YK 622.83+539.3
DOI: 10.33764/2618-981X-2019-2-4-229-236

METOA OLEHKW PEOJIOTMYECKUX XAPAKTEPUCTUK TOPHbIX NMOPO[,
Nno AAHHbIM NOA3EMHOU FrEOAE3UN B PAMKAX BA3KOYINPYIron MOAENA

Aumon Bnaoumupoeuu Ilanoe

Wuctutyt ropuoro nena um. H. A. Uunakana CO PAH, 630091, Poccus, r. HoBocubupck, Kpac-
HBIX TIp., 54, MIIQAIINI HAYYHBIH COTPYIHUK J1abopaTropuu ropHoil nHdopmatky, (383)205-30-30,
nor. 173, e-mail: anton-700@yandex.ru

Jleonuo Anamonveeuu Hazapoe

HNucturyt ropuoro aena uMm. H. A. Uunakana CO PAH, 630091, Poccus, r. HoBocubupck, Kpac-
HBIN Tp., 54, MOKTOp (PU3MKO-MAaTeMaTHUYECKUX HAyK, 3aB. JabopaTopuei TopHOH HH(POPMATHKH,
tein. (383)205-30-30, gom. 337, e-mail: naz@misd.ru

Hennu Anexcandpoena Mupowinuuenko

Wuctutyt ropuoro nena um. H. A. Uunakana CO PAH, 630091, Poccus, r. HoBocubupck, Kpac-
HBIX 11p., 54, KaHAUIAT PUIUKO-MATEMATHUYECKUX HAYK, HAYYHBIH COTPYAHUK JJaOOpaTOPHH TOPHOU
uHpopmaruku, ten. (383)205-30-30, mon. 174, e-mail: mna@misd.ru
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JUIs 3aJaHHOHM aOCOIOTHON TOYHOCTH aImapaTypbl YCTAaHOBIEH HEOOXOIUMBIN 00BEM H3MEPHUTEIh-
HBIX JJAHHBIX, 00€CTICUNBAIONININ Pa3pPEIIMMOCTh OOPATHOM 3a/1auu.
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Method of estimation of rheological properties of constructive elements of room-and-pillar
mining of solid mineral deposits is considered. The method is based on solution of inverse problems
of mixed type in the context of two dimensional viscoelastic model of structure. Feasibility of in
situ determination of parameters for constitutive equations describing rheological deformation of
rocks is shown. The numerical experiments implemented with synthetic input data (relative dis-
placements recorded at the points of mined-out void boundary using in-mine geodetics techniques)
for the preset absolute precision of equipment provide the measurement data amount required to
ensure resolvability of inverse problem.

Key words: solid, stress-strain behavior, geo-mechanical model, finite-element method, vis-
coelasticity, rheology.

MHorue ropHsle OpoAbl NPU JJIUTEILHOM HArpyXEHUU IMPOSBISIOT PEOJIOTH-
yeckue cBoiicTBa. [Ipu MomenupoBaHWM TEXHOJOTMYECKHUX MPOIECCOB OTPaOOTKH
MECTOPOXKICHHUM MOJIE3HBIX MCKOIMAEMbIX, OCEJaHUH 3€MHON IOBEPXHOCTH, KOHBEP-
TeHI[MU KOHTYpa BbIPaOOTOK, yCTOMYMBOCTH LEIMKOB JJI ONMCAHUS PEOJIOTHYECKOTO
MOBEICHUS MOPOJ UCIIOJIB3YIOT Pa3IMuHbIE YpaBHEHUS cOCTOsiHUS  [1-5], 3HaueHus
napamMeTpoOB KOTOPBIX MOTYT OBITh ONpPEJEIeHbI B TaA0OPAaTOPHBIX ycIoBUAX. OJIHAKO
PAIl CBSI3AHHBIX C 3TUM CJIOKHOCTEW, KaK HalpuMep, YyBCTBUTEIBHOCTh HEKOTOPBIX
apaMeTpoB K BUIY HAIPSKEHHOTO COCTOSHMS, JUIMTEIBHOE BPEMS MPOBEICHUS IKC-
NepUMEHTa Ha TMOJI3YYECTh B cllydae ci1ab0 BBIPAXKEHHBIX PEOJIOTHYECKUX CBOWCTB,
IPOCTPAaHCTBEHHAs! BAPUATUBHOCTh PEOJIOTMUECKUX CBOMCTB, IPUBOJIUT K HEOOXOIH-
MOCTH OIpeIeNICHUs TapaMeTPOB YpaBHEHUN COCTOSIHHUS in situ [6].

B nacrosmeit pabote paccMarpuBaeTcs 3a7a4a OIEHKH PEOJIOTHUYECKUX CBONCTB
TOPHBIX MOPO/JI MO JTaHHBIM U3MEPEHHUSI OTHOCUTEIbHBIX CMEUIEHUN KOHTYpa BhIpa-
00TOK.

PaccMoTpuMm (parmMeHT TUOMYHON KOH(UTyparuu MOA3EMHOTO MPOCTPAHCTBA,
BO3HUKAIOIIETO NPH pean3alii KaMepHO-CTOIOOBOM CHCTEMBI OTPaOOTKH ILIACTO-
BOI'O MECTOPOXKACHUS HETJyOOKOro CyOropH30HTAILHOIO 3aJIeraHusl C OCTABICHUEM
JI€HTOYHBIX UEIUKOB (puc. 1), XapakTepHOU sl KaTUHHBIX PYIHUKOB.
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Puc. 1. ®parmeHT quckpeTusaIuu pacueTHON 001acTu
Ha KOHEYHBIE 3JIEMEHTHI U TPAHUYHBIC YCIIOBUS
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Pa3mepsl pacueTHO 007aCTH MO OCSIM (x,2) JIEKapTOBOU CHUCTEMBI KOOPAUHAT

cocraBisitor  L,=L,=200M; BepxHssl TIpaHUL]a pacloyaraercsi Ha IJIyOuHE
H =100 m. Ha paccrossauun 100 M oT BepXHEro kpas pacdueTHOM oOmactu cyOropu-
30HTAJIBHO 3aJIeraeT IiacT MOIIHOCTRIO 10 M, 00Jaaaromui BI3KOYyNpyTruMU CBOMCT-
BaMu. B 1ienTpe oOnactu B 1uacte MpoweHbl JIB€ NMPOTSHKEHHBIE BBIPAOOTKU B Ha-
IpaBJICHUH, EPICHIUKYISIPHOM CEYCHHIO, TaK YTO B MEPBOM MPHUOIMIKEHUN MOMXKHO
CUMUTATh, YTO UCCIIEYEMbIil YYaCTOK HAXOAUTCS B IUIOCKOM J1e€()OPMHUPOBAHHOM CO-
cTostHUM [7]. Mexay BbIpaOOTKaMH pacroJiaraeTcsi NpelOXPaHUTEIbHBIN LIEJUK.
I'eomeTrpuueckue pa3mepsl BbIpadoTOK U Lenuka — 10x10 m. Pacuernas obGnacte Ha-

XOOUTCA B IIOJIC ,IIGﬁCTBHH BCPTUKAJIBHOI'O CTV U TOPHU30HTAJIbHOT'O Gh CXKUMArommnx

HanpsDKeHW. BepTukanpHOE HANmpsHKEHHE COOTBETCTBYET BECY BBINICICKAIIMX TIO0-
PO/, a TOPU30HTATILHOE XapaKTepusyeTcs KodhPuiueHToMm 00KOBOTO OTIOpa g.

VYpaBHeHnus, onpezaensonye 1ehopMUpOBaHUE BI3KOYIIPYTroi cpeibl BO Bpeme-
HU BbIOEpeM B BUjE [§]

e(t) = KL o(t)+ 5v.[(t —5) %o(s)ds |,
0 0

(1)

Y ()= 20+, Je—sy“z(s)ds|,
Ho 0

rae ¢ — oobeMHas aedopmanus, O — cpelHee HalpsiKEHWe, Y — TJIaBHBIM CIBUT,
T — MaKCUMaNbHOE KacaTenbHoe Hanpskenne, Ky =Ay+24,/3, Ay u 1 — «mrro-
BCHHBIC» 3HAYEHHS KOHCTAHT Jlame, COOTBETCTBYIOIIME MOMEHTY BpeMeHH ¢ =0;
a, 0,, O, — MapaMeTpPbI, XapaKTEPU3YIOIINE PEONOTHYECKIE CBOKCTBA TIOPO.

B pesynbraTe unBepcuu (1) nomydnm:

o(0)=72o(0),
B ' (2)
(1) =22 (1),
(1) D, 7 (1)
rne D, =1+5¢"%/(1-a), D,=1+54"%/(1-a).
Torna mapamerps Jlame 4(f) u £4(f) nmsa Baskoympyroii 3amaul MOTYT GBITE
TpeJICTABJIEHBI B BUJIE:

(0= gy | D,

3

/11(t)=/10+2'u0/3—%&. 3)
D, 3D,
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Jna onucanust neopMHUpPOBAaHUS MOPOJHOTO MAcCHBa BOCHOJIb3YyEeMCSI CHCTE-
MOM ypaBHEHUU JIMHEWHOW TEOPUHU BSI3KOYNPYTOCTH, BKIFOUAKOLIEH:
— YpaBHEHHUsI paBHOBECHS

Uij,j—i_pgé‘izzoﬂ 4)
— 3aKko0H ['yka
o, =40 + 218, (%)
— cooTHOIeHus Komu
&; =05 ;+u;;), (6)

TAe O;; U & — KOMIIOHEHTBI TCH30POB HANpsUKEHUM M nedopmaimii (7, j = X, z),

U; — cMmelleHus, P — IUIOTHOCTh MOPOJ, g — YCKOPEHHE CBOOOJHOTO MaJCHUS,
&; — cumson Kporekepa.
Ha rpanwiie pacueTHO#M 06acT CHOPMYIIUPYEM CIIEAYIOIINE YCIOBHUS:

u,(0,2)=0, 0,.(0,2)=0; (7)

O (Ly,2)=q0y(2),  0.(L,z)=0; (8)
0. (x,0)=pgH, 0,.(x,0)=0; 9)
w(r, H+1.)=0, o _(x, H+L)=0, (10)

KoHTypb! BbIpaOOTOK CBOOOIHBI OT HAMPSKEHUIA.

Cucrema ypaBHeHuil (4)—(6) pemanach C HCIOJB30BAaHUEM OPUTHHAIBLHOIO
koga [9], peanusyromero MeTOoJ KOHEUYHBIX JJIEMEHTOB Ui  CTPYKTYpHO-
HEOJHOPOJHBIX Cpel C HAPYIICHHUSIMHU CIUIOMHOCTU. CeTka KOHEUYHBIX 3JIEMEHTOB
MIOCTPOEHA C IIaroM 2 M 1o NpocTpaHcTBY U coaepkuT 10201 y3en. Pacuers! BbINo-
HSUTHCh TIPH YCJIOBHH, YTO BMEIIAIONIAs Opoia — ympyras cpema: p = 2500 kr/m’,
moxayib FOura E = 2 I'Tla, xoaddunuent [lyaccona v = 0.3 [10], a miacT npencras-
€T co0OM KaMEHHYIO COJb C BA3KOYNPYTMMH CBOMCTBaMHU A, =y, =0.67 I'Tla,
a=0.7,8,=0.00014*", 5§ =0.00184*"" [10,11].

Buemnee none HanpspKeHUM, KOTOPOE B IMIAXTHBIX YCIOBHUSIX MOXET OBIThH OII-
pEAEIEHO METOAOM HM3MEPUTENBHOr0 TujpopaspeiBa [12], ckimagsiBaeTcsi U3 Beca
BBINIIENICKAIINX MOpox U Koddduimenta 6oxkoBoro ornopa g = 0.8. byaem cuutars,
9TO BBIPabOTKH 1 1 2 00pa3oBaHbl OJTHOBPEMEHHO.

Ha puc. 2 npencraBiieHa KOHBEPreHIMS KOHTYpa BbIpaOOTKHU 1 MO aHHBIM, IO-
JYYEHHBIM C pa3JIMYHbIM MHTEPBAJIOM HAOJIIOJEHUN OT MOMEHTa (D)OPMUPOBAHMSI BbI-
paboTKH.
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Puc. 2. KoHBepreHius cTeHOK BbIPaOOTKH (a), KPOBJIU U TTOYBHI (0)
JUTS pa3JIMYHBIX 3HAYCHUH f:
1 — mens, 2 — mecsi, 3 — 12 mecsies, 4 — 48 MecsieB

JlaHHBIE PETMCTPUPOBAINCH B 24 M3MEPUTENBHBIX ITYHKTAaX, PAaBHOMEPHO pac-
IOJIO’KEHHBIX BOJb CTEHOK, B KPOBJIE U MOYBE BbIpaOOTKU. ClielyeT OTMETUTh, YTO
CO BPEMEHEM CKOPOCTh KOHBEPI'CHLIMM YMEHBLIAETCS, YTO CBA3AHO C YIUIOTHEHHEM
LeIMKa U MepepactpeielieHueM HanpssKeHUH. DTOT (akT HEOOXOAMMO YYUTHIBATH
IIPU TUIAHUPOBAHUU U3MEPEHUI B HATYPHBIX YCIOBUSAX.

YuCIEeHHbIMU 3KCIIEPUMEHTAMHU YCTAHOBJICHO, MPUpPAICHHE CMEUIEHUN KOHTY-
poB cocrtasiiger 10-12 mxm 3a nepBbie 10 nHel nocie oOpa3zoBaHus BbIPAOOTOK, HO
CO BPEMEHEM yMEHbIIIaeTcs 10 5 MKM B mocienytomue 50 aueut, yto morpedyet 0o-
Jiee TOYHBIX U3MEpPEHU U TPUOOPOB.

Chopmynupyem o0paTHyr0 3ajady: ONpPENETUTh PEOJIOTHYECKUE MapaMeTphl

reOMEXaHUYECKOM MOIEIN 0!,5S,5V JUIS. TIPOTSHDKEHHOTO 1IeJIMKa C OJHOPOJIHBIMU

(U3HYECKMMU CBOMCTBAMM, UCIIOJIb3YsI JAHHBIE O CMEILIEHUSIX KOHTYpa PacioiOKeH-
HOU psiioM BbIpaOOTKHU. ClieuTh 3a CABUKEHHEM KOHTYpa BBIPAOOTKM MOXHO, Ha-
IpUMep, C MOMOUIBIO PENEPOB U BHICOKOTOYHBIX HUBEIHUPOB [13], 1MO0 CKBaKMHHBIX
nedopMOMeTpOB, 00ECTICUMBAIOIIUX Pa3pEIIAtOIIyI0 CIIOCOOHOCTH 10 5 MKM [ 14].

Jlas ompeneneHus PeONOTHYECKUX NapameTpoB ,O0,,0, BeaeM (YHKIMO-
Han @, MUHUMYM KOTOPOTrO JIOCTAaBJISET PEIICHUE 3a/1a4u:

D(at,6,,8,)= ) [wSU, +(1-p)SU_],
t
SU, = [AU(z,,,0,,0,,) = AU, oy (z,,1)], (1)

SUZ :Z[AV(xmaaaétg:é‘v’t) _AVreal(xm’t)]’
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rae X,,,Z, — KOOPAWHATHI, 33JIal0LIIE MECTOMOJIOKEHNE MTyHKTOB U3MEPEHUN OTHO-
CUTEIIbHBIX BEPTUKAIBHBIX AJ W rOpU30HTAIBHBIX AU CMEIIEHUN KOHTYpa BbIpa-
6orxn, AU(z,,a,0,,0,,t) u AV(x,,,,0,,0,,t) — pacueTHble 3HAUEHUS CMEIICHHIA,
¥ — BecoBOM KOA(h(ULMEHT, HaJUIeKAIINM BBHIOOP KOTOPOrO MOXKET O00ECHeurTh
YHUMOJaNbHOCTh LeseBoro gynkuuonana ®, AU, u AV, ; — pesynbrarsl Hatyp-

HbIX M3MepeHul. [Ipyn YHCIIEHHOM MOJAEIMPOBAHUM B KA4ECTBE IMOCHEAHUX HCIIONb-
30BAJINCh CUHTETUYECKUE JaHHBIE:

AU,y (z,,1) =(1+ EAU(z,,0 6, 16, 1),

b (12)
AV, i (s t) =L+ AV (x,, 65,6, 1),

k k k
re «a,0, ,0, — UCKOMbIE 3HAUYEHUS NapaMeTpoB (TOYHOE pEIlIeHue), & — PaBHO-

MEPHO pacIpe/iejieHHass Ha OTpe3Ke [_Aerr;Aerr] clly4aiiHas BETUYMHA, UMUTHPYIO-

1asi MyJIbTUTTUKATUBHBIN TITYM.
Amnnutyna cioydaiioit omubku A, BapbupoBanachk B mpeienax ot 1% 1o
20%, v — B untepBaie [0; 1] ¢ marom 0.2. MckoMmble mapaMeTpsl BHIOUpPAIU, HC-

*
xonsa m3 [10,15]: a =0.7, 5S* :0.001811_1, §v* =0.0001y"17%) [TponomkuTens-
HOCTh HAOJIIOJICHUN M3MEHSUIaCh B MIMPOKOM auarna3oHe oT 1 gusa go 10 jer, ¢ me-
PUOANYHOCTHIO PETUCTPAIIMU JAHHBIX | eHb u 1 Mecs.

Ha puc. 3 uzobpaens uzonunuu ¢ynxuuonana P(a,d,,0,) ¢ ommbkoii Bo

BXOHBIX HaHHBIX 20%. MOXXHO BUAETH, 4YTO HA PHC. 3@,6 PYHKITMOHAII UMEET BhIpa-
KEHHYIO OBPAXHYIO CTPYKTYpPY; MJIsl HAXOXKJIEHUSI €r0 MUHUMYMa MOXHO BOCIIOJIb-
30BaThCsl METOJIOM CONPSIKEHHBIX rpaineHToB [16,17].

OmmOKka BO BXOJHBIX JAHHBIX, KOTOPAsk MOXKET ObITh UHCTPYMEHTAIBHOM, JTUOO
CBSI3aHHOW C HEIOCTAaTOYHO aJI€KBATHOW OLEHKOW COCTOSHUS LEIUKOB, JOBOJIBHO
CWJIBHO BIIUSIET Ha BpeMsl HaOIIOJeHUH, HEOOX0UMOE ISl TIOMCKA 3HAYEHU Peoio-
rMYEeCKuX MapaMerpoB. Tak mpu omuOKe BO BXOAHBIX JaHHbIX B 10% TpeOyembilii
00BbEM HM3MEPUTENbHBIX JAHHBIX MOXET OBITh MOJy4eH 3a 36 3aMepoB CMEIICHMI
B MyHKTaX perucrpaiuu, a npu omuodke B 20% OH yBenmuuyuBaeTcs yxe A0 84; mpu
3TOM NEPUOJNYHOCTh ChEMa JAHHBIX Ha PE3YJbTAaT YUCIEHHBIX PAacUETOB BIIUSHUS
HEe oKa3biBaeT. Kak mokazaiu pe3ynbTaTbl MOAEIbHBIX 3KCIIEPUMEHTOB, PEOJIOrUYE-

CKHe MapaMeTphl &0, Jaxke HpHU 3aMeTHOM moMexe (& = 0.2) MOKHO HaTH MpaKTH-
uecku Touno. K mapamerpy O, mueneBas QyHKIMS OKa3anach MEHEE «IyBCTBHTENb-

Hay (3Ha4eHHe O, , KaK NPABUJIO, HA HOPAJOK MeHbIIe O,), U AJIs ero IOHcKa Tpedy-

eTcst OOJIbIINI 00bEM JaHHBIX.

[IpennoxeHHbli METOJ ONPENEIEHUs PEOJIOTMYECKUX CBOMCTB IOPHBIX MOPOJ,
OCHOBAHHBIN Ha pelieHnu 00paTHOM 3aJjauy CMEIIAHHOTO TUIIA B paMKax JBYMEpPHOU
BS3KOYIIPYTO MOJIENIM T€OCPEAbl, MOKET OBITh pEain30BaH HA JAHHBIX MOA3EMHOMN
reoJIe31H, a HalJIEHHbIE TAKUM 00pa30M NapameTpbl YpaBHEHUU COCTOSHUSA MO3BO-
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JSIFOT TIPOTHO3UPOBATh YCTOMYMBOCTh HECYIIMX JJIEMEHTOB TEXHOJOTHUW OTPAOOTKHU
MECTOPOXKACHUH C ITOMOIIIBIO (DOPBAPIHBIX PACUETOB.

Puc. 3. M3onunuu nenesoit pynkiun @ B ceueHUsx:

a) Da=const); 6) (S =const); ¢) P(0,, = const)

Paboma evinonnena 6 pamxax npoekma ®HU Ne eoc. pecucmpayuu AAAA-A17-
117122090002-5.
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