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BUSBJIEHHSA CYKYIIHOCTI EJIEMEHTIB ECK/I,
O OBMEXYIOTbh HANIMHICTh ABTOMOBLJIA

Hano ananiz npobnemu Hadiunocmi enemenmis eiekmpoHHoi cucmemu Kepysanhsa oguzynom (ECK/)
ma enaug ii Ha Halilinicms asmomobins 6 yinomy. Ilokazano, wjo ii po38’a30K 36 A3Ki8 3 cmynenem
nosHomu iHgopmayii npo naoitinicme. Ilpu nodyoosi mamemamuunux mooenel BUKOPUCIOBYEMbCS
minmax abo maxmin nioxio. Pospobnieno memoouxy eusasieHHs 8i0M08 ma HeCHPAGHOCHel eleMeHmis
ECKJ[ asmomobina, oana ix kracugixayis i pozenanymi ii emanu ma kpoku. Hasedeno 3aeanvruti auzisio
npeocmagients GUXIOHUX OaHUXx i OYIHOUHUX NOKA3HUKIG npoyedypu eusaenenus enemenmie ECKJ], wo
00MedHCYIOMb HAOTIHICMb.

Knrouosi cnosa. Asmomobine, 08ucyH, HAOIUHICMb, MAMEMAMUYHA MOOEb.

Beryn. IMocranoBka mpodsaemu. [Ipu peanbHiil excrutyaTamii e1€KTPOHHHUX CHUCTEM KEpYBaHHs
qeuryHoM (ECKJ]) BHHMKAIOTh MEBHI TPYAHOIII B MIATPUMIN 3aJaHOTO PIiBHSA iX Mpale3gaTHOCTI,
MOB’sI3aHI 3 HENOCTATHHO IIOBHMM BIANpAIfOBaHHSIM HOpPMAaTHBHO-TexHiuHOT mokymentauii (HTJ),
CTOCY€ThCSI OOTPYHTOBAHOCTI pexkuMiB (mepioniB) obciayroByBanHs enemeHTiB ECKJl Ta moBHOTH iX
KOHTPOJIO SIK Ha PiBHI NMPHIAJOBOTO 3a0E3MEUYCHHS, TaK i Ha PiBHI Bi3yaJIbHOTO KOHTPOJIO, a TaKOX
BpaxyBanHs HagiitHocTi ECK/] mpu omiHmi HamitHOCTI aBTOMOO1IIS B HIJIOMY.

IIpoBeneHi OrIAIOBI HOCHTIMKEHHS ITO3BOJMIN IPOAHANI3YBAaTH MPHUHIUIH 1 METOAW (OpPMYyBaHHSI
pamioHaTbHUX PEKUMIB OOCITyTOBYBaHHS €JIEMEHTIB aBTOMOOLIIS, ITepeBaXKHA OLTBIIICTE SKUX IJO3BOJIIE
e(eKTUBHO BUPIIIyBaTH JaHi MUTAaHHS B YMOBaxX HAasBHOCTI NOBHOI iHQopMmauii mpo HamiiHICTH
00CTe)XyBaHUX €IEMEHTIB. Y TOi ke 4ac B NpakTHLi (JOPMYBaHHS PEKHUMIB OOCIyroByBaHHS CKJIQJIHUX
cucreM, 10 skux Hajexars i1 ECKJI, mocrae mijne koJio 3aBaHb, BUPILIEHHS SKUX Nependavyae HasBHICTb
HeroBHOI iH(popMalil npo HaxilHicTh. Taka cuTyalis BUHHKAE, K MPAaBWIO, HA NOYaTKOBOMY Iepioi
eKCIUTyaTalii CHCTeM BHMAara€ po3poOKH CHEHIaTbHAX NPUKIATHUX MaTeMaTHYHHX METOIIB
JIOCTIKEHHs 3aCHOBAHMX HA MiNMax MifXoJaX. IX BUKOPHCTAaHHS I03BOJISAE TPOCTEKHUTU 3a SKICHUM
MOJIMNIICHASIM TIOKa3HUKIB OOCIYyrOoBYBaHHA 1 3a0€3MEUUTH TIOCIINOBHE MONIMIICHHS (OpMyBaHHI
HOPMATHBIB IO Mipi 3MCHIICHHS CTYICHS HEMOBHOTH BHKOPHCTOBYBaHOI iH(opMarii mpo HaIiiHICTh
JOCITIKYBAaHOI CHCTeMH. Y Mipy HakomwdeHHs iH(opmarii mpo HaxiiHicTh emementiB ECKJI i
BiJITIOBITHOMY 3HIKCHHI CTYIICHS 11 HETOBHOTH 3a0€3Ie9y€eThCSI YTOUHCHHS PEKUMIB 00CITyTOBYBaHHS 13
3aCTOCYBAaHHSAM MOJEJCH sSKi 0a3yIOThCS Ha BUKOPUCTAHHI MMOBHOT iHPOpPMAIIii TpO HANIHHICTh CUCTEM.

B Mexax TeopeTHYHHX JOCITIJDKEHb IependadaeTbes po3podka MaTeMaTHYHNX MOAENeH 1 MeToanK
dbopmyBanHs pexumiB obcayroyBanHs ECKJ] B ymoBax oOMmexeHoi iH(popmarii 3 MmomaIbiium
nepexoZoM Ha MeToau (M0 Mipi HakONWYEHHs JAaHHWX), 10 0a3yloThCsl Ha BHMKOPHCTaHHI ITOBHOT
indopmarlii Ipo HaAIWHICTh JAOCHTIPKYBAHUX TEXHIYHMX CHUCTeM. Takuil MifXil JO3BOJIsIE 3a0€3MECYUTH
SIKICHE MOJIMIIeHHs ()OPMYyBaHHsI HOPMaTHBIB YMOBH OCBOEHHS HOBOT aBTOMOO1IbHOT TexHiku 3 ECK/I.

Ha nactynHoMYy erami 31ifiCHIOETBCSI po3po0Ka MeToAMKHU BusiBiieHHs enemenTiB ECK]I nimiTyrounx
il HamiIHHICTP, K8 KOMILICKCHO BPaXxOBYE AKiCHI Ta KUIbKiCHI XapaKTePUCTUKH TIOKa3HUKIB HAAIHHOCTI 1O
BCiii cykymHOcTi eneMeHTiB. Pa3om 3 momepeaHiM eramam pe3yibTaTd TEOPETHYHHUX JOCTI/UKEHb €
OCHOBOIO ISl TPETHOTO €Tally, IO Iependadae yrpyrnoBaHHS IMEPiOJMYHOCTEH KOHTPOIIO TEXHIYHOTO
crany enementiB ECKJ] 3 meroro mozpansimoro (GopMyBaHHS paliOHAIBHUX PEXHUMIB 0OCIyroBYBaHHS
ECK/I.

Metoro naHoi pobotn € po3pobOka MeToAWMKH (GOpMyBaHHS Ta TPYIyBaHHS B OJHODIJIHI KIacu
ONTUMAJIFHUX MEePIOANYHOCTEH KOHTPONIO TEXHIYHOTO CTaHy EJIEMEHTIB, AKi JIIMITYIOTh HaAiHHICTPH
ECKJI B ymoBax IOYaTKOBOi CTajii OCBOEHHsS HOBOI aBTOMOOUTRHOI TEXHIKM Ta MOAAIbINOI i
eKCILTyaTartii.

BukisiageHHsi OCHOBHOro0 Martepiany. Y mporeci ekcruryaTarii Ta OOCIyroBYBaHHS CKJIaTHUX
TEXHIYHUX CHUCTEM, J0 skux BigHOCATHCS ECKJ]l aBTOMOOIIS BUHHKAE HEOOXITHICTD y PO3pOOII MpaBuiI
(cTpareriif) 0O6cayroByBaHHs Takux cucteM. Ha cTamii mo4aTkoBOoro BUpOOHUIITBA aBTOMOO1IIB 3 TAKUMU
cHCTEeMaMH Ma€ MicCIle BIJICYTHICTh HOBHOI iH(pOpMalii npo iX HamiHHICT /ISl IIMPOKOTO CIIEKTPY YMOB
Ta IHTEHCHBHOCTI €KCIuTyaTalii, 0cOOJIMBO Ha IT0YaTKOBOMY Tepioai. Taki 0coOIMBOCTI BHMararoTb
PO3pOOKH 1 BUKOPHUCTAHHS CIHELiaJIbHUX METOIIB 1 MoOJeNied onThMi3amii crpareriii oOciyroByBaHHS,
3aCHOBaHMX Ha minmax migxoxax. [[ilicHO, Ha TOYAaTKOBOMY TeEpio[i BHPOOHHITBA Ta EKCILTyaTaIlil
BUNPOOYBaHHS Ha HaJiHICTH TNependadyaloTh BH3HAUYCHHS B OCHOBHOMY JIMIIE OIIIHOK YHCIOBHX
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XapaKTepUCTUK (HaNpHKIag, CepelHii Yac HampalloBaHHS Ha BiJMOBY, cepeiHiii 4yac Oe3BiAMOBHOI
po6OTH 1 T. /1.) 1 IO MOXIIMBOCTI eMITIPUYHUX (YHKIIH PO3MOALTY Yacy O0e3BiAMOBHOI pOOOTH €EMEHTIB.
TakuMm YHHOM, TpW BU3HAYCHHI ONTHMANBHUX CTpPATeTii 1 PEeXUMIB OOCIYTOBYBaHHS CKJIATHHUX
TEXHIYHUX CHCTEM Ha IIOYaTKOBOMY eTalli HEOOXigHO MpPHITycKaTH, mo (YHKII po3momiry dyacy
0e3BiIMOBHOI pOOOTH €JEMEHTIB HaleXaTh Kiacy pO3MOAiTiB 3 (IKCOBAHNMH MaTeMaTHIHUMHU
OUiKyBaHHAMHU a00 MaTeMaTHYHUMHE OUiKyBaHHSMH, III0 HAJIS)KATh NESKAM TOBIPYHM iHTEpBAIAM.

VY mpormeci BH3HAUCHHS ONTHUMAIbHUX DPEXUMIB OOCIYrOBYBaHHS HE MOXHA OpPi€HTYBaTHCS Ha
ycepenHeHI ITOKa3HHUKM 1 BIAMOBIAHO ycepemHeHi GYHKHIi po3monixy Oe3BiAMOBHOCTI, ame Ciif
BpaxoBYBaTH HaWripmii BapianTH. TakuM YMHOM BUHUKAIOTH MPOTUPIYYS XapaKTepHi Ui Teopii irop, sxa
nependavae s OyIb-KOro oOpaHOro BapiaHTa OOCIYTOBYBaHHSI CHCTEMH, BHOIP «IIPOTHBHUKOM)
HAKWTIPIIOro BapiaHTY IOJI0 HAJIMHOCTI CHCTEMH Ta iHAWKAIi BiqMOB. ToMy Al BUpIIICHHS 3aBAaHHSI
BUOOpY cTparerii 1 peXUMiB OOCIYroBYBaHHS y 3a3HauY€HHWX YMOBax [OIUIBHO BHKOPHUCTOBYBAaTH
NPUHIMI maxmin abo minmax, 1o 3a0e3nedye OTPUMaHHS ONTHMAJIBHUX 3HAY€Hb MOKAa3HUKA SKOCTI
¢yHKIiOHYBaHHS cHucTeMU (KoedillieHTa TOTOBHOCTI, CEpelHIX NUTOMHX BTparT abo cepeaHbOTro
MHTOMOTO TIPUOYTKY i T. 11.).

Jaruii MeToz IO3BOJISIE TMPOCTEKUTH TOJIMIICHAS IMOKa3HUKIB 00CIyTOBYBaHHS B Mipy 3pOCTaHHSA
MOBHOTH BHKOPHCTOBYBaHOI iH(opmarii mpo HamiiHiCT cucteMu. [lpn mpoMy BenMYMHA minmax
(maxmin) 3a0e3nedye OTpUMAaHHS TapaHTOBAHUX IMOKA3HHUKIB SKOCTI, OCKIJIBKH I OOpaHUX TEPMIHIB i
MePIOANIHOCTI MPO(INTAKTHYHUX Ta BiTHOBIIOBAILHUX POOIT OyAb-IKOTO BapiaHTa i3 3aJaHOTO Kiacy
XapaKTepUCTHK HAMIMHOCTI TIOKa3HUKH SKOCTI He OinbIe (u1g minmax) abo MeHIIe (g maxmin) Ix
3HaueHb. OCHOBOIO ()OPMYBAHHS pallioHAJIbHUX PEKUMIB 0OCIYrOBYBaHHS 00'€KTIB €, K BiIOMO, YMOBHU
i pexuMu iX ekcIulyaTaiii, XapakTepHCTHUKH IOKa3HHKIB HaJIiHOCTI 1 BapTICHI YMHHHMKU LIO
BiZIoOpa)xaloTh BUTPATH Ha MpoQiIaKTUYHI Ta PEMOHTHI poOOTH 1 psil 1HIIMX MoKa3HUKIB. [lapamerpu,
10 XapaKTepU3yIOTh HMOBIPHICTh BHHUKHEHHS BiIMOB MOYKHA MOJIATH Y BUTJISIIII BEKTOpa HANpallOBaHb

Ha BizmoBy: L = (|1,..., |n) , BEKTOpa 3MiHH HMOBIPHOCTI BAHHKHEHHS BiIMOB 1 HECTIPAaBHOCTEH 3aJI€KHO

Bix Hanpamosanus: Q = (ql,..., qn) ,

B ymoBax obmexenoi indopmauii npo Haxiitnicts enementiB ECK/I i, oco6muiBo, 3akoHOMipHOCTEH
po3MoAiNy iX HAmNpaIloBaHh HAa BiIMOBH i HECIPAaBHOCTi, I (OPMYBaHHS ONTHMAJIbHHUX PEKHAMIB
KOHTPOJIIO TEXHIYHOTO CTaHy MOXKHa €()EKTHBHO BHKOPHCTATH METOAM ONTHMI3allii, 1o 06a3yroThCs Ha
3aCTOCYBaHHI minmax cTparerii oociayroByBanss [2—6]. [Ipyn mpoMy Ha IOYaTKOBOMY €Talli OTPUMAaHHS
iHpopMmamii  JaHI BEKTOPH MOXKHA IIOaTH Y B3aEMO3B'SA3KY y BHIIIAAL CTymiHYacToi (yHKIii Ta
ricrorpamMu IpeJICTaBIeHOI Ha PUCYHKY 1.

Wrobypricme Burexterrsa Bignoby
H\
1
J\ \
7
_J

Puc. 1. Cxema sminu opibno-cmyninuacmoio Qyukyii imogipnocmi BUHUKHEHHS 6i0MO8 i HecnpasHocmell
HA NOYAmMKOBOMY emani 300py UXIOHUX OAHUX NPO HAOTUHICb eleMeHmis

BT F(1) = P(L<)=1-Q(L) Y R(L)=Y. -0 (L)

OOrpyHTYBaHHS HEOOXITHOCTI BHKOPHCTaHHS JaHUX METOJIB IOJSTa€ B TOMY, IIO MOMEHTH
npodinaktTiaHuX (i BIAHOBIIOBAJIBHHUX) POOIT CIiJ BUOMpPATH TAaKMM YHHOM, MO0 MIHIMI3yBaTH
MaKCHMYM MOXIIMBHX BHUTpaT NpH (YHKIIOHYBaHHI CHCTEMH, BIiANOBIJHWH HaWTipIIUM BapiaHTOM
XapaKTEePUCTUK HAIIMHOCTI PO3IJIIHYTHX €NeMEHTIB aBToMoOUIL. Ilpu 1poMy, Ha meprioMy eTari
(hopMyeThCS CYKYIHICTh pPalliOHAIBHOI MEepiogMYHOCTI 00cIyroByBaHHs Okpemux enemeHtiB ECK]]
aBTOMOOLTA, a MOTIM, 3MIHCHIOETBCA (HDOPMYBAaHHS pAIiOHATBHOI MEPIOJUYHOCTI BXKE MIJACHCTEM i
cucremu ECK/] B mimomy.
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Ha mouarkoBOoMy eTtarn, Juii HNPOCTOTH IMOOYZOBHM 1 omucy Mmozedi (opMyBaHHS parioHaJIbHUX
PEXKHMMIB KOHTPOIIIO TeXHi4uHOTrO cTany eneMeHTtiB ECKJI, HapiliHiCTHI XapaKTepHCTHKH (HAIpallOBaHHS
Ha BIiZIMOBH 1 HECHpPABHOCTI) PpO3IJANAIOTHCS 3 TOYKH 30py THMYacoBoro (akropa. Hamami, mpu
ocTaTO4HIA mMOOYyMOBI IiIBOBOI (YHKII, THMYAcCOBI XapaKTEPHCTHUKH NPUBEACHI IO IPOoOIroBHX
PO3MIpHOCTEH Ta PO3TIAAAETHCS PEreHEPYIOUMil arnepioguyHuil BHUIMAJAKOBUH TIpoIec, 1o Iependavae

nepexoan enementiB ECK/I 3 Hempane3naTHUX CTaHIB y npane3gaTHuil. BumagkoBuii mpoiec Xfﬂ, 110
ommcye ctaH nociimkyBanux enxemenTiB ECK]l Burisgae HACTYITHIM YHHOM:

A, enemenmnpayeszoammuiii 00 8iomosunanpayboyet > 2,2 > 0;

X (1 A ,enemenmnpayesoammutii 00 8i0MoeuHanpayboe)et < 7,7 > 0;
A, ,6 momenmt no eremer mynpoeooumsbci NO3aniaH 08utl peMoH M, @)

A,, 6 Momenmt no enemen mynpogooumvci npoghinaKmutin eoocny208y6an s,

Moxua Gaunth, 1m0 s perenepyrounx nporecis Z, =t, —t, ;, K >1t; =0. Ipu womy, t;,t,

;. € TIOCHIIOBHUMU MOMeHTamu peredeparii. I'padik cranis ECK]I, mo onucyersest Gpynkiiero X (1)

Puc. 2. [liazpama nepexodie npoyecy X (t)

MPE/ICTABIICHO Ha PUCYHKY 2.

ITpu boMy mependavyaeThes, Mo MpodiIaKTUUIHE 00CTyrOBYBaHHS 311 ICHIOETHCS Yepe3 BUMAIKOBUIA
yac, posnoninene 3a 3akonom Q(X (t)). Sxmo posrisHyTHil eneMeHT He BiIMOBMB 10 MPU3HAYEHOTO

momenty Z > 0, 1o 3xificrioeTsest mpodinakTHaHe 0GCTYTOBYBAHHS, @ B HIIOMY BHIAJKY PEMOHT: I,

Ta - BIIITIOB1JTHO 4acC HpO(i)lJ'IaKTI/I‘IHOFO 06CJ'Iy1"OByBaHH$I Ta aBaAp1MHOT'O PEMOHTY.

dopMyBaHHS CYKYITHOCTI €JIEMEHTIB, 10 JIiMIiTYroTh HamidHicte ECK]I, 3rimHo i3 3araabHUMHU
TEOPETUYHHUMH TIEPETyMOBaM JI0 IPOBEICHHS JOCTIIKSHb IPYHTY€EThCS HA KOMIUICKCHOMY OOJIIKY:

- BUSIBJICHUX THIIOBHX BiJIMOB 1 HECIIpaBHOCTEI1;

- BIUTMBY HACIIiJIKiB BiIMOB 1 HeclipaBHOCTEH Ha piBeHb nparne3aarHocti ECK/;

- CITIIBBiTHOIIICHHS BUTPAT HA 3aMiHYy €JIEMEHTIB 1 CepeHiX HAIPaIlOBaHb HA BiIMOBH.

BusiBnenns TumoBmx BimMoB i HecmpaBHocte# ememenTiB ECKJl 3miiicHIOETBCS B Iporieci
NPOBENICHHS eKCIIEPUMEHTAJIBHUX JOCITIPKeHb, CIIPIMOBAHUX HAa OTPUMAHHS OLIHOYHHMX IOKAa3HUKIB
eKCIUTyaTaliifHol HajiitHocTi, Kiacudikamii BiIMOB 1 HECNpaBHOCTEH, BH3HAYEHHS 3aKOHOMIPHOCTEH
PO3MOALTY BIAMOBIAHUX HAIPAIIOBAHb.

Pimennst 3a3HaueHol 3ajadi 0a3yeThCsl HAa BHMKOPUCTaHHI NPUHIMIIB peayi3oBaHUX B METOJI
nociuigoBHux mnepesar [7, 1].Ha mneprmiomy erami, 3 ypaxyBaHHSM BHSBJICHHUX THIIOBUX BiJMOB 1
HECIpaBHOCTEH €JIeMEeHTIB 1 HAaCHiJKiB iX BIUIMBY Ha mpaue3aatHicth ECKJl, Ha OCHOBI BUKOpHCTaHHS
kinacudikanii [8, 9, 10] i mocBigy ekcruryaramii, 0OCIyroByBaHHS 1 PEMOHTY EJIEKTPOHHHX CHCTEM

BU3HAuaI0ThCs piBHi BBy Q j » IO XapaKTePH3YIOTh:

Q1 — HEMOXJIMBICTB eKCIuTyaTtarii TpaHcnoptHoro 3aco0y (T3) (kpuruuna abo aBapiitHa BiaMoBa

€JIEMEHTA), HalPHKJIaJ] KOJIX IBUTYH aBTOMOOLIS HEe 3aBOJJUTHCS 200 BiJMOBA €IEMEHTa MOXKE BUKJINKATH
KOpPOTKE 3aMHUKaHHS;

Q2 — TOTipIIeHHs TeXHIKO-eKCIUTyaTamiianx BiaactuBocteil (TEB), mo npuBoauTts 10 HE0OXimHOCTI
HeBigkinanHoro 3sepHeHHs Ha CTO Jui ycyHeHHs BiMOB i HeclipaBHOCTeH (icTOTHA JiiHiIliHa BiIMOBa
eJIeMeHTa), HaNPUKJIa/l, Yepe3 HelpaBUiIbHY poOOTY IBUTYHA, IO BUSBISETHCA K CHIBHE «CMUKAaHHSI
aBTOMOOUTA MiA 9ac pyXy, «TPOiHHS» ABHUTYHA, 3HIDKCHHS AWHAMIKM 1 HaAMIPHO IiIBHINEHA BHUTpaTa
TaJINBa,;
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Q3 — iHIN BiIXWJIEHHS TEXHIYHOTO CTAaHy BiJl BUMOT HOPMAaTHBHO-TEXHIYHOI MOKyMEHTAIii 3

NPUYMHA HECHPABHOCTEH E€JIEMEHTIB, 110 HE MOPYIIYIOTh TPAHCHOPTHHUH MHpolec i ycyBaloThes 0e3
BTpaTu podoyoro yacy T3 (HecyTTeBi BiIMOBH 1 HECIIPABHOCTI), HAIIPUKJIA] HE3HAUHE «ITiJICMUKYBaHHS
aBTOMOOJIS T[] Yac pyXy, iHAMKAIlisA — 3aropssHHs Tammu «Check engine» — mepesipTe ABUTYH i He3HAYTHE
I IBUILCHHS BUTPATH HaJIHBa.

Ha nepmomy kpomi, s koxkHoro dakropa Q i (Q,,Q,1Q;) 3a posrnanyrum enementom E;
ECK]J] npocraBisitorscst 6ainbHi (a00 BaroBi) OLIHKH Qij TaKUM YHUHOM, 1100 HaHOLIBII 3HAYYLIOMY

YUHHHKY BiANOBigaB OinbmMi 06an (abo Bara) MOpiBHIHO 13 CyKyIHicTIO iHIINX (akTopis. [Ipu npomy B
3araJbHOMY BUTJISLJII Ma€ JOTPUMYBATHCS yMOBA!

Qi) + Q4
Q,)Q;;

ne i —ingexc exementa ECKJI.

, O]

Hanpuknaz, 1is n'sTu6anbHOi OLiHKM BIUIMBY BiaMoB enementis E; no daxropam Q,Q,1Q; na

npane3gatHicts ECK]/I B oMy MOXHa 3amucartu:

0O, =59Q, =30, <1, 3)
. . . .. m
[TincymoByBaHHs 32 KOKHUM efieMeHToM E; i3 3amanoro ix Gesmiui Ei iy OTPMMaHHX 3HAYCHB:
m
Q, Qv =2, (4)

JTO3BOJIsIE BITOPSAKYBATH BILUTUB BIJIMOB 1 HECIIPAaBHOCTEH KOXKHOTO elieMeHTa Ha mpanesaataicte ECKJ] B
iJIoMy Yepe3 3aiiMaHe HUM Micle:

min oz Qw. = Mmax
T

Lo, =9 eieee e (5)
max oz in = min

VY (3) — € inmexc ¢paxropa.

Ha npyromy xpowi, 3 ypaxyBaHHAM OTpuMaHoi 6e3miui 3Ha4eHb |, , 3IHCHIOETBCS HOPMYyBaHHS
BIUIMBY BiJIMOB i HECIIPABHOCTEH €JIEMEHTIB 32 JOIIOMOI0I0 iX BaroBOI OLIHKH 32 TAKOK (HOPMYIIOH0:
2(k, ~ 1y, +1)

k,(k, +1)

Jac kl — KUIbKICTh €JIEMECHTIB 13 3arajbHOl 1X CYKYIIHOCT1 Ei it B1IMOBa abo HECIIPaBHICTb SAKHUX

a)(LQi ) = (6)

BIUMBae Ha npane3gatHicte ECK/I B minomy.
Ipu 1pomMy HeoOXiAHO BpaxoByBaTH, 110 K; Moxe OyTH MEHIIE 3aralbHOr0 YHCIa PO3TISIHYTHX

eJIEMEHTIB N, a TAK caMo MO’Ke CroCTepiraTucs MoBTopeHHs 3Hauens |, , Tomy cyma @(l, ) mosxe 6yt
i 1

Oinble o UHUI. Y bOMY BHIIAJIKY TPOBOANUTHCS YIOPSIKYBAaHHS BaroBUX OL[IHOK, TOOTO:

o(lg,) k
* — i 1 * —

a (IQ,) i =TE— | npuzizla) (IQ,) =1, )
Zi:l o( Q )

Ha npyromy erami mepmmM KpOKOM BH3HAYAIOTHCS IMHUTOMI BHTPATH HA 3aMiHY CJIEMCHTIB (BapTiCTh
eJIEMEHTa) Spm, 110 TIPUIAJAI0Th Ha THC. KM IPOOITyY i 32 OTPMMaHUMH JTaHUMH, aHAJIOTIYHO SIK 1 Ha MepIIOMY
erarti, 31IMCHIOEThCS BIIOPS/IKYBaHHS BIUIMBY BiIMOB i HECTIPABHOCTEH KOXXHOTO €JIEMEHTA Ha Ipale3aTHICTh
ECK]] 3a 101OMOTr0¥0 MiCIIsl 3aiMaHOTO I[MM BILTHBOM:

: S,.
minona S, :%:max

lg =< , )

Vo

S .
maxozsa S,,, = T = min

ne S.  —mapricth 3aminnoro enementa ECKJI;

3.C.
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L — cepenne nanpaiioBaHHs eJeMeHTa Ha BUMAI0K 3aMiHH.

VY pasi piBHOCTI psiny (200 OKpeMux) 3Ha4EeHb |Snum 3 1x 0e3Jiyi, aHAJIOTIYHO SIK 1 HA MEepIIOMY eTarti
MIPOBOIUTHCS HOPMYBAHHS BIUIMBY BiZIMOB 1 HECTIPaBHOCTEH €IEMEHTIB depe3 iX BaroBi OLIHKH, TOOTO:
2(k, =15, +1) )

ky(k, +1) '

ne k2 Hece Ty % CMHCIIOBe HaBaHTaxeHHs, mo i K, y Bupasi (5), ane npu mpomy k2 Moxe OyTH He

w(Snumi =

pisne K, (K, >K;), ockinbku kinbkicTs He36ixuux 3HaueH» S Moxke OyTH Oinmble KiIbKOCTI

numi

He301KHUX 3HaYCHb in )
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BaJIy
BucnoBku.

1. B pe3ynbraTi TEOPETHYHHUX JOCIHIPKEHb B YMOBaX OOCTEKEHHS TEXHIYHOTO CTaHy aBTOMOOLNS 3
ECK]] mokazana HeoOXiIHICTH pO3pOOKHM MoOjeseii BU3HAYECHHS MEPIOAMYHOCTI KOHTPOJIIO TEXHIYHOTO
crany enemenTtiB ECKJ] nmpu HasBHOCTI 0O6MexeHoi iHpopMarlii mpo iX HaaifHOCTI Ha MOYAaTKOBIN cTanii
eKCIuTyaTalii aBTOMOOUTIB 3 MOAAJBIINM YTOYHEHHAM (HPOpPMYBAaHHSAM HOPMATHBIB MO Mipi 3HIDKEHHS
CTYIICHSI HEIOBHOTH iH(OopMalii mpo HagiiHoCTI nochimkysanoi cuctemu ECK/I.

2. 3anpomoHOBaHO METOAWKY 00'ekTuBHOTO BHsBICeHHs eneMeHTiB ECKJ[ "kpurnynux" 1o
HaIHHOCTI 1 MOAAIBIIOTO YrPYHMOBAaHHS MEPIOJUIHOCTI KOHTPONIO iX TEXHIYHOTO CTaHy B OJHOPIIHI
KJIACH, IO JO3BOJUTH B OCTATOYHOMY IiJICYMKY C(OpPMYBaTH pamioHaJbHI peXMMH OOCIyroBYBaHHSI
CHCTEM KepyBaHHS IBUI'YHOM.

.3 Tlpaktnuna peamizamist po3poOJIEHOI METONMKHM BUMAarae IPOBEAEHHS EKCIEPUMEHTAIbLHUX
JIOCJIIJKEHb, CHPSIMOBaHMX Ha 30ip JaHMX 1 NMPOBEAEHHs SKICHOI Ta KiJbKICHOI OIIIHOK ITOKAa3HHUKIB
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HaidHOCTI eneMeHTiB, migcuctem i1 ECKJ] B minoMy, a Tako) BUSBJICHHS OLIHOYHHX IOKa3HHUKIB
iHTepBaJbHUX 1 muToMux BUTpar Ha TO 1 peMOHT.

4. HaBenena TaONMIs SKICHOI Ta KiJIbKICHOI OIIHOK HafmiiHOCTI einemenTiB ECKJI, 11 miacucrem i
CHCTEM B IIUJIOMY, BH3HAYCHHS OIIHOYHHUX MOKa3HMKIB 3MiHM BUTpaT Ha TO i1 peMOHT 3 ypaxyBaHHSIM
JTUHAMIKH X 3MiHU B TIPOIIEC] eKCIDTyaTallii aBTOMOOLITIB;
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Ayuain B.B., JIucenko C.B., buuosnii I.B. BusiBnenns cykynsocti enementie ECK/I, mo o6mexyroTs
HaJIIWHICTh aBTOMOOLIS

Ayaun B.B., JIvicenko C.B., buuosslii U.B. Brrasenne coBokymHoct anemernToB DCKJI, xoTopsie
OTPaHUIMBAIOT HAa/IS)KHOCTh aBTOMOOWIIS

Aulin V.V., Lisenko S.V., Bichoviy L.V. Exposure of aggregate of elements of ECS, that limit
reliability of car

VK 629.331

BoisiBiienue coBokynHoctu 3jdeMeHTOB JCKJl, koTOpble OrpaHMYMBAKT HAJEKHOCTH
aBromoouis / B.B. Ayaun, C.B. JIvicenko, U.B. Bu4oBbiii

Jan ananu3 mpoOJieMbl HaJIC)KHOCTH DJIEMCHTOB 3JICKTPOHHOW CHUCTEMBI YIPABJICHHUS IBHraTelICM
(BCY]]) u BnusHUE ec HA HAJCIKHOCTH aBTOMOOWIIA B 1esioM. [Toka3aHa ee CBS3b CO CTEIEHBIO MOTHOTHI
HHPOPMALIUU O HAJC)KHOCTH. [IpU MOCTPOCHUU MATEeMaTHYCCKUX MOJEICH MCHOJIB3yeTCS minmax HiIu
maxmin monaxoxa. Pa3paboTaHa MeTOJ¥Ka BBISBICHHS OTKAa30B W HEHCIpaBHOCTEW 3neMeHToB DCVY /]
aBTOMOOWIIS, NaHa WX KIacCHUKAIMA W PacCMOTPEeHBl dSTambl W mard. [IpuBemeH oOmmid BHI
MPEICTABICHNAS HMCXOMHBIX NAHHBIX W OIEHOYHBIX ITOKa3aTeliell Mpomenyphl BEISBICHUS AIIEMEHTOB
OCY 1, KoTopble OTPaHUIHUBAIOT HAJICKHOCTb.

KuaroueBrble cjioBa: aBTOMOOWIIb, TBUTATEIb, HAJEKHOCTH, MAaTEMaTHICCKast MOJICITD.

VIK 629.331

Exposure of aggregate of elements of ECS, that limit reliability of car / V.V. Aulin, S.V.
Lisenko, 1.V. Bichoviy

The analysis of problem of reliability of elements of electronic control system by an engine (ECS)
and influence of her are given on reliability of car. It is shown that her solution relations with the degree
of plenitude of information about reliability. For the construction of mathematical models minmax is used
or maxmin approach. Methodology of exposure of refuses and disrepairs of elements of ECS of car, get is
worked out them classification and her stages and steps are considered. A general view over of
presentation of these and evaluation initial indexes of procedure of exposure of elements of ECS, that
limit reliability, is brought.

Keywords: car, engine, reliability mathematical model.
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