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1 Cuctembl aBTOMaTU3MpoBaHHoOro npoektuposaHusa (CAIP) B
CTpouTenbCcTBe

1.1 Knaccugpukauyusi cucmem CAIIP

[To ceoemy HazHaueHuto CAIIP B ctpouTenbCcTBE MOAPA3AEISIETCS Ha !

apXUTEKTYPHO — IJIAHUPOBOYHBIE U au3alinepckue NC,

- CHCTEMBbl pacuera COOpPYKEHUW Ha MPOYHOCTh, KECTKOCTh H

YCTOUYHUBOCTb,
- CHCTEMBI TOArOTOBKU KOHCTPYKTOPCKOM JOKYMEHTAIINH,
- CHCTEMBI TPOEKTUPOBAHUSI BHYTPEHHUX CETEM,
- CHCTEMBI TOATOTOBKHU MTPOEKTHO-CMETHOM JOKYMEHTALIHH,
- CHCTEMBI IOATOTOBKHU JOKYMEHTALIMM HA TEHJED,

- UWC texHojoruu u OpraHu3anum Ipou3BOACTBA.

1.2 CAIlP apxumekmypHO20 Ha3Ha4eHus

ApxuTekTypHO-TuTanupoBouHoe Hampasienue CAIIP mocrarouno ciabo
obuto pazBuro B CCCP. DT0 OOBSCHANOCH MPAaKTUYECKUM OTCYTCTBHEM
KaueCTBEHHOM MaTepualibHOM ©0a3pl — rpadonocTpoutesied. rpaduyeckKux
nucrieeB. K MOMeHTY mosiBlieHUs OoJiee-MeHee KaueCTBEHHBIX M JOCTYITHBIX
rpauyuecKux amnmapaTHbIX CPEACTB Hauyadu OypHO pa3BUBATHCSA IMEPCOHAIIbHbBIC
koMmbioTepsl. [losTomMy B Hactosiiee Bpems B Poccun  ucnonb3yrorcs
JIOKaJIM30BaHHBIC BEPCUU 3alajHbIX Mpou3BoauTenci, Takue kak: ABIS (ABIS
KROM, Asgctpus), speedikon-A (IEZ, I'epmanus), ArchiCAD. Kpome Toro,
HanboJiee AaKTUBHO WCIIOJB3YeTCs, TOXKalyi, cucTemMa oOOIero Ha3HAauYeHUs
AutoCAD, nonosiHeHHass pa3JIMYHBIMA TPUKIAAHBIMU WHCTPYMEHTAMH IS
apxutekropa. OJHAKO MCHOJb30BAHHME CIEUUATU3UPOBAHHBIX CUCTEM BCE-TAKU
IpEINOYTUTENbHEE, T.K. OHU 0a3upyloTCs Ha TMOHATHH KOMNbIOMEPHAS MOOeNb

30anuss  (KM3). 3mech mMoap30BaTelb «COCTABISIETY» MOJEIb 3JaHUS HaA



KOMITbIOTEPE KaK Obl U3 3JIEMEHTOB CTPOUTEIBHOIO KOHCTPYKTOpPA — CTE€H, OKOH,
JBepel, JecTHHI], Kpbid. HemocpeacTBeHHO depTexHas JOKyMEHTaIus
aBTOMATHUYECKU COCTAaBIIAECTCS MPOrpaMMOil B 3aJaHHOM IMOJb30Batrese gopmare.
W3 onHOM U TOHM e KOMIIBIOTEPHOM MOJIEIN MOKHO aBTOMAaTHYECKH MOCTPOUTH
Pa3IMYHYI0 YEPTEKHYIO JOKYMEHTAIMIO: - TUIaHbI TOMEIICHU, KJIaIOYHbIC MJIaHBI
CTEH, aKCOHOMETPUYECKUE U MEPCIEKTUBHBIE MPOEKUUU U pa3pe3bl. Kpome Toro,
IporpaMMbl MOTYT aBTOMAaTHMYECKH COCTAaBUTh CHEUU(UKALMIO T[TOMEHICHUH,
MOJICUUTATh TpeOyeMbIil 00bEM MaTEepHAJIOB U CTPOUTENBHBIX padoT. s nmpumepa
IpUBEIeHAa WIUTIOCTPALUS TMEPCHEKTUBHBIX MPOCKIUNH MHOTO3TaXKHOTO HKHIIOTO
3/1aHusl, aBTOMAaTUYECKH MOCTpoeHHas mporpammon speedikon-A mo BBeIE€HHBIM

JIaHaM dTaKe.
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N3 poccuiickux pa3pabOTOK HaWOOJBIIUNA HHTEPEC IPEICTaBIISICT
nporpamma ArCon ¢upmer EuroSoft (Mocksa). Ciieayer otMeTuth, uto B ArCon
pa3paboTaHa KayecTBEHHas cucteMa (POTOPEATMCTUYHON  BU3YyalU3alUU
TPEXMEPHBIX HU300pakeHUN («iyueBas TpaccupoBkay). CeromHs »Ta cucreMa
BU3yanu3auu uHTerpupoBaHa u B Hemenkyto CAIIP speedikon-A. Ha
CJIeyIolee WILTIOCTPAIlMU TPUBEACH aBTOMAaTUYECKU MOCTPOEHHBIM paspe3 2-X
ATAXXHOTO 37aHUs U (HOTOPEATUCTUYHOE H300paKEHHE MEPCIEKTUBBI 3TOTO KE
oOnekTa. LBeTa Ha pa3pese onpeAensoT TOMIIUHBI U TUIBI TUHUN, KOTOPHIMU OHU

OyIyT BBIBOJUTKLCS HA YEPTEKE.

PAIFES A—A




1.3 CAIlIP pacyemoe Ha npoYHOCMb

31aHus U COOPY’KEHUS SIBIISIFOTCSI HEOThEMJIEMOW YacThbiO COBPEMEHHOM
neictBuTenbHOCTU. CeroiHsl, Kak M THICSYM JIET Ha3a/l, HEBO3MOXHO MPEACTaBUTh
cebe XM3Hb U JACSITEIbHOCTb YEJOBEKa B OTPHIBE OT BO3BOJMMBIX MM 3JIaHUH.
BnusiHue MCKyCCTBEHHBIX COOPYKEHUH Ha OKPYKAIOIIYH Cpeay MHOTrooOpa3Ho.
CoBpeMEHHbBIE 3[aHUSI U COOPYXKEHHS — CIOXHBbIE OOBEKTHI, HAYWHEHHBIC
OOJBIIMM KOJMYECTBOM MEXAaHU3MOB U CHCTEM OOECIEeUEHUSs KU3HEAEATEIbHOCTH
U (QYHKIMOHAILHOTO HA3HAUYEHMs, OKa3bIBAIOIIMX OIPEAEJICHHOE BIMSHUE Ha
OKpY’KaroIyo cpexy. x MOXHO paccMaTpuBaTh C pa3HbIX IJIAHOB: aPXUTEKTYPHO
— XYIO>KECTBEHHOTO, (PYHKIIMOHAIBHOTO, JKoJornyeckoro. OpHako BO BceX

CIy4asiXx KpPacHOW JIMHUEW MPOXOAUT BOIPOC AKCIUTyaTAllMOHHOW HAJIeKHOCTH, K



KOTOPOMY TPAJUIMOHHO OTHOCSTCS TpeOoBaHUs OO€CHeUYeHUs: IPOUYHOCTH,

KCCTKOCTH U YCTOﬁqHBOCTH 00BeKTA.

OnbIT MaccoBOrO CTPOUTENIbCTBA C Hayana 60-X ToJI0B IPOILLIOTO BEKa
MOKa3aJl, YTO OKCIUIyaTallMOHHYIO HAJEKHOCTh 3JaHUM U  COOPYKEHUM
HEBO3MOXHO paccMaTpUBaThb B OTPBIBE OT OKPYXKEHHUS: T'PYHTOBOTO MAacCHUBa,
MOCTPOEHHBIX paHee 0ObEKTOB, TPAHCTIOPTHBIX U XO3SIMCTBEHHBIX KOMMYHHKAITUH.
BenoMcTBeHHast pa3o0IEHHOCTh SMIIMPUYECKUX HCCIEIOBAHUM HE MO3BOJSET
CEroJIHSI HE TOJIBKO OTBETUTh Ha MHO>KECTBO BOIPOCOB B UX B3aUMHOM CBS3H, HO U
MIPOBECTH KaUYE€CTBEHHOE TUIAHUPOBAHUE PA3JIMUHBIX TEKyIIHX pabot. Kpome Toro,
AKCIIEPUMEHTANIbHBIC HCCIICIOBAHUS PA3JIMYHBIX CJIOKHBIX CUCTEM (Hampumep,
TPAHCHOPTHBIN MOTOK — TPYHT — (PyHIAMEHT — 3JaHKE) TO3BOJISIIOT MOCTPOUTH
UHTETpalIbHy0 HHGOPMAIMIO, U3 KOTOPOW CJIOKHO BBIJEIUTh MPUYUHBI U
ciencTBus pa3auaHbIX dddexToB. Hanbonee moiHyo KapTUHY TOBEACHUS 30aHUS
NpU  PaA3IMYHBIX BO3JCUCTBUSAX MOXHO IIOCTPOUTH Ha OCHOBE arapara

MAaTCMaTUICCKOIro MOJCIMPOBAHMA.

MexaHuko — MaTemMaTH4ecKass MOJEJb, aleKBaTHO OTpa)karollasi OCHOBHbIE
OCOOEHHOCTH COOPYKEHHSI B €ro B3aMMOCBSI3U C TPYHTOM OCHOBAHHSI U PAIOM
HaXOJAIIMMUCA  3JIaHUSAMH, TIO3BOJISIET TMPU MalbIX 3aTparax TMOJYYUThb
aJICKBaTHYI0 MH(OPMAIIHIO 110 IIUPOKOMY CIEKTPY mpodsieM. OJIHaKO MOCTPOEHUE
KAuUeCTBEHHOW MOJENH CETrOAHs NpPEJCTaBIsAE€T TPYIHOCTH KaK TEOPETUYECKOIO
11aHa (HarmpuMep, NOCTPOCHHE KOPPEKTHBIX YPaBHEHUN COCTOSIHUSI OTIPEACIICHHON
Cpellbl WJIM KOHTaKTa pa3HbIX Cpel), TaK U peanu3aiuu (T.e., METOJ0B MOIyYSHUs

penieHusi chopMyIMPOBAHHOMN 3a71a4H).

1.4 MemoO KOHeYHbIX 3/IeMeHmMoa8

Ceronnst HamboJee pacpoOCTPaHEHHBIM MATEMATUYECKUM amnmapaTroM st

YUCJICHHOI0O MOJACIHUPOBAHUA IIOBCACHHA 3OaHHUSA B KOMIIICGKCHOM TMOCTaHOBKE



«BEpXHEE CTPOEHUH — (PYHIAMEHT - TPYHT» MpPH Pa3IUYHbIX BHJIAX BO3JECUCTBUS
ABIISIETCSI MemoO KOHeyHblx dnemenmos (MKD).

MKD no3Bosasier paccMaTpuBaTh 00JacTH CO CJIOXKHOM TOMOJIOTHEH TpU
pa3HOOOpa3HbIX TPAaHUYHBIX YCiIOBUSX. OCHOBHas uAes METoJa KOHEYHbIX
AJIEMEHTOB, KaK U BCEX CETOYHBIX (HampuUMep, METOoAa KOHEYHBIX Pa3HOCTEH) U
OonpImMHCTBA TPSIMBIX MeTo10B (Putma, byOHoBa - ["anepkuna u T.1.), COCTOUT B
nepexojie 0T 0eCKOHEUHON cucTeMbl Iu(depeHIINalIbHbIX YPABHEHUH B YaCTHBIX
MPOU3BOAHBIX C TPAHUYHBIMHU YCJIOBHSIMU K KOHEYHOW CUCTEME alreOpanyecKux
YPABHEHUN OTHOCHUTEJIIBHO KOHEYHOI'O YHCJA HEHW3BECTHBIX, TaK WM HHA4e
OTHECEHHBIX K IMPOCTPAHCTBEHHOW CETKE MO0 K cUcTeMe Oa3UCHBIX (YHKIIUU.
MOXXHO CKa3aTh, YTO METOJ KOHEYHBIX 3JEMEHTOB B OIPEACICHHOM CMBICIIE
ABJISIETCSI CHHTE30M CETOYHBIX M NPSIMBIX METOJOB, T.K. NPHU HCIOIb30BaHUU
crocoba ¢dopmupoBaHus KOIPGUIIMEHTOB CHUCTEMbl ypPaBHEHHH, aJIeKBaTHOTO
OpsMBIM METOAAaM, METOJHMKA IOCTPOCHUsS Oa3uCHBIX (YHKIHMI OCHOBaHa Ha
CETOYHOM Nojxoe. biaronaps 3ToMmy MeTO/1 COXpaHIeT OCHOBHBIE IPEUMYLIECTBA
IPSAMBIX METOJIOB (Kak TO: BO3MOXHOCTh NPUMEHEHUS KaK MCXOJHOW CHCTEMBbI
muddepeHIManbHBIX YpaBHEHUH, TaK HM COOTBETCTBYIOUIMX BapHAIlMOHHBIX
INPUHIIUIIOB, BO3MOKHOCTh HHTETPUPOBAHMSI IO BCEW MPOCTPAHCTBEHHOM 00J1aCcTH)
U, BMECTE C TE€M, UCIIOJIb3YET TMOKHE BO3MOKHOCTH CETOYHBIX METOOB ISl yueTa
peanbHON r€OMETPUH PACCUUTHIBAEMOI0 00BEKTA U €ro (PParMEHTOB U IPAHUYHBIX
YCIOBHM. VY3IIbI CETKM TMPHUHAJJIEKAT paccMaTpUBAEMON MPOCTPAHCTBEHHOU
oOnactu u ee rpanuue. llocime 3aMeHbl MCXOAHOW MPOCTPAHCTBEHHOW 00JacTH
HEKOTOPOM CETKOW C KOHKPETHBIMH MapaMeTpaMy aNlpOKCHMAalUuu TOBOPAT O
OoucKpemu3ayuu pacueTHon o0JacTu.

B OonbmuHCTBE clly4yaeB MpU TOCTPOEHUU CHCTEMBI Pa3pelIaroInX
YpPaBHEHUN MCHOJIb3YIOTCS NPHUOJIMKEHHBIE 3aBUCHMOCTH IS aAIIPOKCUMAIIUU
OCHOBHBIX (YHKIMA MEXIy COCEIHMMHU y3JIaMu ceTku. Yem ryile

MNPOCTPAHCTBCHHAA CCTKA, YCM MCHBIIC PACCTOSAHUC MCIKAY €€ y3JIaMH, TCM BBIIIC



TOYHOCTh aNMpPOKCUMALMK (YHKUUWA, T€M TOYHEE MPUOIMKEHHOE pEIICHUE.
OpHako 4yeM OO0JIbIlIe Y3JI0B CETKH, TEM BBIIIE OPSAAOK CUCTEMBI allreOpandecKux
YpaBHEHUH, TEM BbILIE TPYAOEMKOCTh U BpeMs pacuera U TeM OoJbliie Tpedyercs
pPECYpPCOB MaMATH KOMIIBIOTEpA I XPaHEHHUs MACCHBOB JaHHbIX. [loaToMy mpu
UCIIOJIb30BaHUU METO/JAa KOHEUHBIX 3JIEMEHTOB HEOOXOJUM KOMIIPOMHUCC IpHU
Ha3HAYCHUM JUCKPETHU3alMH MPOCTPAaHCTBEHHON obOsactu. CeTka NOJKHA OBITH
JIOCTATOYHO TYCTOM I MOJY4YEHUS NPHEMIIEMOIO IO TOYHOCTH PELICHMS, U
BMECTE C TEM €€ Pa3sMEPHOCTh HE JIOJDKHA IPEBBICUTH HEKOTOPOI'O IMPEAEIBHOIO
3HAYEHHUd, IOCJIE KOTOPOrO HCHOJB30BAHUE 3TOM JUCKPETHU3ALUU CTAHOBUTCSA
HEBO3MOXKHBIM H3-32 BBICOKOM pa3MepHOCTH cucteMbl. CrymieHue OObIYHO
MPOBOAMTCA HE IS BCEH CETKH B IIEJIOM, a B OTJCNBHBIX (hparMeHTax, B KOTOPBIX
MOBE/ICHUE PEIICHUS CYIECTBEHHO 3aBUCUT OT CTEMEHU AuCKpeTu3anuu. OObIYHO
3TO 00JIaCTH, B OKPECTHOCTU KOTOPBIX MPUJIOKEHA HArpy3Ka, UMEIOTCSI TPaHULIbI
30H C pa3IMYHbIMU (PU3UKO-MEXAHUYECKUMU XapaKTepUCTUKAMH (Hampumep,
rpaHuna OETOH - TPYHT), UMEIOTCA Pa3UYHbIE T'€OMETPUUYECKHE OCOOEHHOCTU
(YrJibl, HOJIOCTH, OTBEPCTHS U T.I1.).
MeTroa KOHEYHBIX 3JIEMEHTOB OCHOBHOE PAa3BUTHE MOJIYUYHII C CEPEAUHBI
HBIHEIIHEr0 Beka. [lepBoHavasbHO ABa pPA3IMYHBIX MOAXOAA - WHKEHEPHBIA U
MaTEMaTUYECKU - TMO3JIHEE CIWINCh B OAMH OOLIMH, YTO HMEIO OrPOMHOE
3HAYEHHUE JUISl €r0 JAbHEUIIEro ObICTPOro pa3BUTHS U IIMPOKOTO MPUMEHEHHS.
B Hacrosmiee Bpems NpH PEIICHMM 334a4 CTAaTUKU MCIOJb3YIOTCS TpHU
OCHOBHEIX ITojixona MKDO:
e [lpamoii - UCNIOJIB3YETCA IIPU PELICHUH OTHOCHUTEIBHO IIPOCTBHIX 3aJ1ad,
MMEET YETKUN WILTFOCTPATUBHBIN XapaKTep,

e Bapuayuonnwviii nooxoo (i meron Purua B popme MKD) - ocHoBan
Ha TPUHIUIE CTAMOHAPHOCTH HEKOTOpOro ¢yHkiuoHanta. OOBIYHO
ucnoip3ytorcss (pynkunonansl Jlarpanxa, Kactunbsno, XemnuHrepa -

Peiichepa, Xy - Bacumdy. Ilpu pemenun WHXEHEPHBIX 3a1a4
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CTPOUTENFHON MEXaHWKH HanboJiee 4acTo MCTOIb3yeTCs BapHAIIMOHHBIN
npuHuun Jlarpanxka C IepeMElEHUs MU Y3JI0B CETKM B KauecTBe
OCHOBHBIX HEM3BECTHBIX.

o Ilooxoo pe3udyyma (vnm meton byOnoBa-I'anepkuna B ¢opme MKD)
IpeIcTaBIseT co00M OOIMK BHUJ amnmpoKcUMaluu, Oa3upyroluics Ha
g depeHnnanbHbIX YPaBHEHUSX paccmaTpuBaeMou 3a/1a4H.
[TpumensieTcs 0OBIYHO MPHU PEUICHHH TAaKUX 3a/1ad, B KOTOPHIX TPYAHO
cpOopMyJIMpPOBAaTh  BAPUALMOHHBIM TNPUHIMI WM  TAaKOBOI'O  HE

CYILIECTBYET.

[Ipn pemeHnn 3amad MEXaHWKW TPYHTOB, OCHOBAaHMUA M (DYHIAMEHTOB
METOJIOM KOHEUYHBIX 3JIEMEHTOB paccMaTpPUBAeTCs 00JacTh KOHCYHBIX Pa3MEpOB.
Kak mnpaBumo, pacyeTtHas o0OjacTb TpyHTa TPEACTABISAECTCS B BHUJC
napajuiesienuieaa, pa3Mepsl KOTOPOTO B IUTaHE OoJibllie, dYeM (pparMeHT
byHIaMEHTHOM YacTy 37aHUs, a MO TIIyOMHE 3aXBaThIBAIOT AEPOPMUPYEMBII CION
IPyHTa. OTO HEOOXOJUMO [JIi CHHIKEHHsI TOTPEITHOCTH B OKPECTHOCTH
KOHCTPYKITUHU 3JIaHUsI, KOTOpasi SBIISIETCS CIICACTBUEM KpaeBbiX d(ddekxron. ['panu
napaienenumnena (Kpome ypOBHS JTHEBHOW MOBEPXHOCTH) 3aKpEIUISIOTCS OT
nepemernieHnii. Hanboiee rycras ceTka 3J€MEHTOB COCTABIISIETCS JJIs 00JacTH B
OKPECTHOCTH (DyHIAaMEHTHOW KOHCTpyKnuu. Ha ompeneneHHOM pacCTOSHHH OT
HEe pa3Mepbl KOHEYHBIX JJEMEHTOB MOXHO YBEIUYUTh [JISI CHUIKEHUS
TPYIOEMKOCTH. BBIOOp pa3smepoB pacdyeTHOW 00JIACTH W JIEMEHTOB IMPOBOIUTCS
My TEM BBHITIOJIHEHUS TIOBEPOYHBIX pacdyeToB. BHavasie mpoBOAUTCS Ceprsi pacueToB
M0 YBEJIUYCHHWIO pa3MEpoB OOJACTH 110 CTAOWIM3allMd PEIICHUS, 3aTeM IS
00JaCTH ¢ Ha3HAYEHHBIMHU pa3MepaMU TPOBOIUTCS CTYIICHHE CETKH KOHEYHBIX
aneMeHTOoB. OO0BEM TOBEPOYHBIX pacueToB (T.e. OBICTPOTa HAXOXKICHUS
MPUEMIIEMOM KOHEYHO-DJICMCHTHOW MOJICNIM) 3aBUCHUT OT OMNbITAa W HMHTYHUIIUU

pacdeTdurka.
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YuuThiBas, 4TO CeTKa KOHEYHBIX DJIEMEHTOB CBsI3aHA HE TOJBKO C
OCHOBaHHMEM U (pyHIaMEHTaMH, HO U C BEPXHUM CTPOCHUEM, MOXKHO CKa3aTh, YTO
pa3MEepHOCTh 3aJauu 3/ech OyJeT BechbMa BBICOKOW. Pa3mepHocTh 3amauu
CYILIECTBEHHO YBEJIIMYMBAETCS H3-32 TOTO, YTO HEOOXOJUMO CTyIIaTh CETKY B
o0nmacT TpemuH, ycuieHus ¢ T.1. OJHaKO MPOCTpAHCTBEHHAs 3ajiaya
00yCITaBIMBAET PE3KOE YBEIUUCHHUE TTOPS/IKA CUCTEMBI Pa3pEIIAIOIINX YPAaBHEHUH.
CnenctBueM yBEIIMYEHHSI TIOpSIAKA SBISIETCS HEBO3MOXKHOCTH IPOBEACHUS
pacyeToB Ha MPHUEMIIEMOM MO TYCTOT€ CETKE KOHEYHBIX »JJEMEHTOB Ha
COBPEMEHHBIX KOMIIbIOTEpax. MHOTHE aBTOPbl HCMOJB3YIOT JAOCTATOYHO
AMOLMOHAJIbHBIA TEPMUH «HPOKAAMUE PAZMEPHOCHIN).

Tpamummonusie dopmber MKD mpenmonarator GopMupoBanue TI00aTbHON
MaTpulbl )KECTKOCTA CUCTEMbl M €€ mocieayromee pemenue. [lopsgok cuctem
YpPaBHEHHI B pEalbHbIX 3a/lauax HM3MEpSETCS COTHSIMHU ThICSY M MUIUIMOHAMHU
Heu3BEeCTHBIX. CHIDKEHUE TopsiiKa TJI00adbHOM MAaTpUIlbl C TMOMOIIBIO Tak
HA3bIBAEMOT0 «CYTNEPITEMEHTHOTO» TI0JIX0/1a JAJIEKO HE BCET/Ia MO3BOJIsET 000HTH
OTpaHUYCHMUS] Ha pa3MEpHOCTh 3ajgauu. Jleno B TOM, UTO MOJAXOdY
«CYTIEPIJIEMEHTOBY» 10 OTHONIEHHWIO K TpaauuuoHHomy MKD mnpucymm nBa
HefocTtatka. [lepBbIil 3akitouaeTcs B YXYIIICHUU OOYCIOBICHHOCTH MAaTpPHIIBI
JKECTKOCTH aHCaMOJis CYNEpIJIEMEHTOB, UYTO MPUBOJIUT K CHUKEHUIO TOUYHOCTU
pemienus. BTopoll cBsi3aH ¢ pPe3KUM YBEIWYEHHUEM IIHUPUHBI JICHTH MaTpPUIIBI
KECTKOCTH aHcamOJisl cynepaieMeHTOB. [lpu 3ToMm TepsitoTcs mpeumyliecTBa
CHIDKEHUSI TIOps/IKa CHCTEMBbl YpaBHEHUHM, TaK KaK 3a4acTyl0 [JIsi XpaHCHUs
MaTpPHIbl MEHBIIIETO TOPSJIKA C YBEIUYCHHON IIUPUHOM JIEHTHI TpeOyeTcst OoJibiie
pecypcoB OINEpaTUBHOM U BHEIIHEH MaMsSITH KOMIIbIOTEPA, YeM I CTaHAapTHOM
MaTpHIIbl KECTKOCTH.

Pelienne peanbHbIX HECTAIMOHAPHBIX 3a7ad4 CTPOMUTEIIBHON MEXaHWKU B
MPOCTPAHCTBEHHOM TOCTAHOBKE MPAKTUYECKU HEBO3MOXKHO TPaJAUIIMOHHBIMU

MCTOJaMHM. HpI/I PCIICHUN HCCTALIMOHAPHBIX 3a/la4d MCIIOJB3YHOTCA MCTObI
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«TIPOJOJDKEHUSI TIO MapaMeTpy BPEMEHHM», WHAYE€ — IIAroBBIE METOJbl PEIICHUS
HECTallMOHAPHBIX 3a7a4y. BpeMeHHOo#l cerMeHT pa3ouBaeTcsi Ha psn oTpe3koB. [1o
CHelUAJIbHBIM (pOpMysiaM, YHUKAJIbHBIM IS KaXXJIOTO0 METOJa, OCYIIECTBISIOT
nepexon ot napamerpoB HJIC B HauaJibHBIM MOMEHT K IEPBOM TOYKE BPEMEHHOTO
pazOuenus. 3areM MPOU3BOAAT AHAJIOTUYHBINA TMEpeXoJ] KO BTOPOM TOUKe,
WCIOJIb3ysl B KAaUE€CTBE HAYaJbHBIX 3HAUYECHUs B MEPBOU TOUKE M T.n. KommuecTtBo
1ar0B TI0 BPEMEHU MOKET OBITh JOCTATOYHO OOJBIIMM, U B Mpeaenax KaxKaoro
iara peaercs 3azada, o TPYJAOEMKOCTH M BHELIHEMY BHUAY COOTBETCTBYIOLLIAS
HEKOHM KBa3ucTaTHUecKoW 3aaauye. B pesynbraTte oOmias TpyJOE€MKOCTh Ipoliecca

PE3KO YBEIIMYUBAECTCS.

KauecTBeHHBIN CKaYOK BBIYMCIUTEIBHON TEXHUKHA U MPOTPAMMHBIX CPEACTB
[0 PacyeTy CTPOUTEIIbHBIX KOHCTPYKIMHA METOJIOM KOHEYHBIX 3jieMeHTOB (MKD)
3a TOCJIEIHEE NECATUIIETHE IPUBENI K ONPENEIICHHOW PEBOJNIONMU B METOAAX
pacuera. Ecnu paHee OCHOBHBIM HEIOCTAaTKOM PAacueTOB OblIa HHU3Kas TOYHOCTH
ONPEAEICHUS] YCUIIMA TMPOCTEUIINMU METOAAMH, HE YUYUTHIBAIOIIMMHU B3aUMHYIO
paboTy OTACNBHBIX KOHCTPYKTHUBHBIX 3JIEMEHTOB, TO CErOJHS  MOXHO
MOJICJIUPOBATh JOCTATOYHO CJIOKHBIE OOBEKTHI C YYE€TOM B3aUMOCBSI3M HX

OTJEIbHBIX (DParMEHTOB.

HOTpC6HOCTI/I IMPOCKTHBIX, Hay4HO — HCCIIEA0BATCIBCKUX n
IMPOMBIIIJIICHHBIX OpFElHPI?;&HPIfI, B YHHMBCPCAJIbHBIX, J0CTAaTOYHO 6BICTpBIX )41
y,[[06HI>IX I IIOJIB30BATCIIA IIPOTrpaMMax IMOCIIYKHWJIIaA UMITYJIBCOM K pa3pa60TKe
pa3IMYHBIMKM (PppMaMU TTAKETOB MPUKIAAHBIX TPOTpaMM KOHEUHO — 3JIEMEHTHOTO
ananmu3a. K HuM MoxHO oTHecTH m3BecTHbIe mpoaykTel ANSYS u DesignSpace
dbupmer Ansys Corporation; Cosmos/DesignStar, Cosmos/\Works ¢bupmsr Structural
Research & Analysis Corporation; DesignWorks ¢upmer CADSI;  AIIM
WinMachine L{entpa nporpamMMuoro u HaydHoro obecrneucaus AIIM; NASTRAN

(NAsa STRuctural Analysis — aHanu3 KOHCTPYKIMH HAIMOHATBHOTO KOMHUTETA
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CIIA 1o a’poHaBTHMKE M KOCMHUYECKMM HCCIeNOBaHMsIM). M3 mporpamMMHBIX
CPEACTB, afanTUpoBaHHBIX K poccuiickuMm CHulI, n3Bectasl koMiuiekcsl StarKON
¢bupmbl EuroSOFT (Mocksa), JIupa 1 Monomax npousBoactsa HUMACC (Kues).
N3 KOMIUIEKCOB, B KOTOPBIX pelIaeTcs 3ajJada IIPElIeIbHOIO0 PAaBHOBECHUS B
CTaTUYECKOW M JMHAMUYECKOM MOCTAHOBKAX C YYETOM PEOJOTHH MaTepuaa,
ompesienieHne «0e30macHOro BpeMEeHM» (YHKIIMOHUPOBAHUS KOHCTPYKIIMH WJTU
OTJEIIBHOTO IIPOLIECCA BO3JICMCTBUS HAa HEE, M3BECTHbI KOMIUIEKCHl «KJIEH»,

«ITOJIFOCy, «MUHOP» (PT'CY).

B xommekce StarKON BriepBeie, moxanyi, pelieHa 3agadya KOMIUIEKCHOTO
IPOCKTUPOBAHMUSI IO CXEME «APXUTEKTYpHBIA MPOEKT» - «pacyery -
«KOHCTPYUPOBAHHE» - «BbIJladya pabo4MX 4YepTEekKelW KOHCTPYKIWW». B kadecTBe
aApXUTCKTYPHOTO HMCIOJb3yeTcss Komiuieke «Speedikony ¢upmer IEZ GMBHh,
paborarommii Ha tiatrpopmax wu3BecTHhIX CAD — mnporpamm (AutoCAD,
MicroStation). B kadecTBe mporpaMmbl Ui pacdeTa U OIpPECIICHUS/TIPOBEPKU
ceuenuil u apmupoBanus ucnoaszyercs STARK ES. Kommieke moxer pabotats B
COBMECTHO ¢ mporpamMmor BBoja mnosunuid ProFET. Ilocne pacuera MOXKHO
BBINIOJIHATh KOHCTPYHPOBAaHHWE C ABTOMATHU3MPOBAHHOM IOJrOTOBKOW paboumMx

yeprexeit B cucteme AutoCAD.

Cnengyer OTMETHTh, UTO IIMPOKOE BHeApeHHe mporpaMmubix MKOI-
KOMILUIEKCOB MPUBEJIO K YIPOIIEHHOMY OTHOIIECHHWIO K MPOYHOCTHBIM pacyeTaM.
MHorue pyKoOBOIUTENHM NpHUAEpKUBaIOTCS mpuHiuna: «Ecte kommbioTep,
nporpamMma — HaXXMHU KHOIIKY M MOJY4Yd pe3ysibTar». MoxeT ObITh, KOTJa-HUOY b
BBIYHMCIIUTENIbHAS TEXHUKA U MPOTPAMMHBIE CPEACTBA M JOCTUTHYT IMOJOOHOTO
ypoBHS. OJHAKO M CErOAHS WCIIOJb30BAaHUE COBPEMEHHBIX MPOTPAMMHBIX U
anmapaTHbIX CPEACTB HE CHIDKAeT TpeOOBaHMKA K YPOBHIO TOJATOTOBKH

cricoualiucTa.
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Eme necartunetwe Hazajg pacyeT METOJIOM KOHEYHBIX DJIEMEHTOB OBbLI
JIOCTYIEH Y3KOMY KpYry CHEHHAIHUCTOB, JIOCTATOYHO JIOCKOHAJIBHO 3HABIIMX U
OCHOBBI METOJIa, U OCHOBHBIE €T0 «IOJIBOJIHbIC KaMHW» HE TOJBKO Ha ypOBHE
MOJIb30BATENsI MPOTPAMMHBIX CPEACTB, HO U Ha ypoBHE mporpammucrta. Cerogs
xe uaTepdeiic OonpmHcTBAa MKD-KOMIUIEKCOB y/I00€H B TAKOM CTENEHH, YTO 3TU
POrpamMMbl MOTYT HCIOJIb30BaTh OOJBIIMHCTBO MPOCKTUPOBIIUKOB, H3yUHUBIIIHX
OoCHOBBI paboTel ¢ Windows. Ilpu 3ToM co3maeTcss JOCTaTOYHO OIlacHas
WUTIO30PHOCTh TOTO, 4YTO ucnojib3oBath MKD B pacuerax MOXeT 000U
npoekTupoBIuK, Biaaaeromuii CHUII n komnstorepom. Ho Bce neno B Tom, 4To
sHanue CHUII (HopM, omnpenensionux BHEIIHUE BO3ACHCTBUS M METOBI
HAa3HAYEHUS WIM MPOBEPKU CEUECHUM MO M3BECTHBIM BHYTPEHHHUM YCHUIIUSIM)
HEJIOCTATOYHO JJII KaY€CTBEHHOTO OINPEIEICHUS 3TUX YCWIHHI Ja)Xe ¢ MOMOILbIO
UMEIOINUXCS B PACMOPSDKEHUH TMPOTPAMMHBIX cpenacTB. Ha ypoBHe o00yueHus
ocHOBbI MKD TOJIbKO HauMHAIOT JaBaTh B cTpouTenbHbIX BY3ax (mocnegnue 10 -
15 neT), mo3TOMy OOJBIIMHCTBO MPOEKTUPOBIIUKOB MIPOCTO HE BJIA/ICIOT OCHOBAMHU

METO/A.

Hawnbonee cymecTBEeHHBIM “NIOABOAHBIM KaMHEM™ METOJIa SIBJISIETCS TO, YTO
MKD - npubnmxennslid MeTo. [IpubinxeHHOCTh MeToAa ONpeaesieTcsl IByMs
(dakTopamMu: Ka4eCTBOM KOHEYHODJIEMEHTHON MoJAenu  (HEMOCPEACTBEHHO
MOrPENIHOCTh METOAA M MCIOJb30BAaHHBIX TUIIOB KO — Tak Ha3pIBaeMO€ KauyeCTBO
JIMCKPETU3AIMU MOJICTIN), U Ka4eCTBOM caMoi Mozenu. [log a3TuM nmoHumaeTcs To,
KaKMMHA MEXAaHUKO-MaTeMaTUYECKUMH MOJCIISIMA MOJICJIUPOBAIM T€ WJIM WHbBIC
KOHCTPYKTHBHBIE 3JIEMEHTHI U KaK YUTEHO UX conpsbkeHue. Hanpumep, ouH U TOT
)K€ DJIEMEHT MOYXHO MOJICJIMPOBATH CTEPXKHEM C OMNPEACICHHBIMU IapaMeTpaMu
cedeHus (TUIOMIAab, MOMEHTHl HMHEPIUU M T.II.), JUOO KOMOWHAIMEW IJIaCTHUH
(31eCch KOJMYECTBO HWHTErPAIbHBIX IMApaMETPOB MEHBIIEC -—TOJIBKO TOJIIUHBI
AJIEMEHTOB), JIMOO TpPEeXMEpPHOU MojaeNblo. [IIuTy TakXke MOXKHO MOIEITUPOBATH

7160 000JI0UKAaMU pa3IMYHBIX MOCTAHOBOK (TOHKas miuta, Peiicuepa, Bnacosa),
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aM00 O00BEMHOM TpEeXMEpHOW MOJENbl0. Takke CyHIECTBYET MHOXECTBO
pa3NIMYHBIX Mojesell (IOCTaHOBOK) JUIs TPYyHTOBOro oOcHoBaHusA. HawubGomee
OOIIMMH SIBIISIIOTCS OOBEMHBIE TOCTAHOBKH, T.K. B HHUX HE HCIOIB3YIOTCS
YHPOILAIONIME TUIIOTE3bl, AlpUOPU OINPEACIAIOUIUE XapakTep AePOPMUPOBAHUS
cucteMbl. Bce ocTanbHBIE YNPOINAIOUIME TUIIOTE3bl 3apaHee 3aKiIajbIBalOT
HEYCTPaHUMYIO TIOTPEUIHOCTh pacyera He TOJbKO [0 YHCJIaM, HO U IO
KauyeCTBEHHOMY ONHMCaHMIO mpoiecca. OJHAKO CEroJHsl MCIOJIb30BAHUE TOJIBKO
O0BEMHBIX IOCTAHOBOK TPAKTUYECKH HEBO3MOXHO. I[losTOMy mosb30BaTens,
co3/laBas HMCXOJHYIO MOJENb, JOJDKEH JOCTAaTOYHO SICHO TMPEACTaBIsATh
HOTPEIIHOCTH, 3aKJIa/IbIBa€Mble UM Ha CTaguu (POpMYIUPOBKU Mojenu. OTMEeTUM,
YTO B COBPEMEHHBIX MPOrPAMMHBIX KOMILUIEKCaX MMEIOTCS CPEACTBA MOCTPOCHUS
MOJIEJIM Ha YPOBHE KOHCTPYKTHBHBIX TE€PMHHOB, JOCTYIHBIX KOHCTPYKTOpPY U
IPOEKTUPOBILUKY, KaK TO: CHeEHbl, KOIOHHbL, Oanku W T.1. VICnoab3ys TOIBKO 3TH
CpeAcTBa IMpH TOCTPOCHUH MOJEIM Oe3 aHaiau3a UX CYIIHOCTH MOJIb30BaTElb
MOJIy4yaeT WJUTIO30PHYI0 YBEPEHHOCTh B TOM, YTO WM IOCTPOEHA JIOCTATOYHO

KOPPCKTHAsA MOACIb CHCTCMBI.

He MeHblee 3HaUECHHE MMEET U KAa4eCTBO NEPEXOJA MPHU anIpOKCUMAIUU
MOJENN KOHEYHBIMH 3JIEMEHTAMHU. TOYHOCTH PE3yJIbTATOB CYLIECTBEHHO 3aBUCHT
OT NMPUHATOM KOHEYHO-3JIEMEHTHOHN annpokcumanuu. CTaHIapTHBIMHU CHOCOOaMu
MIPOBEPKHU KAayeCTBa SIBISIETCS CEPUSl PACUETOB IPHU PA3HBIX CTENEHAX CryIICHUS
CEeTKA B II€JIOM WIM B OTIEIbHBIX €€ (PparmeHTax. JlocTaTOYHyIO0 ONAcHOCTb
MPEACTaBIsIeT TOT (HAaKT, YTO CXOJUMOCTH PE3YyJbTAaTOB IO HANPSHKEHUAM U
ycuwiusiM 0oJiee MEJUICeHHAs, YeM M0 nepeMeleHusM. [loatomy aHanu3 kauecTBa
KOHEYHO-3JIEMEHTHOM MOJEIM HE0OXOAMMO MPOBOAUTH HE TOJBKO IO
MEPEMEILICHUSAM, HO M 10 ycuiusiM. HekauecTBeHHass CE€TKa MOKET JaBaTh
HEJIOMYCTUMYIO TOTpeIHOCTh, (B JBa W Oosiee pa3), MOITOMY CO3JaHUE

KaueCTBEHHOW CETKM — JIOCTaTOYHO TPYJAOEMKHH TIpolecc, TpeOyrouuit
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ONpENENICHHON KBATM(UKAIMU T0JIb30BAaTENsl MMEHHO Ha YpPOBHE NPUMEHEHUS

MKD.

[ToaToMy I8 YBEpPEHHOTO HCHOJb30BAaHUS METOJa HEOOXOAMMO HMETh
CIielMaJIbHBIC 3HAHUS M O €ro CyTH, U 00 OCHOBHBIX TMOCTaHOBKAX TEOPUH

YOPYTOCTH (XOTsl ObI TEOPUH YIIPYTOCTH JJIsl IMHEWHBIX 3a/1a4).

JlocTaTto4HO SICHO, UTO MOJIb30BATENb, HAYUYUBIIUNCS BBOAUTH B KOMIIBIOTED
TEKCT, €Ie HE SBICTCS MUcaTeleM WM To3ToM. J[is 3Toro HeoOXOauMbl
CIICHHUAJIbHBIE 3HAHWUA W TajaHT. YpoBeHb pa3zBuTuss MKD u mporpaMmHbIxX
CPEIICTB CETOAHS MPEIBSBISICT aHATIOTUYHBIE TpeOOBaHUs K pacueTdyuky. OgHOTO
MexaHucmuyecko2o BIAJCHUS NPOTPAMMOM HE JOCTATOYHO JUISl PELICHUs
pEaAIbHOM 3aJ1a4l, MMOCTPOCHUE €€ KAUECTBEHHOW MOJIENIA — CJIOKHBIM TBOPUYECKUUI

npoiiecc.

1.5 Kpamkoe onucaHue npo2paMMHO20 Komrsiekca MK3
[Tporpammusiii kommieke « KJIEH 0Gazupyercs Ha aepeecamuom npuHIUIIE

(wmm  npuHiun — dekomnozuyuu) 1noctpoeHus CAIIP.  OcHoBaHHBI Ha
UCIOJIb30BaHUU  a0CTpakUMi MOPUHLUI  JEKOMIO3ULMHU TMPUMEHSETCS s
pa3OueHus MporpaMM Ha KOMIIOHEHTBI, KOTOphIE 3aTeM OOBEIUHSAIOTCS IS
pemieHuss OCHOBHOM  3amaud. IIpy 53TOM  HMCHONB30BaH  YacTHBIM  THII
abcTparupoBanusi — aOCTpaKIusi 4yepe3 Crhenu(uKaiui, T.€. B BO3MOKHOCTH
CepHUeEH pa3HbIX AITOPUTMOB IOJYYUTh KOHEYHBIA NCKOMBINA pE3YJIbTAT.

[Tpu Tpancdopmammuu crneunduKanuii B CTPYKTYpPYy CHUCTEMBI CYIIECTBYIOT
nBa mnoaxona. OCHOBHOE pa3felieHHE NPOBEIECHO B OPUEHMUPOBAHHOM HA
0bpabomky MONX0/ie, KOT/1a MPOBEACHO pa3/eieHne KOMIIEKCa Ha Psiji arperatoB
Ha OCHOBE MOZYJILHOTO Moaxoaa. Bmecre ¢ TeM Kak BHYTpU OTAEIbHBIX MOAYJIEH,
TaK U ISl CBSI3U JAHHBIX MEXIY MOMAYJSIMHU, UCIOJIb30BAHA OPUEHMUPOBAHHAS HA
O0anHble METONOJNOTUs. A HMEHHO, WCIOJb30BaHA KOHLENLHS 0ObEKMmHO-

OPUEHMUPOBAHHO20 TTPOTPAMMUPOBAHMS.
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OOecnieueHue JIpyKECTBEHHOTO IMOJIb30BATEN0 UHTEpdeiica TOCTUTHYTO 3a
CUET WCIOJb30BaHUA BO3MOXXHOCTEH BH3YaJIbHOTO MPOTPAMMHPOBAHUS U
POrPaMMHUPOBAHHUSA, YMpPaBIseMOro coObITHsIMH. BBOJ mMcxomHOW WHGpOpMAaIUu
OCYIIECTBISIETCS B MHTEPAKTUBHOM IpaUyecKOM pEeXHMME, KOIJa I0JIb30BaTENb
«BBIYEPUMBACT» CXEMY KOHCTPYKIMHM C TOMOIIBIO CHUCTEMHBIX YyKaszaTeJeu, a
JIOTIOJTHUTEJIbHBIE TEKCTOBBIE U YMCJIOBBIE JJaHHBIE BBOAATCSA B TaOJIMYHOM (hopme.
[Tpoueccel BBOAA M KOPPEKUMU HMCXOMHOM HMH(MOpPMALUKU HE Pa3lesieHbl MEXIy
co0oif — B 000K MOMEHT MO>KHO BBOJUTH HOBBIM ()parMEHT KOHCTPYKLMHU WIIH
UCIPABIISATH PaHEe BBEJICHHBIN OJIOK.
BbIBOz1 pe3ysibTaTOB OCYIIECTBIISIETCA B TpeX hopMax:
— rpaduueckoit (neOpMUPOBAHHBIE CXEMbI, TMOJS HANPSKCHUH U
nepeMenIeH! B BHUIE€ W30JMHUN, TpadUKOB M3MEHEHHUS NapaMeTpoB
HANPSKEHHO—Ie(OPMUPOBAHHOTO  COCTOSIHUA IO  BPEMEHHBIM U

MPOCTPAHCTBEHHBIM KOOPJIMHATAM),

— TeKCTOoBOW (TabsmuHas ¢(opMa 3HAYEHUM OCHOBHBIX PACUETHBIX

XapaKTEPUCTHK),

— wuHTepdeiic co cranmaptHeiMu TporpamMamu Microsoft Office, t.e.
nepedpocka pe3yabTaToB pacuyera B mporpammel Excel m Word, dro
MI03BOJIACT MOJIH30BATEI0 UCTIOIB30BATh BO3MOXKHOCTH 3TUX MPOTPAMM

JUTS IONIOJIHUTENbHOM 00pabOTKU pe3yIbTaToOB.

B cooTBeTCTBUM ¢ TIPENIOKEHHBIM JITOPUTMOM KOMIUIEKC pa3OUT Ha psf
arperaTtoB, BbBIIOJIHSIOIMIMX IIOJHBIA  pacuyeT MO OTACJIbHBIM JIOTUYECKHU

3aBEPILICHHBIM JTaIlaM.
OCHOBHBIMM SIBIISIFOTCS CIEAYIOIIUE arperarhl:

- BBOJ, KOPPEKUHUsS U TECTUPOBAHWE HA HAJIM4YMWE OIIMOOK HCXOIHOMN

uH(popmanuu,
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- CTaTMYECKUM  pacyeT KOHCTPYKUMM TIPHU  PaA3IMYHBIX  3Tamnax

BbIpaBHHBAHU,

- Ojok ompeneneHuss HauOoyiee HEOJATONMPHUATHBIX  COCTOSIHUNA B

pazIUYHBIX (hparMeHTax KOHCTPYKIUH,

- 3BOJIIOHHOHHBII>’I pacdeT Ha OJIMTCIIBHOC BOSI[CfICTBHC C Yy4dcTOM

HAKOIUICHUSI HEBOCTIOJIHUMBIX JlehopMalui,
- TECTOBBII TMHAMUYECKUI pacueT Ipu 00pa30BaHUU JIMHUH OTPHIBA,

- OJIOK aHanM3a pe3yibTaTOB, KOTOPHIM pa3OUT Ha (parMeHThl aHaIM3a
pEe3yabTAaTOB OT CTATUYECKUX BO3JECUCTBHM M C YYETOM JJIUTEIBHOIO

BO3JIEUCTBUA.

[Tocne mosydyeHHs OCHOBHBIX pE3yJbTaTOB OT pacyeTa Ha 0a30BbIC
CTaTUYECKUE BO3JCHCTBUS IOJIB30BATENb OINPEAEIAECT TPYIIYy HX BO3MOXKHBIX
coueranuid. KonuuecTBO BBEIEHHBIX TPYIII OMPEAEIIeT MHOXKECTBO IPUBEACHHBIX
KBa3UCTaTUYECKUX HArpy3ok. B mponecce mpoBeaeHUs pacuyeToB HA JUIMTEIBHOE
BO3JICHCTBME KpPOME TpYyIIl HArpy30K 3aJaeTcsi COYETaHUE IIOTOAHO —
KJIUMaTHYeCKUX (DaKTOpOB, T.€. 3aKOH H3MEHEHHUS BO BPEMEHHU 3aBHUCSIIUX OT
BJIQ&XKHOCTH IIAPaMETPOB COCTOSHMS. I BJIAXKHOCTH MPELyCMOTPEHO 3aJlaHUE €€
M3MEHEHUS! B TEUEHHUE Tojia. 3aJjaHue KIMMAaTUYECKUX (PAKTOPOB MPOU3BOAUTCS B
TaOJNIMYHBIX (OpMax, MO3TOMY MOKHO 3aJaTh IPOU3BOJIBHBIM XapakTep uX
MU3MEHEHUS, a HE TOJIBKO YacTO MCIOJIb3yEMbIe TapPMOHUYECKHUE 3aKOHBI, KOTOPBIE
HE BCEr/la aJIeKBaTHO OTPAXKAIOT KapTHHY U3MEHEHUSI TEMIEPATYPhI U BIAKHOCTU
BO BpeMEHU. OTO SBISAETCS JOMOJIHUTEIbHBIM (AKTOPOM, MO3BOJIIOIIUM

HpI/I6HI/IBI/ITI> MOACJIb K pCaJIbHBIM YCIOBHAM 9KCILTyaTalluu.

Ha cnenyromux wumioctpanusix nokazana MKD-monenbs 9-u 3TaxHOro

31aHus U ee (pparMeHThl, MOATOTOBIEeHHbIE B komIuiekce KJIEH.



(o]
—

(Woxng : 0] TLEHD : 6] XWGLOR : gl XWaUnL : cladexs: ol gdxog : glgHaday: glgduos: elauerr: gliovgo: 1
IE II

14

\

M00s"2Z =2 0000710 =4 000522
L 2 S rn

1l
=




5

= C.oo000; 2= 0. ooz

)

1£.5000;

T
R

ok

rand

RT

i:sron 12 9ron 2 J5: Ommermrsia: conr=l5: Ne: I

= H

Buxon

CEHE EHE [CE

20



SO v o><rg ;O] 56513 : 6] XWGLOR : 8] KWGUNL : 2l Gdesd : 9] 9dx03 : ol gradan 1 p] aduoy : £l quevs :gliovso: T
.E II

14




22

2 [pumepbl ucnonb3oBaHUA nporpaMmmMmHbIx MK3-komnnekcos

OB03HaYeHWS, HiM2

SMN =-.460E+08
SMX =.202E+08

-.460E+08
-.387E+08
-.313E+08
-.240E+08
-.166E+08
-.924E+07
-.188E+07
. 549E+07
.128E+08
.202E+08

Bes noakpennerHus. Sx, HM2

ITlpumep pacuema KOHCMPYKMUBHO20 INEMEHMA YOKOJIL, ONUPAIOWE20Cs HA c8atinblil pocmeepk — komnaekc ANSYS
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HonoeHble 0B02HAYEHKUS, M
SMX =.06365
0
.007072
.014144
.021217
.028289
.035361
.042433
.045505
.056578
.06365

]
[ ]
(I
]
]
]
]
]
[

C noakpenneHWeM - CYMMAaPHLIE NEPEMEILEHKS, M

Tlpumep pacuema KOHCMPYKMUBHO20 dNIeMEHMA YOKOISA Npu paspabomke npoekma ycuaeHus — komniexc ANSYS
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Ilpumep pacuema necywux cmen 30anus nNPU NOO20MOBKe NPoeKma ycmpauenus penos — komnaexc I10JIFOC
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3 KoHTpornbHbIe BONpochl

Knaccuduxanus cuctem CAIIP B cTpoutenbcTBe,

Cuctembl CAIIP apXUTEKTYpHOTO Ha3HAYEHUS,

Oco0eHHOCTH CreUanTu3upOBaHHbIX apXuTeKTypHbix CATIIP,
B03MOXHOCTH CrieHHAIM3UPOBAaHHBIX apXUTEKTypHBIX CAIIP,

CAIIP o01miero Ha3Ha4YeHHUs,

Otnnune CAIIP obmiero HazHaueHus U cnenuannsupoBanabix CAIIP,
Cucrembr CAIIP pacyeToB Ha MPOYHOCTB, JKECTKOCTh U YCTOMYUBOCTb,
OCHOBHBIE MOJIOKEHUS METOJAa KOHEYHBIX 3JIEMEHTOB,

OcHoBHBIC TTOAX0A6I MKD,

OCHOBHBIE OTPENTHOCTH NPU UCTIOIb30BaHNU MKD),

OcHoBHbI€ nporpaMMHbie MKD — KOMILIEKCHI,

Kaxkue armapaTHbIC pECYPChI BIIMAKOT HA TOYHOCTDH IMOJIYUYCHHA PC3YJIbTATOB

MKD3?

Bo3moxHOCTH crieruanu3npoBaHHbIXx MKD-KOMITIEKCOB B CTPOUTENLCTBE.



