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MOJAEJIMPOBAHUE AJJAIITUBHOI'O IIOBEAEHUS HA ITPUMEPE
JABU/KEHUA ABTOHOMHOI'O MOBMJIBHOI'O POBOTA
IO IIVTIOCKOCTHU C HPEIIATCTBUAMU

Ilpeonazaemca adanmusHulii HetipokoHmpoiep O YNPAGLIeHUsL A8MOHOMHBIM MOOUTLHBIM POOO-
MoMm, KOmopbulil NPeOHa3HayeH He MOAbKO OJsl 2eHepayuu Ynpasisiowux CUSHAN08 (CO2NAcHO 3apanee 3d-
OAHHOMY ANI2OPUMMY OBUIICEHUS), HO U 051 bIpAOOMKU 8 npoyecce GYHKYUOHUPOBAHUSL POOOMA UHOUBU-
0YaNbHbIX PeaKyuil Ha HeKOMOPble GHEWHUe CIMUMYIbL, YMO NO360JUN eMy A0anmupo8amscsi K UsMeHeHUsIM
sHewnell cpedvl. [list omaaoKku u mecmupo8anus NPeOI0NCEHHO20 HEelPOKOHMPOILEPA UCHONb3YEeMCsl paspa-
6omannas npocpamMma UMUMAYUOHHO20 MOOEIUPOBAHUs, CNOCODHAS 80CNPOU3gecmu pabomy CeHCOPHOlL
U UCNOTHUMENbHOTU CUCmeM MOOUTbHO20 poboma.

BBenenune

B coBpemeHHO# pOOOTOTEXHHUKE OONIBIIOE 3HAYEHHE UMEET PELICHUE 33a]a4 MHTEIUIEKTyaIbHO-
r0 aHaJIM3a U UHTETPaIH CEHCOPHBIX TaHHBIX, CHUMAEMBIX C Pa3INYHbIX JATYHKOB, C MOCIEIYIOIIUM
MIOCTPOCHUEM CHUCTEMBI LIEJIOCTHOTO BOCHIPUATHS HH(POPMaLUH U (OPMUPOBAHUEM 3HAHUM O BHEIIHEH
cpele M 3HaYCHHSX BHYTPEHHEH CTPYKTYypbl poOoTa [1]. AKTyaabHOCTH PEIICHHs yKa3aHHBIX 3a/1a4
3HAYUTENFHO BO3PACTACT IO MEpe YBEIMYCHUS BPEMEHH U YPOBHS aBTOHOMHOM paboThl, a Takxke
HazieneHus: poOOTOB OOJbIIECH CTENeHbl0 MOOMIBHOCTH. MH(pOpPMaMOHHbIE CUCTEMbl aBTOHOMHBIX
MOOMITBHBIX P000TOB (AMP) MOMKHBI YIOBIETBOPATH CIEAYIONINM TPEOOBAHHSIM:

— obecreyeHne aBTOMaTHYECKOTO IBUKCHUS;

— obecrieyeHre 0€30MacHOCTH;

— ompeJeNieHue MOJI0KEHUSI MOOMIIBHOTO po00Ta B IPOCTPAHCTBE;

— COCTaBJICHHE OIUCAHUS paboyeil 30HbI.

st ynoBiieTBopeHust 3Tux Tpebopanuii AMP ocHamaroTCs pa3IMuyHbIMA COBPEMEHHBIMU CEH-
COpaMH: OJIOMETPUYECKUMH JaTYNKaMH, MHEPIIMAIbHBIMU CHCTEMaMH MO3WIIMOHUPOBAHUS, BHIEOKa-
MepaMH, COHapaMH M CKaHUPYIOLUIMMHU AajJbHOMEpaMy (JInAapaMu), a TakKe CUCTEMaMH CITyTHUKOBOM
HaBUTAIINU.

CornacHo KiIacCUPUKAIUU [0 MAKCUMAIILHOMY PaJInyCy JEWCTBUS CEHCOpHBbIe crucTeMbl AMP
JIeJISATCSI Ha CUCTEMBbI OJIMKHETO M JanbHero AeicTBud [2]. CeHCopHble CHCTEMBI IIEPBOTO TUIA TPE-
Ha3HaueHsl 111 obecnieyeHus: O6ezomnacHoi padoTsl AMP, a Takxke g mocTpoeHus miiaHa o0xoxa u
NPeoJIoNIeHNsT ONM3IIeKauX MpensaTcTBUiA. CEeHCOpPHBIE CUCTEMBI BTOPOTO THIIA MpEAHAa3HAYCHBI JJIs
MIPOCTPAHCTBEHHOTO OPUEHTHPOBAHMS M MIOCTPOEHHS MapIIpyTa ABM)KEHUS HA MECTHOCTH B IIpeJENax
paboueii 30861 AMP.

Hecmotpst Ha obunue 1 mupokoe pa3HooOpa3ue COBPEMEHHBIX CEHCOPHBIX JAaTYMKOB, a TAKXKe
HaJIM4Me BBICOKOIIPOU3BOIUTENBHBIX TUPPOBBIX BBIYUCIUTEIBHBIX YCTPOHCTB, Mpoliecc pa3padoTKu
CEHCOPHBIX CHCTEM ISl PELICHHd 3aJa4 HaBUTallMM U ynpasieHus AMP sBiseTca BecbMa CI0XKHOMN
W HE JI0 KOHI[a PELICHHOM 3a1a4eil. DTO CBS3aHO, BO-NIEPBHIX, C TPYJHOCTSIMU TIOA00Pa TUIIOB, a TaKKe
YHUCJIa U MECTa PACIIONIOKEHHS TaTYMKOB. BO-BTOpBIX, O0JIee CII0KHOM 3a/1aueii SIBJIIETCS aHAJIU3 CCH-
COPHBIX AaHHBIX. Eciu sTanel nmpeasaputenbHoil 06padoTku (PpuiabTpannu U cerMeHTaluu) yxKe J10-
CTaTOYHO XOPOIIO M3YYEHBI, TO MPOLECC Paclo3HaBaHUs 00pa30B, BKIIOYAIOIMIMI WX CTPYKTYpPHBIH
aHaJIM3 ¥ HHTEPIPETAIHIO, IPEJICTABIIsICT CO00M HeTPUBHAIBHYIO 3a1auy [1-3].

Takum 00pa3om, pa3paboTKa CHCTEM aJalTHBHOTO YIPABICHHUS CIOKHBIMU TEXHHYECKHMU
00BbEeKTaMu, AEHCTBYIOMIMMH B YCIOBHUSIX HEONPENEIeHHOCTH BHEIIHMX BO3MYLICHUH U cpelbl QyHK-
[IMOHMPOBAHUS, TpeOyeT MPUBJICUYECHUS HETPATUIMOHHBIX TOIXOJ0B C WCIOIH30BAHWEM HOBEHIINX
METOJIOB MPEACTABICHNS 3HAHUH, HOBBIX TUTIOB OOPATHBIX CBSI3€H, COBPEMEHHBIX HHTEIIEKTYaIbHBIX,
MH(QOPMALMOHHBIX U TEJIEKOMMYHHKALMOHHBIX TEXHOJIOTHH, 00BEINHAEMbIX OOIINM Ha3BAaHHEM «HC-
KyCCTBEHHbIH HHTE/UIEKT» [1]. B cBsi3u ¢ 3TuM ncnonb3oBanne AMP TpeOyeT HamMuHs HHTEIUICKTY-
ATBHON CHCTEMBI YIPaBIIEHHs, KOTOpasi CIIOCOOHA CaMOCTOSTEIHHO MPUHUMATh PELISHHS O JallbHEeH-
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J11050.€ I[eflCTBPIﬂX, HCO6XOI[I/IMI)IX AJI BBIMIOJITHCHUS MOCTABJICHHBIX OIIEpPAaTOPOM 3a7a4, U OCYHICCTBIIATH
ITOJITHOC YIIPaBJICHUC UCIIOJTHUTECIIbHBIMU CUCTEMAaMU.

1. UckyccTBeHHbIe HEHPOHHBIE CETH KAK 3J1€MeHThI HHTEJIEeKTYaJbHbIX CHCTEM
yIpaBJieHus

OnHO U3 MUAMPYIOUIMX HAlpaBJeHUH B 00JaCTH UCKYCCTBEHHOTO WHTEJIEKTA CBSI3aHO C MOJIC-
JMPOBAaHUEM HMCKyCCTBEHHbIX HeipoHHbIX cereil (MHC), cmocoOHBIX pemraTh MUPOKHNA KPYT 3ajaad
pacrio3HaBaHusi 00pa3oB, HACHTU(HUKAINY, IPOTHO3UPOBAHNSA, ONITUMHU3ALUHI U YIIPABICHUS CIIOKHBI-
MU obobektamu [1-3]. UHC cTpositcst o NMpUHIMITY OpraHu3alu 1 QyHKIMOHUPOBAHHUA UX OMOJIOTH-
YEeCKHUX aHAJIOTOB.

[Ipenmymectsa MHC nepen TpaaMIMOHHBIME METOAAMH HCKYCCTBEHHOTO HHTEIUIEKTa (IpO-
JQYKIMOHHBIMHU CHCTEMaMHU, TaONUIAMH IPUHATHS PELICHUH, TeHETHYECKUMH alrOPUTMAaMHK, HEUETKON
JIOTHKOW W T. JI.) TPOSIBISIOTCS MPH PEIIEHHH TAaKWX 3a/1a4, B KOTOPBHIX TPYIHO BBIICIHUTH MpaBUIiIA
(YHKIIMOHUPOBAHUS CHCTEM, OOIAMAIOMMX OONBIINM YHCIOM CTENEeHEeW CBOOObBI, 3aTO CYIIECTBYET
BO3MOKHOCTh OOYUYCHHUS Ha MHOXKECTBE TprMepoB [3, 4].

HNHC Takske ycHemHo NpuMEHSIIOTCS TSl CHHTE3a CUCTEM YIPaBJICHUS! IMHAMUYECKHUMHU 00beK-
tamu [3, 5]. OHK 007 MAOT PSAIOM YHUKAIBHBIX CBOHCTB, KOTOpPHIE JETAI0T MX MOIIHBIM HHCTPYMEH-
TOM JUIsI CO3JAHHS CHUCTEM YTPABJICHUSA: CIIOCOOHOCTRIO K OOYUYEHHWIO Ha MpHMEpax M 000OIIEeHUIO
JIAHHBIX, CIIOCOOHOCTBIO aJIalITHPOBAThCS K M3MCHCHHUIO CBOMCTB OOBEKTa YNPABJICHUS U BHEIIHEH
Cpenbl, NPUTOAHOCTBIO Ul CUHTE3a HEJIMHEHWHBIX PEryJIiTOPOB, BBICOKON YCTOMYMBOCTBIO K IIOBpE-
JKJICHUSAM CBOUX 3JIEMEHTOB (B CHJIy M3HaYasbHO 3aiokeHHoro 8 MHC mapamtenusma) [1-5].

Takum o6pazom, MHC yno6HO NIpUMEHSTh B T€X MPUJIOKECHUSX, TJ€ OTCYTCTBYET BO3MOXKHOCTh
TIOJTYYeHUS SKCIEPTHBIX 00yYaromux BEIOOPOK. B 3ToM citydae HaOmogaeTcs mpoiece caMoOpraHm-
3auuy, npu kotopom MHC 0e3 crennanbHOTO BMEIIATENBCTBA U3BHE U3MEHSAET CBOIO (DYHKIIMOHAJb-
HYy0 cTpyKTypy (puc. 1). Ilockomsky mporiecc camoopraHu3amuu npossisercs B ToM, uro MHC camo-
CTOSATEIBHO OTOMpACT U3 BXOAHOIO IMOTOKA JaHHBIX 00pasilbl Jjas 0OyueHus, BeiOop moxenu MHC
JOJDKEH YUUTHIBATh CHEHU(UKY NOCTYNAONIEH HHPOPMAIIUH, CPEICTB H3MEPEHUS U YIIPaBIICHUSI.

OBwekT ynpaeneHus
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Puc. 1. [Ipouecc aganTaryu podoTa K YCIOBUSM BHEIIHEH CPEabI
yepes caMOOpraHHu3aluIo CTPYKTYp ynpasistomux MHC

Tem e menee THC umeroT u cBOM OrpaHWYEHHs, CBSI3aHHBIE C OTCYTCTBMEM YHUBEPCAIHLHOU
ApXUTEKTYPHl U €IMHBIX MOJXOJIOB JJIsl UCTIOIB30BAHUS B CUCTEMaX YIPAaBJICHUS, a TaKkxke Mpobiema-
MU J1000ydeHUs HOBOW mH(opManuu. B HacTosmiee BpeMs B pa3paOOTaHHBIX CHCTEMaX YIpPaBICHHS
HWHC wucnonp3ytoTcsi B BUAE OTACIBHBIX OJOKOB M B OCHOBHOM TOJBKO JUISl peanu3auuy (PyHKIUH
KJIacCU(UKAIMY WITH HHTEPIIONSAINH JAHHBIX, YTO 3HAYUTENBHO CYXKAET UX TOTCHIHAIL.

Ilpu pemieHuy Takux CHEHMANBHBIX 337a4, KaKk peanu3alus aaropuTMoB ympaBieHuss AMP,
HHC uacto noasepratorcst kputrke [1, 3]. Bo-nepBrix, 310 cBsizano ¢ tem, yto MHC He siBnstoTcst
CHCTEMaMH yTPABJICHUS B TIOJTHOM CMBICJIE CJIOBA, a JIUIIb MMUTHPYIOT CUCTEMY pacrio3HaBaHus. [py-
TUMH CTIOBaMU, QYHKIHS BXO/Ia-BbIX0/Ia MINETCS OT OJJHUX MEPEMEHHBIX, a 3HAUCHHS 11eJIeBON (yHK-
UM CUCTEMBI 337al0TCsl Ha APYTUX. BO-BTOPBIX, OOJBIIMHCTBO KIACCHUECKUX aITOPUTMOB OOYUYEHUS
TUIa OOPATHOTO PACIPOCTPAHEHHUs OIMMOKH pabOTAIOT TOJIHKO B CYNEPBU30OPHOM PEKUME, T. €. Heca-
Moo0Oy4aemsl [2]. W, HakoHel, B-TpeThuX, nmoao0Heie MHC He paboTaoT B yCIIOBUSX JH000yUYEHUS,



36 I 4. [IPOKOIIOBHY

KOTZla B Tporiecce A00aBiieHUsT K OOYYeHHON CeTH HOBOTO 00pa3a YHHUTOXKAIOTCS WIH M3MEHSFOTCS
pe3yIbTaThl MPEIIECTBYIOMET0 O0YUCHHS.

s mpeooyieHusl TIEPEYUCICHHBIX MPO0JIeM aBTOpOM Oblia pa3paboTaHa HeHWpoceTeBas
MOJIeTTb HTEPAIMOHHOW TeTepOoacCOMaTHBHON maMsaTH [6]. YKa3aHHas MO MaMsATH Oblja Io-
mydeHa Omaromaps monudpukanuu apxutekTypsl MHC tuma nByHampaBleHHOW accONMATHBHOMN
namsTH (JIAIT) mocpencTBoM BBEICHUS JOMOIHUTEILHOW OOpAaTHOW CBS3HM C BPEMEHHOMW 3aJICPIKKOM
¥ HOBOTO Crioco0a MpeIBapuTeIbHON 00pabOTKH BXOHBIX JaHHBIX, PEATU3YIOIICH alrOPUTM CEKITHO-
HUPOBAHUS MCXOTHBIX BEKTOPOB. B 3aBUCHMOCTH OT TOTO, KAKOTO pojAa JaHHbIE OYIyT COIEpIKATHCS
B COOTBETCTBYIONIMX HWH(OPMAIMOHHBIX OJIOKaX, HA OCHOBE NPE/UIOKCHHOW MOJCIU TeTepo-
ACCOIMAaTUBHOW TaMSATA HMMEETCS BO3MOXHOCTh pa3padaThiBaTh pa3ivuHbie HH()OPMAIMOHHBIC
ycrpoiictBa. [Ipu 3ToM misa peanmzannm Kiaccu(UKaTOPOB WA yCTPOUCTB ¢ KOHTEKCTHO-aIpecyeMoin
MaMAThI0 MHPOPMAIIMOHHBIE OJOKH JOJDKHBI COJIEPKaTh TOJNBKO CEHCOPHBIE JaHHBIE, HAPUMED Tpa-
¢uueckune oOpasbl [6]. Ha ocHOBe 3amucu, XpaHEHUS U U3BICUCHHS TOJIBKO YIPABISIONINX JaHHBIX
MOJKHO CO3[1aBaTh CHCTEMBI YIPABICHUS TEXHHYSCKUMHU YCTPOUCTBAMH TI0 KECTKOW mporpamme [7],
a ISl pean3alii MMPOrpaMM C BETBSIIUMUCS aIrOpuTMamMu WHGOpPMAIMOHHBIE OJOKH JOJDKHBI CO-
JIepKaTh KaK CEHCOPHBIE, TaK W YIPABIIONIMe 1aHHbIe [8].

2. PeakTUBHBIIi KOHTYP HelipoceTeBoil MHTEIEKTYAIbHOMH CUCTEMBI YIIPABJIEHUS
ABTOHOMHBIMH MOOMJIbLHBIMH POOOTAMH

s npucniocobneHrss K HOCTOSHHBIM yCTIOBUAM (DYHKIIMOHUPOBAHU, PU KOTOPBIX MapaMeT-
PBI Cpebl U3MEHSIOTCS B HE3HAUUTEIbHBIX Ipeaenax, Han0ojaee SKOHOMHBIM CPEACTBOM aAallTallu
KaK Uil €CTeCTBEHHBIX, TaK M JUIS MUCKYCCTBEHHBIX CHCTEM YIpaBJICHUs SBISIOTCS yCJIOBHBIC U 0e3-
yCIIOBHBIE pe(IICKCHI, O3BOJISIIOIIME OIPAHHYHTHCS BECbMa MPOCTHIM HabopoM mpasui [4].

Takum 00pa3oM, OJHMM M3 CaMbIX HPOCTBHIX, HO HE MEHEE OTBETCTBEHHBIX Cpedu (YHKLHO-
HaJILHBIX OJIOKOB cUCTeM yrpapieHus AMP sBrsieTcs peakTUBHBIA KOHTYP YHpaBJICHUS, B KOTOPOM
peanu3yeTcs aHau3 0e3yCIOBHBIX U YCIOBHBIX pedeKkcoB. PeakTHBHBIM KOHTYp YIpaBICHUS TOTKEH
001agaTh COCOOHOCTHIO K OOYYEHHUIO M 3allOMUHAHMIO Ha ONpPENEeNIEHHOE BPeMsl ONpelesIeHHbIX pe-
aKIUI UCTIONHUTENbHOM cucteMbl AMP nipu mocTymiieHnn cOOTBETCTBYIOIMX CTUMYNIOB. [list obec-
NeYeHHs TIePeUUCIICHHBIX (DYHKIIMOHATBHBIX CBOMCTB €ro OJOK MaMsTH JOJIKECH BBITIONHATh CIEIYIO-
IIMe JEHCTBHS: BOCCTAHABINBATh U3 MaMATH U KIaCCU(QHULIUPOBATh BXOAHBIE 00pa3bl HA OCHOBE YK€
MMEIOIIIHNXCS ATAJIOHOB, a Tak)ke J0OABIIATh HOBBIC [9].

B cratbe [10] aBTOpOM ObLIa MPEUIOKEHA OPUTMHANIbHAS HEWPOCETeBas MOJECIb UepapXude-
cKoil mHTeeKkTyanbHol cuctembl yrpasienus (MCY) AMP. UCY cocTouT u3 ycIOBHBIX OJIOKOB
npoleccopa M MaMsITH, KOTOPbIE CaMH BKIIOYAIOT paclpelesieHHbIe IMOJIOJIOKH, peaqn30BaHHBIC
Ha ocHOBe retepoacconatuBHbix MHC. Kak mpaBuio, Ha 6opry AMP Haxoasrcst MCIIONTHUTENbHAS
W CEHCOPHAsl CUCTeMBI, a Takxke cama VICY, B KOHTYp ynpaBlieHHsI KOTOpOW BXOJHUT OJIOK omeparopa.
Kak npasuiio, oneparop 1oibkeH B3aumogeiictBoBats ¢ CY Tonpko A0 Hadana pyHKIHOHUPOBAHUS
AMP (B0 BpeMs BBOJIA LIENEBBIX YKa3aHUH U HEOOXOAUMBIX HAaUaIbHBIX JAHHBIX) JIMOO0 B KPUTHUECKUX
cutyarusax. UCY nonydyaer nHGOpMaIUio OT BHEIIHEH M BHYTPEHHEH cpej MocpeicTBOM OJioka pe-
LIENTOPOB U BO3JAEHCTBYET Ha IIEPBYIO OCPEICTBOM UCIIOJIHUTEIBHOMN CUCTEMBI.

besycnoBHble U yclOBHBIE pe(IeKChl, 3aJeHCTBOBAHHBIE B IIEPBOM KOHTYPE INpPEIIOKEHHON
HCY, peanu3oBaHbl B 010Ke pedIIeKCHBHOTO aHAIN3a B BUJIE IBYX Pa3iIMYHBIX T€TEPOaCCOMATHBHBIX
HHC, koTopble MpH NOCTYIUICHUH OTPEIEIEHHOTO CTUMYJIA BBI3BIBAIOT CTPOTO (UKCHUPOBAHHYIO pe-
akuuto. brarogaps Hanmmunio rerepoacconuatuBHbix MHC naHHBIN KOHTpOJIEp MO3BOJISIET OBICTPO
M3BJIEKATh U3 MAMSTH STaJIOHHBIE 00pa3bl M 00padaThiBaTh BXOJHYIO MH(OpMaIIKIO, a Takke 100aB-
JISTH B TaMATH HOBEIE.

B Hacrosmie#t paboTe mpenyaraeTcs peaqu3anis peakTUBHOIO KOHTYpa yIpaBICHUS yKa3aH-
Hoil UCY B Buze amanTHBHOIO HeMpokoHTposiepa. [lpennoxkeHHblil HEHPOKOHTPOIIIEP COCTOUT M3
IByx rerepoacconuatuBHbiXx MHC n npegHazHayeH He TONBKO IS BBITOJTHEHHS HAIep e]] 3a1aHHOM
cuctembl npaBui, HO U 1 agantanuu MCY k HoBbIM BHemHUM ycnoBusMm. [lepsas MHC peanuzo-
BaHa B BHJe 0JO0Ka MOTOHEHPOHOB, B KOTOPOM XPAaHHUTCS aITOPUTM YIIPABICHUS UCIIONHUTEIbHBIMH

cucteMaMu poboTta. biIok MOTOHEHPOHOB MpeAHA3HAYCH IS aCCOIMAIIMN TEKYIINX BXOJHBIX Iapa-
(N3) (M)
r

MOTO i

MCTPOB C OOPEACICHHBIM BEKTOPOM-OTKJIMKOM U , COOTBCTCTBYIOIIUM TCKYH_Ieﬁ i-i cuTtya-
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MU W TPUHAJJIeKAIUIM MHOXecTBy U :{ul(M), uéM), uéM)} M3BECTHBIX BBIXOIHBIX YIPAaBIIS-

Voo
I0IUX nmapamMeTpoB. 3amadeit BTopoit UHC, B kayecTBe KOTOPOH HMCIONB3yeTCs pa3paboTaHHBIN pa-
Hee kimaccudurarop APT-IIAII [11], sBusercs BbimonHeHHe (YHKIMH 1000yd4eHHs OJI0OKa MOTO-
HelipoHOB. Ecnu cutyarust okaxeTcst He3HaKOMOW OO0 TaHHOE AWCTBHE TIPOTHBOPEUUT KPUTEPHIO
ONTUMAJILHOCTH, OJIOK KPUTEPHS ONTHUMATbHOCTH 3a0JIOKHPYET BBIXOAHBIC YIPABISIONINE MapaMeTphl
01oka MOTOHEHPOHOB. [lon KpUTEeprueM ONTUMATBHOCTH MOXET MOHUMATHCS, HAPUMEp, yIepKaHue
B IIporiecce aBmkeHnss AMP MakcuManbHO 0€30ITaCHOTO PACCTOSHUS 10 TIPETISTCTBHM.

Takum oOpa3om, Oe3ycioBHBIE pedIeKcH (T. €. 00yJaroue napbl «CTUMYI — PEAKLUS») TOIK-
HBI 3anucbiBaThesi onepatropom B MHC nmo nauana ¢ynkumonupoBanuss AMP. YcnoBHbie peduiekchl,
KOTOpbIe 00ECIeUNBAIOT MEXaHU3M HHIUBHUIYaJbHOTO MPHCIIOCOOTICHUS 00bEKTa YIIPaBICHUS K He-
00IBIIMM N3MEHEHUSM CpEbl, TOJDKHBI 3alIOMUHATHCS B IIPOLIECCE NEPUOAMYECKUX BHELTHUX BO3ICH-
CTBHI Ha 0OBEKT YIpaBieHus ¢ moMousio mponeccoB ooyuenuss MHC motoneiiponos. [Ipu atom ec-
o cuHantudeckue cBssu nepBoii MHC comepxar uHQOpManuio o KPUTHUECKHX 3HAYCHHSIX
IIOKa3aTenel, HapuMep, 3HEPreTHYeCKOM U TPAHCIIOPTHOM CUCTEM U IOJDKHBI OBITh CTPOro (PMKCH-
poBaHBI, TO cHHaNTH4YecKue cBs3u BTopoit MHC nomkHBI 005aaaTh CIOCOOHOCTHIO K 3alIOMUHAHHUIO
pe3ybTaTOB 00yYEHHsI TOIBKO Ha KOHEYHOe BpeMs (T. €. UX MOXKHO OyneT nepeodyunts). Eciu cur-
HaJBI Ha BBIXoe retepoacconuatnBHoil MHC 6e3ycinoBHBIX pedIiekcoB SBISIOTCS TACCHBHBIMU (BITH-
SFOT TOJBKO Ha YIPAaBISIONINE CUTHAJBI OJ0Ka MPUHATHS pemieHuni), To curHanbl or MHC ycmoBHBIX
pedIiekcoB (MOTOHEHPOHBI) SBJISIOTCS aKTUBHBIMH, T. €. HETIOCPEACTBCHHO YIPABJISIOT HUCIIOJHUTEIb-
HOW cucTeMoi (Hampumep, nBrmxeaneM AMP).

CornacHo pyHKIHOHAIBFHOU cxeMe (pHc. 2) MpeUI0KeHHBI KOHTYP PEaKTUBHOTO YIPAaBICHUS
AMP paboraer crnenyroumm obpasoM. B 6ok APT-JAIL, koTophlii oTBeuaeT 3a peanusanuio 0e3-
YCIOBHBIX pedIIeKcoB, A0 Hadana (GyHKuuoHnpoBaHus AMP 3KcniepToM J0JKHBI OBITH 3alMCaHbl ac-
COLIMATHUBHBIC Mapbl «CTUMYJ — PEAKLUs», MPEICTABIIONMEe co00i HA0Op KPUTHUECKUX 3HAYCHUH
OTBETCTBEHHBIX MMapaMeTPOB MOOWIBHOTO po0OTa M COOTBETCTBYIOIIMH MM Ha0Op OTBETHBIX AEH-
CTBUM HCIIOJIHUTEILHOM CUCTCMbI, KOTOPLIC MPEAHA3HAUCHBI IJId IEPEXoJa CUCTEMbI O6paTHO B HOp-
MaJIbHBIA pexuM. B 0J0ke MOTOHEHPOHOB JNOJKHBI CONEPKATHCS ACCOLMATUBHBIE MAPBl «CTUMYI —
peaxuus», OTHAKO B OTJIMYUE OT CUCTEMBbI O€3YCIIOBHBIX Pe(PIEKCOB B HUX XpaHHUTCS HaOOp AeHCTBUI
WCTIOJIHUTENILHON CHCTEMBI, (YHKIIMOHUPYIOLICH B IITATHOM pexkuMe. CleyeT OTMETUTbD, YTO JJIMHA
N2 BXOIHOTO BEKTOpa r(N2) U1 OJ10Ka MOTOHEMPOHOB 3HAYUTEIHHO TMpeBbIMaeT JIUHY N1 BXOIHOTO

MOTO
N
BEKTOpa I’Iil,%) nan At Ooka APT-JIAIL D10 CBsI3aHO ¢ pa3IMYHBIMU TUIIAMH MCIIOJIb3YEMBIX 1aT4H-

KOB B KaXJIOM U3 OIMCHIBaeMbIX OnokoB. Hampumep, Ha Bxonm 6moka APT-JIAIl moryTt moctynars
¢ poBble cUTHAIBI OT N1 JaTYMKOB MPpensATCTBUN (ONFIKHSS 30Ha), @ Ha BX0J[ 0JI0Ka MOTOHEHPOHOB —
N2 3HAYEHMI CKAaHUPYIOIIETro JaTbHOMEpa (pabouast 0071acTh).

Oatynkm R Mynsr
NpenaTcTBUIA *| APT-AAM ynpasneHus
v ‘L

Kpurepuit » [Oeuratenu
ONTUMANLHOCTH
Oatymkm .
pacCTOsHUS »{ MoTOHERpOHBI

Puc. 2. OynkipionansHas cxeMa peaKTUBHOTO KOHTYPA YIPABIIEHHS, COCTOSIIETO U3 CHCTEM
0e3yCIIOBHBIX M yCIOBHBIX pepIIeKCOB

IIpuaIMn padoTel 010Ka KPUTEPHUS ONTUMAIBHOCTH 3aKIFOYAeTCA B CIEAYIOMIEM: €CIU YIpaB-
nsmorue 3Havenus uM)

MOTO ?

IMOJIY4YCHHBIC OT O1oKa MOTOHeprOHOB, HC IMPOTUBOPECYAT YHPaBIAOIINM

M
3HAYCHUAM u/(\PT)_ZLAH 6noka OesonacHoro nBwkeHnss APT-JIAII, 650k KpUTepUsl ONTUMAIBHOCTH CO-

€JIMHUT BBIXOIbI 0JIOKA MOTOHEHPOHOB ¢ BXOJaMu OJIOKa jApaiiBepa ABUraTeliei.



38 I 4. [IPOKOIIOBHY

B nporuBHOM ciydae OJOK KpHTEpHUs ONTUMAIBHOCTH HMPUHYAUTENHLHO CO3ACT B JOJITOBPE-
menHo# mamsiti MHC motoneiipoHoB (K+1)-10 accoruaTiBHYIO Mapy, BBIXOIHON 00yUYarOHii BEKTOP

T™) kotopoii GyneT npeacTapsATh co60i ynpassomuii Bektop ot 6;10ka APT-JIAIL a BX0mHOM —

+1
oOyJatomuii BEKTOp Pk(+N12+K’ , COZIep KAl TEKyIIHE JAHHBIE OT CKAaHUPYIOLIErO 1ajJbHOMEpPA U O CO-

CTOSTHHH 00BEKTa YIpaBJIeHUs ( uTepalmii Ha3aj. B pe3ynbpTare mpu MOBTOPEHUW NAHHON CUTyaluu
0JIOK MOTOHEHPOHOB BBIIACT TAKKHE YIPABISIONIME CUTHAIBI, KOTOPBIE HE NMPHUBEIYT K MOSBICHHUIO
BHEIITATHOTO pexkrma paboTsl AMP (B 1aHHOM ciydae — CTOJKHOBCHHIO C TPEISATCTBHEM). Jpyrumu
crnoBamu, oOyuarorias Beioopka Tr,  ={P, Ti}i:rk st UTHC MOTOHEHPOHOB MPEAioKEHHOTO ajan-

0TO

THBHOTO HEHPOKOHTpOIIIepa OyIeT UMETh CIeTyIOIIN BI/I:

Ufrs [M]# USp? s [NT;

MOTO
(N2)
rMOTZO [n - q]
(N,+K) _ .
Pk+12 - - - ’

s®n-1-q] 1)

M M .
Tk( = u/(\PT)-ﬂAn[n]a

+1

L ..
=—divAn,
a V

rae N2 1 M — [UTHHBI CEHCOPHOTO M YIPABJISIOIIET0 BEKTOPOB COOTBETCTBEHHO; K — YHCIIO 3TaJOHOB
oOyuarolneii BEIOOpKY; L — pa3HUIla MeXKAY pajrnycaMu JACHCTBUS CEHCOPOB paboueli u OJMKHEH 00-
nacreii AMP, 3HaueHHsT KOTOPBIX MMOCTYNAIOT Ha BXOAbl 0JI0KOB MOoTOHEHpoHOB U APT-JIAII coot-
BETCTBEHHO; V — CKOPOCTh JBIKeHHs AMP; AN — Imar JucKpeTHOro MojensHoro Bpemenn n; s* —
BEKTOP, OMHUCHIBAIOLINN COCTOSHUS 00BeKTa yrpasieHus. Kak npaBuiio, 1Jist OLEHKH TEKYIIET0 COCTO-
SHUSI 00BEKTA YIPaBJICHHUs HCIIONIb3YIOT MOCIEI0BATEILHOCTh U3 €r0 MPOLUIBIX PEaKLUUil Ha BXOIHBIC
BO3EICTBHS

ST = (1o [N =1, Toio =21, o 1 I =K D) )

1100 MIHOBEHHBIN cpe3 ero (a30BbIX TPACKTOPUil

©)

ST = (o [, 1[N o[l o4 )T,

npuuem K mod M = 0.

Takum obOpa3zom, B mporecce GyHKIUOHUpoBaHUsT AMP B GJIOK MOTOHEHpPOHOB MOTYT 100aB-
JSITBCSL HOBBIE ACCOIMATUBHBIE MApPhl «CTHMYJ — peaknus. JlaHHbIH Mpoliecc MOKHO paccMaTpUBaTh
KaK T'eHepaluio YCIOBHBIX pediekco, mo3osstomux AMP amantupoBaThcss K HOBBIM YCIOBHSM
(GYHKIMOHUPOBAHUSI.

3. [IporpaMMa UMHTAIIMOHHOTO MOEJTUPOBAHUS ISl MPOEKTHPOBAHUS U OTJIAJTKHU
AJITOPUTMOB U MeTOI0B 00pPa0OTKM CEHCOPHBIX JAHHBIX

s TecTUpoBaHUS M OTIAJKK pabOThI MPEUIOKEHHOTO aJalTUBHOIO HEHPOCETEBOI0 KOHTYpa
ynpasneHnss AMP Obiia paspaboraHa KOMIbIOTEpHasi IporpaMMa MMHTALMOHHOTO MOJCITHUPOBAHUS
JIBIDKEHUS MOOMIIBHOTO PO0O0Ta 0 IBYXMEPHOM IIOCKOCTH C MpenaTcTBUsIME. MHTEepdeiic ykazaHHOM
POTPaMMBI TIPEJICTABIISIET COOOW eTMHOE OKHO (pHc. 3), OCHAIIEHHOE BCIIOMOTAaTElbHBIMU Tpadude-
CKHMU TIOJISIMH U 2JIEMEHTAMH YTIPaBJICHNUs, KOTOPBIE ITO3BOJIAIOT:

— 3arpykaTh 3apaHee Cr€HEPUPOBAHHBIE BUPTYallbHbIE KAPThl MECTHOCTH PAa3IM4HOMN CIIOXKHO-
CTH;
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— MPOM3BOAMTH B HEKOTOPHIX Mpelaeiax PeKOH(UTYpalri0 CEHCOPHOH CHCTEMBI, COCTOSIICH
W3 IaTYMKOB JIBYX TUIIOB: AaTYNKOB MPEMATCTBUSA U CKAHUPYIOLIETO JaJbHOMEDA,

— MPOM3BOAMTH HAOIIOACHUE 32 MMOKA3aHUSAMHU JATYMKOB MPEISTCTBUN U CKAHUPYIOIIETO Aajlb-
HOMeEpa B HEMOABM)KHOW CHCTEME KOOPAUHAT, IPUBS3aHHON K KOpIYyCY po0oTa;

— 3arpy’arb aJITOPUTMBI YIPABJIECHUS IBI)KEHHEM MOOUIBHOTO PoOO0Ta;

— IPOM3BOAUTH MAaclITAOMPOBAaHKE BUPTYaIbHOTO MOJUIOHA,;

— MPOM3BOAMTH PYYHOE YIPaBJICHUE IBMKCHUSIMH MOOMIIEHOTO po00Ta KaK C MOMOIIBIO KIIaBH-
aTyphl, TaK U C IOMOILBIO YIIPABIISIFOIINX 3JIEMEHTOB;

— COXPAaHSTh Ha JUCKE IIOKAa3aHUsI CEHCOPHOM CHCTEMBI.

B rmainwind_CP E@E
File  Mode ~
7
J B R -
10 L 1 L 1 L x
i 10 20 30 10 50 B0
| | | [

Puc. 3. 'maBHOE rpaduveckoe OKHO MPUIIOKEHHS

Ha srane mpoexTupoBaHUs MPOrpaMMbl KOMIIBIOTEPHOTO MOJICIIMPOBAHUS CTABMIINCH CIIEIYIO-
HIKe 337a41: UIMUTHPOBATh HE TOJIBKO JABIKEHHUS CaMOro poO0Ta, HO ¥ PEaTUCTUIHBINA MPOLIECC CheMa
JAHHBIX C JATYMKOB MPU YCIOBHHM HAIMYUS yJOOHOTO MHTepdeiica, Mo3BosIONero ObICTpO U Kave-
CTBEHHO TIOJIyYUTh WHTEPECYIOIIUE IOJIb30BaTeNsl CEHCOPHBIE NaHHBIC B JII0OOM mojokeHun AMP
OTHOCUTENBHO Tperpad. Pa3paboranHas WMHUTALIMOHHAs MOJENb Oblila pea30BaHa C IMOMOIIBIO Ta-
kera Matlab B Buze otaensHOro mporpaMMHOro Komiuiekca ¢ rpaduueckum uHTepdeiicom, obnana-
IOIIKUM pacCliMpPEHHBIMU q)yHKHI/IOHaIH)HI)IMI/I BO3MOXKXHOCTAMMU.

B pazpabortanHoil nmporpaMMe MMHUTALMOHHOIO MOAEIMPOBAHUS PEai30BaHbl CEHCOPHBIE CH-
CTEMBI:

— ONVDKHETO JIEHCTBUS, KOTOPBIC MPECTABIEHBI BOCEMBIO JAaTYMKAMU MPEISTCTBUH, paBHOMEp-
HO PACIoOJI0KEHHBIMH IO TIEPUMETPY Kopiryca poboTta (puc. 4, a);

— nmanbHero jeiicTus (nmuaapa) (puc. 4, 6). MUHUMABHbIA AUCKPETHBINA YTOJl MOBOPOTA CKaHH-
pyIoLIei TOJIOBKH JHapa BEIOMpaeTcs Mmojb3oBartesieM B mpeaenax ot 1 xo 360°, T. e. 3a oauH NoJ-
HBI 000pOT Jiuaapa ceHcopHas cucremMa MCY moxkeT monydutsh oT 1 10 360 BHIOOPOK aHAIOTOBBIX
3HAa4YEeHUH paccTosHUs A0 mperpaia. [Ipy 5ToM OBYXMEpHBIH yroi CKaHMPOBaHUs Juapa BCeraa LeH-
TPUPYETCsl OTHOCUTENLHO HAIpaBJIeHUs IBIKEHHs1 podota (puc. 4, ). [lo cpaBHEHHIO C JaTYUKAMH
NPEMATCTBUI CKAHUPYIOMINI TaIbHOMEpP MO3BOJISIET HOJTydaTh OoJiee TOUHYI0 MH(OPMALHIO O PacIIo-
JIOKeHUH U GopMme npensTcTBuid. bnaromaps atomy AMP ciocobeH 00be3kaTh NMPEnsSTCTBHS M0 00-
Jiee TUIAaBHBIM TPAeKTOPHSIM.
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a) 0) 8)

Puc. 4. PacriosioskeHHe ¥ IPUHITHITBI ICUCTBUS TATYUKOB, UCIIOJIB3YEMBIX TIPH KOMITBIOTEPHOM MOJIETHPOBAHHU:
@) pacIoJIoKeHNE BOCHMH JATYMKOB TIPETSITCTBU; 6) TIOKa3aHUs CKAHUPYIOIIETO JalbHOMEPa
npu yriie 0630pa B 360°; 6) mipu yrite 0630pa 65°

Takum obpa3om, pazpaboTaHHas MPOrpaMMa CIIOCOOHA OTIPEIENATh U rpaduuecKku 0ToOpaxkarhb
NepeceyeHns] CKaHUPYIOIIMX JIydell Juaapa u JaTYUKOB MPEMSATCTBUSA C MperpasaMu, KOTOpbIe Mpes-
CTaBISIIOT COO0M OKPYKHOCTH U MPSIMOYTOJILHUKH Pa3IHMYHBIX pa3MEpPOB M COOTHOIICHHUH cTopoH. Ha
OCHOBE YKa3aHHBIX T€OMETPUIECKUX TPUMUTHBOB BO3MOKHA HMUTALIUS TOCTATOYHO CIOXKHBIX 00bEK-
TOB U CLIEH.

Camoxopanas mnardgopma BupTyansHoro AMP peanuzoBaHa 1o NpUHIWIY JTBHKEHUS TYCEHHY-
HOW camMoxomHO# minardopmbl. Takol THUN ABMXKEHUS OYEHb IIUPOKO PACIpOCTPaHEH Cpelu KOH-
CTPYKIIMI Ha3eMHBIX MOOMIIBHBIX pPo00TOB [2]. Ilo maHHOMY MPUHIKITY MOTYT ABUTATHCS U KOJECHBIE
IIaCCH C YETHIPbMS BEIyLIUMHU KOJIECAMHU.

[TporpaMma MoaeIMpPOBaHUsI TO3BOJISIET YIIPABIATh MOOMIBHBIM POOOTOM B IBYX PEKHMAX: aB-
TOHOMHOM (autonomous) u pyusom (manual), o060l U3 KOTOPHIX MOJIB30BATENIb MOXKET aKTUBHPO-
BaTh 4epe3 MyHKT MeHI0 MOde, pacnoniokeHHbIil B BEpXHEH 4acTu rpaduuecKoro OKHa NpHI0KCHUSL.
B aBTOHOMHOM pekuMe MOOHIIBHBIN PoOOT coBeplIaeT IBMKEHUS COTJIACHO 3aJJaHHBIM AJITOPUTMAaM,
KOTOpbIe HamucaHbl B makere Matlab u Haxonstes B otnensHOM (datine ¢ pacmupenueM *.m. aitnsl ¢
COOTBETCTBYIOIIMMH aJITOPUTMAaMHU BBIOMPAIOTCA C MOMOLIBIO JOTOJHUTEIBHOTO IUAJIOTOBOTO OKHA,
ABTOMAaTHYECKH MOSABJIIIOIIETOCS MOCIe BEIOOpa aBTOHOMHOTO pexuma ynpasieHuss AMP. BxonneiMu
napaMeTpaMHy JIJIsl aJTOPUTMOB YIIPABJIEHUS CIYXKaT MOKa3aHWs OMUCAHHBIX BBILIE JATYUKOB CEHCOP-
HOU cucTeMbl poO0Ta. BEIXOJHBIMYU JaHHBIMU SIBJISIFOTCS KOMAaHJbI JJIS1 COOTBETCTBYIOIIETO HaIrpas-
JIEHUs BpallleHUs KaX10i u3 AByxX ryceHun AMP.

[Tonp30BaTENh MOKET YIPABISATH ABIKEHHEM MOOWIBHOTO po0OOTa Kak ¢ KJIABHUATYPHI, TaK U C
TIOMOIIBI0 MAHUITYJISITOPA THIIA «MBIIIbY», aKTUBUPYS BUPTYaIbHbIEC KIABHUIIHN, HA KOTOPBIX 0TOOpaxe-
HBI COOTBETCTBYIOIIME HANpaBieHUs ABKeHNs. KitaBuim «BBepX» U «BHU3» YIPABISAIOT ABKCHUEM
poOoTa Bepes 1 Ha3aj, MepeMelasch MPH 3TOM Ha BEIMYHHY AMCKpeTHOro mara. Kimasumm «Bmopa-
BO» U BJIEBO» OCYILECTBISIOT AUCKPETHBIN MMOBOPOT KOpIyca pobOTa B COOTBETCTBYIOILYIO CTOPOHY
BOKPYT CBOEI1 OCH.

Pa3paOoranHas nporpamMma Mo3BOJISIET 3arpyXaTh U BU3yaJIU3HUPOBATh PA3IUUHbIE KAPThl MECT-
HOCTHU. 3arpy3ka KapT peanusyercs yepe3 MeHio File myrem nakatus Ha kHorky Open, kotopas BbI-
3bIBAET AMAJIOTOBOE OKHO JIS 3arpy3Ku COOTBETCTBYIOLIETO (haiina ¢ pacmmpenueM *.mat.

4. MoaenupoBaHue alanTUBHOTO nmoBeieHust AMP Ha ocHOBe peaKTHBHOI0 KOHTYpa
ylpaBjieHuUsi

PaccMoTpuM pe3ynbraThl MPOBEACHHOIO SKCICPUMEHTA 0 OIPEACIICHUIO aIeKBATHOCTUA PabOThI
TPEIIOKEHHOTO SKCTPEMATBHOTO KOHTYPa YIIPaBIEHUS pOOOTOTEXHHUECKMM aImapaToM (CM. pHc. 2),
KOTOPBIY OBUT PeaTi30BaH C TOMOIIBIO MPOrPaMMbl UMUTAIIHOHHOTO MOJISIIMPOBAHUS (CM. pHC. 3).

OKCIEPUMEHT 3aKJTF0YalICs B TeHEPAIMY PEaKTUBHBIM KOHTYPOM YIIPABJICHUS HOBBIX YCIIOBHBIX
pedutekcos, mo3sostonux AMP nBuratbcs 1o BUPTYalbHOH MECTHOCTH M aJalTUPOBATHCSA K HOBBIM
BUJIAM TIPEMSATCTBUH TakKuM 00pa3oM, 4TOOBI PACCTOSTHUE MEXIY KOPITycOM po0OTa UM BCTPEUHBIMH
00BeKTaMU OBLIO OOJBIIUM, YE€M JAITLHOCTh JEHCTBUS JATYMKOB IMPEMATCTBHN (30Ha OE30MaCHOCTH).
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OT0 mocturaercs 6iarofapst TOMy, 4To, C OHON CTOPOHBI, 10 Hadana GyHkuuoHupoBanus AMP onepa-
TOp KakK 3KCIEPT JODKEH OOYyYnTh 00Be3KaTh MpermarcTBus 0ok Oe3omacHoro merkeHust APT-JIAIT
Ha OCHOBE MOKa3aHUH OT CEHCOPHBIX JaTYMKOB OMIKHEW 30HBI. C ApYroil CTOpPOHBI, epe] HauaioM
neumxernss AMP nonrospemenHnas namate MHC MOTOHEMpPOHOB sABIsETCS MyCTOM, T. €. B HEH HE 3amu-
CaHO HU OJHOM ATAJIOHHOM Maphl «CTUMYJI — PEAKIUS.

Takum 06pasom, eciu ynpasistomue 3Hauenns U™

TO °

MOJIYy4YCHHBIC OT O10Ka MOTOHCﬁpOHOB

1 OCHOBAHHBIC HAa JAHHBIX CKAHUPYIOLICTO JaJIbHOMEpaA r(NZ) HE MpOTUBOPEYAT YIPABIAONIUM 3HA-

MoTO ?
M
YEHHSIM Ufm)_)l A O70Ka Ge3omacHoro nBwkenns APT-JIAIL, 610k kpuTepusi ONITUMAIBHOCTH COEIH-

HUT BBIXOZBI OJIOKAa MOTOHEHPOHOB C BXOJaMHM OJI0Ka IpaiiBepa IBUTaTEIICH.
B npoTuBHOM ciiydae coriacHo cucteme mpaBui (1) 010K KpUTEpHs ONTUMAIBLHOCTH IPUHY/IH-
TEIBHO co3/acT B goiroBpemenHoi mamsatu MHC MOTOHEHPOHOB TaKkylO acCOIMATUBHYIO Mapy, BXO/-

noit Bextop r'™) koTopoit GymeT mpencTaBiATH cOGOM JaHHBIE OT CKAHHPYIOWIErO AalbHOMEpPA (

MOTO

JUCKPETHBIX IIAToB Ha3as, a BeixoaHoit U™ (ympasnsrommii) BexkTop — ot 6moka APT-JIAIL B pe-

voto
3yJbTaTeC IPU INIOBTOPCHUU IlaHHOI\/'I CUTyaluu 010K MOTOHeﬁpOHOB BbIAACT TaKUC YIPABJIAIONINUC CUT-
HaJIbl, KOTOpbIE HE MPHUBEAYT K MOSBICHUIO BHELITATHOIO pexuma padotel AMP (B maHHOM ciydae —
CTOJIKHOBEHHIO C MPEIISITCTBUEM).

B mpoBeseHHOM 3KCTIEpUMEHTE pa3pa0OTaHHBIA adalNTHBHBIH HEHPOKOHTPOIUIED UMEIN CIely-
IolMe yuciaeHHbie napameTpbl: N1 = 8 Out (uncino OMHApHBIX AaTYMKOB mpensTcTBuil), N2 = 5x8 = 40
out (BochbMHOMTHOE aHAIOTO-IIU(POBOE Mpeodpa3oBaHue MITH BEIOOPOK ymaapa) u M =2 our (11 —
Briepen, 01 — BireBo, 10 — Brpaso, 00 — cTom).

Opnnako o0beM namsiti cetu JJAIl, Ha ocHOBE KOTOPOH peann3oBaH OJIOK MOTOHEHPOHOB, MO-
JKET COXpaHHUTh He Oojiee AByX 00pa3oB [12], 4To sABisETCS SBHO HEAOCTATOYHBIM JUIS pealn3alliid CH-
TyallMOHHOTO ympasieHuss AMP npu IBHXEHUHM O IUIOCKOCTH C MNPENSTCTBUAMH. B CBSI3W ¢ 3TUM
B 0JIOK MOTOHEHPOHOB OBUIT JI00aBJICH JIOTIOJHUTEIBHBIA CKPBITHINA CJIOW HEHPOHOB, 3TAJOHHBIC 00pa3bI
KOTOPOIro CTajii TIPOMEKYTOUYHBIMH 3BCHBIAMHU B AaCCOLMATUBHBIX IIapax «CTUMYJI — pCaKuus»
OT BXOJHOTO BEKTOPa HEMPOHOB K BBIXOAHOMY. B KadecTBe 3TaJOHHBIX 00pa30B MPUHUMAIICh OPTOro-
HaJIbHbIE BEKTOPHI U3 Marpulbl Anamapa. B pesynbrare moOGaBieHHs HOBOTO HEHPOHHOTO ciosi OJIOK

o o ! "
MOTOHCHpOHOB cTall cozxepxcaTL IBC ManI/ILIBI CHUHAIITHUYCCKHUX CBiI3CU WZ><N2 n MxZ rac N2 —
r(Na).

MoTo !

JUJIMHAa BXOJHOI'O PIH(i)OpMaLIHOHHOFO BCKTOpa

(M) .
MOTO ?

M — JJIMHA BBIXOJHOTO YIPABJIAKOIICTO BEKTOPaA

u
AKIM», H606XO,I[I/IMLIX AT peain3alliui YIIpaBJICHUA JABUXKXCHUCM p060Ta JUIA KOHKpCTHOﬁ 3aJa4u.

Z— AJIMHA TPOMECKKYTOYHOT'O HeﬁpOHHOFO CJIOs, paBHAA YUCIY OTAJIOHHBIX IAp «CTUMYII — pPEe-

Takum 0Opa3oM, 3HAUEHUS JIEMEHTOB MaTpPHUIBl AaMapa AZxZ JIOJDKHBI OBITH 3aITUCAaHbI B PEaKTUB-

HBIH KOHTYp yTnpaBlieHHus A0 Hadana GyHkuuonupoBanus AMP.
Ha ocHoBe u3BectHO#M hopmyisl pyHkunonupoBanus cetu JAIT [13] naiinem 3Ha4eHHs BbI-

xoxHoro ciost UM gepe3 BHIMCIEHNS 3HAYEHHMI TIPOMEKYTOUHOTO CIOSI HEHPOHOB COTIIACHO (op-

MOTO

MyJe

MOTO MOTO

U = £ (W2 - (W, 1) +D/@) 4B, @)

riae N> 1 M — KoTM4ecTBO HEUPOHOB BO BXOJIHOM M BBIXOJIHOM CIIOSIX COOTBETCTBEHHO; Z — KOJIHMYE-

CTBO HEHPOHOB B TPOMEKYTOUHOM CKPHITOM CIIOE (B pean3oBaHHOM dKciepumente Z = 16); b u
b"™) _ BexTOpBI-CTONOIBI, COEPIKALINE 3HAUCHHS TTOPOTOBBIX CMEIICHHI (YHKIMII aKTUBALMH B
Ka)KIO0M CIIOE.

Ha npumepe (puc. 5) ¢ MOMOIIBIO YeThIPEX BIOOPOUYHBIX CIIAII0B, HILTIOCTPUPYIOIIUX KITFOUe-
BBbIC MOMEHTHI OITUCHIBAEMOT'0 IKCIIEPUMEHTA, 1oka3aHo: a) ceTb APT-JIAII pacniozHana nperpamy Kak
o0pa3 «cTeHa»; 6) U 6) Ha OCHOBAHUH MOJYUCHHBIX YIPABISIONIMX cUTHAIOB oT O10ka APT-JIAII pe-
aJTM30BaH IOBOPOT POoOOTa BIIPABO; 2) MOBOPOT poOOTa BIPABO PEANN30BaH YK€ HA OCHOBAaHUH YIIPaB-
JISIOUINX CUTHAJIOB OT 06JI0Ka MOTOHEHPOHOB.
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a) 6) 3) 2)

Puc. 5. DkcnepiMeHT 10 aBTOMAaTHUECKOMY 100aBIECHHIO B TAMATh 0JIOKa MOTOHEHPOHOB HOBBIX 00pa3oB

B mporecce dynkimonnposanus AMP B 6110k MOTOHEHPOHOB 10 TipaBiity (1) ObLIM 100ABIICHBI
HOBBIE ACCOIMATHBHBIE Maphl «CTUMYI — peakiys. Takum 00pa3oM, JTaHHBIN MPOIECC MOKHO paccMart-
pHBaTh KakK TeHepalrio YCIOBHBIX pedieKcoB, o3Bossironmx AMP aganTupoBaThCst K HOBBIM yCIIOBHSIM
GbyHKIHOHMpOBaHusL. st onpe/eneHnsi HeMPOKOHTPOJLIepoM yrpasisiromiero sekropa u™) 1o dopmy-

MOTO

ne (4) morpeGyercs QM) =9MZ(N, +1)+3M, a ans ynpasusBmero Bekropa Uy ian  BCETO
g“;gm =3MN, sremMeHTapHBIX OlEpaIyii, MO KOTOPHIME MOHUMAIOTCS ONEPALMH CIIOKEHHS, YMHO-

JKEHWUSI, CPABHEHUSI M IPUCBOEHUsL. J[PYTHMH CIIOBAMHU, /ISl BBIYMCIICHHS K&KJIOTO [1Iara ajiropuT™a yrpas-
M M o
JIEHHs. TIOTpeOyeTCst QiPT)_H o+ QM) +3=11 865 snemenTapHbIx onepaumit (Tpy OIEpaLIM IS CPaB-

MOTO
(M)

HCHMsI BEKTOpPOB U APT-JIATT n UD(A':)ATB) ), 4TO SABJIACTCA INMOCWIBHBIM JISA BBIIIOJIHCHUA B PEKUME PEAJILHOIO

BPEMEHH JAKE IIPU PealIn3aLiy HEHPOKOHTPOIUIEPOB HA OCHOBE OJHOKPHCTATBHBIX MUKPOKOHTPOJIIEPOB.
[Ipu 5TOM B MOJIENTEHOM 3KCIEPUMEHTE CKOPOCTh JBrkeHnss AMP moaOupanace Takum o0pa3oM, 4ToObI
3a [Iar TUCKPETHOTO BPEMEHH OH IIPOXOIHI PACCTOSIHUE, PABHOE OIHOM JAECSITOM €ro JUTMHBL

3akiaouenne

HecmoTps Ha To uTO OG€3yClIOBHBIE M YCIOBHBIE PeIIEKChI PENCTABISAIOT cOO0M OTHOCUTENBHO
NpoCThie PYHKIIMOHAILHBIE CXEMBI, HA UX OCHOBE B XHBOU MPHUPOJE CTPOSTCS pa3HOOOpa3HbIE TUIIBI
CIIOKHBIX (OpM TOBeJIcHUs. B kadecTBe 0e3yCIOBHBIX W YCIOBHBIX pa3jipaKUTelell BHICTYIAIOT ca-
MBI€ Pa3HOOOpa3HbIC JaHHbIE, KOTOPbIe 00Pa3yIOTCS U3 CIOKHBIX KOMOMHAIMIA Ha BBIXO/IE€ CEHCOPHOM
CHCTEMBI 1 O0BEIMHSIOTCS B pa3IMYHbIC IPOCTPAHCTBEHHO-BPEMEHHbIE 00pas3bl.

Takum obOpasom, moboe aeticteue MCY, mocnenoBapiiee 3a M3MEHEHUSMH BHEIIHEH CpEbl,
JIOJDKHO BOCHPHUHUMATBCS KaK Peakiys NaMsATH Ha 3TO W3MEHEHHUE, BBIPAKEHHAS CIEHU(DUICCKIM JIei-
CTBHEM WJIM LETNOYKOW nercTBuil 3¢dpdexropos. dpyrumu cioBamu, Ha BBEACHHBIM crienugpuyecKuit
KJIIOYEBOM 00pa3 aJlanTHBHBIM HEUPOKOHTPOJLIEP JIOJDKEH BBIIaBaTh COOTBETCTBYIOIIHME YIIPABJISIONIUC
CHUTI'HAJIBI-OTKJINKHU. OZ[HaKO IJIA OTOro0 B HEM NPEABAPUTEIILHO JOJIXKHBI 6I)ITI) HaKOIUJICHBI ONPEACIICH-
HBIE MOJIEN MoBeAeHMA. Tak Kak npejiaraeMasi MoJiesb aAallTUBHOI'O HEHPOKOHTPOJUIEpa peaan30oBaHa
Ha ocHoBe MHC, B mporecce ero o0y4deHHs NPUMEHHMBI CTaHJAPTHBIE METOJbI, HCIIONB3yeMEBIC B
HEHPOCETEBbIX MOJIEISAX: 00yUeHUE C yuuTeieM, 0e3 YUUuTels U ¢ MojAKperuieHueM. B mporecce oOyude-
HUS IPOMCXOAUT U3MEHEHUE 3HaYeHuH koadduirenToB cunantuueckux caszeit MHC Takum o0pazom,
yT00OBl MUHUMH3HPOBAJIACh OLIMOKA MPH BBIYHUCIICHUH 1eJieBoi pyHKumu. B onmcanHOM 3kcnepuMeHTe
B Ka4eCTBE I1eJICBOI ObLIa MCIONB30BaHa (DYHKIMS MUHUMM3AIMH YUciIa MOBOpoToB maccu AMP, 1. e.
ObUIO pean30BaHO NPSMOJIMHENHOE JBUKEHUE C BBIHYXK/IEHHBIM 00BE3/10M IPEISITCTBUM.

Crenyer 3aMETHUTB, YTO MPEIOKEHHOMY aaTUBHOMY HEHPOKOHTPOJUIEPY NPUCYILU HE TOJb-
KO JIOCTOMHCTBA, HO U HEJIOCTaTKH, KOTOPhIMU OOJIafaloT cucTeMbl IpaBmwil. K HUIM MOXHO OTHECTH
TOT (haKT, 9TO KiIaccH4ecKkasi CHCTeMa MpaBWiI, Tak ke kKak 1 MoHonuTHas MHC B Teopun o0ydeHus
C MO/IKPETIIICHUEM, Ha MPAaKTHKE CIIOCOOHA XOPOIIO 00yYUThCS TOJIBKO OAHOM Gopme mosenenus. Ce-
pBe3HOH po0IeMoid Uil CUCTEM TPaBHII SIBJISIETCS TAKXKE CXOJUMOCTb K ONTHUMAILHOMY C HEKOTOPOU
TOYKH 3peHUsI HAOOpy MpaBHi, KOTOPBIHA HE BCET/la TapaHTUPYET a/IeKBaTHYIO PEAKIHIO B PA3INYHBIX
cuTyauusx. B cBs3M ¢ 3TUM LeNbI0 JaNbHEHIINX UCCIEI0BaHUHN SBISIIOTCA pa3padoTKa U peann3auus
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MOJIENIM UHTEIUIEKTYaIbHOH HMepapXHUYecKON CHCTEMBI YIPaBJICHHUS, KOTOpas MO3BOJIUT PELIUTh yKa-
3aHHYIO IPOOIEMY.
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R.A. Prakapovich

SIMULATION OF ADAPTIVE BEHAVIOR IN THE CONTEXT OF SOLVING
AN AUTONOMOUS ROBOTIC VEHICLE MOTION TASK
ON TWO-DIMENSIONAL PLANE WITH OBSTACLES

An adaptive neurocontroller for autonomous robotic vehicle control, which is designed to generate
control signals (according to preprogrammed motion algorithm) and to develop individual reactions to
some external impacts during functioning process, that allows the robot to adapt to external environment
changes, is suggested. To debug and test the proposed neurocontroller a specially designed program, able
to simulate the sensory and executive systems operation of the robotic vehicle, is used.



