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HCIIOJIb30BAHHUE ITPOI'PAMMHOI'O KOMIVIEKCA FEMAP NX
NASTRAN JJIA ONTUMU3ALIIMU INAPHUPHO-CTEPKHEBOU

CUCTEM
USING THE FEMAP NX NASTRAN SOFTWARE PACKAGE TO OPTIMIZE
THE HINGE-ROD SYSTEM
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AHHoTanusi. Ha cerofHsimHuMii NeHb ONTUMATBHOE NPOCKTUPOBAHME KOHCTPYKIIMNA
B CTPOUTENFHON MEXaHHKE SIBISICTCS OJJHOW M3 HanOoJiee akTyalbHbIX 331a4. OCHOBOW ONTHMHU-
3aIy KOHCTPYKIMH SBISIETCS BRIOOP HAWITYUIINX 3HAYCHUH IEPEMEHHBIX IPOSKTUPOBAHUS Y10~
BJICTBOPSIOIINX 33JJaHHBIM OTPAHUYEHUSM TI0 TIPOYHOCTH, YCTONYMBOCTH, TTEPEMEIICHHSM YIIOB
KOHCTPYKUMHI U T. 1. JIs peanu3ayu 3TOro MCHob3yOTCS pa3iIMYHbIE METOBI M ITPOrPaMMBL.
B nanHo# paboTe OyZeT UCIIOIh30BaThCS METO/I Ha OCHOBE KO((PHIIMEHTOB YyBCTBUTEIILHOCTH
JUIS TIEPEMEHHBIX IPOEKTUPOBAHUS U IporpaMMHBbIN komIuieke Femap NX Nastran.

KiwueBble c10Ba: MepeMEHHBIC MPOEKTUPOBAHMS, KOI(D(UIIMEHTH 4yBCTBHTEIHHO-
CTH, ONITUMH3ALUS CTPOUTEILHBIX KOHCTPYKIIUI

Abstract. Today, the optimal design of structures in structural mechanics is one of the most
urgent tasks. The basis for the structures optimization is the choice of the best values of design
variables that satisfy the given constraints on strength, stability, movements of nodes structures,
etc. Various methods and programs are used for it. In this work, the method based on sensitivity
coefficients for design variables and the Femap NX Nastran software package will be used.

Key words: design variables, sensitivity factors, optimization of building structures.

Beenenue. [Iporpammubiin komruieke Femap NX Nastran naet BO3MOXKXHOCTb PELLICHUS
3a/1a4 ONTHUMM3ALUHU ITOCPEACTBAM KOHEYHO-IEMEHTHOIO aHAJIM3a OTKJIMKAa KOHCTPYKLUHU Ha
U3MEHEHHEe TapaMeTpOB pacCUUThIBaeMoil Mojienu. VccneioBarens 3a/1aeT 1eIeByIo (GYHKIUIO,
BbIOMpaAET mapaMeTp U3MEHEHUs U ONMChIBaeT TpeOyeMble orpaHuyeHus. Perienue 3amgay om-
TUMM3ALUH TOBOJIBHO YacTO IOCTPOEHBI Ha HAXOXIEHUU KOA(P(PHULUEHTOB UyBCTBUTEIBHOCTH,
KOTOpBIE 33Jaf0T HEOOXOIUMBIC OTPAaHMYCHUS, K U3MEHEHHUIO MEPEMEHHBIX MPOECKTUPOBAHHUSL.
310 M03BOJISAET CPOPMUPOBATH MMOUCK ONTHUMATBHOTO PELIEHHS UCCIIETyEeMON CUCTEMBI.
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AHaIu3 YYBCTBHTEJBHOCTH CHCTEMbl K H3MEHEHHMI0 NAPAMETPOB KOHEYHOIO
3JIeMeHTA.
VYcnoBre mpoyHOCTH K HOPMAJILHOMY CEYCHHIO DJIEMEHTa UMeeT ciemyrontuii Buy (1):

w; (O-) =R - 0i, (1)

I7Ie 0; — HallPsDKEHUE B DJIEMEHTE C HOMEPOM i.

KoaddunueHT 4yBCTBUTEIBHOCTH B CTepXKHE [ K M3MEHEHHUIO IUIOMIAAN CEYCHUs KO-
HEYHOT'0 3JIeMEHTa MOXHO HaWTH 1o (Gopmyre (2), a orpaHdYeHUEe Ha U3MEHEHHUE IJIOIIATN
CEUYCHUSI MOXKHO MPEACTaBUTH B cieayroriem Buae (3)[1]:

ow; _N;

=2l )

l 9A A2’
I7-AM < a-(R—oy), ?3)

rae a — Kod(pGUIHMEHT OrpaHUYMBAIOIIUN JTUHY 111ara;

AA — npupanieHue mionaanu CeYeHHMsI.

Koadduiment uyBCTBUTENFHOCTH NEpEeMEIEeHHs y3/1a K M3MEHEHHIO IJIOUIaIu cede-
HUsA ll-Zj MO>KHO BBIYUCIIUTH 110 (hopMmysie (4), a orpaHUYCHUs] Ha TIEPEMEICHUS Y3]I0B MOYKHO

3anucarh B Buje (5):

oz _ oz

zZ _
lij = A~ AN’ )

17 -0A < B; - ([Z] - Z)), (5)

rae [Z;] — mepemerieHne mo HOpMaM MPOCSKTUPOBAHHS.
B kauecTtBe mpumepa perieHMs 3aJadd ONTHUMM3ALMH PACCMOTPUM IIAPHUPHO-CTEPIK-
HEBYIO CUCTEMY B BHJIE POCTPAHCTBEHHOH (epMbl (puc.1).

Puc. 1. PacueTHas cxema npocTpaHCTBEHHOH (hepMBbl

@depma COCTOUT U3 CTEPIKHEBBIX JIEMEHTOB, IIAPHUPHO COEAMHEHHBIX MEXIy COOOH.
Hcxonuble naHHbIe IS TPOCKTUPOBAHUA: E = 2,1-10°MITa, p = 0,3. [lepBoHayanbHas 1I0-
aap Beex crepxkHer Gpepmbl npunsaTa 0,02 m’. Ha y31bl pepMbl 7, 8, 9 mpuiiokeHa Harpy3ka
[-50, 50, -500] kH, [-50, 50, -1000] xH, [-50, 50, -500] xH cooTBeTCcTBEHHO.
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B nporpamve Femap NX Nastran BeiOpan Tunm kKoHeuHoro snementa Rod. Ilepso-
HAYaNbHBIM pacueT (epMbl MOKAa3bIBACT CJEAYIONINE NaHHBbIC: HAuOOIbIIee MepeMelleHUue
y 7 y3na Baoiib ocu Z coctaBwio — 0,00211 M, HamOosblee CKUMAIOIIEE HAIpPSKECHUE
B crepxxkHe 5—7 ¢ = —20,03 MIla. Ha ocHOBaHMM MOITYYEHHBIX JAHHBIX MOXHO CJEJaTh BbI-
BOJ, 4TO (epma SBISICTCS HEIOHAMPSHKEHHOW KOHCTPYKIMEH, M €€ CIEeIyeT ONTUMHU3UPO-
BaTh [2, 3, 4].

Jnst HaXOXKIEHHSI ONTUMAJIBHOTO IUIaHA PA3[EeIUM CTEPKHHU Ha TPYMIbL: A| — CTEPKHU
1-2, 2-3, 3-4, 4-5, 5-6, 1-6; A, — crepxnu 1-7, 6-7, 2-8, 5-8, 3-9, 4-9; A; — crepxHu 7-8, §8-9;
A4 — crepxnu 1-8, 5-7, 2-9, 4-8. 3agagum cieqyromye OrpaHUYEHUs: 110 HAIPSKEHUSAM He
6omee 240 MIla, makcumalibHOE TepeMeIeHrne Ba0IbL ocu Z He 6onee z = 0,01 M u MuHU-
MAJIbHO JI0MyCTAMOE 3HAYCHHE TLIONIAIH [ONEePeYHOro ceuennus crepxus 0,0001 m>.

Orpa"udeHust o HAIMPSHKEHUSAM, 110 TIEPEMEIICHHSIM TOICUUTaeM Jyuisl Tpynmnsl A (6, 7),
a JUI BCeX OCTaJIbHBIX TPYMI TOJbKO 3HAUCHHUS:

Ao O)—0: —12840—(—-14 572 kH
gy =~ =Tk 12572 — 641955 ©6)
AAp:  Aprk—Aain 0,022698—0,02 M*
AZ -0,001858—(—0.00211 1
172 = 22 = ( ) =0,6104 =, (7)
AA 0,022698-0,02 M
3 19, = —826 5362 ; 19, = 440325 =, 9, =
HaYeHUS  OCTANBHBIX rpymm  [l3, = s = = =

= 1058930
M

JlanbHelilee pelieHre 3aa4yd CBOJUTCS K UTEPALMOHHOMY MPOLIECCY U OINpPEAEICHUIO
HOBBIX MEPEMEHHBIX MPOEKTUpOBaHus. JlaHHBII Mpolecc MOKHO YCKOPUTH, U3MEHSIS IIar Ha
UTEpaLUAX.

[Tponomxasi BeIYMCICHHUS OBLIIO 3aMETHO, YTO OCHOBHBIM (DAaKTOPOM Ha MyTH K OITH-
MaJIbHOMY IUIaHy OBLJIO HaXO0XK/IEHUE NapaMETPOB, YJOBIETBOPSIOIIMX IIEPEMELLIEHUIO 110 OCH Z.
OnTumanbHOE pellieHre JTaHHOW 3aJjaud COOTBETCTBYET CIEAYIOLIUM IUIOMIAASIM CTEPIKHEH:
A; = 0,00312 M* (2 yronka 9x9), A, = 0,00456 m> (2 yroaka 10x12), As = 0,00312 M’
(2 yromka 9x9), As = 0,00486 M*(2 yroiuka 12,5x10). MakcuMalbHOE IIepeMeLIeHHe [0 0ch Z
coctaBuT 0,009935 M, a HanpskeHus 5—7 ¢ =-99,567 MlI1a.

3akmrouenue. Mcnonb3oBanue nporpammuoro kommiekca Femap NX Nastran nosso-
JSIET TOCTaTOYHO OBICTPO OTHICKATh ONTUMAJIbHOE PEIIEHUE 337a4 M aHaJU3UPOBATH BBIXOJ-
HbIE JTaHHBIE. B pesynbraTte pacuera ObLJIO OTMEUEHO, YTO HAWOOJbIIEe BIMSHUE HA OINTH-
MaJbHOE pelIeHHe Urpasio rnepemenieHue ysina. OrpaHndeHre no HanpsHKEHUsIM yKe KO BTO-
poii uTepanuu ObUIO PeIIeHO.
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HA OCHOBE MATEMATHUYECKHX MO/JIEJIEH
Prospects for improving the forecasting of the gross domestic product of regions based on
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AHHoTanusa: PaccMaTpuBaloTCs METONbI BhIOOpA IMEPCIEKTUBHI COBEPIICHCTBOBAHUS
NPOTHO3MPOBAHUST BAJIOBOIO BHYTPEHHETO NPOJYKTAa PETHOHOB Ha OCHOBE MaTEMaTHYECKUX
Mozeneil. PazpaboTaHo HECKOIBKO SKOHOMETPHUYECKUX MOJAEIEH JJIsl MPOrHO3UPOBAHUS SKOHO-
MHUYECKHX ITOKa3aTesiel ¢ MCIOIh30BAaHUEM JIAaHHBIX, B TIOJIHOW MEPE OTPaKAIOUINX TUHAMHUKY
MIEPCIIEKTUB COBEPIIIEHCTBOBAHUS MIPOM3BOJICTBA BAJIOBOTO BHYTPEHHETO MPOYKTa PErHOHOB.
Jns 5TUX 1enel HaMu MPOBEIEH aHAIW3 Pa3BUTHS MPOTHO3MPOBAHUS PETMOHAIBHOM 3KOHO-
MHUYECKON CHCTEMBI C MOMOIIBI0 YKOHOMETPHUYECKUX Mojenel. V3yueHa B3auMocCBs3b (aKTo-
POB, BO3JICUCTBYIOIINX Ha MPOM3BOAUTEILHOCTh BAJIOBOTO BHYTPEHHETO TIPOIYKTa PETHOHOB.

KiroueBble c10Ba: BaOBBI BHYTPEHHUN MPOAYKT PETUOHOB, MaTeMaTHYECKasi MOJIEITb,
HKOHOMETPHUYECKAsi MOJIEITb, TPOM3BOACTBEHHAS (DYHKIIHSL, IIPOTHO3MPOBAHIE, HHBECTUIIHH.

Abstract. Methods for choosing the prospects for improving the forecasting of the gross
domestic product of regions based on mathematical models are considered. Several economet-
ric models have been developed to predict economic indicators using data that fully reflect the
dynamics of the prospects for improving the production of the gross domestic product of the
regions. For these purposes, we have analyzed the development of forecasting the regional
economic system using econometric models. The interrelation of factors influencing the
productivity of the gross domestic product of the regions has been studied.

Key words: gross domestic product of regions, mathematical model, econometric model,
production function, forecasting, investments.
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