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HpC,Z[CTaBJICHI)I PE3YJIbTATHI pa60TI)I 10 00OOCHOBAHUIO CITOCO0A agalITUBHOIO YIIpaBJICHUSA 2JICPpOHAMU HEUIy6HOI‘O ca-
MoJi€Ta, o0ecrneyrBaloIero YIAYUIIEHUE XapaKTCPUCTUK YITPABIACMOCTHU B ITOIICPEYHOM KaHaJI€ C YYE€TOM HaJIU4YUsAd HECUM-

METPUYHO PAa3MEIICHHBIX BHCIITHUX IMOABECOK.

Karouesvie cro6a: agaiTUBHBIN alITOPUTM, UICHTU(MUKAINS, TaTyOHBIA CaMOJIET.

AKTMBHOE€ pa3BUTHE U TPUMEHEHUE HUMPOBBIX
TEXHOJIOTUIA TTO3BOJIJIO Peali30BaTh COBEPILIEHHBIE ajl-
TOPUTMBI B COCTaBE CHUCTEM YMPaBICHUSI CaMOJIETaMH,
KOTOpPbI€ paHee He MOTIJIU ObITh UCTIOJIb30BaHbI B CBSI-
31 C OrpaHWYEHHBIMU BO3MOXHOCTSIMUA aHAJIOTOBBIX
BbIUMC/IUTENEH U TeM OoJjiee, B MEXaHUYECKUX CHUCTe-
Max ynpasiaeHus. [TonbITKM obecrneyuTb MHBapUaHT-
HOCTb XapaKTepUCTUK YIIPaBJISIEeMOCTU CaMOJIETOB K 13-
MEHSIIOIIUMCS YCJIOBUSIM T10JIETa, a3pOAMHAMUYECKUM
KOHGUTrypalysm, HEHTPOBOUHBIM U MHEPLIMOHHO-MAacC-
COBBIM XapaKTepUCTUKaM MPUBEJU K HEOOXOIUMOCTU
MNpUMEHEeHUsI Ha OOPTY CaMOJIETOB aallTUBHbBIX aJiro-
PUTMOB JBYX KJIACCOB: C 3TaJOHHOW MOIEJIbIO U C
uneHTudukaropoM. Takue aJropuTMbl CO3IaHbI U yC-
MEIIHO MPUMEHSIIOTCS B MIPOJOJIBLHOM KaHaJjle CUCTEM
yrnpapieHusi camoietoB Cy-30CM, Ak-130, Cy-35 u
T-50. BaxkHO OTMETHUTB, YTO B OOKOBOM KaHaJIe yIIpaB-
JIEHUsI alaliTUBHbIE AJITOPUTMbI HE HAIIUIM TTpaKTUyec-
KOTI'0o MPUMEHEHUsI, XOTs U TaM CYLIECTBYIOT MpooJie-
Mbl, TpeOyIOII1e pelIeHus.

Tak, Ha Bcex Mmomudukauusx camojera Mul'-29
CYLLIECTBYET MpobsiemMa yXyIlIeHus MornepeyHoin yrpas-
JISEMOCTHU, BbI3BaHHasI MOSIBJIEHEM HeO1aronpusTHOTO
MOMEHTA PbICKaHUS MPU OTKJIOHEHUU 3JIepOHOB. Mo-
MEHT I10 KPEHY OT ITOIEePEYHON CTaTUYECKOM YCTOUIM-
BOCTM M3-3a HAJIMUMSI CKOJIbXEHMSI HaIlpaBJieH B CTO-
POHY, MTPOTHUBOMNOJIOXKHYIO TTOJIE3HOMY YIPABISIOIIEMY
MOMEHTY KpeHa OT 3JIEPOHOB. YMEHbIIIEHUE CKOPOCTHU
1oJjieTa U COOTBETCTBYIOIIEE STOMY YBEJIMUYEHUE yTIja
aTaky MPUBOJUT K CHMXKEHMIO pacrojiaraeMoi CKopo-
CTU KpeHa M, B MpeleJbHOM cliyyae, K TMOSBJIEHUIO
00paTHOM peakliMy MO KPeHY Ha OTKJIOHEHWE PYuyKU
yrpasjieHus. OcTpoTa nmpooieMbl OTYACTU CHUXKEHA 3a

CYET MPUMEHEHMST YHUKAJBHOTO KOHCTPYKTUBHOTO
petieHust — ITB/I-reHepaTopoB BUXpeli, 4To, OTHAKO,
He cHUMaeT mpobiiemy B nesoM [1]. Cutyanust ycyryo-
JISIETCS B CJlydyae HECMMMETPUYHOTO pa3MellieHUsl BHe-
LIIHUX ITOABECOK, YTO B CUJTY Bo3pacTaroleil 3(h(heKTUB-
HOCTH aBUAIlMOHHbBIX CPEICTB MOPaKeHUsI CTAaHOBUT-
csl mTaTHOM cutyauueit. ITpu aToM camosieT HauYMHa-
€T pearnpoBaTh CKOPOCTbIO KpeHa Ha OTKJIOHEHUE pyu-
KM yIpaBJeHUsI B CTOPOHY TOABECKU 1 B TTPOTUBOIO-
JIOKHYIO € CTOpOHY TO-pa3HOMY. DTO 3aTPymIHSET
BeJleHMe MaHEeBPEHHOTO BO3MYIIHOTO 060s U aTaKky Ha-
36MHOI BO3YIIIHOM 11€JI1, COITPOBOXKIAIOIIECs] SHEP-
TUYHBIMU TIepeKIagKaMi U3 KpeHa OJHOTO 3HaKa B
KpeH Jpyroro 3Haka [2]. CIOXHBIM SBJSIETCS yIIpaB-
JIeHUe caMOJIeTOM MPU 3axojie Ha nmocajky [3], ocodbeH-
HO B TOM CJIy4yae, eCJId OHa OCYIIECTBIISIETCS Ha Imairy-
Oy KopalJisi orpaHMYEHHBIX PA3MEPOB B YCJIOBUSIX Kau-
K1 1 aTMOCc(epHOM TypOYJIEHTHOCTH.

ITpoBeneHHBIE MCCIIEAOBAHUS TTO3BOJISTIOT YTBEPXK-
JIaTh, YTO a’poaruHaMmrieckast 3(ppeKTUBHOCTD 3JIePO-
HOB camoJsieta Mul'-29 ¢ Touku 3peHusi coznaBaeMbIxX
MMM MOMEHTOB KpeHa M PBICKAHUS TaKOBa, YTO BO3-
MOXHO «CTMCBhIBAHKWE» HEOJIAroNpUsITHO OTKIIOHEHHOTO
aJiepoHa (OTKJIOHSIEMOTO BHU3) U yBEJIMUYEHME yTIja OT-
KJIOHEHUSI 3JIepOHa, OTKJIOHSeMoro BBepx. [1pu aTom
HeOJIaTOIIPUATHBI MOMEHT PBICKAHUS YCTPAaHSCTCS
WIN, KaK MUHUMYM, YMEHBIIAETCS M MOXET OBITh
CKOMITIEHCUPOBAH PyJIIMU HarpapieHus. B To e Bpe-
M$ B KaHaJle KpeHa ynpaBJisieMOCTb 00ecTieurnBaeTCsl.

TIpuBeneHHbIe pacCyXIeHUs CTAHOBSITCS aKTyallb-
HbiMU 11 camojieta Mul'-29K (KVYDbB), ocHaiieHHO-
ro, B orauuue or Mul'-29 ¢ MexaHM4eCcKOol IIpOBOJ-
KO ympaBJIeHUsI, KOMITJIEKCHOM LM(PPOBOI CUCTEMOI
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yrpasiieHust KCY 941-P, no3Bossiionieli, BO-MepBhIX,
peaan30oBbIBaTh BECbMa CJIOKHbBIC aITOPUTMBI yIIpaBjie-
HUSI U, BO-BTOPBIX, (DOPMUPOBATh UHAUBUAYAJIbHbIE
CUTHAJIbI Ha BJIEKTPOTUAPABINYECKIUE PYJIeBbIe TPUBO-
16l PIT/I-16, OTKITOHSIONINE KaXXAblii 3JIEPOH Ha TIPO-
MU3BOJIbHBINA yrOJI.

Takum obOpa3om, cTaBUTCS 3aJadya O pa3paboTKe
afanTUBHOTO aJITOPUTMa yIpaBJeHUsl 3JepOHAMU ca-
mojieta Mul'-29K (KVYbB), no3Bosisiomiero yay4nuThb
€ro TIOTePEYHYI0 YIPABISIEMOCTh, B TOM YHCJIe TTPU Ha-
JIMUMU HECUMMETPUUHO pa3MEIleHHbIX BHELIHUX MO~
BECOK.

Haubonee noaxoasium st pelieHus JaHHOM 3a-
Ja4yy MPeACTaBIISIETCS KOCBEHHBIN agalTUBHbBIN alro-
PUTM C HacTpamBaeMoil Moaeabio [4]. BeiOop nmMeHHO
3TOTO TUMA AJITOPUTMa OOYCIOBJIECH MPOAEMOHCTPUPO-
BaHHOI B Y€ CYILLIECTBYIOIIUX CUCTeMaX YIpaBIeHUSI
BO3MOXHOCTBIO MICHTU(UKALUU a3pOAMHAMUUECKUX
XapaKTepUCTUK caMoJjieTa B TeMIIe YIpaBJICHUs, UTO
Mo3BoJIsIeT cpopMUpPOBaTh BechbMa 3(P(PeKTUBHBIN anarn-
TUBHBII aJITOPUTM.

B kauecTBe MOIIEILHOTO MapaMeTpa MPUHSITA 3aBU-
CUMOCTb CKOPOCTHM KPEHa OT BEJIMYMHBI OTKJIOHEHUS

o :f(Xa). Bun stoit

3aBUCUMOCTH MOXET ObITb MPUHSIT B U3BECTHOM CTe-
TEHU MTPOU3BOJIbBHBIM U B O0ILIEM CJlIy4ae COOTBETCTBO-
BaTb ONTUMAJIBLHOM C TOYKW 3pEHUS JeTUMKA peakliuu
camoJieTa Mo KpeHy MpU pelieHu KOHKPETHOM 1ieJie-
BOM 3a/1auy NMWJIOTUPOBAHUS.

715t mocTpoeHusl aianTUBHOTO alrOpUTMa MpUHSITA
clienylolasi MoJiesib IBUXKEHUS caMoJieTa B KaHaje
KpeHa:

PYYKHM YTIPaBJIEHUs 110 KPEHY W,

dw 3, 5,
Ix dtx :Mxﬂéaj1 _Mx p6:—)np +M;)x(9( +
+M;°ywy +MEB+MSH 8, +MXMHcp +MxBn, (1)

e W,,0, W, — CKOPOCTH TaHraxa, KpeHa U PbICKa-

d d w
Hust; M >, M7, ME’, M;**, M 7 — yacTHbIe TIPOU3-
BOJIHBIC a9POJMHAMMYECKOIO MOMEHTa KpeHa, Xapak-
TePU3YIOIIME BIUSHUE YIJIOB OTKJIIOHEHMS PYJIEBBIX

noBepxHocTeit O, 1 O, , CKOJbXEHMsI, CKOPOCTeli KpeHa

¥ PbICKaHMsl Ha MOMEHT KpeHa; M, =n cosyG, r,
BIT

BIl Bl g
— MOMEHT OT BeCa HECUMMETPUYHOU BHELIHEW MOI-
=m_g; MXMHep

Becku G, — WHEPUUOHHBI MOMEHT

caMoJjieTa ¢ HECUMMETPUYHOM BHEIIHEHN ITOIBECKOM,
KOTOPBI onpenensercs ciaenyommum odpasom [S]:

— Y
Mxm{ep - IXy dt

(@ - ) +

2

=10 @@ 4, @ of] o x
w dw 0 m?
wa(ryzm _rzzsn) +rznnrym(°§ _@)

W@ T r QY

WneHtudukaiys npou3BOIHBIX a3pOoarMHAMUIEC-
KNX KO3((PUILIMEHTOB

I dt

yBl'l BIT

A ~S ~ O, ~ 3, ~ o )
MB M M ™ M M MY

BBITTOJIHSIETCS C UCIOIb30BAaHUEM PEKYPPEHTHOIO Me-
TOJAa HAMMEHBIIMX KBaJIPaTOB COMIACHO CJIEAYIOLIEMY
ajaropuTmy [6, 7]:

1) e(®) = du) (t) d(:i’t( ), rne e(f) — omwubKa Ha
TeKyllee BpeMsl;
_ P@OX(#+1) .
2 K= XTa+DPOXE+1) T C k@)

BeKTOp-cTosioel] Koa(ULMEHTOB ycwieHus; P(f) —

oOpaTHasl KOppeJsiLiMOHHas MaTpulia; A — Koapdu-
LIMEHT «3a0bIBaHUsI», OOECIIEUMBAIOIIMI YMEHbIIIEHUE
«Beca» MPOUUIbIX 3HAYEHUI CUTHAIa OLIMOKY;

3) P@+1) =% BP0 - Kt +DX (¢ +)P(,

P(t) — obpartHasi KOppeJsSILIMOHHAas MaTpula;

4) 8(t +1) =Q¢) +K (¢ +D)e(r), tme 8(r) — Bexrtop
OLIEHOK HEU3BECTHBIX MMapaMeTpOB HaA 7-M Ilare mnpo-
cycera.

HOC.HC IIOJIYUYCHHUA OLICHOK aspOJMHAMUYCCKUX
MPOU3BOIHBIX BBIMOJIHSIETCS pacyeT IIOTPeOHOTO OT-

KJIOHEHHMs KaXJIoro ajiepoHa O,  , 0, 1151 0bec-

Tpacu TP pacy

TIEYEHHUs] MOJEIbHOM CKOPOCTH KpeHa W, . Jlyig aToro
MO

HCIIOJIB3YETCS CHENNAIBHBIA aJITOPUTM, OITMCAHHBIN
HUXKE.

B niepBy1o ouepenn onpenessieTcsl 3HaK CKOPOCTHU
KpeHa, OT KOTOPOTO 3aBMCHUT BbIOOD 3J€pPOHA, YroJj

OTKJIOHEHUA KOTOPOTO IMOIJICKUT KOPPEKIIMU. an/I

w, >0 KOppeKTUpyeTCsA CUTHAT IS IPABOTO 3JIEPOHA,

anpu ® <0 — st 1eBoro. BeIOOp MMEHHO TaKOTo
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roaxona K (hopMHUPOBAHNIO KOPPEKTUPYIOIIIETO CUTHAJTA
BBI3BAH T€M, 4TO 3JIEPOH, OTKIIOHEHHBII BHU3, CO3/1a-
eT HeOJaronmpuATHBIN MOMEHT phIiCKaHUS. MMeHHO
TTO3TOMY KOPPEKIINU TTOIBEPraeTCs TOT 3JIEPOH, KOTO-

phlii oTKJIOHsIETCS BBepX. Tak, mpu . >0 pacuer

o, uo, OCYILECTBJISIETCS CAeAYIOIIMM o0pa-
Tpacy MPpacy
30M:
= d('ox Ix _
Op dt A 63
pacy p
M,

Y 7 Spu A63)1 7 Wy
—{MEB+MXP 6pH _Mx 5% +M)(cu (&Moﬂ

N ~

, >
+M Y +M +M M ™
x 7y Xytep X }/ X ?

63npacq = 6311 >
ampu w, <0:
63"ppacq - 63"1’ :
5,  =[Wp g, Y M
+MPw +M_ +M }/M63n Ao, 1, ,
x "y Xiuep Yo x drt ]l;[jaf‘

WO W T W T N
rne MM > M ™ M " M *,M,” — OLEHKM 4Ya-

CTHBIX TTPOM3BOJHBIX MOMEHTA KpeHa.
ITocne Toro, Kak ompeaenaeHbl pacyeTHBIE YIJIbI
OTKJIOHEHUSI DJICPOHOB, PACCUMTHIBAIOTCS KOPPEKTUPY-

IOIlKe CUTHAIBL O,  ,d

Jxop IPkop
o) =0 - ;
anop 2n 63 pacu
63 = 63 - Q ’
KO acy
Dyop np mpp,

rae 63 n 63 — TEKYILIMEC 3HAYCHUA YITIOB OTKJIOHC-
a mnp

HUS JIEBOTO M IPABOTO 3JICPOHOB.
[MoxydeHHBIE KOPPEKTUPYIOIINE CUTHAIBI BHOCSATCS
B anroput™m KCVY 941-P, uro obecrnieunBaeT Takoe oT-

KIIOHCHHUE DJICPOHOB, KOTOPOC PCAIM3YCT 3apaHeC 3a-
JaHHYIO 3aBUCUMOCTb (A)x = f (X 3). OKoHYaTebHbIe
Mozt

BBIPAXKEHUS IJIS1 CUTHAJIOB Ha 3JIEKTPOTMIPABINUECKUE
pynebie ipuBoabl PIT/I-16 ¢ KOppeKTUPYIOIIUMHU YJie-

HaMU (BBIICJICHBI XXUPHBIM TIPUMTOM) BBITJISIIST ClIe-
IYIOIIMM 00pa3oM:
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BosMoskHast cxeMa peaau3aiiiy agalTHBHOTO YIT-
paBieHUs1 aaepoHamu camojieta Mul-29 K(KVDB)
MpeAcTaBIeHa Ha PUCYHKE.

BakHO OTMETUTH, YTO aTalTUBHBIN aJITOPUTM YII-
paBieHus 31epoHaMu Tipu peanusanuu B KCY 941-P
WMEET PSII OTPaHWICHU, a MMEHHO €T0 (PYHKIIMOHU-
poBaHMEe HEOOXOIMMO OTPAaHWYMBATH B CTydae HAXOX-
JICHWS caMoJjieTa B 00JTACTH KPUTUIECKUX YIJIOB aTaKy
W B cIyJyae OTKa3a OJHOTO M3 JATYMKOB, BBITAIOIINX
MH(GOPMALIHIO TT0 UCTIOTB3YEMbIM TTPU UIEHTHU(MDUKALII
KMHEMATUIIECKUM TTapaMeTpaM JIBUKCHUS.

BriBoabl

OPDHeKTUBHOCTD UCTIONIH30BAHUST OTTMCAHHOTO aJl-
ropuT™Ma TMOJATBEpXIeHa IMyTeM MPOBEJACHUSI CEpUU
MOJYHATYPHBIX 9KCIIEPUMEHTOB Ha MUJIOTaXXHOM CTEH-
JIe C yyacTueM JIeTYUuKoB. [Ipu 3TOM ucnonb3oBaHa
arnmnapaTHO-UMUTALMOHHAS MOJEeIb JMHAMUKU T0Jie-
ta Mul'-29K (K¥YbB) ¢ umutaumeit 61mxHero BO3aylii-
HOTo 0081 B pexkrMe TIPUILIeTbHOIO KOMIUIEKCa «ITPOTHO3
— JIOPOXXKa» U MajyOHOM MOCaaKH.
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DECK-BASED AIRCRAFT AILERON ADAPTIVE CONTROL TECHNIQUE
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Abstract

Active development and application of digital
technologies enabled realization of advanced algorithms
in aircraft control systems, which could not be
implemented earlier due to the limited capabilities of
analog computers, and the more, so in mechanical
control systems. The attempts to ensure aircraft control
characteristics invariance to varying flight conditions,
aerodynamic configurations, centering and mass-inertia
characteristics led to the necessity of employing two
classes of characteristics onboard the aircraft, namely,
with reference model and with the identifier. Such
algorithms are developed and successfully applied in the
control systems’ longitudinal channel of Su-30Sm, Jak-
130, Su-35 and T-50 aircraft. It is important to notice
that the adaptive algorithms in lateral control channel
have not found practical application, though the
problems requiring solution exist there either.

Thus, the problem of lateral controllability
deterioration caused by occurrence of the adverse
moment in yaw during aileron deflection exists on all
MiG-29 modifications. The aircraft heel moment caused
by lateral static stability due to the sliding is directed
opposite to the effective aileron roll control moment.
Flight speed reduction and increasing angle of attack
corresponding to it lead to reduction of available rate
of roll, and in limit case to occurrence of roll back
reaction to control stick deflection. The acuteness of the
problem is partially reduced due to implementation of
a unique structural solution, i. e. airspeed head wind
eddies generators, which, however, does not eliminate
the problem at large. The situation is aggravated in the
case of external suspension brackets asymmetrical
mounting, which becomes a standard situation in view
of the increasing effectiveness of aircraft means of
destruction. The aircraft herewith begins to react
differently to the stick deflection to the suspension
bracket side and to the side, opposite to it, by the rate
of roll. It complicates substantially delivering air combat
and ground targets attacking, accompanied by drastic
banking maneuvers of positive sign to negative and vice
versa. Aircraft landing approach control is rather
complicated, especially in case of landing on a ship deck
of limited size in conditions of oscillatory motion and
atmospheric turbulence.

Keywords: adaptive algorithm, identification, the
deck-based aircraft.
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