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MPUPICT EHEPT'II IIIJIAXOM PE3OHAHCY
Y TPAHC®OPMATOPI TECJIA

FO.B. barturiu, npod¢., a.1.H., €.0. Yaniurin, gou., K.T.H.,
C.O. lllunaepyk, €T. BUKII., K.T.H., O.C. Cabokap, acn.,
XapkiBcbKHUil HANiOHAJIbHUIT ABTOMOOLILHO-10POKHIil yHIBepcUTeT

Anomauin. /lano ananimuunuil 02nsao nyoaikayiiu 3 npooiemu OmpumManHs «8LIbHOLY enepeii 3 eipy 6
HABKOMUUWHbOMY NPOCMOpI, enepuie cpopmynvosanoi Hikonoro Tecaa. Biosuaueno, wo ocrnosHoro negu-
piuienoro 3a0auero € 8UNYHeH s «8LIbHOL» eHepeil (eHepeii «pe3onancyy») i nooaua ii 6 HagaHmazy.

Kniouosi cnosa: «sinvray enepeis, pesonanc, mpancghopmamop Tecna, Koeghiyienm nepemeopenis
enepeii, egip.

INPUPAINEHUE SHEPTUU ITYTEM PEZOHAHCA
B TPAHC®OPMATOPE TECJIA

1O.B. barbirun, npog., 1.1.H., E.A. Yanjabiruu, aou., K.T.H.,
C.A. llunaepyk, cT. npen., K.T.H., O.C. Cadokaps, ac.,
XapbKOBCKM HAMOHAJIbHBINA ABTOMOOU/IbHO-10PO0KHbIN YHUBEPCUTET

Annomauyusa. Jan ananumudeckuil 0630p nyoaukayull no npobdieme noayueHust «c60000HOY dHepeuU
u3 aghupa 8 oxpyscaioujem npocmpancmee, enepgvie cihopmyruposannoi Huxonoii Tecra. Ommeuero,
YUMo OCHOBHOU HEPEUEHHOU 3a0aUell A6I8emcst U361eUeHUe «C60000HOUY IHEP2UU (IHEPeUU «PE3OHAH-
ca») u nooaua ee 8 Hazpy3Ky.

Knrouesvle cnosa: «ceo600nasny snepeus, pezonanc, mparcgopmamop Tecna, kosphuyuenm npeoo-
Pazoeanus sHepeul, pup.

ENERGY GAIN BY MEANS OF RESONANCE IN THE TESLA COIL

Yu. Batygin, Prof., D. Sc. (Eng.), Ye. Ghaplyhin, Assoc. Prof., Ph. D. (Eng.);
S. Shynderuk, Asst. Prof., Ph. D. (Eng.),
O. Sabokar, P. G., Kharkov National Automobile and Highway University

Abstract. An analytical review of publications on the problem, first formulated by Nikola Tesla, generat-
ing «freey energy from the air in the surrounding space has been presented. The hypothesis of the reso-
nance phenomenon as a «keyy to the air energy has been advanced. The main unsolved problem is the
extraction of «free» energy (proposed to call it «resonancey) and its supply to the electrical load have
been noted. It is expected that the quality factor of the secondary circuit must be large enough.

Key worlds: «freey energy, resonances, Tesla coil, energy transformation coefficient, air, primary coil,
crease of voltage.

Beryn penaui eNeKTpUYHOI eHeprii depe3 MpUpPOIHE

cepenoBuiie». [Iporno3utii aBTopa Oynu peai-

AmnapaT a1 BUPOOHMIITBA ENEKTPUYHUX CTPY- 30BaHi 3a JIOMOMOTOI0 TIPUCTPOIO, IO OTPHMAaB
MIB BHCOKOI YaCTOTH 1 MOTEHIliany OyB 3arareH- Ha3By «rpaHchopmatop Tecmay. IlpuHiun
ToBaHuit 22 Bepecas 1896 p., a 18 keitHs 1905 p. fioro nii 0yB mocuth npoctuM. [lomepenupo 3a-

Hikona Tecna orpumar nateHT Ha «Croci0 rme- PAIDKEHUH KOHIACHCATOP PO3PSIKAETHCS B JIaH-
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11031 MEPBUHHOI OOMOTKH, sSIKa MICTHTh KiJIbKa
BHUTKIB JPOTY BEIMKOro Iepepizy. Bropunua
00MOTKa, Y CBOIO 4epry, MiCTUTh 3HAYHO OLTb-
Iy KUTBKIiCTh BHTKIB 13 IPOTY MEHIIOrO JiaMerT-
pa, MpUYOMY JIMIIIE Majla YaCTHHA BTOPUHHOI 00-
MOTKHM 1HJyKTUBHO TOB’sI3aHAa 3 TEPBUHHOIO, B
TOW Yac sIK iHIIA YAaCTHHA BTOPUHHOI OOMOTKHU
BUCTYIIAE B POJI1 HE3aJICKHOT iHTyKTUBHOCTI.

BigMminHOO 0co0uBicTIO TpaHchopmaropa Te-
clla € HaJA3BUYAlHO BHUCOKWH KoedillieHT mepe-
TBOpeHHs eHeprii, £ > 1000. BiamorigHo 10
TBEP/PKEHHSI BEIMKOTO BUEHOTOo, el (akT mo-
SICHIOETBCS BUJIYYEHHSM JIOJJATKOBOi eHepril
(xkpim eHeprii iHAYKIIT) i3 30BHIIIHBOI CyOCTaH-
1i, 0 POHU3YE BeCh HABKOJMIIHIA MPOCTIp 1
HasBaHol edipom. H.Tecia BBaXkaB, 110 MU «KY-
nmaemMocst B Mopi eHeprii edipy», MOTOKH SKOT —
1e, 30KpeMa, 1 IOTOKH eNeKTpHUKH [1].

VY 3B’sa3ky 3 nuM TpanchopmaTop Tecima Moxke
POBTIIAATUCS SIK OJIMH 3 BapiaHTiB eeKTUBHOTO
JDKEpena eHeprii, 3a JIOMOMOTO0 SIKOTO € MOX-
TUBUM 1i OTpUMaHHS Oe3locepeHbO 3 HABKO-
JIMIIHBOTO MPOCTOPY 0€3 OYyIb-sIKHUX IMepeTBO-
proBauiB [2].

AHaniz myoaikanii

Cepen He3HA4HOI KUIBKOCTI IMyOiKamiid, mpuc-
BSIYCHMX I TeMI, IO 3’SBHJIMCSA 3 KiHIIS MHHY-
JIOTO CTOIITTSI, B TEPIIY Yepry CIiJ BUIUIATH
PO3pOOKH, CHpPSIMOBaHI Ha CTBOPCHHS TEOPETH-
YHOI 0a3u Ui ONMMCAHHS CHEPreTHKH HAaBKOJH-
IIHBOI'O CBITY 3a JOINOMOIO HOBHUX (PI3UYHUX
ysiBieHsb [1].

L{ikaBuM i MEPCIEKTUBHUM € BBEICHHS TOHSTTS
«BUTBHOT» 200 «paJiaHTHOI» €HEeprii, JHKeperIoM
SKOT € edip.

Tax, mokrop Ilitep Jlinnemann (CIIA) [3] onu-
CYE TaK 3BaHy «XOJOJIHY E€ICKTPHKY», OTPUMaHY
3 HaBKOJHIIHBOTO TMPOCTOPY aMEpUKAHCHKUM
imkenepom Ensinom ['peem. Busnauenns enek-
TPUKH SK «XOJOJHOD» TOSCHIOETHCS THUM, IO
MPOTiKaHHS HOrO CTPYMY B NMPOBIJHUKAX HE BU-
KiuKajo BuauieHHs Jleni-/xoyaeBoro Teria.

Hami, Ha IOyMKy aBTOpIB €HEpProIUHAMIKH
(B. ETkin, I3paine), sika omucye 3B’SI30K pedo-
BHMHU 3 e(ipOM, OCTaHHIN CIiJ PO3YMITH fK CY-
HUIbHY (hOpMy MaTepii, 110 3aII0OBHIOE BECh IPO-
CTIp ycepeauHi i mo3a peyoBuHoro. L{e Biamosi-
JIa€ TIOAUTY MaTepiaJibHOTO CEPEIOBHUIIA HA JIHUC-
KpeTHY 1 KOHTiHyallbHY (QOpMH (peuoBHHA W
edip) [4, 5].

[nma rouka 30py (Hampukinaa, B. AiokiBCcbKuid,
Pocis) Bkasye, mo edip sBiIse co00K CYyKyI-
HICTh BKpail MaJluX €IeMEHTapHUX YaCTHHOK —
amepiB (3 po3MipaMH 0 BIAHOIICHHIO J0 €JIeK-
TpPOHA TAKMMH K, SIK €ICKTPOH CITIBBITHOCHTHCS
13 COHSYHOI CHCTEMOI0), SK XAaOTHYHO pyXa-
FOThCS 13 HAJCBITOBUMH ILBUIKOCTAMHU [6, 7].

VY nitomy x edip — 1e Aeska CyOCTaHIlis, IO
MPOHMU3YE BCE HABKOIMUIIIHE CEPEOBHUIIIE 1 BOJIO-
JIi€ TOCUTh BHCOKOIO MaTepiajbHOI IHILTBHICTIO
it emeproemuictio (3a ouinkamu, ~ 10°° Jix/m’;
st opiBHsHHS ~ 10° JK — pidHe CIIOKHBAHHS
SHEepril JITOJCTBOM).

VYci mons, BiioMi JIFOACTBY, — 1€ POSIBU edipy B
Til 4K iHOIH (OpMi; HANPHKIAA, TpaBiTallis,
CNEKTPOMAarHeTH3M, XBHIIBOBI TPOIECH Pi3HOT
npupoau, Oiomons, OioeHeprernka i 6arato iH.
[6, 7].

BignopinHo mo Touku 30py A. Konmpaimosa
(Pocist), Bci Tima Hamoro CBITYy — I 3TyCTKH
MaTepii 13 BKpail HU3BKOI IIUIBHICTIO PEUOBH-
HU. BOHM ICHYIOTH 3aBISIKH THUCKY 330BHI 3 OOKY
Habarato OUTBII HITBHOTO edipy. | Hacmpasmi,
CHJIU TUIAHETapHOTO TSDKIHHS (PI3UYHO 00YMOB-
JIeHI HE BJIACHE IUIAHETaMH SIK 30Cepe/KEHHIM
BEIIMKAX Mac, a caMe CHJIOBOIO Hi€io edipy B
OTOYEHHI «PO3PIIHKEHUX» 3TyCTKIB MaTepii [8].

[lpn mpuckopeHHI 30BHIIIHIMH cUiIaMu edip
CIIOKMBA€E EHEPTilo, aje MPH YyMOBHOMY «Tajlb-
MyBaHHI» a0 «IpH OXOJO/DKCHHI — TEPMIiH
H. Tecna [1]» BiH Bimmae ii. ToOto edip, mo
MPOHHU3YE BECh HABKOJMIIHIA TPOCTIp, MOXKe
CITy)XHUTH TIOTY>)KHUM JDKepernoMm eHeprii. | me He
CYIEepeuuTh 3aKOHaM 30EepeXeHHs, TOMY IO
CHEeprisl sIK HEOAMIHHA CYOCTaHIIs Martepiaib-
HOT'O CBITY (2 MOXIIMBO, 1 HEMaTepialbHOrO),
Hijle 1 HIKOJIM He 3HHKaeE 1 He 3’ saBisteThbes. Bona
MPOCTO TEPEXOIUTh (TpaHCHOPMYETHCS) 3 Of-
HOTr0 BHy B iHIIHi [7, 8].

Po3po6ku Teopii edipy M03BOIUIM OCMHCIUTH
nporecu y Tpancdopmaropi Tecna 1 3amporio-
HYBaTH pi3HI CXeMH TPAKTHYHOI peamizamii
MPOIIeCiB BUIYYEHHS BUTBHOI eHepril 3 Horo J1o-
romororo [7-10].

He moBToproroun NpUHIMIY Aii, CIiI MigKpec-
JIUTH, 10 OCHOBHOIO KOHKPETHOI TEXHIYHOIO
Mpo0JIEMOI0 Y 3IIMCHEHHI MPOEKTIB MOAI0HOr0
POy € CTBOpEHHS IPUCTPOIB 3HIMAHHS EHeprii,

BHJIYYCHOI 3 edipy.
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Merta i mocTaHoBKAa 3aBIaHHA

Maemo Ha MeTi — BUIUIUTH KJIIOUYOB1 (peHOME-
Hojoriuni pekomenpamii H. Tecna, mo Bu3Ha-
4arTh e(peKTHBHY JI€BICTh JpKepena BUTbHOI
CHEepril «XONOJHOI EIEKTPUKH», & TaKOK (i3u-
KO-TEXHIYHI acleKTd OTpUMAaHHs eHeprii 3 Ha-
BKOJIMIIHBOT'O TPOCTOPY 3a JIOIIOMOTOK) TPaHC-
¢dopmaTopa Teca.

AHAaJIi3 Cy4acHOro cTaHy nmpooJemMu

VY 4omy mnonsrae npobiema i womy H. Tecna ii
npoirHopyBaB? TyT BiA3HAUUMO JIyXKe BaXIJIUBY
obcraBuny. [lepriodueproBor0 METOI MPOEKTY
BEJIMKOTO BHHAXITHUKA OYJIO CTBOpEHHS Tiio0a-
JBHOI CHCTEMH TeHepyBaHHS 1 0e3poTOBOI Ie-
penadi eneKTpu4YHoi eHeprii B OyAb-SKy TOUYKY
rtanety 3emuts. SIK BUIA€ThCS HUHI, came J0Cs-
THEHHSM I[i€e]l METH 3yMOBJICHA «PO3IMKHYTa»
KOHCTPYKIIisl BTOPUHHOI OOMOTKH (MOIIOHO 110
BioMoro BumpomintoBaua ['epua [11]) i Bigcy-
THICTh BKa3iBOK aBTOpa MPOCKTY MO0 CTBO-
peHHs1 epeKTUBHUX MEXaHI3MIB 3HIMaHHS e€Hep-
rif, BuIydeHoi 3 edipy. SKII0 TOBOPUTH TIpO
reHepaTop, NPUMHATHUM Ul JIOKAJIbHOI IIpak-
THYHOI eKCIUTyaTallii, «po3IMKHEHHS» BTOPWH-
HOi 00MoOTKH TpaHcdopmaTopa Tecna He J03BO-
Jsie OIHO3HAYHO 3adikcyBaTy ii emHicTb. OcraH-
Hs OyJie 3ajeKaTH BiJl pO3TallyBaHHS 00 €KTIB y
HaBKOJMIIHEOMY MPOCTOpi. 3MiHa iX KOH]Irypa-
1ii Oyae NMPHUBOAWUTH A0 BIAHOBJICHHS POOOYOT
JaCTOTH JI0 HEOOXIIHOI0 3HAYEHHS 1, BIIIOBIAHO,
JI0 PI3KOro MajiHHsA e(peKTHUBHOCTI TpaHchopMma-
TOpa B LILJIOMY.

VY BiIOMHUX MPOMO3HIIAX CYYaCHHUX ITOCIIIOB-
HukiB Hikomu Tecia MOXHAa BUAUIATH JIBA OC-
HOBHHMX CIIOCOOM 3HIMaHHS SHEpTii, 1110 reHepy-
€TBCS.

1. TapyKkTHBHE TWINKITIOUEHHS HaBaHTAKECHHS
[7-9]. ¥V upoMy BHUIIAQAKYy MaeMO JOAATKOBY KO-
Tymky. OcTaHHs 3aMUKa€eThbest abo Oe3nocepe-
HBO Ha HaBaHTa)KEHHs, a00 HAa €MHICThb, BXKE 3
SIKOT 3HIMA€ThCS TEHEPOBAHUH CUTHAI.

2. IlpsiMe MigKIFOYEHHS HAaBaHTAKCHHS 10 BH-
X0y BTOPUHHOTO KOHTYDY [8, 11].

TyT omuH MpoOBiN Bill HaBaHTAXKEHHS MPHEIHY-
€TBCS IO BUCOKOBOJIBTHOTO BHBO/Y BTOPUHHOTO
KOHTYpY, JAPYrHii — IOBHHEH OyTH BUILHUM,
TOOTO HE3aMKHYTUM Hi Ha OyIb-sIKUH JTOAATKO-
BUl 00’ekT. OUeBHIHO, IPOTIKAHHS CTPYMY Ue-
pe3  HaBaHTaXXeHHS  3a0e3ledyye  €MHICHUI
3B 30K BUILHOI'O BUBENEHHS 13 30BHIIIHIM OTO-
YCHHSIM.

Sk BUIUIMBAE 3 BIIKPUTHX JKEPEN, HAWOLIbII
IIKaBUMM BUJAIOThCS TaKi JBa CIOCOOW 1HIYK-
THUBHOT'O TIIKTIOYCHHST HAaBAHTKCHHS:

— JIOJJATKOBA KOTYIIKA 3 MAJMM YUCIIOM BUTKIB,
aHaJIOT1YHa JI0 TIEPBUHHOTO KOHTYPY, PO3MIIILY-
€THCS MOBEPX BTOPUHHOTO KOHTYPY [7, 8];

— JI0J]aTKOBa 0araTOBUTKOBA KOTYIIKA, iCHTHY-
HAa COJICHOiZy BTOPHHHOTO KOHTYPY, PO3MIIILy-
€TBCS TIOpPYY 13 HUM [9].

[linOuBaroun MiICYMOK MPOBEACHOMY aHai3y,
0COOJIMBO CIIiJi BIJI3HAYWTH, IO Y BIIKPUTHX
HAYKOBHX ITyOJIIKaIisIX BiACYTHI Oynb-sIKi Tirmo-
TE3W MPO YMOBH JIOCTYIly JO eHeprii edipy.
OcraHHs 00CcTaBHUHA € JTyXKe BaXKIHBOIO, OCKLIb-
KU PO3YMIHHS IUX YMOB JIO3BOJINTH OTPHUMYBATH
BUIbHY €HEpTil0 HE TUTbKHU JUIs BUPILICHHS MPO-
ONeM TPUKIIATHOT ENEeKTPOANHAMIKH, ale i Jyis
CTBOPEHHSI BHCOKOE()EKTUBHUX IPUCTPOIB Y
BCiX cdepax JIOJICHKOI AisTTBHOCTI.

I, mapemTi, pezonanc. MaeMo BiIOBICTH Ha
MUTAHHS: 1[0 II¢ 1, HAWTOJIOBHIIIE, 3BIAKHA IMPH
pe30HaHCI 3’SIBISETHCS IOJATKOBA eHepris. Mae
MicIie 100pe BiioMe, NP BUKOHAHHI PE30HAHC-
HUX YMOB, PYHHYBaHHS MOCTOBUX KOHCTPYKIIIH
[11]. VIMOBipHO, caMe PE3OHAHC € «KTIoUEeM»,
SIKMI BIIKPUBAE OCTYI J0 eHeprii edipy. Bre-
ple 1e 3po3yMiB, BUKOPHCTOBYBaB i B IIbOMY
MOJIATa€ CEKpeT BHHAXOMiB Beiukoro Hikomu
Tecmna.

HasBHicTh «Kif04Ya», MO BIIKPHBAE JIOCTYI IO
eHeprii Oylb-IKOro BHIy, MOXKHA YTJIEIITH 1 B
no0pe BiIoMHUX aHayiorax. Tak, «KIO9Y» 10 Tell-
JOBOI eHeprii majnuBa — BOTOHB; «KIIOY» [0
CNEKTPUYHOI eHeprii XIMIYHHX CIOIYK Yy Tajb-
BaHIYHHUX €JIEMEHTaX — OKHUCHIOBAJILHO-BITHOBHI
peakKilii; «KIo9» J0 MEepEeTBOPEHHS MEXaHIYHOT
CHEeprii B eNEKTPUYHY — SBHIE EIEKTPOMArHiT-
HOT IHIYKIIiT Ta iH.

VY crenianbHil iTepaTypi eHepriio 3 edipy Ha-
3MBAIOTh «BUIHHOIO» 200 «XOIOTHOIO» EIEKTPH-
YHOIO eHepriero. OCTaHHE BU3HAYEHHS MOSCHIO-
€ThCSI HEMIATBEP/DKCHUMH JAHUMH TIPO CKCIIe-
PUMEHTH OKpEMHUX aBTOpiB, € TPOTIKaHHS
CTpYMYy, IO TEHEPYETHCS, Yepe3 HaBaHTAKCHHS
HE MPUBOAMIO A0 Bigomoro Jlenn-JlxoyneBoro
TEIUIOBUIITEHHS [3].

3 Hamoi TOYKK 30py HAHOLIBII aJIeKBATHOK €
Ha3Ba 3a 03HAKOI MPUYUHHOCTI. ToMmy eHepris
Oymb-sIKUX (I3UYHUX CHCTEM (ENEeKTPUYHHUX,
MEXaHIYHUX Ta iH.) y PE30HAHCHUX PEKUMaX,
SIKI BIIKPUBAIOTh TOCTYII 0 30BHILIHLOI'O Cepe-
noBuia abo edipy, MoXe Ha3MBaTHCS «Pe30-
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HAHCHOIO» CHEPri€lo. Y HAIOMY BHITQJIKy II€
«PE30HAHCHAY EIEKTPUYHA CHEPTis.

BucHoBku

JloOpOTHICTE BTOPMHHOTO KOHTYpPY ITOBHHHA
OyTH JTOCHTH BEIHKOIO.

MaxkcumyM e(eKTHBHOCTI I'eHepaTropa BUIbHOI
eHeprii, sk npurnyckaB H.Tecna, Bumarae nada-
rato OLTBIIOI BEIMYMHU €HEprii y BTOPUHHOMY
KOHTYpI 110 BiTHOIIEHHIO /IO €Heprii MepBHHHO-
r0 30y/I)KYBAIBHOTO KOHTYPY.

JloCsITHEeHHST MaKCHMAJbHOI e(eKTHBHOCTI Te-
HepaTopa BHMAara€ MiHIMAJIbHO MOXKJIHMBOI J00-
POTHOCTI IEPBUHHOTO KOHTYDY.

Bennunna eHeprii, «I10 3HIMAETLCS B HaBaHTa-
r'y», IIOBUHHA OyTH HA0araTo MEHIIOK 3a eHep-
ri€l0, M0 TCHEPYETHCS BTOPUHHUM KOHTYPOM
(ma nymxy H. Tecna <1 %).
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ASSESSMENT OF VEHICLE EFFECTIVE MODERNIZATION TAKING INTO
ACCOUNT THE LIFE CYCLE COST, TECHNICAL AND ENVIRONMENTAL
PARAMETERS

M. Volodarets, Assoc. Prof., Ph. D. (Eng.),
Ukrainian State University of Railway Transport, Kharkov

Abstract. The article deals with the features for determination of the efficiency of vehicle moderniza-
tion compared to the base one. They propose the model for determining the efficiency of vehicle mod-
ernization compared with the base one. The model takes into account technical, economic and envi-
ronmental parameters of the vehicle.

Key words: vehicle efficiency, life cycle, life cycle cost, technical level coefficient, environmental
parameters.

OIIITHKA E®GEKTUBHOCTI MOJAEPHI3AIII TPAHCIIOPTHOI'O 3ACOBY
3 YPAXYBAHHSAM BAPTOCTI JKUTTEBOI'O UKJY, TEXHIYHUX
I EKOJIOI'TYHUX ITAPAMETPIB

M.B. BoJsiogapenp, K.T.H.,
Yxpaincbkuii iep:KkaBHUI YHIBepCUTET 3aJi3HMYHOI0 TPAHCNIOPTY, M. XapKiB

Anomauisn. [Ipusedeno mooenv 3 iONOGIOHUMU OOMEINCEHHAMU O/ UBHAYECHHS eQeKmusHocmi 8i0
MOOepHI3ayil MpaHcnopmuo2o 3acody nopieHsIHo 3 OA306uUM. 3anPONOHOBAHO GIONOGIOHUN Koeqiyi-
€HM eexmueHOCmi 6i0 MOOEPHI3ayi MPAHCNOPMHO20 3aC00Y, KU 6PAX08YE 1020 MEXHIYHI, eKOHO-
MIUHI U eKONI02iYH] NOKAZHUKU.

Knwuoei cnosa: mpancnopmuuil 3acio, egekmueHicmv, HCUMMESUL YUK, GAPMICIb JICUMIMEBO2O0
YUKy, Koe@iyicnm mexHiuHo20 PisHs, eKOI02IUHI NOKAZHUKU.

O EHKA 2O®EKTUBHOCTU MOAEPHU3ALIUU TPAHCIIOPTHOI'O
CPEJICTBA C YYETOM CTOUMOCTH ’KU3HEHHOTI'O LHTUKIJIA,
TEXHUYECKHUX U 9KOJOI'MYECKUX ITAPAMETPOB

H.B. Bosogapen, K.T.H., YKPAUHCKH IOCYAapCTBEHHbIH YHUBEPCUTET
7KeJIe3HOI0PO’KHOr0 TPAHCIIOPTA, I'. XapbKOB

Annomauyusa. Ilpusedena mooenv ¢ coomeemcmeyiouuMu 02PaAHUeHUsIMU 05 onpeoeierus P oex-
MUBHOCMU OM MOOEPHU3AYUU MPAHCROPMHO20 CPedCmea no cpaeHenuto ¢ bazogvim. IIpednosicen
coomeemcmayowull Koapguyuenm sgphexmusHocmu om MooepHuU3ayuU MPaAHCROPMHO20 Cpedcmad,
KOMOPULiL YYumvleaem e20 mexHuyeckue, IKOHoMU4ecKue u IK0A02UYecKue NoKa3ameu.

Knwouesvie cnosa: mpancnopmuoe cpeocmeo, 3QhexmusHOCb, HCUSHEHHBI YUK, CIMOUMOCHD
JHCUBHEHHO20 YUK, KOIPDUYUEHM MEXHULeCKO20 YPOBHS, IKOLOUYECKUE NOKAZAMETU.

Introduction [1]. Usually, determination of efficiency of

modernization of the vehicle is viewed from an

Modernization is technical improvement of capi- economic point of view. But this process will

tal assets in order to eliminate moral deprecia- improve the technical, economic and environ-
tion and enhance the technical and economic mental parameters of the vehicle.

parameters to the level of advanced equipment
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Analysis of publications

Usually, various methods are used to determina-
tion of efficiency of the modernization of the
vehicle [1-8]. But they have drawbacks. So [1,
4-7] takes into account only the economic per-
formance of the vehicle. In [2, 3] are only tech-
nical and economic indicators. In [8] are consid-
ered the economic and environmental perfor-
mance.

Purpose and problem statement

The aim of the article is in the calculation of
efficiency of modernization of vehicle taking
into account life cycle, technical and environ-
mental parameters.

There is necessary to use the figure that would
take into account all these parameters together in
order to assess how much modernization is ef-
fective.

Estimation of modernization efficiency

It is proposed to measure the coefficient of effi-
ciency from the modernization of the vehicle
according to the procedure which is shown in
Fig. 1.

1. Definition of modernization components
of the vehicle

\ 4

2. Determination of the technical level
parameters of vehicles

\ 4

3. Determination of the life cycle
parameters of vehicles

\ 4

4. Determination of the Environmental
parameters of vehicles

\ 4

5. Determination of the effectiveness of the
vehicle modernization

Fig. 1. The procedure for efficiency estimation
of vehicle modernization

It is proposed to use the coefficient of efficiency
from the modernization of the vehicle K, as an
indicator by the following formula

K=t (1)

where K is the technical level coefficient of the
modernized vehicle; K; is the life cycle coeffi-
cient of the modernized vehicle; K3 is the envi-
ronmental parameters coefficient of the modern-
ized vehicle; @(k) is the function which normal-
ize parameters weight in the ranked sequence; k
is the parameter number in the ranked sequence.

Calculate the coefficient K; as a criterion the
technical level using the method of weight coeffi-
cients. It describes the new design and engineer-
ing development on existing technical objects of
the same production purposes. It is calculated
using the following formula shown in [2, 3]

i=s
2k, 000)
= @
2.0()
i=1
where k, is the parameter, which is the ratio of
the numerical parameters of the new develop-
ment to the parameters of existing facilities for
rational categories (growth of parameter corre-
sponds to the technical progress) and irrational
categories (growth of parameter doesn’t corre-
spond to the technical progress); (i) is the func-

tion which normalize the parameters weight in a
ranked order, i = 1..s.

K

e

Best of comparable vehicle fits the greater value
of coefficient K.

It was on improved method for determining the
technical level of the vehicle by the next. Func-
tion @(i) was introduced in part of determining
the parameters weight in a ranged sequence in-
stead of using the expert method. According to
it, this figure determined by the following for-
mula

. v,
o) =—7,i22, (3)
2
where i is a number of technical parameter in a
ranged sequence (and, by definition ¢ (1) =2 is
a singular point).
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The coefficient K, is determined as the ratio of
the life cycle cost of the basic vehicle LLC); and
the modernized one LLCy, using the following
formula

_LLCy,
LLC,,

“4)

2

Determining the value of the vehicle life cycle is
forecasting costs on stages of its life cycle. The
life cycle cost concept (Product Life Cycle Cost
— LCC) is widely used abroad to assess the effi-
cacy of investment projects [4, 5].

Today LCC analysis is widely used as a tool in
the decision making process when considering
plans for the implementation of new investment
projects, tendering for rendering the services,
manufacture and delivery of technical objects
mainly with the high initial cost and the long
time of lifestyle. The use of LCC analysis is
fixed legislatively in some countries. [6]

The life cycle cost of vehicle LCCy, which is
purchased or upgraded again, is the sum of all
costs (non-recurring and current) at all stages
and is determined taking into account the dis-
count factor o, using the following formula [4]

iy, +T

LCC, =Y (K, a,+1,-0,—L-a,), (5)

la

where K, is capital investments in the year ¢ of
the life cycle, UAH; [, is current expenses in the
year ¢ of the life cycle, UAH; L, is the residual
value of fixed assets, which drop out in the year
t of the life cycle, UAH; T is the duration of the
life cycle of a vehicle, years; ¢;, is the initial year
of the vehicle life cycle; #, is the year of acquisi-
tion of the vehicle; o, is a discount factor.

Discount factor o, is calculated using the follow-
ing formula

o, =(1+7r)", (6)

where rae » is the discount rate; ¢. is calculated
year of the life cycle; ¢ is the life cycle year,
which costs are reduction to calculated year.

If it is impossible to predict the dynamics of
prices (inflation) for the entire life cycle, defin-
ing of the life cycle cost should be carried in
constant (unchanging, basic) prices. Thus, infla-
tion accounting can be achieved either by index-

ing the price, or by adjusting the discount rate.
In this case, instead of the value of » (in the for-
mula (6)) is used the modified discount rate d
[7], which is calculated using the following for-
mula

1+7r

1+ 2
100

where p is the projected annual inflation rate, %.

d= ~1

; (7

Coefficient Kj; is calculated as the ratio estimates
of damage from environmental pollution in year
t during the operation accordingly of the base
vehicle to the modernized one.

K, =—1, 8
> Ym ®

t

where Yb, is an assessment damage from the
environmental pollution in year t during opera-
tion the base vehicle, UAH [8]; Ym, is an as-
sessment damage from the environmental pollu-
tion in year ¢ during operation the modernized
vehicle, UAH.

The value Yb, determined by the formula, UAH,
Yh, = y'SfZAz'mbz , ©)
z=1

where y' is the unit costs standard, UAH / e.c.; o
is is an indicator of the relative danger of air
pollution on the different types territories; f'is a
coefficient that takes into account the nature of
the scattering of impurities in the atmosphere;
A', is an indicator of the relative activity of
z-type impurities; m;, , is average annual mass of
of z-type pollutant that enter into the atmosphere
in year t during operation the base vehicle, kg/h.

Value Ym, determined by the formula, UAH

Ym, = y'SfZA;mmz , (10)

z=1

where m,, , is average annual mass of of z-type
pollutant that enter into the atmosphere in year t
during operation the modernized vehicle, kg / h.

Given the formulas (9) and (10) we have
z A;mb z
_ z=l

T on
'
2 Am, .
z=1

K, (11)
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The model of determine the effectiveness of
the modernized vehicle

If we assume that parameters K affect the coef-
ficient of efficiency K, equally and take into ac-
count mentioned above dependence, then the
model of determine the effectiveness of the
modernized vehicle compared to the base one
will be in general form as follows

z=1
i=s ) LLC n ,
200 ey Am,,
K = i=1 z=l1

¢ 3

;kn(p(l) . LLCTb .\ ZAzmbz

. (12)

The model limitations form can be represented
in general as the following system

0<k,<3,5,

0,02 <p(i)<2,

LLC, /LLC,, >0,
A, >0,m,, >0,m, >0,
s=1...3,

i=1..s,

(13)

z=1...n.

The foregoing dependence can be used when
designing new vehicles and modernization of
existing ones. There were calculated parameters
modernization of Lanos car with a hybrid
transmission by applying the methodology that
was described above. K, ratio was equal to 1,4,
which fully confirms the efficiency of such
modernization.

Conclusions

The analysis of existing methods of estimation
of vehicle efficiency was performed.

It was developed dependences which allow to
determine the effectiveness of the modernization
of the vehicle.

It was shown general appearance of the model
of determining the effectiveness of the modern-
ized vehicle compared with the base one.
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TEOPETUYHE OGIPYHTYBAHHS OLIHKHU AKOCTI JIETKOBHUX
ABTOMOBLJIIB

T.O. BaxkuHosa, acil.,
XapkiBcbKHUil HallioHAJILHUIT AaBTOMOOITbHO-10POKHIl YHIBepcuTeT

Anomauin. Poszensnymo i usnaueno KOMIIEKCHY OYIHKY SKOCMI agmomo0inie, 0CHO8Y SAKOI CKaaoa-
J0Mb 34 IHME2PATLHUMU NOKAZHUKAMU KOMBopmy, HAJIiHOCmi, be3neKu, MexXHiYHUX PilleHb [ eKoao-
eiuHocmi. Busnaueno CYyKynHICMb NOKA3HUKIB, SKI BUSHAYAIOMb DIBEHb AKOCHI GUKOPUCMOBYBAHUX
asmomobinis y kpaini. Hagedeno mamemamudni 3a1eAHCHOCMI NOKAZHUKIE AKOCMI Ma THMe2PanibH020
NOKA3HUKA.

Knrouosi cnosa: asmomobini, skicme, Haditinicmb, Kompopm, besnexa, panzosuil nioxio.

TEOPETUYECKOE OBOCHOBAHUE OIIEHKH KAYECTBA JIETKOBBIX
ABTOMOBWIEN

T.A. baxxunosa, ac.,
XapbKOBCKUI HAIIMOHAJIBHBII ABTOMOOMJIBLHO-T0POKHbIH YHHUBEPCUTET

Auuomauuﬂ. PaCCMompeHa u onpede/lel-ta KOMNJIEKCHAA OYyeHKa Kaudecmea aGmOMO6qu€lZ, OCHO8BY
KOmopoco cocmaejislion no uHmezcpalbHbiM noKazameiim KOquopma, Hade:)fCHocmu, 6€3OI’ZCZCHOCW1M,
mexHu4ecKux pemeHmZ U 9KOJl02udYHOCmu. Onpeéexzez—ta COBOKYNnHoCmMbs noxaaameﬂezi, Komopble onpe-
oensiom YPOBEHb Kavecmea UCnoab3yembvlx asmomobunell 6 cmpane. Hpe@cmaeﬂeHbl mamemamude-
CKUe 3a8UCUMOCIU NOKA3amenell Kavecmaa u UHmMecpalbHO20 noKasameiii.

Knrouesvle cnosa: asmomodbunu, kauwecmeo, HAOEHCHOCMb, KOM@POpm, 0e30naACHOCHb, PAH208bIl
100x00.

THEORETICAL BASIS OF MOTOR CAR QUALITY EVALUTION

T. Bazhinova, P. G.,
Kharkov National Automobile and Highway University

Abstract. Comprehensive assessment of the quality of cars, which is based on the integral parameters
of comfort, reliability, safety, environmental and technical solutions are considered and defined.
The amount of parameters that define the quality level of the car use throughout the country is defined.
Mathematical formulas and quality indicators of the integral index are developed. The integral quality
index of vehicles allows comparing the vehicles of different classes based on external
operating conditions. The numerical values of the integral index determines the quality of the car.

Key words: vehicles, quality, dependability, comfort, safety, ranking approach.

Beryn

VYci CoKUBYI, TEXHIKO-SKOHOMIYHI Ta eKCILTya-
TalilHI BJIACTUBOCTI aBTOMOOLIS CTBOPIOIOTHCS
HOro KOHCTPYKIIIEIO, THMH YH 1HIIUMH BY3JaMH
i arperaramu. IIpakTU4YHO KOXKE€H KOHCTPYKTH-
BHHI €JIeMeHT Oepe ydacTh y (hopMyBaHHI JeKi-
JIbKOX BJIACTMBOCTEH aBTOMOOLIS, XOua IPOCK-
TyBaBcs BiH JIJIsl SKOTOCh TIEBHOTO MTPU3HAYECHHSI.

Lle o3Hauae, 1110, KPiM OCHOBHOI'O IIPU3HAYCHHS,
Oyab-sKkuMii By30J a00 arperaT Oepe ydacTh y
(hopMyBaHHI H IHIINX, YaCTO HEOAKaHMX, BJIaC-
TUBOCTEH.

AHaniz myoaikanii

Jlyis OLIHKKM aBTOMOOUIS HEOOXiJHO MPHUBECTH
BCi OT0 BIIACTHBOCTI Ta OCOOJIMBOCTI KOHCTPY-
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KIii 10 Jeskoi cxeMu a0o INEBHOrO MOPSAIKY.
Haii6inpin  JOIUIBHO BUKOPHUCTOBYBAaTH IS
IOr0 CUCTEMHHUH Miaxin, 1o i 3po0ieHo B Je-
sakux poborax [1-3]. besnepeuni nepeBaru mae
PO3KIIaIaHHsl €TUHOI SKOCTI HA CYKYITHICTH il
cxinanoBux. OIiHKA 32 OKPEMUM KPUTEPIEM € HE
HACTUIBKH CKJIQIHOIO 1 Ma€ OUIBII YITKHI CMUC-
noBui 3wmicr [4, 5].

VY cmabocTpyKTypOBaHUX TpoOJieMax BHHHUKA-
I0Th MHUTAHHS 31 3MIHHUMH (HaIPHKIAJ, Hpec-
THXK (IpMH), AT IKAX HE ICHYE TOYHUX CIIOCO-
0iB KiNbKicHOT'O BUMIpY. J{7s 6araTbox 3MiHHHX
Hemae eranoHiB. Cy0’eKTHBHI BIAMIHHOCTI €KC-
MEePTIB MOXKYTh OyTH BETMKUMH. Y I[bOMY BHIIa-
JKY CIiJi KOPUCTYBATUCS TUTBKH MOPSIKOBUMH
IIKaJlaM¥ 31 CJIOBECHUMH BH3HAYCHHSIMU Tpajia-
il sIKOCTi, a00 BHKOPHCTOBYBATH KUIBKICHI
mKany (Hanmpukiana, 6anbHi). OTxe, 32 HEMOX-
JIUBOCTI HAJIHHOrO KUIbKICHOTO BUMIpY Cy0’€K-
THBHI MOJI€eN 3 AKICHUMHM OL[IHKaAMH € HaHOLIbIII
MOUIMPEHUMH Y IPUHHSATTI pimens [6—7].

IcHyIOTBH pi3HI HiAXOmU 10 BHOOPY IMOKAa3HUKIB
BIacTUBOCTel. B omHuX poborax Oinmble yBaru
MPHIISETECS «TEXHIYHUM» a00 TEXHIKO-EKCII-
JIyaTalliiHUM BJIACTUBOCTSM, SIKI JIETIIE 1 IIPOC-
Tillle BUAUIUTH ¥ ONUCATH, & CIIOKUBYI — PO3T-
JSIAI0ThCS SIK APYropsiaHi. B iHmmx, Outen mi-
3HIX po0OTaxX, — HABIAKH, BII3HAYAETHCS TEpe-
BOXHHMH BIUIMB CIIO)KMBYHX BJIACTHBOCTEH. AB-
TOMOOUTI, siKi OyJ0 OOpaHO Ui aHaji3y, Ta iX
TEXHIKO-EKCIUTyaTalliifHi BJIACTHBOCTI OyayTh
MOKa3aHi Jali.

[lpu sKicHIM OIIHIN A1 KUIbKICHOTO MOJaHHS
pe3yNbTaTiB MOXKHa BHUKOPHCTOBYBATH PaHTOBI
MeToau (3a3Buuail He Outbine 10—12). [Torpeda
B PaHrOBOMY MIJAXOJi 3’ SIBJISIETHCSA, KOJU HAsIBHI
B PO3MOPSAHKEHHI JTOCIITHUKA XapaKTePUCTHKH
€ BKpail HETOUHUMH, OPIEHTOBHUMH, 200 KOIIH
HE BIIOMHUH c11oci0 1mo0yIOBH 3a0BUILHUX YH-
CEJIbHUX OIIHOK [9].

Merta i mocTaHoBKAa 3aBIaHHA

Meroro poboTH € miABHIICHHS e(pEeKTUBHOCTI
BHOOpPY JICTKOBOIO aBTOMOOLIS Ha OCHOBI CHC-
TEMHOI0 BiI0OpYy.

VY mporeci ekcruryaranii Ba>KIMBO 3HATH, K
BIUIMHE T€ UM iHIIE KOHCTPYKTHBHE pillleHHS Ha
SIKICTb 0OpaHOoro aBroMoOuIs. ToMmy BKpail He-
O0XiZIHO 3HAWTH CIOCIO 3B’A3KY MK PUHHATHM
KOHCTPYKTHBHHM (1 TEXHOJIOTIYHUM) PillICHHSIM
1 HOro HaciKaMM Ha eTami BUKOPUCTAHHS aB-
TOMOO1IS B 3alaHUX YMOBaX €KCILTyaTallii.

Pe3yabTaTu 10CHiIzKeHHS OWIHKYU SIKOCTI
JIETKOBUX aBTOMOOiTiB

Po3aiiiMo BCIO CyKYITHICTH BJIACTHBOCTEH Ha
TakKi CKJIaIoBi: epeKTUBHICTh, KoMpopT, Oe3re-
Ka, HaJIWHICTh (IIpale3JaTHICTh) Ta EKOJIOrid-
HICTB.

BrnactuBicte «koMpOpT» MOXHA PO3AUIHTH Ha
TaKl CKJIaJ0B1 IOKA3HUKH:

— KJIaC aBTOMOOLIS;

— THI Ky30Ba.

3a KOPIOHOM 3aCTOCOBYETHCS PO3MOJIIT aBTO-
MoOuTiB Ha kiacu (A, B, C, D, E, S). Hanex-
HICTh aBTOMOOLIS JI0 TOTO YW iHIIOTO KJ1acy BH-
3HAYAEThCS PO3MIpaMH aBTOMOOLISA (KOJICHA
0a3a i rabapuTHI pO3MIpH).

[Mpr npoMy HaWOUTBINI PO3MIPH BIANOBIIAIOTH
Knacy S, a HaiimeHi — g0 kinacy A. HaidGinbm
MPECTHXKHI  TPEJCTaBHMIIBKI aBTOMOOLII 3BH-
YaifHO MalOTh BEIbMH BEJIMKI PO3MIpH.

ABTO03aBOIY 30MPAIOTh JISTKOB1 MOJIEII 3 Pi3HH-
MU Ky30BamMH. OCHOBHI 3 HUX: «TIMY3HHY, «IIO-
JIOBXKCHUI», «KaOpIoNeTy, «KYIe», «Celaan»,
«xerubex». «Jlimy3un» — TphOoX00’€éMHUH TMa-
CaXKUPCHKUI Ky30B i3 YOTHpMa/IICTbMa O14HU-
MU JIBEpUMa, JIBOMa/TphOMa psAaMU CHIIHB 1
3aCKJICHOI0 TIEPErOPOJAKOI0, IO BiJIOKPEMITIOE
nacakKMpChbKuil canoH Bin Micis Bomis. «[lomo-
BXKEHUH» THI Ky30Ba SBISIE COOOIO CepiitHMiA
aBToMoOUTh Kiacy E (imomi D) 3i 30u1bmeHOI0
Ha 1040 cM komicHow 06a3o0r0. «Kabpiomer» —
MacakKMPChbKUM Ky30B 31 CKIAIHMM BEPXOM 1
ONMyCKHUMH OiuHMMH cTeknamu. «Kymey —
TphoX00’eMHUI 200 TBOX00 €MHHIA TTaCAKUPCh-
KM Ky30B 13 IBOMa OIYHMMH JBEpHMa 1 JBOMa
psnamu cunieb. IlepepaxoBaHi THIH Ky30BiB
MOKHa oriHuTH B 10 Oais.

«Haniiiaicte» xapaktepu3ye O€3BIIMOBHY PpoO-
00Ty aBTOMOOLISI Ta HOTO BY3IIiB i BUBHAYAETHCS
CITCIlIAJILHUMH TIOKa3HUKAMH, SKI CIIO)KHBAYeBi
HalJacTile BChOrO HENOCTYIHI W HEBiIoMi,
0cO0JIMBO 10J10 iHO3eMHUX aBTOMOOLTIB. [IpoTte
KOKE€H BJIACHUK aBTOMOOIIS 1 OUIBIIICTE IOTEH-
LIAHUX CIIOKMBA4yiB MalOTh CBOKO OI[IHKY Ha-
JIMHOCTI pi3HUX aBTOMOOUTIB. Ll omiHka moOy-
JIOBaHA Ha MOPIBHIHHI 32 MPUHIIMIIOM «Kpalle—
ripiie». ba3yeTbcs 18 oOlliHKa Ha JOCBiAI €KC-
IuTyatamii TomepenHiX BJIACHUKIB 1 YacTo
MOB’si3aHa 3 aBTOPUTETOM (pipMH, sika BU3HAUAE
pi3Hi TeXHOMOTIi KOHCTPYKIIi By3:1iB. Tomy mpu
OLIIHIII Tpane3JaTHOCTI HEOOXITHO BUXOAUTH 3
PI3HUX KOHCTPYKTHBHHX OCOOJIMBOCTEH OJIHOTO
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1 TOro K By3/1a ab0 CHCTEMH 1 MOpIBHIOBATH iX
MiX co00}0.

HaniitHicTs aBTOMOOLIS 3aK/TaIa€THCSI MPH IIPO-
eKTYBaHHi, 3a0e31euyeThCs MMiJ] 4ac BUPOOHHUIIT-
Ba, MPOSBIIETHCS 1 MINTPUMYETBCS B E€KCILTya-
Tallil, yTBOPIOIOYH TaK 3BaHy Tpiaay HaJiHHOCTI.
BumiproBaui HamiifHOCTI MOXYTh OyTH KOMII-
JIEKCHUMH ¥ OAMHMYHUMH. KOMIUIEKCHI BUMi-
proBadi XapakTepu3ylOTh HAIHHICTh y IHiJIOMY
(koedilieHT TEXHIYHOTO BHUKOPUCTAaHHSA, Koedi-
LIEHT TOTOBHOCTI Ta IHIIN), OJHUHI — OJHY 3
BIIACTUBOCTEH aBTOMOOUIA  (OE3BIIMOBHICTD,
JIOBT'OBIYHICTh, PEMOHTOIPHIATHICTD, 30epekKe-
HicTh). OIMHUYHI TOKa3HUKH MOXYTh OYTH Jie-
TEPMIHOBAHUMH (TOYHHMH) 1 CTATUCTHYHUMH
(OLIIHHUMHU, TPUOITUZHIMH).

Sk BHMIpHUKH O€3BIIIMOBHOCTI B aBTOMOOLIb-
Hill TeXHILl B34TO:

— HWMOBIpHICTh 0€3BiIMOBHOT pOOOTH;

— cepenHiil HapoOITOK 10 BiIMOBH;

— IHTEHCHBHICTb BiJIMOB;

— CEpeIHE YHUCIIO BiIMOB;

— CepelHE HANpalloBaHHS Ha BiAMOBY (BiIHO-
IICHHS CyMapHOTO HapoOITKYy BiJHOBIIIOBaHUX
00’€KTIB O MAaTEMaTHYHOTO OYIKyBaHHS YHCIIA
X BIIMOB MPOTATOM IIBOTO HAPOOITKY);

— Tapamerp MOTOKY BiJIMOB.

[epuri Tpu BUMIpIOBaYi CIyXaTh JJISl OIIHKH
OC3BIZIMOBHOCTI  HEBITHOBIIIOBAHUX BHPOOIB,
MepIIni 1 TpH OCTAaHHIX — BiTHOBIIOBaHUX. Jl0B-
TOBIYHICTH aBTOMOOLIA (By37la, arperaTa) OIli-
HIOIOTh 332 PECypCOM — HapOoOITOK BiJ MOYATKY
eKCIuTyaTarlii abo 11 BIAHOBJICHHS IMIC/IS IEBHOIO
BUJy PEMOHTY JIO TIEpEX0/y y TPaHUYHUIA CTaH 1
TEpMIHY CIYy)KOM — KaJeHIapHOI TPHUBAJIOCTI
eKcrutyartaiii. BuMiproBadyamu JTOBrOBIYHOCTI
ABTOMOOLIS CITyXKaTh:

— cepenHill pecypc (TepMiH CiyxOH, MaTeMa-
TUYHE OYiKYBaHHS PECypCy);

— raMMa-BiICOTKOBHH  pecypc  (HapoOiTOK,
IIPOTATOM SKOI'O 06’€KT HC JOCATHE I'paHUYIHOI'O
CTaHy i3 3aJaHOI0 MMOBIPHICTIO, BUPAKEHOIO Y
BIJICOTKaX).

VY KOHCTPYKTOPCHKUX JOKYMEHTaX BKa3ylOTh, SIK
npaeuiio, 90 % -i pecypc, a A CUCTEM, BY3JIiB
1 ;meranei, MO BIUIMBAIOTh Ha OE3MEKy pyXy, —
95 % -i. Y nmeskux KpaiHax poOOTY 3a OLIHKOIO
«CTIOXXHMBYOI» HAIIIHOCTI MPOAYKIIT MPOBOASATH
TOBAapHCTBA CIIOKMBAUIB Ta IHIII HelepKaBHI
oprasizailii; B HamIii kpaiHi, — HAIPUKIIA, XKY-
pHan «3a kepmom», B Himewumni — Cuyx0a

TEXHIYHOIO0 HAarIAay. 3a MaTepialaMH IUX Ta
IHIINX opraHizaliii mpoBeneHO OallbHY OIIHKY
HaJIMHOCTI BY3JIiB aBTOMOOUTIB 1 SIKOCTI 30ipKu
By3i1iB. B okpeMux BumNaakax, 3a BiIICYTHOCTI
TaKUX OI[IHOK JUISl TTOPIBHSHHS PI3HUX aBTOMO-
OLTIB Ta iX BY3JIB 32 HAJIMHICTIO MOXYTh BUKO-
PHUCTOBYBATHCSI HEMPSIMi O3HAKH, TaKi, sIK dipMa,
THT KOHCTPYKIT By3/iB Ta iH. Ha migcraBi mux
JAaHUX MOYKHA IHTEPIIONOBATH iCHYIOYi OIIIHKH
Ha aBTOMOOII, 3a AKMMH JAaHUX HEMAE.

Jis miaTpuMKM HaAIMHOCTI aBTOMOOLIS HOro
BJIACHUK Ma€ BUTpAvyaTH MEBHI KOIITH Ha HOro
00CITyroByBaHHS 1 PEMOHT. 3a pO3paxyHKamH
«CHiIBHOTO HIMEIBKOI0 aBTOMOOUIBHOIO KIIyOy»
(ADAK), BapricTh ekcIutyatallii Ta 00CIyroBy-
BaHHS CKJIAJIA€ThCS 3 ICKUTbKOX CKJIAJI0BUX:

— TIOJIATOK i3 BJIACHUKIB TPAHCIIOPTHHX 3aCO0IB;
— eKcIuTyaTalliiHi BUTpaTH (NAJIMBO, Macla,
pemont i TO);

— aMopTHU3allis K BTpaTa BapTOCTi aBTOMOOLIS
3 IUIMHOM 4acy 3a TIEBHOTO MPOOiry.

OTke, OIIHKA SKOCTI aBTOMOOLIS 32 KpUTepieM
npare3IaTHOCTI (HaaiiHOCTI) IMOBMHHA 0a3yBa-
THCS Ha BUTpATax Ha GKCILIyaTallil0 Ta PEMOHT
aBTOMOOLIS,, a TaKOXK BPaxOBYBaTH IEPioaANY-
HICTh MPOBENCHHS TEXHIYHUX BILIUBIB. OIliHKa
SIKOCTI aBTOMOOIJII Ma€ BH3HAYATHCSA TAKOXK 3a
AKTHUBHOIO 1 IaCHBHOIO OE3I1EKOIO.

[NacuBHa Oe3meka mepembadae 3aXMCT BOMISA 1
nacaxupiB Bix Baxkkux tpaBm npu JATIL Tlacu-
BHa Oe3leka OIIHIOETHCS MOMKIIHMBICTIO 3aXHCTY
BOMIS 1 TMacakMpiB Bix 3aru0eni Ta BaKKUX
tpaem npu JATII Ha mBHAKOCTI 3ITKHEHHS [0
50 xm/rox. IlepembauaroThesi TEBHI BUMOTH JI0
KOHCTPYKIIi TPaHCHOPTHUX 3aco0iB, a TaKOX
PEKOMEHJAIlil IIOA0 IOJIMIICHHS IIMX BIACTH-
Bocteil. Tak, CBOro 4yacy 3’SBHJIMCS pEeMeHI 0e3-
MEKH 1 CTali 000B’I3KOBUMHU JUTSI 3aCTOCYBAHHS,
iX KOHCTPYKIIiSl cTaja OUIbII JTOCKOHAJOIO,
3’SIBJISIFOTHCS. 1 BIPOBADKYIOTHCSL HA/yBHI 3aXU-
CHI TIOAYIIIKH, BCTAHOBJIOETHCS KapKac Ky30Ba i
JBepel JIerkoBOro aBTOMOOUIsI, a Oammepu W
OTlEpEHHS BUKOHYIOTBCS «EHEPTOEMHUMUY.

[lepeMilieHHs €IEMEHTIB 00’€KTIB 3ITKHCHHS 3
MOPYIIEHHSIM JKUTTEBOTO MPOCTOPY CIIOCTEpira-
etbes B 15 % nmocmimkenux JTII. Biporigaicts
TpaBMYBaHHS JIIOJUHK B aBTOMOOLTI 3aJICKHUTh,
B TOMY 4YHCIi, Bix ii Micus po3TalryBaHHS B
CaJIOHi.

OCHOBHUMH MPUYUHAMH TPABMYBAHHS JIIOIMHU
B JICTKOBOMY Ta BaHTa)XHOMY aBTOMOOLISAX €
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MEpEeBaHTAXEHHS, IO BUHHUKAIOTH BHACIHIZIOK
(OPOHTAILHOTO 3ITKHEHHS 3 €IEMEHTaMH Calio-
Hy. VIMOBipHICTh TpaBMyBaHHS 3 iHIIMX IPHYMH
B 8-12 pa3ip Hmxkue. [Ipu ¢PpoHTANBHUX 3ITK-
HEHHSX  HaWOUIbII  TpaBMOHEOEC3MEUHHUMH
VIIKOJDKEHHSIMH € TIepeMillIeHHs] PyJIbOBOI KO-
JIOHKH B IJIHO CAJNIOHY 1 pyHHYBaHHS CHJIIHb.

[NepemiteHHs pynbOBOi KOJIOHKH B TIIHO caio-
Hy (Y30BXK TIO3JIOBXHBOT OCi) Yy JIETKOBOTO aB-
TOMOOUISA TpU 3ITKHEHHI Ha MBUAKOCTI 60—
70 xm/ron nocsirae 300 mm. [Ipu 6iuHKX ynapax
B MACKUPCHKUI CANOH € XapaKTepHUMH Jedo-
pMarii 1Bepel, NeHTpaIbHUX CTIHOK 1 OOKOBH-
Hu. Xoua aedopmallii mpu OIYHHUX IITKHEHHSX 31
MBHUAKICTIO 10 50 KM/TOJ HE MEPEBHILYIOTh
300 MM, BHYTpINIHS MTacCHBHA Oe3IeKa JIETKOBUX
aBTOMOOLUTIB MPHOJIIM3HO B 2 pa3u HUXKYE, HIK
npu QPOHTATBHUX.

[Mpu nepekumanHi XxapakTepHUMH Jedopmartis-
MU € TpaBMoHeOe3neuHi aedopmariii BepxHbOI
JacTUHH 1 OOKOBHH Ky3oBa. HailOinmbin yactoro
MPUYMHOIO TPaBMYBaHHS 31 CMEPTEILHUMU Hac-
JIIKAaMH B JIETKOBUX aBTOMOOLIAX € 3ITKHEHHSA
3 TpaBMOHEOE3MEYHUMH eNIEeMEHTaMU CAJIOHY 3
MOPYIICHHSIM XHUTTEBOTO TMPOCTOPY, yIap ToJo-
BOIO 00 BHCTYIAlo4i €IEMEHTH CajJoHY 1 BUKH-
JaHHS JIIOJICH 13 CaJloHy.

I'eomerpuuHi mapameTpu caJoOHY aBTOMOOUIS
BILIMBAIOTh Ha 30€pPEeXKEHHS YKUTTEBOTO MPOCTO-
py B mporeci nmepeKuIanHs. 3axucT Molsrae B
YTPUMaHHI JIIOJied Ha CUJIHHSAX peMEHsIMH Oe3-
MEeKW 1 BUKIIOUEHHS ynapiB 00 KepMmo, TMaHenb
MPWIAIIB Ta BITPOBE CKJIO HAIyBHHMH IOYIII-
KaMH, 10 BCTAHOBIIOIOTHCS B PYJILOBOMY KOJie-
Ci, maHen MpuiamiB, y ABEPSX i Aaxy.

BripoBakeHHs 3aX0/iB 3 IiJABHILECHHS Oe3MeKu
KOHCTPYKIII MPOBOAMTHCSA 3 METOI 3HUKCHHS
nmoBipHOCTI oTpuManHs TpaBM nipu ATIL. TIpu
OMY TEOMETPWUYHI TapameTpu i ¢opma
00’€KTIB MOXJIMBOTO 3ITKHEHHS HE IOBUHHI
CIPUATH MOPYUICHHIO JKUTTEBOTO MPOCTOPY aB-
toMo0imiB. IcHye mpobiema 3abe3meyeHHst Oe3-
MK JIFOAMHU B aBTOMOOLISX MEHIIIOI MacH MpH
(POHTAIBHUX 3ITKHEHHSIX 3a BEIHMKOI PIi3HUII

Mac aBTOMOOIJIB, 10 BAAPSIOTHCS. BeTaHoBe-
HO, IO MEpPEeBaHTAKCHHS aBTOMOOLIS OLIBIIOL
Macu B 1,5-5,8 pasiB MeHIlIe, HDK Y aBTOMOOLIIS
MEHIIOI MacH. 31 30UIbIIEHHIM IIBUIKOCTI 31TK-
HEHHS 15 PI3HUIISI 3pOCTAE.

Tomy muist MigBUINEHHSA OC3MEKHM MacaKHPiB Ha
JIETKOBHX aBTOMOOLISAX MEHIINX KJaciB € HeoO-
XiTHUM 3aCTOCYBaHHS OUIbII JOCKOHAIUX pe-
MeHIB 1 monaymok Oesmeku. st 3abe3neueHHs
OUIBIIIOT OE3MEKH MacaXKMpiB y MaJCHbKOMY aB-
TOMOOUTI TaKOX PEKOMEHIOBAHO 3HUKCHHS 30-
BHIIIHBOI MAacUBHOI O€3MeKh aBTOMOOUI Oib-
101 MacH i po3Mipy HUISIXOM 3HMKEHHSI KOPCT-
KOCTi Ta 30UIbIIEHHS JOBXHUHHU Je(OpMOBAHOI
MEPENIHbOI YACTUHM.

AxTuBHa Oec3MeKa PO3MNISNAEThCS K MOXKIIH-
BiCTh YHUKHYTH 3iTKHeHHs abo [ITII 3a paxyHok
MaHEeBpYBaHHS 1 3a0e3MeuyeThcs TAKMMHU BIIac-
TUBOCTSIMH aBTOMOOLISI, SIK KEPOBAaHICTh, CTiM-
KicTh 1 ramaeMmiBHi BiactuBocTi. Crogu MOXKHA
BIIHECTU 1 IUIABHICTH XOMAY, OCKUJIBKH 3a Bif-
HOCHO HEBEJIMKHUX KOJIMBaHb aBTOMOOLIS MOXHA
3a0e3MmeYnT Horo KepoBaHiCTh, CTIMKICTh 1 Ha-
NiiiHE TabMyBaHHS.

J1J1s OLIIHKY ITUX BJIACTUBOCTEH iICHYIOTh CIelia-
JbHI METOIMKH BHIPOOYBaHb 1 MEpeliK MoKas-
HUKIB, HaBEICHUX Yy JEPKAaBHUX 1 Taly3eBHX
craugaprax, [IpaBumax €EK OOH. Ogmmak y
JAaHOMY BHIIaJIKy, JUIS TOPIBHSJIBHOI OIIIHKH
PI3HHUX aBTOMOOLIIB HEOOXIITHO OPIEHTYBATHUCS
HA TalbMIBHUAH NUISX PI3HUX aBTOMOOWUTIB, SIKHHA
€ y3arajJbHIOIOUUM IapaMeTpoM aKTHBHOI 0e3-
TIEKH.

[Ipobnemy meperBopeHHs1 OaraToKpUTepialbHOT
3aja4i OLIHKK SKOCTiI B OJHOKPUTEPIaNbHy MO-
»KHa BHPIMIUTH crioco0oM (GOopMyBaHHS iHTErpa-
JIBHOTO IIOKa3HUKA. IHTErpajbHUN IIOKa3HUK
SIKOCTi aBTOMOOLTIB BijjoOpa)kae Taki MOKa3HU-
KH, K KOM(OPT, HaIiiHICTh, Oe3meka, sSKiCTh
TEXHIYHUX pillleHb 1 exonoriynicTe. Llei iHTer-
paIbHUI TIOKa3HUK JIO3BOJISIE MOPIBHIOBATH aB-
TOMOOLTI Pi3HUX KJIACiB 32 paXyHOK 30BHIIIHIX
yMOB ekcrutyaTari (tadia. 1) [10].

TaGuuus 1 MaremaTruHi 3aJI€KHOCTI BU3HAYEHHS [TOKA3HUKIB SIKOCTI

IToxa3uuk MareMaTuyHuMA VYMoBHE
SIKOCTI BHpa3 MMO3HAYEHHS
VoL Vs — 00’ eM GarakuHuka, M°
Komdopr b= W V. — 06’eM CaloHy, M°
>e Ls — 6a3a aBToMOO1JIs, M
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3akinuends tabi. 1

IToka3Huk MaremaTuaHUI YMmoBHE
SIKOCTI BHpa3 MTO3HAYCHHS
3r0p — BUTpaTH Ha TO M PEMOHT 3a MiXKcepBic-
3 HUH TIpOOIr, IpH;
o . TO] . .
Hamiitaicts K h = TPC Lto — nepionuunicts TO;
Lio-H,-C; H,, — BuTpaTa nanusa, 11/100 kM;
Cr— BapTICTh JiTpa NaNMBa, IPH
Sy
K. = .
besneka 6= N6 — KUTBKICTD MOJYIIOK O€3MeKu
Spy (nye + Ly / Lg)
H; nin — MiHIMaJIbHA BUTpaTa Mayusa, j1/100 kM;
Vimax — MaKCUMaJIbHA IIBUIKICTh aBTOMOO1IIS,
T . . _ 0’ 36- Hn.min ) Vmax Z‘p Pr KM/FOI[;
CXHIYHEC PIIICHHS T G t, — yac po3rony 1o 100 xkm/roz;
? pr— YCTHHA MATHBa KI/M;
G, — Maca aBTOMOO1IA, KT
. K = G, Oy O — eranoHHa eHepris Butpat Ha 100 kM
ExonoriuHicThb — .
‘ H, npooiry

3HarouM napaMeTpy OLIHIOBAHOI'O aBTOMOOLIA 1
3HAYEHHs MOKA3HUKIB SIKOCTi, MOYKHA OOYMCIIU-
TH IHTErpabHUN TTOKA3HUK

KI/IH:Kp+KH+K6+KT+K3K- (1)

3 piBHSIHHS BHIUIMBAE, 10 YMM MEHIIIE iHTErpa-
JMHHUN TIOKA3HWK, THM BUINE SKICTh JIETKOBOTO
aBTOMOOLIIA.

BucHoBku

BuknaneHo IpUHIMITK Ta METOIUKY IHTErpalb-
HOI OLIHKHU SKOCTI aBTOMOOUIIB 3a MOKA3HUKAMU
KOMGOpTY, HAIIHHOCTI, OE3MEeKH, TEXHIYHUX
piens 1 ekonoriunocTi. CyKynHICTh TOKa3HU-
KiB BU3HaYa€ PiBEHb SIKOCTI BUKOPUCTOBYBaHUX
aBTOMOOLTIB y KpaiHi.
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EVALUATION OF RESULTS OF ROAD RESEARCH OF LANOS CAR, EQUIPPED
WITH AN ADVANCED HYDRAULIC BRAKE DRIVE

I. Nazarov, P.G.,
Kharkov National Automobile and Highway University

Abstract. The results of studies of road emergency braking of the car, the brake system equipped with
an improved hydraulic brake actuator according to the patent number 76189 Ukraine are analyzed.
This drive provides more efficient emergency braking of cars under operating conditions by of
installing in each of the contours of the rear brakes one brake-power, each of which provides distribu-
tion of braking forces between the wheels of the corresponding side.

Key words: passenger car, hydraulic brake actuator, on-board braking force, emergency braking,
brake force, airborne brake force distribution, traffic studies.

OIIEHKA PE3YJIbTATOB JJOPOKHBIX UCCJIEJJOBAHUM JIETKOBOT'O
ABTOMOBWJISA LANOS, OBOPYJIOBAHHOI'O YCOBEPHIEHCTBOBAHHBIM
I'maPABJIMYECKUM TOPMO3HBIM ITPUBOJOM

N.A. Hazapos, acm.,
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Introduction Both evaluation indexes are linked. Therefore,
in US only one of them is normalized — the min-
The estimated figures of brake efficiency of op- imum stopping distance.
erated motor cars is the value of steady maxi-

mum deceleration and the value of the minimum It is considered that the steady deceleration is

stopping distance, traveled by the car from the
beginning of braking with the required speed up
to its full stop.

independent of the initial braking speed, which
creates certain advantages when used; however,
the braking distance characterizes the traffic
safety.
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There are established different standards for as-
sessing the performance of brake systems of
passenger cars, which are regulated by a number
of both international and national standards [1-3].

Analysis of publication

Road tests of motor cars, carried out according
to the known standards, are to determine their
inhibitory properties, i.e. the value of the steady
deceleration and braking distance under certain
road conditions [1-3].

The requirements of different standards establish
the value of implemented deceleration of the car
in running order at least 7 m/c* and the limit
braking distance at a certain initial braking
speed on level ground with a dry asphalt surface.

Thus, at the initial braking speed of 40 km/h the
braking distance of the car in the running order
shall not exceed 17,4 m and at 80 km/h, the
stopping distance should not exceed 43,2 m.
These values are listed in the present Highway
Code of Ukraine. In this case, the action of the
aerodynamic resistance of the vehicle movement
is neglected, stipulating the wind speed to be
0,3-0,5 m/s, at which the tests are conducted
[1, 3].

For the same reason in the classical literature [4, 5]
there are given the dependencies to determine
the limiting deceleration values and the braking
distance of the vehicle, ignoring the force of air
resistance.

However, as shown by theoretical studies [6-9]
the longitudinal component of the aerodynamic
drag force acting on the vehicle during braking
has an impact on the redistribution of normal
axial reactions.

With that, in case of vehicle braking on level
roads they are homogeneously distributed be-
tween the wheels of similar axes.

A completely different situation occurs during
braking of vehicles in the event of total aerody-
namic force components action not only on a
flat road, but on a level road with a transverse
slope, with a fixed radius of curvature and on
the roads with a longitudinal slope, i.e. under
operating conditions [10-13].

Such a law [14] of axial normal reactions distri-
bution, and thus the braking forces between the

axles must be satisfied by the vehicle braking
drive action.

However, the modern methods of braking force
distribution between the axles of passenger cars
[15] and the design of brake actuators, providing
it, fail to effectively implement the change of
normal reactions in operating conditions not on-
ly between the axles, but also between the
wheels of various vehicles.

One of the options for improving the braking
drive of cars is the designed brake actuator [16],
which implements the method [17] of brake
force distribution between the wheels of its vari-
ous sides.

Purpose and problem statement

The purpose of road tests lies in establishment
of the minimum amount of change in the steady
deceleration and braking way of the Lanos mo-
tor car standard configuration, equipped with an
improved hydraulic brake actuator, on a level
road.

The object of road tests is to estimate the effect
of the aerodynamic factor on the inhibitory
properties of the Lanos motor car.

Subject of research — the process of emergency
braking of Lanos motor car.

The methodology of carrying out road tests

Lanos car tests of basic configuration were held
in a state of partial (1220 kg) and full load
(1595 kg). At this, there was allowed the pres-
ence of instrumentation and the load balancer,
evenly placed in the passenger compartment and
the trunk of the car in accordance with the re-
quirements [1-3].

A series of emergency braking of the car in a
different weight state was produced in calm
weather on a road site with dry asphalt concrete
pavement (without longitudinal and transverse
slope) of Zaporozhe Auto Plant.

Initial braking speed varied from 40 to
150 km/h. The wind speed at the indication of
the anemometer was 0,3-0,5 m/s.

Before carrying out the road test the braking
system of the Lanos motor car, equipped with an
improved hydraulic brake actuator [16], one of
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the circuits of which is shown in Fig. 1, was
tested for compliance with requirements [1-3].

To register the value of deceleration and the
stopping distance of the Lanos motor car there
was used the equipment of the design and opera-
tional department of Zaporozhe Automobile
Building Plant ZAZ: a decelerometer with an
integrated Maha VZM 300 printer, a cup ane-
mometer MS-13 GOST 6376-74.

5
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Fig. 1. Equipment of the car with an advanced
brake actuator [16]: 1 — master brake cyl-
inder assembly; 2 — controlled brake force
governor; 3 —pilot cylinder assembly; 4 —
front axle brake actuator; 5 — rear axle
brake actuator; 6 — articulation-linkage as-

In the process of testing, the motor car acceler-
ated to the speed exceeding the initial braking
speed of 3—5 km/h. Then the clutch was disen-
gaged and, when the magnitude of the initial
braking speed was reached, the brakes were en-
gaged and the vehicle stopped.

After the braking process was over, there were
registered the displayed measured values of both
deceleration and the braking distance.

The average value of 2 measurements in the
forward and backward direction was considered
to be the result of measurements conducted.

As part of the above road research program five
experiments were conducted.

Analysis of road test results

Comparative evaluation of the results of road
tests of the Lanos motor car was performed,
using the results of theoretical research and the
results of road tests of the Lanos motor car
equipped with a modern brake actuator (accord-
ing to the manufacturer's testing protocol
Ne058.BSI 2010).

Since at the initial deceleration speed of less
than 80 km/h the values of fixed parameters of
Lanos vehicles, equipped with an existing and
advanced brake actuator, revealed the least dif-
ference (up to 6 %), then the latter in Table 1
and Table 2 are conditionally not shown.

sembly
Table 1 Results of road studies of the Lanos car equipped with an advanced brake actuator
(Record Ne044.BSI 2016)
Kerb weight Complete load
Experiment Initial braking speed, km/h

80 100 130 150 80 100 130 150

7,18 7,35 7,56 7,64 7,03 7,22 7,44 7,62
Nel 31,80 42,90 73,48 100,6 37,58 45,90 76,27 101,8
7,17 7,33 7,55 7,62 7,02 7,20 7,42 7,61

Ne2 31,92 43,04 73,72 100,92 37,70 46,05 76,51 102,1
7,15 7,32 7,53 7,61 7,01 7,19 7,41 7,59
Ne3 31,93 43,08 73,66 100,85 37,73 46,09 76,58 102,2
7,19 7,37 7,58 7,66 7,05 7,24 7,46 7,64
Ned 31,75 42,83 73,36 100,43 37,52 45,82 76,14 101,6
7,21 7,38 7,59 7,67 7,06 7,25 7,47 7,65

e 31,64 42,69 73,12 100,11 37,39 45,68 75,90 101,3

Note. In the top line there is indicated the deceleration m/s”, in the bottom line — the braking distance, m.
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Table 2 The theoretical values of braking parameters of Lanos cars

Values of deceleration parameters of Lanos car
According to classic dependencies According to obtained dependences
Vehicle weight (1) and (2) (3) and (4)
At the initial braking speed, km/h
80 | 100 | 130 | 150 80 100 130 150
7,85 8,19 8,38 8,88 9,02
1220 xr
3146 | 49,16 | 83,08 | 1106 | 3091 | 4757 | 7855 | 975
6,85 8,06 8,18 8,49 9,13
1595 kr
3546 | 56,18 | 9475 | 1166 | 3614 | 4811 | 80,10 | 995

Note. In the top line there is indicated deceleration, m/ s%, in the bottom line — the braking distance, m.

Analysis of outcomes of road (Table. 1) and
theoretical (Table. 2) investigations show that
with the growth of the initial braking speed for
Lanos cars equipped with an advanced hydraulic
brake actuator [16] there are implemented large
deceleration and the corresponding lower values
of braking distances for both weighting states.

The results of road tests were determined ac-
cording to [18].

Thus, the value of the average steady decelera-
tion for Lanos passenger cars, braking on dry
asphalt concrete at the initial speed that varies
from 80 km/h to 150 km/h constitutes (Table 1):
— curb weight 7,18-7,64 m/s*;

— with full load 7,03-7,62 m/s”.

Whereby, with an increase of the initial velocity
of deceleration the value of the average Lanos
vehicle braking path is:

— Curb weight 31,81-100,58 m;

— Complete load 37,58-101,8 m.

As a result of theoretical studies (Table 2) there
were determined the values of deceleration and
braking distances obtained for the Lanos car:

— by classical dependencies [4, 5] (with an exist-
ing brake actuator)

. P.+P
]Tzug(p.g’ (1)
ma
2
5= )
2-[/]

where ¢ — coefficient of adhesion; P, P, —
the braking force applied to the front and rear

axle, respectively; m, — weight of the vehicle;
9, — the initial vehicle deceleration speed;

— According to the obtained dependencies [19]
(with an improved brake actuator)

Jr=zg+ (Ko F, D) /m, (=00 ()

where z — drag coefficient; K, = 0,35 kg/m’® —
streamlining factor of the Lanos car body; F, —
frontal drag area of the vehicle; A, =0,1 — share
of the lifting component in the drag force; J, —

moment of inertia of rotating masses; #, — roll-
ing radius of the wheel.

As the analysis of calculated values of braking
parameters of the Lanos vehicle equipped with
an improved hydraulic brake actuator shows
(Table. 2) when the initial braking velocity
changes within 80—150 km/hour, the theoretical
value of steady deceleration is:

— curb weight 8,19-9,02 m/s*;

— complete load 8,06-9,13 m/s’.

At the same time the estimated value of the
braking distance of the Lanos car is:

— curb weight 30,91-97,5 m;

— complete load 36,14-99,5 m.

Comparative analysis of both the theoretical
(Table 2) and experimental (Table 1) values of
the emergency braking parameters of the Lanos
car shows that their relative difference is:
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— when assessing the magnitude of deceleration:
a) curb weight 12,3-15,3%;

0) complete load 12,7-16,5%.

— when assessing the value of the braking dis-
tance:

a) curb weight 2,8-3,1%;

0) complete load 2,3-3,8%.

Relatively lesser values of deceleration magni-
tudes at emergency braking of the Lanos car,
obtained during experimental studies, take place
in connection with a decrease in the coefficient
of wheels friction with the road surface [10],
which is caused by an increase in the initial
braking speed and the normal load on the wheels
of the rear axle.

However, this issue requires further research.

Comparative analysis of theoretical braking pa-
rameters (Table. 2) of the Lanos car, equipped
with an improved and existing hydraulic brake
actuator, shows that under emergency braking
on a dry asphalt road covered with an increase
of the initial braking speed of 80—150 km/h:

— at curb weight the steady deceleration is in-
creased by 15 %, while the braking distance is
reduced by 12 %;

— at the complete weight the steady deceleration
increases by 24 %, thus the limiting stopping
distance is reduced by 16 %.

Consequently, despite the change in the coeffi-
cient of friction during emergency braking, con-
sideration of the effect of aerodynamic re-
sistance of the vehicle leads to improved braking
characteristics.

Based on the results of road tests of Lanos cars
equipped with an existing hydraulic brake actua-
tor (Table. 3), it can be stated that vehicles with
a basic configuration (without ABS) at partial
loading on a dry asphalt road surface at the ini-
tial speed of 100 km/h, according to the factory
test data, have a braking distance of 48,2 m with
a steady deceleration of 6,2 m/s’

At the same time according to the road test con-
ducted (Table 3) for the same vehicle, equipped
with an improved hydraulic brake actuator, the
maximum braking distance is 42,9 meters,
which is 11% less than for Lanos cars with a
basic configuration at steady deceleration of
7,35 m/s”.

Table 3 The values of braking parameters obtained during road tests of Lanos car

Values of braking parameters of Lanos car

with an existing brake actuator

with an improved brake actuator

Vehicle weight (report Ne058.BSI-2010) (report Ne044.BSI-2012)
HpI/I Ha'-IaJ'ILHOﬁ CKOpOCTI/I TOpMO)KeHI/IH, KM/'-I
40 60 80 100 80 100 130 150
. 47 5.8 6.8 6.2 7.18 735 7.56 7.64
ourb weight 13.1 243 39.6 482 31.8 42.9 73.48 100,6

Note. In the top line there is indicated deceleration in m/s”, in the bottom line — the braking distance, m.

As a result, the above-said theoretically and
practically confirms the opportunity to improve
the efficiency of potential passenger cars with
any degree of loading and under any operating
conditions equipped with an improved hydraulic
brake actuator [16], which allows implementing
the specific vehicle braking force more fully.

Conclusions

Based on comparative analysis of road studies
and theoretical data, it was revealed that at ini-
tial braking speed up to 80 km/h the values of
limit braking distance of Lanos cars differ insig-
nificantly (up 6 %). This is due to the fact that in

case of emergency braking of passenger cars
with the streamlining car body factor of
K, = 0,35 kg/m’, at braking speed below
80 km/h the strength of the aerodynamic air flow
resistance does not have a noticeable effect.

Comparative analysis of theoretical parameters
of emergency braking shows that the considered
passenger vehicles equipped with an advanced
hydraulic brake actuator, when performing
emergency braking on dry asphalt concrete with
an initial speed varying from 80 to 150 km/h:

a) at partial loading steady deceleration increas-
es by 15 %, thus the limiting stopping distance
is reduced by 12 %;
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b) at complete load steady deceleration increases
to 24 % and the limiting stopping distance is
reduced by 16 %.

According to the road research the limiting
stopping distance for the Lanos car, equipped
with an improved hydraulic brake actuator, with
partial load at the initial braking speed of
100 km/h is 42,9 m, which is 11% less than for
the Lanos car of basic version.

At the same time the implemented minimum
deceleration speed is 7,35 m/s®, which meets the
requirements of the national standard regulating
the value of implemented deceleration no less
than 7 m/s”.

The results of theoretical and experimental stud-
ies confirm the potential opportunity for increas-
ing the efficiency of cars with any degree of
loading by advanced hydraulic brake actuator
equipment [16], which allows implementing the
specific vehicle braking force in all operating
conditions more fully.
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INTELLECTUALIZATION OF MONITORING VEHICLES BASED
ON THE USE OF PRECEDENTS

V. Pavlenko, Assoc. Prof., Ph. D. (Eng.),
Kharkov National Automobile and Highway University

Abstract. The article deals with the intellectualization process of vehicle monitoring through the use of
decision support systems for diagnostics of technical condition of vehicles on the basis of precedents.
A generalized architecture of a tool program complex to seek solutions on the basis of precedents is
proposed. A tool design precedents library is used in intelligent decision support system prototype so-
lutions to meet the challenges of expert diagnosis and operative management of complex objects.

Key words: vehicle, operator, system of decision support, diagnosis, expert, precedent, library of
precedents, intelligent systems, CBR-cycle.

IHTEJEKTYAJII3BAIIA ITPOLUECIB MOHITOPUHI'Y TPAHCIIOPTHUX
3ACOBIB HA OCHOBI BUKOPUCTAHHSA NPELHEJIEHTIB

B.M. IlaBjeHko, aoil., K.T.H.,
XapkiBcbKUil HANIOHAJIbHUIT ABTOMOOLILHO-T0POKHIii yHIBepcUTeT

Anomayia. Pozensinymo numanus inmenekmyanizayii npoyecie MOHIMopunay mpaHcnopmy 3da 0ono-
MO2010 3aCMOCYB8ANHS CUCEMU NIOMPUMKY RPULHAMMS PileHb 01 0IaeHOCIMUKYU THeXHIYHO20 CIAHY
asmomo0inie Ha OCHO8I npeyedeHmie. 3anpPoOnOHOBAHO Y3a2albHEHY apXimeKmypy IHCMPYMeHMAlIbHO-
20 NPOPAMHO20 KOMNJIEKCY HOULYKY PIUeHHS Had OCHO8I npeyedeHmis.

Knrouoei cnosa: mpancnopmuuii 3acio, cucmema niOmpumKu NpuiHamms piulenb, OiaeHOCMUKA,
npeyedenm, dibaiomexa npeyedeHmis.

UHTEJUIEKTYAJIM3AIIUSA ITPOECCOB MOHUTOPHUHI'A TPAHCIHOPTHBIX
CPEJICTB HA OCHOBE UCHIOJIb30BAHUS NPEHEIAEHTOB

B.M. IlaBjeHko, Jao01l., K.T.H.,
XapbKOBCKM HAMOHAJIbHBIA ABTOMOOUIbHO-10POKHbIN YHUBEPCUTET

Annomayusa. Paccmompenvl 6onpocel unmeniekmyaiuzayuy npoyeccos MOHUMopuH2a mpancnopma
€ NOMOWBIO NPUMEHEHUSL CUCTHEMbBL ROOOEPIICKU NPUHAMUSL peuteHull 0151 OUACHOCIMUKY MEXHUYEeCKO20
cocmosHus asmomoobuneli Ha ocHoge npeyedenmos. Illpednosicena 0000wennas apxumexmypa
UHCMPYMEHMAIBHO20 NPOSPAMMHO20 KOMNIEKCA NOUCKA peuleHUs Ha OCHO8e NpeyeoeHmo8.

Knrouesvle cnosa: mpancnopmmuoe cpedcmeo, cucmema ROOOepHCKU NPUHAMUSL PeuleHutl, OUdeHo-
cmuKa, npeyeoenm, oubauomeKa npeyeoeHmos.

Introduction

Over the past decade in the automotive industry
there is a breakthrough in the development of
electronic control systems that allow the intro-
duction new technology, are knitted with the
management and control of the vehicle and its

systems work. Modern diagnostic systems actu-
ally generate information in the form of numeri-
cal values of diagnostic parameters without
specifying the problems that are identified
through the analysis of these parameters, an ex-
pert who conducts diagnosis that requires ap-
propriate training of specialists, and is associat-
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ed with relatively high labor content and the
economic value of the diagnostic work.

Analysis of publications

Evaluation of technical condition of vehicles is a
priority that requires use of specialized decision
support systems (DSS). Existing methods of
diagnosis do not cover the whole range of exter-
nal influences which vehicles are exposed dur-
ing operation. The complexity of solving this
problem is caused by a weak formalization of
information about the failure, which are describ-
ing the nature, the lack of systematic infor-
mation about the nature and changes in external
factors, a large number of monitored parameters
and relationships between them, and the lack of
statistical data on the operation of the vehicle.

In this regard, only professionals with extensive
experience in the diagnosis of specific vehicles,
can made a decision on a particular failure is
usually finding a solution «by analogy» with
pre-failure or malfunction, adapting previously
decided in current situation.

So promising is the solution to the problem of
diagnostics of vehicles by creating DSS that
simulates human reasoning based on the effi-
cient use of existing experience, presented in the
form of use cases [1]. This system allows you to
summarize information, to adapt to its changes,
to communicate with the user in a natural lan-
guage, decision-making under conditions of in-
complete, unreliable and contradictory infor-
mation.

Availability reasoning mechanism based on
precedents in expert diagnosis system allows
timely and better quality to carry out diagnostics
of vehicles and makes it possible to take appro-
priate and cost-effective solutions in order to
normalize the problem situation [2].

With the emergence of intelligent systems (IS)
for different purposes, and the transfer of the
center of gravity on the model and knowledge
representation and processing methods signifi-
cantly changing the apparatus of formal consid-
erations, combining a means of reliable and
plausible conclusions [3]. Mechanisms of plau-
sible reasoning in IS decision support systems
(ISDSS) for monitoring and control of complex
objects and processes of different nature, allows
for rapid diagnosis of the problem situation and
helps decision-makers to choose a suitable alter-

native of the possible alternatives when making
critical decisions.

Purpose and problem statement

Purpose of work — solution to the problem of
intellectualization of transport monitoring pro-
cesses through the use of decision support sys-
tems for the diagnostics of technical condition of
vehicles on the basis of precedents.

Using a precedent for monitoring vehicles

In most encyclopedic sources precedent (from
the Latin «praecedentis» - provisional) is de-
fined as a case that occurred before and that ex-
emplifies or justification for future cases of this
kind [2]. The conclusion on the basis of prece-
dents (CBR — Case-Based Reasoning) is an ap-
proach that can solve new, unknown problem
using or adapting solutions are already known
problem that is already using the experience to
solve such problems.

An approach based on precedents arising in the
development of research in the development of
expert systems (knowledge-based). Expert sys-
tems were first generation systems based on
rules (type of production), which involved a ra-
ther well-formalized problems. To solve such
problems or methods used reliably concluded
that based on the initial data in accordance with
the existing set of rules in the system formed
opinion on current issues or methods of plausi-
ble inference in cases of uncertainty probabilis-
tic nature (bayesovskyy method, based on sub-
jective probabilities, etc. p.).

Unfortunately, most practical tasks aimed at
open and dynamic subject areas are poorly for-
malized, and uncertainty can have probabilistic
nature. When seeking a solution of such prob-
lems is necessary to use methods of plausible
inference that allow us to find some decision
(which may not be optimal) solution. One ap-
proach is based on the fact that a person (expert,
the person who makes the decision (PMD)) typ-
ical of the first stage of finding a solution to new
(unknown) problem, try the decisions taken ear-
lier in these cases, and if necessary adapt them
to the problem (the current problematic situa-
tion). This approach using experience formed
the basis of considerations modeling techniques
based on precedents.
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The basis for the development of this approach
and corresponding CBR-systems was the work
of R. Schank and R. Abelson [4], which in-
volves problems of memory and knowledge rep-
resentation. In this paper the present knowledge
of problematic situations in the form of so-called
stereotypical scripts or scripting events to im-
plement search solutions, forecasting and train-
ing. In the early 80 s R. Schank and his research
group at Yale University continue research re-
lated to the dynamic memory model and models
for reasoning based on precedents, which was
realized in the first J. Kolodner CBR-system
CYRUS [5, 6]. Further, these ideas have given
rise to the creation of other CBR-systems such
as MEDIATOR, CHEF, etc.

Currently, interest in technology and CBR-
systems has increased significantly, regularly
hosts international conferences and seminars
(ICCBR, ECCBR, UKCBR) [7]. Appeared a
number of software products, including com-
mercial reasons realizing mechanisms based on
precedents - CBR Express, Case Point and ART
Enterprise (Inference Corp.), Eclipse — The Easy
Reasoner (Haley Enterprises), ReMind (Cogni-
tive Systems Inc .), Apriori (Answer Systems),
DP Umbrella (VYCOR Corp.), KATE
(Acknosoft), ReCall (ISoft) and others [8].
Methods for reasons based on precedents have
been actively used in areas such as medical di-
agnostics, law, monitoring and diagnostics of
technical systems, search for solutions to prob-
lem situations, etc. This approach is the basis of
machine learning and provides opportunities for
the formation of corporate memory.

Typically, the process of withdrawal based on
precedents includes four main stages that form
the so-called cycle considerations based on case
law or CBR-cycle [1], the structure of which is
shown in Fig. 1. The relevant literature CBR-
cycle is also called the cycle of training on prec-
edents (examples). The main stages of CBR-
cycle are:

— extract the most adequate (like) precedent (or
precedent) for the situation with the library
precedents (LP);

— re-use remote precedent for attempts to solve
the current problems;

— review and adapt, if necessary, of the solu-
tion according to the current problem;

— preserving (storing) the decision again as part
of a new precedent.

— the method of extraction of precedents on the
basis of knowledge (as opposed to the previous
method allows to take into account the
knowledge of experts (PMD) for a particular
domain (coefficients of importance parameters,
identifying dependencies, etc.) for withdrawal of
cases. The method implements an approach
based on indexing precedents special. way (se-
mantic indexing) When determining the prece-
dents taken into account the importance of prec-
edents option is the expert or decision-makers,
and other information that allows you to take
into account the knowledge of the particular
subject area).
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The benefits of reasons based on precedents in-
clude:

— the ability to directly use the experience of
the system without intensive involvement of an
expert in a particular subject area;

— the possibility of reducing the search time
decisions through the use of existing solutions to
this problem;

— the possibility of excluding re getting errone-
ous decision;

— no need for in-depth study and use all availa-
ble domain knowledge, as can be limited to con-
sidering only the essential features of the subject
area;

— may use heuristics that increase the efficien-
cy of finding a solution.

The main purpose of using precedents within the
vehicle is ready to issue decisions operator
(PMD) for the current situation on the basis of
precedents that have occurred in the past in the
data management or similar object (system).

Methods of extracting and presenting
precedents

In the first stage CBR-cycle — extraction of
precedents - is performed to determine the de-
gree of similarity of the current situation with
the precedents of LP and their subsequent with-
drawal in order to solve this new problem situa-
tion. For successful implementation of the ar-
guments based on the case law is necessary to
ensure the correct removal of precedents with
LP.

The choice of method of receipt precedents di-
rectly related to the process of presentation of
precedents and thus LP organization. LP may be
included in the base system of intellectual
knowledge, but can also act as a separate com-
ponent of the system. Structure LP significantly
affects various system operation parameters, and
in particular, search and retrieval time prece-
dents. There are different ways of presenting
and storing precedents - from simple (linear) to
complex hierarchical. Precedent in general can
include the following components [1]:

— description of the problem (the problem);

— the solution of problem (diagnosis of the
problem situation and recommendations PMD)
— result (or forecast) application solutions.

The result can include a list of actions taken,
additional comments and links to other prece-
dents. The precedent may have both positive and

negative results of application solutions, in some
cases, can be driven justify the selection of the
proposed solutions and alternatives. The main
ways of presenting precedents can be divided
into the following groups:

— parametric;

— object-oriented,

— special (as trees, graphs, logical formulas,
etc.).

In most cases, to represent precedents rather
simple parametric representation, that is the rep-
resentation of a precedent in the form of a set of
parameters to specific values and the decision
(diagnosis and recommendations PMD)

CASE =(x,,...,x,,R), (1)

where xi, ..., x, —the parameters of the situation,
describing the precedent; x; € X, ..., x,€X,, n —
number of parameters precedent; X, ..., X, — the

tolerance values of the corresponding parame-
ters; R — diagnosis and recommendations of the
decision maker.

There are the following methods for the extrac-
tion of precedents and their modifications:

— the method of the nearest neighbor (NN —
Nearest Neighbor). (The most used method of
comparison and extraction precedents It allows
easy enough to calculate the degree of similarity
of the current problematic situation and prece-
dents with LP to determine the degree of simi-
larity on the set of parameters used to describe
the use case and the current situation, introduced
a metric. Further, in accordance with the select-
ed metric is determined by the distance from the
target point corresponding to the current prob-
lematic situation, to the point representing prec-
edents with LP, and the closest point to the se-
lected destination);

— the method of extraction of precedents on the
basis of decision trees (based on finding the
necessary precedent by addressing the tree tops
solutions. Each node of the tree indicates which
of its branches should be carried further search
solutions. The choice of branches is based on
information about the current problematic situa-
tion. It is necessary to reach the final the top of
which corresponds to one or more of the prece-
dent);

— the method of extraction of precedent with
regard to their applicability (in most systems,
using reasoning mechanisms based on prece-
dents, it is assumed that the most similar to the
current problematic situation precedents and the
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most applicable in this situation. However, this
is not always the case. At the core, based on ex-
traction methods the applicability of precedent is
the fact that the extraction of precedents based
not only on their similarity to the current prob-
lematic situation, but also on how well the de-
sired results for the model they represent).

Of the four methods discussed, the most com-
mon method is nearest neighbor. The method is
based on a specific method for measuring the
degree of similarity (closeness) and the prece-
dent of the current problematic situation. Of
course, the effectiveness of the method of the
nearest neighbor is largely dependent on the
choice of the metric.

Selecting appropriate metrics creative and very
time-consuming task, the successful solution of
which depends the effectiveness of the search
and retrieval of cases. In each case, the choice is
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performed in different ways, depending on the
user's objectives (PMD), and the physical nature
of the statistical information used in the man-
agement of complex objects and other con-
straints and factors influencing the process of
finding solutions. In some methods, the selec-
tion of appropriate metrics is achieved by using
special algorithms convert attributes of the orig-
inal space, in others — expert (PMD) itself de-
fines a metric based on their own knowledge of
the subject area or the experimental data.

Implementation mechanisms of reasoning
based on precedents

Let’s consider a software implementation of
mechanisms to find a solution on the basis of
precedents in ISDSS. The generalized architec-
ture software tool (the system) to find a solution
based on precedents — Constructor LP (CLP) is
shown in Fig. 2.

Interface with an expert system

 e——

Fig. 2. Software architecture complex KBP

The main components of the CLP, reflecting its
functional capabilities are:

— current situation analysis unit on the vehicle,
for the pretreatment of object state information
(sensor data management system controllers,
operative LP, PMD, etc.);

— LP tuner, provides the opportunity to work
for LP expert (formation of LP structure, load
LP, saving LP, etc.);

— the block to find a solution that implements
the mechanisms of plausible reasoning based on
precedents (precedents for implementing the
withdrawal of the problem situation);

— block delivery of results, outputs results (di-
agnoses and recommendations) to the user
(PMD) to the problem situation based on exist-
ing case law indicating the degree of similarity
of these precedents to the current situation;

— LP with precedents that have already taken
place in the management of the object and its

sub-systems, or to ask experts on the basis of his
own experience;

— interface with users (experts and PMD), the
vehicle and the environment.

The tool CLP is used in the prototype ISDSS to
meet the challenges of expert diagnosis and sur-
gical management of complex objects. Under a
complex object, it refers to an object that has a
complex architecture with a variety of relation-
ships with a large number of controlled and
managed parameters and small time of the adop-
tion of the control actions. A typical example of
such an object is the vehicle (car). As a rule,
complex objects decomposition on technological
subsystem (in a car it is a technological subsys-
tems of his system: fuel system, ignition system,
cooling system, brake system, etc.) and can be
operated in different modes.
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To describe a complex object and its sub-
systems using a plurality of parameters of ana-
log, digital, and digital. Condition of object is
characterized by a set of values of these parame-
ters. In the operational mode parameters read
from the sensors to control the entire object is
made by the system controller to time interval
through which you need to give the PMD (oper-
ator) for a specific diagnosis of the situation and
make a recommendation about the necessity of a
control action or sequence of actions. Diagnos-
ing and identifying the control actions carried
out on the basis of expertise, production sched-
ules and operating instructions [9]. As a general
rule, to solve this problem solver used, function-
ing on the basis of the rules of production type.
In the event of abnormal (freelance) situations at
the facility there is the need for methods of plau-
sible reasoning, in particular, methods of search
solutions based on precedent.

CLP is used to create a LP [10], since the for-
mation of precedents structures, their savings,
checking for new precedents for the presence of
contradictions (counter examples), further test-
ing LP using the methods of searching for a so-
lution based on precedents (the selection coeffi-
cient values the importance of object parame-
ters, determining the source (initial) values of
the degree of similarity is adequate metrics for
the domain precedent extraction, etc.) and fin-
ishing LP retaining it for further use in the oper-
ational mode ISDSS functioning.

Conclusions

In the course of the study it was found that on
the basis of precedents diagnostics allows us to
solve not fully formalized vehicle diagnostic
tasks, simplify the acquisition of knowledge
from experts to reduce the search time solutions
and implement self. The proposed architecture
software system CLP diagnosis of vehicle. The
main components, which reflect its functionali-
ty, there are precedents base unit settings, and
obtain precedents. Application ISDSS reduces
the traffic load on PMD in decision-making,
reducing the influence of the subjective factors
in the analysis of the current situation, reducing
the time needed for a decision.
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