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OBIIASA XAPAKTEPUCTUKA PABOTHBI

AKTYaJIbHOCTBH TeMbl HCCJICAOBAHUSA

[TpoBenenue pyHIaMEHTANBHBIX KOCMHUECKUX HCCIIEIOBAHUI TECHO CBA3aHO C MUCCUAMU
10 AaHAJIM3Y TIOBEPXHOCTEH IUIAHET C TIOMOIIBIO ABTOHOMHBIX CPEACTB nepeasrxenus. Co3nanue
TPAHCHOPTHBIX CPEJICTB, CIIOCOOHBIX B aBTOHOMHOM PEXHME U, B TOM YHCJIE 110 LelIeyKa3aHUsIM
oreparopa, IMepeBUraTbCsi Mo MOBEPXHOCTH HEOECHOTO Teja, XapaKTepU3UPYeTCsl eIMHUYHBIM
npou3BoACTBOM. CHCTEMBl yIpaBiieHUs TOJOOHBIMH OOBEKTaMHU JCWCTBYIOT B YCJIOBHUSX
HEOINpPEACIEHHOCTH NOBEPXHOCTU MEPEABMKEHUA. JTO NMPUBOAUT K OTCYTCTBHIO CTATUCTUKU
HapaOOTKKW Ha OTKa3 B peajbHBIX YCIOBHUSX IBMKEHUS, U MOSIBIISETCS 3a/J€pKKa B KaHaje
Iepelayl CUTHAJIOB PYYHOTO ynpasieHHs oneparopa. Kilaccuueckue moaxo/ibl CHHTE3a CUCTEM
ylnpaBieHUs He paboTaroT: HampuMep, HeNb3s AIPPEKTUBHO KOMIICHCUPOBATh BHEIIHHE
BO3MYILIEHUS WU TIOCTPOUTH aJ€KBAaTHBIM MaTeMaTH4YECKUI MOYJIb U3-3a IIMPOKOT0O AUAara3oHa
HEOIpeeIEHHOCTEH BHEIIHEH Cpe/ibl U MapaMeTpOB 0OBEKTa YIPABJICHHUS.

AJanTUBHBIE METO/Abl YIpaBJICHHUS, poOacTHble, HeWpo-HeueTKue TpeOyrT JHubo

Cephe3HON YTOUYHEHHONW MaTeMaTHYeCKOW Mojenu OOBEeKTa YHpaBJiCHHUs, JIMOO MPOLETypHI
00y4YeHHs B PEJICBAHTHBIX YCIOBUSX, HAPUMEP, TAKUE KaK, MOJICIMPOBAHUE aTMOC(epsl Apyron
wianeTsl Ha 3emsie. HeoOxoauma yHHBepcaibHash METOAMKA YOpPABICHHUS B  IUIOXO
IIPOTHO3UPYEMBIX U CIIOKHBIX M3MEHSIOLIMXCS yCJIOBUSX. I 3TOro Hy)XHO paccMaTpuBaTh
OOBEKT YIpaBICHHUS KaK CTPYKTYpHO-(QYHKIIMOHAIBHYIO CIIO)KHYIO CHCTEMY — a HMMEHHO,
JIEKOMIIO3UPOBAaTh OOBEKT YIPABICHUS W BHELIHIOIO Cpeay IO OJIOKaM OMHMCaHUS MOJEIH
JBYOKEHMsI. 3aKOH YNPABIEHHUS CTPOUTh Ha OCHOBE PEKOMEHJALMU U1l MPUHATUS PELICHUH B
YCIIOBUSIX HEONPEIEIIEHHOCTH U NPUHUMAaTh BO BHUMAHUE BIIMSHUE YEJIOBEKa (Omeparopa) Ha
yIpaBJIEHUE IBUKEHUEM.
BbipaboTKy peKOMEHIAIMii NPOEKTHPYET WHKEHEP-pa3padOTUUK CHCTEMBl YIIPABICHHS,
MMEIOLUI HAIJISIHBI MHCTPYMEHT KOHTpPOJS pELIeHWH, IpUHUMaeMoi cuctemMoid. OnHUM U3
TaKUX MHCTPYMEHTOB SBISICTCS Tpado-MPOAYKIMOHHAS MOJENb NpPEICTaBICHUS OO0BEKTa
yIpaBJIeHUs,, KOTOPYIO JIOTIOJIHAEM Ha0OpOM COCTOSHMM TOBEPXHOCTH JIBUKCHUS H
XapaKTepUCTUKaMU JIEHCTBHI orepaTopa. B cooTBeTCTBUM ¢ MpUHIMIIAMU OOpaTHOM CBS3H, B
TEOPUH YMPABJICHUS s BBIPAOOTKH MpaBHJ, HEOOXOAMM aHAJIW3 TEKYIIUX MapaMeTpoOB
nBwkeHus. Kiaccndyeckne MeToabl aHaln3a, TaKMe Kak CTaTHCTHYECKas oO0paboTKa, WM
aBTOPETpeccHsl BBUIY MaJloil BHIOOPKM M BBICOKOW HEOMpPEIEeNCHHOCTH BO3MYUICHUN HE JAIOT
3¢ HEKTUBHOTO YIIpaBICHHUS.

['pado-npoyKIroHHast MOJIENb (POPMUPYET KIaCCU(DUKALUIO COCTOSHUI TPAHCIIOPTHOTO
cpencta (TC), Baemneit cpeast (BC) u neneykazanuit oneparopa (O) (cokp. «TC-BC-O»), B Tom
YHCJIE YUYUTHIBAET ABM)KEHHE B aBTOHOMHOM peXuMe. J[aHHBII MOAXO0[ MO3BOJISIET KOMIUIEKCHO
paccMOTpeTh MX B3aUMOJICHCTBHE: BBIACTHUTH NEPEMEHHBIE COCTOSIHHUSA KaKIOro OOBEKTa M C
MIOMOIIIbI0 BETBEH Tpada HAINAIHO MOKa3bIBaTh HM3MEHEHHS COCTOSIHUH. OTO MO3BOJSET
00ecTeYnTh MPOCICKUBAEMOCTh PEIICHUH MHTEJUIEKTyalbHOW CHCTEMbI — MOKa3aTh HArJsIHO,
KaK M 1Mo4yeMy ObLTH HMPUHSATHl KOHKPETHBIC PELICHUS CUCTeMOH yrpasneHus. Ympasinenue TC
CBSI3BIBACTCSl C pEIICHUEM TakuX (PyHJaMEHTaIbHBIX 337a4, Kak 1) MOCTpOEHHE aJleKBaTHOU
MOJICJIN pearupoBaHus Ha MEHSIOIIMECS ITapaMeTphbl BHEIIHEH cpeibl 2) popMamu3aus 3HaHHH O
BHeIIHeH cpezae i () (HEeKTUBHOTO MIaHUPOBAHUS U HCTIONHEHHSI YIPABICHUYECKUX ONepaluii B
peXUME PEABHOIO BPEMEHH € YYETOM BO3MOKHOIO 3aII03aHus B KaHAJIE CBS3U.

B cBs3u ¢ 3THM BO3HHMKAaeT OOBEKTUBHOE IMPOTHBOPEUHE MEXIY TpeOoBaHHEM
HarJsiJHOCTU (ayIMpPOEMOCTH) aJIrOpUTMa MPHUHATHS PELIEHUH M BO3MOYKHOCTBIO COCTAaBHUTH
aJIeKBaTHYI0 MHXXCHEPHYIO MOJelib 00BbEKTa ympamieHus. Hampumep, CylIecTBYIOT METOJBI,
[IO3BOJIAIOIIME HA BBIXOAE AJTOPUTMA IIOJYYUTh PELICHUE, HO IPOCIEAUTh KaK CHCTEMa
IIPUHUMAJIAa 3TO PELIEHUE IPAKTHUYECKHM HEBO3MOXKHO. B yCIOBHSAX BBICOKOM aBTOHOMHOCTH
JBMDKEHUSI 10 TIOBEPXHOCTH IIJIAHETHI HEOOXOIUM AIrOpUTM B BHJE rpada, MOKa3bIBAIOLIHMA
HarjsiJHO OINepaTopy NPOrHO3 pa3BUTUSA CcUTyalud. Pa3BuUTHE OMNACHBIX CUTyalUuid
paccMaTpuBaioOCh, KaK BHEUIHME BO3MYIICHHS, KOTOpble HEOOXOAWMO KOMIEHCHpOBaTh. B
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IIPEICTABJIEHHOM HCCJIEI0BAaHUM, B paMKax HHTEJUIEKTYaJbHOTO aHalW3a, CO3JAcTCsl IPOTHO3
pa3BUTHs OMNACHBIX CHUTyallMd W € MOMOIIBIO Tpado-MPOIYKIMOHHON MOJENNU HHXKEHEPY-
pa3paboTYMKy TO3BOJIAET HAIIAAHO TMPOCIECKUBATH CTPATETUI0 MHUTUTHPOBAHUS PHUCKOB
ABapUNHBIX CUTyallUH.

Crenenb pa3padOTAHHOCTH TeMbI HCCJIETOBAHUS

I[To paccMaTpuBaeMbIM IpoOIeMaM 3a MOCIETHIE TObI TPOBEACHO OOJBIIOE KOTHMYECTBO
MCCIICZIOBAaHM, B YaCTHOCTH pa3pabdOTaHbl MOJETH M METOJbI OLEHKH COCTOSHUS MOBEPXHOCTH
IBWKEHMSI, CO3JIaHbl QJIrOPUTMBI Ha OCHOBE HEHPO-HEUETKUX CHUCTEM YIIPaBJICHHUS,
COBMEIIAIOLIUX PACUYETHO-JIOIMUYECKUE BBIUMCICHUS U 3JIEMEHTBl TEXHOJOTUU HCKYCCTBEHHOTO
MHTEJIEKTa. BOIpockl aHan3a NOBENEHUS CIIOKHBIX YEJIOBEKO-MAIIMHHBIX CUCTEM B COCTAaBE C
TC paccmarpuBanuch B Tpynax ucciuenosareneit PYIH, MI'TY um. H.D.baymana, UITY um.
B.A.Tpane3nukoa PAH, UIIM um. M.B. Kennpimia, MUPOA, MAJIU u apyrux cnenuanucrax
B oOmactu TeopuM ympasieHus. B uccnenoBanusx yueHsix BKA unmenu A.D.Moxaiickoro
IIPOBOASATCSI UCCIIEJOBAHMSI CBSI3aHHBIE C PEILIEHUEM 3a]1a4 IOCTPOEHHUSI U COBEPIICHCTBOBAHUS
MHTEJUICKTYyalIbHBIX CHUCTEM YIIPABICHHUSI KOCMUYECKUX pOOOTOB, B TOM YHCIIE 3ajay, CBI3aHHBIX
C aJanTUBHOW OOpPabOTKOM M3MEPUTENbHOW HH(POPMALUU TMOABWKHBIX 00BEKTOB. OgHAKO B
TPYAax 3THUX YUYCHBIX HE pacCMATPHUBAIOTCA 3a]la4l WHTEIUIEKTYyaJIbHOTO aHAIN3a HH(POPMAIIUU O
napameTpax JBM)KEHHUS TPAHCIIOPTHBIX CPelCTB. TakuM 00pazoM, akTyalbHON SBIISIETCS HAYYHO-
TEXHWYECKas 3ajaya TIOCBSIICHHAs pa3pabOTKe MaTeMaTHYeCKUX MOJEIe U METOJIOB
OLICHMBAHHUS COCTOSIHUS U aJITOPUTMU3ALUH yrpasieHus nuwxkennemM TC (kak npuMep — Majble
MOOWJIbHBIE POOOTH3UPOBAHHBIE TMEPEBIKHBIE KOMIUIEKCHI) B YCIOBHUSIX HEONPEIeICHHOCTH
JBVKEHMS 110 IJIAHETE C YYETOM HEOIPEAEIEHHBIX BO3MYILEHUHN, 3aJaHHBIX CTOXaCTHYECKUMU
MpolieccaMy, BO3HUKAIOIIUX B UeJ0BeKO-MaMHHBIX cucteMax « TC-BC-Ov.

Henp qpuccepTanuoHHOMH padoThI

[ToBpllIEHNE YCTOMYMBOCTU JIBUKEHHUS TPAHCIOPTHOIO CpEACTBA HA IIOBEPXHOCTH
IUTAHETBI, B YCIIOBUSAX HEOIPEAEICHHOCTU BHEIIHEN Cpellbl, BO3MOXKHBIX 3a/E€p)KEK B KaHalle
CBSI3M, JEMCTBUI onepaTopa, XaoTuueckux npoueccoB B cucteme « TC-BC-Oy.

Oco0eHHOCThIO pa3pabaThIBAEMOI0 MAaTEeMAaTUYECKOI0 METOAA SIBIISICTCS HArJsAIHOE
OINHCaHUE PACCMATPUBAEMBIX aJIbTEPHATUB IPUHITHS PELIEHUH 1 KOAIULIMOHHBIN XapaKTep yueTra
HECTalMOHAPHBIX MpoIeccoB MpH ABMKEHUH TC cO CTOPOHBI aKTUBHBIX CYOBEKTOB — OIepaTopa
U TIOBEPXHOCTH TOpMOXKeHHs. Takum 00pa3oM, MPUMEHEHHUE ammapara TEOPUU WP MO3BOJUT
OIpEIENIUTh ONTUMAIBHYIO CTpaTeruto B3aumoseiicteus B cucteme « TC-BC-Oy, a He 60poThCst ¢
BHELIHUMHU MapaMEeTpaMu AJIs IPSIMOJIMHENHOIO JOCTHXKEHUS LieJIeyKa3aHUil oneparopa.
Pemaemblie 3agaun

1. AHanu3 COBpPEMEHHBIX NOJIXOJOB IO YIPABIEHUIO JBUKEHHEM TPAHCIOPTHOIO
CpeAcTBa, 0030p METOJIOB MHTEIUIEKTYAJIbHOTO aHAIN3a TaHHBIX.

2. Onucanue MHPOPMAIMOHHO-KUHEMAaTHUYECKOM CXEMBbI KOHTPOJSI COCTOSIHUSI CHCTEMBI
«TC-BC-O», pa3zpaboTka (popMaan30BaHHBIX XapaKTEPUCTHK BHEIIHEH cpeasl M JeHCcTBUI
olrepaTopa, CyIIECTBEHHBIX JUIsl NPOTHO3UPOBAHUS [BMKEHUS M Pa3BUTUS PUCKA aBapUITHOMN
CUTYyallUH.

3. PazpaboTka maremaruwdeckoil mojenu B3zaumonenicTBus cucteMbl «TC-BC-O» mns
OLIEHKHM COCTOSIHUI TPAaHCIIOPTHOT'O CPENCTBA, B YACTHOCTH, MOJEINPOBAHUE TOPMOXKEHUS KaK
OCHOBHOTO (paKTOpa pUCKa Pa3BUTHUS aBapUHHON CUTYyalllH.

4. PazpaboTka mporpaMMHOro oOecmedeHus s aHaiu3a BPEMEHHBIX PAJIOB,
IIPE/ICTABICHHBIX TapaMETPAaMU ABM)KEHHUS, IOJyUYEHHBIX C U3MEPUTEIIBHBIX YCTPONCTB C YUETOM
HEOIIPEIEICHHOCTEN.

5. Pa3zpaboTka MaTeMaTHYECKOro amnmapara HWHTEUICKTYaJbHOTO aHajh3a TEKYIIUX
[IapaMeTpPOB JIBUKEHUS [JIs1 OLEHKHM IPOrHO3MPOBAHUS aBapUHHON cHUTyalMH (AMHAMHYECKU
ornacHoi cutyanuu — Habop coctosiHuil 06bekTa « TC-BC-O», MEHSAIOMIMXCS BO BPEMEHH).

6. Pazpabotka rpado-nmpoayKIIMOHHON Monmenu mis (GopmupoBaHUS 0a3bl NAaHHBIX WU
MeTo/a BbIJIauu pekoMeHAaruil no ynpasienuto TC.



O0beKT ucciaer0BaHus

Cucrema YOpaBJICHUCM JIBUKCHHUA TPAHCIIOPTHOTO CPCACTBA HAa NMOBCPXHOCTHU IJIAHCTHI,
(GYHKIMOHMPYIOIIAs B YCIOBHSIX allpHOPHO-HEONPEIEICHHBIX BO3MYIIAIONINX (paKTOpax.
[Mpeamer uccieroBaHus

MaremMmaTtudeckue MOACIIM U AJITOPUTMbI HHTCIUICKTYAJBbHOI'O aHAJIM3a OAHHBIX JJIA
yHOpaBJICHUA JIBUKCHHUCM TC B YCIOBUAX HCOHNPCACICHHOCTH C YUCTOM J[JIBHKCHHA 110
MMOBCPXHOCTHU IIJIAHCT.

HayuyHasi HOBH3HA OJIy4YeHHBIX Pe3yJIbTATOB

1. IlpeanokeHa CTpyKTypHast cxeMa O0pTOBOM MHTEIUICKTYaIbHOM CUCTEMBI YIIPaBJICHUS,
OCHOBAaHHasi Ha JEKOMIIO3MLIMM TIJIAaBHOM LEIU Ha JEPEeBO IOALEICH U BBEIACHHHM B KOHTYP
yIpaBJIeHUS JIByX OOpaTHBIX CBS3€H C HMHTEIUIEKTYaJIbHBIM aHAJIU30M TEKYIIMX IapamMeTpoB
JBYOKEHMS JJI OLEHKU INPOTHO3MPOBAHUS JUHAMHYECKH ONACHOM CUTyaluu. JTO IMO3BOJIET
NPOBOJUTH OIEHKY YTIJOBBIX CKOPOCTEH BpallCHUs KOJIEC, YTO 00eCrneunBaeT KOHTPOJb
BpameHuss TC OTHOCHUTENBHO 3a0JIOKUPOBAHHOTO KOJIECA U TIO3BOJISIET KOHTPOJIMPOBATH PEKHUM
(kaueHue, CKOJNbXKCHHE, OJIOKMPOBKA) JBIMKEHMS KOJeca B paMKax OJHOM MaTeMaTHYecKou
MOZEIIH

2. B vactu Metoauku ynpasienus cucremsl « TC-BC-O» co3nana rpado-npoayKiunoHHas
MoJIeNb T JOpMHUPOBaHUS 0a3bl TPABUI, COCTOSIIIAS U3 ABTOHOMHBIX MOJIYJICH 1101 BBIICTICHHBIC
coctossHusi Tpada ans  (opmupoBaHHs Oaszbl JAHHBIX AJTOPUTMHU3ALMHM  YIPABICHHUS.
B3anMonencTBre 3JIEMEHTOB CUCTEMBl YYMTBIBACT IIOAXOABI TEOPUUM WIP U PEAIU3YET
KOQJIMIMOHHOE B3aMMOJCHCTBUE: KOIZA alIrOPUTM YIIPABICHUS HE IIPOCTO KOMIIEHCUPYET
BpEHBIE BO3MYILEHHUs, a IOJCTPAUBAET CBOE MOBEACHUE IOl U3MEHSIOLIUECS HEONIPECIICHHBIC
ycnoBus cpenbl. ['pado-mpoayKInoHHAsT MOJENb MO3BOJIAET MPUMEHSATh YHU(UIIMPOBAHHBIC
YCIIOBHSI IIEPEXOJOB OT COCTOSHMS K COCTOSHHMIO U BBIJABATh YNPEKIAIOIUE PEKOMEHIALUN
OIIepaTopy IPU JUCTAHLIMOHHOM YIIPaBJICHUU, HAIPUMEpP, U3MEHEHHE Kypca, CKOPOCTH B peKUME
TOPMOKEHHSL.
TeopeTnyeckasi 3HAYMMOCTH PadOTHI

Coznana cxema Hepapxudeckoro KoHTpousst coctosiHus TC M OLIEHOK BHEUIHEW Cpenbl.
PazpaGorana JByXypoBHEBas cxema KOHTpoist coctosHus TC, Kpome ammapaTHo-
OpPUEHTUPOBAHHBIX M PACUETHBIX AJITOPUTMOB (IIEPBBI YPOBEHb) BBE/IEH YPOBEHb BBIUYMCIICHUN
Ha OCHOBE MojIeJiel 3HaHMH (HeueTKast JOoruka, rpado-npoayKIHoHHas MoJienb). B otiamuue ot
KMHEMAaTU4YeCKOM cXeMbI (3aMKHyTasi cucteMa KOHTpois TC) HeHHOCTh JaHHOM HepapXU4ecKon
cxembl KOHTpoJsi coctosinusa TC 3akitodaercs B MOAYJIbHOM CTPYKType, YUUTHIBAIOLIEH uepes
npaBuia 6a3bl 3HAHUM, XapaKTEePUCTUKH BHEIIHEH cpe/ibl U ACUCTBUI omepaTopa.
IIpakTHyeckas 3HAYMMOCTH PadOThI

ITomyuyeHsl auarpaMMbl OLEHKM COOTHOLICHUH Iap YIVIOBBIX CKOPOCTEH KaK KIIFOUEBBIX
[IapaMeTpPOB PA3BUTUS JUHAMHYECKHM OIACHOM CHUTyaluu. ODTO MO3BOJIAET JaTh IEPBUYHYIO
OLICHKY pa3BUTUS IOTCHLUAJIBHOIO pHUCKA HEYIPABISAEMOIO JBUXKEHUS, CBA3aHHOMY, B
YaCTHOCTH, C OJOKMpPOBaHHUEM KOJIEC TpU TOpPMOXEeHHH. B paboTe mnpoaHain3upoOBaHBI ¢
IIOMOILBI0 METO/Ia Xa0OTUYECKOW TMHAMUKHU CBOMCTBA JUarpaMMbl KaK CBOMCTBA aTTPaKTOpA.
MeTtonoJsiorus U MeTOAbI HCC/IEI0BAHUSA

HccenenoBanuss NpPOBOAUINCH C IPUMEHEHHEM METOAOB TEOPUM ABTOMATHYECKOTO
yIpaBJICHUS, TEOPUU MPHUHATUS PELICHUH, TEOPHHM BBHIOOpA, TEOPHUH KOH(IMKTA, METOIaX
HCKYCCTBEHHOI'O MHTEJUIEKTA, METOJaX UHTEIUICKTYaJIbHOIO AHAJIN3A JAHHBIX.
IHonoxeHNsl, BLIHOCHUMbIE HA 3ALLUTY

1. CtpykTypHass cxema OOpPTOBOW  MHTEIUICKTYAJIbHOM  CHCTEMBl  YIpPaBJICHUS,
YUMTBIBAIOIIAS JEKOMIIO3ULIMIO IVIABHOW LENM Ha JEPEBO IOJALEIEH U BBEICHUU B KOHTYP
yIpaBJICHUS] IBYX OOpaTHBIX CBs3eH, 0OECHeYMBAIOMIMN HMHTEIJICKTYAIbHbBIH aHaTU3 JaHHBIX
[IapaMeTpOB IBWKECHMS I OLICHKH IIPOTHO3UPOBAHUS JUHAMUYECKH ONACHOU CUTYalUH.

2. I'pado-npoyKIIMOHHAS. MOJETb, YUUTHIBAIOIIAS CBSA3U COCTOSIHMIA rpada (B BepIimHax
CoJIepKaThCsl MapaMeTpsl nmpocTpancTBa coctosiHus cucteMbl «TC-BC-Oy) st popmupoBanus
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0a3bl JaHHBIX ANTOPUTMH3AIMU YIPABICHUS, I1€ Ui KaXI0M BEpIIMHBI pa3pabOoTaHbl TPYIIIBI
ABTOHOMHBIX TPABUIL
CreneHb 10CTOBEPHOCTH Pe3yJIbTATOB

[TpoBenen BcecTOpOHHUI OOBEKTHBHBIN aHaIW3 C paboTaMH, TOCBSIICHHBIMU
UCCIIETyEMOMY MpEeAMETY 3a MpoulIble ToAbl. 3ydeHbl pe3ynbrarbl SKCIEPUMEHTOB U
NPOAHATU3UPOBAHBl MX C TIOKa3aTesIMM anmpoOMpPOBAHHOTO METOJIMYECKOTo armapara.
[TpoBOIMIIOCH HECKOJIBKO pabOT HACHTUYHOTO XapaKTepa Ha psijie BBIOPaHHBIX OOBEKTOB.
AnpoOanusi pe3yJIbTaTOB

PesynbraTsl paboThl TOKIabIBATHCH Ha MEXyHApOAHOM HAyYHO-TEXHHYECKOM (hopyMme
IAA/AAS SciTech Forum (PYAH, 2019), na 12-ii MexayHapoaHOW Hay4yHO-TE€XHHYECKOU
KoH(pepeHIIMH «ONTHKO-3JIEKTPOHHBIE MPUOOPHl M YCTPOHCTBA B CHUCTEMAax paclo3HaBaHHA
00pa3oB, 00paboTku M300paXkeHuit 1 cuMBOILHON HHpopmarmn» (Kypck, 2015 r.), Ha dpopyme
Menuko-Oxonoruueckue uHpopmarmonnsle Texnonorun, Kypek, 2018, 13-oit Beepoccuiickoit
Hay4YHO-TIpaKTHYeCKOi KoH(pepeHimu, Poctos-Ha-/lony, 2018.

PesynbraThl nuccepTanMoOHHON paboThl BHEApPEHBI B yueOHbIM mporecc MmkeHepHOU
Axanemuu PY JIH.
Myb6ankanun

[To Teme nucceprammu omyOnaukoBaHo 10 paboT, M3 HUX 2 CTaTbu — B M3JIAHUIX
WoS/Scopus u 2 cTatbu — B U3AaHUAX, BXOAAMUX B iepeuens PY/IH.
CTpykTypa 1 00beM padoThI

HucceprammonHas pabora u3iokeHa Ha 166 cTpaHHMIIaX MAIIMHOMMCHOTO TEKCTa MU
COCTOMT U3 BBEACHMSI, YETHIPEX IJIaB, OCHOBHBIX PE3YJIBTATOB U BBIBOJIOB, CIIMCKA MCIOIb3yEMON
IUTEepaTypsl U3 82 HauMEHOBaHUH, coepKuT 11 Tabnuu, 45 wimocTpanuii U 32 NPUIOKEHHS.
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OCHOBHOE COAEP/)KAHME PABOTbI

B nepBoii riiaBe npoBelieH aHAJIN3 COBPEMEHHOI'O COCTOSHUSI CO3/IaHUS U Pa3BUTHS
AJIEKTPOHHBIX OOpPTOBBIX cHcTeM ympaBineHuss TC, moka3zaHbl OCOOCHHOCTH U OTpaHMUYCHHS
KUHEMaTH4YeCKHX Mojesel, (QOopMUPYIOUIMX IETEPMHUHUPOBAHHYIO pEAKLUI0 Ha BHELIHHE
ycnoBus JBUKeHUs. CHHTe3upoBaHa HMH(DOPMAIIMOHHO-KMHEMATHYECKass CXeMa KOHTPOJIA
COCTOSIHUS, CITOCOOCTBYIOIAsl (POPMHUPOBAHUIO XaPAKTEPUCTUK BHEIIHEH CPEJIbI.

[IpuBoauTCs onMcaHue MaTeMaTHYECKUX MoJienel nporecca apwxkenus TC, B ToM uncie
IIPOLIECC TOPMOXKEHUsI KaK CaMbli Ba)XKHBIM I PAa3sBUTHUS JUHAMUYECKHM OIIACHOW CHUTYAlWH,
KOTOPBIE TIO3BOJISIFOT HCIIOJIb30BaTh COOCTBEHHBIE ONEepauy U (PyHKIINH MapaieTbHON TPOBEPKH
MHOXECTBAa YCJIOBUH JABIDKEHHs W 00paOoTKM naHHBIX. Pa3paboTaHa CTpyKTypHas cxema
MHTEJJIEKTYaJIbHOM CUCTEMBI YIPABIEHUS, OTIMYAIOIIAsACS BBEIACHHEM B KOHTYp YIpPAaBIICHUS
JBYX OOpaTHBIX CBS3EH.

3anaua ynpasienus TC B HeonpeeNeHHbIX YCIOBHSX IBUKEHUS TPEOyeT pa3paboTKu U
MCTOJIb30BAHUSI TAKMX METOJIOB NMPOEKTUPOBAHMS W HCCIEIOBAHUS, KOTOpPHIE MO3BOJSUIN OBI
HauOoJiee IMOJIHO YYUTHIBATh, BO-TIEPBHIX, HAJMUYUE B3aMMOCBS3EH MeXIy OOJBIIUM YHUCIOM
(akTOpOB, ONpeNeNsIOMUX CBOMCTBA U MOBEACHHE PacCMaTPUBAEMON CHCTEMBI, U, BO-BTOPBIX,
HEOIPEEIEHHOCTD TOBECHMSI CUCTEMBI B LIEJIOM U COCTABJIAIOIINX €€ yacTel. OiHa U3 OCHOBHBIX
TpyAHOCTEH B 00paboTKe MH(POPMALIMU U YNPABIECHUU COCTOUT B HEOOXOAMMOCTH MPHHUMAThH
pElIeHNs] WIH PEKOMEHJAIMHN B YCIOBUSAX HEONPEACIEHHOCTH WIHM IPU HEMOJIHBIX 3HAHMSIX O
BO3MOXXHBIX IOCIEACTBUSX NPEANPUHUMAEMbIX AEUCTBUM, T.e. TpakToBku TC kak dactu
METaCUCTEMBI, KaK 2JIEMEHTA BHEIIHEN CPEJIbI.

B3anMozielCcTBHUSL 31€MEHTOB B METACHUCTEME MOXHO (OPMAIU30BaTh C IOMOIIBIO
teopun KoHPHKTa. O0BeKTHI «TC» (S1) 1 « BHemHss cpenay (S2) MOrpyKeHbl B METACUCTEMY H
B3aUMOJICHCTBYIOT MEX Ty c000ii uepe3 00bekT «Oneparop» (C). OObEKTH U BHYTPEHHSISI cpesia

BMecte ¢ otHomernavi (R) mexmy Hivm ofpasylor Metacuctemy Syper = {Sl, S,, C, R} -

CUCTEMY YINIPaBJIECHUS TPAHCIIOPTHBIM CPEICTBOM.

B ornuume OT 3aMKHYTBIX CUCTEM, CTPEMSLIMXCA K COXPAHEHUIO SHEPIUU IOKOS,
OTKPBITHIE CUCTEMbI C HECKOJBKUMH aKTHBHBIMH OOBEKTaMU 00pa3yloT pa3iUyHbIC KOATUIIHH.
Koanumust ctpeMHUTCs MOAYMHHUTD ce0e «IIPOUTPABILNE 3JIEMEHThl METACUCTEMBI M 00ECTIEYUTh
Janee SKCTPeMyM KOAJIUIMOHHOW (yHKIMHM. B 3aBUCHMOCTH OT MpEABICTOPUM W BHEIIHUX
YCIIOBUI BO3MOKHBI KOATULIMH:

a) Oneparop — TC;

0) TC — BHewmHss cpefa.

B nepBoii KoMK MPOUTPABIIMM 3JIEMEHTOM CTAHOBUTCS 00bEKT «BHEIHss cpenay.
KoanunuonHnast GyHKIMS - MUHUMHU3AIHsI OTKJIOHEHUS OT Kypca JABIKeHHs. Bo BTOpoii koanuimu
NPOUTPABILIUM JJIEMEHTOM CTaHOBHTCA 00BeKT «Omeparopy». Koamuumonnas ¢yHKus —
MUHHMM3ALKS KOJMYECTBa JIeHCTBUI 10 (POpMHUPOBAHUIO Kypca JABKeHUs (0e3 omeparopa).
Taxoit moaxon onucanus KOHMIMKTHOTO B3aUMOJICHCTBUS CTAIKMBACTCS C PSIIOM OTPaHUYCHHIA:

a) HEToJIHAs MOJIENb UTpoKa « BHelH:s cpenay;

0) HEeU3BECTHBIE ANPUOPHBIC BEPOSITHOCTH HWIPOKOB METACHUCTEMBI (pacrpeneeHue
BEPOATHOCTEN);

B) pa3HOpPOJHBIC JAaHHBIE, KOTOPBIC ONMUCHIBAIOT KOH(MJIMKTHBIE B3aUMOJCHCTBUSA
(ZeTepMHMHUPOBAHHBIMU, CITy4YallHBIMH, YETKUMH, HEYETKUMU U T.I1.).

OpHUM U3 MyTeH MpeoaoJIeHUs] NaHHBIX OTPaHUYCHUN SBIAETCS pa3paboTKa CTPYKTYpPHI
OOpTOBOM CHUCTEMBI YIPABJICHUS C HHTEIUICKTYaJIbHBIM aHaIN30M TeKymux naHHbix (MCY). dns
6oproBoit UCY ynpaBieHus: IBMKEHUEM, B TOM YHUCIIE B YCJIOBHUSIX TOPMOXKEHHs, XapaKTepHa
riaBHad 1enb (') — moBelIeHNE yNpaBIsSEMOCTH U YCTOMUMBOCTH B IIpoliecce TOpMokeHus. Kak
BaKHEMIIasg uHTeIekTyanbHas GyHkius B UCY BXOAAT METOJBI U aITOPUTMBI HE TOJIBKO MO
HEUTpaau3aluu pa3BUTHSA AuHaMudecku omnacHoi cutyamuu (OC), HO M MO YNPEXIAESHUIO
MIOTIAZIaHUs B HEIUTATHYIO CUTYAIUIO, CIIOCOOHYIO NEPEUTH B aBapHITHYIO.
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Cxema ¢ynkunonupoBanusi 6oprosoii UCY onuceiBaercs cienyromeil CTpyKTYpHOR CXeMoil, B
KOTOpPOM peanu3yeTcsl MHTEJUIEKTyalIbHbIM aHalIW3 JaHHBIX Ul ynpasieHus ABrmxeHuem TC

(puc.1).

BHeluHee Bo3aencTemne

-
) (okpykatoLas cpepna)

Y

Cuctema AaT4ynKoB GS) %
n Y oe T a 3
ycKoBO#i | y A L] A ¢ = [nHamnyeckas 8K 55
CUTHAT ) Morvauns | |  3wakus - Llens —» $ 5 P okcneptHas P 83 F™ 53
3J = QLA I Q
* 4 * 4 o9 cucrtema lg 5 [ IG
o g 8. > g >
CvcTema OaTumkoB c o~
A A * A
=
Sos
BHyTpeHHee FE T 1®Z = & Z
BO3[EiCTBME Obparvas | @ © x| Obpamwas| | Q- & 7 © T E I
O © Q cBA3b 2 [T n o é ]
(cobeTBeHHOe et 18 F =g S2Clea] E5 | =g
cocTosiHWe o6bekTa = b S =G P © g
yrpaBreHus o >3 T3 2 O OCga
=) 28c ac =
1 CUCTEMbI) RO e] > > >
S oxI
=
S}
L J L J
N N

Bnok | - cuHTes uenun Bnok Il - peanusauuns uenu

Puc.1 — CtpykrypHas cxema 60pTOBON HHTEIICKTYaIbHOM CUCTEMbI YIPaBICHUS

Junamudeckas skcrepTHast cuctema ([I9C) — supo 6optoBoit UCY, Haxonsmascs Ha
rpanuie OJOKOB CHHTE3a M peann3auuu nend. B pabore BbIOpaHa NpPOAYKIIMOHHAs MOJENb
3HaHuil B coctaBe /I9C, ciocobHas obecnieunts HeTpanuzanuio pazsutus JOC u pacmmpuTthb
0a3y 3HaHUIl HOBBIMM TNpaBWJIaMH. TeM He MeHee, OHa HE CIOCOOHA yYUTHIBATh M3MEHEHUS
COCTOSIHUE OTIEPaTopa, a TAKXKe KIacCu(UIIMPOBATh XapaKTEPUCTHKHI BHEIITHEH Cpe/ibl, BIUSIONINE
Ha (OpPMHUPOBAHUE KOATHULIUH.

Jis ymeHbleHus: JaHHOTO orpaHuueHust 6optoBoit MCY co3znana mHQpOpPMaLMOHHO-
KHMHEMaTU4ecKas cxeMa KOHTpoJisi cocTostHus cucteMbl « TC-BC-O» (puc.2).

k1 Viope k2 1. Beibop u3
WordCar {k1-ka}
ot ar .
valve_in11 i L. HardWare 2.0npegp,
alve_| valve_in12 Algorithm of | )
4 nocneposar. B
Control Car.
XapakTepucTikm valve_outi1 valve_outi2 |Hard {k1-k4}.
BHeLWHel cpeabl: B 0 ti 2. DataBase 3.YpepaTtb
: peratior] .
cunanoBepxH. w11 | ®12 Parametrs Car nasnkl- k4.
TpeHua konec | 4. CHU3UTb aasn
- k1- k4.
FF1-FF4, FF1- FF4 /| 62
MeTeoponoru- 5.¥YBenuy. pasn
YecKkue xapa-Ku k1- k4.
M1- M4, WordCar, 6. Bbibop knanaH
3.SoftWare
BusyanbHble ) {kl1-kI8}
Algorithm of .
XapaKTPUCTUKK 7. Pacuert tk(i)
Control Car.
V1-V4. BpeMeHnyaepK
valve_in21 valve_in22  [Sor 4.Knowledge 03BN, B KNanaHe
Base Parametrs 8. Pacuet vk(i)
valve_out21 valve_out22 [Operatio Car .
- obbema aasn.
BKNanaHe

M1- M4 V1-V4

WordCar — cnoso cocmoanusa TC, HardOperation — pacuemno-iocudeckue onepayuu munosvix
aneopummos ABS, ESP, SoftOperation — neuemkue onepayuu, onepayuu Ha 0CHO8e NPABUTL U3
ba3vl 3Hanuti ounamuyeckot IC
Puc. 2. Cxema uepapxudeckoro KOHTpoJis coctostausi cucteMbl « TC-BC-O»
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JlaHHast cxemMa KOHTpOJIA COCTOSIHHS pacIlUpeHa YPOBHEM BBIYHUCIEHHM Ha OCHOBE
MoJieneil 3HaHUM (IPOAYKIMOHHAS MOJENb), YTO MO3BOJISIET COYETAaTh PACUETHBIE BBIYMCIICHUS
(tunossie anroput™bl ABS, ESP) ¢ «MSrkuMm» BEIYUCICHUSIMU, YIUTHIBAIOLTUMH CYObEKTUBHBIC
OLIEHKU BHEITHEH Cpe/bl U pETPOCIIEKTUBHBIC JaHHBIC (aHAIN3 BPEMEHHBIX PAOB) M 3HAHUS.

Bo BTOpOIi ri1aBe pacCMOTPEHBI METO/IBI U aJITOPUTMBI B cocTaBe 6opToBoii UCY, npumensiemble
s crabunuzanuu apwkeHns TC, Ha OCHOBE KMHEMAaTHKO-MeXaHNuecKoro noaxona. [lokazaHo
IJIaBHOE oOrpaHuueHue TunoBblx anroputMoB ABS, ESP, cocrosmee B oTBeTHOM
JETEPMUHUPOBAaHHON peakiuu Ha cioxusurytocs JJOC. HecMotps Ha To, uTo peakuus Ha JJOC
OCYILECTBIISICTCSI aBTOMATUYECKU IO IPUHIUITY OTPULIATENILHOW 00paTHOU CBSI3U, OpMUpYEMBbIE
KOQJIMIIMM HE BCETJa MOAYMHSIIOTCS 3aKOHY COXpaHEHHs 3Hepruu. B pesynbrare G€CKOHEUHO
MaJible BO3MYLIEHHS OTAEIbHBIX XapaKTEPUCTUK BHEIIHEN cpebl min cocTossHus TC pe3oHaHCHO
IIPUBOJAT K HEyIpaBisieMoMy BrxkeHuto TC.

B pabote Ha ocHOBE MaTpUYHOTO MOAX0a (POpMATM30BaHA MOJIEb BCKPBHITHS U aHATN3a
ycnoBuil mosiBienust koanuuuu «TC-BC-O» Ha OCHOBE KHHEMaTHUeCKOW cxembl (puc.3).
CornmacHo maHHOW cXeMbl Kojeca uMeroT JnuHeWHyro Hymepauuio (k1, k2, k3, k4) u
OTHOCHUTEJIbHYI0 HyMepatuio 1o ocsm (11,12, 21,22) cooTBETCTBEHHO.

N3BecTHO, 4TO B MpoLiEcCEe TOPMOKEHUS KOJIECO, BCTyIas B CLEIUIEHUE C IIOKPBITUEM, 3aMEISET
CBOE BpaIlleHUE OT TEKYIIEro 3HauYeHHs (CBOOOJHOT0 KadeHus1) 10 MOJIHOW OJOKUPOBKH Kojieca,
YTO SIBJISIETCS IEPBBIM IIPU3HAKOM HEYIIPABIISIEMOIO JBUKECHHUS.

k1 VKpr VCMeLu k2
valve_in11 Va|\/e_in12
J
valve_out11 valve outi2
011 : W12
!
' G251  STOP
|
i G202 pressure
|
@D/ | ]
|
valve_in21 I valve_in22
valve_out21 t valve_out22
W21 w22

Puc. 3. Kunematuueckas cxema TC

Jns onucaHus B3aMMHBIX BAMSHUN Kosiec ABMKyiierocss TC M OLIEHKU MOCIEACTBUM
OJIOKUPOBKHM HEKOTOPBIX M3 KOJIEC BBOJUTCS MaTpuIia 4x4 COOTHOIIECHUS YTIIIOBBIX CKOPOCTEH map
KoJsiec B ux abcomoTHOi Hymepauu B TC: 1 -2 -3 - 4.

- Awl2 Awl3 Awl4d

Aw 2 _ Awr Aw

Aw3l Aw3?2 Aw34

Awdl Aw42 Aw43 -

Hcxons n3 3akoHOB kuHeMaTuku IBkeHUs] TC BOZHUKHOBEHUE BPAIIAOIIETOCS MOMEHT

CHJI HanboJiee CHIIbHO OTpeiesieTcs: OJOKMPOBKOM:
- IPOJIOJILHO PACTIONIOKEHHBIX KOJIEC;
- 3a/IHUX (BEIyIIUX ) KOJEC,
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- IepeJHMX (BEIYIINX) KOJec

- oHOTO (BEAYIIET0) KoJeca.

B cooTBeTcTBUM C JaHHBIMU MPHOPUTETAMU BBOJMTCS MAaTpPHUIIA BECOB B3aMMHOIO BIIHSHUS
OJIOKMPYEMBIX KOJIEC CIIEIYIOLIET0 BUA.

1 2 8 1

(2 1 1 8

MATRIX K = 8 1 1 4
1 8 4 1 (2)

B ornuume or crangapTHOM KuHemaTuueckod Mozenu asmxkeHus TC npepyaraercs
IIOJIXO0JI BBIYMCIIEHUS Pa3BOpadMBaIoOIero MoMeHTa cuibl TC ¢ yueTOM MaTpUYHBIX B3aUMOCBSI3EN
YIJIOBBIX CKOPOCTEH MEXAYy BCEMH KOJIECAMH HE3aBUCUMO OT HMX COCTOsHHA. Marpuna
MATRIX W sBnsgercs KoJIn4ecTBEHHOM oleHKOH ympaisemoctu awkeHus TC. CormacHo
KHHeMaThyeckoi cxeme (puc. 3) Oiokupyemoe koineco ij (i=1-2, j=1-2) o0s3aTenbHO BXOJIUT B
JBa KOHTYpa BpalICHUs — IIONIEPEYHBIN U NIPOJOJIbHBIN KOHTYPHL. B CBS3U C ’TUM, MOMEHT CHUJIBI
BpameHuss MROTATE npenaraercss oeHUBaTh Y€pE3 OTHOLIEHHE IIPOM3BEIEHUI MOMEHTOB B
IIPOJIOJIBHOM U MTONIEPEUYHOM OCSIX K CHIIE TATU:

Mporars = Fear X max(R1,R2) X [det(MATRIX,,) + MATRIX,]=
— M xVean X max(R1,R2) X [det(MATRIX,,) » MATRIX,]=

rae, Fear — cuna taru TC, R1, R2, — nueun BpaueHuss TC B MpoJoJabHONM U NONEPEYHOI OCsX,
RI=@I(L,D,W), R2=@p2(L,D,W), Mcar — macca TC, Vcyr —nuneitHas ckopocts TC, det() —
OIIPEAEIUTENDb MAaTPULIBI.

I'maBHast 0cOOEHHOCTD BBIYMCICHUS MROTATE 3AKIII0UAETCS B OTAEIEHUH UHAUBUAYaIbHbBIX
xapakrepuctuk TC (L, D, Mrc, Vcar 1 ap.), OT COOTHOLIEHUS YTJIOBBIX CKOPOCTEH U B3aUMOCBSI3U
MEX/1y KOJIECAaMH B BUJIE ONIPEAEIUTENS OT IPOU3BEACHMS ABYX MaTpull. Onpenenurens aBiseTcs
MHTETPaJIbHON XapaKTepUCTUKON YIpaBIsIeMOCTH, ycToiiunBocTu nodoro TC, yepe3 KOTOPHIi
MO>KHO BBIIEIUTH PsAJ AUHAMMUYECKH ONACHBIX COCTOSIHMM M Jlajee 3a/1aTh MpaBUila NEPEXOA0B
MEX/y HUIMH U COOTBETCTBEHHO MOJIEJIb IPOrHo3a AsvxeHus TC.

\/mmc

~r
I} o
'( valve_in12

valve_out11 @ : valve_out12

~
~~1

valve_in11 (

w11=0 | w12=0
|
I VCMCH.I
G251
|
— G202
|
D/
|
!
|
L
21 22

Puc.4. Cxema TC ¢ G10KHpPOBKOI MEpeTHUX KOJIeca
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U3  dopmynsl omnpeneneHuss Mprorare BBIIEISETCS  CaMOCTOSITENIEHOE —BBIPAKCHHE
KOJIMYECTBEHHOMN OLIEHKU CKOPOCTHBIX XapakTepucTHK TC, CyllecCTBEHHBIX IJisi BOSHUKHOBEHUS
BpALLICHUS [IPU SKCTPEHHOM TOPMOKEHUU - KspeED

Kepeep = Vear X [det(MATRIX,,,) * MATRIX,] 4)

Janee B pabote npuMenuTensHO K Kspeep paceMotpensl IOC, cBsi3aHHbIe ¢ OIOKMPOBKON

OJIHOTO WJIM JIBYX KOJIEC U HMMEIOIIME SIBHbIE KMHEMATUUYECKUE YCIIOBUS JUIsl BOZHUKHOBEHUS

Bpamenus TC u yuuTsIBaromue xenaeMslii (oneparopom) u pakruueckuit kype TC. B kauectse

onHoi u3 paccmarpuBaeMbix JIOC anamu3upyercst OJOKMpPOBKA MEPEIHUX BEAYIIMX KOJeC

(kosieca BbIJIEICHBI KPACHBIM) (puc.4).

CornacHo puc. 4 B TC wMarpuna B3aMMHBIX BIUSHUH KOJEC C YYETOM

3a0JIOKUPOBaHHBIX TiepeaHux konec 11 u 12 umeet B

0 Awl2 Awl3 Awl4d

AT r_[4aw2l 0 Aw23 Aw24
MATRIXW ="y 27 sw32 0 0 5)

Awdl  Aw4?2 0 0

Toraa popmupyertcs cineayroliee Npou3BeACHIE MATPHIL 1Tt KspeeD

0 Awl2 Awl3 Awl4d 1 2 81
Aw2l 0 Aw23 Aw24 |, (2 1 1 8
Aw3l  Aw3?2 0 0 8 1 1 4
Awdl  Aw42 0 0 1 8 41 (6)

Jns (6) KOHKpETHBIE NTapHBIE U3MEHEHUSI YTJIOBBIX CKOPOCTEN OTHOCUTENBHO Kojiec 11 u
12 cBsi3aHbI C TMHEHHON CKOPOCTBIO V4R, IEMCTBUAMU ONIEPATOpa U yCIOBUSAMU IBUKEeHUsA. OHU
MOJIETTUPYIOTCS TIOJTHBIM TTEpeOOpPOM COOTHOIICHHH YTIOBBIX CKOpocTel B MaTpuile Buaa (1).
B utore pa3pabotana mMaTpuuHas MOJAETb OLEHKH YIJIOBBIX CKOPOCTEH KOJIEC, OPUTMHAIBHOCTD
KOTOPOH 3aKJIF0YAeTCsl, C OTHOM CTOPOHBI, B MHBAPUAHTHOCTH €€ 3HAYEHUH K JINHEWHONU CKOPOCTH
TC u, ¢ 1pyroii CTOpOHBI, B nponopyuax U3MEHEHN NaJICHUI YTIIIOBOM CKOPOCTU MEXy IapaMu
KoJIeCaMH, 3a/1aBaeMOi uyepe3 CTYyNEeHYaTylo (PyHKIMIO, YTO TMO3BOJISIET Y4ECTh KyMYJISITHUBHBIN
a¢dexT npu npoaoabHO-nonepednoro pazsopore TC.

B TpeTneii ri1aBe 060cHOBaH BbIOOD anmapara npoaykunoHHbix cucteM (I1C) nms napasiensHoOM
00pabOTKM aCHHXPOHHO M3MEHSIOIUXCS MmapaMeTpoB aBmwxkeHus TC, XapakTepUCTUK BHELIHEH
CpE€lbl, COCTOSIHUS OllepaTopa.

Jns  ¢dopmanuzanuy NPOAYKIMOHHBIX HpaBuil mpu TopMmoxkeHun TC paspaborana
rpadoBas Mmojenb mporuo3a nemwkeHus TC, cogepxaias mratHoe — Z0 (ZNorRMAL ), TOTPaHUYHBIS
— 711, Z12; 721; necradbunbnbie 7230, Z31, 232, Z33; onacubie — Z41, Z42; xputnaeckue Z51,
752; 753; neynpasisemoe Z54 (ZcrasH) COCTOSIHUSL.

I'padoBasi Momenb OTIAMYAETCS TEM, YTO KaK[as BepIIMHA Tpada momMedaeTcs: ABYMs
cocrosiHUAMU (cocTosgHue TC M cocTosHUE ornepaTopa), YTO MO3BOJIAET MHAUBUAYAIU3UPOBATH
JeWCTBUSL Oleparopa B pasziIMuHBIX ycioBusx. I'padosas monens umeer U-WUJIN crpykrypy,
MIO3BOJIAIOIIYIO 331aTh MHOXECTBO IIyTEH, CXOJAIIMXCS B OJHOM BEPIIMHE U OCYIIECTBIATh TEM
CaMbIM BBIOOD JTyqIux yciaoBuit aist neuxenns TC npu popMrupoBaHUH KOAIUITUH.

Ha ocHoBe rpadoBoif MOZenu NOCTPOSHBI MPOAYKIIMOHHBIE MTpaBuia s ouenku JJOC u
Bb1aun pexkomeHnauui no ynpasieHuro TC. Jlna meracucremsl «TC — BHewmHss cpepa -
oIlepaTop» BBIIEIEHBI MEPEMEHHBIE A KaXJ0ro ydacTHMKa koanuuuu: TC, BHEIHAsS cpena,
ornepatop. B uacTHOCTH, 17151 yUaCTHHMKA «BHELIHSS CPEa» BBEJICHBI TAKHE IEPEMEHHBIE KaK
- Temp — TeMiiepaTypa BO3ayXxa.

- Rain/Snow (R/S)- "HTEHCUBHOCTbH BBINAICHHS OCAJIKOB;
- CarThread (CT)- nepemeHHas TNIOTHOCTH IMOTOKA;
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- Distance Car (DC) - paccTosiHHE 70 TIOIMYTHOT0/BCTPEYHOT'0 00BEKTA;
- Roughness (RN)— 0THOPOIHOCTb CTPYKTYPBI IOKPBITHSI.

Jis omepaTUBHOM POBEPKU HECTAOMIIBHBIX M KPUTHUECKUX COCTOSTHUMN rpad)oBON MOIeNIn
u noreHiuanbHeix JIOC 3TH mepeMeHHble OyAyT HUMETh CIEAYIOUIME YPOBHS 3HAUCHHIA:
{ITycro, Huskuii, Cpennuii, Beicokmii}.
Hcxonsa u3 ocobennocreii meracucrembl «TC-BC-O» cTpykTypa HpOIyKIIMOHHOTO IpaBMIIa
UMEET BUJL:

Zoips»Aoips Vear, Angle,WordCar,Meteo, Way — Zygw, Axew,Ind, ABS,ESP (7)

rae Zorp, Zyew — Tekyuee, HoBoe cocrostnue UCY, Aorp, Anew — TeKyllee, peKOMEHyeMOe
cocrosiaue omneparopa B UCY, Meteo={Temp, Rain/Snow} — MeTEOpOJOTHUYECKUE YCIIOBUS,
Way={CarThread, Distance Car, Roughness} — TOpOXHBIE yCIIOBHS.

Ind={ANGLE, Vcar, STOP/GAZ } —AHOUKATOPHI 11 OTlepaTopa

Angle={N, Left, Rigth} — yron nmoBopota pyms

ABS=(0n,0ff}, ESP=(0n,0ff} — pexomennanus B ICY BkI09aTh/OTKIIOYATh cucTeMy ABS unmn
BKJIIOUATR/OTKIIIOYATh cuctemy ESP.

Amnamus
OJIOKUPOBKH
OJHOTO KoJeca

Amnamu3
OIOKUPOBKH
JBYX KOJIEC

Puc. 5. I'padoBas monens uzmenenus JJOC npu Topmoxenuu konec TC

['maBHast 0COOEHHOCTD IMpeIaraeMoro MpoIyKIIMOHHOTO IpaBuia (7) — TpaKTOBKA JICBOU
U TPaBOil YaCTH KaK TEOPETHKO-KOHCTPYKTHUBHBIX OOBEKTOB. DTO 03HAYAET, YTO KaKaas
nepeMeHHas UMeeT (PUKCUPOBAHHOE MECTO, TIOATOMY B OTJIMYHE OT CTPOKOBBIX HIIM CITUCKOBBIX
CTPYKTYp (KOHCTPYKTHBHbIE OOBEKTHI) TPOMYCK HE3HAYAIIUX IEePEeMEHHBIX (aKTHUYECKU
oTpaxkaeTrcs enuHbIM ciykeOHbIM 3HadeHneM NILL (cokp. will not). CrnyxebHoe 3HaueHHE
MO3BOJISIET MCKJIIOYUTHh M3BECTHYIO JUIS TPOAYKIHMOHHBIX CHCTEM MpOOJIEMy YaCTHYHOTO
NepeceuyeHus] KOHCTPYKTUBHBIX OOBEKTOB W HW30BITOYHBIC 3aTpaThl BPEMEHM Ha UX
rpaMMaTH4ecKuil pazoop.

B wutore B Tperbell TiaBe co3gaHa Tpado-IPOAYKIHMOHHAS MOJAEb, COCTOSILNAs M3
aBTOHOMHBIX MOJyJIeH MoAa BblAeNeHHbIe cocTossHus rpadoBoit mogenu «TC-BC-O» (puc.6).
I'pado-nipoxyKIIOHHAST MO/IETb, OTIUYACTCS 3alaHueM YHHU(PHUIMPOBAHHBIX YCIOBHHA MEPEX0/I0B
MEXJIy MOIYJISIMH, MO3BOJISIONIMX BbIIABaTh YNPEKIAIOIME PEKOMEHAAIUMH oreparopy (Kypc,
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CKOpOCTh, TOpMOXkeHue). [lonHbIi nepedeHs MpOAyKUMH MO COCTOSHUS Tpada MpUBEICH B
pabote u coepKuT 0oJiee THICAYH MPOTYKINH.

YcnoBus nepexonoB MEK1y aBTOHOMHBIMYA MOYJISIMMU:

- Ui =(Temp=L, R/S=H\VM);

- U2 =(RN=L, DC=H VM, TC=H);

- Us cUy v Ux=(R/S=HvM, RN=L, DC=HVM).

IIC
U
U
I1C.11 G2
NJ\ ‘U/
MW=0 HCZ21 MW=0 1_[Cz30
U U, G
V. \/ Jr
HCZ3 IOCH HCZ33 HCZ32
1 Gosi & Gosi l Gsi { Gsi
J01]] J1017] J101]] J101]]
1ICy3: I1Cy;3 I1Cx2 ITCz0

Puc. 6. I'pado-nipoaykiimonHas Mojenb cradunm3anuu amwkerHus TC

Hayunas HoBU3Ha cTpykTyphl IIC cBsi3aHa ¢ €€ MHBAPUAHTHOCTHIO K NEPEMEHHBIM, UTO
1o3BoJsieT ucnoyb3oBaTh CTPYKTYpy IIC mans TC ¢ mpou3BoiabHBIM (pacHiupsieMbIM) HaOOpoM
JTATYMKOB IO OLICHKE BHEILIHEW Cpelibl U JEUCTBUI OIlepaTopa.

B 4erBeproil rjIaBe pacCMOTPEH U IIPUMEHEH ammapar XaoTHYECKOM JUHAMUKHU IS
nporHo3upoBanus noseneHuss Meracuctemsl «TC-BC-O». Takume MmaTemaTHueckue MOZEIU
MO3BOJISIOT yUeCTh (POPMATM30BaHHOE ONKCAHNE HEONPEACICHHOCTE!, NEHCTBYIOMNX HA OOBEKT.

MeTton TpPOTHO3UPOBAHMSA, CBSI3aHHBI C TPAaKTOBKOW OOBEKTAa YNpaBICHUS Kak
HEYCTOWYMBOM CHCTEMBI, YYHUTBHIBACT «(a30Bble» TMEpPeXoAbl MEXIy COCTOSHUsAMH. Takue
NEPEXObl CBA3aHbI C BOSHUKHOBEHHEM B OOBEKTE YNPABIICHUS «CKPBITBIX» CTereHeil cBOOOIbI,
HE MMEIOIIMUX AITOPUTMHUYECKHUX ONUCAaHWM B TPAaJULMOHHOM IOHMMAaHUU 3TOr0 Ipoliecca
(KOHEYHOCTb, MAaCCOBOCTb, IIOBTOPAEMOCTb, pe3yJabTaTUBHOCTh). TC, MNOArOTOBIEHHOE U
CIEMAJIBHO CIIPOEKTUPOBAHHOE [T IBUKEHMSI B YCIIOBHSIX HEOIIPEIEIEHHOCTEN, HAXOAUTCS MO
BO3JCHCTBUEM AHTAarOHUCTUYECKUX M COHAINPABJICHHBIX CWJI, CBA3aHHBIX C JAMHAMHUYECKUM
M3MEHEHHEM MOMEHTa MHEPUUU U ycKopeHMs. Cucrtema MOKET BBICTYNATh KaK HEYCTOWYMBAs
cucTeMa, B KOTOpOil «0eCKOHEYHO Mallble» W3MEHEHHs YIPaBISIONUX apaMeTpOB MPUBOAAT K
«OECKOHEYHO OOJBIIMM» U3MEHEHMSM BBIXOJHBIX BEJIWYMH. B mporecce TOpMOXKEHHUs
NPEJCTABISACTCA 1EJIeCO00pa3HbIM HCIIONIb30BaTh 3JIEMEHTHI anmnapara XaoTHYECKOW TUHAMHUKH
111 0OHAPY>KEHUS TAKMX MEPEXOA0B U MOCIEIYIONIEro IPOrHO3UPOBaHUs 007aCTH JOMYCTUMBIX
3HAYCHUH MMapaMeTpoB U UX JajbHenel 00padboTku. [lepexon «oT mopsaka K Xxaocy» mopoxIaeT
PHUCK Pa3BUTHUS IUHAMUYECKHU ONACHOM CUTYyallMH, KOTOPBIA BO3ZHUKAET IIPU:

1) pe3xoM TopMOKeHHH (IpU JTIOOBIX HadalbHBIX YCIOBHUAX TpaeKTopuu JBMxeHus TC
CTaHOBATCA allEPUOANUECKUMH);
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2) pe3KOM MepexoJe C OIHOTO JOPOKHOTO TMOKPBITHS C OONBIIMM KO3 PHUIHEHTOM
CLIETIJICHHUS, K TIOKPBITHIO C MEHBIIUM KO3(PPHUIUEHTOM CHETICHHS (IIPH CKOJIb YTOTHO OIM3KUX
HayYaJbHbIX YCIOBUAX JIBE TPACKTOPUU BO BPEMEHHU CTAHOBSTCS PA3IUYHBIMH).

Puck pa3BUTHS TUHAMUYECKH ONACHOW CUTYyalluu IIOHMUMAETCS Kak coObITHE, CIOCOOHOE B
cllyyae pealn3allid OKa3aTh BIUSHHE Ha KOHTPOJUPYEMbI mpouecc. [lyis KoIMyecTBEHHO-
KayeCTBEHHOW OIIEHKM CO31aHus Ojoka GopMbl mapamMeTpoB TpeOyercs Takas Gopma, KoTopas
Oyzer BKIIOYaTh SICHBIE W (hopManu30BaHHBIE MOIXOABI. Puck R OOBIYHO TpakTyeTcs Kak
NPOM3BEACHNE TaKUX BEIMYMH KaK Bec pucka V, crouMocTb pucka C, yactora (BEpOsSTHOCTb)
posiBiieHus P:

R=VxCxP (8)

OaHuM U3 BO3MOXKHBIX pelieHuil (8) siBiseTcs NpUMEHEHUE CHUCTEM MOJACIUPOBAHUS U
aHaJIM3a MPOIIECCOB, MOAIEPKUBAOINX (YHKIIUU OMMCAHUS PUCKA ¥ MHTEPIPETALNN TEKYIIIHX,
MOIrPAaHUYHBIX COCTOSAHUN BO BpeMEHHU. MIMEHHO H3-3a TakOM BBICOKOW YYyBCTBUTEIBHOCTH K
HayaJbHBIM YCIIOBUSM 3aTPyAHEHO NporHosupoBaHue mnoBenaeHus cuctemMol «TC-BC-O» B
YCIIOBHSIX HECTAOMIBHOM BHEUTHEW Cpebl.

[TpumenuTensHO K 3amadye ctabunuzanuu aeuxeHns TC He0OX0AUMO MTPOTHO3UPOBATH MEPEXOT
MetacucteMbl «TC-BC-O» B HeycTOMYMBOE COCTOSIHUE IIpU HM3MEHEHUHM YIPaBIsSEMBIX
napaMeTpoB (CKOPOCTh pa3roHa) riaBHo (puc. 7) u pesko (puc.8).

45 [TnaBHbIi pasrox, Korja cjesa Iecox
T T T

T T
l —— JluneiiHas annpoxcuMauus I
o |
40 o
Q P o

35+ O -
} P
3 ©
& ;
301 - .
2
oo O

o O P
25+ - -
O
o
20 - //’" o
’/,//ﬁ’ Q
O
15 4% I 1 1 1 1
0 5 10 15 20 25 30
BpeMms, ¢

Puc.7. BpeMeHHOH psii U TUHEHHAs alllPOKCUMALMS IIPH IIJIABHOM Pa3roHE C JOPOKHBIM
MOKPBITHEM TIECOK (clieBa o 6opty) (k0add. nerepmunanuu R?=0,87)
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60 Mpu pe3kom pasroHe ¢ AOPOXXHbIM MNOKPbITUEM Nnecok (cnesa)
T T T T T

50 - -

300 o o

CKOPOCTB, M/C

20 O o010 -

0 | | | I I
0 10 20 30 40 50 60

BpeMmsi, ¢
Puc. 8. BpemeHHO psit IpU PE3KOM pas3roHe
C IOPOKHBIM TOKPBITHEM TECOK (CIieBa 1Mo 0opTy)

B Toxe Bpems B uccieayemoi cucreme (puc. 7 U 8) MOXKHO BBIICIUTH COCTOSTHUSI —
aTTPaKTOPbI, K KOTOPHIM TPUTITUBAIOTCS TPACKTOPUH IBMKEHHUS CUCTEMBI (TI0J JBHKCHHEM
CUCTEMBl IIOHUMAETCsl JBUKEHHE HE TOJIBKO TPAaHCIOPTHOIO CpPEACTBA, HO M HW3MEHEHUs
[IapaMeTPOB CPEABI U ONIEPATOPA).

Cornacuo puc.8 TC Bemer cebs B ITOT MOMEHT Kak HEYCTOWYHMBAs CHUCTEMa,
coBepiaromas «¢a3oBbIi» Mepexo] K HOBOM 00NAaCTH JOMYCTHUMBIX 3HAYCHHH (CKOPOCTh
pasroHa). Takoe NOBEJAECHHE ONUCHIBAETCS CIELUAIBHBIM MAaTEMaTUYECKUM HHCTPYMEHTOM —
cTpaHHbIM aTTpakTopoM. [Iepexon meracuctemsl « TC-BC-O» B pexxuM «CTpaHHOTO aTTPAKTOPa»
O3HayaeT BO3HMKHOBEHHE CIIOKHBIX HENEPUOJUYECKUX KoyieOaHWH, KOTOpBIE O4YEHb
YyBCTBUTEIbHBl K HE3HAYUTEIIbHBIM M3MEHEHUSM HAyaJIbHBIX YCJIOBHMM - Yrojl OBOpPOTA PYJId,
JIaBJICHUE B TOPMO3HOM CUCTEME, YITIOBBIE CKOPOCTH KOJIEC U JIP.

[unarpamma ckopocTen neBoro n npasoro
nepeaHero koreca B NpoLecce TOPMOXEHUS
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CKOpPOCTb NpaBeoro koneca 1/c

Puc. 9. Ananu3 1BUKEHUS CUCTEMBI Ha Y4aCTKE «TOPMOKEHHUE
10 IUarpaMmme CKOpOCTeu KoJiec
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Ecnu cucremMa HaxoouTcs B HEYCTOMYMBOM COCTOSIHUM, TO €€ TPAaeKTOPUU MOTYT
NPUTATUBATHCS K TaK HA3bIBAEMOMY «CTPAaHHOMY aTTpakTopy». B 3Toif curyauuu ase Gnuskue
TPAEKTOPUHU CO BPEMEHEM MEPECTar0T ObITh OJU3KUMHU (CHCTEMa HAaXOAWUTCS Ha IPaHUIE JABYX
cocTosiHui). DTO 00yCIOBIMBAaeT HEBO3MOKHOCTH TOYHOI'O TPOTHO3UPOBAHUS COCTOSIHUS
cucteMbl («3¢ppexT 6a00UYKN» - OECKOHEYHO Majioro BO3MYIICHHS XapaKTEPUCTHKH BHEIIHEH
cpenbl).

Jlanee ompeznensercs aAeKBaTHOCTb ONMCAHHOTO mnoaxoxa. /[lims aroro mnposeaeM
00paboTKy SKCHEPUMEHTAJIBHBIX JaHHBIX mnapaMmeTpoB cuctembl «TC-BC-Ox». Ilns ywactka
IBIDKEHUsST mocTpouM cedeHue I[lyankape, koTopoe B oOmIeM cilyyae 3aJaeTcs HeTUHEHHBIM
JUCKPETHBIM YpaBHEHUEM, Pa3MEPHOCTh KOTOPOIO paBHa pa3MepHocTu cekyiuei Ilyankape.

Taxum o6pazom, Hameit Mmeracucreme « TC-BC-O» craBuTCS B COOTBETCTBHUE 71- /- MEpHOE
(a3zoBoe MPOCTPAHCTBO, KOTOPBIM SBIISICTCS CEKYIasi TUIIEPIIOBEPXHOCTh. Da30BBIM TPACKTOPUIM
CTaBSTCS B COOTBETCTBHUE MOCJIEI0BATEIBHOCTh TOUEK X(k) Ha cekyieil. Kaxnas mocnenyromas
Touka X(k+1) mony4aercs myTeM MPUMEHEHHsI HeTUHEIHOTo TpeoOpa3oBanus W k mpeapLayiei
TOYKE:

Xi=W(Xir), k=1,2, ... n (8)

3amada uccine0BaHUs TUHAMUYECKON CHCTEMBI C HETPEPHIBHBIM BPEMEHEM CBOJUTCS K
3ajjaue M3y4YeHHUs COOTBETCTByIomero orodOpaxenus Ilyankape. Ilpm 3TOM CTpyKTypa
JMHAMUYECKOH CHUCTEMbI OJHO3HAYHO OIpPENENseT CTPYKTYPY MOPOXKIAEMOTr0 €10 TOYEUHOTO
oroOpaxkeHus. J[J1st JaHHOTO yyacTKa HOCTPOMM AMAarpaMMy CKOpPOCTeH KoJiec B cucteMe (puc. 9).
Ha pucynke 10 nokas3aHo, 4To IOJMHOM 5-Oi CTENEHH HE MOXKET alNPOKCUMHUPOBATH JAHHYIO
3aBUCUMOCTb.

045 HeynosneTsopuTenbHas annpokcumaLms BpeMeHHOro psaa
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Puc. 10. HeynoBneTBopuTebHas ampoKCUMalls BpEMEHHOIO Psijia TOJIMHOMOM 5 CTENEHU
(x03d¢. nerepmunanuu R*=0,65)

Ha puc. 11 nmoctpoena quarpamMma CKOpOCTEH JEBOTO M MPaBOTO Kojeca, HO y4acTOK
JBUKEHUS U3MEHWIN — TENIEPh TPAHCIIOPTHOE CPEACTBO ABUKETCS 10 TPABUIO, YTO XAPAKTEPU3YET
HU3KYIO CTEMEHb CLEIUICHUS KOJIEC C TIOBEPXHOCTHIO.

Takum 00pa3oM UCXOAsS U3 TNPUBEIACHHBIX WCCIEJOBAHMN, MOXXHO BBIJACIUTh COCTOSHUS
(artpaktopel) cucrteMbl «TC-BC-O». JlaHHble COCTOSHHMSI U TEPEXOJbl MEXKIYy HHUMH C
nH(OPMAIIMOHHON TOYKH 3pEHHUS, YA00HO MPeICTaBUTh B BUe rpada. MaTemaTrueckast MOJIEIb
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Xa0THYECKOW JTUHAMUKH TI03BOJIIET TOCTPOMTH Tpad COCTOSHHA M TEpPeUTH K CHHTE3Y
MHTEJUICKTYaJIbHOW CHCTEME YIIPABICHUS HAa OCHOBE IPOAYKLIHOHHBIX MOJEJIEH U HEUYETKOU
JIOTHKH.

[dnarpamma ckopocTen Nesoro 1 npaBoro
nepegHero Koneca Ha yyactke "aBukeHne no rpasuio”
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CKOpPOCTb NeBoro koneca 1/c

Puc. 11. Ananu3 nBu>KeHHsI CUCTEMBI HA YYACTKE «JIBUKEHUE 110 TPABUIO» 10 AUArpaMme
CKOpOCTEH KoJIeC

AHamu3 guarpamm (puc. 9 um puc. 11) nokaspiBaeT KOAJIUIMOHHOE B3aUMOJEHCTBHE
cucrembl «TC-BC-O» B mporiecce pa3BUTHS TUHAMUYECKH ONAcHOM cutyanuu. Takum obpazom,
JUIsl TIPOTHO3UPOBAHMS MOBEIeHUs] MareMmaTtuueckoi monenu B3aumopeiictBus «TC-BC-O» na
OCHOBE aHaJIN3a BPEMEHHBIX PAJIOB, PEACTABICHHBIX MapaMeTpaMU JBUKEHMSI, ITOJyYEHHBIX C
U3MEPUTENBHBIX YCTPOMCTB C YYETOM HEOIpeJeIeHHOCTe, O00OO0CHOBaH BBIOOp ammapara
Xa0TUYECKOW JAMHAMUKHU. IIprMeHeHHe METOJOB HHTEIUIEKTyaJIbHOTO aHajau3a JIaHHBIX
IIO3BOJIMJIO BBIIBUTH YCTOWUYMBBIE M HeycTOoWuuBble cocTosiHUs cucteMbl « TC-BC-O», a Taxxke
CIPOTHO3MPOBATh MEPEXoabl Mexay HHUMH. llomyueHHble pe3yabTaThl CTaTUCTHYECKHX
WCHBITAHUHN SIBJISIFOTCS OCHOBOW IOCTPOEHUSI NPOAYKLIMOHHBIX MPABUJI B CUCTEME YIPABIICHUS
TPaHCIIOPTHBIM CPEACTBOM.

N3 pesynbraToB MopaenupoBaHus BUIHBI miepexoasl TC U3 OJHOTO YCTOHYMBOTO
COCTOSIHUS B APYroe (OHU ONHUCHIBAIOTCS MOHOYYAaCTKaMU BPEMEHHBIX PSAA0B) 00YCIOBIMBAIOTCS
PE3KMMM M3MEHEHUSIMHU 3HAYEHUH YIJIa IOBOPOTAa M AaBJIEHUs B TOpMO3HOH cucteme. TC Bener
ce0si B 3TOT MOMEHT KaK HEyCTOMUYMBAs CUCTeMa, COBepIIaromas «(a3oBblii» Mmepexo]] K HOBOU
00JIaCTH JOMYCTHUMBIX 3HAUY€HHH (CKOPOCTb, CHJIa JaBJICHHUS B TOPMO3HBIX LWJIMHApAX, Yroil
IIOBOpOTa pyJisl, 3HAYEHHE JAaTUMKOB MPOJOJIBHOIO U MONEPEYHOro yckopenui). Eciau cucrema
HAXOJIUTCS B YCTOHYHMBOM COCTOSTHHHM, TO aTTPAKTOPOM SIBJISETCS TOUKa (pa30BOro MpOCTPaHCTBA,
OMUCHIBAIOUIETO AUHAMUKY JABUXKEeHUs cucteMbl « TC-BC-Oy.
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OCHOBHBIE PE3YJIBTATHI X1 BBIBO/JbI 110 PABOTE

B pabote pemieHa akTyanbHash Hay4HO-TEXHHMYECKas 3ajaya MOBBIIICHUS YCTOHYHMBOCTH
JBYKEHMSI TPAHCTIOPTHOT'O CPEJICTBA HA TIOBEPXHOCTH IIAHETHI, 3aKJIFOUYAIOIIAsCS B IPUMEHEHNUN
HarJIsITHOTO ONMCAHUS albTEPHATUB MPUHATHUS PELICHUHA HA OCHOBE MHTEIUIEKTYaJIbHOTO aHAIN3a
TEKyLIMX IapaMeTpoB IBHWXeHUS. [IpuMeHeHHe NOAXOAO0B TEOPUM WUIP IO3BOJIMIIO CO3/4ATh
KOQJIMIIMOHHBIN XapaKkTep B3auMOAEHCTBHS 3neMeHTOB cucteMbl « TC-BC-Oy, uto obecrieunBaet
MOBBILIEHUE YCTOMYMBOCTH B PEKUME Pa3BUTUS IMHAMUYECKH OMACHOM cuTyauuu. [Ipumenss
MEXaHMUYECKYI0 AaHAJOTHI0O — JTO TO3BOJWIO OIPEAEIUTh ONTHUMAIBHYIO CTPaTETUIO
B3aUMOJICHCTBHS 3JIEMEHTOB CHCTEMBI, a HE OOpOThCS C BHEIIHUMH IapamMeTpaMu JUIs
NPSIMOJIMHEHHOTO JOCTIDKEHHs Ilefieyka3aHuid omepaTtopa. ['pado-mpoayKuuoHHAs MOJENb
ABJIAETCS HAIJJHBIM ONMCAHMEM pPAcCMATPUBAEMBIX aJIbTEPHATUB MPUHATUS PELICHUN H
OTpakaeT KOAJIMIMOHHBIA XapaKTep ydyeTa HeCTallMOHApHBIX IpoleccoB npu AsmxkeHun TC co
CTOPOHBI aKTHUBHBIX CyOBEKTOB — OIIEPAaTOpa M MOBEPXHOCTH TOPMOXKECHHUSI.

B nrore nosyueHsl ciaeyonye pe3yibTaThl:

1. Ha ocHOBE KOMIUIEKCHOTO aHalM3a COBPEMEHHBIX IOAXOJOB IO YIPaBICHHUIO U
aHamM3y MaHHBIX pa3paboTaHa CTPYKTypHas cxeMa OOpTOBOl HHTEIUIEKTyalbHOW CHCTEMBI
yIpaBJeHUs, OCHOBAHHAs Ha JIEKOMIIO3UIMH IVIABHOM IIEJIM Ha JE€PEBO NOJLENEH U BBEIACHUM B
KOHTYp YyIpaBIeHHS JByX OOpaTHbIX cBsizeid. [loka3aHO, 4YTO KITIOYEBOM JIIEMEHT CXEMBbI
COCTaBJIIET JWHAMHMYECKas SKCIEpPTHAs CHCTEMa, CIOCOOHAas OOECIeUYuTh HEHTpalIn3auio
Pa3BUTHSI JUHAMUYECKH OIIACHOW CUTYallMH U pacIIupUTh 0a3y 3HAaHUN HOBBIMH IIPABUIIAMHU.

2. PazpaboraHo mporpamMmmHOoe oOecreuyeHHe JUIsI  MaTeMaTHYeCKOW  MOJEIH
MHTEJJIEKTYaJIbHOTO aHa/IM3a TEKYLIUX [1apaMEeTPOB JBW)KEHHS OLEHKH IPOTHO3UPOBAHUS
JUHAMMYECKH OITACHOW CUTYyallMi Ha OCHOBE aHAJIN3a BPEMEHHBIX PSII0B XaOTUYECKOM IMHAMUKH,
IIPE/ICTABICHHBIX TapaMETPaMU ABM)KEHHUS, IOJyUYEHHBIX C U3MEPUTEIIBHBIX YCTPONCTB C YU4ETOM
HeonpeaeneHHocTe.  [loBpllIeHHE  yCTOMYMBOCTM  JOCTHUTAETCA 3a CYET I[PUMEHEHHUS
MMITYJIbCHOTO BECOBOTO MapameTpa 3((HeKTUBHOCTH 00BEKTa B MIPOLIECCE PA3BUTHUS TUHAMUYECKH
OINAaCHOM CHUTYyaluu, KOTOPbI HEoOXoauM Ui moucka MuHUMyMa 1o Ilapeto. Pemenue Oyayt
napameTpsl uis (HOpPMUPOBAHMS KOJMYECTBEHHOTO KpuTepus Mo MHoxecTBy Ilapeto, uto
o0ecreynBaeT KOATUIIMOHHOE pa3penieHre KOHPINKTHON CUTyalluy (HEyCTOMUNBOE ABIKEHUE).

3. Coznmana rpado-npoayKIMOHHAS MOJENb, COCTOSIIA U3 aBTOHOMHBIX MOJYyJIEH MO
BbIleIeHHbIe  cocTosiHUsL  rpada cuctembl  «TC-BC-O», oriuuaromasics  3aiaHueM
YHU(DUIIUPOBAHHBIX YCIOBHHA TEPEXOJ0B MEXAY MOIYJISMH, T[O3BOJISIONIAasl BbIJABaTh
YIOPEXKAA0INE PEKOMEHJAMN ONepaTopy (Kypc, CKopocTh, TopMokeHue). Hayunas HoBu3Ha
cTpykTypsl IIC cB3aHa ¢ €€ MHBapUAHTHOCTHIO K NIEPEMEHHBIM, TEPMaM, U3 HUX U 3HAUCHUSM,
YTO MO3BOJISET UCTIONb30BaTh CTPYKTYpY I1C mist TC ¢ mpon3BoabHBIM (pacupsieMbIM) HAOOpoM
JTATYMKOB IO OLICHKE BHEILIHEW Cpelibl U JEUCTBUI OIlepaTopa.

4. Pa3paboraH MaTeMaTHUECKMI ammapaT WHTEJUIEKTyaJbHOIO aHaJM3a JaHHBIX, C
MIOMOIIBI0 KOTOPOTo chopMupoBaHa 6a3a JaHHBIX ATOPUTMU3ALMH YIIPABICHUS 00BEKTOM, TIe
U KaXAO0M BepIIMHBI Tpada MpeAcTaBisieT co00il Tpyniy aBTOHOMHBIX INPaBHII, UMEIOIIUX
napajuleIbHbIM MEXaHU3M UcloyHeHusA. CTpyKTypa NpOAYKIMOHHBIX ITPaBUII IOCTPOEHA TaK, YTO
0e3 moTeph BPEMEHHU Ha aHaJIU3 OTCYTCTBYIOIINX MIEPEMEHHBIX BBIMOJIHACTCS MPOBEPKA yCIOBUN
cpabaThIBaHUs MPOAYKIHMI (32 CUET TPAKTOBKHU JICBOIM YacTH NMPaBUJI KaK HabOpa MepeMeHHbIX).

5. Tlokazana HerenecooOpa3sHOCTh ONUCAaHHUS BpPEMEHHBIX pSAIOB B  YCIOBHUSX
HEOIPECIEHHOCTH B3auMoAeucTBUsl 00bekToB «TC-BC-O» cpeacrBamMu CTaTUCTHYECKOTO
MojenupoBanus. [IpeioskeH, mpoBepeH 1 HIKCIEPUMEHTAIBHO 000CHOBAH arnapaT XaoTHYECKOM
TUHAMUKUA. OTO TO3BOJISIET TOJYYHUTh JOMOJHHUTEIbHYI0 HWHPOPMALUIO O BO3MOXKHBIX
TPAcKTOPUAX JBUKEHUS B BHJIE XapaKTEPUCTHK CTPAHHOTO aTTPAKTOpa U KOMIUJIEKCHO BECTH
pEelIeHrE 3aJa41 [TOBBIIIEHUS YCTOMUMBOCTH JBUKEHUSI CUCTEMBI.



19

CIIMCOK PABOT, OIYBJIMKOBAHHBIX ABTOPOM 110 TEME JUCCEPTALIUN

10.

AugpukoB J[.A., I'puBaueB A.B., Turenko E.A., Xammn ).A. WudopmanuonHo-
KMHEMATUYeCKH TOAXOJ K YINPaBJIEHUIO TPAHCHOPTHBIM CpeAcTBOM M3maTenbcTBO
“Panmorexnuka’, Mocksa, 2017, C. 13-16

AnnpukoB J[.A., Turenko E.A., Xanun FO.A. Heuérkas norudyeckas MoJiesb TaKaru-CyreHo
JUISL yTIPaBJICHUS] TPAHCIIOPTHBIM CPEJICTBOM B YCIOBUAX ToOpMOxkeHUss COOPHHUK MaTepranoB
XIII MexnyHapoaHoi HayuHO-TexHHYeckoi koHpepenuun, FO3I'Y, Kypck, 2017, C. 46-48
AnpnpukoB JI.A., Turenko E.A., Bopomaxk II.A. ITogxox x obecrieueHUI0 ynpaBIsieMOCTH
TPAHCHOPTHOTO CPEJCTBA HAa OCHOBE JWHAMHYECKUX OKCIEPTHhIX cucteM. COOpHUK
matepuano XIII MexayHaponHoii HaydHo-TexHHYecKoi koH(epenuuu, FO3I'Y, Kypck,
2017, C. 43-45

AngpukoB JI.A., bypnosckuit B.JI., Turenko E.A., Xanun 10.A., EMenssnoB C.I'. Metozsl
OLICHKH YCTOWYMBOCTU CUCTEMBI. BeCTHUK BOpOHEKCKOT0 rOCy 1apCTBEHHOIO TEXHUYECKOTO
yHuBepcurera, Ne4, Boponex, 2018, C.46-51

AnnpukoB JI.A., Tutenko E.A., Xamun FO.A. [logxon k oneHke yCTOMYMBOCTU CpPENICTBA
nepeaBkeHus. Menuko-2Jkonoruueckue nHpopmannonusie Texnonoruu, Kypcek, 2018, C.
122-125

AngpuxoB JI.A. MaTpuuHbIil OAXOX M TEOpPHUS Xaoca s OUEHKU ycToWuumBocTH. XIII
Bcepoccuiickas HayqHO-TIpakTHuecKas KoHpepenuus. Poctos-Ha-lony, 2018, C. 163-168
AnpnpukoB J[.A., AugpukoB /IM.A., [Ipo Mexkamne K.I1. PazpaGoTka HaaexHOM TOPMO3HOU
CUCTEMBl C IapaMETPUYECKONM HEOINPENCICHHOCThIO. Tpyabl Hay4YHO-IIPAKTUYECKOU
KOH(EepEeHIIMN C MEeXIyHapoaHbIM yuactueM "MmxenepHsle cuctembl-2019". Ton obmeit
penakuueit M.FO. ManbkoBoii. Mocksa, 2019. C. 37-42

Andrikov D., Razoumny Y.N. Criteria for evaluating the condition of a vehicle for efficient
movement through cosmic land IAA-AAS-SciTech2-036, Moscow, 2019, p. 938-943
Andrikov D., Dereviankina A. Control design of ship robust active rolling stabilizer // XIIth
International Symposium intelligent systems, INTELS, Moscow, 2016, p. 470-474

Andrikov D., Droh Mecapeu C.P. Design of flat wheel braking control system with three
modes of motion: Rolling, Sliding, Locking XIIth international Symposium «Intelligent
Systemsy», INTELS, Moscow, 2016, p. 466-469



20
AHHOTAIIUA JTUCCEPTALIUN

AHApUKOB /IMUTpHII AHATOJILEBHY
MeToauka ynpasJjeHHs IBUKEHUEM TPAHCIIOPTHOI'O CPEACTBA HA OBEPXHOCTH
IUVIAHETHI HA OCHOBE HHTELJICKTYAJIbLHOI'0 AaHAIN3A TEKYIHUX IapaMeTPOB ABHKEHHUS

Ha ocHOBe KOMIUIEKCHOTO aHaJIM3a COBPEMEHHBIX MOJXOJIO0B 10 aHAJIN3y JaHHBIX pa3paboTaHa
METOAMKA YIPABICHUsS [BWKEHHEM B JUHAMUYECKHM OIIACHOM cuTyauuu. B TOM 4wucie
IPUMEHEHHE TEOPUH UTP MO3BOJNMIO Pa3paboTaTh KOATUIMOHHBIA MPUHIMIT B3aUMOJEHCTBHS
3JIEMEHTOB CHUCTEMBI YIPABJICHHUS, HA KOTOPYIO BO3JICHCTBYIOT BHEIIHUE (PAKTOPHI, XapaKTEePHbIE
JUI JABWDKEHHMS 10 TOBEPXHOCTH IuiaHeThl. [lpemmaraercss CTpyKTypHasi cxema OOpPTOBOM
MHTEJUICKTYyallbHOW CHUCTEMBI yIpaBlieHUs, Oa3upyromascs Ha JAEKOMIIO3ULIUHU TJIaBHOW LIEIH H
BBEJICHUM B KOHTYp YIpaBJICHUS [BYX OOpATHBIX CBS3€Hl C MHTEIJICKTYAJIbHBIM aHAJIU30M
TEeKYIIUX I1ApaMETPOB JBW)KCHMS JUI OLIEHKH IIPOTHO3MPOBAHMS JUHAMHUYECKH OIIACHOM
CUTyalluu. AJNTOpPUTM YINpPAaBICHUs HE IPOCTO KOMIIEHCHPYET BPEIHBIE BO3MYLICHMS, a
MOJICTPAaNBaeT CBOE MOBEJCHHE IM0JT M3MEHSIOIIMECS HEONpeIelIeHHbIe ycaoBus cpeabl. Ipado-
IIPOAYKLMOHHAsT MOJENb I103BOJIICT IIPUMEHSATH YHUBEPCAJIbHBIE YCIOBHS IIEPEXOJ0B OT
COCTOSIHMSI K COCTOSIHUIO U PEKOMEHI0BATh OIIEPATOPY, HAIIPUMED, U3MEHEHUE Kypca, CKOPOCTH B
pexxume TOpMokeHus. lIpoBeneHO MOAEIMPOBAHWME M AKCIEPUMEHTANbHBIH cOOp JaHHBIX.
IlomyuyeHHble auarpaMMbl OLICHHUBAIOT PAa3BUTHE IIOTEHLUAJIBLHOTO PHUCKA HEYIPABISAEMOIO
nerokeHusd. [Ipoananu3upoBaHbl CBOMCTBA AMArpaMMbl KaK CBOMCTBA arrpakropa. lIpennosxena
rpado-npoAyKIIMOHHAS MOJEJb, YUYUTHIBAIOIIAS CBSA3M COCTOSHUN Trpada M MareMaTHYECKH
anmapar HWHTEJUIEKTyaJIbHOTO aHaJIM3a JaHHBIX, C IOMOUIbI0 KOTOpOro cpopmupoBaHa 0aza
JAHHBIX ~AQJTOPUTMHU3ALMKM YOpPaBICHUS OOBEKTOM, TAe JUId KaXIOH BepUIMHBI rpada
NpEeACTaBIseT cOo00M TpylIy aBTOHOMHBIX NPAaBWI, HMEIOIIMX MapajuleibHBI MEXaHHU3M
UCIIOJIHCHUSL.

DISSERTATION ABSTRACT

Andrikov Dmitry Anatolevich
Method for controlling the movement of a vehicle on the surface of the planet based
on intelligent analysis of actual setting parameters motion

Based on the complex analysis of modern approaches to data analysis, a method for controlling
motion in a dynamically dangerous situation has been developed. In particular, the application of
game theory allowed us to develop a coalition principle of interaction between elements of the
control system, which is affected by external factors characteristic of movement on the surface of
the planet. A block diagram of an on-board intelligent control system is proposed, based on the
decomposition of the main goal and the introduction of two feedbacks into the control loop with
intelligent analysis of actual traffic parameters to assess the prediction of a dynamically dangerous
situation. The control algorithm not only compensates adverse disturbances, but also adjusts its
behavior in order to change uncertain environmental conditions. The graph-production model
allows to apply universal conditions for transitions from state to state and recommend to the
operator, for example, changing the course or speed in braking mode. Modeling and experimental
data collection were performed. The obtained diagrams assess the development of the potential
risk of uncontrolled motion. The properties of the diagram as an attractor are analyzed. A graph-
production model is proposed that takes into account the relationships of graph states and the
mathematical apparatus of data mining, which is used to create a database of object control
algorithmization, where for each vertex of the graph there is a group of autonomous rules with a
parallel execution mechanism.



