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MOJKJIAUBOCTI BAKOPUCTAHHSA HEUYITKOI JIOT'TKA
ITPU ITPOI'HO3YBAHHI BI/IMOB EJIEMEHTIB ABTOMOBLJIIB

Pozenanymo pospobreny excnepmuy cucmema, sSiIKA 3ACHOBAHA HA ANCOPUMMAX HEHIMKOT N02IKU 1
HeUPOHHUX Mepedcax, uwo 003805€E NPOSHO3YEAMU GIOMOBU eIeMEHMIE A8MOoMOOILTis.

Beryn. [IpoBeneni gocnimkensst HagitHocTi aBToMo0iniB-Tsaradie MERSEDES-BENZ ACTROS 1844 LS i
VOLVO FH 12 moxa3zanwu, mo mpu po3rIAJaHHI MOTOKY BiIMOB IO BY3JIaX aBTOMOOLNS CIIOCTEPIraeTbes ix
MATIOPSAKYBAaHHS BiJOMHUM CTaTUCTHYHHIM 3aKOHAM PO3IIONLTY — HOPMAJIBFHOMY 1 JIoTapu(pMigHO-HOPMAaIbHOMY
[1]. OnmHak € BY3JIH, agai3 BIIMOB SIKUX HE II03BOJISIE BUSIBUTH
AKy-HEOYyIb 3aJIeXHicTh. Tak B pe3ysbTaTi JOCHiKEHHS BiIMOB €JIEMEHTIB PYJIHOBOTO KEpyBaHHS aBTOMOO1TIB-
taragyiB MERSEDES-BENZ 1844 ACTROS LS HasiBHICTh 3aKOHOMIpHOCTi OYyJ10 BHSIBIIEHO TiJTBKH Yy BiIMOBax
HAKOHEYHHUKIB PYJbOBUX TAT. Lle MOB’s13aHO K 3 KOHIENTYaIbHIUMHU 3MiHAMH B KOHCTPYKIIiSIX aBTOMOOLJIIB, TaK i
3 JJOOTIPAIFOBaHHIM HEJOMIKIB BUSBIICHUX y TapaHTIHHUIA 1iepioa excrutyaramii [2].

AHaJti3 ocTaHHIX J0caizkeHb Ta myOaikaniii. OHiero 3 geTanel X0J0BOi YaCTUHHM 1 eJIEMEHTIB IiJIBICKH
aBTomMoOu1iB VOLVO FH 12, mo Haifuacrinie miassraroTb 3aMiHi, € mHeBMopecopH — 0su3bko 50 % Bcix 3aMiH
[3]. IlpoBeneHuii CTaTUCTUUHKMK aHaJi3 MOKa3aB HAsIBHICTH ITANOPSAKYBaHHS MOTOKY BiJIMOB Jlorapu(miuHO-
HOpPMaJIbHOMY 3aKOHY po3noiny (puc. 1).

MpmH: Var1, Pacnpeq.:JlorHopmansHoe
Kputepuidi Xu-kBagpat = 29,59941, cc = 7, p = 0,00011
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Puc. 1. Po3nodin nomoky 6iomos nnesmopecopie asmomooinis-mseayic VOLVO FH 12

B renepimHili Yac IIMPOKO pPO3BHBAIOTHCS OOYHMCIIOBANBHI TEXHOJIOTi{, IO 00 €XHYIOThCA Ha3BOIO
Computational Intelligence, mo K03BONAIOTE OfEPKyBaTH Oe3mepepBHi ab0 AMCKPETHI PIIIEHHS B PE3yNbTaTi
HaBYaHHS 3a JOCTYIHUMH (HE 3aBXIM MOBHHMH) HASBHUMH JaHUMH. TiCHMH B3a€MO3B’SI30K TPHOX METOMIB —
no0y10Ba HEHPOHHUX MEpPEX, BUKOPUCTAHHS MOJIENEH HEUITKMX MHOXHWH 1 T00y/10Ba TeHETHYHHUX JITOPUTMIB
[4] mo3Bonsie BHpiNIyBaTH IOCHTITHWIEKI 3aBHAaHHS 3 BEJIUKOrO 3aIlyMJICHHS 1 HEMOBHOTOIO HaHUX [S].
Bbe3yMOBHO, TakuM i € 3aBJIaHHSI CTBOPEHHSI IIPOTHO3Y BiZIMOB BY3JIiB aBTOMOOLIIS.

Merta cratTi. Po3riisigaeTsest ekcriepTHa cucTeMa, po3po0iieHa Ha OCHOBI HEYITKOI JIOTIKHM 13 3aCTOCYBaHHIM
€JIIEMEHTIB HEHPOHHHUX MEPEX, B AKIH K eKCIePT 3aKIaJCHI Pe3yIbTaTH JOTapH(OMITHO-HOPMAIHHOTO 3aKOHY
PO3MOAITY BiAMOB.
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BukisiageHHs1 OCHOBHOTO MaTepiajgy. YsABIMO CHUCTeMY y BHUTJIAII 00’€KTa 3 JABOMAa BXOAaMH Xj, Xp, 1
OIHUM BUXOIOM VY, ne X; — npoOir aBToMoOist; X, — KUTBKICTh BIIMOB JOCTIIKYBaHOI netani (Bysnma), Y —
MPOTHO30BaHa KUIBKICTh BimMoB netami. [lapamerpm cramy cmctemn X;, X, Ta YIOPaBIiHCBKY Hif0 Y
BBa)XaTUMEMO JIIHTBICTHIHUMH 3MIHHAMH, SIKi OIIHIOIOTHCS 32 IOTIOMOTOI0 CIIOBECHUX TepMiB (Tabm. 1).

Tabnuys 1
Tapamempu sminnux

3minHA TepM-MHOXXUHI 3HaYeHHS [To3naueHHS
10 100 Tuc. km [0;100000] Ly
TIpo6ir 10 300 tHC. KM [200000; 300000] L,
aBTOMOOLIS X4 710 500 THC. KM [400000; 500000] Ls
10 900 THC. KM [500000; 900000] Ly
JyXKe piAKO [0;15] Sus
Crarucruka piaKo [15:30] Ss
BiIMOB X 4acTo [30;60] S,
JIy’Ke 9acTo [60;100] Swo
JyXKe piAKO [0;15] p1
IIporuo3 BiamoB Y piaxo [15:30] P2
4acTo [30;60] p3
Jy’Ke 4acTo [60;100] P4

BuxopucTaHHS HEUITKUX JIOTIYHUX PIBHSIHP Nependadae HASBHICTh (DYHKINH HaNC)KHOCTI HEUITKUX TEPMIB,
SIKi HAJIEXKaTh 10 0a3u 3HaHb. 32 BU3HAYCHHIM (QyHKIis npuHANexKHOCTI 1T (U) Xapakrtepu3ye cy0’eKTUBHY Mipy
(y miamasoni [0; 1]) BIEBHEHOCTI eKcrepTa B TOMY, IO YiTKE 3HaYCHHA U BIiATMOBimae HEUiTKOMY TepMmy T. Y
JTaHii MOJIeIi BUKOPUCTOBYBAJIACS MOJIENb (DYHKIIIT HAIC)KHOCTI y BUTIISII:

Ty, 1 :
/J (U)— U—b (1)

e b — koopaunara makcumymy QYHKIT, C — KoedilieHT KOHIEHTpauii-po3TaryBanus ¢GyHKiil (puc. 2). s
HeuiTKoro tepmy T 4uciio b € HallGLIbIIT MOXKITMBUM 3HAYCHHSI 3MIHHOT U.
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Puc. 2. Mooenv ¢hynkyii npunanescnocmi

Hexaii (QyHKIS HAIEKHOCTI 3MIHHOI U 110 TepMy j. By cTBOpeHi Taki HediTKi JIOriuHi piBHSAHHS HA OCHOBI
CKJIa[ICHUX TIPaBIJI 0a3K 3HaAHb, BCTAHOBIIOBATH 3B 530K MK (DYHKIIISIMHU HAJIEKHOCTI 3MiHHUX:

1P () =1 (xg) - 1% (o) v 1 (%) - 1% (Xo); ¥
1P ()= b () 1 () v i (k) - 1B (%) v

3)
vt (xg) - 1% () v i () - 1% (%o);
1P (y) = i ()15 (ko) v (xq)- 1% (xo)v ™ () 1% (xa)v ™ (xq) 4 (xg)v @
vt 00)- 1S ((o)v it (k) 1S (ko) v i (xa)ota (Ko
1P ()= b (k) - 15 (xa) v () - 1 (o) v e (xq) - 1 (%), 5)

Tyt Toukamu mo3HaueHa omnepauis | (min), a 3Hakom — omneparis ABO (max). Toxi JHTBICTHYHUIT OmIHC
thopmynu (2) Oyme BUTIIAIATH SIK:

SIKIIIO mpobir aBToMoOins mo 100 tuc. kM I cratuctuka BimMoB — myxke piako ABO SKIIIO mpo6ir
aBToMoOuts 1o 100 tuc. kM | craructuka BiaMOB — pigko, TO mporHO3 BIOAMOB — AyKe Majo. ANTOpHTM
TMPUAHATTS PIlICHHS Ha OCHOBI HEUYITKUX JIOTIYHAX PIBHAHP MOJIATAE B HACTYIHOMY.

Kpox 1. 3adikcyBatu 3HadeHHs X1 1 Xo.

Kpox 2. Bu3HauuTH CTyNeHI NMPHHAIEKHOCTI 3HA4eHb X; i Xy O BIAMOBIMHUX TEPMiB 3a JOMOMOTOIO
(yHKIIT TPUHATIEKHOCTI.

Kpok 3. OOuuciuTH CTYIiHb HAJICKHOCTI Y 10 KOXHOTO 3 KJACIB PINICHb Pi, P2, P3, P4 32 JAOIOMOTOIO
HEYITKHX JIOTIYHUX PiBHSHB.

Kpok 4. IlporHo3zoM BiaMOB VY ciii BBaXaTH TepM 3 MaKCUMaJbHOI (YHKIIEIO HAaIEKHOCTI, sKa
BHU3HAYAETHCS HA KPOIIi 3.

Jlnst mpumbaHHs KibKICHOTO 3HaueHHSA Y HE0OXiJHO BUKOHATH Omeparito nedasudikaiii, TOOTO mepexony
BiJl HEUITKOTO TEPMY [0 WiTKOTO yucia. [y BUKOHAHHS Li€l omeparii aiama3oH 3MiHA 3MIiHHOI Y JITUTBCS Ha
YOTHPH KJTACH:

ye l?f l’dl_u by, vlboys v I3§ ©)
P, p, p, p.

YiTke 3Ha4eHHS IPOTHO3Y BiIMOB BU3HAYA€THCS 32 (hopMyInoro:

YD) 4y () + Y26 (y) +yau® (y)
w1 () + 1P () + 1P (y) + 1P (y)

Jlana Mozenmb TNPOTHO3YBaHHS BIIMOB ITHEBMOPECOPHM — JETalli XOJOBOi YacTHHH aBTOMOOIIS-TATada
MERSEDES-BENZ ACTROS 1844 LS — Oyna peamizoBaHa B IporpamHomy cepemoBumli MathLab 7.12,
BUKOPUCTAHO JIBa IHCTPYMEHTaNbHUX 3aco0u miel cucremu: maketn Neural Networks Toolbox (HeiiponHi
mepexi) i Fuzzy Logic Toolbox (naket HeuiTkoi Jioriku ) [6].

HeuiTka Mopnenb riOpugHoi Mepexi mictuia B coOi ABi BximHi 3MmiHHI — X; (mpoOir 10 BigMOBH
nHeBMopecopH), X, (KUIBKICTH BiJJMOB HHEBMOPECOp) 1 OJAHY BHXIOHY 3MIiHHY — Y (KUIbKICTH BiAMOB
[IHEBMOpECOp Ha HAcTynmHuit mnepiox). /JliamasoHn BXIIHMX 1 BHXIJHMX 3MIHHUX CKJaJaro0Th
X, (1) € [0,900000], X, (1) £ [0,100], V (1) £ [0,100].

VY nporpamuaomy cepeosuii Fuzzy Logic Toolbox 3anani dyHkiii npuHaiexunocti 3minHoi X nf ii tepmin
(puc. 3, a). Po3pobiieHa MeToIiKa BKITFOUAIa CTBOPEHHS 0a3u 3HaHb Y BUTJLAL (hopMyBaHHS npaBui (puc. 3, 0),
B SIKMX OYyJIM BUKOPHCTaHI CTATUCTUYHI JIaHi PO BiZIMOBH ITHEBMOPECOPH.

3a HaByallbHY BHOIPKY B3ATO 3HAueHHs TPiHOK (mpoOir, BiIMOBa, Kepyroua Jisl) 3 ypaxyBaHHSM JaHHX,
OTPUMaHUX Y pe3yibTaTi CTAaTHCTHYHOrO aociipkeHHsA. 3a pomomororo ANFIS-penakropa BukoHyBajocs
HaBYaHHS CTBOPEHOI CHCTEMHU.

CmiBgigHommeHHs (2)—(5) BU3Ha4ar0Th QyHKIIOHATBHY 3ayIeXkHICTh (1) y BUIIIAL:

()

y()=F(x (1), x2(1)W,B,Cy1,B5,C»), 8
e W = (wWg, W,y..., Ww,) — BEKTOp Bar MpaBWwI B HeuiTKiii 6a3i 3Hame (puc. 3, 0);
B, = (be ,le ,bISt ,bll ,b1”| ), B, =(by",b,,b; b, 0;®)  —  Bexropu wuentpis  dymkuilt Hanexuocri

sminaux X; 1 Xp 70 BignosigHux Ttepmis;  Cy :(ch,ch,clst,cll ,cfl ), Cy =(c5|-’c£-,c§ ,C?,C%B) -

BEKTOpU MapaMeTpiB KOHLEHTpalil (YHKIIH HamexHocTi 3MiHHMX X; 1 X, 10 BIINOBIIHUX TEPMIiB;
F — omeparop 3B’s13Ky BXig—Buxin, BianoBinauit hpopmyiam (2)—(5).
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Puc. 3. Cmeopenns newimkoi mooeni 6 npoepamuomy cepedosuwyi Fuzzy Logic Toolbox:
a — eusHaueHHs 3MinHOI X1, 6 — cmeopenHs 6a3u 3HaHb

IlepenbavyaeThcsi, MO HAa OCHOBI pilleHP MOXe OYTH CKIaJeHa HaBYalbHa BHOIpka y BHTIsimi M
SKCIICPUMEHTAJBHUX JaHUX BUIIISY:

311, x(1), () |1 =L M, ©)

ne <>?1(I), XAZ(I)> — mapaMeTpu cTaHy cucteMu Ha npobiry |; y (I) — ynpaBmiHChKY fifo Ha maHOMY TIPOOITYy.

CyTb HACTPOIOBAHHS MOJIEINI MOJISIrae B miA00pi TAKUX TapaMeTpiB GpyHKIIH HaTexKHOCTI b, C i Bar HewiTKUX
mpaBuiI W, siKi 3a0€3ME€YYyI0Th MIHIMYM PO3XOKCHHS MK MOJICIIBHUMH 1 €KCIIEPUMEHTATbHIMHU JTaHUMH:
2

M A A A
Z F(Xl(l),XZ(I),W,Bl,Cl,Bz,Cz)—Y(I) = min, i=1,2. (10)
1=1 W,B,,C,

BucHoBkH. Pe3ynbTaTn qociaimkends. B pe3ynbrati BUKOHAHOT poOOTH Oyjia OTpHMaHa riOpuaIHa MepeKa,
CTPYKTypa sKOI NpejcTaBieHa Ha pUCYHKY 4, a. Pe3ynbTaroM craja eKcliepTHa CUCTeMa, sKa JO3BOJISIE
MPOTHO3yBaTH KUIbKICTh BIZIMOB ITHEBMOpECOp Ha 3ajaHoMmy mpoOiry. Jlius mapky B 150 aBTOMOOLIIB
MERSEDES-BENZ 1844 ACTROS LS nHa npobiry 670 THC. KM, 32 JaHUMH pPO3pOOJICHOI cHUcTeMH, Oyie
notpidHo 42 3aminu mHEBMOpecop (puc. 4, 0).
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Puc. 4. I'ibpuona mepesica:
a — cmpykmypa 2iopuonoi mepesici, 6 — pezynibmam pobomu eKCRepmHOi cucmemu

PosrastHyTHII METOJ HEYITKOro OaraTOKpUTEpiaIbHOrO aHallizy, HOoOyMOBaHMH Ha OCHOBI HEHPOHHHMX
MepeX, 3aCHOBAHMHM HA HEYITKOMY JIOTIYHOMY BHCHOBKY, SIKHII BHKOPHUCTOBYE 0a3y JIHIBICTUYHHX IpaBHI,
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JIO3BOJISIE IPOBOJIUTH MPOTHO3YBaHHS BiIMOB €JIECMCHTIB aBTOMOOUIS. CTPYKTypa JIHIBICTHIYHHX TEPM-MHOXKHH
JIO3BOJISIE BpaxXyBaTH OCOOJNUBOCTI CTATUCTHYHUX JaHWX. HaBeAeHWH NpHKIAN MPOrHO3Y TIMOKa3ye, M0
pe3yIbTaTH, OTPUMAHI 3a TOTIOMOTOI0 JaHOI CHCTEMH BOJIOMIIOTH JOCTaTHROO TOUYHICTIO. [1iABHUINIEHHS TOYHOCTI
MPOTHO3Y, a TAaKOX aJamnTallisi CUCTEMH [UIA IHIIOTO MiATIPHEMCTBA aX IO BH3HAYCHHS MapaMeTpiB LI
KOHKPETHOTO aBTOMOOIIS MOJMIMBO TICHS IOJAaBaHHA B MOJENb IONATKOBUX BIUTHBIB EKCIDIyaTaliHHUX
(hakTopiB, OMHAK HEOOXITHO ANl TOCITiIKYBAaTH BUBUATH PiBEHb IXHBOTO BIUTMBY i3 MOXKJIMBICTIO 3 BBEICHHS B

MOJCIIb.
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VK 629.113

Bo03MO0XHOCTH HCHOJIL30BAHMSI HEYETKOW JOTMKH IPH NPOTHO3MPOBAHHM OTKA30B 3JICMEHTOB
aBromooOmieii / A.Il. KpaBuenko, E.A. BeputejabHuK

Paccmotpena paspaboTaHHas SKCIIEpTHAsI CUCTEMa, KOTOpas OCHOBAaHA Ha alrOPUTMaxX HEYETKOW JIOTHKH H
HEWPOHHBIX CETAX, YTO MO3BOJISIET MPOTHO3UPOBATH OTKA3bl AJIEMEHTOB aBTOMOOMIICH.

VK 629.113

Possibilities using of fuzzy logic at prognostication of refuses some elements of cars / A.P.
Kravchenko, Y.A. Veritelnik

Is considered the worked out consulting model that is based on the algorithms of fuzzy logic and neuron
networks, that allows to forecast the refuses of air-springs - elements of pendant of tracks.
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