCHOHHBIH,
TEPMUYECKUH, PEHTreHO-(PITyOpECeHTHBIMH,
HK-cnektpomeTpryecKkuii u J1p.

s n3ydeHus MaKpOHEOJHOPOIHOCTH HC-
noas3ytorcs Matepuansl [MC nmo Bcem mpoOy-
PEHHBIM CKB&)XMHAM U JaHHbBIE CEHCMMYECKOMN
CbEMKH. MaKpOHEOIHOPOAHOCTh HU3Y4YaroT I10
BEPTUKAIM (110 TOJIIIMHE TOPU30HTA) U MO IMPO-
CTHPaHMIO MJ1ACTOB (IO TUIOMIAIN).

Oco0oe BHUMaHUE TeoJoru (reopu3uKm)
YIEISI0T MaKpOHEOJHOPOJHOCTH TpHU JeTallb-
HOM DACWICHEHHUU TPONYKTUBHBIX TOPU30HTOB
HENPOHUI[AEMBIMU TPOCIIOSIMHU.

Lenbto naHHOM pabOTHI SIBIISETCS MOMBITKA
BBISIBJICHHUSI TPHUPOJBI HEPABHOMEPHOW HAChI-
IIEHHOCTH YTJIEBOJOPOAAMH KOJUIEKTOpa IIacTa
ACI10 u BO3nECTBHSA HEOAHOPOAHOCTH Ha (Hu-
3UYECKHE CBOICTBA TOPHBIX OPO/I.

Oo6cy:knenne pe3yjabTaToB

AHanu3 xapakTepa HacChIIIEHHOCTH MOPOJ
wiacta AC10 BbIOJIHEH 7S JIBYX CKBaXXUH
[Tprobckoro MecTopoXkKaeHuS.

IIpu ¢opmupoBanuu mmacrta AC10 mop-
cKoi GacceitH OblT pe3ko auddepenunpoBan mo
riryOuHe. DTO CBSI3aHO C €ro 4aCTHYHBIM OOMe-

JIECHHEM B BOCTOYHOM M FOTO-BOCTOYHOM YacCTsIX
paiioHa 3a cueT HaKOIUICHUS 3HAUUTENIbHBIX MacC
TeppureHHoro marepuana. Kpomka menbda pac-
roJjlarajlach B IpeJesiax paccMaTpUBaeMOM Tep-
putopun. KomudecTBo mocrymaromero B 0Oac-
CeilH 00JOMOYHOIO MaTepuajia yBEeIUYUBAIOCH.
dopMHUpOBaHUE TECYAHBIX TeI B ATOT MEPHOL]
CBSI3aHO KaK C HaKOIUICHHEM OOJOMOYHOIO Ma-
Tepuaia Ha menbde, 0COOCHHO B ero GpOHTAIIb-
HOW YacTH, TaK U C JAEATEIbHOCTBIO TypOUIHUT-
HBIX MOTOKOB Pa3jIMYHOM THAPOAMHAMHYECKOU
aKTUBHOCTH. llecuanple miacThl pa3au4yHOIO re-
He3Mca MOTYT OBbITb IPOCTPAHCTBEHHO pa3beau-
HEHBI, COEMHSITHCS «KaHAaMU» WU MPEACTaB-
JSTh cOOOM elrHOE Teno. YCJIOBHS CeAUMEHTa-
LMW ONpeAENUIN BeCbMa MPUXOTJIUBBIN B IUIaHE
U B paspe3e XapakTep paclpoCTpaHEeHUs Iecda-
HBIX TEJ.

OO6nacth pacrpocTpaHeHUs MECUaHbIX Tl
B HkHell wyactu tuiacta AC10 otHOcuTCcs K
u1enb(oBoil 30He, KOTOpas ObLla OYEHB OJIOTON
U TOpelcTaBisia, BUAMMO,  aJTIOBUAJIBHO-
JenbTOBYIO paBHHUHY. [locTymiieHne MmaTepuana
MIPOUCXOJIUIIO C FOTO-BOCTOKA I10 JIBYM KaHajaM ¢
nepepacipeesieHieM ero B0JIb (hPOHTaTIbHOU
30HBI. Mopckoit OacceifH B paccMaTpUBaeMblit
nepuoa coxpassi auddepeHIupoOBaHHOCTh 110
riyoune. Ha stane 3aBepiieHus gopMupoBaHus
miacta AC10 nuddepeHIMpoBaHHOCTE MOPCKO-
ro OacceifHa Mo IIyOMHE TOCIE0BATEIHLHO CHHU-
’KAeTcsl, UTO CBS3aHO C HAKOIJICHHMEM TeppHUIeH-
HOTO MaTepuajla B TpEeALIECTBYIOIIEE BpPEMs.
KonuyectBo mocraBnsieMoro oOGJIOMOYHOIO Ma-
Tepuala CHIKAETCA, a B €ro rnepepacnpeieeHun
HAaYMHAIOT Tpeobsagarh OaccelHOBBIE Mpoliec-
CBI, TIOJT BO3JIEHCTBHEM KOTOPBIX (hOpMHUPYIOTCS
cucteMbl 0apoBbIX Ten. JlesTenbHOCTh TypOu-
JMTHBIX TIOTOKOB OTMEYAEeTCsl TOJILKO B 3aIafHON
YacTH IUIOIIAAN, TPUYPOUECHHON K CKJIOHOBOU U
MOHMXEHHOM YacTu penbeda.

W3 BBIIIEU3II0KEHHOTO CTAHOBUTCS SICHO,
yro ycnoBus ¢opmupoBanus tiacta ACI10
MPENIoaraloT MUPOKYI0 U3MEHYUBOCTH JIHUTO-
JIOTO-MUHEPAIOTUYECKOT0 COCTaBa U TEKCTYPHO-
CTPYKTYPHBIX OCOOEHHOCTEH.
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Puc. 1. lannsie 'HC n ¢poTtorpadun kepHa B JHEBHOM H YJbTPa(noieTOBOM CBeTe NOPOJ IJIACTA
AC10 ckBaxunbl 1 IIpuodckoro MecTopokIeHUs

Fig. 1. Geophysical logging data and core photographs in daylight and ultraviolet light
for the rocks of AC10 formation in borehole 1 at Priobskoe field
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Puc. 2. lannsie 'HC n ¢pororpadun kepHa B JTHEBHOM U yJIbTPadHoJIeTOBOM CBeTe MOPOJ
miaacta AC10 ckBaxnnbl 2 IIpuodckoro MmecTopoxkieHus

Fig. 2. Geophysical logging data and core photographs in daylight and ultraviolet light for the
rocks of AC10 formation in borehole 2 at Priobskoe field
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MUCKUC

HaumoHanbHLIA McCnegoBaTensCkniA
TEXHONOTMHYECKNIA YHUBEPCUTET

Ha puc. 1, 2 npencraBieHO CONOCTaBICHUE
naaabix [MC ¢ dotorpadusimu kepHa B JHEB-
HOM U YIbTpaduoIETOBOM CBETE ISl HOPOJ
wiacta AC10 nByx ckBaxkuH [IproGckoro me-
CTOpOXJACHUS. B INpHUBENEHHBIX MHTEpPBANIAX
riyOuH o0mas 3pQeKTuBHas TONIMHA [1,p, BbI-
nenenHas o ['MC, cocraBuna 14,9 M, a mo ¢do-
torpadusiMm kepHa B yabrpaduonetropom (YD)
cBere f,;, HE(TCHACBIIEHHBIX IIPOCIOEB CO-
craBiseT Bcero 7,4 M, uro MmcHbiie Ha 50,0 %.
Bunano, uro no ¢ororpadusiM B JHEBHOM CBETE
kepH macta AC10 B OCHOBHOI Macce OJHOpPO-
nen. OgHako ¢ortorpaduu B ynbTpaduoIeToBOM
CBETE MPOSBHIN OCTPOBHOE HACHIIICHHE KEpHA
yraeBonopoaamu. Ha dortorpadguu B YO cBere
YETKO BBIACNAIOTCS 2 30HBI: SIPKOE CBEUCHHUE
(30Ha 1) 1 TéMHOE (30Ha 2).

[Tocrapaemcsi OCMBICIHUTD, TOYEMY B BH-
3yaJIbHO OJIHOPOJHOM 1O (oTorpadusiM B JTHEB-
HOM CBETE€ KEpHE TPOSIBIISETCS OCTPOBHOE
HachblleHue Y B.

JluTonoruvecku mopoabl 30HBI 1 mpen-
CTaBJICHBI IECYAHUKAMU U aJIEBPOJINTAMHM C IJIH-

HUCTBIM U KapOOHATHO-TJIMHHUCTHIM IIEMEHTOM,
a 30HBI 2 — aJCBPOJIMTAMHU C TJIMHUCTBIM U Kap-
OoHATHBIM IIeMeHTOM (puc. 3).

st mopon 30HbI 1 mecuanast ¢ppakuus u3-
Mmensiercs ot 40,4 o 59,2 % (cpennee 3HaueHuUe
coctaBisieT 44,6 %), aneBpuroBas — oT 33,2 110
49,2 % (45,0 %), tmunaucrast — ot 7,3 no 12,7 %
(10,3 %), xkapOOHAaTHOCTH BapbUpPYET B Mpeaenax
2,5-9,6 % (4,9 %).

Jnst mopon 30HbI 2 mecuaHasi ppaxkmus us-
MeHnsiercs oT 23,6 no 47,9 % (cpennee 3HaueHUE
coctaBisieT 35,4 %), aneBpuroBas — ot 38,7 10
59,6% (50,4%), rmuaucras — ot 10,5 mo 24,1 %
(14,2 %), xkapOOHAaTHOCTH BapbUPYET B Mpeaenax
4,6-30,9 % (9,3 %) (puc. 4).

[Toponst 30HBI 1 W 30HBI 2 OOJNAmarOT
mI0Xxoi coptupoBkoit (puc. 5). Koaddunuent
COPTUPOBKH YacTO HUCIOIB3YETCS KaK WHIUKa-
TOp 00CTaHOBKHU ocaakoHakoreHusi. OnHako B
OOJIBIIMHCTBE CIy4YaeB OH JaeT TOJIBKO CpaBHU-
TEJIbHBIC XaPAKTEPUCTUKH.

FnuHucTas dp. 100%

Mecuanas cdp. 100%

AneBputoBas ¢p. 100%

Puc. 3. Kinaccnpukanmonnas iuarpaMmma
nec4YaHo-ajeBpo-raAMHUCTBIX mopoa no ®. Mlenapay [12]:
1 — aprunnut; 2 — alneBpoJnT; 3 — IECUaHUK; 4 — IECUAHUCTBIN aprUJUIUT; 5 — aleBPUTOBBINA aprUILIUT;
6 — TTIMHUCTBIM NecCuaHuK; 7 — IIIMHUCTHIM aleBpOINT; 8§ — alleBPUTOBBIN IECUAHUK;
9 — necuanslil aneBponuT; /() — nec4aHo-aNeBPUTOBBIN APTUILTUT

Fig. 3. Classification graphic chart of sandy-silty-clay rocks according to F. Shepard [12]:
1 — mudstone; 2 — siltstone; 3 — sandstone; 4 — sandy mudstone; 5 — silty mudstone; 6 — clayey sandstone;
7 — clayey siltstone; § — silty sandstone; 9 — sandy siltstone; /0 — sandy-silty mudstone
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Puc. 4. PacnpesejieHne rpanyJIoMeTPHYECKOI0 COCTABA H KAPOOHATHOCTH NOPO]
nmiacta AC10 IIpnodckoro MmecTopoxxkaeHust

Fig. 4. Grain-size and carbonate content distribution in rocks of AC10 formation of Priobskoe field

CopTtupoBka nopop

xopo-| cpen- cna- nnoxas OYeHb Yype3BbIy,
waa | HAa | 6ana nnoxas nnoxas
@30Ha 1
HE30Ha 2
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@O
t v . . . T
0.2 1 5

KoadcpuumeHT coptupoBku, So
Puc. 5. Copruposka nopoa miuacra AC10 no P.JI. ®ouky u B.C. Yapay [24]

Fig. 5. Sorting of the AC10 formation rocks according to R.L. Folk and W.C. Ward [24]

['panynomerpuueckuii coctaB 00JI0MOY-
HBIX MTOPOJ UMEET OIpPEICIICHHOE TCHETHYECKOEe
3HAUEHUE, IIOCKOJBKY OTpakaeT XapakTep
TPAHCIOPTUPOBKU U JUHAMHUKY CpEIbl OCalIKO-
HAKOITJICHUS. HapHI)Ie COUCTaHUuA l"paHy.]'IOMeT-
pudeckuxX KO3(PPUIMEHTOB HCIONB3YIOTCS IS
COCTaBIIEHUS] «T€HETUYECKUX TUarpammy, KOTO-
pBI€ OTPaXKAOT C TOW WM MHON CTENEHBIO J0-
CTOBEPHOCTH JWHAMUYECKHE YCIOBHS CPEIIbI
ocankooOpa3oBanus. Hanbosiee m3BeCTHBI aua-

rpammsl P. [Taccern u I'.®. PoxkoBa.

Junamuueckas auarpamma, paspaboTaH-
Has P.Ilaccern, rie B MOCTPOCHUH 3aJI0KECHBI
TaKhe XapaKTePUCTHUKH, KaK MEIMAHHBIA pa3Mep
3epeH M u pa3mep 3epeH [ centmiisa C, MKM, OT-
paxaronye MaKCUMaJIbHYIO TPY30TOIbEMHOCTh
MOTOKA. 3/1eCh YUUTHIBAECTCS CIIOCOO TpaHCIOp-
TUPOBKHM KJIACTUYECKOTO0 MaTrepuana KaueHHEeM
YacTHll, cajbTalliel, IEPEeHOCOM B BHJIE Tpajia-
LMOHHOW MJIM OJHOPOJIHOM cycneH3uu. [unamo-
reHernueckas auarpamma [.d. PoxkoBa, ocHO-
BaHAa Ha TPUHIMIE MexaHWdeckou muddepen-
IHMalMy B NPUPOJIC YACTHUIL] IECYAHON U aJeBpHU-
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MUCKUC

HaumoHansHbIRA AOBATENLCKAR
TEXHONOTMHECKI epcuTeT

TOBOM pa3sMepHOCTH (YUTEHbl M  DOJIOBbBIE
npoiiecchl). Jlnarpamma CTpOUTCS Ha COOTHO-
HICHUSX AaCUMMETPUM U JKCILIecca, KOTOphIE
OmpeAeNsaoTes 1Mo (HopMyIaM CTaTHCTHUECKUX
MOMEHTOB [11].

CornacHo guarpammaMm P. Ilacceru wu
I.®. PoxxkoBa omioxkenuss miaacta ACI10
B OCHOBHOM COOTBETCTBYIOT OCaJKaM B3BECH
U B MEHbIEH Mepe ocaJikaM IepeKaThIBaHUS
prOPEKHO-MOPCKOTO KOMILJIEKCa daruit
(puc. 6, 7).

[Ipu ananuse MOPUCTOCTH U MPOHUIIAEMO-
CTH TIOPOJIbI BBIJICJICHHBIX 30H OTHOCATCS K pa3-
HbIM neTpoduzudeckuM tumnam (puc. 8). Ilox-
C4€T MOPOBOTO MPOCTPAHCTBA B IITU(aAX MOKa-
3all, YTO MOPOBI 30HBI 1 UMEIOT OoJiee KPYIHbBIE
MOPBI OTHOCUTEIBHO TOPOJT 30HBI 2 (pHC. 9).

J11s1 BBIABIIEHHSI IPUPOJIbI HEPABHOMEPHOU
HACBIIEHHOCTH KOJUIEKTOpa YB 10 BbIAEHEH-
HBIM 30HAM OCYILIECTBIICH COBMECTHBIN aHau3
pe3yabTaTOB, MOJYUYCHHBIX IO pa3MepaM KamuJ-
JSIPHBIX KaHAJIOB M TOp, a TAaKXKE CTENEeHH UX 3a-
MOJTHEHUS TJIMHUCTBIM U KapOOHATHBIM MaTepu-
aJIOM.

Pa3zmepsl mop ¥ MOpPOBBIX KaHAJIOB M Xa-

PaKTEp UX paACHpPCACIICHUA 110 BECIUYUHAM ABJISA-

IOTCSI OJTHUM M3 BaXXHBIX IMOKa3aTelsieil B 001acTu
nerpodu3uku. OT 3TUX MOKa3aTeIe BO MHOIOM
3aBUCHUT pacrpenenenue ¢a3 B kojuiekrope. [le-
TpopU3NIECKHE MapaMeTPhl 3aBUCST MPEUMYIIIE-
CTBEHHO OT pa3Mmepa MOpPOBBIX KaHAJOB, M3 KO-
TOPBIX CIIAraeTcsl MOPOBOE IMPOCTPAHCTBO. M3-
BECTHO, 4TO 4eM OoJiee HEOAHOPOIHBI pa3Mepbl
MOPOBBIX KAaHAJOB KOJUIEKTOpa, TeM OOoJbIie
OCTaTOYHAasl HEPTCHACBIIIICHHOCTh U TEM MCHBIIIE
KO3 (OUIIMEHT BBITECHEHHSI. JTO SIBIICHUE B TJIU-
HU3UPOBAHHBIX  KOJUIEKTOpax  0OYyCJIOBJICHO
npexe Bcero 3ddexrom Jlammaca [16].

C nenbio M3y4eHUs] OCOOEHHOCTEN CTPYK-
TYpbl OPOBOI'O MPOCTPAHCTBA MO BBIICICHHBIM
30HaM BBIMIOJHEH aHAJIM3 CHUMKOB PacTPOBOTO
anekTpoHHoro Mmukpockona (POM) (puc. 10).
B mopomax 30Hbl 1 oTMeuaercs mpeoOiiagaHue
MEXMHUKPOArperaTHO-3¢PHOBBIX, MEK3EPHOBBIX
¥ BHYTPU3EPHOBBIX MHKPOIIOP, a TaKKe KaBep-
HO3HO-PACIIUPEHHBIX ~ TIOp  BBIIICIAYHBAHUS
CO CpeIHUM pa3MepoM 14 MKM, €IUHUYHBIE
ceueHHMeM 10 70 MKM, aHU30METPHUYHOU U
HIETeBUIHON (POPMBI, COOOMIAOIIUXCS MEXAY
co00i TMOCPEACTBOM YIbTPAKAMMIUISPHBIX U
Y3KUX IIeNeBUIHON (OpPMBI MOPOBHIX KaHAIOB.
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Puc. 6. I'enernueckasi amarpamma C-M P. Ilacceru [25]

Fig. 6. Genetic S-M diagram by R. Passega [25]
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Puc. 7. lunamMoreneTu4eckasi iuarpaMmma
I'.®. Poxxkkona [17]

Fig. 7. Dynamic genetic diagram
by G.F. Rozhkov [17]
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Fig. 8. Comparison of absolute permeabil-
ity for gas (Knp) with open porosity (Km)

Puc. 10. Caumxu PIM. Ob61ee cTpoenune
MOPOJbI U 0COOEHHOCTH CTPYKTYPbI OPO-
BOI'0 MPOCTPAHCTBA, yBeaudenue S00x

Fig. 10. Electron-scan microscope image
photographs General rock texture
and the pore space structure features,
zooming of 500x
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Fig. 9. Calculation of pore space using
thin section photographs in transmitted
light with “mask overlay”
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Puc. 11. PacnpeaeneHue NnopoBbIX KAHAJIOB MO
pa3MepaMm U HX yyacTtue B GuiabTpauuu HegTH

Fig. 11. Distribution of pore channels by size
and their participation in oil filtration
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MUCKUC

HaumoHansHIR ITENLCKIIA

B mopogax 30HBI 2 oTMedaeTcs npeodiamaHue
MEX3EPHOBBIX U MEXMHUKPOArperaTHO-3€pHOBBIX
MHUKPOIIOpP, PEXe BHYTPU3EPHOBBIX MHKPOIIOP,
CO CpPEIHUM pa3MepoM 8 MKM, €IMHUYHBIE ceye-
HueM 110 20 MKM, aHU30METPUYHONH M H3BWIU-
CTO-IIEICBUIHON (HOPMBI, 3aMKHYTBIX M CO00-
HIAIOITUXCS MKy COOO0M MOCPEICTBOM YJIbTpa-
KaMLISIPHBIX TTOPOBBIX KaHAJIOB.

HccnenoBanue CTpyKTyphl TOPOBOTO TIPO-
CTPaHCTBA METOJIOM UEHTPU(PYTHPOBAHUS BbI-
SIBUJIO, YTO B TIOPOJIaX 30HBI |1 mpeobramarT mo-
poBbIe KaHaibl pazMepoM oT 1,62 1o 3,90 mxMm, a
OCHOBHAsI pOJIb B (PWIIBTPAIMH >KUIKOCTH TIPHU-
HAJUICKUT TOPOBBIM KaHajaM C pa3MepaMHu OT
3,90 mo 9,41 MkM, B TO BpeMsl KaKk B MOpoJax
30HBI 2 Mpeo0JIalaloT MOPOBBIC KaHAIIBI pa3Me-
pom ot 0,69 o 1,62 MkM, a B prIbTpanius Kua-
KOCTHU B OCHOBHOM IMPOHUCXOJUT IO MOPOBBIM

0.8
Rcp = 0.3744Knp0-4304
R? = 0.6869
0.4 1 Rcp =0.3374Knp03122
g R? = 0.9543
s
o
Q
(4
0.2 -
a
0.1 . '
0.01 0.1 1 10
8
Rep ¢ = 3.3104Knp035" o
R? = 0.3971
4
g Rep ¢ = 2.0524Knp?-3756
S R? = 0.8848 o
g 2
S g
(4
1
| |
- B
0.5 ; '
0.01 0.1 1 10
Knp r, m[

® Cks. 1 (30Ha 1)
® CkB. 2 (30oHa 1)
—3oHa 1

Rmax, MKm

KaHanaM ¢ pasmepamu oT 1,62 mo 3,90 Mxm
(puc. 11).

AHanu3 0COOCHHOCTEH CTPYKTYpBI MOPO-
BOT'O IPOCTPAHCTBA BBISBUII, YTO TIOPOJIbI 30HBI 1
UMEIOT OoJiee KpyImHBbIE MOPBI U 00JaNAI0T JTy4-
mUMUA QUIBTPYIONIMMU KaHAJIaMU OTHOCHTEIIb-
HO TIOPO/JI 30HBI 2.

Ha ocHoBaHuM pe3yabTaToOB pacrpejee-
HUS IOPOBBIX KAHAJIOB U MX Y4acTHs B PHIbTpa-
UM KUJKOCTH METOJOM CTaTUCTHYECKUX MO-
MEHTOB OBUIM PAaCCUUTaHbl CPEIHUE PaTHYChI
MOPOBBIX KAHAJIOB M BBITIOJIHEHO MX COMOCTaB-
JIeHHE C a0CONIOTHOM MPOHUIIAEMOCTBIO IO a3y
(puc. 12). Merox CTaTUCTHYECKHMX MOMEHTOB
0a3upyeTcsl Ha CTPOrol BEPOSATHOCTHOW TEOPUH

OLICHUBaHUA CTaTUCTHYECKUX XapakTepH-
CTUK [16].

4

Rcp 3 = 1.3768Knp0-3619
R? = 0.6359
2 4 Rep adh = 1.2505Knp0-2551
R? = 0.8927

1 4
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R? = 0.8673 r
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Puc. 12. ConocraBienue cpeanero (Rep) (@), cpeanero 3¢ppexruBuoro (Rep 3¢) (6), cpennero Gpuiinb-
Tpywouero (Rep ¢) (¢) u makcumanabHoro (Rmax) paaguycoB nopoBbIX KaHAJIOB ¢ a0COJTIOTHOM MPo-
HHuaeMocThI0 mo ra3y (Knp r) ()

Fig. 12. Average (Rcp) (a), average effective (Rcp 3¢) (b), average filtering (Rep ¢) (¢), and maxi-
mum (Rmax) (d) radii of the pore channels versus absolute permeability for gas (Knp r)
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Fig. 13. Graphic determination of shearing
pressure (Po) for selected zones

Puc. 15. 3ano1HeHUue MOPOBOro NMpoOCTPaH-
CcTBa KapOOHATHBIM MaTepua oM o Goro-
rpa¢guaM numMpoB B NPOXOAsAIIeM CBeTe

Fig. 15. Pore space filling with carbonate
material based on thin section photographs
in transmitted light
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Fig. 16. Relative clay content (1) (@) and clay-carbonate
content (¢) (b) versus open porosity (Kp)
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N3 puc. 12 BugHO, 4TO B mopoaax 30HbI 1
OCHOBHAsl 4acTh (UIBTPYIOIIMX KAaHAJIOB, CO-
SAMHSIIONINX TOPBI IPYT C JIPYrOM, UMEET Cpe/l-
HUH paauyc, U3MEHSIOUIMICS B Ipenenax ot 2,9
1o 5,6 MKM; a B mopojax 30ubI 2 — ot 0,7 1o 2,5.
AHanu3 CpelHUX pPaauycoB IMOPOBBIX KaHAJIOB
MoKasaj, 4TO pa3Mep (QUIbTPYIOLUX KaHAaJOB
30HBI | B JBa pa3a mpeBbllIaeT pasmep (puib-
TPYIOLIUX KaHAJIOB 30HbI 2.

JlaBneHue ¢ KOTOpPOrO HaYMHAETCS BBITEC-
HEHUE JKUJIKOCTH (JAaBJICHHUE CIBUTA) JUISI TIOPOJT
3006l 1 m3menstercst ot 0,177 mo 0,375 Kre/em?
(cpemree 3HaueHme cocrasisier 0,297 krc/cm?),
st mopoj 30Hbl 2 oT 0,378 mo 1,494 Kre/em’
(0,641 xrc/em?) (puc. 13, 14). Ilpu 3HaueHHsX
JABJICHUI, MEHBIIUX 3HAYCHUN NaBIICHUS CIBU-
ra, BBITECHEHHS JKUJIKOCTH MPOUCXOAUTH HE OY-
IIET, W, KaK CIeJCTBHE, He(Th HE CMOXET BBHITEC-
HUTH BOJY.

AHanu3 BEIIECTBEHHOI'O COCTaBa IMOKa3all,
YTO OCHOBOTIOJIArarolee BIIUSHUE Ha pa3Mep
GUIBTPYIOIIKMX KAaHATIOB OKA3bIBAET COJIEPIKAHUE
TJIMHUCTOTO M KapOOHATHOTO MaTepHasa B Mopo-
BOM IIpOCTpaHcTBE opoJ (puc. 15).

Benmuunabsl 006EMHOI rMHUCTOCTH Ky U
KapOOHATHOCTH Kiaps M3MEHSIOTCS B CIETYIOIIUX
npejaenax: s mopoj 30ub! 1 Ky u3MeHsieTcst ot
6,1 no 10,5 % (cpenHee 3HaA4YEHHE COCTABISAET
8,5 %) n Kiaps — 0T 2,0 10 8,9 % (4,1%); a nna
nopoy 30861 2 Ky uamensiercst ot 9,1 1o 20,5 %
(12,1 %) 1 Kiaps — ot 3,3 10 31,1 % (8,4 %).

C 1enbo BBISICHEHHS CTENIEHH 3alOTHEHUS
MOPOBOTO TPOCTPAHCTBA TMOPOJA TJIMHUCTBIM U
KapOOHATHBIM MaTepHaioM ObLIT BHITIONHEH pac-
yeT Kod(hPuimeHTa OTHOCUTEIbHON TJIIMHHUCTO-
CTH 1| U TJIMHUCTO-KapOOHATHOCTH () W BBIIIOJI-
HEHO WX COIOCTaBJIEHUE C OTKPBITOM MOPUCTO-
cthio Kj; (puc. 16). CreneHp 3amnoiHeHUs MOpo-
BOTO MPOCTPAHCTBA TJIMHUCTBIM U KapOOHATHBIM

bubdanorpaduyecknii cnucok

MaTepuajJoM JUIsl TIOpOoA 30HBI | BapbupyeT B
npenenax 35-54 % (42 %), a 11t MOpoA 30HBI 2
—45-92 % (57 %).

W3 puc. 16 BugHO, yTO B OpOJAax 30HHI 1
CTENEHb 3allOJIHEHUS IOPOBOIO IPOCTPaHCTBA
TJIMHUCTBIM M KapOOHATHBIM MaTepHalloM 3Ha-
YUTEJIbHO MEHBIIIE, YEM B IIOPOJIAaX 30HBI 2.

3akiao4eHue

Ha ocHoBaHMM NpPOBENEHHOIO aHAIN3a Mbl
IPUXOJUM K BBIBOJY, 4YTO HEpPaBHOMEPHOE
Haceimenne YB mmacta ACI0 oOyciioBieHO
MHUKPOHEOJHOPOAHOCTHIO JJAHHBIX MOPOJ.

Otnoxenust wiacta AC10 cooTBeTCTBYIOT
NpUOPEKHO-MOPCKOMY  KOMIUIEKCY  (parmid,
ycioBHs (OPMHPOBAHUS KOTOPOTO HMMEJH IIH-
POKYIO HU3MEHUYUBOCTb JIUTOJIOTO-
MHUHEpPAJIOTHYECKOr0 COCTaBa U TEKCTYpPHO-
CTPYKTYPHBIX OCOOEHHOCTEH, 4TO U 00YCIOBUIIO
MHUKPOHEOJHOPOJHOCTb JAHHBIX TOPOJ.

Beicokoe coiep:kaHue TNIMHUCTOTO M Kap-
OOHATHOTO MaTepUalIoB B IMOPOBOM IPOCTPaH-
ctBe nopoj miacta AC10 oxazano ocHOBomoJa-
raroiiee BIUSHUE Ha pa3Mep QUIbTPYIOIIUX Ka-
HaJOB M, KaK CIEACTBHE, ONpPENEINIIO HEPABHO-
MepHO€ HacslleHue ¥YB.

Tak kak gannsle [ IC HaueneHsl Ha U3y-
YEHHE MAKPOHEOJHOPOJHOCTH, TO COCTaB ILie-
MEHTa, €ro KOJIMYECTBO B IOPOBOM IPOCTpPAH-
CTBE M HACBIIICHHOCTh KepHa Y B B COBOKYIHO-
CTH HMBEJIMPOBAJIU 3JIEKTPUUYECKOE COMPOTUBIIE-
Hue miacta AC10 B pa3nuyHbIX 30HaX HaChIIE-
HUS, YTO U IPUBENO K MCKAKEHUIO HACHIIIEHHO-
CTH KOJUIEKTOpA B IIEJIOM.

C uenblo TMOBBINIEHUS JIOCTOBEPHOCTH
OLIEHKM HAcChIIIEHHOCTH nopoy ¥YB mnacra AC10
HE00X0/MMO COBOKYITHOE HCIOJIb30BAHUE JIUTO-
JIOro-neTpou3nYecKux U reoPpu3nuecKux aH-
HbIX. HeoOxomumo ¢opmHupoBaTh CHUCTEMHBIN
MOJIXOJT AJIsl PELIEHHUs TaKOTo poJia 3ajau.
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AHaJIN3 BO3MOKHOI0 BO3SHUKHOBEHHUS KYIIOJIOB B JIaB€

HNmpanos P. A., XmbipoBa E. H., becumbaea O. I'., Oaenwk C. I1., Kanacosa A. 3.

Kaparananuckuii rocy1apcTBeHHbIN TEXHUYECKUN yHUBEpcUTeT, Kaparanna, Kazaxcran,
><hmyrovae@mail.ru

AnHoTauus: VccrienoBanus HampaBlieHbl Ha PELICHUE 3a/1a4 MO OLIEHKE YCTOHYMBOCTH TOPHBIX BHIPAOOTOK MpH
MOJ3€MHOM pa3pabOTKe B CIOKHBIX TOPHO-TEOJOrMYECKUX YCIOBHSIX, MOBBIIIAIONINX HAEKHOCTh 1 0€30MacHOCTb
IPOBENIEHHS TOPHBIX paboT. McciaenoBaHne reoMexaHMYeCKUX IPOLIECCOB, IPOUCXOASAIINX B TOPHOM MaccuBe Ipu
0TpabOTKE YrONbHBIX IJIACTOB, C LIENbIO ONMpENeNIeHNS YCTOWYMBOCTH KPOBIHM BHIEMOUYHOTO OJI0Ka SIBIISETCS BaX-
Helmel 3amaveil. BeimonHeHo nugpoBoe MOAETMPOBAHHE MAaCCHBA TOPHBIX MOPOA MO CTPYKTYPHBIM KOJIOHKaM
wracta K1 u Ommkaiiiied ckBaknHE, KOTOPOE TTO3BOJIIIIO C BEICOKOH JETaThbHOCTHIO OMPEIEITUTh THITHI TOPO/I, 3a-
JIeTaloIIUX B KPOBJE IUIACTa, U UX NPOYHOCTHBIE XapaKTEPUCTHKH, HANPSOHKCHUS Ha cxaTtue. s onpexpeneHus
YCTOHYUBOCTH KPOBJIM BBIEMOYHOIO O10Ka ObUI MCIOJNB30BaH MOKa3aTelb Kod(duimenTta 3anaca NpOYHOCTH MO-
POJl, KOTOPBII OIpeeIsyIcs METOIOM MOAETHPOBAHUS ¢ UCIIOIB30BaHUEM IIporpaMMHoro obecrieuenus Phase 28.0
u Rockscince. KoHTakToM KOMIIIEKca JIaBBI ¢ KPOBJIEH IIAcTa OBUT MPHHAT MPOCION YTIIMCTOTO apTHIIINTA MOIII-
HocThio 0,09-0,12 M, U A7 MOJHOTHI aHaAJM3a UCIOIb30BAJIACh BEPXHSISI BHICOKO30JIbHAsA Mayka yIisl B KPOBIE
Tu1acTa MOIHOCTEIO 10 0,7 M. Pe3ynbpTaTel MoaenupoBaHusl, OTpaKeHHbIC Ha Tpaduke u3MeHeHHs Ko PUIreHTa
3amaca MPOYHOCTH B 3aBUCUMOCTH OT PACCTOSHUSI MEXIYy KOHBEHEPHHIM M BEHTWIALMOHHBIMHU IITPEKaMH, HOKa-
3BIBAIOT, YTO BEPOSITHOCTH O0Pa30BaHMUs KYIOJIOB B JlaBe BEJIHMKa, TaK KaKk KO (HUIKMEHT 3armaca IpOYHOCTH MOPO.T
MEHee eIMHHIIBI, YTO yKa3blBaeT HAa HEYCTOWYHMBOCTH KPOBJIU NPU OTPaOOTKE BHIEMOYHOTO y4YacTKa YTOJBHOTO
wiacta. MeTogaMu MOJICTUPOBAHNUS [TOKa3aHa BO3MOKHOCTh IIPOM3BECTH OLIEHKY YCTOHYHMBOCTH OPHBIX BbIpabo-
TOK, Ha OCHOBaHHMU KOTOPOIl CBOEBPEMEHHO Pa3paboTaTh MEPOIPHUATHS, MOBBIIIAIOLUINE HAAECKHOCTh U Oe3omac-
HOCTh MPOBEJICHUS TOPHBIX paboT, ¥ IPHHATH MPABWIBHBIC TEXHUYECKHE U TEXHOJIOTHYECKHE PELICHUS.

KnarwueBble ciioBa: j1aBa, TulacT, FreOMEXaHHUECKU W Ta30JIMHAMUYECKUN IMpoIlece, HalpspDKeHUe, JedopMalius,
YCTOMYMBOCTb, MOZJCIUPOBaHUE, KO3(D(UIIMEHT 3amaca MpoYHOCTH.

Jas uurupoBanusa: Mwmpanos P. A., XwmsipoBa E. H., becumbaeBa O. 1., Omnentok C. II., Kamacosa A. 3.
AHanmu3 BO3MOXHOTO BO3HMKHOBEHHUSI KYMOJOB B JyaBe. [opuvle Hayku u mexnonoeuu. 2019;4(1):57-64.
DOI: 10.17073/2500-0632-2019-1-57-64.

Analysis of Possible Origination of Domes in Longwalls

R. I. Imranov, E. N. Khmyrova, O. G. Besimbayeva, S. P. Olenyuk, A. Z. Kapasova

Karaganda State Technical University, Karaganda, Kazakhstan, D<hmyrovae@mail.ru

Abstract: The research is aimed at solving problems of assessing underground working stability in complicated
mining and geological conditions to increase reliability and safety of mining operations. Analysis of geomechanical
processes occurring in a rock mass during extraction of coal seams to determine the stability of mining block roof
is the most important task. The performed digital modeling of the rock mass based on the structural logs for K1
seam and the nearest borehole log enabled highly detailed identifying the types of rocks occurred in the seam roof
and their strength characteristics, compressive stresses. To determine the stability of a mining block roof, the factor
of safety of the rocks was used, which was determined by modeling method using Phase 28.0 and Rockscince soft-
ware. The carbonaceous argillite parting 0.09-0.12 m thick was taken as the contact of the longwall with the seam
roof, and, for completeness of the analysis, the upper high-ash coal member in the seam roof up to 0.7 m thick was
used. The modeling findings, presented in the graph of dependence between the safety factor and the distance be-
tween the belt heading and air drift, showed that the probability of dome formation in the longwall is high, as the
factor of safety of the rocks is less than unity, that indicates the roof instability in the course of the coal seam block
extraction. The modeling methods allowed assessing the mine working stability, based on which the measures to
improve the reliability and safety of mining operations can be timely developed, and due technical and technologi-
cal solutions shall be reached.
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BBenenue

[TogzemHuast pa3paboTka yroibHBIX MECTO-
POXIEHUH NPAaKTUYECKU BCErJla COMPOBOXKIACT-
Csl CIIOKHBIMU TOPHO-T€0JIOTUYECKUMHU U TOPHO-
TEXHUYECKUMHU YCIIOBHSIMH, TIOATOMY aKTyalb-
HBIM BOIIPOCOM SIBIISIETCSI MCCIIEIOBAaHUE TeoMe-
XaHUYECKUX M Ta30JMHAMHYECKHX IPOIECCOB,
HPOUCXOAIINX B MOJ3EMHBIX TOPHBIX BBIPAOOT-
kax. OnpeneneHne ypoBHS MaKCHMAJIbHBIX JCH-
CTBYIOIIMX HAINpPSDKEHUH BOKPYT TOPHBIX BBIpa-
0OTOK SIBISIETCS OAHOM W3 HamOOJee BAKHBIX
3a/1a4 reoMexaHuku [3, 4]. AHaiau3 pe3ynbTaToB
MOJICIIMPOBAHMS C YU4eTOM KOd(HUIMEHTa 3ara-
ca TMPOYHOCTH TOPOJ TO3BOJIET TPOU3BECTH
BBIOOP OITHMAIBHBIX MapaMeTpOB OTPAOOTKU
MECTOPOKICHUS, CXEMbI BCKPBITHS U MOJATOTOB-
KU TOPU30HTOB.

HccnenoBanue Bompoca BIHMSHUS FOPHOTO
JIaBJIEHUs Ha MAacCUB M MEXaHU3UPOBAHHYIO
Kpermb Tpu OTpabOTKE BBIEMOYHOTO YydYacTKa
YTOJILHOMU JIaBBI TIO3BOJISIET OIPENIEIUTh U3MEHE-
HHUE COCTOSTHUS TIOPOJ KPOBIIM TUTACTA OT CHKATHUS
K PpaCTSDKEHHIO, KOTOpPO€ MOXKET IPHUBECTH K
HOCTENIEHHOMY MO3TAalHOMY MaJ€HUIO MOPOJIBI C
KPOBJIM BBIPAOOTKU 10 BHE3AIIHOTO MAacCOBOI0
oOpy1eHus: 1 00pa30BaHUIO KYTIOJIOB.

ey u 3a7a4m Mcciie]0BaAHUS

Nnes mpoBOAUMBIX HCCIETOBAHUMN 3aKIIIO-
YaeTcsi B M3YyYCHHWH COBOKYITHOCTH Pa3IHYHBIX
(haKTOPOB: CTPYKTYPHI M CBOKMCTB YTJICTIOPOIHO-
r'0 MacCHBa, COUYCTaHHs TOPHO-TEOJOTHUECKUX U
TOPHOTEXHUYECKUX YCIOBHUH, YPOBHS AEUCTBY-
IOIIMX HaNpsHKeHUH B TOPHOM MAacCHBE M TEXHO-
JOTMYECKUX MapaMeTpOB OTPaOOTKU BBIEMOYHO-
ro yvacrtka [5].

B »T0if cBsI3M pa3zpaboTka METOIUKH KOM-
IUIEKCHOTO YTPaBJICHUS T'€OMEXaHUYECKUMH U
ra30/MHAMUYECKUMH TIPOIECCaMH Ha YTOJBbHBIX

H1axTax sBJISETCA aKTyaJbHOM Hay4yHOW M IIpak-
TUYECKOH 3aJadci.

[lonyyeHHble HayyHblE M IIPAKTUYECKUE
pe3yiabTaThl IPOBEICHHBIX aBTOPAaMHU MCCIIENO-
BaHUI MOTYT OBITH IOJIOKEHBI B OCHOBY METO-
JUKH KOMIUIEKCHOTO YIIPAaBJICHUS N€OMEXaHUYe-
CKMMH M Ta30JMHAMHYECKMMH IpoLeccaMu Ha
maxtax [6—10].

bonpmuMHCTBO HCcneq0BaHUN OCHOBAaHO HA
peuIeHuu yIpyrod IeOMEXaHWYECKOW 3aJauu,
IpHU 3TOM TIOJyYEHHBIE HANpsOHKeHHS u jaedop-
MallM¥ CPaBHUBAIOTCS C IPEAEIBHO JOIYCTH-
MBIMM JJISl TOPHBIX IIOPOJ NMPUKOHTYPHOI'O Mac-
cuBa. [Ipu pemeHun reoMexaHM4eCcKHX 3aJad
OJIHUM M3 OCHOBHBIX BOIIPOCOB SBJIIECTCS OIpe-
JICJICHNE HAJIeKHBIX PACUETHBIX 3HAUYEHUH NPOY-
HOCTHBIX CBOMCTB T'OPHOT'O MacCHUBA.

Metoasbl ucciie10BaHU

[1o ypoBHIO HampsKEHUH, JEHCTBYIOLIUX B
TOPHOM MacCHB€, BO3MOKHO ITPOU3BECTH OLIEHKY
YCTOMYMBOCTH TOPHBIX BBIPAOOTOK M OIpese-
JUTh TOKa3zaTenb Kod(duimeHTa 3amaca Mmpod-
HOCTH IIOPOJL.

I'opHO-KanuTanbHbIE BBIPAOOTKHU B
IIPOLIECCE UX MPOBENCHMSI MOT'YT U3MEHUTH CBOE
MIOIIEPEYHOE

CCUCHUC oT BIIMAHUA

HaIpsHKEHHOTO COCTOSIHUSI MaccHBa
OKpYXXalIIUX MUX TopHeIXx mnopox [l11-13].
Hapymenus YCTOHYMBOCTHU BBIpaOOTOK
MIPOUCXOJAT TMPH  BBICOKOM  BEPTUKAIBHOM
HampsHKEeHHOM coCTOsIHMM. OJHAKO B MPAKTHKE
BCTpEUaIOTCs Clly4au, KOIJa TOpU30HTaIbHbIE
HanpsHKEHUs 3HAYUTENIBHO MPEBBILIAIOT
BEpPTHUKaJIbHBIE, TOI/IAa MOTYT JAe(opMHpOBATHCS
MOpOJIbl KPOBJIM M MOYBHL. Jleopmariusi mouBbl
MIPOSABIIAETCS TOJIBKO BBITYYHBAHUEM, UTO MOXKET
0CTaBaThCs IOYTU HE3AMEUYECHHBIM.

Hanuuune HanpsokeHMM Ha pacTsiKEHHE HE

BCEr/la CBUJIETENILCTBYET O pa3pylIEHUU MaccuBa
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B JlaHHOH obOsactu. CamMu TOpOABI MOTYT B HEKO-
TOPOH CTENEHH COMPOTUBISATHCS PACTSHKCHUIO, U
Jake TP HAJIMYUK HAPYIICHUH TOPHOTO MaCCH-
Ba OHU COXPAHSIOT HEKOTOPYI YCTOWYUBOCTH
(Tak Ha3zpIBaeMasi OCTaTOYHAsl MPOYHOCTH TOP-
HBIX TTIOpon) [3, 17].

Hedopmaruss mopoasl  KpoBiu  (puc. 1)
MOYET CONPOBOXKIATHCS AKTHBHBIM IaJCHUEM
NOpOJbl, CHAayaJla B BHUJE 3aKOJOB, MOTOM C
nepexogoM Ha oOBanbl. llepexox Ha 0OBaibl
CBSI3aH C YMCHBIIICHUEM OIMOPHOM IUIOMIAIN MIPU
npUOIMKEHNH K 3aMKOBOM 9acTH KPOBIIH.

HeoOxonuMo ~ oTMeTuUTh, YTO  IpHU
JTMHAMHYECKOM NPOSIBICHUN HapyIICHHS
YCTOWYHMBOCTH B BUJIC HOCTENICHHOTO

MOATAITHOTO ~ TAJEHUS TOpPOABl C  KPOBIHU
BBIPAOOTKM  MOXKET TPOU3OHTH  BHE3AITHOE
MaccoBO€ OOpyIlIeHHE.

Ha ydacTKax, race BCPTUKAJIBHLBIC u
OOKOBBIE  HANpsKEHUS Oy U G MOLYT
OIHOBPCMCHHO OKa3bIBaATh BIIUSHUC Ha
oOpa3oBaHue (OPMBI TONEPEYHOTO CEUCHUS

BbIpaOOTKH, (Qu3MKa mpolecca Aehopmanuu

MIPOUCTEKAET B MOJIHOM COOTBETCTBHH C (PU3UKO-
MEXaHUYECKUMH CBOMCTBAMU TOPHBIX MOPOJI.
[loaToMy Kak ypoBeHb [JEHCTBYIOIIUX
HaIIpsDKEHUM, TaK U CBOWCTBA I'OPHBIX IOpPOJ, B
KaKJJOM KOHKPETHOM CIIyyae HOCAT WHIUBUIY-
aJbHBINA XapakTep.
O0BEKTOM HUCCIENOBaHUN

yronpHbIA miact K1 npu orpaboTke ero jmaBoi

SABIIACTCA

46K1-3. OTtpaboTKa BEIEMOYHOT'O y4acTKa MpHU-
BOJWT K U3MEHEHUIO TOPHOTO JIaBIICHUS HA Mac-
CUB U MEXaHU3UPOBAHHYIO KpEIlb, 3TO B CBOIO
ouepeqlb MPUBOAUT K MEPUOAUUYECKOMY H3MEHe-
HUIO COCTOSIHHSI TIOPOJ OT CXKaTHSl K pacTsKe-
HUIO, TIPU 3TOM HU3MEHSIOTCS pa3Mep U YHCIIO
3aBHCAIOIIMX [Ma4yeK TMOpOJa KPOBIM ILIACTA,
Y4acTBYIONINX B (DOPMHPOBAHUH OMOPHOTO JIaB-
nenws [1, 4, 18, 19].

s ompenesieHusi YCTOMYMBOCTH KPOBJIH
naBel (puc. 1) Obut0 mpom3BeneHo UdpoBOE
MOJICTMPOBAHKE MAacCUBa TOPHBIX nopos [20] mo
CTPYKTYpHBIM KOJIOHKaM TIuiacta (puc.2) u
ckBaxkxuHe Ne 11355.

Puc. 1. Ilian ropusix pador gassl 46 K1

Fig. 1. Longwall 46 K1 mining plan
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Puc. 2. CrpykrypHas koJioHka miacra K1

Fig. 2. K1 seam structural log

ITmact K1 coctout uz 6—7 KOHIUITMOHHBIX
U JIBYX BBICOKO30JbHBIX YIOJIbHBIX TaueK
B KpOBJIE IulacTa (HAmpsDKEHUE Ha CHKaTHe
cocraBisier o = 11-12 MIla). Kposis miacra

IPEJCTABICHA  CPEJHE3EPHUCTBIMU  apTuil-
JIMTaMHU MOIIHOCTBIO 10 20,5 M (HanpsikeHue Ha
cKaTHe cocTaBisier o, = 22-25 MIla). B neno-
1,2-1,8 m

3ajeraer miact K1 momuocteio go 0,2 M. B

CpCI[CTBCHHOfI KpoOBJIC TIUIaCTa B

IMMOYBE IJIaCTa 3aJICTA0T NNIECUYAHUKH U aJICBPOJIN-
ThI, HAaIIpsI’KCHUC CXKaTHue
G, = 35-59 MIla.

Jnsa onpeneneHuss yCTOMYMBOCTH KPOBIIH

Ha KOTOPBIX

BBIEMOYHOI'0 CTOJI0a OBLI MCIIOJIL30BaH IOKa3a-

TeNb Kod(duureHTa 3amaca MPOYHOCTH MOPO/I.
KoHTaKkTOM KOMIUIEKCA JIaBbl C KPOBJICH ILIacTa
ObUI TPHUHSAT MPOCION YIJIUCTOTO APTUILTUTA
MorHocThio 0,09—0,12 M (puc. 2). [l moaHOTHI
aHalM3a MCIOJB30BAJIaCh YrojibHAs IMavka B
KpOBJIE TJIaCTa MOITHOCTHIO 710 0,7 M.

Pe3yabTarsl

[To monyueHHBIM pe3yabTaTaM UCCIe0Ba-
HUSI MOXKHO CJIeJIaTh BBIBOJI O TOM, YTO KPOBJIS
IUIACTa 0 KOHTAKTY C TMPOCIOEM YIIIUCTOTO ap-
THJUTMTA B JIaBe HEYCTOWYHMBAS M JIETKOOOpyIIIa-
emasi. KoadummenT 3anaca mpoyHOCTH Ha KOH-
TAaKTE KOMIUIEKCA W YIIIMCTOTO AaprHUIATA
(puc. 3) 6 cpeonem no nage pasen 0,92.

zZ—~

Puc. 3. KoadpunueHT 3anaca NpoYHOCTH MOAEIHPYEMOro0 MacCHBa

Fig. 3. Factor of safety of the modeled rock mass
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Puc. 4. Koa¢punuenT 3anaca npoYHOCTH Y BEHTHJISIHOHHOTO ITPEKa

Fig. 4. Factor of safety of the air heading

.

Puc. 5. Ko3dpdunmuent 3anaca npoYHOCTH y KOHBeliepHOT0 ITPpeka

Fig. 5. Factor of safety of the belt heading
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Puc. 6. U3menenne koddgdpunuenrta 3anaca npounoctu (K3II) B 3aBucHMOCTH 0T paccTOSHUSI MeXk1y KOHBelHepHBIM H
BeHTHJISIIMOHHBIMHU IITPEKAMH

Fig.6. The change in factor of safety depending on the distance between the belt and air headings
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KoaddurumenT 3anaca mpouyHOCTH BepxHEH
BBICOKO30JIbHOM MAayKH yTiisl MEHbIIE €UHULIBI U
NpHOOpPETaeT B HEKOTOPHIX MECTAaX OTPHUIIATEIb-
Hbl€ 3HAYEHMsI HA y4acTKE JJIUHOW B 25 M OT
BEHTWISALIMOHHOTO IITPEKa B CTOPOHY BBIEMOY-
HOTO yudacTka (puc. 4). 3Hauenue kodduimenta
3amaca MPOYHOCTH SABJISIETCS MTOKA3aTEJIEM TOTO,
YTO MOPOJIbI KPOBIHU MPU OTPAOOTKE BHIEMOYHO-
ro Oioka B 3ToM Mecte pazpymarcs [21-23],
BO3MO>XHOM TMPUYMHOW 3TOrO SIBJISIETCSA TO, YTO
JIaHHBIM y4acTOK Haxoautcs B 30He OI'J] ot ot-
pabOTKH BBINIETIEKAIETO BEBIEMOYHOTO OJIOKA.

3akiioueHue

PesynbpTatel MopenupoBaHus MO rpaduky
U3MEHEHUs Kod((uUIlMeHTa 3amaca MpOYHOCTH B
3aBUCUMOCTH OT PACCTOSIHUSI MEXTYy KOHBeWep-
HBIM ¥ BEHTWISIIUOHHBIMH IITPEKAMH HATJISTHO
MOKAa3bIBAIOT, YTO BEPOSITHOCTh O0Opa30OBaHMS
KYTIOJIOB B KPOBJIE BBIEMOYHOTO OJIOKa BEJIHKA,
tak kak K3II nopox menee 1, 4To roBopur o He-

bubdaunorpaduyeckmnii cmucok

YCTOWYMBOCTH KpOBIM JaBel Ipu e€ padote
(puc. 6). Ha ocHOBaHNMM IIPOBEIEHHBIX MCCIEN0-
BaHUH TI'€OMEXaHUYECKUX IIPOLECCOB, IPOTEKa-
IOLIMX B MacCHMBE TOPHBIX MOPO MPU OTPabOTKE
BBIEMOYHOTO OJI0OKAa, MOTYT OBITh MPUHSTHI Mpa-
BUJIbHBIE DPELICHUS M0 JalbHeWIeld oTpadoTke
yrojibHOro 1uiacta [24]. 3HaHue TPOTHO3HBIX
JaHHBIX OTPabOTKM ydacTKa YroOJbHOIO IIacTa
MO3BOJIUT €€ Ha CTaJuu MPOCKTHUPOBAHUS 3a-
paHee ompeAenuTh Haubojee OMacHbIe MecTa, a
MMEHHO TOYKH OOPYIIEHUS KPOBIIH.

[IpoBeneHHbIEe HCCaEN0BaHUSA C ONpeaese-
HUeM Kod(dduimenTa 3amnaca MPOYHOCTH MO3BO-
JSI0T MPOTHO3MPOBATh BEPOSATHOCTH 0Opa3oBa-
HUS KYIOJIOB B KpOBJIE BBIEMOYHOro OJiOKa U
pa3zpaboTaTh MEpPONpUATUS TO OOECICUYCHUIO
0€30MacHbIX YCIOBHH OTPaOOTKH  YTOJbHBIX
IUTACTOB, a TaKXe MPEeAYyNpeauTh OymyIiHue aBa-
puiiHble cutyanuu [24, 25].
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MeToauka 00HapyKeHUs] ITTMHUCTHIX MUHEPAJIOB U OKCHA KeJie3a
10 JAHHBIM MHOT030HAJbHBIX H300paxenuid Landsat
(na npumepe Teppuropun nposununu Txail Hryen, BbeTrHam)

YUunn Jle XyHrl, 3a0aonkuii B. P.
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AHHoTanus: MHOro3oHaIbHbIe n300paxenus Landsat ¢ ycriexoM HCHOIB30BAIKCH JUIS BBISIBICHUS MECTOPOIKJIC-
HUN HEKOTOPBIX MOJIE3HBIX MCKOMAEMBIX B Pa3HBIX PErMOHAX MHUpa. HekoTopble MUHEPAbI, B TOM YHCIC TIHMHH-
CThIC MHHEPAJIBI M OKCH]I JKeJIe3a, MOTYT OBITh OOHAPYKEHBI 110 JAHHBIM MHOTO30HAJIBHOW ChEMKHU HM3-32 UX CIICK-
TPaJbHBIX XapaKTePUCTUK. B naHHOW paboTe mpeacTaBieHbl pe3yIbTaThl IPUMEHEHUST METO/Ia TJIABHBIX KOMITOHE-
ToB U TexHonoruu Crosta uiss OOHAPYKEHUST CKOTUICHUH TMIMHUCTHIX MUHEPAJIOB U OKCHJIA JKelie3a Ha OCHOBE HC-
MOJIb30BAaHUSI MHOTO30HAJIbHOTO M300pakeHus Landsat 8 Oli npoBunnmu Txaii Hryen, cerep Brernama. Ilomy-
YEHHBIC PEe3yJIbTaThl MOKA3aIM BO3MOXKHOCTh H I1€7IECO00PA3HOCTh OMEPATUBHOTO OMPEACTICHUS MECTOPOKICHUS
TOJIC3HBIX MCKOTAEMBIX IO JJAHHBIM JUCTAHIIMOHHOTO 30HIUPOBaHUs. MeTo/bl U cpeicTBa 00paboTKH H300paxe-
HUH, anpOOUPOBAHHBIC B 3TOM HCCJICAOBAHUHM, MOTYT MCIIOJIL30BAThLCS JUIS CO3aHUS KapT paclpeeicHus TIHHU-
CTBIX MUHEPAJIOB U OKCHJIA XKeJe3a, ¢ 1elbio 3(Q(GEKTUBHOTO M PallMOHAILHOTO MOMCKA MOJIE3HBIX MCKOMAEMBIX U
pa3BeIKH MHHEPATIHHOTO ChIPhSI.

KaroueBsble c10Ba: TUCTaHIIMOHHOE 30HIUPOBaHIE, METOJI TIABHBIX KOMIIOHETOB, MUHepai, Landsat, Vietnam.

Jast uurupoBanus: Yuns Jle Xynr, 3abnoukuit B. P. Metoauka oOHapy>XeHUs TIIMHUCTHIX MUHEPAJIOB U OKCHIA
JKele3a 1Mo JJAHHBIM MHOTO30HAIIBHBIX M300paxkeHni Landsat (Ha mpumepe TeppuTopuu npoBuHNMU Txail Hryew,
Brernam). [ opusie nayku u mexnoaoeuu. 2019;4(1):65-75. DOI: 10.17073/2500-0632-2019-1-65-75.

The Method of Detection of Clay Minerals and Iron Oxide
Based on Landsat Multispectral Images
(as Exemplified in the Territory of Thai Nguyen Province, Vietnam)

Le Hung Trinh', V. R. Zabloskii’

'Le Quy Don Technical University, Ha Noi city, Vietnam; D<trinhlehung125@gmail.com;
*Moscow State University of Geodesy and Cartography, Moscow, Russia, v-r-zablotskii@ya.ru

Abstract: Landsat multispectral images have been successfully used for discovering some mineral deposits in dif-
ferent regions of the world. Some minerals, including clay minerals and iron oxide, can be detected by multispectral
surveys due to their spectral characteristics. This paper presents the results of the application of principal compo-
nent analysis and Crosta technique for detecting accumulations of clay minerals and iron oxide based on
a Landsat 8 Oli multispectral image of Thai Nguyen Province, north of Vietnam. The obtained results have demon-
strated the feasibility and suitability of prompt detecting mineral deposits based on the remote sensing data. The
image processing methods and facilities tested in this study can be used to create maps of distribution of clay min-
erals and iron oxide for effective and expedient prospecting and exploration for minerals.

Keywords: remote sensing, principal component analysis, mineral, Landsat, Vietnam.
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BBEJEHUE

[losne3nsle uckomaemble SIBISAIOTCS BaXK-
HEUIIUM MIPUPOJTHBIM PECYpPCOM JIFO00H CTpaHBbI.
MuHepasbHble pecypchl UCTIOIB3YIOTCS BO MHO-
TUX OTpacisix: MpU TMPOU3BOJICTBE HHEPTUU,
CTPOUTENIbCTBE, METAILTYPriH, CEIbCKOM XO35M-
ctBe u T.4. [louck u obHapyxkeHue MHUHEpaIb-
HBIX PECypCOB — CIIOKHas 3ajada. TpaguiuoH-
HbIE METO/Ibl, OCHOBaHHBIEC Ha MOJIEBBIX, TOMCKO-
BO-CHEMOYHBIX pa0dOTax, peHaoT 3Ty npoliemy,
OJIHAaKO MMEIOT BBICOKYIO CTOMMOCTB. TeXHOJ0-
U JUCTAaHIIMOHHOTO 30HAWPOBaHMS 0O0JamaeT
PSAAOM MPEUMYIIECTB Mepes, Ha3eMHBIMU CIIOCO-
0amu pa3BeIKH, UTO CBSI3aHO KaK C OXBATOM IIHU-
POKOH TJIOLIAAN TEPPUTOPUU, TaK U C HEOOIb-
MM NEPUOAOM IOBTOPHOro HaOmoneHus. B
paborax [1-5, 7-10, 13-18, 20-23] moarBep-
KIAeTC BO3MOXKHOCTH HCIIOIB30BAHHUS MHOTO-
30HANBHBIX W300pakeHmit (Landsat, Aster) ms
MOHHUTOPHHTA U OOHAPYXKEHHs IMOJIE3HBIX HCKO-
naemMbix. CKaHepHbIE W300pakeHHs] (PUKCHPYIOT
UH(POPMALIHIO O MOJACTHIIAIONICH TTOBEPXHOCTH B
BUJIUMOMN, OMMKHEH U cpenHel HH(]paKpacHBIX
obmactsax [6, 11, 12]. D10 mo3BoIIEeT HCCIEMO-
BaTh (pu3MUecKre CBOWCTBA M3y4aeMOM MOBEPX-
HOCTH W JieJaTh MPEANOJOKEHHUs O TOYBaX H
TOPHBIX MMOPOJIAX.

JlaHHBIE MHOTO30HAJIBHOTO H300paKEHUS
Landsat ucnonp3oBanvcy B T€UEHUE psia JET B
3aCyNUIMBBIX M TOMY3aCyIUIMBBIX TPHPOIHBIX
YCIOBUSX Il ONpPENETICHHUs] MECTPOXKJIEHUS OK-
CHJIOB JKeJe3a U T'MJIPOTEPMAJIbHBIX MHUHEPAJIOB.
MHorue aBTOpBI HCIIOJIB30BAIM METOJ[ CHEK-
TpaJbHBIX MHJIEKCOB JJIsi OOHApYKEHUsT MUHEpa-
noB. Hanpumep, cnekTpaabHble UHAECKCHI, MOTY-
YEHHBIE 10 JaHHBIM MHOTO30HAJIBHOTO M300pa-
s)kenus Landsat 1 ASTER, ucnonab3oBaiuch st
noucka OKcuja xenesa (iron oxide), TITMHUCTBIX
muHepanoB  (clay  minerals),  marHeTuTa
(magnetite content), JKeJI€3HbIX MHUHEPAJIOB
(ferrous minerals) u pacuera unaexcos Abrams,
Chica-Olma u Kaufmann [4, 10]. Crosta (1989)
[5], Mia u Fujimitsu (2012) [16] ucnonb3oBanu
MeTo riaaBHbIX KomMnoHeHToB (PCA) mis oOHa-
PYXKEHHSI MECTOPOXKIACHUM IMOJIE3HBIX HCKOMae-

MbIX. OCHOBBIBasICh Ha METO/JIE TJIaBHBIX KOMIIO-
HenrtoB, Fraser u np. (1997) [10] pazpaboramu
metog DPCA (directed principal component
analysis) st HaOMIOACHUS 3a pacrpeielicHuEM
none3ubix uckomnaembix. Meronx DPCA Takke
ucronb3oBajicss B padore Khaleighi u Ranjbar
(2011) [14] nna xapTorpadgupoBaHHUs CoaepkKa-
HUs Meau B MpaHe o JaHHBIM MHOTO30HAJIbHBIX
n3obpakenuit ASTER. [Tony4yeHnnbie B 3THX HcC-
CJIEOBaHMSX PE3YJIbTaThl 10KA3bIBAIOT, YTO MeE-
TOJI TJIABHBIX KOMIIOHEHTOB MMEET 00Jjiee BBICO-
KyI0 TOYHOCTh OOHApYXEHHS MHUHEPAIOB, YeM
METOJI CIIEKTPATIBHBIX WHICKCOB.

Jlannast paboTta mocBsiieHa 3aaade oOHa-
PY>KEHUS TIIMHUCTHIX MHUHEPAIOB M OKCUIOB Ke-
ne3a B npoBuHuuu Txail Hryen, ceBep BrerHa-
Ma, MO JaHHBIM MHOTO30HAJIBHOM CHEMKH
Landsat 8§ ¢ ucmonb30BaHMEM METOJA TJIABHBIX
KOMIIOHEHTOB. B paboTe Taxke ObLIM MCIIONB30-
BaHBl ¥ HEKOTOpBIE APYrue METOABI 00pabOTKH
M300pakeHMi, BKIIIOYAIOIINE CO3/IaHNE IIBETHBIX
MO3auK, pacTSHKEeHHE TUCTOTpaMM  SIPKOCTH,
JIEKOppeNanus, yIydlleHHe KpaeB KOHTYPOB,
CIHUSIHUE H300pakKeHU, pacdeT CIEeKTPaTbHBIX
MHJIEKCOB — JUIsl OLIEHKHU COJAEpk aHUs MHUHEpa-
JIOB B TOPHBIX TIOPOJIaX M MOYBAX.

MATEPHAJIBI

Hccnenyemass Tteppurtopus. I[IpoBuHImsS
Txaii HryeH HaxomuTcs B CEBEPHOM YacTH
Bretrnama, B 80 kM ot cTonuiel XaHos (puc. 1).
leorpaguueckue xoopaunarer — 21°20" no
22°03' c.mr., 105°52" nmo 106°14' B.n. IlpoBuH-
LU0 TIEPEeCceKaloT HECKOJIbKO TOPHBIX XpeOTOB,
MPOTSHYBIIUXCS B HAIMpaBICHUU C CEBEPO-
3amaja Ha 1ro-Boctok. Ha roro-zanazie npoBuH-
LIUU PacrooKeH ropHbIi xpeder Tammao, mpo-
TshkeHHOCThI0 80 KM. PacTuTenbHBIM TOKPOB B
MPOBUHIIMK 3aHMMaeT okoso 80 % rmuomanu
paiioHa, B OCHOBHOM 3TO BHOBb HAacCa)XCHHBIE
neca U (pyKTOBBIE JepeBbs. EcTecTBEHHBIE Jieca
OCTaJNCh B HEOOJBIION YacTH TEPPUTOPUU U
pacmpocTpaHeHbl B BBICOKOTOPHBIX XpeOTax.
I'opnas nousa 3anumaet 48,4 % miomanu paiio-
Ha, pacroyio)keHa Ha BbicoTax Oomee 200 M u
o0pa3oBaHa B pe3yJIbTaTe BHIBETPUBAHUS CKallb-
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HBIX M MeTaMOp(UUYECKUX MOPOJI U APYTUX OT-
noxxenuit. IlouBa xommoB coctaBisier 31,4 %
IONIaM paiioHa, cOpPMUPOBAHA MPEUMYIIE-
CTBEHHO Ha IE€CYAaHUKE, AJIEBPOJIUTE M HEKOTO-
pPBIX JPEBHUX TEKTOHUYECKUX OTIOKCHHSIX.
[IpoBunnusa Txaih Hryem — OGorara MuHEpasb-
HBIMHU PEecypcaMi, B TOM 4YHCIIE JKEJIe30M U YT-
neM. KapTUHKHM HEKOTOPBIX MUHEPAJIbHBIX HIAXT
Ha HCCIeIyeMOM TEeppUTOpPUM TIOKa3aHbl Ha
puc. 3 [24].

Hcxonnbie nanublie. B paboTte mcmonb3o-
BaJOCh MHOTO30HAIBHOE W300paKCHHE, IOIY-
CITyTHHUKOB Landsat 8 Oli,
nata ceeMku 15 wmronst 2017 (puc. 2). M300pa-

YEHHOE co
JKCHHE TMOJIy4eHO B 0€300J1auHyI0 MMOToay — He-
00X0MMOE yCJIOBUE BBITIOJIHEHUS ChbeMOK. JlaH-
HOE HM300pakeHHEe ObUIO 3arpykeHO W3 caiTa
Teonocuueckoii cayaucovr Coedunénnvix ILllma-
mos (l'eonoeuueckas cnyscoa CILIA — USGS —

http://glovis.usgs.gov)
ku L1T [25].
Landsat 8 siBisieTcsi BOCBMBIM CITyTHHKOM

C ypoBHEM 00paboT-

B paMkax nporpammbl Landsat u cenbMbIM CIyT-
HUKOM 3TOW CEpUH, BBIBEJCHHBIM Ha OpOHUTY
3emumn. Landsat 8 momydyaer n300pakeHHS I0-
BEPXHOCTH 3eMiu B Buaumom, ommkHem MK u
teruioBoM UK nuanazone, ¢ mpocTpaHCTBEHHBIM
paspemienueM ot 15 1o 100 m (Tabm. 1).

METOAbI U PE3YJIBTATBI

Jnsi oOHapyXeHHS OKCHIIOB JKele3a U
TJIMHUCTBIX MHUHEPAJIOB IO JaHHBIM MHOT030-
HaybHOTO M300pakenus: Landsat 8 B pabote mc-
MOJIb30BAJICSI METOJ] TJaBHBIX KOMIIOHEHTOB
(PCA). DOrtor w™eton
IIUTh Pa3MEPHOCTh JaHHBIX
MOTEepSMU IICHHOW 17 Jemu(ppUpoBaHUs] WH-
dbopmanuu.

IIO3BOJISAACT YMCHb-

C HanMCHBIIMMMH

THAI NGUYEN MAP
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Puc. 1. Mecronosoxenue ucciaegyemoii reppuropun, npopunnusa Txaii Hryen, Bbetnam

Fig. 1. Location of the study area, Thai Nguyen Province, Vietnam
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Puc. 2. MHoro3onaibHa/IbHOe n300paskenue Landsat 8 B mpoBunuun Txaii Hryen, 15.06.2017

Fig. 2. Landsat 8 multispectral image in Thai Nguyen province, 15.06.2017

Puc. 3. KapTuHKH HEKOTOPbIX MHHEPAJIBLHBIX HIAXT HA UCCJIEAyeMOii TEeppUTOPUM: YroJibHas maxTa Xanb Xoa (a),
Hyii Xonr (6) u :xese3opyanas maxra Yaii Kay (6) [24]

Fig. 3. Pictures of some mineral mines in the study area: coal mines Han Hoa (a),
Nui Hong (b), and Chai Kau iron ore mine (c) [24]

Taoauna 1
XapakTepucTHKH MHOT030HAJILHOI0 H300pakeHHs1, MOJTy4eHHOro co cnyTHuka Landsat 8

Characteristics of the multispectral image received from the Landsat 8 satellite

Ne CreKTpaibHbIA KaHa Huanazon (um) CneKTlfI)z;:(z;)p aspes
1 Kanan 1 — moGepesxbst n aspo3oin 0,433-0,453 30
2 Kanan 2 — cunmit 0,450-0,515 30
3 Kanan 3 — 3enensrit 0,525-0,600 30
4 Kanan 4 — kpacHbIit 0,630-0,680 30
5 Kanan 5 — ommxaunit UK 0,845-0,885 30
6 Kanan 6 — cpegnuii UK 1,560-1,660 30
7 Kanan 7 — cpegnuii UK 2,100-2,300 30
8 Kanan 8 — manxpomaTuueckuit 0,500-0,680 15
9 Kanan 9 — mepuctsie obmaka 1,360-1,390 30
10 | Kanax 10 — TermoBoii nHbpaKpacHBII 10,30-11,30 100
11 | Kanax 11 — TemoBoit nHbpaKpacHbII 11,50-12,50 100
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MUCKC

HaumoHanbHbIR MCCNeqoBaTeNbLCKMA
TEXHONOrM4eckni yHBepcuTeT

B nmanHo# paGoTe mokaszaHo, YTO TEPBBII
rnaBHbI KoMoHeHT (PC1) cocTtout u3 mosjaoxu-
TEJbHBIX 3JIEMEHTOB BCEX CIEKTPAJIbHBIX KaHa-
noB n3o0pakenus: Landsat 8 (kanansr 2, 3, 4, 5,
6 u 7). PC1 cocraBnsier okomno 95,12 % ot co6-
CTBEHHOTO 3HAYEHUs OOIIeHd IUCHepCUd JUIst
nanHbiX PCA. CoOCTBEHHBIN BEKTOP ISl TPETh-
ero rinaBHoro kommoHeHnTta (PC3) ykaspiBaeT Ha
To, yto B PC3 mpeobnamaer pacTUTEIbHOCTb,
KOTOpasi UMEET BBICOKYIO OTPaKATEIbHYIO CIIO-
cobHocth B OmmxHeM MK nuamazone (kanan 5S).
OtpunarenbHOE 3HaYEHHUE 3JIEMEHTA B KaHale 5
Ha 3TOM IJ1aBHOM KomroHeHTe (—0,77223) takxke
YKa3bIBae€T HAa TO, YTO PACTUTENIbHBIC MUKCETU
OyIyT YepHBIMH Ha 3TOM TJIABHOM KOMIIOHEHTE.
[TockonbKy 37€MeHTHI Ha COOCTBEHHBIE BEKTOPHI
JUIsT KaHajga 2 ¥ KaHala 4 B IIECTOM TIJIaBHOM
komnonenre (PC6) (tabi. 2) Takke mpOTUBOIO-
JIO)KHBI TIO 3HAKY, MOXHO TMPEIINOJIOXKUTh, YTO
OKCHJIBI JKeie3a OyIyT OTIMYAThCS SPKUMH TTHK-
cenamu B PC6. T'mapokcuiabHble MHMHEpAbl
0TOOpaxaroTcs B BUJE TeMHBIX mukceneld B PCS
U3-3a TOTO, YTO BKJIAJ OTPUIIATEIbHBIA OT KaHa-
7a 6 W TIOJMOXKUTENbHBIM OT KaHama 7 B 3TOM
PCS5 (tabum. 2). Eciin xonu4ecTBO BXOJHBIX Ka-
HAJIOB YMEHBIIUTh, YTOOBI H30ekKaTh OIpeje-
JIEHHOTO CHEKTPAIBHOTO KOHTPACTa, BEPOAT-
HOCTh OIPEACIICHUs] YHUKAJIBHOTO TJIABHOTO
KOMIIOHEHTa JJii OOHapy>KeHHUS MHUHEPAJOB
Oynet Bo3pacTath [15].

l'unpokcuiibHblE MHUHEpadbl  OTPAXKAIOT
AJIGKTPOMArHUTHOE HW3IY4YEHHWE B JMAra30HE
1,55-1,75 wmxMm (kaHanm 6  u300pakeHHS
Landsat 8) 3HaunTensHO cUiIbHEE, YEM B APYTUX
HCCIIETyeMbIX JMAaNa30Hax, U CHUJIbHO IMOTJIOoNIa-
oTcs B jauama3ode ot 2,05 mo 2,35 Mxm (ka-
Han 7) [7]. Takum oGpazom, s OOHapYKEHUS
TJIMHUCTBIX MHHEPAJIOB MCHOIB3YIOT CIEKTPAIb-
HbIe KaHalbl B cuHeM (kaHan 2), ommxaem MK
(xaHanm 5) u cpemHeM HMH(pPaKpacCHBIX TUANa30-
Hax (kaHasbl 6 w 7) m3zoOpaxkenus Landsat 8.
Kananer 3 (3enensiif) u 4 (KpacHbI) HE UCIIOJb-
3YyIOTCSl, UTOOBI N30€XKaTh BIUSHUS OKCHJIOB Ke-
7e3a W PacTUTENbHOTO TMOKpoBa. Pe3ynpTaTshl
npeoOpa3oBaHUsd TJIABHBIX KOMIIOHEHTOB Ha
KOMOWHAIMK KaHajioB 2, 5, 6 u 7 n300pakeHus
Landsat 8 mns tepputopum npoBHHUIUHM Txait
Hryen (Brernam) mokasansl B Ta0n. 3. AHanu3
MIOJIyYEHHBIX PE3yJabTaToB Mokaszan, yto PC4 ¢
OTHOCHUTENEHO CHJIBHOM MOJIOKUTEIHHON
Harpy3koit ans kanana 7 (0,7384) u ymepeHHoit
OTPULIATENILHOM HAarpy3koil il KaHajna 6
(—0.5791) moxeTr ucnoab30BaThCs ISl OOHApY-
XKEHUS] THAPOKCHIbHBIX MHHepanoB. PC4 Beine-
JSeT THAPOKCUJIbHBIE MHHEpajbl KaK TEMHBIE
nukcend. C TOMOIIBI0 METOJa WHBEPCHUU THJI-
POKCHUIIbHBIE MUHEpAIIBI TPEACTABICHBI CBETIIBI-
Mmu niukcensimu Ha PC4 (puc. 4, a).

Tab6auna 2

Pe3ysabTaThl aHATN3A ITIABHBIX KOMIIOHEHTOB /ISl 6 MHOT030HATBHBIX KaHAJIOB H300pa:kenus Landsat 8

The findings of main component analysis for 6 multispectral image channels of Landsat 8

Kanas B2 B3 B4 B5 B6 B7 Cobcraennoe

3Hauenne (%)
PC1 0.32708 0,26698 0,22964 0,38848 0,39815 0,64149 95,123
PC2 —0,14263 0,05132 024151 0,03498 0,60180 0,58675 2,689
PC3 0,22824 0,23004 0,46350 ~0,77223 ~0,15801 0,11465 1,935
PC4 —0,09365 —0,38327 —0,56946 —0,42576 0,36687 0,33932 0,196
PC5 —0,17823 0,13023 0,12403 —0,25107 —0,54775 0,06205 0,035
PC6 —0,56011 ~0,53438 0,54677 0,08179 ~0,08079 0,28967 0,023
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Taéauna 3

Pe3yJ’l]>TaT AaHaJIM3a INiaBHbIX KOMIIOHCHTOB J1JIsl 06Hapyﬂcemm THAPOKCHWJIBHBIX MUHEPAJIOB

The findings of main component analysis for identifying hydroxyl minerals

I'naBHBIE KOM- Co0cTBeHHBI BEKTOP Co0OCTBEHHOE 3HA-
TIOHEHTBI B2 B5 B6 B7 yenue (%)
PC1 0,3566 0,6158 0,6218 0,3270 95,481
PC2 0,1340 0,6730 —-0,4379 —-0,5808 3,119
PC3 —0,9072 0,2833 0,2935 —-0,1024 1,310
PC4 —-0,1783 0,2959 -0,5791 0,7384 0,090
Taoauna 4

PeayanaT AaHaJIM3a rJiaBHbIX KOMIIOHECHTOB 1JIsI 06Hapy>1ce1mﬂ TJIMHUCTBIX MUHEPAaJI0B

The findings of main component analysis for identifying clay minerals

T'1aBHBIE KOM-

CoOcTBeHHBIIl BEKTOP

CoOcTBEHHOE 3HA-

NOHEHTDI B2 B4 BS B6 yenue (%)
PC1 0,3680 0,2381 0,6351 0,6360 95,775
PC2 0,0992 0,4337 —0,7340 0,5132 2,410
PC3 —0,7739 —0,3509 0,0548 0,5244 1,724
PC4 0,5058 —-0,7951 —0,2343 0,2389 0,091

0)

Puc. 4. Komnonent PC4, sipkne nukcenu yKa3blBald HA MECTONOJIOKeHHE THAPOKCHIbHBIX MUHEPAJIOB (a)
M OKCH/IOB :KeJie3a (0)

Fig. 4. Component PC4, bright pixels indicate the location of hydroxyl minerals (@) and iron oxides (b)
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HauwmoHanbHb TENBLCKIIA
TEXHONOrM4ec mTeT

AHaJOTMYHO Ui OOHAapy>KEHHUs OKCHJOB
xeneza B pabOTe HCHONB3YIOT CIEKTpaJbHbIC
KaHaibel 2, 4, 5 u 6 u3ob6paxkenus: Landsat 8. 3e-
JIeHBIN KaHam (KaHal 3) HE UCIIOJIb3YeTCsl, 9TOOBI
n30eKaTh BIUSHHUS PACTUTEIHLHOCTH HA PE3yib-
TaThl OOHApy)KEeHHUS MHHEpanoB. Pe3ynbTarhl
npeoOpa3oBaHus IJIaBHBIX KOMIIOHEHTOB B KOM-
OuHanuu KaHaoB 2, 4, 5 u 6 u300pakeHHs
Landsat 8 wa TeppuTopum mNpoBUHIMU TXait
Hryen (Bwernam) noxa3ansl B Ta01. 4. B atom
cinyyae PC4 BwimensieT okcujl xeje3a Kak TeM-
HBIC MHKCENN (JIEMEHT COOCTBEHHOTO BEKTOpa
s kaHana 4 paBen —0,7951 m nnsa xananma 2
+0,5058). D10 uzobpakenue (PC4) moxxHO HH-
BepTHpoBaTh 1o sipkoctu (brightness inverse),
YTOOBI MMOKA3aTh MECTOIMOIOKEHHE OKCHUIOB JKE-
Jie3a Kak sipKue MuKcenu (puc. 4, 0).

N300parkeHusT TIaBHBIX ~ KOMIIOHEHTOB
(PC4) nnst TUAPOKCUIIBHBIX MHHEPAJIOB U OKCH-
JIOB JKeJe3a 00BeNUHSIOTCS Il CO3JaHus OJTHO-
ro M300pakeHUs, OTOOPAXKAIOIIETO MHKCEIN C
AQHOMAJIbHBIMHU KOHIIEHTPALMSIMH KaK THAPOKCH-
JIOB, TaK M OKCHJIOB JKeJie3a, — KaK CaMbIX SIPKUX.
OTO CIMSHUE JIBYX W300paXKCHWH TaKXKe IMOIy-
YEHO C TIOMOIIBIO METOJ[a TJIaBHBIX KOMIIOHCH-

TOB, Takux kak PC1, mMeronumx moaoKuTeIbHEBIC
COOCTBEHHBIC 3HAYEHUS JUIsI OOOMX BXOJIHBIX
n300pakeHnit. 3aTeM 3TH M300pakeHUs: KOMOU-
HUPOBAJIUCh C HCIOJIb30BAHUEM TEXHOJIOTUH
Crosta i moMy4eHHs TPEXCIOHMHOTO H300pa-
xeHus. biiok-cxema Meroga o6paboTku M300pa-
KEHHUH 111 0OHapYyXEeHHs] THIPOKCUIBHBIX MH-
HEpaJioB U OKCHUJOB >Keje3a MO JTaHHBIM MHOIO-
30HaNbHOTO M300pakeHus Landsat 8 mokazana
Ha puc. 5.

Jnst 00paboTKM MHOTO30HAIBHOTO H300-
pakeHust ObLT cO3MaH MakeT mporpamMMm RS-
MINERALS nHa ocHOBe si3bIKa MPOrpaMMHPOBa-
Hus Matlab. Tlaker npenHasHadeH Ui aHanau3a
CIYTHUKOBBIX U300paKEHU 110 METOAY ITIaBHBIX
KOMIIOHEHTOB. ITaker porpaMm RS-
MINERALS o6GecrnieunBaeT BO3MOXKHOCTH OT-
KPBITUSL M OOpabOTKH CITyTHHKOBBIX H300pake-
Huit B popmare TIFF, Bkitouass OCHOBHBIE MOZY-
mu, Takue kKak View (oroOpaxkenus), Idicies
(cnextpanbHble uHIEKCH), PCA (MeTos raBHBIX
komrnoHeHTOB), DPCA (directed PCA), Interpret-
er (o6pabotka m3zobpaxenuii). Uurepdeiic mpo-
rpaMMBbI TTOKa3aH Ha puc. 6.

[ M=uorozonansHoe uzoopaxkuue Landsat § OLI J

[ Metoz raBHEIX TOMIIOHEHT ]

v

[ Metoz riaBHEIX KOMIIOHET ’

v

| pcs PC1 PC4
—’[ KoMOuHamHa H300pasKeHHA ]‘7
v
[ PezvasTaT 0O0HApVKEHHA MHHEDAIOB ]

Puc. 5. Metoa 00padoTku u300paxeHuil 1151 00HAPY KeHHUS] THIPOKCHIbHBIX MUHEPAJIOB U OKCH/IA Kejle3a
€ UCMOJIb30BAHHEM MHOT030HAJIbHOT0 H300paxeHusi Landsat 8 Oli

Fig. 5. Image processing method for detection of hydroxyl minerals and iron oxide using a Landsat 8 Oli
multispectral image

TEOQJIOTUSA MECTOPOKJIEHUH MOJE3HBIX HCKOITAEMBIX




% MOPHbIE HAYKW
n

MINING SCIENCE AND TECHNOLOGY

TOM 4, Ne 1 (2019)

HauwmoHaneH NCKUA
TEXHONOrM4er et
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Puc. 6. UnTepdeiic nporpammel RS-MINERALS
Fig. 6. RS-MINERALS software program interface
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FERROUS MINERALS
MINERAL COMPOSITE
HYDROTHERMAL COMPOSITE
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X

Browser...

~
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o

Puc. 7. Monynu PCA (a) u Indices () B nakere nporpamm RS-MINERALS
Fig. 7. PCA (a) and Indices (b) modules in the RS-MINERALS software package

Monyns PCA 1o3BOJISIET BBIUUCIATH TJIaB-
HbIE KOMIIOHEHTHI 11 cHUMKOB Landsat. Ha BEI-
XOJIe TporpaMMa O0TOOpakaeT COOCTBEHHBIE BEK-
TOPBI U COOCTBEHHBIE 3HAYEHUS ISl BHIOPAHHBIX
IJIaBHBIX KOMIIOHEHTOB, COJIEpKallluX Hambosee
LIEHHYI0 MH(OopMalMio 0 MUHepasax (puc. 7, a).

Monyns Indices mo3BosseT paccuuTHIBaTh
MUHEpAIbHbIE WHACKCHI, TaKhe KaK TIIMHHUCTHIE
MuHepaisl (clay minerals), okcun xenesa (iron
oxide), (ferrous
minerals), MHUHepaJbHbIE KOMIO3UTHI (mineral
composite), naaexc Abramm, uagexc Kaufmann
u unaekc Chica-Olma (puc. 7, 0).

Monyns Interpreter ¥MeeT MHCTPYMEHTHI
KOMOMHAIIMM CIEKTPAIbHBIX KaHAJIOB MHOT'030-
HasibHOrO M300paxkHus (Band combinations) u
uHBepcun sipkoctu (Brightness inversion). Wn-

KEIC3UCTBIC MHHCEPAJbI

cTpyMeHT «Brightness inversion» Mo3BOJSET UH-
BEPTUPOBATH SPKOCTh THKCEIEH, 4TOOBI BBIIC-
JUTh MECTOHAXOXICHHE MUHEPAJIOB MO M300pa-
KEHHI0 OCHOBHOTO KOMITOHEHTA.

Monyns DPCA 1no3BossieT BBIACIUTH Me-
CTOHAXOXKJICHHE TOJIE3HBIX MCKOMAEMbIX IO Me-
tony DPCA, omnucanHomy Fraser m Green

(1987). B atom metone PC1 paccunthiBaeTcst u3
OTHOIIEHUN CIEeKTpalbHBIX KaHamoB Landsat
TM: (xanan 4/xanan 3) u (kaHan S5/kanan 7).
N3o6paxenue (kanan 5/kanan 4) 1 u3oOpakeHue
(xanan 7 + xanan 1) UCTIONB30BAIUCH TSI CO3/1A-
Hus 1BetHoro RGB n3o0paxkenust.

Pesynprar koMOUHALIMK U300pAKEHUS IS
oOHapyKeHHUs TUIPOKCHUIHHBIX MUHEPATIOB U OK-
cuja kenes3a mokasan Ha puc. 8. Ha 3Tom m300-
paxeHUu  Oenble  MHUKCENH  MPEJCTaBISIOT
obOnacTu, Oorarble Kak THUIPOKCHJIBHBIMU, TaK
U Kene3HbIMH MuHepaiamu. OO1acTé, B KOTO-
PBIX COJAEPKUTCS MHOTO THUJIPOKCHJIHHBIX MHHE-
pajoB, MOKa3aHbl OT SIPKO-KPACHOTO O OpaHXe-
BOTO IIB€TAa, a palOHBI, OOTaThie JKEIe30M, —
OT SIPKOTO ToJTy0O0TO 10 cuHero [15].

JIJ1s OLlEeHKH TOYHOCTHU OOHApYyXEHUS TH]I-
POKCUIIBHBIX MHUHEPAJIOB M OKCHAA JKejie3a IO
JaHHBIM MHOTO30HANIbHOM cheMku Landsat 8 B
paboTe McIoNb30BaIach KapTa MUHEPAIOB MPO-
Bunnuu Txait Hryen, BperHam, macmtabom
1:200 000 (puc.9). IlomydeHHbIE pe3yabTATHI
MOKa3aji, YTO KeJIe3HbIe MHHEpANbl pacipese-

JIeHbI TI0 OOJIbIIel YacTW TPOBHHIMH TalTyH
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Hryen. Mecto pacnoyiokeHusi KpyImHBIX >Kelle-
30pYAHBIX IIaxT, Takux kKak Trai Cau (Yaii Kay),
Hoa Trung (Xoa Yysmr), Linh Nham (JIuas
Hesam), Thanh Chu (Txans Yy), Tien Bo (Teen
Bo) oTdernuBO oTOOpaxkaercs Ha M300pAKESHUU

eM texHosioruu Crosta. Pe3ynbpTarhl Takxke Mo-
Ka3aJld, YTO TUAPOKCUIIBHBIE MHUHEpAJbl COCpe-
JIOTOYEHBI B PaliOHAX MECTOHAXOXKIEHUS KpYII-
HBIX YTOJIHBIX IIaxTax, Takux kak Nui Hong

(Hyit Xonr), Khanh Hoa (Xaup Xoa), Phan Me
MOCJIC I[BETOBOM KOMOWHAIIMM C WCIOJIb30BAHU- (dan Me) (cm. puc. 8).

Trai Cau iron

Puc. 8. KomOunauus uzo0dpakenust Ha ocHoBe TexHoJ10oruu Crosta

Fig. 8. Crosta-based image combination
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Puc. 9. Kapra munepasioB nposuniuu Txaii Hryen (Bbernam), macmrad 1: 200 000

Fig. 9. Map of minerals of Thai Nguyen province (Vietnam), scale 1 : 200,000
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BbIBO/IbI

MHuoro3oHansHbIe H300pakenust Landsat 8
MOTYT HCIIOJIB30BaThCsl 3PPEKTUBHO st 0OHA-
pY)KEHUST U TPOTHO3UPOBAHUSI MECTOPOKICHUS
TUIPOKCHIIBHBIX MUHEPAJOB M OKCHJIA JKeje3a.
MeTtoa aHanu3a TJIaBHBIX KOMIIOHEHTOB CIIOCO-
OcH oOOHapy)KMBaTh MHUHEpAIbl C OOJbIICH
HAJIeKHOCTBIO BCJIEJICTBUE YyCTpaHEHUs yOiu-
pyroieii nHbOpMalMu B CIEKTPaJIbHBIX KaHa-
nax. B manHoi paboTe THIPOKCHILHBIE MUHEpPA-
JBI ¥ OKCHJI JKeJie3a Obut OOHapyKEeHBI B TOP-
HOW TIOpOJIe, @ TaKXKe B OTKPBITHIX IMMOYBaX B
OKPECTHOCTH TOPHOJOOBIBAIOIINX MPEATPUSTHH.
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