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AHA/TH3 ITPOI'PAMMHOI O OBECIIEYEHHA
INPOYHOCTHBIX PACYETOB ITOMO/IbHBIX
KAMEP ME/IbHHL TOHKOI'O H3ME/IbYEHHA

IlpoBeseH aHa/M3 MpoOrpaMMHOrO obecriedeHHs] MPOYHOCTHBIX PaCUéTOB IMOMO/IBHBIX
KaMep C ITOMO/TbHbIMU KaMepaMu 6apabaHHOro THIa. TaKke paccMaTpHBalOTCS BOIPOCHI
onpese/ieHHsT JKeCTKOCTHBIX M MPOYHOCTHBIX XapaKTePUCTUK KOHCTPYKLIMH BHOPALIIOH-
HOH Me/IbHHLIBL. PaccMaTprBaeTcss BOPOC COCTaB/IeH sl pacyeTHO N CXeMbl BUOPALIHOH-
HOH Me/IbHHLIBI C HCIIO/Ib30BaHHEM MeToda KOHeUHBIX 3/1eMeHTOB. Ilpu coctaBiaeHun
PaCUYETHOM CXeMbl MCTIO/b30BA/THCh [Ba OCHOBHBIX THUIA KOHEUHbIX aeMeHToB: CROD —
OAHOMEPHBIH ABYXY310BOH crepxHeBor aremeHT; CQUAD — AByxMepHBIkt YeThlpexys-
7I0BO¥T 3/1eMeHT. [ IpyuBeaéH npuMep MpoYHOCTHOIO pacuéra IOMO/IBHOK KaMepbl BUOGpa-
LIMOHHOF Me/IbHHULIBI C TTOMOIIbIo rporpaMmHoro Komriiekca MSC. NASTRAN.

KrmioueBrle crioBa: Mermolasi 3arpyska, roMo/IbHasi KaMepa, BUOpaLlMOHHAas Me/IbHHLIA,

CH/IBI, LIGHTP Macc, AMHaMHYecKHe 30HbI, rporpaMMHbii komriiekc MSC. NASTRAN.

” CCMIeIOBAHUIO  HAAEKHOCTH
KOHCTPYKLIMM Me/IbHULI TOH-
KOrO M3Me/lbueHUsl TOCBAIIeHb PabOoThI
KaK POCCHUIMCKUX, TaK U 3apyOeKHbIX aB-
TopoB. OOMMM HeAOCTaTKOM 3THX pa-
6OT fABAETCA, C OAHOM CTOPOHBI, YIPO-
mEHHOE TMpe/CTaB/IeHUe Memollel 3a-
TPY3KH B BU/E COCPEAOTOUEHHOM MaccChl,
YTO He AaéT OObeKTUBHOM KapTUHBbI BO3-
[EWCTBUA e€ Ha CTeHKH ITOMO/IbHOM Ka-
Mephl, a C APYrort — OTCYTCTBHE UCCe-
[OBAHWI HaIpPXKEHHOTO COCTOSIHUSA T10-
MO/IbHOM KaMephl, UTO HWCK/IOYaeT BO3-
MOKHOCTb TOUHOI'O pacyéTa e€ pecypca.

[ IpoexrTrpoBaHye OTITHMAa/TbHBIX
KOHCTPYKLIMHM SBSETCA OAHOM U3 BaxK-
HBIX COCTaB/SAIONIMX B 061aCTU MalliHO-
CTpoeHusi. 3a [loC/IefHrue HeCKO/IbKO
[eCATUIeTHUH PaspaboTaHO MHOXKECTBO
a/TOPUTMOB  OMNTHMH3ALIMY, Ob1aaato-
MIUX PasTUUHON CKOPOCTBIO CXOAUMOCTU
u TouHocteio [1, 2]. TlpoektupoBanue
MAaIIMHOCTPOUTENBHBIX KOHCTPYKLIMH
TpeGyeT UCIOb30BaHus Hanbornee 3dp-
deKTUBHBIX  (OO/1amarolMX — BBICOKOM
CKOPOCTBIO  CXOAIMMOCTH) ~ a/ifOPUTMOB
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ONTUMM3ALIMM, TaK KaK 3aadya OITTHMH-
3allMM  MallMHOCTPOUTE/TbHOM KOHCTPYK-
LIMM BK/IIOUaeT B cebst OrPOMHOE UMC/IO
[TPOEKTHBIX T[MePEeMEeHHbIX M OrpaHuye-
HUI, UTO HaK/aablBaeT BBICOKHE Tpebo-
BaHMUs Ha MMPOM3BOAUTEbHOCTE DBM.
AHa/mM3 KOHCTPYKLIMK BUOPALIMOH-
HbIX Me/TbHULI BBIABU/ HAMETHUBLIVIOCS B
rocrieiHee BpeMs TeHAeHLIMIO paspa-
OOTKM H3Me/bUMTe/TbHOrO  000pYa0Ba-
HUS HOBOTO TEXHWUYECKOrO YPOBHA C
TOBBINICHHOM TPOU3BOAUTE/IBHOCTHIO
MpU  3a/laHHOM /IO/ITOBEYHOCTH KOHCT-
pyKLKM MenbHULbL. CylliecTByiole Ha
CerofHANIHNI AeHb UCC/IeI0BaHysa B 00-
MacTH TIPOYHOCTY KOHCTPYKLIMK BUOpPa-
LIMOHHBIX Me/bHULI OTpaxKaloT CTpem/ie-
HUe MHOTHX aBTOPOB K OIMMCAHUIO TMPO-
Llecca M3MeslbueHrs C Y4ETOM B/AWSHUS
ME/TIOIMX Te/l Ha MPOYHOCTb OTAe/bHBIX
y3710B MenbHULL. OaHako OO/BIIMHCTBO
vccnenoBatened He YUHTHIBAIOT BEepPOsIT-
HOCTHBIN XapaKTep Ipoliecca Harpyxe-
HUSI TIOMO/IBHOM Kamepsl. [IpakTuuecky
OTCYTCTBYIOT HCC/IEZIOBaHUs, B KOTOPBIX
paccMaTpuBaeTCs  pecypc  MOMO/TBHOM



KaMepbl U eé 3aBHCHMMOCTb OT IPOYHO-
CTHBIX XapaKTePUCTUK Me/bHULIbL. Bme-
CTe C TeM YuéHble cxoasaTcs Bo MHeHuH,
YTO TOMBKO YBe/IMYeHHe TMPOYHOCTHBIX
XapaKTePUCTUK OTAE/IbHBIX Y3/I0B Mellb-
HHLIBI MOXKET 00eCreumnTh 3KCIVIYaTalMIo
9THX MallMH NpU 6o71ee BHICOKUX YacTo-
Tax KorebGaHWl TIOMO/TBHOM KaMephl.
[Tpu sToM cHWXKeHMe Macchl Korebro-
IIEHCH YaCTH Me/TbHULII MOMKET C/YXKUTh
OCHOBHBIM MYTEM, BeAYIIMM K PelleHHIO
maHHOM 3azayu. Kpome Toro, Ha Ha-
CTOSAIINI MOMEHT He CYIIeCTBYeT HCCrie-
[OBaHUM, CBA3BIBAIOLINX MPOYHOCTHBIE U
pabourie TrapaMerpsl  BUOPALIMOHHBIX
MebHULL. Bcé 3To He mosBo/sieT TOYHO
OBGOCHOBaTh PEeXUMHBIE U KOHCTPYKTHB-
Hble TapaMeTphl 3TUX MallWH, TPU KO-
TOPBIX AOCTHUIAeTCA MAaKCUMa/IbHas MpPo-
H3BOINTE/BHOCTD.

B ycnoBusiX TMOCTOSHHO PacTYIIMX
06BEMOB TTPOM3BOACTBA Me/KOAWCIIepC-
HbIX MaTepyasioB TpebyeTcs cosaaHue
[MPOMBIIIZICHHBIX BUOPALIMOHHBIX Me/lb-
HULL  OO/BIION  MPOWU3BOAUTE/TBHOCTH.
OmHako yBenuueHve raGapuToB BUOPO-
ME/IbHULL CACPKUBACTCH ITPOUHOCTHBIMU
XapaKTePUCTUKaMU TTOMO/TbHOM KaMepbl
Y KOHCTPYKLIMU B L1erioM. [ IpakTruecku
HeHCCieIoBaHHbIM ~ OCTaéTCsl  BOIIPOC,
CBA3aHHBII C OIllpesesieHneM Harpy3oK
Ha TOMO/IBHYIO KaMepy, BO3HUKAIOLINX B
pesynbTaTe ABMKEHUs] Me/Ioliel 3arpys-
KU. MccnemoBaHvss B aaHHOM 0671acTu
MMEIOT BakKHOe 3HaueHue Aas paspa-
GOTKM  KOHCTPYKLIMI  BUOPOME/IBHHLI,
CMOCOOHBIX M3MerbuaTh MaTepuar Mpu
0Ooree BBICOKMX YacTOTax KozieGaHus
[IOMO/IBHOM KaMephbl, UTO TOBHIIIAET KX
[MPOM3BOAUTENBHOCTD TTPH 3a4aHHOM pe-
cypce [3].

OnaHott Y3 I7aBHBIX MMPHUUMH, TOPMO-
3ALIMX Pa3BUTHE MPOMBIIIICHHBIX KPYIT-
HOraGapUTHBIX BUOPALIMOHHBIX Me/IbHHLI,
SIB/IAETCS OrpaHHUuUeHre TI0 MPOYHOCTHBIM
rnapamerpaM TOAIMITHUKOBBIX Y37I0B, a

TaKXKe TIOMO/IbHBIX KaMep U HeCyIlMX pam
ME/TbHIL.

Haunbonee MoIHBIMM CcpeacTBaMU
[7IS1 aHa/IM3a KOHCTPYKLIMI B HACTOsiee
BpeMsl SIB/AIOTCS aBTOMAaTH3WPOBaHHbIC
CHCTeMbl, OCHOBaHHHIE Ha MeTozae KO-
HeUHBIX 3/1eMEeHTOB. B cooTBeTcTBHM C
3TUM METO/IOM IMPOU3BOAUTCSH AUCKPETH-
3aLMs KOHCTPYKLIMM Ha Me/IKhe KOHed-
Hble 3/IeMEHThI, /11 KOTOPBIX HM3BECTHHI
CrOCOOB! MTOCTPOEHUST 3/IeMEHTHBIX MarT-
pull xkecTtkocth. OOBIMHO IMO/Hasg Mart-
pHLIA KECTKOCTH CHCTEeMbl I10/1y4aeTCs
MyTeM CYMMMHPOBAHHWS TaKUX 3/1eMEHT-
HbIX MaTpHLl. AHA/IOTMUHO BEKTOPHI Ha-
IPY30K OTAE/bHBIX 3/IEMEHTOB CYMMU-
PYIOTCH B OOIIMM BEKTOP Harpy3ku Ha
BCIO KOHCTPYKLIMIO. [ paHUUHbIe YC/IOBUS
coCTOAT B (PUKCALIMM  OITpe/e/IeHHBIX
CTereHer CBOGOAbI OTAE/IbHBIX  Y3/10B
ansi vsberaHysi ABUKEHHS PACCUMThI-
BaeMOro OObeKTa KaK TBepAOro Terna.
3agaya CBOAMTCH K PELICHUIO CUCTEMEI
MUHEMHBbIX anrebpandyeckux YpaBHEHWI
OTHOCHTE/IBHO HEW3BeCTHHIX IlepeMeliie-
HUH 110 BCeM He3ahHKCHPOBAaHHBIM CTe-
reHsiM cBoGoawl. [locne onpenenenus
repeMellieHri /1erko MOryT ObiTh OIlpe-
neneHbl AedpopMaLli U HaIIPsKeHHsT BO
BCeX 3/1eMeHTax KOHCTPYKLIMM.

B KauecTBe mnpuMepa paccCMOTPHM
3a7a4y OIlpeseneHus HarpsiKeHud B
OTZAeNbHBIX YaCTHX T[IOMO/IBHOM KaMephl
BUOPALIMOHHOM Me/TbHHLIbI Y TlepeMeliie-
HUSl eé OTAenbHbIX Touek. MateMaTtuue-
CKU pellleHWe 3TOH 3aJayu CBOAWUTCH K
PasbHEeHUI0 KOHCTPYKLIMM Ha KOHEUHbIe
anemenThl (K9). [aa nomornsHOM Kame-
pol KO mpeacraBnaser cobodt mpsiMo-
YrO/IbHUK TIPH OINMHCAHWM LIW/IUHAPHYEe-
CKOM TTOBEPXHOCTH TIOMO/TbHOM KaMephl
Y TpareLMio NPy OIMWCAHUK TOPLIEBBIX
MOBePXHOCTer KaMepsl. B mobom cay-
yae — 3TO ueThpéxyrosibHUK. OH nMeet
4 y3ma, KOOPAWHATEI KOTOPOTO 3adaloT-
Csl B TMPOCTPAHCTBE TPEXMEPHOM CHUCTe-
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MOI KooparHaT. Kpome Ttoro, y oboso-
YEUHOrO 3/IeMeHTa MMeeTCsl ellé OAvH
napameTp — To/MHa. B Hailem cayyae
— 3TO TO/IIMHA CTEHKH TOMO/IBHOM Ka-
Mephbl. B obmieM ciyyae cusibl, NpUKia-
AblBaeMble B Y3/aX, AenfaTcsd Ha OOBEM-
Hble (CUna THXKECTH, HWHEePLIMOHHBIE CU-
MBI) W TIOBEPXHOCTHBIE (CH/IBI, MPU/IO-
JKEHHble K CaMOM KOHCTPYKLMM: BCe
BHeIIIHYE CW/IbI, /laB/IeHre Mermolieit 3a-
IPY3KHU):

Cunbl MpUKAAABIBAIOTCA B Y31aX
(oHr obo3HaueHsl To4YKamu a,c,e,d). Cu-
Qbl, AEMCTBYIONIME B Y371ax, OIpeaers-
IOTCSl Ha OCHOBE MHTerpasa, B3fTOro OT
Be/IMUMHBI AaB/IeHUs], AeHCTBYIONIEro o
BCell [IOBEPXHOCTH TTOMO/IBHOM KaMephl.
ViHterpupoBaHue, BO-TIepBbIX, AaéT
BO3MOXKHOCTb 3aMEHMTb ACHCTBUE pac-
npeaenéHHOM Harpy3ku S, co3naBaeMoi
Meqolller  3arpy3koi, Ha CcocpeaoTo-
yeHHble curibl P, aedicTByiolMe B y3iax,
a, BO-BTOPBIX, OIpeenuTh Harlpas/ie-
HYe 3TuX cun (puc. 1).

[asi onvcaHus 110751 TlepeMelleHHH
MMPOM3BO/IbBHBIX ~ TOYECK, HaXOASIIMXCS
BHYTPH 3/IeMeHTa, 3a4aloTc (PYHKLIMU
dOpMBI TIepeMellieHHH, WM arrpoKCH-
Mupyionire GyHKLMU. B yactHoCTH, Ans
YETBIPEXYTO/BHOTO 3/IeMEeHTa HCTIONb3Y-
ercs OvvHeriHas popMa arpOKCHMU-
pyiomx pyHKUKE. [IpuMep: mnepeme-
eHUss ToueKk a,b,c cBs3aHbl /MHMHENHOM
3aBHCHMOCTBIO: KOHLIBI BEKTOPOB
ul,u2,u3 nexar Ha oaHoOM mpsaMoi. B
npenenax oaHoro KO nepemeriienus mo
BCeM CTOpPOHAM /IMHeMHbl, HO B Mpese-
Max BCeW KOHCTPYKLMHK IepeMelleHUs
He/IMHeUHbI.

Cpenu cylIeCTBYIOIIETO  CEroaHs
MpOrpaMMHOro  ofecrieyeHus, TO3BO-
[SI0Iero peuarth M BU3Ya/IN3UPOBAaTh
3a/aur PacyéToB Ha TPOYHOCTH KOHCT-
PYKLIMM M JeTasled MallMH, Ha Hall
B3I/ Hauboree MONyAspHbIMU U 3d-
(PeKTUBHBIMU AB/ISIOTCH C/IeAyioIINe.
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Puc. 1. O6mMii BHA KOHE4YHOro 3/1eMeH-
Ta, HCNOAB3YeMOTro NpPH pa3O0HEeHHH IIo-
BepXHOCTH NIOMO/BbHON KaMepbI

Puc. 2. KoHeuyHo-31eMeHTHasa Moae/b
BHOpaLIHOHHOH Me/IbHHLbI (KOIHYeCTBO
y3a0B — 3122, Konu4ecTBO 3/1eMEHTOB —
3258)

Puc. 3. MoaeaupoBaHHe KOHCTPYKLHH
MenbHHIBI  (06OMOYEeYHbIE  3/1eMEHTbI
CQUAD4 ana MoaenHpoBaHHA IIOMO/Ib-
HOM KaMepbl H paMbl, 6as04HbIe 3/1eMeH-
161 CBAR ansa MoaenupoBaHHSI 3/1eMEHTOB
npy:xuH. Marepuan — craas (E=210 KIla)



COSMOS. /lanHasi mporpamma
yale BCero MCMO/b3yeTcs B CTPOUTE/Ib-
CTBe, HamnpuMep, NPy pacyéTe Ha Ipou-
HOCTh 2Ke/le300ETOHHBIX KOHCTPYKLIMIA.
[Ipy 3TOM MpH KCMOAB30BAHMM AAHHOLM
MPOrpaMMBl [IPU PacyéTax B MallMHO-
CTpOeHUU Mofens HabupaeTcs Oonee
MOAPOOHO, KOHEUHBIE 3/1eMEHThl UMEIOT
MEHBIIMM pasMep, T.e. CeTKa [O/MKHa
ObITb Horee MenkoM. A, 3HauuT, 0ObEM
BBIUMC/ICHUI 3HAUMTe/IbHO Ooriblie, MpU
9TOM TOYHOCTh BBIUKC/ICHWM TaKas ke,
KaK U MPY MCIIO/Ib30BaHNUN aHa/IOTMUHBIX
MPOrpaMM.

ANSYS. Orta nporpamma cerotst
MpeacTaBisgeT MHOMXKECTBO Pas3IMYHBIX
Mmoayrei (6onee 20), MoO3BOASAIOLINX pe-
aTh CaMble pasHble He TOMbKO HHXKe-
HepHbIe 3a7a4yu, HO U, K MpUMepy, 6uo-
MegelHCKUe. ExeroaHo criektp pe-
IaeMbIX BOIPOCOB PACTeT, MOSB/IAETCs
BO3MOXHOCTh MO/IC/TMPOBAHUSA U OLICHKU
Bce HOBHIX (pakropoB. ANSYS mnosso-
nsieT MPOBOAWTL AWMHaMUUYeCKUe U ceric-
MMUECKHe pacyeThl, aHa/u3 YCTONUHBO-
CTH CK/AOHOB M OTKOCOB, pacuer H/IC
KOHCTPYKLIMIM CTPOUTE/IBHBIX COOpYIKe-
HUIM C Y4EeTOM TPYHTOBOTO OCHOBAHMS,
pacueThl MO BEHTW/SALIMK M ToXapobe-
30TMAaCHOCTH M MHOTOE [Ipyroe.

Pacuetnbiii komriiekc ANSYS ro-
3BOMSAET  OMpeaensTb  HaMpsXKeHHO-
n1ePOPMUPOBAHHOE COCTOSIHME pacyeT-
HBIX MOZe/Iel C YyueToM reoMeTpHUEcKHX
HeMMHEeNHOCTeN, HenrHEWHbIX CBOWCTB
MaTepUuasioB, 3(p¢eKTOB I0M3y4eCTU U
ap. Pemate 3amaun onpenenenvsi cob-
CTBEHHBIX 4YacTOT U (POPM KoO/1ebaHuH,
KaK CBOOOHBIX, TaK M BBbIHYMKACHHBIX,
pemath 3agaud avHaMuKA. OaHMM 13
BaXHEHIIMX T[PEUMVIIeCTB  SB/IAETCS
Gorbiiasg OUOMMOTEKa KOHEUHBIX —371e-
MEHTOB C IIMPOYAMIIMMK PacyeTHBIMU
BO3MOXKHOCTAMH.  Takke  BO3MOKeH
pacueT TeMrepaTypHOro COCTOSHMS, KaK
ANsl CTAaLMOHAPHOIO, TakK M U1 HecTa-

LIMOHAPHOTO peXKUMa C Pas/IAYHbIMU
BapyaHTaMH Ter/ziooOMeHa, BK/OYasi
TermoobmMeH usnydeHuveM. Llupokwii
criektp dousmueckux Moaenern ANSYS
CFD nosBonsier pemiath camble pPasHO-
oOpa3Hble 3a7aud: OT OOTeKaHWs IPo-
dunsas Kpblla A0 TOpPeHHs B KOKCOBBIX
rneyax, OT TeYeHWs XKUIKOCTH B KpOBe-
HOCHBIX COCYZax 0 H3rOTOB/IeHHd I1O-
AYIPOBOAHMKOBBIX TPUOOPOB U T. I
[TocTOsSIHHO COBepIIGHCTBYIOTCS MOAeNU
TYPOY/IGHTHOCTH, TOpeHHs, MHorodas-
HBIX TEUeHWUM U TeueHU! CO CBOOOIHBI-
MM T[IOBEPXHOCTSAMM, a TaKke ABUKY-
mvecs, aedpopMHpyeMble M IepecTpau-
BaeMble CETKH.

3. ABAQUS. Sra mporpamma 6o-
nee mynbTUdU3NYHAS, T.e. OHa MpUMe-
HfeTCs Toraa, Koraa HYKHO TPOU3BECTU
PACYET Ha IMPOUYHOCTb KOHCTPYKLIUY, Ha-
XoAAuencsd OAHOBPEMEeHHO Mo BO3aewn-
CTBUEM TeMIlepaTypHOro Mo/, THUAPO-
AVHAMMUYECKHX HarpysoK U T.I.

4. NASTRAN, PATRAN-pa3paGort-
YMKOM 3THX IIPOrpaMM sIBasieTcs pupMa
MSC. 21u nporpaMmsl Hanboriee ToaHO
afarnTHpOBaHbl MMOA  3a4adu  pacyéta
MMPOYHOCTH B aBHa- U MalIMHOCTPOSHUH.
Harpumep, NASTRAN sBrsierca ocHOB-
HBIM [TPOIPaMMHBIM TTPOAYKTOM IPU pac-
yéTe Ha IPOYHOCTh, HCIIO/Ib3YeMbiM AB-
ToBasoM. MSC Benér ycneiHyio paboTty
C BY3aMH M BHeApW/a CBOU IPOTrpaMMbl B
TaKHe M3BeCTHbIe BY3bl, Kak DaymMaHCKHM
yuueepcuretr, MAW, MPTH, Kazarckuii
rocyHuBepcuret. Boobiue curtaercs, uto
NASTRAN 6bi1 mepBoi MpOrpaMMOH,
WCIO/Ib30BAHHOM 17181 pacyéTa Ha Ipou-
HOCTh MeTozoM K3.

B to xe Bpemsa COSMOS nyumie
paboTaeT Mpu pacuéTe Ha [IPOYHOCTH
CII/ZIONIHBIX Te/, HarnpHMep, KOHBerep-
HBIX /IGHT, HO He oboouek. B Haliem
cnyvae mpy Habope CeTKU A71sl Oruca-
HUsl TIOMO/TbHOM KaMepbl Me/IbHULIBI MbI
MMeeM [eno C PacuyéToM OOO/TOUKH.
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Puc. 4.PacnpeaeneHne nepemMellleHHH pa3/IHYHbIX TOYEK MOMO/IbHOH KaMepbl

Takoit TUM KOHCTPYKLUHH TpPH OAHWHA-
KOBOM KO/TMUECTBE KOHEYHBIX 3/1eMeH-
TOB CUMUTAETCA ObICTpee C ITOMOIIbIO
NASTRAN 110 cpaBHeHHIO C APYrUMHU
nporpammamu. Mau, no-apyromy, rpwu
MeHbIlIeM 4KC/ie KOHEUHBIX 3/1eMeHTOB,
npumenB NASTRAN, Mbl monyyaem
TOYHO TaKVIO e TOYHOCTh pe3y/ibTaTa,
KakK U T[pU KCIIOAB30BAHUM APYTUX
nporpaMMm ¢ GonbliyM 4yvcioM K3 wu
COOTBETCTBEHHO C OO/bIIMM 0OBEMOM
BbIUMC/ICHUN.

O6buHo NASTRAN npumensiercst
B KOMIVIGKCE C ApYrom I[IporpaMMon
PATRAN. PATRAN — wuHTerpupoBaH-
Hasg CHCTeMa [OATOTOBKM HCXOAHBIX
[AHHBIX U TIPeACTaB/IeHHS Pe3y/IbTaToOB
pacuétoB, a NASTRAN — sto cobert-
BEHHO IporpamMMa /s PacyéToB.

Ha pucyHke 2 nokasaHa KOHEYHO-
aneMeHTHass Mozenh 6a3oBOM KOHCT-
PYKLMK  BUOPALIMOHHOM  ME/IbHHULIBI.
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Ona Brmoyaetr 3258 KOHEUHBIX 3r1e-
MeHTOB. KonnuecTBO y3/0B C I1IeCThIO
CTerneHsAMU CBOOOABI B KaKAOM PaBHO
3122, tak 4TO paspeluamolas cCUCTeMa
nmeer 6onee 18000 nuHeHHBIX YpaBs-
HeHUH.

OTMeTHUM HeKOTOphlie 0COBEHHOCTH
MOJIe/IMPOBAHUS KOHCTPYKLIMK BUOPO-
MermbHULBl. OAHMM M3 OCHOBHBIX Tpe-
GoBaHUI TIPU TIOATOTOBKE MO/ Obl-
na HeoOXOAUMOCTb T'eHepallU 3/1eMeH-
TOB C Haanexaiert dpopmort. Tak, ye-
TBIPEXYro/lbHble  3/IeMeHTBl  O/MKHbBI
OBbITb KAk MOXKHO OmmxKe 1o copme K
KBaZpaty (aomyckaemoe  Y/aTMHEHUe
3/1eMeHTa He JO/MKHO MpeBbIllaTh 3Ha-
yeHue, paBHoe 4), a TpeyrosbHble — K
PaBHOCTOPOHHEMY TPeyro/bHUKY. KoH-
TPO/Ib KayecTBa KOHEUHO-3/1eMEeHTHOM
CeTKH TPOBOAW/ICH C TIOMOIIBIO COOT-
BETCTBYIONIMX CPEeACTB MPOrPaMMHOTO
obecrieyeHusl.



[enepauunsa KO Moanenu ocyiiect-
B/f/IaCb B IMPENPOLIECCOPHOM  MpPOo-
rpamme MSC. PATRAN Ha ocHoBe
MpeABapUTe/IbHO TOArOTOB/IEHHOW TIeo-
MeTpudyeckor Moaenu. Pacuer KoHCT-
PYKLKK npoBoauacsa B cructeme MSC.
NASTRAN.

[na MomenupoBaHUs TTOMO/IbHOM
KaMepbl ¥ paMbl HCITO/b30Ba/IUCh 00O0-
noueunsle anemeHTH CQUAD4, a ans
MOJE/UPOBaHHs 3/1IeMEeHTOB TPYXKUH
— Oanounsle anemeHThl CBAR. 3Dne-
menutel CBAR Takxke ucronb3oBanuch
Ans MoAeMUpPOBaHus pebep a1s mnoa-
KperzieHHOM OOO/IOYKU  TMOMOABHOM
kaMepnsl (puc. 3). Ilpeanomaranocs,
YTO BCH KOHCTPYKLIMS Me/bHULIbI BbI-
Mo7iHeHa M3 cTanu (Moaymb YIpyrocTH
E = 210 kITa).

B pesyabTaTe NpOU3BEAEHHBIX
pacyéToB ObI/IM ITOMYYeHBl pacrnpesne-

/IeHUs HalpsXeHUM U TepeMelleHuMn
B 06asoBOM KOHCTPYKLIMKM Me/bHULIbI
(puc. 4).

BasoBas XecCTKOCTb MPYXKUHBI Ha
pacTsaxenve paBHsanach 1,313 kH/mm,
a MeCTKOCTb TIPYKHUHBI Ha M3rH6 —
5—10 H mm». B Takoit KOHCTpyKIMH
MakKCUMa/lbHas MHTEHCUBHOCTb  Ha-
NpsizKeHus (HanpsxeHve Mwuseca ans
CIOXHOTO HArpPAXeHHOTO COCTOSHMUS)
paBHa 112 MIla. 9Tto HanpsxkeHue
peanusyeTcs B 30He KpellieHWs Basla
K cTony (moamunHuk). MakcumazabHOe
repeMellleHre TOMO/MbHOM  KaMephl
paBHO 8.38 MMm.

HMtoroMm mnpoBenéHHBIX HCCIea0Ba-
HUH SIBUWIOCH MPOBedeHHe OLIeHKH pe-
cypca TIOMO/IBHOM KaMepbl BUOPO-
Me/IbHHLIBI B 3aBHCHMOCTH OT €& KHHe-
MaTUUECKUX M KOHCTPYKTUBHBIX Mapa-
METpOB.

1. Bo6koB CI1 ViMuralmoHHoe Moaenu-
POBaHHe YAapHOTO pas3pylleHus YacTHUL. —
MHTeHcHBHasA MexaHHMUecKas TeXHO/IOTHS Chl-
nyuux MarepuasnoB. — Keanoso, 1990. — C.
27-33.

2. flmurpak 0.B., [o6pobopckuri I'.A.,
Bepxanrckuit A.I1. Vicrons3oBaHue Teopyu
MacCOBOro OOC/IYKUBaHUA A8 HCC/Ie0BaHHsA
rpoLiecca U3Me/lbueHHs B BHOPOMe/bHHLIE C
aCMUPALIMOHHBIM YCTpoicTBOM / Mexay Hap.

CITHCOK /IHMTEPATYPbI

Hayu-TexH. KOHd.: [Ipobnembl npoekruposa-
HUs, TPOU3BOACTBA M 3IKCIVIYATALIMK TOPHOTO
o6opyaoBanusi. — [onbma, ['muBuie, 1993.

3. /lmutpak 1O.B. Oripenenenyie pesoHaHc-
HOU YaCTOThI BO3IEHCTBHS Me/MIONIMX Te/l Ha Jac-
TULIY MaTepyasia MpU M3Me/bueHHH B BHUOpalv-
OHHOM MenbHuLIe. — B ¢6.: HayuHo-TexHuueckrie
OOCTVZKEeHHS] U TepeZoBOM OINbIT B Yro/IbHOM
nipombinzieHocTd. [ern. LIHWWyrons, — 1990.
Boirt. Nell.

KOPOTKO OB ABTOPAX

[murpak Opuit ButasseBuu — npodpeccop, ZOKTOP TeXHUYECKUX HayK, U.0. pekTopa, Mockos-
CKHI rocyapCTBeHHbIM rOpHBIM YHHUBepcuTeT, ud@msmu.ru,

3unoBreBa T.A. — nouentr HoBoMockoBckoro wuHctutyta (drnvana) Poccuiickoro XuMHKO-
TexXHO/IOrMYecKoro YHrBepcuteta uM. /WM. MeHneneera, info@nirhtu.ru.
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