YK 629.735.33

U. B. Mroxkepsi — MarucTpaHT kadeZpbl ynpaBnieHns U MHPOPMATUKN B TEXHUYECKMX CUCTEMAX
M. B. Bypakoe (xaHZ. TEXH. HayK, [OL| ) — HayYHbI PYKOBOAUTESb

KOMBEWHWPOBAHHbIA HENPOIMYNATOP
AnA CUCTEMbl ABTOMATUYECKOIO YNPABNEHUA NONETOM BEPTONIETA

B03MOXHOCTM aBTOMATNYECKOrO YNpaBieHNs NONETOM BEPTONETa C UCNONb30BaHNEM HEMPOHHOO pe-
rynatopa (HP) uccnegosaHbl B pabote [1]. ObyyeHne HP npoBoannock Ha 6ase ynpoLEHHON MaTemMaTuye-
CKOM MOAEnN BepPTONETa (ABWMXEHWE paccMaTpuBanocCh TOMbKO B BEPTUKAMBHON NNOCKOCTM), peanv3oBaHHO
B nakete MatLab Simulink.

YTOYHEHMe MaTeMaTU4eCcKo MOLENM BEPTONETA, KaK CIIOXKHOrO AnHammyeckoro obbekTa (JO), Tpeby-
€T y4éTa €ero 3arpysku (CMELLEHUs LieHTpa TSXKECTH) M onucaHus atMocepHon obeTaHoBKM. ALEKBATHOCTb
MOZEenu, Ha KOoTopon ocyLlectenseTcs obyyeHne HP, onpegenser gnHammyeckne kayectsa CUCTEMbI yrpaB-
neHms obbektom. B cucteme ynpasnenms cnoxHoiM O yenecoobpasHo ncnonb3osatb HP 0byyeHHbIN He Ha
MaTemaTuyeckon Mogenun obbekTa, a Ha ero UMUTALMOHHOM Mogenu (3MynsaTope), peann3oBaHHOM Ha Base
nckyccTBeHHoM HerpoHHoin cetn (UHC) [2].

Llenbto HacToswen paboTbl SBNSETCA NOCTPOEHWe amynsaTopa BepTonéTta B cpeae MatLab Simulink 1
paccMoTpeHwe crnocobos ero naeHTudukaummn (0by4eHus).

CTpykTypa cuctembl ynpasneHus. B pabote [2] paccmaTpuBarTCa NPUHLMMLI NOCTPOEHNS UH-
TENmneKkTyanbHoN CUCTEMbl aBTOMATUYECKOrO ynpaBneHus netatenbHbIMM annapataMmi ¢ BUPTYyasnbHbIM 00Y-
JeHnem HP. B BupTyansHom TpakTe npoucxoaut obyyeHne HP ncxons us nosegexns Henpoamynstopa (H3),
nepeoobpas KOTOpOro, B CBOK o4epespb, 0byyaetcs no noeeaeHnto peansHoro 10 B NpsMOM TpakTe ynpas-
neHus.

Ha puc. 1 npeacTaBneH parMeHT Takon CTPYKTYpbl — cxema 0byyveHns HO B pexume peansHoro Bpe-
MEeHM, KOrAa BepTONET ynpaBnseTcs NuroToMm.
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Puc. 1. Cxema 0byyenns H3 B pexume peanbHOro BpeMeHu

unoT ynpaensieT BEPTONETOM NOCPEACTBOM MEXaHU3Ma YnpaBneHusl, CHabXEHHOTO JaTymnkamu, UH-
chopMaLs 0 NOMIOXEHUN KOTOPbIX NOCTynaeT Ha obyyaemblit HI. Ha Hero nocTynaiT 1 AaHHbIE C 4aT4MKOB
06CTaHOBKM, HAaNpUMepP MeTeoyCrnoBui, W T.N. BbixogHble napameTpbl HO cpaBHMBAKOTCS C COOTBETCTBYHOLN-
MW 3HAYEHUSMU NapaMeTpOB TPAEKTOPUM NOMETA (BblAABAEMbIX CUCTEMOW U3MEPEHNS) 1 3Ta OLUMOKa MOCTY-
naet Ha cuctemy obyuenns HI. ObyuyeHne LenecoobpasHO OCYLIECTBNATL C MPUMEHEHUEM TEHETUYECKOrO
anroputMa (FA) [3]. Takum obpasom, ngeHTuduumMpyeTcs HI, 3ameHsowmin MatemaTnyeckyto Mmogens. fa-
nee, ero napameTpbl konupyetcs B HO BUPTYanbHOro TpakTa, KOTopbIi 1 ucnonb3yetcs ans obyyexns HP. B
PEeXUME aBTONUIOTUPOBAHUS (PparMeHT CXEMbI, BbIAENEHHOW NYHKTUPHBIM NPSMOYTrONbHUKOM (CM. puc. 1),



3ameHsietca HP npsiMoro Tpakta ynpasneHus, MaeHTUMKaLMOHHbIE NapameTpbl KOToporo konupytotes u3 HP
BMPTYaribHOMo TpakTa.

B HacTosien paboTe paccMaTpuBaeTCs TOMbKO NPOLECC MaeHTUMKaLUMM H3 — nocTpoeHne ummutaum-
OHHOM MogZenu BepTonéta. PeanbHbld [JO 3ameHseTCs MaTemMatnieckon Moaesnbto [1], a AencTeus nunota
NUMUTUPYIOTCS OOHUM U3 BapUaHTOB CXeMbl, peanusyoLlern HekoTopoe nonéTHoe 3agaHue B nakete MatLab
Simulink, n yxe o6yyeHHoro HP.

[MPUHLMMBLI NOCTPOEHMS KOMBUHUPOBAHHOTO HEMPOAMYNATOPa. [1pu NOCTPOEHUM MaTeEMATUYECKNX Moge-
nen cnoxHbix O ncnonb3yloTes Kak YpaBHEHUS CTPOTMX (IU3MYECKMX 3aKOHOB, TaK 1 MPUBIIMKEHHbIE «3MMK-
puyeckue» 3aBuCUMOCTU. [103TOMY BbIABUraeTCS KOHLENLUMS CO34aHNs KOMOUHMPOBaHHOTO HO, BKNovatoLLe-
ro kak 6mokm MHC (BO3MOXHO HECKOMbKO 3aBUCUMbIX W/ HE3aBUCUMbIX BIOKOB), Tak M 6MOKKM, onucbIBae-
Mble MaTEMATUYECKUMM YPaBHEHUSIMI (MaTeMaTyeckune cybmoaenn).

[ins paccmaTpuBaemoil KOHKPETHOM 3aaayu, npegnaraetcs ¢ nomolysio MHC BbiumensTth (puc. 2):

—  CMNYy TArV HECYLLEro BUHTa BEPTONETA;
—  CMNY a3pOAMHAMMYECKOrO COMPOTMBIIEHUS (hto3enska BepTonéTa.
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Puc. 2. Mogenb kombuHmposanHoro H3 B cpege MatLab Simulink

[OewxeHne [O npu M3BECTHbIX CUNaX, AENCTBYIOLLMX HA 0BBEKT, ONpeaensieTcs CTPOro ypaBHEHWSIMM
AVHAMVKWM NOCTYNaTENbHOMO ABWKEHNS (3aKOHbI HbIOTOHA) 1 AMHAaMUKV BpaLlaTenbHOro AsixeHus. Cnepo-
BaTENbHO, CTPOrO BbIYMCNIAETCS TPAaeKTOpus 06bEKTA, 1 3TV anropuTMbl LienecoobpasHo mogenvmposath 6o-
kamu naketa MatLab Simulink. B HUX y4uTbIBaeTCH MHEPLMOHHOCT 0OBEKTA MPK NOCTYNaTeNbHOM W Bpalya-
TENbHOM [BWXeHWUW. HelpoHHbIe CeTW, peanusylolmne onpefeneHne CUmbl TAMM HECYLEro BUHTA U CUIbl
aspoaMHaMNYECKOro CONpOTUBIIEHUS (hto3enska BEPTONETA, He SABMSOTCA AMHAMWYECKUMM, T.e. HE COAep-
XaT 3BEHbEB 3anasabiBaHus U/nnu anddepeHLMpoBaHNs CUrHasOB.

B kayectBe Bx0AHbIX napameTpos Ansa 6nokos MHC ucnonb3aytoTes u HekoTopble 0606LEHHbIE BENU-
YWHbI: YTON LUAra HeCyLLero BUHTa; OMeTaeMas nrowagb HECYLLEro BUHTA; CKOPOCTHOWM Hanop HECYLLero BUH-
Ta (Ha KOHLLe nonacTen); CKOPOCTHOW HaNop BO3ayxa Ha (ro3ensx BepTonéTa.



TN BENUYMHBI TaKkKe ONpesenstoTcs N0 CTPOrUM YpaBHEHUSM UCXOAS U3 napamMeTpoB BEPTONéTa u
€ro TPAEeKTOpWM: Yncro 060POTOB B MUHYTY HECYLLETO BUHTA (MOMAraeTcs NOCTOSHHLIM); Paguyc KOHyca He-
CYLLero BWHTa; BbICOTbI NONETa (N0 CYLLECTBY, NMOTHOCTK BO3AYXa); CKOPOCTU NonéTa BepTonéTta (kacatenb-
HOW K TPaekTopum).

Moatomy UenecoobpasHo BxogHble napametpbl VHC Takke wmogenvposaTtb 6rokamu naketa
MatLab Simulink. B pe3ynbtate nonyyaem cTpykTypy Kom6uHuposaHHoro HO BepTonéTa (cm. puc. 2).

Wcxogs ms dmsnyeckoro cmbicna, MHC yenecoobpasHo cosgaBaTh W3 [BYX HE3ABUCKMbIX KaHaroB,
OQMH U3 KOTOPbIX "BbIMMCNAET" CUIY TAMM HECYLLEro BUHTA, a APYron - CUy aspoauHaMUYECcKoro conpoTmB-
neHus rosensika BepTonéra. 10 Heckonbko ynpowaeT ctpyktypy VHC. B paHHoi pabote npumMeHeHa
asyxcroinHas MHC, coctosas U3 AByx KaHarnoB, Kaxabii U3 KOTOPbIX COAEPXUT MO YETbIpe HENPOHa B nep-
BOM CI10€ W M0 OHOMY HENPOHY BO BTOPOM choe. [11s HOpMUPOBKM 3HaYeHW curHanos Ha Bxoge WHC ycra-
HOBIEHbI "HOPMUMPYIOLLME" yeunuTenu. 3ta HOPMUPOBKA HyxHa XOTS Obl Ans TOro, YToObl MOXHO 6bIno NPo-
CTO 3a7aBaTb AWana3soH HavasbHbIX 3HA4YeHU NepeMeHHbIX Ans noucka A, Broku (yHKUUIA akTMBaLUK Bbl-
XOAHbIX HEMPOHOB COBMECTHO C BbIXOAHbIMW YCUNUTENAMMU ONPeenstoT Anana3oH UMEHEHUS BbIXOAHbIX
napameTpoB.

Cnocobbl u pesynbTaThl 00y4YeHUs HeilpoamynsaTopa. PeanbHbiil AMHAMUYECKUA OOBEKT
(BEpTONET ynpaBnsieMbl NUNOTOM) 3aMEHSIETCS MaTEMaTUYECKO MOLENbI0 B3ATOM 13 paboTel [1]. [eicTeus
nuMnoTa UMUTUPYIOTCS CXEMOW, co3aaHHON B nakeTe MatLab Simulink n peanusytoLen onpegenéqHoe noneT-
HOe 3afjaHue:

—  «CMHYyCcOMAanbHOE» U3MEHEHWE BbICOTbI NMONETA;
— MOCTOSIHHOE 3HAYEHNE rOPU3OHTASTbHON CKOPOCTH, C ONPESENEHHOTO MOMEHTA BPEMEHH.

BxoaHble ynpaBnsiowue BO3AENCTBIUS (Yron Liara HeCyLLero BUHTa U TaHrax BepTonéTa), nocTynato-
LiMe OOHOBPEMEHHO Ha MaTeMaTUYeCcKyld MOAEMNb (UMUTUPYIOLLYIO peasbHbIi AMHAMUYECKU OOBEKT) U Ha
KOMBUHMPOBaHHBIN HO hopMupytoTCs CxeMoil ¢ 0BpaTHbIMK CBA3SMM (MO BbICOTE M MO FOPU3OHTANBHOM CKO-
pOCTK), BKNtovatoLen obyyeHHbIn HP.

OwwmbkM (Mcnonb3ytTCs OTHOCUTENBHBIE OLLMBKW) ONPeaensatTCs No NnapameTpam TpaekTopumn nonéta
BEpTONETa (BbldaBaeMbIM CUCTEMON M3MEPEHNS):

—  BeJINYMHbI MTHOBEHHOW CKOPOCTY (NOMHOM);

—  yrna HakoHa KacaTesflbHOM K TPaeKTopum (HanpaBreHust BEKTOpa CKOPOCTM).

[nsa ycTpaHeHns BonbLUMX «KpaTKOBPEMEHHBIX» OLMOOK, B LENEeBy (YHKLMIO BBeAEHa 3KCMOHEHL-
anbHas 3aBucMMocTb. Toraa B Tekcte M-thainna utorosast Lenesast hyHKUMS UMEeT Bua,

function z=CNE33(X)

global k1 k2 k3 ... ... k42

k1=X(1); k2=X(2); k3=X(3); ... ... k42=X(42);
sim('CombNN_Emulator3_32";

zV=sum(exp(1.*abs(simoutV))-1);

zT=sum(exp(1.*abs(simoutT))-1);

z=zV+zT;

end

B pesynbrtate 0byyeHns HO nonyyeHbl Xopowme pesynbTaTbl NO FOPU3OHTANbHON CKOPOCTU MonéTa
(NpakTnyeckoe coBnageHume), a no BbicoTe nonéta owubka gocturaet 37%.

PaccmaTprBatoTCsl BO3MOXHOCTM YMEHbLLEHNS ownbku npyu obyveHnn HO. Bo3MOXHO HesaBMCUMOE
obyyeHure Tononornyeckn HecaszaHHbIX Yacten IHC. MposeaeHo HesaBucumMoe 0byyeHne kaHana VHC, Bbl-
YNCNAIOLLETO CUMNy aspoaNHAMMUYECKOr0 COMPOTMBMEHMS (ro3enska BepTonéra. llonyyeHo npakTudeckoe
COBMageHWe pe3ynbTaToB M Mo CKOPOCTM M MO BbICOTE MOMETa.

Boisoabl. [Ansg 06yyeHuss HP cuctem ynpaeneHust CNoxHbIMW (B acnekte MaTeMaTU4eckoro Moaeni-
posaHu) O LenecoobpasHo 1cnonb3oBaTb UMUTALMOHHYIO MOZeNb, 06y4aemyto Ha peanbHOM 06beKTe.

AspoanHammyeckuii aHanua BepPTONETa NO3BONSET BblAenuUTb CybMogeni, onuchiBaemble CTPOrMMM
ypaBHeHMaMU. IT0 00ycnaBnmBaeT LenecoobpasHOCTL NOCTPOEHNS KOMOUHMPOBAHHBIX HY, cogepxalumx Kak
6nokn MHC, Tak n 6ok matematunyeckux cyomopenen. Mpu atom UHC, nmutupyroLime CnoxHole 3aBUCMMO-



CTU XapakTepUCTUK 0ObeKTa, MOryT HE MMETb AMHAMMYECKIX CBOWCTB (YNPOLLEHNE UMUTALMOHHON MOAENHN).
lNoka3aHa BO3MOXHOCTb 0BY4EHNS Taknx KOMOMHMPOBaHHBIX HI.
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