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COBPEMEHHOE NTPOI'PAMMHOE OBECIIEYHEHUE MOAEJIUPOBAHUA
TEOMEXAHHNYECKHUX ITPOOECCOB

A.T. Moxewosa

AHHOmauus. MNpvBeneH 0630p COBpPEeMEHHbIX MPOorpaMmMHbIX UMHCTPYMEHTOB A4 MOAENMPOBaHUA reoMexaHUn4eCcKnx
npoueccos M onNTUMU3aUUN TOPHbIX pa60T. OnucaHbl kntoyeBble (byHKLWII/I N BO3MOXHOCTU KaXkoMn nporpamMmmsbl,
a TakKxke Ux posib B NOBbILLUEHUN 6e3onacHocTv U 3(PPEKTUBHOCTN FOPHBIX pa60T. PaccmoTpeHbl MeToAbl YNCIIEHHOTO
MoaennpoBaHud, aHanms yCTOI7NI/IBOCTI/I FOPHbIX MacCuBOB, MNPOrHO3MpoBaHMe TreoMexaHU4YeCKux pPUCKoB
N npefoTBpalleHne aBapunHbIX cmyau,mﬂ. Ocoboe BHUMaHve yoeneHo uHterpauun nporpamMmmHbIX peLueHuni
C reosiorm4eckumMmm n FeOCbVI3I/NeCKI/IMI/I OaHHbIMKM s 6onee TOYHOro MoaennpoBaHua U aHanunsa. I'Iplee,qubl npuMmepbl
MCMoNb30BaHMA NporpaMm B pearibHbIX NPOeKTax, AeMOHCTpUpYoLWmne nx npakTn4eckyro LEeHHOCTb U 3(PPEKTUBHOCTD.
OGCY)K,D,EPOTCH BOMpPOCHbI MHTeponepa6eanocm Pa3nnYHbIX NporpaMMHbIX NMPOAYKTOB, BO3MOXHOCTU UX COBMECTHOIO
MCMONb30BaHNA U UHTErpaumm B eanHble MHHOOPMaLMOHHbIE CUCTEMBI ynpasreHnua ropHbIMU NpeanpuaTuaAMn.

Kntouesble criosa: NPOEKTUPOBaHUE; rEOMEXaHUKa; rEOTEXHUYECKMIA aHann3; MexaHuKa ropHbIX Nopop; KoauLMEeHT
6e30MacHOCTW; MHCTPYMEHTapUiA.

IT'EOMEXAHHUKAJIBIK TIPOONECCTEPIAN MOJEJIJ166 YUYH
A3BIPKBI TIPOI'PAMMAJIBIK KAMCBI3TOO0JIOP

A.T. Mokewosa

AHHOmayus. Makanafa reomexaHvKanblk MpoLeccTepay MOAENAee XaHa TOO-KeH WLITEPWH OnTUManaaluTbipyy
YYYH a3blpkbl nporpammManbik Kypangapra cepen GepunreH. Ap 6Gup nporpaMMmaHbiH HErusru  yHKUMsinapbl
XaHa MYMKYHUYYIYKTepy, OLUOHZOW 3ne anapablH TOO-KeH WLITEPUHWH KOOMCY3AyryH >XaHa HaTblkanyynyryH
xoropynatyydarbl pony GasHaanat. CaHablk MOAenaee bikmManapbl, TOO KblpkanapbliHbIH TYpPYKTYYRyryH Tangoo,
reomexaHvkanbslk ToGokenaukTepaM OOMKONZoO kaHa e3reve KblpaaanjaphaH aniblH anyycy kapanar. Tak
MOZENAes XaHa Tanfoo YYyH nporpammarnbik YeHYMMAEPAW reoNorvsnblK xaHa reodusvkanbik MaansiMaTTap MEHeH
WHTErpaumsnooro esreve keHyn Oypynat. [Mporpammanapabl peangyy Aon6ooprnopAo KOngoHyyHyH mucaniapbl
KENTUPWITEH, anapdblH MpaKTVKanblKk MaaHUCWH XaHa HaTblixanyynyryH KepceTkeH. Ap KaHdai nporpaMmaribik
npoayKTbinapAblH 63 apa WWTellyycy, anapabl Genyllyy kaHa Too-KeH WLiKaHanapbiH GalikapyyHyH 6upamkTyy
MaarnbIMaTTblk cucTemMarnapblHa UHTETPaLMSNoo MyMKYHYYITYKTOPY TankyynaHar.

TylyHOyy ce30ep: [onbooproo; reoMexaHuka; reoTexHuKanblk Tangoo; TOO TEeKTePUMHUH MeXaHMKachl; KOOMcy3ayk
KoadhpmLmeHTH; WanmvaHaap.

MODERN SOFTWARE FOR MODELING GEOMECHANICAL PROCESSES

A.T. Mokeshova

Abstract. The article gives an overview of modern software tools for modeling geomechanical processes and optimizing
mining operations. The key functions and capabilities of each program are described, as well as their role in improving
the safety and efficiency of mining operations. Numerical modeling methods, stability analysis of rock massifs,
geomechanical risk forecasting and accident prevention are considered. Special attention is paid to the integration of
software solutions with geological and geophysical data for more accurate modeling and analysis. Examples of using
the programs in real projects are given, demonstrating their practical value and efficiency. The issues of interoperability
of different software products, the possibility of their joint use and integration into unified information systems for
management of mining enterprises are discussed.

Keywords: design; geomechanics; geotechnical analysis; rock mechanics; safety factor; toolkit.
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Bgenenne. ['eoMexannka UrpaeT KIIOUEBYIO PONb B YCIICIITHON peaM3alii TOPHBIX IPOEKTOB, BKIIIOUAsT
CTPOMTEILCTBO TYHHENEH, pa3paboTKy KapbepoB, MOA3EMHOE XpaHEHNE U JT00BITY MOJIe3HBIX HCKOTTaeMbIX [1].
DOTOT BaKHBIN acleKT HH)KEHEPHUH TPeOyeT TOUHBIX U HAJISKHBIX HHCTPYMEHTOB JUIS aHAJIHM3a U MOJICIUpPOBa-
HUS Pa3JINYHbIX T€OMEXaHWIECKHX MPOIieccoB. B maHHOM cTaThe MBI paCCMOTPHM HECKOJIBKO KIIFOYEBBIX MPO-
IpPaMMHBIX PEIICHHUH, KOTOPBIE TIOMOTAIOT MH)KEHEPaM B 9TOH 001acTH 3(P(PEKTHBHO pEeIIaTh CIOKHBIC 3aJa4H.

CoBpeMeHHBII YPOBEHb MTPOESKTHPOBAHUS TOPHOTEXHUYECKUX COOPY)KEHUH XapaKTepU3yeTcsl OOJBIIOi
POTBI0 MOJICIMPOBaHUS HaNpshKeHHO-IedopmupoanHoro coctosiHusi (HIC) ropHoro maccuBa. Bee o0bek-
Thl, CBA3aHHbIE C IIPOBEAECHUEM PAOOT C 36MHON MOBEPXHOCTBIO, TAKHE KaK: pa3paboTka MECTOPOXKACHUI Mo-
JIC3HBIX NCKOMAEMBIX, CTPOUTEIBCTBO JOPOT, BO3BEACHNE IUNIOTHH M HACHITEH Tak WM MHAYC CBSI3aHBI ¢ 00e-
CIIEYCHHEM YCTOIYMBOCTH TIOPOAHBIX CKIOHOB. OIEHKa YCTOHYHUBOCTH MOXKET BECTHCH METOJaMH CKaHHPO-
BaHMS U MOHHUTOPUHra 00BEKTOB M MeTon0B MoxaenupoBanus HJIC mpu mpoeKTHpOBaHUH M KCILTyaTalluu.
be3ycnoBHO, Bce METOIBI TOJDKHBI IPUMEHSTCS B KOMILIEKCE, 00bEUHAS U JONONHssA Apyr apyra. Cospe-
MEHHOE Pa3BUTHE NHU(POBBIX CUCTEM MOJCIUPOBAHUS MO3BOIACT CO3/1aTh JOCTAaTOYHO AICKBATHYIO M TOY-
HYIO MOJIENb HalpsHKEHHO-1e()OPMUPOBAHHOTO COCTOSTHHS TOPHOTO MAacCHBa C YUETOM BCETO PasHOOOpasus
CBOMCTB I'OPHBIX IIOPOJ U MEXaHU3MOB pa3pylueHus [2].

B nacTosIee BpeMs Ha PbIHKE TPOrPAaMMHBIX CHCTEM IMPEUIAaraeTcsi CPaBHUTEIBHO HEOOIBIIOE KOJTHYe-
CTBO Pa3HOOOPA3HBIX MPOrPAMMHBIX IMPOAYKTOB IO CPAaBHEHHUIO C MOJOOHBIMU CHCTEMaMHt B APYTHX OTpac-
JISIX TIPOMBIIUIEHHOCTH. CHCTEMBI MOJICITMPOBAHUS B TEOMEXaHNKE OTIINYAIOTCS MCIOIB3YeMbIMH MaTeMaTH-
YECKUMHU MOJICIIIME U YUCJICHHBIMH METOJIaMH, HHTep(hecoM B BO3SMOKHOCTSIMU. Ha pBIHKE MOSIBISETCS BCE
OobIIIe IPOTpaMM TPEXMEPHOTO MOJEIHPOBAHKS, YUUTHIBAIONIUX ANHAMHYECKHE MPOLECCHl TeOMEXaHUKH,
CeHCMHUUECKOE BIMSIHUE MAaCCOBBIX B3PHIBOB M IIPHUPOTHBIX 3eMIICTPSICCHUI.

B 10 ke Bpems oTMedaeTcs HEJO0CTAaTOYHOE KOJMYECTBO IAKETOB MOJEIMPOBAHHS T€OMEXaHHYECKHX
MIPOIIECCOB. ITO OOBACHSIETCS CIOKHOCTHIO B MOACIMPOBAHNH, HEMOIHOTON MCXOJHBIX JaHHBIX, Pa3HO0Opa-
3MeM CBOWCTB TOPHBIX ITOPOJ W MEXaHM3MOB Pa3pyLIeHUs, HEOOXOMMMOCThIO HHTep(deiica ¢ ApyruMH HH-
(hOPMAITOHHBIMU CHCTEMaMH, MCIOIb3YEMBIX UIS TIOATOTOBKH MCXOMHBIX JAHHBIX U aHAIN3a PE3yNbTaToB.
CremyeT OTMETHTB M CIIOXKHOCTH IIPUMEHEHMS TakuxX mporpamm. Hampumep, TpexmepHoe MOJeIHpOBaHHUE
TpeOyeT 3HAYNTEIBHBIX BBIYNCIUTEIBHBIX PECYPCOB, KOTOPBIC MOTYT MPEIOCTAaBUTh KIACTCPHBIC BBIYMCIH-
TeJIbHBIE KOMIUIEKCHI ¢ BO3MOKHOCTBIO PACIapasIeIMBaHNs BBIYUCIUTENBHBIX Mpouenyp [1]. s koneuHo-
3NIEMEHTHOTO MOJICINPOBAHUS HYXEH OOJBIION 00hEM MCXOAHBIX JAHHBIX, MOCTYMAIOMNX U3 reonH(popMa-
IIHOHHBIX CHCTEM U TeO(pHU3NIECKIX N3MEPEHHH.

ITpuBenem 0030p HamboIee PacIPOCTPAHCHHBIX MPOTPAMM MOCIHPOBAHUS HANPSDKECHHO-AEe()OpMHPO-
BaHHOTO COCTOSHUSL.

FLAC (Fast Lagrangian Analysis of Continua)

FLAC — 310 MolIHOE MporpaMMHOE 00eCIeYeHNe ISl YUCICHHOTO MOJCITUPOBAHNS T€OMEXaHUIECKHIX
npoueccoB. OHO MIMPOKO UCIIONB3YETCs B MHKEHEPHOW MpaKTHKE JJIs aHAJIM3a YCTOMYUBOCTH CKJIOHOB, Jie-
(hopmaru TOpHBIX MOPOJ U ruAporeonornyeckux mnpoueccos. FLAC npenocTaBiiseT BO3MOKHOCTb MOJICITH-
pOBaTh KaK CTaTMYECKUE, TaK U JUHAMUYECKUE MPOLECCHI, YTO AEJIAeT €ro WACaJbHbIM UHCTPYMEHTOM MJIS
IIMPOKOTO CHEKTPa TOPHBIX paboT.

FLAC npencrapnser coboii mporpaMMHOe 00ecTiedeHUe sl YUCICHHOTO MOICITUPOBAHUS IS PACIIIU-
PEHHOTO TEOTEXHUYECKOTO aHAIM3a ITOYBbI, TOPHBIX MOPO/I, ITO3EMHBIX BOJl M HAa3€MHBIX OMOP B JBYX H3Me-
penusix. FLAC ucnonb3yercs i aHaiau3a, TECTUPOBAHUS U IIPOEKTUPOBAHUS MHKEHEPaMHU-T€OTEXHUKaMU,
rpa)xIaHCKUMHU WH)KEHEpaMH U TOPHBIMU MHXeHepaMu. OHO TpeHa3HaueHo sl peau3aliy JII000ro Buaa
MHKCHEPHO-TEOJIOTHYECKHX TIPOEKTOB, TPeOyIomuX anaimn3a HenpepslBHOCTH. FLAC ncmones3yeT SBHYIO KO-
HEYHO-Pa3HOCTHYIO (POPMYIUPOBKY, KOTOPast MOKET MOAETHPOBAThH CIIOKHOE MTOBEJICHHE, TAKOe KakK mpooJie-
MBI, COCTOSIIINE M3 HECKOJIBKHUX ATANOB, OONBINNE TepeMEIIeHHS U nedopMalii, HeJIHHEIHOe TTOBEICHIE
MaTepHasa Wik HecTaObuJIbHbBIE CUCTEMBI (1aXke clydyau TeKy4ecTH/pa3pylieHns Ha OONbIINX MIOMAIIX UITH
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MIOJTHOTO Pa3pyIICHHs), MOJACTHUPOBATh KaK CTAaTUYECKUE, TaK U AWHAMHUYECKHE IMPOILECCHI, YTO JENACT €ro
U/ieabHbIM HHCTPYMEHTOM JUIsl IIUPOKOTO CIIEKTPa TOPHBIX padoT.

FLAC Ttakxe sBIseTCs] IEHHBIM HHCTPYMEHTOM, HUCTIONB3YEMbIM Ul MCCIECAOBAHNN B 00IaCTH MEXaHHU-
K1 TOPHBIX TTOPOJI ¥ TPYHTOB, 0COOSHHO JIOKAJIIU3AIMH U SBOJIFOIIMH 1T0JI0C CABUTA BO (DPUKIIMOHHBIX MaTepH-
amax. FLAC take HCIoNb3yeTcsl B IPON3BOACTBCHHOMN cepe, Tie HeoOX0AUM aHaAIN3 CHIIBHO Je(hopMupy-
€MBIX MaTepHaJIOB.

FLAC/Slope

FLAC/Slope — HamsqHbIH KOHTHHYAJIbHBIM aHAIU3 YCTOHYMBOCTH CKJIOHA Ha OCHOBE Kod(dduienTa
oe3omacHoctu B 2D FLAC/Slope — 310 cienmanbHas, ontuMusnpoBanHast Bepcust FLAC i oneHKu Kod¢-
(urnmenta 6e3onacHocTd (FOS) IPyHTOBBIX U CKaJbHBIX CKIIOHOB B JIBYX U3MEPEHHSIX C MPOCTON U OBICTPOi
HACTPOWKOHM MoJnenu W BhimosiHeHHeM aHanmu3a. FLAC/Slope MoxeT MojenupoBarh MpooaeMbl YCTOWIHBO-
CTU TP HIMPOKOM PA3HOOOpa3HH YCIOBHM CKIIOHA, BKIIFOUAsl: IPOU3BOJIBHYIO T€OMETPHUIO CKIIOHA, HECKOIIBKO
CJIOEB, yCJIOBMSI IIOPOBOTIO JIaBJIECHUS, HEOJHOPOIHbIE CBOMCTBA TPYHTA, IOBEPXHOCTHYIO Harpy3Ky U ycuiie-
HHE KOHCTPYKIMH (pUcyHOK 1) [3].

FLAC3D

FLAC3D sBnsiercst Tpexmepnoii Bepcneit FLAC n npenocranseT emie 60abInil ypoBeHb IeTaTH3aInN
¥ THOKOCTH /I MOZIGJIMPOBAHMUS CIIOKHBIX TPEXMEPHBIX T'€OMEXaHW4eCKUX cHcTeM. OH MOXKET HCIIOIb30-
BaThCS TSI aHAJIN3a PA3IMIHBIX TCOMEXaHNYECKUX SBICHUH, TaKUX KaK OOPYIICHHUS TOPHBIX TIOPOJ, pacipe-
JieNICHUE HANPSKEHUH B TOPHBIX MACCUBAX M MHOTO€ JPYroe€.

FLAC3D ucnone3yeT SBHYI0 (OPMYJIUPOBKY KOHEUHOTO 00beMa, KOTopast OTPaXKaeT CIOXKHOE MOBEe-
HHE MOJIelel, COCTOSAIINX U3 HECKOJIBKHX 3TaloB, JEMOHCTPUPYIOINX OOJBIINE CMEIeHU U JedopMariny,
HEeTUHEHHOEe MOBEICHIE MaTepraa WM HeCTaOMIBHBIX (BKITIOUAs CITydau TEKydeCTH/pa3pyIieHus Ha O0Jb-
HIMX IUIOLASX MM HOJHOTO paspylueHus). JIneH3un Ha 6ecCpouHylo, eXKEMECSIUHYIO U TOAO0BYIO apeHIy
JIOCTYTHBI MO0 B BHje JokambHOro USB-Kkitoua (KOTOpHBIHA SBJISIETCS TIOPTATUBHBIM), JTHOO B BHJE CETEBO-
ro USB-kiro4a Ha HECKOIBKO MECT. AKaJeMHUUYECKHE YUPEKJCHUSI UMEIOT IIPAaBO HA CIELHUAIIbHbBIE CKUJIKH.
KoHTHHyanbHBINH aHAN3 MOXET OBITh MPUMEHEH K HHXCHEPHOMY NMPOCKTHPOBAHMIO TPAXKIAHCKUX, TOPHBIX
U T€OTEXHUYECKHUX BBIPAOOTOK (HapuMep, CKIIOHOB, TYHHeJEeH, KaBepH, OYMCTHBIX 3a00€B U T. 11.) [3].

KATS — uHCTpyMEHT KMHEMaTUUECKOIO aHaIu3a AJIsl BEPOSTHOCTHOIO U IE€TEPMUHUPOBAHHOTO aHAJIn3a
HaKJIOHA

reonporHo3s.po

Pucynok 1 — PacuéTtHast cxema npu OlleHKE YCTOMYMUBOCTH CKIIOHA

38 Becmnux KPCY. 2024. Tom 24. Ne 8



A.T. Mokewosa

KATS (MHCTpYMEHTBI KMHEMAaTH4ECKOTO aHalli3a CKJIOHOB) — 3TO MHCTPYMEHT, pa3paboraHHbIi Itasca,
KOTOPBIN OLICHUBAET HECTAOMIIBHOCTH, BRI3BAaHHBIC KIIMHBSIMHU JTHEBHOTO OCBEIICHHUS U TNIOCKOCTHBIMU pa3py-
HICHISIMH, 00pa3yIOMNUMHUCS TIPH B3aUMOJCHCTBUN PA3IMYHBIX KOHCTPYKTHUBHBIX JIEMECHTOB C OPHEHTAIMCH
JAHHOTO CKJIOHA (pUCcyHOK 2). OcHoBHOE npuMeHeHue KATS — ato ananu3 maciitada ycryna, KOTOPbIi MOHU-
MaeTCsl Kak MEepPBBIH IIar B MIPOLIECCE MPOSKTUPOBAHMSI TOPHBIX CKJIOHOB /ISl YMEPECHHBIX M KAYECTBEHHBIX Mac-
CHBOB TOPHBIX ITOPOJ. TakiKe BO3MOKHO BBIIOHUTH KHHEMATHIECKUH aHAIN3 B MACINTa0e MEXKIY YCTyIaMH.

B omnmune oT 1pyrux HHCTPYMEHTOB, JOCTYIHBIX B HACTOSINEE BPEMsI HA PBIHKE TEOTEXHUIECKOTO aHa-
Ju3a, ¢ TOMOIIBI0 €JUHOr0 aBToMaru3upoBaHHOro npouecca KATS BbIIOMHSAET BEPOSTHOCTHYIO WIH Jie-
TEPMUHUPOBAHHYIO OLICHKY TOBEICHHS OOJBIIOTO YHCIa KOH(PUTypanuii CKIOHA, ONPEACTIEMbIX MHOTHMU
CTPYKTYPHBIMHU OOJIACTSIMH U MHOTUMHE OPUCHTAIMSIMH, H TEOMETPUSIMH CKJIOHA. Pe3ynsraTel aHanmnsa MOryT
OBITH TOJTyYCHBI C NCTIOJIF30BAHUEM PA3IMIHBIX TAPAMETPOB, TAKUX KaK MOTeps TPpeOHs, UTHHA Pa3jInBa, pac-
MpeJiesieHUe yIIIOB HAKJIOHA CTEH/Ia U T. 1. Bee 3Tu pesysbTaThl 03BOJISIOT FEOMETPUUECKH ONPEIEIIUTh YIIbI
Mexay pammnaMu (IRA), KOTOpbIe COOTBETCTBYIOT KPUTEPHUSAM NMPHEMIEMOCTH, OTPEACICHHBIM MIPU AKCILTya-
TaIWH, ¢ TOYKU 3PCHIS CTA0MILHOCTH U O€30MMaCHOCTH TIepCcoHana u 00opyaoBanust [4].

Ipeumywecmea KATS:

OueHb OBICTPHIT aHAN3 (HECKOJIBKO MUHYT KOMIIBIOTEPHOTO BPEMEHH IS [IOJTHOTO BCKPBITHS Kapbepa).
[IpocToii 1 MOHATHBIN B OCBOECHUHU.

BonmpIInHCTBO BXOIHBIX TAHHBIX JIETKO TOCTYITHBI HA IIAXTax.

MosxeT ObITh OTKaTHOPOBaH C YYETOM XapaKTEPUCTHK YKIOHOB.

O1eHuBaET MPOIOKUTEIBHOCTD PasiiiBa B PSKUME 0TKa3a (HEIOCTYITHO B IPYTUX KOMMEPUYECKHX IIPO-
rpaMmmax).

MoOXeT MPUMEHSITh BEPOSITHOCTHBIN TOIXOM ISl COCTABICHUS AMArPaMM KyMYJISTHBHOTO YaCTOTHOTO
ananmza (CFA) (HeqoCTymHBIX B IPYTHX KOMMEPYECKUX MPOTPaMMaXx ), YTO SBJISIETCS THIIMYHON METO/I0-
JIOTHEH U IPOCSKTUPOBAHUS CTCHIOBBIX IITKAII.

Paszpabomuux Itasca.
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Pucynok 2 — [Ipumep skpana, npencraBieHHOT0 nHCTpyMeHTOoM KATS
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ABAQUS

ABAQUS — 370 mporpamma y1st KOHEUHO-3JIEMEHTHOTO aHaJIM3a, KOTOpask TAKkKe MOXKET ObITh MCIONb-
30BaHa AJI1 MOJAEIMPOBAHUSA FEOMEXaHUUECKUX ITpouieccoB. C ee MOMOLIbIO HHKEHEPHI MOTYT aHAJIU3UPOBaTh
nedopMarnio ropHbBIX MOPOJI, TIOBEAECHHE IPYHTOB M JIPYTHe TeOMEXaHHMUYECKUE SBICHUS C UCIIONB30BaHHEM
METO/1a KOHEUHBIX IEMEHTOB (PUCYHOK 3).

[Iporpammusnii komruteke ABAQUS m3Ha9anbHO ObIT OPHEHTHPOBAH HA PEIICHHE CaMbIX CIIOXKHBIX
M OTBETCTBEHHBIX 3a/1a4 C YIETOM BCEX BHJIOB HEJIMHEHHOCTEH, a TaKXKe Ha MPOBEACHNE MHOTOAUCIUITIIMHAD-
HOT'O CTaTUYECKOIo ¥ JMHAMMYECKOrO aHAJIN3a B PAMKaX €JUHOTO aaropurma. Takas KOHLENIHs BBITOJHO OT-
mmuaeT ABAQUS ot apyrux nporpaMm mogo0HOro ypoBHs (TporpaMMHbIil koMmiuiekc ANSY'S i ananusa
CUIIbHO HEJIMHEHHBIX M OBICTPOTEKYILUX MPOLECCOB UCMOIb3YET CTOPOHHIOK mporpamMmy LS-DYNA), uto
IIO3BOJISIET € €r0 IIOMOLIBIO B PaMKax €IMHOIO MOAX0Aa PelllaTh MHOIOLIEIEBbIE 3aa41, COUeTas IpeUMyILie-
CTBa SIBHOI U HEABHOM CXEM KOHEUHO-’JIEMEHTHOIO aHAIN3a U UX KOMOUHALUIO.

OnHoit n3 BakHEHIINX ocobeHHOCTEelH porpamMmHoro kommiekca ABAQUS sBisieTcs ero yHuBepcaiib-
HOCTb. J[aHHBII MaKeT MOXKET MCIOIb30BaThCS HA BCEX 3Talax MPOEKTUPOBAHUS U CO3/1aHHs COBPEMEHHBIX
W3ACTHUN 1 MIPAKTUYECKU BCEMH PACUCTHBIMH, MPOEKTHBIMUA M TEXHOJIOTUYECKUMH CITyKOaMM TPeaIpHUsITHS.
OTO0, HECOMHEHHO, OIUH U3 CEPbE3HBIX KPUTEPHUEB IPU PEIIEHUU BOIPOCA O MOKYIKE JAHHOIO MPOrpaMMHO-
r'o KOMILIEKCaA.

ABAQUS mnpennaraer OTKpBITHIH MOAXO0/ K PEIICHHUIO CIOKHBIX MPOOJIEM M MPEIOCTaBIsAET HEOT PaHH-
YEHHBIC BO3MOKHOCTH I10 MOAKIIIOUCHHIO TIOJIB30BATEIBCKHUX MPOTPaMM Ha BCEX 3Tarax pacueTa KOHKPETHOM
3agaud. HeobxoauMo Takxke OTMETUTh HAJEKHOCTh IporpamMMmHoro kommiekca ABAQUS — crporuil xoH-
TPOJIb 32 CXOAUMOCTBIO PEIICHUN HCCIIEAYEMBIX ITPOIECCOB, ABTOMATHUECKUI BBEIOOD ITara MHTETPHPOBAHMUS,
MOHHMTOPHWHT 33J]a4i Ha BCEX JTAIax pacyeTa, MHOTOUNCIEHHbIE (PyHKIIMH KOHTPOJISL.

ABAQUS TecHO uHTErpupoBaH npakTudecku co Bcemn CAD-cuctemMaMu, nMeeT COOCTBEHHBIN MOII-
HBIH coBpeMeHHBIH npenoctporieccop ABAQUS/CAE. Bo3moxkHa u CcBsi3b depe3 MHTEp(EHCH ¢ ApyTH-
MH TIPOTPaMMHBIMH HPOAYKTaMHu, TakuMu kKak ADAMS (kuHeMaTnka ¥ AWHAMUKA y3JI0B U MEXaHH3MOB),
SYSNOISE (axyctuka u Bubpoakyctuka), Moldflow (nmuthe mractmacc) u FlowVision (a’po- u rugpoamnHa-
Mmuka) [S].

Paspabomuuxom asnaemcs komnanus Dassault Systémes.

RS2 (Phase2) u RS2 3D: I[IporpamMHoe o0ecrnieyeHue 1Jisl Fe0OTEXHUYECKHX PAcyeToB

RS2, taxxe u3BectHblii kak Phase2, npencrasiser coboil mporpaMMHoe oOecrieueHHe Ui YHCIICH-
HOTO MOJEIMPOBAHUS CTAaTHYCCKUX M TUHAMHYCCKUX AHATN30B CTAaOMIIBHOCTH CKJIOHOB M ITOIA3EMHBIX
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Pucynok 3 — IIpumMep 3kpaHa, npeacTaBieHHOro naierpymentom ABAQUS
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Pucynox 4 — IIpoexT TyHHeIMPOBaHUS

KOHCTpyKUui. OHO oOecneyuBaeT BO3MOKHOCTb MOJECJIMPOBAHUS Pa3IMYHBIX YCIOBHH TOPHBIX MaCcCHUBOB
Y TIPOBEJICHUSI aHAIM3a WX CTAOMILHOCTH (PUCYHOK 4).

Ilpeumywecmsa:

1. Pacimmpennsie BO3MOXXKHOCTH aHanu3a: RS2 mpeayaraer mmpokuil CEKTp aHAIMTUYECKUX UHCTPY-
MEHTOB, BKJIFOYasi METO]] MPEJCIHHOTO0 PABHOBECHS M METO]] KOHEUHBIX JJIEMEHTOB, 00ecnednBas Tiry0oKoe
HCCIIeIOBAaHHE TEOTEXHUYECKUX KOHCTPYKINH U ()eHOMEHOB.

2. NatyuTHBHBIA HHTEpECc MOIEIUPOBaHUS: Olarofgapss HHTYUTHBHOMY IparuecKoMy UHTepdercy,
RS2 ynpomraer nporecc MoaeanpoBaHus, TO3BOISI HHXKEHEpaM d(Pp(EeKTHBHO cOo3/1aBaTh M BU3yaIM3UPOBATh
CJIO’KHBIE T€0JIOTHYECKHUE U KOHCTPYKTUBHBIE MOZICITH.

3. YHuBepcalbHOCTh MpuMeHeHus: RS2 yierko aganTupyeTcst K pa3IuyHbIM T€OTEXHHUYECKUM CIIeHaApH-
sIM, 00€CIIeYrBasi TOYHBIC PE3yJIBTAThl aHAIH3a B PA3JINYHBIX OOIACTIX TCOTEXHUKH.

4. [TapameTpuueckre UCCIEIOBAHMS U aHAM3 YyBCTBUTEIbHOCTH: RS2 M0O3BOIsIET MPOBOANUTD Mapame-
TPUUYECKUE HUCCIEOBAHUS U aHAINU3 UyBCTBUTEIbHOCTH, 00eCIiedrBast BO3MOKHOCTD MCCIIeIOBAHUS pa3iny-
HBIX CIICHAPUEB MPOCKTHPOBAHMS M UX MOCIEACTBHUI.

RS2 3D npencrasnser coboii TpexMepHoe paciunpenne RS2, n3aMeHsis monxo K re0TeXHUYECKOMY aHa-
U3y ¥ BHEAPSS. TPH M3MEPEHHS B MPOIECC MOACTMPOBAHMSA. DTO PACIIMPEHHE MOBBIIIACT TOCTOBEPHOCTD
Y TOYHOCTb aHAJM30B, OCOOCHHO B CLIEHAPHUSX, [JIe IPOCTPAHCTBEHHAS CIIOKHOCThH I'€0JIOTHYECKUX OObEKTOB
TpeOyeT TPEXMEPHOTO MOX0/A.

OcHnoguvie ocobenrHocmu RS2 3D:

1. TlomHoueHHsIH TpexmepHbIit ananu3: RS2 3D npeononeBaer orpaHuydeHus TPAAUIIMOHHOTO JIByXMep-
HOTO aHanu3a, obecrieunBas 0oJee pEaMCTUYHBIC H TOYHBIC PE3yNIbTaThl 32 CYET y4eTa MPOCTPAHCTBEHHOU
CJIOXHOCTH TEOJIOTHIECKUX CTPYKTYD.

2. PacummpenHast BU3yalu3alys U HHTepIpeTanus: onarogapst TpexmMepHoit Busyanusanuu RS2 3D mpe-
JIOCTABISICT MHXKCHEpaM DTyOOKOEe NOHMMAaHHE TE€OIOTHIECKUX CTPYKTYpP M MPOIECCOB, obneryast MpuHITHE
000CHOBaHHBIX PEIICHHH.
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3. Unrerpanus ¢ reorexHuueckuMu AanHeiMu: RS2 3D no3Bossier MHTErpupoBaTh F€OTEXHUUECKUE J1aH-
HBIE caifTa, Takie Kak OypHbIE TIPOOOH U TEOIOTHYECKHE KapThl, B TPEXMEPHBIE MOJIENH, oOecreunBas cooT-
BETCTBUE PEATLHBIM yCIOBHUSIM U MOBBIINIAS TOYHOCTH aHATIH30B.

PacumipenHble onuu CETKU U paHUuHbIX yciaoBuid: RS2 3D npenocTapisieT pacIMpEHHBIE allTOPUTMbI
MOCTPOCHUSI CeTKH U OIIMH TPaHMYHBIX YCJIOBHH, pa3pabOTaHHBIC CIENHAIBHO JUII TPEXMEPHOTO aHAIN3a,
obecrieunBasi BO3MOXHOCTb MOJIECTTMPOBAHUSI CIIOKHBIX T€OTEXHUUECKHUX CLIEHAPUEB C BBICOKOI TOUHOCTBIO [6].

Paszpabomuux Rocscience Inc.

Plaxis — 310 nporpamMma /i1 KOHEUHO-3JIEMEHTHOTO aHAJIM3a T€0TEXHUYECKUX MPoOIieM, BKIIIOYas reo-
MEXaHNYECKHE MPOIIECCHI, CBA3aHHBIC ¢ (PyHIaMEHTAMH, 3MIITHBIMHI U KAMCHHBIMU COOPY>KCHUSIMH, a TAKKe
JPYTUMHU T€OTEXHUYECKHMU 00BbEKTaMHU.

[Iporpammuoe obecrnieuenue Plaxis mpumeHseTcs BO BCeM MHUpPE Kak Ha TOPHBIX MPEANPHATHSIX, TaK U Ha
JPYTHX F€OTEXHUYECKUX 0ObEKTaX.

Taknm 06pa3oM, BO3MOXHOCTb IPUMEHCHHS TIPOTPAMMHOTO MPOIYKTa JOCTaTOUHO IIHPOKas [4].

Cpenu pelraemMbIX 3aau:

OIICHKA OCAIKU MOBEPXHOCTHBIX 3/1aHH;

yu€T BIUSHUSI CTPOUTENILCTBA HA YKE CYILECTBYIOLINE OOBEKTHI IOJ3EMHOM KOMMYHHKAIIH;
000CHOBaHHE CTPOUTEIHCTBA MOJ3EMHBIX NMTAPKOBOK, ITyOWHBI KOTIIOBAHOB, YCTOMYMBOCTH KOTJIOBAHOB,;
MOZI€IMPOBAHUE MTOBEJCHUS IPEHUPOBAHHBIX U HEJPEHUPOBAHHBIX IPYHTOB;

3a]a91 BOAOTIOHIKCHUS,;

aHAJIN3 LUKIMYECKOTO BO3AECHCTBUS HAa HACKIIH JKEIE3HOAOPOKHOIO IOJIOTHA;

YCTOWYIHMBOCTB YCTYIIOB B OOPTOB KaphepoB.

ITpu mpocToTe pacyéToB M MONB30BATENBCKOTO MHTEpQelica 0T Moib30BaTelst TPeOyeTcsl NOCTaHOBKA
3a7a4d ¥ BBIOOp (PM3MUECKON MOJENN TOBEICHHS MaTepHalioB, HA OCHOBE KOTOPOH HEOOXOANMO MpPOM3BE-
cTH pacuéT. Pe3ynbTaTel MOryT OBITH NPEJCTABIEHBI B BHUJIE MPOEKIUH HANpPSKEHUH Ha COOTBETCTBYIOIINE
KOOpANHATHBIC OCH, TTOJHBIX HAMPSKCHUSIX, I(PPEKTUBHBIX HAMPSKCHUSIX, TIOPOBOTO JABICHUS, MPOCKITHSIX
nedopmMannii, MOIHAEIX Ae(opMannsix, MpUpameHusIX qedopManuii, To4eK IIaCTHYHOCTH (TOYKH TPAaHUYHOTO
nepexona). OTH JaHHBIE MOTYT OBITh ABTOMATH4ECKU ((YHKITHOHAT 3aJI0KCH B aJTOPUTM MPOTPAMMEBI) CBE-
JieHbl B TaOnuupl. TaOnuipl BOOCIEACTBUM SKCIOPTUPYIOTCA. MOXKHO OCYILIECTBISATh IPe0Opa3oBaHus HAJ
MOJTY4YEHHBIMH 3HAYCHUSIMH B APYTHX MPOTPAMMHBIX KOMIUIEKcaxX TakuX, kak MathCad. Dt1o memaercs mms
TOTO, YTOOBI BEIPA3UTh, HATIPUMED, Yepe3 (PYHKIUIO TPOYHOCTH MOJTydeHHbIe BEJIMYNHBI JJIS BBIIBICHUS KpH-
THYCCKUX 3HAUYCHUH [7].

KoHCTpYyKTHBHBIE 2I€MEHTBI TaKHUE KakK: 00JelIka TOHHENEH, CTeHa B IPYHTE, CBau, IUIUTHI (DyHIAMEHT-
HBIX OCHOBAaHHUH — OIPENICNISIOTCS C TOMOIIBIO HHCTPYMEHTOB IPOTPAaMMEI. Pe3ybTaThl 7151 KOHCTPYKTHBHBIX
3JIEMEHTOB TIOMUMO CMEILeHHUH, Ae(hopManuii MOKHO MPEJICTAaBUTh B BHJIE OCEBBIX, KACATEIbHBIX CHJI, H3TH-
0aroImux MOMEHTOB.

IIpumepul pacuémos 6 Plaxis u o6nacmu npumenenus

Hioke npencraBneHsl HEKOTOPBIE TPUMEPHI PE3YIbTaTOB MOJICIHMPOBAHHS, BBIIIOTHEHHBIX C IPHIMEHECHNU-
eM mporpaMMHoOro obecreuenus Plaxis (pucynku 5, 6).

Taknum obpaszom, Plaxis HaXOmUT JOCTaTOYHO HMIMPOKOE MPHMEHEHHE TPH PELICHUH 337a4 YHCICHHOTO
MozaenupoBaHus. C kaxapiM rogoM 110 coBepLIEHCTBYETCS U JOMOIHIETCS HOBBIMU MOJAENSMU MOBEJECHUS
Marepuana. [I[pumenenne nporpaMMmHoro obecrieueHusi Plaxis monrBepxmaercs 3pQEeKTUBHOCTRIO M TOY-
HOCTBIO PacdyéToB, YTO OOYCIIOBIMBAET MPEUMYIIECTBEHHYIO BOCTPEOOBAHHOCTD MPOAYKTA HA HHKEHEPHOM
PBIHKE TIepeq APYTMMHU MIPOTPAMMHBIMH KOMIUIEKCAMH, PECATM3YIOIIUMH PacyéT HampsuKEHHO-IEhOpPMUpO-
BAaHHOT'O COCTOSIHUS IIOPOJHBIX U TPYHTOBBIX MacCUBOB [5].

Paspabomuux Bentley Systems.

3axiouenue. [IporpaMmHoe obecriedeHue Al MOJEIMPOBAHMS I'€OMEXAaHUYECKUX HPOLECCOB HUrpa-
€T Ba)XHYIO POJIb B ONTHMHU3AIMY TOPHBIX PabOT M MOBBIIICHUH HX Oe3omacHOCTH. PaccMOTpeHHBIC B CTa-
Th€ MPOrpaMMbl IPEJOCTABISAIOT HHXKEHEPAM BO3MOXKHOCTb aHAJIU3UPOBATh U IIPOTHO3MPOBATH MOBEICHUE
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Pucynok 5 — Pacuérnas cxema npu OLEHKE YCTOMUYMBOCTH 31aHUH
Y TapaMeTpoOB CBAalfHOTO OcHOBaHUs. CeTKa KOHEYHBIX 2JIEMEHTOB

Pucynok 6 — ITocTpoeHue SMIOPEI OOMUX CMEIICHUH B OKPECTHOCTH TOPHOH BEIPAOOTKH

TOPHBIX MACCHBOB, YTO ITO3BOJISIET IPUHUMATh 0OOCHOBAaHHBIC PEUICHUS IPU MPOSKTHPOBAHUH U IKCILTya-
Talliu TOPHBIX 00BEKTOB. HO BMECTe ¢ TeM OCTPO CTOHUT BOIIPOC B MOJCPHU3AIMH ITUX MPOTPAMM, aJarTa-
[IUH K PEaJIbHBIM yCIOBUSIM U MHOTOOOPa3HIO CBOHCTB TOPHBIX MOPO M MEXaHH3MOB pa3pylIeHUH. BaxkHbIM
ACTIEKTOM CTaHOBUTCS MPUMEHEHHUE DIIEMEHTOB HCKYCCTBEHHOTO MHTEJIEKTa. Bonmpock! aganTamnuu, SKCnepT-
HOU OIEHKH yCTOHYMBOCTH, IPOTHO3UPOBAHUE YCTOWYNBOCTH TOPHBIX CKJIOHOB HEOOXOIMMO pemarh C Io-
MOII[bIO OCHOB HCKYCCTBEHHOTO HHTEJIICKTA.

[Mocrynuna: 24.06.24; peuenszuponana: 08.07.24; npunsra: 11.07.24.
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