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PA3PABOTKA HEJIMHEMHBIX MATEMATHYECKHX MOJIEJIEA 1 YUCJTEHHOE
MOJAEJIMPOBAHUE ITPOI'HO3A HAIIPSOKEHHO-AE®@OPMUPOBAHHOI'O
COCTOSAHMA MACCHUBA I'OPHBIX ITIOPOJ

A.JLTOCIIOJAPUKOB
Canxm-Ilemep6ypeckuii copnuiii ynusepcumem, Poccus

B crarbe paccMOTpPEHBI BOIPOCHI, CBSI3aHHBIE C IOCTPOSHHEM HEIMHEHHBIX MaTeMaTH4eCKHX MOJENeH Harps-
KEHHO-/1e()OPMUPOBAHHOI'O COCTOSIHHS CIIOUCTOr0 HEOJHOPOJIHOIO MAacCHBa FOPHBIX IOPOJ B OKPECTHOCTH BBIPAOOTKH
B nonorux miacrax. K ocHOBHO# cucreMe paspernaronux auddepeHuranbHbIX ypaBHEHNH B YaCTHBIX MPOU3BOIHBIX
(YpaBHEHMs paBHOBeCHs) M U3BECTHBIX 3aBucuMoctrell Komm (Gopmyssl cBa3u Mexny nedopMmanusMu U HepeMere-
HUSMH) TIPUBOJATCS HENMHEHHble (U3NUECKUE COOTHOLICHUA MEXIy HamnpsbkeHusMd u aedopmaumsmu. Ilocnennue
3a/1al0TCsl KaK C MOMOILBbIO YIIPYTroro HOTEHIUANIA, TAK U B BUJIE CTEIIEHHOIO 3aKOHA YIPOYHEHUS WIN JIMHEHHOr 0 3aK0-
Ha YIIPOYHEHHUSL.

B pamkax NpUHATBIX THUIIOTE3 TEOPHU MalbIX yHpyromiacTuueckux nedopmarmii I'enku — Mnprommua paspa-
6OTaHbl AITOPUTMBI U BBIUMCIUTEIIBHBIC KOMIUICKCHI PEICHHs MPUKIAIHBIX 3a]a4 F€OMEXaHUKU C IIPUMEHEHHEM
YUCIIEHHBIX METOJOB: METOJa KOHEUHBIX Pa3HOCTEH, METO/Ia KOHEUHBIX JIEMEHTOB, METO/Ia I'PAHUYHBIX 3JIEMEHTOB.
Henuneiinble kpaeBble 3aia4d Ha OCHOBE MeTona JuHeapu3auuu Hetotona — KanTopouua — PadcoHa cBomires k
UTEPaLMOHHOMY IIPOLIECCY PELICHHs [10CIIe0BAaTEIbHOCTY JIMHEHHBIX KPAeBbIX 3a/1au.

Knroueswie cnoea: HeoqHOPOIHBII MacCUB FOPHBIX IOPOJ, TOPHAs BbIpaOOTKa, HeNMHElHOe 1eh)OpMHUPOBaHUE
HOpOJI, TEOpHsl MaJlbIX yrpyromiactudeckux aedopmarmii I'enxu — Mibtommaa, Merton imHeapusanuun HproToHa —
KanropoBuda — Padcona, o01muii uTepaiioHHbIH NPOLECC, YHUCICHHBIC METO/IbI U BEIYUCIUTEIIbHBIC KOMILICKCHI.

Kak yumuposams smy cmamoio: I'ocrionaprkoB A.I1. Pa3zpaborka HeNMHEWHBIX MaTeMaTHYECKUX Mojeied H
YUCICHHOE MOJIEIMPOBAaHUE IPOTHO3a HANPSDKEHHO-Ie()OPMUPOBAHHOIO COCTOSHUS MAaccuBa I'OPHBIX 1opox //
3anucku I'opHoro uncruryra. 2016. T.219. C.382-386. DOI 10.18454/PM1.2016.3.382

[IpoekTrpoBaHue U CTPOUTENBECTBO TOPHBIX BHIPAOOTOK, COOPYKEHHE MOJ3EMHBIX OOBEKTOB Pa3IMYIHOTO
Ha3zHa4YeHUs Ha OOJBIIMX TIYOWHAX W JOObIYa TOJNE3HBIX HCKOMAEMBIX B CJIOXKHBIX TOPHO-TEOJIOTHIECKUX YC-
JIOBUSIX TECHO CBS3aHBI C AHAIM30M OCHOBHBIX IapaMeTPOB HANPsKEHHO-Ae(OPMUPOBAHHOTO COCTOSHUS
(HAC) maccuBOB TOpHBIX MOPOJ: MOJel HanpsbKeHuH, nedopmanuii u nepemernennid. [lox nelicTBuem cratu-
YeCKUX M AUHAMHYECKHX Harpy30K TOpHBIE MOPOBI BOKPYT TOPHBIX BHIPAOOTOK MEPEXOMAT B MPENEIBbHOE CO-
CTOSIHME M Pa3pyIIAIOTCsl B YCIOBUSIX HEOAHOPOAHOIO MO HanpshkeHuid. Kak npaBuito, mpu 3ToM HabImoa-
eTcsl TMHAMHYECKOE pa3pylIeHUE TOPHBIX MOPOJ] B OpME BHIBAJIOB, BHE3AITHBIX BEIOPOCOB, TOPHBIX YIAPOB.

[MosTOMy OTpaboTKa 3amacoB MOJIE3HBIX MCKOMAEMBIX CBSI3aHa C TEXHOTCHHBIM «BO3MYIICHHEM) HC-
CJIE€AYEeMOM CpeJibl — MacCHBa TOPHBIX opo/1. [lociennuii BecbMa CI0KEH 10 CTPOEHUI0, Pa3IMU€H 110 CBOUM
TeOMEXaHUYECKUM CBOMCTBAM U XapaKTepH3yeTcs MHPOKUM pazHooOpasueM 3akoHoB uamenenus ero HJIC.
upokwuii kKpyr mpoOIieM yIpaBlieHHS TEOMEXaHUIECKUMH TIPOIlecCaMK B MaCCHBE TOPHBIX TIOPOJI CBSI3aH C
OYHMCTHBIMH BBIPA0OTKAMU M, KaK CIIC/ICTBHE, BHIEMKOH IOJIE3HOT'O MCKOMAEMOr0 M3 HE/p, T.€. HAIMYHEM B
Mpezienax BRIEMOYHBIX YYaCTKOB BBIPAOOTAHHBIX TPOCTPAHCTB. Pe3ynbTaThl pelleHus TaKUX 3a]a4 reomexa-
HUKH MTO3BOJISIIOT HE TOIBKO 00ecIieunBaTh 0€30MacHOCTh PadOT B OYMCTHBIX 3aCTOSIX, HO M ONPEEISTh BBIOOD
paInmoHaIbHBIX TeXHOJNIOTHYecKuX pemieHuid. [locmemnee mocruraercs uccnenoBanneM HJIC ropHbeIx mopon
HEMOCPEACTBEHHON U OCHOBHOM KPOBJIHY IJIACTOB, IPEICTABIEHHON HEOJHOPOAHBIMHU 3JIEMEHTAMU MAaCcCHBA.

Takum obOpa3om, BaxkHas 3a/1a4a 00eCIeUueHHs JITUTEITHHOTO CPOKa CIYKOBl TOPHBIX BBIPAOOTOK B YC-
JIOBUSIX HEOJHOPOJHOTO 00BEMHOI0 (MJIM B CHITY MPHHSATHIX 00OCHOBAHHBIX JIOMYIIEHUH MIJIOCKOT0) HANPS-
KEHHOT'O COCTOSIHHS, BOSHHUKAIOIIETO BCIICACTBUE BEJCHUS TOPHBIX pabor Ha Oompmmx riryouHax (800 M u
Ooree), MPUBOAUT UCCIEOBATENST K HEOOXOANMOCTH JajbHEHINEro COBEPIICHCTBOBAHUS METOJOB OICHKH
ocHOBHBIX MapameTpoB H/IC mpuKOHTYpHOr0 MacCHBa TOPHBIX IMOPO C MOCIEAYIONIEH MPOBEPKOH MOIy-
YEHHBIX PE3YNIBTATOB KaK B JIA0OOPATOPHUSX, TAK U B IIAXTHBIX YCIOBHSIX.

OTMeTHM, 9TO MHOTHE MHKEHEPHBIE METOJBI pacueTa B CHIIY IPHHHUMAEMBIX THUIIOTE3 M JIOMYIICHUM,
KakK TpaBWIIO, HE Jaf0T 00OCHOBAaHHBIX OTBETOB Ha pa3HOOOpa3HbIE BOMPOCHI, BBIIBUTaEMbIE TOPHOW reoMe-
xaHukoi. [ToaToMy Hapsiy ¢ pacueTHBIMH METO/IaMH, OCHOBAaHHBIMU Ha MIAXTHBIX HAOMIOJCHHUSX U (U3HUe-
CKOM MOJICITUPOBAHMH, B HACTOAIIEE BpEeMs BEChbMa YCIIEITHO pa3padaThIBaIOTCS U PUMEHSIIOTCS TakkKe 3¢-
(heKTUBHBIC METOIBI YHCICHHOIO MojieupoBanus [1, 4, 9, 12, 15].

UucneHHoe MaTeMaTHYeCKOe MOJIETUPOBaHHE JUTSI PELISHNUS BaXKHBIX MPUKIAJHBIX 33]1a4 T€OMEXaHUKH
SIBJICTCSI HanOOJIee MEePCIICKTUBHBIM 10 PSY MPUYHH, BO-TIEPBBIX, B CBSI3M HaJIM4MeM MOIIHBIX DBM (B ToM
gucie ¥ [1K) u, Bo-BTOPBIX, B CHUJIY BBICOKOH 3 (PEKTUBHOCTH COBPEMEHHBIX MPUOIMKEHHBIX BBHIUYHCIUTEIb-
HBIX METOJIOB, IMO3BOJISIFOIINX MPOSKTHUPOBATH U AKCILUTyaTHPOBATh TOPHBIC BEIPA0OTKH Ha OCHOBE Pe3yJbTa-
TOB IIPOTHO3HOT'O pacuera ocHOBHBIX mapamerpoB HJIC Bmemaromiero ux peaabHOro (HEOAHOPOAHOI0) Mac-
CHBA TOPHBIX TTOPOI.
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Takum oOpa3om, obecrieueHrne HaJeHBIX POTHO3HBIX OLIEHOK T€OMEXaHUYECKUX MPOIIECCOB B MACCHBE,
B TOM YHCIIC MMapaMeTPoB ToJeH HaNpsDKeHUH, AedopMaliii 1 iepeMeleHrH, aJlekBaTHO COOTBETCTBYIOIHX
TOPHO-TEXHUYECKAM YCIIOBUSIM, TECHO CBSI3aHO C pa3paboTKOW YHUBEPCATBHBIX METOJIOB YHCICHHOTO MaTeMa-
TUYECKOTO MOJETUPOBAHUS, MO3BOJIONMX B MPHUKIATHOM IIJIAHE CBOEBPEMEHHO IMPENOTBpAIaTh OMACHBIE
MPOSIBJICHUS] TOPHOTO JaBJIEHHs, 00ecTieYnBaTh O0E30MaCHOCTh BEICHHSI TOPHBIX PabOT, MUHIMH3UPOBATH 3a-
TpaThl Ha MIPOBEIEHHE U IKCILUTYaTaIlI0 TOPHBIX BBIPAOOTOK U T.1.

Ha ocHoBe pazpaboTaHHBIX TeOMEXaHMYECKHX MOJICNICH MacChBa TOPHBIX TOPOJI MPH pa3paboTKe Iuia-
CTOBBIX MECTOPOXKICHUI B BUJIC TPEXMEPHBIX (ABYMEPHBIX) MAKETOB HEIMHEHHO-Ie)OPMUPYEMBIX TTOPO/I-
HBIX CJIOEB C Pa3TUYHBIMHU YCIOBHSIMH Ha KOHTAKTaX U PACIONOKEHHBIX BHYTPU HUX MOJOCTEH, MMEIOIINX
KOH(HTYpallii HCCIIENYEMBIX TOPHBIX BHIPAOOTOK, 00OCHOBAH BBHIOOP MAaTeMaTHYECKUX MOJEIel, XapaKTe-
PHU3YIOIIUXCS CUCTEMaMH HETHHEHHBIX Ju(QepeHIHaTbHBIX YPaBHEHHH B YaCTHBIX MPOM3BOJHBIX C COOT-
BETCTBYIOIIUMH TPAaHUYHBIMH YCIOBHSMHM Ha KOHTypax TOJOCTeH M B TOYKAX MacCHBa TOPHBIX IMOPOJ 3a
npeneaaMu 30H BIUSHUA MTOoceqHux [4-8].

Otmetnm, uto npaktuyecku onpeaenuts H/IC maccuBa ropHbIX mOpoa B paMKax MpUMEHEHHUs Kiiac-
CHYECKHX (aHAJTUTHUECKHX) METO/I0B CILIOIIHBIX CPeJ HE IIPeCTaBisAeTCs BO3MOXHBIM. {7151 nccnemyemo-
ro o0beMa — MacCcHBa, BMEHIAIOIIETO TOPHBIE BHIPAOOTKH, XapaKTEpHbI HE TOJBKO MpoIecc HEMHEHHOro
neGOopMHpOBaHUS MOPOJI, HO U HAJIMYME HEOHOPOJHOCTH, TPEIIUHOBATOCTH, aHU30TPOIHOCTH | T.1. [1o-
stomy Juisg uccienosanus HJIC MaccuBa TOpHBIX TOPOJ] HEOOXOJMMO IPUMEHSTH KOMILIEKC 3 eKTHBHBIX
YHCIEHHBIX METOA0B: KOHeuHbIX pazHocTeil (MKP), koneunsix anemenToB (MKD), rpaHHYHBIX 371IEMEHTOB
(MI'3) u ap., MO3BONAIONIMX MOTYYUTh YUCICHHBIE PE3yIbTaThl PEIICHNUS BaXXHBIX MPUKIAAHBIX TeoMexa-
HUYECKHUX 3aJ]1a4, JOCTATOYHO TOYHO OMHCHIBAIONINX pPeabHOE MOBEASHNE MacCHUBa TOPHBIX mopox [1, 4-9,
12, 15].

B paborax [5, 8] npemnoxensl MaTeMaTrueckue Moaenu HJIC mMaccruBa TOpHBIX ITOPOA B BHJIE IByMEp-
HOT'O TIaKeTa HeJIMHEHHO-IepOpMUPYEMBIX TOPOAHBIX CIOEB C Pa3IWYHBIMA TPAHUYHBIMU YCIOBHSIMH Ha
KOHTaKTaX M PaCIOJIOKEHHBIX BHYTPU HUX MOJIOCTEN, UMEIOIIMX KOHPUTYPAIMU UCCIETyEMbIX TOPHBIX BBI-
paboToK.

[MocTpoenue 3¢ EeKTUBHBIX YHCIEHHBIX AJITOPUTMOB PEIICHUS MPUKIATHBIX 33724 MEXaHUKU TOPHBIX
MOPOJI TECHO CBSI3aHO TAKXKe M ¢ pa3paboTkaMu 3QPEKTUBHBIX MPOrPAMMHBIX MPOAYKTOB (BBIYHCIUTEIHLHBIX
komiuiekcoB) [1, 4-8]. Ilocnemnue Oa3MpyrOTCsSs Ha KOMIUIEKCHOM MCIIOJIb30BAHMHM YHUCIICHHBIX METOJIOB
MKP, MKD u MI'D B 3aBUCHMOCTH OT peliacMoi Ba)KHOH MPUKIIATHONW 3a/1au, YIUTHIBAIOIICH HE TOIHKO
KOHCTPYKTHBHBIE OCOOEHHOCTH TOPHOI BBIPaOOTKH, TeOMeXaHHUeCKHe cBorcTBa TopHbIX opo (E, v), Ho u
BUJI yripyroro notennuana 11, wnu 3akona ynpounenusd [10, 16] Tak, st ynpyroii cpeas! (TpyHTOBOT'O Mac-
CHBa) MOXKHO B Ka4ecTBe MTOTEHI[Mala paccCMaTpUBaTh BhIpaxkeHue Buza [6, 7]:

H=%[If(1—v)—lz(l—2v)], (1)

rne [;, [, — epBhIii ¥ BTOPO MHBAapUaHTHI TEH30pa JeOpMaIHii, COOTBETCTBEHHO; A — KOHCTaHTa Jlame; v —
ko3 unment I[Nyaccona.

B pabote npu nmocTpoeHnr MaTeMaTHUeCKUX Mozenel A onpeaeneHus HJIC MaccuBa TOpHBIX OPOT
HCTIONIB3YIOTCS THITOTE3bI MNIBIX YIpyroriacTaueckux nedopmainuii, BBeneHubie [.I'enku [3], pasButhie u
obocHoBaHHbIe A.A.WnbtomunbiM [10]. HeoOXoauMble a1 MOCTPOCHUS TaKMX Mojesiei (hru3nueckue cooT-
HOIIICHUST 0a3UPYIOTCS Ha CIIEMYIOIINX OCHOBHBIX THUIIOTE3aX TEOPUH IIacTHUHOCTH A.A.Wnpromuna: rumno-
Te3a yIpyroctu o0beMHOH aedopManuu (M3MeHEHHEe 00beMa IPOUCXOUT TOJBKO 3a CUET yNpyrux aedop-
MaIyi, a MpY MIACTHYECKUX e OpMaliIX MaTepralt TOPHBIX OO BeleT ce0sl Kak HeC)KMMAEMBIiA; THUIIO-
Te3a MPOMOPHUOHATIFHOCTH JE€BHATOPOB (KOMIIOHEHTHI JIEBHATOPa TEH30pa HAMPSKEHHUM MPOMOpLIHOHATBHBI
KOMITOHEHTaM JIeBHaTopa TeH3opa Jedopmaimii); THIIoTe3a YIpOdHEHHs (Ui Tr000ro MaTepraia TOPHBIX
MOpPOJT HE3aBUCHUMO OT XapakTepa HaNpsSKEHHOTO COCTOSHHS MMEETCs BIIONHE ONpeAesieHHas 3aBUCHMOCTh
MEKY HHTCHCHBHOCTBIO HANPSDKEHU U MHTEHCUBHOCTBIO JleopMaliuii), 3a1anHas QyHKIMOHATIBHOW 3aBH-
cuMocThio Buaa [13]:

5, = 0fs,). @)

Takum o0pazoM, HeoOXxomuMast GyHKIIMOHAIBbHAS 3aBUCHMOCTH (2) HampspKeHui ot nedopmanuii (mpu
YCIIOBUH TPOMOPIIMOHATIFHOTO BO3PACTAHUS BHEITHUX CHII) SIBIISICTCS B OOIIEM CiTydae HelNWHEeHHoW. Briie-
JIUM B 3aBUCHMOCTH (2) yIIPYT'YIO 4acTb:

o, =3Gg, [1 - (D(gi)] > (3)

rae G — MOIyJIb CIBUTa MaTepHaja TOPHBIX MOPOJI; (n(gl.) — BBe/IeHHAs (QYHKIIMS, BRIMHCIIsIeMas 110 Gopmylie
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o=olg)= _fg_l “4)

B uactHocTH, ecnu KpuBas QyHKIMOHAIBHOM 3aBucHMocTH D(g) (quarpamma aedopMUPOBAHUS G — €)
JOMYCKAeT C AOCTaTOYHON TOYHOCTBHIO 3aMEHY €€ JIOMaHHOW C KOOpAWHATaMH TOYKU H3JIoMa (g, Oy), TIe

o,
&= E‘; G, — TIpeeN TeKy4ecTH MaTepuana TOpHBIX Mopod; £ — MOAyJlb YIPYTrOCTH MaTepualia TOpPHBIX IMo-

PO, TO aHAJUTUYECKOE BBIPAKEHHE BBEACHHON ()YHKIIMU ® B CIy4ae JIMHEHHOT0 3aKOHA YIIPOYHECHHS MOX-
HO NIPHHSATH B BUJE

w=0, e<¢g;
E 5
o=|1-2L][1-% ,e>¢g,, ©)
E €
do
rae £y — Moxyns ynpoyHenus; E, = e
€

JA71st CONSIHBIX TIOPOJT KATMIHBIX PYIHUKOB SKCIIEPUMEHTAIBHO YCTAHOBJICHO, YTO ()YHKIIMOHAIbHAS 3a-
BHUCUMOCTb (2) ¢ JIOCTATOYHOW TOYHOCTBIO OITUCHIBAETCS CTEIIEHHON (YHKIUEeW BUa

o, =®(e,)= Ae; , (6)

rJie mapaMerpsl A, s — ONPEACNSIOTCS 10 JaHHBIM JJA0OPATOPHBIX HCIBITAHUNA 0Opa3IoB KaIWMHHON conu
KOHKPETHBIX MecTopokeHui [16]. CooTBETCTBEHHO, BBeIeHHAs (PYHKIIHS

A
_ s—1
ofg,)=1-——¢". @)
3G
J171st TOPHBIX TTOPOJ HEOOXOJMMBIH (PHU3NUECKHI 3aKOH YCTaHABIMBACTCS Ha OCHOBE KPHBOH JedopMu-
pOBaHUs G — €, HAIPUMEP, B BUJAC U3BECTHONU Mozenu baxa:

o, =Be!; i=1,23 (8)

rae B; — kodpduImeHTs 1eQOpMUPOBAHS; 7 — YHCIOBOM MOKA3aTellb, ONPEACISIOTCS IKCIIEPUMEHTAIBLHO
JUISL ICCIIEAYEMBIX TOPHBIX TTOPO/I.

CootrBercTBytollas HeluHelHas kpaeBasl 3ajgada Juid onpeaeneHus HJIC maccuBa ropHbIX IOpPOL,
BMEIIAIOIIEr0 TOPHYIO BBIPAOOTKY, CBOJMTCS K HEKOTOPOMY OIEpaTOpHOMY ypaBHEHHUIO BUa [14]

7(v)=0, 9)

rJie v — BeKTOP-(PpyHKIIMS HEU3BECTHBIX ITEPEMEHHBIX.

[MocTpoeHne HEOOXOAMMOr0 HUTEPAIMOHHOTO TIpollecca IS PElIeHUsl ONepaTopHoro ypaBHeHUs (9)
OCYIIIECTBIISIETCS] HA OCHOBE METO/Ia IMHEeApU3aluu [2], T03BOJAIONIETo 3anmucath (9) B BUC IKBUBAICHTHO-
T'O ONEPATOPHOTO YPaBHEHUS BHIA

(v +T,(v)=0. (10)

B kauectBe MeTona nuHeapu3anuu B padorax [4-8] npunsaTt Meron Heiotona — Kantoposuya — Padco-

Ha [2,11], B koTOpOM
L)=T(): L)=T()-5 (),

rae 7, — npousBoxguas Opeure onepatopa 7' [14].
Ucnione3ys meron nuHeapuzannu ypaBHenus (9) B Bune merona Herorona — Kantopouua — Padcona
[2, 11, 12] v BBOAA MHAEKCHI UTEPALIMH 7, 71 — |, TIONY4YUM ypaBHEHHE BHJA

v v

T'(v”"] )v" + T(v"_] )— T'(v"_] )v"_] =0. (1)

[MocnenoBatenbHOCTh V', n =1, 2,..., ONpeAENsAETCs MyTeM PEUICHHs Ha Ka)XIOM Ilare HTeparmoHHOro
npolecca JUHEWHOW KpaeBo# 3a/aud, a ¢ YYETOM MEepEexo/a JJId YHUCIECHHON peaju3allii K COOTBETCTBYIO-
el TUCKPETHOH 3amade, pemnenne kotopot ocymiectsisiercs MKP mwm MKDO, umm MI'3, B 3aBUCUMOCTH OT
0co0eHHOCTEl paccMaTprUBaeMOl TPUKIIATHON T€OMEXaHUIECKOM 3a1auu.
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NONLINEAR MATH MODEL DEVELOPMENT AND NUMERICAL MODEL OF STRAIN DEFORMED
ROCK MASS CONDITIONS PROGNOSIS

A.P.GOSPODARIKOV
Saint-Petersburg Mining University, Russia

The article deals with the questions related to the development of math models of nonlinear strain deformed
conditions of a laminar heterogeneous rock mass in the area of excavation in shallow formations. The non-linear rela-
tions between physical strains and deformations are added to the basic system of resolving differential equations in
partial derivatives (equilibrium equations) and well-known Cauchy dependencies (formulas of connection between
deformations and displacements). This ratio is defined by both the elastic potential and by exponential law of harden-
ing or by linear hardening law.

Within the framework of the accepted hypotheses of Genki — Ilyushin theory of small elastoplastic deforma-
tions some algorithms and calculating complexes of solutions of applied geomechanics problems have been devel-
oped. They include such numerical methods as finite difference method, finite element method, and boundary ele-
ment method. Nonlinear boundary problem based on Newton — Kantorovich — Raphson linearization method comes
to the iterative process of a linear boundary problems sequence solution.

Key words: heterogeneous rock mass, excavation, nonlinear deformation of rocks, Genki — Ilyushin theory of
small elastoplastic deformations, Newton — Kantorovich — Raphson linearization method, general iterative process,
numerical methods and calculating complexes.
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