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VJIK 519.8

METO/bI «POEBOT'O» UHTEJIVIEKTA B 3AJTAYAX
OIITUMMBAIIU TAPAMETPOB TEXHUYECKUX CUCTEM

A.B. TAHTEJIEEB!, M.I. EBJOKHUMOBA'
Mocrosckuii asuayuonnviii uncmumym (nayuonansHulil UCCI008aAMENbCKULL YHUGEDCUMENT),
2. Mockea, Poccus

Pabota Bemmonnena mpu noanepxkke POOU, rpant Ne 16-07-00419 A

BakHbIM 3Tanom mpouecca peleHns 3a1ad MPOSKTUPOBaHHs PAKETHO-KOCMUYECKUX U aBHALMOHHBIX KOHCTPYK-
LU SBIIAETCS OCYILECTBIEHHE PACYETOB 0 ONTUMU3AIMK UX KIIIOYEBBIX XapaKTEPUCTUK. B cTaTbe MpHUBEIECHBI Pe3yNbTa-
TBI PEIICHUs YeThIPEX MPUKIAAHBIX 33134 YCIOBHOW ONTHMHU3alUH, CBA3aHHBIX C MPOEKTUPOBAHUEM PA3IUYHBIX TEXHHYE-
CKHUX CHCTEM: ONpEEeJICHNSI HAMIYYIINX IIapaMeTPOB CBApHON OaJKH, COCy/a BHICOKOTO NAaBICHUS, PEAYKTOPa, PYKHHBI.
Lenpro Kaxq0 3a1a4n ABIAETCS MUHAMHU3ANNS CTOMMOCTH MIIM Beca KOHCTpyKuuH. lleneBble pyHKINU B MpaKTHIECKUX
3aJa4ax ONTUMH3ALUH MPEICTABISIOT CO00H HelMHEeHHbIe (QYHKIMH ¢ OOJBLIMM YHCIIOM MEPEMEHHBIX U CIIOXKHBIM peJbe-
(oM moBepxHOCTEl ypoBHs. [109TOMY MpUMeHeHHE KIaCCHYECKUX METOJOB IIOMCKa 3KCTpeMyMa Hed(hpekTuBHO. BosHu-
KaeT He0OXOUMOCTh HCIOIb30BaHU TAKUX METOJIOB ONTUMH3ALNHU, KOTOPHIE MO3BOJIAIOT HAXOJAUTh pellleHNne, 0I13Koe K
ONTUMAJIFHOMY, 3a MPHEMJIEMOE BpeMs ¢ HAaUMEHBIIMMHU 3aTpaTaMi BRIYHCIHTENIBHBIX pecypcoB. K TakuM MeTonaM oTHO-
CATCS METOJBI «POEBOT0» HHTEIUIEKTa: METOJ, UMHUTHUPYIOIIMN CHHPAIbHYI0 TUHAMHUKY; METOMA, UMHTHUPYIOIIUN MOUCK
TPYINOH JIIo/ei; METO CTOXAacTH4eCKON An(dy3nu, OTHOCSIINECS K METa3BPUCTHIECKUM. METOIBI «POEBOT0» HHTEILICK-
Ta CKOHCTPYHPOBAHBI TAKUM 00Pa30M, YTO ITOMCK TOYKH HKCTPEMyMa MPOM3BOAUTCS HOMYJIIUEH (cTaeil), cocTosmei u3
areHToB. ATEHTHI (YaCTHIBI) B XOJ€ TOMCKA TOYKH IKCTPEMyMa OOMEHHBAIOTCS MH(OPMALMEH, yIUTHIBAIOT CBOH OIIBIT, a
TaKXKe OIBIT JIJEpa MOMYJBILUN U cOCellel, BXOAAMINX B HEKOTOPYIO OKPECTHOCTb. Il pelIeHus MepevrCcIeHHbIX 3a1a4
pa3paboTaH KOMILIEKC MporpamMm, 3(GQEeKTUBHOCT, KOTOPOTO NPOJEMOHCTPHPOBAHA PE3YJIbTaTaMU PEIICHHS YETHIPEX
NPUKJIAAHBIX 3amad. Kaxnas U3 pacCMOTPEHHBIX NMPHKIATHBIX 33/1a4 ONTHMHU3AIMK PEIICHA BCEMHU TPEMS BHIOPAHHBIMH
MeToaaMu. [lonyueHHbIe YHCIIEHHBIE Pe3yJIbTaThl CPAaBHUMBI C HalIGHHBIMU METOJIOM 4acTull B crae. [IpuBeneHs! peko-
MEHJIalUK 110 BBIOOPY MapaMeTpoB METOJO0B W 3HaueHWH (yHKUMHA mrTpada, YIUTHIBAIOIMX BBIOJIHEHHE OTPaHUYCHUM
THIIA HEPABEHCTB.

KiroueBble cjI0Ba: «poeBOi» WHTEIUIEKT, METOAbI ONTHMM3ALUH, TJI00aIBHBIN 3KCTpeMyM, MmITpadHas
byHKIIHS.

BBEJIEHUE

BaxkHpIM 3Tarom mpoliecca pelieHus 3a1a4d MPOeKTUPOBAHUS PaKeTHO-KOCMUYECKMX M aBUa-
LMOHHBIX KOHCTPYKLIHH SIBJSETCS OCYILIECTBICHHE PACUETOB 110 ONTUMHU3AIMHU UX KIIFOUEBBIX XapaKTe-
puctuk. lleneBsie PyHKIIMM B MPAaKTHYECKUX 3aadaX ONTHMHU3AIUU MPEACTABISIIOT COOON HEMHEN-
Hble (PYHKIMU ¢ OONBIIMM YUCIOM MEPEMEHHBIX U CIOXKHBIM penbedoM moBepxHocTel ypoBHs. [lo-
ATOMY MPUMEHEHHUE KIACCHYECKUX METOJO0B MOUCKA dKCTpeMyMma HeddpekTuBHO. BozHMKaeT HE0OX0-
JTUMOCTb CO3/IaHUS TaKUX METOJIOB ONTHMU3AIIUU, KOTOPhIE MO3BOJSIOT HAXOIUTh pEelIeHHe, OIU3Koe
K ONTUMAJIBLHOMY, 3a MPUEMJIEMOE BpPEMsI C HAMMEHBIIUMH 3aTpaTaMH BBIUYHUCIUTEIBHBIX PECYPCOB.
K Takum metonaMm mnpuHaIIIe)KaT METOAbl «POEBOT0» HMHTEIJIEKTA, OTHOCSIIMECS K METa’BpHUCTHYE-
ckuMm [1-3]. B cratee paccMOTpeHBI TpH METO/A: METOJA, UMHUTHUPYIOIINI CIHUPATBHYIO TUHAMHKY
[4, 5]; meTon croxactuueckoi auddysuu [6]; MeTo, IMUTHPYIOIIUN TOUCK TPyIIoH mozaei [7]. Pac-
CMaTpUBaeMble aIrOPUTMBI MTOMCKA YCIOBHOTO INI00ATbHOTO dKCTpEMyMa MPUMEHUMBI K 3aJa4aM Oll-
TUMM3AIUU TTAPaMETPOB PA3JIMYHBIX TEXHUYECKUX CUCTEM. B cTaThe paccMaTpUBAIOTCS YETHIPE MPHU-
KJIQJHbIE 3a/la4yM, CBSI3aHHbIE C WMHKEHEPHOW JeATeIbHOCThIO, — 3aJaud ONpEJeIeHUs MapaMeTpoB
CBapHON OaiKu, cocyla BBICOKOTO JABJIEHHS, PEAyKTOpa W HATSIKHOW/KOMIIPECCHOHHON MPYKHHBI
[8, 9]. TlpumeHeHHe METOMOB «POEBOTO HMHTEIICKTa», pa3pabOTaHHBIX ISl MapalIeIeUIeIHbIX
OTpaHMYEHUM, K JTAHHBIM 3aJayaM CTAaHOBUTCS BO3MOXHBIM B PE3YJbTaTe€ HCIIOIb30BAHUS METOAA
BHEITHUX MTPadoB, MPUBOIAIIETO K 33a/a4yaM ONTHMH3AIMH BCIIOMOTATEIHbHOW (DYHKIMH TIPH yCIIO-
BUU noadopa napameTpos mrpada [10].
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INHOCTAHOBKA 3AJTJAYA

Hana nenesast ¢ynkuust f(X)= f(X,X,,...,X,), ompeneneHHas Ha MHOXECTBE IOMYCTHMBIX
pemennit D < R".TpeGyercs HailTh yclIOBHbIA Tii06anbHblii  MuHUMYM QyHkimu  f (X) Ha

MHOKECTBE D, T.e. Takylo Touky X*eD, uro f(X*)= miDn f(X),rme  x=(x, %, X,)7,
Xe

D={x|x €[a,b],i=12,..,n}. Eciu B 3amaue umerorcs orpanmnuenus ¢’'(x)<O0, j=1,..., m,
npobiemMa  CBOAMTCA K  3ajade  MOHMCKa  IJI0OOANbHOrO  MHHMMyMa  BCIIOMOTaTelIbHOM

¢yakuun  F(X;,...,X,), TOJYy4EeHHOH C TOMONIbIO MNPUMEHECHUs MeETOJa BHEIIHHUX MITPadoOB:

0 - 2
F(x)=f(x) +ZCJ- -[max{O, gJ(X)}J , Tle C; — napameTphl mrpada.
-1

CTPATEI'MU METOOB «POEBOI'O» UHTEJIVIEKTA

Jlyis penieHust 3a71a9M MUHUMU3AIAHA BCTIOMOTATEIbHON (DYHKIIMU MPEIIaraeTcs UCI0JIb30BaTh
TPHU METO/Ia «POEBOTO UHTEJICKTA.

Metoa cnupajabHoii nunamuku (Spiral Dynamics Algorithm) umMuTHpyeT ABIKEHHE YaCTHIL
no jorapupmuyeckoit cnupanu [4, 5]. B Hawyame paboTel MeTOna Ciay4yailHBIM 0O0pa3oM TreHepH-
pyeTcsi HeKOTOpbI HaOOp HayallbHBIX TOYEK (YacTuir) | :{xj = (xlj X3 x,{ )T, j=1,...,NP}c D,
Ha3bpIBaeMblil nmomyssanueid, rne X' — wactuna ¢ momepom j, NP — kommuecTBo wactun B momyss-
. Kaknas gactuna sSBisieTcss BO3MOXXHBIM PEIICHHEM ONTHMH3AIMOHHON 3a/1a4u M 33/1ae€T HAYaJI0
CIHpaJIM, U3 KOTOPOTO 3aTe€M HAuyHETCs JBUKCHUE K €€ LEeHTpy. 3HaueHue neneBoi pyHkumu f (X)

T
ompeneNseT monoxeHue 9actuibl X = (X, X,,...,X,) Ha cnupami. YeM MeHblLIC 3HAYCHHUE IIele-

BOI pyHKIMM, TeM OJIKe yacTHlla K ILEeHTpY chnupaiu. Meroa CnupalbHOM JUHAMHMKHU Ipel-
CTaBJIsET COOOM MTEPALMOHHBIA MPOLECC, HA KaKIOH MTepaluu KOTOPOTO pealu3yeTcs Ipoleaypa
YIIYUIIEHUS TEKYIIEH MOMYJSIUU IyTeM JBHKCHHUS KaKJIOM 4acTulbl 1o cniupanu. Kaxnas cnupans
TIPU 3TOM XapaKTePH3yeTcsl IOCTOSHHBIM YIJIOM MOoBOpoTa O M mepeMeHHBIM paauycoM r. Bemnmunna
pajMyca CIMpanu BHIOUpaeTCs U3 3a4aHHOTO OTpeska [F if . | W 3aBHCHT OT BeMMMHBI LENeBOH
(yHKUMK — YeM MeHbIIe ee 3HAYCHHE, TEM MEHBIIE PaJiyC CIUpaId. YToa nmoBopora 0 ompenemnser
iz MaTpun Bpamenns R (0),i=12,..,n, j=12,..,n u onepaTopa H3MEHEHUs TEKYIIEro MOJI0XKe-

HUA 4aCTUIIbI

Sn (9) = ﬁ(ﬂ Rr?—l,n+1—j (G)J

Ka)K,Z[OC HOBOC ITOJIOKCHUEC YaCTUIBI HA CITUPAJIN BBIYUCIIACTCA C HCIIOJIb30BAHHUEM I/IH(I)OpMa-

1d o crapom nostoxkennu gacturpl X' (K), mapamerpax cnMpaii v MOJOKEHUH HAMITYYIIEN JaCTUIbI

B TIOMYJIAMHA X" ;

xI(k+1) =r'-S (0)x! (k) —[S,(0) — E, X",

rae k —Homep urepauuu, E — eauHn4Has matpuna nopsaka n, j=1,...,NP.

Meroa croxacruueckoii qudpdys3uun (Stochastic Diffusion Search — SDS) sinsiercst myabTHa-
reHTHbIM [6]. TIporeaypa HCIoIb3yeT MPSIMYIO CBA3b MEX/Ty areHTaMH, 00ECIIeYNBAIOILYIO TOBEICHHUE



Hayunblii Becrhuk MI'TY T'A Tom 20, Ne 02, 2017
Civil Aviation High Technologies Vol. 20, No. 02, 2017

BCEH COBOKYMHOCTH areHTOB, XapaKTepU3yeMoe KaK «poeBOM MHTEIIeKT». OHa BKIIOYAET /BE (a3bl.
Ha niepBoii (aze (dhaze TecTUpOBaHMS) KaXKIbIi areHT MPOBEPSAET MOTCHIIMAIBHOE pelieHue mpooie-
MBI, Ha BTOpoi#l daze (dhaze nuddysun) areHTsl 0OMEHHBAIOTCS WHGOpMAaIUeit Apyr ¢ Apyrom. B Haua-
Jie moucka renepupyercs nonyisinus u3 NP arentos (pernenwuii) Ha MmaokectBe D ¢ momornsio pas-
HOMEPHOTO 3aKOHa pacrpenenenus. Jlanee i Bcex pelICHWH HAaXOAATCS 3HAUYEHUS IeNIeBOH (PyHK-
unn. Ha dase TecTupoBanus Kaxablii areHT X' CpaBHUBAaeT BEJIMYMHY LEIEBOM (YHKIUH C JIPYTUM,
CIy4ailHO BBIOPAaHHBIM M3 NONYJIAUMU. ECIM y Hero BenuuMHa ueneBoi Qynkumu f(x!) mydme
(MEHBIIE), OH TIOJIy4aeT CTATyC «AaKTUBHBIN», a MHAue — «HEeaKTHBHBIN». Ecam y arenta x! craryc
«aKTHUBHBII», TO peanu3yeTcs HHTEHCHBHEIH MoucK B okpecTHocTH X', Ecim y arenra x! craryc «we-

aKTHBHBIﬁ)), TO CJ'Iy‘IEIfIHBIM o6pa30M U3 IOy BBI6I/IpaeTC$I arcHT Xk. Ecmu arent Xk HUMCCT
CTaTycC ((aKTHBHBIﬁ)>, TO HOBBIC KOOPAWHATLI ar¢HTa Xj HaxOoJATCA B IMPOLECCE ITOUCKA B OKPECTHOCTHU

arcHra Xk. Ecnu arent Xk HUMECT CTAaTyC ((HG&KTHBHLIﬁ)), TO HAYMHACTCA ITPOLECC III/IBepCI/I(bI/IKaI_[I/II/I.
HogBrle KOOPJZHWHATBI HAXOAATCA 110 (I)opMyJIe

xIN —a +w-[b —a], ®~U[0;1].

B KoHIIe BTOPOi (ha3bl U3 BCEX areHTOB BHIOMPAETCS HAMITYYINUi (pemeHne X%

UTepalMy MOCIeJ0BaTeNIbHO peanu3yroTes aBe (assl. [Iponenypa 3aBepiaercs Mo JOCTHKEHUH Mak-
CUMAaJIbHOTO YMCJIa UTEpALU.

MeToa, MMUTHPYIOIIMI NMOMCK TPYNION JIKOAeil, MOJEIUPYET MOUCK IPYIIION JI0AeH, uc-
MOJIB3YIOLIUX NaMSTh, OMbIT, MPUHATHE PELICHUN B YCIOBHUSAX HEONPEIEICHHOCTH, B3aUMOJECTBHE
Ipyr ¢ apyrom [7]. HanpasiieHue noucka onpeneseTcss SrONCTUYECKUM IIOBEIEHUEM, aIbTPyUCTHYE-
CKUM TIOBEJICHHEM U NMPO(EeCCHOHAIBLHBIM MOBEIeHNEM. BennunHa 1mara onpeaenseTcsi OBEICHUEM
IIPY IPUHATUM PELLIEHUN B YCIOBHSX HEONPEAEIEHHOCTH.

Bce uccnenoBarenu nenarcs Ha TpU HOArpynnsl ¢ HoMepamu m=1, 2, 3. Kaxnaeni uccie-

). Ha xaxnoii

JoBaTeb (pelieHne) Xxapakrepusyercs: { — HOMepoM uUTepanuu; | — HOMEPOM B MOATPYIIIE;

. . . T o o
M — HOMEPOM IIOATPYIIIbL;, IOJOKEHUEM Xm”('[):(xlm (1), X ”(t)) ; JIydmiedl NepcoHaIbHOM
nosunment  xJ(t)3a U wurepamuii; an:i}f(s) (t) — HawmydmuM TONOXEHWEM 3a TPH HTEpaIuu

¢ HoMmepamu t,t—1t—2; an:a'i(s) (t) — HauxymmuM MONOXKEHHWEM 3a TPU HUTEpallid C HOMEpaMu

t,t-1t-2.

Ha nauaneHoil urepaunn renepupyrorcst NS ucciaemoBareneit (peruenuii) Ha MHOXecTBe D,
UCIIOJB3Ysl PAaBHOMEPHBIM 3aKOH pacnpezaenenus. JleneHue Ha TpU IOArPYNIBl € OJAMHAKOBBIM
upciioM wuccienoBareneit S (NS =3S) HpoMCXOAUT TPOU3BONBHO. WX ToNokKeHHe 0603HauaeTcs

Xx™1(0), Tak kak cHauana Homep urepauuu {=0. Ha kaxaoii uTepanuu monoxeHue MccueaoBaTens
OOHOBJIAETCH:

M+ =x" O+ o™ (O -dM (1), i=1...mm=123

rae x™I(t) — xoMmnoneHnTa mojoxenust X' (t),i =1, ...,n, Ha ureparmu ¢ HomepoMm t; x™I(t+1) —
KOMIIOHeHTa mojiokenus X™ (t+1) Ha crnexyromed wurepauuu; o™ (t) — BeanunHa Iara;
d™i(t) — i-1 KoMIOHeHTa HanpasneHus moucka d ™ (t).

[lepen cnepyromeld uTepauueil aBa HAUXYIIIUX HWCCIEAOBATENd B KaXIOW MOATpYIIe
3aMEHSIOTCSl HAWIYYIIMMH PEHICHUSIMU U3 JBYX IPYIHMX MOATPYNN C HUX XapaKTepUCTUKaMHu. ITa
npoleaypa pean3yeT MeXIoArpymnmnoBoe odyuenue. [Ipoiecc moucka 3aBepiaeTcs Mo AOCTUKEHUU

8
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MaKCUMaJIbHOTO 4Hcia utepauuil. [loBegeHue mcciaenaoBaresis CUMTACTCS ATOMCTUYECKHM, €CJIM OH
BEPUT, YTO JOJDKCH JABUIAThCS K CBOCH HamIydmieil nosumu x."! . AJIbTpyncTHYECKOe IOBEJCHHE pe-

anM3yeTcs MocpeACcTBOM oOMeHa mHpopmanmeir mexay rpynnamu. [IpodeccrnoHanbHOE MOBEICHUE
ONpeAeNsieTCa JKEJaHUEM HCCIeoBaTeNid H3MEHSITh HaMpaBiCHUE I[IOMCKa, OMUpPasCh Ha IMpo-
[IJIBIA ONBIT.

3AJAYA ONPEJIEJIEHUASA IAPAMETPOB CBAPHOM BAJIKHA

[enpro 3a1auu SBISIETCS MTPOSKTUPOBAHIE MUHUMAIIBHON 110 CTOUMOCTH KOHCTPYKITUHU OaJKH,

] T
omnpe/esseMoll BEKTOPOM mapamMerpoB X = (X, X,,X;, X,) . Kpome Toro, Gajnka I0/DKHA yIOBIETBO-
PSTH OrpaHUYCHUSAM IO HANPSDKEHUIO CABUIa T, U3ruba o, MpoJoibHOM Harpyske P, u oTkiIOHEHH:O

kpas 6anku O [8]. MaTemaTHyeckas MOCTAHOBKA 3a/1aUH:

f(x) =110471- x? - X, +0,04811- X, - X, - (14 + X,),

g*(x) =7(x) —13600<0, g?(x)=o(x)—30000<0, g*(X)=x —X, <0,
9% (x)=010471-x} +0,04811- X, - X, - (14 + X,) —=5<0,
9°(x)=0125-x, <0, g°(x)=58(x)-0,25<0,

g’ (x)=6000-P.(x) <0, D=[0.2,0]x[0,110,0]x[0,1;10,0] % [0,1;2,0],

X 6000 M -R «
rre  (X)=,/(t)+@71) =+ ("), T=p——7 =", M=6000'[14+_2j,
(%) \/() ( )5 gt (@) N 3 -
2 2 2 2
R= X_z{uj I=202 %%, - X_2+(x1+x3j (o000 65856
4 2 12 2 X5 X, 30-X3 - X,
L[5
4,013-5-106-«/x2-x6 3°\g
P.(x) = AT L
196 28

[Tapamerpbl MeTOMa, MMUTHPYIOLIETO cnupaibHyto auHamuky: NP =30, K . =200, e:g,

rin=08L r.. =091 ¢ =08, c,=0091 Kosbpduuuents: mrpapuoini dpyuxuuu: ¢, = 0,001,
c,=0001 c,=10, ¢,=1 ¢=1 c¢;=1 c,=0,001. TIlapamerpsl MeTOAa, HMMHTHPYIOLIETO
nouck rpymmoit Jmoxeii: SN =300, N =300, W, =1 4, = 0,1. Kospduimenrsr nrrpad-
HOM pynkimu: C =2, C,=2, ¢;=005 ¢,=0,05 c,=005 «c,=005 c,=2.Ilapamerpsl
MeTona croxactuueckoi mudoysum: NP =300, |, =300, =0,1. Kosdpduuuentsr mrpadpHoii
ynxmun: ¢, =15, ¢, =15, ¢, =15, ¢, =15, ¢, =15, ¢, =15, ¢, =15. Pe3ymprarhl pacueTtoB MpH-

BesieHsl B Ta0u. 1.
Pemenue, HaleHHOE B [8]: x*=(0,20573;3,470489;9,036624; 0, 205729)T ,

f (x*) =1,724852, g (x*) = -0, 025400, g2 (x*) = 0,092700, g>(x*) =0,000001,
g*(x*) = —3,432989, g°(x*)=-0,080730, g°(x*)=-0,235540, g’(x*)=0,055938.
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Taomauna 1
Table 1
Metoa, UMUTUPYIOIIUI Meto, UMUTHPYIOITUI MeTto cTOXacTHUYECKOH
CHUPAITbHYIO TUHAMUKY TOMCK TPYIIION JII0ei b hy3un
0,197379 0,243368 0,207677
X, 3,585319 2,981940 3,243542
X3 9,362954 8,675457 9,638324
X, 0,204188 0,227474 0,184741
X, f(x*) 1,771751 1,807423 1,639592
g (x*) -162,749711 —221,202049 —79,878540
g2 (x*) —1843,833041 —561,583046 —632,741544
g% (x*) —0,006809 0,015895 0,022936
g’ (x*) —3,378475 -3,381496 -3,518324
g°(x*) —0,072379 —0,118368 —0,082677
g°(x*) —0,236902 —0,235220 —0,236729
g’ (x*) —2159,991578 —4453,685886 —221,238912

3ATAYA OINPEJAEJEHUA TAPAMETPOB COCYJA BBICOKOT'O JABJIEHUSA

HGJ'IBIO 3aJlavun ABJIACTCS OIIPCACIICHUC MHHHMAJIBHON 10 CTOMMOCTH KOHCTPYKIHUU COCyHa, 3a-
o T
KITIOYAIOIIECHCS B OIIPEACICHUN BEKTOpa MMapaMETPOB X = (Xl’ XZ ) X3, X4) , COOTBCTCTBYIOIIUX TOJIIIUHEC,

TOJIIIIMHE TOJIOBKH, BHYTPEHHEMY PaJInyCy U AJIMHE IMINHAPUUYECKON yacTu [8]. Bennuunsl X, n X, siB-
JISIFOTCS JUCKPETHBIMU BEJIMYMHAMHU (ONMCBIBAIOIMMH KPAaTHOCTb NapaMeTpa BenmuuHe 0, 0625).
3anaua MOXeT ObITh (popMann30BaHa CIeIyIOIUM 00pa3oM:

f(x)=0,6224-X, - X, - X, +17781-X, - x? +31661- X7 - x, +19,84- X7 - X,
g'(x)=—X, +0,0193-x, <0, g*(x) =—%,+0,00954 - x, <0,

P?X)=-n-% X, —%-n-xg +1296000<0, g*(x)=x, —240<0,
D = [1:99,99] x [1:99,99] x [10;200] x [10;200]

rae X, =0,0625-(x,), X, =0,0625-(x, ), (-) — uexnas sacts uncrna.
[TapameTpbl MeTOJa, HMMHTHPYIOIIETO CIUpanbHyI0 amHamuky: NP =3000, K, =200,
0 :%, r.. =081 =091, ¢ =081 ¢c,=091. Kosdppuumenrsr wmrpapuoii GyHKIMH:

rmax
¢, =40000, c, =35000, c, =1000, c, =900. TTapameTpbl METO/A, MMUTHPYIOLIETO MOMCK TPYIIION
mozmeit: SN =300, N =300, W, =1 i, =0,1. Kosbduumentsr wrpaduoii GyHKumM:
¢, =28000, c, =26500, c, =14000, c, =13500. ITapamerpsl MeToma cTOXacTHYECKOM AU(y3uu:
NP =300, |, =300, ®=0,, h=0,5.Koopdurmenrsr 1mrpadpuoii Pyuxmuu: €, = 55000,
¢, =55000, c, =20000, ¢, =15000. PesynbraTsl pac4eToB MpHUBEICHBI B Ta0IL. 2.
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Taoaumna 2
Table 2
Meto, UMUTHPYIOITUI Merto, UMUTHPYIOITUIA Meton ctoxacTUuecKkou
CHUPAIBHYIO TUHAMUKY IIOMCK TPYIIION JIroaei T dy3un
1 2 3 4
X; 12,959685 12,002532 12,957966
X, 6,730436 7,417437 6,675028
X3 42,987671 41,657607 42,043837
X, 165,920682 186,221143 178,667039
f(x*) 5608,288853 5849,349005 5717,723601
g'(x*) 0,079662 0,053992 0,061446
g2 (x*) 0,035102 —0,040086 0,026098
g’ (x*) 2,04-10°° —22048,074721 —7511,32694487
g’ (x*) —74,079318 —53,778857 —61,33296084

Pemienue, Haitnennoe B [8]:

g"(x*) =0,000000, g*(x*)

=-0,035881, g°(x*)

x* = (13;7;42,098446;176,636596) ",
=-0,028761, g* (x*) =—63,363404.

f (x*) = 6059, 714335,

3AJAYA OIIPEAEJIEHUSA ITAPAMETPOB PEJAYKTOPA

]_IGJ'ILIO ABJICTCA  OIIPCACIICHUC MUHUMAIBHOM IIO0 BECY KOHCTPYKIHHU PCEAYKTOpPA, OIPC-

JeISIeMON BEKTOPOM TapaMeTpoB X = (X, Xy, X3, X4, X5, X5, X7)T,

COOTBCTCTBYHOIIIUX HIMPHUHE JINIIEBOM

CTOPOHBI, JUIMHE 3yOI0B, YMCIly 3yOLIOB Ha IIECTEpHE, JJMHE IMEepBOro Bajia, JJIMHE BTOPOTO Baia,
JMaMeTpy TMEPBOro Bajla U [uaMeTpy BToporo Baina [8]. KoHcTpykuus peaykropa 10JKHA yJOBIIETBO-
PATH OrpaHUYEHUSIM IO HANPSKEHUIO M3ruda 3y0I0B MIECTEpHU, TOBEPXHOCTHOMY HAINPSIKEHUIO, MO-
NIEPEYHBIM OTKJIOHEHUSIM BAJIOB U HANPSDKEHUIO Ha BasaXx. MaTemaTuueckas MOCTaHOBKA 3a/1a4yM.

f(x)=0,7854 -, - xZ - (33333 (x,)" +14,9334 - (x,) — 43,0934) —
—~1,508- X, - (X; +X2) + 71,4777 - (X3 + X3) +0,7854 - (X, - X5 + X5 - X2),

g)=—

—————-1<0, g*(x) =
Xl'X22 '<X3>

1,93-x;

g°(¥)=————"—7-1<0, g*(x) =
X, '<X3>'X6

397,5

X -X§ '<X3>2
1,93-x;

X, (X3 )+ X

745X,

0°(00 =10 \/{

(%)

-1<0,

-1<0

} +16,9-10° —1<0,

ge(x):851 \/[745 Xs ] +157,5-10° ~1<0,

g’ (x)=

-1<0,

11
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9% (x) =

D =[2,6;3,6] x [0,7;0,8] x [17;28,99] x [7,3;8,3] < [7,8;8,3] % [2,9;3,9] x [5,0;5,5] -

9°(x) =

5 X,

1

15- X, +19

5

-1<0, gg(x):12

-1<0, g''(x) =

* -1<0,

.X2

11-x, +19

5

Vol. 20, No. 02, 2017

1<0,

[TapameTpsl MeTOAa, UMUTHUPYIOILETo chnupanpHylo auHamuky: NP =30, K =200, o :%,

r.»=08Lr_ =091c =0,81c, =091
¢, = 9000,

¢, =10000,

¢, =9000,

c; = 9000,
C,o = 9000, ¢, =9000. TTapamerpsl MeTOJa, MMHUTHPYIOLIErO MOUCK TIPYIION JIFOJICH:

Koadduumentsr
cs = 9000,

mrpadHoit
¢, =9000,

GbyHKIMU:
¢, = 9000,

N =300, Wo =1 M, =0,1. Kosdpduuuentsr wrpadnoii ¢ynxuuu: €, = 5000,

¢, =5000,

¢, =5000,

¢, =5000,

¢, =5000,

¢, =5000,

¢, =5000,

¢, =5000,

¢, =8000,
¢, = 9000,
SN =300,
¢, =5000,
¢,, = 5000,

¢, =95000. IMapamerpbl MeTona croxactuueckon muddysun: NP =300, |, =300, ®=0,1, h=0,5.
Kosddurmentsr mrpaduoit ¢pynkumn: ¢ = 6000, ¢, =6000, c, =6000, c,=6000, c, =6000,
¢, = 6000, ¢, =6000, c, =6000, c, =6000, c,,=6000, C,=6000. Pesyaprars nanst B TabL. 3.

Pemenue, HaiinenHoe B [8], U COOTBETCTBYIOLINE €My 3HAUCHUS 11eNIeBOM (DYHKIIMU U OTpaHH-
wennit: X*=(3,5,0,7;17;7,3;7,8;3,350214;5,286683)", f (x*)=2996,348165, g*(x*)=-0,073915,

g% (x*) =—0,197999, g3(x*)=-0,499172, g*(x*)=-0,901472, g°(x*)=6-10", g°(x*)=13-107",
g’ (x*) =—-0,702500, g®(x*)=0,0, g°(x*)=-0,583333, g'°(x*)=-0,112138, g*'(x*)=-0,010852.

Tabuauna 3
Table 3
Meroa, UMUTHP YOI Merona, UMUTHP YOI Meron cToXacTH4ECKOM
CHUPAIBHYIO TMHAMUKY IIOMCK TPYNIION JTHOJAEN b dy3un
Xy 3,279873 3,258588 3,286565
X, 0,705924 0,704839
X3 17,286057 17,962804 17,937055
X, 7,306545 7,817410 7,897124
Xs 8,299977 8,117704 7,909504
Xg 3,284217 3,319163 3,318289
X3 5,311058 5,171109 5,125802
f(x*) 2994,639309 2919,805346 2926,072804
g (x*) -0,011762 —-0,021932 -0,027271
g®(x*) —0,144173 —0,152980 -0,157604
g°(x*) —0,456225 —0,366969 —0,345713
g*(x*) -0,883449 —0,879686 —0,884544
g° (x*) 0,061517 0,029129 0,030111
g°(x*) —0,013606 0,068612 0,097158
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[Iponomxkenne Tabnuibr 3

g7 (x*) ~0,702500 ~0,699982 ~0,700443
9% (x*) 0,067114 0,083175 0,072305
9° (x*) ~0,609539 -0,615329 -0,611429
g0 (x*) -0,177549 -0,152624 -0,130485
g™ (x*) ~0,067207 ~0,065226 -0,046921

3AJAYA OIIPEAEJIEHUSA ITAPAMETPOB IIPYKUHbBI

[enpto sBIsETCA ONpENEICHUE MUHUMAIBHOM 10 BECY KOHCTPYKLMHU IIPYXKUHBI, 3aKIIIOYAI0-
1LIEHCA B ONPEACIEHUH BEKTOPA MAPAMETPOB X = (X, X,, X3)' , COOTBETCTBYIOLIMX JTHAMETPY IIPOBOJIO-

KU, CPEJHEMY JHMaMETpy BUTKAa M YHUCIy aKTUBHBIX BUTKOB [8, 9]. KOHCTpyKIUS Npy>KUHBI JOJDKHA
YZIOBJIETBOPATh OTPAHUUYEHUSAM 110 MUHMMAJIBHOMY OTKJIOHEHUIO, HAIIPSDKEHUIO CIIBUTA, YaCTOTE KOJe-
OaHMi 1 OrpaHMYEHUSM Ha BHEIIHUH nuaMeTp. MaTemaTnueckas OCTaHOBKA 3a/1auu:

f(X)=(X3+2)-X12-X2,

3

X5 - X
'x)=1-—2=2_<0
9 71875-xf
4.-x%2—x -

07 (x) = x23x1 x24 N 2,462__ |
12566 - (X, - X, —X; ) 12566 X;
gs(x)=1—%30,g4(x)=u—lso,

2 3 ']

D =[0,05;2,0] < [0,25:1,3] x [2,0:15,0] .

[TapameTpsl MeTOAA, UMHTUPYIOLIETO cnupanbHyto anHamuky: NP =30, K., =200, 6=

T
Z,
r.,» =081 r_ =091 ¢ =081 c,=0091 Kosdpdpuumenrs mrpapuoit Gpyuxiuu: ¢, =6, C, =1,
¢, =1 ¢, =0,5. TTlapamerpsl MeTO/Ia, UMUTHPYIOLIETO TOUCK Ipymmoi mrozei: SN =300, N =300,
W =L M = 0,1. Koaddpuments mrpadpuoii dpynkunn: ¢, =1 ¢, =5, ¢c; =0,6, ¢, =0,9. Iapa-
MeTpsl MeToza croxacTudeckoi quddysun: NP =300, |, =300, ®=0,1, h=0,5. Kospdurments
mrpaduoi pynkuuu: € =1, ¢, =1, ¢, =0,9, C, = 2. Pe3yabTaThl pacyeToB NPHUBE/IEHBI B Ta0L. 4.

Pemenue, naiinennoe B [8]: x*=(0,05169;0,35675;11,287126)", f(x*)=0,012665,
g'(x*) =—9,001053, g?(x*)=0,000020, g(x*)=-4,057026, g*(x*)=-0,727707.

Tab6aunua 4
Table 4
Meron, UMUTUPYIOLIUI Meroa, UMUTHP YOI Meron cToXacTU4ECKOM
CIUPAIBHYIO THHAMHUKY ITOMCK TPYIIION JIIOAEN b dy3un
1 2 3 4
X, 0,058324 0,053361 0,051747
X, 0,334061 0,391325 0,359313
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[Iponomxenne Tabmuisr 4

X; 7,193386 11,169096 11,305852

f (x*) 0,010447 0,014674 0,012809
g (x*) 0,677572 -0,148538 -0,017679
g°(x*) -0,321455 -0,014343 0,002707
g°(x*) -9,210934 —3,384644 —3,982344
g*(x*) -0,738409 -0,703543 -0,725959

OBCYXIAEHMUE ITOJYYEHHbBIX PE3YJIbTATOB U 3AK/IIOYEHUE

B paboTe paccMOTpeHO MPUMEHEHHE TPEX METOJ0B «POEBOT0» MHTEIICKTa B 3ajadax OIl-
TUMM3AlMM TapaMeTpoB TeXHMUYECKUX cucTeM. IlomydeHHble pe3ynbTaTbhl ONM3KH K PELICHHUIO,
HaiieHHOMy B [8], uro cBuaerenbcTBYeT 00 3()(PEKTHBHOCTH NPUMEHEHHUS paccMaTpHUBaeMbIX
METO/10B.
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SOLVING ENGINEERING OPTIMIZATION PROBLEMS
WITH THE SWARM INTELLIGENCE METHODS

Andrei V. Panteleev!, Maria D. Evdokimova!
Moscow Aviation Institute (National Research University), Moscow, Russia

ABSTRACT

An important stage in problem solving process for aerospace and aerostructures designing is calculating their main charac-
teristics optimization. The results of the four constrained optimization problems related to the design of various technical systems:
such as determining the best parameters of welded beams, pressure vessel, gear, spring are presented. The purpose of each task is to
minimize the cost and weight of the construction. The object functions in optimization practical problem are nonlinear functions
with a lot of variables and a complex layer surface indentations. That is why using classical approach for extremum seeking is not
efficient. Here comes the necessity of using such methods of optimization that allow to find a near optimal solution in acceptable
amount of time with the minimum waste of computer power. Such methods include the methods of Swarm Intelligence: spiral dy-
namics algorithm, stochastic diffusion search, hybrid seeker optimization algorithm. The Swarm Intelligence methods are designed
in such a way that a swarm consisting of agents carries out the search for extremum. In search for the point of extremum, the parti-
cles exchange information and consider their experience as well as the experience of population leader and the neighbors in some
area. To solve the listed problems there has been designed a program complex, which efficiency is illustrated by the solutions of
four applied problems. Each of the considered applied optimization problems is solved with all the three chosen methods. The ob-
tained numerical results can be compared with the ones found in a swarm with a particle method. The author gives recommenda-
tions on how to choose methods parameters and penalty function value, which consider inequality constraints.

Key words: Swarm Intelligence, optimization methods, global extremum, penalty function.
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