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TPAHCIIOPTHOE U DHEPTETUYECKOE
MAIINMHOCTPOEHUE
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PASPABOTKA CUCTEMDbI YIIPABJIEHUSI COCTABOM CMECH )
BEH3NHOBOI'O ABUIATEJSL C NPUMEHEHHUEM MCKYCCTBEHHOM
HEWUPOHHOW CETH

Acns 4B CMHPHOB

Cinamust npunguniaiono cocmoum s dayy uacmed. Hepeas vacmo nocastuena anai v
PUBTUHHBIY CNOCOO06 MPUNCHEHUR HCKVCCIIGCHIBIY HETPONILIY Cemens oian sadaid O -
HecrkO20 yapagienist H'()(J{.":‘(f!"{ JERLI. JUHF:‘J)U(UJ HACHHL G b Rocesfena HJFHH\'IHU‘I{.’('J’\'i’)!.‘f
PCAAUIQUUIE AHOLOPENCUNIION) OUIAIRICCROZ0 Koppermopa nodauy monea (KT Sensie
HOBOSO OBUCAMEIH NG QCHOGE NCRYeemsennon ieiponnoi cenn (HEIC) ¢ yqeanio odecneyeis
CHEXHOMECMPUYCCRONG CoCnand L".'lJ'{'.‘(.'H.H‘;')!.f Jreskon h‘(_‘/)({!FE‘H,’{"HHH !)‘f}:‘lt'('(-".’hﬁuf} FCTONKLL

This article essentially consists of two parts. The first part is observing various methods
of application artificial newral networks o the task of dynamic fuel detivery controt and their
analvsis. The second part is about practical realization of the multimode dynamic fuel control
unit (FCU) of a gasoline engine on the basis of artificial newal neowvork (ANN) with the purpose

of maintenance stochiometic composition in a mixture at sharp convevance of a throtle valve,

Buinosnenne sKeeTkux HOPM 110 TOKCHUHOCTH aBTOMOBMIIS HEBOBMOKHO (o3 06ecreucHns
TOYHOro yripasiieHns cocrapom emect (ALF) na jummamuuceknx peskumax paborsl ABurareis,
XapaKTCPU3YCMbIX PC3KHM TCPCMCIICHUCM JPOCCCABLHON 3aciionkn (J13). B cospemenninix cue-
TCMaxX YMCHBHICHHS TOKCHUHOCTH OTPadOTABIIMX TI'a30B ABHIATCHS NPHMCHICTCH TPEXKOMIIO-
HCHTHBIH KatanuriHucckuil neirpanusarop, tpeSyloumii nojuiepkanns ALF 1a crexuomerpi-
HCCKOM YPOBHC B Y3KOM AMANasoHe. 3aaaua noMjICpKaHus crexnoMerpiucckoro ALF na crari-
HCCKHX PCKAMAX paboThl ABMIATCIS HC OYCHD CIOMHA M PCLIACTCS 3a CUCT BBCACHMS KOHTYPA
nAMOA-peryINPOBaHUs, B ITPOTHBOMOJIOKHOCTL AHHAMHUCCKOMY YIPABIACHHIO. BOIBUIHICTBO
COBPEMCHHBIX MHKPOTIPOLICCCOPHBIX ccTem yrpasiicHis (MCY) HMCIOT OTACIBHBIR aIropim:
AMHAMHYCCKHHE KOPPEKTOP TIogaun TorumBsa — Juisi koppexind ALF na annamMiucckux peH-
Max paboThl psuraress. B Sonsmuncrse ciyuacs, crpykrypa cramapruoro JIKT ocnosana na
MOJICIIH TOTLTMBHOM NJICHKH, naxojsiiciics Bo Bnyckiom tpybornposoje [1]. Jlust ajexsariioi
KomncHeamu ALF na GonbumnceTBe XapakTepibix JIHHAMHUYCCKHX PCKHUMOB PabOThi JABHIATCIHS
koagpuumentsl AKT pomkibl GbITh pacnipeiencuusiMi. Kasimbposka cneremnt KT, vanie see-
IO, IPOBOIMTCS € TIOMOUILIO HCABTOMATH3HPOBANHLIX MCTOAMK M3-3a TPYAHOCTH Opranusaiiiy
ABTOMATHU3MPOBAHHON HACTPOIKN OMO W jBYMCPHBLIX Tabnuil ynpassicuns. [ocneunee o6ctos-
TCABCTBO NPHBOJMT K 3HAYMTCIILHBIM BPCMCHHbBIM 3aTpataM Ha nactTpoiiky JIKT B nponccee
poBezeHust npouenypb! xasbposkn MCVY.

Hnst yerpanenus yxasannnix nenocrarkos cramgapruoro JAKT npeuiaraercs IPHMECHSTE
AJrOPUTM YIPABACHHS W KaHOPOBKH, OCHOBAHHbII Ha HCKYCCTBCHHOMN Helpornoit ceru (MC),
B cuiy croiictsa camoolyuenus, MHC BO3MOKHO HpuMeHiTs st cozuanns Goiee s¢dherris-
HbIX cTpykTyp JIKT, opranmsawmu agroMaru3ainmu npouciypst kambdbporkn JIKT n peicnns
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3aa41 KIACCH(HUKALIAN JAHHDIX, BIJIOTAIOMINX OOJIBUIOE KONMUCCTBO JHHAMIUCCKHX PCIKH-
MOB paboThl ABHIATCIA. )

T IpUHIMTMATBEHO MOYKHO TPUMCHITS TPH CNIOCOo0a PCAM3AIMN YIIPABICHHS [IOAAUCH TOTI-
nuBa ¢ ucrnosszoarrem MHC. TlepBbiii MOAXOM 3aKI04acTCsl B annpoOKCHMALH TabiuiL ynpas-
nenust cranaptioro JIKT ¢ nomomisio paauansio-6aszuctoit HHC. B otom ciyuac HCOOXOUHMO
HaiiT 3HaucHus koa(duiricHTos ynpasienus crangaprioro JKT xa 0azosbix peacnmax pado-
Thl JIBUTATCJISI M TIOCJIC DTOTO NIPOBCCTH NPOUCIYPY ANNPOKCHMAHNH MOBCPXHOCTH YIIPABICHHS C
nomonsto UHC. Bropoii Nnoaxo 3akiouaeres B 3aMeHe Tadauirynpasienns crappaprioro AKT
Ha crpykrypy MHC npsmoro pacrpecrpanenst uis OIPEAeSICHHs TEKYLHX 3Ha4eHiH ko ii-
uuenToB. B aroM ciyuae nactpoiiky napamerpos MHC uenecoodpasto npoBoiinTh ¢ 10MOLLBIO
TIPOLEAYPH IOBWILHON orruMusatiy B Gasuce N + 1-0if TICPCMCHHOM, HANPHMEP € TOMOIILIO
reneruucckoro asropurma (IA) (N — konuruccetso nacrpansacmbix rapamerpos MHC, N+ 1-ag
Pa3MEPHOCTL — WHTCTPadbHas OWHOKA OTKAOHCHHA pcanbioro snaucums ALF or sajannoro
snaucHmst). TPCTHIT NMOJIX0JL 3aKIII0MACTCS B HCMOCPCACTBCHHOM HCHOL30BaHKH CTpyKTYpsl HHC
ans onpeacicHua wiknosoi rozaun rormsa (GTCINI). B orosm ciryuac BOSMOAKHO NPHMCHITT
MOLLIHOC CPCACTBO TIPH PCaii3aliiy PoLCAypbl onTumMisauny napamerpos MHC: merox odpar-
HOTO PACrpoOCTPaHCHMsE OLHOKK, MO3BOJSHOLA 3HAYHTEIBHO_COKPATHTL TPCOYCMBIC BbIUNCHiI-
TCJLHBLIC MOLHOCTH 110 CPABHEHHUIO € NPOLEAYPOIl_ 11100a1bHOM OITHMH3ALIMK THapaMeTpos [2].

Hamir nipejuiaraiorest pesysisTarhbl CTEHA0BLIX MOTOPHBIX MCHBLITARMN CTatapTHoro KT
C HCHPOHHBIMK KOAPPUUKHCHTaAMK B ONOKT WICKTPOHHOTO viipaichust (bDY). Llennio nannoii
CCPHH IKCTICPHMEHTOB OLUIA NIPOBEPKA MPHHUNWTIHATIBLIIOH BOBMOKHOCTH HacTpoiikn JIKT ¢
HCHPONHBIMH KOYPPUUHCHTAMH HA HCCKOILKHX XGPAKTCPHLIX ANHAMMUCCKHX PCHEKHMAX -
DOTHI ABMIATCIHS. ' . B

- Crpykrypa JKT ¢ HeliponHbIMH KOYpPUHUHEHTAMH H METOIHKA
ero HACTPOHKYH

Pazpaboranupiit JAKT ¢ nefipornbivi koo puumenramu (puc. 1) coCTONT 13 Byx uacieii:
HerocpeacTsenHo KT, DeHOBaHHOrO Ha MOAEHN TOIUIMBHON [UICHKH BO BITYCKHOM TPYDOHPOBO-
ne, w MHC, onpepensnonicit koaduunentst ¢, b JAKTF (GBC ~— uuknoBoc HanoineHie BosityXo:
FREQ — uacrora spaincnus jsurarcis; FILM —3nauctne maces rorumsnon nicnkn; GTCSTAT —
CTATHYCCKOC 3HAUCHHC IHMKI0BOH nojaun Torniusa; GTCINJ — wikinoras nojava rorumisa, BiphLic-
kusacmast popeynioi (GTCSTAT: + ADGTCDYN ): ADGTCDYN — koppekumst 1noiau 1or-
nuBa, paccunrbiBacmast JKT; i — nomep umina padoTh JBUTATCIIS. )

MHC umeer CcrpykTypy npsiMoro pacnpocTpascHus CHIHANA U COCTONT 113 TPEX CIOCH:
BXOMHOIO, CKPLITOrO M BLIXOAHOr0. Bxonamu MHC 4BasIoTCH LMKA0BOC HATIONHCHHC BO3LYXOM
asurarens (GBC) u ero wacrora spawenus (FREQ). Bxoauoit cioff nvcer asa uciipona ¢
JHHCHHBIMK (PYHKLMSAMK AKTHBALKMK 1 pcaym3yet Hopmupoesanue curnasiios GBC n FREQ «
avanasony ot 0 1o 1. CkpbIThli clOH HMEET OAMIT HCHPOH ¢ CHIMOMUAILHON (YHKIMCH aKkTH-
Baiin. MMeHHo 3a CHCT W3MCHCHHS KOIMUCCTRA_LCHPOHORB ITOI0 CHOSL MOKHO YBCIHHUHBATL
BLIYHCIMTCILIYIO MonptocTs MHC, Brixouioi cinoi iiMeeT fiBa HElpoHa ¢ CHIMOMMAIbLILIMY
(pyHrxuUMAMH akTHBALMH (KOMPPHIHCHTBEL a 1 D). '

Mprunumnuaneras cxema HacTpoiikn npeayemarpnsact vaniane JKT ¢ neitponibiv
kodppuurcHramn B BRY, a anropnrv oOyucnust (reHeTHUCCKHIT azropurs) — K (puc. 2).
[Tpu npoBCACHMH DKCIICPHMCHTOR 3aJCiiCTBOBAHO 7 HacTpoctnbix napamerpon MHC. B kauc-
CTBC KPUTCPHS ONTHMM3ALUMHN HCIIOAL3OBAIACL CYMMA KBAUPATOB OTKIOHCHHH 3/1anHoro i
paccunreizacmoro JIKT sexropa nomauy romsmsa B ymurareis (GTCINI) upn nocrosinions
ooneme suIdopku B 5000 1Ko paboThl ABUIATCIIS.
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Prc. 2. Crpyrrypa ynpasnenns jimamnueckoii nojaueii rorumma (GTCINIY wce nacrpoiicn ¢ nosonwio JIKT

uMeomero crpykTypy MHC mna onpeicnenng reryinnx snaucnnil KoM HImcHTon YupasicHis

B kauccrse o0bekTa ynpasacHHsL HCHONL30BAICS MPOIPCTLIA 4-X 1l posbil Ocnsnio-
Bh1H JABHUTATCHL C '.)J'lCI('I'p()HII()Fl CHCTCMON Pachpeiciicnnoro BI!})E;ICF'\'HJEEIHM?I TONBa. Ocobden-
HOCTBI0O MCY SBASACTCS HAMUMC DICKTPOHIIO-YIIPABISICMOH JIPOoCCenoli sacnonki (J13) 1 -
IlCl“iIi()i"() J]ﬂh-lﬁll,ﬂ—fi()li,J.[E'l {i}Hp!\'lbl B(]SCIL NTO3BOIBITOLLICTIO ]'!'.i.\-ICP}'I'l'b ,J:J.H[1215\'11'|‘1UC|\_!”"| COCTAB CMCCH.

HpHuuuniaisHo BaskHo 1O 00CTOSTCILCTBO, U0 IPU HacTpoiike napamerpon KT mipu-
MCHSUTACH MCTQMKA OrpaHHUCHHOIO KOJTHUCCTBA ()6]321]ILCI{MI”I I ABHIATCHIO. Ona sainouacTest
B TOM, YTO OCHOBHOM O0BCM BbIUMCIICHHI 11poBOIMTCS ¢ Konuel moienu KT, koropast peanm-
30BaHa Ha I'lCDCOIIE]J’H)I'JO!\'i KOMIIBIOTCPC. KEI}IUJ,()C ()6[?2]!.1.[0“”8 IC ABHPATCHIO TTO3BOJBCT YTO'U-
HHTBL HCOOXOAMMBIH 3aKOH NOMAYH TOTHBA, 00CCICUHBAIONHIE CTexHOMeTprHyccknii ALF, ko-
TOPBLIH PACCUNTRIBACTCS Ha OCHOBC MIPOPMAIIAI O PCAJIH30OBAIINON HHKIOBON TOJ@uC TOIIN-
Ba (GTCINJ) u coorsereraytoniesm curnaine peajibioro ALF,

Pesyinrare: MOTOPHBIX ¢TemnoBeIX wennrranuii JJKT ¢ neliponusisin
KoOYphuuuenramu

I R, s g _— . 11T o~ - £3 pnn
A’LJJSl Hd(,!p{)l'H\H MHOI (Jl')Ur‘l\i'I.’\'ﬂlOl 9] /.“\ j I’:hll}p&llil) ] "’) JIHHAMHYMICCRMX PL‘-/E\[-I?\'H)[’, PEIO()IJ:I
ABHTATCIIS, XAPAKTCPH3IYCMBIX PC3KUM Hiepemenietimem 13 or 12 10 60 %.
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Ha ocnoBe pesyisraroB (Tabi.) MOXKHO 3aKIIOYHTh, YTO MOCHEC TPEX MOCHCIOBATCILHBIX
YTOUHSIOUIUX OOpalleHUH K ABUraTeaio Ha 13 BLIOPAHHBIX AMHAMHUYCCKUX PCIKHMAX YIAA0CEH
YMCHBIINUTE OoNIbIIC WeM B 2 paza MakcuManbHoc oTknonenue ALF ¢ 19 no 8 %. 3uauwrein,-
HOC yMeHbIeHHe ALF Taioke nabmofacTest M Ha OCTAIBHBIX ONTHMH3UPYCMbIX peikHMax. He-
KJIIOYCHUE COCTARAACT TONLKO pexkumM NelO npu nepemcuichun 13 o1 60 10 25 %, e O¢3
pabotel JIKT 3nauenue makcumanbroro orkiaoncHus ALF cocrasisier 3 %, a ¢ padoraionimy
JKT — 8 %. Takoe nporekanne MokeT ObITH CBSI3aHO CO 3HAUYMTCALHON AHNHAMHYCCKOH 01i6-
KOH B MPOrHO3¢ LHMKJIOBOIO HAIOIHEHHS BO3LYXOM JBHIaTels.

Tatinga

Ne obpamenus | Ne urepannn - Ne JMHAMM4ECKOTO peKHUMa
Kk nsuratento | obygenns | 1 2 3 4 5 6 7 8 9 10 11 12 13
| Beikia. DFC | 4 10 -10 19 2 2 10 -9 19 3 -5 11 -8
2 ] 2 -6 8 5 5 6 -2 127 9 5 -6 10
! 2 2 4 5 8 5 4 4 8§ 8 9 5 -5
4 3 2 -2 2 8 4 4 3 5 6 8 2 -5 4
BriBoabl

I. TlonyscHue 8-TpoICHTHOrO ypoBHst komnicncanu ALF B pesysnsrare NPOBCACHHS MO-
TOpHOTO 2KcnepuMenTa no nacrpoike JIKT ¢ neliponnniMu koadpuimenramn, nojrsep-
JWII0 TIpHHIMITHANBHYI0 paboTocniocobrocTs MHC st 3aiaun JHHAMHUCCKOIO yIIpaBichms
noj@uci Tonanea OCH3NHOBOro ABuratens. [ns nonyucHus 60ACC BLICOKOTO YPOBHS KOMIICH-
CaLuii COCTaBA CMECH HCOOXOMMMO YBCIMUNTL KONHUCCTBO HACTPAMBACMBIX [TAPAMCTPOB, XOTsI
Oosice uenecoobpasHo NePeHTH K HCMONL30BAHUIO CTPYKTYPhl HCHPOHHOMO JAKT.

2. Peanmnsaunms JAKT co crpykrypoit UHC B BDY noxasana, uro paspaboratnas Meroiim-
ka nporpammuoi peanisauin MHC nossonser sueapsars crpyxrypbt MHC 8 oGuit anropur
ynpaBieHHs JBHraresiem na 6ase n1060it npomeiieHHo-soiycikaemoit MCY ronpko 3a cucr
M3MCHCHHSI TIPOTPAMMHOTO YNPaBJSIOLICTO MOYJIS.

3. Tlocrenennoce Bueapenne aaM6a-30H1a ¢ JIMHCHHON XapakTepueTHkoii B coctas MCY
M YBCIIMUCHHC BBIYHMCITHTCILHBIX MOHIHOCTCH MHKPOKOHTPOJUICPA NMO3BOJACT CUHTATL HEPC-
NCKTHBHBIM NPHUMCHCHHC HCHPOCCTEBBIX CaMOOOYUAIOILMXCS MCTOAOB JIMHAMUYCCKOrO YIIpaB-
JICHHS TIOJQ4CH TOMIHBA GEH3HHOBOIO ABUIATCIISi HCMOCPCACTBCHHO Ha OOPTY dBTOMOGMIIS B
Omkaitiuenm OyayuieM.
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