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UCCJIEJOBAHUE YCTOMYUBOCTH ONITUMAJIBHOI'O
ABPOJIMHAMMYECKOI'O ITIPOEKTUPOBAHUS TPEXMEPHOMN
KOMITIOHOBKH KPbLJIO — ®IO3EJISAK INTPOKO®IO3EJIAKHOI'O
JTAJIBHEMATHUCTPAJIBHOI'O CAMOJIETA K EF'O HAYAJIbHOM ®OPME'

[puBeneHs! pe3ynbTaThl HCCIEJOBAHUS YCTONYUBOCTH aATOPUTMa ONTUMAIBEHOTO
a3pPOAMHAMHIECKOTO IPOSKTUPOBAHMS TPEXMEPHONH KOMIOHOBKH KpPBUTO — (hro3e-
JSDK MHPOKO(MIO3eISHKHOTO JalbHEMarncTpaabHOTO caMoJieTa HadanbHoH (opme.
IToxa3aHo, YTO aArOPUTM PELICHUA 3aJaud ONpPENEeNICHUs I'€OMETPHH, COUYETaIO-
Ui BBICOKOTOYHOE YMCIEHHOE peuleHue ypaBHeHuit HaBbe — Crokca u rio-
GaJbHY0 ONTUMH3ALMIO TIOUCKA C PACIPEeNICHHON MapaulelIbHOI peann3aluet,
YCTOHYHMB K BBIOOpPY HAa4alIbHOI (GOPMBI KpbUIa JUIS IBYX CHIBHO OTJIMYAIOLIMXCS
BapHAHTOB 331aHUsl HAYAIBHOH (OPMBEI.

Kurouessble cinoBa: onmumanvuas ceomempus, ypagnenus Hasve — Cmoxca, mo-
MeHm maneasica, Kodgguyuenm conpomusnenus, yCmouuugocms npoyecca on-
MUMU3AYUU.

OHUM M3 BOKHEWIINX BOMPOCOB, BOSHUKAIOIIUX MPU HCIIOIH30BAHUU AITOPUTMA
ABTOMATUYCCKOTO ONTUMAJIBHOTO a3pOJUHAMHUYECCKOT'0 MPOCKTUPOBAHUA JJIA PCIICHUA
MPAaKTUYECKUX 33]a4 10 MPOSCKTUPOBAHUIO JIETATEIBHOI'O arapara sSBJISIeTCs BOIPOC O
TOM, HACKOJIBKO PE3yJIbTaT TAKOTO MPOSKTUPOBAHHMS 3aBHCUT OT HAYaIbHON (OPMBI OII-
TUMHU3UPYEMOIl TOBEPXHOCTH.

C mpakTHYECKOW TOYKH 3PCHHS OYEHBb BaXKHO, YTOOBI AJITOPUTM JIaBall XOPOIIHE Pe-
3yJBTATHl HE TOJBKO B CIIyYae, KOTJIa HavaJdbHAs TE€OMETPHs 00JaacT MPUEMIEMBIMU
a’POTMHAMUYICCKIMHU XapaKTePUCTUKAMHU, HO M B Cllydae, KOrja UcXomHas (gopma B
TOYKAX MPOSKTUPOBAHUS UMEET BHICOKUI YPOBEHB TIOJIHOTO COMPOTHBIICHUSL.

C MareMaTH4YeCKOW TOYKU 3PEHHs BO3HHUKAET BOMPOC 00 YCTOWYMBOCTH alrOpUTMA
ABTOMATHYECKOTO ONTUMAJIbHOTO MPOCKTUPOBaHMS K HadalbHON (Gopme. UHBIME cl0-
BaMH, €CITH MBI MPOBEJIEM JIBE ONTUMH3AIMH C OJMHAKOBBIMHU YCJIOBHSIMHU U OTpaHHYe-
HUSIMH, HO JUTS IBYX CHJIBHO OTJIMYAIOLIMXCS APYT OT JAPYra HadallbHBIX T€OMETPHIA, TO
HACKOJIBKO 6leyT OTJIMYAThCA JPYT OT Apyra ABE MOJYYCHHBIC ONITUMAJIbBHBIC T'€OMET-
pun? [y yeqMHEHHOTO Kphlla Takas 3ajJadya paccMaTpuBaiachk B padore [1], B kKoTopoit
paccMaTpuBalloCh KPbLIO, paHee UcciieoBanHoe B [2].

2. [TocTaHoBKa 3a7a4n

Kak1plii mar onTuMaibHOTO MMPOSKTUPOBAHUS JIETATEILHOTO anmnapara HauuHaeTcsl
C 3aJjaHus ero HadaJbHOM reoMeTpuyeckoil koH(purypaumu. Ha mepBom Takom miare
reoMeTpuyiecKasl MOJENb MOCTYNAaeT U3 HaYaJlbHOW CTaJud MPOEKTUPOBAHHS BMECTE C
3aaHHBIMH A3POAMHAMUYECKIMH XapaKTepUCTHKaMU. B d9HCIIO 3THX XapaKTepUCTHK
BXOJIAT YCIIOBHUS T0JIeTa (CKOPOCTh M BBICOTA MOJETa) M TpeOyeMble AJsl yCTOWINBOTO

! Pa6oTa BEITONHEHa MpH (QUHAHCOBOH TOIEPIKKe TIPUKJIAMHBIX HAYYHBIX HCCIEIOBaHW MUHHCTEpCTBA
obpasoBaHus U Hayku PO: yHukanbHbii naentudukatop pabor RFMEFI57617X0103.
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moJjieTa 3HaueHus ko3 QUIMCHTa O IEMHONM CHUJIBI 1 MOMEHTA TaHTaXa, a TAaKXKe MaK-
CHUMAJIbHO JIOMyCTHMOE 3HAUCHHE COMPOTHBICHUS TPHU 3aJaHHBIX YCIOBHSIX IOJIETA.
OTH mapaMeTpsl JODKHBI 00ECIICUUTh BBIMOIHECHHE OCHOBHBIX TPEOOBaHHU K TOJETY,
TaKWX KaK €ro JaJbHOCTb, MOJEe3Has HArpy3Ka, 00BEM TOILIMBHOTO Oaka W T.h.. Mcko-
Masi TEOMETPHsI UINETCS B KJIACCEe adpPOAMHAMHYCCKUX (POPM, YIOBIECTBOPSIONINX Pa3-
JUYHBIM OTPaHWYCHHUSM, KOTOPBIC TaKXKe ONpEACTIAI0OTCS Ha HA9albHOM CTaIuM MPOCK-
THpOBaHUA. TpagnuIIIOHHO TEOMETPHUYECKHIE OTPAaHUICHUS OTHOCATCA K MaKCHMAaJIbHOM
OTHOCHUTEIIbHOW TONIIMHE Oa30BBIX CEKIMOHHBIX MPOQHICH KphUIa, a OTrpaHHYCHUS,
CBSI3aHHBIE C adPOJWHAMHYECKIMH XapPaKTPUCTHKAMH JIETATEIBHOTO ammapara, OTHO-
CATCS K MOMEHTY TaHraka KOHQHTryparud, Kod(GOHIMEHTY MOIBbEMHON CHIIBI MPU
KpENCEPCKOM IOJIETE U Ha PEKUME B3JIETE U T. 1.

C MaTeMaTPI‘IecKOﬁ TOYKHN 3peH1/151 JaHHas 3aaa4ya CBOOAUTCA K onpe/:[eneHHIo OIITU-
MaJIbHOW (POPMEI JIETATEIBHOT'O ammapara ¢ KOMIOHOBKOW KpbuUio — (pro3enmsik. Onrtu-
MAJIBHOCTh 3TOH (DOPMBI MOHMMAETCS B TOM CMBICJE, YTO 3HAYCHHE KOX(HUIMEHTA
MOJTHOTO CONPOTUBJICHUS JAHHOW KOMIIOHOBKH SIBJISICTCS MUHUMAJBHBIM B 3aJIaHHBIX
YCIIOBHSIX a3POJAMHAMHYECKOTO TPOCKTUPOBAHUS U OHA OJHOBPEMCHHO YIOBJIETBOPSCT
BCeM TpeOyeMbIM OTPaHNYCHUS TEOMETPUIECKOTO H adPOTUHAMUYIECKOTO XapaKTepa.

MaremaTrdaeckas (GopMyTHpOBKA MAaHHOHM 3aJadd ONTHMAIBHOTO a’pOJUHAMUYC-
CKOTO JTi3aifHa MOXET OBITh MTPECTABIICHA CICAYIOMIIM 00pa3oM.

OpHOTOYEYHAS 3aJada ONTHMAJIBHOTO JAW3aliHa COCTOMT B HAXOXKJICHHH MOBEPXHO-
CTH MHOTOCEKIIHOHHOTO HPOCTPAHCTBEHHOTO KpbUTa (PUKCHPOBAaHHOHN (HOPMBI B IIaHE
JUTS JICTAaTeJIbHOTO armapara ¢ KOMIIOHOBKOW KpbUIO — (DrO3eisiK, KOTOpas OTBEYacT
CJICIYIOIINM YCIIOBHSM:

e 3HaueHue K03((HUIHMECHTA TTOTHOTO COMIPOTHBIICHHS BCeil KOMITOHOBKU Cy SBJISIET-
¢ MUHUMAJIbHBIM.

e 3HaueHue koddduimenta moabEMHON cribl Cy Bcell KOMIIOHOBKH PaBHO 3aJ1aH-
HOMY 3HAYCHHIO B TOUKE a9POJAMHAMHUYCCKOTO AU3aiiHa.

e 3HaueHNEe MOMCHTA TaHTaXka M BCell KOMIIOHOBKH OTBEUYACT 3aJaHHBIM YCIOBUSIM
YCIIOWYMBOCTH ITOJIETA JIETATEIFHOTO arapara.

e 3HayEeHNE OTHOCHUTEIHLHOM MAaKCHUMAJIBHOW TOJIIHMHBI KaXKI0i 0a30BOM CEKIMH
KpbUTa(#/c); He MEHBIIIE 3aJaHHOTO.

¢ 3Ha4YeHHUs JIOKAJILHBIX TOJNIIUH KaX10H 0a30BOH CEeKLMM Kpblia ()/f); He MEHbIIE
3a/JaHHBIX.

e 3HaueHNe paauyca CKpYTJICHUS MepeaHel KpOMKH Kpbuta (R); He MEHBIIIE 3aJaH-
HOTO.

e 3HauCHUs yTiia CXO/a MOTOKA C 3aJHEH KPOMKH KpbLia (¢7); HE MEHBIIIEC 3aJaHHOTO.

31mech | — HOMEp CEeKIUH BIOJb pa3Maxa Kpbuia, i = 1,..,N,,, j — HOMep OrpaHUYCHUS
HA JIOKAJIbHYIO TOJIIUHY B i-U CeKIMH, | = 1,..,Ny(7).

MHoroTo4yeyHast 3a/1a4a ONTUMATEHOTO TU3aifHa COCTOHUT B HAXOXKJCHUU MTOBEPXHO-
CTH MHOTOCEKIIHOHHOTO TPOCTPAHCTBEHHOTO KpbUTa (PUKCHPOBAaHHOHN (HOPMBI B IIIaHE
JUIA JICTaTeNIFHOTO ammapaTa ¢ KOMIIOHOBKOH KpBUIO — (PFO3ENsDK, KOTOpas OTBEYaeT
CIIEIYIOUINM yCIOBHsM [3]:

e 3HaueHNe B3BEMICHHOW KOMOWHAIMH KO3()(UIIMEHTOB MOIHOTO COMPOTHBICHUS
KOMITOHOBKH KPBUIO — (PFO3ENSHK B HECKONBKHUX TOYKAX MPOSKTHPOBAHUS SIBISCTCS MU-
HUMAJIbHBIM.

e [IpuBe/icHHbBIC BBIIIC OIPAHMYCHHUS TCOMETPHUUCCKOTO XapakTepa HE 3aBUCIT OT
YCJIOBUHM AN3aiiHa U OCTAIOTCSI HEU3MEHHBIMH.

e OrpaHuveHUs] ad3POTUHAMUYCCKOTO XapaKTepa 3aJaroTcs JJIs KaXIOW TOYKH OIl-
THMH3ALHH 110 OTAEILHOCTH.
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B Hamewm ciyvae, TOCKOJIBKY JiIsl pacyera neneBoil pyHkimu Cy HEOOXOAUMO yUH-
TBIBaTh d((PEKTHI BSI3KO-HEBS3KOTO B3aMMOJICHCTBHSI, B Ka4eCTBE 0a30BBIX YPaBHEHUI
UCTIONB3YIOTCSI OCPEeHEHHbIE 1Mo 4ynciy PeitHonbiaca ypaBHenus: HaBre—CTOKCa, KOTO-
pBIe IS BSI3KOTO CXKMMAEMOT0 Ta3a MOYKHO NPEJICTABUTh B CIIEAYIOIIEM BHUJIE:

q, +divC=divV, (1)

3nmeck Tensop C = (f, g, h) oTHOCHUTCS K KOHBEKTHUBHBIM UWICHAM YPAaBHEHUS, BS3KHIA

TeH3op V = (r, s, t) COTEP>KUT WIEHBI, CBsI3aHHBIE ¢ 3((PEKTaMU MOJIEKYJISIPHOTO TIepe-

HoCa, q = (p, pu, pv, pw, E)', p — WI0THOCTE, (14, v, W) — BEKTOP CKOPOCTH, E — SHeprus,

t — Bpems, f, g, h — HeBs3KHMe (KOHBEKTHBHBIC) TIOTOKH, H I, S, t — BI3KHE MIOTOKH.
[ToTokHM HEBA3KOTO XapaKTepa UMEIOT CIEAYIOIIe KOMIIOHEHTHI:

f(q) =uq+ p(0,1,0,0, u)",
g(q) =vq+p(0,0,1,0,v)",
h(q) =wq+ p(0,0,0,1,w)".
BS[3KI/Ie IIOTOKU UMCHOT cneuyloume KOMIIOHCHTHI:
r(q) = 0,1y, T21sT31’61)T»
s(q) = n(0,715,7,73,0, )Tﬂ
t(q) = (0,743, Ty3.T33.63) ",
TAC COCTABJIAIOIINE TCH30pPA BA3KUX Hal'[pﬂ)KeHI/Iﬁ 3a4ar0TCAd CICAYOINUM o6pa30M:
Typ = Tjp =Uy, +V,,
T31 = T3 U, W,

(4/3)vy = (2/3)u, — (2/3)w,,

A
(35
S

|

T3 = T3 =U, +W,,
T3 = (4/3)w,— (2/3)u, — (2/3)v,,
6, =uty, +vi;, + wi +(c?), [(y=1)Pr),
6, = Uty +Viy + Wiy +(c?), A(y=1)Pr),

Oy = UTy; + VT3, + Wiy + (c?), /((y—1)Pr).

B »Tux ypaBHEHHsX | — BSA3KOCTb, Y — OTHOIIEHUE TEIIOEMKOCTEN rasa, Pr — dncno
Mpanarns, p= (y-D[E - O.Sp(u2 +v2+w’], = w/p, H=(E+p)/p.

Brranciiennie kodQumreHTa COMpOTHBICHHS U PEalbHBIX (OpPM CaMmoNeTOB IO
CHX TIOp SIBJISIETCS JOCTATOYHO CIIOKHOU 3amadeii. 3HadueHue K03 (UIeHTa CompoTHB-
JICHUsI Ha J[Ba MOPSIIKA HWXKE OCTABHBIX a3POANHAMUYECKHX XapaKTECPUCTHUK JIETATEIb-
HOTO aIapara M MOo3TOMY JOJIKEH ObITh HaifIeHO ¢ TOYHOCTHIO mopsaka 1074 — 107
B nanHO#W paboTe i1 UYMCIEHHOTO PEIICHUS 3aJadd  HCIOJB3yeTCs IaKeT
OPTIMENGA_ AERO [3], xoTopblii oOecrieuyrBaeT BBIOJIHEHHE 3TOTO TPeOOBaHUSL.
B Hem ucnons3yercs MeTon nmoiHbIX ypaBHeHHN HaBbe — CTOkca BS3KOH CxkuMaeMoi
xuakocT (1), OCHOBaHHBIN Ha aNMpPOKCHMAIMM KOHBEKTHBHOTO OIlepaTopa IpH TOo-
MOIIM CXEMBI BEICOKOTO nopsaka TouHocTH ENO, a Bsi3kue 4neHsl annpoKCUMUPYIOTCS
LHEHTPAIbHBIMU Pa3HOCTSAMU. {1 yBENHYEHUSI CKOPOCTH HUTEPALIOHHOM CXOJUMOCTH
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MPUMEHSETCS MHOTOCETOYHBIN anroputM. Ilpu 3ToM Ha rpy6oi ceTke KOHBEKTHBHBIH
orepaTop anmpoKCUMHUPYETCs NMPH MOMOIIM CXeMbI IIEPBOTO MOPAAKA, a CXeMa BBICOKO-
ro nopsinka ENO Tonbko Ha camoii menkoit cetke [3—5]. s pemeHus 3a1a4u ONTUMHU-
3alUM MCHOJIB3YETCs] ABPUCTUUECKUH (TeHeTHueckuil) anroputM [6-9]. ['enernueckue
ITOPUTMBI, KaK W JII0ObIe IpyrHe MpsIMbIe METOABI ONTHMH3ALUH, TPeOYyIOT Ype3BbI-
YJaiHO OOJBIIOTrO KOJMYECTBA PACUETOB LEJIEBON (PyHKIMH, YTO JieacT HEBO3MOKHBIM
3aJa4uM, CIIM TMPH KaKJAOM BBIYMCICHUH II€I€BOW (DyHKIMH pemaTb CHCTEMYy ypaBHe-
Huii HaBbe — Crokca. [TosTomy B [3] mcmonb3yeTcst CleAyIOMUi NTePalliOHHBIA TIPO-
necc. Ha kaknoil nuTepaliii B OKPECTHOCTH TEKYILETO HAMITYYIIEro PEIIEHHUs CTPOUTCS
0a3a maHHBIX U3 pemIeHuH cucTeMbl ypaBHeHuil HaBre — CTOKca, a IpH TOHCKE Clie-
JYIOIIET0 NMPUOIMKEHNU K ONTHUMAIbHOMY PEIICHUIO B KauecTBe 1eJIeBOH (pyHKINH HC-
TMOJIB3YETCs AlMPOKCUMAIIMS 110 3TOW Oa3e naHHBIX. [IpH ydere orpaHn4eHHN HA ONTH-
MajbHOE pellieHre ucnonb3yercs meron [10].

3. Pe3ynbTaThl YHCICHHBIX pellIleHUI

IIpu pemieHuu NMOCTABIEHHOW BBIINIE 3aJaud ONTHMAIBHOTO a’pOJUHAMHYECKOTO
JM3aiiHa, TPEXMEpHOEe KPBUIO MMEIIO TMOCTOSTHHYIO ()OpMY B TUIAHE W ONPENENsuIoch M-
THI0 0230BBIMH CEKIMSAMH 110 pa3Maxy Kpblia, KOTOpbIE ONHCAHbI B [2], Tae paccMaTpu-
BAJIaCh ONTHMH3ALM M30JIMPOBAHHOTO KpbuUla, W [3], TAe paccMaTpuBaiach YCTOHUH-
BOCTb ONITUMHU3AINN H30JIMPOBAHHOTO KPBLUTA K HAYAIBHBIM JAHHBIM.

TpexTouedHast ONTUMH3AIMS IPOBOJMIACH B CIEAYIOMINX TOYKAX MPOCKTUPOBAHHSL:

e M=0.86, Cy=0.55 (c Becom 0.75),

e M=0.87, Cy=0.55 (c Becom 0.2),

e M=0.2, Cy=1.0 (c Becom 0.05).

Bbi paccMOTpeHbI 2 BapuaHTa 3a/laHusl HadallbHbIX (OopM Kpbuta. B 1-m BapuanTte
CEKIIMOHHBIE TNPO(WIN COBMAAAIM C HCXOAHOW TIeoMeTpHeil MIMPOKO(QIO3eNsHKHOTO
JlaTbHEMarucTpalbHOTO camojera. Bee 3TH mpoduian nMenu CyNnepKpUTHYECKHH Xa-
pakTep, 4To 1 TpeOyeTcs A MoJeTa IIPH BBICOKMX TPAHC3BYKOBBIX YHciIax Maxa.

Bo BTOpOM BapuaHTe HadalbHAs reOMeTpus Oblla HAMEPEHHO BBHIOpaHa abCOIOTHO
HETIPUTOHON C a3POANHAMUYECKON TOUKH 3PCHHSI.

B wacTHOCTH, BMECTO CyNEepKpUTHIECKOTO Tpoduis Ha |-i MPOMEKyTOUYHOU CeK-
MM KpbUIa OBII TOCTaBJIEH CHUMMETPHYHBIN NMPOGMIb, B KOTOPOM BEPXHSAS MOBEPX-
HOCTH COBIIaJjajia C BEPXHEH MOBEPXHOCTHIO UCXOIHOTO CYNEPKPUTUIECKOTO MPOQHIIS.
JIOTIOTHUTENHHO NOTYYESHHBIH CHMMETPHYHBIN MPOGMIb OB OTCKATHPOBAH, YTOORI OH
OTBCYaJI BCEM Tpe6yeMBIM OTpaHUYCHUAM: UMEJTT MAKCUMAJIIBHYIO OTHOCUTEJIIBHYIO TOJI-
nmwmay 11.1 % u otHocutenbHyio Toamuuy 8.9 % (mpu X/C=0.16) u 7.7 % (mpu
X/C =0.65).

CpaBHeHHE JaHHBIX HadalbHBIX Npoduied Ast ABYyX BapHaHTOB ONTHUMHU3AIMN
IpeACcTaBIeHo Ha puc. 1

AHanu3 pacnpeencHus AaBICHHUS Ha IOBEPXHOCTU B OCHOBHOW TOYKE MPOEKTHPO-
BaHua npu M =0.86, Cy=0.55 nmoarBepAua MNPEANONOKEHHE, YTO CHUMMETPUUYHBIN
npoduiIb B cepeanHe Kpbula a0COMOTHO HETIPUTOAEH JUTS TaHHBIX YCIOBUI 00TEKaHHS.

Bce 310 roBOpUT 0 TOM, UTO C a3pOAMHAMUYECKON U TEOMETPUUECKON TOUEK 3pEHUS
2-i1 BapHaHT Ha4aIbHON T€OMETPHH KPbUIA HAXOIWUTCSI OYEHb JJAJIEKO OT ONTUMAIBHOTO
peLIeHHsL.

Hepefx’meM TENCPb K CPABHCHUAM DPE3YJIBTATOB OTUX ABYX TPEXTOYCUYHBIX OITUMMU-
3a111/1171. JIJ'IH MOJIYUCHUA ONTHUMAJIbHOTO PCIICHUSA JJId 1-To BapuaHTa 3aJaHus Hadajlb-
HOM (opMBbl TOTPeOOBANOCH 9 IIArOB ONTUMHU3AIMOHHOTO aTOPUTMa, B TO BpeMs Kak
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JUTS. TOCTHXKECHHUST CXOUMOCTH JIJIsi 2-T0 BapuaHTa ObL10 HeoOxoaumo 17 maros. Coor-
BETCTBYIOIIAasl KapTUHA CXOJUMOCTH ONTHMHU3AIMOHHOIO Tpollecca IpHUBEACHAa Ha
puc. 2. B otimuunu ot pabothl [1] ams cxoauMocTi TpeOyeTcsl HECKOIBKO OOoIbIee KO-
JUYECTBO UTEPALUH, YTO OOBICHACTCS HATNIHEM (PIO3EIsKA.

0.08

-0.04

008 4+—FF—F—F—r— 71— T— 17—
0 02 04 0.6 0.8 1

Puc. 1. CpaBHeHns Ha9aNbHBIX Mpodiel B 1-H MpoMeKyTodHOI
CeKIMH KpbUIa I KOHQHUIYPAIuu KPHIIO — (IO3EISDK IIHPOKO-
(hr03eIDKHOr0 1alIbHEMAruCTPaIbHOTO caMosieTa (CIUIOIHAS JIU-
HUS — TIEPBBIN BapUaHT, IyHKTUPHAS JIMHUS — BTOPOM BapUaHT)
Fig. 1. Comparison of the initial profiles in the first crank section
of the wing of wing-fuselage configuration for a wide-body long-
range aircraft (the solid line is the first option; the dashed line, the
second option)
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Puc. 2. Vcropust cXogUMOCTH ONTUMH3AaLMOHHOTO Tpolecca. 3a-
BUCHUMOCTh KO3()(HULMEHTa CONPOTHBICHUS OT HOMEpa ONTHUMH-
3aIIMOHHOTO IIara (CIUIOIIHAS JIMHUS — IHEPBBIl BapHaHT, MyHK-
THUPHAs JINHUS — BTOPOil BApHUAHT)

Fig. 2. The history of optimization convergence. Drag coefficient
as a function of optimization step number (the solid line is the first
option; the dashed line, the second option)

Pe3ynbTaThl 3THX ABYX ONTHUMAIBHBIX a’pOTUHAMUYECKUX NMPOEKTUPOBAHUN OKa3a-
JIMCh OYeHb OJNM3KMMH U B IIUPOKOM JHAaNa3oHe YCIOBHU IoJeTa MPaKTUUECKH HICH-
TUYHBIMU. B dacTHOCTH, B OCHOBHOMW Touke mpoektupoBanus M = 0.86, Cy= 0.55 co-
MPOTHUBJICHUE ONTUMAIBHOTO Kpblla Uit 1-ro BapuaHTa cocTaBmio 272.6 a3poauHaMu-
YeCcKHX KayHTa npoTus 273.0 amist 2-ro BapuaHTa.
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COOTBETCTBYIOIIUE paCIpENIeTICHHs IaBJICHHUsI Ha TTOBEPXHOCTH ONTHMAIbHBIX KOH-
tduryparnuit (puc. 3 ans 1-ro BapuaHTa 3aaHus HAYATBHOW T€OMETPUU U pucC. 4 s 2-
ro BapHaHTa 3aJ[aHus HAYaJbHOI TeOMETPHHN) U CEKIIMOHHBIC paclpeIeTICHUS TaBICHUS
(puc. 5, 6) oka3amUCh OYEHB OJHM3KU.

Cp
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Puc. 3. Pacnpenenenust koaddurmenta nasinerus Cp
Ha BEepXHEH IMMOBEPXHOCTH ONTUMANBHOTO Kpbiia mpu M = 0.86, Cy = 0.55
Fig. 3. Distribution of the pressure Cp on the upper surface
of the optimal wing at M = 0.86 and Cy=0.55
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Puc. 4. P Pactipenenenns xo3dpunuenta nasnenust Cp Ha BepXHeH MOBEPXHOCTH
ONTHUMAaIILHOTO KphUTa JIUIsl 2-TO BapHaHTa HadalbHOU reomerpuu nipu M = 0.86, Cy = 0.55
Fig. 4. Distribution of the pressure Cp on the upper surface of the optimal wing
for the second option of the initial geometry at M = 0.86 and Cy = 0.55
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Puc. 5. CpaBHeHHe CEKIIMOHHBIX paclpeneleHnii Kod(QHIeHTa
nasieHuss Cp Tmonepek OnTHUMalbHOro Kkpbuia B Touke M =0.86,
Cy=0.55 npu Z=8.0M (kBaZpaTHble MapKepbl — IEpPBbI BapuaHT,
TpeyrojbHbIe MapKepbl — BTOPOI BapUaHT)

Fig. 5. Comparison of the distributions of pressure Cp along the
optimal wing cross section for M = 0.86, Cy=0.55 at Z=8.0 m (the
squares denote the first option; the triangles, the second option)

0 1 2 3 4 X

Puc. 6. CpaBHeHHE CEKIMOHHBIX pacnpenerleHui Kod¢pduieHTa
nasieHuss Cp Tmonepek OnTHUMalbHOro Kkpbuia B Touke M =0.87,
Cy=0.55 npu Z=20.0 M (kBagpaTHbIe MapKepbl — MEPBbIif BApPUAHT,
TpPEYTroJIbHbIE MapKepbl — BTOPOH BapHAHT)

Fig. 6. Comparison of the distributions of pressure Cp along the
optimal wing cross section for M =0.87, Cy=0.55 at Z=20.0 m (the
squares denote the first option; the triangles, the second option)
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OO0 3TOM e TOBOPSAT W CPaBHEHHs ONTHMAIBHBIX Npoduiieil Uit ONTHMH3UPOBAH-
HBIX CEKIUH KpbLia (puc. 7).
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Puc. 7. CpaBHeHust GopM CeYEHHUH ONTHMAIBHBIX KPBUIbEB MINPO-
KO(I03eIsHDKHOTO adbHEMAarucTPpaIbHOTO caMoeTa s ABYX Ba-
PHMAHTOB 3alaHUs HAYaJIbHOW reoMeTpHH (CIUIOILIHAS JIMHUA —
HepBbIil BApUAHT, IyHKTUPHAS JIMHUS — BTOPO BapHAHT)

Fig. 7. Comparison of the cross section shapes of the optimal
wings of a wing-body configuration for a wide-body long-range
aircraft for two options of initial geometry specification (the solid
line is the first option; the dashed line, the second option)

B 3akmouenue MPUBEAEM NAHHBIC MO CPABHCHUIO MHTETPAJIbHBIX XapPAKTCPUCTUK OIl-
THUMAJIbHBIX FeOMeTpHﬁ, TOJYYCHHBIX JJId ABYX BAPUAHTOB 3a1aHUA HavaJabHOI (1)0pMLI.

Ha puc. 8§ —-10 OPUBEACHBI CPABHCHUSA COOTBCTCTBYIOMINX ONTUMAJIBHBIX IMOJISIP CO-
IMPOTUBJICHUS.

CY_
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Puc. 8. CpaBHeHHE MOJNSAP CONPOTHUBIECHHS VIS ONTUMAIIBHBIX
KOH(UTYparii KPpuUIo — (PrO3EILHK IHUPOKODIO3EIHKHOTO allb-
HEMarucTpajJbHOIO camMoyieTa Ui JBYX BapHaHTOB HavyalbHOU
reomeTpuu ipu M = 0.86 (CIUIOIIHAS JIMHMS — NEPBBII BapHaHT,
[YHKTHPHAs JINHKS — BTOPO BApUAHT)

Fig. 8. Comparison of the drag polar for optimal wing-body
configurations of the wide-body long-range aircraft for two
options of the initial geometry at M = 0.86 (the solid line is the
first option; the dashed line, the second option)
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Puc. 9. CpaBHeHue MOJISIp CONPOTHUBIICHUS JIsi ONTUMAJbHBIX
KOH(UTYpaliii KphUTO — (PIO3EISDK IMHPOKO(DIO3EISKHOTO Jallb-
HEMArucTpajJbHOIO caMoJyieTa Ul JIBYX BapHaHTOB HayalbHOU
reomerpun npu M = 0.87 (CruiommHas JTUHUS — MEPBBIA BapHaHT,
MYHKTHPHAs JIMHKUS — BTOPOH BapUaHT)

Fig. 9. Comparison of the drag polar for optimal wing-body
configurations of the wide-body long-range aircraft for two
options of the initial geometry at M = 0.87 (the solid line is the
first option; the dashed line, the second option)
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Puc. 10. CpaBHeHHe MOJSAp COMPOTHBIICHUS I ONTUMAJIbHBIX
KOHGQUTrypauii Kpputo — (Qro3esik MHUPOKO(I03EISHKHOIO Aaib-
HEMArucTpajJbHOIO caMoJyieTa Ul JIByX BapHaHTOB Ha4yalbHOU
reomerpun npu M = 0.88 (criommHas JTUHUS — MEPBBIA BapHaHT,
MYHKTHPHAs JIMHUS — BTOPOH BapUaHT)

Fig. 10. Comparison of the drag polar for optimal wing-body
configurations of the wide-body long-range aircraft for two
options of the initial geometry at M = 0.88 (the solid line is the
first option; the dashed line, the second option)

4. 3akJa04uenue

AHanu3 nosy4eHHbBIX a’pOJMHAMUYECKHX XapaKTePUCTHK ONTUMAIBHBIX KOH(HUTY-
paruii KppUIO — (PrO3eIDK IHPOKO(DIO3ETKHOIO JadbHEMarucTpaabHOro caMoJeTa Ay
JIBYX BapHaHTOB 33/IaHHs HAYaJIbHON ()OPMBI KpbUIa MOKA3bIBAET, YTO HCIIOIb3YEMBIH
ITOPUTM SIBJISICTCS] YCTOMYMBEIM K 3a/IaHUIO HAYAIBHOW (POPMBI, TIOCKOJIBKY:

- ONTUMAJbHBIE KOHPHUTYpAIlK 00Jalal0T NPAaKTHYECKH OXHUM U TEM K€ MOJTHBIM
COIIPOTHUBIIEHUEM B OCHOBHOM Touke npoektupoBanus Cy=0.55, M =0.86 u B ee okpe-
CTHOCTH 10 YMCITy Maxa ¥ yTiry aTaku;
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- (hopMBI ONITUMABHBIX KPBUILEB OUEHBb OJIMKH JIPYT K JIPYTY;

- ONITHMAJIbHBIE TEOMETPHU 00JIaAI0T OYeHb OJIM3KUMHU (MTPAKTHYECKU WACHTHYHBI-
MH) MHTETPAIBGHBIMH a3POAMHAMUYECKUMH XapaKTEePUCTHKaMH B ITMPOKOM JHara3oHe
U3MEHEHHUs yCIOBU MoJeTa.
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In this paper, the results of investigation of the algorithm stability for optimal three-
dimensional designing of a wing-fuselage configuration for a wide-body long-range aircraft with
regard to its initial shape are presented. The solution to the problem of determining the geometry,
which has a minimum value of the total drag coefficient under given geometric and aerodynamic
constraints of various types, is obtained using the algorithm based on the combination of the
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methods of highly accurate numerical solution to the Navier — Stokes equations and the methods
of global search optimization with the use of distributed parallel technologies. The multipoint
problem of optimal designing consists in the determination of the surface of a multi-sectional
spatial wing of aircraft. In the aircraft plan, the wing shape is uniform. The optimal wing satisfies
the following condition: the value of a weighted combination of drag coefficients for the wing-
fuselage layout is minimal at several points of engineering design. The geometric constraints on
the wing are independent of the designing conditions and remain unchanged. The aerodynamic
constraints on the wing are imposed for each optimization point separately. It was shown that the
algorithm is resistant to the choice of the initial shape of the wing, since the optimal geometries
obtained for two very different options for initial shape assignment are very close to each other
and have almost identical integral aerodynamic characteristics in the cruise flight mode and also
in a wide range of this mode.
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