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MATEMATUYECKOE
MOJEJMPOBAHUE YIIPYTOT'O
TTOJIS HATIPSIDKEHU

B TPEIIIMHOBATOM
ITOPOJTHOM MACCHUBE

MpoBeaeH aHaNMU3 CyLLECTBYIOLMX MaTeMaTUYECKMX MoZeNel ynpyro-
ro No/A HanpsAXeHWi B NOPOAHOM MaccuBe, M 0Ka3aHa akTya/lbHOCTb
BbIGPaHHOW TeMbl ANA AAHHOW CTaTbK. [l1A NOCTPOEeHNA MaTemaTuye-
CKOM MOZEenu ynpyroro nons HanpsxKeHwli TpewmHOBaTOro nopos-
HOro maccuBa paspaboTaH maTeMaTUYECKUIt MeToh MOAENNPOBaHNA
[ON1A TaKMUX CNIOXKHbIX Cpej,. BBeaeH KoapPpuLMeHT noBpexaeHHOCTH Ha
KaXKOOM CTPYKTYPHOM YpOBHE, KOTOPbI NO3BO/IAET y4YecTb BAUAHME
TPEeLWWH Ha yrnpyrue cBOMCTBA MOPOAHOIO Macc1Ba.

Kntouesble cn10Ba: TPELLMHOBATOCTb, MOPOAHbBIA MAaccuB, MaTemaTuye-
CKas MoAenb, yNpyrocTb, Nnone HanpaKeHuin, KoIGPULMEHT NoBpex-
AEHHOCTW.

areMaTUYecKoe MOJSIMPOBAHME B paMKax MEXaHMKU Ae-

¢dopmupoBaHHoro tBepaoro teaa (MTIAT) monyuusno B
reoMexaHuke IMpokoe pa3Butue. K ocHOBHBIM paboTaM B 9TOM Ha-
MIpPaBJCHUHU CJIEAyeT OTHECTU CIIeaylole HayuHble Tpyabl [1—-9]. Ho
IMOCKOJIBKY MaCCHB TOPHBIX TTOPOI SIBJISIETCS BeChbMa CIIOKHBIM 00b-
€KTOM, TO TEOPEeTUYECKHE pacyeThbl AehOPMUPOBAHUS TOPHBIX MO-
poll, YCTOMUYMBOCTU FOPHBIX BHIPAOOTOK W Pa3IUUYHbIX COOPYKEHUM
B MOPOAHBIX MacCUBaX BO MHOTUX CJIyYyasix MpeacTaBisieT 00JblIne
TpynHocTu. [Toguyac Bo3HUKaIOIIME 3aJa4u Hepa3pelIuMbl aHAJTUTH-
YEeCKMMHU METOJaMU OCOOEHHO B paMKaxX KJacCUUeCKOl MareMaTH-
ku u MTIT. UccneagoBaHust XKe B HATYPHbBIX YCIOBUSIX OTJIUYAIOTCS
0O0JIbILIOK TPYIOEMKOCTbIO, TOPOTU M, KaK MpaBuio, TPEOYIOT LIM-
TEJIbHOTO BpeMeHU. B HEKOTOpPBIX Cayyasix UX BOOOIE HEBO3MOXKHO
CBOEBPEMEHHO OPraHMW30BaTh. DKCIIepUMEHTabHbIE Ja00paTOPHbIE
paboThl HE JalOT BO3MOXKHOCTU OIIPEIeIMTh CBOMCTBA MOPOIHOTO
MacCHBa, TaK KaK MHCTPyMEHTaIbHbIE BO3MOXKXHOCTH BeChMa Orpa-
HUYEHBI M3-32 HETIOMEPHO OOJBIINX pa3MepOB MPEACTaBUTEIBHBIX
00beMOB 00pa3loB. [ToaToMy ocTaeTcsi OAUH BapuaHT pa3padoTaTh
HOBbIE MaTeMaTUYeCKHUE METOAbl MOACIMPOBAHMS MOPOMAHBIX Mac-
cuBOB. OCOOEHHO BaXKHO B KayeCTBE 00BbEKTa MOACIUPOBAHUS BbI-
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Opath yrnpyroe IoJie HanpsoKeHW i B TPEIIMHOBATOM MTOPOAHOM Mac-
CHMBE, U 9TO MpobJieMa SBJISIETCS BECbMa aKTyaJlbHOM.

st pelieHus1 JaHHOK TPoOJEeMbl MCHOJb3yeM CJECAYIOLILYIO
KJIaccuduKauo TpeIMHOBATOCTU, CBSI3aHHYIO C MacllTabOM He-
oaHopoaHocTu [10]. OTMETUM, YTO CMBICT UMEIOT TOJIBKO TPEIIU-
HbI 3aBEPIICHHOI0 MacIITAOHOTO YPOBHSI.

Jnsg mocTtpoeHusi MaTeMaTU4YeCKOi MOJedau HEOAHOPOAHOTO
YIIPYroro IoJisi HalpsDKEHU B MOPOIHBIX MacCUBaxX 00paTuMcs K
coliepxKaTeJbHO MOJead CTPYKTYPHOrO YpPOBHs, T.e. MUHepasa.
JedopMmaliuu ynpyrue; MUHepaa MUKPOHEOAHOPOIHbBIN U JTOKaJb-
HO aHM3OTPOITHBIA (3epHA aHU3OTPOITHbIC); KaXI0e 36PHO UCIbI-
ThIBaeT BJIMSHUE OCTAJIbHBIX 3€peH uepe3 yIpyroe I1oJjie; yrnpyrue
CBOICTBA 3epeH M BHEINIHee IToJie HAIPsSsKeHWM cYUTaeM M3BECT-
HbIMU; HEU3BECTHBIM CUMTAETCS IOJI€ HAIPSDKEHUI BHYTPU 3€p-
Ha, U HEMOCPEACTBEHHO U3MEPUTh €r0 BEJIMUYMHY HEBO3MOXHO; B
3epHaX UMEIOTCS TPELIMHBI, KOTOPbIE U3MEHSIOT TEH30D MOIyjaei
YIIPYTOCTH.

Ha ocHoBe 3T0#1 comepxKaTeJbHOM MOAEIU MePEeXOAUM K CIIEIy-
JOIIe MaTeMaTUYeCKOM MOJAEIN: HeOorpaHWYeHHas YIpyras TpexX-
MepHasi aHW30TPOIHAas cpena, KOTOPYI0 Ha30BEM OCHOBHOM ¢ He-
OIHOPOIHOCTAMMU B JUTMIICOMIAIBHBIX obmacTsx V(x), rae x = (x|,
X,, X,) — TOYKa Cpelibl. DTH SIIUIICOMAATbHBIE 00JACTH TUIOTHO
MpuJieraloT Apyr K APYrY U COOTBETCTBYIOT 3epHAaM MUWHEPAJOB,
B KOTOPBIX MMEIOTCA TPEeIUHEL. IIycTh - — TEH30p ynpyrux moay-
JIeT 3epHa C TPEUIMHOM, 3HAYEHU S KOTOPOTO OITPEAETIEHBI SKCITEPU-
MEHTaIbHO, a C) — MOCTOSIHHBIN TEH30p YIPYTMX MOIYJIEH OCHOB-
HOM cpenbl, paBHbIA OCPE/IHEHHBIM 3HANCHUSM TEH30pa YIPYrux
MOJYJIE! OTAEABHOTO 3€PHA _ C 5, Cot C; — TO K€ JUIS SJUIUIICON -
NaJbHOI HEOOHOPOAHOCTU. Toraa TEeH30p YIPYTUX MOJYJICH Cpeibl
C HEOJHOPOIHOCTAMU MOXHO NPEICTABUTh B BUJE KYCOUHO-IO-
CTOSAHHOW (GYHKUMU C(x) = Co+ Ci V(x), Tae V(x) — xapakrepu-
cTuyeckast @yHKIMs 001acTu V, 3aHITOU HEOJHOPOIHOCTIMU, T.€.
Vix)=1npux e Vu V(ix) =0mnpu x € V. Ho Tak kak B paccma-
TpUBaeMoOl MOAEIU HEOAHOPOJHOCTU MJIOTHO TPUJIEraloT APYr K

pyry, To Bcerna x € V, a 3Hauut V(x) = 1. byneM uMeTh B BUAY, YTO
C,IPMHUMAET Pa3IMYHbIE 3HAYEHMsI B 3aBUCMMOCTH OT OPMEHTa-
LMY SJUTUTICOMAATBHOM HEOAHOPOAHOCTH. B cBOlO Ouepens, opu-
€HTalUMA TOCJIEAHUX ClydaiiHa, ClIeJ0BaTeIbHO (C, — CAy4aiHbIi
TEH30Dp, MOCTOSIHHBIN B Mpeaeax Kaxaoi HeomnHopoaHocTUu. O60-
3HAYMM 4Yepe3 g (x) HEMPEepbhIBHOE BHEIIHEe moJie nedopmanui,
KOTOpOE CylllecTBOBaJIO ObI TpU (C; = 0 B OTHOPOJITHOU OCHOBHOI
cpelle TIpU 3aJaHHBIX BHEITHUX CUJIaX U yepe3 €(x) — KyCOUHO-He-
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MpepbIBHOE TT0JIe JedopMalnii B cpeie ¢ HEOAHOPOIHOCTSIMU P
TeX K€ BHEIITHUX YCTOBHUSIX.

CwmeleHue u (x) B 3TOM Cpesie ¢ HEOAHOPOAHOCTSMU B IIPOU3BOJIb-
HOI apPpUHHOI CUCTeMe KOOPAUHAT YIOBIECTBOPSIECT YPaBHEHUIO:

0,[C"™ ()0, ()] = —f (), u;(x) - w (x) mprx — 0. (1)

OHO MoHUMaeTCs B CMbIC/IE 0000IIeHHBIX DYyHKIMH. BHenTHME
crIbl — fi(x) He colepsKaT CUHTYJSIPHOCTU TUIIA IIPOCTOTO U TBO-
HOIO CJI0€B B CUJIy MPEANOJOXEHUSI O HEMPEPbIBHOCTU BHEILIIHETO
noJjs gepopmanuii. M3-3a OTCyTCTBUSI IBOMHBIX CJI0EB pelleHre u(xX)
MpeanosaraeTcs MpUHaIIeKaIlMM K KJIacCy HempepbIBHBIX (PYHK-
LIMIi, OTCYTCTBHE K€ TTPOCTHIX CJIOEB SIBJISIETCS IOCTATOYHBIM YCIIOBU-
€M JIJIsl HEMPEPBIBHOCTH HOPMAaJIbHOM COCTaBJISIOLIEN HAIIPSDKEHUNA
o(x) = C(x)e(x) Ha rpanuue odynactu V.

Ddyukumsa [prHa 11o3BoJIgeT Mpeodpa3oBaTh (G epeHIIMAITEHOE
ypaBHEHUE B YACTHBIX MPOU3BOAHBIX (1) B MHTErpajibHOE ypaBHe-
Hue. 111 9Toro MpUMEeHUM K 00€MM YacTsIM TTOCIAeAHEro onepaTop
defG, (oneparop def COOTBETCTBYET CUMMETPU30BAHHOMY IPaJMeH-
1y, G, — PyHK1Ma [puHa oCHOBHOI cpefbl). B pesynbsrare umeem

el (1) + j K0, (x = x)Cle! (2)dx' =

; (2)

mn

- —J. Ky, (x = 2NC"™e,, dx’

rae oniepatop K, = —defG,def numeer sapo

Kju(r =1 =[-00,Gytr =] . 3)

KpyTJbie ckoOku (if), (k/) 0003HaUYal0OT CUMMETPU3AIUIO TT0 UHIEK-
caM ij u kl cootBeTcTBeHHO; G,, — dMyHKUMA [prHA OCHOBHOIA cpe-
nel. Oneparop saBaseTcs rnceBgoanddepeHnaaIbHbIM OIIepPaTOPOM
¢ ogHopoaHbM cuMBoiom K, (&) € 07 . B pamkax ncesnomudde-
pEeHIIMAIbHBIX YPaBHEHUI W MPEANOI0XKEHUI MEeToIa CaMOCOrJa-
COBaHHOTO MoJist ypaBHeHue (1) momyckaeT peuieHue. B pesyabrate
rmojydaeMm oOlllee BbIpakeHUE MJIs1 OMNpeneaeHMs TI0JIs1 HaIpsiKe-
HUI G B HEOAHOPOIHOCTHU IIPY M3BECTHOM BHELIHEM II0JIE G

¢ t ¢ t
c=CU+AC)"'<CU+AC)" >0,. (4)

Peurenue YpaBHCHMUC OJId ONPCACICHHA HCOAHOPOIHOIO ITOJIA
HaprI}KCHI/II/I Ha TCKCTypHOM ypOBHe C TpeH_[I/IHaMI/I NMECT BUA:

o = C(["‘A C1) <C3(I+A C1)1> GO (5)
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rIe és = 8+ Z P — TeH30p 3P (PEeKTUBHBIX YIPYTUX MOIYJIE CTPYK-
TYPHOTO YPOBHS ¢ KO3(PPUILMEHTOM MMOBPEXAEHHOCTH |, U BCIIO-
MOTaTeJbHbIM YEThIPEXBAIEHTHBIM TeH30poM P; (< >) — 3HaK yc-
peaHEeHUs Mo aHCaMOJII0 Mojieil HEOJHOPOIHOCTEH.

AHaJIOTMYHO TIOJIyYEHO pelleHUe IS MOJisd HAIIPS)KEHUU B T10-
POIHO-MACCUBHOM YPOBHE /

t ¢of t t2
6=CyI+A,Ci )" <Cy(I+A,Ci )" >" 05, 6)
rae A — cpeliHee 3HaYeHUe Ha eIMHUYHOI cepe Pypre — obpasa
TeH30pHOW QyHKIMK [prHA OCHOBHOI CPenbl; (-, ; 3¢ PeKTUB-
HbI€ CBOMCTBA TEKCTYpHOTO ypoBHS. COBOKYIHOCTb Mofeseit (4)—
(6) maroT ynpyroe IoJie HAIPSIKEHUI B HETPOHYTOM TPELIMHOBA-
TOM MOPOJTHOM MacCCHBE.
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0;’;9:;; MATHEMATICAL MODELING
' OF ELASTIC FIELD OF TENSION
IN JOINTED ROCK MASSIF

In this work the analysis of the existing mathematical models of the tension elastic field
in the rock massif is carried out, and relevance of the chosen subject for this article is proved.
For creation of mathematical model of the tension elastic field of the jointed rock massif the
mathematical method of modeling is developed for such difficult environments. The damage
coefficient at each structural level which allows to consider influence of cracks on elastic prop-
erties of the rock massif is entered.

Key words: jointing, rock massif, mathematical model, elasticity, field of tension, damage
coefficient.
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