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"[HHOBAIiMHI TEXHOJIOTII PO3BUTKY Ta
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"JlaBaiiTe PO3IJISIHEMO NPHUKJAA TEXHOJOrili aBTomMoOijasa 0e3 Boaia. Ixes
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Hal0araro Oinbine 4yacy, Hik 0araro xro aymae "- Epik IIminr, rososa paau
aupexkTopiB komnauii Google
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VY J1K:656.02, 656.05, 656.07

[HHOBALIIMHI ~ TEeXHOJIOT1T PO3BHTKY Ta e(EKTUBHOCTI (YHKIIIOHYBaHHS
aBTOMOOLIBHOTO  TpPaHCHOpPTYy: MDKHapoJHa HAyKOBO-TIPAKTHMYHA  IHTEPHET-
koH(pepentis, L{eHTpabHOYKpaiHCHKUI HAIIOHATLHUNA TEXHIYHHM YHIBEPCUTET M.
KponuBuuupkuii, Ykpaina, 14-15 mucronmaga 2019 poky: 30ipHMK HayKOBUX
maTtepianiB koHpepenuii. KponuBauupbkuii. 2019. 184c.

B HaykoBux matepianax koHdepeHIii npeacTaBieHo poOoTH MpodhecopChKo-
BUKJIQJAIlbKOTO CKJIally 3aKjajJiB BHUIIOI OCBITH, HAYKOBUX CIIBPOOITHHKIB,
JIOKTOPAHTIB, AacCIipaHTIB, MAariCTpaHTIB Ta CTYJAEHTIB, Y4YacHUKIB MIiKXHapOIHOI
HAayKOBO-TIPaKTHUYHOI ~ KOH(pepeHuii "I|HHOBawiifHI  TEXHOJOrii PO3BUTKY Ta
edeKTUBHOCTI (PYHKITIOHYBaHHS aBTOMOOILTLHOTO TPAHCTIOPTY '

Mera koH(epeHIii: BHUCBITJICHHS HAWMBAXIMBINIMX AaKTyaJIbHUX MpoOJieM
MiABALIEHHS €()eKTUBHOCTI ()YHKIIOHYBAHHS aBTOMOOUIBHOIO TPAHCIIOPTY B Y KpaiHi
Ta TONIYK ONTUMAJBHUX MUISXIB 1X BUPIMICHHS PO3POOKOI0 Ta BIPOBAIKECHHSIM
CydyacCHUX IHHOBAIIMHMX TEXHOJOTIM y BHUPOOHHUIITBO, OOMIH JOCHITHULIBKUM 1
NPAaKTHYHUM JOCBIIOM, ITyOIiKallisl pe3yabTaTiB HAYKOBHUX JOCIHIIKECHb.

OcHOBHi HANIPsIMHX PO0OTH KOH(EPeHIILil:

v/ CydacHi Ta MEPCIICKTUBHI KOHCTPYKIIii 3aC00iB TPaHCIIOPTY;

v/ PO3BUTOK TEXHOJIOT1H 0OCIIyTOBYBaHHS, CEPBICY Ta PEMOHTY 3aC00iB TPAHCIIOPTY;

v/ BJIOCKOHAJICHHSI TEXHOJIOTIH TPAHCIIOPTHUX MPOIIECIB Ta OE3MEKH TOPOKHBOTO PYXY;

v/ NigBMINEHHS HaAIHHOCTI (QYHKI[IOHYBaHHSA 3aco0iB TPaHCIOPTY Ta aBTOMOOIIBHHUX
TPAaHCIOPTHUX MIANPHUEMCTB;

v/ HOPMATHBHE Ta 3aKOHO/aBYE 3a0e3neyeHHs: eeKTUBHOCTI (PYHKI[IOHYBAHHS Ta PO3BUTKY
aBTOMOOUIBHOTO TPAHCIIOPTY;

v/ eKOHOMIKa Ta Oprasizaiiisi poOOTH aBTOMOOLILHOTO TPAHCIOPTY, PUHOK TPAHCIIOPTHUX
HOCTYT;

v/ aBroMarusailisi IpOLECiB YNpaBIiHHA Ta CydacHi iH(popMamiiiHi TeXHoJorii Ha
aBTOMOO1IbHOMY TPaHCIOPTI;

v/ "3ejeHuii"  TpaHCIOPT Ta  IMEPCHEKTHBHI  METOMM  3MEHIIEHHS  EKOJIOTIYHOIO
HaBAHTAKEHHS aBTOMOOLIBHOI'O TPAHCIIOPTY Ha JOBKIJIIA;

v/ BJIOCKOHAJICHHSI Ta BHKOPHCTaHHS HOBHX KOHCTPYKIIHHMX Ta EKCIUTyaTaIl[iiiHuX
MaTepiaiiB Ha )KUTTEBUX LUKIIAX 3aC00iB TPAHCIIOPTY;

v/ IHTeNEeKTyalbHi TPAHCIIOPTHI CUCTEMH;

v/ iHTerpaJibHi JIOTICTUYHI CUCTEMH MiITPHUMKHU JKUTTEBOTO IMKIY 3acO0iB TPAHCIIOPTY Ta
TPAHCTIOPTHOI 1HOPACTPYKTYPH;

v/ arpoJoricTuka,

v/ JIOTICTUKA TPAHCIIOPTHHUX Ta BUPOOHUYHUX ITiIIPHEMCTB;

v’ MiJBHINCHHS SKOCTi ITiJITOTOBKH ¢daxiBuiB 3 cremiagbHOcTi 274 "ABTOMOOITBEHUM
tparcnopT" Ta 275.03 TpancnopTHi TeXHOJIOT1] (Ha aBTOMOOIJTbHOMY TPAHCIIOPT1).
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OPTAHIBAINIMHUM KOMITET
TI'osi0Ba oprkomirery:

Yepuoon Muxaiino [BanoBuy, 1.1.H., mpodecop, wieH-kopecronaeHT HAAHY,
pektop lleHTpalbHOYKpaiHCHKOTO  HAI[IOHAIBHOTO TEXHIYHOTO  YHIBEPCHTETY,
3aBigyBad Kadeapu ekcruryaTallii Ta peMOHTy mMammH, M. KponuBaumbkuid, Y kpaiHa.

3acTyNIHUKH I0JIOBH OPIKOMITETY:

Jleeuenko O.M., p.eH., mnpodecop, NPOPEKTOP 3 HAYKOBOI poOOTH
[{eHTpaJIbBHOYKPaiHCHEKOT O HalllOHAJIbHOI'O TEXHIYHOT'O YHIBEPCHUTETY,
M.KpormmBHunbknii, Ykpaina.

Aymin B.B., n.1.H, npodecop, npodecop kadeapu ekcruryaraiii Ta peMOHTY
MamuH  L{eHTpanbHOYKpaiHCHKOrO HAILIOHAJIBHOIO TEXHIYHOTO  YHIBEPCHUTETY,
M. KpormmBHunbkui, Ykpaina.

Yiienun oprromirery

[Bamko Bikrop CepriiioBuu, A.T.H., npodecop, 3aBiayBady KadeAapu TEXHIYHOI
eKCIUTyaTallii aBToMo011iB, binopychkuii HalllOHANBHUNA TEXHIYHUN YHIBEPCHUTET, M.
MiHcbk, binopycs;

I03ed Opuuk, a.e.H., npod., pexrop Bumioi mxonu OGankoBa, M. Ilo3HaHb,
[Tonpmia.

Irop KabGamkin, PhD, npodecop, Inctutyr Tpancmoprty 1 3B'sa3Ky, M. Pura,
JlarBis;

Anken 3ayHsK, 1.e.H, mpod., Bumia mkona 6e3nexu, M. [To3Hans, [Tonbia;

Onexcanap I'paxoscki, PhD, mpodecop, [HCTUTYT TpaHCnopTy 1 3B'SI3Ky, M.
Pura, JlaTBis;

Pamynac [lanemartic, PhD, npodecop, BUIbHIOCEKMI TEXHIYHHIA YHIBEPCUTET
iMeHi1 'emmminaca, M. ButsHroc, JIuTsa;

Anmxeit Hesuac, PhD, npodecop, JItoOmiHCEKUIT TEXHOTOTIYHUN YHIBEPCUTET,
M.JIxo0m1H, ITonpa;

Caxno Bomomumup IIpoxopoBuu, A.T.H., mpodecop, 3aBimyBad Kadeapu
aBTOoMOOLT1B, HalionansHuil TpancnopTHUi yHiBepcuteT, M. KuiB, Ykpaina;

bimiuenko Bikrop BikTopoBuu, 5a.T.H., mpodecop, 3aBimyBady Kadempu
aBTOMOOUTIB Ta TPAHCHOPTHOI'O MEHEKMEHTY, BIHHUIBKUA HaIllOHATBHUN
TEXHIYHUI yHiBepcuTeT, M.Binauist, Ykpaina;

BoiitoB BikTop AnaromiiioBud, 1.T.H., mpod. 3aBiyBay Kadeapu TPaHCTIOPTHUX
TEXHOJIOTIA 1 JIOTICTHKH, XapKIBCbKUM HAI[IOHATBHUN TEXHIYHUM YHIBEPCUTET
ciIbchbKOro rocrnogapctpa imeni I[lerpa Bacunenka, m. XapkiB, Ykpaina;

I'op6auor Ilerpo ®emopoBuy, A.T.H., mnpodecop, 3aBimyBau Kadenpu
TPAHCHOPTHUX CHCTEM 1 JIOTICTHKH, XapKIBChbKUW HalllOHAJIbHUI aBTOMOOLIBHO-
JIOPO’KHIM YHIBEpCUTET, M. XapKiB, YKpaiHa;

KBacuikoB Bonogumup I[laBnoBuu, n.1.H., mpodecop, 3aBimyBau kadeapu
KOMIM'IOTEPU30BAHUX EIEKTPO-TEXHIYHUX CHUCTeM 1 TexHoiorid, HanionansHuit
aBiariiHuii yHiBepcuteT, M.KuiB, Ykpaina;
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KpaBuenko Oumnekcanap IlerpoBuu A.T.H., npodecop, 3aB. kKad. aBTOMOOUTIB 1
TPAaHCTIOPTHUX TEXHOJOTIH, JlepxkaBHuil yHiBepcuteT "Kuromupcrka mosiTexHika",
M. JKutomup, Ykpaina;

KyxtoB Banepiii I'eopriiioBuy, na.T.H., mnpodecop, 3aBinyBau Kkadeapu
HAJIHHOCTI, MIITHOCTI Ta TEXHIYHOro cepBicy MamuH imeHi B.Sl. AHinoBuua,
XapKiBChKHUI HAI[IOHAJIbHUIA TEXHIYHUN YHIBEPCUTET CLIBCHKOIO FOCMOIaPCTBA IMEHI
[Terpa Bacunenka, m. XapkiB, YkpaiHa;

Haropauit €preniii BacuiboBuu, a.T.H., mnpodecop, 3aBigyBady Kadeapu
TPAHCHOPTHUX TEXHOJOriM, XapKIBChbKUI HAllOHAIBHUI aBTOMOOUIBHO-IOPOKHIN
YVHIBEPCUTET, M. XapKiB, YKpaiHa;

Q@opHanbunk €pren HOmianoBuu, A.T.H., mOpodecop, 3aBiAyBau Kadeapu
TPAaHCTIOPTHUX TexHoJori, Haronanpanii yHiBepcuTeT "JIbBIBChbKa MOMiTEXHIKA",
M. JIpBiB, YKpaiHa;

Kingparcekuit  borman Dmmiu, na.1.H.,, mnpodecop, 3aBigyBad Kadeapu
eKCIUTyarTarii Ta PEMOHTY aBTOMOOUIbHOI TeXHiKM, HallloHanbHUI YHIBEpCHUTET
"JIpBiBChKa momiTexHika", M. JIbBiB, YKpaiHa;

Ky3bpmincokuit Poman JlanunoBuu, O.T.H., mpodecop, 3aBiayBayd Kadenpu
eKCIUTyaTalli Ta TEXHIYHOro cepBicy mamuH iMeHl npodecopa Cemxouya O.J1.,
JIbBIBCHKHMIA HalllOHAJIBHUI arpapHuil yHiBepcUTeET, M. [yOnsHu, Ykpaina;

BonkoB Bomogumup IlerpoBuu, n.1.H., mpodecop, 3aBimyBad kadeapu
TEXHIYHOI €eKCIUlyaTalii Ta cepBiCy aBTOMOOUIIB, XapKIBCbKUI HalllOHAJIbHUMA
aBTOMOOITLHO-IOPOXKHIN YHIBEPCUTET, M. XapKiB, YKpaiHa;

Huxa Onekcannp Bonogumuposuy, 1.T.H., ipodecop, 3aBiayBay kadenpu
3HOCOCTIMKOCTI 1 HAAIMHOCT1 MalllMH, XMEIbHULBKUI HALIIOHAJIbHUNA YHIBEPCUTET, M.
XMeIbHUIIbKUN, Y KpaiHa.

Harmrox IBan CepriitoBuy, 1.T.H., mpodecop, 3aBiayBad kadeapu opraizaiii ta
0e3neKkn JOPOKHBOTO PyXy, XapKiBCHKUU HaIllOHAJIBHUN aBTOMOOUTHHO-TOPOKHIN
YHIBEpPCUTET, M. XapKiB, YKpaiHa;

Osuap Iletpo AwnpgpiiioBuu, 1.e.H., mnpodecop, 3aBigyBad Kadeapu
TpaHCHOPTHUX TexHoyoriii Tta 3aco0iB y AIIK, HamionanesHuii yHIBEpCUTET
OlopecypciB 1 MpUPOAOKOPUCTYBaHHS Y Kpainu, M. KuiB, Ykpaina,

[Monstachkmii  Onekcanap CepriioBud, A.T.H., mpodecop, XapKiBChKHIA
HaIllOHAJLHUM aBTOMOOUIBPHO-IOPOKHIN YHIBEpCUTET, M. XapKiB, YKpaiHa;

I'pinuenko Oumekcanap CepriiioBud, n.T.H., mpodecop, mpodecop kadbempu
HAJIAHOCTI, MIITHOCTI Ta TEXHIYHOro cepricy MamuH imeHl B.Sl. AHinoBuua,
XapKiBCbKHI HAI[IOHAJIbHUIA TEXHIYHUN YHIBEPCUTET CLIBCHKOI0 FOCMOIaPCTBA IMEHI
[Terpa Bacunenka, m. XapkiB, YKpaiHa;

JIyzan Omekciit  CeprivioBud, 1.T.H., Tipodecop, mpodecop Kadeapu
TEXHOJIOTTYHUX CHCTEM PEMOHTHOTO BHUPOOHMITBA, XapKIBCHKUN HalllOHAJIbHHIMA
TEXHIYHUM YHIBEPCHUTET CUIbChKOro TrocmoaapctBa imeHi Ilerpa Bacwienka, w.
XapkiB, YKpaiHa;

Cepena bopuc IlerpoBuy, a.1.H., podecop, 3aBinyBay kadeapu aBTOMOOUTIB Ta
aBTOMOOUTRHOTO  TocmojapcTBa,  HarioHanpbHUN ~ TeXHIYHUHW  YHIBEPCHUTET
"JlHinpoBcbKa nonitexHika", M. JIHinpo, Ykpaina;
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BoiiTiok Banepiit JlmutpoBuy, a.T.H, mpodecop, 3aBijiyBay Kadeapu TEXHIYHOTO
cepBicy Ta i1mxkeHepHoro MeHemkMeHty imeHi M.II. Momorenka, HarionansHuii
YHIBEpCUTET O10peCypcCiB 1 MPUPOJOKOpUCTYBaHHS Y KpaiHnu, M. KuiB, YkpaiHa.

HoBuupkuii Anzapiii BajleHTHHOBHMY, K.T.H., JOLEHT 3aBlayBau Kadeapu
HAIHOCTI TEXHIKH; Hamionansauit YHIBEPCUTET 6iopecypciB 1
IIPUPOJIOKOPUCTYBAaHHA Y Kpainu, M. KuiB, Ykpaina;;

JIsmmyk Omner JleontifioBud, H.T.H., JAOLICHT, 3aBilyBad Kadeapu aBTOMOOLTIB,
TepHONUIBCHKUI HAIlIOHAIBHUNM TEXHIYHUN yHIBepcuteT iMeHi IBana Ilymros, wm.
Tepuoninb, Ykpaina;

AndvopoB Omnekciii IropoBuy, K.T.H., JOIEHT, MPOPEKTOP 3 HABYAILHO-
METOAMYHOI po0O0TH, XapKIBCbKMU HAllIOHAIbHUN TEXHIYHUH  yHIBEPCUTET
cubChKOTO TOcToAapeTBa imeHi [lerpa Bacunenka, m. XapkiB, Ykpaina;

Kpucronuyk Muxaiino €BreHoBuy, K.T.H., JOLEHT, 3aBigyBau kadeapu
TPAHCHOPTHUX TEXHOJIOTIM 1 TEXHIYHOro cepsicy, HalloHanbHUN YyHIBEpPCHUTET
BOJIHOTO TOCTIOJJapCTBA Ta MPUPOJOKOPUCTYBaHHSA, M. PiBHe, YKpaiHa;

I'epyk CranicnaB MukonaiioBuy, K.T.H., [JIOLEHT, 3aBiayBau Kadeapu
arpoimxkeHepis, JKuToMUpChKuid arpoTeXHIYHHUNA KoJemK, M. JKuromup, Ykpaina;

bopak KocTsHTuH BikTOpOBHY K.T.H., 3aCTYIHUK IUpeKTopa KUTOMUPCHKOTO
arpoTEXHIYHOI 0 KolemxKy, M. JKutomup, YkpaiHa.

Mypoganuii Irop CepriiioBud, K.T.H., IOIICHT, 3aBiyBa4 Kadeapu aBTOMOOLIB i
TPAHCHOPTHUX TEXHOJIOTH, JIylbkuil HallOHAABHUN TEXHIYHUW YHIBEPCUTET, M.
Jlyupk, YkpaiHa;

Mapuyk Mukona MuxaiiioBud, K.T.H., npodecop, 3aBiayBad Kadeapu
aBTOMOOLIIB Ta aBTOMOOUIBHOIO TrocroaapcTBa, HalloHanbHUI  YHIBEPCUTET
BOJIHOT'O TOCIIOJJapCTBA Ta MPUPOJOKOPUCTYBaHHs, M. PiBHe, YkpaiHa;

KpaBuoB  Awngpiit  ['puropoBud, K.T.H., JOIEHT, JeKaH (aKylIbTeTy
TEXHOJIOTIYHUX CHCTEM 1 JIOTICTUKHM, XapKIBCbKHH HaIllOHAJbHUN TEXHIYHHI
YHIBEPCUTET CUIbCHKOro rocroaapctsa imeHi [lerpa Bacunenka, M. XapkiB, YkpaiHa;

I3topa Bomoaumup OnekciiioBud, K.T.H., JOLEHT, JOUEHT Kadeapu
TPAaHCHOPTHUX TexHoJyori, HadanbHUK HJ[Y, TepHOMIbCHKUN HAIlOHAIBHHIMA
TEXHIYHUM yHiBepcuTeT iMeHi [Bana Ilymtos, M. TepHoninb, YKpaiHa;

PoroBchkuii IBan JleoHimoBW4Y, K.T.H., CTapmidii HAyKOBUH CHIBPOOITHUK,
mupektop HJII texniku 1 TexHosnorii, HamioHanbHHMI yHIBEpCHTET O10pecypciB 1
MPUPOAOKOPUCTYBAHHS Y Kpainu, M. KuiB, Ykpaina;

Humban Cepriii BomogumupoBud, K.T.H., 3aCTYIIHUK 3aBimyBada Kadenpu
aBTOMOOUTI Ta TPAHCTIOPTHUN MEHEIKMEHT, BIHHUIIbKUI HaAllIOHAIbHUI TEXHIYHUM
yHIBEpCUTET, M. Binuuis, Ykpaina.

Hepkau Onekcit JIMuTpoBuY, K.T.H., JIOLEHT, 3aBiyBay Kadeapu eKcruryaTalii
MalIMHO-TPAKTOPHOIO  NapKy, JIHIOPOBCBKUN  JIepKaBHUK  arpOEKOHOMIYHHMA
yHIBepcUTET, M. J{Hirpo, YkpaiHa.

Jlucenko Cepriii BonogumupoBud, K.T.H. JOLEHT, JOLEHT Kadeapu
eKCIUTyaTamii Ta PEMOHTY MamuH, [leHTpadbHOYKpaiHChbKUN  HAIIOHATBLHUN
TEXHIYHUH yHiIBepcuTeT, M.KponuBHuIbkuii, Ykpaina;
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lony6 Jmutpo BagumoBudY, K.T.H. JOLEHT, TOIEHT Kadeapu eKcIuryartailii ta
pemoHTy MamwuH, [[eHTpanbHOYKpaiHChKUN HAI[IOHATILHUNA TEXHIYHUA YHIBEPCHUTET,
M.KponuBHuubkuii, Ykpaina;

I'punbkiB  AHgpiii BikropoBuY, K.T.H., JOKTOPaHT, CTaplIMid HAyKOBHUI
ciBpOOITHUK Kadenpu eKcruryaTallii Ta peMOHTY MaiiuH, L{eHTpanbHOyKpaiHChKUi
HalllOHAJIbHUI TEXHIYHUHN yHIBepcUTET, M. KponuBHUIIbKUH, Y KpaiHa;

Maronens Cepriit OnexcanapoBUY, K.T.H., JOIEHT, 3acCTyNHHUK 3aBiayBada
kadenpu  ekcrulyaramii  Ta  pEeMOHTY  MaiuH, LleHTpambHOYKpaiHCHKOIO
HaI[lOHAJIBHOT'O TEXHIYHOIO YHIBEPCHUTETY;

Benukoguuit Jlennc OnexcanapoBud K.T.H., 3100yBau kadeapu eKcIuryaraiii Ta
peMOHTy  MammH, lleHTpalbHOYKpaiHCBKOTO0  HAIIOHAJIBHOTO  TEXHIYHOTO
YHIBEPCUTETY;

Uepnait Anapiii €BreHiioBud acmipaHT kKadeapu ekcIuryartarii Ta peMOHTY
MaluH, LleHTpaabHOYKpaiHCHhKOTIO HAlllOHAIBHOIO TEXHIYHOIO YHIBEPCHUTETY;

XKunosa Inna BomoammupiBHa acmipadT kKadeapu eKCIUIyaTaiii Ta peMOHTY

MaiivH, [{eHTpanbHOYKpaiHChKOr0 HAIllOHAJIBLHOTI'O TEXHIYHOT'O YHIBEPCUTETY.
lonoBaruit  Aprem OneroBuu acmipaHT Kadeapu eKCIDIyaTalii Ta pPEMOHTY  MallldH,
LeHTpalbHOYKPATHCHKOTO HAITIOHAEHOTO TEXHIYHOTO YHIBEPCHUTETY.

Penaxiiis Moxke He MOAUIATH AYMKY aBTOPIB, MOJAHUX HAYKOBUX MaTepiais,
BIJIMOBITATBHICTh 32 X BHCBITJICHUI 3MICT 1 JOCTOBIPHICTh HECYTh aBTOPH.
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3MICT
CTATTI
v ICTOPUYHUM HAPUC KA®DEJIPU EKCHJIYATAHIT |
PEMOHTY MAUINH HEHTPAJIBHOYKPAIHCBKOI'O
HAIIOHAJIBHOI'O TEXHIYHOI'O YHIBEPCUTETY
[ligrorysas a.1.H., mpod., npod. kadh. EPM Aynin B.B. 9
v HATIPSIMKHA CTBOPEHHA KOHKYPEHTO-

CIHHPOMOXHUX MICBKHUX EJEKTPOBYCIB BEJIUKOI'O KJIACY

BoiitkiB C. B., K.T.H., TeHepaJIbHHI KOHCTPYKTOp., 3aCIy’)KCHHH MamnHOOYTiIBHHK

Ykpainu. 13

v  BITHOBJIEHHSI PO3MIPHUX IMMAPAMETPIB 3HOIIIEHUX
KOHIYHUX OTBOPIB ITIOBOPOTHOI'O KYJIAKA 3MJI-130

EJIEKTPOICKPOBUM HAPOIIIYBAHHSAM
boraruyk I. M., k.T.H., c.H.C.., [Ipynbko L. b., x.T.H., 7011., Kepusakesuu B. B. 25

v NIABUILIIEHHSI JOBI'OBIYHOCTI BIIHOBJIEHUX
JAETAJIEN MALIWH HA OCHOBI MOJIUPIKYBAHHA

KOMIO3UIIMTHUM MATEPIAJIOM HAIIJTIABJIEHHU X
INOKPUTTIB
Jlyzan C. O., n.1.H., npo¢., Cizamenko O.L. k.T.H., mpog., Jyzan A.C. acr. 30

v MOJAEJIOBAHHS BIVIUBY PI3HUX PAKTOPIB
ITAPAMETPIB TPAHCIHHOPTHOI'O ITPOLECY HA TPAHCIIOPTHE
OBCJIYT'OBYBAHHA MICT

Kytps O. B., bepexxna H.I'., k.1.1., nom., HacipoB Amin Ensman orum, ac. 36

v TOCJIIJKEHHS ITAPAMETPIB ITPOLECY 3MIIIIYBAHHS
Y ABUI'YHI RENAULT 2.5 DCI Y IIPOIECI BUKOPUCTAHHA

BIOAM3EJBHOI'O ITAJIMBA
Menbhuk B. M. k.T.H., nou., CuHoBepcekuii M. M. 43

v IHHKEHEPISA JIIOJJCBKOIrO YWMHHUKA B CYYACHIA

OCBITI
Murans I'. B., a.1.1H., 1o, IIpotacenko O.D. 49

v 3OOEKTUBHBIA METOJ M3IOTOBJIEHUSA JETAJIEN
ABTOKY30BOB

Tapanenko M. E., n.1.1., c.H.C. 54

v PO3POBKA EJEMEHTIB IHTEJIEKTYAJIbBHUX
TPAHCIHOPTHUX CHUCTEM UIsA PEI'YJIIOBAHHSA PYXY
ABTOMOBUJIA

Yymak M. O. acn. . 61

v' TEXHOJIOI'IL oUe®POBOI'O 3EMJIEPOBCTBA:
INPOBJIEMUA BITPOBA /IKEHHS TA HEPEBAI' Y
BUKOPUCTAHHI CIJIBCBKOT'OCITOAAPCBKOI |
TPAHCIIOPTHOI TEXHIKH

Hepkau O. /1., k.T.H., nou., @epenuyk P. A., Hepogniuuk O. L., Byitauupbkwuii 1. O. 69

v' METOJIUKA TA INPUHLUIIN JOCJIIKEHHSA
3ATAJIBHUX 3AKOHOMIPHOCTEHMU TETPA TA 3HOIIEHHA

I[ETAJIEﬁ ABTOMOBLJIA
Aynin B.B., a.1.1., mpod., JIsmyk O.JL., 1.1.H., npod., ['ynka A.b., k.T.H., 1011 75
v" FACTORS AFFECTING OF CHILD RESTRAINTS SEATS
USING
Ochepovska A. stud, Tkachenko I. PhD, assis. prof 81

3bipnuk HayKosux mamepiarie MiKHAPOOHOT HAYKOBO-NPaKINUUHOT THMepHem-KOHPe el Cr.7



Tnnoeautiini mexHoA02ii po3sumxy ma egeKmueHocmi yHKUionyeanus asmomobirvnozo mpancnopmy

v. PECYPCHI BHUIIPOBYBAHHSA JETAJIEM PYXOMHX
3€IHAHDb, BUT'OTOBJIEHUX 3 ITOJIMEPHO-KOMIIO3UTHOI' O
MATEPIAJY

Maxkapenxo /I. O., x.1.H., loerononuii B. B., Umensos O. B. 90

v' BACTOCYBAHHS 3BYKOBOI'O CUT'HAJTY  JIA
BUABJIIEHHA CTAHY MEXAHIYHOI CUCTEMHM MOPIIHEBOI'O

JABUI'YHA
Cinernu B.1O., x.T.H. 94

v NIABUIIEHHSI JOBIOBIYHOCTI TA HAIIMHOCTI
CIIOIYYEHHUX  IIOBEPXOHb BAJIIB ABTOMOBLIbHHUX
ATI'PET'ATIB KOMBIHOBAHUM METOAOM IHPU IX
BIJHOBJIEHHI

CwmipuoBa T.B. k.1.H., ComoBux €.K. n.T.H., mpod., Karepunnua C.€. k.T.H., H0I.,
Cepriituyk A.A. 98
v

TE3U
v' BAOCKOHAJIEHHSI KEPOBAHOCTI ABTOMOBLJIB IIIJ]

YAC EKCIIJTYATALII
Jlucenxo C.B., k.T.H., go1., [Bamko B.C., 1.1.1., mpod., Kamycrenko P.B. 104

v' BIOCKOHAJIEHHS TEXHOJIOI'TYHOI'O IIPOIIECY
IHMOJEHHOI'O OBCJIYI'OBYBAHHSA PYXOMOI'O CKIIALY

Aynin B.B., a.1.1., mpo¢., Kabamkin 1., Aranmonernko M.O. 109

v BAOCKOHAJIEHHA TEXHOJIOT'TYHOI' O HPOHECY.
BIJIHOBJIEHHSA INEPBUHHOI'O BAJIY PO3IMOAIJIBHOI
KOPOBKHMN BAHTAKHUX ABTOMOBUIIB EJIEKTPOXIMIYHUMUM

METOJA0OM
JIucenko C.B., k.1.H., go11., Hepuak A., PhD, npod., Jlumapuyk M.B. 121
v BAOCKOHAJIEHHA OPI'AHI3AIILII TO TA

E@PEKTUBHOCTI ®YHKHIOHYBAHHSI MNAJIMBHOI ATIAPATYPU

MIJT YAC EKCILTYATALIT
T'ony6 1.B., k.1.H., go11., [Tansmarik P., PhD, npod., ITomoxosuy B.M. 133

v BAOCKOHAJIEHHA TEXHIYHOI'O OBCJIYT'OBYBAHHS

I TIOTOYHOI'O PEMOHTY ABTOMOBIJIIB
lony6 J.B., x.1.H., no1. 3ayHsk A., 1.e.H., mpod., Pabokyuma €.0., [Banos M.O. 141
v BJOCKOHAJIEHHSI OPrAHIBALII TO XOJOBOi

YACTHUHU ABTOBYCIB
Aynin B.B., a.1.H., npog., 3nyssk A., 1.e.H., mpod., [TapxoTtrok M.O. 145

v BIOCKOHAJIEHHSI OPIrAHIBAIII TO MEXAHI3MY
KEPYBAHHSI ABTOMOBLJIIB

JIncenxo C.B., k.1.H., goir., Oriesna M.B. 150

v NIABUIIEHHS EKCIIYATAUIAHOI HAJIMHOCTI
EJEMEHTIB TPAHCMICII

Aynin B.B., 1.1.1., mpod., Korgparees C.C. 155

v, KPUTEPII BHUBOPY TEXHOJIOI'MTYHUX METO/IB

MIJIBUIEHHS 3HOCOCTIMKOCTI AETAJEN ABTOMOEBLIIB
Tosnura C. B., Kymmnipuyk O.1., [Iponuk B.B., Pyxsax B.M. 161
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ICTOPUYHUIN HAPUC KA®EJIPU EKCILTYATAIIL TA PEMOHTY
MAIIMWH HEHTPAJIBHOYKPAIHCHKOI'O HAIIIOHAJILHOT'O
TEXHIYHOI'O YHIBEPCUTETY

Kadenpa «Excmmyararisi Ta peMOHT MalllMH» Ha CHOTOJHI € OJHIED 3
HaWOLIBII TMOTYXXHUX CEpell TEeXHIYHUX BUITYCKAlOuuWX Kadeap YHIBEPCUTETY.
HaykoBo-nienaroriuni npariBHUKA Kadeapu TPOBOASTH MIATOTOBKY CTYACHTIB 3a
OCBITHBO-KBaJi(PiKAIIHHUMKU PIBHAMH «0OaKajgaBp» - «MaricTp» TaKHX OCBITHIX
nporpaMm Sk «ABTOMOOUIBHMIM  TpaHCHoOpT», «TpaHCHOPTHI ~ TEXHOJIOTiI»,
«MartepiaJIo3HaBCTBO», «ATpoiHKeHepis», (cmemiamizamis «TexHIiYHUN cepBic
CUIbCHKOTOCIIOAAPCHKOT TEXHIKI).

Ha crhoromHimHiii 1neHh mOpodecopCchbKO-BUKIAMANBKUN CKIa] Kadeapu
Hajiyye 24 mMTaTHUX MPAIliBHUKHU, CEPell AKUX 5 TOKTOPIB HayK, nmpodecopiB Ta 15
K.T.H., AoueHTiB. Cepes HayKOBO-TIEJArOTUHUX MPAIiBHUKIB Kaeapu sKi MaroTh
BHUKJIaAaIbKUi cTax Oinbire 20 pokiB — 7 oci6 (34%), Bix 10 mo 20 pokiB — 14 ocib
(66%). Cepenniit Bik MITATHAX BUKJIAJA4iB 3 HAYKOBHMHU CTYICHSMHU Ta BUYCHUMHU
3BaHHSAMHU CKiagae — 47 pokiB, B TOMY YHCH TTpodecopiB — 63 poku, TO1EHTIB — 44
POKH, BUKJIAJa4iB Ta ACUCTEHTIB — 42 POKH.

3acHoBaHo Kadenpy «PemMoHT MamuHy» (came Taky Ha3By Maia Kadenpa Ha
MOMEHT CBOT'O 3aCHYBAaHHS Ta IIOYaTKOBOMY Iepioil (PyHKIIIOHYBaHHS) SIK OKpEMHI
CTPYKTYpHHUI migpo3ain me y 1968 poii. 3a Bech nepioJ; po3BUTKY Kadeapu ii
OYOJIIOBAJIM 5 BUJATHUX HAYKOBIIIB, SIKI BHECIHM BaroMuid BKJIaJl Y po30yIIOBY SK
MaTepiaNbHOi, TaK 1 HAyKOBO1 0a3u Kadeapu, CTAHOBJIEHHS Ta BU3HAHHS HAYKOBOL
IIKOJIU, HE TUIbKM cepen (axiBIliB Hamioi KpaiHu, ane ¥ Janeko 3a ii Mexamu.
[lepmum 3aBigyBadeM Kadenpu OyB KaHAUAAT TEXHIYHUX HAYK, IOUEHT bopuc
SkoBuy JloryHos.

B niepion 3 1968 p. mo 1974 pik ta y 1976-1982 poxkax, kadenpy o4oiaoBaB
JIOIIEHT, a moTiM npodecop, a.T.H. Onexcanap ['puropoBuu TepxyHoB. TepxyHOB
O.I. y 1961 p. 3akinuuB KyiiOuieBchbKui CUTHCHKOTOCIIONAPCHKUIM THCTUTYT M
BCTYNIUB JI0 aclipaHTypu kKadeapu pemMoHTy MamuH CapaToBCHKOTO IHCTUTYTY
MeXaHi3allii CUIbCHKOro rocmojapcta. KaHAMAaTchKy IUCEpTalil0 3aXUCTUB Y
1967 poui, nokropcbky — y 1992 poui. ¥ KATY (KICM) mpairoBas 3 1968 p. no
1999 pik Ha mocagax 3aBigyBaua Kadeap pEMOHTY MalIMH 1 TEXHOIOrI]
KOHCTPYKIIIHHUX MaTepiaiiB Ta Merano3HaBcTBa (1997-1999 pp.). Came npoBeneHi
HUM JIOCJIIPKEHHS Yy Taly3l HaJAlHOCTI MaliuH, TPUOOTEXHIKU, TEPTS Ta 3HOCY,
MATMBHO-MACTWJILHUX MAaTepiajiB BU3HAYMIM HAYKOBE CIPSIMYBaHHS Ta CTalu
0a3010 JUIsl CTBOPEHHS M PO3BUTKY HAayKOBOI IIKOJM Ta OUIBIIOCTI HHWHI YCITIIITHO
JI0YMX 11 HAYKOBUX HAIPSMKIB.
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JBa poku — 3 1974 p. no 1976 p., kadenpy o4oNOBaB KaHAMAAT TEXHIYHUX
HayK, noneHT Biktop ['puropoBuu Jlsdyenko, sxuit y 1962 pomi 3akiHUYUB
JIHIIpONETPOBCHKUM CUIbCHKOTOCMOAAPChKUN THCTUTYT. 3 1962 p. mo 1964 pik
Jsuenko B.I'. mnpauroBaB 3aBimyBaueM MaicTepHi paarocny "lHrynbckuii"
JuinponerpoBckkoi obnacti, a 3 1964 p. ngo 1968 p. — BukiIagaueM Yy
[Hinmunorpaacskomy OynaiBenbHOoMY TexHikyMi Kazaxcekoi PCP. 3 1971 p. no 2000
p. mpamoBaB 'y KJTY (KICM) na mocagax momeHta kadeapu eKcIulyaTaili Ta
PEMOHTY MallliH, 3aBiyBaueM Ii€il Kadeapu, 1ekaHoM (HaKyiIbTeTy MiATOTOBKHU Ta
nepemniaroroBku cnemiamictiB. Cdeporo HOro HayKOBHX I1HTEPECIB BHUCTYIaia
po3poOKa 3ax0AiB IO MiJBUICHHIO HAIIMHOCTI Ta €KOHOMIYHOCTI aBTOTPAKTOPHUX
JIBUT'YHIB BHYTPILIHBOIO 3TOPAHHS.

[T'ate pokiB (1982-1987 pp.) xadenpy odosiatoBaB TOAI 1€ AOLEHT, K.T.H.
Muxanno IBanoBuy YUepHOBOII.

Cim pokiB (1987-1993 pp.) 3aBimyBauem kadeapu OyB K.T.H., TOIeHT Bitamii
CemenoBuu CanoBchkuil. Y 1963 pori BiH 3akiHUMB XapKiBCbKUW 1HCTUTYT
MexaHi3alli Ta eaeKkTpudikalli clIbCbKOro rocno1apcTna, a 3 1973 poky npartoBas
y KICMi Ha mocajax 3acTylmHHKa JIeKaHa PEMOHTHO-TEXHOJOTIYHOTO (PaKyJIbTeTy
(1974-1976 pp.), noueHToM kKadeapu PEeMOHTY MaIlHMH, a MOTIM 3aBigyBadeM IIi€i
kadenpu. CamoBcbkuii B.C. BHIC BaromMwii BHECOK Yy CTBOPEHHS Ta PO30YyI0BY
MarepianbHoi 0asu kadenpu EPM. Ilig ioro KepiBHMITBOM HEINPUCTOCOBAHI
NPUMIIIEHHS 1HCTUTYTY OyJi0 mepeoOsaJHaHO TiJ HaBYalbHI KOPIYCH Ta
naboparopii kadpeapu. Chepa HaykoBux iHTepeciB B.C. CanoBchkoro mnojsraia y
po3po0I1li Ta BIPOBAKEHHI HOBITHIX 3aXOiB 3 MOKpAIIEHHS EKCIUTyaTalliiiHuX
MOKA3HUKIB CUIBCHKOTOCTIOIAPCHKOI TEXHIKM Ta IIJIBHUINCHHS ITOKAa3HUKIB il
HAWHOCTI.

3 1993 p. 1 mo TenepimHii yac Kadeapy OYONIOE JOKTOP TEXHIYHHX HaYK,
npodecop, uineH-kopecnonaeHT HarioHansHOT akajgemii arpapHuX Hayk YKpaiHu,
3aciyKeHH# 11514 HayKy 1 TeXHIKH YKpainu - Muxaino [BanoBuy YepHoBo.

YepuoBon M.I. - Bumycknuk kadenpu «Pemontr mammu» KICM (auHi
[leHTpaJIbHOYKpAiHCbKUIT ~ HAIlOHAJIBHUM  TexHIYHIA  yHiBepcurer).  Ilicas
3akiHueHHss KICMy y 1972 poui 3a cnemianpHicTiO «Ekcrutyartamisi Ta peMOHT
MallliH» Ta OTPUMaHHSA KBamidikamii «IHXEHEp-MeXaHiK» BIH 3aJUIIABCS
MpaIoBaTH aCUCTEHTOM Ha il ke kadenpi. Y 1977 poili 3aXuUCTUB KaHIUJIATChKY
nuceprairiro y CapaTtoBChbKOMY 1HCTUTYTI MeXaHi3allii CLIbChKOT0 TOCIIOIapCTBA 1M.
M.I. Kaninina. ¥V 1980 poui oMy npHCBOEHO BUeHE 3BaHHs joueHTa. B 1992 p.
Yepuorom M.I. 3axucTuUB HOKTOPCHKY aucepTariito 3a cnerianpHicTio 05.20.03 Ha
TeMy «TexXHONOriYHi OCHOBU BIAHOBJICHHSA JeTalied CUIbCHKOTOCHOAapChKOl
TEXHIKA KOMIIO3ULIMHUMHU TOKPUTTIMH» Y MOCKOBCBKOMY IHCTUTYT1 1H)KEHEpIB
cuibchbKoTOCoaapcebkoro BupooHunrTea iM. B.I1. 'opstukuna (Pocis, M. Mocksa), a
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B 1994 pori orpumaB guriom npodecopa. [{poro x poky M.I. UepHnoBona o6paHo
YJIeH-KOpeCTIOHIeHTOM [mkeHepHoi akagemii Ykpaiau. 3 1995 poxy M.I. UepHoBon
NpaIoBaB MPOPEKTOPOM 3 HAYKOBOI pOOOTH Ta KEPIBHUKOM JemapTaMeHTy
eKCIUTyaTallll MallluH Ta TEXHIYHOTO CEPBICY.

3 1996 poky 1 mo uei yac n.T.H., npod. YepnoBon M.l obiitmae mocanmy
pektopa yHiBepcutety. ¥ 1999 poui M.I. UepHOBOJIY NMPUCBOEHO MOYECHE 3BAHHS
«3acimyXKeHuM JisT9 HAYKH 1 TEXHIKN Y KpaTtHW.

M.I.UepHoBON — TOJIOBa CIEMIAII30BaHOI paju 13 3aXHCTy JOKTOPCHKHX 1
KaHJIMJATChKUX JIUCEpPTalid; TrojioBa pagyd PEKTOPIB BHILMX 3aKIadlB OCBITH
KipoBorpaacekoi obmacti. B 2003 — 2004 pp. BiH ouomoBaB KipoBorpajachbky
oOJacHy Jep:KaBHY aaMiHicTpalito, [epxaBuuii cinyx0oBenp 1-ro panry. Y 2007
pori M.I. UepnoBoma oOpaHo uieH-KopecnoHaeHToM HarionansHO1 akaaemii
arpapHMX HayK YKpaiHu.

[Tpod. Yeproon M.I. € aBropom monan 360 HaykOBHX Mpalb y Taiysi
HAJIHHOCTI MAIllMH, BIAHOBJIEHHS JeTajeld, B TOMYy 4yucii — 19 mapydHukiB Ta
HaBYaJIbHUX MOCIOHUKIB, 6 MoHorpadii, aBrop 56 BuHaxomiB. Ilix ¥Horo
KEpIBHUIITBOM IMIJITOTOBJIEHO 7 KaHAWAATIB HAayk Ta 2 JOKTOPHM HayK.
Haropomxenuii opaenom “3a 3acimyru” 2-ro ta 3-ro crymneHiB, IloyecHoro
rpamotoro KabGinery MinictpiB Yikpainum (2000 p.), IlodecHoro rpamoToro
Bepxonoi pagu Ykpainu (2009 p.).

Ha cpboronni mjis miaroToBku (axiBIiB BCIX OCBITHIX Hporpam, BUITYCKOBa
kadenpa “Excruryartarliiss Ta peMOHT MallliH’ Ma€ Cy4acHI HaBUaJbHO-Ia00paToOpHi
KOPIYCH, ayAUTOpli B HABYAIBHOMY KOPITYCl YHIBEPCUTETY Ta OKpPEMI CTPYKTYpHI
MIAPO3AUTH. 3aKIHUYEThCS OYIIBHUIITBO HOBOTO JIBOIIOBEPXOBOI'O HABYaIbHO-
7a00paTopHOrO Kopiycy Kadeapu, B SKOMY PO3MICTIATBCA CydacHi JICKIIMHI
ayauTopii, KJacu Ta JlabopaTopii OCHAIIEHI CyJaCHUM HaBYAJLHUM Ta HAYyKOBO-
JIOCJTITHUM 00JIaIHAHHSAM, MaKeTaMH Ta IJIaHIIIeTaMH, KOMIT IOTEPHOIO TEXHIKOIO Ta
IHTEpaKTUBHUMHU 3aco0aMu 1HHOPMYBaHHS.

[linBuieHHss piBHSA MIATOTOBKM (haxiBIiB Ha Kadeapi AOCATAEThCA 3a
pPaxyHOK 3aJIy4eHHs 10 HaBYaJIbHO-BUXOBHOI'O Mpoliecy (haxiBIiB Ta MaTepiaibHO-
TeXHIYHOI 0a3W TOTY)XKHUX TPOMHCIOBUX MiANPUEMCTB perioHy. Jlis 1soro
KaQeaporo yKIaJeHl yroAau Ha MPOBEICHHS CEMIHAPCHKUX M103aayUTOPHUX 3aHSITh,
MIPOXO/KEHHSI BCIX BUAIB BUPOOHMYMX Ta HAYKOBHX MPAKTUK 13 MPOBIIHUMHU
nignpuemctBamMu M. KipoBorpana i3 BpaxXyBaHHSAM iX BUPOOHUYOTO CIPSIMYBaHHS
Ta JII0YUX HamnpsMiB MiAroToBku (axiBuiB kadenpu, cepen sikux — I[IAT
«EmpBopTi-rpymy», [IAT «'iapocuna-rpyn», 3AT «Paxiii», TOB «KipoBorpaacekuit
OoyniBenpbHUM anmbsaHcy, I[III  «Actapta-I'pyn», IIIT «Arporexuentp», TOB
«ABtocepic-Tepmakcy, [IpAT KATII «Arpo0ynaBTOCEPBICY, I[TAT
«KipoBorpanrpanity, TOB «EnucaBerrpajcbka TpaHCHOpTHA KammaHis», JI1
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«Kipoorpanceka EI» Tta «JlemekiBebka [AE/» BAT JJAK «ABTOMOOLIBHI
noporu Ykpaian», 3AT «TakcomoTropHuUit mapk» Ta iHIII.

3a 50 pokiB pob6otu kadenporo EPM niarorosieHo noHaa 6 Tuc. iHXeHEPiB-
MeXxaHIKIB Ta 6Ju3bko 350 MaricTpis.

Cepen BUIYCKHUKIB 06arato KepiBHUKIB MiAMPHEMCTB, TOKTOPH 1 KaHIUIATH
HayK. BoHU mpaiffoBaiiv ¥ OpaifioTh y pi3HUX cdepax HAPOJHOr0 rocroaapcTBa
VYkpainu, ganpHROr0 Ta OMMKHBOTO 3apyOnkxks. Hampuknan, Momuuit B.K. -
rojioBa KipoBorpaacekoi o0acHO1 Jep)kaBHOI aaMIHICTpaIlii, 3acTyIHUK MiHicTpa
Kabinery MinicTpiB Ykpainu); MipomHiuyenko B.1. - qupekTop arponpoMucioBUx
KoMMaHii «Arpoaap», ronoBa HoBropoakiBcekoi paitaepxkanminicrparii (1996-
2005  pp.); TapacoB C.JI. - reHepanbHM  AUPEKTOp  00'€THAHHS
«Arponadrocepsicy; Camiit C.I'. — ronoauii imxenep AT «Ykptpancraz» BPTII
«YxkprazeneprocepBicy; I[lImaeBuu JI.I. - reHepadbHUM AUPEKTOp aBiaKOMIIAHI1
«Ypray; Bononumupcekuit M. /1. - nupextop MII «Actopis»; baxmag €.C. - ronosa
npaBiiHHs [IAT «KipoBorpanrpanity, rojoBa HarjisiIOBOi  pajd  HAYKOBO-
BUpOOHHYOro mianpuemMcTBa «Paniii» niiicHuil uimeH Axajemii  OyaiBHHIITBA
VYkpainu; 3acimyKeHHil TpamiBHUK MPOMUCIOBOCTI YKpainu - JI3anyx Bacuib
OnucumoBuY - ronosa mnpaBiiHHsA 3AT «ABToOycHuit mapk» 13527, 3acmyxkeHuid
MpaIiBHUK aBTOTpaHCHOpTy Ykpainw; Hikomaenko B.I'. - 3acTynmHHMK HadaahbHUKA
00JIaCHOT'O YMPABIIHHSA arpolpoMHUC-TOBOTO po3BUTKY KipoBorpaacekoi obmacri;
['epuvan .M. - renepanbuunii nupexrop KII «Arporoprosuii nim»; Korikos J1.C. -
nupektop 3aBony «llykoprimpomammy; Tkauyk A.l. - romoBa ['omoBaHIBCHKOT
paitonHoi pagu; Ocaynenko B.M. - ronoBa npasninnsa [IAT «Arporexcepsicy (M.
KponuBHuiibkuit) Ta iHiii.

igroryBaB a.T.H., npogecop, npodecop kadeapu exkcmiayaramii Ta
peMoHTy MamuuH AyJin B.B.
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YK 629.02, 629.341
HAITPAMKHN CTBOPEHHA KOHKYPEHTOCITPOMOXHUX
MICBKHUX EJIEKTPOBYCIB BEJIUKOI'O KJIACY

BoiiTkiB C.B., K.T.H., reHepaJbHUl KOHCTPYKTOP
HaykoBo-TexHiynuii 1ieHTp "ABTonoiinpom”

Abstract

Over the past few years of the active development of electric buses, leading
companies from different countries have developed several types of promising large-
class city electric buses. They differ in the type of autonomous sources of electrical
energy and systems for their recharging and / or recharging. Currently, urban electric
buses with an overall length of 12.0 m of types ONC (systems for slow charging of
traction batteries at night) and OS (systems for fast and ultra-fast recharging of
traction batteries or supercapacitors) have received the greatest application. Each of
these systems has both advantages and disadvantages. For the development of
domestic electric buses, it is very important to choose the optimal directions for
creating promising competitive large-class city electric buses. Recommendations on
the selection of such areas are developed based on the consideration and analysis of
the technical parameters and performance indicators of the existing types of electric
buses and the two proposed types.

Keywords: electric bus, charging system, energy consumption, traction batteries,
competitiveness, technical level
Beryn

Hwusbkomiamorosi enekTpoOycH BEJIHMKOro Kiacy, rabapuTHa JOBXXKHHA SKUX
CTAHOBUTH, 3ae0uIbIIOro, 12,0+0,2 M, HaOyBarOTh BCe OUIBIIOrO 3aCTOCYBaHHS JIS
MICBKHUX TE€pPEBE3EHb MacaXHpiB y 0ararbox €BpONEHCHKUX KpaiHax. 3a mMporHo3aMu
MibKHapoaHoi aHamiTuyHOi areHiii "Interact Analysis" oOcsiru CBITOBOrO PHHKY
enekTpoOyciB y 2025 porti CATHYTH MO3HAYKH 165 THC./piK.

Ha HunimHii 4yac OaraTbMa MPOBIIHUMH €BPONEUCHKUMH, KUTAUCHKUMH,
aMEpPUKAaHCbKMMHU Ta I1HIIMMU aBTOOYCOBHUPOOHMKAMU pO3pO0JIEHI KOHCTPYKIIi
MICBKHX HHU3BKOMIJJIOTOBUX EIEKTPOOYCIB pI3HUX THUMIB. bBUIbIIICTh 3 HHUX
BUTOTOBJISIIOTHCS CEPIMHO 1 YCHIIIHO EKCIUTyaTYIOThCsl Yy 0araTboX KpaiHax CBITY.
[ammi, Hapasi, iCHYIOTh y BHIJISAI JOCTHIAHUX ab0 EKCIEepUMEHTAIBHHUX 3pa3KiB 1
IMPpOXOIiATh TECTOBI BI/IHpO6YBaHHSI. Bonu BlI[plBH}I}OTBCH KOMIIOHYBAJIbHUMUA
CXEMaMH, KOJTICHUMHU (pOPMYyJIaMH, TUIIAM aBTOHOMHHMX JIPKEPEI €IeKTPUYHOI eHeprii
(IEE) oxuBnennss ix enektpuunux Tsaroux npuBoaiB (ETIIp), cucremamu
3apsipkaHHs 1/a00 mig3apspkands aBToHomMHux JIEE Toro.

VYkpainceki mianpuemcta — CIT "Enextpontpanc" ta kopmopartis "borman" —
TeX 3poOwim Tepii Kpoku y cdepi enekrpodycoOyayBanHs. Po3poOieHl HUMU 1
BUTOTOBJICHI JIMIIE JiBa JOCIHIJHI 3pa3kKh €JIeKTPOOYCIB MPOXOJATh TECTOBY
eKCIUTyaTallio. 3po3yMiIo, 0 OAHUM 13 HaWaKTyalbHIIIUX 3aBJaHb BITUU3HSHOIO
aBTOOycOOyZyBaHHS Ha HAMOMMXK4Yl TPU-TIATh POKIB SIBISETHCS PO3POOJICHHS
KOHCTPYKIIiH 1 opranizaiis ApiOHOCEPIHOrO BUPOOHUIITBA TIEPCIIEKTUBHUX MICHKHX
HU3BKOITIJIJIOTOBUX ~ €JIEKTPOOYCIB, KOHKYPEHTOCIIPOMOXKHMX HE TUIBKM Ha
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BHYTPIIIHEOMY PHHKY, @ ¥ Ha pHUHKaX €BPOICHCHKUX Ta IHIMMX KpaiH. OmHi€eo 3
MepeayMOB WOTO YCIIITHOTO PIMICHHS SBISETHCA HASBHICT y CTBOPIOBAHUX
eNeKTpoOyciB 0omail ofHI€eT, a TO W JABOX, KOHKYPEHTHHUX TepeBar Irnepes MiCbKUMU
enekTpodycamu-anaioramu Benukoro kiacy (BKn) anmexBatHoi rabGapuTHOi
JTOBKUHH.

AHaJi3 nonepeaHix 10C/iIKeHb

Jlo BEIMKOro Kjiacy HajlexaTb eJIeKTpoOycH 3 rabapuTHOIO TOBXXMHOIO MOHAT
10,0 m mo 12,0 m BximouHo [1]. IlepeBakHa OIIBIIICTh CYYaCHUX MICBKHUX
HU3BKOMJIOroBUX enekTpodycu BKi crnpoekToBaHa 3a KIACHUYHOIO KOJICHORO
dbopmyrnoo 4x2.2 Ha OCHOBI 3aCTOCYBaHHS TPHUBIJHUX MOCTIB TPhOX OCHOBHHX
THUITIB:

- TMOPTaJbHUX MEXAHIYHMX 3 MOJBIHHOI PO3HECEHOIO T'OJIOBHOIO TEpeaadcto,
Hanpukiaaa, moxeni ZF AV 133 [2];

- IHTErpAJIbHO-NIOPTANIbHUX  €JIEKTPOMEXAHIYHHUX,  OOJIAJHAHUX  JIBOMA
TATOBUMHU €ICKTPUYHMMH JIBUTYHAMHU 1 JIBOMa MPOMDKHUMH PEIYyKTOpaMH,
Hanpukian, moxeni ZF AVE 130 [2];

- IHTETPATLHO-TIOPTATHHUX EINCKTPUYHHUX, OOJIAHAHUX JBOMA TSITOBHUMH
CIICKTPUYHUMHU JABUTYHAMHU (0€3 JT0JaTKOBUX MEXaHIYHUX PEAYKTOPIB), HANPUKIAJ,
mogem 'ZAwheel v1.0' [3].

Bonu xapakTepu3yloTbcs 30UIBIIEHOI0, PErjIaMeHTOBAHOIO BIAMOBIIHUMHU
HOPMAaTUBHUMHU AaKTaMH, JOIYCTHMOK HaBaHTarow, ska craHoBuTh 13000 kl'c.
Binrak, i permameHTOBaHa JOMyCTUMa TIOBHAa Maca €IEKTPOOYCIB 3 KOIICHOIO
dbopmynoro 4x2.2 36umemieHa a0 19500 kr, to6to Ha 1500 Kr y mMOpIBHSHHI 3
nonyctumoro Macoro apro0yciB (18000 kr), obnagHaHuX AU3ETLHUMHU a00 Ta30BUMHU
JIBUTYHAMHU 1 TIPUBITHUMH MOCTaMH 3 jomycTuMmoro HaBaHtaror 11500 kI'c. Taki
BEJTMYMHM JOIYCTUMOI HaBaHTaru Ha MPHBITHI MOCTH Ta JOMYCTHUMOi TTOBHOI Macu
SIIEKTPOOYCIB MPUHHATI AJIA 3a0e3MeueHHs 30UIbIICHHS X MacakKMpPOBMICTUMOCTI.
AJKe, MacaKupoBMICTUMICTh enekTpoOyciB BKil 3 rabaputHoro JOBXKUHOIO O1is
12,0 M 1 moBHOO Macoro 18000 kr ctaHOBUTHL 69-85 4oI1., a A1t aBTOOYCIB BOHA piBHA
100-105 4oin. Ane 30iIbIIIEHHST TOMYCTUMOI MTOBHOT MacH enekTpoOyciB g0 19500 kr
Xoya W clpuse 3pOCTaHHIO iX MacaxkupoBmicTumocTi Ao Tux ke 100-105 yom.,
SBJISIETbCSI HE TPUUHATHUM IS YKPAiHCBKOrO eJIeKTpoOycoOymayBaHHs. binbina
JIOMYCTUMA HAaBaHTara Ha MPHUBIHI MOCTI MOPTAIBHOIO Ta IHTErPaIbHO-TIOPTATBLHOTO
tuniB Ha 1500 x['c 1 iX BenmWKki HemigpecopeHi Macu Habarato 1HTECHCHBHIIIE
PYWHYIOTh TOKPUTTS MICBKUX BYJHIlb, SIKI 1 Tak mepeOyBaloTh Yy JaJeKO HE
HaJIeKHOMY cTaHl. HaBiTh €Bpomnelcbki Ta KUTaWCbKi BUPOOHUKH MICBKHUX
EIIEKTPOOYCIB OOMEXWIINCh TPH IX MPOEKTYBAaHHI JOMYCTUMOIO TMMOBHOIO MAacCoOl0 Y
19000 xr.

JIst  KUBIIGHHS ~ €NMEKTPUYHUX TSITOBUX TIPHUBOJIB CYYaCHUX MICHKUX
enekTpodyciB BKi 3actocoByrothes pizHi Tunu aBToHOMHUX JIEE Ta pi3Hi cuctemu
ix 3apspkaHHs 1/a00 mig3aps/KaHHs. AJle HAaHOUIBIIOTO PO3MOBCIOKEHHSI HAOYIIH
TaroBi akymynaropHi 6arapei (AKB) ta cynepkonnencaropu (CK), siki MarTh 111e
OJIHY Ha3BY - 10HICTOPH.
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OCHOBHI THUIIH CYyYaCHUX MICBKUX €JIeKTpOOYyCiB 3a MMM Kiacu]ikaliiHUMHU
O3HaKaMH Ta iX MPOIOHOBAaHI IMO3HAYEHHS, PO3pO0JIeHI HA OCHOBI [4-5], HaBeneHI y
Tabu. 1.

Tadoauus 1 3arajbHa XapakTepUCTHKA eJIEKTPO0OYCiB OCHOBHUX THIIIB

Tom TI/II"I JEE ‘ Cucremu 3apsKaHHs 1/a00 Hi):[?apﬂjj([)K'aHHSI JEE :
TATOBI TATOBI CTaTH4YHA IUHAMiYHA (T 9ac pyxy
enexrpodyca AKbB CK y IapKy  Ha 3yNWHKax JpOTOBa  1HAYKIIHHA
ONC + - + - - -
OC-B + - - + - -
OC-S - + - + - -
IMC-B + - - - + -
IMC-S - + - - + -
[Tosnauenns: ONC (overnight charging) — cucrema 3apsimkanus Tsarosux AKB y
mivanii  yac, OC (Opportunity charging) — cucremMa yIbTpaIlBHIKOIO

nim3apsupkanas JIEE Ha 3ynuakax; B (battery) — TsaroBi AKbB; S (supercapacitor) —
tsaroBi CK; IMC ( In-Motion-Charging) — cucrema mimzapsmpkanns JIEE min gac

PyxXy

ITocTanoBka npoodJieMmu

Po3po6iieHHsT KOHCTPYKLIA HOBUX MICHKUX HHU3BKOMIIJIOTOBUX EIEKTPOOYCiB
BKn, ocob6auBo 3 rabaputHOoro AoBXHHOK Outs 12,0 M, [ BITUU3HSHOIO
eneKkTpoOycoOyIyBaHHsI, sIKE 3HaXOAUTHCS HA MOYATKOBOMY €Tami HOro pO3BUTKY,
SIBISIETHCS TY’KE CKJIAJIHUM 1 BIIMMOB1AAIBHUM 3aBJaHHIM. AJIKe HAa CBITOBOMY PHHKY
TPAHCIIOPTHUX 3aCO0IB 3arajdbHOrO KOPUCTYBAaHHSA, NPU3HAYEHUX IS MIiCBKUX
nepeBe3eHb nacaxkupiB 1 odmannanux ETIIp, koHKypeHIis camMe y IbOMY CETMEHTI
MICBKHUX €JeKTpOOyCiB HaJI3BHYAWHO BeIWKAa. TOMYy YCHilIHE pPIIIECHHS IO
3aBIaHHS HE MOXJIHMBE O€3 CTBOPEHHS BHUKIIOYHO KOHKYPEHTOCIPOMOXKHUX
KOHCTPYKIIIH MICHKHX HHU3BKOMIUIOTOBUX €IEKTPOOYCiB, MPUUOMY HE JUIIE Ha
BHYTPIIIHBOMY PUHKY.

Meta Ta 3aBJaHHSA

Mera pobotm — BUOIp HANPSIMKIB CTBOPEHHS IEPCIIEKTUBHUX MICBKUX
HU3bKOMJIOroBHUX enekTpoOyciB BKi1 3 ymMoB 3a0e3neueHHs yCIIIIHOrO 3aBePIICHHS
JOCTITHO-KOHCTPYKTOPCHKUX Ta JIOCIITHO-EKCIIEPUMEHTATBHUX POOIT 1 OCBOEHHS X
npiOHocepiitHoro BupoOHMITBA. (OCHOBHI 3aBIaHHA pPoOOOTH mependayaroTh
pPO3pOOJICHHSI, aHaji3 Ta OIIHKY NEPCIEKTUBHOCTI MPOMOHOBAHMX HAIPSMKIB 3a
KOHCTPYKIIIWHUMHU Ta EKCIUTyaTallliHUMHU TapaMeTpaMu eJeKTPOOYyCiB Ta CHCTEM
3a0€e3MeUeHHs eIEKTPUYHO0 eHepriero ix aBToHOMHUX J[EE.

Pe3yabTaTn BUpileHHsI OCHOBHMX 3aBJIaHb MPO0JieMu

JIOLUIbHICTh ~ CTBOPEHHSI, OCBOEHHS ~ BHUpPOOHMIITBA 1  €KCIUIyaTalii
NEPCIEeKTUBHUX  MICBKHX  enekTpodyciB BKa  Toro um  iHmoro  Tumy
XapaKTEePU3Y€EThCH, y MEPITy Yepry, HEOOX1THUMH oO0csaraMu (hiHaHCYBaHHS

ZC :CE +C'I'A+C(;N’ (1)

ne Cg - BUTpaTH Ha NPOEKTYBAHHS €IEKTPOOYCiB, BUIOTOBJEHHS IX JOCIIIHUX
3pa3KiB, IpuiiManbHi Ta cepTHdikauiiiHi BUNPOOYBaHHs TOIO, MIH. I'pH.; Cja -
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BUTPATH HA TCXHONIOTTYHY IATOTOBKY BUPOOHHIITBA CNEKTPOOYCIB, MIH. IPH.; Cuyy -

BUTpaTH Ha POPMYBaHHS MEPEXi Ta IHPPACTPYKTYPH 3apsIAHUX CTAHIINA, MJIH. TPH.
Haii0umpmmx  cymMapHUX  BUTpAaT MNOTpedye  BIPOBAIKEHHS  MICBKHX
enekTpoOyciB Tuny OC 3a paxyHOK y KUIbKa pa3iB OUIBIIUX OOCATIB (piHAHCYBaHHS
Ha (¢opMmyBaHHS 1HQPACTPYKTYpH 3apsAHUX CTaHLIA, OCOOJMBO 3a YMOBHU
3actocyBanHsi y sikocti aBToHOMHUX JIEE Tarosux CK. Bxkpaii HeoOXimHy Yy
HUHIIIHIX YKPaiHCBKUX COLIAJIbHO-€KOHOMIYHUX peaisax MiHIMI3allil oO0CsTiB
(diHaHCYBaHHS Ha MIMPOKE BIPOBAKEHHS 1 3aCTOCYBaHHS €JIEKTPOOYCIB Al MICBKUX
MepPEeBE3CHb MacaXxupiB 3abesneuytoTh juine enekTpooycu tunmy ONC, obnamnani
msirosumu AKDB, 3a paxyHok HaiiMeHmmx ob6csriB Cgy. Takux xe o0csrie  Ccy

noTpeOyroTh 1 enekTpoOycu Tumy IMC, ane BoHM MOXYTh €KCIUTyaTyBaTHUCS JIMIIIE Y
MICTaX 3 PO3BUHEHOIO MEPEKEI0 TPOICHOYCHUX MapIIPYTiB.

Otmxe, Ha HaWOMWMXKYI, IOHAWMEHINE, JeCATh POKIB JUI BITUU3HSIHHUX
€JIEKTPOOYCOOYIIBHUKIB €JUHUM pEaJbHUM HAOpPSIMKOM SIBISIETBCS CTBOPEHHS
enekTpooOyci Ty ONC.

CTBOpEHHSI CydacHHUX KOHKYPEHTOCIIPOMOXKHHMX MICHKHX HHU3BKOIIIJIOTOBUX
enektpoOycie BKm, y T.u. tumy ONC, MoxiauBe muIe NUIIXOM 3MEHIICHHS
co0i1BapTOCTI BUPOOHHUIITBA EJIEKTPOOYCIB aJI€KBATHOIO TEXHIYHOIO PIBHA (TOOTO
3MEHILEHHS PUHKOBOI BapTOCTl) a00 HUISIXOM MIABUIIEHHS iX TEXHIYHOI'O PIBHSA 3a
YMOBHU MiHIMi3al1ii HEOOX1THUX JJIsI ITbOTO 00CATIB (piHAHCYBaHHS.

KoHKypeHTOCTIPOMOKHICTh MEPCIEKTUBHUX MIChKUX enekTpoOycis BKi tumy
ONC, obOnagnanux tsroBumu AKDB, y NOpiBHSHHI 3 TakUMH X €JIEKTpoOycaMu-
aHayoramu, 3a0e31e4uyeTbes IBOMa HaMPsIMKaMHU, sIK1 TTOJIATal0Th:

-y 30UIBIIEHHI MAaCAXUPOBMICTUMOCTI MpPH aJEKBaTHIA NOBHIA Macl 3a
PaxXyHOK 3MEHIIEHHS 1X CIIOPIKEHOI Macu;

- y 3MeHIeHHI BuUTpaT eHeproemHocti TsiroBux AKDB Ha mnepeBe3eHHs
OJTHAKOBOI KUIBKOCTI MAacaXHpiB HA OJTHOMY 1 TOMY 3K MapuIpyTi.

[TacaxupoBMICTUMICTL ~ MICBKMX  €ICKTPOOYCIB  OOMEXYEThCS  JIBOMA
napaMeTpaMu — JIONYCTUMOIO TOBHOK MAacol Ta KOPHCHOIO  IUIOMIEIO
NAacakKUPChKOTO CaJOHy. 3a JOMYCTUMOIO IMOBHOK MAacOl MNacakKHpOBMICTUMICTb
MICBKHUX €JIeKTpOOYCIB

My ]-M
m < [ n cn
Noge < =—~—— (2)

nac

- CIOpAIKCHA Maca

ne [M ,f] - JOmyCTHMa IIOBHA Maca ejekrpoOyca, xr; M,

elekTpoOyca, Kr; M, . - Maca OJHOrO IacakMpa, KI; JJIi MICBKHX €JIEKTpOOYCiB
pEerlaMeHTOBaHe 3Ha4YeHHsd M, =68 Kr.

Bupas mist Bu3HaueHHs criopspkeHoi Macu enektpoOyciB turmy ONC moxHa
3aMMcaTy y BUTIIAI

K
Mcn = Mcn + maK6’ (3)
ne M/, - copsikena Maca enektpobyca 6e3 Tarosux AKB, kr, m_, . - Maca TATOBHX
AKBD, xr.

3bipnux nayKosux mamepiaris MiKHAPOOHOT HAYKOB0-NpaKmuuHoi iHmepHem-KoHPepeHuti Cr.16



Tnnoeautiini mexHoA02ii po3sumxy ma egeKmueHocmi yHKUionyeanus asmomobirvnozo mpancnopmy

OT1xe, 3MEHIIIEHHS CTIOPSKEHOI Macu elIeKTpoOyCciB MOXKIMBE a00 3a paXyHOK
3aCTOCYBaHHS JIETIIUX KOHCTPYKI[IMHHUX MaTepialliB AJsi BUTOTOBJCHHS iX KYy30BIB
abo 3meHmeHHAM Macu TiaroBux AKDB. 3actocyBaHHs A1 BUTOTOBJIEHHS KY3OBIB
€IEKTPOOYCIB aTIOMIHIEBUX CIUIaBIB a00 TUIbKM KOMIIO3UIIMHUX MaTtepialiB
BHJIA€THCS HEJOIIJILHUM, OCKIILKH TIepe0avyae OCBOEHHS BUPOOHHUIITBA BiIMOBITHUX
MaTepiaiiB 1 CKJIAJHUX TEXHOJOrYHUX MpolieciB. o Toro x, 1eil HanpsiM BUMarae i
BEIMKUX O00CATIB (piHAHCYBAHHSA Ha TEXHOJIOTIYHY MiJrOTOBKY BUPOOHHUIITBA Ky30BIB
eNeKTpoOyciB 3 IMX MarepianiB. ToMy, €IMHUM pealbHUM LUIIXOM 3MEHILIEHHS
CIIOPSIIKEHOT MacH MEPCIEKTUBHUX MICBKUX €JIEKTPOOYCIB 3 KOJICHOK (POPMYIIOH0
4x2.2 sBngerbcs 3MeHIIeHHs: MacH Tsrosux AKBD.

Maca taroBux AKDB Mickkux enekTpoOyciB BHU3HAYA€THCS 3a HACTYIHHUM
BHPa3oM

Mo :WaK6 / pwam 1 (4)
ne W, - eneproemuicte Tarosux AKbB, xBrrox.; p,, 5 = UTOMa €HEPrOEMHICTh
aK

taroBux AKB, kBr-rom./kr; mus cydacHux mitieBux TaroBux AKB tumy LiFePO,
W =0,09-0,10 kBt'rox./kr, a Ty LisTisOq;, - 0,07-0,08 kB1Tom./kT.

3a ymoBu 3actrocyBanHs jermmx TsaroBux AKb tumy LiFePO, 3meHmeHHs
macu TaroBux AKDB MoxnuBe nMie 3a paxyHOK 3HAYHOrO 3MEHIIEHHS iX
eHeproemHocti. HeoOxigHa eneproeMHictb TAroBux AKDB Micbkux enexkTpoOyciB
BKn agexkBaTHOi MOBHOI Macu 3 TrabapUTHOIO AOBXUHOIO Ous 12,0 M y 3aJIeKHOCTI
BIJI IPOTSKHOCT1 MapIIPYTiB BU3HAYAETHCA 32 BUPA30OM

AW, &
— I
WaK6 - K ) Z LM’ (5)

p i=l
ne k, - xoediuient pomyctumoro pospskenns taroux AKB; mns tarosux AKB

tuny LiFePO4 k,=0,85-0,9; Awj - muroma Butpata eneproemuocti tarosux AKB,
kBrrox./km; Aw;=1,0-1,3 xBrrox./km; L, - IpOTSKHICTE Mapuipyry B OJHOMY
HANpAMKY, KM; N, - KIIBKICTb PEMCIB 32 MAPIIPYTOM B OJTHOMY HAIIPAMKY, OJI.

Heob6xigna eneproemuicth TAroBux AKB Michkux enekTpoOyCiB 3 PI3HOIO
IIOBHOKO MACOI0 BU3HAYAETHCA 3 11 ypaxyBaHHIM

AW, -M, &
k ZLM’ (6)
D

ne M, - pakTH4yHa Maca enekTpoOyca 3 macakxupamu, Kr; AW, - MUTOMa BHTpara

Wes =

aK

eneproemuocti Tsropux AKbB 3 ypaxyBanHsM Macu enekTpoOyca, KBT-roma./kr-kwm;
JJIs1 MICBKUX €JIEKTPOOyCIB AW, =(0,07-0,08)-10" kBr-ro1./KI"KM.

3MmeHIeHHst eHeproeMHOCTi TAroBux AKB Michkux enekTpoOyciB MOXKIIMBE 3a
JIBOMa HANPSIMKaMU:

- 3aCTOCYBaHHSIM CHUCTEMH 3MIHHUX MOBHICTIO 3aps/PKEHUX OCHOBHUX OJIOKIB
taroBux AKb ta HesminHoro pesepsroro 610Ky TsaroBux AKb, po3minieHux y Ky30Bi
enekTpodyca [6];
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- 3aCTOCYBaHHSIM CHUCTEMH 3MIHHHX MOBHICTIO 3aps/KEHUX OCHOBHHUX OJIOKiB
taroBux AKDB, po3mimennx Ha ogHO- ab0 IBOBICHOMY MpHYEMi, Ta HE3MIHHOTO
pesepBHOro 6s0ky Tsroux AKDB, BcTaHOBIIEHHX Yy Ky30Bi1 enexkTpodyca [7].

OO6unBi cucremu mnependavarOTh Ha MPOTA31 T0OOBOro MpoOIry OFHO-
JIBOPA30BY 3aMiHy PO3PSIHKECHUX OCHOBHUX OyiokiB TaroBux AKDB Ha BimmoBigHO
o0JaJiHAHUX 3apSAHUX CTAHLISAX, PO3MINIEHUX Yy Hapkax 0a3yBaHHs €IEKTpOOyCIiB
a00 OUTS KIHIEBHX 3YMWHOK KUIBKOX MapHIpyTiB. 3apsaXkaHHS OCHOBHHX OJIOKIB
taroBux AKDB 3aificHIo€ThCS, 3a3BMUail, y HIYHUHN 4Yac 13 3MEHIIEHUMH TapudaMu Ha
€JIEKTPOEHEPrito, Xoua, Npu NnoTpedi, MokKe BiAOyBaTUCA 1y JNEHHUM mepion A00u.
3acTocyBaHHS 3apsAAHUX CTAHIM MOBLIRHOIO 3apsKaHHS 3MIHHUX OJIOKIB TSTOBHX
AKDB, sxke moxe TpuBath 3-6 roj. 30UIblIy€ KUIBKICTh LMKIIB X 3apsKaHHI-
pPO3psA/UKaHHA 1O TOYAaTKy 3MEHIIEHHS HOMIHAJIbHOI E€HEPrOEMHOCTI Ta CYTTEBO
NPOAOBXKYE TEPMIH BUKOPUCTAHHS y MOPIBHSAHHI 3 efiekTpooycamu tuity OC.

Micpki eneKkTpoOycH 3 HaBeIGCHUMHU CUCTEMaMHU MTOTIOBHEHHS €JIEKTPOSHEPTIEI0
taroBux AKDB mnpononyethcst mo3Hauatu adpesiarypamu ONC-V (V — variable -
sminnauii) Ta ONC-T (T — trailed - npuuinuuii).

CrnopsipkeHa Maca MICBKHX el1eKTpoOyciB 6e3 ocHOBHUX 0i0kiB TsiroBux AKb
Ha CTaJll €CKI3HOI'O MPOEKTYBAHHS BU3HAYAETHCS 32 MPOIMIOHOBAHUM BHPA30M

K _ K

ME =Am! -L,, (7)
e Am - IMTOMa Maca OIHOrO MOTOHHOI'O MeTpa Ky3oBa eJeKTpoOyca 6e3 macu
ocHoBHOro Osoka Ttarosux AKDB, kr/m; L, - rabapurHa pnoBXKHHA Ky30Ba

eJIeKTpodyca, M.

Jlnst MIChKUX €JEeKTPOOYCIB 3 KJIACMYHOI KOJIICHOK ¢dopmylio 4x2.2,
o0JaJIHAHNX TPUBITHUMH MOCTaMHU TMOPTAIBHOTO ab0 I1HTETrpabHO-TIOPTAIBHOTO
TUMIB, 3 TrabapuTHOK aoBXHHOK 12,0-12,2 M 1 Ky30BamMH, BUTOTOBJIICHUMHU 31
CTayieBUX (KapKac Ky30Ba) Ta KOMIO3HUIIIHHUX (30BHINTHE OOJUITIOBAHHS 1 BHYTPIIITHS
006uBKa) Matepianis Am/, = 890-900 kr/m.

Texniuni napamerpu Micbkux enektpooyciB TumiB ONC-V 1 ONC-T (puc. 1),
obomamnanux tsroBumu AKB tumy LiFePO,, po3paxoBani Ha OCHOBI NMPUHHATHX

: : K _ . — . — .
BUX1AHUX napamerpiB (Am,, = 900 kr/m; Pw,, s =0,095 kBtron./kr; kp =0,09; Aw,

=0,075 kBt ron./km-kr;) 3a BI/IpaSaMI/I (3 7) HaBe,Z[eHl y Ta0. 2

ku TaroBux AKB

enektpo6yc ONC

5 enektpo6yc ONC-V

pe3epBHi 6NOKK TATOBUX AKS

N Y

| ==
‘ T T 1 !
| | '—i
I’
@!"‘; *" enektpo6yc ONC-T

Pucynok 1 Po3mimennst taropux AKB micbknx eiekTpo0yciB pisHHX THIIIB
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Tabmmuss 2 TexwiyHi  mapaMerpM  NEPCHEKTHBHHUX  MICBKHMX
HHM3bKOMIIJIOTOBHX eJIeKTPoOyciB Beukoro kjaacy Tumy ONC

S =
502 % 2585 2]z | %] ;
o < | E Ok Y | O & = 3 =
Mozenb =g z g 5% %5 g éiéi g =
enektpodbyca | &= £ | £ = S<|g®| 5 /ESEE s | 'S
S 2 F g BlEEef
v = | B o<| = |© =
@) M
ATIIT-Ex012.01 ONC 18000 310 |3260(14060| 3940 58 200
ATIIT-Ex012.02 12 07" 19000 10800 32Z 3440(14240/4760| 70
AIIIT-ExVV12.01]ONC-V [~ | 18000 160°| 1685/12650| 5515| 81 100™
AIII-ExT12.01 ONC-T 20000 176 105 |10905| 7095| 104
Ipumitka: TabapuTHa JOBKHHA BiTHOCHTBCS TIIBKH 10 €I1EKTPobyca; 3 MAacoro
npuuena 3 ocHoBHUM Onokom TsroBux AKDB, piBaoto 2000 kr; 3 ypaxyBaHHSM
pesepBHOTo 610Ky (ab0 3amacy) Taropux AKB eneproemuictio 10 kBr-rox.; “TIpo6ir
Ha OCHOBHHX Oyiokax TsiroBux AKb

AHani3 po3paxyHKOBHUX MapaMeTpiB MPOEKTOBAHUX MICHKUX €JIEeKTpOOyCiB
BKu 3 rabaputHoro goBxuHoI0 12,0 M 1oka3sye, 110 3aBJIsSKA MEHIIIIH €HeproeMHOCTI
taroBux AKb macaxupoBmictumicts enekrpoOyciB tumiB ONC-V i1 ONC-T 3nauHO

Ol/IbIIIa TIPHM aICKBAaTHUX MTOBHUX MacaXx 1 HaBITh NP MOBHINA Maci eeKTPOOYCIB THITY
ONC, piBniit 19000 kr (puc. 2).

lMacaxupoemicmumicmsp, 4os1. 104
100
81

80 70

60 58
£ < = s
o (=] (=] (=]
o o o o
o (=] o o
= = 2 -
1l 1l 1] 1l
[= [= [= [=
= = = =

ONC ONC-V ONC-T

Tun enekmpobyca

Pucynok 2 Ilaca:xxkupoBmicTUMicTh MicbKHX eleKTpoOyciB BKu pizHux
THUIIIB

[Ipore, oOmIHKAa TNEPCHEKTUBHOCTI  HANPSAMKIB  CTBOPEHHS  MICHKHUX
HusbKomioropux enektpooycie BKi tunmie ONC-V i ONC-T noBunHa 6a3yBaTucs
Ha TOPIBHSAHHI TEXHIYHOrO PIBHS Ta €KOHOMIYHOCTI €KCIUTyaTtallii MpPOEKTOBAHUX
€JIEKTPOOYCIB Ta €EKTPOOYCIB-aHAJIOT1B.

TexHiyHI MapaMeTpu HAHOUIBII XapaKTEPHUX CYYaCHUX MICHKHUX €JIEKTPOOYyCiB
tuniB ONC Tta OC, oonagnanux tsaroBumu AKB tumy LiFePO4 abo tsrosumu CK,
MPOBITHUX €BPOMEHCHKUX 1 KUTAWCHKUX, a TaKOX YKPAiHCHKUX, OUTOPYCHKHX Ta
POCICHKUX BUPOOHUKIB HaBedeH1 y Tabu. 3. V mii ke Tabnuill HaBeACH! TEXHIYHI
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napaMeTpu 1 mepuioro jgociigHoro 3paska enekrpoodyca BKn tunmy ONC-T mopmeni
[IK TC-6218 "Iluonep", ocuoBHi Onokm TsaroBux AKDB skoro poswmimeni y
JBOMOCTOBOMY mpuuerti [7].

Tadmmusa 3 TexHiuHi mMapaMeTpW Cy4aCHMX MICBKHMX HHU3bKOMIJAJI0TOBHX
€JIEKTPOOYCIB BEJIHKOI0 KJIacy

m .

=
S| = Eﬂ § 5 55| g s S =

N o R < -
Monens = § = § % S | 2 E 2 Eﬁ 5 Eﬁ é f"
SERT I = 2 |9 @ < | R SE & 8 3
enektpobyca | & | % s | 5E<|E2 %] < |28/ &8 2 S
S| 3 = | 28|58 2|22 A § =
rigar ive | ONC 10735| 350 |3685(14420[4420] 65 | 221
; 12,16/ 19000 185 |1950(12845/6155| 90 | 117
(Ienamis) - OC-B 10895790 1 950 1118457155 105| 57

10150, 324 |341013560/5440| 80 | 205

BY(iifa“IQ)LF ONC | 12,0 | 19000|10155| 291 |3065[13220/5780| 85 | 184
10240| 270 |2840/13080/5920| 87 | 171

benkommyHnMmal
E-321 0C-S |12,09/18000(10920| 34 |1360[122805720| 84 | 23

(binopycis)

Encxrpon E19 | ONC | 12,1 |19000| 11140] 230 | 2420113560, | o | 145
Boraan E701 | OC-B|11,96] o [10740] 170 178012560 113
JmA3-6274 | OC | 120 11540] 129 | 1360129005100 75 | 86

TK TC-6218™
(Pocis)
[Tpumirtka: l1“216ap1/1THa JTOBXMHA BIAHOCHUTBCS IO e€JeKTpoOyca, BKa3aHa

€HEePTrOEMHICTh BIIHOCUTHCS OCHOBHUX OJIOKIB TAroBux AKb

OIiHKY TEXHIYHOTO PIBHS NEPCHEKTUBHUX MIChKUX eekTpoOyciB BKm Ha
cTaali po3poOJEHHS €CKI3HMX IMPOMO3MIII TMPONOHYEThCA 3IIMCHIOBATH 32
BIIHOCHUM KOe(]II[IEHTOM KOPHUCHHUX Mac IMPOEKTOBAHOTO EIIEKTpoOyca Ta
eJIeKTpoOyca-aHaaora

ONC-T|11,74/17780| 10420| 150 |1580/12000 5780, 85 | 91

K

m _
Ko = (8)
M
ne k' i KU - KoedilieHTH KOPHCHHUX Mac, BIANOBIJHO, POEKTOBAHOI'O
(mepceKTUBHOT0) eJIeKTpodyca Ta eIeKTpodyca-aHalora;
. M!
k! =—=x, (9)
MI
cn

ne M i M! - BignosimHo, KopucHa Ta CrOpsKEHA Maca i-ro enekTpolyca
(mpoekToBaHOro abo aHaaora), Kr.

EdexTuBHICTS  TEpeBE3€Hb  MACAXKHUPIB  MEPCHEKTUBHUMU  MICHKHMHU
enektpodycamu BKi Ha ctazii po3poOsieHHs eCKI3HMX MPOIO3UINA MPOMOHYEThHCS
OLIIHIOBATH BIHOCHUM KOE(IUIEHTOM BUTpaT eHeproedekTuBHOcTI TIroBux AKDB
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MIPOCKTOBAHOIO EJIEKTpoOyca Ta eNeKTpoOyca-aHajiora 3a YMOBH OJHAKOBOT'O
mpoOIry 1 OTHAKOBOT KIJTLKOCTI MEPEBE3CHUX MACAKUPIB
a
wo_ Mcn+nnac'm
mp

k nac ’ (10)

MC}‘/I}’I + nnac ) mfldC
ne M/, i M_, - cnopspKeHI MacH, BilIIOBiIHO, IPOEKTOBAHOIO (IIEPCIIEKTUBHOIO)
eJIeKTpoOyca Ta enekTpoldyca-aHaaora.

CymapHuii  KoedIIlIEHT  €KOHOMIYHOiI  e()EKTUBHOCTI  IPOEKTOBAHUX

MEPCHEKTUBHUX MICBKUX €JIEKTPOOYCIB BUBHAYAETHCS 3a BUPA3OM
. m w
Kep = 0,5+ (K, + o, ). (11)

OuiHka eKOHOMIYHOI €(PEKTUBHOCTI MICBKUX HU3bKOMIIJIOTOBUX €I1EKTPOOYCIB
BKn npomonoBanux tumiB ONC-V ta ONC-T 3 moBaumu macamu 18000 xr y
MOpPIBHSHHI 3 enekTpoOycom-ananoroM mozeni BYD 12M LF tuny ONC 3 nosHoto
Macoro 19000 kr npu ogHakoBuX J1000BuX npobirax 200 kM HaBeneHa y Ta0I. 4.

Tadmmuss 4 OniHka TeXHIYHOro PpiBHA MNEPCHEKTHUBHUX MICBKHX
HHM3bKONIIJIOTOBUX eneKTp(LﬁyciB Besiukoro kiaacy tumy ONC

b

< b = x| g < &
Q s 1.2 © « | T =
= S B~ O =| S8 KF [S)
O S ; S B R 2B 2.3
Mognens =3 = |99 % =] ég == ki D T kd's | Ka
enekTpodyca | & £ s |2 s | &8|3¢85 7
= g |m & |F =
Sl 2 |aF = |© -
BYD 12M LF | ONC [19000| 324 |3410/13560/5440| 80 |0,40| - | - -
ATIIT-ExV12.01|ONC-V|18000| 160 |1685|12485|5515| 81 |0,44|1,09| 1,06 1,07
ATIIT-ExT12.01 |ONC-T|20000| 176 |1850/12905| 7095| 104 | 0,55|1,38| 1,04| 1,16

EdexkTuBHICTh NepeBe3eHh NMaca)KUpiB MPOMOHYETHCS OIIHIOBATH TaKOX 1 3a
BIJIHOCHUMU KoedilleHTaMu BUTpaT eHeproeMHocTi TsaroBux AKB Ha nepeBe3enHs 1
nacaxxupa

a n
kN _ Wa;c6 ) Nnac (6)
edJ W no . N a '
akb nac
ne W, - 1 W, - - eHeproemHictb, BianosiaHo, Taropux AKB enexrpobyca-ananora ta
) no . a ) )
NPOEKTOBAHOrO €enekrpodyca, kBrrox.; N,,. 1 N,,. - IacaxupoBMICTHMMICTB,

BIZITIOBITHO, TPOEKTOBAHOTO eleKTpoOyca Ta enekTpoOyca-aHamora, 4o s
MIPOTIOHOBAHUX MIChKUX enekTpoOyciB Tumy ONC-V ke’\;b=1,10, a turry ONC-T ke'\q‘b

=1,37.

Otxe, pu 1o6oBux npodirax y 200 km enextpodycu tumiB ONC-V 1 ONC-T
xoua W TOTpeOyrTh OJHOPA30BOi 3aMiHM OCHOBHUX OJiokiB TsaroBux AKD, ane
eKOHOMIYHICTh iX eKcIuTyartanii miaBumryeTbest Ha 10-37 % HaBiTH Mpu MOBHIM Maci
18000 kr.

[Ipore, 3BakarouM Ha BENMKI HEMAPECOPEHI Macu MPHUBIIHUX MOCTIB
MNOPTAJILHOTO  Ta  IHTErpaJbHO-MOPTAJIBHOTO  THINB, HAMpsIMOK  CTBOPEHHS
MEPCHEKTUBHUX MIChKUX eekTpoOyciB BKi Ha ocHOBI 3acTocyBaHHS KOJICHOI
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dbopmynu 4x2.2 Ha HHUHINIHIA Yac yXKe SBISETHCS HEMEPCICKTUBHUM, OCOOJIMBO 3a
yYMOBH 301IbIIeHHA iX mOBHOT MacH 10 19000-19500 xr.

[Tonang copok pOKIB TOMY TpYIOKH YKpaiHCBKMX (axiBIIB y Talry3i
aBTOOycOOyAyBaHHS OyB 3alpONOHOBaHUM, ajieé HAJOBro 3a0yTHii, HampsM
CTBOPEHHS MICHKUX MAaKCUMAaJIbHO YHI()IKOBaHMX €IEKTPOOyCiB Ha OCHOBI
3acTocyBaHHsI KoJjiicHUX ¢dopmyn 4x2.1, 6x4.1 ta 8x4.1 3 NPUBITHUMH MOCTaMu 3
HE3aJIC)KHOI0 TIABICKOIO ofumHapHUX Koiic [8]. Ha mpots3i ocTaHHIX I'ATH-CeMH
POKIB 3 IMOSIBOIO TaKKUX MOCTIB cepiitHoro BupoOHuirsa ¢ipmu "Brist Axle Systems
Srl" [9] aBTopoMm Oys10 3ampOIOHOBAHO 1 3aNMATCHTOBAHO KiUJIbKAa BapiaHTIB MICBKHX
eIIEKTPOOYCIiB 3 TakuMH KomicHUMHU (opmynamu [10-11] Ta HaBITE pO3pOOIEHO Y
HTL[ "Aprtomoninpom" psii €CKI3HUX MPOEKTIB MOAYJIbHO-YHI(DIKOBAHUX MICHKUX
€IIEKTPOOYCIB PI3HUX THUIOPO3MIpiB 3 KojdicHOowo Qopmynoto 4x2.1. Ilpore,
YKpPaiHChKUMH aBTOOYCOBHPOOHMKAMH BOHU HE OYyJIM CHOPHUHHATI. 3aTe Ha MPOTs3i
YOTUPHOX OCTAaHHIX POKIB KIUIbKOMa €BPOMEUCHKUMH (ipMaMHU CTBOPEHI MICHKI
eNEKTPOOYCH 3 KOJTiCHOIO (hopmyiaoro 4x2.1 [12-14].

3actocyBaHHs KkoyicHOI dopmynu 4x2.1 Takox 3a0e3nedye 3MEHIICHHS
CHOPSIKEHOT MacH MiChbKHUX enekTpoOyciB BKit 3a paxyHOK MeHIIIO1 Macu IpHUBIIHUX
MOCTIB 3 HE3aJIC)KHOIO MiBICKOI0 OJJMHAPHUX KOJic (Tabr. 5).

Tadmmusa 5 TexHiuni mnapamMeTrpu MNPHUBIAHMX MOCTIB  MiCBKHX
eJICKTPOoOYCIB

Mogens Begy4oro mocra
HaliMenyBaHHs mapamerpa 2 Awheel v1.0 | AV 133 | AVE 130 IDS TJ
' 105-225 HR
dipma-BUPOOHHUK Ziehl-Abegg ZF Brist Axle
Jlomyctuma HaBaHTara, kl'c 13000 10500
Tumnopo3mip mmH 275/70R22.5 385/55
R22.5”
Maca (3 miBickoro 6€3 KoJic), KT 646 | 973 | 1220 650
[TpumiTka: *Bkir04HO 3 Macoro TSArOBUX €JIEKTPUYHUX JIBUTYHIB

AJle OCHOBHa IiepeBara MNPHUBITHUX MOCTIB 3 HE3QJICKHOI IiJIBICKOIO
OJIMHApHUX KOJIIC moJiArae y ix meHuii maci Ha 323 kr 1 570 Kr TUIbKH 32 paxyHOK
MOCTIB 0€3 KOJIIC Ta Y 3HaYHO MEHIIIN HEMAPECOPEHii Maci, HaBiTh y MOPIBHSIHHI 3
CNEKTPUYHUM TMOPTATLHUM MocToM Moxeni "ZAwheel v1.0", mo y kiibka pasiB
CIOBUIBHIOE TIPOLIEC PYWHYBAHHS TOKPUTTS MICBKMX BYJHUIb. YK€ 3aBISKH UM
nepeBaraM  HalOUIbII ~ ONTUMAJBHUMHU  SIBISIIOTHCS  HANPSMKUA ~ CTBOPEHHS
MEPCIEeKTUBHUX JIBOMOCTOBUX MICHKUX HU3BKOIIIOroBUX enekTpoOycis BKi tumi
ONC-V 1 ONC-T Ha ocHOBI 3acTOCYBaHHS KOJICHOI opmynu 4x2.1 Ta NpUBIIHUX
MOCTIB 3 HE3QJIEKHOK IMIJIBICKO0 OJWHApHUX Koiic. JleranpHuil aHami3
e(eKTHUBHOCTI MICBKHX €JEKTPOOYCIB, CIPOEKTOBAHWX 3a IMMH HANPSIMKaAMH,
SIBJISIETHCS MPEMETOM PO3IJISY Y 1HIINA POOOTI.

BucHoBku

1. 3a TeXHIYHUMH TapaMeTpaMHu Ta €KOHOMIYHUMH MOKa3HUKAMU HaWOLIbII
NEPCIIEeKTUBHUMH JJIsi BITYM3HSHOTO €IEKTPOOYyCcOOyIyBaHHS SIBISIFOTHCS HAMPSIMKH
CTBOPEHHS KOHKYPEHTOCTIPOMOKHUX MICHKUX HU3BKOIIIOTOBUX elekTpooyciB BKn
tumniB ONC-V 1 ONC-T, ski nepenbadarotb ogHO- 200 ABOPA30BY 3aMiHy OCHOBHUX
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6s10kiB TAroBux AKbB onTumizoBaHOi €eHEproeMHOCTI, PO3MIIIEHHUX, BIAMOBIIHO, Y iX
Ky30Bax a00 y OZHO-IBOMOCTOBHX IMPHYENax Ha CHEIIaIbHUX 3apATHUX CTaHIIINX,
PO3MIIIEHUX O1JIs KIHIIEBUX 3YIMUHOK KIJTBKOX MapIIPYTiB.

2. ExonomiuHa e(heKTUBHICTH eKcIuTyaTarii enekrpoOycis BKi mpornonoBannx
tumniB ONC-V 1 ONC-T na micekux mapuipyrax Ha 10-37 % Buina y mopiBHSHHI 3
aHanoriyHuMu enekrpodycamu tuiy ONC HaBiTh 3 moBHOIO Macoro 19000 kr.

3. IlepcieKTUBHICTh CTBOPEHHS 1 €KCIuTyaTallii MICbKuX enekTpoOyciB BKn
tumB ONC-V 1 ONC-T 3a0e3neuyeTbess TaKOX 3aCTOCYBAHHSIM MEHIIOI KIJTBKOCTI
3apAHUX CTaHLIM MOBUIBHOIO 3aps/kaHHS 3MiHHMX OsiokiB TsroBux AKD, ske 3a
PaxyHOK MEHIIUX HIYHUX Tapu(]iB HA €JIEKTPOCHEPTit0 30UIbIIYE KUTBKICTh IUKIIIB 1X
3apsKAHHSA-PO3PSKAHHS, y T.4. 0€3 3MEHIICHHS HOMIHAJIBHOI €HEPrOEMHOCTI, Ta
MIPOJIOBKYE TEPMIH X BUKOPHCTAHHS y MOPIBHAHHI 3 enekTpodycamu tuiy OC.

4. CtBOpeHHs nepcneKTUBHUX MICbKUX enekTpodyciB TumiB ONC-V i ONC-T
MOBUHHO Oa3yBaTHCs Ha KoOJicHUX ¢opmynax 4x2.1 mns gBomoctoBHX Ta 6x4.1 1
8x4.1 st TpU- 1 YOTUPUMOCTOBUX €IIEKTPOOYCIB.

5. CtBopenHs nepcrekTuBHUX Micbkux enekTpoOyciB Tunie ONC-V 1 ONC-T
3 kojicHuMH (opmynamu 6x4.1 1 8x4.1 sABHIS€THCS AN BITYU3HSHOTO 1 CBITOBOTO
eIEKTPOOYCcOOyAyBaHHS TaKOX 1 €IMHUM, NMPUHANMHI Ha HAWMOJIMK4l JECATh POKIB,
COIlIaIbHO-TIEPCIIEKTUBHUM HAMNPSIMKOM, OCKUIbKM 3a0e3leuye 3HAa4yHE 3MEHIICHHS
KamTaloOBKIAJeHh Ha YTPUMaHHA Ta PEMOHT MICHKUX BYJIHIb, OCOOJHMBO 3
PO3BUHEHOIO IM1/I3€MHOI0 1HQPACTPYKTYPOIO.
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YK 62-783.67:66.046.51
BIIHOBJIEHHSA POSMIPHUX ITAPAMETPIB 3HOIIEHUX
KOHIYHUX OTBOPIB TIOBOPOTHOI'O KYJIAKA 31JI-130
EJIEKTPOICKPOBUM HAPOIIIYBAHHAM

boraruyk I.M., K.T.H., C.H.C.
IIpyHnsko L.b., K.T.H., 1011
KepnsikeBuu B.B.
IBaHO-®paHKiBChKUN HAL[IOHATLHUN TEXHIYHUM YHIBEpCUTET HAPTH 1 razy

Abstract

One of the responsible and expensive parts is the fist of the rotary mechanism
of the car ZIL-130.

Defective card for this product provides the possibility of eliminating defects
of working surfaces by various methods: surfacing with subsequent machining,
installation of repair bushings, etc.

The exception is the conical holes of the fist. The wear of the conical holes
under the lever of the fist is determined by the introduction into the hole of the
conical caliber with a cone of 1: 8 and a small diameter of 35.0 mm. If the
discrepancy between the ends of the workpiece and the caliber exceeds 1.5 mm, the
rotary fist is missing.

In other words, minimal wear on this surface, 0.01 - 0.02 mm, causes the
workpiece to be thrown out.

The way out of this situation can be the use of spark-doping. EIL allows you to

create coatings with unique physico-mechanical and tribotechnical properties.

Keywords: defect, sparking alloy, fist

Beryn

[TlinnpuemcTBa HaPTOraz30BOr0 TEXHOJOTIYHOI'O TPAHCHOPTY EKCILUIYaTYyIOTh
PI3HOMaHITHY CIENTEXHIKY Ha Iaci aBTOMOOUTIB. XapaKTEepHOK IS JaHUX
MIJIPUEMCTB € BEJIMKa PI3HOMAHITHICTh BUKOPUCTOBYBAaHUX MAapOK aBTOMOOLIIB, a
TaKOX PI13HUN TEPMIH €KCIUTyaTallii 3a3Ha4€HUX aBTOTPAHCIIOPTHUX 3aCO0IB.

baratro aBTOMOO1TIB HadTOra3oBMX MIANPUEMCTB HAIOIO PETiOHYy Oyiau
BunymieHl me B 90-Ti poOKM MHUHYJIOro CTOMTTA. Jledaki moneni yxe 3HATI 3
BUPOOHUIITBA, TOMY NMHUTAHHS 3a0€3TMCUCHHS 3alIACHUMHU YaCTUHAMU JJIsl PEMOHTY €
akTyasbHUM. PeMOHTHI MalicTepHi HadTOra3oBOro TEXHOJIOTIYHOI'O TPAHCHOPTY HE
3aBKJIM OCHAIIEHI CyYaCHUM TEXHOJIOTITYHUM OOJIaIHAHHSM Ta 3a0e3MeueHi KaJapaMu
BIJIMOBIIHOT  KBasiikarii. AKTyaJIbHUM € TIia0ip TEXHOJOTIYHUX IPOIIECIB
pecTaBpallii AeTtajied B yMOBax I[MX MalCTepeHb 3 TOYKM 30pYy iX HPOCTOTH,
JICIIEBU3HU Ta MTPOyKTUBHOCTI.

HeoOxiqHO BHUKOPHCTOBYBATH TaKl MPOLECH pecTaBpallii aBTOMOOLIBHUX
JeTainei, ski O He BHUMarajaud BHCOKOi KBamidikaiii pEeMOHTHUX pPOOITHHKIB,
OJTHOYACHO 3a0€3MeuyI0ur BUCOKY SIKICTh BUKOHAHOT POOOTH.

OnHiero 3 BIANOBIAAIBHUX 1 IOPOrOBapTICHUX JI€Tajlell € KyJlIaK MOBOPOTHOTO
MexaHi3my aBromo6issa 3uJl-130.
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Hedexramniitna kapra Ha gaHuil BupiO mnependayae MOMXKIMBICTH YCYHEHHS
nedekTiB poOOYMX TMOBEPXOHb PI3HUMH METOJAMH: HAIUIaBKa 3 IOCHIIYIOYOIO
MEXaHIYHOI 00POOKOI0, BCTAHOBIIEHHSI PEMOHTHHX BTYJIOK Ta iH.

BUHATKOM € KOHIYHI OTBOPH MOBOPOTHOTO KyJaka. 3HOC KOHYCHUX OTBOPIB
17T BaXKeJIi MOBOPOTHOTO KyJlaka BU3HAYAIOTh BBEJICHHIM B OTBIP KOHYCHOTO KalliOpy
3 KOHYCHICTBIO 1: 8 1 ManmuMm niamerpom 35,0 mMm. Skio po30KHICTh TOPIB JeTatl 1
Kaniopy nepeBuiye 1,5 MM, TO MOBOPOTHUHN KyJlaK OpaKyrOTh.

['oBopsiuM 1HIIMMHU CJIOBaMU MIHIMAJIbHUM 3HOC III€1 MOBEPXHI, BEIMYMHOIO
0,01 — 0,02 MM IpHU3BOANTH 10 BUOPAKOBYBAHHS JCTAIII.

PecraBpyBatn JaHy TOBEpXHIO KJIACMYHMMU MeToJaMu  (HaIiaBKa,
3aJII3HEHHsS]) HEAOLUIbHE, OCKUIbKM 3aTPYyAHEHOI0 € TOoCcHiyloya ii MeXaHiuHa
o0poOKka, sika B CBOIO 4Yepry BHMAara€ 3acTOCYBaHHS CIENU(PIIHOrO OCHOBOTO
THCTPYMEHTY.

KpiMm TOro, orpumani TOKPUTTS HE BOJOAIIOTH J0OpUM aare3iiHuUM
CXOIUTIOBaHHSIM 3 MaTepiajioM OCHOBHU.

Buxogom 3 paHoi curyalii Moxke OyTHM BHUKOPHUCTaHHS EJIEKTPOICKPOBOTO
neryBanHs. EIJI nmo3Bonse cTBOproBaTH MOKPUTTS 3 YHIKAIBbHUMH  (i3HKO-
MEXaHIYHUMHU 1 TPUOOTEXHIYHUMHU BJIACTUBOCTSIMHU.

AHaJi3 nonepeaHix 10C/Ii1KeHb

MeTtos €neKTpOICKpOBOrO JIETYBaHHS 3HAWIIOB CBOE 3aCTOCYBaHHS Y
3MII[HEHH] Pi3aJIbHOTO 1HCTPYMEHTY, MAIIMHOOYyBaHHI, IITAMIIOBOIO OCHAILIEHHS.
ExonomiuHa edeKkTHBHICT, Ta OOTPYHTOBAHICTh BUKOPUCTAHHS IIHOTO TMOKPUTTS
HiATBEPIKYEThCS Y OaraThox mparsx [1-3].

Bcest cyth 1boro meromy oOpoOKM TONSITa€ y TOMY, IO i JI€I0 BEITUKUX
eJIEKTPOMEXAHIYHHUX Ta TEIUIOBUX HABAHTAXEHb MPOXOJUTH JIOKAJIbHE PO3IUIABIICHHS
3 HACTYITHUM NepeHeceHHs Ta oxonomkeHHsM (103—104) rpaa/c marepiany aHoay Ha
MOBEPXHIO MaTepialry katony [4].

Ha 00poOneniii moBepxHi MpoxXoAsTh mpouecu (AudysiiHi, TPUMOTEXHIYHI,
€JIEKTPOMEXaHIYHl Ta 1H.), SKi 3a0e3MeuyloTh BUCOKY aAre3it0o MK MaTeplalamu
OCHOBHU Ta MOKPUTT [5].

Mopenb mpoTiKaHHs MPOIIeCY HACTYITHA.

N -

/\,\

a 0 B r hi§ e

Pucynok 1 Cxema mpouecy mepeHocy MeTaay 3 aHOAY HA KaToJx MpH
€JIEKTPOICKPOBOMY 3MIillHEHHI i JIieryBaHHi: a — MOMEHT MpPo0oOK Mik
€JIEKTPOJHOI0 MPOMIikKKY;0 — BilJajileHHs Bil aHOAY Kpamjiepo3IiaBJeHOro
MeTajly; B — BHOYX PO3ILIABJIECHOI KpPAIli; T — OCAJKEHHH i NMPOHUKHEHHS
MaTepiajJly AaHOAY HA KAaTodi; J — MOMEHT KOHTAKTy eJeKTPOaiB; e —
PO3XO0/KEeHHS eJIEKTPOIIB.
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[Tin yac 30IMKEHHI €NEeKTPOAIB  HAIPYKEHICTh  EJIIEKTPUYHOTO  IOJIS
30uTbITy€eThes. [Ipy eBHIN KpUTUYHIN BIICTaHI MK €JI€KTPOIaMU BUHUKAE 1ICKPOBUN
CIIEKTpUYHUN po3psiay. Uepe3 yTBOpeHHUH HACKPI3HHMM KaHal MPOBIAHOCTI MY4YOK
eNIeKTPOHIB (DOKYCY€ETHCS Ta yAapseThcs 00 MOBEPXHIO aHOoAa. EHepris raibMyBaHHS
€JICKTPOHIB BUAUISIETHCS B MPUTIOBEPXHEBUX IIapax aHoja. B pe3ynbTaTi 3 THM, 1110 B
JAaHUA MOMEHT CHUCTEeMa CTPUOKOMOAIOHO 3BUIbHSE HAKOMHMYEHY €HEPriio, T'YCTUHA
CTpYMY 3HAYHO TEPEBUIIY€E MEBHI KPUTHYHI 3HAYCHHS. Y 3B s3KY 3 ITUM BiJ aHOJa
BIJIUISIETHCS. KpAIUIsl PO3IUIABIICHOTO METally, sika PyXaeTbCsd /10 MOBEPXHI KaTOIy
katoja (puc.l.2, 6), Bunepeakarouu aHo, SIKUi pyxaeTnes [6].

Y mpomeci BiAAUICHHS BIJ aHOMA Kparuisd, sSKa JIETUTh, BCTUTAE 3a I
KOPOTKHMW TPOMDKOK dYacy HarpiBaTHCS IO BHCOKOI TeMIepaTypd, 3aKWIlae Ta
«BuOyxaey». EIeKTpUyHUN KOHTAKT CTPYMy TEPEPUBAETHCA, a CTHCKaKul
HANPYXEHHSI EJIEKTPOMArHITHOTO MOJS 3HUKAIOTh 1 y pe3yibTaTl YaCTUHKH, IO
YTBOPUJIUCS JIETATH MMPOKUM (pporTOM [6]. Uepes Te, 110 meperpita Kparis 1 TBepi
YACTHHKHU MepeOyBalOTh y KOHTAKTI 3 TA30BUM CEPEIOBHINEM, TO 32 BIACTUBOCTSIMU
Ta XIMIYHMM CKJIQJJOM BOHHM MOXYTb BIAPI3HIATHUCS BiJ MOYATKOBOTO Marepiaily
aHojma. Komm posmiaBieHi YacTHMHKH JOCATAlOTh KaTofa, y pe3yiabTaTl BOHHU
3BaprOIOTHCS 3 HUM 1 YaCTKOBO IMILIAHTYIOTHCS Yy Oro MOBEpXHIO [6].

[Ticnst mporo mpolec He 3aKiHYYeTbCA, TaK K 32 YaCTUHKAMU PYXa€ThCs
€JIEKTPOJI, SIKMI HAsIBHUN Y CUCTEMI, IO B3KE BCTHUIJIA MOBTOPHO HAKOIIMYUTH 3HAUHY
eHeprito. Yepes e po3kapeHl YaCTUHKU Ha KaToAl, MPEXOJATh y APYTUH IMITYJIbC
CTpyMy, IO CYNPOBOKYETHCS MEXaHIYHUM yAapoOM Macu aHojAa, SIKAWA IIe
pyxaetbes [6,7].

HactynHum eramom mporecy MNpd MEXaHIYHOMY KOHTAKTI €JIEKTPO/IB
YaCTHUHKH 3BAPIOIOTHCS Mk COOOI0 Ta MPOTpIBAETHCS TOHKUIA IIap TOBEPXHI KAaTOMA,
Ha SIKOMY BOHM pO3TaIllOBaHI.

[Tin dwac mporo mpomecy KpiM audy3ii miag i€ EIeKTPUYHOTO CTPyMY
MEePEeHECEHNX YaCTHMHOK B MPHUBEPXHEBI IIapH KaroAa BiOYyBaIOTHCS TAKOX XIMIYHI
peaxiii Mi>k IMMH YaCTUHKAMM 1 MaTeplajoM KaTo/a.

MexaHiuHMi ygap MO pPO3KAPEHIM Maci MarepiajiiB CIpUS€ OTPUMAHHIO
MOKPUTTS, 110 3HAYHO MIJBUINYE HOTro IMIUIBHICT, Ta oaHOpiAHICTh. [loTiM aHoA
PYXAETHCS Bropy, a Ha MOBEPXHI MaTepially KaTo/a 3AJIMIIAETHCS MIITHO CIIOTYYCHHMA
3 HUM IlIap Matepiany aHoja [6,8].

IlocTanoBKa npodJiemn

TakumM YMHOM, HEOOXiIHO BHOpAaTH ONTUMAJIBHHN METOJl pecTaBpallii
KOHIYHUX OTBOplB KyJaKa MOBOPOTHOrO apromoOuns 3uJI-130, skuii 6u Big3HAaYaBCA
MPOCTOTOI0 1 JEMIEBU3HOIO peamizamii 1 He mnoTpedyBaB OM BHUKOPHUCTAHHS
BHUCOKOKBaII()IKOBAHUX BUKOHABIIIB, 1110 OCOOJMBO aKTYaJbHO JIJII YMOB PEMOHTHUX
MaicTepeHb. AKTYaJIbHOIO € TaKOX mpoOiema BUOOPY ONTHUMAIbHUX PEXHUMIB
HAaHECEHHS MTOKPUTTS 1 MA00PY €IEKTPOIIB.

MeTta Ta 3aBJaHHSA

[IpoananizyBatu AOIUIBHICTh BHKOpUcTaHHS Meroxy EUI mms pecraBparii

KOHIYHUX OTBOPIB TOBOPOTHOIO KyJIaKa.
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Pe3ysabTaTn BUpilleHH OCHOBHUX 3aBJAHb
Hamu Oyno 3miliCHEHO MpOIEC HAHECEHHS TMOKPUTTS 3 BHUKOPUCTAHHIM
YCTaHOBKH JIsI €JIEKTPOICKPOBOTO JIETYBAHHS «DIUTPOH — 24 A).

Pucynok 2 3araJbHuil BUIVISA YCTATKYBAHHS «JJUTPOH — 24A»: 1 —
30yAHHMK BiOpauii, 2-4 — HaKONM41YyBaJIbHI 0JIOKH, 5 — 0JIOK KMBJICHHS

[Iponiec HaHeceHHs MOKPUTTSA 1 BUIJISJ HAHECEHOrO IIapy IOKa3aHlI Ha
PUCYHKY 2 1 %

»

a) 0)
Pucynok 3 — Ilpouec HaHeCeHHS MOKPHUTTS | BUTJISIA HAHECEHOI 0 HIapy
[Tapamerpu pexxuMiB HapOIyBaHHS HaBeneHI B Ta0uI. 1.
Tabnuus 1 Ilapamerpu pe:kumMiB i MaTepiajiu JJis HAPOLIYBAHHS.

€MHICTD ) Yacrora Enepris
Awmrityga :
0JIOKY ) g BiOparii OIWHUYHOT'O
IMITYJIbCIB . g
HAKOIHWYEHH vammvin. B THCTPYMEHT IMITYJIbCY,
s, MKD pyrH, y, [t JIx
150%15 75+16 250+50 0,42

[Ticnst HaHeceHHs TOBEPXHEBOI'O Iapy 31 3MIIMHEHMX KYyJIakKiB BUpPI3aIH
3arOTOBKU 1 BUTOTOBIISLIA 3 HUX mntidu. [[is TpaBieHHS CTPYKTYpH BUKOPHUCTAIA
3%-umit cniuproBuit pozunH HNOj;. Meranorpadiunuii ananiz nuiigis mpoBeld Ha
ontuyHOMY Mikpockomni Neofot 21.

B sixocti enektpony Hamu BukopuctoByBaiachk ctainb 45 TOCT 1050-88.

TumoBa CTpyKTypa HapOIIEHOTO IIapy, MoKa3aHa Ha pucyHky 4. TommHa
HapolleHoro mapy (cBimia cMmyxkka) craHoBmwia 300 mxM. [lel map mpakTUuHO HE
MiIArae TPaBJISHHIO, IO CBITYUTH MPO 3HAYHY KOHIICHTPAIII0 B HHOMY €JIEMEHTIB
JeTyBaHHS.
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Pucynok 4 — TumnoBi MiKpOCTPYKTYpH 3MIil[HEHOTO NMOBEPXHEBOIr0 IIApPy
(x500)

MikpoTBepAICTh OTPUMAHOTO Mapy cTaHoBWiIa Os3bko 1600...1900 MlTa, mo
XapaKTepHO I (PepuUTy SIK CKIAOBOI cTajiel 3 (PepuT-MepiIiTHOI CTPYKTYPOIO.

Cepennboapudmernune BiAXuieHHs TpoduTo He nepeBunryBaio 20 MKM, 110
3a0€3IeunII0 BUCOKY SIKICTh 00po0roBaHo1 moBepxHi (5 — 6 kiac) [9, 10].

Came meit pexxuMu OOpOOKH € HAWOLIBIIT ONTHMAJIbHUMHM JUIS BiJTHOBIICHHS
3HOIIEHUX POOOYMX MMOBEPXOHB HIUIIB XPECTOBUH KapJJaHHUX BaJiB.

OCKUIbKHM €JIEKTpOICKpoBa 00poOKa HE CHPUYMHSIE HATPIBY 3HAYHUX 00 €MIB
MeTaly OCHOBHOI JieTaji, TOMy HE BHMHHUKAIOTh ii jgedopmaliii Ta 3MiHa CTPYKTypHU
OCHOBHOT'O METaIy.

BucHoBkHu

1. Ha ocHOBI mnpoBeneHUX JOCHIIKEHb CTPYKTYpH HApPOILIEHOro IIapy,
BUSBIICHO, 110 32 BUKOPHUCTAHHS €JIEKTPO/IIB BUTOTOBJIEHUX 31 CTalll 45 MakCUMaJlbHA
ToBIIMHA T1apiB ctaHoBMIa 300 MKM. MIKpOTBEpAICTh OTPUMAHOTIO APy CTAaHOBHWJIA
o6mm3bko 1600...1900 MIla

2. OCKITBKH €JIeKTPOICKpOBa 00p0OOKa HE CIPUUYMHSIE HATPIBY 3HAYHUX 00’ €MIB
MeTaly OCHOBHOI JieTajll, TOMy H€ BHMHHUKAIOTh ii Jedopmalii Ta 3MiHa CTPYKTypHU
OCHOBHOI'O METaIly.

3. HasBHicTh MIKpONOp Ha 30BHIINIHIA MOBEpXHI 00pOOIEHOT AeTali crpusie
KpallloMy yTPUMaHHIO MacTWja, a BIJIMOBIIHO MOKpAIly€e TPUOOIOTiYHI BIACTUBOCTI
MTOBEPXHI.

4. BpaxoByIOUM TaKOX IMPOCTOTY BUKOPUCTAHOTO JMJIA €JIEeKTPOiCKPOBOT
00poOKM 00JagHaHHS, e crmocid pectaBparii MOXe OyTH PEKOMEHIOBaHUH IS
3aCTOCYBaHHS B aBTOPEMOHTHHUX MaWCTEPHSX.
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V]IK 621.793.7
MIABAIIEHHS JOBIOBIYHOCTI BITHOBJIEHMX JETAJEMR
MAIIIMH HA OCHOBI MOJIU®IKYBAHHS KOMIO3UIIITHIM
MATEPIAJIOM HATUTABJIEHUX IMTOKPUTTIB

Jlyzan C.O., A.T.H., npo.
Cinamenko O.l., k.T.H., npod.
Jlyzan A.C., acm.
XapKiBCbKHUI HalllOHAIBHUN TEXHIYHUHN YHIBEPCUTET CUTILCHKOIO TOCIOapCTBA
imeHi [letpa Bacunenka

Abstract

To restore machine parts used quite a large range of materials in the form of
wire, powders, flexible cords, etc. However, it is not always possible to provide the
required resource for the restoration of parts working in abrasive and corrosive
environments. One of the modern directions of increasing the wear resistance and
other properties of reducing coatings is the use of composite materials. This paper
presents the results of research on the development of a composite modifying
material to control the properties of reducing coatings based on commercially
available powder material PG-10N-01. It is shown that the developed composite
material obtained using the SHS process from a powder mixture of
Ti+C+Si0,+Al,03+Fe,03+AlI+PT-NA-01 provides a higher (1.65 times) abrasive
resistance of the deposited alloy coating PG-10N-01 when modifying its composite
material in the amount of 20%.

Keywords: composite material, tribological properties, wear resistance

Beryn

OCHOBHUMU NPUYMHAMU BIIMOB MallvH € 3HOC (70 60 % BiIMOB) 1 MEXaHIYHI
nomkomkeHHs Aetaneit (6auszbko 20 %). Benuka uwactuna (mo 70 %) 3HOIIEHUX
JieTaliel — 11e IeTajl 3 MepEeTUHOM HIJIIHAPUYHOI (hOopMH (BaJiH, OC1), 110 MPAIIOIOTh B
ymoBax crnonydeHHs. o 80 % 3HomieHux pgeraned BUOPAKOBYEThCS MPH 3HOCI
10 0,6 MM, IpUYOMY OLIBIIICTH 3 HUX — IpH 3HOC1 710 0,3 MM [1, 2].

ExcrutyaTariiitHi BIacTUBOCTI JieTajield — 3HOCOCTIHKICTh, KOpO3iiiHa CTIMKICTD,
CTIMKICTbh /10 BTOMU Ta I1H. — 3aJIEKaTh B1J SIKOCTI OBEpXHEBOro mapy. [loBepxHeBuii
map XapakTepu3yeTbcsl Makpo- 1  MIKPOT€OMETPUYHUMH  IapaMeTpamMu 1
(G13UKO-MEXaHIYHUMH BJIACTUBOCTSIMU. Jl0 TreoMEeTpHYHHX MapamMeTpiB BIIHOCATH
IIOPCTKICTh, XBWISACTICTh, BIAXWJICHHS BiA 3amaHoi reomerpudHoi dopmu. Habip
($h13UKO-XIMIYHHMX TapaMeTpiB BKIIOYAE CTPYKTYPY, ha30BUM CKIIaJl, XIMIYHUHN CKIa,
MEXaHIYHI BJIACTUBOCTI, AedopMallito (HaKJIeN), 3aIUIIIKOB] HAPYTH.

HaiiGinbp1 nmommpeHuMu croco0aMu BiTHOBJICHHS 3HOIICHUX JIeTalield MaIluH
€ Ta30TepMIYHI METOJM HAMWIEHHS 1 €JNIeKTpOoAyroBe HaruiaBieHHs [3, 4]. s
BIJIHOBJICHHSI JieTajieil MallluH TIPOMHUCIIOBICTIO BHUITYCKA€TbCS JOCHTh BEIUKA
HOMEHKJIATypa MaTepiajliB y BUIISAL APOTY, MOPOIIKIB, THYYKMX HIHYpPIB 1 T. .
OpnHak He 3aBXIM BIAETHCSA 3a0€3MEYUTH HEOOXITHUN pecypc IpH BiIHOBJIEHHI
JeTalield, 10 MpaIlolTh B aOpa3sUBHOMY 1 KOpPO3IMHOMY cepenoBuiiax. Tomy
3QJIMIIAETHCS AKTyaJlbHUM CTBOPEHHS HOBUX OLIbII CTIMKHUX MarepianiB. OgHuM 3
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HaMpsIMKIB € po3poOKka MOAM(PIKYIOUUX KOMIIO3HUIIIHHUX MaTepiaiiB JUisl KepyBaHHS
BJIACTHBOCTSIMH  BiHOBJIIOBAJIbHUX IOKPUTTIB HAa OCHOBI MaTepiaiiB, sKi
BUITYCKAIOThCS CEPIITHO.

AHaJi3 nonepeaHix A0C/IiIKeHb

B monorpadii [S] Ha ocHOBI aHami3y BIUIMBY psAny (aKTOPiB: HABAaHTAXKCHHS,
4acTOTH  OOepTaHHsA, CTyneHs  3a0pyJHEHHS  MacTWIBHOIO  CEpEeOBMINA,
KOHCTPYKTHUBHUX OCOOJMBOCTEH BY3JB, CIOJYyYE€Hb HAa 1HTEHCUBHICTh 3HOLIYBaHHS
Ta JUHAMIKy HAKOMWYEHHS BTOMHHX TIIOIIKO/)KEHb, a TaKOX 3 YpaXyBaHHAM
HaKOMWYEHOT0 JIOCBiAy MiJBHUIIEHHS TMpane3gaTHOCT1 JeTajieil Ta BY3JiB Ha
XapKiBCbKOMY TPaKTOPHOMY 3aBOji Oylia BU3HaA4eHa HOMEHKJIATypa JeTajeil maci
KomicHUX TpakTopiB Tumy T-150K ski BuUMararoTh IMiJIBUIIEHHS JOBTOBIYHOCTI.
Homenknatypa mictuth 36 aeraneil. [lepeBakaroui BUAM MOIIKOMKEHb: 3HOC — 33
neTani, MATTHHT 3y0iB — 2 JeTaji, CHiKaHHS BTYJIKH 3 BaJoM — 1 jgertanb. ko
MpoaHaTi3yBaTy BUOpaHi MOMIIMBI IUISIXH MIJBUILIEHHS TOBITOBIYHOCTI, TO HA YaCTKY
3MIITHIOIOUHX TEXHOJOTrIH mpunagae 9 neraimel (mia3MoBe HAIWICHHS — 3 JIET.,
XIMIKO-TEpMIYHE 3MIITHEHHsS — 3 JeT., Ja3epHe 3MIIlHEHHS — 3 JET.), 110 CTAaHOBHUTh
noHan 27%, a cepel HUX IUIA3MOBE HANMWIECHHA 1 JIa3epHE 3MILHEHHS 3aiiMaroTh
o0csr 67%.

Pecypc OunpmiocTi MamidH 3aleXUTh Bl BIJHOCHO HEBEJIMKOI KUIBKOCTI
neranei. e no3Bosnse ianyBatu o0cATH 1X BiAHOBICHHS, PO3pOOIISATH, BUITYCKATH 1
BIIPOBA/KYBATH CIICliaJibHE OOJIaHAHHS, CTBOPIOBATU 1 PO3BUBATH CIEIlali30BaHI
BUPOOHHUIITBA, HAPOUIYBaTH OOCATH 1 PO3IIMPIOBATH HOMEHKJIATYPY BI1JIHOBJIEHHS
3HOIIIECHUX JEeTaJICH.

Arperatu 1 By3JM aBTOMOOLIIB, TPAKTOPIB 1 CUTbCHKOTOCHOJAPCHKUX MalIUH
ABIISIIOTH COOOI0 CYKYITHICTh O€3Miyl Aeranell TUNy Ball, BTYJKA, BaXKilib, KOPITYC,
HIeCTEepHs, 110 MiJIal0ThCsl B MPOIIECT eKCIuTyaTalli Aii pi3HOro POy HaBaHTaXKEHb 1
CEPENIOBHUIN, IO MPHU3BOIAATH JIO HE3BOPOTHUX TMPOIECIB, 3HOCY IX poOOYMX
MOBEPXOHb.

[Ipu 0OpoOIli CTaTUCTUYHUX JaHUX IO BIIMOBaM JIeTalie aBTOMOOLIIB
BCTAHOBJICHO HACTYNMHUHW I1X po3monaui: 3Hoc — 53,4%; pyiiHyBaHHsS (TPIIIVHH,
nojaomMka, oOpuB uyactuHu jeran) — 18,9%; nedopmarnis (po3TsAryBaHHs,
cKpy4yBaHHs, BUruH) — 10,4%, inmni Bunu aedextis — 17,3%.

Heobxigno BimMiTUTH, 110 aOpa3uBHE 3HOIIYBAaHHSA MPEBAIIOE HAa yciMma
iHmMu: O0nu3eko 40% neraneid MarOTh 4uCTO abpa3uBHE 3HouryBaHHs 1 50% —
abpa3uBHE 3HOITYBaHHS B KOMOIHAIIl 3 1HIIMMH BUJaMU 3HOIIYBAHHS i pyHHYBaHb
MOBEpXHEBOro mapy [6-8].

ITocTanoBka npodJiemu

B pmanuii uyac onep:kaB pPO3BUTOK HOBUM HAlpsM — 3aCTOCYBAHHA IS
TIJIBUIIICHHS JTJOBMOBIYHOCTI BIIHOBJICHUX JCTaJIell MalllMH HaIUIaBJIEHUX MOKPUTTIB,
MOAM(DIKOBAHUX KOMIMO3UILIMHUMU MarepiajlaMi, 3 METOK TIJBHINCHHS IX
3HOCOCTIHKOCTI.

Meta Ta 3aBAaHHSA

Meroro nmaHoi poboTu € po3poOKa MPOMO3UINN MIOA0 MiABUILECHHS
JIOBTOBIYHOCTI JeTajJieil MallMH TMiJ Yac IX BIJHOBHOTO PEMOHTY HUISIXOM
HaIUTaBJICHHS TOKPUTTIB, MOJIMU(DIKOBAHUX KOMIO3ULIMHUM MaTEpiajIoM.
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Pe3yqbTaTu BUpillleHHS] OCHOBHMX 3aBaHb

OnxuM 3 HalOUIbII €(PEeKTHUBHUX IUIAXIB CTBOPEHHS TAKMX KOMIO3ULINHUX
MarepiajliB € 3aCTOCYBaHHsS TEXHOJOTii BucokoremmepaTypHoro cuaTesy (CBC).
HaiiGinpm nmonyasspHUMHU € CKJIaJM KOMIIO3MIIIMHUX MarepiaiiB Ha OCHOBI TUTaHY.
Ile moB'I3aHO 3 BHCOKHM €K30TEPMIYHHM €(EKTOM peakilii yTBOpPEHHS KapOimy
TUTaHY 3 €JIEMEHTIB, 1110 3a0e31euye MUPOKU BUOIp MaTepiany 3B's13ku (1).

B skocTi BUXIOZHHX MarepiamiB Uisi OTPUMaHHS KOMIIO3UMLIMHOIO Marepiany
BUKOPUCTOBYBaIM NOpoIku Tutany mapku BT1-0, Byrnerto mapku [IM-15 1 okcuau
ATIOMIHIIO 1 KPEMHII0 3 METOK CHHTE3yBaHHA KapOimy 1 JuOOpuay THUTaHY.
HeoOxinHO Bi3HAYUTH, IO B SKOCTI OKCHU/IB BHUKOPHUCTOBYBAJlacsl IJIMHA MeEJIEHA
BorHeTpuBka 1o TY VY 08.1-35007607-005:2012, mo wmictuth 55% SiOy,
31,5% Al,O3. Kpim Toro, st 30UIbIICHHS TEIUIOBOrO €(PEKTy B IMPOIECI CHHTE3Y
KapOigy 1 AuOopuaa TUTAHY B MEXaHIUYHY CYMIIl BBOJIUTHCS TEPMOPEATHUPYIOUMIA
nopomok amoMuaunaa Hikemro I1T-HA-01, amrominieBa myapa (mopomok) ITAII-1
I'OCT 5494-95 1 okcup 3amiza Fe,Oa.

OOpaHi KOMIIOHEHTH 3MINIYBIKWCS, 1 OTPHUMaHa IMOPOIIKOBA CYyMIlI
miJaBajiacss MexaHiyHid akTtuBaiii. Bubip 11poro croco0y BIUIMBY Ha MaTepiaiu
00OyMOBJICHHI HEOOXI1THICTIO CTBOPEHHSI KOMIIO3UTIB, B MIKPOOO'€éMax SKUX MOBHHHA
BinOyBatucs peakiis CBC. Jlns oTpumMaHHA MEXaHOAKTUBOBAHUX MOPOILIKOBHUX
CyMiIlleli 3aCTOCOBYBaBCS METOJ MEXaHIYHOI aKkTHWBAIlli B KyJIbOBHX MIHMHaX. Yac
npoIriecy MexaHoakTuallli craHoBuB 15 xBuiuH (puc. 1, a). Ha puc. 1, a BunHO, 1110 B
pe3yabTaTi MEeXaHOAKTHBALIMHOI 00poOKM BimOymacss KoaryJssiisl YacTUHOK
KOMIIOHEHTIB TOPOIIKOBOI CyMiIni, 1o mojermrye mpotikanas CBC-mporecy.
CBC-mipouiec  OoTpuMaHHST ~ KOMIO3MIIMHOrO  Marepialy  3/A1MCHIOBaM  Ha
MWTIHAPIYHUX 3pa3Kax B yMOBaX ()POHTAILHOTO M MATIOBAHHS PEaryodoro CKIamy,
sSIKE 3/IIMCHIOBAIIOCS €IEKTPUYHOIO AYTOIO.

4 3

Pucynok 1 —  Komno3umiiinmii  marepiajg 3  KOMIIOHEHTIB
Ti+C+SiO,+AlL,O3+Fe,03+AIHIIT-HA-01  micas: a — MexaHOAKTHBaIIii;
0 — CBC-npouecy

[Ticnst oTpuMaHHS KOMIO3UIIMHOTO Martepiany y BUIIAL crieka (puc. 1, 0),
MOpGOJIOTis SIKOTO CBIIUWTH MPO MOT0 CKIATHUM CKJIaJ, MPOBEIN HOro IpoOJICHHS,
nonanu matpuanuii matepian [II'-10H-01 y ximskocti 80% 1 3a1ficHMIN Bi6paui171Hg/
o0poOKy B HWTIHIAPUIHOMY  KOHTEHHepi 00'eMoM 0,35-10-4 M,
miameTp Kyab — 4,5 MM, aMIDiiTyna KoiauBaHb 2 MM, dactota 4000 xs™t,
gac 00poOKu — 2 XB.

3HOCOCTIMKICTh HAIUIABIICHUX MOKPUTTIB OI[IHIOBAIM 3a Ppe3yJibTaTaMH

BUNPOOYBaHb HAa TEPTS O 3akpiruieHi aOpa3uBHi yacTuHku 3riqHo 'OCT 17367-71.
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Cmmag III-10H-01 mnpuiimMaBcss B SIKOCTI  KOHTPOJIBHOIO — MaTepiany, HOro
3HOCOCTIMKICTh Oyna MpUUHATA 32 ONUHHUINO. [[pyruil mpomoHOBaHWII MaTepian —
CUHTE30BaHUU 13 3aCTOCYBaHHAM CBC-nporiecy 3 KOMITOHEHTIB
Ti + C + SiO, + AlLO3 + Fe,O3 + Al + IIT-HA-01, nomaBascs B crnas I1T-10H-01 B
kitbkocTi 20% 1 micas 3MilmlyBaHHS TijjaBaBcs BiOpaliiHii 00poOIi Ha
BUILIEBKa3aHOMY pexuMi. OTpuMaH1 pe3yJibTaTH NpEACTaBIeH] Ha puUcC. 2.

2
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PucyHnok 2 - BigHOCHA 3HOCOCTIiKiCTh HaIJIABJIEHUX NMOKPHUTTIB B YMOBaX
BIUIMBY 3aKpimyieHMx 4YacTuHok aOpasuBy: 1 — cmuaas [III'-10H-01;

2 — noxputTs {20% KM + 80% III'-10H-01}

3 aHamizy puc. 2 BUAHO, IO 3HOCOCTIWKICTh HAIUIABICHOTO MOKPUTTS 3
komro3uiiitHoro matepiainy {20% KM + 80% I1I'-10H-01} B 1,65 pasiB nepeBuirye
3HOCOCTIHKICTh MOKPHUTTA 3 camoduirocyrouoro cruasy [11-10H-01.

BucHoBku

1. Po3pobiieHO KOMIO3MLIMHMIA Matepiai, OJEp>KyBaHMH 13 3aCTOCYBaHHSIM
CBC-nporecy 3 mopomkoBoi cyminri koMmoHeHTiB Ti+C+SiO,+Al,03+Fe,03+Al+
I[IT-HA-01, saxuii 3a6e3neuye Oinbin BUCOKY (1,65 pasiB) aOpa3wBHY CTIMKICTh
HarutaBieHoro mokpitta cmwiasoM  [II-10H-01 npu  moaudikyBanHi  ioro
KOMITO3HUITIMHUM MaTepiajioM B KiabkocTi 20%.

2. 3acTtocyBaHHs  pO3pOOJEHOTO  KOMIIO3UIIMHOrO  Marepiany  JJIs
Monu(QiKyBaHHS HAIUIABIIEMOTO TOKPUTTA Ha ocHOBl cruiaBy [II-10H-01
CJICKTPOJAYTOBUM CIIOCOOOM 3a0€3MeuuTh IMiJIBUIICHHS JOBTOBIYHOCTI JeTaje
MaIITiH, 110 TPAIOITh B a0pa3uBHOMY CEPETOBHIITI.
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VJIK 656.073
MOJEJIOBAHHS BIUIMBY PI3HUX ®AKTOPIB IAPAMETPIB

TPAHCIIOPTHOI'O IPOLHECY HA TPAHCIIOPTHE
OBCJYI'OBYBAHHA MICT

Kyreps O.B.
bepexna H.I'., K.T.H.
Hacipos A.E.
XapKiBChbKUI HAIlIOHATBHUN TEXHIUHUI YHIBEPCUTET CLIIBCHKOTO TOCIIOIapCTBA
imeHi [lerpa Bacuienka

Abstract

The analysis of scientific information and the positive practical results obtained
in the organization of small-scale urban freight traffic suggest that the cost of
transport services is a significant factor in decision-making. However, the search for
solutions to improve the efficiency of freight transportation in the city remains
relevant. This is due to the stochastic nature of the busy city highways and streets at
different hours of the day, as well as the dynamic changes in the intensity or density
of traffic flow on city streets. The influence of the logistics center (capacity of the
logistics center) on the specific costs of transport service is shown. Insufficient power
of the LC increases the time of processing one application, which leads to an increase
in the total unit costs. This leads to the conclusion that the capacity of the logistics
center must be managed.
Keywords: transportation process, transport service, urban freight, logistics center
capacity, unit costs.

Beryn

AHani3 HayKoBO1 iH(opMallii Ta OTpUMaHl MO3UTHUBHI MPAKTUYHI PE3yIbTaTH
MO0 oOpraHizamli MICBKMX BaHTaXHUX I[E€PEBE3€Hb MAJIMMH MaPTISIMU J103BOJISAE
CTBEp/)KYBaTH, IO BUTpPATH Ha TPAHCIOPTHI TOCIAYTH € BaroMuMm (akTopoM B
OpUMHATTI pimieHb. OJAHaK, TOWYK PIlIeHb MO MIIBUIIEHHIO e(QEeKTUBHOCTI
BAHTQKHUX [I€PEBE3EHb Yy MICTI 3alMIIAeThcad akTyanbHuM. lloB'i3ano wne 31
CTOXAaCTHYHOK TMPUPOJOI 3aBAHTAXKEHOCTI MaricTpajie 1 BYIHIb MICTa B Pi3HI
TOJIMHU POOOYOTo JHS, a TAKOXK JUHAMIYHICTIO 3MIHU IHTEHCUBHOCTI a00 MIUIBHOCTI
TPAHCTIOPTHOTO TTOTOKY Ha BYJIMIISIX MICTA.

AHaJi3 nonepeaHix 10C/i1KeHb
VY poborti [1] mpoBeneno anamiz mpoiiecy (GYHKIIOHYBaHHS TPaHCIOPTHO-
CKJIQZICHKOTO KOMITJIEKCY Ta (hOpMaji3oBaHO KpUTepiit eeKTHBHOCTI.
ABTOpamu po0oTH [2] BHKOHAHO aHami3 TEHACHIIA PO3BUTKY MICBKHX
BAaHTKHUX TEPEBE3CHb Ta PO3POOJECHO KPUTEPi WOro €KOHOMIYHOI JIOIUTHHOCTI.
[IpencraBineHo METOJ OLIHKM BaHTaXXHUX NMEPEBE3€Hb MICTa HA OCHOBI 1H(OpManii
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PO BAaHTAXOMOTOKU. ABTOpamMu poOOoTH [3] HaBeAEHO aHaji3 ICHYIOUOI CHCTEMH
I[IHOYTBOPEHHSI HA BAaHTAXXHI TIEPEBE3EHHS Ta 3pO0JICHO BHUCHOBOK, IO TMpHU
pO3paxyHKax BUTpAT TEPEBI3HUKU HE BPaxXOBYIOTH 4Yac MPOCTOIB, MAPKYyBaHHS, a
TaKOXX MMO/IaTOK.

VY poborti [4] HaBeIeHO METOIM ONITUMI3aIlll BUTPAT Ha BAHTAXKHI TIEPEBE3CHHSI.
JloBeneHo, 1o cymMapHi BUTpaTH HEOOX1THO PO3IUTUTH HA TPU KaTeropii: Tapudu Ha
NEPEBE3CHHS; OL[IHKA 3aTOpiB 1 30UIBLIEHHS 4Yacy 3HAXOMKEHHS Ha MaplupyTi;
BUTpATU HA OYAIBHUIITBO 1 PEMOHT JIOPIT.

HocnimkeHHs, mpeacTaBiaeHi B poOoTi [5], BpaXxOBYIOTh HE TUIBKH TTapaMeTpH
MEepEeBI3HOrO TpoIecy, a ¥ Tum TpaHCHOpPTHHX 3aco0iB. lle mo3Bomse aBTOpam
BpaxoByBaTH HE TUIbKM BUTpaTH Ha TNAJIMBO, a W BUTpPATH Ha TEXHIYHE
00CITyrOByBaHHS Ta PEMOHT TPAHCTIOPTHUX 3aCO0IB.

CraHOBUTH 1HTEpEC METOJUWYHHUN MIJX1J J0 PO3PaXyHKIB BUTpaAT, 10 OyJO
HaBEJIEHO y poOoTi [6]. ABTOpH poOJIATH BUCHOBOK, IO MPU PO3paxyHKax 3arajibHUX
BUTpPAT HA TPAHCIOPTHE OOCIYrOBYBaHHS HE BPAXOBYETHCS MOKA3HUK HAMIMHOCTI
JoricTHYHUX onepaiil. ¥ poOortax [7, 8] mpu po3paxyHKax CyMapHUX BUTpAT
3aCTOCOBYIOTBCA TUTOMI TMOKa3HWKH, TpH/T. Ilpu 1bOMy cymapHi BUTpaTH
BPaxOBYIOTh TPH CKJIQJIOBI: Tapu(y HA IEPEBE3CHHS; BUTPATH HA MAJIMBO Ta TEXHIYHE
OOCIIyroByBaHHS ~TPaHCINOPTHUX 3aco0iB; 3apo0iTHa TMJjaTa, MOJAaTKH Ta
aMOpTHU3ALIITHI BIpaxXyBaHHS.

IlocTanoBka npodJjemu

OnHuM 13 HanpsIMKIB OTPUMaHHS NPOrHO3y HAa BUTPATHU € po3poOka
MaTEeMaTUYHUX MOJIENeH sKi BpaxOBYIOTh HE TUIBKM Tapudu HA TPAHCIOPTHE
OOCTyroByBaHHs, a TaKOX THUI TPAHCIOPTHUX 3aco0iB, BUTPATH Ha TMajbHE Ta
TEXHIYHE OOCIIYyrOoBYBaHHS, MOJATKH Ta aMOpPTHU3aIliiiHI BimpaxyBaHHI. OTpuMaHHA
pe3ynbTaT J03BOJIUTH OOIPYHTYBaTH BHOIp THUIYy TpPAaHCIOPTHOrO 3acoly,
palioOHAIbBHUM MapHIpyT JOCTAaBKM BaHTa)Xy B peajlbHOMY MacmTabl yacy, TUM
CaMHM 3HHU3UTH 3arajbHi BUTPATH Ha TOCTABKY.

Buxonsum 3 BUINEBHKIAJEHOTO, OCHOBHOIO apryMEHTAIli€l0 HayKOBOTO
JOCTI/DKEHHST € TIOIIYK PIlIeHh MO PO3paxyHKYy MNUTOMHX BHTpPAaT Ha BaHTAXKHI
nepeBe3eHHs y MmicTi. [nsgxamMu Takoro momyky € po3poOka MaTeMaTUYHOI MOJIENI,
AKa BpPaxoOBYye€ BCl CKJAJOBl TPAaHCHOPTHOro mnpouecy. [IpakTMYHOIO 3HAYUMICTIO
TaKoro JOCIHIKEHHS € 3MEHILIECHHS BUTPAT Ha TPAHCIOPTHE OOCIYyroBYBaHHS B
MeXax MicTa.

Meta Ta 3aBJJaHHSA

MeToro 1bOro JIOCHIIKEHHS € po3po0Ka IHTETPATbHOTO KPUTEPII0 MUTOMUX
BUTpPAaT Ha MIChKI BAHT@XHI TEPEBE3CHHS Ta OTPUMAHHS 3alie)KHOCTEW 3MIHU
KpUTEPIIO0 BlJl BIUIMBY pPI3HMX (PAKTOpPIB 1 poOOYMX MapaMmeTpiB TPAHCIOPTHOIO
polecy.

Pe3ysbTaTu BUpillleHHS] OCHOBHMX 3aB/IaHb

Ha mincraBi po6iT [7, 8], siki NpUCBSIYEHI €KOHOMIYHUM KPHUTEPISIM, MOKHA

3pOOHUTH BUCHOBOK, 10 JOIUIBHIIIE 32CTOCOBYBATH MUTOMI KpHUTEpIi a00 mapameTpH,

K1 BpaXOBYIOTh BUTPATH Ha OJIHY TOHY NIEPEBE3EHOI0 BAHTAXKY.
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[lepmioro CkJIa70BOIO BUTpAT € IMOTOYHI BUTPATH, sIKI (POpMye TPUHAHATHI
Tapud Ha TIEPEBE3CHHS BaHTAXY. lakuii Tapud BHU3HAYAETHCS PHUHKOM 1 Mae
PO3MIPHICTh TPH/KM.

Bupas, no sxomy MOKHa BU3HAYUTH MUTOMI BUTPATH, MOB'A3aHl 3 PUHKOBOIO

BEJIMYMHOIO Tapu(y, MOKHA MIPEICTABUTH B HACTYITHOMY BUTJISIIL:
2

I<.7 .
B =— e @ , TPH/T, 1)
1
m- Umex ) KH

1€ B, - BUTPaTH Ha TPAHCIIOPTHE OOCIIyrOBYBAaHHS, SIKI 3aJI€KaTh Bix Tapudy, IpH/T;
|, — BigcTaub Mapuwpyry, km; T, - Tapu( Ha IepeBE3eHHs, IPH/KM; @ - 4acToTa

HAJXOMKCHHS 3assBOK Ha oOciyroByBanHs y JILI, 1/roguHa; m — maca BaHTaxy, T,
U - TeXHIYHA MIBUJKICTH TPAHCIOPTHOIO 3aco0y Ha Mapupyti, km/rox; K, -

mex H
KOeQIII€HT, SKUNA OIIHIOE HATIAHICT (PYHKIIOHYBAaHHS JIOTICTUYHOI CHCTEMH,
PO3paxoByeThCS 3a poboToro [9].

Jpyrorw CkJaoBOIO BUTPAT € IMOTOYHI BUTPATH, NOB'I3aH1 3 BUTPATOIO MaIUBa
TPAHCIIOPTHUMHU 3aco0aMM IiJi 4YaCc BHKOHAHHS 3aMOBIEHHsA. [pPYHTYIOUHCh Ha
pobortax [7, 8], MOJKHA 3alMcaTH BUPA3:

N .o -t-I,-001G
B2 — asm mex "% L[H ! 17 ,FpH/T, (2)
m-K,-B-ry
ne N__ - KUIBKICTh aBTOMOOLUIIB, 10 NepeOyBaloTh B Hapsidi; , - cymMapHHi yac
BUKOHAHHS 3aMOBJICHHS 3 YPaxyBaHHAM 3aTPUMOK, FOAMHA; [[,, - BapTICTh OJHOIO
JiTpa nmanuea, TpH/I; G, - BUTpaTa MajaKBa aBTOMOOLIEM y MICBKOMY LUKII PYXY,
1/100 km; L - KoedillieHT, SKUH BpaXxOBye€ HASBHICTh XOJOCTOrO MPOOIry
(koedillieHT  BUKOPUCTAHOTO Mpodiry); ¥ - Koe(ilieHT BHUKOPUCTAHHS
BAHTAXXOIMIIMOMHOCT1 aBTOMOO1JISL.

30utblIeHHsT  KoediiieHTa HamidHOCTI K

4> @ TaKOXK  KOeQII€HTIB

BUKOPUCTAHHS TPOOIry [ 1 BUKOPUCTAHHS BaHTAXOIIIHOMHOCTI Y, Oyae CIpHUITH
3HIKEHHIO BUTpAT B, .

Tperporo CKIIaOBOIO BUTPAT € BUTPATH, SKI BPaxOBYIOTh 3apOOITHY ILIIaTy
BOJIiB, BUTpPaTH Ha TEXHIYHE OOCIYyroBYBaHHS aBTOMOOWJIIB Ta aMOPTHU3aIliiiHI
BUTPATH, SIK1 3aJI€KaTh B1Jl TIOYATKOBOI BAPTOCTI aBTOMOOLIS.

Bupas nns po3paxyHKiB TpeThOi CKIQTOBOI BUTPAT MOXHA TPEICTABUTH B
HACTYITHOMY BUTJISAII:

B. =

3

Nasm : KB—P : tZ : C2,3n + 0100041 Caem : Na(fm . rpH/T, (3)
m-K, m- K

ne K, , - xoe(dill€eHT, SKUI BpaxoBye 30LIBbIIEHHS CYMapHOIO 4acy JOCTaBKH

BAaHTAXXy HA BaHTaXXHO-PO3BaHTaXyBalbHI poboru, K, ,=115-13; C = -

2,3n
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MOTOJIMHHA CTaBKa 3apoOiTHOI miatu Bojid, rpu/rox; C

asm

- MIOYaTKOBa BapTICTh

aBTOMOO1JIs, TPH.

[HTEerpasibHl MUTOMI BUTpPAaTH Ha MICbKI BAaHTa)KHI IMEPEBE3EHHS BUPA3UMO
HACTYMHOIO (POPMYJIOIO:

B=B +B,+B5B;, 4)

Amnaniz orpumanux ¢opmyn (1) - (4) 103BoAsIE 3pOOUTH BUCHOBOK, 11O MUTOMI
BUTPAaTH Ha TPAHCIIOPTHE MiChbKe OOCITYyrOBYBaHHS 3alIeaTh BiJl JaIbHOCTI
NEepPEBE3EHHS, MacH BaHTaXy, KOe(Qilli€EHTIB HAAIWHOCTI, BUKOPUCTAHHS MPOOITy
BAaHTKOMIAMOMHOCTI, CYMapHOTO 4Yacy 3HaXxO/KCHHS B Hapsmi, Tapudy Ha
MepPEeBE3CHHs 1 BUTpAT nanuBa. [Ipencrapiena BenuunHa MATOMUX BUTpAT, popMmylia
(4), MOXe BUCTYyNaTH €KOHOMIYHHUM IHTETPAJIbBHUM KPHUTEPIEM MICHKUX BaHTAXKHHUX
MEePEBE3CHb Y MPOIIECI PO3B'A3KY ONMTHUMI3allIMHUX 33/1a4 Ha BUOIp MapIIPYTiB.

Bukonaemo MopentoBaHHS BIUIMBY PI3HUX MapaMeTpiB  TPAHCHIOPTHOTO
MpoIleCy Ha CyMapHi MHUTOMI BUTPaTH, SKI BiJOOpakaroTh €(EKTHBHICTh MICHKHX
BaHTa)XHUX I1E€PEBE3CHb.

3aIe)KHOCTI 3MIHM CYMapHUX IHUTOMUX BHUTpaT B mnpu 3MiHI JOBXKUHHU
mapmpyty |, 1 HassBHOCTI 3aTopiB Ha mapmipyti IR [10-12], npexcraBneno Ha puc. 1,
a MpY 3MiHI Macu MEPEeBE3EHOr0 BaHTaXy M 1 HASBHOCTI 3aTOPiB Ha MapuIpyTi, Ha
puc. 2.

B, epw/T
500 /

400 \

300
..-—l""_.—-—-

200
‘____,...-—-"'"""_ IR=1,0
100
0
10 20 30 ,ru ., KM
Pucynoxk 1 - 3anexnocti 3MiHM BeJMYMHHM THMTOMHUX BHUTpar B

JIOTICTHYHOI CHCTEMH NPH Pi3Hii 10BKMHI MapumpyTy | i HasiBHOCTI 3aTOpIB Ha

mapupyTi IR
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B, epu/T

300

\ IR=0,7
400 £

300
200 VA
IR=1,0 /
100
0 -
5 10 I5 mr
Pucynok 2 - 3ajexHoCcTi 3MiHM BeJIMMMHHM NHTOMHX BHTpar B

JIOTICTHYHOI CUCTEeMM TMPH Pi3HIii Maci mepeBe3eHOr0 BaHTaxXKy M i HAABHOCTI
3aTopiB Ha MmapumpyTi IR

SIk BUIUIMBa€ 13 aHai3y pe3yibTaTiB MOJETIOBAHHA, 30UIbIICHHS TOBXHHU
mapuipyTy | =~ 30uIbnrye muromi BUTpatd B 2-3 pasu, orke | € OlnbIn 3HAYMMUM

napaMeTpoM, HiXK HasBHICTh 3aropiB Ha mapmpyTi IR. Pesynprarm monmentoBaHHS
NOKa3yroTh, 1o npu 3MeHmeHHi IR Bix 1 10 0,7, muromi BUTpaTH 30UTBIIYIOTHCS B
1,59-1,6 pas.

AHani3 3aJeXHOCTEH Ha pUC. 2 JO3BOJSIE CTBEPKYBATH: BIUIMB BEIUYMHU
MacHu MEpPEBE3EHOr0 BaHTa)Xy HA MUTOMI BUTPATH MAa€ ONTUMYM. SIKIIO 30UTbIIEHHS
3aropiB Ha MapiipyTi ( IR 3menmyerscs Big 1 g0 0,7) mpUBOAUTE 10 301IbIIEHHS

nutoMux BUTpaT B 1,49-1,6 pa3, To npu 3MiHI Macu MEPEBE3ECHOT0 BaHTaXy ICHY€
ONTUMYM.

B, 2pu/T
500 n
&=38 1/200
400 =
@=4 1/200 =
200
100 \
s, @ =2 1200
G -
2 10 15 mr
Pucynok 3 - 3ajekHocTi 3MiHM BeJMYHMHM NUTOMHX BHTpat B

JIOTICTUYHOI CHCTeMH TMPH Pi3Hiil Maci mepeBe3eHOro0 BaHTAKy M 1 4yacToTi
Beryny 3aaBok y JIH @
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BniauB yacrotu HaAAXOIXKCHHA 3asiABOK Ha O6CJ'IYI‘OBYB3HH$I B J'IOFiCTI/I‘IHOMy

nentpi (JIH), @, gxe mpencraBieno 3aneKHOCTSAMHU Ha pHC. 3, JO3BOISE 3POOHUTH
BHUCHOBOK, IO MpPH 3MiHI MacH IEpPEBE3CHOT0 BaHTaXy ICHYE ONTHUMYM, SKUN
xapakTepuuii ayig M =10 1. 30UIbIIEHHS KUIBKOCTI 3asBOK Ha OOCIYTOBYBaHHS B
OIMHHLIO 4acy 36iibinye B, TOMY 10 BUMarae 30LIbIICHHS MOTYXKHOCTI JILI.

BucHoBxku

1. Po3pobiieHo MaTreMaTHYHY MOJEIb HUTOMUX BHUTpaT Ha TPaHCIOPTHE
00CIyroByBaHHsI MICBKMX BaHTOXKHHMX IE€peBe3eHb. Mojenb BpaxoBYe TPHU BHJIU
BUTpAT: MUTOMI BUTpPATH, TMOB'SI3aHI 13 NPUUHATHM TapudoM Ha TEPEBE3CHHS
BaHTaXy; MUTOMI BUTPATH, MOB'A3aH1 3 BUTpATaMH TaJIMBa TPAHCIIOPTHUMU 3ac00aMu
3 ypaxyBaHHSM KO€(IIEHTIB BUKOPUCTAaHHSA MpoOOIry 1 BaHTAKONIIAOMHOCTI 1
MUTOMI BUTPATH HA 3apOOITHY IUIATy BO1iB, TEXHIYHE OOCIYrOByBaHHS aBTOMOOLIIB
1 aMOpTH3aI[ITHUMH BUTPaTaAMU.

2. [IpoBeneHo MoneIIOBaHHS BIUITUBY PI3HUX (PAKTOPiB 1 poOOYMX MapaMmeTpiB
TPAHCIIOPTHOTO MPOLECY MICHKMX BAHTAXXHUX NEPEBE3EHb JO3BOJISIE CTBEPIKYBATH,
0 MUTOMI BHUTpPAaTH Ha TPAHCIOPTHE OOCIYrOoBYBaHHS B, TpH/T, OJHO3HAYHO
30UIBIIYIOTECS TIPU 30UIBIICHHI JIOBKUHHM MAapIIPyTy, OJHAK, MPHU I[bOMY, MalOTh
ONTUMYM IPH 3MiHI MACH MEPEBE3EHOT0 BAaHTAKY.

3. Ilokazano ponpb JII Ha muTOMI BUTpATH TPAHCTIOPTHOTO OOCIYTOBYBAaHHS.
Henocratus mnotyxaicte JII 306inbmye vac odopMiaeHHS OAHIET 3asBKH, IO
MPUBOJUTH /10 30UTBIICHHS] CYMapHUX MUTOMUX BHTpPAT.
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JOCJLIKEHHS ITAPAMETPIB IIPOLECY 3MIIITYBAHHA
Y ABUT'YHI RENAULT 2.5 DCI Y HPOHECI
BUKOPUCTAHHSA BIOAU3EJBHOI'O ITAJIMBA

Meabnuk B.M., K.T.H., 101I.,
CunoBepcbknii M.M.
IBano-®paHKIBCHKUI HAIlIOHATBHUN TEXHIYHUHN YHIBEpCUTET HAPTHU 1 Tazy

Abstract

This paper investigates the question of RME B100 biodiesel spraying in engine
cylinders, the quality of mixing with air and the ability to produce heat in the
combustion process.

According to the results of fuel jet sputtering studies, analysis of the results
showed that the use of RME B100 biodiesel leads to poor fuel distribution across the
areas of the spray torch. Only 50% of the fuel is in the jet shell, resulting in poor
mixing of the fuel with the air. At the core of the wall is 18% of the fuel, which will
spread over the walls and mix badly with the air.

The remaining 36% of the fuel will be in the jet core, the free jet front, and the
intersection zones of the wall fluxes, and will partially participate in the blend.

Therefore, according to the results of studies of the Renault 2.5 DCI engine on
commercial and biodiesel RME B100 it is established that the use of biodiesel leads
to a deterioration of the blend, which reduces heat and consequently increases fuel
consumption, reduces engine power.

And, therefore, further research should be aimed at improving blend formation
in the use of biodiesel and as one of the options for improving the shape of the
combustion chamber of a diesel engine.

Keywords: fuel, use, biodiesel, blending

Beryn

Ha nanwmit wac y cdepi anbTepHaTHBHUX BHUJIB TajiiBa CIIOCTEPIra€ThCs
MOCTiiHE HapOIIyBaHHS OOcATIB iX BupoOHMITBA. B €Bpomi Ta CBITI BBOAATH BCE
OUIBII >KOPCTKI BUMOTH €KOJIOTIYHOTO cTaHmapTty (€Bpo-5, 6), Ha 3acTOCYBaHHS
AKOT0 O aBTOMOOLIIB 1 MOTOPHUX MAJIMB MPE/'ABISIIOTECS BUMOTH, 1110 IM1JIBUILYIOTh
ix exomoriuyny Oe3rneky. OmHaK OUIBIIICTh aJbTEPHATUBHUX MAJMB CaMi MO cOOl HE
MOXYTb PO3IJISAATUCA, K TOTOBE 10 BUKOPUCTAHHS MOTOpHE nanuBo. Lle mos's3ano
3 THM, IO €KCIUTyaTalliiHl Ta €KOJOTIYHl BIACTHUBOCTI OLIBIIOCTI albTEPHATHBHUX
I1aJIUB HE BiI[l'[OBiI[aIOTL BJIACTUBOCTAM TOBAPHUX IIAJIHNB. Pimenus ,Z[aHOT HpO6JI€MI/I
MOXJINBEC IBOMAa OCHOBHHUMMU IIJIAXaMU:

1) momimeHHs BIACTHUBOCTEW albTEPHATHBHUX TMAJUB 3a pPaxXyHOK IX
AOOIIpaltOBAHHA Ta OYUIIICHHA,

2) BUKOPUCTAHHS CyMIilllel albTEPHATUBHUX IMAJWB 3 TOBAPHUMH ITaJIMBAMHU B
MIEBHUX CITIBBITHOIIEHHSAX, K1 HE 3aBAaAyTh IIIKOAW Hi JBUTYHY, Hl HABKOJIMIITHEOMY
CEpENOBUILLY.

KpiM TOro, HEOOXiIHO MOCTIAWTH MUTAHHA CYMIIIO- Ta TEIUIOYTBOPECHHS Y
JIBUTYHAxX MiJl 4aC BUKOPHUCTAHHS aJbTEPHATHUBHUX O10AM3EIbHUX MaduB. OCKUIBKU
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MPOIECH CYMIIIO- Ta TEIJIOYTBOPEHHS BiAirpaloTh BH3HAYAIbHY POJb y TMOBHOTI
3TOPSIHHSI TIAJINBA, PO3BUBAHHS JIBUTYHOM MAaKCHUMAaJIbHOI MOTY)KHOCTI Ta MaJUBHIN
€KOHOMIYHOCTI.

AHaJi3 nonepeaHix 10C/IiIKeHb

VY 3ajeXHOCTI BiJ| XapakTepy BIPUCKYBAHHS MaJiMBa PO3PI3HAIOTH 00'€MHUH,
IUTIBKOBUM 1 00'€MHO-IUTIBKOBUH  (3MIIIAHMI) THUOM CYMIIMIOYTBOPEHHS, IO
3MIHCHIOIOTHCSA B HEPO3IIJICHUX KaMepax 3TOPSHHS.

VY pe3ynbrari aHanizy MONEPEeaHIX TOCHIKeHb OyJIO BHUSBIICHO, IO Yy CBITI
Ty’K€ MUPOKO IPOBOJMIHUCS BUIIPOOYBaHHA 010AM3€IHHOIO NalKBa 1 HOro cyMimien 3
IU3eJIbHUM TaauBoM [1].

[Ipy wuboMy BUIPOOYBaHHS NPOBOAWIKMCS Ha Ol10AM3EIbHUX TMaJUBax,
CUPOBHUHOIO JIJIsl SIKMX Oynu pi3Hi ol [2]. [IpoBogminuchk BUNpoOyBaHHS ABUTYHIB 3
PO3AUICHUMH Ta HEPO3AUICHUMH KaMepaMu 3ropsHHs [3].

JlaHl  JTOCHIJIKEHHS  JOBEJIM NPUHUMIIOBY MOXJIMBICTD BUKOPUCTaHHS
010IM3eIBPHOTO MaJlMBa B AW3CIBHHX JIBUTYHaX. BHSABICHO Heski OCOOIMBOCTI
BUKOPHUCTAHHS IIHOTO MajuBa. 3BUYAWHO TpHU poOOTI Au3ens Ha Oioau3eIbHOMY
NaJIUB1 TOPIBHSAHO 3 JU3EIBHUM CIIOCTEPIra€ThCsl 3POCTAHHS BUKHIY OKCHJIB a30Ty
Ta 3HWKEHHS TUMHOCTI.

VY nesxux Bumnajgkax OyJ0 BHSBICHE MOJIMIICHHS €KOHOMIYHUX IMOKA3HUKIB
npu poOOTI Ha BHUCOKOSIKICHOMY Oioau3einbHOMY manuBi, 30kpema, KKJ[ nBuryna
MIJBUINYETHCS Ha 6,5 % [4].

B inmmix Bumaakax takoro eexTty 3adikcoBaHO HE 0yII0, III0 MOYKHA BITHECTH
Ha PaxXyHOK pPI3HHUX XapaKTEPUCTHUK O10U3EIPHOTO NajuBa, IMOKAa3HUKIB POOOTH
JIBUTYHA, 1 XapaKTEPUCTUK JAU3EITHHOTO MajuBa, 3 SKUM MPOBOIUIOCH MOPIBHSIHHSA. 3
HaIUX JOCTIIKEHb OYI0 eKCIIEPUMEHTAIBHO BUSBIICHO, III0 YKPAiHChKI 0101M3€IIbHI
najauBa, 3 OJIM PI3HOro CKiaay, a0 OTpPMMaHI 3a PI3HUMH TEXHOJOTISIMH, MOXYTh
ICTOTHO BIJPI3HATHUCS 32 EKOHOMIYHHMH 1 €KOJIOTTYHHMH TTOKa3HUKaMU [5].

Bigomi mnpami BiTum3HsHuX HaykoBIiiB CemenoB B. I'., Bacwiber I. II.,
Atamacp A. 1. [6], 110 BUKOHAJIM TOPIBHSUIbHI PE3YNbTATH JOCIIKEHb JTU3EIbHUX
JBUTYHIB TPU poOOTI Ha OloAM3EIBLHOMY 1 NM3EIbHMX MaliBaX Ha JIBUTYHaX 3
BUXpEKaMEpHUM 1 00'€eMHUM croco0amMu CyMINIOYTBOPEHHS Ta BUSBUIW, WIO
BUKOPUCTAaHHA  Ol0JM3ENbHOrO0 TajdWBa B  JBUTYHI 3  BHUXpPEKaMEpHUM
CYMIIIOYTBOPEHHSAM KOMIIEHCY€ TIOTIPIIEHHS XapaKTEPUCTHUK BIPHUCKYBaHHS 1
npu3BoauTh 10 minBuieHHs KKJ[ nBuryna B mopiBHsAHHI 3 pOOOTOIO Ha TU3EIHHOMY
TaJIuBI.

HayxoBui AnicimoB B.®., My3uuyk B.I., [lsaceupkuit A.A., Pa6omanka B.b.
ta Menpanuyk C.S. moCHiKyBadl MOMKIMBOCTI MPUCTOCYBaHHS TPAKTOPHOTO
musens Jyis po6otu Ha OlomanmBi [7-9]. 3a pesyapTaramMu  JIOCHIIKEHb IS
npucrocyBanHs nu3ens Jl - 240 no poOoTu Ha GlonaiuBi 32 YMOBH 30€pEXEHHS MOro
HOMIHAJIbHUX TTOKa3HUKIB pOOOTH Ha MiHEpaJIbHOMY JU3NAIMBI HEOOX1THO MPOBECTH
P eKCILTyaTaliiHUX 1 eKCIepuMeHTaIbHUX 3axoiB [10]:

1. TlepeperynoBaTy TMajJuBHY amapaTypd Ha 30UTBIICHHS IMKIJIOBOI IOAadl
nanuaa (10 12%).

2.30UIBIIMTH KYT BUIIEPEIKEHHS BIOPCKYBAHHS MajuBa (HA OCHOBI
EKCIIEPUMEHTAJIbHUX JTIOCITIIKEHb ).
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4. TlpoBecTu pO3paxyHOK Koe(dillieHTa HAJIMIIKY TOBITPS JJIsi PI3HUX
PEXHUMIB POOOTH IBUTYHA 3 BUKOPHUCTAHHAM O10TIATHBA.

5. ExcriepuMeHTanbHO JOCIIIUTH KyT TPUBAJIOCTI BIIOPCKYBaHHS OioMaivBa B
kamepy amsens. OCKUIbKM TOAMHHA 1 MUTOMa BUTpaTa OilomanuBa IiJl 4ac poOOoTU
JBUTYHA OyIyTh OUTHIIMMU YUM TIpH PpOOOTI HA AM3MANHBI, TO JAaHI1 3aX0/IU MOXYTh
MPOBOJUTUCH 3 BpaxyBaHHAM EKOHOMIYHOI JIOLUIBHOCTI 1 €KOJIOriyHOi Oe3neKu
HaBKOJIMIITHBOTO CEPEIOBHUIIIA.

IlocTanoBka npodJiemu

OckUIbKHM, BCl TEpeliueHl BHUILE TOCHIKEHHS HE MarTh KOMIUIEKCHOIO
MIIXO0y, a iX Pe3yJlbTaTh HOCITh JIOKAJbHUN XapakTep, TO HEOOXiJHO BUKOHATU
KOMIUIEKCHI JTOCII/KEHHS MUTAaHHS CYyMIIIO- Ta TEIJIOYTBOPEHHSI y ABUTYHAX MiJ 4ac
BUKOPHUCTAHHS aJIbTEPHATUBHUX 010M3ETHHUX MMAJUB.

Mera Ta 3aBJaHHA

Metoro po0OOTH € JOCHIIKEHHS pO3MOAUTY TajduBa IO 30Hax (akena
po3nwiIeHHs Ta mBHAKOCTI TemtoBuauieHHss dx/dF y mporeci BukopuctanHs
oionuzenpHoro nanuBa RME B100 na nuryni Renault 2.5 DCI.

Pe3yqbTaTu BUpillleHHS] OCHOBHMX 3aBJaHb

B nporeci po6otu npuryna Renault 2.5 DCI va nanusi RME B100 orpumano

HACTYIHI MOKa3HUKH (puc. 1 — 3).
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Pucynoxk 1 Po3mogin maguBa mo 30Hax ¢akeja poO3NMJIEHHSI M 4Yac
podoru aBuryHa Renault 2.5 DCI na Giogmzeabnomy najsuei RME B100: 1 —
YacTKa NajJuBa B 000JIOHII CTPyMeHsI; 2 — YacTKa NAaJWBa B siApPi CTiHKH; 3 —
YacTKa NajuBa B spi cTpyMeHsi; 4 — 4yacTka najuBa y (POHTI BiJILHOTO
CTPYMEHSI; 5 — 4aCcTKA MAJIUBAa y 30HAX MePeTUHY NPUCTIHHUX MOTOKIB
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[TpoTe, 3Bakaroun Ha 30BHINIHI XapaKTEPUCTUKH PO3MUIIOBAHHS CTPYMEHS
najanBa, aHaji3 OTPUMAHHMX 300pakKeHb MOKa3aB, M0 BUKOPUCTAHHS 010U3€ILHOTO
nanmua RME B100 npuzBoauts 10:

- 30UIBILIEHHS CEPENHBOIO JIIaMETPy Kparesb MajanuBa;

- 3a(hikcoBaHO, M0 30UIBIIYETHCS NANEKOOINHICTE CTPYMEHS 1 3MEHIIYETHCS
HOro LINPUHA;

- KOHTYDp (pakerna HabyBae KOHYCHOI (opMHU;

- CIIOCTEPITa€eThCs 3arOCTPEHHS MPU MOTro BEPIIMHI, MOXKHA MPUITYCTUTH, 1110 B
AKINACH MIp1 ICHY€ Hag30araueHa cepleBrHa CTPYMEHS;

- 3MEHIIY€EThCS KYT pO3KpUTTS (akea.

Bci i nepepaxoBani (hakTopu NPU3BOJATH J10 MOTIPIIEHOTO PO3MOALTY MMaluBa
no 3o0Hax (axena posmwieHHs. Tinbku 50 % manmuBa 3HAXOMUTHCS B OOOJIOHIT
CTPYMEHSI, 1110 MPU3BOIUTH JIO MOTIPIICHOI0 3MIITyBaHHI NAJUBa 3 MOBITPAM. Y sApi
CTIHKHA 3HaxonuTbcsa 18 % mnanuBa, sike OyAe pO3TIKATUCS IO CTIHKAaX 1 MOraHo
3MIINIYBaTUCS 3 TIOBITPSIM.

Pemra manuBa 36 % Oyjae 3HaxXOAUTHUCS B H):[pl CTpYMEH, (1)p0HT1 BUIBHOTO
CTPYMEHsI Ta 30HaxX MEPETHHY MPHUCTIHHUX MOTOKIB, 1 YaCTKOBO BI3bME y4YacTh Y
CYMIILIOYTBOPEHHI.

Ha puc. 2 rpadiuno BigoOpaxeHo MmBUAKOCTI TeruioBuauieHHs dx/dFi Ta
BuTiKaHHS nanuBa Uy B 3aJI€KHOCTI BiJl KyTa MOBOPOTY KOJIIHYACTOTO BTy JIBUTYHA
Renault 2.5 DCI y nporieci Bukopuctanusi RME B100.
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Pucynok 2 3anexHicTb mBUAKOCTI TerioBuaisienHss dx/dFi ta Butikanus
najuBa U0 Bix Kyra moBOpoTy KOJIHYACTOrO0 BaJly Hig 4Yac podOTH ABHMIYHA
Renault 2.5 DCI na 6ioguseabsnomy naauBi RME B100: 1 — mBHUAKICTH
BUTIKaAHHA NAJUBA; 2 — IIBUJAKICTh TENJIOBUIiJIeHHS

Ak BUAHO 3 puUC. 2, IBUJKICT, TOTOKY IMajvMBa Ta BUAUICHHS TeIuia
BiIOYBA€ETHCS 13 3ami3HEHHAM, Ha TPoTsa3i 18 — 20 rpagyciB MOBOPOTY KOJTIHYACTOTO
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Baly, IO TpPHW3BEAC IO 3pPOCTAaHHS BHUTpPATH TMajluBa Ta 3HIKEHHS MOTYXHOCTI
JIBUTYHA.

OcHoBHa yacTKa TEIUIOBUAUICHHS X (puc. 3) BiIOYBAETHCS 3a KyTa MOBOPOTY
KoiiH4acTtoro Bainy 80 rpagyciB, I10 MOB’SI3aHO 3 MOINEpPEAHIM rpadiKoM, OCKUIbKU
IIBUKICTH MOTOKY MaJIMBa Ta BUJIIJICHHS 3HIKYETHCSI.
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Pucynok 3 3ajnekHicTb 4acTKM TEIUIOBUALIEHHSI X BiJI KyTa MOBOPOTY
KOJIIHYACTOro BaJjy mix 4ac poooru nsuryHa Renault 2.5 DCI na 0ioguszebHOMYy
naausi RME B100

BucHoBku

Otxe, 3a pe3ynbTaTaMu JOCHIIKEeHb poOdoTn aBuryHa Renault 2.5 DCI na
ToBapHOMYy Ta OloamzenbHOMY manuBi RME B100 BcTtaHOBj€HO, 1110 BUKOPUCTAHHS
010/IM3€IBLHOTO TAJIMBa MPU3BOAUTH JI0 MOTIPIIEHHS CyMINIOYTBOPEHHS 3a PaxyHOK
YOro 3HUXKYEThCS TEIUIOBUJUICHHS 1 SIK HACHiJIOK 3pOCTae BUTpara MaJlkBa,
3HIDKYETHCS TOTYXKHICTh JIBUTYHA.

A, oTxe moaanbuIl JOCHIIKEHHS MOBUHHI OyTH HANpAMIICHI Ha MOKpPAIICHHS
CYMIIIIOYTBOPEHHS Y MPOIIECi BUKOPUCTAHHS O10AW3EIIbHOrO IMajiiBa 1 K OJIUH 13
BaplaHTIB MOKpauleHHs (POpMH KaMepH 3ropsiHHS U3l
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YK 321.01:14
TH)KEHEPIS JIFOACHKOIO YMHHUKA B CYUYACHIM OCBITI

Muraas I'.B., A.T.H., npog.
poracenko O.P., K.T.H., 101I.
Hamionaneuuii aepokocmiunmii yHiBepceureT iMeHi M.€. KykoBcbkoro «XAl»
XapKiBChbKUI HalllOHAJIBHUN €KOHOMIUHUH yHiBepcuteT iMeHi Cemena Ky3nens

Abstract

The ignorance of students with the cognitive aspects of interaction in the system
"human-technics-environment” is the consequence of the lack of attention of
specialists to the human factor in the development of modern systems and
technologies. It does not allow properly designing viable complex technical systems
in the field of road transport. The paper shows the need to take into account the
human factor at all stages of the life cycle of modern technologies and the need to
introduce into the training programs of engineers a discipline dedicated to the
considering of the human factor.

Keywords: human factor, training, cognitive technologies.

Beryn

CborojiHi iCHye MeBHE MPOTUPIYYS MK 1H)KEHEPHUMHU peajisiMU Ta moTpedamMu
1 OcBiTHbOIO ramy33to. CydacHi TEXHOJOrii Ta CydacHI CHCTEMH MOTPEOYIOTh
CIeIiajicTiB HOBOi (opMariii, 3 HOBUMHM 3HAaHHSIMHU, BMIHHAMH. JIrOgsaM, 110
MPOCKTYIOTh, EKCIUTYaTylOTh, NPUHAMAIOTh PIMICHHS B CKIQAHUX JUHAMIYHUX
cuctemMax (TPaHCIOPTHUX, €KOJOTIYHUX, EHEPreTHYHUX) HEOOXIHO ChOTOJIHI
BOJIOJIITH MOHSATTSAMHU «CHUCTEMHICTBY», <OKUTTE3MATHICTHY, «CTIMKICTHY», Ta IXHBOI
TICHOI 3aJIEKHOCTI B1J OCOOJMBOCTEN Ta MOKJIMBOCTEN JIFOAMHU K T'OJIOBHOI JIAHKH
TaKUX CHUCTEM.

VY cBiTi Ccy4acHMX HHU(POBUX TEXHOJOTIH BKE IIUPOKO BHUKOPUCTOBYIOTH
JIOCATHEHHS HEHWpOoHayK (HEHMpoeKoHOMiKa, HeHpoeproHomika, Helpooiooris,
HEHPOMApKETHHI) Ta KOTHITUBHUX HayK (KOTHITUBHA €ProHOMIKa, KOTHITHUBHI
oOuMClieHHs Ta iHIIl). B TOW 4Yac sk HaBYaHHS y ramy3l iHxeHepii (IIpOMHUCIOBOI,
BICHKOBOI, 0610, CHCTEMHO1, MPOrpaMHOi) Ta MEHEPKMEHTY BiJIOYBA€THCS Y IIEBHOMY
BI[pUBI BiJl BpaxyBaHHS JIOJICLKOTO YWHHHUKA, TOOTO OCOOJMBOCTEH B3aeMOIii
JIOJMHU Ta TEXHIKM Y CHUCTEMI «IIOJMHA — MAalIMHa», «IIOJUHA — HaBYaJIbHE
CEPEIIOBUIIIEY, IFOANHA — TEXHIKA — CEPEOBUIIIEH.

Jlist  TpaHCHOPTHOI ramy3l HaA3BHYAWHO AaKTyaJlbHUM €  CTBOPEHHS
Oe3neyHImMnX, HaAlMHIMKMX Ta eQeKkTUBHIMX cucteM. OpHak Ha YCIX eramax
KUTTEBOTO IUKITY TPAHCIIOPTHUX Ta THIIUX CKIATHUX JAUHAMIYHUX CHUCTEM IIi SKOCTI
3QJIeKaTh Bl MCUXO(]i310J0TTYHUX MOXJIMBOCTEH Ta OOMEKEHb JIFOJAUHU (BOJIA,
Mij0Ta, JWCIETYepa, KOHCTPYKTOpA, MPOCKTYyBAIbHUKA, MEHEIKEpa TOIIO), SIKUN
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NpuiiMae BaXUIHMBI pilieHHS. | came Bijg BpaxyBaHHS JIFOACHKOIO YHHHUKA 3aJICKHTh
Oe3leYHICTh, HAMIHHICT, 1 CTIMKICTh CKIAAHUX JUHAMIYHUX CHCTEM, IIO
MPOCKTYIOTHCS Ta CKCILTYaTYIOThCS JIFOAMHOO.

AHaJi3 nonepeaHix 10C/IiIKeHb

Peanizariiss BUMor Oe3meKkW aBTOMOOUIHHOI Ta IHIIUX Tajdy3ed 31HCHIOETHCS
cnerjagicrTaM, SKi MPOBOASATh HAyKOBO-TEXHIUHI PO3POOKHM — CTBOPIOIOTH HOBI
TEXHOJIOT1i, pO3pOOJSIOTh HOBY BHCOKOTEXHOJIOTIYHY MPOIYKINIIO, 3MIACHIOIOTH ii
peamizaimito Ta OOCIyroByBaHHS, €KCIUlyaTryroTh ii. CaMe TOMy HEBIJ €MHUM
CKJIQJHUKOM OCBITSHCBKOI MIArOTOBKM MaWOyTHIX 1H)KEHEpPIB € BHUBYEHHS Ta
JOCTIPKEHHSI HU3KU MUTaHb O€3MeKU CKIAJHUX CHCTEM, IO MOB’S3aHI 3 JIIOJACHKUM
YHHHUKOM [ 1-6].

[TpoOnemy 3abe3neueHHs Oe3nekn MoxHa e)eKTUBHO BUPINIYBATH BXXE HA €Tari
MIPOEKTYBaHHS CHUCTEM «IIOJMHA-TEXHIKA-CEPEOBUIIE», OCKUIBKA BpaxyBaHHS
JIOACHKOTO YMHHHUKA CYTTEBO MIABUINYE HAIIHHICTH Ta €(PEKTUBHICTH CKIAJTHUX
TPAHCIIOPTHUX TEXHOJOTIN, M0 MPOEKTYIOThCS Ta BUKOPHUCTOBYIOTHCS JIHOJUHOIO.
Came uell HampsMOK KOTHITUBHOIO CHPUUHSITTS TEXHOJOrIM JIEKUTh B OCHOBI
JTUCIUIUTIHY, HAYKW, MPAKTHYHOTO HANpsSIMKY «[H)XXeHepis IIOJCHKOr0 YHMHHUKA.
CborogHi y mOpOBIIHMX HaBYAJIbHUX 3aKJIa/Jax CBITY IHXEHEPHOrO CIPSMYBaHHS
3HaYHA YyBara MPUAUIAETHCS JIOACBKOMY YHHHHKY. Tak, MDKIUCIUIUTIHAPHA
nporpama «lmkeHepis moacbkoro ynHHMKa» (Human factors engineering) oxorutoe
CYKYNHOCTI 3HaHb 1 HPOLECH MOEIIOBAHHA, MPOEKTYBaHHS Ta eKCIUTyaTalli
JUHAMIYHMX CHCTEM. Y TMPOBIIHUX YHIBEPCUTETaX BHUKIIAJIAIOTh TaKl HaBYaIbHI
mucimuniak:  Human  Factors and Ergonomics, Human factors engineers,
Ergonomics, Human Computer Interaction, Human Machine Interaction, Man-
Machine System, People, Technology, Organization and Risk Management, Physical
ergonomics, Usability Testing, Work Organization, Humans and Indoor
Environments, Humans in Extreme Environments, Using Virtual Reality, Work
physiology. IcHy:oTh Ta KOPHUCTYIOTBHCS IIOIMHUTOM OaKalaBpChKi, MaricTepchbki Ta
JTOKTOPCHKI IIpOorpaMH 3 1HXKEHepii JIOAChKOro 4uHHHKA. [IpobGiaeMarwka mbOro
HampsIMKy — 1€ TEpPeTUH MpoOJieM TCUXOJOTTYHUX OCOOJIMBOCTEN JIOAWHH, i
ncuxo(i310MoriYHIX O0OMEXKEHb, MOIHPOPMOBAHOCTI Ta BMOTHBOBAHOCTI, Oa)kaHHI
BUKOPUCTOBYBATH CBOI PECYPCH Ta 3HAHHSI.

IlocTanoBKka npodJjemu

[IpoGiiemaTuka Oe3meku, HAAIMHOCTI Ta KXUTTE3MATHOCTI CKIAAHUX TEXHIYHHX
CUCTEM CTaBUTh JeNalll CyBOpILIl BUMOTH /10 HAYKOBO-TEXHIYHUX PO3pOOOK, IO B
CBOIO UEPTy CIIOHYKA€ HAYKOBIIIB 1 IPOMHUCIIOBIIIB PO3pPOOISTH HOBI, OUTBIN Oe3meyHi
Ta MPOrpecuBHI TeXHOJOrii. BomoainHs 3HaHHAMHU B cdepi 0€3MeKu TEXHOJOT1H Ta
oOnagHaHHs, Oe3MeKn AISIbHOCTI JIIOJIMHU B LIbOMY CKJIQJHOMY CEPEIOBHUILI — O3HAKA
HaWBUIOI KBaTi(iKaIlii JIOAUHY, 10 Mae OYTH BpaxoBaHa Ha yCIX eTarax KUTTEBOTO
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UKy Oy/b SIKOT TEXHOJIOT1I. YMIHHS 3ano0irTd pu3uKaM Ta MIHIMI3yBaTH MOXKJIMBI
HETaTHBHI HACNIJAKH, SKi IIOB'S3aHI 13 JIFOJCHKAM YMHHHUKOM, — II€ CHOTOJHI OAHA 3
HaWCyTTeBIMMX TMpodeciiHuX HaBUYOK. Bigomo, 10 IOCATHEHHS aOCOMIOTHOI
Oe3nexku € HeMOXIMBUM. OJHAK TEXHOJOril Ta 00JaJHAHHS HE HECYTh HEOE3NeKH,
MOKW B HUX HE 3aJlisTHa JIFOAWHA, 11 ASUTBHICTh Ta NPUUHATTS Heto pimeHHs [3]. [Tpu
bOMY Cy4YaCHI TEXHOJOrii, METOAuM Ta 3aco0u, oOJlafHAaHHA cami MO co01 He
rapanTyloTh Oe3nekn 0e3 HaJNeKHOTO (PYHKIIOHYBaHHS JIOJIMHU — PO3POOHUKIB,
HIEPCOHAIy, CIIBPOOITHHUKIB, iX iIHPOPMOBAHOCTI, 3HAHb 1 yMiHb [2, 3].

besneune oOnagHaHHS BUKIMKA€ MOMWIKOBE BIIUYTTS 3axXUIIEHOCTI 1
O€3IMEeYHOCTI, IO MIJBUIIYE PHU3UK, SKIIO HE BPaXxOBYBaTH OCOOJIUBOCTI MPHUPOJIH
JIOJICBKOI0 YMHHUKA MpPU MPOEKTYBaHHI, BCTAHOBJIEHHI, MaTepiaibHO-TEXHIYHOMY
obcimyroByBanHi 1 ekcruryaraiii [7]. ToOTO akTyaJbHHUM € aKIEHT Ha MUTaHHI
HABYaHHS JIIOJJMHU HA yCIX eTanax >KUTTEBOTO IUKIY Cy4YaCHUX TEXHOJIOTIH.

MeTta Ta 3aBJaHHSA
Takum YMHOM, CHOTOJHI HACTIAKOM CTPIMKOTO PO3BUTKY TEXHOJOTII € O4YeBHHA
HEOOXI1JJHICTh HE TUIbKM MEHEPKMEHTY, iX MPABOBOI0 PEryJIOBaHHS, aje i HaBUYAHHS
CTYJIEHTIB BpaxOBYBaTHU JIOACHKUM UMHHUK HA YCIX eTamax >XUTTEBOTO IUKITY
TEXHOJIOT1 Ta JIIOAMHO-MAalIMHHUX cucTeM. OOIpyHTyBaTu 1€ 1 € Memorw JaHoi
poboTH.
Pe3ysabTaTn BUpilICHHA OCHOBHHX 3aBJaHb MPO0JIeMH

Sk ramy3p 3HaHb, 1HXXEHEpPIsl JIIOJICBKOr0 YMHHHKY SIBJISIE COOOK CYKYIHICTh
CUCTEMHUX TMPHUHIUMIB (YHKIIOHYBAaHHA JAUHAMIYHMX CHUCTEM Ta BKIIOYAE
eproHOMIYHYy 1H(POPMAIlII0 TPO JIFOJChKI MOXKJIMBOCTI Ta OOMEXEHHS II0JI0 MAIIIWH,
poOounx Micib 1 cepeioBuil. SIK CKiazoBa TPYAOBOI [ISJIBHOCTI, BOHA BKpaii
HeoOXiHa 1HXeHepy (PpO3pOOHUMKY, Iu3aliHepy, MEHEIKepy), SKUH TOBUHEH
BpPaxOBYBAaTH NPH MPOEKTYBaHHI OCOOJWBOCTI B3a€MOJIT JIOJWHU 1 MAIlIWHU, CTHUITH
TISTBHOCTI, a TaKOX BIUTMB cepeaoBuiia. OTKe, OCHOBHA 3ajada JUCIHUTLIIHH
«IH>)XEeHepis JII0ACKKOr0 YNHHUKAY, SIKa Ha ChOTOJHI HE pealli30oBaHa y HaBYaJIbLHOMY
mporieci, — 3a0e3nedeHHs] epEeKTUBHOCTI JISUIbHOCTI JIFOJAWMHU B CHCTEMI «IIOJIMHA —
TEXHIKa — CEepeloBUIIE» BKe Ha erami ii mpoekryBaHHs. Came ii peanizamis, sK
MoKa3ye MOCBIA IHMUX KpaiH [1], cripuse migBUIICHHIO PiBHS BUPOOHHYOI OE3IEeKH,
poOuTh cTaHAapTH 3 Oe3neku e(EKTUBHO II0YMM I1HCTPYMEHTOM, a HE IMPOCTO
CYKYITHICTIO TEOPETUIHHUX MTOJTOKEHb.

Akmo gocHiauTH 3MICT AUCIUIUIIHKA "IH)KEeHepis JIOJCHKOro YMHHHUKA" y 11
cydyacHoMy (opMarti, KU BUKOPUCTOBYIOTH OLIBIIICTh 3aKJIaJlIB BUIIOI OCBITH O
BCbOMY CBITY, TO OYEBHIHO, IO TOJOBHHM aKIEHT Yy Hiil 3p0o0JieHO Ha BpaxyBaHHI
CWIbHHMX 1 CJIA0KUX CTOPIH JIIOJMHM MiJ 4ac PO3POOKH CKJIAJHMX CHUCTEM, B SIKUX
3a[isiHI JIIOJIM, IHCTPYMEHTH 1 TEXHOJIOrii, a TakoX po0oye cepeqoBUIIEe s
3a0e3neueHHs Oe3neku Ta ePexkTUBHOCTI AisuibHOCTI. [lo cyTi, 1e 3acTocyBaHHS
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3HAaHb NMPO OOMEKCHHS JIFOJCHKOT MPUPOIH O MPOCKTYBaHHS 00JaHAHHS, CHCTEM i
METOMIB POOOTH, 100 MiABUIIUTH OE3IMeKy, HaIIMHICTh 1 €()EeKTUBHICTh CKJIQJTHHUX
CUCTEM, 1110 y BITYM3HIHUX 3aKJIaJaX OCBITH HE BUKJIAJAIOTh Y JKOAHIN 3 HABYAJIbHUX
TUCLUIUTIH TpodeciiiHoro cupsiMmyBaHHs. Taka DUCHMIUIIHA BKpail HEOOXinHA Oyab-
SAKOMY Cy4acCHOMY 1H)KeHepy (po3pOoOHMKY, Tu3aiHepy, MEHEIKepY), KUl OBUHEH
BpaxOBYBaTU MPHU MPOEKTYBAaHHI OCOOJMBOCTI B3a€MOJil JIFOAWHU 1 MaIIMHU, CTUJIb
TISUTBHOCTI, @ TAKOXK BILTUB CTPEC-YMHHHKIB CEPEOBHINA Ta MisIbHOCTI [4, 5].

InaxeHepist JTI0ICHKOT0 YHNHHHUKA:
HAYKH PO JIIOJUHY + KOTHITUBHI aCTIEKTH + 1HXKEHEPHI HAyKU

v

CxkiaagHi cucteMu e(hEeKTUBHICTh Exonomika
: MIPOAYKTUBHICTH o0poOyT
be3neynicTh POty Hobpoby
KoMpopT Po3BuTok
HaninnicTb 37I0pOB’sI KoHkypeHTO31aTHICTD

PucyHnok 1 — 3HaueHHs iHKeHePil JTI0CLKOr0 YMHHHUKA

Meta BUBYEHHSI HaBYAJIBHOI NUCIHIUTIHA «[HXXKEHEpis JIOACHKOTO YHMHHHKA» —
3a0e3rmeunT e()EeKTHUBHICTh 1 O€3MeKy MiSIbHOCTI JIOJUHU B CHUCTEMI «IHOJMHA —
MallliHa» Ha BCIX eTamax ii *KUTTE€BOr0 LUKIY — Bl MPOEKTYBaHHS J0 €KCIUTyaTarlii.
KirouoBuii enemenT juist ii JOCATHEHHS — BpaxyBaHHS O€3MOCEpPEIHbOI 3aJIeKHOCTI
TUSJIBHOCTI  JIIOAWMHU  BiA  TCUXO(I310JIOTIYHUX, TICUXIYHUX, OlOMEXaHIYHUX,
AHTPOMIOMETPUYHUX 1 IHIIUX XapPAaKTEPUCTUK, SKI € BU3HAYAIBHUMHU TIpU
MIPOCKTYBAaHHI CHCTEM Ta TEXHOJOTIH. J[Jsg Iboro iH)KeHepis JI0JACHKOr0 YWHHHKA
Ma€ y CBOEMY apceHall BCl HEOOXIJHI CKJIaJOBl — KOTHITUBHY €prOHOMIKY,
HEHPOEPrOHOMIKY, KOTHITUBHY TICUXOJIOTiF0, O101HKEHEPItO JIFOIUHY 1 iHII HaykH [1,
2, 3, 6], ToOTO YyHIKaTbHE TMOEJHAHHSA IHXKCHEPHUX HayK, iH(OpMaIiiHIX
TEXHOJIOT'1i, TICUXOJIOrli, MEIUYHOI TIarHOCTHKH, HEUPO- Ta KOTHITUBHUX HAYK IS
3a0e3neueHHs Oe3MneKn, HaIIHHOCTI 1 CTIMKOCTI CKJIAIHUX JIHOJMHO-MAaIIMHHUX
CUCTEM, JIFOJAMHO-3AJIEKHUX TEXHOJIOT1H Ta MPOIIECIB.

[Moxgo kimo4oBHX TPOOJIEM, sIKI HEOOXITHO BHCBITIIIOBATH TPH BUKJIAJaHHI
TUCITUIUTIHN «[H)KeHepis JIF0ICHKOT0 YUHHUKA» TO 11€: JIF0JMHO-MAIIMHHA B3aEMO/TIS;
JIOJIChKI YMHHUKHA 1 PU3HMKHU; TPOEKTYBAHHS dYepe3 MPU3MY JIIOJICHKUX YHUHHUKIB
(mpomuciioBe, OlOIHXKEHEpis, CUCTEMHA I1HXKEHEpIis, IMporpaMHa i1HXEHEeplis TOIIO).
KoruiTuBH1l acmekTH JUCHUIUTIHK JO3BOJSIIOTH 3a0€3MEUUTH  OLIbII  BUCOKY
KBamdikaiiro MalOyTHIX CHEMaNiCTIB y iX OaraTorpaHfiil AisUIbHOCTI Yy cdepax
BUpIIIEHHS MpoOJieM B aepOKOCMIYHIM Taiy3i, Ha TpaHcnopTi. B cucremax
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M1JBUIIEHOT HEOE3MEeKH Ta PU3UKIB BAXIIUBO: PO3YMIHHS B3a€MOJIl MK TEXHIYHUMHU
1 CoIllaJbHUMH CHCTEMaMH; PO3POOKH CKJIQJHUX JIFOAUHO-MAIIMHHAX CHCTEM;
yIpaBIIiHAS 0E3MEKOI0 B CHCTEMAaX 3 BUCOKUM CTYIICHEM PU3HKY.
BucHoBKkH

Hes3Baxxarouu Ha CHpsSIMOBaHICTh HABYAHHS 1H)XXEHEPIB Cy4aCHUM TEXHOJIOT1SIM,
ChOTOJIHI ICHYIOTh HACIIJKM HEIOCTATHHOI yBaru 0 JIIOJICBKOTO YUHHHUKA TIPU
po3risAl mpoOiemM Oe3reku Ta po3polill CydacHUX TEXHIYHUX KOMIUIekciB. Lle
CBIIYNTHh TPO HEOOI3HAHICTH CIEHIATICTIB 3 KOTHITUBHUMHM AacIeKTaMH B3a€MOJIIT
JIOJMVMHHA 1 TEXHOJOrIM Ta oO0JlagHaHHS, IO HE JIO3BOJSE HAJICKHUM YHHOM
CIIPOCKTYBATH JKUTTE3J]ATHI CUCTEMU. TOMY ChOTOJIHI € aKTyaJIbHUM BIIPOBAJKCHHSI
y HaBYaJIbHI NPOrpaMy MiJATOTOBKU 1HXEHEPIB HABYAJIBHOTO KypCY, MPUCBIYEHOTO
MATaHHAM  1HKeHepli JIFOJCBKOrO YMHHUKA SK OOOB’S3KOBOi  CBITOIISIHOT
KOMMOHEHTH. Ile 103BouTh 3a0e3meunT OUTbIl BUCOKY KBamidikalliro MaiOyTHIX
CHELIaICTIB y X 6araTorpaHHiil AiSUIBHOCTI y cepl MpOEeKTyBaHHS Ta €KCILTyaTarii
TEXHOJIOT1H. «[HXeHepis JIFOJChKOT0 YNHHUKAY — I1€ MDKIUCIUIUTIHAPHUHN TTOTJISIT Ha
MOXJIMBOCTI JIIOJIMHM B TEXHIYHMX CEpPEJIOBUINAX, TEXHOJIOTIAX, MAaIlUHAX, il
BIIPOBAKEHHSI JTO3BOJUTH CTBOPUTH HEOOXITHE MIATPYHTS JUIS IMIJABUIIECHHS SKOCTI
MIJTOTOBKYU CIIEIIATICTIB 1H)XKEHEPHOTO CITPSIMYBaHHS.
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YK 621.983.044
3®DOEKTUBHBIN METO/I U3TOTOBJIEHUS JJETAJIEM ABTOKY30BOB

Tapanenko M. E. n-p TexH. Hayk, npod.
Hanmonansnelii aspoxkocmudeckuid yausepeuret uMm. H. E. XKykosckoro
«XapbKOBCKHUI aBUAITMOHHBINA UHCTUTYT)

Abstract

The possibility of efficient manufacture of auto-body panels based on the use
of electro-hydraulic presses with spatio-temporal control of loading a sheet blank is
shown and briefly substantiated. The technology has been developed for non-mass
production of cars. The advantages with existing manufacturing methods come down
to reducing time and costs. Rational conditions for the application of the method are
indicated. The possibility of manufacturing parts from modern automobile stocks and
alloys is determined.
Keywords: electro-hydraulic stamping, press, tooling, sheet billet, load control

Beryniienune

[Ipennaraercst 3 PpeKTUBHBIA METO/I U3TOTOBJIEHUSI ABTOKY30BHBIX JI€Tajel U3
COBPCMCHHBIX ABTOMOOWJILHBIX CTaJICH. MeTOI[ OCHOBAaH Ha MHCIIOJIB30BaHUHU
aNeKTporuapasanyeckoro  3¢gdexkra.  OnuMcaHo  NPUMEHEHHWE  CO3/IaHHOIO
AJEKTPOTHUJIPABIMYECKOTO TIpecca ¢ BBICOKOM  3alacaeMod JHEprueu s
M3TOTOBJICHUS aBTOKY30BHBIX J€Tajeil CHEIUaIbHBIX MHKPOABTOOYCcOB «Cymay,
aBTomoOuien cemeilictBa BA3, 3eMEHTOB KpbIIIM aBTOOYCOB «JTajloH» U psla
IPYTrux TPaHCIOPTHBIX CPEACTB.

9(1)(1JCKTI/IBHOCTB MCeTOoAa MPCAONPEACIIACTCA BO3MOXKHOCTBIO HMCITOJIB30BAHUA
YOPOIIEHHOW TEXHOJIOTHMYECKOM OCHACTKOW, MAJIBIMH CPOKaMHM TEXHOJOIMYECKOU
MOJIFOTOBKM TPOU3BOJACTBA M BBICOKMM KauyeCTBOM JeTayieid, 0O0YCIOBIEHHOIO
MUHHUMAaJIbHBIM KOPOOJICHUEM.

AHaJIM3 NpeAbIAYIIHNX UCCIeI0BAHUI

N3BecTHBIE METOIBI U3rOTOBIICHUS JIeTajel Ky30Ba aBTOMOOMIEH CBOISTCS K
IMPUMCHCHUIO JIBYX MCTOAOB — INTAMIIOBKC Ha MCXAHHWYCCKHUX WJIN T'HAPABINYCCKHUX
npeccax ¢ mpuMeHeHueM s (popmMooOpa3oBaHusl MyaHCOHAa W marpuibl [1, 2] u
IITAMIIOBKE HAa OPUTMHAIBHBIX Tpeccax koHmepHa ABB (IlIBeuws) snacTuyHOW H
KUAKo cpenoit [3- 5]. IlepBwiii Mmeton TpeOyeT OONBIIMX KANMUTAIBHBIX 3aTpaT |
CPOKOB TMOJTOTOBKH MPOW3BOACTBA M OTJIMYAETCSI OOJIBIION MPOU3BOAUTEIHHOCTHIO.
HpI/I HUCITIOJIB30BaHUHN BTOpPOro METOo4a IMPUMCHSACTCA TOJBKO OIUH
(hOpMOU3BMEHSIONUN AIEMEHT (MaTpUlla WX MYyaHCOH), & POJb BTOPOTO DJIEMEHTA
UTpaeT dJ1acTUUHas (KUjiKas) cpena.

O6oumM MeTo1aM MIPUCYIIL CEPhE3HBIN HEIOCTATOK — KOpOoOIeHue (MpyKUHEHNE
WIM TOBOJAKA) OTIITAMIIOBAaHHBIX JE€Talieid, W3rOTaBIMBAEMBIX W3 COBPEMEHHBIX
aBTroMoOmIpHBIX cruiaBoB Tumna IF, BH, DP. Takue nedbopmanroHHO-yIpOYHIEMBIC
MaTepHalibl IOJIBEPKEHBI OOJIBIIOMY KOPOOJIEHOIO, YTO 3aTPYAHSIET COOPKY JleTajei.

3a mocnenHue 15 €T BO MHOIOM HCCIE€IOBaHAa, OTpaOOTaHAa TEXHOJOTHUS
dhopmooOpazoBaHus KpYITHOTa0apUTHBIX JINCTOBBIX neranen Ha
ANEKTPOTHApaBInueckux mpeccax [6]. IIpoBenéHHbIe HCCIEAOBAHUS IMO3BOJIMIH
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pa3paboTaTh YHUKAJIbHBIM MHOTOKOHTYPHBIN 3JIeKTporujapasinueckuii mpecc [191-
XAHM-500 (puc. 1), obnamaromuii BO3MOXXHOCTBIO IMPOCTPAHCTBEHHO—BPEMEHHOTO
YOPaBJICHUS HATPYKEHUEM.

Kpatkas Texuuueckas
XapaKTepUCTHUKA

3anacaemast aHeprusi, kJ[x 1o 500
Pabouee nanpsokenue, kB 10 40
Paccrosuue MEXIY 1170
KOJIOHHAMH B TIPOCBETE, MM
Jnmina ITAMITYEMOH 10 1800
3arOTOBKH, MM
Cpenuss JUTATEILHOCTD 280
KA, C
OKBHBAJICHTHOE
CTaTUYECKOE JIaBJICHHE, 120
MlIIa
KomnuecTtBo pa3psIHBIX o8
KOHTYpPOB, IIT.
YcTraHoBo4YHAasT MOIIHOCTD,

20
kBT

Pucynok 1 — BHemnuii BHI TexHoJIOoTH4Yeckoro OJioka mpecca II9T'-
XAH-500

Ha stoM mnpecce Obimu OoTpabOTaHbl TEXHOJOTMM IITAMIOBKUA Pa3sHOTHUITHBIX
JieTaliel Ky30Ba Pa3JIMYHbIX MAIIVH:

— TEepeNHMX W 3aTHUX YYaCTKOB KpBIIIM, TaHEJIeH apoK 3aJHUX KOJIEC
CIIeIUAJIbHBIX MHUKPOaBTOOycoB cemerictBa «Cymnay» (r. JIyonsl, [TonTaBckast 00:1.),

(puc. 2);

Pucynok 2 — Bapuanrsl Moaeseid aBTOOYCOB € OJIMHAKOBBIMH
KY30BHBIMM NaHEJSIMU: @ — MHUKPOAaBTO0YyC CHeNHaJIbLHOI0 Ha3HAYeHHsI; O —
MAIIUHA IOPOKHOM CIIYKObI
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— yHH(UIUPOBAHHBIC YIJIOBBIC (TIEpeaHUEe, 3aqHUE) YYACTKH KPBIIIN
ceMeincTBa aBTo0ycoB «Itanon» (puc. 3);

Pucynok 3 — BHeminuii BuJ aBT00yCOB MaJIoro Kjiaacca: a — moaean bA3-

A079.04 «Itanon»; 6 — moaean XA3-3230.01 «Ckud»; ¢ — mogeaun BA3-3203
«IaeabBecy

— HEKOTOpbhle JeTanu Ky30BOoB aBromoOwieir BA3 (puc. 4, moka3zaHbl
BO3MOYHBIE BAPUAHTHI YIIPABJIEHUSI KOHILIEHTPUPOBAHHOTO MPUIIOKEHUS HarpyKEHUs
HaJ TpyAHO(DOPMOOOpa3yeMbIMH YIaCTKAMH PA3HBIX THIIOB JETaICH).

[Tanens nepennss ITanens 3amuss

L~

KpsLno aBToOM0OMIIS [Tanens GokoBas Apka HapyxHast

Pucynok 4 — BapuaHTbhl MCHOJIb3YeMOH CTPYKTYPbI NOJISI HATPYKEHUS
MJIS1 PA3JIMYHBIX JeTajeil. 3alITPUXOBaHHbIE KPYTrd — pPa3psiHble MOJOCTH, B
KOTOPBIX NMPOU3BOAMTCH Pa3psii OAHOI0 KOHTYpa (OAMHOYHASI IITPUXOBKA) H
JABYX KOHTYPOB (IBOIiHASl INITPUXOBKA, cM. Kpbl1j10 aBTOMOOWIA)
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B nenom, ympaBieHHE€ MECTOM KOHIEHTPAIMHU SJIEKTPOTUIPABINYECKOTO
Harpy>kKeHusi MO3BOJISIET OLIEHUTh MPEUMYIIECTBA MPEJIOKEHHOTO  METoja
mTaMIoBKU. OHU CBOJATCS K CIEAYIOLIEMY:

— CHMDKEHHUIO SHEPro3arpar Ha IITAMIIOBKY Pa3HBIX TUIOB JeTaen 1o 6...8 pa3
(c yueTrom ynpoleHHs] IPUMEHSIEMON OCHACTKH);

— YMEHBIIICHUIO pacxoja IITaMIyeMOro MeTajla MyTeM PaBHOMEPHOTO IO
MOBEPXHOCTH  pacmpereneHuss jaepopManuii yTOHEHHMs] W, KaK CIEICTBHE,
MUHUMU3AIMS TEXHOJIOTHYECKUX MPUITYCKOB 110 18 %0;

— TIOBBIIIEHUIO KayeCcTBa M3rOTOBISEMBIX JI€TAE M TOYHOCTU HUX

reOMETPUIECKO (hOPMBI U3-32 YMEHBIIICHUS KOPOOJIECHUS.

[Tocnennee oOHapye€HO BO MHOIOM CIIy4allHO, TIpU CpaBHEHUH (HOPMBI
OTIITAMIIOBOK, U3TOTOBJIEHHBIX MPUIIOKEHUEM CTaTHUYECKOTO JaBleHHUs (IITaMIIOBKa
AIIACTUYHOMN CPEeIoil) U Ha AJIEKTPOrUAPABINYECKOM ITPECCE.

IHocTanoBKa npoodJieMbl

B utore mpoBeneHHBIX MCCISAOBAHUM M OIBITHOH OTPaOOTKH TEXMPOIIECCOB
IITAMIIOBKM Pa3HBIX THUIIOB JeTajledl U3 pa3IMYHbIX MaTepuajoB IMOSBUIACH
mpo0OyiemMa co3aHusl MaTEeMaTHIEeCKOW MOJIEH Tiporiecca (opMooOpa3oBaHMsI AETAN
ULl €r0 ONTUMH3ALMHU. DTO JOCTATOYHO CIIOXKHAs 3aJaya C y4eTOM TOro, 4YTO
MPOIIECC MPOTEKAET B T€TEPOreHHON cpejie (TBEp/bIEe U MOMATIMBBIE YNPYTro-BA3KO-
MJIACTUYECKUE TPAHULIbL, KUIKAS CPElla) U HOCUT UMITYJIbCHBIN XapaKTep, a TaKkKe
nedhopMaliiy rpaHull JOCTUTAIOT COTEH MPOIEHTOB.

Hab6momaembrii 3¢ (dexT cymecTBEeHHOM pelakcaliui OCTaTOYHBIX HAIPSIKEHUH
B OTIITAMIIOBKE BO MHOTOM ONPEIEISIeTCS YCIOBUSMHU BHOPOIIACTUYECKOTO
HarpyxeHus [7-11]. Heobxonumsl pusnyeckas U MaTeMaTHYECKUE MOJIETU IIpoLecca
MUIACTUYECKOT0 TEUECHHUS] METaJlJla B YCJIOBHUSX BHOPOUMITYJILCHOTO HATrpYKECHHS.
PazpaboTranHasi KOHCTPYKIIMSI MHOTOKOHTYPHOT'O JICKTPOTUIPABINYECKOTO TIpecca C
MHOTOAJICKTPOJIHBIM ~ PAa3PSAHBIM  OJIOKOM TIO3BOJISIET  YIPABJSATH BPEMEHHBIMH
napaMeTpaMH Harpy>kKe€Hus B MUKPOCEKYHJITHOM ¥ MUHYTHOM JHana3oHax.

eaps 1 3a1a4u JaJIbHENIIINX UCCIEI0BAHUM

Taxkoi LEIbI0 SIBJISIETCS MHOBBIIIICHUE TEXHUKO-?KOHOMHUYECKOM
s pexTUBHOCTHU AIEKTPOTUIPABINUECKOM IITAMITOBKU aBTOKY30BHBIX
KPYIHOTA0ApUTHBIX JeTalei, CHUKEHUE BPEMEHH M 3aTpaT Ha TEXHOJIOTUYECKYIO
NOJATOTOBKY ITPOM3BOJICTBA M IOBBIIICHUE KAYECTBA IOJYYAEMbIX JIETAIEH Ky30BOB
aBTOMOOMJILHOTO TPAHCIIOPTA.

Ota 1enb MOXeET ObITh  JIOCTUTHYTA TpH  PEHICHHWH  KOMIUIeKca
MHOTOIPO(UIIbHBIX 3aa4:

— TI0 CUHTE3Y MaTMo/ieJiel POIIECCOB;

— MCCJIEAOBAaHUIO MEXAHUUYECKUX XapaKTEPUCTUK METAIIOB MPU UMITYJIHCHOM
HarpyKeHHH;

— psiia KOHCTPYKTOPCKUX 3aJa4 MO MPHUCIIOCOOJICHUIO MPEITI0KEHHON CXEMBI
MpoI1iecca K pa3HbIM yCIOBHSIM ITPOU3BO/ICTBA;

— ompeneneHus oonactei 3pGeKTUBHOr0 MPUMEHEHUSI METOa B KOOPIMHATAX
o0beMa UWHBECTHUIIMA OT O0BEMOB TNPOMU3BOJCTBA, BPEMEHHU MOJATOTOBKHU
MIPOU3BOJICTBA U KAUY€CTBA MPOIYKIIUH.
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IIpome:xxyTOYHBIE Pe3yJIbTAThI PeLICHUs 32124

B pabGore [8] ommcanpl W um3ydeHa TpPEXMEPHAs BBIYMCIUTEIBHAS MOJCITh
MpoIlecCa pPACHpPOCTPAaHEHUsT BOJIH JaBJICHUS MW BO3HUKHOBEHUS HAarpy3kd B
AKUJKOCTH, HAXOJAIIEHCA B )KECTKOM HEOCECUMMETPUIECKOUN Kamepe. Mcrnonb30BaHbl
Meronq ALE, ManodyBCTBUTENbHBIM K BHUXPSAM B JKUAKOCTH, MO3BOJISIONICH
OMUCHIBATh B3aMMOJCHCTBUE JKUIKOCTH U Ta3a, C OJIHOW CTOPOHBI, U TBEPJIOTO TeNa, C
IpYrod, TpH BBICOKOW cTeneHu pedopMammu 0e3 HAPYIICHHS YCTONYMBOCTH
BBIYMCIIUTENBHOTO MIPOIIECCA.

[TonydyeHbl OCUMIIIOTPAMMBI HW3MEHEHHUS [ABJICHHS B JKECTKOW Kamepe,
MO3BOJIAIOIIME  YTBEPXKIAaTh O  BO3MOXKHOCTH  YIPABICHHS  apaMeTpaMu
BUOPOUMITYJILCHOTO  HarpyxeHus (puc. 5). Pa3pabGoTaHbl SMIUpUYECKHE U
AHAJTUTUYECKUE 3aBUCUMOCTH  YIPABICHHUS AaAMIUIMTYJHBIMU W BPEMEHHBIMU
napamMeTpaMu.

TIIMII

Ti

To

[Ipenpaspsanas cramus

1-# 57€KTPOIHOMN MapkI

Pucynok 5 — XapakrepHasi ocuu/uiorpamma jaasJjienusi npu JI'-paspsine
HA 4-X JIEKTPOJHBIX NMApax, PacnoI0KeHHBIX 10 OKPY:KHOCTH & 230MM

B umemoMm MOXHO cnaemarb BBIBOA O KAYECTBEHHOW  aJ€KBAaTHOCTHU
CUHTE3UPOBAHHON MOJIEIHN pealibHbIM IpolieccaM. [IpencTonutT yrouHeHne MoJaenu K
YCJIOBUSIM PEabHOT'0 TEXHOJIOTUYECKOT0 MpoIiecca.

Omnpenenensl o6macti 3PGEKTUBHOTO MPUMEHEHHUs pa3paboOTaHHOTO METoja

(puc. 6).

131,0-307

= kBm 813 v T = C
3 2 — M, = T, =
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70 — 45 1
60 - a0 P22 150
50 R 35 H
40 30 H 260 100
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Pucynok 6 — CpaBHeHMe y/eJIbHBIX NMOKa3aTejel 3Hepronorpedaenus: (

9), wmeramnroemkoctu (M) wm Tpymoemxocrm  (T)  Tumosoii
JUCTOIITAMIOBAHHOW JeTajld Ha mpeccax: 1— KPUBOIIMIHBIX; 2—
TUAPABJINYECKHX; 3— ITAMIOBKH JIACTUYHON U KUAKOI cpenoit “Quintus”; 4—
JIEKTPOrUAPABIHYECKHUX.
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Bo3pocuminii uHTEpeC K HCHOJIB30BAaHUIO OI'-yCTaHOBOK I IITAMIIOBKH
JeTallei M3 JIMCTOBBIX 3arOTOBOK BbI3BAH IIMPOKMMHM TEXHOJIOTHUYECKUMU
BO3MOKHOCTSIMH, HU3KUMH IMOKA3aTEISIMU PECYPCONOTPEOIEHUS TPU MPOU3BOJICTBE,
BO3MOXKHOCTBIO TOJCTPANBATHCSI K COBPEMEHHBIM TpeOOBAHUSIM MPOU3BOJICTBA.
CpaBHUM, HarpuMep, TaKUE MOKA3aTEIN PECYPCONOTPEOICHUS:

— DHEPromoTpedIcHUEe Ha €IUHUIYY IUIoMmaau pabodero croia mpecca
2.
, KBT/M*;

o Y 2.

— METaJUIOEMKOCTH 000PYI0BaHMs, OTHECEHHAs K ToM xke miomamu, M |, t/m*;

— TPYIOEMKOCTh INTAMIIOBKM (BKJIIOYAst yCTAHOBKY M CHATHE OCHACTKH),
OTHECEHHAs K IUIOMIaAM pabodero crTona mpecca (XapakTepU3yeT TEXHOIOIMYECKUE

BO3MOKHOCTH IITAMITOBKH jeTaneii o rabapuram), 7, c/m°.

Takoe cpaBHEHHE JAaeT BO3MOYKHOCThH moctpoeHus mkain [IK no BbeIOpaHHBIM
JUTSL aHaTM3a mokaszaTesim [9].

OueHeHbl  NOTPEOHBIE  DHEPreTUYECKUE UM pa3MEpHble  IapaMeTpbl
AIIEKTPOTUAPABINYECKMX  IPECCOB, HAa KOTOPHIX BO3MOXHO 3(ddexTuBHOE
IIPOU3BOJICTBO ABTOKY30BHBIX IIAHEJIEW COBPEMEHHBIX TPAHCIOPTHBIX CPEICTB U3
CYILIECTBYIOIIUX aBTOMOOMIIBHBIX CIUIaBOB (puc. 7).

Wear M0

25

By ICOKOIIPOYHRIC
CTKHE

20

15

BricokanpouHpsie
craimu

10
M IXAH-500
'm

05 ]
1

0 M
130 170 210 250 270

Pucynok 7 — 3aBucuMocThb NOTpPeOHOIi IHeproBoopy:xkeHHocTu II'-
npeccoB MJsl I-IITaAMIOBKH CJI0KHbIX aBTOMOOMJILHBIX MaHeJ el
BuiBOaBI
B coBpemMeHHBIX yCIOBUSIX YKpauHbl BO3MOXXKHa OopraHu3anus 3)PeKTUBHOTO
MPOU3BOJICTBA AaBTOMOOWJICH CHEIMAJbHOIO Ha3HA4YeHHUs, Oa3upylolmuxcsa Ha
MOCJICAHMX HAyYHO-OOOCHOBAHHBIX TEXHOJIOTHSAX, IMHPOKOM KOOIEpaIuu ¢
MUPOBBIMU JIUJEPAMU aABTOCTPOECHUS. ODTO BIIOJHE JOCTXKUMO TIPU HATUYUU
YKOHOMHMYECKNX WHHOBAIIUN.
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YK 629.33.016.3:528.42
PO3POBKA EJIEMEHTIB IHTEJIEKTYAJIbHUX TPAHCIIOPTHHUX
CUCTEM JIA PET'YJIIOBAHHSA PYXY ABTOMOBLJIA

Yymaxk M.O.
Hauionanenuii aepokocmiunmii yHiBepeuteT iM. M. €. XKykoBcbkoro «XapKiBChKUi
aBlaIiTHUM THCTUTYT»

Abstract

The statistics and the main causes of accidents in the road and transport
environment in the world and in Ukraine are analyzed. It is shown that road traffic
accidents involving pedestrians make a significant contribution to this statistics. The
current state of the problem of preventing a collision on a pedestrian and the existing
intellectual systems for supporting the driver's activity are examined. Modern GPS
navigation systems allow you to accurately determine the location of the car on the
map. On-board computers of modern cars have a very wide range of control
capabilities of the systems and mechanisms of the car without the participation of the
driver. All this in combination makes it possible to develop an intelligent transport
system. To minimize the impact of human factors on the speed of traffic on the road,
the system of automatic topographic regulation of the car's movement is proposed.
The system is based on a modern GPS navigation system and the capabilities of
modern on-board car computers.

Key words: pedestrians, road accidents, intelligent transport systems, road
safety, active safety, human factor.

Beryn

CratucTuyHi J1aHi 3a KUJIbKa OCTaHHIX POKIB KaXyTh MPO Te, 110 HA JOoporax
VYkpainu maike KOXKHI JIBl TOAWMHU THHE JroauHa. B cepennbomy 3a 100y B JITII
ruHyTh 14 1 orpumytoTe TpaBmu noHan 100 oci6. Koxni 16 XBwiIMH y KpaiHi
BiIOYBa€EThCS JOpOkHBbO-TpaHcnopTHa npuroaa ([ TII). Kpim Toro 3pocrae KiTbKiCTh
TPaBMOBAHUX JIIOACH B JOPOXKHIX aBapisix — MIOPOKYy MoHaj 60 TuCAY yKpaiHIIIB
OTPUMYIOTh TPaBMHU PI3HOTO CTYIEHS TAAKKOCTI.

Tpancnopt, Oyayuun HEOOXITHOIO YMOBOIO ICHYBaHHS 1 €KOHOMIYHOIO
PO3BUTKY CY4YaCHOI'O CYCHLJIbCTBA, OJHOYACHO € ICTOTHHUM JIXKEPEIOM E€KOHOMIUHUX
BUTpAT, 1[0 BUHUKAIOTh B BHACIIJIOK: JOPOKHBOI MEPEBAHTAKEHOCTI, aBapiHMUX
CUTYyalliil, MKIJJIMBOTO BIUIUBY JOPOKHBOI'O PyXy Ha HABKOJIMIIHE CEPEIOBUIIE 1
310poB's HaceleHHd. HalOupmui mNOTeHIian 3HWXKEHHS 3arajbHOro piBHSA
aBapiiiHOCT1 Mae ckopoueHHs kiutbkocTi JITII B HacenmeHUX MyHKTax, a HAMOUIbIINMA
MOTEHIlaJl 100 3HMKEHHA 3aranbHoi TsKKOCcTi JITII mMae ckOpouyeHHs KIIbKOCTI
JTII na noporax mo3a HacEJICHUMH IMyHKTaMH. BoueBu b, 3HIKEHHS aBapiiHOCTI B
cuctemMi BAJIC — Han3BUyallHO aKTyallbHE NUTAHHS, IO ChOT'OJHI € OJHHUM 3
MPIOPUTETHUX HAMPSIMKIB HAYKOBUX JOCIIKEHb Ta MPAKTUIHUX PO3pOoOOK [1].

AHaJIi3 monepeaHix A0C/IiIKeHb

Y cydacHOMY CBITI CIOCTEPITa€ThCA PO3BUTOK 3arajibHUX TEHACHIIN 1
3araJpHUX TpoOsieM y cdepl aBTOAOPOKHBOTO TpaHCTIOPTY. Y Oyab-sKkiil KpaiHi
nepioJl HapoUlyBaHHS YMCEIBHOCTI MAapKy aBTOTPAHCHOPTHUX 3aCO0IB HEMUHYYE
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CYNMPOBO/KYETHCS  MMOCWJICHHSIM IEPEBAHTAXXEHOCTI JOPOXKHIX MEpPEXK, IOTIiM
3arOCTPEHHAM MPOOJIEM JTOPOKHBOT aBapiMHOCTI 1 MOCWJICHHSIM HaBaHTAXXCHHS Ha
HABKOJIMIITHE CEPENIOBUILE 1, IK HACTIJIOK, 3DOCTAaHHSIM BHUTpAT CIIBTOBApHUCTBA, IO
VIOBUTPHIOIOTh €KOHOMIUHE 3pocTaHHs. JloBenmeHo, W10 OCHOBHA MPUYHHA
BunukHeHHs I TII — e pi3HOTrO poay MposiBU JTOJICHKOT0 YHHHUKY [2].

Craructuyni nanHi JJAl Ykpainu BKa3yroTh Ha Te, IO YITKOI 3aJIEKHOCTI MIX
BEITMYMHOIO ImTpadiB 3a MPaBOMOPYIICHHS 1 KUTBKOCTI JaHUX MPABOMOPYIICHb Y
MPOIICHTHOMY CITIBBIIHOIIICHHI 13 IHIIMMHU TPABOMOPYIICHHSIMH HEMae, a OTKe
3aKOHOJaBY0-a/IMIHICTPATUBHI METOAM PETYIIOBaHHS MpaBUI JOPOKHBOIO PYXy B
yMOBax YKpaiHCBKOT'O CYCHUIbCTBA € ManoedekTuBHUMU. [Ipobrema nexuTs y
IUIOIIMHI JIIOJICBKOTO YWHHHMKA, a caMeé Ha TepeTHHI HE3HaHHS, HEBMIHHS Ta
HeOa)KaHHS JIIOAUHU JOTPUMYBATUCH MPaBUi Ta HOpM Oe3neku. OTke, HEBHpIIIEHA
YacTHHA MPOOJIEMH: SIK CYTTE€BO 3HU3UTH BIUIMB JIIOJICHKOI'O YMHHHMKA Ha O€3MeKy B
cuctemi BAJIC nuisixomM po3poOKH MiAXOAIB Ta 3aco0iB, 10 MOBHUHHI JOMOMOITH
BOJII0 YHHKATH (aTaJIbHUX MOMHJIOK Ha JOPO3i. Y IIbOMY 3B’SI3KY aKTyaJIbHHUMH €
MOIITYKOBI JOCIIJIPKEHHSI TUX IMIAXO/1B, METOAIB 1 3aC001B CUCTEMHOI MIATPUMKHU Ta
KOHTPOJIIO JiSUTbHOCTI BOJIA, SIKI OYIyTh MiABHUIYBAaTH PiBEHb OE3MEKU JTOPOKHBOTO
PYXy 3a paxyHOK 3MEHIIEHHS BIUIMBY JIIOJACHKOI0 YMHHUKA. SICKpaBUM IMPHUKIAIOM
TaKMX CHCTEM € CHCTeMa aBTOMATUYHOrO TapKyBaHHs (iHIIE HAaWMCHYBaHHS —
IHTEJNIeKTyallbHa CHCTEMa JIOMOMOTM TIpW TApKyBaHHI, TOBCSK/IEHHAa Ha3Ba -
MapKyBaJbHUN aBTOMNLIOT). BOHA BiTHOCHUTHCS 10 aKTMBHUX MapKyBaJIbHUX CHCTEM,
TOMy 10 3a0e3neuye TApKyBaHHS aBTOMOOUIS B  aBTOMAaTHYHOMY  abo
aBTOMaTU30BAaHOMY (aBTOMATHYHO BHUKOHYIOTBCS OKpeMi (QYHKIII) PpPeKUMI.
Bigomumu iHTENEKTyaqTbHUMHU CUCTEMaMH JIOMOMOTH TpU napkyBaHHi €: Park Assist
ta Park Assist Vision nHa aBromoOumsix Volkswagen; Intelligent Parking Assist
System Ha aBTOMOOLIsIX Toyota, Lexus; Remote Park Assist System Ha aBTOMOOLIAX
BMW; Active Park Assist Ha aBromo0Outsix Mercedes-Benz, Ford; Advanced Park
Assist Ha aBToMOO0Ls1X Opel [3].

B iHTenekTyalbHIi CHUCTEMI JOMOMOTM NMPU MAPKyBaHHI BHUKOPUCTOBYIOTHCS
YIIBTPA3BYKOBI JATYUKH, AHAJIOTH TTACUBHOI NMApKyBaJbHOT CUCTEMU, ajle BOHU MalOTh
BENIUKY JaibHICTh i1 (10 4,5 ™). KuIbKICTh JaTUWKIB 3aJIEKHO BiJ PI3HOBUILY
cucteMu pizHUTHCA. Hanmpuxman, B cuctemi Park Assist ocTaHHBOTO MOKOJTIHHS
BCTAHOBIIIOETHCS 12 yIbTpa3BYKOBHX JATYMKIB: MO 4 monepeny, mo3aay 1 3 OOKIB
aBTOMOO1IsA. EnexTpoHHmil 6JI0K yrpaBiliHHA NPUAMAE CUTHATHU BiJl YIbTPa3BYKOBHUX
JATYMKIB 1 MEPETBOPIOE iX B CUTHAJ YMPABIIHHS HAa BUKOHABYI MPUCTPOI, B SKOCTI
AKUX BHUCTYNAIOTh I1HOII CHCTEMH aBTOMOOUISA: CHUCTEMH KYpPCOBOI CTIHKOCTI,
VIOPABIIHHS ABUTYHOM, E€JIEKTPOIICHIIOBAY PYJIbOBOTO YIPABIIHHS, aBTOMATHYHY
KOpoOKy mepenay. B3aemopiss 3 3a3HAUYEHMMU CHUCTEMaMHU 3IMCHIOETHCS 4epe3
BIJIMOBI/IH1 €JIEKTPOHH1 OJIOKU yIPABIIHHS.

[Tomryk BiAMOBIIHOTO MICI MPH TMApPKyBaHHI MPOBOJIUTHCS 3a JOMOMOIOIO
VIBTPA3BYKOBUX JATYMKIB. ABTOMATHYHE IMAPKYBaHHS MPOBOIUTHCS IILITXOM
YIOPSIKOBAHOT'O BIUIMBY HA BUKOHABY1 MEXaHI13MHU CUCTEM aBTOMOOLs [3].

[le oHUM TUIIOBIM NPEICTABHUKOM IHTEIEKTYaIbHUX TPAHCIIOPTHUX CHUCTEM
(ITC) € cucremu nmiarpumku Boaiss BMW ConnectedDrive B BMW 1 cepii «Driving
Assistan». [lo ckmamy oOnagHaHHsS cucteMu Oe3meku makery Driving Assistant
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BXOJISITh CHUCTEMa TMOIMEPE/DKEHHs] NpO BHXIJ 3a MEXl CMYyrd pyxy Ha 0a3i
BiJICOKaMEpH, CHCTEMa MOMEPEDKEHHS TPO HAOIMKEHHS 0 1HIIOr0 aBTOMOOLTIO,
CUCTEMa pO3Mi3HABaHHS JIoeH 1 QyHKIis mpuraasMoByBanHs B MicTi [3]. Cucrema
MOMNEPEKEHHSI PO BUXIA 32 MEXI CMYIM pyXy PpO3IMI3HAE JTOPOKHIO PO3MITKY 1
MoTepeKae BOJisl MO0 HEHABMHCHOI 3MIHM CMYTH PyXy Ha MIBUAKOCTI Buiie 70
KM/TO/I. 32 IOMOMOT'O0 BiOpailii pysiboBOro kosieca. IlonepemkeHHs He aKTUBY€EThCH,
AKIIO 3MiHA CMYrd pyxy Oyna HaBMHUCHOI, TOOTO OYB BKJIIOUCHUN IMOKAKYUK
noBOpoOTY [3].

DyHKIIIS ONEPeKEHHS PO HAOIMKEHHS 3 (QYHKLIEI0 MPUralbMOBYBaHHS B
MICBKOMY pPYCl pO3Mi3Ha€E aBTOMOO1T1, a PYHKIIIS pO3Mi3HABAHHS JTOJEeH 3 (PYHKIIIEIO
MPUTraJbMOBYBAaHHS B MICBKOMY pyCl MOINEpemkae Npo HAOMMKEHHS MIIIOXOIIB.
Brirouena ¢yHkIis momepemKeHHS Tpo HAOMMKEHHS HETalHO pearye, SKIIo
aBTOMOOUTL PI3KO CHOBUIbHIOEThCs. Cro4yaTKy Ha TaHedl MpUiIadiB 3'SBISIEThCS
3aCTEPEHIIMBUI CUMBOJI, TIOTIM BIH TIOYMHAE OJMMATH, TICIS YOTO CUCTEMa IMOYMHAE
JyHAaTH cWUTHaN. SIKIIo Bomii He pearye, Ha MBUAKOCTI 70 60 KM/Toa. cuctema
MOYMHAE TallbMyBaTu caMocTiiiHOo. Ha mBuakocti 0au3bko 20-25 kM/roa. GyHKIisS
MOTIEPE/KEHHST TIPO HAONIKEHHS IMIIOXOJa JOoroMarae 3amoOirTé Hai3ay Ha
MIIOXO/IB, a Ha IBHAKOCTI 0 60 kM/roia. cucTeMa 37aTHa 3MEHIIMTH HaCIIAKU
3ITKHEHHS. SIKIIO MOTpiOHE BTPYYaHHS CHCTEMH B YIPABIIHHS aBTOMOOLIEM, BOHA
roTye TaJIbMIBHY CHCTEMY JJIS IIBUIKOTO CHpPallbOBYBaHHS 1 MPU HEOOX1THOCTI
MOYMHAE CaMOCTIHE ranbMyBaHHs. CuUCTeMa CIIJKYBaHHS 32 YBAXHICTIO BOJIA
BIJICTE€XKY€ O3HAKW BTOMU 3 HOT'0 MOBEMIHKU. Y pa3i BUSABJICHHS BIIXWICHD BiJ HOPMU
Ha JUCILIET KepYyBaHHS 3'IBUTHCS TIPOMO3UIIIsl 3pOOUTH 3yNTUHKY [4].

OnHak, ICHYIOYl CHCTEMH 3amoOiraHHs 31TKHEHHIO, 0I0 IHTErpOBaHl Yy
aBTOMOOLTb, HE MOXYTh 3a0€3MeYUTH JOTPUMaHHS OE3MEeYHOro MIBUIKICHOTO
peKUMy aBTOMOO1IEM, a JIMIIE HaMararoThCsl 3amoOIrTH BXK€ BUHMKIINA aBapiiHiN
cutyaiii a0 3Hm3uTH TsKKicTh HachiakiB JITII 1 mokiagaroThest Ha CBIIOMICTD BOMIS
y JOTpUMaHHI MBHIAKICHOTO pexkumy [4]. Tomy MeTor0 poOOTH € TeopeTHyHi
JOOCHIDKEHHST Ta TMOWIYK pilleHHS MNpoOJieMH aBTOMAaTUYHOTO PEryJtOBaHHS
MIBUKICHOTO PEXXUMY aBTOMOO1JIEM Ta 3amo0iraHHs Hai3ly Ha MIIoXo/a.

Mera Ta 3aB1aHHs

Hogi TexHomorii 6e3mekun — 11e iHTeNeKTyalbHI CUCTEMH 3aro0iraHHs Hai3ny Ha
ninioxo/ia. [HTenekTyaabHa TPAHCIIOPTHA CUCTEMA — 1€ CHCTEMa, IKa BUKOPUCTOBYE
1HHOBaIlIHI PO3pOOKHM B MOJETIOBAHHI TPAHCIOPTHUX CHUCTEM 1 pPEryIIOBaHHS
TPAHCIIOPTHUX TMOTOKIB, 1110 HA/Ia€ KIHIIEBUM CIIOKUBayaM OUIbITY 1HOOPMATUBHICTh
1 6e31eKy, a TAaKOX SKICHO IiJIBUILY€E PIBEHb B3a€EMO/IIi YYACHUKIB PYXYy B NOPIBHSIHHI
31 3BUYAHUMHU TPAHCIIOPTHUMH cucteMamu [5]. Hemae cymHIBY, 10 PO3BHUTOK
1H(OpMaIITHUX 1 KOMYHIKAIIMHUX TEXHOJIOTiM TpaHcmnopTy, sskumu € ITC, MicTuTh
BEJIMYE3HUU TMOTEHUlan JJIA: T[OKpPalleHHs oOpraHi3auii pyxy; MIJBUIIEHHS
€KOHOMIYHOCTI TPAHCIOPTHUX ONepalliii; 3HWKEHHSI CIIOKUBAHHS TMaluBa, a, OTXKeE,
3HIDKCHHS IITKIIJTMBOTO BIUIMBY HA HABKOJIUIITHE CEPEOBHIIE; ITiIBUIICHHS Oe3IeKn
JOPOXKHBOTO PYXY.

Hanpuxknan, mo6 3menmmty kinbkicth JITII 3a ydacTro mimoxo/1iB, KOMIIaHis
Continental mpomoHye aBTOBHUPOOHHWKAM CHCTEMY, SKa aBTOMATHYHO 3YITHUHSE
aBTOMOO1TL TIpW 3arpo3i Haizay Ha mimoxoga. CucremMa Mae JBiI BiJCOKaMEpH,
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KOMI'IOTEp, 3/aTHUI po3Mi3HaBaTH OO0'€KT TMOMepeay MallWHH, BU3HAYUTH HOTO
pO3Mip, MIBUAKICTH 1 HAPAMOK pyXy 00'ekTa. K110 KOMIT'IOTEp BU3HA4Ya€ HEOE3IMEKy
31ITKHEHHS, BMUKAETHCS EKCTPEHE TalIbMyBaHHS.

VY nuioMy cucTeMa MONEpEeKEHHS PO PHU3MK HAi3Ay Ha MIMIOXOIIB 13
(GYHKIII€I0 aBTOMATHYHOTO TaJbMYBaHHS CKJIAJa€Thbcsl 3 OJIOKa pajapa, SKUH
BCTAHOBJICHUN B MEPEIHBOMY 6aMnep1 MAaIllMHH, BilleOKaMep, sIKi BCTAHOBJICHI Ha
CaJIOHHE 3€pKajo 3aJHbOTO0 BHIY 1 €IeKTpOHHOro Ojoka ympaiiHas [7]. Audi,
Mercedes 1 BMW Takox npOnoHYIOTh Cy4acHI CUCTEMH BHUSBIICHHS MIIIOXO/IB, alie
TUTbKK Ha aBTOMOOWIAX, K1 OCHAII[EHI CUCTEMOIO HIYHOTO OayeHHsI, 110 0a3yeThCs HA
TEXHOJIOT1i HIYHKUX Bifeokamep. HiuHe BimeooOmaHaHHs Tpalioe Ha iHPpauepBOHUX
TEXHOJIOTISX, SIK1 IOMOMararoTh aBTOMOOUTIO BUSBJISITH JIIOJIEH 1 TBApUH, MOKA3YIOUH
BO/I€B] Ha TieHTpaibHIM KoHcom JXXK-ekpany cBiTii cunyern o0'ektiB [7]. Kommnanis
Honda po3pobnsie npwraau ansa komyHikaiii cmaptdoHy 1 aBTOMOOUISA, IO
0a3yeTbcsi HA TEXHOJIOTII TiepefaBaHHS JaHUX HAa HEBEIWKI BIJICTaHI TIO
cremianbHOoMy pagiokanany (DSRC) [7]. HoBi texHomorii 6e3meku CIpoeKTOBaHi
TaKUM YUHOM, 11100 aBTOMOOUIH BUSIBJISB MIIIOX0/1a, IKUW e BIIONEpPEK JOpOrH, Ta
norepeIkaB BOJISl 3BYKOBHUM 1 BI3yaJIbHUM CHUTHAJIOM Ipo Hebesmneky Haizay. Kpim
TOro, aBToMoO1Ib 3 gomoMororo DSRC cucremu mnocunae Ha Tele@oH MIIIOX0na
MOTIEPEKEHHST MPO HAOIMKEHHS TPAHCIOPTHOTO 3aco0y. SKmo B 1eil MOMEHT
MIIIOX1J] PO3MOBIIE€ MO TelnedoHy, cliyxae My3uKy a00 TUIlIe MOBIJIOMJIEHHS, TO
nporpamMte 3a0e3nedeHHs cMapThoHa NPUMHHSIE POOOTY MpPOrpam, siKi BIANOBIAAIOTh
3a madi QyHKI, 1 TOYNHAIOTH TOTEPEKATH MIIMIOXOAIB Mpo Hebe3neky. Ak 6aunmo,
HasBHI y Cy4YacCHMX aBTOMOOUISX CHCTEMH 3amoOiraHHs Hai3ly Ha IIII0X0Ja B
OUIBIIOCT] MOKJIANAOThCA HAa JIIOJIMHY, BOJIS UM MINIOXO0Ja, 1 BMUKAIOTh aBapiiiHe
raJlbMyBaHHS TUIBKH TOJ1, KOJIM TIIIOXIJ 3 SIBJISETHCS O€3MOCepeHbO Ha MUIAXY
pyxy aBTtoMoOuUId. OpjHak, MBHIKICTh aBapiiHOIO TalbMyBaHHSI MOXe OyTu
HEIOCTaTHbHOIO.

[Ile omHa BakJIMBa TEXHOJIOTS, sIKa 3apa3 MOYMHAE BUKOPHUCTOBYBATUCS — II€
MPUKJIaJHI TEXHOJOrIi, SIKI JI03BOJISIIOTH BIJICTEKYBAaTH aBTOMOOUI y JOPOXKHIM
MEpexXi, 3 JIOMOMOror0 MOOUIBHUX TeledoHiB, YW, HaWJacTilie, 3YUTYyBaHHS
HOMEpPHMX 3HAKIB 3a JIOMOMOTOI0 ONTUYHUX CHCTEM PO3II3HABAHHS 3HAKIB HA Bi€O
300paxkeHHsX [8]. BimcrexxeHHS aBTOMOOUTIB Ja€ MOMUIIMBICTH IS (piKCyBaHHS Ha
BEIUKIA TepUTOpli 1 HE BUMAra€e BUTpAT, $IKI ACOLIIOIOTHCA 13 TPATUIIHHUMU
CEHCOPHHMH TPUCTPOSAMHU. BOHO TakoX Ja€ MOMIHMBICTH BIIICTEKEHHS MOI3IKUA 3
OJTHOTO MICIIA B 1HIIIE Y peaJbHOMY 4aci, YOro BJK€ TaK JIaBHO IMparHyjiu 1HXeHepHu-
TPAHCHOPTHUKH. BicTeXeHHsI TPAHCIOPTHUX 3ac001B B1IOYBAETHCS 3a JOMOMOIOIO
0e3mpOoBIIHOTO 3B 53Ky, CHOPSAMOBAHOTO Ha 30ip Ta MOMMpPeHHS iHbopMarii B
peasibHOMY 4aci. [IpoTe MOXXyTh BHHUKATH IOPUIAYHI MOMEHTH, SIKI CTOCYIOTHCS
KOH(D1JIEHLIMHOCTI, AKIIO MM BIICTEXKYEMO MapLIPyTH OCOOMCTHUX MOI3JOK 1 4ac
MOJIOPOXKI  NUIAXOM  3YUTYBaHHS  HOMEpPHUX 3HaKkiB. HampamoBanus y
IHTENEeKTyalIbHUX TPAHCTIOPTHUX CHCTEMax MPHUBENH J0 TMOCUJICHOTO 3alliKaBICHHS 3
OOKy MOpOXHIX OpraHiB /0 MPOTPECMBHOTO BUKOPUCTAHHS HOBUX MPHUKIATHUX
texuosorii [8, 10, 11]. Tak, nepenaua iHdopmalii y pearbHOMY MaciiTadl yacy Mix
aBTOMOOUISIMU (BiA OJHOTO aBTOMOOUIS 1O IHIIOrO) 1 OmepaTopaMu IOPOKHBOI
Mepexi (Bim aBTOMOOUIS 110 1HGPACTPYKTYpPH) Ma€ TMOTYKHUM TOTEHINAN s
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smMeHmeHHs kutbkocti JITII. HasBHI cucTeMu TIIOKM IO HE BIJAMNOBIIAIOTH
MPUKJIATHAM TEXHOJIOT1SIM O€3IeKH, SIK1 € JIIMITOBAaHUMH y Yacl 1 CKOOPIMHOBAHUMU.
Pe3yabTaTn BUpilIeHH OCHOBHHUX 3aBJaHb NMPO0JIeMH

B pe3ynbTaTi maTeHTHOro MOIIYKY OyJy NMpOaHaIi30BaHI BXKE€ HasBHI MATEHTH
Ha BUPOOU 1 TEXHOJIOTIi B cpepi IHTETEKTyaTbHUX TPAHCIIOPTHUX CUCTEM.

Cuctema cnocrepexxennss GPS [9] - cucrema BiACTEXEHHS 3 HU3BKOIO
BapTICTIO, sIKA& BUKOPHCTOBYE CYMYTHHKU TJIOOQIBHOI CHCTEMH TO3UIIOHYBAHHS
(GPS), migxoauth Ajid JOAATKIB, MOB'SI3aHUX 3 PaJilo30HJIOM, sonobuoys 1 1HITUMU
o0'ektamu. CucreMa CIOCTEPEKECHHS BKJIIOYae B ce0€ JaTYMK, BCTAHOBJIEHUN Ha
KOXXKHOMY 00'€KTi, sikuii B MPpoBiit hopmi BimoOpaxkae cynmyTHUKOBI curHaiun GPS 1
3anucye ix B Oydep aanux. [ToTiM mmudgpoBi BiAJIKK MEpPeaalOThCs 31 MIBUIKICTIO,
MEHIIIOI, HIK Ta, Ha sKiM Oynu BimiOpaHi cymyTHukoBi curHanu GPS, mo kanamy
TeIeMeTpii TaHWX, 10 YEePryIThCs 3 IHIIUMH JaHUMHU TejieMeTpii Bij o0'ekra. JlaHi
GPS o00pobmsaroTecsi Ha pobOovoi craHiii 0OpOOKM MaHWX, 1€ OOYHCITIOETHCS
MTOJIOXKCHHS 1 IIBUJKICTh JlaTYWKa i 9ac BUOIpKU AaHuX. bydep maHuX B IaTuyuKy
MEePIOAMYHO OHOBJIOETHCS, 1 poOouya CTaHIs MEpiOJAUYHO OOUYHCIIOE HOBE
MOJIOKEHHS 1 MBUAKICTH JATYHKA.

Cucrema 1 cmnocid 3B'sizky DSRC [9] po3pobneHa misi  BHUIIJIEHOTO
Kopotkoitouoro 3B's13ky (DSRC) mixk MasgkaMu 1 OOPTOBUMU MPUCTPOSIMU CUCTEMU
JOPO’KHIX 300DiB.

®okyc kamepu 11t ADAS [9]: kamepa 1 TexHonorist BupooHunrsa 11 ADAS.
OO0'exTB Kamepw 1 JaTdyuK 300pa)K€HHS PO3TAIIOBaHI Y3JIOBXK KUIBKOX OCEHl 3
BUKOPUCTAHHSM METH, PO3TAIllOBAaHOI Ha TEPIIOMY BIJACTaHI BiJl O0'€KTHBA, 1100
BCTAHOBUTH TEPILI BIAHOCHO MOJIOKEHHS MIXK O0'€KTHBOM 1 TaTYUKOM 300paKEHHS.
[lepiie BiHOCHE MOJOKEHHSI MK JIH30I0 1 JaTYUKOM 300pakeHHS MOJIUDIKYEThCS
Ha 3a/JaHy KUIBKICTh I 00'€KTa, PO3TAIIOBAHOIO Ha JPYyromMy BIJACTaHI BijJ
o0'extuBa. [[pyre BigcTanp OUTbIINE, HIXK TIEpIE BiJICTAHb.

30ubieHHs MoxiuBocte ADAS TpancnmopTHoro 3aco0y 3 MiATPUMKOIO
00po0OKu 300pakeHr Ha OopToBuil mwardopmi [9]. Cuctemu 1 METOIU, CIOPSIMOBaHI
Ha 30LIBIICHHS MOMJIMBOCTEH PO3IIMPEHUX cHCTeM jornomoru BopaieBi (ADAS)
TPAHCIIOPTHOTO 3ac00y 3 MIATPUMKOI 00pOOKHU 300pakeHb Ha OOPTOBUM MIaTdopmi
TPAHCTIOPTHOTO 3aco0y. 300pakeHHS MOXYTb OYyTH OTpUMaHI BiJ OJHOrO abo
JEKITbKOX JAaTUMKIB 300pakeHHs, mnoB'sizanux 3 ADAS TtpaHcmopTHOro 3acoOy.
Otpumani 300pakeHHS MOXYTb OyTH 0OpoOieHi. Jlisi BU3HAYAETHCS HAa OCHOBI
YaCTKOBO 00pOOIeHNX 300pakeHb, a MOBIIOMIICHHS TiepeaeTbes KoHTposiepy ADAS
BIJIIIOBIJTHO 1O BU3HAYEHHS.

AHani3 ICHyIOYMX NpPOTOTHUIIIB MOKa3ye, M0 PO3BUTOK CYYacCHHX CHCTEM
yIOPaBJIiHHA TOPOKHIM PYXOM Ha OCHOBI Cy4aCHHX KOMYHIKaIIM Ta iHGOpMaIIiHIX
TEXHOJIOT1 CTa€E KOPUCHUM JUJISl IOPOXKHIX KOPUCTYBAUIB TUIBKH B BHUIIAJIKy €IMHOIO
VOpaBIiHHSA B MacmTabl JOpOXHBOT Mepexi. €auHe YIpaBiIiHHA [OJsSIrae B
Y3ro/IKEHOCTI poOOTH JEKLIBKOX CHEIlalli30BaHUX CHUCTEM, KOXKHA 3 SIKMX CIpPUSE
BHPIIICHHIO KOHKPETHOTO 3aBJaHHs, ITOCTABICHOIO mepen Mepexero jopir. CriabHe
BUKOPUCTaHHS CHCTEM JIO3BOJISIE MaKCHUMallbHO HaOmmxkaTucs 10 OakaHOro
KIHIIEBOTO  pe3yJbTaTy — MIJBHUIIEHHIO MPOAYKTHUBHOCTI, E€KOHOMIYHOCTI,
KOM(OPTHOCTI Ta O6€31eKH JOPOKHLOTO PYXY.

3bipnux nayKosux mamepiaris MiKHAPOOHOT HAYKOB0-NpaKmuuHoi iHmepHem-KoHPepeHuti Cr. 65



Tnnoeautiini mexHoA02ii po3sumxy ma egeKmueHocmi yHKUionyeanus asmomobirvnozo mpancnopmy

Cucrema aBTOMAaTHYHOTO TOMOTPAa(iuHOTO PEryITIOBaHHS PyXy aBTOMOOLIS
(CATPPA). Ilpuniun po3pobiieHOT CHUCTEMH B IIJIOMY HE IOBTOPIOE IMATCHTHY
dbopMyy pO3TIIIHYTHX BHIIE MATEHTIB, OJIHAK MA€ B CBOEMY CKJIAJI TE€XHOJOTIi, 110
onucadi B nareHTax Ha «Cucrema crnocrepexxeHHss GPS» 1 «Cucrtema 1 crocid 3B'3Ky
DSRC».

Cucrema aBTOMAaTUYHOTO TOMOTPadiyHOTrO PEryJIOBaHHA PYXy aBTOMOOLIS
CATPPA no3Boiisie 3HU3WTH BIUIMB JIIOJICBKOTO YMHHHKA HA IIBHAKICHHH PEKUM
pyxy Ha 70po3i Ta 00’ eanye y cob1 aekinbka ITC. Cuctema 6azyeTbcs Ha cydacHId
cuctemi Hapiramii GPS Ta MOXIMBOCTSIX Cy4acHHMX OOpPTOBUX KOMIM'IOTEPIB
aBTOMOOLIIIB, K1 JO3BOJIAIOTH 13 BEJIMKOIO TOYHICTIO BU3HAUATH MICII€ PO3TallyBaHHS
aBTOMOOLIS Ha KapTi. BopToBI KOMI'IOTEpH CydaCHUX AaBTOMOOLIIB MAalOTh IYKE
IITUPOKHUIA CIIEKTP MOKIIMBOCTEH YNPaBIIHHSA CUCTEMaMHU 1 MEXaHi3MaMH aBTOMOOLIIS
0e3 yuacti Bofisa. Bce 11e B CyKymHOCTI JJa€ MOMKJIMBICTh BUKOPHCTOBYBATH JIaHY
CUCTEMY Ha MPAKTHIII.

Ile B CyKymHOCTI Ja€ MOXKIMBICTh BHUKOPHUCTOBYBATH JIaHy CHCTEMYy Ha
npaktuul. [Ipunuun poGotu. ¥ nuiomy cucrema aBTOMaTUYHOrO TOMOrpadiuHOro
PETYIIOBaHHS pPyXy aBTOMOOWUIS mpairoe Tak. [ mogatky B 6a3y manux GPS kapt
1HTErpyeThest 1H(oOpMaIIis 11010 MaKCUMAJIBHOT JIO3BOJICHOI MIBHUAKOCTI HA KOXKHIN
IOUISTHIII AOPOTM BIiAMNOBIAHO TomnorpadiyHuM ocoOauBocTIMU BUHUKHEHHS JITII
(palioHu MUIBHOI 3a0y/10BU, JOPOTH MOOIU3Y MIKIJ, TOPTOBUX IEHTPIB, MIIIOXITHUX
nepexoAax Ta iH.) ABTOMOOUIb, MPODK/KAIOUX MEBHY JAUISTHKY JOPOTH, CIIpUNMAE 3
noromoroto GPS HaBiraTtopa iHGopMaIlio mpo MaKCUMaIbHO JOMYCTUMY IIBUAKICTH
y nanmii MoMeHT. GPS HaBiratop mnepenae iHdopmalito 00pTOBOMY KOMI'IOTEPY
aBTOMOOUIS, SIKUM, B CBOIO UEPry, OLIHIOE IIBUJIKICTb aBTOMOOUISI B TaHU MOMEHT
4acy 3 MaKCUMaJIbHO JIOMYCTUMOIO MIBHJKICTIO 1 B pa3i MEPEBUIICHHS MIBUIAKICHOTO
PEeXUMY MPUTraJbMOBYE aBTOMOOUIb 3a JIOMOMOIOI0 pPEryJIOBaHHS MapaMeTpiB
po0OTH ranbMIBHOI CHCTEMH, ABUT'YHA BHYTPIIIHBOTO 3TOPSHHS a00 €JIeKTPOIBUTYHA

(muB. puc. 1).
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Pucynok 1 I'padgiuna cxema cucTeMH ABTOMATHYHOrO TONMOrpagivyHoro
peryJIl0BaHHs PyXOM aBTOMOOiJist
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JlomaTkoBi MOXKIJIMBOCTI: JOMOMOTa Ta KOHTPOJIb TapKyBaHHA. Takox 3a
nonomoroto moxnuoctedt cuctemu CATPPA crae MoxxiauBuUM 1HTErpyBaTH y 0azy
nanux GPS kapt AUISSHKA BynHIlb, SKI BKIIOYATUMYTh IUIONII MPOI3HOI YaCTHUHH,
TPOTyapH, MApKH Ta IHIII IUIONIl MICTa, Ha SIKUX HEAO03BOJIEHE MapKyBaHHS. Komnu
GPS Hnasirarop Oyzae mepenaBatu iHGOpPMAIIO MPO MICIE 3HAXOKEHHS Ha TaKHX
OUISTHKaX OOpTOBOMY KOMM'IOTEPY aBTOMOOUIA, TOW y CBOIWO uepry, Oyne
YHEMOKJIMBITIOBATH BUMKHEHHSI JIBUTYHA aBTOMOOLISA. A came 3amycKaTh JBUTYH
BHYTPIIITHBOTO 3ropaHHs a00 €JIEeKTPOJBUTYH aBTOMOOLISI, IIOWHO BOJIM BUTATHYB
KJIFOUl 3aIajJlOBaHHS 13 3aMKa 3aMajifoBaHHS a00 KOJIM BCTAHOBJIEHUH y KpICIO BOAISA
1’ €30METPUYHUIN JATYUK CUTHAII3yBaTUME, 1110 BOJIIM 3aJIMIIIUB CaJIOH.

Taki 3axonM HE € HAATO >KOPCTKUMH 1 JO3BOJISATH BOMAISIM pPOOUTH BKpaii
HEOOXIHI 3YNUHKH, a TaKOX 3ajJUIlaTh MOXJIMBUMHU 3YIMUHKH aBapiiHOrO Ta
IpOMaJICLKOT0O TPAHCIOPTY. ToOTo BOJIISIM 3aJIMIIaTh MOJKJTUBICTh
KOPOTKOCTPOKOBHUX 3YIMHOK, aJle YHEMOXIIMBJISTh TPUBAII 3YIWHKH, aje¢ B TOW Ke
4ac HE JO03BOJISTH BOMISIM POOUTH JIOBIOCTPOKOBI 3YMHUHKH, a TUM OUIbIIE 1
MapKyBaHHS aBTO y TAKMX MiCIISIX.

Jns BopoBamxkenHss CATPPA  wHeoOximgHO BHWKOHATH  100OJIagHAHHS
aBTOMOOLISI HEOOXITHUMU KOMIIOHEHTAMU: CHCTEMOIO CYIyTHUKOBOI'O 3B’SI3KY IS
BU3HAUYEHHS KOOPJIMHAT pPyXYy TPAHCIOPTHOIO 3aco0y, CHUCTEMOIO OOpoOKHU
1HbOpMarlii, 1o Ji€ B CyKyIMHOCTI 13 TOMOrpadiuHo0 KapTOK MICIIEBOCTI, CUCTEMOIO
YaCTKOBOI'O YIPABJIIHHSA TIEBHUMU CHCTEMaMU aBTOMOOLIS, a TaKOXX BHUKOHATH
ONTHMI3aIliI0 Ta TEpenporpaMyBaHHS OOpPTOBOTO KOMITtoTepa aBToMoOuUTs. Ciin
BHECTH BIJIIIOBIJIHI JIOTIOBHEHHS JI0 YK€ ICHYIOUMX CJIICKTPOHHUX KapT JOJATKIB JJIs
GPS npunanis aBTomoOL1s. TakoXk CIIJKYBaTH 3a aKTyaJIbHICTIO 1H(QOpMalii 1 B pasi
HEOOXIJTHOCT1 — aKTyali3yBaTH JaHi, Ta 3[1MCHIOBATH MOAAJBIINN BUITYCK OHOBIICHb
JUIsL TIEpenporpaMyBaHHsi OOPTOBOro KoMil roTepa aBTomoobus. [lepeBaru cucrtemu y
HACTYITHOMY: 3HIDKEHHS MOXIIMBOCTI BHUHUKHEHHS aBapiiHUX CHUTyallld Ta
OTPUMAaHHS YIIKO/)KEHb aBTOMOOLIEM Ha HEOE3MEUHUX AUISTHKAaX JOPIr; MOMKIUBICTh
3HU3UTH IIBUJKICTH aBTOMOOUIS aBTOMATUYHO TMPU HAAXOKEHHI 10 0a3u CUCTEMHU
iHbOpMarlii mon0 cutyalli Ha A0po3i (HASIBHICTH aBapiiiHUX OOCTaBUH, BEIUKOTO
CKYIMYEHHs JIIOJIei, YTBOPEHHsS Ne(EeKTIB Ha J0po31 TOIIO0); HEBENUKI TPYAOBI Ta
MaTepiaibHI pecypcw i peanmi3allii; MOXJIUBICTh BHUIYCKY HE TUIBKH HOBUX
MOJIeJIei aBTOMOOUTIB 3 JaHOK CHUCTEMOI0, ajie ¥ mepeoOsagHaHHs OUTBIIOCTI BXKE
BHUPOOJICHUX aBTOMOOLTIB;, KOHCTPYKI[iiiHA YHIBEPCAJIbHICTh ISl PI3HUX THUMIB 1
MOJIeJIeH aBTo.

BucHoBku

binpmricts cydacHuX cucTeM 3amo0iraHHs Hai3ay Ha MIII0X0/a He 3armo0iraloTh
YTBOPEHHIO aBapiiiHOT CUTYyaIlll Ha JI0pO3i, a TUIbKU CUTHAI3YIOTh MPO HET BOJIIIO Ta
HaMararoTbCs 3MEHILIUTH HACIIIKH aBapiiHol cutTyalii. Cucrema, 1o npornoHy€eThCs,
MOXX€ CYTT€BO TMO3UTHUBHO BIUIMBATH Ha CUTYyaIllilo Oe3leKku Ha Joporax YKpaiHH.
Cucrema CcyTTeBO 3HMKYE Haiuactimny npuuuHy BuHHMKHEHHs J[TII Ha cyuacHux
Joporax — MposB JIIOJICBKOr0 YMHHUKA. Takox 3anpoBajkeHHs cuctemu CATPPA
npuOepe OAHY 3 JOBOJI YacTUX NPUYMH BUHUKHEHHS aBapiiHUX CHUTyalllld Ha
Joporax — MapKyBaHHS aBTOMOOUIS B HEIO3BOJICHOMY MICII. 3ampOBaJ»KECHHS
CATPPA Moxe CyTTEBO CHPOCTUTH 3aKOHOJABUMU OIK MHUTAHHS y PEryJIOBaHHI
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MIBUIKOCTI PyXy Ha JIOpO3i Ta MapKyBaHHS TPAHCIOPTY, 3MEHIIUTHA HABAHTAKECHHS
Ha TMPABOOXOPOHHI OpPTaHW Ta MOOIYHO 3MEHIIWTH piBeHb Kopymiii. Kpim Toro,
HaBE/IeHA CHCTEMa 3MEHIIY€e PIBeHb HABaHTa)XEHHS HAa BOIS MPU KEpyBaHHI, TUM
cCaMUM IIJIBUIYIOYM PIBEHb KOM(OPTHOCTI KEPYBaHHs, 1110, B CBOIO YEPry, MOXKE
30UTBIITUTH KyHiBEIbHUN TOMUT aBTOMOOUTIB 3 JAHOKO CHCTEMOIO.
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VIK 631.8

TEXHOJIOT'TI IIU®POBOT'O 3EMJIEPOBCTBA: ITIPOBJIEMUA
BHPOBAJIKEHHA TA IEPEBAI'D Y BUKOPUCTAHHI
CIIBCBKOTI'OCITOAAPCBKOI I TPAHCIIOPTHOI TEXHIKH

Hepkau O./1., K.T.H., 10LEHT,
®epenuyk P.A., Hesogniuuk O.1., Byiinnnbkuii 1.O.
JIHITTPOBCHKMIA JIepKaBHUHN arpapHO-€KOHOMIYHHMA YHIBEPCUTET

Abstract
Considered problems and solutions are proposed in the introduction of digital
farming technologies. The list of major foreign manufacturers of equipment and
software is given. The economic efficiency from the introduction of digital agriculture
technologies in Ukraine is presented.
Keywords: Digital Farming, telematic systems, agricultiral.

Beryn

VYkpaiHa cbOroJiHi TO3UIIIOHYETHCSI B CBITOBIM CHUIBHOCTI SIK arpapHa KpaiHa.
Mu € onmHuMHU 3 HaMOLIBIIMX EKCHOPTEPIB COHSIIHUKOBOI OJii, SIMMEHIO, MIICHHUIII
03uMoi, s1011yK. B ocTtaHHI AT POKIB Ha €BPOINEUCHKUN PUHOK aKTUBHO BUMIILIH 1
HOBI, HIIIEBI, KYJIbTYpHU: HETPAAULIMHI OBOYI Ta SATOJIU: MEpPELb, JOXHUHA, MOJIYHULS, 1
T.A. Y TOW XK€ 4Yac BITUM3HSIHE MAIIMHOOYAYyBaHHS, OyJeMO BIABEPTHMH, HE Ma€
HAyKOBHX OCHOB IMPOEKTYBaHHS MAIIMH Ta Cy4aCHUX METOJIB iX BUKOPHCTaHHI.
[IpakTHyHO BCS yKpaiHChbKa MalmIMHOOYAIBHA MPOMYKIiS — 1€ CKOIIMOBAaHI MaIlMHU
3aKOPJIOHHOTO BUPOOHUNTBA. | SKIIO BUPOOHWKH, TOPSJ 13 3aKOPJIOHHUMU
KOHKYpPEHTaMH, I1I€ MaloTh JIOCTaTHIO KUIbKICTh MO3UIIA MAIIUH JIJI TPATUIIAHOTO,
EHEPToOIIaHOTO 3eMJICPOOCTBA, SKI MOXKHA IMOOAYMTH HA BHCTaBKaX, TO MAaIllWH
MaiOyTHBOT'O BITYM3HSIHI BUPOOHUKH HE MPOTIOHYIOTh.

TuM He MEHI, MOJANBIINKA PO3BUTOK arpapHOro CEKTOPY YKpaiHW HEBIIMHHO
Oyzie CympoOBO/KYBATHUCS BIPOBAKCHHSIM CYYaCHUX TEXHOJIOT1H 3emMiepo0cTBa, sKi
3a0e3Mevarh: pO3MIMPEHHS EHEPrOOIaHUX TEXHOIOT1 BUPOIyBaHHS C.-T. KyJIBTYP,
CKOpOYECHHSI BUTPAT HA BUKOPUCTAHHS TEXHIKH, TOTAJbHOTO KOHTPOJIIO 1 OOJIKY
CTaHy IPYHTIB, TOCIBiB, pecypciB, BUpOOHMITBA 1 T. 1. He AuBisuuce Ha Te, IO
VYkpaiHa cpOrojaHi 3aiiMa€e MPOBiJHE MiCIle 32 TEMIIaMU BIPOBAKEHHS CYYacCHHX
TEXHOJIOT1M B 3eMJIepoOCTBl y CBITI, TexHoJorii mudpose 3emuepoocTBo (TL3)
BITPOBAJI)KYETHCS HE TaK CTPIMKO.

Cxoxka npobrnema € 1 B mpodiIbHUX yHIBEpCcUTETaX. BicyTHICTH MaTepiaabHO-
TeXHIYHOTro 3a0e3medyeHHs Ta cneriaiictiB y chepi LT3, sxi 6 Morim HaBdatu
CTYJICHTIB pOOJIATh YHIBEPCUTETH HE 3a[ITHAMH B OAHIN 3 HallaKTyanbHIHX cepax
MIATOTOBKU (paxiBIiB. A sIKpa3 OJHE 13 3aB/IaHh YHIBEPCUTETIB 1 MOJIATA€E B TOMY, 11100
O3HAaHOMMTH 1 MIATOTYBATH CTYAEHTIB A0 MallOyTHIX TEXHIYHUX PillI€Hb, TEXHOJOTIH,
K1 000B’s13K0BO 3a 5...10 pokiB OyaAyTh BUKOPHUCTOBYBATHCS B 3eMJIEPOOCTBI.

AHAaJI3 CTaHy NUTAHHS
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CroroaHi BiJJoM1 BU3HAQUYEHHS TOYHOI'O Ta «PO3YMHOI'0 3emiiepoOCcTBa» (ix
MO’KHA 3HAWTH y BUIBHOMY JOCTYII Ha T€peHaX IHTEPHETY), BIPOBAIKEHHS SKHUX
J03BOJIA€ 30WpaTH 3HAYHY KUIBKICTh PI3HOMAHITHUX JaHWUX BHUPOOHUIITBA B
peanbHOMY daci 1 30epiratu ix. I{udpoe x 3emiepoOCTBO iHTErpye o0OHABI
KOHIIEIIi TOYHOrO Ta PO3YMHOro 3emiepoOcTBa. MOro MOKHA BH3HAYMTH SK
«IIOCITIOBHE 3aCTOCYBaHHS METOJIB TOYHOTO Ta PO3YMHOIO 3eMJIepOOCTBa,
BHYTPIIIIHIX Ta 30BHINIHIX B3a€MO3B’S3KIB TOCTIOJAPCTBA, a TAKOXK BUKOPHUCTAHHSI SIK
BeO-1ardopM, IO MICTATH JaHi, TaK 1 aHam3y BEIHMKHX AaHUX — 3TIIHO 3
Br3HayeHHIM DL G (HiMenpkoro ciabChbKOTOCIOAapChKOro TOBAPUCTBA).

CroromHi pi3Hi BUPOOHHMKH TEXHIKM TPOIOHYIOTH BJIACHI TeJIeMaTHYHI
cuctemu, (QYHKINI SKUX, B OCHOBHOMY, cxoxi. Tak, y ¢pipmu CLAAS Tenemarnuna
cuctema mae Ha3By Telematics, y John Deere — JD Link Dashboard; y Case IH — AFS
(Advanced Farming Systems). Kpim Toro, icHyroTh po3po0OJeHi mporpamu (codru
a00 iX Ie Ha3uBarOTh «IU(PPOBI WIaTHOPMUY») BiJ IHIIKUX (ipM, SKi 3aMarOThCS 1X
po3pobkoro (obamHanHs Ta nporpamu). Hampukman, mis Case IH dipma Trimble
po3podouna mporpamy AFS, a New Holland BukopucroBye mnporpamy PLM, ska €
noBHUM aHajorom AFS.

Hampuknan, iatepdeiic mudporoi mmardhopmu Trimble Desktop Software
(puc.1) neranpHO BimoOpakae KapTy Au(epeHIiiioBaHOTO TOCIBY, Y BKJIaJKaX MOYKHA
3HAWTH, XTO, HA IKOMY arperari y Kojiv (3 TOYHICTIO JIO 5 CEeKYH]I) 3/[1CHIOBaB IOCIB
1 B AIK1{ TOYII TTOJISI KOJIM miepeOyBaB 1 T.1.
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Pucynok 1 - ®parment inTepdeiicy umudposoi miaardopmm Trimble
Desktop Software.

B mimomy Bci BHIIle 03BYy4YEHI MPOTrpaMu BUKOHYIOTh TIPAKTUYHO BCi (DYHKIIIT 3
BEJICHHS TOCIOJApPCHhKOI  JISUIBHOCTI: OOJIK INIONI IIOMiB, 30MpaHHS KapT
BPOKaHOCTI, 30epiraHHs pe3ysbTaTiB aHaji3y I'PYHTIB, 30upaHHs iH(opmali mpo
TeXHIYHUM CTaH TEXHIKM Ta 11 JETaJbHOTO BUKOPUCTaHHS B dYaci 1 MPOCTOpi,
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KOHTPOJIb 33 TEXHIYHUM CTaHOM, YIPAaBIIIHHS CEpBICOM, 30MpaHHs 1HQOpMaIli Ipo
oboporHi Ta ocHOBHI ¢oHau Ta 71H.. Ili mporpamMHi TPOIYKTH Ta CYNPOBIJIHE
oOJlaTHaHHS TIPOTIOHYIOTHCS AWJIEpaMH KOMIAaHIW-BUPOOHUKIB C.-T. TEXHIKH 1 B
VYKpaiHi cbOroJiH1 BOHM OYHWHAIOTh MOLIUPIOBATHCS.

AHaNOriYyHl TMPOAYKTH BITUYM3HSHUX BHUPOOHHKIB BIJPI3HSIOTHCA CBOEIO
CIPOILICHICTIO Ta MEHIIMM (QyHKIioHaToM. Jl0 Takux HaJlexuTh IMaTgopma
«Arponpodins» [1]. Binbimre BUpOOHWYWX 3aBJaHb, IO BKIIOYAIOTH CICMEHTH
TOYHOI0 3emiiepo0OcTBa Mae omnaiH-aTdopma «Agro Online» [2]. A BiTun3HSIHMIA
BUPOOHUK  IU(PPOBUX  TBEPAOMIPIB,  METEOCTAHIIi Ta  ABTOMATHUYHOIO
npoOoBinOipauka «Pomamika» - kommadis «Ckok Arpo» [3] mpeacTaBmsiia CBOIO
NPONYKIIiF0 Ha MiXHApOHIM BucTaBIl «Agritechnica-2019» y m. 'anHoBep.

Onmnak HaMu BUSBJICHO, IO JWICPH, SIKI MPOMOHYIOTh CIOXKHBA4YaM
oOJiaTHaHHS 1 MporpamMHe 3a0e3MeueHHs] HE TOTOB1 B MOBHIN Mipi MOCTIMHO HaJaBaTH
KBaII(PIKOBaHUI CYNpPOBIJ MIIANPUEMCTBA, OPraHi30BYBaTH HEOOXIJHE 1 JOCTATHE
HABYaHHS CIOXHUBAYiB MpoaykTy. HaBmaku, 3a Outbln-mMeHIn iH(QOpMaIiiHO €MKi
KOHCYJIbTallli BOHU O€epyTh ATy, NIJBULIYIOYH IUM CAMUM BapTICTh BIPOBAKEHHS
1 BemeHHs1 TexHousorii nuposoro 3emiuepodcra (TL3), a BigTak, OCTaHHE CTae
IPOMIBIKUM 1 He3po3yMutuM st epmepa. Hamu Takox BHSIBIEHO, IO ChOTOJIHI
KOJICH 3aKJIaJl BUIIOI OCBITM HE TOTYyE€ NOBHOLIHHMX (axiBLIB 3 TOYHOIO YU
nmudpoBoro 3emsepoOcTBa (HaBITH SKIIO Take JICKIAMYEThCS Ha  calTax
arpoyHiBepcuteTiB). ToMy, BelMKa /1015 BUIMYCKHHKIB, HANPUKIIAJA, CIHEIIaJbHOCTI
208 «ArpoiHXeHepis» He € KOHKYPEHTOCIIPOMOKHUMH Ha PUHKY TIpalli i He B MOBHIM
Mipi BIIMIOBIal0Th Cy4aCHUM BUMOTaM arpapHOro pUHKY Iparii.

ITocranoBka npodJiemu

3araapHOBIOMHM € (DAKT, IO HEMAE OJTHOPITHMUX 1 CXOXKHUX MIXK COOOIO TIOJIB.
HagpiTh B Mekax mojis € BIAMIHHICTh 1 30HAJBHICTh 3a KUIBKICTIO MIKpO- Ta
MIKPOEJIEMEHTIB, BOJIOTH, YIIIJILHEHHS TOIIO. A 30MpaHHs AeTanbHO1 iH(QopMallii mpo
BJIACTUBOCTI IPYHTIB TIOJi Ta YIPABIIHHA HUMHU JO3BOJSE «BUPIBHIOBATH
YpOXKANUHICT TMOJIIB Y MaOyTHHOMY Ta 3a0€3MeUeHHS MOXKUBHUMU PEYOBHHAMM Mij
MOTeHIa KyabTypu. KpiM Toro, onTumizarlii BUCOKOMPOAYKTHBHOI TEXHIKU
CHOT'O/IHI TIOJISATAE B PAIllOHAIIBHOMY ii BUKOPUCTAHHI HE TUIBKU B MEXaX IOJs, a BKe
Ha MOro OKpeMHX AUIAHKAaX, Kl MalOTh XapaKTEpH1 BIAMIHHOCTI, TaKl sIK POJIOYICTb
TPYHTY, penbed, HAIBHICTH 3alaciB BOJOTH TOIIO. SKIO, HAPUKIIAJ, MU IJIAHYEMO
BHECEHHS JOOPHB, TO PO3PAXOBYEMO CTaIly BETMUMHY HOPMHU BHECEHHS Ha BCE TOJIE.
Opnak, B MIMCHOCTI 3a0€3MEUCHICTh MOJSI MIKPO- Ta MIKPOEIEMEHTaMH € 3MIHHOIO
BEIMYMHOW. MU 3BMYAaHO MOXKEMO JI0AaTH TapaHTOBAHY HOPMY BHECEHHS, SKO1
Oyae MOCTaTHBO AJisl 3aJ0BOJICHHS TOTpe® POCIWH, ajle TOMl 3pOCTYTh BUTPATH.
Takox ©6e3 3actocyBanHa TIL3 npobieMHO BU3HAYUTH, SKUM YU sKI (aKTOpU
NpU3BEIM J0 3HIXKEHHS a00 SCKpaBO BHUPAXEHOI HEPIBHOMIPHOI YpPOXKAMHOCTI
KyJIbTypH B MEXKax OJHOTO IIOJS: HEPIBHOMIPHICTh 3a0€3MEUCHHS TMOXKHUBHUMU
peYOBMHAMM TPYHTY, pi3HA BOJIOTICTh, YIIIJIBHEHHS TPYHTY 4YH 1HII (DAKTOPH.
Hampuknazn, orpuMani HaMu JTaHi 3a JOMOMOTOI0 I poBoro meaerpomerpa S 600
Skok AgQro manmu wiTky ysBY OpO YIIUIBHEHHS TIPYHTIB Ha pPIi3HUX [NIMOMHAX Ha
OJTHOMY 3 MOJIB (pucC.2).
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Pucynok 2 - lludposa kapra BeJJUUMHHN YIIUIbHEHHS MOJIA MicJIA 00poOKH
pe3yJabrartiB. Taki kapTu MoxkHa OyayBaTH 181 pi3Hol riaudunu (Big S 10 60 cm),
«HAIIAPOBYIOYN» KAPTH OJIHA HA OJIHY

Hamu BcTaHoBieHO, 1110 OCHOBHUMHM TpoOsieMamu npu BripoBakeHHi T3 B
arpomiANMPUEMCTBAX € HEPO3YMIHHS aJITOPUTMY HOTO BIPOBAKEHHS Ta TEXHIYHUN
CYNpPOBIJ] TEXHOJIOTTYHOIO JIAHIIOKKA «EJIEKTPOHHE 3aBAaHHS — MaliuHa — 30i1p
iHpOopMarIii — KoMIT FOTep — 00poOKa — MIPUHUHATTS PIICHHS (PE3YJIBTAT)».

Mera Ta 3aB1aHHs

MeTo10 po00TH € PO3KPHUTTS CYTi TEXHOJIOTIiii HU(PPOBOIro 3eMJIepodCTBA

Ta 0COOJMBOCTI eKCILTyaTalil CliIbChbKOT0CNOAAPCHKOI TEXHIKH.
Pe3ynbraTy BUpilIEeHHS! OCHOBHHMX MUTaHb

s BropoBamxenas TL[3 B arpomianpueMcTBax HEOOXiTHO AOTPUMYBATHUCS
HACTYIHOT'O aJITOPUTMY JI1iA:

- BU3HAYEHHS 3 TUIIOM, MapKolo 00JIaJHAHHAM Ta 00CATOM POOIT;

- HaB4YaHHS MpaliBHUKIB BeaeHHIo T113;

- 30upaHHs KapT BPOXKAWHOCTI Ta 1X aHa13;

- arpoxiMiyHHi, arpodi3UYHUIN aHai3U IPYHTY Ta KOHTPOJb YUIIIbHEHHS,

- TNPUUHATTSA pillIeHb Ta MOOyJAOBa €NEeKTPOHHUX 3aBlaHb JJII MaIlUHHO-
TPAKTOPHUX arperaris;

- aHaJi3 OTPUMAHMX PE3YJIbTATIB Ta KOPUTYBAHHS 3aB/IaHb.

Crnig TakoX 000B’S3KOBO 3ayBa)kKMTH, IO MOBHE BIpoBamkeHHsa TL[3 Tpusae
7IBa POKHM 1 MOBUHHA OyTH BBeleHa Tocana [T-crnermiamicra 3 60Ky arpomninmprueMcTBa.

PiBeHb TeXHIKM TaKOX MOBMHEH OyTH TaKuM, 11100 BOHA OyJja COPUHHSATHA IS
pO3MIIlIEHHss Ha Hid BiAMOBIIHOTO oOnagHaHHsg [4-6] (MOHITOpPiIB, MOOLILHUX
METEOCTaHI[I}, TpeKepiB) 1 Oyna ajantoBaHa JJisi aBTOMATHYHOTO KEpPyBaHHS Ta
nepeaadyi KOHTPOJIIO TapaMeTpiB TEXHIYHOTO CTaHy.
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Hanpuxnan, BnpoBamkennsm TI[3 3apa3 3aiimaroThesa cnemianictu TOB
«Arpo KMP» pazowm 3 Haykosisimu JIJIAEY 1 kommaniero MY AGRO CANADA. B
JAHOMY TIANPUEMCTBI BCA TEXHIKA Ma€ BCTaHOBJIEHI TeXHIUHI 3acobu mist GPS-
HaBIramii Ta mnepeaadil 1 OONIKY JaHUX B pexumi oHiaiH. llignpuemcTBo Mae
3eMenbHUN OaHk  Omm3bko 12500 ra; KUIBKICTH CIIBPOOITHUKIB — 53; OCHOBHI
texHoorii B 3emsiepoocti: No-till, Strip-till; ocHoBHa Texnika: komOaitan Case TH
9240 — 4 opwnwmii, ykomriuiekToBaHi kxatkamu MacDon FD-75 (po6oya mmpuna
3axBaty 13,7 m), tpakropu Case IH MX 340/380, Case IH STX 600 Quadtrac,
6yHKep-mepeanTaxyBad Kinze-1350, o6’emom 60 M°, oGmpuckysaui John Deere
4930 i 4030, mocieHi komiutekcu Horsch Maestro SW (36 psaxis). ITianpueMcTBo
Mae 12 BracHuX MeTeocTaHli. B mraTtHuii po3kiian BBeaeHo nocaay IT-cnemiamicTa.
To6To, ymoBu BripoBakenns T1[3 BukonaHi.

SAka x peadpHO MOXe OYTH OTpMMaHa EKOHOMIYHA €(EKTUBHICTH BIJ
BrpoBaxeHHs TL3? HaBenemo onun mpukian, peanizoBanuii BiuiTky 2019 poky. B
OJTHOMY 3 AarpomiANPHEMCTB 3a JOMOMOIOI0 JpOHA 3JIHCHEHO ONEpaTUBHUMN
KOHTPOJIb CTaHy IMOJIsI MOCIBIB piMaKy 1 BHUSBIEHO, L0 TpUBaJIl JAOUI CHPUSIU
YTBOPEHHIO Ha TOJI MEBHOI KUIBKOCTI HEBEIMKUX O3€p, M0 TMOBHICTIO 3HHUILUIO
nociBu. Ile o3Hawasio, MO MPOBOAUTH OOpPOOKY IMOCIBIB 3ac00aMU 3aXHCTy POCIIHH
(33P) nHa nux auisiHKax Oyno O HemouuIbHO. Po3Mipu Ta KOOpAMHATU ILIUX O3€D,
OTpuUMaHi 3 JpoHY, Oynu BHEceHl B IU(GPOBY KapTy, sfika Oyja 3aBaHTaKEHA B
OopToBUii KoMmI'toTep ompuckyBauda. Cliji 3ayBaXHTH, 110 OONPUCKYBad MaB
(GYHKITIIO BIIKIIFOYCHHS 1 PEryJTIOBaHHS HOPMHU BHECCHHSI TI0 KOXKHOMY PO3IHITIOBATY
— 1€ Ha3MBae€ThCcs JudEpeHIioBaHe BHECEHHA. ATPOHOM TMPHUHHSB PIIICHHS:
3aiiicHIOBaTH 00pOOKY 3acobamu 3axucty pociuH (33P) 3 Hopmoro 150 n/ra (cuniii
KOJIp) 1 MpUnuHATH 00poOKy mpu HOpMi 0 ji/ra (4EpBOHMIA KOMIp) y pa3i MpOXoay
OMPUCKYBaya HaJl 3HUIIIEHUMHU BOJIOI0 IUITHKaMHU (puc. 3).
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Pucynok 3 - OnepatuBHa kapra aJjs Audepenuiiinoro Buecenusi 33P
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o e mano miANPUEMCTBY B JaHOMY BUTAAKY? BinkimtoueHHS po3NUITIOBAYIB
Ha OOIMpHCKyBaul y pa3l MPOXOJy HaJa AUISHKOIO IOJIs, € MOCIBU 3HHILIEHI BOAOIO,
3a0e3neunsio 3HmkeHHs BuTpat 33P Ha 9,5 %. A TyT B eKOHOMIIO TONAJI0 HE TUIBKU
3MEHIIeHHs 00’eéMy po00OYOoro po3uMHy, a 1 BHUTpaTH Ha TPAHCIOPTYBaHHS Ta
npurotyBanHsi 33P. ToOTo, 3MeHIIMIAcS €HEProEMHICTh, a OTXKE 1 CO0IBapTICTh
JaHOI TEXHOJIOTIYHOI omepauii. AHAJOTIYHUM YHHOM,
MPOBOJSTHCS KOPUTYBAHHS Ha BCIX CTaisiX BUPOOHUIITBA!
HAa OCHOBHUX 1 JONOMDKHHUX OIepaliiax, y Mpoleci
BUPOOHUYUX Y3TO/KeHb (HANPUKIAA, Y3TOUKEHHS 32
KPaTHICTIO ITUPUHY 3aXBaTy arperartis, iX MPOJYKTUBHICTIO
1 6araTo 1HIIIOTO).

Bineo npo 11e MoXHA ITOTUBUTHCH, E—)

3ickanyBaiu 1eid QR-koz

BucnoBku

BusnaueHo, 1m0 BHOPOBa/PKEHHS TEXHOJIOTIH muU(pPoOBOro 3emiiepodcTBa
3a0e3neunTh eKOHOMIYHUH (eekT Big 9,5 %.

Jliis eeKTUBHOTO BEEHHS BKa3aHUX TEXHOJIOT1H HEOOXITHO BIPOBAIKCHHS B
mTaTHUl po3kian [T-cremianicra.

[TokazaHo, mo mnopax 13 3apyODKHUMU BUPOOHUKAMHM TEXHOJOTIH, IO
CYNPOBO/KYIOTh 1U(poBe 3emiiepoOCTBa, ICHYIOTH 1 TPOAYKTH YKPaiHCHKHX
BUPOOHUKIB.

B minoMy, TexHika YKpaiHCBKOrO BHUPOOHHMITBA CJIaOKO HPHUCTOCOBAHA 0
e(eKTUBHOTO BUKOPUCTAHHS B yMOBaX TEXHOJIOT1H IU(PPOBOro 3emiiepoOCTBa.
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VK 621.891
METOJUKA TA IPUHIIUIIN JOCJILIKEHHS 3ATAJIbHUX
3AKOHOMIPHOCTEM TETPS TA 3HOIIIYBAHHS JIETAJIEN

ABTOMOBLISA

Ayuain B.B., 1.T.H., npo.
eHnTpanbHOYKpaiHCHKUI HAIlIOHATBHUN TEXHIYHUHN YHIBEPCUTET
JIamyk O.JL., A.T.H., npod.

I'ynka A.B., K.T.H., 1011.

TepHOMIIBCHKHIA HAIIOHANBHUIN TEXHIYHUH YHIBEPCTUT

Abstract

The problem of transient friction processes, which determine reliability and
durability of machines in real conditions of operation, is considered in the paper. The
theoretical basis of the transitional friction processes in the present formally formed.
Therefore, only the methodological side of this problem is considered for solving
practical problems. The laws of transient processes are essentially kinetic. For them it
IS most important to take into account thermodynamic constraints. Solving the
problem of increasing the reliability and durability of steam friction elements of cars
requires a systematic approach with the development of comprehensive research
techniques, kinetic criteria for evaluating processes. It is shown that the ways of
development and research of designing measures on increasing the tribological
reliability of these friction pairs are effective. The necessity of taking into account the
influence of the coefficient of mutual overlap on the processes of friction and wear
and on the stage of designing and manufacturing of elements of friction pairs of cars,
in the choice of optimal friction modes, is substantiated. The proposed parametric
model allows to optimize the research process, to develop a complex of technical
solutions on the increased durability of friction pairs of cars, to obtain optimal
parameters of surface quality, to create a bank of objective tribo technical data for
heavy loaded friction pairs.
Key words: friction processes, coefficient of overlap, wear resistance, car tribology.

Beryn

Excruryaramiitna HamidHICTD TEXHIYHUX TPHOOCHCTEM KOB3aHHS JCTajci
aBTOMOOLTIB Ta CLIBCHKOTOCIIOAAPCHKMX MAIIMH OOYMOBIIFOETECSI B OCHOBHOMY
3HOCOCTIMKICTIO 1X TpuOoeneMeHTiB. KOHCTPYKTOpChKI Ta TEXHOJOTIYHI METOIU
3MIIIHEHHS HEOOXI1JHI, ajie HEIOCTaTHI, BOHM OOMEKEHI PIBHEM pO3BUTKY Taiy3ei
TEXHIKMA 1 TEXHOJIOTII, sIKi X peali3yioTh. Y TOH XK€ Yac, HEAOCTAaTHHO PO3BHBAIOTHCS
crocooun CKCHHyaTaHiﬁHOFO 3MiLIHeHH$[ ITOBCPXOHb TCPTA, HC3BAKAI0OUYM Ha TC, IO BOHHU
J03BOJISIFOTE MOJIU(DIKYBaTH HAMTOHINI MOBEPXHEBI IIApU 1, TUM CaMHUM 3a0€3MEeUUTH
BUMOI'HM IIIOJI0 3HOCOCTIMKOCTI. BupimeHHs 3arajipHOi NpoOJeMH ITiABHUINCHHS
€(hEeKTUBHOCTI CUIbCHKOIOCTIOAAPCHKOI TEXHIKH, TPUOOIOTTYHOT HAAIMHOCTI 11 map TepTs
norpedye MOJOJIaHHSA ICHYIOUOro MPOTUPIUYS MK TOTpeOO0 B 00 €KTUBHOMY Ta
OOIpYHTOBAaHOMY BHOOp1 HAMOUIBII pPaIliOHATILHOTO Ta BHUCOKOSIKICHOTO KOMILIEKCY
eKCIUTyaTalllHHUX 3aXO0/1B 3 OAHOTO OOKY Ta BIACYTHICTIO TEOPETUIHUX OCHOB 1 METOIIB
ix BuOOpPY, OaHKy TPUOOTEXHIYHMX MaHHMX (PE3yNbTATIB JaOOPATOPHUX, CTEHIOBUX,
MTOJTbOBUX JIOCTIKEHB) 3 1HIIIOTO
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AHaJi3 nonepeaHix A0C/IiIKeHb

Bupimenns mpobiieMu MiABUIISHHS HAAIHHOCTI Ta JOBIOBIYHOCTI €ICMEHTIB
map TepTsS aBTOMOOLIIB BUMara€ CHCTEMHOTrO MITXOy 3 PO3POOKOI0 KOMIUIEKCHUX
METOJUK JIOCHIPKEHHS, KIHETUYHUX KpUTEPIiB OILIHKU mponeciB. CTPyKTypHO
CHEPreTUYHUHN ITAX1JT JO3BOJIMB ONTHUMI3YBaTH IUISXH IIOIIYKIB ONTHMAaJIbHHUX
pimiens [1]. [TocTiiiHO 3pocTae mMUTOMa MOTYKHICTh MPOLIECIB TEPTS, MIABUILYETHCS
TEIJIOBE 1 MEXaHIYHE HABAaHTAKEHHS HA TapH TEPTs, 10 BeAe A0 PAAY HEraTMBHUX
HacHiAkiB. EQexkTuBHUMHU € HUISIXH PO3POOKH Ta JIOCTIKEHHS KOHCTPYKTOPCHKHUX
MIPONPUEMCTB O MIJBUILIEHHIO TPUOOIOrTYHOI HaAIHOCTI AaHuX nap Tepts. [lopsn
13 TEXHOJIOTIYHUMH Ta eKCIUTyaTallliHUMHU 3aco0aMu 1€ JIO3BOJINTh CTBOPUTH
LHUTICHUM ~ KOMIUIEKC,pO3IIMPUTH  OaHK TpuOO TEXHIYHUX JaHUX, pPO3pPOOUTH
MPAKTUYIHI PEKOMEH/IAIIIT MO0 BUPIMIEHHIO MUTAHb MPUKIIATHOT TPUOO TeXHIKH [2].

IlocTanoBka npodJiemu

TpuOosnoris, K 1 1HII rady3l HAyKd 1 TEXHIKH 3HAXOJUTHCSA B HENEPEPBHOMY
pO3BUTKY. Buxonmsuu 3 1mporo B JaHiii poOOTI PO3TISHYTO TUIBKU JESKI aCHeKTH
npoOsiemMu, SKi AOUUIbHO BUKOPHUCTOBYBAaTHU MpHU JIOCHIKEHHSAX B J1A0OpAaTOpPHHUX
yMoBaxXx. B KOHKpETHHX BHWIIaJKaX, KOJIH HEOOXITHO TIEPEHECTH pPE3YJIbTaTH
71a00paTOpPHUX JOCHIDKEHh Ha pealibHI BY3JIM TEPTs MOTPIOHO BUKOPHUCTOBYBATH
€JIEMEHTH TeOpii MOJIENIIOBAHHS 13 BpaXyBaHHSAM TEIUIOBOI AUHAMIKH MIPOLIECY TEPTS.
Ile peanmizoBaHO B 3ampPOIOHOBAHIN METOMWIN AOCHIDKCHHS 1 MIATBEPIKEHO
OJIep>KaHUMU Pe3yIbTaTaMHU.

MeTa Ta 3aBJaHHSA

Mertoro naHoi poOoTH € po3poOKa KOMIUIEKCHOI METOJWKH IOCTIKEHHS Ta
KpUTEPIiB OLIHKU JJIsl MOPIBHSHHS Ta aHali3y TPUOO TEXHIYHUX MapaMeTpiB Mpu
TEPT1 Ta 3HOIICHHI €JIEMEHTIB Map TePTsS aBTOMOOLITIB.

Pe3yqbTaTu BUpillleHHS OCHOBHUX 3aB/aHb

[TigBuIeHHsT HAIIMHOCTI Ta JOBTOBIYHOCTI IMap TEPTS MAIIWH Ta MEXaHI3MIB
OB’ s13aHO 13 cTaOUII3allIE€r0 MPOLIECIB, SIKI IPOXOAATh Yy MTOBEPXHEBUX IlIapax, a came
YTBOpPEHHSAM, TpaHchOpMalll€l0 Ta PYHHYBAHHSIM 3aXUCHUX IUIIBOK BTOPUHHUX
ctpykryp (BC) B Mexax mNeBHOI MHOXHHM ONTUMAJIbHUX KIHEMAaTHYHHUX Ta
JMHAMIYHUX TapaMmeTpiB, IO OMUCYIOTh 1€ mpoiiec. Bimomi auHaMiuHi MoOjaeNi
OB’ SI3YIOTh 3MiHY IUTOINI TOBEPXHI JIeTajel map TepTs, ki mokpuTi miiBkamu BC, 13
MIBUAKICTIO YTBOPEHHS Ta pYWHYBaHHS JAHUX IUNIBOK Ta PSZIOM IHIIUX BXIAHHUX
napameTpiB. TakuMu MOMAEISIMH JOCUTh CKJIQJHO KOPHCTYBAaTHCh B TIPOIIECI
EKCIIEPUMEHTAJILHOI MEePEBIPKU, BOHM HE BPAXOBYIOTh IUIMH psAll 1HIIMX (HaKTOPIB,
BILIUB SIKUX HOCUTh BUITAJIKOBUI XapakTep 1 K1 MOKYTb OyTH BpaxoBaHl1 TUIbKH IPU
peamizarii CTOXacTHYHOI JUHAMIYHOI MOJIeJIi B3a€MOJIIi METajliB IIOBEPXOHD JAcTanci
rap TepTs 1 cepeIoBUINA B 30H1 (PPUKIIINHOTO KOHTAKTY.

[Ipn moOynoB1 Takoi MOJEN PO3TJSHYTO MOJIMBI CTAaHM CKJIAJHOI (P13HKO-
XIMIYHO1 CHCTEMH TIOBEPXHEBOTO IIapy MaTepiany rmapu teprs puc. 1.
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P
—

[HTEHCHBHICTb 3HOLIYBaHHHA

! - —
Yac pobotu napu tepr, ¢

Pucynok 1 - Jliarpama MOXJIMBHX CcTaHiB (i3uKo-XiMiuyHOI cHUCTeMH
MOBEPXHEBHUX 1IAPIB MaTepiajy nmoBepxoHb Teprs: I - eran npunpauoBanns ; I1
- eTall HOPMAJIBHOTO TePTA TAa 3HOLIEHHsA (IMHAMIYHA pIBHOBara mnpoiecis
yrBOpeHHs1 Ta pyiinyBanHs 3axucHux BC); Ill - eram 00’emHoOi gecTpykuii
(maToJioriyuHe PpyHHYBAHHSI OCHOBHOTO METAJLY).

Po3ginumo momry ¢axkTudHOro KoHTakTy Fg Ha N (N — o) enmeMeHTapHUX
wiomaaok dF, ska Moxke mepeOyBaTH B TakMX CTaHax: SO - MOYATKOBUH CTaH
HEMPUIIPaIbOBaHOI MOBEPXHI (penbed MOBEPXHI MICHS TEXHOIOTTYHOI 00pOOKN); S;-
poOouMii cTaH MOBEPXHI TEPTA 13 JOMIHYBAHHSM Mpollecy pyiHyBaHHs 1U1iBOK; BC;
S; - cTaH OBEHUIBHOI MOBEPXHI TepTs (MOBEPXHS 13 BUXITHOIO MIOPCTKICTIO MiCTs
nporiecy mpumnpaitoBanasd. Ha moepxni BincyTHi 3axucHi miiBku BC); S; - cran
yTBOpEHHS (BIHOBJICHHs) 3axuUCHHUX IIiBOK BC; S; - JAUISHKYM 13 MaTOJOTTYHUMU
nmporiecaMu TpaHcopMmailii MmoBepxHi TepTst (00’e€MHE pyHHYBaHHS OCHOBHOTO
MeTajly JIeTaJied map TepTs).

300pa3uMo niarpamy MOXJIMBUX MEPEXOMIB CUCTEMH Yy BHIJISAl rpady y
BEpIIIMHAX SKOTO PO3MINIEHI MOJXJIMBI CTaHU S;, a JYyId SKOTO BiANOBIAAIOTH
nepexoaM MK CTaHAMH 3 BIIOMHUMH HMOBIPHOCTAMH P; j pO3IIIAyBaHHX IPOIIECIB,
Kl XapaKTepU3YyIOThCS BIJINOBIIHUMHU Iapamerpamu npouecy. Tyt a; Ta ap
BIJITOBITHO MMapaMeTpH MEePEeXO01y Bij MOYATKOBOTO CTaHY S, 0 CTaHiB S; Ta Sp; f -
napameTp, KU OIIHIOE WMOBIPHICTh MEPEXOy B CTaHy S; /10 MOSBU FOBEHUIHHOI
MOBEPXHi 1 BIIMOBIAHO, BU3HAYAE TPUBAIICTH MEPIOAY PYWHYBAHHS 3aXUCHHUX TUTIBOK
BC; y - mapamerp mepexomy BiJ IOBEHUIBHOIO CTaHy TOBEPXHI S, /IO CTaHy
YTBOPEHHS 3aXHUCHUX IUTIBOK S3 ; § - MapaMeTp Mepexoay BiJ cTaHy MOBEPXHI Sz 110
CTaHy S;, KM BU3HAUa€e TPUBAJIICTh YTBOPEHHS 3axucHuX 1miBok BC; € - mapamertp,
KU BU3HAYA€ MMOBIPHICTh MEPEXOAY A0 MATAJOTIYHUX YMOB TEPTS Ta 3HOIICHHSA 1
MOSIBU CTaHy MOBEPXHI Sy.

[Ipu nomymiexi, 0 BCl CTaHU, SIKI BU3HAUEHI SIK BY3JI0B1 BEPIIMHU JlarpaMHu €
HE3aJIe)KH1, MOXKHA BU3HAUUTH IEPEXiNHI UMOBIPHOCTI P; ; 13 BpaxyBaHHSM SIKHX
CKJIaJIaEMO MapKiBChKY MOJIENIb CUCTEMH 13 N €JIEMEHTIB y BUTIISAI AU epeHIIaIbHUX
PIBHSIHbB.
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T = ¥ P(DP() (1)
ne P;(t) - iimoBipHICTB nepe6yBaHH;1 CUCTEMH B 1-OMY CTaHi.

Jiist mepexoy 10 HOpMaJibHOT €KCIUTyaTallli CHCTEMH 13 YCTaJI€HUM MPOIIECOM
YTBOPEHHS Ta PyWHYBaHHS 3aXMCHUX TUTIBOK HMOBIPHOCTI peaizalii cTaHiB Sy Ta S
Ta NEepexifHl UMOBIPHOCTI P;; , MOB’A3aHl 3 UMMM CTaHAMHU PIBHI HYIIIO, TOOTO Py
=P,= 0; Pyy = Pyp = Py ~ 0. VY UbOMY BHIIAAKY MOJIEJIb CHUCTEMU 3HAYHO
CHPOIIYEThCSA, a ii Jiarpama Ma€ BUTIIST IUKIIYHOTO Tpady 3 BeprmuHaMu Sy, Sy 1 S,
iimoBipHocTi sxux Py(t), P,(t), P3(t) yrBoproroTs HOBHy HMOBIPHICTb, TOOTO

P1(t)+ Pa(t) + Pa(t) = (2)

PosrisitHemo cripoiieHy Mojienb MpOIECy, 3TITHO SKOI Yac nepe6yBaHH;1
BUJIUICHOTO elieMeHTy miomi OF y KOXHOMY 13 CTaHIB MiMOPSAIKOBYETHCS
MOKA3HUKOBIN 3aJICKHOCTI.

Toxai mapamerp [ € mapamMeTpoM pO3MOAUTY Yacy pYyHHYBaHHS IUTIBKH
(IHTEHCUBHICTIO HAWIPOCTIMIOrO TOTOKY BIJKa3y CHUCTEMHU 3aXUCTy IUTOIIAJKA
TUTIBKOI0); ¥, § - BIZIMOBITHO TapaMeTpy PO3MOAUTY Yacy mnepeOyBaHHS TUIOMATKHA Y
IOBEHIILHOMY CTaHI Ta CTaHl BIJHOBJICHHS 3aXHMCHOi IUIIBKM. B mboMy BHUITaIKy
mudepeniianbHl piBHIHHS KoaMoropoBa jyisi IMOBIPHOCTEH CTaHIB N - BUIALICHUX
€JIEMEHTIB MOBEPXHI TEPTS 3aMUCYETHCS y BUTIIAIL:

O = 5Py (1) - BPL(2); 3)
= BP,(t) —yP,(t); (4)

apr,(t)
dt
[Ipu po3B’si3aHHI CHCTEMH pPIBHSHB 32 TOYaTKOBI YMOBU MPUHAMAEMO CTaH
MOBEPXHI Ha TMOYaTKy poOOTH CHpsDKEHHS, a00 Ha II0YaTKy MPOBEICHHS
EKCIIEPUMEHTIB, KOJM TIPAKTUYHO BCS IOBEPXHSI KOHTAKTY IIOKPHUTA 3aXHUCHOIO
mwiiBkoro BC 1 mig yac TepTs BOHA MOKE TIIbKU 3MEHIITYBATHCS (32 paxXyHOK MPOIECY
pyliHyBaHHs). B 1IbOMy BHUIIQJKy MOYaTKOBI HMOBIPHOCTI NepeOyBaHHA AOBUIBHOI
ButeHol momanaku dF B cranax Sy S; Ta S3 cTaHOBUTHMYTH BiAIIOBITHO:
P1(0) = 1 Ta P,(0)=P5(0)=0. ()
B pesynbrati po3B’si3yBaHHS CUCTEMU BU3HAYA€EMOTO HMOBIPHOCTI
nepeOyBaHHs JOBLIBHOI TUTOIIa Ak OF y BIAMOBIIHUX CTaHAX:

_ exlt_exzt ﬁ6 xzexlt_xleth
PZ (t) - ﬂ ( X1—X2 ) + X1X2 (1 + X1—X2 ) (6)
_ br x,e*1t—x eX2t
P3 (t) - X1X2 (1 + X1—X2 ) (7)

Pi(t) =1—Py(t) — P3(t)
(B+y+8)F(B+y+6)2—4(BS+By+Y5)
2

Hexlz =

Ha wac BcTaHOBJIICHHA JWHAMIYHOI pPIBHOBAard IIPOIECIB YTBOPEHHS Ta
pyiinyBanns BC npuiiMaeMo t — oo 1 3anexxHoCTi (4) IPUAMYTH BUTIISI:

P, = ro
Y ps +£y +y8
"2 = peeprve ®)
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___YB
Ps = BE+y+y8 ©)

SIkmo B 3agaHuil MOMEHT 4acy t =t;, HMOBIpHICTh IepeOyBaHHS KOXKHOI 13 N
CIIEMCHTAPHUX TOBEPXOHb Y IOBCHUILHOMY cTaHi Oyne P, (t¢), To cymapHa ruiora
F,, IOBEHUTbHUX AUISHOK OyJ€ CTaHOBUTH:

E,(t) = me P,dF = Py (tra) Fru (10)

ne F, - cymapHa muioma KOHTAaKTHOI NmoBepxHi. TOOTO B MOMEHT BCTaHOBJICHOI
JUHAMIYHOI PIBHOBArM CyMapHa IUIOIA FOBEHIIbHUX JUISHOK CTAHOBUTD:

___ B¢

JIJ1 eKCOTEHLIAIbHOTO 3aKOHY PO3MIOJUTY Yacy rnepedyBaHHsI CUCTEMU B CTaHi
S;, fIKe € TPAaHUYHUM JJIS1 TyaCOHIBCHKOTO 1 TEOMETPUYHOT'O PO3MOALTIB 1 SIKE MOXKE
OyTH OTpUMaHE TAaKOX Ha OCHOBI MOJENI YTBOPEHHS-PYWHYBaHHS [4], IpU SIKOMY
MMOBIPHICTb IIE€PEXOJy CUCTEMHU 13 CTaHy S; B CTaH Sj ONUCYETBCS 3AJIEKHICTIO
F(t) = 1—e %, gne a; ={B;y;5}mMaremMatnyne CHOMIBaHHA 4Yacy TaKOro
nepexomy.

(12)

1
a;

ToOto MaremarnyHe crofiBaHHS 4acy 3HaxomkeHHs mwiomanku dF B crani

. : — 1 . o= 1 .
pyliHYBaHHs IUTIBOK (S;) Oyme t; = 5 > B IOBEHUIBHOMY CTaHi t, = - B CTaHi
: — 1
YTBOPEHHS IUIIBKH 3 = 5
Tomi 3anexHicTb (7) AJisi BU3HAYEHHS IUION] IOBEHUIBHUX JUISHOK MPH
BCTAHOBJICHOMY IPOIIEC] TEPTS MOXKHA MEPENUCaTH Y BUTIISIL:
£
F,=F, =————F 13
2 10 £y +Ey+Es ™ ( )
BiamoBigHo 1IIoma IUISHOK, B SIKUX IIPOXOAUTh PYWHYBAHHS Ta BITHOBJICHHS
3aXMCHUX IUTIBOK Oy BIATIOBITHO:
M
F,=—"—F 14
L7 f 4+t M (14)
t
37 fib,+Ey M (15)
a BIITHOIIEGHHSI CyMapHOI IUIOIIi, TMOKPUTO IUIBKOW F, 1o 3arampHOi muromnti Fiy,
OyJie MOCTIHHUM:
F, tr+t
Fry t1+t,+t3
B 3anexxHoCTi BiJ mMapaMeTpiB HaBaHTaXXEHHs, 1 B MEpILy Yepry BiJl LIBHUJKOCTI
KOB3aHHS V Ta MUTOMOTO TUCKY P yacu mepe0yBaHHS CUCTEMU TEpPTS B CTaHaxX S;, a
BIJIMOBIIHO 1 mapameTpu [5,Y, 6 3MIHIOIOTHCS 1 Taka 3MiHA OMHCYETHCS 3arallbHUMU
piBasaHHsIME (1). BuBeneni 3anexunocti (4-7) Ta (9-11) moB's3yt0oTh Taki IHTETpaJIbHI
napaMeTpu, SK IUIONI JUISHOK MOBEPXOHb Map TepTs, Kl MmepeOyBarTh B PI3HUX
G13UKO-XIMIYHUX CTaHax 13 JAudepeHIlialbHUMUA CTaTHCTUYHUMHU TapaMeTpaMu
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po3MoIiTy Yacy nepeOyBaHHsS CHUCTEMH B ITMX CTaHaX, IO 3aJIeKaTh BiJi KOHKPETHUX
YMOB HaBaHTaXEHHSI.

OcCKibKM 3aXUCHI IUTiBKK BTOpUHHKX cTpYKTYp BC [3-8] € mianekrpukamu, TO
JMHAMIKy 3MIHM IUIONIl FOBEHUIBHMX JUIBHUIb, B 3aJ€KHOCTI BIiJ YMOB
HABaHTAXKEHHSA 1, B mepiry depry V Ta P MOXKHa OI[IHUTH 3a BEJIUYHHOIO CTpymy I,
KU MPOXOJUTH YEPE3 30HY KOHTAKTY Mapu TEPTA 1 3MIHIOEThCS MPOIOPLIIHO 3MiH1
IUTOII1 FOBEHIJIbHUX IUILHHUILD.

1 =kF,,. (17)

[{s 3aKOHOMIPHICTP MOK€ OyTH MOKJaJe€Ha B OCHOBY AOCIHITHOI MEPEBIPKU
po3p00JIEHOT MaTeMaTUYHOI MOJIEeNl TPOIECy JWHAMIYHOI B3a€EMOJIIi CKJIaJ0BHUX
CUCTEeMHU Ta €PEKTUBHOI EKCIIEPUMEHTAJILHOI OLIIHKY MapaMeTPiB PO3MOALTY.

Tax, KoMy MOCHTIKYBaHI TPOIECH TEPTS Ta 3HOLIECHHS MPU MEBHUX 0a30BHUX
MOKa3HMKaX HaBaHTaXeHHS Py Ta mBHAKOCTI KOB3aHHS V, MOBEPXOHb TEPTH 1
XapaKTEepUCTUYHINA BEJIIMYUHI CTPpyMY lp , TO IIpH 3MiHI HUX NApaMETPIB HA IHIIOMY
piBHI (P; ,V1) 13 XapakTEepUCTUYHUM CTPpYMOM l; , CIIBBIJHOIIEHHS MIX CTPyMaMH
BIJINIOBIJIA€ CINIBBIAHOMIEHHIO IUIOINI FOBEHUILHUX AUILHHUIE 11 000X BHUIIAKIB:

Yo, Yo
Fo, Yo q
Ii _F _ & Bo (18)
- — Y1i,V1
Iy  F  4+rlen
1 B1

[IpaBOMIpHICTH 3aMpPONMOHOBAHMX MOJENIEH MATBEp/HKEHA pPe3yJbTaTaMu
0araro4yMcenbHUX JOCHKEHb AK J1a0OpaTOpHUX 3pa3KiB, TaK 1 peajibHUX BY3JIB
TEPTs MAIIMH 1 MEXaHI3MIB.

Jl5is BUMAIKy, KOJH B MPOLIEC HABAHTAKEHHS MapaMeTpH po3moainy , «, [,y i
BIZIMTOBITHO 13, tp, t3 3a€KaTh Bil MEBHUX €KCIUTyaTallIMHUX MapaMeTpiB poOOTH mapu
TEPTs, TO MPU YMOBI JOBIOCTPOKOBOI pIBHOBAru (CTabUIBHOCTI MapaMeTpiB TEPTS Ta
3HOLIEHHS) ICHy€e cTaOuni3yrounid (akTtop, SKUH 3a7ae CepeiHiii  pIBEHb
CIIBBITHOIIICHHS TUTOII BIMOBIIHUX JUISHOK MOKPUTHUX 1 HEMOKPUTHUX TutiBKaMu BC
(Ta iX BIZHOIIEHHS N0 HOMIHAJIBHOI IUIONII KOHTAakKTy). B KOpPOTKOCTPOKOBOMY
nepioJil MOXJIMBI IEBHI KOJIMBAHHS XapaKTEPUCTUK MOBEPXHEBOI'O CTaHy BIJHOCHO X
CEepEeIHbOr0 3HAYeHHs. AMIUNTYJa TaKuX KOJMBaHb XapaKTepU3ye piBEHb
CTaOUIBHOCTI POLIECIB YTBOPEHHS , TpaHchopmallii Ta pyiiHyBanHs BC.

[Ipu rpaHMyHOMY TEPTI B MICIISIX KOHTAKTY pOOOUYHX MTOBEPXOHB BiI0OYBa€THCS
Oe3nepepBHE pyiHHYBaHHS 1 BIJIHOBJIEHHS 3MalllyBajJbHUX IapiB 1 miiBok BC. ¥V
BUIIAJIKY 1X TIOBHOT'O PyHHYBaHHA (3MantyBasibHUX mapiB 1 BC) mae miciie aaresiitae
CXOIUTIOBAHHS TTOBEPXOHb TEPTH, SIKE MPUBOJUTH JI0 MiJIBUILIEHOrO iX 3HOmIeHHs [Ipu
TEPT1 NOBEPXOHb, po3auieHnx BC 1 3mallyBalibHUMHM IIapaMu, NapaMeTpu TepTs Ta
3HOIIEHHS onTuManbHi 11 ctabutpHl. [lmiBku BC  QopmytoTbess y pes3ynbTarti
CUHEPreTUYHOI B3aeMOii iepopMaliiHUX, TEIUIOBUX, aACOPOLINHUX, TudY31MHUX 1
XIMIYHMX TIPOIECiB, SKI 1 3a0e3MeuyroTh JIOKATI3allil0 BCIX BHJIB B3a€MOJIi B
TOHKOIUTIBOYUHOMY 00’€KTI1, BOJIOAIIOTH OUTHIII BUCOKMMH TapaMeTpaMH MIIHOCTI B
MOPIBHSHHI 3 OCHOBHUM MaTepiasioM (B 4- 12 pasiB).

BucnoBku

1. BcraHnoBiieHO, 110 BUKOPUCTAHHS JUIIE CTPYKTYPHUX KPHUTEPIiB st
OILIHKW CTaHy TPUOOCHCTEMH MpHU peaiizamii cTpykTypHoi mpucrocoBaHocti (CII)
HEJ0CTaTHLO, OCKUIBKH TOHKOIUTIBOUHUM 00’ekT pyliHyBaHHs (BC) 3a3Hae B mporeci
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TEPTS KOPIHHUX CTPYKTYPHO-CHEPreTUYHUX IMEPETBOPEHh 1 B MOMEHT PYHHYBaHHSI
BIJIOKpEMJICHHH BiJ] OCHOBHOT'O MaTepiaiy.

2. OOrpyHTOBaHO, MO0  CTPYKTYpHO-€HEPreTHUYHI 1  EHTPOMIiiiHI
(HAKOMMYEHOI EHTPOMIi) KpUTEPIi € KyMYJATUBHUMH, HECYTh 1H()OPMAIIIO JIHUILIE PO
OKpeMmi eleMeHTH (Marepiaii) TPUOOCUCTEMH 1 MOXYTh OyTH BUKOPHUCTaHI
MEePEBAXKHO JIJIs1 IPOrHO3YBaHHS 1i JOBTOBIYHOCTI.
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Abstract

Motor vehicle injuries are a leading cause of death among children worldwide,
though many of these deaths are preventable. Buckling young children in age- and
size-appropriate car seats, booster seats, or seat belts and also seating them in
appropriate position can lead to a significant reduction of serious and fatal injuries.
The key factors simultaneously influencing child passenger’s sitting position and
restraint use include vehicle type, driver’s gender, driver’s belt use, child’s age, and
the presence of other child or adult passenger. Furthermore, time of day and day of
week also influence child passenger sitting behaviour but not their restraint use.
These findings provide insight for better understanding of child transporting practices
and the contributing factors influencing their sitting behaviour and restraint use. Also
highlight the need for policy makers to design effective countermeasures to promote
rear sitting and restraint use among child passengers.
Keywords: driving behavior, child safety, child restraint system

Introduction

Trauma is the leading cause of death and disability in pediatric patients, and it
Is considered an important public health problem in the world. Estimates indicate a
growing trend in mortality due to road accidents in the world. It is expected that by
2030 the indicators increase by 40% if effective preventive measures are not taken.
These alarming figures are due to the progressive increase of the number of
circulating vehicles, growth of urban populations, lack of popular culture focused on
safety, impunity, lack of effective legislation and poor condition of circulation roads.
Several morphological, functional and biological characteristics inherent to childhood
predispose children to car accidents as decisive factors for the discernment of the
traffic conditions are still under development, and the smaller stature of children
hinders the perception of their presence by the drivers. To minimize deaths and
sequelae among children as car passengers, child restraint systems (CRS) or child
safety seats were developed, popularly known as infant car seat, toddler car seat or
simply children car seat, among others. When properly used, CRS reduce mortality
by 71%; however, the risk of serious injury doubles when using the wrong model of
CRS.

Road traffic crash fatality among child passengers is on the rise in Ghana
(Agyeman et al., 2017). According to statistics from the National Road Traffic Crash
Database at the Building and Road Research Institute, Kumasi-Ghana, a total of 141
child passengers (aged 12 years and below) were killed and another 711 were injured
over the period 2014-2016 (Garces et al., 2016). It is believed that some of these
young lives could have been saved if the children were appropriately restrained.
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Currently, China is experiencing an extremely rapid increase in motorization.
The total number of motor vehicles increased from 3.8 million in 2005 to 13.8
million in 2010. Traffic crashes are the overall leading cause of death in China. The
mortality rate among children is much higher than other developed countries. Each
year, about 100,000 people in China are killed in motor vehicle crashes, and children
aged 1-20 years accounted for more than 12% of these deaths. Further, China
currently has no law requiring the use of child restraints, although child restraints
have been shown as effective measures to protect children from road traffic injuries.
Child restraint use is very low in China, although the majority of drivers had positive
attitudes about child restraint. These findings indicate that child restraint policies and
educational approaches are urgently needed in China.

Also child passenger injuries and deaths resulting from motor vehicle collisions
(MVC) remain a significant public health problem in Canada (World Health
Organization, 2016; Parachute Canada, 2017). Between 2008 and 2012, there were
398 motor vehicle deaths among Canadian children aged 0-14 years, with 119 of
those deaths in children aged 5-9 years (Statistics Canada, 2017). In the United
States, MVCs are the leading cause of death for children under 13 years of age,
resulting in 938 fatalities in 2015 (Centers for Disease Control and Prevention, 2017).
Importantly, most injuries and deaths involve unrestrained or incorrectly restrained
child passengers.

When used correctly, child restraint use can reduce the risk of death and
serious injury in toddlers and infants. The use of child restraints has been documented
to reduce infant and toddlers (aged 1-4 years) death due to road traffic crashes by
71% and 54%, respectively, whilst the risk of serious injuries among children (aged
4-7 years) also reduces by 59%. Children should be strapped in appropriate restraints
based on their age, weight or height.

Analyzes from previous studies

An observational study and driver survey on child restraint use was conducted
in the Southeast China city of Shantou in 2012. Observational sites included 22
middle schools, 31 primary schools, 24 kindergartens, and 4 hospitals. Drivers were
asked about their knowledge of and attitude toward the use of child restraints. In
September 2012, multivariate regression was used to evaluate the factors associated
with increased child restraint use.

When used correctly, child restraint use can reduce the risk of death and
serious injury in toddlers and infants. The use of child restraints has been documented
to reduce infant and toddlers (aged 1-4 years) death due to road traffic crashes by
71% and 54%, respectively, whilst the risk of serious injuries among children (aged
4-7 years) also reduces by 59%. Children should be strapped in appropriate restraints
based on their age, weight or height.

In addition to restraint use, child sitting position has also been determined to
have an effect on injury severity in the event of crash. For children, studies have
established that sitting in the rear seat of a vehicle is about 35% safer than sitting in
the front seat, in the event of a crash (Halman et al., 2002; Lardelli-Claret et al.,
2006). Effective measures to protect children, therefore, include using age-
appropriate restraints and being seated in the rear of the vehicle.
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Problems

The transversal descriptive study which included 200 vehicle drivers who
carried 0-10 year old children in the city of Sao Luis, MA, Brazil. The drivers’
passengers’ and children’s features were properly identified. The children’s
transportation using CRS were analyzed according to the Resolution 277/8 of the
Brazilian National Traffic Department.

The transportation of children was classified as inappropriate in 70.5% of the
vehicles analyzed. The most common way for children transportation was free on the
back seats (47%) or on the lap of passengers/ drivers (17%). The main reasons to
justify the improper transportation were either not understanding the importance of
CRS use (64.5%) or not having financial resources to buy the devices. The child
safety seat was the most used CRS (50.8 %) among vehicles with proper child
transportation system. The transportation of children was inappropriate in most of the
vehicles analyzed, reflecting the need for creating awareness among automobile
drivers, including education, supervision and improvement of policies for health
improvement and prevention of accidents involving children transportation.

Aim and tasks

The objectives of this study were to investigate the level of awareness and
usage of child car seats in Europe and other countries, identify problems that
influence non-usage among the knowledgeable parents, to describe child restraint
use, and parents’ knowledge of and attitude toward child restraint.

Results of the main tasks solving

The variables regarding the vehicle drivers and passengers were: drivers’ age
and gender, safety belt use and number of passengers in the vehicle. The degree of
relatedness of the driver and the child was stratified as father (biological, adoptive or
step-father), mother (biological, adoptive or step-mother), uncle or aunt, grandfather
or grandmother, and others (brother, taxi driver, etc.). The drivers level of education
was categorized as illiterate, basic schooling (elementary school, complete or
incomplete), medium schooling (high school, complete or incomplete) and higher
education (college or university education, complete or incomplete).

The children’s age, gender, weight and height were informed by the vehicle
driver. The number of children in the vehicle and the transportation mode were
evaluated according to the Contran Resolution 277/08.This regulation states that
children up to one year old should be transported in infant car seat devices in the back
seat facing the rear window, with a slight slope. Children aged between one and four
years old must use toddlers’ safety car seat. Children between four and seven years
old must use booster seats fixated in the back seat with three-point safety seat belts.
Children over seven years old should use seat belts. Children aged 10 years or older
are allowed to travel in the front seat.

According to this regulation, child’s transportation was classified as
appropriate or inappropriate in each case. When children transportation was
considered inappropriate, irregularities were classified as: child in the lap, loose
(sitting in the car seat without any CRS), using seat belt (inappropriate use according
to the child’s age, weight or height) or in a child’s car seat (inappropriate use
according to the child’s age, weight or height) or standing (children standing between
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the driver and passenger seats). In cases of inadequacy, the vehicle’s driver was
questioned about the absence of CRS.

Table 1 shows the drivers’ and passengers’ characteristics of the 200 vehicles
transporting children that have been approached. Most drivers were male (79.5%),
and were the child’s father (71%), aged between 31 and 40 years old (39%), with mid
level education (58%) and were using safety belts (74%). Besides drivers and
children, vehicles were carrying two other passengers (46%), who also used seat belts

(52.5%).

Table 1. Sample characterization of drivers and passengers of vehicles

transporting children

Variables | | %
Drivers’ gender
Male 159 79,5
Female 41 20,5
Degree of relativeness of the driver to the child
Father 142 71
Mother 26 13
Uncle or aunt 15 7,5
Grandparents 11 55
Other 6 3
Drivers’ age (years old)

18-30 69 34,5
31-40 78 39
41-50 40 20
51-60 8 4
Above 60 5 2,5

Mean =+ standard deviation 35,86 (£9,34)
Drivers’ schooling

Illiterate 1 0,5
Basic education 2 1
Medium education 116 58

Higher education 81 40,5

Driver used seat belt
Yes 105 52,5
No 95 47,5
Passenger used seat belt

1 29 14,5

2 92 46

3 51 25,5

4 or more 28 17

Mean + standard deviation 2,43 (£1,02)
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Child transportation was inappropriate in 70.5% of the vehicles approached
(Fig. 1).

= Not appropriate 70,5 %

= Appropriate 29,5%

Figure 1 — Analysis of children transportation in vehicles

The 200 vehicles’ drivers were carrying 293 children, corresponding to 1.46 +
0.93 children per vehicle. Most vehicles (71.5%) were carrying only one child
(71.5%) of the male gender (51.9%). Most children were aged between one and four
years (47.4%) (Table 2). The children’s weight and height was 15.76 + 8.11 kg and
87.60 + 28.30 cm, respectively.

Table 2. Sample characterization of children transported in vehicles

Variables | n | %
Number of children
1 143 71,5
2 36 18
3 12 6
4 or more 9 4,5
Mean + standard deviation 1,46 (£0,93)
Gender
Male 152 51,9
Female 141 48,1
Age (years old)
Uptol 55 18,8
>] and <4 139 47,4
>4 and <7 78 26,6
>47and <10 21 7,2
Mean + standard deviation 3,65 (£2,24)
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The main given reasons were “not finding important to use CRS” (64.5%) and
“not have financial resources for purchasing CRS” (14.9%). Seven drivers (5%)
declared they did not know about CRS or their importance (Table 3).

Table 3. Justifications for inadequacy of children’s transportation

Justifications for inadequacy n %
Does not consider it as important 91 64,5
Has no financial resources to buy a CRS 21 14,9

The vehicle has only two seats 6,4
Does not know about CRS 5
Child did not adapt/has accepted CRS 3,5

9
7
5
Will provide/buy a CRS 3 2,1
3
2

Owns a CRS, but does not use it due to lack of inspection 2,1
CRS occupy too much space inside the vehicle 1,4

Most children were transported in the vehicle’s back seat (88.4%) and in the
central seat (35.2%). The most common children transportation way was loose in the
back seat without any restraint equipment (safety belt or CRS) (47%) or in the
passenger’s or driver’s lap (17.5%). Thirty-two children (10.9%) were transported on
the front passenger seat and two (0.7%) in the driver’s lap, while driving the vehicle.

In this study, most vehicle drivers were the child’s father, well educated and
were wearing the seat belt. However, 26% of drivers and 47.5% of passengers were
not using seat belts. The lack of seat belt use by the parents can contribute to the
nonuse by children and adolescents,7,14,17 pointing out the need for educational and
preventive policies showing the importance of safety equipment for all vehicle
occupants. Most children were loose in the back seat without any containment
equipment or CRS, but 32 children were in the front passenger seat and two in the
driver’s lap, despite the mandatory use of CRS and seat belt in the back seat.

Transporting children in the front passenger seat is permitted only in special
situations (vehicles without rear seat, for example), while using appropriate CRS.
Most drivers do not consider important to use CRS, showing a lack of appreciation
and understanding by the population of the importance of such device. The use of
safety belt and CRS have a major impact on hospital costs and rehabilitation.
Therefore, to raise awareness on the proper use of seat belts and CRS among the
population should be a commitment of all health professionals in order to reduce the
number of child victims of car accidents.

The main finding of this research was low level of parental willingness to pay
for child car safety seats against moderate to high perceived efficacy. The main
predictor for willingness to pay was family income level. A considerable unmet need
was also observed regarding CRS advice from the physician responsible for the care
of the child/family. This research can also be of practical importance for health policy
makers to initiate CRS insurance coverage or lending programs parallel to decisions
for obligatory CRS regulations. Future research can examine the effectiveness and
feasibility of methods suggested in the paper to promote CRS use in the world.
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In this study, children transportation was inappropriate in most vehicles that
have been approached, similar to the findings of other studies. The lack of CRS or
inadequate ones can lead to serious injuries or death of children in cases of collisions,
since the child is more fragile and lacks defensive attitudes or danger perception.5,14
Traffic accidents are one of the most important factors influencing the morbidity and
mortality of children in the country. A study conducted in a referral trauma center in
Embu and Tabodo da Serra (SP, Brazil), from December 2005 to December 2006
showed that 15% of the trauma mechanisms in childhood were related to traffic
accidents. In San Diego (USA), according to information obtained from the database
of the Legal Medical Service between January 2000 and December 2006, car accident
was the leading cause of death (40.2%) in children and adolescents, followed by
asphyxia and penetrating trauma. In a retrospective study conducted in Uberlandia
(MG, Brazil),123 victims of traffic accidents under the age of 15 were treated at
Hospital de Clinicas from 1999 to 2003. It was found that 58.8% were not using
safety devices and/or used them incorrectly at the time of the accident. These findings
reinforce the need for the CRS and seat belts use for children and adolescents as one
measure to reduce morbidity and mortality associated to traffic accidents.

Almost half of the participants were found to be unaware of child car safety
restraints. Those who knew, most commonly expressed unavailability, time taken in
child car seat installation, and absence of law as the reasons behind not using the
child car seats while another common reason was their misperception about the
children age group for using child car seats. Driver's education level was found to be
the most significant demographic characteristic associated with the driver's awareness
on child car seats as well as support towards their usage, initiation of awareness
campaigns, and law implementation.

Motor vehicle crashes are a major cause of death and injury to children
worldwide. Although risk of injury to child passengers can be reduced by using a
child restraint, most restraints are incorrectly used. This greatly reduces the restraints’
protective potential; however there is limited research on drivers of correct child
restraint use. The aim of this study was to explore perceived barriers and motivators
of correct child restraint use in experienced child restraint users, to inform
interventions to promote correct use. Motivations and risk perceptions concerning
incorrect child restraint use among high and low socioeconomic populations and
culturally and linguistically diverse child restraint users. The results indicate current
child restraint product information is poorly understood, particularly among those
whose first language is not English. Interventions to increase correct child restraint
use should address access to correct use information, capability to understand and use
these, and the influence of motivation, memory and attention in the process. Despite
legislation mandating child restraint use for child passengers in most high income
countries (WHO, 2015), and increasing adoption of legislation globally in response to
the World Health Organisation road safety campaign in 2004 traffic injuries remain a
leading cause of death for children, and child passengers account for up to half of
these deaths. Using age-appropriate restraints reduces the risk of death and injury.

However for optimal crash protection restraints must be used correctly, as
misuse significantly increases the risk of injury during a crash. Correct use of child
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restraints requires restraints to be installed and the child secured as intended by the
manufacturer.
Result

This study may help to create awareness among drivers and health
professionals and it serves as a quantitative data showing the seriousness of the
problem, and may be useful to support educational programs on safe transportation of
children, especially in the family and school context. The results also highlight the
need to improve the inspection regarding CRS, enforcing the existing legislation on
effective security measures for children transportation among the population. Proper
child transportation with the correct use of CRS establishes safety conditions that can
dramatically reduce the chances of severe traumatic injury and death in the event of
collisions. Results of this study revealed very low use of child safety seats and a high
proportion of the population who had never seen them, despite a majority who had
positive attitudes about their use. The finding that large and low-income families are
less likely to use an age appropriate restraint also indicates a need to address the
economic and logistic barriers in strategies aimed at increasing best practice child
restraint use.
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VIIK 631.33
PECYPCHI BUITPOBYBAHHSI IETAJIEIl PYXOMUX 3'C THAHD,
BUT'OTOBJIEHUX 3 TOJIMEPHO-KOMITO3UTHOT'O MATEPIAJTY

Makapenko /1.0., K.T.H.
JloBromosuii B.B.
Ymeasos O.B.
Kocris C.C.
JIHIIPOBCHKUH JIep:KaBHUI arpapHO-eKOHOMIYHHIA YHIBEPCUTET

Abstract

It is established that the wear of the samples from the polymer-composite
material is stable and this process can be described by a linear function. The results of
resource tests proved the stability of the work of elements of movable connections
made of UPA-6-30 when operated in friction mode without lubrication. The optimal
breaking-in time of the experimental parts of the movable joints is 12... 15 hours of
operation.

Keywords: movable connections, polymeric-composite material, mechanism,
friction and wear.

Beryn

[TimBuIIEeHHST JTOBTOBIYHOCTI PYXOMHX 3'€IHAHb CUIBCHKOI'OCIIONAPCHKOI Ta
aBTOMOOLIBHOT TEXHIKM 3J1MCHIOETHCS KOHCTPYKTOPCHKUMH, TEXHOJIOTIYHUMHU Ta
eKCIUTyaTallliHUMU MeToJaMu. BupilmaJbHHIl BIUIMB Ha JOBILOBIYHICTH PYXOMHX
3'€lHAaHhP ~MEXaHI3MIB MaloTh CcaM€ pPeXUMH ixX poOotu. TpaguiiiHUMU
TEXHOJIOTTYHUMHU MPUHOMaMU 3MEHILIEHHS TepTS 1 30€peKeHHSI Pecypcy TEXHIKU €
MOJIIIIEHHSI SIKOCTI OOpOOKH TOBEPXOHb 1 BHECEHHS MPOMIKHOTO MPOIIAPKY
(MacTHIIBHMX MatepiaiiB). Y JaHM Yac I1HTEHCHMBHO pO3BHUBAIOTHCS METOIU
Monudikaiii MaCTUIPHIX MaTepialliB Ta TEXHOJOTH 00poOKH poOOYHMX MOBEPXOHb,
[0 CTBOPIOIOTH OCHOBY HE TUIBKH JUIsI BITHOBJIECHHS POOOYMX MapaMeTpiB JeTajlei,
aJie 1 U1 ICTOTHOTO MOJIIMIIEHHS X eKCILTyaTaliiHuX BractuBoctei [1-5].

ITocTanoBka npodaemMu

Mopaudikaiisi MaCTUIBHUX MaTepialiB HE 3aBXKAU Ja€e OakaHoro edekry 3
TOUYKH 30py MIABUIIECHHS MpaIe3aTHOCTI, HAIIHOCTI, pecypcy poOOTH BY3IIB TEPTA
Ta 3MEHILIEHHS BUTPAT HA iX TEXHIYHE 00CITyrOByBaHHS.

VY pyxomux 3’€THaAHHSIX JE€TaNel CIIbChKOTOCIIOAPCHKUX MAIWH, SIK TPABHUIIO,
NPALOITh TPUOOCTIPSKEHHS JIeTajeil B yMOBaX OOMEKEHOr0 3MAaIlyBaHHS, CyXOTo
TepTs (0e3 3MallyBaHHS) Ta 3a HasBHOCTI abpasuBy. IlpobGieMHUMH B TUIaH1
MIJBUILICHHS JIOBFOBIYHOCTI € TPUOOCHPSIKEHHS, 110 MPaIlOl0Th B YMOBaX CYXOro
TEPTs Ta 3a HASIBHOCT1 IHTEHCUBHOI /111 aOpa3uBy.

B ciibcbkorocnoiapcbkoMy MallmHOOYAyBaHHI €(PEKTUBHO BIPOBAIKYIOTHCS
KOMITO3UIlifiHI Marepiaau pisHoro poay [5-10]. TlepeBarn BUKOPUCTaHHS Y
TPUOOCHIPSIKEHHSIX ~ CUIbCHKOTOCIOAAPCHKUX — MAlllMH  MOJIIMEPHO-KOMIIO3UTHUX
matepiamB ([IKM) (tepMo- Ta peakTormiacTiB) y MOpPIBHSAHHI 3 TpaguUiiHUMU
Marepiaamu (CTalasiMU, CIUIaBaMU Ta MaTepiajlaMd Ha iX OCHOBI) €: BIJCYTHICTb
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0OCJIyroByBaHHS; BUKJIIOUEHHSI €(EeKTy «KIMHY»; MIHIMAJIbHUM 3HOC METaJIeBUX
CYMDKHUX Jetajieit Tpudocnpsykenns [11-13].

[IupokoMy  3aCTOCYBaHHIO  MOJIMEPHO-KOMIIO3UTHMX  MarepiajiB B
KOHCTPYKIIISIX MaIllUH 3aBaXkaloTh, 3a3BUYail, TOOOIOBAHHS BUPOOHUKIB Ta BIACHUKIB
TEXHIKM HACTaHHA panToBUX BiAMOB. BogHodac, O0aratro BYEHUX JOBEIH
€(peKTUBHICTh BIPOBA/KEHHS 1X Yy CUIbCBKOTOCHOJIAPCBKOMY  €JIEKTpO- Ta
aBTOMOOUTBEHOMY MaInHOOy1yBaHHi [5, 13-15].

Merta Ta 3aBJaHHA

Metoro poOOTH € BCTAHOBJEHHS 3aKOHOMIPHOCTI 3HOUIYBaHHS JieTajei,
BUTOTOBJICHUX 3 MOJIMEPHO-KOMIIO3UTHOrO Marepiany. /i [JOCSATHEHHS MeETU
BUKOHAHO OOIPYHTYBAaHHS 3aKOHOMIPDHOCTI 3HOIIYBAHHS J€Tajeil pyXOMUXx
CIPSKEHb B 3aJICXKHOCTI BiJT 4acy iX poOOTH.

Pe3ysabTaTn BUpilICHHA OCHOBHUX 3aBJaHb MPO0JIeMH
JInst miATBEpIKEHHS M1JBUILIEHHS JOBFTOBIYHOCTI €JIEMEHTIB PyXOMUX 3'€/IHAHb

3 [IKM VIIA-6-30M, BukoHaH1 CTeHJ0B1 pecypcHi BunpoOyBanns. Hacammepen taka
HEOOXIIHICTh TOB’si3aHa 3 MEHIIOK TEIUIONPOBIIHICTIO, Y MOPIBHSAHHI 31 CTaJLIIO,
BKa3aHOTO Marepiaiy, 10 MOXKE MPU3BECTH J0 HAKOMHMYCHHS TEIUIOTH B 30HI TEPTS
Ta HeOa)kKaHOi 3MIHU BIACTUBOCTEH.

VY mporieci BUTIpoOyBaHb PEECTPYBAIH TakKi MapaMeTpH: 3MIHY MacH 3pPa3KiB;
TEMIIEpaTypy B 30H1 TEPTs; BIAHOCHY BOJIOTICTh MoBiTps. [Ipu nboMy Oynu 3amaHi
HaNHOUIBII )KOPCTKI PEKUMH, 1110 BIANOBIAAIOTH pOOOTI €KCIIEPUMEHTANBHUX AeTallel
Yy PYXOMHX 3'€THAHHSX 332 €KCTPUMAJIBHUX YMOB. Tak, MBHJIKICTh KOB3aHHS CKJIajaia
0,03 wm/c, naBantaxenuss 600 H. BunpoOyBanus 3aiiicHioBasiucs mpotsrom 150
roqua (puc. 1). Bimomo, mo mepiog TPUMNPAMIOBAHHA POOOYUX IMOBEPXOHb
TpUOOCTIPsHKEHDb € HAMOLIBII BiAMOBIAILHUM Y Tpolieci Bciei podotu. Tomy y mepii
10 roguH BunpoOyBaHb 3MIHY Macu 3pa3KiB peecTpyBaiu 2 pa3u, a Jalll — 4depes
KOXH1 25 rogun pobotu. Ak BumHO 13 rpadika (puc. 1) 3 modatky i mpotsirom 150 rox
BUNIPOOYBaHb 3HOIIYBaHHS 3pa3kiB 3 [IKM BinOyBasiock cTaluipHO 1 1€l mporuec
MOXHA OMNHUCATH JiHIHHOIO (QyHKIi€. IBUAKICTD 3HOIIYBAaHHS MPU LBOMY
cxiamae 0,00307 r/rog.
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Pucynok 1. /lunamika 3HOIIYBAHHS eKCIIEPUMEHTAJIbHUX 3pa3kiB 3 YIIA-
6-30M
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B nepmi 8 roauH poGoTH Temriepatypa B 30HI TEPTS MOCTYMOBO 3pOcTaia 10
80 °C, mo o0OyMOBJIEHO TMPHUIPAIIOBAHHIM PYXOMHUX CHOPsDKEHb. [IpoTsirom
BuripoOyBaHb Bif 8 10 50 ronuH 3adikcoBaHo 3HMKEHHS Temneparypu 3 80 °C no
40 °C, mo € XapaKkTepHHUM JIJIsl OCTAaTOYHOTO MPHUIPAIIOBAHHSA Ta BKa3y€ Ha CTaIHMA
peKuUM poOOTH TPUOOCTIPSIHKEHHS.

BucHoBxu

1. HoBeneHo CcTaOUIBHICTE POOOTH  €JIEMEHTIB  PYXOMHUX  3'€qHaHb
BUTOTOBJICHUX 3 TIOJIMEPHO-KOMMIO3UTHOTO Matepiany YIIA-6-30 mpu excmyararii
B PEXHUMI TepTs 0€3 MallleHHS.

2. BusBneHo, 110 3HOITYBaHHs €KCMIEPUMEHTATBHIX JeTalleil MOKHA OTHCATH
THIAHOIO QYHKITIEIO.

3. Bcranosineno, 110 ONTUMAJIbHUNA qac NPUIPALIOBAHHS
EKCIIEPUMEHTAIbHUX JIeTaJell pyXOMHUX 3'€JTHaHb CTAHOBUTH 12...15 rogun podoTu.
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VYJIK 621.431.004
3ACTOCYBAHHA 3BYKOBOI'O CUT'HAJIY JJIsA BUSABJIEHHSA
CTAHY MEXAHIYHOI CUCTEMU IMOPIIHEBOI'O IBUT'YHA

Cinesnu B.1O., k.T.H.
Hamuionanehuii aepokocmiunuii yHiBepcuret iM. M.€. J)KykoBcbkoro
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Abstract

The development of the automotive industry, along with an increase in
requirements for safety, environmental friendliness and efficiency, requires effective
diagnosis of the condition and malfunctions of the car and it's systems. The
continuous diagnosis of malfunctions of the most complex and critical car element -
internal combustion engine is a rather important problem; therefore, the development
of a state monitoring system for a car’s engine capable of warning in advance about
its malfunctions, condition, and operating modes is an urgent problem. Vibration and
sound signals emitted by the mechanical systems of a piston engine with the
appropriate methods for their registration, processing and analysis can serve to
determine its state.

Keywords: acoustic signal, wavelet, Fourier transform, engine malfunction.
Beryn

[TopurueBuii nBuryn BHyTpimHbOTO 3ropsHHS (IIJIB3), B mporeci cBoei
poOOTH, € UKEPEIOM PI3HUX 3BYKOBUX KOJIMBAaHb, SIKI T€HEPYIOTHCS MOUYMHAIOYM BiJ
pyxy Ta3iB (BMYCK MOBITPS 1 BUIMYCK BiANPaIlbOBAaHUX Ta3iB), MEXaHIYHOT B3a€MOI1
3y04acTUX 1 KYJIaYKOBMX MEXaHI3MIB 1 3aKIHUYIOUM HIYMOM JOJIaTKOBUX arperaris
IBUTYHA (BEHTWISTOP OXOJIOJKEHHS, HACOC BHCOKOIO THUCKY 1 T. iH.). Takox 1o
3BYKY JABUTYHA aBTOMOOLJIS ITiJT Yac poOOTH JIOCBITUCHI MEXaHIKH MOXKYTh BUSHAYUTH
HE TUIbKM XapakKTep HECIPaBHOCTI ajle 1 KOHKPETHE Micle poOOTH Je(EeKTHOro
arperary.

Ockunbku T1JIB3 € mpucTpoeM 13 BEITHMKOIO KUIBKICTIO MIJACHUCTEM, TO poboTa
KOKHOI Takoi cucTeMH OyJe CyNpOBOMKYBaTHCS TEHEpAIi€l0 3BYKY TIEBHOI
TOHAJIBHOCTI 4acTOTH 1 ¢azu. [IIBUAKICTh MOMIMPEHHS 3BYKY Ma€ IMEBHY BEIMYUHY,
sKa 3aJIGKUTh BiJl CEPEOBHINA, B SKii BOHA IMOIIMPIOETHCS, TOXK TAKUM YUHOM
MO>XHa BU3HAUWTH, MPHU HASIBHOCTI 3BYKOBUX CEHCOPIB BCTAHOBJIEHUX B UYOTHPHOX
PI3HHUX TOYKAX, MICLI€ BUTIPOMIHIOBaHHS CUTHAITY.

AHaJi3 nonepeaHix 10C/IiIKeHb

ABTop pobotu [1] posrismaB 3acTocyBaHHS pI3HUX BelBier 1 Dyp'e -
MEePETBOPEHb I TOIIYKYy OJMHWYHUX HECIPABHOCTEH B pI3HUX KaTEropisx
MOPITHEBUX JBUTYHIB. MeTon 103BoJisie €eKTUBHO OOpOOIIATH AMHAMIYHI 3BYKOBI
CUTHAIM JBUTYHa, QUIBTPYIOUM IIyMHA 3 1HIIUX JDKepesl (HaBKOJUIIHBOT'O
CepenoBuIa), SKI MICTATh 3HAYHY KUIBKICTh iH(oOpMaIii mpo yMOBH poOOTH
JIBUTYHA.

B poGori [2] npoBoamiInCcs eKkCrepuMeHTaIbHI JOCTIPKEHHS IIIyMY JBUTYHA 3
METOI0 BHUABJICHHS MWOro HecmpaBHOCTEeH. Y (OKyCl MOCHIDKEHHS —JIeXKAIo
MOPIBHSHHS MaKCUMaJIbHUX aMILIITY/l 3BYKOBUX CUTHAJIIB.
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VY crarti [3] mpoBOAMBCS aHaNi3 3BYKY JIBUTYHA JJIsi BU3HAUCHHS XapakTepy
HecripaBHOCTI. [Ipu 006poO11i curaanry BpaxoByBaJuCsS HACTYITHI TapaMeTPU: OCHOBHA
4acToTa 3BYKY, YaCTOTHUM CIIEKTp, €HEPTis 3BYKOBOi XBHJII, IIBHUJIKICTh MEPEXOMY
qyepe3 HyJIb.

AHami3 3BYyKy JBUT'YHAa BUKOPHUCTOBYETHCS HE TUIBKH Ui BHSIBJICHHS
nopyueHs B Horo po6oti. Tak B [4] 3a n0omoMOror oOpoOKH 3BYKY €JIEMEHTIB
MUTIHAPO-TIOPITHEBOT TPYNU MPOBOIMINCH POOOTH 13 3HMIKEHHS IIyMYy JIBUTYHAa B
mijoMy. B pesynbpTari JOCHIKEHHS BHOCWJIMCS 3MIHH IO KOHCTPYKIIT TOPIIHS -
H#oro reoMeTpii, MOJTOKEHHS LIEHTPY Mac.

ITocTanoBka npodJiemun

3pocTaHHs CKIAAHOCTI CUCTEM aBTOMOO1IBHOI MPOMMCIOBOCTI Ta BUMOT O iX
eKCIUTyaramii moTpebye pO3MIUPEHHS METOIB JIarHOCTUKH HECIPAaBHOCTEH Ta
00CITyroByBaHHS aBTOMOOITIB.

EnexTpoHHi cucteMu ABUTYHA, IO 3a0€3MeUy0Th WOTO Mpalne3laTHICTh, Takl
SK JIaTYUKA TUCKY TOBITPS Ta PiJIMH, BMICTY KHCHIO, TIOJIOKEHHSI KOJIIHYACTOTO Ta
PO3NOJUIBHOIO Bajly, JAaTYMKW PIBHSA PIAMH TAaKOXX MOXYTh BHKOHYBAaTH (PYHKIIi
OIMOCEPEIKOBAHOIO JIarHOCTYBaHHs JABUryHa. Jl0 TakuX MOKHa BiJHECTH,
HaIPUKJIaJl, HEBIAMOBIIHICTh KYTIB MOBOPOTY KOJIHYACTOI'O 1 PO3MOJILILHOTO Baly
(MOWIKOMKEHHSI MEXaHI3MY MTPUBOAY Ia30pO3MOAUIBHOI CUCTEMU), 3aHU3bKUI THUCK Y
MOBITPSHIN MaricTpaii miciisg koMrnpecopa (MOIIKOIKEHHsI TTOBITPSIHUX Marictpanieil),
3aBX/IM BUCOKUH PIBEHb KMCHIO Y BIANPAaIbOBAaHUX razax (TpillMHU ab0 HEeUIUIHLHOCTI
BUITYCKHOT'O KOJIEKTOPY).

TakuM YMHOM BWHHUKAE HEOOXITHICTh PO3POOKM HAIIMHOIO MAaTEMaTHUYHOTO
THCTPYMEHTApII0 OL[IHKH SIK CTaHy 0araro()yHKL1OHaJIbHUX 00’ €KTIB aBTOMOOLIS Tak
1 TPaHCTIOPTHOI CUCTEMH BIIIOMY.

Meta Ta 3aBJaHHSA

Po3pobka MeTomy OIIHKM MOKa3HWKIB MPare3aTHOCT] ABUTYHA aBTOMOOUIS 1
HOro CUCTEM 3a iXHIM aKyCTUYHHM CUTHAJIOM.

Pe3yjibTaTu BUpillleHHS] OCHOBHUX 3aB/aHb

AHami3yBaHHS CHTHaJy MOXE TMPOBOAMUTHCS MUISXOM 3ICTaBICHHS MHOro i3
neBHUM OasucoMm. Takumu 0GazucamMu MOXYTh OyTH SIK TapMOHIYHI (PYHKIUi, IO
peani3yioTecsi B Dyp'e-mepeTBOpeHHl, Tak 1 MeBHI 0a3ucHi (yHKIi, oOpoOka 3a
JIOTIOMOT OF0 SIKUX HA3UBA€ETHCS BEHBJIET-TIEPETBOPEHHSIM.

IleperBopennss dyp'e — MaTeMaTUYHUN amapar, 1O 3iCTaBise OAHIN QyHKITIT
nificHoi 3MmiHHOI 1HIIy. s HOBa (yHKIis onucye koedilieHTH (aMIUIITYIU) TpH
PO3KJIaJIaHH1 BUX1IHOT (DYHKIIIi HA €JIEMEHTAPHI CKJIaJI0B1 — FapMOHIMHI KOJTUBAaHHS 3
PI3HUMH Y4acTOTaMu (TIOIOHO /IO TOTO, SIK MY3WIHHUIN aKopT MOXKe OyTH BUPAKEHUH Yy
BUTJISIZII CYMH MY3MYHHMX 3BYKIB, SIKI HOro ckianarTh). B 00pobii curnamis i
MOB’SI3aHUX  00JacTAX nepeTBopeHHs Dyp’e 3a3BUYail  pO3IIATAETHCS 5K
JIEKOMITO3HIlISI CHUTHAJY Ha YacTOTH 1 aMIUTITYId, TOOTO OOOpOTHHUM Mepexil Bin
94aCcoOBOr'0 MPOCTOPY B YaCTOTHHIA [5].

Jlist ananizy Oymo B3SITO JiBa CUTHAJIM OJHOTO MPAIFOI0YOTO aBTOMOOUIBHOTO
OCH3MHOBOTO TPUIWIIHAPOBOrO JBUTYHA 13 J6(HEKTOM y BUITYCKHOMY KOJICKTOP1 Y
BUTJIAI TpiuHY (pUCYHOK 1a) 1 6e3 nedekry (pucynok 10).
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Pucynok 1 Pesyabratm @Dyp’e—neperBOpeHHss 3BYKY po00TH:
a) 0e31e(peKTHOIrO IBUTYHA; 0) ABUT'YHA i3 1ed)eKTOM BHIIYCKHOI'0 KOJIEKTOPA.

Ha pucynky 10 BHUIHO 3HA4HI CIJIECKM KOXHOI TPEThOI TapMOHIKK B TIOJI
4acToTa — IHTEHCUBHICTh, B TOM Yac SIK Ha PUCYHKY la BHCOTH CIUIECKIB, Xoua MU
PO3PI3HIOIOTHCS, aJie KUTbKICHY PI3HHUIFO MEHIII TOMITHO.

BeiiBsieTn - QyHKIi TUMY MajleHbKOI XBHJIl B MaTeMaTHUIll BUHUKIN JOCUTh
JaBHO TP BUBYCHHI 0a3uCiB (YHKIIOHATBHUX TpocTopiB [5]. OxgHa i3 OCHOBHUX
nepeBar BEWBIIET-aHANI3y TOJATa€ B TOMY, IO BiH JO3BOJIAE TOMITHTH J00pe
JIOKai30BaH1 3MIHU CUTHaNY, ToAl Ak aHani3 Dyp'e uporo He nae, 60 B koedilieHTax
®Dyp'e BIAOMBAETHCS MOBEAIHKA CUTHATY 33 BECh 4aC MOr0 ICHYBaHHS.

IcHye Kinbka pI3HOBHJIB BEWMBIIETIB, B OCHOBI SIKMX JIeKaTh IEBHI Oa3uCHI
¢ynkuii. HalfyacTimme BHKOpUCTOBYIOThCA BeliBiietn Mopne, Xaapa, Meepa Ta
«MEKCHKaHChKUH Karenox». Pe3ynpTaTi AOCHIKEHb 3BYKY TOTO X JABUTYHA, 1110 1 B
MONepeIHbOMY BUIIAJKY BEHBIET-TIEpeTBOPEHHAM MopJie MoKa3aHo Ha PUCYHKY 2.
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Pucynok 2 Pe3dyabTaTH BeiiBjieT—nepeTBOpeHHsi MopJie 3ByKY poOoOTH:
a) 0e3nedeKTHOrO ABUIYHA; 0) ABUT'YHA i3 JeeKTOM BUIIYCKHOI0 KOJIEKTOPA.

Ha ¢a3oBomy moprtperi, mo OTpUMaHO MepeTBOpeHHsIM Moprie, MOXXHa
PO3PI3HUTH JIIHIT SIKI 3aMUKAIOThCS y BUOpaHii 30HI1 1 K1 Hi. T1 JdiHIi, 10 HE MAIOTh
3aMKHEHOCT1, XapaKTepU3yloTh HasBHICTh MEBHUX CKJIAJOBUX CHUTHANY, 5Kl OyAyTb
HaWOLIbII MOAI0H] 0 0a30BOT0 CUTHAITY.
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VY BeiiBneri Meepa Tta Xaapa q00pe BIJICTEKYETHCS HASBHICTH JIMIIE OJHIET
HAHOUTBIII BUPAKEHOT TApMOHIKH Yy BUTJISAII HE3aMKHEHOT JTIHI1.

JAudepenuiloBaHHsi CHTHAJNY 13 OTPUMAHHSAM TIEPIIOI Ta APYroi MOXigHOI
J03BOJIAE OTpUMATH 1H(OPMAII0 MPO MIBHIKICTH Ta NPUCKOPEHHS 3MIHH KOro
amrutityau. Tak, B MPOCTOP1 «CTaH - MIBUAKICTh - MPUCKOPEHHS» KOXKHY JUHAMIYHY
MOIIF0 MOXHA BiZOOPasHTH TOYKOK 3 KoopauHaTamu X(t), dX(t)/dt, d*X(t)/dt’.
[TpuarHHO-HACTIAKOBO TOB'SA3aHI MK COOO0 TOJIT YTBOPIOIOTH B MPOCTOPI «CTaH-
IIBUJIKICTh-IIPUCKOPECHHS» 3aMKHEHY TpaeKkTopito [6].

3acToCcyBaHHSI YUCENbHOrO JU(EpEeHLIIOBaHHS BIALIM(PPOBAHUX CUTHAIIB Ma€
Micliie mpu 00poOiri ananiTuaHoi iHGopmMartii. [Tepia moxigHa CUTHATY XapaKkTepU3ye
IIBUJIKICTh 3MIHM aMIUNITYIWd IIOJ0 3MiHM aOCIucH, TOOTO 4YacoBOi OCi, sKa
THTEPIPETYETHCS K HAXUIJT IOTUYHOI JIHIT CUTHATY B KOXHIN TOYII].

Jpyra moxigHa € MOXiIHOK BiJ IMEpIIoi 1 ABJsg€ CO000 MIpy KpPUBU3HU JIIHIT
CUTHAITy, a00 IIBHJIKICTh 3MIHM HAXUJTY JTOTUYHOI CUTHATY B KOYKHIM TOYI[l KPUBOI.

OTpumaHi KapTUHU TOKa3yIOTh 3MiHM HE TUIBKU CTPYKTYpH, a U dopmu i
MacmTady, IO NOpeacTaBisgeTbcsl OUTbII 1HGOPMATHUBHUM TPU BHUBYEHHI CTaHy
JOCTIHKYBaHUX 00’ €KTIB.

BucHoBku

Bukopucranns 3a3HadeHux 3aco0iB Ha JOJATOK JIO0 IITAaTHOI CHUCTEMU
JIarHOCTUKHM HECTIPAaBHOCTEW JBUTYHA, MOXJIMBOCTI SIKOi OOMEXEeH1 BUKOPUCTAHHSIM
LHITbOBUX JATYMKIB CUCTEMH MOHITOPUHTY, MOXKE€ 3HAYHO PO3IIMPUTH MOKIIUBOCTI
JIarHOCTYBAHHS JJISI MEXaHIYHUX CHCTEM 1 BUBECTH ii HA HOBHWH SIKICHUW PIBEHBb 3
MOXKJIMBICTIO TTOTJIMOJIEHOTO aHaJli3y CTaHy JIBUTYHA.
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NIJIBUIIEHHSA JOBIOBIMHOCTI TA HAQIMHOCTI CHOJYYEHHUX
IHOBEPXOHb BAJIIB ABTOMOBIJIBHUX AT'PET'ATIB
KOMBIHOBAHUM METO/IOM IIPU IX BIJHOBJIEHHI
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Cepriiiuyk A.A.
LentpanbHOyKpaiHChKUI HALlIOHAJTBHUNA TEXHIYHUNA YHIBEPCUTET

Abstract

The expediency and technological process of restoration of the outer
cylindrical surfaces of the shafts of vehicle units by a combined method with the use
of electric arc spraying of martensitic and ferrite classes and the subsequent
electrocontact processing with use of carbon-containing fillers, which allows to
substantially increase the operating time, are substantiated.

Keywords: Rolling joints, restorations, typical defects, hardening coatings,
combined method, arc deposition, electro-contact processing, carbon-containing
filler.

Beryn

B npoueci ekcruryatanii pyxoMux 3’€JHaHb 1 J€Tajleil arperariB aBTOMOOLTIB
OCHOBHMMH PYHHYIOUMMHU (aKTOpaMU € 3HOIIYBaHHS CIOJYYEHHX IOBEPXOHBb Ta
KOpO3iiiHe pyHHYBaHHS 1]l BILIMBOM arpeCUBHOrO OTOUYIOUOro cepenoumia [1].

AHami3 CTaTUCTUYHUX JaHUX AedekTiB aBToMoOUThbHOT TexHiKH (AT) mokasye,
10 TI0 MPUYMHI 3HOCY 1 KOpo3ii 3 jaay BuXoasaTh 10 80% naeraneit, a mo MpUYUHI
PI3HOMaHITHHX TOJOMOK (BKJIIOYar0YM BToMIIOBaHe pyiHyBanHs) — 20 — 30% [1-3].

3HOC MOBEPXOHb JETaNel TPAHCIOPTHOI TEXHIKU PO3MOAUISETHCS MPUOITU3ZHO
HACTymHUM 4iHOM [3, 4]: muninapuaaux — 52%, TpimuH Ta 31aMiB — 9%, mopyiieHb
reoMmerpuaHoi Gopmu — 13% Ttomo. [Ipu mpomy 10 40% nedekris, mo HaWJACTIIIE
3yCTpIYalOThCS TPU  EKCIUTyaTallli TMOB’si3aHl 13  3HOIIYBaHHSM  30BHIIIHIX
UWJTIHIPUYHUX TTOBEPXOHb, TOMY IMIABUIIEHHIO JOBIOBIYHOCTI 1 HaJIIMHOCTI caMe 11X
MTOBEPXOHB JOILUIBHO MPUISATH I IBUIIEHY yBary [5].

VY3aranbHEHHS HaBEJEHUX NaHUX JO3BOJSE 3pOOUTH BHCHOBOK, MPO TE, IIO
BUHUKHEHHS TUIOBHUX Je(EKTIB Ha JeTalsx aBTOMOOUIBHOI TEXHIKHM HAaIlEeBHO
3YMOBJIEHE HEAOCTAaTHBOIO iX MOBEPXHEBOIO MIIHICTIO, SIKA MPU3BOAUTH O
3MEHILEHHS CIIPOTUBY JI€Tajeil pyHHYBaHHIO B MPOLEC] €KCILTyaTallii.

[lepeBaxkHy  OinbIIICTE  JeEKTIB  JeTalied  aBTOMOOLIIB  MOXKIIMBO
BIIHOBJIIOBATH 1 3aXMILATH BiJA pyHHYBaHHSA MOKPUTTSAMU 13 MaTepialiB 31
crieliaJibHUMU  BiacTuBocTaMu  [6].  Tlokpurts  OararodyHkiioHansHi  [7],
3a0€31euyI0Th MTOBEPXHSIM KOPO31MHY CTIWKICTh, 3HOCOCTIMKICTD Ta 1HII crierudivHi
eKcIUTyaramiiiHi -~ BinactuBocTi.  Ciig  3ayBaKHMTH, IO Yy  BITYU3HSIHOMY
MaIlMHOOY/AIBHOMY 1 PEMOHTHOMY BHUPOOHHMIITBI 3aCTOCYBaHHS JeTalield 13
3MIIHIOIOYMMH TIOKPUTTSAMH JOCUTh OOMEXKEHEe, XOoua 1 €KOHOMIYHO BHUIIPaBJaHE,
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TOMY 3aBJIJaHHSI HaHECEHHsI 3HOCOCTIMKMX MOKPUTTIB Ha poOOUYl MOBEPXHI JeTaynei
aBTOMOOLUTIB NMPHU BUKOPHUCTAHHI €KOHOMIYHO JOIIIBHHUX TEXHOJIOTIH 1X HaHECEHHS
J1a€ MOYKJIMBICTh HE TIJILKA BUTOTOBJIATH 1 BIJTHOBIIFOBATH HABAHTAXKEHI1 JIETail ajie 1
CYTTEBO iX 3MILHIOBATH [8&].

[IeBHUM TIPOPWBOM B HANPSAMKY MIABUINECHHS MPAIE3IaTHOCTI 1 3MIITHEHHS
MOBEPXHEBUX WIapiB 3HOIIYBAHMX IOBEPXOHb € KOMOIHOBaHI TEXHOJOrIi, SKi
J03BOJISIIOTH MOCIHIIJOBHO MIJIBUIIYBaTH 3HOCOCTIMKICTh Ta IHII EKCIUTyaTalliiiHi
BJIACTHBOCTI KJIACHYHUX MMOKPHUTTIB [6-8].

AHaJi3 nonepeaHix 10C/i1KeHb

bararoumncenbHi TOCTITKEHHS MOKa3yIOTh, 110 OAHUM 13 €(EeKTHUBHUX IIIAXIB
3aXMCTy IMOBEPXOHb JETalled BiJl 1HTEHCUBHOI'O 3HOUIYBaHHS €, HE TUIbKU, BUOIp
CHeriaTbHIX MaTepiajiB, ajie 1 crmoco6iB (opMyBaHHS 3 HUX 3HOCOCTIMKUX mapiB [9].
[Ipy 11bOMY JOIIIBHO BHUKOPUCTOBYBATH BIJIHOCHO JICIIECBI 1 JIEFKO 3aCTOCOBYBaHI
crocoOM HAaHECEHHs MOKPUTTIB, cepes sikux 1 razorepmiuni merogu (I'TH) [10].
HaiiGinp1n npuBabiIMBUM Cepell METO/IIB Ta30TEPMIYHOTO HAMUITIOBAHHS BBAXKAETHCS
CJICKTpO,Z[YFOBI/II/I (EAH), skuil 3aBaskud TEBHUM IepeBaraM 3HAXOJUTh LIUPOKE
3aCTOCYBaHHS 1 TOCTYNOBO BWTICHSIE€ Ta3zomoimymeHeBmid cmoci6 [10-12]. Ilpote
Bigomi 1 Henomniku EJIH: HeBHcOKa TBepICTh Ta 34YEIUIIOBAHICTh HAHECEHHUX IIapiB 3
OCHOBOIO, CTPYKTYpHa HECTaOUIBHICTh 1 BHCOKA IMOPHCTICTh, IO MPHU3BOIATH JIO
3HIDKEHOI 3HOCOCTIMKOCTI 1 HE JO03BOJISIIOTH TOBHOIIIHHO 3aCTOCOBYBAaTH Takl
MTOKPUTTS TIPH BiTHOBJICHHI 1 3MIITHEHHI TIOBEPXOHb JIeTalleli aBTOMOO1ITIB.

[lepcieKTHBHOIO, B IIBOMY CEHCi, MOXXJIMBO BBa)XaTH JOJIaTKOBY OOpOOKY
HaIMUJICHUX TOKPUTTIB PI3HOMAHITHUMH METOJaMU MeXaHO-TEePMIYHOI cTab1113yr0401
oopooku (MTO) [13, 14]. Cepen wmeromiB MTO wmoxe edEeKTUBHO
BUKOPUCTOBYBATUCSI  €IEKTPOKOHTaKTHE 3MimHeHHS [14]. EnekTpokoHTakTHa
oopodka (EKO) 3giiicHIOETbCA Tl TUCKOM MNpPH NPSIMOMY HPOMYCKaHHI
CIIEKTPUYHOTO CTPYMy 1 XapaKTepU3YEThCS BHUCOKMMH €KOHOMIYHMMH  Ta
€HEepreTUYHUMU napamerpami [ 13, 14].

IlocTanoBKka npodJiemn

BinHOCHO HEBHCOKI SIKOCTI €IEKTPOJAYrOBUX HAMWICHUX TOKPUTTIB HE
J03BOJISIIOTH, B MEBHUX BHUIIAJIKaX, 3aCTOCOBYBATH iX IPHU BIJHOBJICHHI Ta 3MII[HEHHI
BHCOKOHBAHTAKCHUX 3HOIITYBAaHUX TOBEPXOHb JETale arperaTiB aBTOMOOUIIB 1
0e3yMOBHO MOTPeOYIOTh MIABUIIEHHS iX (I3UKO-MEXaHIYHUX XapaKTEPUCTHK, B
MepIry dYepry, 3HOCOCTIMKOCTI 1 aHTHU(PUKIIHHUX BIACTUBOCTEH. BupimeHHs
npobjeMr e(EKTUBHOrO IMJABHUINEHHS eKcIulyaTamiiaux BiactuBocTedr EJIH
MOKPUTTIB MOJJIMBE HANpPHKIaA, 3aCTOCYBaHHSAM KOMOIHOBAHOIO CHoco0y i3
BUKOPUCTAHHSM JAPOTIB, 31 CTajeil MAPTEHCUTHOTO 1 ()EPUTHOTO KIIACIB 3 HACTYITHOIO
€JIEKTPOKOHTAKTHOIO 00pOOKOI0  BYTIJICICBOBMICTHUMU  aHTU(PUKIIHHUMU
HAITOBHIOBaYaMH.

Mera i 3aBa1aHHA

Po3pobka koMOIHOBaAaHOTO METOAY IMiJIBUIIEHHS OCHOBHUX EKCILTyaTallliHUX
BJIACTUBOCTEH 3HOMICHMX IWIHAPUYHUX TOBEPXOHb BaJIB 3aCTOCOBYBaHHSIM
NPOrPECUBHOI TEXHOJIOT1T iX BIJHOBJICHHSI, IO BKJIOYA€ HAHECEHHS IMOKPUTTS 3a
JOTIOMOT'OI0  CITOCO0Y €JIEKTPO/LYTOBOI0  HAIHIICHHS (EAH) nporamum 31 cranei
MapTEHCUTHOTO Ta (PEPUTHOTO KIIACIB 1 HACTYIHOI €IEKTPOKOHTAKTHOIO 0OpPOOKOIO
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(EKO) 3 BHKOpUCTaHHSIM BYTJIelleBOBMICTHUX HamoBHioBauiB (BMH). Buznauenus
OCHOBHHX (DI3MKO-MEXaHIYHUX 1 3HOCHUX BJIACTHUBOCTEH KOMOIHOBaHUX TMOKPHUTTIB 1
JOIUTBHOCTI 1X 3aCTOCYBaHHS MPH BIIHOBJICHHI CTHONYYEHUX 30BHINIHIX MOBEPXOHb
JeTalleld B yMOBaX PEMOHTY arperariB aBTOMOOLUIIB.

Pe3yabTaTn BHpilIeHH OCHOBHUX 3aBJaHb NMPO0JIeMH

B sikocTi 00’€KTIB OCIIIKEHD BI/I6paHi eJIEKTPOAYTOB1 TOKPUTTSL 13 APOTAHUX
craneir 40X13 (maprencutHoro kiacy) i CB-08 (dbeputHoro kiacy) miamerpom 2,0
MM. Takuii BuHOIp JJIi CTBOPEHHS MOKPUTTIB 1 MIJABUIICHOI 3HOCOCTIHKICTIO
OOyMOBJIEHMI iX 3IATHICTIO [0 CTPYKTypHO-(}a30BUX TEPETBOPEHb NpHU
TepMOAMHAMIYHOMY BIUIMBI [9], a B SKOCTI BYIJICIICBOBMICTHOTO HaIlOBHIOBaya
3aMpPONOHOBAHUM KONOIAHUHI rpadiT 3 HEBEIMKUM BMICTOM ajiMa30-BYIJIELEBOi
cymimi tuny YIAB (TYPB 100056180.003-2003), 1m0 103BOJSIE TOCUIUTH €PEKT
M1BUILICHHS TPUOOTEXHIYHUX BJIACTUBOCTEH KOMOIHOBAaHUX MOKPHUTTIB.

[TokpuTTss HaHOCWIMCS 13 BHUKOPUCTAHHSAM BIJOMOro OOJagHaHHS IS
BHCOKOIIIBUAKICHOTO po3muieHHs AporiB  [15]. EnexkrpokoHTakTHa 00poOKa
HalUJICHUX MOKPUTTIB 3MiMCHIOBasiacs Ha crieniaibHii ycranoBii tuny YEKC Ha
6a31 mammHu ToukoBoro 3BaproBanus MTII-100,5.

Jns  Bu3HaueHHA  (PI3MKO-MEXaHIYHMX 1  3HOCHHUX  XapaKTEPUCTHUK
KOMOIHOBaHUX MOKPUTTIB 3aCTOCOBYBAJIOCS CTaHJIAPTHE JIOCTITHUIIbKE 00JIaHAHHSI,
10 JI03BOJISIE OTPUMYBATH JOCTOBIPHI PE3yJbTaTH 1100 BIACTHUBOCTEH OJlep KaHUX
KOMO1HOBaHUX MOKPUTTIB.

Busnaueni parioHaibHI PEeKHUMH HAHECEHHS KOMOIHOBAaHUX MOKPHUTTIB. [l
EJIH nporsnux craneir mig nactynny EKO: nanpyra Ha ay3i — 32B; nucranmis
HarmieHHs — 50...200 mxwm; ctpym ayru — 100...400A; BUTpaTH CTHCHYTOrO MOBITPS
— 80 M3/r0z[; tuck — 0,65 MlIla; Butpara nponan-0yrany — 0,011 xr/rox; tuck — 0,4
MIla.

Hst EKO crami CB-08: Ctpym - 30 kA; Tuck 12...15 Mlla; Tpusamnicts
iMiynbciB ctpymy 1 may3 — 0,02 ¢; Crami 40X13: Crpym — 6,0...6,5 xkA; Tuck — 30
MlIIa; TpuBanicTs iMOyibciB cTpymy 1 nay3 — 0,02...0,04 c.

BusnaueHo, Takox, 10 B XOJi1 MpUCKOopeHoro oxonomkeHHs mnpu EKO
YTBOPEHU  ayCTEHIT 3a3HA€ MAapTEHCHUTHOTO TIEPETBOPCHHS, TMPH  I[BOMY
CIIOCTEPITraeThCs BIACYTHICTH 3BUYaitHOI 1 cioco0iB EJIH kpuxka nmepeximgHa 30Ha,
0 3HAYHO 3MEHIIY€E IMOPUCTICTh 1 MIJABHINYE aAre3iiiHy MIIHICTh TOKPUTTIB 1
OCHOBH.

ToOTo, came, JeroBaHi JpOTSAHI MaTepialud JO3BOJISIIOTH OTPUMYBATH
nokpaiieni BiaactuBocTi EJIH mokpuTTiB,3a paxyHOK 3MIIHIOIOUYOI JIi JIETYIOUHX
eneMmeHTiB, mo B mporeci EKO mpu3BoauTh 70 3HAYHOTO MiABUIIECHHS TBEPIOCTI
HAHECEHHS MMOBEPXHEBOTO 111apPY.

[Ipy BHKOpHCTaHHI €JIEKTPOAYrOBUX MOKPUTTIB 3 JIETOBAHUX CTajel 1
3aCTOCOBYBAaHMMHU  BYIJICLIEBOBMICTHUMHU  HamoBHIoBauamu  micigs  EKO  ix
MIKpPOTBEPAICTh 3HAYHO 30UIBLIYETBCS B  pe3yJbTaTl  CTPYKTYpHO-(ha3zoBuX
NEPETBOPEHbD, 10 NPU3BOJATH 10 YTBOPEHHS MAPTEHCHUTY.

[TokazaHo, 10 3amMpONOHOBAaHA EJIEKTPOKOHTaKTHA OOpoOKa MOKPHUTTIB 13
3aCTOCYBaHHSIM  BYTJICIICBOBMICTHMX HAIMOBHIOBaYiB 3a0e3reuye  MiABUIICHHS
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3HOCOCTIMKOCTI KOMOIHOBAHMX MOKPUTTIB, 32 PaXyHOK 3MIIHEHHS MOBEPXOHb Ta iX
aHTUDPUKIITHUX BIACTUBOCTEH.
BucHoBku

- OOrpyHTOBaHa JOIUIBHICTh 3aCTOCYBaHHS 1 3alpoOINOHOBAHA KOMOIHOBaHa
TEXHOJIOTiS BITHOBJIEHHS 1 3MIIHEHHS CIIOJIYYEHUX ITOBEPXOHb BaJliB arperariB
aBTOMOOLITIB;

- Iloka3zaHo, 10 HAWOUTBIIT 3aCTOCOBYBAaHMWA B OCTaHHIM dYac MeETO.
€JIGKTPOJyTOBOrO HAMNWJICHHS Ma€ IEBHI HEJONIKM TpPH BIJIHOBIEHHI IOBEPXOHb
JeTanel, ikl MOXKJIMBO YCYHYTH 3a PaxyHOK JOJIATKOBOI 3MIITHIOI0UO0T 00pOOKH;

- BusnaueHno, mo OgHMM 13 HAHOLIBIT e()EKTUBHUX IUISIXIB ITiIBUIICHHS
JOBFOBIYHOCTI 1 HaJIMHOCTI POOOTH TPUOOCTPSKEHb B yMOBaxX eKCIUTyaTallii
aBTOMOOLTIB € KoMOiHoBaHa TexHojoris EJ[H mokpurrs 3 HacrymHoro EKO
BYTJICIIEBMICHUMU HallOBHIOBAYaMH;

- JInst eNeKTpOoayroBOro HAMMIICHHS TTOKPUTTIB 3alpPONOHOBAHO 3aCTOCYBAHHS
JIPOTSHUX CTaJlel MapTEHCUTHOTO KJIacy, IO 3/IaTHI JI0 MOBLILHOT'O 3MIIHIOIOYOIO
ayCTeHlTHO MapTEHCHTHOTO TEPETBOPEHHS, AKE 3MEHIIye KPUXKICTh nepexu:[Hm
30HM MK TOKPUTTSM 1 OCHOBOIO Ta MPU3BOAWUTH JO: MIABUIICHHS aare3iiHOi
MIHOCTI 1 3MEHILIEHHA [MOPHUCTOCTI  TMOBEPXHEBUX  IIAPIiB;  MIJBUIIEHHS
MIKPOTBEPAOCTI 1 3HOcocTiiikocTi orpumanux EJIH mokpurriB 31 ctam 40X13 i3
HactynHoto EKO ByrienieBoBMICTHUM HAallOBHIOBAYEM;

- YCTaHOBJIEHO, WI0 EJIEKTPOKOHTAaKTHa 00poOKa 13 3aCTOCYBaHHAM
BYTJICIIEBOBMICTHOTO HamoBHIOBa4ya ctajeBux EJ[H mokpuTTiB miaBumye ix
3HOCOCTIHKICTh y 2-4 pa3u, 3a paxyHOK MEPETBOPEHHSI ayCTEHITY B MAapTEHCHUT, IO
CIPUYUHSE TIOSBY B HHUX HANpPYXEeHb CTUCKY, 1 TaKUM YHHOM IEPEIIKOIKAE
pYHHYBaHHIO TIOBEPXOHb B YMOBaX TEPTS.
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Ayain B.B. a.1.H., npod.
TI'onyo A.B. x.1T.H., g011.
I'punbkiB A.B. K.T.H., IOKTOpPaHT
I'onoBaruii A.O. acm.
LenTpanbHOYKpaiHCHKUI HALlIOHATBHUNA TEXHIYHUN YHIBEPCUTET

Abstract

The problems of the implementation of intellectual transport and production
processes are considered, their classification is given. It is found out how the
intellectual systems are implemented in the countries of the European Union and in
the United States of America that implement this event.

Keywords: intellectual transport systems, intellectual production systems,
information and communication technologies, vehicles, efficiency, implementation
technologies.

Beryn

Inrenekryansui  TpancnoptHi cuctemu (ITC) ta BupoOHmui (IBC)
pPO3MIISIAAIOTHCS  KJIIFOYOBMMHM 3aI[iIKaBJICHUMHM CTOPOHAMH B SIKOCTI  MICTKa, WIO
JI03BOJIIE YCYHYTH ICHYIOUMW B JaHUW 4yac PO3pPUB Ha PiBHI iX cTiiikocTi. YuHHE
3aKOHOJABCTBO BIACTa€ BIJ TEMIIB PO3BUTKY HAMCYYaCHIIIUX IHTEIEKTyalbHUX
cucteM (IC), ockiTbku BOHH BIPOBAKYIOTHCS (hparMEHTOBAHO 1 Y BIIPWBI OJIUH BiJ
OJTHOTO, 1110 OOYMOBJIEHO, BIJICYTHICTIO VY3rOJUKEHOI HAa MIKHAPOAHOMY piBHI
MOJIITUKU B LM Tany3l, a B JAESIKUX ii aCeKTax — MOBHOIO BIJCYTHICTIO OyIb-IKUX
HOPMATUBHUX TMOJOXKEHb. | SKIIO y BUpINIEHHI KOHKPETHUX TEXHIYHUX MpOoOsIeM
JOCATHYTO 1ICTOTHUHM NPOrpec, TO MUTAHHS TPAHCIIOPTHOI MOJITUKYU Ta IHCTUTYLIIMHUX
3aXO0/iB TOPU3OHTAIBLHOTO XapaKTepy B TEMEpIilIHIi Yac OOTOBOPIOIOTHCS JIUIIE B
HebaraTbox KpaiHax.

s 3abesnmeuenHst criiikoro QynkmionyBanas [TC Tta IBC HeobxigHO
BUKOPHUCTATH CUCTEMHUHN MIJX11, CIIPSIMOBAaHUN HA OTPUMAHHS ICTOTHUX PE3yJbTaTiB.
Cepen HHX mTiABHIIEHHS O€3MEKH TOPOKHBOTO pyxy Ta eHeproe(eKTUBHOCTI
TPAHCIIOPTY, CKOPOYEHHS BUKH[IB MAapHUKOBUX Tra3iB 1 3a0pyIHIOBadiB, a TaKOX
PO3IIMPEHHS YAacCTKU TOHOBJIIOBAHUX JIKEpENl €HEeprii B CEKTOpi TPAHCIOPTY Ta
epeKTUBHOCTI BUpPOOHMYMX TMporeciB. KaramizaropoM HUX NpOLECIB MOXE OyTH
1H(hOpMaIiiTHO-KOMYHIKAIiHI TEXHOJIOTI].

AHaJi3 nonepeaHix 10C/iIKeHb

B ocranni poku gocmimpkenns B oomsacti ITC [1-3], B ocHOBHOMY, BEAyThCS B
HanpsMKy po3poOku koomnepatuBHuX [TC (K-ITC), siki 703BONSIIOTH TPAHCIIOPTHUM
3aco0aM MIATPUMYBATH 3B'SI30K MK co00r0 abo 3 ob'ekramu iH(pPaCTPyKTypH.
Koonepatusai ITC 103BOJISIOTH ICTOTHO MIABHMIIHUTH SKICTh 1 HAIHHICTD 1H(MOpMAITii
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PO TPAHCHOPTHI 3aCO0H, iX MICIIE3HAXOKEHHS 1 00cTaHOBKY Ha aopo3i. Taki ITC
CHPUSIOTh TIABUIICHHIO SKOCTI ICHYIOYMX 1 TIOSBI HOBUX TMOCIYT, IO HAJArOTh
KOpPHUCTyBauaM TPAHCIIOPTHI Ta BUPOOHWYI cuctemu. Lle B cBowo uepry mnpuHece
ICTOTHY KOPUCTh B COLIIAJIBHOMY 1 €KOHOMIYHOMY IUIaHI 1 MIJBUIIUTH €(PEKTUBHICTS 1
Oesneky TpaHcropty [4-7].

Kpim Ttoro ITC i1 IBC 3a0e3neuyioTh WIMPOKY IHTETpalil0 B paMKax
TPAHCTIOPTHUX 1 BUPOOHUYUX CHCTEM Yepe3 BUKOPUCTAHHS TaKUX BIPOBAKEHb, SKI
BXK€ JIOCTYIIHI, JAalOTh KOPUCTyBauyaM MOXJIMBICTb ONTHUMI3yBaTH 1HAWBIIyasIbHI
TPAHCHOPTHI MapLIPYTH 3 YypaxyBaHHSAM pI3HUX BHUJIB TPAHCIOPTY, HAAAIOUU
pEKOMEH Al 1010 BU3HAYEHHS Ta PO3POOOK HAWOLIBII ONTUMAIBHUX KOMOIHAIIIM
TPAHCHOPTHUX Ta BUPOOHMUUX mociyr [19-24]. ITC mo3Bonauin nacaxupy AicTaTHCS
BiJl OyIMHKY, /i€ BiH MEIIKA€E, IO MOTPIOHOTO MyHKTY NMPU3HAYCHHS, B MEXaX TOTO XK
MicTa abo Ha 1HIIOMY KOHTHMHEHTI, KYMUBIIW MPU 1IbOMY JIUIIE OJIUH €JIEKTPOHHUMN
KBUTOK. AHaJOr4yHa KOHUEHIIS MOXe 6yTI/I po3po0ieHa 1 3aCTOCOBaHA TaKOX IO
BAHTAKHUX T[I€PEBE3CHh IMPU ONTUMI3AIl TPAHCHOPTHUX MAapHIPYTIiB 1 BHUIIB
TPAHCIIOPTY Ha MUISIXY BiJl BUPOOHHKIB 10 CIIOXKHUBAUiB, 110 Ja€ AOJATKOBI IepeBaru
SK TIEPIIUM, TaK 1 JPYrHMM, a TaKOXX CKOPOUYeE LIKIJIMBUI BIUIUB HAa HABKOJUWIITHE
CepeIOBUIIIE.

IlocTanoBKka npoodJemu

[IpoGnema monsrae y ToMy, IO JJIsi MEPEXOay JO CTIHKOI MOOUIBHOCTI
NOTpiOEH HOBHM MIAX1JA 1O PO3BUTKY ICHYIOUHMX TPAHCIOPTHUX 1 BUPOOHUYMX
cucteM. [moGaibHI TEHAEHIT MHMPOKOMACIITAOHOTO XapakTepy, IO TOB's3aHi 3
neMorpadgiyHo0 JUHAMIKOI, 3POCTAaHHSAM TOPTiBJI Ta CTPIMKOI ypOaHi3alli€ro, iX
BIUIMBOM Ha HABKOJMWIIIHE CEPEIOBUIIE, a TAaKOX, YPA3IUBICTIO TPAHCIOPTHOI
1HGPaCTPYKTYpH Tiepel HacTiAKaMu 3MiHU KiiMaty. Bei mi dakTopu 0o0yMOBIIOIOTH
HEOOXIHICTh nepedopmaTyBaTH 1 aJanTyBaTH TPAHCHOPTHI 1 BUPOOHHMYI CHCTEMH
Tak, 100 3a0e3neunTH iX cTiiike 1 epexkTuBHE QyHKIIOHYBaHHA B XX CTOMITTI.

Merta i 3aBaaHHA.

MeTtoro poOOTH € BIPOBAKEHHS 1HPOPMALIIHO-KOMYHIKAI[IHTHUX TEXHOIOT1H
(IKT), nna migBuilieHHS €(pEeKTUBHOCTI TPAHCIOPTHUX Ta BUPOOHUYHMX CHUCTEM, IO
31MCHIOE ICTOTHUW BIUIMB Ha 3JaTHICTb TPAHCIOPTHOIO Yy JOCATHEHHS CTIMKOi
MOOUTEHOCTI.

Pe3yibTaTu BUpilIeHHS] OCHOBHHMX 3aBJaHb

[IpoTsiroM  OCTaHHIX PpOKIB  CIOCTEPIra€ThCsi  MPHUCKOPEHHS  TEMIIB
BrpoBajpkeHHs ITC 1 IBC, tomy Bce wactinne KpaiHM COpUWMAIOTh iX HE SK
TEXHOJIOTI0 MaWOyTHBOrO, a SIK IHCTPYMEHTapiil g BUPILICHHS IIOACHHUX
TPAHCIIOPTHUX 1 BUPOOHWUYMX TpolOiieM [15-21]. Pazom 3 Tum, B cTpareriyHoMy
nakeTi gokymeHTiB o ITC 1 IBC, 3a3naueHo, 110 Ha NUIAXY iX BOPOBAKEHHS, 5K 1
paHiie 30epiraeTbest psij nepemkos. [[puHIUIOBY Ba)XIUBICTh Ma€ 3a0e3MEUCHHS
HAJICKHOTO PIBHSA YHIPABJIIHHSA, HEIOJIIKH SKOr0 OOYMOBIIOIOTH IUIMH TIeperik
nepemko/l. ICHyI0Th KIJIbKa YITKO BUPAXXEHUX 1 BEJIbMU KOHKPETHUX MEPEUIKO, SIKI
YCYBalOThCS AUPEKTUBHUMM OpraHamH, 3 TUM 00 3allyCTUTU MPOIECH PO3KPUTTS
noreniiany ITC 1 IBC B moBHOMYy 00cs3i. B pamkax 1mporo oryisigy OCHOBHa yBara
OPUIUTSIETBCS TaKWM acleKTaM: eKCIUTyaTalliiiHa CyMICHICTb, ()parMEeHTOBaHICTh

3bipnux nayKosux mamepiaris MiKHAPOOHOT HAYKOB0-NpaKmuuHoi iHmepHem-KoHPepeHuti Cr. 104



Tnnoeautiini mexHoA02ii po3sumxy ma egeKmueHocmi yHKUionyeanus asmomobirvnozo mpancnopmy

TEXHIYHUX CTaHJAPTIB 1 rapMOHI3aIlls 3aXOJIB MOJITHUKUA Ta CTpaTEriyHl MpOorpaMu
[18-21].

Amnaniz crany npobrnem 3 BropoBamkeHHsm ITC ta IBC  ngo3Bonus
BCTAHOBJIIOBATH OCHOBHI 3 HUX, IIPEJICTABIICHI Ha pHC. 1.

ITPOBJIEMMU HA IIVIAXY BPOBA/DKEHHSA IHTEJIEKTYAJIBHUX
TPAHCIIOPTHUX TA BUPOBHUYUX CUCTEM

HenocratHicTts iHGpacTpyKTYypH
Bu3HaHHA [TC ta IBC
3axucTt npuBaTHOI 1H(pOpMaIii
Heysromxenicts 3311

HenocraTtHs miAroToBKA 110 MUTAHHAM
ITC 1IBC, abo ii BincyTHICTh
HenocratHiii piBeHb BIAMOBITATBHOCTI
BigcyTHICTB 3araabHONPUIHATOTO
®parMeHTOBAHICTh CTAHAAPTIB 3
eKCILTyaTaliiHOT CyMiCHOCTI
BigcyTHICTH 311aroKeHOT O TUKA

Pucynok 1 - OcHoBHi npo0aemu npu BopoaxeHH1 [TC ta IBC

[le mepemyciM HACTYIHI: HEAOCTATHICTh IMOJITUYHOI BOJII PO3YMIHHS B
CYCIIUTBCTBI; HemOCTaTHICTh miaroToBku mo nutanHsM [TC ta IBC, Ta ix BiaCyTHICTH;
HEJIOCTaTHIM pPIBEHb Ta BIJMOBIJIHO HEIOCTATHICTh 1H(GPACTPYKTYPH; BIJACYTHICTDH
3HauyHoro BuzHaueHHs ITC Ta IBC; HemocTaTHICTh CTaHAApTIB 3 €KCIUTyaTallid
CYMICHOCTI; BIJICYTHICTh 3JIarO/PK€HOI TOJITUKH; 3aXUCT TNpHUBATHOI iH(OpMAIlii;
HeysrojxeHicte 33I1. Pi3Hi Temnu peanizaiii B JepKaBHOMY 1 TIPHUBAaTHOMY
CEKTOpax.

B nmanmit wac B Macmrabi craHaapTH3ailii OCHOBHA YyBara MPUILISETHCS
KOOMNEPAaTUBHIN cucTeMl 1 eKkcrutyartauiiHiii cymicHocTi TexHonoriid ITC Ta IBC. 3
BpaxyBaHHIM TJIOOQJIBHOTO IX TIOMIMPEHHS BelWKa YyBara, IO BiIOyBa€eThCs,
CTBOPIOIOYM OJHOPIJIHI Y3TOJKEHI CTaHIApTU ISl apXiTEeKTYpH, MPOTOKOJIB 1
dopmariB mepenadi manux. HasBHICTH Takoro HaOOpy OIHOPITHUX Y3TOMKEHHX
CTaHAapTiB 3a0e3neuyBana 0 riobanbHy rapmosizamito 3acHoBanux Ha ITC 1 IBC
MOCIIYI Ta JAOAATKIB. Y Xoal poOOTHM Haja TaKMMHM CTaHAApTamMu OyJid KIFOUYOBI
MUTaHHS 3a0e3MeueHHs eKCIUTyaramiiiHoi cymicHocTti. [lokm 1o cucremu, siKi
BUKOPUCTOBYIOTHCSA B PI3HUX YACTHHAX CBITY, € HECYMICHUMHU 1 ()parMEHTOBAHUMH.
Ile oOymoBieHo 3 mnpoOiiemMamu, dYepe3 Te, 0 TPAHCHOPTHI 3acOO0M TOBHHHI
3a0€3MeUNTH EKCIUTyaTallliHy CYMICHICTh MK CHCTEMaMM, BUKOPHUCTOBYHOYH HE
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TUIBKM B OJIHOMY, aJi€é i B IHIIMX PErioHax, a TakoX y MDKHapOAHOMY MaciuTadl B
itomy [6, 13, 22-24].

VY OUIBIIOCTI KpaiH AiF0Th CBOI BJIACHI HOPMHU B 30HU O€3MEKH TPAHCIOPTHHUX
3ac00IB Ta OXOpPOHM HAaBKOJIMIIHBOIO CEPEelOBUIIA, SKI HE Y3rOJKEHI Ha
MDKHApPOJHOMY PIBHI HE JMBISYHUCH HA BUCOKHUU CTYIIHB Tio0amizarii y cexTopi
aBToMOoO11e0yyBaHHsA. [{ns1 aBTOMOOLIS, KMl MPOMIIOB CepTU(IKALII0 K TaKuu,
0 BiJMOBi/la€ BCIM HOPMAaTUBHUM BUMOTaM B KpaiHi TOXO/KEHHS, HEOOXiTHUN
JI03BLJI HAa IPOJIAX B IHIIMX KpaiHaX, OTPUMAHHS KOO BUMAarae iCTOTHMX YaCOBHUX 1
¢iHaHCOBHMX BHUTpaT. B mnepcnekTuBl TEXHIYHI 3MIHM B  aBTOMOOUIbHIN
MPOMUCIIOBOCTI  OyAyTh TMPOJOBXKYBAaTH 13 HEUMOBIPHOIO MIBUIKICTIO, IO
00OyMOBJIEHO Oa)KaHHSAM CIOXKMBA4iB OTPUMYBATH HOBI TPAHCIOPTHI 3aco0u, SIKi
Outbm ekoHoMmivHi 1 Oe3mneuni, cymicHi 3 ITC ta IBC 1 € Oinbin «po3yMHHMEY, a
TaKOX BHM3HAYEHI IMOCWJICHHSIM €KOJOTIYHUX HOpPM, HAINpPHUKIAJ, B KOHTEKCTI
MOM'SIKIIICHHS HACHIJKIB 3MIHM KiimMaTy. BupoOHHKHM 3allikaBlieHI B TOMY, 100
MpoJaBaTh TPAHCIOPTHI 3aco0M, CIPOEKTOBaHI HAa 0a3i 3aradpbHUX IIaTGOpM, Ha
ro0aJpbHOMY PUHKY, PU IbOMY BOHH PO3PaxOBYIOTh Ha MEBHY €(EeKTHBHICTH CBOIX
Al (Hampukiaaa, Ha MOXJIMBICTE YHHUKHYTH HEOOXITHOCTI JAOTPUMYBATHUCS
YUCJICHHUX CTaHJapTIB 1 HOpPM, IO JIOTh B Pi3HUX KpaiHax). IloBuHeH OyTH
HaJaro/PKeHUM peaiCTUYHUN 1 1HKIIO3UBHHMI MEXaHI3M pPO3pOOKHM MIKHAPOAHHUX
MPaBOBUX HOPM JUIsI CBOEYACHOTO BpaxyBaHHS HOBUX TEXHOJIOTIH, TOSBa SKHX
MPECTaBISIEThCS HEMUHYYHM 3 OTJISITY Ha MPAarHEeHHS [[bOTO MIPOMHUCIOBOTO CEKTOpa
710 TEXHOJIOTIYHOI PI3HOMAaHITHOCTI.

3 ornasgy Ha Te, IO IUKI MPOEKTYBaHHS 1 MPOMHUCIOBOI PO3POOKH
IHHOBAIIMHUX TEXHOJIOTIH € OUIhII KOPOTIIMM, HIX LUK PO3POOKH BIAMOBIIHOI
MOJIITUKU Ta HAIIOHAJIbHI JUPEKTHBHI, PEryJIO0Yl OpraHu MOBHHHI aKTHBI3yBaTU
CBOI 3YCWJIJISL JIsi OTPUMAaHHS MaKCHMaJIbHO MOYJIMBOI BiJfadi Bijl BIPOBAXKEHHS
texHonorii ITC 1 IBC. Y mnpoMuCIOBOCTI CTPIMKHMH TEMIIaMH BiJOYyBa€ThCS
po3poOKka 1 BIPOBA/PKCHHSI 1HHOBAIIIWHUX TEXHOJOTIM B PI3HUX 00JACTAX
TpaHcnopty. [Ipu 1mbOMy OCHOBHA MiSUTBHICTH IO PETYIIOBAHHIO MPOBOAHUTHCS Y
cdepi HaIllOHAJIBHUX 3aKOHOJABCTB (32 BUHATKOM €C), TOOTO BiJICYTHS IHCTUTYIIIHA
KOOpJMHALlIA 3 IHIIUMH KpaiHaMu. Y TOMY, 11O CTOCY€TbCS PETIOHY, Kyl BXOISTh
kpainu [liBHiyHOT AMepuku, €Bponu 1 [{enTpanbHoi A3ii, icHye HarajgbHa motpeda B
y3rojukeHH1 Bumor J10 [TC mixk iumMu kpaiHamu, 30KpeMa B KOHTEKCTI €Bpa3ificbKux
TPAHCIIOPTHUX 3B'SI3KiB. SIKIIO LFOTO HE 3pOOWUTH, TO PUHOK OyAe HANOBHEHUU
BrpoBapkeHHssM  ITC Tta IBC 3a BigcyTHOCTI Oyab-sIKMX Y3TOKCHHX Ha
MDKHApOJHOMY pIBHI CTaHAAPTIB, WO (PAKTUYHO MOXKE CEPHO3HO YCKIAJHUTU
MONANbII pPO3pOOKKM B I Tamy3i. Y 3B'SI3Ky 3 IIUM, MOXJHMBE, OJHE 3
HaWCepiO3HIMX 3aB/laHb SIKE MOJSTae B TOMY, 00 YHMKHYTH TOSIBU BEIUKOI
KUIBKOCTI HECYMICHHUX MK COOOI0 BIpOBaJKeHb. IIpoluec po3poOku craHmapTiB
3arajibHOi apXITeKTypHU TaKWX CHUCTEM 1 BIAMOBIIHUX YroJ MK CYyCIAHIMU KpaiHaMH
MOB'sI3aHUI 3 TPYAHOIIAMH 1 BUMara€ BEJTMKHUX BHUTpAT dacy. B odikyBaHHI MOsSBU
TaKUX CTAHJAPTIB 1 yroJl KJIIFOYOBE 3HAUYCHHS B SIKOCTI 3aX0J1iB CIPUSHHS JOCATHEHHIO
eKCIUTyaTaliiiHoT CyMICHOCTI Ma€ OOMIH JIOCBiIoM Ta 1HGOpMAIED TIpo
ONTHUMAJIbHICTh MPAKTHUKH, & TAKOXK PO3pOOKa Y3roJKEHHMX IMpaBWUJl B LIl o0nacTi.
Pazom 3 TuMm 1ie OUThII CKJIaJHE 3aBAAHHS MOJISITA€ B TOMY, 1100 MPOBOIAUTH TaKy
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MOJIITUKY B Tajly3sX TPAHCIOPTY 1 BUPOOHUIITBA, sIKa JIO3BOJIUTH BIIMOBHUTHUCS Bij
TPaAWIIIMHUX CTpaTerii, 3aCHOBaHMX Ha (aKToOpax TNPOIO3HUllii, HAa KOPHUCTH
Cy4yaCHHUX, OpIEHTOBAHMX Ha (AKTOPU TMOMUTY CTpaTerid Imoao0 3abe3reyeHHs
MOOUTBHOCTI, SIKI MTOBHMHHI 0a3yBaTHCS HAa HOBUX TPAHCIOPTHHUX 1 KOMYHIKaLIMHHX
TEXHOJIOT15IX.

BcecitHiii konrpec 3 ITC - ne wmjopiyHa MDKHapoJHa KOH(eEepeHIis,
npucBsiueHa nuranHsMm ITC. Opranizamis BcecBiTHboro konrpecy 3 ITC - mmig
crniBnpani Mk HactynHuMmH oprasizamismu: ERTICO, «ITC Awmepuku »,«ITC
Asiarcbko-Tuxookeancbkoro periony »ta« ITC Ascrpanii ». Ha npomy koHrpeci
30uparoTbesi MibkHapoaHi ekcriepTd mo ITC, daxiBui B nmaHiii 007acTi, KEpiBHUKU
JepKABHOTO Ta MPHUBATHOTO CEKTOPIB, MPEACTAaBHUKH HAYKOBUX Kil, JOCITIIHUKH,
(daxiBIi Ta CTYAEHTH, IO IMPEACTaBIAIOTh BCi cermeHTH iHAycTpii ITC ta IBC, mus
IpeACTaBIeHHS 1 OOTOBOpPEHHS OCTaHHIX 3MiH B I Taly3i, a TaKOX IUIAXU
BUPILIEHHS OTOYHMX MPOOJIeM B crpaBl iX BrpoBakeHHs. [IpobaeMu, npo ski iae
MOBA, BiJ0OpakaroTh BUIIE3ra/IaHl OTPEOU B Y3rOKEHHI MOJTITUKU, CTaHIapTU3aLlii
BUKOPUCTOBYBAaHUX TEXHOJOTA 1 3a0e3MeueHH] eKCIUTyaTaliiiHoi CyMiCHOCTI.
[IpencraBHuKM Tamysi, Kl OIOpIYHO MpUCYTHI Ha BcecBiTHROMY KOHTrpeci mo ITC,
0COOJIMBO MIJKPECTIOIOTh BAXKIUBICTh MOAOJAHHA LUX MEPEUIKoi Jisi TOro, mod
3a0€3MeUYnTH EKOHOMIYHUK 1 IMIMPOKUM 3a reorpaiuHuM OXOIUIEHHSAM pPEXKUM
3actocyBanHsl poaykTiB ITC, skuii m03BONMB OM OTpUMAaTH 3aIlUIaHOBAaHY BiJady
Bin Bukopuctanus noaatkiB [TC. [HmmmMu cioBaMu, 1€ € 3BepTaHHS A0 YPAIiB BECTH
poOOTYy B HAmNpPSMKY Y3TO/DKCHHS Ha MIKHApOAHOMY piBHI BCIX HOPMATHBHUX
MOJIOKEHb, 10 MawTh BigHomeHHs 10 ITC, a TakoX BIANOBIAHUM YHHOM
CKOPMI'YyBaTH MOJITUKY B L1H ramy3i.

[Turagas ITC BrimogaroThes 10 mopsaky KomiTtery 3  BHYTPINIHBOTO
tpancnopty (KBT) €EK OOH 1 #ioro gonomixkaux opratis 3 2003 poky. Ilepumii
«Kpyrmmit ctim» monmo ITC, sxuit BimOyBcss B 2004 porti, OyB NpUCBIYCHUN
TEXHOJOTTYHUM NHUTaHHSAM. 3a Horo mijcyMkamu Oylia O3By4YeHa HEOOXIJIHICTb
MIABULIEHHS PiBHSA TeXHI4HOI rapMoHizamii. ITC cramu npenMeroM OOroBOpEHHS 1
OynM BKJIIOYEHI B KOHKPETHI HOPHUAMYHI JOKYMEHTH 3aBISKH POOOTI JEKUTBKOX
opraniB KBT. Po6oui rpynu KBT BianoBigHO A0 CBOiX MaHIATIB BEAyTh pOOOTY IO
psany mepepaxoBanux nutanb B obsacti ITC. B pamkax BcecBitHboro dopymy mis
y3rOJPKCHHS MPaBWI B Taly3l TPAHCIIOPTHUX 3ac00IB (DYHKIIIOHYE TpyIla €KCIIEePTIB,
sKa BUHOCUTH 3arajbHi PeKOMEHJAIl MIOJ0 CIOCO0IB BKJIIOYEHHS MOJOXKEHBb PO
IHTEJEKTyaJIbHI TPAHCIIOPTHI CUCTEMH B MpaBuia B 00JIACTI TPAHCHOPTHUX 3aCO0iB.
Po6oua rpymna no 6e3rmeili TOpOKHbOTO pyXy OOTOBOPIOE MUTAHHS BiAMOBIAATBHOCTI
Ta 3alMaEThCs AJAMIHICTPATHBHUM CYMNPOBOAOM Ta OHOBJIEHHSAM KoHBeHIT mpo
OpoXkH1 3HaKK 1 curHanu 1 KonBeHili npo nopoxHidt pyx (BigeHChbKI KOHBEHIIIT).
KpiMm Toro, us rpymna 3ailMaeTbCcsi y3roJ’KEHHSIM 3HAKIB 13 3MIHHUM [OB1JIOMJIEHHSIM
(33I0). CmiBnpatig Ha piBHI IIUX poOOYUX TpyI OyJIO HAJIATOKEHO yepe3 HeodiliiHy
pobouy rpymy WP.1 3 aBTOMaTn30BaHOrO BOJIHHS, KA KOOPAMHYE CBOIO POOOTY 3
HeodiiiHo0 podouoto rpynoo WP.29 mo ITC.

Po6oua rpyna 3 nepeBezenp HeOesneuHui BanTaxiB (WP.15) BuBuae nuisaxu
BUKOPHUCTAHHS KOIITIB TenemMaTuku aiis [liaBumienns 6e3neku u HaaiiHocTi. Poboua
rpyna 3 BHYTPIIIHHOrO BOAHOTO TpaHcmopTy (SC.3) 3ailMaeThCsi BUKOPUCTAHHSIM

3bipnux nayKosux mamepiaris MiKHAPOOHOT HAYKOB0-NpaKmuuHoi iHmepHem-KoHPepeHuti Cr. 107



Tnnoeautiini mexHoA02ii po3sumxy ma egeKmueHocmi yHKUionyeanus asmomobirvnozo mpancnopmy

piukoBUX 1HQOpMaLIMHUX cucTeM, a Poboya rpymna 3 aBTOMOOUILHOIO TPAHCIOPTY
(SC.1) - Bukopucranusm 1udpoBoro taxorpadpa e-CMR4. o muranp mi€i rpymnu
BIJIHOCATHCS TaKOX 3arajbHOEBPONEHChKA yroja Mo JOPOXHIM 1HQPACTPYKTypi U
CMA. Kpim TOro, 00roBopeHHs1 o MUTAHHAM, 10 CTOCYIOThCs ynpasiiHHs [TC Ta
BKJIFOUEHHS 1X JOJIaTKIB B TPAHCIOPTHI CHUCTEMHM, BEAYTbCA TAKOXX B HACTYNHUX

dbopmarax:

- B pamMKax po0odoi Irpynu MO IHTEPMOJAIBHUM TIEPEBE3CHHSM 1 JIOTICTUKH
(WP.24);

- B paMKax poOodO0i Tpynu 3 MUTHUX IMHTaHb, IMOB'S3aHUX 3 TPAHCIIOPTOM
(WP.30);

- B paMKax MiKypsaoBux iHppacTpykrypHux npoekTiB (TEA i TEG).

ITC MoxyTh 1, 32 BciMa O3HaKaMu, OyAyTh BiFIrpaBaTh BU3HAYAIBHY POJIb Y
dhopmyBaHHI MAaHOYTHROT MOO1ILHOCTI 1 KOHIIEIIIIT TPAHCIIOPTHOTO CEKTOpa. 3aBIsIKU
BUKOPHCTAHHIO nonatkiB ITC Ta IBC TpancnopT craHe OuiblI e(l)eKTI/IBHI/IM
O0e3neuyHuM 1 ekosoriyHuM. Ilporte, sk Oyno 3a3HaueHO, TEXHIUHI IHHOBAII]
BUIICPEKAOTh BIAMOBIIHI TOJITUYHI, MPAaBOBI Ta IHCTUTYIIiMHI 3MiHHU, SKi KOHYE
HEOOXI1/HI JJi1 TOro, 100 B MOBHOIO MIPOI0 CKOPUCTATUCA IUIOJAMH MPAKTUIHOTO
3aCTOCYBaHHSI LIMX HOBOBBeNEHb. lle craHeTbcs nMille B TOMY BHMAAKY, SKIIO
BIJINOBIJHI TEXHIYHI PIIIEHHS 1 MOCAYrd OyayTh YCIIIIHO IHTErpPOBaHI B HaJEXHI
CTpaTeriyHi paMKd 1 y3roJKEHYy Ha MDKHApOJHOMY piBHI. | Xo4ya Ha TEXHIYHOMY
PiBHI Bxke OyJIM JOCATHYTI 3Ha4H1 YCIIXH, 0arato B YoMy 3aBJsiku AisiibHOCTI WP.29,
KpaiHM SK 1 paHille HEe BeayTh MK COOOI0 Jiayiory 3 MUTaHb MOJNITHYHHX Ta
IHCTUTYIIMHUX 3MiH. KoMiTeT 3 BHYTPINIHHOTO TPAHCIOPTY, MOXKJIWBO, 3ab0axkae
OOrOBOpPEHHSI NMUTaHb NPO TE, IKUM YHMHOM BIH MIT OM CIPUATH TaKOMy J1ajory 3
MUTaHb MOJIITUKHY.

ITC 1 IBC 3acHOBaH1 Ha TEXHOJOTISIX, MOXKYTh CTBOPIOBATH peasibHI MpOoOIeMHU
JUIsl  TUIAaHYBaHHS TpaHCMOpTyBaHHS. HIXTO He MOXXe€ TOYHO MPOTHO3YBATH
MPOrPECUBHI TEXHOJOT1YHI JOCATHEHHs 3a 20-piyHUil TepMmiH, ajie BIJOMO, WIO
TEXHOJIOT1YH1 IOCATHEHHs BiI0yBaTuMyThes. Bigomo, mo inauBigyansHi I[TC 1 IBC 3
4acoM CTalTh BCE€ OLIBII IHTETPOBAHMMH, ajie 1€ MOXe OyTH Ie CKIaJHiIne
IJIaHyBaTU 3 IHCTUTYHIMHUMM TmpoOjieMamMu, 110 JOJAI0Th TEXHOJIOT1UHIM
HEBU3HAYCHOCTI. APXITEKTypHa MOBIIKA JJIsi KOONEPATHUBHOTO Ta 1HTEIEKTYaTIbHOTO
tpancnopTy (ARC-IT) Oymna po3po0OiieHa crieniaibHO JJIsl BUPIMICHHS [IUX TTPoOJeM 1
MIATPUMKHN TUTAHYBaHHS TIPOTPECUBHOI 1HTETpaIlii Ta TEXHOJIOTIYHUX TOCSITHEHD NS
MOJIIIIIEHHSI CHCTEMH HAa3€MHOT'O TPAHCIIOPTYBAHHS 3 TUTMHOM 4acy.

binbmiicte mraTiB 1 MeranodiciB B CIIIA Bxke po3poOuiin perioHaibHy
apxitektypy ITC, sxa mpenctamisie MaiOyTHIO IHTETPOBaHY Ha3eMHY TPAHCIIOPTHY
CUCTEMY B perioHi. 3BW4YaiiHO, perioHasbHa apxiTtektypa ITC mnoBuHHa OyTH
akTyanbHOW0, OCKUIbKM TexHoyorii ITC 1 IBC po3BuBaIOTBhCSA, a perioHajbHI
TPAHCIOPTHI CTpaTerii Ta MPIOPUTETH 3MIHIOIOTHCS 3 YacoM. BukopucToByrouu
perioHanbHy apxitekTypy ITS, perion Mmoxxe riaHyBaTH 3aCTOCYBaHHS TEXHOJIOT1H Ta
THTErpario AJs MATPUMKA OUThII e(EeKTUBHOTO TUTaHYBaHHS OTIEpAaIliid.

Perionanbna apxitekrypa 3abe3neuye koHTekcT mis npoektiB ITC Tta IBC,
mo0 KOXEH MPOEKT MIr CTBOPUTH YaCcTHHY IependadyBaHOi TPAaHCIOPTHOI Ta
BUPOOHUYOT CHUCTEMH. BUKOPUCTOBYIOUM apXITEKTYypy SK IHCTPYMEHT IUTAHYBaHHS,

3bipnux nayKosux mamepiaris MiKHAPOOHOT HAYKOB0-NpaKmuuHoi iHmepHem-KoHPepeHuti Cr. 108



Tnnoeautiini mexHoA02ii po3sumxy ma egeKmueHocmi yHKUionyeanus asmomobirvnozo mpancnopmy

KPOKH, III0 BHUKOHYIOTHCS KOXXHHM MPOEKTOM, OyAyTh Ha HUISXY JO BHKOHAHHS
OUTBIINX II€H, BUKJIAJEHUX Yy JOBIOCTPOKOBOMY TPaHCIMOPTHOMY IutaHi. JletanbHa
iHbOpMallis npo Te, sIK perioHaibHa apxitektypa ITS mMoxke OyTu BUKOpPHUCTaHA SIK
IHCTPpYMEHT IS MiATPUMKH IJIaHYBAHHS ITATCHKOTO TPAHCIIOPTY.

BucHoBku

1. BusiBneHO TEHJEHLIi pPO3BUTKY TPAHCIOPTHUX Ta BUPOOHUYUX
IHTEJIEKTYyaJIbHUX CUCTEM.

2. 35COBaHO OCHOBHI MPOOJIEMU TIPH X BIPOBAJKEHHI.

3. OcHOBHY yBary IpUIUICHO 1HTEIEKTYaJIbHHM TPAHCIOPTHUM CHUCTEMaM
B MacmTabax kpaiH €Bpomneiicskoro Coro3y ta Crnionyuenux Illtatax Amepuku 3
BUPOOJIEHHSIM OCHOBHUX 3aKOHIB, TEXHOJIOT1/ Ta apXITEKTYp CAMUX CHCTEM.
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YK 629.331

BIOCKOHAJIEHHSI KEPOBAHOCTI ABTOMOBLIIB 1] YAC
EKCILTYATAIII

JInceHko C.B.l, K.T.H., 101I.,
IBamko B.C.Z, A.T.H., IpoQ.,
Kanycrenko p.B.!
[leHTpaIbHOYKPATHCHKHIT HALIOHANBHAI TeXHIYHMIA yHiBepCHTET
binopycbkuii HallioHATPHUN TEXHIYHUA YHIBEPCUTET

B nanuii yac aBTOMOOUIb € OJHMM 3 HaMOUIbII €(PEKTUBHUX, JOCTYMHHUX 1
3aTpe0yBaHMX HA3€MHUX TPAHCIIOPTHUX 3ac00iB. TOMy OHHMM 3 ACKpaBO BUPAKEHHUX
CBITOBUX TEHJICHIIIN OCTaHHIX JECATHIITh € aBTOMOOUII3allisl, TOOTO PO3MIUPEHHS
BUKOPUCTAaHHS aBTOMOOUIBHOTO TPAHCTIOPTY B PI3HUX cdepax JIOACHKOI AISUTHHOCTI.
ABTOMAaTH3aIlisi BUPOOHUYOTO MPOIIECY, CYBOPE TECTYBaHHS HOBUX MOJIENEH 1 Bepcii
aBTOMOOUIA 3a0e3meuye O0e3neKy 1 3py4yHICTh JJIs JiroAed. HeoOXimHICTh 301IbIIIEHHS
BUIYCKY 1 TMONIMIICHHS CTPYKTypU AaBTOMOOLIIB, OUIBII TIOBHO BiAMOBIAAIOTH
noTpebaM HaApOJHOr0 TOCMOAAPCTBA, BUMArarOThb €KOHOMIi MajiMBa, MiJABUIICHHS
peCypCy Ta 3HIKEHHS METATOEMHOCTI. Y 3B'SI3KYy 3 UM MIABUIIEHHS €KOHOMIYHOCTI,
BUCOKI HaJIMHICTh, TMHAMIYHI 1 XOJA0B1 SKOCT1 aBTOMOOLIS, 3HMKEHHS MOro MacH 1
3MEHIICHHS MIKIUIMBOTO BIUIMBY HAa HABKOJMIIHE CEPENOBUINE € OCHOBHUMH
3aBJAaHHSAMH aBTOMOOLIEOYIyBaHHS CBHOTOJHINIHBOTO JHA. [l  ;gocsrHeHHS
MPOMOHOBAHUX BHUMOT Yy CTPYKTYpi KOMIUIEKCY aBTOMAaTH30BaHOTO TECTYBaHHS
HEOOX1ZIHO pPO3pOOUTH AaBTOHOMHY CHUCTEMY YIpaBIiHHSI aBTOMOOUIEM Jis
MPOBEICHHS IMKJIIYHUX TECTOBUX 3ai3/lIB.

JocninHi 3pa3kyd po3poOJEHUX MapOK aBTOMOOLIIB HOBOTO MOKOJIHHS, TakK
caMO K 1 KOHTPOJBHI 3pa3Kd CepiiHO BUIYCKAIOUMX TPAHCIOPTHUX 3aco0iB,
6e3mnepepBHO HII[I[aIOTBCH HKOPCTKUM BI/Il'IpO6y'BaHH$IM Ha TECTOBHX nomr0Hax TUTST
yMOB po0OTa BOAIIB BUMAarae BEJIUKOi KUIBKOCTI KEpYIOUMX BIUIMBIB 1 MOCTIHHOI
KOHLIEHTpaLli yBary, 110 cupuse mBUAKIM BToMi. HaBiTh y kBami(ikoBaHMX BOAIIB 3
BEJIUKUM CTa)XKeM POOOTH Ticias 4-5 roauH Oe3lepepBHOrO BOJIHHS Yepe3 BTOMY
3HIKYETHCS yBara i B 1,5-2 pa3u 3pocTae KUIbKICTh TOMUJIOK YIIPaBJIiHHS.

CydacHi 1upoBl CUCTEMH aBTOMAaTUYHOTO KEPyBaHHS B CTaHI peaiizyBaTu
NPAKTUYHO SIK 3aBrOJHO CKJAJHI aJrOPUTMHU HE3QJIEKHO BIJl MPUHIUIY Aii
BUKOHABYMX MPUCTPOiIB. TUM caMUM IPiOPUTETH IPHU CTBOPEHHI 3aC001B aBTOMATUKH
3MICTHIIACS B 001aCTh 1H(GOpMAIITHUX 1HHOBAIIIH. 3 1HIIOTO OOKY, 3aBASIKA PO3BUTKY
00YMCIIIOBAJILHOT TEXHIKH, MPHU MOIIYKY pillleHb 3a/1a4 JAHOr'0 KJIaCy CTaJM IIUPOKO
3aCTOCOBYBATHUCS METOAM IMITAIlIHHOTO MAaTEMAaTHYHOTO MOJCIIOBAHHA. 3aiMaroun
MIHIMAJIbHUNA 4Yac (10 BaXKJIMBO 3 ypaxyBaHHSIM CKOPOUYEHHSI TEPMIHIB CTBOPEHHS
HOBOI TEXHIKM) 1 BUMaratoud MEHUIMX BUTPAT, HUK TPAAUIINHI METOJUKU HATYPHUX
BUNIPOOYBaHb, MOJICTIOBAHHS 3a JIONIOMOTOI0 KOMIT'IOTEpPIB  BIIKPHBAE HOBI
MO>KJIMBOCTI IS TTOTJIMOICHOT0 BUBUCHHS XapaKTepy BIUIMBY HOBOTO OOJaAHAHHS i
QITOPUTMIB YOPABIIHHS Ha MPOLECH 1 PEe3yNbTYyIOUl EKCILTyaTalliiHO-€KOHOMIYHI
MOKa3HUKU. Mera HAyKOBOIO pO3ALIYy TIONsrae B po3polii  OOpTOBOIO
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1H(dOpMaIlITHO-BUMIPIOBAJIbHOI 1 KEpyIOUYOi CHUCTEM KepyBaHHS aBTOMOOLIEM s
aBTOMaTH3allii MUKIIYHAX TECTOBUX 3ai3fiB. [Ipu mpomMy OakaHO BHUPINIUTH HU3KY
3aBAaHb: po3po0Ka aJrOPUTMIB TPAEKTOPHOTO KEPYBAHHS TPAHCIOPTHUM 3aCOO0M,
0 peani3yloTh MaHEBpU, NepeAdadeHl IUIaHOM BHUIPOOYBAaHHS aBTOMOOUIS 3
ypaxyBaHHSM MOXJIMBOCTI OTMHAHHS TEPEIIKOJ, HE BIJOOpaXKEHMX Ha KapTi
BUNIPOOYBAJILHOTO MOJITOHY; cpOpMyBaTH MPOMO3ULIT MO peasizailis By3JiB 1 OJOKIB
60pTOoBOi iH(pOpPMAITIHHO-BUMIPIOBAIBHOI Ta KEPYIOUOI CHCTEMH.

JIist BUpIIIEHHS MTOCTaBJICHUX 3aBJIaHb BUKOPUCTOBYBAIMCS: TEOPIisl 1 METOAM
MaTEeMaTUYHOTO  MOJICNIOBaHHS, 3aKOHM  TEOPETHMYHOI  MEXaHIKH, Teopis
aBTOMATUYHOT'O YIpaBIiHHA, IU(poBa 00poOKa CHUTHATIB, TEOpis HEIIHIMHUX
NITOPUTMIB KEpYBaHHS, 1110 0a3yIOThCS Ha HEUITKIM JIOT1III.

HaykoBuii i1nTepec Oynme ¢dopmyBaTtucsi Ha PO3KPUTTI TMEPCIEKTUBHUX
MOJIAJIBIIUX MOXJITMBOCTEH: 3alpPONOHYBaHHS Ta peajizallis Moaudikalli aaropurmy
CL-RRT muianyBaHHS JIOKQIbHOI TpaeKkTOpii aBTOMOOLISA-poOOTa, IO BPAXOBYE B
pEIbHOMY 4Yaci HETOJIOHOMHOCTb aBTOMOOLIS 1 OIIHKY HEB'SI3KM PEabHOT 1 3a/1aHO1
TpaeKTopn Ha OCHOBI (1)1J15Tpa Kanmana. MoXIuBO B MOAAIBIIOMY OOTPYHTYBAaTH B
XOJl TPOEKTYBAaHHA 1 TIONHOBUX BHUIMPOOYBaHb CTPyKTypa iH(OpMaIliifHO-
BUMIPIOBAJIBHOI 1 KEPYIOUOi CUCTEMU aBTOMOOLIS. [IpakTHUHUiA 1HTEpeC MOCTIIKEHb
CKJIaIeThCS B HACTYMHOMY: B pPe3ylbTaTi HACTYNHHUX MPOBEICHHUX JOCHIKEHb
MOXJIMBa OyZ€ CKOHCTPYIOBaTH Ta BUTOTOBUTH EKCIEPUMEHTAIBHUIA 3Pa3oK
1H(OpMaIlIITHO-BUMIPIOBAJILHOI 1 KEPYIOUOI CUCTEMH, SIKa BKIIIOUAE B ce0e KepOBaHUI
CJIIEKTPOMEXaHIYHUI TMPUBIM 3UYCIJICHHS, aKceleparopa, rajibMa 1 KepMa, a TaKoXK
nporpamMHe 3a0e3leyeHHs, M0 JO03BOJISIE 3AIMCHIOBATH CTapT, TajJbMyBaHHS 1
YIPABIIHHS aBTOMOOLJIEM IIPH PYyCl MO TPAEKTOPII 3 3aJaHOI0 IIBUIKICTIO.

CydacHuii cTaH mpoOJieMH aBTOHOMHOTO KEpyBaHHS TPaHCIOPTHUMHU
3acobamMu Ta aBTOMAaTH3alli TECTOBUX 3ai3/liB B XOJ1 BHUIPOOYBaHb BUPOOIB
aBTOMOOITLHOT MPOMUCIIOBOCTI 3HAXOIUTHCS HA JIOBOJII HU3bKOMY piBHI. [IpoBenaeHo
aHaJ i3  XapaKTEePUCTUK  ICHYIOUMX  aBTOMOOUIB-POOOTIB Ta  aBTOHOMHHX
TPAaHCHOPTHUX 3aco0iB. ONUCAaHO OCHOBHI MEPCIEKTHBU PO3BUTKY ABTOHOMHUX
TpaHCOpTHUX 3ac00iB. [TokazaHo, 110, HE3BaXKAIOUM HA MPArHEHHS B MEPITY Yepry
CTBOPUTH ABTOHOMHHMI aBTOMOOUIb JUIsl PyXy Ha MICBKMX 1 3aMICBKUX yMOBaXx,
aBTOMOOITbHI KOHIIEPHM PO3TJSJAI0Th 1 TMUTAaHHA aBTOMaTH3alii BUIIPOOYBaHb
rotoBoi npoaykiii. [Tpu oMy iHGopMariii mpo TeXHIYHI Ta MPOrpaMHi PIICHHS, 10
BUKOPHUCTOBYIOTBCS B JlaHI 00JacTi Ha MOPSAOK MeHIe, Hik iHdopmamii mpo
ABTOHOMHE TI€pECYBaHHS JCIKUX KOJICHUX MAIIIMH, 10 MPAIIOI0Th B OOMEXeHii
oOnacTti. 3a3HayeHO, W0 JIOJATKOBOK OCOOJIMBICTIO, IO BIAPI3HSIE 3aBJaHHSA
aBTOMaTu3alii BUMPOOYBaHb MPOAYKIT AMBI3IOHY KOMEPLIHHUX aBTOMOOLIIB, €
BUKOPUCTaHHS B HMX BUKIIOYHO MEXaHIYHOI KOPOOKM TMEpEeMHUKaHHS Mepenad, sk
HAHOUTBIII  €KOHOMIYHOIO 1 PEMOHTONPUIATHOI Yy  BITYM3HSHHUX  YMOBax.
[IpoananizoBani TmepeBaru 1 HEAONIKM PI3HUX THUIIIB  €JIEKTPONPHUBO/IIB,
BUKOPHCTOBYBAaHUX B SIKOCTI aKkTyaTOpiB B MEXaTpOHHHX cucTemax. Hapa3i Oaxane
3aCTOCYBaHHS JIBUTYHIB MOCTIHHOTO CTPYyMY Mepel IHIIMMHU TUTIAMU €JIEKTPUIHHUX
JIBUTYHIB B CHCTEM1 aBTOMAaTUYHOIO KEPyBaHHS aBTOMOOUIEM 3 MEXaHIYHOIO
KOpPOOKOI0 TiepeMuKkanHs nepenad. [IpoBeaernii BUOIp €1EKTPONPUBOIIB MOCTIHHOTO
CTpyMy JUIsl peani3ailii KepOBaHOTO €JIEKTPO-MEXaHIYHOIO0 MPHUBOJY 34YEIUICHHS,
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akceseparopa, rajibMa 1 KepMa aBTOMOOUIS. Y IbOMY pO3LIl aHATI3YIOThCS TAKOX
OCOOJIMBOCTI  3aCTOCYBAaHHS WMOBIPHOTO TIAXOAY JO OIHKKA  TOJOXKEHHS
aBTOHOMHOI'O TPAHCIOPTHOTO 3aco0y B mpoctopi. [loka3zaHo, 1m0 AJsi MiIBUIEHHS
HAJIAHOCT] OIEP’KYBAHUX OLIIHOK IOJIOKEHHSI HEOOX1AHE BUKOPHUCTAHHS PO3BHUHEHOI
iHbOpMAIlITHO-BUMIPIOBAILHOI ~ CHCTEMH 3 YHUCJICHHHUMH  BHUMIPIOBAJLHUMHU
KaHaJlaM{, 4acTo AyOnrorThbes. Tomy 3acTocyBaHHS ABTOHOMHOI iH(opMalliitHO-
BHUMIPIOBAJIbHOI Ta KEPYIOYOi CUCTEMHU JO3BOJUTH HE TUIbKH BUKIIOYUTH JIIOJUHY 3
JeSKUX TPOLeCiB BUMPOOYBaHHS TOTOBOI MPOAYKIi Ha aBTOIOJITOHI, ajie 1
MPOBOJUTH HOB1 BUAU BUIIPOOYBaHb.

3a3HaynMo, 10 CIEHAPiil MOYaTKy pyXy MO CKIATHOCTI 1 YITKOCTI A1 € OJTHUM
3 HaWCcKiamHImMX mporeciB. CucTeMa MPHUBOAY 3YEIUICHHS MpPEACTaBisie COOOM0
00'€KT ympaBIIiHHSA BHCOKOI CKJIQJIHOCTI 31 CKJIQJIHOIO MaTEMaTHYHOI MOJIEILIIO 1
IIUPOKUM J[1alIa30HOM 3MIHU TTapaMeTpiB.

Bigomi miaxomu no peanizanii ClieHapir0 CTapTy aBTOMOOLIS, 3aCHOBaHI Ha
nudepeHIliaTbHIX PIBHSHHAX, [0 MOJIETIOITh TPAHCMICII0, a00 HEPUUHATHUMH 3
TOYKH 30pYy HEOOX1HOI MPOAYKTUBHOCTI OOPTOBOr0 KOMIT'IOTEpa MpHU MEPEXO/Il 10 iX
IHTerpyBaHHSA OOYHCIIOBAILHUMU METOAaMHU, a00 HE BpaxoBYe creuu(]iKy 3aBIaHHS
TECTOBHX BHUIIPOOYBaHb, 10 Iepeadayae MIHIMI3ZYBaTH Yac CTapTy PyXy 3a YMOBHU
3a0€e3ne4YeHHsT JOCUTH IUIABHOI'O BKJIFOUEHHS 3YEIUICHHS. 100TO B1JOMI METOIM HE
JO3BOJISIIOTH TIJABUIIUTH €()EKTUBHICTh TECTYBaHHS 3YCIUICHHS HA BIIMOBY IIJISIXOM
CKOpPOYEHHSI 4acy BHUKOHAHHS CTAHAAPTHOI KUIBKOCTI IUKIIB CTapTy 1 3yNHHKHU
TPAHCTIOPTHOTO 3aC00Yy.

3BakaroyM Ha TepepaxoBaHl BUMOTM 1 OCOOJMBOCTI 3ampONOHOBAHO
peatizalio CUCTEMHU 3 BUKOPUCTAHHSAM YIPABIIHHSA Ha 0a3l HewiTKoi joriul. Takuii
MIIX17 JTO3BOJIIE HE TUIBKM BHUKIIOYHMTH 1ICHTHQIKAII0 OUIBIIOCTI IapamMeTpiB
TpaHCMICIi aBTOMOOUIS, aje 1 B MEpPCHEKTHBl 3a0€3MeYUTH BIATBOPEHHS JOCBIAY
npodeciitHoro Bomis. B sKoCTI BUMIpIOBaIBHUX JaHUX po3pobiieHa cucTeMa
BUKOPUCTOBY€E 1H(MOpMAIlII0O MPO KYTOBUH MIBUAKOCTI OOEpTaHHS BEAy4Oro Basa
JBUTYHA BHYTPIIIHBOI'O 3ropaHHs (IUTATHUHA AATYUK OOEPTIB), KYT HAXWIy MOBEPXHI
cTapty (IHTETpaJIbHUI aKCeIepOMETp), Maci aBTOMOOUIA (IaTYMK CUJIM Ha 3aTHIN
MiJBICII aBTOMOOUIS), a TakKoX JaHi MpO TMOJOKEHHS BaXKeNlB aKTyaTopiB
CIICKTPOMEXaHIYHUX TPHUBOAIB  TEAaJied 34UeryieHHs 1 TambMa  (ONTHYHI
IHKpeMeHTaIbHI eHkojiepr). OcOOJIMBICTIO 3alPOMOHOBAHOT CHCTEMM YIPaBJIIHHS
IUIA pealtizaiii cTapTy aBTOMOOLUIS € BUAUICHHS JBOX HEYITKUX PEryjsTopiB 1
M1JICUCTEMU yIPaBIIHHS MeauTio ranbsma (puc. 1).
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Pucynok 1 — ®@yHkuioHajJbHa cXeMa HEYiTKOI0 peryJJl0BaHHS

HeuiTkuii perynastop mnepumoro piBHsA 3a0e3nedye (QOpMyBaHHS 3HAYEHb
KoedilieHTa KyToBOoI mBUAKOCTI 00epranus Bany JIB3 K(w) i koedimienra mpupocty
KyToBOI mBuaKocTi ooepranus Bany JIBC K(4w) Ha ocHOBI BUMIpsSHUX 3HAYEHb KyTa
HaXWJIy TOBEpPXHI CTapTy y 1 Macu aBTOMOoOUTSI M. HewiTkuii peryastop Ipyroro
piBHA 3a0e3meuye OOYMCIEHHS HEOOXIAHMX MIBUAKOCTEH O0OepTaHHS BajiB
CJICKTPOMEXaHIYHUX TPUBOJIB Menalie ra3y V.,, 1 3UCIICHHS V, HA OCHOBI 3HAYEHb,
OTPUMAHUX BIJ] HEUITKOTO PEryJsTopa MEpIIoro piBHSI Ta BHUMIPIOBAHUX JTaHHUX
KYTOBOI IIBHMJIKOCTI OOEpTaHHs Bally €JIEKTPOMEXAHIYHOIo NPUBOAY TNeaali
3UEIUIEHHS ;, JIHIHHOIO IMEpPEMIIIEHHsI Ba)KeliB akTyatopa L, a TakoX KyTOBOi
IIBUJIKOCT1 00€pTaHHs @ 1 3MIHM KyTOBOI IIBUJKOCTI 00epTaHHS 4, BEIy4Oro Baly
JIB3. ®yHKIIIOHYBaHHS MIJACUCTEMH YIPaBIiHHS MEJAUII0 rajbMa 3/1MCHIOEThCS 3
BUKOPUCTAHHSAM JaHUX KYTOBOI IIBHJKOCTI 0OE€pPTaHHS BAJIKY €JIEKTPOMEXaHIYHOTO
MPUBOY T, @ TaKOX JIIHIMHOrO mepeMilleHHs Baxkens aktyaropa L,. Ilincucrema
KepyBaHHS TajnbMOM (HE 0a3yeThCs Ha HEUITKIM JIOTiI) BW3HAYA€ MIBUAKICTH
MEpPEMIIICHHS] Ba)Kesl aKTyaTopa €JIEeKTPOMEXAaHIYHOro MPUBOAY Meaall 3TiIHO 3
OJ0K-CXEMOIO, HABEACHOK Ha pHUC. 2, € ., — TPaHUMYHE 3HAYEHHA KyTOBOI
MBUAKOCTI obepTanHsa Bana J[B3, mpu sSKOMy KpyTHHUH MOMEHT, IO NEPEIAETHCS
BanoM /B3 Beayuomy Baiy 34Uemji€HHs JOCTATHIN JJig yTpUMaHHS aBTOMOOUIA Mpu
MOTOYHOMY KYTI HaXWiIy MOBEpPXHI CTapTy, V, — JiHIIHA MIBUAKICTH MEpPEMIIICHHS
BaXKEJsl aKTyaTopa €JEKTPOMEXaHIYHOIO TPHUBOJY TMedaidl rajabMa, Vmax —
MakcMMalibHa  JIIHIfHA ~ IIBUAKICTE  TEPEMIIIEHHS  Baxens  akTyaTopa
elIeKTpoMexaHiyHoro mnpuBony, L, 1 L, — BepxHS 1 HWKHS MeXa JIHIKHOTO
TIepEMIIIICHHS Ba)KEJIIB aKTyaTopa.
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Pucynok 2 — ®parMeHT aJropurMy PpoOOTH MiACHCTEMH KepyBaHHA

rajbmMmamMmu

BBeneHHsT /BOX HEYITKUX PEryJsTOPIB J03BOJMIO 3HU3UTH CKJIQJHICTh
CUCTEMHU 3a PaxXyHOK Toauly (YHKIN ymOpaBliHHI, pPE3yJbTaTOM HYOro CTaJio
3MEHILEHHS 4acy OOUYUCIEHHS 1 MOXKJIMBICTh POOOTH CUCTEMH B PEXHUMI PEATIbHOTO
gacy. 3Bakaloud Ha OCOOJMBOCTI TMOOYJOBM CHCTEM Ha 0a3i HEYITKOI JIOTIKH,
30UIBIICHHS YHCJIa BXITHUX 1 BUXITHUX 3MIHHUX MPHU3BOJIUTH IO PI3KOTO 3pOCTAHHS
KUIBKOCTI MPaBWJI (POPMYBAaHHS HEUITKUX NPOAYKLIN, IO TAKOX MO3HAYAETHCS 1 Ha
IIJIBHINCHH] CKJIAJIHOCTI CaMUX IIPaBHJI 1 MOXKE MPHBECTH JI0 3HMKEHHS CTIHKOCTI
CUCTEMU.

Onuc NHTBICTUYHUX 3MIHHUX 000X HEYITKUX KOHTpoJepiB 0a3yerhcs Ha A —
byukiax npuHanexHocTi (puc. 3). Ilpu peamizanii cucTeMH BHUKOPHUCTOBYBABCS
QITOPUTM HEYITKOro BHBeAeHHS Mawmuani. J[ns mnepmoi HEewiTKoi CUCTeMHU
c(hopMOBaHO 25 TpaBWJI HEUITKUX MPOAYKIIH BUIY:

Axmo "yeI'ime M", o "k, € K1 1Ky, € K2", 1e y, M — HewiTKi BXiHI 3MiHHI,
kw, kAw — Buxinai 3minHi, [, M, K1, K2 — neski 3agani GyHKIIIT MpUHATIEKHOCTI.

Jnst mpyroi HewiTKoi cucteMu cHOpMOBAHO 75 TMpaBUI HEUITKUX MPOMYKIIIH
BUJTY:

SIkmo "w € Al 14w € Bl 1L, e C1", T0 "V € E1 1V, € F1", ne o, dw, L. —
HEUITKI BXIJHI 3MiHHI, V., V. — Buxigdl 3miaHL, Al, B1, C1, El, F1 — mesxi 3amani
¢bynkuii npuHanexHocti. [Iporec nedaszsidikamnii peanizoBaHHl 3 BUKOPUCTAHHIM
METO]1y 3HAXOJ[KEHHS LIEHTPY Mac.

HeuiTkuii perynarop mepumoro piBHS Ha OCHOBI BUMIPSHMX JaHMX m 1 Y
obuuncioe 3HaueHHs KoedimieHTiB K, 1 Ky, , SKi 3MIIIyOTh 1 MacmTaOyroTh 00J1acTi
BU3HAUYCHHA (PYHKIINA HAJIEKHOCTI JIPYroro HEWiTkoro peryistopa. OAuH MpuUKIa
Takol Moudikamii GyHKIii mpruHAIEKHOCTI Tipu K, = 1,3 HaBeneHo Ha puc.3.

(o) 4 @)

-~

T80 B3 c10 075 1040 1105 1170 1080 11682 1245 1328 1420 1500
A w, 06/xB. A w, 06/x8.

a 6
Pucynok 3 — IlpukJian 3mineHHst i MacluTad0yBaHHs 00J1aCTi BU3HAYEHHSA
(yHkuii: a) BUXigHi, 0) neperBopeHHs PyHKIII NPUHAJIEKHOCTI
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MopnentoBaHHsl aNTOPUTMY BUKOHYBAJOCh Ha MPUKIATHOMY MPOTPAMHOMY
nponykty. Ha puc. 2.4 npeacTtaBieHO 3aJIeKHOCTI KYTOBOI MIBHUIKOCTI OO€pTaHHS
Bany JIB3 Bixm wacy mpu ctapTi aBTOMOOUISI B TOBOPOT (cami KOPCTKI YMOBHU) Ha
noxwiii (10°) moBepxHi MmiJ KepyBaHHS BOJIS-KepyBaHHs (a) Ta camokepyBaHHs (0).
SIKICHO MOXJIMBO BIAMITUTHU 3a0€3Me4eHHsT KOM(DOPTHOTro CTapTy aBTOMOOUIS B 000X
BUIAJIKaX, [0 CBIAYUTH MPO JAOCTATHINA CTEMEeHi BIATBOPEHHS OCBiAy Bojid. [Ipwu
IIbOMY CHUCTEMa CaMOKEPYBaHHS BHKOHYE CTapT IIBHIIIC, IO BUKIWKAE OUTBIINN

po3Max CUTrHaliB, JOIIYCTUMUHU IIPHU TAKOI'O pOAYy TCCTax.
w. 06/x8. w. 06/x8.
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PucyHok 4 — 3ajexHocTi KyTiB IIBUAKOCTI 00epTanusa Baay /IB3 Bix uacy
NPHU KepyBaHHI aBTOMOOJIEeM: a — BOJiil, 0 — 3MO1eJIbOBAHA CHCTEMA
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YK 629.331

BJAOCKOHAJIEHHSA TEXHOJOI'TYHOI'O MPOLECY MIOAEHHOI'O
OBCJIYTOBYBAHHA PYXOMOI'O CRUIAY

Ayuain B.B., a.T.H., Hpoq).l,
Ka6amkin 1., PhD, npoc[).z,
Aranonenxo M.O.!
LlenTpanbHOYKpaiHCHKUH HAIllOHATBHUN TEXHIYHUMA yHiBepCI/ITeTl
[HCTUTYT TpaHCTIOPTY 1 3BSA3KY

Cyuacue aBTorpancnoptHe mianpuemctBo (ATII) mae BianoBigaTu peaabHUM
yMOBaM 30BHIIIHBOIO CepeloBUIA (CKOHOMIYHUM 1 TEXHOJOTIYHHMM) JUIs
HOPMAJIbHOTO (DYHKIIIOHYBaHHSI 1 3pOCTaHHA Ha PUHKY TPAHCHOPTHUX mociyr. B
JaHUP Yac ICHYIOUYl MPUHUMUIIM KOHTPOJIO 1 YOPaBIIHHS TEXHIYHUM CTaHOM
aBTOMOOLTIB B €KCIUTyaTarlii mepecTair 3aJ0BOJLHATH CYy9acHOI MaKpOEKOHOMIYHOI
cutyarii. B pe3ynpTaTi cucTeMHM TexHIYHOI ekcruryaramii aBTomoOumiB (TEA)
OUIBIIOCT] aBTOTPAHCIIOPTHUX MIANPUEMCTB HE BIANOBIIAIOTH CyYaCHUM BUMOTraM,
0 TPU3BEIO JO 3HWKEHHS eKCIUTyaTalliiHol HaJIfHOCTI aBTOMOOUTIB 1
e(peKTHUBHOCTI EKCIUTyaTallii, 30UIbIIEHHS] YaCTKH BUTPAT aBTOMOOUIbHUX ME€PEBE3EHb
B cobOiBapTocTi mpoaykilii. Ha3pina HeoOXiqHICTh aganTallii MPUHITUAIIIB KOHTPOJIO Ta
yOpaBIiHHA TEXHIYHUM CTAHOM aBTOMOOUIIB J0 ICHYKOYOI MaKpOEKOHOMIYHOI
cutyanii. OcoOnuBiCTh MPOOJIEMHU MONATAE 1€ ¥ Yy TOMY, IO BaXJMBUH HE TUIbKU
caM (akT JOCSATHEHHS 3aJlaHOTO0 HOPMATHBHO-TEXHIYHOIO JOKYMEHTAIlI€I0 PIBHS
HAJ1{HOCT1 aBTOMOOUTIB, iX arperariB 1 CUCTEM, ajie 1 IpaBWIbHUI BUOIp METOAIB, IO
3a0e3MmeuyIoTh 3aJaHui 1 ORI TPUBAIUN TEPMiH EKCILTyaTarlii aBTOMOOLTIB.

B nanuit yac B paMkax iHBECTHIIIHHHUX MporpaMm po3BUTKY ATII 3miiicHIOIOTHCS
IpOrpaMu MO MOJEpHI3alli BUPOOHULTBA, 3IIMCHIOETHCS BIPOBAIKEHHS CY4acHOI
TexHikd. [ligTpuMka aBTOMOOUIIB B TEXHIYHO CIPABHOMY CTaHI B 3HAYHIA Mipi
3QJIEKUTH BIJl PIBHSA PO3BUTKY W YMOB (DYHKIIIOHYBaHHS BUPOOHUYO-TEXHIYHOI 0a3u
ATIL

B cyuyacHux ymoBax po3BuTok BTDB Bijcrae Big TEMIiB PO3BUTKY MapKy
aBTOMOOLTIB. Y 0ararbOx MIJMPUEMCTBAX 30UIBIIYETHCS YacTKa MapKy Cy4acHOl
TEXHIKM 3 BHUCOKHUMHU pecypcHUMH mpobiramu. [Ipore Ha migmpueMcTBax BiJICYTHI
CyBOp1 HOpPMAaTHUBHU TPYIAOMICTKOCTI Ta TPUBAJIOCTI TEXHIYHUX BIUIMBIB B CHIY
BIJICYTHOCTI JaHOi iH(oOpMAIli MOJA0 CyY4acHOI IMIIOPTHOI TEXHIKA Ta MaJioro
TepMiHy ii ekcrryaTarii. ToMy BUHHMKAaIOTh CKJIQJHOCTI 3 BH3HAYCHHS BUPOOHUYOI
nporpam 3 TO 1 peMOHTY aBTOMOOUIIB. BIiJMOBIIHO, BUHHUKAIOTh TPYAHOLIl MpU
NPUUHATT] TJIAHYBAJIbHUX PIMIEHh 30H OOCITYroBYBaHHS (BHU3HAYEHHS KIJTBKOCTI
nocTiB moaeHHoro oocayroByBaHHs (LL[O), Texniunoro ob6cmyroByBanHs (TO) 1
notounoro peMmonry (I1P).

[lepepaxoBaHi NMPUYUHU JIO3BOJISIOTH 3pOOUTH BHUCHOBOK TPO HEOOXITHICTH
ynockoHaneHHss 1 po3BuTky BTB. OcobnuBy ponb y po3surky BTDB Binmirpae
TEXHOJIOTIYHE TPOEKTYBAHHSA, OJHUM 3 OCHOBHHX €TallB SIKOTO € pO3PaxyHOK
BUpoOHHnYoi nporpamu 1o TO 1 TP pyxomoro ckiany.
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B ymoBax BUTICHEHHS BITUU3HSHUX MapOK aBTOMOOLIIB HOBUMU 3apyO1>KHUMHU
MOJIEISIMH, BIJJ3HAYAIOTHCS CKJIAHOII Y 3aCTOCYBaHHI 1aHOT METOJIMKH BU3HAUYEHHS
BupoOHn4oi mporpamu 3 TO 1 TIP jgus cydacHoi TtexHiku. lle mosCHIOETHCS
HACTYITHUMH TIPUIHHAMH

- aBTOMOOUII IMIIOPTHOT'O BUPOOHHUIITBA MAaIOTh PECYpCHUU TPOOIT TpH
npaBWibHIN ekcruryatamii 1,8...2,0 muH. kutomerpiB. Tomy mpoOir 10 CIUCaHHS Ha
aBTOMOOLJII HE BCTAHOBIIOETHCSA, & BCTAHOBJICHUN TepMiH eKcruryaraimii 8...9 pokiB
He3aIeKHO BiJ mpoOiry. Ile moB'si3aHO 3 MOpadbHUM CTApiHHSAM TEXHIKH paHiIe
BUPOOJICHHS PECYPCY;

- HOpMaTUBHA Tepioau4HICT, poOIT TO BU3HAYAETHCSA 3TITHO PErIAMEHTOM
¢bipMu-BUpOOHHKA aBTOMOOLIIB, @ HOPMATHUBH TPYAOMICTKOCTI 1 HOPMHU HPOCTOIO
aBromo0iTiB B TO 1 TIP He perinameHTOBaHI BITYM3HIHUMU HOPMATHBHUMU
JOKYMEHTaMH;

- JUIsl BITYM3HSHUX aBTOMOOLTIB mepeadayaeTbcsi HOPMYBaHHS TPHUBAIOCTI
npocroro aBToMo6u1iB B TO 1 [1P y Burisai 3araasHOi MUTOMOI HOPMHU TTPOCTOIO HA
1000 kM mpoOiry, mo He BianoBigae cuctemi nposeaeHHs TO 1 IIP imMmoprtHOI
TEeXHIKH.

- Ha mpaktuii B ATII 3-3a BiAMIHHOCTEH B TEXHIYHOMY CTaHI 1 MpOOITiB
PYXOMOIo CKJaay He BCl aBTOMOOUIL, SIKI JOCSATM HOpMaTtuBHoro npooiry no KP,
BUBOJIATBHCS 3 EKCIUTyartarlii, 110 poOUTh BIUIMB HAa TOYHE BU3HAYCHHS Koe]illieHTa
TEXHIYHOI TOTOBHOCTI;

- KOHCTPYKIiS aBTOMOOUIS B LUIOMY i OKPEMHX MOTrO MEXaHI3MiIB 1 CUCTEM 3a
OCTaHHI1 POKH SKICHO 3MIHWJIACS, 1110, IPUPOHO, BUKJIMKAE HEOOXTHICTh SKICHOTO 1
KUIbKICHOT 3MiHU perjiameHToBaHux poOiT 3 TO 1 ITP. 3okpema, dipmoro «Scaniay
PO3pOOJICHUI CTaHAAPTHUN PErIaMEHT, KUK € OCHOBOIO JIJIs IUIAaHYBAHHS KOXKHOTO
KOHKPETHOT'O aBTOMOOLISI Ta KOPEr'yBaHHA MOr0 BIAMOBIHO 10 YMOB €KCIUTyaTallli.

BusnaueHo n'aTh TUIIB yMOB €KCILTyaTallli:

«0» — TpaHCTIOPTYBaHHS BaHTAXIB B JICTKMX YMOBaX Ha BEJIMKI BIJICTaHI;

«l» — TpaHcOpTyBaHHSI BaHTAXIB Ha BENMKI BijAcTaHl. EkcruryaTtamis
aBTOMOOLUTIB Ha JIOpOrax 3 yAOCKOHAJCEHUM IMOKPUTTSAM Ha MICIIEBOCTI 31 3MIIIIaHUM
Ta TOPOUCTUM penbePOM;

«2» — TpaHCTIOPTYBAHHS BAHTAXIB Y BAKKMX YMOBaX Ha BEJUKI BiJCTaHi;

«3» — eKkcIuTyaTallisi aBTOMOOUTIB 11032 JIOPIT;

«4» — TpaHCTIOPTYBAaHHS MMAKETOBAaHUX BAHTAX1B HA KOPOTKI BIJCTAaHI.

Buau TO aBTOMOG1711B «Scaniay npeacrabiieHa B Taom. 1.

Taboauus 1 — Buau TexHiYHOr0 00CJIYTOBYBAHHS ABTOMOOWLIIB «Scaniay

Ilo3nauenusa

suny TO XapakTepHuCcTUKa

OOcayroByBaHHsT B TepioJl OOKaTKM aBTOMOOLIsA. BukoHyeThbcs He mi3Hime 4
TO-R TIDKHIB MICsI TOYAaTKy eKcIutyaraunii abo mpu gocsrHeHHi mpobiry 20000 kwm.
BukxonyeTbest opiriiiHUM TUICPOM.

Mane obGciyroByBanHs aBTOMOOLUIA. HaiimeHia 3a 00cAroM BUKOHYBaHHX pOOIT

TO-S :
nepioiuYHe 00CITyrOBYBaHHS.

TO-M CepenHe 00CITyroByBaHHSI.

TO-L Benuke o0cnyroByBanHs. Bkitouae B ceOe HallOUIb1I MOBHUM NEpesTiK pooiT.

TO-X JlomatkoBe 0OCIIyroByBaHHs aBTOMOOUIsI. BKiroyae, B OCHOBHOMY, J0OJIaTKOBE
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MaIleHHs BY3JIiB IAaci, IEPEeBIPKU HA HASBHICTHh MPOTIKAHHS, IIYMIB 1 MTOIIKO/>KCHb
Ta PpEryjlloBaHHSA TalbMIBHHX MeXaHi3MiB. JlogaTkoBe oOOCIyroByBaHHS He
MPOBOJIUTHCSA, TUIBKH SIKIIIO aBTOMOO1II €KCILTyaTYIOThCS B CHPHUSATIIMBHX yMOBaX,
BignmoBiAHUX TUMiB «0», «1» abo «4»: moporu He OOPOONSIFOTHCS CONMBOBUMU
PO34YMHAMH 1 3aMUJICHICTh MOBITPSI HE BUCOKA.

[TocniioBHICTH BCiX BUAIB TEXHIYHOTO OOCIYTrOBYBaHHS Ma€ BUTJISL: [IOBHUIMA
MKl — X -S—-X-M-X-S—-X-L.

[TepepaxoBaHi MPUYMHU 1 OCOOJMBOCTI EKCILTyaTallii IMIOPTHOTO PYXOMOIO
CKJIaay, a TaKOX TEMITH 3POCTaHHS MapKy IMIOPTHOI TEXHIKH JT03BOJISIOTH 3pOOUTH
BUCHOBOK TIIPO HEOOX1HICTh peopranizaiii npoieciB TO 1 [IP aBromo6iniB. Tomy B
JnaHid poOOTI TMOCTaBJI€HA MeTa JOCHIKEHHS Ta BHU3HAUCHHS 3aBJaHHS II0
BJIOCKOHAJICHHIO ICHYIOUOi B JIaHUIl 4Yac METOAMKH pPO3paXxyHKy BHPOOHHUYOL
nporpamu 3 TO 1 IIP pyxomoro ckmanmy, ajmanrtaumig ii JO Cy4aCHUM YMOBAMH
¢dbynkuionyBanus ATII.

Pimenns 3amaui aganrtariii METOJUMKH PO3paxyHKy BUPOOHHUYOI MPOrpaMu IO
TO 1 IIP no peanbHHX YMOB, HI0 CKJAJIWCA HA MIJOPHEMCTBAX, E€KCIUIyaTyHOUHX
PYXOMHI CKJIaJ] 1HO36MHOTO BUPOOHUIITBA, 31HCHIOETHCS

- IIUIIXOM 3MiHUM BUKOPHUCTAHOI HOPMATUBHOI 0a3u (BEIMYMHA PO3PAXyYHKOBOTO
UKITY);

- BU3HAYEHHSI 3aKOHOMIPHOT'O BIUIMBY 3MiH Ha 3HAY€HHS MOKAa3HHUKIB pOOOTH
BTB (koedilieHT TEXHIYHOI TOTOBHOCTI aBTOMOOLIIB, piuHI 00CSITH POOIT MO
KuTbkocTi 1 TpyaoMmictkocTi BiuBiB TO 1 TIP). [Ipu mpoMy HEOOXiMHO OIIHIOBATH
BEJIMYMHY BIUIMBY IIpocTOor0 B IIP pyxoMoro ckmany Ha IOKa3HUKH 3arajibHOrO
o0csry po6iT 3 TO 1 IIP, nyis BUKOHAHHS €KOHOMIYHOTO KPUTEPitO0 3a0e3MedeHHs
ONTUMAJILHOT'O 00CSTY BUPOOHHUYUX MOTYXHOCTEH (3a0e3reyeHHs] MIHIMyMYy BHUTpaT
a60 MakcuMyMy muToMoi npuoyTky Iy,):

Zn:Ci — min Q)
i=1

B sxocti o00'ekta JOCHKEHHS TIpH  PO3pOOI METOAWKH BHU3HAYCHHS
BUpoOHMYOi nporpamu 3 TO 1 [P anga mignpueMcTB, IO €KCILTyaTYIOTh PyXOMHUUN
CKJIaJl IHO3€MHOT0 BUPOOHUIITBA, Oyiia BU3HAUEHA IIIbOBA (QYHKITIS:

C, Ly (t,,) —opt, (2)
ne C - surpatu Ha TO i I1P pyxomoro ckiany, IpH; L, - €peKTUBHMH mpoOOIr
aBTOMOOLNS, KM; t - THTOMA TPYAOMICTKICTh TIOTOYHOTO PEMOHTY, JIIOJ-

mp
roxa/1000km.

[Ipn BuUKOpHUCTaHHI B SIKOCTI PO3PaxyHKOBOIO LMKy 3HAa4€HHS NpoOiry 3a
noBHuit 1uka TO anropuTM BH3HAUEHHS OCHOBHUX €JIEMEHTIB BHPOOHHYOL
nporpamu 1o TO 1 [1P aBromo6iniB 6yne HactynauM. Cymapi npoctoi TO 3a nukin
OJIHOT'O aBTOMOO1JISI BU3HAYAIOTHCS 32 (POPMYJIOHO:

Ny = 2 (N M), 3
ne Ny, - HopMa mpoctoio B TO; i — nopsakosuii Homep Buay TO; j — mopsakosuit
HOMEP MOJENI PYyXOMOTO CKIaLy; m,, - KUIbKICTH OOCIYrOBYKOYMX BiJIIOBIJIHOTO
BUIY 32 LUKJL.
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Bci nmaHi, 1m0 BIAHOCATBCS /IO ITUKITY, BH3HAYAIOTHCS I KOXKHOI MapKu
OKpPEMO 1 HE MiJICYMOBYIOTbCS 10 BCbOMY MapKy, TaK K TPUBATICTh HUKITY Y KOKHOI
Mapku pizHa. CyMapHa KIIBbKICTh KOXKHOTO BULY (M7e;;) 1 BCIX aBTOMOOLIIB ApKy
OJHIET MApKH 3a LIUKJI BU3HAYAETHCS 32 (OPMYIIOI0:

MTOji = Acnj "My 1 (4)

Kinpkicts mHIB mpoctoro B [IP 3a mukim 3aleXHO BiI HOPMH IIPOCTOIO
BH3HAYa€THCS 3a (PopMyInoro:

NTP L
Jrp =i 5
™ = 1000 ()
ne N,, - HopMa IMPOCTO aBTOMOOLIIB B TOTOYHOMY PeMOHTY, JTHIB/1000kM.

TpuBanicTh MUKITY B THAX JOPIBHIOE CyMi JIHIB poOOTH aBTOMOOLIIB Ha JIiHIi,

nH1B pocToro B TE 1 peMOHTI MPOTATOM ITUKITY:
ﬂqj :ﬂm;"'ﬂToj"'ﬂTP (6)

ne [, - KUIbKICTb JTHIB pOOOTH aBTOMOOLUIS HA JIHIT 38 MK, [, - YKCIO JHIB
pocToro aBToMoO11s B TO 3a 1UKII.

JI71st moAanblIoro po3paxyHKy HEOOXIAHO MEpPEerTH BIJ LUKIY 10 POKY, TOOTO
BU3HAYUTH KUIBKICTh IUKIIB 3a PIK JJIs KOKHOI Mapku aBTomoOuIiB. KoedimieHT
Mepexo1y BiJl UKITY 10 POKY BU3ZHAYAETHCS 32 (OPMYIIOIO:

s
pob.p (7)
Ay

ne M., - JHI pOOOTH B POLI PyXOMOI'O CKJIay.

771421‘ =

Po3paxynkoBuii koedilliEHT TEXHIYHOI TOTOBHOCTI JJISI KOXHOI MapKu
aBTOMOOLTIB BU3HAYAETHCS 32 (POPMYIIOFO:

a
oy =—+= (8)
J
Ay
ne d: g, - TPUBAIICTH IIUKITY 1 IHI pOOOTH aBTOMOOUITIB Ha JIiHII BIJMOBIIHO.
Cepenniil 110 BChOMY THapKy aBTOMOOUIIB KOE(II[IEHT TEXHIYHOI TOTOBHICTH
BHU3HAYA€THCS 3a (POpMyIIor0:

;(Ofn -A)
Or = ﬁ 9)
CymMmapHuii rotoBuii 06'em po6otu 1o [1P mapky pyxomMoro ckiamy:
t,, = ;tfpj (10)
e tT;j - piunuii 06'eM po6oTu 1o 1P mo kokHii MapIli aBTOMOOUTIB, JTHO1-TO/
L A -t
tfp = JlT]OTP (11)

ne L, - piuHuMii mpoOir aBTOMOOLIS, KM; 1, - IIMTOMa HOPMATHBHA TPYJAOMICTKICTh

poOit, moa-roa/1000km.
Bennuuna nmutoMoi HOpMATUBHOI TpyaoMicTKocTi poOit 1P nmpuiimaersest mist
npoOiry aBTOMOOUII B Mekax 0a30oBoro nukiy excruyaramii L,;. Kopurysanns
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MUTOMOI HOPMATHUBHOI TpyaoMicTkocTi pooiT IIP, mnpoBoauTbcs UUKIOBUM
KOoeQIII€EHTOM KOPUT'yBaHHS B 3aJI€KHOCTI BiJl MpoOIry 3 moyatky ekcruryaramii Kpp.
[uknoBuii Koe]illieHT KOPUTYBAHHS MUTOMOI HOPMATHUBHOI TPYAOMICTKICTh

poOit I1P 3anexHo Bia mpoOIry 3 MOYaTKy eKCIUTyaTallii BUBHAYAETHCS 32 (OPMYIIOHO:
L,
t dl

mp

, (n-1)
Kopn = Lg%’ (12)
t dl

‘mp
L, (6-1)

[IponioHOBaHUI aATOPUTM JO3BOJISIE€ BH3HAYUTH BCi HEOOXIIHI KOMIIOHEHTH
BUpoOHUYoi nporpamu no TO 1 I1P. [TopiBHSHHS ICHYIOUOI METOAMKH pPO3PaXyHKY
BUpoOHHYOi mnporpamu no TO 1 IIP i1 aganToBaHOi 10 YMOB HIANPHEMCTB, IO
EKCILTyaTyIOTh PyXOMUU CKJIaJ] IHO3EMHOI'0 BUPOOHUIITBA, MPEJCTABIEHO B Ta0. 2.

Taoanusa 2 — [lopiBHSIHHA METOAUKH PO3PAXyHKY BHPOOHMYOI MPOrpaMu
no TO ITP pyxomoro ckJiaay

Icayroua METOINKA po3paxyHKy | [IporoHoBaHa MeTonMKa PpPO3pPaxyHKy

BupoOHn4oi mnporpamu 1o TO 1 [IP | BupoOumyoi mnporpamu mo TO 1 IIP

PYXOMOTO CKJIaly PYXOMOTO CKJIay

Bubip 3nauenns mukay (npoo6ir no KP | BuOip 3Hauenns mukay (mpoOir 3a

a0bo o cnucanns) L,=L,, noBHui komiieke poditr TO) L,= Lyp

1. Bu6ip nepioguunocti TO-1, TO-2 1 [TpuitmMaeThCs 3r1THO 3 PErIAMEHTOM
H1IPUEMCTBA

2. KopuryBanns mnepioguunocti TO-1, | 2. KopuryBanus MIPOBOJAUTHCS

TO-2, L perlaMeHTOBaHUM 3MIHOIO BEIMUYUHM L
3. BuznaueHnsi TpuBalOCTI MUKy, MIH.
(rom).

3.1. Busznauennss yacy mnpoctoio B TO
OJHIET MOAEIl aBTOMOOUISA 3a ITUKJI, IO
(H).

3. BuzHaueHHs 4mcia CHMCaHb 1 Yucja
3.2. Buznauenns 4acy mpoctoro IIP

EO, TO-1, TO-2 .. - )
aBTOMOOUTIB OFHIET MOJIEN1 3a ITUKJI, TOJl
(7H).
3.3. Buznauenns vacy poOoTu Ha JiHIi
aBTOMOO1IIB OmHIET MOAEN 3a LUK, IO
(aH).
4. BusHauenHs koediuieHta Texuiumoi |4 BH3HAUCHHS: o _
TOTOBHOCTI, , 4.1 Koe(b/uneHT TEXHIYHOI TOTOBHOCTI:
o, =4, T Hey.
4.1 rgp.u. :ﬂx+ﬂTO.HP'LKP'K4/1000 ! ﬂw' (ﬂpu ﬂ ”) .
L 4.2 KoedimieHT nepexoay Bij IUKIIA 10
__P .
4'2 ﬂe.u. _I_ FOI[
«© _ ﬂpo&z
5. Bwusnauenns  piyHoro mpoOiry | 5. BusHaueHHS TOTOBHOCTI MPOOIry
aBTOMOOUISA: L, =/, ;. L -y aBTOMOOUIS: L, =/, .. L -,
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6. Buznauenns piunoi kinekocti 1110,
TO-1, TO-2

6. Busnauenns piuyHoro o00'eMy poOIT:
TO, I1P, gac/pik.

7. Bubip 1 KoperyBaHHSI HOPMAaTHUBHUX
TPYAOMICTKOCTEH t,, t:0: ton b

7. Busnauenns kinbkocTi moctiB 1O,
TO, I1P.

JocnipkeHHs, MO CHOPsSMOBaHI Ha MEPEBIPKY TINOTE3M PO MOXKIUBICTh
BU3HA4YCHHs BUPOOHNYOI nporpamu 3 TO 1 [P nis mianpuemMcTB, M0 €KCIUTyaTyloTh
PYXOMUI CKJIaJ] IHO3EMHOT0 BUPOOHHUIITBA, SIKIIO MPUUHITH 32 pO3PAXyHKOBUHN LUK
npobir aBTOMOOLUTIB MpY BUKOHAHHI MOBHOTO Komruiekcy pernamentHoro TO. Ilpu
[[bOMY HEOOXIJHO BpPaxOBYBAJIHUCS B KOXXHOMY KOHKPETHOMY BHIIaJIKy IPOCTOI
apromoOUTiB B I[P 1 BmmB BenmuuHM mnpoctoiB y I[P Ha 3aranbHi MOKa3HUKU
BUpoOHU4Ooi nporpamu 1o TO 1 T1P.

3HaueHHs TpyaomictkocTi [P nocnimkyBaHOro pyxoMoro ckiialy BU3HauaIucs
py PpooIry:

- 0...200 THC. KM IJIS CIOEJILHHUX TATayiB 1 CAMOCKHUIIB;

- 500...800 Tuc. kM 1 cigenbHux TaraviB (puc. 1);

- 400 ... 800 Tuc. kM JuIst caMOCKHIB (puc. 2).

14

+ +
*
12 r
*
= 10 ** * * e .
,8 . - +e* N
= 8 o5 — *
* PR 2
%_ 6 . . * o *s
| F i + *
z 4
I
-2
= 2
Q
S8
a 0 T T T T
=~
400 500 600 700 800 900
IIpo6ir TpaHCITOPTHOTO 3aC00Y, THC. KM
Pucynok 1 — 3navenns tpynomictkocti IIP mpu mnpodiry cigeabHux

tarauis SCANIA GA

25,0

20,0

15,0

10,0

5,0

0,0 T T T T T
300 400 500 600 700 800

TpynoMicTKICTh, TFOA.-TOJ

900

IIpo6ir TpaHCIIOPTHOTO 3aC00Y, THC. KM

Pucynok 2 — 3nayenns tpyaomicrkocti IIP
SCANIA CB

NpU NMpoodiry camMOoCKHIiB
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Ha nactynmnomy erami oOpoOku 0a3u JaHUX 3aCTOCOBYBABCSI KOPEISIIHHO-
pPErpEeCcUBHUI aHAI3.
[TapameTpu piBHSIHHS OOYHUCIIOIOTH PIIIIEHHS! CUCTEMU HOPMAJIbHUX PIBHSIHb:
na, +a,> X +8,5 X =3y
8 Y X+, X+, X = X xy (13)
Y X +ay X +a,3 X' =¥y’

OriHKa 3HAYYMIOCTI KOPEISAIMIMHUX 3B'S3KIB 3/IIACHIOBATIACh 3a KPUTEPIEM
Croiogenra t.  OOpoOka  eKCHEepUMEHTAIbHMX  JIaHMX  NPOBOAMWIIACS  Ha
MEePCOHATLHOMY KOMIIT'FOTEpi, ocHameHnM npoitecopoM Intel Pentium M/Celeron M 3
nornomoroto makera EXCEL pans Windows XP. 3a pesyabraTamu 00poOKu
EKCIIEPUMEHTAJIbHUX JAaHUX BHU3HAYEHO KOPEJAUIMHI PIBHSHHS  3aJ€KHOCTI
TpynomictkocTi [1P Bix BenuuuHu mpoOiTy 3 MOYATKy eKCIUTyaTailii aBTOMOOUTIB.

[Tpu npodiry (0,...200 tuc. km):

- VIS CIIENBHUX TATaviB: y = 0,24+ 0,01289x —0,0000048x%;

- TS CAMOCKHIIB: y =0,69+0,0173x —0,0000062x” ;

[Tpu npobiry (400...800 Tuc.km):

- VIS CIOENBHUX TATaviB: y =10,051—0,021x +0,000025x";

- TS CAMOCKHIIB: y =8,212—0,019x +0,00004x°;

3HavYeHHS KOPETSALINHUX 3B'SI3KIB CKJIAJIAE:

- IUISL C1IENIBHUX TATadiB 7 =0,9728

- JUISI CAaMOCKHIIB 77 = 0,9748

2,5
c

1,5 _—

N /

0 20 40 60 80 100 120 140 160 180

TpyROMICTKICTb, JTFOA. TOA
\

[po6ir TpancopTHOTO 3aC00Y, THC.
Pucynok 3 — I'pagixk 3anexnocrti Tpyaomicrkocti IIP Bix mpodiry 3
novyarky excmiayarauii (0,...,200 THC.KM) A4 cifelbHMX TAraviB Scania: —&— -
TeOpeTHUYHA JIiHIA perpecii; - (pakTHYHI KaHI
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3,5
: A/
) (
= 2,5 >
= -
a >
= -
b ! N/
S ‘A/
= 1 o
& 4
E 0,5
—
0 T T T T T T T T 1
0 20 40 60 &80 100 120 140 160 180

[IpoGir TparcopTHOTO 3ac00y, THUC. KM.

Pucynoxk 4 — I'pagik 3auexnocrti Tpyaomicrkocti IIP Bix npo0iry 3
noyarky excmiyaramii (0...200 Tuc.km) I caMOCKHUAIB Scania

Teopernuni miHii perpecii Npu 3HAYHUX MPOOIrax pPyXxOMOTo CKJIamy

(0...100 Tuc. kM) mpencTaBieHi Ha puc. S.
60

0 t = 8,212-0,0191+0,00004F

JIIOJT

40

30

20

|

TpynoMicTKicTs,

10

0 80 160 240 320 400 480 560 640 720 800 880 960 1040 11201200 1280 1360

[Ipo6ir TpaHCHOPTHOTO 3aC00y, THC. KM.

Pucynok 5 — TeopernuHni Jinii perpecii npu npo0iry pyxomoro ckjiaamy
0...1000 Tc. kM

B pe3ynbTaTi NpoBeNeHUX E€KCIEpUMEHTAIBHUX JOCHIKeHh OyJIU OTpHUMaHI
rpadiyHi 3a1eXHOCTI 3MIHM MOKa3HUKIB BUpoOHK4Ooi nporpamu mo TO 1 [P, a came:
TPUBAJIICTh PO3PAXYHKOBOTO IHUKIY; KUIbKICTh PO3PAXYHKOBUX ITUKJIIB y POIl; Yac
npoctoiB B TO 6e3 ypaxyBanns I[O,; koedilieHTa TeXHIYHOT TOTOBHOCTI (puC.6);
piyHOr0 TMPOOIry aBTOMOOUTIB; pidyHOro o0csary pooiT 3 TP; kimekicte IO;; gacy
npocTtoiB B 11O 3a pik,; piuroro oocsary po6it 3 TO.
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KoedirieHT TeXHIYHOT TOTOBHOCTI

1
0.98 —

0,96

0,94 \\

0,92 \
0,9

0,88
0,86
0,84 | | | | |

0 0.1 0,2 0,3 0,4 0,5 0,6

Hopwma nipocroto B I1P, qai /1000xM

Pucynoxk 6 — I'pagik 3asexxkHoCTi KoeinieHTa TEXHIYHOI TOTOBHOCTI BiJ

Hopmu mpoctorw B [IP: —e— - Scania P114GA 6x4; —#— - Scania P114GA
4x2; —&— - Scania P114 CB 6x4; —=— - Scania P114 CB 8x4.

OTpuMaHi 3aJIEKHOCT] JAIOTh 3MOT'Y BU3HAYUTH ONTUMAJIbHY BEJIMUYMHY Yacy

npocroro aBTomoOu1s B 1P, mo, B cBOIO uepry, A03BOJISIE IEPEUTH 10 PO3PAXYHKY
BUpoOHUYOi nporpaMm 1o TO 1 I[1P. BukopucroByroun ojep:kaHi piBHSHHS, MOXKHA
BU3HAYUTH BEJIMYMHY OCHOBHOro Tmoka3zHuka ciuyx06u TEA mignpuemctBa —
Koe(irieHTa TEXHIYHOI roTOBHOCTI. ['padiunHuii MeTon BU3HAYEHHSA KoedilieHTa
TEXHIYHOI TOTOBHOCTI 1 BIATIOBIAHUX HOMY Ipo0iry aBToMo0u1s 1 TpyaomicTkocTi [TP
HaBeJIeHO Ha puc. 71 8.

TpymOMiCTKICTB, JIFOA-TO/I.

N\

14 |
0,86
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o L 089 | A
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/ ’
2 _ R —
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0 80 160 240 320 400 480 560 640 720 800 880 960

[Ipobir TpaHcOpTHOTO 3aCO0Y, THUC. KM.

Pucynox 7 — BuzdHauyeHHs1 BeJJUYMHHU Koe(dillieHTa TeXHIYHOI TOTOBHOCTI 3a

NpoOirom sl CileJIbHUX TAraviB Scania
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Pucynok 8 — BusHaueHHs1 BeJIMUMHH Koe(ilieHTa TeXHIYHOI TOTOBHOCTI 3a
npodirom st camockuaiB Scania: —4— - Tpyaomictkicte I[MP; == -
Koe(ilieHT TeXHiYHOI TOTOBHOCTI

Y  po3poOisieHit  MeToAaWIll  BHU3HAYEHHS  Koe(illleHTa  KOpPUT'yBaHHS
TpyaomictkocTi [P 3anexxHo Bix mpoOiry 3 movyaTKy eKCIuTyaTallii pyXoMoro CKIamy
poBoUTHCA 3a popmyioro (12). I'padiku 3a1€KHOCTI 3HAYEHHSI IbOTO KOe(iIi€eHTa
JUIS CIIENIBHUX TATayiB 1 aBTOMOOUTIIB CAaMOCKH/IIB Scania, a TaKOK 3HaueHHS Ky 1A
BITUM3HSHUX aBTOMOOIIIB aHAJOTIB MpeACTaBieHl Ha puc. 9. UncenbHi 3HAYEHHS
HaBeJeHl B Ta0I. 3.

4,5 i
4 /
3,5
Ié( 3 /i'
p /
£ 25 = |
2
2 2
I
2
s 1,5 -
) /
E 1 .
I‘/
= 05 Lﬁ/f_
0 . :
0 80 160 240 320 400 480 560 640 720 800 880
[Tpobir TpaHcOpTHOTO 3aCO0Y, THUC. KM.

Pucynok 9 - TI'padgiku 3ane:kHocTi Koe(dillieHTY KOpPEeKTyBaHHA
Tpyaomictkocti IIP B 3anexHocti Big mpodiry 3 moyaTrky ekcIiuryartamii
PYXOMOIO CKJIAAy: == - cileJibHI TaArayi; == - CAMOCKHM/IHU; - KoedimieHT
K,.
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Taoumusa 3 — KoeginienT kopexkryBanHs Tpyaomictkocti IIP B 3anesxkHocTi
BiJl BeJIMUMHHU NPOOIry 3 moyatky ekcmiayaramii Kpp

[TpoOGir, Tuc. km CioenpHUH TAra4 Camockun K4
80 0,329 0,351 0,4
160 0,676 0,686 0,7
240 1,0 1,0 1,0
320 1,302 1,293 1,2
400 1,582 1,551 1,4
480 1,797 1,839 1,6
560 2,094 2,215 1,8
640 2,291 2,723 2,0
720 2,601 3,361 2,1
800 3,025 4,13 2,2

MoXMBICTh BU3HAYEHHS 3HAYCHHS MpOoOIry e(peKTUBHOI eKCIuTyaTallli o
JOMYCTUMOMY 3HaueHHI0 TpyaomicTtkocTi I1P nmpencrasnena Ha puc. 2.1012.11.
50
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T L, 1000
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0 80 160 240 320 400 480 560 640 720 800 880 960 1040 1120 1200 1280 1360
[Tpobir TpancmopTHOTO 3ac00y, THC. KM.
Pucynok 10 — BuzHavyeHHs1 BeJM4MHM NPoOiry egeKTHBHOI eKcIyaTamii

cizeabHux TAradiB '""Scania'': ——-rpynomictkicts IIP; ——T1pynomicrkicte TO;
—=—cyma TOi 1P

| |
50

40

30
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‘ Y
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[Tpo6ir TpaHcIOPTHOTO 3aCO0Y, THUC. KM.
Pucynoxk 11 — BuzHayeHHsI BeJJUYMHHN MPOOIry e)eKTUBHOI eKCIIyaTamii
aBTOMOOLTIB camMockuaiB ''Scania'': - Tpyaomictkicts IIP; =% -
Tpyaomictkicte TO; =% - cyma TO i ITP.
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Jlnst mepexony 10 BUBHAUEHHS BEJIMYUHU NMPOOITry eeKTUBHOI eKCIuTyaTallli 3a
TEXHIKO-EKOHOMIYHHM KPUTEPIEM JOCUTH MMOMHOXKHUTH 3HAYEHHS TpynoMicTkocTi TO
1 [IP Ha mutomy Benuuuny BuTpar Ha BianoBiguui Bua TO 1 [1P 1 migcymyBatu 31
3HAYEHHSAM MPUBEICHOI BapTOCTI aBTOMOOUIIB. Bu3HaueHHA epeKTHBHOro mpooiry

eKCILTyaTailii aBToMo01T1B «Scaniay npeacTasieHo Ha puc. 12, 13.
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20000 t
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0 T

0 80 160 240 320 400 480 560 640 720 800 880 960 1040 1120 1200 1280 1360
[Ipo6ir TpaHCHOPTHOTO 3aC00y, THC. KM.

Burparu

Pucynoxk 12 - BusHaueHHss eQeKTHBHOrO mpoodiry exkcruryaramii
cizeqbHoro taraya ''Scania': =—®= - 3arpatru Ha TO i IIP; - - nuToma
BapTicTh/1000KMm; - cyma BUTpar
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[Ipobir TpancmopTHOTO 3ac00y, THUC. KM.

Pucynoxk 13 — BusHayeHHsi e(QeKTHBHOro mnpoodiry excmyaramii
camockuaiB ""Scania': —— - purparu TO i [IP; =% - muroma BapTicTs/1000
KM; - Ccyma BUTPAT

Pe3ynpraTtu po3paxyHKy BHPOOHHMYOI MPOrpaMH 3a BIAMOBIIHOIO IPOrPamoro
JIOCITIJDKCHHS TIPE/ICTaBjIeHI B Ta0wiIi 4.
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Taoauus 4 — Kinbkicts noctiB TO (6e3 mocris IOy)

Hopwma nipoctoro B I1P, N7p, naiB/1000KM

0,1 | 0,2 | 0,3 | 0,4 | 0,48

Cymapnwuii yac poctoiB napky aBromo0uniB B TO 3a pik (6e3 mpoctoiB B II[O7) B
3QJIEKHOCTI BiJ HOpMHU npocToro B TP, 3 BpaxyBaHHsIM KoedillieHTa HEPIBHOMIPHOCTI
¢, rox

49426 | 48243 | 47121 | 46056 | 45242

Po3paxynkose uuciio noctiB TO (6e3 moctie 111OT) X70, B 3aJI€KHOCTI BiJi HOPMH
rpoctoto [1P

1,27 | 1,24 | 1,21 | 1,18 | 1,16
[MTpuiinsTo uncino TO (6e3 mocti 11[O1)
2

Pesynbratu po3paxyHKy 3arajibHUX IMPOCTOIB BCiX aBTOMOOLIIB napky B [LIO7
npecTaBiieH] B TabuIi 5.
Taoanusa S — Cymapni npocroi B IO mapky i KinbkocTi moctiB IOy

Hopwma nipoctoro B TP Np, 111/1000 kM

0,1 | 0,2 | 0,3 | 0,4 | 0,48
Pozpaxynkose uncno noctiB IOt, Xyor
0,457 | 0,446 | 0,436 | 0,427 | 0,419
[Tpuiinare uncio nmoctiB IOt
1

Pe3ynbpTaTn po3paxyHky KinbkocTi noctiB 1P mpencrasneni B Ta01.6.
Tabauus 6 — Piuni BuTpaTé po6otH i Kijibkicts moctis I1P

Hopwma npoctoro B [TP Nyp, 1HiB/1000 kM
010 | 020 | 030 | 040 | 048
Piunnii 06'eM po6otu ITP 1o koxHiif MapIyi aBTOMOOLIIIB t,, , B
3aJIeKHOCTI BiJf HOpMH nipoctoro B 1P, mon-roa
Scania P1114 GA
6x4 NZ 340 3370,34 | 3343,88 3317,84 3292,20 3271,97
Scania P1114 GA
4x2 NA 340 1685,46 | 1672,23 1659,2 1646,38 1636,26
Scania P1114 CB
6x4 17 340 7152,45 | 6952,35 6763,13 6583,94 6447,29
Scania P1114 GA
24 7 340 10454,77 | 10162,77 9886,65 9625,13 9425,67
CymapHi piuni 06'emu poGit I1P mapky t;,, Jr01.-ro.
22663,02 | 22131,23 | 21626,82 | 21147,65 | 20781,18
Beck mapk Po3paxynkoBe uncio noctis [1P X,
537 | 525 | 513 | 501 | 493
[Tpuiinste yncno noctis [1P
6
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VIIK 621.793

BAOCKOHAJIEHHA TEXHOJIOI'TYHOI'O ITPOLECY
BITHOBJIEHHS IEPBUHHOI'O BAJTY PO3NOALIBHOI KOPOBKHU
BAHTAKHUX ABTOMOBIJIIB EJIEKTPOXIMIYHUM METOAOM

JInceHko C.B.l, K.T.H., 10II.,
Hesuax A.”, PhD, npod.
JIumapuyk M.B.!
LlenTpanbHOYKpaiHCHKUI HALlIOHATBHUNA TEXHIYHUN yHiBC;)CI/ITeTl
JIr0OMIHCHKHMI TEXHOIOTIYHUHN YHIBEPCUTET

AHani3 HanpsAMiB MOJIEpHI3alli TEXHIKKA B YKpaiHi 1 32 KOPJIOHOM, OIUTYBaHHS
EKCIIePTIB Ta TyMOK BUYEHHX 1 (haxXiBIlIB MMOKa3yIOTh, 110 HAWOLIBII MEPCIEKTUBHUMU
3 HUX € TJBUIIEHHS MPOAYKTUBHOCTI MAIWH, 1X HAJAIWHOCTI, €KOHOMIYHOCTI Ta
koM(popTHOCTI  00CIyroByBaHHs. BBakaeMo, 10 TIABUIIEHHS  HAAINHOCTI
MOJICPHI30BAaHUX MAIlIMH Ma€ BiIOYTHUCA 3a PaXyHOK BHKOPUCTAHHS OUIBII
JOCKOHAJIUX KOHCTPYKLIA arperariB Ta HOBUX MaTeplajiB, B TOMY YHCIl MpU
BIJIHOBJICHHI1 JeTaiied. Benuki MOXJIMBOCTI MIJABUINEHHS PECYpPCy BITHOBICHHX
JeTajgell Mpu MOJEpHi3allii JeTajneld MalluH BIAKPUBAIOTh TEXHOJIOTIi HAaHECEHHS
3MILHIOIOYHX MOKPHUTTIB, Y TOMY YHCI1 KOMIIO3UIIAHUX, SIKI YBIMIUIA 0 MEPENiKy
KPUTUYHUX TEXHOJIOT1i.

3HauHUW 1HTEpeC IS IUX IUIEH TMPEACTaBISAIOTh TPOIECH HAHECCHHS
MOKPUTTIB 13 3aCTOCYBaHHAM HaHOTEXHOJOTH. [lepcrieKTMBHUM  HaNpsSMKOM
MIJBULIEHHS 3HOCOCTIMKOCTI BIJHOBJIEHMX J€Taleil € JieryBaHHS TMOKPUTTIB,
OTPUMAHUX 3aJII3HEHHSM, 1 3aCTOCYBaHHS KOMOIHOBaHUX TEXHOJOTIH 3 MOAAIBIINAM
3MmirHeHHsIM. OHUMH 3 HaWOUIbII €(EeKTUBHHUX JIETYIOUUX €JIEMEHTIB € MOJIOJIEH,
BoJb(dpam, TUTaH, K0OanbT Ta 1HII. OAHAK JJIs1 BAKOPUCTAHHS TaKUX TEXHOJIOT1H Ha
CEpBICHUX MIANPUEMCTBAX HEOOXITHI pEeKOMEHMAIli, K 3a CKIAJOM EJIEKTPOJIITIB,
TaK 1 MIOJ0 PEKUMIB HAHECEHHsI 1 3MIIIHEHHSI MOKPUTTIB. ToMy po3poOKka HaAyKOBO-
OOTPYHTOBAaHHUX METOJIIB MiJABUIICHHS TEXHIYHOTO DPIBHS BIIHOBICHHS 1 3MIITHEHHS
3HOIIEHUX JIeTajiell MAIllUH HA OCHOBI 3aJII3HEHHS € aKTyaJlbHUM HAayKOBO-TEXHIYHUM
3aBAaHHAM. [l BHpINIEHHS JAHOrO 3aBJAaHHS HEOOXIAHO MPOPOOMTH HACTYIIHI
MUTAHHS: MPOAHANI3YBATH TMPOOJEMU YMPABIIHHSI TEXHIYHUM pPIBHEM TEXHOJIOTIT
BIJIHOBJICHHS JCTAJICH €JIEKTPOJIITHYHUMH TOKPUTTSIMH, TCOPETHYHO OOTPYHTYBATH
IIIBHMIICHHS SKOCTI 3QJII3HCHHS JAeTajleH IUISIXOM iX JISTYBaHHS JOMIIIKAMHM 1 XIMiKO-
TEPMIYHOIO OOPOOKOIO; PO3POOUTH MpOrpaMmy Ta METOIUKY EKCIIepUMEHTATbHUX
JOOCHIDKEHb  SIKOCT1  3ai3HUX TOKPUTTIB, MPOAHAII3yBaTH CTaH TEXHOJOIIi
3aJII3HEHHS JIeTajiel, 110 BUKOPHUCTOBYIOTHCS HA MIAMPUEMCTBAX; TOCIIIUTH BIUIWB
Jeryro4yux J100aBOK Ha (DI3UKO-MEXaHIYHI BJIACTHUBOCTI 3ali3HUX TMOKPHUTTIB;
JOCTIUTH BIUTUB TEPMOOOPOOKH TMOKPUTTIB Ha iX (PpiI3MKO-MEXaHIYHI BIACTHBOCTI,
ONTHUMI3yBaTH PEKUMU HAHECEHHS 1 3MII[HEHHS JIETOBAaHUX 3aJII3HUX MOKPUTTIB;
MPOBECTU EKCIUTyaTallliHi BUIMPOOYBaHHS JeTajed 3 JIETOBAHMMHU 3aJlI3HUMHU
MOKPUTTSMHU. PO3POOUTH TEXHOJOTIUHI PEKOMEHAAIli MO CKJIaay EJEeKTPOIITIB 1
I10JI0 PEKUMIB HAHECEHHS 1 3MIIIHEHHS JIETOBAHUX 3aI3HUX MOKPUTTIB; BUSHAYUTHU
EKOHOMIYHMM e(EeKT BiJi BUKOPUCTAHHS 3MIIHIOIOYUX 3alli3HUX TOKPHUTTIB TPHU
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pecypcHiii MojepHi3allli JeTajiel MaliuH Ha cepBICHUX mianpuemcTBax. O0'eKTOM
TOCTI/DKEHHS. B IIbOMY BHMAJAKY MPEACTABISIIOTECA TEXHOIOTIT BITHOBJICHHS Ta
3MIITHEHHS JeTallell MallluH 3a113HEHHSIM.

OnmHuM 3 BapiaHTIB MIABUIICHHS HAAIMHOCTI Ta KOE(III€HTa TOTOBHOCTI
TEXHIKM € MOJCpHI3alisl MalllhuH, IO 3HAXOJAThCA B eKcILTyaTalii. BueHumu i
creriagicTaMid HayKOBO-JIOCHIIHUX 1HCTUTYTIB CIUIBHO 3 3aBOJaMU BUPOOHHUKAMHU 1
CEpBICHUMHU TMIAMPUEMCTBAMH PO3POOJICHI OCHOBHM HAyKOBOTO 3a0e3MeueHHs
po0eMu MoJIepHI3allli MalllvH, Y TOMY YHUCII KOHIIEMIIIS 1 IPaKTUYHI peKOMeHAaIl].

Jns  peamizamiii  po3poOJeHUX TMPOIECIB BHUAaHA HOPMATUBHO-TEXHIYHA
JIOKYMEHTAIlisl, @ TEXHOJOT1YH1 MpoIecu OyiIu BIPOBAKEHI HA PI3SHUX PEMOHTHHX
MiIPUEMCTBAX JUTSl BITHOBJICHHS BEJTUKOI HOMEHKJIATYpH Aeraiieid MamuH. O HaK B
OCTaHHE JIECATUJITTA OOCSTH BIJHOBJICHHS J€Tajeil TaJbBAaHOMOKPUTTAMH B
3arajJibHOMy 00cs31 pi3ko 3HM3WIUCA. OJIHIEI0 3 MPUYUH € HEIOCTATHIM TEXHIYHHUM
pIBEHb  TEXHOJOIIYHUX TNPOLECIB HAHECEHHS TajbBAHOIOKPUTTIB. Benuki
MO>KJIMBOCTI TIABHUIIIEHHS PECYPCY BITHOBJICHUX JCTaJIe IPU MOJECpHIi3allii AeTaen
MallMH  BIJIKPUBAIOTh  TEXHOJIOTI  HAHECEHHS  3MIUHIOIYMX  MOKPUTTIB.
[lepcrieKTUBHUM HANpsIMKOM MiABHUILEHHS 3HOCOCTIMKOCTI BITHOBIICHUX JI€TalCH €
JIeryBaHHS TOKPHUTTIB, OTPUMAHUX 3aTi3HCHHSIM. OTHUMU 3 HAHOLIbIIT €(pEeKTUBHUX
JIETYIOUUX €JIEMEHTIB € MoJi0AeH 1 Boab(ppaM. OIHaK Taki TEXHOIOrIT MPAKTUYHO HE
BUKOPHUCTOBYIOTBCSI IS BIJHOBJEHHS Ta 3MIIIHEHHS JIeTaJie Ha CEpBICHHUX
MNIJOPUEMCTBAX, 3BaXKAIOUM  MAaJOJIOCHIKYBAHICTh  3aKOHOMIPHOCTEH  BIUIUBY
JIETYIOUUX JIOMIIIOK B €JEKTPOJIT Ha (Pi3MKO-MEXaHiIuHI BJIACTUBOCTI MOKPUTTIB. B
JiTepaTypl MPAKTAYHO BIJACYTHI pPEKOMEHAAIlli I0J0 MOAANBINOl TEPMIYHOT 1
TEPMOXIMIYHOI OOpOOKM TakuX TMOKPUTTIB 3 METOI MIABUIICHHS pPecypcy
BIJIHOBJICHUX JieTajleld. Y BUBYEHHS ITUX MUTaHb 3pOOMIN BEIHMKWHA BHECOK [amanoB
B. H., Kazanue C. Il. Ta inmi BuyeHi. Ha oOCHOBI BUBYEHHsS CTaHy MpoOjeMu
chOopMyITLOBAaHO METY 1 BU3HAYCHO 3aBJIaHHS JOCIIKEHb, K1 BUKJIAJACH] B 3arajbHIN
XapaKTEPUCTHUII POOOTH.

Po3po6i1eHo HayKOBO-METOJOJIOTIYHI OCHOBHM OIIIHKM TEXHIYHOTO pPIiBHS
TEXHOJIOTIYHUX TIPOIIECIB BIJHOBJICHHS JETAJIEH 1 TEOPETUYHO OOIPYHTOBAHO
3aCTOCYBaHHSI JIETYIOUMX JO0ABOK IPU BIJIHOBJICHHI JAeTaneil 3amizHeHHsM. Jlis
OIIIHKM TEXHIYHOrO PiBHSA HOBHMX MAIIIMH, 0O0JaJHAHHS Ta TEXHOJIOTIH pO3pOOJICHO
0e37114 pi3HUX MIIX0J11B 1 METO/IIB.

binbmiicte Mopenei, Mo A03BOJISIIOTh OIMIHUTH TEXHIYHUHN piBEHb 00JIaTHAHHS
a00 TEXHOJIOTIYHOI'O MPOIEeCy, 3aCHOBaHI Ha 3ICTaBJICHHI OJWHUYHUX ITOKAa3HUKIB
3pa3ka (HOBOI TEXHOJIOrIi) 1 aHaJora:

Ky = : (1)

ne Kry — xoedilieHT TeXHIYHOTO PiBHS; (j — BIJHOCHHMM TOKAa3HUK 3paska i
aHayiora; N — KUIbKICTh OIIHOYHUX IMOKAa3HHUKIB.

Jlst OLIIHKHA TEXHOJIOTTYHUX MPOIIECIB BITHOBJICHHS neTaneu
BUKOPUCTOBYIOTBCA # 1HIII KPUTEpii, 30KpeMa EHEPreTUYHHM, 3amporoHOBaHUN
npodecopom batumesum A.H.:
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0y :%—) min (2)

gi

ne Kij, Ky — koedillieHTH €HeproeMHOCTI Ta TPYAOMICTKOCTI BITHOBJICHHS
Aeranei 1-TuM crnocodoM; Ky — koeimieHT JOBrOBIYHOCTI AeTall, BIAHOBICHUN 1 i-
THUM CHIOCOOOM.

JInst o1iHKM €(peKTUBHOCTI PI3HUX BapiaHTIB BITHOBJICHHS JieTajel 3a paxyHOK
HAHECEHHS TOKPUTTIB 3 YypaxyBaHHSIM BUTpPAT, TOB'S3aHUX 13 3HEMIKOKCHHSIM
IIKIJJIMBUX ~ BUKHUAIB Yy  HABKOJMIIHE  CEPENOBUINE, HAMU MPOMOHYETHCA
BUKOPUCTOBYBATH MpUBEAEHI BUTpATH. [Ipyu 11bOMy HalOLIbII AOLUILHUNA BapiaHT 3
HAaWMEHIITUMU TIPUBEICHUMH BUTpaTaMH, SKI BKJIIOYAIOTh B ce0€ MPaKTHYHO BCi
3HAYYI[l BUTpPaTH HAa BHUKOHAHHS TEXHOJOIIYHUX omepariid 1 3abe3reueHHs
BUPOOHUYOTO TIPOIIECY 3 ypaxyBaHHSIM 3aXHUCTY HABKOJIHMIITHHOTO CEPEIOBUIIA.

C, +EWB .+ _
LD 1 M-I 1 G 1
Mo =| + X i +—z—i+—2#]+ =
TOEB CB CDOE.B.CB CB T CB T Kﬂ

V.- -H
CCT + 11 US‘H A + CMEX‘yﬂ
(DOE.B 'CB 100'®OE.B 'CB

ne Ilpp — TpuBENCHI BUTpPATH HAa BIIHOBJICHHS JI€TaJICH, T'PH/IIT. (FpH/I[MZ),
Csn— 3apriaTa pPOOITHUKIB, SIKI BUKOHYIOTh TE€XHOJIOTIYHI Omeparii 3 HaHECEHHs
OKPUTTIB, TPH/WT. (TPH/IMP); Eyﬂ p. — TIMTOMI BUTpaTH €HEprii Ha HaHECEHHS
HOKpUTTiB, KBT ron/mr (kBT roa/im %); Lz — mina 1 xBrrox eHeprii, rpa/kBT-Tox;
P'p — aBaHCOBaA BapTICTh i-T'O YCTATKYBAHHS 1 OCHAIIECHHS JUIsi HAHECEHHS ITOKPHTTIB,
B T.4. JUIS 3HEIIKOKEHHS CTIYHUX BOJ i BUKUIIB B aTMochepy, rpH; T rpo.s — pecype
I-ro oOmamHaHHs, Toa; Cp — MPOJYKTUBHICTH TEXHOJOTIT HAHECEHHS ITOKPHUTTIB,
urr/ron (amM*/ron); Poscyw — PidHA BapTiCTh OGCIYTOBYBAHHS BCHOIO KOMILIEKCY
oOJlaTHAHHSI 3 HAHECEHHS IMOKPUTTIB 1 3HENIKOKEHHS CTIYHUX BOJ 1 BUKHJIB B
atMocdepy, rpH/piK; Dpppp — NIACHUN piuyHUA QOHA Yacy poOOTH 0OIaHAHHS, TOJ;
— BUTparTa 1-ro BUAY MarepiaiiB (BKJIIOYAIOYH BOAY, T'a3) HAHECCHHS IOKPHTTIB,
kr; T' — TEpMiH, TPOTATOM SKOrO BUKOPHCTOBYEThCS M' KiNBKICTH Marepiaiy, TOJ;
L];— BapTicTh i-ro Matepiainy, IpH/KT; 3'pgr — BapTICTh pereHepaii i-x Marepiais,
BUKOPUCTOBYIOTHCS TIPH HAHECEHHI TIOKPUTTIB, IPOTATOM TEPMiHY iX BUKOPUCTAHHS,
TpH; 3¢cr — pIYHI BUTPATH HA 3HEMIKO/DKEHHS CTIYHMX BOJI 1 BUKHUIIB B arMocdepy,
rpH/piK V, — o0'eM mpumilieHHs, BAKOPUCTOBYBAHOI'O JIJII HAHECEHHsI MOKPHUTTIB,
M ; L3 — niHa 1 M° mpuMiiens, rpe/M°; H, — HOpMa aMOpTH3aLiiHUX BipaxyBaHb,
%; 3mexyy — nATOMA BapTICTL MeXaHIYHOi OOpOoOKM Tmeped 1 micis HaHeCEHHS
MOKpUTTS, rpr/it (rpr/am°); K, — KoedilieHT T0OBroBiYHOCTI (BifHOIICHHS pecypciB
BIJTHOBJICHIH 1 HOBOI JieTanei).
CTOCOBHO 10 OIIHKU TEXHOJIOTTYHHUX MPOIIECIB BIHOBJIEHHS JETANIeH rajibBaHO
MOKPUTTSIMU HAMU 3aIPOTIOHOBaHA opMyIia:
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C317 +Eyzz.3 'HE +
m,,=|+ z Py n Pos.cvu +M I, + Crnos + | (4)
TOE.Fi -Cr cz5015.3. -Cr CDOE.B -Cr K
n Vi Con n Cer n Vi Ly H, + Crme
Do 5 'Cr Do 'Cr 100'@05.3 'Cr

ne llpr — mpuBeneHl BUTPATH HAa HAHECEHHS TallbBaHIYHUX IOKPUTTIB IPHU
MeBHil cepelHiil TOBIIMHI IOKPHTTIB, TPH/IM’; Eyjr — IUTOM1 BUTpATU €Heprii Ha
HAHECEHHS rajbBaHIYHUX IMOKPUTTIB MPHU MEBHIM CepeaHbOl TOBIIMUHI, KBT FO}I/)IMZ;
P; — 6amancoBa BapTiCTh i-TO YCTATKYBaHHS 1 OCHAIEHHS ISl HAHECEHHS TTOKPUTTIB,
MirOTOBUO-3aK/IIOUYHUX  Omepallid, JOMOMDbKHOro  oOJiafHaHHSA, B T.4. 1
3HEIIKO/KEHHSI CTIYHMX BOJ 1 BUKHUAIB B atmocdepy, rpH; Tjpori — pecype i-ro
oOJnagHaHHsI, TO; 3 — MPOAYKTUBHICTh TEXHOJOTTYHOI JIiHIT HAaHECEHHSI TTOKPHUTTIB,
I[MZ/FOJI; M, — nmuToMa BUTpaTa aHOJIB HA HAHECEHHS TaJIbBaHIYHUX IOKPUTTIB,
KF/I[MZ; 1], — miHa aHOAIB 3 ypaxyBaHHSAM iX MiJTOTOBKH JO POOOTH, TPH/KT; 3z, —
BapTICTh MPUTOTYBaHHS €JEKTPOJITY 1-i BaHHHU, BXOJIUTH JI0 CKJIAAy TEXHOJOTTYHOI
miHii, TpH; 15y — TEPMIH CIIY>KOU €NEKTPONITY 1-W BaHHU, TOM; 3gzppo — PIlUHA
BapTICTh POOIT 3 KOHTPOIIIO, (PUIbTpallli KOPUTYBAHHS €IEKTPOJITIB Y BaHHAX, IO
BXOJIATh BCKJIaJ TEXHOJIOTIYHOI JiHIi, TpH/piK; Vg — plyHa BUTpaTa MPOMUBHOI BOAU
Opu peamizamii TEXHOJIOTTYHOTO TPOIECY HAHECEHHS TadbBaHIYHUX IOKPUTTIB,
M*/piK; 3 — BapTICTh IPOMHUBHOI BOIHM, TPH/M .,

EneKkTponiTHuHe OCaJKEHHS METalllB MOXE PpO3IJSAaTHCS K CBOEPIIHUIMA
croci0 OTpMMaHHA BHUCOKOMIIIHOT'O CTaHy MeETaliB NUIIXOM  (opmyBaHHS
BHUCOKOAMCIICPCHUX HEPIBHOBAKHUX CTPYKTYP, HACHYCHHUX Je(PEKTaMU i TPaHUIHO
3MIIHEHNX. MIKpOTBEPAICTh TaKUX CTPYKTYyp aocsrae 6,0...6,5 I'Tla, a Benmunna
0J10k1B MO3aiku 3MeHIyeTbes 10 100... 120 A.

Jnst oTpuMaHHsST MILHHUX 1 3HOCOCTIMKHMX 3ali3HUX MOKPUTTIB JOLLIBHO
BUKOPUCTOBYBATHU XJIOPUCTUH E€IEKTPOJIIT, 10 3a0€31evuy€e BUCOKY YHIBEPCAIBHICTD 1
XOpOIll TEXHIKO-EKOHOMIYHI TOKa3HMKM Tmpouecy. Halikpama SKICTh 1 BHCOKa
MIBUJKICTh OCA/PKEHHS EJIEKTPOIITHYHOrO 3aii3a OTpUMaHi IpU BUKOPUCTAHHI JJIs
€JIEKTPOITI3y ACUMETPUYHOTO CTPYMY.

[Ipu ranpBaHIYHOMY OCAJXKEHHI 3ajli3a Ta CIUIaBiB Ha MOr0 OCHOBI CTPYKTypa
OMaJliB Ma€ XapakTepHe ImapyBary OyJoBYy, y CBOI 4Yepry OOJIOXKEHI IIapu
CKJIAJIAl0ThCS 3 CyO3epeH, pO3Mipu SKMX KOJMBAIOThCA B Mexkax Bix 500 g0 2000 A,
KOH(DIryparist IKUX BiMOBia€e KOHGITypartii mapis.

OLIHKY TEXHIYHOrO PIBHSA TEXHOJIOTIYHUX TMPOIIECIB BITHOBJICHHS JeTajiel
MIPOBOJMJIM 33 OJMHUYHUMHU IMOKa3HUKAMH 1 po3poOieHuM KputepieM. OcaKeHHS
JITOBAaHMX TMOKPUTTIB HAa OCHOBI 3aJli3a MPOBOAMIIOCS 3 XJIOPUCTUX EJIEKTPOJIITIB.
Cknan enexktpoiity: xjopucte 3amizo 350...400 r/n, consHa kucinora 0,7...1,8 r/m.
Pexxumu HaHeceHHs: kKaTofHa MIBHICTE cTpyMy 20...40 A/nM2, KaTOIHO-aHOIHHMA
nmoka3Huk 1,5...6, Temneparypa enektpoiity 293...313 K, kucnornicts pH 0,8...1,0.
Ckiag TOMIIIOK B €IEKTPOJIIT MOIaHo B Tabmuii 1.
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Tabimus 1 — Ckiaaa JOMILIOK B €JICKTPOJIIT
[ToxpurTs (cruiaB) Jlo6aBka
3anizo-hocdop rinodocdar-HaTpiro
BOJTb(PAMO-KUCIIHIA HATPIN
JUMOHHA KUCJIOTa
MOJI10/1aT aMMOHIFO
JMMOHHA KUCJIOTa

3aii3o-Boibppam

3anizo-Moni0aeH

3anizo-60p O0pHa KHCJIOTa
3aini3o0-TuTaH TUTAaH JIYTO-KUCJIUI
3aii30-K00aibT KOOQJIBT XJIOPUCTHUI

XJIOPUCTUN ATTFOMIHIN
XJIOPUCTUN Kajii
3ani3o-Ba”amin MeTaBaHaIaT aMMOHIS

3ai1130-aJIrOMIHIEBUHA

KucnoTHICTh €NeKTpoliTy KOHTPONOBAIM 3a jJonomorow npuiany pH-340.
KoHuenTpamiss 3amiza miATpUMYyBajlacs 3a pPaxyHOK PO3YMHEHHS  aHOIB,
BUTOTOBJICHUX 3 MAaJIOBYTJICIIEBOI CTaii, a KOHIIEHTpAIlS 1HIIUX EJIeMEHTIB — 3a
paxyHOK IEpIOJMYHOIO BBEACHHS B €JIEKTPOJIT BIAMOBIIHMX pO3uYMHIB. Macy
0CaJKEHOTO MeTaly BU3HaJalu Ha aHamTnaHux Barax BJIA-200 3 tounictio 0,1 mr.
XKupnenHss naboOpaTOpPHOI YCTAHOBKM 3IIHCHIOBAIM ACHUMETPUYHUM 3MIHHUM
CTPYMOM MpPOMHUCIOBOI 4YacTOTH 3 JBOMa HAa3yCTpid BKJIIOYEHUMHU 10JaMHU.
HaneceHHsi MOKpHUTTIB MPOBOAWIM Ha IUIOCKI Ta IWIIHApUYHI 3pa3ku. Ilepen
MOKPUTTSIM 3pa3KH PETENbHO MpoMUBaIK y OeH3uHi, aneroHi. [Ticas 3BakyBaHHS X
3HEKUPIOIOTh BIJICHCHBKMM BAallHOM, MPOMHBAIM y BOMlI 1 MiAJaBaid aHOTHOMY
tpaBieni y 30 % posumHi cipuaHOi KHCIOTH 3 gomaBaHHsM 15..20 kr/m®
ClpyaHOKHCIIOro 3aiiza. Yac TpaBiieHHS — 1...2 XBUJIMHU NpPU HIUIBHOCTI CTPYMY —
30...70 A/nm®. TTiciis IPOMHBAHHS IIPOTOYHO BOIOKO 3pa3KU 3aBilllyBald B poGOdy
BaHHY 1 €JIEKTPUYHI apaMeTpu (I[IJIBHICTh CTPYMY 1 MOKa3HUK aCUMETPIi) TOBOAMIN
710 HOMIHaNBHUX TpoTsAroM 4..5 XBWIMH. TepMooOpOOKy 3pa3kiB 3 MOKPUTTAM
BUpoOJsuiM B MmydenbHid 1eui. PerymioBaHHS Ta HOIATPUMYBAHHS — 3aJaHOL
TeMIlepaTypu  TEpMOOOpPOOKM  MPOBOAWIA 332  JOIMOMOIOK  €IEKTPOHHOIO
aBToMatnyHoro moreHmiomerpa 3JII1-12 1 mnaTtuHoBOpomieBoi Tepmomapu [IP 3
tounicTio = 5 °C. Jlnsg mnpoBeAeHHS 11aHYBaHHS EJIEKTPOOCAPKEHHs CIUIaBIB
3acrocoByBam ckiany mactu (%, mac.): K4Fe(CN)s — 70; caxa — 20; CaCO; — 5;
Na,CO; — 5.

MexaHiuHy O0OpOOKYy JIOCHIAHUX JAeTajiedl NpoBOAWIM Ha OOJagHAHHI 1
peKHMax CcepiiHOro BHUPOOHUITBA. BuW3HAUYE€HHS MIKPOTBEPJOCTI TOKPUTTIB
npoBoawin Ha ipwiaai [IMT-3 npu nHaBantaxkenH1 Ha iHaAeHTOp 0,1 H. JlocmimkenHs
MIKPOCTPYKTYPH CILIaBIB MMPOBOJIMIIH 32 JOIIOMOTOI0 MeTajaorpadivHOro MiKpOCKOIa
MUM-8M Ha nomnepeunux nurigax. Pa3zoBO-CTPYKTYpPHI 3MIHM B OCQJOK CIUIaBY
JOCIIIJKYBaJIU METOAOM CTPYKTYpPHOTO aHadizy Ha YycraHoBimi YPC-60. [lns
JOCIIIJDKCHHS. CTPYKTYpH Oyiu oOpaHi 3aj1i30-MOJi0AEHOBI, 3aj1i30-BOJb(PpamMoBi,
3aJ1130-TUTAHOBI 1 3aJ1130-(ochopHi TOKPUTTS. JJisk BUBYUEHHS BIUIMBY TEMIEPATYpH 1
TPUBAJIOCTI HACMUCHHS Ha TOBIIMHY NU(Y31HUX IIapiB NpH I[laHyBaHH1 MOKPUTTIB
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BUKOPHUCTOBYBAJIM TMACTy Ha OCHOBI CaXi 3 JOJaBaHHSM ONTHMAIbHOI KUTBKOCTI
’KOBTOI KPOB'SSHO1 couti, comu 1 kpeiian. HacudeHHs: mpoBOMUIN MPU TeMIIepaTypax
813...973 K, tpuBamicte mpoiiecy craHoBwia 1...5 rox. Ilicis HacuueHHS 3pa3Ku
OXOJIOZXKYBaliu y BoJll. Ha nmaHipoBaHHUX 3pa3kax roTyBajld MUKPOLLTi(HU, HA TKUX
3a nonoMoror Mikpockona MUM-8 3 okymsip-MIKpOMETPOM BHUMIPIOBAIM TaKOX
3arajbHy TOBIIMHY L[IaHOBAHHOI'O IIApy 1 INIMOMHY KapOOHITPUAHOI 30HU B LIbOMY
mapi. /g mociipKeHHS BHYTPINIHIX HANpyKEHb B EIEKTPONITUYHUX OCaaax
BUKOPUCTAHUN METOJ PO3TATYBAHHS-CTUCHEHHS CTPIYKOBOro Karoga. MIIHICTb
3YEIUIEHHS OLIIHIOBAJIM 3a CTYNEHEM BIAIIAPOBYBAHHS MOKPUTTS B MICII BUTHHY.
34IIUTIOBAHICTh CIUIABY OIIHIOBAIM SK BIAHOIIEHHS 3YCHIIIS HOPMAJIHHOTO BiJIPUBY
70 TUIOLIl TomepeyHoro mepepidy. BumpoOyBaHHs 3pa3kiB Ha BTOMHY MIILHICTb
npoBoawin Ha MammHi Tiny YKI-10M. [[ns nopiBHSUIBHUX BUIPOOYBaHb CTaJIEBUX
3pa3kiB mpuiiMainacs 6aza 5-106 mukiiB. OCHOBHUM KPUTEPIEM ISl BUSHAYCHHS MEXI
MIITHOCTI 1 TOOY/I0BH KpUBUX OYIJIO TIOBHE pYHHYBaHHS 3pa3Ka.

st ynapHux BUMIPOOYBaHb HITPOIIEMEHTOBAHMX Ta IHIIUX 3MIITHEHUX IIapiB
Ha TIOBEPXHI1 JeTaneit OyB po3po0sieHUI crielialibHUI 3pa30K KBaJAPaTHOIO Mepepizy
6e3 Hampizy, posmipom 1,5x1,5 mm, moBxuHoro 20...30 MM i1 3acTOocoBaHa cxema
BUIIPOOYBaHHA 3 OJHOCTOPOHHIM KPIIJIEHHSIM 3pa3ka. BunpoOyBaHHs MpoBOAUIN Ha
CKOHCTPYHOBaHOMY KOTIPi 3 MassTHUKOM. [1o KoxHOMY 3pa3ky HAaHOCWIIH 10 6 yiapiB.
J1Jist BUBYEHHS MPale31aTHOCTI JIeTael 3 JIeroBaHUMHU 3a13HUMH TTOKPUTTSIMU HAMU
OyJM MpoBEAEH1 CTEHI0BI BUIIPOOYBAHHS AU3EIbHUX 1 KapOIOPATOPHUX IBUTYHIB Ha
oOkaryBasibHO-TajbMiBHOMY cTenal. Ha guzens CMJI-14 Oynu BcTaHOBIEHI
BITHOBJICHI BalluKM Kopomwucen kianaHiB (mo3. NCMJI-0644-1) 3 pizHumu
MNOKPUTTSAMHU  (€KCHEpUMEHTaIbHI  BaukH). OcaJKeHHs CIUIaBIB BEJIOCS Ha
ONTUMAJILHUX pekuMax. BunpoOysanns npoBoawnu Ha cteHal KN-3824. Tpusanictb
BuUnpoOyBanb ckiana 800 roguH. AHanoriudi BUNpoOyBaHHS MPOBEJEHI JJi ABUTYH
tenst 3WJI-130. Ha HuMX ycTaHOBIIOBamM 3MIIHEHI IITOBXadl 1 INITOKA KJIaNaHIB
PO3MOAUTRHI BaJIU, MATYHHU.

Po3po0sieH1 HOB1 TEXHOJOrYHI MPUMOMU HAHECEHHS TraIbBaHIYHUX MOKPHUTTIB,
MIBUIIYIOTh iX SIKICTh, Y TOMY YHCHI IIISXOM BBEIEHHS B €JIEKTPOJIT JIETYIOUHX
no06aBok. Tak 31 30UTbIICHHSIM KOHIIEHTpallli XJIOpuay 3aii3za B enekrpouiti 3 200 10
600 xkr/M3 MIKpPOTBEPAICTh MMOKPUTTS 3HIKYEThCS Maibke Ha 2000 MITa, a mo6aBku B
el CJICKTPOJIIT HEBEIMKHUX KUIbKOCTEH MOIi0aeHy, Boiabdpamy Ta dhochopy crnpuse
30uIbIIeHHsT MikpoTBepaocTi Ha 2500..3000 MIla. Ilpu 30idbIIeHHI BMICTY
MoniOaeHy, Boibppamy 1 gocdopy MIKpOTBEpHICTh MOKPHUTTIB MPOXOIUTH Uepe3
MakcumyM, nocsratoud piBHs 8000...8300 MIla. ¥V nopiBHSIHHI 3 €I€KTPOIITUYHUM
3aJ1i30M MIKPOTBEPICTh CIUIaBIB Ha WOTO OCHOBI, 30UIBLIYETHCS B CEPENHBOMY Ha
2000...3000 MIIa. 3mina koedimieHTa aCUMETPIl CTPyMy INPHU E€IEKTPOJIi3l B MeXax
Bixn 1 10 5 4YuHWUTH 3HAYHUNA BIUIMB HA MIKPOTBEPHICTh JOCIHIIKEHUX
JBOKOMIIOHEHTHUX CIUIaBiB. [IpM HU3BKMX 3HAUYEHHAX MOKa3HUKa acumerpii (f =
1,3...1,5) MikpoTBepAiCTh CIUIaBy BimHOCHO HeBenuka (~ 3500 MIla), onagun mano
HAMPY>KEHUMHU, MIITHO 34YeryieHl 3 OCHOBOIO. [Ipu 301ibIIeHH] 3HAYEHHS MTOKAa3HUKA
acuMeTpii MIKPOTBEPAICTh CIUIABIB MiJABUIIYETHCS, OJIHAK 3POCTAIOTh 1 BHYTPIIIHI
HAlpY>KE€HHSA pO3TATYBaHHSA B ocaykeHoMy Mertanl. CTpykTypa BCIX CIUIaBIB
XapaKTepU3y€eThCs TPHU I1[bOMY JPIOHO3EPHUCTICTIO 1 3HAYHUM CIOTBOPEHHSIM
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KPUCTAJIIYHOI PElITKUA 3ami3a. 3alieKHICTh MIKpoTBepAocTi Fe-P mokpurTTiB Bix
napameTpiB EIEKTPOTI3y Ma€ BUTIIS;
H,rop = 2836-30.34-C2 —3-107-D; —72.8- B —~0.54-C, + 5)
+480.8-C,, +1013.44- 3+ 2.03-D, -C, +0.06-C, -C,,

HaiiBumuii piBeHb BHYTPIIIHIX HANPYKEHbB, IO JOcCATaE B 3ai1i30-hochopHux
crutaBax 350 MIla, mae Miciie B mepmimx mapax eleKTPONITHUYHUX ocajiB. [lpu
TOBIIMHI ocanxy y 10 MkM Hampyru 3HWKYyOThCs 10 250 Mlla, a mpu 20 MM — 10
180 Mlla. Ilpu nopanbimioMy 30UTBLIEHH! TOBUIMHU OCaAy pIBEHb BHYTPIIIHIX
HAMPYXKEHb 3aJMIIAEThCSA TOCTIMHUM. [liABUIIEHHS MIIIBHOCTI CTPyMy TMpHU
€JIEKTPOOCA/PKEHHI JIBOKOMIIOHEHTHUX TMOKPUTTIB MPU3BOJUTH JI0 301UIbIIEHHS
HaIPY>KEHOCT1 OCa)KEHb, IMIJBUIIECHHS TEMIEPATypH €JIEKTPOJITY MPU3BOIUTH O
3BOpOTHOTO eexTy. OCHOBHUMH MPUUYMHAMHU, 1[0 BUKIUKAIOTh BHYTPIIIHI HANPYTH
B MOKPHUTTSX, MOXYTh 6yTI/I a) 3MIHU napaMeTplB KPUCTANIYHOI peliTKy; 0) (bopMa
pOCTy oOcaqy, XapakTep 1 OIHOPIAHICTb CTPYKTYpPH; B) XapakTep, IIUIBHICTH 1
CTIMKICTh CTPYKTYPHUX HEIOCKOHAJIOCTEH; I') BKIIOUEHHS 1 JoMilku. LI mpuunHu
B3a€MOTMOB'SI3aHI 1 3yMOBIIOIOTHCS TMPHUPOAOI0, BJIACTHBOCTAMHU 3aBAHTAXKCHHUX
METaliB, CKJIaJ0M EJIEeKTPOJITy Ta yMOB enekTpoiizy. [lpu emexkrpoocakeHH1
CIUIaBIB 3aji3a HAa ACUMETPUYHOMY CTPyMi MILHICTh 3YEIUIEHHS TMOKPUTTIB 3
OCHOBHHMM METAJIOM 3aJICKUTH TEPII 32 BCE BiJl MOKA3HHWKA aCHUMETPii, YUM HIDKYA
BEIMYMHA I[LOTO TMOKa3HUKA, TUM MIIHIIIUN 3B'S30K MOKPUTTS 3 OCHOBOMW. Jliis
MIJBUIICHHS MIITHOCTI 3YEIJICHHS OCAQKCHHS TMOKPUTTIB TMOYUMHAETHCS MPHU
nmoka3Huky acumerpii 1,2...1,3. Ile 3a0e3neuye oTpuMaHHS MaKCHMaJIbHOT MIITHOCTI
3ueryieHHs, 1mo pgocsrae 300...350 MIla. Yepe3 10...15 XBWIMH miCAs TOYATKY
€IIEKTPOI3y TMOKAa3HUK aCUMETPil 1 MUIBHICTh CTPYMY JOBOJSTH JO HOMiHAJIBHHX
3Ha4yeHb. [louaTok mpoliecy MpH MOKAa3HHUKY acHMETpii OibIIe JABOX Pi3KO 3HUKYE
3YCIUIEHHS TMOKPUTTIB 31 CTAUIIO, M0 MOXE CIPUYMHUTU 3a Cco00K IX
BIJIIIIAPOBYBAHHA B €KCIUTyaTalliiHUX yMoBax. HaMu oTprMaHO 3aJ€KHOCTI BIUIUBY
JIEryI04UX J100aBOK Ha MIIHICTh 3YEIJIEHHS MOKPUTTIB (puc. 1).

U(‘[l’
MIla

400

200

0

0 1 2 3 Na,Wo -4H,0, Krim’
Pucynok 1 — 3ajiexkHicTe MIHOCTI 3YeIVICHHS €JEKTPOJITHYHHUX CILIABIB
Bi/l KOHIIEHTPALIl JIerylounx 100aBoOK
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BcranoBiieHo, 110 pu MiIBUIICHH] KOHIIEHTPAIIIT JICTYI0YOro KOMITIOHEHTA, 1110
30UTBIITY€ MOISAPU3AITII0 KaToa, 3HIKYE MIIHICTh 3YETUICHHS MMOKPUTTIB 3 OCHOBHUM
MetanoM. lleil 3B'SI30k BHU3HAYAE€THCS TUM, L0 MIABUIIEHHS TMOISpHU3allli KaTonaa
MPU3BOAUTH 10 OCAJKEHHSI MOKPUTTIB, IO MAIOTh APIOHOAUCIIEPCHY CTPYKTYPY, LIO0
3a0e3mneuye MiABUIICHY TBEPIICTh 1 KPUXKICTh MIapy, MPHIETJIOr0 JI0 OCHOBHOTO
MeTany.

[TopiBHSAIBHI TOCTIIKEHHS 3HOCOCTIMKOCTI 3ali3HUX TMOKPHUTTIB, OTPUMAHUX
Ha MOCTIHHOMY 1 aCUMETPUYHOMY CTpPyMI, MOKa3ajau, IO MOKPUTTS, OCAHKEH] MpHU
HECTaI[IOHAPHUX YMOBAaX €JIEKTPOJIi3y, MalOTh OUIBII BUCOKY 3HOCOCTIMKICTh. 3MiHA
MOKa3HWKa acuMmeTrpli Bim 3 10 6 MO3BONHIIO 3HM3UTH 3HOC JOCHIIKYBaHUX
nokpuTTiB. OCHOBHAa pOJIb B 1OMY BIIBOAUTHCSA Ipolecy (QopMyBaHHS
BHUCOKOJIUCIIEPCHOI CTPYKTYPH MTOKPUTTIB 3 MiIBUIIIEHOIO TBEPIICTIO.

3a JaHMMH TPOBEICHUX JOCIKCHb HAHOUIBINY 3HOCOCTIMKICTh MAalOTh
MOKPUTTS IPH HACTYIHOMY 3MICTI JIETYIOUMX eJeMeHTIB: ais ciaBy Fe-Mo — 1 %
Mo; nnsa caBy Fe-W — 2 % W; nns crmaBy Fe-P — 2.5 % P (puc. 2).

0.6 1,2 1.8 24 Yo
PucyHnok 2 — 3aje:kHiCTh 3HOCY Bijl 3MiCTY CILIABIB JIETYIOUHX €JIeMEHTIB

3aneXHIiCTh 3HOLTYBaHHS JBOXKOMIIOHEHTHUX TIOKPUTTIB BiJ MapaMeTpiB
eNIEeKTPOIII3y MAtOTh BUTJISL;
I, » =16.5+53-C5 +2.1-10°- D} +135- > -0.84-C, - 6)
-0.12-D, -1.78- $+11.8-10°- 3-C,

Io, =27.17-D} 10" +0.75-C; +0.37- f* =5.5-C,, - )
—46-5+0.14.5-C, —23-10°.C;

leo o =25.6+130-107°- 5° +13.23-C/_+0.14-10°-D} - ®)
-3.17pH*-0.51-C,+0.65-C,,, - f—0.05-D, -C,,, —2- f—27.2-C,,
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Tadumusa 2 — OnTuMaJbHI pesKMMHU 1 BJIACTHBOCTI JIETOBAHUX CILIABIB
3aJIi3HUX MOKPHUTTIB

Pexum
HAaHECEHHS

Bnactusoct
1 IOKPHUTTIB

=
e
& = N <
5 = s = = =
= |S|E | 5| ==
. 1 ; l:[ N % ’_Q“ D-Q‘\
[TokpuTTS CKI1aj| eneKkTpoIiTy 2 512 E F 5 S
x| 5158 8| 8| &
S | 2|E§ 2 & 2
s | 5E|8= 2| 28| &
S E |5 = = S
8 2| = o =
qz_) 5 o) o 2
& = =
3amizo- Xiopucre 3an[130 350r/m; con;?Ha KHUCJI0Ta 313 | 40 | 5 0.3 | 300 | 7500
docdop 0,7 r/m; rimodocdar Hatpiro 81/
Saniso Xnopucte 3amizo 350r/m; consiHa KUCIOTa
. 1,0 r/n; nuMoHHa Kucjota 12 r/m; 313 | 40 | 5 0,3 | 300 | 8200
BOJIb(paM . .
BOJIb(ppaMo-KHCIui HaTpii 8r/i.
Sarizo- Xmopucte 3ami3o 350r/; costHa KUCI0Ta
. 1,5 r/n; numoHHa Kuciota 12 r/m; 313 | 40 | 5 | 0,35 | 300 | 8300
Moui0IeH . .
Moutib1aT-aMoHist 8T/11.
3amizo- Xmopucte 3ami30 350r/m; consHa KUCIOTa 313 | 40 | 5 | 0.35 | 300 | 9000
oop 1,0 r/n; GopHa xuciora S0r/m.
. % . )
3amizo nopucte 3aiizo 350r/m; COJ'I?IHaVKI/ICJ'IOTa 313 | 40 | 5 0.3 | 300 | 8200
THUTaH 1,0 r/n; TuTaH maBeneBo-Kucuit 2.0r/m.
3ainizo- Xnopucte 3aimizo 350r/m; consnja KHCIOTA | o000 | o | o 04 | 350 | 8500
KOOaJbT 1,5 r/n; xoGanbT-xmopuctuit 40r/m.
Xnopucte 3aiizo 350r/7; consiHa KUCIIOTa
3amizo- 1,0 r/m;
e o | 313 40| 6 | 035 350 |8000
QITIOMIHIA | XJIOpUCTH amoMiHii 350r/m; xmopucTuit
kaumii 90r/1m.
3an139: Xnopucte 3aii30 400r'/i1; cona‘Ha KHCIOTA | 400 | g | © 0.3 | 300 | 8500
BaHaIi 1,8 r/n; MeraBaHamii amoHiss 251/1L.

Jlnst  ocTaTouHOi pEKOMEHHaIii IMoJ0 BHOOPY HAMOUIBIT 3HOCOCTIMKUX
MMOKPUTTIB HAMH TIPOBE/ICHI MOPIBHSIBHI JOCIIKEHHSI iX 3HOCOCTIMKOCTI. bibIIicTh
BIIMOBIAAILHUX JI€TaJieil MAalllMH BUTOTOBISAETHCS 13 cTaidi 45 3 HaCTYIHOIO
TEpMOOOPOOKOI0, TOMYy HAMU B SIKOCTI €TajloHA MPU MOPIBHIBHUX BUIPOOYBAHHIX
MatepialliB Ha 3HOCOCTIUKICTh OyJsia oOpaHa ctaib 45. Marepianu J0CIiKyBaJIUCs B

napax TepTs 3 4aByHOM 1 OpoH3010. Pe3ynbratu nmpeacTaBieHi Ha puc. 3.
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Pucynok 3 — Pe3yabTaTtH NOpPIiBHSUIBHMX BHNPOOYBaHb NMOKPHUTTIB Ha
3HOCOCTINKICTB: 1 — 4aByH; 2 — cTaJIb 45; 3 — YNCTe €JIEKTPOJIITHYHE 3AJ1i305 4 —
3aJ1i30 MoJ1i0eH; 5 — 3amai30 gocdop; 6 — 3aaizo-Boabppam; 7 — 3ami30 0op; 8 —
3aJ1i30 TUTaH; 9 — 3aJ1i30 K00aabT; 10 — 3ami3o-aarominiid; 11 — 3amizo-Banaain

B pesynbrari mpoBeneHUX €KCIEPUMEHTIB BUSBICHO, IO HAWMEHIITUN 3HOC 1
Kpally NpUIipanboByBaHICTh Maiid ciuiaBu Fe-Mo, nmortiMm ctanb 45, 3arapToBaHa 3a
noromoroto HarpiBanHs CBY 3 moganbmmm HU3BKOTEMIEpPAaTypHUM BIAMYCTKOIO 1
eJIEKTpONITHUHE 3a1i30. [Ipu BunpoOyBaHHI B Mapi 3 4aByHOM 3HOC BCIX MOKPHUTTIB
OyB HM)K4€, HIXK B Mapl 3 OpOH3010. 3HOCOCTIMKICTh €JEKTPOOCAXKAEHOTO JErOBAaHOIO
3amiza crami 45 ckmana: ansa criaBy Fe-Mo — 170 % npu po6oti B mapi 3 4aBYHOM 1
156 % — B mapi 3 6pon3oro; A criaBy Few — 165 % npu poOoTi B mapi 3 4aBYHOM 1
153 % — B mapi 3 6pon3010; s cruaBy Fe-P — 121 % npu poOoTi B mapi 3 4aByHOM 1
112 % — B mapi 3 6ponzorw. OTpuMaHi JaHl BKa3ylOTh Ha JOUUIBHICTH JIETYBaHHS
€JIEKTPOIITUYHOIO 3ajli3a MONIOJIEHOM, OCKUIBKM BOHO MPH T'PaHUYHOMY TEpTI Mae
HEJI0OCTaTHbO BHUCOKI MIIHICHI MOKa3HUKH. Ha Hamry ayMKy, mpu rpaHUYHOMY TepTi
30UTbIIY€ThCS IHTEHCUBHICTh YTBOPEHHS! OKUCHUX ILJTIBOK MPU BUCOKIN MIBUJIKOCTI iX
pyiinyBaHHs. lle TATBEPIKYEThCS THUM, M0 TPU HAWMEHIINX 3HAYCHHSIX
TeMIiepaTypu 1 KoedilieHTa TepTs eIeKTPOTITUIHE 3a1130 Ma€ HAMOLTBIITUI 3HOC.

Bynu npoBeneHi NopiBHsUIbHI yIapHi BUIIPOOYBaHHS 3pa3kKiB. JlocmimkyBanacs
yaapHa B'S3KicTh 3paskiB 31 ctam 40X 3 kene30Moi0eHOBUMU TOKPUTTIMH 1
3MiIHEH] LlaHyBaHHAM. Pe3ynbrati yaapHux BUIpPOOyBaHb MOKa3aju, 10 MOKPUTTS
3pa3KiB JIETOBaHUMH CIUIaBAMH MPAKTUYHO HE MPU3BOIUTH A0 IMiJBUIIECHHS POOOTH
3]IaMy 3pa3KiB, iX IIaHYBaHHA I[I0 POOOTY 3HWXKYE. YaapHa B'S3KICTh 3pasKiB 3
JETYIOUMMHU TMOKPUTTSAMU NPAKTUYHO HE 3MIHWIACS Yy MOPIBHSHHI 13 3pa3kaMu 13
ctam 40X micns rapty. Pe3ynbratu nopiBHJIBHUX CTEHJOBUX JOCIIIKEHb arperaTinB
3 eKCIEPUMEHTAIbHUMH JIETaIsIMU MIPUBEAEH] B TaOnui 3.

Taoauus 2.3 — 3HomyBaHHs aeTajiell 3¢AHaHHA ''Baj-BTryJaka' (micasa 80
MOT-TO]1)

3HOIIIYBaHHS JeTaiel, MM
IToxpurrs Ba Bryika
Cepiiini geraii 0,0065 0,0057
3ani30-M01101eH 0,0056 0,0054
| Samso- 0,0048 0,0056
MOJI10IeHH111aHyBaHHS
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ExcrutyaTaniiiiHi BUpoOyBaHHs arperariB 3 €KCIepUMEHTATbHUMU JETaISIMH,
BIJTHOBJICHUMH 3aJ1130-MOJI0CHOBUM TMOKPUTTSAM OYJIM MPOBEACHI Ta MpPEICTaBIICHI

Ha puc 4.
3Hoc,
MM
0,100 0,09

0,08 0.065
0.06 |
0.04 ]

0,02 |

0
Pucynok 4 — 3nomyBanns Bajay micas ekcimiayaramnii (1500 morto-roa): 1 —
cepiiiHi xeraJi; 2 — 3 3a71i30-M0J1i0 1€ HOBUM MOKPHUTTSIM.

Excrutyatamiiiniii mepeBipui  Oynau  miggaHli TakKoX BIAHOBJIEHI 3ai3o-
MOJTIOICHOB] TOKPHUTTS INTOBXAYl 1 IITOKW KJIAMMaHIB, PO3MOAUILYMNA Bajl JBUTYHIB
aBTomo01TiB KamA3-4310 (Tadmn. 4).

Tabauus 4 — Pe3yJbTaTH eKCIEPUMEHTAJIBHUX JOCJIIKEHb

ertanb — 3H0C, MKM :
CepiiiHi ExcniepumenTanbHi
[IIToBxay kiamana 30,0 19,0
[ITox kanaHa, TBUTYHA 28,0 18,0
Posnoainpunii Ba 14,0 9,0
HwxHs ronoBka matyHa 13,0 8,0
ITepsunnuii Ban KIII1 19 16
Bropunnuii Ban KIIIT 21 17

BucHoBku:

— B SIKOCT1 3MIIHIOIOYMX TEXHOJOTIA MPH PECypCHIM MOJAEpHI3aIlli TEXHIKU
3HAYHI MOXJIMBOCTI Ma€ JIETYBaHHS 3aJlI3HUX MOKPUTTIB PI3HUMH J00aBKaMH 1 iX
nojanblia XiMiKo-TepMiuHa 00poOka. OgHaK, SK MOKa3aal pe3ylbTaTh MOHITOPHHTY,
NPOBEJICHOTO 3a MEBHUMU METOAMKAMU OIIHKM CTaHy TEXHOJIOTTYHUX IPOILIECIB, B
JaHW 4ac Ha PEMOHTHHX MiANPUEMCTBAX BUKOPUCTOBYIOTHCS B OCHOBHOMY IPOCTI
CJIICKTPOJIITH JIJII HAHECCHHS 3aJli3HUX TMOKPHUTTIB. [X MOMJTHMBOCTI MO TIiIBUINCHHIO
3HOCOCTIMKOCTI BIJTHOBJIIOBAHUX J€TAJICH OOMEXKEH].

— 3aIpOIIOHOBAHO OIIIHIOBATH TEXHIYHUN PIBEHb TEXHOJIOTIH BiJHOBJICHHS
JeTaliell TalbBAaHOMOKPUTTAMHM 3 KOMIUIEKCHOTO TOKa3HMKa, IO BPaXxoByeE iX
JOBFOBIYHICTh 1 BUTPATH BUPOOHHUIITBA, 10 BKIIIOYAIOTh BUTPATH Ha 3a0€3MEYEHHS
€KOJIOTTYHOI OE3IEKH.

— TEOPETUYHO ONMCAHO BIUIMB JIETYIOUMX J00AaBOK B E€JIEKTPOJIT 1 PEKUMIB
EIIEKTPONI3y Ha (HI3MKO-MEXaHIYHI BJIACTHBOCTI MOKPUTTIB. JleryBaHHs 3ami3HHX
MOKPUTTIB HEBEIUKOI KUIBKICTIO MOJi0aeHy, Boibdpamy, ¢ochopy Ta I1HIIHX
€JIEMEHTIB  CHpUs€  MNOAPIOHEHHIO  OJIOKOBOI  CTPYKTypU 1  MIJBULIYIOTh
MikpoTBepaocTi ocamkeHs 10 8000...8300 MIla, npotu 5000 MIla y uuctoro 3ami3a,
10 MO3UTHUBHO B1J100PaKAETHCS HA 3HOCOCTINKICTh MOKPUTT.
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YK 629.331

BIOCKOHAJIEHHS OPTAHI3AIIIL TO TA EPEKTUBHOCTI
®YHKUIOHYBAHHS NAJIMBHOI AITAPATYPH MI1J] YAC
EKCILUTYATAIII

T'ony6 II.B.l, K.T.H., 10II.,
Naasmarik P.2 PhD, mpog.
Momoxoeny B.M.
[leHTpaIbHOYKPATHCHKHIT HALIOHANBHAI TeXHIYHMIA yHiBepCHTET
BinbHIOCHKHI TeXHIUHUN yHIBepcUTET iMeHi ['equminaca

CydJacHi pUHKOBI BIJHOCHUHH MPEN'SBISIOTh BUCOKI BUMOTH 10 €PEKTUBHOCTI
BUKOPHUCTAHHS aBTOMOOLILHOTO TPAHCIIOPTY, AKUN Oepe y4acTh y MISTIbHOCTI PI3HUX
rajiy3eidi MPOMHCIOBOCTI, aBTOTPAHCIOPTHI BHUTPATH BKIIOYAIOTHCA B BapTICTh
rOTOBOi MpOAYKLIi. 3HMKEHHS IMX BHUTPAT, TOJOBHMM YHWHOM, 33 PaxyHOK
3MEHILIEHHS CO0IBapTOCTI TPAHCIOPTHUX TOCIHYT O€3MOocCepe/lHbO BIUIMBAE HA
€KOHOMIYHI  TOKAa3HUKW Oaratbox  MOiANPUEMCTB. JlomMortucss  miABUIIEHHS
e(eKTUBHOCTI BUKOPUCTAHHS aBTOMOOUILHOTO TPAHCIOPTY MOXKHA 32 pPaxyHOK
3HI)KEHHSI BUTpPAT Ha MNaJbHO-MACTWUJIBHI Marepiajiu, SKi B OKPEMHX BHITQJIKax
MOXYTb focsiratu 60% y cTpykTypi cO01BapTOCTI TPAHCTIOPTHUX TTOCIIYT.

Sx mnpaBwio, 3HAYHUW BIUIMB HA TMOKAa3HUKM TNAJIUBHOI EKOHOMIYHOCTI
aBTOMOOLIIB 31MCHIOIOTh YMOBH €KCIUTyaTallli, Kl BKJIIIOYalOTh B ce0€ pi3HI Ipynu
dakTopiB, y TOMY 4YHCII JOPOKHI YMOBHM €KCIuTyartamii. Y i Tpymi yMOB
eKCIUTyaTallii OJHUM i3 3HAUYIIMX 3a MipOI BIUIMBY Ha 3MiHY BUTpAaTH MajnBa
aBTOMOOLTIB € Takuil (PakTop SK TUI 1 CTaH JOPOKHBOTO TOKPUTTS. UmcieHHi
JOCIIIJDKCHHS 1 JOCBIJl €KCIUTyaTarlii MOKa3yTh, 110 BUTpATa MajiiBa aBTOMOO1IIB
30UIbLIYEThCS Ha JOpOorax 3 MEPeXiJHUM 1 HWKYUMH THUIAMU HOKPHUTTIB B
MOPIBHSHHI 3 IOPOTaMH 3 YJIOCKOHAJICHUMU TTOKPUTTSIMH.

Sx npaBwio, s aBTOMOOLIIB PI3HUX MApPOK 1 MoOJENell CTyHiHb 3MIiHU
MOKA3HWKIB TMAJIMBHOI EKOHOMIYHOCTI Ha gmoporax [V-V kareropiii pi3Ha, M0
MOSICHIOETBCA 1X KOHCTPYKTMBHMMHM OCOOJIMBOCTSMHM, OJHAK, Ji0Ya B JaHUM yac
METOJMKAa HOPMYBaHHS BHUTpaT TajluWBa HEAOCTAaTHHO IIOBHO  BPaXOBYE
PI3HOMaHITHICTh JIOPOXKHIX YMOB €KCIUTyaTalli 1 pI3HOMaHITHI KOHCTPYKTHBHI
pIlIEHHS] TPAaHCIOPTHUX 3aco0iB. Y pe3ynbTaTi Ha MPAKTHUI[l HOPMOBAHE 3HAYEHHS
BUTpAT TajuBa MOXKE BUSBHUTHCS 3aHIKCHHM, TaK 1 3aBUIICHUMH, 1[0 HETaTUBHO
MO3HAYAETHCS HA €(PEKTUBHOCTI BUKOPUCTAHHS aBTOMOOUIBHOTO TpaHcopTy. Panime
JUIsl BUPILICHHS 3aBJaHb MIJBUIIEHHSA €(pEKTUBHOCTI BUKOPUCTAHHA aBTOMOOUIIB B
PI3HUX yMOBax €KCIuTyaTallii BAKOPHCTOBYBAJIHUCS SIK KJIACHYHA TEOPis aBTOMOOLIS,
TaK 1 TEOpisi HPUCTOCOBAHOCTI ABTOMOOLIIB.

OcHOBHI HayKOBI MpUHIMMH POOOTH: MeXaHi3M (OPMYBAaHHsS BUTPAT MaIMBa
aBTOMOOUTI B 3aJIe’KHO BiJ] THIY 1 CTaHy JOPOXKHBOTO TMOKPHUTTS, 3aCHOBAHUM Ha
NOPUHILMIAX POCTOPOBO-YACOBOI KOHIEMINl; TIMOKa3HWKH CTaHy JOPOXXHBOTO
NOKPUTTA 1 CTYNEHS 3aBaHTAXEHHS TPAHCIOPTHOTO 3aco0y, HaBeJeHI M0
yHiBepcanbHOi 12-0anbHOI MIKaIu CYBOPOCTI, IO JI03BOJISIE BPAXOBYBATU CHUIbHUMA
BIUTUB PI3HUX 32 CBOEI MPHPOAOID (aKTOpiB YMOB EKCIUTyaTallii; MOKa3HUKU
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MIPUCTOCOBAHOCTI aBTOMOOUTIB 10 JAOPOXKHBOTO TMOKPUTTS MO BUTPATI MajvBa, IO
NPEICTaBISIOTh COOOI0 BEIWYMHY 3MIHM BHUTpaTH MajluBa B CYBOPUX YMOBax
eKCIuTyaTallii B MOPIBHSHHI 31 CTaHJAPTHUMHM yYMOBaMHU;, BHU3HAYEHO, IO CIIJIbHUM
BIUIUB CTAaHY JOPOXHBOTO MOKPUTTSA 1 CTYNEHS 3aBaHTAaXEHHS aBTOMOOUIIB Ha
BUTpAaTy TMajuBa  OIUCYETbCA  JABO(AKTOPHOIO  MATEMaTHYHOI  MOEIUIIO
MPUCTOCOBAHOCTI; BUSBJIEHO PO3XOJKEHHS B PIBHSAX MPUCTOCOBAHOCTI aBTOMOOLIIB
70 3MIHM CTaHy JOPOKHBOTO TIOKPUTTS, IO CBIAYATH TPO HEOOXITHICTH
nudepeHIiioBaHOTO0 KOPUTYBaHHS HOPM BHUTpAT IMajuBa TMpU eKCIuTyaTali
aBTOTPAHCIOPTHUX 3ac00iB Ha goporax [V—V kareropiii.

Ha mnepmiomy erami Oyna po3poOiieHa 3arajibHa METOJIUKA JOCIIJKEHb,
o0'eqHye B €001 sk aHamiTH4HI poOoTd. IlibOBOIO (YHKIIE AOCTIIHKEHHS €
MiHIMI3allil BUTpPAT HAa TAJIMBO TPH EKCIUTyaTarlii aBToMOOUTIB Ha goporax V-V
kareropid. Ha HacTymHOMy eTami HOCHIDKEHHS 3 BHUKOPUCTAHHSM IOJIOKEHB
MIPOCTOPOBO-TUMYACOBOI KOHIEMIII Oyla po3polbiieHa cxema, L0 BiJI0Opakae
MexaHi3M (OpMyBaHHS BUTpaT TNajdvBa aBTOMOOUIIB 3 PI3HUM 3aBaHTAKCHHSIM B
3QJIEKHOCTI B TUIYy 1 CTaHy JOPOKHBOrO MOKpUTTa (puc. 1). Sk BumHO 3
NPEICTaBICHOTO MAalIOHKa, MpH eKCIUTyaTalii aBToMoOuTiB Ha goporax [V-V
KaTeropii BUTpaTa TMajvBa SBJIsSE€ COOOI CYKYIHICTh PI3HMX ITOKa3HUKIB, B SKY
BXOJSITh ~ HOMIHalbHA  BHUTpaTa TNanauBa, OOYMOBJIIEHa KOHCTPYKTHBHUMU
OCOOJIMBOCTSIMM aBTOMOOUISI 1 CTaHAAPTHUMU yMOBaMH €KCIUTyaTallii, a TaKoX
J0JJaTKOB1 BUTPATH NaJMBa, IKi OOYMOBIJIEHI 3MIHOIO CTaHy JOPOKHbOT'O MOKPUTTS,
30UTBIIICHHSIM CTYIIEHSI 3aBAaHTAXEHHS TPAHCIIOPTHOTO 3aco0y, MPHUCTOCOBAHICTIO
aBTOMOOLISL /10 3MIHM JOPOXKHBOTO TOKPUTTA 1 CTYNEHS 3aBaHTaXEHHS
TPaHCIOPTHOro 3aco0y. [HIMMM coBamu, 30UTBIIEHHS! BUTPATH NaJIMBA aBTOMOOUIA
MOSICHIOETHCS BIIXWJIEHHSIM YMOB €KCIUTyaTallll Bil CTaHAAPTHUX 3HAUEHb, IPUUOMY
CTYIMIHb UBOTO 30UIbIIEHHS 3aJ€XKUTh BiJl PIBHS MPUCTOCOBAHOCTI TPAHCIOPTHOIO
3aco0y.

KoncTpyKTHBHI CraHgapTHi
0co0JIMBOCTI YMOBH
ABTOMOOLIISA CKCTITyaTanii
Tumnu i cravu l

— JAOPOKHBOIO HominanbHa
MOKPHTTSA BUTpAaTa MajauBa

IpucrocoBanicTsb IIpucrocoBaHicTh

p=i Mipa 3aBaHTa)KeHHA Gy
aBTOMOOIB J10 aBTOMOOLIIB J10
TPAHCIIOPTHOI'O =T 3 ;
JIOPOKHBOTO = 3MIHH MIpH
3aco0y

ITOKPHTTSH HaBaHTaKCHHA

; -

301IbLICHHS] BUTPATH
najamuBa 1npu podoTn

aBTOMOOI/A Y BaXKKHX
JIOPOKHIX YMOBaX

301IbILICHHS BUTPATH
nanuBa npy BHKOHAHHI
TPAHCHOPTHOI pobOTH

|

DdakTryna
BUTpATa
najvBa

4
7'y
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Pucynok 1 — MexanisM (opMyBaHHSI BUTPATH NAJIMBA aBTOMOOLIIB 3
Pi3HUM 3aBAHTAKEHHSAM B 3aJ1€5KHOCTI Bi/l THILY i CTaHY JOPOKHLOTO MOKPHUTTS

[IpencraBneny Ha puc. 1 cxemy MOKHA ONTUCATH HESBHOIO 3aJIEKHICTIO:
Q=1(q,.S,.Af,S,.7). (1)

ne (, — HOMIHaJIbHE 3HAYEHHS BUTpATH MalMBa; S¢ — MOKA3HHUK IMPUCTOCOBAHOCTI
aBTOMOOWUTIB JIO 3MiHU JIOPOKHBOTO TOKPUTTsT; Af — OKa3HHUK, 110 XapakTepusye THIT
1 CTaH JOPOKHBOI'O IOKPHTTS; S, — IOKa3HUK IPHCTOCOBAHOCTI aBTOMOOLIIB [0
3MIHA CTYNEHS 3aBaHTXEHHS TPAHCIOPTHOTO 3acol0y; y — TMOKa3HHK, IO
XapaKTepHU3ye CTYIIHb 3aBaHTAKEHHS TPAHCIIOPTHOTO 3aC00Yy.

BpaxoByroun meBHI BIAMIHHOCTI Y 3HA4EHHSX KOe(QIli€HTa ONopy KOYEHHIO
JUTSL pI3HUX aBTOMOOLTIB Ha IOpOrax OAHOTO THIY, 3alPOIIOHOBAHO XapaKTepU3yBaTh
TUI 1 CTaH JIOPOXKHBOTO MOKPHUTTS MOKa3HUKOM Af, sikuii siBjisie co0OK0 BEITUYHHY
30UTbLIEHHST KOe(IlleHTa ONOpy KOYEHHI0 Ha J0porax 3 PI3HUM HOKPUTTIM 1
BH3HAYa€THCS 3a (POPMYIIOL0:

Af = £, -1, @)
ne f;, — GpaxTuyne 3HaueHH: KoedilieHTa onopy KoueHHIo; f — 3HaueHHs KoedinieHTa
OMOpPYy KOYEHHIO Y CTAHJAPTHUX YMOBaX (MIHIMQJIbHO MOXIJIMBE 3HAYEHHS JIs
MEBHOT'0 aBTOMOO1JIA).

OuyeBuAHO, 1O B CTAaHJAPTHUX YMOBaX (Ha TNpsIMIA TOPU3OHTAIbHIN
acanbTOOETOHHII JOPO3i 3 BIICYTHICTIO HEPIBHOCTEH) 3HAYEHHS MTOKa3HUKa Af Oyme
JIOPIBHIOBATH HYJIIO, TOJI SIK B YMOBaX, BIIMIHHUX BiJI CTaHIapPTHUX, HOTO 3HAYCHHS
Oyne 30inblryBaTuch. BusHaumtn (akThmuHe 3HadeHHs mokasHuka Af MoxHa
EKCIIEPUMEHTATIbHUM IIJISXOM a00 3 BUKOPUCTAHHSIM BIJOMHUX 3 TEOpii aBTOMOOLISA
3aneKHOCTeW. [l MpakTUYHMX pPO3paxyHKIB MOXKHA CKOPUCTATHCS CEpPEeIHIMU
3HAYEHHSAMH KOe]II[l€HTa OMOPY KOYEHHIO, OICpKaHUMU TS PI3HUX JIOPIT, SKi

Ipe/ICTaBlIeH] B CHELIaIbHUX TAOIMIIX B HAYKOBO-TEXHIUHIN JiTeparypi. s
MOXJIMBOCTI CHUIBHOTO OOJIIKY pPI3HMX 3a CBOEI0 NPHUPOAOID (PAKTOpIB YMOB
eKCIUTyarTalii, iX MOpIBHSHHSA 1 aHali3y HEOOXiAHO, MO0 BOHM MajlHM OIHAKOBY
PO3MIpHICTh 1 OyJM MPUBEACHI A0 €IMHOI IIKaJIH, sIKa, B CBOIO 4epry, MOBUHHA
BOJIOJIITH YHIBEPCAIBHICTIO 3aCTOCYBaHHs. TakuM KpuTepiaMm BiamoBigae 12-0ampHa
IIKajia CyBOPOCTI, po3p00JieHa 1 BUKOPUCTOBYBaHA B POOOTI. 3 METOI MPUBEACHHS
nokasHuka Af no yHiBepcasbHOI IIKajIOK CyBOPOCTI B paMKax JaHoi poOotu OyB
3allPONIOHOBAHUN 1HIEKC CTaHy JOPOXKHBOTO MOKPUTTS Dy, 3HAYeHHS SKOTro
3miHio0ThCS B 0 R 10 12 R, ne R — 6e3po3mipHa ouHuULS BUMIPIOBaHHS CYBOPOCTI
(6aur).

3naueHHs iHaekcy h= 0 R BiamoBigae MiHIMaNbHIH CYBOPOCTI PO3IJISHYTOIO
daxropy, Toai sk h= 12 R — BiamoBigae MakcuMaiabHOI cyBopocTi. Ijis Toro mo0
MepeBeCTH 3HauCHHs TokKa3HuKa Af B 0e3po3MipHi 0alyd CyBOPOCTi, IIPOIOHYETHCS
BUKOPHCTOBYBATH TaKHil BUPa3:

:12-(Af —Af )
Af —Af

: ©)

f
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ne Af — ¢dakrtuuHe 3HaYeHHs 30UIBLICHHS KoedillieHTa onopy KodeHHio; Afp, —
MIHIMAJIPHO MOJJIMBE 3HAYCHHS 30UTbIICHHS Koe(dilieHTa ormopy KOYeHHIO;Afnay —
MaKCHUMaJIbHO MOKJIMBE 3HAUEHHS 30UIbIICHHS KOedili€eHTa OMOpYy KOUEHHIO.

AHaJi3 paHille BUKOHAHMX JOCHIDKEHb B OO0JACTI BU3HAUECHHS 3HAYCHBb
Koe(illieHTa Omopy KOYEHHIO Ha J0porax 3 pI3HUM IOKPUTTAM II0Ka3aB, IO
3Ha4YeHHS nmoka3zHuka Af 3MmiHIOIOTECS B Mexkax BiJl 0 1o 0,344. BianoBiiHO piBHSHHS
(3) mpuiimMae BUTIISIA;

h, =34,88-Af @)

JIJ1s OLIIHKU CYBOPOCTI TPAHCHOPTHHUX YMOB IPOIMOHYETHCSI BUKOPUCTOBYBATH
IHIEKC CyBOPOCTI CTYIEHs 3aBaHTA)KEHHS TPAHCIIOPTHOro 3aco0y h,, 3HaYEHHS SIKOTO
MOKHA BU3HAYUTHU 32 (hOPMYJIOIO:

h, =12~7/’ (5)
ne y — Koe(illleHT BUKOPHUCTAHHS BaHTAXKOIIIHMOMHOCTI. B xomi momanbIimx
aHAIITUYHUX JOCHIDKEHb OyJn0o BHU3HA4YeHO, 1o Ha xaoporax IV-V kareropiii
3HAUCHHs 1HACKCY CyBOpOCTi N 3MiHIOIOThCA B Mexkax Bix 0,07 mo 1,25 R, Tomi sk
3Ha4YEHHS HIEKCY CyBOpOCTi h,.

B xomi moganpmmx aHaTITHIHUX JOCHTIDKEHb OYJI0 BU3HAUEHO, 110 Ha JTOPOrax
IV — V kareropiii 3HaueHHs 1HIACKCY CyBOpocTi hy 3miHIOeThCs B Mekax Big 0,07 mo
1,25 R, Toni sik 3HaueHHs iHIEKcy cyBopocTi N, 3MiHIOeThes B niamasoHi Bix 0 R
(BIACYTHICTh 3aBaHTaXXEHHS TPaHCHOPTHOTO 3acody) 1m0 12 R (mMakcumanbhe
3aBaHTXEHHS TPAHCTIOPTHOTO 3aco0y). st 3pydHOCTI MPAaKTUIHOTO BUKOPHCTAHHS
y BIANOBIAHOCTI 3 paHille BUKOHAHUMH poOOTaMu B 00JIaCTI BU3HAYEHHSI CYBOPOCTI
(akTopiB yMOB eKcIuTyaTalii fiana3oH 3Ha4YeHb iHAekciB hy Ta h, Oymu posaineHi Ha
YOTUPU THUIH IHTEPBANTY SKOCTI: MOMIPHHM, MOMIPHO-CYPOBHM, CypOBHH 1 IyXKe
cypoBwii TabuI. 1.

Tabdmmuss 1 — InTepBaM AKOCTI CTaHy JAOPOKHBLOIO IOKPHUTTH I CcTemeHi
3aBAHTAKEHHS TPAHCIOPTHOIO 3aC00y

Hianazon JlianazoH Tlianason JlianazoH
. BAMIPIOBaHb BHMipIOBaHb - BHMipIOBaHb

HaiimenyBaHHs AHAYCHIS progal BUMIPIOBaHb p
inTepBay 3HAUYCHb IHIEKCA | gyavems 3HAaYeHb

FOoRastia h MOKa3HUKA : h

Af R Y iHmexca ', R
IMomipHuit 0,002-0,010 0,07-0,36 0,01-0,25 0,12-3,0
IMomipuo-cyposuii | 0,011-0,019 0,37-0,66 0,26-0,50 3,12-6,0
Cyposuii 0,020-0,027 0,67-0,96 0,51-0,75 6,12-9,0
Tlyke cyposmii | 0,028-0,036 0,97-1,25 0,76-1,0 9,12-12,0

Hactynuuii eranm pmochigkeHb BKJIOYaB B cebOe po3poOKYy ITOKA3HUKIB
MPUCTOCOBAHOCTI ~ aBTOMOOUTIB A0 3MiHM  (paKTOpIB yMOB  €KCIUTyararlii.
[IpucrocoBaHiCTh sBJsiE COOOI BIIACTUBICTH OyAb-SKOTO aBTOMOOUIS 30epiratu
3HAUEHHS TMOKAa3HMKIB SKOCTI HAa HOMIHAJIbHOMY pIBHI MpHU BIAXWJIEHHI YMOB
eKCIUTyaTarii BiJ CTaHAapTHUX. BUXOs4u 3 IbOTO BU3HAYEHHS, MOXKHA 3pOOUTH
BHUCHOBOK, III0 TMPUCTOCOBAHICTh AaBTOMOOLIS TIOYMHAE TIPOSBIATH cede TMpu
BIIXWJICHHI MOKAa3HUKIB ()aKTOPIB yMOB €KCIUTyaTallil BiJ iX CTaHAapTHUX 3HAYCHb.
JJist OIIHKY BIUTMBY KOHCTPYKTUBHUX OCOOJIMBOCTEN aBTOMOOLIS Ha 3MIHY BUTPATH
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najvBa aBTOMOOUIS B CHOPSKEHOMY CTaHI MPH Pyci MO AOpOrax 3 MOKPUTTAMHU
PI3HOTO THUIy MPOMOHYETHCS BUKOPHCTOBYBATH MapameTp YYTIWUBOCTI S, SKUUN
MOKa3ye, Ha CKUTBKM 3MIHUTBCS BUTpaTa MajguBa aBToMoOuIs B J1/100 kM mpu 3MiH1
MOKa3HUKa MPUPOCTy Koedimienta omopy koudeHHro Af wHa 0,001. Ockinbku
MPUCTOCOBAHICTh aBTOMOOLIS Oepe ydacTs y (opMyBaHHI JUIIIE JOJATKOBOI BUTPATU
najavBa, TO BHU3HAYUTH (AKTUYHE 3HAYEHHS MapamMerpa YyTJIHUBOCTI S MOXHA
HACTYITHUM YHHOM:

_ AQ _g,-m,-g-Af _98107-q,-m, (6)

Af-10°  10°-Af -7, Mo ’

ne AQf — momaTkoBa BUTpaTa MajnBa, OOyYMOBJIEHA 3MIHOIO CTaHy JOPOKHBOTO
nokputtsa, /100 xkMm; (s, — muTOMa BuUTpaTa mnanuba, /100 Hxkm; m, — wmaca
aBTOMOOLIS B CHOPSHPKEHOMY CTaHI, Kr; § — MPUCKOPEHHS BUIBHOIO MajiHHA, 9,8
m/c%; Nmp — KK TpaHCcMIC1T aBTOMOOLIS.

TakuM 4YKMHOM, 3HaYEHHS MapaMeTpa YyTIUBOCTI JO aBTOMOOLIS 3MIHM CTaHy
JOPOKHBOT'O TTOKPUTTS S¢ 3aJIEKaTh Bl MACH aBTOMOOWIS B CIOPSIPKEHOMY CTaHi,
KKJI TpaHcwmicii 1 BEJIMUYMHHM IMHMTOMOI BHUTPATH MNalUBa (s, SKa B CBOI 4YEpry
3aJIEKUTh Bl TUIy BUKOPHUCTOBYBAHOI'O JIBUTYHA 1 3aCTOCOBYBAHOro najausa. B xoni
aQHATITHYHUX JIOCTIPKEHbh OyJI0 BH3HAYEHO, IO IMHMTOMAa BHUTpaTa NaauBa (s
3MIHIOETBCS B Mexax Big 7,6:10-3 nmo 9,6-10-3 n/100km 1t aBTOMOOLIIB 3
O0emsuHoBUMHU nBuryHamu 1 Bim 5,1:10-3105,7-10-31/100 kM nmiss aBTOMOOLTIB 3
IU3EIbHUMU JIBUTYHAMU. AHAJIOTIYHUM YHHOM Oylid po3poOJieHl mnapamerp
YyTIMBOCTI aBTOMOOLIA S, 10 3MIHM CTyIEHs 3aBAHTaKEHHS TPAHCIIOPTHOTO 3ac00y
10 BUTpPATI MaJMBa 1 MapaMeTp YyTIMBOCTI aBTOMOOLISA Sj; IO CYKYIHOIO 3MIHH
JIOPO’KHBOT'O TMOKPUTTS 1 CTYIEHS 3aBaHTAXCHHS TPAHCIIOPTHOTO 3aco0y 1O BUTpATi
najavBa. 3HaYEHHS MapamMeTpa YyTIUBOCTI Sy MOKHA BU3HAYUTH 32 POPMYJIIOIO:

f

AQ m. -y-g-f 98.10°%.q -q -f
Sf — f — qSO a 7 g a _ qso qH a (7)
7 ynmp 77’”17
ne AQ, — nonaTkoBa BUTpaTa NajauBa, 0OyMOBIEHA 3MIHOIO CTYIIEHs 3aBaHTa)KECHHS
apromoOuns, 1/100 kM; (, — HOMIH&JIbHA BAHTAXKOMIAHOMHICTH TPAHCIOPTHOIO

3aco0y, kr; f, — KoedimieHT onopy KOYEHHIO aBTOMOOUIS B CTaHAAPTHUX YMOBaX.
[TapameTp 4yTIMBOCTI S, MOKa3ye, HACKUIBKHA 3MIHUTBCS BUTPATa NajluBa aBTOMOOLIA
B /100 kM Tipum TIOBHOMY 3aBaHTAKECHHI aBTOMOOLISA, KOMU KOE(DImMieHT
BUKOPHUCTAHHS BaHTAXOIMIHOMHOCT1 Y OpiBHIOE 1.3HaueHHs mapaMeTpa YyTIUBOCTI
Sy, BU3HAUAIOTHCS HACTYITHUM YHHOM:
_ AQ_g,-9,7-9-Af _9,810°.q,-m, ®)
Af -7-10°  10°-Af V- Noup

3a cBOiM (I3MYHUM 3MICTOM IapaMeTp YyTIUBOCTI S NOKAa3ye, HACKUIBKH
3MIHUTHCSI BUTpaTa NaymBa aBToMoOUTs B J1/100 KM mipu OTHOYACHIN 3MiHI TIPUPOCTY
koedimienra omopy koueHHro Ha 0,001 1 koedimieHTa BUKOPUCTAHHS
BaHTAKOMIAMOMHOCTI Ha 1. UuM Olnblile 3HAaUEHHS TOJAHKUX [MapaMeTPiB YyTJIUBOCTI,
TAM 1HTEHCHUBHIIIE Oy/ie 3MIHIOBAaTHCS BUTpATa MajuBa aBTOMOOLUIS MPH BIIXWICHHI
YMOB €KCIUTyaTallii BiJi CTaHAapTHUX.

JInst MOXJIMBOCTI OIIIHKM PIBHS HPUCTOCOBAHOCTI aBTOMOOLIIB A0 3MIHM
JOPO’KHBOT'O TIOKPUTTS MO BUTPATI MajiiBa Oys0 3alpONOHOBAHO BHUKOPHUCTOBYBATU

S
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xoe(inienTy npucrocoBanocTi Ks 1 K. IIpu npoMy koedinieHT Ki BAKOPHCTOBYETBCS
JUTSL  OIIHKW TIPUCTOCOBAHOCTI aBTOMOOUTIB B CIOPS/DKEHOMY CTaHi, TOAI SK
xoe(inieHT Kj; BUKOPHCTOBYETbCS JJs BH3HAYEHHS PpIBHA IPUCTOCOBAHOCTI
aBTOMOOUTIB 3 TOBHUM 3aBAHTAXKCHHSIM.

3naueHHs koeQinieHTiB npuctocoBaHocTi Kr 1 Kg; MoXHa Bu3HauuTH 32
dhopmynamu:

Jp .
K, = 9
-y 9)
K, =Jdon (10)
Ayn

ne (o, Jo, — BHTpaTa MaJiMBa aBTOMOOLIIB BIJIMOBITHO B CIOPSKEHOMY CTaHi 1 3
TIOBHMM 3aBaHTa)KCHHAM B CTAaHAAPTHUX yMoBax, 11/100 kwm; (4, 04, — BUTpaATa NaauBa
aBTOMOO1JIIB BIAMOBITHO B CIOPSI>)KEHOMY CTaHi 1 3 MOBHUM 3aBaHTAXCHHSM TPHU
MaKCUMaJIbHOMY 3HA4€HHI MOKa3HWKAa MPUPOCTY KoedillieHTa Omopy KOYEHHIO Ha
noporax IV-V kareropii.

Teopernuno 3Ha4eHHA KoedimieHTiB npucTocoBaHocTl Ki 1 Ky 3MiHIOIOTBCA B
Mexkax Big 0 1o 1. Yum Omokde 3Ha4eHHS KOe(IIEHTIB 10 HYJIs, TUM HIDKYE PIBEHb
MPUCTOCOBAHOCTI aBTOMOOUIS, 1 HABMAKHU, YUM OJIMDKYE 3HAYCHHS KOe(iIlieHTIB 70 1,
THUM PIBEHb NMPUCTOCOBAHOCTI BHIIIE.

VY BIIMOBIAHOCTI 3 BUKOHAHMMU paHIIIE TOCTIIKEHHSIMH J1alla30HU 3HAYEHb
koedimienTiB nmpuctocoBanocTi K 1 Kfy 6ynu po30uTi Ha Tpu piBHUX 1HTEpBAIY, IO
BIJINOBIa€ TPHOM PIBHSAM IPUCTOCOBAHOCTI aBTOMOOUIIB: HU3BKHH, CEpeIHIN 1
Bucokui (tabn. 2 1 3). Posmonin aBTOMOOUIIB 3a TUM a0b0 I1HIIUM piBHEM
MIPUCTOCOBAHOCTI MOSICHIOETHCS iX KOHCTPYKTUBHUMU OCOOTMBOCTSIMHU.

Tabdauusa 2 — IHTepBaJu NPUCTOCOBAHOCTI ABTOMOOWIIB B CHOPSIAKEHOMY
CTaHi 10 3MiHM JOPOKHBOT0 MOKPHUTTS M0 BUTPATI MAJIUBA

o lanma3oH 3Haye .
PiBHi1 Hian 1 SHatcHb Cepenne Tunosi
. KoedilienTa ..
IPUCTOCOBYBAHOCTI1 . 3HAYCHHS aBTOMOOLIT1
npuctocoByBaHocTi Kf
Huzbkuit 0,44 — 0,56 0,5 KamA3-65111,
Cepenniit 0,56 — 0,68 0,62 KamA3-6520
Bucokuii MA3-5551,T’A3 -
0,69-0,8 0,74 3302
Tadauuss 3 — IHTepBaJlM NPHUCTOCOBAHOCTI ABTOMOOLIIB 3 NOBHUM

3aBAHTAKCHHAM 10 3MiHM AOPOKHBOI0 NOKPUTTH 110 BI/ITpaTi nmajanuBa

PiBHi I[1ana30§ SHATCHD Cepenne Tumosi
. KoedirieHTa ..
MIPUCTOCOBYBAHOCTI ) 3HAYECHHS aBTOMOOLII
IIPUCTOCOBYBAHOCTI K,
Husbknii 0,35-0,54 0,45 KamA3-65111,
Cepenniit 0,55-0,74 0,64 KamA3-6520
Bucoxnii MA3-5551,
0,75-0,95 0,85 T'A3 - 3302

BianoBigHICTh pe3ysbTaTiB €KCIEPUMEHTATBHUX JOCIIKEHh HOPMAaJIbHOTO
3aKOHY PO3MOALTY MepeBipsiocs 3a gonoMorow kputepiiB Koamoropora-CMipHoBa 1
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[amipo-Yunka. 3a eKcnepuMEHTAIbHUMHU JaHUMU OyB moOyaoBaHMil Tpadik
3aJIKHOCTI BUTPATH TMAMBa JIOCHTIPKYBAHUX aBTOMOOUTIB BiJ] 3HaY€Hb IMMOKAa3HUKA

30UIbIIICHHS Koe(illieHTa Onopy KOUCHHIO, IKUH IIpeICTaBIeHNN Ha puc.2.
45 T T T ! . !

Butpatu nanusa, 1/100km
b

-2 0 2 < 6 ] 10 12 14 16 18 20

3HauyeHHA npupocTy KoedilieHTy onopy KoveHHs, Af - 10°

PucyHnok 2 — 3ajesKHicTh BUTPATH NAJIHBA ABTOMOOLIIB B CIIOPAIKEHOMY
CTaHi BiJl IOKa3HMKa NMPUPOCTY KoedinieHTa onopy kovenHs: 1 — KamA3 6520-
19, 2 — KamA3-43255, I'A3 -3302

Kyt naxuny npsMmux Ha rpadiky MO BIJHOIICHHIO 10 OCi X BigoOpaxkae
MPUCTOCOBAHICTh aBTOMOOLIIB /10 3MIHHM JOPOKHBOI'O MOKPUTTA. Uum Ouibliie KyT
HAXWIy MPsSMOi, TUM TIpIIe MPUCTOCOBAHICTh aBTOMOOUII. SIK BuUgHO 3 puC. 2.3,
HaWOIIBIIO MPUCTOCOBAHICTIO JI0 3MIHU CTaHy JOPOXXHBOT'O MOKPHUTTS IO BHUTPATI
nmajmBa Mae aBTomoOine ['A3-3302, a mnailimenmoro KamA3-6520-19, mo B
OCHOBHOMY TMOSICHIOETHCSI 1X PI3HUMH MacaMd B CHOPSKEHOMY CTaHl 1 THUIIOM
NpuBONY TpaHcMicii. 3HadeHHs BuUTpatH nanmBa npu Af=0 € onrumanbHEM
3HAUCHHSM BUTpAaTH TMaJIMBa B CTAaHAAPTHUX YMOBax. AHai3 €KCIEPUMEHTATHHUX
JaHUX JIO3BOJIMB MIATBEPAUTH TINOTE3y NPO BUIIAL 1 MaTeMaTUYHOI MOjei
MPUCTOCOBAHOCTI, 110 OMKCY€ CHUIbHUM BIUIMB MOKAa3HHKAa MPUPOCTY KoedilieHTa
OMOPY KOYEHHIO 1 KoeQillieHTa BUKOPUCTaHHS BAHTAXXOIIIHOMHOCTI Ha BUTPATY
najguBa aBTOMOOUTIB. [lapameTpu MaTeMaTUYHUX MOJIeed 1 3HAUCHHS CTAaTUCTUIHUX
XapaKTEPUCTUK, 110 BHUKOPUCTOBYBAJIUCS TIPU aHami3l, Uil JOCITIIHKYBaHHUX
aBTOMOOLIIB HaBeneHo B Ta0i. 41 5.

Taoanusa 4 — [lapaMeTpu MaTEeMAaTUYHOI MOJIeJIi BUTPATH NAJMBA

YucenbHI 3HAYCHHS MTapaMeTpiB MaTEMAaTUYHOT
[Tapamerpu MOJIEJI JIJIs aBTOMOOLITIB
I'A3-3302 KamA3-43255 KamA3-6520-19

OnrumanbHa Butpata nanmsa q(V), 10.20 16.20 27 50
11/100 kM

[Mapamerpu ayTmuBocTi S, 1/100 kM 0,202 0,430 0,816
ITapametpu uytimBocti S,, 1/100 xm 1,659 2,645 7,560
IMTapametpu uyTimBOCTI Sp, 1/100 KM 0,155 0,421 1,260
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Tabdauus 5 — 3Ha4YeHHA CTATHCTHYHHUX XAPAKTEPUCTHK 3alPONOHOBAHOL
MAaTeMAaTHYHOI MoJIeJi

) YucenbHI 3HAYCHHS XapaKTePUCTHK MaTEeMaTHYHOI MOJIEII JJIst
CraTtuctuui ..
aBTOMOOLITIB
XAPARTCPHCTHIH T'A3-3302 KamA3-43255 KamA3-6520-19
Koediuient 0,96 0,98 0,98
JIeTepMiHAaITii
Koedinienr 0,98 0,99 0,99
MHOYXHHHOT KOPEJIAIIi
Po3paxynkose
3HAYCHHS KPUTEPiIO 25,62 66,08 174,94
®dimepa Fepoem
Cepenrs nommKa 2,40 2,0 1,27
anpokcumauii, %

AJIeKBaTHICTh 3alMpOTIOHOBAHOI MaTEeMaTW4YHOI MOJIEeIl TepeBipsutacs Ha
MiJICTaBl MOPIBHSHHA PO3paxoBaHuX 3HaueHb kpurepito dimepa F 3 Tabauunumu, a
TaKOXX 3a BEIMYMHOIO CEpPEeAHbOI MOMWIKM ampokcumarlii. [lpoBenenuit anamis
MoKa3aB, 110 3alpONOHOBaHAa MaTeMaTWyHa MOJENb  aJeKBaTHA, OTXKe,
MIATBEPIKYETHCS TIOTE3a MPO TE, 1110 3aJIEKHICTh BUTPATH MajJMBa aBTOMOOLIIB B[
MOKa3HUKa MPHUPOCTY KoedilieHTa OMOpy KOYEHHIO 1 KoedillieHTa BUKOPHCTAHHSA
BAHTAXKOIIIMOMHOCTI ~ ONMUCYETHCST  ABOGAKTOPHOK  JIHIHHOK ~ MaTeMaTUYHOIO
MOJIEJUTIO IPUCTOCOBAHOCTI.
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YK 629.331
BJJOCKOHAJIEHHA TEXHIYHOI'O OBCJIYI'OBYBAHHA 1
HOTOYHOI'O PEMOHTY ABTOMOBLJIIB

T'ony6 I[.B.l, K.T.H., J0II.,
3ayHsk A2 n.e.H., npodo.,
PsGokyuma €.0.%,
IBanos M.O.!
LlenTpanbHOYKpaiHCHKUI HalllOHATBHUM TEXHIYHUN yHiBepCI/ITeTl
Buima mkona Genymekn?

AHaJli3 METO/IIB 0OOCITYTOBYBaHHS 1 pEMOHTY aBTOMOOUTIB MTOKAa3aB, 110 CTYI1Hb
ix BukopuctanHs B ATIl pi3Hui 1 1€ 3yMOBIIOETBCA PAAOM OO'€KTUBHHUX 1
cy0'ekTuBHUX (pakTopiB. J[0 mepHmx HajaexkaTb CTPYKTypa 1 YUCEIBHICTh PyXOMOT'O
CKJIally, cTaH BupoOHMUYO-TexHIyHOI ©0a3zu (BTDB), kBamidikaiis peMOHTHO-
00CITyTOBYIOYOT0 MEpCOHAIy Ta iH., a 0 IPyrux — craBiieHHs 10 MeroaiB TO i I1P 3
ooky kepiBHunrBa ATII 1 T. n. T'onoBHe X moisrae B TOMY, IO 30epiraerbcs
OCHOBHHUI HENONIK MOMEPENHIX CUCTEM — TEXHIYHA MOJIITUKA Ha aBTOMOOLIbHOMY
TpaHCHIOPTI OyIyeThCS HA 3acTapilii CHUCTEMI OOCIYrOBYBaHHS 1 PEMOHTY 3a
HaIpaIlOBAHHIM aBTOMOOUIIB 13 3a3HaYEHHSAM MEBHOI0 nepeniky pooit mig yac TO-1
i TO-2 1 mpu HEAOCKOHAIMX METOJMKax Kiaacudikamii yMoB ekcInryaTalii Ta
KOPUT'YBaHHS HOPMAaTHUBIB Ha TEXHIYHI 00cHyroByBaHHs. OCOOJMBO 1€ CTOCYETHCS
MUTaHb 11arHOCTUKHU.

BpaxoByroun 3HaYHHMI PO3BUTOK Yy KpaiHi MPOTITOM Malke TPbOX OCTaHHIX
JECATUPIY TEOPETUUHUX JTOCTIKEHb 3 JIarHOCTUKY 1 aKTUBHE BIpoBa>KeHHs B ATII
MPAKTUYHUX PO3POOOK JTIarHOCTUYHOTO YCTAaTKYyBaHHS, MOXKHA Oyllo OYiKyBaTH
NpOsSIBY HOBOi TEHJEHLII 1 B OCHOBOIIOJOXHOMY JIOKYMEHTI [IJIsi MpalliBHUKIB
aBrorpancriopty. Ilpore mnwmramHs mgiarHocTuku B «[lomokeHHI»  mictamu
JEKJIapaTUBHE BHPAXKEHHS, 30KpeMa HE OyJI0 MOJaHO KOHKPETHUX HOPMATHBIB
MEePIOUYHOCTI 1 MPaLeMICTKOCTEN AlarHocTyBaHHSA. KpiM TOro, B HboMy 3a3Ha4y€HO,
0 KOHTPOJb (MIarHOCTYBAaHHS) € TEXHOJOTIYHUM EJIEeMEHTOM TEXHIYHOTO
00CIIyTOBYyBaHHS 1 pEMOHTY pyXOMOTO ckiaay. Ha 1yMKy aBTOpiB, AiarHOCTYBaHHS €
BOKJIMBUM €JIEMEHTOM YCI€i CUCTEMHU YIPABIIIHHS TEXHIYHUM CTAHOM aBTOMOOLTIB.

[Ile omuum HemosikoM IicHyrounx MeTofiB TO 1 peMoHTy B3rilHO 3
«IlonoXeHHAM» € BUKOPUCTaHHS CEPEeIHbOCTATUCTUYHUX HOPM MpoOIriB 1
MpaneMiCTKOCTe Ha KOXXHUW KOHKpeTHHM aBTomMoOUIb. Ilepenbaveni mis
KOMIIEHCAIlli TaHOTO HEeMOJIKY KOe(DIIIEHTH HE MOXKYTh MOBHICTIO PO3B'SA3aTH 1IbOTO
MUTAHHS, OCKUIBKM HUMHU HE BPaXxOBYETHCS BCSI PI3HOMAHITHICTh YMOB €KCIUTyaTallii,
Ta ¥ caMi YMOBHU €KCILUTyaTallli i 6araTb0X aBTOMOOUTIB HE JIMIIAIOTHCS CTAIUMHU
1HO/1 HABITh MPOTATOM OJHOrO0 poOoudoro AHs. Ha TexHIYHUI cTaH aBTOMOOLIIB
MOXXYTh ICTOTHO BIUIMBATH SIKICTh 3allaCHUX YAaCTUH Ta IHIIUX EKCIUTyaTamiifHuX
MarepiamiB, KBamidikamis 1 NPAKTHYHI HABUYKM BOAIIB, OO0CAT BHKOHAHOI
TPaHCTIOPTHOT poOOTH Ta iHIIII (GAaKTOPH, HE BpaxoBaH1 KoeDilieHTaMH.

VY pizaux ATII 3acTOCOBYIOTH TPH TAKTUKH TEXHIYHOTO OOCIYrOBYBaHHS 1
PEMOHTY PYXOMOTO CKJIay: 3a HallpalfoBaHHSIM, 32 CTAHOM 1 MillIaHy, 110 TTOETHYE B
co01 eJIEeMEHTH TIePIINX JIBOX, AKi 0a3ylOThCS Ha MPUHIIMIIOBO BIAMIHHHX 17€0J0TIsX
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- CepeIHbOCTATUCTUYHIN 1 AlarHocTUYHIN. [lepima HabnuxeHna. Bona npunatHa s
TUTaHYBaHHS 1 30BCIM HE MPUUHATHA IS KOXKHOTO aBTOMOOLIS 30Kpema. Jlpyra
tTouHima. Bona 0a3yeTbcs Ha 1HAMBIIYATILHOMY IMIJIXOA1 O TPAHCIIOPTHUX 3acO0iB.
3a ii gJaHUMU MOXKHa MaTu OyAb-fKI CEPEIHbOCTATUCTUYHI TOKA3HHKH, a TOMY
J1arHOCTUYHA 171e0JIoTis OUIBIN 3arajgbHa 1 iHpopMaTuBHima. BoHa Bipi3HAETHCS Bl
CEpEeIHbOCTATUCTUYHOI 1 CTPYKTYPHHM 3MICTOM. 3aMICTh TPAOUIIAHUX TEXHIYHHX
oocayrosyBanbs II[O, TO-1, TO-2 Ta IIP, koxHe 3 sKUX 0a3yeThcs B PIZHHUX
CHIBBIIHOIIEHHSX HA OOOB'SI3KOBUX, KOHTPOJIBHO-/I1IarHOCTUYHUX, PETYIIOBAIHUX 1
PEMOHTHHMX OIlepalisix, BBEIEHO TpPU BHUAM IHTErpaJbHUX OOCIYrOBYBaHb, SKi
BKJIFOYAIOTh y ce0e BCl 00OB'A3KOBI POOOTH, KOHTPOJIBHO-IIarHOCTUYHI 1 BC1 POOOTH
110 YCYHCHHIO BHSIBJICHUX HECIIPABHOCTEH.

OOuasl  1imeosorii  MarOTh  IO3WTHWBHI 1  HEraTWBHI  OCOOJIMBOCTI.
CepeanbocTaTucTUyHa MpocTima 3a ¢GopMolo, aje 4Yepe3 3HauHl 3arpaTd Ha
MIATPUMAHHS aBTOMOOUIIB y Npale3JaTHOMY CTaHl ii 3aCTOCOBYIOTh TIIbKH IS
CIeIIaJIbHUX MAIllMH, OKPEMHUX BY3JIIB Ta MEXaHI3MIB, BiJ] SKHX 1 3aJI€KUTh Oe3reKa
pyxy. Ilpum 3actocyBaHH1 IIi€i 1A€0JOrii 3HaA4HA YacTUHA pPECYpCy arperariB He
BUKOPHUCTOBYETbCA. SIKICTh BHKOHYBaHHUX pOOIT BHACTIIOK HE3aJI0BUIHHOTO
KOHTPOJIFO HU3bKA. 30UIBIIYETHCS BUTpaTa 3alM4acTHH, MaJIMBa Ta 1HITUX MaTepiaiB.

MiHiMizanis  TpyAOBUX 1  MaTepiajJbHUX  3aTpaT NpU  33JlaHOMY
(po3paxyHKOBOMY) pIBHI  €KCIUIyaTal[liHOT  HAJIIMHOCTI  PYXOMOTO  CKJIaay
3a0e3MneuyeThCsl TUIBKM 32 YMOBHM peajizallii Ha MpaKTUIl CYBOPO 1HAUBIIYaTIbHOIO
X0y 10 KOKHOTO aBTOMOO1UIS, Or0 arperariB mija 4yac BH3HAYCHHS (DaKTHIHOTO
TEXHIYHOT'O CTaHY 1 BAKOHAHHS PEMOHTHHUX POOIT B Mipy MOTPEOH.

[nTencudixaiis aBTOMOO1IBHOTO
TPAHCIIOPTY

Pyxomuii L
TEA o Boiit ABTonepeBe3eH s
| | |
| | |
Cucremn i
o| opranizauis + + +
v TO i H_P _ 3a Mimana 3a (bgKqunM
aBTOM061HIB HaHpaII}OBaHHSIM TEXHIYHUM CTAHOM
— BupoOnudi 3011
> BTbH ]
—> TexHooriYHe ycTaTKyBaHHS
Pucynok 1 — @parmeHt cxemu IiHTeHcH(pikanii aBTOMOOIJIBLHOIO

TPAHCHOPTY 32 YNPABJIHHAM TEXHIYHOI0 CTAHY PyXOMOI0 CKJIAXy

Ha puc. 1 HaBeneHO (parMEHT cXeMH OCHOBHMX HAIpsIMIB IHTEHCH]IKaLii
aBTOMOOITLHOTO TPAHCIOPTY 1 crocoliB ix peamizamii. BaxkauBy posib BizBeleHO
BJIOCKOHAJICHHIO TeXHIYHOI1 ekcruryartaiii aBroMmooutiB (TEA), 1o skoi Hamexarh:
cuctema ta opranizamis TO 1 pemonty, BTb, ebexkruBHiCTE poOOTH mepcoHAIY,
CUCTEeMa MOCTaYaHHs 1 pe3epPBYBAHHS, PYXOMHUM CKJIaJ 1 YMOBH €KCILTyaTarlii.

Texniune oOciyroByBaHHs 1 peMoHT aBTomMoOUIiB B ATIl MaroTh
BHUKOHYBATHCh 32 YMOBHU OpraHi3allii 3aMKHYTOI CHCTEMHU YIpPaBIiHHS (PEryIIOBaHHS)
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13 3BOPOTHUM 3B'S3KOM, IO CKIAJAEThCs 3 00'€KTa YIpaBIiHHS, JaTYMKa, OPTaHy
yIOpaBIiHHSA Ta BUKOHABYOIO OpraHy. SIKiio B JMaHiil cCHUCTeM1 3I1MCHIOETHCS JUIIIE
oJlHa (YHKIlSA - KOHTPOJIb (00'€KT - AaTYMK - KEPyrOUuid opraH) abo ympaBJIiHHS
(kepyrouuid OpraH - BUKOHaBYMil opraH - 00'€KT), TO cucTemMa O0yJie pO3IMKHYTa, 110
xapaktepHo s O6aratbox ATII, ski He MaroTh BianosimHoi BT 1 He 3a0e3mneueHi
HE0OX1JHOO 1H(OpMAIIIEI0 PO TEXHIYHUNA CTaH aBTOMOO1IIB.

Ha BigMiHy Bix pO3IJISIHYTOI paHille CHUCTeMa OOCIYyrOBYBaHHS 1 PEMOHTY
aBTOMOOUTIB 3aJie’KHO BiJl ()aKTUYHOTO CTaHY PO3MOJAUIIETHCS HA TPU BHJAM POOIT
(puc.2): o06oB'si3k0B1 mnpodurakTuyHi pobotu (OP), KOHTPOIBHO-I1arHOCTHYHI
po0OOTH 1 IPOTHO3YBaHHS pecypcy mpane3gaTtHocTi ([/[) i ycyHeHHS HecnpaBHOCTEH
(YH) [7]. OP ta I - nianoBi, YH - npodinaktuuni. O00B's13K0B1 poOOTH (KpINMUIIBHI,
MaCTHJIBHI, 3allpaBHi Ta O4KCHI) moaiIsoThes Ha OP-1 (3anexHo Big oocsary TO-1)
ta OP-2 (3anexHo Big oocsry TO-2), niarHoctuyHi - Ha JI-1 Tta J[-2.

——————— Biomosa na ninii
I T
i 3 niniv . ini <
Hpuiimanns 3 ainii Bunyck na ninito - <€

\ A /

Ipubupansro-mutini pob6omu

0606 ’a3K06i pobomu

OP-1 OP-2

73 e
L 4 IEVI I['2 wy  ]iv
M en| (oo™ [
| ; I
(@) | I

| [

v ¢ ¥ v \4%

30epiraHHs aBTOMOOLITIB —

Pucynok 2 — Cucrema TO i IIP aBTOMOOWIIB 3a/1€5KHO BiJl TEXHIYHOIO
crany (cucrema OP-/ - YH)

CymuipbHOIO  JIHIEID TIO3HAYEHO OCHOBHUW  TEXHOJOTIYHUW  MapHipyT,
IITPUXOBOIO - MOKJIUBUH TEXHOJOTTYHUN MapIIPYT.

JIo  KOHTPOJNBHO-AIarHOCTMYHUX  HajeXaTb Takli poOOTH:  3arajbHe
miarHoctyBaHHs (3[]) — omiHKa mpane3gaTHOCTI aBTOMOO1IA (arperary, CUCTEMH);
nornubnene niarHoctyBanHs (I1/) — BusiBneHHs 1 Jjokamizamis JAeeKTiB, 110
CIPUYMHUIN Hempare3JaTHUu ctaH o00'ekTa JiarHoCTyBaHHA;, mnporHo3zyBaHHs (I1)
3QJIMIIKOBOTO PECypCy Mpale3/laTHOr0 CTaHy 3a y3arajbHIOIOUHMM J1arHOCTUYHUM
napaMeTpoM.

[Tix wac [I-1 Bukonyethcs 3J] cucteM, arperariB Ta MpUiIaaiB, sIKI BIUTUBAIOTh
Ha Oe3meky pyxy; mig dac J[-2 — 3]I Bcix cucTem Ta arperaTiB aBTOMOOLIS, IIO
BU3HAYAIOTh WOTO TpaIe3aaTHICTh. 3anexHo Bia pesynbrariB 3/1 mig gac [-1 ta /-2
npoBaauThes 11 a6o I1J] Tiei cuctemu, sika nepedyBae B Helpale31aTHOMY CTaHi.
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Kpim Toro, B pasi morpebu mosa IUIAHOM BHKOHYIOTb; /[, — 3asBouHe I1JI
cuctemMu (arperary i T.M.), B SKiii cTajacs BiAMOBa mia 4ac ekcruryararii; /[, —
BuOipKoBe KoOHTposbHe 3] cucremu (arperary) micias YH. o VH namexats
peryjtoBaHHs, 3aMIHM Ta IHIII 3aXOJd, BUKOHYBaHl JJisi - BiJHOBJICHHS
mpare3aTHOCTI 00'ekTa (aBTOMOOIS, arperary, CUICTEMH TOIIIO).

TexHonoriyHUi mpolec B pasl opraHizaimii CHUCTEMH OOCIyrOBYBaHHS 1
PEMOHTY 3aJIeXHO BiJ TexHiuHOro crany (cucremu OP - J[ - VH) Oynyerbcst Tak
(puc. 2). ABToMOO1UIb, SIKMM HAIXOAUTh Ha TUIAaHOBE 0OCIyroByBaHHS, Mmiji1atoTe OP
ta 31 (H-1 abo M-2). Sxmo pesynbrar 3/ MO3UTHUBHUM, TOOTO aBTOMOOLIb
mpare3aTHui, BUKOHYIOTh I, 111006 BCTaHOBUTH, UM 30€peXyTh yCi y3araibHIOIOUI
napaMeTpH IOMYyCTUMI 3HaYeHHs 10 HacTynmHoro miaHoBoro 3/[. B pasi mo3utuBHOTO
MPOTHO3Y aBTOMOOLTh CTaBJIATh HA CTOSHKY, @ B pa3l HETaTUBHOT'O JUCIIETYEp
BupooHunTBa 1wianye I1J1 1 YH mis ganoro aBToMoOUIS T HaWOIMXKYUN 3py4HHMA
JICHb, JTO SIKOTO TPUBAE eKcIuTyaraiis aBTomo0ist (E).

Axmo mixg wac 3/ BusBIEHO Hempane3JgaTHUH cTaH Ooxal 3a OJHHUM
NapaMeTpoM, BUKOHYIOTH I1]] cucrem (aneFaTlB nppmazuB) MapameTpu  AKuX
BUWIIUTM 3a JIOMYCTHMI MEXi, BCTAHOBIIOIOThH BIAMOBIAHE 3aBIaHHS 1 aBTOMOOLJb
nepeBoaiTh y 30Hy YH (skimo aedext He BIUIMBae Ha O€3MEKy pyxXy, aBTOMOOLIb
MOXXE TMpalioBaTH J0 MOMEHTY MOcTaHOBKM i#oro Ha YH). SfIkumio HeoOXxinHe
3HAUEHHS MapaMeTpa Mpaie3gaTHOCTI He TapaHTYEThCS TEXHOJOT1€0 BUKOHAHHS YH,
TO micias 3aBepuieHHsT YH aBTOMOOUTh 3HOBY HAJXOAWTH Y 30HY MiarHOCTUKH IS
KOHTPOJBHOTO JIarHOCTYBaHHSA, a B OKPEMHX BHMaJKaX 1 /I OCTATOYHOTO
pEryIrOBaHHS.

VY Bumajaky BIIMOBHM Ha JIiHII aBTOMOOLIb B pa3i MOTPEOM CTaBJISTh Y 30HY
JTIarHOCTUKH, JI€ TOTJIMOJICHUM J1arHOCTYBAHHSIM YTOUHIOIOTh IPUYUHY BIJMOBH,
MICAS 4YOro aBTOMOOUIb MEpPEeMINIyIOTh y 30HYy YH 11 BHUKOHAHHS PEMOHTY.
BigpemonTOBaHM1 aBTOMOOLIF MOKE OyTH MOBEPHYTUH y 30HY | A1 KOHTPOJIBHOTO
niarHoctyBaHHs JIK.

[Honi onHouacHo 3 YH BukonywoTth onepaiiii OP, a pazom 3 Ik - oneparii 3/1.
SIkro 30Ha JA1arHOCTUKH Mae pe3epB pobouoro yacy, okpemi omepamii YH moxHa
BUKOHYBAaTH O€3MOCEpeHbO Ha TMOCTax i€l 30HM (HANpUKIAN, pEryJOBaHHSA
TraJIbMOBUX MEXaHI3MIB, CHUCTEM J>KHUBIICHHS 1 3alaJlOBaHHs, KYTIB YCTaHOBJICHHS
dap). He nomyckaeTbcss BUKOHYBAaTH B 30H1 JilarHOCTUKHU orepamii Y H, mos's3ani 3
TPUBAJIMMU MPOCTOSMU HECTIPAaBHUX aBTOMOOLIIB.
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YK 629.331

BIOCKOHAJIEHHS OPTAHI3AIIIL TO XOJ0BOI YACTUHHU
ABTOBYCIB

AyJtiH B.B., 1.T.H., npoa.,
3ayHsik A.Z, J.e.H., ngoq)
ITapxotioxk M.O.
IleHTpanbHOYKpaiHCHKUH HaIlIOHATBHUN TEXHIYHUI yﬁlBepcheT
Bumia mkomna Gesnexu’

OJHI€I0 3 TOJIOBHUX CTPATEriil PO3BUTKY aBTOMOO171€0Yy/TyBaHHS € ITiIBUIICHHS
BUMOI' /10 0e€3MeKu pyxy 3aco0iB TpaHCHOPTY 3 BHUKOPUCTAHHAM JIOCATHEHb
BITUYM3HSIHOI 1 cBiTOBOi Hayku. Jlyis 11 peamizamii mij 4ac ekcrutyarariii aBToOycCiB
HEOOXiTHO MPOBOAWTH OOCIYTOBYBaHHS, HOPMYBAaTH 1 MPOTHO3YBATH iXHIN pecypc.
Ile nmae MOXIHMBICTH MIABUIMUTH €(PEKTUBHICTh EKCIUTyaTalii 1 3MEHIIUTH
cO01BAPTICTh TEXHIYHOT'O OOCITYTOBYBAHHSI.

Benuki cki1agHOCTI BUHUKAKOTh PH JTOCIIIKEHHI IPOLECY 3HOLIYBAaHHS LIUH.
[HTEeHCUBHICTH 3HOITYBaHHS 1 TeXHIYHUN cTaH muH Ha 80...90% 3amexuTh Bl YMOB
eKCIUTyaTallii, BIUIMB SKUX AYXK€E CKJIaTHO OI[IHUTH.

Ha nymMky mpoBigHUX BUEHHUX, HEOOXITHO PO3POOIISATH 3aCO0M ISl TEXHIYHOTO
00CJIyroByBaHHs, 1110 J03BOJSATH MIJBUIIUTH €(PEKTUBHICTH BUKOPHUCTAHHS PECypCy
aBTOOYyCIB. TakoK BUHHMKA€E HEOOX1AHICTh MPOrHO3YBaTH Ta 3a0e3MeuyBaTy 3a/laHul
pIBEHb TEXHIYHOT'O CTaHy €JIEMEHTIB XOJJ0BOI YaCTHUHHU.

Bupimenns npo6iemu epeKTUBHOTO BUKOPHUCTAHHS PECypCy IIMH aBTOOYCIB
BUMarae cHopmMyBaTH €IMHHUN MIAXIA M0 iXHROTO OOCIYroBYBaHHS 3a (haKTHUYHUM
TEXHIYHUM CTaHOM. BCTaHOBJIEHHS 3aJIeKHOCTI 3aJIUIIKOBOI BHUCOTH PUCYHKA
MIPOTEKTOpa BiJ NpOOIry AacTb PO3POOMTH HOBUW MIAXIJ 10 YIPABIIHHSA PECYpCOM
IIMH HUIAXOM KOHTPOJIIO Ipoliecy iX 3HomyBaHHS. lle m03BOIUTH 30UIBLINTH
npoOird aBTOOYCIB, MIABUIIUTU O€3MEKy IXHbOIO PYXY, 3MEHIIUTH MpPOCTOi Ta
co01BapTiCTh MEPEBE3EHb.

[HTEeHCUBHICTH 3HOLTYBaHHS IIUH Ma€ CE30HHUHN XapaKTep 1 3HUKYEThCA Ha 25-
30% BoceHM Ta B3UMKY, OCKUIBKM KJIIMAaTWU4YHI YMOBHM BIUIMBAIOTh Ha BEIUYHHY
JOTUYHHUX HAIPYXEeHb, NPU SIKUX [OUYMHAETHCS MPOKOB3YBAHHSA EJIEMEHTIB
MPOTEKTOPa, 3MIHIOIOTHCS (DI3UKO-MEXaHIYHI BJIACTUBOCTI TyMH, B Ipolieci
eKCcIuTyaTamii muH 31 3HmKeHuM THCKoM Ha 20...50% ckopouyeTbes iX pecypc Ha
15...20%. Kpim Toro, sikmo 10 20% 301UIbIIYETHCS HaBaHTAKEHHS Ha IIMHY, TO Ha
30% 301IbIIy€ETHCS 11 3HOC.

3asie)HO BiJ 3aBAaHTAXKEHHS Ta PO3IMOAUTY Bard 3a OCAMH, SIK 3a3Havae ¢ipma
Michelin, nepeBanTakeHHs! KHU aBToOyca Ha 10% nNpU3BOAUTH 10 CKOPOYEHHS ii
pecypcy Ha TaKy K BEIMYMHY, IepeBaHTaxeHHd Ha 50% — Ha 60%;
HEBIIPETYJIbOBaHI KYTH YCTAaHOBKM KOJIIC, HEBIJAMOBIIHUIN BHOIp IIWH 1 BIAXWUJICHHS
TUCKY MOBITPS B IIMHAX BlJ HOPMATHBHOI'O IMPHU3BOJIUTH O 30UIBILIEHHS BUTPAT
nanuBa Ha 15%.

BusiBneno HegocnipkeHy padinie GopMmy 3HOCY — ONEPI3YIOUMi, BiadaJIeHUI
BiJl riedoBoi 30HU Ha 35-40 MM 3HOC HH (5-10%). Takuit 3HOC CIOCTEPITAETHCS HA

3bipnux nayKosux mamepiaris MiKHAPOOHOT HAYKOB0-NpaKmuuHoi iHmepHem-KoHPepeHuti Cr. 155



Tnnoeautiini mexHoA02ii po3sumxy ma egeKmueHocmi yHKUionyeanus asmomobirvnozo mpancnopmy

muHax Mapku Michelin XZY -2 kepoBanux kosic aBTo0yciB MA3-206 31e011b11010 3
ITIIBHIIICHOO YKOPCTKICTIO OOKOBMHH. AHaII30M BCTAaHOBJICHO:

— posnoaun ¢GopMu 3HOCY MKH (pUC. 1, a) NUIAXOM MOCTIMHOTO KOHTPOJIIO
3QJIMIIKOBOI BUCOTH PUCYHKA MPOTEKTOPA, BUIU iX YIIKOIKEHb (puc. 1, 0);

— mmHM Mapku Michelin XDY-3 1 Michelin XZY-2, aGo BigHOBJIEHI Ha
KapKacax dipm Michelin, Bridgestone, Goodyear 3a6e3meuyioTh 61Jn,my CTIMKICTb J10
30BHIIIHIX YMHHUKIB (2-3% — coucaHHS dYepe3 YIIKOIKEHHA 1 HEMOXIHUBICTD
MOJIaJIBIIOTO BIIHOBJICHHS IIMH BAaHTAXKHUX aBTOMOOUTIB);

— muan Mapku Continental HDC-1 mnpu excrutyatamii MaioTh HEBEIUKI
JOKaNbHI PpO3PUBM 1 pyHHYBaHHS Kapkacy TMpH HE3HAYHOMY TEpPEBHIICHHI
HaBaHTaXeHHs ((ikcyBanuca npu npoOiry 14 tuc. km); 7% — QpakTUuHUN pecypc
IITMH 301TaBCsl 3 HOPMATHBHUM;

— muHu wmapku Belshina ID-304 ngoctaTHbO sKICHI, TOPHPOIHUMA 3HOC
cnoctepiraBcs y 85% MOCTIKeHNX IIHH, y 2-5% — nepeayacHuii 3HOC;

— mmHN Mapku KAMA ID-304 MaTh HU3BKY OIIPHICTH 30BHIIIHIM
MOLIKOJKEHHSIM (ITOp13U, PO3PUBH, BUPUBH JlaMmenel mporekTopa. Crocrepiramucs
BIIMOBH BHACJIIJIOK MOPYIIEHb TEXHOJOTIi BUTOTOBIEHHS — HEMpoBapH, OOpUB
KUIBIIS).

3Hoc no kopay 0.5+

1.5% 3nam kapkaca 2.9-
1.2% MowkomKeHHs

Gopry 6.7-7.3% BMKpHWyBaKHA 19-

21%

MunonopiGHuii 16- Mepeavackui 3-5%
20%

3a ylWKomKEHHAMM 8:

2% Po3puey kapkaca
0

3.84.2%

XBunenopgioHui 2-
4%

Mnamucruit 4-6%

Tpiuwmtn 5.7-6.3% Pospian 2.8-3.2%

EkcuenTpuyHmit 0.5-

15% Bipwapysanns

PigHomipHuit 40-48% BokoBuHM 2.9-3.2%

3Hoc No LieHTpy 2-

9 .
e 3Hoc no kpasix 8- \-OpHOGiuHMi 2-4% BinwapysanHa

10% nporextopa 15-17% Mpokonu 5.7-6.3% Mopian 30-34%

a 0
Pucynoxk 1 — Po3noaisii: a — popmu 3H0Cy; 0 — BUAM YIIKOIAKEHb

MopnentoBaHHSl TMHAMIYHUX TPOIIECIB B IMIWHI W MABICI JO3BOJIUIO BUSBUTH,
111 (0}

a) AMHaAMIYHA CKJIaJJ0oBa HABAHTa)XEHHs Ha IIMHY BUHUKAE TPHU TMOAOJaHHI
BEPTUKAJIBHUX TEPENIKO/, PI3KOMY TaJibMyBaHHI W HaOOpP1 MIBUIAKOCTI; 1i BEIUYMHA
3aJIeKUTH BIJ MIBUAKOCTI PyXy, BUCOTH NEPEUIKOAU 1 AeMI(YIOUYUX BIACTHUBOCTEU
(GyHKI[IOHATbHUX €JIEMEHTIB MIiJBICKH, IO JOCSATa€ ¥ TMEpPEeBUIIYE BEIUUYHHY
CTaTUYHOT'O HABAHTAXKECHHS,

0) 30UTPIIEHHS] HABAaHTA)XEHHS Ha IIMHY 1 TPUBAJICTh MEPEXIAHUX IPOLECIB
3aJIEKUTh BIJl XapaKTEPUCTUK (YHKIIOHATBHUX €JIIEMEHTIB TMIABICKH, (QopMHU
KOHTaKTYIOUUX IMOBEPXOHb 1 MPU3BOJUTH A0 30UIbIICHHS KOHTAKTHUX 1 JOTUYHUX
HATpPYT, TPOKOB3yBaHHS, IO OE3MMOCEPENHBO BILUTMBAE HA IHTCHCUBHICTH 3HOIITYBaHHS
Ta 1i pO3paxyHOK;
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B) IMHAMIYHA CKJIaJ0Ba 3aJCKUTh BIJ SKOCTI JOPOXHBOI'O TMOKPUTTS 1
KaTreropii eKkcruTyaTalii Ta BBeIEHA B PO3PAXYHOK HOPMATUBHOIO PECYpCy
CTaTUCTUYHUM KOE(DII[IEHTOM BILIUBY;

') IEpPEBAaHTAXKECHHSI IIMH B1J] ACIIOPTHUX 3HAYECHb BHACIJIOK J1i JTUHAMIYHUX
MPOLIECIB BPAXOBYETHCS MPH TNPHU3HAYCHI HOPMATHUBHOT'O PECypCy BIJMOBITHUM
Koe(iIiEHTOM KOPUTYBaHHS, [0 BPaXOBYE yCEPEAHEHY BEIMYHMHY MEPEBAHTAKCHHS
Ta HOTO TPUBAIIICTb.

Po3pobneno komruiekc 3aco0iB JUisi MPU3HAYEHHS HOPMATUBHOTO PECYpPCy
muH. [lepmia ckimagoBa KOMIUIEKCY — MPU3HAYCHHS HOPMATUBHOT'O PECypCy IIMH 3a
cUCTeMOI0 Kopuryrounx koedimieHtiB. [Ipononyerbcs po3paxoByBatu pecypc (N)
IITVH:

L=L,, -k -k, -k;-k, ks kg -k, , THC. KM; (1)
ne N, —HOpMa CEPEAHBbOrO PECYPCY IIMH (3riHO 3 JAHMMHM BUPOOHMKA HIMH ab0

aBTOITIIMIPUEMCTBA), THC. KM; K; — KOe(iIlli€eHT, IO 3aJeKUTh BiJl JOPOKHBLO-
KJIIMaTUYHUX YMOB 1 BPaxOBY€ THIT JOPOKHBOT'O TOKPHUTTS, IMO3JOBXKHIN IMOXWII
JOPOrH 1 CTYMiHb XIMIYHOrO 3a0pymaHeHHS; K, — KoedillieHT, 10 BpaxoBye IpoOir
BAHTAKHOTO aBTOMOOLIS B OCOOJIMBUX yMOBax (OyAiBerabHI MalJaHUYMKH, Kap’ €pHI
po3poOkn); Ks — KoedilieHT, M0 3aISKUTh BiJ PEXKUMY poOOTH Koseca; Ky —
KOe(IIleHT, M0 3aJEKUTh BiJ IIBUJKICHOTO IEPEBAHTAKEHHS IIUH BaHTAXHUX
aBTOMOOLTIB; K5 — KoeillieHT, 110 3aJIeXKUTh BiJ BIIXHICHHS BHYTPIIIHHOI'O THCKY B
IIMHAX BiJ HOPMATHMBHUX 3HauYCHb, K¢ — KOE(QII[IEHT, III0 3aleKHTh B
CHIBBIIHOUIEHHSI MPOOIry y MeKax MICTa /10 3arajbHOro, 110 JO3BOJISE BPaxyBaTH
IHTEHCUBHICTh 3HOIIYBAHHS 3a PaXyHOK MPUCKOPEHb 1 rabMyBaHb; K7 — KoedilieHT,
110 3aJICKUTH BiJl KOe(IIlieHTa BUKOPUCTAHHS BAHTAXKHOCTI K, BITHOCHO ONTHMaIbHOT
BAaHTA)KHOCT1 aBTOMOOLTIB 3 YpaxXyBaHHSAM JTMHAMIYHOI CKJIaJ0BOI.

Koedimientn kopuryBaHHS BHOUPAIOTHCS 3a CIELIAJIBHO PO3POOJIECHUMHU
TaOMUISIMU, MO0 0a3ylOThCS HAa EKCIEPUMEHTAIBHUX JTOCHIHKEHHSX 3HOIIYBAHHS
IIMH aBTOOYCIB Ta E€KCIEPTHOMY METO[l, 1 OOYMCIIOIOTHCSA MUISIXOM BU3HAYCHHS
YaCcTKH BiJl MOJALTY (paKTUYHOrO NpoOIry Ha Oa30BUM CepeHIN:

- )

HOpM]

ne ki — xoedinient xopurysanHs (1 = 1, 2,..., 7); Lgawm Luopn — BIATOBITHO
(baxTUYHMI 1| HOpMATUBHUI MPOOIr mmH aBTo0yca, Tuc. kM (j =1, 2,..., n).

[Iporpamue 3a0e3meyeHHs] CUCTEMHU YIPABIIHHSA PECYpPCOM IIHUH 0a3yeThesl Ha
CTBOPEHHI i BUKOPUCTaHHI 0a3 JaHuX:

- HOpPMAaTUBM pecypcy IIMH 3a JaHUMH BHPOOHHUKIB 1 JIepKaBHUMU
PEKOMEH TAIISIMH,

- 0a30B1 i yTouHeH1 KoediIli€eHTH KOPUTYBaHHSI;

- CTaTUCTUYHI JaHl pecypcy;

- pPE3yJIbTaTH MOCTIMHOTO KOHTPOJIIO 3aJTUIIKOBOI BUCOTH PUCYHKA IPOTEKTOPA,
Ha M1JICTaB1 KX pOOUTHCS BUCHOBOK MPO (OpMY i IHTEHCUBHICTh 3HOIITYBAHHS, 11O
MOB'A3aH1 3 TEXHIYHUM CTAaHOM €JIEMEHTIB X0/I0BOi YACTUHHU BaHTaKHUX aBTOMOOLIIB.

OT1xe, yIpaBIiHHSA PECYpPCOM IIIMH 3aC001B TPAHCIIOPTY 3a0e3Meuye:
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- BU3HAUCHHS HOPMATHUBHOTO pecypcy IMMH Ha 0a3l eKcrepuMEHTaTbHHUX
JaHUX KOHTPOJIIIO 3aJIUIIKOBOI BUCOTH PUCYHKA IIPOTEKTOPA;

- IPOrHO3YBaHHS Y-BIZCOTKOBOIO pPECypCy IIMH 3a CTaTUCTUUYHUMH JIaHUMHU
OOI'PYHTOBaHOI BUOIPKH Ta JAHUMU MOCTITHOTO KOHTPOJIIO MPOLIECY iX 3HOLIYBAaHHS 3
BU3HAYEHHSAM 1HTE€HCUBHOCTI;

- 30UIBLLIEHHSI pecypcy IIMH 3a paxyHOK YAOCKOHaleHHs cuctemu TO
€JIEMEHTIB XOJ0BOi YaCTHHU 32 (DAKTUIHUM TEXHIYHUM CTAHOM;

- 3SMEHIIEHHS  BIJICOTKAa JIOCTPOKOBUX  BIAMOB IIMH 3a  KPUTEpIEM
«IOIIKOHKCHHS» 32 PaXyHOK BUKIIIOUEHHS 1X 3 eKCIUTyaTallil IpH JOCSTHEHHI 30HU
KPUTHUYHOT'O 3HOCY;

- e()eKTUBHE BUKOPUCTAHHS pPecypcy IIMH 32 PaXyHOK MOCTIHHOTO KOHTPOIIIO
3aJIUIIKOBOI BUCOTH PUCYHKA MIPOTEKTOPA.

Kapma 06niky nneemamuunux wiun
Banrax-
o A 7}
HUHN N -
aBTOMO- |« _ HO.TOqHHH .
. Ipo6ir MHHHA i
Oinp - Ipo6ir || Texuiuumii [poruosysan-
Hopmarus BHCOTa PHCYHKA pH CTaH LIUH Hsl (paKTHIHOTO
i pecypey MpOTEKTOpa CITUCaHHI pecypcCy HInH
PTTTTTTTommmommommmmmmmmmes T """""""" i """""""" l Kommeke
! Bnox ynpaeninna TO enemenmis x00060i wacmunu i TeXH{YHUX BIUIUBIB
i
: VYrpaBiHHS TEXHIYHUMH BIUTHBAMU }—E» Ha CJICMCHTH
\ ! XOJIOBO1 YaCTHHU
E T l E BaHTAXXHOT'O
! I aBTOMOO1Is
! TO enemeHTiB BucHoBkH E
E IpusHaueHHs X0JI0OBOi YaCTHHH 0710 N —
4——|HOPMATHBHOTO BAHTAKHHX » [10/aJIBIIOTO E - HABapIOBAHES «—
E pecypey LHH aBTOMOOLTIB BHKOPUCTAHHS _:» HOBOTO
E [HH ' | mporekropa; «
| X Y i - 3MiHHHHA (HOH]T
Y ISR
AHaui3 pe3yJbTatiB
pO3paxyHKy pecypey | A
IIMH
Po3zpaxyHok Po3paxyHok
Po3paxyHok pecypcy IHTEHCHBHOCTI pecypcy LIKH 3a
IUH 3HOIIYBaHHS, PECypCy CTaTHCTHYHIMHU
Ta BU3HAYCHHS (OPMH JIAHUMHA
3HOCY TIPOTEKTOPa
i i i i '

Bubip Baza nanux npooiriB muH 3a
Bubip JIOIATKOBUX baza mannx KPUTEPieEM «3HOC IPOTEKTOpay 3a
KOPUTYIOYHX KOPUTYIOYHX BHUMIpIOBaHb IaHuUMH Hignpuemctsa. [Ipodiru ta
Koe(ilieHTiB Koe(ilieHTiB BiJICOTOK IIPH CITHICAHHI 32 KPUTEpieM
«YIIKODKSHHSD)
i i i ‘
basa nannx ba3a nannx BumiproBaHHs R ¥ -
HOPMATUBY HOPMATHBY 3QIHIIKOBOT [ —*| BanraxuHui
pecypcy LHMH pecypcey 3a BHCOTH aBTOMOO1Ib
3a Hakazom JaHUMH pHCYHKa
Ne488 BHPOOHHKIB MIPOTEKTOpA
IIHH LINH

Pucynok 2 — Cucrema ynpaJ/iiHHSI pecypcoM IIMH aBTO0YCiB
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TakuM 4YWMHOM, y HAYKOBOMY pO3JUII MAaricTepcbkoi poOOTH BHUPILIEHO
aKTyajJbHE 3aBIaHHS — YOPABIIHHA pPECypcoM IIMH aBTOOYCIB  IIISXOM
YIOCKOHAJIEHHSI MOCTIMHOIO0 KOHTPOJIO 3aJUIIKOBOI BHCOTH PUCYHKA IMPOTEKTOPA,
NPOTHO3YBAaHHS TEPMIHY iX 3aMiHM Ta KOPHTYBaHHS iX HOPMATHUBHOTO PECYPCY
3aJIeKHO B YMOB €KCIUTyaTallii, M0 JI0O3BOJUTh MIABUIIUTH €(EKTUBHICTD
BUKOPUCTaHHS pecypcy IHUH. B pe3ynbrari BUKOHAHOI poOOTH OTpHMaH1 HACTYIHI
OCHOBHI pe3yJibTaTH:

- Amnaniz ekcruiyaTanii IIUH aBTOOYCIB TMOKa3aB aKTYyaJbHICTh JOCIIIKEHb,
TOMY IO iX (PaKTUUHHUIA peCYpC CYTTEBO BIJIPI3HSIETHCS Bil HOPMAaTUBHOI'O, OCKUIBKU
IHTEHCUBHICTh 3HONIYBaHHS MpoTekTopa Ha 90% 3anexuTh BiJ] YMOB €KCILTyaTallii.
BusnaueHno, mo mnpW po3paxyHKy pecypcy IIHH HEJOCTaTHRO BPaxOBYIOTHCS
(baKTHUHI eKCIUTyaTaIliitHi YUHHUKHA Yepe3 HEeJOCKOHANICTh PO3PAXyHKOBUX METOIHK
1 cuctemu TO ereMeHTIB X010BOI YaCTUHU BaHTAXKHUX aBTOMOOLIIB.

- IlpoananizoBaHO OCHOBHI EKCILTyaTalliiiHl YMHHHUKHW, L0 BIUIMBAIOTh HA
pecypc muH. Bu3HaueHo, 1m0 HAWOUIBII 3HAYMMHUMM € CKCIUTyaTalliiiHi YMHHUKH:
0COOJIMBI YMOBHM €KCIUTyaTallli, JOPOXHbO-KIIMAaTUYHI YMOBH, BHKOPUCTAHHS
BaHTA)XHOCT1 aBTOMOOLJTIB, X €KCIUTyaTallis B MICTaxX 1 HACEICHUX MyHKTaX.

- Ha oCHOB1 KOMIIJIEKCHOTO aHaii3y 3alpONOHOBAHO 3arajbHUM MIAX1A 100
MOCTIOBHOCTI TMPOBENCHHS AHAIITUYHUX, CTAaTUCTUYHHUX Ta EKCIEePUMEHTAIbHUX
JOCTIPKeHb (PAKTUYHOTO Pecypcy IIMH 1 TPOIECy 3HONIYBAHHA iX MPOTEKTOpa,
BCTAHOBJIEHO iXHIM 3B’s30K 13 TO 3a (hakKTUUHMM TEXHIYHUM CTAaHOM €EJIEMEHTIB
XOJIOBOI YaCTHUHU. Y3araJlbHeHWH Miaxim 3a0e3mneuye e(peKTUBHE BUKOPUCTAHHS
pecypcy IIMH aBTOOYCIB.

- Bu3HaueHO IHTEHCHBHICTh 3HOLIYBaHHSd IIMH  aBTOOYCIB:  IIpH
npumnpaioBanai — Ha nepmux 1,5-2,0 tuc. kM cradoButh a0 1,0 Mmm/1000 km; 10
10,0 tuc. xm — 0,15-0,2 mm/1000 km; Ha etami cramoro 3HomryBanHs — 0,08-
0,1 mm/1000 km; B 30H1 kputuyHoro 3Hocy — 0,08-0,2 mm/1000 kM (ans mwmH
kepoBaHux kouic) 1 0,04-0,25 mm/1000 kM (181 IIMH BEAYYUX KOJIC).

- 3ampornoHOBaHO METOAMKY JOCHIIKEHHS (AKTUYHOIO pecypcy ILIUH 3
ypaxyBaHHAM KOHTPOJIIO IPOIECY 3HOIIYBaHHS MPOTEKTOpa. ExcreprMeHTalbHUM
JOCIIIJDKCHHSIM TPOLIECY 3HOIIYBaHHS BCTaHOBJIEHO, 1o Ouibmie 40% 1muH
3HOINYIOTHCS PIBHOMIPHO Imia 4Yac ekcruryataitii, 20% — maioTh OJHOOIYHHN abo
NWIKONOAIOHUYM 3HOC. BeTaHoBIEHO 3B's130K (pOpMU 3HOCY IIMH 13 HECIIPABHOCTSIMU
€JIEMEHTIB XOJ0BO1 YaCTHHU aBTOOYCIB.

- YIOCKOHAJIEHO METOAWKY BHM3HAYCHHS HOPMATUBHOTO peCcypCcy IIHWH Ha
MIJICTaBl CUCTEMU KOPUTYIOUMX KOE(]IIIEHTIB, KA BPaXOBYE: PEKUM pOOOTH KoJieca;
PEKHUM MIBHIKICHOTO HABAHTAXCHHS; BIIXWICHHS BiJ] HOPMAaTUBHOTO BHYTPIIIHBOTO
THUCKY B IIIMH1; BAKOPUCTAHHS MAaCaXUPOMICTKOCTI.

Jlireparypa
1. Aynun, B. B., I'punbkuB, A. B. Hcnons3oBanue TeopeTUKO-UHPOPMAIMOHHOTO
moaxoda AJid aHalIn3a TEXHHUYECKOTO COCTOSAHUA TOIUIMBHOU CHUCTEMBI aBTOM06I/IJ'I${ /
"MOTROL" journal according of the Commission of Motorization and Energetic in
Agriculture, CULS. 2016. Vol.18. Ne2. P. 63-69.
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YK 629.331

BJIOCKOHAJIEHHSI OPT'AHI3AIIIL TO MEXAHI3MY KEPYBAHHSI
ABTOMOBLJIIB

Jucenko C.B., K.T.H., g011.,
Oriesnu M.B.
HentpanbHOyKpaiHCHKUI HALlIOHATBHUNA TEXHIYHUNA YHIBEPCUTET

Jlns MexaHi4yHOi CHCTEMH aBTOMOOUIS B IUJIOMY NOPUIYCKAEMO, IO PyX
B1JIOYBAETHCS TUTHKU B IJIOMIMHI XgYo.

PiBHSIHHS pyXy LIEHTPY Mac aBTOMOOLIS, B OCSIX TPUTPAHHUKA CXgYgZy 3aMUIIEMO
y BUTJIAI

T

g o
7
Y Yaq
Pucynok 1 - CucremMnm KOOpPAMHAT PI3HHUX JOKAJBHHUX o0JacTei
aBTOMOOIJIIB
av, 2 (1)
Md—TXZ_ZF’uijFMVsz +Fa,,
I,j=1
dv 2 (2)
M—2L= 3 Ry +MV,Q, +F
Jy X=<z a, !
dar =2 g
dv, 2 3
Md_TZ: ZNij—Mg- ()

i j=1

Tyr T —u4ac, M — 10BHa Maca aBToMoOLIs 3 Konecamu, (Vy,Vy,V, ) — mpoekuii Ha
oci CxgYygzg BIAMIOBITHO BEKTOPIB aOCOMIOTHOI IIBHUIKOCTI TOYKH C,Q, — IMPOCKINS Ha
BEPTUKAIBHY BICh a0COJIOTHOIO KYTOBOKO IIBHUIKOCTI TPUTPAHHUKA CxgYgZg, Mg —

cuila TSOKIHHS, (P,jx, Riy: Nij) — MPOEeKIii KOHTAaKTHOI CHUJIM 1 HOpMajbHA peaKIlis,
MVy Q7 -MVi£2,. 0 npoeKii cu inepuii, (F, ,F, ) — npoekiii aepoanHamidHOI cuim.
X y
PiBHSHHS 3MiHH KIHETHIHOI'O MOMEHTY aBTOMOOLJIS B IiloMy BITHOCHO Touku C
B MPOEKIIISIX HA OC1 TPUTPAHHUKA CXgYgZg MPH BiACYTHOCTI BiAPUBY KOJIiC BiJ AOPOTH
MarOTh BHUTJISII:
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dQ 2
de—TX =[(Ngz —N21)—(N;2 =N )IB —{ ZPIJ’VJZ -
" @)

2 . . .
— 1[0y sin © + Oy O cos © - 0, cos O

=1
dQ 2
Iyd_Ty =[(Ng1 =N2)- A —(Npo = Npp )]- Ay —{ ZHjx}Z -
i j=1
2 2 ()
- Ell” [Qlj €os© — (Y jOsin © + QyjQ, sin @]— jz—:1I2jQ2j’
dQ
z d_TZ = [(Ple + P22x)_(|:ilx - I:>21x)]B + (Plly + PlZy)'ASL - (P21y + I:’22y)A2 (6)

Pucynok 2 — Cuim airoui Ha aBTOMOOIIb

Tyt BpaxoByBajocs, IO Kij =(|ijQij sin ©, 1;;QYj; cos@,O)T — KIHETUYHUUA MOMEHT
KoJjeca.

BanOBy€TBC}I, 1o I_[IBI/II[KiCTB 3MIHU KIHETHYHOTO MOMCHTY KOJI€Ca I[OpiBHIOGI

- IijQij sin ® + |ijQij®COS®—|ijQijQZ cos®
dkij ) . _
T: IijQij cos® + IijQij(asm@—lijQijQZsm@ (7)

0
1 HEXTY€ 3MIHOIO pO3Bajy KoJic.

3MiHOI0 KIHETHYHOTO MOMEHTY B pe3yJlbTaTi pyxXy LEHTPY Mac Kojeca MpH
IOBOPOTi HABKOJIO OCi Oy/IeMO HEXTyBaTH BHACIIOK HOro MEHIIOCTI.

[lneBmMaTtnuHa rajgpMiBHA cHcTeMa, (TIOKa3aHa Ha PUCYHKY 2.7) Mae
pe3epByapH JBOX THIIB : LIEHTPAIbHUHN pe3epByap 1 poOodi raJbMiBHI HWTIHIPH, 10
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KOXKHOT'0 pobodoro ImuiiHApa Beae JnBa TpyOompoBoau: oaud (1) Bege 3
IEHTPAIILHOTO DPE3epByapy B TaJlbMIBHMHA HWIIHApP, a 1HMUNA (2) 3 TaabMIBHOTO
nuIiHApa B atMocdepy. PosrisineMo cuctemy, B AKii BCTAHOBJIGHUW OJMH KJIAIlaH,
AKUU BIIKPUBAE 1 3aKPHUBAE MONEPEMIHHO KoxkeH TpyOonposia. (Komu 1 BigkpuTui -
2 3aKkpuTHH (3aIIOBHEHHS) 1 KOJIM | 3aKpUTHIL - 2 BIIKpUTHUH (BUITYCK)).

LenmpaneHbni NN TOP(;,OJHO{!
o UCK
pezepayap 1 /
P /
Y 2 Pn

\

E,? TopmoswoIl
uunuHIp

Pucynok 3 — Moaesb rajJbMiBHOI CHCTEMH

[TepenbavaeThcsi, MO MOMEHT TaJIbMIBHUX CHJI TPOMOPIIAHUNA THUCKY B
rajbMIBHOMY HIUTIHJPI 1 cnp;{MOBaHI/Iﬁ IIPOTH KYTOBOI IIBUKOCTI OOEpPTaHHS KoJieca
Lij =—K_ Py S|gnQ (8)

BuxopucroByemo Ha6Jm>1<eHy MO/JIeJIb 3MIHM TUCKY B FaJIbMIBHOMY LWJIIHJP1 y
BUTJISIII TUHAMIYHOI JJAHKHU TIEPIIIOTO MOPSIKY.

-

dr,,
Tein F + Pmij - P” (T + Atb)
dpP ©)
Mmii
e dTJ + Pmij = Pa

ae B, — THCK Ha KiHLI Tpybonposoay, a T, — mocTiiiHa 4acy TpyOoonpoBoay i
At, — 3aIi3HIOBaHHS B Yaci BHACIIOK PYXY MOPIITHS.
JluHamMi14H1 piIBHSHHSA:

dv, <
M—2=>P, +MV,Q, +F
dT i,j=1
dv, 2
M d_Ty = _leiiy +MV,Q, +F, (10)
i,j=
dv 2
=Y N., —Mg
ar ~
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dQ,

Ix— [(N1+N21) (N12+N22)]B_ Z ijy
dT i,j=1
2

—lejy[QlesmG)lj+Qljx Cos®y; -, Q, cosO ]
j=1

dQ
Iy d—Ty = [(N21 + Ny )Az - (N11 + Ny, )|A, )] E;l ijx ]Z - (11)

2
—lejy[Qljy C0SO,;; —Q;,0,;5iNO;; +Q;,Q, SINO ] D1,
j=1 j=1

dQ
2 d—TZ = [(P12r + Py )_ (Pllx + Py )]B + (Plly + P12y)A1 - (PZly + P22y)A2

Kinematnuni piBHSAHHS:

3—3; =V, cosy -V, siny

% =V, siny +V, cosy

(12)
@z,
dT
v _o
dT
49 (13)
—=Q,
dT
Piy, = Pi1x €08®y; — Py, SINO,,,
P11X0 =P, SIN®, + Py COSOyy,
Py, = Pi2x 08O, — P,y SINO,,, (14)
P12y0 =P, SINO,, + P12y cos®,,,
|:>21x0 =Py, P21y0 = P21y’ P22x0 = Py, |:)22y0 = P22y
BeprukanbHi KOJIMBaHHS:
d 2 Z dAz..
A ij
PiBHsaHHS 00epTampHOrO pyXy Kojieca:
I i dT ux (R gu) (16)
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PYX KOHTAKTHOI'O CJICMCHTY:

M d@/ +Q R+ )——c 4, ~K, & +P
c dt X ij ij X aT X Oij ijx
d - dﬁij _
dZ,
0=-C, dTU - K, & + Njj
KonrakTHa cuna:
Sy,
Py, =—N; 5, (D(Sij )
S
Yij
Pyij - _VNiJ j¢(sij )’
ij
o = T iR+ey (18)
Xjj — VX
_VAyij +105
viT Ty
VAxij
Sij = /Sxij + Syij
Mozenp raJabMiBHOI CUCTEMU:
dP..
Te, dT" + P, =P, (T +AtL,)
dP (20)

Teout dTij + Pmij = Pa

[ToBHa cucTema piBHSHB CKIAAAE€ThCs 3 32 audepeHIliaibHUX pPIBHSAHB, SKi
OMUCYIOTh: JWHAMIYHY 1 KIHEMaTH4YHY IIOBEAIHKY KOpmycy, AchopMalliio IIHH,
o0epTaHHs KOJIC 1 3MIHY THCKY B MOJIEJI TaJIbMa.

Jlirepatypa

1. Aynun, B. B., I'punbkuB, A. B. Ucnonp3oBanue TeopeTHuko-uHPOPMAIMOHHOTO
MOJX0/1a JJI aHaJu3a TEXHUYECKOTO COCTOSIHUS TOIUIMBHOM CHCTEMbl aBTOMOOWUJIS /
"MOTROL" journal according of the Commission of Motorization and Energetic in
Agriculture, CULS. 2016. Vol.18. Ne2. P.63-69.

2. Aymin, B. B., I'punbkiB, A. B. Ilpobnemu 1 3amaui e(eKTUBHOCTI CUCTEMHU
TEXHIYHOI eKcruTyaTarlii MOOUTRHOI CLIBCHKOTOCIIOAAPCHKOI Ta aBTOTPAHCIOPTHOL
TexHikd. BicHuk JXuUTOMHpPCHKOro [AepKaBHOTO TEXHOJOTIYHOTO YHIBEPCUTETY.
Cepis texniuni Hayku. 2016. Ne2 (77). C.36-41.

3. Aynin, B. B., I'punbkiB, A. B. Meroguka BUOOpY M1arHOCTMYHHMX IapaMeTpiB
TEXHIYHOTO CTaHy TPaHCHOPTHUX 3acOo0IB Ha OCHOBI Teopii ceHcuTuriB. HaykoBuit
xKypHan "TexHIYHWUN CcepBiC arpornpoOMHUCIOBOTO, JICOBOTO Ta TPAHCIOPTHOTO
koMmruiekciB". Ne5. Xapkis: XHTYCI'. 2016. C. 109-116
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YK 629.331

MIABUIIEHHSA EKCILTYATAIIAHOI HAJIMHOCTI EJIEMEHTIB
TPAHCMICIH

Ayuain B.B., a.1.H., npog.,
Konapartwes C.C.
LenTpanbHOYKpaiHCHKUI HALlIOHATBHUNA TEXHIYHUN YHIBEPCUTET

3abe3reueHHsT HAMIMHOCTI 1  Oe3medHoi  eKcrulyartarii  TpaHCIOPTHO-
TEXHOJIOT1YHUX MAIIMH € aKTyaJbHUM HayKOBO-TEXHIYHMM HAMPSMKOM B PO3BUTKY
Cy4yaCHOTO MAIIMHOOYMYBaHHS. Y KOHCTPYKI[SIX TPaHCIOPTHO-TEXHOJIOTTIYHUX
MaIllMH IIMPOKO 3aCTOCOBYIOTHCS KapJlaHHI Mepenadi, 10 BKJIOYAIOTh KapJlaHHI
IIapHIpU HEPIBHUX KYTOBUX IIBHJIKOCTEH, SIKI B CHIy 0araThbOX KOHCTPYKTHBHUX 1
eKCIUTyaTaliiHuX (akTOpIB 4acTO BUXOATH 3 Jady.

CrarucTuka 1 XapakTep BIAMOB KapAaHHHUX IepeAad 3 MapHIpaMu HEpPIBHUX
KYTOBHX IIIBHJIKOCTEH B €KCIUIyarTallli BUSBHJIM HAWOUIBII cilabKa JIaHKa, a caMe
KapJlaHH1 IIapHIpU 3 TOJYaCTUMM TIJJaMU KOYEHHsA. AHaji3 pe3ysbTaTiB
eKCIUTyaTalllfHMX 1 CTEHJAOBUX BHUMNPOOYBaHb 3a3HAYCHHX IIAPHIPIB BHUSIBUB
HasIBHICTh CEKTOPHOI'0 3HOCY pOOOYMX MOBEPXOHb XPECTOBUHU KapAaHHOTO IIAPHIpa,
00yMOBJICHOT'0 KIHEMaTHKOIO 3BOPOTHO-00EPTATILHOTO BiTHOCHOTO PYyXY T€PTHOBHX
noBepXoHb. TOMy B MIAMIMIIHUKOBUX BY3JIaX KapJaHHUX IMIAPHIPIB HEPIBHHUX
KyTOBUX IIBHUJKOCTeN peanizyerbes numie 30...60% iX MOTEeHIHHOro pecypcy 3a
KpUTEpIEM 3HOCY, a 3HAUUTh PO3POOKa 3aXOIB, CIIPIMOBAHUX Ha JOBUKOPHCTAaHHS
[[LOT'O TTOTEHIIIITHOTO Pecypcy, € MePCIeKTUBHUM HAIIPSIMKOM.

BinoMi MeTOauKH MPOEKTYBaHHSA KapJaHHUX Iepeaad 10 TENEepilIHbOro 4acy
HE BpPAaXOBYBAJIM CYTTEBI KOHCTPYKTUBHO-PEXKHUMHI (aKTOpH, IO BIUIMBAIOTH Yy
MICYMKY Ha TOYHICTh PO3PAaxXyHKIB MpPU MPOEKTYBAHHI, Takl SIK CIIBBIAHOLIECHHS
napameTpiB JTOBXKWHHU, KyTa 3JlaMy KapJaHHOTO BTy Ta HOT0 KyTa 3aKpy4yBaHHS MPU
poOOTI MiJl Ai€I0 HaBaHTAXXYBAJIbHUX MOMEHTIB 1 HE JIO3BOJISIIM JIOCTIAUTH PIBHY
MIIHICTh KOHCTPYKIIi KapJaHHOI mepemauyi B 1uioMy. [laTeHTHI mociimKeHHsS
MOKa3yloTh, 10 BIOCKOHAJIICHHS KOHCTPYKIIM KapJaHHUX Tepenad 1 CIocoliB ix
TEXHIYHOT'0 00CIIyIrOBYBaHHS IHTEHCUBHO TPUBAE.

[Ipy mpoMy MeTa IOCHIDKCHHS — BHSBICHHS MOXIMBOCTI IIiBHUINCHHS
HAJIAHOCTI €JEeMEHTIB TpaHCcMicii 13 3a0e3medeHHAM Oe3NeyHoi eKcIuTyaTallii
KapJAaHHUX T[epelad BJOCKOHAJIEHHSM KOHCTPYKIT 1 METOMIB MPOEKTyBaHHS
KapJlaHHUX TIepe/iay 3 MapHipaMu HEPIBHUX KYTOBUX IIBUAKOCTEH, a TAKOXK CIOCO0Y
iX TeXHIYHOro oOcnmyroByBaHHs. JJis JOCATHEHHS METH OyJM MOCTaBJIEHI HACTYIIHI
3aBJAHHS JTOCIIKSHHS

1. YaockoHaIUTH METOJUKY PO3PAXYyHKY 1 ONTHUMI3alli KOHCTPYKTHUBHO-
PeKUMHUX TapaMeTpiB KapJaHHUX I[epefady 3 IIapHIpaMU HEPIBHUX KyTOBHUX
IIBUIKOCTEH 32 paXyHOK OOJIIKY HEBpaxoBaHUX (PaKTOpiB, a came KyTa 3aKpydyBaHHS
KapJaHHOTO Bajly B TMO€AHAHHI 31 3MIHHMM KYTOM 3JlaMy KapJaHHOI Mepeaaul,
3MIHHOIO JOBXKMHOIO, IO IMEpenalTbcs 00epTarouuM MOMEHTOM Ta YacTOTOIO
o0epTaHHs KapJaHHOTO Bally B YyMOBaX CTYIEHEBOI HAaBaHTaXXCHHS 3MIHHUM
rajbMIBHUM MOMEHTOM.
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2 TlpoBecTH MAOCTIDKEHHS MO BUSBICHHIO BIUIUBY JOBXUHHU KapIAaHHOI
nepenadi, Kyra 3jaMy KapJlaHHOI TIepeaadi, rajbMIBHOIO MOMEHTY, YacTOTH
oOepTaHHs KapAaHHOI Mepeiadi Ha KyT 3aKpydyBaHHS Bajly KapJlaHHOI mepenayi 3
OTPUMAHHSM BIAMOBIIHUX PErpeciiHUX MOENeH sl BBEACHHS 1X B BJOCKOHAJICHY
METOJIMKY PO3paxyHKY KapJlaHHUX Tepead.

3. Ha oOCHOBI €KCHEpUMEHTAIbHO-TEOPETUYHUX JOCHIKEHb BHUBECTH
3aJIEKHOCT] I BU3HAYCHHS Koe(illieHTa KOPHWCHOI Mii KapJaHHOI mepemadi, sSK
KPUTEPIIO ONTUMI3AIli il KOHCTPYKTUBHO-PEKUMHHX IMapaMeTPiB.

4. Po3poOuUTH KOMIUIEKC MporpaM Jjsi po3paxyHKy 1 onTuMmi3aiii
KOHCTPYKTHUBHO-PEKMMHUX TTapaMeTpPiB KapAaHHUX Mepeaady.

5. OntuMi3yBaTu KOHCTPYKTHMBHO-PEXKUMHI MapaMeTpu CEpIMHUX KapJaHHUX
nepenay BUXOISAYH 3 MPUHITUITY TOTPUMAaHHS PIBHOT MIITHOCTI KOHCTPYKIIi.

6. Po3poOuTH mpakTU4YHI TPOMO3UIIT II0J0 BIOCKOHAJICHHS KOHCTPYKIIIN
KapJlaHHUX Tiepefad 1 1IX €JIEMEHTIB, a TakKoX CHoco0IB iX TEXHIYHOIO
00CITyrOByBaHHSI.

7. IlpoBecTH MNPOrHO3HI PO3PAXyHKU JOBTOBIYHOCTI 1 TPAHUYHOTO PECYpPCY
MPOMOHOBAHUX HOBUX KOHCTPYKTHUBHHUX pIII€Hb KapJaHHUX Iepenad 1 crnocoly ix
TEXHIYHOT'O 0OCITYTrOBYBaHHS.

JI1st BU3HAYEHHS! OCHOBHHMX PO3MIPIB KapAaHHOrO Bajly HEOOX1AHO BU3HAYUTH
MaKCHUMaJIbHY 4acTOTY OO€pTaHHA KapAaHHOrO Baily, IO BIJAMOBIIa€ MaKCUMaJbHIN
IIBUJIKOCT1 00€pTaHHS KapJIaHHOTO Bally, BUOpaTu po3Mipu nepepiziB Tpyo mo 'OCT
5005-82, sKki mepeBipsAIOTh MaKCUMaJbHUM KpPYTHUM MOMEHTOM. Po3paxyBatu
KPUTUYHY YacTOTy OOepTaHHs KapJaHHOTO Baldy. Y PO3paxyHKY Ha >KOPCTKICTb KYT
3aKpydyBaHHS KapJaHHOTO BaJly BU3HAYHUTH 32 (POPMYIIOIO:

o Tl 180k, )
J, G-x
ne G — MOIyITb IPYXKHOCTI MpH KpydeHHi, mo gopisuioe 8,510 Ia; Jy— nonsApHuii
MOMEHT iHepIii mepepisy KapAaHHOTO Baly NPH KPydYeHHi, M'; K4 — MOIpaBOYHMIA
koedirienT, mo aopiBHioe 0,96 3a pesynbraTamu ekcrutyarartii. 3rigao 'OCT 21425-
75 NpPOBOAUTHCA PO3PAXYHOK ILIILBOBUX 3'€lHaHb. BuU3HauuTH po3Mipu mnepepiziB
MPUBAPHUI BWIKK KapJaHHOTO Baly 3a (hOpMyJIaMHu:

a=. 2
a=D+b, 3

ne D — nmiamerp oTBOpy mia MIAUIMIIHUK, M. BU3HAUWTU CWy, IO JI€ HAa BUJIKH
KapJIaHHOTO Baly 3a (hOpMYyJIOH0:

F=——, 4)
ne T — obeprarounii MOMEHT, IO i€ Ha BUIKY KapaaHHoro Bany, H-m; H — mmpuna

BWIKU KapJAaHHOTO Bajy, M. BHU3HAUuUTH HANpy>KEHHS BUTMHY BWJIKHU KapIaHHOIO
BaJIy MOXHO 3a (hOpMYJIOI0:

O s = ()

ne W,, — MOMEHT ornopy HeOe3MeYHOro nepepizy Nnpu 3rHHI SKUH BU3HAYAETHCA 32
dhopmyiioro:
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- ©)
12
Busnauntu AOITYCTUMC HAIIPY’>KCHHA HAa 3T'MH BHUJIKH 34 (l)OpMy.TIOIO:
(o2
0-321-1 = —* 1 (7)

S
e o0, — Mexa TUIMHHOCTI matepiany, [MIla]; s — koedimieHT 3amacy MIITHOCTI,
nopisHioe 1,4.
BusnaunTi HanpyXeHHS KPyYEeHHS BIJIKH KapJAaHHOI Iepeaadi Mo GopMyIior:
F-l
T, ==, (8)

pr

ne W,,,— MOMEHT onopy HeOe3[euHOro Iepepi3y Npu KPydeHHI, KU BU3HA4a€ThCA
3a popmyIIoIo:

2
W, =a, -a-b®, 9)
1ie o, — KOe(IIIEHT, 110 3aJICKUTh BiJ CIIBBIHOIIEHHS a/b JOBXKUH CTOPIH MEpepizy.

Busnaunti gomycTuMe Hampy)KEHHS Ha KPY4YEHHS BWIKHA KapAaHHOI Tepemadi 3a
dhopmyiioro:

O-(f
Ty = (10)

BusHaunTu eKkBIBaJIEHTHY HamNpy>KEHHsS MO TpeTid Teopii MIIHOCTI 3a

dhopmyiioro:
o, =\No" +3-7°. (11)

BuzHauntu Hanpy>KeHHs 3MUHAHHS BUJIKUA KapJAaHHOTO Bally 3a (popMyInoro:

2-F
o, =—, 12
= (12)
Buznauntu Hanpy>KeHHs 3pi3y BWIKU KapJAaHHOTO Bajy 3a (hopMyIioro:
F
_F 13
f= (13)
BusHaunT HanpyXeHHs 3TUHY LUIA XPECTOBUHHU 32 (POPMYJIOIO:
F -h
o =4 14
e (14)

3e

ne d, — miamerp OTBOpY B IIMUJIIBII XPECTOBUHU KapJAaHHOTO IIapHIipa JJig MacTuja,

nopiHtoe 0,3-dy, M; h — uiede cwiH, 110 BU3HAYAETHCS BUXOMASIYM 3 TOTO, IO CHJIA

MIPUKJIaIeHa B CEPEUHI TOJIKH KapIaHHOTO TiamunHuKa, piBHe 0,4375-dy, M.
Bu3HaunTH MOMEHT OIOpY Tepepi3y Muna XpeCTOBUHHU 32 (DOPMYIIO0

W_=0,12:1-0,1-d;. (15)
BuzHauntu 10oTHYHI HanpyXeHHS 3pi3y 3a (OpPMYJIOH0:
5,333-F, (16)

T, = .
? 3,46-1 —zd}
BusznaunTu nomyctume HanpyKeHHS Ha 3p13 MUY XPECTOBUHU 3a (POPMYIIOIO:

[TCP] - O; : (17)

Po3paxyHkoBi 3Ha4YeHHS HAMpyKEHHs 3TUHY 1 3pi3y IIHMNa XPECTOBUHU
HETIOBUHHI NIEPEBHIIyBaTH TPAHUYHUX 3HAYCHb, JIJIsI BAOPAHOTO MaTepiaiy IIHIa:

u<lonn] n, <[, ] (18)
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Jlani mpoBOJMMO PO3paxyHOK OYiKYBaHOI'O KyTa MEPEKOCY T1J KOYEHHS B 30HI
HAaBAaHTAKEHHS, TMOMEPEAHHO OOUMCIIOIYHM PO3PaXyHKOBE HABaHTAKEHHS Ha
HaOUIbII HAaBaHTAXEHE TLIO KOYEHHS B 30HI KOHTAKTY, 3 ypaXyBaHHSIM BIUIUBY
BIJILEHTPOBOI ~ CWJIM, MPOBOJMMO IIEPEBIPOYHHUIA PO3PAXYHOK JOBIOBIYHOCTI
KapJaHHOTO IIapHipa 3 ypaxyBaHHSAM BIUIUBY MacTHJIA.

3anponoHOBaHA METOAMKA MPOBEIEHHS EKCIIEPUMEHTAIbHUX JOCIIKEHb,
HaBEJCHa KOHCTPYKIis BHUMNpPOOyBaidbHOro oOmagHaHHS puc. 1, cucrema
aBTOMAaTU30BAaHOI0 KEPYBAHHS T'JIPaBIIYHOrO PUCTPOIO pUC. 2).

h3 =, e\ g -

Pucynok 1 — Crena niasi BHUNpPoOOYBaHHSI KapAaHHUX mepexa4d: 1 —
CJICKTPOABUIYH; 2 — KOpoOKa mepeaay; 3 — KapAaHHa nepegaya; 4 — OCHOBHA
paMa; 5 —po31aBajibHUIl pexyKTOp; 6 — M0310BkHA pama; 7 — rigponacoc; 8 —
0ak; 9 — gpocean; 10, 13 —manomerpu; 11 — 3amoOikumii kiaanan; 12 —
oxoJiomxkyBau; 14 — mur ynpasjinuga; 15, 16— migBeneHHsi eJieKTpPOeHeprii,
BOAU; 17 — rigpaBjivyHi IIJIAHTH

B
Tpaval ol Tog

/4

/2]
23

19 21
1 J

Pucynok 2 — CucremMa aBTOMAaTH30BAHOI0 KePyBaHHS TiApaBJIiYHUM
npucrpoem: 12 — 0Ojoxk ynpasiainasi; 17 — martumk THcKy; 18 — marumk
Temneparypu; 19 — repmokiaanan; 20, 21 — gaT4yMKu NOJIOKeHHHA; 22, 23 —
KPOKOBIi ABUT'YHM; 24, 25 — peayKTopa

[Ipu nnanyBaHHI TOCIIPKEHb BUKOPUCTAHUH IJIaH (PaKTOPHOI'O EKCIIEPUMEHTY
N = 4*'. dakropamu, sxoro €: moBkuHa KapaauHoi mepemadi (L, MM), KyT 31amy
KapaanHoi mepenadi (y, Tpaa); 4actota oOepTaHHS OBUTYHA (N, x8™); TanbMiBHHIA
momeHT (T, MIla). B sikocTi niiboBoi (hyHKIIIT CIOYATKy NPUIMAEMO BEIMUMHY KyTa
3aKpy4dyBaHHS KapJlaHHOro Baiy (0, rpan).

3biprux HayKoeux mamepiarie MiKHAPOOHOT HAYKOBO-NPAKMUUHOT THMepHem-KOHpepeH Ui Cr. 168



Tnnoeautiini mexHoA02ii po3sumxy ma egeKmueHocmi yHKUionyeanus asmomobirvnozo mpancnopmy

OO6poOka OTpHUMaHUX EKCIIEPUMEHTAIBHUX JaHUX MPOBOAMIIACS 32 IOTIOMOT OO
MIPOrPaMHOTO MPOAYKTY, JJIsi OTPUMAaHHS PIBHSHHS JIIHIMHOI MHOXKHHHOI perpecii 3a
BU3HAYECHHIM KyTa 3aKpy4yBaHHs KapJAaHHOTO Bally, HABEJAEHOTO HIDKYE:

0 =-7,4983-0,0448 L + 0,0030 y + 0,0001 n +4,0404 T (19)

B pesynbpTaTi BUKOHaHMX PO3paxyHKIB 1 MPOBEACHHUX JOCIHIJKEHb CEPEIHS
noxubka anpokcumariii ckiana 8.21560%.

[Ipy moCTaHOBLI €KCIIEPUMEHTY BHUKOPHCTOBYBAaBCSA IUIaH (DaKTOPHOTO
ekcriepuMeHTy N = 4™t dakTopamu, SIKOTO €: JIOBXXKUHA KapaaHHOi nepenadi (L, mm),
KyT 3j7aMy KapJlaHHOi mepenadi (y, Tpal.); yacToTa oOepTaHHs JIBUTYHaA (nj, xB™);
rasnibMiBHUN MomeHT (T, Hm).

Hani, B pe3ynbTaTi oOpOOKHM IUX EKCIEPUMEHTAIBHUX JIaHUX, AHAJIOTTYHO
OTPUMAHO PIBHSAHHS MHOXHWHHOI JIIHIHHOI perpecii ais koedillieHTa KOPUCHOI Mii
KapJaHHOI repeaadi n:

n =-0,9719-0,0005 L + 0,0002 y + 0,0003 n + 0,8304 T (20)

B pesynbpTaTi BUKOHaHMX PO3paxyHKIB 1 MPOBEACHHUX JOCIHIJKEHb CEPEIHS
noxubka ampokcumarilii ckiana 8.65368%, 1m0 roBopuTh mpo AoOpe MNigiOpaHux
MOJIETISIX PIBHSHHSI.

JlocToBipHICTh  pe3ynbTaTiB 3abe3leueHa IUTAaHYBaHHSAM 1  0OpOOKOIO
EKCIIEPUMEHTAJIbHUX JAHUX Ta iX pErpeciiHuM aHali30M, LI0 MIATBEPIXKYE
aJICKBaTHICTb OTPUMAHUX PErpeciiHuX MojieeH 1 BIIHOCHY MOXUOKa ampoKcUMAaIlii
He nepeBuiye 9%.

Meronuka ontuMizailii mapameTpiB KOHCTPYKII XPECTOBHMHH KapJaHHOTO
mapHipa 31 SMIHHUMHY IITUTIAMH BKJTIIOYalia B ce0e HaCTyIMHI eTaIu:

- OL[IHKA XapaKTEPUCTHUK MOJENI CEepiiHOI XPECTOBUHHU KapJAaHHOI'O ILIApHIpa
(puc. 3, a) Ta BIOCKOHAJICHOI XPECTOBHUHHM KapJaHHOIO INapHipa 31 3MIHHUMH
mmnamu (puc. 3, 0) Mpu HaBaHTa)XKEHHI HOMIHAJIBHUM 00epTOBMM MOMeHTOM 170H-M

(3,269 xH);

YAIIM

TIAIM 1AM

Pucynok 3 — KiHueBoeJeMeHTHHH aHAJI3 XPEeCTOBHHH KAPAAHHUX
IIApPHIpiB
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Po3pobnenuii anroputM MpOEKTYBaHHS Ta OLIHKM XapaKTEPUCTHK MIIHOCTI
KapJJaHHUX [IapHIpiB 3 BUKOPUCTAHHSM CKIHYCHHO-EJIEMEHTHOTO aHali3y, IIo
BKJIIOYA€E B ce0Oe eTamnmu.

- po3po0Ka MapaMeTpUYHOI TPbOXMIPHOI MOJEN KOHCTPYKIi KapAaHHOIrO
ImapHipa;

- po3poOKka 0a3u JaHUX PO3MIPIB Ta MapaMeTpiB KapJaHHOIO IIapHipa JUis
napamMeTpUIHOl TPhOXMIPHOI MOJIETI;

- CKIHUCHHO-EJIEMEHTHUI aHalli3 KOHCTPYKIIH, 10 BKJIIOYae B cebe 3ajaHi
JIIFOY1 30BHIIIIH] HABAHTAKEHHS.

3amaya CTBOpPEHHS KapJlaHHOTO IIapHipa, W0 3abe3ledyye BiJACYTHICTh
MEPEeKOoCy TUT KOYEHHS 4 roadacToro MiJIIMITHAKA 1 BUKJIIOUYEHHS B3a€MHOTO TEPTS
TiT KOYEHHS, JOCATAETHCS BUKOPUCTAHHSAM cemaparopa 4 y BUTIISAAI PO3PI3HOTO
CTOTIOPHOTO KUIBIIA, 1 TUIYXUX KOHIYHUX 3aryivOJieHb Ha BHYTPINIHIA TOpLEBIN
MOBEPXHI KOPIYCY TOYaCTOro MiIIUITHUKY puc.4.

Pucynok 4 — Kapaannmuii 3 cemapaTopom

3amaua  po3poOKM  KOHCTPYKINI  KapJAaHHOTO  IMIapHipa  MiABUIIECHOI
JIOBI'OBIYHOCTI, 1110 3a0e3Meuye MOXKJIUBICTh 3aMiHM YAaCTHUH KapJaHHOTO IIapHipa 0e3
JEMOHTaXXy BCI€El KapJaHHOI Iepenayi, BUPIMIYETbCS BUKOPUCTAHHSAM 3aMIHHHUX
CTYMIHYACTUX IIHUIIB 2 XpEeCTOBHMHU 1, sfKI BUKOHAHI 3aMIHHUMH 3 TEPETUHOM
MEHIIOrO CTYTIEHs y BUTJISA/1 OaraTorpaHHMUKa 1 BCTAHOBJIEHUX MEHIIUM J1aMETPOM Y
BIJIMTOBIHI TJTyX1 OTBOPU, BUKOHAHI B XPECTOBHHI JI0 YIIOPY IO TOPIIEBUX MOBEPXHAX
puc. 5.

Pucynok 5 — Kapaanunii mapHip 3 3MiHHUMHU HIUNIAMUA

JImst 3HWKEHHS KPYTHIBHUX KOJIMBaHb TPH HECTAI[IOHAPHUX MOMEHTaxX B
MepioJ] PO3TOHY 1 rajIbMyBaHHS, PO3po0JIeHa KOHCTPYKITiS KapJaHHOI nmepenadi puc. 6.
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Pucynok 6 — Kapananna nepexaya miiBUILEHOI HAXIHHOCTI

[IpomoHoBaHa KOHCTPYKIIISL JOJATKOBO TO3BOJISIE JeMI(ipyBaTH KPYTHIBHI
KOJIMBAHHS MPU HECTAI[IOHAPHUX HABAHTAXKEHHSAX B MEPiOJ] PO3TOHY 1 rajJbMyBaHHS
IpU OJAHOYACHOMY 3MEHIIEHHI TPYIOMICTKOCTI ii TEXHIYHOro OOCIyroBYBaHHS,
M1BUIIIEHHS PIBHIB PEMOHTOINPHUIATHOCTI 1 TOBTOBIYHOCTI.
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YK 621.891

KPUTEPII BUBOPY TEXHOJIOTTYHUX METO/IIB IIJBUIIIEHHS
3HOCOCTIMKOCTI JETAJIEA ABTOMOBLIIB

Tosnura C. B.,
Kyumnipuyk O.L.,
IIpouuk B.B.,
Pyask B.M.
TepHomiIbCHKHIA HAITIOHAIBHUI TEXHIYHUH yHIBepcHuTeT iMeHi IBana [lymros

B cyuyacHux aeransx aBTOMOO1IIB BUKOPUCTOBYIOTHCSA PI3HI MPU3HAYEHHSIM,
KOHCTPYKIIIEI0O Ta TEXHOJOTI€I0 BUTOTOBJICHHS €JIEMEHTH, 3HOCOCTIHKICTh SKHX
BHU3HAYa€ TPUOOJIOTTUHY HAJIMHICTD 1 JOBrOBIYHICTh Ba)KKOHABAHTAXKEHUX TIAp TEPTS
(BIIT). CnouibHUMH, HE JHMBIAYMCH HAa KOHCTPYKTHBHI Ta ()YyHKIIOHAJbHI
ocoommuBocti  BIIT, sBnsitoTbcss BUMOTH 30€pEKEHHS PO3MIPHHX IapaMeTpiB
(MiHIMaNbHE 3HOIIYBaHHS), CTAOUIBHOCTI CHUJI TEPTSI, ONTUMAaJbHI XapaKTEPUCTUKU
MMOBEPXHEBUX IIAPIB.

Herani By3niB BIIT npaitoroTs B yMoOBax Jii BUCOKUX TEMIEPATyp 1 3HAUHUX
AMHAMIYHUX HaBaHTa)XKEHb, 4YacTO B aOpa3MBHOMY CEpPEIOBHILII 3 PEBEPCUBHUM
XapakTepoM pyxy. BiAmoBiiHO Taki yMOBHU €KCIUIyaTailli CTaBJISTH IT1/IBUINEHI
BUMOI'M JI0 TEXHOJIOTIYHMX MpoOIleciB BUroToBieHHs Aetanei 3 BIIT, a Takox a0
MaTepiamiB, 3 SKUX BOHH BUTOTOBJISIOTHCS, 1 TEXHIYHMX BUMOT JI0 MapaMeTpiB
TOYHOCTI 1 SIKOCT1 00p0oOeHHs moBepXoHb. JlocnikeHHss podounx nosepxonb BIIT
BUABWIO TaKl BUIAU 3HOCY: MEXaHOXIMIYHMM, aOpa3uBHHM 1 KOpO3iMHMH. AHami3
BUJIB 3HOCY JO3BOJIMB PO3POOUTH Ta OOIPYHTYBAaTHU BHUCOKOMPOAYKTHUBHI
TEXHOJIOTIYHI METOMU MIJBUINEHHS HAAIMHOCTI 1 moBrosiuHocTl neraner BIIT.
Po3po6eni MeTonu mOoAUISIIOTh Ha JIBa KJIacH - METOIHU 3MIIHIOIYOI TEXHOJIOT11, K1
CIPUSIOTh 30UIBIIEHHIO TBEPAOCTI, 3MIHI XIMIYHOTO Ta (Ha30BOTO CKJIALy
MOBEPXHEBUX INApiB Ta METOAM BUKOPHUCTAHHS BHCOKOTOYHMX TEXHOJOTTIYHHX
MpoIIeCiB, IO 3a0e3MeYyrTh BHUCOKI BHUMOTH II0 TOYHOCTI Ta SKOCTI poOOYHX
noBepxoHb BIIT. 3arasom TeXHOJOrIYHMMH METOJaMU 3a0€3MeUyIOTh IMIJBUIICHI
XapaKTEPUCTUKHU TTOBEPXHEBOI MIITHOCTI, 3HAYHY aHTU(PHUKIIINHICTB 1 3HOCOCTIUKICTh
BIIT, 3amo6iranHs a0Opa3WBHOMY 3HOILIYBAaHHIO, TMIJBUIIEHHS 3HOCOCTIMKICTD
Aeraneil, a Takox 3a0e3MeueHHs] MPUIPALIOBaHHS JeTallel, CKIaJalbHUX OJMHUIIb
ta By3miB [1].

Jns BuOOpY pallioOHabHUX TEXHOJIOTIYHMX METOJIB TMPOBEAEHO KOMILIEKC
MEXaHOXIMIYHUX JOCIIKEHb mporieciB B 30H1 konTakTy BIIT. Hocnimgni B3ipmi BIIT
BUTOTOBJSUIMCH 13 CTalled PI3HUX MapoK 3 TaKUMH METOJaMU 3MIIHIOIYHX
TEXHOJIOT1: KOMIUIEKCHA XIMIKO-TepMiuyHa 0OpoOKa, XiMIdHE TpaBieHHs, 00poOKa
MIMOOKUM  XOJIOJIOM, KOHJEHcarliss 3 10HHUM OomOap/yBaHHSIM, XpOMYBaHHS,
Ja3epHe 3MIIHIOBaHHs. 3aBASKU JAaHUM METOAaM IIOPCTKICTh POOOYUX MOBEPXOHD
BIIT Bnamoces noBectu g0 0,32 MKM.

Taxkox nns migBuienHs xapakrepuctuk BIIT npoBoauiocs BUBYEHHS BILUTUBY
CTyNmeHs Ta MBUAKOCTI nedopmarmii Ha IUTACTUYHICTH JeTajie aBTOMOOLTIB.
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3a3Buyail 13 MIJABUIIEHHSAM CTYIEHs Ta IIBUAKOCTI jAedopmaliii IMJIaCTUYHICTh
JeTaJie 3MEHIIYEThCS, OO0 TPOIECH PO3MIITHEHHS HE BCTUTAIOTh BITOYBATHCH.
3aramomM JOCHiKEHO, 10 Tapsdye (OpMOYyTBOpPEHHS MpH CTaOLILHOMY MpoIieci
BJIACTUBOCTI MeTany mokpantye. [Ipu xomogaoMy aedhOpMyBaHHIO CTajiel TPOXOISIThH
MPOLIECH 3MIITHEHHSI MaTepiaiy, 10 3HAYHO MiJABHUIIY€E HAJIWHICT Ta JOBTOBIYHICTh
nerainedt aBromoOuUTiB. ToMy mnpu BUOOpPI TEXHOJIOTIYHUX METOMIB MiABUIICHHS
3HOCOCTIMKOCTI JieTajeli aBTOMOOUTIB CIIiJl BUKOPUCTOBYBATH METOIH SIK Tapsdoro,
TaK 1 XOJIOJIHOTO JIe)OpMyBaHHS.
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TEXHIYHOI'O0 CTaHy CHCTEM Ta arperaTiB 3ac001B TPAHCHOPTY 3a JOMOMOI'OK0 METO/IB
teopii uyrnmuBocTi. HaykoBuii BicHMK HarioHanpHOTO yHIBEpPCHUTETY OlopecypciB i
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PAZPABOTKA METOAUKHU MOJIEJIMPOBAHUSA
TPAHCMUCCHUU ABTOMOBWJISA 1JIA OTPEJAEJEHUSA
YI'JIOBBIX 3A30POB B OKCIIVIYATAIIUN

B.B. AyJuuH, A.T.H. npo¢.,
T.H. 3amora, A.T.H., 101I.,
A.A. Kapanues, couckarejb
LleHTpaIbHOYKpauHCKUN HAlIMOHAJIBHBIN TEXHUYECKUN YHUBEPCUTET

Henocrarkamu cucTteMbl AMarHOCTUPOBAHMS aBTOMOOWJIEH B HacTosIIee
BpeMsl  ABJSIETCS  HHU3Kasg  JIOCTOBEPHOCTh  MOJY4Ya€MOW  JIMAarHOCTUYECKOMN
uH(poOpMaIuK, T.K. HE BCE CUCTEMbl aBTOMOOWIIA, OT KOTOPBIX 3aBUCUT €r0 pecypc,
OCHAIIIEHBI CPEJICTBAMU OOBEKTUBHOTO KOHTPOJIS.

CoBpeMeHHBII  TMOAXOJ ~ K  TMOBBINIEHHIO  KayecTBa  MOJIy4yaeMOM
JIUArHOCTUYECKON MHGpOpMALMK JOJDKEH 0a3upoBaThCS HA JAHHBIX yyeTa MOTOKa
OTKa30B CHCTEM aBTOMOOWJIEM M CONOCTaBJIEHHUS €ro ¢ BO3MOXXHOCTbIO OOpTOBOM
CHUCTEMBI KOHTPOJIS.

OCHOBHBIM AUArHOCTUYECKHUM MMAPAMETPOM PEAYKTOPOB, MEPEAATOYHBIX BAJIOB
1 My(T SBISETCS CYMMAapHBIN YTIIOBOM 3a30p, KOTOPBIM XapaKTepHU3yeT U3HOC 3yOOB
nepenay, MNUTMIEB, MOAIIMITHUKOB KadeHUss U T.0. [loBbicuTh 3QQeKTUBHOCTD
KOHTPOJII TEXHUYECKOTO COCTOSHUSI TPAHCMHUCCHU BO3MOXKHO IPU HENPEPHIBHOM
KOHTPOJIE CyMMapHOT'O YTIIOBOTO 3a30pa TPAHCMHUCCHH aBTOMOOWIISI B OKCILTyaTallUH.

Pa3paboTraHHasi nMAarHOCTUYECKasi CHCTEMa IIO3BOJISIET OMNPENENATh YIJIOBBIE
3a30pbl B HAYAJIIbHBII MOMEHT JABHXKCHUS CONPSIKEHHBIX BAJIOB, XapaKTEPHBIX JJIS
TpaHcMmuccuil apTomoOusied. [lonydeHHbIe TaHHBIE CBUETEIBLCTBYIOT O JOCTATOYHO
TECHOM CBSI3U YKCIIEPUMEHTAIBHBIX JTAHHBIX C TEOPETUYECKUMH 3HAYCHUSMMU.

PazpabGoTtannsiii OAXO0J MIO3BOJIUT MTOBBICUTH 3¢ (HEKTUBHOCTH
JTMarHOCTUPOBAHUS TPAHCMHUCCHUU aBTOMOOWUJIS 1O 3HAYEHUIO CYMMapHOTO YIJIOBOTO
3a30pa B KOHTPOJIBHBIX TOUYKAaX MPH HKCILTyaTallH, YTO TOBBICUT OOBEKTUBHOCTH
NOJTy4aeMOl JUarHOCTUYECKON NHGOpMALIHH.
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MNOBBINEHUE HAJEXHOCTH 3YBUATBIX 3ALEIIIEHUN ITPU
JEKTPOXUMHUKO-MEXAHUYECKOM ITPUPABOTKE

B.B. AyauH, A.T.H. npod.,
T.H. 3amora, A.T.H., 10II.,
0O.A. Bonaapen, conckaresb
IeHnTpanpbHOYKpaiHCHKUI HAIlIOHATBHUN TEXHIYHUIN YHIBEPCUTET

3yOuarpie  3amervieHusi, 0e3  MpeyBeIWYCHHs, SBIAIOTCS  HambOosee
pacrpoCTpaHEHHBIMUA TUIIAMH MEXAHMYECKHUX Iepenad. X mupoko NMpuMEHSIOT BO
BCEX OTpACIsAX MAUIMHOCTPOEHUS, B YACTHOCTM B METALIOPEKYIIMX CTAaHKaX,
aBTOMOOWJISIX, TpaKTopaxX, celbXxOo3MallMHaX M T.O. Takoe pacrnpocTpaHeHue
00yCJIOBJIEHO BO3MOKHOCTBIO IEpeAayd MOIIHOCTEH OT AO0JEH 10 JECSITKOB ThICAY
KIWJIOBATT TPHU OKPYXKHBIX CKOPOCTAX a0 150 M/c m mepesaTouHBIX YHCIIAaX J0
HECKOJIBKMX COTEH M AK€ ThICSAY, C JUAMETPOM KOJIEC OT J0JeH MIJLTUMETPA 10 6 M
u Ooree.

Cpeny MHOKECTBA TOCTOMHCTB 3TOT0 THUIA NEPEay, €CTh U HEAOCTATKU CPEIU
KOTOPBIX CTOUT OTMETUTh TaKOM KakK IOBBIIICHHbIE TPeOOBaHUS K TOYHOCTH
W3TOTOBJICHUS M MOHTa)ka, YTO BeJET 3a C000il OONBIIYIO CIOXKHOCTH MPOIIECCOB
COBMECTHOM JIOBOAKHU 3y0UaThIX 3allCTUIEHUN B BUAY UX CI0KHON (DOPMBI U TSHKEIBIX
YCIIOBH paObOThI IO KOHTYPHBIM HArpy3KaM U CJIOXKHOMY BH]ly B3aHUMOJIEUCTBHSL.

OTO BBI3BIBAET OCOOYIO CIIOKHOCTh TOBBIIIEHHS JOJITOBEYHOCTU TNpHU
npupaboTke 3yOuarbix 3auerieHud. OHu  TpeOyIoT TMOBBIIIEHHOW TBEPIOCTH
MOBEPXHOCTH, YTO COMPSDIKEHO C MAJBIMHU IJIOMAIMUA KOHTaKTa (B OOJBITUHCTBE
ClIy4aeB - B JIMHMIO) M OOJBIIMMU yIETbHBIMU Harpy3kamu. [laxke HeOoublne
MEPEKOChl TMPU HATOM MPUBOJAT K 3HAYUTEIBHOMY YCIOXHEHHUIO Mpolecca HX
MpUPadOTKH.

Jns  pa3paboTku  A(PGEKTUBHBIX METOJOB TMOBBIIMICHUS JIOJITOBEYHOCTH
YCTPAaHEHHEM MAKPOIr€OMETPUUYECKUX OTKJIOHEHMH TMpu NpUpadOTKe JeTayeu
conpsbkeHuid y3inoB U arperatoB MCXT HeoOXoauMo u3ydeHHE 3aKOHOMEPHOCTH
pa3BUTHSl IUIOMAAM TISITHA KOHTaKTa S, Ha mpupadbaTbiBaeMol JeTaad OT
MIEPBOHAYATILHOIO KOHTAKTa J0 MAaKCHMaJIbHO BO3MOXHOIO, C Y4Y€TOM BHJA
COMPsDKEHUS JieTajael U BeIMYMHBI MaKPOreOMeTPUUECKUX OTKIOHEHUH.

B Hacrosiiee BpeMs MHOTHE UCCIIEA0BATENHN PEHIEHUE TPOOIEMbI MOBBIIICHHUS
JIOJITOBEYHOCTH MPUPAOOTKON pa3NUYHBIX COMNPSDKEHUM Y3JI0B M arperatoB
CBA3BIBAIOT C NPOTEKAIOIIMMHU B HUX MPOLIECCAMH, XAPAKTEPHBIMU IJisi JTaHHOIO
COTPSDKEHUs, W CcrnenmuPuKord ero orkazoB. lIpu ympounenwm neraned 3a cyer
LEMEHTAIlMH, 3aKaJIKH, a30TUPOBAHUS U AP. MPOLECCOB MOBBIIIAIOTCS TBEPAOCTh, HO
3TO CO3AAET ONPEIEICHHbIE TPYAHOCTH IpPH NPUPAOOTKE MX HEIKBHJIUCTAHTHBIX
TMOBEPXHOCTEMN.

3HAUUTEIbHBIE OTKJIOHEHHUS 3yObEB OT MPAaBWIBHOW I'€OMETPUYECKON (POpPMBI
UCIIPABUTh MPUTUPKOU HENb34, a MPU X OTKIOHEeHUsX O6ojee 0,03 mm mmudoBanue
PKOHOMUYHEE MPUTUPKU. YBEIUYCHUE MPOIOHKUTEILHOCTH MPUTHPKU MPUBOIUT K
UCKakeHnI0 npodmiis 3yObeB. CrienuanbHOTO MPUIMYCKAa HA MPUTUPKY OOBIYHO HE
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OCTaBJISIIOT W JIMIIH TMPU OYEHb MAJIBIX JOMYCKax Ha TOJIIMHY 3YObEB €ro mpemy-
cMaTpuBaioT pazmepom He Oonee 0,03 M.

PexxuM TpeHwms, xapakTep KOHTAKTHOTO B3aMMOJEHCTBHS, (HaKTHIECKUE
KOHTAKTHBIC HAMpPsDKCHWs, BHUJA HW3HANIWBAHUS W KOHTAKTHAs MPOYHOCTH
MOBEPXHOCTEH 3yOuaThiX IMepenad B 3HAYUTEIbHOM CTENEHU ONpPEeAesIOTCs
TOJIIIMHON CMAa304YHOTO cliosi B KOHTakTe. [Ipeobmagaronm BUIoM U3HOCA pabounx
MOBEPXHOCTEHN IIECTEpEeH ClIelyeT CcUYuTaTh abpa3uBHOEe wH3HamuBaHue. OO0 3ToM
CBUJICTCIILCTBYIOT ~XapaKTEepHbIE PHUCKM Ha pabo4ynx MOBEpPXHOCTIX. W3HOC
ABOJILBEHTHOTO MPOoduis 3yObeB CleayeT OTHECTH K MEXaHHYECKOMY CTHUPAaHHIO, a
[IUTAIIBI BEAYIEN MIECTEPHU MOIAI0TCS MEXaHUYECKOMY CTUPAHUIO U CMATHUIO.

Hapymenne HOpMallbHOM pabOoTHl Tepenad MOXKET OBITh Tak)Ke BBI3BAHO
MaKpOT€OMETPUYCCKUMHU  OTKJIOHCHHSIMH,  JIOMYIICHHBIMH TIPU  WU3TOTOBJICHUH
OTACNBHBIX JeTalieil. DTH HETOYHOCTHU MPUBOJAT K KOHIICHTPAIIUY HATPY3KH.

KontaktHeie  paspymieHus,  OOYCIOBIEHHBIE  TEIIOBBIM  d(hPekToM
nudoBaHusi OOKOBBIX MOBEPXHOCTEH 3yObeB, UMEIOT MECTO MPEUMYIIECTBEHHO Y
[IEMEHTHUPOBAHHBIX M 3aKaJIEHHBIX KOJEC B CBS3M C OOpa3OBaHHEM IIPH ITOM
CTPYKTYPHBIX  KOHIIGHTPAaTOPOB  HAMpsOKEHWUH.  YCTAaHOBICHO, 4YTO  Ha
[IEMEHTHPOBAHHBIX M 3aKaJCHHBIX 3yObsx HaOmIoJaeTcs oOpa3oBaHNE CTPYKTYPHBIX
KOHIICHTPATOPOB HAIpPSDKEHUH, BBIKPAIIMBAHUE MaTepuaiia (HadalbHBIC TPEUTUHBI)
BO3HUKHOBEHMS, KaK MPABUIIO, B OTIYIIEHHBIX 30HAX 3y0a KOHTAKTHBIX pa3pyIlICHUH,
KOTOpbIE B HayaJbHBIX CTAIUAX TIOJHOCTHIO OPHCHTHPYETCS B HAIPABJICHHUH
UM OBOYHBIX TITPUXOB.

[Ipn mepekoce MABYX TOBEPXHOCTEH OHHM KOHTAaKTUPYIOT TI0O Majon
(haKTHYeCKOU IIIOMAN ¢ OOJIBITUMU KOHTAKTHBIMH YACIbHBIMA JaBiIeHUIMHA. CXeMy
npupabOTKA JABYX TMEPEKOIICHHBIX TOBEPXHOCTEM MOXHO TMPEJACTABUTH B
yrnpouieHHoM Buje (puc.l).

MUK KoHmakma 3y3oeb KT AL KOHTENT 3080 eKmpOAT

by ‘ !
20/ nepekoca 3Yobel /™~ 20 mepekorT el | / .
_Lean epekaca 3yobey, naockocme Bmopozo 3yda Y407 MEPEKOCT JYOLED | | . nagckocme Bmapozs a8

nockocms nepbozo yoa

TAOCKOCTE /R?,U.&ﬁzﬂ Joa
oonacme Kosmakma 3Yoeel oo 16200 400

O0AACTE KOHMAKMA o6e0 /

a §)
Pucynok 1- Cxema pacnoJ/io:keHHsl NSITHA KOHTAKTA NPU NPUPAOOTKe

3y0beB nepesaym: a - ¢ NEPEKOCOM B IJIOCKOCTH 00PAa30BAHHOM 0CAMM 3y0UaThIX
Ko0J1eC; 0 - ¢ MepeKocoM B IVIOCKOCTH OTJIMYHOM OT IVIOCKOCTH, 00pPa30BaHHOM
O0CSAMH 3y04aThIX KOJIEC

Jnst ynoydiieHusi MSTHA KOHTakTa 3yObeB IO BBICOTE B OBICTPOXOAHBIX
3yO4aThIX TMepeaadax ¢ OONBIIMM TEPEAATOYHBIM YHCIOM TPUMEHSIOT HWHOTAA
JBOMHYIO JTIOBOAKY 3YObEB, COCTOSIIYIO W3 MPEABAPUTEIBHONU MPUTUPKU 3yOUaThIX
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KOJIEC YYTYHHBIM NPUTUPOM M MOCJIEAYIOIEeH NPUTHPKH KOJIEC C IIECTEPHSIMU B
COMNPSIKEHUH.

[TpupaboTka 3y04aToro COMPSKEHUS MPHU BBICOKUX OKPYKHBIX CKOPOCTSX
KOJIEC C NPUMEHEHUEM YpPE3MEPHO I'yCTOW aOpa3WBHOW MACTBI MOXKET MPHUBECTH K
3aejaHiI0 3yObeB, a IMpPH HCIOJIb30BAHUU HEIOCTATOYHO MPOPUIBTPOBAHHOIO
abpa3uBa - 00pa30BaHUIO MECTHBIX MOBPEXKACHUI Ha 3yObsX.

[IpuTupka B CONpSKEHUAX, OBIBIIMX B 3KCIUTyaTalMd 3y04aTbIX KOJIEC, He-
CKOJIbKO CHHM)KA€T UX M3HOCOCTOMKOCTh M KOHTAKTHYIO BBIHOCIMBOCTb, TaK KakK IpHU
ATOM YAQJISIETCS HAKIICMAaHHBIM B MPOLIECCE IKCIULYaTAalluy IOBEPXHOCTHBINA CIION
Matepuaia 3yoneB. [IpupaboTky 3y0uaThix mepenad 6e3 abpa3uBa MPOU3BOIAT MPU
CTYNEHYaTO YBEJIMYMBAIONICHCS Harpy3ke. MakcumalibHas Harpy3ska OpH 3TOM
JOJDKHA, OYEBHMJIHO, COOTBETCTBOBATH TOM, dYTO TMpeo0iazaeT B Mpolecce
AKCIUTYaTalHH.

Jis toro uroObl mpupadOTaTh CONPSIKEHUS HEOOXOAUMO MPHUOIU3UTH
IIOMAAb (PAKTUUYECKOIO0 KOHTAKTa K HOMHHAJIBHOM IUIOIIAAW U CHOPMHUPOBATH
IIEPOXOBATOCTh OJM3KYH0 K paBHOBeCHOM. UT0OBI 0OOecTeunTh JaHHBIM Mpoliecce
HEOOXOAMMO MPUMEHUTH TaKOW C1I0c00, KOTOPBIHM MO3BOIST ObI CAETATH 3TO OBICTPO,
3¢p(}HEKTUBHO M C MHUHUMAIbHO BO3MOXKHBIM NpPHUPAOATHIBAEMBIM H3HOCOM —
ANEKTPOXUMUKO-MEXaHUUECKYI0 prpaboTky (DXMII).

[ToBpiieHne KayecTBa NpUPaOOTKM 3yO0UaThIX 3aLEIUIEHUH BO3MOXHO
UCIIOJIb30BAaHUEM  MPEAJiaraéMoro  MeTojla €  HaJOKEHHEM  IMEePEMEHHOI0
AIIEKTPUYECKOT0 TOKA, HO JUJISI 3TOr0 HEOOXOAMMO BBISICHUTH BIIMSHHUE KadyeCTBa
npupabOTKM Ha JOJITOBEUYHOCTh M PECypC 3yOuaThiX 3allellVICHU; HCCIel0BaTh
BONIPOC (OPMHUPOBAHUS IISITHA KOHTAKTA MPU HAIUYUM MAKPOTr€OMETPUYECKHX
OTKJIOHEHWH Ocell M TIOBEPXHOCTEH JeTayneil 3yOuaroro 3alleIuIeHHs; H3YyYUThb
BIMSIHUE METOoJa MpUpabOTKM Ha (OPMHUPOBAHUE ISITHA KOHTAKTa W MPOAJICHUE
pecypca 3alemiieHus; MoAo0paTb COCTaB  d3JEKTPOJIIMTA, OOECIEUMBAIOIIETO
Ka4e€CTBEHHYIO MPUPAOOTKY.
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COBPEMEHHBIE 1TOAXOAbI K IMATHOCTUPOBAHUIO
CUCTEM 3AXKUT'AHUA

B.B. AyJjuH, A.T.H., npod.,
T.H. 3amora, a.T.H., J0II.,
K.K. IIanaiioToB, K.T.H., J0II.,
0.B. Kpynuua, couckarejib
[leHTpabHOYKPAaNHCKUI HALIMOHAJIbHBIA TEXHUYECKUM YHUBEPCUTET

Kak u3BeCTHO OJHMM M3 Ba)XXHEUIIUX CPEACTB MOBBIIMICHUS 3(PPEKTUBHOCTU
AKCIUTyaTalli aBTOMOOWJIEH, CHIDKEHHS CPEJICTB Ha TEXHUYECKOe OOCIIy)KHMBaHUE U
PEMOHT SIBIISIETCS] TEXHUUYECKasl AUArHocThKa. CUCTEMA 3aKUTaHUSI CUUTAETCS OJHOM
U3 CaMbIX CIOXKHBIX CUCTEM, Ha JOJO0 KOTOPOW TPAIUIIMOHHO MPUXOIUTCS OONBIION
MIPOLIEHT HEUCHPABHOCTENM W HAPYLIEHUW PEryIMpOBOK. HencnpaBHOCTH CHCTEMBI
3QKATAHUS 3HAYUTENBHO yXyIUIaeT paboTy aBTOMOOWIS, Kak CIEJICTBUE
YBEIUYMBAETCS PacXoj TOIJIMBA, U CHUYKAETCS MOLIHOCTh JABUraress. B OeH3nHOBBIX
JBUTATENSAX BHYTPEHHErO CrOpaHUs MPOLIECC IMOUCKAa W aHajlv3a HEUCIIPABHOCTEU
OCYUIECTBIISICTCS. C TOMOIIbI0 BHU3YalbHO HAONIOACHHUS 3a OCIHHJLIOTpaMMaMu
HaIIPSKEHYS B IEPBUYHON M BTOPUYHOM LEIIN.

[Ipy oO4YEeBHIHBIX JOCTOMHCTBAX CYLIECTBYIOIIMX CPEICTB M METOJIOB
JWAarHOCTUKH y HUX MOKHO OTMETUTHh PSJ HEIOCTaTKOB. DTO 3aBHCHUMOCTH OT
KBAUIMQUKALIUM M NPOPECCHOHAIN3MA ONeparopa-AHarHocTa, W  IMOJIy4YEHUs
uH(pOpMAITUU B MOMEHT TEXHUYECKOTO 00CTyKHUBaHUSI.

[{ens paboThl — Uccaea0BaHUE COBPEMEHHBIX MOJIXO0/I0B K IMarHOCTUPOBAHUIO
CUCTEM 3aKUTaHUsI aBTOMOOWJIS.

TpaauiMoHHO MIHUPOKOE MPUMEHEHHE B aBTOMOOMIHHOM MPOMBINIIICHHOCTH
HAaXOJSAT YHCIIEHHbIE METOJbl OOpaOOTKM TMOJYYEHHBIX JAaHHBIX C LEJbIO
MOJEIMPOBAHUA IPOLECCOB, MPOUCXOISIIMX B JHATHOCTUPYEMOM CHUCTEME,
MPOCKTUPOBAHUE  NPOTOTUIIOB  PA3IUYHBIX CHUCTEM, M  MPOTHO3UPOBAHUE
AKCIUTyaTallMOHHBIX Hemonanok. [1, 2, 3]. IlpuMeHeHHe 4YMCIEHHBIX METO/IOB B
MPaKTUYECKON padoTe 1l 0OHAPYKEHUS M THUArHOCTUKHA HEHCIIPABHOCTEN MPHUBEIO
K BBIJCJICHUIO CIEAYIOMIMX NOAX0I0B K IPOBEACHUIO TUATHOCTUYECKUX ONEPALIHNA:

-IOJXO/I, 0a3upyromuiics Ha MaTEMAaTUYECKOM MOJENNPOBAHUHI
JAAarHOCTUPYEMOMN CUCTEMBI;

-[I0JIX0/1, OCHOBAHHBI HA IMATHOCTUYECKUX TAHHBIX;

-MIOAXOJl, KOTOPBIA HCHOJIb3YEeT HAKOIUIEHHbIE 3HAaHUS O  THUIIOBBIX
HEHUCIIPABHOCTAX U METOIAX UX BIUSHUSL.

Cucrema 3aXuUraHusi — 3TO MHOIOCTyIIEHYaTas, CJOXHas 3anada. llpu
YBEJIIMYEHWHA YACTOThl BpAIIEHUS JBUTaTelsi W HArpy3kd C TOCTOSHHBIM
TEIUIOBO3AYIIHBIM  OTHOLIEHHEM, paboyas CMeChb MEPEXOJUT B COCTOSHHE
TypOyJIEHTHOCTH, YTO NMPHUBOJUT K CPHIBY JAYIOBOrO KaHajl B cBeue 3akuraHus. Jls
HAJEKHOTO 3a)KUTaHUSI CMECH TpeOyeTcs YBEIMYEHHE OJHEpPrud UCKphl. s
YIIPABJIEHUS YHEPTUEH HA UCKPE OT CUCTEMBI 3aKUTAHUS HY)KHO KOPPEKTUPOBATH TOK
HaKOIUIEHUsS, OTO  XapaKTEpPUCTUKA  CUCTEMbl  YINPABIECHUS  JIBUTATEIEM.
Xapakrepuctuueckas kapTa, 3anucanHasd B [13Y snekTpoHHoOro Ojoka ymnpaBlieHHS,
cinoxkHa (pucyHku 1 — 4), craTudHa, HE OTpaX]aeT HM3HOC JETalel U pealibHbIC
AKCIUTYaTallMOHHbIE XapaKTEepUCTUKU JBUTATEJIS. [TosTomy, paboThI

3bipnux nayKosux mamepiaris MiKHAPOOHOT HAYKOB0-NpaKmuuHoi iHmepHem-KoHPepeHuti Cr. 179



Tnnoeautiini mexHoA02ii po3sumxy ma egeKmueHocmi yHKUionyeanus asmomobirvnozo mpancnopmy

AJIEKTPOMArHUTHOM CHUCTEMBI 3aXKUTaHUS B aBTOMOOWJIE C TEYECHUEM BPEMEHHU
yxyamaercs. UToObl MpoBeCTH OIEHKY, U TI0 BO3MOKHOCTH CHU3HTH 3TO YXYAIICHHE,
HE00X0IUMO IPOBECTHU MaTeMaTH4YECKOE MOJENUPOBAHUE IIPOLIECCOB
IyrooOpa3oBaHUs B CBEYE 3aKUTAHUSI, U CPABHUTH MOJIEIIH C AKCIIEPUMEHTATbHBIMU
XapaKTEPUCTUKAMU, KOTOPbIE ObUIH MOJYYEHBI B XOJ/I€ UCCIICIOBaHUSI.

JlaHHbIE C XapaKTEPUCTUKAMU TOCTYMAIT B HHTEIUICKTYaJIbHYIO CHCTEMY
YIOpaBJIEHUs] U UHPOPMHUPOBAHUSA, KOTOpPas MOIydaeT MH(OPMAIMIO CO MHOXKECTBA
BXOJIHBIX JTaTYMKOB, TIO COOTBETCTBYIOIIEMY ajTrOpUTMy o0OpalaThiBaeT ee, u
MOCHUTIACT YNPABISIONINE BO3JACHCTBUS HAa UCTIOIHUTENbHBIE WU MH(DOPMAIMOHHbBIE
YCTpOMCTBA. DTO MO3BOJIIET ONTUMU3UPOBATH OCHOBHbBIC MAapaMETPhl ABUTATENS IS
Pa3TUYHBIX PEKUMOB PaOOTHI.

Jlns oOpabOTKU BXOAHBIX JAHHBIX OT JaTYMKOB aBTOMOOWIISI B PEKHUME
pPEATBHOT'O BPEMEHH I11€71€CO00Pa3HO B MHTEIUIEKTYAJbHBIX CUCTEMaX YIMPaBICHUS H
WHOOPMHUPOBAHMUS ~ HUCIOJIb30BaTh  MHKpoOIpoieccopbl. Kpome  ammapaTtHoro
oOecrieueHsl MHTEIJIEKTYallbHasl CUCTeMa YNpaBJICHUS U MHPOPMUPOBAHUS JTOHKHA
coepKaTh MPOTrpaMMHBIA KOJ W JaHHbIE, KOoTopble XxpaHsaTca B [I3Y. Oro maer
BO3MOXXHOCTH MHUKPOTIPOIIECCOP MEPENPOrpaMMHUPOBATh, 3arPy>KaTh OOHOBIICHUS WA
H3MEHATHh (PYHKIIMOHAIBHOCTh MPOrPaMMBI.

OCHOBHBIM HA3HAYECHHUEM HHTEIUICKTyaJIbHOM CHCTEMBI YIpaBICHUS U
MH()OPMUPOBAHUS SIBJISIETCS AUATHOCTUPOBAHUE CHCTEMbl 3Q)KMTaHUsl JBUTATEINS, U
BBIPA0OTKA PETYJIUPYIONIMX CUTHAJIOB [JI1 YIOPaBICHUS YIJIOM OIEPEKEHUs
3QKWATAHUSI, YTOOBI BO BCEX pEKUMaxXx padOTHl 00eCleYyuTh HEeOOXOIUMbBIN
KPYTSALIUNUCSI MOMEHT U BBIXOJHYIO MOIIIHOCTb.

NurennektyanbHas cucTteMa yrpaBieHUss W HWHGOPMUPOBAHUS JIOJDKHA
MPEACTABIATh COOOM COBOKYMHOCThH JJIEKTPOMEXAHUYECKHX Y3J0B M MEXAHU3MOB,
YOPaBJIsiEMbIX MUKPOIIPOLECCOPOM Ha OCHOBAaHUU JAHHBIX MOJYYEHHBIX C JATYUKOB
puc. 1.
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Pucynok 1 - HHTe/sIeKTyaJlbHAsE  CHCTEMAa  YIPABJICHUA W
HHGoOpMUPOBaHUA (IMATHOCTHUPOBAHMS)
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OmneparuBHoe 3anomuHatouiee ycrpoiicteo (O3Y) mnpeanazHadeHo Juis
OTCIIC)KUBAHUSA COCTOSIHUSI CHCTEMbl 3a)XXWraHus (Harpy3Kd Ha JIBUTaTellb,
TeMIlepaTypbl, CKOPOCTH U T.J.) a MOCTOSHHOE 3anmomuHaromiee ycrpoiictso (I13VY)
BBINIOJIHAET (DYHKIMIO XpaHEHHWs MpOorpaMM sl pabOThl B PA3MUYHBIX pPEXKUMAX.
Nudopmaruss 00 oTkaze wWiM YaCTUYHOW pabOTe SICKTPOMEXAHUUYECKHX Y3JIOB
BBIBOJIUTCSI HA CUCTEMY MH()OPMUPOBAHMS.

Ha untepdeiic BBOAa MaHHBIX WHTEUIEKTYaJIbHOM CHCTEMbI YIIPaBICHUA U
MHGOPMHUPOBAHUSA TOCTYNAIOT C JIATYMKOB AHAJIOrOBBIE CHUTHAJIbl, KOTOpbIE
npeoOpa3yrorcs B Hu(dpoBeie, 3Ta U3MepuTenbHas nHpopmanus nocrynaer B O3V, u
3aTeM B MuKpokoHTposuiep. Ilocne anamm3a u  00pabOTKM H3MEPUTENBHOU
uH(pOpMaIUd MUKPOKOHTPOJUIEPOM MpPHU IMOMOIIUA MPOrPaMMHOI0 OOECHEUYeHHs U
naHHBIX Xxpansmuxcs B [I3Y, wMukpomporieccop mockuiaer  00pabOTaHHYIO
uHbopmalio Ha MHTepdelc BbHIBOJA JAaHHBIX, KOTOPOE B CiIydae HEOOXOIUMOCTH
npeoOpaszyeTcsi B aHAJOTOBBIA CUTHAJ HJIET HA HCIOIHUTENBHOE YCTPOMCTBO WU
CUCTEMY IMarHOCTUYECKUX COOOIIECHHUH.

BoiBOJ

Hapymienue pa®oThl cHCTEMBbI 3a)KUTaHUSI aBTOMOOWJISI MOKET YBEIUYUBATH
pacxojl TOIUIMBAa, WU CHIKAaTh MOUIHOCTH jBurareis. [loaTomy cBoeBpeMeHHas
JUArHOCTUKA SIBJISIETCS BAaXKHOM COCTaBJSIOLIEH B Ipouecce JKciulyatauuu. B
CTEH/IOBBIX YCIIOBUAX JIETKO BBISBISIIOTCS HeEUcHpaBHbie aeranud. OIHAKO Mpu
HAJIMYUKA YACTUYHO TOJHBIX AJIEKTPOMEXaHUYECKUX Y3JIOB, KOTOpbIE 1at0T cOOM win
OTKa3 B pa0OTe TOJBKO MpPH ONpPEAEIEHHBIX MapaMeTrpax paboThl, HauboIee TIKEI0
JTUArHOCTUPYIOTCS. BHeApeHue MHTEIIEKTYalbHOM CHCTeMBbl YIpaBiCHUS U
JUArHOCTUPOBAHMS aBTOMOOWIISL peIuniio Obl 3a/1auy ONpPEAeNIeHUs YaCTUYHO T'OJHBIX
AIIEKTPOMEXAHUYECKHUX y3JI0B aBTOMOOMJISL.
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YK 656.338.12
COBPEMEHHBIE TEHAEHIINUA ITOBBIINEHUA
IPPEKTUBHOCTHU SKCINVIYATAIIUN ABTOMOBUJIBHOTI'O
TPAHCIIOPTA

B.B. Ayaun, A.T.H., npod, T.H. 3amora, a.1.H., 101, K.K. [lanaiioros, K.T.H., 1011., O.
H. 3amora, couckareb
LeHTpanbHOYKpaUHCKUN HAMOHAIbHBIA TEXHUYECKUM YHUBEPCUTET

Cucrema mojazepkaHusi TEXHUKH B PabOTOCIIOCOOHOM COCTOSIHUM SIBIISIETCS
BOKHBIM CEKTOPOM HSKOHOMHUKH Pa3BUTHIX CTpaH. OT clakeHHOW OecmepeOoiHON
paboThl TpaHcHopTa 3aBUCUT J(PPEKTUBHOCTH JIEATEIBHOCTH BCEX OTpacien
sKOHOMUKHU. OTmeueHo, uto 80% cCpelncTB, BBIACIASEMBIX HA 3TH 1EIH, UIET Ha
yCTpaHEHHE HEJOCTaTKOB B KOHCTPYKLMAX MAallllH, CUCTEM U YeJIOBEUECKUX OIIHUOOK.
[Ipu npaBUIIbHOW OpraHU3alMK PEMOHTA MAIIMH 3TH 3aTPaThl MOKHO COKPAaTUTh Ha
40...60% [1].

Cucrema TexHudeckoro oOciyxkuBanus u pemoHTta (TO u P) monBuxHOro
coctaBa (I1C) aBromoOuiibHOro Tpancnopra Ha 6onbmnHCTBE ATII mocTcoBeTckoro
MPOCTPAHCTBAa 0a3upyeTcss Ha YyCTapeiblX  KOHIEMIMSIX CPEIHECTaTHCTHYECKHX
oueHoK. IIpakTuka mokaszana, 4To OHa JAocTuriia Oaprepa >P(GEKTUBHOCTH, CTasa
HKOHOMUYECKU HEBBITOJHON M HE COOTBETCTBYET TPEOOBAHUSM CETOJHSIIHETO JHS.
[TepenoBoit onbiT nogaepxkanusi [IC B paboTOCIOCOOHOM COCTOSIHUM OCHOBBIBAETCSI
Ha Hay4YHO OOOCHOBAHHBIX METOJAX WHAUBUAYAIBHOIO OOECIEUEHHUs] HUCIPABHOIO
COCTOSIHHS KaXJIOr0 TPAHCHOPTHOTO CPEACTBA IO TEXHUYECKOMY COCTOSIHUIO,
Oazupyerca Ha TEOpUUM IKUBYYECTH CIOXHBIX cucteM. Hemocrarounoe
¢buHaHCcUpoBaHUE c]epbl aBTOMOOWIBHOTO PEMOHTA CHAEPKHUBACT IIUPOKOE
BHeJpeHue nporpeccuBHoi agantuBHoi cuctemsl (AC) TO u P, pacnpoctpaneHHOM
B SKOHOMHUYeCKU pa3BuThix cTpaHax. AC TO u P 0Ga3upyercss Ha NpakTUYECKOM
peayiM3aluy TPHUHIMIA ONTUMAIBHOTO OOecredeHusi paboTOCIIOCOOHOCTH KaXKIOM
enuauibl [1C o pe3ynbraram 1UarHoCTUPOBAHUS.

HNuTencuBHOE obecrnieueHne paboTOCIIOCOOHOTO COCTOSIHUS MAIIMHbBI 110 CBOEH
CyTH DHEpPro- MU pecypcocodeperaroniee, HO OHO TpeOyeT 00sS3aTeNbHOM OIEHKU
(aKTUYECKOTO COCTOSHUSI TPAHCHOPTHBIX CPEACTB MyTEM JAMAarHOCTUPOBAHUSA U
HaOJII0/IEHN 32 €r0 U3MEHEHHEM B MPOLIECCE IKCIUTYaTaIUH.

B Hacrosimiee BpeMs HEOOXOAMMO BBECTH CTPATErHMI0 COXPAHEHHs] paboumx
(GyHKIMI B TeU€HUE BCEro )KU3HEHHOTO 1IMKJIa aBTOMOOMIISA: OT €ro MPOU3BOACTBA /10
CIIMCaHMsI. DTOr0 HEBO3MOXKHO JOCTHUTHYTh MPOCTBIM INPUMEHEHUEM YCTAPEBIIUX
coco0OB peMoHTa TeXHUKU. Heo0xoauMo yduThIBaTh yenoBedyeckue ommoku B TO
u P; kadecTBO M 6€30MacHOCTh MPHU MPOBEICHUH PEMOHTA; PEMOHT KOMITBIOTEPHOIO
0o0opyAOBaHUsI aBTOMOOWIIEH B COBPEMEHHBIX 0Opa3nax TexHuku; Biausgaue TO u P
Ha HaJIeXHOCTh; kauecTBO U O0e3onacHocTh TO u P; croumocTs paboT; HaZEKHOCTD U
PEMOHTONIPUTOJJHOCTh TEXHUKU U JP.

CTtouT OTMETHUTB, YTO CTOMMOCTBH COoBpeMeHHOro 1O um P ¢ sxkoHOMMYECKOU
CTOPOHBI, 3aBUCHUT OT CTaJuW Pa3BUTUS SKOHOMHUKH CTPAaHbl M BO3MOXXHOCTH
(uHaHCHUpOBaHUSl JAHHOW cepbl, OT MOCTOSHHO M3MEHSIOIIMXCA YCIOBHUHM pBHIHKA,
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YCOBEPUIEHCTBOBAHUS TEXHUKHU U TPeOOBaHU 0€30MaCHOCTH; YACTUYHO OT Ipoliecca
MPOU3BOJICTBA TEXHUKU; CIIYKObI IOCTaBKHM 3allaCHBIX YacTeH, UX KadecTBa U T.J.

B nacrosiee BpeMs ycTpoilcTBO aBTOMOOMIIEH Oosiee KOMIBIOTEPU3UPOBAHO,
HAJIeKHO U Bce Oonee KoMIwiekcHoe. OO0mias KOMIbIOTEpU3AIUs CIOCOOCTBYET
BHEPEHUIO OJIOYHOTO PEMOHTA (CMEHE OTAENbHBIX OJIOKOB KOMIBIOTEPHBIX CUCTEM).

HoBbie moaxoasl U HOBbIE CTpaTeruu OyAyT BOCTpeOOBaHbI ISl peaju3aliu
MOTEHIMAIBHBIX BBITOJ U MPEBPALIEHUH MX B SKOHOMUYECKHU 10X0A. /[oXomHOCTh
onepauui TO u P Oyner onpegenstonum ¢dakropoM 1npu  (HOpMUPOBAHUU
COBPEMEHHBIX CTPATErvil Mo peMOHTY aBTOMOOWIIEH, KoTopas Oyner 0a3zupoBaThCs
HA HOBOW JeTanbHON WHGOpPMAIMK, CBOCBPEMEHHOW pEaKIWH Ha CHUTHAJBI,
MEePEIOBbIX TEXHOJIOTHIX U METOAAX.

AMepuKaHIbl CYUTAIOT, YTO Ha IMpOrpaMMy IMPOBEIEHHUS NPEBEHTHUBHOIO
pEMOHTa MOXXHO TpaTtuth 10 70% CpeACTB OT CyMMbI, HEOOXOJUMOIN Ha yCTpaHEHHUE
MOJIOMOK, BbI3BaHHbIX HekauecTBeHHbIM TO u P. Jl[pyrumu cioBaMu, 3TO MOXKHO
BBIPA3UTh CIEAYIONUM 00pa3oM:

CIIP <0,7-N -Cc11,
rane CIIP — croumocTh mpeBEHTUBHOro pemoHta, rpH; 0,7 — ko3dPuimeHT,
MTOKAa3bIBAOIINI MaKCHMAaJIbHO BO3MOXKHYIO [OJIFO BbLAEIsAEMbIX cpencts; N —
koauyecTBO MmonoMok; CCII — cpenHsst CTOMMOCTh YCTPAHEHUS TTOJIOMKH.

OxoHomusi 110 30% cpencTB, BBIACISIEMBIX Ha «OXKUBJICHUE» TEXHUKH,
ABJIIETCS. BECOMBIM  apryMEHTOM B  IOJb3y pa3pabOTKU U BHEJIPEHMUS
MOJIEPHU3UPOBAHHOW UHTEIIEKTYyaIbHOM cucteMbl TO u P.
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Peoaxmop — B.B. Aynin.

Juzaiin i eepcmxa — [ punvkie A.B., X.T.H, cTapuuii HAyKOBUHN CHIBPOOITHUK
Kadeapu eKcIuTyaTallii i peMOHTY MallliH

Tenedon:
(0522) 390-473
e-mail:
AulinVV@gmail.com
KonTakTHi ocoOn
Aymnin B.B. (095) 055 74 11
I'punbkiB A.B. (098) 373 22 39

Web: http://erm.kntu.kr.ua/KONFERENSIIA.html

Aopeca konezii — 25006, Vrpaina, m.Kponuenuyvkuii, np. Yuieepcumemcoxuti, 8
LlenmpanvroykpaincoKkull HayioHATLHUL MEXHIYHUL YHIgepcumenm,
Kagheopa excnayamayii i pemonmy mawiun
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