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PEIIEHUA 3AJAYHU OIITUMU3ALUA OBOJIOYEK
BPAINEHUSA ITPU OT'PAHUYEHUAX HA ®JTATTEP

M. B. Yyrynos, H. /I. Kysbmuués, U. H. I[losynuna
@I'BOY BIIO «Mopooseckuii 20cy0apcmeeHblll YHUSepCumem
um. H. Il. Ocapésay (2. Capanck, Poccus)

Teopust 1 NpaKTHKa ONTUMH3AIMY 3aHAMAET BXKHOE MECTO B €CTECTBO3HAHMHU M TeXHHUKe. [Ipu aTom
ANTOPUTMBI PEIICHUs ONTUMH3AIMOHHBIX 3371a4 TPeOYIOT MHOTOKPATHOTO OOpAIIEHHs K MPOLEeType
BBIUMCIICHHS (DYHKIMIT ONTAMI3aKH (TIpsMOi pacdeT). DTh (QyHKIHMH, KaK IPaBUJIO, 3aJaHbl aJro-
PUTMHYECKH B MPOCTPAHCTBE BBICOKOH Pa3MEPHOCTH M TPYAHOBBIUMCIUMBL B CBS3M ¢ 3THM akTy-
QIIBHOM SIBISIETCS 3a/[ada MOCTPOSHHUS YIPOLICHHBIX MeTaMoyieNell (ArmpoKCHMAaNHil) st 00beKTa
ONTUMH3ALINY, AJCKBATHBIX MCXOIHOM «TOYHOI» MOAEIHM B HEKOTOPOH MOZOOIACTH MPOCTPAHCTBA
1 He TpeOyIoNMX JUII CBOETO aHAM3a OOJNBIIMX BBIMUCIMTEIBHBIX 3arpar. Llenbio maHHOH paboTh!
SBIISETCS] KOIMUECTBEHHAS! OLIEHKA BBIYMCINTENBHON ()(PEKTUBHOCTH PEIICHHS] ONTUMH3AIMOHHBIX
3aJ1a4, OCHOBAHHBIX Ha alllpOKCHMAISIX Pa3HOro THIa. B KadyecTBe 00bEKTa ONTHMHU3AIUN paccMa-
TpHBaeTcsi 000I0UKa BpAIEHKS, MOoABEpKeHHas! (uartepy. VMcXomHOi MOJENBIO SBIAETCS] KOHETHO-
JIEMEHTHAsT MOJIEJIb OOOJIOUKH, JUIsl KOTOPOH 00pa3yrorasi U pacrpeieleHIe TOJIMHBI BIIOJIb MEPHIU-
aHa 3a71anbl bespe-pynkumsvu. Onpenenenne KPUTHYECKOTo mapameTpa ¢uiarrepa B anreOpandecKkoi
YacT! CBOJUTCS K PELICHHIO HECHUMMETPHIHOI 00OOIICHHOH 3a/1aui Ha COOCTBEHHBIC 3HAYEHUsI, KO-
Topasi peaym3oBaHa nporpamMmHo B Buae AddIn-mpunoxenus SolidWorks. [Ins moctpoenust ympo-
IICHHBIX METaMOJIeJIeH NCIIONB3YIOTCS alPOKCUMAIMH JIBYX BUJIOB: JIOKAJIBHBIC M IIPOMEKYTOUHBIE.
B nepsom ciyuae perienue 3a1auu CBOIUTCS K NpUMEHeHUto MeTofa Xana u Ilayamia, Bo Bropom —
K TI0ITAIHOW 3aMEHEe MCXOIHOIM MOJEIM METaMOACISIMU B MOMOONIACTIX MPOCTPAHCTBA ONTHMH3A-
LMY KOHEYHBIX Pa3MEPOB, aHAIM3y aIeKBAaTHOCTH AMMPOKCUMAIMH ¥ OMPEIENEHHUIO Ha 3TOH OCHOBE
cTparerny noucka. Hamu ObUia pelneHa 3ajada BECOBOH ONTHMH3ALUK OOOJIOYKH, HOABEP)KEHHOU
CBEPX3BYKOBOMY (prIaTTepy C HCTOIBb30BAHHEM JIOKAIBHBIX M MPOMEKYTOUHBIX MHOTOTOYEYHBIX arl-
NPOKCHMAIWi. B kKauecTBe ynpaBisieMbIX apaMeTpoB B CTaThe PACCMATPUBAIOTCS KOOPIHHATHI KITIO-
YeBBIX TOUEK be3be; MpoBOMUTCS CpaBHUTENBHBIN aHAIN3 BEIYHCINTENBHOH 3((HEKTHBHOCTH PEelIeHHs
B KOXXIOM M3 JTHX JIBYX CllydaeB. B kadecTBe KpHTepHsi BEIMUCIHTENBHON (D (EeKTHBHOCTH paccMa-
TPHBAETCs KOJTMYECTBO OOPAIEHNH K MPOLIEAYPE MPSMOTo pacyeTa.

Kniouesnble cnosa: ontuMun3anys, HeIMHEITHOE MaTEMaTHYECKOE MPOrPaMMHPOBAHKE, (GraTTep,
MeTaMOJIeJb ONITHMHU3ALUH, JIOKAIbHAsE MHOTOTOYEYHAs alllIPOKCUMALIHS, IIPOMEXKYTOUHAs MHO-
TOTOYEYHAs aNMpPOKCHMALUS

COMPUTATIONAL EFFICIENCY FOR
OPTIMIZATION PROBLEMS OF REVOLUTION
SHELLS WITH FLUTTER CONSTRAINTS

M. V. Chugunov, N. D. Kuzmichev, I. N. Polunina
Ogarev Mordovia State University (Saransk, Russia)

The theory and practice of optimization takes an important place in natural sciences and engineering.
Thus, algorithms of solving the optimization problems require repeated reference to the evaluation proce-
dure of the optimization functions (direct computing). As a rule, these functions are algorithmically speci-
fied in the high-dimensional space and computationally expensive. In this context, the relevant problem
is to create the simplified metamodels (approximations) for the optimization object. The said metamodels
must be adequate for an initial "exact" model in a subarea of the space and computationally not expen-
sive. The purpose of this work is the quantitative assessment of computational efficiency for solving the
optimization problems based on different approximations types. The revolution shell subjected to flutter
is considered as the object of optimization. The Finite Element Model (FEM) for the revolution shell,
which meridian and thickness distribution along a meridian are set by Bezier functions is considered as the
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initial model. Determination of the critical parameter of flutter in the algebraic part is reduced to the solution of the
asymmetric eigenvalue problem, which is realized programmatically in the form of SolidWorks AddIn-application.
To create the simplified metamodels, the approximations of two types are used: local and mid-range. In the first
case, the solution of the problem is consolidated to application of the Han - Powell method, in the second case — to
stage-by-stage replacement of initial model by metamodels in the subareas of the optimization space in the finite
sizes, to the analysis of adequacy of approximations and to definition on this basis of the strategy of the search. The
problem of weight optimization for the revolution shell, subjected to a supersonic flutter with local and mid-range
multipoint approximations is solved. The coordinates of the Bezier-key points are considered as the control param-
eters, and their values corresponding to an optimum, coincide for the first and the second of used approaches to ap-
proximation. The comparative analysis of computing efficiency of the results is provided in each of these two cases.
A number of the calling to procedure of direct computing is considered as the computational efficiency.

Keywords: optimization, nonlinear mathematical programming, flutter, optimization metamodel, local

multipoint approximation, mid-range multipoint approximation

PaccmarpuBaemast B cTaTbe 3a/1a4a OT-
HOCHTCS K KJaccy 3aj7a4 aHajau3a U OITH-
MU3aIMY NaHesel (T1acTuH U 000JI04eK)
C TOYKH 3pEHMS YCTOMYMBOCTH K (at-
Tepy. B Hacrosmee BpeMs U3BECTHBI JBa
THTIA TIAHETBHOTO (uiaTTepa: TepBhIA —
CBSI3aHHBIM, BO3HUKAIOLIMWA TpU B3a-
UMOJICHCTBUM JIByX COOCTBEHHBIX MOJ]
MaHeH; BTOPOM — OJHOMOJOBBIH, BBICO-
Ko4acToTHBIA [1; 6]. B manHO# pabote
paccmarpuBaeTcsl NepBbId TUIl ¢rarrepa
NP BBICOKHUX CBEPX3BYKOBBIX CKOPOCTSIX
C UCIIONIb30BAHUEM TIOPIITHEBOW (KBa3u-
CTaTUYECKOM ) a3pOoiIMHAMUYECKON TEOpHH.

Jns momyuenust GrnaTTepHBIX Xapak-
TEPUCTHK B KadecTBe 0a30BOI MCHONb-
3yeTcs KOHEYHODJIEMEHTHAsI MOZEIb, 4TO
JTA€T BO3MOXKHOCTh pPacCMaTpuBaTh Teo-
METpHUIO0 00OJIOUKM B Hamboiee oOIIeM
Buzge. OnHako oOpaleHne K Ipoueaype
aHamM3a COCTOSHUS OOBEKTa ONTHUMH-
3anuM (OpsSMOW pacdeT) B ONTUMH3ALM-
OHHBIX AJITOPUTMaxX pPEATU3YeTCs MHO-
TOKPaTHO W CBSI3aH CO 3HAYUTEIBbHBIMH
BBIUMCIUTEIBHBIMU 3aTpaTamu. OJHUM
M3 TOAX0J0B, 00ECIEUNBAIOIINX UX CHHU-
JKEHHE ABIISETCS MOAX0/, OCHOBAaHHBIN Ha
MOATAHOM 3aMEHE HCXOAHOU «TOYHOID)
MOJIEJI YIIPOIIEHHOW METaMOJEINbIO.

B Teopun ontuMuzanuu ykazaHHBIN
MOJIXOJ] XOPOIIO H3BECTEeH, U TPHU €ro
peanu3anuy, Kak IpaBuio, paccMaTpuBa-
10T anMpOKCUMAILUU TPEX BUIOB: JOKAJb-
HYI0, TNIOOAJIbHYIO U IPOMEXYTOUYHYIO [§;
10] (TmocemHss B aHTIIOSA3BITHON JTUTEPA-
Type UMEeHyeTCsl KaK mid-range).

Ilenpto maHHOM pabOTHI sBIAETCA
UCCIieIoBaHUE BBIYUCINTENBHON 2 dek-
6T4I/IBHOCTI/I peleHus 3aJaud  yKa3aHHO-

IO THUIIa C HCIIOJIIB30BAHHUEM JIOKAJIBHBIX
U IPOMEXKYTOUYHBIX AIITPOKCUMALIMMN.

1. KoneynoanemMeHTHAs MO/ 000/I0IKH

OcecuMmerpuyHasi  00oouka — pac-
CMaTpUBAETCs KaK IOAKOHCTPYKIMS CO-
CTaBHOM  TOHKOCTEHHOM  KOHCTPYKIMU
Bpamtenud. I[lpu stom Qopmupyercs ee
rapaMeTpuyeckas MoOjiellb, ONHUChIBagMast
Besbe-gyHKIMsAMU U ompenensieMas KOop-
JUHAaTaMM KITIOUEBBIX TOUYEK B JBYX MOJI-
MIPOCTpaHCTBaxX. B IBymMepHOM moAIpo-
CTPaHCTBE, COBIAJAIONIEM C IUIOCKOCTBIO
OCEBOTO CEYEeHHsI 00OJIOUKH, ONPe/IeTISIeTCS
MEpHJIMaH, a B OJJHOMEPHOM — pacripeserne-

HUC TOJIIWHBI BAOJIb MEpUIUaHa (pI/IC. 1)
Ng-1

()= D Dy, (t)xs

Ng-1

V()= Dy, (t2)ys

Ng-1

h(t) =D @y, (t0)h,

0 i Ng=i
q)Ng,,(tb):C(N)gth(l—tb) o (1)
0 _ N,
Yo i N =Y
o Ni—J
Dy, (t)=Cl-1,)"
) _ Nf' 0< <1
=———,0<4,<
Y-
B orux Qopmymax x(1,), y(ts). h(t,) —
MCKOMBIE (DYHKIMH, X, W ), — KOOp-

JUHATBhl KJIIOYEBBIX TOYCK cnnaﬁHa;

i=0,N,—1, THC Ng — KOJIMYECTBO KIIIO-
YEBBIX TOYEK, 3aJAI0IINX 00pa3yIoNIyIo
0007109KH; hj — KOOPJMHATHI KIIOYEBBIX
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TOUEK Ha YHUCIOBOW ocu; j=0,N,—-1,
rae N, — KOJIMY€ECTBO KIKYEBBIX TOYEK,
3aJJaI0IIUX PACIPEACICHUE TOJIINHBI
BJIOJIb 00pa3yromieii. Ha puc. 1 moka-
3aH BapuWaHT O0OJIOYKHU MPU HEKOTOPOM
(buKCcHpoBaHHOM Habope 3HAYECHHH KO-
OpAMHAT BCEX KIIOYEBBIX TOUEK. B ka-
YeCTBE KOHEUHOTO DJIEMEHTa UCIIOJb3Y-
€TCSl TOHKOCTEHHBIH YCEUEHHBIN KOHYC
[4]. Ha ocHoBe nmpuHuuna I'amunsroHa

noJiydyaeM ypaBHEHHE KoJeOaHUW KOH-
CepBAaTUBHOM CHUCTEMBI KaK aHcaMOuIs
KOHEYHBIX DJIEMEHTOB:
(K-=@*M)u, =0, (2)
rne K — marpuna xectkoctu; M —
Marpuia Macc; #, — BEKTOpP aMIUINTY]
MEPEMEIICHUIA TSI Y3ITOBBIX TOYCK; ® —
4acToTa COOCTBEHHBIX KOJIEOAHUA.

10|

4

Y

15

P u c. 1. Teomerpudeckas Mojieb 000IOUKH
F i g. 1. Geometric model of shell

ABpOoIMHaMHUYECKOE JIaBJIEHUE OIpe-
JIESIETCS. B COOTBETCTBUM C H3BECTHBIM
BBIpaKeHUeM [2]:

2 ow 1 M2-20w
p,,=—f(—+———), (3)
JM—1 os U M2_1 ot

pU’
TAe ¢ 5
J€HHE IO0TOKAa; p, — IJIOTHOCTh rasa;
U — ckopocth motoka; M — wyucio
Maxa. B »3ToM ciydyae ypaBHEHHE
KoJicOaHUN 00O0JTOYKM KaK HEKOHCEp-
BaTUBHOM CHUCTEMBbI IPUOOpPETACT Clie-
nywoomuit Bun [3; 5]:

— JUHAMHUYECKOE JaB-

(K+p2M+ppuD+paA)uA =0, 4

re AnD—MaTprIisIaHCcaMOITKOHETHBIX
ANIEMEHTOB (a3POIMHAMHUYECKOH JKECTKOCTH
Y a3pOJIMHAMHUYECKOTO JAEMIT(UPOBAHHS CO-
OTBETCTBEHHO); p — KOMITIEKCHAst COOCTBEH-
Hasg 4acTota. Ecnm coOCTBEHHBIE BEKTOpa
3amauu (2) WCIIONB3YIOTCS B Ka4ecTBE HO-
BOro 0asmca, TO ypaBHEHHE (uarTepa Mpu-

obperaeT cienyrolyo GopMmy:

Gu+pp ﬁu+p2Eu:O, (5)

e G:Q+p A4; Q — auaroHaib-

Hasd MaTpuna, CoAcpiKamias COOCTBEHHBIE
3HA4YCHUA, T. €. KBaJApaTbl 4aCTOT, COOT-

BCTCTBYIOLIUX KollcOaHHSIM B BaKyyM¢e

2 2 2 o
@ @y@+> 1 T. . HA TTABHOW JHaro-
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Hamu; A=R”AR, D=R'DR; u — co6-
CTBEHHBIH BEKTOp B HOBOM Oasmce; E —
eMHNYHAs MaTpHUIIa.

JanbHeillliee  pelieHUEe  CBOJUTCA
K aHaau3y W3MEHEHHS KOMIUIEKCHBIX
COOCTBEHHBIX 4YacTOT J HpH BO3pa-
CTaHWU TNapameTpa MoToka. B kauectBe
KpUTepus HACTYIUIeHUs (raTrrepa pac-
CMaTpUBAeTCsl IOSIBJICHHE B CIIEKTpe
KpPaTHBIX COOCTBEHHBIX 3HAYCHUH C TO-
CJIEAIYIOIIMM BBIXOJIOM OJIHOTO W3 HHX
Ha TIOJIOKUTEIBHYIO MOJTYIUIOCKOCTD, YTO
U COOTBETCTBYET KoJeOaHWsSM C BO3pa-
CTaromIeld aMmIUTUTYIOH, T. €. (IaTTepy.
JeTtanmu mOCTpOEHUS W TECTHPOBAHHUS
JAHHOW KOHEYHOAJIIEMEHTHOW — MOJIENTH
MOJIPOOHO M3JIOKEHBI B padoTe [4].

2. IlocTaHoBka M pelleHHe ONTH-
MU3AIUOHHOI 3a1a4u

OnTuMH3aIMoOHHas 3a/la4a CTaBHTCS
M pemaeTcss Kak 3ajadya HEIMHEWHOTO
MaTEeMaTHYEeCKOr0  IPOrpaMMHUPOBAHUS
(HMII) B cnenyromiem Bume:

HalTH minC(X) MpU OrPaHUYEHUSIX
xeR"

AiSfoBi;i:L_”,¢,(X)20,k:L_””: (6)

IJIe X — BEKTOp YIIPaBIIIEMBIX Tapa-
MeTpoB; C(x) — 1eneBas (QYHKINSA, BBI-
paxaromasi coOOW KpHUTEpHi KadecTBa
00BbEKTa TPOEKTUpOBaHMs (Maccy 000-
JIOYKH); # — KOJWYECTBO YIPaBISIEMbIX
MapaMeTpoB M, COOTBETCTBEHHO, KOIU-
YECTBO T'€OMETPUYECKHX OTpPaHHYEHHH
(pa3MepHOCTh TIPOCTPAHCTBA ONTHMH3A-
1un); Ai u Bi, — TeOMETpHYECKre OTpaHu-
YCHHS CHHU3Y U CBCPXY Ha YHPABJISICMBIC
napameTpbl COOTBETCTBEHHO; 71 — KOJH-
4eCTBO (PYHKIIMOHAIBHBIX OTPaHUYCHUI.
B kadecTBe ympaBnsieMBIX IapamMeTpoB
paccMaTpUBarOTCS KOOPAMHATHI KITIO4e-
BBIX Touek besne (1).

IIpu sTOM oOnTUMHU3ALMOHHAS 33]a-
ya (6) pemaercs ¢ MCIOJIb30BAHUEM arl-
MPOKCHMAIUI KaK IOCIIE0BaTEIbHOCTb
ONTHMHU3ANMOHHBIX 337ad C TOATAITHOM
3aMeHOUW (YHKIUHA ONTHMH3AIIAN YIIPO-

66

LICHHBIMH aHAJTUTHYCCKHUMHU MOJEISIMHU
(MeramozensimMu),  c(HOPMHPOBAHHBIMU
Ha OCHOBE aHAlM3a PE3yJIbTaTOB JKCIIe-
PUMEHTOB C MCXOJHOH KOHEYHORJIEMEHT-
HOW MOJEIIBIO.

IIpomedicymounvie annpoxcumayuu

B sToM ciydae meTtamMoIeny CTpOSIT-
Csl TIOFTAITHO B OTAEIBHBIX MOJ00IACTAX
IPOCTPAHCTBA ONTHMH3AIUH KOHEYHBIX
pa3MepoB, ONpEIETCHHBIX IBHKYIINMU-
Csl TpPaHMIIAMHM Ha KaXKJIOM JTarie urepa-
IIUOHHOTO TIponecca. TakuM o0paszom,
BMECTO UCXOJHON ONTUMM3aLMOHHOH 3a-
nauu (6) ©MeeM CEepHI0 ONTUMH3ALOH-
HBIX 337124 CIICIYIOIIEro BHIA:

HAUTH  min @(r) (x) TIpH OrpaHUYCHUAX
xepRph
NG) (" < B
A7 <x” <B",

. P r) um— b (7)
i=Lng¢"”(x)20,k=1,mr=1,N

rae C")(x) — anmpoKcHMAIMs lene-
BOM (YHKIIUH; d;k(”(x) — aIIIPOKCUMAaNUU
(QYHKIMOHANBHBIX —OrpaHHYeHmit; A"

u B” — reomMerpuueckue OrpaHHUECHUS
CHH3Y M CBEPXY COOTBETCTBEHHO; HH/IEKC
7 COOTBETCTBYET HOMEPY dTara ONTHMH-
3alMOHHOTO mporecca; N — KOTUUECTBO
3TAIOB, HEOOXOAMMOE JUIsl JOCTHKCHUS
3alaHHON TOYHOCTHU.

CtpykTypa MeTaMoOJele TakoBa,
YTO BKJIIOYAIOT B CceOsi CBOOOJHBIC Tia-

pameTpel a, i=0,n, OUpENEIsIEMbIE IO
pe3yiabTaTaM  OSKCIEPUMEHTOB, IpOBe-
JICHHBIX C KOHEYHORJIEMEHTHOM MoJe-
JbI0 00BbEKTa B P TOoukax, Ha3HAUYCHHBIX
B IIPOCTPAHCTBE R COTIaCHO HEKOTOPOMY
IUIaHy SKcrepuMeHTa. s onpexneneHus
CBOOOJHBIX TIAPAMETPOB HCIOIB3YETCS
METO/I B3BEIIEHHBIX HANMEHBIIINX KBaIpa-
ToB [8; 10], a B KauecTBe anmpoKCUMHUPY-
OMMX (QYHKUUH — MYJIbTUILUTUKATHBHAS
MOJIENb CIEAYIOIIEro BUAA:

C@y=a,] [xa. )
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Jloxkanvuasn annpoxcumayus

B kauectBe Meronma, mpemycMmarpu-
BAIOIIEr0 JIOKAIbHBIC ANMPOKCUMAIIHH,
B JIAHHOW pPabOTE WCIONB3YeTCs] METOT
ITaysmma [9] kak mociIenoBaTeIbHOCTD
3aja4 KBaJPaTHYHOIO IPOrpaMMHUpPOBa-
HUSI:

min %dTHrd +VC(x,)'d

deRr”

)

TIPH OTPAaHUICHUSIX
Vo, (x,) d+¢,(x,)=0,k=1,m .

MPEJCTaBIIIET CO-
OTIPEICTICHHY IO
¢GyHK-

mun  Jlarpamka L(x,A) =C(x)- A p(x),
P(x) = ($,(x), §, (%), ... $,, (X)), 7 — HOMED

uteparuu. llpn sTOM mONOXHUTETHHAS
ompeJieNieHHOCTh MaTpunbl H — obecrie-
yuBaeTcsi urepanuonno BFGS-mpore-
JTypOH, HCIOJB3YIOIMIEH TOJNBKO T'paau-
eHThl (QYHKIUA 1 HEe TpeOylomiei sBHO-
IO BBIYUCIICHUS] BTOPBHIX IPOU3BOIHBIX.
KoMmnoHeHTBI  BEKTOpa  MHOXKUTENEH
Jlarpanka A, COOTBETCTBYIOIME HEak-
TUBHBIM OTPaHUUYEHHSIM, aBTOMATHYECKH
oOpamatorcsi B Hysnb. CyIIeCTBEHHOU
0COOEHHOCTBIO METOMA SIBIISICTCA TAKKE
To, 4TO 3amada muHUMH3anuu (1) ¢op-

MyJHpyeTcsi B TepMuHax mara d u3 He-
KOTOPOM HMCXOJAHOW TOYKH B HaIpaBlle-
HUU K omnTuMaibHOU. Takum oOpasom,
X,, =X, +a,d, . Ilapamerp «a, omnpene-
JSAETCST KaK pe3yJbTaT MUHUMH3ALUH
OTHOMEPHON (YHKILMH, UCXOASI U3 Tpel-
JoxxeHHoro Ilaysmiom kpurtepust ONTH-
MaJbHOIO BBIMIPBIIIA II0 CIEAYHOLIEH
cxeme:

Marpuia H,
[IOJIOKUTEIHLHO
I'eccuana

oo
ATnMPOKCUMAITHIO

HaWTH migl O(a), roe
o>

O(a) = C(x+ad)+i 14, |min(0,¢, (x + acd)| ;

I . x
H; = maX(|2‘i|’E(:ui +|)’1|) , TIC H’o =

3HAYEHUE MAPaMeTPa 4, Ha MPEIbLTYLIEH
uTepanun (Ha MepBoit urepauu u, =||).
Camoli Ba)KHOM NMPUYMHOM AJIsL BbIOOpa
HaMM 3TOr0 aJrOpUTMa ONTHUMH3ALUU
ABISUICSL TOT (haKT, YTO OH OTHOCHTCS
K KJIacCy KBa3WHBIOTOHOBCKHX MeETO-
0B U TpeOyeT A CBOCH peanu3aluu
TOJILKO TIEPBBIC MPOU3BOAHBIC (YHKIHH,
T. €. aHaJIU3 YyBCTBHUTEIBLHOCTH MEPBOTrO
HOPSIIKA.

3. AHaJIu3 YyBCTBUTEJIbHOCTH
DYHKIMOHAIBHBIE OTpaHUYECHUS

¢ (x) szamaum (1) QopmymupyroTCs

*)
B BUIE ¢ (X)=—L

min

0
HOCTb MOTOKA, COOTBETCTBYIOIAsl HACTY-
wieHno Quarrepa ¢ Gopmoil KojaeOaHuH,
COOTBETCTBYIOILICH BOJHOBOMY YHCIY

-1, e pY

— IIJ1I0T-

k=n,, n,=n,n, (n ¥ n, — HAYAIBLHOE
¥ KOHEYHOE 3HAUYCHHE BOJHOBOI'O YHCIa
B CIECKTPE YYHUTBIBAEMBIX COOCTBEHHBIX
3HaUCHWHA 3amadyn (4)) — MHHHMAaJIbHAS
IUIOTHOCTH (bIaTTepa, COOTBETCTBYIOIIAS
HCXOJJHOMY NPOEKTHOMY pemieHuro. Ta-
KAM 00pa3oM, B 4aCTH aHaJIM3a 4yBCTBHU-
TEIBHOCTH aKTyaJIbHOW SIBJISICTCS 3aja4a

ONpEAENCHUs] YacTHBIX IPOU3BOAHBIX
(k)
") (x), = L 9p;
k N min a
Py OX;
¢ paboroii [3] mpou3BOHBIE OT TLIOTHO-
CTH JOJDKHBI ONPENENATHCA CIEAYIONINM

obpazoM:

B coorBercTBUM

op"  Re[(V'T, u)/(v'T,u)]
o, Re[(VT u)/(V'T,0)’

(10)

e T=Q+p A+G+
+pp D+ pE T ,T ,T, — dacI-
Ppa p e X2 P

HbIC TIIPOU3BOJHBIC OT

MaTpuIa

x(¢p) MO X,

i

P U p, COOTBETCTBEHHO; V — COOCTBEH-
HbIE BEKTOpa CONPSDKEHHOM IO OTHO-
mennto K (5) 3amaun. B paGore [12]
MIPEJICTABIICHBl JI€TAN YHUCIIEHHOW pea-
mm3anmu popmynbel (10) W pe3ynbraThl
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B OTHOILIEHUH aHAJIN3a YyBCTBUTEILHOCTH
K (prarTepy 000s104YEK pa3IMuHOTO BUAA.

4. IlporpaMmMHas peaju3anus

Bricokuii ypoBeHb pa3BUTHS IIPO-
rpaMMHBIX cpecTB B Buge CAE-cuctem
Jenaet 0ecCMBICIICHHOH pa3paboTKy mpo-
TPaMMHOTO O0€CIICUeHHsI «C HYJISD», IpU
3TOM TpoOieMa pacimpeHne (QyHKIHO-
HaJla 3TUX CHUCTEM SIBIISIETCS AOCTATOYHO
aktyanpHOW. OJHHM W3 TPUMEPOB pe-
HICHUS 33124 PacCMaTpUBAEMOTro Kiacca
Ha TOAOOHONW OCHOBE MOXET CIYXKHTb,
B YAaCTHOCTH, IMOJXOM, MPEICTaBICHHBIN
B pabore [7]. B manHO# pabote mpo-
rpaMMHasl peaju3alys IpeACTaBIIsieT Co-
oot nBa dll-moys, sBisironuecs AddIn-
npuiokeHusiMu kK cucrteme SolidWorks
W B TOJHOH Mepe HCHOIb3YIOUINMHU
¢ynkumonan SolidWorks na ocnoBe API
n COM-unrepdeiicoB [4-5]. B uactHO-
ctH, SolidWorks ucnons3yercst B kadecT-
BE IIOCT- U MPEMPOIIECCOPHOTO CPEICTBA;
KPOME 3TOT0, HCIOJIB3YEeTCsl (PYHKIIHO-
gan SolidWorks Flow Simulation ams
peLICHHsT  a’pPOJMHAMHUYCCKON  3a/auH.
B ocTtanbHOM M310KEHHBIC B IaHHOH pa-
00Te METOnbl ¥ AITOPUTMBI PACIIMPSIOT
mrraTHeI GyHKpoHan SolidWorks.

0.04

5. Pe3yabTaTrhl U BHIBOJBI

B pa6ore [11] npeacraBiieHs! pe3yiib-
TaThl PELICHUS 3a7aydl ONTHMHU3ALUK 10
Macce O0OJIOUKH BpAIIEHUs, T€OMETPUs
KOTOPOM M paclpeeseHue TOJIIUHbI
3amaHel cornmacHo (1), N,=2, N,=2,
a B KauecTBE METOZA PEIICHHS YaCTHBIX
3agau (7) ucnonp3oBaics Meton bokca
(mynmeBoro TmopsaKa), OyIaeM YCIOBHO
ATOT MOJXOJ HWIACHTH(PHIUPOBATH CHM-
BosioM A. B nanHOl paboTe ykazaHHas
3ajaya OblIa pelIieHa IByMsS METOAaMU:
1) Ha OCHOBE MHOIOTOYECHYHBIX MPOME-
KYTOYHBIX allPOKCUMALUN U C UCHOJNb-
30BaHMeM MeTona XaHa u Ilaysmia s
pemenus 3amad (7); 2) HA OCHOBE JIO-
KaJIbHBIX amnmnpokcuManuit B Buae (11),
T. e. Meron Xana u [laysmna Obur Hc-
MOJIb30BaH HANPsMYI0 0€3 MOCTPOCHUS
MPOMEXYTOUHBIX ~ Metamoneneir  (10).
bynem unentuduumupoBaTh IBa IOCIEA-
HuX monaxona kak B m C coorBercTBeH-
HO. PesynbraThl pemieHus 3agadn A,
B u C monHOCTBIO COBMajM, MpU 3TOM
C TOYKH 3pEHHsI BBIYHCIUTENbHON 3 ek-
TUBHOCTH moxoasl A u B apyr ot npyra
[IPAKTUYECKU HE OTJINYAIOTCS, IOCKOJIBKY
aHanau3 Metamoenei (8) He Tpedyer 3Ha-
YUTEIbHBIX BBIYUCIIUTENBHBIX 3aTparT.

P uc. 2. AHanu3 BBIYHCIUTENBHOH G PEKTHBHOCTH
Fig. 2. Analysis of computational efficiency
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OnHUM U3 BaXKHBIX KPUTEPUEB BHIYH-
CIIUTENBHON A(PQPEKTUBHOCTH ONTHMHU3A-
LMOHHOT'O aJTOPUTMA SIBJISETCSI KOJINYe-
CTBO OOpalleHHH K HpoLEeype NpsiMOro
pacuera. IloaToMy cpaBHEHHE BbIUU-
CIIUTEIBHONH A(PPEKTUBHOCTU MOJXOJIOB
B u C mpencrasnen Ha puc. 2 B cieay-
IOUX Oe3pa3MEepHBIX KOOpIUHATAX: II0
ocu abcuucc OTKIIabIBACTCS IMapaMeTp
N=N,/N,,.., Tne N, — KOIUYECTBO
COBEpIICHHBIX O0paleHUi K Mpoleaype
npsiMoro pacyera; N, — oOlee KOJiH-
4eCTBO OOpallleHHi K MpoLeaype IpsMo-

- C-C,,
ro pacuera B mojxoae B, C=—2
opt
rae C — 3HaueHue 1eneBo GpyHKIHMU Ipu
N,-HoM oOpamienuy; C,,— ONTHMAlIbHOE

o opt
3HAYCHHUC IICIICBOU (I)yHKI_II/II/I

B zakmroueHue OTMETHM, YTO Me-
TOJ TPOMEXKYTOUYHBIX aNIpOKCUMALIUN
obecreurBaeT 3HAYNTEIIHHOE CHIKCHHE
BBIYUCITUTENBHBIX 3aTpar (mo 30 %)
[0 CPaBHEHHUIO C aNMpOKCUMAIUSIMHU
nokanbpHOro THHa. [Ipm 3TOM BBIOOP
METOJa pELICHHUs] YAaCTHOW ONTHUMH3a-
LHUOHHOW 3aJlaud C TOYKU 3pEHUs TPY-
JTOEMKOCTH HE HWMEET CYIIeCTBEHHOTO
3HAYCHMUS.

[IpakTrdeckuii ombIT pabOTHI, MO-
Jy4EHHBIH B IIPOLIECCE pPELICHUS OIl-
TUMHU3AIMOHHBIX 3aJad Pa3HOTo poja,
MO3BOJISIET TaKXe YTBEPXKAATh, YTO Me-
TOJI TPOMEXYTOUHBIX aMMPOKCUMAIIHH
Hanbosee >(QPeKTUBEH HA HAYaJIbHBIX
CTagusaX OINTUMHU3aIUU B PCIKHUME HH-
TEPaKTUBHOTO BapHAHTHOTO MPOCKTH-
poBaHUsI.

CIINCOKR UCITIOJb30OBAHHBIX NCTOYHUKOB

1. Anrazun, C. 1, @narrep mactus v obomouek / C. 1. Anrasun, W. A. Kuitko. — Mockea : Hayka, 2006.—247 c.
2. Boasmup, A. C. O60104KH B IIOTOKE )KUAKOCTH | ra3a : 3agaun runpoynpyroctu / A. C. Boxsmup —

Mocksa : Hayka, 1979. — 387 c.

3. Ceiipansn, A. I1. Ontumuzanu ¢uarrepHbix xapakrepuctuk / A. I1. CeiipansH, A. B. llapanrok //
Tpynst Apmsiackoit Axkanemun Hayk. — 1984. — T. XXXYII, Ne 5. — C. 38-50.
4. Yyrynos, M. B. AHanu3 cBepX3BYKOBOTO (iartepa 0CECUMMETPHYHOM 000JI0UKH C MEPUIHAHOM

B BuJe ciutaiiHa B cpene SolidWorks Ha 6aze API [Dnexrponnsiii pecypc] / M. B. UyryHos // Hayka
1 00pazoBaHUE : AJICKTPOHHOE HayYHO-TexHHYecKkoe m3nanue. — 2012. — Ne 4. — URL: http://technomag.
edu.ru/doc/348787.html.

B cmamve pewaemces 3a0aua o ceepx3gyko8om nammepe ocecummempuiHol 0060104KU NPU YUCTAX
Maxa, 6onvwux 1.7. Paccmampusaemas 000104Ka AGAAEMCs JeMEHMOM COCMABHOU KOHCMPYKYUU 8pa-
wenus, u obpaszyrouas ee 3aoana besve-cnnatinom. B kauecmsee memooa pewenus ucnhonvzyemes MKO.
TIpusooumces peutenue mecmosuvix 3a0au.

5. Uyrynos, M. B. I[IporpaMMHBbIii MOAYIb Ul PELICHUS 3a/1a4 ONTHUMAJIbHOTO MPOEKTUPOBAHUS
B cpene SolidWorks Ha 6aze API [Dnekrponssiii pecype] / M. B. Uyrynos, 0. A. Hebaiikuna // Hayka
1 00pa3oBaHMeE : ANEKTPOHHOE HayYHO-TexHUUeckoe m3aanue. —2011. — Ne 9. — URL: http://technomag.edu.ru/
doc/206217.html.

B pabome npedcmasnena memoouxa u ee npoepamMmHas peanusayus Oas peuenus 3a0aid OnmumMatb-
Ho20 npoekmupoganus Ha oase API SolidWorks. B npoyecce pewenus 3adauu ynkyuu onmumusayuu
NOIMANHO ANNPOKCUMUPYIOMCA YRPOUHHLIMU AHATUMUYECKUMU 3A8UCUMOCMAMY, AHATU3 KOMOPbIX He
mpebyem Oonvuuux evluucIumenvHulx 3ampam. llpunoscenue peanuzosaro 6 eude Addln DLL-modyns,
@yrryuonupyrowezo 6 aopechom npocmparcmee SolidWorks u ucnonvzyrouweco COM-unmepdpeiic.

6. DKcrIepuMeHTaNbHOe HaOIIOICHNEe OXHOMOIOBOTO ITAHETBHOTO (hiIaTTepa B CBEPX3BYKOBOM MOTOKE
ra3a / B. B. Benenees [u ap.] / Joknans! akagemun Hayk. — 2009. — T. 427, Ne 6. — C. 768-770.

7. Vedeneev, V. V. Numerical analysis of single mode panel flutter in a viscous gas Flow /
V. V. Vedeneev // Proceedings of the ASME 2010 3rd Joint US-European Fluids Engineering Summer
Meeting and 8th International Conference on Nanochannels, Microchannels, and MinichannelsFEDSM-
ICNMM2010. — pp. 1-6.

69



M‘ BECTHMK MOP/IOBCKOTO YHUBEPCUTETA Tom 25, Ne 4. 2015

8. Polynkin, A. Mid-range metamodel assembly building based on linear regression for large scale
optimization problems. / A. Polynkin, V. V. Toropov // Structural and Multidisciplinary Optimization. —
2011. — Ne 4. —pp .1-13.

9. Powell, M. J. D. A fast algorithm for nonlinear constrained optimization calculations /
M. J. D. Powell // Report DAMTP 77/NA 2, University of Cambridge. — 1977.

10. Toropov, V. V. Multipoint approximation method in optimization problems with expensive
function values / V. V. Toropov // In: Sydow, A. (ed.) Computational Systems Analysis, Elsevier. — 1992. —
pp. 207-212.

11. Chugunov, M. V. Optimization of axisymmetric shells for flutter / M. V. Chugunov,
V. P. Malkov, E. N. Batrakov, V. V. Toropov // Proc. of 1st ASMO UK / ISSMO Conf. on Engineering
Design Optimization. Ilkley, MCB University Press. — 1999. — pp. 119-125.

12. Chugunov, M. V. Optimization of axisymmetric thin-walled shells with flutter constraints by
simulation approach method and sensitivity analysis / M. V. Chugunov, V. P. Malkov // Transaction of
St-Petersburg academy of sciences for strength problems. — 1997. — Vol. 1. — pp. 93—100.

IHocmynuna 19.01.2015 e.

06 asmopax:

Yyrynos Muxaua Baagumuposuy, 3aBenyromuii kadeapoii o0meTeXHHIecKuX JUCHUIUINH Py3a-
eBcKkoro uHcrutyTa MamnHoctpoenust ®I'bOY BIIO «Moprosckuil rocynapcTBEeHHbIN YHUBEPCUTET UM.
H. I1. Orapésa» (Poccusi, 1. Py3aeBka, yi. Jlennna, a. 93), kanauaar TexHHYeCKuX Hayk, jorent, ORCID:
http://orcid.org/0000-0001-5318-5684, m.v.chugunov@mail.ru

Ky3sbmnué Huxoaaii ImurpueBny, 3aBeayromuil kadenpoil odmeHayqHbIx aucuuiuine Pysa-
eBckoro nHcTuTyTa MammnHocrpoeHuss ®I'bOY BIIO «MopaoBckuii rocynapcTBEeHHbIH YHUBEPCUTET
nm. H. II. Orapésa» (Poccus, . Py3aeBka, yi1. Jlenuna, a. 93), noxrop (pU3MKO-MareMaTHUeCKHX Hayk,
npodeccop, kuzmichevnd@rambler.ru

Monynnna Upuna HukonaeBHa, noueHT kadeapsl OOLIETEXHHYSCKUX IUCLUILIMH Py3aes-
ckoro uHctutyta MamuHoctpoeHus ®I'BOY BIIO «MopnoBckuii rocyaapcTBEHHbIH YHUBEPCUTET
nm. H. I1. Orapésa» (Poccus, . Py3aeBka, yi. Jlenuna, a. 93), kanauaar nexarorndeckux Hayk, ORCID:
http://orcid.org/0000-0002-1093-8401, my pk@mail.ru

Jlis yumuposanus: Yyrynos, M. B. BerunciurenbHas 3(QEKTHBHOCTb U PELICHHs 3a1auH
ONTUMH3ALUH 000JI0YEK BpallleHHs MMpH orpaHndeHusx Ha ¢aarrep / M. B. Uyrynos, H. JI. Ky3pmuués,
WU. H. Ionynuna // Bectunk Mopnosckoro ynusepcurera. — 2015. — T. 25, Ne 4. — C. 63-71. DOLI:
10.15507/0236-2910.025.201504.063

REFERENCES

1. Algazin S. D., Kiyko I. A. Flatter plastin i obolochek [Flutter of plates and coverings]. Moscow:
Nauka Publ., 2006, 247 p.

2. Volmir A. S. Obolochki v potoke zhidkosti i gaza: Zadachi gidrouprugosti [Coverings in streams of
fluids and gases: problems of hydroelasticity]. Moscow: Nauka Publ., 1979, 387 p.

3. Seraynyan A. P,, Sharanyuk A. V. Optimizatsiya flatternykh kharakteristik [Optimization of flutter properties]. Zrudy
Armyanskoy Akademii Nauk [Proceedings of Academy of Sciences of Armenia]. 1984, vol. XXXYTI, no. 5, pp. 38-50.

4. Chugunov M. V. Analiz sverkhzvukovogo flattera osesimmetrichnoy obolochki s meridianom v vide splayna
v srede SolidWorks na baze API [Analysis of supersonic flutter of axis-symmetrical covering with spline meridian
by means of SolidWorks API]. Nauka i obrazovaniye: elektronnoye nauchno-tekhnicheskoye izdaniye [Science
and education: electronic academic and technical publication]. URL: http://technomag.edu.ru/doc/348787 html.

The problem of supersonic flutter of an axisymmetric schell for Mach number greater then 1.7 is solved
in the article. This shell is an element of a complex structure of rotation, and its meridian is formed with
Bezier-spline. FEM is used for the analysis. Solutions of test tasks are provided.

70



Vol. 25, no. 4. 2015 MORDOVIA UNIVERSITY BULLETIN[MJ

5. Chugunov M. V., Nebaykina Yu. A. Programmnyy modul dlya resheniya zadach optimalnogo proyek-
tirovaniya v srede SolidWorks na baze API [Optimization of designing with a programme unit by means
of SolidWorks API]. Nauka i obrazovaniye: elektronnoye nauchno-tekhnicheskoye izdaniye [Science and
education: electronic academic and technical publication]. URL: http://technomag.edu.ru/doc/206217.html.

The method and its program realization for the solution of optimal design problems on the basis of
API SolidWorks are presented in this paper. In the course of the solution of this problem the functions are
approximated step by step by the simplified analytical dependences, which do not demand big computing
expenses for the analysis. The appendix is realized in the form of AddIn of the DLL module functioning in
address space of SolidWorks with usage of the COM-interface.

6. Vedeneyev V. V. [et al.]. Eksperimentalnoye nablyudeniye odnomodovogo panelnogo flattera
v sverkhzvukovom potoke gaza [Experimental observation of single-mode panel flutter in supersonic stream
of gas]. Doklady akademii nauk [Proceedings of Academy of Sciences]. 2009, vol. 427, no. 6, pp. 768—770.

7. Vedeneyev V. V. Numerical analysis of single mode panel flutter in a viscous gas Flow. Proceed-
ings of the ASME 2010 3rd Joint US-European Fluids Engineering Summer Meeting and8th International
Conference on Nanochannels, Microchannels, and MinichannelsFEDSM-ICNMM?2010, pp. 1-6.

8. Polynkin A., Toropov V. V. Mid-range metamodel assembly building based on linear regression
for large scale optimization problems. Structural and Multidisciplinary Optimization. 2011, no. 4, pp. 1-13.

9. Powell M. J. D. A fast algorithm for nonlinear constrained optimization calculations. Report
DAMTP 77/NA 2, University of Cambridge. 1977.

10. Toropov V. V. Multipoint approximation method in optimization problems with expensive func-
tion values. In: Sydow, A. (ed.) Computational Systems Analysis, Elsevier. 1992, pp. 207-212.

11. Chugunov M. V., Malkov V. P., Batrakov Ye. N., Toropov V. V. Optimization of axisym-
metric shells for flutter. Proc. of 1st ASMO UK. ISSMO Conf. on Engineering Design Optimization. Ilkley:
MCB University Press Publ., 1999, pp. 119-125.

12. Chugunov M. V., Malkov V. P. Optimization of axisymmetric thin-walled shells with flutter
constraints by simulation approach method and sensitivity analysis. Transaction of St-Petersburg academy
of sciences for strength problems. 1997, vol. 1, pp. 93—100.

Submitted 19.01.2015

About the authors:

Chugunov Mikhail Vladimirovich, head of chair of General Technical Subjects of Ruzayevka Machin-
ery Institute of Ogarev Mordovia State University (93, Lenina str., Ruzayevka, Russia), Ph.D. (Engineering),
ORCID: http://orcid.org/0000-0001-5318-5684, m.v.chugunov@mail.ru

Kuzmichev Nikolay Dmitriyevich, head of chair of General Scientific Subjects of Ruzayevka Ma-
chinery Institute of Ogarev Mordovia State University (93, Lenina str., Ruzayevka, Russia), Dr.Sci. (Phys.-
Math.), professor, kuzmichevnd@rambler.ru

Polunina Irina Nikolayevna, associate professor of chair of General Technical Subjects of Ru-
zayevka Machinery Institute of Ogarev Mordovia State University (93, Lenina str., Ruzayevka, Russia),
Ph.D. (Pedagogy), ORCID: http://orcid.org/0000-0002-1093-8401, my pk@mail.ru

For citation: Chugunov M. V., Kuzmichev N. D., Polunina I. N. Computational efficiency for opti-

mization problems of revolution shells with flutter constraints. Vestnik Mordovskogo universiteta [Mor-
dovia University Bulletin]. 2015, vol. 25, no. 4, pp. 63—71. DOI: 10.15507/0236-2910.025.201504.063

71



