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OBLWAA XAPAKTEPUCTUKA PABOTHI

AKTYaJIbHOCTb TeMbl. MeTO/Ibl MaTEMAaTHUYECKOTO MOJICIIMPOBAHUS C MIPUME-
HEHUEM YHMCJIEHHBIX METOA0B COBPEMEHHBIX DBM U BBIYMCIUTENBHBIX KOMIUIEKCOB B
HACTOSIIEe BpeMsl SIBIISIFOTCS Hambosiee 1e1ecooOpa3HbIM, a BO MHOTHX CIydasx —
€AMHCTBEHHO BO3MOXHBIM HAYYHBIM MHCTPYMEHTOM IPH MPOEKTUPOBAHUU HOBBIX U
PEKOHCTPYKIUU YK€ CYHIECTBYIOIIUX 3JaHUN U COOPY>KEHUH.

Ha coBpemeHHOM 3Tare B CTPOUTEILHOM IMPOEKTUPOBAHUM IIPOUCXOTUT MEpe-
XO0Jl OT OCHOBOIIOJIAraIOUIEr0 KPUTEpUs HECYyIleld CIOCOOHOCTH KOHCTPYKLIMHM K
KPUTEPUIO 6e30nacHocmu CTPOUTEIbHBIX 00BEKTOB AJIs JIFOJIEH U OKpPYKaIOIIEen cpe-
Ibl Ha TPOTSHKEHUM BCEro Ccpoka ciayxObl. ObecrneueHue Oe3aBapUitHON
SKCIUTyaTalluy CYILIECTBYIOUIUX 3JaHUN M COOPYKEHUU MpeArnosaraet yMeHUe IMpo-
THO3UPOBATh UX MOBEJICHUE NIPU U3MEHEHUU YCIOBUM AKCIUTyaTallud U B aBAPUNHBIX
CUTYaIUsX MPU YaCTHYHOM MOTEPE HECYIICH CIIOCOOHOCTH, a JJIA STOTO TPEOYIOTCS
BBICOKOIIPOU3BOAUTENIbHBIE BHIYUCIUTEIIBHBIE KOMILJIEKCHI.

B mpoeKTHBIX OpraHu3anusaX CTPOUTEIBHOTO NPOPuUIIsl, KaK MPaBUiIO, UCIIOJb-
3ytorcsi ceptuduuupoBanusie ['occtpoem P® mnporpammubie kommuiekcsl (I1K):
LIRA, SCAD, MicroFe u np., koTopble, B OCHOBHOM, IIPEAHA3HAYEHBI JIJIsI TPOCKTHU-
pOBaHMS HOBBIX 3JaHUA W COOPYXEHHH, a He i1 aHaiu3a I[OBEIEHUs
CYIIECTBYIOIIHUX OOBEKTOB C AePEKTaMU M TPEIIMHAMHU MPU U3MEHEHUHU YCIOBHHA WX
JKCIUTyaTalUu.

CH0XHOCTh MOJICTTUPOBAHUS CTPOUTEIBHBIX OOBEKTOB TSI BHITIOTHEHUS Kade-
CTBEHHOTO pacuéTa M aHalu3a C LEJIbI0 OIpEIEeTIeHUs] PEe3epBOB Hecylen
CIIOCOOHOCTH MPU HATWYIUH Je(EKTOB, WU JIJISl BBISBICHUS Y4aCTKOB KOHCTPYKITUH,
B KOTOPBIX BO3MOXXHO TIOSIBJICHHE M Pa3BUTHE TPEIINH, TpeOyeT pabOoThl ¢ TaK Ha3bI-
BA€MbIMH «TSDKENBIMU» PACUETHBIMU CUCTEMaMH, MPUMEPOM KOTOPBIX SIBISETCS
nporpaMMHbIii kommiiekc ANSYS — oJIuH U3 caMbIX MOIIHBIX COBPEMEHHBIX MpO-
IPaMMHBIX MPOJIYKTOB, MO3BOJISIOIIMX BBITOJHSITH MOTHOLEHHBIM aHAU3 MPOEKTHBIX
pa3paboOTOK HOBBIX M PEKOHCTpyHpyeMbIx 31aHuil. ANSYS mo3Bossier mpoBOIUTH
CIIOKHBbIE HEJTMHEIHbIE pacy€Thl, YUUTHIBATh BCE OCOOCHHOCTU CTPOUTEIBHBIX KOH-
CTPYKUUH, B TOM 4YHCIIE, HAIUYUE U PA3BUTUE CUCTEMbl TPEIIMH WIH yXYIIICHHE
CBOICTB MaTepuajoB, B3aUMOJCHCTBHE 3[aHUSl C TPYHTOBBIM MAacCCHUBOM, BIMSHHE
BPEMEHH U MO3TANMHOE U3MEHEHUE BHEUIHUX HArpy30K. ITO JAaET BO3ZMOYKHOCTH CIIe-
[MUAKMCTY TIOJIy4aTh HauOoOJiee TOCTOBEPHBIC PE3YNIhTAThl pacuéra MpH MPOBEICHUN
BBIYHMCITUTEIBHBIX KCIIEPUMEHTOB, CYIIECTBEHHO COKpaIias CpOKd W (UHAHCOBHIC
MOTEpPH Ha MPOU3BOACTBO PabOT.

[Ipouecc MoaenupoBaHus 3AaHUSI WIIK COOPYKEHUSI B MHTEPAKTUBHOM PEXUME
B pacu€THBIX cucTeMax, B ToM unciie ¥ B ANSYS sBisieTcst 10CTaTOYHO TPYAOEMKUM
U CIIOXHBIM, BBUAY OTCYTCTBHS CHEIIUAIIMN3UPOBAHHBIX HUHCTPYMEHTOB U OTpaHUYEH-
HOTO Ha0Opa MPUMHUTUBOB M ONEPALN, C TTOMOIIBI0 KOTOPBIX MOXXHO (DOPMHPOBATH
Moenu 3aanuil. Kpome Toro, TpedyroTcst 00bIIie 3aTpaThl BPEMEHH B PECYPCHI IS
MTOATOTOBKHM CIICHAINCTA, ymeromero padorats B [TK ANSYS.

[ToaTomMy mJist MOAEIMPOBAHMS TEOMETPHH TPEXMEPHBIX CTPOUTEITHHBIX 00BEK-
TOB  YacTO  HCIOJB3YIOT  COBPEMEHHBIE  CHUCTEMBl  ABTOMATU3UPOBAHHOTO
npoektupoBanus (CAIIP): AutoCAD, ArchiCAD, KOMIIAC u np. DT cuUCTEMBI
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MO3BOJISIIOT OBICTPO (POPMHUPOBATH HECYILIUE U OTPAKIAIONINE KOHCTPYKIIUHU, POEMBI
B CTEHAX, MEPEKPHITHA, KapKac M CI0XHBIC (HOPMBI OT/IETBHBIX YacTEH 3/aHUs, HO HE
MO3BOJISIIOT CO3/1aBaTh PACUYETHBIE CXEMbl U KOPPEKTHO MMIIOPTUPOBATH CO3JaHHBIC
MOJIETI B pacu€THBIE CUCTEMBI. B mTore, cmocod mMmopra roToBOM MOJENH B pac-
YETHYIO CUCTEMY HE MOIYYHII IIHPOKOTO PACIIPOCTPAHEHHS M HA HEKOTOPBIX CTAIUIX
TaKOMW CIoCcO0 OKa3bIBACTCS CIIOKHEH, YeM CO3/IaHUe pacuETHON MOJICIIH CPEICTBAMHU
CaMoOU PacyE€THOM CUCTEMBI.

[Ipobnema cHrKeHHST TPYAOEMKOCTH PabOT MPU MPOBEAECHUU BBIYUCITUTENb-
HBIX DJKCIIEPUMEHTOB CTAHOBUTCS BEChbMa AaKTyaJbHOW MPU Pacu€rax CI0XKHBIX
CTPOUTENBHBIX OOBEKTOB. DTO MOOYXKIAE€T COBEPIICHCTBOBATH BHIYHCIUTEIBHYIO
TEXHOJIOTHIO U MCKATh HOBBIE aJTOPUTMBI pacu€ra 3JaHuil U coopyxeHuil. Onpene-
JICHUIO TyTeW pElIeHus STOM MpoOJeMbl TMOCBSIIECHA JaHHAs JUCCepTallMOHHAas
pabora.

Heabio TUCCEPTALMOHHON PAdOTHI SBJIACTCS CO3JaHUE HOBOW BBIUMCIUTENb-
HOW TEXHOJIOTUH TSI pean3alliy YHCICHHBIX METOIOB U 3((HEKTHUBHBIX aJITOPUTMOB
MCCIIETIOBAaHUST HECYIIEH CTIOCOOHOCTH | MPOIIECCOB Pa3pyIICHUS 3IaHH, COOpyKe-
HUAW U CTPOUTENBHBIX KOHCTPYKIIUKA ¢ YIETOM HEIMHEHHOTO MOBEJACHUS U pazdpoca
CBOMCTB MaTepuaioB, B BHJIC MTPOOIEMHO OPUEHTHUPOBAHHBIX MPOTPAMM ISl TIPOBE-
JI€HUSI BBIYMCIUTEIBHBIX IKCIIEPUMEHTOB.

3anaum ucciae10BaAHNS:

1. mpoBecTH aHaIM3 CYIIECTBYIOUIUX TMOJXOJ0B K HCCJIEAOBAHUIO MPOOIEMBI
0€30MaCHOCTH CTPOUTEIBHBIX OOBEKTOB, K MOJCIMPOBAHUIO TE€OMETPUU U CBOMCTB
MaTEpUAJIOB JJIsI UCCIENOBAaHUS HECYIEeH CIIOCOOHOCTH U TMPOLIECCOB pa3pyLICHUS
CTPOUTEIBHBIX KOHCTPYKIUM U OOOCHOBATh METOJ M CPEJCTBO JJIS PEHICHUS ITHX
3a/1ag;

2. paspabotath 3Q(HEeKTUBHBIN anTOpUTM (POPMUPOBAHUS T€OMETPUIECKOM U pac-
4ETHOM MOJIeJIeH TPOCTPAHCTBEHHBIX CTPOUTENHHBIX 00beKTOB B [IK ANSY'S;

3. mpoBecTH aHanmu3 (HOPMHUPOBAHMS TPOTPAMMHBIX KOJOB Ha s3bike APDL,
BcTpoeHHOM B [IK ANSYS 1151 MoenmupoBaHusi CTPOUTEIBHBIX 00BEKTOB Pa3IMYHO-
0 Ha3HAYEHHWs, C TMPUMEHEHUEM pa3HbIX BHUIOB CTPOUTENIbHBIX MATEpUAJIOB H
BCEBO3MOXHBIX TIOJIXOI0B K (JOPMHUPOBAHUIO MOJIEIIH;

4. pa3paboTaTh HOBBIM BBIYHCIUTEIBHBINA alTOPUTM OT (OPMHUPOBAHUS T€OMET-
pUYECKON M pacu€THOW MOJENICH CTPOUTEIBHBIX OOBEKTOB, aBTOMATH3UPOBAHHOTO
CO3JIaHMsl MPOrpaMMHOro kojaa (mporpammbl) Ha si3bike APDL pgo mepenmaum mpo-
rpammsbl B [IK ANSYS, npoBenenus pacuéra u aHaian3a pe3ysbTaToB;

5. pa3paboTarh aIrOPUTM Y4€Ta pazdpoca MEXaHUYECKUX CBOMCTB CTPOUTEIHHBIX
MaTepuasoB U peaJnu30BaTh €ro B MPOrpaMMHOM UHTEpdeiice.

6. TIPOBECTU CPABHUTEIIbHBIA aHAIN3 YHMCICHHBIX U HATYPHBIX SKCIEPUMEHTOB
JUIS. ONPENIENICHHsS] JIOCTOBEPHOCTH PE3YJbTATOB, IMOJYYEHHBIX C HMCIOJIb30BaHUEM
HOBOH BhIYHCINTEILHOM TexHonoruu B [IK ANSYS;

7. IpUMEHUTH Ppa3pabOTAaHHYIO BBIUYMCIUTEIBHYIO TEXHOJIOTHIO K pacyéram pe-
QIBHBIX CTPOUTETLHBIX 00BEKTOB, B TOM YHCIIE, C TPEIIUHAMHU U JIe(hEeKTaMu.
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Hayunasi HOoBH3HA pabOTHI COCTOHT:

- B Pa3BUTUM METOJOJOTMU CO3JaHUS MATEMAaTH4YECKOTO M IPOTrPaMMHOTO
oOecrieueHus, a UMEHHO B CO3/IaHUU HOBOM BBIYMCIUTENIBHON TEXHOJIOTHH JUISl UC-
CJIEIOBaHMS MPOLECCOB Ae(POPMUPOBAHUS U PA3PYIICHUS 3AaHUN U COOPYKEHUH, C
LENbI0 ONpENETICHHs] PE3EPBOB UX HECYyIled CIOCOOHOCTH MPH HAKOIUICHUH CTPYK-
TYPHBIX OBPEXKIACHUN;

- B CO3JJaHUH NPOOJIEMHO-OPUEHTUPOBAHHON MPOTPAMMBI JUIsl IPOBEJCHUS BbI-
YUCIUTEIBHBIX IKCIEPUMEHTOB, CIOCOOHOW B aBTOMATH3HPOBAHHOM PEKUME
dbopmupoBath npocpammusiii koo (Ha si3pike APDL) co3manms reoMeTpuyeckon u
pacy€éTHOM MOJENH CHEUUATM3UPOBAHHBIME HHCTPYMEHTAMU [JIsi MCCIEIOBAHUS
nedhopMUPOBAHUS U pa3pyIICHUS IPOCTPaHCTBEHHBIX coopykeHuil B [IK ANSYS nHa
3a/IaHHbIC BHEIIIHUE BO3/ICICTBUS;

- B pa3paboTke anroputMma ydéra pa3zdpoca MEXaHHUYECKHX CBOWCTB CTpPOH-
TEIbHBIX  MaTepUANIOB,  peaJd3alMd  €ro B CO3JaHHOM  Iporpamme
AnSysBuildingBlock (ASBB) u onpenenenun o6iactu NpUMEHEHHs JTAHHOTO aJlro-
puTM™MA.

IIpakTnyeckass 3HaYMMOCTh padoThbl. Pa3paboTraHHas B aucceprauuu mpo-
0JIEMHO-OPUEHTHPOBAHHAS nporpamma aBTOMaTU3aLU1 dbopmupoBaHUs
porpaMMHoOro kozaa (Ha a3pike APDL) 1o3BoJsieT CyneCTBEHHO YMEHBIINUTD TPYIO-
3aTpaThl U BPEMEHHBIE PECYpPChl HAa BBINOJHEHHWE WHKEHEPHBIX PACUETOB OIEHKU
HEeCyIleld CHOCOOHOCTH M HCCIEIOBAaHUE IPOIECCOB DPa3pYIICHHUs] CTPOUTEIBHBIX
KOHCTPYKUHUHA H COKpPaTUTh CpPOKUM MOATOTOBKH CHELHAIUCTOB K padboTe cC
IIK ANSYS.

Pabora nonnepxxana rpantom POOU-Ypan Ne04-01-96067, B KOTOPOM TPOEKT
«[IpyHIMIIBI 1 METOMBI SKCIEPTHBIX OLEHOK 0€30MacHOCTU MOBPEXKAEHHBIX CTPOH-
TEJbHBIX KOHCTPYKLHMI Ha OCHOBE IPOTHO3UPOBAHUS AaBAPUUHBIX CHUTYyallUd H
aHanm3a JePOpPMAIMOHHBIX PECYPCOB CTPYKTYPHO-HEOAHOPOIHBIX MAaTEPHAIIOB»
HalpaBJICH Ha pemieHne (QyHIaMeHTambHOW 3amaun «Pa3BUTHE Hay4YHBIX OCHOB
YTOYHEHHOTO MTPOYHOCTHOTO aHAM3a, BKIFOYAIOIIETO OIEHKY 0€30MacHOCTH, OTBET-
CTBEHHBIX KOHCTPYKIIMH HAa OCHOBE KOMIUIEKCHOTO aHAIM3a (paKTOPOB, BIUSIONINX HA
XapakTep MPOILEeCCOB Pa3BUTHA N€(DEKTOB W ONPEACISIONNX >KHUBYYECTh CHUCTEM;
CO3/JaHUE aHATMTHYCCKOW MH(POPMAIIMOHHONW CUCTEMBI SKCIIEPTHBIX OIICHOK aBapHii-
HOCTH TTOBPEXKAEHHBIX CTPOUTEIBHBIX KOHCTPYKIIHAM».

MeTtoabl ucciieq0BaHus1, JOCTOBEPHOCTD MOJIY4YeHHBIX pe3yJbTaToB. B pa-
00Te UCHOJB30BaHbl TEOPETUUYECKUE U IKCIIEPUMEHTAIbHBIE METObl UCCIIEIOBAHUSI.
Pemenus 3agau 6a3upyroTcsi Ha U3BECTHBIX TEOPETHUECKHUX IMOJIOKEHUSIX MEXaHUKU
1e(OPMUPOBAHHOTO TBEPJOTO Tejla U BHITEKAIOMIMX M3 HUX (HOPMYIMPOBKAX Mare-
MAaTHYECKUX  MOJENEd M  TNOATBEPKAAIOTCA  CXOJMMOCTBIO  IOJTYYEHHBIX
TEOPETUUECKUX PE3YIbTATOB C JAHHBIMHU 3KCIIEPUMEHTOB. MeTOIMKa TEOPETUUECKO-
IO HCCJENOBaHUSl HECYyHIEH CHOCOOHOCTH pPEaJTbHOrO0 CTPOMTEIBHOIO OOBEKTa C
UCIOJIb30BAHUEM Pa3padOTaHHOHN B IUCCEPTALIMOHHON paboTe MporpaMMebl NepeiaHa
B CTPOMTEJNIBHYIO OTPACIb ISl MPAKTHYECKOT0 MCIOJb30BaHUs, YTO MOJITBEPKIAECHO
aKTOM BHEJIPEHUs, NPUIIOKEHHBIM K JHCCEpTalnd. [J0CTOBEpHOCTh HOBHU3HBI pa3pa-
O00TaHHOM pOo0JIEMHO-OPUEHTHPOBAHHOM IIPOrpaMMBbI MOATBEPKICHA
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CBUAETENHLCTBOM 00 oduUMambHOW perucrpauuu mnporpammbl st OBM
No 2007610746 denepanbHO# CITYKOBI M0 WHTEIUICKTYyaJIbHOW COOCTBEHHOCTH, Tia-
TEHTaM U TOBAPHBIM 3HAKaM.

Amnpodanusi pa6oTbl. OCHOBHBIE TIOJIOKCHHUS padOTHI JOKIIAIBIBATIUCE M 00-
CY)KJIQJTUCh Ha CIICTYIONTUX HaYIHO-TEXHUYCCKUX KOH(pepeHInsax: XXX roOmIeHHon
HaygHou koH(epeniuu, (. Ilepmp, 2003 r.), CTyIeHUYECKOW HAyYHO-TEXHHYCCKOM
koH(pepennun «KommbproTepHas MeXaHWKa MarepuaaioB W KoHCTpyknwmit» (III'TY,
r. [lepmb, 2003 1.), 6-if Beepoccuiickoit (¢ MEXIyHApOAHBIM y4acTUEM) KOH(EpeH-
uun «Muadopmanus, naHoBanuu, uHBectuliun» (r. Ilepmp, 2005 r.), 14-0it u 15-oit
MEXAYHApOIHBIX 3MMHHX IIKOJAX MO MexaHuke crutomHslx cpen (YpO PAH,
r. [lepmb, 2005, 2007 rr.), MEXIyHApOJIHON HAyYHO-TEXHHUYECKOW KOH(epeHIun
«BpruncnurensHas Mexanuka aegopmupyemoro TBEproro tena» (MUUT, r. Mock-
Ba, 2006 r.), 7-ii Bcepoccuiickoii koHpepeHuun «MHpopmanus, HHHOBaLUS,
uHBectuin» (T. Ilepmb, 2006 r.), HaydHOU ceccun «B3anMOCBs3b MPOEKTUPOBAHUS
MPOCTPAHCTBEHHBIX KOHCTPYKIIMA C BOTpPOCaMH 0€30MaCHOCTH, IKCIUTYyaTaIllMOHHON
HaJI&KHOCTH U J1oATOoBeYHOCTH» (T. Mockga, 2007 1.). B 2006 rogy B KOHKypce Ha
JYYIIUA HAYYHBIA JOKJIAJ aclMpaHTa MO TEXHUYECKMM Haykam aBTop 3aHsu1 [ u III
MECTO B IIEPBOM U BO BTOPOM TypaxX KOHKypca cooTBeTCTBeHHO (T. [lepmb, 2006 r.).

IMyoaukanun. OCHOBHBIC TIOJOXEHHUS IHUCCEPTAlMM OMYOJMKOBAHBI B
12 nedatHbIX paboTax, B TOM 4Hciie 2 B )KypHaie, pekomeHaoBanHOM BAK.

CTpykrypa n 00béM padoThl. /(uccepranmonHas paboTa COCTOUT W3 BBEJIEC-
HUS, YETHIPEX TJIaB, BHIBOAOB IO KaXJOW TJIaB€, OCHOBHBIX 3aKJIIOUECHHI, CIUCKa
mutepatypsl (94 HanMeHoBaHus), 2 npuwiokernid, 101 pucynka u 11 tabmumm. O0mmi
00béM muccepTaruu — 166 cTpaHui.

COJIEPKAHUE PABOTbI

Bo BBeneHun J1aHO 00OCHOBAaHHE aKTYaJIBHOCTH TEMbI JUCCEPTAIMOHHON pa-
0OTBI, yKa3aHa 11eJ1b K OCHOBHBIC 33]]a4H MCCJICIOBAHUHN, X HAyYHas U TMPAKTHYCCKAsI
3HAaYUMOCTb, IPUBEACHO KPATKOE COACPKAHUE TUCCEPTAILIUH TI0 TJIaBaM.

B mepBoii riaBe 0OCYXITAIOTCSA: aKTyaJlbHOCTh MPOOJIEMBI 0OE30TaCHOCTH
CTPOUTEIBHBIX OOBEKTOB M CYIICCTBYIOIIMX IMOJXO0B K HMCCICAOBAHUIO HECYIICH
CIIOCOOHOCTH | MPOIIECCOB PA3PYIICHHS CTPOUTEIBHBIX KOHCTPYKITUH.

B Hacrosiiee Bpemsi MHOTHE HCCIIEOBATENN 00paIlaloTcs K npobieme 6e30-
nachocmuy 3MaHUKW M COOPYKCHHUH M MpeiaraloT pa3HbIe MOAX0/bI K € PEIICHHUI0: C
MTOMOIIBI0 KOHCTPYKTHBHBIX PEHICHHUH 3aHMs, CIIOCOO0B BO3JCHCTBUSA Ha OCHOBAHUE
COOPYKCHHS, TMO3BOJISIONIUX OCYIICCTBIATh PEryJIUPOBAHHUE TEKYIIErO COCTOSHHS
3IaHUS] M1 OCHOBAHMS M 0oJiee THOKO MPHUCTIOCabIMBaTh MX K U3MECHSIOMIUMCS YCJIO0-
BUSM BHCIIHMX BO3JCHCTBUH ¢ Y4ETOM pEANbHOIO (PU3UYECKOTO COCTOSHUS
KOHCTpyKIni. OHAKO B 3TUX pabOTaXx OCHOBHOC BHMMAHHE YACISACTCSA KAYECMBEH-
HOU CTOPOHE MPOOJIEMBI, Yallle BCero — 0e3 JACTaJbHOr0 KOJIMYSCTBCHHOIO aHaIn3a,
YTO MOJpa3yMeBacT o co0oi 0oJiee TOYHOE MOJICITMPOBAHUE TCOMETPUH 3IaHUN U
COOPYKCHHUI U CBOMCTB MX MaTtepuayioB. CTPOUTEIIbHBIC HOPMBI M IpaBujia MPHU BbI-
O0ope pacuéTHOM CXEMBI COOPY)KCHHSI PCEKOMCHAYIOT YYHTBHIBAaTH HamOoJsee
CYIICCTBECHHBIC (PAKTOPHI, OMPEACIAIONINE HANPSHKEHHOE COCTOSHHME M JedopMarivu
OCHOBaHHUS M KOHCTPYKIIMI COOPYKEHHS, IPOCTPAHCTBEHHYIO pabOTy KOHCTPYKIIHH,
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Tr€OMETPUUECKYI0O U (PU3NYECKYIO0 HEIMHEWHOCTh, aHU3OTPOINMIO, IUIACTUYECKUE U
PEOJIOTUYECKUE CBOMCTBA MAaTEpUAIOB U TPYHTOB, HO HE COJEP)KAT MPAKTHICCKHUX
MIPEIIOKEHUH TI0 PEIICHUIO TAHHOW TTPOOJIEMBI.

[Tpu pa3HBIX BO3ACHCTBUSX HA CTPOUTEIbHBIE O0BEKTHI, HE TIPEITyCMOTPEHHBIX
MEPBOHAYAIBHBIM TPOCKTOM, WJIM B aBAPUIHBIX CHUTYallUSX MPU HAJTUYUA B KOHCT-
PYKIIUAX TpemMuH u JedeKToB, TpeOyeTrcss HambojIee TOYHOE MOJICTUPOBAHUE
T€OMETPUH W CBOWCTB MaTepUalOB C YU4ETOM HAKOIUICHUS TIOBPEXKICHHNA U CTPYK-
TYPHOTO pa3pylI€HUs, CHOCOOHOCTU MOBPEKAEHHBIX MAaTEPHAIOB BOCHPUHUMATH
BHELIHIOW Harpy3ky. [IpoBeaeHHne Takux HCCIEAOBAHUNA CTAHOBUTCS BO3MOXKHBIM
P UCTOJIB30BaHUU METO/I0B MATEMATUYECKOTO MOJIETUPOBAHUS C UCIIOIb30BAHUEM
YHUCJIEHHBIX METOJIOB M BBICOKOIPOM3BOJIUTENIBHBIX MPOTPAMMHBIX KOMILIEKCOB,
peanu3yronmx ux Ha 9BM.

AHanM3 MEXaHMYECKUX CBOICTB CTPOUTENBbHBIX MarepuagoB (Oero-
Ha/’&Kee300eTOHa, KHPIUYHOM KIIaJK/, TPYHTA) MOKa3all, 9TO 3TH MAaTePHAIBl MOTYT
o0yamaTth CBOWCTBAMH YIPYTOCTH, XPYIMKOCTH, IIACTUYHOCTA M TOJ3Y4ECTH, KOTO-
pBI€ TTO-Pa3HOMY MPOSIBISIOTCS HA Pa3HBIX ATamax paboThl KOHCTPYKIIMH MPU pa3HbIX
BHEITHUX BO3ICUCTBUAX. B paboTe paccMOTpeHsI MpeayiaraeMple pa3HbIMH aBTOPaMHU
MOJIETTH MEXaHWYECKOTO TOBEACHUS W pa3pyHICHUS CTPOUTENBHBIX MaTEpPUAIOB,
KOTOpbhIE€ HE MOTYT CUHMTATHCS 3aKOHUYECHHBIMH, W TMPOJOJIKAIOT Pa3BUBATHCA B HO-
BEUIINX HUCCIIEIOBAaHUSAX.

[Tpu 0630pe MeTom0B pacuéTa Hecymeld CIOCOOHOCTH CTPOUTEITHHBIX KOHCT-
PYKIHI 1 OOBEKTOB B 1IEJIOM B Ka4ECTBE OCHOBHOTO METO/Ia UCCIICIOBAHUS B JaHHOU
pabote BeIOpaH MeTO KOHEUYHBIX 3eMeHTOB (MKD), xoTophIii cHaGX)EH BcemMH aT-
puOyTaMu «CEepbE3HON TEOpHH», OCHOBAaHHOW Ha TPUMEHCHHH aOCTPAKTHOM
MaTEeMaTHK{ W TEOPUU CIUIONIHBIX Cpell, a B KAYeCTBE OCHOBHOTO MHCTPYMEHTA HC-
cieAoBaHUM — mporpaMMHbIi KomIiuiekc ANSYS, ¢ momoIipio KOTOPOTro MOKHO
CO3/1aBaTh KOMIIbIOTEPHBIE MOJEIHU OOJIbIION Pa3MEPHOCTU U UCCIEOBAaTh OTKIIUKH
BO3JICHCTBUH pa3InyHON (PU3NUECKOU TPUPOIBI.

I'eomerpuro Mmozaenu crpoutenbHoro oobekTa B IIK ANSYS MoxxHO co3naBaTh
3-Ms pa3IUMYHBIMU CIOCOOAMH, HO HU OAMH M3 HUX HE SIBJISETCS MPOCTBIM B CBOEM
pelIeHUU. DTO MOCIYKUJIO0 TOTYKOM K COBEPIICHCTBOBAHUIO BBHIYMCIUTEIBHON TEX-
HOJIOTUM U K pa3pabOTKe HOBOTIO airoputMa (HOpMHUpPOBAHUS T€OMETPUUECKOH U
pacu€THOI MoJenH, KOTOpbli Obul Obl Hanbonee MPOoCThIM, 3(P(HEKTUBHBIM O CPaB-
HEHUIO C CYHIECTBYIOIIMMH CIIOCOOAMU M TOAXOAAMH W CO3JaHHIO0 TPOOJIIEMHO
OPUEHTUPOBAHHOM MPOrpaMMbl TPOYHOCTHOTO aHAJIU3A 3/IAHUNA U COOPYKECHUU.

Bo BTOpoii rinaBe ommchIBalOTCS pa3zpaboTaHHBIC AITOPUTM H MPOOIEMHO-
opuentupoBanHas nporpamma AnSysBuildingBlock (ASBB) mns sddextuBHoro
MPOBEICHUS BBIYMCIUTEIBHBIX SKCIIEPUMEHTOB TI0 MCCIIEIOBAHUIO HECYIIEH CITOCO0-
HOCTH W TIPOIIECCOB Pa3pyIICHUs] CTPOUTEIbHBIX KOHCTpYKIM. [laétcst onmcanue u
MPUHIIAI padOTHI IPOTPaMMBI, TIPpeHA3HAYCHHON s 2 GEKTUBHON aBTOMATH3AIIUU
mporecca Co3aaHus MPOrpaMMHOTO KO/Ia Ha S3bIKE MapaMEeTPUIECKOT0 MOJIETHPOBa-
Hust APDL, Bctpoennoro B [IK ANSYS.

[Tpomecc paboTsl ¢ mporpammoit ASBB cocTout u3 3 3raros:
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1 3ran. @opMupoBaHNe reoMeTpPUUYECKOl MOJeJN 3AaHUS WIH COOpPY:iKe-
Hus. Ha ngaHHOM »3Tamne B NO3TaKHOM MOPSAIKE CO3JAETCAd TE€OMETpUYECKas Hu
pacu€THas MOJIETT CTPOUTEILHOTO OOBEKTA.

Brauane monp3oBaTens JOHKEH BBECTH BCE HEOOXOIMMEBIE HaHHBIE I Gop-
MHUPOBAHUS MOJAENIH: KOJUYECTBO 3TAKEW U MapaMeTPhbl KaXJAO0ro 3Ta)a, Ha3BaHUS U
(U3UYeCKUe CBOMCTBA MAaTEpHUAJIOB, BBECTH OOIIME HACTPOWKH Mozenu. Jlamee co3-
JAIOTCS BCTIOMOTATEIbHBIE OOBEKTHI — KOOPAMHAIMOHHBIE OCH W XapaKTepHBIC
Toukd. K HUM B JanbHEHIIEM NPUBS3BIBAIOT BHOBbH CO3/1aBA€MbIE CTPOUTEIIbHBIC
00BEKTHI (CTEHBI, MPOEMBI, KOJIOHHBI, OaJKU, MEPEKPHITUSI, TTPOU3BOJILHBIC OJIOKH)
(puc. 1). U B 3aBepiieHre K CO3JaHHBIM O0OBEKTAM MPUKIIAILIBAIOTCS BHEUTHUE BO3-
NEUCTBUA U YCIOBUSI 3aKPETUICHUS.

2 3Tran. ABTOMaTH4YeCKasi reHepanus MPOrpaMMHOr0 KoJAa Mo CO3AaHHOMI
Mozaeau. Ha sTom sTarne yuyactue moyib30BaTelisi CBEIEHO K MUHUMYMY. [Iporpamma
MOJHOCTBIO aBTOMATHUYECKM CO3MAET MporpaMMHbIid Koja Ha s3bike APDL s
ITK ANSYS. Co3nanHblif KOJ MOKHO COXPaHUTh WM JOTIOJHUTEIBHO OTPEAAKTHPO-
BaTh (puc. 2).

=5 53 PenaxTop APDL (D:\!flwia\ My Programs\AnSysBuildingBloc Projects\DDSODIdILERE) (Bl

Kb Boash)

52-K 3T
L
T | e

aaaaaa 0 ] m % |3ram Bropneran v him

@afin_Peaatop Omum 7

e Orum

T I mporp. COBHAHMA KMPMMMHON KINANKM (YHACTKA CTeHEH)

Exmrp

<=
Syan

FINISH
/cLEAR louncrka nmpocTpancTEa u BI
/FILENAME , KL ITipeBapuTeNbHOE COXpAHEHUe Bamaui
/PRER7 Inepexon B mpempomeccop

/NOPR

/NUMBER, 1

/pNuUn, AREA, 1

/nerr, 200000

o
L. 1= I
wa| Crewa oeam Bama

Tipoe:

LA

| oCHOBHHE mapaMeTpH KMpmMuA

[KRX=0.16 !amuua xupmmia, M

Conparas k.
[KRY=0.10 lmmpuna upmmia, m T
[KRZ=0.07 lemcora kmpmmda, M
Hacrpon.
| ocHOBHEEe mapaMeTpH pa
ArysBidingBlock.

Crpasostias wpoprauw F1)

[RVX=0.005
[RVZ=0.005

I ocHommEe

Coxpanums npaex (chl+S)

[

xupmmei mo ocu X (Someme ommorol)
cuemenns cnose wnmamky (or 0...0,5)

Zarpyxenue: Penacrop APDL.. (F2)
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e
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BuuteneHue of GLexToB
‘ gl AL
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- . |
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> P | [

Puc. 2. IlporpamMMHBI# KOJ TeOMETpHYE-
CKOM U pacu€THOU Moenei
CTPOUTENBHOTO 00BEKTa

Puc. 1. 'eomeTpuueckas MoJienb 3MaHUSA

3 sran. BeinosiHeHue pacuéTra U aHaau3 pe3yabraTroB. Ha sTOM »Tamne wuc-
nons3yercs [IK ANSYS. B nporpammubiii kommuieke ANSYS umnoprtupyercs
nonydyeHHsli B ASBB mporpammusiii koa. Ilocine atoro B ANSYS aBroMarudecku
CO31aETC TPEXMEpPHAsi pacu€THasi MOJEIb 3[IaHUS WA COOPYKEHUS, TEHEPUPYETCS
CETKa KOHEYHBIX AIEMEHTOB, YUUTHIBAIOTCS TPAHUYHBIE YCIIOBHS U 33/Ial0TCSl HArpy3-
k. CoriacHo KOMaHJaM MNpOrpaMMHOrO KoJla, BBIMOJHsETCS pacu€ér moxaenu. Ilo
pe3ynbTaTaM pacu€Tra MOXKHO MPOBOJAUTH TIIATEIIbHBINA aHAIHU3.

Jlanee B ri1aBe omucaHa 00JacTh MpUMeHeHust iporpammel. [logpo6HO onucan
QITOPUTM CO3JaHUS TPOTPAMMHOTO KOJ[a MOJIENTH CTPOUTEIBHOTO 0ObEKTA.

Pa36poc cBoiicTB MaTepuanioB KOHCTPYKIIUM, peaIU3YIOMIUICS Jaxke mpu ad-
COJIFOTHO TOYHOM BBHITIOJTHEHUH BCEX TEXHUYECKUX TPEOOBAHUM, SIBISICTCS OCHOBHBIM
HMCTOYHUKOM BO3MOXKHBIX OTKIIOHEHUHN PAaCUETHBIX MapaMeTPOB KOHCTPYKIIUI CTPOU-
TeTbHBIX 00BEKTOB, M 00bIYHO yuuThiBacTcsi B CHullax cucremoit HOpMupyeMbIX
KOd(PUIMEeHTOB HAIEKHOCTH. B oTnuume oT Apyrux NporpaMMHBIX KOMIUIEKCOB U
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MPUKIIAHBIX CUCTEM JJIsl pacyéTa CTPOUTENbHBIX KOHCTPYKIUU, mporpamma ASBB
MMeEeT BCTPOCHHYIO0 (DyHKIHIO yuéra pa3dpoca MEXaHMYECKHX CBOMCTB MaTEepPHAIIOB.
Onncan anropuT™ ydéra pazdpoca CBOUCTB (MOAY/s YIpPYrocTH, Kod(duireHrta
[Tyaccona, mIOTHOCTH), KOTOPBIM MO3BOJISIET MOJIB30BATEIIO, UCIOJIB3YSI TEHEPATOP
CIIy9aifHBIX YrceN ¥ KOd(PPUIIMEHT BapHallMK, TeHEPUPOBATh HOBBIE MaTepUabl IO
BCEMY OOBEMY CTPOHMTENHHOW KOHCTPYKIIMH, UMUTHPYS Pa3z0dpOC MEXaHHMUECKHUX
CBOMCTB Matepuaa.

[IpoGnema KaueCTBEHHOTO KCIOPTA TEOMETPUUECKUX MOJENIEH U3 PacUETHBIX
KOMIUIEKCOB B YepTEXKHO-Tpapuueckue CUCTEMbl, MOOYyIMIa aBTopa co3Aarh B Mpo-
rpaMme  ASBB  [0MONHUTENbHYIO  (YHKIMIO KAuyeCTBEHHOIO JKCIOpTa B
YHUBEpCcaldbHYyI0 depTéxHo-rpaduueckyto cucremy KOMIIAC. A ucnonb3ys Bo3-
MoxkHoct CAIIP KOMIIAC mno wunHTerpamuu c pasHbIMU (opMaTamMu JaHHBIX
(CDW, FRW, KSF, IGES, DWG, DXF, eDrawing, BEKTOpHbIE U PacCTpOBbIE PUCYH-
KH MHOTUX (opmMaTroB), OSKCIOPTHPOBaHHBICE TpadUUYECKUE [aHHBIE MOXKHO
nepeaaBaTh U B Apyrue Hanoosee ynoousie mis padoter CAIIP.

[Ipumenenue mporpaMmmbl ASBB npu mpodHOCTHBIX pacdéTax Kak HOBOTO
croco6a WM HOBOM BBIYUCIUTEIFHON TEXHOJIOTHH pacuéra CTPOUTEIBHBIX O0OBEKTOB
¢ nmomotisio I[IK ANSYS TpebOyer pa3paboTku anropuTma JEHCTBHH ITOTH30BATEIS
nporpamMbl ASBB. DToT anroputMm mojnpoOHO omucaH B JTaHHOW TJiaBe, U CBOUM
NPUHIIMIIOM OH HAllOMHHAET MPOIIECC BO3BEJCHUS 3/1aHUs HAa CTPOUTENIbHOH IUIO-
maake. Ha KOHKpeTHOM MpuMepe I[OKa3aHa pealn3alus ajlropuTMa CO3/IaHUs
reoMeTpUUYEeCKoil MojeNu 31anus B mporpamme ASBB.

B xonne rmaBel npoBenéH aHanu3 3PGEKTUBHOCTH MCIOIB30BaHUS MPOTpaM-
Mbl ASBB mo cpaBHeHHIO ¢ ApyrumMu croco0amu: 1, — MHTEPaKTUBHBIM BBOIOM
naHHbIX HemnocpeacTBeHHO B [IK ANSYS; 2, — uMnopTom reoMeTpudeckor Moaenu
U3 TpaQuUecKuX CHUCTEM, TMOACPKUBAOIINX TBEPAOTEIBHOE MOICITUPOBAHUE
(AutoCAD, ArchiCAD, 3D Studio Max, KOMITAC-3D u ap.) ¢ nociaeayoiuM UH-
TEPAaKTUBHBIM BBOJIOM JAaHHBIX JUIsl PAcuéTHOM MOJENIH: TPAHUYHBIX YCJIOBHIA,
HArpy30K M BO3JEUCTBUMN, (PU3MKO-MEXaHHUUECKHX CBOMCTB MarepHalioB, (OpMUPO-
BaHWEM CETKM KOHEYHBIX 3JEMEHTOB; 3, —  HCIOJb30BAHUEM  sI3bIKa
napamerpuueckoro npoexktupoanust APDL st HanvcaHus mporpaMMbl HOJIb30Ba-
TeJeM, MO pe3yJbTaTaM KOTOPbIX, MOXKHO OTMETHTh CYHIECTBEHHBIE NMPEUMYILIECTBA
HOBOW BBIYMCIUTENbHON TEXHOJIOTHH IO 3aTpaTaM BPEMEHU: Ha BBINIOJHEHHE pacué-
Ta (puc. 3) ¥ Ha OATOTOBKY MOJIb30BaTels (puc. 4).

Hogelid cnocof [T ] ‘ ‘ ‘ ‘ ‘ HOBLIA cnocob ]]

3cnocod T
3 cnocol

2cnocof ]

1cnocof py—

0
1 cnocob

O $ opMUpOBaHNe reoMeTpuyeckoll Moaenu O
@ ¢ opmMUpoBaHe pacuETHON Moaenu Bpemsa

Bpewmsa

O Pacuér

O AHanu3 pesynbTaTtoB ‘D Ofyuerne ANSY'S m Mzyuedne AFDL O HapaGoTka onema e ANSY S 0 Mayyenue ASBE ‘

Puc. 3. /InarpaMma OTHOCUTENBHBIX 3aTPaT Puc. 4. JIluarpamma OTHOCUTENBHBIX 3aTpaT
BPEMEHH I10JIb30BATENSI IPH MCIIOJIb30BA- BpPEMEHH Ha MOJTOTOBKY I10JIb30BATENS
HHUH Pa3HBIX CIIOCO0O0B pacyéra
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Kpome Ttoro, npeumymiecTBo ucrnosib3oBanus mnporpammbsl ASBB nmeer cre-
IYIOIINE TIOJI0KUTEIIbHbIE MOMEHTHI:

® 130aBJICHUE TTOJIH30BATEIS OT MPOOJIEM CTHIKOBKH KOHCTPYKITMI M KOHEYHBIX
AJIEMEHTOB MeEXAy co0oH, BbiOOpa THmoB KO, mpomecca co3maHusi KOHEYHO-
AJIEMEHTHOM CETKH, CJI0KHOCTHU 3aJ]aHUs TPAaHUYHBIX YCIOBUM U MPUIIOKEHUS BHEII-
HUX Harpy3ok;

® peanm3aiysl CTAHIAPTHOTO MPHUHIMIA (GOPMUPOBAHUS MOICIN 3IaHUN WIH
COOPYKEHHH, KaK CHECIHAIM3UPOBAHHOE MPHIIOKEHHE TSI CTPOUTEIHHON 00JIacTH;

® BO3MOXHOCTb MPOBEACHUS HEJIMHEHHOr0 aHallu3a, ISl pa3HbIX MoJIeJel Me-
XaHUYECKOTO MOBEJICHUS CTPOUTENIbHBIX MAaTEPHAIIOB;

® BO3MOXHOCTh MOJIEIIMPOBAHMS TPEUIMH U U3YyYEHHUE IPOIecca UX BO3ZHUKHO-
BEHUS M PA3BUTUS B PACUETHOW MOJENU JJIsl OLEHKU >XKUMBydecTH (0€30IacHOCTH)
CTPOUTENbHBIX 00BEKTOB;

® BO3MOYKHOCTh y4€Ta pa3zdpoca (HU3MKO-MEXaHUYECKHUX CBOWMCTB MaTepUajoOB
KOHCTPYKLHH;

® [ICCIE/IOBAHME CIIOKHBIX MAaTE€MaTHYECKUX MOJENEeH 31aHUA COBMECTHO C
(yHIIaMEHTOM U TPYHTOBBIM OCHOBAaHUEM 3a CUET MPOrPECCUBHBIX (QYHKIUH, peau-
3oBaHHbIX B [TK ANSYS.

TpeTbs ri1aBa NOCBSIIEHA YUCICHHOMY MOJCIUPOBAHUIO MPOLIECCOB Ae(op-
MUPOBAHUS U Pa3pyIICHUS] KOHCTPYKTUBHBIX 3JIEMEHTOB CTPOUTEIIBHBIX OOBEKTOB U
MPOBEPKE aJeKBATHOCTH MAaTEeMAaTHUUYECKUX MOJeNel OOBEKTOB Ha OCHOBE JaHHBIX
HaTYPHBIX IKCIIEPUMEHTOB.

B navasne rimaBbl NpUBOIUTCS aHAIW3 MIPUYUH TOSBICHUS MaKpOpa3pylUIeHUN B
CTPOMUTENbHBIX KOHCTPYKLUHUSX 3JaHUN U COOPY>KEHUN, KOTOPHIMU Yallle BCEro SIBIIs-
10Tcs  JeopMald TPYHTOBOTO OCHOBAaHHS COOPYKEHUST W HHU3KOE KauecTBO
MOHTaXHBIX PaboOT.

JIst KOHCTPYKITMH, pacCMaTpUBAaeMBbIX B JAaHHON paboTe, ONpeAeIsIoee 3Ha-
YeHHE TPH Pa3pYIICHHH MaTepUajOB MUMEET TPEIIMHOOOPa30BaHUE W MOITOMY IMPH
WCCIIEIOBAaHUN MEXaHUYECKOTO MOBEJACHUS OETOHA B JaHHOW pabOTe MCIOIB3YeTCs
MaTeMaThuecKasi MOJelib, OPUEHTUPOBAHHASI HAa OMUCAHUE YIPYro-XpPYyIKOTo pa3py-
menwns, pazpabortanHas K.J. Willam n E.D. Warnke u peanvu3oBaHHas B KOHEYHO-
sneMeHTHOM nakere ANSYS, a 11t KUpIUYHON KJIAJIKU - HEJIMHEHAs MaTeMaTh4e-
CKasi MoJelb, pazpaboTtanHas B padore ['.I'. KameBapoBoii, yauTbIBaromas npoueccol
HAKOIUICHHS YIPYTO-XPYNKUX MOBPEXKIECHUN U 3aKPUTUYECKOTO e(hOpMUPOBAHUS B
YCIOBUSIX CJIOXKHOTO HANpsKEHHOTO cocTOsHUA. [laHHash MaTemaTHdecKas MOJEb
BCTpOEHA B pa3zpaborannyto nporpaMmmy ASBB.

Jlist Toro 4toOBl KCIOJIB30BaTh 3TH MAaTEMaTHYECKHE MOJENHM B pacyéTax,
HY>KHBI MOJHBIE AUarpammbl JepopMUpoBaHus MatepuasioB. [loaromy OblIM MpoBe-
JI€Hbl HATypHbIE SKCIEPUMEHTHI IO Pa3pPYIICHUIO O0pPa3lOB MPEACTABUTEIHLHOTO
o0bemMa KupnuuHoOi knajaku. OqHa U3 NOJyYeHHBIX AUarpaMM MoKa3aHa Ha puc. S.
Hucnagaromniast BETBb COOTBETCTBYET IpoLECCy, Koraa 1ehopMUpPOBAaHUE OCYILECTB-
JSeTCS MPEUMYILIECTBEHHO 3a CYET (OPMHUPOBAHMSI M PA3BUTHS CUCTEM TPEIIMH U
pa3pbIBOB, KOTOpPbIE HAUMHAIOT MOSABIATHCSA IPU HArpy3ke, cocrapistoeit 60 — 70 %
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oT MaKCHMaJIBHOﬁ, HO KJIagKa COXpa-

8 Pactuer

;: { HSCT HECYIIYyI0 CIIOCOOHOCTH emé

. | ReTIepEmerT JOBOJIBHO JUIMTEIBHOE BPEMSL.

4

ey JIns OLeHKM aJleKBAaTHOCTH MC-

f: _ MIOJIB3YEMOM MaTeMAaTHYECKOW MOJEIN

0 | | | | £% BBIIIOJTHEHBl YHMCIICHHBIE JKCIIEPUMEH-
L — L E 2 £ TBI 110 pa3pyLICHHIO oOpasia

MPEICTaBUTEIBLHOTO 00BEMA KHUPIHUY-
HOM KIagKh Takoro e, Kak B
HATypHOM 3KcrepuMeHTe (puc. 6).
MaremaTnueckasi MOJENb IPOCTPAHCTBEHHOM KpaeBOM
3aJaud  NpeJCTaBieHa cucTeMod  JauddepeHuanibHbIX

Puc. 5. [lonmHast quarpamma neopMHUpOBaAHHS
o0pasiua npu cxaTuu

ypasHenui pasrogecus G, . (;c) + p(;c)Fl. =0, xe vV, (1)
Koww  €,(x)= %(uu () +1,,(x), xeV, )

onpedensiouux coomuowenut 6,(x)=C,, (X)€, xeV 3)

141 Kpaeeblx yCﬂOGUﬁI 110 HalpaBJICHUTO oCH Z
MPUKIAABIBAJIOCh KUHEMATUYICCKOC BO3ZICI>1CTBHG B BHUIAC IIC-

Puc. 6. O6pazer kup-
IYHOH KIAIKK peMeleHus Uy, a MPOTHUBOIIOJIOXKHAS IUIOCKOCTh JJIEMEHTA

3aKperuIsiach Mo 3TOM K€ KOOpAUHATE.
31ech: X— pajnyCc-BEKTOp MPOCTPAHCTBEHHOIO IOJOKEHHUSI YacTULbI;, P —
IUIOTHOCTh MaTepualia; pF; — KOMIIOHEHThl BEKTOpA BHEIIHUX MACCOBBIX CHUIT;, u; —

KOMITOHCHTBI BCKTOPA IICPCMCIICHU Cijkl — KOMIIOHCHTBI TCH30pa MOZIYJIeﬁ YIpyro-

CTH, KOTOPBIE 3aBUCAT OT YPOBHs Ae(opMalvy, HapaBICHUs, XapaKTepa U HaJTu4us
TPEUIUHBI (TPELIMHA OTKPBITA WIH 3aKPbITA) U OMPEACIIAIOTCS B COOTBETCTBUU C MOJ-
HOM marpaMMoii 1eopMupoOBaHUSL.

31ech U Janee 1Mo yMOJIYAHMIO 3amlsATas O3HAa4aeT YacTHYIO MPOM3BOJIHYIO IO
COOTBETCTBYIOIIEH KOOPAMHATE X; ; UHACKCHl IPU KOMIIOHEHTaX TEH30pOB, HaOpaH-
Hbl€ MaJIbIMM JIATHHCKUMM OyKBaMH, MNpUHUMarOT 3HayeHuss or 1 mo 3. Ilo
MOBTOPSIIOUIEMYCSI MHJIEKCY (HA3bIBAEMOMY HEMBIM HHJIEKCOM) TIpEIIoiaraercs
CyMMHUpOBaHHuE Takxe ot 1 70 3.

3ajada pemianach METOJAOM KOHEYHBIX AJIEMEHTOB € UCIIOIB30BAHUEM IOIIArO-
BOW mpouenypsl. [Ipu nmpoBeneHHH UYMCIEHHOTO AKCIEPUMEHTA HAa KaXKJOM IIare
HArpY>KEHHUs OMPEIEIISIICS MPOIEHT pa3pylIeHHBIX 3JIEMEHTOB B oOpasie. [lomyuen-
Hasg pacu€THas amarpamma aedopMUpoOBaHHS oOpaslia IOCTATOYHO XOPOIIO
corJiacyeTcs ¢ JuarpaMMoM, MOJIydeHHOM B HATYPHOM 3KcniepuMeHTe (puc. 5). Heko-
TOPO€ OTIMYME 3HAYECHUH MAKCHMAJIBHOIO HANPSUKEHWS W JUIMHBI HHUCHAJAROUIEH
BETBU B BBIUYHCIUTEIBHOM JKCIIEPUMEHTE OT 3HAYEHUM, MOJYYEHHBIX B HATYpPHOM
HKCIIEPUMEHTE MOKHO OOBSICHUTH Pa30pOCOM CBOWMCTB KUPIHMYA U PACTBOPA U OTCYT-
CTBHEM TPEHUS Ha MTOBEPXHOCTSX B YUCIEHHOM IKCIIEPUMEHTE.

Jlanee mpencTaBiieHbl PE3yJIbTAThl HATYPHOTO W BBIYHUCIUTEIBHOTO JKCIIEPH-
MEHTOB Je(OPMHUPOBAHMUS M pa3pylieHUs (parMeHTa KUPIUYHOM CTEHBI,
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MOABEPTHYTON H3rH0y, T.€. TaKOMY BO3JIEUCTBHUIO, KOTOPOE HCIBITHIBAIOT CTEHBI
3IaHUI MPU OCaJKe YacTU rpyHTa. Pacu€Thl BHIMONHINCH AT TPEX CETOK KOHEUHBIX
AJIEMEHTOB C YHCIIOM cTereHe cBoOonr 240, 684 u 2442 coorBeTcTBEHHO. B Mpo-
1ecce KMHEMATHMYECKOrO HarpykeHus (OCaJKh 4YacTH CTEHbl) NpPH JOCTHKEHHUU
OTIpEJICIICHHOTO YPOBHsI HanpsbkeHHo-aedopmupoanHoro coctosaus (HJIC) B crene
MOSIBIISATIACH TpElIMHa, B pe3yabrare yero kaptuHa HJIC cymiecTBeHHO M3MeEHsIach,
MaKCUMaJbHbIE HANPSKEHUS YMEHbBIIAIUCh MPUMEPHO B 2 pasza, U 3a CYET JIOKaJb-
HOM JUCCHNAIMUA YIOPYTOW SHEPTrUUd B 30HE TPEIIMHBI MPOUCXOJWIIA pa3rpy3ka u
nepepacnpeneneHue HanpsbkeHud. [Ipu qanpHeleM NOBBIIICHUH HArPy3KH Hampsi-
KEHUS YBEIUYUBAIUCH, U pOCia IJIMHA TPEIIUHbI (puc. 7).

a)

H 6)

: Puc. 7. Tpemunsl, NOSIBUBILIKECS B MPOIIECCE HATPYKe-
Fr 6) HUS: a) Ha 14-M mopiare, 6) Ha 25-M noamare, ) Ha
: i i i i : 50-M nopguare

Pe3ynbpTaThl 4MCIEHHOTO 3KCHEPUMEHTA, MOJCIHUPYIOIIEro U3rubd ¢pparmMeHTa
KUPIIUYHOM CTEHBl M YUYWUTHIBAIOLIETO HAKOIUJIEHUE CTPYKTYPHBIX IMOBPEXKICHUU U
3aKPUTHUYECKON CTaauM, COOTBETCTBYIOLIEH HHMCMANAIOIIEH BETBU IOJIHOW JMarpam-
MBI 1e(hOpMHUPOBaHUS, TOATBEPKIACHBI Pe3yIbTaTaMU HATYPHOI'O SKCIIEPUMEHTA.

Kpome Toro, uccinenoBanocs BIUSHUE pa3HO20 6U0a KIAOKU U PA3HBIX CEOUCME
mamepuanoe Ha HJIC n npouecc pa3pyuieHus Toro xe (pparMeHTa CTeHbl.

Omnenka 0€30MaCHOCTH HECYIIeW KOHCTPYKIMH TMpEAroyiaraeT ONpeaeicHue
pe3epBa HecCyllel CIOCOOHOCTH B YCIOBMSIX Pa3BUTHS CHCTEMbl MarucCTpajbHBIX
TpewmyH. [lonydyeHHbIe HOBBIE YNCIIEHHBIE PENIEHUS KPAeBBIX 3a1a4 JUIsl T C 30HaMU
pa3ynpo4YHEHHs HarJsAJHO WIIIOCTPUPYIOT, YTO YYET CTaJWH 3aKPUTUYECKOTO Je-
dbopmMupoBaHMsl B YTOUHEHHBIX pacuérax MO3BOJSET OOHAPYXKHUTh pe3epB Hecylien
CIOCOOHOCTH 3a CYET JIOKAIBHOW JIUCCHUIALIMU YIIPYrOW SHEPrUH, OLEHUTH KUBY-
4yecTh IIPU YaCTUYHOM MOTepe Hecyluel cnocoOHocTu. Mcmonb3oBaHue pe3epBOB
HECYIIeW CIMOCOOHOCTH CTPYKTYPHO-HEOJHOPOJHBIX MaTepuaioB U oOecreueHue
0e30IacHOi IKCIUTyaTalluy AJIEMEHTOB CTPOUTEIbHBIX KOHCTPYKIUI MOXET OCylIe-
CTBJISITBCSL ITYTEM CO3[@HUS CIELMAIBHBIX YCIOBHII PaBHOBECHOTO HAKOIUICHHMS
MOBPEXJICHUN U pasylpovyHEeHHUs1 MaTepuaia B Hanbojee OMacHbIX 30HaX, 4To obec-
MIEYNBAET YCTOHYMBOE, KOHTPOJIMPYEMOE IIPOTEKaHNE nmpouecca
TPEIMHOOOPa30BaHus 1aXKe B aBapUHHBIX CUTyalusiX. B 3ToMm ciydae ecTb Bpems
JUISl IPOBEJICHUS 3aLIUTHBIX U CIIACATEIbHBIX MEPONPUAITHH.

B cootserctBum ¢ I'OCT 27.002-89 «IIpn nmpoekTHpOBaHWH CTPOUTEIBHBIX
COOPYXEHHI M KOHCTPYKLMH B SIBHOW WM HESIBHOM (OpME JTOJKEH YYUTHIBATHCS
cmamucmu4eckuil. pazopoc MexaHuyeckux Ce0ucme Mamepuanos, SIEMEHTOB U CO-
€AVMHEHUHM, a TaKXXE M3MEHYMBOCTH (BO BPEMEHM M B IIPOCTPAHCTBE) NApaMETPOB,
XAapaKTepU3YIOLINX BHEUIHUE HArpy3KH U BO3LCUCTBUS». [l MCCIEeNOBaHMs BIUS-
HUS pa3dpoca MeEXaHHMYECKMX CBOWCTB Marepuajga Ha MpOIEecC pa3pyLICHUS
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KUpNUYHON AuadparMbl ObUT MIPOBEAEH BBIUUCIUTEIBHBIN KCIIEPUMEHT, B KOTOPOM
paccMatpuBalics (parMeHT KUPITUYHONW CTEHBI (Auadparma), UCIBITHIBAIONIUN TBYX-
ocHoe HanpskEHHOe cocTossHue (puc. 8). [Ipm a3ToM Hcmoab30Balics pa3padOTaHHBIN
aITOpuT™M yd€Tra pa3dbpoca MEXaHMYECKUX CBOWCTB MaTepuanga B KOHCTPYKITUSX,
BCTPOCHHBIN B iporpammy ASBB.

-
| - -

ITI1TT1TEI1TY

| .
R

Puc. 8. ®parmeHT kupnuy-
HOH CTEHBDI,
UCTIBITHIBAIOIIUI IBYXOCHOE
HalpspKEHHOE COCTOSHUE

Puc. 9. Kapruna pacnpeneneHus HalpspKEHUR 10 OcH X U pa3BH-
THUSI CHCTEMBI TPEIMH: C PUMEHEHHeM (yHKIIMHU pazopoca
CBOICTB — TPU BapHaHTa PE3YJIbTATOB

Kak mokazamu pe3ynpTaThl pacuéta mpu ydéTe pa3zdpoca MeXaHWIECKUX
CBOMCTB pacTBOpAa KUPIMUYHOU KJIAJKHU (B YACTHOCTH, MOAYJISI YOIPYTOCTH) B IIpeAEIax
Vimax = 30% kapTuHa HampspkeHuid (puc. 9) v 3HaYeHUS HANPSHKEHUH U AedopMaruit
3aMETHO U3MEHSIOTCSI, YTO B CBOIO OUEPE/Ib BIUSET HA PA3BUTUE CUCTEMBI TPEIIUH B
KOHCTPYKIIUU TPU OJHUX M TEX K€ KPUTUUYECKUX HAIPSHKEHUSAX: TPEHIMHBI MOTYT
0oJiee aKTUBHO PACIpPOCTPAHATHCS MO KOHCTPYKIUH, OO BOOOIIE MOTYT HE MOSB-
JISTHCSL.

Pacuérnas moznens (puc. 8) u pe3ynabTaThl pacuéTa COOTBETCTBYIOT U aJ€KBaT-
HBI OJTHOM W3 MOJIeleil HATYPHOTO 3KCIEPUMEHTA, MPOBEAEHHOTO aBCTPATUHCKUMHU
UCCIIE0BAHUSIMU.

B koHI1e rinaBel pUBEIEH CPAaBHUTENIbHBIA aHAIU3 PE3YJIbTATOB pacuéra, Mo-
JIYYEHHBIX B pa3HbIX MporpaMMHbIX KoMmiuiekcax SCAD, Lira u ANSYS. CpaBuenue
MPOBOJIUJIOCH HA HECKOJIBKUX 3aJlayaxX, KaK IUIOCKMX, TaK U MPOCTPAHCTBEHHBIX U
MokKaszajio, 4to pe3ynbTarhl, nojiydeHHusie B [IK SCAD u Jlupa, npakTuuecku coBma-
natoT — pasnuna no nepememnienusiMm B I[IK SCAD/Lira u ANSYS He mpeBblliaer
10%, a 1o HaNpPsHKEHUSIM B HEKOTOPBIX CIIy4asx MOXET JocTUrath 10 20-25% .

B yeTrBepToii ri1aBe paccMaTpuBaeTCs YMCICHHAS peaTH3aIis pa3padboTaHHON
nporpammel Jiis1 uccaenoBanus HJC, moBpeXIEHHOCTH U PE3epBOB HECYINEH CIHO-
COOHOCTH pPEaTbHBIX CTPOUTEIBHBIX 00BEKTOB.

Ha npumepe TUIOBOrO MATHUATAXKHOTO KUPIMUYHOTO 3[aHUS MPOBEIEHO MHO-
KECTBO YMCIICHHBIX 3KCIHEPUMEHTOB IO HCCIEIOBAHUIO BIMSHUS Pa3HbIX BHUOB
KMHEMaTH4YeCKUX Bo37ercTBUi (0canok) Ha HJIC kupnuyHOro 37aHUs U ONpeesiéH
HanOoJee OnacHbIM BUJ TaKUX BO3JEHCTBUM, KOrJa MpPOCENaeT TOJIbKO TOpLEeBas
YacTh 3/IaHUS 110 JIMHEHHOMY WJIU HEJTMHEHHOMY 3aKOHY.

C nomompsto mporpammbl ASBB 0Obuia cMmonenupoBaHa MPOCTPAHCTBEHHAs
cucTeMa «3/1aHue-QpyHaaMeHT-ocHoBaHue» (puc. 10), ucciemoBanach nMpakTHUECKas
CXOJMMOCTh YUCJICHHOTO PEIlIEHUs Ha TPEX BapUAHTaX CETKM KOHEUHBIX JIEMEHTOB
W JaHHas MOJENb MCIONb30BANACh ISl PETPOCIEKTUBHOIO aHadu3a pa3pylICHUs
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PCAIBbHOI'O KUPIIUYHOTO 3/IaHHA, KOTOPOC MMOJTYIUIIO CepBéSHBIe MMOBPCKACHUA B BUIC
CUCTCMBI TPCIIHMH HAa HCCYHIUX W TOPHCBBLIX CTCHAX 31aHUA B PC3YJIbTATC HCIIPABUJIb-

HOM DJKCITyaTallud — MPOTEYKE BOABI B JIOKAIBHOW 30HE M COOTBETCTBYIOIIEM
M3MEHEHUU CBOMCTB IPYHTA.
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NnuHa 3paHKuA (1)
Puc. 11. CpaBaeHune pac4éTHBIX U HaKTUIECKUX
0CaJlOK 37aHUs
x - ()aKTHYECKHE OCAIKU; M — TEOPETHUECKHUE
ocaaku (Tp. ycn. 1); A - TeopeTudecknue OCaaKu
(rp. ycn. 2)
[Ipn onucanuu CBOMCTB I'PyHTa C YYETOM JIOKAJIBHOIO 3aMAYMBAHUA CIECIAHO
MPEATIONOKEHUE, YTO KaXKJas 30Ha 10 TIIyOMHE mMeeT QopMy eunepboruueckoco

Puc. 10. KoneuHno-3ineMeHTHasT MOJIETb
CUCTEeMBI "31aHue-PpyHIaMEeHT-
ocHoBaHue"

napabonrouoa 7 = X ? / a’ — yz / b’ , 1 OCHOBaHHUE OBUIO CMOJCIMPOBAHO C YUETOM
3TOM 3aKOHOMEpHOCTHU. [Ipu 3TOM paccMaTpuBamucCh 2 BapuaHTa TPAaHUYHBIX YCJIO-
BUif: 1) )KECTKO 3aKperyieHa TOJbKO HUXKHSS MOBEPXHOCTh IPYHTA; 2) 3aKpEIyICHBI
HWDKHSIST TIOBEPXHOCTh TPYHTA M OOKOBBIE TTOBEPXHOCTH MACCHUBA OT BO3MOXKHBIX TIe-
pEMEIIEHUI 0 OPTOrOHATBHBIM HAPABICHUSIM.

AHanmn3 Mmokasaj JOCTaTOYHO OJIM3KUE PE3yTbTaThl PACUETHBIX U (DaKTHUECKUX
ocaqok (puc. 11) u cxem pacnpocTpaHEHUs TPEUIMH B HECYIIMX CTEHAX 3/1aHUA, Ka-
YECTBEHHO MOBTOPSIOMNX (HaKTHUECKHUE, YTO CBHUIETEIHCTBYET O JOCTOBEPHOCTH
pe3yJAbTaTOB YMCIICHHBIX HUCCIICIOBAaHUN MPHU HUCIOJIb30BaHUM TMporpammbl ASBB u
ITK ANSYS.

Jlaniee MPOBOIUIIUCH UCCIEO08AHUSL GIUAHUSL YIHCE CYUWECMBYIOWUX MPEUUuH,
COCOOOB HX MOJICIMPOBAHMS, PA3MEPOB U PACMOJIOKEHUS Ha HaMPsHKEHHO-
nehopMUPOBAHHOE COCTOSTHUE OTACIBHOTO KUPIIUYA U 3/IaHUSI B IICJIOM.

Paccmotpensl pasHbie CcOCOObI MOJEIMPOBAHUS TPEHIUH B CTPOUTEIBHBIX
KOHCTPYKIUAX. B 3TOM HccnenoBannu ObUIO OMPEACNICHO, YTO MOoNepeuHasi TpeluHa
B KUPIHYE SBIACTCS HAMOOJIee ONAaCHOW M MPUBOAMUT K CHIDKEHHUIO HECYIeH croco0-
HocTU Ha 25-40% B 3aBUCUMOCTH OT JJINHBI TPEIIUHBI.

Crnenytronuit 00bEKT — peaibHOE 2-X 3TAKHOE aIMUHUCTPATUBHOE KUPITUYHOE
3nanue (3ganue mkoiasl POCTO), koTopoe mIaHupoBanoCch peKOHCTPYUPOBaTh, HAJI-
CTpoUB eni¢ OJIUH 3Tax. Pe3ynbrarsl 00CienoBaHus MOKa3aIM HAIMYKUE TPEIIUH Ha
onHOM U3 (acanoB 3panus (puc. 12). C nomoursto nporpammel ASBB 0b110 cmoe-

JUPOBAHO 3/]JaHWE U TIPOBE/ICHBI BHIYUCITUTEIHHBIC IKCIIEPUMEHTHI: a) MO BHISBICHUIO
MPUYMH BO3ZHUKHOBEHUS TPEIIMH; 0) BO3MOXHOCTH HAJCTPOMKHI OJJHOTO dTaXka.
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Puc. 12. ®acan 3qanus. JleeKTsl 1 NOBPEKICHUS: 3 - TPELIUHBI BBISIBICHHbIE IPU 00CIIE€JOBAaHHUH,
- TPELIUHBI ONPEIETIEHHBIE IPH PACUETE MOJIEIIH.

[TprurHaMy MOSBIICHUST TPEIIMH MOTJIH OBITH OMIMOKH MPH MPOSKTUPOBAHUH
(3aHMKCHHBIEC 3HAYEHUS JICMCTBYIOIMIMX HArpy30K) WJIH MPH SKCIUTyaTaluu (IPEBbI-
IIEHUE OKCIUTYaTallMOHHBIX HAarpy30K HaJ pacy€THbIMHM), B pE3YyJbTaTe 4YEro
MPOM30MIEN M3TUO MEeperpyKeHHBIX KOJIOHH (puc. 13) ¢ COOTBETCTBYIOMIEH KOHIICH-
Tpalend HaNpsHKEHWM B MECTE CThIKA IUIMT MEPEKPBITUHA C HECYHIEW CTEHOW (pHC.
14), BeI3BaBIIICE TIOSIBJICHUE CUCTEMBI TpEITWH Ha (acaje 3manus (puc. 12).

e | .
5o | = 2.
Liemsor =
Z14E+07 EEl = 245E+07
e ! e
“eaemion u H [ s
e i I =
PEE: |
Puc. 13. Jlebopmarus komnonH (Macitad Puc. 14. Konuenrtpanus HanpsikKeHU Ha
nedopmaiuu yBeiudeH B S0 pas) tacazne 3nanus (HanpspkeHus Mo Muszecy)

Hccnenys BO3MOXXHOCTH PEKOHCTPYUPOBAHUS 3/IaHMS], BBITIOJTHEHBI YUCICHHBIE
AKCTIEPUMEHTBI JIJIs 3/]aHus 0€3 TPEUIMHBI U C TPEIIMHONU C YYETOM JOTOTHUTEIHHOM
Harpy3ku, KOTOpbI€ MOKA3aJIM, YTO B 3[JaHUU C TPEIIMHOW MAKCUMAaJIbHbIC HaIpsKe-
HUS TPUMEPHO B 2 pa3a MEHBIIE YeM B 37aHUM 0€3 TPEIIMHBI, 3a CUYéT
nepepacnpenieieHus HanpsbkeHuil. Ho uist ynoBIeTBOpeHUs 3KCIUTyaTallMOHHBIX
TpeOOBaHUN ATHU TPEUIMHBI JOJDKHBI OBITH JIMKBUAMPOBAHBI, & HECYIIWE KOJOHHBI
YCUJIEHBI C YUETOM JIEHCTBYIOIINX HArpy30K.

OCHOBHBIE PE3YJIBTATBI U BBIBO/IbI

1. Jlns uccrnemoBaHus HeCylleld COoCOOHOCTH, Ae(POPMUPOBAHUS U Pa3pPYIICHUS
MPOCTPAHCTBEHHBIX COOPYXEHUI Ha 3aJaHHbIC BHEIIHUE BO3ICHCTBHUS C TIOMOIIBHIO
nporpamMmHoro  komiiekca — ANSYS, aBTOPOM  co3daHa  MPOOJIEMHO-
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opuenTupoBanHas nporpamma AnSysBuildingBlock (coxpaménno ASBB), kotopas
ABTOMATH3HUPYET MPOIECC CO3JAaHMS MPOTPAaMMHOTO Koja Ha si3bike APDL, BcTpoeH-
HoM B ANSYS. Drta mporpamma MpeICTaBISIET COOOM HOBYIO BbIUUCIUMENbHYIO
MexXHOoN02ul0 aBTOMAaTU3aluu pacuéra 0OBEKTOB CTPOUTENIHCTBA, aJTOPUTM KOTOPOH
BKJIIOUAeT B ce0s TPW OCHOBHBIX dTama: (JOPMHpPOBAHUE TE€OMETPHUECKOH MOMIETH
3aHUSI UM COOPYKEHHUs, aBTOMAaTHYECKYI0 TE€HEpalMi0 MPOrPaMMHOIO KOJa Ha
SI3BIKE TTapaMeTpuuecKoro mpoektupoBanuss APDL w BbINOJIHEHHE pacyéra HEMo-
cpeacteerHo B [IK ANSYS

2. Pa3zpabotan anroputm ydé€ra pazdpoca MEXaHHYECKHUX CBOWMCTB MarepuajoB
CTPOUTENBHBIX KOHCTPYKIIMI, BCTPOCHHBIN B nporpammy ASBB, kak JH0moaHUTENb-
Hasl OMLMS JAaHHOW MPOTrPAMMBI.

3. Pemena npo6ieMa HHTErpaluu pacu€THBIX U YePTEKHO-TpahUIECKUX CUCTEM,
a UMEHHO, KOPPEKTHasl nepenaya rpaguueckoi 4acTu U3 pacu€THON CUCTEMBI B JIIO-
oyto CAIIP ¢ momompio BctpoeHHOH B ASBB ¢ynkmuum skcropra B CAIIP
KOMIIAC.

4. B nmporpammy ASBB BcTpoeHa MaTeMaThuecKkas MOJACIh MEXaHUYECKOIro Io-
BEJICHUSI MaTepuaia, YYWTHIBAIOIIAs HAKOIUIEHHE MOBPEXICHUN U CTPYKTYpPHOE
pa3pylleHre KUPIUYHON KIIAJIKK, KOTOpasl B JallbHEUIIIEM HCHOJIb30BaIach ISl UC-
CIIEOBaHUSI HECyIIed CHOCOOHOCTM KOHCTPYKIIMA, a WMEHHO: TIpolecca
ne(OpMUPOBAHUS U pa3pyLIEHUs KUPIUYHOM CTEHBI IpHU U3rube, mpouecca paspy-
IICHUs] KUPIMUYHOW AuadparMbl, WCHBITHIBAIONICH JIBYXOCHOE HANPSHKEHHOE
COCTOSTHHE C YUETOM pa3zdpoca MEXaHMYECKUX CBOMCTB MaTepuana. JlJis oreHku ase-
KBaTHOCTH MCHOJIb3yeMOW MaTeMaTH4YE€CKOM MOJENN BBINOJHEHbl YWCIEHHBIE H
HATypHBIE JKCIEPUMEHTHI M0 pa3pylIeHHI0 oOpaslia MpeACTaBUTEILHOTO 00BheMa
KUPIUYHOMN KIIAIKH.

5. Ha ocnoBe pazpaborannoit nporpammbl u I[IK ANSYS mpoBeseHbI BBIUHCITH-
TEJIbHbIE SKCIIEPUMEHTHI C UCIOIB30BAaHUEM HOBOTO clIoco0a (pOpMUPOBAHUS MOACTU
U COOTBETCTBYIOLIME UM HATypHbIE SKCIEPUMEHTHI, BBINIOJHEHA BepuUKaIMs pas-
paboTaHHBIX AITOPUTMOB U MTPOTPAMM.

6. [IpoBenéH cpaBHUTENIBHBIN aHAIN3 PE3yJIbTATOB pacuéra, MOIYYSHHBIX B pas-
HbIX nporpaMMHbiXx KoMmiuiekcax SCAD, Lira u ANSYS g muockux u
MPOCTPAHCTBEHHBIX 3a/1ay, MOKa3aBIINA HECYIIECTBEHHYIO Pa3HUILY Pe3ylIbTaTOB IO
MEPEMELIEHUSM U 3HAUUTEIBHYIO pasHULy (10 25%) 10 HANPSKEHUSIM.

7. Ha mpumepax MOAETUPOBAHUS PEATbHBIX CTPOUTEIBHBIX OOBEKTOB YCTAaHOB-
JIEHa BO3MOXXHOCTh PEIICHUS] NPOCTPAHCTBEHHBIX 3a/ad, I103BOJISASL BBISBUTH
MPUYMHBI TOSBICHUSI TPEIIMH U ACPEKTOB B HECYIIUX KOHCTPYKIUSIX 3TAHUA U CO-
OPYKEHUU MPU PA3JIMYHBIX BHEITHUX BO3/ICHCTBUSX.

8. PaspaboraHHasi aBTOPOM HOBAsI BEIYMCIUTEIIbHASI TEXHOJIOTHS ObLIIa UCIIOJIB30-
BaHa IpHU pealii3allii PeaibHOTO MPOEKTa PEKOHCTPYKIMHU 31aHus kol POCTO B
opranuzanmu 3A0 «9POH», 4To MOATBEPKACHO UMEIOIITUMCS B TUCCEPTAIIUN AKTOM
BHeapeHus. llpuMeHeHne pa3pabOTaHHOW MPOrpPaMMBI TO3BOJMIIO CYIIECTBEHHO
COKpPaTUTh BPEMEHHBIC U (PMHAHCOBBIE 3aTPATHI HAa MMPOU3BOJICTBO PadoT.

9. Ha nporpammy AnSysBuilbingBlock nmoiaydeHo cBUIETETBCTBO O pErUCTpaiu
rporpamMmel it 9BM Ne 2007610746 u3 DenepaibHON CITY>KOBI 110 HHTEIUICKTYaTh-
HOM COOCTBEHHOCTH, MTATEHTAaM M TOBAPHBIM 3HAKaM.
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