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METHODOLOGY

Abstract
This paper describes principles of plane autopilot system construction based
on the author's method. The system is able to develop new behavior strategies
in abnormal situations. Results of testing on physical airplane model are
presented.

CHCcTeMBI aBTOMAaTHYECKOTO MIIOTUPOBAHMSI JICTATSIBHBIX anmapatos (JIA)
— aBTONWJIOTHI, MNpUMEHsIOTCs, HauumHas ¢ 30-x rr. XX Beka. llenbio
ABTOIMIIOTA SIBIICTCS TOIECpIKaHUE 3aJaHHOTO Kypca, KpeHa W TaHraxka JIA
MyTeM TOAa4Ydl  YOPaBSIIOIIMX  BO3ACWCTBHMA Ha ero pymd  0e3
HENOCPEICTBEHHOTO ydJacTus nmitora. H(popMamio o TEKyIeM COCTOSIHUN H
HE00XOANMOCTH KOPPEKIHH Kypca aBTOMMIOT MOIY4aeT OT COOTBETCTBYIOIINX
ABUAIMOHHBIX JaTYUKOB. MHOTHAa CHCTEMBI, MOJOOHBIE AaBTOIMJIOTaM,
HCHOJB3YIOTCS HE B aBTOMAaTHYECKOM DPEXHME, a B KaueCTBE «IIOCPETHUKA»
MEXIy THJIOTOM W HMCIOJIHUTENBHBIMU YCTPOMCTBAMH — PYJISIMH CaMOJIeTa.



Tak, eme 3agonaro a0 mnosiBieHus OBM B aBuanuu mNOSIBWICA TEPMUH
«mporpamMmHbIil  aBTommimotr» [1]. Ilpu wmcmoms30BaHMK STOTO yCTPOHCTBA,
MMAJIOT, IBUTAsl phlyaraMu YIpaBJCHUs, HA CaMOM JeJie YIpaBisieT He PYJLIMH
JIA, a TONBKO YyKa3plBa€T TEM CaMBIM IICIEBYI0 (YHKIUIO YIIPABICHUS
ABTOIMIIOTY, a HEMIOCPEACTBEHHO PYJISIMH YIPABIAET yXKe aBTOmWiIoT. OTinndne
MEXIy 3THMH IByMsI IOJXO/JaMH B ympaBieHHH JIA mpuMepHO Takoe e, Kak
MEXIy  CHoco0aMH  yIpaBleHHsS  aBTOMOOWJIEM C  «PY4YHOI» W
«aBTOMATHYECKOI» KopoOkamu meperad. C  pasBUTHEM aBHAIMUA |
ycaoxkHeHneM JIA  «mporpaMMHBIX aBTOIMIJIOTOB» CTaHOBSTCS Bc€ Oolee
BocTpeOoBaHHbIMH. OpHaKo BBeJeHUE 10A00HOTO «Oydepa» Mexay
yesnioBekoM U JIA nmeeT cBou MUHYChl. OJIMH U3 HUX COCTOUT B TOM, UYTO MHUJIOT
JIUIIAETCS BO3MOXXHOCTH IPUCIIOCA0IHBATHCS K cBoWicTBaM JIA, 94TO 0COOCHHO
BAXKHO, €CJIM CBOMCTBA JIA M3MEHSAIOTCS B TEUEHUE I10JIETA BCIECICTBUE KAKUX-
100 HEMITATHBIX CUTYaIlHH.

B mrobom ciydae, COBpeMEHHBIE AaBTONHJIOTHI COAEPXKAT alpHOpPH
pacuUTaHHBIM AETEPMUHUPOBAHHBIN 3aKOH YIPABJICHUS, KOTOPBIH, NOy4asl Ha
BXOJ TeKyliee mojoxenue JIA u meneBoe monoxkeHnue JIA, BbIaeT HyXHOE
YIOPAaBISAIOILEE BO3ACHCTBUE HA pyJIM yNpaBieHWs. B HemratHoOll cuTyauuu
(HarmpumMep, TIpuU OOJICICHCHWH KPBUIHCB, IMOBPSKIACHUU MEXaHU3AI[HH
KpbUIbeB, (IO3eiishka M T.I. IPUYMH) PaHEe 3aJI0KCHHBIA 3aKOH YIPaBICHUS
MOKET CTaTh Majo TMPUMEHHMBIM K HM3MeHuBHIMMcs mapamerpam JIA. Ilpu
9TOM aBapHsi MOXKET MPOU30UTH HE MOTOMY, uTo JIA moTepsii ynpaBisieMoCTb,
a OTOMY, YTO anpuOpU HANJECHHBIN 3aKOH YIPABIIEHUS aBTOMMIIOTA OKA3aJICs
HEeI(QPEKTHBHEIM B HW3MCHHBINUXCS YCIOBHAX. Pa3paboTyWku cUCTeM
ABTOMMJIOTHPOBAHUS [UIA TIPEOJOJICHHUS YKa3aHHOW IIPOOIEMBI TIBITAIOTCS
HAJETUTh CBOM CHCTEMBI CBOWCTBOM aJalTHBHOCTH, T.€., BO3MOXHOCTBHIO
ABTOMATHYECKOTO WM3MECHEHHUS  3aKOHA VIPABICHUS B COOTBETCTBHH C
M3MEHUBIINMUCS YCIOBUAMH. [IpakTHdyeckue BO3MOXHOCTH aBTOMAaTH3AIHH
OOBIYHO CYIIECTBEHHO YK€, YeM CHEKTP METOJOB aJalTHBHOTO YIIPAaBIICHHS,
KOTOPBI M3BECTEH IO COBPEMEHHBIM IyOJHKAIMAM B HAYYHBIX H3JaHHAX.
Hanpumep, ucnons3yercs pyqHOe HWIN aBTOMATHYECKOE TEPEKITIOUCHUE MEXTY
Pa3IMYHbIMHA peXrMamMu, T.C. HUCIIOJIb30BAHUEC Pa3INIHBIX anpuopu
3QJI0)KEHHBIX 3aKOHOB  YIpaBJIEHUS B 3aBUCHUMOCTH OT KOHKPETHOMU
pacnio3HaHHOW cuTyauuu. Hampumep, Bo3AyX Ha pa3IMYHBIX BBICOTaX HUMEET
pa3MYHYI0 IUIOTHOCTb, [IO3TOMY aBTONWJIOT Ha pPa3iMYHbIX BBICOTaX
WCTIOJNB3YeT pPAa3IMYHbIC TPOINMCAHHBIC 3apaHee 3aKOHBI yrpaBieHws. Jlms
ABTOMATHYECKOTO PACTIO3HABAHUS M KIACCH(UKAIMHA HEIITaTHOW CHUTYaIllH
HEPEeIKO TPUMEHSAIOTCS HWCKYCCTBCHHBIE HEWPOHHBIE CETH. 31ech MOXKHO
mpuBecTd mnpumep Kommanuu McDonnell Douglas Electronic Systems,



pa3paboTaBiieli COOTBETCTBYIOIIMI IEpEeKIIoYaresb PEXHUMOB II0JETa IPH
MTOBPEXKICHHH KOHCTPYKIIMH CaMoOJIieTa ¢ HCIOJNb30BaHHEM Helpocered [2].
OpnHako, OYEBHIHO, YTO HEBO3MOXHO alpHOPH 3AJIOKHTH B ABTOIMIIOT BCE
BO3MO’KHBIE HEIITAaTHBIE CUTYallU! U CLEHAPHUH JICHCTBUS B HUX.

Bmecre ¢ Tem, cHTyamuss HE TPEACTaBIsETCS IPUHLIUIHAAIBEHO
0e3HaZe)KHON. XOpOIIO HM3BECTHO, YTO B E€CTECTBEHHOH MPHUPOAEC MOXKHO
HaOJII0AaTh YIPaBIAIOLINE CUCTEMBI, 00Iaatoie TpeOyeMbIMHI CBOHCTBAMH -
HEpBHBIE CUCTEMBI J)KUBBIX OPTaHU3MOB. JTO Ja€T HaM YBEPEHHOCTh B TOM, YTO
CYIIECTBYET NPHHLMII YIPABJIECHHs, KOTOPBIA OOECHeunBaeT NeHCTBUTEIHLHO
aJalITUBHOE YINpaBJICHUE — CIIOCOOHOCTh HENOCPEICTBEHHO B IIpolecce
yIpaBJIeHUs] HAXOJUTh W KOPPEKTUPOBATh CIOCOO YINpaBiIEHUs OOBEKTOM C
0OJIBIIION CTENEHBIO HAYaJIbHOW HEONPEIeICHHOCTH 3HAHNS CBOMCTB OOBEKTA U
Cpenpbl.

[lombITKM TOHATH, MOJIEIMPOBATH M HCIOJIB30BATh OHOJIOTHYECKHE
MIPUHIMIBL YIIPABICHUS MPEANPUHUMAIOTCS B TOCIECIHNE AECSATUICTHS, OHU
COCTaBJISIIOT TaK Ha3blBa€MOE MMHUTAIMOHHOE WJIM OMOHMYECKOE HAIpaBICHUE
CHCTEM “HCKYCCTBEHHOro HWHTe/UIekTa”’. OTHUM W3 TaKhX METOJOB 3TOTrO
HalpaBleHUs] SABISIETCS pa3pabaTelBaeMblii HaMH METOA ABTOHOMHOIO
ajanTuBHOro ympasieHus (AAY) [3].

B nmanHOl paboTe wuccieayercss BO3MOXKHOCTh 3aMEHBI TPaIUIIHOHHON
CXEMBI JIeHICTBHS aBTONMIIOTA Ha CXEMY, OCHOBAHHYIO Ha METOJIe aBTOHOMHOI'O
ajantuBHoro ympasieHus (AAVY). B coorBerctBunm ¢ meromosoruein AAY,
MIPEAIoJIaraeTcsi, 4YTO YIpaBJeHWE OOBEKTOM MOXHO OCYLIECTBISTH 0e3
WCIIOJIb30BAaHUs 3apaHee U3BECTHON TOYHOW MaTeMaTH4ecKol MOJenn 00beKTa
yIpaBieHUsl. AJTOPUTM YIPABJICHHS IIOMy4aeTcss Ha OCHOBE SMIHMPHUYECKU
3HAHWH, aBTOMATHYECKH HAKAIUTMBAEMBIX BO BpEeMsI pPabOTBl CHCTEMBI, U
MEHseTCS 10 XOIy €€ 3BONIIONMH. Eciam nmmerorcss Kakue-mmbo HavdagbHbIC
3HaHMA O CBOICTBaX OOBEKTa YNPABIEHHSA, OHHM TaKXKE MOIYT ObITh
Hcnoibp30BaHbl. KadecTBo ympaBneHms, obecreunBaeMoe cucTeMon AAY,
TIOBBIIIIAETCS] MOCTENICHHO MON Mepe HaKoIUleHHs 3HaHuil. IlpemMymectBamu
TaKOTo MOJX0J1a SBJSIFOTCS OOJbIIas HE3aBUCUMOCTh CUCTEMBI YIPABJICHUS OT
CBOMCTB OOBEKTa yINpaBJIEHUs, & TaKKe CIIOCOOHOCTh CHCTEMBI YIPaBICHUS
MIPUCIIOCA0INBATHCS K MEHSIOIINMCS CBOWCTBAM 00OBEKTa YIPABICHHUS.

IIpu noctpoenun cucrems! ynpasiaenus JIA no merony AAY, B kadecTBe
«3JIEMEHTHOH 0a3oii» ObuTa BEIOpaHa HeueTKas Joruka [6]. B atom cimydae ams
MpencTaBleHus 3HaHWW B 0a3e 3HaHWA (B3) cHcTeMBI HCMONB3YIOTCA
npoaykuuonsele npasuna Bupa O; & A; — O, toe O; u A; — HedeTkue
MHOXXECTBA, KOTOPHIM IPHHAIJIECKATM 3HAUYCHHS BXOIHBIX M BBIXOJHBIX
TIepEMEHHBIX CHUCTEMbI Ha MPEABIIyNIeM TakTe, a Oy — HEUYEeTKOe MHOXKECTBO,



KOTOPOMY IIPHHAJUIeKAT 3HAUEHHs] BXOIHBIX IIEPEMEHHBIX HA TEKYIIEM TaKTe.
Kaxnomy mnpaBwiy mNpuUIUIIEM OLEHKY, KOTopass OyIeT IOoKa3bIBaTh,
HAaCKOJIBKO Pe3yJIbTHUPYIOUINI 00pa3 MpaBHia COOTBETCTBYET IIEJIEBOMY 00pa3y
(HampuMep, HyJICBOMY YTy TaHTaxa).

3a BBIYUCIICHUE OLICHOK IPaBHJI U TEKYILETO COCTOSHUS CUCTEMBI OTBEYAET
JPYTro# OJIOK CUCTEMBI — arapar Mouuii [8].

I'enepanyst HEYETKMX MPaBHJII OCYILECTBISIETCS C IPUMEHEHUEM IIPOLIEAYPBI
KJIACTE€PU3ALUHU SMIIMPUUECKHU TOJyUYEHHBIX 3HAaHUH MeTooM BelueToB [7]. Ha
OCHOBAHMHU PE3yJIbTATOB KJIACTEpU3aLMHM, MOMHUMO IIPABHJI, CTPOSITCS TaKXke
BXOJIHBICE M BbIXOJIHBIC (byHKIJ,l/Il/I MNPUHAAJIC)KHOCTU, KOTOPLIC 3aJar0T
COOTBETCTBYIOIINE BXO/JHbIE ¥ BEIXOJHbIE MHOJKECTBA CUCTEMBI.

[Ipouenypa pacnozHaBaHus 00pa30B COBHAgaeT C TPAAWLMOHHOW JUIst
HEUETKHX KOHTPOJUIEPOB Tpouexypod ¢a33udukanuy, a BBIUHCICHHE
YIPaBIIAIONIETO BO3ACHCTBUS — C IPOLIEAY PO Neda33npuKaIim.

OxoHYaTeNbHOE NPHUHATHE PEIICHUH IPOMCXOAUT B COOTBETCTBHU CO
CIICAYIONIMM HPUHLHUIIOM: €CIIH CyMMa BCEX pE3YJbTHPYIOIIUX IOCBUIOK
MIPaBWJI YIIPABICHUSI MEHBINE 33JaHHOTO TI0POTa S, TO PELIECHUE BBIONpPACTCS
CIlydaliHBIM CIocOOOM. B mpoTuBHOM ciydae yIpaBIsioliee BO3ACHCTBHE
BBIUUCIIICTCS 110 METOy LIEHTpa Macc Ha OCHOBE PE3YJIbTUPYIOUIUX MOCHIIOK
IpaBuJ YIIPaBJICHUA. ITOT IMPUHIUIT TIO3BOJIAET COBMECTUTH B OJHOM JBa
nporiecca: oOyueHHs M YIpaBieHHs, NEHCTBYs CilIydallHO B CUTyalusiX, Ui
KOTOPBIX HEIOCTaTOYHO OIMCHIBAIOIINX WX IPaBHJ YIIPABIECHUS, U EHCTBYS
Ha ocHOBe b3 B Tex curyanusx, B KOTOPBIX CHCTEMA «3HAET) ONTHMAILHOE WIIN
OJIM3KO0E K ONTUMAJIbHOMY JICHCTBHE.

ApmanTanysi CUCTEMbl K M3MEHsIomuMes napamerpaM JIA mpoucxoauT 3a
CUeT BBEACHUS U1 KaKAOTO HEYCTKOTO IIpaBWJIa HEKOW BENWYUHBI K,
3amaromiell CTereHb aleKBaTHOCTH TpaBmia TEKyIIMM mapamerpam JIA. Dtm
BEJIMYMHBI KOPPEKTUPYIOTCS HA KAJKAOM MIare paboThl CHCTEMBI B 3aBHCUMOCTH
OT TOTO0, HACKOJIBKO IOJIHO KaXKJJ0€ ITPABIJIO ONHUCHIBAIIO TEKYILYIO CUTYaIHIO U
HACKOJIBKO TOYHO OHO IIPEICKa3alo pe3ylbTHUpYIOUyto cuTyauuto. Ilpasuna ¢
HHM3KOH CTEIEHBIO AACKBATHOCTU OTCTPAHAIOTCA OT IMMPUHATUA peU.leHIdﬁ.

Boiee monpobHOe onrcanue pa3pabOTaHHON CHCTEMBI YIIPABICHHUS MOXHO
Haiith B crarbe “TlocTpoeHHME HEYETKMX KOHTPOJUIEPOB IO METOAOJIOTHU
ABTOHOMHOTO a/IAlITUBHOT'O YIIPABJICHUS ITOTO e COOPHHKA.

[t 9KCIIepUMEHTAIbHOM  IPOBEPKH  NPEATI0KEHHOTO I10/X0/Aa  ObuI
MIOCTPOEH HaCTOJBbHBIN a3pOANHAMUYECKHUH CTEHJ, ¢usnueckn
MOJENHUPYIOMMK  33afadd  aJanTHBHOTO  YIPABICHMSA  CaMOJIETOM B
HECTaIlMOHAPHBIX YCIOBUSIX. PacCMOTpUM BEpTHKAIBHOE ABM)KEHHE CaMoJieTa
OJ1 yIIpaBJieHHEM OOBIYHOTO aBTOmIIOTA (pHC. 1).



ABTONMIIOTY 3amaeTcs leneBas Tpaekropust moisera (target flight), mo
KOTOpOM OH JIOJDKEH BecTH camouieT. Hampumep, 3T0 mpsMasi TOpU30HTaIbHAS
muHust. Ha camoneT nefcTBYIOT pa3nnyHble BOSMYIIAIONINE CHIIBI, HAIIPHMED,
BOCXOZISIIITE ¥ HUICXOASAIINE TIOTOKH BO3/1yXa, KOTOPBIE OTKJIOHSAIOT CaMOJIET OT
LIEJIEBOM TPacKTOpUU. ABTONWIOT NPOTHUBOJAEHCTBYET 3TUM BO3MYILAIOIIUM
CHJaM M BO3BpAIlaeT caMoOJeT K IeneBoil Tpaekropun. OJHAKO HHUKAKOH
aBTOIMJIOT HE MOXET 00ECIICUUTD MTOJHOTO COBIAACHUS PEaIbHOW TPACKTOPUHU
JBIDKEHHUSI CaMoJIeTa C LIeNeBOI TpaeKTopueil, IOTOMY YTO 3aJI0KEHHast B HEM
MaTeMaTHuYecKass MOJENlb caMojeTa HETOYHO COOTBETCTBYET TEKYILIUM
CBOMCTBaM peanbHOro camosera. Ilo creneHu paccoriacoBaHusl peajlbHOW U
LENEeBOM  TpaeKTopuil  MOXKHO  CyAUTb O  KauecTBE  yMNpaBIICHUS,
o0ecrieunBa€MOM aBTONMIIOTOM B PA3JIMYHBIX CUTYaLUsX.

real

nerturhation

Puc. 1. PeanbHoe ABUKeHME camMoJieTa B BO3MYLIAIOLIEM BO31yILIHOM
NOTOKe MO/ [eiiCTBHEM AaBTOIIMJIOTA BCerJa HEeCKOJbKO OTJIHYaeTcsl OT
3a/1aHHOM LeJIeBOil TPaeKTOpHM.

Om3nueckas Mojens camonera (puc. 2) ¢ pazmaxom kpbuia 130 cMm. Obuia
3aKpeIuIeHa Ha MPOXOAIIeH B 00JIaCTH €ro LEeHTpa MacC U MPUKPETIICHHOH K
Olope TOPU3OHTANBHOM OCH TaK, YTO Yy CaMoOJieTa OCTaeTcs TOJNBKO OJHA
CTeTeHb CBOOONBI — YTOJI TaHTaXa. BHemIHne BO3MYIIAOLINE BO3IEHCTBHSA —
BOCXOAIIUE W HUCXOAAIHME IIOTOKHM BO3JAYyXa, HU3MCHAIOMUC YTOJI aTakwu,
MOJICTTUPYIOTCS C TMOMOIIBI0 BHEIIHETO0 BEHTUJISITOpAa MOIIHOCTBHIO 1660 M’
BO3/yXa/dac, HAIllpaBJICHHE MMOTOKa BO3JyXa OT KOTOPOTO MOXKHO H3MEHSTH,
KpOME TOTrO, TIOTOK O0JIaJiaeT OMpeICIICHHON TypOyJIeHTHOCThI0. V3MeHeHue
yria TaHra)ka MOJEIM CaMoJieTa O00eCHeYHMBAIOCH PYJIEM  BBICOTEHI,
MIPUBOAMMOM B JIBIDKEHHE CEPBOMOTOPOM.

Henp skcepuMenTa — IPOIEMOHCTPHUPOBATD, YTO AJANTUBHBINA aBTOIHIIOT
crioco0eH obecrieduTh Ooiee BHICOKOE KaueCTBO YIPABICHUS, YeM aBTOIHIIOT,



peanusyromui JETePMHUHUPOBAHHBII  3aKOH  YIpPaBIEHHUS  COIJIACHO
TPaTUIMOHHON cXeMe U paOOTArOIINH B TE€X Ke YCIOBHSIX.

air flow

aif compressea

web camera

Puc. 2. O6muii BUA nporpaMMHO-(U3NYECKOl MOAeJH aBTONHJIOTA,
OCHOBAHHOIO Ha MeToae AAY

Komannel Ha  cepBOMOTOp HOJaBalUCh  CUCTEMOM  yIpaBleHUS,
pealu30BaHHOM B BHAE MPOrpaMMbl Ha CTAlIOHAPHOM HEPCOHAIBHOM
komnbloTepe. Ilockonbky Ha Mozenu caMojieTa TPYJHO YCTaHOBHUTH
aBHAIIMOHHBIA NaTYMK yIJIa TaHTa)ka, TO JUISA IOJYYEHHS JaHHBIX O TEKyILEeM
3HAQUEHWM YTJIa MBI pa3paboTaqy CHCTEMY paclo3HaBaHUS TIpaduiecKux
00pa3oB, KOTOpas aHaIW3UpPOBaa TEKyIlee H300pakeHHE MOJECIH CaMoJIeTa,
MIOCTYTIAIONIee CO CTAIlMOHApHOW BHAEOKaMepwl. B Hactosmmeii pabote mpu
pa3pabOTKe aJaNTHBHOTO aBTOMMJIOTa Mbl OTTAJIKUBAINCh OT CHUCTEMBI
ynpaeienust "PILOT" - apganTuBHOW CHCTEMBI CTAaOWJIM3AllMU  YIJIOBOI'O
JBIDKEHUSI KOCMUYECKOro ammapara [4]. B xauecTBe OCHOBHOIO MHCTPYMEHTa
pa3paboTKK CHCTEMBI ObLT HCIONB30BaH HHCTpYMeHT Designer 4GN [5].

IIpoBoauMBEIE € CUCTEMOM OSKCIEPUMEHTBI COCTOSAM M3 5 WIaros,
Ppe3ysbTaThl KaXKJJ0ro U3 KOTOPBIX (PMKCHPOBAINCH B BUE rpadukos (puc. 3-7),
Ha KOTOpPBIX MO OCH aOCIMCC OTJIOXKEHBI BpeMsi (HOMepa TakTOB paboThI
CHCTEMBI), a IO OCH OPAWHAT — YTOJI TaHTaka Mojenu JIA.

PaccmoTpuM ogpoOHO KaXKABIH mIar SKCIIePIMEHTA.

IIar 1. BHavane cucrema ynpaBi€HHs] HUYETO «HE 3HAET» O CAMOJIETE.
baza 3HanHmit He comepkuT MH(pOpMauu 1o yrpasieHuoo JIA. Bxrrouaercs
pexxum obydenus (puc.3).
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[IBAECS SensorlAnge

23,5

13,5
time:

Puc. 3. Pe:xxum nepBu4YHOro o0y4eHust
HEMOBPE:KACHHONH MOJe/IN CaMOJIeTa

IMar 2. ba3a 3HaHMI IIOCTEIIEHHO 3aIlOJHSETCH.
HAXOJWTCS B CMEIIIAHHOM PEXUMe 00ydueHUsI U yrpaBieHus (puc.4).

23,5

-13,5

Puc. 4.

ynpaBJeHHus

time:

Pe:xxum

o0ydyeHuss W

HeNoBPe:KIeHHOI

MOJeJId CaMoJIeTa

Tenepp cucrema

Mlar 3. B xakoi-TO MOMEHT BpeMeHH (TIpUOIH3UTETHHO, Yepe3 20 MUHYT
1ociie Hayala SKCHEPHMEHTa) BO3MOXKHOCTH OOYYEHHS HMCUYEPIIBIBAIOTCS.
Cucrema ynpaBieHUs IEPEXOIUT B PEKUM ynpasieHus. KadecTBo ynpasieHus
eIll€ OCTaBJIET KENaTh Jy4IIEro, OJHAKO 3aMETHbI MPAaBIJIbHBIC KOMAaHIBI,
TIPUBOJSIIKME K BEIPABHUBAHUIO camosieTa (puc.S).
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Puc. 5. Pewxum  ynpasiaenust Puc. 6.

Henonpemeﬂﬂoﬁ MOae/IM CaMOoJIeTa

IMar 4. Temepsr MBI MOAETHPOBATIH IIOJIOMKY

time:

Pexum

YupasJieHus

l'lOBpe)K}.IeHl—[Ofl MOJ€/IN CaMoJIe€Ta

camoJI€Ta, IIyTEM

NPUKIEUBAHUSA KyCKa KJIEWKOH JEHTBl K pYJI0 BBICOTHI. DTO 3aCTaBIIAJIO
caMoJIeT HEMHOr0 «KaOpupoBaTh» - 3aAuMpaTh HOC BBepX. Ha rpaduke Taroke
BUJIHO, YTO B CaMOM Hayaje ObUl cMelleH (uKcaTtop, OrpaHHMYMBAIOIINI
nepeMeleHue camoieTa ceepxy. Kauectso ynpasnenus yxyamaercs. Cuctema

MIEPEXOIUT B PEKUM YNpPaBJICHUs ¢ 00ydeHneM (puc.6).



IMar 5. Ilocie mepeoOyuyeHus (4epe3 5 MHHYT) KadecTBO YIPABIICHUS
OISITH JJOCTUraeT HEKOTOPOr0 MAaKCHMyMa, XOTsI M HEe JOCTUraeT TOro ypOBHS,
KOTOPBIH OBLI 10 TOTOMKH (puc.7).

[BAECS_Sensor]Ange

23,5

13,5
time

Puc. 7. Pe:xxnm ynpasiieHHsi IOBpeKISHHONH MO/IeJIM MepeodyYuBIIeiics
CHCTEeMBbI YIPaBJICHHSA

Kak BuOHO M3 CpaBHEHMS pHC. 5 M pUC. 7, KayeCTBO YIPABIEHHS IO
BHECEHUS IOJIOMKHM 3HAYMTEIBHO JIydllle, YeM II0CiIe IIOBPEXKICHUS H
nepeoOyuenus. 3 rpadukoB, mpecTaBIeHHBIX Ha PUC. 6 U pUC. 7 BUIHO, YTO
KauyeCTBO YIPAaBJIECHUsI MOJEIBIO caMoJjieTa IOCie J000YyYeHHs MOBBICHUIIOCH,
T.€. CUCTEMa JIEMOHCTPUPYET aJIallTHBHOE TIOBE/ICHHE.

[Tpn aHanm3e NpUBEIEHHBIX IpaduKOB HEOOXOAMMO UMETh B BHIY, YTO BO
BpeMsl IKCIIEPUMEHTOB HMeJla MECTO 3HA4YMTeNbHAs 33JepXKKa INPH YTEHUH
JaHHBIX C BeO-KaMepbl, KOTOpasl CYLIECTBEHHO 3aMeJUIsiila PEaKLHI0 CUCTEMBI
U, KaK CJIE/ICTBHE, CHIDKaJIa Ka4YeCTBO 00y4eHHS U yIIpaBIICHUSI.

BaxxHO OTMETHTB, 4TO cHUCTeMa He 00JamaeT ClenUaJbHBIMH JaTYUKaMH,
UHQOPMUPYIOIIMMHA O  XapakTepe IOJOMKH. HeT Takke JaTYMKOB,
HHPOPMHUPYIOIIUX O caMoM (aKkTe TIONyYeHHUs TIOJOMKH. 3HaHHA 00
W3MEHEHUBLIMXCS TapameTpax (HM3MYECKOH MOAenu ObUIM  «IOJyYEeHbD)
CHCTEMOI1 4epe3 HECOOTBETCTBHE OXKHIAeMOro M (PaKTHUECKOIO YIJIa TaHTaXa
IMOCJIC BBINOJHCHUA KOMaHJ, MNOAaBA€MbIX Ha pPYJIib. CI_leHapI/lﬁ IIOBCACHUS
CHUCTEMbI B HOBBIX YCJIOBUAX 6])1.]'[ Bblpa6OTaH ABTOMATUYCCKHU, U3 OMITUPUUCCKU
HaKOIUICHHBIX 3HAaHUH O cpeJie U OOBEKTE YIPaBICHHS.

[Monck crnoco6oB moBbimeHns 3)HEKTHBHOCTH AJANTHBHOTO YIPaBICHUS
IpeaycMaTpuBaeTCs B IUIAHAX HAIMX JanbHeWmmx wucciepoBanui. [lo-
BUAMMOMY, B KaueCTBE OCHOBHOTO KpPUTEpHs, IO3BOJISIOIIETO OLIEHUTH
CIIOCOOHOCTh CHCTEMBl K aJalTalidd, MOXXHO HCIIOJb30BaTh CpPAaBHEHHE
ABTOMATUYECKOW CHCTEMBI C YEJIOBEKOM—OIIEPATOPOM — JIyYILIEM U3 H3BECTHBIX
HaM aJalTHBHBIX CUCTEM YIIPaBJICHHS.
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