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AIITOPUTM UAEHTU®UKALIUN MAHEBPA
NETATEINBbHOIO AMNMMNAPATA HA OCHOBE
HEYETKUX CUCTEM

ITacuxoBa E. B.l, I'nyxoBa A. @2
(Apzamacckuit nonumexnuueckuit uncmumym, Apzamac)

Paccmampusaemces aneopumm udenmuuxayuu manespa, Ko-
Mopblil 6X00UM 8 8ude OMOeIbHO20 ONOKA 8 COCMA8 Al20pUmMmMda
HayanvbHoul evicmasku. Ilpednacaemcs onucanue HewemKux cucmem
VApagneHus, Komopbvie NPUMEHAIMCA Ol 00beKmos, UMeluux
MHOLO3HAUHbBII U HemouHblld Xxapakmep. Ha ocnose modenu nevem-
koeo ynpasnenusi Takagi-Sugeno nonyuenvl neuemkue npasuia 0.
dopmuposanus npusHaxa udeHmupurkayuu mawespa u @OYHKYUU
npunadnelcHocmu 0Jis 6x00a U 8bIX00a HeUemKol CUCmeMbl, KOMo-
pble no360A0M pazpadbomams areoOpumm UOeHmuGuKayuy MaHes-
pa ¢ npumeHeHuem CUCMeM HeYemKo20 102U4ecko2o vleodd. Ilpu-
800uUmcsi npumep pabomuvl NPeOONHCEHHO2O ANCOPUMMA HA OCHOBE
OQHHBIX PeaNbHbIX NPOTIEMO8.

KiroueBrie cioBa: I/I,Z[eHTI/I(l)I/IKaLII/ISI MaHEBpa, HCUYCTKUC CHUCTC-
MBI, 6GCHH3T(1)OPMCHH3$[ HHCpHHAJIbHAasA HaBUTAllMOHHAA CUCTC-
Ma.

1. BeedeHue
B COoCTaB COBpeMeHHLIX 6CCHI/IJ'IOTHI>IX IIOABUXKHBIX 06’LCKTOB

BXOOUT CUCTEMa YIIPABJICHUA, KOTOpAd MpCAHAa3HA4YCHa IJIA MIPOBEC-
JCHUA 00BeKTa 10 BaﬂaHHOfI TPACKTOPUU B COOTBCTCTBUU C IMMPECATIIHN-

Y Examepuna Bacunvesna Iacuxosa, cmyoenmxka (pam52rus3@ya.ru).
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CaHHOM BPEMEHHOW W MPOCTPAHCTBEHHOW MPOrpamMMOM JBHKEHUSI.
Jns  QYyHKIMOHUPOBAHHS CHUCTEMBI YIPABICHUS HEOOXOIUMO ee
HETIPEPBIBHOE OOCCICUCHHE IOCTOBEPHOM HABHUTAITMOHHONW HHQOp-
manueii [1]. JlanHas 3aqada penraeTcs myTeM MPUMEHEHHS B COCTABEe
CUCTEMBI YIpaBIcHUs WH()OPMAIMOHHO-U3MEPUTENHHBIX CHUCTEM, B
KOTOpBIC BXOJHUT PSIJi AITOPUTMOB, 00CCIIEUNBAIONINX HX (YHKIHO-
HupoBanue. OJHUM U3 TaKUX aITOPUTMOB SIBISIETCS AaJITOPUTM
HAYaIbHOW BBICTABKH, KOTOPBIA TpEAHA3HAYEH IS TPUBEICHHUS
BBIYUCITUTEIBHON HABUTAI[MOHHON CHCTEMbl KOOpJAWHAT Oecruiar-
(bOpMEHHOW HHEPIMATLHON HABHTAIMOHHOW cucteMmbl [4] B cora-
COBAaHHOE TMOJOKEHUE C HABUTALIMOHHON CHCTEMOH KOOpAUHAT
0a30BOro 00HEKTa MYyTEM KOPPEKIIMU BBIYUCIUTEIEHOW CHCTEMBI.

PexuMbl paboThl aIrOpUTMa HAYATBHOW BBICTABKH IMOJIpa3yMe-
BAaIOT pEICHHUE 33/]1a4, HAMIPABICHHBIX HA ompejelicHue (MaeHTuu-
Kallii0) pa3IYHbIX MAaHEBPOB JICTATEIHLHOTO ammnapara: KOOpHHU-
POBaHHBIM  PAa3BOPOT,  Pa3roH,  TOPMOKEHUE. Anroput™m
UICHTHU()HUKAIMKY MaHEBpa BXOAWT B BHUJE OTACILHOrO OJIOKa B
COCTaB aJrOPUTMa HAYATLHON BBHICTABKH.

B HacTosiiee BpeMsi alTOPUTM HJCHTHU(UKAIIMKA MaHEBpa MO-
CTPOCH Ha OCHOBE CPABHCHUS TOPU3OHTAIBHOW COCTABJISIONICH
CKOPOCTH ¢ HEKOTOPBIM TOPOTOBBIM 3HAYCHUEM Ieperpy3ku. OmHa-
KO, M0 pe3yJbTaTaM JICTHBIX HMCIBITAHUNA M MOJCIUPOBAHUS YaCTO
BO3HHKAIOT CUTYAIIUH, KOTJIa aITOPUTM HUACHTH(PHUKAIINN MaHEBPa HE
UACHTU(GHUIUPYET MAHEBD, MO0 OMpEAeIsieT MAHEBD C 3aJePKKAMHU
no BpeMeHH. lloaTomMy BaKHOM sBISieTCs 3ajJada MPAaBUIILHOTO
(YHKIIMOHUPOBAHHMS alrOPUTMA WICHTU(DHUKALMHE MaHEeBpa.

B nmanHoli paboTe mpoBOAMTCS aHAIN3 CYLIECTBYIOLIETO AJro-
putMa uaeHTudukanuu ManeBpa. [Ipemiaraercst onmucanue HeyeT-
Kux cucreM ynpasienus [2-3], [5], xoropble mpuUMeEHSIOTCS IS
00BEKTOB, MMEIOIIMX MHOTO3HAYHBIA W HETOYHBIA XapakTtep. Ha
OCHOBE MOJIeNM HeueTkoro ynpasieHus Takagi-Sugeno [6] momyde-
Hbl HEYETKHE IMpaBWiia Uil (OPMUPOBAHHS NMPU3HAKA UICHTU(HKA-
MM MaHeBpa M (QYyHKUUH NPUHAUICKHOCTH JJIS BXOJAa M BBIXOJA
HEYETKOW CHUCTEMBI, KOTOpBIE MO3BOJIAIOT pa3padoTaTb aJrOpuTM
UACHTH(QHUKALNY MaHEeBpa C MPUMEHEHUEM CHUCTEM HEYETKOTrO JIOTHU-
Yyeckoro BbIBoja. llpuBomurtcs mpumep padOTH MPEAIOKEHHOTO
ITOPUTMa HA OCHOBE IaHHBIX PEATbHBIX MPOJIETOB.
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2. OueHKa hyHKUUOHUpPOBaHUs aslzopumma
udeHmudghukayuu MmaHeepa

Cy111ecTBYIOIINIA AITOPUTM OCHOBBIBACTCSI HA CPABHEHUH BEITMINHBI
MOJTYJIsl BEKTOpa TOPU30HTAIBHOM CKOPOCTH JIETATEIHHOTO arapaTa
C TIOPOTOBBIM 3HaUeHHEM. [Ipy MPEBBIIICHUH IPUPANICHUS CKOPOCTH
MOPOTOBOTO 3HAYEHHMS Ha MPOTSHKEHUH BPEMEHH, OOJIBINETO S ¢, PU3HAK
UICHTHU(HUKATOpA MAHEBPA JIETATEIHLHOTO aiapara yCTaHABIHBACT-
cs B «1», T.e. MaHEBp HICHTUPHUIHPYETCA. 3aAePKKa 110 BPEMEHH —
5 ¢ — BBoguTCS ISt TOTO, UTOOB! HE MACHTU(DHUITMPOBATH KaK MaHEBP
€/IMHUYHBIC MPEBBIICHIS MPUPAIICHUS] CKOPOCTH MOPOrOBOTO 3Ha-
YCHUS.

JUis MOJenmupoBaHUs 3aJlafiiM CIEAYIONIHE BUJIBI JBUKCHUH
(MaHEBpOB): KOOPAMHHPOBAHHBIA Pa3BOPOT, Pa3roH (YCKOpPEHHOE
JIBIDKCHIE), TOPMOYKCHHE (3aMEIJICHHOE IBIKCHIE).

V3meHeHne cKkopoCTH JIETATEIILHOTO arliapara Mpyu MOJICITUPOBAHUN
bopmupyeTcs ¢ noOaBIeHUEM BO3MYIICHUH Pa3IMYHON WHTEHCHB-
HocTH (0€3 1Iyma, ¢ ITyMOM HU3KOH MHTEHCHBHOCTH, C IIIYMOM BbI-
COKOI MHTCHCUBHOCTH).

XapaKTepUCTHKH BO3MYIICHHN OINPEIEINSIOTCS CIETYIOIUMU
napamMeTpamu:

f — TUpeBalMpyIOllas YacToTa IIYMOBOM COCTaB-

JSFOLeH; (4 — HeperyisipHocTh; D — mucnepcus mymoBo# cocTaB-

JISTFOTIIEH.
XapakTEpUCTUKH 1IyMa HU3KOM MHTEHCUBHOCTH IO OPUEHTA-
LUH:

B =0,28, azzﬁzlfu, u=0,05, D=8,46-10° pao.,c =10,
T

o ckopoctu: f=1256, o= 2£ ~2ly, ©n=01, D=0,0025 m/c,
T

o =0,05 m/c.
XapaKkTepHUCTUKU IIyMa BBHICOKOH MHTEHCHUBHOCTH IO OpPHEH-
TalUu:

B =30, a:zﬁzsm, u =1, D=0,0000338pad.,c =20,
y/a
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mo ckopoctu: B=6,28, a= ZE ~Uy, u=01,
Vs
=05 msc.

B pesynbpTaTe MonenupoBaHus ¢ MPUMEHEHHEM aJlTOPUTMA ObI-
JU TIONy4YeHbl HMH()OPMALMOHHBIE MAaCCHBBI, COJACpIKAIIUE BPEMS
b,; mokazanus
TUPOCKOTIOB 6y, O, 6,; yribl OpUEHTAIMH C BEPXHETO 00pTa; MpHU3HAK
uaenTudurkannu ManeBpa Kpan; TpU3HAK, XapaKTepU3YIOIIUi pe-
aJIbHO 3aJ]aBacMbIii MaHEBp; COCTaBJIsIIoIIMe cKopocTH Vy, Vy, V,.

Ha ocHOBe Moy4eHHBIX MOJICIBHBIX JaHHBIX ObLa MPOBEICHA
oleHKa paboThl anropuTMa WACHTHU(QHKAIUU MaHEeBpa MyTEM CpaB-

MOJIETNPOBAHHS; TIOKa3aHUsA aKcelepoMeTpoB b, by,

HEHUS 3a/IaHHOTO MaHeBpa ¢ mpu3HakoM Kan, CM puc

D=0,25 m/c,

.1-3.

i

MaHeBpa Kpan
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Puc.1. Koopounupoeanuwiii pazsopom 6e3 wyma
¢ 30 no 75 cexynoy, c yenosoti ckopocmoio no kpery 10 epad/c

u nepezpysxou 1g
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Puc.3. Koopounupogarnnulii pazeopom ¢ wiymom 6oavuieli
unmencugnocmu ¢ 30 no 75 cexynoy, ¢ yeao8oti cKkopocmvio
no kpery 10 epad/c u nepeepyskoii 1g
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CornacHo puc. 1-3, aaroputM uaeHTU(UKALUKA MaHeBpa pabo-
TaeT HeKoppekTHo. [Ipu MomennpoBaHun MPYTHX BHIOB MaHEBPOB,
TaKUX KaK Pa3roH M TOpMOKeHHue 0e3 ITyMa U ¢ y9ETOM IITyMa MaJioi
1 OoJbIIelt MHTEHCHBHOCTH, HAOIIOAAETCs 3arma3ibIBaHIe IPH OTIpe-
JIleJIeHNN Hadama MaHeBpa B 8-15 cexyHHm, a Takke ydJacTKH, Ha
KOTOPBIX JTHOO MPOUCXOAUT JIOKHAS MACHTH(DHKAINS, THO0 MaHEBP
HE UIEHTUDHUIIPYETCS BOBCE.

3. OnucaHue anzopumma udeHmugukayuu MaHeepa Ha
OocHoee HeYyemkoUl cucmembl

Cpenu Mozenell HEYETKOro JIOTMYECKOrO BhIBOJA 3HAYH-
TENBHBIA HHTEpeC IpecTaBIsieT Moaenb Takagi-Sugeno, a CHCTeMBI,
pa3paboTaHHBIE HA €€ OCHOBE — | S-CHCTEMBI, O3BOJIAIOT IOCTPOUTH
KYCOYHO-JIMHEHHYIO alnpOKCUMAIMIO HEM3BECTHOM (DYHKIMH, U TT03TO-
My SBJISIOTCS JOCTaTOYHO MOLIHBIM alNapaToM Jjs MOJEIUPOBaHUS
CIIOKHBIX HEJIMHEHHBIX CUCTEM.

Monens HeueTkoro ynpasienus Takagi-Sugeno ¢ MHOkeCTBOM
BXOJIHBIX IIEPEMEHHBIX M OJTHON BBIXOJHOM EpEMEHHOM NPEACTaBIAET
co00ii COBOKYITHOCTb IPaBUJI BU/A!

1) R,:ecmm X ectb Ay U X, ectb A, M ... U Xy €CThb

Ay,10 y=F (X, Xy),

rne A, Ay ,...,AN — JHHIBUCTHYECKUE 3HAUCHUs BXOIHBIX Iepe-

MEHHBIX X{,X,,...Xy B I -om mpasune, ' =1,R; Yy — Brixoanas

nepemennas; f, — mommHOM N-0if CTemeHH, MOPSIOK KOTOPOTO

TaKKe onpeaeseT U mopsaok TS-mozaenu. Tak, B TS-Mouenu nepeo-
r r r

ro HopsaKa fr(Xl,...,XN): ag +a X + ... FagXy .

OCHOBBIBAsICh Ha TS-MOJIEIH, MOYKHO TPEJIOKHUTD CICTYIOIIHIA
AJITOPUTM HMIECHTH(PHUKAIIMKM MaHeBpa B Buae Simulink-momenu, cm.
puc. 4.

BXxoaHbIMHM MapaMeTpaMHu ajlrOPUTMa SIBJSIOTCS H3MEPEHUS
0JI0Ka 4yBCTBUTEIIbHBIX JJICMEHTOB — IPOCKIUU H3MEPEHUH YIJIO-

BBIX CKOPOCTEH M YCKOPEHWU Ha CBSA3aHHBIC OCH OOBEKTA, a TAKKE
TEeKyIIHe 3HA4YeHHWs YIJIOB KpeHa W TaHra)ka C BepxXHero Oopra.
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BbIxonHBIM mapamMeTpoM SIBJISETCS HIACHTU(DHUKATOpP, XapaKTepH-
3YIOILMM MAHEBD.

2
: 0
»
Product  Saturation Fuzzy Logic
Controller

Gain

Product1

Abs  Saturation1

b M

Fuzzy Logic
Controllert

Tawrax

Puc. 4. Simulink-mooenv areopumma

(DYHKI_II/IH MNPUHAAJIC)KHOCTU IJId BXOJda W BbIXOJa HEYECTKOM
CHUCTCMBI IPCJICTABJICHBI HA pI/IC.5-6

ﬂ F 9
S M B
O //—
N yd
Y
.
~ yd
>
PR
B

0 0.15 0.5 0.85 s

Puc. 5. Qynuxyuu npunaonedxcnocmu 0151 6X00a HeHemKol CUCmeMbl
(S—"small", M — "medium", B — "big" snauenus)
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XXS XS S NO

0 0.001 01 1 P

Puc. 6. Qynxyuu npunadnexcnocmu 015 861X00a HewemKou
cucmemnt (XXS — "extra small”, XS — "very small", S — "small",
NO — "nominal" snauenus)

Heuerkue npaBuJia OMpPEACIIAOTCA COITIaCHO Ta6J'II/ILI6 1.

Tabnuya 1. Heuemxkue npaguia cucmemul

. i B M S
B XXS XXS XS
M XXS XS S
S XS S NO

Bxon HeweTKOM cucTEMBI €, — 3TO PaCcCOIIaCOBaHHUE YTIIOB, KO-
TOpOE MPUBOAUTCS K nuana3ony [0,1] cornacHo Gopmyiie

e e

2) e =35A A

0, BHOPOTHBHOM ciyuae

<1
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rae A=7 — BenuuuHa, ONpEACIIAIONas MAKCHMAILHOE Paccoriaco-
BaHUE YIJIOB (KpeHa M TaHTaXka), BHIYUCICHHBIX IO ITOKa3aHHSIM
aKCeJICPOMETPOB U MOJYYCHHBIX C BEPXHETO OopTa.

Bxon neuetkoii cucremsr f, onpenensercs no popmyne

015
f =[W|- = -dt-A%,
@ Il pgpata

rae ||V_VO|| — EBKIMIOBa HOpMa BEKTOpA HYJIEBBIX CUIHAJIOB, Ha3Ha-

YEHHBIX M3 MACIMOPTHBIX XapPaKTEPUCTHK TATUYUKOB YIJIOBBIX CKOPO-
creit; 0,15 — mpaBast rpaHuIla AUana3oH-MPUHAIICKHOCTH HYJICBOTO

curHaia; dt — mepuo KBaHTOBAHHS; ||V_V|| — €BKJIMJIOBA HOpMA HU3Me-

PEHHOrO BEKTOpa yriuoBbix ckopocteir; A% — kosduiment, onpe-
JSTSIIONIMN BeC HYJIEBOTO CHTHAlA B pabodyeM Iuana3oHe HOPMBI
YTJIOBBIX CKOPOCTEH, KOTOPBIM 3alaeTcsi UCXOIs M3 AMHAMHYECKUX
XapaKTePUCTHK OOBEKTA.

Hdns dopmupoBanus mnpu3Haka uaeHTH(uKaun maHeBpa (0
W 1) ucronb3yercst JIorndeckoe mpeoOpa3oBaHUe HA OCHOBE CyMMBI
BBIXOJIOB OJIOKOB HEUETKOM JIOTHUKH.

4. OueHka (pyHKUUOHUPOBaHUSs anzopumma
udeHmudhuKkayuu MmaHeepa Ha OCHoge HeYemkoll
cucmemsbi

Jns oueHku paboThl MPeUIOKEHHOTO AJITOPUTMa Ha OCHOBE
HEYETKUX CHCTEM HCIIOJIb30BAJINCH PE3YJIbTaThl TeJIeMETPUIECKOM
MHQOpPMaLMK peajbHBIX IPOJIETOB JeTaTeNbHOro ammapara. MH-
¢dopmanus 006 U3MEHEHUH YIJIOB, MPOEKLUUI YIJIOBBIX CKOPOCTEH H
JMHEHHBIX ycKopeHni B3sita 3 MaccuBa MPT1. Yactora oOHOBICHUS
napopmaruu 10 1y.

Jng mpaBWIIBHOM OLEHKM pPabOTHl aNroOpuUTMa HCHOJb3YyEeM JBa
JOTIOJTHUTENBHBIX MapaMeTpa, KOTOpPhIE MO3BOJISIOT MOJIY4UTh Oosee
HarjasHOoe MPEeCTaBIEHHE O MaHEBPUPOBAHUH JIETATENIBHOIO aIla

para: n= "\7" — meperpyska, rae V. Z[VKgiKYgVKzg]; (o =H5H -
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obmiee  yCKOpeHHE,  U3MepseMOoe  aKcelepoMeTpamu,  TJie

5 = [bxlob‘(lobzlo] !

Ha puc. 7 mpencraBieHbl pe3yabTaTsl paOOTHI IBYX aITOPUTMOB
naeHTH(UKauy MaHeBpa (CYIIECTBYIOMIETO W HA OCHOBE HEYETKUX
CHCTEM) COBMECTHO C yTJIaM{ TaHTa)xa U KpeHa.

ANCOPHTM)
o
o
T

=]

IIpusnarx maneepa
{eyIne cTEVEROLH i

HEHETKHE CHCTE M)

IIpuznar MaHeEpa
{anmropHTM Ha oCHOEE

B00 800 1000 1200 14900 G000 1800

Puc. 7. Paboma anecopummos na cem yuacmke noiema

U3 rpaduxos
JIOCTOBEPHOCTHIO

BHJTHO, YTO TIPEIOKCHHBIA aTOPUTM C OOJbIIEH
oTpeNesieT MaHEeBp II0 CPAaBHEHHIO C CYIIECT-

BYIOILMM aJITOPUTMOM. J[aHHBIE pe3ynbTaThl TOKa3bIBAOT KOPPEKT-
HOCTb PAaccMaTpHUBAEMOr0 aJIrOPUTMA M IO3BOJISIIOT T'OBOPUTH O

BO3MOXKHOCTHU €TI0

IIPUMCHCHHS B PCAJIBHBIX YCIIOBUAX. Brranciaenus

npoBouiKchk B cpere Matlab ¢ npumenennem nakera Fuzzy.
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IDENTIFICATION ALGORITHM MANEUVER AIRCRAFT
BASED ON FUZZY SYSTEMS

Katharine Pasikova, Arzamas Polytechnic Institute of R.E. Ale-
kseev Nizhny Novgorod State Technical University, Arzamas,
graduate (pam52rus3@ya.ru).

Anastasia Gluhova, Arzamas Polytechnic Institute of R.E. Alekseev
Nizhny Novgorod State Technical University, Arzamas, graduate
(lazareva@apingtu.edu.ru).

Abstract: An algorithm for the identification of the maneuver, which
is included as a separate unit in the initial alignment algorithm.
With a description of fuzzy control systems, which are used for
objects that have a multi-valued and inaccurate. Model-based fuzzy
control Takagi-Sugeno fuzzy rules are obtained for the formation of
feature identification maneuver and membership functions for input
and output of fuzzy systems that allow the development of maneuver
identification algorithm using fuzzy inference systems. This algo-
rithm is based on data from the real flights.
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