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1 Cuctembl aBTOMaTU3MpoBaHHOro npoektuposaHus (CAlP) B
cTpouTenbCcTBe

1.1 Knaccudgpukayusi cucmem CAlIP

ITo CBOCMY HA3HAYCHHIO CAIIP B CTPOUTCIILCTBC ITOAPA3ACIIACTCA HaA !

apXUTEKTYPHO — IJIAHUPOBOYHBIE U au3alinepckue UC,

- CHCTEMBbl pacyeTa COOPYKEHHH Ha TPOYHOCThb, IKECTKOCTb U

YCTOMYUBOCTb,
- CHCTEMBI TOArOTOBKU KOHCTPYKTOPCKOM JOKYMEHTALINH,
- CHCTEMBI TPOEKTUPOBAHUS BHYTPEHHUX CETEMH,
- CHCTEMBI TOATOTOBKHU MTPOEKTHO-CMETHON JOKYMEHTALIHH,
- CHCTEMBI TOATOTOBKHU JOKYMEHTALIMU HA TEHJED,

- HC TexHonoruu u opraHu3aivu NpoU3BOJICTBA.

1.2 CAIJIP apxumeKkmypHO20 Ha3Ha4YeHusl

ApxuTekTypHo-TanupoBoyHoe HampapieHue CAIIP gocratrouno cmabo
obuio pazBuro B CCCP. DT0 OOBSACHANOCH MNPAKTUYECKHUM OTCYTCTBHEM
KauyeCTBEHHOW MaTepuanbHON 0a3pl — TpadomocTpoutTeneil. rpapuvecKux
nucrieeB. K MOMeHTY mosiBiieHUs 0oJiee-MeHee KauyeCTBEHHBIX M JOCTYITHBIX
rpauuecKkux anmapaTHbIX CPEACTB Hadyalud OYpHO pa3BUBATHCS IMEPCOHAIbHbBIC
koMibroTepsl.  [loaTomy B Hacrtosimiee Bpems B Poccum  MCIoOnb3yroTcs
JIOKaJIM30BaHHbIE BEPCUM 3amaJHbIX Mpou3BoauTenei, takue kak: ABIS (ABIS
KROM, Ascrpus), speedikon-A (IEZ, I'epmanus), ArchiCAD. Kpome Toro,
HauOosee AaKTUBHO HCIIONb3YETCs, IOXKalyW, cucTeMa OOIIero Ha3HA4YeHUs
AutoCAD, nononHeHHas pa3IMYHBIMA TPUKIAAHBIMU WHCTPYMEHTAMH IS
apxutekropa. OJHAaKO MCHOJB30BAHME CIIEHHAIU3UPOBAHHBIX CUCTEM BCE-TAKU
IPEINOYTUTENbHEE, T.K. OHM 0a3upyroTcs Ha IOHATHU KOMNbIOMEPHAS MOOenb

30anusgs (KM3). 3nmech moib3oBaTellb «COCTABISET» MOJEIb 3JaHUS Ha



KOMITBIOTEPE KaK ObI M3 DJIEMEHTOB CTPOUTEIHHOTO KOHCTPYKTOpPA — CTEH, OKOH,
JnBepel, JecTHUI, Kpbiid. HemocpeacTBEeHHO depTexHas JOKyMEHTalus
ABTOMATUYECKU COCTABJISIETCS MPOTPaMMOM B 3aJJaHHOM MOJb30BaTene ¢Gopmare.
N3 omHOM M TOM XK€ KOMIBIOTEPHOM MOJIEIIM MOYKHO aBTOMATHYECKU MOCTPOUTH
Pa3IMYHYI0 YEPTEKHYIO JTOKYMEHTAIUIO: - TUIAHBI TOMEIIEHU, KJIaIOYHbIC MJIaHbI
CTEH, aKCOHOMETPUYECKHUE U MEPCHEKTUBHBIE MPOEKIIMHU U pa3pe3bl. Kpome Toro,
IporpaMMbl MOTYT aBTOMATHYECKH COCTABUThH CIEUU(PUKAINIO TOMEIICHUMN,
MOACYUTATh TPeOYEeMbI 00bEM MaTEpPHAIOB U CTPOUTENIBHBIX padoT. /s mpumMepa
MpUBEICHA WJUIIOCTpAlUs MNEPCHEKTHUBHBIX MNPOEKIUA MHOTO3TaKHOTO >KHIIOTO
3/1aHMsI, aBTOMAaTUYECKH MOCTpPOeHHAasi nporpamMmoit speedikon-A 1mo BBeIEHHBIM
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N3 poccuiickux pa3padOTOK HAuOONBIIMNA HUHTEpEC IPEICTaBISIET
nporpamma ArCon ¢upmsl EuroSoft (Mocksa). Crenyer otmMeTuth, uto B ArCon
pa3paboTaHa KayeCTBEHHas cuctemMa (POTOPEaTUCTUYHON  BU3yaIU3aLUU
TPEXMEPHBIX HU300pakeHUM («iIyueBas TpaccupoBkay). CeromHs »Ta cucreMa
BU3yanu3alnuu uHTerpupoBana u B Hemenkyro CAIIP speedikon-A. Ha
cleyollee WUIIOCTPAllUKM MPUBEIEH aBTOMAaTHUYECKH NMOCTPOEHHBIM pas3pe3 2-x
ATAXKHOTO 37aHMsl U (POTOpEaTMCTUYHOE H300pa)K€HHE MEPCHEKTUBBI 3TOTO K€
oOnekTa. [[BeTa Ha paspese onpenessoT TOMIIMHBI U THIIBI TUHUA, KOTOPBIMU OHU

OyIyT BBIBOJUTHCS Ha YEPTEKE.

PAZFES A—A




1.3 CAIIP pacyemoe Ha npo4YHOCMb

30aHUS U COOPYXKEHUS SIBISIOTCS HEOTHEMJIIEMOM YaCThIO COBPEMEHHOMN
nercTBUTEIbHOCTU. Cero/iHs, Kak M THICSYH JIET Ha3aJl, HEBO3MOXKHO MPEACTaBUTh
cebe JKU3Hb M JIEATEIbHOCTh YEJIOBEKa B OTPHIBE OT BO3BOJMMBIX KM 3/IaHUM.
BnusHMe MCKYCCTBEHHBIX COOPYKEHHI Ha OKpPYXAIOUIyK Cpeay MHOT000pasHOo.
CoBpeMEHHbIE 3/1aHUSI U COOPYKEHHS — CJIOKHbIE OOBEKThl, HAYMHECHHbBIC
OOJIBIINM KOJIMYECTBOM MEXAHU3MOB U CHUCTEM OOECIICUECHHS KUZHEIEITEIbHOCTH
U (QYHKIIMOHAJIILHOTO Ha3HAYEHUs, OKAa3bIBAIOLIMX OINPEJCICHHOE BIMSHUE Ha
OKpYKalollyto cpeny. X MOKHO paccMaTpHUBaTh C Pa3HBIX IJIAHOB: ApXUTEKTYPHO
— XYJOXECTBEHHOTO, (PYHKIIMOHAIBHOIO, 3KoJjiornyeckoro. OpHaKo BO Bcex

Cly4asix KpAacHOM JIMHHUEW MPOXOJAUT BOMPOC SKCIUIYaTALMOHHOW HAJECKHOCTH, K



KOTOPOMY TPAJAWIIMOHHO OTHOCSTCSA TpeOOBaHUS OOECMEUYEHUsT TMPOYHOCTH,

KECTKOCTH U YCTOI\/’I‘{I/IBOCTI/I 00BEeKTA.

OnbIT MaccoBOTO CTPOMUTENBCTBA € Hayana 60-X TOJOB MPOILJIOr0 BeKa
MoKa3aj, 4YTO OKCIUTyaTallMOHHYIO HAJIeXHOCTh 3JaHUW H  COOPYKCHHUU
HEBO3MOXKHO pacCMaTpuBaTh B OTPHIBE OT OKPYXKEHUS: TPYHTOBOTO MAacCHBa,
MIOCTPOCHHBIX paHee 0OBEKTOB, TPAHCIIOPTHBIX U XO3SICTBEHHBIX KOMMYHHUKAIIAH.
BenoMmcTBeHHass pa3oO0IIEHHOCTh SMIMPUYECKUX HCCICIOBAHUN HE MO3BOJIACT
CETrOJIHSI HE TOJIBKO OTBETUTh HA MHOXECTBO BOIIPOCOB B MX B3aMMHOM CBSI3U, HO U
MIPOBECTH Ka4eCTBEHHOE TUTAHUPOBAHHE PA3IMIHBIX TEKyIUX padboT. Kpome Toro,
HKCIIEPUMEHTAIILHBIC HCCIICOBAHUS PA3TUYHBIX CJIOXKHBIX CHUCTEM (HAmpHUMep,
TPAHCHOPTHBIN MOTOK — TPYHT — (PyHIAMEHT — 3/aHHE) TO3BOJISIIOT MOCTPOUTH
WHTETPAIbHYI0 HWH(POpPMAIMI0, W3 KOTOPOH CJIOKHO BBIICTUTh MNPUYUHBI U
ciencTBus pa3nuuHbX ddexroB. Hanbonee moiHyo KapTUHY MOBEACHUS 3AaHUS
IpU  Pa3IUYHBIX BO3JCUCTBUSAX MOXHO TIOCTPOUTh Ha OCHOBE ammapara

MAaTCMaTUICCKOTO MOJCIINPOBAHUA.

MexaHnko — MaTeMaTH4ecKass MOJCIb, aJeKBaTHO OTPaKaroIiasi OCHOBHBIE
OCOOCHHOCTH COOPYKCHHsSI B €r0 B3aUMOCBSI3M C TPYHTOM OCHOBAHHS U PSIIOM
HaXOJAUMHUCS  3aHUSIMH, TIO3BOJISIET TMPHU MalbIX 3aTparax IOJyYdTh
aJICKBaTHYIO0 MH(GOPMAIIHIO TI0 MTUPOKOMY CTIEKTPY mpoosieMm. OTHaAKO TTOCTPOSHUE
KaueCTBEHHOW MOJICIM CETOMHS TPENCTaBIsICT TPYIHOCTH KaK TEOPETUUYECKOTO
m1aHa (HarmpuMep, MOCTPOCHHUE KOPPEKTHBIX YPAaBHEHUM COCTOSTHUS OTIPEACTICHHON
CpeIbl WM KOHTaKTa Pa3HbIX CpPeid), TaK U peanu3anu (T.e., METOJIO0B MOTyUCHUS

petieHust chopMyJIUPOBAHHOM 3a7a4M ).

1.4 MemoO KOHeYHbIX 3J7IeMeHmMos8

CCFOI[HH HanoOoce paciupoCTpaHCHHBIM MATCMATHYCCKHUM alIiapaToM IJisd

YHUCJICHHOI'O MOJCIWPOBAaHMA IIOBCACHHA 3J1aHHA B KOMIIJICKCHOM ITIOCTaHOBKE



«BEpXHEE CTPOCHUHU — (DYHIAAMEHT - TPYHT» MPH PA3TUIHBIX BHJIAX BO3JICUCTBUS
SABJISIETCSA Memoo KoHeuHwvlx dnemenmos (MKD).

MKD no3Bosasier paccMaTpuBaTh 00JacTH CO CIOXXKHOM TOMOJIOTHEH TpHU
Pa3HOOOpa3HBIX TpaHUYHBIX ycioBUsX. OCHOBHas uUJesd METOoJla KOHEYHbIX
DJIEMEHTOB, KaK W BCEX CETOYHBIX (HampHUMep, METOAa KOHEYHBIX Pa3HOCTEH) U
OonbIIMHCTBA TPSIMBIX MeTo10B (Putia, byOHoBa - ["anepkuna u T.1.), COCTOUT B
nepexojie 0T OeCKOHEYHON cHUCTeMBbl U depeHITNaNIbHBIX YPaBHECHHH B YaCTHBIX
MIPOM3BOJHBIX C TPAHUYHBIMH YCIIOBUSMH K KOHEYHOW CHUCTEME alreOpandecKux
ypaBHEHUN OTHOCHUTEIIbHO KOHEYHOTO YHCJa HEW3BECTHBIX, TaK WM HHA4e
OTHECEHHBIX K IMPOCTPAHCTBEHHOH CeTKe MO0 K chucTeMe 0a3uCHBIX (DYHKIIHH.
MoXHO CKa3aTh, YTO METOJ] KOHEYHBIX DJIEMEHTOB B OIPEIACICHHOM CMBICIIC
SBJIIETCSI CUHTE30M CETOYHBIX U TPSIMBIX METOJOB, T.K. MPHU HCIOJIH30BAHUU
ciocoba (opmupoBaHUs KOIDPHUIMEHTOB CUCTEMBl ypaBHEHUH, aIeKBaTHOTO
OpSMBIM METOAaM, METOJHMKA TOCTPOCHMsI Oa3uCHBIX (YHKIMI OCHOBaHA Ha
CETOYHOM To/1x0j1e. braromapst »ToMmy MeTO/1 COXpaHsSeT OCHOBHBIE MPEUMYIIIECTBA
MPSMBIX METOJIOB (KaK TO: BO3MOXKHOCTH NMPUMEHEHHUS KaK HWCXOJHOW CHCTEMBI
mudpepeHInanbHbIX YPaBHEHUN, TaK M COOTBETCTBYIOIIMX BapUAlMOHHBIX
MPUHITUTIOB, BO3MOXXHOCTh MHTETPUPOBAHUS IO BCEH MPOCTPAHCTBEHHON 00J1acTH)
¥, BMECTE C TE€M, UCIIOJIh3YET THOKNE BO3MOKHOCTH CETOYHBIX METOOB IS yueTa
peanbHOM TeOMETPUH PACCUUTHIBAEMOTO 00BEKTa U €T0 (PPAarMEHTOB U TPAHUYHBIX
YCIOBHMA. Y3IIbI CETKH TPUHAICKAT pacCMaTPUBAEMOW IMPOCTPAHCTBECHHOU
obnactu u ee rpanuie. [locme 3ameHbl UCXOAHOW MPOCTPAHCTBEHHOW OOIACTU
HEKOTOPOH CETKOW C KOHKPETHBIMH TapaMeTpaMy amnmpOKCHMAIIMH TOBOPSAT O
OoucKkpemu3ayuu pacuyeTHoON 00J1acTH.

B OonbmmHCTBE CiiydaeB TpH TOCTPOSCHUU CHUCTEMBI Pa3pelIaroInX
YpaBHEHUN HCIOJB3YIOTCS TPHOJMKEHHBIC 3aBUCHMOCTH IS aIllIPOKCUMAITUN
OCHOBHBIX  ()YHKIIMA MEXIy COCEIHHMH Y3JIaMH CETKH. YeM Tyme

IIPOCTPAHCTBCHHAA CCTKA, YEM MCHBIIIC PACCTOAHUC MCKIAY €€ y3JIaMH, TEM BBILIC



TOYHOCTh AaNMPOKCUMAINK (YHKIHA, TEM TOUHEe MPHUOIKEHHOE peIICHHE.
OnHako 4yeM 00Jblle Y3JI0B CETKH, TEM BBIIIE MOPSAOK CUCTEMBI allreOpandyecKux
YpaBHEHUH, TEM BbILIE TPYAOEMKOCTh U BpeMs pacuera u Tem OoJbliie Tpedyercs
pECypcoB MaMsATH KOMIbIOTEpA JJIsl XpaHEHHUsT MAacCUBOB JaHHBIX. [loaTOoMy mpu
UCIIOJIb30BAaHUU METO/AAa KOHEYHBIX JJIEMEHTOB HEOOXOIUM KOMIIPOMHCC IIpU
Ha3HAYeHUM JUCKPETHU3allMM MPOCTPAaHCTBEHHON obOsactu. CeTka NOJIKHA OBITH
JIOCTaTOYHO TYCTOM JUIsl IMOJIy4E€HUs NPUEMJIEMOrO MO TOYHOCTU pELIEHUs, U
BMECTE C TEM €€ Pa3MEpPHOCTh HE JOJKHA MPEBBICUTh HEKOTOPOrO IPEAEIbHOIO
3HAYEHMs], MOCJIE KOTOPOrO HCIOJIb30BAHME STOM JUCKPETH3alUU CTaHOBUTCS
HEBO3MOXXHBIM U3-32 BBICOKOM pa3MepHOCTH cucteMbl. CrymieHue OObIYHO
IPOBOAUTCA HE Ui BCEH CETKH B IIEJIOM, a B OTJENbHBIX (hparMeHTax, B KOTOPbIX
MOBEJICHUE PEIICHUs CYLIECTBEHHO 3aBUCUT OT CTENEHHU JucKpeTu3anuu. OObIYHO
3TO 00JIaCTH, B OKPECTHOCTU KOTOPBIX MPUJIOKEHA HArpy3ka, UMEIOTCS TPaHULIbI
30H C pa3jiuyHbIMH (U3UKO-MEXAaHUYECKUMHU XapaKTepUCTHKaMU (Hampumep,
rpanuiia OETOH - TPYHT), UMEIOTCS pa3IMYHBIE T€OMETPUYECKHUE OCOOCHHOCTHU
(YrJibl, HOJIOCTH, OTBEPCTHS U T.I1.).
MeTo KOHEYHBIX 3JIEMEHTOB OCHOBHOE Pa3BUTHE MOJYUYWI C CEPEAUHBI
HbIHEIIHEro Beka. [lepBoHauaabHO ABa Pa3IUYHBIX IMOAXO0JA - HMHKEHEPHBIM U
MaTeMaTHYeCKUW - TO3/HEE CIWINCh B OJMH OOLIUH, YTO HMMEIO OrPOMHOE
3HAYEHUE JIJIS €r0 JalbHEeUIIero ObICTPOro pa3BUTHS U LIUPOKOTO MPUMEHEHUSI.
B Hacrosmee BpemMss NpU pElIEHUM 3aJad CTATHKU HCIOJIb3YIOTCS TpH
OCHOBHBIX nojxona MKDO:
e [Ipamou - ¥CHONB3YyETCS NPU PELIEHUH OTHOCHUTEIBHO NPOCTBIX 3ajad,
MMEET YETKUN WILTIOCTPATUBHBIN XapakTep,

e Bapuayuonnwiit nooxoo (umu meton Purna B popme MKD) - ocHoBan
Ha MPUHIUIE CTAMOHAPHOCTU HEKOTOPOro (QyHkiuoHanta. OOBIYHO
ucnoip3ytorcs (yHkunoHanel Jlarpanxka, Kactunesno, XemiuHrepa -

Peiicuepa, Xy - Bacum3y. Ilpu pemeHunm WHXKEHEPHBIX 3aaad
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CTPOUTEITHLHOW MEXaHUKHA HAaMOOJIee YaCTO MUCIOIB3YETC sl BapUAITMOHHBIN
npuHiun Jlarpamka ¢ mnepeMenieHusIMA y3JI0B CETKM B KadecTBe
OCHOBHBIX HCM3BECTHBIX.

o [Ilooxoo pe3udyyma (vniu meron byonoBa-I'anepkuna B dopme MKD)
MpEeCTaBIICT cOOO0M OOIMMIM BHUJ amMpOKCUMAIUU, Oa3upYIOIIUHCS Ha
T pepeHranTbHbIX YPaBHEHUAX paccMmaTpuBaeMou 3a/1a4H.
[IpumeHnsieTcss 0OBIYHO TIPU PEIICHWH TAaKWX 3a/1ad, B KOTOPBIX TPYIHO
chOpMyIUpOBAaTh  BapHAIlMOHHBIA MPUHIMUI WJIM  TaKOBOI'O  HE

CYILIECTBYET.

[Ipn pemeHnn 3amad MEXaHWKU TPYHTOB, OCHOBaHWUU M (DyHIaMEHTOB
METOJIOM KOHEYHBIX 3JIEMEHTOB paccMaTpHUBAETCSl 00JacTh KOHEUHBIX Pa3MEpOB.
Kak mpaBuno, pacuetHas o00iacTb TpyHTa TPENCTaBIsE€TCI B BHUJE
napajuiesienuneaa, pasMepbl KOTOPOTro B IUIaHe Oosblne, 4yeM (parMeHt
dbyHIaMEHTHOM YacTy 37aHus, a MO TIIyOMHE 3aXBaThIBAIOT AEPOPMUPYEMBIN CIION
rpyHTa. 2OTO HEOOXOAMMO JUIS CHHXXEHHUS TIOTPEHIHOCTH B OKPECTHOCTHU
KOHCTPYKITUHU 3/1aHUS, KOTOpasi SBIIACTCS CIIEJCTBUEM KpaeBbIX d(ddekToB. ['panu
napaienenunena (Kpome YypOBHS JTHEBHOW MOBEPXHOCTH) 3aKpEIUISIOTCS OT
nepemeniennii. Hanbosee rycras ceTka 3J1€MEHTOB COCTABISETCS NIl 00JIacTH B
OKpECTHOCTU (PYyHIaMEHTHOM KOHCTPYKIMH. Ha ompeneneHHOM pacCTOSHHH OT
HEE pa3Mepbl KOHEYHBIX DJIEMEHTOB MOKHO YBEJIHMYHUTH JUISl CHMO)KCHUS
TPYZIOEMKOCTH. BBIOOp pa3smepoB pacdyeTHOW 00JIACTH U DJIEMEHTOB IPOBOJUTCS
MyTEM BBIMIOJIHEHHS IOBEPOYHBIX pacueToB. BHavasie mpoBOIUTCS CEPUSl paCUETOB
0 YBEJIMYECHHIO pa3MepoB OOJACTH [0 CTaOWIM3alMU PELIECHUs, 3aTeM I
00JlacT ¢ HA3HAYEHHBIMHU pa3MepaMH MPOBOJIUTCS CTYIICHHE CETKH KOHEYHBIX
aneMeHToB. (OO0BEM TMOBEPOYHBIX pacueToB (T.e. OBICTPOTa HAXOXKICHUS
NpUEMJIEMOM KOHEYHO-3JIEMEHTHOM MOJENIN) 3aBUCUT OT OMNbITAa U HUHTYUIUU

pacyeT4ymKa.
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YuuTeiBasg, 4YTO CE€TKa KOHEYHBIX JJIEMEHTOB CBS3aHA HE TOJBKO C
OCHOBaHMEM U (PyHIaMEHTaMH, HO U C BEPXHUM CTPOCHHUEM, MOKHO CKa3aTh, UTO
pa3MEpHOCTh 3aJaud 37ech OyJeT BechbMa BbICOKOH. Pa3smepHOCTh 3amaun
CYILIECTBEHHO YBEJIMYMBAETCS H3-32 TOTO, YTO HEOOXOJMMO CTrylIaTh CETKY B
o0nmacTu TpemwuH, ycuieHus u T.1. OJHaKO MNPOCTpAHCTBEHHas 3ajada
00yCIIaBJIMBAET PE3KOE YBEIUUYCHUE MOPSJIKA CUCTEMbI pa3pellatonX ypaBHEHUH.
CrnencTBueM yBEIIMYEHHS] TIOpSIAKA  SIBISIETCA  HEBO3MOXKHOCTh  IPOBEACHUS
pacuyeToB Ha INPUEMJIEMOM IO TYCTOTE CETKE KOHEUYHBIX DJIEMEHTOB Ha
COBPEMEHHBIX KOMIIBIOTEpaX. MHOIME aBTOPBl HUCIOJIB3YIOT  JIOCTATOYHO
AMOLMOHAJIbHBIA TEPMUH «HPOKAAMUE PAZMEPHOCHII).

Tpamummonnsie gopmsl MKD npeanonaratotr GopmupoBaHue riodaibHOM
MaTpHLbl JKECTKOCTU CHUCTEMBI M €€ mocieayrouiee pemenue. Ilopsaaok cucrem
YPaBHEHHI B pEalbHBIX 3a/auaxX HM3MEPSACTCS COTHSIMHU ThICAY M MHJUIMOHAMH
Heu3BeCTHbIX. CHIDKEHHE TMOpsiiKa TIJI00ATbHOM MAaTpULlbl C TMOMOIIBIO Tak
Ha3bIBAEMOTO «CYTIEPAIEMEHTHOT0» MOJIX0/1a AAJIEKO HE BCEra IMO3BOJSET 000OUTH
OTPaHMYECHMUS HA PpPA3MEPHOCTH 3amadu. Jlemo B TOM, 4YTO HOAXOAY
«CYIIEPAJIEMEHTOB» IO OTHOLIEHWI0 K TpaguuuoHHoMmy MKD npucymu nasa
HepocTaTka. [lepBplii 3akioyaeTcsi B yXYIIIEHUU OOYCIOBIEHHOCTH MATPUIIbI
KECTKOCTH aHCaMOJIsl CYNEpAIEMEHTOB, YTO MPHUBOJUT K CHIDKEHUIO TOYHOCTHU
pemeHus. BTopoil cBsi3aH ¢ pPE3KUM YBEIMYEHHEM IIUPHUHBI JIEHTHI MaTPHILIbI
KECTKOCTH aHcamOns cymepaneMeHToB. llpu 3TOM TepstoTcs mnpeuMyliecTBa
CHW)KEHUSI TOpSAJIKA CUCTEMbl YpAaBHEHUM, TaK KakK 3a4acTyr Il XpaHEHUs
MaTpPUIbl MEHBIIETO MOPSIIKA C YBEIMYEHHON IIMPUHOM JICHTHI TpeOyeTcst Oobliie
PECYpPCOB OINEPATUBHOM M BHEIIHEW MaMSATH KOMIIBIOTEpA, YEM ISl CTAaHAAPTHOMU
MaTpPHIbI dKECTKOCTH.

Pemienre peanbHBIX HECTAIMOHAPHBIX 3a/ad CTPOUTENIbHOM MEXaHUKH B
IPOCTPAHCTBEHHOM IOCTAHOBKE MMPAKTUYECKH HEBO3MOYKHO TPaJAUIIMOHHBIMU

MCTOOAaMH. HpI/I pEIICHUN HCCTAIMOHAPHBIX 3aJda4 HCIIOJB3YIOTCA MCTOJbI
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«IPOJOJDKEHUSI MO MapaMeTpy BPEMEHM», WHAYE — IIAaroBbIE METOJbl PEIICHUSA
HECTaIlMOHAPHBIX 3a7a4. BpeMeHHOM cerMeHT pa3ouBaeTcst Ha psj oTpe3koB. [lo
CIEeUAIbHBIM (pOopMysiaM, YHHUKaJbHBIM JUISI KaXJOT0 METOJIa, OCYIIECTBIISIIOT
nepexo ot napametpoB HIC B HauaibHBIE MOMEHT K MEPBON TOUKE BPEMEHHOIO
pa3oueHusa. 3aTeM NPOM3BOJAT AHAJOTMYHBIA IEpeXoJ KO BTOPOM TOUKe,
HCIIOJIb3YSl B KAQUECTBE HAYAJIbHBIX 3HAYEHHS B MEPBOM TOUke U T.h. KomuuecTBo
IIaroOB 10 BPEMEHH MOJXKET OBITh JOCTAaTOYHO OOJBIIUM, M B Mpeaesiax KaxKJI0ro
miara pemaercsd 3ajada, o TPYJAOEMKOCTH M BHEUIHEMY BHUAY COOTBETCTBYIOIIAS
HEKOM KBa3uCTaTHUUeCKO# 3amade. B pesynbraTe o0mmas TpyJ0eMKOCTh Ipolecca

PE3KO YBCINMINBACTCA.

KauecTBeHHBIN CKauOK BBIYUCIUTEIHHON TEXHUKHU U MPOTPAMMHBIX CPEJICTB
MO0 PacyeTy CTPOUTENIbHBIX KOHCTPYKIUUA METOJOM KOHEUYHBIX 3jieMeHTOB (MKD)
3a TOCJIEIHEE MECSATUIIETUE MPHUBENI K OMNPENEICHHOW PEBOJIOIMU B METOAaX
pacueta. Eciiu paHee OCHOBHBIM HEJIOCTAaTKOM PAcueTOB Obla HHU3KAas TOYHOCTH
ONpENICNICHUS] YCUINI MPOCTEHIIUMUA METOJIaMH, HE YUYUTHIBAIOIIMMU B3aUMHYIO
paboTy OTACNBbHBIX KOHCTPYKTHUBHBIX  DJJIEMEHTOB, TO CETOJHS  MOXKHO
MOJIEIUPOBATh JOCTATOYHO CJIOKHBIE OOBEKTHI C YYETOM B3aUMOCBSI3U HX

OTIENbHBIX (DPAarMEHTOB.

[TorpeOHOCTH  TPOEKTHBIX,  HAYYHO  —  HCCIENOBATEIbCKUX |
IPOMBIIIJICHHBIX OpraHU3aluii, B YyHHBEPCAJbHBIX, JOCTATOYHO OBICTPBIX U
YAOOHBIX JUTSI TOJIB30BATENsl MporpaMMax MOCTYyKWJa UMITYJIbCOM K pa3padoTKe
pa3IuYHBIMH (PUPMaMH MAKETOB MPHUKJIAJAHBIX MPOTPaMM KOHEYHO — 3JIEMEHTHOTO
ananmu3a. K HUM MOXHO oTHecTH u3BecTHbie NpoaykThl ANSYS u DesignSpace
¢upmel Ansys Corporation; Cosmos/DesignStar, Cosmos/Works ¢upmsl Structural
Research & Analysis Corporation; DesignWorks ¢dupmer CADSI; AIIM
WinMachine Ilentpa nporpammuoro u HayuyHoro odecrneuenust AIIM; NASTRAN

(NAsa STRuctural Analysis — aHanu3 KOHCTPYKUMH HaIllMOHAJILHOTO KOMHUTETA
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CIIA 1o a’poHAaBTMKE M KOCMHYECKHM HCCieAoBaHUSAM). M3 mporpammHBIX
CpEeNCTB, afanTupoBaHHbIX K poccuiickuMm CHull, n3sectHbl komiuiekcbl StarKON
¢bupmbl EuroSOFT (Mocksa), Jlupa 1 Monomax npousBoactsa HUMACC (Kues).
M3 KOMIUIEKCOB, B KOTOPBIX peIIaeTcs 3ajada IpeeiIbHOIO PaBHOBECUS B
CTaTUYECKOM M JIWHAMHYECKOW ITOCTAHOBKAaX C YYETOM pEOJIOTMM MaTepHalla,
orpejeneHnue «0e30MmacHoro BpeMeHW» (YHKIMOHUPOBAHMS KOHCTPYKLMHU WIIU
OTIEJIBHOIO Ipoliecca BO3ACUCTBUSA Ha Hee, M3BeCTHBl KomIulekcel «KJIEH»,

«ITOJTKOCy», «MUHOP» (PI'CY).

B xommnekce StarKON BriepBbie, moxanyid, penieHa 3aiadya KOMIUIEKCHOTO
MPOEKTUPOBAHUS IO CXEME «aApPXUTEKTYPHBIA TMPOEKT» - «pacuery -
«KOHCTPYUPOBAHHUE» - «BbIJaya pabo4yMX uyepTekel KOHCTpyKuMit». B kadecTBe
aApXUTEKTYPHOTO HCIOIb3yeTcs komiuieke «speedikon» ¢upmer [EZ GMBAh,
paborarommii Ha Ttuiatrgopmax wu3BecTHhiIx CAD — mnporpamm (AutoCAD,
MicroStation). B kauectBe mporpammsbl [jIsi pacueTa W OIpPEIeNICHUs/TIPOBEPKU
ceueHunil u apmupoBanus ucnoaszyerca STARK ES. Kommuiekc Mmoxer pabotars B
coBMeCTHO ¢ mnporpamMmoi BBoaa mo3uuud ProFET. Ilocme pacdyera moxkHO
BBINIOJIHATh KOHCTPYHPOBAaHUWE C ABTOMAaTHM3MPOBAHHOM IMOJArOTOBKOW pabOdMx

yeprexei B cucreme AutoCAD.

Cnengyer OTMETUTh, UYTO IIUPOKOE BHEApeHHE mporpaMMubix MKO-
KOMIUIEKCOB INPHUBEIO K YIPOIIEHHOMY OTHOLIEHHIO K IPOYHOCTHBIM PaCyETaM.
MHorue pyKOBOJMTENHW MPUIACPKUBAOTCA MNpuHOMNA: «ECTh KOMIBIOTED,
nporpaMMa — HaXXKMH KHOIIKY H TOJIy4d pe3yJbTaT». MoxeT ObITh, KOTJa-HUOYIb
BBIUMCIIUTENbHAS TEXHUKA M IMPOTPAMMHBIE CPEICTBA M JOCTUTHYT IOAO0OHOIO
ypoBHA. OIHAKO WM CETOAHS HCIOJb30BAHUE COBPEMEHHBIX IPOIPAMMHBIX H
anmapaTHbIX CPEICTB HE CHIKAeT TpeOOBaHUM K YPOBHIO IOJATOTOBKH

CHEIUAINCTA.
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Eme npecsatunmerve Hazan pacdyeT METOJAOM KOHEYHBIX DJIEMEHTOB OBLI
JIOCTYIIEH Y3KOMY KpYTy CIHEIUaIMCTOB, JOCTATOYHO JOCKOHAJIBHO 3HABIIMX M
OCHOBBI ME€TOJIa, U OCHOBHBIC €r0 «IOJABOJHBICE KaMHH» HE TOJIbKO Ha YPOBHE
MOJIL30BATEJISI MPOTPAaMMHBIX CPEJICTB, HO U Ha ypoBHE Iporpammucta. CeroaHs
xe unrepdeiic 6onpmacTBa MKD-KOMIUIEKCOB Y100€H B TAKOM CTENIEHU, YTO ITH
IPOTpaMMbl MOTYT HMCIIOJIB30BaTh OOJBIITMHCTBO MPOCKTHPOBIIMKOB, HM3YUYHBIIIHX
OCHOBBI paboTel ¢ Windows. IIpu »TOoM co3maeTcs AOCTaTOYHO oOIacHas
WJUTFO30PHOCTh  TOTO, 4YTO HucHojiab3oBaTh MKD B pacuerax moker Jo0oi
npoekTupoBIUK, Biaaaetonmii CHUII u komnsioTepoM. Ho Bce nieyio B ToM, 4TO
sHanue CHUII (HOpM, oOmpenensronux BHENIHHUE BO3JICUCTBUS W METOMIbBI
Ha3HAYEHUS WIM MPOBEPKH CEUCHH MO0 U3BECTHBIM BHYTPEHHUM YCHUIIUSM)
HEJIOCTAaTOYHO JIJI1 KAYECTBEHHOI'O OMPEACICHUS 3TUX YCHWIIMHM JTaXe C MOMOIIBIO
MMEIOIIUXCS B PACHOPSIKEHUH TPOrpaMMHBIX cpeacTB. Ha ypoBHe oOydeHus
ocHOBbl MKD TONBKO HauMHAIOT AaBaTh B cTpouTenbHbIX BY3ax (mocnennue 10 -
15 ner), mo3TOMY OOJBITMHCTBO MPOSKTHUPOBIIMKOB IMPOCTO HE BIIAJCIOT OCHOBAMHU

METoada.

Hawnbonee cymiecTBEHHBIM “NIOABOAHBIM KAMHEM ™ METOJIA SBJISIETCS TO, YTO
MKD - npubmmxenusiii metoa. [IpubimxeHHOCTs MeTO/Ia ONpEeaesieTCs AByMs
(dbakTOpamMHu: KA4eCTBOM KOHEYHODJIEMEHTHOHM MoOAeHM  (HEMOCPEICTBEHHO
MOrPENIHOCTh METOAA M MCIOJBb30BAHHBIX TUIIOB KO — Tak Ha3pIBaeMOe KayeCTBO
JUCKPETU3ALMY MOJIEH), U Ka4eCTBOM caMoi moaenu. [loa »TuM nonumaercs To,
KaKUMHA MEXAaHUKO-MaTEMaTUYECKUMHU MOJCIISIMA MOJICIMPOBAIN TE€ WM HHbBIC
KOHCTPYKTUBHBIE 3JIEMEHTHI U KaK YUTEHO UX compsbkeHue. Hampumep, oiuH U TOT
K€ DJIEMEHT MOXHO MOJICJIMPOBATh CTEPKHEM C OMNPEACICHHBIMU IapaMeTpaMu
ceyeHus (TUIOIIAb, MOMEHTHl WHEPIUU M T.II.), JUOO KOMOWHAIMEW IJIaCTUH
(31ech KOJIMYECTBO HWHTErPAJbHBIX IMAPAMETPOB MEHBIIE -—TOJIBKO TOJIIHUHBI
AJIEMEHTOB), JIMOO TpexMepHOH Mojenbio. [IMUTy Takke MOXKHO MOJEIUPOBATH

100 000JI0YKaMH Pa3JIMUHBIX MMOCTAaHOBOK (TOHKas mumTta, PeiicHepa, Biacosa),
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100 OO0BEMHOW TpeXMEpHOW Monenbio. Takke CymecTByeT MHOMXKECTBO
pa3IMYHBIX MoOJENe (IIOCTAaHOBOK) Il TPYHTOBOro ocHoBaHus. HaumbOonee
OOLIMMHU  SIBIISIIOTCSI  OOBEMHBIE MOCTAHOBKH, T.K. B HHUX HE MCIHOJb3YIOTCS
YHPOILAIOLIME TUIIOTE3bl, alpUOPU ONPEAEIAIONINE XapakTep Ae(OpMUPOBAHUS
cucteMbl. Bce ocTanmbHbBIE YNPOILIAIOUIME TMIOTE3bl 3apaHee 3aKia/bIBaoT
HEYCTPAaHHMYIO IIOTPEUIHOCTh pacyeTa HEe TOJbKO [0 YHCIaM, HO M IO
KAu4EeCTBEHHOMY OIHCaHMIO nponecca. OIHAKO CEroJHs HMCIOJIb30BAHUE TOJBKO
OOBEMHBIX IIOCTAHOBOK IIPAaKTHMYECKH HEBO3MOXHO. IloaTomy moib30BaTensb,
co3faBas MCXOAHYKO MOJENb, JOJDKEH JOCTaTOYHO SICHO IPEACTaBIATh
HOTPEIIHOCTH, 3aKJIa/IbIBAEMble UM Ha cTaguu (popMyaupoBKU Moaend. OTMETHM,
YTO B COBPEMEHHBIX IPOrPAMMHBIX KOMIUIEKCAX UMEIOTCSI CPENCTBA MOCTPOEHUS
MOJIECJIM Ha YPOBHE KOHCTPYKTMBHBIX TE€PMHHOB, INOCTYIIHBIX KOHCTPYKTOpPY U
IPOEKTUPOBILUKY, KaK TO: CMeHbl, KOAOHHbI, 6anku U T.1. Vlcrionb3ys TOJIBKO 3TH
CpeICcTBa MpH MOCTPOCHHMU MOfelu Oe3 aHalu3a MX CYIIHOCTH I0JIb30BaTeb
NOJIy4aeT WJUTFO30PHYK0 YBEPEHHOCTH B TOM, YTO WM IIOCTPOEHA JOCTaTOYHO

KOPPCKTHAA MOACJIb CHCTCMBI.

He menbliee 3HaueHHME MMEET M KAuyeCTBO IMEPexXojia MpU ammpOKCUMAIUH
MOJIeJI KOHEYHBIMH 3JIeMEeHTaMU. TOYHOCTh pe3yibTaTOB CYIIECTBEHHO 3aBHCUT
OT MPHUHATON KOHEUYHO-3JIEMEHTHON anmnpokcuMmanuu. CTaHIapTHBIMH CIIOCO0aMu
MPOBEPKU KayeCcTBa SIBISIETCS CEPHsl PACU€TOB MPU PAa3HBIX CTEMEHAX CTYIICHHUS
CEeTKHM B IIEJIOM WJM B OTIENbHBIX €€ (pparmeHrax. JlocTaTOYHYIO OMACHOCTh
NpENCTaBIsIeT TOT (akKT, YTO CXOAUMOCTH PE3yJbTaTOB MO HAMPSKEHUSIM U
ycuIusiM Oosiee MeJUIeHHas, 4eM 1o nepemerneHusM. [loatomy aHanmm3 kauecTsa
KOHEYHO-’JIEMEHTHOM  MOJeNM HEOOXOAWMO TMPOBOAUTH HE TOJBKO IO
nepeMenieHus M, HO W Mo ycunusiM. HekadecTBeHHas ceTKa MOXET JaBaThb
HEJOMMYCTUMYIO0 TMOIpemHOoCTs (B 1aBa U Oosee pa3), IMOITOMY CO3JIaHUE

Ka4eCTBEHHOM CETKM — JOCTaTOYHO TPYJAOEMKHU TMpolecc, TpeOyronui
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OTpeAeNeHHONW KBaIM(PUKAIIMU TOJIb30BaTEIs] UMEHHO HAa YPOBHE MPUMEHEHUS

MKDO.

HOBTOMy HJsL YBCPCHHOT'O HCIIOJIBb30BAHUA MCTOOA HGO6XO,ZII/IMO HNMCTDb
CIICOUaJIbHbIC 3HAHUA M O €ro CYTH, H 00 OCHOBHBIX ITOCTAaHOBKAaxX TCOpUHn

yOpyrocTu (XoTs Obl TEOPUH YIIPYTOCTH JJIsl TMHEHHBIX 3a/1a4).

JlocTaTtouHO SICHO, 4TO MOJIb30BATEIb, HAYYUBIIUNCS BBOAUTH B KOMIIBIOTED
TEKCT, €Ile HE SBIAETCS MUcaTeleM WIM To3TOM. [l 3Toro HeoOXOAMMbI
CIICHHMAJIbHBIE 3HAHWA W TajaHT. YpoBeHb pa3zButusa MKD u mporpamMmHbIX
CPEIICTB CETOAHS MPEIBSABISICT aHATIOTHYHbIE TpeOOBaHUA K pacdyeTuyuky. OaHOTOo
MexaHucmuyecko2o BIAICHUS IPOTPAMMOM HE JOCTAaTOYHO JUIsl PELICHUs
pEAIIbHOM 3aJ1a4l, MOCTPOCHUE €€ KAUECTBEHHOM MOJEIIN — CJIOKHBIN TBOPUYECKUIN

poIiecc.

1.5 Kpamkoe onucaHue npo2paMMHO20 Kommnekca MK3
[Tporpammusiii kommieke «KJIEH 6a3zupyercs Ha aepecamnom npuHUUIE

(wu  mpuHIUN  dexomnozuyuu) noctpoenuss CAIIP. OcHoBaHHbIA Ha
UCIIOJIb30BAaHUU  a0CTpakUMi MPUHLMI  JIEKOMIO3UIMU TPUMEHSETCS s
pa3OueHus MNporpaMM Ha KOMIIOHEHTBI, KOTOpbIE€ 3aTeéM OOBEIUHSIOTCS IS
peleHuss OCHOBHOM  3amaud. [lpm  5TOM  HMCHOJIB30BaH  YaCTHBIM  THII
a0bcTparupoBaHusi — aOCTpakius dYepe3 crhenu@ukamnuioo, T.€. B BO3MOXKHOCTH
CepHUEN pa3HBIX aJTOPUTMOB MOJYUYUTh KOHEUHBIN UCKOMBIN PE3YJIbTAT.

[Ipu Tpancopmanuu crieuuPuKanuii B CTPYKTypy CUCTEMBI CYHIECTBYIOT
nBa mnoaxona. OCHOBHOE pa3JelieHHe NPOBEICHO B OPUEHMUPOBAHHOM HA
00pabomky MOAX0/ie, KOT/1a IPOBEICHO pa3/ielieHne KOMIUIEKCa Ha PsiJl arperatoB
Ha OCHOBE MOJYJILHOTO MOXxoja. BmecTe ¢ TeM Kak BHYyTpU OTIEIbHBIX MOIYJICH,
TaK W JJI CBSI3M JIAaHHBIX MEXIY MOJYJISIMU, UCIIOJIb30BaHA OPUECHMUPOBAHHAS HA
OaHHble METONOJNOTUS. A HMEHHO, WCIOJb30BaHa KOHIICIIHUS 0ObEKMHO-

OpUEeHMUPOB8AHHO20 TPOTPAMMHUPOBAHHS.
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ObecrnieueHne Ipy>KECTBEHHOTO MOJIB30BATEN0 UHTEpdEiica TOCTUTHYTO 3a
CUET HCIOJIb30BaHUS BO3MOXKHOCTEH BHU3yaJIbHOIO MPOTrpaMMHUPOBAHUS U
IPOrpaMMUPOBAHUS, YIPaBIIEMOro coObITUSIMU. BBOoJ mcxoaHOW uH(OpManuu
OCYUIIECTBJISIETCS. B UHTEPAKTUBHOM TpadUuecKOM pexUME, KOrna IMoJIb30BaTelh
«BBIYEPUMBAETY» CXEMY KOHCTPYKIMU C TOMOIIbIO CHCTEMHBIX YyKazarejeu, a
JIOTIOJIHUTEJIbHBIE TEKCTOBBIE U YMCJIOBBIE JaHHBIE BBOAATCA B TaOIMYHOM (hopme.
[Iporiecchl BBOJIa M KOPPEKLUUU MCXOIHOM MH(POPMALMU HE PA3IACICHBl MEXKIY
coboii — B J11000H MOMEHT MOKHO BBOJIUTH HOBBIA ()parMEHT KOHCTPYKIIMHU WIIU
UCITPaBJISATh paHee BBEJCHHBIN OJIOK.
BbIBOJI pe3yJIbTaTOB OCYIIECTBISIETCS B TpeX (popmax:
— rpaduueckoil (neOpMUPOBAHHBIE CXEMbl, TMOJS HANPSHKCHUH U
NepeMeNIeHN! B BUAE HM30JMHHM, rpaduKOB HM3MEHEHHUs IapaMeTpoOB
HaMpPsHKEHHO—Ie(DOPMUPOBAHHOTO  COCTOSIHMSI 110  BPEMEHHBIM U

MPOCTPAHCTBEHHBIM KOOPJIMHATAM),

— TEKCTOBOW (TabnmunHas ¢opma 3HAYCHUH OCHOBHBIX PACUETHBIX

XapaKTEPUCTHK),

— wuHTepdeiic co crangapTHeiMU Tporpammamu Microsoft Office, T.e.
nepedpocka pe3ynbTaToB pacuera B nporpammbel Excel u Word, dro
MO3BOJISIET MOJIH30BATEIIO UCIOJIB30BaTh BO3MOXKHOCTH 3THX MPOTPAMM

JUTSI IOTIOJTHUTEITLHOM 00paboTKH pe3yIbTaToOB.

B cooTrBeTcTBHU C MMPCAJIOKCHHBIM aJITOPUTMOM KOMIIJICKC p8,36I/IT Ha pian
arperatoB, BbINIOJHAIOMINUX MOJIHBIN pacder 10 OTACJIBHBIM  JIOTHYCCKH

3aBCPIICHHBIM 3TallaM.
OCHOBHBIMM SIBJISIIOTCS CJICAYHOIIUC arperarThbl:

- BBOJ, KOPpEKUMS M TECTHPOBAHHWE HA HAJIM4YME OIIMOOK HCXOIHOMN

uHdopmaruu,



18

- CTaTMYECKUM pacucT KOHCTpYKI_[I/Iﬁ IIpu Pa3IMYIHBIX oTallax

BbIpaBHUBAHMUA,

- 010K OIIPCACIICHUA HauoOoee HC6JIaI‘OHpI/IHTHBIX COCTOSIHUM B

pazIuYHbIX (hparMeHTax KOHCTPYKIIUH,

- 3BOJIIOHHOHHBII>1 pacdeT Ha JIMTCIIBHOC BO3I[€I\/'ICTBI/IG C Yy4dCTOM

HAKOIUICHUS HEBOCTIOJIHUMBIX JlehopMalni,
- TECTOBBIN IMHAMUYECKHUI pacyeT Mpu 00pa30BaHUU JIMHUU OTPHIBA,

- 05Ok aHanmM3a pe3yJabTaTOB, KOTOPBIA pa3OMT Ha (parMeHThl aHAIM3a
pe3yJabTaTOB OT CTATUYECKHUX BO3ICHCTBHIA M C YYETOM JUIUTEIHHOTO

BO3JIEUCTBUA.

[locne mosiydeHHs OCHOBHBIX pE3yJIbTAaTOB OT pacuera Ha 0a3oBbIe
CTaTUYECKUE BO3JIEUCTBHS TOJIb30BATENb OMPEACNAECT TPYIIY HX BO3MOMXHBIX
couetanuii. KomnuecTBo BBEIEHHBIX TPYIII ONPEIEseT MHOKECTBO MTPUBEICHHBIX
KBa3MCTAaTUYECKUX HArpy3ok. B mpoliecce mpoBeieHUs pacuyeToB Ha JIITUTENbHOE
BO3JICHCTBHE KpPOME TpYyNIl HArpy30K 3aJaeTcsi COYETaHWE MOTOAHO —
KJIIMMaTU4YeCKUX (PaKTOpOB, T.e. 3aKOH M3MEHEHHUS BO BPEMEHHM 3aBHUCSIIMX OT
BJIQYKHOCTH MAapaMeTPOB COCTOSAHMS. I BIaKHOCTH MPEyCMOTPEHO 3aJlaHuE €€
M3MEHEHUS! B TEYEHUE Trojia. 3aJjaHre KIMMATHYECKUX (PAKTOPOB MPOU3BOIUTCS B
Ta0NMM4YHBIX (opMax, MOITOMY MOXHO 3a/laTb MPOU3BOJIBHBIA XapakTep HX
U3MEHEHUS], a HE TOJIbKO YacTO UCIOJIb3yeMble TApMOHUYECKHUE 3aKOHBI, KOTOPbIE
HE BCErJla aJlcKBaTHO OTPAKAIOT KAPTUHY M3MEHEHHS TEMIIEPATypPhl U BIAKHOCTU
BO BpEMEHHU. OTO SBISETCA JOMOJHHUTENIbHBIM (AKTOPOM, MO3BOJISIONIUM

HpI/I6J'H/IBI/ITB MOJECJIb K P€AJIbHBIM YCJIIOBUAM SKCILNTyaTalluu.

Ha cneagyromux wimoctpanusix nokazana MKDO-monens 9-u  3TaxHOro

31aHus U ee (PparMeHThI, MoAroToBNIeHHBIE B KoMIiekce KJIEH.
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2 T[lpumepbl ucnonb3oBaHusa nporpaMmmMmHbix MK3-komnnekcos

QEoaHaYeHKE, HirMe

SMN =-.460E+035
SMX =.Z20ZE+08

-.460E+08
-.387E+08
-.313E+08
-.240E+08
-.166E+08
-.924E+07
-.188E+07
SHASE+DT
L1Z28E+08
LZ0ZE+DB

Bez nogkpenneHus. Sx Him?

Ilpumep pacuema KOHCMPYKMUBHO20 dJIEMEHMA YOKOIS, ONUPAIOWe20Cs HA C8aliHbII pocmeepk — komnaekc ANSYS
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HCAOBHLIE D60ZHAYEHUE, M
SM =.06365
0
LO07072
014144
021217
023285
035361
042433
L045505
056578
063650

BLUDBOCEN

C NoAKpENAEHUMEM - CYMMEPHEIE NEpEMELEHHE, M

Tlpumep pacuema KOHCMPYKMUBHO20 dlleMeHMa YOKOIsL npu paspabomke npoekma ycunenus — komniexc ANSYS
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Max. gedopmayuma = 102.144 mm B yane = 597
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3 KOHTpoOnbHbIe BONPOCHI

Knaccuduxanus cuctem CAIIP B cTpoutenbcTae,

Cuctembl CAIIP apXUTEKTYpHOTO Ha3HAYEHUS,

Oco0eHHOCTH crieluaIn3upoBaHHbIX apXuTekTypHbix CAIIP,
B03MOXHOCTH crienHaIN3UPOBAaHHbBIX apXUTEKTypHbIX CAIIP,

CAIIP o0miero Ha3HaYeHHUS,

Otmune CAIIP obmiero Haznauenus u cnenuanin3upoBanabix CAIIP,
Cucrembl CAIIP pacueToB Ha IPOYHOCTb, KECTKOCTh U yCTOWYUBOCT,
OCHOBHBIE MOJI0KEHUS METOJ]a KOHEUHBIX 3JIEMEHTOB,

OcnoBHBIC Toaxoa61 MK,

OCHOBHBIE NOTPEMIHOCTH pH Hcnodab30Bann MKDO,

OcHoBHbIe nporpaMmMmHable MKD — koMIIeKCHlI,

Kakwne arIapaTHbIC PCCYPChI BIMAIOT Ha TOYHOCTD ITOJIYUYCHUA PE3YJIbTATOB

MK3?

Bo3mosknocTtu cnenuanu3upoBaHHbix MKD-KOMIIIEKCOB B CTPOUTENHCTBE.
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