Metoa kKoHeUYHBIX 2J1eMeHTOB (MKD)

Teopun yrpyroctu, IUIACTUYHOCTH W JIPYTHME AHAJUTHYECKUE TEOPUU
MO3BOJISIFOT PEIIUTh OOJBIIOE KOJIMYECTBO MHXKEHEPHBIX 3amad. OIHAKO MHOTHE
MPAKTUYECKUE MHXKCHEPHBIC 3a7]a4d HE MOTYT OBITh PEHICHbI AHAIMTUYECKHU H3-32
CIOKHOCTH MOJEIUPOBAHUS, PEAIbHBIX TIPAHUYHBIX YCIOBUH W  CIOXKHOH
T€OMETPUH KOHCTPYKIIUH.

Cnyyau ¢ mpocroit reomerpueit, kak A, B u C moryr ObITH pelieHbI
AHAINTUYECKAMHU METOAAMH JIJI MOJYyYEHUs] 3HAYECHUN BHYTPEHHUX HaIpSHKEHUM,
neopmanuii 1 COOCTBEHHBIX YAaCTOT KOJICOAHWM AHAIMTUYECKUMHU METOJAMH.
3aaun  co CIOXKHOW TeomeTpuei (cymoBoit BHHT D), 0OBIYHO permraroTcs
YUCJICHHBIMU METOJIaMH, TAKUMH KaK METOJI KOHEUHBIX 3JIEMEHTOB,
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3agaun, pearaembie MKD 2

* Ananuz nanpscenuu. Paccuurarh HanpspkeHus, aedopMaivu, MepeMenieHUs
IIPU CTATUYECKOU HATPY3KE.

» Tennosou nepernoc. IIpOrHO3UpPOBAHHUE pACHPEACICHUS TEMIEparyp s
00bEKTa, MOJABEPTHYTOIO HArpeBy, pajaualluy, KOHBEKIMHW W MPOXOXKICHUIO
AIEKTPOTOKA.

* Ananuz mepmuyeckux Hanpsaxcenuu. Hanpspkenus, nedopmanuv  H3-3a
TEIJIOBOTO PACIIUPEHMS.

* Mooanvubiii _ananu3. PaccuuThIBalOTCS BUOPAIMOHHBIE  XAPAKTEPUCTUKHU
(coOCTBEHHBIE YaCTOTHI U (DOPMBI KOJICOAHMI).

* [lomox meuenus. MoenupyeTcsi MOTOK TEYECHUs B rasax, BO3AyXE, BOJEC I
OIIpEICIICHUS TEMIICPATYPhI, JABJIICHUS, CKOPOCTH U T.]I.

* Jlunetinas ycmouuugocms. BpUMCISETCS Harpyska, IpU KOTOPOM CTPYKTypa
OyneTr TepsAThb pabOTOCHOCOOHOCTh H3-3a IMOTEPU YCTOMUYMBOCTH TPU YHOPYTUX
nedopmanusix.

» Henuneunolti ananus. AHaIU3 HEIUHEWMHOTrO (IJIACTUYECKOTO) TOBEICHUS
Marepuaia u OOJIbIIUX TEPEMEIIECHU.




Ooaacte npuMenenuss MKD

Ananmuz MKD wucnons3yercs s ONTUMH3ALUU MPOEKTA, 00ECIICYEHUs] TapaHTUM

6630HaCHOCTI/I, YMCHBIICHHUA BPEMCHH CO3daHUA IIPOCKTA, BCCAa ACTAJIM, 3arpaTrT Ha
IMPOU3BOACTBO U UCIIbITAHMU.

[IpOEKTHPOBIIMKN MOTYT MCIIOJIb30BaTh aHaian3 FEA
YTOOBI

HonpHansHEe Hanpakeria (MPa)

Jloka3pIBaTh 0€30I1aCHOCTH IIPOCKTA;

BeimonHsaTh TpeOOBaHUS CTaHAAPTA;
MoauduipoBaTs CyIIeCTBYIONTUI TPOCKT;
[IpoBepsATh HOBBIC M KOHKYPHUPYIOITHE TPOEKTHI;
PaccmaTpuBath SBICHUS B MPOCKTE, KOTOPHIC HE MOTYT
OBITh U3MEPEHBI SKCIIEPUMEHTAIBHBIMA METOTAMU
BOOOIIIE.

Y CTANOCTHAT TpellHHA
(15 MeT 3KCIUTYaTallL)

Hoermi npoerT

Ceiluac KOHEYHO-3JICMEHTHBIC TIAKEThl ObLIM OOBEAWHEHBI C CHUCTEMaMH
aBTOMAaTHU3UPOBAHHOTO MPOEKTUPOBAHUS U 00BEMHOTO TBEPI0TEIBHOTO
monenupoBanus (CAD). CAD  ucnois3yloT  HporpamMmbl  MOJACIHPOBAHHMS
F€OMETPUUYECKUX WJIM CIUIONIHBIX TBEPJAOTEIbHBIX MOJEICH I CO3JaHusl |
Moaudukauu npoekta. CTpyKTypa MOXET OBITh HApHCOBAaHA B BHUJIC CIUIOIIHOM
TBEPAOU MOJIEJIH OJHUM U3 MHOTUX AocTynHbIX CAD nakeTos.




B MeTone KOHEUYHBIX AJIEMEHTOB CJIOKHAs KOHCTPYKIMS pa3ieisercs Ha
HEOOJIBIIINE DIEMCHTBI (KoHeunble 2nemenmul), CBSI3aHHBIC APYTr C JPYroOM depes
y3avl. JIrobast HenpepblBHAS BeIMYMHA (TIepEeMEIeHHs, HAIIPSDKeHUS, TeMIepaTypa U
T.I.) AaNIOPOKCUMHUPYeTCS B  IpeAciaXx KakJAoro djJeMeHTa. Pesynbrarom
MOJICTTUPOBAHMS SIBISETCS TOJIYYCHHE pacpee/iCHUs NCKOMOM BEJIMYMHBI BO BCEH
KOHCTPYKITHH.

OOBIYHO HMCHOJB3YIOTCSA HECKOJIBKO THIIOB KOHEYHBIX JJIEMEHTOB. Oanka (A),
csa3ka (B), Tonkas obomouka (C), cpena (D). B ogHOM MOACIHM MOYKHO HCIIOJIB30BaTh
HECKOJILKO THIIOB 3JIEMEHTOB OJHOBPEMEHHO.

Y3IBI /BJIemeHTH » & .
1 @endy A

III A

CIUIOIIHBIE ~ 3JIEMEHTBI ~ MOTYT  OBITh
JUHEWHbIE WiMd mnapadosnueckue. JInHelHble 1 D
AJEMEHTBI UMEIOT Yy3JIbl TOJIBKO HAa yIIaX M HX —
rpaHu npsiMbie. MUHUMAIIBHOE KOJIWYECTBO Y3J10B
min 3D osmementoB - 4. IlapaGonmueckue
ANEMEHTBl MOTYT HMETh Yy3Jbl Ha CEpPEIUHE
KQXJIOW CTOPOHBL.
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JTanbl pereHud 3aaa4n ¢ moMommbio MKD

OnpenendioT 3a7adyy M Harpy3k, CO3Jal0T 3CKHU3
KOHCTPYKITHUH.

CTposiIT TEOMETPUYECKYID MOJICNIb KOHCTPYKIIMU C
IOMOIIbK0 MOIYJIEW TBEPIOTEIBLHOTO MOJICIIUPOBAHUS,
BCTpoeHHbIX B KO mnporpammbl, WIH CUCTEMBI
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Coznarotr KO ceTky.
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3a7al0T TPAaHUYHbBIC YCIOBUS (KUHEMATUYECKHUE CBSA3U U J g IF
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IHorpemmmocTn MKD

YucmoBoe MojenupoBaHuE TPeOyeT YHpOIIeHUN M MpUOIMKeHUM. Pe3ynbraTel
aHaJlu3a METOJOM KOHEYHBIX 3jieMeHTOB He naroT 100%-Hyro rapaHTHIO OT OHIMOOK.
Ycenex pelieHus 3aBUCUT OT TOTO, KaK OJIM3KO OTBEUAIOT JICMCTBUTEILHOCTH TPAHUYHBIC
yCJIOBUS, TEOMETPHUS U MOBEJICHUE MaTepuaa MOJIeIN OOBbEKTa.

Oummboxu MKD:

1) owubku ouckpemuszayuu, IBASIOMIAECS PE3YIBTATOM F'E€OMETPHUSCKUX PA3TUIHMA
rpaHuUllbl 00JIACTH U €€ annpoKcuMaluu 1o Mmetoaxy MKO

2) owubku npobHol UIn dbazuchol ynkyuu, 00yCIIOBICHHBIC PaA3HOCTHIO MEXKIY
TOYHBIM PEIICHUEM U €ro MPeACTaBICHUEM MTPOOHON dyHKIIMEH

Cy1ecTBYIOT JIBa OCHOBHBIX METOAA JJIs1 YBEJIIMUYEHUS TOYHOCTH CYIIECTBYIOIIETO
pELICHMUS:

* H-MCTOI[. VBenmuuuBaeTcs KOJIUYECTBO IIEMEHTOB MU .
PacCItOJIOKCHUC KpI/IBOJ'H/IHGI\/IIHI)IX OJICMCHTOB OKOJIO I'PAHHUIL MOACIIN,

* P-MeToa. yBEenmrunBaeTCS NOJMHOMUAIBHBIN MTOPAI0K KOHEUHBIX

K
3JIEMEHTOB. 2 WP



AHanu3 KOHCTPYKIUU C UCTIOJIb30BAHUEM METOAAa KOHEYHBIX 3JIEMEHTOB SIBIISICTCS
B HACTOSIIEE BpeMs (PaKTUYECKUM MUPOBBIM CTAHAAPTOM I MPOYHOCTHBIX U APYTUX
BHUJIOB PACUYETOB KOHCTPYKIHK. OCHOBOMW 3TOTO CIYXKHUT YHUBEPCAIBHOCTE MKD,
MO3BOJISIONIASE €IUHBIM CIIOCOOOM PACCUMTHIBATH PA3JIMYHBIE KOHCTPYKIIMU C Pa3HBIMU
CBOMCTBaMH MaTreprajoB.

[TosToMy ceroans npoodiiemMa MpaBUIbHOCTA U TOYHOCTH PAaCY€TOB METOJIOM
KOHEYHBIX 3JIEMEHTOB HanOoJIee akTyalbHa JIJI 4eJI0BEUECTBA, T.K. PE3YyJIbTaThl
KOHEYHO-3JIEMEHTHOTO aHAJIM3a HANIPSMYIO UCTIOJIb3YIOTCA JIJI1 U3TOTOBJICHUS PAKET,
CaMoJIETOB, KopabJjieil, aBTOMOOMIIEH, MOCTOB, aHTapoB U T.1. [Ipuyem 0e3
SKCIIEPUMEHTaNIbHOU TTpoBepkH (Boeing-747).
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CucremMbl aHAJIN3a, OCHOBAHHbIE HA METO/1e

Hawn6omee paCHpOCTpaHéHHBIMI/I BbBIYHUCIIUTCIIBHBIMU CUCTCMaMH, OCHOBAHHBIMH HAa MCTO/JC
KOHCYHBIX 3JICMCHTOB ABJISAIOTCA:

ANSYS — ynuepcanpHas cucteMa KO aHanu3a ¢ BCTpOSHHBIM MPe-/TIOCTIIPOIECCOPOM;
MSC.Nastran — ynuBepcanbHas cuctema KO aHanuza ¢ npe-/mocTipoieccopom
MSC.Patran;

ABAQUS — yHuBepcanbHas cucteMa K9 aHannza ¢ BCTPOSHHBIM IIpe-/TIOCTIIPOLIECCOPOM;
Impact — ynuBepcanbHas cuctema KD ananuza ¢ BCTpOSHHBIM Mpe-/TIOCTIPOIIECCOPOM;
NEiNastran — yausepcanbHas cuctrema K3 ananmza c mpe-/mocraponeccopom FEMAP;
NXNastran — ynuBepcanbHas cuctema KO ananuza ¢ npe-/moctiporneccopom FEMAP;
SAMCEF — ynuepcanpHas cuctema KO ananusa c npe-/moctipoueccopoM SAMCEF
Field.

Temper-3D — cuctema KO ananuza jj1s pacuéra TeMIIEpaTypHbIX MOJIEH B TPEXMEPHBIX
KOHCTPYKIUSIX (TETUIOTEXHUYECKUN pacuér).

COSMOSWorks — yauBepcanpHas cuctemMa KD aHanmmza ¢ mpe-/mmocTipoIeccopom.
Zebulon — yHauBepcanpHas cucteMa MKD aHanmm3a ¢ pacimmpeHHONH OMOINOTEKOM
HEJIMHEWHBIX MOJICJIEW MAaTEPHUAJIOB.



