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Obwan xapakmepucmuxa pabomol

AKTYaJIbHOCTE paboThl. OLiEHKa OCTATOYHOrO pecypca COCYHOB H
anrapaToB, OTpabOTaBIIMX YCTAHOBJIEHHBII CPOK 3KCILTyaTalHH Ha 00BEK-
Tax ['ocroprexnansopa PO, npoBoMTCA MO METOOMKE, COIIACHO KOTOPO
OCHOBHO€ yCJIOBHE paboTocriocOOHOCTH 000PYAOBaHHA COCTOUT B TOM, YTO
BO3HHKAIOLHE B KOHCTPYKLHH 3KBUBAJICHTHHIE HAIPSIKEHHA HE JOJKHBI
NIPEBOCXOAUTH HEKOTOPHIX JOIYCKaeMbIX JUIS YCIIOBHMI 3KCIUIyaTalliy 3Ha-
yeHui. [Ipu 3TOM 00BIYHO NpeArnonaraercs, YTo KOPpO3Us MeTajula SIBNS-
€TCs MIOBEPXHOCTHON U PaBHOMEPHOM, a HanpsHKEHHs OLIEHHBAKOTCS B 6€3-
Ne(dEKTHBIX CEeYEHHX.

OueBnnHo, YTO TaKoO# MOAXON HE YYHTHIBAET OCOOEHHOCTH nedop-
MHPOBAaHHA KOHCTPYKLIMHM B 30HE JIOKAJIBHOTO M3MEHEHHUS HX TE€OMETPHH.
Mexny TeM peanbHBle JHHILA CONEPXAT MCXOHHBIE M Pa3BHBAIOLIMECT B
NPOLECCe IKCILTyaTalliM Ne(EKTsbl, KOTOPhle OKa3bIBAIOT CYLIECTBEHHOE
BJIMSHHE HAa HaNpPsHKEHHO-AEe(HOPMHPOBAHHOE COCTOSTHHE MaTepHalla KOH-
CTPYKUHMH. OTH Je(EKThI, SBILACH KOHLEHTPATOPaMH HANPSDKEHHH, MOTyT
BBI3BIBATH PE3KOE JIOKAJILHOE H3MEHEHHE HaNpPSHKEHHO-1IeOPMHPOBAHHOTO
COCTOSIHHS COCYIOB H, B OOJIBLIHHCTBE CIIyYacB, OMPEAENIAIOT HECYUIYIO
CTIIOCOOHOCTH 00OPYZI0BaHHS U YCIIOBHSA 0€30MacHO#M ero IKCIUTyaTaLHH.

Jl11 oueHKH napaMeTpoB 6€30MacHoM SKCIUTyaTalMu 060pyI0BaHMs
Ha 00BekTax I'ocroprexnanzopa PO meobxomaumo pacronarate KOMIUIEK-
TOM METOJHMYECKHX H IPOrpaMMHBIX JOKYMEHTOB, ITO3BOJISIOLIMX aHAJIM-
3HPOBaTh KaK HaMpsHKeHHO-negopMupoBanHoe coctosuue (HIC) cocynos
H anmnaparoB B 30HE JIOK&JIbHBIX A€GEKTOB, TaK M HECYUIYIO HX CIIOCO0-
HOCTb.

B Hacrosee BpeMsl B CHITY 3HAYUTENILHOM CIIOXKHOCTH aHAJIMTHYe-
CKMX PELICHHH M BBICOKOH TPYINOEMKOCTH YHCIIEHHBIX H 3KCIIEPUMEHTANb-
HBIX HCCJIEJIOBAHHH BONPOC O KOHIEHTPALWH HanpsOKeHHi B 001aCTH JIo-
KaJIbHBIX 1e€EKTOB HHHUIL SBJIAETCS MPAKTHYECKH HEU3yYeHHBIM. [To3TOMy
ClenyeT MPU3HATE aKTyalbHBIM H OTBEYAIOIUM MOTPEOHOCTSAM IMPOMBILI-
JICHHOH NPaKTHKHM HCClEeN0BaHKe, nocesuienHoe aHamu3y HIC smwimnTu-
YECKHX JHMII C JIOKAIbHHIMM AedekraMu (opMbl, TOUMEHOBAHHBIMH, B
yacTHOCTH, B OCT 26-291- 94, u nossojsmoiee OLEHUBATL HECYLIYIO CITO-
COOHOCTB TaKHX 000JIOYEYHBIX KOHCTPYKIIHIA.

Iens pabotel. Llenmpio paboThl sBIseTcs pa3paboTKa KOMILIEKTa
IporpaMM, NO3BOJIAIOMMX B KomIbiorepHoM kominiekce (KK) “ANSYS”




aHanusupoBath HJC BeInykisix OoTOOPTOBaHHBIX JHHIL C JIOKAJIbHBIMH
nedexramu (GopMbI B YIIPYronjaacTHYECKOH 00nacTH, a Taxke paspaboTka
METOHKH, MO3BOJIAIOIIEH OLEHHUBATh HECYIIYI0 CIOCOOHOCTH TakuxX 0060-
JIOUEK NpPH CTATHYECKOM HarpyXeHHH.

Hay4ynas HoBH3Ha. Pa3paboran nmaker nporpamm ais ouenku HIIC
BBIITYKJIBIX OTOOPTOBAHHAIX JHHIL C JOKAIbHBIMH NedekTaMHi (HopMBI, No-
3BOJIAIOLIMH YCTaHABJIMBATH OCHOBHBIC 3aKOHOMEPHOCTH MpOLECcca peallb-
HOT'0 Harpy»K€HHs COCYAOB H BBINOIHATD HUX Li€JIeHANpaBICHHBIH aHaM3.

MetoaaMH NpHKIaJHOH TEOPHH ILUIaCTHYHOCTH NMPOAHATH3UPOBAHEI
YCIIOBHSI BO3HHKHOBEHHS JIOKAIbHBIX IUIACTUYECKHX LIAPHHUPOB B 00OJIO-
4YeyHbIX KOHCTPYKUMAX, H NpPEAJIOKeHa OLICHKAa HeCcylled CrocoOHOCTH
o0osio4eK ¢ JoKanbHBIMU AedekraMd (OpMbl MPH CTAaTHYECKOM H Maso-
LIMKJIOBOM HarpyXeHuu. *

[IpakTHueckas 3HayMMOCTh. [IpakTHueckas 3HaYMMOCTH PaboOTHI CO-
CTOHMT B TOM, YTO Ha 0a3e pa3pabOTAHHONO KOMIUIEKTa MPOTPAMM MOXKET
OBITh TIPOBEZIEH aHAJIM3 YIIPYTOMIACTHYECKOrO AeGOpMHPOBAHHSA BBHITYK-
JIBIX OTOOPTOBAaHHBIX AHMIL C JIOKAJIbHBIMH JiedpekraMu (YOpMbl, TOUMEHO-
BaHHbIMH B OCT 26-291-94.

[To pesynpraTaM 3TOr0 aHaJM3a Ha OCHOBAHHH MNpeJIOXKEHHOM
OLEHKHU HecyleH CriocoOHOCTH 000N0YEeYHBIX KOHCTPYKLMH C JIOKAJIbHBI-
MM JepexTaMu (POpMBI MOTYT OBITH MONYy4Y€HB PEeKOMEHIal[MH MO mapa-
MeTpaM Oe30macHOM 3KCIUIyaTalliM COCYJOB U ammapaToB Ha OOBEKTax,
NOAKOHTPONBHLIX ['ocroprexHanzopy PO.

Anpob6aiius pabotsl. OCHOBHBIE NTOJIOXKEHHS AHCCEPTAllHH AOKIAIbI-
Bamck Ha Hayuyno# ceccun KI'TY (Kazans, 2000) , Ha MexayHapoaHoii
Hay4YHO-TEXHUYECKOH KoHpepeHUUH “TEXHUKO-3KOHOMHYECKHE NMPOOIeMbl
npoMbiiedHoro npounssonctea” TII1-2000 (H. Yennsl), Ha X Mexsy-
30BCKOH KOH(pepeHIMH «MaTteMaTH4ecKoe MOAEJIMPOBaHHE H KpaeBbIe 3a-
nayn» (Camapa, 2000), na Beepoccuiickoit HayyHo# koHdepenuusa «Ten-
JIO- © MaccoobOMeH B XHMHYECKOM TexHojorud. TMOXT-2000» (Ka-
3aHb, 2000), Ha MexayHaponHO# HAYYHO-TEXHHUYECKOH KOH(EepeHLHH

* ABTOp BhipaxaeT 61arolapHOCTb TOKTOPY (H3.-MaT. HayK, npodeccopy Cepa-
3yTaMHOBY M.H., KOTOpBIH ABASAJICY KOHCYJIBTAHTOM IO BOIIPOCAM OLIEHKH HECYILEH CIIO-
) 4 y P [aHIx po Y
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«HcnpiTanus matepuanoB U koHCTpykuuid» (H. Hosropoa. 2000), a Takxke
B psaAe opraHM3aluii, MPOSBUBLUKX HHTEpeC K pe3yibrataM pabotei: KI'Y
(r. Kazanp), HHMXummMmai (r. MockBa) 4 1p.

Ilybnukauuu. [lo teMe auccepraumy onyONHMKOBaHO 7 MEYaTHBIX
paboT M TE3UCOB JOKIIAZIOB.

Crpykrypa U o6neM paboTtel. Auccepraums coCTOUT U3 BBeAeHUs, 4
r1aB, 3aKJIFO4YEHHA, CIIMCKA JIMTEpATYphl, BiuIroyaroulero 132 HauMeHoBa-
HHUs, H npuiokeHui. OCHOBHAA 4acTh paboTel M310XKeHa Ha 151 crpanu-
L[aX MALUWHONMCHOTO TeKCTa. Pabota conepxut 49 pucyHkoB 1 27 Tabnuy,.

Cooepicanue pabomuol

Bo BBeseHHH 00OCHOBaHAa aKTyaJlbHOCTh TEMBI U (OPMYyNUpYETCH
Lesib paboThI.

B mepBoil rnaBe NpuMBOAMTCA KpaTKHM aHauW3 nyOnukauui, noces-
IMEHHBIX MeToJaM pacyeTra obosiouex CIOoXHOH reoMeTpu. OTMedaercs,
4yTO Havbonee YHUBEpCaIbHbIM H 3((PeKTHBHBIM criocobom pacuera HIC
000I0YEK CIOXHOM TEeOMETPUH SABJIAETCH METOJ KOHEYHBIX 3JIEMEHTOB
(MKD3). Yka3ssiBaeTcs, 4TO Cpeid NAaKEeTOB MPUIKJIANHBIX MPOrpaMM H KOM-
NBIOTEPHBIX KOMILUIEKCOB, CO3/IaHHBIX Ha ocHoBe MK3, BecbMa pa3BUTHIM B
TUTAHE CEPBHCHOM 4YacTH U yno0ctBa pabotel nonb3osatens spisiercs KK
«ANSY S».

IIpoananu3dpoBaHbl pabOTHI, NOCBAMICHHBIE IKCNIEPUMEHTATBHBIM Y
yucneHHbiM uccaenoBanuaMm HJIIC 6espedexturix quuuwl 1 HAC muuin c
JIOKaJIbHBIMH JI€PEKTaMU reOMETPHH H, B YaCTHOCTH, CHEPHUIECKHX pe3ep-
ByapoB C KPyIJILIMH B IlJIJaHE BMATHUHAMH, a TakkKe OLEHKH CTaTHYECKOH H
MaJOLMKJIOBOH MPOYHOCTH COCYAOB H annapaToB, CoAepXalmx neeKThbl 1
KOHLIEHTpaTops! HanpskeHuH. [lokazano, 4To HanboNee YacTo B NpaKTHKE
HMHXXEHEPHBIX pacyeToB IS OUEHKH CTaTHYECKOW NPOYHOCTH COCYHOB H
annaparoB, CoepKalHX Ae(PeKTHl U KOHLEHTPATOPhl HANpsDKEHHH, MpH-
MEHSIOTCS] METOAB! TEOPHH MPENENBHOIO paBHOBECHA H AedOpMalMOHHbIE
KPHTEPUH MEXAHUKH pa3pyLICHHS.

B xoOHLie rmaBbl Aea0TCs BBHIBOJBI, INIABHBIA U3 KOTOPBIX COCTOMT B
TOM, YTO B HACTOALLEE BPEMA OLIEHKA NIPOYHOCTH 000JI0YEK C JIOKAIbHBIMHU
nedexTaMu H KOHLICHTpaTOpaMM HanpshDKEeHHH NpY CTaTHYECKOM Harpyske
IIPOBOIHTCS Ha OCHOBE YIPOLUEHHOrO pelIeHHs 3alayd O HecylleH crno-
cobHOCTH 000104KH, Kak Opyca NpAMOYTOJIBHOIO CEYEHHS 0/l ACHCTBHEM
OCEBOH CHJIBI H U3rH6a0Imero MOMeHTa.




Bo BTOpO¥ ry1aBe pacCMaTpHBAETCs KOHEYHO-3JIEMEHTHOE MOJIENH-
poBaHHe Ipoliecca YNpyroro ¥ ynpyToIacTHYeCKOro nehopMHpPOBaHHS
BBHTYKJIBIX JIHMIL C JIOKAJIBHBIMH JlepeKTaMH F€OMETpMH NP ynpyroa-
ctuueckoM JnedopmupoBanuu B cpene KK « ANSY Sy.

IIpennioxken airoput™M ¢GOpPMHMpPOBAHHS I3JIEKTPOHHOrO oOpasa Bbi-
NYKIBIX OTOOPTOBAaHHBIX JHHULY (3JUIMITHYECKOTO H TOPOCHEPHUYECKOIO) C
JNOKaIbHBIMH Jedektamu ¢opmsl, nouMeHoBanusiMu B OCT 26 291 — 94,
ITpennioxkeHHBI aJTOPUTM pealiM30BaH M anpoOUpOBaH Ha A3BIKE Iapa-
MeTpHyYeckoro npoektuposanus KK “ANSYS” - APDL.

[Ipu nocTpoeHnn IBYMEpPHOH MOJENH IUTMNTHYECKOrO JHHILA C JIO-
KaJIbHBIMU AedeKTaMH OpMbI CYUTAETCS, YTO HAYalo JEKapTOBOH CHCTe-
Mbl KOODJIHHAT PACIONOKEHO HA OCH CHMMETPHHM B MJIOCKOCTH Iepexona
3JIITHIICOMJIa B LHIMHAPHYECKYIO OTOOPTOBKY, a2 OCh ) HalpasiieHa 1o OCH

CHMMeETpuH. B 3TOM cilyyae KOOpAOMHATHl TOYEK OOpasyrolluel Ompenes-
10TCq o GpopMynam:
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U151 0Opa3yIolle 3JUIMNCOUAA THUILA, U

JUIS UWIMHApHYECKOH oTOOPTOBKH. 3€Ch YIojl (0 OTCYHUTHIBAETCSA OT MO-

NIOXXUTENIBHOTO HANpaBJIEHHs! OCH ) 10 4acCOBOHW CTpenke, i - TeKyluas

Op/IMHaTa TOYKH IIHIIMHIPHYECKOH OTOOPTOBKH.

[TocTpoeHne reoMeTpUYECKOM MOJENH TOPOCHEPHUUECKOro JIHHINA
BLINIOTHAETCA IPAKTUYECKH HACHTHYHO. OTnuuHe OyIeT 3aKIoyaThCs
TOJILKO B ONIPEIENIEHHH KOOPAWHAT TOYEK OOpasyroileH IHUIIA.

CuuTas, 4YTO Ha4aJIo IEKapPTOBOH CUCTEMBI KOOPAWHAT PACIIOI0XEHO
Ha OCH CUMMETPHH B IJIOCKOCTH Nepexoaa KPUBOJIMHEHHON YacTH JHHILA B
IMIMHAPHYECKYIO OTOOPTOBKY, @ OCh )/ HamnpaBiieHa 110 OCH CHMMETPHH
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y=h
B 30He III (puc.1).
30ech Yron ¢ OTCYHMTBIBAETCA OT MONOXHTENHHOrO HAIpaBlICHHS

OCH ) TIO YaCOBOH CTpeJNKe, Yroll |/ OTCYHMTHIBAETCA OT MOJOXKUTETHHOIO

HanpaB/IEeHHA OCH X TMPOTHB 4YacOBOW CTpesike, /i - TeKyllasd opIOuHaTa
TOYKH IHJIHHAPHYECKON OTOOPTOBKH, 2 YITIKI @ U 3 pPaBHEL
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3Hak TIIOC nepes TONUIMHOM 000JIOYKH § O3HAYaerT, UTO OINpenesis-
I0TCA KOOPJAHHATBI TOYEK CPENMHHOH MOBEPXHOCTH OOOJIOUKH IO 3alJaH-
HBIM BHYTPEHHHUM 0a30BLIM pasMepaM, 3HaK MHHYC — 110 Hapy»XKHbIM.

Takum o6pasoM, B npolienypy NOCTPOEHHS TI'€OMETPHUH BBOIATCA
nonmeHoBanHble B OCT 26-291-94 nokanbHble nedekTh! GOPMBI BBIIYK-
JIBIX JTHMILL.

B pabore ¢opmympyercs Takke 3agaya MoCTpOeHHs BMATHH Ha
BBHIYKJIBIX JHHLIAX ITyTEM JIOKAJBHOIO ynpyroro aeOpMHpOBaHHsS YacTH
HX NOBEPXHOCTH. {15 3TOro 3aKpenisioTcs y3ibl, PacloNOKEHHBIE Ha Te-
pHMeTpe BMATHHBI (OOHYJIAIOTCS 3HAYEHHA Y3JIOBBIX INEpeMEICHHMH, NpH-
HaJUIeXallyX 3THM y37aM), a ONpelelICHHbIE 3KCIIEPHMEHTAIbHO (HJIH 3a-
JlaBaeMble aHATHTHYECKH) TTTyOHHBI BMATHIIBI NEPECUUTHIBAIOTCA K TEpe-
MEHICHHAM COOTBETCTBYIOMIMX Y3/I0B, PacIOJIOXKEHHBIX B 30HE BMSTHHBL.
3aTeM pellaercs 3amaqa ynpyroro aeOpMHUpPOBaHHSA 30HBI BMSTHHBI JHH-
Ila 10 3aJaHHBIM HYJIEBBIM (110 NEPUMETPY BMATHHBI) U HEHyNEBbIM (B
psde y3J0B BHYTPH 30HEI BMATHHBI) Y3JIOBBIM NepeMewleHuaM. Hadinen-
HBI€ TIEPEMELLICHHS y3JI0B, PaCOIOKEHHBIX B 30HE BMSATHHEI, H OTpeleisd-
10T GOpMy BMATHHBI.

B pabote Tarxke oOCYXOalOTCS W HCCIEMYIOTCS NpoblieMbl BHIOOpa
OCHOBHOI'0 PaCY€THOIO KOHEYHOIO JIEMEHTa H JUCKPETU3ALMH BHIITYKJIOTO
OTOOPTOBaHHOIO JHMILA C JIOKAJILHBIMH Ae(eKTaMH, HaXOMALIErocs IO
JEHCTBHEM BHYTPEHHETO JIaBJICHHS.



Taoauua 1
3aBUCHMOCTD BEJIHYMHBI 9KBUBAJICHTHEIX HAlIPSYKEHHH OT YHCla y3-
JIOB JUCKPETH3aLHH KOHCTPYKLIMH

I cnnoco® auc- II cnocob nuc- III cnoco® mmc- 1V cnioco6 nuc-
KpeTH3alluH KpETH3ALMH KpETHU3aLUH KpETH3aIHH
Yucno o. Yucno o. Yucno . Yuciio o

i i i i

Y3I0B | MrTay | Y3IOB | (MTa) Y3108 | Mrla) | Y3TOB | (MITa)

385 187 427 193 426 182 486 190

1790 172 1944 179 1994 171 2102 176

4578 171 4879 175 4789 170 4976 173

7637 170 8012 173 8125 170 8344 171

10354 170 10988 172 11033 170 11240 171

Tabnuua 2
3aBUCHMOCTD BEJIHYHHBI 3KBUBAJICHTHBIX HANIPSHKEHUH OT YuCha y3-
JIOB JHCKPETH3ALMH KOHCTPYKLIHH

SHELLG63 yete1 - | SHELL63 tpe- | SHELL93 uetsli- | SHELL93 1pe-
PEXYrOJbHBIN yTOJIbHbIN PEXYTObHBIN YTOJIbHbIH

Yucno Pol Yucio . Yucno o Yucno G

i i i i

Y310B | (MrTa) | Y3OB | (MTTa) Y3TOB | (MITa) Y3MOB | (MITa)

385 187 408 198 577 189 622 193

1790 172 1876 176 2164 182 2389 184

4578 171 4904 172 5890 177 6023 178

7637 170 7946 170 8643 176 8943 176

10354 170 11367 | 170 | 13673 175 14277 | 175




IlpoBeneH aHanM3 TOYHOCTH U CXOOHMMOCTH KOHEYHO-3JIEMEHTHOrO
pacuyera Ha NNPOYHOCTb AHML UL Pa3IMYHBIX THIIOB KOHEYHBIX 3JIEMEHTOB,
H Ha OCHOBE JINHEHHOIO YETHIPEXYTONIBHOTO KOHEYHOIO 3IEMEHTa, MpOBe-
JEHB] UCCIICNIOBaHMS MO BBIOOPY KOHEYHO-3JIEMEHTHOH CXeMbl pa3OHeHHs
KOHCTpYKUHMH npu aHam3se HJC Brinyxieix OTOOPTOBaHHBIX IHHIL C JIO-
KalbHBIMH nedexktaMu (QopMbl. Pe3ynbTaThl 3THX HCCIENOBAaHHM Ipel-
craBieHs! B Tabmuuax 1, 2.

[To pe3ynbTaramM 4YHCIEHHBIX MCCJECIOBaHHM, NPHUBEICHHBIX B Ta0-
mauax 1 u 2, onpeneneHa onTUMaibHAsA CXe€Ma QUCKPETU3aLMH M THII pac-
YETHOro KOHEYHOro 3JI€MEeHTa I 33aJa4H yNpyToIUIacTHYecKoro ne¢op-
MHPOBaHHS BHINYKIBIX OTOOPTOBAHHBIX JHHIL C JIOKAIBHBIMHU AcdeKramu
dhopmsl.

Kak 1 cnenpoBaio oXXHaaTh, U3 pe3yibTaTOB PaCYeTOB CIEAYET, YTO
JIMHEVHBIN TPEYTONbHBIM KOHEYHBIM 3JIEMEHT JAaeT MEHEee TOYHBIE Pe3ylib-
TaThl, Y€M COOTBETCTBYIOIUUIH YETHIPEXYTOJIBHbIA IIPH NPOYHX PABHBIX YC-
nosusx. Hanbonee TOYHBIM ClieqyeT NpHU3HATH NEPBbIH COCO0 AMCKPETH-
saiuK. Bropoii cnoco6 naer cunbHO 3aHH)KEHHbIE pe3yNbTaThl, & TPETHH
IIPaKTHYCCKH MaJI0 OTJIMYAeTcs OT NEPBOro, HO €ro UCIONb30BaHHE Tpedy-
et 6onbuiero pecypca PC.

B _Tperneil riaaBe pacCMOTPEH BBIBOJ KPHUTEpPHsS OLIEHKH HECYLUEH
CTIIOCOOHOCTH BHINYKJIBIX OTOOPTOBAHHBIX AHUIL C JIOKAIBHBIMU AedeKTaMu
dopmbl. Kputepuii npeamnonaraer NosiBJICHUE B 00OJOYKAX JIOKAJILHBIX
TUIACTHYECKUX LIAPHUPOB.

B 310M cityyae COOTHOLUEHMS MEXAYO ,, 0 , T, - HOPMaJbHEIMH H

y? txy
KacaTeNIbHBIMH HAlPSHDKEHHSIMH, NCHCTBYIOIIMMH B CEYEHHAX 0DOJIOUKH, U
O 7 - NIPENETIOM TEKYYECTH MOTYT OBITh 3aIIMCaHbI CIIEAYIOIHM 00pasoM:
2 —
X
3neck z - KOOPAMHATHL TOYEK MO HOPMaiM K CPEIHMHHOH €€ NMOBEPXHOCTH
000JI0YKH.

[TockonbKy ¢ BOSHHKHOBEHHEM IUIACTHHECKHX AedopMaliii, 3aKOH

ci-00,+0,+3t,, =067 (s2 5 z5 5. 3)

U3MEHCHHUA O, ,OC y? Txy 10 TONIIHMHE 0OONOYKH HCHU3BCCTCH, MOCTYIHPO-

BaJlOCh, UTO 3TH HANPAXKECHHA 110 Z MOXXHO aIIIPOKCHMHPOBATH HCKOTOPBIM
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B paGote noka3aHo, 4To BMECTO YCHIIM#i © MOMEHTOB B yPaBHCHHAX
(4) MOXXHO HCTIONIB30BATh BETMYMHBI H3TMOHBIX M MEMOpaHHBIX HarnpsKe-
HMIi, ¥ NPEIOKEH ANTOPUTM HAXOXKACHHUA 110 pe3ybTaTaM HCCIEeNOBaHHUA
HJIC obosnouek B ynpyroi obiacTH HEKOTOPOro BHYTPEHHErO NaBIICHHA

D,z > TIPH KOTOPOM B 0GONOYKE BO3HMKACT JIOKAIBHBIA MIaCTHIECKHH
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COCTABJIAIOLIME HAIPSHKEHUH OT €NMHUYHOM Harpys3Ku, HaH[EHHBIE 10 pe-
3ynbTaTaM Heenenosanus HC obenouek B yripyroi obnacTy.

B pabore npencrasneHbl pe3ybTaThl PACUCTOB MPENEIbHEIX Harpy-
30K IUI1 HEKOTOpBIX OOONIOYEYHBIX KOHCTPYKLHMI IO IpeaJaraeMoMy KpH-
TepHi0. IlokazaHo, YTO B YaCTHBHIX CIIy4asX, MOJYYEHHBIE C €0 HCIIOJIb30-
BaHHMEM PE3YJILTATHl COBNAJAIOT C U3BECTHLIMH B JIMTEpaType BEMTHYHHAMH.
Ha ocHOBE 4MCIIEHHOrO 3KCIIEPHMEHTA TAK)XKE€ YCTAaHOBJIEHO, YTO Mpenenb-
Hafd Harpy3ka p,., paCCUMTaHHas M3 YCIOBHA BOZHMKHOBEHHA B 000J104Ke

- MeMOpaHHbI€e, a O

JIOKIBHBIX IUIACTHYECKHUX IapHUpoB Ha 17% - 66% npessilliaeT npeaesnb-
HYI0 HarpysKky p’, OnpeleleHHYI0 W3 pelueHds ynpyroi 3agaun. Kpome
TOr0 YCTaHOBJIEHO, 4YTO IIpeAciibHas Harpy3ka p, ., pacCUMTaHHas IO

NpeajaracMoMy KpPHMTEPHI0 XOpOLLO COBIIAfaeT ¢ pe3ylbTaTaMH, MNMOy-
YEHHBIMH B JHccepTannoHHoM pabote P. X. 3ainymmuna (2000) . Uncnen-
HBIM 3KCIIEPUMEHTOM I0Ka3aHO TAKXKE, YTO IIPH BO3paCTaHHH BHYTPEHHETO
JaBjieHHA p B JHUIIE IUIACTHUYECKHE Ae¢opMaluMy BO3HHKAIOT BHayajle B
30HE CONPSHKECHHS IUIMIICOMAA C HUIMHAPHYECKOH OTOOPTOBKOH, @ 3aTeM,
C YBEIHYEHHEM BHYTPEHHErO NaBIEHHUA p, 30HA IJIACTHYECKUX JAedopMa-
UMH BHIOMSMEHSAETCS, H IUIaCTUYECCKHH LIapHHP BO3HHUKAIOT B TMOJIOCE
IHHIIA, a He B 001aCTH COTpsHKEHHS 000/I0YeK.

B yerBeproil rnase nposeneHo uccnenaopanue HJIC BBIMyKIBIX
IHHUIL C JIOKATBHBIMH JeEeKTaMH TpHd ynpyroM M YNPYronjacTHYECKOM
nepopMHpOBaHUH.

Jns oLieHKY TOYHOCTH U JOCTOBEPHOCTH pPE3YNbTaTOB MCCIENOBAHUH
HAC muu, noydaemsix Ha ocHoBe KK “ANSYS”, npoBoauiocs ux co-
IIOCTABJICHHE € 3KCNEPHMCHTAILHRIMU JAaHHBIMH M pe3yJkTaTaMHM pacde-
TOB, BBINIOJIHEHHBIX C IIPHUMEHEHHEM pa3IMYHBIX KOHEYHO-3JIEMEHTHHIX
TIAKETOB, H B YyaCTHOCTH ¢ MaHHeiMu JIeHHMM Xummamua, KI'TY n KI'TY
uM. Tymnonesa.

YncneHHbIe SKCIIEPHMEHTH WLTIOCTPHPYIOT XOpOLIYK) CXOOHMOCTD
HalWJEHHOTO B XOI€ UCCIIENOBaHMI pacnpefleIeHUs MEPHAMOHATIBHOIO M
KONBLEBOTO HAaIPSHKEHWH CO 3HAYEHHSMH, MONYYEHHBIMH NI aHaJIOTHY-
HBIX YCJIOBMM JpYTHMH MCCIEAOBATEIIMH, U 3TO MO3BONAECT MCIOIB30BaTh
KK «ANSYS» mnsa anammza HAC kak Oe3nedeKTHHIX 3JUIHIMTHYECKHX H
TOPOC(EpHYECKUX AHMII, TaK M ANd AHMII C JOKAIBHLIMH JedeKTamu

GhOpPMEL.
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Ha puc. 2 u 3 noka3aHo pacrnpe/iefieHHE KONbUEBBIX HaNpsHKeHHi Ha
Hapy»XHOMH G, (KpHBas 1) U Ha BHYTPEHHEH O, IOBEPXHOCTH AHUINA (KPH-
Basg 2), CONPsHKEHHOrO C [UIHHHOH LIMJIMHApHYECKOH O0ONOYKON TOM ke
TOJIIUMHEL, 4yTO M AuHIue. KpuBas 3 Ha 3THX pHCyHKax NOKa3hIBAET Xapak-
TEp pacnpencaeHNs IKBHBAJICHTHBIX PACTATMBAIONIMX HanpsbkeHHit (op) B
AHMILe, a kpuBas 4 — usrubaromux (oy). KpuBas 5 cBunerensciByer o0

M3MeHeHHH KoMiUlexca K = 20, /(30 )+ Og / 02 sroms Mepramana

IHULIA.

Kak cnenyer u3 puc.2 u 3, npu Harpy3ske 1,6 MIla obnacte nepexo-
na sengerca Oonee HarpyxeHHor (K=0,27) mo cpaBHenuio ¢ BeplUHHOM
nuanma (K=0,23), Ho npu Harpy3ke B 3,2 Mlla Gomee HarpyeHHO# yxke
spisiercss BepwvHa auvia (K=0,89), a He obnacty nepexona (K=0,83).
Ilpu nmanpHe#illeM yBeNnHYEeHHM BHYTPEHHErO IaBJIEHMA BeEplUIMHa Oyner
IpOJOJDKaTh OCTaBaThcs HanbOosiee Harpy>XeHHOH 30HOH JHHINA, H pa3py-
LIEHHUE 0OONOYKH NMPON3OHIET B €€ Motoce.

Kak m3BeCTHO, IIpH LITaMIIOBKE JIUIMNTHYECKHX JHHUII HabnroAaercs
YTOHEHHE CTEHKH MO CPaBHEHUIO C TOIHHON MCXOXHOM 3aroToBku. B Ha-
crosier pabore coBmectHo ¢ AO « HUMXuMMaly npoBeieHbl HCCIIEN0-
BaHHA MPOYHOCTH [IHHIL, YTOHEHHE KOTOPBIX B 30He OTOOPTOBKHM 3HAuM-
TENBHO BHILIE , YEM MpPH IUTAMIIOBKE CTAHNAPTHBIX JHHIL. JTO NOCTHra-
JIOCh 32 CYET NPEABAPHTEIBHOIO YTOHEHHSA 3arOTOBOK.

B xone sxcrniepriMeHTa 3aMepsuiMch AedopMallii Ha HapYXKHOH Io-
BEPXHOCTH JIHUIIA B MATH €TI0 TOYKaXx.

Kak nokaseiBarOT YHCIICHHRIE MCCIEAOBAHHS, 3MIOPHI TaHI€HIHAJIb-
HBEIX M pajHalbHBIX NeQOpMaliMii B JHMIIAX, NMOIY4YEHHBIE B XOAE ITHX
MCCENOBaHHHl THUI, a TaKXe pe3yibTaThl TCH30METPUpPOBAHHMA IHHII B
3KCMEPHMEHTAIBHBIX HaOMIOICHUAX XOPOLLO COTNIaCYIOTCA MEXY COOOM, U
3TO MO3BOJIAET CUMTATh, YTO pa3paboTaHHAs NMporpaMMa yHpyromjiactTuye-
CKOro neopMHpPOBaHMs JHMIL a€KBaTHO OMUCHIBAET 3TOT MpoLecC B 00-
JIaCTH IUTACTHYECKHUX AedopMaLHii.

Kak u3sectno, no OCT 26-291-94 BricoTa oTaenbHo# cdepuueckoi
BMATHHBI (BOTHYTOCTH) HJIM BBIITYYHHBI (BBITYKJIOCTH) Ha 3JUTHOTHYECKOM
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JTHMIIIE HE JOJDKHBI IMpeBblaTh 6 MM. OIHAKO IIPH NIPOBEACHUH 3KCNEPTH-
36l OCTATO4YHOH paboOTOCHOCOOHOCTH COCYNOB M anmaparoB IPHXOAHUTCSA
aHAJIM3HPOBATh Ha IUIHNTHYECKHUX H TOPOC(EPHYECKHX [IHHINAX BMSATH-
Hbl U BBIMYYHMHBI, TApaMeTPhl KOTOPHIX NpPEeBOCXOnAT ykasaHHele B OCT
26-291-94 npenenbHbIe 3HAYECHUS.

ITosToMy B pabote npoBeneHH taoke Heeneaosanus HIC Topocde-
PHYECKHX OHHIL C KpYTJIbIMH B JUIaHe BMATHHaMHU. B Tabnuue 3 npusene-
HO CpaBHEHHE Pe3y/IbTaTOB PaCUYETHOH OLIEHKH NPOYHOCTH JHHIL C BMATH-

HaMH, BBHINOJIHEHHBIX 10 npeanaraeMoii mporpamme B KK «ANSYS» (Olo
ANS), ¢ IaHHBIMM HAaTypHOIO TEH30METPHPOBaHHA cepHuecKuX 000s0-

yek ¢ BMATHHaMu KpuoreamaiueM (Olo*), M C JaHHBIMH, NOTYYEHHBIMH Ha

kadenpe conpomara KI'TY (QLe**).

Tabnuua 3
Pe3ypTaToB pacueTHOH OLICHKH NPOYHOCTH JHHIL C BMATHHAMM
R,mMm | s,mm | p,MIla | rg, MM | MM | o CANS | Olo* | Olo**
450 6 0,9 75 10 4.20 403 | 3.98
800 14 1,5 133 21 3.81 3.68 | 3.88
1000 20 k.7 167 30 3.65 3.62 | 3.80
1600 18 2,0 165 18 3.07 332 | 3.12
2000 10 0,6 174 20 3.72 410 | 3.88

Kak cnenyer u3 tabmiun! 3, pesynstate! aHanu3a HIC chepryecknx
JHHUII ¢ KPYIJIBIMH B IUTaHE BMATHHAMH, MOJyYEHHBIE C HCIIOJIb30BAHHEM
KK «ANSYS» xopollo cornacyiorcs ¢ pe3yjbTaTaMH, MOony4eHHbIMH 110
pa3nuyHbpM naketaM MKD, ¥ ¢ JaHHBIMH 3KCNIEpPHMEHTAIBHBIX HaOmo/1e-
HUH. UHCIIEHHbIE 3KCIIEPUMEHTHI WUTIOCTPHPYIOT HE TOJBKO XOpOIUYHO
CXOIUMOCTh HalJeHHBIX KO3(GHIIMEHTOB KOHILIEHTPALHK HAIpSHKEHHH CO
3HAYEHHAMH, MOJYYEHHbIMH JJI1 aHAJIOTHYHBIX YCJIOBUH JPYTHMH HCCIIe-
NI0BATENAMH, HO M KAUeCTBEHHOE COBIaZIeHHE KapTHUHBI e OpMHPOBAHHS.

B paboTte ucciieoBanocs Takke BIUSHHE TIIyOHHBI f; BMATHHBI, €€
panMyca r,, yJajieHHs TIPOEKLMH 1IeHTpa BMSTHHBI Ha HeaepOpMHpPOBaH-
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HY0 ODOJIOYKY OT OCH CHMMETpHH OOONIOYKH X,, OBAJBHOCTH BMSTHHEI
d (oTHolueHus OONBIIEH MONYOCH BMSATHHBI K MEHBIE), a TaKKe yria

opueHTaluy BMATHHH «, Ha HJIC ammuntHdeckux ¥ TopocepHyecKux

IHHILL.

HccnenoBanys nokasanH, YTO YBEIHYEHHE CTENEHH SJUIMIITHYHOCTH
BMATHHBI BEET K CHMXXEHHIO MPOYHOCTH 000JI04KH, NMpHyeM Hanbosbliee
CHH)KEHHE NPOYHOCTH IPOMCXOAMT B CiTydae, €CJIH BMATHHA pacrnojoxe-
HHA B 30HaX HaMOOJBLICH KOHLEHTPALMH 3KBHBAICHTHBIX HaIpPSXEHHH
s 6esnedexrroro nuumia. Hanbonee HebnaronpHaTHBEIM (C TOYKH 3pEeHUS
NIPOYHOCTH) ABNAETCS PaCTiONOXKEHHE JUTHIITHYECKONH BMATHHBI T10]] YTJIOM
a, nopsaka 70 rpaaycoB K paaMycCy, COCAHMHSIOIEMY INONIOC OHHUINA U

LEHTp BMATHHBI. MccrenoBanus Taxoke rokasslBaloT Ha OONBLUYIO pasHHLLY
HalpsHKEHUH Ha Hapy>XHON U BHYTPEHHEH MOBEPXHOCTH IHMIL, YTO YKa3bl-
BaeT Ha HaNMM4Ke B 000JI0YKe 3HaYUTEIbHBIX H3THOHBIX HaNPsHXKEHUH.

YucneHHbIEe HCCIIENOBaHUA BIMAHHA HOPMHPYEMBIX JIOKAILHBIX JiE-
¢exroB Ha HJIC BRIMyKIBIX AHHIN NPOBOAWIMCE JUIA CTAHJAPTHBIX JLIMII-
THUECKHX U Topocdepudeckux nuuil. MccienoBanocs BIMsHUE U3MEHEHHS
Haubonbwero AR ¥ HauMeHbulero Ar paauycoB KpHBH3HBI JIHMILA, @
TAaKXe yBOAA HIXHEH KpOMKH HWIMHApHUYeckou otboproBku Am Ha HJIC
obonouxu. Ilpenensl qomyckaeMbpIX W3MEHEHHH BHILLIEHA3BAHHBIX BEJIMYHH
COCTaBJISLJIH:

Omm2 AR 2 8mm, Omm 2 Ar 2 4mm, Omm 2 Am 2 4dmm .

Kak u cnenpoBano oxuzaars, HIC BeimyxislX auuin B Oonbiiel cre-
TMEHU 3aBHCHT OT M3MeHeHHs Haubonbmero AR u HauMeHnblnero Ar pa-
IHYCOB KPUBHM3HBI JHUIA, M B MEHBLUEH - OT BEJIMUMHBI YBOAA HIDKHEH
KPOMKH LHHJIHHAPHYECKOH OTOOPTOBKH - Am .

Ha puc. 4 u 5 npencrapnenst pesynstatsl aHanusa HIAC Topoce-
PHYECKHX M 3JUIMNTHYECKUX MHHULL C JIOKANbHBIMH AeEeKTaMH, TOHUMEHO-
BaHHBIMH B OCT 26-291-94. BuyTpeHHH nuaMeTp AHHINAG U JUIMHA LH-
JTHHPHYECKOM 000/104KH npuHUManuch paBHbIMH 300MmM , Tomumua s -
10 mm, usmeHeHne Hanbombuiero paguyca AR v HauMeHbuiero Ar co-
CTaBIsIIH — 8 MM H - 4 mm, cooTBeTcTBEHHO. B nuanasone 0,6R - 0,8R
uMeno yroHenue 0,1s, yBoa HIKHEH KPOMKH LWJIMHIPHYECKOH 0TOOPTOB-
K Am coctaBisi 4 mm.
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| ANSYS 5.5

DEC 30 2001
16:04:47
;J\x NODAL SOLUTION
STEP=1

SEQV [{AVG)

DEX = _ 664I-03
SHN =.882E+07
SHX =.208E+09
SNYBe=_ 2272400

.8B2E+07
Bl 500506

,S31E408
B ocoracs
Bl o5r.06
Bl ;07400
E3 1421409
C | 16az+09
Bl cerio0
B oersos

Puc. 4. Pacnpenenenune HanpsHK€HHH Ha Hapy>XHOH NIOBEPXHOCTH 3JUJIHII-
TUYECKOro JHHUILA C KPYIJIOH B IUIaHE BMATHHOH

ANSYS 5.5
DEC 30 2001
16:05:25
_fykx NODAL SOLUTION

(&AVG)

.664E-03
.240P408
«2S2EH0S
.293E+409
-240E+08
.493E+08
. 747E+408
. 100E+08
. 125E409
.151E+09
.176E+409
.201E+09
-227E409
«252E+09

Puc. 5. PactipeneneHue HanpsiKEHH Ha BHYTPEHHEH NMOBEPXHOCTH 3JUIHII-
THYECKOrO IHMLIA C KPYTJIOH B IJIaHE BMATHHOMN
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Ha paccrosunu x = 0,75R oT LicHTpa JHHIlE HMENO BMATHHY C COOT-
HollleHHeM nonyocen 1:3, u ¢ pazmepoM Gonplueli nonyocu r = 40 mm. Ita
OCb ObIa MOBEPHYTa OTHOCHTENILHO PaJHyCa, COCOUHAIOLIEro BEPIUHHY
AHUIA M LIEHTp BMATHHEL, Ha yron 75°. Iiy6Haa BMATHHBL cocTasisuia 20
mm. OBonouka Harpyskanach BHyTpeHHHM aaBieHueM p = 4Mlla .

IIpoBeieHHbIE HMCCIIENOBAaHHS MOKA3bIBAKOT, YTO NOCTPOEHHAs pac-
YyeTHas Ipoueaypa nos3poyser 3¢p@PEKTHBHO pelliaTh 3aa4yd aHaIM3a yIpy-
roro ne(pOpMHpOBaHHs BBINYKIBIX OTOOPTOBAHHBIX MHHII C JIOKAJILHBIMH
nepexramu reometpum. Pabora B cpene I ANSYS nossosser 3Hauu-
TEJIBHO COKPaTUTh BpeMs CO3aHHA KOHEYHO-3JIEMEHTHOH MOMENH KOHCT-
PYKLIMH H OTJaJKH Mpoueayps! pemieHusA. PazpaboTaHHble nporpaMMBel MO-
I'yT OBITh 2(G(PEKTHBHO MCIIONB30BaHBI MIPH OLIEHKE MPOYHOCTH BBHITYKIJIBIX
O0TOOpTOBAIIHBIX JHHULY C NOKAIBLHBIMH AedekTaMH (GOPMEI, B XOAE aHATH3A
OCTATOYHOIrO pecypca COCyIOB M ammapaToB Ha OOBEKTaX, IOjBEIOMCT-
BeHHBIX ['ocroprexnanzopy PO.

Ocnosnble 661860061 U pe3yiomamsl

1. AHanu3 MUTEpaTypHBIX JaHHBIX MOKA3aJl, YTO B HACTOSALIEE BpEMS
OTCYTCTBYHOT pabOThi, MIOCBALIEHHBIE 3KCNIEPUMEHTAIBLHBIM U YHCIIEHHBIM
HcenenoBanuaM HJAC BRINMyKIIBIX THHIL € JIOKAIBHBIMU JepekTaMu  (op-
MBI, @ JUIf OLIEHKH CTaTHYECKOH NPOYHOCTH COCYZIOB C TAaKUMHU AcheKTaMu
HUHWXumMali pexOMEHAYET YNpOLUEHHOE pEelleHWE 3aayd O Hecyllek
CnocoOHOCTH 060JI0YKH, KaKk Opyca eAMHHYHOM ILIMPHHBI H ITPAMOYTOJILHO-
IO CEYEHHHA.

2. Ilpemnoxen 3MeKTPOHHBIA 00pa3 BHIMYKJIBIX JHHUI C JIOKATLHBIMH
nepextamu  ¢opmel B cpene KK «ANSYS», u paspaborana npouenypa
pelleHys 3aJauM YNpyrorwiacTuyeckoro  ne¢opMHUpOBaHUS BBHTYKIBIX
IHHLY C JIOKaJIbHBIMH fepexramu ¢opmbl. [IpoBeeHbl YUCTEHHBIC HCCITe-
IIOBAHM4, NO3BOJISIIOIME ONPEACTIUTh ONITHMAIIBHYI0 CXEMY HHCKPETH3ALMH
H THII pacye€THOro KOHEYHOI0 3JIEMEHTA JUIA TaKOI'o poja 3ajay.

4. Ilpennoxes yTOYHEHHBIH KPUTEPHH OLIEHKH Hecyllei crnocoOHo-

CTH p,, A1 000JI0YKH C JIOKAIbHBIMH JiedeKTaMH, KOTOpBIH Npeanonara-
€T BOSHHKHOBEHHE B HEH JIOKAJBHBIX IJJACTHYECKHX IIAPHHUPOB.
5. Ilokasano, 4yto pe3ynbtarhl aHam3a HJC 6e3nedexTHrIx 3aun-

tHyeckdx aHMI B KK «ANSYS» xopomo cornacyrorcs ¢ pe3ynbTaraMH,
TI0JIy4E€HHBIMH IO pa3nuyHbIM nakeramMm MKD, v ¢ JaHHBIMKM 3KCHEpUMEH-
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TalbHBIX HaOMOnEHHH. YHUCIeHHO YCTaHOBJIEHO, YTO IOI JeHCTBHEM
BHYTPCHHEIO aBjIeHHs MJacTHYecKHe nedopMauuy BOSHHKAIOT BHayaje B
30HE COIPsDKEHHs 3JUIMIICOMAAa C OTOOpPTOBKOH, a 3aTeM, C YBEJIHYEHHEM
BHYTPEHHErO JIaBJIEHHs, 30HA IUIaCTHYECKHUX JedopManui BHAOHU3MEHSET-
CsA, ¥ IUIACTHYECKHH LUApHHP BO3HHMKAaeT He B 00IacTH COMNpsKeHHs, a B
TOJIFOCE JHHILL, i€ U IIPOMCXOOUT MX pa3pyllIeHHE.

6. Uccnepoano HAC amnunTHyecKkuxX INHMIL, HMEIOIMUX YTOHEHUE
CTEHKH B 30HaX HaHOONbLIEH BBITSHKKH NpH mwitamrnoBke. [IpoBesieHo cpae-
HEHHE PACCYHTAHHBIX KPHUBBIX A€(QOPMHUPOBAHHUS AHHUI C 3IKCIICPHMEH-
TaNbHbIMU JaHHEIMM OAO «HUHXumMman» ¥ nokaszaHo, YyToO pacCYUTaH-
Hoe no KK «ANSYS» ynpyronnactuyeckoe nedopMHpOBaHHE BBINTYK-
JIBIX JHUIL C yTOHEHHEM XOPOLIO COIIaCyeTCs C JAaHHBIMH 3KCTIIEPUMEHTA.

7. IlpoBenén CpaBHUTENBHBIA aHAIM3 YNPYTOIUIACTUYECKOTO He-
(G OopMHpOBaHHs BBINYKJIBIX OHMII] C BMATUHAMH, OTMEYEHO XOpOIliee COB-
najcHHe TONYYEHHBIX IIPH 3TOM PpE3yJIbTaTOB C 3KCIEPHMEHTAILHBIMH
nanueiMu. Ilokasano, yro paspaborannas B cpene KK «ANSYS» nporie-
aypa ananusa HJC BpmMyKIsIX JHHIL C JIOKAJIBHBIMH Je€(EeKTaMH H KOH-
LEHTPATOPaMH HANPsKEHUH, MO3BOJISET YCMNEHO pelaTh 3aJa44 POYHO-
CTHOTO aHaIu3a COCYOB H amfnapaToB B YCIOBHAX CTATHYECKOTO H MaJIo-
IMKJIOBOrO Harpy>X€HHs [pH ONpeEleNeHHH napaMerpoB MX Oe3onacHom
SKCIUTyaTaluH.

Obo3nauenusn

d - NIuHa BMATHHB]L, OTHECeHHas K €€ nuamerpy; [ - riybuna

BMATHHBI, M - u3rubaroumi MOMeHT, N - HOPMaJIbHOE YCHIIHE, p - BHYT-
peHHee M30BITOYHOE JaBlieHUe, R — BHYTpeHHuH panuyc obosouky, 7, -

panuyc OCHOBaHWs BMATHHBI, ¥ - PaalyC CONPSHKEHHMA IUIMIICOMIA H OT-
OOPTOBKH, § - TOJNLIHHA 000JIOYKH, Am - YBOJ HHOKHEH KPOMKH LHJIHHIPH-

4eCKOH O0TOOPTOBKY, X, ¥, Z — KOOPAMHATHI, O - HOPMAJILHOE HallpsDKEHHUE, T

- KacaTeNnbHOE HANPSHKEHUE, Oy , Oy , Ty, - HAIPDKEHH, JEHCTBYIOLIHE BO
M M

T,, -~ MEM-

B3AUMHO TNEpIeHIHKYIISPHBIX CEYEHUsX 0BONOUKH, O, , O it o

u
Xy

NSAIMME HANPHKEHUH, O7 - MHHHMAJbHOE 3HAYEHUE Mpefena TeKy4eCTH
IIPH pacYETHOHN TEMIIEpAType.

OpatiHble COCTABIISIOLIME HaNpPsOKEHUH, O , o";, , T - M3TWOHBIC COCTaB-
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