20AWBLLG D02 BPSIRFSNPULEPT TR FRUTRSE SHELBYILEP!
H3BECTHSY AKADEMHH HAYK APMAHCKOR CCP

Ubjusnhpln T XXXIIL Ne i 1980 Mexaunga

Al TL CEMPAHAH
OMTUMAABHAA 3AJ4AYA OB 2OOEKTHBHOCTH 2AEPOHA

K nepseiy paboTaMm, nocRAMENHNM TpOGAEMAM ONTHMHIALHE B a3pOyOpy-
rux asaenmsx, orHecarca | 1—4]. B 1], 8 wacrnocru, 6mao noayueno penre-
jite OMTHMaABHOH 341auH o AHBepTeHiin Hecymeil mosepxuocTi. Obobmennio
aTofi sagaun nocsmmenn paGotwm [2, 5, 6]. B [3—4] na ocmose amcxpernoro
NOAXOAA HOCACZGHAAMCh ONTHMAALULIE PACHPLASASHNA MECTHOCTEH MO KPHIAY
mpH OrpaHHYeHHAX [0 aaTTERY, }rnpyruﬁ BHPERTHEHOCTH W CTATH'IECKOH
NPOMHOCTH.

B |7] wayuena sazaua MuEMMHIEUMH Beca NPAMOrO KPBIAE IpH OTpani-
QEHIAX, HAAGKENHEIX HA KPHTHYLCKME CROPOCTH AMBEOTEHLUIM M pEEEpCa She-
poOHa,

B paunoi paforte paccMaTpRBAETCH 3afata o KPHAE MEHMMAALHOrD Heca
NpH OTpaHHYEHHH 10 CKOPOCTH, TIPH KOTOPOH PeaiMayeTed 3alsHHOE 3HaNeHHe
VIpyrofd (upERTHEROCTH BAepoHa. Preumenme CnTHMaAnHOR 32a1auB ROAYHEHO
C MPUMEHERNEM METOAA BOIMYILEHMH,

1. Ocuosnpe coorrdomeHis, PaceMoTpus Npasoe Kpeiao GOABINOTO ¥AAH-
HEHHA © aAepoHoM § noroxe rasa. [lynxtipuan amuwa wa gur. | yxasotsaer
AMHHIO  #3pOaMNaEMMYeckHx  (OKYCOB, 8 ITPHXOYHKTHPHAE — YOPYIVID 0Ch;
c{x) ecrn xopia wpuiaa, a elx)—naeuo MOABEMHOH CHABL, OTHECEHHDE K Xop-

Jqe HFI'LL].:A.&.
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Mar, 1.

ﬂp}l}l&}!. HTo aprl,leHHMI{LlECKﬂE CHADI, AEEETBFEG]HHG Ha HpH,’L{]. GIHC=
ARIOTCR COFACHD TEOPHI HECYLLEH (I0AOCHL (Cooanaunn ¥YIOA IERPYUHBAHHA
Ephlsia OTHOCHTEABHO YIpYrol oCH 4epes O(x), a ¥roa OTEADHEHHA 3AEPNHA Qe-
pes P(x), sunumes ypasHEHNe YIPYTOTO PABHOBECHA KPBIAZ B NOTORE W Ipa-
HHYHBIE }'C.‘LDEHH [8]
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- GY + gClhe (x) 0 (x) c* (%) + qC (x) 3 (x) e¥ (x) -

d ic.
&, () = rg*e[;} ‘f_a, (L1)

6(0)=G /i _, =0

m ypasnennn G/ (x) ecTh meerkocTh KpeIAa Ha  Kpyuenme;
txopoctHo Hanmop (p - DAOTHOCTL rasa, o — CKOPOCTH NO-

dC, oC. .
Tan | ag 33J4HHBIE  AIPOAHHAMHYMECKHE  KOAPQHUMEHTHL.

o 0

Abtio yraon 9 (x), #(x) npusumaeres [8]

O(x) =0 f(x), B(x) = Rug(x) (1.2)

titd £, B — womcranThi.
gia Z{X) cuMMTAETCA 3aAaHHOM A OTAMYHON OT HYAR AMIID HA VHACT-
QAOMEHHS  BACPONA, IAA  KECTKOrD 3AEpOHa moaaraetcd g2(x) =

Epeia OTHOCHTEABHO LERTPAALHOH OCH CaMOACTA, BOIHHEAIONIHI
RAOHEHHH JACPOHA, DaBeH

I

M=y nj( }+d—a%9{x] )r..‘{-x]xd,r

EXTHEHOCTh BAEPOHA ¥ NPH CKOPOLTHOM HAaNOpE § ONPELEARELTCA OT-
nponasogssix OM/Of, na ynpyrom w mecrxom kpbise.
TR ECTROMD HODEAD HMMErM

E —§| i (x) e(x) xdx

i::i_rsuﬁn_.zj_rn npeacrasrenns aad M u coornomennn (1.2), naiizem =

'C

. 1g
cy g:m::n + (1.3)

——— {x]} clx) xdx [ diy
i

aus orcioaa D./f u nogcrasus v ypasuenwe (1.1), npuxoanm & uu-
PEPERUHAABHOMY  YPABHCHNID OTHOCHTEADHO diynxgun [(x), omi-
MEEMY HECAMOCONPAMEHHYID KPaeEyi 3aAavy Ha CoBCTBEIIBIE IHAMEHNA

(G + qCrelx) e(x) f{x) =
I

L Ca0) (008 () [ Cif () ) x| ( L0 g () e ()

f)=0, (GJf),_,=0 (1.4)
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Poan cobereennoro snauenus jirpaer ckopocTHON nanop . Cunran #
ABHHMM napamerTpoM, momuo pewnty (1.4) u ompexeamrs nepmoe moa
TeAbHOE cofCTHeHHDE 3Havedme (, NpH KOTOPOM 3PEKTHEHOCTE FAEPD
Ha #, [lpw # = 0 sanaua (14) omscwmnaer sasaenwe pesepca anepona [7,
OryeTis, uTo WHTErpaAbHOE VPABHEHHE PEREpCa, FKBHEAALHTHOR (14)
# = 0, npunoguren s wanre [8]. R -

Hpeanoromus, uro nonepeunce cevesue xpuiaa IPeICTABARET COBOR
KOCTEHHBIH BAMEHYTBIH KOHTYp Toammuod {1(x), zaunoi konTypa S(x) u
waavw 2(x). Ha gur. | npeacrasaenn asa pasnsannix NONEpeEY b
¥PBIAZ, TIEPROE HI HHX OTHOCHTCA K YYaCTKY pacoAcmenss saepona. ()
win L2(x), $(x) 8 roukax 5l u wf Tepnar paappis, B iy touxax HAKA !
OTCA AONOAHHTEABNBIE YCAOBHA HenpephisrocTy dpymxumii [(x) uw GI(x)!

Coraacuo gopuyae Bpeara [8] mmeem

G [{x) =462 () hix)/s (x)

Ormerim, ro cevenne Kpbiaa MOMET HPeINOAAFATBEH H MHOTOKQ
HBIM, TIPH STOM AMHENRHAR 3ABHCHMOCTD MEHAY MOCTROCTHIO M TONIMH
Typon 1(X), XapaKTepHan AN TOHKOCTEHHMX CEUEHW, OCTAETCH & cHae [

OGoakauns 4epea v vaeanubiit nec MATCPHAAR, H3 KOTOPOrD HICOTOBAE
HO KOBLAG, (DYHKUMOMaA Beca kpmiaa (6e3 saepoHa) sanmmes 8 BHie

I

= \.“:5 (2} i (x) dx

W)
n

Myusuun L(x), s(x), elx) olx), e(x) u napamerps ¥, G,
dC,y02, 0C./d, 7, 5 | » nocaesyiowmx PACCMOTPENHAK CHHTAIOTCH |
CHPOBANMHLING BeAnsHHamy, Qynxuna fi(x) sapeupyerca. _

Hotrasum ontamassnyw sazauy: NpH 3afaHoM awasenmn x, (=3
Tpehyerca waltTid iyHEuo ToauHser A°(x), MHAHMHAHOVIOW VIO (PYERIN
seca (1.6), vax, uToOM MHHHMAABHOC MOAGKHTEABIOE COGCTHEHHOE 3HAY
agaaun (14) ¢ Gbine we mike soisunars aradenns P e

Ara vaoficrsa sseiem BeapasMepiiyd JAMRY M SamiliieM COOTHO
(1.4} e vaerom {1.5) 5 Biae

(o) s (/0 = 9 “ LN [ 0, ()

[10) = ahf'|,_, =0

Jaecn
ag (x) = 4GL% (x)/s (%), a;{x) = Cp=(x) e (x)
()= Y o e e a3 ﬂ-:l/ (

]
1?_;,! (x) e (%) xdx
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i a, (x), a,(x), a,(x) noromurersam npu xC(0, 1), a.(x)

omureneil Narpanma w uMeioT BHZ, anaAOrKuHbH TOAYveHARM B [7]

e () 2" () () =24 () (1.8)

CONpAMKENHAA QYHKUNA § ¥VIORAETHUPHET CAEAYIOWIEMY YDPaBHEHUHID H
VCADBHRAM:

(@) + qaye = {I—QT dagdx (1.9)

5 (0)= a,hy’ |

J.—'I 3

Hpome Toro, 8 Toukax I u 1) A0AMHB BBIIOAMATHCH YCAOBHA JpaMana—
HTpacca, KOTopbie TpeGyIOT HENMPEPHIBHOCTH GyuxUMit 1, afrg’ n owTex

MH A (PYHKIEE Faop CL7) (1.9), a takse yoaosisuu Fpamana—
pacca; NO3BOAKIOT HAHTH onTHMaAsHoe pemenwe (1(x).

0 peaeirennx coornomentavn ( 1.7)—(1.9), semoansercn yoaomie
| MEHITMYMa — TpHHUMD MakcHMyMa pyasunn DaMuanTona.
LRMOJIOALDHOE KODLAO. PHCCHOTPHM C,?I.j”—!ar‘l ﬂpﬂ'MD_\'rﬂﬂ.bHﬂfﬂ ?{pﬂﬁ.a
H;_ﬂ' fﬂ.ﬁ.E‘PU‘HBH, pacno.&umenﬂm}l no BCEMY 'PH.BM:H.X’_\" pr[.-\a. }FPHBHE‘HHH
9)  sanmuyrca s OeapasMepHnix  nepeMeHnrbix 8 sHae (@ywxumd
-?'{4}, (x). s{x), ¢(x) cunTaorTca 2 aHHBIMH KOHCTAHTAMM )

[EE) f (T + of (%) = 5 £ () xd% (2.1)
fOy=1f], ;=

Jx)e (x) =} = const = (2.2)

[EG) ¥ (9] 41 () = 2’“‘ { e (2.3)

2(0)=1g"| ., =0
3 mm{ BUIE YCADBMA HOPMHPOBKH Py HELHE ,F H . dus vaoboTea 3a-
HE CAEAVIOUHM 00pasan:

r& 1

k () dx —F—‘{x} di =1/3 (2.4)
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B atux coorwomenunx ¢ (x) Geapasmepnan Toawuna, {{x) = A

b= 1/4 qCiecls/{ G2, Breaem raxze oboanawenne w,=1/4 g,Crec(t

Pacemorpum napamerp o =1 + 0CL 03/ (0C,[0%).  Kosdprus
9C,. /08 u O /08 umeloT Pasubie  3RAKH M JAS IPAMOYTOABHOTO Kp
SACPONHON, PacClOACKEHHBIM 1O BCEMY pasMmaxy, OnpesessioTes ¢o
aamu [aayspra [8]. Henoavays a1n coornomenns, MOAYUHM '

iy K A—EVEQA-E)
efarccos(1 —2E) +2) E(1 — E) ]

Baecs E ecrn otsomenue xopam arepona & Xopae wpvina. Cunras,
ABPOIMHAMHYECKHH  (POKYE AemHT Ha paccroammi 1/4 ot nepeIHeR:
RPbiAd B uTO ¥OPYras Och HAXOAMTCR B CepelHue Epulaa fGea asepoma
CMPABEARMBO  AASL  AO3BYROBBIX PENUMOB NOAETA M ANA TOHKHX KpbIA
Hateem ¢ = 1/4 (1—2E). )

[Toacranana a1y sammcumocss = (2.3), noavunm d xax dyuknmo E,
Tpyavo muaers, wre H(E) ssigercs monsronio YOHBAIOUCH  (ByHKLHER
0= E <12, npiuen d(0) =0, d(0.2) = — 0.235. Tlockoasny ohB
U= E<C 0.2, to napaserp d momao comrars Mans I OTPHLATEABHBIM,

Orvernst, wro npu o =

NOTERA HPPERTHENOCTH SAEpOH HacTynaer
npn =4y, 8, 9], nosromy 8 stom cayuae CALAYET PacCMaTOHBATH ¢
MarBHYE 3adauy o auseprenyun [7],

Bocnoawayemen merogom soamymennit [10] » Gyzem  scxars peImemHE
ONTHMEARNOH  Sajlaun B pude PEBACHCHHE 10 MaAOMY

NapaMeTpy
= Eifa"{ I—x), noxaran if =1

12y = & (x) + =4 (x) + o fx) +e
f{x:-. ___fu {x.: + ‘Ef[ [I] =+ 5::{3 {X} T s
ks {-t} = gy {x) + 2wy {I] o i EELPE{IJ g

f.:ﬂ'u + "'T = B

Moacravaan s7i pasromenitn & coornomenis (21)—(24) n npHpast
BaH HYAIO KOSQQHUHEHTH NpH DAMHAKOBBIX CTETEHax E. AA® HYAEEOTD
BAMMERHS NOAYYHM COOTHOWIEHHA ONTHMaABHOH 3alavui o JAHBeprenu
¢ywen nosepxroct [ 1], Pemenne umeer mug

fo(x) ==1/21,(1 — «7) {
fl’l (x) = Yy [-"‘-'] =X
Aan pyuxumin neproro npuGawmenns OOAYHAHITCA COOTHOWCHNA

1
@ f) + i fy = | fyxde — (4, £

i

fl (th = {ﬁf;-i- fﬂ-ﬁ]:-.—z = (



1
(h9}) + w3, = ”"”j ot — (635) (2.8)
[i}
w0 =g, +6%),.,=0 (2.9)
S A
Y)“;r dx =10, !?u?|ﬂr-l'=ﬂ¢ t?:‘l_‘:_?:.)‘:}:j't

] b
noabszonamien (2.6) ua nocaesmero panenctsa caeayer f(x) +
. Tockoavky f,(0) = 2,(0) = 0, 7o f,(x) + 2, (x) = h,x. ¥u-

ypaBHEnne na f, 4 NPONMTETPHPYEM OT HYAR A0 eAMHNIbL.
.6) W nepunsix anyx yeaosuit (2.9) noayuum = 0,
ﬂmﬂﬁ VCACHHN 1 T{:-tme =1 na (2T} [2.3} npummn’r K

f(x) = — —;'i- (T— 4 — 3x°) (2.10)

mearn gyuxumo [(x). Jdag atoro  ucnoavaves ypasnenne (2.7)

A
won (28)). C yuerom (2.6), (2.10) npeoipasyem ero x auay
(122 — =) £, ()] + £ () =2(x), x€(0, 1) (2.11)

1
£, (0) = 0; ‘Q{x}‘:?—%
penne [(1— <) ]+ =0, x&(—1, 1) npeactasaser coboi
 Nemamapa. CobcrnesnbiMi QYHKUHAME 3TOro YpasHeHHa na-
i *’hp‘mronuhﬂue MOAHHOMBI J\E:taupa Pi(x), a cobcreenamiMn
—auucaa v, =ili+1),i=0,1, 2, ..., [10, 12].

1, HTO OOAHHOMBb ﬁtﬂiaﬂ.:pi € HeHETHBHIMH HHISKCAMH YAOBAE-
Cyeaosiio Prsa(0) =0, i=0,1, 2.

peaerum Qynsume P(x) na orpeaxe [—1, 0] mnewernmim oGpazowm
M no noanmomanm Nemanapa. o pasromenns mmeer nug [11]

(4 +3)

—_— Py, i=1, 2... (212
}2{:__2_” ?1{} t { }

-_ﬂ_1J11Pm_,|ix}| ﬂw“ . —

o f(x) Gyaes uexarn w snae paia
filx) = NJP (x) (2.13)

eramitn aro pasaomente 1 (2.11) w wenoasayem (2.12), Yuromum
1) wa Pi(x), & =01 w nposnrerpupyes wna orpeaxe [—1, 1].
OrOHAALHOCTI MOAKHOMOE Aemanpa NoAYIN
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B ,
ba_+=0, 1= : =1 T
bars 3 L—(i4-1)12f + 1) i

1
Moacrasans (2.13) 8 yeaosue HOPMHPOEKH j\fu fidx =0 u yu
o
Jo=2=P,(x) 1 OPTOTOHAABHOCTD HeweTHMIX MOAKHOMOR Aesny

orpeake [0, 1], noaywmm b, = 0. Okosnatesnno pasaomesine (2.1 )

Tom Brpamenns aas Py (0) wa [11] w cootmomennit (2.12), (2.14
BOAMTCH K BHAY

] Py 1 (x)

e a1 (44913201
i) A 6i(2i +3) (i 1) 12"

Momsuno aokasats, wro ator PRA, KAK I PRA, COCTABACHHBIL MY 1p
nvix, exoauves wa ovpeswe [0.1] abeosorno u pasmomepmo, Caegos
Pymnyumn [ (x) Henpepuplo ANPHepeHyHpyesa.

¥Ypannenns meroza BOSMYULENME AAR BTOPOCO NPHGAIKEHHR NPRAD
K COGTHOUIENIRM

1
(rtfllr + {ﬂ._ﬂ}' T “‘Jﬂ:r My fa = J'Lxdx

(G2 + (3l (225)" + 199: =pyx J-?l‘fx
1¥]
£100) = 5,(0) =0, £(1)-0
1 1
\@hofe+ frax=0, (@ne.+=Dax=0
o f
htetahithn=i

Ha svix ypassennit nasizen

fulx) = %’J!dx:fﬁ’“ t LI%Q(.""#I —f‘:)l

HAETHIO A0 ReAmwnn sropore nopaara. Cooreercrayoman pasmepian BEAIYH
pasna VO = psfiey, Henocpeacrnennnin HHTErpHpOBAHIEM A pAKEHHT (&l
(2.10) veranonum

1 1
fodx == 1/3 p,, jflifx =—1/6p,
Y 3
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1
MHCAMM HHTETPaA ffgd:r- Arn aroro ysmommn (2.17) (mommo me-
J u
! {;15” Ha [o ¥ MPOMHTErPHPYEM OT HYAR 10 EAHHHIDL Neprsi-
29) w waTerpupys MO HACTHM, NOAYHAEM
i i 1
2 g t
L% :I i fyan =20 [
6 J
I i b

qmee pasencTso cnpaseaswso ermay (2.10), (2.13) u oprorosaan-
1

THEIX noaMxoMes Aemanipa na orpesse [0, 1], Hurerpaa ‘gfldx
B

cq ¢ npusenenem popyyan | 1]

-’;:'3':4-1 () — Py (x)
4i -3

Pi.ilx)=

HAUATEARHBIH PEIVABTAT HMEET BN
1

j.igd-x _ o WAIPO) g nop73 4
! 144 = ({2 + 3} {l‘ 1)

o

ofpasoM, ¢ TOMHOCTHED A0 BEAHHMHH BTOROCO OOpAaRa MAAGCTH TO-

|
w0= | (ty+ ot + ) dx = 12 (1 ;--u.m22=.=-) (2.21)

J 3\ 2

i
g appamennn & = 2d/(1—) noaomurs =0, to Qopmysy (2.21)
qite aas ["(X) Mo#HO cpapuMTh € COOTBCTCTRYIOWIHMHE YHLACHHEIME
vtatani, noaysennmvy s | 7]. Cpannenne cRMIeTEABCTBYCT O XOpomem
HHH AHAMHTHYECKHNX M UMCXeHHMX [E3¥ABTATOR (OTHOCHTEABHAZ pas-
warepsare — d=e=0 pe npenmmaer 1% ) n yxaausaer na ro, wro

TpHOAMMERNA npenebpeknMo MaA. | agdM 00pason, Ebipaikenir

Wy = e 29084y j (2.92)
2 B ll— =}

HMCDIBAET pPUILCHHG GITHMAABIOH 3azauit of JPPeRTHRHOCTH aiLpo-

HE MBADIX £.

pymrwas Tosnnensr (C(x) ws (2.22) setozoym sosmylmeHHH smomuo

s KpHTHUECKYIO cropocTs ammepremumn (q,, = 12 pul,)

d o
L l‘u{l_ e u(l—")]
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Hrag, ecan < 0, 10 ¢, == ¢,, # onTHMAABEBIM PEIEHUEN ABARE
pynxgua £ (x) w2 (2.92). Ecan o >0, 10 COOTEETCTHYIOUINM  Peler
ABAMETCA (WYHKUHA HyAeworo npufiawmenun f, (x), onpeserseman (2.6)

3. Obwuti caguaii, Asarormsso merTogom BOAMVIIENHE MOMHO N0
PEUIEHHE ONTHMAALHOM 3aJaUH H B ODILEM CAVYAC, GNICHIBASMOM YpanH
mi (1.7)—(1.9). lpeanoaaran, uro dvusura d(x) Ha ywacTre pacnoaos
JACPONA MaAa Mo CPABHCHMIO © CAMHMUEH, BReZEM Maabtii napaMerp d(x.
= el x). Orockusan PEMICHHE 34744K B BHIC PASAOMKEHHH 10 8, Haliges

Aesoe o mepmoe npubtmenwa. Dymkunn  nyaenoro npuGAusenal
fulx) wmewor Bua

-l'!fn (x) = L ’.ﬂl..l'rud-fl"":ﬂn.ﬁb]

i
i

i
l

Iyle) =g (x) = J | " alslx) dx

iy (x)

Buruscans nepuoe npubanmenne, noayunm nulpamenun aan A (x) =
: .

il

= .ﬁn {r} = th {.r:l. o= ";f‘! shdx

o

09 = (o~ H;_iﬂ’mx e

]
1
7

Bt — ','IJ shydx 3 i [u._t ddx [‘fﬂuadx
E

1 I

= 1

1] 0 L

B BITHX BB OAMEHTY -"i..{.".'), F\-f\} OTpEeaen ST HY f31}
Cropoers AHMREPTEHUBH gax pacnpeteaenna 1'(x) onpeaeasercs coo 1=
EHEeHHeM

| |
'llﬂzf;}”rdx hlfﬂ“ad-"'
v 13
Qi =go| 1— = !
(1 —2) Vo fide
i

Bnngy NOAOKHTEABHOCTH (pyHRuMi a,, a;, a,, f, » HEOTPHLATEABHOCTH
@: CODTHOWICHHE MeRAY gy W g, Axn Maabix o (x) onpeasessertes 3
1

HHTETPaA [u:dﬂ.d’x. Ecan s1oT surerpas mesnme HYAHR, TO g =gy il

4

Li]

Qyurigua A% (x) wa (3.2) anagerca pewesnes sagaun onTuMHaaui. B mpos
THBHOM cayuae peainsyetrces pewense fiy, (x) ua (3.1).
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AN OPTIMAL PROBLEM OF AILERON EFFICIENCY
Al P SEYRANTAN

Summary

‘An optimal problem of a wing of minimum weight under aero-
stic constraint on aileron efficiency is considered. A general integral-

tential equation describing the process is deduced. The solution to
ptimal problem is obtained by the perturbation method.
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